6301 MICROPROCESSOR DATA

HD63B01Y0
CMOS MCU (Microcomputer Unit)

The HD6301Y0Q is a CMOS 8-bit single-chip microcomputer
unit which contains a CPU compatible with the CMOS B-bit
microcomputer HD6301V, 16k bytes of ROM, 256 bytes of RAM,
53 parailel 1/O pins, Serial Communication Interface (SCI) and two
himers.

HD63BO1Y0

# FEATURES

® Instruction Set Compatible with the HD6301V1
® 16k Bytes of ROM, 256 Bytes of RAM

® 53 Paraliel I/0 Pins

{48 1/0 Pins, 5 Output Pins)

Parallel Handshake interface (Port 6)

Darlington Transistor Drive [Port 2, 6}

16-Bit Programmable Timer

* FP-64

input Capture Register x 1
Free Running Counter x 1
Qutput Compare Register x 2 ® PIN ARRANGEMENT
& B-Bit Reloadable Timer
External Event Counter
Sqguare Wave Generation
® Seriat 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, Intemal 7
® Operation Mode

Mode 1; Expanded Mode

{internat ROM !nhibited}

Mode 2; Expanded Mode

{lnternat ROM Valid}

Maode 3; Single Chip Mode
® Maximum 65K Bytes Address Space
& Low Power Dissipation Mode

Sieep Mode

Standby Mode {Hardware Standby, Software Standby)
® Minimum Instruction Execution Time — 05us (f = 2MHz)
® Wide Range of Operation

Vee=31t05.5v  {f=0.1to 0.5MHz)

f=0.1t0 1.OMHKz : HDE301Y0
Voe=58V210% +f=01to1.5MHz : HDE3A01YOD
f=0.1102.0MHz : HDE3BO1YO

51|Fa
49|P3z
48P
A7|Paa
%Px
45|Pia

E Par

43P
42]Pu
%Pﬂ
30|Ps
39| F1a
38|Prs
37)Pis
38]P1-
35]Vss
34]Pe
33| Pu
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W ABSOLUTE MAXIMUM RATINGS

item Symbol Value Unit
Supply Voltage Vee -03—+470 v
Input Voltage Vin —03—Vec+03 v
Operating Temperature Tape 0~+70 °C
Storage Temperature Tug —55—+150 °C

(NOTE} This product has pretection gircuits in input terminal from high static electricity voitage and high electric field.

But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection circuits. To assure the normal
operation, we recommend Vi, Vo Ygg & (V, or V) & Vee.

® ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Ve = 5.0V 10%, Vgg = OV, Ta = 0~ +70°C, unless otherwise noted.)

item Symbol Test Condition min typ max Unit
RES, STBY Vec—0.5 —
Input “*High™* Voltage EXTAL Vi VecX07 | = :8‘?3 v
Other Inputs 20 -
input “Low’’ Voltage All Inputs Vi —-03 - 08 v
Input Leakage Current W [ bl Vin = 0.6~V — 05V - - 10 WA
I:a’ﬁ:;“::‘:"em Ports ;: g: 34 ea| Vi = 0.5~Veg—0.5V _ - 10 | uA
) lo = —2002A 24 - = v
Output “High”* Voltage All Outputs Vox
low = — 10iA Vee—07 - - v
Output ““Low" Voltage All Qutputs Voo loL = 1.6mA - - 04 v
porington Drive Ports 2,6 “lon | Vow =15V 10 ~ {100 | ma
Input Capacitance All Inputs Chn ¥;‘ : ggué = 1MHz, - - 125 pF
Standby current Non Operation Istg - 20 15.0 @A
Sleaping {f = TMHz"") - 15 3.0 mA,
lsip Sleeping (f =1 5MHz"") - 23 45 mA
o Sleeping f = 2MHz ") — 30 80 mA
Current Dissipation”
Operating (f = 1MHz"") - 70 10.0 mA
lee Operating {f =1.5MHZz"**) - 105 15.0 mA
Operating (f =2MHZz""} - 140 200 mA
RAM Standby Voltage Viaam 20 - - v

-

Vinmin = Voo — 1.0V, V) max = 0.8V {All output terminals are at no load .}
Current Dissipation of the operating or sleeping condition is praportional to the operating frequency. So the typ. or max values about Current

Dissipations at X MHz operation are decided according to the following formula:

typ. value (f = X MHz] = typ value
max. value (f = X MHz] = max. value

{both the sleeping and cperating)
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® AC CHARACTERISTICS (Voo = 5.OVZ10%, Vgg = OV, T, = 0 — +70°C, unless otherwise noted.)
BUS TIMING

Test HD&301Y0 HDB3A01YO HD&3BO1Y0 )
ltem Symbol . - Unit
Condition min | typ | max | min | typ [ max | min | typ | max

Cycle Time teye 1 - 10 |0.666| -— 10 05 - 10 ns
Enable Rise Time e, - - 25 - - 25 - - 25 ns
Enable Falt Time ter - — 25 — - 25 - — 25 ns
Enable Pulse Width “High'' Level® | PWgy 450 1 — - 300 | — - | 220 - - ns
Enable Pulse Width “Low"’ Level® | PWg 450 — - 300 — - 220 - - ns
Address, R/W Delay Time® tap - - 1250 - - [190 | - - | 180 | ns
Data Delay Time Write toow - - 200 - - 160 - - 120 ns
Data Set-up Time | Read tosA Fig. 1 80 - - 70 - — 60 — — ns
Address, R/W Hold Time® tam 80 - - 50 - — 40 - - ns
Data Hold Time Write® tw 80 - - 50 - - 40 - - ns
Read tiR 0 - - 0 - - 0 - - ns

RD, WR Puise Width® PWaw 450 | - - | 300| - - | 220] - - ns
RD, WR Delay Time tawp - - | 40 - - 40 - - 40 | ns
"RD, WHR Hold Time trw - - 20 - - 20 - - 20 ns
TIR Detay Time toLR - - |200] = - 1160} - —~ | 120 | ns
‘UR Hold Time g 10 - - 10 - - 10 - - ns
MR Set-up Time* tsmA 400 [ -~ - 280 - - 230 - - ns
MR Hoid Time" R Fig. 2 - - 100 - - 70 - - 50 ns
E Clock Pulse Width at MR PWemn - - 9 - - 9 - - 9 us
Processor Controf Set-up Time tpcs ::gg .?4 200 - - 200 - - 200 - - ns
Processor Control Rise Time toey Fig 2,3 - - 100 - — 100 - - 100 ns
Processor Control Fall Time tecs - - 100 - - 100 — - 100 ns
BA Delay Time taa Fig. 3 — - 250 - - 190 - - 160 | ns
Oscillater Stabitization Time tre Fig. 14 20 - - 20 - - 20 - - ms
Reset Puise Width PWast 3 - - 3 - - 3 - - teye

" These timings change in approximate proportion to t.,.. The figuras in this characteristics represent those when 1., is minimum (= in the highest speed
operation)

PERIPHERAL PORT TIMING

Test HDB301Y0 HO63A01Y0 HD63BO1Y0 )
Iterm Symbol i - - - Unit
Condition | min | typ | max | min | typ | max | min | typ | max
Penpheral Data Port 1, 2, 3,
Set Up Time 4586 trosu 200 - i el 001 - - ns
Fig. 8
Periphers| Data Port 1,2, 3,
Hoid Time 456 tepm 200 - | - |200i - 2000 — | -~ | ns
Delay Time (From
Enable Fall Edge to :";‘ ;' 27 3. fowo | Fig B - | = J3c0o} - | = t300| = | - |300] ns
Peripheral Output} T J
input Strobe Puise
Width tewas 200 | - - 200 - 200 | - - ns
input Data Hoid Time Port§ thy Fig. 10 150 | - - 150 | — 150 | - - ns
input Data Set-Up Time Port 6 tig 100 - - 100 — 100 - - ns
. toso
Qutput Strobe Delay Time Fig. 11 - - 200 - - 200 - — 200 ns
tospz
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TIMER, SCI TIMING

Test HD6301Y0 HDB3A01Y0 HD63B01Y0 _
ltem Symboi o - - - Unit
Condition | min | typ | max | min | typ | max | min | typ | max
Timer 1 Input Pulse Width tpwr Fig. 9 20 - - 20 - - 20 - - teye
Delay Time {Enabie Positive . . _ 400 _ _ laoo!| - _ | 400 | ns
Transition to Timer Output) troo Fig. 7.8
SClinput Async. Mode : Fig. 9 1.0 - - 1.0 - - 1.0 - - toye
Clock Cycle Clock Sync. Seve Fig. 4 20| = F = 20 = | = [20] = | = | tw
SCI Transmit Data Delay - - |z220]| - — | 220 - — ] 220 | ns
Time {Clock Sync. Mode) trxo
SCl Receive Data Set-up § _ _ 260 _ . 260 | - _ ns
Time [Clock Sync. Mode) 15Rx Fig.4 | 260
SCI Receive Data Hold Time _
— — 100 - - 100 - ns
{Clock Sync. Mode) tHRx 100
SCl Input Clock Pulse Width tpwsck 04| — |os | 04| — | 06| 04| — | 06 [ty
Timer 2 Input Clock Cycle ticye 200 - | — 20| =] = 20| = | = | ty
Timer 2 Input Clock Pulse _ _ — — -
Width tewrCK Fig 9 200 - 200 200 ns
Timer 1.2, SCi Input Clock _ _ 100 | _ 100 | — _ 100 | ns
Rise Time tekr 0
Timer 1.2, SCiInput Clock _ _ _ _ 100 _ _ 100 ns
Fall Time teks 100
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2.4V ( \

E f PWe / PWen \
0.8v

tap ter tes
Ao~ As, 2.4V
R/W Q.8v
|
RD, WR

-—t[)uw p——
MCU Write 2.4v
Do~ D> 08V
togn —am=]
MCU Read 20v
Do~ D 0.8V

b toLA ] tuea

LIR
0.8V

u"k
tHAw
trwp PWew |
24v
os8v
luwj
thr

Figure 1 Mode 1, Mode 2 Bus Timing

PWeun

f24v AN v
E Y t
\ 0.8v
————
tsmn

tHmR

——
MR 2.0V

K 0.8V R £

) ’ F—1trc,

Figure 2 Memory Ready and E Clock Timing.
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Last instruction

instruction Execution

ILE"fcmiﬂ" Cyci_e} HALT Cycle 4 Cycle
4-24V
£
0.8V
2.0\«f1
HALT S g
‘ 0.8V

tece tecs I tec: trcs tas

e {

t
o 24v 7
BA

\ Q8v

Figure 3 HALT and BA Timing

Synchronous Clock

2.0v(2 4V)2

Transmit Data

Aeceive Data

*2 QV is high level when clock input.
2.4V is hugh level when clock output,

Figure 4 SCI Clacked Synchronous Timing

',—MCU Read

E

Pip~Pyy tPOSU
P2 - Paz

- 2.0V . 0V
F;:g - E:: 58V Data Vahd gV
nputs) trosy | ] tron
2.0V 2.0V
P3o ~ Pay Data Vaitd
(Inputs) 0.8V A A 0.8V

Figure 5 Port Data Set-up and Hold Times (MCU Read)
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l—MCU Write

E
0 8v
trwD
PID"PH’. P)okp27.
;30 - P37, PdO“Par, P av
so~ Psy, Peo—~Pssy.
Poo Py LD 8V Data Valid

{Outputs)

Figure 6 Port Data Deiay Times (MCU Write)
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E m 2 aV\ /

Qutput
Timer 1 Compare
FRC

tToo ['*
P21, Pz 2 4V
Qutputs 0.8V

|
Figure 7 Timer 1 Output Timing

i

2.0V

0.8v l
texs T i
t

* % * x

‘Timer 2 TICYC
SCI : IScyc

S“Timer 1, tPWT
Timer 2 1PWTCK
sCi tPWSCK

Figure 3 Timer 1.2, SCl Input Clock Timing

MCU access of

PORTH
=
S S e
10501 | b 050z
Pss
(0% o8V
Figure 11 Qutput Strobe Timing

inerrupt
Test

E Jw

T2CNT N X:’b 6]0]
—-{ l— 700
Pzs 24V
Qutput 0.8V
{ITCONR =N}

Figure 8 Timer 2 Qutput Timing

! tPwis !
y 2.0V I
Psa. IS 0 8Y
Chis U ik
PORTE

: s
Data %gg g Data valid z

tInput'!

