HD63701X0, HD637A01XO0,

HD637B01X0

The HD63701X0 is 2 high performance 8-bit CMOS singlc chip micro-
computer unit {MCU) which, including 4k bytes of EPROM, is object
code compatible with the HD6301X0.

The HD63701 X0 contains 4k bytes of EPROM, 192 bytes of RAM,
scrial communication interface and 53 parallel 1/O pins in addition to
CPU. Itincludes functions of halt, memory rcady, low speed aceess ard
rcleasing cxternal bus for system expansion,

The HD 63701 X0 is available in a hermetically scaled 64-pin shrunk
ceramic package which includes a glass window that allows for program-
ming and EPROM crasure in the same way as 2732A type EPROM.

FEATURES
Instruction Set Compatible with the HD6301X0 and 6801
4k Bytes of EPROM {compatible with 2732A type)
132 Bytes of RAM
53 Parallel I/0 Pins
24 1/0 Common Pins (Port 2, 3, 6]
21 Qutput Pins {Port 1, 4, 7)
B Input Pins {Port 5)
¢ Driving Darlington Transistor (Port 2, 6)
® 16-bit Programmable Timer
Input Capture Register x 1
Free Running Counter x 1
Output Compare Registar x 2
® 8-bit Reloadable Timer
External Event Count
Spare Wave Generation
® Serial Communication Interface (SCI)
Asynchronaus Made/Clock Synchronous Mode
3 Transfer Formats {Asynchronous Mode)
6 Clack Sources
Memory Ready for Low Speed Merory Access
Halt
Error-Detection {Address Error, Op-code Error)
Interrupts — 3 External, 7 Internal
Qperation Mode

Mode 1 - Expanded
{internal ROM Inhibited)

Mode 2— Expanded (Internal ROM Valid)
Mode 3 - Single-chip Mode

EPROM Mode
® Up to 65k Bytes of Address Space
® Low Power Dissipation Mode

Sleep

Standby
® Minimum Instruction Execution Time — 0.5us (f=2.0MHz)
® Wide QOperation Range
l:f=0,5 to 1.0MHz; HD63701X0

MCU Mode [

Vee=5VE10%|f=0.5 to 1.5MHz; HD637A01X0
f=0.5 to 2.0MHz; HD637B0O1X0

[Precautions on using EPROM On-chip Single-chip Micro-
computer]

(1) If the MCU is exposed to strong light especially a fluorescent
lamp or the sunlight, EPROM data may be erased or the
MCU may malfunction by photocurrent. Therefore, after
programming, it is suggested that applications which expose
the LSI to ambient light may require an opaque label over
the window.

(2) Do not rub the window with materials like plastics, or do not
touch a charged body on the window. Electro static charge
may adversely affect the functionality of the LSI. A conduc-
tive opaque label, suggested above, is effective on distribut-
ing charge equally.

(Limiting Supplies. For Development Only.)

HD63701X0OC, HD637A01XO0C,
HD637B01X0C

(DC-648)
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PROGRAM DEVELOPMENT SUPPORT TOOLS

Cross assembler and C compiler software for IBM PCs and
compatibles

In circuit emulator for use with IBM PCs and compatibles
Programming socket adapter for programming the
EPROM-on-chip device.
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HD63701X0, HD637A01X0, HD637B01X0
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HD63701X0, HD637A01X0, HD637B01X0

= ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage VCC -03~+7.0 v
Program Voltage Vpp 0.3~ +22 v
Input Voltage Vin -0.3~ Vco+0.3 v
Operating Temperature Topr 0~+70 °c
Storage Temperature Tag -65~+125 °c

{Note) This product has protection circuits in input terminal from high static electricity valtage 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

Vin, Vour V§5€ (Vi or Voinls Ve

® ELECTRICAL CHARACTERISTICS
¢ DC CHARACTERISTICS (Vg =5V = 10%, 1=0.1 to 2.0 MHz, Vgg = Vpp =0V, Ta =-20~ + 70°C, unless otherwise noted).

{tem Symbol Test Condition min typ max Unit
RES,STBY MPo MP; Vee-05 | —
EXTAL v 0.7 —
Input “High" Voltage Vin cex Vect03 | v
Other Inputs 20 -
Input “Low" Voltage All Inputs Vi, -0.3 — 0.8 Vv
Input Leakage Current EE:' SE? P§0i rBt‘g [linl Vin=0.5 ~ Vec-0.5V - - 1.0 HA
Three State (off-state} AR~
Leakage Current Ports 1,2,3,4,6,7 | lliggl Vin=05~ Vcc-0.5V - - 1.0 A
Output “High" Voltage | Ali Outputs VoH lon =-2001A 2.4 = = v
loH=-10uA Vec-07 - — \")
Output “Low” Vol v loL=1.6mA
utbut “Low" Voltage i Outputs oL oL — - 0.4 v
Darlington Drive Current -loH Vour=1.5V 1.0 - 10.0 mA
All Inputs {Except
g .= = - - 12.5
Input Capacitance Vpp /OE) Cin \T"" 205\;‘(’; 1MHz, pF
a=
Vep /OE - - 25.0 pF
Standby Current Non Operation lsTe - 3.0 15.0 HA
Sleeping (f=1MHz"") —_ 1.5 3.0 mA
isLp Steeping (f=1.5MHz" ") - 2.3 45 mA
. Sleeping (f=2MHz" ") — 3.0 6.0 mA
Current Dissipation B P
QOperating {f=1MHz" ") — 7.0 10.0 mA
lee Operating {f=1.5MHz**) - 10.5 15.0 mA
Operating (f=2MHz"*) - 14.0 20.0 mA
RAM Standby Voltage VRaM 2.0 - - \

*V|H min = V- 1.0V, V) max = 0.8V (All output terminals are at no load.)
**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 1o the following formula;

typ. value (f=X MHz)= typ.value (f=1MHZ)xX
max. value (f=X MHz)= max. value {f=1MHz) x X
(both the sleeping and operating)
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HD63701X0, HD637A01X0, HD637B01X0

e AC CHARACTERISTICS (Voo=5V =10%, 1=0.1t0 2.0 MHzZ, Vgg=Vpp=0V, Ta=0~ + 70°C, unless otherwise noted).

BUS TIMING
Test HD63701X0 HDE37A01X0 HD637B01 X0 .
item Symbol o - - - Unit
Condition | min ! typ [ max | min | typ | max [ min | typ | max
Cycle Time toye 1 - 10 |0.666] — 10 0.5 - 10 s
Enable Rise Time ter - - 25 - - 25 - - 25 ns
Enable Fall Time tes - - 25 - - 25 - - 25 ns
Enable Pulse Width "High” Level® | PWgy 450 - - 300 - - 220 - - ns
Enable Pulse Width ““Low’ Level™ | PWg 450 - - 360 - - 220 — - ns
Address, R/W Delay Time"* tap - - 250 - - 190 - - 160 | ns
Data Delay Time Write toow - - 200 - - 160 - - 120 ns
Data Set-up Time Read tosn Fig. 1 80 — - 70 - - 70 - - ns
Address, R/W Hold Time* tan | 70 | - - la | - - ]3| - - | ms
Write” t - - - - - -
Data Hold Time e e Al 50 35 e
Read tHR 0 - — 0 — — 0 - - ns
RO, WR Pulse Width* PWaw 450 | - - |30} - - {220 | - - ns
RD, WR Delay Time tawo - - 40 - - 40 - - 40 ns
R_ﬁ,Wﬁ Hold Time tHRW — — 30 - - 30 - - 25 ns
LTR Delay Time towr - - | 200 | - - | 160 | - -~ 1120 | ns
TR Hold Time tuLR 10 - - 10 - - 10 - - ns
MR Set-up Time" tsmR 400 | - - 280 | - — | 230 - - ns
MR Hold Time* thmA Fig. 2 - - g0 - - 40 - - 1] ns
€ Clock Pulse Width at MR PWemR - - 9 - - 9 - — o9 s
Processor Control Set-up Time tees f 69'13" 200 - - 200 - - 200 - - ns
Processar Control Rise Time tpcr Fia 2.3 - - 100 - - 100 - - 100 ns
19. £,
Processar Control Fatl Time tpet 9 - - 100 - - 100 - - 100 ns
BA Delay Time tga Fig. 3 - - 250 - - 180 - - 160 ns
Oscillator Stabilization Time tac Fig. 11 20 - - 20 - - 20 - - ms -
Reset Pulse Width PWnsr 3 - - 3 - - 3 - - teve
* These timings change in approkimate praportion to teye: These figures characteristically represent those when teye is
minimum { = in the highest speed operation).
PERIPHERAL PORT TIMING
i 01X
Item Symbol c Te§l. : HD63701X0 HD637A01 X0 lH063‘IB 1X0 Unit
andition | min | typ | max | min | typ | max | min [ typ | max
Peripheral Dat .
T ™ |Ports2,3,5.6 {tosy | Fig5 | 200 | — | - 20| — | - j20) - | - | m
Peri | Dat .
Het;llgr"l‘}i;:e 3 1 Ports2,3,5.6 | teon Fig. 5 200 - - 200 - - 200 - - ns
Delay Time (Enable Ports 1. 2
positive Transition to | 474 a"'7 "l teweD Fig. 6 - - 300 - - 300 - - 300 | ns
Peripherat Data Valid) e
G HITACHI
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HD63701X0, HD637A01X0, HD637B01X0

TIMER, SCI TIMING

Test HD63701X0 HD637A01X0 HD637B01X0 i
Item Symbol o - - - Unit
Condition | min [ typ | max | min | typ | max | min | typ | max

Timer 1 Input Pulse Width towT Fig. 8 20 - - 20 - - 20 - - teye
Delay Time [Enable Positive K
Transition to Timer Qutput) troo Fig.? - - 400 - - 400 - - 400 ns
SCI Input Async. Mode ; Fig. 8 1.0 - - 1.0 - - 1.0 - - teye
Clock Cycle | ClockSync. | ™ [Fig.4,8 |20 | -~ | — | 20 | — | = |20 | = | = | tere
SCI Transmit Data Delay
Time (Clock Sync. Mode} ttxo = | - |10 - - 20} - | - [200]} ns
SCI Receive Data Set-up .
Time {Clock Sync. Mode) tsax Fig. 4 290 | - - |20 - - |20 | - - ns
SCI Receive Data Hold Time
{Clock Sync. Mode) tRx 100 - - 100 - - 100 - - ns
SCI Input Clock Pulse Width tewsck 0.4 - | 06 | 04 - | 06 | 04 — | 0.6 | tgeye
Timer 2 Input Clock Cycle teeve 20 - - 20 — - 2.0 - — teve
Timer 2 input Clock Pulse
Width tewTCK Fig.8 200 - - 200 - - 200 - - ns
Timer 1+2, SCI Input Clock
Rise Time tekr - - 100 - - 100 - - 100 ns
Timer 1-2, SCI {nput Clock
Fall Time texs - - 100 - - 100 - - 100 ns

e toow
MACL Write T4V
Co-0: oav

TV YR

P—
MCU Reed 20V
Oe~0» 0By
ey
08y
Figure 1 Mode 1, Mode 2 Bus Timing
PWemn |
L
£2.av "
E
0.8V
tHMr tsmn
MR 2.0V zt
(08v iL
= 1rcI & tree

Figure 2 Memory Ready and E Clock Timing
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HD63701X0, HD637A01X0, HD637B01X0

Last Instruction instruction Execution

ifxecution Cycle—%‘ HALT Cycle L Cycle
2.4V
E
0.8V
P
HALT [
k - o8v
tecr tecs " tec, tecs toa

) .
™ 24v \
BA 08V

Figure 3 HALT and BA Timing

N

Synchronous Clock
{Input/Cutput)

Transmit Data

Receive Data

2.0V ig high level when clock input
2.4V is high level when clock output

Figure 4 SCI Clocked Synchronous Timing

‘———-MCU Read r MCU Write
2.4V 2.4V
E . &O.BV ; 0.8v r—\-_/——

trosu tron
P20~ P21 trpwp

i H 2.2V
Peo~Per 250 | Data Valid [{ 22V
(Inputs) 1 tron Pio~ P17, P2o~P27
Pao—Par i | Pao~Pa7, Pao~Pas ¥ 23 pats valid
{inputs) o‘ﬁ Data Valid K_ Pso~Pe1, Pro~Pre X0,

- — {Outputs)

Figure 5 Port Data Set-up and Hold Times (MCU Read) Figure 6 Port Data Delay Times (MCU writs)

e SN/ .
Ti 1 Qutput

imer Compare
ERC x “ x T2CNT n X s00

trop {—— —] 1700 f—
lec st 2.4V Pae AT
Qutputs ] 0.8V Output l 6av
{a) Timer 1 Output Timing {b} Timer 2 OQutput Timing

Figure 7 Timer Output Timing
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HD63701X0, HD637A01X0, HD637B01X0

) Vee
2.4V -ﬂ ]
AL=2.2kQ
Test Point
0.8v 152074®
toke C R or Equiv.
I .. .s
e
*Timer 2 tieye  ** Timer 1;tpwT C=90pF for Port 1, Port 3, Port4, E
SCl tseyc  Timar 2 tpwTCK =30pF for Port 2, Port 6, Part 7

Figure 8 Timer 1-2,SCt Input Clock Timing

internal
Address Bus

WAL, iR,
IR0, 1RQs

Internal
Osta Bus

Internal
Read

internal
Wiits

J1Y

SCI - stewsck R=12kQ for Port 1~Port4, Port6, Port 7, E

Figure 9 Bus Timing Test Loads {TTL Load)

Intercupt
Test

) AED GED Gl I GED GED G (N D G GED GED GED D G
—-' tres
) GED G GED N SN G OGN G G G I G U D G &

O 4] d 1 PCO-~ PCB- IX0— 1X8- ACCA ACCB CCR Vector Vector First inst of
C:dn o:'E::h [;:I:“m PC? PE‘ s X7 X158 MSB LSB  interrupt Routine
| /
_— ./ \

Figure 10 Interrupt Sequence
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Figure 11 Reset Timing
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HD63701X0, HD637A01X0, HD637B01X0

= EPROM PROGRAMMING ELECTRICAL CHARACTERISTICS
e DC CHARACTERISTICS (Voe=5V*5%, Vpp=21V+0.5V, Vgs=0V, Ta=25"C5°C, uniess otherwise noted.]

item Symbol Test Condition min typ max Unit
Program Voltage Vep 20.5 21 215 A"
Program Current lpp Vpp =21V, CE=Vjy - - 30 mA
input Leakage Current N Vin=5.25V/0.4V - - 10 LA
Input “Low’’ Voltage Vi -041 - 0.8 v
Input “High” Voltage Vin 22 - Vec+1.0 v
Output "Low’’ Voltage Vou lop +1.6mA - - 0.45 v
Qutput “High" Voltage VoH lon=-200 pA 2.4 - - v

& AC CHARACTERISTICS (Vgc=5V15%, Vpp=21V10.5V, Vgg=0V, Ta=25°C15°C, unless otherwise noted.)

item Symbol Test Condition min typ max Unit
Address Set-up Time tas 2 - - Hs
Address Hold Time taH 0 - - Ms
OE Set-up Time toES 2 - - Hs
OFE Hoid Time toEH 2 — - s
Data Set-up Time tos 2 - - Hs
Data Hold Time toH 2 - - Hs
Output Disable Delay Time toF 0 - 130 ns
Data Valid from CE tov CE=V,, DE=V|L - - 1 us
CE Pulse Width tow 45 50 55 ms
OF Pulse Rise Time tPRT 50 - - ns
Vpp Recovery Time typ 2 — - ys

{Note] tpgF is defined when output becomes open because output level can not be refered.

