HD6305Y1,HD63A05Y1, HD63B0O5Y1
HD6305Y2, HD63A05Y2, HD63B05Y2
CMOS NMCU (Microcomputer Unit)

The HD6305Y1 and the HD630SY 2 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 (o 16k
bytes exiemaily.

The HD6305Y! and the HDA303Y T have the same functions
as the HD6305YO's except for the number of /O terminals.
The HD6305Y 1 has 7872 byte ROM und its memory space is
expandable 1o 8k bytes externally. The HD&305Y2 is a micro-
computer unit which includes no ROM and its memory space
is expandable to 16k bytes externally.

s HARDWARE FEATURES

* 8-bit based MCU
#7872 bytes of internal ROM (HDB305Y 1)
Na internal ROM (HD&305Y 2}
» 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 {programmabie prescater;
event counter)
— 15-bit timer (commonly used with the SCI clock divider)
e On-chip serial interface circuit [synchronized with ciock)
e Six interrupts (two external, two timer, one serial and one
software)
» Low power dissipation mnodes
— Wait . . .. 1n this made, the clcck 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, 1/0 status and registers are held,
— Standby. . In this mode, the clock stops, the RAM data
is held, and the other internal condition is

reset.
o Minimum instruction cycle time
— HD6305Y 1/¥2 .. Tus(f=1MHz)
— HDB3A0DSY1/v2. . Q.67 us {f= 1.5 MH2z)
— HDB3B0SY1/Y2. . 0.5 us{f =2 MHz)

« Wide operating range
Voo =310 6V {(f=0.1 to 0.5 MHz)

— HDB305Y1/¥2 .. f=0.101MHz{Vee =5V £10%)
— HDB3A0SY1/Y2.. f=01 10 1.5MHz (Ve =5V £ 10%)
— HD63BOSY1/Y2. . f=0.1102MHz (Vo =5V £ 10%)

«System development fully supported by an evaluation kit

w SOFTWARE FEATURES

«Similar ta HD680O

» Byte efficient instruction set

» Powerful bit manipulation instructions (Bit Set, Bit Clear, and
Bit Test and Branch usabie for 192 byte RAM hits within page
0 and all /O terminais}

e A variety of interrupt operations

» Index addressing mode useful for table processing

« A variety of conditional branch instructions

*Ten powerful addressing modes

HMDB308Y 1P, HDG3A05Y 1P,
HDG3BO5Y 1P, HDB305Y 2P,
HDE3IAQSY 2P, HDE3BOSY 2P

HDB305Y1F, HDG3A0GY 1F,
HDE3BOSY 1F, HDE306Y 2F,
HDB3AQ6Y2F, HDE3BO5SY2F

{FP-54) i

» All addressing modes adaptabte to RAM, and 1O instructions
e Three new instructions, STOP, WAIT and DAA, added to the
HDBBOS family instruction set
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HD6305Y1, HD63A05Y1, HD63B05Y1, HD6305Y2, HD63A05Y2, HD63B05Y2

o PIN ARRANGEMENT

e HD6305Y 1P, HDEIAODSY 1P, HDE3BOSY 1P, & HDG6305Y1F, HDB3AOSY 1F, HDG3BOSY 1F,
HD6305Y 2P, HD63A05Y 2P, HDE3BOSY 2P HD6305Y 2F, HD63A05Y 2ZF, HDG3BO5Y 2F
- < - - - - e
g = > o o o o o
R Y mb b e e B
gﬁ;ﬁzgg}gggccc
EEEEREEEEEEEIE]
[S1]DATA,
[30] DATA-
9 E

%‘RIW

47)ADR,,
[4]ADR,,
5] ADR,
44 |ADR1o
[43) ADR,
[42) ADR,
[41] ADR,
0] ADR,
137] ADR,
[38] ADR,

37] ADR,
36 | ADR,
[35]ADR,
34 JADR,
33|Ds

- =

\_JTz

>

Dy /1

{Top View) (Top View)

XTAL EXTAL E RAw

WY 5TBY

® BLOCK DIAGRAM

- Tomer? ™ = Miscells
: THAEA —pd f Prewzdes |' Counter H.F“:r
Turver Contiol
N
s ] A o
L %] Py
Fort A s— ok §i e = Control B, NT,
1 Ay o m | D% a Regieter D,
Termunals 4, % =5 @ p——— (:: g-. IPurItD
A T ition ey
A e2 Regater * Terminais
™ 5 cC cPU o,
- Stack
& Poimter sp
y O
3 Program
:" hd = C.wnm [——— ADR,,
_ Jpe— H v ALU P
Pocz B e I B 4 Hin” ecu F —— abR
: 10 n— il EF Program 3 {— aps,
- Termines B 5el2% Sourer a Ao
:: £rA £ ] Ll n;) [—= apR,
P I e H ==
: £ A
— 3 ADA,
* TR =
F— N — ann,
Port C [ o & [——=- AD®.
Vo Cim——{ U § _gi saraxg ¥ 256 X8 o
. Termingl  Cym——e] 55 gz @ ROM RAM L.
. £ — :
] o ||
- DaTa
CyTu * No internat ROM in HDEIDEYZ DATA,
3 DATA,
° DATA,
(o . pata,
: et 3 OATA,
- Serial ot DATA
Duts Regraur — DATa,
- Regmrer|  gonsl | |
g

& HITACHI 617



HD6305Y1, HD63A05Y1, HD63B05Y1, HD6305Y2, HD63A05Y2, HD63B05Y2

= ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee -03~+70 \'
Input Voltage Vin -0.3~Vee +03 \'
QOperating Temperature Topr 0~+70 °c
Storage Temperature Targ ~55 ~+150 °c

[NOTE]

Thase products have 3 protection circuit in their input terminals against high slectrostatic voltage or high electric fislds. Notwithstanding,

be careful not to apply any voltage higher than the absolutes maximum rating to these high input impedance circuits. To assure normal
operation, we recommended Vi, Vaue Vgs § (Vin 0r Vg ) € Vee:

s ELECTRICAL CHARACTERISTICS

e DC CHARACTERISTICS (Ve = 5.0V:10%, Vgg = GND, Ta = D~ +70°C, unless otherwise noted.)