Figure 10 Part 6 Input Latch Timing

Test Point

152074+
or Equiv

£ 90pF for Port 1, Port 3. Port 4 £
=30pF for Port 2. Port 5, Pert 6 Port 7
R=12k0 for Port 1 Port 7. E

Figure 12 Bus Timung Test Loads \TTL Load)

Koo g — XL X X XX X X XXX T X XX
L On Cada Op Code FFFF 5P SP1 5P 7 5P 3 5P SP5  §P A GACI0T vesar  New
N, 1RO 08V garess Address- 1 Agaress Aggress Aodress
IRC;. IRQ; ;
- trcs
Gata Bos ) G Gl G Gl D S G (i G G G G D G G &
Qp Operand Irrelevant PCO PCR %l ACC A ACCHB COR Weotat eector Siorgtoangt of
Code Op Code Data PLT PLC'S -] Mg .58 mrerupt Rolhng
Internal
Read -_L
e / \
Figure 13 Interrupt Sequence
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Figure 14 Reset Timing

8 FUNCTIONAL PIN DESCRIPTION
® Vec, Vs

Voc and Vgg provide power 1o 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 Vgg pins should be tied to ground.

& XTAL, EXTAL

These two pins interface with an AT-cut paraliel resonant crystal.
Divide-by-four circuit is on chip, so if 4MHz crystal oscillator is
used, the system ciock is 1MHz 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 exampies of connection circuil. The crystal and Cp ), Cy;
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 Paraliel Resonant Crystal Oscillator

Co=7pF max
Rs=60Q max
XTAL I
= Cur=Cu
= 10pF~22pF + 209%
EXTAL (3.2 - 8MHz)
C.2 _]-CL'I

SAp.

Figure 15 Connection Circuit
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e STBY

This pin makes the MCU standby mode. In “Low” level, 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 enable 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.

® 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 heid “Low™
for at least 3 system-clock cycles. At the 3rd cycie during “‘Low™
level, all the address buses become ““High'. When 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
maskabie interrupts TRQ,, TRQ, and IRQ,, this bit shouid be
cleared in advance.

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

(SFFFE, S$FFFF) into the program counter and start the
program from this address. (Refer to Table 1).

¢ Enable (E) _

This pin provides a TTL-compatible system clock to external cir-
cuits. Fis 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)

O HITACHI
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When the fzlling 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 ail.

in response to an NMT 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 3FFFD to transfer their contents
into the program counter and branch to the non-maskable interrupt
service routine.

(Note} At reset stari, the stack pointer should be initialized on

an appropriale memory area and then the faliing edge
be input to NMT pin.

* Interrupt Request (IRG;, 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-
nered. When the sequence starts, the contents of the program
counter, index regisier, accumuiators 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 Py, and Py, , so it provides an enabie bit to Bit 0 and 1 of
the RAM port 5 control register at $0014. Refer to “RAM/PORT §
CONTROL REGISTER™ for the details.

‘When one of the internal interrupts, [CI, OCI, TOI, CMI or SIO
is generated, the CPU produces internal 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 OO~
RQ, o0~
Condrtion
Code
[T —0/ Regstar
. | MASK
ICF 0~"0- I€L 10" Enabie
U1 Disabig)
o8
OCF1 ocl
QCF2 o st .
To1 P interrupt
TOF - |_ Request
IRQs 5 CMI Signal
CMF o0
RDRF j
PER oo
oRFe — s19
TDRE o "O—
Sieep
e Edge Cancel
etective ‘
S
Circuit 'gnal
Aaatess Ereos TRAP
Op Cooe Errar
Detgcrive Corcut
Swi
Figure 16 Interrupt Circuit Block Diagram
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6301 MICROPROCESSOR DATA

Table 1 Interrupt Vector Memory Map

Priorit Vector |
riori t
Y MSB LSB nterrup
Highest FFFE FFFF RES
FFEE FFEF TRAP
| FFFC FFFD NMI
SWi
FFFA | FFFB ({Software Interrupt)
FFF8 FFFO IRQy. ISF {port 6 Input Strobe)
ICl
FFF6 FFF7 (Timer 1 Input Capture}
[a]e]
FFF4 FFFS {Timer 1 Qutput Compare 1, 2}
TOH
FFF2 FFF3 {Timer 1 Overflow)
CM
FFEC FFED (Timer 2 Counter Match)
FFEA FFEB IRQ,
SIO
towest | FFFO | FFF1 | (2ORF 4 ORFE + TDRE 4 PER)

® Mode Program (MPy, MP,)
These two pins decide the operation mode. Refer 10 “*MODE
SELECTION™ for more details.

The following signal descriptions are applicable enly for the
expanded mode.

® Read/Write (R/W; P5,)

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.

* ﬁB,W_ﬁ (P'FO- P‘”)

These signals show active low outputs when the CPU is reading/
writing to the peripherals or memories. This enables the CPU easy
1o access the peripheral LSI with KD and WR input pins. These pins
can drive one TTL toad and 30pF capacitance.

® Load instruction Register {LIR; Py4)
This signal shows the instruction opecode being on data bus
(active low}. this pin can drive one TTL load and 30pF capacitance.

® Mamory Ready (MR; Pgy)

This is the input control signal which stretches the system
clock’s “Highperiod to access low-speed memories. HD6J1Y0 can
seiect three kinds of low-speed memory access method by RAM/
Port 5 Controt 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 signat is in “*High™".

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

232 TDS Ltd

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

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.

* Halt (HALT; Pga)

This is an input control signal to stop instruction execution and
lo release buses. When this signal switches to “‘Low", the CPU
stops o enter into the halt state after having executed the present
instruction. When entering into the halt state, it makes BA (P,,)
“High” and aiso an address bus, data bus, , WK, 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 WAI instruction and is in the in-
terrupt wait state to avoid the trouble of the CPU’s op-
eration after the halt is canceiled.

® Bus Available {BA; P7,)

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
WAL execution, while the HD6301Y0 doesn’t make BA “‘High"
under the same condition.

a PORT

The HD6301Y0 provides seven 1/O ports. Port 1, 2, 3, 4, 5. and
6 are B-bit [/O ports. Each port provides Daia Direction
Register{DDR). Port 1 and port 3 select the I/O state by the byte
and port 2, 4, 5 and 6 the 1/O state by the bit. Port 7 is a 5-bit out-
put-only port. In the ¢xpanded 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 § $0015 $0020
Port 6 $0017 $0016
Port 7 $0018
®* Port1

An 8-bit [/0 port. The DDR of port | (PIDDR) controls the 170
state. It pravides a bit which select the /0 state by the byte (0 for
input and **1"" for output)

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

In the expanded mode (mode 1, mode 2}, port 1 functions as a
lower address buses (A, to A,). Port | can drive one TTL load and
0pF capacitance.
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WP11D ‘
Mode 1_| S__C o) e
Mode 2
RES—R W
=1
P1DDR" @
n
W
o
3
2 |
Mode 3 < E
PORT = 5 i3
Q D a =
In ~d Pi. DATA s |=
Mgode 1 C c 5
Mode 2 1 ] 3
== WP1 £ |8
RP1 RES Reset Signal
i WP1D : DDR Write Signal
WP1 Part Write Signal
Y Y ¥ Re1  Port Read Signal
* 8 bit Common Register
* % Priority : Set - reset
MSB LSB
Port 1 DDR {$0000}
- — — - - - - /M (Write anly, bit 0
ODR| s cleared during
reset )
Port 1 ($0002)
Por | Pria | Pis | Pra | Pia | P | Pia | Pyg iiﬂfw"gf.ﬂﬂg
reset.)

®* Port2

An 8-bit [/O port. Port 2 DDR (P2DDR) controls the 1/0 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 also used as an 1/0 pin for timer 1, Timer 2 and the 3CI.
Pins for Timers and the SCI set or reset each DDR depending on
their functions and become /0 pins. When port 2 functions as an 1/
O port after used as 1/0 pins of the timers or the SCI, the I/O 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 load and 30pF capacitance. This port

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

Pao {Tinl

P, is also used as an external input pin for the input-capture.
This pin is an [/0 port which is 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 P,, (**to” for an output
port, “*from™’ for an input port} is always input to the Timer | input
caplure.

RES
| A
R w
Q D a
P20 ODR L
C 3
1 —_
WP2D i
@
P Q 0o =
\J P:o DATA -
c
RP2 WL’2 WP2D DDR Write Signal
L WP2  Port Write Signal
' RP2 Port Read Signal
\ Timer 1
/ Input Capture Input

A HITACHI
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P21 (Tout 1}, P4 (Tx), P3g (Tout 2), P2g (Tout 3) tave a register which enables output. By setting these registers,
These four pins can be alsc used as output pins for Timer 1, they automatically will be output pins of timer or the SCI.
Timer 2 and a transmit outputl of the SCI. Timer 1, and the SCI

-

] RES
1
S R

o

Pz. DDR

o

1
WFP2D

FPORT

g S Q D
2n N E £2n DATA

Internal Data Bus

C

f
WP2

Cutput Data
Output Enable Signal

RP2

=
e

P22 {SCLK) bie as an 1/0 port when the SCI has no clock 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).
<lock input or output pin by the operating mode of the SCI. It is usa-

Tl

RES

| — 4
SﬁwﬁzD

P2; DOR
C

T
WP20

c
T
wp2

Internal Data Bus

Pz ' S 8] D
~d ! P22 DATA

Clock Input Enable signal

Output Clock
Clock Output Enable signal

RP2 \
---:—... Input Clock

D Y :

> 1
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P2y (Rx), P23 (TCLK} Since the SCI will be a clocked synchronous mode by an external

P,; and P,; are alsc used as received data input pins for the SCI clock-input during reset, the DDR of Py, is cleared 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 Py, 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. Py, DDR) are cleared and P, and P, will be inpul pin for write **1"" 10 the Py, DDR 10 make P,, an output port.
Rx and TCLK.

RES *
R A w
o} D @
P2, DDR =
< a
WP2D g
PORT a 5 &
=
2n ~J P2, DATA SCl Timer 2___
c |
1 |
RP2 WP2 - Input Enable signal
—J_ !
— g SCI Receive Data,
| Timer 2 External Clock
\ ;
/ Y |
MSB Lse
P27 | Pas [ Pas | Poa | Paa [ P2z | Pai | Pao| PORTZDDR (50001
[Write only, $00
DDR |ODR [DODR | DDR | DOR | ODR | DDR| DDA during reset )
PORT2 ($0003)
P27 | Pss | Pas | Paa | Paa | Paz | P21 | Pao| (R/W. notini-
nahized during
reset|
® Port 3 Dunng reset, it 15 cleared and port 3 becomes an input port.
An 8-bit I/O port. The DDR of port 3 controls the /0 state. It In the expanded modes (Mode 1, Mode 2), port 1 functions as
provides only one bit which defines 1/O state by the byte (**0" for data buses (D, to D;). Port 3 can drive one TTL load and 90pF
input and *“1" for outpui} capacitance.
WFP3D RES
| ]
[§ R
Mode 3 +1 p3pOR" D __i
Mode 1
Mode 2 T102ta BUS Controie N
Mode 3
I a
PC3)RT — a D w &
n o _
P3n
\l 3 DATA 2 5
C ) .‘n:,
Mode 1 | 9 £
Made 2 WP3 © -
7= 3|5
External Address  Internal Address I
Read, RP3 READ WP30D DDR Write signal
WP3 Port Write signal
' RP3 Port Read signal
* =8 bit Cemmon Register
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M5B LSB
_ k _ _ - _ _ P3

DDR

P32 [ Pas [ Pss | Paa| Pas | Psz | Par | P3o

® Portd4

An 8-bit I/O port. The DDR of port 4 controls 1/( state. Each bit
of port 4 has a DDR which defines i/0 state ('0" for inputand ©*1™
for output).

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

In the expanded modes (Mode 1, Mode 2}, port 4 functions as
address buses (A, 10 A,;). In Mode 1 {expanded mode with no

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

15 cleared during
reset }

PORT3 ($0006)
{R'W, notinu-
tialtzed during
reset)

internal ROM), the DDR is set automatically and outpuls
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 10 1" to output the upper addresses (A; 10 A,;) to the
outside. If not all of the upper addresses have 1o be output, the pins
which don't output addresses can be used as input pins. Port 4 can
drive one TTIL load and 90pF capacitance.

