
H D6303V I H D63A03V I 
H D63B03V I H D63C03V 
CMOS MPU (Micro Processing Unit) 

The HD6303Y is a CMOS 8-bit single-chip microprocessing unit 
which contains a CPU compatible with the CMOS 8-bit microcom
puter HD6301V, 256 bytes of RAM, 24 parallel I/O pins, Serial 
Communication Interface (SC!) and two timers. 

• FEATURES 
• lnstruction Set Compatible with the HD6301V1 
• 256 Bytes of RAM 
• 24 Parallel I/O Pins 
• Parallel Handshake Interface (Port 6) 
• Darlington Transistor Drive (Port 2, 6) 
• 16-Bit Programmable Timer 

lnput Capture Register x 1 
Free Running Counter x 1 
Output Compare Register x 2 

• 8-Bit Reloedable Timer 
Externeł Event Counter 
Square Wave Generation 

• Serial Communication Interface (SCI) 
Asynchronous Mode (8 Transmit Formats, Hardware Parity) 
Clocked Synchronous Mode 

• Memory Ready 
3 Kinds of Memory Ready 

e Halt 
• Error Detection 

(Address Error, Op-code Error) 
• lnterrupt - hternał 3, Interna! 7 
• Maximum 65k Bytes Address Space 
• Low Power Dissipation Mode 

Sleep Mode 
Stendby Mode (Hardware Standby, Software Standby) 

• Minimum lnstruction Execution Time - 0.5µs if = 2MHz) 
• Wide Range of Operation 

Vcc=3 to 5.5V (f=0.1to0.5MHz) 

{

f=0.1to1.0MHz :HD6303Y ) 
Vcc= 5V± l0% f=0.1 to 1.5MHz : HD63A03Y 

f= 0.1 to 2.0MHz : HD63B03Y 
f=0.1 to 3.0MHz; HD63C03Y 

• PROGRAM DEVELOPMENT SUPPORT TOOLS 

• Cross assembler and C compiler software for IBM PCs and 

compatibles 

• In circuit emulator for use with IBM PCs and compatibles 

H D6303YP. H 063A03YP. 
HD63803YP,HD63C03YP 

(DP-64S) 

HD6303YF,HD63A03YF. 
HD63803YF. H D63C03YF 

(FP-64) 

HD6303YH,HD63A03YH 
HD63B03YH,HD63C03YH 

(FP-64A) 

HD6303YCP,HD63A03YCP 
HD63803YCP,HD63C03YCP 

-~ I ,,,f •. ,, .•. 
''1 . ,1l . ,, 11.· .r.1,. . ,,,,. 

,, V ',• ''·'-' ""'J. 
(CP-68) 
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• PIN ARRANGEMENT 

• HD6303YP. HD63A03YP, HD63B03YP, 
HD63C03YP 

V. I 

XTAL 

VC TAL J 

MPo 
MP, 
llH 

ITIY" 
fiili 
P. 
P11 
P11 11 
Pu 
pM I 
pM I 

PM I 
Pn 
p„ I 

P11 
Pu 

o 

.__ _____ _,,.-

(Top View) 

CTJ; 
.... 
"· O, 
o, 
o, 
o, 
o, 
o, 
o, 

"" "' „. 
.... 
.... 
... ... 
"' Vu 

„ .. 
"" 
"" 
"" „ .. 
... „ 
Vcc 

• HD6303YCP, HD63A03YCP, HD63803YCP, 

HD63C03YCP 

p"" l 
p„ 
P12 l 

Pu 
p"' 
Pn 
Pu 
p" 6 

o 

(Top View) 

o, 
o, 
o, 
o, 
o, 

s o, 
4 NC 

5 A, 
A, 

l A, 
A, 
A, 

' .... 
.... 
A, 
Vss 

" A, 

• HD6303YF, H063A03YF, HD63803YF, 
HD63C03YF 

(Top View) 

• HD6303YH, HD63A03YH, HD63803YH, 

HD63C03YH 

Pu 
P„ 

(Top View) 
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• BlOCK DIAGRAM 
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• ABSOLUT! MAXIMUM RATINOS 

Item Symbol Velue Unit 

Supply Voltege Vcc -0.3-+7.0 V 

lnput Voltage v.., -0.3-Vcc+ 0.3 V 

Operating Temperatur• T- -20- +75 •c 
Storege Temperature r.1g -55-+150 ·c 
INOTEI Tlli1 product h11 protection circuitl in input termin1I from high 1t1tic electricity volteg11nd high electric r„ld. 

But be cereful not to 1pply ov1Noltlg• more th1n maximum retings to these high input imped1nce protection circuitl . To 111ure thl norm1I 
oper1tion, w1 recommend v.,,. V°"' : V88 ;!;; cv„ or v...,1 ;!;; Vcc· 

• ELECTRICAL CHARACTERISTICS 
• OC CHAAACTERISTICS fYcc = 5.0V '*' 10~. Yss = OV, Ta • -20°c - + 75°C, unl ... otherwlee noted.) 

Item Symbol T Hl Condition min typ max 

m,!;TBV Vrr-0.5 -
lnput "High" Voltage EXT AL VIH VccX0.7 - Vcc 

+0.3 
Other lnputs 2.0 -

lnput "Low"' Voltege Alllnputs v._ -0.3 - o.s••• 

lnput LHk•ue Current 
NMI.m.mv. 11..,1 V-.,= O.S-Vcc-0.5V 1.0 MP0 ,MP1 

- -
ThreeStete ~-A,,\f. Do-07, AD. 11-rsi l v.., = 0.5-Vcc-0.5V 1.0 Le1kag1 Current , R , Ports 2, 5, 6 - -
Output "High" Voltage 

IOH = - 200„A 2.4 - -All Output1 VoH 
IOH = -10„A Vcc-0.7 - -

Output "Low" Voltage All Outputs Vol lot= 1.6mA - - 0.4 

Darlington Drive 
Porta 2, 6 -IOH Vou1 = 1.5V 1.0 10.0 

Current -
lnput Capacitance All lnputs cin V-,,,= OV. f = 1MHz. - - 12.5 Ta= 25°C 

Standby Current Non Operation lsr1 - 3.0 15.0 

Sleeping (f= 1 MHz„) - 1.5 3.0 

ISLP Sleeping (f= 1.5MHz-I - 2.3 4.5 

Sleeping lf= 2MHz"I** - 3.0 8.0 

Sleeping (f=J MHz) -
Current Dissipation· 

4.5 9.0 

Operating (f= 1MHz„) - 7.0 10.0 

lee Operating (f= 1.SMHz„I - 10.5 16.0 

Operating (f= 2MHz**) ... - 14.0 20.0 

Operating (f=3 MHz) - 21.0 30.0 

RAM Standby Voltage VRAM 2.0 - -
v„ min= llcc - 1.0V. V._ m„ = O.SV (All output t•rmin1ls 1r11t no load.I 
Current DiHipltion of th• oper1ting or alelping condition il proportional to the opt1r1ting frequency. So the typ. or m1X. v1IU11 about Current 
Dinip1tions at li MHz operetion er• decided according to the folklwing formule : 

typ. velue (f = )( MHzl = typ. vllue lf = 1 MHz) X )( 
m„. valuelf= JCMHd = mH. vlluelf= IMHz) X)( 

!both th• •IMping Ind op1r1tingl 
••• SCLK O.SV (-20°C-0°C) 

@HITACHI 
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V 

V 

11-A 

11-A 

V 
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mA 

pf 

11-A 

mA 
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V 
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e AC CHARACTERISTICS (Vcc = 5.0V ± 10%, Vss = OV, T8 = -20 - + 75°C, unless otherwlse noted.) 

BUS TIMING 

Test HD6301YO HD63A01YO HD63B01YO 
Item Symbol 

Condition min. łyp. max. mrn . typ. max. min. typ max. 

Cycle Time 1cyc 1 - 10 0.666 - 10 0.5 - 10 

Enable Aise Time te, - - 25 - - 25 - - 25 

Enable Fall Time ter - - 25 - - 25 - - 25 

Enabłe Pulse Width "High" Le"81" PWeH 450 - - 300 - - 220 - -

Enable Pulse Width "Low" Leve1· PWeL 450 - - 300 - - 220 - -
Address, RIW Oelay Time· !AD - - 250 - - 190 - - 160 

Data Delay Time j Write •oow - - 200 - - 160 - - 120 

Data Set·up Time I Aead losR 80 - - 70 - - 60 - -
Address, RtW Hotd Time· IAH1 80 - - 50 - - 40 - -
Data Hold Time j Write" IHW1 Fig . 1 80 - - 50 - - 40 - -
AD, WR Address Hold Time' 1AH2 70 - - SO - - 40 - · -
M, WA Dala Hold Time· 1HW2 70 - - 50 - - 40 - -
Data Hold Time I Read 1HR o - - o - - o - -
mi. WA Pulse Width ' PWP.w 450 - - 300 - - 220 - -

M, Wl!i Delay Time tAWO - - 40 - - 40 - - 40 

'Rri, WA Hold Time tHRW - - 20 - - 20 - - 20 

LIRDelayTime to LR - - 200 - - 160 - - 120 

OR Hold Time IHLR 10 - - 10 - - 10 - -

Peripheral Read Access Time 1Acc - - - - - - - - -
MR Set-up Time" 1sLP. 400 - - 280 - - 230 - -
MR Hold Time' IHMA Fig. 2 - - 100 - - 70 - - 50 

E Clock Pulse Width at MR PWeMR - - 9 - - 9 - - 9 

Processor Conrrol Set-up Time tpcs Fig. 3. 13. 14 200 - - 200 - - 200 - -
Processor Control Rise Time łpc, - - 100 - - 100 - - 100 

Fig. 2, 3 
Processor Control Fall Time tpc1 - - 100 - - 100 - - 100 

BA Delay Time le A Fig . 3 - - 250 - - 190 - - 160 

Oscillator Stabilization Time tRC Fig. 14 20 - - 20 - - 20 - -
Reset Pulse Width PWRST 3 - - 3 - - 3 - -

HD63C01YO 
Unit 

min . łyp . max. 

0.333 - 10 µS 

- - 20 ns 
.. 

- - 20 ns 

140 - - ns 

140 - - ns 

- - 120 ns 

- - 100 ns 

SO - - ns 

20 - - ns 

20 - - ns 

20 -- - ns 

20 - - ns 

o - - ns 

140 - - ns 

- - 40 ns 

- - 20 ns 

- - 80 ns 

5 - - ns 

160 - -- ns 

170 - - ns 

- - 25 ns 

- - 9 µS 

100 - - ns 

- - 50 ns 

- - 50 ns 

- - 120 ns 

20 - - ms 

3 - - 'cvc 
'These hmings change in approximate proportion to lcyc· TM figures in this characterislics <epresent those when !cyc is minimum (: in the highest speed operation) . 

Peripheral Port Timing 

Test HD6303Y HD63A03Y H063B03Y HD63C03Y 
Item Symbol 

conditłon Unit 
min tVP max min tVP max rnin typ max min tVP max 

Peripheral Data 
Port 2,5,6 200 200 Set Up Time tpDSU - - - - 200 - - 200 - - ns 

Peripheral Data 
Fig. 5 

Hold T ime 
Port 2,5,6 tpOH 200 - - 200 - - 200 - - 200 - - ns 

Oelay Time (Fr om 

Enable Fall Edge to Port 2,5,6 tpWD Fig. 6 - - 300 - - 300 - - 300 - - 300 ns 
Peripheral O utputl 

lnpirt Strobe Pul1e Width lpWIS 200 - - 200 - - 200 - - 200 - - ... 
lnput Data Hold 

Port 6 Fig.10 150 150 
Time t1H - - - - 150 - - 150 - - ns 

lnPIJt Data Set-Up 
Port 6 

Time 11S 100 - - 100 - - 100 - - 100 - - ns 

Output Strobe Detay Time 
•oso1 

Fig.11 200 - - - - 200 - - 200 - - 200 "' toso2 
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TIMER, SCI TIMING 

Test HD6303Y H063A03Y H063603Y H063C03Y 
Item Symbol 

Condilion 
Unit 

min. typ. max. min . typ . max. mjn. typ. max. min. typ. max. 

Timer 1 lnput Pulse Width !PWT Fig. 9 2.0 - - 2.0 - - 2.0 - - 2.0 - - łcyc 

Deley Time (Enabłe Posilive 
1roo Fig. 7, 8 - - 400 - - 400 - - 400 - - 400 na 

TransitiOn to Timer Output) 

I Async Mode Fig. 9 1.0 - - 1.0 - - 1.0 - - 1.0 - - ~ 
SCI lnput Clock Cycie I IScyc 

Clock Sync. Fig. 4 2.0 - - 2.0 - - 2.0 - - 2.0 - - ~ 

SCI Transmit Data Delay nme 
•rxo - - 220 - - 220 - - 220 - - 220 ns 

(Clock Sync. Mode) 

SCI Reoeive Data Set-up Time 
ISAx 260 - - 260 - - 260 - - 260 - - ns 

(Clock Sync. Mode) 
Fig. 4 

SCI Receive Data Hold Time 
IHRX 100 100 100 100 - ns 

(Clock Sync. Mode) - - - - - - -

SCI lnput Clock Puls& Width '-scK 0.4 - 0.6 0.4 - 0 .6 0 .4 - 0.6 0 .4 - 0.6 lscyc 

Timer 2 lnput Clock Cycle lic,.; 2.0 - - 2.0 - - 2.0 - - 2.0 - - ~ 
Timer 2 lnput Clocl< Pulse Width WnCK 200 - - 200 - - 200 - - 200 - - ns 

Fig. 9 
Timer 1-2, SCI lnput 

lct<r - - 100 - - 100 - - 100 - - 50 na 
Clock Rise Time 

Timer 1-2, SCI lnput Clock Fall Time 'cKt - - 100 - - 100 - - 100 - - 50 ns 
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E 

MPU Write 
Do-D1 

tcvc 

toow 

2.4V 

O.SV 

tosR 

MPU Read --------------+--------"" 
Do-D1 

LIR 
___ '~~_o.av ______...i::-

Figure 1 Bus Timing 

E O.SV 

MR 

trcr 

Figure 2 Memory Ready and E Clock Timing 
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Last lnstruction 

E 

BA 

Synchronous Clock 

Transmit Data 

Receive Data 

HD6303Y, HD63A03Y, HD63B03Y, HD63C03Y 

O.SV 

Figure 3 HAL T and BA Timing 

O.SV 

2 .4V 

O.SV 

2.0V(2.4V)" 

t-----++tScyc ---i 

·2 .ov is high level when clock input . 
2 .4 V is high le vel when clock output. 

Figure 4 SCI Clocked Synchronous Timing 

jMPU Read rMPUWrite 

E 

0.8Vi---

Figure 5 Port 0111 Set-up and Hold Time1 IMPU Read) 

Figure 8 Port Deta Delay TimH {MPU Writel 

@HITACHI 
Hitachi Arnerica, Ltd.• Hitachi Plaza• 2000 Sierra Point Pkwy. •Brisbane , CA 94005-1819 • (415) 589-8300 133 

*



HD6303Y, HD63A03Y, HD63B03Y, HD63C03Y 

E 

E 

Timer 
FRC 

P21, P2s 

Outputs ---------' 11o~:.:....---

Figure 7 Timer 1 Output Timing 

'Timer 2 ; ltcyc 
SCI ; tScyc 

''T imer 1 . lPWT 
Timer 2 . IPWTCK 
SCI ; lPWSCK 

Figure 9 Timer 1·2. SCI lnput Glock Timing 

MPU eccess of 
PORT6 

PORT6 

Data 
(lnput) 

E 

T2CNT 

P2s 
Output 

Figure B 

2.4V 

N $00 

hoo 

(TCONR=N) 

Timer 2 Output Timing 

Figure 10 Port 6 lnput Latch Timing 

Vcc 

RL =2 .2kQ 

1520749 
or Equiv. 

