HD6305Y1,HD63A05Y1,HD63B05Y1

HD6305Y2,HD63A05Y2 HD63B05Y2
CMOS MCU (Microcomputer Unit)

The HD6305Y1 and the HD6305Y2 are CMOS 8-bit single
chip micrucomputers. A CPU, a clock generator, a 256 byte
RAM, I/O terminals, two timers and a serial communication
interface (SCI} are built in both chip of the HD6305Y1 and
the HD6305Y2. Their memory spaces are expandable to 16k
bytes extemally.

The HD6305Y1 and the HD&3D3Y T huve the same functions
as the HDO305YO's except for the number of [/O terminals.
The HD6305Y 1 has 7872 byte ROM and its memory space is
expandable to 8k bytes externally. The HD6305Y2 is a micro-
computer unit which includes no ROM and its memory space
is expandable to 16k bytes externally.

® HARDWARE FEATURES

¢ 8-bit based MCU
* 7872 bytes of internal ROM (HD6305Y 1)
No internal ROM (HDG305Y2)
« 256 bytes of RAM
» A total of 31 terminals, including 24 1/Q’s, 7 inputs
» Two timers
— B-bit timer with a 7-bit prescaler {programmable prescater;
event counter)
— 15.bit timer (commonly used with the SCI clock divider)
o On-chip serial interface ¢ircuit (synchronized with clock)
«Six interrupts (two external, two timer, one serial and one
sofrware)
» Low power dissipation modes
— Wait _ . . . In this mode, the clock osciilator is on and the
CPU halts but the timer/serial/interrupt func-
tion is operatable.
— Stop. ... In this mode, the clock stops but the RAM
data, |/0 status and registers are held,
— Standby.. In this mode, the clock stops, the RAM data
is held, and the other internal condition is

resat.
+ Minimum instruction cycle time
— HDB305Y 1/Y2 .. Tus(f=1MHz)
— HDB3A0SY1/Y2.  0.67 usif =15 MHz)
— HDB3BOSY1/Y2.. 0.5 us {f = 2 MHz)

e Wide operating range
Voo =3t 6V {(f=0.1 10 0.5 MHz)

— HDB305Y1/¥2 .. 1=0.1 101 MHz{Vce =58V + 10%)
— HDB3A0SY1/Y2.. =01 10 T.5MHz (Vge =5V £ 10%)
— HDE3BOSY1/¥2.. f=011t02MHz (Ve =5V £ 10%)

#System development fully supported by an evaluation kit

®» SOFTWARE FEATURES

«Similar to HD680Q

» Byte efficient instruction set

» Powerful bit manipulation instructions (Bit Set, Bit Clear, and
Bit Test and Branch usable for 132 byte RAM bits within page
0 and att I/0 terminals}

s A variety of interrupt operations

« Index addressing mode useful for table processing

s A variety of conditional branch instructions

* Ten powerful addressing modes

HDE305Y tP, HDE3A06Y 1P,
HDE3BOSY 1P, HDG305Y 2P,
HDE3A05Y 2P, HDBIBOSY 2P

HDG6305Y1F, HD63A0O5Y 1F,
HDE3BOSY 1F, HDE30SY 2F,
HD63A05Y2F, HD63BO5Y2F

L

(FP.64)

= All addressing modes adaptable to RAM, and 1/0 instructions
e Three new instructions, STOP, WAIT and DAA. added to the
HOB8AS family instruction set
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- HD6305Y1, HD63A05Y1, HD63B05Y1, HD6305Y2, HD63A05Y2, HD63B05Y2

« PIN ARRANGEMENT
o HD6305Y 1P, HD63A05Y 1P, HDE3BOSY 1P, ® HDG305Y1F, HDE3A05Y 1F, HD63BOSY 1F,
HD6305Y 2P, HD63A05Y 2P, HD63BO5Y 2P HD6305Y2F, HD63A05Y 2F, HD63BO5Y 2F
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HD6305Y1, HD63A05Y1, HD63B05Y1, HD6305Y2, HD63A05Y2, HD63B05Y2

m ABSOLUTE MAXIMUM RATINGS

1tem Symbol Value Unit
Supply Voltage Vee -0.3~+7.0 v
Input Volitage Vin -0.3~Vee+03 v
Operating Temperature Topr 0~ +70 °c
Storage Temperature Targ -55 ~ +150 °c

[NOTE]

These products have a protection circuit in their input terminals against high electrostatic voitage or high electric fields. Notwithstanding,

be caraful not 10 apply any voltage higher than thy absoluts maximum rating ta these high input impedance circuits. To assurs normal
aperation, we racommendad Vi, Vaue Vs § (Vin 0r Vo) € Voo

s ELECTRICAL CHARACTERISTICS

e DC CHARACTERISTICS (Vec = 5.0V+10%, Vgg = GND, Ta = 0~ +70°C, unless otharwise noted.)

item Symbol Test Condition min typ max Unit
RES, 5TBY Vee-05 | — | Vect0.3
Input "High' Voitage | EXTAL Vim Veex0.7 - Veet0.3 v
Other Inputs 2.0 - Veet0.3 .
Input “Low’ Voltage | All Inputs VL -0.3 - 0.8 v
Output “High" Voltage| All Qutputs Vo :Z: = _?EE:A ch-40.7 — — L
Qutput “Low’ Voltage| All Qutputs Voo loL = 1.6mA - - 0.55 v
input Leakage Current SIME?);I,%\-’; el - - 1.0 pA
Ag ~ Ay, By ~B,, Vin =05~ Vee-05
Three-state Current Cy ~Cq, ADRg~ ADR 5", [ ilrsil - - 1.0 UA
DATA,~ DATA.E', RW* -
Qperating - 5 10 mA
o Wait e - 2 5 mA
Current Dissipation**® Stop lec f=1MHz — 5 0 A
Standby — 2 10 _HA
Input Capacitance All Terminals Cin f = 1MHz, Vin =0V - - 12 pF
* Only at standby
** All output and RES terminal are open, and ponetrate current of input are not included. WIH min = VCC - 1.0V, V”_ max = 0.8V}
*** The value at f =xMHz is given by using,
fge (f = xMHz) = Ige it = TMMz) x x
& AC CHAI:IACTERISTICS {(Vee = 5.0V £10%, Vgg = GND, Ta = 0~ +70°C, unless otherwise noted.)
e Symbol l Tt HD6305Y1/Y2 | HDE3AOSY1/Y2 | HOS3BOSYI/Y2 |
ondition { min | typ | max | min | typ { max | min | typ | max
Cycle Time teye T | — | 10 |0666] — | 10 | 05 | — | 10 | #.
Enable Rise Time e, - - 20 - - 20 - — 20 | ns.
Enable Fall Time tet - — 20 — - 20 - - 20 | ™
" Enable Pulse Width("High” Level}] PWen a0 | — | — [300] - | — J220] — [ - | =
Enable Pulse Width(“Low’ Level}| PWg, 450 | — - | 300 | - - 1220} - - | m-
Address Delay Time tap Fig. 1 — - 250 - - 190 - - 180 | ™
Address Hold Time taH 40 - - 30 - - 20 - - | m.
Data Delay Time ow - - 200 - - 160 - — 120 '__,’_‘f,-
Data Hold Time {Write} . 40 - - 30 - - 20 - -
Data Set-up Time {Read) tosa 80 - - 60 - - 50 - t___ﬂ__f,‘i,
Data Hold Time {Read) tha o - - 0 - - 0 - - | né
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’,._ HD6305Y1, HD63A06Y1, HD63B05Y1, HD6305Y2, HD63A05Y2, HD63B0O5Y?2

—

'. pORT TIMING (Ve = 5.0V210%, Vgg = GND, Taw= 0~ +70°C, unless otherwise noted.)

- e Sombot | TeSt | HD630SY1/¥2 | MDB3A0SY1/Y2 | HD63BOSY1/Y2 Ui
. L . ar
: Y Condition " min | typ | max | min | typ | max | min | typ | max
~port Data Set-up Time _ - ~ _ _ _
;:',Poft A, B,C, D} teps - 200 200 200 ns
= Data Hold Time Fig. 2
"po - - — — — -
:;lort A, B, C. D} tPDH 200 200 200 ns
”'_’___7 N
ort Data Delay Time i - - - - - -
: :‘Pon A B, C) trow Fig. 3 300 | 300 | 300 | ns
-
» CONTROL SIGNAL TIMING (V¢e = 5.0V£10%, Vgg = GND, Ta = 0~ +70°C, unless otherwise noted.)
N ltem Svmbol Test HDG6305Y1/Y2 HD63A0LY 1/Y 2 HDG63BOSY 1/Y2 Unit
¥ Y Condition | min | typ | max | min | typ | max | min | typ | max |
é”'__ . tcyc _ _ t tC\"C
\;mfPulse Width trwe 1250 +':2V50 - = |s200!| ~ — ns
f__f i teye teye teye
fNTi Pulse Width TiwLz :-250 - _ +200 —_ — +200 —_ —_ ns
'3"ﬁf:E=_S—EIse Width thwe 5 - - 5 - — 5 — - teve
“Control Set-up Time tes Fig. 5 250 - - 250 - - 250 — - ns
-__ ; leye _ _ teye - _ teye
i Timer Pulse Width trwi +350 +300 +200 - - ns
- pscillation Start Time (Crystal) tosc Fig.5,Fig.20* | — - 20 - _ 20 _ _ 20 ms
« Reset Delay Time lRHL Fig. 19 80 - - 80 - - 80 - - ms
4y = 22pF £20%, Ry = 602 max.
¢ SCI TIMING (Vo = 5.0V210%, Vgg= GND, Ta = 0 ~ +70°C, unless otherwise noted.}
Test HDB305Y1/Y2 HD63ADSY1/Y 2 HD63B05Y 1/Y2 ]
ltem Symbal Conditi i . - Unit
andition [ " min [ typ | max | min typ | max | min | typ | max
# Clock Cycle tseye 1 - | 32768| 0.67 — {21848) 0.5 — [ 16384| us
%—[Eﬁata Qutput Delay Time tTx o Fig. 6, — - 250 - - 250 - - 250 ns
i Data Set-up Time tgR¥ Fig. 7 200 - - 200 - - 200 - - ns
-_f.-—ﬁata Hald Time tHRX 100 - - 100 - - 100 — - ns
O HITACH! 619



