HD6303R,HD63A03R,

HD63BO3R

CMOS MPU (Micro Processing Unit)

The HD6303R is an 8-bit CMOS micro processing unit
which has the completely compatible instruction set with the
HD6301V1. 128 bytes RAM, Serial Communication Interface
(SCI), paralle! IO ports and multi function timer are incorpora-
ted in the HD6303R. It is bus compatible with BMCS6800 and
can be expanded up to 65k bytes. Like the HMCS6800 family,
I1/0 level is TTL compatible with +5.0V single power supply.
As the HD6303R is CMOS MPU, power dissipation is extremely
low. And also HD6303R has Sleep Mode and Stand-by Mode
as lower power dissipation mode. Therefore, flexible low power
consumption application is possibie,

m FEATURES
® Object Code Upward Compatible with the HD6800, HD6801,
HDB802
® Multiplexed Bus (Dy/Ay~D+/A;Az~Ag ), Non Multiplexed
Bus (Do"'D-', Ao“‘A]s)
® Abundant On-Chip Functions Compatible with the
HDB301V1; 128 Bytes RAM, 13 Paraliel 1/O Lines, 18-bit
Timer, Serial Communication Interface {SCl}
® Low Power Consumption Mode; Sleep Mode, Stand-By Mode
Minimum Instruction Execution Time
1us {f=1MHz), 0.67us (f=1.5MHz), 0.5us (f=2.0MHz}
Bit Manipulation, Bit Test Instruction
Error Detecting Function; Address Trap, Op Code Trap
Up to 65k Bytes Address Space
Wide Operation Range
Vee=3to BV {f = 0.1 ~ 0.5 MHz}
f=0.1 to 2.0 MHz (Voo = 5V £ 10%)

o000

s TYPE OF PRODUCTS
Type No. Bus Timing
HD8303R 1.0 MHz
HDB3A03R 1.5 MHz
HD83BO3R 2.0MHz

HD8303RP, HDB3AO3RP,
HD83BO3AP

{DP-40)

HD&303RF, HDE3A03RF,
HDB3BO3RF

{FP-54)

HD8303RCG,HDE3A03RCG,
HD83BO3RCG

{CG-40)
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® PIN ARRANGEMENT

® HDB303RP, HDS3A03RP, ¢ HDG303RF, HDE3A03RF, ® HDS303RCG, HDB3AO3RCG,
HD83BO3RP HDB3BO3RF HD63BO3RCG
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= ABSOLUTE MAXIMUM RATINGS

item Symbol Value Unit
Supply Voltage Vee 0.3 ~+7.0 v
Input Voltage Vi 03~ Vect0.3 v
Operating Temperature Topr 0~ +70 °c
Storage Temperature Tug 55 ~ +150 °c

[NOTE} This product has protection circuits in input terminal from high static slectricity voltage and high alectric field,
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection

circuits. To assure the normal operation, we recommend Vin, Vious | Vgs & (Vi or Ve S Ve,

® ELECTRICAL CHARACTERISTICS
& DC CHARACTERISTICS (Vge = 5.0V110%, Vgg = OV, Ta = 0~+70°C, unless otherwise noted.)

ftem Symbol Test Condition min typ } max | Unit
RES, 3TBY Vee-05] - v
Input “High* Voltage | EXTAL Vin Veex0.7] — m"; v
Other inputs 2.0 - )
input “Low" Voltage All Inputs Vi ~0.3 - | 08 \4
Input Leakage Current | NBAl, IRQ,, RES, §TBY| il Vin =05V -05V| - - 110 ] pA
Three State {off-state} | Py~Pq, P3y~Pyq, =05~
Leakage Current Do~D1, Ag~Ais livsel | Vip =05~Vcc-0.5v - - | 1.0 uA
) low = -200uA 24 - |- v
COutput "High” Volta All Qutputs \'4
tput “"High o b OH  Mon = i0pA Vo 07 = | = | v
QOutput “Low"’ Voltage | All Qutputs VoL loL = 1.6mA - - | 055} Vv
. V=0V, f=1.0MHz
t s in . N _ _ g
Input Capacitance All Inputs Cin Ta=255C 125} pF
Standby Current Non Operation I — 2.0 ] 16.0] wA
o Operating{f=1MHz**)| ~ 6.0 | 10.0
Current Dissipation® I
P CC  [Steeping (F=1MHz"*}| - 10| 20f ™°
RAM Stand-By Voltage Vaam 2.0 [ v

*V g min= Voe-1.0V, V) max = 0.8V

** Current Dissi

typ. value

of the op! g 9
values about Current Dissipations at { = x MHz operation

{f = xMHz] = typ. value {f= 1MHz2} xx

or

are decided accarding to the following formula;

max, velue {f =xMHz} = max. vaiue (f = TMHz) x x

{both the sieeping and operating}

@ HITACHI
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® AC CHARACTERISTICS (Vpg =5.0Vi10%, Vg =0V, Ta= 0~+70°C, unless otherwisa noted.)

BUS TIMING
Test HDB303R HD
ltem Symbel| Con- -~ -HDG3A03R n 63803R Unit
dition | Min | typ | max{ min |typ | max |min | typ | max
Cycle Time Toye 1 — 10 | 0668 — 10 {05 | ~ 10 ps
i Strobe Pulse Widthr | py s 220 - | = 180 = |~ [110{~| - | m
Address Strobe Rise Time tasr - [ - 20 - | - )~ |~ 200 ns
Address Strobe Fall Time tass - | - 200 — | — 200 - | - 20} ns
Address Strobe Delay Time * tasp 60| — | — - [— |20]) - | — ns
Enable Rise Time te, - - 20| — | — 20| — - 20l ms
Enable Fall Time e - J-J2|-]-j2|- |- 20| ns
Enable Pulse Width “High" Level” | PWg,, 450 — - 1300 — — {220 - | — ns
Enable Pulse Width “Low” Level™ | PWg, 450 — | ~ | 300{ — - |220| - | — ns
Address Strobe to Enable Delay™
Time e Yo o1 ASED 60} ~ | — 40— {— 20—} — | ns
Address Delay Time tany . Z | = 12504 — [= 180} - |- |160 ) ns
tapa (Fi@1 | - | ~ 1250 — 1 — 190} — 1 —J160] ns _
Address Delay Time for Latch® tapr (Fig.2 | — | ~ |260) ~ {— (190} — §— [160 | ns
Data Setun Ti Write | togw 230f — | — 11801 — | — {10l = — | ns
ata Ser-up fime Read | tosn 8] — | - | 60| — |- | 80— ]~ | ws
Read |[tun 0] - | - 0|—- |- ol - | - ns
Data Hold Time Write | tw 20| - | - | 20|- |- |20|- |- | s
Address Set-up Time for Latch™  [tagy 63 — | — 0 |- | — _‘ED - | - ns
Address Hold Time for Latch tAHL 36| - - 20| - - 20 — - ns
Address Hold Time tan 20 — - 20| - - 201 — | -~ ns
Ag ~ A Set-up Time Before E* [tagm 2000 - | - |110]|— | — 60|~ —~ | ms
-Multipiexed
Peripheral Read 313: WILPIEXE (tacen] - | — |650| - |— {386|—~ |— |27} ns
Access Time Multiplexed Bus®| {taccm ) - |~ |680)— |— |365— |- |270]| ns
Oscillator stabilization Time the Fig.8 | 20/ — | = | 20— |— L 20| =} — |ms
Processor Control Set-up Time trcs Fig.9 [200] — | — [200j— | — 200 — | — ns

"These timings change in approximate proportion 10 topg.

{= in the highest speed operation).

PERIPHERAL PORT TIMING

The figures in this characteristics represent those when toye In minimum

Test 83A03
tem Symbol | Con .HDGZIOSR -HD A03R 'Hosseoan Unit
dition | Min | typ | max | min | typ { max|{ min | typ | max
Peripheral Dat :
Se;fﬁp‘i;gm“ Port 1,2 topsy | Fig.31200f ~ | — {200 — | — {200] — | — | ns
Peripheral Dat .
H‘;“g.l%;:e a1 port 1,2 teon [Fig.3]200| — | — J200l — | — j200| — | - | ns
Delay Time, Enable Nega- Port 1
tive Transition to Peri- Itwp |Fig.4] — |~ [300| — | - {300] — | — 300 ns
pheral Data Vatid
* Except Py
O HITACHI
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TIMER, SCi TIMING

Test HDSE303R HDB3A03R HOB83BO3R .
Item Symbot | Con- - - — Unit
dition] MIn| typ| maximin] typ | maximin| typ | max
Timer Input Pulse Width towT 20 - | = J20) = | — j20f — | — |ty
Delay Time, Enable Positive .
Transition to Timer Qut troo |Fig. 5| — | — 14004 — | — | 400} - 400 ns
8C) Input Clock Cycle tscye 20| — - 1208} ~ | — 120] = | = |teye
SCI input Clock Pulse Width trwscK Q4| — 106 }04] — 08 j04] — | 0.8 | tgeye
MODE PROGRAMMING
Test HDB303R HDB63A03R HD&3BO3R .
ftem Symbal | Con- - — ~ Unit
dition | min{ typ | max{min | typ | max| min{ typ | max
AES “Low" Pulse Width PWpsTt 3 |- -B-1=131=-1-lty
Mode Programming Set-up Time | typg Fig. 8| 2 - - |2 - - |2 - — | teye
Mode Programming Hold Time tpy 150{ — | - 180} - } — |180f ~ | — ns
teve
Address Strobe
(AS)
A
«—tASt
[t AsE
s —
PWey 2
Enabl
!HE.? ¢ PWeL -
0.8V 3 ‘
ki — g
———1taDr
— elan
A 24V
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0.8V
ma— }
1451, —f fo—
—] "J\HL
———tpgy—— — | tean
MPU Write 74V X 24y )
Dy~Dy, A~y Qgﬁg“ Data Vatid S—
0.8y o X 0.8V
fo——21 ASM'
taoL oSSR ety
MPU Resct 24V Y 20V —
D,~0,, A,~A, §darass Data Valld }———
0.8V 0.8V
ttacom)

7 .
Figure 1 Multiplexed Bus Timing 1 Mot vaia
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Figure 9 Reset Timing

= FUNCTIONAL PIN DESCRIPTION mental crystal, AT cut. For instance, in order to obtain the

system clock IMHz, a 4MHz resonant fundamental crystal is
® Vee. Vss used because the devide-by-4 circuitry is included. An example
These two pins are used for power supply and GND. of the crystal interface is shown in Fig. 10. EXTAL accepts
Recommended power supply voltage is 5V £ 10%, 3 to 6V can an external clock input of duty 45% to 55% to drive. For
be used for low speed operation (100 ~ 500 kHz). externai clock, XTAL pin should be open. The crystal and
capacitors should be mounted as close as possible to the pins.
® XTAL, EXTAL

These two pins are connected with parallel resonant funda-
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AT Cut Paralle! Resonance Crystal
Co = 7 pF max
Rg = 60§ max

XTAL - B —

€(q = Cpg =10~22pF 2 20%
{3 2~ 8MHZ

EXTAL

Figure 10 Crystal Interface

o Standby {STBY)

This pin is used to place the MPU in the standby mode.
If this goes to “Low™ level, the oscillation stops, the internal
clock is tied to Vgg or Vg and the MPU is reset. In order to
retain information in RAM during standby, write “07 into RAM
enable bit (RAME). RAME is bit 6 of the RAM Control Register
at address $0014. This disables the RAM, so the contents of
RAM is guaranteed. For details of the standby mode, see the
Standby section.

® Reset (RES)

This input is used to reset the MPU. RES must be held
“Low™ for at least 20ms when the power starts up. It should be
noted that, before clock generator stabilize, the internal state
and 1/O ports are uncertain, because MPU can not be reset
without clock. To reset the MPU during system operation, it
must be held “Low” for at least 3 system clock cycles. From
the third cycle, all address buses become “high-impedance”
and it continues while RES is “Low”. If RES goes to “High™
CPU does the following.

(1) 1JO Port 2 bits 2,10 are laiched into bits PC2, PC1, PCQ of
program control register.

(2) The contents of the two Start Addresses, $FFFE, SFFFF
are brought to the program counter, from which program
starts (see Table 1).

(3) The interrupt mask bit is set. in order 1o have the CFU
recognize the maskable interrupts IRQ, and IRQ,, clear it
before those are used.

® Enable (E}

This output pin supplies system clock. Output is a single-
phase, TTL compatible and 1/4 the crystal oscillation frequen-
cy. It will drive two LS TTL load and 40pF capacitance.

& Non Maskable interrupt (NMI}

When the falling edge of the input signal of this pin is re-
cognized, NMI sequence starts. The current instruction is con-
tinued to complete, even if NMI signal s detected. Interrupt
mask bit in Condition Code Register has no effect on NMI
detection, In response to NMI interrupt, the information of
Program Counter, Index Register, Accumulators, and Condition
Code Register are stored on the stack. On completion of this
sequence, vectoring address $FFFC and SFFFD are generated
to load the contents to the program counter. Then the CPU
branch to a non maskable interrupt service routine.

HD6303R,HDE3A03R,HDE3BO3R

® Interrupt Request {IRQ1)

This level sensitive input requests a maskable interrupt
sequence. When TRQ: goes to “Low™, the CPU waits until it
completes the current insiruction that is being executed. Then,
if the interrupt mask bit in Condition Code Register is not set,
CPU begins interrupt sequence; otherwise, interrupt request
is neglected.

Once the sequence has started, the information of Program
Counter, Index Register, Accumulator, Condition Code Register
are stored on the stack. Then the CPU sets the interrupt mask
bit so that no further maskable interrupts may be responded.

Table 1 Interrupt Vectoring memory map
__Vecter | Ioterrupt
Highest Ms8 | LSB
Priority FFFE | FFFF AEE
FEEE | FFEF TRAP
- FEFC | FFFD R
FFFA | FFFB Software Inwerpt (SWIN -
FFFE | FFFS RG, tor B
FFFS | FFF7 ICE (Timar Input Capture)
FFF4 ¢ FFF5 OCF {Timer Qutput Compare} )
FFF2 | FFF3 TOF {Timer Over flow} .
Lowest FFFO | EFE3 | SC1 IRDRF + OAFE + TORE)
Priority

At the end of the cycle, the CPU generates 16 bit vecioring
addresses indicating memory addresses $SFFF8 and SFFF9, and
ioads the contents to the Program Counter. then branth to an
interrupt service routine.

The Internal Interrupt will generate signal (TRGQ;) which is
quite the same as [RQ, except that it will use the vector address
SFFFO to $FFF7,

When IRQ, and TRQ; are generated at the same time, the
former precedes the latter. Interrupt Mask Bit in the condition
code register, il being set, will keep the buth interrupts off,

On occurrence of Address error or Op-code error, TRAP
interrupt is invoked. This interrupt has priority next to RES.
Regardless of the interrupt Mask Bit condition, the CPU wall
start an interrupt sequence The vector for this interrupt will be
SFFEE, SFFEF. - -

* Read/Write {R/W)

This TTL compatible output signals peripheral and memory
devices whether CPL/ is in Read {“High"). or in Write (“Low™).
The norma! stand-by state is Read (“High”). Its vutput will
drive one TTL load and 90pF capacitance,

& Address Strobe (AS)

In the multiplexed mode, address strobe signal appears at this
pin. It is used to latch the lower 8 bits addresses multiplexed
with data at DofAe ~ D7/A. The 8-bit latch is controlled by
address strobe as shown in Figure 15, Thereby, Do/Ao ~ D7/A+
can become data bus during E pulse. The timing chart of this
signal is shown in Figure I

Address Strobe (AS) is sent out even if the internal address
is accessed.

= PORTS

There are two I/0 ports on HD6303R MPU (one 8-bit ports
and one 5-bit port). Each port has an independent write-only
data direction register to program individval [fO pins for
ifput-or output.™

When the bit of associated Data Direction Register is
1/0 pin is programmed for output, if “0™, then programmed for

uxn.
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an input,

There are two ports: Port 1, Port 2. Addresses of each
port and associsted Data Direction Register are shown in
Table 2.

* Oaly one exception is bit I of Port 2 which becomes eithera
data input or 3 timer cutput. It cannot be used as an output

port.

Table 2 Port and Data Direction Register Addresses

Data Direction

Ports Port Address Register Address
IO Port 1 $0002 $0000
/0 Port 2 £0003 $0001
® /O Port1

This is an 8-bit port, each bit being defined individually as
input or outputs by associated Data Direction Register. The
8-bit output buffers have three-state capability, maintaining in
high impedance state when they are used for input. In order to
be read accurately, the voltage on the input lines must be more
than 2.0V for logic “1” and less than 0.8V for logic “0”.

These are TTL compatible. After the MPU has been reset, ali
1/O lines are configured as inputs in Multiplexed mode. In Non
Multiplexed mode, Port 1 will be output line for lower order
address lines (Ao ~ A7), which can drive one TTL load and
30 pF capacitance.

® |/OPort2

This port has five lines, whose /O direction depends on its
data direction register, The 5-bit output buffers have three-state
capability, going high impedance state when used as inputs. In
order to be read accurately, the voltage on the input lines must
be more than 2.0V for logic “1™ and less than 0.8V for logic
“Q”. After the MPU has been reset, [fO lines are configured as
inputs. These pins on Port 2 (P20 ~ Puz of the chip) are used
to program the mode of operation during reset, The values of
these three pins during reset are latched into the upper 3 bits
(bit 7, 6 and 5) of Port 2 Data Register which is explained in
the MODE SELECTION section.

In all modes, Port 2 can be configured as I/O lines. This port
aiso provides access to the Serial I/0 and the Timer. However,
note that bit 1 (P, ) is the only pin restricted to data input or
Timer output.

» BUS
® Dy/Ag ~ DaiAq .

This TTL compatible threestate buffer can drive one TTL
load and 90 pF capacitance.
Non Muitiplexed Moda

In this mode, these pins become only data bus (Ds ~ D1).
Multiplexsd Mods

These pins becomes both the data bus (Dy ~ D,) and lower
bits of the address bus (Ay ~ A,). An address strobe output is
“High” when the address is on the pins.

® Ag~Ag

Each line is TTL compatible and can drive one TTL load and
90 pF capacitance. After reset, these pins become output for
upper order address lines (A, ~ Ajs).

® MODE SELECTION

The operation mode after the reset must be determined by the
user wiring the Pzo, P21, and P22 extemally, These thres pins are
lower order bits; /O 0, 1/0 1, 1/O 2 of Port 2. They are latched
into the control bits PCO, PC!, PC2 of /O Port 2 register when
RES goes “High™. 1/ Port 2 Register is shown below.

Port 2 DATA REGISTER

? [ ] s 4 3 2 1 ]

IIO:{IIOZIUOI [!K):l

An example of external hardware used for Mode Selection
is shown in Figure 11, The HD14053B is used to separate the
peripheral device from the MPU during reset. It is necessary if
the data may conflict between peripheral device and Mode
generation circuit,

No mode can be changed through software because the bits
5, 6, and 7 of Port 2 Data Register are read-only. The mode
selection of the HD6303R is shown in Table 3.

The HDS303R operates in two basic modes: (1) Multiplexed
Mode, {2) Non Muitiplexed Mode,

& Multiplexed Mocds

The data bus and the lower order address bus are multiplexed
in the DofAo ~ Ds/A7 and can be separated by the Address
Strobe.

Port 2 is configured for 5 parailel /O or Serial IO, or Timer,
or any combination thereof. Port [ is configured for 8 parallel
10.

s [ o]

& Non Multiptexed Mods

In this mode, the HD6303R can directly address HMCS6800
peripherals with no address latch. DyfA; ~ Dy/A; become a
data bus and Port | becomes Ay ~ A, address bus.

In this mode, the HD6303R is expandable up to 65k bytes
with no address latch.

® Lower Order Address Bus Latch

Because the data bus is multiplexed with the lower order
address bus in Do/Ao~ D1fA7 in the multiplexed mode, address
bits must be latched. B requires the 7418373 Transparent octal
D-type to latch the LSB. Latch connection of the HD6303R
is shown in Figure 15. .
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Lo Y,
b4 2z,
" | ian_|HO140S38 Note 1) Figure of Muitiplexed Mode
el 9 9, J’ 2) RCwReset Constant
) Controi 3) R, =10k
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w
Figure 11 Recommended Circuit for Mode Selection
Truth Table
?Vco — e e
Control Input On Sviitch
Inh O~ - 1 Bina z Select
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';8: Col::v?rlter ] Decoder with I e TR HD 140558
Co— - Inhibit 0 Jolo|o] ]V,
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Yo *3) Fov o [i]1]o] z)vix,
z‘o___p_._.__éﬁw - . o |s]afs] z[v]x,
Z,0 &—j—o z ~ 1 IxIxx -
Figure 12 HD14053B Muitiplexers/De-Multiplexers
Vee Vee
N [—— Enable E_L'— [ Eneble
== l«—o Wil - | e—o Nl
ETBY o0—wf j«—0 7RQ
STBY O— «—0 iR, ATE *
AES o—»] HDE303R | 5 Raw HODS303R
Dy /A, ~ O. Poct 1 MPU D, ~ D,
MPU /A ~ D1 /A, 8 Address Lines 2Das Lines
Port 1 8 Lines Ae ~ As
81/O Linas Muitiplaxed —» RS
Oata/Address
L—— Address Strobe Poct 2 A~ Ay
P 5 Paratiet L 2 Addren
so‘r,:fum As ~ A scs ] Lines
sci 8 Address Timer 1'}7
Timer Lines Vg

o

Vss

Figure 13 HDB6303R MPU Muitiplexed Mode

Figure 14 HDB6303R MPU Non Multiplexed Mode
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GNO

G OC
Dl 0|
Function Table
DufAy - Bath, 7aLs373 | T ™ ) Address A ~A,
Adcress/Data . P Output Enable Ouwput
— i b ool s o a
-+ D, G L H H H
- L H L L
i L L % a,
H X X z )
Data D,~0,
Figure 15 Latch Connection
Table 3 Mode Selection Table 4 Internal Register Area
Cperating Mode v Pae i Py, P2 Register Address
B [ MH *"‘L N Port 1 Data Direction Register** 00*
Multiplexed Mode b - , Port 2 Data Ditection Registar®* 01
L o L B H Port 1 Data Register B 02"
Non Multiplexed Mode H ; L L Port 2 Data Register o o3
L : logic "0" - Timer Controf and Status Register 08
H: logic “1" Counter {High Byte} 03
: Counter {Low Byte} oA
" MEMORY MAP QOutput Compare Regis:errll-!jgh'ByreJ oB
The MPU can provide up to 65k byte address space. Figure Output Compare Register {Low Byte) oc
16 shows a memory map for each operating mode. The first 32 Input Capture Register {High Byte} oD
locations of each map are for the CPU's internal register only, Input Capture Register {Low Bytel OE
as shown in Table 4. Rate and Mode Control Registsr 10
Transmit/Receive Control and Status Register 11
Receive Data Register 12
Transmit Data Register 13
RAM Control Register 14
Reserved 18-1F

* External address in Non Multiplexed Mode
** 1 =Cutput, 0 = Input

Non Muinpfexed
SOC00

SFESE

|NOTE]}

itter g Regarers

Exterw Menury Snace

fotey s

£ atvetar Menany Sodce

Excludes the followng addresses which may be
used externally ; 300, $02.

Muttiplexed

\; Inteinat Regaters

$0000

Inteenat RAM

£ ateenas Memocy Space

|
|
|
|

SFFFE

70

Figure 16 HD6303R Memory Maps
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= PROGRAMMABLE TIMER

The HD6303R contains 16-bit programmable timer which
may measure input waveform.In addition to that it can generate
an output waveform by itself. For both input and output wave-
form, the pulse width may vary from a few microseconds to
several seconds.
The timer hardware consists of

» an 8-bit control and status register

* a 16-bit free running counter

+ a 16-bit output compare register

+ a 16-bit input capture register
A block diagram of the timer is shown in Figure 17,

Z

HOBZIIR intemat Bug

Outpst Compae Puise

< ese-os Quipet laput
Levet E

B11 8D
Pert? Pori2

Figure 17 Programmable Timer Block Diagram

® Free Running Counter {$0009: $000A)

The key el t in the progr ble timer is a 16-bit free
running counter, that is driven by an E (Enable) clock 1o
increment its values. The counter value will be read out by the
CPU software at any time with no effects on the counter,
Reset will clear the counter.

When the MSB of this counter is read, the LSB is stored
in temporary latch. The data is fetched from this latch by the
subsequent read of LSB. Thus consistent double byte data can
be read from the counter,

When the CPU writes arbitrary data to the MSB (809). the
value of SFFF8 is being pre-set to the counter (509, $0A)
regardless of the write data value. Then the CPU writes arbi-
trary data to the LSB {S0A), the data is set to the “Low” byte
of the counter, at the same time, the data preceedingly written
in the MSB (309) is set to “High™ byte of the counter.

When the data is written to this counter, a double byte
store instruction {ex. STD) must be used. If only the MSB of
counter is written, the counter is set to SFFF8,

The counter value wrilten to the counter using the double
byte store instruction is shown in Figure 18.

To write to the counter can disturb serial operations, so it
should be inhibited during using the SCIL. If external clock
mode is used for SCI, this will not disturb serial operations.

HDB8303R,HD63A03R,HDB3BO3R

(SAF3 written to the counter]

Figure 18 Counter Write Timing

® Output Compare Register {$000B:$000C}

This is a 16-bit read/write register which is used to control an
output waveform, The contents of this register are constantly
being compared with current value of the free running counter,

When the contents match with the value of the free running
counter, a flag {(OCF) in the timer controlfstatus register
{TCSR} is set and the current value of an output level Bit
{OLVL) in the TCSR is transferred to Port 2 bit 1, When bit ]
of the Port 2 data direction register is 1" (output}, the OLVL
value will appear on the bit | of Port 2, Then, the value of Out-
put Compare Register and Output level bit may be changed
for the next compare.

The output compare register is set to SFFFF during reset,

The compare function is inhibited at the cycle of writing to
the high byte of the vutput compare register and at the cycle
just after that to ensure valid compare. 1t is also inhibited in
same manner at writing to the free running counter.

In order to write a data to Output Compare Register, 3
double byte store instruction {ex.STD) must be used,

e input Capture Register ($000D: $000E)

The input capture register is a 16-bit read-only register used
to hold the current value of free running counter captured when
the proper transition of an external input signal occurs.

The input transition change reguired to trigger the counter
transfer is controlled by the input edge bit (IEDG).

To allow the external input signal to go in the edge detect
unit, the bit of the Data Direction Register corresponding to bit
0 of Port 2 must have been cleared (to zero).

To insure input capture in all cases. the width of an input
puise requires at leust 2 Enable vycles.

® Timer Control/Status Register {TCSR| {$0008} .
This is an B-bit register. All 8-bits are readable and the lower

5 bits may be written. Thie upper 3 bits are read-only, indicating

the timer status informution as is shown below.

(1) A proper transition has been detected vn the inpul pin
ICF).

(2Y A match has been found between the value in the free
running counter and the autput compare register (OCF).

(33 When counting up to SO0000 {TOF).
Each flag hus an individual enable bit in TCSR which
determines whether or not an interrupt request may occur
(IRGz). If the I-bit in Condition Code Register has been
cleared, a prior vectored address occurs corresponding to
each flag. A description of each bit is as follows.

_ Timer Control J Status Register

7 & 5 4 3 2 1 2]
; ICFJ oce ] rosl Bict l coc l nml xsoslowﬂ 0008

Bit 0 OLVL {Output Level); When a match is found in the
value between the counter and the oulput com-
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pare register, this bit is transferred to the Port 2
bit 1. If the DDR corresponding to Port 2 bit 1 is
set “17, the value will appear on the output pin of
Port 2 bit 1.

Bit 1 IEDG {Input Edge): This bit control which transition
of an input of Port 2 bit 0 will trigger the data
transfer from the counter to the input capture
register. The DDR corresponding to Port 2 bit ©
must be clear in advance of using this function.
When IEDG = 0, trigger takes place on a negative
edge (“High'-to-*Low” transition). When IEDG =
1, trigger takes place on a positive edge {(“Low™-to-
“High" transition},

Bit 2 ETO! {Enable Timer Overflow Interruptl; When set,
this bit enables TOF interrupt to generate the
interrupt request (TRQz). When cleared, the inter-
rupt is inhibited.

Bit 3 EOCI [Enable Output Compare Interrupt); When set,
this bit enables OCF interrupt to generate the
interrupt request (JRQ2). When cleared, the inter-
rupt is inhibited.

Bit 4 EICI {Enable Input Capture interrupt}; When set, this
bit enables ICF interrupt to generate the interrupt
request (TRQ2). When cleared, the interrupt is
inhibited. .

Bit 5 TOF (Timer Over Flow Flag); This read-only bit is set
at the transition of SFFFF to $0000 of the
counter. It is cleared by CPU read of TCSR (with
TOF set) followed by a CPU read of the counter
(30009},

Bit 6 OCF {Qutput Compare Flag); This read-only bit is set
when 2 match is found in the value between the
output compare register and the counter. It is
cleared by a read of TCSR (with OCF set) fol-
fowed by 2 CPU write to the output compare re-
gister (30008 or $000C).

Bit 7 ICF (Input Capture Flag); The read-only bit is set by a
proper transition on the input, and is cleared by
a read of TCSR (with ICF set) followed by a
CPU read of Input Capture Register (S000D).

Reset will clear each bit of Timer Control and Status

Register.

s SERIAL COMMUNICATION INTERFACE

The HD6303R contains a full-duplex asynchronous Serial
Communication Interface (SCI). SCI may select the several
kinds of the data rate. It consists of a transmitter and a receiver
which operate independently but with the same data format
and the same data rate. Both of transmitter and receiver com-
municate with the CPU via the data bus and with the outside
world through Port 2 bit 2, 3 and 4, Description of hardware,
software and register is as follows.

& Wake-Up Feature

In typical multiprocessor applications the software protocol
will usually have the designated address at the initial byte of the
message. The purpose of Wake-Up feature is to have the non-
selected MPU neglect the remainder of the message. Thus
the non-selected MPU can inhibit the all further interrupt
process until the next message begins.

Wake-Up feature is re-enabled by a ten consecutive “17s
which indicates an idle transmit line. Therefore software pro-
tocol must put an idle period between the messages and must
prevent it within the message.

With this hardware feature, the non-selected MPU is re-
enabled (or “waked-up™) by the next message.

® Programmable Options
The HD6303R has the following programmable features.
- data format; standard mark/space (NRZ)
» clock source; external or internal
- baud rate; one of 4 rates per given E clock frequency or
1/8 of external clock
» wake-up feature; enabled or disabled
-interrupt requests; enabled or masked individvally for
transmitter and receiver
«clock output; internal clock enabled or disabled to Port
2bit 2 ’
+Port 2 (bits 3, 4); dedicated or not dedicated to serial
I/0 individually

® Serial Communication Hardware

The serial communications hardware is controlled by 4
registers as shown in Figure 19, The registers include:

- an 8-bit control{status register

- 2 4-bit rate/mode control register (write-only)

«an 8-bit read-only receive data register

- an 8-bit write-ondy transmit data register

Besides these 4 registers, Serial 1O utilizes Port 2 bit 3
(input) and bit 4 (output). Port 2 bit 2 can be used when an
option is selected for the internal-clock-out or the external-
clock-in.

® Transmit/Receive Contro} Status Register (TRCSR}
TRCS Register consists of 8 bits which all may be read while

only bits 0 to 4 may be written. The register is initialized to $20
on RES. The bits of the TRCS Register are explained below.

Transmit / Recsive Control Status Register

7 ] ] L) 3 2 ! L]
bﬂFlOﬁFE]VDR!] RIE LHEJ TIE 1 TE I wy !ADDH
$0011

Bit 0 WU {Wake Up}; Set by software and cleared by hardware
on receipt of ten consecutive *1”s. While this bit
is *1", RDRF and ORFE flags are not set even
if data are received or errors are detected, There-
fore received data are ignored. It should be noted
that RE flag must have already been set in advance
of WU flag’s set.

Bit 1 TE {Transmit Enable); This bit enables transmitter. When
this bit is set, bit 4 of Port 2 DDR is also forced
to be set. It remains set even if TE is cleared,
Preamble of ten consecutive “1”s is transmitted
just after this bit is set, and then transmitter
becomes ready to send data. If this bit is cleared,
the transmitter is disabled and serial /O affects
nothing on Port 2 bit 4.

Bit 2 TIE (Transmit interrupt Enable}; When this bit is set,
TDRE (bit 5) causes an TRQ:z interrupt. When
cleared, TDRE interrupt is masked,

Bit 3 RE {Receive Enable}; When set, Port 2 bit 3 can be used
as an input of receive regardless of DDR value for
this bit. When cleared, the receiver is disabled,

Bit 4 RIE {Receive Interrupt Enable); When this bit is set,
RDRF (bit 7) or ORFE (bit 6) cause an TRQz
interrupt. When cleared, this interrupt is masked.
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ceiving bit stream. When Framing Error Is de-
tected, RDRF is not set. Therefore Framing Error
can be distinguished from Overrun, Error, That is,
if ORFE is *“1” and RDRF is “1", Overrun Error
is detected. Otherwise Framing Error occurs.
The bit is cleared by reading the status register
followed by reading the receive data register, or
by RES.

Bit 7 RDRF ({Receive Data Register Fulll; This bit is set by
hardware when the data is transferred from the
receive shift register to the receive data register.
It is cleared by reading the status register followed
by reading the receive data register, or by RES,

Bit § TDRE (Transmit Data Register Empty); When the data
is transferred from the Transmit Data Register
to Qutput Shift Register, this bit is set by hard-
ware, The bit is cleared by reading the status re-
gister followed by writing the next new data into
the Transmit Data Register, TDRE is initialized
to ! by RES.

Bit 6 ORFE {Over Run Framing Error}; When overrun or
framing error occurs (receive only), this bit is set
by hardware. Over Run Error occurs if the attempt
is made to transfer the new byte to the receive
data register while the RDRF is “1”. Framing
Error occurs when the bit counter is not synchro-
nized with the boundary of the byte in the re-

Bt Rate ans Mode Controt Reglster Bit
i cct i Cm] 381 !jSo is:o
i

Trammit/Receive Contral and Status Register

[rome o dpond me | me L | v [

Recaive Dats Registar
l ;Sl 2

L1 1

fori2 (ho1 Addressablel
ax " N ]
Bit Recaive Shift Rogister
3
Clack 1 Bit Rate
e r £ Generator E
l {Not Addressablel
I Transmut Shaft Register j—l
Tw I
it 12
R
LI 11 L] e

Transrmt Data Register
Figure 19 Serial 1/O Register
7 & 5 4 3 2 1 Q
! xl x l X ’ X ICC1[CCO!SSIISSOIADDR 30010

Transfer Rate / Mode Control Register

Table5 SCi Bit Times and Transfer Rates

XTAL 2.4576 MHz 4.0 MH2 4 9152MHz
581 : S50 E §14.4 kHz 1.0 MHz 1 2288MHz
c o0 E< 16 26 us/38,400 Baud 16 13/62,500 Baud 13 ,3/76.800Baud
o 1 £+ 128 208us/4,800 Baud 128 us/7812.5 Baud 104,245/ 9.600Baud
10 £+ 1024 1,67ms/600 Baud 1.024ms/976.6 Baud 833.3u3/ 1.200Bavd
1 1 E + 4096 6.87ms/150 Baud 4,096ms/244.1 Baud 32333ms/ 30CBaud
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Table 6 SCI Format and Clock Source Control

CC1: CCO Farmat Clock Source Port 2 8it 2 Port 2Bit 3 Port 2 Bit 4
0 o - - - - -
o 1 NRZ Internat Not Used *** .- .
1 4] NRZ internal Output* . had
1 i NRZ External input Lid b

* Clock cutput is available regardiess of values for brts RE and TE,

=* @it 3 is used for serial input ! RE = "*1" in TRCS.
Bit 4 is used for serial output if TE = 1" 1n TRCS.
*** This pin can be used as 170 pert.