C = 90pF for 0 0 -07, Ac,-Au. E 

Pss 
(~) 

= JOpF for Port 2. Port 5, Port 6, RO. 
Wit RIW. BA, I1lf 

R = 12k0 

Figure 11 Output Strobe Timing 

ln1urup1 
Test 

Figure 12 Bus Timing Test Loads (TTL Load) 

lntetnal 
~Hlllul--"'-+--"'----'"'--,.r..-...J\..,.-A..-_r..___.l\.._J\._....l'\....-1\...-.J\_..J\...._f\..._.J\_-J'\.. 

NW.illlr. . 
ilm;,IAQ, 

ln1ern•~ --"V'-""'\..r--.....,>r""-"V'--...r--°"'-"'',......__,'~-.... ,--..,--,,..-.... ,--..--• ,__..,., ___ ,.... 
D~•llus--J~--"~-"--.J'---''--"--_,,.__,._ _ _,.. _ _,....__,.._ _ _,.._~'--"--J\.-.....J'\,.. 

tnternal 
llHd 

g~ g:4~:~ ~~~~evant ~~~ - :~' 5 

Figure 13 lnterrupt Sequence 
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~-„.„._ .... __ _J ,:::::::x::l.,____,,__ ____ _ 
~„.„ ••• L_._ _____ ~'::::x=l.__., ___ _ 

•IW ____ --;>-----~,,~___r-1 

Ml -····••r--''~'t::rD'~ 
IW -)1\\\\\\\\WW UD-i~ 

~„.. „„~~~,Q-Q-Q„.---1~~~ 
flC 1 5 PC 7 ln11ruc110„ 

Figure 14 Reset Timing 

• PUNCTIONAL PIN DE8CRIPTION 
• Vcc, v„ 

Vcc and Vs.s provide power to the MPU with SV± 10% suppły . 
In the case of low speed operation Cfmax== SOOkHi), the MPU can 
operate with J to S.S volts. Two V 5.! pins should be tied to around. 

• XTAL, EXTAL 
These two pins inteńace 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 lMHz for example. 

EXTAL pin can be drived by the extemal clock with 45% to 55% 
duty. The system ciocie which is one founh frequency of the exter
nal clock is aenerated in the LSI. The external clock frequency 
ahould be less than four limes or the maximum operatin1 frequen
cy. Whcn usin1 the external clock, XTAL pin should be open. Fig. 
15 shows examples of connection circuit. The crystal and CLI• CL2 
shoukl be mounted as closc as possible to XTAL and EXT AL pins. 
Any line must not cross the line betwcen the crystal oscillator and 
XTAL, EXTAL. 

AT Cut Parallel Resonant Crystal Oscillator 

Co,..7pF max 
Rs ... 60Q mu 

XTALi--...... ----. 

EX TAL..---..-..., 

cl, =Cl2 
• 10pF-22pF±20% 

(3 .2-BMHz) 

Figure 1 5 Connection Circuit 

• ITIV 
This pin makes the MPU standby mode. In "Low" level, the os

cillation stops and the interna! clock is stabilized to make reset con
dition. To retain the contcnts of RAM at standby mode, "O" 
should be written into RAM cnable bit (RAME). RAME is the bit 
6 or the RAM/port S control register at $0014. RAM is disabled by 
this operation and its contents is sustained. 

Rcfer to ''LOW POWER DISSIPATION MODE" for the 
standby mode. 

• Reaet (RIJ 
This pin resets the MPU from power OFF state and providcs a 

startup proccdure. During powcr·on, rn pin musi be hckl "Low" 
levcl for at least 20ms. 

The CPU rcgisters (accumulator, index rcaistcr, stack pointer, 
condition code reaister except for interrupt mask bit), RAM and 
the data register or ports ue not initialized during reset, so their 
contcnts arc undelined in this procedure. 

To reset the MPU durina operation, m should be held "Low" 
for at least 3 systcm-clock cycles. At the 3rd cyclc d~& "Low" 
lcvel, all the address buses become "High" . When rcmains 
"Low", the addrcss buscs keep "High". lf~becomes "HiJh", 
the MPU starts the ncxt operation. 
(]) Latch the vałue of the modc proaram pins; MP0 and MP, . 
(2) lnitializc cach interna! re1istcr (Refer to Table 4). 
(3) Set the interrupt mask bil. For the CPU 10 rccognize the 

maskable interrupts ~. MQ1 and IRQ,, this bil should be 
cleared in advance. 

(4) Put the contcnts (=start address) of the last two addresses 
($FFFE, SFFFF) into the program counter and start the pro· 
gram from this address. (Refcr Io Table ł) . 

• Eneble IE) 
This pin provides a TIL-compatible system clock to extcrnal cir

cuits. lts frequency is one fourth thai of the crystal oscillator or ex· 
terna! clock. Th is pin can drive one TIL load and 90pF capacitance. 

• t.IOfł-Maakable lnterrupt INMIJ 
Whcn the falling cd1e of che input siana! is dctected at this pin, 

the CPU begins non-maskable intcrrupt scquencc intcrnally. As 
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weU as the 1JCQ mentioned below, the instruction being executed at 
NAT signal detcction will proc:cec! to its compeletion. The interrupt 
mask bit of the condition code re&ister doesn 't affect non-maskable 
interrupt at all. 

In response to an NMI interrupt, the contents of the program 
counter, index register, accumulators and condition code register 
will be saved onto the stack. Upon completion of this sequence, a 
vector is fetched from SFFFC and SFFFD to transfer their contents 
into the program counter and branch to the non-maska ble interrupt 
service routine. 

(Note) At reset stan, the stack pointer should be initialized on 
an appropriate memory area and then the fa!ling edge 
be input to Nm pin. 

• lntenupt ReciuHt com;. TRU'21 
These are levcl-sensitive pins which rcquest an intemal intcrrupt 

sequence to the CPU. At interrupt rcquest. the CPU will complete 

Each Status Register' s łnterrupt 
Enable Flag „, .. ; Enable, "O" ; Disable 

ISF 

the currcnt instruction before the acceptance of the rcquest. Unless 
the interrupt mask in the condition code register is set, the CPU 
starts an interrupt sequencc; if set, the interrupt request will be ig
nored . When the sequence stans, 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 acknowlcdge 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 interrupl pins (IRQ1 and IRQ1) also 
as port pins P.,, and P.,, so it provides an enable bit to Bit O and I of 
the RAM pon S control register at $0014. Refer to "RAM/PORT 5 
CONTROL REGISTER" for the details. 

When one of the interna! interrupts, ICI, OCI, TOI, CMI or SIO 
is generated, the CPU produces intcmal interrupt signal (IRQ.). 
IRQ3 functions just the same as 'MQ. or~ except for its vector 
address. Fig. 16 shows the block diagram of the interrupt circuit. 

llmi 
Condrhon 

Codo 
----ł---0'~ 0-ł----1 l!<lgt1to• 

ICF 

TOF 

CMF 
RDRF 

ORFE 
TDRE 

SWI 

I M.\SK 

----+-<l....-0-+-__;.:;.;..--ł " O" . Enat>le „, .. . DtUOle 

TRAP 

Figure 16 lnterrupt Circuit Błock Diagram 
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Re quest 
Signal 

Sleep 
Cancel 
Signal 
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Table 1 lnterrupt Vector Memory Map 

Vector 
Priorily 

MSB LSB 
lnterrupt 

Highest FFFE FFFF m 
FFEE FFEF TRAP 

FFFC FFFD WT 

FFFA FFFB 
SWI 
(Software lnterrupt) 

FFF8 FFF9 lim" 1, ISF (port 6 lnput Strobe) 

FFF6 FFF7 
ICI 
(Timer 1 lnput Capture) 

FFF4 FFF5 
OCI 
(Timer 1 Output Compare 1, 2) 

FFF2 FFF3 
TOI 
(Timer 1 Overflow) 

FFEC FFED 
CMI 
(Timer 2 Counter Match) 

FFEA FFEB Tirn2 

Low est FFFO FFf 1 
SIO 
(RDRF+ ORFE+TDRE+ PERI 

• Mod• Program (MP0, MP 1l 
Set MP0 "High" and MP, "Low". 

• Re•d/Wrlte (R/Wl 
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 JOpF ca
pacitance. 

• lm". Wlf 
These signals show active low outputs when the CPU is read ing/ 

writina to the peripherals or memories. This enables the CPU easy 
10 aa:ess the peripheral LSI with 1rD and~ inpul pins. These pins 
can drive one TTL load and 30pf capacitance 

• Loed lnatructlon Reglater (LIR) 
This siiJlal shows the instruction opccode being on data bus 

(active low)_ This pin can drive one TTL load and 30pf capacitance. 

• Memory Re•dY IMR: Pul 
This is the input control signal which stretches the system 

clock's "High" period to aa:ess low-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 aa:esses low-speed memories by the external MR 
signal (MRE="l", AMRE="O"), the system clock opcrates in 
norma! sequence when this signal is in "High". 

But this signal in "Low", the "High" period of the system clock 
will be slretched depending on its " Low „ level duration in integral 
multiples of the cycle time. This allows the CPU to interface with 
low-speed memories (See Fig. 2) Up to 9µ.s can be stretched . 

During interna! 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-

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

• H•lt IHALT; P13l 
This is an input control signal to stop instruction 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 in to the halt state, it makes BA "High" 
and also an address bus, data bus, RO, 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. 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 
state when the HALT signal becomes "High". 

(Note) Please don't switch the HALT signal to "Low" when 
the CPU executes the W Al instruction and is in the in
terrupt wait state to avoid the trouble of the CPU 's op
eration after the halt is cancelled. 

• Bus Av•il•ble IBAI 
This is an output control signal which is normally "Low" but 

" High" when the CPU accepts HACT and releases the buses. The· 
HD6800 and HD6802 make BA "High" and release the buses at 
WAI execution, while the HD6303Y doesn't make BA "High" 
under the same condition . 

• PORT 
The HD6303Y provides three 8-bit I/O ports. Each port pro

vides Data Direction Register (DDR) which controls the 110 state 
by the bit. 

Table 2 Port and Data Direction Register Address 

Port PortAddrass Data Direction Register 

Port 2 $0003 $0001 

Port 5 $0015 $0020 

Port6 $0017 $0016 

• Port 2 
An 8-bit I/O port. Port 2 DDR (P2DDR) con1rols the I/O state. 

This port provides DDR corresponding to each bit and can define 
input or output by the bit (" O" for input, "I" for output). 

As Port 2 DDR is cleared durin& reset, it will be an input port. 
Port 2 is also used as an I/O pin for timer I, Timer 2 and the SCI. 

Pins for Timers and the SC! set or reset each DDR depending on 
their functions and become I/O pins. When port 2 functions as an I/ 
O port after used as I/O pins of the timers or the SCI, the I/O direc
tion of the pins rema in as it is u sed as the I/O pin of timer and SCI. 

Port 2 can drive one TTL load and 30pF capacitance. This port 
can produce Im A when V out= I . SV to drive directly the base of 
Darlington transistor. 

Pzo (Tinl 
P20 is also used as an external input pin for the input-capture. 

This pin is an I/O port which is an input or output as defined by the 
Data Direction Register (P20 DDR) ("O" for an input and "I" for 
an output) . Then either a signal to or from P2, ("to" for an output 
port, "from" for an input port) is always input to the Timer I input 
capture. 

4!łHITACHI 
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RES 

R "' .-------ta D 1-----~ 
P20DDR ~ 

c o 
WP2D ~ 

Qi 
ł-------1 Q Dł-----c: 

P20DATA 

WP2 WP2D: DDR Write Signal 
WP2 : Port Write Signal 
RP2 : Port Read Signal 

Timer 1 
>-------------- lnput Capture fnput 

P21 !Tout11. Pz4 !Txl, PH ITout 21. P21 !Tout 31 
Thcse four pins can be also uscd as output pins for Timer I, 

Timer 2 and a transmit output of the SCJ. Timer I , and the SC! 

have a register which enables output. By setting these registers, 
thcy automatically will be outpul pins of timer or the SCI. 

RES 

S R 
.--------+--1 a D t----- ..., 

Pa. DOR iil 
c ~ „ 

WP D O 
iij 

r--.,..-...__J""1--, a D---- c: Qi 
P2. DATA E 

c 

WP2 

Timer 1. Timer 2 and SCI 
,.----„~-----

' ' 

Lot--------+---......... -- Output Data 

.._---------ł----r--- Output Enable Signal 
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Pzz (SCLK) 
P •• is also used as a clock 1/0 pin for the SCI. lt is selected as a 

clock input or output pin by the operating mode of the SCI. 1t is usa-

ble as an I/O port when the SCI has no clock inpul or output (as an 
outpul port if P„ DDR= I, as an input port if P„ DDR:O). 

P23 (Rxl, P27 ITCLKI 

RES 

S R, R2 
.--------+---< Q Dl----+--4 

P22 DDR 
c 

WP20 
"' :;) 

a:i 

"' ; 
Q Dl----+--40 

Pn DATA <V 
E c „ 
c 

SCI r---- - ---- -
' 

WP2 .._-+-___ _._ __ Clock lnput Enable signal 

'--'-1"-ł---------ł----r--- Output Clock 

"---.!>---------~------- Clock Output Enable signal 
RP2 
_J_ ...--'--- lnput Clock 

P„ and P„ are also used as received data input pins for the SCI 
and extemal clock input pins for Timer 2. The SCI and Timer 2 
have registers which enable input. lf the registers are set, the DDR 
(P23 DDR, P27 DDR) are cleared and P13 and P27 will be input 
pins for Rx and TCLK. 

Since the SC! will be a clocked synchronous mode by an external 
clock-input during reset, the DDR of P22 is cleared automatically 
and P„ is an input port . Set the SCI to a mode where P22 is not used 
(CCO or CCI of the RMC Register is "O" or" I" respectively) and 
write "I" to the P„ DDR to make P„ an output port. 

MSB 

RES 

R1 
.---------10 

R, "' 01---_..---<1'5 
P2. ODR "' c ; 

o 
WP2D ~ „ „ 

t-------a 01-----.E 
P2. DATA 

c 
WP2 

LSB 

SCI . Trmer 2 
r----- ~ - - --

lnput Enable signal 
SCI R11cei1111 Data, 
Timer 2 External Clock 

P21 P25 P2~ P2• P23 P22 P21 P20 PORT2 DDR ($0001 I 
DOR ODR ODR ODR DDR ODR ODA ODR (Wrile only, $00 
__ _,__ _ __._ _ _._ _ _._ _ __. __ ..___..____, during reset.) 
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• Port I 
An 8'-bit I/O port. The DDR of port 5 controls I/O state. Each bit 

of port S has a DDR which defines I/O state ("O" for input and "I" 
for output) . 

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

Pon S is also usable as "MQ,, ~ HAIT, MR and the strobed 
signal of pon 6 for handshake (IS, OS). lt is set to input or output 
automatically if il is used as these control signal pins (except P04 , 

JS). Since the DDR of port 5, as is port 2, is set or reset by the con
trol signal, I/O directions of the I/O ports are retained after the con
trol signal is disabled. Port 5 can drive one TIL load and 90pF ca
pacitance. 

RES 

R1 R1 

Pio llJłO,l . P151 (IROzl 
P„ and P61 are also usable as interrupt pins. The RAM/port S 

control registers ofłlU, and mQ; have enable bits OQIE, IQ2E) . 
When these bits are set to "I", P50 and Pu will automaticalły be in
terrupt input pins. 

P12 IMRI. P13 IHALTI 
......!u_ and P 63 are also usable as MR and HACT inputs. MR and 
HALT have enable bits (MRE, HLTE) in the RAM/Port 5 Control 
Register as ~1 and IRQ'2 • Since MRE is cleared during reset, P~ is 
usable as an I/O port, and HL TE is set during reset, the DDR of P „ 
will be automatically reset to be a HALT input pin. HLTE of the 
RAM/Port S Control Register has to be cleared to use P.., as an I/O 
port. 

-----~a 01----+-
P.., ODR 

c 
WPSD 

"' :i 
CD 

!! 
"' o WPSD : DOR Write signal 

1--------10 01----+--ii 
c ... 

