NEC #PD1714

SINGLE-CHIP MICROCOMPUTER BUILT-IN PRESCALER,

PLL FREQUENCY SYNTHESIZER, IF COUNTER AND LCD DRIVER

DESCRIPTION

uPD1714 is a 4-bit CMOS microcomputer for digital tuning, containing a prescaler which can work within the

range of up to 1560 MHz, a PLL frequency synthesizer, IF counter and a LCD driver (1/2 duty, 1/2 bias} in one chip.

The CPU can perform the 4-bit parallel addition/subtraction (AD and SU instructions), logical operation (EXL

instruction etc), plural bit tests {TMT instruction, etc), and set/reset of carry F/F (STC instruction, etc.), and it
also has a timer function. The computer is outlined by 64-pin QFP and it contains various 1/0 ports controlled
by powerful instructions (IN and OUT instructions}, serial interfaces (serial [/O and shift clock), 6-bit A/D converter,
and frequency/duty variable pulse port {CGP: Clock Generator Port).

The device contains a 16-bit frequency counter so-that it can be used to select any specific station by counting

intermediate frequency in FM/AM tuners.

FEATURES

4-bit microcomputer for digital tuning

Containing a prescaler (two modulus prescaler: 150 MHz MAX.} and the PLL frequency synthesizer and the LCD
drivers IF counter.

Single 5 V * 10 % power supply

Low power consumption CMOS

Easy data memory (RAM) backup (by the CE pin}

Program memory (ROM}: 16 bits x 2040 steps

Data memory {(RAM}  : 4 bits x 128 words

94 types of powerful instruction set {all by one-word instruction)

Instruction execution time: 33.3 usec (with 4.6 MHz crystal resonator)

Various addition/subtraction instructions {addition: 12 types, subtraction: 12 types)

Powerful composite judge instructions (AlS <> AIN}

Storage 10 storage data transfer in a same row address

Indirect transfer between registers (MVRD and MVRS instructions}

Sixteen powerful general registers (on RAM space)

Three stack levels

Containing a LCD driver {1/2 duty, 1/2 bias, frame frequency = 100 Hz, driving voltage =5 V * 10 %, 56
segments MAX.)

Containing the PLA {Programmable Logic Array) for indications (LCD pattern}

Clock can be stopped by the CKSTP instruction (Supply current = 10 tA or less)

Eight 1/0 ports {PAg to PA3: 1-bit 1/0 setting, PCp to PC3: 4-bit /0 setting}

12 output ports {PBg to PB3, PDq to PD3, CGP, PLg to PL3: for CMOS output, note that ports PLg to PL3
are also used as a LCD segment pin.)

Serial interface (PA3/SCK: shift clock, PA,/SI: serial input, PBg/SO: serial output, 8-bit 1/0, S10 instruction)
6-bit A/D converter {Vref = VDD, sequential comparision method by a program: TADT and TADF instructions)
CGP {Clock Generator Port) is provided {Output of 64 divided-frequencies based on 180 kHz or 18 kHz; Duty
on 2.69 kHz varying into 64 steps)

Providing key source output pins {LCDg/KSp to LCD15/KS15) which are also used as LCD segment pins
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uPD1714 NEC

Input ports used only for key input {Kg to K3)

Powerful 1/0 instructions (IN and OUT instructions)

Test on status of input and output ports (TPT and TPF instructions)

Edge trigger intarrupt function (by INT pin)

IF counter is provided. {16 bits, Gate time: 1ms, 4 ms, 8 ms, and infinity, Maximum input frequency: FMIF =

12 MHz, AMIF = 1 MHz)

Containing a timer F/F (setting: every 125 ms. Clock function can be easily set.}

® Providing the interval pulse output (internal output)
(pulse at every 5 ms (200 Hz, duty 60 %)} ; Being tested by TIP instruction.)

® Test on locked condition of the PLL (TUL instruction)

® Transfer of data of dividing ratio and dividing method and reference frequency to PLL by one instruction {PLL
instruction)

® Frequency input pins are provided for both AM and FM.
(Maximum input frequency: VCOL pin = 20 MHz, VCOH pin = 150 MHz)

& Two types of frequency dividing methods (pulse swallowing method and direct method} can be selected using
a program. '

& Two independent Error Out output (EQ4 and EO; pins)

® Seven different reference frequencies can be selected using a program. (1,5,6.25,9,10,12.5, and 25 kHz}

ORDERING INFORMATION

Order Code Package
uPD1714G-XXX-11 64-pin plastic QFP (lead straight type}
uPD1714G-XXX-12 64-pin plastic QFP (lead bended type)
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uPD1714

PIN DESCRIPTION

PIN NO.

SYMBOL

NC

€0,

EO,

PIN NAME

No-

Connection

Error
QOutput

Error output pin fdr PLL.V Vlf

DESCRIPTION

This pin is not connected to an internal chip so that it
cannot be used. However, it can be used for GND, OPEN,
and Vpp connections.

ivided frequency of a local

oscillator  IVCO output) is higher than the reference
frequency, high level signalis sent from these pins and if it
is lower than the reference fraquency, low level signal is
output from them. If the two frequencies are the same,
it becomas a floating.

This output is sent to the external LPF (Low Pass Filter),
then s output (o a varactor diode via the LPF. Since
EOQq and EOj output same wave farm, either one can be
selected.

OUTPUT TYPE

CMOs
3-states

GND
GND3

Ground

Ground pin of the device.

Pin 4 and pin 8 must be connected in the same electric
potential condition.

GND1 (4 pin) 1sa ground pin for analog [PLL, AD converter,
INT and CE), GND3 {8 pin} is a ground pin for digital (CPU,
LCD driver, IF counter).

vCOL
(AM)

AM Local
Oscillation
Signal Input

This inputs the AM local oscillation output (VCO output}
in the range of 0.59 to 20 MHz (0.5 Vp_p minimum).

This pin becomes active when the direct frequency dividing
method is selected. When the direct frequency dividing
method is selected, the dividing ratio varias from 16 to
212..9).

When the pulse swallowing method is selected, the VCOL
{AM) pin automatically, becomes puli-down state {GND).

The output have to be cut by a capacitor to be input
an AC amplifier is provided in the device.

Input

VCOH
(FM)

FM Local
Oscitlation
Signal Input

Local oscillation putput [VCO output} in the range of
15 to 150 MHz {0.5 Vp.p minimum) is input to this pin.
The dividing ratic when the pulse swallowing method is
selected varies from 1024 to (217-1).

The VCOH (FM} pin becomes pull-down state (GND) auto-
matically when the direct dividing method is selected.

Since an AC amplifier is contained, output chould be cut

by a capacitor to be input. {See Section 2.4, PLL REGISTER, |

for details.}

Input
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PIN NO.

SYMBOL

PIN NAME

DESCRIPTION

QUTPUT TYPE

CE

Chip Enable

Device selection signal input pin.

This pin is set to high level when the device performs normal
operation (This pin is set to low level whean the device is not
used). The PLL becomes disable state while this pin is in low
level. However, input of 134 us or less cannat be accepted.

If the CKSTP instruction is executed whils the CE pin is
in the low level, the internal clock generator and the CPU
halt their motions and the memory halding state can be
obtained in the low current consumption state (10 uA
ar less). (CKSTP instruction is only effective when the
CE is in the low level. When the CE is in the high lavel,
it does the same operation as that of the NOP instruction.)
At this time the dispiay output (from LCDg to LCDy7,
COM4, and COM32) automatically become the display-
off mods (low tevel).

if the CE pin is changed from the low level to high levsl,
the device is reset and the program staris from address zero.
{See 1.5 the TIMER F/F). At this time, the 1/O ports (Port
A and Port C) become the input mode.

Input

to
1

PD4
to
PD3

Port D

Thesa pins are 3-bit output ports. {See Notes 1 and 3.)

CMOS
push-pull

12
o
15

PCo

PC3

Port C

These pins are 4-bit 1/O ports. Any of thase become an
output port when OUT, SPB, or RPB instruction is executed
for the Port C. Any of these become an input port when
IN instruction is executed for the port. [Refer to Notes
1, 2,and 3.)

CMOS
push-pull

16
17

19

PAQ/AMIF
PA1/FMIF
PAZ/SI
PA3/SCK

Port A

These pins are 4-bit 1/0 ports. 1-bit I/O assignment can be
done at these ports. The assignment Is specifled by the
contents of address TFH in the data memory BANK 0 (RAM).
These ports can be used as a serial interface in the SIO
instruction. At this time. pin PA3 functions asa SCK (Shift
Clock} pin. Likewise, pin PAs and pin PBg function as
a Sl (Serial Inputl pin and a SO (Serial Qutput! pin, res-
pectively.

When the device is reset {Vpp = Low -» High, CE = Low —
High) and the CKSTP instruction is executed, these ports
became the input mode. When PA3 is used as the 5CK
pin, PA3 has to be pulled up using a resistor. 1f the pin is
used without the above operation, shift clock is not outgut
correctly.

PAQ and PAq are used as a pin for frequency measurement.
PAg and PA{ work as the AMIF pin and the FMIF pin,
respectively. The maximum input frequency for the AMIF
pin is 1 MHz and that for the FMIF is 12 MHz. tf the AMIF
pin 15 selected, input signals are directly input to the IF
counter. If the FMIF pin is selected, input signals are input
t0 the IF counter via a 1/2 frequency divider. (See Notes
1and 2.)