® Transfer Rate/Mode Control Register (RMCR}
The register controls the following serial I/O functions:
«Bauds rate +data format » clock source
=Port 2 bit 2 feature
1t is 4-bit write-only register, cleared by RES, The 4 bits are
considered as a pair of 2-bit fields, The lower 2 bits control the
bit rate of internal clock while the upper 2 bits control the
format and the clock select logic.
Bit D 850 p
Bit | SSI} Speed Select
These bits select the Baud rate for the internal clock. The
rates selectable are function of E clock frequency of the CPU,
Table 5 lists the available Baud Rates.
gi:zli%%ol } Clock Control{Format Select 7
They control the data foermat and the clock select logic.
Table 6 defines the bit field.

¢ [nternaily Generated Clock

If the user wish to use externally an internal clock of the
serial 1/0, the following requirements should be noted.

+CC1, CCO must be set to “107.

« The maximum clock rate must be Ef16.

»The clock rate is equal to the bit rate.

» The values of RE and TE have no effect.

& Externally Generated Clock
If the user wish to supply an external clock to the Serial
10, the following requirements should be noted.
+The CCI, CCO must be set to “117 {See Table 6},
«The external clock must be set to 8 times of the desired
baud rate.
+ The maximum external clock frequency is Ef2 clock.

o Serial Operations

The serial I/O hardware must be initialized by the software
before operation, The sequence will be normally as follows.

-Writing the desired operation control bits of the Rate and

Mode Control Register.

*Writing the desired “operation control bits of the TRCS

register.

If Port 2 bit 3, 4 are used for serial I/O, TE, RE bits may be
kept set. When TE, RE bit are cleared during SCI operation,
and ‘subsequently set again, it should be noted that TE, RE
must be kept “0° for at least one bit time of the current baud
rate, If TE, RE are set again within one bit time, there may be
the case where the. initializing of internal function for trans-
mitter and receiver does not take place correctly.

e Transmit Operation
Data transmission is enabled by the TE bit in the TRCS

register. When set, the output of the transmit shift register
is connected wifh Port 2 bit 4 which is unconditionally con-
figured as an output,

After RES, the user should initialize both the RMC register
and the TRCS register for desired operation. Setting the TE bit
causes a transmission of ten-bit preamble of **1”s. Following the
preamble, internal synchronization is established and the trans-
mitter is ready to operate. Then either of the following states

T exists.

(1) If the transmit data register is empty {TDRE = 1), the
consecutive “17s are transmitted indicating an idle
states.

(2) ¥ the data has been loaded into the Transmit Data
Register {TDRE = 0), it is transferred to the output
shift register and data transmission begins.

During the data transfer, the start bit (*0") is first trans-
ferred, Next the 8-bit data (beginning at bit 0) and finally the
stop bit (*“1”). When the contents of the Transmit Data Register
is transferred to the output shift register, the hardware sets the
TDRE flag bit: If the CPU fails to respond to the flag within
the proper time, TDRE is kept set and then a continuous string
of P’sis sent until the data is supplied to the data register.

® Receive Operation

The receive operation is enabled by the RE bit. The serial
input is connected with Port 2 bit 3. The receiver operation
is determined by the contents of the TRCS and RMC register.
The received bit stream is synchronized by the first “07 (start
bit). During [0-bit time, the data is strobed approximately at
the center of each bit. If the tenth bit is not “I™ (stop bit),
the system assumes a framing error and the ORFE is set.

If the tenth bit is “17, the data is transferred to the receive
data register, and the RDRF flag is set, If the tenth bit of the
next data is received and still RDRF is preserved set, then
ORFE is set indicating that an overrun error has occurred.

After the CPU read of the status register as a response to
RDRF flag or ORFE flag, followed by the CPU read of the
receive data register, RDRF or ORFE will be cleared.

= RAM CONTROL REGISTER
The register assigned to the address 30014 gives a status
information about standby RAM.

RAM Control Register
I 5 5 4 3 2 1 1]
:ooul“,,v:: Inmzlxlxlx[xlx lx]
Bit 0 Not used.

Bit ¥ Not used.
Bit 2 Not used.
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Bit 3 Notused.
Bit 4 Not used.
Bit5 Notused.
Bit 6 RAM Enable (RAME).

Using this control bit, the user can disable the RAM. RAM
Enable bit is set on the positive edge of RES and RAM is
enabled. The program can write “1” or “0”. If RAME is
cleared, the RAM address becomes external address and the
CPU may read the data from the outside memaory.

Bit 7 Standby Power Bit (STRY PWRI}

This bit can be read or written by the user program. It is
cleared when the Voc voltage is removed. Normally this bit
is set by the program before going into stand-by mode. When
the CPU recovers from stand-by mode, this bit should be
checked, If it is “1”, the data of the RAM is retained during
stand-by and it is valid.

W GENERAL DESCRIPTION OF INSTRUCTICN SET

The HD6303R has an upward object code compatible with
the HD680!1 to utilize all instruction sets of the HMCS6800,
The execution time of the key instruction is reduced to increase
the system through-put. In addition, the bit operation instruc-
tion, the exchange instruction between the index and the
accumulator, the sleep instruction are added. This section
describes: .

* CPU progranmyming model {See Fig. 20)

* Addressing modes

- Accumulator and memory manipulation instructions (See

Table 7)

*New instructions

+Index register and stack manipulation instructions (See

Table 8)
+ Jump and branch instructions (See Table 9)
-Condition code register manipulation instructions (See
Table 10)
*Op-code map (See Table 11)
+ Cycle-by-cycle operation (See Table 12)

® CPU Programming Model

The programming model for the HD6303R is shown in Fig-
ure 20. The double accumulator is physically the same as the
accumulator A concatenated with the accumulator B, so that
the contents of A and B is changed with executing operation of
an accumulator D.

* r'i li____g___o 8 B Accumulatons A snd B
N © ab Or I8 Bt Double Accumutater D

fes x 9] index Register (%)
[rs = o] Sweck Painter 15P1
[ PC o] Program Counter IPC)

i ]

I -E I!HI [ niglv c! Candition Code Register (CCR}E
} L CarryfBorrow from MSB
Cvariiow

Zero
L Negative

Interrupt

Hall Carry [From Bt 3)

Figure 20 CPU Programming Model

® CPU Addressing Modes
The HD6303R has seven address modes which depend on
both of the instruction type and the code. The address mode for

HD6303R,HD63A03RHDE3BO3R

every instruction is shown along with execution time given in
terms of machine cycles (Table 7 to 11). When the clock
frequency is 4 MHz, the machine cycle will be microseconds.
A i {ACCX] Addressing

Only the accumulator (A or B) is addressed. Either accumula-
tor A or B is specified by one-byte instructions,
Immediate Addressing

In this mode, the operand is stored in the second byte of the
instruction except that the operand in LDS and LDYX, etc are
stored in the second and the third byte, These are two or
three-byte instructions.
Direct Addressing i

In this mode, the second byte of instruction indicates the
address where the operand is stored. Direct addressing allows
the user to directly address the lowest 256 bytes in the machine;
locations zero through 255, Improved execution times are
achieved by storing data in these locations. For system
configuration, it is recommended that these locations should be
RAM and be utilized preferably for user’s data realm, These are
two-byte instructions except the AIM, OIM, EIM and TIM
which have three-byte.
Extended Addressing

In this mode, the second byte indicetes the upper § bit
addresses where the operand is stored, while the third byte

' indicates the lower 8 bits. This is an absolute address in

memory. These are three-byte instructions.
Indexed Addressing

In this mode, the contents of the second byte is added to the
lower 8 bits in the Index Register. For each of AIM, OIM, EIM
and TIM instructions, the contents of the third byte are added
to the lower 8 bits in the Index Register. In addition, the result-
ing “carry” is added to the upper 8 bits in the Index Register.
The result is used for addressing memory. Because the modified
address is held in the Temporary Address Register, there is no
change to the Index Register. These are two-byte instructions
but AIM, CIM, EIM, TIM have three-byte.
implied Addressing

In this mode, the instruction itself gives the address; stack
pointer, index register, etc. These are ! byte instructions.
Relative Addrassing

In this mode, the contents of the second byte is added to the
lower 8 bits in the program counter. The resulting carry or
borrow is added to the upper 3 bits. This helps the user to
address the data within 2 range of —126 to +129 bytes of the
current execution instruction. These are two-byte instructions.
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Table 7 A T, ' p ion Instructions

. Condition Code

" Addrasiing Modes ) Ragister
IMMED | DIRECT | INDEX_ | EXTEND [ IMPLIED A pd sfa[3fz]1]o

OP [~ |#|om |~ |n|OP|~|a]OP |~ n|OP|~1s H|1 [Nz |v]C

Add ADDA_ {88 {22 (6B |3 |2 AB 4|2 8B4 {3 A+ M~ A BOBEBBE
appe  |caf2iz2fos{32{esl4]2]rB|4]3 8+M~8 tfelt|3 8]

Add Dooble ADDD lc3i3ia|oaisfziex|sj2ir3|s}a AB+M: MIT~+A:B |ela|s]E]s]8
Add Accumulators | ABA 1B 1|1 [A+B—A RO
Add With Carry Apca (se{22le9iaj2fan|4[2]B9 |4[3 A+M+C~A slelslsit}s
Apcs o9 j2j2 |pg|3(2jegs|4l2lFo 4|3 B8+M+C-8 tlelsfsit]s

AND ANDA |84 [212(94 [3[2]ae{4]2 B4 [a]3 AM~A elsitlt|R]e
ANDB  [cal2]|2lpafafalea]a]2ra|e]a B8-M—8 ele|tftR]e

Bit Tert BIT A 85 |2)2195 |32 |A5}412 8543 AM etefiitiR]e
BIT8 {cs|2|2|os(3f2lesjaf2rs |43 [ efeftitiR]e

Chear CLR 6F |[5]2 [7F [5]a 00~ M e |s R[S R|A
CLRA 4F {1 ]1 |00~ A +|siR{S|R|A

CLRE SFi{11]o0-8 efle|Als[R]R

Compare cMPA (81 |2]2 091 [3f2 [m]af2]s1[4]s A-M e le|ts]s]s
cwPB  [c1f2f2ipyfai2ler|aj2(F1{a]3 B -M BOBBAE

Compare cea 1 {1{r|a-s oo lsts]e]s
Comptament, 1 cOM s63|sf2]7aisia MM slaftttin|s
COMA CERELEL s eliji[A|S

coMB s3[1[1[8~B ele[t[i|R]S
© s NEG 0 [sf2]76 s i3 00-M—~M s lel71f 0P
(Negare) NEGA w011 ]Joo-a~a NOANCCEE
) NEGE 50 |1]1]00-8-8 sje it} DT
T 0 oo oo e |+ = ¢ [e [+ 19
Decrament DEC. erici2 |7a e |3 M-1-8 e leftli|@le
DECA 4ATY (1 IA-1+A& OB RD

DECS salif1iB-1-8 siejift]|D]e

Exclutive OR €ORA is8 {2]2]es |3 [2}asla]2e3 (43 ADM=A efs it [R]e
€one  ics {2]2]pal3 (2les (a2 [Fe a3 B @M~ 8 s[s[3[TIR[e

$ncrement NG 6C /812 {7C 8|3 M+l =M olailitiDle
INCA aciifrjavi-a efefilti®e

INCB sci1ii1{s+i-8 o o |17 Do

Load LoAA 196 |2 12 /98 |3 |2 |a6 |42 |86 [4]3 M-~ A elelt[t|R]e
Accumulator LDA®  Ics [z |2 063 |2 |e6 |4 2 [Fe 4|3 M-8 efeitisinle
Loed Double wb  lecis|sfocls |2 |ec|s |2 fFeis |3 ME1=BM=~A ejelsisn]e
Multiply Unsigned |  MUL 7|1 {axB~A:B oo |e|nls|D
OR, Inclusive oRAA  [Baf2]2]safa2]aa[4]2]BAl4]3 AtM~A oo |t{TIR[e
ORAB |CA[2|2|DA[3 [2|EA|4 |2 |FA|4 |3 (XL EX] DICHEBLC

Push Dats PSHA 36 {4 |1 A~ M, SP- |~ &P 00000
PSHB 37 A1 |8~ M, SP-1-5F ejejofain]s

Pull Oata PULA 32[3[1]|SP+1~5P Mo~ A efe|s|oje]e
PULE 33[3|{1|5P+1+5P, Mo—~B sjojelejele

Rotate Left ROL 00 (86[2{79 |62 " eloftltimt
ROLA 4911,\]@ OB
ROLE EXEIEAL ? I ERL 1S

Rotare Right ROR 86 (6]2|76 (613 ] o e 1T TI®[
Roa 7] ) e e e

RORB 66[1(1]°* DOBHEE

Note) Condition Code Register will be explsined in Note of Table 10,
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Table 7 Accumulator, Memory Manipulation instructions

Addresting Modes o
Oparatians Mnemanie \MMED | DIRECT | INDEX |EXTEND | IMPLIED | 4, S00i88 s[+]3lz[1]o
op |~ |#|op[~{#|or|~lulor|~lsior|~|# uliinizivle
Shift Left ASL s |5]2178 |6|3 " oloit]s 811
ASLA &ssaa}g—mo.-ez 7
ASLB s{1]1]8 » ® TR T
Doubls Shift TR
Doublesritt | aso o6 |1 |1 |G- E oo o o |1 |1 )¢
Shift Right ASR 87 |8 [2177 8|23 E'} —_— wie|$d 3
Arithmetic FErTY TAERE A’%:EDIEQ-? OO0
ASRS 67 [1]1|" sfefa ]t @t
$hift Right LsR 64 |6 (274|813 " . o (e in]: (B3
Logical LSAA " su}o-gmmgg o (o In]: (DIt
LSR8 54 (1]1(% o lojnft 3
Double Shift [ b
e S LSRD o4 |1 |1 |- TEXIZT ] ole Rt 1Bt
Store STAA 97 {3 |2 |AT[4 |2 [B7 |43 A M o ltli[R]e
Accumulator STAB G713 |2 |€7 |4 |2 |F7 |4 (3 [T efeltit|R]e
Stors Double A M
Stors Double sTD poj4 |2 |eo|s |2 {Fo[s |3 A aleftisin]e
Subtract susa  iso[212 o0 [s[2]anf4 {2 [mo]a]a A-MoA ofeltitit |t
suse__ | co[2]2|00|3 |2 |E0 4|2 [FOl4]3 2-MoE DBAE
Doubie Subtract SUBD 183 [3{3]93 |4 |2 |A3|5 |2 B3 |63 A:B-M:M+1-A:B |elo|t|t|F]¢
Subtract SBA 10 (1] |A-Bwa sfelsfs|tis
Subract SBCA 192 212 |92 |2 |2 |AZ|4 |2 [82 |4 13 A-M-CoA ele (it ]3]t
With Cacry SBC8__ |C2 |2|2 D2 |3 |2 [E2|4[2 [F2 |4 |3 6-M-C-8 LS CAEY ENER E
Trandfer TAR 161 11{A=8 efofi [T
Aecumulators TBA 7 11 |Boa s slt[f|R]e
Test Zero or TST 6D|4 27014 |3 M-00 sleli |t R
Minus TSTA 0|11 ]|A-00 e [t[t[R[R
T5TB S0 |1 |1]B-00 sl [t[t IR[R
And Immediate A 71|6laie1|7]3 MIMM—M ele|i|3|R]|e
OR Immediste om 12|8laiez]7[3 M+IMM—M elefifiiR]e
ECR Immediate EiM 75} 8i3]65[ 73 MDIMM—M eolejiji|Rle
Test Immediate ™ 78[a{3[ea|5|3 MMM ele]i]tfnle
Note) Condition Code Register will be explained in Note of Table 0.
& New Instructions TIM- - -- (M) * (IMM)

In addition to the HD6801 Instruction Set, the HD6303R
has the following new instructions:
AIM---- (M) - (IMM) + (M)
Evaluates the AND of the immediate data and the
memory, places the result in the memory.
OIM---- (M) + (IMM} ~ (M)
Evaluates the OR of the immediate data and the
memory, places the result in the memory,
EIM----Q) @ (IMM) - (M)
Evaluates the EOR of the immediate data and the
memory, places the result in the memory.

Evaluates the AND of the immediate data and the
memory, changes the flag of associated condition code
register
Each instruction has three bytes; the first is op-code, the

second i§ immediate dats, the third is address modifier.

XGDX--{ACCD) «+ (IX)
Exchanges the contents of accumulator and the index
register.

SLP----The MPU is brought to the sleep mode. For sleep
maode, see the “sleep mode™ section,
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Table 8 Index Register, Stack Manipulation instructions
Addrassing Modas c""g?;’:.?"d'
Painter Operations | Mnemone | {yED | DIRECT | INDEX | EXTEND |IMPUIED | Arithmetic Opsration |5 1413 [2]1]0
OP [~i#loP|~#|0P[~|*|OP[~[# 0P|~ 1# NNNATIE
Compare Index Reg CPX sc|3laisc|elz{ac|sizac]s X-MM+1 sfelpfeltfs
Decrsment Index Reg | DEX i CT T T ie]itrx-1~x sisle[t]e]e
Decramant Stack Patr DES 34 {11 |SP-1—SP sisjejajeisn
Increrant Index Reg IN;( T - ““08 T X441 X “iele 4 o ]s
incrament Stack Pntr NS 311 [SFvioop ~ - sielaafs]s
Load Indéx Reg LoX CE|3[3|pela|2{EE|5|2 |FE 53| M= Ky, M*~ X, |els|@|i|R]e
Loud Stack Prtr Los ag [3[3lge 4|2 AEl5 2(BE [5]2 M= SPy, (Me11~SP, | & |® |@}i A"
Store Index Rag §TX DF (412 (EF i512{FF (5|3 Xpu~M X (3] [sjeiBis|nje
Store Stack Priar $TS oF |4 |2 |AFI5|2]8F [513 5Py ~ M, SP_ = (M+1} |e e [DIFIR]|e
index Freg ~ Stack Patr| TXS T7 ’ 38 (1|1 |X-1~80 elelejofele
Stack Prtr - index Airg| TSX BEER I T TP x el s [efele
Add ABX AT 1T B+X~X siejein|nie
Push Dats PSHX i TT 3C {5 {1 [X ~Myp,SP-1=5P (s]e e |sfele
] Xu = My, SP = 1+ SP
Pull Data PULX TB{A |1 [SP+1-SP, M Xy [ |w|@]s]s]e
5P+ 10 SP, My = X
Exchangs XGDX 18 [2 |1 |ACCD~IX sisisieiale
Note} Condition Code Register will be explained in Note of Table 10.
Table 8 Jump, Branch Instruction
Addressing Modes Condition Code
. - Registor
Operations Mnemonic [ pe| ATIVE | DIRECT | INDEX |EXTEND |IMPLIED Sranch Test s{alalz[1]o
op[~T#or[~[»lor[~[¥[or [~ [#]oP|~]# Hii[nizfv]c
Branch Alwsys BRA 20[{3}2 None sis|sfafels
Branch Nsver BRN 21§32 None LEERE AT -
Branch If Carry Clesr | BCC 24[3)2 B T U T T [exo TeleTsletlels
Branch (f Carry Set (3 25|32 1 11 e sTelsle
Branch f = Zero BEQ 27132 1A 1T T Iz vle|slw
Branch It > Zero BGE 2ci3l2 N@®V=0 clelele
Rranch 1 > Zaro BGT 2|32 T~ o TT [zemew-o | :
Branch If Higher BHI 221312 ] ) BT .
Branch 1 < Zero BLE 2#]3l2] T T L Tevmewiaa slels]e
g,r'a:':hlfLowNOr LS 23iaiz C+Zmy slelofein]s
Branch I < Zero BLT oialz) | | 11T TIN®ve1 sisfeleie]e
Branch if Minus BMI 281312 EEEREE N1 els|sisfe]e
Deanch If Not Equal aNE 2832 z-0 slofeflelele
Branch If Overtiow svc  [28]aj2 v=o elofofefefs
Branch If Overfiow Sst|  8vS ENERE i T va1i e
Seanch It Pius sPL PYSERE] B T 17 N-O el
Branch Yo Subroutine | BSR 80|52 | ] 30
Jump IMP [BEZ[2PE3 3 0
Jump To Subroutine ISR 90 [5 |2 [AD[6 |2 [8D |6 |3 B o
No Operation NOP 1 lo [ ]s SapwncesProg. Catr. g 1o
Rstum From Interrupt] RTI 38 (101
Boftwars Interrupt 1 3F [i2[1 | DB
Wait for Interrupt* WAL 3E |§ ‘T— T‘(‘i’)
SLP 1A 14 [ e|e

Notel *Wal puts R/W high; Address Bus goes to FEFF; Data Bus goes 1o the three state.
Condition Code Register will be explained in Note of Table 10,
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Table 18 Condition Code Register Manipulation Instructions

a Condition Code Aegister
Optrations IMPLIED Boolean Operation s14/3]2]110
OF | ~ | H tiN|Z IV C
Ciaer Corry CLC ec 11 |1 0=C «| s s &R
Chasr Interrupt Mask CLI CE |1 [1 o1 I NLEEAERERE]
Closr Overflow cLV oA 1 f 4T 4 g~V bl NE Rie
Sot Carry SEC oo |1 |1} IRECE HEIRE [s_
Set [ntersupt Mesk SEI OF |31 |1 11 s iS|e .
Set Overfiow SEV o8 |1 [1 1=V T T o
Accumuletor A - CCR TAP 06 1 1 A- CCR
CCR —~ Accumulator & TPA o7 |1 11 CCR =~ A sl .

[NOTE 1} Cond:tnon Cade Register Notes: {Bit set if test is true and cleared otherwise}
Resuit = 100000007
Result ¥ 000000007 -

BCD Character of high-order byte greater than 97 {Not cleared if prewouslv set}
Operand = 10000000 prior to execution?

QOperand = 01111111 prior to execution?

Set equal to NeC=1 after the execution of instructions
Result less than zero? {Bit 15=1]
Load Condition Code Register from Stack.
Set when interrupt occurs, If previously set, 3 Non-Maskable interrupt is required to axit the wait
state,
Set according to the contents of Accumufator A,
Result of Multiptication Bit 7= 1 of AC‘,CB7

[NOTE 2} CLI instruction and § interrupt,

{Bit V)
{Bit C}
{Bit C}
{Bit Vi
{Bit V)
{Bit V}
{Bit N}
[AH Bit)
[Bit 1}

{All Bit}
{Bit C}

@@ clelelollolelc i)

£ interrupt mask-bit is et I="1"} and interrupt is requested {TRG, =

Test:
Test:
Test:
Test:
Test:
Test:
Test;

and then CL.| instruction is executed, the CPU responds as foliows.
The next instruction of CLI is one-machine cycle instruction.

Subsequent two instructions are executed before the interrupt is responded.

That is, the next and the next of the next instruction are executed.

The next instruction of CL} is two-machine cycle {or more) instruction.

Only the next instruction s executed and then the CPU jump to the interrupt routine.
Even if TAP instruction is used, instead of CLI, the sama thing cccurs.

Table 11 OP-Code Map

= 0" or THO,; ="

oP ace [ ace | e ACCA or 57 ACCBor X |
CODE I Y 8 IR"[ MM [ DIR | IND | EXT | IMM | DIR | IND | EXT

HE | o00g | oomt { oo | o0n | o100 | 010r | 015 | oia | 1000 | tedr | wowo | to1t | 1000 | vt | 1me | 1
o 0 1 2 3 + 5 ] 7 s 3 A c o | E F
0000 0 SBA | BRA | TSX NEG SUB [
0001 | 1 | NOP | CBA | BRAN [ INS T am ChP_ ERE
] BHI [ PULA | om SBC 2
w9 BLS | PULB tom SUBD ] ~ AODD _ 3
0100 4 | LSRD BCC | DES LSR AND [
0101 | § | ASLD BCS [Txs 1 EM BIT 5
0110] 6 | TAP [ TAB | BNE | PSRA AGR LDA 3
011 7 [TPA | TBA | BEQ | PSHB ASR STA L1 8TA [
1000 8 | INX [ XGDX|BVC | PULX ASL EOR 1
10t] 5 | DEX | DAA |GVS | RTS ROL ADC s
1010} A [CLV [SLP [ BPL | ABX DEC . ORA &
W) (B | SEV [ABA |BMI | ATI T ™ ADD e
1100 | c | cLC BGE | PSHX INC cex 1 LDD <
EIRES BLT [MuL TST BSR | JSR ] §TD D
INEEY 8GT | WAl IMP DS LOX 3
1| F | S8 BLE | SWI CLR STS §TX F

] [ 2 3 [ 5 | 6 | 7 s [ 9 | oa] c o[ e [F

UNDEFINED OP CODE —1
* Oniy for instructions of AIM, QiM, EIM, TIM

G HITACHI
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® [Instruction Execution Cycles

In the HMCS6800 series, the execution cycle of each instruc-
tion is the number of cycles between the start of the current
instruction fetch and just before the start of the subsequent
instruction fetch.

The HD6303R uses a mechanism of the pipeline control
for the instruction fetch and the subsequent instruction fetch
is performed during the current instruction being executed.

Therefore, the method to count instruction cycles used in
the HMCS680C series cannot be applied fo the instruction
cycles such as MULT, PULL, DAA and XGDX in the HD6303R.

Table 12 provides the information about the relationship
among each data on the Address Bus, Data Bus, and BR/W status
in cycle-by-cycle basis during the execution of each instruction.

Table 12 Cycle-by-Cycle Operation

Adﬁ}mcﬁ(‘:ﬁ: & l Cycles | Crclo ‘ Address Bus R/W ! Data Bus
IMMEDIATE
ADC ADD 1 Op Code Address+1 1 Operand Data
AND BIT 2 Op Code Address+2 1 Next Op Code
CMP  EOR 2
LDA CRA
SBC SuUB
ADDD CPX 1 Op Code Address+1 1 Operand Data (MSB}
LDD LDs 3 2 Op Code Address+2 1 QOperand Data {LSB}
LDX SUBD 3 Op Code Address+3 1 Next Op Code
DIRECT
ADC ADD 1 Op Code Address+1 1 Address of Operand {LSB)
AND BIT 2 Address of Operand 1 Operand Data
CMP ECR 3 3 Op Code Address+2 1 Next Op Code
LDA ORA
SBC SUB
STA 1 Op Code Address+{ 1 Destination Address
3 2 Destination Address (o] Accumuiator Data
3 Op Code Address+2 b Next Op Code
ADDD CPX 1 Op Code Address+1 1 Address of Operand {LSB)
LDD LDS 4 2 Address of Operand 1 Operand Data {(MSB}
LDX SUBD 3 Address of Cperand+ 1 1 Opserand Data {LSB)
4 Op Code Address+2 1 Next Op Code
STD STS 1 Op Code Address+ 1 1 Destination Address {LSB}
§TX 4 2 Destination Address ) Register Data (MSB}
3 Destination Address+ 1 [+ Register Data (LSB)
4 Op Code Address+2 1 Next Op Code
JSR 1 Op Code Address+ 1 1 Jump Address {LSB)
2 FFFF 1 Restart Address {LSB}
5 3 Stack Pointer o} Return Address |LSB)
4 Stack Pointer—1 0 Return Address (MSB)
5 Jump Address 1 First Subroutine Op Code
TIM 1 Op Code Address+1 1 immediate Data
4 2 QOp Code Address+2 1 Address of Operand {LSB}
3 Address of Operand 1 Operand Data
4 Op Code Address+3 1 Next Op Code
AIM EIM 1 Op Code Address+1 1 Immediate Data
OiM 2 Op Code Address+2 1 Address of Operand (LSB}
8 3 Address of Operand 1 Qperand Data
4 FFFF 1 Restart Address (LSB)
5 Address of Operand o New Operand Data
8 Op Code Address+3 1 Next Op Code

80
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Table 12 Cycle-by-Cycle Operation {Continued)

Addrass Mode & Cycles | CYcle . Address Bus R/W ! Data Bus
Instructions #
INDEXED
JMP 1 Op Code Address+ 1 1 Offset
3 2 FFFF 1 Restart Address (LSB}
3 Jump Address 1 First Op Code of Jump Routine
ADC ADD 1 Op Code Address+1 1 Offsat
AND BIT 2 FFFF 1 Restart Address (LSB)
CMP EOR a 3 IX+Offset 1 Operand Data
LDA ORA 4 Op Code Address+2 1 Next Op Code
SBC sSuB
TST
STA 1 Op Code Address+1 1 Offset
4 2 FFFF ) 1 Restart Address (LSB}
3 IX+Offset 0 Accumulator Data
4 Op Code Address+2 1 Next Op Code
ADDD 1 Op Code Address+ 1 1 Offset
CPX LDD 2 FFEF 1 Restart Address {LSB}
LDS LBX 5 3 IX+Offset 1 Operand Data {MSB)
SUBD 4 [X+Offset+1 1 Operand Data (LSB}
5 Op Code Address+2 1 Next Op Code
STD 515 1 Op Code Address+1 ] Offset o
STX 2 FFFF 1 Restart Address (LSB}
5 3 1X+Ofiset 4] Register Data {(MSB}
4 X +Offset+ 1 o] Register Data {LSB}
5 Op Code Address+2 1 Next Op Code .
J5R ] Op Code Address+ 1 i Offset
2 FFFF 1 Restart Address (LSB}
5 3 Stack Pointer [0} Return Address {LSB)
4 Stack Pointer—1 ] Return Address {MSB}
5 1X +Offset 1 First Subroutine Op Code
ASL ASR 17| Op Code Address+1 1 | Offset
COM DEC 2 FFFF 1 Restart Address {LSB)
iNC LSR & 3 IX +Offset 1 Cperand Data
NEG ROL 4 FFFF 1 Restart Address {LSB}
ROR 5 IX+0Offsat 4] New Operand Data
8 | Op Code Address+2 1 Next Op Code
TIM 1 Op Code Address+ 1 1 Immediate Data
2 Op Code Addrass+2 1 Offset
5 3 FFFF 1 Restart Address (LSB}
4 IX +Offset 1 Operand Data
5 | Op Code Address+3 1 Next Op Code
CLR 1 Op Code Address+ 1 1 Offset
2 FFFF 1 Restart Address (LSB)
5 3 IX+Offset 1 Operand Data
4 IX+Offset 0 00
5 | Op Code Address+2 1 Next Op Code
AW EIM 1 7| Op Code Address+1 1 | immediate Data
[o]1.1] 2 Op Code Address+2 1 Offset
3 FEFF 1 Restart Address (LSB}
7 4 1X+Offset 1 Operand Data
5 FFFF 1 Restart Address (LSB)
[ 1% 4+ Offset [+) New Operand Data
7 Op Code Address+3 1 MNext Op Code

O HITACHI
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Table 12 Cycle-by-Cycle Operation {Continued)

Address Mode &

Instrections inclas CY;“’ Address Bus l RAW i Data Bus
EXTEND )
JMP 1 Op Code Address+1 1 Jump Address {MSB}
3 2 Op Code Address+2 1 Jump Address (LSB}
L 3 Jump Address _ 1 Next Op Code
ADC ADD TST 1 Op Code Address+ 1 1 Address of Operand {(MSB}
AND BIT a 2 Op Code Address+2 1 Address of Operand {LSB)
CMP EOR 3 Addrsss of Operand 1 Operand Data
LDA ORA 4 Op Code Address+3 1 Next Op Code
SBC suB o . .
STA 1 Op Code Address+ 1 1 Destination Address {MSB}
4 2 Op Code Address+2 1 Destination Address {LSB)
3 Destination Address o] Accumulator Data
4 Op Code Address+3 1 Next Op Code
ADDD 1 Op Code Address+ 1 1 Address of Operand {(MSB}
CPX LDD 2 Op Code Address+2 1 Address of Operand {LSB)
LDS LDX 5 3 Address of Operand 1 Operand Data (MSB)
SUBD 4 Address of Operand + 1 1 Operand Data {LSB}
L 5 Op Code Address+3  _ 1 Next Op Code B
STD STS j 1 Op Code Address+1 1 Destination Address {MSB]
STX H 2 Op Code Address+2 1 Destination Address {LSB)
i 5 3 Destination Address 0 Register Data (MSB)
4 Destination Address+ 1 0 Register Data {LSB)
B 5 Op Code Address+3 1 Next Op Code
ISR [ i Op Code Address+1 1 Jump Address (MSB}
2 Op Cods Addrass+2 1 Jump Address {LSB}
6 3 FFFF 1 Restart Address (LSB}
4 Stack Pointer ., 0 Return Address (LSB)
5 Stack Pointer—1 o] Return Address (MSB)
) 5 Jump Address 1 First Subroutins Op Code
ASL ASR 1 Op Code Address+ 1 1 Address of Operand {MSB}
COoM BEC 2 Op Code Address+2 1 Address of Oparand {LSB}
INC LSR 6 3 Address of Operand 1 Operand Data
NEG ROL 4 FFFF 1 Restart Address (LSB)
ROR 5 Address of Operand O New Cperand Data
L 8 Op Code Address+3 1 Next Op Cods
CLR - 1 Op Code Address+1 1 Address of Operand (MSB}
2 Op Code Address+2 1 Address of Operand (LSB)
5 3 Address of Operand 1 Operand Data
4 Address of Operand [} 00
5 Op Code Address+3 1 Next Op Code
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Table 12 Cycle-by-Cycle Operation {Continued}

Address Mode & |Cycles Cycle Address Bus R l Data Bus
Instructions #
IMPLIED
ABA ABX 1 Op Code Address +1 1 Next Op Code
ASL ASLD
ASR CBA
CLC cul
CLR cLv
COM  DEC
DES DEX
INC INS
INX LSR 1
L{SRD ROL
ROR NCP
SBA SEC
SE! SEV
TAB TAP
TBA TPA
TST TSX
TXS
DAA XGDX 2 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
PULA PULB 1 Op Code Address+1 1 Next Op Code
3 2 FFFF 1 Restart Address {LSB)
3 Stack Pointer +1 1 Data from Stack
PSHA PSHB 1 Op Code Address+1 1 Next Op Code
4 2 FFFF 1 Restart Address {LSB)
3 Stack Pointer a Accumulator Data
4 Op Code Address+ 1 1 Next Op Code
PULX 1 Op Code Address +1 1 Next Op Code
a 2 FFFF i Restart Address (LSB}
3 Stack Pointer+1 1 Data from Stack {MSB)
4 Stack Painter +2 1 Data from Stack (LS8}
PSHX i Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LS8}
5 3 Stack Pointer o index Register {LSB}
4 Stack Pointer—1 g Index Register (MSB}
5 Op Code Address+ 1 1 Next Op Cede
RTS 1 Op Code Address+1 1 Next Op Cede
2 FFFF 1 Restart Address {LSB)
5 3 Stack Pointer + 1 1 Return Address {MSB)
4 Stack Pointer+2 1 Return Address {LSB)
5 Return Address 1 First Op Code of Return Routine
MUL 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address {LSB)
3 FFFF 1 Restart Address (LSB)
7 4 FFFF 1 Restart Address {(LSB)
5 FFFF 1 Restart Address {LSB}
6 FFFF 1 Rastart Address (LSBj
7 FFFF 1 Restart Address {LSB}
— Continued —
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Table 12 Cycle-by-Cycle Operation {Continued)

Adli ':srzct:g:: & lecles ICV;W ’ Address Bus R/W ‘ Data Bus
IMPLIED
WAI 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address {LSB)
3 Stack Pointer [ Return Address (LSB}
4 Stack Pointer—1 0 Return Address {MSB}
9 5 Stack Pointer—2 o] Index Register {LSB}
8 Stack Pointer—3 [o] Index Register (MSB}
7 Stack Pointer—4 [+] Accumulator, A
8 Stack Pointer—5 [ Accumulator B
9 Stack Pointer—8 4] Conditional Code Registar
RTl 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address {LSB)
3 Stack Pointer +1 1 Conditional Code Register
4 Stack Pointer+2 1 Accumulator B
10 5 Stack Pointer-+3 1 Accumuiator A
8 Stack Pointer +4 1 Index Register {MSB}
7 Stack Pointer +5 1 Index Register {LSB)
8 Stack Pointer +8 1 Return Address {MSB)
s Stack Pointer+7 1 Return Address {LSB}
10 Return Address 1 First Op Code of Return Routine
TBWI ] Op Code Address T 1 1 Next Op Code
2 FFFF 1 Restart Address (LSB}
3 Stack Pointer o Return Address (LSB}
4 Stack Pointer — 1 0 Return Address (MSB}
5 Stack Pointer — 2 o Index Register {(LSB}
12 [ Stack Pointer — 3 o] Index Register (MSB}
7 Stack Pointer — 4 o] Accumulator A
8 Stack Pointer — 5 o] Accumulator B
g Stack Pointer — 6 o] Conditional Code Register
10 Vector Address FFFA 1 Address of SWI Routins {(MSB)
11 Vector Address FFFB 1 Address of SWI Routine {LSB}
12 Address of SW! Routine 1 First Op Code of SW! Routine
SLP 1 Cp Code Address+ 1 ] Next Op Code
2 FFFF 1 Restart Address {LSB}
; FFFF High Impedance-Non MPX Mode
Address Bus -MPX Mode
4 SITP
3 FFFF Restart Address [LSB}
4 Op Code Address+ 1 Next Op Code
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Table 12 Cycle-by-Cycle Operation {Continued}

Address Mode &

\nstructions leclas z C"';’;B ] Addrass Bus ' R/W | Data Bus
RELATIVE

BCC BCS 1 Op Code Address+ 1 1 Branch Offset
BEQ BGE 3 2 FFFF 1 Restart Address (LSB}
BGT BHI 3 [Branch Addregs:Test="1" 1 First Op Code of Branch Routine
BLE BLS Op Code Address+1--Test="0" Next Op Code
BLT BMT
BNE BPL
BRA BRN
BVC BVS
BSR 1 Op Code Address+1 1 Offsat

2 FFFF 1 Restart Address {LSB}

5 3 Stack Pointer 0 Return Address {LSB}
4 . Stack Pointer—1 o] Return Address (MSB}
5 Branch Address 1 First Op Code of Subroutine

= LOW POWER CONSUMPTION MODE
The HD6303R has two low power consumption modes; sleep
and standby mode.

