HD6301V1,HD63A01V1, ——

HD63B01V1

CMOS MCU (Microcomputer Unit)

The HD6301V1 is an 8-bit CMOS single-chip microcom-
puter unit, Object Code compatible with the HD6801. 4kB
ROM, 128 bytes RAM, Serial Communication Interface (SCI),
parallel 1/0 ports and multi function timer are incorporated
in the HD6301V1. It is bus compatible with HMCS6800. Ex-
ecution time of key instructions are improved and several
new instructions are added to increase system throughput.
The HD6301V1 can be expanded up to 65k bytes. Like the
HMCS6800 family, 1/O level is TTL compatible with +5.0V
single power supply. As HD6301V1 is fabricated by the ad-
vanced CMOS process technology, power dissipation is extreme-
ly reduced. In addition to that, HD6301V1 has Sleep Mode and
Standby Mode at lower power dissipation mode, Therefore
flexible low power consumption application is possible.

® FEATURES
® Object Cade Upward Compatible with HDE801 Family
® Abundant On-Chip Functions Compatible with HD6801V0;
4kB ROM,128 Bytes RAM, 29 Parallel 1/O Lines, 2 Lines of
Data Strobe, 16-bit Timer, Serial Communication Interface
Low.Power Consumption Mode: Sleep Mode, Standby Mode
Minimum Instruction Execution Time

Tus {(f=1MHz), 0.67us (f=1.5MHz), 0.5us (f=2MHz)
Bit Manipulation, Bit Test Instruction
Protection from System Upset: Address Trap, On-Code Trap
Up to 65k Words Address Space
Wide Operation Range

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

f=0.1 to 2.0MHz (Vcc=5V +10%)

s TYPE OF PRODUCTS

Type No, Bus Timing
HD6301V1 1 MHz
HD63A01V1 1.5 MHz
HD63B01V1 2 MHz

B PROGRAM DEVELOPMENT SUPPORT TOOLS

® Cross assembler and C compiler software for IBM PCs and
compatibles

® In circuit emulator for use with IBM PCs and compatibles

HD6301V1P, HD63A01V 1P, HD63BO1V1P

(DP-40)

HD6301V1F, HD63A01V1F, HDE3BO1VIF

(FP-54)

HD6301V1CG,HD63A01VICG.HDE3BO1VICG

{CG-40)

HD6301V1CP, HDE3AB1V1ICP
HD63BO1V1CP

(CP-52)
HD6301V1L, HD63ADIVIL
HD63BO1VI1L
(CP-44)
G HITACHI
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® BLOCK DIAGRAM
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e PIN ARRANGEMENT

e HD6301V1P, HDE3A0IV1P, & HD6301V1F, HD63A01V1F, ® HDB8301V1CG, HD63A01V1CG, HD63BO1VICG
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s ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit

“Supply Voltage | Vee | w3~w0 | v
Tinput Vohage | Vi 0.3~ V03 v

Operating Temperature o Topr o —F:i)‘ ‘—AT e

Storage Temperature D Tso -65 ~ +1507WWW>T'* e

{NOTE) This product has protection circuits in input terminal from high static electricity voitage and high electric field.
But be careful not to apply overvolitage more than maximum ratings to these high input impedance protection
circuits. To assure the normal operation, we recommend Vin, Voue : Vgg & Vin or Vo) < Vee.
s ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (V¢ = 5.0V+10%, Vgg = OV, Ta = 0~+70°C, unless otherwise noted.}
Item Symbol Test Condition min typ | max | Unit
RES, STBY Vce-05| - v
Input ""High"” Voltage | EXTAL Vin Veex0.7] - +O°§ v
Other Inputs e | 1 2.0 -
Input “Low"” Voltage | All Inputs | v -0.3 ~los | v
Input Leakage Current | NMi, iRQ,, RES, STBY| i, ! Vin =0.5~Vec-05V|  — - | 1.0 | uA
Three State (off-state) P1o~Psq, Poo™~Pas
’ ‘ | in =06~ -0. - - .0 A
Leakage Current P1o~P3y, Pao™~Pa7, 153 Mysil | Via =08~V -05V ! #
Output “High” Voltage | All Output v lon = ~200uA 24 4 -1 1V
utpu i olta utpu
P 9 puts OH  [Mow = -104A Vee-07] - | - v
Output “Low’” Voltage | All Outputs Voo loL = 1.6mA = ~ | 0.66 \
. Vin=0V, f=1.0MHz,
Input Capacitance All Inputs Cin T;": 25°¢ - - | 125| pF
v, (STBY}= 0~06V|
. V,y (RES) =
Standby Current Non Operation lec H Ve ~0.5~V, V - 20 | 150 uA
V,_ (RES)=0~08V
. perating (f=1MHz"*) — 6.0 | 10.0
Dissipation* | A
Current Dissipation cc Steeping (f=1MHz"*) ~ 1.0 201 ™
RAM Stand-By Voltage Vaam 2.0 - - \

44

* Vyy min = Vo= 1.0V, V) max = 0.8V

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

typ. value

{f = x MHz) = typ. value (f=1MHz) x x

max. value (f = x MHz) = max, value (f = TMHz) x x

Hitachi America, Ltd.  Hitachi Plaza « 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 » (415) 589-8300

{bath the sleeping and operating}
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HD6301V1, HD63A01V1, HD63B01V1

® AC CHARACTERISTICS (Vg = 5.0V10%, Vgg = OV, Ta = 0~+70°C, unl therwi
et cC sS a unless otherwise noted.)

Test HDE301V1 HD63A01V1 | HD63BO1V1 )
Item Symbol | Con- - - - Unit
dition | MIn | typ | max| min |typ | max | min | typ | max

Cycle Time teye 1) - 10 | 0.666| — 10|05 | — 10 | us
f‘\g‘i:lgr:'s’s.Strobe Pulse Width PW ash 220| — _ |1sol = — 1ol = - ns
Address Strobe Rise Time tasr - - 20| — - 20| — - 20| ns
Address Strobe Fall Time tast - | - 2| - |- 200 - | - 20| ns
Address Strobe Delay Time * taso 60| - | — 40 | - | - 200 — | - ns
Enable Rise Time g, - | - 200 - | - 2| - | - 20| ns
Enable Fall Time te¢ - | - 20| ~ | — 20| - | - 20| ns
Enable Pulse Width “High'’ Leve!* | PWg, 450 - | - (300 |- | - |220| - | - ns
Enable Pulse Width 'Low’’ Level® | PWg 460 | — | — (300 |- | - |220( - | - ns

Address Strobe to Enable Dela - - R — | =
Time* \ tasen 60 40 20 ns
. taD1 - | - 12850 - |- |190| -~ | — | 160} ns

T .

Address Delay Time oz |Fie-V [ = “ 280 = “ T = [ = 1180 ns
Address Delay Time for Latch* taor |Fig.2 | — - [ 250 | - - 190 | — — | 160 | ns

it t - | - - | - - | -
Data Set-up Time Write osw 230 150 100 ns
Read |tpsm 80| - | - 60 | — | — 50| - | — ns
Data Hold Time Re.ad tue 0| - = o= = 0} - - o
Write |t w 20 - | - |- |- 2| - | - ns
Address Set-up Time for Latch® | tag, 60| - | — 40 | - | - 2| - | ~ ns
Address Hold Time for Latch taHL 30| - - 20 | - - 20| - - ns
Address Hold Time tan 20| — - 20 | — - 20| —~ - ns
Ay ~ A, Set-up Time Before E* | tagm 200 — - 110 | - - 60| ~ | — ns
Peripheral Read r;::;Multanexed {tacen! - | — |60 - |~ |[385|— |~ | 270| ns

Access Time - .

Multiplexed Bus | {taccm - - | 650 — - (396 - ~ | 270 | ns
Oscillator stabilization Time tac Fig. 10| 20| — - 20 | — - 20 | ~ - ms
Processor Control Set-up Time tpcs Fig. 11| 200| — - 200 - - |200| ~ - ns

*These timings change in approximate proportion to tcyc. The figures in this characteristics represent these
when tcyc is minimum (= in the highest speed operation).

PERIPHERAL PORT TIMING

Test HD6301V1 HD63A01V1 HD63B0O1V1 )
Item Symbot | Con- - - - Unit
dition | MIN | typ | max | min | typ | max| min [ typ | max

Peripheral Dat .
Setp Time. | Port1.2.3.4 [topsy |Fig.3(200| ~ | — 200 - | = |200| ~ | - | ns
Peripheral Data N
Hold Time Port1,2,3,4 | tepn Fig.3|/200| — | — | 200 — | — {200] — | — ns
Delay Time, Enable Positive
Transition to 053 Negative tospt | Fig.5| — | — | 300 — | — | 300 — | - |[300| ns
Transition
Delay Time, Enable Positive
Transition to 033 Positive tospz | Fig.5| — | — [300| — [ - |300] - | ~ [300] ns
Transition
Delay Time, Enable Nega-| pot ¢
tive Transition to Peri- 2*3 4|t%wo |Fig.4| — | — | 300 — | - |300| — | ~ |300| ns
pheral Data Valid v
Input Strobe Pulse Width tpwis | Fig.6| 200 — | - |200| - | - [200]| ~ | — ns
Input Data Hold Time Port3 |t Fig.6 | 150 | — ~ |180| - - (150] - - ns
{nput Data Setup Time | Port3 |tg Fig. 6 0| — - of - | - o - | - ns
* Except Pgy

@ HITACHI
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TIMER, SCI TIMING

Test HDB301V1 HD63A01V1 HD63B01V1 )
Item Symbol | Con- - - - Unit
dition| min{ typ | max|min| typ | max | min| typ [ max
Timer Input Puise Width tewT 20| - - 20| - - |20 - = | teye
Detay Time, Enable Positive i
Transition to Timer Qut troo [Fie. 7} - | — [400] — | — | 400 | — | - | 400 ns
SCI Input Clock Cycle tscye 20| - - 120 - - 120] - — | teye
SCI Input Clock Pulse Width thwscK 04| - (0604 — [06 |04 ]| — | 0.6 | tseye
MODE PROGRAMMING
Test HD6301V1 HD63A01V1 HD63B01V1
Item Symbol | Con- - - - Unit
dition | ™in typ | max [ min | typ [ max | min| typ | max
RES “Low" Pulse Width PWasT 3 - - |3 - - |3 - — | teye
Mode Programming Set-up Time | tyes Fig. 8| 2 — - |2 — - |2 - — | teye
Mode Programming Hold Time tmpH 150 | — — |180f - - 150 — - ns
teve
Address Sirobe
(AS)
X
~—1ASt
ASE Do
y Y
PWE
Enable
(€) sy PWeL
B\ N
—  |tee —~ et
l——tap 1 ——|
— TAH
RW ArAp 2av
(SC3 (Portd) Address Valid
08V
1
tase—|
N I TS
[ 'oew | —* Traw
MCU Write — rzav Y ¥ 2av
Do~D, A ~A, Address Dara Vaio }
(Poct 31 Valid
08V
. nammmdle 1. han *1 - ton

MCU Read
0,~D,. A,~A,
{Port 3}

Figure 1

(tacem!