1tem Symbeol Test Condition min typ max Unit
RES,STBY Vee-05] — | Vect03
Input "High" Voitage | EXTAL Vin Veex0.7 - Veet0.3 v
Other Inputs 2.0 - Veet.3
Input ""Low” Voltage | All Inputs Vi, -0.3 - 0.8 v
Output "High™ Voltage| All Qutputs Von :Z: - _TEEI';A VCZ-40.7 : — \'
Qutput “"Low" Voltage| All Outputs Voo loL = 1.6mA - - 0.55 v
{nput Leakage Current glleg;!,%-%ﬁ?' el - - 1.0 HA
Ay~ A, By~ By, Vin =05~ Vec-0.5
Three-state Current Cy~Cy, ADRe~ ADRy:", | lhrsil - - 1.0 uA
DATA,~ DATA.E*, RW*
Operating - 5 10 mA
N Wait s - 2 5 mA
Current Dissipation®* Stop tee f=1MHz — 5 0 A
Standby - 2 10 HA
Input Capacitance All Terminals Cin f = IMHz, Vin =0V - - 12 [f___
* Cnly at standby
*+ Af] output and RES terminal are open, and ponetrate current of inputare not inciuded. (VIH min = VCC - 1.0V, VIL max = 0.8V}
*** The value at f = xMHz is given by using,
lge (f = xMHz) = loe (£ = TMHz) xx
& AC CHAEIACTERISTICS (Voo = 5.0V +10%, Vgg = GND, Ta = 0 ~ +70°C, unless otherwise noted.)
ltem Symbol c Te;t_ H06305Y1/Y2 HDBEA05Y1/Y2 HDBSBOEYHY? Unit
ondition [“min [ typ | max | min | typ | max | min | typ | max
Cycle Time toye 1 - 10 |[06686) -— 10 0.5 - 10 | HS
Enable Rise Time te, - — 20 - - 20 — — 20 | ns.
Enable Fall Time tes - - 20 — - 20 - - 20 | ™
Enable Pulse Width(“High"" Level)] PWen 450 | — | — [300 | — | — (220 — [ — | ms
Enable Puise Width(*Low’* Level}| PWg_ 450 | - - | 300 | - - 1220 | - - ns
Address Delay Time tao Fig. 1 - - | 250} - - 190 | - — j180 | ™
Address Hold Time taH 40 - - 30 - - 20 - - |
Data Delay Time tow - - | 200 - - 160 - - 120 | .
Data Hold Time (Write) Grey 40 - - {3 | - - | 2] - - m
Data Set up Time (Read) tosk 80 | — - | 80 | - - {s0o | -~ | - | ™
Data Hold Time [Read) thA 1] - - 1] - - a - ;_“__ﬂ_‘_.
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/— HD6305Y1, HD63A05Y1, HD63B05Y1, HD6305Y2, HD63A05Y2, HD63B05Y2

r ol
. pORT TIMING {(Veg = 5.0V210%, Vgg = GND, Ta= 0~ +70°C, unless otherwise noted.}
,."‘— Test T HDG305Y 1/v2 HDB3A05Y1/Y2 HDE3BO5Y1/Y2 )
Item Symbo! " . _ - Unit
. Condition "min | typ | max | min | typ | max | min | typ | max
~port Data Setup Time _ - . . _ _
;l{"”m_t A, B.C,D) eps ) 200 200 200 ns
= Data Hold Time Fig. 2
"pol — — _ _ — —
rport A, B, C, D} 1PDH 200 200 200 ns
".a-‘_— +
ort Data Delay Time . _ _ _ _ _ _
. :‘Porl A, B,C) trow Fig. 3 300 l 300 300 | ns
-
o CONTROL SIGNAL TIMING (Ve =5.0V210%, Vgs = GND, Ta = 0 ~ +70°C, unless otherwise noted.)
- Test HDB305Y 1/Y2 HDE3AD5Y1/Y2 | HDB3BOSY1/Y2 .
ltem Symbol Conditi - - - Unit
}g ondition | min typ | max | min typ max | min typ max
— - teye _ t teye
%iﬂ'fPulse Wwidth tiwe +950 - +'3’50 - ~ | +200 - - ns
e - t T t
T{NT; Pulse Width TwLz _3';0 - - +‘3‘50 - - _,350 - - ns
“RES Pulse Width TR 5 - | - 5 - - 5 - — | teve
“Control Set-up Time tos Fig.5 | 250 | - - 20 [ — - | 280 | — ~ | ns
_— . 1 toy teye
: Timer Pulse Width trwL 50|~ - +250 - - _3’00 - - ns
Oscillation Start Time (Crystal) tosc Fig.5,Fig.20% | - - 20 - - 20 - - 20 ms
« Reset Delay Time IRHL Fig. 19 BO - — B0 - - 80 - - ms
* Ly = 22pF £20%, R; = 60802 max.
¢ SCI TIMING (Vg = 5.0V210%, Vgg= GND, Ta = 0~ +70°C, unless otherwise noted.}
Test HDE305Y1/Y2 HDE3A0SY1/Y2 HD63BOSY 1/Y2 .
|temn Symbaol o - - - Unit
Condition { "min | typ | max | min | typ | max | min | typ | max
£ Clock Cyele Seye 1 - |32768| 0.67 — {21845| 0.5 — | 16384| us
§ Data Qutput Delay Time trxp Fig. 6, - - 250 - - 250 - - 250 ns
{ Data Set-up Time tsRx Fig. 7 200 - - | 200 - - 200 = - nis
: Data Hold Time THRX 100 - - 100 - - 100 - - ns
® HITACHI 619



HD6305Y1, HD63A05Y1, HD63B05Y1, HD6305Y2, HD63A05Y2, HD63B05Y2

tDVC -
E 24V 4 )
I PWeL -Jl PWey—————
0.6V L
— Tg, I E_._Tg
tap—w —J tan
A 2.4v )
Ao~Aua Address Valid 1
R/W 0.6V
_ i
*—‘[Dw“""; - (= Thw
MCU Write 7“ 24 pata
DATAg ~ DATA; k 0.6y Vaid
‘-——l'osn—" —- r—tug
X
MCU Read f Lata valid
DATAg ~ DATA< _Nro 8V

Figure 1 Bus Timing

£ 2.4v E
0.6V 1 0.6V
Lo § ) Y
tros

b ooy ——
i
Port 2.0V  pata - Port 2.4V Data
ABCD 0.8V Vaiid AB.C 0.6y Valid
Figure 2 Port Data Set-up and Hold Times Figure 3 Port Data Delay Time (MCU Write)
{MCU Read)
Interrupt
Test

; jpEpEpEpEpERERERERNRNRERNREREN
adaress YT X XX X X O OC X C XX

Bus Qr Cods Op Cods 1555 SP SP-1 3SP.2 SP.3 SP-4 Vector Vectar New PC

Address Addrass+ MSB  LSB Address
iNT.INTS PCo~ Address Address

PCy
Data Bus x x x X X X X X X X r X _X ]
Operand Izreigvant PCa— IX AC Wector V;C‘W First inst. of
Cod Coda Dat MSB LsB
? Op CodnDua PCis Addrass Acaress |Tefrupt Routine

R/W \ /

Figure 4 Interrupt Sequence
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HD6305Y1, HD63A05Y1, HD63B05Y1, HD6305Y2, HD63A05Y2, HD63B0O5Y2
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Figure5 Reset Timing
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Figure6 SCI Timing (internal Clock)
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HD6305Y1, HD63A05Y1, HD63B05Y1, HD6305Y2, HD63A05Y2, HD63R05Y2

Vee
TTL Load
{Port) toL=1.6mA 2.4kQ
Teast point T
terminal O l il
90pF S 12ke

[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 signals of the MCU are described
here.

*Vee, Vsg
Voltage is applied to the MCU through these two terminals.
Ve is 5.0V  10%, while Vgg is grounded.

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

« 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.