& Sleep Mode

On execution of SLP instruction, the MPU is brought to the
sleep mode. In the sleep mode, the CPU stops its operation,
but the contents of the registers in the CPU are retained. In this
mode, the peripherals of CPU will remain active. So the opera-
tions such as transmit and receive of the SCI datz and counter
may keep in operation. In this mode, the power consumption
is reduced to about 1/6 the value of a normal operation.

The escape from this mode can be done by interrupt, RES,
STBY. The RES resets the MPU and the STBY brings it into the
standby mode (This will be mentioned later). When interrupt is
requested to the CPU and accepted, the sleep mode is released,
then the CPU is brought in the operation mode and jumps to
the interrupt routine, When the CPU has masked the interrupt,
after recovering from the sleep mode, the next instruction of
SLP starts to execute, However, in such 2 case that the timer
interrupt is inhibited on the timer side, the sleep mode cannot
t(a:e released due to the absence of the interrupt request to the

PU.

HDE303R

1
i [ ) 1
b i
* Stack ragivters Oscillator i

+ &M control vavitizing
TegIster set Sray
restary

Figure 21 Standby Mode Timing

This sleep mode is avsilsble to reduce an average power
consumption in the applications of the HD6303R which may
not be always running.

® Standby Mode

Bringing STBY “Low”, the CPU becomes reset and all
clocks of the HD6303R become inactive. It goes into the
standby mode. This mode remarkably reduces the power con-
sumptions of the HD5303R.

In the standby mode, if the HD6303R is continucusly sup-
plied with power, the contents of RAM is retained. The standby
mode should escape by the reset start. The following is the
typical application of this mode.

First, NMI routine stacks the CPU’s internal information and
the contents of SP in RAM, disables RAME bit of RAM control
register, sets the standby bit, and then goes into the standby
mode. If the standby bit keeps set on reset start, it means that
the power has been kept during stand-by mode and the contents
of RAM is normally guaranteed. The system recovery may be
possible by returning SP and bringing into the condition before
the standby mode has started. The timing relation for each line
in this application is shown in Figure 21.
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® ERROR PROCESSING

When the HD6303R fetches an undefined instruction or
fetches an instruction from unusable memory area, it generates
the highest priority intemal interrupt, that may protect from
system upset due to noise or a program error.

® Op-Code Error

Fetching an undefined op-code, the HD6303R will stack the
CPU register as in the case of a normal interrupt and vector to
the TRAP (SFFEE, SFFEF), that has a second highest priority
(RES is the highest),

® Address Error

When an instruction is fetched from other than a resident
RAM, or an external memory arez, the CPU starts the same
interrupt as op-code error, In the case which the instruction is
fetched from external memory area and that arez is not usable,
the address error can not be detected.

The address which cause address error are shuwn in Tabie
13. [
This feature is applicable only to the instruction fetch, not to
normal read{write of data accessing.

Transitions among the active mode, sleep mode, standby
mode and reset are showa in Figure 22.

Figures 23, 24 show a system configuration.
The system flow chart of HD6303R is shown in Figure 25.

Table 13 Address Error

Address Error
$0000 ~ $001F

— HD&303R Enable

T MPU

AomM
AAM

&

e

;

! PIA

¢ .

i

;

f aPIA
PTM

Address Bus Daw Bus

Figure 23 HDB6303R MPU Muitiplexed Mode

Figure 22 Transitions among Active Mode, Standby Mode
Sleep Mods, and Reset

= . HD6303R MPU  |Enatle
J E— A
16 8
+—> rom
RAM
Pla
GP1A
PTM
Address Bus Data Bus

Figure 24 HDE6303R MPU Mon-Multiplexed Mode
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PC - PC-1

STACK

PCL — MSP
PCH — MSP.1

IXL — MSP.2
IXH -~ MSP-3
ACCA -MS5P-4

INSTRUCTION
FEYCH

ACCE - MSP.5

CCR +MSP-§|

<FLEEE>

NO
EXECUTE

Lo (e 30 e I A = ]

I N I B

{vecTorinG] {vecTomiNg] [vecToring] [vecToring] [vecToring] [vecToring] [vecToring] fvECTORING]
{ Fre€, FFEF | | FFEC, FFFD | | FFFA. FRFB | | FFF8, FFFO | | FFF6, FFFT | | FFF, FFF5 | | FFF2. FFF3 | | FFFO, FFFT |
I

NAH INTERRUMT
REQUEST FLAG

i

INTERRUPT REQUEST FLAG
EXCEPT NM{ CLEAR

®

Figure 256 HDB303R System Flow Chart
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® PRECAUTION TO THE BOARD DESIGN OF OSCILLA-
TION CIRCUIT
As shown in Fig. 26, there is a case that the cross talk dis-
turbs the normal oscillation if signal lines are put near the
oscillation circuit. When d®signing 2 board, pay attention to
this. Crystal and Cp must be put as near the HD6303R as
possible.

£

= =
ch{:E_ : —d XTAL
"[;’—I‘::Lé { EXTAL

HOE303R

Do not use this kind of print board design.

Figure 26 Precaution to the boad design
of oscillation circuit

Avoid signa! lines
/ in this ares.

HDE303R

{Top View!

Fig. 27 Example of Oscillation Circuits in Board Design

= PIN CONDITIONS AT SLEEP AND STANDBY STATE
® Sleep State

The conditions of power supply pins, clock pins, input pins
and E clock pin are the same as those of operation. Refer to
Table 14 for the other pin conditions.

® Standby State

Only power supply pins and STBY are active. As for the
clock pin EXTAL, its input is fixed internally so the MPU is
not influenced by the pin conditions. XTAL is in “1” output.
All the other pins are in high impedance.

Table 34 Pin Condition in Sleep State

Pin Mode Non Multiplexed Mode Multiplexed Mo;le 7
Function 1/O Port o 1/0 Port
Pao ~ Pas Coﬁdition Keep the condition just beéo;eglge; —
Ao /P1o ~ Function Address Bus (Ap~A,} _1/O Port
A1/P17 Condition Qutput “1” Keep the condition just before sleep
An ~ Azs Function Address Bus {A3 ~ A} Address Bus (Ag~A;q)
Condition Output *1” L
Do/Ac ~ Function Data Bus {(Dg ~D5} E: Address Bus {Ag ~A,), E: Data Bus
D1/As Condition High Impedance E: Output 1", E: High tmpedance
Function R/W Signal R/W Signal
R Condition Output ”1” f‘ -
AS — Output AS

88
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Table 16 Pin Condition during RESET

Mode
pi Non-Multiplexed Mode Multiplexed Mode
in
P20 ~ P High Impedance -———
Ao/Pio ~ A1/P1r High {mpedance —

Az ~ Axs High Impedance

E : 1" Qutput

Do/fo ~ D7/Az E : High Impedance

High tmpedance

RIW “1" Qutput

—

AS E : 1" Qutput L

E : 0" Qutput

{Note} In the multiplexed mods, the data bus is set 1o 1" cutput state during E = 1" and it causes the conflict with the output of
axternal memory. Following 1 and 2 should be done to avoid the conflict;
{1} Construct the system that disables the external meamory during raset.
{2} Add 4.7 k3 pull-down resistance to the AS pin to make AS pin "0’ level during E = "1”. This operation makes the
data bus high impedance state.

= DIFFERENCE BETWEEN HD6303 AND HDG303R

The HD6303R is an upgraded version of the HD6303. The
difference between HD6303 and HD6303R is shown in Table
16.

® RECEIVE MARGIN OF THE SCI

Receive margin of the SCI contained in the HDG303R is
shown in Table 17.
Note: SCI = Serial Communication Interface

Table 16 Difference between HD6303 and HDE303R Table 17
B 8it distortion . Character
ftem B HD&303 HD6303R tolerance distortion tolerancs
Operating Mode 2: Multiptexed {t—to) /to {T--To} /To
Mode 2: Not defined Mode +3.75%
Mode {Equivalent to Mode 4} HDE303R +37.5% -2.5%
. The electrical character- | Some characteristics
(E::f:rtarxi- istics of 2MHz version | are improved.
istics (B version) are not spec- | The 2MHz version is
- ified. guaranteed.
Has problem in cutput
" compare function. .
Timer {Can be avaided by soft- The problem is solved.
ware.}
START 1 2 3 4 5 6 7 8 STOP

ideal Wavsform l I l

/I I

Bit length "—fo—’{
ch

Restwersom | l

tength Tg

|
[ |

® APPLICATION NOTE FOR HIGH SPEED SYSTEM
DESIGN USING THE HD6303R
This note describes the solutions of the potential problem
caused by noise generation in the system using the HD6303R.
The CMOS ICs and LSis featured by low power consumption

and high noise immunity are generally considered to be enough
with simply designed power source and the GND line.

But this does not apply to the applications configured of
high speed system or of high speed parts. Such high speed sys-
tem may have 2 chance to work incorrectly because of the noise

G HITACHI 89




HDE303R HDB3A03R.HDE3BO3R

by the transient current gemerated during switching, One of
example is a system in which the HD6303R directly accesses
high speed memory such as the HM6264. The noise generation
owing to the over current (Sometimes it may be several
hundreds mA for peak level.) during switching may cause data
write error.

This noise problem may be observed only at the Expanded
Mode (Mode 1, 2,4, 5 and 6) of the HD6303R.

= T\

Assuming the HD6303R is used as CPU in a system.

I. Noise Occurrence

If the HDG6303R is connected to high speed RAM, a write
error may occur. As shown in Fig. 28, the noise is generated in
address bus during write cycle and data is written into an unex-
pected address from the HD6303R. This phenomenon causes
random failures in systems whose data bus load capacitance
exceeds the specification value (90 pF max.) and/or the impe-
dance of the GND line is high.

/

F

R\

Ag~Ags

X

A‘/ Noise

e ——( X

—
-
X

N

Fig. 28 Noise Occurrence in address bus during write cycle

if the data bus Dy ~ D, changes from “FF" to “00, ex-
tremely large transient current flows through the GND line.
Then the noise is generated on the LSI's Vg pins proportioning
to the transient current and to the impedance [Zg] of the GND
line.

'k.’! id

AT “—"W"‘zg“ ‘;‘_)

HOS303R

Fig. 29 Noise Source

This noise level, Vn, appears on all output pins on the LSI
including the address bus,

Fig. 30 shows the dependency of the noise voltage on the
each parameter.

Vn Vn

Veo Cg
Vi Vnd

Zg N

Vn: Noise Voltage Zg: GND impedance
Cd. Data bus Joad capacitance
N: Number of data bus lines switching from Hto L

Fig. 30 Dependency of the noise voltage on each paramster

it. Noise Protection
To avoid the noise on the address bus during the system
operation mentioned before, there are two solutions as follows:
The one method is to isolate the HD6303R from peripheral
devices so that peripherals are not affected by the noise. The
other is to reduce noise level to the extent of not affecting peri-
pherals using analog method.
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1. Noise Isolation

Addresses should be latched at the negative edge of the
AS signal or at the positive edge of the Esignal. The T74L8373
is often used in this case.

———————————» Dy ~ Dy

2. Noise Reduction
As the noise level depends on each parameter such Cd, Vg,
2Zg, the noise level can be reduced to the allowable level by con-
trolling those analog parameters.
(a) Transient Current Reduction
(1} Reduce the data bus load capacitance. If large load

capacitance is expected, a bus buffer should be in-
5573 serted,
{2) Lower the power supply voltage Voc within specifi-
D /A~ D, /A Ao ~ Ay cation.
G {3) Increase a time constant at transient state by insert-
ing a resistor (1060 ~ 20082} to Data Buses in series
HDE303R — - to keep noise level down,
L8343 Table 18 shows the relationship between a series
As ~ Ass o As ~ Ay resistor and noise level or 2 resistor and DCJAC
- characteristics.
AS -GZ
‘—_— \ - uFi
Additional Latch DWW
(7415373 for t 1 t
noise isolation)
HD6303R ROM RAM vo
Table 18.
= T o 7=Resistor
ltem - No 10092 200602
Noise Voltage Level See Fig. 31
DC Characteristics o ™ 1.6 mA 1.6 mA 1.0mA
f=1MHz No change
AC tADL 180 ns 190 ns 210 ns
Charac-
f=1.5MHz t 385 395 375
teristics ACCM e il ol
tapt 160 ns 180 ns 200 ns
f=2MHz tast 20 ns 20 ns Ons
tacem 270 ns 250 ns 230 ns

Fig. 31 shows an example of the dependency of the noise
voltage on the load capacitance of the data bus.*

Maximum allowed

conditions _ load capacitance of
154 the HDB303R
i Vee = 5.0V | Cd=90pF spacification
Ta = 25°C l
Zg=0
N=8 1
c 1
> i R=0
§ 1
)
5 i R = 1002
>
k3 R = 2000
o
z
R: Series Resistor
n
I
1
I

o T T
50 100 19F1

Dats bus load capacitance Cd

Fig. 31

*Nots: (The value of serigs resistor should be carefully selscted because
it heavily d s on each p of actual application
system.}

Fig. 32 shows the typical wave form of the noise.

1 .o"i

E pin

-3 20 n sec

05"}

A8 pin
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(b) Reduction of GND line impedance

(1) Widen the GND line width on the PC board.

(2) Place the HDG303R close by power source.

{3) Insert a bypass capacitor between the Vee line and the
GND of the HD6303R. A tantalum capacitor (about
0.1uF) is effective on the reduction.

Veeo e
; l k2
Power
Source [rossosr] [“wemory | 10 |
j: 1 1 —
{Recommended}
Vee .
P
o
GND -

92

mr

iNot recommended)

Fig. 33 Layout of the HD6303R on the PC board
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CMOS MPU (Micro Processing Unit)

The HD6303X is 2 CMOS 8-bit micro processing unit {MPU)
which includes a CPU compatible with the HD6301VI, 192
bytes of RAM, 24 parsllel I/O pins, a Serial Communieation
Interface (SCI) and two timers on chip,

FEATURES
Instruction Set Compatibie with the HD8301V1
192 Bytes of RAM
24 Paralls! 1/O Pins
16 L/O Pins-Port 2, 6
8 Input Pins-Port 5
Darlington Transistor Drive {Port 2, 8}
® 18-Bit Programmable Timer
input Capture Register x 1
Fres Running Counter x 1
QOutput Compare Register x 2
©® B8-Bit Reloadable Timer
Extornal Event Counter Square Wave Generation
Serial Communication Interface
Memory Ready
Hait
Error-Detection (Address Trap, Cp-Code Trap}
Intarrupts . . . 3 External, 7 Internal
Up to 85k Bytes Address Space
Low Power Dissipation Mode
Sleep Mode
Standby Mode
® Minimum Instruction Execution Tims -0.5us
{f= 2.0 MHz}
& Wide Range of Operation
Vee =3~ BV (f=0.1~ 0.5 MHz).
f=0.1~ 1.0 MHz; HDB303X
Voo = BVEI0% [ f=0.1 ~ 1.5 MHz; HD63A03X “'::
£=0.1~ 2.0 MHz; HDE3B03X ¢y, 3]

esoonm

HDB303XP, HDB3AD3XP,
HD§3BO3XP

(DP-84S)

HDB303XF, HDB3AO3XF,
HDE3BO3XF

(FP-80)

B PN ARRANGEMENT
® HDE303XP, HDE3A03XP,
HD63BG3XP

{Top View)
O HITACHI

® HDB8303XF, HDB3A03XF, HDBIBO3XF

{Top View}
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= BLOCK DIAGRAM

o - [@
Ve -— ; 5 @ 5 E w
¥ss - D ’
— Ml
porm—— Z =<
P2o{Tin} & § E E = I§ BES
P21{Tout} S & - _‘”N - CPU RD
PaalSCLK] MEREES: e
Pa3(Rx) - L
P2a{Tx) £ f t— R
Pas{Tout2} % - BA
Pas{Tout3} N
P27{Tewk)
Oo
N N
£ p—0D;
. 3
I 2 /' \ S D3
= \Iﬁ V o Dy
-
& |0
e~ D,
2 K
—— Ao
3 8 @[
E Y E »
S AN [ " A
—N] 8 Ay
N3~
PsolfRT0 § A
Ps3{TRO:) g
Ps2{MR} <
Psa{HALT) ‘; L A
P & & A
Pss ;3 — Ay
S — é A
[ I — a [ Az
—A] ¢ Az
vl 3 Au
Pyg=—=1 <7 = < F— A
Pgy=— - - . .
)
Pgy——e{ © e
Pu——- é ‘;
Py ——o] e RAM
Pas 192 Bytes
Pgy =—=1
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= ABSOLUTE MAXIMUM RATINGS

ftem Symbo} Value Unit
Supply Voltage Vee -0.3~+7.0 v
Input Voltage Vin -0.3~ Ve t0.3 WV
Operating Temperature Topr 0~ +70 °c
Storage Temperature Tog -55 ~ +150 °c

{NOTE] This product has protection circuits in input tarminal fram high static electricity voltage and high elsctric field.
But be careful not to apply overvoliags more than meximum ratings to these high input impedance protection
cireuits. To assure the normal operation, we recommend Vip, Vour: Veg S (Vi or Voud € Voo

= ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS {V¢e = 5.0Vi10%, Vgg = OV, Ta = 0~ +70°C, unless otherwise noted.}
item Symbol Test Condition min typ max Unit
RES, STBY Veer05 | - |
Input “High”* Voltage EXTAL Viu Veex07 | - o |V
Other nputs 20 —
Input “Low"’ Voltage All Inputs Vi -0.3 - 08 v
NMI, REg, sT8Y,
Input Leakage Current MPy. MP, . Port 5 l4ind Vin = 0.5~ Vo-0.5V - - 1.0 HA
Three State {off-state}  JAo~A;s, Do~D+, RD, O E~
Leakage Current WE, /W Port 2,Port 6 sl Vin= 0.5~ Vec-05V - - 1.0 uA
) lon = -200uA 24 - - v
Output "“High'"" Voltage All Qutputs ¥,
put g o P oH Tou = —10uA Vee07 | = - v
Output “Low’ Voltage All Qutputs VoL Ior = 1.6mA - - 0.4 v
Darlington Drive _
Current Ports 2. 6 -loH Vout = 1.5V 1.0 - 10.6 mA
Input Capacitance All Inputs Cin ¥;n:;|5\£bf = 1MHz, _ — 12,5 pF
Standby Current Non Operation Isve - 3.0 15.0 BA
Sleeping (f = TMHz"*} - 15 3.0 mA
lsp Sleeping (f = 1.5MHz"* ™) - 2.3 45 mA
i = * -_—
Current Dissipation® Sleepl '"‘9 {f=2MHz -)“ 3.0 6.0 mA
Operating {f = 1MHz™*} — 7.0 10.0 mA
lec Operating (f = 1.6MHz* "} - 105 15.0 mA
Operating {f = 2MHz*") - 14.0 200 mA
RAM Standby Voltage Vaam 20 - - v

*Vig min=Veo-~1.0V, ¥y max = 0.8Y | All output terminals are at no load.

** Current Dissipation of the ing ar sleepi dition is proportional to the operating frequency. So the typ. or max.
values about Current Dissipations at x MHz operation are decided according to the foliowing formula;

typ. value (F=x MHz} = typ. value {f = TMHz} x x
max. value if =x MHz} = max. value {f = TMHz) x x

{hoth the sleaping and operating}
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® AC CHARACTERISTICS (Vcg =5.0Vi10%, Veg = OV, Ta = 0~+70°C, unless otherwiss noted.}

BUS TIMING
' e Symbol Test HDB303X HDB3A03X HD83B03X Unit
m v Condition | min typ | max | min | typ | max | min | typ | max
Cycle Time teye | - 10 [0666] -— 10 | 05 - 10 Hs
Enable Rise Time ter - - 25 - — 25 - - 25 ns
Enable Fall Time tes - — 25 - - 25 - - 25 ns
Enable Pulse Width “High” Level* | PWgy 450 - - 300 - - 220 - - ns
Enable Pulse Width “Low” Level* | PWgy 450 - - 300 - - 220 - - ns
Address, R/W Delay Time* tap - - 250 — - 180 | — - 160 | ns
Data Delay Time Write toow - - 200 - - 160 - - 120 ns
Data Set-up Time Read tose Fig. 1 80 - - 70 - - 70 - -~ ns
Address, R/W Hold Time” tay : 80 - - 50 - - 35 — — ns
Write* thw 80 - - 50 -~ - 40 — — ns
t:
Data Hold Time Fead . o - — 0 — — 0 — - "
B0, WH Pulse Width* PWrw 450 | — - {300 - - 220} - - ns
"R, WH Delay Time tawo - - T4 -1 -TJTao] -] -4 ns
“RB, WK Hold Time tRw - - Ja ] - - {3 | - - | 25 | ns
CTH Delay Tima toLn - - 200 - - 160 — - 120 ns
LiR Hold Time tHLR 1w — | -1 10] = - J 1] -1 ~ 1o
MR Set-up Time* tsmn 400 | — - {280 - — | 230 - - ns
MR Hold Time"* thmR Fig. 2 - - 90 - - 40 - — 0 ns
E Clock Pulse Width at MR PWemn - — 8 - — a - — 9 Hs
Processor Control Set-up Time tpcs ;;(i)g'i:’;' 200 - - 200 - - 200 - - ns
Procsssor Control Rise Time tper Fie. 2.3 - - 100 - - 100 - - 160 ns
Processor Control Fall Time toct 8 < - - 100} — —~ f100] - — 1100 ] ns
BA Delay Time taa Fig. 3 - - 250 - - 180 - - 160 ns
Oscillator Stabilization Time the Fig. 11 20 - - 20 - - 20 - - ms
Reset Pulse Width PWrst 3 - - 3 - - 3 - - toye
* Thess timings change in approximate proportion to teye- The figuras in this characteristics represent thoss when toyc is Mminimum
= in the highest speed operation},
PERIPHERAL PORT TIMING
H
Item Symbol Test i D6303X i HD63A03X i HD63B03X Unit
Condition | ‘min typ | max | min | typ | max | min | typ | max
Bopheralat | Pors2,5,6 |teosy | Fig.5 |200| — | — f200| — [ — |200| - | - | ns
poripheral Datd | ports2,5,6 | teom Figs {200 — | —~ J200] — | - Ja200| - | - | ns
Delay Tims {Enable
Negative Transition t0 | Ports 2, 6| trwp Fig. 6 - - 300 - - 300 - - 300 ns
Peripheral Data Valid)

96
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Test HD6303X HDB3AD3X HD83B03X .
jtem Symbol s - — - Unit
Condition | min | typ | max | min | typ { max [ min | typ | max
Timer 1 Input Pulse Width trwT Fig. 8 20 - - 20 - - 2.0 - - teye
Delay Timie {Enable Positive .
Transition to Timer Output} oo Fig. 7 - - | 400, - - |40 - - | 400 ms
SCi input Async. Mode ¢ Fig. 8 1.0 - - 1.0 - - 1.0 - - teve
Clack Cycle | Ciock Syne. Seye Fig.#,8 | 20 | — | — |20 | = | = |20 | = | — | tere
SCI Transmit Data Delay
Time {Clock Sync. Mode} tTxp - - 120 - - |20 ] - - |00 ns
SCI Receive Data Set-up "
Time (Clock Sync. Mode} tsmx Fig. 4 290 | - - | 290 | ~ — ta280 | - - ns
SCI Receive Data Hold Time
{Clock Sync. Mode} tHRX 100 - - 100 - - 100 - - ns
SCI Input Clock Pulse Width tpwsck 0.4 - | 06 |04 - | 06 | 04 - 0.6 | tseye
Timer 2 input Clock Cycle teye 20 - - 20 - - 2.0 - - teye
x:;te; 2 Input Clock Pulse N Fig. 8 200 _ - 200 _ _ 200 _ _ s
:"ii:;e_; E‘Iﬂ:’;’, SCI input Clock texr _ - 100 _ _ 100 _ _ 100 s
Z:’?ﬁl"i:r;ez' 8C| Input Clock text _ _ 100 _ _ 180 _ _ 100 ns
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E
tan
Ao~ Ass, 24y
RwW 0.8V
Trw
tawp H PWay ]
24V
RD, WR 0.8V
{om— toDW e L
MPU Write 2.4V
Do~Ds 0.8V
TDSR el Tua
MPU Read 2oV }
Do~ D7 O 8V 2
e toin then
LR 08V p /
Figure 1 Bus Timing
PWenn
L2 4v AN e
E \
\ 0.8V
—————
MR Tsma
———e—
MR 2.0V Z
K08V 1 2
| ter il tree

Figure 2 Memory Ready and E Clock Timing
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Last Instruction

. Execution Cycle HALT Cycle

HD8303X,HDB3A03X, HD63BO3X

Instruction Executian

) | T Cycle

T,

- |
2.4V
0.8V

[

L

Z‘OV!'
HALT

tecs

tecs

BA

t
"jzvav o

Figure 3 HALT and BA Timing

2.0V{2.4V1"
Synchronous Clock

08V

Teansmit Data

Tshx —et

2.0v
Receive Data.

QO 8v

* 2.0V Is high level when clock input.
2.4V is high leve! when clock output.

Figure 4 SCi Clocked Synchronous Timing

MPU Read
—
2.4V
E o.svf \ E
trosu tro
P20~ P2y y
Pso - Ps7 2-0Y F{Data valid ) 29V
oo oy D.8VAS 0.8
{Inputs} Pao~ P
20127
Pso~ Pey
{Outputs}

Figure 5 Port Data Set-up and Hold Times {MPU Read}
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[—— MPU Write

trwo

osv

>{ 2.4V i
L G BY Data Valid

Figure 6 Port Data Delay Times (MPU Write)
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Timer 1
FRC T2CNT N X 00
Pay, P - fe—tTOD =
21, 728 - P
Outputs X 0.8V P1s Output By
TCONR =N

{a) Timer 1 Qutput Timing {b} Timer 2 Output Timing

Figure 7 Timer Output Timing

| Vee
Z.OV—i 3 Ru=2.2kQ
Test Point
0.8V - 182074@®
texe C R or Equiv.
1 % * 4 '
texe
. . e . C=80pF for Dg~D4, Ag~A;s, E
Tirner 2; T fit s
SO teme Timer 2 twrek =30pF for Port 2, Port 8, RD, WK, RAW, BA, TR
SCI ;tPwscCK R=12k02
Figure 8 Timer 1+2, SCI Input Clock Timing Figure 9 Bus Timing Test Loads (TTL Load)

Interrupt
Test P

E

interngl

Address Bus S 5
p Code Op Code P . . 3 . . cior tor  New
. I°TS; Aoress Abdenn 1FFFF 5 5p.1 SP2  SP3  SPA4 SPB Pty &% by
& o, O3V Addrase Adgress Agdress
I‘—lva
Internat
Data Bus
Op Operand rrelevant PCO- PGB  1XQ~ X8~ ACCA ACCB CCR  Vector Vector First Inst of
Chie O e prelevant £C0- P88 B9 s MSE (8B lnterrupt foutne
l;u;n-l !
a2 —_— 7
Int |
Wiis _—_ p.-

Figure 10 Interrupt Sequence
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¢ miwmmm_ﬁw
s a— ]

N I —_e
] Vec 08¢ oav

s XXX G X OG0T
FFFF FEFE FERF FFFE FFEF FFFE FFFF MewPC FEEE FEFF FFFF

Figure 11 Reset Timing

= FUNCTIONAL PIN DESCRIPTION
® Vee. Vss

Vce and Vss provide power to the MPU with SV£10% sup-
ply. In the case of low speed operation (fmax = 500kHz), the
MPU can operate with three through six volts. Two Vss pins
should be tied to ground.

® XTAL, EXTAL

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

AT Cut Paralle! Resonant Crystal Oscillator

Co=T7pF max
Rs=60Q max
XTAL
= CLi=Crz
=10pF - 22pF + 20%
EXTAL (3.2 ~8MHz)
Cuz —_Cus

A A

Figure 12 Crystal Interface

EXTAL pin can be drived by the external clock of 45 to
55% duty, and one fourth frequency of the external clock
is produced in the LSI. The external clock frequency should
be less than four times of the maximum operable frequency.
When using the external clock, XTAL pin should be open.
Fig. 12 shows an example of the crystal interface, The crystal
and CLj, Cr2 should be mounted as close as possible to XTAL

and EXTAL pins. Any line must not cross the line between the
crystal oscillator and XTAL, EXTAL.

* STBY

This pin makes the MPU standby mode. In “Low” level, the
oscillation stops and the internal clock is stabilized to make
reset condition. To retain the contents of RAM at standby
mode, “0" should be written_into RAM enable bit (RAME).
RAME is the bit 6 of the RAM/port 5 control register at $0014.,
RAM is disabled by this operation and its contents is sustained.

Refer to “LOW POWER DISSIPATION MODE” for the
standby mode.

® Reset (RES)

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

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

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

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

(2) Initialize each internal register (Refer to Table 3).

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

(4) Put the contents {= start address) of the last two addresses
(SFFFE, $FFFF) into the program counter and start the
program from this address. (Refer to Table 1).

*The MPU is usable to accept a reset input until the clock
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becomes normal oscillation after power on (max. 20ms}. During
this transient time, the MPU and I/O pins are undefined. Please
be aware of this for system d.esigning.

® Enable {E)

This pin provides a TTL-compatible system clock to external
cireeits. Tis frequency is one fourth that of the crystal oscillator
or external clock. This pin can drive one TTL load and 90pF
capacitance.

® Non-Maskabie Interrupt (M1}

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

When starting the acknowledge to the NMI, the contents of
the program counter, index register, accumulators and condition
code register will be saved onto the stack. Upon completion
of this sequence, a vector is fetched from $FFFC and $FFFD
to transfer their contents into the program counter and branch
to the non-maskable interrupt service routine, ,
{Note} After reset start. the stack pointer should be initialized

on an appropreate memory area and then the falling edge

should be input to NMT pin.

® Interrupt Request {IRQ, , TRQ,) B

These are levelsensitive pins which request an internal
interrupt sequence to the CPU. At interrupt request, the CPU
will complete the current instruction before its request acknowl-
edgement. Uniess the interrupt mask in the condition code
register is set, the CPU starts an interrupt sequence; if set, the
interrupt request will be ignored. When the sequence starts, the
contents of the program counter, index register, accumulators
and condition code register will be saved onto the stack, then
the CPU sets the interrupt mask bit and will not acknowledge
the maskable request. During the last cycle, the CPU fetches
vectors depicted in Table 1 and transfers their contents to the
program counter and branches to the service routine. i

The CPU uses the external interrupt pins, IRQ; and TRQ,,
also as port pins Psy and Py, 5o it provides an enable bit to
Bit 0 and ! of the RAM port 5 control register at $0014. Refer
to “RAM/PORT 5 CONTROL REGISTER” for the details.

When one of the internal interrupts, ICI, OCI, TOI, CMI or
SIO is generated, the CPU produces internal interrupt signal
(IRQ;). IRQ; functions just the same as IRQ, or I_Rﬁg except
for its vector address. Fig. 13 shows the block diagram of the
interrupt circuit.

Table T Interrupt Vector Memory Map

Priority Vector {nterrupt
MSB LS8

Highest FFFE FFFF RES

i FFEE FFEF TRAP

FFFC FFFD NMI
FFFA FFFB SWI (Software interrupt)
FFF8 ~ FFF9 RQ, -
FFFB FFF7 ICI {Timer 1 Input Capture}
FFF4 FFF5 OC! {Timer 1 Quiput Compare 1, 2)
FFF2 FFF3 TOI {Timer 1 Overflow)
FFEC FFED CMI [Timer 2 Counter Match)
FFEA FFER TRQ,

Lowest FFFO FFF1 SI0 (RDRF+ORFE+TDRE}
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Enable Flag
"3*; Enable, ''0”; Dissble
RO
! oo Condition
ode
it e Register
. il 1-MASK
ICF 00 T Enable
1" Disablef
QCF1 —o0—5— aci
ocF2 ———1 o0
[es
TOF ol 1o é)—- gaq;;(est
1RCs ign
CMF o o
RDRF 3_ oz
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ORFE Sio
TDRE ———1—0~"0—
' Sleep
Edge J}—oc cal
RWi Detective } Su‘gr:ul
Cireuit
Address Error | TRAP
Op Code Error
Dstactive Circuit,
swi [

Figure 13 Interrupt Circuit Block Diagram

® Mode Program {MPg, MP}

To operate MPU, MP; pin should be connected to “High™
level and MP, shuuld be connected to “Low™ level (refer ta
Fig. 15).

® Read/Write {R/W)} . :

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

* RD,WR

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

® Load Instruction Register {LTR}

This signal shows the instruction opecode being on data
bus (active low). This pin can drive one TTL load and 30pF
capacitance.

® Memory Ready {MR; Ps)

This is the input control signal which stretches the system
clock’s “High™ period to access low-speed memories. During
this signal is in “High”, the system clock operates in normal
sequence. But this signal in “Low™, the “High™ period of the
system clock will be stretched depending on its “Low™ level
duration in integral multiples of the cycle time. This ailows the
CPU to interface with low-speed memories (see Fig, 2). Up to
9 us can be stretched.

During internal address space access of nonvalid memory
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access. MR is prohibited internally to prevent decrease of uper-
ation speed. Even in the halt state, MR can also stretch “High"
period of system clock to allow peripheral devices to access
low-speed memories. As this signal is used also as P, . an enable
bit is provided at bit 2 of the RAM/port 5 control register at
$0014. Refer fo “RAM/PORT 5 CONTROL REGISTER™ for
more details.

® Hait (HALT,; Ps;)

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

(Note) Please don’t switch the HALT signal to "Low™ when
the CPU executes the WAL instruction and is in the
interrupt wait state to avoid the trouble of the CPU's
operation after the halt is cancelled.

® Bus Available {BA}

This is an output control signal which is normally “Low™
but “High" when the CPU accepts HALT and releases the buses.
The HD6800 and HD6802 make BA “High™ and release the
buses at WAL exccution, while the HD6303X doesn't make
BA “High" under the same condition. But if the HALT becomes
“Low” when the CPU is in the interrupt wait state after having
exacuted the WA, the CPU makes BA “High” and releases the
buses. And when the HALT becomes *High”, the CPU returns
to the interrupt wait state.
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a PORT

The HD6303X provides three /O ports. Table 2 gives the
address of ports and the data direction register and Fig. 14
the block diagrams of each fort.