CMOS
push-puit

20

23

PBg/SO
1o
PB3

Port B

These pin are 4-bit output ports. Pin PBg is used as a SO
{Serial Output) pin by executing the SIO instruction. {See
Notes 1 and 3.)

CMOS
push-pull
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PIN NO.

SYMBOL

PIN NAME

DESCRIPTION

OQUTPUT TYPE

24
25

X0
X1

X'tal

These pins are connection pins for crystal resonator.

Connect a 4.5 MMz crystal resanator and adjust the oscil-
lator frequency (4.5 MHz) by monitoring the LCD driver
wavefarm.

CMOS (X0}
INPUT {X1)

28

Vbp1
Vbb2

Power
Supply

This is a device power pin which supplis the voltage of
5 V + 10 % while the device is in opsration. The voltage
can be lowered 10, 2.5 V when the internal data memory
(RAM) is provided (when the CKSTP instruction is {execut-
ed). if the voltage of O to 4.5 V is supplied to this pin, the
device is reset and the program starts from Address 0. {See
Section 1.5 TIMER F/F).

Note: Pin 26 and pin 58 are not connected in the chip
so that there is no need to supply voltage to both pins.
Power should be supplied t0 any one pin to operate the
device.

27

CGP

Clock
Generator
Port

CGP (Clock Genarator Port) or one-bit output port {PGp}
can be selectad by the program. When this pin is used
as the CGP, two functions, VDP (Variable Duty Puise)
function and SG (Signal Generator) function, can ba
selected by the program.

The VDP function can continuously output 2.69 kHz of
pulses and can change the duty of the puises into 64 steps
using the program.

Ths SG function can output the frequency divided into
64 steps (duty 50%} after varying it by the program where
the referance frequency is 18 kHz or 180 kHz.

When the device is reset (Vpp = Low — High, CE = Low —
High) or when the CKSTP instruction is executed, the
CGP pin becomes the low level. {See the Note 1.)

CMOS
push-pull

28

55

LED,7/PLg
10
LCDg/KSp

LCD

Segment
Output

These pins are segment signal output pins for the LCD
panel. Up to 56 dots of display can be made by using the
matrix of COMq and COM2. Output to these pins can be
done by exscuting the LCDD instruction. Contents of any
address in the data memory |RAM) specified by the first
operand of the LCDD instruction is output to the column
of the LCD matrix specified by the second operand. (See
Section 8. LCD DRIVER.]

If an even numbered column is specified at the time, the
contents specified by the first operand is output to these
pins through the segment PLA (Programmable Logic Array).
The segment PLA can generate 32 types of patterns. {(See
Section 10. PLA.]

When pins trom LCD27/PL3 to LCDo4/PLg are not used
as LCD segment signal output pins, they can be used as 4-bit
output ports.

Pins from LCD15/KSq5 to LCDp/KSp can be used as the
signal source of key matrix In this case. display data and
key source signals are output from these pins using the
time sharing method.

Note. Low level signals are automatically output {Display
Off Mode! when power is applied (Vpp = Low - High}
and when the CKSTP instruction is exacuted

CMOS
push-pull
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PIN NO. ’ SYMBOL ’ PIN NAME DESCRIPTION OQUTPUT TYPE
‘ ' Thess pins are output pins of the common signals for the
LCO panel. Up to 56 dots of display can bs made by using
the matrix of LCDgto LCD27,
Thres values (GND, 1/2 Vpp, and Vpp) are output in every
56 comy LCD 5' ms with 1(_]0 Hz of trequency. \{vnen tVpp of potential cMOs
57 comy Common difference arises betwsen these pins and the LCDs from push-pull
Output LCDy to LCD37, the segment will be indicated. {See Section
8. LCD DRIVER.)
Note: Low level is automatically output (Display Off
Mode) when power is appllied {Vpp = Low — High) and
when the CKSTP instruction is sxacuted.
These are 4-bit input ports used for key matrix input. When
the KIN instruction or the Kl instruction is executed, the
59 Ko state of these pins are stored in the data memory {RAM)
to © Key-return specified by the pperand of the instruction. Input
62 K3 Signal Input Segment pins of the LCD {LCD15 to LCDg) are especially
used as key return signal source. The state of key latch
can be read at the tima if the KIN instruction or the Kl
instruction is executsd.
This is an A/D (Analog/Digitall converter input pin, A 6-bit
63 AD A/D corwerter | A/D converter using the sequential comparison method by Input
tnput the program is provided in the device. Reference voltage of
the A/D converter is Vpp (5 V £ 10%).
This is the input pin of interrupt request signals, which are
64 iNF Interrupt issusc.d at the fall edge t?f a signal applied to this pin. When Input
tha interrupt request is accepted, the program flow un-
conditionally jumps to Address 1.
Nots 1:  PA( corresponds to the lowest-order bit of a register or an operand data and PA3 to the highest-order bit under the
port operation instructions (IN, OUT, SPB, and RPB instructions). It goss to port B or port C as well.
Note 2: All the 1/O ports {Port A and Port C) turn to the input mode when the device is reset (Vpp = Low to High, CE =
Low to High) or when the CKSTP instruction is executed.
Note 3: Output-only ports (Part B and Port D) output incorrect data when power is applied (Vpp = Low to High). Therefore,

they should be initialized by the porgram. Whan the CE pin changes from Low to High and when the CKSTP instruc-
tion is executed, the contants of output data does not change from the last one. Therefore, in this case, initializing

should be done if nacessary.
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Xt O——&——l Div. I———’CPU ClockH

Reference Divider

X0 0———

VCOH 132

Swallow

1/33

Selector

Counter

15

Programmable

Divider

€04 EQp

{1

5 ms

8 Hz

—O0LCDg
—oLCD,
—OLCD2
———0LCD3
[—O LCDy
LCD [—OLCDy

—o L(sz3
—0 LCD24
—O LCD2s
—0 LCD2s
—CO LCD27
| —O LCD2g
—0 COM;y

——O COMy

Cont.

Seg
La
PLA

5

La

12

ROM R
16 bits X 2040 steps

Address Decoder

[

Ot L

RAM
4X128
=512 bits

D0 19 D3

11

1!

!

instruction
Decoder

Judge

=

o|o

INT CE

D-4-8

Q
vVop

O CGP

g |

O AD

[}
]
t
i
p

-0 Port Ag/AMIF
—OPort A1/FMIF
O Port Ap/SI
O Port A3/SCK
|—-O Port Bg/SO
—O Port By
[—0 Port By

Port B3
|-—O Part Co
[0 Port Cyq
[—O Port Cp

Port C3

o 0
GNDj GND2



N E C uPD1714

1. CPU
1.1 PROGRAM COUNTER (PC)

The program counter is composed of a 11-bit binary counter, and addresses the program memory (ROM), that is,
the program. (Note 1)

{PCm‘ PC9 | PCg l PCy ] PCGI PCg ; PCq ’ PC3 | PCo | PCyq I PCo I

11 bits

The counter is generally increased by one every time one instruction has been executed, and it is loaded with
the address as designated by the operand of a jump instruction or a subroutine call instruction when it is execut-
ed. (Note 2) When any skip instruction {e.g. ADS, TMT or RTS instruction) is executed, it designates the address of a
command ensuing to the skip instruction, regardless of the content of skip condition. |f the said condition requires
the skip, the instruction subsequent to the skip instruction is considered NOP (no-operation}. In other words, the
address of next instruction can be designated after the execution of NOP.

When an interruption request is accepted. Address 1 is loaded unconditionally.

Note 1:  The program counter of each of uPD1701, uPD1703, uPD1704, uPD1705, xPD1710, uPD1711, uPD1716, uPD1720
and xPD1730 (in the series having the ROM capacity less than 1K steps} is composed of 10 bits only,

Note 2:  Since the operand of the JMP instruction consists of 10 bits, there are two types of JMP instructions in uPD1714 and
PCyg is set or reset depending on the operation code. These two JMP instructions have the same mnemonic code {JMP} so
that the identity of these two instructions are judged by the assembler automatically. See the Program Memory in Section
1.3] The CAL instruction is only one type. When the CAL instruction is executed, PCq is reset.

1.2 STACK REGISTER (SR)

The stack register consisting of 3 x 12 bits stores the return address (11 bits), which is the value of adding
one to the contents of the program counter when a subroutine call instruction is executed or when an interruption
request is accepted, and the result of a judgement {1 bit) if any instruction having the skip function has been
executed upon the acceptance of the interruption request. The contents of the stack register is loaded into the
program counter by the execution of a return instruction {RT or RTS), and the original program flow is restored.

The stack register is used both for the subroutine call and the interrupt so that if one level is used for the inter-
rupt, the remaining stack register which can be used for a subroutine call becomes two levels.

1.3 PROGRAM MEMORY (ROM)

The program memory {ROM), consisting of 16 bits x 2040 steps, stores programs within the address range from
000H to 7F7H.