Mode 1 RES
- S
5 R (.3 fra]
Q D @ @
P+ DDR = e
m =]
F s |2
Mode 3 WPRAD Tg =
PORT ~d 5 S
4n \J a D € =
PinDATA - £
o ¥
Mode 1 T %
Mode 2 WP4 =
J
AP4
. )
WPA4D : DDR Write signal
WP4  Port Write signal
v v RP4 Port Read signal
* Friority : set >> raset
M58 LSB
Par | Pag | Pas | Pas | Pag | Paz | Pay | Pap ?\SR:4DPH£§8{}05)
DOR | DDR | ODR | DDA | DDR | DDR | DOR | DOR dur['ﬂ;f;;-”
PORT4 {$0007)
Paz | Pag | Pag | Pag | Paz | Paz | Pagy Pay | (R'W. not -
tiahzed during
reset |

® Porths

An 8-bit I/Q port. The DDR of port 5 controls 140 state. Each bit
ol port 5 has a DDR which defines I/O state (*'0" for input and 17
for output).

Durning reset, thz DDR of port § is cleared and port 5 becomes
an inpul port. R

Port S is also usabie as IRQ, IRQ,. HALT. MR and the strobed
signal of port 6 for handshake (IS, OS). It is set to :nput or cutput
automaticaily if it is used as these control signal pins (except Ps,.
15). Since the DDR of port 5. as is port 2. is set or reset by the con-
trol signal. 1O directions of the 1/0) ports are retained after the con-
trot signal is disabled. Port 5 can drive cne TTL load and S0pF
capacitance

Pgo (IRQ4), P5y (IRAG)

236 TDS Ltd

Py, and P, are also usable as interrupt pins. The RAM/port §
control registers of IRQ, and IRQ, have enable bits (IQ1E, IQ2E}.
When these bits are set to 1", Py, and P;, will automatically be
nterrupt iNput pins.

Pgz (MR}, Pgq (HALT)

P, and P;, are also usable as MR and HALT inputs. MR and
HALT have enable bits (MRE, HLTE) in the RAM/Port 5 Control
Register as IRQ, and IRQ,. In the single chip mode (Mode 2), P,
and P;; are usable as /0 ports regardless of the value of the enable
bits. [n the expanded mode {Mode 1 or Mode 2), since MRE is
cleared during reset, P., is usable as an 1/0 port. Since HLTE is set
during reset, the DDR of P,; will be automatically reset to be a
HALT input pin. HLTE of the RAM/Port 5 Controt Register has to
be cleared 10 use P, as an 17O port.

& HITACH!
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Q o
Ps. DDR
c al
! @
WPSD o
E  WPSD DDR Write signal
PORT Q o = WPS : Port Write signal
5n \\ P.. DATA g RP5 : Port Read signal
c z
I *
RES WP5 RAM /PORT

—L 5 Control
Register
IRG,

™~ —D—"'EEZ
L~ Y HALT

* Initializing value during reset;
fRQTE = 0", IRQ2E = "0”, MRE ="0""", HLTE = "1"""
*% P53 and Ps3 can be used as | O ports
in spite of the vaiue of this register 1n Mode 3

P4 (IS) . an output pert (set the DDR of Py, o 17" an output signal from
P., 15 also usabie as the input strobe (IS} for porl 6 handshake P., will be the input to IS.
interface. This pin, as is Py, is always an /O port. If Py, 15 used as

RES
i A
R
Q D
Ps« DOR
C E
T o
WP5D ot
5
Pea \J Q 8] _D_
Pus DATA P
c
| RPS  WP5 -
| — = Port 6 Control Status Register
L s Y
Psg (0S) . by setting the OS enable register ((SE) of the port 6 Contrel Status
P..is also usable as the output strobe (08} tor port & handshake Register (PO6CSR Y.

interface. Tt wiit be an /O port durning reset, and an OS cutput pin
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RES A
§ R
a b E
Pss DDR g
C [l
WP5D E
T
o
Pss — Q D ‘_E
~ Pss DATA
c Port 6 Control/Status Register
~on Ry eEs
1
WP5 :
T +— B3
1
-— OSE ( 1:0S output )
RPS | Q: 0S5 output disable
I\ r-—"—-n_]_ !
l/ !
 J )
Pse. Pyr
Pu and PMI are 1/0O ports.
RTS
L A
I Q D
Psn DER
C
i 2
WP5D pt
el
PORT @
5n \] a D e
Psa DATA -
13
L 8
I c
WPE -
[ RPS
M58 LSB
Ps7 | Pss | Pos | Psa | Psa | Psa | Ps1 | Peo | RORTS DOR (30020)
mmmmmmmwn&"ﬂ“w'@
PORTS ($0015}
Psy | Psa | Pss | Psa { Psa| Psz| Ps1| Peo| (R'W, notini-
tislizad during
reset.}

e Porté

8-bit 1/O port. Port 6§ DDR controls 1/O state. Each bit of port 6
has a DDR and designates input or output (°0"" for input, **1" for
output). During reset, Port 6 DDR is cleared and port 6 becomes an

input port.

238 TDS Ltd

Port 6 controls paraliel handshake interface besides functions as

an 1/0 port. Therefore, it provides DDRs to control and IS LATCH
to latch the input data.

Port 6 can drive one TTL load and 30pF capacitance. It can drive

directly the base of Darlington transistor as port 2.
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RES ‘
&
=
@
Pes DDR a
c [.:]
T -
WPED e
PORT g
o3 D c
8n ~d Pan DATA -
[
T
WPG
RES RPE o
R i WPED : DDR Write signal
D Q 1 WPE& : Port Write signal
IS LATCH RPS§ : Port Read signal
¢ \j
l Port 6
tus Register
MSB LSB Control/Status Reg

Pe7 | Pes | Pos | Pas | Pas | Paz | Peyr | Pag | FORTE DDR IS0036)

{Write only, $00
DDHDDRDDRDDRDDRDDRDDRDDRMM)

PORTE {$0017)
/W, not -
Por | Pas | Pas | Poa | Pas | Paz | Par | Pao tializodngtu:ing

reset.)

¢ Port? as an output port. CPU 7 can also read the Port 7 data register to ex-
A 5-bit output port. In single-chip mode (Mode 3), port 7 goes ecute bit manipulstion instruction. In the expanded mode (Mode 1,
10 a high impedance state during reset By a write to Port 7, Port 7 Mode 2), Port 7 is an output pin for control signals (RD, WK, R/
goes to the output state from the high impedance state, and it out- W.1IIK, BA) from the CPU.
puts the written data. Once it becomes output state, Port 7 functions Port 7 can drive one TTL load and 30pF capacitance.
RES —{R al— A
wp7 1%
Mode 1 Mode 2 —152*
£
Mode 3 ‘:
PORT o =
n ! Q D E
P DATA g
C 3
T Tt WP7 : Port Write signal
wpP7  RP7 ~ RP7 :Port Read signal
e
Mode 1 1
Mode 2
1
! ' — CPU Control Signal
* Priority : S2 > R. S

vy
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B RAM/PORT B CONTROL REGISTER
The control register located at $0014 controls on-chip RAM and
port 5.

RAM/Part 5 Controf Register (RPSCR)

7 8 5 4 3 2 1 o

STBY STBY| AMR iRQ,[ IRQ,
PWR [RAMEIL 56l € £ €

HLTE | MRE $0014

Bit 0. Bit 1 TRG,. TRO; Enable Bit {IRQE, IRQE)

When using Py, and P;, as interrupt pins, write **1”’ in thess bits.

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

Bit 2 Mamory 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 automatically cleared
and becomes the MR input pin. [n Mode 3, however, the ““‘memory
ready”’ is inhibited regardiess of the bit. The bit is cleared during
resed.

Bit 3 Hait Enable 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 automaticaily cleared and
becomes the Halt input pin. If the bit is *0"', the Halt function is
inhibited and Py, is used as an 1/Q 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 |
and 2, MRE and HLTE bit should be cleared just after
the reset.

Bit 4 Auto Memory Ready Enable 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 clock. 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 Py, (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, clear 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
0 0 ‘‘Memory ready”’ inhibited.
o] 1 When the CPU accesses the externai address, "High"” duration of E clock automatically becomes one-cycle
longer. This state is retained during reset.
] 0 ""Memory ready’’ operates by Pgs (MR} pin. The function is the same as that of the HD8301X0.

When the CPU accesses the éxternal address space with the Pz (MR) pintin “low”’, tha “‘auto memory
ready’’ aperates. 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 & Standby Flag (STBY FLAG)

By ciearing this flag, HD6301Y0 gets into the standby mode by
software. This is set to 17 during reset, so the standby mode is
canceled with pin in “low”. The RES pin should be in *‘low”
until oscillation becomes stable (min. 20ms.). If the STBY pinin is
in “low”’, the standby mode can not be canceled with the RES pin
in “low™,

Bit 6 RAM Enable (RAME}

On-chip RAM can be disabled by this control bit. By resetting
the MCU, *1” is set to this bit, and on-chip RAM is enabled.

240 TDS Ltd

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.

8it 7 Standby Power Bit (STBY PWR)

When Ve 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.

G HITACH!
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{a) MRE=0, AMRE=1

I R

T T
; [ i L1 LI
..... . Lo
Address intearnal internal
Bus m external address * addresas x external address X internal address

{b}) MRE=1, AMRE=1

E 1 7t T I 107 [ 1=
ABdudSreSS x eix!lge:ensal x g‘ég;;:s x \L external address X ggf;rr:sasl X\(‘ external address X
MR \ / \

CS pin of “'siow memory"’)

(¢} MRE=1,AMRE=0 (HD6301X0 Compatible Mode)

e o 1 & 7 L3 1 |-
A - -
g:sress ;':,t:rr:sﬂ e“e: na external address :; der:: I;::;g:::sl
thmr - tsmr
MR N y

Figure 17 Memory Ready Timing

¥ Port 6 Control/Status Register
This is the Control/Status Register for parallet handshake inter-
face using Port 6. The functions are as follows;,
1) Latches input data to Port 6 at the 18 (P;,) falling edge.
2) Outputs a strobe signal 85 (P;,) outward by reading or writ-
ing to port 6.
3) When IS FLAG is set at the TS falling edge, an interrupt
OCCUTS.
The following shows Port 6 Controi/Status Register (P6CSR).

7 & 5 4 3 2 A 0]
15* 15 IRG LATCH
FLAG ENABL‘E OSE | 058 ENABLE - - - $0021
BitQ *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 *'1"", the input data to port 6 will be latched
inward at the 1S (P,,) falling edge. An input latch will be canceled

by reading Port 6, which enables to latch the next data. If cleared.

O HITACHI

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

Bit 4: 0$S Output Strobe Select

This register initiates an output strobe (OS) from P;; by reading
or writing to port 6. When cleared, OF occurs by reading Port 6.
When set, 08 occurs by writing to Port 6. This bit is cieared during

reset.

Bit 5: OSE Output Strobe Enable

This register decides the enabling or disabling of the output
strobe. When cleared, P, 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: {S 1RG4 Enable Input Strobe Interrupt Enable

When set, an IRQ, interrupt to the CPU occurs by setting 15
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 1S (Ps,) 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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HD&301Y0
MsB

IS IRt

IS FLA
G ENABLE

IROL

Figure 18

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

& Mode 1 (Expanded Mode)

[n this mode, port 3 is data bus and port | “‘l.ower’ address bus
and port 4 “Upper” address bus to interface directly with the
HMCS56800 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 Moda)

This mode is also expandable as well 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 reset starts, set
the P4DDR 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 reguired to output the

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

g Port 6 Control/Status Register

IRCh

Input Strobe Interrupt block Diagram

address externally can be used as the input port

® Mode 3 (Single-chip Mode)
In this mode, all ports are available (refer 1o Fig. 21).

Table 4 Mode Selection

Mode | MP, MPg ROM | Ram ’”\}:L’t‘é‘:‘ 0‘;:;?:’“
1 o l'ml E * E 3‘;’::““
2 | W el - | EA‘C')’::"E"
3 T i : ' 323:3-6'“'3

“L" = Logic "0", “H" = Logic 17, |, internal, £; 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—~A7) Address Bus {Ag—A5) 1:Q Port
Port 2 170 Port 170 Port 10 Port
Port 3 Data Bus (Dg—D5} (>ata Bus (Dy—D5} 1:Q Port
Port 4 Address Bus {Ag—A;s) I:0 Port or Address Bus (Ag—A gl 1/Q Port
Port 5 1/Q Port 1:O Port 1:0 Port
Port 8 10 Port 11O Port 1:Q Port
Port 7 RD, WR. R/W. TR, BA ‘RO, WR. R‘"W, UIR, BA Cutput Port

242 TDS Ltd
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ﬁE
[XTAL RD
L m
EXTAL — R/W
I ——LIR

STBY—'—"‘

NMT —— HD6301Y0 | ps
PORT2 MCU PORT3
Tunec1.2) Data Bus
PORTS

PORT?
[WJC—_:) Romas Bus
PORTS PORT4
° C:D Address Bus
T
Figure 19 Mode 1
o
P Ve
ﬁE
P,
XTAL
EXTAL :DPORW

RES ——

STBY ——

NMI — HOE6301Y0 @PORT:;

MCu

oo 3 S
PO

(E%S'T"?rQ
PORTE <—_—>

V:V &

T

Figure 21 Mode 3

@ HITACH!