Table 2 Port and Data Direction Register Address

Port Port Address Data Direction Register
Port 2 $0003 $0001
Port5 $0015 -
Port 8 $0017 0016
® Port2

An 8-bit inputfoutput port. The data direction register
(DDR} of port 2 controls the 1/O state. It provides two bits;
bit O decides the [/O direction of Py, and bit 1 the /O direc-
tion of Py to Pyq {0” for input, *“1” for output).

Port Write Signat
i Port Qutput Enable
-

[
Dats Bus D Q
imer, SCI
Output Enable
Timer 1, 2, — k
SCI Output™ | Tri-state
Port Read Signat Controf
__F‘—‘x__<}_.
Timer 1, 2 1
SCI Input

Port 2

Port Read Signal
.

Data Bus

Port 5

Port 2 is also used as an I/O pin for the timers and the
SCI. When used as an IfO pin for the timers and the SCI, port
2 except Py, automatically becomes an input or an output
depending on their functions regardless of the data direction
register’s value.

" Port 2 Data Direction Register
e -7 8 5 4 3 2 1 3]

EEEEEEERS

A reset clears the DDR of port 2 and configures port 2 asan
input port. This port can drive one TTL and 30pF capaci-
tance. In addition, it can produce ImA current when Vg, =
1.5V to drive directly the base of Darlington transistors.

Port Write Signal

C
Data Bus [2B ]

DDR Write Signal
|

S
Q
R Port Read Signal
—L

R Reset R ]
Timer 1 Input
{P s Onlyl}

Port 6, Port 2 (Bit O}

D

Figure 14 Port Block Diagram

® Ports
An 8bit port for input only. The lower four bits are also
usable as input pins for interrupt, MR and HALT.

® Port6

An 8-bit 1fO port. This port provides an 8-bit DDR corre-
sponding to each bit and can specify input or output by the
bit (“0” for input, “1” for output). This port can drive one
TTL load and 30pF capacitance. A reset clears the DDR of port
6. In addition, it can produce 1mA current when Vg, = 1.5V
to drive directly the base of Darlington transistors.

= BUS
® D;~D;

These pins are data bus and can drive one TTL load and
90pF capacitance respectively.

® Ap~Ags
These pins are address bus and can drive one TTL load and
90pF capacitance respectively.

= RAM/PORT 5 CONTROL REGISTER
The control register located at $0014 controls on-chip

RAM and port 5.
" "RAM/Port 5 Contro! Register

7 6 5 4 3 2 1 O
STBY|  ne ) rel wne | QRO G 0rs
PWR Ht £ £

Bit 0, Bit 1 TRQ;, IRQ, Enable Bit {IRQ;E, IRQ,E}

When using Pgo and Py, as interrupt pins, write “1” in
these bits. When “0%, the CPU doesn’t accept an external
interrupt or a sleep cancellation by the external interrupt.
These bits become “0"" during reset.

Bit 2 Memory Ready Enable Bit [MRE}

When using Ps, 2s an input for Memory Ready signal, write
“1” in this bit. When “'0”, the memory ready function is pro-
hibited and P, can be used as [0 port. This bit becomes
“17 dusing reset.

Bit 3 Halt Enable bit {HLTE)
When using Ps; as an input for Halt signal, write *1" in this
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bit. When “0", the halt function is prohibited and Pg; can be

used as IfO port. This bit becomes “1”* during reset.

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

Notice that memory ready and halt function is enable
till MRE and HLTE bit is cleared.

Bit 4, Bit5 Not Used.

Bit 6 RAM Enable (RAME]}

On-chip RAM can be disabled by this coatrol bit, By re-
setting the MPU, “1” is set to this bit, and onchip RAM is
enabled. This bit can be written “1” or “0” by software. When
RAM is in disable condition {= logic “0"), on-chip RAM is
invalid and the CPU can read data from external memory.
This bit should be “0" before getting into the standby mode to
protect on-chip RAM data.

Bit 7 Standby Power Bit {STBY PWR}

When Ve is not provided in standby mode, this bit is
cleared. This is a flag for both read/write by software. If this bit
is set before standby mode, and remains set even after returning
from standby mede, Vg voltage is provided during standby
mode and the on-chip RAM data is valid.

HDB8303X, HDB3A03X, HDB3BO3X

Veo
[: MPy e
;;— MPy o
- RD
D—E - R
e R/W
e
HDB303X 8A

12 MPU
,!/Fg rLim;zs
imer 1, \j/‘;/’\
Sci @ 8 Data Bus
8in P?rt,S i:>
' g
MR, AATT
18 ¢ )
Blrgrl.ines

Vss Vs

B ~_ Figure 16 Operation Mode
» MEMORY MAP

The MPU can address up to 65k bytes. Fig, 16 gives memory
map of HD6303X, 32 internal registers use addresses from “00”
as shown in Table 3.

Table 3 Internal Register

Address Registers R/W*"* initialize at RESET
DO -_— — _
1] Port 2 Data Direction Register W $FC
02" - —_ -
03 Port 2 R/W Undefined
04' — — p—
05 _ - —
08" - - -
o7* - - -
08 Timer Control/Status Register 1 R/W 300
03 Free Running Counter {**High”} R/W $00
0A Free Running Counter {"Low’’} R/W $00
0B QOutput Compare Register 1 {"High"} R/W $FF
ac Output Compare Register 1 {“Low")} RIW $FF
[tin] Input Capture Register {""High'"} R $00
OE input Capture Register {“Low"} R $00
OF Timer Control/Status Register 2 RN 10
10 Rate, Mode Control Register R/W $00
11 Tx/Rx Control Status Register R/W $20
12 Receive Data Register R $00
13 Transmit Data Register W $00
14 RAM/Port 5 Control Register R/W $7C or $FC
15 Port 5 R —
16 Port B Data Direction Register W £00
{continued)
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Table 3 internal Register

Address Registers RIW™* Initialize at RESET
17 Port 6 R/W Undefined
18* - - -
19 Output Compare Register 2 {“High"} RW SFF B
1A Qutput Compare Register 2 {""Low™) R $FF
18 Timer Control/Status Register 3 R/W $20
ic Time Constant Register W $FF
1D Timer 2 Up Counter R/W $00
1E - - -
1F** Test Register - -

* External Address,
** Test Register. Do not access 1o this register.
*** R : Read Only Register
W :Write Only Register
R/W: Read/Write Register

HDB303X
Expanded Mode
$o000 internal®
Registars
$001F External
Memo
$0040 Space v
internal
RAM
$COFF A
External
Memory
Space
$FFFF
* Excludes the following addresses
which may be used externally:
$02, $04, $06, $07, $18.

Figure 16 HD6303X Memory Map

a TIMER1
The HD6303X provides a 16-bit programmable timer which
can simultaneously measure an input waveform and generate
two independent output waveforms. The pulse widths of both
input/output waveforms vary from microseconds to seconds.
Timer 1 is configurated as follows {refer to Fig, 18).
+ ControlfStatus Register 1 {8 bit)
ControlfStatus Register 2 (7 bit)
Free Running Counter {16 bit)
Cutput Compare Register 1 (16 bit)
Output Compare Register 2 (16 bit)
+ Input Capture Register {16 bit)

e .

¢ Free-Running Countar {FRC) ($0009 : 000A)
The key timer element is a 16-bit free-running counter driven

and incremented by system clock. The counter value is readable
by software without affecting the counter. The counter is
cleared by reset.

When writing to the upper byte (§09), the CPU writes the
preset value (3FFF8) into the counter (address 309, $0A)
regardless of the write data value. But when writing to the
lower byte {$0A) after the upper byte writing, the CPU writes
not only the lower byte data into lower 8 bit, but also the
upper byte data into higher 8 bit of the FRC.

The counter will be as follows When the CPU writes to it
by double store instructions (STD, STX etc.).

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

e | |

Counter value $FFFB

$5AF3
In the case of the CPU write {$5AF 3} to the FRC
Figure 17 Counter Write Timing

& Output Compare Register (OCR)

{$000B, $000C; OCRT1) ($0019, $001A ;OCR2)

The output compare register is a 16-bit readfwrite register
which can control an output waveform. The data of OCR is
always compared with the FRC.

When_the data matches, output compare flag (OCF) in the
timer control/status register (TCSR) is set. If an output enable
bit (OE) in the TCSR2 is “1”, an output level bit {OLVL) in
the TCSR will be output to bit 1 {Tout 1} and bit 5 (Tout 2)
of port 2. To control the output leve] again by the next com-
pare, the value of OCR and OLVL should be changed. The
OCR is set to $FFFF at reset, The compare function is inhibited
for a cycle just after 2 write to the OCR or 1o the upper byte
of the FRC. This is to begin the comparison after setting the
16-bit value valid in the register and to inhibit the compare
function at this cycle, because the CPU writes the upper byte
to the FRC, and at the next cycle the counter is set to $FFF8.

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

instruction (such as STX ete,) should be used.

® input Capture Register {ICR) {$000D : 00DE)
The input capture register is 2 16-bit read only register which
stores the FRC's value when external input signal transition
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generates an input capture pulse. Such transition is controlled
by input edge bit (IEDG) in the TCSRI1.

In order to input the external input signal to the édge
detecter, a bit of the DDR corresponding to bit O of pont 2
should be cleared {“0""}. When an input capture pulse occurs
by the external input signal transition at the next cycle of CPU's
high-byte read of the ICR, the input capture pulse will be de-
layed by one cycle, In order to ensure the input capture oper-
ation, a CPU read of the ICR needs 2-byte transfer instruction.
The input pulse width should be at least 2 system cycles. This
register is cleared ($0000) during reset.

® Timer Control/Status Register 1 (TCSR1) ($0008)

The timer controlfstatus register 1 is an 8-bit register. All bits
are readable and the lower 5 bits are also writable, The upper 3
bits are read only which indicate the following timer status.
Bit5 The counter value reached to 30000 as a result of
counting-up (TOF).

A match has occured between the FRC and the OCR 1
(OCF1).

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

The followings are each bit descriptions.

Timer Control/Status Register 1
2 1 4]

7 ] 5 4 3
l ICF IOCF 11 TOF ! E(CL IEOCIII ETOI![EDG}OLVU $0008

Bit0 OLVL1 Output Level 1
OLVLI is transferred to port 2, bit 1 when a match
occurs between the counter and the OCRI. If bit 0 of
the TCSR2 (OE1) is set to “1”, OLVLI will appear at
bit | of port 2.

Bit &
Bit 7

git1 IEDG Input Edge
This bit determines which edge, rising or falling, of
input signal of port 2, bit 0 will trigger data transfer
from the counter to the ICR. For this function, the
DDR corresponding to port 2, bit 0 should be cleared
beforehand.
[EDG=0, triggered on a falling edge
(“High” to “Low™)
1IEDG=1, triggered on a rising edge
(“Low” to “High™)
Bit2 ETOI Enable Timer Overflow interrupt
When this bit is set, an internal interrupt (IRQa) by
TOI interrupt is enabled. When cleared, the interrupt is
inhibited. _
Bit3 EOC!1 Enable Output Compare Interrupt 1
When this bit is set, an internal interrupt (IRQ3) by
OCI1 interrupt is enabled. When cleared, the interrupt
is inhibited.
Bit4 EICI Enable Input Capture Interrupt
When this bit is set, an internal interrupt (IRQa) by
ICI interrupt is enabled. When cleared, the interrupt is
inhibited.
BitS TOF Timer Overflow Flag
This read-only bit is set when the counter incre-
ments from SFFFF by 1. Cleared when the counter’s
upper byte ($0009) is ready by the CPU after the
TCSR! read.
Bit8 OCF1 Qutput Compare Flag 1

This read-only bit is set when a match occurs be-
tween the OCR! and the FRC. Cleared when writing
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to the OCR1 {$000B or $000C) after the TCSRI or
TCSR2 read.
Bit7 [ICF {nputCapture Flag

This read-only bit is set when an input signal of
port 2, bit O makes a transition as defined by IEDG and
the FRC is transferred to the ICR. Cleared when reading
the upper byte ($000D) of the ICR following the
TCSR1 or TCSR2 read.

® Timey Control/Status Register 2 {TCSR2} {$000F)

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

Bit5 A match has occured between the FRC and the OCR2
(OCF2).

The same status flag as the OCF1 flag of the TCSRI,
bit 6.

Bit 7 The same status flag as the ICF flag of the TCSRI, bit 7.

The followings are the each bit descriptions.

Bit 6

Timer Contro}/Status Register 2

7 8 13 4 3 2 1 o
I ICF lOCFllOCFZ! - %OCI+LVL2I 0E2 I OE1 ‘SOOUF
Bit0 OE1 OutputEnable 1

This bit enables the OLVLI to appear at port 2, bit
| when a match has occurred between the counter and
the output compare register 1. When this bit is cleared,
bit 1 of port 2 will be an IfO port, When set, it will be
an output of OLVLI automatically.

OE2 Output Enable 2

This bit enables the OLVL2 to appear at port 2, bit
5 when a match has occurred between the counter and
the output compare register 2. When this bit is cleared,
port 2, bit 5 will be an IfO port. When set, it will be an
output of OLVL2 automatically.

OLVLZ Output Levei 2

OLVL2 is transferred to port 2, bit § when a match
has occurred between the counter and the OCR2, If
bit 5 of the TCSR2 (OE2) is set to “17, OLVL2 will
appear at port 2, bit 5.

EOCI2 Enable Output Compare interrupt 2

When this bit is set, an internal interrupt (IRQs) by
OCI2 interrupt is enabled. When cleared, the interrupt
is inhibited.
Not Used
OCF2 Output Compare Flag 2

This read-only bit is set when a match has occurred
between the counter and the OCR2. Cleared when
writing to the OCR2 (30019 or $001A) after the TCSR2
read.

Bit6 OCF1 Output Compare Flag 1
Bit7 ICF Input Capture Flag
OCF! and ICF addresses are partially decoded.
 The CPU read of the TCSR1/TCSR2 makes it possible
to read OCF1 and ICF into bit 6 and bit 7.

Both the TCSR1 and TCSR2 will be cleared during reset.

(Note) If OE1 or OE2 is set to “1" before the first output
compare match occurs after reset restart, bit 1 or bit 5
of port 2 will produce 0" respectively.

Bit 1

Bit 2

Bit3

Bit4 N
Bit5
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Figure 18 Timer 1 Block Diagram

= TIMER 2
In addition to the timer 1, the HD6303X provides an 8-bit
reloadable timer, which is capable of counting the external
event, This timer 2 contains a timer output, so the MPU can
generate three independent waveforms (refer to Fig. 19).
The timer 2 is configured as follows:
Control/Status Register 3 (7 bit)
8-bit Up Counter
Time Constant Register (8 bit)

® Timer 2 Up Counter {T2CNT) ($001D)

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

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

1f a write operation is made by software to the counter at the
cycle of counter clear, it does not reset the counter but put the
write data to the counter.

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

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

When a2 match has occurred, counter maich flag (CMF) of
the timer control status register 3 {TCSR3} is set and the value
selected by TOS0 and TOSI of the TCSR3 will appear at port 2,
bit 6. When CMF is set, the counter will be cleared simultane-
ously and then start counting from $00. This enables regular
inferrupts and waveform outputs without any software support.
The TCONR is set to “SFF” during reset.

® Timer Control/Status Register 3 (TCSR3} {$0018B}

The timer controlfstatus register 3 is a 7-bit register. Al bits
are readable and 6 bits except for CMF can be written.

The followings are each pin descriptions.

Timer Control/Status Register 3
7 6 5 4 3 2 1 ©

lCMF IECM!! - lTZE ITOS‘I]TOSO}CKSI!CKSOI $001B
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HDB303X Internal Data Bus
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Figure 13 Timer 2 Block Diagram

CKSO Input Clock Select 0
CKS1 input Clock Select 1

Input clock to the counter is selected as shown in
Table 4 depending on these two bits. When an external
clock is selected, bit 7 of port 2 will be a clock input
automatically, Timer 2 detects the rising edge of the
external clock and increments the counter, The external
clock is countable up to half the frequency of the
system clock,

Table 4 Input Clock Select

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

* These clocks come from the FRC of the timer 1. 1f one of thess clocks
is selected as an input clock to the up counter, the CPU should not
write to the FRC of the timar 1.

Bit2
Bit3

TOSG Timer Output Select O
TOS? Timer Qutput Select 1

When a match occurs between the counter and the
TCONR timer 2 outputs shown in Table 5 will appear at
port 2, bit 6 depending on these two bits. When both
TOSO and TOS1 are *0”, bit 6 of port 2 will be an IfO
vort,

Table 5 Timer 2 Output Select

TOS1 TOSO Timer Output
] 0 Timer Qutput Inhibited
[;] 1 Toggle Output™
1 4] QOutput “"C"
1 1 Qutput “1°
* When a match occurs batween the counter and the TCONR, timer 2

output level is reversed. This leads to production of 2 square wave with
50% duty to the external without any softwara support.

Bit4

T2E Timer 2 Enable 8it
When this bit is cleared, a clock input to the up
counter is prohibited and the up counter stops. When set

1o *“1”, a clock selected by CKS1 and CKSO (Table 4)

{Note)

Bit5
Bit6

Bit7

@HITAGHI

is input to the up counter.
P, outputs “0” when T2E bit cleared and timer 2 set
in output enable condition by TOSI or TOSO. It also
outputs “0” when T2E bit set “1” and timer 2 set in
output enable condition before the first counter match
occurs.
Not Used
ECM! Enable Counter Match Interrupt

When this bit is set, an internal interrupt (IRQs) by
CMI is enabled. When cleared, the interrupt is inhibited.
CMF Counter Match Flag

This read-only bit is set when a match cccurs between
the up counter and the TCONR. Cleared by writing
“0” by software write (unable to write “1” by soft-
ware),
Each bit of the TCSR3 is cleared during reset.
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= SERIAL COMMUNICATION INTERFACE (SCl}

The HD6303X SCI contains two operation modes; one is an
asynchronous mode by the NRZ format and the other is a
clocked synchronous mode which transfers data synchronizing
with the serial clock.

The SCI consists of the following registers as shown in
Fig. 20 Block Diagram:

Control/Status Register (TRCSR)
Rate/Mode Control Register (RMCR)
Receive Data Register (RDR)
Receive Data Shift Register (RDSR)
Transmit Data Register (TDR)
Transmit Data Shift Register (TDSR)

The serial I/O hardware requires an initialization by software
for operation. The procedure is usually as follows:

1} Write a desirable operation mode into each correspond-

ing centrol bit of the RMCR.

2) Write z desirable operation mode into each correspond-

ing control bit of the TRCSR.

When using bit 3 and 4 of port 2 for serial IfO only, there is
no problem even if TE and RE bit are set. But when setting the
baud rate and operation mode, TE and RE should be “0”, When
clearing TE and RE bit and setting them again, more than I bit
cycle of the current baud rate is necessary, If set in less than |
bit cycle, there may be a case that the internal transmit/receive
initialization fails.

® Asynchronous Mode

An asynchronous mode contains the following two data
formats: .

1 Start Bit + 8 Bit Data + 1 Stop Bit
1 Start Bit + 9 Bit Data + 1 Stop Bit

In addition, if the 9th bit is set to “1" when making 9

bit data format, the format of
1 Start bit + 8 Bit Date + 2 Stop Bit
is also transferred,

Data transmission is enabled by setting TE bit of the TRCSR,
then port 2, bit 4 will become a serial output independently of
the corresponding DDR.

For data transmit, both the RMCR and TRCSR should be
set under the desirable operating conditions. When TE bit is
set during this process, 10 bit preamble will be sent in 8-bit data
format and 11 bit in 9-bit data format. When the preamble is
produced, the internal synchronization will become stable and
the transmitter is ready to act.

The conditions at this stage are as follows.

1} If the TDR is empty (TDRE=1), consecutive 1’s are

produced to indicate the idle state.

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

transmit data shift register and data transmit starts,

During data transmit, a start bit of *0” is transmitted first.
Then 8-bit or 3-bit data (starts from bit 0) and a stop bit 17
are transmitted. )

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

Data receive is possible by sétting RE bit. This makes port 2,
bit 3 be a serial input. The operation mode of data receive is
decided by the contents of the TRCSR and RMCR. The first
“0" {space} synchronizes the receive bit flow. Each bit of the
following data will be strobed in the middle. If a stop bit isnot
“1”, a framing ervor assumed and ORFE is set

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

If the stop bit is “17, data is transferred to the receive data
register and an interrupt flag RDRF is set. If RDRF is still
set when receiving the stop bit of the next data, ORFE is set to
indicate overrun generation.

When the CPU read the receive data register as a response to
RDRF flag or ORFE flag after having read TRCS, RDRF or
ORFE is cleared.

{Note) Clock Source in Asynchronous Mode
If CC1 : CCO = 10, the internal bit rate clock is provided
at P,, regardless of the values for TE or RE. Maximum
clock rate is E+ 16.
If both CC1 and CCO are set, an external TTL compati-
ble clock must be connected to P,, at sixteen times
{16 x) the desired bit rate, but not greater than E,

& Clocked Synchronous Mode

In the clocked synchronous mode, data transmit is
synchronized with the clock puise. The HD6303X SCI
provides functionally independent transmitter and receiver
which makes full duplex operation possible in the asynchronous
riode. But in the clocked synchronous mode an SCI clock 1O
pin is only P;;, so the simultaneous receive and transmit
operation is not available. In this mode, TE and RE should
not be in set condition (“1”) simultaneously, Fig. 21 gives a
synchronous clock and a data format in the clocked synchro-
nous mode.
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Figure 20 Serial Communication Interface Block Diagram

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

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

When an external clock input is selected, data transmit is

{&—————"3 Transmit Direction

performed under the TDRE flag “0” from port 2, bit 4, syn-
chronizing with 8 clock pulses input from extemnal to port 2,
bit 2.

Data is transmitted from bit O and the TDRE is set when the
transmit data shift register is “emipty™. More than 9th clock
pulse of external are ignored.

Synchronous lIIIIl‘{llll‘Ii[

ciock

Z
Dl e ez
A PZZ727 not Valid

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

» Raceive data is latched at the rising edge.

Figure 21 Clocked Synchronous Mode Format

When data transmit is selected to the clock output, the MPU
produces transmit data and synchronous clock at TDRE flag
clear.

Data receive is enabled by setting RE bit. Port 2, bit 3 will
be a serial input. The operating mode of data receive is decided
by the TRCSR and the RMCR.

if the external clock input is selected, RE bit should be
set when P2 is “High". Then 8 external clock pulses and
the synchronized receive data are input to port 2, bit 2
and bit 3 respectively, The MPU put receive data into the
raceive data shift register by this clock and set the RDRF
flag at the termination of 8 bit data receive. More than 9th
clock pulse of external input are ignored. When RDRF is
cleared by reading the receive data register, the MPU staris

G HITACHI

receiving the next data, So RDRF should be cleared with Py,
“High”.

When data receive Is selected to the clock output, 8 synchro-
nous clocks are output to the external by setting RE bit. So re-
ceive data should be input from external, synchronously with
this clock. When the first byte data is received, the RDRF flag
is set. After the second byte, receive operation is performed and
output the synchronous clock to the external by clearing the
RDRF bit.

@ Transmit/Receive Control Status Register (TRCSR} ($0011)}

The TRCSR is composed of 8 bits which are all readable, Bits
0 to 4 are also writable, This register is initialized to $20 during
reset. Each bit functions as follows.
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Transmit/Receive Control Status Register

7 B 3 4 3 2 1

lRDRF!ORFEITDRE, RIE l RE | TIE l TE IWU !$0011

Bit0 WU Wakeup

In 2 typical multi-processor configuration, the
software protocol provides the destination address at
the first byte of the message, In order to make un-
interested MPU ignore the remaining message, a wake-up
function is avsilable. By this, d MPU can in-
hibit all further receive processing till the next message
starts.

Then wake-up function is triggered by consecutive
I’s with ! frame length (10 bits for 8-bit data, 11 for
9-bit). The software protocol should provide the idle
time between messages.

By setting this bit, the MPU stops data receive till the
next message. The receive of consecutive “1” with one
frame length wakes up and clears this bit and then the
MPU restarts receive operation. However, the RE flag
should be already set before setting this bit. In the
clocked synchronous mode WiJ is not available, so this
bit should not be set.

Bit1 TE Transmit Enable

. When this bit is set, transmit data will appear at port

2, bit 4 after one frame preamble in asynchronous mode,
while in clocked synchronous mode it appears im-
mediately. This is executed regardless of the value of
the corresponding DDR. When TE is cleared, the serial
1/O doesn’t affect port 2, bit 4.

Bit2 TIE Transmit interrupt Enable

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

Bit3 RE Receive Enable

When set, 2 signal is input to the receiver from port
2, bit 3 regardless of the value of the DDR. When RE
is cleared, the serial 1/ doesp’t affect port 2, bit 3.

Bit4 RIE Receive Interrupt Enable

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

Bit§ TDRE Transmit Data Register Empty

TDRE is set when the TDR is transferred to the
transmit data shift register in the asynchronous mode,
while in clocked synchronous mode when the TDSR is
“empty”. This bit is reset by reading the TRCSR and
writing new transmit data to the transmit data register.
TDRE is set to “1™ during reset.

(Note) TDRE should be cleared in the transmittable state after
the TE set, i
Bit6 ORFE Overrun Framing Error

ORFE is set by hardware when an overrun or a fram-
ing error is generated {during data receive only). An
overrun error occurs when new receive data is ready to

be transferred to the RDR during RDRF still being set.
A framing error occurs when a stop bit is “0”. But in
clocked synchronous mode, this bit is not affected, This
bit is cleared when reading the TRCSR, then the RDR,
or during reset.

Bit7 RDRF Receive Data Register Full

RDRF is set by hardware when the RDSR is transfer-
red to the RDR. Cleared when reading the TRCSR, then
the RDR, or during reset.

(Note) When a few bits are set between bit 5 to bit 7 in the
TRCSR, 2 read of the TRCSR is sufficient for clearing
those bits. It is not necessary to read the TRCSR every-
time to clear each bit.

¢ Transmit Rate/Mode Control Register (RMCR)
The RMCR controls the following serial [fO:

* Baud Rate * Data Format
* Clock Source - Port 2, Bit 2 Function

In addition, if 9-bit data format is set in the asynchronous
mode, the 9th bit is put in this register. All bits are readable and
writable except bit 7 (read only). This register is set to $00
during reset.

Transfer Rate/Mode Control Register

7 ] 5 4 3 2 1

[ oo

TD8 l §82 ICC2 ICCI ’CCD | 8§81 I 580 { $0010

BitO SSo
Bit1 851 Speed Select
Bit5 §82

These bits control the baud rate used for the SCI Table
6 lists the available baud rates. The timer 1 FRC (SS2=0) and
the timer 2 up counter {S82=1) provide the internal clock to the
SCI. When selecting the timer 2 as a baud rate source, it func-
tions as a baud rate generator. The timer 2 generates the baud
rate listed in Table 7 depending on the value of the TCONR.
(Note)} When operating the SCI with internal clock, do not
perform write operation to the timer/counter which is
the clock source of the SCIL

Bit2 ccot
Bit3 cct Clock Control/Format Sefect*
Bit 4 cc2

These bits control the data format and the clock source
(refer to Table 8),

* CCO, CCl and CC2 are cleared during reset and the MPU
goes to the clocked synchronous mode of the external
clock operation. Then the MPU sets port 2, bit 2 into
the clock input state. When using port 2, bit 2 as an
output port, the DDR of port 2 should be set to ““1” and
CC1 and CCO to “0" and *“1” respectively.
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{1) Asynchronous Mode

Table 6 SCI Bit Times and Transfer Rates

i

HDB303X,HDE3A03X, HD63BO3X

1
4.0MHz

XTAL 2.4576MHz 4.91852MHz
882 881 S50 E 814 .4kHz 1.0MHz 1.2288MHz -
g o] ] E+16 26 u5/38400Baud 18,45/82500Baud 1343/76800Baud
Q o 1 E+128 208 4s/4800Baud 1284s/7812.5Baud | 104.2 4s/9600Baud
G 1 o} E+1024 1.67ms/600Baud 1.024ms,/976.6Baud | B33.3u5/1200Baud
Q 1 1 E+4098 6.67ms;/1508aud 4.086ms/244.1Baud | 3.333ms, 300Baud
1 - - - * * *

*When 882 is “17, Timer 2 provides SCI clocks. The baud rate is shown as follows with the TCONR as N.

. input clock frequency to the
Baud Rate = 32—(;{'1_) tirlr)xer 2 coume? i
N=0~255
{2} Clocked Synchronous Mode *
XTAL 4.0MHz 6.0MHz 8.0MHz
§52 881 SSs0 £ 1.0MHz 1.5MHz 2.0MHz
[4] o o E+2 2u5-bit 1.33us5.bit 1us bit
e o 1 E+16 16,8, bit 10.748, bit Bus bit
1] 1 e} E+128 128us bit 85,3us.bit B4us bit
4] 1 i E+512 512 u5.bit 341us bit 258us bit
T - = — * % * * K

* Bit rates in the case of intemal clock operation. In the case of external clock operation, the external clock is
operatable up to DC ~ 12 system clock.

** The bit rate is shown as follows with the TCONR as N.
input clock frequency to the

. iy = G(NHD) f:
Bit Rate (us/bit) f timer 2 counter
N=0~255

Table 7 Baud Rate and Time Constant Register Example

Baud Rate g XTAL | 5 4576MHz 3.6864MHz 4.0MHz 4.9152MHz 8.0MHz
110 21 32° 35° 23" 7o
150 127 191 207 255 51°
300 63 95 103 127 207
600 31 47 51 63 103

1200 15 23 25 31 51
2400 7 11 12 15 25
4800 3 5 - 7 12
9600 1 2 3 -
19200 o - 1 .
38400 . . o B

* E/8 clock is input to the timer 2 up counter and E clock otherwise.
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Table 8 SCI Format and Clock Source Control

CC2 CCt CCo Format Mode Clock Source |Port 2, Bit 2 Part 2, Bit 3 ! Port 2, Bit 4

0 a 1} 8-bitdata | Clocked Synchronous | Externat Input

2] 0 1 |8bitdata | Asynchronous Internal Not Used"* When the TRCSR. RE bit is 1"

1] 1 0 |8-bitdata | Asynchronous Internal Output® ; en't ; L s
bit 3 is used as 2 serial input.

] 1 1 8-hitdata | Asynchronous External {nput

1 1] 1} B-bitdata | Clocked Synchronous | Internal Qutput

1 [+ 1 9-bitdata | Asynchronous Internal Not Used** When the TRCSR. TE bit is “1”

1 i 0 | 9-bitdata | Asynchronous Internat Cutput® R en‘t ; - itis 1
bit 4 is used as a serial output.

1 i i 9-bitdata | Asynchronous Externai Input

* Clock output regardiess of the TRCSR, bit RE and TE.
** Not used for the SCI.

Bit6 TD8 Transmit DataBit8

When selecting 9-bit data format in the asynchron-
ous mode, this bit is transmitted as the 9th data. In
transmitting 9-bit data, write the 9th data into this bit
then write data to the receive data register.

Bit7 RD8 Receive DataBit 8

When selecting 9-bit data format in the asynchronous

mode, this bit stores the 9th bit data. In receiving 9-bit

data, read this bit then the receive data register.

s TIMER, SCi STATUS FLAG
Table 9 shows the set and reset conditions of cach status

Table 8 Timer 1, Timer 2 and SCI Status Flag

flag in the timer 1, timer 2 and SCI,

As for Timer 1 and Timer 2 status flag, if the set and reset
condition occur simultaneously, the set condition is prior to
the reset condition. But in case of SCI control status flag,
the reset condition has priority. Especially as for OCF1 and
OCF2 of Timer 1, the set signal is generated periodically when-
ever FRC matches OCR after the set, and which can cause the
unclear of the flag. To clear surely, the method is necessary to
avoid the occurence of the set signal between TCSR Read and
OCR write. For example, match the OCR value to FRC first,
and next read TCSR, and then write OCR at once.

Set Condition

Reset Condition

1CF FRC — iCR by edge input to Py. 1. Read the TCSR1 or TCSR2 then ICRH,
when ICF=1
2. RES=0
OCF1 OCR1=FRC 1. Read the TCSR1 or TCSR2 then write to the
QCR1TH or OCR1L, when OCF1=1
Timer 2. RES=0
1 OCF2 QCR2=FRC 1. Read the TCSR2 then write to the OCR2H or
OCR2L., when OCF2=1
2. RES=0
TOF FRC=$FFFF+1 cycle 1. Read the TCSR1 then FRCH, when TOF=1
2. RES=0
Timer CMF T2CNT=TCONR 1. Write “0” to CMF, when CMF =1
2. RES=0
RDRF Receive Shift Register - RDRB 1. Read the TRCSR then RDR, when RDRF=1
2. RES=0
ORFE 1. Framing Error {Asynchronous Mode) 1. Read the TRCSR then ROR, when ORFE=1
Stop Bit=0 2. RES=0
2. Qverrun Error {Asynchronous Mode)
Receive Shift Register = RDR wher
SCi RDRF=1
TDRE 1. Asynchronous Mode Read the TRCSR then write to the TDR,

TDR — Transmit Shift Register
2. Clocked Synchronous Mode
Transmit Shift Register is “empty”™

3. RES=0

when TDRE=1
{Note} TDRE should be reset after the TE set.

{Note] 1. —; transfer
2, For example; “ICRH" means High byte of ICR.
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= LOW POWER DISSIPATION MODE
The HD6303X provides two low power dissipation modes;
sleep and standby.

® Sleep Mode

The MPU goes to the sleep mode by SLP instruction execu-
tion. In the sleep mode, the CPU stops its operation, while the
registers’ contents are reiained. In this mode, the peripherals
except the CPU such as timers, SCI etc. continue their func-
tions. The power dissipation of sleep-conditfon is one fifth that
of operating condition.

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

This sleep mode Is effective to reduce the power dissipation

HDB303X,HD63A03X, HDB3BO3X

for a system with no need of the HD6303X’s consecutive
operation.

& Standby Mode

The HD6303X stops all the clocks and goes to the reset
state with STBY “Low”. In this mode, the power dissipation is
reduced conspicuously. All pins except for the power supply,
the STBY and XTAL are detached from the MPU internally
and go to the high impedance state.

In this mode the power is supplied to the HDa303X, so
the contents of RAM is retained. The MPU retumns from this
mode during reset. The followings are typical usage of this
mode.

Save the CPU information and SP contents on RAM by NMI.
Then disable the RAME bit of the RAM control register and set
the STBY PWR bit to go to the standby mode. If the STBY
PWR bit is still set at reset start, that indicates the power is
supplied to the MPU and RAM contents are retained properly.
So system can restore itself by returning their pre-standby infor-
mations to the SP and the CPU. Fig. 22 depicts the timing at
each pin with this example.

—{ Vec —
T WA
—

J— |
Fm L \
|
HDB303X P 1
% RES |

STBY j ; - f— t

|
A

@ STBY ) m]“ j
® o ! i
RE! ;

S [ | i

Save registers Oscillator

"RAM/Port 5 Control Start Time
Register Sat
Restart

Figure 22 Standby Mode Timing

= TRAP FUNCTION

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

® Op Code Error

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

® Address Error N .
When an instruction fetch is made from internal register

($0000~$001F), the MPU generates an interrupt as well as an
op code error. But on the system with no memory in its ex-
ternal memory area, this function is not applicable if an in-
struction fetch is made from the external non-memory area.

G HiTacH!

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

(Note) The TRAP interrupt provides a retry function different-
Iy from other interrupts. This is a program flow retum
to the address where the TRAP occurs when a sequence
returns to 2 main routine from the TRAP interrupt
routine by RTI. The retry can prevent the system burst
caused by noise etc.

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

w INSTRUCTION SET

The HD6303X provides objcct code upward compatible
with the HD68C! to utilize all instruction set of the
HMCS6800. Tt also reduces the execution times of key instruc-
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tions for throughput improvement.

Bit manipulation instruction, change instruction of the
index register and accumulator and sleep instruction are also
added.

The followings are explained here.