7////‘ Not Valid

Expanded Multiplexed Bus Timing
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HD63B01V1

e —  leye
24v
Ensble W ——
(€} oW
EL ]
oav =
~ e - e
[~ tap1 ™~ ——t tAm
AR, {Port &) 24v
AW (SCy Address Valig
S (sCy 0 8Y
I
1'—'usw-—' r.
— Toanr
MCU Write 24V
D Val
0,~0, \ ata Valid
(Port3) 08V
- tacen! ~ Tha
MCU Read o
ata Valid
0,~0, T
02
Port 3) [—L L. oav
[ tan
A A, Port 1) 24v
Adres Valid
As~ A IPor &t o8V

WA  Not vaid

Figure 2 Expanded Non-Multiplexed Bus Timing

PooP ov
PP .
10 i v
Pt p [¥]
* PONr
Inputs tPOSU l._”
~ v
P30 ~Py 2ov Data Vaiid 20
Inpuls 08v 98V
I

*Port 3 Non-Latched Operation

Figure 3 Port Data Set-up and Hold Times
(MCU Read)

l—- MCU acress of Port 3*

€ 2av 24v

iso0061 X X

—— — *~1osD1 10s02
083 24y
08V

* Access matcnes Qutput Strobe Select {OSS = 0, a read,
0SS = 1,3 write)

Addren
Qus

Figure 5 Port 3 Qutput Strobe Timing
(Single Chip Mode)

[— MCU Write

o8v

e wo —f

Al Data 24V G vania
Port Outpuls % 0.8v

Note) Port 2: Except P,

Figure 4 Port Data Delay Times
(MCU Write)

w

Py ~ Py
Inputs

20V

Data Vahg
08V

20v
08v

Figure 6 Port 3 Latch Timing
(Single Chip Mode)}
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Twner

Output Compare
Caunter Maiched

2
«l

Made I1nputs
tyoo*t

Py Py Py
[ 24V . . .
Output 08V Figure 8 Mode Programming Timing
Figure 7 Timer Output Timing
Vee
Rp=2.2xn 14.0k0 for E)
Test Pount
152074 ®
of Equiv
C =90pF for Py~ Py, Puw~Pu, 5Ci. SC2
=30pF for Pio~—Pi:, Pro~ Pz
=40pF for E
R =12k

Figure 9 Bus Timing Test Loads (TTL Load)

Interrupt
Test
-—
E
Internal
Address Bus Op Code Qp Code - - - voscéor Vector  New
NMI. 1RG;. iﬁb‘.m Address Address + 1 O eas KD gy Address
— l—tpcs
Internal
Data Bus o
Internal X7 X156
Resd
Internsl /
Writa

Figure 10 Interrupt Sequence

vee 45V P [__,.c__l
R o

‘rcs 'PCS o
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Tosv ‘—OIV

FFFF FFFE FFFF New PC

DI

RTIEN

:L——}D . —
§ ‘

Figure 11 Reset Timing
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8 FUNCTIONAL PIN DESCRIPTION

® Vec, Vss

These two pins are used for power supply and GND. Re-
commended power supply voltage is SV 210%. 3 to 6V can
be used for low speed operation (100 ~ S00 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 crystal is
used because the devide-by-4 circuitry is included. An example
of the crystal interface is shown in Fig. 12. EXTAL accepts an
external clock input of duty 45% to 55% to drive, then internal
clock is a quarter the frequency of an external clock. External
driving frequency will be less than 4 times as maximum internal
clock. For external clock, XTAL pin should be open.

AT Cut Parallel Resonance Crystal
Co - 7 pF max
Ry - 60 42 max

o Tw—_

= Cpy = Cup =10~22pF » 20%

(32-8MH2)

EXTAL

L

Figure 12 Crystal Interface

@ Standby (STBY)

This pin is used to place the MCU in the Standby mode.
If this goes to “Low™ level, the oscillation stops, the internal
clock is tied to Vgg or Ve and the MCU is reset. In order to
retain information in RAM during standby mode. 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.

® Reset (RES)

This input resets the MCU. 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/0O ports
are uncertain. because MCU can not be reset without clock. To
reset the MCU 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) /O Port 2 bats, 2,10 are latched into bits PC2. PC1, PCO of
program control register.

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

(3) The interrupt mask bit 1s set. In order to have the CPU

recognize the maskable interrupts IRQ: and IRQa, clear
it before those are used.

® Enable (E)

This output pin supplies system clock. Output 1s a single-
phase, TTL compatible and 1/4 of the crystal oscillation fre-
quency. It will drive two LS TTL load and 40pF.

® Non maskable Interrupt {NMT)}

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 it NMI signal is detected. Interrupt
mask bit in Condition Code Register has no effect on NMI
detection. In response to NMJ 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 SFFFD are penerated
to Joad the contents to the program counter. Then the CPU
branch to a non maskable interrupt service 1outine.

® Interrupt Request {TRQ)

This level sensitive input requests maskable interrupt se-
quence, When [RQ: goes to “Low™. the CPU waits until it
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 request is
neglected.

Once the sequence has started, the information of Program
Counter. Index Register. Accumulators. Condition Code Re-
gister are stored on the stack. Then the CPU sets the interrupt
mask bit so that no turther maskable interrupts may be res-
ponded.

Table 1 Interrupt Vectoring memory map

_\ﬂﬁi"_‘ﬂ Intercupt
Highest Mg Lse
Priority FEFE | FFFF
FFEE | FFEF T
FEFC Frrol
FEFA | FFFQ .
[t S T
FEFQ
FFF7 ICF (Timec input Captuce)
FEFs OCF (Timet Output Compare)
€FF3 TOF (Tumer Overtiow}
Loweit FEF) SC) (RDAF + ORFE + TORE)
Priority

At the end of the cycle, the CPU generates 16 bit vectoring
addresses indicating memory addresses SFFF8 and SFFF9, and
load the contents to the Program Counter, then branch to an
interrupt service routine,

The Internal Interrupt will generate signal (IRQz) which is
quite the same as [RQ1 except that it will use the vector address
SFFFO to SFFF7.

When IRQ1 and TRQ: are generated at the same time. the
former precede the latter. Interrupt Mask Bit in the condition
code register. if being set. will keep the both interrupts off.

IRQ: has no internal latch, Therefore, if IRQy is removed
during suspension. that TRQu is ignored.

On occurrence of Address error or Op-code error. TRAP
tnterrupt 1s invoked. This interrupt has prionty next 1o RES,
Regardless ot the Interrupt Mask Bit condition, the CPU will

A HITACHI
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start an interrupt sequence. The vector for this interrupt will be
SFFEE, $FFEF.

The following pins are available only in single chip mode.

® Input Strobe (I$3) {SC1)

This signal controls IS3 interrupt and the latch of Port 3.
When the falling edge of this signal is detected, the flag of
Port 3 Control Status Register is set.

For detailed explanation of Port 3 Control Status Register,
see the /O PORT 3 CONTROL STATUS REGISTER section.

® Output Strobe (O53) (SC2)

This signal is used to send a strobe to an external device,
indicating effective data is on the /O pins. The timing chart for
Output Strobe are shown in Figure 5.

The following pins are available for Expanded Modes.

® Read/Write (R/W) (SC:)

This output signal indicates peripheral and memory devices
whether CPU is in Read (“High”), or in Write (“Low”). The
normal stand-by state is Read (“High”). Its output will drive
one TTL load and 90pF.

® /O Strobe (TOS) (SC1 )

In expanded non multiplexed mode 5 of operation, [0S
goes to “Low™ only when A¢ through Ais are “0” and As is
“1”  This allows external access up to 256 addresses from
80100 to $OIFF in memory. The timing chart is shown in
Figure 2.

o Address Strobe (AS) (SC1)

In the expanded multiplexed mode, address strobe signal
appears at this pin. It is used to latch the lower 8 bits addresses
multiplexed with data at Port 3. The 8-bit latch is controlled
by address strobe as shown in Figure 18. Thereby, 1/0 Port 3
can become data bus during E pulse. The timing chart of this
signal is shown in Figure 1,

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

® PORTS

There are four 1/O Ports on HD6301V1 MCU (three 8-bit
ports and one 5-bit port). 2 control pins are connected to one
of the 8-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”.
1/0 pin is programmed for output, if *“0”, then programmed for
an input.

There are four ports: Port 1, Port 2, Port 3, and Port 4.
Addresses of each port and associated Data Direction Registers
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
ort.

%E’S does not affect [/O port Data Register. Therefore, just
after RES, Data Register is uncertain. Data Direction Registers
are reset.

Table 2 Port and Data Direction Register Addresses

Data Direction

Ports Port Adaress | oo O s
1/Q Part 1 $0002 $0000
1/ Part 2 $0003 $0001
10 Part 3 $0006 $0004
1/O Porta $0007 $0005

® 1/OPort 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 0.8 V for logic “0".

These are TTL compatible. After the MCU has been reset, all
I/0 lines of Port 1 are configured as inputs in all modes except
mode 1. In all modes except Mode 1, Port 1 is always parallel
1/0. In mode 1, Port 1 will be output line for lower order ad-
dress lines (Ag to A;).

® {/O Port 2

This port has five lines, whose I/O direction depends on its
data direction register. The S-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 MCU has been reset, 1/O lines are configured as
inputs. These pins of Port 2 (pins P20, P21, P2 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 1/O lines. This port
also provides access to the Serial 1/0 and the Timer. However,
note that bit 1 (P21) is the only pin restricted to data input or
Timer output.

® /O Port3

This is an 8-bit port which can be configured as 1/O lines, a
data bus, or an address bus multiplexed with data bus. Its
function depends on hardware operation mode programmed by
the user using 3 bits of Port 2 during Reset. Port 3 as a data bus
is bi-directional. For an input from peripherals, regilar TTL
level must be supplied, that is greater than 2.0V for a logic *1”
and less than 0.8V for a logic “0". This TTL compatible three-
state buffer can drive one TTL load and 90pF capacitance. In
the expanded Modes, data direction register will be inhibited
after Reset and data direction will depend on the state of the
R/W line. Function of Port 3 is shown below.

Single Chip Mode (Mode 7)

Parallel Inputs/Outputs as programmed by its corresponding
Data Direction Register.

There are two control lines associated with this port in this
mode, an input strobe (IS3) and an output strobe (053), both
being used for handshaking. They are controlled by 1/0 Port 3
Control/Status Register. Function of these two control lines of
Port 3 are summarized as follows:

(1) Port 3 input data can be latched using 1S3 (SC1) as a

input strobe signal,

(2) 083 can be generated by CPU read or write 1o Port 3 s

data register.

(3) IRQ1 interrupt can be generated by an 1S3 falling

edge.
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Port 3 strobe and latch timing is shown in Figs. S and 6
respectively.
/O Port 3 Control/Status Register is explained as follows:

1/Q Port 3 Control/Status Register

7 [ 5 . 3 2 1 [}
83 x | oss|LaTCH | x X x
G
$000F | FLAG |ENABLE ENABLE
Bit 0 Not used.
Bit 1 Not used.

Bit 2 Not used.
Bit 3 LATCH ENABLE.

Bit 3 is used to contro! the input latch of Port 3, If the bit is
set at 17, the input data on Port 3 is latched by the falling edge
of IS3. The latch is released by the MCU read to Port 3; now
new data can be latched again by IS3 falling edge. Bit 3 is
cleared by a reset. If this bit is *0". IS3 does not affect 1/0
Port 3 latch operation.

Bit 4 0SS {Qutput Strobe Select)

This bit identifies the cause of output strobe generation: a
write operation or read operation to 1/0 Port 3. When the bit is
cleared. the strobe will be generated by a read operation to Port
3. When the bit is not cleared, the strobe will be generated by a
write operation. Bit 4 is cleared by a reset.

Bit 5 Not used.
Bit 6 153 IRQ: ENABLE.

If this bit is set, [RQ: interrupt by IS3 Flag is enabled.
Otherwise the interrupt is disabled. The bit is cleared by a
reset.

Bit 7 IS3 FLAG.

Bit 7 is a read-only bit which is set by the falling edge of 183
(SC1). It is cleared by a read of the Control{Status Register fol-
lowed by a read/write of 1/O Port 3. The bit is cleared by reset.

Expanded Non Multiplexed Mode {mode 1,5)

In this mode, Port 3 becomes data bus. (Do ~ D7)
Expanded Muitiplexed Mode (made 0, 2, 4, 6)

Port 3 becomes both the data bus (Do ~ D) and lower bits

of the address bus (Ae ~ A7). An address strobe vutput is **High™

while the address is on the port.

® {/OPortd

This is an 8-bit port that becomes either I/O or address
outputs depending on the selected operation mode. In order
to be read accurately, the voltage at the input lines must be
greater than 2.0V for a logic 1%, and less than 0.8V for a logic
“0”. For outputs, each line is TTL compatible and can drive one
TTL load and 90pF. Function of Port 4 for each mode is
explained below,
Single Chip Mode (Mode 7): Paralle! Inputs/QOutputs as pro-
grammed by its associated data direction register.
Expanded Non Multiplexed Mode (Mode 5): In this mode,
Port 4 becomes the lower address lines (Ao to A7) by writing
“1"s on the data direction register. After reset. this port
becomes inputs. In order to use these pins as addresses, they
should be programmed as outputs,

When all of the eight bits are not required as addresses, the
remaining lines can be used as /O lines (Inputs only).
Expanded Non Multiplexed Mode {Mode 1): In this mode, Port
4 becomes output for upper order address lines (As to Ass)
regardless of the vajue of the direction register.
Expanded Multiplexed Mode (Mode 6): In this mode, Port 4
becomes the upper address lines {As to Ais). After reset. this

port becomes inputs. In order to use these pins as addresses,
they should be programmed as outputs. When all of the eight
bits are not required, the remaining lines can be used as I/O
lines (input only).