0Q0H
Page 0
3FFH |
400H
Page 1
7F7H

Fig. 1-1 ROM Configuration
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This ROM of uPD1714 needs the concept of page, and its addresses from 000H to 3FFH are called the Page 0
and the remaining addresses from 400H to 7F7H are called the Page 1.

The head address of any subroutine must be set within the page 0 when creating a program. The subroutine
contained in Page 1 at its head address however cannot be called neither from the Page O or the Page 1 (see Caution
to Use of CAL Instruction).

The above concept of page is not applicable to the JMP instruction when it is described by the assembler, and it
can be used between the addresses 000H and 7F7H under the same description {JMP ADDR).

The operation codes of JMP instructions for Page O and Page 1 being different, care must be taken for the debug
and patch correction (see Caution to Use of JMP Instruction).

The following points must be noted in the use of CAL.and JMP instructions since ROM of uPD17 14 applies the
concept of page {discrimination between Page 0 and Page 1}:

Caution to Use of CAL Instruction

The calling address of CAL instruction or the head address of its subroutine must be set within the Page 0 {000H
to 3FFH), but the subroutine at the head address of Page 1 (400H to 7F7H) cannot be called. The return address
can be set within the Page 1 because the stack resister is composed of 11-bit.

Example 1: Head address of a subroutine in page 0

000H 000H
CAL SUBI1
CAL SUB?
SUBT:
Page O
, age Page O
|
H
|
H SuB2:
| i
RT i
FFH | T kI3 | S, o .
400H 400H H
CAL SUB1 RT
CAL SUB2
Page 1 Page 1
7F7H 7F7H

If the head address of a given subroutine is set within the Page 0, as shown above, the return addresses (RT and
RTS instructions) may be set within either the Page O or Page 1.

While the head addresses of subroutines are contained within the Page 0, the CAL instruction can be used without
being conscious with the concept of page. The following technique is however effective if the head address of a
given subroutine is not allowed to be within the Page 0 for the convenience of programming:
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uPD1714

000H
CAL SuB2
// \
// \
SUB2: JMP SUBI /
/
3FFH|_ T _/_
400H 7]
SUBI: )
1
;
RT
CAL SUB2
7F7H

Page O

Page 1

In other words, a JMP instruction is set in the Page 0 and a real subroutine (SUB1} is called via this JMP instruc-

tion.

Caution to Use of JMP Instruction
As far as the JMP instructions are described by the assembler, the said instructions can be used without the
concept of page between the ROM addresses 000H to 7F7H under the same description.
The operation codes of JMP instructions for Page 0 {0OOH to 3FFH) are different from those of other JMP
instructions for Page 1 (400H to 7F7H). The operation code of JMP instruction for Page 0 is 06" while that of

another JMP instruction for Page 1 is 02",

If the assembler of uPD1700 Series is used for assembling, the address to which the operation needs be jumped
can be referred to and automatically converted by the assembler.

3FFH
400H

7E7H

Operation Code 06
{Jump address in page 0)

JMP  ADDI1

ADD1-

JMP  ADD1

Operation Code 02
(Jump address in page 1)

Q00H
Page O

3FFH

400H
Page 1

7€7H

JMP  ADD1
’('
ADDI-
JMP  ADDI

D-4-11
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NEC

For the debug and patch correction the operation codes “06" and ‘“02” must be converted by the programmer.
And so must be the addresses if the JMP instruction designates any address beyond 400H {with the operation code
of “02”). In this case the address 400H is turned to the address 000H and the remaining addresses are increased by
one address each. Hence the address 7F7H is raised to the address 3F7H.

Q00H

300H

3FFH
400H

410H

7FIH

JMP
JMP
ADD2
IMP
ADD1
JMP

Machine Code

ADD1 +——= 02010

ADD2 ———= 06300

ADD2 +—— 06300

ADD1-—= 02010

If JMP  400H is described by the assembler, for instance, and when you want to correct the patch, 02000 must
be input so that JMP  Q00H turns to 06000.

D-4-12
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14 DATA MEMORY {(RAM}

The RAM, consisting of 4 bits x 128 (2 x 64) words, is generally used to store data. These 128 words are
divided into two groups; BANKO and BANK 1 contains 64 words each. !f data processing is done in each BANK,
a BANK specification (BANKO and BANK 1 instructions) has to be done in advance to process data.

Addresses from 00OH to OFH in BANKO are called a general register and it is used for operations and transfer
with memory. It is also used as a regular memory. (If it is used as a register, a BANK specification is not required.
However, if it is used as a memory, BANKO must be specified.}

Information (divided frequency, reference frequency and dividing method) needed for the PLL control can be
set via the RAM. Total of 17 bits, consisting of 4 bits by 4 words {N’s words) in the addresses of 00H, 10H, 20H,
and 30H plus the most significant bit {Ng bit) of a general register, are allocated to the setting of divided fre-
quencies. Similarly, N’s words and any one word {4 bits) of the RAM except for the one which contains the Nf
bit are allocated to the setting of the reference frequency {contro) words). These bits are transferred to the PLL

register by a PLL instruction.
Address 1FH in BANKO is called PAIO word and is used for the 1/0 assignment of the Port A (PAg to PA3).

Column Address

012 3 456 78 9 ABCDEF
A7 2244222427 _
Row Address ° }D%%%%%/%j %%/%/%F General Register
TN Pai0«— PAIO Ward
BANKO
2 N2
3 [N3
Ns]\l/vord E
o}
1
BANK1
2
3

Fig. 1-2 RAM Configuration

Note: The most mponam point you should keep in mind in the general register operation in BANK1 is that uPD1714 does not have
P d i the general registers and the immediate data. For example, expression Al 00,1"ina
program in BANKO adds one to the general register which is stored in addrass 00 in the data memory. This Al instruction is
the operation between memory and the immediate data. This instruction is not the operation between the register and the
immediate data. If the abovas instruction is executed when BANK 1 is specified, this exprassion does not add one to the address

00 of the gensral register but adds ane to the address 00 of the data memory in BANK1.
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15 TIMER F/F

The timer F/F is to be set with an 8 Hz {125 ms) signal and reset by the test timer instruction ({TTM instruction).
This timer F/F is automatically set every 125 ms so that it can be used as a clock counter (one second by 8 counts)
or the mute time counting.

Since the timer F/F can be reset only by the execution of TTM instruction this instruction must be executed
within the period of 125 ms under any circumstance. When this instruction is executed within a period of 125 ms or
more, the timer F/F fails to count up the clock and becomes unable to control the correct time.

TT™ TIM TTM TT™ TT™ ™
]
i |

|

| | t
| |
I

t H
- =i

1 |
| |
! |
' ¥ ]

Timer F/F Dutput

8 Hz clocks

t must be always smatler than 125 ms (t < 125 ms)

Fig. 1-3 Execution Timing of TTM Instruction

This timer F/F can be also used to judge the detection of power failure. It is reset when the power is turned on
(VDD changes from low to high} or it is set again by the execution of CKSTP instruction or when CE changes from
low to high. {Note 3) Fig. 1-4 shows the status transition diagram illustrating the afore-mentioned relations.

As apparent from the above illustration, the program starts from the address O after the power is turned on {Vpp
changes from Low to High), no matter what condition the CE pin is held, while the timer F/F remains reset.
The timer F/F is not set again unless the TTM instruction was once executed {status unable to set the timer F/F).
Once the TTM instruction was executed, however, the timer F/F can be set at any time at the intervals of 125 ms
each,

If the power is being fed (Vpp = high} and the CE pin changes from low to high, the program flow jumps to
the address 0 immediately when the timer F/F is set. {Note 4) The program therefore starts from the address
0 while the time F/F remains set.

As you could understand well from the above explanation, the contents of Timer F/F vary between the time the
power failure is recovered (Vpp changes from low to high} and the time when the power is continuously fed (Vpp
=high and CE=low) or when the device is restored from the backed-up condition. Through testing the contents of
this timer F/F (i.e. the execution of TTM instruction) it is possible to judge if it is restored from the power failure
or from the non-power failure. In other words the power failure can be judged if the execution of TTM instruction,
which is executed within 125 ms from the start of porgram from the address 0, results in O (false) or it can be deter-
mined as hon-power failure {backed-up condition} if the result of test turns to 1 {true).