HD6305Y1, HD63A05Y1, HD63B05Y1, HD6305Y2, HD63A05Y2, HDE3B05Y2

- tcyc -
E 2.4v [ S
PWe - PWen——
0.6V K ;. —
t— T, = et
rt—— tap—wd _J tan
A 2.4v ‘
Ao~Ara Address Valid !
R/W .6V
|
tow .' — l— T
MCU Write f 24V Dara
DATAy ~ DATAS \-L 0.6V vahd
I'-I——tDSR_." —- r—tun

MCU Read 7‘ 2.0V Z
Data Vahid
DATAp ~ DATA- g 0.8V

Figure T Bus Timing

£ 2.4V £ \
Q.6V O.6Y
2T teon

teos

—— lpow——"

1

Port 2.0V pata Port 2.4V Data
A.B.C.D 0.8V Vaiid A.B.C 0 6v_ Valid

Figure 2 Port Data Set-up and Hold Times Figure 3 Port Data Delay Time (MCU Write)
{MCUL Read)
Interrupt
Test

€ oy yrioryuruyg oyt
Address YT Y X X X X X OC X X X X

Op Cods Op Cooo 1£FF SP SP-1 SP-2 SP.3 5P.4 Veclor Veclor New fC

Address Addomss + 1 M5B L5B Address
Tm,IN 2 PCo~ Address Address
PCy
Data Bus XXXXXXXXXXYXXX
Qperand |resigyant PCa— 1% ACC CcC vector Vector First (nst. of
Code Op Code Data MSB  L5B
PCiz Address Agaress |nterrupt Routine

R/W \ /

Figure 4 Interrupt Sequence
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—_—
: RN EEEEEEEEN R YR
55v—— - L 5 ]
Vee 4.5V 4 ' ‘
- lo&c""_'—:ﬁ""" tosc—
STBY jvcc:o.sv ’ 1 o \ ., FVec—0B5V
—] ts e
RES ) A Vee-08Y \
Addres W RLTORY) ¥ i Wg(—){—
Bus o X \ \\\V‘-.\\\'\“- X X__x X X X )_' /i
1EFF 1FFF 1FFF 1FFF 1FFE 1FFF New PC TFFF
Figure5 Reset Timing
—————————— Tgeye ————-——-—1‘
Ciock Quiput _\ (5 av }
Cs/CK KO.6V 06V 06V
— lyxp p—
[
Data Qutput + 2 av Y
Cr/Tx 06V
TsRx
! tHRX — ,
Data Input ¥ 2.0v 2.0V W
Ce/RX % 0.8V 0.8V Y
1
Figure® SCI Timing {internal Clock)
Iseye
Clock Input /" 2.0v '
Cs/CK 0.8V 0.8V / 0:8V
— trxp ——
Data Output ' 2.4V 3
C2/Tx 0.6V
tsrx I thax )
Data input f 2.0V _ 2.0V N
Ce/Rx 0.8V 0.8V N
LA

Figure7 SC) Timing(External Clock)
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HD6305Y1, HD63A05Y1, HD63B05Y1, HD6305Y2, HD63A05Y2, HD63B05Y2

Vee
TTL Load
{Port loL=1.6mA 2.4k
Test point —_—
terminal

ters

[NOTES] 1. The load capacitance includes stray capacitance caused
by the probe, etc.
2. Al diodes are 152074 ()

Figure 8 Test Load

®» DESCRIPTION OF TERMINAL FUNCTIONS
The input and output signais of the MCU are described
here.

*Vce, Vss _
Voltage is applied to the MCU through these two terminals.

Yec is 3.0V * 10%, while Vgg is grounded.

»INT,INT2
External interrupt request inputs to the MCU. For details,
refer to “INTERRUPT”. The INT; terminal is also used as
the port D¢ terminal.

o XTAL, EXTAL
These terminals provide input to the on-chip clock circuit.
A crystal oscillator (AT cut, 2.0 to 8.0 MHz) or ceramic
filter is connected to the terminal. Refer to “INTERNAL
OSCILLATOR” for using these input terminals.

« TIMER
This is an input terminal for event counter. Refer to

“TIMER” for details.

e RES
Used to reset the MCU. Refer to “RESET" for details.

*NUM
This terminal is not for user application. In case of the

HD6305Y1, this terminal should be connected to Ve
through 10k§2 resistance, In case of the HD6305Y2, this
terminal should be connected to Vgg.

» Enable (E)
This output terminal supplies E clock. Qutput is a single-
phase, TTL compatible and 1/4 crystal oscillation frequency
or 1/4 external clock frequency. It can drive one TTL load

and a 90pF condenser.
« Read/Write (R/W)

This TTL compatible output signal indicates to peripheral
and memory devices whether MCU is in Read (“High™}, or

in Write (“Low’"). The normal standby state is Read (“High™).

Its output can drive one TTL load and a 90pF condenser,

e Data Bus (DATA,; ~ DATA,) .
This TTL compatible three-state buffer can drive one TTL
load and 9QpF, :
s Address Bus {ADR, ~ ADR;;)
Each terminal is TTL compatible and can drive one TTL'
load and 90pF. :
» input/Output Terminals (Ao ~ A7, Bo ~ B2, Co ~ C,)
These 24 terminals consist of three 8-bit 1/O ports (A, B, C)
Each of them can be used as an input or output terminal on
a bit through program control of the data direction register.
For details, refer to *1/Q PORTS.”

¢ Input Terminais (D1 ~ D7)

These seven input-only terminals are TTL or CMOS com-
patible. Of the port D's, Ds is also used as [NT2. If Ds s
used as 3 port, the INT2 interrupt mask bit of the miscellane-
ous register must be set to “1™ to prevent an INT: interrupt
from being accidentally accepted.

»STBY
This terminal is used to place the MCU into the standby
mode. With STBY at “Low™ level, the oscillation stops and
the internal condition is reset. For details, refer to **Stand-

by Mode.”

The terminals described in the following are I/Q pins for
serial communication interface (SCI). They are also used as
ports Cs, C, and C,. For details, refer to “SERIAL COM-
MUNICATION INTERFACE.”

o CK (Cs)
Used to input or ocutput clocks for serial operation.

e Rx (Cs)
Used to receive serial data.

s Tx {C7}
Used to transmit serial data.

SMEMORY MAP

The memory map of the MCU is shown in Fig. 9. $0140~
$1FFF of the HD6305Y2 are external addresses. Howevel
care should be taken to assign vector addresses to S1FF6 ~
$1FFF. During interrupt processing, the contents of the € A
registers are saved into the stack in the sequence shown ®
Fig. 10. This saving begins with the lower byte (PCL) of ‘h‘
program counter. Then the value of the stack pointer 8
decremented and the higher byte {PCH) of the prOSff‘m
counter, index register (X), accumuiator (A) and conditio®
code register (CC) are stacked in that order. In a subrouti®
cail, only the contents of the program counter (PCH and pCL
are stacked.
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HD6305Y1, HD63A05Y1, HD63B05Y1, HD6305Y2, HD63A05Y2, HD63B05Y2

mREGISTERS
0 0000 O PFORT A 1800 There are five registers which the programmer can operate.
"?. Ports 1 PORT B 1501
é’gf' 2{ PORT C %02 7 0
63 $003F S[_PORTD 503 I A | Accumulator
64 RAM $£0040 2] porT ADDR [$04°
. 7 0
(192Bytes) 5/ PORT B DDR |$05
Stack 6[_roRT c ooR }$06" I X lg:a%?:ter
285 SQ0FF Not Used 13 0
256 RAM 30100 8§ imer Data Aeg |$08 Program
(64Bytes) \ 9| Timer CTRL Reg |$09 l PC Counter
e
g;g Y $013F 10| Misc Heg [gpa 13 6 5 OS .
0 $0140 tac
0 JoJoofofo] 1 [ 1] sP Stack
ROM™ Not Used
Condition
I7,8728ytes) I HI { l lelclcode
Register
e e 16| SCICTRL Reg [510 Carey’
818 interrupt « $1FF6 17] sCIsTS Reg [$11 Bgﬂ W
8191 Vectors $1FFF 18] SCI Data Reg $12 Zero
B192 $2000 _
Not Used Negative
31 $1F —————fnterrupt
External 32 External $20 h}faisfk
a
Memory Space 63 Memory Space $ 3F Carry
* Write only register Figure 11 Programming Mode!
16383 L3FFF ** Read only register
» Accumulator (A)
* ROM area ($0140 ~ $1FFF) in ths HDE305Y2 This accumulator is an ordinary 8-bit register which holds
# changed into External Memary Space. operands or the result of arithmetic operation or data process-
ing.
Figure @ Memory Map of MCU
» Index Register (X) :
The index register is an 8-bit register, and is used for index
addressing mode. Each of the addresses contained in the
7 65 4 3 2 10 . ; . . . .
1 Conditon Publ register consists of 8 bits which, combined with an offset
n—4]1 11 Code Register n+1 value, provides an effective address.
8! In the case of a read/modify/write instruction, the index
n—3 Accumulator n+2 register can be used like an accumulator to hold operation
data or the result of operation.
n—2 Index Register n+3 If not used in the index addressing mode, the register can
be used to store data temporarily.
n—1j0 o0 PCH* n+4
= Program Counter (PC)
n - PCL® n+5 The program counter is a 14-bit register that contains the
Push - address of the next instruction to be executed.
* In a subroutine call, only PCL and PCH are stacked. « Stack Pointer (SP)