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

HD&305Y1, this terminal should be connected to Veg
through 10k§) 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 30pF condenser.
o 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,

*Data Bus ([DATA, ~ DATA-) .
This TTL compatible three-state buffer can drive one TTL
load and 90pF. :

s Address Bus (ADR, ~ ADR,3)
Each terminal is TTL compatible and can drive one TTL;
load and 90pF. .
= input/Output Terminals (Ao ~ A7, Bo ~ B1, Co ~ C;)
These 24 terminals consist of three 8-bit 1/0 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 tegister.
For details, refer to “IJQ PORTS."

& Input Terminals (D1 ~ D7)

These seven input-only terminals are TTL or CMQS com-
patible. Of the port D’s, Ds is also used as [NTz. If Ds
used as a port, the INT2 interrupt mask bit of the misceltane-
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/O pins for
serial communication interface (SCI). They are also used as
ports Cs, Cg and C,. For details, refer to “SERJAL COM-
MUNICATION INTERFACE.”

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

¢ Rx (Cs)
Used to recetve senial data,

s Tx {C7}
Used to transmit serial data.

SMEMORY MAP

The memory map of the MCU is shown in Fig. 9. $0140~
S31FFF of the HD6305Y2 are external addresses. Howeveh
care should be taken to assign vector addresses to $1FF6 ™~
$1FFF. During interrupt processing, the contents of the CP!
registers are saved into the stack in the sequence shown @
Fig. 10. This saving begins with the lower byte (PCL) of tb¢
program counter, Then the value of the stack pointer 8
decremented and the higher byte (PCH) of the progra®
counter, index register {X), accumulator (A) and conditio?
code register (CC) are stacked in that order. In a subrouti®
call, only the contents of the program counter (PCH and pCcL
are stacked.
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HD6305Y1, HD63A05Y1, HD63B05Y1, HD6305Y2, HD63A05Y2, HD63B05Y2

o o P 50000 O|__PORT A ]300
° orts 1| PORT B 1301
é’gf’ 2{ PORT C_|$02
63 $003F 3] PORT D ls03*
64 RAM $0040 4 porT A oDR [$04°
{1928Bytes) S| poRTBDDR |505°
Stack 6] PORT CDDR |$06°
2556 $Q0FF Not Used
256 RAM 0100 8] Timer Data Reg |$08
(Gdthes) \ 9| Timer CTAL Reg $09
319 so1z 0 Misc Heg [goa
320 $0140
ROM* Not Used

{7.872Bytes)

___________ 16[ SCICTAL Reg [$10
8182 interrupt » BIFFE \ 17 SESTsRen (511
8191 Vectors IS1FFF \18["SCiDanfeg |$12
8192 32000

Not Used
31 $1F
External 32 Externat $20
Memaory Space §3 Memary Space $3F
* Write only register
16383 S3FFF ** Read only register
* ROM area ($0140 ~ $1FFF) in the HD6305Y2
is changed intc External Memory Space,
Figure @ Memory Map of MCU
7 854 3 210
Condition Pul

n-41 11 Code Register n+1

n—3 Accumulator n+2

n—2 Index Register n+3

n—1j0 0 PCH* n+4

n PCL® n+5
Push

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

Figure 10 Segquence of Interrupt Stacking

@& HITACHI

BREGISTERS
There are five registers which the programmer can operate.

Q
A ] Accumulator

Register

o}
X ] Index
0

13
! PC

Program
Counter

0

Stack

13 6 5
| 0 ]0'010[0'0[ } I 1 I Pointer

Condition
N|Z|C|Code
I Register
Carry’
Borrow
Zero

HIt

Negative
interrupt
Mask

Haif
Carry

Figure 11 Programming Mode!

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

» 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
vegister 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 {o be executed.

= Stack Pointer (5P}

The stack pointer is a 14-bit register that indicates the ad-
dress of the next stacking space. Just after reset, the stack
pointer 15 set at address 300FF. 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 SOOFF. Since 2 subroutine or
interrupt can us¢ space up to address 300C1 for stacking, the
subroutine can be used up to 31 levels and the interrupt up
to 12 levels.

» Condition Code Register (CC)
The condition code register is a 5-bit register, ezach bit
indicating the result of the instruction just executed. The
bits can be individually tested by conditional branch instruc-
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HD6305Y1, HD63A05Y1, HD63B05Y1, HD6305Y2, HD63A05Y2, HD63B05Y2

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/

Bomow {C):

= 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 I 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
il]'l)-

Used to indicate that the result 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 2 Rotate instruction.

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

tion (SWI),

624

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

When an interrupt occuss, 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 Vectar Address
RES 1 S1FFE, SIFFF
SWI 2 $1FFC, S1FFD
T 3 | $1FFA, S1FFB
TIMER/TNT: 4 | siFFs, s1FF9
SCI/TIMER:z 5 | S1FFS, S1FF7

A flowchart of the interrupt sequence is shown in Fig. 12,
A block diagram of the interrupt request source is shown in
Fig. 13.

H ’
?‘M
1 -l Set
$FF—SP
0—-0ODR"s Fetch
CLR INT Logic Instruction =
$FF—TDR
$7F —~Timer Prescaler "’
$50—-TCR —
$3F -SSR SWi
$00--SCR ? Y Y Timer,
* $7F—MR }
Stack
I PC, X, A, CC
Load PC From T
Reset:$1FFE, $1FFF
t - Bit
CLi Y
b
Loaa P From
N SWISTFFC B1FFD
INT S1FFa $TFFR
TIMER SIFFA $1FFO
Execute Execute WNT) 1670 81FFG
SCISIFFG SIFFT
Instruction Instruction TIMER 3 §1FFB §TFFT

Figure 12
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HD6305Y1, HD63A05Y1, HD63B05Y1, HD6305Y2, HD63A05Y2, HDG3BO5Y2

In the block diagram, both the external interrupts INT and
[NTz 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 1o
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 scrial interrupt (SCI), each
jnterrupt request is held, but not processed, if the I bit of the
condition code register js set. Immediately after the 1 bit is
cleared, the corresponding interrupt processing starts accord-
ing to the priority.

The INTz interrupt can be masked by setting bit 6 of the
miscelianeous register; the TIMER interrupt by setting bit &
of the timer control register; the SCI interrupt by setting bit
5 of the seral status register; and the TIMER:z 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 detecior circuit and
its latching circuit are independent of testing by these instruc-
tions. This is also true with the status of the INTz terminal.

+Miscelianeous Register (MR ; $000A)

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

INT: interrupis.

BIH/BIL Test

1 INT Inter-
- rupt Latch

|

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

Miscellanecus Register (MR ; S000A)

7 B 5 4 3 2 I 0

e P Pt P V2
!

