HD6301Y0,HD63A01YO,

HD63B01Y0,HD63C01YO0
CMOS MCU (Microcomputer Unit)

The HD6301Y0 is a CMOS 8-bit single-chip microcomputer
unit which contains a CPU compatible with the CMOS 8-bit
microcomputer HD6301V, 16k bytes of ROM, 256 bytes of RAM,
53 parallel I/Q pins, Serial Communication Interface (SCI) and two
timers.

FEATURES
Instruction Set Compatible with the HD6301V1
16k Bytes of ROM, 256 Bytes of RAM
53 Parallel I/Q Pins
(48 I/0 Pins, 5 Output Pins)
Parallel Handshake Interface (Pont 6)
Darlingten Transistor Drive [Port 2, 6)
® 16-Bit Programmable Timer
Input Capture Register X 1
Free Running Counter x 1
Output Compare Register x 2
® B8-Bit Reloadable Timer
External Event Counter
Square Wave Generation
® Serial Communication Interface (SCI}
Asynchronous Mode {8 Transmit Formats, Hardware Parity)
Clocked Synchronous Mode

® Memory Ready

3 Kinds of Memory Ready
& Halt
® Error Detection

(Address Error, Op-code Error]

® Interrupt — External 3, Internal 7
® Operation Mode

Mode 1. Expanded Mode

tinternal ROM Inhibited}

Mode 2; Expanded Mode

{internal ROM Valid)

Mode 3; Single Chip Made
® Maximum B5K Bytes Address Space
® Low Power Dissipation Mode

Sleep Mode

Standby Mode (Hardware Standby, Software Standby)
® Minimum Instruction Execution Time — 0.5us (f = 2MHz)
@ Wide Range of Operation

V,=3to55v [(f=0.1t0 0.5MHz)

£=0.1to 1.0MHz : HD6301Y0
Vo =5V 10% < f=0.1to 1.5MHz : HDE3A01YO

$=0.1to 2.0MHz : HD83B0O1YQ

f=0.1 to 3.0MHz: HD63C01Y0

M PROGRAM DEVELOPMENT SUPPORT TOOLS

® Cross assernbler and C compiler software for IBM PCs and
compatibles

® |n circuit emulator for use with IBM PCs and compatibles

HD6301YOP,HD63A01YOP,
HD63B01YOP HDE3CO1YOP

{DP-645)

HD6301YOF, HDE63A01YOF,
HD63BO1YOF, HD63CO1YOF

(FP-64)

HD6301YOH, HDE3A0TYOH,
HD63BO1YOH HDG63CO1YOH

{FP-64A)

HD6301YOCP,HD63A01YOCP,
HD63BO1YOCP ,HD63CO1YOCP

(CP-68)
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HD6301Y0, HD63A01Y0, HD63B01Y0, HD63C01Y0

® PIN ARRANGEMENT

¢ HD6301YOP, HD683A01YOP, HD63B01YOP, ® HD6301Y0F, HD63A01YOF, HD63BO1YOF,
HD63C01YOP HD&3C01YOF

31] Pao
0] Psy
) P1z
48| Piy
7] Paa
#8] Pas
3] Pae
MdiPn
(43 Pio
BLd
[P
[@]Ps
EPN
EPus

37| Pre
E Py
E Vss
E Pso

33| Par

(Top View!

® HD6301YOCP, HD63A01YOCP, HD63B01YOCP, ® HD6301Y0H, HDB3A01YOH, HDE3BO1YOH,
HD63C01YOCP HD63CO01YOH

(8] Py
7] Px
[%8] Py
E Pys
[#] Fu

PIT
42] Pio

E Pll
3] P2
E Pys
53] P
[87] Py
E Pue
g
(34] Ves:
8] Pu
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8 BLOCK DIAGRAM
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HD6301Y0, HD63A01Y0, HD63B01Y0, HD63C01YO

B ABSOLUTE MAXIMUM RATINGS

item Symbol Value Unit
Supply Volitage Vee —-03—+4+70 \
Input Voitage Vin —=0.3—Vee+03 v
Operating Temperature Tapr -20~+75 °c
Storage Temperature Tetg —-556~4150 °C

(NOTE} This product has protection circuits in input terminal from high static electricity voltage and high electric field.

But be careful not to apply overvoltage more than maximum ratings to these high input impedance pi'meclion circuits. To assure the normal
operation, we recommend V,,, V.- Vgg 3 (Vi or V) = Vee.

B ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vge = 5.0V + 10%, Vgg = OV, Ty = -20 ~ +75°C, unless otherwise noted.)

Item Symbol Test Condition min typ max Unit
RES, STRY Vec—056 -
Input “"High” Voltage EXTAL Vin Vee X 0.7 - _:_’3'33 v
Other Inputs 20 -
Input “Low"* Voltage All Inputs Vi =03 - 08" \J
NMI RES, STEY,
Input Leakage Current MPo, MP, | Vin = 0.6~Vec— 05V - - 1.0 nA
Three State 1,2,3,4 — 0B~
Leakage Current Ports ' 7 s Vin = 05~Vec~ 058V - - 1.0 HA
lon = —200uA 24 - - v
Output “High'’ Voltage All Outputs Vou o i
log = —10uA Vee—0.7 - — v
Output “‘Low™ Voltage All Outputs VoL lop = 1.6mA - - 04 v
Darlington Drive _
Current Ports 2, 6 —lom Vour = 1.5V 1.0 - 10.0 mA
. ) Vin = OV, f = TMHz,
Input Capacitance All Inputs Cin Ta = 25°C - - 125 pF
Standby current Non Operation Ista - 30 15.0 RA
Sleeping (f= 1MHz**) - 1.5 30 mA
lgip Sleeping (f=1.5MHz"*) - 23 45 mA
Sleeping (f=2MHz"*) - 3.0 6.0 mA
Current Dissipation* Sleeping (f=3MHz™ ") — 45 9.0 mA
Operating (f = 1MHz"") - 70 10.0 mA
lec Operating (f = 1.5MHz**) - 105 15.0 mA
Operating (f=2MHz* *) - 14.0 20.0 mA
Operating (f=3MHZ" ") - 210 300 mA
RAM Standby Voltage Vaam 20 - - Y
® Vymin = Ve — 1.0V, V) max = 0.8V (Al output terminals are at no load.)
**  Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. values about Current
Dissipations at X MHz operation are decided according to the fallowing formula:
typ. value (f = X MHz) = typ.value (f = 1MHz) X X
max. value If = X MHz) = max. value {f = TMHz) x X
{both the sleeping and operating)
***SCLK 06 (-20°C~0°C)
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HD6301Y0, HD63A01Y0, HD63B01Y0, HD63C01Y0

® AC CHARACTERISTICS (Vgc = 5.0V + 10%, Vgg = OV, T, = -20 ~ +75°C, uniess otherwise noted.}

BUS TIMING
Test HD6301YQ HDE3ACTYO HD&3BO1Y(Q HD83CO1YD
Item Symbol - Unit
Condition | min. | typ. | max. { min. | typ. | max. { min. | typ. | max. | min. | typ. | max.

Cycle Time teve 1 - 10 | 0.666 [ — 10 a5 — 10 [ 033 — 10 us
Enable Rise Time ' - — 25 - - 25 - — 25 - - 20 ns
Enable Fali Time tgs - — 25 - - 25 — — 25 — — 20 ns
Enable Pulse Width “High"” Level” PWey 450 1 — - 300 — — 220 - - 140 — — ns
Enable Pulss Width “Low™ Level” PWg, 450 - — 300 — — 220 — — 140 — — ns
Address, RAW Delay Time* tan — | - |=0 — - 10| — | — [18O] — — | 120 ns
Data Delay Time Write Lpw — — 260 — — 160 — — 120 - - 100 ns
Data Set-up Time Read tosm 80 — — 70 — — 60 — - 50 — - ns
Address, RAW Hold Time* g 80 | — — 50 — — | 40 | — - 20 — — ns
Data Hold Time [wiite* |t Fig. 1 w0l - -1 | -] =14 -[-7=2|—-]-1n
RD, WR Address Hold Time™ tare 70 | — — 50 — — | 40 | — - 20 — — ns
RD, Wi Data Hold Time* trwe 0 ] ~- | — 50 = A I I 20 - | = | rs
Data Hold Time l Read | tur o | = | - ) = Jeol=]-1]»o — 1 -1 ns
RD, WR Pulse Width* PWaow 450 | — — 300 — — |20 | — — 140 | — - ns
RO, WR Delay Time WD - — 40 - - 40 — — 40 — — 40 | ns
RB, WR Hoid Time thrw — — | 20 - — 20| — 1 — | 20 — — | 20 | ns
LTA Delay Time bR - — | 200 — — | 180 | — — {120 — — 80 ns
LIR Hold Time tHLR 10 | — — 10 — — 0 | — — 5 - - ns
Periferal Read Accass Time tacc — — - — — - - - — 180 - - ng
MR Set-up Time* tsLp 400 — — 280 — — 230 — —_ 170 — — ns
MR Hold Time* tunA Fig. 2 — = 10| — —J70 | — | — | 50 — — | 25 | ns
E Clock Pulse Width at MR PWEnR — — 9 — — 9 — — ] — — ] »S
Processor Control Set-up Time tscs Fig. 3. 13,14 1 200 —_ — 200 — — 200 — — 100 — _ ns
Processor Control Rise Time teer Fig 2.3 - — 100 — - 100 - — 100 - - 50 ns
Processor Control Fall Time toot — — 100 - — 100 - — 100 — - 50 ns
BA Delay Time tga Fig. 3 — — 250 — — 190 — — 160 — — 120 ns
Oscillator Stabilization Time tre Fig. 14 20 — — 20 - — 20 - — 20 — — ms
Reset Pulse Width PWgst 3 - - 3 - - 3 - - 3 - — | ey

*These timings change in approximate proportion to 1, .. The figures in this characteristics represent those when 1,

¢ Is minimum { = in the highest speed operation).

PERIPHERAL PORT TIMING
Test HD6301 Y0 HD63A01Y0 HD63B01 Y0 HD63Co1Y0
ttem Symbol Can- Unit
dition | min | typ | max | min | typ | max min | typ | max [ min | typ | max
Peripheral Data Port 1,2,3
Set Up Time 45,6 tppsy fes 200 - — | 200 — - 200 - 200 - — ns
- ig.!
Peripheral Data Port 1,23,
Hold Time 456 tPDH 200 - - | 200 - - 200 | - 200 - — ns
Delay Time {From Port 1.2.3
Enable Fall Edge to 456';' i tawp Fig.6 — — | 300 — - | 300 — 300 - — ]300 ns
Peripheral OQuput) e
Input Strobe Pulse
Width Tpwis 200 - - 200 — — | 200 - 200 — - ns
input Data Hold Time |Port6 K Fig.10| 150 - — | 180 — — | 150 - 150 - - ns
Input Data Set-Up Time| Port 6 tig 100 - - | 100 - - | 100 - 010 - - ns
. tosp1 X
Output Strobe Delay Time Fig.11 - — 200 - - 200 - — 200 - — 200 ns
tosb2
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HD6301Y0, HD63A01Y0, HD63B01Y0, HD63C01Y0

TIMER, SCI TIMING

Test HD6301 YD HDB3IA01Y( HDB63B01Y0 HD63Ca1Y0
Item Symbol Conditi Unit
ondition | min | typ | max | min | typ| max [ min | typ| max | min | typ | max
Timer 1 Input Pulse Width pwT Fig. 9 20| - - 20 | - - 20| - - 20 ¢ - ~ | teye
Delay Time (Enabie Positive .
Transition to Timer Output) | 'TOD Fig. 7.8 T 7% - | 00 - ] - 400 — 1 — 1400 ns
SCI Input Async. Mode Fig.9 1.0 | — - {10 - - |1.0 - - |10 - = | teye
T
Clock Cycle [ Clock Sync, | —o'¢ Figd 20 - [ “Jzo [ - [ - [20[ -] - 20 - = |teye
SC1 Transmit Data Delay
Time (Clock Sync. Mode) trxp i R s B B I B Bl I e el IS
SCI Receive Data Set-up .
Time (Clock Sync. Mode) 'SRX Fig.4 el E B e B T o i B K el e R
SCI Receive Data Hold
Time tHRX 10| - | - |10 | - |-|wo| -] - |1w00] -] - |ns
{Clock Sync. Mode)
1 1
iﬁ dt'h"”“‘ Clock Pulse tPWSCK 04| - |06 |0a| - |c6|0a| - |06|0s |~ | 08|ty
Timer 2 Input Clock Cycle teye 0.2 - — 20 - - 20 | - - 20 | - - | teye
Timer 2 Input Clock Pulse ;
Width tPwTCK Fig.9 200 - | ~ 200} - | - {200 | - | - |200 | - — |ns
Timer 1-2, SCI Input Clock
Rise Timer tekr - - | 100 ]| - - {100 | - - |10 | — - 50 | ns
Timer 1:2, SCI Input Clock
Fall Time teks -y -two} - | - l1w0| - {-]wo| - | —{ 50]em
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HD6301Y0, HD63A01Y0, HD63B01Y0, HD63C01Y0

L teye
2.4V { \
E ‘ PWgL - PWEH - \
KoV 7 -
\
taD = o - -— g, ter— - »1tAH1
bt ry g
Aq~Ais >< 2.4V ><_—_
R/W 0.8V V.
=t —tet— 1aH2
t—21 LHRW
tAWD [et—-] PWaw I
—— + 2.4V
RD,WR 0.8V
—p |- THW?2
toow |t
MPU Write 2.4V i
Do~D7 0.8V J;
_ tacc tHR
MPU Read
Do~D7
|| THLR
Uﬁ 0.8V
Figure 1 Mode 1, Mode 2 Bus Timing
_ PWemn )
21
A 149
—2.4V
E 0.8V
—»—1—tHMR > tsMR
S —
MR 2.0V S
(O.BV
> tpet > r—tpey

Figure 2 Memory Ready and E Clock Timing
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instruction Execution

Last Instruction
Execution Cvc_(_al_ HALT Cycle Cycle
HALT i
o 0.8V
tecr 1 tpcs Y tece tacs tas
toa| f
2.4V \
BA 0.8V

Figure 3 HALT and BA Timing

2.0V(2.4V)*
Synchronous Clock /

tseve

Transmit Data

Receive Data

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

Figure 4 SCI Clocked Synchronous Timing

‘——MCU Read I—-MCU Write

X 2.4V E

0.8V
0.8v

teoH

t>wp

% i :
: Data Valid KO.BV ;m":n. P20~ Pzs,
poo e ’ —— tron 30~ P37, Pao~Pa7, e
teDSU ——-I Pso~Ps3, Peo—~Psg7, ﬁ gg\\ll Data Valid

{Inputs
Pao- Pa)y 6.av X_Data vaiid X 32 P10~ Pas
{inputs) ' = ' {Outputs)

Figure 5 Port Data Set-up and Hold Times {MCU Read) Figure 6 Port Data Delay Times (MCU Write}
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E _/ \ F2aV\ j_

T oot

FRC _)gmﬁm_x__
troo I‘—

P21, Pzs 2.4V

Qutputs Q.8v

|
Figure 7 Timer 1 Output Timing

- ]

2.ov-f__3\

0.8v
teKe -~y

L * &
text

*Timer 2 ; ttcyc ““Timer 1;tpWT
SCI : tScyc Timer 2 ; tPWTCK
SCi ; tPWSCK

Figure @ Timer 1-2, SCI Input Clock Timing

MCU access of
PORTS
|

E

Pss
(0%)

Figure 11 Qutput Strobe Timing

tntarrupt
Tast P

< Y

Qutput

7

(TCONR=N}
Figure 8 Timer 2 Output Timing

- tpwis
2.0v
Psa(IS) N 0.av /
ts [
PORT6 —
Data gy X Data Valid K
(Input)
Figure 10 Port 6 Input Latch Timing
Vee
RL=2 2kQ
Test Point
1820748
C R or Equiv.

C=80pF for Port 1, Port 3, Port 4, E
=30pF for Port 2, Port 5, Port 6, Port 7
R=12k0 for Port 1 ~ Port 7, E

Figure 12 Bus Timing Test Loads (TTL Load)

i
T;:ﬁ‘mu?CD()(X)(X)(XXX)(XV_XXIJC
; ) OpCode Gp Code FFFF  SP  SP.1  SP-Z  SP-3  SP.4 SP-§  SP§ ecd' Vector Haw
. R o8V Addrass Address+ 1 Address Address Address
R0, (AQ, :
PCS
4T G Gl G Gl GE GED GED ( X XXX
~ ~ - - (] Vi Vector Fi 1 f
2B Qo ircevant £~ E8: BG g ACCA AR CCR YRR VER ThnrlE: Rouie
Internal
Read —ﬁ 7
internal /
Write

Figure 13 Interrupt Sequence
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HD6301Y0, HD63A01Y0, HD63B01Y0, HD63C01Y0

Ll

.
F
—tne ]

§TeY o ftees

Voo 0.8V
LS -

e LO.BV

FFFF FFFF FFFF FFFF FFFE FFFF NewPC

el

0BV

OO-—EEC T

FFFF FFEF

N\ N\Soo—

T

e S ) ————O-0—(O W

PC8~ PCD~ First
PC1& PC7

tnstructron

Figure 14 Reset Timing

® FUNCTIONAL PIN DESCRIPTION
® Vec. Vgs

Ve and Vgg provide power to the MCU with 5V +10% supply.
In the case of low speed operation (fmax =500kHz), the MCU can
operate with 3 to 5.5 volts. Two Vg pins should be tied to ground.

® XTAL, EXTAL

These two pins interface with an AT-cut parallel resonant crystal.
Divide-by-four circuit is on chip, so if 4MHz crystal oscillator is
used, the system clock is IMHz for example.

