HD6303X, HD63A03X,

HD63B03X

CMOS MPU (Micro Processing Unit)

The HD6303X is a CMOS 8-bit micro processing unit (MPU)
which includes a CPU compatible with the HD6301VI1, 192
bytes of RAM, 24 parallel 1/0 pins, a Serial Communication
Interface {SCI) and two timers on chip.

FEATURES
Instruction Set Compatible with the HD6301V 1
192 Bytes of RAM
24 Parallel 1/0 Pins
16 1/Q Pins-Port 2, 6
8 tnput Pins-Port 5
Darlington Transistor Drive (Port 2, 6)
& 16-Bit Programmable Timer
input Capture Register x 1
Free Running Counter x 1
Qutput Compare Register x 2
8-Bit Reloadable Timer
External Event Counter Square Wave Generation
Serial Communication Interface
Memory Ready
Halt
Error-Detection (Address Trap, Op-Code Trap)
Interrupts . . . 3 External, 7 Internal
Up to 65k Bytes Address Space
Low Power Dissipation Mode
Sieep Mode
Standby Mode
® Minimum Instruction Execution Time -0.5us
(= 2.0 MHz)
¢ Wide Range of Operation
Vee =3~6V (f=0.1~05MHz).
f=0.1~ 1.0 MHz; HD6303X
Voo = 5VE10% | f= 0.1~ 1.6 MHz; HD63A03X
f=0.1~2.0MHz; HD63B03X

B PROGRAM DEVELOPMENT SUPPORT TOOLS
® Cross assembler and C compiler software for IBM PCs and
compatibles

HD&303XP,HD63A03XP.
HD63BO3XP

(DP-645S)

HD6303XF, HDE63A03XF,
HD63BO3XF

(FP-80)

HDB303XCP.,HDE3A03XCP,
HD63BO3XCP

(CP-68)
® In circuit emulator for use with IBM PCs and compatibles
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® PiN ARRANGEMENT

o HD6303XP,HD63A03XP,HD63BO3XP ® HD6303XF,HDB3A03XF,HDE3BO3XF
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= BLOCK DIAGRAM
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5 ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee -0.3~+7.0 v
Input Voltage Vin -0.3~ V403 \'4
Operating Temperature Topr 0~ +70 °c
Storage Temperature Teg -55 ~ +150 °c

{NOTE) This product has protection circuits in input terminal from high static electricity volitage 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 recommend V. Vo,¢: Vgg S (Viq or Vaud S Vee.

s ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vec = 5.0V10%, Vgg = 0V, Ta = 0~ +70°C, unless otherwise noted.}

Item Symbol Test Condition min typ max Unit
RES, STBY Vee-0.5 - y
Input “High’" Voltage EXTAL Vin Veex0.7 - +(;3°3 Y
Other Inputs 2.0 — '
Input ““Low”’ Voltage All Inputs Vi -0.3 - 08 v
NMI, RES, STBY, 0.5~V
Input Leakage Current MP, MP, . Port 5 [P Vin=05~Vec-05V - - 1.0 uA
Three State (offstate) |[Ag™~A s, Do~D7, RD, ~ -
Leakage Current WR,R'W, Port 2,Port 6 lhrsi| Vin= 0.5~ Vcc-0.5V - - 10 HA
lnn = -200uA 24 - - Vv
Output "'High” Voltage All Qutputs VoH oH s
low = - 10pA Vee-07 - — v
Output “"Low’ Voltage Al Qutputs VoL lg = 1.6mA - - 0.4 \
Darlington Drive _
Current Ports 2, 6 -lon Vout = 1.5V 1.0 - 100 mA
. Vi,=0V,f=1MHz,
Input Capacitance All Inputs Cin T;"= 25°C : - - 125 pF
Standby Current Non Operation IsTe - 3.0 15.0 uA
Sleeping {f = 1IMHz"*) - 1.5 30 mA
IsLp Steeping (f = 1.5MHz" "} - 2.3 45 mA
. Sleeping (f = 2ZMHz" ") — 3.0 6.0 mA
Current Dissipation - 5
Operating (f = 1IMHz*") - 7.0 100 mA
lcc Operating (f = 1.5MHz" ") - 1056 15.0 mA
Operating (f = 2MHz"*) — 140 20.0 mA
RAM Standby Voltage VgAM 2.0 - - \