+ CPU Programming Model (refer to Fig. 23)

«  Addressing Mode
Accumulator and Memory Manipulation Instruction
(refer to Table 10)
< New Instruction
* Index Register and Stack Manipulation Instruction

(refer to Table 11)

* Jump and Branch Instruction (refer to Table 12)
Condition Code Register Manipulation

(refer to Table 13)

* Op Code Map (refer to Table 14)

¢ Programming Model

Fig. 23 depicts the HD6303X programming model. The
double accumulator D consists of accumulator A and B, so
when using the accumulator D, the contents of A and B are
destroyed.

E " ﬂl j’ s 3 8Bt Aceumulators K and b
P

Tr 16 Bis Double Accumutater D

18 X of tndex Aegarsr 02

fs S 0] sraes o 1590

s 3 o] Frogram Couner 93
7 o

Iiv # |l~ z vlcl Candition Code Megister [CCAY

I L cuvisonomtomuss
Quertiow

Zeca
b epatve

Tatescupt

Hatt Carry tFrom Bu 33

Figure 23 CPU Programming Model

® CPU Addressing Mode

The HD6303X provides 7 addressing modes. The addressing
mode is decided by an instruction type and code. Table 10
through 14 show addressing modes of each instruction with
the execution times counted by the machine cycle.

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

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

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

116

In this addressing mode, the second byte of an instruc-
tion shows the address where a data is stored. 256 bytes (50
through $255) can be addressed directly. Execution times
can be reduced by storing data in this area so it is recommended
to make it RAM for users' data area in configurating a system.
This is a 2-byte instruction, while 3-byte with regard to AIM,
OMM, EIM and TIM.

Extended Addressing

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

Indexed Addressing

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

This carry is added to the upper 8 bit of the index register
and the result is used for addressing the memory. The modified
address is retained in the temporary address register, so the con-
tents of the index register doesn’t change. This is 2 2-byte
instruction except AIM, OM, EIM and TIM (3-byte instruc-
tion),
implied Addressing

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

Relative Addressing
The second byte of an instruction and the lower 8 bits of
" the program counter are added. The carry or borrow is added to

~ the upper 8 bit. So addressing from -126 to +129 byte of the

current instruction is enabled. This is 2 2-byte instruction.
(Note) CLI, SEI Instructions and Interrupt Operation
When accepting the IRQ at a preset timing with CLI
and SEI instructions, more than 2 cycles are neces-
sary between the CL1 and SE{ instructions. For example,
the following program (a) {b) don’t accept the IRQ but
{c} accepts it.

. . cu
CLI cLI NOP
SEI NOP NOP

5 SEI SEI
(a) (b) {c)

The same thing can be said to the TAP instruction
instead of the CLI and SE! instructions,
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Table 10 Accumutator, Memory Manipulation Instructions

Condition Code

. " Addressing Modes . Register
IMMED | DIRECT | INDEX |EXTEND | IMPLIED Ari ic Op sf4]3 1fo
oP|~lxfor|~[#loP|~ia|oP|~|uiop|~|n HltInjzv|e
Add ABDA s l2)2lssaf2]aB]alz(BB a3 AT M= A BEERE
ADDB  {cB 2|2 |peja[2]eBla[2|FBl4 3 8+M—-8 tleltit]e]e
Add Double ADDD |3 3|3 |p3[4)2fE3|B|2]F3|5B|3 A B+MIMsI-AB |sleltis|s]t
Add Accumulaters ABA B{1(1{A+B—~ A Pieit{bisls
Add With Carry ADCA 189 12129913 |2 A0 (4028942 A+MIC=A tie)ritials
| _ADce  icogq2iz2iow!3 2lesfaf2]re (a2 B+M+C~8 IR LA HENR
AND ANDA (84 12:2 194 |32 fas]4|2|Bs a3 AM—~ A slelsirinje
ANDB _ {C4 {212!D4 |3 |2 |cafs|2]ra |43 B:M-~8 eleftitiale
Bit Test BITA (85 {2]295(3[2]{A5|4(2 6542 AM _ elaft]tinTe
aite Csi2i2/ps5i3i2(es[4l2lrsjais B-M sieistrfale
Chear CLR 8F {52177 [5][3 00—~ M eieRIS|AIR
CLRA 4F 111 Joo—-a s s R{SIRIA
CLAB sfli[1joo~8 sle|RISIR R
Compare CMPA 81 [252 191 |3 (2 a1la(2 Bt 43 A-M RBAE
CMFB cil22)ot|afzle1 (4 ]z }F1 a2 8 -M slefr|t|tlt
A o cBA 1i1fja-8 eleftltfe s
Complement, 1's coM 6316 l273[sa M-m elelti]R]s
COMA EEIREEED e 1T IRTS
COM8 53 [1[118 -8 slsititin(s
Complsment, 2's NEG 80 l6|2770 (6]3 W-M—~W e 11100
{Negate! HNEGA 40 (1(1]00-A—=A els it lOl@
NEGS 50§11 ,00-8~8 . sioitl: 0O
Decima Adjust. A | DAA 191211 [Grseiens me5n s |* |+ [t ]+ ]t o
Decrament DEC BA6(2 (7A |53 M-t —-M sl |t (Dle
DECA AT 1 A-1oA oo il [@le
DECB sal1{1l8-1-8 sleiiit]ale
Exclusive OR EORA 188 [2j298 2|2 |aalai2 BB |43 AD M- A N et ]R e
) ___| EOR8 |cgi2(2/pafs|2fealalz |FB 413 BG M-8 B EBE0
Increment INC sCis{2|cfs]a M+1—-m . et
INCA aCitl1fasti=a s s 111 ]®]e
- INCB S5Ci1ft(B¢t1-8 A ERERID
Load Loas 196 |2 12 o5 |3 |2 [a6]a]2 86 [s [3 M~ A _ ejelsitim]s
Accumulatar LoAn  lcs i2 |2 p6lafzles (42 [F6 (4 ]a M-8 sle il lnfe
kﬁ::f:,::’;:f 00 fecf3(3locla (zleclsiz jreis |2 Me1—B M~ A elofitr]e
Multinly Unsigned | MUL Wi{7{1laxB~A:B *[slelo|ell}
OR, Inciusive ORAA  Isaf2]2lsal3zlaajalzlEAl4]3 A+M= A ool |i]aTs
ORAB - lIca|2|2|DAl3 [2{EAls |2 [FA 413 B+M= B e [T13 .
Pust Dsta PSHA 36 [4 |1 A~ Msp, 5P -1 5P slsjofels @
PSHE 37 {4118 ~msp, 5P-5 5P slefefele]s
Pull Data PULA 32{3]1{SP+1~5P, Mp—~ A (e ielsinls
. PULB 33 [3l1fsPri-sP. MpebB elejefoiefe
Rotats Left AOL 68 i6l2frfe]a “ - ejaftlitimt
ROLA 4911.’“@1}:@--::0:

ROLB 5 [ 1]1]s’ € ¥ QB
Rotate Right ROR 86 {612 [76 163 M - sl [FTT 1T
ARORB s6l1{1]" olsls]|s @3
{Note} Condition Code Ragister will be explained in Note of Table 13. {continued)
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Table 10 Accumulator, Memory Manipulation Instructions

in addition to the HD6RO! instruction set, the HD6303X

prepares the following new instructions.

AIM ... .. .. (M)(IMM) >~ (M}
Executes “AND” operation to immediate data and the
memory cogtents and stores its result in the memory.
OIM....... (M} (IMM) = (M)
Executes “OR” operation to immediate data and the
memory contents and stores its result in the memory.
EM ....... (M®(IMM) = (M)

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

< -
Addressing Modes . . Conditior o™
Operatians Mnemonic | \MMED, | DIRECT | INDEX [EXTEND | IMPLIED | 4 nmerie Operation (51413121710
op{~l#ior |~ |#|or|~{x|or |~]|nlor|~ s uir|njzlvic
Shift Left ASL 68 {612 |78 {6 |3 " — ) aji1it Bt
Arithmatic ASLA ag L1 1 ," ofefelt|t Bt
ASLB sBl1(1(|e’ ° ¥ “ o:th
E:t‘:f’{;r’is:l::;nic ASLD os 1t ?{“ﬁ@;«o Uil
Shift Right ASR 67 |6l2177 [sl3 [P g cm
Arithmetic ASRA a7 111 A} l:{ FTTT Tof sinitit ]
e T B (%) e
ASRB B 57 1|1 DROORcE
Shitt Right LS’ 54 |6[2 |74 [6]3 " - oo Rt (B[t
tagicat LSRA TI1TT 5L A‘o*ﬂm@ slelriT@®F
o7 bl ‘e
{SRB | 1] o fs+ 1 3 _ elsliR]s }
Double Shift 0.
Right Lagical LsRD ol N S A i i D M
Stove STAA a7 stz (ar|alzlar 4 3] T ] [a-m L
Accumulator sTaB or|3f2]ezlafzfF7 (¢ 3 R eleftitlr
Store Double sTD on|s 2 |eois iz Fojs |3 /I efelt|t|rle
Subtract susa  |so [2f2]s0 [3|2[ac]e{2|Bol4]3 A-M A efelt{t 3]s
suse_ |cojzi2|polafz[eolel2lFo 4 (3] E-M-B DABA
Double Subtract sushD |82 |3|3]93 |42 [a3]s]21B3]5]3 A.B-M Mri-A:B |s|e|r[t]2]t
Subtract s8a |t ja-s~a annnn
B A S I I I S ] X
Subtract SBCA |82 |2|2 |92 [3 |2 [A2 4|2 (B2 (43 A-M-CoA e il i s
With Carry sece |cz 202 jp2falzfea a2 [F2 {4 3] | G-M-C-8 e liiri s
Teansfer TAB i} _ B [CAERE A B sieitjt|R{e
Accumulators T84 171 71 ]i]e~aA ele st Rle
Test Zwo or TST B 60|42 [70]a 3] M-00 o st ]1[R]R
Minus TSTA it jAa-00 B oo it |RIR
TST8 1 1110 5011 J1][8-00 e e RiET
‘And Immediate AN RIRBEEE M.IMM <M eloft{t[r]e
OR Immediate oM T Im2]slsls2]7]3 T Ivemm m ejeliitin]e
£0R EM INEZRECINE Jmmn=m sfefift]nle’
Test Immediate TIM 7slafajen|s[a] | T[m.am ele[i{i|r]e”
[Note} Condition Code Register will be explained in Note of Table 13.
® Additional Instruction ™ ... . (M) (IMM)

Executes “AND™ operation to immediate data and
changes the relative flag of the condition code register.

These area 3-byte instructions; the first byte is op code, the
second immediate data and the third address modifier.

XGDX ..... (ACCD) «+(1X)
Exchanges the contents of accumulator and the index
register.

SLP

Goes to the sleep mode. Refer to “LOW POWER DiS-
SIPATION MODE” for more details of the sleep mode.
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Table 11 Index R

gister, Stack Manipulation Instructions

Addrassing Mades o @nga.t&emn.fodc
Pointer Oparatians | Mnemonic [[amED. | DIRECT | INDEX | EXTEND [IMPLIED | Arithmetc Operation |5 [4f3]2]1]0
QF |~ 1#|OP[~|2 0PI~ #{OPI~i#IOPi~ 4 KHiiINJZ|VIC
Compare index Reg CPX ac|3ja|ec |42 |AC B [2{BC|B (3 X-MM+1 elafifdisid
Decrement tndax Pag DEX 09 {1t (X—=1—X eafslnit]e]e
Decrement Stack Pntr DES 341 {1 (SP—1—>5" sin{nfeafs]e
Increrment Index Rag X 08 |11 |X+t=X als{eltls]e
Incrament Stack Pntr NS 31 {1y [SP+1>5P sinlolajele
Losd Ingex Reg LOX CE{3|3|[DE(4 ]2 |EE|5|2|FE[5{3 M= Xy, M+ ti=X_ |[s]eiDlt|R{e
Load Stack Pnir LDS GE [ 3{3[9E [4 {2 |AE|5|2 [BE}52 M- 8Py, (M+1)-SP Jelsihi3[R|e
Stors Index Reg STX oF i« [2 [ef [s[2[fF|5[3 XM X ~M+1) e e @t |R]e
Stare Stack Potr 575 9F {4 (2 [AF |5 |2 BF |5 |3 SPy ~ M 5P ~(M+1} (e ]s Dii[R]e
index Reg —~ Stack Pntr | TXS 35 (1t [X-1+8P ejefajeleie
Stack Pots — Index Reg| TSX 3011 jsP+1~X eisjoialoje
Add ABX sal11jBex=x siejeie|efe
Push Data PSHX FC[B[1 [XL =M. SP-1>SF [s[efeieje]e
Yyq =+ Mg, 8P = 1 5P
Pull Data PULX 38 (41 |SP+1-SP.Mo~Xy [#[e]s]n]e]e
SP 41— SP, My, = Xy
Exchange XGDX 18 |2 {1 |ACCD X oleinislaje
{Note] Condition Code Register will be axplained in Note of Table 13.
Table 12 Jump, Branch Instructions
Addressing Modes Condition Code
. . | Pegister
Operations Mnemonic ey ATIVE | DIRECT | INDEX | EXTEND | IMPLIED 8ranch Test s]al3]2]1]0
OPi ~i{x|oP|~|« loP|~j2ioP |~ [=lOPi~|x sl iiN[zZz]v]c
Branch Always BRA 20432 sle|afeje|e
Branch Never BRN 21132 sleisjofela
Branch |f Caery Cloar | BCC 2432 TTT T lefsialets
Branch If Caery Set 8cs 28132 11 13 1t 0 afsijsjelels
Branch {F = Zerc BEGQ 27132 sleioiojnle
Branch T > Zero BGE (32 N@V=0 eleieja|sin
Branch If > Zero BGT 2€[af2 Z+IN®VI=0 alelofofele
Branch If Higher BHL 232 C+Z=0 elojofe]ale
Branch i < Zero BLE Fia3i2 ZrN@D VIS alslsfole|e
Branch If Lower Oc BLs  (23]3]2 cez=1 elaleiolefs
Branch If < Zero BLT 20|32 NBv=1 sisisjeieis
Branch if Minus M1 281392 N=t sisjejeals]s
Sranch It Not Equsl | grg 26|32 z-0 oleofalele
{Bnr::rchno»-dlaw BVC 8132 veo elalalelele
Srsnch }f Overflow Set;  8VS 292342 v=i s(slejsinie
Brench It Plus BPL' 2432 N=Q sfojeo]efe
Branch To Subroutine 85R 8D 5|2
Jump JmP
Jump To Subroutine JSR 90
No Oparstian NOP Sdvanoes Prog. Catr. o e Je fe le |e
Return From Interrupt| AT ) i B —
:l::’:l::l::m RTS sje i (o ie |
Software Interrupt Wi L] .
Wait for Intarrapt® WAl [ @] s o]
—Sheop 5L s ejniv]e]e

{Notel * WAI puts R/W high; Address Bus goes 1o FFFE; Data Bus goes to the 1hree state.
Condition Code Register will be explained in Note of Table 13.
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Table 13 Condition Code Register Manipulation instructions

TAddressingModes] Condition Code Register

Opdrations Muemonic IMPLIED Boolean Operation 5 ; 4 {2 1 i)

or |~ |# HlirInlzlv]c

Clear Carry CLC oc |1 |1 _ _0-¢ ejisfeles]s R

Closr Intarrupt Mask cLi OE |t |1 a1 e|R|e[e e e

Clrar Overfiow CcLv QA 1 1 9V ejelsis R |e

Set Carvy SEC o1 [t Ti.c eleielelels

Sat Interrupt Mask SE OF {1 |1 =1 s [ Siefeje @

Sot-Overfiow SEV 08 [ 1 |13 1V [ BERERER R

Accumulator A — CCR TAP os | 1 [t | A~ CCR —

CCR ~ Accomutatar A TPA 07 | 1 |1 “coR-~a AEIEEED
LEGEND CONDITION CODE §YMBOLS

OP  Operation Code (Hexadecimal)
Number of MCU Cycles
Mgp Contents of memory location pointed to by Stack Pointer

Halfcarry from bit 3 to bit 4
Intarrupt mask
Negative {sign bit)

H
l§
N
#  Number of Program Bytes Z  Zero (byte}
+  Arithmetic Plus V  Overflow, 2's complement
- Arithmetic Minus C  Carry/Borrow from/to bit 7
. Boolean AND R Reset Always
+  Boolean inclusive OR S  Set Always
© Boclean Exclusive OR 3 Setif true after test or clear
M Complement of M e Not Affected
= Transfer into
0 Bit= Zero
00 Byte = Zero
{Note} Condition Code Register Notes: {Bit set if test is true and cleared otherwise}
M [Bit V) Test: Result = 100000007
2 {BitC) Test: Result § 000000007
@ (Bic) Test: BCD Character of high-order byte greater than 107  {Not cleared if previousty set)
@ (gt v} Test: Operand = 100030000 prior to execution?
S (Bit v Test: Operand = 01111111 prior to exscution?
6 IBitV) Test: Setequal to N® C =1 after the execution of instructions
T BitN)  Test: Resultless than zero? (Bit 15=1)
/8 (Al Bitt  Load Conditicn Code Register from Stack.
& IBit i} Set when interrupt occurs. If pr ty set, 38 Non-Mask Interrupt is required to exit the wait state.
9 (Al Bit)  Set according to the contents of Accumulator A,
i {BitC}) Result of Muttiplication Bit 7=1? {ACCB}

Tabie 14 OP-Code Map

ACC | ACC ? wp |97 _ _ACCA or 5P
A B L R | IMM DIR IND
560 | oors ! oo | o191 | oo | onit | 6o | ieot | 010 |

, 30 B RO A B B e s
[) BRA | TSX NEG o
t t
2 2
oBi1] 3 3
Foraa ] % 1
(o0} 5 BT B s
sl s LDA 6
gk T STA 7
{1000 | 2 EOR 7 1
N ROL - ADC - N
Ene DEC T ORA x
onls e N ADD s
1100 X i PR LoD T
1101 st ‘LEE JSA I STD o
Tet AT ORETTTTTT 15§ LOX £
[l e <R B S8 57X F

4 s e "y s | 3 [ AT c | s T eT[rF

'UNDEFINED OP CODE

=

* Oniy each instructions of AIM, QIM, EIM, TIM
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= CPU OPERATION
® CPU lnstruction Flow

When operating, the CPU fetches an instruction from a
memory and_executes the required function. This sequence
starts with RES cancel and repeats itself limitlessly if not
affected by a special instruction or a centrol signal. SW1, RTI,
WAI and SLP instructions change this operation, while NMI,
iRQ;, TRQ;, IRQ;, HALT and control it. Fig. 24 gives
the CPU mode transition and Fig. 25 the CPU system flow
chart. Table 15 shows CPU operating states and port states.

® Operation at Each | jon Cycle

Table 16 shows the operation at each instruction cycle.
By the pipeline control of the HD6303X, MULT, PUL, DAA
and XCDX instructions etc. prefetch the next instruction. So
attention is necessary to the counting of the instruction cycles
because it is different from the usual one - op code fetch
to the next instruction op code.

Table 15 CPU Qperation State and Port State

Port Reset | STBY*** HALT Sleep
A ~ Aq H T T H
Port 2 T T Keep Keep
Do ~ D+ T T T T
Ag ~ Ays H T T H
" Ports T T T T
" Port6 T T Keep Keep
el l T . .

H :High, L ;Low, T ;High Impedance
* AD,WH, AW, TIR=H.BA=L :
++ RD,WR,RMW =T, TR, BA=H
**»* E pin goes to high impedance state.
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LIBLD MOIJ WAISAS XEOEOAH G2 by

ﬂ

TN L4303 V31D
SOV L5303 Lanwidim

L

[t oinr | Teois vems [ Conl I Vil ri Laus vaas as w30 | [t v
O IA owwoun | [onwoanse | | Swwouona DHNGLIM DHNOLIM ot | | oo

‘ndniG) Jo sImep
sow 10} ,NOILAINDSAA Nid TYNOILINNA,, 9 38y "2
“ueIpucd
NdD BLA JO staipIEAI PO AGPURLS BHL C1ul OB ||iM #ouanbes
R "0=ABLS UeUM 'STN Bulnp MmOy B Jo somd Aue
WOy LWIT g3y e GF #uoo i souanbes weslosd ayy L (moN)
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Table 16 Cycls-by-Cycle Operation

HD6303X,HDE3A03X, HD63BO3X

M:::r::::::: 3 I Cycles [ Cv;lc ! Address Bus l RW ’ L) I WhR l Or l Data Bus
IMMEDIATE
ADT ADD 1 Gp Code Address+1 1 7] T il Operand Data
AND BIT 2 Op Code Address+2 1 o 1 ] Maxt Op Code
cMmP EOR 2
LDA ORA
SBC suB
ADDD CPX 1 Op Code Address+1 1 [+] 1 1 Tperand Date (M5B}
LoD LDS 3 2 Op Code Address+2 1 [¢] 1 1 Operand Data [LSB)
LDX SuUBD 3 Op Code Address+3 1 [ 1 [+] Next Op Cods
DIRECT
ADC ADD 1 Op Code Address+1 k] 0 1 1 Addrass of Operand (LGB}
AND BIT 2 Address of Operand 1 0 1 1 Operand Data
CMP EQR 3 3 Op Code Address+2 1 [+ 1 [+] Next Op Code
LDA ORA
SBC sSuB
STA 7 Op Code Address +1 1 0 1 [ Destination Address
3 2 Destination Address o 1 0 1 Accumulator Dats
3 {p Code Address+2 1 0 1 Q0 Next Op Cods
ADDD CPX ] Op Code Address+1 T 1] 1 1 Address of Gperand (LS8}
LDD LDs 4 2 Address of Operand 1 o 1 1 Operand Data (M5B}
LDX SUBD 3 Address of Operand + 1 1 ] 1 1 Operand Data (LSB}
4 Op Code Address +2 1 0 1 O Next Op Code
BE:140] 515 i Op Code Address+ 1 1 [+ 1 1 Destination Address (LSB]
STX 4 2 Destination Address [o] 1 0 1 Register Data {MSB}
3 Dastination Address +1 Q 1 o] 1 Register Data {L5SBj
4 Op Code Address +2 1 O 1 0 Next Op Code
JSR 1 Op Code Address+ 1 4 ) 1 1 Jump Address (LSBT
2 FFFF H 1 1 1 Restart Address {LSB)
5 3 Stack Pointer o] 1 4] 1 Return Addrass (LSB}
4 Stack Pointer—1 [+] 1 o 1 Return Address (MSB}
5 Jump Address 1 0 1 0 First Subroutine Op Code
TIM 1 Op Code Address + 1 1 [s] 1 1 Immediats Data
4 2 Op Code Address +2 1 o] 1 1 Address of Opaerand [LSB)
3 Addrass of Operand 1 o] 1 1 Operand Data
4 Op Code Address+ 3 1 0 k] 3] Next Op Code
Al ETM 1 Op Code Address+ 1 1 4] 7 1 immediate Data
ol %} 2 Op Code Address+2 1 0 1 1 Address of Operand {LSB}
& 3 Address of Operand 1 0 1 1 Operand Data
4 FFFF 1 1 1 1 Restart Address (LSB}
5 Address of Operand o 1 4] 1 New Operand Data
5 Qp Code Address+3 1 0 1 0 Next Op Code
{Continued}
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Address Mode &

(astructions Cvciﬂt} Cy;l- 1 Address Bus ’ R/W k ;) [ wR l [5]:3 l Data Bus
INDEXED
R T | Op Code Address+1 i 0 T ] Offsst
3 2 FFFF 1 1 1 1 Rastart Address (LSB}
3 Jump Address 1 0 1 Q First Op Code of Jump Routine
ADC ADD 1 Op Code Address+ 1 1 [5] 1 1 Offset
AND BIT 2 FFFF 1 1 1 ¥ Restart Address [LSB}
CMP EOR 4 3 [X+0ffset 1 0 1 1 Operand Data
LDA ORA 4 Op Code Address+2 1 0 1 O Next Op Code
s8C SUB
TST
STA 1 Dp Tode Address+1 1 T 1 1 Offset
4 2 FFEF 1 i 1 1 Restart Address {LSB}
3 X +0ffset o] 1 o 1 Accumutator Data
4 Op Code Address+2 1 Q 1 o Next Op Coeds
ADBD 1 Op Code Address+ 1 1 [4] T H Offset
CPX LED 2 FFFE 1 1 1 1 Restart Address (LSB)j
LDS LDX 5 3 X +0Offset 1 0 1 1 Operand Data (MSB}
SUBD 4 X +0Mset+1 1 0 1 1 Operand Data (LS8}
5 Op Code Address+2 1 Q 1 0 Next Op Code
§TD 575 1 Op Code Address+1 1 [¢] T i Offsst
8TX 2 FFFF 1 1 1 1 Restart Address (LSB}
B 3 1X+Offset o 1 0 1 Register Data {MSB}
4 IX+Offset+1 [+] 1 0 1 Register Data {LSB}
5 Op Cods Address+2 1 0 1 0 Next Op Code
JSH 1 Op Code Address + 1 1 [ 1 1 Offsat
2 FFFF 1 i 1 1 Restart Address {LSB}
5 3 Stack Pointer ] k| 0 H Return Address (LS8}
4 Stack Pointar—1 o 1 0 1 Retuen Addrass {MS8)
5 1X +Offset 1 0 1 g First Subroutine Op Cods
ASL ASK 1 Op Code Address+ 1 1 Q 1 1 Offset
CoMm DEC 2 FFFF 1 1 1 1 Restart Address {LSB}
iNC LSR 6 3 {X + Offset i o 1 1 Operand Data
NEG ROL 4 FFFF 1 1 1 1 Restart Addrass (LSB}
ROR 5 1X+Offset s 1 ] ] New Operand Data
] Op Code Address+ 2 1 4] 1 o Hext Op Code
TiM 1 Op Code Address+ 1 1 [) 1 i Immediate Data
2 Op Code Address+2 1 [+] 1 1 Offset
5 3 FFFF 1 1 1 1 Restart Address {LSB}
4 IX + Offset 1 0 1 1 Operand Data
5 Op Code Address+3 1 0 1 [ Next Op Code
CLR 1 Op Code Address+ 1 1 [2] T k] Offset
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 X+ Offset 1 [+] 1 1 Operand Data
a IX+0Offset ] 1 4] 1 oo
5 Op Code Address+2 1 0 1 o Next Op Coda
AlM EiM 1 Op Code Address+1 1 [+ ] il immediate Data
oM 2 Op Code Address+2 1 23 1 1 Offset
3 FFFF 1 1 1 1 Restart Address {LSB}
7 4 1X +Offset 1 V] 1 1 Operand Data
5 FFFF 1 1 1 1 Restart Address {L5B}
3 {X +0Offset el 1 < 1 New Operand Data
7 Op Code Address+3 1 0 1 o Next Op Code
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M:":;:x::: & Icvﬂn t c’;f“ I Address Bus ] RAN l 1) ] WR l R ‘ Data Bus
EXTEND
JNF i Op Cods Address+1 1 [+ 1 1 Jomp Address (M35}
3 2 Op Code Address+2 t Q 1 1 Jump Address {LSB}
3 Jump Address 1 4] 1 0 Next Op Code
ADC ADD TSV ] Op Code Address+ 7 i [+ 1 1 Address of Dperang (MS8]
AND 8T . 2 Op Code Address+2 1 [+] 1 1 Address of Operand (LSB)
CMP EOR 3 Address of Operand 1 0 1 1 Operand Data
LtDA ORA 4 Qp Code Address+3 1 o 1 0 Next Op Code
§BC  5UB
STA 1 Op Code Address + 1 k] [¢] T 7 Destination Address (MaB)
& 2 Op Code Addrass+2 1 [+ 1 1 Destination Address [LSB}
3 Destination Address ] 1 0 1 Accumuiator Data
4 Op Code Address+3 1 ¢ 1 4] Next Op Cods
ADDD 1 Op Code Address + 1 1 [ 1 7 Address of Operand (MSB)
CPX LDD 2 Op Code Address+2 1 13 1 1 Address of Operand {LSB)
LDS LDX 5 3 Address of Operand 1 Q 1 1 Operand Data {MS8)
SUBD 4 Address of Operand+1 1 [+] 1 1 Operand Data {LSB}
5 Op Cods Address+3 1 4] 1 0 Next Op Code
ST 578 1 Op Code Address+1 1 0 1 E] Destination Address (M5B}
STX 2 Op Code Address+2 1 Q 1 1 Destination Address (LSB}
1 3 Destination Address [+3 1 [+ 1 Register Data {MSB}
L3 Destination Addrass+1 [+] 1 ] 1 Register Dats {LSB}
5 QOp Code Address+3 1 ] 1 O Next Op Code
T5R 1 {p Code Address +1 1 [4] H 1 JUmp Address (MSE)
2 Op Cods Address+2 1 [s] 1 1 Jump Address {LSB}
8 3 FFFF 1 1 1 1 Restart Address {LSB)
4 Stack Pointer ] 1 O i Aeturn Address (LSB)
&5 Stack Pointer—1 o 1 [+] 1 Peturn Address {MSB}
1] Jump Addrass 1 0 1 0 First Subroutine Op Code
ASE ASK k] Op Code Address+7 1 [+] 1 1 Address of Operand [MSB}
COM  DEC 2 Op Code Address+2 1 (4] 1 1 Address of Operand (LSB)
INC LSR 6 2 Address of Operand 1 4] 1 1 Operand Data
NEG ROL 4 FFFF 1 1 1 1 Restart Address {LSB}
ROR 5 Address of Operand e 1 0 1 New Operand Data
:] Qp Cods Addrass+3 1 [+] 1 0 Next Op Cods
CLR 1 Op Code Address+ 1 1 2] 1 T Address of Operand (MS8)
2 Op Cods Address+ 2 1 o 1 1 Address of Operand (LSB)
B 3 Address of Oparand 1 [+) 1 1 Opersnd Data
4 Address of Oparand [+] 1 2] 1 oo
5 Op Code Address+3 1 (4] 1 4] Next Op Code
{Continued)
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Address Mode § ]Cycm r Cyclo f Address Bus l AR ] 1) ! WA ‘ iy l Data Bus
instructions #
IMPLIED
ABATTABX i Op Code Address + 1 1 ) 1 5] Next Up Code
ASL ASLD
ASR CBA
cLc cu
CLR CcLY
COM  DEC
DES DEX
INC INS
INX iSR 1
LSAD ROL
ROR NOP
SBA SEC
SEi SEV
TAB TAP
TBA TPA
18T TSX
XS
DAA~ XGDX 2 7 Op Code Addrass+ 1 T [)] 1 [} Next Op Code
2 FFFF 1 1 1 1 Restart Addrass (LSB)
PULA ~ PFULE H Op Code Address + 1 7 [i] 1 [] Next Op Code
3 2 FFFF 1 1 1 1 Restart Address {LSB)
3 Stack Pointer+ 1 1 4] 1 1 Data from Stack
PSH H. 1 Op Code Address+1 ) [+] ) 1 Next Op Coda
a 2 FFFF 1 1 1 1 Restart Address (LSB}
3 Stack Pointsr [+] 1 Q 1 Accumulator Data
4 Op Code Address+1 1 0 1 4] Next Op Code
PULY 1 Op Code Address+1 1 [+] 1 2] Next Op Coda
P 2 FFFF 1 1 1 1 Restart Address {LSB)
2 Stack Pointer+1 1 ] 1 1 Data from Stack {M$8)
4 Stack Pointer+2 1 O 1 1 Data from Stack [L5B)
PSHX T Up Code Address+ 1 7 ['] 1 T Next Op Code
2 FFFF i 1 1 1 Restart Addrass {LSB}
5 3 Stack Pointer 0 1 (] 1 Indax Ragister (LSB)
4 Stack Pointer—1 0 1 [+] 1 Index Registar [MSB}
5 Op Code Addrass+ 1 1 (1) 1 (] Next Op Code
RIS 1] Op Code Address + 1 1 4] 7 T Noxt Op Code
2 FFFF 1 1 1 1 Restart Addrass (LSB)
5 3 Stack Pointer+ 1 1 ] 1 1 Return Address (MSB}
4 Stack Pointer +2 ) 0 1 1 Return Address {LSB)
5 Return Address 1 0 1 0 First Op Code of Return Routine
MUL f) Op Code Address + 1 i) [+] 1] [+] Next Op Code
2 FFFF 1 1 1 1 Restart Address {LSB}
3 1 1 1 1
4 ] 1 1 1
5 i 1 1 1
3 1 1 ¥ 1
7 1 1 T 1

FFEF
FFFF
FFFF
FFFF
FFFF

Aestart Address {LSB)
Restart Address {LSB)
Restart Address (LSB}
Restart Address {LSB}
festart Address [LSB)
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M st ¥ Jevaes [VE0 | Addrass Bus jom | 7o | we | T | Data Bus
IMPLIED
WAT 1 Op Code Address+1 1 [+] il k] Next Op Code
2 FFFF 1 1 1 i flestart Address (LSB}
3 Stack Pointer o 1 ] 1 feturn Address {LSB)
4 Stack Pointer—1 [+ 1 4] 1 Aeturn Address {MSB)
9 5 Stack Pointer—2 ] 1 o 1 index Register (LSB}
8 Stack Pointer—23 (] 1 2 1 index Register (MSB)
? Stack Pointer—4 [+] 1 0 1 Accumulator A
8 Stack Pointer—5 4] 1 o 1 Accumulator B
9 Stack Pointer—8 4] 1 o 1 Condith Code Regi
Rl i Qp Code Address+1 1 [4) 1 1 Next Op Code
2 FFFF 1 1 1 i Restart Address {LSB)
3 Stack Pointer+1 1 o] 1 1 Conditionat Code Register
4 Stack Pointer+2 1 o] 1 1 Accumuistor B
10 5 Stack Pointer +3 1 [+] 1 1 Accumulator A
8 Stack Pointer +4 1 [+] 1 1 index Register {MSB}
7 Stack Pointer+5 1 ¢ 1 1 indsx Register (LSB}
8 Stack Pointer+6 i 4] 1 1 Rsturn Address {MSB)
9 Stack Pointer+7 1 0 1 1 Return Address {LSB)}
10 Return Address 1 Qo 1 0 First Op Code of Return Routine
SWT i Op Code Address+71 1 [+] 1 T Naxt Op Code
2 FFFF 1 1 1 1 Rsstart Address {LSB}
2 Stack Pointer Q 1 ] 1 Return Address {LSB}
4 Stack Pointer—1 Q 1 0 1 Return Address {MSB}
8 Stack Pointer—2 4] 1 4] i index Registar {LSB}
12 3 Stack Pointar—3 0 t [o] 1 index Register (MSB}
? Stack Pointer—4 o 1 (4] 1 Accumulator A
8 Stack Pointer—5 Q 1 2} 1 Accumuiator B
] Stack Pointer —8 V] 1 o] 1 Conditional Code Register
10 Vector Addrass FFFA 1 [s] 1 1 Address of SWI Routine {MSB}
" Vector Address FFFB 1 4] 1 1 Address of SWI Routine (LSB}
12 Address of SWI Routing 1 [ 1 0 First Op Code of SWi Routine
3 1 Op Code Address+1 1 ] 1 1 Next Op Code
2 FFFF 1 1 ] 1 Restart Address (LS8}
3 FFFF 1 1 1 1 Restart Address (LS8}
4 Op Code Address+1 1 o 1 0 Next Op Code
RELATIVE
BCC BES 1 Op Codr Address +1 k] [1] 1 Branch Offset
BEQ BGE 3 2 FFFF 1 1 1 Restart Address (LSB)
8GT BHI 3 {Brlnd\ Address - Test="1" 1 o f o First Op Code of Branch Routre
BLE BLS Op Code Addrass+1-Test="0" Next Op Code
aLT EMT
BNE BPL
BAA BRN
BVC BYS
83A i Op Cods Address + 1 1 1] k] 3 Offset
2 FFEF 1 1 1 1 Restart Address (LSB}
5 3 Stack Pointer Q 1 Q 1 Raturp Address {LS8)
4 Stack Pointer—1 Q 1 i} 1 Asturn Address {MSB)
5 Branch Address 1 o 1 0 First Op Code of Subroutine
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HD8303X, HD63A03X, HD63BO3X:

= PRECAUTION TO THE BOARD DESIGN OF OSCILLA-
TION CIRCUIT
As shown in Fig. 26, there is a case that the cross talk dis-
turbs the normal oscillation if signal lines are put near the
osciliation circuit. When designing a board, pay attention 10
this. Crystal and Cp must be put as near the HD6303X as
possible.