Expanded Muiltiplexed Mode (Mode 0, 2, 4): In this mode, Port
4 becomes output for upper order address lines (As to Ais)
regardless of the value of data direction register.

The relation between each mode and /O Port 1 to 4 is
summarized in Table 3.

= MOQDE SELECTION

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

Port 2 DATA REGISTER

7 5 L 4 k] 2 1 o

Vo o]

An example of external hardware used for Mode Selection is
shown in Fig. 13. The HD14053B is used to separate the pe-
ripheral device from the MCU 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 HD6301V1 is shown in Table 4.

The HD6301V1 operates in three basic modes: (1) Single
Chip Mode; (2) Expanded Multiplexed Mode (compatible with
the HMCS6800 peripheral family), (3) Expanded Non Multi-
plexed Mode (compatible with HMCS6800 peripheral family).

SOOOJI rc2 rcv] PCO | HO 4 luo: o2 I 1. X}

& Single Chip Mode (Mode 7)

In the Single Chip Mode, all ports will become 1/O. This is
shown in Figure 15, In this mode, SC1, SC2 pins are configured
for control lines of Port 3 and can be used as input strobe (IS3)
and output strobe (OS3) for data handshaking.

® Expanded Multiplexed Mode (Mode 0, 2, 4, 6}

In this mode. Port 4 is configured for I/O (inputs only) or
address lines. The data bus and the lower order address bus are
multiplexed in Port 3 and can be separated by the Address
Strobe.

Port 2 is configured for 5 parallel 1/O or Serial 1/0, or Timer,
or any combination thereof. Port 1 is configured for 8 parailel
1/0. In this mode, HD6301VI is expandable up to 65k words
(See Fig. 16).

® Expanded Non Multiplexed Mode (Mode 1, 5)

In this mode, the HD6301V1 can directly address HMCS6800
peripherals with no address latch. In mode S, Port 3 becomes a
data bus. Port 4 becomes Ao to Az address bus or partial
address bus and 1O (inputs only}. Port 2 is configured for a
parallel 1/O, Serial I/O, Timer or any combination thereof.

Port 1 is configured as a parallel /O only.

In this mode, HD6301V1 is expandable to 256 locations.

[n mode 1, Port 3 becomes a data bus and Port 1 becomes
Ao to Av address bus, and Port 4 becomes As to Ais address
bus.
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In this mode, the HD6301V1 is expandable to 65k bytes
with no address latch. (See Fig. 17).

® Lower Order Address Bus Latch
Because the data bus is multiplexed with the lower order

address bus in Port 3 in the expanded multiplexed mode,
address bits must be latched. It requires the 7418373 Trans-
parent octal D-type to latch the LSB. Latch connection of
the HD6301V 1 is shown in Figure 18.

Vee
s 7 >
RS > :»
Rn “n Rn
" 17 "
X
X et HD6301V 1
.
\S P,, (PCO)
2, p,, (PCY)
[ X, p,, (PC2)
’ll vl
P . H0140538
! s Inh Note 1) Figure of Mode 7
cd "o 47 2) RC=~Reset Constant
de
e 3) R, =10kQ
Switch
Figure 13 Recommended Circuit for Mode Selection
Truth Table
?VDD —_—
o Conirol Input Ons N
—_——— — N Swatg!
Inh O— - Binary to 1-0f-2 Setect
A O— Level —1 “becod h Onmb.vl
80— converter | ecoder wi c|e|a|no140838
C 0 - Inhibin o Jofolo| z]v.x.
(]; o jojo|t] Z,]v,|x,
Vss Vee o Jo[t]e] z|v.[x,
X O— o lo|r]1] z]v.ix,
X, 0 - b—ox o Ttlolo] z[v,x
Y, Oo— [} vofv] ZJv,x
0 ] o Ve A
oy —
Y, 0 £ FV o rfrfe] z[vx,
2,0 . o [1[t{r]| z[v]x,
Z, 2 1 x{x|x
Figure 14 HD 140538 Multiplexers/De-Multiplexers
Vee
Vee L
T r [-—= Enable
= v
o [—> Enabte -_ | fe—o NMI
=] — —
< le—o M) STBY O——ﬂ <0 1RQ,
ST8Y 0——>] HDGJOW‘H 'RQ, RES O—»HD6301V1}— > AW
RES O—= MCU MCcu Port 3
Port 1 8 Lines
Port 1 <:—;I> Port3 81/0 Lmﬂ® Multiplexed
8 1/O Lines w 81/0 Lines Osta/Address
[ | Port 3 }—— Address Strobe
1/0 St
t— | 1/0 Strobes Pori 2 Port 4
Port 4 Port 2 5 1/0 Lines 8 Address
8 1/Q Lines 5 1/0 Lines SC Lines or
— scl Timer ’;7 8 1/O Lines
Ves Timer Vss {lnputy Only)
Figure 15 HD6301V1 MCU Single-Chip Mode Figure 16 HD6301V1 MCU Expanded
Multiplexed Mode
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Vee

Vee
e —> Ensble
[ ) — DJ Ensble
L —-O NMI L . QN_Ml
sTBY l«—o iRq, sTBY l=—o0 TRa,
HD6301V1
Port 1 MCu Port 3 rossa vt Port 3
: Pore 1 < : MCY <:\> ort
8 Parallel 1/O @ <:> 8 Data Lines To 8 Address Lines 8 Data Lines
> AW —> /@
—= 05
Part 2 Port 4 Port 2
5 Parallel 1/0 < . B Address llel A
scl @ Lines or 5 Parallel 1/O Ei:;d:jre”
Timer ,J., 8 1/0 Lines Timer ;,
tinputs Only)
Vss Vss
(al Mode 5 {b) Mode 1
Figure 17 HD6301V1 MCU Expanded Non Multiplexed Mode
GND
AS -———~——«1
G OC
Dl 0|
— ] -
Port 3 raLs3?2 Address 8,~A, Function Table
Address/Oata P 5 5 5 —————~> (?:,::‘:,‘l . Enatie . o":‘"
10¢)
h l nl O‘ L H H H
- . L H L L
L L x Q,
H x x z
L Data ©,-D,
Figure 18 Latch Connection
® Summary of Mode and MCU Signal
This section gives a description of the MCU signals for the
various modes. SC, and SC, are signals which vary with the mode.
Table 3 Feature of each mode and lines
PORT 1 PORT 2 PORT 3 PORT 4
MODE Eight Lines | Five Lines Eight Lines Eight Lines SC SC:
SINGLE CHIP (Mode 7} 1/0 10 170 170 153 () | O53(0)
ADDRESS BUS
EXPANDED MUX {Aa~A;) ADDRESS BUS*
(Mode 0, 2, 4, 6) /o 1/0 DATA BUS B Ans) AS(0} | RAW(0)
(Do~ D}
DATA BUS ADDRESS BUS* | —— N
EXPANDED | (Mode 5} /0 170 (Do~ D1 A Ar) 10S(0) | RW(O)
ADORESS BUS DATA BUS ADORESS BUS
NON-MUX | (Mode 1) " (a "4 ¥ 1/0 (Do~ Do) A Are) Not Used | R/W(O)
*These lines can be substituted for 1/0 {tnput Only) {(except Mode 0, 2, 4}
\ = laput 183 = Input Strobe sC = Strobe Contro!
o] = Dutput 083 = Qutput Strobe AS = Address Strobe
R/W = Read/Wnte 108 = 1/O Select
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Table 4 Mode Selection Summary

P P P.. interrupt Bus Operating
Mode | ipthy | k) | ko) | ROM | RAM Vectors Mode Mode
7 L] H H [} i 1 t Single Chip
6 ] 1] L | | ! | Muxi4) Multiplexed/Partial Decode
5 H L H | | 1 NMUX{4) Non-Multiplexed/Partis) Decode
4 H L L Et2) ‘"L___ 3 MUX M d/RAM
3 L H H - - - - Not Used
2 L H L g2 | E MUX Multiplexed/RAM
1 L L H gl2) | E NMUX Non-Multiplexed
[ L L t | 1 13 MUX Muttiplexed Test
LEGEND : {NOTES)
I~ internai 1) Internal RAM is addressed at $0080,
E — External 2) Internal ROM is disabled.
MUX — Muttiplexed 3) Reset vector s external for 3 or 4 cycles after
NMUX  — Non-Multiplexed RES goes ““high”’.
L - Logwc 0" 4) idle lines of Port 4 address outputs can
H — Logic 1" be assigned to Input Port,
8 Memory Map

The MCU can provide up 1o 65k byte address space
depending on the operating mode. Fig. 19 shows a memory map
for each operating mode. The first 32 locations of each map are
for the MCU’s internal register only, as shown in Table 5.

Table 5 Internal Register Area

Rogister Address
Port ! Data Direction Register**** 00°
Por1 2 Dets Direction Register *** o
Port 1 Data Register 02"
Port 2 Data Register 03
Port 3 Osta Direction Register **** 04
Port 4 Deta Direction Register ***° 05°**
Port 3 Dats Register 06°"
Port 4 Data Register [0
Timer Contro) snd Status Register 08
Counter (High Byte) 09
Counter (Low Byte) 0A
Output Compare Register (High Byte) o8
Output Compare Register (Low Byte) oC
Input Capture Register (High Byte) 00
input Capture Register (Low Bytel 0€
Port 3 Control and Status Register 4 0F
Rate and Mode Controi Register 0
Transmit/Receve Control and Status Register "
RAecewve Data Register 12
Transmit Data Reguster 13
RAM Controt Register 14
Reserved 151F

* External address in Mode 1
** External address in Modes 0, 1, 2, 4, 8; cannot be
accessed \n Mode 5
*** External address in Modes 0, 1,2, 4
**** 1 = Output, 0 = Input

@ HITACHI

54 Hitachi America, Ltd. e Hitachi Plaza ® 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 » (415) 589-8300



HD6301V1, HD63A01V1, HD63B01V1

HD6301V1
Mode

Muitiplexed Test mode

|

soooo' !
Internal Registers

$001F
External Memory Space

$0080 P
Internal RAM
$00FF
\ External Memory Space
$F000C \
[ Internal ROM

SEFFFI2)

INQTES]

1) Exctudes the following addresses which may be
used externally - $04, $05, $06, $07 and $0F.
Addresses $FFFE and $FFFF are considered
external if accessed within 3 or 4 cycles after a
positive edge of RES and internal at all other times
3] Atter 3 or 4 CPU cycles, there must be no overlapping
of internal and external memory spaces to avoid
driving the data bus with more than one device
This mode s the only mode which 15 used for
testing

2

4

HD6301V1
Mode

Non-Multplexed Partial Decode

$0000

] Internal Registers
SOOtF

] External Memory Space
$0080

‘ Internal RAM
SOOFF

External Memory Space
SFFFF
{NOTE)

E xcludes the following addresses which may be
used externally $00, $02, $04, $05, $06. $07
and $OF.

{10 be continued)

Figure 19 HDB6301V1 Memory Maps
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HD6301V1 HD6301V1 HD6301V1
Mode Mode Mode

Multiplexed/RAM Non-Multiptexed/Partial Decode
$0000 $0000
} Internal Registers } Internal Registers
$001F SootF
] External Memory Space Unusable
s $0080
0080 Internal RAM
Internal RAM SOOFF
$0100
SOOFF \ ’ E xternal Memary Space
SO1FF
Unusable

E xternal Memocy Space

Internal ROM

SFFFF
$EFFF /A' fnternal Interrupt Vectors
INOTEI  Excudes i olow s INOTE|  Excudes $04.506 0F
$D7y sor : 4 ' ' These address cannot be used

externally.