INTz Interrupt Mask
INT2 tnterrupt Request Flag

Bit 6 is the INT2 interrupt mask bit. If this bit is set to *1™,
then the INTz interrupt is disabied. Both read and write are
possibie with it 7 but 1" cannot be written in this bit by
seftware, This means that an interrupt request by software
18 impossible,

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

sTIMER
Figure 14 shows a MCU timer block diagram. The timer
data register is loaded by software and, upon receipt of a
¢lock input, begins to count down. When the timer data

Vecroring generated
$1FFA, S1FFB

Condition Code Register (CC)

z
puri

ﬂ t

Falling Edge Detecror

l Miscellaneous
Register (MR}
INT %

Timer Control
Register {TCR)

TIMER
TIMER
Serial Status
Register {S5R)
SCI TIMER: lssm SSR6|SSRS Ssne, TIMER:

L]

SCI

Interrupt Control
Circuit

Vectoring generated
$1FF8, $1FF9

—— Vectoring gensrated
$1FFG, S1FF7

Figure 13 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 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 “S$FF”. The count can be monitered 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 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

TCRZ[TCABITCRSITCRA|TCRITCA2lTeR1] TCRO

L Prescater division ratio selection
Prascaler initialize
Clock 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 = 1}. If the timer terminal is
“I™, the counter starts counting down with “$FF"" immediate-,
ly after reset.

When *1” is wrtten in bit 3, the prescaler is initiatized.
This bit always shows “0" when read.,

Table 2 Clock Source Selection
TCR7 Timer interrupt request —
TCR 3
0 : Absent - Clock input source
Bit5 Bit4
1 Present
a 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 1 Event input from timer terminal
-
Initialize
Timer Control
a Register
{In ternal .
Clack) b (TCR:$0009)
E Prescaler TCA?|[TCRE|TCAS|TCR4 | TCAITCRIITCR Y TCRA
TiT- | [

TIMER +1 +2+4|+8|156|32 |64 ~128 -

Input 3

Terminal Muttiplexer ra

Timer Data .
Register (TDR.3CC08)
8-Bit Counter -
Clock Input Timer {nterrupt

]

Write Read

Figure 14 Timer Block Diagram
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A prescaler division ratio is selected by the com>bination 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 occuss, **1"" is set in the timer interrupt request bit,
8, #16, 432, +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 (SCt)
This interface is used for serial transmission or reception

Table 3 Prescaler Divisian Ratio Selection : ¢ S .
of 8.bit data. Sixteen transfer rates are available in thé range

- TCR from 1 us to approx. 32 ms (for oscillation at 4 MHz).
— - 0 Prescaler division ratio The SCI consists of three registers, one octal counter and
,,?_IE—Z— Bit? Bit one prescaler. (See Fig. 15.) SCI comnunicates with the CPU
o 0 o 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
0 0 1 2 each register and data transfer,
.0 1 G +4
Ja— #5C| Control Register (SCR; $0010)
v 0 i 1 +B
—
1 0 il 16
— 7 8 5 [ 3 2 1 0
E 1 0 1 +32
— SCR7|SCRE|SCRS {SCR4 [SCR3[SCRZ [SCRY|SCRO
1 1 0 +64
1 1] 1 +128
SC! Contro! Registers (SCR; $0010)
SCR7|SCR6|SCR5|SCR4|SCR3|SCR2|SCR1|SCRO E
| y |
. . Transfer
Multi-| FPre-
- {? \:D ploxer | scater | S0k
s R St
§ Cs{CK) ! <
- 1 1
: . 1 SCI Data Registers FAN
. ! ' {SDR: $0012) Octal
: : Counter
_ i | 76 5 4 3 2 T1p Initialize
o 1 '
ColRx) 4 E—.. MSEB LSB
CoTa) ' T
L J
""" I 7 {8 5 4 3[ 7 1 0
SCI1 Staws Registers
- SSR7|SSR6 | SSRS | SSR4| SSR3 (SR 800111

m §_—f_—‘—j Not Used

SCI/TIMER;

: Figure 15 SCI Block Diagram
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SCR7 C5 terminal
o] Used as I/0 terminal {by DDR}.
1 Serial data output (DDR output)
SCR6 Cq terminal
0 Used as [/O terminal {by DDR).
1 Serial data input (DDR input)
SCRS |SCR4 | Crlock source C; terminal
o | 0 - Used as 1/0 terminal (by
0 1 _ DDR),
1 0 Internal Cleck cutput {DOR output)
1 1 External Cloek input {DDR input)
Bit 7 (SCR7)

When this bit is set, the DDR corresponding to the €,
becomes “*1” and this terminal serves for output of SCI data.
After reset, the bit is cleared to “0".

Bit 7 {S5R7)

Bit 7 is the SCI interrupt request bit which is set upon
completion of transmitting or receiving £.bit data. It is
cleared when reset or data is written to or read from the
8CI 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 sedal clock generator, and SSR6 is set
each time the intemal transfer clock falls. When reset, the
bit is cleared. It aiso be cleared by writing “0™ in it. (Fer
details, see TIMER,.)

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

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 (S8R3)
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 comresponding to the (4 Not used.
becomes “0" and this terminal serves for input of SCI data. . —
After reset, the bit is cleared to “'0"". SSR7 | SCl interrupt request
!
Bits 5 and 4 {SCRS, SCR4) e 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 i TIMER, interrupt request
These bits are used to select a transfer clock rate. After 0 i Absent
reset, the bits are cleared to “0™. T
1 | Present e
Transfer clock rate e
SCR1 | SCR
SCR3 | SCR2 CRO 400 MHz | 4.194 MHz SSR5 SClinterruptmask
0 0 0 1 us 0.95 us e Enabled
0 0 1 2 s 191 us ! Disabled -
0 0’ 1 ] 4 s 3.82 us -
o a 1 1 Bus 7.64 us SSRa TIMER, interruptmask
t ? ! 1 H ? o Enabled
! ! ! ! 32768 us 17325 1 Disabled —

®5C! Data Register {SDR; $0012)
A serial-parallel conversion register that is used for transfer
of data,

#SCI Status Register (SSR; $0011)

7 6 5 4 3 2 1 a

SSA7]| 5SRE | SSAS |SSR4|SSA2

» Data Transmission !
By writing the desired control bits into the $CI contt®
registers, a transfer rate and a source of transfer clock ﬂ_f‘
determined and bits 7 and 5 of port C are set at the €N
data output termiral and the serial clock terminal, rﬁs?“'.
tively. The transmit datz should be stored from the accumy
lator or index register into the SCI dara register. The datd
writtea in the SCI data register is output from the Cq :
terminal, starting with the L$B, sy nchronously with ¢
falling edge of the serial clock, (See Fig. 16.) When 8 bit @

628 & HITACHI



HD6305Y1, HD63A05Y1, HD63B05Y1, HD6305Y2, HD63A05Y2, HDE3BOSY2

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
§CI status register. Once the data has been sent, the 8th bit
data (MSB) stavs at the C7/Tx terminal. If an external clock
source has been selected, the transfer rate detenmnined by
pits 0 ~ 3 of the SCI control register is ignored, and the Cs/
CK terminal is set as inpul. I 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 0 ~ 3 of the SCI
control register.

yorp1 Cr0en g TR

: ! i 2 3 4 5 I3 ) &
ou-m|u-|.|c,r1.-‘;;:-M. --- oE
B i Lo L L |t 1]

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 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. 1t must be taken
after reset and after not reading subsequent received data.}

The data from the Cg/Rx terminal is input 1o 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 bil is set in bit 7 of the SCI
status register. This request can be masked by setuing bit 5
of the SCI status register. 1f an exiemal clock source have been
selected, the transfer rate determined by bits 0 ~ 3 of the SCI
control register is ignored and the datas is received synchro-
nously with the clock from the Cs/CK terminal. If the intemal
clock has been selected, the Cg/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 a5 2 timer.
-The clock selected by bits 3 ~ 0 of the 5CI control register
(4 ps ~ approx. 32 ms (for oscillation at 4 MHz)) is input 10
'bit 6 of the SCI status register and the TIMER:2 interrupt
request bit is set at each falling edge of the clock. Since intes-
rupt requests occur periodically, TIMER2 can be used as a
reioad counter or clock.

