HD6303R, HD63A03R,

HD63BO3R

CMOS MPU {Micro Processing

The HD6303R is an 8-bit CMOS micro processing unit

which has the completely compatible instruction set with the
HD6301V1. 128 bytes RAM, Serial Communication Interface
(SC1), parallel 1/O ports and multi function timer are incorpora-
ted in the HD6303R. It is bus compatible with HMCS6800 and
can be expanded up to 65k bytes. Like the HMCS6800 family,
1/0 level is TTL compatible with 50V single power supply.
As the HD6303R is CMOS MPU, power dissipation is extremely
low. And also HD6303R has Sleep Mode and Stand-by Mode
as lower power dissipation mode. Therefore, flexible low power
consumption application is possible.

[}
®

FEATURES
Object Code Upward Compatible with the HD680O, HD6801,
HD6802
Multiplexed Bus (Dg/Ao~D,/A;As~A;s), Non Multiplexed
Bus (Dg~D4, Ag~A;s)
Abundant On-Chip Functions Compatible with the
HD6301V1; 128 Bytes RAM, 13 Parallel 1/O Lines, 16-bit
Timer, Serial Communication Interface (SCI)
Low Power Consumption Mode; Sleep Mode, Stand-By Mode
Minimum Instruction Execution Time
1us (f=1MHz), 0.6 7us (f=1.5MHz), 0.5us (f=2.0MHz)

Bit Manipulation, Bit Test Instruction
Error Detecting Function; Address Trap, Op Code Trap
Up to 65k Bytes Address Space
Wide Operation Range

Vee=3to 6V (f= 0.1 ~ 0.5 MHz)

f=0.1t0 2.0 MHz {V¢c = 5V £ 10%) *

TYPE OF PRODUCTS

Type No. Bus Timing

HD6303R 1.0 MHz

HD63A03R 1.5 MHz

HD63B03R

2.0 MHz

Unit)

HD6303RP, HD63A03RP,
HD63803RP

{DP-40)

HD6303RF, HD63A03RF,
HD63B03RF

(FP-54)

HD6303RCG,HD63A03RCG,
HD63BO3RCG

(CG-40)

HD6303RL, HD63A032CP
HD63BO3RCP

{CP-52)
HD6303RL, HD63A03RL
HDG63BO3RL
Cp-44
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= ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee -0.3~+7.0 v
Input Voltage Vin 0.3~ Vcc+0.3 \"
Operating Temperature Topr 0~ +70 °c
Storage Temperature Tag -55 ~+150 °c

(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field.
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection
circuits. To assure the normal operation, we reccmmend Vi, Vot : Vss < (Vipor Vo, < Vee.

» ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (V¢e = 5.0V+10%, Vgg =0V, Ta = 0~+70°C, unless otherwise noted.)

Item Symbol Test Condition min typ | max | Unit
RES, STBY Vee-0.5] - v
Input “High” Voltage _| EXTAL Vin Veex07| - ﬂ;:g v
Other Inputs 2.0 - '
Input “"Low” Voltage Al Inputs Vi -0.3 - |08 v
Input Leakage Current | NMI, IRQ,, RES, STBY| I, ! Vin =05~V c-05v| - - 110 { uA
Three State (off-state) Pio~Pys, P20~ Paa. - "~
Leakage Current Do~Ds, Ag~As Irsil | Vio =05~Vcc-05v B - |10 HA
1 = -200uA 24 - -
Output “High”” Voltage | Al Outputs Vou A H v
lon = -10uA Vee-07] — | < v
QOutput “Low™ Voitage | All Outputs Vou loL = 1.6mA - - 1055} V
. Vin=0V, f=1.0MHz
| t Ca t All t ; " 4 . ' - - 1125
nput Capacitance Inputs Cin Ta=25°C : pF
V;,(STBY) =0~0.6V
Viy (RES) = Vee -
Standby Current Non Operation lee i | —O.SNVEEV - 2.0 | 15.0] uA
’ Vn (RES)=0~0.6V
[Operating (f=1MHz"*) - 6.0 | 10.0
C e . | mA
Current Dissipation cc Sleeping (f=1MHz"*) — 1.0 ] 20
RAM Stand-By Voltage Veam 2.0 - - v

* V) min=Vece-1.0V, V) max = 0.8V
** Current Dissipation of the operating or sleeping condition is proportional to the operating freguency. So the typ. or max.
values about Current Dissipations at f = x MHz operation are decided according to the following formula;
typ. value {f = xMHz) = typ. value {f = IMHz} x x
max. value (f = xMHz) = max. value {f = 1MHz) xx
{both the sleeping and operating)
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® AC CHARACTERISTICS (V¢c =5.0V+10%, Vgg = 0V, Ta = 0~+70°C, unless otherwise noted.)

BUS TIMING
Test HDE303R
ltemn Symbol| Con- : HD63A03R HD63BO3R Unit
dition | Min [ typ | max | min |typ | max | min | typ | max
Cycle Time teye 1] - 10 | 0.666 — 10105 | — 10| us
A P i
fidaress Strobe Pulse Width - PWash 220 — | - |180|— | - [110| = | = | ns
g
Address Strobe Rise Time tasr - - 20| — — 20| - - 20| ns
Address Strobe Fall Time tast - - 20 - - 20| - - 20| ns
Address Strobe Delay Time * taso 60 | — - 40| — - 20 | — - ns
Enable Rise Time ter - - 20| — - 20| — - 20| ns
Enable Fall Time tes - - 20| — - 20| - - 20| ns
Enable Pulse Width “High™ Level™ | PWgy 450 | — - 300 — - 220 - - ns
Enable Pulse Width ““Low!’Level® | PWg, 450 — | - | 300{~- | — |220| - | - ns
Address Strobe to Enable Delay*
Time Y taseo 60} - - 401 - B 20| - B ns
Address Delay Time a0 . -1 — 1250 - |- |190] — | - [ 160 ns
tapz |FiB.1 | — | — (250! — |- [190] — [ - ]160]| ns
Address Delay Time for Latch* taDL Fig.2 | — — | 250 | - - | 190 | — - 160 | ns
Data Set-up Ti Write | tosw 230} — | - 150 - | — {100| — | — ns
a Set-
ata set-up Time Read |tpsg 80| — - 60| — - 50| — - ns
Read |tur ol - - 0)- |- 0| - - ns
Data Hold Ti
ata Flold Time Write | thyw 20| — - 20 | - - 20| - | —- ns
Address Set-up Time for Latch™ | tas, 60} — | — 40| - | — 20| - | - ns
Address Hold Time for Latch taHL 30| — - 20 — - 20| — - ns
Address Hold Time taH 20| — - 20§ — - 20! — - ns
Ay ~ A, Set-up Time Before E* | tasm 2000 - | - |10~ | — 60| — | — ns
Non-Multiplexed
Peripheral Read BSS VTP (tacen) - | — | 680 — | — |395| ~ | — | 270 ns
A Ti
ceess Time Multiplexed Bus’| (tacem ) - — | 650 | — - 395 — - 12704 ns
Oscillator stabilization Time trc Fig. 8 20| — - 20 | — - 20| — - ms
Processor Control Set-up Time tpcs Fig.9 | 200| — — | 200 - - [200] — - ns

*These timings change in approximate proportion to teyc.

{= in the highest speed operation).

PERIPHERAL PORT TIMING

The figures in this

characteristics represent those when teye is minimum

Test HD63B03R
Item Symbol | Con- _HDS3O3R .HD§3A03R - Unit
dition | Min | typ | max [ min | typ | max| min | typ | max
Peripheral Dat .
Se;fﬁp{"i’me” Port 1,2 tosu | Fig.3|200] — | — |200| - | — {200| — | = | ;s
Peripheral Data .
Hold Time Port 1,2 tepH Fig. 3| 200 | — - 200| — - |200] — - ns
Delay Time, Enable Nega-| poq 1
tive Transition to Peri- 2 ’ tpwo Fig.4 | — — | 300 — — | 300 — — | 300 ns
pheral Data Valid
* Except P3,
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teye

PWe L 4

0.8v «\ ‘

[~ tapy—— — t—“»«
{ 2.av
R/W Address Valid
] L 08V

tosw—|

MPU Write zav
0,~0, Data Valig
0.8v

l—-— tosR—

ftacen! - R
MPU Read 2.0v
D,"D, : Data Valid
AD2 0.8v
—‘* Tan
A,~A, (Port 1} 24v
Address Valid
AvAy, \O.SV

. 724 Not Valid
Figure 2 Non-Multiplexed Bus Timing wscd Not Vel

MPU Write
{—MPU Read [—
0.

€ 2.4v 24v ’ E
0.8v 0.8v

8v
tppsU troH
Pe~P,, ~— TP WO —
Pre~Pu z:\\: Data Valid K:‘:‘\:
Inputs ANl Data EX RV,
Port Outputs X 0.8V
Note) Port 2: Except P,
Figure 3 Port Data Set-up and Hold Times Figure 4 Port Data Delay Times
{(MPU Read) (MPU Write)

VAN B S

Timer X Output Compare x
Counter Matched
. Mode Inputs
YOO* WPn Pn Pm)
Pu 2.4v
Output 0.8V
Figure 5 Timer Output Timing Figure 6 Mode Programming Timing

@ HITACHI 365



HD6303R, HD63A03R, HD63BO3R

AT Cut Parallel Resonance Crystal
Co = 7 pF max
Rg = 60 2 max

XTAL

Cyy = Cpg =10~22pF + 20%
(3.2~8MMHz)

EXTAL

Figure 10 Crystal Interface

e Standby (STBY)

This pin is used to place the~-MPU in the standby mode.
If this goes to “Low” level, the oscillation stops, the internal
clock is tied to Vgg or Ve and the MPU is reset. In order to
retain information in RAM during standby, write “0” into RAM
enable bit (RAME). RAME is bit 6 of the RAM Control Register
at address $0014. This disables the RAM, so the contents of
RAM is guaranteed. For details of the standby mode, see the
Standby section.

e Reset (RES)

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

(1) I/O Port 2 bits 2,1,0 are latched into bits PC2, PC1, PCO of
program control register.