=~ Signal line
Signal line

—{ XTAL

]

L

EXTAL

ar
J:'éé

HDE303X

Do not use this kind of print board design.

Figure 26 Precaution to the boad design
of oscillation circuit

{Top View)

Avoid signal lines
in this area.

Figure 27 Example of Oscillation Circuits in Board Design

= RECEIVE MARGIN OF THE SCI Table 17
Receive margin of the SCI contained in the HD6303X is Bit distortion Tharacier
shown in Table 17, tolerance distortion tolerance
Note: SCI = Serial Communication Interface _{t—ta) /to {T—To} /To
HDB303X 143.7% +4.37%
START i 7 8  STOP

2 3 4 1 -]
Ideal Waveform I [

Bit fength l‘—!o—h{
oh

length Tg

.

weerom L] L [ L 1] 1‘

k
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HD6303Y,HD63A03Y,

HD63B03Y
CMOS MPU (Micro Processing Unit)

The HD6303Y is a CMOS 3-bit single-chip microprocessing unit

which contains a CPU compatible with the CMOS 8-bit microcom-
puter HD6301V, 256 bytes of RAM, 24 parallel IO pins, Serial
Communication Interface (SCI} and two timers.

FEATURES
Instruction Set Compatible with the HD6301V1
258 Bytes of RAM
24 Parallet I/0 Pins
Paraile! Handshake Interface {Port 6}
Darlington Transistor Drive (Port 2, 6)
16-Bit Programmable Timer
input Capture Register X 1
Fres Running Counter X 1
Output Compare Register X 2
8-Bit Reloadabla Timer
External Event Counfer
Square Wave Generation
Serial Communication interface (SCl}
Asynchronous Mode {8 Transmit Formats, Hardware Parity)
Clocked Synchronous Mode
Memory Ready
3 Kinds of Memory Ready
Halt
Error Detection
{Address Error, Op-code Error}
Interrupt — External 3, Internal 7
Maximum B5k Bytes Address Space
Low Power Dissipation Mode
Sleep Mode
Standby Mode {Hardware Standby, Software Standby}
Minimum Instruction Execution Time — 0.5us {f = 2MHz)
Wide Range of Cperation
Vee=31t0 5.5V  {f=0.1 to 0.5MHz)
f=0.1 to 1.0MHz : HD8303Y
Veoe=5VE10% { f=0.1 to 1.5MHz : HDB3A03Y
f=0.1 to 2.0MHz : HDS3BO3Y

HDB303YFP, HDE3AO03YP,
HD63BO3IYP

(DP-848)

u PIN ARRANGEMENT

HDB303Y

{Top View)
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= BLOCK DIAGRAM

130

Vee —»
Vgg ~—n
V55 —

PlTin ) 3
Pz1{Tout:) « o4 cPU AD
P22{SCLK) ~ 8 g WR
P23(Rx ) 'I:E o~ < e /W
Paa(Tx 1} =20 I~ T rTrT l ] 1 f (IR
P2s(Toutz) e 8 (& BA
P2s{ Touts} <L .
P27{TCLK} _ —=Dc
%3 [— D,
o @ g’
@ — 3
L1 TIMER1 <: s o,
3 HDS
g — Dy
L —of {___f—D
— SCi <
. f—u Ao
A
A 22— A
TIMER2 £ L34
b g — V]
c"g" ] <m — As
Psof ARG ) @ g ) > Ag
Ps:{IRQ; } «— o § o L "A;
Ps2( MR  } e=————&f g 3 E L
Psa( HALT) e—————= = | < o ——a]
Psa(fS ) 4————n Sk ‘—I A
syl e
ESE - I guﬁ > An
52 -— ]
EaeR ——N<IC L
Pro - { — AL
Pey -— « (A A
Psz — g ]
Psa - ’E © N = Q ;
Pes -] 8 E
Pos  a—— o] S RAM
Pss I — 2568ytes
Psz -
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HDB303Y,HD83A03Y,HDE3BO3Y

¥ ABSOLUTE MAXIMUM RATINGS

item Symbol Value Unit
Supply Voltage Ve —-03~+70 v
Input Voltage Vi —0.3~Vcct+03 v
Operating Temperature Topr 0~+70 °c
Storage Temperaturs Tag —55~+ 1560 °C

(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric fisld.
But be carsful not to apply overvoltage more than maximum ratings to these high input impedance protaction circuits. To assure the normal
operation, we recommend Vi, Vo, Veg £ Vi, 0r Vo b £ Vee.

s ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vo = 5.0Vt 10%, Vgg = OV, Ta = 0~+70°C, uniess otherwise noted.}

ftem Symbol Test Condition min t¥p max Unit
FES, STBY Vee—05 =
Input “'High”" Yoltage EXTAL Vi VeeX0.7 - _cha v
Other Inputs 20 -
Input “Low™ Voltage All Inputs Vi —-0.3 - 0.8 \i
Input Leakage Current MPg, MP, ) lat Vi, = 0.5~V — 05V - - 1.0 2A
Three State Ag~Aqyg, Dg~Dy, AD, _ _
Leakage Current Vﬁ{ R/W, Ports 2,5,6 sl Vin = 05~Vec =05V - - 1.0 nh
oy = —200uA 24 - -
Output “High” Voltage Al Dutputs Vo oH Ll
fon = — 10xA Vee— 0.7 - - Y
Output “Low” Valtage All Qutputs Vo fop = 1.6mA - - 04 v
Darlington Drive _ _ B
Current Ports 2,8 lon Vour = 1.5V 1.0 - 100 mA
Input Capacitance All Inputs Ci ¥g‘: g:.é = 1MHz, - - 128 pF
Standby Current Non Operation ls7a o - 30 | 150 | mA
Sleeping (f= 1TMHz*") - 15 3.0 mA
lsip Sleeping (f=1,5MHz*"} - 2.3 45 | mA
Sleepi =2MHz"" - 3.0 8.0 mA
Current Dissipation” seping {f Gl
Operating (= 1MHz""} - 7.0 10.0 mA
ce Operating {f= 1.5MHz"*} - i05 15.0 mé
Operating (f=2MHz"") — 140 20.0 mA
RAM Standby Voltage Vaam ) 2.0 - - v

Vi min = Ve — 1.0V, V;, max = 0.8V {All output terminals are at no load }
**  Current Dissipation of th.3 operating or sieeping condition is proportional to the operating frequency. So the typ or max values about Current
Dissipations at X MHz operation are i ing to the following formuia:
typ. value {f = X MHz) = typ.value {f = IMHz} X X
max, value If = X MHzl = max, valus {f = 1MHzZ) X X
{both the sleeping and operating)
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HD6303Y,HD63A03Y,HD63BO3Y:

® ACCHARACTERISTICS (Ve = B.0VE10%, Vgg = OV, T, = 0~ 70°C, uniess otherwise noted.)

BUS TIMING
ttem Symbol Test HDB303Y HDB3A03Y HD83BO3Y Unit
Condition min | typ [mex | min | typ | max | min | typ | max
Cycls Time teye 1 - 10 j0.868| — 10 05 - 10 s
Enable Rise Time tg, - - 25 - - 25 = - 25 ns
Enable Fall Tima s - - 28 - - 25 - - 25 ns
Enable Pulse Width “High” Level® | PWp, 450 | — - {300} -~ - (220 | - - ns
Enable Puise Width “Low™ Level" | PWg 450 | — - 1300 — - 1220} - - ns
Address, R/W Dalay Tims" tap - - (250 - - 180 | - — | 180 | ns
Data Delay Time Write toow - - 200 | - - | 160 | - — |120| ns
Data Set-up Time | Read tosr Fig. 1 80 - = 70 - - 80 - - ns
Address, R/W Hold Time® tan 80 | - - | 580 | = - | 40 | - - ns
. Write” taw 70 - - 50 - — 40 - - ns
Data Hold Time
Read thr 0 - - 0 - - 0 - - ns
RD, WH Pulse Width* PWaw 450 | — - (300 — - (220 | - - ns
D, WR Delay Time tawn - - 40 - - 40 - - 40 | ns
D, WH Hold Time tw —- - 20 - - 20 - - 20 | ns
TR Dalay Time towg - - 1200 -~ - |80 | - — {1201 ns
OR Hotd Time turn 10 | — - 10 - - 10 - - ns
MR Set-up Time* tsmr 400 | — ~ |280 | — — 230} - - ns
MR Hold Time* [ Fig. 2 — | - J1wo| ~ - {70 | - - | 50| ns
E Clock Pulse Width at MR PWenn - | = 9 - | = 9 - | = 9 | us
Processor Contra! Set-up Time tpes :: '39 13 "; 200 | — - (200 | — - (200 | — - ns
Processor Control Rise Time toer Fig. 2.3 - - 100 | — - 100 | - - 100} ns
Processor Control Fall Time tecs - - {100} — - j10 ] - - (100} ns
BA Delay Time t3a Fig.3 - - 1250 | — - 180 | - — 180} ns
Oscillator Stabilization Time tae Fig. 14 20 - - 20 - - 20 - - ms
Reset Pulse Width PWper 3 - - 3 - - 3 - - tope

* These timings change in approximate proportion fo tyc- The figures in this charactaristics rapresent those when oy is minimum (= in the highest spead

aperation),

Peripheral Port Timing

Test HD8303Y HD63A03Y HD83B03Y .
ltem Symbol e - - - Unit
Condition | min | typ | max | min | typ | max | min [ typ max
Peripheraf Data
SetUp Time Port2,5,6 Yrosy s 200 - | — 200 = | = J200] = } = | @ms
g
Peripheral Data
Hold Time Port2,5,6 trom 200 — { - J200) — | - {200| = | - | ms
Delay Time {From
Enable Fall Edge to Pori2,5,6 fowp Fig. & - j—-Jsoo} - ! - J3o0}] — | - |300]| ns
Peripheral Qutput)
input Strobe Pulse Width tewis 200 | -~ - 200} — - j200} ~ - ns
Input Data Hold Time Port8 By Fig. 10 150 | - - 150 | -~ - 150 | ~ - ns
input Data Sst-Up Tims Part 8 s 100 | - - 100 - - 100 - - ns
. tosp1 N
Output Strobs Delay Time Fig 11 - - 1200 - - 200} — - 200} ns
ooz .
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TIMER, SCI TIMING

HD8303Y,HDB3A03Y, HDE3BO3Y

Test HD6303Y HDB3A03Y HDB3B03Y
Ite Symbol s Unit
" vm Condition | min | typ [ max [ min | typ | meax | min | typ | max "
Timer 1 Input Pulse Width towr Fig.9 20 | ~ - {20 | = - 120 )] — - Yoo
Delay Tims (Enable Positive "
Transition to Timer Output) trop Fig.7.8 - ~ | 400§ - - |40 - — |400 ] ns
SClinput Async. Mods Fig. 8 10 - - 1.0 - — 1.0 - - fowe
Clock Cycle Clock Syne. fseye Fig. 4 20 | -~ - {201 - - lao | - = | teye
SCI Transmit Data Delay
Time (Clock Sync. Mods) trxo - - |#0| - | - |20 - |~ 1220 ms
SCi Receive Data Set-u) )
Time {Clock Syne. Mode) fsax Fig4 1260 | — | - 1260 — | — (260} — | - | m
SC! Receive Data Ho'd Time
{Clock Sync. Mode) thRx 100 | - - jwe} - i R - ns
SCl Input Clock Pulse Width tewscK 04 | — (068 |04 | ~ |06 [04 ]| — |08 Jtee
Timer 2 Input Clock Cycle boye 20 - - 20 - - 20 - - toye
Timer 2 Input Clock Pulse
Width P fewrek Fig. 9 200 | — - 1200} - - 200} — - s
;:rsr;e;’i ‘:1;1;, SCilnput Clock toke _ _ s00 | — _ 100 _ _ 100 | ns
:;I;?;ll‘ "l) ;2, SClinput Clock texe _ _ s00 | — _ 100 _ _ 100 ns
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An:_A:s, 2.4v
RW 0.8V
THRw
tawe J PWaw {
o - 2.4V
RD, WR
' 0.8V
s tODW P THw
MPU Write 24v
Do~Dy 0.8V
Tosp—amt e
MPU Read 2.0V
Do~D, 0.8v
b ton =t
OR
0.8V
Figure 1 Bus Timing
PWema
2av Y, Y b
\
E \ 08y
—————
-1 MR MR
——
MR 2.0v Z
c 8V 7
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Figure 2 Memory Ready and E Clock Timing
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HD6303Y,HDB3A03Y,HDE3BO3Y

Last [nstruction Instruction Execution
[Execution Cycle, HALT Cycle § Cycle

[ ! ) ' i

2.4V
E
0.8V
2.0\11
HALT g 2
0.8V

Tret tecs tox ): Trer trcs ta
24V 7
BA 0.8V
¥

Figure 3 HALT and BA Timing =~~~ :

2.0v{2.4v}"
Synchronous Clock \ { wz \
0.8V

- Trxp T tsere

2.4V
Transmit Data
0.8V

Receive Data

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

Figure 4 SCI Clocked Synchronous Timing

r—MFU Read l_MFU Write
2.4V4 E
E
0.8V, \ N
t_j} teDH o8V L___[_—
POSU
P2o~P2r T tPwD
- . i OV
g:g~g:; 0.8V ‘Duta VWV Pao~Paq.
{nputs) ' Pgo~Pgy.
—~ 2.4y ;
T(S% tngv‘ % 55y Data Valid

Figure 5 Port Data Set-up and Hold Times {MPU Read}

Figure 8 Port Data Delay Times (MPU Write)
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E A2\ /
£ :
/—\_) 24N\ __/ T2CNT N K”O

Timer 1 _.l f‘—tmo
FRC Pas
. m.w
.8V
P21, Pz Output 4=0.8
Outputs {TCONR=N}
Figure 7 Timer 1 Qutput Timing Figure 8 Timer 2 Qutput Timing
1
2.0v !\
08Y | trwis
Texr =t vy b - 1 . Psa(TS) 2.0V \ o8y !
" tis ()
“Timer 2 tteye “Timer 1;4PWT PORTE
sci s tScye Timer 2 ; tPWTCK 2.0V —
SCi TTPWSCK Data 0.8v.A_Data Vahd_lg
{input}
Figura9 Timer 1.2, SCI input Clock Timing ~ Figure 10 Port 6 Input Latch Timing
Vee
AL=2.2kQ
MPU access of Test Point
PORTE 1820748
) CT IR or Equiv.

E

tosoz C = 9OPF far Dy~D;, Ag~Aqg, E
= 30pF for Port 2, Port 5, Port 8, D,
Pes WE, A, A T
(0% R =12k}
Figure 11 Qutput Strobe Timing Figure 12 Bus Timing Test Loads {(TTL Load)

intermy
Test o

ntarnsl o
Address Bus.

Op Code Op Code  FRFF P SP-1  SP.2 SP.3  SP4 SPE ctor  Naw

SPg A
L . 5wy | Address Adaress+ i Address Aguess Address
‘ '—‘i '-—lrcs
Irternat
D Bus Op  Cperend frrelsvant PE_O’» PS?- X0~ IX?\ ACCA ACCE CCR Vié{nr Y;B(nr First inst :;
Cade Op Code Data Py PETS  iX X115 MSB nterrupt Rouuns
internml
Read —_— r;
Snuernat 4 N\
Write

Figure 13 Interrupt Sequence
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: MMLFLMH_%_NN}_I—U_LH

5.5V 5
—3-4.5v . __]

Vee I__uu;

y s

Voo 05 Veg 05V
i Tl s L

Veg-osv ’ "

] ] o

sz T RN,

AR

FFFF FEFF FEFF FEFF FEFE FFEF New#C

— /A

O-—EREC T

FFFF FFFF

Figure 14

m FUNCTIONAL PIN DESCRIPTION
® Vec: Vsg

Vec and Vs provide power to the MPU with SV 10% supply.
In the case of low speed operation {fmax=>500kHz}, the MPU can
operate with 3 to 5.5 volis. Two Vgg pins should be tied to ground.

® XTAL, EXTAL

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

EXTAL pin can be drived by the external clock with 45% to 55%
duty. The system clock which is one fourth frequency of the exter-
nal clock is generated in the LSI The external clock frequency
should be less than four times of the maximum operating frequen-
cy. When using the external clock, XTAL pin should be open. Fig.
15 shows examples of connection circuit. The erystal and Cpy, Cp3
should be mounted as close as possible to XTAL and EXTAL pins.
Any line must not cross the line between the crystal oscillator and
XTAL, EXTAL.

AT Cut Parallel Resonant Crystal Oscillator

Co=7pF max
Rs=600 max
XTAL
== Cui=Cuz
=10pF ~22pF £ 20%
EXTAL {3.2~8MHz)

_l-cu 7.1.:1.1

Figure 15 Connection Circuit

&= pC
PCI5 PCT Instrsction
Reset Timing

o STBY

This pin makes the MPU standby mode. In *‘Low™" level, the os-
ciltation stops and the internal clock is stabilized to make reset con-
dition. To retain the contents of RAM at standby mode, “0”
should be writien into RAM enable bit (RAME), RAME is the bit
6 of the RAM/port 5 control register at 50014, RAM is disabled by
this operation and its contents is sustzined.

Refer to “LOW POWER DISSIPATION MODE™ for the
standby meode.

* Rosot (RES)

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

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

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

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

{2) Initialize each internal register {Refer to Table 4.

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

(4)  Put the contents {=start address) of the last two addresses
{SFFFE, $FFFF} into the program counter and start the pro-
gram from this address. (Refer to Table 1).

* Enable (E]

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

& Non-Maskable interrupt (NMi} 7
When the falling edge of the input signal is detected at this pin,
the CPU begins non-maskable interrupt sequence internally. As
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well as the TRQ mentioned below, the instruction being executed at
‘NMI signal detection will proceed fo ifs compeletion. The interrupt
mask bit of the condition code register doesn’t affect non-maskable
interrupt at al. .

In response to an NMTI interrupt, the contents of the program
counter, index register, accumulaters and condition code register
will be saved onto the stack, Upon letion of this seq 2
vector is fetched from SFFFC and SFFFD to transfer their contents
into the program counter and branch to the non-maskable interrupt
service routine.

{Note} Adreset start, the stack pointer should be initialized on

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

e Interrupt Request (TAT,, THO,)
These are level-sensitive pins which request an internal interrupt
sequence to the CPU. At interrupt request, the CPU will complete

£ach Status Register's Interrupt

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

The CPU uses the external interrupt pins (IRQ; and TRG,) also
as port pins Py, and Py, so it provides an enable bit to Bit Dand 1 of
the RAM port $ control register at $0014, Refer to “RAM/PORT §
CONTROL REGISTER™ for the details.

‘When one of the internal interrupts, ICI, OCI, TOI, CMior SIO
is generated, the CPU produces internal interrupt signal (IRQ,).
IRQ, functions just the same as ( Or except for its vectar
address. Fig. 16 shows the block diagram of the interrupt circuit.

Enable Flag
"1, Enable, "0" ,; Disable
ISF —o/o——l
a2} — O
Conditon
Cod
mm °/C~ Hegi:tlr
1
\oF o icl
OCF1 =00~ oct
OCF2 o0
- -0 0] Interrupt
TOF -G ﬁ )—= Request
1RQs 3 Signatl
CMF © cmi
RDRF
PER 3——0/0—
ORFE 519
TDRE [—o—0
= Sleep
ge Cancef
RMI Detective } . Signat
Circuit
o Coce trr |V IAP
[Catactive Crrcu]
Swi
Figure 16 Interrupt Circuit Block Diagram
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Table 1 Interrupt Vector Memory Map

Priori Vector Int .
rior
Y "mss | Lss niemup
Highest FFFE FFFF RES
FFEE | FFEF | TRAP
FFFC FFFD NHT
Swi
FFEA | FFFB {Software Interrupt)
FFF8 | FFFS THQ,, ISF {port 6 Input Strobe}
iCi
FFF8 FFF7 {Timer 1 input Capture)
oCi
FFF4 | FFFS {Timer 1 Output Campare 1, 2}
TOI
FFF2 FFF3 {Timer 1 Overflow)
_ CMi
FFEC | FFED {Timer 2 Counter Match}
FFEA |FFEB | TRU,
Lowest |FFF0  |FFF1 | 20
owes {RDRF+ ORFE-+ TDRE + PER)

® Mode Program {MPg, MP,]
Set MP, “*High"* and MP, “'Low™.

® Read/Write (R/W)

This signal, usually be in read state (“High""}, shows whether
the CPU is in read (*'High™} or write {"Low™) state to the periph-
eral or memory devices. This can drive one TTL load and 30pF ca-
pacitance.

e RD, WR
These signals show active low outputs when the CPU is readi /

- -state when the HATT signsl becomes “High".

HD6303Y,HD63A03Y,HD63BO3Y

ries. Refer to “RAM/PORT 5 CONTROL REGISTER™ for more
details.

® Halt {HALT: Pgy)

This is an input control signal to stgp instruction execution and

" 1o Telease buses. When this signal switches to “Low”, the CPU
~ stops to enter into the halt state after having executed the present

instruction. When entering into the halt state, it makes BA “High”
and also an address bus, data bus, KD}, WR, R/W high impedance.
When an interrupt is generated in the halt state, the CPU vses the
interrupt handler after the halt is cancelled. When halted during the
sleep state, the CPU keeps the sleep state, while BA is “High" and
releases the buses. Then the CPU returns to the previous sleep

{Note) Please don’t switch the signal to “Low™ when
, the CPU executes the WAI instruction and is in the in-
terrupt wait state to avoid the trouble of the CPU’s op-

eration after the halt is cancelied.

® Bus Available (BA}

This is an output control signal which is normally “Low” but
*“High" when the CPU accepts HALT and releases the buses. The
HDH800 and HD6302 make BA “High” and release the buses at
WAL execution, while the HD6303Y doesn’t make BA “High”
under the same condition.

= PORT _ B .

The HD6303Y provides three 8-bit I/O ports. Each port pro-
vides Data Direction Register (DDR) which controls the 1/O state
by the bit.

Table 2 Port and Data Direction Register Address

writing to the peripherals or memories. This enables the CPU easy
10 access the peripheral LSI with RD and WR input pins. These pins
can drive one TTL load and 30pF capacitance.

o Load Instruction Register {LIR}
This signal shows the instruction opecode being on data bus
(active Jow). This pin can drive one TTL load and 30pF capacitance.

e Memory Ready {MMR; Pgpl

This is the input control signal which stretches the system
clock’s ““High™ period to access fow-speed memories. HD6303Y
can select three kinds of low-speed memory access method by
RAM/Port 5 Control Register’s MRE bit and AMRE bit. In the
case that CPU accesses low-speed memories by the external MR
signal {(MRE=*1", AMRE="0"), the system clock operates in
normal sequence when this signal is in “High™,

But this signal in “Low™, the *‘High"" period of the system clock
wiil be stretched depending on s “Low" level duration in integral
muitiples of the cycle time. This allows the CPU to interface with
tow-speed memories (See Fig. 2). Up 1o 9us can be stretched.

During internal address space access or nonvalid memory ac-
cess, MR is prohibited internally to prevent decrease of operation
speed. Even in the halt state, MR can also stretch “High™" period of
system clock to allow peripheral devices to access low-speed memo-

Port Port Address Data Direction Register
Port2 $0003 $0001
Ports $0015 $0020
Port6 $0017 $0018
s Port 2

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

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

Port 2 is also used as aun I/0 pin for timer 1, Timer 2 and the SCL
Pins-for Timers and the SCI set or reset sach DDR depending on
their functions and become 1O pins. When port 2 functions asan 1/
O port after used as 1/O pins of the timers or the SCI, the 1/0 direc-
tion of the pins remain as it is used as the I/O pin of timer and SCL

Port 2 can drive one TTL load and 30pF capacitance, This port
can produce ImA when V= 1.5V to drive directly the base of
Darlington transistor.

Pag (Tin}

P,, is also used as an external input pin for the input-capture.
This pin Is an I/0 port which is 2n input or output as defined by the
Data Direction Register (P,,DDR) (0" for an input and 1" for
an output), Then either a signal to or from P, {(*to”" for an output
port, “from™ for an input port) is always input to the Timer 1 input
capture.
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RES
I

.

Internal Data Bus

R
Q >

P25 DDR
C

!
WP2D

P a D
\} P20 DATA

[+

WP2D : DDR Write Signal

]
RP2  wp2
= | WP2 :Port Write Signal
; ¥ RP2  :Port Read Signal
[\ _ Timer {

V 7 Input Capture Input

P21 {Tout 1), Pgy (T}, P2y (Tout 2}, Py (Tout 3) . have a register which enables output. By setting these registers,
These four pins can be also used as output pins for Timer 1, they automatically will be output pins of timer or the SCL
Timer 2 and a transmit cutput of the SCL Timer 1, and the SCI

8?5

.
-

S R
Q o
P2, DBR

c
WP2D

PORT
2n g — oy 11
Pz, DATA

c

]
WP2

Y

Internal Data Bus

"_I'imer 1, Timer 2 and SCI

Output Data
Output Enable Signal

1
i
i
i
!
5
]
!
T
1
1
i
t
!
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P,o (SCLK} bl as an 1/0 port when the SCI has no clock input or output {as an
nl’,, is also used as a clock 14O pin for the SCL It is selected as 2 output port if P,, DDR=1, 2s an input port if P, DDR=0).
clock input or cutput pin by the operating mode of the SCL It is usa-

RES
S R:R
a D
P22 DDR
c 4
T @
WeP2D <
3
Pz t——rfa © o
N P22 DATA 2 L D
[ 8 !
¥ £ !
wP2 + Clock Input Enable signal
T Output Clock
' Clock Output Enable signal
AP2 '
>_’__E j—b input Clock
i
\j :
\ H
i
P23 (Rx), Pa7 (TCLK) Since the SCI will be a clocked synchronous mode by an external
P, and P, are also used as received data input pins for the SC1 clock-input during reset, the DDR of Py, is cleared antomatically
and external clock input pins for Timer 2. The SCY and Timer 2 and P,, is an input port. Set the SCI to 2 mode where Py, is not used

have registers which enable input, If the registers are set, the DDR (CCO or CC1 of the RMC Register is “0"* or **1” respectively) and
(P1sDDR, P,;DDR) are cleared and Py3 and Ppy will be input write 1™ to the Py, DDR to make Py, an output port.
pins for Rx and TCLK.

RES
P T4
il Rz ]
1s] D R
P2 DDR s
< a
WP2D E
PORT " §
D £ .
2 ~ P2 DATA - SCi, Timer2 __
C '
" ;
RP!2 we2 L Input Enable signal
N~ ~= : SCl Receive Data,
i/ : Timer 2 External Clock
)
'
™~ .
3
L Y :
MS8 LSB
Pyy I Pas | Pag | Paa | P2a | Paz | Pai | Pao| PORT2DDR ($0001)
pDR jDOR {DOR | DOR | DDR | DDR| DOR| DOR| WWrite only, $00
during reset)
PORT2 {$0003}
P27 | P2s | Pas | Pas | P2s | P2z | Pas | Pao| (R/W, notini-
tislized during
resst}
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® Port 5

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

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

Port 5 is also usable as IRQ,, HALT, MR and the strobed
signal of port 6 for handshake (IS, 0S). It is set to input or output
automatically if it is used as these control signal pins {except Py,,
T5). Since the DDR of port §, as is port 2, is set or reset by the con-
trol signal, 170 directions of the 1/O ports are retained after the con-
trol signal is disabled. Port 5 can drive one TTL load and 90pF ca-
pacitance.

Pgq (IA@,), Pg, (RQ,)
50 and Py, are also usable as interrupt pins, The RAM/port S
control registers of TR, and TR{; have enable bits (IG1E, IQ2E).

When these bits are set to *“17, P, and Py, will automatically be in-
terrupt input pins.

Pg (MR), Py, (HALT}

P, and Py, are also usable as MR and HALT inputs. MR and
HALT have enable bits {MRE, HLTE) in the RAM/Port 5 Control
Register as IRQ, and TRQ,. Since MRE is cleared during reset, Py is
usable as an 1O port, and HLTE is set during reset, the DDR of Py,
will be automatically reset to be a HALT input pin. HLTE of the

RAM/Port 5 Control Register has to be cleared to use Py, asan I/Q
port.

Rz
e} D
Psa DDR
c [}
| @
WPSD >
&  wpsD. DDR Write signal
PORT a o = WP5 : Port Write signal
5n N Psn DATA £ RPS :Port Read signal
c E
RP5 . -
wps RAM PORT
ol A 5 Control
Ragistar

™S
i/

* Initializing value during reset;

1RQ1E = "0”, 1RQ2E = "Q", MRE = 0", HLTE = "1

Pyy (15}

P,, is also usable as the input strobe {I3) for port 6 handshake
interface. This pin, as is Py, is always an 1/O port. If Py, is used as an

RES
]

R

output port (set the BDR of Py, to “1""), an output signal from P,,
will be the input to 5.

Q
Pss DDR
C

D

]
WPSD

Psa

Q
Pss DATA
c

D

T
RP5 WP

Internal Data Bus
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Pgy (OB}

P, is also usable as the output strobe (OF) for port 6 handshake

HD&303Y,.HD63A03Y, HD63BO3Y

by setting the US enable register (GSE) of the port 6 Control Status

interface. It will be an I/O port during reset, and an O3 output pin

Register (P6CSR).

1T 4
5 R 7]
Q D &
Pss DDR B2
c 8
whsp k!
Pss a B g
Pss DATA -
c Port & Control Status Register
T roTms s e
WP5 :
]
: B35
— OSE (1 : OF output
RPS ' 0: OS output disable
N o i
L t
l Y :
Pgs. Pyy
Py and Py, are [0 pors.
RES
| A
R
Qa D
Psa DDR
C w
T @
WP5D 2
PORT B
a D o
5n -
N Ps, DATA S
¢ §
T £
WP5 -
RPS
—D—’_\———-
Y
MSB ise . .
Ps7 | Pss | Pos | Pes | Pos | Poz | Pas | Pao | PORTS DDR (500207
DDR | 0DR | ODR | DOR | DOR | 0DR | DOR| DDR | e onlv, $00
PORTS ($0015}
Pgz } Psa | Psy | Pss | Pag | Ps2| Psyi Pso| (R/W, notini-
tialized during
reset}
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® Port 8

8-bit /O port. Port 6§ DDR controls I/0 state. Fach bit of port 6
has 2 DDR and designates input or output (0" for input, *1" for
cutput). Puring reset, Port 6 DDR is cleared and port 6 becomes an
input port.

Port 6 controls parallel handshake interface besides functions as
an I/0 port. Therefore, it provides DDRs to control and IS LATCH
to latch the input data.

Port 6 can drive one TTL load and 30pF capacitance. It can drive
directly the base of Darlington transistor as port 2.

RES
L f
R @
a o a
Pex DDR 2
c a
T =
WPED 5
PORT g
a 2] £
8n ~ Psa DATA =
[
T
WP8
RES RP6
E 1 WP8D : DDR Write signal
[} Q I 1 WP8 :Port Write signal
IS LATCH RPE :Port Read signal
c |
‘ Port 8
tus Register
MSB LS8 Controi/Status Regi
Psr | Pos | Pes | Pes | Pas | Psz | Per | Pao FOQTBDDR($00153
por | bor | oor | por | boR{ poR | ooR | DDR gﬁ’:;;ge"ztfoo
PORTS ($0017)
Pa7 | Pes | Pos | Pos | Pes | Psz | Pei | Peo ﬁa"zéd“gz;?n:g
reset.}

a BUS
¢ Address Bus {A; ~— Aqy)

Address Bus (A, ~ A,;) is used for addressing the memory and
peripheral LSI.

This bus can interface with the bus of HMCS £300 and drive one
TTL load and 90pF capacitance.

® Dats Bus {Dy ~ Dy}

8-bit paralle] data bus for data transmit between the memory or
peripheral LSI. This bus can drive one TTL load and 90pF capaci-
tance.

u RAM/PORT 8 CONTROL REGISTER
The control register located at $0014 controls on-chip RAM and
port 5.

RAM/Port 5 Control Register (RP5CR)

7 8 5 4 3 2 1 ]

STBY sT8v] AMR 1] IR
PWH |“““‘ME FLAG| E ] E

HLTE{ MRE $0014

Bit 0, Bit 1 TRT,, AT, Enabls Bit {IRG4E, IRQ,E)
When using P, and P,, as interrupt pins, write *‘1”" in these bits.
When the bit is set to **1”, the DDRs corresponding to Py, 2nd

144

Py, are cleared and become IRQ, input pin and TR, input pin.
When IRQ,E and IRQ,E are set, Py, and P, cannot be used as an
output ports. When ““0%, the CPU doesn’t accept an external inter-
rupt or a sleep canceliation by the external intesrupt. These bits are
cleared during reset.

Bit 2 Momory Ready Enable Bit (MRE)

When using P, as an input pin of the “memory ready™ signal,
write *“1>* in this bit. When set, P;, DDR is automatically cleared
and becomes the MR input pin. The bit is cleared during reset.

Bit 3 Hait Enable Bit (HLTE}

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

Bit # Auto Memory Ready Enable Bit (AMRE]

When the bit is set and the CPU accesses the external address,
“‘memory ready’’ operates automatically and stretches the E clock’s
““High’’ duration for one system ciock, When MRE bit of bit 2 is
cleared and when the CPU accesses the external address space, the
function operates. When MRE bit is set and then the CPU accesses
the external address space with P, (MR} pin in “low’*, “memory
ready” operates antomatically. This bit is set to **1" during reset.
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Table 3 “"Memory Ready” Function

MRE AMRE Function
o] “demory ready” inhibited.

o 1 When ths CPU accesses the externat address, “High” duration of E clock autc lly becomes one-cycle
tonger. This state is retained during reset.

1 1] “‘Memory ready’” operates by Pgg {MR} pin. The function is the same as that of the HD8301XO0.
When the CPU accesses the external address space with the P55 (MR} pin in “low”, the “auto memory

1 1 ready” operates. This function is effective if it has both “high-speed memory’"and “slow memory™
outside. Input T3 signal of “slow memory” to MR pin.

Bit 5 Standby Flag (STBY FLAG)

By clearing this flag, HD§303Y gets into the-standby mode by
software. This flag is set to **1’* during reset, so the standby mode is
canceled with pin in “low”. The KES pin should be in “low”’
until oscillation becomes stable (min. 20ms.). If the STBY pin in is
in “low”, the standby mode can not be canceled with the KES pin
in “low”.

Bit 8 RAM Enable (RAME}

On-chip RAM can be disabled by this control bit, By resetting
the MPU, *“1°" is set to this bit, and on-chip RAM is enabled, When

(a} MRE=0, AMRE=1

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

Bit 7 Standby Power Bit (STRY PWR}

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

[

s E S S T A D S T R
A:s;ess x i‘é"!;“" X external address X "c‘!m[m.s’ X external address X intarnal address

{b) MRE=1, AMRE=1

R N T

o

S

L

[

~ external address X

Address
Bus M‘ ‘and“;[ N sxtemal address
MR \

/ﬁt

(CS pin of “slow memory™)

{c} MRE=1,AMRE=0 {HD6301X0 Compatible Mode}

LI L]

,--_
j-.

external address

addrass dresy

E | S R I
Add
Bus - K e X )
~ timr
MA 3

> —j— tsun
x

Figure 17 Memory Ready Timing

m Port 8 Control/Status Register
This is the Control/Status Register for parallel handshake inter-

The following shows Port § Control/Status Register (P6CSR).

face using Port 6. The functions are as follows; P 6 5 4 3 2 1 o
1) Latches input data to Port 6 at the IS {P,,) falling edge. s T sma on
2) Outputs a strobe signa! 0F (P, outward by reading or writ- raGl swsse |OSEloss| myaste - - — | scoz21
ing to port 6.
3) When IS FLAG is set at the TS falling edge, an interrupt oc-
cufs. *Bit 7 is Read-Onily bit

@ HITACHI
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Bit 0
Bit 1 Not used.
Bit 2

Bit 3: Latch Enable

‘This register controls the input latch for Port & (ISLATCH).
When this bit is set to “1”, the input data 1o port 6 will be latched
inward at the IS (P,,) falling edge. An input Iatch will be canceled by
reading Port 6, which enables to latch the next data. If cleared, the
input latch remains canceled and this bit functions as a usual input
port. This bit is cleared during reset.