WPS Port Write signal 

• lnitializing value during reset; 

Pon DATA „ RP5 Port Read signal 

c .E 
WPS .__-+-----~-iRAM 1PQRT 

S Control 
Regi~ter 

iRQ, 

l----11~IR'n2 
MR 
HXCT 

IAOl E = "O", IR02E = "O", MRE = "O", Hl TE= " 1" 

P14 łiSI 
P „ is also usable as the input strobe (iS) for port 6 handshake 

inteńace . This pin, as is P„, is always an I/O port . lf P,.. is used as an 

output port (set the DDR of P„ to "I"), an output signal from P„ 
will be the input to IS. 

RES 

R 
~-----a ot-----

P„ DDR 

c 
WP5D 

"' :i 
ID 

!! 
"' i-------tQ o i-----c 

Po• DATA ~ 
c Q; 

c 
RP5 WP5 
_L 

~-----------+---li~ Port 6 Control Status Register 
iS 
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P11 lall 
P„ is also usable as the outpul strobe (CIS) for port 6 handshake 

inteńace . lt will be an I/O port during reset, and an OS output pin 

by settin1 the OS enable register (OSE) of the pon 6 Control Status 
Register (P6CSR). 

Pq, Pn 
P 56 and P ., are I/O ports. 

RES 

s R 
a D 
PH DDR 

c 
w SD 

o D 
Pss DATA 

c 
WPS 

"' :i 
CC 

~ ra 
o 
iii 
<:: 
~ 
c 

Port 6 Control /Status Register 
r---- - -----
! 
I 

L.J.-~+-~~~~~4--~---<'--QS 

RES 

R 
a D 
P," DDR 

c 
WPSD 

o o 
P." DATA 

c 
WP5 

MSB LSB 

P51 P55 P55 Ps, P53 P52 P5 1 Pso 
DDR ODR ODA ODR DDR DDR ODR DDR 

@HITACHI 

OSE (ol OS output ) 
05 output disable 

"' :i 
CC 
ra 
; 
o 
iii 
~ 
Q) 

E 

PORT5 DDR ($0020) 
(Write onlv. SOO 
during reset) 
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• Port 6 
8-bit I/O port. Port 6 DDR controls I/O state. E.ach bit of port 6 

has a DDR and designates input or output ("O" for input, "1" for 
output). During reset, Port 6 DDR is cleared and port 6 becomes an 
input port . 

RES 

Port 6 controls parallel handshake interface besides functions as 
an 110 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. 

R en 
..-------4Q oi--------4~ 

Pon ODR 
c 

WPSD 

:s „ 
o 
c;; 
c: 
:;; 

1-------l a o~--~~ 

Pon DATA 
c 

R S 
R 

WP6 

RP6 
_L 

!\ASB 

Pe1 Pee 
ODR DDR 

e BUS 
• Addre11 Bua !A0 - A„l 

o 
IS LATCH 

c 

P95 Ps• 
DDR DDR 

P93 Pe2 
DDR DDR 

Address Bus (A0 - A,,) is used for addressing the memory and 
peripheral LSI. 

Th is bus can interface with the bus of HMCS 6800 and drive one 
ITL load a1 •d 90pF capacitance . 

• D•t• lu• ID0 - D1I 
8-bit parallel data bus for data transmit between the memory or 

peripheral LSI. This bus can drive one TTL load and 90pf capaci
tance. 

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

port 5. 

RAM/Port 5 Control Register (RP5CR) 

7 6 5 3 2 o 
STBY RAllAE STBY AMR HLTE MRE IR02 IRQ 1 $OOl 4 
PWR FLAG E E E 

Bit O. Bit 11'Rf1, i1Rf2 Enable Bit 0R0 1E. IROzE~ 
When using P:.o and P„ as interrupt pins, write "I" in these bits. 
When the bit is set to "1 ", the DDRs corresponding to P60 and 

p61 

ODR 

LSB 

Peo 
DDR 

WP6D · DDR Write signal 
WP6 : Port Write signal 
RP6 · Port Read signal 

Port 6 
Control 

PORT6 DOR ($0016) 
(Write only. $00 
during reset.I 

PORT6 1$00171 
(R/W , no1 ini
tialized dur1ng 
reset.I 

Status Register 

PM are cleared and become fl{U, input pin and ~2 input pin. 
When IRQ,E and IRQ2E are set, Pso and P61 cannot be uscd as an 
output ports. When "O", the CPU doesn 't accept an extemal inter
rupt or a sleep cancellation by the external interrupt. These bits are 
cleared during reset. 

lit 2 Memory AHdy Enable Bit IMREI 
W hen using P „ as an input pin of the "memory ready" signal, 

write "I" in this bit. When set, P"' DDR is automatically clcared 
and becomes the MR input pin. The bit is clearcd during reset. 

Bit 3 H•lt Enable Bit IHLTEI 
W hen using P S3 as an input pin or the HAIT signal, write "l" in 

this bit. When this bit is set, P„ DDR is automatically cleared and 
becomes the Halt input pin . lf the bit is "O", the Hall function is 
inhibited and P,,. is used as an I/O port. The bit is set to "I" du ring 
reset. 

Bit 4 Auto Memory Ready Enable Bit IAMREI 
When the bit is set and the CPU accesscs the external addrcss, 

"memory ready" operates automatically and stretches the E clock's 
"High" duration for one system clock . When MRE bit or bit 2 is 
cleared and when the CPU accesses the e"ternal address space, the 
function operates. When MRE bit is set and then the CPU accesses 
the e)(ternal address space with P02 (MR) pin in "low", "memory 
ready" operates automatically. This bit is set to "I" during reset . 
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Table 3 "Memory Ready" Function 

MRE AMRE Function 

o o "Memory ready" inhibited. 

o 1 When the CPU accesses the external address. "High" duration of E clock automatically becomes one-cycle 
longer. This state is retained during reset. 

1 o "Memory ready" operates by P52 (MR) pin . The function is the same as that of the HD6301 XO. 

When the CPU accesses the extemal address space with the P52 (MR) pin in "low", the "auto memory 
1 1 ready" operates. This function is effective ił it has both "high-speed memory" and "slow memory" 

outside. lnput CS signal of "slow memory" to MR pin. 

Bit & Standby Flag (STBY FLAG) 
By clearing this flag, HD6303Y gets into the standby mode by 

software. This flag is set to "I" du ring reset, so the stand by mode is 
canceled with lfES' pin in "low". The '!(FS' pin should be in "low" 
until oscillation becomes stable (min. 20ms.). lf the S'fBV pin in is 
in "low", the standby mode can not be canceled with the llES pin 
in "low". 

this bit is cleare<l (= logic " O" ) on-chip RAM is invalid and the 
CPU can read data from external memory . This bit should be "O" 
before getting inio the standby mode to protect on-chip RAM data . 

Bit & RAM Enable (RAME) 
On-chip RAM can be disabled by this control bit. By resetting 

the MPU, "I" is set to this bit, and on -chip RAM is enabled . When 

(a) MRE=O. AMRE= 1 

E ' ' . 
~ -----' 

Bit 7 Standby Power Bit (STBY PWRI 
When V ce is not provided in standby mode, this bit is cleared . 

Th is is a flag for read/write and can be read by software. lf this bit is 
set before standyby mode, and remains set even after returning 
from stand by modc, V cc voltage is provided during standby mode 
and the on-chip RAM data is valid . 

I 

' 
._ ____ ...1 

Address 

Bus 
i Mem.al 
address ei-::ternal addrnss intern al 

address external address 1nternal address 

(b) MRE= 1. AMRE= 1 

E 

Address 

Bus 

MR 
~CS pin of "slow memory") 

intern-a 
address 

I ' L ____ J 

lł K łernal add„e-$S. 

(c) MAE= 1,AMRE=O (HD6301XO Compatible Mode) 

E 

Address 
Bus 

MR 

L _ - - _J 

e)(ter-nal address 

Figure 1 7 Memory Ready Timing 

I I 
I I ... _ __ _ .J 

external addreS$ 

• Port 6 Control/Status Register The following shows Pon 6 Control/Status Register (P6CSR) . 
Tl'.is is the Control/Status Register for parallel handshake inter

face using Port 6. The functions are as follows: 
I) Latches input data to Port 6 at the fS (P„) falling edge . 
2) Outputs a strobe signal OS {P,,) outward by reading or wril 

ing to port 6 . 
3) When IS FLAG is set at the IS falling edge, an interrupl OC· 

curs. 

7 6 

IS' IS IAQ 1 
FLAG ENABLE 

@HITACHI 

5 4 

OSE OSS 

3 

LATCH 
ENABLE 

2 o 
$0021 

·sit 7 is Read-Only bit 
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Bit O 
Bit 1 
Bit 2 

Not used. 

Bit 3: LAtch babie 
This rc1i5ter conuols the input latch for Port 6 USLATCH). 

When this bit is set to "l", the input data to port 6 will be latched 
inward at the B' (P „) falling edge. An input latch will be canceled by 
readin& Port 6, which enables to latch the next data . lf cleared, the 
input Jatch remains canceled and this bit functions as a usual input 
port. This bit is clcared durina reset. 

Bit 4: OSB Output Strobe Select 
This rcaister initiates an output strobe (OS) from Pss by reading 

or writing to port 6. When clcared, OS occurs by reading Port 6. 
When set, US occurs by writina to Port 6. This bit is cleared during 
reset. 

lłt &: OSE Output Strobe En•ble 
This register decides the enabling or disabling of the output 

HD8303V 
MSB 

IS FLAG IS IRQ, 
ENABLE 

IR01 
E 

strobe. When cleared, P„ functions as an I/O port. When set, P65 
functions as an US output pin. (P„ DDR is set by OSE.) This bit is 
cleared during reset. 

Błt 8: IS IR01 En•ble lnput Strobe lnterrupt Enable 
When set, an IRQ, 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: IS Flag lnput Strob• Fl•o 
This flaa is set at the IS (P„) fallina edge. This flag is for read

onły . When set, the flag is cleared by reading or writing 10 Port 6 
afler reading the Port 6 Control Status Register. This bit is cleared 
during reset. 

• MEMORY MAP 
The MPU can address up to 65k bytes. Memory map is shown in 

Fig. 20. 40 addresses ($0000 - 50027 except SOO, $02, $04, SOS, 
$06, S07, $18) are the interna! registers as shown in Table 4. 

Port 6 Control/Status Register 

>----.-ma, 

Figure 18 lnput Strobe lnterrupt black Diagram 

MP o v,, 

im 

Wll 

m R/W 
m 

HD6303Y BA 

MPU 

Data Bus 

PORT 5 

~- -·i 4ddress Bus _..., 
15'1 

PORT 8 Addfess Bus 

V V s 

Figure 1 9 HD6303Y Operating Function 
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Table 4 Interna! Register 

Address Register Abbreviation 

oo· Port 1 DDR (Data Direction Register) P1DDR 
01 Port 2 DDR P2DOR 
02' Port 1 PORT! 
03 Port 2 PORT2 
04' Port 3 DDR P3DDR 
05' Port 4DOR P4DDR 
os· Port 3 PORT3 
07' Port 4 PORT4 
08 Timer Control/Status Register 1 TCSR1 
09 Free Running Counter IMSBI FACH 
OA Free Running Counter ILSB} FRCL 
OB Output Compare Register 1 IMSB) OCRlH 
OC Output Compare Register 1 ILSB) OCR1L 
OD lnput Capture Register IMSBI ICRH 
OE lnput Cepture Register ILSB) ICRL 
OF Timer Control/ Status Register 2 TCSR2 
10 Rata/Mode Control Register RMCR 
11 Tx/ Rx Control Status Register 1 TRCSRl 
12 Receive Data Register ROR 
13 Transmit Data Register TOR 
14 RAM/Port 5 Control Register RP5CR 
15 Port 5 PORT5 
16 Port 6 DDR P6DDR 
17 Port 6 PORT6 
18 Port 7 PORT7 
19 Output Compare Register 2 IMSB) OCR2H 
lA Output Compare Register 2 (LSBI OCR2L 
18 Timer Control/Status Register 3 TCSR3 
lC Time Constant Register TC ONR 
1D Timer 2 Up Counter T2CNT 
1E Tx/Rx Control Status Register 2 TRCSR2 
1F„„ Test Register· TSTREG 
20 PORT 5 DDR P5DDR 
21 PORT 6 Control/Status Register P6CSR 
22 - -
23 - -
24 - Reserved 

-
25 - -
26 - -
27 - -

• External address. 
•• R: Read-only register, W: Write-only register. RIW : Read /Write register 
.„ When empty bit is in the register. it is set to " 1" .„. Register lor test . Oon't access th1s register 

@HITACHI 

R/W'' 
lnitielized value 
during reset'„ 

w $FE 
w $00 

R/W indefinite 
R/W indefinite 
w $FE 
w $00 

R/W indefinite 
R/W indefinite 
R/W $00 
R/W $00 
R/W $00 
R/ W $FF 
R/W $FF 

R $00 
R $00 

R/ W $10 
R/W $CO 
R/W $20 

R $00 
w indefinite 

R/W SFB or $78 
R/W indefinite 
w $00 

R/W indefinite 
R/W indefinite 
R/W $FF 
R/W $FF 
R/ W $20 
w $FF 

R/W $00 
R/W $28 
- -
w $00 

R/W $07 

- -
- -
- -
- -
- -
- -
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• TIMER 1 

$0000 

$0027 

$0040 

$013F 

SFFFF 

lnte„r.ei • 

Rea: i ster 

EKtern•1 Memor'Y 
Spłlc:• 

lntern1I RAM 
256 Byl.,. 

Extern•I 

Mo mory 
Sp.ce 

'This mode does not 
include the addresses: 
$00. $02, $04, $05, 
$06, $07 or $18 which 
cen be used externally. 

Figure 20 HD6303Y Memory Map 

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

Timer I is configu red as follows (ref er to Fig. 22). 
Control/Status Register I (8 bit) 
Control/Status Register 2 (7 bit) 
Free Running Counter (16 bit) 
Output Compare Register I (16 bit) 
Output Compare Register 2 (16 bit} 
Jnput Capture Register (16 bit) 

• Free-Runnlno Counter IFRCllS0009:000AI 
The key timer element is a 16-bil 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
in1 reset. 

When writin1 to the upper byte ($09). the CPU writes the preset 
value (SFFF8l into the counter (address $09, SOA) reprdless of 
the write data value. But when writing to the lower byte ($0A) after 
the upper byle writing, the CPU writes not only lower byte data into 
lower 8 bit, but also upper byte data into higher 8 bit of the FRC. 

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

Counter value $FFFB $5AF3 

In the case of the CPU write ( S 5AFJ) to the FAC 

Figure 21 Counter Write Timing 

• Output Compare Register IOCR) 
1$0008, $000C; OCR11 l$0011, $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 "I", an output level bit(OLVL) in the TCSR will be 
output to bit I (OCR I) and bit 5 (OCR 2) of port 2. To control the 
output level again by the next compare, the value of OCR and 
OL VL should be changed . The OCR is set to SFFFF at reset. The 
compare function is inhibited for a cycle just after a write to the up
per byle of the OCR or FRC. This is to 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 OCR, 2-byte transfer in
struction (such as STX, etc.) should be used. 

• lnput Captura Ragl1tar llCRI 1$0000 : OOOEI 
The input capture register is a 16-bit read-only register which 

stores the FRC's value when extemal input signal transition aener
ates an input capture pulse. Such transition is controled by input 
edge bit (IEDG) in the TCSRl. 

In order to input the external inpul signat to the edge detector, a 
bit of the DDR correspondin& to bit O of port 2 should be cleared 
("O"). When an input capture pulse occurs by external input signal 
transition at the next cycle ofCPU's higłt-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 !CR nceds 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 Raglater 1 ITCSR1 I 1$00081 
The timer control/status register I 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 occutred between the FRC and the OCR l 

(OCFI). 
Bit 7 Delined transition of the timer input signal causes the 

counter to transfer its data to the ICR (!CF) . 
The followings are the cach bit descriptions. 

