HD63701V0, HD637A01V0
HD637B01VO i Suppion Fr Dot o

The HD63701V0 is an 8-bit CMOS single-chip microcomputer unit,

pin compatible with th HD6301V i. 4kB EPROM, 192 bytes RAM, Serial HD63701V0C
Communication Interface (SCI), parallel 1/0 ports and multi function HD637A01V0C
timer are incorporated in the HD63701VO. It is bus compatible with HD637B01vV0C

HMCS6800. Execution time of key instructions are improved and several
new instructions are added to increase system throughout. The
HD63701V0 can be expanded up to 65k words. Like the HMCS6800
family, I/O level is TTL compatible with +5.0V single power supply. As
HD63701V0 is fabricated by the advanced CMOS process technology,
power dissipation is extremely reduced. In addition to that, HD63701V0
has Sleep Mode and Standby Mode at lower power dissipation mode.
Therefore flexible low power consumption application is possible.

On chip EPROM can be programmed and erased by the same proce- (DC-40)
dure as that of 27C256 or 27256.

H FEATURES H PIN ARRANGEMENT
® Instruction Set Compatible with HD8301 Family
® Abundant On-Chip Functions _ ) vss ] O \/ =|E
4kB EPROM, 192 Bytes RAM, 29 Paraliel IfO Lines, 2 Lines of Data XTAL B2 sG,
Strobs, 16-bit Timer, Seriai Communication Interface EXTAL [5] H1SC,
® Low Power Consumption Mode: Sleap Mode, Standby Mode NMi ] 7]Pay
® Minimum Instruction Execution Time E.%l% Eim
148 {f = IMHz2), 0.6745 (1= 1.5MHz), 0.545 (f =2MHz) SrESLE] [35]Ps,
f . N . . = ] P,y
@ Bit Manipulation, Bit Test Instruction P, 5] P
® Protection from System Upset: Address Trap, Op-Cade Trap P, 71 37] Pas
® Up to 65k Words Address Space P2, [io] [31] Pas
® Wide Operation Range P2 1] %] Par
f=0.1 to 2.0MHz (Voo =5V 10%) Pz (1] 7} P w
o2 cc P[] 71},
P, [Ge )P
MW TYPE OF PRODUCTS P2 [ Bl
P 13 [ 18 E Pu
TYPE No. BUS TIMING P 7 [7a] Pus
P P
HD63701V0 1.0 MHz Pt %pf,
HDG37A01V0 1.5 HMz Py [x [21]Vec
HD637B01V0 2.0 HMz
(Top View)
H PROGRAM DEVELOPMENT SUPPORT TOOLS
® Cross assembler and C compiler software for IBM PCs and

compatibles

@ |n circuit emulator for use with IBM PCs and compatibles

® Programming socket adapter for programming the EPROM-on-
CHIP device
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HD63701V0, HD637A01V0, HD637B0t1 V0O

B ABSOLUTE MAXIMUM RATINGS

ltem Symbol Unit
Supply Voltage Vee -0.3~ 470 v
Input Voltage Vin -0.3~Vgc +0.3 v
QOperating Temperature TOpl 0~ +70 °C
Storage Temperature Tstg -55~ +125 °C
Program Voltage Vep -0.3~+13.0 \'

{NOTE) This product has protection circuits in inpul pin from high static electricity voltage and high electric field.

But be careful not to apply avervoltage more than maximum ratings to these high input impedance protection circuits. To assure the normal

operation, we recommend Vi, Vo,i: Vag = (Vi or Vo) =V

B MCU ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Voo =5.0V = 10%, f=0.1~2.0 MHz, Vgg =0V, Ta=0- +70°C, unless otherwise noted.)

Item Symbol Test Condition min. typ. max. Unit
RES, STRY Vee0.5 —
Input “High™ Voltage EXTAL ViH Ve x0.7 _\:8% \
Other Inputs 2.0 —
Input “Low” Voltage All inputs ViL -0.3 - 0.8 \
Input Leakage Current T —— Ihint Vin=0.5~Vgc-0.5V - — 109 KA
NMI, IRQ, STBY 1.0
Pig~Py7 Pog~Pxa,
Ig;iz:;%‘l’j::f:‘at") %;E Py Pay~Pay st | Vin=0.5~Vgc-0.5V - - 10 | 4A
Output “High” Voltage | All Outputs VoH lon =~2004A 24 — — v
lon =-10pA Vo907 — — \
Qutput “Low” Voltage All Outputs VoL lop = 1.6mA - - 0.55 v
. RES Vin=0V, f=1.0MHz, 50
Input Capacitance Al Outputs Cin T$"= 2590 — — 25 pF
Standby Current Non QOperation lee — 2.0 5.0 A
) Operating {f=1MHz"*) - 5.0 10.0
Current Dissipation* lec - mA
Sleeping (f=1MHz"*) — 1.0 2.0
RAM Standby Voltage VRAM 2.0 — - v

Vi min. =Ve--08V, V| max. = 0.8V {All output pins have no load.)

** Current Dissipation of the operating or sleeping condition is proportional to the aperating frequency. So the typ. or max. values about Current

Dissipations at X MHz operation are decided according to the following formulas:
typ. value (f=X MHz)= typ.value (f=1MHz)xX
max. value {f =X MHz) = max. value {f=1MHz)x X
{both the sleeping and operating)

632
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HD63701V0, HD637A01V0, HD637B01VO

® AC CHARACTERISTICS (Voo =5.0V+10%, 1=0.1~2.0 MHz, Vgg =0V, Ta=0~ +70°C, unless otherwise noted.)
BUS TIMING

hem Symbol cOz?j?ttion ' HD63701V0 .HD637A01 Vo -HD637BO1 Vo Unit
min. | typ. { max. [ min. | typ. jmax. | min. typ. | max.
Cycle Time teye 1 10 ]0.666 10 | 05 10 us
Address Strobe Pulse Width “High” PWasH"* 220 ] — | 180 — | 10 - ns
Address Strobe Rise Time tasr — 25 - 25 — 25 ns
Address Strobe Fall Time tass — 25 - 25 — 25 ns
Address Strabe Delay Time tasp” 60 —_ 40 — 20 — ns
Enable Rise Time 1y — 20 — 20 — 20 ns
Enable Fall Time e — 20 | — 20 | — 20 ns
Enable Pulse Width “High” Level PWgy" 450 — | 300 — | 220 — ns
Enable Pulse Width “Low™ Level PWg ™ 450 — | 300 — | 220 — ns
Address Strobe to Enable Delay Time tASED”™ ) 60 — | 40 - 20 — ns
Address Delay taDs" Ezg: ) [ = 250 | — 190 | — 160 | ns
Time tap2" — 250 | — 190 | — 160 | ns
Address Delay Time for Latch tapL” — 250 | — 190 | — 160 | ns
. Write | tpsw' 230 — | 150 — | 100 — ns
Data Set-up Time Read | losk 80 T S T T ns
. Read | tyR 0 — 0 — 0 — ns
Data Hold Time Write | thw" 60 — [ a0 — [ 30 s
Address Set-up Time for Latch tast” 60 — 40 — 20 — ns
Address Hold Time for Latch tasH” 30 — 20 — | 20 — ns
Address Hold Time tAH” 60 — | 40 — 30 —
Ay ~ Az Set-up Time Before E tasm” 200 — | 110 — 60 — ns
Peripheral Read Non-Multiplexed Bus| Tacon” — 650 | — 395 | — 270 | ns
Access Time Multiplexed Bus Tacem” — 650 | — 3gs | — 270 | ns
Oscillator Stabilization Time tre Fig. 10 | 20 — | 20 — ] 20 — | ms
Processor Control Set-up Time tpcs Fig. 11 | 200 — | 200 — | 200 — | ns
* These timings change depend on t.y.. The values in the table are those when tg, is minimum (at maximum operating frequency).
PERIPHERAL PORT TIMING
tem Symbol cgﬁgﬁﬁm . HD63701V0 .H D&37A01V0 .H D637801V0 Unit
min. | typ. |max. [ min. | typ. | max. | min. | typ. ;max.
SZEBE’%?L?”‘" Port1,2,3,4 | tppgy | Fig.3 | 200 — | 200 | 200 — | ns
Peripheral Data Port1,2,3,4 | tepn | Fig-3 | 200 — | 200 | 200 — | ns
D o Watus Teanaon | |tosor | Fig-s | — 200 | — 200 | — 200 | ns
PoegésT Ia"Sii:ﬁ'éaT"r'znZﬁﬂﬂ“ Transiton tospz | Fig-5 | — 300 | — 300 | — 300 | ns
Delay Time, Enable
Negative Transition to Port1,2%, 3,4 | tpwp Fig. 4 — 300 | — 300 | — 300 | ns
Peripheral Data Valid
Input Strobe Pulse Width tpwis Fig.6 | 200 — | 200 — | 200 — | ns
input Strobe Rise Time tigr Fig. 6 - 50 | — 50 | — 50 | ns
Input Strobe Fall Time st Fig. 6 — 50 | — 50 | — 50 | ns
Input Data Hold Time Pont3 | tiy Fig.6 | 150 — | 150 — j 150 — ns
input Data Set-up Time Port3 | Y5 Fig. 6 0 — 0 — 0 — ns

* Except Pyy.
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HD63701V0, HD637A01V0, HD637B01V0

" TIMER, SCI TIMING

701V HD
ften Symbol Co':"z.st_ HDB3 0 637A01V0 HD637B01V0 Unit
tion  I'min. T typ. [max. | min. | typ. [max. | min. | typ. |max.
Timer Input Pulse Width tpwt 20 — |20 — | 20 — | teye
Delay Time, Enable Positive Transition
to Timer QOut trop Fig. 7 - 400 | — 400 | — 400 | ns
SCI Input Clock Cycle tgeye 2.0 — | 20 — | 20 — [leye
SCI Input Clock Pulse Width PWSCK 0.4 06 | 0.4 06 | 0.4 0.6 |tgeyc
MODE PROGRAMMING
HO 1Vi 7B01V
hem Symbol c TZ-St- : 63701V0 HD637A01V0 HDB637B01V0 Unit
ondition [ min. | typ. [max. [ min. [ typ. [max.] min. [ typ. |max.
RES PWRsTL 3 — 1 3 — | 3 — | teye
Mode Programming Set-up Time tmps Fig. 8 2 - 2 — 2 — iy
Mode Programming Hotd Time tMPH 150 — | 150 -— |1 150 — | ns
GHITACHI
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HD63701V0, HD637A01V0, HD637B01VO0

Yeve
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Figure 1 Expanded Multiplexed Bus Timing

leve

rw‘..—-—-\

14V

Address Velid

MCU Write

o,~0,
Portd)

2.4v
Dats Valid
o8V

| @ t gy o]

r——'osu—- )

ltacen!

0,~0.

L
thort 3y A2

Agdren Valid

A ~A, Por 1) ¥ 2.4V
A, o &) n
L o.

Figure 2 Expanded Non-Multiplexed Bus Timing
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HD63701V0, HD637A01V0, HD637B01V0

MCU Wrate
I— MCU Read r

€ 1av [ ‘k 24v €
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207 Kz.ov
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08V 9. Note) Port 2: Except P,
*Post 3 Non-Latched Operation .
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Figure 3 Port Data Set-up and Hold Times
{MCU Read)
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* Access matches Output Strobe Seiect (0SS = 0, a read;

058 =1, awrits)
Figure 6 Port 3 Latch Timing
{Single Chip Made)

Figure 5 Port3 Output Strobe Timing
(Single Chip Mode)
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Figure 7 Timer Output Timing
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Figure 9 Bus Timing Test Loads (TTL Load)
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Interrupt
Test
-t

SpligigipigipipipEpEpSpuppEpEyEyS
mend XTI X

. Op Code Op Code FFFF  SP  SP1  SP.2 5P-3 - SP-5 . \"Iﬂ-sr.anr :;%m New
NMI. IRGL iiﬁ‘.m Address Address+1 Address Address Address
tecs

Internal

Dasta Bus

p Code Jperand irrelvant PCO- PCE- X0~ B~ ggtor I
Internal Code ngrg Pe7 PCIS  yx7 X186 M
Reed
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Wit

Figura 10 Interrupt Sequence

¢ WMM’U‘LFLFU_LJ_L_L*—N
a5V ~ ] # - _l

"
Vee 0 SV " Ve 05V
STOY —e F—lpcs LT V.Y
.+
Vg 05V
Afs ’ —n)___-.JFO av oev n
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Figure 11 Reset Timing

8 FUNCTIONAL PIN DESCRIPTION
® Vee, Vss

These two pins are used for power supply and GND. Recom-
mended power supply voltage is 5V 10%.