1 Program Program Venly
2.2v 2.2V
EAo~EA:+ 0.8V Address 0.8V XAddress
tas—+]
22v oV N
€00 - EQy Data In Stable Data Out Valid | J——e=———r
0.6V 0.6V 4
tos —™ — Tom la— — ROy _—-1 p—(m
21v 21V tan—e] ey
Vs OF \
0.6V 06V .
LU
tors — rw toen tva
tear
—_—
- 2.2V 2.2v 2 2v3bg 22v
£ 0.6V Q.6v 0.6VK ’]

Figure 12 EPROM Programming Timing

@G HITACHI
Hitachi America, Ltd. » Hitachi Plaza + 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 « (415) 589-8300 685



HD63701X0, HD637A01X0, HD637B01X0

B FUNCTIONAL PIN DESCRIPTION
® Vge, Vss
¥ and Vgg provide power to the MCU with 5V + 10% supply. Vg
pin should be ticd to ground.

® XTAL, EXTAL

These lwo pins interface a crystal (an AT-cut type). Divide-
by-four circuit is on chip. When 4MHg crystal is used, the sysicm
clock is |MHz for example.

EXTAL pin may be driven with an external cliock of 45 10
55% duty, and one fourth frequency of the external clock is pro-
duced in the LSI. The external clock frequency should be iecss

AT Cut Paraliel Resonant Crystal Oscillator

Co=7pF max
Rs =609 max
XTAL ‘I
- Cir=Ci2
= 10pF - 22pF +20%
Ciz 7 Cun

o

{a) Crystal Interface

XTALI— NC.
EXTAL——<Externai Clock

Figure 13 Connection Circuit

than four times of the maximum frequency. When using the ex-
ternal clock, XTAL pin should be open. Fig. 13 shows an exam-
pic of connection circuit. The crystal and Cp,, C , should be
mounted as close as possible to XTAL and EXTAL pins. Any
line must not cross the line between the crystal and XTAL, EX-
TAL.

e STBY

This pin is used for standby mode or EPROM mode.

In standby mode, the oscillation may be stopped. To retain
the contents of RAM at standby, ‘0™ should be writlen into
RAM enable bit (RAMW). RAME is the bit 6 of the RAM/port
5 control register at $0014. RAM is disabled by this operation
and its contents is sustained. Refer to ““LOW POWER DISSIPA-
TION MODE” for standby mode.

When this pin and Mode Program pins, MP, and MP,, are
“Low" level, the MCU is in EPROM mode. Refer to “*PRO-
GRAMMING THE EPROM" for details.

® Reset (RES)

This pin is used to reset thc MCU’s internal state and provide
a slartup procedure. During power up, RES pin must be held
below ‘‘Low™’ level for more than 20 ms.

The CPU registers (accumulator, index register, stack pointer,
condition code register except for interrupt mask bit), RAM and
data registers of poris are not initialized during resel, so their
contents are unknown in a startup procedure.

To reset the MCU during operation, RES should be held
“Low™ for at least 3 system-clock cycles. At the 3rd cycle, all the
address buses become ““High”. When RES remains ““Low', the

address buses keep “‘High™. If RES turns *‘High”, the MCU re-

slart sequence is:

(1) Latch the value of the mode program pins: MP, and MP,.

(2) Initialize each internal register (refer to Table 5).

(3} Set the interrupt mask bit. For the CPU 1o recognize the
maskable interrupts TRQ,, TRQ, and IRQ,, this bit shoutd be
clearcd in advance.

(4) Put the contents (=start address) of the last Iwo addresses
(SFFFE, SFFFF) into the program counter and start the
progtam from this address. (Refer to Table 1).

+» The MCU is unable o accept a reset input until the clock be-

comes normal oscillation after power on {max. 20ms). During

this transient time, the MCU and 1/0O pins are undeflined. Plcasc
be aware of this for system designing.

® Enable (E)

This pin provides a TTL-compatible clock used for bus syn-
chranization. lts frequency is one fourth that of the internal oscil-
lator or external clock. This pin can drive one TTL load and
90pF capacitance.

® Non-Maskable Interrupt (NMI)

When the negative edge of the inpul signal is delected at this
pin, the CPU will begin a non-maskable interrupt sequence. But
the current instruction will be completed bcfore it responds to
the request. The interrupt mask bit of the condition code register
doesn’t affect non-rnaskable interrupt at all.

When the interrupt oocurs, the conlents of the program coun-
ter, the index register, the accumulators and the condition code
register will be pushed onto the stack. Upon completion of this
sequence, a vector is fetched from $FFFC and $FFFD, transfer-
red their contents to the program counter and the non-maskable
interrupt service routine starts. After reset, the slack pointer
should be initialized on an appropriale memory area before NMT
input.

® Interrupt Request (IRG,, TRQ,)

These are level-sensitive pins which request an internal inter-
rupt sequence. At inlerrupt request, the CPU will complete the
current instruction before it responds to the request. If the inter-
rupt mask in the condition code register is clear, the CPU will
begin an interrupt sequence; if set, the interrupt request will be
ignored. When the sequence starts, the contents of the program
counter, the index register, the accumulators and the condition
code register will be pushcd onto the stack, then the interrupt
mask bit wiil be sct and inhibits all maskable interrupl. Finally, a
vector is letched from an address depicted in Table | and 1rans-
ferred to the program counter, and instruction execution is re-
sumed.

The external interrupt pins, IRQ, and TRQ, are also used for
port pins P, and P, so it is controlled by Bit 0 and | of the
RAM/port § control register at $0014. Refer to *‘RAM/PORT 5
CONTROL REGISTER" for details.

One of the internal interrupts, ICI, OCI, TOIl, CMI or SIO
can generate an internal interrupt (IRQ,). IRQ, function is just
the same as TRQ, or IRQ, except the vector address. Fig. 14
shows the block diagram of the interrupt circuit.

& Mode Program (MP,, MP )
These two pins decide the operation mode. Refer t0 *“MODE
SELECTION"" for more details.
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HD63701X0, HD637A01X0, HD637B01X0

Table 1 Interrupt Vector Memory Map

Priority Vector Interrupt
MSB LSB

Highest FFFE FFFF RES
FFEE FFEF TRAP
FFFC FFFD NMI
FFFA FFF8 SWI (Software Interrupt)
FFF8 FFF9 iRQ,
FFF6 FFF? ICI {Timer 1 input Capture)
FFF4 FFF5 OC! (Timer 1 Qutput Compare 1, 2}
FFF2 FFF3 TOI (Timer 1 Overflow)
FFEC FFED CM! (Timer 2 Counter Match)
FFEA FFEB IRQ;

Lowest FFFO FFF SI0 (RDRF+ORFE+TDRE)

Each Status Register’s Interrupt

Enable Flag
“1*;Enable, ''0""; Disable
IRQ: o0 Condition
Code
iRQ: 00— Register
- icl I-MASK
LWCF “@r’;Enable
ot 1", Disabte
OCF1 [+, oc
OCF2 oo
\ »O/ Interrupt
TOF [o 0 T @——‘ Request
Signal
IRQ; < cMI
CMF o 00—
RORF
j__m )
ORFE
TDRE O—
Sieep
o Edge I y——— Cancel
NMI ———1 Detective Signal
Circuit
Address Error | TRAP
Op Code Error
Detective Circuit
SWI

Figure 14 Interrupt Circuit Block Diagram
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HD63701X0, HD637A01X0, HD637B01X0

The following signal descriptions are applied only for ex-
panded mode.

* Read/Write (R/'W; P_,|

This signal, usually in rcad state (*High™), shows whcther
the MCU is in read (**High™) or writc {(**Low™} state. This can
drive onc TTL load and 30pF capacitance.

e RD, WR (P, P,

These outputs will turn “*Low™ when the CPU read/write op-
eration is compleled. This enables the CPU easy 1o access the pe-
ripheral LSI with RD and WE input pins. These pins can drive
onc TTL load and 30pF capacitance.

® Load Instruction Register [LIR; P,,)
This is output for the instruction opecode an data bus (active
low). This pin can drive one TTL load and 30pF capacitance.

® Memory Ready IMR; P,,)

This input is used to stretch the system clock’s “*High™ period
in order (o access low-speed memories, During this signal being
in “"High™", the system clock operales in normal scquence. But in
“*Low™, the “*High" period of the systcm clock will be stretched
in integral mulliples of the cycle time. This allows the CPU to in-
terface with loew-specd memories (Sce Fig. 2). Up to Sus can be
stretched,

During internal address access or nonvalid memory access,
MR is prohibited intermally to prevent decrcase of operation
speed. Even in the halt state, MR can also strelch “*High" period
of system clock to allow peripheral devices ta access low-speed
memorics, As this pin is used also for P.,, an cnable bit is pro-
vided al bit 2 of the RAM/porL 5 control register at $0014. Refer
to “RAM/PORT 5 CONTROL REGISTER" for more delails.

® Halt (HALT; P}

This input is used to stop instruction execution or to release
buses frec. When this signal turns “‘Low™, the CPU will be in
the halt state after completing the current instruction. During the
halt state, BA (P_) is in “High™, and an address bus, dala bus,
KD, WR and R/W are high impedance. When an interrupt is re-
quested in the halt state, the CPU responds to the interrupt re-
quest after the halt is cancclled. When halted during the sleep
state, the CPU keeps the slecp state, and BA is ““‘High' and the
buses are high impedance. Then the CPU returns to the previous
sleep state when the HALT goes “*High''.

(Note} When the CPU is interrupt wait state in WAI instruction
execution, HALT should be held “‘High™. If HALT turns
**Low"™, the CPU may malfunction alter relcasing the halt
slate.

® Bus Available (BA; P, )

This oulput is normally “Low’" but “High” when the CPU
accepts HALT and releases the buses. The HD6800 and HD6802
make BA *‘High™ and rclease the buses at WAI execution, while
the HD63701X0 doesn’t make BA “‘High™ under the same con-
dition.

The following pin functions are applied only in EPROM
mode. Refer to “PROGRAMMING THE EPROM™ for details
of EPROM mode.

® Chip Enable (CE: P,

This pin is input for programming and verifying the EPROM.
When this pin is *‘Low™ level, EPROM will be enable.

The EPROM can not be programmed or verified in ‘‘High"
level.

& Program Voltage/Output Enable {Vpp/OE}
This pin is used for program voltage and data output contrel
in verification.

Data from Port 3 (EQ, to EQ,) can be programmed inlo the
EPROM when applying 21V+0.5V 1o Vpp and holding CE in
“Low’™ level. The EPROM address is provided to Port 1 and
Port 4 {EA, 10 EA;). In verification, the EPROM data is output
from Port 3 (EOQ, to EG;) when this pin is “Low™ level. In
“High™ level, Port 3 will be high-impedance. In MCU mode, this
pin should be connecled 1o Vg,

m PORT

The HD63701X0 has six 8-bit ports and a 5-bit porl. Table 2
gives the address of ports and the data direction register and Fig.
15 the block diagrams of cach port.

Table 2 Port and Data Direction Register Address

Port Port Address Data Direction Register
Port 1 $0002 —
Port 2 $0003 $0001
Port 3 $0006 $0004
Port 4 $0007 —
Port 5 $0015 -
Port 6 $0017 $0016
Port 7 $0018 -
® Port 1

in MCU mode, port | is used for an 8-bit output port. In
mode 3, port ! is high impedance during reset, and keeps the
state even afier reset is relecased. When the CPU wriles on the
port | data register, the written dala will appear at Part 1. Once
port 1 gets in the output stale, it opcrates as an output till reset.
The CPU can read the Port 1 data register for the bit manipula-
lion instruction.

In mode | and 2, port | is used for lower address buses. This
part can drive one TTL load and 90pF capacitance.

In EPROM mode, port 1 is lower address bus (EA, 10 EA;)
for the EPROM.

® Port2

An B-bit input/output port. Its [/O state depends on the data
dircction register {DDR) of port 2 which provides two bits; bit 0
decides the /O direction of Py, and bit 1 the I/O dircction of P,
to P,; (**0" for input, **1"" for output).

Port 2 is also used for the timers and the SCI. When used for
the tmers and the SC, P, 10 P,; are decided §/0 regardicss of
the DDR (except for P,,).

Port 2 Data Direction Register

16 5 4 3 2 1 0
DDR | DDR
=== - b - =175 o (scoon

The DDR of port 2 is cleared at reset and port 2 is conligured
as an inpul. This port can drive onc TTL and 30pF. In addition,
it is capable of sinking ImA current at Vout=1.5V to drive di-
rectly the base of Darlington transistors.

® Port 3

An 8-bit 1/0 port. 1/0O state depends on the DDR of Port 3
which has only one bit (‘0" for input and 1" for output). It is
cieared at reset. In mode | and 2, port 3 is used for data bus.
This port can drive onc TTL load and 90pF capacitance.

Port 3 is used for data bus (EOQ, 10 EQ,) of EPROM in
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EPROM mode. In this case, 1/0 state of Port 3 is selected by OF
but not the DDR.

Port 3 Data Direction Register

Port3

- ~ |oor $0004

® Port 4

In MCU modc, port 4 is used for an 8-bit output port like
Port 1. In mode 1 and 2, it is used for upper address bus.

In EPROM mode, P, lo P,, are used for upper address bus
{EA, to EA }) of EPROM.

® Port 5
An 8-bit input porl. The lower 4 bits are uscd for interrupt,
MR, HALT, and P, is CE for the EPROM control.