EXTAL pin can be drived by the external clock with 45% to 55%
duty. The system clock which is one fourth frequency of the exter-
nal clock is generated in the LSI. The external clock frequency
should be less than four times of the maximum operating frequen-
cy. When using the external clock, XTAL pin should be open. Fig.
15 shows examples of connection circuit. The erystal and Cyy, Cp2
should be mounted as close as possible to XTAL and EXTAL pins.
Any line must not cross the line between the crystal oscillator and
XTAL, EXTAL.

AT Cut Parallel Resonant Crystal Oscillator

Co=7pF max
Rs=60Q max
XTAL
= CLi=Cr2
= 10pF~22pF + 20%
EXTAL {3.2~8MHz)
Ciz="Cu

M-

Figure 15 Connection Circuit

® STBY

This pin makes the MCU siandby mode. In “Low”’ Jevel, the
oscillation stops and the internal clock is stabilized to make reset
condition. To retain the contents of RAM at standby mode, “0"
should be written into RAM enabie bit (RAME). 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 DISSIPATION MODE" for the
standby mode.

o Reset (RES)

This pin resets the MCU from power OFF state and provides a
startup procedure. During power-on, RES pin must be held “Low™
level for at least 20ms.

The CPU registers (accumulator, index register, stack pointer,
condition code register except for interrupt mask bit), RAM and
the data register of ports are not initialized during reset, so their
contents are undefined in this procedure.

To reset the MCU during operation, RES should be held “*Low’”
for at least 3 system-clock cycles. At the 3rd cycle during “‘Low"'
level, all the address buses become *“High'’. When RES remains
“Low™, the address buses keep “‘High>. If RES becomes ‘*High™,
the MCU starts the next operation.

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

(2) Initialize each internal register (Refer to Table 6).

(3} Set the interrupt mask bit. For the CPU to recognize the
maskable interrupts IRQ,, IRQ, and IRQ,, this bit should be
cleared in advance.

(4)  Put the contents (=start address) of the last two addresses

(SFFFE, SFFFF) inio the program counter and start the
program from this address. (Refer 1o Table 1).

¢ Enable (E)

This pin provides a TTL-compatible system clock Lo external cir-
cuits. Its frequency is one fourth that of the crystal oscillator or
external clock. This pin can drive one TTL load and 90pF capaci-
tance.

® Non-Maskable interrupt (NMI)
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When the falling edge of the input signal is detected at this pin,
the CPU begins non-maskable interrupt sequence internally. As
well as the mentioned below, the instruction being executed at
WMI signal detection will proceed to its compeletion. The interrupt
mask bit of the condition code register doesn’t affect non-maskable
interrupt at all.

In response to an NMI interrupt, the contents of the program
counter, index register, accumulators and condition code register
will be saved onto the stack. Upon completion of this sequence, a
vector is fetched from $FFFC and $FFFD to transfer their contents
into the program counter and branch to the non-maskable interrupt
service routine.

(Note) At reset start, the stack pointer should be initialized on

an appropriate memory area and then the falling edge
be input to NMT pin.

¢ Interrupt Reguast (IRQ,, TRQ,)

These are level-sensitive pins which request an internal interrupt
sequence to the CPU. At interrupt request, the CPU will complete

Each Status Register’'s Interrupt

the current instruction before the acceptance of the request. Unless
the interrupt mask in the condition code register is set, the CPU
starts an interrupt sequence; if set, the interrupt request will be ig-
nored. When the sequence starts, the contents of the program
counter, index register, accumulators and condition code register
will be saved onto the stack, then the CPU sets the interrupt mask
bit and will not acknowledge the maskable request. During the last
cycle, the CPU fetches vectors depicted in Table 1 and transfers
their contents to the program counter and branches to the service
routine.

The CPU uses the external interrupt pins (TRQ, and TRQ;,) aiso
as port pins Ps and Py, so it provides an enable bit to Bit Oand 1 of
the RAM port 5 control register at $0014, Refer 10 “RAM/PORT 5
CONTROL REGISTER?” for the details.

When one of the internal interrupts, 1C1, OCL, TOI, CMI or S10
is generated, the CPU produces intemal interrupt signal (IRQ,).
IRQ, functions just the same as IRQ, or IRQ, except for its vector
address. Fig. 16 shows the block diagram of the interrupt circuit.

Enable Flag
"1 : Enable, 0"’ ; Disable
ISF -0
RGh o0
LCondition
Code
m o/c Register
| MASK
r ICF O O 1€ "0 . Enable
1", Disable
OCF1 o Q ocl
OCF2 o0 .
- o0 O Interrupt
TOF o0 @—‘ Request
IRQ < Signal
CMF oM :
RDRF
_.Q/
ORFE ] Sio
TDRE -0
\
Sleep
e Edge ] Cancel
NMi Detective Signal
ircuit ‘
poses e | TRAP
Datective Circui
SWI
Figure 16 Interrupt Circuit Block Diagram
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Table 1 Interrupt Vector Memory Map

Vector

Priorit Interrupt
"Y |"msB | Lss e
Highest FFFE FFFF RES
FFEE | FFEF | TRAP
FFFC | FFFD | NMI
Swi
FFFA | FFFB {Software Interrupt)
FFF8 FFF9 IRQ;, ISF {port 6 Input Strobe)
iCl
FFFE FFFY {Timer 1 input Capture)
0cClI
FFF4 | FFFS {Timer 1 Qutput Compare 1, 2)
TOI
FFF2 FFF3 {Timer 1 Overflow)
CM|
FFEC | FFED [Timer 2 Counter Match}
FFEA | FFEB | TRQ,
Lowest | FFFO | FFF1 | 91O
(RDRF 4+ ORFE 4 TDRE +PER)

® Mode Program (MPy, MP,)
These two pins decide the operation mode. Refer to “MODE
SELECTION" for more details.

The following signal descriptions are applicable only for the
expanded mode,

® Read/Write (R/W; Py;]

This signal, usually be in read state (*‘High”’), shows whether
the CPU is in read (‘‘High™) or write (“Low"™) state to the
peripheral or memory devices. This can drive one TTL load and
30pF capacitance.

o RD.WHR {P0. P71}

These signals show active low outputs when the CPU is reading/
writing to the peripherals or memories. This enables the CPU easy
to access the peripheral LSI with RD and WR input pins. These pins
can drive one TTL load and 30pF capacitance.

® Load Instruction Register (LIR; P33)
This signal shows the instruction opecode being on data bus
(active low). this pin can drive one TTL load and 30pF capacitance.

& Memory Ready (MR; Pg3)

This is the input control signal which stretches the system
clock’s “High"period to access low-speed memories. HD6301Y0 can
select three kinds of low-speed memory access method by RAM/
Port 5 Control Register’s MRE bit and AMRE bit. In the case that
CPU accesses low-speed memories by the external MR signal
(MRE=*1", AMRE =*0""), the system clock operates in normal
sequence when this signal is in **High™.

But this signal in **Low”’, the ‘'High™ period of the system clock
will be stretched depending on its “Low’’ level duration in integral
multiples of the cycle time. This allows the CPU to interface with

low-speed memories (See Fig. 2). Up to 9us can be stretched.

During internal address space access or nonvalid memory
access, MR is prohibited internally to prevent decrease of operation
speed. Even in the halt state, MR can also stretch “High" period of
system clock to allow peripheral devices to access low-speed memo-
ries. Refer to “RAM/PORT 5 CONTROL REGISTER* for more
details.

® Hait (HAI.T: Psa)

This is an input control signal to stop instruction execution and
to release buses. When this signal switches to “‘Low”, the CPU
stops to enter into the halt state after having executed the present
instruction. When entering inte the halt state, it makes BA (P,,)
“High™ and also an address bus, data bus, RD, WR, R/W high
impedance. When an interrupt is generated in the halt state, the
CPU uses the interrupt handler after the halt is cancelled.

{Note) Please don’t switch the HALT signal to *“Low’” when
the CPU executes the WA instruction and is in the in-
terrupt wait state to avoid the trouble of the CPU's op-
eration after the halt is cancelled.

® Bus Available (BA; P}

This is an output control signal which is normally “Low” but
“High’* when the CPU accepts HALT and releases the buses. The
HD6800 and HD6802 make BA *‘High’’ and release the buses at
WAI execution, while the HD6301Y0 doesn’t make BA “‘High”
under the same condition.

8 PORT

The HD6301Y0 provides seven 1/0 ports. Port 1, 2, 3, 4, 5, and
6 are 8-bit 1/0 ports. Each port provides Data Direction
Register (DDR). Port 1 and port 3 select the /O state by the byte
and port 2, 4, 5 and 6 the [/0 state by the bit. Port 7 is a 5-bit out-
put-only port. In the expanded mode (mode 1, mode 2), port 3
becomes data buses, port 1 and port 4 address buses and port 7 con-
trol signal pins.

Table 2 Port and Data Direction Register Address

Port Port Address Data Direction Register
Port 1 $0002 $0000
Port 2 $0003 $0001
Port 3 $0006 $0004
Port 4 $0007 $0005
Port 5 $0015 $0020
Port 6 $0017 $0016
Port 7 $0018
® Port1

An 8-bit 170 port. The DDR of port 1 (P1DDR) controls the I/0
state. It provides a bit which select the 1/0 state by the byte (0" for
inputand *‘1”° for output).

As it is cleared during reset, port 1 is an input port.

In the expanded mode (mode I, mode 2), port 1 functions as a
lower address buses (A, to A;). Port 1 can drive one TTL load and
90pF capacitance.
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WPll D
Mode 1] S"C D ._....4A
Mode 2
RES—R q &
=]
P1DDR* @
13
7]
2
3
g |«
Mode 3 e |z
PORT = T |3
Q D [a] £
in ~d P DATA 5 |=
Mode 1 c £ 5
Mode 2 T & £
= WP1 £ |2
RP1 RES : Reset Signal
[\ I WP1D : DDR Write Signal
[ a— . .
l/ WP1 :Port Write Signal
Y Y ¥ Re1 - Port Read Signal
* 8 bhit Common Register
* % Priority : Set > reset
MSB LSB
Port 1 DDR ($0000)
- - - - - - - P11 (write only, bit O
DOR | is cleared during
reset.)
Port 1 ($0002)
Py | Pig | Pis [ Pria| Pua| Pia | Pia| Pro :gﬂf,d”g;,!,‘:,;
reset.)

e Port2

An 8-bit 1/0 port. Port 2 DDR (P2DDR) controls the [/0 state.
This port provides DDR corresponding to each bit and can define
input or output by the bit (*0”" for input, *“1"’ for output).

As Port 2 DDR is cleared during reset, it will be an input port.

Port 2 is atso used as an [/O pin for timer 1, Timer 2 and the SCI.
Pins for Timers and the SCI set or reset each DDR depending on
their functions and become /0O pins. When port 2 functions as an 1/
O port afler used as [/O pins of the timers or the SCI, the I/0 direc-
tion of the pins remain as it is used as the 1/0 pin of timer and SCI.

Port 2 can drive one TTL ioad and 30pF capacitance. This port

can produce 1mA when V,,=1.5V to drive directly the base of
Darlington transistor.

Pzo (Tin)

P,, is also used as an external input pin for the input-capture.
This pin is an 1/0 port which s an input or output as defined by the
Data Direction Register (P;,DDR) (‘0" for an input and ““1"" for
an output). Then either a signal to or from Py, (“'to” for an output
port, “from"’ for an input port) is always input to the Timer 1 input
capture.

RES
| A
R v
a o 2
P20 DDR k]
c a
) .
WP20 3
P Q D E
Pzo DATA -
C
RP2 Wlpz WP2D : DDR Write Signal
—~ WP2 : Port Write Signal
' RP2 :Port Read Signal
\ Timer 1
/ > Input Capture Input
G HITACHI
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P34 (Tout 1), Pae (Tx), Pag (Tout 2), Pz¢ (Tout 3) have a register which enables output. By setting these registers,
These four pins can be also used as output pins for Timer 1, they automatically will be output pins of timer or the SCI.
Timer 2 and a transmit output of the SCI. Timer 1, and the SCI

] Res A
S R
a D ®
P2 DDR a
¢ 2
I 0
WP2D o
PORT ) e o 5
2l N E P2. DATA & Timer 1, Timer 2 and SCI
C - 1
)
| '
WP2 '
— 1
" Output Data
T Output Enabie Signal
RP2 !
[\ ,—|""L' 1
1
1

P23 (SCLK) bie as an I/O port when the SCI has no dock input or output (as an
P, is also used as a clock 1/0 pin for the SCI. It is selected as a output port if P,; DDR =1, as an input port if P,, DDR=0).
clock input or output pin by the operating mode of the SCI. It is usa-

RES

1l — 4

S Rif:
Q D

P22 DDR
C

T
WP2D

Paz Q D

P22 DATA
Cc
T

WP2

internal Data Bus

:

: Clock input Enable signal
i Output Clock
]

|

1l

Clock QOutput Enable signal
RP2 ————— Input Clock

O HiTacH
Hitachi America, Ltd. + Hitachi Plaza » 2000 Sieira Point Pkwy. » Brisbane, CA 94005-1819 » (415) 589-8300 141



HD6301Y0, HD63A01Y0, HD63B01Y0, HD63C01YO

P23 [Rx), P27 (TCLK) Since the SCI will be a clocked synchronous mode by an external
P,; and P.; are also used as received data input pins for the SCI clock-input during reset, the DDR of P, is cieared automatically
and external clock input pins for Timer 2. The SCI and Timer 2 and P, is an input port. Set the SCI to a mode where P,; is not used
have registers which enable input. If the registers are set, the DDR (CCO or CC1 of the RMC Register is ““0"" or “*1"° respectively) and
(P,;DDR, P,,DDR) are cleared and P,, and P,,; will be input pin for write ‘1" to the P,, DDR to make P,, an output port.
Rx and TCLK.
RES
Ry Rz fc/'l
a D @
P2. DOR a
¢ 8
WP2D E]
PORT o 5 g
= .
Zn w P2 DATA EQ‘_’ _Tl_nlef ?_ - -
c |
T i
RP2  wP2 L Input Enable signal
| +——p SCI Receive Data,
, Timer 2 External Clock
4
™S |
L~ |
MSB LS8

PORT2 DDR {$0001}
{Write only, $00
during reset.}

Py; { Pag | Pas | P2a | P2z { P22 | P21} Pao
DDR |DDR |DDR | DDR | DDR | DDR | DDR| DDA

PORT2 ($0003)

Pyr | Pag | Pas | Paa| Poa | Paz | P2y | Paa| (R7W. notini-
tialized during

reset)

® Port 3 During reset, it is cieared and port 3 becomes an input port.

An 8-bit 17O port. The DDR of port 3 controls the I/0 state. It In the expanded modes {Mode 1, Mode 2), port 3 functions as
provides only one bit which defines 1/Q state by the byte (0" for data buses (D, to D;). Port 3 can drive one TTL load and 90pF

input and 1" for output). capacitance.

WP3D RES
] | A
C R

Mode 3 P3 DDR* D —

Mode 1
Mode 2 | Data BUS Controle

Mode 3
PORT = a o g E
3n \I P3 DATA @ s
C = I3
Mode 1 | 9 £
Mode 2 WP3 [ S
N — - T
S L z o
External Address  Internal Address c
Read, RP2 READ - WP3D : DDR Wnite signal
= WP3 : Port Write signal

' RP3  :Port Read signal

' * B bit Common Register
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MSB L5B
_ _ _ - _ _ _ P3
DDR

Paz | Pas { Pas | Pas | Paz | P32 | Py | Pao

& Portd

An 8-bit 1/0 port. The DDR of port 4 controls I/Q state. Each bit
of port 4 has a DDR which defines 1/0 state (**0” for input and 1"
for output).

During reset, the DDR of port 4 is cleared and port 4 becomes
an input port.

In the expanded modes (Mode 1, Mode 2), port 4 functions as
address buses (A to A,;). In Mode ! {expanded mode with no

PORT3 DDR {$0004)
(Write only, Bit O

is cleared during
raset)

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

internal ROM), the DDR is set automatically and outputs
addresses. But in Mode 2 (expanded mode with internal ROM), the
DDR is cleared and port 4 becomes an input port during reset. Set
the DDR to **1”" to output the upper addresses (A, to A;;) to the
outside. If not all of the upper addresses have to be output, the pins
which don’t output addresses can be used as input pins. Port 4 can
drive one TTL load and 90pF capacitance.

Mode 1 RES
| | "
S* R 0 o
Q ) a |2
P4n DDR s 2
c S |8
T — <
WP4D s =
PORT a 5 s |5
4 c c
n Pen DATA R
C @
o
| =)
WP4 =1
WP4D : DDR Write signal
WP4 : Port Write signal
+ v RFP4  : Port Read signal
* Priority : set > reset
MSB LSB
Psy [ Pag | Pas | Pas | Pag | Pag | Pay | Pag | PORT4 DDR ($0005)
Iwrite anly, $00
DOR |DDR | DDR | DDR | DDR | DDR | DDR | DDR during reset)
PORT4 ($0007)
Ps3 | Pag | Pas | Paa Pas | Paz| Pay| Pao| (R/W, notini-
tialized during

® Porth

An 8-bit I/0 port. The DDR of port 5 controls 1/0 state. Each bit
of port 5 has a DDR which defines 1/0 state (“*0” for input and ‘1"
for output).

During reset, the DDR of port 5 is cleared and port 5 becomes
an input port. -

Port 5 is also usable as IRQ,, IRQ,, HALT, MR and the strobed
signal of port 6 for handshake (IS, OS). It is set to input or output
automatically if it is used as these control signal pins (except Py,,
IS). Since the DDR of port 5, as is port 2, is set or reset by the con-
trol signal, 1/0 directions of the 1/0 ports are retained after the con-
trol signal is disabled. Port 5 can drive one TTL load and 90pF
capacitance.

Pso [IRQ,), Pgq (IRQ,)

reset.)

Py, and Py, are also usable as interrupt pins. The RAM/port 5
control registers of IRQ, and TRQ, have enable bits (IQ1E, IQ2E).
When these bits are set to ““1”°, Py, and Ps, will automatically be
interrupt input pins.