® XTAL, EXTAL XTAL

These two pins are connected with parallel resonant fundamen- i
tal crystal, AT cut. For instance, in order to obtain the system clock G 1= Gy 5 =10~220F + 20%
1Miiz, a 4MHz resonant fundamental crystal is used because the [ass L1 CLg =10~220F ¢
devide by 4 circuitry is included. EXTAL accepts an external clock (2~8MHz)
input of duty 50% (= 5%) to drive, then internal clock is a quarter
the frequency of an external clock. External driving frequency will EXTAL
be fess than 4 times as maximum internal dlock. For external driv-
ing, XTAL pin should be open. An example of connection circuit is Ciy ——C
shown in Fig. 12. L2 v

XTAL and EXTAL pins are also used to place the MCU in the
EPROM mode. Refer to “PROGRAMMING THE HD63701V0
EPROM” section for details. {a) Crystal Interface
AT Cut Paralle! Resonance Crystal

Fraquency (MHz} 25 40 8.0 8.0 XTAL =—N.C.

Ho max Y 500 120 80 60 eXTAL p—< External Clock

Co max pF) 790 {b) External Clock

Figure 12 Connection Circuit
@ HITACHI
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HD63701V0, HD637A01V0, HD637B01VO0

® 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 Voo and the MCU is reset. In order to retain information
in RAM during standby, write *0” into RAM enable bit (RAME).
RAME is bit 6 of the RAM Control Register at address $0014. This
disables the RAM, so the contents of RAM is guaranteed. For de-
tails of the standby mode, see the Standby section.

¢ Reset (RES)

This input is used 1o reset the MCU. RES must be held “Low’’
for at least 20ms when the power starts up.

To reset the MCU during system operation, it must be held
“Low" for at least 3 system clock cycles. When RES goes “‘Low”,
all address buses become “High-impedance” and it continues while
RES is “"Low™. Il RES goes to “High"’, CPU does the following.
(1) 17O Port 2 bits, 2,1,0 are latched into bits PC2, PCI, PCO of

program control register.

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

(3) The interrupt mask bit is set. In order to have the CPU recog-
nize the maskable interrupts TRQ, and TRQ,, clear it before
those are used.

When RES goes “Low", 1/0 Ports become **High-impedance”
immediately independent of clock state, while the internal portions
of MCU are reset synchronously with clock.

¢ Enable (E)

This output pin supplies system clock, Outpuf is a single-phase,
TTL compatible and 1/4 of the crystal oscillation frequency. It can
drive one TTL load and 90pF.

® Non maskable Interrupt (NMI}

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

¢ Interrupt Request (IRQ,/A)

This pin function as IRQ, pin in the Normal operation mode, bit
in the EPROM mode it functions as address input pin (A).

IRQ, is the level-sensitive pin which request an interrupt se-
quence to the CPU.

When IRQ, goes “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 inter-
rupt sequence; otherwise, interrupt request is neglected.

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

At the end of the cycle, the CPU generates 16 bit vectoring ad-
dresses indicating memory addresses $FFF8 and $FFF9, and load
the contents to the Program Counter, then branch to an interrupt
service routine.

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

When JRQ, and IRQ, are generated at the same time, the
former precede the fatter. Interrupt Mask Bit in the condition code
register, if being sel, will keep the beth interrupts off.

IRQ, has no internal latch. Therefore, if IRQ, is removed during
suspension, that iRﬁ, is ignored.

Table 1 Interrupt Vector Memory Map

Vector
Interrupt
MSB LS8
Highest FFFE FFFF RESET
Priority  reee [rrEF | TRAP
FFFC |FFFD | NMI
sSwi
FFEA | FFFB {Software Interrupt}
FFF8 FFF9 IRQ, US3)
ICF
FFFG | FFF7 (Timer Input Capture}
OCF
FFF4 FFFS (Timer Output Compare)
TOF
FFF2 FFF3 {Timer Cverflow)
Lowest SCi
prioity [0 | FFF1 | (RORF+ORFE+TDRE)

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

The following pins are available only in single chip mode.

® Input Strobe (iS3) {SC,)

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 sel.

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

¢ Output Strobe (0S3) (SC,)

This signal is used to send a strobe 1¢ an external device, indicat-
ing eflective data is on the 1/0 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 TTL compatible 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™'). It can drive
one TTL load and 90pF.

® 1/0 Strobe (10S) (SC,)

In expanded non multiplexed mode 5 of operation, TOS goes to
“Low” only when A, through A, are “0” and A, is 1", This
allows external access up 1o 256 addresses from $0100 to $01FF in
memory. The timing chart is shown in Figure 2,

® Address Strobe (AS) (SC,)

In the expanded multiplexed mode, address strobe signal ap-
pears at this pin. It is used to latch the lower 8 bits addresses multip-
lexed with data at Port 3. The 8-bit latch is controlled by address
strobe as shown in Figure 18. Thereby, 1/O 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.

m PORTS
HD63701V0 has four 1/0 Ports (three 8-bit ports and one 5-bit

@ HITACHI
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port). Each port has an independent write-only data direction regis-

ter to program individual I/O pins for input or output.”

When the bit of associated Data Direction Register is “1”. 170
pin is programmed for output, if 0", then programmed for an
inpul.

There are four ports: Port 1, Port 2, Port 3, and Port 4. Ad-
dresses 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 port.
RES does not affect 1/0 port Data Registet, Therefore, just after

RES, Data Register is uncertain. Data Direction Regislers are resel.

Table 2 Port and Data Direction Register Address

Port Port Address Rggi‘satg‘fs:;:’e"ss
1/0 Port 1 $0002 $0000
/O Port 2 $0003 $0001
170 Port 3 $0006 $0004
VO Port 4 $0007 $0005
s |/O Port 1

This is an 8-bit port, each bit being defined individually as input
or outputs by associated Data Direction Register. The 8-bit output
buffers have three-state capability, maintaining in high impedance
state when they are used for input.

These are TTL compatible and can drive one TTL load and
90pF. After the MCU has been reset, all /O lines of Port 1 are con-
figured as inputs in all modes except mode 1.

In all modes except the expanded non multiplexed mode (Mode
1) and EPROM mode, port 1 always function as parallel 1/0. In
mode 1, port 1 will be an output line for lower address (A, to Aq).
In the EPROM mode, port 1 is lower address (A, to A;) input for
EPROM.

e 1/0O Port 2

This port has five lines, whose 1/0 direction depends on its data
direction register. The 5-bit output buffers have three-state capa-
bility, going high impedance state when used as inputs.

Port 2 is TTL compatible and can drive one TTL and 30pF. After
the MCU has been reset, 1/0 lines are configured as inputs. Three
pins of Port 2 (pins P,,, Py, P,,) are used to program the mode of
operalion during reset. The vatues of these three pins during reset
are latched into the upper 3 bits (bit 7, 6 and 5) of Port 2 Data Reg-
ister, which is explained in the MODE SELECTION section.

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

® 1/0 Port 3

This is an 8-bit port which can be configured as 1/0 lines, a data
bus, or an address bus multiplexed with data bus. Its function de-
pends on hardware operation mode programmed by the user using
3 bits of Port 2 during Resel. Port 3 as a data bus is bi-directional.
For an input from peripherals, regular 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 TTE compatible three-state buffer can drive one
TTL load and 90pE. In the expanded Modes, dala 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/Oulpuis as programmed by iis corresponding
Data Direction Register.

There are two control lines associated with this port_in this
mode, an input strobe (IS3) and an output strobe (0S3), both

being used for handshaking. They are controlled by 1/0 Port 3Con-

trol/Status Register. Function of these two control lines of Port 3
are summarized as follows: .
(1) Port 3 input data can be latched using 153 (SC,) as a input
strobe signal.
(2) 083 can be generated by CPU read or write 1o Port ¥’s dala
register. -
(3) TRQ, interrupt can be generated by an IS3 falling edge.
Port 3 strobe and latch timing is shown in Figs. 5 and 6 respec-
tively.
1/O Port 3 Control/Staus Register is explained as follows:

/O Port3 Control/Status Register

7 6 5 4 3 2 1 [¢]

B3 x | 08S |LATCH] x | -x x
53 1R,
$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 control the input latch of Port 3. If the bit is set at
“1", the input data on Port 3 is laiched by the falling edge of 183.
The latch is refeased by the MCU read lo 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", 1S3 does not affect [/O Port 3 laich operation.

Bit 4 0SS (Output Strobe Select]

This bit identifies the cause of output strobe generation: a write
operation or read operation lo 1/G Port 3. When the bit is cleared,
the strobe will be generaled 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 1S3 IR, ENABLE.

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

Bit 7 183 FLAG. _

Bit 7 is a read-only bit which is set by the falling edge of 1S3
(SC),). It is cleared by a read of the Control/Status Register followed
by a read/write of 1/0 Port 3. The bit is cleared by reset.

Expanded Non Multiplexed Mode {mode 1, 5)

In this mode. Port 3 becomes data bus. (D, to D;)
Expanded Multiplexed Mode (mode 0, 2, €)

Port 3 becomes both the data bus (B, to D;) and lower bits of
the address bus (A, 1o A;). An address strobe output is ‘“High™
while the address is on the port.

EPROM Mode
In this mode, Port 3 is data inputs and outputs of EPROM (O, to
0,).

s 1/O Port 4

This is an 8-bit port that becomes either I/0 or address outputs
depending on the selected operation mode. Each line is TTL com-
patible and can drive one TTL load and 90pF. Function of Port 4 for
each mode is explained below.
Single Chip Mode (Mode 7): Parallel Inputs/Outputs as program-
med by its associated data direction register.
Expanded Non Multiplexed Mode (Mode 5): In this mode, Port
4 becomes the lower address line (A, to A;) by writing “*1™’s on the
data direction register. After reset, this port becomes inputs. In
order 1o use these pins as addresses, they should be programmed as
outpuls.

When all of the eight bits are not required as addresss, the re-
maining lines can be used as 1/0 lines (Inputs only).
Expanded Non Multiplaxed Mode (Mode 1): In this mode, Port
4 becomes ouiput for upper order address lines (Ag 10 A, o) regard-
less of the value of the direction register.
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Expanded Multiplexed Mode (Mode 6): In this mode, Port 4 be-
comes the upper address lines (A to A,;). After reset, this port be-
comes inputs. In order to use these pins as addresses, they should
be programmed as outputs. When all of the eight bits are not re-
quired, the remaining lines can be used as 1/O lines (input only).
Expanded Multiplaxed Mode (Mode D, 2): In this mode, Port 4
becomes output for upper order address lines (A; to A,;) regardless
of the value of data direction register.
EPROM Mode

In this mode, Port 4 functions as an input line for EPROM ad-
dress, CE and OFE.

The relation between each mode and 1/0 Port 1 to 4 is sum-
marized in Table 3.

m MCDE SELECTION

The MCU operation mode after the reset must be determined
by the user witing the P,q, P,, and P,, pins externally. These three
pins are lower order bits, 1/0 0, I/0 1, 1/0 2 of Port 2. They are
latched into the control bits PCO, PC1, PC2 of 1/O Port 2 register
when reset goes “High™. I/0 Port 2 Register is shown below.

Port2 DATA REGISTER

7 6 5 4 3 2 1 ¢}

$0003 | PC2 [PCY1 {PCO|{KO 4| )VO3| O 2| VO 1| VOO

An example of external hardware used for Mode Selection is
shown in Fig. 13. The HD140538B is used to separate the peripheral
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 sofiware because the bits 5,6,
and 7 of Port 2 Data Register are read-only. The mode selection of
the HD63701V0 is shown in Table 4.

The HD63701V0 operates in three basic modes: (1) Single Chip
Mode; (2) Expanded Multiplexed Mode (compatible with the
HMCS6800 peripheral family), (3) Expanded Non Multiplexed

Mode {compatible with HMCS6800 peripheral family).
For EPROM mode, refer to *‘Programming the HD63701V0
EPROM™ section.

® Single Chip Mode (Made 7)

In the Single Chip Mode, all ports will become 1/0. This is
shown in Figure 15. In this mode, SC,, SC, pins are configured for
control lines of Port 3 and can be used as input strobe (IS3) and
output strobe (053) for data handshaking.

¢ Expanded Multipiexed Mode {Mode 0, 2, 6)

In this mode, Port 4 is configured for 1/0 ({inputs only) or ad-
dress lines. The ata bus and the lower order address bus are multip-
lexed in Port 3 and can be separated by the Address Strobe.

Port 2 is configured for 5 parallel 1/0 or Serial 170, or Timer, or
any combination thereof. Port 1 is configured for 8 parallel /0. In
this mode, HD63701V0 is expandable up to 65k words (See Fig.
16).

