HD6305Y0,HD63A05Y0,

HD63B05Y0

CMOS MCU (Microcomputer Unit)

HD6305Y0 is a CMQS 8-bit single-chip microcomputer
which includes a CPU upward compatible with the HD6305X0.
On the chip of the HD6305YD, 7872 byte ROM, 256 byte RAM,
55 1/O terminals, two timers and a serial communication inter-
face (SCI) are built in. And three low power dissipation modes
(stop, wait and standby) support the low power operating.
Instruction set is upward compatible with the HD680S family.

& HARDWARE FEATURES

«8-bit based MCU
7872 bytes of ROM
256 bytes of RAM
*A total of 55 terminals, including 32 1/0's, 7 inputs and 16
outputs
o Two timers
— 8-bit timer with a 7-bit prescaler {programmable prescaler;
event counter)
— 15-bit timer {commanly used with the SCI clock divider)
* On<hip serial interface circuit {synchronized with clock)
oSix interrupts (two external, two timer, one serial and one
software)
e Low power dissipation modes
— Wait .. .. in this mode, the clock oscillator 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, 1/O status and registers are held.
— Standby. . In this mode, the clock stops, the RAM data
is held, and the other internal condition is

reset.
s Minimum instruction cycle time
— HD6305Y0 . Tus{f=1MHz2)
— HDG63A05Y0D . ... 067 us{f=1.5MHz)
— HDE3BO5Y(Q . ... 05 us(f=2MH2z)

o Wide operating range
Veg =3to BV (f=0.1 to 0.5 MHz2)

— HD6305Y0 . £=0.1t0 1 MHz (Vg = 5V * 10%)
— HDB3A05YO .. .. f=0.11t0 1.5MHz (Veg = 5V + 10%)
~ HD63BOSYO . ... f=0.11t02MHz {VCC = 5V * 10%)

8 SOFTWARE FEATURES

oSimilar to HD6800

e Byte efficient instruction set

e Powerful bit manipulation instructions {Bit Set, Bit Clear, and
Bit Test and Branch usable for 192 byte RAM bits within page
0 and all I/0 terminais)

* A variety of interrupt operations

* Index addressing mode useful for table processing

= A variety of conditiona! branch instructions

» Ten powerful addressing modes

* All addressing modes adaptable to RAM, and 1/0 instructions

» Three new instructions, STOP, WAIT and DAA, added to the
HD6805 family instruction set

HD6305Y0P, HD63A05YOP,
HDG63B05YOP

(DP-64S)

HD6305Y0F, HDG3A05YOF,

HD63BOSYOF

(FP-64)

# PROGRAM DEVELOPMENT SUPPORT TOOLS

® Cross assembler software for use with IBM PCs and compat-
ibles

® In circuit emulator for use with IBM PCs and compatibles
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HD6305Y0, HD63A05Y0, HD63BO5YO

® PIN ARRANGEMENT
® HD6305YOP, HD63A05YOP, HDE3BOS5YOP ® HDE305YOF, HD63A05YOF, HD63BOSYOF

o

]
3
2

(Top View) {Top View)
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@ ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply voltage Vee -0.3~+7.0 v
Input voltage Vin -03~Vgcc +03 v
Operating temperature Topr 0~ +70 °C
Storage temperature Tstg -55 ~ +160 °C

[NO‘I’E] These products have 8 protection circuit in their input terminais sgainst high electrostatic voltage or high electric fields. Notwithstanding,
be carsful not to apply any voitage higher than the sbsolute maximum rating to these high input impedance circuits. To assure normal
operation, we recommended Vi, Vour: Vs < {Vin 0f Vaued € Vee:

u ELECTRICAL CHARACTERISTICS
« DC Characteristics (Voe = 5.0V £ 10%, Vgs = GND and T, =0 ~ +70°C unless otherwise specified)

Test . .
Item Symbol condition min typ max Unit
AES, STBY Vce-05 - Veo+ 0.3 \'
Input
voltage EXTAL Viu Veex 0.7 - Vec+ 0.3 v
“High*"
Others 20 - Vee+ 0.3 v
Input voit-
agg “Low” All Input ViL -0.2 - 08 Y
Operating _ B 10 A
" Wait _ 2 5 "y
i pation lec = IMHz"
pa Stop - 2 10 HA
Standby _ P} 10 uA
Input TIMER,
leakage INT, Ml - - 1 uA
current g',‘FNVDT'
Vin=05b~
Three- 30 ~ BA? ' n
state . C: N C:' Itrsil Vee - 0.5V
curren . - -
Go ~ G, 1 HA
ED ~ E_!ca
Fo~F,**
Input All ) f = 1MHz, _ N
capacity terminals Cin Vin = 0V 12 pF

* The value at f = xMHz can be calculated by the following squation: Icg if = xMHz) = 1ge If = 1MHZ) multiplied by X

** At standby mode

#¢* Al output and RES terminal are open WIH min = VCC -1.0V, VlL max = 0.8V), and opertrate current of input are nat included.
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HD6305Y0, HD63A05Y0, HD63B05YO

@ AC Characteristics (Vg = 5.0V + 10%, Vgg = GND and Ty = 0 ~ +70°C uniess otherwise specified)

| Svimbol Test HD6305Y0 HD63A05Y0 HDB3BO5Y0 Unit
tem ymbe condition min typ | max | min typ | max | min typ | max
Ciock
frequency fel 04 — 4 0.4 - 6 0.4 - 8 | MHz
Cycle time teye 1.0 - 10 | 0666 | — 10 0.5 - 10 us
INT pulse teye teyc teye
width twi +250 | ~ T ls200 | T  Ji200 | T - ns
INT2 pulse teye teye teye
width twL2 4250 | T T |s20 | ~ = |+200 | T L
RES pulse
width tRwL 5 - -] 5 - - | 8 - = | tore
TIMER pulse teye _ _ teye _ _ teye _ _
width trwi +250 +200 +200 ns
Oscillation Co= "72%?; *
start time tosc Rs = 605 - - 20 — - 20 — — 20 ms
{crystal) max
Reset delay External cap.
time tRHL 2.2uF 80 = - &0 - - 80 - - ms
® Port Electrical Characteristics (Vg = 5.0V * 10%, Vgg = GND and Ta = 0 ~ +70°C unless otherwise specified)
Item Symbol Test i t max Unit
v condition min yP !
Output volt- Vou low = -200uA 24 - -
age “High'" Ports A, | = -10pA Voo - 0.7 - -
B.C.G. oH Opt cc-@
Output volt- E,F
ag‘; P Low’ VoL loL = 1.6mA - - 0.55 v
Input volt-
age “High"” ViH 20 — Vec +0.3 v
tnput volt- Ports A,
ags “Low" g C.D, ViL -03 - 0.8 v
Input leak- Vin=05~ _ _
age current he Ve - 0.5V 1 1 KA
® $CITiming (Vpog = 5.0VE10%, Vigg = GND and Ty = 0 ~ +70°C unless otherwise specified)
H 5Y H Y H BO5YO0
Hem Symbol Test . D6305Y0 . DB3A0SYO D63B05 Unit
Condition | " min typ | max | min | typ | max | min | typ | max
Clock Cycle t5eye 1 — 132768 0.67 — |21845| 05 — 116384 us
Data Qutput Delay Time tTXD Fig. 1, - — 250 - - 250 - - 250 ns
Data Set-up Time tsRx Fig. 2 200 | - - 0] - - 200 - - ns
Data Hold Time tHRX 100 - - 100 - - 100 - - ns
G HITACHI
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Clock Qﬂlﬂ 2 4V ———
CaiCX 0BY 0BV o6V
trxo
Dats Output 7 av A
CHTX o6V x
.3 I Y
Data Input 70V 70V
CerRx ) 08V 08V K
Figure 1 SCI Timing {Internal Clock])
5cvc —
Clock input 20V 1
4 Yoev o sv* 0 By
|
Data Qutput 24V |
CHTx o6V | X
" i
_'&! e |
Data Input oV 20V o
Cy/Rx } 08y o8V “
Figure2 SCI Timing(External Clock)
Vee
TTL Load 2
{Port) lou=1.6mA < 2-4k2
Test point _ T
terminal O l s
40pF 12kQ
[NOTES] 1. The load capacitance includes stray capacitance caused

by the probe, etc.
2. AN diades are 152074 (B).