The stack pointer is a 14-bit register that indicates the ad-
dress of the next stacking space. Just after reset, the stack
pointer is set at address $00FF. It is decremented when data
is pushed, and incremented when pulled. The upper 8 bits
of the stack pointer are fixed to 00000011. During the MCU
being reset or during a reset stack pointer (RSP) instruction,
the pointer is set to address 300FF. Since a subroutine or
interrupt can use space up to address $00C1 for stacking, the
subroutine can be used up to 31 levels and the interrupt up
to 12 levels.

Figure 10 Sequence of Interrupt Stacking

» Condition Code Register (CC)
The condition code register is a 5-bit register, each bit
indicating the result of the instruction just executed. The
bits can be individually tested by conditional branch instruc-
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tions. The CC bits are as follows:
Half Carry (H): Used to indicate that a carry occurred be-

Interrupt (I):

Negative (N):
Zero (Z):
Carry/

Borrow {C):

B INTERRUPT

tween bits 3 and 4 during an arithmetic oper-
ation (ADD, ADC).

Setting this bit causes all interrupts, except
a software interrupt, to be masked. If an
interrupt occurs with the bit 1 set, it is
latched. It will be processed the instant
the interrupt mask bit is reset. (More specifi-
cally, it will enter the interrupt processing
routine after the instruction following the
CLI has been executed.)

Used to indicate that the result of the most
recent arithmetic operation, logical operation
or data processing is negative (bit 7 is logic
6Il',).

Used to indicate that the resuit of the most
recent arithmetic operation, logical operation
or data processing is zero,

Represents a carry or borrow. that occurred
in the most recent arithmetic operation. This
bit is also affected by the Bit Test and Branch
instruction and a2 Rotate instruction.

There are six different types of interrupt: extemnal inter-
rupts (INT, INTz), internal timer interrupts  (TIMER,
TIMERz), serial interrupt (SCI) and interrupt by an instruc-

Of these six interrupts, the [NT2 and TIMER or the SCI
and TIMERz generate the same vector address, respectively.

When an interrupt occurs, the program in progress stops
and the then CPU status is saved onto the stack. And then,
the interrupt mask bit (I) of the condition code register is
set and the start address of the interrupt processing routine
is obtained from a particular interrupt vector address. Then
the interrupt routine starts from the start address. System
can exit from the interrupt routine by an RTI instruction.
When this instruction is executed, the CPU status before
the interrupt (saved onto the stack) is pulled and the CPU
restarts the sequence with the instruction next to the one at
which the interrupt occurred. Table 1 lists the priority of
interrupts and their vector addresses.

Table 1 Priority of Interrupts
Interrupt Priority Vector Address
RES 1 S1FFE, $1FFF
Swi 2 S1FFC, ST1FFD
INT 3 | $1FFA, S1FFB
TIMER/INT2 4 $1FF8, S$1FF9
SCI/TIMER: 8 $1FF6, S$1FF7

A flowchart of the interrupt sequence is shown in Fig, 12.

tion (SW1), ] . . .
(SWD) A block diagram of the interrupt request source is shown in
Fig. 13.
R t ’
e ( se ) z | Bn> Clear | A,
INT,
'? MAB -0 MR? =17
£age
1l Set
$FF—SP
0—0DDR's Fetch
CLR INT Logic Instruction =
SFF—-TDR 55A5 <0 5507
$7F—Timer Prescaler N
$50—-TCR TIMEA]
£3F -SSR SsRa =0 55
SOO-—-SCR Y  TIMER,
* $7F—MR !
Stack
PC, X, A, CC
Load PC From ]
Reset:$1FFE, $1FFF
t —I Bit
Y @ [
Load P From
N SWI S1FFC S1FFD
INT 5156 $TFFR
TIMEA RVFFE J1FF9
Execute Execute T, $1FFD B1FFY
. SCISIFFE SIFFT
Instruction Instruction TIMER 1 £1FFB §1FF7
Figure 12 [Interrupt Flow Chart
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d""-..__

In the block diagram, both the external interrupts INT and
[NTz are edge trigger inputs. At the falling edge of each input,
un interrupt request is generated and latched. The INT inter-
pupt_request is automatically cleared if jumping is made to
the INT processing routine, Meanwhile, the INTz request is
cleared if ““0" is written in bit 7 of the miscellaneous register.

For the external interrupts (INT, INT2), internal timer
interrupts (TIMER, TIMER:2) and serial interrupt (SCI), each
interrupt request is held, but not processed, if the 1 bit of the
condition code register is set. Immediately after the 1 bit is
cleared, the corresponding interrupt processing starts accord-
ing to the priority.

The INT: interrupt can be masked by setting bit 6 of the
miscellaneous register; the TIMER interrupt by setting bit &
of the timer control register; the SCI interrupt by setting bit
5 of the seria! status register; and the TIMER2 interrupt by
setting bit 4 of the serial status register.

The status of the INT terminal can be tested by a BIL or
BIH instruction. The INT falling edge detector circuit and
its latching circuit are independent of testing by these instruc-
tions. This is also true with the status of the INTz terminal.

s Miscelianeous Register (MR; SO00A)

The interrupt vector address for the external interrupt
jNTz is the same as that for the TIMER interrupt, as shown
in Table 1. For this reason, a special register called the miscel-
janeous rtegister (MR; $000A) is available to contrel the

[NT2 interrupts.

BIH/BIL Test

INT Inter-
rupt Latch

l

Bit 7 of this register is the INT2 interrupt request flag.
When the falling edge is detected at the INTz terminal, “J"
is set in bit 7. Then the software in the interrupt routine
(vector addresses: SIFF8, $1FF9) checks bit 7 to sce if it
is INT2 interrupt. Bit 7 can be reset by software,

Miscellaneous Register (MR; $000A)
7 6 5 4 3 2 i O

[ 0 e V2t 2 V2 P2
[ .

INT2 Interrupt Mask

INT: Interrupt Request Flag

Bit 6 is the INT2 interrupt mask bit. If this bit is set 10 17,
then the INTz interrupt is disabled. Both read and write are
possible with bit 7 but *“1” cannot be written in this bit by
software. This means that an interrupt request by software
15 impossible,

When reset, bit 7 is cleared to “0”" and bit 6 is set 10 1",

sTIMER

Figure 14 shows a MCU timer block diagram. The timer
data n?gister 1s loaded by software and, upon receipt of a
clock input, begins to count down. When the timer data

Vectoring generated
$1FFA, SIFFB

Candition Code Register (CC}

z
pur}

S |

Falling Edge Detector

1 Miscellaneous
Register (MR}

Timer Control
Register (TCR)

N

TIMER

Serial Status
Register {S5R)

5CI TIMER:

SCi

% ﬂ INT

Interrupt Controd
Circuit

Vecioring generated

ISSH?‘SSRE{SSRS{SSR&] TIMER,

$1FFB, $1FF9

Veactoring genserated
$1FF6, S1FF7

Figure 13 interrupt Request Generation Circuitry
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register {TDR) becomes *0”, the timer interrupt request
bit (bit 7) in the timer control register is set. In response to
the interrupt request, the CPU saves its status into ‘the stack
and fetches timer interrupt routine address from addresses
$1FF8 and $1FF9 and execute the interrupt routine. The
timer interrupt can be masked by setting the timer interrupt
mask bit (bit 6) in the timer control register. The mask bit
(I) in the condition code register can also mask the timer
interrupt.

The source clock to the timer can be either an external
signal from the timer input terminal or the internal E signal
(the oscillator clock divided by 4). If the E signal is used as
the source, the clock input can be gated by the input to the
timer input terminal.

Once the timer count has reached “07, it starts counting
down with “$FF™. The count can be monitored whenever
desired by reading the timer data register. This permits the
program to know the length of time having passed after the
occurrence of a timer interrupt, without disturbing the ¢on-
tents of the counter.

When the MCU is reset, both the prescaler and counter are
initialized to logic “1”. The timer interrupt request bit
(bit 7) then is cleared and the timer interrupt mask bit (bit
6} is set.