® Port 6

An 8-bit 1/0 port. This port is programmable as either input
or oulput under sofiware control of the corresponding the DDR
{**0" for input, ‘1"’ for outpul). This port can drive onc TTL
load and 30pF. The DDR of port 6 is cleared al reset. In addi-
tion, it is capable Lo sinking ImA current at Yout=1.5V to drive
directly the base of Darlington transistors.

® Port 7

A 5-bil output port. In mode 3, port 7 is high impedance dur-
ing resel and keeps the stale even after reset is released. When
the CPU writes on the port 7 data register, the written data will
appear at Port 7. Once port 7 gets in the output state, it operates
as an outpul till reset. The CPU can read the data register for the
bit manipulation instruction. In this casc b; 1o b, are ‘1",

In mode 1 and 2, port 7 is used for control signals (RD, WR,
R/W, TIR and BA). This port can drive onc TTL load and 30pF.

m RAM/PORT 5 CONTROL REGISTER
The control register located at $0014 controls an-chip RAM
and port 5.

RAM/Port 5 Control Register

7 6 5 4 3 2 1 90
STBY L AME were | wee | "0 "R 5001
PWR £ |«

Bit 0, Bit 1 TRA,, TRQ, Enable Bit (IRQ,E, IRQE}

When using P,, and P;, for interrupt pins, write **1"" in these
bits. When “0'', the CPU doesn’t accept an external inicrrupt or
a sleep cancellation by the external interrupl. These bits are
cleared at reset.

8it 2 Memory Ready Enable Bit (MRE)

When using P, for an input for Memory Ready signal, write
“{" in this bit. When **0”, the mecmory ready function is
prohibited and P, is for port. In mode 3, the memory rcady
function is prohibited regardless of the value of this bit. This bit
is sel at reset.

Bit 3 Halt Enable Bit {HLTE)
When using P, for an input for Halt signai, write in this
bit. When ‘0", the halt function is prohibited. In mode 3, the

wy

halt function is prohibited regardless of the value of this bit. This
bil is set at resel.

(Note) When using P., and P, for port in mode 1 and 2, MRE
and MLTE must be cleared afler reset.

Bit 4, Bit 5 Not Used.

Bit 6 RAM Enable (RAME)

The RAM is controlled by this bit. It is set al resel and the
RAM is enabled. This bit is programmable by software. When
the RAM is disabled (=logic **0""), the CPU can access an cx-
ternal memory. This bit should be cleared at the beginning of
standby mode to protect the RAM data.

Bit 7 Standby Power Bit (STBY PWR)

This bit is clecared whenever Vo decreases below Vg .y
{min). This is a rcad/write status bit by software. If this bil is set
before standby mode, it indicates that V¢ is applied and the
RAM is valid.
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® MODE SELECTION

The HD63701X0 provides two fundamental modes, MCU
mode and EPROM mode. MCU mode is grouped inta three; two
expanded modes (mode 1, mode 2) and a single chip mode
(mode 3).

These operating modes are selectable by mode program pins,
MP, and MP,, and standby pin, STBY as shown in Table 3.

¢ Mode 1 (Expanded Mode)

In this mode, Port 3 is data bus, Port 1 is lower address bus
and Port 4 is upper address bus Lo interface with the HMCS6800
buses. Port 7 is used for control signal such as R/W. in mode 1,
the EPROM is disable and cxlernal address space are expandable
up 1o 65k bytes (refer 10 Fig. 16).

® Mode 2 (Expanded Mode}

This mode is also expanded meode. Bul in mode 2. address
space is expandable up to 61k byles and the EPROM is enable
(refer 10 Fig. 17).

® Mode 3 (Single-chip Mode]
In this mode, all ports are available {refer to Fig. 18).

& EPROM Mode
In this mode. the EPROM can be programmed. Refer to
“PROGRAMMING THE EPROM™ for details.

¢ Mode and Ports
Table 4 shows the MCU signals in each mode.

Table 3 Mode Selection

Mode MP1 MPo 5TBY | EPROM RAM Interrupt Vector Operation Mode
1 “L o * E | (Note 1) E Expanded Mode
MCU Mode “H oL . ! g {Note ®) I Expanded Mode
3 “H MHY * | | | Single-chip Mode
EPROM Mode oL L UL | * * EPROM Programming Mode
"L"=Logic 0", "H""=Logic *1", I; Internal, E; External, *; Don’t care

[Note 1) The RAM address area will be external by clearing RAME bit at $0014.

Table 4 MCU Signals in Each Mode

Mode MCU Mode
EPROM Mode
Port Mode 1 Mode 2 Mode 3
Port 1 Address Bus (Ao ~ A1) | Address Bus (Ao ~ Ar) CQutput Port Address Bus {EAo0 ~ EA7)
Port 2 /0 Port {/O Port 1/O Port No use (Note3)
Port 3 Data Bus (De ~07) Data Bus {Do ~ D7) 1/0 Port Data Bus (EQo0 ~ EO7)
Port4 Address Bus (As ~ Ais) | Address Bus (As ~ Ai1s} [ Output Port Address Bus (EAs ~EAjj) (Note 1)
Port 5 Input Port Input Port Input Port CE (Psq) (Notwe 2}
Port 6 1/0 Port 1/0 Port 1/0 Port No use (Note3)
Port 7 RD, WR, RAW, IR, BA | RD, WR, R/W, LIR, BA | Output Port No use (Note 3)
{(Note 1) Use only 4 pins Py to Py, Py to Py; are not used,
{Note 2} 7 pins Pso to Pgg are not used.
(Note 3)  Unused ports should be connected to Vgg,

@ HITACHI
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a MEMORY MAP ing mode is shown in Fig. 20. The first 32 locations of each map
The MCU has ability to access a 65k byte memary space de- are reserved for the MCU’s internal register area, as shown in
pending on the operating mode. A memory map for cach operat- Table 5.

Table 5 Internal Register

Address Registers R/W®"® Initialize at RESET
00 - - -
01 Port 2 Data Direction Register w SFC
02* Port 1 R/W Undefined
03 Port 2 R/W Undefined
04" Port 3 Data Direction Register W $FE
05 - - -
06" Port 3 AW Undefined
07* Port 4 R/W Undefined
08 Timer Control/Status Register 1 R/MW $00
09 Free Running Counter (“High"') R/W $00
0A Free Running Counter {"'Low") R/W $00
0B Output Compare Register 1 [*High") RW $FF
oc Output Compare Register 1 ("Low") R/W $FF
0D Input Capture Register {“High”) R $00
DE Input Capture Register {"Low™) R $00
oF Timer Control/Status Register 2 R/W $10
10 Rate, Mode Control Register R/W $00
1 Tx/Rx Contro! Status Register R/W $20
12 Receive Data Register R $00
13 Transmit Data Register w $00
14 RAM/Port 6 Control Register R/W $7C or $FC
15 Port 5 R —
16 Port 6 Data Direction Register W $00
17 Port 6 R/W Undefined
18* Port 7 R/W Undefined
19 Output Compare Register 2 {*“High"} R/W $FF
1A Qutput Compare Register 2 {""Low"’} R/W $FF
18 Timer Control/Status Register 3 RAN $20
1C Time Constant Register w $FF
10 Timer 2 Up Counter R/W $00
1E - — -
1F** Test Register - -

* External Address in Mode 1, 2.
=+ Test Register. Do not access to this register.
*#* B . Read Only Register
W Write Only Register
R/W : Read/Write Register
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MCU Mode EPROM Mode
HD63701X0 Mode 1 HDB3701X0 Mode 2 HD63701X0 Mode 3 HD63701X0
Expanded Mode € xpanded Mode Singlechip Mode
$ % internal® $0000 % Internal® $0000 7/ Internal
/ Register / Register / Register
$001F ZI $001F 7 $001F 4
xternal External
Memory Memory
$0040 (// Space $0040 7 Space $0040 7
Internat / Internal Internal
RAM RAM RAM
$OOFF /4 $OOFF % $GCFF ﬁ
External
Memory
External Space
Memaory
Space $FO00
$F000 P72 $FO00 7 7 $000
% Internal tniernal Internal
EPROM / EPROM EPROM
$FFFF $FFFF é SFFFF / SEFFF f SEEF
* Excludes the following addresses * Excludes the following addresses
which may be used externally: which may be used externally:
$02, 304, $06, $07, $18. $02, $04, 506, 307,318,

Figure 20 HD63701X0 Memory Map

m PROGRAMMING THE EPROM

The HD63701X0 docs not operate as the MCU in EPROM
mode, which allows to bc programmabie as equivalent EPROM
2732A type. When three pins, MP,, MP, and STBY should be
held low, the MCU will be in EPROM mode as shown in Table
3. In this mode, Py, to P,; are used for data bus, Py, to P,; and
P,, to P, for address bus, and Py, for CE input. (Refer to Fig.
19.),

& Programming/Verification

When CE pin is held low after thc program voliage (Vpp) is
applied to \_/P_EIGE pin, the data byle can be applied to Port 3.
When Vpp/OE pin and CE pin are held low after programming,
the programmed data is output from Port 3 and user can verify
the data. I/Q timing of thesc signals are referred to Fig. 12.

When CE pin is returned to high, Port 3 will be tri-state and
EPROM programming/verification will be inhibited.

Table 6 shows the condition of the each pin is EPROM made.
Unused pins should be connected to GND in EPROM mode.

® Erasure

Erasurc of EPROM begins 1o occur when the LSI is exposed to
ultraviolet light (wavclength. 2537 A. an intensity of at least:
1.5W.sec/cm). Exposing the LSl to an ultraviolet lamp of 1,200 pW/cny!
raling for 20 to 30 minutcs, at a distance of about 1 inch, should be
sufficient.

(Note)} IT the glass window is stained, erasure time will be ex-
tended. Remove stains [rom the window with a solvent
which has no influence on the package like aicohol, Don’t
rub the window hard but wipe out softly.

a TIMER

The HD63701X0 has a 16-bit programmable timer which can
be used 1o perform input waveform measurements while generat-
ing two independent output waveforms. The puise width can vary
from several microseconds 10 many seconds.

Timer 1 is configurated as follows (refer to Fig. 22).

Table 6 Pin Condition in EPROM mode

Pin — =g Pio to P17 .
Vee | Vss Vpp/OE CE P to Pa; Pao to Pas MPa, MP1, STBY | Other pins
No
' 4310 50
Mode 33 1 42 24 511t058 38 to 41 4,5,7
Programming +5 |GND Vep “L" | Datainput Address input L GND
Verification +5 [GND L “L" | Data output Address input e GND
Inhibition of . oys | High . o
programming/verification *5 | GND | Don't care H impedance Don’t care L GND
“HY VI level, “L" V| level
G HITACHI

694

Hitachi America, Ltd.  Hitachi Plaza » 2000 Sierra Point Pkwy. » Brisbane, GA 94005-1819 » (415) 589-8300



HD63701X0, HD637A01X0, HD637B01X0

- Conltrol/Status Register 1 (8 bit)

- Control/Status Register 2 (7 bit)

- Free Running Counter (16 bit)

. Output Compare Register | (16 bit)
« Output Compare Register 2 (16 bit)
- Input Capture Register (16 bit}

® Free-Running Counter [FRC) {$0009 : 0O0A)

The key timer element is a 16-bit Fice-Running Counter
which is incremented by system clock (E). The counter value is
readable by sofiware without affecting the FRC. I is cleared by
reset.

A write to the high byte of the FRC (309) wili preset the high
and low bytc of the FRC 1o $FFF8 . A continuous write Lo the
high and low byte FRC, however, will sct them to the write data.

The FRC write timing will be as follows when double store in-
structions (STD, STX etc.) exceute.

$09 Write $0A Write
1$5A) I$F3)

LT LI

Counter value $FFF8 : $5AF3

In the case of a write {$5AF3) to the FRC.

Figure 21 Counter Write Timing

e Output Compare Register [OCRI

($0008, $000C; OCR1) {$0019, $001A; OCR2)

The Output Compare Register is a 16-bit read/write register
uscd 1o control an output waveform. 1t is always compared with
the FRC on each E-cycle.

When a match is found, Output Compare Flag (OCF) in the
Timer Control/Status Register (TCSR) is set. If an output enabie
bit (OE} in the TCSRZ is **1™, an output level bil (OLVL) in the
TCSR will appear at Port 21 (Tout 1) or Port 25 (Tout 2}.

The OCR and OLVL can then be changed for the next com-
parc. The OCR is set to $FFFF at reset. The compare function is
inhibited for a cycle afler a write 1o the OCR or to the high byte
of the FRC. This is to set the 16-bit vajue valid in the register for
compare. In addition, it is because SFFFB is set at the next cycle
of a write to the high byte of the FRC.

» For a write to the FRC or the OCR, 2-byte transfer in-

struction {such as STX eic.) should be used.

e Input Capture Register {ICR) ($000D : 000E)

The Input Capture Register is a 16-bit read only register used
lo store the FRC when an external input transition occures de-
fined by input edge bit (IEDG) in the TCSRL.

In order to input the external signal to the edge detective cir-
cuit, Port 20 should be configured as an input. When an input
capture occures al the next cycle of a read the high-byte of the
ICR, the input capture will delay one cycle. In order to ensure
the input capture, a rcad to the ICR needs 2-byte transfer in-
struction, and the input pulse width should be at least 2 system
cycles. This register is cleared (30000) at reset,

e Timer Control/Status Register 1 (TCSR1) {$0008)

The Timer Control/Status Register 1 is an B-bit register of
which all bits are readable while the lower 5 bits can be wrilten.
The upper 3 bits indicate the following timer's status.

Bit 5 The FCR has overflowed. (TOF).

Bit 6 A match has been found between the FCR and the OCR
1 (OCF1).

Bit7 A level transition of the timer input has been detected
(ICF).

The followings are each bit descriptions.