Timer Control/Status Register 1 

7 5 4 3 2 o 
ICF OCF1 TOF EICI EOCl1 ETOI IEDG OLVL1 $0008 

llt O OLVL 1 Output Level 1 
OLVLI is transferred to port 2, bit I when a malch occurs be· 

tween the counter and the OCR I. Jf bit O of the TCSR2 (OE!). 
is set to"!", OLVLI will appcar at bit I of port 2. 

lit 1 IEDO lnput Edge 
Th is bit determines which cdge, risina or falling, of input si1-

nal of bit O of port 2 will trigger data transfer from the counter to 
the ICR. For this function, the DDR correspondina to port 2, bit 
O should be cleared bcforehand . 
IEDG=O, triaaered on a falling edge 

("Hi1h" to "Low") 
IEDG= I, triuered on a rising edae 

("Low" to "High") 

lit 2 ETOI Enabl• Timer Overflow lnterrupt 
When this bit is set, an intemal interrupt (IRQ3 ) by TOI inter

rup1 is enabled. When cleared, the interrupt is inhibited. 
lit 3 EOCl1 Enable Output Compare lnterrupt 1 
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When this bit is set, an in1ernal interrupt (IRQ,) by OCI I in
terrupt is enabled. When cleared, the inlerrupt is inhibited. 

Bit 4 EICI Enabl• lnput Cllłltur• lnt•rrupt 
When this bil is set, an interna! interrupt (IRQ,) by ICI inter

rupt is enabled. When cleared, the interrupt is inhibited . 
Bit 15 TOF Tim•r Ov•rflow Flag 

This read-only bit · is set when the counter increments from 
SFFFF by 1. Cleared when the counter's MSB byte ($0009) is 
read by the CPU after the TCSR I read at TOF= I. 

Bit 9 OCF1 Output Comp„• Flag 1 
This read-only bit is set when a match occurs between the 

OCR 1 and the FRC. Cleared w hen writing to the OCR I ($0008 
or SOOOC) after the TCSRI or TCSR2 read at OCF= I. 

Bit 7 ICF lnput Captur• 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 transfer
red to the ICR. Cleared when reading the upper byte ($0000) of 
the ICR after the TCSRI or TCSR2 read at ICF= I. 

• Timer Control/Statua R•gi1t•r 2 !TCSR2) ($000F) 
The timer control/status register 2 is a 7-bit reaister . All bits are 

readable and the lower 4 bits are also writable. But the upper 3 bits 
arc read-only which indicate the following timer status. 
Bit S A match has occurred between the FRC and the OCR2 

(OCF2). 
Bit 6 

Timer Control/Status Register 2 

7 6 5 4 3 2 , o 
SOOOF 

Bit 7 The same status flag as the ICF flag of the TCSR I, bit 7. 
The foliowings are the each bit descriptions. 

Bit O OE 1 Output Enable 1 
This bit enables the OLVLl to appear at port 2, bit I when a 

match has occurred between the counter and the output com
pare register I . When this bit is cleared, hit I nf Port 2 will be an 
I/O port. When set, it will be an output ofOLVLI automatically . 

Bit 1 OE2 Output Enable 2 
This bit enables the OLVL2 to appear at port 2, bit 5 when a 

malch has occurred between the counter and the output com 
pare register 2. When this bit is cleared, port 2, bit 5 will be an li 
O porl. When set , it will be an output of0LVL2 automatically . 

Bit 2 OLVL2 Output Level 2 
OLVL2 is transferred to port 2, bit 5 when a match has occur

red between the counter and the OCR2 . lf bit 5 of the TCSR2 
(0E2), is set to "I". OL VL2 will appear at port 2, bit S. 

Bit 3 EOCl2 Enable Output Comp„11 lnt•rru11t 2 
When this bit is set. an interna! inlerrupt (IRQ, ) by OCl2 in

terrupt is enabled. When cleared, the interrupt is inhibited. 
Bit 4 Not used 
Bit 6 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 
($0019 or $001 A) after the TCSR2 read at OCF2= I. 

Bit 6 OCF1 Output Comp„e fl1g 1 
Bft 7 ICF lnput Capture Flag 

OCFI and !CF are dual addressed. lf which register, TCSR I 
or TCSR2, CPU reads , il can read OCFI and ICF to bil 6 and bit 
7. 
Both the TCSR I and TCSR2 will be cleared during reset. 

(Note) lf OE I or OE2 is set 10 "I" before the first ou1pu1 com
pare match occurs after reset restart , bil I or bit 5 of port 2 
will produce "O" respectively. 

H06303". lntornal 0111 Bus 

$19. $1" 

Ou1Plll Comparo 
Regos1or 2 

IRQ, 

SOB. SOC 
Output Comp1re 
Reg111er 1 

Figure 22 Timer 1 Block Diagram 
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• TIMER 2 
In addition to the timer I, the HD6303Y provides an 8-bit re

loadable timer, which is capable of counting the ex tern al event . The 
timer 2 contains a timer output, so the MPU can generate three in
dependent waveforms. (Refer to Fig. 23.) 

The timer 2 is configured as fellows: 
Control/Status Register 3 (7 bits) 

· 8-bit Up Counter 
· Time Constant Register (8 bits) 

• Timer 2 Up Counter IT2CNTI 1$001 Dl 
This is an 8-bit up counter which operates with the clock decided 

by CKSO and CKS I of the TCSR 3. 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 a match occurs between the counter 
and the TCONR or during reset. 

lf the write operation is made by software to the counter at the 
cycle of counter elear. it does not reset the counter but pul the write 
data to the counter. 

• Time Conat•nt Regiater ITCONR) (ł001CI 
The time constant re1ister is an 8-bit wrile only register. The 

data of register is always compared with the counter . 
When a match has occurred, the counter match flag (CMF) of 

the timer control status register 3 (TCSR3) is set and the value 

selected by TOSO and TOSI of the TCSRJ will appear at pon 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 "SFF" during reset. 

• Timer Control/Stłltua Reg~ter 3 (TCSR31 łS001 B) 
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 followings are each pin descriptions. 

Timer Control/Status Register 3 

7 6 5 4 3 2 1 o 

Bit O CKSO lnput Clock Select O 
Bit t CKS1 lnput Clock Select 1 

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

HD6303Y lnternal Data Bus 

CMF ECMI 

... 
!! 
c 
:I 
o 
u 

Output 
le vel 
Control 

..----- Timerl FAC 

lnput 
Clock 
Select 

T2E TOSl TOSO CKSl CKSO TCSR 3 
$0018 

Figure 23 Timer 2 Block Diagram 
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Port 2 
Bit 6 
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Table 5 lnput Clock Select 

CKS1 CKSO lnput Clock to the Counter 

o o E clock 

o , E clock/8• 

1 o E clock/128" 

1 1 External clock 

• Th- clock• come from the FRC ot the timer 1 li one of thHe clock• is 
Hlected as en input clock to the up counter. the CPU ahoukl not write to 
the FAC of the timer 1. 

Bit 2 TOSO Timer Output Sełect O 
Bit 3 TOS1 Timer O\ltput Select 1 

When a match occurs between the counter and the TCONR 
timer 2 outputs shown in Table 6 will appcar at pon 2, bit 6 de
pending on these two bits. When both TOSO and TOS I are "O", 
bit 6 of port 2 will be an I/O port. 

Table 6 Timer 2 Output Select 

TOS1 TOSO Timer Output 

o o Timer Output lnhibited 

o 1 loggie Output' 

1 o Output "O" 

1 1 Output "1" 

• When 1 metch occurs between the counter end the TCONR. timer 2 
output level is reveraed. This leads to production of• square wave with 
50% duty to the externel without eny software aupport. 

Bit 4 TZE Timer 2 Enable Bit 
When lhis bit is cleared, a clock input to the up counter is 

inhibited and the up counter stops. W hen set to "l ", a clock 

selected by CKSl and CKSO (Table S) is input to the up counter . 
(Note) P24 outputs "O" when T2E bit cleared and timer 2 set in 

output enable condition by TOSI or TOSO. li also outputs 
"O" when T2E bit set "I" and timer 2 set in output ena
ble condition before the first counter match occurs. 

Bit & Not Used . 
Bit 6 ECMI Enabłe Counter Match lnterrupt 

When this bit is set, an internat interrupt (IRQ.) by CMJ is 
enabled. When cleared, the interrupt is inhibited. 

Bit 7 CMF Counter Match Flag 
This rcad-only bit is set when a match occurs betwecn the up 

counter and the TCONR. Clcared by writing "O" at CMF= I by 
software (u nable to write "I" by software). 
Each bit of the TCSR3 is cleared du ring reset. 

• SERIAL COMMUNICATION INTERFACE CSCIJ 
The Serial Communication Interface (SCJ) in the HD6303Y 

contains the following two operating modes: asynchronous mode by 
the NRZ format, and clocked synchronous mode which transfers 
data synchronously with the clock. In the asynchronous mode, data 
length. parity bits and number of stop bits can be selected, and eigtit 
transfer formats are provided. 

The SC! consists of the following registers as shown in Fig. 24 
Block Diagram. 

Transmit/Receive Control Status Register I (TRCSR I) 
Rate/Mode Control Register (RMCR) 
Transmit/Receive Control Status Register 2 (TRCSR2) 
Reccive Data Register (ROR) 
Recevie Shift Register 
Transmit Data Register (TOR) 
Transmit Shift Register 

To operate the SC!, 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 I. Operating mode and 
transfer format should be changed when the enablc 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 I-bit cycle of 
the baud rate or bitrate is necessary. lf a I-bit cyclc or more is not 
allowed, the SCI block may not be initialized . 

~--------------------<~ Panty Checl< 
Generator 

Rece1ve Shift Register 

MSB LSB 

ROR 

H08303Y INTERNAL DAT A BUS 

MSB LSB RMCR 

TOR SSI SSO 

Transmit Shift Register 

Figura 24 SCI Block Diagram 
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• Asynchronou& Mode 
Asynchronous mode contains 8 transfer formats as shown in 

Fig. 25. 
Data transmission is enabled by setting TE bit of the TRCSR I , 

then port 2, bit 4 will unconditionally become a serial output inde
pendently of the corresponding DDR 

To transmil 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 fr a me of preamble ("I"). 

The conditions at this stage are as follows . 
I) Jf the TDR is empty (TDRE= I) , consecutive l 's are pro

duced to indicate the idle state. 
2) lf the TDR contains data (TDRE=O), data is sent to the 

Transmit Shift Register and data transmit starts . 
Du ring data transmit , a start bit of " O" is transmitted first. Then 

7-bit or 8-bit data (stans from bit 0) is transmitted. With PEN= I , 
the parity bit, even or odd, selected by EOP bit is added , lastly the 
stop bit (I bit or 2 bis) is sent. 

When the TDR is "empty" , hardware sets TDRE flag bit. lf the 
CPU doesn't respond to the fl ag in proper timing (the TDRE is in 
set condition till the next normal data transfer starts from the trans
mit data register to the transmit sift register), " I " is transferred in
stead of the start bit "O" and continues to be transferred till data is 
provided to the data register . While the TDRE is "I ", "O" is not 
transferred. 

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

( l ) lsTARTI 78it Data 

( 2i lsTARTj 78it Data 

( 3) lsTART I 781t Data 

(4) [ STARTI 781! Data 

(5 ) JsTARTJ 8611 Data 

( 6 ) JsrARTI 881t Data 

(7 ) I STARl I 8811 Data 

(8 ) [START! 881t Data 

the contents of the TRCSR2 and RMCR at first, and set RE bit of 
TRCSR I. The first "O" (space) synchronizes the receive bit flow . 
Each bit of the following data will be strobed in the middle. lf a stop 
bit is not "l ", 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 parily check is done. lf the parity bit 
does not match the EOP bit, a parity error occurs and the PER bit is 
set , not the RDRF bit . Also, when the parity error occurs the re
ceive data can be read just Jike in the case of the framing error. 

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

lf RDRF is stili set when receiving the stop bit of the next data , 
ORFE is 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 " O". 

When the CPU read the receive Data Register as a response to 
RDRF flag or ORFE flag after having read TRCSR , RDRF or 
ORFE is cleared. 
(Note) Clock Source in Asynchronous Mode 

If CC! :CCO= 10, the interna] bit rate clock is provided at P„ 
regardless of the values for TE or RE . Maximum clock rate is 
E+ 16. 
lf both CC! and CCO are set , an external TTL compatible clock 
musi be connected to P22 at siitteen times06x) the desired bit 
rate, but not greater than E. 

I STOP I 
2STOP 

IPARITY I 2 STOP 

I STOP I 

2STOP 

lPARIT3 STOP I 

Figura 25 Asynchronou1 Mode Transfer Format 

• Clocked Synchronou• Mode 
In the clocked synchronous mode, data transmit is synchronized 

with the clock pulse. The HD6303Y SCI provides functionally inde
pendent transmitter and receiver which makes full duplex operation 
possible in the asynchronous mode. But in the clocked synchronous 
made an SCI clock 110 pin is only P„, so the simultaneous receive 
and transmil opcration is not available. In this mode, TE and RE 
should not be in set condition ("I") simultaneously. Fii. 26 gives a 
synchronous clock and a data format in the clocked synchronous 
mode. 
I) Data transmit 

Data transmit is realized by setting TE bit in the TRCSR 1. Port 
2, bit 4 becomes an output unconditionally independent of the 
valuc of the corrcsponding DL>R . 

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 nag is 
"O", data lransmit is pcrformed from port 2, bit 4, synchronizing 
with 8 clock pulses input from external to port 2, bit 2. 

Data is transmitted from bit O and the TDRE is set when the 
Transmit Shifi Reaister (TSRl is "empty". More than 9th clock 
pulse of external are ii!lored. 

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

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

lfthe external clock input is selected, 8 eJ1ternal clock pulses and 
the synchronized receive data arc input to port 2, bil 2 and bit 3 re
spectively. The MPU put receive data in to the receive data shift reg
ister by this clock and set the RDRF flag at the termination of 8 bit 
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data receive. More than 9th clock pulse of ex ternal input are ig
nored. When RDRF is cleared, the MPU stans receiving the next 
data instantty. So, RDRF should be cleared with P„ " High". 

When data receive is selected with the clock output, 8 syn
chronous docks are output to the externat by setting RE bit. So re-

Synchronou• 
clock 

Oat1 

<"-------... Transm it Oirection 

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

~NotValid 

· Transmit data is produced frum a !all1ng edge o! a synchronou5 clock to the ne>t falling edge . 

• Receive data is latched at the rosing edge . 

Figura 26 Clocked Synchronous Mode Format 

• Transmit/Receive Control Status Register (TRCSR11 
1$0011) 
The TRCSR I is composed of 8 bits which are all readable. Bits O 

to 4 are also writabte. This register is initialized to $20 during reset. 
Each bit functions are as follows . 

Transmit/Receive Control Status Register 

$0011 

Bit O WU Wake -up 
In a typical multi-processor configuration, the software pro

tocol provides the destinalion address at the first byle 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 all further receive processing till the 
next message starts. 

Then wake-up function is triggered by consecutive I 's with I 
frame length . 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 "I" with one frame length 
wakes up and clears lhis bil by hardware and then the MPU re
starts receive operation. However, the RE flag should be atready 
set before setting this bit. In the clocked synchronous mode WU 
is not available, so this bit should not be set. 

Bit 1 TE Transmit En•bl• 
When this bit is sel, transmit data will appear at port 2, bit 4 

after one frame preambłe in asynchronous mode, white in 
clocked synchronous mode il appears immediately . This is ex
ecuted regardless of the value of the corresponding DDR. When 
TE is cleared, the serial 110 doesn 't alfect port 2, bit 4. 

Bit 2 TIE Tr•nsmit lnt•rrupt En•błe 
When this bit is set, an interna! interrupt ORQ, l is enabled 

when TDRE (bit 5) is set. When cleared, the interrupt is 
inhibited 

Bit 3 RE Reuive fnable 
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 l/O doesn 't aflfect port 2, bit 3. 

Bit 4 Rlf Receiv• lnterrupt Enable 
When this bit is set, an interna! interrupt (IRQJ is enabled 

when RDRF (bit 7) or ORFE (bit 6) is set. When cleared, the 
intcrrupt is inhibiled. 