To clear the timer interrupt request bit (kit 7), it is neces-
sary to write *0" in that bit,

» Timer Control Register (TCR; $0009)

Selection of a clock source, selection of a prescaler fre-
quency division ratio, and a timer interrupt can be controlled
by the timer control register (TCR: $0009). .

For the selection of a clock source, any one of the four
modes (see Table 2) can be selected by bits 5 and 4 of the
timer control register {TCR).

Timer Control Register {TCR; $0009}
7 6 5 4 3 2 1 0

TCAZNCABITCRSITCRA|TCRI|TCA2|Te/1| TCRO

- - -

L Prescaler division ratio selection
Prescaler initialize
lock input source
Timar interrupt mask
Timer interrupt request

After reset, the TCR is initialized to “E under timer termi-
nal control” (bit 5 = 0, bit 4 = [}. If the timer terminal is
“1", the counter starts counting down with “$FF” immediate-,
ly after reset.

When *17" is written in bit 3, the prescaler is initialized.
This bit always shows “0” when read,

Table 2 Clock Source Selection

626

TCR7 Timer interrupt request -
TCR .
0 - Absent - Clock input source
BitS Bit 4
1 Present
0 0 Internal clock E
TCR6 Timer interrupt mask 0] 1 E under timer terminal controi
0 Enabled 1 ¢] No clock input {counting stopped)
1 Disabled 1 i Event input from timer terminal
Initiaize
Tirmer Control
A Regrister
{Internal .
1ternal b (TCR:$0009)
E Prescaler TCAT|TCRS|TCAS|TCRA | TCRITCRIITCRY | TCRO
T=1- Lo |
= —2i=d|= = —

TIMER 1 2 8|16|32|6a =128

Input 3

Terminal Multiplexer i

Timer Data ‘
Register (TDR; 30008}
8-Bit Counter -
Clock Input Timer Interrupt

o

Write

Read

Figure 14 Timer Block Diagram
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A prescaler division ratio is selected by the combination of A timer interrupt is enabled when the timer interrupt mask
three bits (bits 0, 1 and 2) of the timer control register (see bit is “0", and disabled when the bit is *“1”. When a timer
Table 3). There are eight different division ratios: +1, +2,+4, interrupt oceurs, 1" is set in the timer interrupt request bit,

1§, +16,+32, =64 and +128. After reset, the TCR 15 set to the This bit can be cleared by writing **0” in that bit,
=} mode.

mSERIAL COMMUNICATION INTERFACE (SClt)
This interface is used for serial transmission or reception

Table 3  Prescaler Division Ratio Selection : € _ )
of 8.bit data. Sixteen transfer rates are available in thé range

TCR from 1 ps to approx. 32 ms (for oscillation at 4 MHz).
— . . Prescaler division ratio The SCI consists of three registers, one octal counter and
-_?_2_2_ Bit 1 Bit 9 one prescaler. (See Fig. 15.) SCI communicates with the CPU
0 0 0 21 via the data bus, and with the outside world through bits 5,
e 6 and 7 of port C, Described below are the operations of
0 0 1 2 each register and data transfer.
e
.0 1 0 +4
— #5C) Control Register (SCR; $0010)
v 4] ] 1 +8
J—
1 0 a +16
—— 7 6 5 4 3 2 1 ¢
4 1 0 1 +32
—— SCR7|SCR6|SCRS |sCRa4 |sCR3|sCRz|SCR1|SCRO
' 1 1 0 64
1 i 1 +128

SCI Contro! Registers (SCR; $0010)

SCR7|SCRE|SCR5] SCR4|SCR3|SCR2|SCR1|SCRO

. E
e g i A 1
) : Transfer
. | > Multi-| Fre- Clock
o {7 plexery scaler [ 5 orator
e — I~ "‘“‘: l
o GsCR) ] L 4
_— 1 1
: 1 1 SCI Data Registers FaN
“ ' ' {SDR;: $0012) Octal
: : Counter
E i 7 5 5 a 3 2 7 ) Initialize
— ] ]
CG(RX) 1 : MSEB LSE
- ]
CqTx) 1 : _‘
1 1
L o]

. Emmmms ' 7 (s s 4 3 2 7 )

-~ SSR7|SSR6|SSRS | SSR4 SSR3J>W tSSCSi F{S:tshz«(t;(:;1 ?}eninei's
- I . - A
?Ef'_ Not Used

SCI/TIMER:

f Figure 15 SCI Block Diagram
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SCR7 C; terminal
3] Used as 1/0 terminal {by DOR).
1 Serial data output {DDR output)
SCR6 C, terminal
0 Used as [/0O terminal {by DDR).
1 Serial data input {DDR input)
SCRS |SCR4 | Clock source C, terminal
0 0 - Used as 1/ terminal {by
0 1 _ DDA).
1 0 Internal Clock output {DDR output)
1 1 External Clock input {DDR input)
Bit 7 (SCR7)

When this bit is set, the DDR corresponding to the C,
becomes 17 and this terminal serves for output of SCI data.
After reset, the bit is cleared to “0".

Bit 6 (SCR6)
When this bit is set, the DDR comresponding to the C,
becomes “0" and this terminal serves for input of SCI data.
After reset, the bit is clearad to 0",

Bits 5 and 4 (SCRS, SCR4)
These bits are used to select a clock source. After reset,
the bits are cleared to “G".

Bits 3~ 0 (SCR3 ~ SCR0O)
These bits are used to select a transfer clock rate. After
reset, the bits are cleared to 0"

Transfer clock rate
SCR3 | SCR2 { SCR1 | SCRO 2.00 MRz 12,194 Mz
0 4} 0 0 1 us 0.95 us
0 0 1 2 us 191 us
Q 0 1 a 4 us 382 pus
0 v 1 1 B us 7.64 us
} ! H t ¢ ?
1 i 1 1 32768 us 1325

#5Ct Data Register {SDR; $0012)
A serial-parallel conversion register that is used for transfer
af data,

#SCl Status Register (SSR; $0011)

7 5 5 4 3 2 1 g

SSAR7] 55R6 | SSAS | 55R4|s5R2

Bit 7 {S8R7)

Bit 7 is the SCI interrupt request bit which is set upon
completion of transmitting or receiving 8-bit data. It is
cleared when reset or data is written to or read from the
SCI data register with the SCR5="1", The bit can also be
cleared by writing **0” in it.

Bit 6 (S5R6)

Bit 6 is the TIMER,; interrupt request bit. TIMER, is used
commonly with the serfal clock generator, and SSR6 is set
each time the intemal transfer clock falls. When reset, the
bit is cleared. It also be cleared by writing "'0” in it. (For
details, see TIMER;.)

Bit 5 {SSRS)
Bit 5 is the SCI interrupt mask bit which can be set or
cleared by software. When itis “1"", the SCI interrupt (SSR7}
is masked. When reset, it is set to “1"

Bit 4 (SSR4)
Bit 4 is the TIMER, interrupt mask bit which can be set
or cleared by software. When the bit is *1"™, the TIMER;
interrupt (SSR6) is masked. When reset, it is set to "1

Bit 3 (SSR3)
When 1" is written in this bit, the prescaler of the transfer
clock generator is initialized. When read, the bit always is “0".

Bits 2~ 0
Not used.
SSR7 i SCI interrupt requaest
Q f Absent
1 ! Present .
SSA6 i TIMER; interrupt request
0 ‘ Absent I
T
1 } Present I
L —
SSRS ‘ 5CI interrupt mask R
0 Enabled —
1 Disabled I
_—--_‘-—-
SSRa TIMER, interruptmask .
0 Enabled I
1 Disabled S

» Data Transmission i
By writing the desired control bits into the SCI contf@
registers, a transfer cate and a source of transfer clock ﬂ_f‘
determined and bits 7 and 5 of port C are set at the seﬂi
data output terminal and the serial clock terminal, reSPe".
tively. The transmit data shouid be stored from the z":‘:umu:l
lator or index register into the SCI data register. The 43¢

. . ) X
written in the SCI data register is output from thﬂ_c‘fﬁe
terminal, starting with the LS$B, s\nchronously with of

1

falling edge of the serial clock. (See Fig. 16.) When 8 B
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data have been transmitted, the interrupt request bit is set in
pit 7 of the SCI status register with the rising edge of the last
serial clock. This request can be masked by setting bit 5 of the
§Cl status regster. Once the data has been sent, the Bth bit
data (MSB) stavs at the C+/Tx terminal. If an external clock
source has been selected, the transfer rate deternnined by
bits 0 ~ 3 of the SCI control register is ignored, and the Cs/
CK terminal is set as input. If the internal clock has been
selected, the Cs'CK terminal is set as output and clocks are
output at the transfer rate selected by bits O ~ 3 of the SCI
control register.

:' * P2 a 4 5 & 7 B
traset Dave Lptch l !"-\ I l I I i J- |

Tumung (CygiRx

Figure 16 SCI Timing Chart

« Data Reception

. By writing the desired control bits into the SCI control

- register. a transfer rate and a source of transfer clock are de-
termined and bit & and 5 of port C are set at the serial data
input terminal and the serial clock terminal, respectively.