O
PI o
P —*E
)(TAL E
+——WR
aEs EXTAL ——f /W
STRY — HD6301Y0 LR
NNl —— ——= B4
FE‘?‘BJQ Mcu PORT3
LSCt Data Bus
%ﬁ@ PORT1
1 ¢ Address Bus
[r’!’f‘ﬁs J
PORTG PORT4
Address Bus
Ves Ve or Input Poris
nr

Figure 20 Mode 2
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Table & Internal Register

Address Register Abbreviation R/W* 'g::ﬁ:’;f:s‘;f'.‘f?
00 Port 1 DDR (Data Direction Register) P1DDR W $FE
o Port 2 DDR P2DDR w $00
02 Port 1 PORT1 R/W indefinite
03 Port 2 PORT2 R/W indefinite
04 Port 3 DDR P3DDR w $FE
05 Port 4 DDR P40DDR w $00
06 Port 3 | PORT3 R/W indefinite
o7 Port 4 PORT4 R/W indefinite
08 Timer Control/Status Ragister 1 TCSR1 R/W $00
08 Free Running Counter (MSB) FRCH R/W $00
0A Free Running Counter (LSB) | FRCL R/W $00
oB Qutput Compare Register 1 (MSB) OCR1H R/W SFF
oc Output Compare Register 1 {LS8) OCR1L R/W $FF
oD Input Capture Register (MS8) ICRH R £00
OE Input Capture Register {LSB} ICRL R $00
OF Timer Control/Status Register 2 TCSR2 R/W $10
10 Rate/Mode Control Register RAMCR R/'W $CO
1M Tx/Rx Control Status Register 1 TRCSR1 RW | $20
12 Receive Data Register RDR R I $00
13 Transmit Data Register TOR W indefinite
14 RAM/Port 5 Control Register RPSCR R/W $F8or$78
15 Port & PORTS R/W indefinite
16 Port 6 DDR P6DDR w 300
17 Por} 6 PORTE R/W indefinite
18 Port 7 PORT? R/wW indefinite
18 Output Compare Register 2 (IMSB) OCR2H R/W $FF
1A Output Compare Register 2 (LSB) OCR2L R/W SFF
18 Timer Control/Status Register 3 TCSR3 R/'W $20
1C Time Constant Register TCONR W $FF
10 Timer 2 Up Counter TZCNT R/wW $00
1E Tx/Rx Control Status Register 2 TRCSR2 R'W $28
iF Test Register* TSTREG - i -
20 PORT 5 DDR { PBDDR w ‘ $00
21 PORT 6 Control/Status Register P6CSR RW $07
22 — - - -
23 — - - : -
24 —_ - - , -
25 L Reserved _ _ : _
26 — - _ -
27 — - - —
* Register for test. Don't access this register.
** R Read-only register, W: Writa-only register, R/W: Read /Write register.
""" When ampty bit is in the register, itis setto 1"
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Mode | Moge ? Mede 3
$0000 $0000 %0000
Internal Internal ** Internal
Rag: Reg: Reg
$0027 agister ®0027 egister 0027 egister
External Memory External Memory
Space Space
$£0040 %0040 $0040
Internal RAM Intarnal RAM lnternal RAM
2% Bytes % Byles 256 Bytes
$013F $013F B013F
External
Memory
Space b
Externa:
Memory
Space
$C0O00 $C000
Internal ROM Internal ROM
6k Bytes Ak Bytes
SFEFF | SFEFF SFFFF

*Mode | does not
include the addresses:
$00, $02, %04, H0S.
$06. $07 or %18 which

can be used externally.

"*Mode 2 does not
nclude the addresses:
$00 B062 $04 %06
and %18 which can be
used externally

Figure 22 HDB301Y0 Memory Map

» TIMER1
The HD6301YO provides a 16-bit programmable tmer which
can simulianeously measure an input waveform and generate two
independent output waveforms. The pulse widths of both inpul/
output waveforms vary from microseconds to seconds.
Timer | is configured as follows (refer 1o Fig. 24).
- Controi/Status Register 1 (8 bit)
Controt/Status Register 2 (7 bit)
Free Running Counter (16 bit)
Output Compare Register | (16 bit)
OCutput Compare Register 2 {16 bit)
Input Capture Register (16 bit}

® Free-Running Countsr {FRC) ($06009:000A}

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

When writing to the upper byvte (309}, the CPL writes the preset
value (3FFF8) into the counter (address $09. $0A) regardiess of
the write data value. But when writing to the lower byte {SOA after
the upper byte writing. the CPU writes not only the lower byie data
into lower & 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 11 by dou-
ble store instructions (STD, STX, etc.}

$09 Write $0A Write
1554} (&F3)

£
Counter vaiue

$5AF3
o FRC

~ ZFFFB
In the case of the CPU write - $5AF2

Figure 23 Counter Write Timing
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® Qutput Compare Register {(OCR)

{$0008, $000C; QCR1] {$0019, $0G1A: OCR2)

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

When the data matches. output cormnpare flag (QCF} in the timer
control/status register (TCSR) is set. If an output enable bit (GE in
the TCSR2 is *1™, an output level bitéOQLVL} in the TCSR will he
output to bit 1 (QCR 1) and bit § (OCR 2) of pont 2. To control the
output levei again by the next compare, the value of OCR and
OLVL should be changed. The OCR is set to SFFFF a1 reset. The
compare function 1s inhibited for a cycle just after a write to the
upper byte of the QCR or FRC. This is (o begin the compatison
after setting the 16 bit value in the register and to inhibit the com-
pare function at this cycle, because the CPL writes the upper byle 1o
the FRC. and at the next cycle the counter is sel to $FEFS.

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

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

& Input Capture Register {ICR} {$000D : 000E)

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 1o input the external input signal 1o the edge detector, a
bit of the DDR corresponding 10 bit O of port 2 shoutd be cleared
*07"} When an input capture pulse occurs by exlernal input signal
transition 4t the next cycle of CPUs high-byte read of the ICR. the
input capture pulse will be delayed by one cycle. In order to ensure
the input capture operation, a CPL read of the [CR neads 2-byte
transler instruction. The input putse width should be at least 2 svs-
tem cycles. This register is cleared ($0000) during reset.

® Timer Control/Status Register 1 [TCSR1} {($0008)
The tmer controifstatus register 115 an 8-bit register. All bity are
readable and the lower 5 bits are also writable. The upper 3 bits are
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read-only which indicate the following timer status.

Bit § The counter value reached to 30000 as a resuit of count-
ing-up (TOF).

Bit 6 A maich 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 8 5 4 3 2 1 Q
ICF | OCF1 | TOF [ EXCY |EOQCH| ETOI| IEDG]OLVL?

$0008

Bit O OLVL1 Output Level 1
OLVL] is transferred to port 2, bit 1 when a match occurs be-
tween the counter and the OCR1. If bit 0 of the TCSR2 {OE1) is
set to 1", OLVL] will appear at bit 1 of port 2.
Bit1 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 ¥CR. For this function, the DDR corresponding to port 2, bit
0 should be cleared beforehand,
IEDG =0, triggered on a falling edge
(“‘High" to “Low""}
IEDXG =1, triggered on a rising edge
{**Low” to “High")
ETO! Enable Timar Ovarflow interrupt
When this bit is set, an internal interrupt {IRQ,) by TOl inter-
rupt is enabled. When cleared. the interrupt is inhibited.
Bit3 EOQCIH1 Enable Output Compare Interrupt 1
When this bit is set, an internal interrupt (IRQ,) by OCH
interrupt is enabled. When cleared, the interrupt is inhibited.
Bit4 EtCI 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 b TOF Timer Overflow Flag
This read-only bit is set when the counter increments from
SFFFF by 1. Cleared when the counter’s MSB byte {($0009) is
read by the CPU after the TCSR1 read at TOF=1.
Bit6 OCF1 Output Compars Flag 1
This read-only bit is set when a match occurs between the
OCR]1 and the FRC. Cleared when writing to the OCR{ (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 @
makes a transition as defined by 1IEDG and the FRC is transfer-
red to the ICR. Cleared when reading the upper byte (3000D} of

Bit 2
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the ICR after the TCSR1 or TCSR2 read at ICF=1.

® Timer Control/Status Register 2 (TCSR2) ($000F)

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

Bit 5 A match has occurred between the FRC and the OCR2
{OCF2).
Bit & The same status flag as the OCF1 flag of the TCSR1, bit 6.
Bit ¥ The same status flag as the ICF flag of the TCSR1, bit 7.
The [oilowings are the each bit descriptions.

Tirner Control/Status Register 2

7 -] 5 4 3 2 1 Q
ICF |OCFY OCfF2 | — |EQCIZOLVL2|QE2 | OEt

$O0OF

Bit0 OE1 Output Enable 1
This bit enables the OLVL] 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
170 port. When set, it will be an output of OLVLI1 sutomatically.
Bit t 0EZ Qutput Enable 2
This bit enables the OLVL2 to appear at port 2, bit 5 when a
matich has occurred between the counter and the output com-
pare register 2. When this bit is cleared, port 2, bit 5 will be an 1/
O port. When set, it will be an output of OLVL2 automatically.
Bit 2 OLVL2 Output Level 2
OLVL?2 is transferred to port 2, bit 5 when a malch has occur-
red between the counter and the OCR2. If bit 5 of the TCSR2
(OE2} is sel to **1"", QLVL2 will appear at port 2, bit 5.
Bit3 EQC12 Enable Output Compare Interrupt 2
When this bit is set, an internal interrupt (IRQ,} by GCR2
interrupt is enabled. When cleared, the interrupt is inhibited.
Bit4  Notused
Bitb OCF2 Qutput Compare Flag 2
This read-only bit is set when a match has occurred between
the counter and the OCR2. Cleared when writing to the OCR2
(30019 or $001A) after the TCSR2 read at OCF2=1.
Bit6 OCF1 Output Compare Flag 1
Bit 7 iCF Input Capture Fiag
OCF1 and ICF are dual addressed. If which register, TCSR1
or TCSR2, CPU reads, it can read OCF! and ICF to bit 6 and bit

1
Both the TCSR1 and TCSR2 will be cleared during reset.
(Nate) If OE] or OE2 is set to *‘1" before the first output com-
pare match occurs afler reset restart, bit 1 or bit 5 of port 2
will produce 0" respectively.
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Figure 24 Timer 1 Block Diagram

= TIMER 2
In addition to the timer 1, the HD6301Y0 provides an §-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 (TZCNT) ($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 writlen to the counter by software even during counting.

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

If the write operation is made by software to the counter at 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 match has occurred, the counter match flag (CMF) of
the timer control status register 3 (TCSR3) is set and the value

@ HITACHI

selected by TOS0 and TOS! of the TCSRJ will appear at port 2, hit
6. When CMF is set, the counter will be cleared simultaneously and
then start counting from $00. This enables regular interrupts and
waveform outputs without any softwars support. The TCONR is sel
10 ““$FF"" during reset.

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

The timer controi/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 [ 5 4 3 2 1 0
CMF | ECME T T2E [ TGS TOSOICKS 1| CKSO

$0018

Bit)  CKSO0 Input Clock Select 0
Bit 1 CXS1 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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< HD6301Y0 Internal Data Bus >
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Figure 25 Timer 2 Block Diagram

Table 7 Input Clock Seiect

CKS1 CKS0 input Clock to the Counter
0 8] E clock
0 1 E clock/8*
1 0] E clock/128"
1 1 External clock

* These clocks come from the FRC of the timer 1 If one of these clocks is
selacted as an input clock to the up counter, the CPLF should not write to
the FRC of the timar 1

Bit 2
Bit3

TOS0 Timer Output Select 0

TOS1 Timer Qutput Select 1
When a match occurs between the counter and the TCONR
limer 2 outputs shown in Table 8 will appear at port 2, bit 6
depending on these two bits. When both TO30 and TOS1 are
“0"", bit 6 of port 2 will be an 1/O port.