Bit 6 TDRE Trenamit Data Register Empty 
TDRE is set by hardware when the TDR is transferred to the 

Transmil Shift Register in the asynchronous mode, white in 
docked synchronous mode when the TDSR is "empty". This 
bit is cleared by reading the TRCSR I or TRCSR2 and writing 
new transmit data to the TDR when TDRE= I TDRE is set to 
"I" during reset. 

Bit 6 ORFE Overrun Fr•ming Error 
ORFE is set by hardware when an overrun or a framing 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 stil! being set. A framing error occurs when a stop 
bit is "'O". But in clocked synchronous mode, this bit is not af
fected . This bit is cleared by reading the TRCSR I or TRCSR2, 
and the RDR , when RDRF= I. ORFE is cleared during reset. 

Bit 7 RDRF Receive Deta Regi•t•r Full 
RDRF is set by hardware when data is received normally and 

transferred from the Receive Shift Register (RSR) to the RDR. 
This bit is cleared by reading TRCSR I or TRCSR2 , and the 
RDR. when RDRF= I. This bit is cleared during reset. 

• Tran1mit Rate/Mode Control Register (RMCR) 
The RMCR controls the following serial l/O: 

Baud Rate Data Formal 
· Clock source · Port 2, Bit 2 Function 
· Operation Mode 
All bits are readable/writable. Bit O to 5 of the RMCR are cleared 

during reset. 

Bit O 
Bit 1 
Bit 5 

Transfer RatelMode Control Register 

7 6 5 4 3 2 1 o I -I ss2 j CC2 [ CCI I CCC I SSl I sso I $0010 

sso 
SS1 
SS2 

Speed Select 

These bits control the baud rate used for the SCI. Table 7 lists 
the available baud rates . The timer t FRC (SS2=0} and the timer 2 
up counter (SS2= l) provide the interna! clock to the SCI. 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 tisted in 
Table 8 depending on the value of the TCONR. 
(Note) When operating the SCI with interna! clock , do not per

form write operation to the timer/counter which is the 
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Table 7 SCI Bit Times and Transfer Rates 

I O Asynchronous Mode 

XTAL 2.4576MHz 4.0MHz 4.9152MHz 

SS2 SSl sso E 6 T 4 .4kHz 1.0MHz 1.2288MHz 

o o o E ~ 16 26 .</J8400Baud 16„ s/62500Baud 1 J,,s/76800Bauu 

o o 1 E ~ 128 2oe„s14800Baud 128„s/7812 5Baud 104 2 „s/9600Baud 

o 1 o E -1024 1 6 7rn,1600Baud 1 024ms/976 6Baud 833 3 us/l 200Baud 

o 1 1 Eo 4096 6 6 7ms/1508aud 4 096rns/244 1 Baud 3 333ms/ 300Baud 
1 - - . • • 

• When SS2 is "I", T imer~ provi<les SCI clock>. rhe h•ud rnte is sh own as fo llows with the TCONR as N . 

( 

f rnpul c. luck frequency 10 1hc) 
t1m"r ~ i.'ountcr 

:--: o o-~ '' 

(2) Clocked Synchronous Mode• 

XTAL 4.0 MHz 6.0 MHZ 8.0 MHz 12.0 MHz 

SS2 SS1 sso E 1 O MHz 1.5 MHz 2.0 MHz 3 .0 MHz 

o o o E ~ 2 2 1,slbit 1.33 µS/bll 1 µS/b1t 0 .667 ,,s/b11 

o o 1 E ~ 16 16 µs/b1t 10 .7 µs/bi! 8 µS/bi1 5.33 /<Sibil 

o 1 o E ~ 128 128 µSlbit B5 .3 µs/b1t 64 µSlb11 42. 7 ,,s1b1t 

o 1 1 E - 512 512 µS/bil 341 µS/bit 256 µSlb 1t 171 ,,s/bit 

1 - - - .. .. .. . . 
·--

'Bit rates in the case of internat clock opera!ion . In !he case of exlernal clock ope1al1on. !he exlernal clock is operatable up to DC - 112 

system clock . 

CC2 

o 
o 
o 
o 
1 

1 

1 

1 

••The bitrate is •hown as follows with the TCONR as N. 

Bit Rate (µs/bit) = 4 (N+ I) --f-
(

f mput clock fre4uency to the) 
ltmer ~ ćOUnter 

N= O - 25 S 

Table B Baud Aate and Time Constant Register Example 

~l 81 { J 
2 4576MHz 3 6864MHz I 4 OM Hz 4 9152MHz 

110 21 · 32· I 35· 43· 
150 127 19 l 

I 
207 255 

300 63 95 I 103 127 
600 31 47 

i 
51 63 

1200 15 23 25 31 
2400 7 11 1 2 t 5 
4800 3 5 I - 7 
9600 1 2 

I 
- 3 

19200 o - - · I 
38400 - - - o 

• E/ 8 clock is in pul to the timer 2 up counter and E clock otherwi sc . 

Table 9 SCI Format and Clock Source Control 

8 OM Hz 

10· 

51 • 

207 

I 103 

51 
25 

I 

12 

-
-

-

CC1 cco Fofmat Mode Clock Source Pon 2 . Bit 2 Port 'l . Bi l 3 I Port 2. Bit 4 

o o B ·bit dat• Clocked Synchronous External lnpu1 

o 1 8 -bit data Asynchronous I n terna! Not U sed"• 

I o B·bit dala AsynchJ onous Interna! Output" 
When the TRCSR 1. RE bot is ·· 1 „. 
bit 3 i s used as a serial input. 

1 1 8 ·bit data Asynchronous External lnput 

o o B·b ;t data Clocked Synchronous Interna! Ou tput 

o 1 7·bit d•l• Async:hr onous ln1 e1 naf No t U sed•• 

1 o 7 -bil data Asynchr onous Int er na! Ou1put" 
When the TRCSR I. TE t>it is " 1 " · 
bit 4 is used as a senal output. 

1 1 7-bit d•ta Asynchronou s External lnput 

• Clock out('L'! n.~~.ird k-.s ~)( 1'1 l' TRCSłł. I , bit RF ;rnd Tl · . 
•• Nnt u ... .:d f<1r tl1c SCI 
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Bit 2 
Bit 3 
Bit 4 

clock source of the SCI. 

cco 
CC1 
CC2 

Clock Control/Format Select• 

These bits control the data format and the clock source (ref er to 
Table 9). 

• 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 automatically set port 2, bit 2 inio 
the clock input state. When using port 2, bit 2 as an output 
port, the DDR of pon 2 should be set to "1" and CCl and 
CCO to "O" and "I" respectively. 

Bit 6 Not Used. 
Bit 7 Not Used 

• Tren1mit/Receiv• Control Stetu1 R1gi1t1r 2 (TRCSA2l 
The TRCSR2 is a 7-bit register which can select a data format in 

the asynchronous mode. The upper 3 bils are the same address as 
the TRCSR I. Therefore, the RDRF, ORFE and TDRE can be read 
by either the TRCSR I or TRCSR2. Bits O to 2 of the TRCSR2 are 
used for read/write . Bits 4 Io 7 are used only for read. 

Transmit/Receive Control Status Register 2 

7 6 5 4 3 o 
$001E 

Bit O SBL Stop Bit Length 
This bit selects the stop bit length in the asynchronous mode. 

• PRECAUTION 1 
ln the synchronous clocked receive operation with clock-output. 

there are three cases for clock pulse timing after RDRF elear as 
shown below. 

Płease consider above in designing system, since transmining 

receiving time is not uniform. 

E 

clock-output 

case 1 

case 2 

case 3 

ROR read cycle {RDRF elear) 

1- ·1 

bit o 

(note) When bit rate is 

lf this bit is "O", the stop bit is I-bit. lf "I", 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 ". lf this bit is "O". the parit)' is cven. lf "I", it is odd. 
This bit is clearcd during reset. 

Bit 2 PEN Parity Eneble 
This bit decides whether the parity bit should be generated 

and checked in the asynchron o us mode or not. lf this bit is "O", 
the parity bit is neither generated nor checked . lf "I", it is gen· 
erated and checked . This bit is cleared during reset. 

The 3 bits above do not afTect the SCI opertion in the clocked 
synchronous mode. 

Bit 3 Not Used 
Bit 4 PER Parity Error 

This bil is set w hen the PEN is "I" and a parity error occurs. 
lt is cleared by readin11 the RDR after reading the TRCSR2, 
when PER= I . 

Bit 5 TDRE 
Transmit Data Register Empty 

Bit 6 ORFE 
Overrun/Framing Error 

Bit 7 RDRF 
Receive Data Register Full 

• Each llag of the TDRE, ORFE, and RDRF can be read from 
either the TRCSRI or TRCSR2. 

The clock-output of case I or case 2 is determined by "I" or "O" 
of SCI interna I operation clock of RDRF clearing cycle . In addition, 

in the case of low voltage operation (V cc < 4.5V), the clock·output 
of case I may transfer to case 3. 

bit o 

E/2, t 1 = E, and 

E/16, 11 = BE, 

E/128, t 1 = 64E, 

E/512, t 1 = 256E, 

bit o 

t 2 = 2E . 
t 1 = 16E. 

ti = 12BE. 

t 2 = 512E. 

bit 1 

Diagram for Precaution 1 
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• PRECAUTION 2 lf trans mit data is written to TOR, and then TE bit is cleared with 
TDRE = O to stop transmitting, TDRE remains "O". When transmitting through clock-synchronous serial communi

cation interface, TE bit should not be cleared with TDRE of TRCSR 
($11) is „O" . 

In this case, even ifTE bit is set and transmit data is written again, 

the TDR data is not transmitted . 

The TDRE set and elear conditions of SC! are shown as follows. Please note that TE bit must be cleared after the last data has been 

transmitted. 

TDRE 

P6CSR 

Timer 
1 

Timer 
2 

SCI 

Set condition 

1. TOR -+ transmit 
shift register 
(asynchronous) 

Clear condition (This caution is not applied to asynchronous serial communica
tion interface.) 

• TIMER, SCI STATUS FLAG 
2. Transmit shift 

register is empty. 
(clock-synchronous) 

When writing to TOR 
alter TRSCR read, 
with TORE = 1, TORE 
is cleared. Table I O shows the set and reset conditions of each status nag in 

the timer I , timer 2 and SCI. 

3. RES= o 

Table t O Timer 1, Timer 2 and SCI Status Flag 

Set Condition Clear Condition 

IS FLAG Falling edge input to P5, (IS) 1. Read the P6CSR then reed or writa the 
PORT6, when IS FLAG = 1 

2. m=o 

ICF FRC - ICR by Rising or Falling edge input to 1 Read the TCSR1 or TCSR2 then ICRH, 
P20 when ICF = 1 

(Selecting with the IEDG bit) 2. m=o 

OCFt OCR1 =FAC 1. Read the TCSR1 or TCSR2 then write to 
the0CR1H orOCR1L, when OCF1 = 1 

2. RES= o 

OCF2 OCR2 =FAC 1. Read the TCSR2 then write to the OCR2H 
or OCR2l. when OCF2 = 1 

2. RES= o 

TOF FAC = $FFFF + 1 cy cle 1. Read the TCSR 1 then FRCH, when 
TOF = 1 

2. Rf§= o 

CMF T2CNT = TCONR 1. Write "O" to CMF, when CMF = 1 

2. ~=O 

RDRF Receive Shift Register - ROR 1. Read the TRCSR 1 or TRCSR2 then ROR, 
when RDRF = l 

2. RES= O 

ORFE 1. Framing Error (Asynchronous Mode) 1. Read the TRCSR1 or TRCSR2 then ROR, when 
Stop Bit= O ORFE = 1 

2 . Overrun Error (Asynchronous Model 2. . m=o 
Receive Shift Register - ROR when 
RORF = 1 

TORE , . Asynchronous Mode Read the TRCSR l or TRCSR2 then write to the 
TOR - Transmit Shift Register TOR, when TDRE = l 

2. Clocked Synchronous Mode 
Transmit Shift Register is "empty" 

3. A'ES' =o 

PER Parity when PEN= 1 1. Read the TRCSR2 then ROR, when PER= 1 
2. ~=O 

(Note) - ; Transfer= ; equel ICRH; Upper bvte of ICR 
OCR1H; UpperbyteofOCR1 
OCR2H; Upper byte of OCR2 

OCR! L; Lower bytt of 0CR1 
OCR2L; Lower byte of OCR2 

FRCH; Upp ... byte of FRC 
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• LOW POWER DISSIPATION MODE 
The HD6303Y provides two low power dissipation modes; sleep 

and standby. 

• Sleep Mode 
The MPU goes to the sleep mode by SLP instruction execution . 

In the sleep mode, the CPU stops its operation, while the registers' 
contents are retained. In this mode, the peripherals except the CPU 
such as timers, SCI, etc. continue their functions. The power dis
sipation of sleep-condition is one fourth that of operating condition. 

The MPU returns from this mode by an interrupt, RES or 
STJłV; il goes to the reset state by RB and the standby mocie by 
-sT'SY. 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 ex
ample, if the timer I or 2 prohibits a timer interrupt , the CPU 
doesn't cancel the sleep mode because of no interrupt request. 

This sleep mode is efTective to reduce the power dissipation for a 
system with no need of the HD6303Y's consecutive operation . 

•. Standby Mode 
The MPU goes to the standby mode with the "mY "Low" or 

by clearing the STBY flag. In this mode , the HD6303Y stops all the 
clocks and goes to the reset state. In this mocie, the power dissipa
tion is reduced to several µ.A . During standby , all pins, except the 
power supply (Vcc. V55), the STnY, llES" and XTAL (which out
puts " O"), go to the high impedance state. In this mode, power 
(V ce> 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 mode with STBY "Low", it will restart at 
the timing shown in Fig. 27 (a) . When the MPU goes to the stand by 
mocie by clearing the STBY flag, it will restart only by keeping the 
m "Low" for longer than the oscillating stabilization time. (Fig. 
27(b)) 

Vcc 

1 NMll---<~ 
NMI 

H06303Y 

H06303Y 

I RES 

,..._llllll _~1--1 _, 

__ illlll _~j r-: 
I 1 ~ : 
I I I 

re •I• •I• --! Standby Mode 

O Sn• Regit1•rs 
O R.a.MIPort 5 Contfol R•11i1ter S•I 

(a) Standby Mode by STBY 

O STBV fL AG 
Clear 

Standby Mode 

(b) Standby Mode by the STBY Flag 

O Osciliłltor 1 
Start 
Time 

f--+' 
Restart 

1-----1! 
I 
I 

. 
' ' O Oactaator: 

Stert ~ 

Tono : Restart 

Figure 27 StandbyMode Timing 
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• TRAP FUNCTION 
The CPU generates an inlerrupl with the highest pnonty 

(TRAP) when fetching an undefined instruction or an instruction 
from non-memory space . The TRAP prevents the system-burst 
caused by noise or a program error . 

• Op Code Error 
When fe tching an undefined op code , lhe CPU saves registers as 

wełł as a norma] interrupl and branches to the TRAP (SFFEE, 
SFFEF) . This has the priorily next to reset. 

• Addren Error 
When an inslruction fotch is made from the address of interna! 

register, the MPU generaters an interrupl as well as an op code 
error . But on the system with no memory in its extemal 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 10 $0027 . 

This function is available only for an instruction fetch and is not 
applicable to lhe access of normal dala read/write. 
(Note) The TRAP inlerrupl provides a retry funclion differen1ly 

from other interrupts. This is a program flow return to the 
address where the TRAP occurs when a sequence returns 
to a main routine from the TRAP interrupt routine by 
RTL The retry can prevent the system burst caused by 
noise, etc . 
However , if another TRAP occurs. the program repeats 
the TRAP interrupl 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. lt also re
duces lhe execution times of key inslruclions for throughpul im 
provement. 

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

The followings are explained here . 
CPU Programming Model (refer to Fig. 28) 
Addressing Mode 
Accumulator and Memory Manipulation lnstruction (refer to 
Table Il) 
New Instruction 
Index Register and Stack Manipulation lns1ruction (refer to 
Table 12) 
lump and Branch Instruction (refer to Table 13) 
Condition Code Register Manipulalion (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 conlents of A and B are destroyed . 