- Then dummy-writing or -reading the SCI data register, the

" system is ready for receiving data. (This procedure is not
necded after reading subsequent received data. It must be taken
after reset and after not reading subsequent received data,)

The datz from the Cz/Rx terminal is input to the SCI

data register synchronously with the rising edge of the
serial clock (see Fig. 16). When 8 bits of data have been re-
ceived, the interrupt request bit is set in bit 7 of the SCI
status register. This request can be masked by setting bit 5
of the SCI status register. If an external clock source have been
selected, the transfer rate determined by bits 0 ~ 3 of the SCI
control register is ignored and the data is received synchro-
nously with the clock from the Cg /CK terminal. If the intemnal
clock has been selected, the C5/CK terminal is set as output
and clocks are output at the transfer rate selected by bits 0 ~
3 of the SCI control register.

+«TIMER:
The SCI transfer clock generator can be used as 2 timer.
- The clock selected by bits 3 ~ O of the SCI control register
(4 ps ~ approx. 32 ms (for oscillation at 4 MHz)) is input 10
'bit 6 of the SCI status register and the TIMER2 interrupt
request bit is set at each falling edge of the clock. Since inter-
rupt requesis occur periodically, TIMER:2 can be used as a
reioad counter or clock,

0 @0

)
{in)

O :Transfer clock generator is reset and mask bit {bit 4
. of SCI status register) is cleared.

(2, & : TIMERz interrupt request

@, : TIMER3 interrupt request bit cleared

G HITACHI

TIMER: s commonty used with the SCI transfer clock
generator. If wanting to use TIMER2 independently of the
SCI, specify “External™ (SCRS = 1, SCR4 = 1) as the SCI
clock source,

If “Intemnal” is selected as the clock source, reading or
writing the SDR causes the prescaler of the transfer clock
generator to be initialized.

mi/O PORTS

There are 24 input/output terminals (ports A, B, C). Each
I/O terminal can be selected for either input or output by the
data direction register. More specifically, an I/O port will
be input if 0 is written in the data direction register. and
output if “1" is written in the data direction register. Port A,
B or Creads latched data if it has been programmed as output,
even with the output level being fluctuated by the output
load. (See Fip. 17.)

When reset, the data direction register and data register go
1o 07 and all the input/output terminals are used as input.

Cwa
™1 Diwrection
Regirer

Duiput No

— Dats Cutput Fit
Bt [/
@

Bit of data Bit of Stat ; |
direction output d t'-'-" ';’ nggltJto
register data outpu
1 0 0 0
1 1 1 1
0 X 3-state Pin
Figure 17 Input/Output Port Diagram

Seven input-only terminals are available (port D). Writing
to an input terminal is invalid.

All input/output terminals and input terminals are TTL
compatible and CMQS compatible in respect of both input and
output,

If I/O ports or input ports are not used, they should be
connecied to Vgg via resistors. With none connected to these
terminals, there is the possibility of power being consumed
despite that they are not used.

WRESET
The MCU can be reset either by external reset input (RES)
or poweron reset. (See Fig. 18.) On power up, the reset
input must be held “Low™ for at least tqgc 10 assure that the
internal oscillator is stabilized. A sufficient time of delay can
be obtained by connecting a capacitance to the RES input as
shown in Fig. 19.
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5V
Vec

4. SV/I-

ov

RES

|

Terminal

Internat

tanL

Heset

Figure 18 Power On and Reset Timing

Figure 19

—TTTTT

100k typ
VEE == AAN—famee
RES—— 2.2uF
HDB305Y
MCU

Input Reset Delay Circuit

NINTERNAL OSCILLATOR

The intemal oscillator circuit is designed to meet the

it ——

2.0~-8 0MHz2C=33
e

7 10~22pF £ 20%

EXTAL

HDB6305Y

XTAL MCU

Crystal Osciltator

C.

-
=
T

Co

Externat
Clock

InDut__ EXTAL

EXTAL

xTAL HD630SY
MCU

,’—\‘_/"—‘

Ceramic QOscillator

NC | XTAL wpg3osy
MCU
External Clock Drive
Figure 20 internal Osciflator Circuit

430

requirement for minimum external configurations. It can be
driven by connecting a crystal (AT cut 2.0 ~ 8.0MHz) or
ceramic oscillater between pins 5 and 6 depending on the re-

quired oscillation frequency stability.
Three different terminal connections are shown in Fig. 20.

Figs. 21 and 22 illustrate the specifications and typical arrange-
ment of the crystal, respectively.

C, AT Cut
A AA—— Parallel
Rs

Resonance
*— Co=7pF max.
XTAL
Co EXTAL $=2 0~8.0MH;
1| Rs=600 max.

Figure 21 Parameters of Crystal

(a)
(b}
AT
Cu Z Crystal —_—
—
’ -
—_— N
- c s //-E XTAL
XTA_L:—J - o F-LIEXTAL
- O Mcu
EXTAL(] Crystal
1 Mmcu

[NOTE] Use as short wirings as passible for connection of the crystal
with the EXTAL and XTAL terminals. Do not allow these
wirings to cross others,

Figure 22 Typical Crystal Arrangement

= LOW POWER DISSIPATION MODE
The HD6305Y has three low power dissipation modes:
wait, stop and standby.

o« Wait Mode

When WAIT instruction being executed, the MCU enters
into the wait mode. In this mode, the oscillator stays active
but the internal clock stops. The CPU stops but the peripheral
functions — the timer and the serial communication inter-
face — stay active. (NOTE: Once the system has entered the
wait mode, the serial communication interface can no longe?
be retriggered.) In the wait mode, the registers, RAM and 1o
terminals hold their condition just before entering into the
wiit mode.

The escape from this mode can be done by interrupt (Lﬁi-
TIMER/INTz or SCI/TIMER:), RES or STBY. The RES
resets the MCU and the STBY brings it into the standby
mode. (This will be mentioned later.)

When interrupt is requested to the CPU and accepted, fhc
wait mode escapes, then the CPU is brought to the operatio?
mode and vectors to the interrupt routine. If the interrupt 18
masked by the I bit of the condition code register, after releas
ing from the wait mode the MCU executes the instruction
next to the WAIT. If an interrupt other than the INT (i£-
TIMER/INT: or SCI/TIMER:) is masked by the timer contro!
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register, miscellanecus register or serial status register, there
is no interrupt request to the CPU, so the wait mode cannot
he released.

Fig. 23 shows a flowchart for the wait function.

»Stop Mode

When STOP instruction being executed, MCU enters into
the stop mode. In this mode, the oscillator stops and the CPU
and peripheral functions become inactive but the RAM.
registers and 1/0 termunals hold their condition just before
entering into the stop mode.

The escape from this mode can be done by an external
interrupt (INT or INTz). RES or STBY. The RES resets the
MCU and the STBY brings into the standby mode.

When interrupt is requested to the CPU and accepted,

the stop mode escapes, then the CPU is brought to the opera-
tion mode and vectors to the interrupt routine. If the inter
rupt is masked by the 1 bit of the condition code register,
after releasing from the stop mode, the MCU executes the
instruction next to the STOP. If the INT: interrupt is masked
by the miscellaneous register, there is no interrupt request to
the MCU, so the stop mode cannot be released.

& HITACHI

Fig. 24 shows a flowchart for the stop function. Fig. 25
shows a timing chart of retum to the operation mode from
the stop maode.

For rcleasing from the stop mode by an interrupt, oscilla-
tion starts upon input of the interrupt and, after the intemal
delay time for stabilized oscillation, the CPU becomes active.
For restarting by RES, oscillation starts when the RES goes
*0" and_the CPU restarts when the RES goes 1. The dura-
ton ol RES=0" must exceed 30 ms 1o assure stabilized oscil-
tation.

= Standby Mode

The MCU enters into the standby mode when ih2 STBY
terminal goes “Low™. In this mode. all operations stop and
the internal condition is reset but the contents of the RAM are
hold. The I/O terminals turn to high-impedance state. The
standby mode should escape hy bringing STBY “High™. The
CPU must be restarted by reset. The tming of input sipnals
a1 the RES and STBY terminals is shown in Fig. 2o,

Tahie 4 fists the status of cach parts of the MCL' in cach
low power dissipation modes. Transitions between each mode

are shewn in Fig. 27,

(Note)

When 1 bit of condition code register is 17 and interrupt
(INT. TIMER/INT,. SCI/TIMER,} is held. MCU does not
enter WAIT mode by the execution of WAIT instruction.

In that case, after the 4 dummy nvcles MCU executes the next
instruction. o

In the same way. when external interrupts {INT. INT,) are
held at the bit 1 set, MCU does not enter STOP mode by the
execution of STOP instruction. In that case, also. MCU executes
the next instruction after the 4 dummy ¢ycles.