Bit 4: 088 Output Strobe Select

This register initiates 2n output strobe (33} from P, by reading
or writing to port 6, When cleared, 05 occurs by reading Port 6.
When set, U5 occurs by writing to Port 6. This bit is cleared during
reset.

Bit 5: OSE Output Strobe Enabls
This register decides the enabling or disabling of the output

HDB303Y
MSB
iS5 IRQ:
IS Fl
LAG ENABLE
Ro
IRQ4
E

strobe. When cleared, Py, functions as an 170 port. When set, Py,
functions as an U5 output pin. (P;; DDR is set by OSE.) This bit is
cleared during reset.

Bit 6: 18 IRQ Enable iInput Strobe interrupt Enable

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

Bit 7: 18 Flag Input Strobs Fisg

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

a MEMORY MAP

The MPU can address up to 65k bytes. Memory map is shown in
Fig. 20. 40 addresses ($0000 ~ $0027 except 00, $02, $04, $05,
306, $07, $18) are the internal registers as shown in Table 4.

S Port 6 Control/Status Register

Figure 18 Input Strobe Interrupt block Diagram

E MFo Vee

1P £
i
™
O y—— 70
T JexTaL R
TES — — /%
TIET —— l——a-CF
) | — HD6303Y |54
MPU
B Y
b Qum Bus
PORT 5
é,}‘,’) Q YAddress Bus
=
PORT 8 Q YAddrass Bus
Ve Vi

Figure 19 HD8303Y Operating Function
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Table 4 Internal Register

HD6303Y,HD63A03Y HDE3BO3Y

Address Register Abbreviation AW '3:::5:';:?3.‘{?
[¢]00d Port 1 DDR (Date Diraction Registar} P1DDR w $FE
[} Port 2 DDR P2DDR W 300
02 Port t PORT1 RiW indefinite
03 Port 2 PORT2 R/AW indefinite
o4 Port 3 DDR P3DDR w SFE
05" Port £ DDR P4DDR W $00
os* Port3 PORT3 RIW indefinite
07* Port 4 PORT4 R/W indefinite
08 Timer Control/Status Register 1 TCSR1 RAW $00
09 Free Running Counter (MSB} FRCH R/W $00
OA Free Running Counter iLSB) FRCL R/W $00
oB Output Compare Register 1 {(MSB} OCR1H R/W $FF
oc Output Compare Register 1 {LSB} OCR1IL R/W $FF
ob Input Capture Register (MSB) ICRH ] $00
OE Input Capture Register {LSB} iCRL R $00
OF Timer Control/Status Register 2 TCSR2 RIW $10
10 Rate/Mode Control Register RAMCR R/W $CO
11 Tx/Rx Control Status Register 1 TRCSR1 R/W £20
12 Receive Data Register RDR R $00
13 Transmit Data Register TOR W indefinite
14 RAM/Port § Controi Register RPBCR AW $F8 or $78
16 Port5 PORTE RIW indefinite
16 Port 8 DDR PEDDR w $00
17 Port 6 PORTS RAW indefinite
18 Port7 PORT? R/W indefinite
18 Output Compare Register 2 {MSB} GCR2H RIW $FF
1A QOutput Compare Register 2 (LS8} OCR2L R/W $FF
iB Timer Control/Status Register 3 TCSR3 RIW $20
iC Time Constant Register TCONR w SFF
iD Timer 2 Up Counter T2CNT R/W $00
1E Tx/Rx Control Status Register 2 TRCSR2 R/W $28
1Fe**" Test Register* TSTREG - -
20 PORT 5 DDR P5DDR w $00
21 PORT 6 Control/Status Register PSCSR R/W $07
22 — - — -
23 —_ - - - - -
ig - Reservad - - -
28 —_ - - -
27 — - - -

* External addrass.

** R:Read-only register, W: Write-only register, RAW: Read/Write register.

*** When empty bit is in the register, itis sefto 17,
**** Register for test. Don't access this register.
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$0000
Internal *
£0027 Registar
External Wemory
Space
$0040
Intarnal RAM
255 Bytes
$013F
External
Memory
Spacs
SFFFF

*This mode does not
include the addresses:
$00, $02, $04, $05,
$06, 307 or $18 which
can be used externally.

Figura 20 HD8303Y Memory Map

s TIMER 1

The HD6303Y provides a 16-bit programmable timer which can
simuitaneously measure an input waveform and generate two inde-
pendent output waveforms. The pulse widths of both input/output
waveforms vary from microseconds to seconds.

Timer 1 is configured as follows (refer to Fig. 22).

- Control/Status Register 1 {§ bit}

+ Control/Status Register 2 {7 bit}

» Free Running Counter (16 bit}

+ Qutput Compare Register 1 {16 bit}

- Qutput Compare Register 2 {16 bit)

- Input Capture Register (16 bit}

® Frea-Running Counter {FRC){$0009:000A)

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

When writing to the upper byte ($09), the CPU writes the preset
value {SFFF3) into the counter {address $09, S0A) regardless of
the write data value. But when writing to the lower byte ($0A} after
the upper byte writing, the CPU writes not only lower byte data into
lower 8 bit, but alse upper byte dala into higher 3 bit of the FRC.

The counter will be as follows when the CPU wriles to it by dou-
bie store instructions (STD, STX, etc.)

$09 Write  $0A Write
($5A} $F3)
e | | |
Counter value i SFFF8 $5AF3

In the case of the CPU write {$BAF3) to the FRC

Figure 21 Counter Write Timing

@ QOutput Compare Register (OCR)

($000B, $000C; OCR1) (306018, $001A: OCR2}

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

When the data matches, output compare flag {OCF) in the timer
control/status register {TCSR} is set. If an output enable bit (OE} in
the TCSR2 is “1™, an output level bit{OLVL) in the TCSR will be
output to bit 1 {OCR 1) and bit 5 (OCR 2} of port 2. To contro! the
output level again by the next compare, the value of CCR and
OLVL should be changed, The OCR is set to $FFFF at reset. The
compare function is inhibited for a cycle just after 2 write to the up-
per byte of the OCR or FRC. This is o set the 16-bit value valid in
the counter register for compare. In addition, it is because counter
is to set $FFF8 at the next cycle of the CPU’s upper byte write to
the FRC.

* For data write to the FRC or the QOCR, 2-byie transfer in-

struction (such as STX, etc.} should be used.

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

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

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

® Timer Control/Status Register 1 {TCSR1) ($0008)

The timer control/status register 1 is an 8-bit register. All bits are
readable and the lower 5 bits are also writable. The upper 3 bits are
read-only which indicate the following timer status,

Bit 5 The counter value reached to $0000 as a result of coun-
ting-up {TOF).

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

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

The followings are the each bit descriptions.

Timer Control/Status Register 1

5 4 3 2 1
l ICFl OCF1 | TOF { ElCllEOCH{ ETOII IEDG] oLvit ‘ $0008

Bit O OLVL1 Qutput Level 1

OLVL] is transferred to port 2, bit | when a match occurs be-
tween the counter and the OCR1, ¥f bit 0 of the TCSR2 (OE1).
is set to ““I'", OLVLI will appear at bit 1 of port 2.

Bit 1t {EDG Input Edge '

This bit determines which edge, rising or falling, of input sig-
nal of bit 0 of port 2 will trigger data transfer from the counter to
the ICR. For this function, the DDR corrasponding to port 2, bit
0 should be cleared beforchand.
1EDG=0, triggered on a falling edge

{“Bigh™ to ““Low™)
1EDG=1, triggered on a rising sdge
(“*Low" to *“High™)

Bit2 ETO! Enabls Timer Overflow Interrupt
When this bit i5 set, an internal interrupt {(IRQ,) by TOI inter-
rupt is enabled. When cleared, the interrupt is inhibited.
Bit3  £0CI1 Enable Cutput Compare Interrupt 1
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When this bit is set, an internal interrupt {IRQ,) by OCI! in-
terrupt is enabled. When cleared, the interrupt is inhibited.
Bit 4  EICI Enable Input Capture Interrupt
When this bit is set, an Internal interrupt (IRQ,) by IC! inter-
rupt is enabled. When cleared, the interrupt is inhibited.
Bit5 TOF Timer Overflow Flag
This read-only bit is set when the counter increments from
SFFFF by 1. Cleared when the counter’s MSB byte ($0009) is
read by the CPU sfter the TCSR1 read at TOF=1.
Bit8 OCF1 Output Compare Flag 1
This read-only bit is set when 2 match occurs between the
OCR1 and the FRC. Cleared when writing to the OCR1 (30008
or $000C) after the TCSR1 or TCSR2 read at OCF=1.
Bit 7 ICF Input Capture Flag
This read-only bit is set when an input signal of port 2, bit
makes z transition as defined by IEDG and the FRC is transfer-
red to the ICR, Cleared when reading the upper byte ($000D) of
the ICR after the TCSR1 or TCSR2 read at ICF=1.

@ Timer Contro)/Status Register 2 {TCSR2} ($000F)

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

Bit5 A match has occurred between the FRC and the OCR2
{OCF2).
Bit 6 The same status flag as the OCF1 flag of the TCSR1, bit 6.

Timer Control/Status Register 2

7 & & 4 3 2 i o
l iCF IOCFIIOCF2I - ]EOC!ZFLVLZIOEZ l OE1 I $O0CF

Bit7 The same status flag as the ICF flag of the TCSR1, bit 7.
The followings are the each bit descriptions.
Bit0 OE1 Output Enable 1
This bit enables the OLVLI1 to appear at port 2, bit t whena
match has occurred between the counter and the output com-
pare register 1. When this bit is cleared, bit 1 of port 2 will be an
T/0 port. When set, it will be an output of OLVL} automatically.
Bit 1 OE2 Qutput Enabls 2
This bit enables the OLVL2 to appear at port 2, bit 5 when a
match has occurred between the counter and the output com-
pare register 2. When this bit is cleared, port 2, bit § will bean I/
O port. When set, it will be an output of OLVL2 automatically.
Bit2 OLVL2 Output Level 2
OLVL2 js transferred to port 2, bit § when a match has occur-
red between the counter and the OCR2. ¥ bit S of the TCSR2
(OE2), is set to 17, OLVL2 will appear at port 2 bit 5.
Bit3 EOCI2 Enable Qutput Comp:
When this bit is set, an internal interrupt (IRQ,) by OCI2 in-
terrupt is enabled. When cleared, the interrupt is inhibited.
Bit4  Not used
Bit & OCF2 Output Compare Flag 2
This read-only bit is set when s maich has occurred between
the counter and the OCR2, Cleared when writing 10 the OCR2
{30019 or $001A) after the TCSR2 read at OCF2=1.
Bit8@ OCF1 Output Compare Flag 1
Bit 7 ICF Input Capture Flag
OCF1 and ICF are dual addressed. If which register, TCSR1
or TCSR2, CPU reads, it can rezd OCF1 and ICF to bit 6 and bit
1,
Both the TCSR1 and TCSR2 will be cleared during reset.
(Note) If OEl or OE2 is set to **1" before the first output com-
pare match occurs after reset restart, bit 1 or bit 5of port 2

<
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Figure 22 Timer 1 Block Diagram
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m TIMER 2

In addition to the timer 1, the HD6303Y provides an 8-bit re-
loadable timer, which is capable of counting the external event. The
timer 2 contains a timer outpu® so the MPU can generate three in-
dependent waveforms. {Refer to Fig. 23.)

The timer 2 is configured as follows:

Control/Status Register 3 (7 bits)
- 8-bit Up Counter
- Time Constant Register (8 bits)

s Timer 2 Up Counter (T2CNT] ($001D)

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

The counter is cleared when a2 match occurs between the counter
and the TCONR or during reset.

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

e Time Constant Register (TCONR) {$001C}

The time constant register is an 8-bit write only register. The
data of register is aiways compared with the counter.

When a match has occurred, the counter match flag {CMF} of
the timer control status register 3 {TCSR3) is set and the value

selected by TOSO0 and TOS1 of the TCSR3 will appear at port 2, bit
6. When CMF is set, the counter will be cleared simultaneously and
then start counting from $00. This enables regular Interrupts and
waveform outputs without any software support. The TCONR is set
to ““$FF" during reset.

¢ Timear Control/Status Register 3 {TCSR3) {$001B}

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

The follbwings are each pin descriptions.

Timer Control/Status Register 3

7 5 5 3 3 2 1
I CMmF I ECM(I - | T2E ]TOS‘I TOSOICKS%ICKSO $001B
Bit 0 CKSO Input Clock Select O

Bit t CK81 input Clock Select 1

Input clock to the counter is setecied as shown in Table 5 de-
pending on these two bits. When an external clock is selected,

" bit 7 of port 2 wili be a clock input automatically. Timer 2 detects
the rising edge of the external clock and increments the counter.
The external vlock is countable up to half the frequency of the

HDB8303Y Internal Data Bus
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Figure 23 Timer 2 Block Diagram
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Table 5 Input Clock Select
CKS1 CKSO Input Clock to the Counter
0 0 E clock )
aQ E clock/8"
1 4] E clock/128"
1 1 External clock

* These clocks coms from the FRC of the timer 1. If one of these clocks is
selscted as an input clock to the up counter, the CPU should not write to
the FRC of the timer 1.

Bit 2
Bit3

TOSO Timer Output Select &

TOS1 Timer Output Select 1
When a match occurs between the counter and the TCONR
timer 2 outputs shiown in Table § will appear at port 2, bit 6 de-
pending on these two bits. When both TOS0 and TOS1 are “0™,
bit 6 of port 2 will be an /O port.

Table 6 Timer 2 Output Select

TOS1 TCS0 Timer Qutput
44 o Timer OQutput Inhibited
[ 1 Toggle Output®
1 1] Output “0"
1 1 Output “17

* When a match occurs betwesn the counter and the TCONR, timer 2
output fevel is reversed. This laads to production of a square wave with
50% duty to the external without any software support.

Bit # T2E Timer 2 Enable Bit
When this bit is cleared, a clock input to the up counter is

inhibited and the up counter stops. When set to 1", a clock

HD6303Y,HD63A03Y,HDE3BO3Y

selected by CK51 and CKSO (Table 5) is input to the up counter.

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

Bit5 Naot Used.

Bit 8 . ECMI Enable Countsr Match Interrupt

When this bit is set, an internal interrupt {(IRQ,) by CM1 is
enabled. When cleared, the interrupt is inhibited.
Bit 7 CMF Countsr Match Flag
This read-only bit is set when 2 match occurs between the up
counter and the TCONR, Cleared by writing *‘0"” at CMF=1 by
software {ungble to write 1" by software).
Each bit of the TCSR3 is cleared during reset.

= SERIAL COMMUNICATION INTERFACE (SCI}

The Serial Communication Intesface (SCI) in the HD&303Y
cantains the following two operating modes: asynchronous mode by
the NRZ format, and clocked synchronous mode which transfers
data synchronously with the clock. In the asynchronous mode, data
Iength, parity bits and number of stop bits can be selected, and eight
transfer formats are provided.

The SCI consists of the following registers as shown in Fig. 24
Block Diagram. ’

»  Transmit/Receive Controf Status Register 1 (TRCSR1)

Rate/Mode Control Register (RMCR)

Transmit/Receive Control Status Register 2 (TRCSR2)
- Receive Data Register (RDR)

Recevie Shift Register

Transmit Data Register {TDR}

Transmit Shift Register

To operate the SCI, initialize the RMCR and TRCSR2, after
selecting the desirable operating mode and transfer format. Next,
set the enable bit (TE or RE) of the TRCSR 1. Operating mode and
transfer format should be changed when the enable bit {TE, RE) is
cleared. When setting the TE or RE again after changing the operat-
ing mode or transfer format, interval of more than a 1-bit cycle of
the baud rate or bit rate is necessary. If a 1-bit cycle or more is not
allowed, the SCI block may not be initialized.

P S

Parity Check
——— Generator
f TRCSA2
I Receive Shift Register I DRF ORFEJ‘[DREI PERI [PEN [ EOPJ SBLI
B Rk
; [
MsB LSB b4 TRCSR!
ROR l | l I [ l I l i [RDHF %RFE{TDR%}!E | RE l TIE ‘ TE {WU I
1 ¥
4 L ‘
HDB303Y INTERNAL DATA BUS
MsB U’ LS8 RMCR

EREEEEne

Transmit Shift Register

it

8t Rate te——— Timer 1 FRC

Generator

f——— Timer 2

e

Figure 24 SC!Block Diagram
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® Asynchronous Mode

Asynchronous mode contains 8 transfer formats as shown in
Fig. 25.

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

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

The conditions at this stage are as follows.

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

duced to indicate the idle state,

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

Transmit Shift Register and data fransmit starts.

During data transmit, a start bit of “0"” is transmitted first. Then
7-bit or 8-bit data (starts from bit Q) is transmitted. With PEN=1,
the parity bit, even or odd, selected by EQOP bit is added, Iastiy the
stop bit (1 bit or 2 bis} is sent.

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

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

the contents of the TRCSRZ and RMCR at first, and set RE bit of
TRCSRI. The first *“0" (space) synchronizes the receive bit flow.
Each bit of the following data will be strobed in the middle. I a stop
bit is not 1", a framing error assumed and ORFE is set.

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

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

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

If RDRF is still set when receiving the step bit of the next data,
ORFE s set to indicate the overrun generation. CPU can get the re-
ceive data by reading RDR. When 7 bit data format is selected, the
8th bit of RDR is “0™.

When the CPU read the receive Data Register as 2 response to
RDRF flag or ORFE flag after having read TRCSR, RDRF or
OREE is cleared.

(Note) Clock Source in Asynchronous Mode

If CCL.CCO=10, the internal bit rate clock is provided at Py

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

E+16.

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

must be connected to Py, at sixteen times {16 } the desired bit

rate, but not greater than E.

{1y |start] 7Bit Data [ svor |

(2) [sTanT] 781t Data { 2stor |

(3) [sTant] 78t Data [pary]sTor] )
t4) [sany] 781 Data Jpasy]  astor |

(5) |stant| 8Bit Data | stoe]

{6) |sTarT] 881t Data [ 2st0r |

n STAmI BBit Date fPAnm{ sTOP

83 {s7ani] 881t Deta lamm] 2510 |

Figure 26 Asynchronous Mode Transfer Format

& Ciocked Synchronous Mode

In the clocked synchronous mede, data transmit is synchronized
with the clock pulse. The HD6303Y SCI provides functionaily inde-
pendent transmitter and receiver which makes full duplex operation
possible in the asynchronous mode. But in the clocked synchronous
mode an SCI clock 1/0 pin is only Py, so the simultaneous receive
and transmit operation is not available, In this mode, TE and RE
should not be in set condition (*‘1™) simultaneously. Fig. 26 gives a
synchronous clock and a data format in the clocked synchronous
mode.
1} Data transmit

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

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

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

Data is transmitted from bit O and the TDRE is set when the
Transmit Shift Register (TSR) is “‘empty". More than $th clock
pulse of external are ignored.

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

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

If the externat clock input is selected, 8 external clock pulses and
the synchronized receive data are input to port 2, bit 2 and bit 3 re-
spectively. The MPU put receive data into the receive data shift reg-
ister by this clock and set the RDRF flag st the termination of § bit
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data receive. More than 9th clock pulse of external input are ig-
nored. When RDREF is cleared, the MPU starts receiving the next
data instantly. So, RDRF should be cleared with Py, “High™,
When data receive is selected with the clock output, 8 syn-
chronous clocks are output to the external by setting RE bit. So re-

C:I Transmit Direction

HDB6303Y,HDB63A03Y,HDE3BO3Y

ceive data should be input from external synchronously with this
clock. When the first byte data is received, the RDRF flag is set.
After the second byte, receive operation is performed by sending
the synchronous clock to the external after clearing the RDRF bit.

Synchronous Illlll[‘[lll‘ll[

clock

77
g SO00R008
7 Not Valid

« Transmit dats is produced fram a falling edge of a synchronous clock 10 the next falling edge,

+ Peceive data is latched at the rising edge.

Figure 26 Clocked Synchronous Mode Format

® Transmit/Receive Control Status Register [TRCSR1]
{$0011}
The TRCSR1 is composed of § biis which are all readable. Bits 0
10 4 are also writable. This register is initialized to $20 during reset.
Each bit functions are as follows.

Transmit/Receive Control Status Register

7 L+ ] 4 3 2 1 Q
RDRF |ORFE|TORE}{ RIE{ RE | TIE| TE | WU

$0011

Bit 0 WU Wake-up

In a typical multi-processor configuration, the software pro-
tocol provides the destination address at the first byte of the
message. In order to make uninterested MPU ignore the re-
maining message, a wake-up function is available. By this, unin-
terested MPU can inhibit ail further receive processing till the
next message starts.

Then wake-up function is triggéred by consecutive 1's with 1
frame Iength, The software protocol should provide the idle time
between messages.

By setting this bit, the MPU stops data receive till the next
message. The receive of consecutive “1"” with one frame length
wakes up and clears this bit by hardware and then the MPU re-
starts receive operation. However, the RE flag should be already
set before setting this bit. In the clocked synchronous mode WU
is not available, so this bit sheuld not be set.

Bit1 TE Transmit Enable .

When this bit is set, transmit data will appear at port 2, bit 4
after one frame preamble in asynchronous mode, while in
clocked synchronous mode it appears immediately. This is ex-
ecuted regardless of the value of the cosresponding DDR. When
TE is cleared, the serial 170 doesn’t affect port 2, bit 4.

Bit 2 TIE Transmit Interrupt Enable

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

Bit3 RE Receive Enable

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

Bit 4 RIE R fve | pt Enabt

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

Bit5 TDRE Transmit Data Register Empty
TDRE is set by hardware when the TDR is transferred to the
Trapsmit Shift Register in the asynchronous mede, while in
clocked synchronous mode when the TDSR is “empty”. This
bit is cleared by reading the TRCSRI or TRCSR2 and writing
new transmit data to the TDR when TDRE=1 TDRE is set to
1" during reset.
Bit € ORFE Overrun Framing Error
ORFE is set by hardware when an overrun or & framing error
is generated (during data-receive only). An overrun eIror occurs
when new receive data is ready 1o be transferred to the RDR

-- during RDRF still being set. A framing error occurs when a stop

bit is “0™. But in clocked synchronous mode, this bit is not af-
fected. This bit is cleared by reading the TRCSR1 or TRCSR2,
and the RDR, when RDRF=1. ORFE is cleared during reset.
Bit 7 RDRF Receive Data Register Full

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

e Transmit Rate/Mode Control Register (RMCR]

The RMCR controls the following serial /O:

- Baud Rate - Data Format

» Clock source + Port 2, Bit 2 Function

+ QOperation Mode .

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

Transfer Rate/Mode Control Register

7 g 5 4 3 2 1
! - ‘ - ISSZ]CCZICC‘[ICCO!SS‘II Ssil $0010

Bit 0 550
Bit1 881 Speed Select
Bit5 882

These bils control the baud rate used for the SCIL Table 7 lists
the available baud rates. The timer 1 FRC (S52=0) and the timer 2
up counter (§82=1) provide the internal clock to the SCL When
selecting the timer 2 as a baud rate clock source, it functions as a
baud rate generator. The timer 2 generates the baud rate listed in
Table 8 depending on the value of the TCONR.

(Note} When operating the SCI with internal clock, do not per-
form write operation 1o the timer/counter which is the
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(1} Asynchronous Mode

Table 7 SCIBit Times and Transfer Rates

XTAL 2.4576MHz 4.0MHz 4.9152MHz
$82 S5t SS0 E 814.4kHz 1.0MHz 1.2288MHz
o [+] +} E+16 26,:8/384008Baud 16.3/825008aud 13.3/7680082ud
L+] o E+128 208,:3/48008aud 128577812 58aud 104 2 ;3/36008aud
] 1 o E+1024 1.87ms/600Baud 1024ms/976.8Baud | B32.3.s/1200Baud
] 1 1 E£+40388 8.87ms7150Baud 4 086ms/244 1Baud | 3.333ms/300Baud
1 — — - * i *

*When 552 is “1", Timer 2 provides SCI clocks. Me baud rate is shown a5 follows with the TCONR as N.

f: input clock frequency to the
Baud Rate = ﬁ#”—) ( tixsler 2 cuunz? i )
N=0~255
{2} Clocked Synchronous Mode *
XTAL 4. 0MHz 6.0MHz 8 OMH:z
§52 SS1 S5O 3 1.0MHz 1.5MHz 2 OMHz
[} a o E+2 2pus/bit 1.33usit Tus/bit
[+ [+] 1 E+ 18 18ussbit 10.7as/bit Bus/bit
1] 1 4] E+128 128us/bit B5.3us/01t Bdys/bit
1] 1 1 E+512 512.8/m 341 :87/bit 258 us/bit
1 - = - *x * % * %

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

** The bit rate is shown as follows with the TCONR as N.
Bit Rate (us/biry = 2L (f : input clock frequency to :he)
T

timer 2 counter
N=0~255

Table 8 Baud Rate and Time C Regi E p!

Bacd Rar XTAL | 24576MHz | 38364MHz 4.0MHz 4.9162MHz 8.0MHz
110 7 32 35° a3 707
180 127 181 207 255 51
300 83 35 103 127 207
800 31 47 51 63 103

1200 15 23 25 3 51
2400 7 11 12 185 26
4800 a 5 - 7 12
3600 1 2 - 3 -
19200 o - - 1 _
38400 —_ —_ - _ o -

*E/8 clock isinput to the timer 2 up counter and E clock otherwise,
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clock source of the SCL
Bit2z <CCO
Bit3 CC1 Clock Control/Format Select”
Bit4 <CC2

These bits contro! the data format and the clock source (refer to
Table 9).

* CCO, CC1 and CC2 are cleared during reset and the MPU
goes to the clocked synchronous mode of the external clock
operation. Then the MPU automatically set port 2, bit 2 into
the clock input state. When using port 2, bit 2 as an output
port, the DDR of port 2 should be set to *“1”” and CC1I and
CCO to “0™ and “*1°" respectively.

Bit&  Not Used.
Bit 7 Not Used

® T it/Receive C: Ragi 2 (TRCSR2)

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

Transmit/Receive Control Status Register 2

7 ] 5 4 3 2 1 0
ROAF |ORFE |TORE| PER | — | PEN| EQP] SBL| SOOIE

HDB6303Y,HDE3A03Y,HD63BO3Y

Bit 0 SBL Stop Bit Length
This bit selects the stop bit length in the asynchronous mode.
If this bit is 0™, the stop bit is 1-bit. If 1, the stop bit is 2-bit.
This bit is cleared during reset.
Bit 1 EOP Even/Odd Parity
This bit selects the parity generated and checked when the
PEN is “1°". If this bit is *“0*, the perity is even. If 1", it is odd.
This bit is cleared during reset.
Bit2 PEN Parity Enable
This bit decides whether the parity bit should be generated
and checked in the asynchronous mode or not. If this bit is “0”",
the parity bit is neither generated nor checked, If 1“1, it is gen-
erated and checked. This bit is ¢l d during reset.
The 3 bits sbove do not affect the SCI opertion in the clocked
synchronous mode.
Bit 3  Not Used
Bit 4 PER Parity Error
This bit is set when the PEN is ““1’* and a parity error occurs.
1t is cleared by reading the RDR after reading the TRCSR2,
when PER=1.
Bit 5 TDRE
Transmit Data Register Empty
Bit 6 ORFE
Overrun/Framing Error
Bit 7 RDRF
Receive Data Register Full
* Each flag of the TDRE, ORFE, and RDRF can be read from
either the TRCSR1 or TRCSR2.

= TIMER, SCI STATUS FLAG
Table 19 shows the set and reset conditions of each status flag in
the timer 1, timer 2 and SCIL.

Table 9 SC!Format and Clock Source Contro!

CC2 CC1 CCO | Format Mode Clock Source [Port 2, Bit2 Port 2, Bit3 l Port 2, Bit 4
o o 0 |Bbitdata | Clocked Synchronous | External Input
1] ] 1 |8bitdata j Asynchronous Internal Not Used”™® Whan the TRCSR1, RE bit is ™1
o an . it is 17,
0 1 0 |8bitdata | Asynchronous toternal Output® bit 3 is used as a sarial input.
o 1 1 8-bit data | Asynchronous External input
1 1] 0 [B-bitdats | Clocked Synchronous | internal Dutput
1 0 1 7-bit dats | Asynchronous Internal Not Used®™ When the TRCSRY, TE bit is "1
N en the . is 17,
1 1 o 7-bit data | Asynchronous Internal Output® bit 4 is usad as a serial cutp:L
1 1 1 7-hit dats | Asynchronous External tnput

* Clock ouiput regardless of the TRCSRI, bit RE and TE.
*¢ Not used for the SCI.

@ HITACH! 155




HD6303Y,HD83A03Y,HDE3BO3Y

Table 10 Timer 1, Timer 2 and SCI Status Flag

Set Condition Clear Condition
PBCSR IS FLAG Falling edge input to P, {5} 1. Read the PBCSR then read or writs the
PORT6, when iS FLAG = 1
2. RES=0
ICF FRC — ICR by Rising or Falling edga input to 1. Read the TCSR1 or TCSR2 then ICRH,
P2o whenICF = 1
{Selecting with the IEDG bit) 2. WES=0
OCF1 QCR1 = FRC 1. Read the TCSA1 or TCSR2 then write to
the OCR1H or OCR1L, when OCF1 = 1
2 WES=o0
Timer OCF2 QCR2 = FRC 1. Read ths TCSR2 then write to the OCR2H
1 or OCR2L, when OCF2 == 1
2. RES=o0
TOF FAC = $FFFF+ 1 cycle 1. Read the TCSR1 then FRCH, when
TOF =1
2. fES=o0
Timer CMF T2CNT = TCONR 1. Write “0" to CMF, when CMF = 1
2 2. RES=0
RDRF Receive Shift Register — RDR 1. Read the TRCSR1 or TRCSR2 then RDR,
when RDRF = 1
2. FES=o0
ORFE 1. Framing Eror {Asynchmnous.Mcdei 1. Read the TRCSR1 or TRCSR2 then RDR, when
Stop Bit=0 ORFE= 1
2. Overrun Error {Asynchronous Modse) 2. AES=0
Receive Shift Register — RDR when
§C! RDRF = 1
TDRE 1. Asynchronous Mode Read the TRCSR1 or TRCSR2 then write to the
TOR — Transmit Shift Register TDR, when TDRE = 1
2. Clocked Synchronous Mode
Transmit Shift Register is “empty”
3. RES=¢o
PER Parity when PEN=1

1. Read the TRCSR2 then RDR, when PER=1
2. RES=0

{Note} — ; Transfer = ; equal
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ICRH; Upper byte of ICR
QCR1H; Upper byts of OCR1
OCR2H; Upper byte of OCR2
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QOCRIL; Lower byte of OCR1
OCR2L; Lower byte of OCA2
FRCH; Uppasr byte of FRC




m LOW POWER DISSIPATION MODE
The HD6303Y provides two low power dissipation modes; sleep
and standby.

e Slesp Mode

The MPU goes to the sleep mode by SLP instruction execution.
In the sleep mode, the CPU stops its operation, while the regi. "
contents are retained. In this mode, the peripherals except the CRU
such as timers, SCI, etc. continue their functions. The power dis-
sipation of sleep-condition is one fourth that of operating condition.
The MPU returns from this mode by an interrupt, RES or
BTBY; it goes to the reset state by RES and the standby mode by
. When the CPU acknowledges an interrupt request, it cancels
the sleep mode, returns to the operation mode and branches to the
interrupt routine. When the CPU masks this interrupt, it cancels
the sleep mode and executes the next instruction. However, for ex-
ample, if the timer ! or 2 prohibits 2 timer interrupt, the CPU

doesn’t cancel the sleep mode because of no interrupt request.

HDB303Y,HDB83A03Y, HDE3BO3Y

This sleep mode is effective to reduce the power dissipation for 2
system with no need of the HD6303Y’s consecutive operation,

¢ Standby Mode

The MPU goes to the standby mode with the STBY “Low™ or
by clearing the STBY flag. In this mods, the HD6303Y stops all the
clocks and goes to the reset state. In this mode, the power dissipa-
tion is reduced to several u A, During standby, all pins, except the
power supply (Veg, Vg, the STBY, RES and XTAL (which out-
puts “0’"), go to the high impedance state. In this mode, power
(Vo) is supplied to the HD6303Y, and the contents of RAM is re-
tained, The MPU returns from this mode during reset. When the
MPU goes to the standby mede with STBY “Low", it will restart at
the timing shown in Fig. 27{a). When the MPU goes to the standby
mode by clearing the STBY flag, it will restart only by keeping the
KE(S)‘)‘Low" for longer than the oscillating stabilization time. (Fig.
27(b

t— Vee b
o NER I
g}
34
__ |
& N I
i
HD8303Y 5 FES : |
[5vev . —i¥ 1
— 2 [ |
i |
| t el
§ STBY } m] I] l
el L !
) { i L i !
ES ¥ [ i !
e e—s]
Vi Vee Standby Mode o O:cmalol]
O SaveRegisters Start
? O RAM/Port § Control Register Set Tims
Restart
{a} Standby Mode by STBY i
[
—t —
FES
HD6303Y
A
sTBY ]
H
i I> E Standby Mode
OSTBY FLAG © Qucifator
Clear St
T Restart
_%_
VE \.rii

{b) Standby Mode by the STBY Flag

Figure 27 Standby Mods Timing
G HITACH!
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m TRAP FUNCTION

The CPU generates an interrupt with the highest priority
(TRAP) when fetching an undefined instruction or an instruction
from non-memory space. The TRAP prevents the system-burst
caused by 10ise Or & program error.

® Op Code Ertor

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

¢ Address Error

When an instruction fetch is made from the address of internal
register, the MPU generaters an interrupt as well as an op code
error. But on the system with no memory in its external memory
area, this function is not applicable if an instruction fetch is made
from the external non-memory area, Addresses where an address
error occurs are from $0000 to $0027.

This function is available only for an instruction fetch and is not
applicabie to the access of normal data readfwrite.

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

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

& INSTRUCTION SET
The HD6303Y provides object code upward compatible with the
HD6801 to utilize all instruction set of the HMCS6800. It also re-
duces the execution times of key instructions for throughput im-
provement.
Bit manipulation instruction, change instruction of the index
register and accumulator and sleep instruction are also added.
The followings are explained here.
» CPU Programming Model {refer to Fig. 28)
»  Addressing Mode
+ Accumulator and Memory Manipulation Instruction (refer to
Table 11)
+  New Instruction
Index Register and Stack Manipulation- Instruction (refer to
Table 12)
»  Jump and Branch Instruction (refer to Table 13}
»  Condition Code Register Manipulation {refer to Table 14)
+ Op Code Map (refer to Table 15)

® Programming Model

Fig. 28 depicts the HD6303Y programming model. The double
accumulator D consists of accumulator A and B, so when using the
accumulator D, the contents of A and B are destroyed.

® CPU Addressing Modse

The HD6303Y provides 7 addressing modes. The addressing
mode is determined by an instruction type and code. Tables 11
through 15 show addressing modes of each instruction with the ex-
ecution times counted by the machine cycie.

When the clock frequency is 4MHz, the machine cycle time be-
comes microseconds directly.
Accumulator [ACCX) Addressing

Only an accumulator is addressed and the accumulator Aor B is
selected. This is a one-byte instruction.
immediate Addressing

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

In this addressing mode, the second byte of an instruction shows

B8 AcCUmuISOn A and 8

of O 16 it Dovbie Accumulster D

bs X 0] 1ndex Ragate x)
b sr 5] Stsck Poinuw (58
s 3 3] Prowam Caneine 190

z (]

|| wlw uln ziv c; Candiron Code Regintar (CCBF
L convrmerontiomuss
Overtiow
Zia

———  Neguiive
Inseeropt
Mol Carvy 1 ram Wit 3

Figure 28 CPU Programming Mode!

the address where a data is stored. 256 bytes ($0 through $255) can
be addressed directly. Execution times can be reduced by storing
data in this area so it is recommended to make it RAM for users’
data area in configurating & system. This is a 2-byte instruction,
while 3 byte with regard to AIM, OIM, EIM and TIM.