Figure 3 Test Load

= DESCRIPTION OF TERMINAL FUNCTIONS
The input and output signals of the HD6305Y( are described
here.

®Vcc, Vss
Voltage is applied to the HD6305YO through these two

terminals. Vg is 5.0V £ 10%, while Vsg is grounded.

«iNT, INT2
External interrupt request inputs to the HD6305Y0. For
details, refer to “INTERRUPTS”. The INTz terminal is also
used as the port De terminal.

s 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.

+RES
Used to reset the MCU. Refer to “RESET” for details.

o NUM
This terminal is not intended for user applications. It must
be grounded to Vgs.

o input/Output Terminals {Ac ~ A7, Bo ~ B7, Co ~C7, Go ~
Gr)
These 32 terminals consist of four 8-bit I/O ports (A, B,C,
G). Each of them can be used as an input or cutput terminal
on a bit through program control of the data direction register.
For details, refer to **I/Q PORTS.”

e Input Ferminals (D: ~ D)

These seven input-only terminals are TTL or CMOS com-
patible. Of the port D’s, Ds is also used as INTz. If Ds is
used as a port, the INT2 interrupt mask bit of the miscellane-
ous register must be set to **1” to prevent an INT:z interrupt
from being accidentally accepted.

= Output Terminals {Eo ~ E», Fo ~ F7}
These 16 output-only terminals are TTL or CMOS com-
patible.

«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 “Standby
Mode.”

The terminals described in the following are 1/0 pins for
serial communicatien interface (SCI). They are also used as
ports Cs, Cs and C,. For details, refer to “SERIAL COM-
MUNICATION INTERFACE.”

«CK (Cs)
Used to input or output clocks for serial operation.

«Rx {C¢)
Used to receive serial data.

¢ Tx (Cr)
Used to transmit serial data.
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HD6305Y0, HD63A05Y0, HD63B0O5YO

SsMEMORY MAP

The memory map of the HD6305Y0 MCU is shown in
Fig. 4. During interrupt processing, the contents of the MCU
registers are saved into the stack in the sequence shown in
Fig. 5. This saving begins with the lower byte (PCL) of the
program counter. Then the value of the stack pointer is
decremented and the higher byte (PCH) of the program
counter, index register (X), accumulator (A} and condition
code register (CC) are stacked in that order. In a subroutine
call, only the contents of the program counter (PCH and PCL)
are stacked.

0 $0000 O] PORT A_]$00
1-0 Ports 1T _PORT B__|$01
Té’é‘f' 2[PORT C_ |$02
63 $003F 3] PORTD $03:'
64 RAM 0040 4| PORT A DDR $04.
(192Bytes} 5| porTBDDR |$05
6| porT Cc DDR |$06°
ass|  Stack [ &oer  7[FoaT G ooR 807"
258 RAM $0100 8| Timer Data Reg |$08
9[fimer CTRL Reg |09
{64Bytes)
319 $013F 10[ Misc Reg |g0A
320 $0140 11 PORT E [|30B
12 PORTF |goC
13[ PORT G__|s0D
ROM
(7.872Bytes) Not Used
.......... - 16[ SCi CTRL Reg |$10
8182 Interrupt S1FF6 17f SCISTS Reg |$11
g191] Veclors IS1FFF \18[Sciosures J$12
8192 $2000
Not Used
Nat Used
63 $3F
* Write only register
16383 B3FFF ** Read only register

Figure 4 Memory Map of HD6305Y0 MCU

7 6 543 210

Condition Pull
=41 1 Veode Register | 1
n—3 Accumulator n+2
n—2 index Register n+3
n—1]0 © PCH* n+4
n PCL"* n+56
Push

* in a subroutine call, only PCL and PCH are stacked.

Figure 5 Sequence of Interrupt Stacking

sREGISTERS
There are five registers which the programmer can operate.

7 o]
[ A J Accumulator
7 o] o
I X _ I Register
ia PC 0Program
Counter
13 6 5 0
Lo]ofoJofoof 1]1]  sP Pomter

Condition
IHI I |N|Z|C|Codp
[ Register
Sarrb
Zero

Negative

Interrupt
Mask
Half
Carry

Figure 6 Programming Model

o Accumulator (A)
This accumulator is an ordinary 8-bit register which holds
operands or the result of arithmetic operation or data process-
ing.

o 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
register consists of 8 bits which, combined with an offset
value, provides an effective address.

In the case of a read/modify/write instruction, the index
register can be used like an accumulator to hold operation
data or the result of operation.

If not used in the index addressing mode, the register can
be used to store data temporarily.

» Program Counter (PC)
The program counter is a 14-bit register that contains the
address of the next instruction to be executed.

o 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 $O0FF. Since a subroutine or
interrupt can use space up to address $00CI for stacking, the
subroutine can be used up to 31 levels and the interrupt up
to 12 levels.

e 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-

@ HITACHI
468 Hitachi America, Lid. e Hitachi Plaza » 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819  {415) 589-B300
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tions. The CC bits are as follows:

Half Carry (H): Used to indicate that a carry occurred be-
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
itl’l)'

Interrupt (1):

Negative (N):

Zero (Z): Used to indicate that the result of the most
recent arithmetic operation, logical operation
or data processing is zero.

Carry/ Represents a carry or borrow that occurred

Borrow {C): in the most recent arithmetic operation. This
bit is also affected by the Bit Test and Branch
instruction and a Rotate instruction.

8 INTERRUPT
There are six different types of interrupt: extemal inter-
rupts (INT, INT:), internal timer interrupts (TIMER,
TIMER2), seridl interrupt (SCI) and interrupt by an instruc-
tion (SWI).

‘ Reset ’

Of these six interrupts, the INTz and TIMER or the SCI
and TIMER: 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 $1FFE, $IFFF
swi 2 $1FFC, SI1FFD
iNT 3 $1FFA, $1FFB
TIMER/INT2 4 $1FF8, $1FF9
SCI/TIMER: 5 $1FF8, $1FF7

0 Ciear

A flowchart of the interrupt sequence is shown in Fig. 7.
A block diagram of the interrupt request source is shown in
Fig. 8.