@ 10 s

""" A T A B

:Transfer clock generator is resel and mask bit (bit 4
of SCI status register) is cleared.

: TIMER2? interrupt request

: TIMER3: interrupt request bit cleared

es @

@&

& HITACHI

TIMER: is commonly 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 “Internal” is seiected as the clock source, reading or
writing the SDR causes the prescaler of the transfer clock
generator to be initialized.

wi/0O PORTS

There are 24 inputfoutput terminals {ports A, B, C). Each
1/ terminal can be selected for either input or output by the
data direction register. More specifically, an 1/O port will
be input if 07 is written in the datz direction repgister. 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. 17.)

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

Dsta
Diraction
Faginier

Duiput (L]
Bt

Bit of data 8it of Status of |
direction output N t"'s ': ng;ltJto
register data outpy
1 0 0 0
1 1 1 1
0 X 3-state Pin

Figure 17 Input/Output Part 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 CMOS compatible in respect of both input and
output.

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

BRESET
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 toge 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. 19.
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5V 4.5V
Vee ﬂ
v

RES
Terminal

tamL

internat
HReset

Figure 18 Power On and Reset Timing

100ksT typ
Ver —AAS e
RES—— 2.2uF

HDB3058Y
MCU

Figure 19 Input Reset Delay Circuit

"INTERNAL OSCILLATOR
The intemal oscillator circuit is designed to meet the

EXTAL

=
20-80Mi3 |, o, HD6305Y

TR MCU
710~ 22pF + 20%

e

Crystal Oscillator

c

L;__t‘ EXTAL
2 |x7aL HDE305Y
MCU
Ci2
Externat Ceramic Oscillator
Clock

Input_ EXTAL

NC [XTAL ypgaosy
MCU

External Clock Drive

Figure 20 internal Oscillator Circuit
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requirement for minimum external configurations. It can be
driven by connecting a crystal (AT cut 2.0 ~ §.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 illusteate the specifications and typical arrange-
ment of the crysial, respectively.

C'| AT Cut
— Y Y —) A AA— Parallel
L Rs Resonance
hryws | ~— Co=7pF max.
XTAL
Co EXTAL $—2 0~8.0MH:
i} Rs=60Q max.

Figure 21 Parameters of Crystal

{a) (b)
Cu [ﬁ Crystal —{
—
—
——
o] XTAL
CL [¢)
feb-CIEXTAL
XTAL C MCU
EXTAL Crystal
MCU

[NOTE] Use as short wirings as possible for connection of the erystat
with the EXTAL and XTAL terminals. Do net altow these
wirings to cross others,

Figure 22 Typical Crystal Arrangement

=LOW POWER DISSIPATION MODE
The HD6305Y has three fow 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 longe?
be retriggered.) In the wait mode, the registers, RAM and 10
terminals hold their condition just before entering into the
wait mode.

The escape from this mode can be dane by interrupt (TE_,T-
TIMER/INT2 or SCHTIMER:), 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 operatio®
mode and vectars to the interrupt routine. If the interrupt i
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/INTz or SCI/TIMER:) is masked by the timer control
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register. miscellanecus register or serial status register, there
js no interrupt request to the CPU, so the wait mode cannot
pe released.

Fig. 23 shows a flowchart for the wait function.

»Stop Mode

When STOP mstruction being executed, MCU enters into
the 5stop made. In this mode, the oscillator stops and the CPU
and peripheral functions become inactive but the RAM.
registers and 1O terminals hold their condition just before
entering into the stop mode.

The escape fram this mode can be dore by an external
interrupt {(INT or INT2), 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 1o 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 INT2 interrupt is masked
by the miscellaneous register, there is no interrupt request to
the MCU, so the stop mode cannot be released.

Fig. 24 shows a flowchart for the stop function. Fig. 25
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 ol RES="0" must exceed 30 ms 1o assure stabilized oscil-
lation.

» Standby Mode

The MCU enters into the standby mode when the STBY
terminal goes “Low™. [n this mode, all operations stop and
the internal condition s reset but the contents of the RAM are
hold. The 1/QO termunals turn to high-impedance state. The
standby mode should escape hy bringing STBY “High™. The
CPU must be restarted by reset. The timing of input signals
at the RES and STEY terminals is shown in Fig, 2o,

Table 4 lists the status of cach parts of the MCU in cach
low power dissipation modes. Transitions between each mode

are shown in Fig. 27,

(Note)

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

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

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

e
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Oscillator Active .
Timer and Serial O
Clock Active

All Qther Clocks
Stop

to Standby
Mode

Restart
Processor Clocks

i

Initialize

CPU, TIMER, SCI,
IO and All

Other Functions

No s
>

Yes

n

L‘

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

Load PC from
Interrupt Vector
Addresses

Ferch
Instruction

Figure 23 Wait Mode Flow Chart
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Stop Oscillator
and All Clocks

STB

to Standby
Mode

Turn on Oscillator
Wait for Time Delay

o Stabilize
No
RES
I
Yes

Load PC from
$1FFE, $1FFF

to Stabilize

Turn on Oscillator
'\Wait for Time Delay

Load PC from
Interrupt Vector
Addresses

F——

Fetch
Instruction

Figure 24

Stop Mode Flow Chart
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Oscillator ” ”” ” ” ” ” ” M

st T AT RRREE OO

e LI L

isizizizizicict

|

STOP instruction
executed

Oscillatur] I ” “ I ” ” ["

o=

’ —

' Time required for oscillation to become
nstructions

restart

[ — . -
Interrupt stabilized (buiit-in delay time}

{a) Restart by Interrupt

et TRARRERRECCC R RRRER DR AAAADND

N O I I I

!