• CPU Addra11in11 Mode 
The HD6303Y provides 7 addressing modes. The addressing 

mode is determined by an inslruclion lype and code. Tables 11 
through 15 show addressing modes ofeach instruction with the ex
ecution limes counted by the machine cyclc. 

When the clock frequency is 4MHz, the machine cycle time be
comes microseconds directly . 
Accumulator (ACCXI Addreuing 

Only an accumulator is addressed and the accumulator A or Bis 
selected. This is a one-byle instruction . 
Immediate Addreasing 

This addressing locales a dala in lhe second byte of an inslruc
tion. However, LDS and LDX locale a data in the second and third 
byte exceptionally . This addressing is a 2 or 3-byte instruction . 
Direct Addreuing 

In this addressing made , the second by te of an instruction shows 

f.- ---._ ---"I.)~ ---! - - -3 
(·· ,„ 
[·· 

·I 
s• ·I 
,.; ·I 
' . 

1„.~ "'„ ,,~. łXI 

51.cll "o i "fł' !SPf 

'°'09t..., C.wnc.., IN: l 

eo •• „.., o.-""'''"' 1cc•1 

Cei1y~łe• ''°"' MSI 
0--11-
l•ro 
l'Hllt i ... 
1„, ••• ..,., 
M•lol C.•• IF rom . ;, )I 

Figure 28 CPU Programming Model 

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 il is recommended to make il RAM for users' 
data area in configurating a system . This is a 2-byte instruction , 
while 3 byle with regard 10 AIM, OIM, EIM and TIM. 
Extended AddrHaing 

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

The second byte of an instruction and the !ower 8 bit of the in · 
dex regisler are added in this made. As for AIM , OIM , EIM and 
TIM , the third byte of an instruction and the lower 8 bils 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 lhe memory . The modified address 
is retained in the temporary address regisler . so the con1ents of the 
index register doesn't change . This is a 2-byle instruction excepl 
AIM, OIM, EIM and TIM (3-byte inslruction) . 
lmplied Addreasing 

An instruclion itself specifies the address. Th is is, the instruction 
addresses a stack pointer, index regisler , elc. This is a one-byte in
struction. 
Relatlve Addraaaing 

The second byte of an instruclion and the I ower 8 bits of the pro
gram counter are added. The carry or borrow is added to the upper 
8 bil . So addressing from - 126 to + 129 byle of the currenl inslruc· 
tion is enabled. This is a 2·byte instruction. 
(Note) CLI. SEI !nstructions and lnterrupt Operation 

When accepting lhe IRQ al a preset timing with CLI and 
SE! instructions, more than 2 cycles are necessary be 
tween lhe CLI and SEI instruclions. For example, the fol
lowing program (a)(b) don't accept the IRQ bul (c) ac
cepts it. 

CLI 
SE! 

(a) 

CLI 
NOP 
SEI 

(b) 

CLI 
NOP 
NOP 
SEI 

(cl 

The same thing can be said to the TA P instruction instead 
of the CLI and SEI instructions . 
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Tabla 11 Accumulator, Memory Manipulation lnstructions 

Co~it1oń Coc6 
Addr-.11nt Modu 

R„i1t• 
()otrtlłol'll Mn•monic Booleen/ 

IMMEO Ol RE CT INO[)( E)(TENO IMPllEO Ar 1t„m•tic Operat1on 5 4 J 2 I o 
OP - • OP - • OP - • OP - • OP - • H I N z V c 

Adel AOOA 88 2 2 98 J 2 AB 4 2 88 • J A• M- A I • I I I I 

AOOll Cll 2 2 08 3 2 EB • 2 FB • J B•M-8 I • I I I I 

AddDoubl• AOOO CJ 3 J OJ • 2 EJ 5 2 •J 5 3 A B • M M + 1 - A B • • I I I I 

Add Accumul•tors ABA 18 1 I A + B - A I • I I I I -
Acid W!th C..-rv AOCA 89 2 2 99 3 2 A9 4 2 89 4 J .A + M+ C -A I . : I I I 

AOC8 C9 2 2 09 J 2 E9 4 2 F9 • 3 8•M•C-8 I • I I I I 

ANO ANDA 84 2 2 94 J 2 .... • 2 84 4 3 A ·M-A • • I I R • 
AN08 C4 2 2 04 J 2 E4 4 2 F4 • 3 l · M-8 • • I I R • 

111 T111 BIT A 8!> 2 2 95 3 2 A5 • 2 85 4 3 A ·M • • I I R • 
BIT 8 C5 2 2 os 3 2 ES 4 2 FS • J B ·M • . I I R • 

Cte11 CLR 6F 5 2 7F s 3 OO- M . . R s R R 

CLRA 4F I 1 OO - A . • R s R R 

CLR8 SF I I OO • B • • R s R R 

Compere CMPA 81 2 2 91 3 2 Al • 2 81 • J A-M . • I I I I 

CMPI Cl '2 2 Dl 3 2 El 4 2 FI • 3 8 - "" . . I I I I 

Com pe re CBA 11 1 I A-8 . • I I I I 
.Aca.mu lat0<1 

Complemen1 . 1 ·1 COM 63 6 2 1J 6 3 M - M . • I I R s 
COMA 43 ' 1 A-A • • I I R s 
COMB 53 1 ' 8 -· 

• • I I R s 
Complernent , 1 '1 NEG 60 6 2 70 6 J 00-M-M • . I I (f' :f 

!~toi NEGA 40 1 1 00-A-A • • I I .f · - ~· 

NEGB 50 I I 00-11-8 • • I I l1; .2 

Olcim•I Ad11i.11t. A OAA 19 2 I 
Conwet u b1ner\I .:Id ol BCO • • I I I .i ctla,acurs 1n10 BCO form1t 

O.cr1ment OEC 6A 6 2 7A 6 J M - I - M • . I I iii • 
DECA 4A 1 1 A - I - A • • I I © • 
DECI 5A 1 1 B - 1 - 8 . • I I i.i' • 

Eacłul•W OR EORA 88 2 2 98 3 2 A8 • 2 88 4 3 A (!i M- A • • I I R • 
EORB ca 2 2 08 J 2 E8 4 2 F8 4 J 8 (!J M - I • • I I R . 

lnc:tetn1nł INC 6C 6 2 7C 6 3 .... ' - M • • I I <Jl • 
INCA 4C I 1 A• 1 - A • . I I <J1 • 
INCB SC 1 I e • 1 - e • . I I .s • 

LDMI LOAA 86 2 2 96 3 2 A6 • 2 86 • J "' ·•A . . I I R • 
Accumł.llator LDAll ~ 1 2 06 J 2 E6 4 2 F6 4 ) M - B • • I I R • 
LoedOoubl• LOO CC 3 3 OC 4 2 EC 5 2 
A«umul11or 

F C 5 J M • 1 - B 
.., _. • • I 1 R • 

Mul!ie>lv Un„gnlld MUL JO 7 I A• 8 - A a . . • . . fi 
OA. lnclu11'ł'ł ORAA BA 2 2 9A J 2 AA • 2 BA • 3 A +M - A • • I I A • 

ORAB CA 2 2 DA 3 2 EA 4 2 FA • 3 8 +.., _ B • • I I A . 
~utf'i O••• PSMA JEi • I A-M11> . SP-1-SP • • • • • • 

PSMI J7 • I 8 - Mlł' . SP - 1 - SP • . • . • • 
'"'"o.,. PULA J2 3 I SP• 1 - SP . MIP - A • • • • • • 

PULI JJ 3 I SP• I - SP , M1P-B • . • • • • 
Aor1t1 Left ROL 69 6 2 79 6 3 

:14J;i I • • I I <• I 

ROLA •9 1 I I I I i I ~ • • I I :t I 

59 1 
I C ., „ 

I I 1. ROLI I • • I 

Rotłtl Fhtht ROR 66 6 _?_ 76 6 J 
~)~ 1 I IJ • . I I j I 

1-- I I I I I RORA '6 1 1 • • I I :I. I 
I C 01 ... 

ROR8 S6 1 1 • • I I '1 I 

(Notel Cond ition Code Register will be opl1ined in Noro of Table 14. (oontinuedt 
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Table 11 Accumulator, Memory Manipulation lnstructions 

$łl i lt Ltlt 
Aritł'lml'tic 

Doub11 Shif1 
leh. Arithrnetic 

Shih Riglll 
Arithmetic 

M<ltmonic 

ASL 
1-- 

ASLll 

ASLB 

ASLO 

ASA 
1----.„-

ASRA 
>---- -- -·-

ASRB 
-------·-+-

Shift Right 
LotiCłll 

LSR 
~----·· 

LSRA 
---~-- · · 

-------· ~SAB 
OoYble S~olr 
Fhght L09ical 

Sto re 
•ccumuł„or 

Stor• Doublt 
Acciumul1t0:~-

Subtract 

LSRD 

STAA 

STAB 

STO 

SUBA - -· 
--- ---- +-· ._SUBB _ _ . 

Double $ubtreic1 

SUbtrl(:t 
Acc-um1.1l•tors 

SUBD 

SBA 

IMMED 
>-·-

DIRECT INOE X E XTEND 
-- -- -- ·- - ·- -- ,.___ _. __ --

600IHnJ 
Arithme11c Oper1t1orr. 

IMPLIED 

Cond111on Coe.Ilf' 

~.!9~r -- -
5 1_ ,_ o 

OP - • OP - • OP - o OP - • OP - # H N z V c 

68 

·- i-

78 6 

617763 
----I- · i.-..... -

-- -

- - '
,, 1 

57 

:1 ~o c .. "" 

„)~ 
: b) Ml c 

• • I® ' 1-'® I-• . I I 

• • I I ii: I 

-- ~- - -~„ ł.--

s. 6 1 ,, 6 3 M 

==·- 44 _,_ '· +~ 
---- l- -

- -

5• , ~ t - - - · - -= - · --
' jl oj'=· ~-c~~f•_ • R_ ' '-~-. ·-

·-- __ ......_ _ 

80 

-~fi-~ ~- :; ~f ~;- ; ~~· 
OD 4 1 ED 5 2 FD 5 31 
90 3 2 AO ' 2 80 4 3 

91....~ .?_ ~J .~ ._EO ~ .~~ 3. 
83 3 3 93 4 2 AJ 5 1 83 5 3 

-

- ·- · ....._ •• -L-.. ........ . . 

10 

~ :~~ ----- --- - ._._ '- '~-· 

; _~; ~- ~--- --ł ~.-~-l1 ::< 
A-M - A ••Ili -- - - - - - - ~ - -
B-M-8 ••1111 

- . i. -B -·M -~~+I -• A 8 •:~- I I I I 

\ .t A -.. B • A . • • I I I 

S..b„o<t SBCA 82 2 2 92 2 A2 ' 2 82 4 3 t A-M-C-A ••I I 
- --- -- ---Wi1h Carry 

-------·--+ __ se_c_e _ _ ;cl_ !_2.- 02 J ?_ ~1 •_ 2 ~- ~-·~ 8 - M - C - 8 • ...°. : l_ cł_ I 

T<1n1fer 
Acc.umul11ort 

Tm z„oor 
Minus 

TAI 16 1 I A - B o • I I R • 
-'-· -ł--ł---ł.-1--'_... ----- - - --• - - ~- 1.---L - •i.--

TBA 
-- 1-- t------ - ·- -- -- -- ··-"--

L___ . 2 . _1._ J 8 ..... A • • f I R • 

TST 60 4 2 70 oł 3 M - OO o • I I R R 
f-------·--·-- ~·- 1- ·- --~- 1--· - - - - · -~ ł-··--1- -+-+-- -ł-- ~·- -----·- ·~---·- .. -·- ·- - - -- - .__ -~ -- - --

TSTA 40 I A - OO o • I I R R 
'--"'--·--·+-+-1--+-ł--·+-·- i--- -j---.f--+-+--ł• - ~· - - - · -·-· - --- · ·· -- - 1-- - ~. L 1-- - ·-

----~~-~·-!~ 50 18-00 ••!RR 
->- ·ł----lf--ł--+--ł---+--+--+-~-+--+-+-f----- ·-1-ł---ł--4-~-jl - -

And Immediate AIM • • R e 

(Notel Condition Code Re11ister will bi! t•plained in Note of Tobie 14. 
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HD6303Y, HD63A03Y, HD63B03Y, HD63C03Y 

• Additional lnstruction 
In addition 10 the HD6801 instruction sel , the HD6303Y pre

pares 1he following new instructions. 
AIM . . . . . . . . . (MHIMM) - (M) 

Execules "AND" operation 10 immediate dala and lhe 
memory con1en1s and slores ils resull in the memory. 

OIM . . . . . . . . (M)+ (IMM) - (M) 
Executes ''OR" operation 10 immediate data and the memo
ry contents and stores its result in the memory. 

EIM . ... . „ . . (M) 8:l (IMM) - (M) 
Executes "EOR" opera1ion to immediate data and the 
memory contents and slores ils result in the memory. 

TIM „ .. . . . . . (M H IMM) 
Executes "AND" operation 10 immediate data and changes 
the relative flag of the condition code register . 

These are the )-byle instructions; the first byle is op code, the 
second immediate dala and lhe 1hird address modilier . 

XGDX . . . . . . . . . (ACCD)-(IX) 
Exchanges the con1ents of accumula1or and the index regis
ter. 

SLP 
Goes 10 the sleep mode. Refer to "LOW POWER DISSIPA
TION MODE" for more delails of lhe sleep mode. 

Table 1 2 Index Register, Stack Manipulation lnstructions 

Address•ng Modes Conclil ;on Codo 
~- ----~· Bo°'••n/ Aegi1ter 

'01nt1f Operat1on1 Mnemonl'C IMMEO DIRECT INDEX EX TE NO IMPllfO A r11hmirt1c ()peretiOn 5- 4 3 2 I o 
01' - /I OP - • OP - • OP - • OP - /I M I N z V c 

Comp.ro łnde• Rog CPX BC 3 3 9C " 2 1'.C 6 2 BC 6 3 X-MM+1 • • : I t I ·- J-.-~----

Decrtml'nt Index R'19 DEX 09 I I X - 1 - X • • • I • • 
0.cr•nwnt Stack Pn!f DES )4 ' ' SP - 1 - SP • • • • • . 
łnCf•ml'"1 lf'lrde• Reg INX 08 ' 

, X• 1 ...... )( • • • I • • 
'ncr•ml'nl Stack Pntr INS 31 1 , sP•1-sP • • • • • • 
Lo.<J lndl!• Aog LDX CE J 3 DE 4 2 H 5 2 FE 5 3 M - XM . IM+ 11 - XL • • \].. I A • 
Loed S•1ck fllnu LDS 8E 3 3 9E 4 2 Af 5 2 BE 5 3 M- Sl'M . (M•ll-sPL • • 't I R • --
Stare lndr111 R1t STX OF 4 2 H 5 2 FF 5 J XH - M. )(L -IM+ li • • '1; I R • 
Sto'• Si.ck '"'' STS 9F 4 2 .AF 5 2 BF 5 J SPM - M. SPL - IM+ 11 . • i I A • -------- ~ -------

,__ ·- f---
lndh: Rea -- S1ack Pno TXS 35 1 , )( - , - $P • . • • • • --- --1--

S•eck ~~-·~ ~-dt~~ TSX JO 1 I sP t l- X . • • • • • 
Acid l'.B X Jl'. , I 8 +X - X . • • • • • - - --· -··-· -· 1-- ·-·---~ - --
~u1h D•t• PSHX 3C 5 , XL - M„ . SP - 1 - SP • • • • • • 

- - ------ - ~ ~ -
XM - M„. SP - I - SP 

P-u-11 D•t• PUlX 38 " I $1' + I - SP, M„ - XM • • . • • • 
SP+ 1- SP. Ili„ - XL 

bc1>1ng. XGDX 18 2 , l'.CCD· ·I X • • • • • • 
(Nott) Condition Code Aegi•ter will be expłained in Note of T~ble 14. 
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HD6303Y, HD63A03Y, HD63B03Y, HD63C03Y 

Table 13 Jump, Br11nch lnstruction 

~'"'"'' Modeł 
Co"ClihonC... 