Ps2 (MR), Pg3 (HALT)

P;, and P,; are also usable as MR and HALT inputs. MR and
Hfﬁ'have enable bits (MRE, HLTE) in the RAM/Port 5 Control
Register as TRQ, and TRQ;. In the single chip mode (Mode 3), Py,
and Py, are usable as I/O ports regardless of the value of the enable
bits. In the expanded mode (Mede 1 or Mode 2), since MRE is
cleared during reset, P, is usable as an 1/O port. Since HLTE is set
during reset, the DDR of P, will be automatically reset to be a
HA[% input pin. HLTE of the RAM/Port 5 Control Register has to
be cleared to use Py, as an 1/0 port.
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14

R R

Q D
Psn DDR
C @
' a
WP5D 0
2 wPS5D: DDR Write signal
PORT a D ® WPS5 : Port Write signal
5n TN P.. DATA € RP5 :PortRead signal
c £
] -
RES wP5 RAM /PORT

= 5 Control
Register

IRQ,
Y D—

MR
v v HALT
* Initializing value during reset;

IRQIE = “0”, IRQ2E = "0, MRE = "0"*"*, HLTE =""1"**

%% Ps2 and Ps3 can be used as | O ports
in spite of the value of this register in Mode 3.

Pga (IS} an output port {(set the DDR of P, to **1'"}, an output signal from
P,, is also usable as the input strobe (IS) for port 6 handshake P;, will be the input to TS.
interface. This pin, as is Py, is always an /O port. If P, is used as
RES
1
L A
a D
Psa DDR
¢ g
T @
WPSD -
?
Psa \] Q D 9
Psa DATA 2
¢ 5
T £
RP5S WP5
>
> — = Port 6 Control Status Register
IS
Pgs (0S) o by setting the OS enable register (OSE) of the port 6 Control Status
P;; is also usable as the output strobe (OS) for port 6 handshake Register (P6CSR).
interface. It will be an I/0 port during reset, and an OS output pin
O HITACHI
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HIES A
£ R w
a D @
Pss DDR E
C a
WPSD Ei
]
Pss —r___r Q D E
~d Pss DATA ,
c Port 6 Control/Status Register
M Bl
|
WP5 '
J v
[t : 0S
— OSE (1 : 0S output )
RPS 1 0 : OS output disabie
—_— |
> :
1
Pes, Pgy
Pys and Py, are 1/0 ports.
RES
L A
R
Q D
Ps, DDR
—
WwWPsD s
[
Pon o o8
~ Psn DATA 3
c 5
i C
WP5 -
RPS
=
L
MSB LSB
Psr | Pss | Pss | Pse | Psa | P2 | Psi| Pso | FORTS DDR (80020)
ooR | oor | obr | oor | oor | por | bor| poR f}ﬂ’r'i‘:; only. $00
PORTS5 ($0015)
Ps7 | Pss | Pss | Psa | Pss | Psz| Psi| Pso| (RAW, notini-
tialized during
reset.}
® Port8 Port 6 controls parallel handshake interface besides functions as
8-bit I/0 port. Port 6 DDR controls I/O state. Each bit ef port 6 an 1/0 port. Therefore, it provides DDRs to control and IS LATCH
has 2 DDR and designates input or output (*‘0”’ for input, **1" for to latch the input data.
output). During reset, Port 6 DDR is cleared and port 6 becomes an Port 6 can drive one TTL load and 30pF capacitance. It can drive
input port. directly the base of Darlington transistor as port 2.
G HITACHI
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RES
|
R g
Q D @
PSn DDR S
[+
< a
WPEBD g
PORT ]
Q D €
&n ~ Pan DATA =
C
|
WP§
RES RP§ o
A WP6D : DDR Write signal
D Q J L WPB :Port Write signal
IS LATCH RP6 :Port Read signal
C
A Port 6
ister
MSB LSB Control/Status Registe
Per | Pao | Pas | Pes | Pes | P2 | Par | Poo | FORTE DDR ($0016)
{Write only, $00
ODR | DDR [ DDR | DDR | DDR | DDR | DDR | DDR during reset)
PORTE {$0017)
R/W, not ini-
Per | Pea | Pes | Pea | Paa | Paz [ Per | Peo iializadngu:‘:pg
reset.)

® Port7

A 5-bit output port. In single-chip mode (Mode 3}, port 7 goes
to 2 high impedance state during reset. By a write to Port 7, Port 7
goes to the output state from the high impedance state, and it out-
puts the written data. Once it becomes output state, Port 7 functions

as an output port. CPU 7 can also read the Port 7 data register to ex-
ecute bit manipulation instruction. In the expanded mode (Mode 1,
Mode 2), Port 7 is an output pin for control signals (RD, WK, R/

W,1IR, BA) from the CPU.
Port 7 can drive one TTL load and 30pF capacitance.

RES —| R al— ?
wp7—{S!
Mode 1,Mode 2 152"
[’/]
@
Mode 3 ©
PORT . o 0 g
n ! -
~ Ps. DATA ]
c )
I £ WP7: Port Write signal
WP? RP7 ~ RP7 :Port Read signal
- g
Mode 1 P |
Mode 2
PUC I Signal
ont
* Priority : Sz > R, S ¢ roi Signa
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8 RAM/PORT 6 CONTROL REGISTER
The control register located at $0014 controls on-chip RAM and
port 5.

RAM/Port 6 Control Register [(RPSCR}

7 6 5 4 3 2 1 0

sTBY| AMR IRQ,| IRQ,
PLacl e | HTE( mRe| o2l Tl s0014

STBY
PWR [RAME

Bit 0, Bit 1 TRA,, TRA, Enable Bit (IRQ4E, IRAE)

When using Py, and P, as interrupt pins, write *‘1"’ in these bits.

When the bit is set to *‘1", the DDRs corresponding to Py, and
P,, are cleared and become IRQ; input pin and IR_QE input pin.
When IRQ,E and IRQ,E are set, P,, and Py, cannot be used as an
output ports. When 0"’ the CPU doesn’t accept an externat inter-
rupt or a sleep cancellation by the external interrupt. These bits are
cleared during reset.

8it 2 Memory Ready Enable Bit {MRE)

When using P, as an input pin of the ‘“‘memory ready’’ signal,
write ‘1’ in this bit. When set, P,, DDR is automaticaily cleared
and becomes the MR input pin. In Mode 3, however, the ‘‘memory
ready’’ i8 inhidited regardless of the bit. The bit is cleared during
resot.

Bit 3 Halt Enabie Bit (HLTE)

When using P, as an input pin of the HALT signal, write “1” in
this bit. When this bit is set, P; DDR is automatically cleared and
becomes the Halt input pin. If the bit is 0, the Halt function is
inhibited and P, is used as an I/0 port. The bit is set to ‘1"’ during
reset. However, in Mode 3, Halt function is inhibited regardless of
the bit.

(Note) When using P, and P, as the input ports in mode 1
and 2, MRE and HLTE bit should be cleared just after
the reset.

Bit 4 Auto Memory Ready Enabie Bit (AMRE]

When the bit is set and the CPU accesses the external address,
“memory ready’” operates automatically and stretches the E clock’s
“High™ duration for one system ciock. When MRE bit of bit 2 is
cleared and when the CPU accesses the external address space, the
function operates. When MRE bit is set and then the CPU accesses
the external address space with P;; (MR) pin in “low’’, ““memory
ready’’ operates automatically. In Mode 3, regardless of the bit
value, the *‘auto memory ready’’ function is inhibited. (See Table 3
and Fig. 17))

(Note) Since this bit is set to **1” during reset, ciear the bit
at the beginning of the program when auto memory
ready doesn’t have to operate.

Table 3 “Memory Ready’ Function

MRE AMRE Function

o] o] “Memory ready’” inhibited.

o] 1 When the CPU accesses the external address, ""High' duration of E clock automatically becomes one-cycle
longer. This state is retained during reset.

1 0 “‘Memory ready’” operates by Pgz (MR) pin. The function is the same as that of the HD6301XO0.

1 1 When the CPU accesses the external address space with the P52 MR} pin in “low”, the “‘auto memory
ready” operates. This function is effective if it has both “high-speed memory’* and “'slow memory”
outside. Input CS signal of “"slow memory”* to MR pin.

Bit 6 Standby Flag (STBY FLAG)

By clearing this flag, HD6301Y0 gets into the standby mode by
software. This flag is set to “‘1”° during reset, so the standby mode is
canceled with RES pin in “low”. The RES pin should be in “low™
until escillation becomes stable {(min. 20ms.). If the STBY pin in is
in “low”, the standby mode can not be canceled with the RES pin
in “low™.

Bit 8 RAM Enable (RAME]
On-chip RAM can be disabled by this control bit. By resetting
the MCU, *“1” is sel to this bit, and on-chip RAM is enabled.

When this bit is cleared (=logic 0"} on-chip RAM is invalid and
the CPU can read data from external memory. This bit should be
“0"* before getting into the standby mode to protect on-chip RAM
data.

Bit 7 Standby Power Bit (STBY PWRI

When Vg is not provided in standby mode, this bit is cleared.
This is a flag for read/write and can be read by software. If this bit is
set before standyby mode, and remains set even after returning
from standby mode, V¢ voltage is provided during standby mode
and the on-chip RAM data is valid.
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(al MRE=0, AMRE=1

E N

-

-4

N B S

Address

internal )( internal X
Bus adar external address address

(b} MRE=1, AMRE=1

x internal address

external address

N N S N

NN S R N S I T B

Address

axternal interna
I addrass

external address X

Bus

MR \

\i external address x :zt;rr:;l X\

0

{CS pin of “slow memory™)

(c) MRE=1,AMRE=0 (HD6301X0 Compatible Moade)

SR N .

LR T N

| -

Address internal external extornal -

Bus address T external address X address x :btgrrggsl X
< tHmr - tsmr

MR 4 7

Figure 17 Memory Ready Timing

N Port 6 Control/Status Register
This is the Control/Status Register for parallel handshake inter-
face using Port 6. The functions are as foliows;
1) Latches input data to Port 6 at the TS (P,,) falling edge.
2) Outputs a strobe signal O3 (P;,) oulward by reading or writ-
ing to port 6.
3) When IS FLAG is set at the TS falling edge, an interrupt
occurs.
The following shows Port 6 Control/Status Register (P6CSR).

7 6 5 4 3 2 1 0
15° [ 18ROy [ oo [ ogs ér':ATgSs | Z 1 — | sooz:

FLAG| ENABLE

Bit0 *Bit 7 is Read-Only bit
Bit1 Not used.
Bit2

Bit 3: Latch Enable

This register controls the input latch for Port 6 (ISLATCH).
When this bit is set to *“17, the input data to port 6 will be latched
inward at the IS (P,,) falling edge. An input laich will be canceled
by reading Port 6, which enables to latch the next data. If cleared,

the input latch remains canceled and this bit functions as a usual
1/O port. This bit is cleared during reset.

Bit4: 0SS Output Strobe Select .

This register initiates an output strobe (OS) from Py, by reading
or writing to port 6. When cleared, OF occurs by reading Port 6.
‘When set, OS occurs by writing to Port 6. This bit is cleared during
reset.

Bit 6: OSE Output Strobe Enable

This register decides the enabling or disabling of the output
strobe. When cleared, Py, functions as an 1/0 port. When set, P
functions as an OS output pin. (P,, DDR is set by OSE.) This bit is
cleared during reset.

Bit 6: 1S IRQ, Enable Input Strobe Interrupt Enable

When set, an IRQ, interrupt to the CPU occurs by setting IS
FLAG of bit 7. When cleared, the interrupt does not occur. This bit
is cleared during reset.

Bit 7: IS Flag Input Strobe Flag

This flag is set at the IS (P;,) falling edge. This flag is for read-
only. When set, the flag is cleared by reading or writing to Port 6
after reading the Port 6 Control Status Register. This bit is cleared
during reset.
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HD6301Y0
MSB

1S IRQ

IS FLAG
ENABLE

Ro—] >0

1RQ:

S Port 6 Control/Status Register

Figure 18 Input Strobe Interrupt block Diagram

® MODE SELECTION
Mode program pins, MP, and MP, determine the operation
mode of the HD6301Y0 as Table 4 shows.

® Mode 1 (Expanded Mode)

In this mode, port 3 is data bus and port 1 *‘Lower’* address bus
and port 4 ““Upper’” address bus to interface directly with the
HMCS6800 buses. A control signal such as R/W is produced at port
7. In mode 1, on-chip ROM is disabled and 65k bytes of address
space are externally expandable (refer to Fig. 19).

® Mode 2 (Expanded Mode)

This mede is also expandable as welt as mode 1. But in this
maode, on-chip ROM is enabled and the expandable address space is
48k bytes (refer to Fig. 20).

In Mode 2, port 4 is available as an input port during reset, and
so the upper address is not output outwards. After resel starts, set
the PADDR corresponding to the external address output. By set-
ting the DDR, the upper address is output. When a small external
memory space is provided, the pin not required to outpul the

& Mode and Port
Table 5 shows MCU signals in each mode.

address externally can be used as the input port

® Mode 3 (Single-chip Mode)
In this mode, all ports are available {refer to Fig. 21).

Table 4 Mode Selection

Mode | MP, IMP ROM | RaM | 'TeTePt 0';:::;""
1| el E - E ,fn‘:;:ded
2 | we ] * I |pebanded
3 T | I | i‘ligglee-chip

YL = Logic "0”, "H” = Lagic "1, |, internal, E; External.
" The addressing RAM area can be external by clearing RAME bit $0014.

Table 5 MCU Signals in Each Mode

Port Mode Mode 1 Mode 2 Mode 3
Port 1 Address Bus (Ag—A5} Address Bus {Ag—A5) 1/0 Port
Port 2 1/0 Port 1/0 Port i/0 Port
Port 3 Data Bus (Dy~Djy) Data Bus (Dg—D4) 1/0 Port
Port4 Address Bus (Ag—~Ajs) i/Q Port or Address Bus {Ag—~—A,g) 10 Port
Port 5 1/0 Port 1/Q Port 10 Port
Port 6 110 Port 170 Port 170 Port
Port 7 RD. WR, R/W, TIR, BA RD,WR, R'W LR, BA Qutput Port
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o
Fﬁo Vee
MP, —>E
| — XTAL RD
s WR
EXTAL — R/W
= — —s
NMI —— HD6301Y0 e BA
PORT2 MCU PORT3
(;ig;"" 2} Data Bus
PORTS PORT1
(E‘@) Address Bus
' PORT4
PORTE @ Address Bus
Ve Vs

]
r

Figure 13 Mode 1
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Figure 21 Mode 3
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Figure 20 Mode 2
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Table 6 Internal Register

Address Register Abbreviation R/W** Ig:::::?:;:'.‘f
00 Port 1 DDR {Data Direction Register) P1DDR w $FE
o1 Port 2 DDR P2DDR W $00
02 Port 1 PORT1 R/W indefinite
03 Port 2 PORT2 R/W indefinite
o4 Port 3 DDR P3DDR w $FE
05 Port 4 DDR P4DDR w $00
06 Port 3 PORT3 R/W indefinite
07 Port 4 PORT4 R/W indefinite
08 Timer Control/Status Register 1 TCSR1 R/W $00
09 Free Running Counter (MSB) FRCH R/W $00
OA Free Running Counter {LSB) FRCL R/W $00
OB Output Compare Register 1 (MSB} OCR1H R/W $FF
oc Output Compare Register 1 (LSB) OCRIL R/W $FF
oD Input Capture Register (MSB} ICRH ] $00
OF Input Capture Register {LSB) ICRL R $00
OF Timer Control/Status Register 2 TCSR2 R/W $10
10 Rate/Mode Control Register RMCR R/W $Co
11 Tx/Rx Control Status Register 1 TRCSR1 R/W $20
12 Receive Data Register RDR R $00
13 Transmit Data Register TDR w indefinite
14 RAM/Port § Control Register RP5CR R/W $F8 or $78
15 Port 5 PORTS R/W indefinite
18 Port 6 DDR P&6DDR w $00
17 Porj 6 PORTE R/W indefinite
18 Port 7 PORT7 R/W indefinite
19 Output Compare Register 2 (MSB) OCR2H /W $FF
1A Output Compare Register 2 (LSB} OCR2L R/W $FF
1B Timer Control/Status Register 3 TCSR3 R/'W $20
1C Time Constant Register TCONR w $FF
10 Timer 2 Up Counter T2CNT R/W $00
1E Tx/Rx Control Status Register 2 TRCSR2 R/W $28
1F Test Register” TSTREG - -
20 PORT 5 DDR P5DDR w $00
21 PORT 6 Control/Status Register PGCSR R/W $07
22 — - — -
23 —_ - - -
gg _ Reserved _ _ N
26 — - - -
27 —_ — - -

* Register for test. Don't access this register.
** R: Read-only register, W: Write-only register, R/W: Read/Write register.
“**  When empty bit is in the register, it is setto "1~
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Mode | Mode 2 Mode 3
$0000 $0000 $0000
Internal * Internal ** Internat
$0027 Register $0027 Register $0027 Register
External Memory External Memory
Space Space
$0040 $0040 $0040
Internal RAM Internal RAM internal RAM
256 Bytes 256 Bytes 256 Bytes
$013F $0(3F $013F
Externat
Memory
Space
Exterral
Memory
Space
$C000 $C000
Internal ROM internal ROM
16k Bytes 16k Bytes
$FFFF $FFFF $FFFF

*Mode | does not
include the addresses:
$00, $02, $04, $05,
$06, $07 or $18 which

can be used externally.