(to be continued)

Figure 19 HD6301V1 Memory Maps
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HDB301Vv1
Mode

Muiltiplexed/Partial Decode

|

$0000

Internal Registers

$001F
External Memory Space

$0080
Internal RAM

SOOF

External Memory Space

$FO00

Internal ROM

Internal {nterrupt Vectors

E xcludes the following address which may be
used externally: $04, $06, $OF

$FFFF

[NOTE]

HD6301V1
Mode

Single Chip
$0000
} Internal Registers
$001F
Unusable
$0080
) Internal RAM
$00FF
Unusable
$F000
Internal ROM
Internal Interrupt Vectors
SFFFF

Figure 19 HD6301V1 Memory Maps
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% PROGRAMMABLE TIMER

The HD6301V1 contains 16-bit programmable timer which
may be used to make measurement of input waveform, In
addition to that it can generate an output waveform by itself.
For both input and output waveform, the pulse width may vary
from a few microseconds to several seconds.
The timer hardware consists of

« an 8-bit control and status register

« 2 16-bit free running counter

»a 16-bit output compare register, and

+ a 16-bit input capture register
A block diagram of the timer is shown in Figure 20.

HDB301V1 Internal Bus >

Froe Running
16 81t Counter|

taput Conture|
Register

Output
Compars

comes m’;l'— o
and [ 1o Jocr] ot ve Jroeerofeosornd
Status

Register
$08

Edge Detact

Output

Luvel
Ragister

-

. - Input
- Output Compare Puise | ——— =~ -
e e Leve!  Edge

8a1 @it

Port2 Part2

Figure 20 Programmable Timer Block Diagram

® Free Running Counter ($30009: $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 upper byte of this counter is read, the lower byte
is stored in temporary latch. The data is fetched from this latch
by the subsequent read of the lower byte. Thus consistent
double byte data can be read from the counter.

When the CPU writes arbitrary data to the upper byte (809),
the value of $FFFS8 is being pre-set to the counter (309, $0A)
regardless of the write data value. Then the CPU writes arbi-
tray data to the lower byte (30A), the data is set to the “Low™
byte of the counter, at the same time. the data preceedingly
written in the upper byte (309) is set to “High™ byte of the
counter.

When the data is written to this counter, a double byte store
instruction (ex. STD) must be used. If only the upper byte of
counter is written, the counter is set to $FFF8.

The counter value written to the counter using the double
byte store instruction is shown in Figure 21.

To write to the counter may disturb serial operations, so it
should be inhibited during using the SCl in internal clock mode.

$09 Wnite

$0A Write

Counter , FEF8 | BAF3
1
|

(SAF 3 written to the counter)

Figure 21 Counter Write Timing

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

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

When the contents match with the value of the free running
counter, a flag (OCF) in the timer 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 Out-
put Compare Register and Output level bit may be changed
for the next compare.

The output compare register is set to $FFFF 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.

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

The input capture register is a 16-bit read-only register used
to hold the current value of free running counter 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-bit 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 priority vectored address occurs correspond-
ing to each flag. A description of each bit is as follows,

Timer Control / Status Register

7 6 5 4 k] 2 1 [
[ICF l OCF [ YO‘T EICI_I EOCI—[ EYOIFEDGIBLV:' $0008

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

Bit 1 1EDG (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 cleared in advance of using this function.
When IEDG = 0, trigger takes place on a negative
edge (“‘High™ to “Low” transition). When [EDG =
1, trigger takes place on a positive edge (“Low™ to
*High” transition).

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

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

Bit 4 EICI (Enable Input Capture Interrupt); When set, this
bit enables ICF interrupt to generate the interrupt
request (TRQz2). When cleared, the interrupt is
inhibited.

Bit 6 TOF (Timer Over Flow Flag); This read-only bit is set
at the transition of $FFFF to $0000 of the
counter. It is cleared by CPU read of TCSR (with
TOF set) followed by an CPU read of the counter
($0009).

Bit 6 OCF (Output Compare Flag); This read-only bit is set
when a 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 an CPU write to the output compare
register ($000B or $000C).

Bit 7 ICF (Input Capture Flag); The read-only bit is set by a
proper transition on the input, and is cleared by
a read of TCSR (with ICF set) followed by an
CPU read of Input Capture Register ($000D).

Reset will clear each bit of Timer Control and Status

Register.

8 SERIAL COMMUNICATION INTERFACE

The HD6301V1 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 the 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 MCU neglect the remainder of the message. Thus
the non-selected MCU can inhibit the all further interrupt
process 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.

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

® Programmable Options
The HD6301V1 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
/O individually

® Serial Communication Hardware

The serial communications hardware is controlled by 4
registers as shown in Figure 22. 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 1O utilizes Port 2 bit 3
(input) and bit 4 (output). Port 2 bit 2 can be used when an
option is selected for the internalclock-out or the external-
clock-in.

& Transmit/Receive Control 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
IRDRFIOHF(ITD‘!E] RIE l RE [YIE l TE I wu ]AODN
$0011

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

Bit 1 TE (Transmit Enable); This bit enables transmitter. When
this bit is set, bit 4 of Port 2 DDR is also forced
to be set. It remains set even if TE is cleared.
Preamble of ten consecutive *1"s is transmitted
just after this bit is set, and then transmitter
becomes ready to send data.

If this bit is cleared, the transmitter is disabled
and serial I/O affects nothing on Port 2 bit 4.

Bit 2 TIE (Transmit Interrupt Enable}; When this bit is set,
TDRE (bit S) causes an IRQ: interrupt. When
cleared TDRE interrupt is masked.

Bit3 RE (Receive Enable); When set, Port 2 bit 3 can be used
as an input of receive regardless of DDR value for
this bit. When cleared, the receiver is disabled.

Bit 4 RIE (Receive Interrupt Enable); When this bit is set,

RDRF (bit 7) or ORFE (bit 6) cause an TRQz
interrupt. When cleared, this interrupt is masked.,
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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 foliowed 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-

Clock

6

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”, Qverrun 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 7 Aate and Made Contrai Registar Bit 0

I e ICCO rSS|rSSO $10
H

Transmit/Receiva Control and Status Register

[romJorrdrond e | me [ ] re [

Recaive Data Ragister

Ll !

)

(No1 Addressable)

Receive Shifl Register

Bit Rate
Generator

e

i

(NO1 Addreisable)

Teansmut Shift Register

Transmit Data Register

Figure 22 Serial 1/O Register

4 3 2

| 0

Transter Rate / Mode Control Register

Table 6 SC! Bit Times and Transfer Rates

Ix] x l x l x Icm[ccolsm]sso]mon $0010

XTAL 24576 MHz 4.0 MHz ] 4 9152MHz

SS1 : S50 3 6144kH; | 1.0MHz | 12288MH;
0 o E-16 26 u3/38,400 Baud 16 /62500 Bayd | 13 us/76,800Baud
0 1 E+128 208u5/4,800 Baud 128 1s/7812.5 Baud 104.2us/ 9,6008aud
1 [} € - 1024 1.67ms/600 Baud 1.024ms/976.6 Baud 833.3us/ 1,200Baud
1 1 € - 4096 6.67ms/150 Baud 4.096ms/244.1 Baud 3.333ms/  300Baud
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Table 7 SCI Format and Clock Source Control

CC1: CCO Format Clock Source Port 2 Bit 2 Port 2 Bit3 Port 2Bit 4
0 0 - - — _ -
0 1 NRZ Internal Not Used *** .e .
1 0 NRZ Internal Output® e .
1 1 NRZ External Input s ee

* Clock output is available regardiess of values for bits RE and TE.
** @it 3 is used for senial input f RE = 1" n TRCS.
Bit 4 is used for serial output if TE = “1* in TRCS.

*** This pin can be used as 1/0 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.

Bit 0 SSO}
Bit 1 SS1 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 6 lists the available Baud Rates.

Bit2 CCO
Bit 3 CC1
They control the data format and the clock select logic.

} Clock Control/Format Select

Table 7 defines the bit field.

@ Internally Generated Clock

If the user wish to use externally an internal clock of the

serial 1/O, the following requirements should be noted.

+CC1, CCO must be set to “10”

« 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 CC1, CCO must be set to “117 (See Table 7).

+The external clock must be set to 8 times of the desired
baud rate.

- The maximum external clock frequency is E/2 clock.

o Serial Operations

The serial /O hardware must be initialized by the software

before operation. The sequence will be normally as follows.
*Writing the desired operation control bits of the Rate and
Mode Control Register.

*Writing the desired operation control bits of the TRCS
register.

If Port 2 bit 3, 4 are used for serial I/O, TE, RE bits may be

kept set. When TE, RE bit are cleared during SCI operation,

and subsequently set again, it should be noted that TE, RE

must be kept “0” for at least one bit time of the current baud
rate. if TE, RE are set again within one bit time, there may be
the case where the initializing of internal function for trans-
mitter and receiver does not take place correctly.

® 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 “17s. Following the
preamble, internal synchronization is established and the trans-
mitter is ready to operate. Then either of the following states
exists.

(1) 1f the transmit data register is empty (TDRE = 1), the
consecutive “17s 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 1’s is 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 RDRF flag is set. If the tenth bit of the
next data is received and still RDRF is preserved set, then
ORFE is set indicating that an overrun error has occurred.

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

® RAM CONTROL REGISTER

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

RAM Control Register

7 [ 5 4 3 2 1 1)
e[ R Joe [ e[ ] ]

Bit 0 Not used.

Bit 1 Notused.

Bit 2 Not used.
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Bit 3 Notused.
Bit 4 Not used,
Bit 5 Notused.
Bit 6 RAM Enable.

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 Bit

This bit can be read or written by the user program. It is
cleared when the vCC 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 dats of the RAM is retained during
stand-by and it is valid.

% GENERAL DESCRIPTION OF INSTRUCTION SET

The HD6301V1 has an upward object code compatible with
the HD6801 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 udded. This section
describes:

*CPU programming model (See Fig. 23)

- Addressing modes

- Accumulator and memory manipulation instructions {See

Table 8)

+New instructions

Index register and stack manipulation instructions (See

Table 9)

+ Jump and branch instructions (See Table 10)

-Condition code register manipulation instructions (See

Table 11)

+Op-code map (See Table 12)

- Cycle-by-Cycle Operation (See Table 13)

® CPU Programming Model

The programming model for the HD6301V1 is shown in Fig-
ure 23. The double accumulator is physically the same as the
accumulator A concatenated with the accumulator B, so that
the contents of A and B is changed with executing operation of
an accumulator D.

7 N B |7 8 0| 8.8it Accumulators A and B

ol Or 16-Bit Doubis Accumutator O

15 0
[15 X 'll Index Fegistar (X
|is sp 0] Stack Pointer (5P}
IIB PC olProqum Counter (PC)

0

7
I 1' 1| HI i IN . v . Condition Code Register (CCR)

I LC.rry/Borrow from MSB
Overtlow

Zero

Negative

tnterrupt

Half Carry (From Bit 3)

Figure 23 CPU Programming Mode)

® CPU Addressing Modes

The HD6301V 1 has seven address modes which depend on
both of the instruction type and the code. The address mode for
every instruction is shown along with execution time given in
terms of machine cycles (Table 8 to (2). When the clock
frequency is 4 MHz. the machine cycles 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 sccond byte of instruction indicates the
address where the op=iand 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 bits
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
resulting “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 |-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 1o
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 8 Accumulator, Memory Manipuiation instructions