A„ itttr 
()oer.tioM Mnemon•c REUITIYe OIRECT INOEX EX TE NO IMPLIEO Br1nch THt 5 • 3 2 1 o 

OP - • ~ - • OP - • OP - • OP - • H I N z V c 
lrenclt A lwev• IRA 20 J 2 Non• • • • • • • 
lr•nc"- IRN 21 J 2 NoN • • • • • • 
lronch lf Cerry Cl•• acc 2• J 2 C•O • • • • • • 
._ li Cerrv S.t acs 25 3 2 c. 1 • • • • • • 
l„nc„ li • Zero IEQ 27 3 2 z. 1 • • • • • • 
lrench lf > z.,.. BGE 2C 3 2 N(!) lł •O • • • • • • 
''""°" lf > Z•ro IGT 2E l 2 Z• IN(!) VI• O • • • • • • 
lr.ncłl Ił Hithtr 8HI 22 3 2 C•Z•O • • • • • • 
lf11ncll li " Zero ILE 2F J 2 Z+ IN(!) VI• t • • • • • • 
lranct• U Lower Or ILS 23 J 2 c. l. 1 • • . . . • s..... 
l„ncłl 11 < Ztro ILT 20 J 2 N(t) V• I • • • • • • 
ltal\Ch lf Minvs BMI 28 J 2 N•1 • • . • • • 
lroncłl 11 Not Eq.,.1 BNE 211 3 2 Z•O • • • • • • Zero 

Irene" li Owrtio.. BlłC 28 l 2 V•O • • • • • • C•• 

B „nch li o.e<flow S.• llłS 29 3 2 V• 1 • • • • • • 
l.....:t>llP!u1 ll'L 2A 3 2 N•O • • • • • • 
lr•nc" To S..broutlne łlSR 80 5 2 • • • • • • 
......... JMP IE 3 2 7E 3 3 • • • • • • 
Jump To 5'ibrou• iM JSR to 5 2 AD 5 2 IO 6 3 • • • • • • 
NoO..-tion NOP 01 1 1 Advlf\cet .-.09. Cntr . • • . • • • On1v 

A.-tvf'n From lnterrupt fllTI 38 10 1 -tt --
~tumFrom RU l9 5 1 • • • • • • SYbrowtiM 

„,_lmer""'' $WI 3F 12 1 • s • • • • 
Wait: for lntenvpt • WAI JE 9 , • J: • • • • .... „ su• IA 4 1 • • • • • • 

INotel •WAI puts R/W high; Addrest 8u1 goes IO FF FF; D•t• Bus goes IO the thrff st1te. 
Condilion Code Register will be explained in Note of Table 14. 
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HD6303Y, HD63A03Y, HD63B03Y, HD63C03Y 

Table 14 Condition Code Register Menipulation lnstructions 

illddtenintMDdot Cond1t1on COOi' A„dtet 

()pe<Milont Mnernońie 

C-Carry CLC 

~1n1.,,....1- CLI 

C,_o-1_ CLV 

SńC.ry SEC 

Set lnterrupt Matle SEI 

Se•Owr- SEV 

A....,_letor A - CCR TA' 

CCA ... Accumuł8tor A T'A 

LEGEND 
OP Operation Code IHoedecimal) 

Number of MCU Cycles 

IM,LIEO 

OP - • 
OC 1 1 

OE , , 
OA 1 1 

oo , I 

Of 1 1 

Ol 1 1 

06 1 1 

01 1 I 

MSI" Contents of memory location pointed by Stack Pointer 
# Number of Program 8ytes 
+ Arithmetic Plus 

Arithl'T19tic Minus 
• 8ool1an ANO 
+ BoolHn Inclusive OR 
e Bool11n E•clusive OR 
M Com1>1ern1n1 of M 
-+ T ransłer in to 
O Bit= Zero 
OO Bvt• =Zero 

8ootean ()per•tion 5 4 J 

H I N 

o- c • • • 
0-1 • R . 
o-v • • • 
1-c • • • 
1-1 . s • 
1-11 • • • 
A- CCR ---
CCR- A • • • 

CONDITION CODE SYMBOL$ 
H Half-carry from bit 3 to bit 4 
I lnterrupt mask 
N Negetive łsign bitl 
Z Zero lbyte) 
V Overflow, 2's complement 
C Carry /Borrow lrom/to bit 7 
A Reset Always 
S Set Alweys 
ł Set il tnie 1fter test or cle"' 
• Not Aflected 

(Note) Condition Code Reiiister Notes : (Bit set il test is true 1nd cleared otherwisel 

0) łBil V) Test : R„ult = 10000000? 

(2) łBit Cl Ttst: Ruult I\ 00000000? 

@ 

@ łBit C) Test : BCO Charocter of high-order byte 9'„ter 1han 10? łNot cleared i ł previously Jet) 

(i) łBit V) Tur : Operand= HlOOOOOO prior 10 execution? 

(5) (Bit VI Ten : Oper1nd = 01111111 prior to execution? 

(6) lBit V) Test : Ser equal 10 N\9 C = 1 1f1er 1he e xecucion of instructiont 

m !Bit NI Test: Resull less than "ro? IBi1 15-1 I 

@ (All Bill Load Condition Code Register fr om Stack . 

2 1 o 
z V c 
• • R 

• • • 
• R • 
• • s . • • . $ • 
- - -

• . • 

~ IBirll 

~ (All Bitl 

Set when interrupt occurs . n pre-viously set a Non-Maskable lnterrupt is reQuired to ex it the watt 5tate . 

Set according 10 the contents of Accumulalor A. 

(tD IBil Cl Result of Multiplicat1on Boi 7: I ? (ACCBI 

Table 1 5 OP-Code Map 

OP ACC ACC i% ACCA or SP ACC8 or X 

CODE A 8 
INO 

FI IMM I OIR I IND I fl(T IMM I Olfll I INO I EXT 

I~ 
0000 0001 0010 0011 DIOO 0101 0110 I 0111 1000 I 1001 I 1010 I 1011 1100 I 1101 I 1110 I 1111 

o o I 2 3 • ~ 6 7 I I ' I ... I 8 c I o I E I " 
"°' o ~ S8A 8RA TSJ( NEG SUB o 
oot1 1 NOP CBA BRlll INS ---- AIM CMP I i 

0010 2 ~ ~ IHI PULA ---- OIM sec 2 

0011 , ~ ~ BLS PULI COM SUBO I AOOO 3 
-

OIOO • LSfllD ~ BCC OES LSfll ANO • 
OIOI ~ ASLO ~ BCS TXS ---- EIM BIT ~ 

1110 I TAP TAB BNE PSHA ROfll LOA 6 

0111 1 TPA TBA 8EQ PSHB ASfll ~I STA ~ STA 7 

IMO I INX XGOX ave PULX ASl EOR I 

1001 ł OEX OAA BVS fllTS FIOL AOC ł 

1011 ... CL\I SlP BPL AIX DEC OFIA • -- - - - -
1011 • Sfl/ ABA BMI Fili ---- TIM ADO • 
1100 c CLC ~ IGE PSHX 11\!C CPJ( LOO c 
1101 o SEC ~ BLT MUL TST BSR ! JSR V .l STO o 

-_::;;:;-:-_:::::?T -- -.JllolP ·- -- ------ - -- ···· -- -- -- -~ ·--~-------~-- -
1111 E Cli ../' BGT WAI LOS LDX E 

1111 " SE1 ../' BLE SW1 CLFI ~ i STS _,.,.......- 1 STX " --
o 1 2 , • ) ! 6 I 1 I ' t A 

~----'-- I a c o I E I " 
UNOEFl~IEO OP CODE c:;;:::i 

• Only tach instructions ol AIM, OIM , EIM. TIM 
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HD6303Y, HD63A03Y, HD63B03Y, HD63C03Y 

• CPU OPERATION 
• CPU lnatruction Flow 

When operating, the CPU fetches an instrution from a memory 
and executes the required function . This sequence st.arts with RES 
cancel and repeats itself limitlessly if not affected by a special in
struction or a control signal. SWI, RTI , WAI and SLP instructions 
~e this operation, while NMI, IRQ,, IRQ„ IRQ,, HTIT and 
STRY control it. Fig. 29 gives the CPU mode transition and Fig. 30 
the CPU system flow chart. Table 16 shows CPU operating states 

and port states. 

• Operation at Each lnstruction Cycle 
Table 17 shows the operation at each instruction cycle. By the 

pipeline control of the HD6303Y, MULT, PUL, DAA and XGDX 
instructions, etc. prefetch the next instruction . So attention is nec
essary to the counting of the instruction cycles because it is dilTerent 
from the usual one-from op code fetch to the next instruction op 
code . 

Figure 29 CPU Operation Mode Trensition 

Table 16 CPU Operation State and Port, Bus. Control Signal State 

Port Reset 

Ao -A7 H 

Port 2 T 

Do -07 T 

As -A15 H 

Port 5 T 

Port 6 T 

Control Signal ., 

'1 'Im. WA. RIW. Lift = H, BA = L 
'2 'Im.Wit R/W= T, 'Olf. BA"" H 
'3 E pin goes to high impedence stele . 

STBY'3 HALT 

T T 

T Keep 

T T 

T T 

T Keep 

T Keep 

T ., 

@HITACHI 

Sleep 

H 

Keep 

T 

H 

Keep 

Keep 

• \ 
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(Note) 1 . The program MtQu•nce will come to the ffi st•rt from 
anv place of the flow during RES. When STBY=O. the 
seQuenc;e will go into the standby made regardless of the CPU 
condition. 

2. Refer to '"FUNCTIONAL PIN DESCRIPTION" for more 
det•ils of interrupts . 

INTEMUPT "f.OUlST nAG.S 
CLIAR lXCEl'T Jilili 

Figure 30 HD6303Y System Flow Chart 
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HD6303Y, HD63A03Y, HD63B03Y, HD63C03Y 

Address Mode & 
lnstructions 

IMMEDIATE 
ADC ADO 
AND BIT 
CMP EOR 
LOA ORA 
sec SUB 
AOOO CPX 
LDD LOS 
LOX SUBD 

DIRECT 
AOC ADO 
AND BIT 
CMP EOR 
LOA ORA 
sec SUB 
STA 

ADDD CPX 
LDD LOS 
LDX SUBO 

STO STS 
STX 

JSR- ------·· 

i 

I 
I 

I 

I 

I 

Cycles Cycle 
li 

1 
2 

2 

1 

3 2 
3 

1 
2 

3 3 

1 
3 2 

3 
1 

2 
4 

3 
4 

- , 
4 

2 
3 
4 

' 2 
5 3 

4 

t~ 
5 

TIM -,--
2 
3 ! 

I 4 
AIM EIM I 1 
OIM i 2 

i 6 I 3 

I 
I 

4 

I 5 

I 6 

Table 17 Cycle-by-Cycle Operation 

Address Bus R/W 

Op Code Address + 1 1 o 1 

Op Code Address+2 l o 1 

Op Code Address + 1 1 o 1 
Op Code Address + 2 1 o 1 

Op Code Address + 3 1 o 1 

Op Code Address+ 1 1 o 1 
Address of Operand I o 1 
Op Code Address + 2 1 o 1 

Op Code Address + 1 1 o 1 

i Destonat1on Address o 1 o 
: Op Code Address + 2 1 o 1 

Op Code Address + 1 ' o ' Address of Operand I o ' Address of Operand+ 1 t o 1 

Op Code Address + 2 1 o , 
Op Code Address + 1 , o I 
Oestinahon Address o 1 o 
Destina11on Address + 1 o l o 
Op Code Address + 2 1 o 1 
Op Code-Address + 1 , o 1 
FFFF 1 , , 
Stack Pointer o 1 o 
St a ck Pointer - 1 o , o 
Jump Address , o 1 
Op Code Address + 1 1 o , 
Op Code Address + 2 1 o , 
Address of Operand 1 o 1 
Op Code Address+J 1 o , 
Op Code Address + 1 l o , 
Op Code Address + 2 , o 1 
Address of Operand 1 o 1 
FFFF 1 1 1 
Address of Operand o , o 
Op Code Address + 3 1 o 1 

@HITACHI 

Data Bus 

1 Operand Data 
o Ne>r:t Op Code 

l Oparand Data (MSB) 
1 Operand Data (LSBI 
o Next Op Code 

' Address of Operand (LSBI 
1 Operand Data 
o Next Op Code 

' Oestmation Address 
1 Accumulator Data 
o Next Op Code , Address of Operand (LSBI , Operand Data (MSBl , Operand Data (LSBI 
o Next Op Code , Oestination Address (LSBI 
1 Register Data (MSBl , Register Data (LSBl 
o Next Op Code 

' Jump Address (LSBl 
1 Restart Address (LSBI 
1 Return Address (LSB) 
1 Return Address (MSB) 
o First Subroutine Op Code 
l Immediate Da11 
1 Address of Operand (LSBI 
1 Operend D11a 
o Next Op Code 
1 Immediate Data 
1 Address of Operand (LSB~ 
1 Operand Data 
1 RHtart Address (LSBJ 
1 New Operand Data 
o Ne~t Op Code 

(Con1inued) 
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łn1truction1 

INDEXED 
JMP 

ADC ADO 
AND BIT 
CMP EOR 
LOA ORA 
sec SUB 
TST 
STA 

ADDD 
CPX LDD 
LOS LDX 
SUBD 

STO STS 
STX 

JSR 

ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 

TIM 

CLR 

AIM EIM 
OIM 

Cycles Cycle • 
1 

3 2 
3 
1 
2 

4 3 
4 

1 

4 2 
3 
4 , 
2 

5 3 
4 
5 
1 
2 

5 3 
4 
5 , 
2 

5 3 
4 
5 
1 
2 

6 
3 
4 
5 
6 
1 
2 

5 3 
4 
5 
1 
2 

5 3 
4 
5 , 
2 
3 

7 4 
5 
6 
7 

HD6303Y, HD63A03Y, HD63B03Y, HD63C03Y 

Address Bus Oete Bus 

Op Code Address+ 1 1 o 1 1 onset 
FFFF 1 1 1 1 Restert Address (LSB) 
Jump Address 1 o 1 o First Op Code of Jump Routine 
Op Code Addrus+ 1 1 o 1 1 Offset 
FFFF 1 1 1 1 Restert Address ILSBI 
IX .+:Offset 1 o 1 1 Operand Oat1 
Op Code Address+2 1 o 1 o NeKt Op Code 

Op Code Address + 1 I o I I Offset 
FFFF 1 1 1 1 Restert Address (LSB) 
IX +Offset o 1 o , Accumuletor Dete 
Op Code Address+2 1 o 1 o NeKt Op Code 
Op Code Address+ 1 1 o 1 l Offset 
FFFF 1 1 1 1 Restart Addres.s (LSB) 
IX+Offset 1 o 1 1 Operand Deta (MSBI 
IX +Offset+ 1 1 o 1 1 Operend Data (LSBI 
Op Code Address+2 1 o 1 o Nut Op Code 
Op Code Address+ 1 1 o 1 1 Offset 
FFFF 1 1 1 1 Restart Address (LSBI 
IX+Offset o 1 o 1 Register Data (MSBI 
IX+ Offset+ 1 o , o 1 Register D1t1 (LSB) 
Op Code Address+2 , o 1 o Ne11t Op Code 
Op Code AddrHs + 1 1 o 1 , Offset 
FFFF , , , , Restart Address (LSBl 
Steck Pointer o 1 o 1 Return Address (LSBI 
Stack Pointer - 1 o 1 o 1 Return Address (MSBI 
IX +Offset 1 o 1 o First Subroutine Op Code 
Op Code Address+ 1 1 o 1 1 Offset 
FFFF 1 1 1 1 Restart Address (LSBI 
IX+Offset 1 o 1 1 Operand Data 
FFFF 1 1 1 1 Restart Add"ss ILSBI 
IX +Offset o , o 1 New Operand Data 
OP Code Address+ 2 1 o 1 o Nut Op Code 
Op Code Address + 1 1 o , , Immediate Data 
Op Code Address+ 2 1 o , 1 Offset 
FFFF 1 1 , 1 Rastart Addrass (LSBI 
IX +Offset 1 o 1 1 Operand D1t1 
Op Code Address + 3 I o 1 o Nut Op Code 
Op Code Address + 1 1 o 1 1 Offset 
FFFF 1 1 , 1 Restart Address iLSBl 
IX+Offset , o 1 1 Operand Data 
IX+Offset o 1 o 1 oo 
Op Code Addrass+2 1 o , o Next Op Code 
Op Code Address+ 1 1 o 1 1 lmmedi1te Oatl 
Op Code Address + 2 1 o 1 1 Offset 
FFFF 1 1 , 1 Rest1rt Addrtss ILSBl 
IX +Offset 1 o 1 1 Operand 01t1 
FFFF 1 I 1 1 Restart Addrtss (LSBl 
IX+Offset o 1 o 1 New Opertnd 0111 
Op Code Address + 3 1 o 1 o Nut Op Codt 