Timer Controi/Status Register 1
7 6 5 4 3 2 1 0

Ice OCF1| TOF | excr [eQCi)| 70| 1IEDG joLvLY] $0008

Bit 0 OLVL1 Output Level 1
When a maich is found between the FCR and the
OCR1, OLVL1 will appear at Port 21 if OE1, bit 0 of the
TCSR2, is sel.
Bit 1 IEDG Input Edge
This bit controls which level transition will trigger the
FCR transfer to the ICR. For this function, the DDR
correspending to Port 20 should be cleared.
IEDG=0, transferred on a negative edge
IEDG=1, translerred on a posilive edge
Bit 2 ETO! Enable Timer Overflow Interrupt
When this bit is set, an internal interrupt (IRQ,) is
enabled for TOL. When cleared, the interrupt is inhibited.
Bit 3 EOQCi1 Enable Cutput Compare Interrupt 1
When this bil is set, an internal interrupt (IRQ,) is
cnabled for OCEl. When clecared, the interrupt is
inhibited.
Bit 4 EICI Enable input Capture intarrupt
When this bit is sel, an internal interrupt (IRQ,) is
cnabled for IC1. When cleared, the interrupi is inhibited.
Bit5 TOF Timer Overflow Flag
This read only bit is set when the FCR contains all
I"s. It is clearcd by reading the TCSRI followed by the
FCR's high byte ($0009).
Bit & OCF1 Output Compare Flag 1
This read only bit is sel when a maich is found be-
tween the OCR1 and the FRC. 1t is cleared by writing (o
the OCRI1 ($000B or $000C) followed by reading the
TCSR1 or TCSR2.
Bit 7 ICF Input Capture Flag
This read only bil is set to indicate a level transition
defined by 1EDG. It is cleared by reading the high byte
($000D) of the ICR followed by the TCSR1 or TCSR2.

# Timer Control/Status Register 2 (TCSR2) ($0GOF)

The Timer Control/Status Register 2 is a 7-bit register. All
bits are readable while the lower 4 bits can be written. The upper
3 bits indicate the foliowing timer’s status.

Bit5 A match has been found beitween the FRC and the
OCR2 (OCF2).

Bit 6 The same Nag as the OCF1 of the TCSR1.

Bit 7 The same Nag as the ICF of the TCSR1.

The followings are each bit descriptions.

Timer Control/Status Register Z
7 6 5 4 3 2 1 0

iCF |OCF1|OCF2| — FOCIZiQL‘VL? OE2 | OE1 |$000F

Bit @ OE1 Qutput Enable 1
If this bit is set, the OLVL1 will appear at Port 21}
when a match is found between the FCR and the OCR1.
When it is cleared, Port 21 will be 170 port, When set, it
will be an output of OLVL1 automatically.
8it 1 Of2 Output Enable 2
If this bit is set, lhe OLVL2 will appear at Port 25
when a match between the FCR and the OCR2. When
this bit is cleared, Port 25 will be 1/0 port. When sel, it
will be an autput of OLVL2 automaticaily.
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Bit 2 OLVLZ Output Level 2
OLVL2 is transferred to Port 25 when a match is
found between the FCR and the OCR2. If OE2, bit § of
the TCSR2, is set, OLVL2 will appear at Port 25.
Bit 3 EOCI2 Enable Qutput Compare Interrupt 2
When this bit is sci, an internal interrupt (IRQ,) is
enabled for OCI2. When cleared, the interrupt is
inhibited.
Bit 4 Nat Used
Bit5 OCF2 OQutput Compare Flag 2
This read-only bit is sct when a match is found be-
tween the FCR and the OCR2. it is clearcd by writing to
the OCR2 (30019 or 3001A) followed by reading the

Bit 6 OCF1
Bit 7 ICF

Qutput Compare Flag 1
Input Capture Flag
OCF1 and ICF addresses arc parlially deceded. CPU
read of the TCSR1/TCSR2? makes il possible to read
OCF]1 and ICF into bit 6 and bit 7.
Both the TCSRI and TCSR2 will be cleared by resel.

(Note) If OEl or OE2 is set before the first output compare
malch is found after reset, Port 21 and Port 25 will oul-
put ‘0" respectively.

{Notc) Because the set condition of ICF precedcs its reset condi-
tion, ICF is not clcared when the set condition and the
resct condilion occur simultancously. The same phenom-

TCSR2. cnon applies 1o OCF1, OCF2 or TOF respectively.
<F HD63701X0 Internal Data Bus >
@srs su $0B. $0C $09_ 804 TT!OD. $OE
Duiput Compare [ Output Compare Free Ruynning J l Input Capiure ]
Register 2 Hzg-sven 1 16 Bit Counter Registar
! l} I 4 T
Culpul Compare 2 Qutput Compare 1 Overflow Detect Edge Detsct ]
— RES
_L [ o o
l ICF Jocn TOF I EI(;LOC"I E'IOIIIEDG owul L cu:ll
T Tw TCSA1 — ¢
. i ! 508
(] e —
__;_4__.._4._. [ o] o
[ﬂcr locn‘ocr:] - ]socx{om{ oszloslj CLK
TCSR2 R
1RA; l | sof I
. T
\ Pa P Py
Figure 22 Timer 1 Block Diagram
s TIMER 2 put the data to it

In addition to the timer i, thc HD63701 X0 provides an 8-bit
reloadable timer, which 15 capable of counting the external event.
This timer 2 contains a timer output, so the MCU can gencrate
three independent waveforms. (Refer to Fig. 23.)

The timer 2 is configured as follows:

Control/Status Register 3 (7 bit)
8-bit Up Counter
Time Constant Register (B bit)

® Timer 2 Up Counter (TZCNT} ($001D}

This is an B-bit up counier which is incremented by the clock
controlled by CKSO and CKSI1 of the TCSR3. The T2CNT is
always readable without affecting itself. In addition, any value can
be written 1o the T2CNT by softwarc even during counting.

The counter is cleared when a match is found between the
T2CNT and the TCONR or by reset.

A wrile to the T2CNT at the clear cycle does not reset it but

® Time Constant Register (TCONR) ($001C)

The Timer Constant Regisler is an B-bit write only regisler. It
is always compared with the T2CNT.

When a match has been found, counter maich fNlag (CMF) of
the Timer Control/Status Register 3 (TCSR3) is set and the
value selected by TOSO and TOSI of the TCSR3 will appear at
Port 26. When CMF is sct, the FCR will be cleared simu-
liancously and then a counting starts from $00. This enables reg-
ular interrupts and waveform outpuls without any sofiware sup-
porl. The TCONR is set to **$FF" by resct.

® Timer Control/Status Register 3 {TCSR3) ($001B)
The Timer Control/Status Register 3 js a 7-bit register. All
bits are readable while 6 bits except far CMF can be written.
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Figure 23 Timer 2 Block Diagram

The fcllowings are each bit descriptions.

Timer Control/Status Register 3

7 6 5 4 3 2 1 o]
CMF [EcMmI| — | T2E 1TOSI|TOSOJCKS1CKSO} $0018
BitO CKSO Input Clock Select O

Bit1 CKS1 Input Clock Select 1
An input clock to the T2CNT is selected by these bits
as shown in Table 7. When an external clock is selected,
Port 27 will be an input automatically. The positive edge
of the external clock increments the T2CNT. The maxi-
mum external clock is half of the system clock frequency.

Table 7 Input Clock Select

CKS1 CKSO Input Clock to the Counter
0 0 E clock
0 1 E clock/8"
1 0 E clock/128"
1 H External clock

* These clocks come from the FRC of the timer 1. |f one of these clocks
is selected as an input clock to the up counter, a write to the FRC of
the timer 1 should be inhibited.

Bit2 TOSO0 Timer Output Select O
Bit3 TOS1 Timer Output Select 1
When a match is found between the T2CNT and the
TCONR, timer 2 output sclected by these bits shown in
Table 8 will appcar at Port 26. When both TOSO and
TOS!1 are cleared, Port 26 will be an 170 port.

Table 8 Timer 2 Qutput Select

TOS1 TOSO Timer Output
0 0 Timer Qutput Inhibited
0 1 Toggle Qutput”
1 0 Qutput 0"
1 1 Qutput “1”

* When a match is found between the T2CNT and the TCONR, timer 2
output tevel is reversed. This leads to production of a square wave with
50% duty 10 the external without any software support.

Bit4 T2E Timer 2 Enable Bit
When this bit is cleared, the T2CNT will stop. When
set, a clock selecled by CKS1 and CKS0 (Table 7) pro-
vides to the T2CNT.

(Note) Py, is 0" when T2E is cleared and Py, is configured as
an output by TOSI or TOSQ. It also is “*0” when T2E is
sct and P is configured as an output before the first
counter match.

Bit 5 Not Used

Bit 6 ECMI Enable Counter Match Interrupt
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When this bit is set, an internal intcrrupt (IRQ,) is
enabled for CM1. When clcared, the interrupt is inhibited.
Bit 7 CMF Counter Match Flag
This read only bit is set when a match is found be-
tween the T2CNT and the TCONR. It is cleared by writ-
ing **0"". (It cannot be written **1°* by soltware).
Each bit of the TCSR3 is cleared by reset.

u SERIAL COMMUNICATION INTERFACE (SCH)

The HD63701X0 SCI provides two operalion modes; one is
an asynchronous mode by the NRZ format and the other is a
clocked synchronous mode to transfcr data synchronizing with
the serial clock.

The scrial interface is configured as follows:

+ Transmit/Receive Control and Status Register (TRCSR)

- Rate/Mode Control Register (RMCR)

- Receive Data Register (RDR)

 Receive Data Shift Register (RDSR)

+ Transmit Data Register (TDR)

- Transmit Data Shift Register (TDSR)

The SCI is initialized by softwarc. The procedure is usually as
follows:

1) Writc a operation mode into each corresponding control

bit of thc RMCR.

2)  Write a operation mode into each corresponding control

bit of the TRCSR.

When sctting the baud rate and operalion mode, TE and RE
should be “0"". When TE and RE is sel again, more than | bit
cycle of the current baud rate is necessary, If set in less than 1 bit
cycle, the SCI cannot be inilialized occasionally.

® Asynchronous Mode
An asynchronous mode cantains lhe following two data for-
mats:
| Start Bit + 8 Bit Data + 1 Stop Bit; 8 Bit Data Format
1 Start Bit + 9 Bit Data + 1 Stop Bit; 9 Bit Data Format
In 9 Bit Data Format, if the 9th bit is *“1>*, the format of
| Start Bit + 8 Bit Data + 2 Stop Bit

The SCI is initialized by writing desirable control bytes to the
RMCR and then to the TRCSR.

The transmit operation is enabled by TE in the TRCSR.
When TE s sel, the output of the TDSR is connected to P,
which will be configured as an outpul regardless of the DDR, ,
and then the serial output is initiated by transeitting 1o a 10-bit
preamble of “*1”" in the 8 Bit Data Format or an 11-bit preamble
of *“1” in the 9 Bit Data Format. Following the preamble, the in-
ternal synchronization is established and the transmitter section
is ready for operation.

Al this point one of two situation exist;

1) If the TDR is empty (TDRE=1), a continuous string of

enes will be sent indicating an idle line.

2) Il a byte has been written to the TDR (TDRE=0), it is
transferred to the TDSR, TDRE will be set and tranc.nis-
sion will begin.

During the transfer itself, the start bit (0) is first transmitied.
Then the 8 dala bits or the 9 data bits (beginning with bit 0} fol-
lowed by the stop bit (1) are transmitted. When the TDR has
been emptied, TDRE is set.

If the MCU fails to respond to the Rag within the proper time,
(TDRE is still set when the next normal transfer from the TDR
to the TDSR should occure) then a 1" will be sent (inslead of a
“0°") at start bit time, followed by more 1’s until more data is
supplied to the TDR. No 0's will be sent while TDRE remains as
1,

The reccive operation is enabled by RE which configures P,,.
The receive operation is controlled by the contents of the
TRCSR and the RMCR. The receiver bit interval is divided into
8 sub-intervals for internal synchronization. The received bit
stream is synchronized by the first “0” (space) encountered. The
approximate center of each bit time is strobed during the next 10
bits.

If the tenth bit is not a **1”* (stop bit), a framing error is as-
sumed and ORFE is set. If the tenth bit is a ‘1", the data is
transferred (o the RDR and interrupt flag RDRF is set. If RDRF
is still set at the next tenth bit time, ORFE will be set, indicating
an over-run has occurred. When the CPU responds to either flag

Py Recaive Data Shift Register (ADSA)

B17 } 810

Rate and Mode
B 7 Control Register {RMCR) Bud

Asceive Duis
Regrster

RDB | TD8 | ss2 | cc2 ] cc1 | cco| 81 | S50

(RDRA)

~_7

HD63701X0 Internal Data Bus

Transmit

Bu7  Data Register ITDA) Bt

B ? BitQ

TORE| RIE RE TIE TE wu

RORAF | ORFE

L

Pas Tranunii Dats Shift Reginter (TDSR) ]

Transmit/Receve Control and Status Regrster
{TRACSA)

[

T 1 FAC,
1::::2 B Rate Prr
Up Counter Genecator

]

Figure 24 Serial Communication Interface Block Diagram
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(RDRF or ORFE) by reading the TRCSR followed by reading
the RDR, RDRF (or ORFE) will be cleared.
{Note) Clock Source in Asynchronous Mode
When using an internal clock for the SCI, the following
requnrcmenls are applicable:
Set CCl and CCO (o 1" and 0" respectively.
A clock is generated regardless of the valuc of TE,
RE.
- The maximum clock rate is E+ 16,
The output clock is the same as the bit rate.
thn using an external clock for the SCI, the following
rcqunrcmenls ase applicable:
Set CC1 and CCO in the RMCR to 1" and **1" re-
spectively.
- The external clock should be set 16 times the desired
baud ratc.
. the maximum clock frequency is the same as the sys-
lem clock.

<::_":1 Transmit Direction

® Clocked Synchronous Mode

In the clocked synchronous mtode, the transmit operation is
synchronized with the clock pulse. In the clocked synchronous
mode an SCI clock 1/0 pin is only P,,, so the receive and trans-
mit operation cannot be simullancously enabled. Therefore, TE
and RE should not be set simuitaneously. Fig. 25 gives a syn-
chronous clock and a data format in the clocked synchronous
mode.

The transmit operation is enabled by TE in the TRCSR. P,, is
configured as an outlput regardiess of the value of the corres-
ponding DDR.

Both the RMCR and TRCSR should be set in the desirable
operating conditions for dala transmit.

If the user wishes to provide an external clock, the data bits
(beginning with bil 0) are transmitted from P,,, synchronizing
with 8 clock pulses supplied Lo P,,, when TDRE is “0"". TDRE is
set when the TDSR is “empty”’. More the 9th clock pulse is ig-
nored.

Synchronous ‘ I LJ L_l l—] l—J I-—I l—J |—]

clock

Dats %ﬂil ﬁBit %Bit ZXBil 3] Bit4] Bit SXBit SXBil 7%
>( x [7777] Not Valid

- Transmit data is sent between the negative edge of a synchronous clock and the next negative adge,

+ Receive data is latched at the positive edge.