*Vyy min = Vee= 1.0V, V) max = 0.8V , All output terminals are at no load

=+ Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max.
values about Current Dissipations at x MHz operation are decided according to the following formuia;

typ. value (f =x MHz) = typ. value (f=1MHz) x x
max. value {f = x MHz)} = max. value (f = TMHz) x x

(both the sieeping and operating)
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® AC CHARACTERISTICS (Vgc =5.0V+10%, Vgg =0V, Ta =0~ +70°C, untess otherwise noted.)

BUS TIMING
Test HDB303X HD63A03X HD63B03X .
ltem Symbol Condition - - - Unit
min | typ | max { min | typ | max | min [ typ | max
Cycle Time teve 1 - 10 |0.666{ - 10 0.5 - 10 us
Enable Rise Time te, - - 25 - - 25 - - 25 ns
Enable Fall Time tet - - 25 - - 25 - - 25 ns
Enable Pulse Width “High’’ Level* | PWgy 450 - - 300 - - 220 - - ns
Enable Pulse Width “Low" Level® | PWg, 450 - — 300 - - 220 - - ns
Address, R/W Delay Time"* tap - - 250 | — - 190 | - - 160 | ns
Data Delay Time Write topw - - 200 - - 160 - - 120 ns
Data Set-up Time Read tosea Fig. 1 80 - - 70 - - 70 - - ns
Address, R/W Hold Time* tan 80 - - 50 - - 35 - - ns
Data Hold Time Write* THw 80 - - 50 - - 40 — - ns
Read tHR 0 - — 0 — — 0 — — ns
AD. WR Pulse Width* PWrw 450 | - - | 300 - - | 220 - - ns
RD, WR Delay Time tRWD - - 40 - - 40 - - 40 ns
RD.WR Hold Time tHRW - - 30 - — 30 - - 25 ns
LTR Delay Time toLR - - {200 | - - 160 | — - 120 ns
LIR Hold Time tHLR 10 - - 10 — - 10 — - ns
MR Set-up Time* tsmn 400 - - 280 - - 230 - - ns
MR Hold Time* thma Fig. 2 — - 90 - - 40 - - 0 ns
E Clock Pulse Width at MR PWemn — — 9 - - 9 - - 9 us
Processor Control Set-up Time tecs ::69131' 200 - - 200 - - 200 - - ns
Processor Control Rise Time tper Fig. 2,3 - - 100 - - 100 - - 100 ns
Processor Control Fall Time tecs ' - - 100 - — 100 — - 100 ns
BA Delay Time tgA Fig. 3 - - 250 - — 190 - - 160 ns
Oscillator Stabilization Time tac Fig. 11 20 - - 20 - - 20 - - ms
Reset Pulse Width PWggT 3 - - 3 - - 3 - - L
* These timings change in approximate proportion 10 teye: The figures in this characteristics represent those when teyc Is mimmum
{= in the highest speed operation].
PERIPHERAL PORT TIMING
Test HDB303X HD63A03X HD63B03X .
Item Symbol Condition - - - Unit
min typ max min typ max min typ max
B [ Ports2,5,6  |tosy | Fig.5 | 200 | ~ | — 200 - | - 200 | - | — | s
Peripheral Data | poris2,5,6 | toon Figs | 200 — | - l200] - | — |200| — | = | ns
Delay Time (Enable
Negative Transition to | Ports 2, 6 | tpwo Fig. 6 - - 300 - - 300 - - 300 ns
Peripheral Data Valid)
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TIMER, SCI TIMING