STOP instruction
executed

|

o)
m
w

I

ML LU

Time required for oscillation to become
stabilized {tggc)

Reset
start

o

"eijﬁf—\\

:

(b) Restart by Reset

Figure 25 Timing Chart of Releasing from Stop Mode

ﬁ L] T 1 T \
+ 1 L} ]
1 1] ) 1
] [ ] ] '
1 1 ] 1
[ S 5;
i
tose l Rastart
Figure 26 Timing Chart of Releasing from Standby Mode
Table 4 Status of Each Part of MCU in Low Power Dissipation Modes
4__——-'/
Condition
Mode Start il- i Escape
' ?sc'l CPuU Tlm_er, Register RAM I/Q P
ator Serial terminal o
WAIT in- STBY, RES, INT, I %
WAIT . Active Stop Active Keep Keep Keep | each interrupt requesl
Soft- struction TIMER, TIMER_;_.E,C__/
ware : —_——— ——— —= T
STOP STOP in- Swp | Stop | Stop | Keep Keep Keep |3TBY, RES, INT,INT:
struction e
Stand- Hard- gl " High im- | s=ao_ oy e
by ware STBY="0Low Stop Stop Stop Reset Keep pedance STBY= H|gh—‘_"/___
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Active

Standby

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

sBIT MANIPULATION

The MCU can vse z single instruction (BSET or BCLR) to
set or clear one bit of the RAM within page O or an /O pont
{except the writc-only registers such as the data direction
register). Every bit of memory or I/O within page 0 {$00 ~
SFF) can be tested by the BRSET or BRCLR instruction;
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 2 flag or handle a single 1/0 bit as an independent
I/O terminal. Fig. 28 shows an example of bit manipulation
and the validity of test instructions. [n the example, tie pro-
gram is configured assuming that bit 0 of port A is connected
10 2 ZeTo cross detector circuit and bit 1 of the same port 1o
the trigger of a triac.

The program shown can agtivute 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, POAT A
BCLR 1, PORT A

SELF 1,

Figure 28 Exafnple of Bit Manipulation

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

eimmediate

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

# 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
255th 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 z branch accurs, the program
counter is loaded with the contents of the byte following the
operation code. EA = (PC) + 2 + Rel., where Rel. indicates a
signed B-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,

e 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.

Bee 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
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¢ Indexed (8-bit Offset)

See Fig. 34. 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.

e 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 vaiwe 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 instructicns 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.

« 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 shouid be 3 bytes
long. The value of the test bit is written in the carry bit of the
condition code register.

» 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.
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 I

-

A

PROG LDA #$F8 05BC XS
aseF 8
h
:
h \
+ H
— e B

Fi
Index Reg

Stack Pant

Prog Count
[ 05C0 ]
[<4

Figure 29 Example of Immediate Addressing

| EA

Memory [

0C4aB ]

[p——

- Adder ;
L)

CAT FCB8 32 0048 20

0 »
PROG LDA CAT 0520 36
0s2f a8

=|' 20 I
Indan Heg

Stack Poni
[ | i
Prog Count
| 0525 i
cC
L1

Figure 30 E£xample of Direct Addressing
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| EA
Memory [ UGES ]
r -
4 I3
[l +
' ! g Adder
DQCD
A
PROG LDA CAT 0409 £é Index Reg
C40A4 06 ol
0408 £S L Stack Poni
) | ] ]
M M Prog {ount
CAT FCB 64 DBES 40 I 04T 1
CC
H '
—

Figure 31 Example of Extended Addressing

EA
Memory | 0act |
: : ‘
— | LN ¢
T inder Reg
I OR* ] Stack Foint
; { 1 ]
oooo Prog Count
PROG BEQ PROGZ 04A7 27 04CT ]
0448 18 T I cc

Figure 32 Example of Relative Addressing

] EA
Memory [ DOBE ]

Aoder
pld SN N
A

!
TABL £CC LI 0088 aC 0000 I 4c |
- 45 ndeana e
————

. Y Stack Point
PROG LDA X O5F2 & [ | ]
Prog Count
L 05F5 ]
[44

Figure 33 Example of indexed (No Offset) Addressing
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EA
Memory | ooac !
i H
‘ '
Adder
TABL FCB =BF 0089 BF __A_
FCB =38 0Q08A 86 A
FCB =DB 0088 CB ———————__CF
FCB =CF 0Q08C CF index Reg
Stack Paint
PROG tDA FaBL x 0758 E6 " T 1
orse £ #rag Counr
[ o780 ]
cC
H 14
i ; I
.
e

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

Memaory L Q780 I
H il
' H
K Adder
A
Index Reg
PROG LDA TABL X 0892 06 Stack Point
0693 07 [ ™
0634 JE 1y Prog Count
[ 0695 ]
. [
TABL FCB zBF O77E BF
FCB =86 077F [13
FCB =08 0780 [o]:]
FCB =CF D781 CF
i I
et

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

f ] £
Memory l 0001 i
: h
i N Adder
PORT 8 £QU 1 COO: B Vs
! A
3 Q000
Index Rag
PROG BCLA 6 POAT B 058F 10 Stack Paint
0590 o1 C 1 ]
Prag Coum
L 0541 ]
H ! cC
} h
L] ¥
L —Y

Figure 36 Example of Bit Set/Clear Addressing
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‘ E&
Memary | [I<H 1
H [
N »
Agder
PORT C EQU 2 G002 FO - A
Bt
Qo0 index Reg
N tack ;Omt
PROG BRCLR 2 PORT € PROG 2 0574 a5 1og Count
0575 a2

0576 0

[ —-

Figure 37 Example of Bit Test and Branch Addressing

] EA

Memory
r 1
. 1
" L]
H i
PROG TAX O5BA 97

'

'
H

'
: }
r——

A

index Ieg
Srack Point

L I ]
Prag Count
{ 0588 ]
CcC

Figure 38 Example of Implied Addressing

wiNSTRUCTLION SET

There are 62 basic instructions available to the HD&305Y
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
HD&6305Y 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 memary or register, then modify
or test jts 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.