1} Setl
$FFSP
0—DDR'S Feich
CLR INT Logic Instruction
$FF—-TDR
$7F—Timer Prescaler n
$50--TCR o
$3F—SSR Ssa =0.55RS
$00—-SCR 1 Y Timer,
$7F —-MR

Stack

I PC. X, A, CC
Load PC From T
Reset:$1FFE, $1FFF
1| Bit
i

Load PC From

SW1 $1FFC $1FFD

INY $16FA $1FFB

TIMER $1FF8 $1FF9

Execute Execute ey
Instruction Instruction ?.‘..Z... :irl:e $1FF7

il

Figure 7

Interrupt Flowchart
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In the block diagram, both the external interrupts INT and
INT: are edge trigger inputs. At the falling edge of each input,
an interrupt request is generated and latched. The INT inter-
rupt request is automatically cleared if jumping is made to
the TNT 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, TIMERz ) and serial interrupt (SCI), each
interrupt request is held, but not processed, if the I bit of the
condition code register is set. Immediately after the I bit is
cleared, the corresponding interrupt processing starts accord-
ing to the priority.

The INT2 interrupt can be masked by setting bit 6 of the
miscellaneous register; the TIMER interrupt by setting bit 6
of the timer control register; the SCI interrupt by setting bit
5 of the serial status register; and the TIMER: 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 INT2 terminal.

o Miscellaneous Register (MR; $000A)

The interrupt vector address for the external interrupt
INT: is the same as that for the TIMER interrupt, as shown
in Table 1. For this reason, a special register called the miscel-
laneous register {(MR; $O00A) is available to control the
INT: interrupts.

BIH/BIL Test

INT inter-
rupt Latch

. BT

Bit 7 of this register is the INT2 interrupt request flag.
When the falling edge is detected at the INT2 terminal, “1”
is set in bit 7. Then the software in the interrupt routine
(vector addresses: $1FF8, $1FF9) checks bit 7 to see if it
is INT:2 interrupt. Bit 7 can be reset by software.

Miscellaneous Register (MR $000A)
7 6 5 4 3 2 1 0

T, 2 9 V2 2t W2 V4
t

INT2 Interrupt Mask

INT2 Interrupt Request Flag

Bit 6 is the INT2 interrupt mask bit. If this bit is set to “1”,
then the INT:z 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
is impossible.

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

aTIMER
Figure 9 shows an MCU timer block diagram. The timer
data register is loaded by software and, upon receipt of a
clock input, begins to count down. When the timer data

Vectoring generated
$1FFA, $1FFB

Condition Code Register [CC)

I

Falting Edge Detactor

W P —

‘ Miscellaneous
Register (MR)

Timer Control
Register {TCR]

TIMER

Serial Status
Register (SSR}

SCL/'TIMER;

Interrupt Control
Circuit

Vectoring generated
$1FF8, $1FF9

Vectoring genarated
$1FF6, $1FF7

Figure 8 Interrupt Reguest 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 MCU 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 bijt (bit 6) in the timer control register. The mask bit
(1) 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 intemal 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 1o the
timer input terminal.

Once the timer count has reached “0, 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 con-
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 (bit 7), it is neces-
sary to write “0” in that bit.

« Timer Controt 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 contro! 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

Tcr7fTeRre[Ters [rera TCR3lTeR2| ToR1{ TCRO

—

t L Prescaler division ratio selection

Prescaler initialize
Clock input source

Timer interrupt mask
Timer interrupt request

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

When “1” is written in bit 3, the prescaler is initialized.
This bit always shows “0” when read.

- Table 2 Clock Source Selection
TCR7 Timer interrupt request
TCR
¢ Absent Clock input source
Bit5 Bit4
1 Present
0 0 Internal clock E
TCR6 Timer interrupt mask 0 1 E under timer terminal control
0 Enabled 1 0 No clock input (counting stopped)
1 Disabled 1 1 Event input from timer terminal
Initialize
Timer Control
0 | Register
Cack b (TCR:$0009)
E Prescaler TCRZ[TCRB|TCRS|TCR4|TCRI|TCAZITCRI|TCRO|
TIMER 1 ~2i-4|-8 176 ;2 " +128 L()—’
Input
Terminal Multiplexer %
Timer Data

Register

(TDR;$0008}

Clock Input

8-Bit Counter

Timer Interrupt

L

Write Read

Figure 8 Timer Block Diagram
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A prescaler division ratio is selected by the combination of
three bits (bits 0, 1 and 2) of the timer control register (see
Table 3). There are eight different division ratios: +1, +2, 4,
+8, +16, +32, +64 and +128. After reset, the TCR is set to the
+1 mode.

Table 3 Prescaler Division Ratio Selection

A timer interrupt is enabled when the timer interrupt mask
bit is “0”, and disabled when the bit is “1”. When a timer
interrupt occurs, **1” is set in the timer interrupt request bit,
This bit can be cleared by writing **0” in that bit.

uSERIAL COMMUNICATION INTERFACE (SClH)
This interface is used for serial transmission ar reception
of B-bit data. Sixteen transfer rates are available in the range

TCR from 1 ps to approx. 32 ms (for oscillation at 4 MHz).
- - Bit0 Prescaler division ratio The SCI consists of three registers, one octal counter and
Bit 2 Bit1 i one prescaler. (See Fig. 10.) SCI communicates with the CPU
0 0 0 +1 via the data bus, and with the outside world through bits 5,
6 and 7 of port C. Described below are the operations of
o 0 1 +2 each register and data transfer.
0 1 o 4
®#SC| Control Register (SCR; $0010)
0 1 1 +8
1 a 0 +16
7 ] 5 4 3 2 1 0
1 0 1 +32
SCR7|SCR6B|SCRS |SCR4 |[SCR3|SCR2|SCR1|SCRO
1 1 Q 64
1 1 1 +128
SC| Control Registers {SCR; $0010)
SCR7|SCR6|SCR5| SCR4 SCR2|SCR1}SCRO E
—
. Transfer
Multi-| Pre-
{} plexer| scaler gleonc:ramr
® !
Cs{ !
. . —p <
, ) SCI Data Registers 2\
' ! (SDR: $0012) Octal
: : Counter
i : 7 6 5 4 2 7 5 Initialize
) ]
Cs(Rx} :___ MSB LSB
]
CrlTx) B T
) L}
| S, 4

[7 [e 5 4

SSR7|SSR6|SSR5 | SSR4

SCI Status Registers
{SSR:$0011)

I

Not Used

SCi TIMER:2

Figure 10 SCI Block Diagram
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SCR?7 C, terminal
0 Used as !/0 terminai (by DDR).
1 Serial data output (DDR output}
SCR6 Cg terminal
0 Used as 1/0 terminal {by DDR).
1 Serial data input {DDR input)
SCRS |[SCR4 | Clock source C, terminal
0 0 ~ Used as {/0 terminal {by
o | 1 _ DDR}.
1 0 Internal Clack 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 “1° and this terminal serves for output of SCI data.
After reset, the bit is cleared to “0”.

Bit 7 {S§SR7)

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 (SSR6)

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

Bit 5 (SSR5)
Bit 5 is the SCI interrupt mask bit which can be set or
cleared by software. When it is “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™.