Figure 25 Clocked Synchronous Mode Format

The receive operation is enabled by RE. F'22 is configured as
an input for the 8 bit external clock and P,, is configured as an
input for the receive data. The operating mode of data receive is
decided by the TRCSR and the RMCR.

If the external clock is provnded RE shouid be set when Py, is
““High". The receive data is transferred o the RDSR by this
clock, and RDRF is set. More the 9th clock pulse are ignored.
When RDRE is cleared by reading the RDR, the MCU starts re-
ceiving the next data.

RDRF, therefore, should be cleared with P, “*High”. When
the first byte data is received, RDRF is set. After the second
byte, the receive operation is enabled by clearing RDRF.

® Transmit/Receive Control and Status Register (TRCSR}
{$0011}
The TRCSR is an 8 bit register which is readable. Bits 0 to 4
are also writable. This register is initialized to 320 by reset. Each
bit functions as follows.

Transmit/Receive Control Status Register

7 6 & 4 3 2 } 0

RDRF|ORFE|TDRE| RIE | RE TIE | TE | wu [$0011

Bit0 WU Wake-up
In a typical multi-processor configuration, the soflware
protocol will usually identify the address at the beginning
of the message. In order 1o permit uninterested MCU's
to ignore the remaining message, a wake-up function is

available. By this, uninterested MCU can inhibit all
further receive processing tili the next message starts.

Then wake-up function is triggered by conseculive 1I's
with I frame fength (10 bits for the 8-bit data format, or
11 bits for the 9-bit data format). The software protocol
should provide the idle ime between messages.

By setling this bit, the MCU stops data receive till the
next message. The receive of consecutive *‘1"" with one
frame length wakes up and clears this bit and then the
MCU restarts the reccive operation. However, the RE
flag should be set before setling this bit, In the clocked
synchronous mode WU is not available, so this bit should
not be set.

Bit1 TE Transmit Enable

When this bit is set, transmit data will appear at P,,
altcr one frame preamble in asynchronous mode, while in
clocked synchronous mode appear immediately. This is
executed regardless of the value of the corresponding
DDR. When TE is cleared, the serial /O doesn’t affect
P,

Bit2 TIE Transmit Interrupt Enable

When this bit is set, an intcrnal interrupt (IRQ,) is
enabled when TDRE (bit 5) is sct. When cleared, the in-
terrupt is inhibited.

Bit 3 RE Receive Enable

When set, P,, is configured as an input for the receive
operation regardless of the value of the DDR. When RE
is cieared, the serial 1/O doesn’t affect P,;.

Bit 4 RIE Receive interrupt Enable

When this bit is set, an internal intecrupt, IRQ, is
enabled when RDRF (bit 7) or ORFE (biL 6) is set.
When cleared, the interrupt is inhibited.

Bit 5 TDRE Transmit Data Register Empty
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TDRE is sei when the TDR is transferred to the
TDSR in the asynchronous mode, while it is set when
the TDSR is “empty”’ in clocked synchronous mode.
This bit is cleared by reading the TRCSR and writing the
new transmit data to the TDR. TDRE is set by resct.

(Note) TE should be set before clearing TDRE.

Bit 6 ORFE Overrun Framing Error

QRFE is set when an overrun or a framing error is oc-
cured (during dala receive only). An overrun error occurs
when a new receive data is ready to be Ilransferred to the
RDR with RDRF still sel. A framing crror occurs when a
stop bit is **0”". But in clocked synchronous maode, this
bil is not affected. This bit is clearcd when reading the
TRCSR, then the RDR, or by resct.

Bit 7 RDRF Receive Data Register Full

RDRF is set when the RDSR is transferred to thc
RDR. Cleared when reading the TRCSR, then the RDR,
or by resct,

(Note) When a few bits are sct between bit 5 1o bit 7 in the
TRCSR, a read of the TRCSR is sufficient for clearing
thosc bits. It is not necessary 1o rcad the TRCSR every-
time to clear cach bit.

e Rate/Mode Controi Register (RMCR)
The RMCR controls the followings:

* Baud Rate
+ Clock Source

+ Data Format
* P,, Function

In addition, if 9-bit data formal is set in the asynchronous
mode, the Sth bit is put in this register. All bits are readable and
writablc except bit 7 (rcad only). This register is cleared by rcset.

These bils sclect the baud rate when using the internal clock.
Table 9 lists the available bit times and baud rates. The timer 1I's
FRC (S$2=0) and the timer 2's up counter (§52=1} provide

Rate/Mode Control Register

RD8 | TO8 | 552 jcC2 [ccs | cco | sS1 | SSO | $o010

Bit 0 S50
Bit 1 SSh Speed Select
Bit5 SS2

the internal clock for the SCI. When the source of the SCI inter-

nal clock is the timer 2’s up counter, the desired baud rates may

be selected by the TCONR shown in Table 10.

(Note) When operating the SCI with internal clock, do not write
to the counter which is the source of the SCI clock.

Bit 2 CCQa
Bit3 (ofod Clock Controt/Format Select®
Bit 4 CcC2

These bits select the data format and the clock source (refer

to Table 1F).

» CCO, CC1 and CC2 are cleared and the MCU will be in
the clocked synchronous mode (the external clock opera-
tion) by reset. Then P,, is forced 1o be configured as an
input for the clock. If using P,, for an output, the DDR of
port 2 should be set to ““1"* and CCl, CCO must be set Lo
01,
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Table 9 SCI Bit Times and Rates

{1) Asynchronous Mode

XTAL 2 4576MHz 4 OMHz 4 9152MHz
5§52 SS1 S50 £ 614 . 4kHz 1.0MHz 1 22B8MHz
[+] 0 o] E+186 26 x5/38400Baud 16,:5/62500Baud 13 ,5/76800Baud
o] o] 1 E< 128 208 ,.5/4800Baud 128,5/7812.5Baud 104 2 ,:5/9600Baud
0 1 0 E+1024 1.67ms5/600Baud 1.024ms/976.68aud 833 3us/1200Baud
0 1 1 E-<-4096 6.67ms/150Baud 4 09Bms/244 1Baud | 3.333ms/300Baud
3 - - — * * *

* When 5§82 is 1", Timer 2 provides SCI clocks. The haud rate is shown as follows with the TCONR as N.

f . input clock frequency to the
Baud Ratc = ' 1 y

32(N+1) timer 2 counter
N=0~255
{2) Clocked Synchronous Mode *
XTAL 4 OMHz 6.0MHz 8 OMHz
$S2 SS1 SSO E 1. OMHz 1 5MHz 2 OMH:
0 o} V] E+-2 2,5/bit 1 33.s/bit 1 us/bit
o o 1 E-186 16,:5/bit 10 7us/bit Busfbn
o] 1 o) £4128 128 s/bit 85.3us/bit 64, s/bwt
0 1 1 E+512 512us/o1t 341 us/bit 256 .s/bit
1 - = — .« * % *

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

** The bit ratc is shown as follows with the TCONR as N.

. - G(NHD) f: input clock frequency to the
Bit Rate (us/bit) f ( timer 2 counter
N =0~ 255

Tabte 10 Baud Rate and Time Constant Register Example

M 2.4576MHz 3 6864MHz 4 OMHz 4.9152MHz 8. OMHz
110 21 3z 35° a3 TR
150 127 191 207 255 51°
300 63 as 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/B clock is provided to Lhe timer 2's up counter.
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Table 11 SCI Format and Clock Source Contral

CcC2 CcCt cCCo Format Mode Clock Source |Port 2, Bit 2 Port 2, Bit 3 I Port 2, Bit 4
0 0 0 8-bit data | Clocked Synchronous | External Input
0 0 1 | B-bitdata | Asynchronous Internal Not Used* " When RE is "1 bit 31 ;
0 1 4] 8-bit data Asynchronous Internal Output® a s:r?al inpl:;t_ bit 3 s used for
0 1 1 8-bit data Asynchronaus External Input
1 1] 0 8-bit data | Clocked Synchronous | Internal Qutput
1 0 1 9-bitdata | Asynchronous Internal Not Used** When TE is “1° bit 4 it
. . en is ‘1", bit 4 is used for
1 1 ¢ 9-bit data | Asynchronous Internal Output a serial output,
1 1 1 9-bit data | Asynchronous External Input

* Clock output regardicss of RE or TE in the TRCSR.
** Not used for the SCI.

Bit 6 TD8 Transmit Data Bit 8
When sciecting the 9-bit data format in the
asynchronous mode, this bit is transmitied as the 9th
data.
Bit 7 RD8 Receive Data Bit 8
When selecting the 9-bil data format in the
asynchronous mode, this hit stores (he 9th bit data.

m TIMER, SCI STATUS FLAG

Table 12 shows set and clcar conditions of cach status flag in
the timer 1, the timer 2 and the 5CI.

If the flag set and clear conditions occur at the same time, the

flag of the Timer | and the Timer 2 will be set, and the SCI
cleared. Therefore the OCFl and OCF2 of the Timer 1 may not
be cleared correctly because set signal is generated periodically
whenever the OCR maltches the FRC. In order to clear these
flags correctly, the match should be prohibited during the period
between reading the TSCR and writing the OCR. For instance,
these flags will be cleared correctly if the TCSR is read and the
OCR is written cantinuously soon after matching the value of the
OCR and the FCR.

Table 12 Timer 1, Timer 2 and SCI Status Flag

Set Condition

Reset Condition

ICF FRC - ICR by edge input to Py

1. Read the TCSR1 or TCSR2 then ICRH,
when ICF =1

2. AES=0

OCF1 OCR1=FRC

Read the TCSR1 or TCSR2 then write to the
QCR1H or OCR1L, when OCF1=1

2. HES=0

Timer
1 OCF2 QCR2=FRC 1. Read the TCSR2 then write to the OCR2H or
OCR2L, when OCF2=1
2. RAES=0
TOF FRC=$FFFF+1 cycle 1. Read the TCSR1 then FRCH, when TOF =1
2. RAE5=0
Timer CMF T2CNT=TCONR 1. Write "0" to CMF, when CMF =1
2 2. RES=0
RORF Receive Shift Register - RDR 1. Read the TRCSR then RDR, when RDRF=1
2. RES=0
ORFE 1. Framing Error (Asynchronous Mode) 1. Read the TRCSR then RDR, when ORFE=1
Stop Bit=0 2. RES=0
2. Overrun Error (Asynchronous Mode)
Receive Shift Register -~ RDR when
scl RDRF=1

TDRE 1. Asynchronous Mode
TDR - Transmit Shift Register

2. Clocked Synchronous Maode

3. RES=0

Transmit Shift Register is “empty”’

Read the TRCSR then write to the TDR,
when TDRE=1
(Note} Clear TORE after setting TE.

(Nate) 1. —; transfer
2. For example; “ICRH" means High byte of ICR.
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m LOW POWER DISSIPATION MODE
The HD63701X0 provides two low powcer dissipation modcs.,
sleep and standby.

@ Sleep Mode

The MCU will be in the sleep mode when SLP instruction is
execuied. In the sicep mode, the CPU stops and the registers’
contents are retained. While the peripherals such as timers, SCl
ete. continue their functions. The power dissipation of the slecp-
condition is one fifth that of the operating condition.

‘The MCU returns from this mode by an interrupi, RES of
STBY: it will be reset by RES and the standby mode by STBY.
When the CPU responds to an interrupt request, it cancels the
slecp mode, rcturns to the operation mode and branches 10 the
interrupt routine. When the CPU masks this intefrupt, it cancels
the sleep mode and exccutes the next instruction. However, for
example il the timer | or 2 prohibits a timer inicrrupt, the CPU
doesn't cancel the sleep mode because of no interrupt requcest.

This sleep mode is effective lo reduce the power dissipation
for a system with no need of the HD63701X0's consecutive op-

eration.

e Standby Mode

In MCU mode, the HD63701X0 stops and resel with STBY
“1ow”. In this mode, the power dissipation is reduced con-
spicuously. All pins except for the power supply, STBY and
XTAL arc detached from the MCU internally and will be the
high impedance state.

While the contents ¢f RAM is rctained. The MCU retlurns
from this mode by reset. The followings are typical usage of this
mode.

Save the CPU information and SP contents on RAM by NMT.
Then disable the RAME bit of the RAM control register and set
the STBY PWR bit 10 go to the standby modc. If thc STBY
PWR bil is still sct al reset, that indicates the power is supplicd
10 the MCU and RAM contents are relained properly. So system
can Testore itself by returning their pre-standby informations to
the SP and the CPU. Fig. 26 depicts the timing at each pin with
this example.

-—q Vecc ——— [r——
o
Iy
V)
S :
|
HDBITO1XO | & e |
CTRY I dé
§TBY | | {f !
| '
1 I
| |
@ STBY i “"" !
It !
! 1 L |
I

AES @ | [

« Save Registers
o RAM/Port 5 Control

o Oscillator
Start Time

Register Set

Restart

Figure 26 Standby Miode Timing

s TRAP FUNCTION

The CPU gencrates an inlerrupt with the highest priority
{TRAP) when fetching an undefined instruction or an instruclion
from non-memory space. The TRAP prevents the system-burst
caused by noise or a program crror.

@ Op Code Error

When fetching an undefined op code, the CPU saves CPU
registcrs as well as a normal interrupt and branches to the TRAP
(SFFEE, SFFEF). This provides the priority next to resel.

¢ Address Error

When an instruction fetch is made excluding interaal ROM,
RAM and cxternal memory area, the MCU generates an inler-
rupt as well as an op code error. But on the system with no
memory in its external memory area, this error processing is not
applicable if an instruction fetch is made from the external non-
memory area. Table 13 provides addresses where an address
error oceurs to each mode.

This processing is available only for an instruction fetch and is
not applicable (o the access of normal dala read/write.

Table 13 Addresses Applicable to Address Errors

Mode 1 2 3
$0000 $0000 $0000
{ 14 14
Address $O01F $001F $003F
$0100
H
$EFFF

(Note) The TRAP interrupt provides a retry function differently
from other interrupis. This is a program flow return to
the address where the TRAP occurs when a sequence re-
turns 10 a main routine from the TRAP interrupt routine
by RTIL The retry can prevent the system burst caused by
noise elc,

However, if another TRAP occurs, the program repeats
the TRAP interrupt forever, so the consideration is nec-
gssary in programming.
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m INSTRUCTION SET
The HD63701X0 provides objcct code upward compatible
with the HD6301 to utilize all instruction set of the HMCS680H).
It also reduces the execution times of key instructions for
throughout improvement.
Bit manipulation instruction, change instruction of the index
register and accumulator and sleep instruction are also added.
The followings arc explained here.
+ CPU Programming Model (refer to Fig. 27)
-+ Addressing Mode
Accumulator and Memaory Manipulation Instruction
(refer to Table 14}
+ New Instruction
- Index Register and Stack Manipulation Instruction
(refes to Table 15)
- Jump and Branch Instruction {(refer (o Table 16}
- Condition Code Register Manipulation
(refer to Table 17)
- Op Code Map (refer 10 Table 18)

e Pragramming Model

Fig. 27 depicts the HD63701X0 programming model. The
double accumulator D consists of accumulator A and B, so when
using the accumulator D, the contents of A and B are destroyed.