Care must be also taken to the programming when restoring from the non-power failure (Vpp=high and CE
changes from low to high) while the clock function of a given program, if provided, needed to be operated (without
using the CKSTP instruction} even if CE was low. The porgram flow in this case jumps to the address O immediately
after the timer F/F is set. It is therefore necessary to update the clock after executing the TTM instruction to detect
the power failure (the execution results in finding true}. Otherwise the clock delays by 125 ms each whenever the
CE pin changes from low to high.
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Clock stop CE=H latency after under the system resat status:
1 the clock (@ The program counter is reset to
i started address 0.
| @ Display becomes OFF mode.
; @ BANK F/F is reset {BANKDI .
2R @ 1/0 port becomes the input mode.
@ © '
€3 !
g2 1 (Note 1 *PC indi
] i X system reset C indicates the program counter.
S L Timer F/F=0 )
g- 4 PC*=0 S ’
A N 7’ &,
3 S L X
Y
Norrmal I Normal
operation ! operation
Timer F/F=0 ' CE=H Timer F/F=0
Timer F/F set | Timer F/F sat
disable \ disable
status | Status
a : TTM instruction
2 X execution
= I
% ‘ Normal
o, ! operation
) | Timer F/F set
(Y | enable
?é | . status
% " e {Note 2}
>

CKSTP
instruction NO"".a' Normal (Note 1
execution operation operation Timer F/F=H
Timer F/F set Timer F/E set system reset
enable enable timer F/F=1

PC=0

status status

100 ms of

latency after
the clock

started

Fig. 14 CPU Status Change Diagram by the CE pin

Note 2: It is impossible to come put from this loop if the setting of the timer F/F and the execution of the TTM in-
struction are dona simultansously. If this is the case, the loop can be broken by the satting of the next timer
F/F {after 125 ms), then the program jumps to address O after turning the timer F/F to **1". It must be noted
if the execution of the TTM instruction is periodic and if the execution cycle happens to coincide with the
cycle of the timer F/F setting (125 ms), program cannot bs cleared to address O permanently.
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Nots 3:

Note 4:

1.6

The program starts fram the address O after the timer F/F was sat if CE pin changed from low 1o high following the exscu-
tion of CKSTP instruction in case of uPD1714. Tha timer F/F is reversely reset and the program starts from the address 0
under uPD1701, uPD1703, uPD1704, uPD1710 and gPD1719. it must be noted when executing the CKSTP instruction
that the contents of timer F/F differ between uPD1714 and the group of xPD1701 uPD1703, uPD1704, uPD1710 and
uPD1719.

Even if the CE pin changes from low to high level, the porgam flow does not move to address O when the setting of the
timer F/F and the exacution of tha TTM instruction overlap. If this is the cass, the system judges that the timer F/F is sat
by the TTM instruction execution and the timer F/F is rasat. This point must be kept in mind when a power failure detsc-
tion is done by the TTM instruction. That is, you should know that the TTM instruction has higher priority than the sett-
ing of the timer F/F when they averlap. Therefore, the clock does not become incorrect and a misjudging of a power
failure does not occur. However, if the TTM instruction exacution and the timer F/F setting happen to coincide in the
following program, the program doss not jump to address O forever. (The timer F/F will not be reset.)

Al TT™M
JMmP B
JMP A
. .
-« —————— 3n Step program
{n <1249)
JMP A

In this example the program sxecutes the normal TTM instruction, skips the next 'JMP B’ instruction because the timer
F{F is reset, and executes 'JMP A’ instruction, Therefore, it cycles this loop. Tha cycle is 100 us. (3 steps! The timer F/F is
set once svery 125 ms and the operations of B are performed. This operations take (3n + 3} steps (multiple of 100 us). If
the CE pin happens to change from low to high level during the TTM instruction execution in this program, operations in
8 are done dus to the judgement that the timer F/F is set by the TTM instruction. However, the timer F/F is set again (125
ms later} when the next TTM instruction is executed bacause the time interval from the last TTM execution to the next
TTM execution is a multiple of 100 us. Therefors, the timer F/F will not be reset and the program cycles this endless toop.
This problem occurs in a program where the TTM instruction is executed in every 125 ms. If this is tha case, change the
program so that the TTM instruction is not executed after 125 ms (3750 steps) from the TTM execution.

INTERVAL PULSE (ITP)

The interval pulses are 60 % duty pulses that are output at 5 ms each and can be tested by the TIP instruction.

As no

flipflops are provided, the pulse output cannot be reset even if the TIP instruction is executed.

A precise timer of the multiple of 5 ms can be created by the constant executions of TIP instruction to catch the

edges of interval pulses.

TIP instruction is executed {to be yudged true but pulses are not reset}

TIP instruction is executed (1o be judged false)

3ms

Fig. 16 Interval Pulse Timing
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1.7 UNLOCK F/F {UL F/F)

The phase detector (¢-DET) outputs pulses at the cycle of reference frequency (f;) if the PLL system is not
locked or if the reference frequency {f;) does coincides with the divided output frequency of VCO. The unlock F/F
is set with this pulse and reset by the execution of TUL instruction. The period of executing the TUL instruction
should be always longer than that of f. If it is shorter, the PLL system is considered to be locked, although it is not
in fact, and it may lead to certain matfunction.

Similarly the TUL instruction , which is executed first after the PLL instruction, needs be executed after a period
over the f; period after executing the PLL instruction.

TUL TUL TUL TUL
t
D o) Unlock F/F Output
A , i
set set
D D
/D Output
/4 t must always be longer than 1/f; (1 > 1/f;)

Fig. 16 Execution Timing of TUL Instruction

18 CARRY F/F (C F/F)

The carry F/F is set if a carry or a borrow is generated as the result of execution of a given operation instruction.
Or it is reset if any of carry or borrow occured, and its content remains unchanged unless an operation instruction
is executed.

The carry F/F can be also set or reset directly by the carry F/F set/reset instructions {STC and RSC instructions)
as well as the status word operation instructions (SS and RS instructions).

Note: Even if an interruption is accepted, the cantents of the carry F/F is not saved automatically.

1.9 BANK F/F (B F/F)

The BANK F/F is used to designate the BANK for the data memory (RAM and to address the port groups. RAM
of 128 words is divided into the BANKO (64 words) and BANK1 {64 words), and either BANK must be designated
{execution of BANKO or BANK1 instruction) before data are processed by either BANK. The data processing
between two BANKSs is carried out via the general registers {the address OOH to OFH within BANKO). To use the
above addresses of BANKO as the general registers, and the data can be accessed from either the BANKO or BANK1
without requiring the designation of BANKs. But the BANKO must be designated in case the addresses are used as
the memories.

The BANK F/F is also used for addressing of the port group. The addressing is then performed with two bits of
the operands of a given instruction and the content of BANK F/F {see 3. PORT).

The BANK F/F is reset and the BANKO is automatically designated by the initial power input (Vpp = low to
high) and CE changes from low to high or when the device is reset.

Note: Contents of the BANK F/F is not automatically saved even if an interruption is accepted.
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1.10 INT F/F AND INTE F/F

The INT F/F is unconditionally set by the fall edge of a signal being applied to the INT pin. [f the internal
INTE F/F is in the enable state at the time, an interrupt request can be accepted. If it is in the disable state, the
interrupt request cannot be accepted. However, as far as the INT F/F is set, an interrupt request can be accepted
as soon as the INTE F/F becomes anable state.

To make the INTE F/F enable state, execute the El instruction; to make it disable state, execute the DI in-
struction.

The INTE F/F can be reset by executing the DI or RS instruction which makes the INTE F/F disable state while
the INT F/F is in the DI state. When an interrupt request is received, Dl status is set automatically and program
flow is returned to address 1 (interrupt processing routine). The address of an instruction to be executed after
the instruction by which the interrupt request has been made is stored in the stack. Or, the jump address is stored
in the stack if the JMP instruction is being executed. |f an instruction under execution has the skip function when

an interrupt request is made, the evaluation of the skip conditions is also stored in the stack. The contents of the
stack as well as the program flow are restored when the RT instruction is executed in the interruption handling
routine. The contents of the carry F/F and the BANK F/F should be saved by the program if they are likely to
be destroyed by the interruption handling because they are not stored in the stack.

One level of stack is needed for the interruption handling so that the stack level control is required.

The -Iﬁpin can be used as a regular input port {by using the TITT and TITF instructions}. It should be noted
that the INT pin becomes True when the low level is input and it becomas False when the high leve! is input. This
is because the INT pin is active low.

Nots: The high lavel should be input to the INT pin before being accessed by the program. If it is held under the low level, low
teval input is always read to be high teval uatil high level input is given. Qnca tha high lavet is input, the INT pin can be
operated normaily. Therefore, the INT pin must be pulled up to the Vpp via a register on the applied circuit.

VDD

#PD1714 INT I

3

Fig. 1-7 Application circuit of INT pin

1.11 STATUS WORD

The status word is to split the inside status of a given device, which must be known for the execution of program
or which must be designated unconditonally, into four bits each, and to thereby test, set or reset the status by the
program.

Two kinds of the status words are provided, status word 1 and 2, to which any of the following pins or F/F
input or output is connected.
(1) Status Word 1 (write-only word)

Operation instruction: SS, RS, etc.

#3 #2 #1 #0
BANK BANK Carry INTE
F/F1 FIFO FiF F/F

The status word 1 can be set and reset by the SS, RS, and El instructions.
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(2) Status Word 2 (Read-only word)

Operation instructions: TST, TSF, etc.

#3 #2 #1 #0
BANK BANK CE INT
F/F1 F/FO Pin Pin

The contents of the status word 2 can be checked by the TST, TSF, and SBKO instructions.
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2. PLL
2.1 REFERENCE FREQUENCY GENERATOR (RFG)

Seven different kinds of the reference frequencies, viz., 1 kHz, 5 kHz, 6.25 kHz, 9 kHz, 10 kHz, 12.5 kHz and
25 kHz, are derived by this generator, which divides the frequency of external crystal resonator {4.5 MHz). The
selection of required reference frequency can be made by the program {control word data).

2.2 PHASE DETECTOR (¢-DET)

It is the circuit that detects the phase difference between the reference frequency (f;) and those of the output of
VCO, which are divided by the programmable divider.