[
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| Wait }

Oscillator Active |
Timer and Serial o
Clock Active

Alt Other Clocks
Stop

TBY=0

Yes No

to Standby
Mode

Restart
Processor Clecks

l

Initialize

CPU, TIMER, SCI.
-0 and Ail

QOther Functions

No

-
N

Yes

Load PC from
$S1FFE, $1FFF Restart

Processor Clocks

Load PC from
Interrupt Vector
Addresses

Fetch
Instruction

Figure 23 Wait Mode Flow Chart
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( Stop )

Stop Oscillator
and All Clocks

to Standby
Mode

Turn on Oscillator
Wait for Time Delay

to Stabilize
No
RES
i
Yes

Load PC from
$1FFE, $1FFF

Turn on Oscillator
Wait for Time Delay
1o Stabilize

Load PC from
Interrupt Vector
Addresses

J

Fetch
Instruction

Figure 24 Stop Mode Fiow Chart

@& HITACHI

633



HD6305Y1, HD63A05Y1, HD63B05Y1, HD6305Y2, HD63A05Y2, HD63BO6Y2

el e isisinisisizl

/
, - Time required for oscillation to become
STOP instruction Interrupt stabilized (buiit-in delay time) Instructions
executed restart

{a) Restart by Interrupt

OSCiIIator”H” ”””” ””“” I" € p
e LU UL SRS -

I ]\ Time required for oscillation to become :>

::gzt:'gtrucnon stabilized {tyg,)

Reset
start

RES $ ‘ —

{b) Restart by Reset

Figure 25 Timing Chart of Releasing from Stop Mode

ST8Y \

RES T
SRR \ ’
] 1 ] ]
1 1 ] 1
[ W R " I

|

tose J Rastart

Figure 26 Timing Chart of Releasing from Standby Mode

Table 4 Status of Each Part of MCU in Low Power Dissipation Modes

_——'-'-—’
Condition
Mode Start Oscil- Timer : (H/o] Escape
lator CPU Serial Register RAM terminal t“—-'r'/
in- STBY, RES, INT, INT1,
waiT WAIT. n Active Stop Active Keep Keep Keep | each interrupt request of
Soft. | struction TIMER, TIMER;, SCL—
ware - I
STOP fg&‘:i;”n Stop Stop Stop Keep Keep Keep | STBY, RES, IT';'EE/
pand- | Hard: | STBY="Low” | Stop | Stop | Stop | Reser | Keep | HSTIM | aTgy_pyign-
by ware P P ese P pedance =g
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LT

Standby
Mode

Figure 27 Transitions among Active Mode, Wait Mode,
Stop Mode, Standby Mode and Reset

aBIT MANIPULATION

The MCU can use z single instruction (BSET or BCLR) to
sct or clear one bit of the RAM within page 0 or an 1/0 port
(except the writc-only registers such as the data direction
register). Every bit of memory or 1/O within page O (300 ~
$FF) can be tested by the BRSET or BRCLR instruction;
depending on the result of the test, the pregram can branch 10
required destinations. Since bits in the RAM on page 0, or 1/
can be manipulated, the user may use a bit within the RAM an
paec O as a flag or handie z single 1/0 bit as an independent
I/0 terminal. Fig. 28 shows an exampie of bit manipulation
and the validity of test instructions. [n the example, the pro-
gram is configured assuming that bit 0 of port A is connected
10 2 Ze10 cross detector circuit and bit 1 of the same port 10
the trigger of a triac.

The program shown can activute the triac within a time of
Hus from zero-crossing through the use of only 7 bytes on
the ROM. The on-chip timer provides a required time of
delay and pulse width modulation of power is also possible,

BRCLR 0, PORT A, SELF 1
BSET 1, PORT A
BCLR 1, PORT A

SELF 1.

Figure 28 Example of Bit Manipulation

NADDRESSING MODES
Ten different addressing modes are available to the MCU.

eimmediate
See¢ Fig. 29. The immediate addressing mode provides
access 1o a constant which does not vary during execution of

the program.
This access requires an instruction length of 2 bytes. The

® HITACHI

effective address (EA} is PC and the operand is fetched from
the byte that follows the operation code.,

e Direct
See Fig. 30, In the direct addressing mode, the address of
the operand is contained in the 2nd byte of the instruction.
The user can gain direct access to memory up to the lower
<35th address. 192 byte RAM and I/O registers are on page 0
of address space so that the direct addressing mode may be
utilized.
» Extended
See Fig. 31, The extended addressing is used for referenc-
ing to all addresses of memory. The EA is the contents of
the 2 bytes that follow the operation code. An extended
addressing instruction requires a length of 3 bytes.

» Relative

See Fig. 32. The relative addressing mode is used with
branch instructions only., When a branch occurs, the program
counter is loaded with the contents of the byte following the
operation code. EA = (PC) + 2 + Rel., where Rel. indicates a
signed 8-bit data following the operation code. If no branch
oceurs, Rel. = 0. When a branch oceurs, the program jumps
to any byte in the range +129 to —127. A branch instruction
requires a length of 2 bytes.

» Indexed (No Offset)

See Fig. 33. The indexed addressing mode allows access
up to the lower 255th address of memory. In this mode, an
instruction requires a length of one byte. The EA is the
contents of the index register.
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» Indexed (8-bit Offset)

See Fig. 34. The EA is the contents of the byte foilow-
ing the operation code, plus the contents of the index register.
This mode allows access up to the lower 5S1ith address of
memory. Each instruction when used in the index addressing
mode (8-bit offset) requires a length of 2 bytes.

» Indexed (16-bit Offset)

See Fig. 35. The contents of the 2 bytes following the
operation code are added to content of the index register
to compute the value of EA. In this mode, the complete
memory can be accessed. When used in the indexed address-
ing mode (16-bit offset), an instruction must be 3 bytes long.

* Bit Set/Clear
See Fig. 36. This addressing mode is applied to the BSET
and BCLR instructions that can set or clear any bit on page
0. The lower 3 bits of the operation code specify the bit to
be set or cleared. The byte that follows the operation code
indicates an address within page 0.

o Bit Test and Branch

See Fig. 37. This addressing mode is applied to the BRSET
and BRCLR instructions that can test any bit within page 0
and can be branched in the relative addressing mode. The
byte to be tested is addressed depending on the contents of
the byte following the operation code. Individual bits within
the byte to be tested are specified by the lower 3 bits of the
operation code. The 3rd byte represents a relative value which
will be added to the program counter when a branch condition
is established. Each of these instructions should be 3 bytes
long. The value of the test bit is written in the carry bit of the
condition code registar.

» Implied

See Fig. 38. This mode involves no EA. All information
needed for execution of an instruction is contained in the
operation code. Direct manipulation on the accumulator
and index register is included in the implied addressing mode.
Qther instructions such as SWI and RTI are also used in this
mode. All instructions used in the implied addressing mode
should have a length of one byte,

TEA

Memaory i

)

e

Adder
e N N A

FA
Index Req
H ' Stack Pant
L | ]
FACG LDA 2 5FB OSRAD AB Prog Count
O58F Fa i 05CD B
ce
: ——1
: :
A————ee

Figure 29 Example of Immediate Addressing

| EA

Memary |

0048 |

-mmma
-l

Adder
Z AN N

¥ A
CAT FCB 32 0048 70 0008 @
Indax Heg
B ' Stack Point
PROG LDA CAT 0520 36 [ | i
0S2F 48 Prog I:DUl'll
[ 052F i
<
1 ]
N ]
' ]
1 ]
) [ ]
' 1
err—

Figure 30 Example of Direct Addressing
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] EA
Memary [ OBES i
i Tt
i 3
‘ ! Adder
0000
. A
PROG LDA CAT 0409 =2
404 o8 al
0408 ES o Srack Pomi
: l i ]
} : Prog {ount
CAT FCB 64 OBES 40 f OA0C 1
cC
H :
e e ol
Figure 31 Example of Extended Addressing
' JEA
Memory [ Qact I
: : 1
H ]
T indes Reg
I OR* ] Stack Foint
; H 1 |
0000 Prog Count
PROG BEQ PROGZ 04A7 27 0401 1
0448 18 I CC
Figure 32 Example of Relative Addressing
| Ea
Memory | O0BE |
. H '
: E Aoder
: A
A

{
TABL FCC Lt 0088 aC 0600 { 4c l
. 49 Ades Heg

. ! Stack Point
PAOG LDA X O5F2 F& [ Prog (l:crunl l
[ 05F5 A
[dd

| S

H ]
O e ———

Figure 33 Example of Indexed {No Offset) Addressing
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EA
Memory | 008C i
H ) I
1 L]
Adder
TABL FCB =BF 0089 BF
FC8 =38 00BA 86 ‘f\_ A
FCB =08 2088 DB CF
FCB =CF Q08¢ oF f T
= :
Stack Point
PROG LDa FaBL x Q758 ER [ 1
or8¢ 2 Prog Counr
l 075D ]
cC
1 r
4
L] [
S ere—

Figure 34 Example of Index {8-bit Offset) Addressing

A
Index Reg
'
PROG LDA TABL X 0692 Jol:] Stack Point
06§93 07 h [ T ]
0634 JE 1 Prog Caunt
| 06495 |
' [
TABL FCB =BF O77E 8F
FCB =86 077 EI3
FCB =08 0780 o8
FCB =CF 078t CF
: ;
e

Figure 35 Example of Index (16-bit Offset) Addressing

f 1 ga
Mamaory [ 2001 I
————
H ¥
: : Adder
PORT B £QU 1 QOGO aF i /\
Clear ' A
Bt
5 Q000
. Ingdex Rag
PROG BCLR 6 POAT B 058F 10 Stack Paunt
0590 a1 [ T ]
Prag Coum
L 05g1 ]
: : cC
¢ ;
H H
——

Figure 36 Example of Bit Set/Clear Addressing
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——
! | EA
Mermary I [\IeeF] }
H '
. : Adder
PORT C EQU 2 GOG2 FO L N A
Bnt
2 Qoon inder Aeg
: : Stack Pont
PROG BRCLR 2 PORT € PROG 2 0574 05 L Frog lCount I
g::: o2 0000 0534 1
1D
[
——
Adder
—_—

Figure 37 Example of Bit Test and Branch Addressing

Memory

| EA
J

A Bdder N
VAN

PROG TAX O5BA g7

e

A

ingdex Reg
Stack :onnt

L I ]
Prag Count
{ D5BB ]
cC

Figure 38 Example of Implied Addressing

siNSTRUCTION SET
There are 62 basic instructions available to the HD6305Y
MCU. They can be classified into five categories: register/
memory, read/modify/write, branch, bit manipulation, and
control. The details of each instruction are described in
Tables 5 through 11.
 Register/Memory Instructions i
Most of these instructions use two operands. One operand
is either an accumulator or index register, The other is derived
from memory using one of the addressing modes used on the
HD6305Y MCU. There is no register operand in the uncon-
ditional jump instruction (JMP) and the subroutine jump
instruction (JSR). See Table 5.

s Read/Modify/Write instructions
These instructions read a memory or register, then modify
or test its contents, and write the modified value into the
memory or register, Zero test instruction (TST) does not
write data, and is handled as an exception in the read/modify/
write group. See Table 6.