O 16 B Double Accumulator O

4 A °I l’ B B B Accumuteiors A snd 8
Q

[15 x nI Index Regute X1

F! sP gl Stack Pawaer ($P1
[Ls PC :] Program Counter IPCH
7 0
I rE 1Ml In 1] v CI Condition Code Regiites {CCAY
[ t Carry/Bor 0w 1 om MSB
= e How
'—— ZIew

b Neganve
Interrupt

Hait Carry (From B 1)

Figure 27 CPU Programming Model

e CPU Addressing Mode

The HD63701X0 provides 7 addressing modes. The address-
ing mode is decided by an instruction type and code. Table 14
through 18 show addressing modes of each instruction with the
execulion times counted by the machine cycle.

When Lhe clock frequency is 4Milz, the machine cycle time
becomes microseconds directly.
Accumulator (ACCX} Addressing

Only an accumulator is addressed and the accumulator A or B
is selected. This is a one-byte instruction.
Immediate Addressing

This addressing localcs a data in the second byte of an in-
struction. However, LDS and LDX locate a data in the sccond
and third byte exceptionally. This addressing is a 2 or 3-bytc in-
struction.
Direct Addressing

In this addressing mode, the sccond byle of an instruction
shows the address where a data is stored. 256 bytes ($0 through
$255) can be addressed directly. Execution times can be reduced
by storing data in this area so it is recommended to make it
RAM for users’ data arca in conlfigurating a system. This is a 2-
byte instruction, while 3 byte with regard to AIM, OIM, EIM
and TIM.

Extended Addressing

In this mode, the second byie shows the upper 8 bit of the
data stored address and the third byte the lower 8 bit. This indi-
cates the absolute address of 3 byte instruction in the memory.
Indexed Addressing

The second byte of an instruction and the lower 8 bit of the
index register are added in this mode. As for AIM, OIM, EIM
and TIM, the third byte of an instruction and the lower 8 bits of
the index register are added.

This carry is added to the upper 8 bit of the index register and
the result is used for addressing the memory. The modified ad-
dress is retained in the temporary address register, so the con-
tents of the index regisler docsn't change. This is a 2-byte in-
struction except AIM, OIM, EIM and TIM (3-byte instruction).
implied Addressing

An instruction itself specifics the address. That is, the instruc-
tion addresses a stack pointer, index register etc. This is a onc-
byte instruction.

Relative Addressing

The second byle of an instruction and the lower 8 bits of the
program counter are added. The carry or borrow is added to the
upper 8 bil. So addressing from — 126 to +129 byte of the cur-
rent instruction is enabled. This is a 2-byte instruction.

(Note) CLI, SEI Instructions and Interrupt Operation
When accepting the 1IRQ at a preset timing with the help
of CLI and SEI instructions, more than 2 cycles are nec-
essary between the CLI and SEI instructions. For exam-
ple, the following program (a) (b) don't accept the IRQ
but (¢} accepts it.

CL1

CLI CLI NOP

SEIl NOP NOP
. SEI SE!
(a) (b) (c)

The same thing can be said to the TAP instruction in-
stead of the CL1 and SEI instructions.
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Tabte 14  Accumulator, Memory Manipulation Instructions

Condition Code
Addressing Modes
Operations Mnemonse Boolean/ Regiuter
IMMED | DIRECT | INDEX |EXTEND [ IMPLIED Arsthmetic Opecation slal3fz]1]o
OP [~|ejOP|~|u|OP]|~ |2 |OP |~ g OP|~ |n H|I|N|[Z|V]|C
Add ADDA B |2{2|eB{3[2|aB]a |2 |BB |4 |3 A+ M- A 1fefr|v]e]s
ADDB ce |{2]2|os|3f2[ealaiz2|Fa]a |2 B+M--8 tetfr]r|t
Add Double ADDD c3|3|3|p3|a2[E3]|5]|2{F3 (5|3 A BtM. M+l -A B [RERFRERENE
Add Accumuylators ABA Bl1|Y{Aa+B-A 1 (o2t |s|2
Add With Carry ADCA B9 [2]12]|99 {3 |2]A9]|s |2 B9 {4 |3 A+M+C— A INERMHIREER Y
ADCB C9 {2 |2 |D9}3 |2 |E9 4|2 (F9 |4 D B+M+C—~8B tlefr{sis s
AND ANDA ga |2 |2 |sa|3|2{aaj4]2|Ba]a |3 AM A sleft]t|ale
ANDB cal?2(2|oaja|2{€a [a]2|Falay 8-M-+B a|e]tft|R]e
Bt Test BIT A 85 |2({2]95|3|2|A5(4|2 |BS |4 ]3 AM e |ejl]|l|R|e
8IT B cs5 |2 (2 |D5{3 |2 |ES (4|2 |FS |4 (3 B-M ele ittt |R]|e
Clear CLA 6F [5S1212F |53 00—~ M . R|Si{R IR
CLRA af |11t 100~ A s |R|S|R[RA
CLRB SF |V |1]00 +8B e |e [R|S|R{R
Compare CMPA By {229 f3j2atar]ai2]Br a3 A-M [RERERERRAL:
CMPB Crj2|2ip1|3[2]e1{al2]F1 |a]|3 B-m [EEREER AR R
oD eors cBA nmit|1{a-e SRRNE
Complement, 1°s [sle] N} 63|6]2]7m |63 MM efe1)t|R]S
COMA 43 1 {1 |[A - A e fl|t|R]S
coms 53 |1 [1(B 8 eleft|tiR]S
Complement, 2°y NEG 60 |612 70163 00-M-+M oo ]t]1 ||
{Negate} NEGA a0 {1 [1 |oo-A—-A olelt]t|mla
NEGB s {1]{1 joo-a—~8 e lt]t 0@
Decimal Adjust. A OAA e f2| S,?;':’l';:":::;";gg ‘;’;r?“i? oleitfs|e|®
Decrement DEC 6A (612 |7A16 13 M-1--M ele (11! |Wie
DECA aaf1 i fa-1 -a o [o 1]t @]
DECB sall|v]|e@-1-—+8B ole |t |t e
Excluswve OR EORA g8 [2]|2 |98 32 |na8 |4 |2 |BB |4]2 ADM—A e {et]t|R]e
EORHB c8 |2|2jo8|3 |2 |E8 4|2 |FB |4 |2 BdHm=-8 eje (1|t |A|e
Increment INC 6C |6 |2 ]7C |6 |3 M+t =M e |e |l |@®]|e
INCA ac [r|r]a+r A efleft|t|iD]e
INCB sC|(1[1]B+1~8 sjelt|t |Dfe
Load LDAA 86 |22 ]|96 |3 |2|a6 42|86 [4]3 M - A eje(I]T |R|e
Accumulator LoaB  |ce 1202 |oe |32 ]es|e]2|F6 [a]3 M~ B «jelt|t[R]e
o0d Doune Loo cc |a|a|oc|a|z{ec|si2 |Fcis]s M+l B M--A wleft]s]afe
Multiply Unsigned MUL I0j7|1}|AxB <A B oo jo|elsbb
OR, Inclusive ORAA BA|2]|2|9a(3|2|AA[4|2]|BAL4 (D A+M-+ A LECHERRE L1 K
ORAB cal{2|[z|oa|3f2|Eald|z{FA[d]] B+M-~- B8 e|a[f]t]R]le
Push Data PSHA 1641 |A ~Msp, SP-1-—~5P o (o o|efaie
PSHB 374|198 -Msp, SP-1-5P sjfe|eje]e
Pull Omta PULA 32|31 |{SP+1-+SP Mp— A sfe|efe]e
PULB 33{3|1{SP+1+5P Mwp—~8 elejafaje|e
Rotate Left ROL 69|62 (79|63 ™ LECRERRNIOIR]
ROLA a1 ]1 .)m elef1ft|mit
AOLB A R EN D o STe]
Rotate Right ROR 66 1612|7663 ™ e o ftTTm|}
RORA w6 (1f1]~ W slafr{r]®t
RORB 56 |1 [1]® o fe ]t [®[t
{Note) Condition Code Register will be explained in Note of Table 17. {continued)
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Table 14 Accumulator, Memory Manipulation Instructions

Addtessing Modes c""‘;‘:::“?""
Operations Mnemanic | yuMED | DIRECT | INDEX [EXTEND | IMPLIED A',.B"'.’"c',';,.mﬂ 5]4]3[2]1]0
OP |~ |#|oP|~ |#loP|~{wjor|~|n|or|~|a H|i1[njzlv]c
Shift Lelt ASL 68 |62 |78 |63 " - sleft]t O
Arithmatic ASLA 48 |1 |1 | a ° st [B)!
ASLE sg 11|l € » v ..;;J@'T‘
Do abic | 450 o[ o e |: 1]
Shift Aight ASR 67 |6]2 |77 |63 - . < te 18]t IOt
Arithmetic ASRA 47 (111 ] A %mg LELAR] l@l
. by M b——
ASAB 57 1111 «[e[1[1 IOt
Snift Right LSR 6 |62 )74 [6]3 " [ o |*[nt 1
Logical LsAA ITRRRE A]o’[_l_LLLLLLH; o e ln]1 @[t
LsRB sat[r]s “ = NOEGE
. e
g;‘;’l"{f‘:‘iﬁl LSRD o4 |11 ° elelr|: @
Store STAA 91 (3 [2]ar[a |2 [87[a]3 A-M ela[t|1]R]n
Accumutator STAR D73 |2 |E7 |4 |2 [F71a]3 8™ e|s[2]3]m
Store Doubse sTo ool4 |2 jeo|s |2 IFols |3 AP wlelt|t|n]e
Subtract susa 80 |2|2s0 [3l2ao(4a2[Bo}ala A-M-A ofe|e]t ]t
suBs (D |22 |00]|3 2 1€0 4|2 |Fo a3 8-M~B o [« [T17 ]2
Doubie Subtract suBD |83 (3|3 (93 [a[2]a3fs (2|83 (53 A B-M:M+1-A:B |o|e|t]|t]|t]r
S etors SBA wlifr]ja-~a ofetfs|e]r
Subtract SaCA |82 |22 |92 |32[A2]4 |2 B2 |43 A-M-C=A e le [t]t (]2
With Carry SaCcB 22|z |D2 3 |2]€2 a2 |F2 813 B-M-C-8 O EDAE
Transfer TAB 16 J1 |1 ]A-B ej|ejt|t|A]e
Accumulstors TBA 711 |8 ~A elelt]t|R]e
Test Zero or TST 6D |4 {2 |70 |4 |3 M - 00 ele]t]t |RIR
Minug TSTA a1 |1 |Aa-00 elefz]|s|R]|R
T5TB sof1|1]e-o00 sle[s]1[A|R
And Immediate AIM 116|3|61] 7|3 M-IMM—M ele|i[1|R]e
QR immediste ) 727]6|3]e2] 73 M+IMM M elaft]t]r]e
EOR Immediate ElM 15/ 6|3|65|7]3 MEDIMM --M eje|i]|!|R|]e
Test Immediate TIM 1B 4|3|6B(5(3 M-IMM ele|t]|lR]|e
{Note) Condition Cade Register will be explained in Note of Table 17.
¢ Additional Instruction TIM.......... (M) - (IMM)

In addition 1o the HD680! instruction set, the HD63701X0
prepares the following new instructions.

AIM... ... (M)-(IMM) — (M)

Executes ““AND" operation to immediate data and the
memory contents and stores its result in the memory.

OIM.......... (M} + (IMM) — (M)

Execules “OR’ operation to immediate data and the
memory canients and stores its result in the memory.

EIM.......... M) & (IMM) — (M)

Executes “EOR™ operation (o immediale data and the
memory contenls and stores its resull in the memory.

Executes ““AND™ operalion to immediate data and
changes ihe relative flag of the condition code register.

These area 3-byte instructions; the first byte is op code, the
second immediate data and the third address modifier.

XGDX........ (ACCD) — (iX)
Exchanges the contents of accumulator and the index reg-
ister,

SLP

Goes to the sleep mode. Refer 10 “LOW POWER DIS-
SIPATION MODE" for more details of the sleep mode.
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Table 15 |Index Register, Stack Manipulation Instructions

Addressing Modes I “":f"?.""?""