The output is input into the internal charge pump, which in turn outputs the following pulses to the EQ¢ and
EQ; pins:

(1) fr> fose/N : low level
(2)  fr <foee/N : high level
(3)  fr=fosc/N : floating

where f,5. means the oscillation frequency of VCO and N the dividing ratio of programmable divider.

2.3 PROGRAMMABLE DIVIDER (P/D}

The programmable divider is a binary down counter, composed of a swallow counter and a programmable
counter. The swallow counter is a presettable down counter of 5 bits into which the contents of NRO (4 bits} and
NF {1 bit) out of N registers are preset at the period of reference frequency.

The programmable counter is composed of 12 bits into which the contents of NR1 through NR3 of the N
registers are preset and which is counted down simultaneously with the swallow counter.

r-—---—m----—--"-""=-"-"-"-"-"-"=-"=-"=-"="-—-—-""—""—""—"—"7—7"— -
l Programmable Counter Swallow Counter |
BitWeight 16 15 14 13 121110 9 8 7 6 5 4 3 2 10 : Programmable
! T 1 T T T T T T T T T Divider
| [ 1 } | [ [ |
[ | | [ [ ]
! Ly L [ P \
- _1> 12 111 <1 _____ f» N _/_}_ S -
15 14013 12 11 10|9 B8 7 6(5 4 3 2 -1 0
T T T 1 T 7T L — T T
I vl [ [ [
v Colo roo by b
T Ly | HE T L
NR3 NR2 NR1 NRO NF Register CW Register

Fig. 2-1 Programmable Divider Configuration

24 PLL REGISTER
To control PLL of uPD1714 needs the following three information:
(1)  Dividing ratio (N}
{2) Reference frequency (f;}
(3) Dividing method {direct method or pulse swaflowing method)

The PLL register stores the above three information; and it is composed of N register {16 bits) and Ng register
{1 bit), both of which set the dividing ratio, and control word register {4 bits) that sets the reference frequency and
the dividing method. These registers correspond to N's words, Ng bit and control words (CW) of the data memory
(RAM) respectively. The contents of above memory are all transferred to PLL register at a time by the PLL
instruction.

The N’s words are assigned to the addresses 00H, 10H, 20H and 30H of RAM, the N bit to the highest-order bit
of a general register and CW to any RAM area excluding the N's words and one word including the Ng bit.
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[ e
: 16 bits 1bit
—_—
| T T T T T T T T T T
| [ [ | [ | ' .
1 1 NR3 y NR2 1 1 NR1 1 NRO 1
! L L L L
: * N Register NEg Register
|

4 bits

T
I
1
v
i

Column Address
2 3 4 5 6 7 8 9 A B CDE F
NF
d
Row Address
BANKO
N3
o, !
l
N's Word
0
1 CW
BANK1
2
3

Note: Be sure to use the N bitas '0”.

Fig. 22 Operation during PLL Instruction Execution

CW Register

..__4[_____1

In the example shown above, the control word {CW) is provided on BANK1, and the BANK1 instruction has
to be executed before executing the PLL instruction. If the PLL instruction is executed while the control word
is provided on BANKO, the content of Address 1DH on BANKO is transferred to the CW register as the CW data,

and the reference frequency, etc. cannot be set correctly.
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Table 2-1 Control Word Code

Control Word

#3 #2 #1 #0

#2 #1 #0 fr {kHz)
o} 0 0 1
0 Direct Method
0 0 1 6.25
1 Pulse Swallowing Method
4 1 0 5
0 1 1 9
1 o] 0 10
1 0 1 125
1 1 0 25
0 1 1 1 Disable PLL

Table 2-1 shows control word data codes. Seven reference frequencies can be selected. The highest bit (#3) of the
control word selects the frequency dividing method. The direct method is selected when the bit is '0", and the
pulse swallowing method is selected when the bit is “1”".

Pin VCOL is selected when the direct method is chosen, and frequencies 0.59 to 20 MHz (Vj, = 0.5 V) can be
input to Pin VCOL. At this time, the input frequency can be divided directly by the value of the programmable
divider.

Pin VCOH will be selected and frequencies 15 to 150 MHz (V, = 0.5 V,.5} can be input to Pin VCOH when
the pulse swallowing method is chosen. At this time, the frequency input to Pin VCOH is introduced to the program-
mable counter through the 1/32 and 1/33 two-modulus prescaler.

The high and low limits of the frequency dividing ratios of the direct and pulse swallowing methods are shown in
Table 2-2.

The PLL Disable mode can be set up by executing the PLL instruction after setting 07H in the control word
{CW). This function is generally used to operate the clock function without executing the CKSTP instruction when
Pin CE is set to the low level in case the specification has a clock function. Low current-consumption operation
is possible by operating only the CPU while stopping the PLL operation.
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Status of Pins VCOL and VCOH by Frequency Dividing Method

Table 2-2
F Input Input F
CW #3 requancy State of Pins VCOL and VCOH ey ey requancy
Dividing Method Voltage Frequency Dividing Ratio
) Pin VCOL = Active 0.5Vpp 0.58 to 20 1610 (212 1)
[} Direct Method )
{Pin VCOH = Pull-down} MIN. MHz (1 step)
Pul:
vlse Pin VCOH = Active 0.5Vpp 1510 150 1024 to (217 — 2)
1 Swallowing .
{Pin VCOL = Pull-down) MIN. MHz (2 steps)
Mesthod

2.5 PLL INFORMATION SETTING
The PLL information (frequency dividing ratio and dividing method and reference frequency) is set by a program.

The dividing value of the programmable divider is set as follows:

1. Direct Method

fvcoL
N =T

fycoL Input frequency to Pin VCOL

fr Reference frequency

Example: Reception of MW
(Reception frequency: 1422 kHz, reference frequency: 9 kHz, IF frequency: 450 kHz)

1422 + 450
9 " !
= ODOH (“H" denotes a hexadecimal code.)
N3 N2 N1 NO cw
0 00 0] 110 1|0 0O O0|x x X X g0
[¢] D 0 Don’t care
Reference Frequency
(9kHz)
Frequency Dividing Method
{Direct Method)

In the direct method, the contents of NO and Ng are neglected.
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2. Pulse Swallowing Method

fucon
N=—"
fr
fycon @ Input frequency to Pin VCOH
fr : Reference frequency

Example: Reception of FM {U.S.A. band)
{Reception frequency: 100.0 MHz reference frequency: 25 kHz {F frequency: 10.7 MHz)

(100.0 + 10.7) x 10°
N = —3 = 4'428
25 x 10
= 114CH ("H’* denotes a hexadecimal code.)

N3 N2 N1 NO NE cw

00 0O 1000 10 1 00 Y 1 0O B T1 10
1 1 4 C
Reference Frequency (25 kHz)

Pulse Swallowing Method

In this example, the Ng bit is varied one by one as the lowest bit, and the VCO oscillation frequency varies
25 kHz for each variation this time. Vary one by one beginning with NO when varying 50 kHz each. Vary two by
two to change 100 kHz. Vary four by four to change 200 kHz. (Fix the Ng bit at 0 when using it.)

In the foregoing example, the value of N is decided using the Ng bit as the lowest bit. Programming can be
understood easier if setting is made by dividing the bits by four bits each starting with NO. Therefore, calculations
shall be made considering the reference frequency to be 50 kHz.

_{100.0+10.7) x 108

N =2214
50 x 103
= 8ABH
N3 N2 N1 NO NF ow

cooo0o0fl1000|1010]0110 E|1110

——

0 8 A 6
As shown above, the same values as those when the reference frequency is 25 kHz are obtained.

As these two examples show, 17 bits from Bit Ng will be effective when the pulse swallowing method is selected
and 12 bits from Word N1 will become effective when the direct method is selected.
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3. PORTS

The uPD1714 provides Ports A (PA3 to PAg) and C (PC3 to PCq) as input and output ports. It also provides
Ports B {PB3 to PBg) and D (PD3 to PD;) as output-only ports. An output port Port L {PL3 to PLg), which is also
used by the LCD segment, is additionally available.

The following ports are available as internal ports: Port E (PE3 to PEg), Port F {PF3 to PFyp), Port G (PG3
to PGgl, Port H (PH3 to PHg), Port J (PJ3 to PJg), Port K (PK¢ and PKg), Port N (PN3 to PNg), Port Q {PQj3
to PQq), Port R (PR3 to PRg), and Port S (PS3 to PSp).

The internal ports can be handled by the same method as that for the external ports except that the internal ports
have no external pins. The port operation instructions such as the IN, OUT, SPB, and RPB instructions can be
used as they are.

These ports are addressed by direct addressing of twa bits of the instruction operand part and by bank designa-
tion by BANK F/FO and BANK F/F1. Table 3-1 shows the relationship between BANK F/F and BANK. Tables
3-2 and 3-3 show port addresses and list of ports, respectively.