(Cont1nued) 
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HD6303Y, HD63A03Y, HD63B03Y, HD63C03Y 

Address Mode & 
lnstructions 

IEXTEND 

JMP 

ADC ADO TST 
AND BIT 
CMP EOR 
LOA ORA 
SBC SUB 
STA 

ADOD 
CPX LDD 
LOS LDX 
SUBD 

STO STS 
STX 

JSR 

ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 

CLR 

Cycles Cycle 
li 

, 
3 2 

3 
1 

4 
2 
3 
4 

1 
2 

4 
3 
4 
1 
2 

5 3 
4 
5 
1 
2 

5 3 
4 
5 , 
2 

6 
3 
4 
5 
6 , 
2 

6 
3 
4 
5 
6 , 
2 

5 3 
4 
5 

Address Bus 

Op Code Address+ 1 1 o 1 
Op Code Address + 2 , o , 
Jump Address 1 o , 
Op Code Address + 1 1 o 1 

Op Code Address + 2 1 o 1 

Address of Operand , o 1 

Op Code Address + 3 1 o I , 
J 

Op Code Address + 1 , o 1 

Op Code Address+2 1 o 1 
Destinat1on Address o 1 o 
Op Code Address + 3 1 o 1 

Op Code Address+ 1 1 o 1 

Op Code Address + 2 1 o 1 
Address of Operand 1 o I 1 

Address of Operand+ 1 1 o 1 
Op Code Address + 3 1 o 1 

Op Code Address + 1 , o 1 
Op Code Address + 2 , o , 
Destination Address o I o 
Destinat1on Address+ 1 o , o 
Op Cocle Address + 3 , o 1 

·-
Op Code Address + 1 f o , 
Op Code Address+2 1 o 1 
FFFF , 1 1 
Stack Pomter o 1 o 
Stack Pomter - 1 o , o 
Jump Address 1 o 1 
Op Code Address + 1 1 o , 
Op Code Address + 2 1 o 1 

Address of Operand 1 o , 
FFFF 1 1 1 

Address of Operand o 1 o 
Op Code Address + 3 1 o 1 
Op Code Address + 1 1 o 1 
Op Code Address + 2 1 o , 
Address of Operand 1 o , 
Address of Operand o 1 o 
Op C ode Address + 3 1 o , 

@HITACHI 

Data Bus 

1 Jump Address (MSB) , Jump Address (LSBI 
o Nut Op Code 
1 Address of Operand (MSBJ 
1 Address of Operand (LSBI 
1 Operand Data 
o Nexl Op Code 

i , Destination Address (MSBJ 
1 

! 
DestinatlOn Address (LSBI , 

I Accumulator Data 
o Next Op Code 
1 Address of Operand (MSBJ 
1 Address of Operand {LSBI , Operand Data (MSB) 
1 Operand Data (LSBJ 
o Nut Op Code , Destination Address (MŚBI 
1 Destination Address (LSBI , Register Data (MSB) 
1 Register Data (LSBJ 
o Ne1tt Op Cocle 
1 Jump Address iMSBi , Jump Address ILSB) 
I Restart Address (LSBJ 
1 Return Address (LSB) 
1 Return Address (MSBl 
o First Subroutine Op Code , Address of Operand (MSBl 
1 Address of Operand {LSBJ 
1 Operand Data 
1 Restart Address (LSB) 
1 New Operand Data 
o Nexl Op Code 
1 Address of Operand (MSB) 
1 Address of Operand iLSBl 
1 Operand Data 
1 oo 
o Next Op Code 

(Conti n ued) 
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Address Mode & 
lnstructions 

IMPLIED 
ABA ABX 
ASL ASLD 
ASR CBA 
CLC CLI 
CLR CLV 
COM DEC 
DES DEX 
INC INS 
INX LSR 
LSRO ROL 
ROR NOP 
SBA SEC 
SEI SEV 
TAB TAP 
TBA TPA 
TST TSX 
TXS 
DAA XGDX 

PULA PULB 

PSHA PSHB 

PULX 

PSHX 

RTS 

MUL 

Cycles Cycle 
# 

, 

1 

1 
2 

2 
1 

3 2 
3 
1 

4 
2 
3 
4 
1 

4 
2 
3 
4 
1 

2 
s 3 

4 
5 
1 
2 

s 3 
4 
s 
1 

2 
3 

7 4 
s 
6 
7 

HD6303Y, HD63A03Y, HD63B03Y, HD63C03Y 

Address Bus R/W Data Bus 

Op Code Address + 1 1 o 1 o I Next Op Code 

Op Code Address + 1 1 o , o Next Op Code 
FFFF 1 1 1 ' Restart Address (LSB) 
Op Code Address + 1 , o 1 o Next Op Code 
Ff FF 1 1 1 1 Restart Address (LSB) 
Stack Pointer+ 1 1 o 1 1 Data from Stack 
Op Code Address + 1 1 o 1 1 Next Op Code 
FFFF 1 1 1 1 Restart Address (l SB) 
Stack Pointer o 1 o 1 Accumulator Data 
Op Code Address + 1 1 o 1 o Next Op Code 
Op Code Address + 1 1 o 1 o Next Op Code 
Ff FF 1 1 1 1 Restart Address (LSB) 
Stack Pointer+ 1 1 o 1 1 Deta from Stack (MSB) 
Stack Pointer+ 2 1 o 1 ' Dat1 from Stack (l58) 
Op Code Address + 1 , o 1 1 Next Op Code 
FFFF 1 1 1 1 Restart Address (LSB) 
Stack Pointer o 1 o 1 Index Register (LSBI 
Stack Pointer - 1 o 1 o 1 Index Register (MSB) 
Op Code Address + 1 ' o 1 o Next Op Coda 
Op Code Address + 1 1 o 1 1 Nut Op Code 
FFFF 1 1 1 1 Restart Address (LSB) 
Stack Pointer+ 1 , o 1 1 Return Address (MSB) 
Stack Pointer+ 2 1 o , , Return Address (LSB) 
Return Address 1 o 1 o First Op Code of Return Routine 
Op Code Address + 1 , o 1 o Nut Op Code 
FFFF 1 1 1 , Rest1rt Address (LSB) 
FFFF 1 1 1 1 Restart Address (LSB) 
FFFF ' ' 1 1 Restart Addr111 (LSB) 
FFFF 1 , 1 1 R11t1rt Address (LSB) 
FFFF ' 1 1 , Rest1rt Addres& (LSB) 
FFFF 1 1 1 1 Rtstart Addr11s (LSB) 

(ContinuedJ 

.HITACHI 
Hitachi America, Ltd.• Hitachi Plaza• 2000 Sierra Point Pkwy. •Brisbane, CA 94005-1819 • (415) 589-8300 167 

*



HD6303Y, HD63A03Y, HD63B03Y, HD63C03Y 

Address Mode Ila 
lnstructions 

IMPLIED 
WAI 

RTI 

SWI 

SLP 

RELATIVE 

BCC ecs 
BEO BGE 
BGT BHI 
BLE BLS 
BLT BMT 
BNE BPL 
BRA BAN 
BVC BVS 

Cycles Cycle 
li 

1 

2 
3 
4 

9 5 
6 
7 
8 
9 
1 

2 
3 
4 

10 
5 
6 
7 
8 
9 
10 

1 
2 

3 
4 
5 
6 

12 
7 
8 
9 
10 
11 

12 , 
2 

4 
1 

Sleep 

l 
3 
4 

1 
3 2 

3 

I 
BSR 

------1- ·t· · 
1 

i I 
I I 2 
I 5 ; 3 
I 

I 

I 
4 

: 5 

! 

I 
I 
i 

Address Bus R/W 

Op Code Address+ 1 1 o 1 
FFFF 1 1 1 
Stack Pointer o l o 
Star.k Pointer - l o 1 o 
Stack Pointer - 2 o 1 o 
Stack Pointer - 3 o 1 o 
Stack Pointer - 4 o 1 o 
Stack Pointer - 5 o 1 o 
Steck Pointer - 6 o 1 o 
Op Code Address + 1 1 o 1 

FFFF l 1 , 
Stack Pointer+ 1 1 o 1 

Slack Pointer+ 2 1 o 1 

Stack Pointer+ 3 1 o 1 
Stack Pointer +4 1 o 1 

Stack Pomter + 5 1 o 1 

Stack Pomter + 6 1 o 1 
Stack Pointer+ 7 1 o I 1 

Return Address 1 o 1 

Op Code Address + 1 1 o 1 
FFFF 1 1 1 
Stack Pointer o 1 o 
Stack Pointer -1 o 1 o 
Stack Pointer - 2 o 1 o 
Stack Pointer - 3 o I , o 
Stack Pointer - 4 o 1 o 
Stack Pointer - 5 o 1 o 
Stack Pointer - 6 o 1 o 
Vector Address FFFA 1 o 1 

Vector Address FFFB 1 o 1 

Address of SWI Routine 1 o 1 

Op Code Address + 1 1 o 1 
FFFF 1 1 1 

I I 

! I 
l 

I 

~ 
FFFF 1 1 i 1 
Op Code Address + 1 1 o 1 

Op Code Address+ 1 1 

! 
o 

! 
1 

FFFF 1 1 1 
i Branch Address Test= ·1 

! 
I Op Code Address + 1 Tesr= ·o 

1 
! 

o 1 

! 
I . h- : ~:F;ode ·Address +-1 ---t-; -- ~ ·- -· : 

' I 
Stack Pointer i o I 1 o 
Stack Pointer - 1 o 1 o 
Branch Address i 1 o 1 

@HITACHI 

D1ta Bus 

1 Next Op Code 
1 Restert Addre11 ILSBI 
1 Return Addrns (LSBI 
1 Return Address {MSB) 
l Index Register ILSBI 
1 Index Register IMSB) 
1 Accu.muletor A 
1 Accumuletor B 
1 Condi!lonal Code Register 
1 Next Op Code 
1 Restart Address (LSB) 
1 Conditional Code Register 
1 Accumuletor 8 
1 Accumulator A 
1 Index Register (MSB) 
1 Indu Register (LSB) 
1 Return Address (MSB) 
1 Return Address flSBI 
o First Op Code of Return Routine 
1 Next Op Code 
1 Restart Address flSB) 
1 Return Address (lSBI 
1 Return Address (MSB) 
1 Index Register ILSBI 
l Index Register (MSB) 
1 Accumuletor A. 
1 Accumulator B 
1 Cond1t1on1I Code Register 
1 Address of SWI Routme (MS8) 
1 Address of SWI Routme (LSB) 
o First Op Code of SWI Routine 
1 Next Op Code 
1 Restart Address (LSBJ 
I 

,i 

! 

; . 
1 Restart Address IL 58) 
o Next Op Code 

I 1 Branch Offset 

I 1 Restart Address ILSBJ 
First Op Code of Branch Routm o Next Op Code 

i 

: 

-- --i 1 Offset 
I 
: 1 Restar t Address (lSBI 

I 

l Return Address {LSBI 
1 Return Address (MSBl 
o First Op Code of Subroutine 
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HD6303Y, HD63A03Y, HD63B03Y, HD63C03Y 

• WARNING CONCERNING THE BOARD DESIGN OF 
OSCILLATION CIRCUIT 
When designing a board, note thai crosstalk may disturb the 

nonnal oscillation if signal lines arc placed near the oscillation 
circuit as shown in Figure 3 I . Place the crystal and CL as close 
to the HD6303Y as possible. 

CL J71 t--1P-.-;-\I X T AL 

rl~~---il EXT AL 
rfT CL 

H06303Y 

Do not „• t"it kind of printed..:ircuit board cl•ign . 

Figure 31 Warn ing concerning board design 
of oscillation circuit 

START 

fdHI Waveforrn 

I. 
RHI Waveforrn 

2 3 

30-----.-J 

HD6303Y 
(OP-64S) 

(Top View) 

~ Avoid signal hnes 
~ in th1s area . 

E 

X „ 
E 
E 
E o 

N 

Figure 32 Example of Oscillation Circuits in Board Design 

• RECEIVE MARGIN OF THE SCI 

4 

Receive margm of the SC! contained in the HD6303Y is 
shown in Table 18. 
Note : SC'I =Serial Communication ~ce 

HD6303Y 

5 6 

f-r-.J 

Table 18 

Bit distortion 
tolerance 
lt-tol /to 

±43.7% 

7 8 STOP 

Character 
distortion tolerance 

(T-To) /To 

±4.37% 

T .1 
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HD6303Y, HD63A03Y, HD63B03Y, HD63C03Y 

• WARNING CONCERNING WAI INSTRUCTION 
lf the HALT signal is accepted by the MCU while the W Al in

struction is executing, the CPU will not operate correctly after 
HALT made is canceled . 

WAI is a instruction which waits for an interrupt . The cor
responding interrupt routine is executed after an interrupt 
occurs. 

However , during the execution of the WAI instruction, 
HALT input makes the CPU malfunction and fetch an abnormal 
interrupt veetoring address . 

In HALT mode. the CPU operates correctly without the WAI 
instruction, and WAI is executed correctly without HALT input. 
Therefore, if HALT inpu t is necessary , make interrupts wait 
during the loop routine, as shown in Figure 33 . 

• WRITE-ONLY REGISTER 
When the C PU reads a write-only register, the read data is always 

$FF, rcgardlcss of the value in the wrile-only register. Therefore, be 
careful of the rcsults of instrucrions which read write-only register 
and pcrform an arithmctic or logical operation on its contents, such 
as AIM . ADO, or ROL. is exccuted. because the arithmetic or 
logical operation is always done with the data $FF. In particulars. 
don't usc the AIM. OIM or EIM instruclion to manipulate the DDR 
bit of PORT. 

• WARNING CONCERNING POWER START-UP 
RES mu st be hcld low for at least 20 ms when the power starts up. 

In this case. the interna! reset function is not effective until the 
oscillation begins at power-on . The RES signal is inpul to the LSI in 
syni.:hronism with the interna! clock .p (shown in Figure 35 .) 

Therefore , after power stans up , the LSI conditions such as its li 
O pons and operating mode. are unstable. Fix the level of I/O pons 
by means of an extcrnal circuit to determine the level for system 
operation during the oscillator stabilizarion time . 

RES pin 

@HITACHI 

• 

~1---_w_:I ---.JJ _J„
0

, HAt:r ;"("' l l •nterrupt I 
+ il'lterrupt occurs 

wrong 'Y'ector address 

(MSB) ł 
t----------~ vector fetch for interrupt 

wro119 vector address 

(LSB) 

op-code fetch 

• 
• 

ł 
ł 

interrupt routine 

I 

Figure 33 MAC function during WAI 

• 
• 

CLI 

WAI 

• 
• 
• 

LOOP 

• 
• 

CLI 
BRA 

LOOP 

• 
• 
• 

i ) MAL Junction ii) Recommended method 

Figure 34 Program to wait for interrupt 

Figura 35 RES circuit 

internet reset 
siane! 
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