Test HDB303X HD63A03X HD63B03X ,
Item Symbol o - - - Unit
Condition | min | ty max | min | typ | max | min | typ | max
P
Timer 1 Input Pulse Width tewT Fig. 8 2.0 - - 20 - - 2.0 - - teye
Delay Time (Enable Positive .
Transition to Timer Output) troo Fig. 7 - - 400 - - 400 - ~ 400 ns
SCI Input Async. Mode . Fig. 8 1.0 - - 1.0 - - 1.0 — - Teye
Clock Cycle | Clock Sync. Seve Fig.4,8 | 2.0 - ~ | 2.0 - - | 20 - - teye
SCI Transmit Data Delay
Time (Clock Sync. Mode) trxo - | - |20| - | - {200]| — | - |20} ns
SCt Receive Data Set-up .
Time (Clock Sync. Mode) tshx Fig. 4 290 - - 280 - - 290 - - ns
SCI Receive Data Hold Time
{Clock Sync. Mode) tHRX 100 - - 100 - - 100 - - ns
SCI Input Clock Pulse Width tpwsck 04 - 06 | 04 = 06 | 04 - 06 | tseye
Timer 2 Input Clock Cycle tieye 20 - - 20 - — 20 - - teve
Timer 2 Input Clock Puise
Width twrck | figg 200 - | - [200| - | = |200 | — | - | ns
Timer 1-2, SCI Input Clock
Rise Time texe - - 10| - - |00 | - - | 100 ]| ns
Timer 1-2, SCI Input Clock
Fall Time ekt - - 100 — - 100 — - 100 ns
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= FUNCTIONAL PIN DESCRIPTION
® Vcc, Vss

Vee and Vsg provide power to the MPU with 5V10% sup-
ply. In the case of low speed operation (fmax = S00kHz), the
MPU can operate with three through six volts. Two Vgg pins
should be tied to ground.

® XTAL, EXTAL

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

AT Cut Parallel Resonant Crystal Oscillator

Co=7pF max
Rs=60Q max
XTAL
E CL|:CL2
= 10pF - 22pF - 20°,
EXTAL (32 8MHz)
Ciz 2= Cu

b

Figure 12 Crystal Interface

EXTAL pin can be drived by the external clock of 45 to
55% duty, and one fourth frequency of the external clock
is produced in the LSI. The external clock frequency should
be less than four times of the maximum operable frequency.
When using the external clock, XTAL pin should be open.
Fig. 12 shows an example of the crystal interface. The crystal
and Crp, Cp2 should be mounted as close as possible to XTAL

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

® STBY

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

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

¢ Reset (RES)

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

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

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

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

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

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

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

*The MPU is usabie to accept a reset input until the clock
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becomes normal oscillation after power on (max. 20ms). During
this transient time, the MPU and 1/O pins are undefined. Please
be aware of this for system designing.

® Enable (E)

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

® Non-Maskable Interrupt {NMI)

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

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

(Note) After reset start, the stack pointer should be initialized
on an appropreate memory area and then the falling edge

should be input to NMI pin.

® Interrupt Request (IRQ,, IRQ;)

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

The CPU uses the external interrupt pins, IRQ, and IRQ;,
also as port pins P, and Ps,, so it provides an enable bit to
Bit 0 and 1 of the RAM port 5 control register at 30014. Refer
to “"RAM/PORT 5 CONTROL REGISTER” for the details.

When one of the internal interrupts, ICI, OCl, TOI, CMI or
SI0 is generated, the CPU produces internal interrupt signal
(IRQ3). IRQ, functions just the same as IRQ, or IRQ, except
for its vector address. Fig. 13 shows the block diagram of the
interrupt circuit.