® Expanded Non Multiplexed Mode (Mode 1, 5)

In this mode, the HD63701 V0 can directly address HMCS6800
peripherals without address latch. In mode 5, Port 3 becomes a data
bus. Port 4 becormnes A, to A, address bus or partial address bus and
10 (inputs only). Port 2 is configured for a parallel 1/0, Serial 1/0,
Timer or any combination thereof.

Port | is configured as a parallel I/0 only.

In this mode, HD63701 V0 is expandabie to 256 locations.

In mode 1, Port 3 becomes a data bus and Port 1 becomes A, to
A, address bus, and Port 4 becomes A, to A, address bus.

In this mode, the HD63701V0 is expandable to 65k word 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 lalched. It requires the 7418373 Transparent octal D-lype to
latch the LSB. Latch connection of the HD63701V0 is shown in
Figure 18,

Ve
A ‘é ‘z z 1
r PHI Rl. RI
e 11 RES
X
)(. HDB83 70t VO
Y, X P,, IPCO)
Z, ¥ P, IPC1)
Pie X, P,, IPC2}
LS \#
P‘ll z
. HO 140
J 3 & Joh 538 Note 1} Figure of Mode 7
<7 Mode 7;, 2) RCw~Reser Constant
Control 3} R, =10kn

Switch

Figure 13 Recommended Circuit for Mode Selection
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Voo Truth Table
Controt Input On Switch
-
Inh O— = .of- Selwct
AO— Level — Binary to 1 9‘ 2 Ittt
80 co | Decoder with c|[B]A|mD140528
co o fohibit o |ojolo| z]Jv]x
J) a {ofo]r] z)v.x.
Vss gVes o [o]1]o]| zfr.x,
X 0 o |ofrjr]| z)v.|x.
o Lot
X,0— #3 o x o [1]ofo] z[v.x,
Y0 £ o frjolv] Z,)vY,Ix,
Y, o £ l OY¥ o [1]v]o] z|v.|x.
2,0 &» o |1|1]r] z]v.]x
Z,0 @—OZ 1 x]x|x —

Figure 14 HD14053B Multiplexers/De-Multiplexers

Vee

f

T 1 j—— Enable
[ ] - o Nmi
] > Enable g —— N
o | — —
T | fs——O NMI §Toy O——f l«—O 1RQ,
ETBY b0 1RQ, RES O0——»] Hos3701v0 |—3m
TBY 0— RW
AES O~ ““':;‘SW . MCy Port 3
Port 1 Port 3 Port 1 < > -
ort o ] H Multiplened
8 1/0 Lines <:> <:> 81/0 Lines 8170 Lines Dsta/Addren
f*— | Port 3 ——> Addrens Strobe
~—a== | 1/O Strobes Port 2 Port 4
Port 4 Port 2 $51/0 Linms @ 8 Addrass
B 1O Lines 51/0 Lines i'_:' Lines or
e sc imae . 8 /O Lines
Vas Timer Vg {inguts Oniy)
Figure 15 HD63701V0 MCU Single-Chip Mode Figure 18 HD63701V0 MCU Expanded
Multiplexed Mode
Vec Vee
 —
=3 e & | [
-] fa—0 WM - | 0 WM}
SThY O—»d le—0 IRQ, BTBY 0—» be—0 I1RQ,
AES O—m REE O—» '
HDE3701V0 Res HDB3701v0
Port 1 <:> L=V <::> Port 3 Port 1 mcu Port 3
8 Parallel 1/0 8 Data Lines To 8 Address Lines 8 Dats Lines
—> AW — AW
—» 105
Port 2 Port 4 Port 2
§ Parallel 1/0 ( E ) 8 Addren A
38 @ 8 Addre chlurlllol 110 E'Addruu
Timer e 8 1/O Lines Timer h o
v tnputs Only)
ss Vss
(»] Mode 5 (b} Made 1

Figure 17 HDB63701V0 MCU Expanded Non-Multiplexed Mode
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GND
AS l
G OC
D| 0; 7
Port 3 415373 Address A,~A, Function Table
Address/Dars e e
g:"‘:’r‘:"l Ensble Ouiput
o, o 10¢) 6 0 Q
L H H H
— L H L L
L L x Q,
M X X 4
i Dsa D,~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 while the mode.
Table 3 Feature of each mode and lines
PORT 1 PORT 2 PORT 3 PORT 4 —_=
MODE Eightlines | Fivelines | EightLines | Eightlines | SC1 SCz  |RES/Vpp | IRQ1/Ag
Single Chip 170 /O Vo [1s] B3 (05301 | RES 7O,
Address Bus
(Ag~As Address Bus® Yl === ——
Expanded Mux [1]v] /0 Data Bus (Ag—Asg) AS (0) [ R/W (O} RES IRQ,
MCU {Do~Dy)
Mode )
Data Bus Address Bus® | —= — —= —_
Mode 5 I{e} o] 10S (0) | R/W (0) RES IRQ
Expanded . {Dy~D4) Ag—~Ay) !
Non-Mux Address Bus DataBus | Address Bus o —— —
Mode 1 (Ag~Ay) VO {Dg~D} {Ag~Aqs) NotUsed | R/W (O} | RES iRQ,
Address Bus
EPROM Mode AddrossBus |pooaeinest | o Bus OE.CE  |NotUsed |NotUsed | Vep Ag
0~~A7 20 F21. P22 0P 1 iag Ayg—Aa
* These lines can bs substituted forl/O{ Input Only) (except Mode 0, 2)
1 = Input i53 = input Strobe SC = Strobe Control
[¢] = Output 053 = OQutput Strobe AS = Address Strobe
R/W = Read/Write i3S = VO Seiect
G HITACH!
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Table 4 Mode Selection Summary

Pqa Py Pio Interrupt Bus .
Mode | o3 | pdly | pCo) | EFROM | RAM | vectors | Mode Operating Modo
7 H H H | | | 1 Single Chip
6 H H L 1 | 1 MuUx® Multiplexed/Partial Decode
5 H L H ! 1 [ NMUX® | Non-Multiplexed/Partial Decode
4 H L L - - - - Not Used
3 L H H - - - - Not Used
2 L H L (3 1 E MUX Multiplexed
1 L L H (3 i E NMUX Nan-Multiplexed
0 L L L | } @ MUX Multiplaxed Tast
LEGEND: {NOTES)
i — Internal 1} Intammal ROM is disabled.
E — External 2) Reset vector is external for 3 or 4 cycles after
MUX — Multiplexed RES goes “high".
NMUX -~ Non-Multiplexed 3) idie lines of Port 4 address outputs can
L — Logic "0” be assigned to Input Port.
H — Logic 1"
s MEMORY MAP
The MCU can provide up to 65k byte address space depending
on the operaling mode. Fig. 19 shows a memory map for each oper-
ating mode. The first 32 locations of each map are for the MCU’s
internal register only, as shown in Table 5.
G HITACHI
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Table 5 Internal Register

. Read, Write*4/Initial Valus after Reset
Register Address
7 16 s ] af3a]z2]1 o
w
Port 1 Data Direction Register $00°1
$00
Port 2 Data Direction Regist $01 hid
0 a irection negister
¢ $00
R/W*S
Port 1 Data Register $02*! -
Uncertain
R°¢ R/W*S
Port 2 Data Register/Mode Register $03 -
P ] P, I Pao Uncertain
w
Port 3 Data Direction Register $04°2
$00
w
Port 4 Data Direction Register $05*3
$00
R/W*E
Port 3 Data Register $06*2 -
Uncertain
R/W*s
Port 4 Data Register $07°2 -
Uncertain
R R R R/W | R/'W | R'W | R/W R
Timer Control and Status Register $£08 thid
4] 0 0 0 0 0 0 (o}
Counter (High Byte) $09 RIW
ounter " e,
gh By $00
R
Counter [Low Byte} $0A hid
$00
R/W
Output Compare Register (High Byte! $0B W
. R/W
Output Compare Register (Low Byte) $0C SFF
Input Capture Registar {High Byte) $0D R
nput Capture Register {Hi )
P P 9 gn By $00
input Capture Register {Low Byte) $0E R
ut Capture Register {Low Byte
P p ) Y $00
Not
R R/W Used R/W | RIW Not Used
Port 3 Control and Status Register $0F*2
0 0 1 o 0 1 1 1
. Not used w w w w
Rate and Mode Control Register $10
1 1 1 1 V] 0 0 [+]
R R R R/'W | R'W | R/'W | R'W | R/'W
Transmit/Receive Control and Status Register $11
0 0 1 0 0 0 0 0
R
Receive Data Register $12
egiie $00
. . w
Transmit Data Register $13
$00
. R/W 1 R/W Not Used
RAM Control Register $14
R R
Reserved $15~81F

°1  Externsal address in mode 1.

"2 Externsl address in mode G, 1, 2, 6. Cannot be accesed in mode 5.

*3  External addressinmode 0, 1, 2.

*4 R:Resd only, W: Writa only, A/W: Read and write,

°5  When the CPU reads these addresses, the data on I/O pins, not the contents of data ragisters, ara rasd into the CPU. (Regarding Port 3, refer to “'I/O

Port 3" saction for detail.)
"8 Refer to "MODE SELECTION™ section,
*7  Refer to “Standby Mods"™ section.

644
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-2

HD63701V0
Mode

Multiplexed Test mode

|

] Internal Registers

} Externa! Memory Space

Internal RAM

$00FF

€ xternai Memory Space

$FO00 y//

SFFFF(2)

Internal EPROM

INOTES]

1} Excludes the {foliowing addresses which may be
used externaily: $04, $05, $06, $07 and $OF,
Addresses $FFFE and $FFFF are considered
external f accessed within 3 or 4 cycles after a
positive edge of RES and internal at all other umes.

3

af internal and external memory spaces to avord
driving the data bus with more than one device.
This mode is the only mode which is used for
testing.

4

After 3 or 4 CPU cycles, there must be no overlapping

HD63701V0
Mode

Non-Muitiplexed /Partial Decode
$0000

] Internal Aegisters

$001F
} External Memory Space
$0040
Internal RAM
$00FF
External Memory Space
SFFFF
INOTE]

Excludes the tallowing addresses which may be
used externaliy; $00, $02, $04, $05, $06, $07
and $OF,

{to be continued)

Figure 19 HD63701V0 Memory Maps
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646

HD63701Vv0 HD&3701V0
Made Mode

Multiplexed/RAM Non-Multiplexed/Partiat Decode
$0000 $0000
Internal Registers } Internat Registers
soonF } E xternal Mamory Space oo Uausable
$0040
$0040 Internal RAM
internal RAM SOOFF
$0100
SOOF F } External Memory Space
SOIFF
V]
External Memaocy Space nuisble
$F0O00
Internal EPROM
SFFFF
$FFFF Internal Interrupt Vectors

I{NOTE] Excludes the following address which

" INOTE] Excludes $04, $06, SOF.
;;; ':o:"d externally; $04, $05, $086, These address cannot be used

externally,

{10 be continued)

Figure 19 HDG3701V0 Memory Maps
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HDG63701V0, HD63701V0
Mode Mode

Muttiplexed/Partial Decode Single Chip

$0040 P EternatMemer Soace $0040 il v
E xternal Memory 5.3m Unusable
$F000

Internal EFROM Internal EPROM

INOTEI
Excludes the following address which may be
used externally: $04, $06, $OF.

Internal Interrupt Vectors Internal interrupt Vectors

SFFFE

Figure 19 HD63701V0 Memory Maps
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m PROGRAMMABLE TIMER

The HD63701V0 contains 16-bit programmable timer which
may be used to make measurement of input waveform. In additjon
to that it can generate an output waveform by itself. For both input
and output waveform, the pulse width may vary {rom a few micro-
seconds to several seconds.

* an 8-bit control and status register

* a 16-bit free running counter

* 2 16-bit output compare register, and

* a 16-bit input caplure regisier

A block diagram of the timer is shown in Figure 20.

4 HDB3701V0 Internal Bus )

‘ C'I::::-l" a1 Ly
su\d [es Jocr[roe ] mesfeociderod: pajua)
R-‘;‘:::l J
308

'
Output Comparg Pulle | ==

Port2 Per12
Figure 20 Pragrammable Timer Block Diagram

e Free Running Counter ($0009:$000A)

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

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

When the CPU writes arbitrary data to the MSB ($09), the value
of $FFFS is being pre-set to the counter (309, $0A) regardless of
the write data value. Then the CPU writes arbitrary data to the LSB
($0A), the data is set to the “*Low” byte of the counter, at the same
time, the data preceedingly written in the MSB ($09) is set to
*“High™ byte of the counter.

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

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

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

$09 Write | $OA Write
{BA F3)
S U O
Counter T FFF8 | 5ARd

'
i 1
(SAF 3 written to the counter)

Figure 21 Counter Write Timing

e 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 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 output Compare Register and Output
level bit may be changed for the next compare.

The output compare register is set 1o SFFFF during reset.