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

(3) The interrupt mask bit is set. In order to have the CPU
recognize the maskable interrupts IRQ; and IRQ;, clear it
before those are used.

® Enable (E)

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

® Non Maskable Interrupt (NMI)

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

® Interrupt Request {IRQ1)

This level sensitive input requests a maskable interrupt
sequence. When IRQ:1 goes to “Low”, the CPU waits until i
completes the current instruction that is being executed. Then
if the interrupt mask bit in Condition Code Register is not set
CPU begins interrupt sequence; otherwise, interrupt reques
is neglected.

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

Table 1 Interrupt Vectoring memory map
Vector Interrupt
Highest MS8 ise
Priority FFFE FFFF AES
FFEE | FFEF TRAP
FEEC | FFFD NI
FFFA FFF8 Softwaere Inmrrupt (SWi)
FFFB | FFF9 iRQ, lor ISI)
FFF6 | FFF? ICF (Timer Input Caprure)
FEFa | FFFS OCF (Timer Output Compers)
FFF2 FFF3 TOF (Timer Overfiow)
Lowest FFFO | FFF31 | SCI (RDRF + ORFE » TORE)
Priority

At the end of the cycle, the CPU generates 16 bit vectoring
addresses indicating memory addresses SFFF8 and $FFF9, and
loads the contents to the Program Counter, then branch to ar
interrupt service routine.

The Internal Interrupt will generate signal (IRQ;) which is
quite the same as IRQ, except that it will use the vector address
SFFFO to SFFF7.

When IRQ, and IRQ, are generated at the same time, the

" former precedes the latter. Interrupt Mask Bit in the conditior.
code register, if being set, will keep the both interrupts off.

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

® Read/Write (R/W)

This TTL compatible output signals peripheral and memory
devices whether CPU is in Read (““High”), or in Write (“Low™")
The normal stand-by state is Read (“High”). Its output wil
drive one TTL load and 90pF capacitance.

® Address Strobe (AS)

In the multiplexed mode, address strobe signal appears at thi:
pin. It is used to latch the lower 8 bits addresses multiplexec
with data at Do/Ao ~ D7/A+. The 8-bit latch is controlled by
address strobe as shown in Figure 15. Thereby, Do/Ao ~ D7/A-
can become data bus during E pulse. The timing chart of thi
signal is shown in Figure 1.

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

= PORTS

There are two 1/O ports on HD6303R MPU (one 8-bit ports
and one 5-bit port). Each port has an independent write-only
data direction register to program individual /O pins for
input or output.”

When the bit of associated Data Direction Register is “'1”
1/O pin is programmed for output, if *0”, then programmed fo
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Vce
R
RE3 >——o RES
11
Lec HD6303R
Y, X P,, {PCO
z, P,, (PC1)
20 %, z P,, (PC2)
P, Y,
P 2z,
1 Inh HD140538 Note 1) Figure of Multiplexed Mode
[of ° 7L 2) RC=Reset Constant
Mb?nd:rol 3) R,=10kQ
Switch
P /4
Figure 11 Recommended Circuit for Mode Selection
Truth Table
?Voo
Control Input .
On Switch
'nho-—- | [ ] Binary 10 1-0f-2 nmibit et
A Leve Decoder with c|a| A] HD14053B
B O—{ Converter t: Inhibit
C O 1o o |[olojo] z,v.x,
g—l o |ofols} z,]v.x,
Vss Vee o |ofi]ol zv.ix,
X,0 o o o [ofr{t] zv[x,
X, 0— S X o |1le]e] z|v]x,
Y, 0— 3 o Jr{ei1]| zZ}v,x,
Y. o g3} { oY o 1|10} zjv.|x,
2,0 3 éﬁ’ z o ||t} z)v,|x,
Z,0- é@—o 1 ix]x|x
Figure 12 HD14053B Muitiplexers/De-Multiplexers
Vee Vee
| > Enable
Neumm |-——> Enable Dr -
DL le—o0 NMI jp — [<—ONMI
N —_ STBY O—>~ —0 RQ,
STBY O—> =——0 IRQ, ATs 303
J— HD
RES O——>4 HD6303R |— = R/W Port 1 MPU 0, ~ D,
MPU Do /A, ~ D, /A, 8 Address Lines 8 Data Lines
Port 1 8 Lines Ag ~ Ay
8 1/0 Lines Multiplexed —> RW
Data/Address
> Address Strobe Port 2 A, ~ A,
S Parallel 1/O 8 Address
Port 2
. N Ay ~ Ay SCt @ Lines
51/0 Lines 8 Address Timer +
sa Lines
Timer Vss

r

Vss

Figure 13 HD6303R MPU Multiplexed Mode

Figure 14 HDG6303R MF;U Non Multiplexed Mode
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® PROGRAMMABLE TIMER

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

+ an 8-bit control and status register

- a 16-bit free running counter

+a 16-bit output compare register

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

-

HO6303R mternal Bue >

Output Comnper e Puise

Figure 17 Programmable Timer Block Diagram
® Free Running Counter ($0009: $000A) *

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

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

When the CPU writes arbitrary data to the MSB (809), the
value of $FFF8 is being pre-set to the counter ($09, $SOA)
regardless of the write data value. Then the CPU writes arbi-
trary data to the LSB ($0A), the data is set to the “Low” byte
of the counter, at the same time, the data preceedingly written
in the MSB ($09) is set to “High” byte of the counter.

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

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

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

$09 Write | $OA Write
{5A) (FI)
e | L
Counter ' FFFB ) SAF3

{SAF3 written to the counter}

Figure 18 Counter Write Timing

e Output Compare Register {$0008:3000C)

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

When the contents match with the value of the free running
counter, a flag (OCF) in the timer control/status register
(TCSR) is set and the current value of an output level Bit
(OLVL) in the TCSR is transferred to Port 2 bit 1. When bit 1
of the Port 2 data direction register is *“1” (output), the OLVL
value will appear on the bit 1 of Port 2. Then, the value of Qut-
put Compare Register and Output level bit may be changed
for the next compare.

The output compare register is set to SFFFF during reset.

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

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

® Input Capture Register ($000D: $000E)

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

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

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

To insure input capture in all cases, the width of an input
pulse requires at least 2 Enable cycles.

® Timer Control/Status Register (TCSR) ($0008)
This is an 8-bit register. All 8-bits are readable and the lower
5 bits may be written. The upper 3 bits are read-only, indicating
the timer status information as is shown below.
(1) A proper transition has been detected on the input pin
(ICF).
(2) A match has been found between the value in the free
running counter and the output compare register (OCF).
(3) When counting up to $0000 (TOF).
Each flag has an individual enable bit in TCSR which
determines whether or not an interrupt request may occur
(IRQ2). If the I-bit in Condition Code Register has been
cleared, a prior vectored address occurs corresponding to
each flag. A description of each bit is as follows.

Timer Control / Status Register

7 6 5 4 3 2 1 (]
l ICF [ OCF [ YOFl EICt I EOC!I ETOI[ IEDGIOLVL $0008

Bit 0 OLVL (Output Level); When a match is found in the
value between the counter and the output com-

@ HITACHI 371




HD6303R, HD63A03R, HD63BO3R

Bit 5 TDRE (Transmit Data Register Empty); When the data

is transferred from the Transmit Data Register
to Output Shift Register, this bit is set by hard-
ware. The bit is cleared by reading the status re-
gister followed by writing the next new data into
the Transmit Data Register. TDRE is initialized
to 1 by RES.

Bit 6 ORFE (Over Run Framing Error); When overrun or

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

ceiving bit stream. When Framing Error is de-
tected, RDRF is not set. Therefore Framing Error
can be distinguished from Overrun Error. That is,
if ORFE is *“1” and RDRF is “1”, Overrun Error
is detected. Otherwise Framing Error occurs.
The bit is cleared by reading the status register
followed by reading the receive data register, or
by RES.

Bit 7 RDRF (Receive Data Register Full); This bit is set by

hardware when the data is transferred from the
receive shift register to the receive data register.
It is cleared by reading the status register followed
by reading the receive data register, or by RES.

Bit ? Rate and Mode Conirol Register Bit 0

[ o] o o

Transmit/Receive Control and Status Register

[RDRFIOR‘ EI‘I ORE[ RIE

Recaive Data Register

L 1] [

{Not Addreswable)

Port 2

RAax

8it Receive Shift Register

Clock 10 Bit Rate
s‘; Generator

r‘——E

INot Addressable)

»

amnme
o

Transmit Data Register

Figure 19 Serial 1/O Register

6 S 4 3 2 1 0

sy
x

——
x

Transfer Rate / Mode Control Register

Table 5 SCI Bit Times and Transfer Rates

[ Transmit Shift Register ]—-I
' T [’ [ T1

Jsu

l X l X lCCllCCOISSl[SSO]ADOR $0010

XTAL 2.4576 MH:z 4.0 MHz 4.9152MHz

SS1 SSO E 614.4 kHz 1.0 MHz 1.2288MH:z
0 0 E=16 26 us/38,400 Baud 16 us/62,500 Baud 13 4s/76.8008aud
0 ¥ E+128 208us/4,800 Baud 128 ps/7812.5 Baud 104245/ 9.600Baud
1 3} E <1024 1.67ms/600 Baud 1.024ms/976.6 Baud 833 3,5/ 1.2008aud
1 1 E + 4096 6.67ms/150 Baud 4.096ms/244.1 Baud 3.333ms/ 300Baud
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Bit 3 Not used.
Bit 4 Notused.
Bit 5 Notused.
Bit 6 RAM Enable (RAME).