Bit 6 (SCR6) Bits 2~ 0
When this bit is set, the DDR corresponding to the Cq Not used.
becomes “0” and this terminal serves for input of SCI data.
After reset, the bit is cleared to **0”. SSR7 SCI interrupt request
Bits 5 and 4 (SCRS, SCR4) 0 Absent
These bits are used to select a clock source. After reset, 1 Present
the bits are cleared to “0”.
Bits 3 ~ 0 (SCR3 ~ SCRO) SSR6 TIMER;, interrupt request
These bits are used to select a transfer clock rate. After 0 Absent
reset, the bits are cleared to *0”.
1 Present
scr1 | scro Transfer clock rate
SCR3 | SCR2 400MHz | 4194 MHz SSR5 SCI interrupt mask
0 0 0 1us 0.95 ps 0 Enabled
0 0 1 2us 191 ps 1 Disabled
0 0 1 0 4 us 3.82yus
0 0 1 1 8 us 7.64 us SSR4 TIMER; interrupt mask
H H H ! ! ! 0 Enabled
1 1 1 1 32768 us 1/32s 1 Disabled
s Data Transmission
®SC1 Deta Register (SDR; $0012) By writing the desired control bits into the SCI control

A serial-paraliel conversion register that is used for transfer
of data.
#8C| Status Repister (SSR; $0011)
1 [} 5 4 3 2 1
S$SA7| SSRB| SSRS [ SSR4| SSA3

registers, a transfer rate and a source of transfer clock are
determined and bits 7 and 5 of port C are set at the serial
data output terminal and the serial clock terminal, respec-
tively. The transmit data should be stored from the accumu-
lator or index register into the SCI data register. The data
written in the SCI data register is output from the C;/Tx
terminal, starting with the LSB, synchronously with the
falling edge of the serial clock. (See Fig. 11.) When 8 bits of
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data have been transmitted, the interrupt request bit is set in
bit 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 SCI status register. Once the data has been sent, the 8th
bit data (MSB) stays at the C7/Tx terminal. If an external
clock source has been selected, the transfer rate determined 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 tramsfer rate selected by bits 0 ~ 3 of the SCI
control register.

Sarml Clock (C,/TRY

Pravious
Output Onte (Cy/Tx)
put Dbt (Cy/Ta)

Input Davs Latch
Tuming (Cy/Ra)

I I T I

Figure 13 SCI Timing Chart

o 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 6 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
needed after reading subsequent received data. It must be taken
after reset and after not reading subsequent received data.)

The data fromn the Cqf/Rx terminal is input to the SCI
data register synchronously with the rising edge of the
serial clock (see Fig. 11). When 8 bits of data have been re-
ceived, the interrupt raquest 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 C, /CK terminal. If the internal
clock has been selected, the C;/CK terminal is set as cutput
and clocks zre 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 a timer.
The clock selected by bits 3 ~ 0 of the SCI control register
(4 us ~ approx. 32 ms (for oscillation at 4 MHz)} is input to
bit 6 of the SCI status register and the TIMER: interrupt
request bit is set at each falling edge of the clock. Since inter-
rupt requests occur periodically, TIMERz can be used as a
reload counter or clock.

O] D@ OlG;

|

(D  :Transfer clock generator is reset and mask bit [bit 4
of SCI status register] is cleared.
@).@ :TIMER2 interrupt request b. Port G
@®.®) : TIMER? interrupt request bit cleared
Figure 12 input/Output Port Diagram
G HITACHI
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TIMER: is commonly used with the SCI transfer clock
generator. If wanting to use TIMER:z independently of the
SCI, specify “External” (SCRS = 1, SCR4 = 1) as the SCI
clock source.

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

u|/0 PORTS

There are 32 input/output terminals (ports A, B, C, G).
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 C reads latched data if it has been programmed
as output, even with the output level being fluctuated by the
output load. (See Fig. 12-a.) For port G, in such a case, the
level of the pin is always read when it is read. (See Fig. 12-b.)
This implies that, even when "1” is being output, port G may
read 0" if the load condition causes the output voltage to
decrease to below 2.0V.

When reset, the data direction register and data register go
to “‘0"” and all the input/output terminals are used as input.

Dats

&— Oirsction
Reginter I\k
Dutput I o
Dav s 4 [«]
»—I D I V P
Input
Reg B

— -
AN

Bit of data Bit of
direction output Status of input to
register data output CPU
1 0 o 0
1 1 1 1
0 X 3-state Pin
a. Ports A,Band C
Dara
— Direction
Regitter
Output r{
— e i
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There are 16 output-only terminais (ports E and F). Each
of them can also read. In this case, latched data is read even
with the output terminal level being fluctuated by the output
load (as with perts A, B and C).

When reset, “Low" level is output from each output terminal.

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

All input/output terminals, output terminals and input
terminals are TTL compatible and CMOS compatible in re-
spect of both input and output.

If 1/O ports or input ports are not used, they should be
connected to Vg via resistors. With none connected to these
terminals, there is the possibility of power being consumed
despite that they are not used.

®RESET .

The MCU can be reset either by external reset input (RES)

or poweron reset. (See Fig. 13.} On power up, the reset

input must be held “Low" for at least 30 ms to 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. 14.

ov

b
RES Vin RES

Terminal

TruL

Internal
Reset

Figure 13 Power On and Reset Timing

100k typ
Vee =AAAN—1—
E——L;F—zz,,s

HDB305Y0
MCU

T~ T\

Figure 14 Input Reset Delay Circuit

SINTERNAL OSCILLATOR

The intemal oscillator circuit is designed to meet the
requirement for minimum external configurations. It can be
driven by connecting a crystal (AT cut 2.0 ~ B.OMHz) or
ceramic oscillator between pins 5 and 6 depending on the re-
quired oscillation frequency stability.

Three different terminal connections are shown in Fig. 15.
Figs. 16 and 17 illustrate the specifications and typical arrange-
ment of the crystal, respectively.

EXTAL

20~80MHC | . HD6305Y0
T-»———n-—_o-'_— MCU

7 10~ 22pF + 20%

" Crystal Oscillator

'T EXTAL

| DI XTAL HD6305Y0
c MCuU

L2

External Ceramic Oscillator
Clock

Input EXTAL
—

NC |XTAL Hpsg305Y0
MCu

'N-\/*"\J

External Clock Drive

Figure 15 Internal QOscillator Circuit

Ch AT Cut
—YY S A Paralfel
L Rs Resonance
— — Co=7pF max.
XTAL Co EXTAL 1=2.0~8.0MHz
it Rs=60Q max.

Figure 16 Parameters of Crystal

(a)

{b)
C. 4 ) Crystal g
]
m
Co P
= ]
XTAL =)
EXTAL Crystal
MCU

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

Figure 17 Typical Crystal Arrangement
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aLOW POWER DISSIPATION MODE
The HD6305Y0 has three low power dissipation modes:
wait, stop and standby.

« 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 longer
be retriggered.) In the wait mode, the registers, RAM and [/O
terminals hold their condition just before entering into the
wait mode.

The escape from this mode can be done by interrupt (INT,
TIMER/INTz or SCI/TIMER:z), 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, the
wait mode escapes, then the CPU is brought to the operation
mode and vectors to the interrupt routine. If the interrupt is
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 (ie.,
TIMER/INT:z or SCI/TIMER?) is masked by the timer control
tegister, miscellaneous register or serial status register, there
is no interrupt request to the CPU, so the wait mode cannot
be released.

Fig. 18 shows a flowchart for the wait function.