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

® 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 signai occurs.

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

To altow 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 deter-
mines whether or not an interrupt request may occur (IRQ,).
If the I-bit in Condition Code Register has been cleared, a
priority vectored address occurs correspondinging to each flag.
A description of each bit is as follows.

Timer Control/Status Register

7 6 5 4 3 2 1

icF | ocF { ToF | EIC1 |EOCI | ETOI | IEDG | OLVL $0008

Bit 0 OLVL (Output Level}; When a maich is found in the
value between the counter and the output compare
register, this bit is transferred to the Port 2 bit i. If the
DDR corresponding to Port 2 bit 1 is set 1", the
value will appear on the output pin of Port 2 bit 1.

Bit 1 IEDG lInput Edge); This bit control which transition of

an inpul of Port 2 bit O 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 IEDG =
1, trigger takes place on a positive edge (“Low"” to
“High"" transition).

Bit 2 ETO! (Enable Timer Overflow Interrupt); When set,
this bit enables TOF interrupt to generate the interrupt
request (IRQ,). When cleared, the interrupt is
inhibited.

Bit 3 EOCI (Enable Qutput Compare Interrupt); When set,
this bit enables OCF interrupl lo generate the interrupt
request (IRQ,). When cleared, the interrupl is
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inhibited.

Bit 4 EIC! (Enable Input Capture interrupt); When set, this
bit enables ICF interrupt to generate the interrupt re-
quest (IRQ,). When cleared, the interrupt is inhibited.

Bit 5 TOF (Timer Over Flow Flag); This read-only bitis set at
the transition of $SFFFF 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 § 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) followed by an CPU write (o
the output compare register ($000B or $000C).

Bit 7 ICF {lnput 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
[nput Capture Register ($000D).

Reset will clear each bit of Timer Control and Status Register.

m SERIAL COMMUNICATION INTERFACE

The HD63701V0 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 op-
erale independently but with the same data format and the same
data rate. Both the transmitter and receiver communicate 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 fol-
lows.

® Wake-Up Feature

In typical multiprocessor applications the software protocol will
usually have the designated address at the initial byte of the mes-
sage. 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 protocol must put
an idle period between the messages and must prevent it within the
message.

With this hardware feature, the non-selected MCU is reenabled
or (*‘wake-up™) by the next message.

® Programmable Options
The HD63701VO0 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 fealure; enabled or disabled
interrupt requests; enabled or masked individually for trans-
mitter 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 I/0 in-
dividually

e. 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 tegister (write-only)
* an 8-bit read-only receive data register
an 8-bit write-only transmit data register
Besides these 4 registers, SC1 utilizes Port 2 bit 3 {input) and bit

4 (output). Port 2 bit 2 can be used when an option is selected for
the internal-clock-out or the external-clock-in.

® Transmit/Receive Control Status Register [TRCSR)
TRCS Register consists of 8 bits which all may be read while
only bits 0 to 4 may be written. The register are explained below.

Transmit/Receive Control Status Register

7 6 5 4 3 2 1 0

RDRF| ORFE| TORE| RIE | RE | TIE | TE-| WU | ADDR
$0011

Bit 0 WU (wake Up); Set by software and cleared by hard-
ware an 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. Therefore received
data are ignored. 1t 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 SCI
affects nothing on Port 2 bit 4.

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

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

Bit 4 RIE (Receive Interrupt Enable}; When this bit is set,
RDRF (bit 7) or ORFE (bit 6) cause an IRQ, inter-
rupt. When cleared, this interrupl is masked.

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 hardware. The
bit is cleared by reading the status register followed by
writing the next new data into the Transmit Data Reg-
ister. TDRE is initialized to 1 by RES.

Bit 6 ORFE (Over Run Framing Errorl; 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 ncw byte to the receive dala regis-
ter while the RDRF is *“1” Framing Error occurs when
the bit counter is not synchronized with the boundary
of the byte in the receiving bit stream. When Framing
Error is detected, RDRF is not set. Therefore Framing
Error can be distinguished from Overrun Error. That
is, if ORFE is **1>’ and RDRFis **1”, Overrun Error is
detected. Otherwise Framing Error occurs. The bit is
cleared by reading the status register followed by read-
ing the receive data register, or by Reset.

‘When overrun error occurs, the received data is not
transferred to the RDR, but when framing error oc-
curs, it is transferred.

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 re-
ceive data register, or by Reset.
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Figure 22 Serial I/0 Register

7 6 S 4 3 2 1 0

Transfer Rate / Mode Control Register

Table 6 SC| Bit Times and Transfer Rates

X x x X CC1 | cCo $51 $S80 ADOR . 30010

XTAL 2.4576 MH: 4.0 MHK2 4.9152MHz
551 : S50 E 614.4 kH; 1.0 MHz 1.2288MHz
0 0 E+ 16 26 u3/38,400 Baud 16 us/62,500 Baud 13 ps/76,800Baud
0 1 E+ 128 208us/4,800 Baud 128 us/7812.5 Baud 104.2us/ 9,600Baud
1 0 E + 1024 1.67ms/600 Baud 1.024ms/976.6 Baud 833.3us/ 1,200Baug
1 1 £ + 4096 6.67ms/ 150 Baud 4.096ms/244.1 Baud 3.333ms/ 300Baud
Table 7 SC| Format and Clock Source Control
CC1: CCo Format Clock Source Por: 2 Bit 2 Port 2 Bit 3 Port 2 Bit 4
0 0 - - - - -
0 1 NRZ Internal Not Used " * " o, o
1 0 NR2 Internal Output® .. o
1 1 NRZ External Input L ee

* Cilock outpul is svailable regardiess of values for bits RE and TE,
*® @it 3 is used for serial input if RE = 1" in TRCS.
Bit 4 is used for serial cutput if TE = “1°* in TRCS,

"** Fhis pin can be used as 1/0 port.
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* Transfer rate/Mode Control Register (RMCR)
* Baud rate * data format * clock source
* Port 2 bit 2 feature
It is 4-bit write-only register, cleared by Reset. 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 apper 2 bits control the format and
the clock select logic.
Bit 0 SS0
Bit I SS1
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.
g:: ; ggg Clock Control/Format Select
They control the data format and the clock select logic. Table 7
defines the bit field.

Speed Select

® [nternal Generated Clock

If the user wish to use externally an internal clock of the SCI, the
following requirements should be noted.

* CC1, CCO must be sel 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 SCI, the fol-
lowing requirements should be noted.
* The CCl, CCO must be set to “11”* (See Table 7).
* The external clock must be set to 8 times of the desired baud
rate.
* The maximum exiernal clock frequency is E/2 clock.

e Serial Operations

The SCI hardware must te initialized by the software before op-
eration. 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 regis-

ter.

If Port 2 bit 3, 4 are used for serial /0, TE, RE bits may be kept
set. When TE, RE bit are cleared during SCI operation, and subse-
quenlly 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 initializ-
ing of internal function for transmitter 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 configured as an outpul.

After Reset, the user should initialize both the RMC register
and the TRCS register for desired operation. Setting the TE bit
causes a transmission of ten-bit preamble of **1’'s. Following the
preamble, internal synchronization is established and the transmit-
ter is ready to operate. Then either of the following stales exists.

(1) If the transmit dala register is empty (TDRE = 1}, the con-
seculive **1"'s are transmitted indicating an idlc 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 transferred.
Next the 8-bit data {beginning at bit 0) and inally the top bit (**1’).
When the contents of the Transmit Data Register is transferred to
the output shift register, the hardware scts 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 contenls 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 bitis “1”, 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 indicat-
ing 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 reg-
ister, RDRF or ORFE will be cleared.

s RAM CONTROL REGISTER
The register assigned to the address 50014 gives a status infor-
mation about standby RAM.

RAM Control Register

7 6 5 4 3 2 1 ]
sTBRY
30014 PWR RAME| x 3 X X X X

Bit 0 Not used.
Bit 1 Not used.
Bit 2 Not used.
Bit 3 Not used.
Bit 4 Not used.
Bit 6 Not used.
Bit 6 RAM Enable.

Usmg this control bit, the user can disable the RAM, RAM Ena-
ble 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 ad-
dress 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 Ve vollage is removed. Normally this bit is set by the
program before going into stand-by mode. When the CPU recovers
from stand-by mode, this bit should be checked. If it is “‘1”", the
data of the RAM is retained during stand-by and it is valid.

m GENERAL DESCRIPTION OF INSTRUCTION SET

The HD63701V0 has an upward object code compatible with the
HD680I to utilize all instruction sets of the HMCS6800. The ex-
ecution time of the key instruction is reduced to increase the system
through-put. In addition, the bit operation instruction, the ex-
change instruction between the index and the accumulator, the
slecp instruction are added. 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 Tabie
9
* Jump and branch instructions (See Table 10}
Condition code register manipulation instructions (See Table
1D
Op-code map (See Table 12}
Cycle-by-Cycle Operation (See Table 13)

»

-

& CPU Praogramming Model

The programming model for the HD63701V0 is shown in Figure
23. The double accumulator is physically the same as the accumula-
tor A concatenated with the accumulator B, so that the contents of
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A and B is changed with executing operation of an accumulator D.

? A OI I'J' B 0] 8.8t Accumulators A snd 8
0

Or 18-Bit Double Accumuiator O

ﬂ Index Avgintar {X)

oJ Steck Pointer (5P}

[u PC (ﬂ Program Counter {PC)

7 Q

I Il II NI ] IN |Z |V IClCondillon Code Register {CCR)
| L Carry/Borrow from MSB

Qverilow
Zero
Nogative
interrupt

Half Carry (From Bit 3}

Figure 23 CPU Programming Model

® CPU Addressing Modes

The HD63701V0 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 12). 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 accumulator
A or B is specilied by one-byle instructions.
Immediate Addressing

In this mode, the operand is stored in the second byte of the in-
struction except that the operand in LDS and LDX, elc. are stored

in the second and the third byte. These are two or three-byte in-
structions.
Direct Addressing

In this mode, the second byte of instruction indicates the ad-
dress where the operand is stored. Direct addressing allows the user
to directly address the lowest 256 Bytes in the machine locations
zero through 255. Improved execution times are achieved by stor-
ing data in these locations. For system conlfiguration, it is recom-
mended that these locations should be RAM and be utilized pre-
ferably 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 ad-
dresses where the operand is stored, while the third byte indicales
the lower 8 bits. This is an absclute address in memory. These are
three-byte instructions.
Indexed Addressing

In this mode, the contents of the second byte is added (o 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 Reg-
ister. These are two-byte instructions but AIM, OIM, EIM, TIM
have three-byte.
implied Addressing

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

In this mode, the contents of the second byte is added to the
lower 8 bits in the program counter. The resulting carry or borrow is
added 1o the upper 8 bits. This helps the user to address the data
within a range of — 126 to + 129 bytes of the current execution in-
struction. These are two-byte instructions.
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Table 8 Accumulator, Memory Manipulation Instructions

Candition Code
. - ) Addressing Modes Ragirtec

Opesations TMMED | DIRECT | INDEX [EXTEND ] IMPLIED |  acitnmere or s[«[3[z[1 [0
of|~|w|or|~|a|OP|~|w|oP|~ njOPl~|» wliinjzivic

Add Aapoa |88 [2|z[9a]|3]2[aB|4[2]eB |43 A+ M- A 1l |s]s[t]s
Aooe [caf2iz]os|a|2[es]a]2]|FB a3 B+M~B BOBROD

Add Doubis aooo |ca|3|afoa{e|2fea|s|2]F3]s5]3 ABeM Me1-A:B [ofelaislt]t
Add Accumulstors ABA 181 [V [A+B-A tle|tft]t|s
Add With Carry Aoca lee [212f993{2]|AB]|4]|2 8914 (3 AsMeC~A tlefs]s]sis
ADCE col2]2]oelaf2]e0a]2[Falals BeM+C~8 tlet{s]s s

AND ANDA |84 |212794 |3 [2faa]al2 84 a3 AM -~ A seft|t[R]e
ANDS cal|2(2104]a |2 ]|ealaiz|Fa]a]a B-M—B sfaftlta]e

Bit Test BIT A gs [2]2]os [a[2]as][a[2{ns |a ]2 AM elo [t |5|R]e
aT e cs[2/21os |3 [2[es[al2lFs |42 a-M elelt|ifR]e

Clewr CLR 6F |52 [F [5]3 00 - M e|e [R|SIR[A
CLRA aF [111{00~n s|e|R|S|R[R

CLR8 sF|1]1(00~8 e[ |R[s|A|R

Compars CMPA a1 J2[2 o [alafar]|a2]er [a]a A-M oot tltle
CMPB ci|2{2]or|afz]er a2 ]rrja]a 8-M efetis|t]s