Tabie 1 Interrupt Vector Memory Map

Priority Vector Interrupt
MSB LS8
Highest FFFE FFFF RES
* FFEE FFEF TRAP
FFFC FFFD NMi
FFFA FFFB SWI (Software Interrupt)
FFFB FFF9 1RQ,
FFF6 FFF7 ICI {Timer 1 Input Capture)
FFF4 FFF5 OCt (Timer 1 Qutput Compare 1, 2)
FFF2 FFF3 TOI (Timer 1 Overflow)
FFEC FFED CMI (Timer 2 Counter Match)
‘ FFEA FFEB IRQ,
Lowest FFFO FFF1 SI0 (RDRF+ORFE+TDRE)
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Each Register's Interrupt

Enabie Flag
~1":Enable, "0'*; Disable
R
! o Condition
Code
1ROz —0"0- Register
il | VMASK
ICF 0 ‘0 .Enable
1 ;Disabley
OCF1 —wmimd— OO
[o]8]]
0CF2 ——— 400
101 1?—0/6— Interrupt
TOF oo Request
IRQ3 Signal
CMF 0/ CMt
RDRF
i
ORFE S0
TDRE —-———f—0—"0—
Steep
YT Edge ) Cancel
NMi Detective Signal
Circuit
Address Ervor | TRAP
Op Code Error
Detective Circuit
SWi

Figure 13 Interrupt Circuit Block Diagram

e Mode Program {MP,, MP}

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

® Read/Write (R/W)

This signal. usually be in read state (**High™"), shows whether
the CPU is in read (“High”) or write (“Low"} state 10 the
peripheral or memory devices. This can drive one TTL load
and 30pF capacitance.

¢ RD,WR

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

® Load Instruction Register {L1R)

This signal shows the instruction opecode being on data
bus {active low). This pin can drive one TTL Joad and 30pF
capucitance.

® Memory Ready (MR;Pg;)

This is the input vontrol signal which stretches the system
clock’s “"High” period to access low-speed memories. During
this signal is in “High", the system clock operates in normal
sequence. But this signal in “Low™", the “High" period of the
system clock will be stretched depending on its “Low™ level
duration in integral multiples of the cycle time. This allows the
CPU 1o intertuce with Tow-speed memories (see Fig. 2). Up 1o
9 ps can be stretched.

During internal address space aceess of nonvahid memaory

access. MR 1s prohibited internally to prevent decrease of oper-
ation speed. Even in the halt state, MR can also stretch *“‘High”
period of system clock to allow peripheral devices to access
low-speed memories. As this signal is used also as Ps,, an enable
bit is provided at bit 2 of the RAM/port 5 control register at
$0014. Refer to “RAM/PORT 5 CONTROL REGISTER” for
meore details.

® Halt (HALT; Ps3}

This is an tnput 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 into the halt state, it
makes BA (Ps) “High™ and also an address bus, data bus, RD,
WR. R/W high impedance. When an interrupt is generated
in the halt state, the CPU uses the interrupt handler after the
halt is cancelled.

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

2. When power is supplied with the condition that
HALT is “low”, MCU cannot sometimes release the
reset condition. even if RESET becomes “High”.
HALT should be low before RESET rises up.

® Bus Available (BA)

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

" PORT

The HD6303X provides three 1/O ports. Table 2 gives the
address of ports and the data direction register and Fig. 14
the block diagrams of each port.

Table 2 Port and Data Direction Register Address

Port | Part Address Data Direction Register
Port 2 $0003 $0001
Port 6 $0015 -
Port 6 $0017 $0016
® Port2

An 8-bit input/output port. The data direction register
(DDR) of port 2 controls the 1/0 state. It provides two bits;

Port Write Signal
| Port Output Enable

[§ .
Data Bus D a
imer, SCI
Output Enable
Timer 1, 2, v ‘
SCi Output | Tri-state
Port Read Signal Control
‘_l__L—\__Q_‘
Timer 1, 2,
SCI Input

Port 2

Port Read Signal
A

Data Bus

Port 5

bit O decides the I/O direction of P,, and bit ! the 1/O direc-
tion of Py; to Py, (““0” for input, “1” for output).

Port 2 is also used as an I/O pin for the timers and the
SCI. When used as an 1/O pin for the timers and the SCI, port
2 except Py automatically becomes an input or an output
depending on their functions regardless of the data direction
register’s value.