Table 3-1 Bank Designation

BANK BANK F/FO BANK F/F1
o] 0 0
1 0 1
2 1 0
3 1 1

Table 3-2 Port Addresses

Direct Add. BANK
#1 #0 0 1 2 3
0 0 Port A Port E Port J Port N
0 1 Port B Port F Port K Port Q
1 0 Port C Port G Port L Port R
1 1 Port D Port H _— Port S

Bank designation is common to port and RAM addressing. Therefore, be sure to set the bank to O when accessing

the RAM of BANKO after accessing a BANK1 port.
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Exampie:

Mvi
MV

FLOOP:

In this example, CGP is accessed and output is made in 64 stages for one second each from lower to higher

BANK1
ouT
ouT
BANKO
CAL

Sl

SIS
JMP

0AH, 1111B
0BH, 1101B

3, 0AH
2, 0BH

WTISEC

0BH, 01008

0AH, 0
FLOOP

.

Set “'QFH" at Address 0AH of the register
Set "ODH" at Address 0BH of the register

Output the content of Address 0AH to PH

Output the content of Address 0BH to PG

Return to BANKO after accessing the internal port
Call the subroutine to wait for an second

frequencies after frequency-dividing the reference frequency of 18 kHz.

Table 3-3 List of Ports

BANK | Direct Add. PORT 1/0 FUNCTION
PAG/AMIF General purposa input/output port or AMIF countsr input pin
PA1/FMIF General purpose input/output port or FMIF counter input pin
[ (Vo]
PA9/SI General purpose input/output port or serial data input pin
0 PA3/SCK General purpase input/output port or serial clock pin
PBg/SQ General purposs output port or serial data output pin
1 o]
PBy to PB3 Genaral purpose output port
2 PCg to PC3 1/0 General purpose input/output port
3 PDq to PD3 o} General purpose output port
0 PEg to PE3
o A/D converter comparison data and serial 1/0 data latch
1 PFgto PF3
1
2 PGg to PG3
e} CGP control data
3 PHg to PH3
|
0 Pipto Py ‘
o] Key source {(Pins KSg to KS{5) control data
1 PKg to PK1
2
2 PLoto PLg o General purpose output port {Jointly usad vviith Pins LCD24 to LCD327 and
the LCD contral word has to be set when using it as a port
0 PNg to PN3
1 PQq to PQ3 .
3 | IF caunter data IPR2, PR3, and PSg to PS3 are used jointly with CGP
2 PRg to PR3 control data)
3 PSp to PS3
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3.1 PORT A

Port A (PA3, PAg, PA4, and PAg) allows setting of input or output in one-bit units. Input and output can be
set by the content of Address 1FH of BANKO in the data memory (RAM) called the PAIO word. To set as an
input port, set “0” in the bit of the PAIO word corresponding to the port. Set ““1” when setting as an output port.

#3 #2 #1 #0

PAIQ Word

PA
|Address 1FH) 3 PA2 PA1 Pho

Example 1: To set PAj to PAg as an output port

#3 #2 #1 #Q

PAIQ Word 1 1 1 1
{Address 1FH)

Example 2: To set PA3 as an output port and PA3, PA4 and PAg as an input port

#3 #2 #1 #0

PAIO Word 1 4] 4] [¢]
{Address 1FH)

As shown above, Port A requires an input or output instruction be executed after setting input or output to the
PAIO word. When once set, the input or output mode is maintained unless the content {data at Address 1FH)
of the PAIO word changes.

Example:
BANKO
MVI 1FH, 1111B ; Set all bits of Port A in the output port

MVI 08H, 1100B ; Set PA3, PA; = high, PA,, PAg = fow
ouT 0, 08H ; Output PA3, PA; = high and PAq, PAg = low

Port A automatically assumes the input mode and operates in the input mode when power is turned on (Vpp =
low to high), during the execution of the CKSTP instruction, or when CE = low to high.

It must be noted that the content of the PAIO word and input/output state of Port A do not match at this time.
The port will continue to operate in the input mode thereafter until the content of the PAIO word is set.

When output port mode is set by the PAIO word, the output latch circuit contents are passed directly to the
port. Note that the output latch circuit contents are undefined when the power is switched on (Vg p changed from
low to high), and are held when the clock is stopped. Therefore, where it is necessary to avoid an undefined output
status when output port is first defined by PAIO word, specify output status by the OUT instruction before setting
the port status, |f output status is specified by the SPB or RPB instruction, the contents of specified bit to "0’
may be changed. Therefore, the output status must be specified by the OUT instruction.

PAg and PA4 of Port A can also be used as input pins of the IF counter by setting PAg and PA{ to the input
mode and by selecting an input pin by the IFCW (IF counter control word). For the details, refer to the section
describing the IF counter.

The 1SB data of IFCW is set to “00’" when the port A is used as |/O ports.
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3.2 PORT B AND PORT D

Ports B (PB3 to PBg) and D {PD5 to PD,) are output-only ports of the CMOS type. Normally, these ports are
accessed by an output instruction (QUT, SPB, or RPB instruction). The data currently being output is read in the
designated register when an input instruction (IN instruction) is executed. The output data does not change by

executing the IN instruction.

The high level (Vpp potential) is output when ‘1" is output during the execution of an output instruction.
The low level (GND potential} is output when 0" is output.

The Port D consists of three bits, PD3 to PDy. “0" is always assigned to data corresponding to Bit #0 when
the IN, TPT, or TPF instruction is executed to the Port D.

The output contents of Ports B and D are not fixed when power is turned on (Vpp = low to high). Therefore,
these ports must be initialized by a program when turning on power. The output contents of Ports B and D do
not change, and these ports continue to output the data that was output before when the clock is stopped, or when
the level of CE pin changes from high to low or low to high at the time when Vpp is high level.

Execute the program shown in the example to make the port state constant when the clock is stopping.

PA3 and PA; of Port A can be used as serial 1/O and operate as the shift clock (SCK) and serial input {Sl) pins,
respectively, by the SIO instruction. Set Bits #3 and #2 of the PAIO word to ‘0, that is, PA3 and PA; of Port
A to the input mode, before executing the S10 instruction to use these pins as the SCK and S| pins. {Refer to
Chapter 5. SERIAL 1/0.)

Note: By leaving PAp and PA 1 designated with the |IF counter whan the levet of Pin CE is low, the input amplifier is oparated by
noise, etc. to increase the current consumption. Therefore, PAp and PAj should be designated with a port when the level
of Pin CE is low.

Exampte: Port resetting during clock stop

In the uPD1714, Ports B and D maintain the state immediately before even if the clock stop instruction is ex-
ecuted. Reset the ports befare the clock stop instruction as shown below to disable the current flawing from the
ports {ports to low)} in a clock stop state:

@ TCET , Does not skip if the level at Pin CE is low mare than 100 us before*@v.
@ TCEF ; Skips if the level at Pin CE is low more than 133.3 us before ®
@ JMP  NOTSTP ; TO NOTSTP {(does not CKSTP) if the level at Pin CE is decided to be high

at(Mor 2)

BANKO ; Setthebank to 0

RPB 1,1111B ; Reset Port B entirely

PRB  2,1111B ; Reset Port D entirely

CKSTP ; Synchronize to 8 Hz and branch to Address O if the level of Pin CE is high
after(3). (Resetting is applied.)

JMP $-1 5 tn this case, go round the loop between @ and @ until the 8Hz signal rises.
If the level of Pin CE is still low at @ , stop the clock.

~

®

® ©

Note: The methods dsscribed in @ and @ are taken to pravent maloperation as resetting is not possible even when a low level
lower than 134 us is input to Pin CE. A iow level or 100 us (three instruction cycles) or highsr will be required to enable a
decision as a low level in an instruction (TCET or TCEF). The CKSTP instruction stops the clock if the tevel of Pin CE
is low more than 133.3 us {four instruction cycles) before this instruction is given.

PBg of Port B is also used as a serial data output pin {SO) of serial [/0. As in the uPD1709, the state of PBg
is “'don't care” (can be 0 or 1} with the uPD1714 when PBg is used as Pin SO. (1" has to be output to PBg at
this time with the uPD1707, 1711, and 1712))
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33 PORT C

Port C (PC3 to PCq) is a CMOS push-pull input/output port. Unlike Port A, designation of input and output
per bit is not possible. The port can be used as 4-bit output or 4-hit input. Input and output can be changed freely
during program execution. The port becomes an output port when an output instruction (OUT, SPB, or RPB

instruction) is executed with Port C. The port becomes an input port when an input instruction {IN instruction)
is executed. (Input and output do not change by a port test instruction (TPT or TPF instruction.)

Note: Port C of uPD1714 s different from input/output port of uPD1704 and uPD1710. Input/output port can be set to input
or autput at one time only after port is reset.

Port C becomes an input port when power is turned on (Vpp = low to high), when the clock is stopping, or when
the level at Pin CE changes from low to high (when system resetting is applied).

If the SPB or RPB instructions are executed for the port is switched form input port to output port, contents
of the bit {port output) specified by 0" is influenced by input condition of the pin. (for example, “SPB 1010B”
is executed and the port becomes output port from input port, outputs of PC, and PCq are indefinte just then.
Outputs of PC3 and PC; becomes high level naturally.)

Therefore, if the port is set to output port form input port, OUT instruction is used.