**Mode 2 does not
include the addresses:
$00, $02, 504, $06,
and $18 which can be
used externally.

Figure 22 HDG6301Y0O Memory Map

A TIMER1
The HD630tY0 provides a 16-bit programmable timer which
can simultaneausly measure an input waveform and generate two
independent output waveforms. The pulse widths of both input/
output waveforms vary from microseconds to seconds.
Tlmer I is configured as follows {refer to Fig. 24).
Control/Status Register 1 (8 bit)
Control/Status Register 2 (7 bit)
Free Running Counter (16 bit)
Output Compare Register 1 (16 bit)
Output Compare Register 2 (16 bit)
Input Capture Register (16 bit)

® Free-Running Counter (FRC)($0009:000A)

The key timer element is a 16-bit free-running counter driven
and incremented by system clock. The counter value is readable by
software without affecting the counter. The counter is cleared dur-
ing reset.

When writing ta the upper byte ($09), the CPU writes the presel
value (SFFF8) into the counter (address $09, $0A) regardiess of
the write data value. But when writing to the lower byte ($0A) after
the upper byte writing, the CPU writes not only the lower byte data
into Jower 8 bit, but also the upper byte data into higher 8 bit of the
FRC.

The counter will be as follows when the CPU writes to it by dou-
ble store instructions (STD, STX, etc.}

$09 Write $0A Write
{$5A) (5F3) |

: L
Counter value . SFFF8 $5AF3
In the case of the CPU write { $5AF3) to the FRC

Figure 23 Counter Write Timing

® Qutput Compare Register (OCR)

($000B, $000C; OCR1} ($0019, $001A: OCR2)

The output compare register is a 16-bit read/write register which
can control an output waveform. The data of QOCR is always com-
pared with the FRC.

When the data matches, output compare flag (OCF) in the timer
control/status register {TCSR) is set. If an output enable bit {OE) in
the TCSR2 is ‘1", an output level bit{OLVL) in the TCSR will be
output to bit 1 (OCR 1) and bit 5 (OCR 2) of port 2. To control the
output level again by the next compare, the value of OCR and
OLVL should be changed. The OCR is set to $FFFF at reset. The
compare function is inhibited for a cycle just after a write to the
upper byte of the OCR or FRC. This is to begin the comparison
after setting the 16 bit value in the register and to inhibit the com-
pare function at this cycle, because the CPU writes the upper byie o
the FRC, and at the next cycle the counter is set to SFFF8.

* For data write to the FRC or the OCR, 2-byte transfer

instruction {such as STX, etc.) should be used.

® input Capture Register (ICR) ($0000 : QOOE)

The input capture register is a 16-bit read-only register which
stores the FRC’s value when external input signal transition gener-
ates an input capture pulse. Such transition is controled by input
edge bit (IEDG) in the TCSR1.

In order to input the external input signal to the edge detector, a
bit of the DDR correspending to bit 0 of port 2 should be cleared
(**0"'). When an input capture pulse occurs by exiernal input signal
\ransition at the next cycle of CPU’s high-byte read of the ICR, the
input capture pulse will be delayed by one cycie. In order to ensure
the input capture operation, a CPU read of the ICR needs 2-byte
transfer instruction. The input pulse width should be at least 2 sys-
tem cycles. This register is cleared ($0000) during reset.

® Timer Control/Status Register 1 (TCSR1) ($0008) _
The timer control/status register 1 is an 8-bit register. All b!ts are
readable and the lower 5 bits are also writable. The upper 3 bits are
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read-only which indicate the foilowing timer status.

Bit 5 The counter vatue reached to $0000 as a result of count-
ing-up (TOF).

Bit 6 A match has occurred between the FRC and the OCR 1
(OCF1).

Bit 7 Defined transition of the timer input signal causes the
counter to transfer its data to the ICR (ICF).

The followings are the each bit descriptions.

Timer Control/Status Register 1

7 6 5 4 3 2 1 0
ICF | OCF1}| TOF | EXCI | EOCH| ETOI| IEDG|OLVLY | $0008

Bit 0 OLVL1 Output Level 1
QLVLI1 is transferred to port 2, bit 1 when a match occurs be-
tween the counter and the QCR 1. If bit 0 of the TCSR2 (OE1) is
set to “‘1”’, OLVLI1 will appear at bit 1 of port 2.
Bit 1 IEDG Input Edge
This bit determines which edge, rising or falling, of input sig-
nal of bit 0 of port 2 will trigger data transfer from the counter to
the ICR. For this function, the DDR corresponding to port 2, bit
0 should be cleared beforehand.
1EDG =0, triggered on a falling edge
(EEHishl’ IO L(Low’ﬂ)
IEDG =1, triggered on a rising edge
(ALLowli ‘0 ‘1Higl1,9)
Bit2 ETOI Enable Timer Overflow tnterrupt
When this bit is set, an internal interrupt (IRQ,) by TOI inter-
rupt is enabled. When cleared, the interrupt is inhibited.
Bit3 EOCI1 Enable Output Compare Interrupt 1
When this bit is set, an internal interrupt (IRQ;) by OCII
interrupt is enabled. When cleared, the interrupt is inhibited.
Bit4 EICt Enable Input Capture Interrupt
When this bit is set, an internal interrupt (IRQ,) by ICI inter-
rupt is enabled. When cleared, the interrupt is inhibited.
Bit 5 TOF Timer Overflow Flag
This read-only bit is set when the counter increments from
$FFFF by 1. Cleared when the counter’s MSB byte ($0009) is
read by the CPU after the TCSR1 read at TOF=1.
Bité  OCF1 Output Compare Flag 1
This read-only bit is set when a match occurs between the
OCR1 and the FRC. Cleared when writing to the OCR1 (3000B
or $000C) after the TCSR1 or TCSR2 read at OCF =1.
Bit 7 ICF Input Capture Flag
This read-only bit is set when an input signal of port 2, bit 0
makes a transition as defined by IEDG and the FRC is transfer-
red to the ICR. Cleared when reading the upper byte ($000D) of

the ICR after the TCSR1 or TCSR2 read at ICF=1.

® Timer Control/Status Register 2 {TCSR2) {$C00F)

The timer control/status register 2 is & 7-bit register. All bits are
readable and the lower 4 bits are also writable. But the upper 3 bits
are read-only which indicate the following timer status.

Bit 5 A match has occurred between the FRC and the OCR2
(OCF2).
Bit 6 The same status flag as the OCF1 flag of the TCSR1, bit 6.
Bit 7 The same status flag as the ICF flag of the TCSRI, bit 7.
The followings are the each bit descriptions.

Timer Control/Status Register 2

7 8 5 4 3 2 1 0
ICF |OCF1]OCF2] — EOCi2rJLVL2 DE2 | OE1 | $000F

Bit0  OE1 Output Enable 1
This bit enables the OLVL1 to appear at port 2, bit | when a
match has occurred between the counter and the output com-
pare register 1. When this bit is cleared, bit 1 of port 2 will be an
1/0 port. When set, it will be an output of OLVL1 automatically.
Bit1 OE2 Output Enable 2
This bit enables the OLVL2 to appear at port 2, bit 5 when a
match has occurred between the counter and the output com-
pare register 2. When this bit is cleared, port 2, bit 5 will be an I/
O port. When set, it will be an output of OLVL2 automatically.
Bit 2 OLVL2 Output Level 2
OLVL2 is transferred to port 2, bit 5 when a match has occur-
red between the counter and the OCR2. If bit 5 of the TCSR2
(OE2) is set to “1”’, OLVL2 will appear at port 2, bit 5.
Bit3 EOCI2 Enable Output Compare Interrupt 2
When this bit is set, an internal interrupt (IRQ;) by OCI2
interrupt is enabled. When cleared, the interrupt is inhibited.
Bit4  Notused
Bith OCF2 Qutput Compare Flag 2
This read-only bit is set when a maich has occurred between
the counter and the OCR2. Cleared when writing to the QCR2
(30019 or $001A) after the TCSR2 read at OCF2=1.
Bité OCF1 Output Compare Flag 1
Bit?7 ICF Input Capture Flag
OCF] and ICF are dual addressed. If which register, TCSR1
or TCSR2, CPU reads, it can read OCF1 and ICF to bit 6 and bit
7.
Both the TCSR1 and TCSR2 will be cleared during reset.
(Note) If OE1 or OE2 is set to **1”" before the first output com-
pare match occurs after reset restart, bit 1 or bit 5 of port 2
will produce ‘0" respectively.
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< HDS301Y0 Internal Data Bus >
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Figure 24 Timer 1 Block Diagram

B TIMER 2
In addition to the timer 1, the HD6301Y0Q provides an 8-bit
reloadable timer, which is capable of counting the external event.
The timer 2 contains a timer output, so the MCU can generate
three independent waveforms. (Refer to Fig. 25.)
The timer 2 is configured as follows:
Control/Status Register 3 (7 bits)
8-bit Up Counter
Time Constant Register (8 bits)

® Timer 2 Up Counter {T2CNT) {$001D)

This is an 8-bit up counter which operates with the clock decided
by CKS0 and CKS1 of the TCSR3. The CPU can read the value of
the counter without affecting the counter. In addition, any value
can be written to the counter by software even during counting.

The counter is cleared when a match occurs between the counter
and the TCONR or during reset.

If the write operation is made by software (o the counter al the
cycle of counter clear, it does not reset the counter but put the write
data to the counter.

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

The time constant register is an 8-bit write only register. It is
always compared with the counter.

When a maich has occurred. the counter match flag (CMF) of
the timer control status register 3 (TCSR3) is set and the value

selected by TOSO and TOS1 of the TCSR3 will appear at port 2, bit
6. When CMF is set, the counter will be cleared simultaneously and
then start counting from $00. This enables regular interrupts and
waveform outputs without any software support. The TCONR is set
to *‘$SFF™ during reset.

® Timer Control/Status Register 3 (TCSR3) ($0018)

The timer control/status register 3 is a 7-bit register. All bits are
readable and 6 bits except for CMF can be written.

The followings are each pin descriptions.

Timer Control/Status Register 3

7 6 5 4 3 2 1 [¢]
CMF |ECMI} — | T2E|TOS1 TOSO|CKS1|/CKS0O| $001B

Bit0  CKSOinput Clock Select0
Bit1 CKS1 Input Clock Select 1
Input clock to the counter is selected as shown in Table 7
depending on these two bits. When an external clock is selected,
bit 7 of port 2 will be a clock input automatically. Timer 2 detects
the rising edge of the external clock and increments the counter.
The external clock is countable up to half the frequency of the
system clock.
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Figure 25 Timer 2 Biock Diagram
Bit4  T2E Timer Z Enabie Bit

Table 7 Input Clock Select

CKS1 CKSO Input Clock to the Counter
0 0 E clock
0 1 £ clock/8°
1 [+ E clock/128"
1 1 External clock

* Thase clocks come from the FRC of the timer 1.If one of these clocks is
selected as an input clock to the up counter, the CPU should not write te
the FRC of the timer 1.

Bit2
Bit3

TOSO0 Timer Output Select 0

TOS1 Timer Qutput Select 1
When a match occurs between the counter and the TCONR
timer 2 outputs shown in Table 8 will appear at port 2, bit 6
depending on these two bits. When both TOSO and TOSI are
0", bit 6 of port 2 will be an I/O port.

Table 8 Timer 2 Output Select

TOS1 TOSO Timer Output
0 o] Timer Output Inhibited
0 1 Toggle Output®
1 0 Qutput 0"
1 1 Qutput “1*

* When a match occurs between the counter and the TCONR, timer 2
output level is revarsed. This Jeads to production of a square wave with
50% duty to the extemal without any software support.

When this bit is cleared, a clock input to the up counter is
inhibited and the up counter stops. When set to ‘1", a clock
selected by CKS1 and CKSO0 (Table 7) is input to the up counter.

{Note) P, outputs *‘0” when T2E bit cleared and timer 2 set in
output enable condition by TOS1 or TOSO. It also outputs
*0” when T2E bit set 1" and timer 2 set in cutpul ena-
ble condition before the first counter match occurs.

Bits  Not Used.

Bité ECMI Enable Counter Match Interrupt

When this bit is set, an internal interrupt (IRQ,) by CMI is
enabled. When cleared, the interrupt is inhibited.

Bit?7 CMF Counter Match Flag

This read-only bit is set when a match occurs between the up
counter and the TCONR. Cleared by writing *‘0** at CMF =1 by
software (unable to write “‘1’* by software).

Each bit of the TCSR3 is cieared during reset.

8 SERIAL COMMUNICATION INTERFACE (SCi)

The Serial Communication Interface (SCI) in the HD6301Y0
contains the following two operating modes: asynchronous mode by
the NRZ format, and clocked synchronous mode which transfers
data synchronously with the clock. In the asynchronous mode, data
length, parity bits and number of stop bits can be selected, and eight
transfer formats are provided.

The SCI consists of the following registers as shown in Fig. 26
Block Diagram.

- Transmit/Receive Control Status Register 1 (TRCSR1)

Rate/Mode Control Register (RMCR)
Transmit/Receive Control Status Register 2 (TRCSR2)
Receive Data Register (RDR)

Recevie Shift Register

Transmit Data Register {TDR)

. Transmit Shift Register

To operate the SCI, initialize the RMCR and TRCSR2, after
selecting the desirable operating mode and transfer format. Next,
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set the enable bit (TE or RE) of the TRCSR 1. Operating mode and
transfer format should be changed when the enable bit (TE, RE) is
cleared. When setting the TE or RE again after changing the operat-

ing mode or transfer format, interval of more than a 1-bit cycle of
the baud rate or bit rate is necessary. If a 1-bit cycle or more is not
allowed, the SCI block may not be initialized.

ol Parity Check,

Ganerator
] TRCSR2
Pas f—o- Receive Shift Register tDRF.IOHFEJTDRE per| ~ [Pen|eor| saL
o sEEE R
N
MsB - LSB . TRCSA1
RDR I-RDRFIBRFE[:TDRE RE| Re | TIE | TE |wu
‘\/, U
HDB301Y0 INTERNAL DATA BUS
ms8 LSB RMCR
TDR — | — |sszjcczfccr|ccafsst|sso
278 nilhe Transmit Shift Register —  Bit Rate [ Timer 1 FRC
Generator  lea—— Timer 2

|

P22 =

Figure 26 SCI Block Dragram

® Asynchronous Mode

Asynchronous mode contains 8 transfer formats as shown in
Fig. 27.

Data transmission is enabled by setting TE bit of the TRCSR1,
then port 2, bit 4 will unconditionally become a serial output inde-
pendently of the corresponding DDR.

To transmit data, set the desirable transmit format with RMCR
and TRCSR2. When the TE bit is set, the data can be transmitted
after transmitting the one frame of preamble (**1°°).

‘The conditions at this stage are as follows.

1) If the TDR is empty {TDRE=1), consecutive 1’s are pro-

duced to indicate the idle state.

2) If the TDR contains data (TDRE=0), data is sent to the

Transmit Shift Register and data transmit starts.

During data transmit, a start bit of ‘0’ is transmitted first. Then
7-bit or 8-bit data (starts from bit 0) is transmitted. With PEN=1,
the parity bit, even or odd, selected by EOP bit is added, lastly the
stop bit (1 bit or 2 bis) is sent.

When the TDR is “‘empty’’, hardware sets TDRE flag bit. If the
CPU doesn’t respond to the flag in proper timing (the TDRE is in
set condition till the next normal data transfer starts from the
transmit data register to the transmit sift register), *‘1*’ is transfer-
red instead of the start bit *°0"” and continues to be transferred till
data is provided to the data register. While the TDRE is *'1°", 0™ is
not transferred.

Data receive is possible by setting RE bit. This makes port 2, bit
3 a serial input. The operation mode of data receive is decided by

the contents of the TRCSR2 and RMCR at first, and set RE bit of
TRCSR1. The first “0" (space) synchronizes the receive bit flow.
Each bit of the following data will be strobed in the middle. If a stop
bit is not *'}”", a framing error assumed and ORFE is set.

When a framing error occurs, receive data is transferred to the
Receive Data Register and the CPU can read the error-generating
data. This makes it possible to detect a line break.

When PEN bit is set, the parity check is done. If the parity bit
does not match the EOP bit, a parity error occurs and the PER bit is
set, not the RDRF bit. Also, when the parity error occurs the
receive data can be read just like in the case of the framing error.

The RDRF flag is set when the data is received without a fram-
ing error and a parity error.

If RDREF is still set when receiving the stop bit of the next data,
ORFE is set to indicate the overrun generation. CPU can get the
receive data by reading RDR. When 7 bit data format is selected,
the 8th bit of RDR is ‘0.

When the CPU read the receive Data Register as a response to
RDRF flag or ORFE flag after having read TRCSR, RDRF or
ORFE is cleared.

(Note) Clock Source in Asynchronous Mode

If CC1:CC0=10, the internal bit rate clock is provided at P,,

regardless of the values for TE or RE. Maximum clock rate is

E+ 16.

If both CC1 and CCO are set, an external TTL compatible clock

must be connected to P,, at sixteen times (16X ) the desired bit

rate, but not greater than E.
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(1 [sTanT] 78it Data | stor |

(2) {sTART| 78it Data | 2stor |

(@) |start] 78t Data [paaiTy| sTOP |

(a) |stan] 78it Data [parry]  2s70r |

(5) |start] 8Bit Data | stor|

6) [sTant| 88it Data [ 2stor |

(1 [s1ani] 8Bit Data JrariTy| sToP |

® [stan] 8Bit Data [parTy]  2sTOP |

Figure 27 Asynchronous Mode Transfer Format.

® Clocked Synchronous Mode

In the clocked synchronous mode, data transmit is synchronized
with the clock pulse. The HD6301Y0 SCI provides functionally
independent transmitter and receiver which makes full duplex
operation possible in the asynchronous mode. But in the clocked
synchronous mode an SCI clock 1/Q pin is only P,,, so the
simultaneous receive and transmit operation is not available. In this
mode, TE and RE should not be in set condition (*‘1")
simultaneously. Fig. 28 gives a synchronous clock and a data format
in the clocked synchronous mode.

1} Data transmit

Data transmit is realized by setting TE bit in the TRCSR1. Port
2, bit 4 becomes an output unconditionally independent of the
value of the corresponding DDR.

-Both the RMCR and TRCSR should be set in the desirable
operating condition for data transmit.