N Condition Code
Addressing Modes
Opersuons Mnemonic - - - - oy —— — o e o e iy Boolesn/ - —Hﬂi ——
IMMED | DIRECT [ INDEX [EXTEND | IMPLIED Anthmete Operation s[a]32]1 o
0?~u|0P~:oP~nOP~nOP~- W[N]z |v]C
Add ADDA |88 |22 |98 |3 [2][aB[4[28B 43 A+M= A T|e |0 ]3]8]8
aoD8  |celz|2 (o83 {2]es[4[2 [F8 43 8+M—~8 B ENE
Add Double appo  (c3[3]3(p3|a|2lE3|5l2 |F3]5,3 A B+M Mri-A B [eleo]t]t]t]s
Add Accumulators | ABA T i e [1]are—-a s e[t ]
Add With Cerry ADCA |89 |2[2]99 |3 |2 a9 4289 4|3 A+M+C=A sle]s[sisls
ADCB cg[2]2|o9[3|2]|€e9[a|2[F9 |43 B+M+C—8B 1eafs]s]s
AND ANDA |84 [2]2]o4 3 ]|2]a4[a]|2 [Bafe 3 AM— A ofel1]1]r]e
ANDB |Ca [2|2 (D43 [2 |€a|a{2|Fa |43 8M~8 elejt]slrle
Bit Test BITA 8s |22 95 |3 [2]as]a]2 8543 A-M IRCAFAE "i'
BITS cs |2'2|ps|3|2]es a2 F5 |a |3 8-M o o1t ]R]e
Clear CLR 6F |5]2 |7F |53 00 ~ M o[R]s[R R
CLRA 4F |1 [1]|00-- A e e |R]|S R‘R
CLRB sF[1i1]oo-8 (ele'Rs|A R
Compare CMPA 81 (2291 [af2|ar]a 2 ]n1 |4]3 A-M [ofe s 1 ls
CMPB cifz2lzlorv|alafer a2 |rraia B-M Telel1lalr s
o ors cea 11|t |a-8 oot |s|t]t
Complamaent, 1's CoM 63 |62 .72 |63 M-~M «le(t|t[R]S
COMA ! 43 |1 |1 [A —~A e (o[t [R|S
coms | s3[11[8 -8 2O BBEE
c L2 NEG 60 161270 [6]3 00-M~M ole 11 DD
(Negate} NEGA 40 |t [1|00-A—-A oo [1]: D@
NEGB 50 [1[1]|]00-8~8B oo 1] D@
Oucimei Adyust. & | DAA 19| 2[1 | Somreine 80 tormar |* * 112|110
Oecrement DEC eal6(2(7al6 (3] M-1-M olo[t]1 @]
DECA aalr 1 [a-1-aA e le 3|1 @]
OECB8 sal1lv]8 -1 -8B oo [t]t|@e
Exclusive OR €ORA |88 (2 |2[98 [3 |2 |a8[4 2 |68 (43 ADM~A DOBEED
eora |c8 [2|2!pe |3 [2 |es [4 ]2 [F8 |4 |3 B@M- 8 sle [i[t[A]e
Increment INC 6C |6 |2 7? 6|3 M+l =M e |o |} 1|®|
INCA ac[r1[1|arr1~a oo [t [®]e
INCB sc[1|[1|[a+1-8 o o 11 [0
Losd LDAA (86 [2]2 96 |3 |2 [a6 4|2 |86 [4]3 M~ A oo [t]1]R]e
Accumulator Loa8 |06 2|2 |06]3 |2|€6 |42 F6 (43 M-8 efolt]i]m e
roosharecnd Do cclala|oc|a|z|ecls|2jfcls’s Met—B M=A elelsfi|nle
Multioly Unsigned | MUL 3I0(7]1 [AxB~A B slele|e]e O
OR. Inclusive onaa (8a 2|2 oafa[2]aala2(BA]4 ]2 A+M~ A ele[1[t[R]»
ORAB |ca 2|2 |OA[3 [2[eaa|2[FaTa]a BrM— 8 ele 1T |R]®
Push Dets PSHA 36 |41 |A—~Msp SP-1-SP o [o|e[ele]e
PSHB 37 |41 (8 - Mp SP -1~ SP RRON00
Pull Dets PULA 32|31 |SP+1~SP M~ A o (s|o]|e|e]e
PULB 33]af1{sPe1-5P Mo~B ole[e]e]e]e
Rotets Lett ROL 69 6279 (6|3 “ o e i1 i@]
ROLA 49 “]@E@ s[e T[T @[
ROLE 59 1 [1]® ? sTe T[T @[T
Aotate Aight AOR 66 (6276 (63 M s [e[TIT|®]F
RORA 4% |1 A}Wﬁi R 3
RORB 56 [1]1]° oo [t]1]@[
Note) Condition Code Register will be explained in Note of Table 11 {to be continued}
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Table 8 Accumulator, Mermory Manipulation Instructions

" Addreising Modes Cont:‘-:l.?'v:.(':od-
Operanions Mnemonic | IMMEG | OIRECT | INDEX [EXTEND | IMPUED | o i o [5]4]3[2]1 ]o
op |~iu|op|~|#|0P|~|n|oOP|~ u|OP|~|a uit|njz|v]e
Shft Left ASL 68 (6278 |63 - — oleft[1]|®)!
Arithmetic "Tasta CAERE A}Q—m"" DOEBCE
asLe ] 58 (118 o7 = D<ol
e tic ASLD os 1+ |- mETX o(sfefs{t|®t
Shite Aight ASR 67 ]62]77 |63 ™ NEORAL
Anthmetic | AsRa ol ss - [ I
- N = 1+
ASRB 57 [ |t eflo|t|t b
Shift Right 1 e 64 |62 |74 [6]3 “ . oo [A[T 1Ot
Cogucat LsAa | Wi .}o{m:m:mq YR
LSRB);F sa a1 |* ™ ® e [R[TIR[T
[ . L S N | |
Double Shif o AEC A AR
B LSRD R e ofe | 'T© H
soe | _sTAA 97 |3 [z [a7]a |27 4|3 [ Ja=wm et ]A]e
Accumulator “stan T T [ Tor|a T2 €7 (a2 |7 [+ ]3 8™ ele[t[1[A]e
T ] sTAe AL 121F7 | 1
i‘é’&jﬁ:ﬂ# | st ool s |2 EDF 2 |Fols |3 gV olofii|n]s
Subtract susa 8012|290 |3 |2 |A0]4 |2 80 |43 A-M-A oo 131 ]2
sUBE | co 2200 3 |2 |€0 |4 |2 [Fo |4 3] | B-M_8 oo [Tt [1 ]t
susD |83 [3[3 (93 [4 [2 (35283 (53 A B-M Ms1-A B |elelt|t]t]t
i‘:lc’:::u‘luou J Wit |a-8-4 MU
Tsebsa | 3]2]a2 428243 A M-C—A e
Wik Carry 32 ]E2]a2(F2|a3] | | [e-M-c~8 ce i [
Taanster T Twelr|1[aAc8 ele(t|s[R][e
Accumulators *]_’k’“ﬁ"f—'—" T e~ a — ele st [R]s
TtestZwoor 50412 |70 a13] | M- 00 el i [A[R
Minus Tao |1 |7 [a - 00 e e (t[t[R[R
Ts18 | | “ng[:j‘r [50[1[1]8-00 efe[t[1|R|R
TAnd immediate AM 71]6(3]617]3 M.IMM_.M ele(t[:[r]e
OR Immediate oM 72| 6[3]62[7]3 M+IMM M oo [1[:[r]e
E£OR immediate EM 15[6[3]es]7]3 MBIMM—M ele[t]:[r[e
Test Immediste TIM 78| 4|3|68] 5|3 ] M-IMM ofei[1[rfe

Note} Condition Code Register will be explained in Note of Table 11.

® Nesw Instructions
In addition to the HD6801 Instruction Set, the HD6301V1
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
contents of memory, places the result in 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) « (1X)
Exchanges the contents of accumulator and the index
register.

SLP----The CPU is brought to the sleep mode. For sleep
mode, see the “sleep mode™ section.
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Table 9 Index Register, Stack Manipulation Instructions

Addressing Modes o Con::;?::.(’;ndq
Painter Operavions Mnemonic [\aen | DIRECT | INOEX | EXTEND [IMPLIED | Arithmeuc Operaton |5 ]a]al2]t]o
OP i~ |nwlOP|[~[a|OP|~{niOP |~ [n|OP|~|n HIiV[N|Z|V]C
Comgpare index Reg cPx 8C |3(3(9c |4 |2 (AC(5|2|BC|5(3 X-MM41t o|sf:]t L]t
“Decrement Index Reg | DEX | | 11 [x-1~x slelel1]e]e
Decrement Stack Potr DES 34 (1|t [SP—1-SP e(afo|efe]e
Increment Index Reg INX BEE 08 [V [xer=x o[efelt|o]e
Increment Stack Pntr INS It |1 |y |SP+1 5P sle(s|o|o]e
Losd Index Reg LDX ce|3l3|peja{2lcels|2]|Fe|5]3 M= Xy, M+ =X, |o|e|D|t[R]e
Load Stack Pate LDS g€ [3[a]oe [a]2[a€[s[2[8E[5]3 M= 5Py (M+11-SP_ [o[o[®]s]R]w
Store Index Reg S$TX DF |4 |2 [EF |[5]2 FF|5(3 Xy =M X ~(M+1) [elol@Dft[r]e
Store Stack Patr STS of |42 |aF 5|2 eF [s]3 SP =M SP =~ (Mot} |e o |D]1|R]e
Index Reg ~ Stack Patr | TXS B[y [1[x-1-5sp e|ofalalo]e
Stack Patr —~ Index Reg| TSX 30 (1 (1 |SPe1 X elo[ole]o]e
Add ABX 3A (V|1 |BeX—+X e ojo|e(v]e
Push Data PSHX A [(5]t [X <My SP-1—~5SP |e|efs(s]s e
Xy~ My, 5P - 1~ SP
Pult Data PULX 38 |4 |V [SP+1~SP Mo ~Xy (e|e n]e]e]e
SP+ 1= SP My, = X,
Exchange XGDX 18 |2 |1 [ACCD:-IX eole|o|o|e]|e
Note} Condition Code Register will be explained in Note of Table 11.
Tabie 10 Jump, Branch Instruction
Addresting Modes Condition Code
Register
Operatione Mnemonc e ATIVE | DIRECT | INDEX [EXTEND |IMPLIED Branch Test s[a]3]2]1]0
[op]~T« [op[~T = [op[~T#[or [~ [=[oP]|~]= | wii[n]z[v]c
Branch Always BRA 20132 None o (alofe]fe]e
Branch Never 8RN 2|32 B None olele|e|s]e
Beanch if Carry Clear BCC 24 (32 cC=0 s|le(v|ojeie
Branch If Carry Set BCS 25|3]2 -1t RO00D0
Branch If = 2er0 BEQ IR Z= o|e|e]efe]e
Branch If > Zero BGE |32 i N®V-0 felele|e
Branch t > Zero aGT 2632 Z+IN®VI=0 ejofe[o]s]e
Branch It Highar oMl 122132 Bl C+2:0 elo|eio]e]®
Branch I € Zero BLE 2F 3|2 | Z+rIN@® V=13 efofelofe]n
Sranch 1f Lower Or as 21|32 L evzen olofele]s]e
Branch it < Zero BLT 20(3'2 NV oo lale]e
Branch If Minuy am W |32 N=1 o(afoa]o|e
Beanch 1t Not Equat BNE 26|32 z-0 olofofe]s]e
Bianch 1t Ovarflow ave 3|32 v-o eofofolele
Branch If Overflow Set|  BVS »'a]2 1 ] Vel ele[sjole]e
Branch 11 Plus 8PL 2a 3|2 N-0 olelefale]e
Branch To Subroutine asn 8D |5 |2 ) e s(o|ajein]e
Jump IMP 6 (1|2 J7e [3 3 oo e fo oo
Jump Ta Subrouting JSA 9p [s [2 [ap]|s (2 [eD |6 [3 T oo (e (oo
No Operstion NOP 01 [ 1|1 | GavancesProg Cott g (ol o |0 o
Aeturn From Interrupt] RTI 38 [0 —_— :
::::;::,::m RTS 33 |5 |1 e (o (e |0 o0
Saftwere Intercupt SwWi aF |12 ¢ (S|e (o 0fe
Weut for Interrupt® WAl 3€ |9 1 o [g]e o [e[e
P TR SLP ] TAla Y o se e .
Note) “Wal puts R/W high; Address Bus goes 1o FFFF: Data Bus goes to the three state

Condition Code Register will be expiained in Note of Table 11
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Table 11 Condition Code Register Manipulation Instructions

Overatons

AddressingModes|
IMPLLED

Condiron Code Register
T

v o

8ooiean Operation

Mremonic

Craer Caery

Claar lnterrupt Mask
Cloar Quertiow

Set Carry

Set Interrupt Mask

Set Overflow
Accumulator A ~ CCR
CCR — Accumulstor A

\
|

1
1
1
t
1
1

ﬂ_r‘ +

(NQTE 1]

[NOTE 2]

Condition Code Register Notes: {Bi1 set if 1est is true and cleared otherwisel

U {BitVl  Test: Resuit = 100000007
@ (BitC)  Test: Result} 00000000?
@ (BuaQ) Test: BCD Character of hugh-order byte greater than 97 (Not cleared if previousiy set)
@& (‘v Test: Qperand = 10000000 prior to execution?
@& (BitV)  Test: Qperand = 01111111 prior to execution?
@& (Brv) Test- Set equal to NaoC=1 after the execution of instructions
T (BitN}  Test: Result less than zero? {Bit 15=1)
@ (At 81t} Load Condinon Code Register from Stack.
9 {8iel) Set when interrupt occurs, H previously set, a Non-Maskabie Interrupt 1s required to exit the wait
state.
{Alt Bit) Set according to the contents of Accumulator A.
G (B C) Result of Multiplication Bit 7=1 of ACCB?