= Stop Mode
When STOP instruction being executed, MCU enters into
the stop mode. In this mode, the osciliator stops and the CPU
and peripheral functions become inactive but the RAM,
registers and 1/O terminals 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 I bit of the condition code register,
after releasing from the stop mode, the MCU executes the
instruction next te the STOP. If the INT2 interrupt is masked
by the miscellaneous register, there is no interrupt request to
the MCU, so the stop mode cannot be released.

Fig. 19 shows a flowchart for the stop function. Fig. 20
shows a timing chart of retum to the operation mode from
the stop mode.

For releasing from the stop mode by an interrupt, oscilla-
tion starts upon input of the interrupt and, after the internal
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-
tion of RES="0" must exceed 30 ms to assure stabilized oscil-
lation.

« Standby Mode

The MCU enters into the standby mode when the 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 §/O terminals turn to high-impedance state. The
standby mode should escape by bringing STBY *High”. The
CPU must be restarted by reset. The timing of input signals
at the RES and STBY terminals is shown in Fig. 21.

Table 4 lists the status of each parts of the MCU in each
low power dissipation modes. Transitions between each mode
are shown in Fig. 22.

(Note)

When 1 bit of condition code register is 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 cycles MCU executes the
next instruction. o

In the same way, when external interrupts (INT, INT;) are
held at the bit I 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 cycles.

ulys
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( Wait ’

Oscillator Active
Timer and Serial
Clock Active

All Other Clocks
Stop

to Standby
Mode

Restart
Processor Clocks

I

Initialize

CPU, TIMER, SCI,
| O and All

Qther Functions

Load PC from
$1FFE, $1FFF Restart
Processor Clocks

Load PC from
Interrupt Vector
Addresses

|

Fetch
Instruction

Figure 18 Wait Mode Flow Chart
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( Stop )

Qscillator and
All Clocks Stop.

STB

to Standby
Mode

Turn on Oscillator
Wait for Time Delay
to Stabilize

No

Load PC from Turn on Oscillator
$1FFE, $1FFF \Wait for Time Delay
to Stabilize

Load PC from
Interrupt Vector
Addresses

Fetch
Instruction

Figure 19 Stop Mode Flow Chart
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Oscillator ””””””””” ”” ”I p /fﬂ””” ”l””””””l”|””H””I””””””””l”
T
" /
‘ '
~ — —— ;
STOP instruction Interrupt stabilized {built-in delay time) Instructions
executed restart

Time required for oscillation to become

{al Restart by Interrupt

oscivator [T AT T

Y & Time required for oscillation to become :j

f;rg:zt:‘;"“cm" stabilized (1g5c)

Reset
start

—

RES i

{b) Restart by Reset

Figure 20 Timing Chart of Releasing from Stop Mode

|

”

J, [

"
|

tosc | Restart

STBY \

[y
]

F----q
b
————A

r===""

Figure 21 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, . 1/0 Escape
lator CcPU Serial Register RAM terminal
. RES, IN 2
WAIT in- . . /. RES, INT,
WAIT . Active Stop Active Keep Keep Keep | each interrupt request of
Soft- struction TIMER, TIMER3, SCI
Wore | STOP in- s s s K K K STBY, RES, INT, INT
STOP struction top top top eep eep eep . , . 1
Stand- Hard- R " High im- | s&so_rxiane
by ware STBY="Low Stop Stop Stop Reset Keep pedance STBY="High
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W=u‘u

Figure 22 Transitions among Active Mode, Wait Mode,
Stop Made, Standby Mode and Reset

8BIT MANIPULATION

The HD6305Y0 MCU can use a single instruction (BSET
or BCLR) to set or clear one bit of the RAM within page 0 or
an 1/O port (except the write-only registers such as the data
direction register). Every bit of memory or IO within page 0
(300 ~ $FF) can be tested by the BRSET or BRCLR instruc-
tion; depending on the result of the test, the program can
branch to required destinations. Since bits in the RAM on page
0, or /O can be manipulated, the user may use a bit within the
RAM on page 0 as a flag or handle a single 1/O bit as an
independent 1/O terminal. Fig. 23 shows an example of bit
manipulation and the validity of test instructions. In the
example, the program is configured assuming that bit 0 of port
A is connected to a zero cross detector circuit and bit 1 of the
same port to the trigger of a triac.

The program shown can activate the triac within a time of
10us 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 moudulation of power is also possible.

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

SELF 1.

Figure 23 Exa;nple of Bit Manipulation

s ADDRESSING MODES
Ten different addressing modes are available to the
HD6305Y0 MCU.

s immediate
See Fig. 24. The immediate addressing mode provides
access to a constant which does not vary during execution of

the program.

This access requires an instruction length of 2 bytes. The
effective address (EA) is PC and the operand is fetched from
the byte that follows the operation code.

o Direct
See Fig. 25. 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
255th address. 192 byte RAM and 1/O registers are on page O
of address space so that the direct addressing mode may be
utilized.

o Extended
See Fig. 26. 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. 27. 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
occurs, Rel. = 0. When a branch occurs, the program jumps
to any byte in the range +129 to -127. A branch instruction
requires a length of 2 bytes.

sIndexed (No Offset)

See Fig. 28. 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 (B-bit Offset)

See Fig. 29. The EA is the contents of the byte follow-
ing the operation code, plus the contents of the index register.
This mode allows access up to the lower 511th 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. 30. 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.

o Bit Set/Clear
See Fig. 31. 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 cade specify the bit to
be set or cleared. The byte that follows the operation code
indicates an address within page 0.

< Bit Test and Branch

See Fig. 32. 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 register.

o Implied

See Fig. 33. 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.
Other 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.

Memory [

PROG LDA =§F8 OSBE AB

O58F 13

1EA
_l
]
:
Adder
D a N A
F8
Index Reg
Stack Point
1 1 |
Preg Count
L 05C0 J
cc

—)

Memary 1

-——
emeend

b d

CAT FCB 32 0048 20

' '
PROG LDA CAT 0520 [13]
052E L]

|

S—

Stack Point
[ ]
Prog Count
|l 052F }
cC

Figure 25 Example of Direct Addressing
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EA
Memory [ 06ES ]
H * ]
1] .
' © Adder
0000
PROG LDA CAT 0408 ___C ndex Aeg
o40a] ___O¢ N
o408 £ = Stack Point
, [ I ]
H Prog Count
CAT FCB 64 0BES 40 L 040C }
49
H
OV

Figure 26 Example of Extended Addressing

e

Memory I 04C 1 ]

Adder A
< t NN —
index Heg
OR Stack Paint

N'UD L I J
Prog Count
PROG BEQ PROG2 04A7 27 04c1 ]
04A8 18 J CcC

Figure 27 Example of Relative Addressing

] €A
Memory [ 008B ]
M H
H Adder
H N
T A
TABL FCC LI 00BS ac 9900 :‘_m"__n__]ac
0 -
by . Stack Point
PROG LDA X 05F4 T6 | = (l:o . ]
Li LI
[ 05F5 ]|
CC
' »
—————

Figure 28 Example of Indexed (No Offset} Addressing
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| EA
Memoary L OOBC |
v i
H Adder
TABL FCB $BF 0089 BF
FCB #B86 OO0BA 86 A
FCB MDB O0BB DB I——a
FCB BCF 008C CF Index Reg
o3 |
Stack Point
PROG LDA TABL X 0758 E6 f T g
075C 89 oo Coumt
[ 0750 ]
. + cc
- ~ C——
C————