‘When an external clock input is setected and the TDRE flag is
0", data transmit is performed from port 2, bit 4, synchronizing
with 8 clock pulses input from external to port 2, bit 2.

Data is transmitted from bit 0 and the TDRE is set when the
Transmit Shift Register (TSR) is “empty”’. More than 9th clock

{~—————"—"3 Transmit Direction

pulse of external are ignored.

When data transmit is selected to the clock output, the MCU
produces transmit data and synchronous clock at TDRE flag clear.
2) Data receive

Data receive is enabled by setting RE bit. Port 2, bit 3 willbe a
serial input. The operating mode of data receive is dectded by the
TRCSR1 and the RMCR.

If the external clock input is selected, 8 external clock puises and
the synchronized receive data are input to port 2, bit 2 and bit 3
respectively, The MCU put receive data into the receive data shift
register by this clock and set the RDRF flag at the termination of 8
bit data receive. More than 9th clock pulse of external input are
ignored. When RDRF is cleared, the MCU starts receiving the next
data instantly. So, RDRF should be cieared with P,, ‘‘High™’.

When data receive is selected with the clock output, & syn-
chronous clocks are output to the external by setting RE bit. So
receive data should be input from external synchronously with this
clock. When the first byte data is received, the RDRF flag is set.
After the second byte, receive operation is performed by sending
the synchronous clock to the external after clearing the RDRF bit.

Synchronous | I I_I L_' I._.I l._] l—l l—] LJ

clock

Date BitQOIBit1[Bit2fBnt3]Bit4)Bits5]Bit6]Bit7
[~///A Not Valid

+ Transmit data is produced from a falling edge of a synchronous clock to the next falling edge.

* Receive data is 1atched at the rising edge.

Figure 28 Clocked Synchronous Mode Format

¢ Transmit/Receive Control Status Register (TRCSR1)
{$0011)
The TRCSR1 is composed of 8 bits which are all readable. Bits ¢
to 4 are also writable. This register is initialized to $20 during reset.
Each bit functions are as follows.

Transmit/Receive Control Status Register

7 [} 5 4 3 2 1 o]
RDRFjORFE| TDRE[ RIE [ AE | TIE| TE | wu| $0011
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Bit0 WU Wake-up

In a typical multi-processor configuration, the software pro-
toool provides the destination address at the first byte of the
message. In order to make uninterested MCU ignore the
remaining message, a wake-up function is available. By this,
uninterested MCU can inhibit all further receive processing till
the next message starts.

Then wake-up function is triggered by consecutive 1’s with 1
frame length. The software pratocol should provide the idle time
between messages.

By setting 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 by hardware aad then the MCU
restarts receive operation. However, the RE flag should be
already set before setting 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 port 2, bit 4
after one frame preamble in asynchronous mode, while in
clocked synchronous mode it appears immediately. This is
executed regardless of the value of the corresponding DDR.
When TE is cleared, the serial I/0 doesn’t affect port 2, bit 4.

Bit2 TIE Transmit interrupt Enable

When this bit is set, an internal interrupt (TRQ,) is enabled
when TDRE (bit 5) is set. When cleared, the interrupt is
inhibited.

Bit3 RE Receive Enable

When set, a signal is input 1o the receiver from port 2, bit 3
regardless of the value of the DDR. When RE is cleared, the
serial 1/0 doesn’t afffect port 2, bit 3.

Bit4 RIE Receive Interrupt Enable

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

Bit 5 TDRE Transmit Data Register Empty

TDRE is set by hardware when the TDR is transferred to the
Transmit Shift Register in the asynchronous mode, while in
clocked synchronous mode when the TDSR is **empty”. This
bit is cleared by reading the TRCSR1 or TRCSR2 and writing
new transmit data to the TDR when TDRE=1. TDRE is set to
1" during reset.

(Note) TDRE should be cleared in the transmittable state after
the TE set.
Bit 8 ORFE Overrun Framing Error

ORFE is set by hardware when an overrun or a framing error
is generated (during data-receive only). An averrun error occurs
when new receive data is ready to be transferred to the RDR
during RDRF still being set. A framing error occurs when a stop
bit is ““0°". But in clocked synchronous mode, this bit is not
affected. This bit is cleared by reading the TRCSR! or TRCSR2,
and the RDR, when RDRF=1. ORFE is cleared during reset.

Bit7 RDRF Receive Data Register Fuil

RDREF is set by hardware when data is received normally and
transferred from the Receive Shift Register (RSR) to the RDR.
This bit is cleared by reading TRCSR1 or TRCSR2, and the
RDR, when RDRF =1, This bit is cleared during reset.

¢ Transmit Rate/Mode Control Register (RMCR)

The RMCR controls the following serial 1/Q:

- Baud Rate . Data Format

- Clock source . Port 2, Bit 2 Function

- Operatien Mode

All bits are readable/writable. Bit 0 to 5 of the RMCR are cleared
during reset.

Transfer Rate/Mode Control Register

7 8 5 4 3 2 1 0
- - |S52}CC2)CC1|Cco| $81| Ssao| $0010

Bit0  SSO
Bit1 §81 Speed Select
Bit6 S§82

These bits control the baud rate used for the SCI. Table 9 lists
the available baud rates. The timer 1 FRC ($$2=0) and the timer 2
up counter (§52=1) provide the internal clock to the SCL. When
selecting the timer 2 as a baud rate clock source, it functions as a
baud rate generator. The timer 2 generates the baud rate listed in
Table 10 depending on the value of the TCONR.

(Note) When operating the SCI with internal clock, do not per-
form write operation to the timer/counter which is the
clock source of the SCI.

Bit2 cco
Bit3 CCt Clock Control/Format Select*
Bit4 CC2

These bits control the data format and the clock source (refer 1o
Table 11).

* CCO0, CC1 and CC2 are cleared during reset and the MCU
goes 10 the clocked synchronous mode of the external clock
operation. Then the MCU automatically set port 2, bit 2 into
the clock input state. When using port 2, bit 2 as an output
port, the DDR of port 2 should be set to *“1"* and CC1 and
CCO to 0™ and ““1” respectively.

Bit6 Not Used.
Bit? Not Used

® Transmit/Receive Control Status Register 2 (TRCSR2)

The TRCSR2 is a 7-bit register which can select a data format in
the asynchronous mode. The upper 3 bits are the same address as
the TRCSR 1. Therefore, the RDRF, ORFE and TDRE can be read
by either the TRCSR1 or TRCSR2, Bits 0 to 2 of the TRCSR2 are
used for read/write. Bits 4 10 7 are used only for read.

Transmit/Receive Control Status Register 2

7 6 5 4 3 2 1 4]
RDRF |ORFE [TDRE| PER | - | PEN| EOP| SBL| $001E

Bit0  SBL StopBitLength
This bit selects the stop bit length in the asynchronous mode.
If this bit is **0"", the stop bit is 1-bit. If “*1°*, the stop bit is 2-bit.
This bit is cleared during reset.
Bit1 EOP Even/Odd Parity
This bit selects the parity generated and checked when the
PEN is **1". If this bit is ‘0", the parity is even. If **1”, it is odd.
This bit is cleared during reset.
8it2 PEN Parity Enable
This bit decides whether the parity bit should be generated
and checked in the asynchronous mode or not. If this bit is *0"’,
the parity bit is neither generated nor checked. If 1%, it is
generated and checked. This bit is cleared during reset.
The 3 bits above do not affect the SCI opertion in the clocked
synchronous mode.
Bit3  Not Used
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Table 9 SCIBit Times and Transfer Rates

{1) Asynchronous Mode

XTAL 2 4576MHz 4 OMHz 4.9152MHz
§582 S§S1 SSO E 614 4kHz 1.0MHz 1 2288MHz
o] Q 0 E-18 26..5/38400Baud 16,5/62500Baud 1315/768008aud
o O 1 E+128 208,:5/4800Baud 128,s/7812 5Baud 104 2 ;s/9600Baud
o] 1 0 £+-1024 1.67mns/800Baud 1.024ms/976.6Baud | 833.34s/1200Baud
o] 1 1 €+-40396 6.67ms/1508aud 4 096ms/244 1Baud [ 3 333ms/300Baud
1 - - —_— L] * *

*When $S2 is “17", Timer 2 provides SCI clocks. The baud rate is shown as follows with the TCONR as N.

f: input clock frequency to the
Baud Rate = _ﬁw ( tinp;er 2 counte? viet )
N=0~255
{2) Clocked Synchronous Mode *
XTAL 4 OMH2 6 OMH:z B OMH:z 120
582 S§1 SS0 3 1 OMHz 1. 5MHz 2.0MHz 3.0 MHz
0 4] o] E+2 2 us/bit 1 33us/bit 1 us/bit 0.667 us/bit
0 1] 1 E-16 16 .5/bit 10.7us/bit 8us/bit 5.33 us/bit
0 1 ] E-128 128, s/tnt 85 3u5/bit 643/t 42.7 us/bit
0 1 1 E<512 512 us/bn 341 ;5/bit 256,5/bit 171 ps/bit
1 — - - *x * x * %

* Bit rates in the case of inteenal clock operation. In the case of external clock operation, the extemal clock is
uperatable up to DC ~ 1/2 system clock.

** The bit rate is shown as follows with the TCONR as N.
Bit Rate (usfbit) = 4 !T}Hl) (f: input clock frequency to thc)

timer 2 counter
N=0~255

Table 10 Baud Rate and Time Constant Register Example

a.uM 24576MHz | 36864MH; : 4. 0MHz 4.9152MHz 8 OMHz
;
110 21° 32° 1 35° 43" 10*
150 127 191 207 255 51°
300 63 ] 95 103 127 207
600 Nn “ a7 51 63 103
1200 15 23 25 3 51
2400 7 11 12 15 25
4800 3 5 - 7 12
9600 1 2 - 3 -
19200 0 - - 1 -
38400 - - - 0 -

* E/8 clock is input to the timer 2 up counter and E clock otherwise.

Table 11 SCI Format and Clock Source Control

€C2 CCt CCO | Format Mode Ciock Source |Port2,8it2 | Port2,Bit3 | Port2,Bit4

0 0 0 8-bit data | Ciocked Synchronous | External Input
[+] [ 1 B-bitdata | Asynchronous Internal Not Used"*

bit d A h | | o . When the TRCSR 1, RE bit is 1",
0 1 o B-bit data synchronous nterna utput bit 3 is used as a serial input.
0 1 1 B-bit data | Asynchronous External Input
1 [+} o B-bit data [ Clocked Synchronous | Internal Qutput
1 0 1 7-bitdata | Asynchronous Internal Not Used™* When the TRCSR1. TE b .

) . en t 1, itis 1",

1 1 4] 7-bit data | Asynchronous Internal Output bit 4 is used as a sarial output,
1 1 1 7-bitdata | Asynchronous External Input

* Clock output regardless of the TRCSR1, bit RE and TE.
** Not used for the SCI.
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Bit4 PER Parity Error

This bit is set when the PEN is “1 and a parity error occurs.
It is cleared by reading the RDR after reading the TRCSR2,
when PER=1.

Bit5 TDRE

Transmit Data Register Empty
ORFE

Overrun/Framing Error
RDRF

Receive Data Register Full

Bité

Bit7

RDR read cycle {RDRF clear)

* Each flag of the TDRE, ORFE, and RDRF can be read from
either the TRCSR1 or TRCSR2.

W PRECAUTION 1

In the synchronous clocked receive operation with clock-
output, there are three cases for clock pulse timing after RDRF
clear as shown below.

Please consider above in designing system, since transmitting/
receiving time is not uniform.

bit 0 bit 1
clock-output I I |
case 1
ty bit0
case 2 L l l
ki bit 0
case 3 I I l
{note} Whenbitrateis E/2, ty =E, and t,=2E.
E/1B, 1 = BE, 1, = 16E.
E/128, t, = 64E, t, = 128E.
E/512, t, =256E, t,=512E.
Precaution 1 Diagram

The clock-output of casel or case 2 is determined by “1” or
“0” of SCI internal operation clock of RDRF clearing cycle. In
addition, in the case of low voltage operation (V. < 4.5V), the
clock-output of casel may transfer to case 3.

B PRECAUTION 2

When transmitting through clock-synchronous serial communi-
cation interface, TE bit should not be cleared with TDRE of TRCSR
($11) is “0”.

The TDRE set and clear conditions of SCI are shown as follows.

If transmit data is written to TDR, and then TE bit is cleared with
TDRE = 0 to stop transmitting, TDRE remains “0”.

In this case, even if TE bit is set and transmit data is written again,
the TDR data is not transmitted.

Please note that TE bit must be cleared after the last data has been
transmitted.

(This caution is not appiied to asynchronous serial communica-
tion interface.)

G HITACHI

Set condition Clear condition

1. TDR — transmit When writing to TDR
shift register after TRSCR read,
(asynchronous) with TDRE = 1, TDRE

TDRE | 2. Transmit shift is cleared.

register is empty.
(clock-synchronous)

3. RES§ =0
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® TIMER, §C| STATUS FLAG
Table 12 shows the set and reset conditions of each status flag in
the timer 1, timer 2 and SCI.

Table 12 Timer 1, Timer 2 and SC! Status Flag

Set Condition Clear Condition
PBCSR 1S FLAG Falling edge input to P54 s) 1. Read the PBCSR then read or wtite the
PORTS, when IS FLAG = 1
2. RES =0
ICF FRC — ICR by Rising or Falling edge input to 1. Read the TCSR1 or TCSR2 then ICRH,
P2 when ICF = 1
(Selecting with the IEDG bit) 2 BES =0
OCF1 OCR1 = FRC 1. Read the TCSR1 or TCSR2 then write to
the OCR1H or OCR1L, when OCF1 =1
Timer 2. RES=0
1
OCF2 OCR2 = FRC 1. Read the TCSR2 then write 1o the OCR2H
or OCR2L, when OCF2 = 1
2. RES=0
TOF FRC = $FFFF + 1 cycle 1. Read the TCSR1 then FRCH, when
TOF = 1
2. RES =0
Timer CMF T2CNT = TCONR 1. Write 0" to CMF, when CMF = 1
2 2 AS=0
RORF Receive Shift Register — RDR 1. Read the TRCSR1 or TRCSR2 then RDR,
when RDRF = 1
2. RES =0
ORFE 1. Framing Error {Asynchronous Mode) 1. Read the TRCSR1 or TRCSR2 then RDR, when
Stop Bit =0 ORFE = 1
2. Overrun Error [Asynchronous Mode) 2. RES =0
Receiva Shift Register — RDR when
SCl RDRF = 1
TDRE 1. Asynchronous Mode Read the TRCSR1 or TRCSR2 then write to the
TDR — Transmit Shift Register TDR, when TDRE = 1
2. Clocked Synchranocus Mode
Transmit Shift Register is “empty” Note) TDRE should be reset after the TE set.
3. RES =0
PER Parity when PEN=1 1. Read the TRCSR2 then RDR, when PER=1
2. RES=0
(Note} — ; Transfer = ; equal ICRH; Upper byte of ICR OCR1L; Lower byte of OCR1
OCR1H; Upper byte of OCR1 QOCR2L; Lower byte of OCR2
OCR2H; Upper byte of OCR2 FRCH; Upper byte of FRC
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B LOW POWER DISSIPATION MODE
The HD6301Y0D provides two low power dissipation modes,

sleep and standby.

¢ Sleep Mode

The MCU goes to the sleep mode by SLP instruction execution.
In the sleep mode, the CPU stops its operation, while the registers’
contents are retained. In this mode, the peripherals except the CPU
such as timers, SCI, etc. continue their functions. The power dis-
sipation of sleep-condition is one fifth that of operating condition.

The MCU returns from this mode by an interrupt, RES or
STBY, it goes to the reset state by RES and the standby mode by
STHY. When the CPU acknowledges an interrupt request, it cancels
the sleep mode, returns to the operation mode and branches to the
interrupt routine. When the CPU masks this interrupl, it cancels
the sleep mode and executes the next instruction. However, for
example, if the timer 1 or 2 prohibits a timer interrupt, the CPU
doesn’t cancel the sleep mode because of no interrupt request.

This sleep mode is effective to reduce the power dissipation for a
system with no need of the HD6301Y0's consecutive operation.

¢ Standby Mode

The MCU goes to the standby mode with the STBY *‘Low’’ or
by clearing the STBY flag. In this mode, the HD6301Y0 stops all
the clocks and goes to the reset state. In this mode, the power dis-
sipation is reduced to several 4 A. During standby, all pins, except
the power supply (Voc, Vgs), the STBY, RES and XTAL (which
outputs **0"), go to the high impedance state. In this mode, power
(V) is supplied to the HD6301YQ, and the contents of RAM is
retained. The MCU returns from this mode during reset. When the
MCU goes to the standby mode with STBY “‘Low™, it will restart at
the timing shown in Fig. 29(a). When the MCU goes to the standby
mode by clearing the STBY flag, it will restart only by keeping the
RES “‘Low” for longer than the oscillating stabilization time.
(Fig. 29(b))

L Vce ——
1 NMI
{¢
)
__ |
——{ NMI |
1
[
HDB301Y0 o |
3 RES |
STBY | 1t 1
. l
|> 2 |
p— = |
I | }
L I
4 STBY | '
| —i} ‘
[ |
N I : '
st >le—]
Vsg Vss Standby Mode O—]Oscillntol
O Save Registers Start !
& RAM/Port § Control Register Set Time -
Restart
(a)} Standby Mode by STBY
L Ve
1t —
RES
HDE301Y0
]
* ! i
STEY | ! i
1 o] o)
T__b_ ! Standby Mode | :
i .
OSTBY FLAG o g:':ri:"'”i
I al
st Time  iRestart
RES
Vss Vss

j (b) Standby Mode by the STBY Flag

Figure 29 Standby Mode Timing
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® TRAP FUNCTION

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

& Op Code Error

When fetching an undefined op code, the CPU saves registers as
well as a normal interrupt and branches to the TRAP ($FFEE,
SFFEF). This has the priority next to reset.