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

Bit 7 Standby Power Bit {STBY PWR)

This bit can be read or written by the user program. It is
cleared when the V. voltage is removed. Normally this bit
is set by the program before going into stand-by mode. When
the CPU recovers from stand-by mode, this bit should be
checked. If it is 17, the data of the RAM is retained during
stand-by and it is valid.

® GENERAL DESCRIPTION OF INSTRUCTION SET

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

* CPU programming model (See Fig. 20)

- Addressing modes

= Accumulator and memory manipulation instructions (See

Table 7)

-New instructions

-Index register and stack manipulation instructions (See

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

® CPU Programming Model

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

7 0
’ A 1 s 8-8it Accumulators A and B
o 0

Or 16-Bit Double Accumulator D

[ x 0] index Register (x)

[s s> o] Stack Pointer (5P}

[s PC o] Progran Counter 1PC)
T . -]

| |l u]-.[ \ l~ z]v . Condition Code Register (CCR)
L curvisorrow rom mss
Qverflow

Zero

L Negative
b interrupt
Halt Carry {From Bit 3)

Figure 20 CPU Programming Model

® CPU Addressing Modes
The HD6303R has seven address modes which depend on
both of the instruction type and the code. The address mode for
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every instruction is shown along with execution time given in
terms of machine cycles (Table 7 to 11). When the clock
frequency is 4 MHz, the machine cycle will be microseconds.
Accumulator (ACCX) Addressing

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

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

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

In this mode, the second byte indicates the upper 8 bit
addresses where the operand is stored, while the third byte
indicates the lower 8 bits. This is an absolute address in
memory. These are three-byte instructions.
Indexed Addressing

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

In this mode, the instruction itself gives the address; stack
pointer, index register, etc. These are 1-byte instructions.
Relative Addressing

In this mode, the contents of the second byte is added to the
lower 8 bits in the program counter. The resulting carry or
borrow is added to the upper 8 bits. This helps the user to
address the data within a range of —126 to +129 bytes of the
current execution instruction. These are two-byte instructions.
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Table 7 Accumulator, Memory Manipulation Instructions

Addressing Modes Com::::;s«h
Operations Mnemonic [ |MMED | DIRECT | INDEX |EXTEND | IMPLIED A,imﬂi":."‘c"a’;’m‘m slal3[2]1]o
OP [~ |#[OP|~ [#|OP|~1u|OP |~ |#|OP |~ |w» Hlt[NlZVIC
Shift Left ASL 68 |6(2(78 6|3 " — eleft|t|®)8
Arithmetic ASLA a8 [1 |1 A} [?—CEEIIED]-—O ele3iti®)t
ASLB 58 (118 »7 0 OBRCAE
[L):;:?:ris;::uic ASLD os |11 W—o ele|tit ®ft
Shift Right ASR 6762|717 (6|3 M eleftis kO
Arithmatic ASRA PRARRE A]QEE[]:[]:D-(;] CEACREREN O K

® b7 [
ASRB 57111 oot 3
Shift Right LSR 64 [6[2(74 |63 . . ele|R|[2 [0
Logical LSRA YSERE A}O-'CEDIEED"Q NOEDBGE
LSRB sa 11 |® ® o |s [R[T KB}

. et

From Logicat LsRD oa 110 0 el lnl: 0l
Store STAA 97 |3 [2|a7]a|2|B7 a3 A-M eleitlt|R]|e
Accumwlator STAB 07|32 |€7|a|2|F7 |43 B-M clelt|t|R]|e
Store Douoie sTD oo|4 |2 |eo|s |2 |Fols |3 AR elelt|t|r|e
Subtract suBa |80 |22 |90 |3 ]|2|a0laf2(BO]a |3 A-M—A ofefs]s]s]s
susg 0 |2]2i00|3 ]2 |c0la2][Fo[a 3 B-M—-B o le [t ]88 ]t
Double Subtract sueD |83 |3]3 (93 |4 [2]a3]s|2 (83|53 A:B-M:M+1—-A:B |eo|o[s]s]t]s
St iors SBA w|1|1|a-8=a oo |slsfe]s
Subtract sBCA |82 |2]2]92 |3 |2 |A2|4[2]B2[4[3 A-M-C—A olels|t|t]s
With Carry SBCB | C2|2|2 |D2|3 |2 [€2 |4 |2 [F2 4|3 B-M-C—=8 O 0EE
Transter TAB 16 1]1|a~8 oleftli|R]e
Accumulators TBA 171t {1{B—=A ejoeft|sIR]e
Test Zero or TST 6D |42 1704 |3 M - 00 ejefs|s|RIR
Minus TSTA 40 1|1 |Aa-00 ele|t]s [R]R
TST8 50118 -00 ele|sftR|R
And immediate AIM 7116({3|61|7}3 M- IMM—M elejt]|tiR]|e
OR immediate (o117 ] 72| 653162(7 |3 M+ IMM—M ojle|lil|R|e
EOR Immediate £IM 7s[6]3[ss{7]3 MDIMM—M ole it lr]e
Test Immediate TIM 78{a|3leB|5]3 M.IMM eleft|tlr]e

Note) Condition Code Register will be explained in Note of Table 10.
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Table 9 Jump, Branch Instruction

Addressing Modes Condition Code
Register
Operations Mnemonic | aeLATIVE | DIRECT | INDEX |EXTEND |IMPLIED Branch Test al3]2]1]0o
OP|~|#|OP|~|#|OP|~|u|OP |~ |slOP|~]n I{njzlvlic
Branch Always BRA 20(3)2 None ejejejoie|e
8ranch Never BRN 2132 None . ole .
Branch If Carry Clesr BCC 24 (3|2 C=0 sjejejle|e]e
Branch If Carry Set BCS 25132 C=1 olofejelele
Branch If = Zero BEQ 27(3)2 Z=1 elejejoafe|e
Branch If > Zero BGE 2132 N®v=0 ojeo|leiale]e
Branch If > Zero B8GT 2€(3|2 Z+(IN@ VI=0 elojojeleie
Branch If Higher BHI ___ |22|3]2 C+2Z=0 eloeloele|ele
8ranch If < Zero BLE 2F[3}2 Z+IN@ V=1 eleloe|o|e|e
Sranch If Lower Or BLS 23|32 c+z=1 elelo]e|o]e
Branch If < Zero BLT 20( 3|2 N® V=il ejejefofo]e
Branch If Minus BMI 281312 N=1 eieoje e lele
Sranch If Not Equal | g 26|32 z-0 olelefolele
g;:.n'ch 11 Overfiow 8veC 221{3]2 V=0 o|lo|eojele|e
Branch if Overflow Set BVS 2913|2 V=1 ejejejefe|e
Branch if Plus BPL 2A1 312 N=0 elelejo]eole
Branch To Subroutine BSR 8D(5]2 ele|ojoieie
Jump IMP 6E (3|2 |7€ {3 |3 eloejojolefe
Jump To Subroutine JSR 9D 5 {2 |AD|5 |2 [BD |6 |3 ojleiejefoie
No Operation NOP o1 1|1 xry’"“‘ Prog. Cntr, oloeje]eletle
Return From Interrupt]  RT) 3B [10]1 ® —
T as = s T
Software Interrupt SwWi 3F (12|1 ®|S|e o le
Wait for Interrupt® WAL JE (9 |1 e l®je |o
Sleep SLP 1A]a ] ojeje .

Note) *WALI puts R/W high; Address Bus goes to FFFF; Data Bus goes 1o the three state.
Condition Code Register will be explained in Note of Table 10.

»
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® Instruction Execution Cycles

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

instruction fetch.

The HD6303R uses a mechanism of the pipeline control

Therefore, the method to count instruction cycles used in

the HMCS6800 series cannot be applied to the instruction
cycles such as MULT, PULL, DAA and XGDX in the HD6303R.
Table 12 provides the information about the relationship

among each data on the Address Bus, Data Bus, and R/W status

for the instruction fetch and the subsequent instruction fetch
is performed during the current instruction being executed.

Table 12 Cycle-by-Cycle Operation

in cycle-by-cycle basis during the execution of each instruction.

Address Mode & Cycles | Ccle Address Bus R/W Data Bus
Instructions —Z #
IMMEDIATE
ADC ADD 1 Op Code Address+1 1 Operand Data
AND BIT 2 Op Code Address+2 1 Next Op Code
CcCMP EOR 2
LDA ORA "
SBC suB
ADDD CPX 1 Op Code Address+1 1 Operand Data (MSB)
LDD LDS 3 2 Op Code Address+2 1 Operand Data (LSB)
LDX SUBD 3 Op Code Address+3 1 Next Op Code
DIRECT
ADC ADD 1 Op Code Address+ 1 1 Address of Operand (LSB)
AND BIT 2 Address of Operand 1 Operand Data
CMmP EOR 3 3 Op Code Address+2 1 Next Op Code
LDA ORA
SBC sus
STA 1 Op Code Address+ 1 1 Destination Address
3 2 Destination Address 0 Accumulator Data
3 Op Code Address+2 1 Next Op Code
ADDD CPX 1 Op Code Address+1 1 Address of Operand (LSB)
LDD LDS a 2 Address of Operand 1 Operand Data (MSB)
LDX SuUBD 3 Address of Operand+1 1 Operand Data (LSB)
4 Op Code Address+2 - 1 Next Op Code
STD STS 1 Op Code Address+ 1 1 Destination Address (LSB)
STX a 2 Destination Address 0 Register Data (MSB)
3 Destination Address+1 0 Register Data (LSB)
4 Op Code Address+2 1 Next Op Code
JSR 1 Op Code Address+1 1 Jump Address (LSB}
2 FFFF 1 Restart Address {LSB)
5 3 Stack Pointer 0 Return Address (LSB)
4 Stack Pointer—1 0 Return Address (MSB)
5 Jump Address 1 First Subroutine Op Code
TM 1 Op Code Address+ 1 1 Immediate Data
4 2 Op Code Address+2 1 Address of Operand {LSB)
3 Address of Operand 1 Operand Data
4 Op Code Address+3 1 Next Op Code
AlIM EIM 1 Op Code Address+1 1 Immediate Data
oM 2 Op Code Address+2 1 Address of Operand (LSB)
5 3 Address of Operand 1 Operand Data
4 FFFF 1 Restart Address (LSB)
5 Address of Operand (0] New Operand Data
6 Op Code Address+3 1 Next Op Code