Table B Timer 2 Cutput Select

TOS1 TOSO Timer Qutput
c G ; Timer Qutput Inhibited
Q 1 Toggle Output®
1 0 Qutput "0”
1 1 Qutput " 1"

* Whan a match occurs between the counter and the TCONR, timer 2
output jevel is revarsed. This leads to production of a square wave with
50% duty to the extemal without any software support.
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Bit4 T2E Timer 2 Enable Bit
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 CKS0 (Table 7) is input to the up counter.
{(Note) Py outputs 0" when T2E bit cleared and timer 2 set in
output enabie condition by TOS1 or TOSO. I1 also outputs
0" when T2E bit set **1”" and timer 2 set in output ena-
ble condition before the first counter match occurs.
Not Used.
ECMI Enable Counter Match Interrupt
When this bit is set, an internal interrupt (IRQ,) by CMI is
enabled. When cleared, the interrupt is inhibited.
Bit7  CMF Counter Match Flag
This read-only bit is set when a ratch 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 cleared during reset.

Bit5
Bité

u SERIAL COMMUNICATION INTERFACE {SCI)

The Serial Communication Interface (SCI) in the HD6301 Y0
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 Regisier
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 formal, 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
ailowed, the SCI block may not be inttialized.

Parity Check
Generator
¥ TRCSR2
P23 Receive Shift Register kDRFJORFE orelreEr | - !PEN{EOP] SBL
L A
msB LSB b P TRCSR1
ROR [RDRFFHFE[TDRE RIE] Re | TiE | TE [wu
HDGE301Y0 INTERNAL DATA BUS
MSB LSB RMCR
TDR ss2|cecz| cer|cce| ssi| sso
Paa - Transmit Shift Register —  Bit Rate t—— Timer 1 FRC
Generator e Timer 2

P22

Figure 26 SCI Block Diagram

* Asynchronous Mode

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

Data transmission is enabled by setting TE bit of the TRCSRI,
then port 2, bit 4 will unconditionally become a senal 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 seni 10 the

Transmit Shift Register and data transmit starts.

During data transmit, a start bit of “*0" 1s transmitted first. Then
7-bit or 8-bit data (starts from bit 0} 1s 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 s "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

G HITACHI

the contents of the TRCSR2 and RMCR at first, and set RE bt of
TRCSRI. The first 0" {space) synchronizes the receive bit flow,
Each bit of the following data wilt be strobed in the muddle. If a stop
bil is pot **1"", a framing error assumed and ORFE s set.

When a framing error occurs, receive data is transferred (o 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 but
does not match the EOP bit. a parity error occurs and the PER bitis
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 1s received without a fram-
ing error and a parity error

If RDRF is still set when receiving the stop bit of the next data.
ORFE is set to indicate the overrun generation. CPU can get the
recetve data by reading RDR. When 7 bit data formal is selected,
the 8th bit of RDR is 0"

When the CPU read the receive Data Register as a response 1o
RDRF Nag or ORFE Mag after having read TRCSR. RDRF or
ORFE is cleared.

(Note) Clock Source in Asynchronous Mode

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

regardless of the values for TE or RE. Maximum clock rate 15

E+ 16.

If bath 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) |sTarT| 78it Data ['stop |

(2) {sTaRT] 78it Data [ 2stor |

(3) [sTaRT] 781t Dana [pariTy] sTOP |

(a) [sart| 78it Data [party] 2s70p |

(5) [sTanr} 8Bit Data [ sTor|

(6) [sTART| 861 Data [ 2stor |

o ] 5]

8 [sTarT] 8Bit Dats Jpamty  2sT0P |

Figure 27 Asynchronous Mode Transfer Format.

® Clocked Synchronous Mode

In the clocked synchronous mode, data transmit is synchronized
with the clock pulse. The HD&301Y0O 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 I/Q pin is only P,;, so the
simultaneous receive and transmit operation is not availabie. In this
mode, TE and RE should not be in set condition (1)
simultaneously. Fig. 28 gives a synchronous ¢lock 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 ciock input is seiected 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 § and the TDRE is set when the
Transmit Shift Register (TSR) is “empty”’. More than 9th ciock

{——————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

D=ata receive is enabled by setting RE bit. Port 2, bit 3 wil be a
serial input. The operating mode of data receive is decided by the
TRCSRI and the RMCR.

If the external clock input is selected, 8 external clock pulses and
the synchronized receive data are input to port 2, bit 2 and bit 3
respectively. The MCU put recsive dala 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 cleared with P,; “High™.

When data receive is selected with the clock output, 8 syn-
chronous clocks are output to the externat 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, teceive operation is performed by sending
the synchronous clock to the external after clearing the RDRF bit.

Synchronous ||l||]‘_]l_.|uuu

clock

Data %Bn OXBut 1XBat ZXBit 3] Bit4]Bit SXBit SXBit 7%
x x P7777 Not Vatid

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

- Receive data ts latched at the rising edge.

Figure 28 Clocked Synchronous Mode Format

® Transmit/Receive Control Status Register (TRCSR1}
($0011)
The TRCSR1 15 composed of § bits which are all readable. Bits 0
to 4 are also writabte. This register is initialized to 320 during reset.
Each bit functions are as follows.
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Transmit/Receive Control Status Register

7 +] 5 4 3 2 1 Q
RORF | ORFE! TORE| RIE RE TIE TE | WU| $0011
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8it0 WU Wake-up

In a typical multi-processor configuration, the software pro-
tocol 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 |
frame tength. The software protocel 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 iength
wakes up and clears this bit by hardware and then the MCU
restarts receive operation. However, the RE flag should be
already set before setting this bit. In the clocked synchronous
maode WU is not available, so this bit should not be sat.

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/Q doesnt affect port 2, bit 4.

Bit2 TIE Transmit Interrupt Enable

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

Bit3 RE Recaive Enable

When set, a signal is input to 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 Registar Empty

TDRE is set by hardware when the TDR is transferred to the
Transmit Shift Regisier 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 shouid be cleared in the transmittable state after
the TE set.
ORFE Overrun Framing Error
ORFE is set by hardware when an overrun or a framing error
is generated {during data-receive only). Ap overrun 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"". Bul in clocked synchronous mode, this bit is not
affected. This bit is cleared by reading the TRCSR1 or TRCSR2,
and the RDR, when RDRF=1. ORFE is cleared during reset.
Bit 7 RDRF Receive Data Register Full

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

Bit 6

& Transmit Rata/Mode Control Register {RMCR}
The RMCR controls the following serial 1/0;
. Baud Rate - Data Format
.+ Clock source . Port 2, Bit 2 Function

Bit0 $S0
Bitt $51 Speed Select
BitS §52

These bits control the baud rate used for the SCIL. Table 9 lists
the available baud rates. The timer 1 FRC (352 =0) and the timer 2
up counter (S82=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 cc1 Clock Control/Format Select”
Bit4 cC2

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

* CCO, CCIl and CC2 are cleared during reset and the MCU
goes to 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.

Bitg
Bit7

Not Used.
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 TRCSR! or TRCSR2. Bits O to 2 of the TRCSR2 are
used for read/write. Bits 4 to 7 are used only for read.

Transmit/Receive Control Status Register 2

7 6 5 4 3 2 1 Q
RDRF [ORFE!TDRE| PER | — | PEN| EOP| SBL

$Q01E

Bito SBL Stop Bit Length
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 s ““1'". If this bitis *0"", the parity is even. [f **1", it is odd.
This bit is cleared during reset.
Bit2 PEN Parity Enable
This bit decides whether the panty 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.

- Operation Mode Bit3 Not Used
All bits are readable/writabie. Bit 0 to 5 of the RMCR are cleared
during reset
Transfer Rate. Mode Control Register
ki 6 5 4 3 2 1 0
— - S82 1 CC2 | CCY | CCO 881 sS850 0010
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Table 9 SCiBit Times ard Transfer Rates

{%) Asynchronous Mode

XTaL 2 4576MHz 4 OMHz 4 9152MH:
552 8§51 S50 £ 614 duH; 1 OMHz 1 2288MH:z
0 Q ¢ -] 26 5/38400Baud 1645/625008aud 13 5/76800Baud
O 0 1 E-128 208 usr4800Baud 128,5/7812 SBaud 104 2 .5/9600Baud
4 1 Q E=1024 1 67ms/6008aud 1 024ms/976 6Baud 833 3.35/12008aud
o) 1 1 E-=-4096 6 B7ms/1508aud 4 396ms/244 1Baud 3 333ms/300Baud
1 — - — x * L4
* When SS2 is 1", Timer 2 provides SCI clocks. The baud rate is shown as follows with the TCONR as N.
{ f: input elock frequency to the
Baud Rate = N timer 2 counter
N =0~ 255
(2} Ciocked Synchronous Mode *
X TAL 4 OMH2 6 OMHz B QM2
552 S$S51 550 E 1 OMHz 1 5MHz 2 OMHz
Q ] o] E-2 2.8/bn 1 335/t 1 s5/bt
Q Q 1 E-18 16.5/bt VO 7S/t Bus/bit
6 1 o0 E<128 128,.5/bt 85 Jus/bit 64.5/bit
c 1 v E<512 512,58/ 347 .5/1t 2565/
1 —_ — f -_— & % * 2 * x

* Bit rates in the case of internal clock operanon. [n the case of extemal clock operation, the external cluck is
vperatable up to DC ~ /2 system clock
** The bit rate is shown as follows with the TCONR as N

4 (N+1} f _input clock (requency to the
f

timer X counter

Bit Rate (us/bit) =

N =0~ 258

Table 1C Baud Rate and Time Constant Register Example

Baud "-';;RQ;U'JIAL 2 45 76MMz 3 68B4MH: 4 OMHz 4 9152MHz 8 OMHz
110 21" 32- 35" FED 70
150 127 1o 207 255 51°
300 63 95 103 127 207
600 3 a7 51 83 103

1200 15 23 25 3 51
2400 7 " 12 15 25
4800 3 5 _ 7 12
9600 1 2 - 3

19200 0 - - 1

38400 - _ _ o

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

Table 11 SCltFormat and Clock Source Control
CCZ CC1 CcCo Format Mode Claock Source |Part2 B 2 Part 2, Bit 3 T Port 2, Bit 4
Q 0 ] B8-bit data | Clacked Synchronous | External l'nput M
a 0 1 8-bit data | Asynchronous i Internal ! Not Used"* E ) )
i i 5 R | When the TRCSR1, RE bit s "1’
0 1 Q 8-bit data i Asynchrancus ! lnternal Output i bit 3 is used as a serial input.
0 1 1 8.bit data Asynchrorous " External laput
1 Q 0 B-bit data Clacked Synchronous | Internal Output
1 0 1 T-bitdata | Asynchronous tnternal Not Used™* o
. . When the TRCSR1?, TE bitis 1",
1 1 0 7-bit data Asynchronous {nternal Qutput bit 4 is used as a serial output.
1 1 1 7 -bit data Asynchronaus External lnput

* Clock output regardless of the TRCSRI. bit RE and TE.
** Not used for the SCL.
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bit4  PER Parity Error Bit7 RDRF
This bit is set when the PEN is *°1’" and a parity efror oocurs. Receive Data Register Full
It is cleared by reading the RDR after reading the TRCSR2, * Each flag of the TDRE, ORFE, and RDRF can be read from
when PER =1, either the TRCSR1 or TRCSR2.
Bitb TORE
Transmit Data Register Empty ¥ TIMER, S5CI STATUS FLAG
Bit6 ORFE Table 12 shows the set and reset conditions of each status flag in
Overrun/Framing Error the timer 1, timer 2 and SCL

Table 12 Timer 1, Timer 2 and SCI Status Fiag

Set Condition Clear Condition
PBCSH IS FLAG Falling edge input to Pg, (5) 1. Read the PECSR then read or write the
PORT®6, when 1S FLAG = 1
2. REE =0
ICF FRC — ICR by Rising or Falling edge input to 1. Read the TCSAT or TCSR2 then ICAH,
P2o. when ICF = 1
(Selecting with the IEDG bit) 2 RES =0
OCF1 QOCR1 = 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 TCSAZ then write to 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 T2ZCNT = TCONR 1. Write "'0” to CMF, when CMF = 1
2 2. RES=0
RDRF Receive Shift Ragister — RDR 1. Read the TRCSR1 or TRCSRA2 then RDR,
when ADRF = 1
2. RES=0
ORFE 1. Framing Error (Asynchronous Mode) 1. Read the TRCSR1 or TRCSR2 then RDR, when
Stop Bit = ORFE =1
2.  Ovwerrun Error (Asynchronous Mode) 2 RES =<0
Receive Shift Registar — RDR when
SCI 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 Synchronous Mode
Transmit Shift Register is “empty’ Notel TDRE shouid 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; Uppaer byte of ICR QOCR1L; Lowaer byte of OCR1
QCR1H; Upper byte of OCR1 OCR2L; Lower byte of OCR2Z
QCR2ZH; Upper byte of OCR2 FRCH; Upper byte of FRC
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 LOW POWER DISSIPATION MODE
The HD6301Y0 provides two low power dissipation modes,
sleep and standby.