Compare ors CEA 11 |a-8 ofotftls}s
Complément, 1's COM 63 |6[2(73 )63 M-M [RLREARALEH
COMA 1N [A=A o e[t [R]S

COMB $3 |1 |18 -8 efef3{t R[S

Comp 2 NEG 60 [6[2 [70 [6 i3 00 - M ~ M elo |11 DD
{Negate) NEGA 4 [1i1{oo-a~aA oo [1]1 ]2
NEGSB 50 |1/t [o0-B~B o lol1]y|mfa

Decimal Adjust, A | DAA 19 [ 21 [Convans ey e pae |* |* 1|t | [
Decrement DEC GA |62 (IA 16 | M-1-+M e le |l |4]e
DECA al1ifa-1-a oo 1]t [w]e

DECB sal1{1|B-1-8 oo |1l [w]e

Exclusive OR EORA |88 |22 oa {3 ]2 a8 a2 B8 [4]a AD M—~A elefi|t[R]e
EORS cg [2]2To8]3 {2(eB (a2 (F8 |4 ]2 B M- 8 elefi|i|R|e

Increment INC BCi6{2(7C |6 |2 M+l ~M o il (@]e
INCA ai{1|[vfacr—-a o left]sim]e

INCB sC|{1(1|Be1—~B oo [t]1]®]e

Losd LOAA |86 12296 |3 [2(a6]4 |2 iB6 |4 ]2 M= A eleft{t[R]>
Accumulator LDAS _ |c6 (22 |D6|3 [2 €6 (42 [F6 |43 M-8 o loltfsln]e
Loed Double LoD cc|a|a|oc|a |2 |ecs |z [rcis |3 MtloB M A efeftit|n]e
Muyltiply Unsigned MUL 0l7{1 [AxB-A:B ejejefelelfd
OR. Inclusive ORAA  [BA[2]2[safa[2faalaf2[sals]2 ArM—A ele |11 [RA]e
ORAB |CA|z[2  DAa[3 [2[EAl4 |2 [FA]a D BeM- B NHRBELUCE

Push Dats PSHA 6 [4[V]A =M SP-1~5P efee|afele
PSHB 37 |4t |B > Mip, SP-1—+5P siofe|e|ele

Pull Dats PULA 12 (3|1 |SP+1 -SSP Mwp—~ A slejsjale]e
PULB 33|3[1|SPe1+SP. M+ B sisjeje|e|e

Rotste Left ROL 69 (62 (79 |6 |2 " BORRGE
AOLA 4911.}[@ seTiTeh

ROLB S9[1f1 |8 cisti |1 DT

Rotsts Right ROR 66 (612 (MM [6]3 ™ s e 1D @Y
RORA 46|11 A}C{;}—‘@ ool |agt

ROAN s6[1{1}® efeTiTt o]t
Note] Condition Code Register will be explained in Note of Table 11, (to be continued)
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Table 8 Accumulator, Memory Manipulation Instructions

Addrasting Mades Com:;:l::\“(’:odl
Opersuians Mowmonic | TamEG | DIRECT | INDEX [EXTEND | IMPLIED |, nreeoe Oowraron L2 14 12121110
or|~|wlorl~|w]or|~a|oP{~|a]|OP|~|# R AVAL:
Shaft Left ASL 68 62|78 |63 - - aie 1]l i®)t
Arithmetic ASLA a1 A‘[;J-{IJIEDI)"" e [t[1 IO
ASLB IERERLE »? w lalt]t O
ift TR

Do A mac | AStO 0s |1 |1 |[HFEI AT g0 o [0 111 (B
Shift Right ASR 67 |62 )77 |63 L] —_— ol e ][O
Arithmatic AR oA g e

LA v
ASRE st [1]1 el1 |1 (0!
Shift Right LSA 64 16,274 |63 " — o [e[R]11O]1
Logica! LSRA 'TRENS Alo-i I T1 HH] e o |R|!? @l

’ 1 0
LSRB 54 (1|1 CATRL R @!

s —

Doubie Shift LSRD oe |1 1] (] |e|s|r|t B]1

Right Logical AT AC @7 80
Store STAA 91 [312]a7|4l2 {87 |43 A M . AREAD
Accumulator STAB prl3s|z|erjaj2|F? a3 B-M (et (R
S e 57D oola |2 {ED|s |2 [FO |5 {3 v eleltlt|nla
Subtract SUBA B0 |2 2190 |3 (2}!A0]4 |2 B0 J4 |3 A-MA s |eft]|t 1
5UBS o |2]2|oo[3{2]e0[a ]2 |FO [4}3 B-M-B AL 1
Double Subtract sueD 83 [3]3 (93 |al2[A3}5]|2(B3(5I3 A:B-M: M+1~<A:B eje ittt
i‘é:‘ur:\:lﬂon s8A 10111 ]|A-8~A et
Subtract SBCA 82 (22923 [|2]az|4 |2 (B2 |43 A-M.C—A elelt |t st
With Carry S8CB c2]2(2]02]3 12 ez |a 2 [F2|a]3 B-M-C—@ sfe 1 1[I 8
Transter TAB 6t1]1|a-8 sle (1|1 [R]e
Accumulators TRA w1 (1]1}8—=aA el (3[1(R]®
Test 2aro of TST 60|42 |70 (4|3 M - 00 e |0 fi{t|R]|R
Minus TSTA ] 40|t |1 [A-00 eleltls [RIR
TsT8 D |1 |18 -00 oo [t |1 [R]R
And Immediste AlIM I IB IR M-IMM M elnft|i[r]e
GR immadiate am 12{613162{7]3 M+ MM =M eiw|t]|1|R]|e
EOR iImmediste Eim 75/ 6[3]|65] 1.3 MEDIMM — M sfeil[1|R|e
Test Immadiate TIM 7B 4131881513 M iMM elelll1]R]e

Note} Condition Code Register will be explained in Note of Table 11.
& New Instructions TIM........ (M) - (IMM)
In addition to the HD6801 Instruction Set, the HD63701V0 has Evaluates the AND of the immediate data and the
the following new instructions: memory, changes the flag of associated condition
AIM. . ..... (M) - (IMM) — (M) code register.
Evaluates the AND of the immediaie data and the Each instruction has three bytes; the first is op-code, the second
memory, places the result in the memory. is immediate data, the third is address modifier.

oM........ (M) + (IMM) — (M) XGDX...... (ACCD) — {IX)
Evatuates the OR of the immediate data and the Exchanges the contents of double accumulator and
memory, places the result in the memory. the index register.

EIM..... ... M) + (IMM) — (M) SLP ........ The CPU is brought io the sleep mode. For sleep
Evaluates thc EOR of the immediate data and the mode, see the ‘‘sleep mode’ section.

contents of memory, places the result in memory.
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Table 9 Index Register, Stack Manipulation Instructions

Addressing Modes N co":':"?:::“'
Pownter Operanom Mnemome T usen | DIRECT | INDEX |EXTEND [IMPLIED | Arthmenc Operston [ 5143210
oOPl~|w|OP|~|w]|OP|~|w|OP{~|n |OP|~ |~ HII[NJZ[V{C
Comoare Index Aeg cPX pcid|3|vcjsa]|2jAaC|5j2(BC|5]3 X-MM4+1 slel it It
Decrement indexn Reg DEX 09 |11 X -1=X alelatie]e
Decrement Stack Prar DES 4 [1]rv|SP-t-5P s|o|ota|e|e
Increment Index Reg INX o8 (1 |1 X +1 =X sjele|t]a]e
Increment Stack Pntr INS 3 (1 {1 |SPer1 5P slajs|o]e|e
Load Inden Reg LDX CE|3}2|0OE}4|2|EE|S|2|FE}S5 | M= Xy, (M4 1) = X eialnlt|R |
Load Stack Pntr LOS ge [ |39 |4|2iaE(5]|2iBE|S5]|] M= SP (M1}~ 58 [AERTGIRE LR
Store index Reg STX DF |42 |EF |52 ]|FF|5{3 Xy =M X~ M) o lalT|t|R}e
Store Stack Pnur sTS oF |42 [AF |5 |2 BF |53 SPy =M SP_ ~{M+1) |e]e J|t|Rje
Ingex Reg ~ Stack Pntr | TXS sty |Xx-1—-5°P s(o|e|oje]e
Stack Pntr — Index Reg TSX W 1|1 [sPer1 =X e{slea|ola]e
Agd ABX Jajr|rjaeX—-X s|e|eje]e]e
Push Data PSHX IC|S[VIX My SP-1 5P Jelelejee]e
Xy~ My, SP -1+ 5P
Pull Dats PULX B[4 |SPe1-SP M, Xy es[e]e|e|e]e
SP 4 1= SP, My = X
Exchange xXGDX 18 [ 2 |1 jACCD--1x elofolale]e
Note) Condition Code Reqister will be explaned in Note of Tabie 11.
Tabie 10 Jump, Branch Instruction
Addressing Modes Condition Code
Aeguster
Operstiont Mnemomic [ o aTivE | DIRECT | INOEX |EXTEND [iMPLiED Branch Ten s[al3]z]1]a
OP|~| 2 {OP|~iw |OP|~ |2 |OP |~ [#|OP| ~{» H| I[N]|Z|V]|C
Branch Always BRA 20(3(2 None s|sjeis |o|e
Branch Nevar BRAN 21132 None sleleje]|a]e
Branch I Carty Claar BCC 24|32 C=0 e|o|e e |e|e
Branch (f Carry Se1 -1 5312 C+ ele|e|elela
Branch H = Zero BEQ 2112312 Z=1 ejlaleleiasle
Branch It > Zero BGE 2C| 32 N®DV=0 olejeio|o]|e
Branch i1 > Zero BGT 2€1 232 ZoIN®VI=O s|e|ojele]e
Beanch |1 Higher BHI 22132 C+2=0 o|o|o|alele
Branch 1t & Zaro BLE Fl3]2 ZHIN@ VI= slajoalu]eje
Branch 1 Lower Or aLs 21|32 cozet olele]e]e]s
Brench IT < Zero aLT 20|32 NB V= eflafjeja]e]e
Branch If Minys ;11 28| 3|2 N=1 o (n]ela]s]e
gv.:::h H Not Equal BNE 26]3[2 zZ+0 o|ole|e|ale
g::':h It Overflow BvC 3|32 V=0 oo |e|aje]e
Branch it Overflow Set BVS 9|32 Ve a|e|s]e]e]e
Branch H Plus BPL 2A]3}2 N=0 ACRERLEECRL]
Branch To Subroutine 8SR 8D{5|2 alefsie]e]e
Jump JMP 6 |3 |2 7€ (3 |3 a|e|ejule
Jump To Subroutine JSR 9p |5 |2 |aD|5 |2 [BD (6 |3 o |ale |o|a]e
No Oparstion NOP oy i1t 8:;’:""' Prog. Catr. e e ]|e [ele]e
Return From Interrupt AT1 18 [1o]t -y —
S Ak
Soltwars Intercupt sSWi aF 2]y a|S|e e ]e]e
Wait for Interrupt® WAl JE|g |1 e l®|e [o |*|e
—Sewr SLP 1A 1411 o ojejole]e

Note] ~YYAI puts R/W high; Address Bus goes to FFFF; Data Bus gaes 10 the three state.
Condition Code Register will be explained in Note of Table 11,
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Table 11 Condition Code Register Manipulation Instructions

Add Mo dk Condition Code Regiter

Operstions Mnemonic IMPLIED Bootean Operation staldi2i11 (0

or | ~ [ H 1 N | 2Z v |-C

Cleer Carry CLC oc |t |1t 0-C e]lsle|e]|e R
Clesr Interrupt Mask cLt 0 1 {3 0—-1 e | R [0 e | @
Cloar Overflow CLv oA | 1 1 0=V el s |s|e|R |e
Set Carry SEC aD 1 1 1-C o | o {oe|e e |S
Set Interrupt Mask SE! OF 1 ] 11 e | S |[eo|e|e |
Set Owarflow SEV [ ] 1 1 1=V oo | e|e|S |e
Accumulator A < CCR TAP 06 1 1 A- CCR _—
CCA ~ Accumulator A TPA 07 [ 1 it CCA -~ A NN

[NOTE 1] Condi
i

®e ovceodeEe

[NOTE 2]

tion Code Register Notes: {Bit set if test is true and cleared otherwise)

(Bit V)
{Bit C)
(Bit C}
{Bit V)
{Bit V)
{Bit V)
{Bit N)
(All Bit)
(Bit 1)

(Al Bit)
{Bit C)

Test:
Test:
Test:
Test:
Test:
Test:
Test:

Result = 100000007
Result 4 000000002

BCD Character of high-order byte greater than 97 {Not cleared if previously set)

Operand = 10000000
Operand = 011311111
Set equal to NeC=1 3

prior to execution?
prior to execution?
fter the execution of instructions

Result less than zero? (Bit 15=1)
Load Condition Code Register from Stack.
Set when interrupt occurs. |f previously set, a Non-Maskable Interrupt is required 10 exit the wait
state,
Set according to the contents of Accumulator A.
Result af Multiplication Bit 7= 1 of ACCB?