@ HITACHI
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Table 12 Cycle-by-Cycle Operation (Continued)

Address Mode &

Cycle

Op Code Address+2
Address of Operand
Address of Operand

Address of Operand (LSB)
Operand Data
00

Instructions Cycles A Address Bus R/W Data Bus
EXTEND
JMP 1 Op Code Address+1 1 Jump Address (MSB)
2 Op Code Address+2 1 Jump Address (LSB)
3 Jump Address 1 Next Op Code
ADC ADD TST 1 Op Code Address+1 1 Address of Operand (MSB)
AND BIT 2 Op Code Address+2 1 Address of Operand (LSB)
CMP EOR 3 Address of Operand 1 Operand Data
LDA ORA —] 4 Op Code Address+3 1 Next Op Code
SBC SuB
STA 1 Op Code Address+1 1 Destination Address (MSB)
2 Op Code Address+2 1 Destination Address (LSB)
3 Destination Address o] Accumulator Data
4 Op Code Address+3 1 Next Op Code
ADDD 1 Op Code Address+ 1 1 Address of Operand (MSB)
CPX LDD 2 Op Code Address+2 1 Address of Operand (LSB)
LDS LDX 3 Address of Operand 1 Operand Data (MSB)
SUBD 4 Address of Operand+1 1 Operand Data (LSB)
5 Op Code Address+3 1 Next Op Code
STD STS 1 Op Code Address+1 1 Destination Address (MSB)
STX 2 Op Code Address+2 1 Destination Address (LSB)
3 Destination Address 0 Register Data (MSB)
4 Destination Address+1 0 Register Data (LSB)
5 Op Code Address+3 1 Next Op Code
JSR 1 Op Code Address+1 1 Jump Address (MSB)
2 Op Code Address+2 1 Jump Address (LSB)
3 FFFF : 1 Restart Address (LSB)
4 Stack Pointer 0 Return Address (LSB)
5 Stack Pointer—1 0 Return Address (MSB)
6 Jump Address 1 First Subroutine Op Code
ASL ASR 1 Op Code Address+1 1 Address of Operand (MSB)
cOoM DEC 2 Op Code Address+2 1 Address of Operand {LSB)
INC LSR 3 Address of Operand 1 Operand Data
NEG ROL 4 FFFF 1 Restart Address (LSB)
ROR 5 Address of Operand o] New Operand Data
6 Op Code Address+3 1 Next Op Code
CLR 1 Op Ccde Address+1 1 Address of Operand (MSB)
2 1
3 1
4 (4]
5 1

Op Code Address+3

Next Op Code

@® HITACHI
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Table 12 Cycle-by-Cycle Operation (Continued)

Address Mode & Cycles Cycle Address Bus R/W Data Bus
Instructions #
IMPLIED
WAI 1 Op Code Address+ 1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
3 Stack Pointer 0 Return Address (LSB)
4 Stack Pointer—1 (0] Return Address (MSB)
9 5 Stack Pointer—2 0 Index Register (LSB)
6 Stack Pointer—3 0 index Register (MSB)
| _ 7 Stack Pointer—4 0 Accumulator. A
8 Stack Pointer—5 o] Accumulator B
9 Stack Pointer—6 0 Conditional Code Register
RTI 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
3 Stack Pointer +1 1 Conditional Code Register
T 4 Stack Pointer+2 3 Accumulator B
10 5 Stack Pointer+3 1 Accumulator A
6 Stack Pointer+4 1 Index Register (MSB)
7 Stack Pointer +5 1 Index Register (LSB)
8 Stack Pointer+6 1 Return Address (MSB)
9 Stack Pointer+7 1 Return Address (LSB)
10 Return Address 1 First Op Code of Return Routine
Swi 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
3 Stack Pointer 0 Return Address (LSB)
4 Stack Pointer — 1 0 Return Address (MSB)
5 Stack Pointer — 2 o] Index Register (LSB)
12 6 Stack Pointer — 3 0 Index Register (MSB)
7 Stack Pointer — 4 0 Accumulator A
8 Stack Pointer — 5 0 Accumulator B
9 Stack Pointer — 6 (o] Conditional Code Register
10 ' Vector Address FFFA 1 Address of SW1 Routine (MSB)
1 Vector Address FFFB 1 Address of SWI Routine (LSB)
12 Address of SWI Routine 1 First Op Code of SWI! Routine
SLP 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
{ FFFF High Iimpedance-Non MPX Mode
Address Bus -MPX Mode
4 Slelep
3 FFFF Restart Address (LSB)
4

Op Code Address+1

Next Op Code

@ HITACHI
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® ERROR PROCESSING

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

® Op-Code Error

Fetching an undefined op-code, the HD6303R will stack the
CPU register as in the case of a normal interrupt and vector to
the TRAP ($FFEE, $FFEF), that has a second highest priority
(RES is the highest).
® Address Error -

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

The address which cause address error are shown in Table
13.

This feature is applicable only to the instruction fetch, not to
normal read/write of data accessing.

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

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

Table 13 Address Error

Address Error

$0000 ~ $001F
v’
=_L_ HD6303R Enable
| MPU
Address
8 Strobe 8
4
Fe—1 Latch }<—@
16 8
ROM
RAM
PIA
GP1A
PTM
Address Bus Data Bus

Figure 23 HD6303R MPU Multiplexed Mode

S HITACHI

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

t:”E HD6303R MPU  |Enable
|
16 8
ROM
RAM
PIA
GPIA
PTM
Address Bus Data Bus

Figure 24 HD6303R MPU Non-Muitiplexed Mode
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® PRECAUTION TO THE BOARD DESIGN OF OSCILLA-
TION CIRCUIT
As shown in Fig. 26, there is a case that the cross talk dis-
turbs the normal oscillation if signal lines are put near the
oscillation circuit. When designing a board, pay attention to
this. Crystal and Cp must be put as near the HD6303R as
possible.

c
o ;'—1—.——41 XTAL

o

-}----4---Signal line

EXTAL

j

eemmemceealeeas[~~ - Signal line

2]
r

HD6303R

Do not use this kind of print board design.

Figure 26 Precaution to the boad design
of oscillation circuit

"*20mm max—»‘

Avoid signal lines
e~ // GND. / in this area.
2

Z%

Crystal

re—20mm max J

ZZMZZ
2 [e S
3
HD6303R
(Top View)

Fig. 27 Example of Oscillation Circuits in Board Design

= PIN CONDITIONS AT SLEEP AND STANDBY STATE
® Sileep State

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

® Standby State
Only power supply pins and STBY are active. As for the
clock pin EXTAL, its input is fixed internally so the MPU is

not influenced by the pin conditions. XTAL is in “1” output.
All the other pins are in high impedance. ‘
Table 14 Pin Condition in Sleep State
Pin Mode Non Multiplexed Mode Multiplexed Mode
Function 1/0 Port 1/0 Port
P20 ~ P2 > PO
Condition Keep the condition just before sleep —
Ao/Pro ~ Function Address Bus (Ag~A,) 1/0 Port
A1/P17 Condition Output 1" Keep the condition just before sleep
As ~ Aus Function Address Bus {Ag ~A;s) Address Bus (Ag ~Ays)
Condition Output 1" —-—
Do/Ao ~ Function Data Bus (Do ~D»5) E: Address Bus (Ao ~A,), E: Data Bus
D7/As Condition High Impedance E: Output 1", E: High Impedance
AW Function R/W Signal R/W Signal
Condition Output 1"
AS —_ QOutput AS
@ HITACHI 389
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by the transient current generated during switching. One of
example is a system in which the HD6303R directly accesses
high speed memory such as the HM6264. The noise generation
owing to the over current (Sometimes it may be several
hundreds mA for peak level.) during switching may cause data
write error.

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

Assuming the HD6303R is used as CPU in a system.

I. Noise Occurrence

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

/

R/W _\
As~Ays X Noise
N
Do ~ o2}

X

\waT(

Fig. 28 Noise Occurrence in address bus during write cycle

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

line.
07
ca| (i:' E |

v

HD6303R

Fig. 29 Noise Source

This noise level. Vy. appears on all output pins on the LSI
including the address bus.

; @ HITACHI

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

parameter.
Ca
N

Vnd Vn

Va Vn

——

Z9

Vn: Noise Voltage Zg: GND Impedance
Cd: Data bus load capacitance
N: Number of data bus lines switching from Hto L

Fig. 30 Dependency of the noise voltage on each parameter

I1. Noise Protection
To avoid the noise on the address bus during the system
operation mentioned before. there are two solutions as follows:
The one method is to isolate the HD6303R from peripheral
devices so that peripherals are not affected by the noise. The
other is to reduce noise level to the extent of not affecting peri-
pherals using analog method.
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(b) Reduction of GND line impedance
(1) Widen the GND line width on the PC board.
(2) Place the HD6303R close by power source.

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

Vee e
{ I I d
Power L ] L " I /0
Source HDB303R emory
GNOD | | "
AT 28
(Recommended)
Vee 1t
L |

Power
1/ M
Source o emory
GND 1

HD6303R

{Not recommended)

Fig. 33 Layout of the HD6303R on the PC board

® WARNING CONCERNING POWER START-UP

RES must be held low for at least 20 ms when the power
starts up. In this case, the internal reset function is not effective
until the oscillation begins at power-on. The RES signal is input
to the LSI in synchronism with the internal clock ¢ (shown in
Figure 34.)