CL! instructions and interrupt.
It interrupt mask-bit is set {1=""1"} and interrupt is requested (IRQ, = 0" or IRQ, = 0"},
and then CL1 instruction is executed, the CPU responds as follows.
1 the next instruction of CL{ is one-machine cycle instruction.

Subseguent two instructions are executed befare the interrupt is responded.

That is, the next and the nex1 of the next instruction are executed.
2 the next instruction of CL) is two-machine cycle {or more} instruction.

Oniy the next instruction is executed and then the CPU jump to the interrupt routine.
Even if TAP instructian is used, instead of CLI, the same thing occurs,

Table 12 QP-Code Map
T o acc Tacc €XT” ACCAor SF |7 TTacCB or x|

IND

IND
© L BT
1ne 1"

[ oR
1101

EXT
1011

—
MM OR

‘. T

- 1000 100t
A

e
/DR
N

IND
1010

. LA 8
ta10 | o011 0100 01 | otip

T s s s

TAB
TBA

INX | XGDX
il Bt 1
Al

DEX | DAA
Clv | stP TepL

* Only for instructions of AIM, OIM EIM, TIM
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® Instruction Execution Cycles

In the HMCS6800 series, the execution cycle of each in-
struction is the number of cycles between the start of the
current instruction fetch and just before the start of the sub-
sequent instruction fetch.

The HD6301V1 uses a mechanism of the pipeline con-
trol for the instruction fetch and the subsequent instruction
fetch is performed during the current instruction being exe-

cuted.

Therefore, the method to count instruction cycles used in
the HMCS6800 series cannot be applied to the instruction cy-
cles such as MULT, PULL, DAA and XGDX in the HD6301V1.

Table 13 provides the information about the relationship
among each data on the Address Bus, Data Bus, and R/W status
in cycle-by-cycle basis during the execution of each instruction.

Table 13 Cycle-by-Cycle Operation

Address Mode & Cycles | Ccle ‘ Address Bus RW " Data Bus
Instructions # |
IMMEDIATE
ADC ADD 1 Op Code Address+ 1 1 ; Operand Data
AND BIT 2 Op Code Address+2 t ‘ Next Op Code
cmP EOR 2 I |
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)
LOX SUBD 3 Op Code Address+3 1 | Next Op Code
DIRECT
ADC ADD 1 Op Code Address+ 1 1 Address of Operand {LSB)
AND BIT 2 Address of Operand 1 Operand Data
CMP EOR 3 3 Op Code Address+2 1 Next Op Code
LDA ORA
SBC SuB
“STA T M Op Code Address+ 1 7 Destination Address
3 2 Destination Address ] Accumulator Data
3 Op Code Address+2 1 Next Op Code
“ADDD CPX 1 Op Code Address+1 1 Address of Operand (LSB) |
LtDD LDS 4 2 Address of Operand 1 Operand Data (MSB)
LDX SuUBD ) Address of Operand+1 1 Operand Data (LS8)
4 Op Code Address+2 1 Next Op Code
“§Tp sis | 1 | Op Code Address+ 1 1 Destination Address (LSB)
STX 4 2 Destination Address 0 Register Data (MSB)
3 Destination Address+1 0 Register Data (L58)
4 Op Code Address+2 1
JSR ) 717 | Op Code Address+1 (.
2 FFFF 1 Restart Address (LS8)
5 3 Stack Pointer 0 Return Address (LSB)
4 Stack Pointer—1 4] Return Address (MSB)
5 Jump Address 1 First Subroutine Op Code
TIM 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
AIM  EIM 1 Op Code Address+1 1 Immediate Data
oM 2 Op Code Address +2 1 Address of Operand (LSB)
6 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 America, Ltd. e Hitachi Plaza « 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 » (415) 589-8300
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Table 13 Cycle-by-Cycle Operation (Continued)

Adl(:\rs?:chtli‘z:: & Cycles Cv:le [ Address Bus , R/W ‘ Data Bus
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 8T 2 FFFF 1 Restart Address (LSB)
CMP EOR 4 3 IX+Offset 1 Operand Data
LDA ORA 4 Op Code Address+2 . Next Op Code
SBC suB I
TST | |
STA 1 | Op Code Address+1 1 Offset
a 2 | FFFF 1 Restart Address (LSB)
3 1X + Offset 0 | Accumulator Data
| 4 Op Code Address+2 1 J Next Op Code
ADDD | 1 Op Code Address+ 1 ] Offset ';—
CPX  LDD | 2 | FFFF I 1 | Restart Address (LSB)
LDS LDX 5 3 1X +Offset 1 Ogperand Data {MSB)
SUBD a4 IX+Offset +1 1 Operand Data {LSB)
5 | Op Code Address+2 1 Next Op Code
STD  8Ts "7 [ 17| Op Code Address+1 ﬂ 1 U Offset
STX 2 FFFF 1 Restart Address (LSB)
5 3 IX+ Offset 0 \ Register Data (MSB)
4 IX+Offset+1 0 Register Data {LSB)
5 Op Code Address+2 1 Next Op Code
JSR [ | 1 1 Op Code Address+1 1 LOffset
2 | FFFF 1| Restart Address (LSB)
5 3 Stack Pointer 0 | Return Address {LSB)
4 Stack Pointer—1 [0} Return Address (MSB)
) | | 5 | IX+Offset 1 Flrst Subrouune Op Code
ASL ASR 1 "Op Code Address+ 1 1 | Ofset
COM DEC 2 FFFF 1 Restart Address (LSB)
INC LSR 6 3 I1X+ Offset 1 | Operand Data
NEG ROL 4 FFFF 1 ' Restart Address (LSB)
ROR 5 1X+ Offset 0 New Operand Data
e | .| 8 _OpCodeAddresst2 ., 1 | NextOp Code
TIM 1 Op Code Address +1 | Immediate Data
2 ( Op Code Address+2 [ Offset
5 3 | FFFF [ Restart Address (LSB)
4 | |X+Offset . Operand Data
5 \ Op Code Address+3 1 Next Op Code
CLR i Op Code Address+1 | 1 | Offset
2 FFFF 1 Restart Address (LSB)
S 3 I1X + Offset i 1 Operand Data
4 I1X + Offset (o] 00
F'Eﬂ Op Code Address+2 1 Next Op Code
AlM EIM 1 Op Code Address +1 1 Immediate Data
[o]1.7] 2 Op Code Address +2 1 Offset
3 FFFF 1 Restart Address {L.SB)
7 4 IX + Offset 1 Operand Data
5 FFFF 1 Restart Address (LSB)
6 IX +Offset 4] New Operand Data
7 Op Code Address+3 1 Next Op Code
— Continued —
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Table 13 Cycle-by-Cycle Operation {Continued)

Address of Operand

00

Ad::' r::such‘l:g:: & ‘Cvcles Cy;::le l Address Bus i R/W N‘ Data Bus
EXTEND
JMP 1 Op Code Address+ 1 1 Jump Address (MSB)
3 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 4 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 sue
sTA T 1 Op Code Address+1 1 Destination Address (MSB)
4 2 Op Code Address+2 1 Destination Address (LSB}
3 Destination Address o] Accumulator Data
4 Op Code Address+3 1 Next Op Code
ADDD 1 Op Code Address+ 1 1 Address of Operand (MSB)
CPX LDD 2 Op Code Address +2 1 Address of Operand (LSB)
LDS LDX 3 3 Address of Operand 1 Operand Data (MSB)
SuUBD 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)
5 3 Destination Address o] Register Data (MSB)
4 Destination Address+ 1 o] 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)
6 3 FFFF 1 Restart Address (LSB)
4 Stack Pointer o] Return Address (LS8}
5 Stack Pointer — 1 0 Return Address (MSB)
6 Jump Address 1 First Subroutine Op Code
ASL ASR 1 Op Code Address + 1 [ Address of Operand (MSB)
com DEC 2 Op Code Address+2 1 Address of Operand (LSB)
INC LSR 5 3 Address of Operand 1 Operand Data
NEG ROL 4 FFFF 1 Restart Address {LSB)
ROR ! 5 Address of Operand 4] New Operand Data
! 6 Op Code Address+3 1 Next Op Code
CLR 1 Op Code Address + 1 1 ‘ Address of Operand {(MSB)
2 Op Code Address+2 1 Address of Operand {LSB)
5 3 Address of Operand 1 Operand Data
4 o
5 1

. Op Code Address+3

|

Next Op Code
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Table 13 Cycle-by-Cycle Operation (Continued)

FFFF
FFFF
FFFF
FFFF
FFFF
| FFFF

S

- e o m s e

Restart Address {LSB)
Restart Address (LSB)
Restart Address (LSB)
Restart Address (LSB)
Restart Address {LSB)
Restart Address (LSB)

Address Mode & Cycle Address Bus R'W l Data Bus
Instructions # L
IMPLIED
ABA ABX 1 | Op Code Address+ 1 i 1 T Next Op Code
ASL ASLD
ASR CBA
CctC CLt
CLR CcLv
COM  DEC ‘
DES  DEX ; {
INC INS '
INX LSR ;
LSARD ROL ‘
ROR NOP ' i
SBA  SEC 1
SEI SEV I
TAB TAP i
TBA TPA !
TST TSX
TXS
DAA XGDX | 1 Op Code Address+1 | 1 | Next Op Code
I 2 | 1| Restart Address (LSB)
PULA PULB 1 Op Code Address+ 1 [ Next Op Code
2 FFFF Lo Restart Address (LSB)
3 Stack Pointer +1 1 Data from Stack
PSHA PSHB 1 | Op Code Address+1 71 71 Next Op Code
} 2 FFFF 1 ' Restart Address (LSB)
-3 Stack Pointer 0 Accumulator Data
. L4 | OpCodeAddress+1 1 NextOp Code
PULX o1 Op Code Address +1 i1 | Next Op Code
©2 | FFFF | 1 | Restart Address (LSB)
| 3 Stack Pointer+1 S Data from Stack (MSB)
4 Stack Pointer +2 1 Data from Stack (LSB)
PSHX “I" 1 1 Op Code Address+1 [ T Next Op Code )
|2 | FFFF {1 | Restart Address {LSB)
| 3 Stack Pointer (] Index Register {LSB)
boa Stack Pointer —1 Lo Index Register (MSB}
5 ! Op Code Address+1 . Next Op Code
ATS o Op Code Address +1 """Next Op Code
| 2 FFFF ' Restart Address (LSB)
| 3 Stack Pointer +1 Return Address (MSB)
4 Stack Pointer+2 Return Address (LSB}
R l 5 | Retun Address __y fFirst Op Code of Return Routine
MUL 1 Op Code Address+ 1 i Next Op Code
| 2
‘ 3
| 4
5
6
7
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Table 13 Cycle-by-Cycle Operation {Continued)

Address Mode & } Cycles [Cvcle 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 o} Return Address (MSB)
9 5 r Stack Pointer —2 0 | Index Register {LSB)
| 8 | Stack Pointer—3 0 | Index Register {MSB}
7 ‘ Stack Pointer—4 o] Accumulator, A
8 | Stack Pointer—5 o] Accumulator B
B o L. 9 | Stack Pointer—6 0 | Conditional Code Regster
RTI .1 | Op Code Address+1 1 Next Op Code
I 2 | FFFF 1 Restart Address (LSB)
| 3 1 Stack Pointer + 1 1 Conditional Code Register
; a4 ; Stack Pointer + 2 1 | Accumulator B
I 10 5 ; Stack Po!nler +3 1 | Accumulat_or A
: : [ Stack Pointer + 4 1 \ Index Register (MSB)
X L7 Stack Pointer + 5 1 Index Register (LSB)
\ 8  Stack Pointer + 6 1| Return Address (MSB)
I 9 Stack Pointer + 7 1 Return Address {LSB)
. i | 10 Rewrn Address ! | First Op Code of Return Routine
SWi [ 1 Op Code Address+1 1 Next Op Code
i 2 FFFF 1 Restart Address (LSB)
! i 3 Stack Pointer o] Return Address (LSB)
4 Stack Pointer — 1 (o] Return Address (MSB)
? 5 Stack Pointer — 2 o] Index Register (LSB)
12 l 6 Stack Pointer — 3 | O Index Register (MSB)
7 Stack Pointer — 4 | 0 ' Accumulator A
! 8 Stack Pointer - 5 0 l Accumulator B
L9 Stack Pointer — 6 0 | Conditonal Code Register
i 10 Vector Address FFFA "1 | Address of SWI Routine (MSB}
1 Vector Address FFFB 1 ! Address of SWI Routine {LSB}
12 Address of SWI Routine 1 First Op Code of SWI Routine
Stp oot fy o Op Code Address+1 ~ 1 TI Next Op Code
' b2 FFFF 1 Restart Address (LSB)
! 11 Ferr ‘ | High Impedance-Non MPX Mode
i Tl | Address Bus -MPX Mode
I a Slﬁep : ! .
L |
R i
i3 " FFFF Restart Address (LSB)
| ‘ 4 | Op Code Address+1 ’ Next Op Code

— Continued —
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Table 13 Cycle-by-Cycle Operation (Continued)

Address Mode & ECycles Cycle Address Bus R/W } Data Bus
Instructions ) # |
RELATIVE
BCC BCS ! 1 [ Op Code Address+ 1 1 Branch Offset
BEQ  BGE | 3 2 ' FFFF 1 Restart Address (LSB)
BGT BHI i 3 ‘Branch Address - Test="1" 1 First Op Code of Branch Routine
BLE BLS | i | Op Code Address+1--Test="0" Next Op Code
BLT  BMT |
BNE  BPL :
BRA BRN
BVC  BVS | L
BSR %AT;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 ] Return Address (MSB)
\ 5 Branch Address | 1 First Op Code of Subroutine

® LOW POWER CONSUMPTION MODE
The HD6301V1 has two low power consumption modes; steep
and standby mode.