Port 2 Data Direction Register

7 6 5 4 3 2 1 0

DOR| OOR

1=l -1-1-1:3"c [|s000

A reset clears the DDR of port 2 and configures port 2 as an
input port. This port can drive one TTL and 30pF capaci-
tance. In addition, it can produce 1mA current when V,, =
1.5V to drive directly the base of Darlington transistors.

Port Write Signal

4
Data Bus D Q]

DDR write Signal

[
Q
A Port Read Signal

[ 1 j |
Reset
Port 6, Port 2 (Bit 0) ]

D

Timer 1 Input
{P1 only}

Figure 14 Port Block Diagram

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

® Port6

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

8 BUS
¢ D,~D,

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

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

= RAM/PORT 5 CONTROL REGISTER
The control register located at $0014 controls cn-chip
RAM and port 5.

RAM/Port 5 Control Register

7 6 [ 4 3 2 1 0
STBY - IRQ; [ IRQ:
PWR E] — HLTE| MRE | ¢ e $0014

Bit 0, Bit 1 iRQ,. IRQ; Enable Bit (IRQ, E, IRQ,E)

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

Bit 2 Memory Ready Enable Bit (MRE)
When using Py, as an input for Memory Ready signal, write
“1" in this bit. When “'0". the memory ready function is pro-
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hibited and Py, can be used as 1/O port. This bit becomes
“1” during reset.

Bit 3 Halt Enable bit (HLTE)

When using Pgy as an input for Hall signal, write 17" in this
bit. When “0”, the halt function is prohibited and Ps; can be
used as 1/O port. This bit becomes "1™ during reset.

(Note) When using Ps; and P53 as the input ports in mode 1
and 2, MRE and HLTE bit should be cleared just after
the reset.

Notice that memory ready and halt function is enable
1ill MRE and HLTE bit is cleared.

8it 4, Bit5 Not Used.

Bit 6 RAM Enable (RAME)

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

Bit 7 Standby Power Bit (STBY PWR)

When V¢ is not provided in standby mode, this bit is
cleared. This is a flag for both read/write by software. If this bit
is set before standby mode, and remains set even after returning
from standby mode, Ve voltage is provided during standby

mode and the on-chip RAM data is valid,

Vee
Q
L
MPo €
FT—— MP
|~ RD
D_E b—— WR
nL — R/W
E — —
5TBY LR
NMi HD6303X BA
2 MPU

Port
81,0 Lines
Tung:L 2
| 8 Data Bus
Port & <:>
8 Input Lines )
IRQy, I1RQ;

MR, RALT 16 Address
Port 6 <:’> Bus
81/0 Lnes
Vss  Vss
L4
r

Figure 15 Operation Mode

= MEMORY MAP
The MPU can address up to 65k bytes. Fig. 16 gives memory

map of HD6303X. 32 internal registers use addresses from “00"
as shown in Table 3.

Table 3 Internal Register

www.chipdocs.com

Address Registers R/W*"* Initialize at RESET
00 - - .
01 Port 2 Data Direction Register w $FC
02" = - —
03 Port 2 R/W Undefined
04" - - -
05 - - -
06" - - -
07" - - -
08 Timer Control/Status Register 1 R/W $00
09 Free Running Counter (“High"'} R/W $00
0A Free Running Counter {"Low") R/W $00
08 Output Compare Register 1 {"High""} R/W $FF
0c Output Compare Register 1 ("Low"’} R/W $SFF
oo Input Capture Register {'High”') R $00
0OE Input Capture Register {""Low’’) R $00
OF Timer Control/Status Register 2 R/W $10
10 Rate, Mode Control Register R/W $00
1 Tx/Rx Control Status Register R/W $20
12 Receive Data Register R $00
13 Transmit Data Register w $00
14 RAM/Port b Control Register R/W $7C or $FC
15 Port 5 R —
16 Port 6 Data Direction Register w $00
{continued)
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