CLI instructions and interrupt.

If interrupt mask-bit is set (1="1") and interruptis requested {IRQ, = 0" or IRQ,
and then CLI instruction is executed, the CPU responds as follaws,
1 the next instruction of CL| is one-machine cycle instruction.
Subsequent two instructions are executed before the interrupt is responded.
That is, the next and the next of the next instruction are executed,

2

the next instruction of CLI is two-machine cycle lor more} instruction.

= “Q"),

QOnly the next instruction is executed and then the CPU jump to the interrupt routine,
Even if TAP instruction is used, instead of CLI, the same thing oceurs,

Table 12 OP-Code Map

or AcC | acc EXT ACCA or SP ACCB or X
CODE A g | "™P 1 Aw [ mm [ DR [ IND | EXT | 1MW | DIR | IND | EXT

HI 0000 0001 0010 00) 1 (1] Lild) 0110 oH 1000 1001 1010 1011 1100 b9 e nu
) ) 1 2 3 [ 5 6 7 ] 9 A 8 c o € F
0000 | 0 SBA | BRA | TSX NEG sus )
0001 | 1 | NOP | CBA |BAN | NS AlM CMP i
CE BHI [ PULA OiM sac 2
0011 | 3 BLS | PULE COM SUBD | ADOD 3
0100 [ ¢ | LSRD BCC | DES L5R AND [
0101 | 5 [ ASLD 8CS |1XS | _—— | EM BIT 5
0110 6 | TAP | TAB | BNE | PSHA ROR LOA ]
o1 | 7 [TPA [ TBA | BEQ | PSHB ASA STA L1 STA ?
1000 8 | INX | XGOX] BVC [ PULX ASL £0R [
1001 | 9 | DEX {DAA | BYS |ATS ROL ADC 4
1010 A [CLVY [SLP | BPL |ABX DEC ORA A
1011 |e[sev [ABa jemi [ATt M ADD B
noo | c | ce BGE | PSHX INC CPX LDO [
101 | o | SEC BLY | MUL TSY BSR | JSA T STD o
e e fcu BGT | WAl JMP LDS LDX €
ENEED aLE [ swi CLR STS STX F

) 1 ? 3 « [ s | s | 7 [ s [ Aa[ 8 | ¢ o | E | F
UNDEF INED OP CODE (=1
* Only for instructions of AIM, OIM, EIM, TIM
B HITACHI
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® Instruction Execution Cycles
In the HMCS6800 series, the execution cycle of each instruction
is the number of cycles between the start of the current instruclion
fetch and just before the start of the subsequent instruction fetch.
The HD63701V0 uses a mechanism of the pipeline control for
the instruction fetch and the subsequent instruction fetch is per-

Thetefore, the method to count insiruction cycles used in the
HMCS6800 series cannot be applied to the instruction cycies such
as MULT, PULL, DAA and XGDX in the HD63701V0,

Table 13 provides the information aboul 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.

formed during the current instruction being executed.

Table 13 Cycle-by-Cycle Operation

Address Mode & Cycle

Instructions Cycles | %, Address Bus R/W Data Bus
IMMEDIATE
ADC ADD 1 Op Code Address+1 1 Operand Data
AND BIT 2 Op Code Address+2 1 Next Op Code
CMP EQR 2
LDA ORA
SBC suB
ADDD CPX 1 Op Code Address+1 1 Qperand Data (MSB)
LDD LDS 3 2 Op Code Address+2 1 Qperand Data {LSB)
LDX SUBD 3 Op Code Address+3 1 Next Op Code
DIRECT
ADC ADD 1 Op Code Address +1 1 Address of Operand {LSB)
AND BIT 2 Address of Operand 1 Operand Data
cMmP EOR 3 3 Op Code Address+2 1 Next Op Code
LDA ORA
SBC suB
STA 1 Op Code Address+ 1 1 Destination Address
3 2 Destination Address 0 Accumulator Data
3 Op Code Address+2 1 Next Op Code
ADDD CPX 1 Op Code Address+1 1 Address of Operand (LSB)
LDD LDS 4 2 Address of Operand 1 Operand Data (MSB}
LDX SUBD 3 Address of Operand+1 1 Operand Data (LSB)
4 Op Code Address+2 1 Next Op Code
STD STS 1 Op Code Address+ 1 1 Destination Address (L5B)
STX 4 2 Destination Address 0 Register Data (MSB)
3 Destination Address+ 1 0 Register Data (LSB)
4 Op Code Address+2 1 Next Op Code
JSR 1 Op Code Address+1 1 Jump Address (LSB)
2 FFFF 1 Restart Address (LSB)
5 3 Stack Pointer o] Return Addrass (LSB)
4 Stack Pointer—1 o] Return Addrass (M5B)
5 Jump Address 1 First Subroutine Op Cade
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
AlM 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 (L5B)
5 Address of Operand [+] New Operand Data
6 Op Code Addraess+3 1 Next Op Code

®HITACHI
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Table 13 Cycleby-Cycle Operation (Continued)

Address Mode &

Cycle

Instructions Cycles | Yy 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 Addrass+1 1 Offset
AND BIT 2 FFFF 1 Restart Address (LSB)
CMP EOR 4 3 IX+0ffset 1 Operand Data
LDA ORA 4 Op Code Address+2 1 Next Op Code
SBC suB
TST
TS§TA 1 Op Code Address+1 1 Offset
a 2 FFFF 1 Restart Address (LSB)
3 IX+Offset 0 Accumulator Data
4 Op Code Address+2 1 Next Op Code
ADDD 1 Op Code Address+1 1 Dffset
CPX LDD 2 FFFF 1 Restart Address (LSB)
LDS LDX 5 3 IX +Offset 1 Operand Data (MSB)
SUBD 4 IX+0ffset+1 1 Operand Data {LSB)
5 Op Code Address+2 ] Next Op Code
STD STS [ Op Code Address+ 1 1 Dffset
STX 2 FFFF 1 Restart Address (LSB)
5 3 1X + Offset 0 Register Data (MSB)
4 IX +Offset+1 0 Register Data (LSB)
5 Op Code Address +2 1 Next Op Code
JSR 1 Op Code Address+1 1 Dffset
2 FFFF 1 Restart Address (LSB)
5 3 Stack Pointer o] Return Address (LSB}
4 Stack Pointer—1 0 Return Address (MSB)
5 IX +Offsat 1 First Subroutine Op Code
ASL ASR 1 Op Code Address+1 1 Offset
COM DEC 2 FFFF 1 Restart Address (LSB)
INC LSR 6 3 IX + Offset 1 Qperand Data
NEG ROL 4 FFFF 1 Restart Address (LSB)
ROR S 1X+ Offset 0 New Operand Data
6 Op Code Address+2 1 Next Op Code
TIM 1 Op Code Address+ 1 1 Immediate Data
2 Op Code Address+2 1 Offset
5 3 FFFF 1 Restart Address (LSB)
4 IX + Offset 1 Operand Data
5 Op Code Address+3 1 Next Op Code
CLR 1 Op Code Address+ 1 1 Offset
2 FFFF 1 Restart Address (LSB)
5 3 IX +Offset 1 QOperand Data
4 IX+Offset 0 00
5 Op Code Address+2 1 Next Op Code
AlM EIM 1 Op Code Address+1 1 Immediate Data
om 2 Op Code Address+2 1 Offset
3 FFFF 1 Restart Address {LSB)
7 4 I1X+Offset 1 Operand Data
5 FFFF 1 Restart Address (L.SB)
6 IX+Offset 0 New Opearand Data
7 Op Code Address+3 1 Next Op Code
- Continued —
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Table 13 Cycle-by-Cycle Operation (Continued}

Address MOde & Cycles Cycle Address Bus R/W Data Bus
Instructions #
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 Qperand {MSB)
AND BIT a 2 Op Code Address+2 1 Address of Operand {LSB)
CMP EOR 3 Address of Operand 1 Operand Data
LDA ORA 4 Op Code Address+3 1 Next Op Code
SBC SuB
STA 1 Op Code Address+ 1 1 Destination Address (MSB)
4 2 Op Code Address+2 1 Destination Address (LSB)
3 Destination Address 0 Accumulator Data
4 Op Code Address+3 1 Next Op Code
ADDD 1 Op Code Address+ 1 1 Address of Operand [MSB)
CPX LDD 2 Op Code Address+2 1 Address of Operand [LSB)
LDS LDX 5 3 Address of Operand 1 QOperand Data (MSB)
SUBD 4 Address of Operand+1 1 Cperand 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 0 ' Register Data (MSB)
4 Destination Address+ 1 0 Register Data (LSB)
5 Op Code Address+3 1 Next Op Code
JSR 1 QOp 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 0 Return Address (LSB)
5 Stack Pointer—1 4] Return Address {MSB)
6 Jump Address 1 First Subroutine Op Code
ASL ASR 1 QOp Code Address+1 1 Address of Operand (MSB)
COM DEC 2 Op Code Address+2 1 Address of Operand (LSB)
INC LSR 6 3 Address of Operand 1 Operand Data
NEG ROL 4 FFFF 1 Restart Address (LSB)
AOR 5 Address of Operand 0 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 Address of Operand 0 00
5 Op Code Address+3 1 Next Op Code

Hitachi America, Ltd. « Hitachi Plaza » 2000 Sierra Point Pkwy. » Brisbane, CA 94005-1819 » (415) 589-8300
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Table 13 Cycie-by-Cycle Operation [Continued)

Address Mode & Cycles Cycle Address Bus A/W Data Bus
Instructions #
IMPLIED
ABA ABX 1 Op Code Address+1 1 Next Op Code
ASL ASLD
ASR CBA
CLC CLi
CLR cLv
COM DEC
DES DEX
INC INS
INX LSA 1
LSRD ROL
ROR NOP
SBA SEC
SE| SEV
TAB TAP
TBA TPA
TST TSX
TXS
DAA XGDX 2 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
PULA PULB 1 Op Code Address+ 1 1 Next Op Code
3 2 FFFF 1 Restart Address (LSB)
3 Stack Pointer+1 1 Data from Stack
PSHA PSHB 1 Op Code Address+1 1 Next Op Code
a 2 FFFF 1 Restart Address (LSB)
3 Stack Pointer o] Accumulator Data
4 Op Code Address+ 1 1 Next Op Code
PULX 1 QOp Code Address+1 1 Next Op Code
a 2 FFFF 1 Restart Address (LSB)
3 Stack Pointer+ 1 1 Data from Stack {MSB)
4 Stack Pointer +2 1 Data from Stack {LSB)
PSHX 1 Op Code Address+ 1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
5 3 Stack Painter 4] Index Register (LSB)
4 Stack Pointer—1 0 Index Register (MSB)
5 Op Code Address+ 1 1 Next Op Code
RTS ] Op Code Address+ 1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
5 3 Stack Painter+1 1 Raturn Address (MSB)
4 Stack Pointer+2 1 Return Address {LSB)
5 Return Address 1 First Op Code of Return Routine
MUL 1 Op Code Address+ 1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
3 FFFF 1 Restart Address {LSB)
7 4 FFFF 1 Restart Address {(LSB)
5 FFFF 1 Restart Address (LSB}
6 FFFF 1 Restart Address (LSB)
7 FFFF 1 Restart Address (LSB)
— Continued —
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Table 13 Cycle-by-Cycle Operation (Continued)

Address Mode & Cycles Cycle Address Bus R/W Data Bus
Instructions #
iMPLIED
WAI 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
3 Stack Pointer ) Return Address (LSB)
4 Stack Pointer—1 0 Return Address (MSB)
9 5 Stack Pointer—2 0 Index Register {LSB)
6 Stack Pointer—3 0 Index Register (MSB)
7 Stack Pointer—4 0 Accumulator A
8 Stack Pointer—5 o] Accumulator B
) Stack Pointer—86 0 Conditional Code Register
RTI 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
3 Stack Pointer + 1 1 Conditional Code Register
4 Stack Pointer + 2 1 Accumulator B
10 5 Stack Pointer + 3 1 Accumulator A
6 Stack Pointer + 4 1 Index Register (MSB)
7 Stack Pointer + 5 1 Index Register {LSB)
8 Stack Pointer + 6 1 Return Address (MSB)
9 Stack Pointer +7 1 Return Address (LSB)
10 Return Address 1 First Op Code of Return Routine
SWiI 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}
5 Stack Pointer — 2 0 Index Register (LSB)
12 6 Stack Pointer — 3 0 Index Register {(MSB)
7 Stack Pointer — 4 0 Accumulator A
8 Stack Pointer — 5 0 Accumulator B
9 Stack Pointer — 6 0 Conditional Code Register
10 Vector Address FFFA 1 Address of SWI Routine (MSB}
11 Vector Address FFFB 1 Address of SWI Routine (LSB)
12 Address of SW! Routine 1 First Op Code of SWI Routine
SLP 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
] FFFF High impedance-Non MPX Mode
Address Bus -MPX Mode
4 SITD
3 FFFF Restart Address (I.SB)
4 Op Code Address+ 1 Next Op Code
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Table 13 Cycle-by-Cycle Operation {Continued)

Address Mode & Cycles | 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 3 Branch Address-Test="1" 1 First Op Code of Branch Routine
BLE BLS Op Code Address+1---Test="0" Next Op Code
BLT BMT
BNE BPL
BRA BRN
BvC BVS
BSR 1 Op Code Address+1 1 Offset

2 FFFF 1 Restart Address {LSB)

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

s LOW POWER CONSUMPTION MODE
The HD63701V0 has two low power consumption modes; sleep
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 be-
comes inactive}, but the contents of the registers in the CPU are re-
tained. 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 consump-
tion 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 resels the MCU and the STBY brings it into the
standby mode (This will be mentioned later). When'interrupt is re-
quested to the CPU and accepted, the sleep mode is released, then
the CPU is brought in the operation mode and jumps to the inter-
rupt routine. When the CPU has masked the interrupt, after re-
covering from the sleep mode, the next instruction of SLP starts to
execute. However, in such a case that the timer interrupt is
inhibited on the timer side, the sleep mode cannot be released due
to the absence of the interrupt request to the CPU. Fig. 24 shows
the timing chart of sleep instruction.