® Sleep Mode

On execution of SLP instruction, the MCU is brought to the
sleep mode. In the sleep mode, the CPU sleeps (the CPU clock
becomes inactive), but the contents of the registers in the CPU
are retained. In this mode, the peripherals of CPU will remain
active. So the operations 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 MCU and the STBY brings it into the
standby mode (This will be mentioned later). When interrupt is
requested to the CPU and accepted, the 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

T Vee

— M)

HD6301Vv1

STHY

3

CPU.

This sleep mode is available to reduce an average power
consumption in the applications of the HD6301V1 which may
not be always running.

e Standby Mode

Bringing STBY “Low™, the CPU becomes reset and all
clocks of the HD6301V1 become inactive. It goes into the
standby mode. This mode remarkably reduces the power con-
sumptions of the HD6301V 1.

In the standby mode, if the HD6301V1 is continuously
supplied 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 MCU’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 standby 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 24.

|
a

@ STeY . !
__—“___l !
I X !
[AES, L] | | \ 1
e fe—i
Stack registers Oscillator |
RAM conirol stabilizing
register set ume

restart

Figure 24 Standby Mode Timing
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= ERROR PROCESSING

When the HD6301V1 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-Cods Error

Fetching an undefined op-code, the HD6301V1 will stack the
CPU register as in the case of a normal interrupt and vector to
the TRAP (SFFEE, $FFEF), that has a second highest priority
(RES is the highest).

® Address Error

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

The addresses which cause address error in particular mode
are shown in Table 14,

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

Table 14 Address Error

[Mode | 0T 1 [24] 5 ] 6 [ 7 ]
$0000 | $0000 | $0000 | $0000 | $0000 | $0000
) il 1) Al il )
Address| $001F | S001F | $001F | $007F | $001F | $007F
$0200 $0100
! |
$ EFFF $ EFFF

System Flow chart of HD6301V1 is shown in Fig. 25.

Transitions among the active mode, sleep mode, standby
mode and reset are shown in Fig. 26,
Figures 27, 28, 29 and 30 shows a system configuration.
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STACK

PCL - MSP
PCH - MSP1
IXL -MSP-2
IXH - MSP-3
ACCA -MSP.4
ACCH -MSP §

CCR . MSP-6|

WA

INTERRUPT

INTERRUPT REQUEST FLAG
EXCEPT NMI CLEAR

5

Figure 26 HD6301V1 System Flow Chart
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VECTORING VECTORING| | VECTORING VECTORING VECTORING| | VECTORING VECTORING| |VECTORING
FFEE. FFEF FFFC. FFFD FFFA, FFFB FFF8. FFF9 FFF6. FFF7 FFF4, FFFS FFF2, FFF3 FFEO, FEF1
I
NM) INTERRUPT
REQUEST FLAG
CLEAR
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Figure 26 Transitions among Active Mode, Standby Mode,
Sleep Mode, and Reset

Veeo Vee
—- |- —-—=> Enable [T [ Enavie
| e | i, v v]] ) f———— M
T f= - 1RQ, T fs——— iRG,
STBY - —— — > Port 3 STRY —- -~
AES 8 Transter
Lines
Port 1 HDB301V1 HD6301V1 port 1
v
Lunes
e —— ]
Port 4 Poit 2 Part 2 Port 4
81/0 Lines 51/0 Lines 51/ Lines 81/0 Lines
sCi sCl
16 Bit Timee 16 But Tomer
Vss Vss

Figure 27 HDB301V1 MCU Single-Chip Dual Processor Configuration
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o HD6301V1 Enable

- MCU
Address
8 Strobe | o
4
HD6301V1  |Enable '6 8
=
MC
T | Y ¢— | AOm
*~—
8 B8
RAM
* Random
Access
>~— -~ —a{ Memory PIA
Penpheral
Interface
Adapter GPIA
TS eneral
Purpose
interlace
('S Adapter d PTM
Address Data
Bus Bus Address Bus Data Bus
Figure 28 HD6301V1 MCU Expanded Non-Multiplexed Mode Figure 29 HD6301V1 MCU Expanded Muttiplexed Mode
(Mode 5}
—
é: HD6301V 1 MCU Enable
16 8
ROM
-
-]
RAM
> — PIA
N
>~
GPIA
T
!
L_, PTM
Address Bus Data Bus

Figure 30 HD6301V1 MCU Expanded Non-Multiplexed Mode (Mode 1)
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= PRECAUTION TO THE BOARD DESIGN OF OSCILLA-

TION CIRCUIT

As shown in Fig. 31, 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 HD6301V1 as

|4—20mm maxA—i

//}2[

_ Avoid signal lines
n this area

¥

@
. CL
possible. x
E
2 2 £
= &
o ©
5 5 1
n l
[
rJ‘r_i —— XTAL
’;.H—T—( EXTAL £
CL HE 30
i H HD6301V1
‘ I HD6301V1
(DP-40)
Do not use this kind of print board design.
Figure 31 Precaution to the boad design of
oscillation circuit i
{Top view)
Figure 32 Example of Oscillation Circuits in Board Design
Table 15 Pin Condition in Sleep Mode
T Mode ) 1 2.4 5 6 ?
Pin
Port 1 Function 1/0 Port Lower Address Bus | 1/0 Port - - -
ort e e
P ~P . Keep the condition v . Keep the condition - - .
o Condition just before sleep Output | just before sleep
. Function 1/0 Port . - “ - N 1 e o
Port 2 X e condit — + -
Py ~P. . eep the condition - - . -
0T Condition just before sleep - 1
E: Lower Address E: Lower Address E: Lower Address |
Function Bus Data Bus Bus Data Bus Bus /0 Port
;0" 3P E: Data Bus E: Data Bus E: Data Bus
30~Pn F— = = = R RS
. £: Qutput “1” N €: Qutput 1" . E: Output “1” Keep the condmon
Condition E: High Impedance High Impedance E: High Impedance High Impedance E: High impedance | just before sleep
. Lower Address Bus | Upper Address Bus
[2 - -
Function Upper Address or Input Port ! or Input Port | 1O Port
Port 4 Address ?us: Out- .
Peo ~P put “1¥” -
“77 1 Gondition Output 1 - - Port: Keep the con- - f’::%:?:':(:?i"m"
dition just before y P
sleep
Output "t - - .
SCz (Read Condition) - - Output ™1
sc: (S)‘I:::;\:l Address - - Output “1” g‘\::;:t Address {nput Pin
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Table 16 Pin Condition during RESET

Mode
Pin 0 1 5 6 7
Port 1 o .
Pio ~ P\ high impedance (input)| - -— - | —
Port 2 . .
Pso ~ Pue high impedance {input) o
Port 3 E: 1" output E. 1" output E:"1” output
o Eh:_ 17 output ™ high impedance E: "1 output™ high impedance | E: “1” output™™ | high impedance
Pso 37 {(high impedance) {high impedance) {high impedance} (input)
T R T
Port 4 high impedance
Pao ~ Pas (input) N -
N VST o S R —u—— T o
E: "1 output ] _ ;, o B i E: 1" output high impedance
SC E: high impedance ’ - 17 output e high impedance {input)

[Note] inmodeQ.2,4,6, port 3ssetto *1' output state during E = '1"" and 1t causes the conflict with the output of external memory. Follow-

ing 1 and 2 should be done to avoid the conflict;

(1} Construct the system that disables the external memory during reset
(2} Add 4.7k pull-down resistance to the SC, pin (AS) to make SC, pin 0" level duning £ = ""1"

This operation makes port 3 high impedance state.

= PIN CONDITIONS AT SLEEP AND STANDBY STATE
® Sleep State

The conditions of power supply pins. clock pins, input pins
and E clock pin are the same as those of operation. Refer to
Table 15 for the other pin conditions.
® Standby State }

Only power supply pins and STBY pin are active. As for the
clock pin EXTAL. 1ts input is tixed internally so the MCU 1s
not influenced by the pin conditions, XTAL is in 17 output.
All the other pins are in high impedance.

® DIFFERENCE BETWEEN HD6301V0 and HD6301V1

The HD6301V1 is an upgraded version of the HD6301V0
The difference between HD6301V0 and HD6301V1 is shown
in Table 17.

Table 17 Difference between HD6301V0 and HD6301V1

HD6301V1
[ Mode 2: Expanded
! Multiplexed Mode
" {Equivalent to Mode 4)

item | HD6301V0
AR .
o
Operating Mode 2: Not defined
Mode

O S
. The electrical character- : Some characteristics
Electrical |

!istics of 2MHz version | are improved.
Characterri (B version) are not speci- \ The 2MHz version s
1stics | fied ' guaranteed.

- [ e R VA _ _
Has problem in output
Timer : compare function. The problem is solved.

. (Can be avoided by soft-
| ware.)

® APPLICATION NOTE FOR HIGH SPEED SYSTEM

DESIGN USING THE HD6301V1

This note describes the solutions of the potential problem
caused by nmse generation in the system using the HD6301V1.

The CMOS ICs and LSIs featured by low power consumption
and high noise immunity are generally considered to be enough
with simply designed power source and the GND line.

But this does not apply to the applications configured of
high speed system or of high speed parts. Such high speed sys-
tem may have a chance to work incorrectly because of the
noise by the transient current generated during switching.
The noise generation owing to the over current (Sometimes
1t may be several hundreds mA for peak level.) during switching
may cause daty write error.

This noise problem may be observed only at the Expanded
Mode (Mode 1. 2. 4, 5 and 6) of the HD6301V 1. The Single
Chip Mode (Mode 7) of the HD6301V1 has no such a problem.

Assuming the HD6301V1 is used as CPU in a system.

I. Noise Occurrence

If the HD6301V1 s connected to high speed RAM. a write
error may oceur. As shown in Fip. 33, the noise is generated in
address bus during write cycle and data is written into an unex-
pected address from the HD630IVI1. This phenomenon causes
random failures in systems whose data bus Joad capacitance
exceeds the specification value (90 pF max.) and/or the impe-
dance of the GND line is high.
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e\

/

s T\

R/W \
(SC3)

A~ Ass
(Port 4)

Do ~ Dy
{Port 3)

Fig. 33 Noise Occurrence in address bus during write cycle

If the data bus D, ~ 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.

T

t'\xid A
A N _‘sz-gu:’

HD6301V1

4

D,

:

3_{“

Fig. 34 Noise Source

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

Fig. 35 shows the dependency of the noise voltage on the
each parameter.

Vn Vi

7

Vn Vi

29 N

Vn: Noise Voltage Zg: GND Impedance
Cd: Data bus load capacitance
N: Number of data bus lines switching fram H to L

Fig. 36 Dependency of the noise voltage on each parameter

1. 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 HD6301V1 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.