Painter Operstions | Mnemonic [ \\mED | DIRECT | INDEX | EXTERD |IMPLIED | Arithmetic Operation | 8]4]3[2]1 |0
OP|[~!a|OP|~|#|OP |~ w{OP|~|#[OP|~ s HlI[N]|Z]V|C

Compere Index Aeg CPX BC|[3[3|9C (4|2 ]|AC|s|{2]BC 5|3 X=MM+1 elef:|t]i(s
Decrement Index Rsy DEX 09 {1} [ X=1—-X s{e|s|ija]s
Decrement Stack Pnir DES J4 (1)1 |5P-1-=5P sjle|s|a|e e
Incrament Index Reg INX QB 11 | Xx+1—-X ole|s|t]|e]|e
Incrament Stack Pnir NS 31 {1 |1 |SP+1-5SP sfefoje|e]|e
Load Index Reg LDX CE|3|3|0OE|4 |2 |EE (5]{2]|FE[S]3 M= Xy, 1M+ 1) = X sl |7 jJt{RA]e
Load Stack Patr LDS BE |3 {39k (8|2 AE|S|2]|BE|S5]3 M- SP (M+1)<SP s jsl7 |} |R}e
Store index Reg STX DF|j4 (2 |EF |52 |FF |53 X =M X+ {M+1) e|e|T1L|R |
Store Stack Patr 5TS 9F |4 (2 |AF (5|2 |BF |5} SPy - M SP < [M4+1) |eje|T|!|R]|e
Index Rag —+ Stack Pntr| TXS B[ {X-1+SP sile|e|e|e]e
Stack Pntr — Inden Reg| T5X 0|1}t |SP+1—-X s[efale|a]e
Add ABX 3al1 |1 [B+X X ejelele
Push Data PSHX |51V XL =M. SP-1—=5P lefejslsis]e

Xyg= Myg, SP -1 SP
Pull Deta PULX B a1 ISPrrSP M <Xy [efo]efeje]e
SP 41 =8P My = Xy
Exchange XGDX 18 |2 |1 JACCD. aX elale|ale]s
{(Note} Condition Code Register will be explained in Note of Table 17.
Table 16 Jump, Branch Instruction
Addressing Modes (‘,ondniqn Code
Register
Operations Mnemonic I'oetaTivE | DIRECT | INDEX | EXTEND [iMPLIED Branch Test s[a[3{2]1]0
op|~|w|OP|~[w]OP]~]u|OP|~|¥|QOP|~|= Hi ) |N]Z ]|V

Branch Always BAA 20)3|2 None ale|ela]efe
Branch Never BRN 21132 None ele|s|o|e]e
Branch If Carry Clesr BCC 24]13|2 C=0 sis|eofefe]e
Branch It Carry Set 8Cs B511]|2 [P} sle[eo[e]e]e
Branch H = Zero BEQ 27113|2 Zw slsfele]e]e
@ranch if > Zero BGE 2€13|2 N@®BV=~0 ejeje s je]e
Beanch It > Zero BGT 2€§ 312 Z+iN@®VI=O s|e]e|ole]|e
Branch M Higher BHI 221 3|2 C+2=Q o[e]e|e|efe
Branch If < Zero BLE F|3|2 ZHIN@E V= slejein]e]e
Sranch {1 Low O BLs 2|32 cozet olofefe]e]e
Branch if < Zero BLT 032 N®Vet sinis|e]ofe
Branch If Minus BM) 26|32 N= sfeloafo|e]e
Branch It Not Eaual BNE 2632 z-0 elefofoleln
g::.n'ch 1f Overtiow BVC w|al2 Va0 sjee|a|ot}e
Branch It Overfiow Set avs 29132 V=t sis o afefe
Branch 1! Plus aPL 2A1 3|2 N=0O oo laje]e]e
Branch To Subrouting BshR 80| 512 o e o jeje|e
Jump JMP 6E |3 |2 {7E |3 |2 s (o |je |o{e]e
Jump To Subroutine JSR 90 |5 |2 |AD|5 |2 |[BD |6 |3 ejeie oo e
No Operation NOP [INREE! S:r:"“' Prog. Catr. eleje|ote|e
Return Frem Interrupt ATI 38 (w1 a —
s“:;‘:;:::m ATS 39 |5 |1 oo o [o]e|s
Softwsrs interrupt swi IF 12 |1 e |S|e e |e]e
Wait for Interrupt® WAI AE |9 | LR ENE] .
—ﬁnp SLP 1A]4 |1 o jeje |o e |e

(Note] * WAI put R/W high; Address Bus goes ta FFFF; Data Bus becomes tri-stated.
Condition Code Register will be explained in Note of Table 17.
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Table 17 Condition Code Register Manipulation Instructions

IAddressingModes] Condition Code Registes

Qperations. Mnemonic tMPLIED Boolean Operation 5| 4 3 2 1 1]

oP | ~ E] H | N |2 v C

Clear Carry CcLC oC 1 1 0-+C e« | e |e o | A

Clear Interrupt Mask CLt OF 1 1 01 B EEERERERE

Clasr Overtiow CcLv 0A 1 1 0-V e | e [e| e |R |

Set Carry SEC o0 | 1t 1 1-+C al e |e e e |§

Set interrupt Mask SEt OF 1 ‘ 11 e |{ S |e | {0 |@

Set Overflow SEV 0B 1 ) 1V o | e e | e | S |e
Accumulator A - CCR TAP 06 10 A— CCR —_—

CCR - Accumulator A TPA 07 1 1 CCR —+ A . I . 1 . l . 1 . Lu

LEGEND CONDITION CODE SYMBOLS
OP Operation Code (Hexadecimal} H  Half<carry from bit 3 to bit 4

~  Number of MCU Cycles
Mgp Contents of memory tocation pointed to by Stack Pointer

Interrupt mask
Negative (sign bit)

1
N

#  Number of Program Bytes 2  Zero (bytel
+ Arithmetic Plus V  Owerflow, 2s complement
- Arithmetic Minus C  Carry/Borrow from/to bit 7
L Boolean AND R  Reset Always
+ Boolean Inciusive OR S  Set Aiways
@ Boolean Exclusive OR 1 Setif wrue atter test or clear
M  Complement of M L] Not Affected
-+ Transfer into
0 Bit = Zero
00 Byte = Zevo

{Note}) Condition Code Register Notes: [Bit set if test is true and cleared otherwise)
My  (BitV) Test: Result = 10000000?
(7) (BitCl Test: Resuft ¥ 000000007
3@ (Bt C) Test: BCD Character of high-order byte greater than 10? {Not cleared if previously set}
@ (Bt V) Test: Operand = 10000000 prior to execution?
(5) (BitV)  Test: Operand =01111111 prior to execution?
(6) (BitV) Test: Set equal to N&® C = 1 after the execution of instructions
(77 (Bit N} Test: Result less than zero? [Bit 15=1})
(8 (Ail Bit} Load Condition Code Register from Stack.
% (Bl Set when interrupt occurs. If previousty set, a Non-Maskable Interrupt is required to exist the wait state.
(@) (ANl Bit)  Set according to the contents of Accumulator A.
o) {BitC) Resuft of Multiplication Bit 7=1? [ACCB)

Table 18 OP-Code Map

oP acc [ acc T Texps ACCA or SP ACCB or X
CODE A [} DIR MM | DIR | IND | EXT | IMM | OIR | IND | EXT
W | 0000 | 0001 | o010 | oot | 0100 | o100 | o110 | otk | weoo { oot | 1010 [ rosr | 1100 | 1oy | v | 1l
Lo [ 1 2 3 ] 5 3 7 [} [ A B c [) € F
0000 | 0 SBA | BRA | TSX NEG suB []
00011 1 | NOP | CBA |[BRN | INS ATM CMP 1
0010 | 2 BHI | PULA OIM SBC 2
0011 3 BLS | PULB L) SUBD [ ADDD 3
0100 4 | LSRD BCC | DES LSR AND 1
o101 | 5 | ASLD BCS | TXS [ £IM mT 5
o1n] 6 | TAP TAB BNE PSHA AOR LDA &
0111 7 | TPA | TBA | BEQ [ PSHB ASR STA 1] STA 7
1000| 8 | INX | XGDX| BV | PULX ASL EOR ]
01| 9 | DEX | DAA | BvS | RTS ROL ADC [}
1010) A|CLV |SLP | BPL | ABX DEC ORA A
1011 | B|SEV | ABA [BMI | RTI | TIM ADD B
moe | ¢ | CLC BGE | PSHX INC CPX LDD c
101 | 0 { SEC 8T | MuL TST B5R | Jsh STD D
TNEE BGT | wal IMP LDS LDX E
1| F | SEl BLE | SWit CLR STS STX F
] ' 2 3 s [ s [ e | 1 [ s [ A ] e c o [ e [ F

UNDEFINED OP CODE (=71
* Qccurs only on each instruction of AIM, OIM, EIM, TIM
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m CPU OPERATION

e CPU Instruction Flow

When operating, the CPU feiches an instruction from a
memory and execules the required Tunctions. This scquence
starts after the resel release and repeats itself limitlessly il not af-
fected by a special instruction or a control signal. SWI, RTI, WAL
and SLP instructions are to change this operation, whilc NMI,
IRQ,, IRQ,. IRQ,, HALT and $TBY are to control it. Fig. 28
gives the CPU mode shift and Fig. 29 the CPU system flow-
chart. Table 19 shows the CPU operating stales and port states.

& Operation at Each Instruction Cycle

Table 20 provides the operation at each instruction cycle. By the
pipeline control of the HD63701X0, MULT, PUL, DAA and XGDX
instructions clc. prefetch the next instruction. So allention is necessary o
the counting of the instruction cycles because it is different from the
cxistent one from op codc fetch to the next instruction op code.

P

Standby 518Y=0

Sleep
Table 19 CPU QOperation State and Port State Mode Mode
Port Mode Reset |STBY"*** | HALT""" Sleep
Port 1 Mode 1,2 H T H B .
(A, ~A:l [ode 3 T T Keep Figure 28 CPU QOperation Mode Transition
Mode 1,2 Keep
Port 2 T T Keep
Mode 3
Port 3 Mode 1,2 T T T T
{D, ~ D,) Mode 3 Keep
Port 4 Mode 1,2 H T T H
{As ~ A5} | Mode 3 T Keep
Mode 1,2 T
Port 5 T T T
Mode 3
Port 6 Mode 1,2 T T Keep K
r ee
Mode 3 P
Mode 1,2 . s .
Port 7 T
Mode 3 T Keep
H; High, L, Low, T: High Impedance
* RD.WR, AW, LIR=H, BA~L
*« @AD.WR,R/W=T,LIR,BA=H
*** HALT is unacceptable in mode 3.
==e+ E pin goes to high impedance state.
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Hitachi America, Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy.  Brisbane, CA 94005-1819 » (415) 589-8300 709



HD63701X0, HD637A01X0, HD637B01X0

LRYD MOj4 WalsAS OXLOLEGQH 62 21nBld

-

IAN 1433X3 831D
SOvY FMwDow‘ A4NUHILNI

1341 0239 ®ygs visd
E Duwl1IA

w3
DY ISIC
|2 onwessn !

ssow 104 ,NOILJINISIA NId TVNOILINNG., 01 =23y *

‘sidnJsalul JO ${1€1P

‘ueIIPUOd

Nd3 2Ys ;O ss8jpiebaJ apowW AQPUELS Ayl O1ul ob j|im dousnbas
ayl ‘O=ABlS YeuM 'S3H Buiinp moj eyl Jo aoed Aue

woJ} ers M||m ayl

61 swod jm sousnbes wesboid ayy

1
Lasy $aas bty Bad Baad vasd Gisr Jdny
DiwD L334 L T 1T 1Y Dl LI D0l 234 Dy 1A

D J:.LLL

‘1L (woN)

G HITACHI

Hitachi America, Lid. » Hitachi Plaza « 2000 Sierra Point Pkwy.  Brisbane, CA 94005-1819 e (415) 589-8300

710



HD63701X0, HD637A01X0, HD637B01X0

Table 20 Cycle-by-Cycle Operation

Address Mode & Cycbesl Cycle Address Bus ] R/W l RO l WR [ R [ Data Bus
Instructions =
IMMEDIATE
ADC ADD 1 Op Code Address + 1 1 0 1 i Operand Data
AND BIT 2 Op Code Address t 2 1 o 1 0 Next Op Code
CMP EOR 2
LDA ORA
SBC 508
ADDD CPX 1 Op Code Address ¢+ 1 1 4] 1 ) Operand Data {MSB)
LDD LDS 3 2 Qp Code Address + 2 1 Q 1 1 Operand Data [LSB)
LtDX 5UBD 3 Op Code Address + 3 1 0 1 0 Next Gp Code
DIRECT
ADC ADD 1 Op Code Address t 1 1 0 1 1 Address of Operand (LSBY
AND T 2 Address of Qperand 1 1] 1 1 Qperand Data
CMP EGR 3 3 Op Code Address + 2 1 o 1 0 Next Op Code
LDA ORA
SBC SuUB
STA ¥ Op Code Address * 1 1 0 1 1 Desunation Address
3 2 Destinanon Address 4] 1 0 1 Accumuiator Data
3 Op Code Address + 2 1 0 1 0 Next Op Code
ADDD CPX 1 Op Code Address + 1 1 [+ 1 ] Address of Operand (LSB)
LoD LDS 4 2 Address of Operand i 0 1 1 Operand Data (M5B)
LDX SUBD 3 Address of Operand + 1 1 0 1 1 Operand Data (LSA)
4 Op Code Address+ 2 1 0 1 0 Next Op Cade
STD STS 1 Op Code Address + 1 H o) 1 1 Destination Address (LSB)
SIX 4 2 Destination Address 0 1 ) 1 Register Data (MSB)
3 Destinator Address + 1 0 1 0 1 Regrster Data (LSB)
4 Op Code Address 1 2 1 0 1 a Next Op Code
JSR 1 Op Code Address + 1 1 0 1 1 Jump Address (L5B)
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer [ 1 0 1 Return Address {(L58)
4 Stack Pointer - 1 o 1 0 1 Return Address (MS8)
9 Jump Address 1 0 1 a First Subroutine Op Code
TIM 1 Op Code Address+1 1 0 1 1 Immediate Data
a 2 Op Code Address+2 1 0 1 1 Address of Operand {LSB}
3 Address of Operand 1 0 1 1 QOperand Data
4 Op Code Address+3 1 0 1 a Next Op Code
AlM EIM 1 Op Code Address+1 1 0 1 1 Immediate Data
oM 2 Op Code Address 4 2 1 4] 1 1 Address of Operand {L5B)
6 3 Address of Operand 1 0 1 1 Operand Data
4 FFFF 1 1 1 1 Restart Address (LSB)
5 Address of Operand o] 1 o] 1 New Operand Data
6 Op Code Address+3 1 0 1 4] Next Op Code