This sleep mode is available to reduce an average power con-
sumption in the applications of the HD63701V0 which may not be
always running.

The conditions of clock pins, input pins and E clock pin are the

same as these of operation. Refer to Table 15 for the other pin con-
ditions.

¢ Standby Mode

Bringing STBY **Low", the CPU becomes reset and all clocks of
the HD63701V0 become inactive. It goes into the standby mode.
This mode remarkably reduces the power consumptions of the HD-
63701V0.

In the standby mode, if the HD63701V0 is continuously sup-
plied with power, the conients 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 re-
turning 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 25.

In this mode, RES, NMI, IRQ pins are not active, XTAL is in
‘1" output and alf the other pins are in high impedance. When ex-
ternak clock is used the input level to EXTAL should be “High" (=
Ve is desirable) to reduce the standby current. If EXTAL is
“Low™ the standby current is increased by approximately 5 pA.

@ HITACH!
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}4 P Sleep

>
1

1.
I

O N e N s D e T e N e o s T Ty N T oy N gy N gy Ny Ny Sy B

Sieap Cleared
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Data .
Bus 7 e Wy 4 o OF,ns
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OP,_, Interrupt
PC, Occurs
OP .4 1|PCar1
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Address ——» PCpas 1 X PCot 2 FFFF SP SP-1 -

bus where

slasp is

cleared without
intesrupt masked

Figure 24 Sleep Instruction Timing Chart
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time

register sat .
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Figure 26 Standby Mode Timing

= ERROR PROCESSING

When the HD63701V0 fetches an undefined instruction or
fetches an instruction from unusable memory area, it generates the
highest priorily internal interrupt, that may protect from system up-
set due to noise of a program error.

e Op-Code Error
Fetching an undefined op-code, the HD63701V0 wiil stack the

CPU register as in the case of a normal interrupt and vector to the
TRAP ($FFEE, $FFEF), that has a second highest priority (RES is

the highest).
® Address Error

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

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

Table 14 Address Error

Mode o] 1 2 5 ;] 7
$0000 | $0000 | $0000 | $0000 | 50000 | $0000
l ! ! i l {
Address |$0001F| $001F | $001F | $003F | $001F | $003F
$0200 $0100
{ !
$EFFF $EFFF

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

System Flow chart of HD63701V0 is shown in Fig. 26.

Transitions among the active mode, sleep mode, standby mode
and reset are shown in Fig. 27.

Figures 28, 29, 30 and 31 shows a system configuration.
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! EXECUTE I

SLEEP Flag
LEAR

STACK

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

ACCB— MSP-§

CCR — MSP-6

I | | s

[z

VECTORING| | VECTORING| | VECTORING| | VECTORING| | VECTORING

VECTORING

VECTORING | |VECTORING

FFEE.

Frer | | Frrc rreo | | FRRA Fers | | FRFB. FRRS | | FFFE, FFFY

FFF4,

FFFS

FFF2, FFF3 | | FFFO, FFFY

NMIINTERALPT

REQUEST FLAG
CLEAR

|

]

INTERAUPT REQUEST FLAG
EXCEPT NMI CLEAR

®

Figure 26 HD63701V0 System Flow Chart
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Figure 27 Transitions among Active Mode, Standby Mode,
Sleep Mode, and Reset

Vee | Vee

3= € nable :—‘ |———> Ensble
= e———— WM = c——— RWT
—— pe———— {RQ bz——— TRT,
ST8Y ——3 Port ) sToY —3
RES > B Teanster AEE
Lines
Port 1 HD63701V0 HDB3701V0 Port 1
81/0 8 WO Linn
Lines
Port 4 Port 2 Port 2 Port 4
8 1O Lines 5110 Lines § 170 Lines 81/0 Linas
sC SCi
16 Bit Timer 16 Bit Tumer
Vss Vss

Figure 28 HDE63701VOMCU Single-Chip Dual Processor Configuration
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Figure 29 HDG63701V0 MCU Expanded Non-Multiplexed Mode

Oata

"1} Bus
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=
< MCY
Aadress
8) Strobe 8
Fe—{ Latch ¢
6} 8
AOM
RAM
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'
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Figure 30 HDB3701V0 MCU Expanded Multiplexed Mode

666

= HDB63701V0 MCU Enable
= }'—‘
/16 ,V 8
ROM
RAM
PiA
GPrA
PTM
1
Address Bus Oota Bus

Figure 31 HD63701V0 MCU Expanded Non-Multiplexed Mode
{Mode 1)

m PRECAUTION TQO THE BOARD DESIGN OF OSCILLATION
CIRCUIT
There is a case that the cross talk disturbs the normal oscillation
if signal lines are put near the oscillation circuil. When designing a
board, pay attention to this. Crystal and C; must be put as near the
HD63701V0 as possible and insert bypass capacitor between V¢
line and GND for V¢ stabilization to minimize the start up time.

’LT Powsr Supply

VCC

Co
rh—il-a———t XTAL
#}—T——{ EXTAL
CL ——e— iy

As short as
possible HDB63701V0

Figure 32 Precaution to the board design of
oscillation circuit
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Table 15 Pin Condition in Sleep Mode

Mode

Pin Q 1 2 5 6 7
Port 1 Function 110 Port Lower Address Bus | 1/0 Port - - -
ort
Po~P i Keep the condition g Keep the condition -
o oTw Condition just betore sleep Output ™ just before sleep t *
Function ] V/O Port - - - - -
Port 2 X - o
Pyo~P - eep the condition - - - - -
10T Condition just before sleep
E: Lower Address E: Lower Address E: Lower Addrass
Function Bus Data Bus Bus Data Bus Bus 1/0 Port
:ort 3P €: Data Bus E: Data Bus E: Data Bus
10"y = —
. £: Quiput "1™ . E: Output "'1" . E: Output "1 Keep the condition
Congition | £} il edance | High Impedance | g igh impedance | " Impedance | £ yich impedance| just bafors sleep
. - - Lower Address Bus | Upper Address Bus
Function Upper Address or Input Port or Input Port O Port
Port 4 Address Bus: Cut:
Pao~Par put 1% Keep the condition
Condition | Output 1" - - Port: Keep the con- - .
dition just betore just before sleep
sieep
Output 1" - - - nye
SC: {Read Condition] - Output "1
Output Address - - sqos Output Address ;
SCi Strobe Output 1 Strobe Input Pin
Table 16 Pin Condition during RESET
mode
. 0,26 1 5 7
pin
Port 1 L R -
high impedance (input) - - -
Pio ~ P17
Port 2 L . - -
high impedance (input) - - -
P20 ~ P2s
Port 3 E: 1" output .
L high impedance - -
Pao ~ Par E: high impedance gh impe
Port 4 L .
high impedance {input) - - -
Pao ~ P4y
sC2
“1" output {Read - - “1* output
(RAW) ’
SCi E: 1" output o .
- 1" output high impedance (input
(AS) E: “0” output P gh impe put)
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HD63701V0, HD637A01V0, HD637B01V0

m PROGRAMMING THE HD63701V0 EPROM

To program the on chip EPROM, it is necessary lo operate the
HD63701V0 in EPROM mode. The HD63701V0 becomes EP-
ROM mode by setting STBY = Low, P,, = High, P,, = High, P,,
= Low, NMI = Low, EXTAL = High and XTAL = Low, as
shown in Fig. 33 and Fig. 34.

In EPROM mode, the on chip EPROM can be programmed by
the same procedure as that of 27C256 or 27256. So it can be pro-
grammed by EPROM writer for 27C256 or 27256.

The memory map of EPROM mode is shown in Fig. 35. This
mode has 32k byte address space (30000 to $7FFF), and internal
EPROM is located at the top (30000 to 3OFFF). When using a EP-
ROM writer for 27C256 (27256), the dala to be written into the
HD63701V0 must be located at $0000 through $0FFF on the
buffer RAM of EPROM writer.

Write operation to addresses $1000 through $7FFF does not af-
fect the HD63701V0, and read data from these addresses are always
SFF.

¢ Program/Verify

The HD63701V0 EPROM can utilizes the high-performance
programming method. This method achieves faster programming
time without any voltage stress to the device nor deterioration in re-
liability of programming data. The basic flow chart and timing dia-
gram are shown in Fig. 36 and Fig. 37.

Vee

Port 1
EPROM Audm-<:>
WAk

HD83701V0
MPU

Port 3
EPROM: Data
0y~0,)

[e———0 Ay Py
jo—0 A,o/Fay

le————0 A, /Py Port4

EPROM
e 0 AP, Address
e Ay3/Pyg
e E——— AIl"Pll
le——0 OF /P,
a8 Control

le——0TEF,, Line

>

Figure 34 EPRCM Mode

GND| 1 ~ ao|Nc
GND| 2 39INC HDB3701V0
Vee[ 3 38| NC EPROM Mode
GND| 4 37| 0,
Ayl 5 36| 0, MCU Mode Address EPROM mode address
Ves| 6 35{0,
GND| 7 34| 0,
Vee| 8 33]0, $FO00 7 $0000
el 9 32| 0, /
GND|10 ng3701vo 306
Ne 3019, Internal EPROM
Necl12 29f Ay
Apl13 28| Aqy
A l1a 27| A /
Az} 15 26| Ay $FFFF Z $OFFF
As| 18 25| A, : |
A7 241A,, X 1
Agl18 23{OF ) )
Agl19 22|CE 1 :
A,l20 21| vee ] "
Top View i |
Figure 33 HD63701V0 EPROM Mode Pin Assignment 1 ) :
! ]
| '
| |
; [
} t
| 4
! I
1 3
1 !
L e == — B S7FEF
Nate:
(1) Read data from this area is always “1"".
Wiite operation to this area has no effect.
Figure 35 EPROM Mode Memory Map
G HITACHI
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START

SET PROG./VERIFY MODE
Vpp=125V, Vec=86.0£0.25V

¥

Address=0

n+1—n
YES ‘

NO

Program tpw= ims=x5%

NOGO VERIFY Address+ 1—Address

GO

S=25
Program lopw=23n (ms)

LAST NO

Address?

SET READ MODE
Vee=5.0V1 0.5V, Vpp=Vec

READ
All Address

L NOGO
{ FAIL y-

Figure 36 High Performance Programming Flowchart
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Tabie 17 Mode Select

Mode Pint &€ OF Vpp Vee Output
Read L L Vee Vee Doyt

Output Disable L H Vee Vee High Z
High Performance Program L H Vpp Vee Di,
Verify H L Vep Vee Dout

Pregram Inhibit H H Vpp Vee High Z

= PROGRAMMING ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS [V = 6.0V:0.26V, Vpp = 12.5V£0.3V, Vgg = OV, Ta = 26°C15°C unless otherwisa noted.)