Therefore, after power starts up, the LSI conditions such as
its 1/O ports and operating mode, are unstable. Fix the level of
I/O ports by means of an external circuit to determine the level
for system operation during the oscillator stabilization time.

o
—_— internal reset
RES pin D Q D QfF——" signal

Figure 34 RES circuit

@ HITACHI

= WRITE-ONLY REGISTER

When the CPU reads a write-only register, the read data is
always $FF, regardless of the value in the write-only register.
Therefore, be careful of the results of instructions which read a
write-only register and perform an arithmetic or logical opera-
tion on its contents, such as AIM, ADD, or ROL, is executed,
because the arithmetic or logical operation is always done with
the data $FF. In particular, don’t use the AIM, OIM or EIM
instruction to manipulate the DDR bit of PORT.
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1. Noise Isolation

Addresses should be latched at the negative edge of the
AS signal or at the positive edge of the E signal. The 74LS373

is often used in this case

2. Noise Reduction

As the noise level depends on each parameter such Cd, Ve
Zg, the noise level can be reduced to the allowable level by con-’
trolling those analog parameters.

(a) Transient Current Reduction

= D, ~ Dy (1) Reduce the data bus load capacitance. If large load
capacitance is expected, a bus buffer should be in-
5373 serted.
(2) Lower the power supply voltage Ve within specifi-
D,/A,~ D, /A, Ao ~ Aq cation.
G (3) Increase a time constant at transient state by insert-
ing a resistor (100 ~ 200Q2) to Data Buses in series
HD6303R to keep noise level down.
Table 18 shows the relationship between a series
As ~ Ays / Ay ~ Ay resistor and noise level or a resistor and DC/AC
/ characteristics.
AS %
| R
\ Additional Latch Di W
(7415373 for f I ;
noise isolation)
HDB303R ROM RAM 7o
Table 18.
Resistor
ltem No 10052 20092
Noise Voltage Level See Fig. 31
DC Characteristics oL 1.6 mA | 1.6 mA 1.0 mA
f=1MHz No change
AC tADL 190 ns 190 ns 210ns
Charac-
f=15MH t 395 395 375 ns
teristics ‘ ACC.:M ns ns
tADL 160 ns 180 ns 200 ns
f=2MHz taAsL 20 ns 20 ns Ons
faccm 270 ns 250 ns 230 ns

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

Maximum allowed
load capacitance of
the HD6303R
specification

R =100Q
R =200Q

R: Series Resistor

conditions
154
5 Vee =5.0V | cd=90pF
Ta=25°C
2g=0
N=8 ]
; ]
o 1.0 : R=0
o t
3 '
>
2
i)
zZ
0.5
4] T Ly
50 100
Data bus load capacitance Cd [pF]
Fig. 31
392

*Note: The value of series resistor should be carefully selected because
it heavily depends on each parameter of actual application
system.

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

E pin

A, pin

@ HITACHI
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Table 15 Pin Condition during RESET

Mode
Pin

Non-Multiplexed Mode

Multiplexed Mode

P20 ~ P2a

High Impedance

Ao/P1o ~ A1/P17

High Impedance

As ~ Ais

High Impedance

-——

Do/Ao0 ~ D71/A? —~—

High Impedance

E : 1" Output
€ : 1" OQutput Mo
(High Impedance}

R/W

1" Qutput

-—

AS

E : 1" Output
E : High Impedance

{Note)

In the multiplexed mode, the data bus is set to "'1"

external memory. Following 1 and 2 should be done to avoid the conflict;
(1) Construct the system that disables the external memory during reset.

output state during E = 1" and it causes the conflict with the output of

(2) Add 4.7 kQ pull-down resistance to the AS pin to make AS pin "0 level during E="1"

data bus high impedance state.

= DIFFERENCE BETWEEN HD6303 AND HD6303R

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

. This operation makes the

®» RECEIVE MARGIN OF THE SCi

Receive margin of the SCI contained in the HD6303R is
shown in Table 17.

Note: SCI = Serial Communication Interface

Table 16 Difference between HD6303 and HD6303R Table 17
Bit distortion Character
Item HD6303 HD6303R tolerance distortion tolerance
Operating Mode 2: Multiplexed {t—t0) /10 (T-To} /To
Mode 2: Not defined Mode , +3.75%
Mode (Equivalent to Mode 4) HD6303R *37.5% -2.5%
. The electrical character- | Some characteristics
g:f:'t;:t:::_ istics of 2ZMHz version are improved.
istics (B version} are not spec- | The 2MHz version is
ified. guaranteed.
Has problem in output
" compare function. .
Timer {Can be avoided by soft- The problem is solved.
ware.)
START 1 2 3 4 5 7 8 STOP

Ideal Waveform

LI 1

I L

I

Bit length I’“o"’l

Real Waveform

L l

Character length T,

|

L

-

T

|
s
1

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

390

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

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

PCL — MSP

PCH — MSP-1
IXL — MSP-2
IXH — MSP-3
ACCA — MSP-4

ACCB — MSP-5

CCR — MSP-6|

INTERRUPT

VECTORING

VECTORING

VECTORING

VECTORING

VECTORING

VECTORING

VECTORING| ] VECTORING

FFEE, FFEF

FFFC, FFFD

FFFA,

FFFB

FFF8, FFF9

FFF6. FFF7

FFF4, FFFS

FFF2, FFF3 | | FFFO, FFF1

I

NMI INTERRUPT
REQUESY FLAG
CLEAR

|

388

I

INTERRUPT REQUEST FLAG
EXCEPT NMI CLEAR

®

Figure 25 HD6303R System Flow Chart
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Table 12 Cycle-by-Cycle Operation {Continued)

Adﬂ;ﬁzc’\t’ilg:: & Cycles Cy;le Address Bus R/W Data Bus
RELATIVE

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

2 FFFF 1 Restart Address (LSB)

5 3 Stack Pointer 0 Return Address (LSB)
4 Stack Pointer—1 (¢} Return Address (MSB)
T 5 Branch Address 1 First Op Code of Subroutine

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

® Sleep Mode

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

The escape from this mode can be done by interrupt, RES,
STBY. The RES resets the MPU and the STBY brings it into the
standby mode (This will be mentioned later). When interrupt is
requested to the CPU and accepted, the sleep mode is released,
then the CPU is brought in the operation mode and jumps to
the interrupt routine. When the CPU has masked the interrupt,
after recovering from the sleep mode, the next instruction of
SLP starts to execute, However, in such a case that the timer
interrupt is inhibited on the timer side, the sleep mode cannot
be released due to the absence of the interrupt request to the
CPU.
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Figure 21 Standby Mode Timing
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This sleep mode is available to reduce an average power
consumption in the applications of the HD6303R which may
not be always running.

® Standby Mode

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

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

First, NMI routine stacks the CPU’s internal information and
the contents of SP in RAM, disables RAME bit of RAM control
register, sets the standby bit, and then goes into the standby
mode. If the standby bit keeps set on reset start, it means that
the power has been kept during stand-by mode and the contents
of RAM is normally guaranteed. The system recovery may be
possible by returning SP and bringing into the condition before
the standby mode has started. The timing relation for each line
in this application is shown in Figure 21.
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Table 12 Cycle-by-Cycle Operation {Continued)

Adli;e;zcz/:g:: & Cycles Cy;le Address Bus R/W Data Bus
IMPLIED
ABA ABX 1 Op Code Address+ 1 1 Next Op Code
ASL ASLD
ASR CBA
CLC cu
CLR CLV
COM DEC
DES DEX
INC INS -
INX LSR 1
LSRD ROL
ROR NOP
SBA SEC
SE! SEV |
TAB TAP
TBA TPA
TST TSX
TXS
DAA XGDX 2 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
PULA PULB 1 Op Code Address+1 1 Next Op Code
3 2 FFFF 1 Restart Address (LSB)
3 Stack Pointer+ 1 1 Data from Stack
PSHA PSHB 1 Op Code Address+1 1 Next Op Code
a 2 FFFF 1 Restart Address (LSB)
3 Stack Pointer 0 Accumulator Data
4 Op Code Address+ 1 1 Next Op Code
PULX 1 Op Code Address+1 1 Next Op Code
4 2 FFFF 1 Restart Address (LSB)
3 Sthck Pointer+ 1 1 Data from Stack (MSB)
4 Stack Pointer+2 1 Data from Stack (LSB)
PSHX 1 Op Code Address+ 1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
5 3 Stack Pointer 0 Index Register {LSB)
4 Stack Pointer—1 0 Index Register (MSB)
5 Op Code Address+1 1 Next Op Code
RTS 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
5 3 Stack Pointer+1 1 Return Address {(MSB)
4 Stack Pointer+2 1 Return Address (LSB)
5 Return Address 1 First Op Code of Return Routine
MUL 1 Op Code Address+ 1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
3 FFFF 1 Restart Address (L.SB)
7 4 FFFF 1 Restart Address (LSB)
5 FFFF 1 Restart Address (LSB)
6 FFFF 1 Restart Address (LSB)
7 FFFF 1 Restart Address (LSB)
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Table 12 Cycle-by-Cycle Operation {Continued)