« 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 ail the instructions used on the HD&3(5Y
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 | Incexed | ‘ncesed Boolean/ Condition
Oparations Mnemonic Arnthmetic i Code
Immediate | Direct | Extended |(No Offser) | (8-St Offsety | {46-Br Oftseet Operation
OPfs|~[op[s]-lap[=]-Torlz]-JoP sl <Jorl= - HI N[z e
Load A from Mamory LDA 46| 2[2B6[2|3CB[3|4[F8i1 3]E6 2:4]06:3 3 M-A e | e
Lead X trom Mamaory LDX AE| 2 ([ 2'BE! 2} 3 |CE| 3 4 FE% T13EE 2 4{DE'2 5 [M—-X .ie L
Store A in Memory STA |- -|B?[2|3]C7 3[4 |F7[1:i4(E7 2 4 or3 s La—m LN} le
Store X in Memary STx |- |- |-IBFj2{3]cFla alFF 114 EF 2 -4 1DF 3 5 XM fe]e ~le
Add Memory 1o A ADD  [aB|2|2'BBi2 [ 3[CB[3 4 [FAI1{3[EA 2 4 DB 3 5| A+M—aA T+l I
Add Memory and Carry i ; o i | i
t A ADC a3 2|2(B3|2{3(ce{3 41F3)1 383, 2 4[D9 3 5 A+M+CA Pile Al
Subtract Memaory SuB AO| 2| 2(BOj2i3lcol3|4|Foi1 €02 4alpDi3 S|A-M-A ‘el e ~
Subtract Memary from o } 11 :
A with Borrow sac Azl 2| 2[B2|2|3!Cc2]3 F2'1 13 E2,2.4|02!3 5 A-M-C—aA ie|w A
AND Memory to A AND A4, 2|2 B4 2 :a:c«ial F4/1 3'E4 2 4 (D43 5! A-M—A iele c e
OR Memory with A ORA  AA1 2|2 (BA[ 2] 3iCA| 3 aFAj 1| 3[EAi 2.4 DA 3 5TArM_A le|® Al
Exclusive OR Mamary i t i | i
with A EQR AB| 2| 2,882 ;3 CAi3!4a|FBI 1 3 ESL 2z 4 ‘08: 3 5 ArM—A LN ) LN ]
Anthmaue Compare A I i | : b
with Memary cmP Aliz| 2|82 3-C'£;3'4 F1 123 E1;2tl 01[3.5§A‘M LN ] A
Anthmene Compare X P ! | : \
with Memory | CPX A3 2(2:B3;2[2(C3;3 4|F3;1!3 E.'J‘T 2 . 4 D3! 15 X-m ! LN ] Al
811 Test Momory with T | l [ i ‘
A {Logical Compara} ar AS| 212 B8/ 2 3 C5 34 !F5 3 ESE 2 4 E'DS 2858 AM | [ |-
“Jump Uncanditianal IMP Bc 2 2jcc|3[3[Fef1127ec;2 3locla «: HP ..
Jumgp ta Subroubne ] JSR BD‘[ 2 ’ slcof376F0f 1! ED‘}- 2 5 jDDF 3°8g' iele e
Symbols: Op = Cpsrauion
# » Number of bytes
~ = MNumber of cycles
Table 6 Read/Modify/Write Instructians
| Addressing Modes i
Oparations Mnemanic indexed ' Indezec \ Haalean/Arithmetic Operation ; @éfét.'u"
ImpledlA) | ImphadiX} Direct (Ne Qffset);18-Ba Osen ! ‘
ioF =1 -Jorl 2l -ToP z | - ORI 2z ~ @F = - CHIv[wT2Te
Incremant INC acl1 7 275c/112]3C[2 617C 116 BC{2 6 A+l-AorXsl-KarMelom s 4 “ e
Decrement QEC (44 1 {2 SA[ 12 34,2 15 7Al1 .5 SA[Z 6 A-t-AarX—1-—-XarM-1-M |a]e .
Clear CLR }4:;112 SF| 1| 2|3F 25 |7 5-6F§2 B .00 ~& or 00 X or 0Q—~M w|ofa|rle
Compismant COM  43:1 25303 |2j33)2 5 73!1 56312 6 A—AorX—Xor MM o el
Negate i ; [l QO —A—A or 00—X--X i
- .
{2's Complament) NEG 401 2|50 1| 2|30,.2(5170{1,5 80|2.6: 0t Q3C—M-M ® | ApA]
Rotats Laft Theu Carry roe  [aa| 1|2 sef 1| 2|3s| 2|5 |79 1]|5]6s]2 ; 6l e elala]n
Rotate A € Ror  faalt |2 (s6]1 |2 |asl2 s (78] 1 |5 lss|2 6 = |
otate Right Thry Carey : AR RETOCNE ui‘. . Al
Logical Shift Left LsL [e8|1i2(sBj1 28| 2|5 781 siem[2-6 b'°' sie|alalaln
Logical Sttt Aight LSR a4} 1| 2154 1] 2(24| 20 s |74| 1| 5(54] 2 5 o b"' £ IR
: !
Arithmenc Shuft Aight ASR 4711 ? 7 77 i -3 = S * AGA
g 7 2|5 1237|125 15187 2:8 ! ..m.. . ; »
Arithmenc Shift Left ASL 48/ 112|881 2[38f2,5|78[ 15 68| 2 6 EqualtolSL L) aln
Test for Negative v i
or Zera 78T ap] 1215071 l 2(30]2)4a 170 114 ;GD| 2% . A-~00 . X-D0 or M-00 : -J- Al

Symbols: Op = Operanian

# = Number of bytes
~ = Numbar of cycles
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Table 7 Branch Instructions

- Addressing Modes
Operations Mnemonic Relative Branch Test Condition Code
oP | £ -~ HITIN|JZ|C
“Branch Always BRA 20 2 3 i None oo o|0|e
Branch Never BRN 21 2 3 | None ¢ o ole e
Branch [F Higher BHI 22 2 3 |C+2=0 o e ole »
Branch IF Lower or Same BLS 23 2 3 [C+Z2=1 e o 0o e
Branch IF Carry Clear | BCC 241 2 | 3 Ic=0 oo elee
(Branch IF Higher or Same} | (BHS) 24 { 2 | 3 |C=0 e/ oo oo
granch IF Carry Set BCS 25 2 3 [C=1 NN B N
{Branch IF Lower} {BLO) 25 2 3 |C=1 ¢ o |0 oo
Branch IF Not Equal 8NE 26 2 3 |Z=0 [N N R
Branch IF Equal BEQ 27 2 3 tZ=1 LI A N Y
Branch IF Half Carry Clear BHCC 28 2 3 [H=0 | o 9 |0o|e
granch IF l-!alf Carry Set BHCS 29 2 3 | H=1 o o o o
Branch IF Plus BPL 2A 2 3 |N=0D ® oo | e|e
Branch IF Minus BMI 2B 2 3 | N=1 o 0|0 o e
Branch IF Interrupt Mask
git is Clear BMC 2C 2 3 11=0 oo o0 0
Branch IF Interrupt Mask
Bit is Set ! BMS 2D | 2 3 1= e o is|e e
Branch IF Interrupt Line
is Low BIL 2E 2 3 |INT=0 L B R W)
Branch IF Interrupt Line
is High BIH 2F INT=1 LN ]
Branch to Subroutine BSR AD 2 5 |—— oo oo
| Symbels: Op = Operation
# = Number of bytes
~ = Number of cycles
Table 8 Bit Manipulation instructions
Addressing Modes
Operations Mnemonic Bit Set’Clear | Bit Test and Branch ABrgaEmae:i/c 8;.:::’1 Condition Code
op =] - oP = 1 - | Operation HMT1NfZTC
Branch IF Bit n is set BRSET nin=0---7) — —| = 2:n 3|5 —_— Mn=1 oo e|ein
Branch IF Bit n is clear | BRCLR n{n=0---7) - - 01+2.n| 3|8 - Mr=0 e|le 0|0 |~
Set Bit n BSET n{n=0---7} |10+2:n| 25 — = - 11=Mn ——— [N BN N N
Clear Bit n BCLR nin=0---7) (114+2-:n| 215 - - | —]0—=Mn —_— [N R Y
Symbiolt: Op = Operation
# = Number of bytes
~ = Number of cycles
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Table 8 Contral Instructions