® Address Error

When an instruction fetch is made excluding internal ROM,
RAM and external memory area, the MCU generates an interrupt
as well as an op code error. But on the system with no memory in its
external memory area, this function is not applicable if an instruc-
tion fetch is made from the external non-memory area. Table 13
provides addresses where an address error occurs to each mode.

This function is available only for an instruction fetch and is not
applicable to the access of normal data read/write.

Table 13 Addresses Applicable to Address Errors

Mode 1 2 3
$0000 $0000 $0000

{ ! !
Address $0027 $0027 $003F
$0140

!
$BFFF

(Note) The TRAP interrupt provides a retry function differently
from other interrupts. This is a program flow return to the
address where the TRAP occurs when a sequence returns
to a main routine from the TRAP interrupt routine by
RTL The retry can prevent the system burst caused by
noise, etc.

However, if another TRAP occurs, the program repeats
the TRAP interrupt forever, so the consideration is
necessary in programming.

® INSTRUCTION SET
The HD6301Y0 provides object code upward compatible with
the HD6801 1o utilize all instruction set of the HMCS6800. It also
reduces the execution times of key instructions for throughput
improvement.
Bit manipulation instruction, change instruction of the index
register and accumulator and sleep instruction are also added.
The followings are explained here.
. CPU Programming Model (refer to Fig. 30)
+ Addressing Mode
. Accumulator and Memory Manipulation Instruction (refer to
Table 14)
New Instruction
Index Register and Stack Manipulation Instruction (refer to
Table 15)
Jump and Branch Instruction {refer to Table 16)
Condition Code Register Manipulation (refer 1o Table 17)
Op Code Map (refer to Table 18)

® Programming Model

Fig. 30 depicts the HD6301Y0 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.

¥
A 1]7 [ B8 Accumurstors A sad B
s o o] © 168t Double Accumulstor O

Iu x EI Indes Asgeter X
s sp o] Stack Pairner (591
Iv_s PC af #rogrem Countm (AC)

1 []

Ijlllﬂl IINlI V!jl Condsuion Code Ragemie |CCRI

t Catey/Botrow lrom NS

Overtiow

Zeco

Negorive

Inerrupt

Hatt Caery (From Bit 3)

Figure 30 CPU Programming Model

® CPU Addressing Mode

The HD6301Y0 provides 7 addressing modes. The addressing
mode is determined by an instruction type and code. Tables 14
through 18 show addressing modes of each instrution with the
execution times counted by the machine cycle.

When the clock frequency is 4MHz, the machine cycle time
becomes microseconds directly.
Accumulator (ACCX) Addressing

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

This addressing locates a data in the second byte of an instruc-
tion. However, LDS and LDX locate a data in the second and third
byte exceptionally. This addressing is a 2 or 3-byte instruction.

Direct Addressing

In this addressing mode, the second byte 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 area in configurating 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 byte shows the upper 8 bit of the data
stored address and the third byte the lower 8 bit. This indicates the
absolute address of 3 byte instruction in the memory.

Indexed Addrassing

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 address
is retained in the temporary address register, so the contents of the
index register doesn't change. This is a 2-byte instruction except
AIM, OIM, EIM and TIM (3-byte instruction).

Implied Addressing

An instruction itself specifies the address. This is, the instruction
addresses a stack pointer, index register, etc. This is 2 one-byte
instruction.

Relative Addressing

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

(Note) CLI, SEI Instructions and Interrupt Operation
When accepting the IRQ at a preset timing with the
CLI and SEI instructions, more than 2 cycles are neces-
sary between the CLI and SEI instructions. For exam-
ple, the following program (a) (b) don’t accept the IRQ
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but (c) accepts it. ’ ’

. . CLI

CLI cLi NoP
SEl NOP NoP
. SE! SEI
(@) (b) ©

The same thing can be said to the TAP instruction instead of the CLI and SE instructions. |

Table 14 Accumulator, Memory Manipulation Instructions

Condition Codk
Addressing Modes Register
Opermians Memanic - WMED T DIRECT | INDEX |ENTENG | WMPLIED _ Boalean/ s[4j3[2]1]0
Arithmetic Operation

QP [~ |#|OP|~ |#|OP |~ |» |OP {~ |% |OP|~ =& Hil[NjZV]C

Add ADDA |88 [2]2 (98|23 ]2]|aB|a 2 BB |43 A+ M-+ A 1feft]efs]s
ApDB  |ce|2|2[oels[2]es|a[2iFB s ]a B+M—B tfe]s]sft]t

Add Double ApDDD [cC3(3|3|Dafs]2|e3]|g(2F3|5]3 A-B+M:Me1-AB |eleft|tls]s
Add Accumulstors ABA 1IB|1|1]|A+B~A ettt
Add With Carry ADCA 189 [2]2 (99 [3!2]|a0]4[2 |89 s 3 A+M+C~A tle]e]sfe]s
ADCa Cg {2[2|D9|312|€9 /4 2|F9 |4]3 B+M+C—~B 1ielaftit]e

AND ANDA |84 [2]|2[0a [3[2]|aaai2|Ba |42 AM—A eie]1]t|R]e
ANDB 2|2 |p4]3[2]|ea|aj2iFa a3 B-M—~B eisji|1|nle

Bit Test BIT A 85 [2]2[95 [3i2]|as5 {42 {85 [a |3 A-M eleft]1[R]e
BIT B cs [212]|os{3[2]es a2 [F5]a |3 B-M eisft|1|R]e

Clear CLR 6F (512 17F |53 00—~ M eleR]s[RTR
CLRA 4F (1 /Y ]00—-A e |e|R|SRR

CLRB sF1111]/00-8 eieR|S[RIR

Compare CMPA g [2]2fmn (3 [2]ar]a]2|B1ia]s aA-M elelaf1[tit
cmeg ci|2]|2jp1i3[2]er a2 |Friala B-M efef1lels]s

et ators cBA nii|1ia-8 eleft|tls|s
Complement, 1's COM 63|62 |73 (6|3 MM efe]t{1{R]S
COMA B[t [A-a eie [1[1|R]S

cOM8 s3[1]1]8 -8 eje (1]t jR]S

Complement, 2's NEG 60 |6[2 {70 |6 |3 00-M—~M elef1]1}0;®
{Negate) NEGA 40 |1 ]1]00-A—~A oo 1]1|O@
NEGB 50 [1[1[00-B—+8 ele|t]t|@i@

Decimal Adjust. A | DAA 19 |21 O e forma | [* 1|1 [ @
Decrament DEC 6A |62 |[7A |6 |3 M-1-m [RCRERERT]1E)
DECA T it[a-1 <A elel1|ti@|e

DECS SA |1 (V|B-1—~B e |oil]t|Dfe

Exclusive OR EORA (88 [2 (298 [3 ]2 [a8 a2 ]88 a3 A@BM—~A sfeiz|t]r]e
EORE c8 [2]2fos(3|2[es a2 (Fa8 (a3 B®M~ B elel1[1[R]e

Increment INC 6C 612 {7C |6 |3 M+1 —-M LELEERERL: 1L
INCA AC |1 {1 [A+1 - A e leli]|t (B

INCB 5C|(1{1/B+v1—~8 elelr]|t|B]e

Losd LDAA |86 (2296 |3 ]2]|A6i4a]2 |B6 |43 M~ 4 ejeft|i[r]e
Accumulator LDAB c6 [2]2 063 l2[ecial2[reala M-8 slelt]tin]e
220 Qouble LDD cc |33 |oc|a (2 |€cis |2 [Fc|s (3 M\*F\/B;MaA elels|t|n]e
Multiply Unsigned MUL |[7(1laxB~-a B sjsjelaie|®
OR, Inclusive ORAA [BA (2|2 [aa]|3[2]aala]2]BA]als A+M—~A efe[t[i]R]e
ORAB calz]z[oaj3[2Teala 2 [Fala B+M—~ B OB BEC

Push Dats PSHA 36 {41 |A-Mp, SP-1-5P o |e[efele]e
PSHB 37411 (B~ Msp SP-1-SP a(e]|e]osle

Pull Dsta PULA 323 (1 |SP+1-5P Mp—~ A o(e|o|o afe
PULB 33[3(1[(SP+1+5P Myp+ B als|e|e|0]e

Rotete Lett ROL 69 |6|2 (79 |83 " [EERENRE IR
ROLA 4911.]@ NOBB0E

AOLB S|11]e ¥ SRR

Rotsts Right ROR 66 |6|2:76 |63 "] LBEREAERI IE
RORAB 56 [1f1]® oefit|®]:

(Note} Condition Code Register will be explained in Note of Table 17 {continued)
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Table 14 Accumulator, Memory Manipulation Instructions

Addressing Modes Con%n:::"?odo

Oparstions Mnemonic | \MMED | DIRECT | INDEX |EXTEND | IMPLIED A,iw:ﬂ?c";ﬂ.m 5]ajal2]1]0
op|~|#|op|~ |x|op|~|n|op|~|¥|op|~|# wirinjz|vic

Shift Left ASL 68 6(2]18 |63 - - oo ftit|@)fs
Arithmetic ASLA a8 [11]a ofe[s 1T (O
ASLE sg[1]1]el € @ w efe [Tt I®]1

oot Anhmenic | ASLO o5 |1 |1 [T Jes [o[o |11 103
Shift Right ASR 67 6277 [6]3 " — BOBBCE
Arithmatic ASRA 7114 QEEIIEED-(;I s e [s[s @O
ASRE s ] * 3O0BCE

Shift Right LSA 64 (62 (74 [613 " . ole|[R2[B
Logical LSRA a1 A]O’mbg o e |R 1B
LsAa sa 11 ]® " * BOLOBCE

—— g

mlt;hiz:l LSAD o4 (1|1 |0 . e (o R|3 b 1
Stors STAA 97 |3 12 |AT7|4 |2 |87 |4 |3 A= M LR ERL L]
Accumulator £TAB 7|32 [er|alz[F7r (a3 BE-M ele[t]1]|R]e
Stors Doute sTO oo|a |2 |eos |2 |fo s |3 A-M oleltlsi®]e
Subtract susa |80 [2]{2[s0]|3 {2 n0]a2]B0[a]a A-M_aA slslt]t 8]t
5u8B | co |22 |Do|3 |2 €0 |4 |2 [F0 (a3 8-M—8 ss 3t 1 3

Double Subtract suso |83 [3]3leaa |2]a3]s5 |2 |83 (s |3 A B-M: M+1-A:8 |»|s|t|s|t]s
S ors 58A 10|11 {a-a-a ofofs]sls]s
Subtrect SBCA |82 (22|92 |3 |2 |A2[4 |2 |B2 |4 |3 A-M-C—~A o e[t [t (2]t
With Carry S8CB | C2 |22 |DZ|3 |2 |€2 |4 |2 [F2 |4 |3 8-M_-C—B e lelt{t]s ]t
Transter TAB 6 l1{1[Aa-8 s ieit|i1iR|e
Accumulstors TBA D slelt[t|R]e
Test Zero or TST eolal2]0]ala M- 00 sielt|t|R]R
Minus TSTA a0 11 [a-00 elelt|1IR|R
TsT8 50118 -o00 e (t[3IR|R

And Immediste AIM 7163|8173 M-IMM M sle 1|1 [R]e
OR Immediate oM 712(8[3]62|7 |3 M4 IMM M eleft{1[r]e
EOR Immediate EM 75| 6(3|65| 7|3 MEIMM —M ole 1] r]e
Tast Immediate TIM 7843 188|523 M. IMM elo|l|i|R]e

(Note) Condition Code Register will be explained in Note of Table 17
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® Additional Instruction ™ ........... M) - (IMM)
In addition to the HD6801 instruction set, the HD6301Y0 pre- Executes ““AND’* operation to immediate data and changes
pares the following new instructions. the relative flag of the condition code register.
AIM ... M) . (IMM) — (M) These are the 3-byte instructions; the first byte is op code, the
Executes ‘““‘AND” operation to immediate data and the second immediate data and the third address modifier.
memory contents and stores its result in the memory. XGDX ......... (ACCD) - (IX)
OM ........... M) +(IMM) — (M) Exchanges the contents of aocumulator and the index
Executes **OR’" operation to immediate data and the memo- register.
fy contents and stores its result in the memory. SLP
EIM ........... (M@ (IMM) — (M) Goes to the sleep mode. Refer to “LOW POWER DISSIPA-
Executes “EOR” operation to immediate data and the TION MODE" for more details of the sleep mode.

memory contents and stores its result in the memory.

Table 15 Index Register, Stack Manipulation Instructions

Addrassing Modes o COng::.:g"Cod'

Pointer Operations | Mnemonic [ [uiie | DIRECT | INDEX |EXTEND [IMPLIED | Arithmetic Operation [S{al3f2f1]0
of|~|#fOP]|~ % |OP|~i%[OP|~|#|OP|~(» HiIIN[Z]VIC

Compare Index Reg CPX ac|3jalac |[a{2]|AC|5]|2BC 513 X-MM+1 (AL B LB REL
Decremant Index Reg DEX 089141 [X-1-X slafeli]|o]|s
Decrement Stack Pntr DES 34 (1|1 |SP—1~5SP o(ale|ninle
Incremant Index Reg INX 08 [T (1 IX+1 =X e (nlaftlein
Increment Stack Pntr INS 3t [t |1 [$P+1 5P ejo|elo|e|e
Load Index Aeg LOX CeE{3|3|pE|e|2]|EE|S5|2|FE[5)3 M= Xy, (Ms1) =X (sisiD|t[R[e
Load Stack Pntr LOS 8E 3|3 |9E |42 |AE|S[2|BE|5]|2 M+ SP L (Ms1)SP [ e]|e FIBLE
Store Inden Reg STX OF 14 |2 (EF (S|2[FF|5[2 Ky =M X ~(M+1) sin D|s[R][e
Store Stack Pntr STS EOBEOBEBE SPy =M. 5P ~ M+t [ [0 ID[t[R}e
index Reg -~ Stack Pnu | TXS 1 B[] 1 X-1-8P osin|o|o]e|e
Stack Pntr — Index Reg! TSX Wl1]|1 |SPr1-X oin ejeje]|e
Aad ABX JAFY | (BeX—-X sise(ajo|e
Push Data PSHX IC| s !L—‘M',.SFAASP sle|o(ejo|e

Xpy = My, SP -1~ SP
Pull Data PULX i 3B [a1[SPer1-SP Mg =Xy [#|os]|s]e]e
SP &1~ SP My — Ky
Exchange XG0oX 1812 )1 [ACCD:-IX (AL IE AR AL

(Note) Condition Code Register will be explained in Nete of Table 17.
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Table 16 Jump, Branch Instruction

Addressing Modes Condition Code
Rugister
Opweatiom Mnemonic e ATIVE | DIRECT | INDEX | EXTEND |IMPLIED Beanch Test sialafa]1]o
OP|~|w |OP|~|# |OP|~ |#1OP |~ [#  OP|~ | # HIIIN|Z|VC
Branch Alwsys BRA 200 3|2 None eisje s ae
Branch Naver BAN 203|2 None alsjole|s|e
Branch If Carry Clesr BCC 24|32 C=0 efo|a|e(a|s
Branch i Carry Set acs 2%3|2 C=1 elefefofefe
Branch H = Zero B8EQ 27132 Z=1 sle(ole efe
Branch H » Zero BGE 2132 N®Vv=0 elsjsjaje|e
Branch i > Zero B8GT 2€132 Z+IN@VIeO ele e|ois|e
Branch Hf Higher BHI 22132 C+Z=0 sje|o|eia|a
Branch i < Zero BLE 261312 Z+(IN@ V= ole|o|oe|e
g:::h it Lower Or 8LS 23132 C+Z=1 s|eiolnje]|e
Branch if < Zaro 8LT 20(3|2 N@V-t o(oiele

Branch If Minus BMI 3|2 N=1 [BERERL BT R ]
g:::eh t Not Equal BNE 26(3]2 z-0 eleio|elole
Branch 1f Overllow evc 28|32 V=0 oleiolalele
Branch 1f Overflow Set avs 29| 3|2 VAR eje oo ele
Branch If Plys BPL 2A1 32 N=0 sje|s (o s
Branch To Subrouting 8sR 80| 5|2 ele (e 0|0 e
Jump Jmp 6E | 3 7€ (3 |3 ele (o |a|s |0
Jump To Subroutine JSR 90 |5]|2 |AD{5 |2 {(BD |6 |3 olo e (@ (a]s
Ne Operation NOP ot 8::':"“' Prog. Crtr, sle|o|als]|s
Return From Interrupt RT{ 3B o _ —_—
g::r';“u::m ATS ‘ s |1 s|e e |0 jse
Softwers Interrupt Swi IF [12]1 e |S|e e le

Wit for Interrupt® WA JE ¢ [ L) .
- SLP 1A]4 11 ele el

(Notel *WAI puts R/W high; Address Bus goes to FFFF; Data Bus goes to the three state.
Condition Code Register will be expiained in Note of Table 17.
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Tabie 17 Condition Code Register Maniputation Instructions

ddrestingMod Condition Code Registar
Operstions Mnamonic IMPLIED Boolean Operation S 4]3[2]1](0
oP | ~ | » H 1|N[2]|V |C
Clage Corry cLC oc |1 1 0-+C MR ERERERE]
Chear Interrupt Mask €Ll OE 1 1 [ ] «a|A|es |eo|e e
Clesr Overfiow cLv OA 1 1 0~V | e | | R |
Set Corry SEC o |1 | 1-+C MEREERERERE]
Set Interrupt Mask SEI OF t 1 =1 e |Sje|e]e o
Sat Overflow SEV 08 1 {1 1=V e | e jele|S e
Accumulator A « CCR TAP [ 1| A+ CCR [13
CCR — Accumulstor A TPA 07 [ 1 [ CCR ~ A elajelefeale

LEGEND

OP Operation Code {Hexadecimal}
~  Number of MCU Cycles
Mgp Contents of memory location pointed by Stack Pointer