Address Mode & Cycles Cycle Address Bus R/W Data Bus
Instructions #
INDEXED
JMP 1 Op Code Address+ 1 1 Offset
3 2 FFFF 1 Restart Address (LSB)
3 Jump Address 1 First Op Code of Jump Routine
ADC ADD 1 Op Code Address+ 1 1 Offset
AND BIT 2 FFFF 1 Restart Address (LSB)
CMP EOR a 3 IX+Offset 1 Operand Data
LDA ORA L 4 Op Code Address+2 1 Next Op Code
SBC SuB
TST
STA 1 Op Code Address+1 1 Offset
a 2 FFFF 1 Restart Address {LSB)
3 1X+ Offset [0} Accumulator Data
r 4 Op Code Address+2 1 Next Op Code
ADDD 1 Op Code Address+1 1 Offset
CcPX LDD 2 FFFF 1 Restart Address (LSB)
LDS LDX 5 3 IX+ Offset 1 Operand Data (MSB)
susD 4 IX+Offset+1 1 Operand Data {LSB)
5] Op Code Address+2 1 Next Op Code
STD STS 1 Op Code Address+1 1 Offset
STX 2 FFFF 1 Restart Address (LSB)
5 3 1X+ Offset 0 Register Data (MSB)
4 IX+Offset+1 0 Register Data (LSB)
5 Op Code Address+2 1 Next Op Code
JSR 1 Op Code Address+1 1 Offset
2 FFFF 1 Restart Address (LSB)
5 3 Stack Pointer (o] Return Address (LSB)
4 Stack Pointer -1 0 Return Address (MSB)
5 IX+Offset 1 First Subroutine Op Code
ASL ASR 1 Op Code Address+1 1 Offset
CoOM DEC 2 FFFF 1 Restart Address (LSB)
INC LSR 6 3 IX+Offset 1 Operand Data
NEG ROUL 4 FFFF 1 Restart Address (LSB)
ROR 5 IX+Offset 0 New Operand Data
6 Op Code Address+ 2 1 Next Op Code
TIM 1 Op Code Address+ 1 1 Immediate Data
2 Op Code Address+2 1 Offset
5 3 FFFF 1 Restart Address {LSB)
4 1X + Offset 1 Operand Data
5 Op Code Address+3 1 Next Op Code
CLR 1 Op Code Address+1 1 Offset
2 FFFF 1 Restart Address (LSB)
5 3 IX+Offset 1 Operand Data
4 1X +Offset 0 00
5 Op Code Address+2 1 Next Op Code
AIM EiM 1 Op Code Address+ 1 1 immediate Data
oM 2 Op Code Address+2 1 Offset
3 FFFF 1 Restart Address (LSB)
7 4 IX+Offset 1 Operand Data
5 FFFF 1 Restart Address (LSB)
6 1X+Offset (o] New Operand Data
7 Op Code Address+3 1 Next Op Code
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Tabie 10 Condition Code Register Manipulation Instructions

A ddressingModey| Condition Code Register
Operstions Mnemonic IMPLIED Boolean Operation 51 4 312 1 [
P | ~ | » H VPV IN|2Z [
Clear Carry CLC oC 1 1] 0-C 3 . . - . R
Clesr Interrupt Mask cut [+13 1 1 -1 e | R | @ . . .
Cleer Overtiow cLv 0A 1 1 0-V oo le e |R |e
Set Corry SEC 00 1 1 1-C o . . 3
Set Interrupt Mask SEI OF 1 1 11 . o je o |
Sat Overflow SEV o8 1 1 1=V . . 3 - S Y
Accumulator A — CCR TAP o6 [ 1 |1 A— CCR —_— @ —
CCR — Accumulstor A___ __ TPA o7 1 1 CCR— A . I . [ . I . [ . I .
[NOTE 1] Condition Code Register Notes: {Bit set it test is true and cleared otherwise)
(D (BitV)  Test: Result = 100000007
@ (BitC)  Test: Result § 000000007
@ (Bi1Q) Test: BCD Character of high-order byte greater than 9?7 (Not cleared if previously set)
@  (Bir¥W— Test: Operand = 10000000 prior to execution?
® (BitV)  Test: Operand = 01111111 prior to execution?
® (BitV} Test: Setequai to NeC=1 after the execution of instructions
@ {BitN}  Test: Result less than zero? (Bit 15=1)
[AH Bit)  Load Condition Code Register from Stack.
©)] (Bit 1} Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exit the wait
state.
@ {All Bit) Set according to the contents of Accumulator A,
@ (BitC) Result of Multiplication Bit 7=1 of ACCB?
[NOTE 2] CLIi instruction and interrupt. . .
if interrupt mask-bit is set {I=""1”") and interrupt is requested {IRQ, = 0" or IRQ, = "0"),
and then CLI instruction is executed, the CPU responds as follows.
The next instruction of CLI is one-machine cycle instruction.
Subsequent two instructions are executed before the interrupt is responded.
That is, the next and the next of the next instruction are executed.
@ The next instruction of CLI is two-machine cycle (or more) instruction.
Only the next instruction is executed and then the CPU jump to the interrupt routine.
Even if TAP instruction is used, instead of CLI, the same thing occurs.
Table 11 OP-Code Map
oP ACC ACC IND EXT, i ACCA or SP ACCB or X
CODE A B DIR | IMM DIR IND EXT | IMM DIR IND EXT
Hi 0000 0001 0010 oon 0100 (L]} o110 o 1000 1001 1010 (012} 1100 1101 1110 LARA
Lo 0 1 2 3 4 5 6 7 3 9 A B c D € F
0000 | O SBA BRA TSX NEG sus 0
0008 | 3 | NOP { CBA | BRN |INS AIM CMP 1
0010 | 2 BHI PULA oM s8C 2
0011 3 BLS PULB [ofe] U] SU8sD l ADDD 3
0100 | 4 | LSRD BCC | O&s LSR AND 4
0103 | 5 | ASLD BCS | TXS EiM BIT 5
0110{ 6 | TAP | TAB BNE PSHA ROR LDA 13
o1 |7 [TPA | TBA [BEQ [PSHB ASR STA L1 STA 7
1000} 8 | INX XGDX{ BVC PULX ASL EQR 8
1001 | 9 | DEX | DAA | BYS | RTS ROL ADC 9
1010 A | CLV | SLP BPL ABX DEC ORA A
101} [ B | SEV ABA BMI RTI ™ ADD 8
1100 | c | CLC BGE | PSHX INC CPX LOD [
1101 | D | SEC BLT MUL TST BSR L JSR sSTO o]
el € | Cli BGT | WAI JMP . LDs . LtoX E
Nt | F | SB1 BLE SWI CLR STS STX F
Lo ) 2 3 s [ s T 61 8 s | A [ 8 | ¢ o | € F

UNDEFINED OP CODE
* Only for instructions of AIM, OIM, EIM, TIM
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® New Instructions
In addition to the HD6801 Instruction Set, the HD6303R

has the following new instructions:

AIM---- (M) - (IMM) > (M)
Evaluates the AND of the immediate data and the
memory, places the result in the memory.

OIM---- (M) + (IMM) > (M)
Evaluates the OR of the immediate data and the
memory, places the result in the memory.

EIM---- (M) ® (IMM) > (M)
Evaluates the EOR of the immediate data and the
memory, places the result in the memory.

TIM----(M) - (IMM)
Evaluates the AND of the immediate data and the
memory, changes the flag of associated condition code
register

Each instruction has three bytes; the first is op-code, the

second is immediate data, the third is address modifier.

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

SLP----The MPU is brought to the sleep mode. For sleep
mode, see the *“‘sleep mode”™ section.

Table 8 Index Register, Stack Manipulation Instructions

Addressing Modes o ) Cong::::.?od.

Pointer Operations | Mremonic [ iMMED | DIRECT | INDEX |EXTEND |IMPLIED.| Arithmetic Operation slalal2]1]0
OP|~|#jOP|~|»|OPi~|n|OP|~|n|OP]~Tw HIIIN|Z|V]C

Compare Index Reg CPX BC|3f(3|9claj2|Aac]|5|2]|8BC|5]|3 X-M:M+1 elfelr |81t
Decrement Index Reg DEX 09|11 | X-t=-X sleloelt|eo]e
Decrement Stack Pntr DES 341111 |SP—1-5SP olejeiojiele
Increment Index Reg INX 08 |1t IX+1-X e|efo|tim|e
Increment Stack Pntr INS X 3|1 {1 iSPe1—~SP elelojole|e
Load Index Reg LOX CE|[3|3|DE|4|2EE|S|{2|{FE{5]3 M= Xy, (M+ 1)~ X\ elei@®m|t |[Rie
Losd Stack Pntr LOS BE |33 |9E |42 |AE[5]|2|BE|5]{3 M~ SPy,, iIM+1)~SP, |e[e|@|t[R]e
Store Index Reg STX OF |42 [EF (5|2 {FF|5|3 Xy =M, X ~(M+1) ele DIt |R|e
Store Stack Pntr STS 9F |4 |2 |AF|5]|2|BF |53 SPy M SP L~ iM+1) e le|@D|s [R]e
index Reg — Stack Pntr| TXS 3B |13 [X-1—~5P sie(elolofe
Stack Pntr — Index Reg| TSX 30 )1 |V |SP+1—-X e|[ojofoiefe
Add ABX A1 |1 IB+X—=X elo|o|ojofe
Push Deta PSHX IC 51 X =My, SP-1—+SP e e|efo|e]e

Xy— My, SP~1-5P
Puil Dats PULX 3B (41 (SP+1=SP. M, =Xy [o]e|efe[ele
’ SP+ 1 SP My — X
Exchange XGDX 1812 |1 |ACCD—IX ejo|/oioo]e

Note) Condition Code Register will be explained in Note of Table 10.
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Table 7 Accumulator, Memory Manipulation Instructions

Condition Code
Addressing Modes .
Operstions N L Boolean/ Register

IMMED | DIRECT | INDEX |[EXTEND | IMPLIED Arithmetic Operation S{a]3]2(1]0

OP |~ i #|OP |~ |#IOP|~[#|OP|~|2|OP|~|w» HIIINIZIVIC

Add ADDA 88 |2|2]98)3(2|AB{4{2|BB |43 A+ M-~ A tjefssfs]s
ADDB cB|2|2/o8|3 |2 [€EB 2|F8{4]3 8+M—B t{et]s[s]s

Add Double ADDD C3[3|3|03|4a(2}€e3|5|2(F3|5]3 A:B+M:M+1-A:8 |ele[sis]s]s
Add Accumulators ABA 1IBl{1[1|A+B—-A tle[(sfs (3|t
Add With Carry ADCA 89 [2]299 |3 ]|2]a9|4[2]B9|4a]3 A+M+C—A tlefssfs]t
ADCB C9 2|2 (p9{3|2]€9[4|2]|F9|a]3 B+M+C—~B tleft]s|e}s