& HITACHI

« Branch Instructions
A branch instruction branches from the program sequence
in progress if a particular condition is established. See Table 7.

» Bit Manipulation Instructions
These instructions can be used with any bit located up to
the lower 255th address of memory. Two groups are available,
one for setting or clearing and the other for bit testing and
branching. See Table 8.

» Control Instructions
The control instructions control the operation of the MCU
which is executing a program. See Table 9.

« List of Instructions in Alphabetical Order

Table 10 lists all the instructions used on the HD&305Y
MCU in the alphabetical order.

¢ Operation Code Map

Table 11 shows the operation code map for the instructions
used on the MCU.
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Table & Register/Memory Instructions

Addressing Modes ;
Indexed | Indexed | tndexsd Baolean/ Condition
Oparations Mnemenic Immediate| Diract | Extended |(No Offsen | (8Bt Offset| (163t otsra .Br;l‘:::‘::‘c : Code
OPf 2| ~|oP[s{-op|=|-Jop|z|-[0p =T [opT = - THE Nz ¢
Load A frem Memory LOA AB| 2| 2|B6 23 (CB|3 |4 |F61 |3 iEE 2 : 4 063 S| M—A :ro L I B
Load X fram Memaory LDX AE| 2| 2'BE{2 '3 |CE|3 4 FEi T13|EE 2 4{DE'3 5§ [M—-X sle|al- . »
Stors A in Mamory 5TA S| -1-|Br 2|3 T 34 |F7| Y ia E7, 2.410?':3 5 A—Mm IR
Store X in Memory 5Tx ~| - {-IBF| 2] 3|CFj 34 FF;‘r‘i# EF-2-430F:53'5§X—~M e |elAa|l~le
Add Memory to A ADD AB|2|2'BB} 2| 3|cBl3 ! 4[FRIV{3EB 24 ‘IDEi 3 5| A+M—A inlea|- b
Add Memory and Carry !| _ ; . i i I
0 A ADC a3 2|2 @8] 2{3ce{3;4'Fol 13 (3. 2,4|D9' 3 5|A+M+C—A Lalafalat
Subtract Memaory sup AD| 2|2 |BOJ2i3lcO|3 |4 |FOj1 [ 3iED*2" ' a4 DOi 3 5[A-M-aA e Al
Subtract Memary from L l ! |'.
A with Borrow sac Azl 2l2(B2(2|3:!C2{3!4 F2Vt;3,E2.2.4|02!3 5 A-M-C—aA re|elala
AND Memaory to A AND Ag: 2| 2 |B4| 2 3:C45314 F4.§1; TE4 2 04: 3 5 A-M—A ; CRIGEN
OR Memory with A ORA  JAA1 212 (BA[2|3iCAJ3 4 Fa|1 3[EA 2 4 DA 3 5 A+M—n lelofn|n]a
Exclusive OR Mamary o ; ¢ i | i i
with A EOR AB| 2] 2,882 3!ca 3|4 FB 1153.1513;2 4‘0853 5 A+ M—A elela|rilem
Anthmaue Compars A M i | i b .
with Memary cme  (atiz2(2(pif2|3cilaiaier| 1l Ei§2:4;01[3‘5§A—M oo~ R
Anthmete Compare X i ! ! i
with Memory CPX A 21 2:B3;213|C3;3!4]|F3{1!3 EH‘T 2 ' 4 D3! 15 X-M ! o |(@in|rls
8it Test Mamory with - | t v ; '
A {Logical Compare) air AS| 212 B5|23.C5 3:4 F5(1t 3 ESE 2 aips| 2 5 AM | » e
Jump Unconditignai JMmP BC) 2 fziccla|3(feliz2 EC[ 2 3 IJC!j 3 4. P w vis
Jumg 1o Subrounne JSR 80 2 5 co[3 6 Fo| 7 ED' 2 5 DD} 3 &' T e NI
Symbols: Op = Cperation
# = Numbaer af bytes
~ = Numbar of cycles
Table 6§ Read/Modify/Write Instructions
| Addressing Modes i
| indexad | Ingexea : Condition
Oparations Mnemonic | : Baalean; Arithmetic Operation i Code
impledlA) | ImpheciX} Direct !lNo Cffset) 118-Bar Ovfsery )
QP 2l _[OP 2| -fOP = | - |OP| 2 - QP = - Ml fnizTe
Incrarmant INC acilz2fsclt ]2 JC!Z?S[?C' 116 8012 68 A+1-AarX+1-XarM+1—M o @ | - |~|®
Decrament DEC  4A| 1 [2(5A[ 1238, 2,5 7A|1 5 6A|2Z 5 A-l-AorX—1-XorM-1-M |&]#]" .
Cloar CLR  1aF{ 1 218F[1[2[3F 2 5|76, 1 5 .6F 2 5 00Aor0C X or OO—M s ofa|1 e
Compismant COM  i43:1:2(53]%]233/2 S{7311 5 6312 6 A—AorX—Xor MM fele|nl~|1
Negate [ | : ! ] Q0 —A—A or 00-X X
{2's Complament) NEG 40| ) 2(so[1 |z (30, 2|5(70i1,5 ’EG 2 & or QG—-M-M ® | AgAn
Rotate Left They Carry ROt las| 1 f2lsel vj2|a9) 2 s 791|569 2 ; & L‘b‘iﬁﬁj olalnfn
. i [ by }
Rotate Right Thry Carey ROR 48| 1 |2 (5871 |2 |3B[2 |5 |[78!1 |5 {662 :6 L_E)_{ 1 l“i"":—"':—"i I }_r j e | la]n
: C B ba |
Lagical Shitt Left LSL 4Bl 172 SByp 1 2138|2 |5 (78|15 682 16 .D_{ T Ao [ [ }___ °| o|@|AalAln
! be b ¢ ]
Logical Shift Right LSR 44 1| 2154] 14 2(34| 21 5|74/ 1| 5]|54| 2 : [ o_{—rmr;rn_D E sle|0|A]n
Arithmenc Shift Right ASR 4771V 12|82 (37| 2|5{7F 1|5 87 2 . -] rnp—p——; =~ :0 e|lalnaja
| A g W oor M ,
Arthmetc Shift Lett ASL 49/ 1[2168| 1| 2(38f2,5 (78|15 68/ 2 6 Equal tolSL “elefala]a
Test tor Negative ; ; . i
or Zero ST 4D] 1 21507112 (30] 24|00 1] 4 (6B 2 5  A-00ur X-00 or M~0G (e s|njnle