Item Symbol Test Condition min typ max Unit
Input ““High'* Voltage Co~Cq. Ap~Ay1, OE. CE | Vp 22 —  |Veet03| v
Input “‘Low’" Voltage Co~Cq, Ap—Ay,, OF, CE Vo —-03 - 0.8 Vv
Output “High™ Voltage Oo—0; Vou loy = —200uA 2.4 - - v
Qutput “Low’ Voltage 0g~0; Vou loo = 1.6mA - - 45 v
Input Leakage Current 0p~0Q94, Ag~A,,, OE CE I Vin=5.25V/0.5V - - 2 nA
Vee Current lee - - 30 mA
Vpp Current lpp - - 30 mA

® AC CHARACTERISTICS (Voo = 6.0V£0.26V, Vpp == 12.6VE0.3V, Vgg = OV, Ta = 25°C15°C unless otherwise noted.)

ltem Symbot co‘r‘:;ist:on min ty max Unit
Address Set-up Time tas 2 - - 133
CE Set-up Time toes 2 - - us
Data Set-up Time tps 2 - - us
Address Hold Time tAH o] - - ns
Data Hold Time toH 2 - - ns
Data Output Disable Time tor Fig.37°! 130 ns
Vpp Set-up Time typs 2 - - s
Program Pulse Width {High Speed Writing) tow 0.95 1.0 1.05 ms
Program Pulse Width topw 285 - 78.75 ms
Ve Set-up Time tvcs 2 - - ns
Data Output Delay Time tor 0 - 150 ns

*1 Input Pulse Level == 0.8~2.2V
Input Risa Time/Fall Time < 20ns.
Input: 1.0V, 2.0V,

Tuning Reference Level Qutput: 0.8V, 2.0V,
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HD637A01V0, HD637B01V0

Program Verify
Address 3
tas tari
b
Data B Data In Stable __fh { Data Qut Valid
os on tor
VPP
Veo Yyps
i
.__/- tes
Ct e |
N 7
trw taes tor
OF -
torw
Figure 37 EPROM Program/Verify Timing
= READ OPERATION
e DC CHARACTERISTICS (Ta = 26°C£5°C, Vg = BV 0%, Vpp= Veo!
Itern Symbol Test Condition min typ max Unit
Input High Voltage Viy 22 - Vet 03 Y
Input Low Voltage ViL —03 - 08 v
Output High Voltage Vou loy = — 200uA 24 - - v
CGutput Low Voltage Vou b = 1.6mA - — 05 v
Ve Current lcc CE= V) - - 30 mA
VPP Current |pp Vpp - Vcc - - 1.0 mA
o AC CHARACTERISTICS (Ta = 25°C+B°C, Vg = 6V 10%. Vpp=Vecc)
Item Symbol Test Condition min typ Unit
Address to Output Delay tacc CE=0E=V, - 300 ns
CE to Output Delay tee OE =V, - 300 ns
OE to Qutput Delay toe CE=V, Fig.38'? - 120 ns
OF to Qutput Float tor TE=V, 0 105 ns
Address to Qutput Hold toH CE=0E=V 0 - ns
*Z Input Pulse Level = 0.8~2.2V
Input Rise Time/Fall Time S 20ns.
QOutput Load = |p, Gate + 30pF
Timing Retarence Level Igs:',:u:g\évz%v
G HITACHI
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Address >§(

A

tom

Dats Out Valid }»————

Figure 38 EPROM Read Timing

OE
tor
tace
Data Out L
® Erasure

Erasure of HD63701V0 EPROM is performed by exposure to
ultraviolet light of 2537A and all the data are changed to **1” after
this erasure procedure. The minimum integrated dose (i.e. UV in-
tensity X exposure time) lor erasure is 15W-sec/cm?. this condition
is attaincd by exposing a device to an ultraviolet lamp of 1200 u W/
cm? for 20 to 30 minutes. The HD63701V0 should be placed about
one inch away from UV lamp tubes.

[Precautions on using EPROM On-chip Single-chip Micro-
computer]

(1) Il the MCU is exposed to strong light especially a flucrescent
lamp or the sunlight, EPROM data may be crased or the MCU
may malfunction by photocurrent. Therefore, after program-

ming, it is suggested that applications which expose the LSl to
ambient light may require an opaque label over the window.

(2) Do not rub the window with materials like plastics, or do not
tauch a charged body on the window. Electrostatic charge may
adversely affect the functionality of the LS. A conductive opa-
que label, suggested above, is effective on distributing charge
equally.

(3) If the glass window is stained, erasure time will be exlended.
Remove stains from the window with a solvent which has no
influence on the package like alcohol. Don’t rub the window
hard but wipe out soflly.

MW DIFFERENCES BETWEEN HD6301V1, HD6303R,
HD63P01M1, AND HD63701V0
Basically, HD63701 V0 is compatible with HD630(V1 but it has
several different functions and characteristics. Table 17 shows the

difference.
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W DIFFERENCES BETWEEN HD6301V1, HD6303R, HDE3P0 1M1, AND HD63701V0

tem HD6301V HD63701V0
RAM Size: 128-byte RAM Size: 192-byte
Address: $0080-$00FF Address: $0040-$00FF
$0000 L2~~~ ~IRegister $0000 7777 ] Register
RAM

o
S

$00FF

Operation Mode

Mode 4: Expanded Multiplexed Mode = Mode 2

HD&3701V0 does not have Mode 4

After providing supply voltage, output level is undefined

(0 or 1) unless the contents of the Output Compare
Register matches with those of the Free Running Counter.
The Output Level Register is not initialized by reset.

The OQutput Leve! Register is initialized to 0 by reset.

< HDB3701¥0 >

Témer
c
o
S
(=
= C:;:;x o '|m.’r b, 3 by
w et [r Jocr [Tor [erci [rockerofenafocv] Conto! ['or Joor [vor Jeet Jeoc]eroeocdorn]
G i P
= = Tt
—_ Quiput Campars Pusd -— Qutpnt Compare Pulse | ______ 1 Gupu Inpan
G s
Por2 B2 Pot2 B2
Figure 20 Programmable Timer Block Diagram Figure 20 Programmable Timer Block Diagram
HD6301V1, HDB303R, HDE303R1 Receive data is transferred from Receive Shift Register to
HD63PO1M1 RDA 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.
Ragister (RDR).
SCl
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B DIFFERENCES BETWEEN HD6301V1, HD6303R, HD63P01M1, AND HD63701V0 (Continued)

Item HD6301V HD63701V0
The DDR of port is reset synchronously with E clock. /0 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.
Reset release and MCU internal reset is parformed
10 oR HCU internal reset synchronously with E clock.
Port Reset port & P 1/0
DDR —_— Port
RES reset
Q Dp— MCU —
R internal RES
reset
I/0 reset E E
STBY signal is latched synchronously with E clock. STBY signal is latched asynchronously with E clock. CPU
E enters into standby state by bringing STBY low.
Standby Mode Y B E STRY
STBY STBY
HD&6301V1, HD6303R,
HD63P01MA1 HDB303R1
] S B
E E
j l T l l
- 1 output gy o AS | I I |
g AS s T s T
€|  (Address
L Straobe)
In Expanded Multiplexed Ouring 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, IO Port 3
functions as data bus
during reset.
HD8&301V1, HD6303R, The SCI receive margin is shown below.
HD6303R1 HDB3PO1M1
The SCI receive margin is The SCI receive margin is START 1 2 3 4 5 6 7 8 sTop
shown below. shown below.
1deal to
Bit distortion Bit distortion Waveform T
tolerance +37.5% | | Itolerance +25% \ 0 1
(t-tolto (t-tohto
SC;‘::;?;W Character Character l ] | I | I I ! |
distortion +3.5% | | |distortion Real Lt
tolerance ~2.5% | | |tolerance +3.750, | |Waveform R
(T-TolTo (T-ToWTg - !
Bit distortion tolerance (t-{g)/tg +37.5%
Character distortion tolerance (T-Tg)/Tg +3.75%
G HITACHI
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B DIFFERENCES BETWEEN HD6301V1, HD6303R, HD63P01M1, AND HD63701V0 {Continued)

ltem HDB301V HDE3701V0
HD6301V1, HDE303R,
HD6303R1 HDB3P0O1M1
Supply Voltage | Voo = 5Y = 10% Vee = 5V = 10% (t = 0.1 ~ 2 MHz)

=01~ 2MHz) Voo = 5V = 10%

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

(f =01 ~ 0.5 MHz)

c
2 tan = 20 ns min. tan. tuw = 60 s (f = 1 MH2)
5 thw = 20 ns min. =40ns(f = 1.5 MHz)
v tay and tyyy are constant independently of operating = 30ns(f = 2 MHz2}
Address/Data frequency. 1an and tyy are proportion to 1/£. (f = operating fre-
' quency)
Hold Time .
{tar: thw) ‘-
o 1 T 1 imaz)

(1) 14py @nd tapp are constant independently of operating | taps, tapz and tap_are related to operating frequency
frequency. In HDE3BO1V (B version of HDB301V), tap4 (They are in proportion te 1/. f = operating frequency).
and tapp are 160 ns max. at 0.1 MHz through 2 MHz Therefora, if HD637B0O1V operates at lower operating

Address operation. fraquency, tapy, lapz and tapy will become 160 ns or
Delay (2) tapy i related to operating frequency. {tapy is in more. taps, tapz and tapy are calculated as follows.
Time proportion to 1/f. f = operating frequency) tap ( MHZ) = 250 ns (1 MHz) x 1/f (MHz2)
I and C. lin, = 10 A max. Ci, = 50 pF max. Since RES is
";' 'FT§§m I = 1.0 uA max., G, = 12.5 pF max. multiplexed with Vpp, C;, and |, are larger than these of
HDB301V.
[ =
g
A, l;‘liince 2 LSTTL + 40pF 1-TTL + 90pF
‘é’ polE lgL = 0.8 mA, lgy = -200 yA lg = 1.6mMA, lgy = -200 pA
(5]
Load
Capacitance 1 - TTL + 30pF 1-TTL + S0pF
of Port 1
Spec.
Spec. of
pec. o Spec. Clock frequency (MHz) 25 | 40 | 60 | 80
Crystal
d R = 600 max.
Oscillator Rs max. () 500 | 120 | 80 | 60
Storage _ o _ o
Temperature Tetg = -55- +150 C Taig = 55 +125°C

Hitachi America, L1d. = Hitachi Plaza = 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 = (415) 589-8300
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8 DIFFERENCES BETWEEN HD6301V1, HD6303R, HD63IPO1M1, AND HD63701V0 (Continued)

If lcad 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 noisa is caused by GND
impedance which becomes large when
large transient current flows into GND at
High to Low transition of data line.

Item HD6301V HDB3701V0
HD6303R1,
HDB301V1, HD6303R HDB3P01M1
S W 2 W
as ./
R/ \ f
A1 X ANoise X:
GND Noise iag i
e Di Noise is
2 — reduced Noise is reduced by 50%.
uS_ by 33%.

Miscellaneous

Chip design and manufacturing process of the HD6301V differ from those of the HD83701V(. Therefore, actual spec.
and margin are differant between the HD6301V and the HDE3701V0. Please carefully examine your system before

applying HD6301V or HDE3701V0 to your system.

B PRECAUTION TO THE BOARD DESIGN OF OSCILLATION

CIRCUHT

As shown in Fig. 39, there is a case that the cross talk disturbs the
normal oscillation if signal lines are put near the oscillation circuit.
When designing a board, pay attention to this. Crystal and C|_ must

be put as near the HD6370i VO as possible.

e

Do not

28
HY
o o
]
S : : XTAL
AT
——{ exTaL
o
I HD63701V0
. []
" [}

use this kind of print board design,

Figure 39 Precaution to the board design of

676

oscillation circuit

20mm max
%‘._ GND] / :‘V:::". ‘a'rg:;.l fines
O 7z — 2 _T—
L™ Crystal [ C 1
(¥ O % g 7 E.
7 |
7= ZZ]
40
2 [
3 E
HD63701V0
(DC-40)
{Top view)

Figure 40 Example of Oscillation Circuits in Board Design
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M WARNING CONCERNING WAI INSTRUCTION

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

WAI is a instruction which waits for an interrupt. The corres-
ponding 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 41.

L]
. |
WAl b harr inpur
waiting for
f 1 interrupt )

= -

interrupt occurs

wrong vector address

IMSB) vector fetch for interrupt
wrong vector address
{LSB)
op-code fetch *
. interrupt routine

Figure 41 MAC function during WAI

L4 cu
CLt LOCP BRA
WA LOOP

i) MAL function jii) Recommended method
7

Figure 42 Program to wait for intarrupt

B 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 operation on its contents, such
as AIM, ADD, or ROL, is executed, because the arithmetic or
logical operation is always done with the data $FE. In particular,
don’t use the AIM, OIM or EIM instruction to manipulate the DDR
bit of PORT.

B WARNING CONCERANING PCWER 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 43.)

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

LSt ¢

l— o

T internal reset
RES pin D Q D QF— signal

Figure 43 RES circuit
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