ANO ANDA B84 (229413 |2]As|4a[2]Baa]a AM-— A elefslt]a]e
ANOB C4 2|2 04|33 |2 Eaa|2]Fa a3 8-M—8 eletlit|R]|e

Bit Test BIT A 85 1212195 [3 |2 |Aa5|a|2 (85|43 A-M eleitltir]e
BIT 8 csf{2|2|osf3|2|es|a|2|F5[al3 B-M efeftit|Rle

Clear CLR 6F |5(2 [7F |5 |3 00—~ M ele |R[s[R]R
CLRA 4aF 1111 {00~ A e [e|RISIRR

CLRB SF{1{1|o0-8 e|e[R|s|R[R

Compare CMPA 81 j2(2 (91 |3 [2]|Av[4}2|B1 |43 A-M oleisft]t |2
CMmPB Crij2|2|0V|3 |21 |a|2]F1[a]3 8-M elejtit|t]s

mm.m’ cea Mitf{1]a-8 elofs]|s|s]t
Complement, 1's coMm 63 [6(2]713 |63 M—M eleit]siR]S
COMA 43 (1 [V jA—-A oo ititlIR|S

coms s3{1[1]8 -8 eieft|tiR]s

Complement, 2's NEG 60162 |70 {6 |3 00-M—M sfefs[t]OD
{Negate) NEGA 40 11{1}00-A-A eleitit D@
NEGB 50|11 ]00-8—~8 e le st |D|G

Decimal Adjust, A DAA 192p f:;?c;gsb:::;yﬂagg ?;r;!ncmo clepr|rr@
Decrement DEC 6A 612 |7A |6 13 M-1-M ole |3 |@Dfe
DECA dAl1 |1 fA-1—-A eofe st i@]e

DEC8 SAltj1[B-1—-8B oottt |@|e

Exclusive OR EORA 88 |2/2(98 |3 |2|AB |4 {268 |4 |3 ADM-A eje(t|t]R]e
EORB C8 (2121083 [2 €3 |4 |2 [F8 |4 |3 B® M~ B efeft|t[R]e

Increment INC 4 6Clef2(ic|s]3 M+] =M sjeit]t|®|e
INCA 4aC |1t jAa+s1—-A eie L[t |De

INC8B 5Ci{1{1i{B+1~8 e e it iB]|e

Load LDAA 86 |2{2(96 |3 |2[A6[4[2]86 |4 |3 M- A ejeltit|R|e
Accumulator toAaB  |cs (22 |o6|3 |2 [es a2 [F6 |a i3 M-8 elols]t]r]e
Losd Double LoD cc (3|3 joc|4 |2 |ec|s |2 |rcis |3 M+1=B. M=A elelt|s|n]e
Multiply Unsigned | MUL 30|7|1|AxB~A:8B ejejejei @
OR, Inclusive ORAA 8A[2|2]|9A|3 (2 |AA|4 (2 BA[4[3 A+M—A ofe[t[tR]e
ORAB CAl2]|2|oAa[3 |2|ea]la]2|Fala |3 B+M—~ B B

Push Data PSHA 6 [a[1]A=Mp, SP-1~5P efeelejo]e
PSHB 374118 —~Msp, SP-1~5P . olejele

Pull Deta PULA 32{3|1[SP+1-SP. Mwp—~ A eio|le|ofeie
PULS 33/3[1jSP+1-SP. Mp—~B ejejejo]ele

Rotate Left AOL 69 16(2(79 (6|3 ~ eleft |t i@
ROLA 49 {1 |1 Alﬁ LECRESERICONE]

ROLB s [1]v]e »7 O BBE

Rotate Right ROR 66 (6]2(76 {63 » CREREREROIED
T =TI ) oo [ free

RORB s6[1[1]8® oo ltft]|@®]s
Note) Condition Code Register will be explained in Note of Table 10. {to be continued)
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Table 6 SC! Format and Clock Source Control

CC1: CCo Format Clock Source Port 2 Bit 2 Port 2 Bit 3 Port 2 Bit 4
0 0 - - - - -
¢] 1 NRZ Internal Not Used * ** . .
1 0 NR2Z Internal Output® .o .e
1 1 NRZ External input . .o

* Clock output is available regardless of values for bits RE and TE.

**® Bit 3 is used for serial input if RE = **1" in TRCS.
Bit 4 is used for serial output if TE = 1" in TRCS.

*** This pin can be used as /O port.

® Transfer Rate/Mode Control Register (RMCR)
The register controls the following serial I/O functions:
- Bauds rate +data format - clock source
*Port 2 bit 2 feature
It is 4-bit write-only register, cleared by RES. The 4 bits are
considered as a pair of 2-bit fields—The lower 2 bits control the
bit rate of internal clock while the upper 2 bits control the
format and the clock select logic.
g:: ?gg?} Speed Select
These bits select the Baud rate for the internal clock. The
rates selectable are function of E clock frequency of the CPU.
Table 5 lists the available Baud Rates.
g::Z}(éCCOI } Clock Control/Format Select
They control the data format and the clock select logic.
Table 6 defines the bit field.

® |Internally Generated Clock
If the user wish to use externally an internal clock of the
" serial 1/0, the following requirements should be noted.
+CC1, CCO must be set to “10™. d
- The maximum clock rate must be E/16.
> The clock rate is equal to the bit rate.
+The values of RE and TE have no effect.

® Externally Generated Clock
If the user wish to supply an external clock to the Serial
1/0, the following requirements should be noted.
*The CCI, CCO must be set to “11" (See Table 6).
*The external clock must be set to 8 times of the desired
baud rate.
- The maximum external clock frequency is E/2 clock.

® Serial Operations

The serial 1/O hardware must be initialized by the software
before operation. The sequence will be normally as follows.

*Writing the desired operation control bits of the Rate and

Mode Control Register.

* Writing the desired "operation control bits of the TRCS

register.

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

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

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

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

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

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

During the data transfer, the start bit (“0”) is first trans-
ferred. Next the 8-bit data (beginning at bit 0) and finally the
stop bit (**17"). When the contents of the Transmit Data Register
is transferred to the output shift register, the hardware sets the
TDRE flag bit: If the CPU fails to respond to the flag within
the proper time, TDRE is kept set and then a continuous string
of I’sis sent until the data is supplied to the data register.

® Receive Operation

The receive operation is enabled by the RE bit. The serial
input is connected with Port 2 bit 3. The receiver operation
is determined by the contents of the TRCS and RMC register.
The received bit stream is synchronized by the first “0” (start
bit). During 10-bit time, the data is strobed approximately at
the center of each bit. If the tenth bit is not “1”* (stop bit),
the system assumes a framing error and the ORFE is set.

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

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

® RAM CONTROL REGISTER
The register assigned to the address $0014 gives a status
information about standby RAM.

RAM Control Register

? 6 s &4 3 2 1 o
soore | Sy fmamel x| x| ox b ox x| x

Bit 0 Not used.
Bit 1 Not used. -
Bit 2 Not used.
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pare register, this bit is transferred to the Port 2
bit 1. If the DDR corresponding to Port 2 bit 1 is
set “17, the value will appear on the output pin of
Port 2 bit 1.

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

ETOl (Enable Timer Overflow Interrupt); When set,
this bit enables TOF interrupt to generate the
interrupt request (TRQz). When cleared, the inter-
rupt is inhibited.

EOCI {Enable Output Compare Interrupt); When set,
this bit enables O€F—interrupt to generate the
interrupt request (IRQz). When cleared, the inter-
rupt is inhibited.

EICI (Enable Input Capture Interrupt); When set, this
bit enables ICF interrupt to generate the interrupt
request (IRQz). When cleared, the interrupt is
inhibited.

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

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

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

Reset will clear each bit of Timer Control and Status

Register.

Bit 1

Bit 2

Bit 3

Bit 4

Bit 5

Bit 6

Bit 7

® SERIAL COMMUNICATION INTERFACE

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

® Wake-Up Feature

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

Wake-Up feature is re-enabled by a ten consecutive “1”’s
which indicates an idle transmit line. Therefore software pro-
tocol must put an idle period between the messages and must
prevent it within the message.
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With this hardware feature, the non-selected MPU is re-
enabled (or “waked-up”) by the next message.

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

® Serial Communication Hardware

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

- an 8-bit control/status register

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

- an 8-bit read-only receive data register

- an 8-bit write-only transmit data register

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

® Transmit/Receive Contro} Status Register (TRCSR)

TRCS Register consists of 8 bits which all may be read while
only bits O to 4 may be written. The register is initialized to $20
on RES. The bits of the TRCS Register are explained below.

Transmit / Receive Control Status Register

7 6 5 4 3 2 1 o

[RDRFIOHFEITDRE[ RIE I RE l TIE l TE [ W—IADOH'
0011

Bit 0 WU (Wake Up); Set by software and cleared by hardware
on receipt of ten consecutive **1”’s. While this bit
is 17, RDRF and ORFE flags are not set even
if data are received or errors are detected. There-
fore received data are ignored. It should be noted
that RE flag must have already been set in advance
of WU flag’s set.

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

Bit 2 TIE (Transmit Interrupt Enable); When this bit is set,
TDRE (bit 5) causes an TRQz interrupt. When
cleared, TDRE interrupt is masked.

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

Bit 4 RIE (Receive Interrupt Enable}; When this bit is set,
RDRF (bit 7) or ORFE (bit 6) cause an TRQ2
interrupt. When cleared, this interrupt is masked.
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GND

” |

De/Ae ~ D, /A, 7415373
Address/Data >

Table 3 Mode Selection

Function Table
Address: A ~A, cton Ta

Output Enable Output
“8e! s ° e
t M M H
L H L L
L L x Q,
H X X z

Data: D,~D,

Figure 15 Latch Connection

Table 4 Internal Register Area

Operating Mode Pio Pa P22
L H L
Multiplexed Mode
L L H
Non Multiplexed Mode H L L
L: logic 0"
H: logic 1"

& MEMORY MAP

The MPU can provide up to 65k byte address space. Figure
16 shows a memory map for each operating mode. The first 32
locations of each map are for the CPU’s internal register only,
as shown in Table 4.