Figure 20 Example of Index (8-bit Offset) Addressing

{ 1EA
Memory ' 0780 I |
: H —_
Adder
7\
A
———*
Index Heg
M 02
PRQOG LOA TABL.X 0692 D6 Stack Pont
osaa[ o1 h ( N I |
0634 7E | Prog Lount
[ 0685 -1
. cC
TABL FCB XBF 0776 __BF —1
FC8 K86 Q77F 3
FCB ¥DB 0780 DB
FCB #CF 0781 3

Figure 30 Example of Index {16-bit Offset) Addressing

| 1 EA
Memory I 0001 ]
{ H
H Adder
PORT 8 EQU 1 0001 BF ] 7\
o3 ! A
B 0000
8
Index Reg
PROG BCLR 8 PORT B 0S8F 10 Stack Point
0596 01 L 1 J
Prog Count
| 0591 ]
CC
1
[]
hee——

Figure 31 Example of Bit Set/Clear Addressing
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Memary [

PORT C €£QU 2. 0002

PROG BRCLR 2 PORT C.PROG 2 0574
Q575
0578

Figure 32 Example of Bit Test and Branch Addressing

] EA

Memory I

PROG TAX QSBA 97

|

A

[__E5 ]
Index Reg

[___E5

Stack Point

i

3
3
(&)
°
g
2

|

ted =4
el

U

Figure 33 Example of Implied Addressing

BINSTRUCTION SET
There are 62 basic instructions available to the HD6305Y0
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
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
HD6305Y0 MCU. There is no register operand in the uncon-
ditional jump instruction (JMP) and the subroutine jump
instruction (JSR). See Table 5.

* 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.

o 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.

o List of Instructions in Alphabetical Order
Table 10 lists all the instructions used on the HD6305Y0
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 5 Register/Memory Instructions

Addressing Modes ]
. _ indexed | Indexed | indexed Boolesn/ Condition
Operstions Mnemonic | | @ mediste| Direct | Extended |{No Offset)|(8 Bit Oftsat)|(18-Bit Offset pobbies Code

oPfs|-|oP|s|~|OPi%|~|OP| % ~|OP &~ |OP & ~ HilI|Nj2Z]|C
Load A from Memary LDA A6l 2| 2|86 2|3(ce|3jales|1|3|E6| 2|4 D6 3|5 M—-A eje|Aa|r]|e
Load X from Msmory LDX At| 21 2[BE[ 2|3 ({CEl 3|4 |FE| 1 |3 |EE| 2|4 [DE/ 3|5 | M-X e|o|rinje
Store A in Memory STA 1T -7 1e7l 2| 3lc7|3|aiF?] 1 |a|E7|2|4|D7 3|5 |A~M e|o|rlr]e
Store X in Memory STX 1 -1-]afj2i3]cFlala|FF|1|a|EF{ 2|4 |DF| 3|5 |X—~M eje|r|rle
Add Memory to A ADD A6l 2|2e8| 2| 3|cB|/3|4lFB| 1|3 |EB|2[4[DB 3|5 [A+M—A Alejaln
Add Memory and Carry
to A ADC a9l2i2|eei2!3lcal3|a|Fa| 1|3 |E9|2(4 D93 |5 A+M+C—-A rle|alr|na
Subtract Memory sus 20|21 2|80(213/col3|alFol1 |3 |EQ| 2[4 |D0OI3 |5 A-M—A o|le|nlA}r
Subtract Memory fram
A with Borrow SBC A2/ 2282|213 |ceja)aif2|1|3(E22 4 |D2]3|5 A-M_C-A a|lo|rlr A
AND Memory to A AND asi2 2|8a 213 |calala|Faf 1|3 [E4|2]4|D4|3 (5 A . M=A elm|r|n]e
DR Memory with A OfA aAl 21 2|BAj 2 | 3|caj3|aiFA] 1|3 |EA]2 |4 [DA] 3|5 |A+M—A e|e|r|n|®
Exciusive OR Memory
with A EOR agl2|2|e8t2|3|ce(3|alF8i 1|3 |EBj 2 4 DB|3 |5 A+M—A e|ls|~n|n]®
Arithmetc Compare A
with Memory CMP ar|z|2l8tj2|3lcrialalpm|1 |3 €12 |4(D1|3|5|A-M eje|n|nln
Arithmetic Compare X
with Memory cPX A3l 21283/ 2|3 |c3[3 |4 |F3|1 3 |€3]2]|4|D3|3|5 XA-M s|e | n| |~
Bit Test Memory with
A {Lagical Compare) BIT A5 2|21B5|2]31C5{3 |4 |F5/1 |3 |E5 214 D5|3 165 |A-M sjejrAlnl @
Jump Unconditional JMP T-1-ecl2|2]cc]3|3lrcj1|2|ECj2 |3 |DC) 3|4 sje({e o|e®
Jump to Subroutine JSR -] -|-|BDj2!5(CO 3|(6|FD|1{5{EDI 2|6 |DD; 36 s | 0jeje @

Symbols: Op = Oparation
# = Number of bytes
~ = Number of Cycles

Table 6 Read/Modify/Write Instructions

Addressing Modes

Indexed | Indexed Condition
Oparations Mnemonic Boolean/Arithmetic Operation Code
implied(A) | implied({X) Direct | {No Offset} | (8-Bit Offset)

oplel-jop nl-|oP/s!|-jOP =|-|OP &)~ HlIiN|Z]|C
Increment INC ac| 1z |50+ | 2]ac 2|5(1C, 1|5 6C[2|86 [A+1~AorX+1-XorM+i-M|® & ~ |~ @
Decrement DEC aAl 1 | 2]SAl 1| 213A[ 2|5 |7A[ 1|5 |6A 2|6 A-1—-AorX—1-XorM-1—-M |® | @ Al A @
Clasr CLR aF| 1| 21|6F| 1|2 |3F 2|5 |7F| V|5 |BF| 2 | 6 | 0D0-—A or 00—X of 00—M e e |01 |m
Complement com (43[1]2(s3|1]2(33}2|573[1|583!2]|6 A <A or X=X or M—M e|le|n]|r]|
Negats 00 - A—A or 00-—X—-=X
{2's Complement) NEG 4ol 112|500 v 2|30/ 28|70, 1]|5|60j26 or Q0—-M—-M eo|e|~|nAtn
Rotate Left Thru Carry aov  |as] 1| 2lsej1|2|as|2]|s|79| 1|5 (68| 2|8 Eb_ﬁm,]' ele|n|n]n
Rotets Right Thru Carry ROR a6|1 |2 l66|1[2136|2 |5 |76|1 |5 (662 |6 ) .m.. N NESE

by T Bo
Logical Shift Left LSL 45125512332575156826 ole|®]| AN

by b 14

Logicat Shift Right LSR 4412541234257“56‘26°ﬂmﬂ ole|O|A]A

Arithmatic: Shift Right ash (47| 1] 2ls?|1l2lsr|2s]77| 1|5 (87| 2|8 r.m. eleln|afnr

Arithmetic Shift Left ASL 48|12 (58| 1[2[38(2)5{78| 1|5 |68| 2|6 |EqualtolLSL eleinjanln
Test for Negative
or 2aro TST 4D/ 1| 2!s0/1]| 213D 2|4 |70 1|4 |6D] 2|5 | A-00 or X-00 or M—00 [ EE AR