® Sileop Mode

The MCU goes 1o 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 steep-condition is one fifth that of operating condition.

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

L vee

This s{eep 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. [n this mode, the HD6301YO stops all
the clocks and goes 10 the reset state. In this mode, the power dis-
sipation: is reduced 10 several u A. During standby, alt pins, except
the power supply (Voc, Vgg), the STBY, RES and XTAL {which
oulputs “‘0""), go 10 the high impedance state. In this mode, power
(V) is supplied to the HD6301Y0, 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 {lag, it will restart only by keeping the
RES *“Low™ for longer than the oscillating stabilization time.
{Fig. 29(b))}

i
g

©|

HDB3G YD

on

—‘l

L]

=<

]

4
mi|
o

—

il

|
|
7] |
i

__res) 3 | { |
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O Save Registars ) Sa Start
O RAM/Port 5 Control Register Sat Tima
Restart
{(#) Standby Mode by STBY
t— Vee
45
REZ
HD6301YD
! I
H o
FTay ! : |
t___b; ; Standby Mode } :
1 1] 1
O STBY FLAG O Oscitator!
Clear Start [
T iRestart
'H"E's’|?;
Vgg Vsg

{b} Standby Mode by the STBY Flag

Figure 29 Standby Mode Timing
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H 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 coxde, the CPU saves registers as
well as a normal interrupt and branches to the TRAP (SFFEE,
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 weil 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. Tabile 13
provides addresses where an address error occurs o 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

i
$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
RTI. 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 HMCS&800. 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

Accurmnulator 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 to Table 17}

Op Code Map (refer to Table 18)

® Programming Model

Fig. 30 depicts the HD6301 Y0 programming model. The doubie
accumulator D consists of accumulator A and B, so when using the
accumulator D, the contents of A and B are destroyed.

S HITACH!
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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.
Accurmulator (ACCX) Addressing

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

This addressing 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 50 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 Addressing

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

This carry is added to the upper B 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).

Implisd Addressing

An instruction itself specifies the address. This is, the instruction
addresses a stack pointer, index register, etc. This is a 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 SEl 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

cLl CL! NOP
SEl NOP NOP

SEI SE}
(a) (b) (©)

The same thing can be said to the TAP instruction instead
of the CLI and SEI instructions.
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Tabie 14 Accumulator, Memory Manipulation Instructions

Condition Codé
Adidressing Modaes

Coeranons Mnamonic Boolsan/ Regiater
IMMED | DIRECT | INDEX |[EXTEND | IMPLIED Arithmatic Operation slafafzT o
OP |~ |w OP|~iwiOPi~|u|OP |~ |wloP |~ x Hl1[Nj2|vic
Add ADDA (88 |2(2 .98 [3!2[AB|4 |2 |BB |43 At M= A 1 BB
ADDB cei2[2({oB(3[2]eral2 [FR|a[] B+M—~B tlefs{t]t]e
Add Double ADDD |C3 ]33 D3 Z|E3a(s[2]Fais ]2 A B+M M+1~A B |o|e|2]1 |t t
Add Accumulators ABA 18 /1|1 [A+B—+ A LN I I O I R
Add With Carry ADCA (89 |22 |99 |32 |aela |2 |se [4 |3 A+M+C—~A BCBDRE
ADCR col2l2|polaz]es ;a2 |Fo (43 B+M+C~B tlelsit e
AND ANDA |84 [2]2 (94 i3 {2 laala|2 |84 a3 TA-M— A ele i1 Rle
ANDES cal2(2|paj3|2ica a2 [Fa a2 iB-M—~B alai|l R|®
Bst Test 8IT A a5 [2[2]e5 [a[2[as[a ]2 |85 a2 Tam e{w|t|t IR
BT e ts|2|2lps|3 |2[|es|[a]2 [F5s a3 L BeM sieit|1[A|e
Clem CLA ) 6F [5]2 7F |5 |3 L 00~ M e« s lR[S|RIR
CLRA ! ! N 4F (11100 A s e R[s]R A
CLAB . SF 11 o0 ~8 e s r[5]R]R
Compare cmPa a1 [2[2 91 [3[a[ar[al2 Bt 43 T fa-mM eielt[t]s]s
CMPB cr|z|2{or|3i2]e1 [af2(F1|als B-M eloeftt [t
Someimers | oA njfr]a-s e
Complement, 1's COM 61|62 (73 |63 M- M e|el1 )t [R[S
COMA 43 (11 |A ~A «|e[tlt R[S
COMB 53 (1|1 |8 ~B eleltlt RS
Complemant, 2y MEG 60 |62 [70 |6 (3 00-M—~M GERCI)
{Negate) NEGA 40 |1 |1 [00-A=A oottt |@@
NEGB | (S0 |11 ]|00-B~8B o (e 3/ DD
Decimel Adjum. A | DAA { l1a |20 [Converibmery maoteco [T T, T, T Ty
Decremant DEC 6A |62 |TAi6]3] M-1-M el (L1t Do
DECA 4A 11 (1 |A-1=A oo bl D]
DECB 5alt/1(B-1~8 ol |t|t |@e
Exclusive OR EQORA BB |2i2]9 |1 |2 (AR (4 |2 BB |4 (2 AB M-~ A s (f|3{A]e
£0RB ca 2 [oafal2lea (a2 [Fa {4 |3 8@ M-8 s et R
Increrment INC 6Cl6 |2 (7C |6 |3 M1 =M s sililiBe
INCA 4C (1 (1 [A+1 -~ A e ittt B]e
LNCB sc[1]r[a+y-~@ MBI
Loed LDAA 06 (2 (2196 |3 12 [a6|a 2 |86 [4 |3 M A sia it ]|R}e
Accumulator LOAB  [C6 |22 |06|3 2 €6 |4 |2 iF6 |4 |23 M-B wlelt|s|R|e
km::‘_‘fo': LDD cc |3 |3 |pc|a {2 |€ec|s |2 iFCis |2 ! M+1—-B M=-A TN IRER LD
Multiply Unsigned MUL B 7[{1[AxB~a B oo lafelaldd
OR, Inclusive ORAA BA (2|2 (9A |3 |2 |AA|4 |2 BAj4 ! A M A oo (1 ]|iRfe
ORAB cal2(2oaja(2leala(2[Fajaln TTBe+M~ B OAREGC
Push Dwta PSHA ! 6 4 T TA=Mw SP_T= 5P sjefelelels
PSHE i 37 |4 |1 |B =« Msp, 5P — 1 ~ 5P alu|s|e|ole
Pull Date PULA 32 [3[1 [P+t ~5P Mo~ A wlefejalals
PULB 33 3(1[sP+1 5P Mip— B s(ain|mioe
Rotate Laft ROL 69 62|79 |6 |3 “ LEERERE N T8
ROLA 9111 |a m LBERLRERL JX
ROLB ss T Tl ¢ 9 SORROE
Ratate Right RCR 66 6122 |63 ] L BLEERERL TR
ACA A PERARRE Alw IEE R IR
RORB 5611y, °9 oo (t]t i@]t
{Notel Condition Cods Ragister will be explained in Note of Tabie 17 {continued)
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Tabte 14 Accumulator, Memory Manipuiation Instructions

Addressing Modes mﬂ:":::;s“"

Operations Masmonic | mMED | OIRECT | INDEX_|ExTEnD | IMPLED |, Becleen! «{3]2]+ 7o

OPF [~ |# |OP |~ @ OF|~|w|OP |~ w|OP|~ & Hjl IN|Z|v|C

Shift Let ASL 68 |62 (78 |63 - — s[1]t @)

Arithmetic Asia LB e nasasa s OO OECE

ASLB 58 |1 [1 8f € ¥ w0 0B S

D ic ASLOD os11no-atb:

Shift Aight ASR 67 |6 |2 |77 [s ]2 M N olof1|t @it

Arithmetic ASHA a1 ‘]E{E[IEE]ID-L? elaltit 'z_

. [} [+

ASRB 57 [ 111 s(o 1]t @1

Shift Right LSA 64 (62174 163 " _—— . o |ein{t Bt

Logicel LSAA aa [V mee TTITTIT) el TRl |@t

LSRE (s ™ " e lalr kot

-

g:"“h""::::; LSRD o4 (101 ﬂ sielai: [®:

Store STAA 97 [a|2]|arjaiz2]B7 a2 A~ M tlefafe

Acoumuiator STag D7|3 |2 |E? {42 [F7 4 |3 B.M s 11 (A

Sors Oouble 7D ool4 |z [eofs |2 (Fo s [3 v eleitltin|e

Subtract SUBA 80 212 |90 |3 |2 [n0]|4 2 |BO |43 A-M A . t]elt |t

suB8 co(z]2jpojalz]eofaf2]ro[a]3 B-M -8 . HDDE

Double Subtract Su8sD B3 |3|3i93 4 2 |A3}%5 2 |B3!6]|3 A B-M M+1+A B AERERERERE!

mr'::mo" SBA Wl1T|A-B+A (L NS ENERE

Subtract SACA B2 i2(2(02 {32 [az{a{2[B2[a]3 A-M-C—A efefsle]e]e

With Carry sace czl2|2|p2[3 2 |€2 4]z [F2z 4|3 B-M-C~8 o le (T[T |1t

Teansfer TAB 161 /1]/Aa-B ale|ti1[R|e

Accumuistors TeA 17]ti1'B L A sle|t[1|R{m

Tent Zevo or TST 60 (4121104 |3 ™ - 00 oottt [R]R

Mirus TSTA 1 ]|1]A-0O alet|t1|R]A

TST8 sD{1[t[8-00 sle |t [t R[R

And Immadiste AlM 7ri8(alet|7]3 M- IMM M sial1it[Ale

OR immediate DIM 72i6[3/82/7]3 M+IMM—M ele|1]|1|R}e

EOR Immadiate EIM 7516]3|85)7(3 MBIMM M ele|l|:{R]e

Test immadiate TiM 78/ 43885 |3 MMM LA AR LEL]
{Note) Condition Code Register will be explained in Note of Table 17
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& Additional Instruction
In addition to the HD6801 instruction set, the HD6301Y0 pre-
pares the following new instructions.

AIM

(M) - (IMM) — (M}

Executes ““AND" operation to immediate data and the

memeory contents and stores its result in the memory.
(M) +(IMM) — (M)

CIM

Executes “OR"’ operation to immediate data and the memo-
ry contents and stores its result in the memory.

EiM

(M)@(IMM) — (M)

Executes “EOR™ operation to immediate data and the
memory contents and stores its result in the memeory.

TIM (M) . (IMM)
Executes ““AND" operation to immediate data and changes
the relative flag of the condition code register.
These ar¢ the 3-byte instructions; the first byte is op code, the
second immediate data and the third address modifier.

XGDX ......... (ACCD)=(IX)
Exchanges the contents of accumulator and the index
register.

SLP

Goes to the sleep mode. Refer to “LOW POWER DISSIPA-

TION MODE'" for more details of the sleep mode.