Register Address
Port 1 Data Direction Register** 00°*
Port 2 Data Direction Register** 01
Port 1 Data Register 02+
Port 2 Data Register 03
Timer Control and Status Register 08
Counter {High Byte) 09
Counter {Low Byte) 0A
Output Compare Register (High Byte) oB
Output Compare Register (Low Byte) ocC
Input Capture Register {High Byte) 0D
Input Capture Register (Low Byte) OE
Rate and Mode Control Register 10
Transmit/Receive Controf and Status Register 1
Receive Data Register 12
Transmit Data Register 13
RAM Control Register 14
Reserved 15-1F

* External address in Non Muitiplexed Mode
** 1=0utput, 0= Input

Non-Multiplexed
$0000
} Internat Regsters
$001F
l External Memory Space
$0080
} internal RAM
SO0F F
External Memory Space
SFFFF
[NOTE] .
Exciudes the following addresses which may be
used externally; $00, $02.

Multiplexed

Internal Registers

External Memory Space

e —

Internat RAM

Externai Memocy Space

SFFEF

Figure 16 HD6303R Memory Maps
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an input.

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

* Only one exception is bit 1 of Port 2 which becomes either a
data input or a timer output. It cannot be used as an output

port.

Table 2 Port and Data Direction Register Addresses

Data Direction
Ports Port Address Register Address
1/0 Port 1 $0002— $0000
1/0 Port 2 $0003 $0001
® /O Port 1

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

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

® 1/OPort2

This port has five lines, whose 1/O direction depends on its
data direction register. The 5-bit output buffers have three-state
capability, going high impedance state when used as inputs. In
order to be read accurately, the voltage on the input lines must
be more than 2.0V for logic *“1” and less than 0.8V for logic
“0". After the MPU has been reset, I/O lines are configured as
inputs. These pins on Port 2 (P20 ~ P22 of the chip) are used
to program the mode of operation during reset. The values of
these three pins during reset are latched into the upper 3 bits
(bit 7, 6 and 5) of Port 2 Data Register which is explained in
the MODE SELECTION section.

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

» BUS
L DO/AO -~ D7/A7

This TTL compatible three-state buffer can drive one TTL
load and 90 pF capacitance.
Non-Multiplexed Mode

In this mode, these pins become only data bus (Do ~ D7).
Multiplexed Mode

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

® Ay~ A

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

368

® MODE SELECTION

The operation mode after the reset must be determined by the
user wiring the P20, P21, and P22 externally. These three pins are
lower order bits; [/O 0, 1/0 1, 1/O 2 of Port 2. They are latched
into the control bits PCO, PC1, PC2 of 1/O Port 2 register when
RES goes “High”. 1/0 Port 2 Register is shown below.

Port 2 DATA REGISTER

7 6 S 4 3 2 1 o

$0003 | pc2 | Pcr| Pco |04 (O3 [ HO2 | WOV {HO O

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

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

The HD6303R operates in two basic modes: (1) Multiplexed
Mode, (2) Non Multiplexed Mode.

® Multiplexed Mode

The data bus and the lower order address bus are multiplexed
in the Do/Ao ~ D7/A7 and can be separated by the Address
Strobe.

Port 2 is configured for 5 parallel 1/O or Serial /O, or Timer,

or any combination thereof. Port 1 is configured for 8 parallel
1/0.

® Non Multiplexed Mode

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

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

® Lower Order Address Bus Latch

Because the data bus is multiplexed with the lower order
address bus in Do/Ao~ D7/A7 in the multiplexed mode, address
bits must be latched. It requires the 74LS373 Transparent octal
D-type to latch the LSB. Latch connection of the HD6303R
is shown in Figure 15.
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vVee

RL = 2.2k
(4.0k2 for E)
Test Point
152074 @

or Equiv.

C=90pF for AS, R/W, Do/A, ~ D./A,, and AS
=30pF for Pyp ~ P2y and Ag /Py ~ A7 /P,y
=40pF for E

R=12kQ

Figure 7 Bus Timing Test Loads (TTL Load)

Interrupt
Test
-—

- Uy

Madress 8os — X | XX

Op Code Op Code  FFFF SP SP.1

sP-3  SPa SP-5 SP-6 Vector Vector New PC
ms8

NMI. IRQ, ﬁ Address Address+ 1 N aress kigvzss Address
—t b—tpcs
Do XX >§ X X X__XC
Data Bus -
Op Code Uperand Irrelevant pCo -~ PC8 - 1X8 ~ ACCA ACCB CCR ector Vector First inst. of

Internat p_ p Code ngea PC7 PC15 IX15 K LSB __interrupt Routine
internal / \
Weie

Figure 8

Interrupt Sequence

—55V
i {F
y 45V tre - ‘RC-—-I
cc — i m T r_ 45
“Vec-05v Vee-0Sv
STBY -1 = tpcs. trcs |
1 ’
[—vccnsv
RES — 3 0.8v o8v ., i

oo T O ———————C X X .

i

FFFF FFFE FFFF New PC

1

= TN N,

— T
b}

Figure 9 Reset Timing

® FUNCTIONAL PIN DESCRIPTION

® Vee. Vss

These two pins are used for power supply and GND.
Recommended power supply voltage is 5V £ 10%. 3 to 6V can
be used for low speed operation (100 ~ 500 kHz).

® XTAL, EXTAL
These two pins are connected with parallel resonant funda-

mental crystal, AT cut. For instance, in order to obtain the
system clock IMHz, a 4MHz resonant fundamental crystai is
used because the devide-by-4 circuitry is included. An exampl
of the crystal interface is shown in Fig. 10. EXTAL accept
an external clock input of duty 45% to 55% to drive. Fo
external clock, XTAL pin should be open. The crystal an
capacitors should be mounted as close as possible to the pins.
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TIMER, SCI TIMING
Test HD6303R HD63A03R HD63BO3R .
Item Symboi | Con- - - - Unit
dition| ™in| typ | max| min| typ | max|min} typ | max
Timer Input Pulse Width tewT 201 - - 120} - - 20| - = | teye
Delay Time, Enable Positive .
' Fig. - - - | - - ~ |4
Transition to Timer Out troo ig- 5 400 400 00} ns
SC! Input Clock Cycle tseye 20 — | - 20 — | - 120 — | — |teye
SCI Input Clock Puise Width tpwscK 04| — |06 |04 — |06 {04]| — | 0.6 ]tseye
MODE PROGRAMMING
Test HD6303R HD63A03R HD63BO3R .
Item Symbol } Con- - - - Unit
dition | min | typ | max | min | typ | max | min| typ | max
RES ““Low” Pulse Width PWgsTL 3 — - |3 — -~ 13 — — | teye
Mode Programming Set-up Time | typs Fig. 61 2 -1 - ]2 - | - {2 — | = | tye
Mode Programming Hold Time tMPH 150 — - 150} — — {150 - - ns
teve
Address Strobe
(AS)
o—(AS'
TN | —
2.4v Y , 4 A
PWE
Enable
(E) PWey
o.8v ( ‘
— l—tE, —d e TE¢
f——%tAD
— I*‘AH
R 2.4V
W A~ A Address Valid
0.8V
tASL —+ o
I ' tosw et
MPU Write 24v N 2.4V
0,~D,.A,~A, Joesss >— Data Valid >———
K 0.8V A 0.8v
Tasm
tapu osR o .
MPU Read i';;/"” (- 2.0v
0,~0, A ,~A, Valid Data Vaiid
0.8V L 0.8V
|
tacem!

364

Figure 1 Multiplexed Bus Timing
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» BLOCK DIAGRAM

]
4«

Q< |Z

O AF x l§|g_‘$

>> X wwlZiTic

L

Di/A3z~ — AddrESS‘
D./A.~—| Data

De/As~—] Buffers

Qmuxd

Mode
¥}
P20
Port ;"
2 22
P2a
Pie
Timer
SCi

Address
Buffers

Port fo . Py3/A3
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® PIN ARRANGEMENT

® HD6303RP, HD63A03RP,
HD63BO3RP

TR A/Pyy

23 A e, 79

Ral A NG 27
B3 A AP [22
ﬁ A

E Vee

{Top View)

®HD6303RCP, HD63A03RCP,
HD63B03RCP

® HD6303RF, HD63A03RF,
HD63BO3RF

- o -
- < = < <
ELS o <L
I PEENL I b
NRAAFRFAROBRRAREREE
NC g NC
RES O i3 D2/Az
STeY 4 D3/A3
P20 [ii] 73 Da/As
P2 2] 33 NC
P22 03] 3 Ds/As
P23 4] 170 De/As
P24 (i3] 39 D1/A7
NC [} 58 NC
Ac/Pro [F] A As
Av/Piy 38 Ao
A2/P12 (3] 33} Ao
NC [0} 4 NC
FEEEEEEEEEREIELE
2Eiiiisiiiiae
<<<<<
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® HD6303RCG, HD63A03RCG,
HD63BO3RCG

3] De/Ad
s/As
/As

0

,
I}

[y

r

|
e
r

i
[Sied
r

'
St
r

'
it

3:§ D1/Az
34| 03/A;
=

32|0

<3

31]0
fs:o“ Di/A)
{2:9: As
i
177) A0

[ Spepe

{2:61 A
4

P

1

1
o |
24
F23
[}
24
ol
]

fl

1

i

b -d
23
'

b s
3]
F23
14
' 2
shl
Ay/Pua|l 5
L2

Pail

P12
Ao/Pio|}
AP

(Top View)