Symbols: Op = Operation
# = Number of bytes
~ = Numbaer of cycles
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Table 7 Branch instructions

Addressing Modes

Condition Code

Operations Mnemonic Relative Branch Test
QP | # -~ HiI|N|Z]|C
Branch Always BRA 20 2 3 | None oo |0 0o e
Branch Never BRN 21 2 3 | None o o|o 0o 0
Branch IF Higher BHI 22 | 2 3 |C+2=0 o o o |0 @
Branch IF Lower or Same BLS 23 2 3 |C+Z=1 e o'o o 0o
Branch IF Carry Clear BCC 24 2 3 |C=0 o oo e |e@
{(Branch IF Higher or Same) {BHS) 24 2 3 |C=0 ‘AN BN BN BN
Branch IF Carry Set BCS 25 2 3 [C=1 e o o 0|0
{Branch IF {.ower) {BLO) 25 2 3 [C=1 AR AR K B
Branch IF Not Egual BNE 26 2 3 |Z=0 e o |00 |0
Branch IF Equal BEQ 27 2 3 |Z=1 o o o 0@
Branch IF Half Carry Clear BHCC 28 2 3 |H=0 o o |00 |0
Branch IF Half Carry Set BHCS 29 2 3 [H=1 o o o e |0
Branch IF Plus BPL 2A | 2 3 [N=0 o o o0 |0
Branch IF Minus BMI 2B 2 3 | N=1 e o |00 e
Branch IF Interrupt Mask
Bit is Clear BMC 2C 2 3 |I=0 oo 0|0 @
Branch IF Interrupt Mask
Bit is Set BMS 2D | 2 3 |1=1 (BN BN R NN
Branch IF Interrupt Line
is Low BIL 2E 2 3 |INT=0 oje o 0|0
Branch IF Interrupt Line
is High BIH 2F 2 3 |INT=1 oo o 0|
Branch to Subroutine BSR AD | 2 5 | — oo o 0 e
Symbols: Op = Operation
# = Number of bytes
~ = Number of cycles
Table 8 Bit Manipulation Instructions
Addressing Modes o
Operations Mnemonic Bit Set/Clear | Bit Test and Branch Aarﬁzlr‘:\a‘e:{c B_rraer:;:h Condition Code
oP ]~ oP # | ~ | Operation HI1INTZ]C
Branch IF Bit n is set BRSET nin=0---7) - — |- 2-n 3(5 — Mn=1 oo oo | A
Branch IF Bit n is clear | BRCLR n{in=0---7) — - —|01+2.n| 3| 5 —_ Mn=0 A R K B
Set Bit n BSET n(n=0--7) [10+2:n| 2|5 — —t—{1-Mn — 'BE B BN B
Clear Bit n BCLRn(n=0---7) |1142-n| 2 | 5 — —~ |~ [ 0—Mn —_— oo o 0 |@
Symbols: Op = Operation
# = Number of bytes
~ = Number of cycles
G HITACHI
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Table 9 Control Instructions

Addressing Modes .
Operations Mnemonic Implied Boolean Operation Condition Code
QP & ~ H|I|[N!Z]|C
Transfer A te X TAX a7 1 2 |A=X s|le|eiele
Transfer X to A TXA 9F 1 2 | X—A B BN AN B |
Set Carry Bit SEC 99 1 1 [ 1-C ¢ | o|eo 0|1
Clear Carry Bit CLC a8 1 1 |0—=C e|o|e|(e |0
Set Interrupt Mask Bit SEI 98 1 2 |1 el1 @ele|e
Clear Interrupt Mask Bit cLl 9A 1 2 |0l FRNCEN B NN ]
Software Interrupt SWi 83 1 10 o|1 o|0|e@
Return from Subroutine RTS 81 1 5 (BN BN BN BN |
Return from Interrupt RTI 80 1 8 11| ?
Reset Stack Pointer RSP ec | 1 2 | $FF—SP ejie|jo oo
No-Operation NOP 9D 1 1 | Advance Prog. Cntr. Only o 0|00 |0
Decimal Adjust A DAA 8D 1 2 gggv?;t:“t::\lrv add of BCD charcters into sle[AlAln [
Stop STOP 8E 1 4 e ole|o|e
Wait WAIT 8F 1 4 AR B BN BN J
Symbois: Op = Operation * Are BCD characters aof upper byte 10 or mare? (They are not cleared if sat in advance.}
# = Number of bytes
~ = Number of cycies
Table 10 Instruction Set [in Alphabetical Order)
Addressing Modes Condition Code
Bit Bit
Mnemonic Indexed | Indexed | Indexed Set/ Test &
implied | Immediate | Direct Extended| Relative | {No Offset) | (8-Bit) 116-Bit) Clear Branch |H| 1 {N|Z|C
ADC X X X x X x nlela|lnr|nr
ADD X X x X X x Alelalrna
AND x X X X X x ele|nlnle
ASL X x x e|e|n|A]|A
ASR X X X x e|® | A AN
BCC X o |ojojele
BCLR 4 o|lo e 0|0
BCS X e|lejes|e'0e
BEQ X ejlo|e|e|e®
BHCC x ojojeles @
BHCS X (A AR B
8HI X o o 0|0 |
{BHS) x es|o|e|e]|e
BiH X o0
BIL x [ A BN AN BN
BIT X X X X x x ele|rln]e
{BLO) b e|o|o| 0]
BLS x ejlo|oe|e
BMC b4 eio|o 00
BMI x e|o|0 . o @
BMS x IR
BNE X A B BE
BPL X eje|eslo®
BRA x MNEREIIR
Condition Code Symbols: {to be continued)
H Half Carry (From Bit 3} C Carry/Borrow
| Interrupt Mask A Test and Set it True, Cleared Otherwise
N Negative {Sign Bit) ® Not Affected
z Zsro ? Load CC Register From Stack
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Table 10 Instruction Set {in Alphabetical Order})

Addressing Modes

Condition Code

Mnemonic

Implied | immediate

Indexed | Indexed
Direct |Extended| Relative | {No Offsat)| (8-Bit)

indexed
(16-Bit}

Bit
Set/
Clear

Bit
Test &
Branch

BRN

BRCLR

BRSET

BSET

BSR

CLC x

Cui x

CLR X

CmP

cCOM X

CPX

X[ XXX
x
MIX| XX

XXX | x

DAA X

DEC x

EOR

DA AE-IN K K BN RN BN N B4

INC x

>

JMP

JSR

LDA

LDX

X|X|X|X

X XIX|X

LSL

LSR

NEG

XXX X|X| X XIX]|X]|X
M XX X X[ XIX | X|[X]| X

XEX | XX | X | X[ X|{xXIX]|X

X|X|X{X

NOP

ORA

x
X
x

X

ROL

x
X

X

ROR

RSP

RTI

~ef>I>|>|el>O|>>(>|e|e

2 O[> >|0|0|> | > (> e |lele|le ele|e[>|>|=>ele|cle|le|>I>elD

XIiX|X|X|[X

RTS

sBC

SEC

x

SEI x

STA

STOP x

STX

SuUB

SWI

TAX

TST

TXA

XiXpxX{X]|X

WAIT

LARJR AL SR AN AR B AR AR AN BN AR AR BR AR AN AN AR AN SN BN AR RN AR AN AN RN B AR AR R AR SR AR AR AR XK RN X+

AR AR AR BRI SR ER AR BN AN BR SRR BN AN AN RN AN AN SN R AR R AR AR R AR R R E AR N R R - R X A AN I

slo|>0 (@' > > 0 >0 >

eie (o8 > > e|>leje| >0 o e|>]>>e|>|>>>>|e|le|>|>l>1>|>>|>|-lele|le|s|le]le|e|lnN