Addressing Modes .
Operations Mnemonic Implied Bootean Operation Condition Code
o oP | 8 | ~ iH 1 N 2Z|C
Transfer A to X TAX g7 1 2 | A-X * /e 0|0
Transfer X to A TXA 9F 1 2 | X—A s 0in|s
Sat Carry Bit SEC 99 | 1 1 |i=C R
Clear Carry Bit cLC 9g | 1 1 |o=C sjeles’eln
Set Interrupt Mask Bit | SEI e8| 1 | 2 |1~ s lie o|a
Clear Interrupt Mask 8it | cu 9a | 1 2 | 0~ e/ 0:inie|e
Software Interrupt ! SWi 83 1 10 21 se|e
Return from Subroutine | RTS a1 1 5 sle o 0o
Return from interrupt | RTI a0 1 ] [ S SRR A O B
Resat Stack Pointer i RSP ac 1 2 | $FF-5P ‘'seleo e'aie
No-Operation NOP 8D 1 t | Advance Prog. Catr. Only slein'o|e
Decimal Adjust A DAA GD 1 2 gng?glr‘;gn‘nary ada of BCD charcters inio . 1 ™ ! AL f.\t
Stop STOP 8E | 1 4 s sie o|e
Wait WAIT BF 1 4 | LI I B B
Symbals: Op = Operation * Are BCD characters of upper byte 10 ar more? (They are not cleared if set in advance.)
# = Numbar of bytes
~ = Number of cycles
Table 10 Instruction Set {in Alphabetical Order)
Addressing Modes Cangition Cade
I } Bit Bit }
Mnemaonic Indexed l Indexed | Indexed | Set/ Test & : ‘
Implied | Immediate | Direct |Extended| Relative |(No Offset)! (B-But) | (16-Bity | Clear | Branch tNCZ|C
ADC x x x x | X i X Al e oA
ADD x x x x | x x A . A
AND R X x x x | " e e
ASL x ™ x x ! e o -\ [A
ASR x| i x x : DERRE
BCC ! x o ala ale
BCLR i ' x LIRS
ecs ; % | oo aln
BEQ x o[0ie ole
BHCC x o0 0 o0
BHCS x o ele o 0
BH{ i x | s e o|e
(BHS) 1 x ! | e el 0|
BIH x : ejsje &|»
Bit x i s einie’ 0
BT X X x x bt ; x ale’ vV @
(BLO} L X s a0 o
BLS % R
BMC b4 (0 s 0 0
BMI X ARILE LI ]
BMS X : : ajelo s
BNE x . o efelele
BPL x i : s[e 0 sle
BRA X i i NI
Condition Code Symbals: (to be continued)

H Half Caery (From Bi
1 Interrupt Mask

N Negative {Sign Bit)
r4 2er0

t3)

N IR ]

Carry. Borrgw
Test and Set if True, Cleared Otherwise
Not Atfacted
Load CC Registar From Stack
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Table 10 Instruction Set (in Alphabetical Order}

Addressing Modes ! Condition Code
] Bit Bit

indexed | indexed | Indexed Set Test &
Impled Immediate | Direct |Extended| Reiative |{No Offset)| (8-8it) (16.-Bit} Clear Branch

BRN ®
BRCLR
“BRSET
BSET X
BSR X
Tl
cLl
CLR
CMP X
com X
CPX x
DAA
DEC hos
£OR X
INC x
JME
J5R
LDA
LDX i
LSL i
LSR
NEG
NOP
ORA x
ROL
ROR
RSP
RTI
RTS
SBC 3 x x x x x
SEC
SEI
STA X * x x X
STOP x
STX * x «
s5uUB % X x x
swi
TAX
TST
TxA
WAIT

Mnemonic

(«J N B BN BE BN BN NE JB-J
iR AR A AN NN NN BN BN

LER BN=In BN ]

-
>

-
»

x| X x
I
x| x| X
0
X xR|[¥|X
*

e
-

XX | x

>
el

six|x|x|x]=]|x]|x]>]|x
s x| =] x| x]x|w|x
wlx| ] =|x]x

x

XX | XX

x
o,

x
®
~

S I
x
X

]

LS
-u....l'....................lI
ML AR AL IR RE AR SR R R BN BN RN AR AN R AR SN AR A BRI AL R R A O

=
-

*

L BN 2N
>
>

AR B NE B
Rl
~

»

L IEIE R R BE B BE RE N BN B BN )

LI BN BE ]
-
LEN BN BN BN |

¥ X|x|=]X
X
=
X

Condition Code Symbols:

H Half Carry {(From Bit 3)
i Interrupt Mask

N Negative {Sign Bit}

Zz Zero

Carry Borrow

Test and Set f True, Cleared Otherwise
Not AHected

Load CC Register From Stack

>0
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Table 11 Operation Code Map

Bit Manipulation Branch Read, Modify /Write Control Register /Memory
Test & Set’ !
Branch Clear Rel DIR; A X | X1 ] X0 | IMP | IMP |[IMM DiR | EXT | X2 f X1 X0
) 1 2 3lals|sf7]le]ala Bl cCc| DI E!F |—HGH
Q| BRSETO BSETO BRA NEG RTI*| — SUB 4]
1 | BRCLRO BCLRO BRN - RTS"| — CMP 1
2 | BRSET1 BSET1 BHI - - — S8C 2
3 | BRCLR1 BCLA1 BLS COM SWIt| — CPX 3L
4 | BRSET2 BSET2 BCC LSR —_ — AND 4 \%
5 1 BRCLR2 BCLR2 BCS — - — BIT 5
6 | BRSET3 BSET32 BNE ROR - - LDA 6
7 ! BRCLR3 BCLR3 BEQ ASR - |TAX"| = STA sTai+n 7
8 | BRSET4 BSET4 BHCC LSL/ASL — | CLC EOR 8
9! BRCLR4 BCLR4 BHCS ROL — | SEC ADC 9
A | BRSETS BSETS BPL DEC - {cL* ORA A
B | BRCLRS BCLRS BMI - - |SsEI* ADD B
C | BRSET6 BSETE BMC INC - RSP — | JMP{-1) C
D | BRCLRS BCLR6 BMS TST!-II[ TST I TST(~—1) [DAA" NOP | BSR*! JSR{+2) [ JSR{+1} [JSRHI:» D
E | BRSET?7 BSET7 BIL - STOP| — LDX E
F | BRCLR7?7 BCLR7 BiH CLR WAIT | TXA*| — STX STX(+1 FJ
3.5 2/5 2/3 js{v2 2 w6151+ [1/1]2/2123]34]35,241/3
INOTES) 1. “—"isan undefined aperation code.
2. The lowermost numbers in each calumn represent a byte count and the number of cycles required {byte count/mumber of cycles).
The number of cyctes for the mnemonics astariskad (*) is as follows:
ATt 8 TAX 2
RTS 5 RSP 2
Swi 10 TXA 2
DAA 2 B85R 5
STOP 4 CLt 2
WAIT 4 SEl 2
3. The paranthesized numbers must be added to the cycle count of the particular instruction.
® Additional Instructions & PRECAUTION TQ PROGRAM TRANSMITTING OR RE-
The following new instructions are used on the HD6305Y: CEIVING SERIAL DATA
DAA Converts the contents of the accumulator into BCD Be careful that malfunction may occur if SDR (SERIAL
code. DATA REGISTER: 350012) is read or written during trans:
WAIT Causes the MCU to enter the wait mede. For this mode, mitting or receiving serial data.

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