CONDITION CODE SYMBOLS

Halfcarry from bit 3 to bit 4
interrupt mask
Negative (sign bit)

Hitachi America, Ltd. ® Hitachi Plaza » 2000 Sierra Point Pkwy. = Brishane, CA 94005-1819 = {415) 589-8300

H
I
N
#  Number of Program Bytes 2 Zeroibyte)
+  Arithmetic Plus vV QOverflow, 2's complement
- Arithmetic Minus C  Carry/Borrow from/to bit 7
®  Boolesn AND R Reset Always
+ Boolesn Inclusive OR S Set Always
® Boolean Exclusive OR 4 Setif wrue after test or clear
M Complemeant of M ®  Not Affected
- Transfer into
0 Bit= Zero
00 Byte = Zero
{Notel Condition Code Register Notes: (Bit set if test is true and cleared otherwise)
M Bitv) Test: Result = 100000007
@ (BitC) Test: Result k 000000007
@ (BitC) Test: BCD Character of high-order byte greater than 10?7 (Not cleared if previously set]
@ (Bt V) Test: Operand = 10000000 prior to execution?
® Bitw Test: Operand = 01111111 prior to execution?
{Bit V) Test: Set equal to N@ C = 1 after the execution of instructions
@ (Bt N) Test: Result less than zero? (Bit 15=1)
{All Bit)  Load Condition Code Register from Stack.
@ (Bt Set when interrupt occurs. I previously set, a Non-Maskable Interrupt is required to exit the wait state,
3@ (Al Bit)  Set according to the contents of Accumulator A.
im (et C) Result of Multiplication Bit 7=17 {(ACCB)
Table 18 OP-Code Map
oP ACC | ACC ND EXT . ACCA or SP ACCB or X
CODE A B DIR | MM | DIR | IND | EXT [ iMm | DIR [ IND | EXT
HI 0000 | 0001 | 0010 | OOFE | 0100 | 010V | 010 | QU1 | 1000 | 1000 | 1000 | 101t | 1100 | 1001 | g | 1nt
Lo [ 1 H 3 ] 5 [ 7 ] ] A B8 c o E F
000 | 0 SBA | BRA TSX NEG suB 0
0001 | } [ NOP [ CBA [BAN |INS AIM CMP 1
0010 | 2 BHI | PULA OIM S8C H
0011 | 3 BLS PULB COoMm suUBD r ADDD 3
0100 , 4 | LSRD BCC DES LSR AND L]
0101 | 3 | ASLD BCS | Txs EIM BIT ]
0110| 8 [TAP | TAB | BNE | PSHA ROR LDA [
e} 7 [ TPA [TBA [BEQ |PSHB ASR STA L1 STA 7
1000 [ 8 | INX XGDX| BYC | PULX ASL EOR ]
100119 | DEX | DAA |BVS |RTS ROL ADC L]
WA |CLY | SLP BPL ABX OEC ORA A
101178 SEV [ABA |BMI | RTI TIM ADD B
nujc |CLC BGE PSHX INC cPX LDD c
1o | o | SEC BLT | MUL TST = JSR STD [}
HiejE |CLl BGT | WAL JMP Los LDX £
"N | F| SE BLE | Sw CLR STS STX F
0 [ 2 3 « Ts Ts | ’ s {alelc o e [F
UNDEFINED OP CODE =)
* Onty sach instructions of AlM, OIM, EIM, TIM
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8 CPU OPERATION
® CPU instruction Flow
When operating, the CPU fetches an instrution from a memory
and executes the required function. This sequence starts with RES
cancel and repeats itself limitlessly if not affected by a special
instruction or a control signal. SWI, RTI, WAI and SLP instructions
change this operation, while NMI, TRQ,, TRQ,, IRQ,, HALT and
control it. Fig. 31 gives the CPU mode transition and Fig. 32
the CPU system flow chart. Table 19 shows CPU operating states

and port states.

¢ Operation at Each Instruction Cycle

Table 20 shows the operation at each instruction cycle. By the
pipeline control of the HD6301Y0, MULT, PUL, DAA and XGDX
instructions, etc. prefetch the next instruction. So attention is
necessary to the counting of the instruction cycles because it is
¢_:liﬂ"erent from the usual one—from op code fetch to the next
instruction op code.

Standby
Mode

STBY=0

Sleep
Mode

Figure 31 CPU Operation Mode Transition

Table 19 CPU Operation State and Port State

Port Mode Reset STBY**** HALT"*® Sleep
Port 1 Mode t, 2 H T T H
(AOto AT) Mode 3 T Keep
Mode 1, 2 Keep
Port 2 T T Kee
Mode 3 i
Port 3 Mode 1, 2 T T T T
[DOto D7) Mode 3 Keep
Mode 1 H T H
Port 4 csses
(AB 10 A15) Mode 2 T T
Mode 3 Keep
Mode 1, 2 Keep
Port 5 T T K
° Mode 3 oep
Mode 1, 2 K
Port 6 T T =t Keep
Mode 3
Mode 1, 2 * o °
Port 7 T
Mode 3 T Keep

H: High, L;Low, T, Highlmpedance

Keep; The output port is retained. and the input port goes to the high impedance state.

* RO, WR, R/W,TIR = H.BA =1L
" RDLWR AW =T.URBA=H
*** HALT is unacceptable in mode 3.
**** E pin goes to high impedance state.
*e**° Address output pin = H
Inputport =T
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Table 20 Cycle-by-Cycle Operation

Address Mode &

. Cycles| Cvcie Address Bus R/W | RO | WR LI Data Bus
Instructions #
IMMEDIATE
ADC ADD 1 Op Code Address+ 1 1 0 1 1 Operand Data
AND BIT 2 Op Code Address+2 1 0 1 0 Next Op Code
CMP EQR 2
LDA ORA
SBC SuB
ADDD CPX 1 Op Code Address+1 1 [») 1 1 Operand Data (MSB)
LDD LDS k] 2 Op Code Address+2 1 o] ] 1 Operand Data (LSB)
LDX susD 3 Op Code Address+3 1 4] 1 Q Next Op Code
DIRECT
ADC ADD 1 Op Code Address+1 1 [¥) 1 1 Address of Operand {LSB)}
AND BIT 2 Address of Operand ] 0 1 1 Operand Data
CMP EOR 3 3 Op Code Address+2 1 0 1 0 Next Op Code
LDA ORA
SBC Sus
STA 1 Op Code Address+ 1 1 0 1 1 Destination Address
3 2 Destination Address 0 1 0 1 Accumulator Data
3 Op Code Address+2 1 (o] 1 0 Next Op Code
ADDD CPX 1 Op Code Address+ 1 1 0 1 1 Address of Operand (LSB}
LDD LDS 4 2 Address of Operand t o] 1 1 Operand Data {MSB)
LDX SUBD 3 Address of Operand+1 1 0 1 1 Operand Data (LSB)
4 Op Code Address+2 1 o] 1 0 Next Op Code
STD STS 1 Op Code Address+ 1 1 0 1 1 Destination Address (LSB)
STX 4 2 Destination Address 0 1 0 1 Register Data (MSB)
3 Destination Address+ 1 0 1 0 1 Register Data (LSB)
4 Op Code Address+2 1 0 1 4] Next Op Code
JSR 1 Op Code Address+1 1 0 1 1 Jump Address (LSB)
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer 0 1 0 1 Return Address [LSB)
4 Stack Pointer—1 0 1 0 1 Return Address (MSB)}
5 Jump Address 1 0 1 4] First Subroutine Op Code
TiM 1 Op Code Address+1 1 0 1 1 Immediate Data
4 2 Op Code Address+2 1 0 1 1 Address of Operand (LSB}
3 Address of Operand 1 0 1 1 Operand Data
a4 Op Code Address+3 1 o] 1 [+] Next Op Code
AlM EIM 1 Op Code Address+ 1 1 [¢] 1 1 immediate Data
OiMm 2 Op Code Address+2 1 0 1 1 Address of Operand {LSB)
6 3 Address of Operand 1 0 1 1 Operand Data
4 FFFF 1 1 1 1 Restart Address (LSB)
5 Address of Operand 0 1 0 1 New Operand Data
6 Op Code Address+3 1 4] 1 0 Next Op Code
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Ad:‘::smﬁ::: & T cyctes CV;'O Address Bus RAW | RD | WR | TIR Data Bus
INDEXED
JMP 1 Op Code Address + 1 1 0 1 T Offset
3 2 FFFF 1 1 1 1 Restart Address (LSB)
3 Jump Address 1 0 1 [+] First Op Code of Jump Routine
ADC ADD 1 Op Code Address+ 1 1 0 1 1 Offset
AND BIT 2 FFFF 1 1 1 1 Restart Address (L5B)
CMP ECR a 3 IX+Offset 1 0 1 1 Operand Data
LDA ORA 4 Op Code Address+2 1 0 1 0 Next Op Code
SBC suB
TST
STA 1 Op Code Address+1 1 0 1 1 Offset
a 2 FFFF 1 1 1 1 Restart Address (LSB)
3 IX +Offset 0 1 o] 1 Accumulator Data
4 Op Code Address +2 1 o] 1 [4] Next Op Code
ADDD 1 Op Code Address+ 1t 1 [4) 1 1 Offset
CPX LDD 2 FFFF 1 1 1 1 Restart Address (LSB)
LDS LDX 5 3 1X +Offset 1 0 1 1 Operand Data (MSB)
SUBD 4 IX+Offset+1 1 0 1 1 Operand Data {LSB)
5 Op Code Address+2 1 v} 1 o) Next Op Code
STD STS 1 Op Code Address+1 1 0 1 1 Offset
STX 2 FFFF 1 1 t 1 Restart Address {LSB)
5 3 1X + Offset 0 1 0 1 Register Data (MSB)
4 iX+0ffset+1 0 1 0 1 Register Data (LSB)
5 Op Code Address+2 1 [4] 1 (4] Next Op Code
JSR 1 Op Code Address+ 1 1 0 h; 1 Offset
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer 0 1 (o] 1 Return Address (LSB)
4 Stack Pointer—1 0 1 o] 1 Return Address (MSB}
5 I1X + Offset 1 0 1 [s] First Subroutine Op Code
ASL ASR 1 Op Code Address+1 1 0 1 1 Offset
cOM DEC 2 FFFF 1 1 1 1 Restart Address (LSB)
INC LSR 6 3 1X + Offset 1 0 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
6 Op Code Address+ 2 1 0 1 ] Next Op Code
TIM 1 Op Code Address+1 1 0 1 1 Immediate Data
2 Op Code Address+2 1 0 1 1 Offset
5 3 FFFF 1 1 1 1 Restart Address (LSB)
4 IX +Offset 1 0 1 1 Operand Data
5 Op Code Address+3 1 o] 1 o] Next Op Code
CLR 1 Op Code Address+ 1 1 0 1 1 Offset
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 IX+Offset 1 0 1 1 Operand Data
4 1X+ Offset (o} 1 0 1 00
5 Op Code Address+2 1 o] 1 0 Next Op Code
AlM EiM 1 Op Code Address+ 1 1 0 1 1 Immediate Data
OIM 2 Op Code Address+2 1 0 1 1 Offset
3 FFFF 1 1 1 1 Restart Address (LSB)
7 4 IX + Offset 1 0 1 1 Operand Data
5 FFFF 1 1 1 1 Restart Address (LSB)
6 IX+Offset 0 1 0 1 New Operand Data
7 Op Code Address+3 1 0 1 Y Next Op Code
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Address Mode & Cyctes | CYcle Address Bus RW | RD | WR | LIR Data Bus
Instructions b3
EXTEND
JMP 1 Op Code Address+1? 1 0 1 1 Jump Address (MSB)
3 2 Op Code Address+2 1 0 1 1 Jump Address (LSB)
3 Jump Address 1 0 1 0 Next Op Code
ADC ADD TST 1 Op Code Address+ 1 1 [o] 1 1 Address of Operand (MSB)
AND BIT 4 2 Op Code Address+2 1 0 1 1 Address of Operand (LSB)
CMP  EOR 3 Address of Operand 1 0 1 1 Operand Data
LDA ORA 4 Op Code Address+3 1 0 1 0 Next Op Code
SBC SuB
STA 1 Op Code Address+ 1 1 0 1 1 Destination Address (MSB)
a 2 Op Code Address+2 1 0 1 1 Destination Address (LSB)
3 Destination Address 0 1 o] 1 Accumulator Data
4 Op Code Address+3 1 o] 1 o] Next Op Code
ADDD 1 Op Code Address+ 1 1 0 1 1 Address of Operand (MSB)
CPX LDD 2 Op Code Address+2 1 o] 1 1 Address of Operand (LSB)
LDS LDX 5 3 Address of Operand 1 0 1 1 Operand Data (MSB)
SUBD 4 Address of Operand+1 1 0 1 1 Operand Data (LSB)
] Op Code Address+3 1 0 1 0 Next Op Code
STD STS 1 Op Code Address+1 1 o] 1 1 Destination Address (MSB)
STX 2 Op Code Address+2 1 0 1 1 Destination Address (LSB)
5 3 Destination Address 0 1 4] 1 Register Data (MSB)
4 Destination Address+ 1 0 1 0 1 Register Data (LSB)
5 Op Code Address+3 1 0 1 0 Next Op Code
JSR ] Op Code Address+ 1 [ 0 1 1 Jump Address (MSB)
2 Op Code Address+2 1 0 1 1 Jump Address (LSB)
6 3 FFFF 1 1 1 1 Restart Address {LSB)
4 Stack Pointer 0Q 1 ] 1 Return Address (LSB)
[ Stack Pointer -1 0 1 0 1 Return Address (MSB)
[} Jump Address 1 0 1 0 First Subroutine Op Code
ASL ASR 1 Op Code Address+1 1 0 1 1 Address of Operand (MSB)
COM DEC 2 Op Code Address+2 1 0 1 1 Address of Operand (LSB)
INC LSR 6 3 Address of Operand 1 0 1 1 Operand Data
NEG ROL 4 FFFF 1 1 1 1 Restart Address (LSB)
ROR 5 Address of Operand 0 1 o] 1 New Operand Data
6 Op Code Address+3 1 4] 1 0 Next Op Code
CLR 1 Op Code Address+ 1 1 0 1 1 Address of Operand (MSB}
2 Op Code Address+2 1 0 1 1 Address of Operand {LSB)
5 3 Address of Operand 1 0 1 1 Operand Data
4 Address of Operand 4] 1 0 1 00
5 Op Code Address+3 1 0 1 0 Next Op Code
{Continued)
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Address Mode & Cycles | CYcle Address Bus RW | RD | WR | TIR Data Bus
Instructions #
IMPLIED
TABA  ABX 1 Op Code Address+ 1 1 0 1 0 Next Op Code
ASL ASLD
ASR CBA
cLC cu
CLR CLV
COM DEC
DES DEX
INC INS
INX LSR 1
LSRD ROL
ACR NOP
SBA SEC
SEl SEV
TAB TAP
THA TPA
TST TSX
TXS
DAA XGDX 2 1 Op Code Address+1 1 0 1 0 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
PULA PULB 1 Op Code Address+1 1 0 1 [s] Next Op Code
3 2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer+1 1 0 1 1 Data from Stack
PSHA PSHB 1 Op Code Address+1 1 [+] 1 1 Next Op Code
4 2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer 0 1 0 1 Accumulator Data
4 Op Code Address+ 1 1 0 1 o] Next Op Code
PULX 1 Op Code Address+1 1 [} 1 0 Next Op Code
4 2 FFFF 1 1 1 1 Restart Address (LSB}
3 Stack Pointer+1 1 0 1 1 Data from Stack {MSB)
4 Stack Pointer+2 1 0 1 1 Data from Stack {LSB)
PSHX 1 Op Code Address+ 1 1 0 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer 0 1 0 1 Index Register [LSB]}
4 Stack Pointar—1 0 1 0 1 index Register (MSB)
5 Op Code Address+ 1 1 0 1 0 Next Op Code
ATS 1 Op Code Address+1 1 4] 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer+1 1 0 1 1 Return Address {(MSB}
4 Stack Pointer+2 1 0 1 1 Return Address (LS8)
5 Return Address 1 0 1 0 First Op Code of Return Routine
MUL 1 Op Code Address+ 1 t 0 1 [9) Next Op Code
2 FFFF t 1 1 1 Restart Address {LSB}
3 FFFF 1 1 1 1 Restart Address (LSB)
7 4 FFFF 1 1 1 1 Restart Address {LSB}
[ FFFF 1 1 1 1 Restart Address (LSB)
6 FFFF 1 1 1 1 Restart Address (LS8)
7 FFFF 1 1 1 1 Restart Address (LSB)

{Continued)
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HD6301Y0, HD63A01Y0, HD63B01Y0, HD63CO01YO0