Tabie 15 index Register, Stack Manipulation Instructions
Adcdressing Mocdes Boctean/ Oongd.'uo‘:fod.
Pointer Operations Mnemonc | puMED | DIRECT | INDEX ] EXTEND [IMPLIED | Arithmetic Operation [S (42 2]t [0
OP[~fja|[OP|~ 0 OPi~ w[OP|[~in]OP|~- | Hlt[NfZ]v]C
Compare Indax Asg CPX 8C|3|3|9C 4|2 |AC|H 2 (BC|5[3 X-MM+1 ool |t |28
Decremant Index Reg DEX M| I X-1-X e(lefeft|n]e
Decrement Stack Pntr DES M|l [SP-t--5P e olaja|e|e
Increment Index Reg INX T 08111 [x+1—-X [ EERT RERE BE ]
ncrarment Stack Poer INS I 1 |V [SPe1 5P s (njo(w|ele
1.oed tndex Reg LDX CE{a|a|DE{4|2|EE|S|2|FE|S|3 MeX, Me1)=-%X, [o|a]@[t][R]e
Losd Stack Prtr LDS e [A|a|9E |a|2|AE|S5[2[BE[S;3 M- 5Py (M+1)-5P [e|e|@D|t]R]»
Store Index Rey STX OF la |2 |EF |5|2 [FF 813 Xy=MX_~im+1} o e|Dls]R]e
Stare Stack Pntr 5TS of |4 |2[aFls|2|BF([5}3 $Py -~ M SP, ~iM+1) [ele FMBEC
Index Reg — Stack Pntr TXS Bl !x-1-8F sjie|anfe]|ele
Stack Pntr — index Peg] TSX 1| W11 |sPe1=-X eje|nafajs
Add ABRX AT |1 B+X+ X sln|sieja]|e
Puth Ds P‘EH; |G| X =My SP-1—-5F [eie]|ainfa]|e
Ny My, 5P -1 = SP
Pull Data PULX ;a4 s’+|—sa_~|,—x,, eie|ojele]le
SP4 1P My, =X

Exchange XGDX 18 |2[1 {accD-ux s|oin|a]eje

{Note) Condition Code Register will be explained in Note of Table 17
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Table 16 Jump, Branch instruction

Addretsing Modes Condition Cocde

. Aagitar
Operatiors Mramonic [ oELATIVE | DIRECT | INDEX |EXTEND | IMPLIED Branch Test s]4]3]2[t]0
op] ~Tw {oP[~Taor]~Tulor[-Jelor]~T« miN[Zz[v|C
Branch Abways BRA 20[32 M sl s e e
Branch Never BRAN 2] 232 slejo|a|e|e
Branch If Ceery Clasr 8cc 24312 efalelo|ele
Branch If Carry S BCS 5|32 a|ls|e|s|[sla
Branch I = Zero BEQ 27|32 sie|ojs|sls
Branch If > Zem BGE 2C| 3:2 elmin o |
Branch I > Zero BGT PR H aje w|aleiw
Branch i1 Higher BHI 2232 TTTelalaie wle
Branch 11 < Zero BLE Flal2 | “fw [.i. .
mh"l'mo' BLS 23 (3|2 : Ce2= - |- -‘rora -
Branch M < Zero BLT D32 N@wV=T P P P P
Branch f Minus M 3|2 ! N=1 (e s @ .
Branch it Not Equsl | pie %32 i z-0 «lala|e]ele
g;r:-chl'Oﬂr'hw BVC ;312 V=0 (e e jnijnie
Branch If Cverflow Set| BVS 2932 V=1 e sle eiee
Branch (1f Plus BPL 2A1 3|2 N=0 “(ojs alele
Brench To Subroutine AsA B0 5|2 e (s s s
Jung JMP 6E [J |2 [7E |3 |3 oo ie w0
Jump To Subroutineg #S5R 9D {5 |2 |[AD|S |2 AD |§ |3 e |n|n e e e
Na Opemstion NOP 011 i1 3’:::"‘" Prog. Cntr alois ioleie
RAsturn From Interrupt| ATI 38 101 p— & —
MS & mt::m RTS M\|s - I- - ]r;o -
Softwers |nterrupt SWI aF iz e [S|e .*1‘. ‘e
Wait for Interrupt® WAl aE |o e [5|n .}.1.
~Tewp - SLP 1Al4 1 efefe iw]eie

{Note) *WAI puts R/W high: Address Bus goes to FFFF; Data Bus goes 1o the three state.
Condition Code Register will be explainad in Note of Tabie 17
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Table 17 Condition Code Register Manipulation Instructions

A ddressingModes] Concition Code Fegister

Operastiom Mnemanc IMPLIED Boolean Operation S| 4{312]|1]0

QP - - H 1 z v c

Cloer Carry CLe oC 1 1 9-C .| e ' s 'R

Clear tnterrupt Mask cLI 0E 1 1 g -1 L] R . - [ ] -

Canr Ovarflow oLV 0A 1 1 1 WT-— v L I T T O I B Y

Sat Carry SEC oo H R 1= C - . | . . |5

Set interrupt Matk SEi OF 1 v 1 -1 S je|e e |

Set OverHow TSEV o8 | 1 1] TN av e e lals e
Accurrwtator A - CCR TAP o |1 |1 A —-@E B i3

CCR — Accumulator A TPA or |1 [+ CCR - A eloele]e]ala

LEGEND CONDITION CODE SYMBOLS

OP Operation Code (Hexadecimal)
Number of MCU Cycles
Contents of memory location pointed by Stack Pointer
Number of Program Bytes
Arithmetic Plus

Arithmetic Minus

Boolean AND

Boalean Inclusive OR

Boolean Exclusive OR
Complement of M

Transfer into

8it = Zero

Byte = Zero

80¢=!3+0| +*gl

Half-carry from bit 3to bit 4
Interrupt mask

Negative (sign bit}

Zero (byte)

Qverflow, 2's complemant
Carry/Borrow from/to bit 7
Reset Always

Set Always

Set if true after test or clear
Not Atffected

e+ POCNEZ —T

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

) {Bit VI Test: Result = 100000007
T (Bt C} Test: Result % 000000007

3 (B C) Test: BCD Character of high-order byte greater than 107 (Not cleared if previously set)

@) {(Bit V) Test: Operand = 10000000 prior 10 execution?

T (Bt V) Test: Operand = 01111111 prior to execution?

) {Bit V) Tesr: Set equat to N@ C = 1 after the execuhion of instructions
T (Bt N) Tesi: Result tess than zero? (Bit 15=1]

‘87 (AN Bit}  Load Condition Code Register from Stack.

a {Bit 1) Set when interrupt occurs. If previously set, a Non -Maskable Inter upt s required 1o exit the wait state,
n3; (AN Bit)  Set according to the contents of Accumulator A

U (Bit C) Result of Multiplication Bit 7=1? {ACCB)

Table 18 OP-Code Map

T

or ! Tacc T acc wo B ACCA or SP | ACCH or X
CODE A B ' /BIR T IMM ! DIR | ND | EXT " MM | DIR | IND | EXT
HI [ 0060 | 00O [ 0010 ! 0OV | 0100 | @101 ' 0110 , 011 | 1000 (001 | ided [ 1asl (g0 1ot | 110 | 11
Lo o 1 2 3 [ s 6 7 8 - 9 | A B i c o |E F
%000 ] 0 SBA | BRA | TSX NEG suB o
%01 [NOP [CBA (BAN |INS | "  AM CMP T ]
FE BHI | PULA T oM Sac I E)
EOE 1BLS [PuLe | COM SUBD : ADDD B
0100 | 4 | LSRD {BCC | DES | LSR AND ‘
0101 | 5 | ASLD BCS | TXS | ' EM et Y
WD) 6 | TAP 1 TAB | BNE | FSHA ROR LDA P
8111 | 7 | TPA | TBA | BEQ | PSHB ASA STA L STA 7
1000 8 | INX | XGDX| 8V€ | PULX ASL EQR '
W01 | 9 | BEX | DAA | BVS | RTS ROL ADC 9
19| a[ciy [SLP [BPL | ABX DEC ORA A
10/ | B | SEV | ABA | BMI AT TIM ADD 8
oo [ ¢ | CLC BGE | PSHX NG cPx i LoD P
e | o[ sec | BLT [Mut TSt sk | SR ' BE] o
e € | CLi 8GT [wal | T JMP LDS LOX E
IMEEN BLE | 5w CLR i . 5TS ! STX F
IR 2 3 s s T 7 R A 8 c ' o € | F

UNDEFINED OP CODE [
* Only each instructions of AIM, OIM, EIM, TIM
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B CPU OPERATION
® CPU Instruction Flow

When operating, the CPU fetches an instrution from a memory
and executes the required function. This sequence starts with
cancel and repeats itseif limitlessly if not affected by a special
instruction or a control signal, SWI, RTI, WAI and SLP instructions
change this operation, while NMI, TRQ,, TRG,, 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 st 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
q:ﬁmnt from the usual one—from op code fetch to the next
mstruction op code.

Figure 31

CPU Gperation Mode Transition

Tabte 19 CPU Operation State and Port State

Fort Mode Reset sSTaY . HALT**" Sleep
Port 1 Mode 1, 2 H T T H
(AC to A7) Mode 3 T Kaep
Port 2 Mode 1, 2 T T Keep K
0 ag)
Mode 3 :
Port 3 Mode 1, 2 T T T T
(DO to D7} Mode 3 Keep
Mode 1 H
Port 4 H T
(A8 to A15) Mode 2 T
Mode 3 T Keep
Mode 1, 2 K
Port 5 T T aep Kesp
Mode 3
Mode 1, 2 Keep
Port 6 T T Keeap
Mode 3
Mode 1, 2 . ** *
Port 7 T
Mode 3 T Keep

H; High, L;Low. T, Highimpedance
Keap:

* AD,WR, AW UIR =H.BA = L
** AD. WA RAW =T, IR, BA = H
*** HALT is unacceptabie in mode 3
**** E pin goes to high mpedance state
***** Address output pin = H
Inputport =T
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Table 20 Cycle-by-Cycle Operation

Addrass Mode &

|

. Cycles | Cvele Address Bus RW | RD | WR LR Data Bus
instructions g
IMMEDIATE
ADC ADD 1 Op Code Address+1 1 0 1 1 Operand Data
AND 8T 2 Op Code Address+ 2 1 0 1 0 Next Op Code
CMP EQR
LDA ORA
SBC SUB
ADDD CPX 1 Op Code Address+ 1 1 [¢] 1 1 Operand Data (M5B}
LDD LDS 2 Op Code Address+2 1 0 1 1 Operand Data (LSB)
LDX SUBD 3 Qp Code Address+ 3 1 0 1 o] Next Op Code
DIRECT
ADC ADD 1 Op Code Address+ 1 1 [+] 1 1 Address of Operang (LSB)
AND BIT 2 Address of Operand 1 0 1 1 QOperand Data
cmp EQR 3 Op Code Address+2 1 o] 1 0 Next Op Code
LDA ORA
SBC suUB
STA 1 Op Code Address+1 1 Q 1 1 Destination Address
2 Destination Address 0 1 o} 1 Accumulator Data
3 Op Code Address+2 1 0 1 0 Next Op Code
ADDD CPX 1 Qp Code Address+ 1 1 [4) 1 1 Address of Operand {LSB)
LDD LDS 2 Address of Operand 1 ¢ 1 1 QOperand Data (MSB}
LDX SuBD 3 Address of Operand+1 1 0 1 1 Operand Data (LSB)
4 Op Code Address+2 1 0 1 0 Next Op Code
STD 8TS 1 Op Code Address+ 1 1 0 1 1 Destination Address {LSB)
STX 2 Destnation Address 8] 1 o 1 Register Data (MSB)
3 Destination Address + 0 1 0 1 Register Data {LSB)
4 Op Code Address+2 1 0 1 o Next Op Code
JSA i Op Code Address+ 1 1 0 1 1 Jump Address {LSB)
2 FFFF 1 ] 1 1 Restart Address (LSB)
3 Stack Pointer 0 1 o] 1 Return Address {LSB}
4 Stack Pointer —1 0 1 0 1 Return Address (MSB)
5 Jump Address 1 0 1 0 First Subroutine Op Code
TIM T Op Code Address + 1 i 0 1 1 Immediate Data
| 2 QOp Code Address+2 1 0 1 1 Address of Operand {LSB)
L3 Address of Operand 1 0 1 1 Operand Data
| 4 Op Code Address+ 3 1 0 1 o Next Op Code
AlM EIM 3 Op Code Address+1 1 0 1 1 Immediate Data
OIM 2 Op Code Address+ 2 1 o] 3 1 Address of QOperand (LSB)
3 Address of Operand 1 o} 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 v} 1 0 Next Op Code
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Adlc:‘ r;:z:::::: & Cycles CV;" Address Bus ‘W1 RD ; WR | LR Data Bus
INDEXED
JMP 1 Op Code Address+ 1 1 0 1 1 Offset
3 2 FFFF 1 1 1 1 Restart Address (LSB)
3 Jump Address 1 0 ] 0 First Op Code of Jump Routine
ADC ADD 1 Op Code Address+ 1 1 s} 1 1 Offset
AND BIT 2 FFFF 1 1 1 1 Restart Address (LSB)
CMP EOR 4 3 IX + Offset 1 0 1 1 Operand Data
LDA ORA 4 Op Code Address+2 1 Q 1 [ Next Op Code
SBC SuB
TST
STA 1 Op Code Address+ 1 1 4] i 1 Offset
4 2 FFFF 1 1 1 1 Restart Address (L58)
3 1X + Offset 0 1 ] 1 Accumulator Data
4 Op Code Address+2 1 0 1 0 Next Op Code
ADDD 1 Op Code Address+1 1 4] 1 1 Offset
CPX LOD 2 FFFF 1 1 1 1 Restart Address [LSB)
LDS LDX 5 3 IX + Ofset 1 0 1 1 Dperand Data (MSB)
SUBD 4 IX +Offset+ 1 1 0 1 1 Operand Data {LSB)
5 Op Code Address+2 1 0 1 0 Next Op Code
STD STS 1 COp Code Address+ 1 1 0 1 1 Offset
STX 2 FFFF 1 1 1 1 Restart Address {LSB)
5 3 IX + Offset 0 1 0 E Register Data {MSB)
4 IX +Cffset+1 0 1 0 1 Register Data (LSB)
5 Op Code Address+2 1 ) 1 0 Next Op Code
JSR 1 Op Code Address + 1 1 0 1 3 Offset
2 FFFF 1 1 1 1 Restart Address {LSB)
5 3 Stack Pointer Q 1 0 1 Return Address (LSB)
4 Stack Pointer—1 o 1 0 1 Return Address (MSB)
5 IX + Offset i o 1 0 First Subroutine Op Code
ASL ASR 1 Op Code Address+1 1 0 1 1 Offset
COM DEC 2 FFFF 1 1 1 1 Restart Address (LS8)
INC LSR 6 3 IX + Offset 1 o} 1 1 Operand Data
NEG ROL 4 FFFF 1 1 1 1 Restart Address (L.SB)
ROR 5 I1X + Offset 0 1 o] 1 New Operand Data
6 Op Code Address+ 2 1 0 1 o] Next Op Code
TIM 1 Op Code Address + 1 1 ] 1 1 ' Immediate Data
2 Op Code Address +2 1 o 1 1 . Offset
5 3 . FFFF 1 1 1 1 Restart Address {LSB)
4 | X+Offset i 0 } 1 Operand Data
5 Op Code Address+3 R 0 1 o] Next Op Code
CLR i Op Code Address+1 1 1 0 1 1 Offset
2 FFFF by 1 1 1 Aestart Address (LSB)
5 3 X +Offset Py 0 1 1 Operand Data
4 IX + Offset 0 1 0 1 00
5 Op Code Address + 2 i 1 0 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 P 1 1 ) Restart Address LSB}
7 4 I1X + Offset I o 1 1 Operand Data
5 FFFF oy 1 1 1 Restart Address (LSB)
& 1X + Offset i0 1 0 1 New Operand Data
7 Op Code Address +3 o 0 1 0 Next Op Code
{Conunued]
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Address Mode &