Symbols: Op = Coeranian

& = Number of hytes
~ = Numbar of cycles
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Table 7 Branch Instructions
- Addressing Modes
Operations Mnemonic Relative Branch Test Condition Code
oP | # -~ HIT I IN|Z]|C
“Branch Always BRA 20 | 2 3 i None L I B
“Branch Never BRN 21 2 3 | None ¢ o oo o
“Branch IF Migher BHI 22| 2 | 3 [c+Z=0 o/ o |ofele
“Branch IF Lower or Same BLS 23 | 2 3 iC+2=1 s o e (oo
“Branch IF Carry Clear BCC 24} 2 | 3 Ic=0 o ojeleo
“iBranch IF Higher or Same) | (BHS) 24| 2 | 3 |[C=0 oo oo
“Branch IF Carry Set BCS 25| 2 | 3 |[€c=1 o o 000
“(Branch IF Lower) (BLO) 25 | 2 | 3 [C=1 e o /00 le
Branch IF Not Equal 8BNE 26 2 3 |Z=0 ¢ ofeo o |0
Branch IF Equal BEQ 27 2 3 1 Z=1 CHN RN NN
“Branch IF Half Carry Clear BHCC 28| 2 | 3 [H=0 oo 0|0 e
“Branch IF Half Carry Set BHCS 29 | 2 | 3 [H=1 N
“Branch IF Plus BPL 2af 2 | 3 [N=0O o o/oefe
“Branch IF Minus BMI 28| 2 [ 3 [N=1 o o000
“Branch IF Interrupt Mask
git is Clear BMC 2C 2 3 =0 ¢leoe | 0o
Branch IF Interrupt Mask
Bit is Set f BMS 2D | 2 3 11=1 ¢ oo |0 |0
“Branch IF interrupt Line
is Low BIL 2E 2 3 |INT=0 | e o |0
Branch IF lnterrupt Line
is High BIH 2F 2 3 [INT=1 e * |0
“Branch to Subroutine BSR AD | 2 5 |—— oo | | 0ole
I Symbols: Op = Operation
# = Number of byles
~ = Number of cycles
Tabie 8 Bit Manipulation instructions
Addressing Modes
Operations Mnemonic Bit Set'Clear | Bit Test and Branch Aarﬁﬂlri?e:{c Bfr.:r;;:h Condition Code
oP a1 - oP = 1 | Operation HIT[NfZIC
Branch IF Bit n is set BRSET n{n=0---7) - - | = 2.n 3|5 —_ Mn=1 oo eo|e!l
Branch IF Bit n is clear | BRCLR n{n=0---7) - - 0142.ny 3| 5 -_— Mnr=0 e s w8 -
Set Bit n BSET n{n=0:--7} |10+2-n} 26 — -1 —11-Mn — o oim w0
Clear Bit n BCLR n{n=0---7) | 114+2.:n 2|5 - - —10—Mn —_— e e elm @
Symbols: Op = Operation .
# = Number of bytes
~ = Number of cycles
@ HITACH!I 641
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Table 8 Control Instructions

Addressing Modes L
Operations Mnemonic Implied Boolean Opseration Condition Code
o » o[ & | - iH. 1 N;Z|C
Transfer A to X T TAX g7 1 2 | A—X ®/o 0 0o
Transfer X wo A TXA 9F 1 2 | X—A e/ sinjs s
Set Carry Bit _ SEC 99 | 1 1 |1=C oo ein|l
Clear Carry 8it cLC 98 | t | 1 [0-C ejeolo’elD
Set Interrupt Mask Bit 1 SEi 98 1 2 |1 s/t s e e
Clear Interrupt Mask Bit | cLl ga ! 2 | 0= ai0:eie |0
Software Interrupt SwWi 83 1 10 o1 eie|e
Return from Subroutine | RTS a1 1 5 L N
Return from Interrupt I RTI 80 | 1 8 Pelz2i7:119
Reset Stack Pointer i RSP ac | 1 | 2 | $FF—sP "ele o o
No-Operation NOP aD 1 1t | Advance Prog. Catr. Only s!ioin' oo
Decimat Adjust A [ DAA 8D | 1 | 2 | G2yt binafy 3d0 of BCD charctari into ol e ~Aia|n®
Stop STOP 8E | 1 4 s s e o|e
Wait WAIT 8F | 1 4 | NN
Symbals: Op = Operation * Are BCD characters of upper byta 10 ar mare? (They are not cleared if sat in advance.)
# = Numbar of bytes
~ = Numbar of cycles
Table 10 Instruction Set {in Alphabetical Order)
Addresting Mades Candition Code
] I Bit Bit P
Mnemonic Indexed l Indexed | Indexed | Set/ | Test& : ‘ |
Implied | immediate | Direct !|Extended| Relative | {No OHset]! (B-But) | (16-Bit) Clear Branch PN 2| C
ADC x x X x | x i x Ae oA
ADD X x x x | x X A . A
AND X x X x 0 0x x| oo .
ASL X DX X ® ! : ' A
ASR *® ; § X b4 x ' LI RN
BCC [ x ‘ elela aleo
BCLR ; % ‘ x oo i w0
8cs é x s|v sisle
BEQ x ie (s o.0|s
BHCC x e o o oo
BHCS x ! . @ | C
BHI ' x I | e |(vi0 o
(BHS) [ x .! i | e e o
BIH x ; | ajeje 6|0
it x | | s|jeino'e
BIT b ¢ X b4 x b4 : x i a8 VY@
(BLO} L X ' s 8,8 0 @
B8LS % . s |0 o & @
BMC % : s/ eie s o
BMI X ! s/0 e o o
BMS X i eje o 0 0
BNE x i ejafoiele
BPAL x ! ! sje eiee
BRA X | | ! NN
Condition Code Symbols: {to be continued)

Carry. Borrow

Test and Set i True, Cleared Otherwise
Not Atfected

Load CC Registar From Stack

M Half Carry (From Bit 3)
| Interrupt Mask

N Negative {Sign 8it)

z Zero

- % Oy

642 @ HITACHI



HD6305Y1, HD63A05Y1, HD63B05Y1, HD6305Y2, HDE3A05Y2, HD63B05Y2

Table 10

Instruction Set (in Alphabetical Order}

Addressing Modes

Condition Code

a—

Mnemonic

Implied

Immediate

Direct

] |

Extended

Reiative

indexed
{No Otfset)

indexed
{8-8i1)

Indexed
{16-Bit}

Bit
Set
Ciear

But
Test &
Branch

BRN

*

BRCLR

“BRSET

BSET

B3R

e

cLI

=18 BN NN BN BN BN AN Bi-J

~| %% % & & | s|e|MN

L AN BE=IN N

CLR

CMP

coM

-~

=l

CPX

HEH || x

O I B B4

X x| K| x

-

DAA

"DEC

EOR

INC

JMP

*

>,

JSR

LDA

LDX

WW | o

LSL

he]

L3R

NEG

i | X)) x| X x| =x]|x]»]|x

. o e O A 1D 4 I G I O O S

XK= =] =|=x]x

N

NCP

oM X

ORA

k.

™

A

ROL

»

ROR

et

RSP

b

RTI

‘u......'....................I

MEARIL AL AR AR AR SR RR AR RN BN B BE RN BN AN AN SR AN R+ R AR AR A I

RTS

SBC

SeC

e

SEl

—_

STA

o>

STGP

5TX

SUB

=

-

Sw!

HEIENE BN

TAX

TST

-

TX&

WAIT

XX =] =X

L IR JE BN BE BN BN BN NN NN AN NN NN

Condition Code Symbols:

H

j
N
z

Half Carry (From Bit 3} c

Interrupt Mask

Negartive {Sign Bit}

Zero

Carry Borrow

Test and Set if True, Cleared Otherwise
Not AHected

Load CC Register From Stack

& HITACHI
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Table 11 Operation Code Map

Bit Manipulation Branch Head, Modify /Write Control Register/Memory
Test & Set/ f
Branch Clear Rel | DIR; A | X | .X1|.XO|IMP|IMP|IMM DIR|EXT| X2| X1 | X0

) 1 2 314 5|6 7[e]al A BlcCc|DI[EI!F |ehgH

0| BRSETO | BSETO BRA NEG RTI*] — SUB )

1| BRCLRO | BCLRO BRN . RTS'| — CMP 1

2 | BRSET1 | BSET1 BH! — B - SBC 2

3| BRCLRT | BCLAt BLS COM SWI-| — cPX 3|L

4 | BRSETZ | BSETZ | BCC LSR S - AND rai

5| BRCLR2 | BCLRZ BCS - — | = BIT 5

6 | BRSET3 | BSET3 BNE ROR - = LDA 6

7} BRCLR3 | BCLR3 BEQ ASR - [TAax [ = STA sta+1) 7

8 | BRSET4 | BSET4 | BHCC LSL/ASL - [cLe EOR 8

9! BRCLR4 | BCLR4 | BHCS ROL - | sEC ADC 9

A | BRSETS | BSETS BPL DEC - lcut ORA A

B | BRCLR5 | BCLRS BMI — - [ser* ADD B

C | BRSET6 | BSET6 BMC INC ~ RSP — ] JMP(—1) C

D | BRCLR6 | BCLR6 BMS [1sTi-n]  TST | TST(-1) |DAA’[NOP BSR'! JSR(+2) [ JSR(+1) [ssa+2) D

€| BRSET7 | BSETY BIL - STOP'| — LDX E

F | BRCLR? | BCLR7 BIH CLR WAIT' [ TXA*| — STX sTX(+1f F |
3.5 2/5 2/3 {2/5{1v2[1/2|2/6 (15[ 1 1/1[2/22/3][3/4[35/24]1/3

INQTES) 1. “—"is an undefined aperation code.

2. The lowermost numbers in each column represent a byte count and the number of cycles required {byte count/number of cycles).
The nurnber of cycles for the mnemonics astariskad (=) is as follows:

ATt g8 TAX 2
RTS 5 RSP 2
SWI 10 TXA 2
DAA 2 BSR 5
STOP 4 CLt 2
WAIT 4 SE} 2

3. The paranthesized numbers must be added 10 the ¢ycle count of the particular instruction.

® PRECAUTION TO PROGRAM TRANSMITTING OR RE
CEIVING SERIAL DATA
Be careful that malfunction may cccur if SDR (SERIAL
DATA REGISTER: 30012) is read or written during trans
mitting or receiving serial data.

® Additional Instructions
The following new instructions are used on the HD6305Y:

DAA Converts the contents of the accumulator into BCD
code.

WAIT Causes the MCU to enter the wait mode. For this mode,
see the topic, Wait Mode.

STOP Causes the MCU to enter the stop mode. For this mode,
see the topic, Stop Mode.

A HITACHI
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