Extended Addressing

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

Indexed Addressing

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

This carry is added to the upper 8 bit of the index register and
the result is used for addressing the mentory. The modified address
is retained in the temporary address register, so the contents of the
index register doesn't change. This is a 2-byte instruction except
AIM, OIM, EIM and TIM {3-byte instruction).
impflied Addressing

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

Relative Addressing

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

(Note) CLI, SEI Instructions and Interrupt Operation
‘When accepting the IRQ at a preset timing with CLI and
SE! instructions, more than 2 cycles are necessary be-
tween the CLI and SEI instructions. For example, the fol-
lowing program {a)(b} don’t accept the IRQ but {c} ac-

cepts it.
. . CLI
CLI CLI NOP
SEI NOP NOP
. SEl SEI
@) (b} ©}

The same thing can be said to the TAP instruction instead
of the CL1 and SEI instructions,
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Table 11 Accumulator, Memory Maniputation instructions

Addressing Modss candmzfn Codé
o o, Register

JMMED | GIRECT | INDEX |EXTEND | IMPLIED |  arithmecic O s[4[3[211]¢

OP [~ 1% [OP |~ [#[OP|~|#IOP [~ |%|OP|~1x HiVi{N{Z |V]C

Add ADDA |88 [212 198 |3 2 |AB[4 2 |68 |4 |3 AT Mo A HCBHAE
ADDB C8j2i2iDB|3 [2|EB[4 ]2 |FB 4|3 B+M-B tje(tfi3tjt

Add Doubie apDD  |c3 3|3 oa|a|z]e3]s |z [F3 s |3 A B+M.Mt1-A B |sls|if1[t]3
Add Accumulstors | ABA T[A+B=A Tle[eit]sis
Add With Caery ADCA_ j#s |212 (99 [3]2 [apialz[sa]sis] | | [a+mic-a nann
apcBE  |colz |2 (oo |3|zjEe|a]2irs a3 B+M+C~8 tlefzisis]s

AND ANDA 84 1212 ({94 |3 |2 A4 |42 (B4 [4}3 A - A LA AR KR LR ]
ANDB C4 (2|2 |D4|3 {2 |Es {42 (F4[4}3 M-8 efoltiliRie

Bit Test BIT A 85 [2|{2|9513{2|A5 |42 |85 ]4 13 AM ejelt|[tR]e
BITE |5 2]2|o5[3 |2 (€5 |4]2 |5 |43 B0 sle |t s iRl

Clear CLR 6F [5]2 [7F |53 0o ~M eis (R|SIAIR
CLRA 4F {11 {00 ~A o | R|S|RIR

CLRB 5F |1]1]oo~8 « e la[8[R]R

Compare CMPA BY [2082 190 |3 ]2 |A1 142 iB1 |43 A~ M sjepdltis ]
cwes Jor 2f2foifaeferfafziri [a]s BOOBAE

Compare cBA 11 |1 LR CN IR ERERT
Complement, 1's com &3 |62 (73 8|3 B DBBGEE
COMA ) s[P T[T R[S

coms 5311 DB

C 73 NEG ® 612 (70 [6]3 OHRGE
{Nagare) NEGA 40 ) sleitlt DI
NEGB 50 {1[1/00-8-8 s (et} i®E

Ducimat Adjust. A | DAA 19 2|1 [ Somacrors muo 860 sormat | (¢ [F]7 1@
Decrement DEC A 162 [7A (63 M-1-M™ elsitit|@le
DECA 4A T (1|8 -1 A eleititD]e

DECS SA|1{1|B~1~8B ofs i1l |&)e
Exclusive OR EORA |88 |2 |2 |98 |3 {2 |AB |4 )2 (8B |4 [3 ADM~A «le |3 T'ET‘
EOR8 | C8 |2 |2 [0a |3 |2 |€8 |4 |2 [FE [4 |3 B@®M~ B se(T[T[R]s

Incrament INC 6C[612 [7C |63 Mol M s v 1 [T[B]*
INCA 4AClT|V]A+T—-A LELEERS S 20 ]

1NCB SCi1|]1|8+1—+8 o (o}l 1F|e

Losd tDAA |86 (212 |96 |3 |2 ]A6}4 12 B6 4|3 SR BOOBEa0
Accumulator LDAE |6 |2 |2 o6]3 [2{e6 4|2 [F6 4 (3] M~ ele 1]t |RIe
Loed Double wo  [cci3|sfoc]s |2 jec|s |z [Fcis |3 M+1-BM=A efaltisn]e
Muitiply Unsigned MUL 3| 7i1[AxB~A. B alele]e|e|
OR, Inclusive ORAA |BA |22 9A|3 |2 |Aala (2 [BA 4 [3 XY EL DOBBRGOLE
ORAB CA|2 |2 iDA|3 |2(EA|4 |2 [FA|4]3 B4M—~ B sisitli|Rje

Push Osts PSHA 36| 4|1 [A~Mip,SP-1=35P NODDU0
PSHE 37[4]1[8B~Mp SP-1~5P als(sjeje s

Pull Data PULA 32 [3[1{5P+1~SP,Mw—A slelsis]s]e
PULB 33[3(1{SP+1-SP. Mp—~ B eieislaln|e

Rotste Left ROL e[|z |79 1863 " BOBBOE
ROLA 4911;}@ OB B0E

ROLB sTifrls’ ° % IR

Rotate Aight ROR 66[62]761613] M IR
reat DBRE e A o

RORS s6|1111°% oleft{i[a]s
{Note) Condition Code Register wilt be axplained in Note of Table 14. {continued}
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Table11 A H -, M y Manipulation Instructions
Addressing Modes . mn«:;:::;;god'
Operations Mnemonlc | imeD | DIRECT | INDEX .JEXTEND | IMPLIED Wi ud 5la]3[z2]1]0
oF|~lejori~ixloPi~|# OPi~|nioP|~|s Hit[njz]v]c
8hift Lokt ASL L ALAERECALEE u — oo lilt B¢
Arithmetic ASLA CAERD ;};ﬁm«-a cle T[T BT
ASLB s8 [11]3 > o --:sg]s'
DA e | Ao | PR |- s o)
Shift Right ASR s7lsl2]7is]a ™ JE— elet [ O
Ash Wil ey S
ASRB AR DL * OO CE
Shife Right LSR 64 6274 |63 » — s lelr]t (B
Logical LSRA IREE A‘»’D:EEDID»(; NADRGE
LSRE sy * < e |RTIOT
- —
B | e o |1 o[t [ o] o)
Store STAA 97 [al2]azfal2leT (4|2 AM sleftit|Ale
Accumulator STAB orisizieri«[2 [F7ia (3 [ s{eftitiA]s
Srors Double st oofs |z |ep|s |2 [rois |3 g P siels[tln]e
Subtract susa (8o i22|so |3 |2[aola]2]e0 e |2 A-M-h slelift i n
suss _ [co {22 ({po{3 |21E0 [4j2 (Fola i3 B-M-8 slelilt|slt
Double Subtract suep  fs3f3(aleafafa[aslsl2im3(s]2 A B-M:M+1-A:B jsisltit]sls
e o s34 wiilifa-B-a sfelsfafs]s
Subtract seca o2 [2]2(oz]az (a2falz B2 |4 |3 A-M-Co A ele (2|3 ]5]¢
With Carry SBCB  |C2 |2z |D2(3 |2 €2 4]z F2 4|3 T-M-C~B BORBOE
Transfar TAS 6l1]1][A=B slelt{t[n]s
Accumuistors TBA [ER KR ER slelsTe IR
Tert Zoro or ST 8D{4i2 (7D }4]3 M- 00 sieftitiR|RA
Minus TSTA 0 1]1{A-00 “slt[1[R]m
TSTS 50 |1 [1|B-00 ele 1l [R[R
And Immediste Al 71lelalst]|7]3 M- IMM—M sleftltin]e
OR Immediste [ AIDBCIEE MMM M esfeltitinle
EOR Immediste EM 75| el3[e5{7]3 MBDIMM M eleftlt{nle
Test immadiate ™ 7al4fafes]s|3 MMM eleltit|n]e
{Note) Condition Cods Register will be expiainsd in Note of Tabls 14,
® Additiona) Instruction TIM ........... {M)-(IMM)
In addition to the HD&80] instruction set, the HD6303Y pre- Executes “AND” operation to immediate data and changes
pares the following new instructions. the relative flag of the condition code register.
AIM ..... s AM)-{MM) — (M) These are the 3-byte instructions; the first byte is op code, the
Executes “AND™ operation fo immediate data and the second immediate data and the third address modifier.
memory contents and stores its result in the memory. XGDX ......... {ACCD)~(IX)
1% S, M)+ (IMM) — (M) Exchanges the contents of accumulator and the index regis-
Executes ““OR" operation to immediate data and the memo- ter.
ry contents and stores its result in the memory. SLP
BIM ........... M) @ IMM) — (M) Goes to the sleep mode. Refer to *LOW POWER DISSIPA-
Executes “EOR™ operation to immediate data and the TION MODE” for more details of the sleep mode.,

memory contents and stores its result in the memory.
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Table 12 Index Regit Stack M ons
Addressing Modes o Q’ng::‘r:.{;‘adc

Powtes Operations | Mnemonic [{umED | DIRECT | INDEX | EXTEND [IMPLIED | Aithmeuic Operation | 5141321110
OF [~ {#[OP |~ 1% (OP|~{#[OP |(~|# 0P|~ ¥ HITINIZ|VIC

Compare Index Flsg CPX 8C|3i2{9C |42 |aCis|2)|aC |53 X-M M1 el it
Decremant index Reg DEX 09 {1 {1 |X-1-X sisin|tis]e
Decrement Stack Patr DES 34 11 |1 jsP~1-5P sjelelainis
Incremant index Reg iNX 0B (1 (1 [X+1-X elelnjijois
Increment Stack Potr INS 2 {1 {1 [SPeT~SF sjsiaisinje
Load Index Arg LDX ce{3]|a[oe[«fzee{s]2[Fe|s5 ]2 M~ Xy, M+l ~X, |e|eig il iR]e
Load Stack Pntr LDs BE |3 }3 |DE |4:2 |AE{S[2|BE|5(3 M= 8Py (M+1)=8P [a]e|Ti} R
Sicre Index Rag 8§TX DF (412 JEF (5|2 {FF|5]3 Xu—=M X ~M+1 |els]|F |} [R]e
Starz Stack Pntr $TS 9F |4 2 |AF 52 |SF 5|3 SPy M, 5P =~ (M+1} (e e (Ff2iR]e
Index Reg ~ Stack Pnic| TXS & 1|1 (X-1-8F e(sla|a]eije
Stack Patr — index Reg] TSX 30 (1|1 |SP+1 =X sjle{o]ojefs
Add ABX AT {1 (B+X~X sjols{einje
Push Data PSHX IC|6 |t X ~Mg SP-1-SP |e|sislela]s

Xy~ Myp, 5P -1 §P
Patl Dats PULX B4 |1 SPe ISP Mo~ Xy [ofsleisfs]s
SP el SP My Xy
Exchsnge XGOX 18 |2 |1 |ACCD- X siolnjo|o|e

{Note! Condition Code Register will be expiained in Note of Tablg 14.

Table 13 Jump, Branch Instruction

Addressing Modes Condition Code
B i Rayister
Operations Mramanic |'ae aTive | DIRECT | INDEX |EXTEND |wMPLIED Branch Test slalstzl1]o
OP}~1#iOP|{~ | #{OP|~|#|OP|~|x|OP]~(x HitiN]Z[VIC
Branch Always BRA WE32 None sivjeiaio]e
Branch Never BRN 211 3]2 None alelejisjele
Branch f Caery Claer [T o] 24)3}2 C=0 efeleajelale
Branch {f Carry Set BCS W32 C=1 sjelsfele|e
Branch (f = Zera BEQ 271342 Zn3 slelefajele
Brasch If > Zero BGE 2|32 NDV=0 ajsfo(s]se
Branch if > Zero 8GT 2E[Q |2 Z+HIN®VI=0 ejejoeinje
Braach (f Higher BHI{ 22)312 C+Z»0 aleje{ajsis
Branch (E < 2erc BLE FLANEY] Z+IN@VIint sleiainlale
:::'ch 3 Lower Or sLs 23ial2 c+Z=1 slesisislaia
Branch if < Zero BLT 01312 NDV=1 sfolejsiele
Branch IF Minus 1] 28]3]2 N1 slejaleleofe
SanchMNotBaust | gne  l2g3)2 z-0 eloielulele
g:::" 1 Overtiow svC 281312 V=0 si{sjeojeinje
Branch If Overflow Set]  BVS 21312 V=1 sjolefolelfe
Branch if Plus SPL 241312 N=0 s(ojlsjejnl]s
Branch To Subroutine 3SR 8Dis |2 olsianjajs(e
Jump IMP SE (32 PE[3 |2 sjelaiels]e
Jump To Sybroutine JSR 3D }5 |2 |AD{B |2 [BD (8 |3 ole e joels
No Oparation NO# o1 |1 |1 | AdvancesFrog. Catr. g e le oo |e
Return From Intsrrupt]  RTI 3B j10}1 ] ——
::;umrz::m RTS S| ejo s |s|ofs
Softwere Interrupt swi 3F 3211 _ w[5fe ju e e
Wait for tnterrupt® WA Ejo s B 300
_Shep 5P TR &7 slein]efe

(Note) *WAI puts BAV high: Address Bus goes to FFEF; Data Bus goes 1o the three state.
Condition Code Register will be explained in Note of Table 14,
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Table 14 Condition Code Register Manipulation Instructions

A Condition Code Register
Opteations Maemonic IMPLIED Boolean O 514 (3121t 10
or |~ | » Hl I (N[Z | VIC
Clasr Cerry CiL.C oc | 1 1 0-+C e[ lejele iR
Clemr Interrupt Mask CLt Q€ | 1 1 g-1 [ BLEEERENENAL
Ciear Overfiow CLv LR RINA Q¥ sfjeojeisnise
Sot Caery SEC [RIENE 1+¢C _ slejefelels
Sat Interrupt Mask SEL OF 1 1 1-~1 [ EEBEALEENE]
Set Dvertlow SEV o8 [ 1 |1 1=-v o {sls|3 |»
A -~ CCR TAP 08 i )1 A- CCR -
CCR — A TPA or 1 |1 ceR -~ A e e fslsTe]e
LEGEND CONDITION CODE $YMBOLS
oP O Code {+ 1} H  Halfcarry from bit 3 to bit 4
~  Number of MCU Cycles }  Interrupt mask
Mgp C of memory 1 d by Stack Pointer N Negative {sign bit)
#  WNumber of Program Bytes Z  Zero lbyte}
+  Arithmetic Plus WV Ovsrflow, 2's complement
- Arithmetic Minus C  Carry/Borrow fromfto bit 7
*  Boolean AND R Reset Always
+  Boolean inclusive OR 5 Set Always
@ Boglean Exclusive OR 4 Setif true after test or clear
M Compiement of M *  Not Affected
- Transfer into
G  Bit= Zero
00 Byte=Zera
{Note} Condition Code Register Notes: (Bit set if test is true and cleared otherwise}
) {BitV}  Test: Result= 100000002
2 (B Test: Result § 000000007
@ (BuC) Test: BCD Character of high-ordsr byte greater than 10? (Not cleared if previously sst}
@ (Bitv) Test: Operand = 10000000 prior to execution?
® (Bitv) Test: Operand = 01111117 prior to execution?
@& 1Bt V) Test: Setequal to N@ C= T after the execution of instructions
M {BitN}  Test: Resultless than zero? (Bit 15=1)
@ {ANBit) Load Condition Code Register from Stack.
& (Bitl) Set when interrupt occurs. (f v set, 3 Non-Maskable interrupt is required to exit the walt state.
48 (AN Bit)  Setaccording to the contents of Accumulator A.
Q  (BitC)  Result of Multiplication Bit 7=1? {ACCB)
Table 15 OP-Code Mop
l’ oF ACC | ACC IND EX " ACCA or SP ACCB or X
CODE A ;3 R | IMM DIR IND EXT } IMM DIR ND EXT
H! 0000 | KRl oid 3 0O o0 | 0101 1Eg § 01 1000 1601 1010 91 1100 101 1116 111
LG 9 1 H 3 4 5 5 7 3 3 A B c ] £ F
W0 o SBA | BRA ] TSX NEG SUB 1]
901 | 1 [NOP |CBA [BAN [INS | —_— | AIM ~ cwe 1
oy 2 BHI PULA oM S8C 2
EXE BLS | PuLB coM SusD i ADDD 3
$100 | 4 | LSRD 8cC | DES LSR AND 4
w1 | 5 | ASLD BCS (XS | __—— [ EM BIT 5
ptig| & | TAP | TAB { BNE | PSHA ROR LDA &
0111} 7 {TPA {TBA |BEQ |PSHB ASR STA L1 STA 7
100 ] # | INX XGDX| BVC ! PULX ASL EQOR 3
1800 { $ { DEX | DAA [BYS | RIS ROL ADC 1]
WA CvY jSLP [ 8PL ABX DEC ORA A
01t | B | SEV [ ABA | BMI RT1 ™ ADD a
11| ¢ | CLC BGE [ PSHX INC cPX LDC c
118t | D | SEC BLT MUL TST BSA 1 JSR 8TD o
1He | € | CLI BGT | WAI JMP LDS LOX E
11§ F | SEl BLE [SWI CLR 5TS ETX F
0 1 2 3 T | s | s | 1 s | s T aTs c | bl EF
UNDEFINED OPCODE =3

* Only each instructions of AlM, OIM, EIM, TiM
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= CPU OPERATION
® CPU Instruction Flow

‘When operating, the CPU fetches an instrution from & memor,
and the required function. This sequence starts with
cancel and repeats itself limitlessly if not affected by a special in-
struction or a control signal. SWI, RTI, WAI and SLP instructions
change this operation, while NM1, IRQ,, TRG,, IRQ,, HALT and
ITBY control it. Fig. 29 gives the CPU mode transition and Fig. 30
the CPU system flow chart. Table 16 shows CPU operating states

HD6303Y,HDE3A03Y,HDE3BO3Y

and port states.

& Operation at Each Instruction Cycle

Table 17 shows the operation at each instruction cycle. By the
pipeline control of the HD6303Y, MULT, PUL, DA A and XGDX
instructions, etc. prefetch the next instruction. So attention Is nec-
essary to the counting of the instruction cycles because it is different
from the usual one —from op code fetch to the next instruction op
code.

Standby
Mode

STBY=0

Sleep
Mode

Figure 28 CPU Operation Mode Transition

Table 16 CPU Operation State and Port, Bus, Control Signal State

Port Reset STBY™ HALT Sleep
Ag ~ Ay H T T H
Port 2 T T Keep Keep
Dg ~ Dy T T T T
Ag ~ Ais H T T H
Port5 T T Keep Keep
Port 6§ T T Keep Keep
Control Signal 1 T .2 .

1 TL,WRRWITHR=HBA=L
2 ADWRRW=TURBA=H
*3 E pin goes to high impedance state.

G HITACHI
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Table 17 Cycle-by-Cycle Operation

HDB303Y,HDB3A03Y, HDB3BO3Y

Ad:;:suc r;:::: [ ]cycfell Cycle I Address Bus l R/W | 5] I WA I T3 L Data Bus
IMMEDIATE
ADC  ADD 1 Op Code Address+1 1 0 3 1 Operand Data
AND BIT 2 Op Code Address+2 1 0 1 0 Next Op Code
CMP  EOR 2
LDA ORA
SBC Sus
ADDD  CPX 1 Op Code Address+ 1 1 [ i 1 Operand Data (M5B
LDD LDS 3 2 Op Cods Address+2 1 1] 1 1 Qperand Data {LS8)
LDX SusD 3 Op Code Address+3 i ) 1 0 Next Op Code
DIRECT
ADC _ADD T | Op Code Address+ 1 T 0 i 1 Address of Operand {LSB)
AND 8iT 2 Address of Operand 1 0 1 1 Operand Data
CMP  EOR 3 3 Op Code Address+2 1 o 1 o Next Op Code
LDA CRA
SBC SUB
STA H Op Code Address+ 1 1 [ 1 b] Destination Address
3 2 Destination Address Q 1 0 1 Accumulator Data
3 Op Code Address+2 1 [¢] 1 0 Next Op Cods
ADDD CPX 1 Op Code Address+1 1 0 1 1 Address of Operand (LSB]
LDD LDS 2 2 Address of Operand i O 1 i QOpsrand Data (MSB}
LDX SUBD 3 Address of Operand+1 1 o] 1 1 Operand Data {LSB}
4 Op Code Address+2 1 Y] 1 0 Next Op Code
STD STS 1 Op Cods Address+ 1 1 [ 1 1 Destination Address {LSB}
STX 4 2 Destination Address [+] 1 ¢ 1 Register Data (MSB)
3 Destination Address+1 Q 1 4] 1 Register Data {LSB}
4 Op Code Address+2 1 0 1 o] Next Op Code
JSR i Op Code Address + 1 i) [4] i 1 Jump Address (LSB)
2 FFFF 1 1 1 1 Restart Address {LSB)
5 3 Stack Pointer ] 1 o] 1 Return Address {LSB}
4 Stack Pointer—1 ] 1 a 1 Return Address {MSBj
5 Jump Address 1 0 \ 0 First Subroutine Op Code
TiM 1 Cp Cods Address + 1 1 [3] 1 1 Immediate Data
a 2 Op Code Address+2 1 Q 1 1 Address of Operand {LSB)
3 Addrass of Operand 1 0 ] 1 Operand Data
4 Op Code Address+3 1 [ 1 0 Next Op Code
AIM EIM 1 Op Code Address+1 1 [ 1 1 immediate Dats
oM 2 Op Code Address+2 1 o3 1 1 Address of Operand {LSB)
8 3 Address of Operand 1 o] 1 1 QOperand Data
4 FFFF 1 1 1 1 Restart Address {LSB)
5 Address of Operand 0 1 [+ 1 New Operand Data
] Op Code Address+3 1 Q 1 C Next Op Code
{Continued}
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HD8303Y,HD63A03Y,HD63BO3Y

Address Mode &

instructions ] Cvcﬁesl Cy;!e l Address Bus ‘ /W ] i3 { WR l TR ‘ Data Bus
INDEXED
JMP 1 Op Code Address+1 1 0 1 1 Ofiset
3 2 FFFF 1 1 1 1 Restart Address (LSB)
3 Jump Address 1 o] 1 [ First Op Code of Jump Routine
ADC ADD 1 Op Code Address+1 1 [+] 1 1 Offset
AND BIT 2 FFFF 1 1 1 1 Restart Address {LSB)
CMP  EOR 4 3 IX + Offset 1 0 1 1 Operand Data
LBA ORA 4 Op Code Address+2 1 0 1 O Next Op Cods
SBC sug
TST
STA 1 Op Code Address+ 1 i [s) 1 i Offset
4 2 FFFF 1 1 1 1 Restart Address {LSB)
3 IX +Offset 0 1 Q 1 Accumulator Data
4 Op Code Address+2 1 0 1 4] Next Op Code
ADDD 1 Op Code Address+1 1 [y 1 i Offset
CPX LDD 2 FFFF 1 1 1 1 Restart Address {LSB}
Los LbX [ 3 1X + Offset 1 o] 1 1 Operand Data {MSB}
sSuBD 4 IX+Offset+ 1 1 +] 1 1 Operand Data {LSB}
5 Op Code Address+2 1 [+] 1 [ Next Op Cods
STD STS 1 Op Code Address+ 1 1 [+] 1 1 Offset
STX 2 FFFF 1 1 1 1 Restart Address {LSB)
5 3 IX +Offset [s] 1 0 1 Register Data {MSB)
4 IX+Offset+1 ] 1 0 1 Register Data (LSB}
5 Op Code Address+2 1 ] 1 4] Next Op Cods
JSR 1 Op Code Address+1 1 [+) 1 1 Offset
2 FFFF 1 1 1 1 Restart Address {LSB)
5 3 Stack Pointer ¢] 1 [+] 1 Return Address {LSB)
4 Stack Pointer —1 ¢} 1 0 1 Raturn Address {MSB}
5 IX + Offset 1 o] 1 0 First Subroutine Op Code
ASL ASR 1 Op Code Address+ 1 1 [+] 1 1 Offset
cOM DEC 2 FFFF 1 1 1 1 Restart Address (LSB}
iNC LSR 6 3 iX + Offset 1 [s] 1 1 Operand Data
NEG ROL 4 FFFF 1 1 1 1 Restart Address (LSB}
ROR 5 IX+Offset 0 1 8] 1 New Operand Data
& OP Code Address+ 2 1 Q 1 0 Next Op Cods
TiMt 1 Op Code Address+ 1 1 0 1 1 Immediate Data
2 Op Code Address+2 1 4] 1 1 Offsat
5 3 FFFF 1 1 1 1 Restart Address {LSB)
4 1X + Offset 1 o 1 1 Operand Data
5 Op Code Address+3 1 2] 1 4 Next Op Code
CLR 1 Op Code Address+1 1 [1] i 1 Offset
2 FFFF 1 1 3 1 Restart Address {(LSB)
5 3 {X + Offset 1 0 3 1 QOperand Data
4 X +0ffset o 1 0 1 00
5 Op Code Address+2 1 1] 1 0 Next Op Code
AlM EiM 1 Cp Code Address+ 1 1 [+] 1 1 Immaeadiate Data
OiM 2 Op Code Address+2 1 1] 1 1 Offset
3 FFFF 1 1 1 1 Restart Address {LS8}
7 4 X+ Ctiset 1 0 1 1 Operand Data
5 FFFF 1 1 1 1 Restart Address (LSB)
3] IX +Offset o] 1 4] 1 New Operand Data
7 Op Code Address+3 1 g | 0 Next Op Code
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HD6303Y,HDE3A03Y, HDE3BO3Y

Address Mode &

Instructions Icvctas] C\;;:ie [ Address Bus ] R/W l Rb ] WR I R I Data Bus
EXTEND
JWP 1 Op Cods Address +1 1 [ T 1 Jump Address (MSB)
3 2 Op Code Address+2 1 0 1 1 Jump Address {LSB}
3 Jump Address 1 0 1 O Next Op Code
ADC ~ ADD TST 1 Op Code Address+ 1 k] [] 1 1 Address of Dperand (M35}
AND BIT 4 2 Op Code Address+2 1 o 1 1 Address of Operand {LSB)
CMP EOR 3 Address of Opsrand 1 o 1 1 QOperand Data
LDA ORA 4 Op Code Address+3 1 G 1 Q Next Op Code
$8C SUB
STA ] Op Code Address+1 1 0 i 1 Destination Addrass (MSB)
4 2 Op Code Address+2 1 4] 1 1 Destination Address {LS8}
3 Destination Address 0 1 0 1 Accumulator Data
4 Qp Code Address+3 1 Q 1 0 Next Op Code
ADDD 1 Op Code Address+1 1 [s] 1 i Address of Operand [MSB)
CPX LDD 2 Op Code Address+2 1 0 1 1 Address of Operand {LSB}
LDS LDX 5 3 Address of Operand 1 [s] 1 1 Operand Data (MSB}
sSuBD 4 Address of Operand+1 1 0 1 1 Operand Data {LSB}
5 Op Code Address+3 1 o] 1 & Next Op Code
§STD  §TS i Op Code Address+ 1 0 1 1 Destination Address (MSB]
STX 2 Op Code Address+2 1 ] 1 1 Destination Address {LSB)
5 3 Destination Address o 1 o] 1 Register Data {MSB}
4 Destmation Address+ 1 0 1 o ] Register Data {LSB}
5 QOp Code Address+3 1 4] 1 0 Next Op Code
JSR 1 Op Code Address +1 1 [&] 1 i Jump Address {MSB)
2 Op Code Address+2 1 [s] 1 1 Jump Address {LSB}
6 3 FFFF 1 1 1 1 Restart Address {LSB}
4 Stack Pointer 0 1 0 1 Return Address {LSB)
5 Stack Pointer —1 [s] 1 0 1 Return Address (MSB)
[} Jump Address 1 o} 1 0 First Subroutine Op Code
ASL  ASH E Op Code Address+ 1 3 [5) i 1 Address of Operand (M5B]
COM  DEC 2 0Op Code Address+2 1 o} 1 1 Address of Operand {LSB)
INC LSR 6 3 Address of Operand 1 [ 1 1 Operand Data
NEG ROL 4 FFFF 1 1 1 1 Restart Address {LSB}
ROR 5 Address of Operand 0 1 Q 1 New Operand Data
8 Op Code Address +3 1 4] 1 ] Hext Op Code
CLR 1 Op Code Address+1 1 [ 1 i Address of Operand (M3B)
2 Op Code Address+2 1 0 1 1 Address of Operand (LSB)
5 3 Address of Operand 1 o] 1 1 Operand Data
4 Address of Operand 0 1 o 1 00
5 QOp Code Address+3 1 0 1 0 Next Op Code
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HO8303Y,HDE3A03Y, HDB3BO3Y

Address Mode &

Instructions ! Cv&lesl C";:" } Address Bus , R/W ' RD ’ WR i ] [ Data Bus
IMPLIED
ABA ABX 1 Op Code Address+1 1 [+] 1 [+ Next Op Cods
ASL ASLD
ASR CBA
CcLC CLi
CLR CLv
coMm DEC
DES DEX
INC INS
INX LSA 1
LSRD ROL
ROR NOP
SBA SEC
SEi SEV
TAB TAP
TBA TPA
TST TSX
TXS
TAA XGDX 2 1 Op Code Address + 1 1 [ 1 [4) Next Op Code
2 FFFF 1 1 i 1 Restart Address (LSB}
PULA PULB 1 Op Code Address+1 1 [} 1 [3] Next Op Code
3 2 FFFF i 1 1 1 Restart Address (LSB)
3 Stack Pointer+1 1 g 1 1 Data from Stack
PSHA PSHB 1 Op Code Address+ T 1 0 1 1 Next Op Code
4 2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer o 1 &) 1 Accumulater Dats
_ 4 Op Code Address-+1 1 o 1 Q Next Op Code
PULX 1 Op Code Address+ 1 1 0 1 0 Next Op Code
4 2 FFFF 1 1 1 1 Restart Address {LSB)
3 Stack Pointer +1 1 0 1 1 Data from Stack {MSB)
4 Stack Peinter +2 1 [s] 1 1 Data from Stack {LSB}
PSHX T Op Code Address +1 1 0 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address {LSB}
5 3 Stack Pointer [+] 1 0 1 index Register {LSB)
4 Stack Pointer — 1 ] 1 0 1 Index Register (MSR)
5 Op Code Address+ 1 1 Q 1 o] Next Op Cods
RTS 1 Op Code Address+1 1 0 7 T Next Op Cods
2 FFFF 1 1 1 1 Restart Address {LSB}
5 3 Stack Pointer + 1 1 o] 1 1 Return Address {MSB}
4 Stack Pointer +2 1 ] 1 1 Return Address (LSB)
5 Return Address 1 o 1 o First Op Code of Return Routine
MUL 1 Op Code Address+ 1 1 0 1 [} Next Op Code
2 FFFF 1 1 1 i Restart Address {LSB)
3 FFFF 1 1 1 1 Restart Address {LSB)
7 4 FFFF 1 1 1 1 Restart Address {LSB}
5 FFFF 1 1 1 1 Restart Address {LSB}
1 FFFF i 1 1 1 Restart Address (LSB)
7 FFFF 1 1 1 1 Restart Address {LSB)
{Continued}
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HDB303Y,HD63A03Y,HD63BO3Y

Address Mode & ]Cvc!es ]°V§‘° i Address Bus l RN ] ] I wR ‘ i 1 Data Bus
IMPLIED
WAI 1 Op Code Address+1 1 [] 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address {L5B}
3 Stack Pointer 4] 1 [+] 1 Return Address {L5B}
4 Stack Pointer—1 Q0 1 o] 1 Return Address (MSB}
9 5 Stack Pointer—2 0 1 0 1 Indsx Reagister (LSB)
8 Stack Pointer—3 [+ 1 0 1 tndex Register (MSB}
7 Stack Pointer —4 ] 1 (s} 1 Accumulator A
8 Stack Pointer—5 1] 1 o 1 Accumulator B
9 Stack Pointer—8 0 1 o 1 Conditional Code Regi
RTH 1 Gp Code Address+ 1 1 4] 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB}
3 Stack Pointer+1 1 [ 1 1 Conditional Code Register
3 Stack Pointer+2 1 0 1 1 Accumulator B
10 5 Stack Pointer+3 1 0 1 1 Accumulator A
8 Stack Pointer +4 1 4] 1 1 Index Register {(MSB)
7 Stack Pointer +5 1 o 1 1 index Register (L5B)
a2 Stack Pointer +6 1 0 1 1 Return Address (MSB}
g Stack Pointer +7 1 [¢] 1 1 Return Address (LSB}
0 Return Address 1 0 1 ] First Op Code of Return Routine
Wi ] Op Code Address+ 1 ] [¢] i ] Next Op Code
2 FFFF 1 1 1 1 Restart Address {LSB)
3 Stack Pointer o] 1 ] 1 Return Address (LSB}
4 Stack Pointer —1 4] 1 o] 1 Return Address (MSB)
5 Stack Pointer—2 0 1 0 ] fndex Register (LSB)
12 8 Stack Pointer—3 [s] 1 ¢} 1 Index Register (MSB)
7 Stack Pointer—4 [¢] 1 0 1 Accumulator A
8 Stack Pointer—5 Q 1 ] 1 Accumufator B
9 Stack Pointer—8 ] 1 0 1 Conditiona! Code Reg
10 Vector Address FFFA 1 o] 1 1 Address of SW1 Routine (MSB}
t1 Vector Address FFFB 1 0 1 1 Address of SWI Routine {LSB}
12 Address of SWI Routine 1 0 1 ] First Op Code of SWi Routine
SLP 1 Cp Code Address+1 1 1] 1 1 Next Op Code
2 FFFF 1 1 1 1‘ Restart Address (LSB)
) s‘%ep ‘ ‘ l
3 FFFF 3 1 1 1 Rastart Address (LSB}
4 Op Code Address+1 4 2] 1 G Next Op Coda
RELATIVE
BCC BCS 1 Op Code Address+1 1 0 1 1 Branch Offset
BEQ  BGE 3 2 | FFFF 1 1 1 Restart Address {LSB)
BGT BHI 3 Branch Address - - Test="1" 3 o 1 0 First Op Code of Branch Routine
BLE BLS Op Code Address+ 1+ Test="0" Next Op Code
BLT BMT
8NE BPL
BRA BRN
8vC BvVS
BSR 1 Op Code Address+1 1 [ 1 1 Offset
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer o] 1 o] 1 Return Address (LSB}
4 Stack Pointer—1 G 1 o 1 Return Address (MSBj
5 Branch Address 1 ) 1 0 First Op Code of Subroutine
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= PRECAUTION TO THE BOARD DESIGN OF OSCILLA.
TION CIRCUIT
As shown in Fig. 31, there is 2 case that the cross talk dis-
turbs the normal oscillation if signal lines are put near the
oscillation circuit. When designing 2 board, pay attention 1o
this. Crystal and Cp must be put as near the HD6303Y as
possible.

ignal Hne

-~ = Signal line

0
CL !
1) LI XTAL
’h, it :"-
’;i: lEXTAL
Cp © o
v
Pt HDB303Y
I

Do not use this kind of print board design.

Figure 31 Precaution to the boad design
of oscillation circuit

START
ideal Waveform

HDB303Y

{Top View}

Avold signal linas
in this area.

Figure 32 Example of Oscillation Circuits in Board Design

® RECEIVE MARGIN OF THE SCJ

Receive margin of the SCI contained in the HD6303Y is
shown in Table 18.
Note: SCI = Serial Communication Interface

Table 18
Bit distortion Character
tolerance distortion tolerance
{t—to} /to {T—-To} /To
HDB303Y £43.7% 14.37%

1 2 3 4 ] & ? 8

STOP

]

Bit length }‘—To—’{

Rea! Waveform

length Tg

=
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