Instructions Cyclos C\;cle Address Bus RW ! RD | WR | LIR Data Bus
EXTEND
JMP 1 Op Code Address+1 1 0 1 1 Jump Address (MSBJ
3 2 Op Code Address+ 2 1 v] 1 1 Jump Address (LSB)
3 Jump Address 1 0 1 0 Next Op Code
ADC ADD TST 1 Cp Code Address+ 1 1 [v] 1 1 Address of Operand {MSB)
AND BIT 4 2 Cp 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 e] 1 o] Next Op Code
SBC Su8
STA [ Op Code Address+1 1 0 1 1 Deastination Address (MSB)
4 2 Op Code Address +2 1 0 1 1 Destination Address (LSB)
3 Destination Address 0 1 0 1 Accumutator Data
4 Op Code Address+3 1. 0 1 0 Next Op Code
APDD 1 Op Code Address+1 1 o] 1 1 Address of Operand (MS8)
CPX LEeD 2 Op Code Address+2 1 0 1 1 Address of Operand {LSB)
LDS LDX ) 3 Address of Operand 1 o 1 1 Operand Data (MS8)
SUBD 4 Address of Operand +1 1 0 1 1 Operand Data (LSB}
5 Op Code Address+3 ] 0 1 0 Next Op Code
STD S§TS 1 Op Code Address+ 1 1 [+] 1 1 Destination Address (MSB)
STX 1 2 Op Code Address+2 1 0 1 1 Destination Address {LS8)
5 3 Desunation Address 4] 1 0 1 Register Data (MSB)
4 Destination Address+1 0 1 0 1 Ragister Data (LSB)
5 Op Code Address+3 1 0 1 0 Next Op Code
JSH 1 Op Code Address+ 1 1 0 i 1 Jump Address (MSB)
2 Op Code Address+2 1 s} 1 1 Jump Address (LSB)
6 3 FFFF 1 1 1 1 Restart Address (LSB}
4 Stack Ponter 0 1 0 1 Return Address (LSB}
5 Stack Pointer—1 0 1 0 1 Return Address (MS5B)
6 Jump Address 1 0 1 0 First Subroutine Op Code
ASL ASR 1 Op Code Address + 1 1 0 1 ] Address of Operand {MSB}
Com DEC 2 Op Code Address +2 1 o) 1 1 Address of Operand (LSB}
INC LSR 6 3 Address of Operand 1 4] 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
& Op Code Address+3 1 0 1 0 Next Op Code
CLR 1 Op Code Address +1 1 [§] 1 ] Address of Operand {MS8)
2 Op Code Address + 2 1 [+ 1 t Address of Operand {LSB)
5 3 Address of Operand 1 o} 1 1 Qperand Data
4 Address of Operand 0 1 Y] 1 00
5 Op Code Address+ 3 1 ] 1 0 Next Op Code
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Address Mode &

Cycle

, Cycles Address Bus RW | RD | WR | TIR Data Bus
Instructions -4
IMPLIED
TABA  ABX 1 Op Code Address+1 1 0 1 0 Next Op Code
ASL ASLD
ASR CBA
CLC cLl
CLR CLV
COM DEC
DES DEX
INC INS
INX LSR 1
LSRD ROL
ROR NOP
SBA SEC
Skl SEV
TAB TAP
TBA TPA
ST 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 0 Next Op Code
3 2 FFFF 1 1 1 } Restart Address (LSE)
3 Stack Pointer+1 1 0 1 1 Data from Stack
PSHA PSHB 1 Cp Code Address+1 1 0 1 1 Next Op Code
4 2 FFFF 1 1 1 1 Restart Address {LSB)
3 Stack Pointer (o] 1 o 1 Accumulator Data
4 Op Code Address+ 1 1 0 1 ) Next Op Code
PULX 1 Op Code Address+1 1 0 1 0 Next Op Code
a 2 FFFF 1 1 1 1 Rastart 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 4] 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)
a4 Stack Pointer—1 0 1 o] 1 Index Register (MSB}
[ Op Code Address+1 1 Q 1 [»] Next Op Code
RTS t Op Code Address+ 1 1 4] 1 T 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 4] 1 1 Return Address (LSB)
5 Return Address 1 G 1 0 First Op Code of Return Routine
MUL 1 Op Code Address+ 1 1 0 1 [8] Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
3 FFFF 1 1 1 1 Restart Address (LSB)
7 4 FFFF 1 1 1 1 Restart Address {LSB)
5 FFFF 1 1 1 1 Restart Address [LSB)
B FFFF 1 1 1 1 Restart Address {LSB)
? FFFF 1 1 1 1 Restart Address (LSB}
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H 1
Ad:";’r‘suc"::::: & [Cvcles ECV‘;“‘ [| Address Bus |RW | #0 ‘ WR | TR Data Bus
tMPLIED
WAI ] 1 Op Code Address+1 | I 1 i Next Op Code
2 FFFF | [ 1 1 1 Restart Address (LSB)
3 Stack Pointer i a 1 Return Address (LSB}
4 Stack Pointer — 1 1 o 1 Return Address (MSB)
.9 5 Stack Pointer —2 1 0 1 Index Register {LSB}
i 6 Stack Pointer —3 1 8] 1 Index Register {MSB)
! ? Stack Pointer —4 1 0 1 Accumulator A
8 Stack Pointer—5 1 0 1 Accumisator B
9 Stack Pointer —6 1 0 1 Conditional Code Register
RTI 1 Ogp Code Address +1 1 0 1 1 Next Cp Code
2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer +1 1 0 i i Conditional Coda Register
: 4 Stack Pointer+2 1 0 1 1 Accumuiator B
‘ 10 5 Stack Pointer +3 1 0 1 1 Accumulatar A
6 Stack Pointer +4 1 0 1 1 index Register (MSB)
i 7 Stack Pointer+5 1 4] 1 1 Index Register {LSB)
8 Stack Pointer +6 1 0 1 1 Return Address (M5B}
: <] Stack Pointer+7 1 0 1 1 Return Address (LSB}
i 10 Return Address 1 0 1 0 First Op Code of Return Routine
SwWi 1 'Op Code Address+ 1 1 0 1 1 Next Op Code
2 FFFF 1 ] 1 1 Restart Address (LSB)
3 Stack Pointer 0 1 0 1 Return Address (LSB}
4 Stack Pointer — 1 0 1 n] 1 Return Address (MSB)
5 Stack Pointer —2 0 1 0 1 index Register {LS8)
12 6 Stack Pointer —3 0 1 g 1 index Register {MSB)
7 Stack Pownter—4 0 t 0 1 ‘ Accumulator A
8 Stack Pointer—5 0 1 o 1 | Accumulator B
9 Stack Pointer -6 0 1 0 1 i Conditional Code Register
10 Vector Address FFFA 1 8] L 1 1 Address of SW! Routine (MSB)
11 l Vector Address FFFB 1 0 1 1 Address of SWI Routine (LSB)
o 12 Address of SW1 Routine 1 0 1 0] First Op Code of SW1 Routine
SLe 1 [ Dp Code Address+1  , 1 0 1 17T Next Op Code
g FFFF 1 1 1 1 Restart Address {LSB}
| | ‘ | | |
4 Sieep o ‘ | |l
| ‘ 1 l
HE i
3 | FFFF 1 1 t 1 Restart Address (L5B}
4 L Op Code Address+1 ;N E 0 1 1 0 Next Op Code
RELATIVE
BCC BCS ‘ I Op Code Address + 1 Tt 0 ] 1 ‘ 1 ] Branch Offset
BEQ BGE I3 ] 2 FFEF b1 1 | 1 L1 Restart Address (LSB)
BGT BHI | | | Branch Address  Test="1" 3 ] i First Op Code of Branch Routine
BLE  BLS ; | |1 0p Code Adoress+1 Test="0 0 | 0 | Next Op Code
BLT BMT | i !
BNE  BPL 5 ‘ ' }
BRA 8RN , I : i
BvC_ BVS | i :
BSR ” T 177 Op Code Address+1 1 0 ™ 1 Offset —
2 FFFF o 1 ! 1 1 Restart Address (LSB}
5 ‘ 3 Stack Pointer ‘ o 1 ' o -t Return Address (LSB)
4 ! Stack Pomnter —1 0 L 1 | Return Address {MSB)
5 5 Branch Address ] ' | ©o ‘ 1 0 ] First Op Code of Subroutine
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® PRECAUTION TO THE BOARD DESIGN OF QSCILLATION La— 20mm max —s
CIRCUIT ‘ . ‘ Avoid signal lines
As shown in Fig. 33, there is a case that the cross talk dis- % GND /m this area.

turbs the normat oscitlation if signal lines are put near the oscilla- /

tion circuil. When designing a board, pay attention 1o this. ) 2z i 3

Crystal and C; must be put as near the HD&301Y0 as possible. N & c ,

rystal L
o =<f i r’!‘:
- 212 :
R _ E
5 _ i
CL - zZ =7
4 xTAL e
a3 '4 Z
,-Jj & (ExTAL 26 g4 e
C ‘
- 3
HDBE301Y0
HD8301YD
Do not use thes kind of print board design.
Figure 33 Precaution to the boad design
of oscillation circuit (T el
op view

Figure 34 Example of Oscillation Circuits in Board Design

" RECEIVE MARGIN OF THE SCI

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

Tabie 21
Bit distortion tolerance Character distortion tolerance
(t—to) /1o {T—-Tol} /To
+43,7% J +4.37%
7 a8 STOP

S5TART ! 2 3

q 5 &
Ideal Wavetorm i | l I | I —L I L
Bit iength )“*'o

Character length Ty —

I [ L 111
e :

Real Waveform I._J
i
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