{Continued)
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Address Mode & Cycles Cycle l Address Bus [ R/W ! RD l WR R Data Bus
Instructions 3
INDEXED
JMP 1 Op Code Address +1 1 1] 1 1 Offset
3 2 FFFF 1 1 1 ] Restart Address {LSB)
3 Jump Address 1 o 1 0 First Op Code of Jump Routine
ADC ADD 1 Op Code Address+ 1 1 ] 1 § Otfset
AND BIT 2 FFFF 1 1 1 1 Restart: Address {LSB)
CMP EOR a 3 IX + Offset 1 o] 1 1 Operand Data
LDA ORA 4 Op Code Address + 2 1 o] 1 o] Next Gp Code
SBC sSuUB
TST
STA 1 Op Code Address + 1 i [9] 1 1 Offset
4 2 FFFF 1 1 1 1 Restart Address (LSB}
3 X + Dffset 0 1 (¢ 1 Accumulator Data
4 Op Code Address +2 1 0 1 o} Next Op Code
ADDD 1 Op Code Address + 1 1 5] 1 1 Offset
CPX LoD 2 FFFF 1 1 1 1 Restart Address LSB!
LDS LDX 5 3 1X + Otiset 1 0 1 1 Operand Data (MS8B)
suap 4 1X + Qtfset +1 1 o] 1 ¥ Operand Data (LSB)
5 0Op Code Address +2 1 [} 1 0 Next Op Code
STD STS 1 Op Code Address + 1 1 0 1 1 Offset
STX 2 FFFF 1 1 1 1 fAestart Address (LSB)
5 3 1X + OHfset (o] 1 0 1 Register Data (MSB)
4 IX + Oftset +1 o] 1 Q 1 Register Data (LSB}
5 Op Code Address+ 2 1 Q 1 4] 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 Painter 0 1 o 1 Return Address (LSB)
4 Stack Pointer — 1 o] 1 0 1 Return Address (MS8)
5 IX + QHfset 1 0 H [v] First Subrautine Op Code
ASL ASR 1 Op Code Address + 1 1 0 1 1 QOfiset
COM DEC 2 FFFF 1 1 1 1 Restart Address {LSB)
INC LSR 5 3 IX + Offset 1 o] 1 1 Operand Data
NEG ROL 4 FFFF 1 1 1 1 Restart Address (LSB)
ROR 5 iX + Otfset 0 1 0 1 New Operand Data
] Op Code Address+ 1 1 0 1 0 Next Op Code
TIM 1 Op Code Address + 1 1 [+] t 1 Immedate Data
2 Op Code Address +2 1 o] 1 1 Otset
5 3 FFFF 1 1 1 1 Restart Address (LSB)
4 IX + Ofset 1 o] 1 1 Qperand Data
5 Op Code Address +3 1 o 1 0 Next Op Code
CLR 1 Op Code Address + 1 1 [+ [ 1 Offsel
2 FFFF 1 1 i 1 Restart Address (LSB}
5 3 IX + GHset 1 o] 3 3 Operand Data
4 iX +Offset a 1 ¥} 1 Q0
5 Op Code Address +2 1 ¢} 1 1] Next Op Code
AiM EIM 1 Op Code Address+ 1 1 ] 1 1 immediate Data
oM 2 Op Code Address+ 2 1 0 1 1 Oftset
3 FFFF 1 1 1 1 Restart Address (L5B}
7 4 1X + Ofiset 1 o] 1 1 QOperand Data
5 FFFF 1 1 1 1 Restart Address (LSB}
6 I1X + Offset o 1 ¢} 1 New Operand Data
7 1 ] 1 0

Op Code Address+3

Next Qp Code

@ HITACHI
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Ad::;::x::: & Icvclos Cv:le I Address Bus l RAW I AD I WR l ¥} l Data Bus
EXTEND
JMP 1 Op Code Address+1 1 [s] 1 1 Jump Address [MSB)
3 2 Op Code Address +2 1 0 1 1 Jump Address {LSB}
3 Jump Address 1 0 1 o] Next Op Code
ADC ADD TST 1 Op Code Address+1 1 0 1 1 Address of Operand {(MS8)
AND BT 4 2 Op Cade Address +2 1 0 1 1 Address of Operand {LSB)
CMP  EOR 3 Address of Operand 1 o} 1 1 Operand Data
LDA ORA 4 Op Code Address +3 1 o] 1 v] 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 Destination Address (LSB}
3 Destnation Address 0 1 0 1 Accumulator Data
4 Op Code Address+3 1 ¢ 1 4] Nex1 Qp Code
ADDD 1 Op Code Address+1 1 [¢] 1 1 Address of Operand [MSB)
CPX LbD 2 Op Code Address+2 1 o] 1 1 Address of Operand (LS8)
LDS LDX 5 3 Address of Operand 1 o] 1 1 Operand Data (M58}
SUBD 4 Address of Operand + 1 1 4] 1 1 Operand Data (LSB)
5 Op Code Address +3 1 Q 1 0 Next Op Code
STD STS 1 Op Code Address + 1 1 4] 1 1 Destinavon Address (MSB)
STX 2 Op Code Address+2 1 o] 1 i Destination Address (LSB)}
5 3 Destination Address 0 1 ] 1 Hegister Data (MSB)
4 Desunaton Address + 1 0 1 0 1 Register Data (LSB)
5 Op Code Address +3 1 4] 1 2] Next Op Code
JSR 1 Op Code Address+1 1 3] 1 1 Jump Address (MSB]
2 Op Code Address +2 1 0 1 1 Jump Address (LSB)
6 3 FFFF H 1 1 1 Restart Address (LS8}
4 Stack Pointer 0 1 0 1 Return Address (L58)
5 Stack Pointer— 1 0 1 0 1 Return Address {MSB)
6 Jump Address 1 a 1 0 First Subroutine Op Code
ASL ASA 1 Op Code Address +1 1 a 1 1 Address of Operand {MSB)
COM DEC 2 Op Code Address+2 1 ] 1 1 Address of Operand (LSB)
INC LSR 6 3 Address of Operand 1 [¢] 1 1 Operand Data
NEG ROL 4 FFFE 1 1 1 1 Restart Address (LSB)
ROR 5 Address of Operand a 1 [v] 1 Mew Operand Data
6 Op Code Address+3 1 0 1 4] Mext Op Code
CLR 1 Op Code Address+ 1 1 1) 1 i) Address of Operand (MSB}
2 Op Code Address +2 1 o3 1 1 Address of Operand (LS8}
5 3 Address aof Operand 1 o] 1 ¥ Operand Data
4 Address of Operand o} 1 0 1 00
5 Op Code Address+3 ] 0 1 0 Next Op Code
{Continued)
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Address Mode & lenles CVC"] Address Bus l R/W [ RD l ‘WR | TR Data Bus
instructions .3
IMPLIED
ABA ABX 1 Qp Code Address +1 1 0 1 ] Next Op Code
ASL ASLD
ASR CBA
cLC Cul
CLR CcLv
COM  DEC
DES DEX
INC INS
INX LSR 1
LSAD ROL
ROR NOP
SBA SEC
SEI SEV
TAB TAP
TBA TPA
TST TSX
TXS
DAA XGDX 2 1 Op Code Address+1 1 [¢] 1 ¢ Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
PULA PULB 1 Op Code Address +1 1 [4] 1 [+] Next Op Code
3 2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Ponter +1 1 0 1 1 Data from Stack
PSHA PSHB8 1 Op Code Address+1 1 [3] 1 1 Next Op Code
a 2 FFFE 1 1 1 1 Restar: Address (LSB)
3 Stack Pointer o] 1 s} 1 Accumulator Data
4 Op Cade Address + 1 1 0 1 [»] Next Op Code
PULX 1 Op Cade Address + 1 1 [+ 1 ] Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
4 3 | Stack Pomter +1 1 o 1 i | Data from Stack {M5B)
4 Stack Pointer +2 1 ] 1 1 Data from Stack (LS8}
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 Painter 4] 1 Q 1 index Register (LSB)
4 Stack Pointer—1 [¢] 1 0 t Index Register (MSB)
S Op Code Address + 1 1 4] 1 [} Next Op Code
RTS 1 Op Code Address+ 1 1 3] 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address {LSB}
5 3 Stack Pointer + 1 1 o] 1 1 Return Address (MSB)
4 Stack Pointer +2 1 0 1 1 Return Address (LSB)
s Retwn Address 1 (4] 1 0 First Op Code of Return Routine
MUL 1 Op Code Address+1 k) [1] ] 0 Next Op Code
2 FFFF 1 1 1 1 Restart Address {LSB)
3 FFFF 1 1 1 1 Restart Address {LSB)
7 4 FFEF 1 1 1 1 Restart Address (LSB)
5 EFEE 1 1 1 1 Restart Address (LSB)
6 EFFF ] 1 1 1 Restart Address (LSB)
7 FFFF 1 1 1 1 Restart Address (L 58]
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Address Mode & | Cycle I Address Bus [ R/W | RO I WR l TR l Data Bus
Instructions £
IMPLIED
WAI 1 Op Code Address + 1 1 [}] 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (L58}
3 Stack Pointer Q 1 0 1 Return Address (LS8}
4 Stark Pointer —1 1] 1 [} 1 Return Address (MSB}
9 ] Stack Pointer -2 ] 1 [+} 1 Index Register {LSB)
[ Stack Pointer - 3 4] 1 0 1 Index Register (MSB)
7 Stack Pointer —4 o 1 0 1 Accumulator A
8 Stack Pointer —5 Q 1 o] 1 Accumulator 8
9 Stack Pointer — B 0 1 0 1 Conditional Code Register
RTI 1 Op Code Address +1 1 0 1 ] Neat Op Code
2 FFFF 1 1 1 1 Restart Address {LSB}
3 Stack Pointer+ 1 1 ] 1 1 Conditionat Code Register
4 Stack Ponter +2 b ¢} 1 t Accumulater B
10 5 Stack Pomnter +3 1 0 1 1 Accumulator A
6 Stack Pointer+4 1 0 1 1 index Register {MSB)
7 Stack Pointer+% 1 0 1 1 Index Register (LSB)
B Stack Pointer +6 1 o 1 1 Return Address (MSB)
9 Stack Ponter +7 \ o] 1 1 Return Address (LSB)
10 Return Address 1 3] i 0 First Op Code of Return Routine
swi 1 Op Code Address+ 1 1 [¢] 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address [LSB)
3 Stack Posnter 4] 1 o] 1 Return Address (L5B)
4 Stack Posnter -1 ] 1 a 1 Return Address (MSB}
5 Stack Posnter — 2 o] 1 0 1 Index Register [LSB)
12 6 Stack Ponter ~3 0 1 b} 1 Index Register [MSB)
7 Stack Pointar-—-4 ] 1 Q0 1 Accumulator A
8 Stack Pointer—5 0 1 0 1 Accumulator B
9 Stack Pointer —6 0 1 Q 1 Conditional Code Register
10 Vector Address FFFA 1 0 L] 1 Address of SWi Routine (MSB)
1 Vector Address FFFB 1 0 1 ' Aadress of SWi Routine (LSB)
12 Address of SW1 Routine 1 o] ¥ 4] First Op Code of SW1 Routine
SLP 1 Op Code Address +1 1 [+] 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LS8}
3 FFFF 1 1 1 1 Restart Address (LSB)
4 Op Code Address + 1 L] 0 1 4] Next Op Code
RELATIVE
BCC BCS 1 Op Code Address +1 1 [] 1 1 Branch Offset
BEQ BGE 3 2 FFFF 1 i ] 1 Restart Address (LSB)
BGT BHI Branch Address - Test="1" 1 0 1 o First Op Code of Branch Routine
BLE BLS Op Code Address +1--Test="0" Next Op Code
BLT BMT
BNE BPL
BRA BEN
B8vC BV
“BSA 1 Op Code Address+1 ¥ [1] T 1 Offset
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer [+] L} 4] 1 Return Address {LSB)
4 Stack Pointer— 1 0 1 0 1 Return Address (M58)
5 Branch Address 1 0 1 o First Op Code of Subroutine
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B DIFFERENCES BETWEEN HD63701X0 AND HD6301X0

Item HD63701X0 HD6301X0
Vpp/OE pin Vpp/OE Vgsg
function MCU mode; Connected to Vgg voltage Connected to Vgg Voltage

PROM mode; Input for the
programming voltage

Input capacitance  Vpp/OE, 25pF max Al inputs, 12.5pF max
Ait other inputs, 12.5pF max
Input high voltage Vi = Vgg — 0.5V min ViH = 2.0V min
of MPg, MP4
Bus Timing HD63701X0 | HD637AD1X0 | HD637B01X0 HD6301X0 | HDE3A0IXD | HD63BOIX0
* Address, RW, lan 70 45 30 ™ 80 50 35
hold timing o 70 50 35 [ triw 80 50 40

* Data hoid timing Unit: ns Unit: ns
Crystal oscillator Internal resistance of crystal oscillator Internal resistance of crystal oscillator
characleristics Rs Rg

Fraquency (MHz) 25 [40 [ 60 [8a ] Ns = 600 max

Rg max {{2) 500 [ 120 | 80 60
Storage Tsig = -5510 125°C Tstg = -55 t0 150°C
temperature
Caution The HD63701X0 differs from HD6301X0 in chip design and manufacturing

process. When applying the HD63701X0 system to HD6301 X0, and HD6301X0
system to HD63701X0, note that characteristic values are not exactly the same
even if guaranteed values are the same.

B PRECAUTION TO THE BOARD DESIGN OF OSCILLATION lo-?(]mrn max—-|
CIRCUIT Avoid signal lines
As shown in Fig. 30, there is a case that the cross talk disturbs the Z GND! & inthis ares.

normal oscillation if signal lines are put near the oscillation circuit. 7 s
. s . Q 7 o
When designing a board, pay attention to this. Crystal and C; must be e
put as near the HD63701X0 as possible. [-L Covsual [CLT ,,
Y Q) z {54 g. £
_ :
® w % é
£ £
T3 n 4
A’—’ p———>] XTAL
= 3
I 1 ExTAL
cL
Do HD63701X0 HDE3701X0
‘ {DP-64S)
Do nat use this kind of print board design. "
{Top view)
Figure 30 Precaution to the board design Figure 31 Example of Oscillation Circuits in Board Design

of oscillation circuit
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8 RECEIVE MARGIN OF THE SCi

Receive margin of the SCI contained in the HD63701X0 shown in
Table 21.
Note: SCI=Serial Communication Interface

START 1 2 3

|deal Waveform

Table 21
Bit distortion tolerance Character distortion tolerance
{t-10}) /to (T-To) Mo
+43.7% +4.37%
4 5 6 7 8 STOP

7 L

L] I

I Bit length i‘“o—.l
s

L I

Real Waveform

Character iength Ty,

I (S I

|
Tl-'lﬁ.I Al.

B WARNING CONCERNING WAI INSTRUCTION

1f the HALT signal is accepted by the MCU while the WAI
instruction is executing, the CPU will not operate correctly after
HALT mode is canceled.

WAI is a instruction which waits for an interrupt. The corres-
ponding 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 routine, as shown in Figure 32.

. |

WA * HALT input
waiting for

_interrupt }

interrupt occurs

3
AR

AN

wrong vector address

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

B 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 function is not effective until the
oscillation begins at power-on. The RES signal is input to the LSI in
synchronism with the internal clock (shown in Figure 33).

Therefore, after power starts up, the LSI conditions such as its
T/0 ports and operating mode, are unstable. Fix the level of 140 ports
by means of an external circuit to determine the level for system
operation during the oscillator stabilization time.

LSi ® T

internal reset
= signai

Figure 33 RES circuit

B 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’tuse the AIM, OIM or EIM instruction to manipulate the DDR

bit of PORT.
Figure 32 MAC function during WAI
[
o L
. CLI
cu LOOP BRA
WAI LOOP
. L]
- -
"y L]
i) MAL function ii} Recommended method
Figure 33 Program to wait for interrupt
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