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 7418373
is often used in this case.
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trolling those analog parameters.

— Do ~D
(. (a) Transient Current Reduction
(1) Reduce the data bus load capacitance. If large load
LS373 capacitance is expected, a bus buffer should be in-
serted.
Py ~P3s Ao ~ As
o ° (2) Lower the power supply voltage V. within specifi-
G cation.
HO6301V1 N N (3) Increase a time constant at transient state by insert-
U573 ing a resistor (100 ~ 200%2) to Data Buses in series
b to keep noise level down.
Peo~P Ay ~ A .
o e // Lo Table 18 shows the relationship between a series
As G/ resistors and noise level or a resistor and DC/AC
I T characteristics.
\ Addtional Latch
(7418373 for Di |—AA
noise isolation) w L I 7
2. Noise Reduction
ROM RAM |
As the noise level depends on each parameter such Cd. Ve, HDB301V1 0
Zg, the noise level can be reduced to the allowable level by con-
Table 18.
Resistor
Item No 10092 20092
Noise Voltage Level See Fig. 36
DC Characteristics oL 1.STnA——L 1.6 mA T 1.0 mA
f=1MHz No change
AC tADL 190 ns 190 ns 210 ns
Charac-
f=15MHz t 395 ns 395 ns 375 ns
teristics pooH 160 180 200
t ns ns ns
S\ TS R
f=2MHz tASL 20 ns 20 ns Ons
taccm 270 ns 250 ns 230 ns
Fig. 36 shows an example of the dependency of the noise *Note: The value of series resistor should be carefully selected because it
voltage on the load capacitance of the data bus.* heavily depends on each parameter of actual application system.
Maxi ltowed . .
cohditions ,Q:;':;::‘Cia:r:of Fig 37 shows the typical wave form of the noise.
154 the HDB301V1
) Vee=50V | cqg=90pF specification
Ta=25°C
Zg=0
N=8 '
s 1
> |
& 1
s , E pin —_—
>
s
)
2
—7 25 ns
;) vn
v h As pin
: R: Series Resistor
0 T —
50 100 Cd (pF) )
Data bus load capacitance Fig. 37
Fig. 36
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(b) Reduction of GND line impedance (3) Insert a bypass capacitor between the Vcc line and the
(1) Widen the GND line width on the PC board. GND of the HD6301VI. A tantalum capacitor (about
(2) Place theHD6301V1 close by power source. 0.1uF) is effective on the reduction.

VCC "
Power l l
Source IHDG301V1| | Memory I l Vfe] |

GND Fyen

(Recommended}
Vee (4
Power
o Hos301V1
Source
GND m

Fig. 38 Layout of the HD6301V1 on the PC board

m RECEIVE MARGIN OF THE SCi Table 19
Receive margin of the SCI contained in the HD6301Vlis
shown in Table 19. Bit distortion tolerance Character distortion tolerance
Note: SCI = Serial Communication Interface (t-—-to) /10 (T-To} /To
+37.5% 3%
START 1 2 3 4 5 6 7 8 STOP

ideal Waveform 1 1 I | | l [

\ Bit lengthl"“ov*i

b s - -——— -~ Character length Tg = =]
Real Waveform l I I [ l I I I l

| . |

I T 1
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" WARNING CONCERNING WAI INSTRUCTION

If the HALT signal is accepted by the MCU while the WAI in-
struction is executing, the CPU will not operate correctly after
HALT mode is canceled.

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

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

In HALT mode, the CPU operates correctly without the WAI
instruction, and WAI is executed correctly without HALT input.
Therefore, if HALT input is necessary, make interrupts wait
during the loop routine, as shown in Figure 39.

WAL * HALT input
waiting for
L Vimerrupt }

interrupt occurs

wrong vector address

(MSB) vector fetch for interrupt
wrong vector address
{LSB)
op-code fetch
. interrupt routine

: |
Figure 39 MAC function during WAI

@ NOTICE ON HD6301V1

- L]

. cu
cu LOOP BRA
WAl LooP

. L]

Y L]

Y [ ]

i) MAL function i} Recommended method

Figure 40 Program to wait for interrupt

® 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 3FF. In particular, don’t use the AIM, OIM or EIM
instruction to manipulate the DDR bit of PORT.

B 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 41).

Therefore, after power starts up, the LSI conditions such as its
/0 ports and operating mode, are unstable. Fix the level of 1/0 ports
by means of an external circuit to determine the level for system
operation during the oscillator stabilization time.

Lsi ® ®

The HD6301 VO (including A and B version) was upgraded to the
HD6301V1 series in early 1983. i

The specification deviation between the HD6301 VO series and RES pin 0 a 0 a i’i‘;:;:‘" reset
the HD6301 V1 series is as follows. Please refer to the data sheet for
detailed specifications of the HD6301V1 series.

Figure 41  RES circuit
Table 20 Specification Deviation Between the HD6301V0 and the HD6301V1
Items HD6301V0 HD6301V1
Mode 2: Not defined Mode 2: Expanded multiplexed mode (equivalent
Operating Mode to Mode 4)

Mode 3: Not defined

Mode 3: Not defined

Electrical Characteristics version) are not specified.

The electrical characteristics of 2 MHz version (B

The 2 MHz version is guaranteed.

Timer avoided by softwars).

Has problem in output compare function. (Can be

Fixed

B NOTICE ON HD6303R

The HD6303R is the same die as the HD6301 V1. The on-chip
Mask ROM is disabled by mask option; therefore not all modes of
operation are available on the HD6303R. Please note that wherever
HD6301V1 is referenced, the information also applies to the
HD6303R.

H NOTICE ON HD6303R1

The HD6303R has been upgraded to HD6303R1. Refer 1o the
following figures for differences between the devices. All other
characteristics remain the same.
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W DIFFERENCES BETWEEN HD6301V1, HD6303R, HD6303R1, HD63P01M1, AND HD63701V0

Function

Item HD8301V HD63701V0
RAM Size: 128-byte RAM Size: 192-byte
Address: $0080-$00FF Address: $0040-$00FF
$0000 - Register $0000 L7772 Register
RAM $0040
$0080 RAM
RAM /
$O0FF $00FF
e
N

Operation Mode

Mode 4: Expanded Multiplexed Mode = Mode 2

HD63701V0 does not have Mode 4

After providing supply voltage, output level is undefined
(0 or 1) unless the contents of the Qutput Compare
Register matches with those of the Free Running Counter.
The Output Level Register is not initialized by reset.

The Output Level Register is initialized to 0 by reset.

<

HDS3701¥0

>

AN

Timer
o {f I :
1
AQ; -
——— Ouom Compws e
Figure 20 Programmable Timer Block Diagram Figure 20  Programmable Timer Block Diagram
HD6301V1, HD6303R, HD6303R 1 Receive data is transferred from Receive Shift Register to

HD63PO1M1 RDR even if framing error occurs.
When framing error occurs, | Receive data is transferred
receive data is not transfer- | from Receive Shift Register
red from the Receive Shift | to RDR even if framing
Register to Receive Data error occurs.
Register (RDR).

SCiI

Pyl

Receive Shift
Register
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B DIFFERENCES BETWEEN HD6301V1, HD6303R, HD6303R1, HD63P01M1, AND HD63701V0 (Continued)

em HD6301V HD63701V0
The DDR of port is reset synchronously with E clock. /O The DDR of port is reset asynchronously with E clock.
state is undefined from providing power supply till CPU enters into high impedance state (input state) by
oscillation start (max. 20ms). bringing RES Low.
Resst release and MCU internal reset is performed
MCU internal reset synchronously with E clock.
Port Reset 1/0
Port
reset
MCu
internal
reset
1/0 reset
STBY signal is latched synchronousty with E clock. STBY signal is latched asynchronously with E clock. CPU
E enters into standby state by bringing STBY low.
Standby Mode By @ D o STBY
STBY STBY
HD6301V1, HD6303R,
HD63P01M1 HD6303R1
L L™
i IR I I i AR R B
c 1 output gy z AS I l | |
2 AS s |~ T
5 (Address
w Strobe)
In Expanded Multiplexed During reset, AS functions During reset, AS functions normally.
Mode (mode 0, 2, 4 or 6), normally.
AS becomes high impe-
dance state for a half E
clock cycle during reset.
Therefore, 1/O Port 3
functions as data bus
during reset.
HD6301V1, HD6303R, The SCI receive margin is shown below.
HD6303R 1 HD63PO1M1
The SC! receive margin is The SCI receive margin is START 1 2 31 4 5 6 7 B STOP
shown below. shown below.
t
Bit distortion Bit distortion e orm .° '
tolerance +37.5% | | |tolerance +25% I To |
(t-to)ty {t-19)/tg
SC»IAI:reci:lve Character Character
g distortion +3.5%| | | distortion Real L L . S O I
tolerance -2.5% tolerance +3.75% | | waveform L_.i ‘
(T-Toh o (T-TokTo , T |
Bit distortion toterance (t-to)/tg +37.5%
Character distortion tolerance (T-Tq)/Tg +3.75%
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8 DIFFERENCES BETWEEN HD6301V1, HD6303R, HD6303R1, HD63P01M1, AND HD63701V0 (Continued)

ltem HD6301V HDB63701V0
HD6301V1, HD6303R,
HD6303R1 HD63POIM1
Supply Voltage | Voc = 5V = 10% Veg = 5V = 10% (f = 0.1 ~ 2 MHz2)

(f =01 ~2MHz) Veo = 5V = 10%

Vee =3 ~ 6V (f =01~ 1MHz)

(f =01 ~ 0.5MHz)

<
-% tan = 20 ns min. taq, thw = 60 ns (f = 1 MH2)
5 tyw = 20 ns min. = 40 ns (f = 1.5 MH2)
w tan and tyyy are constant independently of operating = 30ns{f = 2MHz)
Address/Data frequency. tay and tyyy are proportion to 1/f. (f = operating fre-
" quency)
Hold Time -
(tan: thw) o
o 1 2 £ (wnz)

(1) tapy and tapo are constant independently of operating | tapy, tap2 and tap) are related to operating frequency
frequency. In HD63BO1V (B version of HD6301V), tapq | (They are in proportion to 1/f. { = operating frequency).
and tapp are 160 ns max. at 0.1 MHz through 2 MHz Therefore, if HDE37B01V operates at lower operating

Address operation. frequency, tapq, tapa and tap) will become 160 ns or
Delay (2) tapy is related to operating frequency. (tapy is in more. tapq, tapa @nd tap are calculated as follows.
Time proportion 1o 1/f. f = operating frequency) tap (f MH2) = 250 ns (1 MHZ) x 1/f (MHz)
b and G lin = 10 uA max. C;; = 50 pF max. Since RES is
mof m'“ lin = 1.0 gA max., G, = 12.5 pF max. multiplexed with Vpp, G, and I;, are larger than those of
c HD6301V.
2
§ Load
&= c tanc 2 - LSTTL + 40pF 1-TTL + SOpF
g e |loL = 0.8mA, lgy = -200 4A loL = 1.6 MA, loy = -200 4A
Load
Capacitance 1-TTL + 30pF 1-TTL + 90pF
of Port 1
Spec.
Spec. of Spec. Clock frequency (MHz)} 25 4.0 8.0 8.0
Crystal
g Rg = 60( max.
Oscillator Rs max. () 500 | 120 | 80 60
Storage o
= -55- Tgg = —55 - +125°
Temperature Tﬁg 55 - +150°C sig 5 - +125°C
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W DIFFERENCES BETWEEN HD6301V1, HD6303R, HD6303R1, HD63P01M1, AND HD63701V0 (Continued)

Item HD6301V HD63701V0
HD8&303R1,
HD6301V1, HD6303R HD63POIM1
e /L
@ \___ [
AL X A Noise x
c N
% GND Noise i - Noise is
] : --): reduced Noise is reduced by 50%.
w by 33%.
If ioad capacitance in each data line and
GND impedance are large, noise may
appear on address bus during MCU write
cycle and data won’t be written into RAM
correctly. The noise is caused by GND
impedance which becomes large when
large transient current flows into GND at
High to Low transition of data tine.
Chip design and manutfacturing process of the HD6301V differ from those of the HD63701V0. Therefore, actual spec.
Miscellaneous | and margin are different between the HD6301V and the HD83701V0. Please carsfully examine your system before
applying HD6301V or HD63701V0 ta your system.
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