Address Mode & Cycles | CYCle Address Bus RW | R | WR | TIR Data Bus
Instructions #
IMPLIED
WAI 1 Op Code Address+1 1 0 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer 0 1 0 1 Return Address (LSB)
4 Stack Pointer—1 0 1 0 1 Return Address (MSB)
9 5 Stack Pointer—2 0 1 0 1 Index Register {LSB)
6 Stack Pointer—3 o} 1 0 1 Index Register (MSB)
7 Stack Pointer—4 o] 1 o] 1 Accumulator A
8 Stack Pointer—5 0 1 0 1 Accumulator B
9 Stack Pointer—6 0 1 0 1 Conditional Code Register
RTI 1 Op Code Address+1 1 o] 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LS8)
3 Stack Pointer + 1 1 0 1 1 Conditional Code Register
4 Stack Pointer+2 1 0 1 1 Accumulator B
10 5 Stack Pointer+3 1 0 1 1 Accumulator A
[} Stack Pointer +4 1 4] 1 1 Index Register (MSB}
7 Stack Pointer+5 1 0 1 1 Index Register (LSB)
8 Stack Pointer+§ 1 0 1 1 Return Address (MSB)
9 Stack Pointer+7 1 o] 1 1 Return Address (LSB)
10 Return Address 1 0 1 o] First Op Code of Return Routine
SWI 1 Op Code Address+1 1 0 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer o] 1 0 1 Return Address (LSB)
4 Stack Pointer—1 o] 1 0 1 Return Address {(MSB)
5 Stack Pointer —2 0 1 0 1 Index Register {LSB)
12 6 Stack Pointer—3 0 1 0 i Index Register (MSB)
7 Stack Pointer—4 o] 1 4] 1 Accumulator A
8 Stack Pointer—5 0 1 o] 1 Accumulator B
9 Stack Pointer—6 0 1 0 1 Conditional Code Register
10 Vector Address FFFA 1 0 1 1 Address of SWI Routine {MSB)
11 Vector Address FFFB 1 0 1 1 Address of SWI Routine {LSB)
12 Address of SWI Routine 1 o] 1 0 First Op Code of SWI Routine
SLP 1 Op Code Address + 1 1 0 1 1 Next Op Code
g FFFF 1 1 1 1 Restart Address (LSB)
‘ |
4 Sleep J
| |
3 FFFF 1 1 1 1 Restart Address (LSB)
4 Op Code Address+ 1 1 o] 1 o] Next Op Code
RELATIVE
TBCC BCS 1 Op Code Address + 1 1 [§] 1 1 Branch Offset
BEQ BGE 3 2 FFFF 1 1 1 1 Restart Address (LSB)
BGT BHI 3 Branch Address - Test="1" 1 0 1 First Op Code of Branch Routine
BLE  BLS Op Code Address+1- Test="0" O ! Next Op Code
BLT BMT
BNE BPL
BRA BRN
BvVC BVS
BSR 1 Op Code Address+ 1 1 0 1 1 Offset
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer 0 1 0 1 Return Address (LSB)
4 Stack Pointer 1 0 1 0 1 Return Address (MSB)
5 Branch Address 1 0 1 0 First Op Code of Subroutine
G HITACHI

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

175



HD6301Y0, HD63A01Y0, HD63B01Y0, HD63C01Y0

® WARNING CONCERNING THE BOARD DESIGN OF I_,:,Omm max~_|
OSCILLATION CIRCUIT Avoid signal lines
When designing a board, note that crosstalk may disturb the % GND / in this area.
normal oscillation if signal lines are placed near the oscillation I
circuit as shown in Figure 33. Place the crystal and Cp, as close Q 7z oz T
to the HD6301YO0 as possible. CLY Crystal [(CU
> o O ":lil ;0’ é
€ c
- %’ :
[Z- I )
oo - 7 |
g xTAL
r;u_'l'—-—{ EXTAL 2 C 54 £
Cp 3
HDE301Y0
HD6301Y0
(DP-648)

Do not use this kind of printed<circuit board design.

Figure 33 Warning concerning board design
of oscillation circuit {Top view)

Figure 34 Example of Oscillation Circuits in Board Design

8 RECEIVE MARGIN OF THE SCi

Receive margin of the SCI contained in the HD6301Y0
is shown in Table 21.
Note: SCI = Serial Communication Interface.

Table 21
Bit distortion tolerance Character distortion tolerance
{t—to) /to IT-To) /To
*43.7% £4.37%
START 1 2 3 4 5 8 7 8 STOP

I [ L
Bit length |+t°»~|

Character length Tg

|deal Wavaform

Reai Wavetorm

11 1
- ]

TCTT
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HD6301Y0, HD63A01Y0, HD63B01Y0, HD63C01YO0

® WARNING CONCERNING WAI INSTRUCTION

If the HALT signal is accepted by the MCU while the WAI in-
struction is executing, the CPU will not operate correctly after
HALT mode is canceled.

WAI is a instruction which waits for an interrupt. The cor-
responding 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 35.

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-orly register
and perform an arithmetic or logical operation on its contents. such
as AIM, ADD, or ROL, is executed, because the arithmetic or
logical operation is always done with the data $FF. In particulars,
don’t use the AIM, OIM or EIM instruction to manipulate the DDR
bit of PORT.

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 37.)

Therelore, after power starts up, the LSI condition such as its [/O
ports and operating mode, are unstable. Fix the level of /0 ports by
means of an external circuit to determine the level for system opera-
tion during the oscitlator stabilization time.

B DIFFERENCES BETWEEN HD63701Y0 AND HD6301Y0

. |
WA f HALT input
waiting for
p= | interrupt ’5

interrupt occurs

bRy

wrong vector address

(MSB) vector fetch for interrupt
Wrong vector address
{LSB)
opcode fetch *
M interrypt routine

Figure 35 MAC function during WAI

- L ]

. cu
cl LOOP BRA
WAl LOOP

. .

L ]

. *

i) MAL function i} Recommended method

Figure 36 Program to wait for interrupt

LSi -4

_— internal reset
= signal

Figure 37 RES Circuit

Cin = 65 pF max.
Iin and C;, of RES
is also used as Vpp.

Item HD63701Y0 HD6301Y0
Input Low Voltage ViL = 0.6V max. Vi = 0.8V max.
of RES, MPg, MP,
lin = 10 xA max. lin = 1.0 gA max.

lin and Cj, are larger than HD6301Y0 because RES

Cin = 12.5 pF max.

Internal resistance of crystal oscillator Rg

Internal resistance of crystal oscillator Rg

Rg = 600 max.
Crystal Oscillator Frequency (MHz) 25 | 40 | 80 | 80 S
Characteristics Rg max. (2) 500 | 120 | 80 | 60
Storage Temperature Tetg = -55 10 125°C Tetg = -55 10 150°C
The HD63701Y0 differs from HD6301 Y0 in chip design and manutacturing process. When applying the
Caution HD63701Y0 system to HD6301YQ, and HD6301Y0 system to HD63701Y0, note that characteristic values are

not exactly the same even if guaranteed values are the same.
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DEVICE PACKING

1. SHIPPING CONTAINERS AND HANDLING
1.1 SHIPPING CONTAINER FORMS

Figures | and 2 illustrate the shipping container forms for
ordinary IC devices. Within the outer corrugated cardboard carton
there are one or more inner cartons. These inner carton contain
magazines, trays, or tape reels, which the IC devices are shipped in.

Plastic surface mount packages containing large chips can crack
if they absorb moisture and are mounted by reflow soldering. These
surface mount devices are packed with a moisture-proof material to
prevent the packages from absorbing moisture during shipping and
storage.

Packing
List

OUTER
BOX

PP band

Carton tape (blue)

Label

N

N
N
\
‘ \&
X

INNER
BOX

Label \ X
Magazine

\ ‘}\Cardbnard

e

Carton

Canductive Aaxible PC ¥ (black)

3
MAGAZINE,
TRAY, &
MOS-PACK

Trunsparent Rard chloroathylens magssior
(with antiatatie Raish)

Now migration plasticierd
et chlarorthyiene stopper

Sz

gray)

Clear Plastid (anti-static)

4
IC (LS}

Figure 1.

Shipping Containers
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D

evice Packing

1.2 NOTES ON HANDLING

(0

5

(&)

Handles the outer cardboard carton with care. Sudden drops or
shocks can cause damage to the enclosed products. Be sure not
to overstack the cartons.

Prevent water leakage. Do not leave shipping containers outside
or store them in high-temperature, high-humidity areas.
Handle the inner cartons with care. Dropping a box may dis-
lodge a magazine stopper, allowing devices to slide out in which
care their leads may be deformed. Dropping may also cause
damage to ceramic packages and cause leaks to air-tight seals.
The surface of transparent vinyl-chloride magazines are treated
with an antistatic coating to prevent static charge. Be aware of
the following notes concerning this coating:

1.3 PARTIAL SHIPMENTS PACKING

® Water leakage will cause the anti-static material to peel off
and lose it effectiveness.

* The anti-static material may become sticky in high-
temperature, high-humidity environments.

* The anti-static material may warp over time; avoid storage
beyond six months. Do not reuse the material,

» Note that the surface resistance of transparent magazines is
less than 1 X 10'° Ohms, and the surface resistance of black
magazines is less than 1 x 106 Ohms,

» Store vinyl-chloride trays between -25°C and +40°C. Both
the shape and color may change in an environment above
55°C.

G HITACHI

Label (Bar Coded)*

*——— Pink Foam*

/ (Antistatic)

Inner Box or
MOS Pack

Packing List*

DIMENSION IN MM

DIMENSION IN INCHES

WxHxL WxHxL
250 x 250 x 500 10 x 10 x 20
250 x 225 x 550 10 x 9 x 22
175 x 150 x 550 7x 6x22

* Materials or placement may vary.

Figure 2.

Partial Shipments

@ HITACHI
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Device Packing

2. MOISTURE-PROOF (DRY PACK) PACKING AND HANDLING

If a surface mount package is mounted with solder reflow after it
has absorbed moisture, then package cracks may occur. In order to
prevent moisture absorption during shipping or storage, the pack-

ages are encased in vacuum packed moisture-proof (dry pack) pack-
ing material as shown in figure 3. The following sections describe
how to handle this material.

Stopper Magazine DIP or PLCC
LSI
U Magazine *
/ QFP LS
Band
Pkt 7
Pyiie Lo\
.
Desiccant
Vapor-proof bag
{containing aluminum faoil)
C
Water vapor-proof packing > Label
/ -
Inner case

Figure 3. Vacuum Packed Moisture-Proof (Dry Pack) Packing

G HivacH
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Device Packing

2.1 STORAGE METHOD:

Storing packed ICs under inappropriate conditions can cause de-
terioration in solderability and performance. Hitachi recommends
that products in vacuum packed moisture-proof (dry pack) packing
material be stored in tray boxed. If this is not possible, packages
should be stored under the following conditions:

* Temperature: 5 to 30°C
* Humidity: less than 60% RH

Parts stored in unopened vacuum packed moisture-proof (dry
pack) condition may remain solderable for three (3) to five (5) years.

2.2 HANDLING AFTER OPENING:

In order to prevent re-absorption afier opening the moisture-
proof material, store under the conditions listed above and reflow
mount the packages within one week. If the packages must be placed
into storage again after opening, then seal in a new (non-moisture
contaminated) silica gel (confirm with blue-colored indicator) and
store under the conditions listed above. Try to reseal in vacuum
packed moisture-proof (dry pack) packing material.

3. PACKING SPECIFICATIONS FOR VARIOUS PACKAGES
3.1 PACKING SPECIFICATIONS for DIP Packages

2.3 BAKING BEFORE SOLDER REFLOW:

Baking is necessary if the indicator of the silica gel does not
appear blue-colored thronghout; more than one week has elapsed
since opening (even stored under the conditions listed above); or the
affixed label indicates baking is required.

2.4 RECOMMENDED BAKING CONDITIONS:
Baking should be performed under the following conditions:
* Temperature: 125°C
¢ Duration: 16 to 24 hours
The magazines, trays, and tape reels normally used for shipment
are not heat-proof, therefore containers cannot be baked as shipped.
Devices must first be transferred into a heat-proof container. Heat-
proof magazines and trays are currently under development.
Tray labelled as heat-proof can be used, however do not bake with
the moisture-proof bag. Bake on a level plane to prevent sliding.

(szr;g;ofgﬂz Hustration in Quantity Inner Box* Dimensions
diagram) Figure 4(b} ICs/Magazine | IC/MOS Pack Magazines/inner Box W x H x Linmm. and (inches)
112.5 x 59.4 x 500
DP-28 (AorB) 13 — 20
(4% x 235 x 20)
112.5 x 59.4 x 500
DP-40 {A or B) 9 —_ 20
(@ x 2% x 20)
75 x 59.4 x 500
DP-64S © 8 - 12
(3 x 234 x 20)
80 x 16 x 240
DC-40 @) — 10 NIA
3% x % x 9%)
80 x 16 x 240
DC-40P ) — 10 NIA
(B% x % x 9%)
80 x 16 x 240
DC-645 (D) _ 10 NIA
(3% x 34 x 9%)
80 x 16 x 240
DC-645P (D) - 10 N/A
(3% x % x 9%)

Figure 4(a). Packing Specifications for DIP Packages "(see Fig. 1, this section)
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Device Packing

Hard polysterene magating &

Transparent hard chioroethylene magacine
{with antistatic finish) (black)
Non migaration plasticized

Soft chloroethylene atopper

{gray}
Noa migration plasticized
soft chisroethylene stopper
{gray)
Magazine board thickness: 0.8 +0.3m
Length: 500 + 2ua Magazine beard thickness:1.01 0. Jun
17, Length: 495 1 Jum
- (500 + Jma)
= P
l I-&‘J Dimensional
Dimensional tolerance. +£0.5ua d | tolerance: £0.5m
llustration (A) lNustration (B)
Ciear Plastic {anti-static)
Non migaration plasticized Hard chlecethyl R
p slopper chierethylene magnzine
::,‘.l,?'lmw Loppe {orange) d e &, 13@

W
Clear Plastic {anti-static)
A=
}-— 240.0 mm -—-é

Magazine board thickness: 1.0+ 0, Jua 80.0 mm
Length: 495 + 3mm
6.1 (500 + 3mm)
- E—
l“"}':"‘ ?;i";::i?::ﬂo Sna Black Foam Cardboard
: (carbon treated) (Faraday) 1.0 mm
PN T
16.0 mm __éi‘mm
| 4 — L
Pink Foam Cardboard 1.0'mm
(anti-static) [Faraday)
lllustration {C) lHustration (D)
Figure 4(b). Packing Materials for DIP Packages
G HITACHI
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Device Packing

3.2 QFP AND LCC PACKING SPECIFICATION

Vinyl-Chloride
(anti-static charge treated)

\llustration (A}t

IHustration (B)t

157.97

358" ¢ I Il ] I I
‘ T Taitomxggiet 77777;*" .T T i 1 | ] I——‘ —
_ T %
AT T -1
T o+ — T, . i i
J ! ! o 4.6 /. gl
_ i = =
a4 B - o= w a1 @
|2 ST I |
Ak : R A maiC
el | Lo e ll :
4 4 i : & 7T
' 1@* g & [B]- & i 9x3120.05 =27921
t : B
r A ‘ 358415
e .
m:mmmﬁvvm‘v;}f = 21 °
R L T
Hlustration (C)t lllustration (D)%
5 - 315.8 -
ha il - -t 1847 9%31=279 _ hsa om
- _ 3 E00S%9=278%1 | el 2 '5
[ x '
i [F==n N N | ; =l i
| FrtEErT T | —— €5 -

B =i ' 3 o
[ A . - HE. ! ?k b4 n iy
W 2l ;14123 ol a5 "~ o= ;
3 i I g L ge
SO = b R S A R
e L N
i 1 1

t i

HoEnoec U s
L

1

= [

Hlustration {E)3
T . emss T s
- 322 _3:::31 s
()0 ) ] O
1 ) O [ Y B
X
~ ey,
cocoooog) ;|
Y Sl
e
= — 75 * T
150, -7
twithout holes  twith holes
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Device Packing

Package Code Illugtration in Quantity inner Box* l?imens'vqns

Figure 5 IC Tray Trays/Inner Box W x H x Linmm. (in.)
o =
FP-64 {CorD) 50 500 (L‘;Z : ;’; xx312;i)
e - s
FP-80 (CorD) 50 500 (1543; : '2f30/. xx312§)
FP-80A (CorE) 50 500 (15:;: : -2’; xx312;
cen | w S
= w * 0 CATIERD

Figure 5. QFP and LCC Packing Specifications and Materials *(see Fig. 1, this section)

3.3 PACKAGE PACK SPECIFICATIONS
PLCC PACKING SPECIFICATIONS

‘Transparent part

Hard polymerene magszine

Conduetive Nexible PC Viblack)

(o=

Conductive part

Magazine board
thickness: 0.8 + 0.3 mm
length: 495 + 3 mm

20.1

Dimensional tolerance: + 0.5 mm
lllustration (A)

Magazine board

thickness: 1.1 + 0.3 mm

length: 495 + 3 mm

thickness: 0.8 + 0.3 mm

Magazine board

length: 495 + 3 mm

IR

¥ p—

5.4
7.6
K

I 138 I

5.4
mn
9.2

2.

Dimensional tolerance: + 0.5 mm

Hustration (B)

Dimensional tolerance: + 0.5 mm

lHustration (C)

Package Code ilustration in Quantity inner Box* Dimensicns
Figure 6 ICs Magazine Magazines/inner Box W x Hox Lin mm. (in.)
113 x 56.3 x 493.8
CP-44 (A) 26 30
(414 x 2%, x 19%)
118.8 x 65.6 x 500
CP-52 (B) 23 18
(4% x 28 x 20)
118.8 x 65.6 x 493.8
CP-68 (C) 18 28
(4% x 2% x 20)

Figure 8. PLCC Packing Specifications and Materials *(see Fig. 1, this section)
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4.0 PACKING LABELS

QUST FRET  44444444444444444444

HP%WWWWMMWMWWW

44444444444444444

"*' R

: |§|Hfi ii - l’ f i
| L
b

iﬁémm¢4m
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FROr =

4444444444444444444494 4444444
A44444444444444444444444443444
44444444444444444444444444444

TO:=

4444444444444444444444444 4444
4a444444444444444444:143444444
444444349444:4444444444 EER
i aa49448444440d444444444 44
4444444444444 44442 4 44

= 444444444444444

EURERE LR Y ;.":I' Ml
LJEP;M?T‘P r |
i PR OB B R 4

Jl'

J!_::
1?.

444444

all ‘li;
I l ]lr

B0 TOUHT

4444444444

Figure 7. OQuter Box Labej

Figures 1 and 2 on pages I3 and 4 show the outer box label
placement on the end and left adjacent side of the box. Placement is
within one-half inch (/2 ") of the box s corner. Figures 1 and 2 show
the inner box label placement is on the end of the inner box. A
packing list is afixed to the left adjacent side of the outer box’s end

and next to the bar code label. PI N .

QTY:
Date Code:

@ HITACHI

Figure 8.

Inner Box Label
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