LA BN BE AR M-SR BN BE BN RIEN IS )

Condition Code Symbols:
H Half Carry {From Bit 3)
| Interrupt Mask
N Negative {Sign Bit)
4 Zaro

~ >0

Carry/Borrow

Test and Set if True, Cleared Otherwise
Not Affected

Load CC Register From Stack
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Table 11 Operation Code Map

Bit Manipulation Branch Read/Modify /Write Control Register/Memory

Test & Set/

Branch Clear Rl |DIR| A | X |.X1| X0 |MP | IMP |IMM| DIR|EXT| X2 .X1|.X0

0 ! 2 345 6 7|8 8| A[B|[C[D]|]E]F |—HGH

O | BRSETO | BSETO | BRA NEG RTI | — suB 0
1| BRCLRO | BCLRO | BRN RTS* CMP 1
2 | BRSET1 | BSET? BHI — SBC 2
3| BRCLR1 | BCLR1 | BLS COM sWit| - CcPX alL
4| BRSET2 | BSET2 | BCC LSR - AND eV
5| BRCLR2 | BCLR2 | BCS - BIT 5
6| BRSET3 | BSET3 | BNE ROR LDA 6
7| BRCLR3 | BCLR3 | BEQ ASR TAX'| - STA st 7
8| BRSET4 | BSET4 | BHCC LSL/ASL cLc EOR 8
9| BRCLR4 | BCLR4 | BHCS ROL SEC ADC 9
A| BRSETS | BSET5 | BPL DEC cLt” ORA A
B| BRCLRS | BCLRS | BMI - SEI* ADD B
C | BRSET6 | BSETE | BMC INC RSP* - JMP(—1) c
D | BRCLR6 | BCLR6 | BMS [1st-1] TST [ TST(—1) [DAA’|NOP BSR"} JSR(+2) [ JSR(+1) |ssR+2| D
E | BRSET7 | BSET7 BIL - STQP', — LDX E
F| BRCLR7 | BCLR7 | BH CLR WAT' TXA'| STX [sra+1f] F

3/5 2/8 2/3 |2/5]12]12]2/6[1/61 17 |[1/1[22]23]3/4 [3/5[2/4 13
NOTES} 1. "—'is an undefined operation code.

2. The lowermast numbers in each column represent a byt ¢

ount and the number of cycies required {byte count/number of cycles).

The number of cycles for the mnemonics asterisked (*] is as follows:

RTI B TAX 2
RTS 5 RSP 2
Swi 10 TXA 2
DAA 2 BSR 5
STOP 4 CcLl 2
WAIT 4 SE) 2

3. The parenthesized numbers must be added to the cycle count of the particular instruction.

® Additional Instructions
The following new instructions are used on the HD6305Y0:

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.

W PRECAUTION 1—BOARD DESIGN OF

OSCILLATION CIRCUIT

When connecting crystal and ceramic resonator with the XTAL
and EXTAL pins to oscillate, observe the following in designing
the board.

(1) Locate crystal, ceramic resonator, and load capacity C and Cy

as near the LSI as possible. (Induction of noise from outside to

the XTAL and EXTAL pins may cause trouble in oscillation.)

Wire the signal lines to the neighbouring XTAL and EXTAL

pins as far apart as possible.

(3) Board design of situating signal lines or power supply lines near
the oscillator circuit as shown in Fig. 35, should not be used
because of trouble in oscillation by induction. The resistor
between the XTAL and EXTAL, and pins close to them should
be 10M @ or more. The circuit in Fig. 34 is an example of good
board design.

@

B PRECAUTION 2—PROGRAM OF WRITE ONLY REGISTER
Read/Modify/Write instructions are unavailable for changing the
contents of Write Only Register (¢.g. DDR; Data Direction Register
of I/Q porty of HDG305X, HD6305Y and HD63PO5Y.
(1) Data cannot be read from write only register. (¢.g. DDR of /O
port)
While read/modify/write instructions are executed in the follow-
ing sequence.
(i) Reads the contents from appointed address.
(i) Changes the data which has been read.

-1
o

=

Figure 34 Design of Oscillation Gircuit Board

XTAL
EXTAL

HD6305X
HD63053Y
HD63PO5Y
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(iii) Turn the data back to the original address.
Thus, read/modify/write instructions cannot be applied to
write only register such as DDR.

(2) Forthe same reason, do not set DDR of [/O port using BSET and

BCLR instructions.

(3) Stored instructions (e.g. STA and STX, etc.) are available for

writing into the write only register.

8 PRECAUTION 3—SENDING/RECEIVING PROGRAM OF

SERIAL DATA
Be careful that malfunction may occur if SDR (SERIAL DATA

REGISTER: $0012) is read or written during transmitting or receiv-
ing serial data.

N PRECAUTION 4—-WAIT/STOP INSTRUCT!ONS PROGRAM

When I bit of condition code register is “1” and an interrupt

(INT;, TIMER/INTS,) is held, the MCU docs not enter into WAID
mode by exccuting the WAIT instruction.

Inthatcase, after the 4 dummy cycles, the MCU executes the next

B PRECAUTION TO USE BSR
If there is 2nd BSR programmed on the address which is directed
by first BSR, 2nd BSR may not be executed correctly. For this
reason, BSR should not be programmed on the address which is
directed by first BSR.
If necessary, please program as following.
(1} On the address which first BSR directed, NOP instruction
should be inserted before second BSR.
(2) On the address which first BSR directed, JSR instruction should
be programmed instead of 2nd BSR.

BSR  LBL1
t

I
LBLI  BSR LBL2 I

instruction.

In the same way, when external interrupts (INT, INT;) are held at
the bit I set, the MCU does not enter into the STOP mode by execut-
ing STOP instruction. In that case the MCU executes the next in-

exsmple of malfunction
of 2nd BSR execution

Figure 35 Example of Circuit Causing Troubls in Oscillation

H PRECAUTION WHEN USING BIL/BIH INSTRUCTION
(1} Execute Instruction after the INT Voltage level has stabilized
above Vg or below V.
(2) INT voltage level needs to be stabilized while BIL/BIH Instruc-
tion Execution.
There may be a malfunction by glitch on control signal if
BIL/BIH Instruction Execution has exercized in unstablized INT
signal level.

BILBIH [ BIL/BIH [ ]

\ /

Avoid BIL/BIH Instruction Execution

LBL2:

struction after the 4 dummy cycles. B?H LBLY
1
|
< @ |
Tr:: E LBL1 NOP
] BSR LBL2
wl  wd '
2 7 . J
! i
o P Signal C LBLZ ===  ——=
431 !
XTAL :—,qu: ! ]
EXTAL ) : T example of counter measura
' {NOP is inserted)
' C2
1 |
b BSR LBL1
HD6305X }
HD6305Y '
HD63P0O5Y i
LBL1 JSR
1

I
]
]
1

LBLZ ———  —-
]
1

example of counter measure
{JSR is used instead of BSR}
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