Example: Port initializing when power is turned on

START:
000 MVI 1FH, 1111B ; Set all the bits of Port A to output port.
001 MVi 0AH, O ; Set port initiatize data
002 OUT 0,0AH . Port A (PA3 to PAg) = All Low
003 OUT  1,0AH ;  PortB (PB3 ta PBg) = All Low
004 ouT 2, 0AH ; Port C(PC3to PCp) = All Low (set to output port)
005 ouT 3. 0AH H Port D (PD3 to PDy) = All Low E
006 TT™M . IF the timer F/F is set.
007 JMP BACKUP H The RAM is not initialized at this time.
008 MVI 00H, 0 ; RAM initialize
009 M\(I 01H, 0 ; RAMinitialize
BACKUP:
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34 PORT L

Port L is an output port of a 4-bit CMOS type jointly used with the LCD segment output. The pPD1714 has
24 dedicated pins (LCD35 ta LCDg) as LCD segment outputs and four pins (LCD27/PL3 to LCD24/PLg! jointly
used with Port L. A selection is possible whether to use two each of these four pins as a port or as LCD segment
output.

Whether or not to use the pins as Port L or as LCD segment output is selected by the LCD control word. The
LCD control word consists of F/Fs for four bits. The flip flops are written with the content of the data memory
(RAM) designated by the first operand when the content of the second operand of the LCDD instruction is OFH.
Table 8-2 presents the match of each bit between the memory content at that time and LCD control word, as well

as the functions of the bits.

All the LCD control words are reset to ‘0" when power is turned on (Vpp = low to high) or when the clock
is stopped. Therefore, Pins LCD27/PL3 to LCD24/PLg change to LCD segment output and the LCDE also changes
0 0" simultanaously, the low level is output to these pins.

Except that the state during resetting is different as mentioned above and that its output can be selected to
LCD segment output, Port L operates exactly the same as the output-only ports of Ports B and D.

When Pins LCD27/PL3 to LCD24/PLg are used as LCD segment output pins (when both or either of PLEL
and PLEU is “0”), the bits of Port L corresponding to the pins designated as the segment, namely LCD25/PL,
and LCDg4/PLg when PLEL = 0, that is, #1 and #0, and #3 and #2 when PLEU = “0”, can be used as.data memory.

For example, Port L can be used as a 4-bit memory when PLEL = PLEU = 0", and writing and reading are
possible by the OUT and [N instructions.
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4. CGP

The CGP (clock generator port) is an output port of the CMOS type combining both VDP {variable duty pulse)
generation and SG (signal generator) functions and is controlled by Ports G and H, which are internal ports.

Except that Ports G and H are internal ports, all the instructions regarding ports used with other ports can be
executed with them. If the IN instruction is executed with Ports G and H, the data currently set in Ports G and H
is read in the designated registers.

The CGP has four modes, and these modes are designated by Bits #1 and #0 of Port G called control bits (CBs).

Table 4-1 Control Bit (CB} Codes and Functions

Port H Port G

#3 #2 #1 #0 #3 #2 #1 #0

MSB LSB

DATA BITS cB

CB (Contral Bits}
Function
#1 #0
° PG #2 through mode
0 Outputs the content of Bit #2 of port G to CGP pin,
o VDP mode
1 Outputs duty variable in 64 stages at frequency of 2.69 kHz.
SG mode O
0 1 Qutputs divided frequencies in 64 stages using 18 kHz as a
reference.
SG mode 1
1 1 Qutputs divided frequencies in 64 stages using 180 kHz as a
reference,

The six bits between Bit #3 of Port H and Bit #2 of Port G are called data bits to set the duty value when the
VDP mode is designated or data of divided values when the SG mode is designated. The MSB of data bits corre-
sponds to Bit #3 of Port H and the LSB, to Bit #2 of Port G.

The level of Pin CGP becomes low when power is turned on (Vpp=Ilow to high) or when the clock is stopped.
The contents of the data latches of Ports G and H do not change at that time. (However, the contents of the data
latches when power is turned on [Vpp=low to high] are not constant.)

Pin CGP becomes active when data is set in Port G and outputs a pulse {or a high/low level). The instruction
{SPB 2, 0) that does not set any bit of Port G or one {RPB 2, 0) that does not reset any bit is used to make Pin CGP
active leaving the contents of the data latches as they are. Pin CGP does not become active even if the instruction
to operate Port H only is executed.

The level of Pin CGP does not become low if the level of Pin CE changes between low and high, and the previous
state is maintained as it is. |f the level of Pin CGP is desired to be changed to low at the time CE=high to low, the
level of Pin CE is tested by the TCET or TCEF instruction. Based on the result of it, Pin CGP should be changed to
the PG #2 through mode to execute the instruction to change to the low level. Output of X000B (Don't care what
the bit is showed by X} is required to Port G.
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4.1 PG #2 THROUGH MODE
The data of Bit #2 of Port G is output as it is to Pin CGP when CB=00B. The high level is output when PG #2=
1, and the low level is output when PG #2=0, Thus, it can be used as a 1-bit output port.

Port G Part G
X 1 a Q or X 0 0 4] X Don't care
CcB L cB
-- High level output by Pin CGP Low level output by Pin CGP

The content of Bit #3 of Port G is neglected at that time. The content of Port H is also neglected similarly, and
output of data to Port H is not necessary in the PG #2 through mode. The IF counter has to be used in this mode.

4.2 VDP MODE

The duty pulses as designated by the data, which are set to the data bits {PH3 to PHg, PG3 and PG»), are con-
tinuously output to the CGP pin when CB=108B. The frequency of output pulse is 2.69 kHz. The following relation
is established between the data set to the data bits and the duty of pulse to be output:

Time of high level _ {data bits) + 2
Period 67

Duty =

Hence the duty can be varied into 64 steps from 2/67 to 65/67. The duty can be varied fully into 66 steps,
including the low or high output, when the above relation is used together with the afore-mentioned PG #2 through-
mode.

Example:
Port H Port G
DATA BITS = 1011018
=2DH
1 s} 1 1 [} 1 1 s} -5
_A5+2 47
MSB LsB Duty = —— &5
DATA BITS cB

As shown abave, the bit #3 of Port H turns to MSB of the data bits and the bit #2 of Port G to LSB.

The pulses from the CGP pin are output at the time when 10B is set to CB, which is two lower-order bits of Port
G. No pulses are, for instance, output with the data output to Port H when CB=00B, because it anly sets the data
to the data latch circuit of Port H.

Therefore, data has to be output first to Port H and then to Port G when setting up the VDP mode from a low
level state (immediately after turning on power or i diately after releasing clock stop). Otherwise the output
from CGP pin is operated with the previous data to Port H until new data is output to it, and there would be certain
period without any required duty level being output. It is however allowed to output data only to Port H or output
data from Port H first if the device is operating under the VDP mode and no data to Port G are changed.
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Program example:

MVI 0AH,1011B ; To set Port H data to the register 0AH
MVI 0BH,0110B ; To set Port G data to the register 0BH
BANK1
ouT 3,0AH . To output data to Port H
ouT 2,0BH ; To output data to Port G; pulse of duty 64/67 is output
BANKO
43 SG MODE

The CGP pin turns to the SG (signal generator) mode when changing the bit #0 {of Port G) of the control bits
(CB} to “1”. The SG mode is to output from the CGP pin the frequency pulse {duty=50%) as designated by the
data bits and the frequencies divided into 128 steps can be output under this mode. The following relation is estab-
lished between the data, which is set to the data bits, and the pulse frequency (fQyT) to be output:

B

f = 8
OUT= 52 + (DATA BITS)

where fg (base frequency) is the reference frequency to be output to the CGP pin, which can be chosen from
two kinds, 18 kHz or 180 kHz, depending on the value of CB bit #1 (bit #1 of Port G}:

Port G
#3 #2 #1 #0

18 kHz ISG mode D) : —_— | — o] 1

 A— To designate 18 kHz

180 kHz (SG mode 1) - — | — 1 1

| A To designate 180 kHz

Similar to the VDP mode, the pulses from the CGP pin are output when data is output to Port G. Table 4-2 below
shows the relation of frequencies to be output the CGP pin and the data bits:
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uPD1714
Table 42 Outputs Frequencies in SG Mode
DATA BITS OUTPUT FREQUENCY DATA BITS OUTPUT FREQUENCY
DEC; BINARY MODE 0 (Hz) | MODE 1 (kHz) |DEC BINARY MODE 0 (Hz) | MODE 1 (kHz}
PH . PG PH PG
0|0000 0O| 4500.000 45 .0000 32(1000 00 264.706 2.6471
1/000G60 01| 3000.000 30.0000 | 331 000 01 257 .143 2.5714
210000 10| 2250.000 22.5000 |34 |1000:10 250.000 2.5000
310000 11) 1800.000 18.0000 ||35(1000:11 243.243 2.4324
4|0001 00) 1500.000 15.0000 |36 |1001:00 236.842 2.3684
510001 01) 1285.710 12.8571 37|/10011:01 230.769 2.3077
6 (0001 10| 1125.000 11.2500 3|11001°10 225.000 2.2500
710001 11| 1000.000 10.0000 3911001 11 219.512 2.1951
8 (0010 0O 900.000 9.0000 | 40 1010?00 214 .286 2.1429
9(0010-01 818.182 8.1818 [[#1 (101001 209.302 2.0930
00010 10 750.000 7.5000 4211010 160 204 .545 2.0455
1mjootro 11 692.308 6.9231 43(1010 11 200.000 2.0600
12001100 642 .857 6.4286 41011 00 195.652 1.9565
13|¢011°01 600.000 6.0000 4511011 01 191.489 1.9149
1470011 10 562 .500 5.6250 46 |1 011 10 187 .500 1.8750
1510011 11 529 .412 5.2941 4711011 11 183 .673 1.8367
16|0100 00 500.000 5.0000 J48 |1 100 00 180.000 1.8000
1710100 01 473.684 4.7368 149 (1100 01 176 .471 1.7647
180100 10 450.000 4.5000 |50]|]1100 10 173.077 1.7308
19/0100 11 428.571 4.2857 511100 11 169 .811 1.6981
202/0101 00 409.091 4.0909 s2({t101 0¢0 166 .667 1.6667
210101 01 391.304 3.9130 531101 01 163.636 1.6364
210101.10 375.000 3.750¢0 54(1101 10 160.714 1.6071
230101 11 360.000 3.6000 55|11101 11 157 .895 1.5789
24|0110 00 346 .154 3.4615 5611110 00 155.172 1.5517
25(0110 01 333.333 3.3333 57 (1110 01 152.542 1.5254
260110 10 321.429 3.2143 8|]t110 10 150.000 1.5000
270110 11 310.345 3.1034 |59|1 110 11 147 .541 1.4754
20111060 300.000 3.0000 (601111 00O 145.161 1.4516
290111 01 290.323 2.9032 611111 01 142 .857 1.4286
30(0111°10 281.250 2.8125 16211111 10 140.625 1.4063
3110111 11 272.727 2.7273 63 (1111 11 138 .462 1.3846
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5. SERIAL 1/0

The serial 1/0 is an B-bit uCOM standard serial 1/0 that transfers and receives data synchronously with the in-

ternal or external clock. The following three pins are provided for the serial 1/0:

Sl {concurrent with PA2}: serial data intput pin
SO (concurrent with PBg):  serial data output pin
SCK (concurrent with PA3):  shift clock 1/0 pin (active-low)

All the three pins that are jointly used with other ports (PA3, PAy and PBgl, cannot be used as the ports {PA3,
PA; and PBg) at the timing as they are used as the serial 1/0,

An 8-bit presettable shift register is used as the data buffer of this serial 1/O; its 4 higher-order bits are assigned
to Port F of the internal port and 4 lower-order bits to Port E. Hence data are written in or read out of the preset-
table shift register by the port operation instruction (OUT, SPB, RPB, IN instructions} that access to Port E and F,

Ports E and F of the presettable shift register are also used as data latches during A/D conversion. Therefore,
serial 1/0 and A/D conversion operations cannot be performed simultaneously. It is therefore necessary during the
A/D conversion to reset SMR1 (bit #1) of the shift mode register, which is described iater, and to inhibit the input
of shift clocks into the presettable shift register.

The serial 1/0 consists of SMR (shift mode register), PSR {presettable shift register}), SCC (shift clock counter)
and SCG (shift clock generator}, the function of each being described below:

5.1 SMR (SHIFT MODE REGISTER)

SMR is a register consisting of three bits, SMR3, 1 and 0, that determines the mode of serial 1/0. As the SIO in-
struction is executed, the immediate data of its operand is written into SMR, which however does not provide any
bit corresponding to the bit #2 of the operand. The bit #2 of immediate data of the aperand of the SIO instruction

becomes therefore ‘don‘t care’.
As the SIO instruction {SIO bgbab,bgB) is executed, the following are set to SMR to start the respective mode

operations:
Table 5-1 SMR Bit Functions

SIO b3z bz by bg B

Symboaol Name Operation

. “0": PBg/SO pin function as PBg
SMRO | SO Enable bit “1":  PBg/SO pin functions as SO

“0'":  no shift takes place

SMR1 | Shift Enable bit 1. shift takes place

"0”: to allow to input external clocks from

Internal SCK PA3/SCK pin
SMR3 | Enabe bit "1". 1o output internal clocks to PA3/SCK
Pin

All bits of SMR are reset to 0" when the power is turned on (Vpp=low to high) or when the internal clock is
stopped by the execution of CKSTP instruction.
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(1} SMRO (SO Enable Bit)
Pin PBg/SO will operate as an output pin of serial data, namely, as Pin SO, when 1" is set {SIO XXX
1B) instruction is executed) in SMR 0.

The data of the presettable shift register (PE, PF) is shifted in sequence beginning with the MSB and is
output from Pin PBp/SO when the SIO XX 11B instruction is executed. The data of Pin PBy/SOis output by
synchronizing to the falling edge of the clock output from {or input to) PA3/SC_K at this time. The preset-
table shift register is shifted by the rising edge of the clock and reads data from Pin PA/St simultaneously.
The content output by PA; will be read if Pin PA,/Si is operating as Pin PA3 output at this time.

PA3/SCK

SR I I I I P (I ()
/ 7 7 7 I
#3 a a b e f T T X
#2 b b [ f’ h
#1 - c c d: g n X X X
#0 d d h' X X X X
L L= L ! i [
#3 e | e X X X X ‘X
w2 | f x X X x| 1%
#1 9 9 h X X X X X
#0 h h i
L] "] X %] X Rall Rall B

Fig. 51 SO Operation

By setting SMRO to ‘0" after SO operation, the output state of Pin PBg/S0, that is, the content of the data
latch of Port B that was output to the data latch of PBg before the SO mode was set will be output.

{2) SMR1 (Shift Enable Bit)
When ““1” is set in SMR1, the contents of Pin PA, /S| are shifted in sequence from the LSB (Bit #0 of Port
E) of the presettable shift register to the MSB (Bit #3 of Port F} and is read by synchronizing to the clock
output from {or input to} Pin PAg/ﬁ The read timing is the rising edge of the clock.

PAR/SCK

PA2/SI
#3 X X X X X X X X a
#2 X X X X X X X a b

PF
#1 X X X X X X a b c
#0 X X X X X a b c d
#3 X X X X a b c d e
#2 X X X a b [ d e f

PE
#1 X X a b . d e f g
#0 X a b c d e 1 q h

Fig. 52 S| Operation
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PAz should be set to an input mode state (Bit #2 of the PAIO word set to 0"} beforehand when inputting
serial data from Pin PA2/S1. The output contents of PA, are shifted and read in sequence in the presettable
shift register (PE, PF) when PAj; is set to the output mode. In other words, Pin PA/SI functions as PA, and
all the contents of the presettable shift register will be written “1s” if “'1° is output from PA, and with “0s"
if “0" is output.

Be sure to set SMR1 to “0” during A/D conversion to disable the input of the presettable shift register
shift clock.

Pins PA,/SI and PBg/SO operate simultaneously as Pins St and SO, respectively, when "1 is set in SMR1
and “1" is set in SMRO {by executing SIO XX11B}.

The data output by Pin SO at this time is output by the falling edge of the clock output from {or input to}
Pin PA3/§CT<, and the data input to Pin Sl is read by the rising edge of the clock. The serial 1/0 data is first
output from Pin SO and is shifted and simultaneously read by Pin SI.

PA3/SCK

Sl input and shift

) N €D R TN G5 G5

PBQ/SO

=4 €
PA/SH X A x B mo x E x F X G X H
. 7 e ] [ ] — iwrw

#3 [a] b ¢ d o 1 p b A

#2 b c d e f 9 h A B

PF
#1 [ d e f g h A B Cc

#0 o e f 9 h A B c D

| | —] = A | — |

#3 e f g h A 8 [of D E

#2 f g h A B8 c D E F

PE R o
#1 9 h A B C D E F G

F
L 4] L8] L€ °] £ P i ]

Fig. 5-3 StO Operation

As shown in the abave example, the presettable shift register (PF and PE) is sequentially shifted for data
reading and writing.

Utilizing this example, simultaneous data exchanges will become possible by mutually connecting Pins SI
and SO, which the uCOM standard has, and Pins SO and Si of uPD1714.

As an ordinary application example, sending of serial data to external shift registers is possible.

The SI0 1X 118 instruction is executed at this time. When this instruction is executed, data of the preset-
table shift register {PF and PE) is output by Pin PB/SO being sequentially shifted by synchronizing to the
clock output by Pin PA3/SCK.

The presettable shift register is not shifted if the content of SMR1 is “0”. Last data when the S10 instruc-
tion was executed prior to it is output by Pin SO. Therefore, SMR1 should always be set to 1" when serial
1/0 is used.
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Example:
SOUT:

ANI PAIO, 0111B ; Set PAIO #3 to the input mode.
BANK1
ouT PE, 02H ; Set serial out data.
ouT PF, 03H ;
Sio 10118 . Output data by the internal clock.
TSET ; Wait until eight clocks are output
JMP $-1
Sio 00008
RT

{3) SMR3 (Internal SCK Enable Bit)

SMR3 is a bit to select whether to use an internal clock or an external clock a a shift clock. An internal
clock {15 kHz, duty 50%]) is output by Pin PA3/SF( by setting 1" in SMR3 and an external clock is input
to Pin PA3/SC—K by setting ‘0",

When using Pin PAJ/SC_K as Pin SCK, that is, when executing the SIO instruction, PA3 should be set
in the input mode (Bit #3 of the PAIO word is set to "0"') beforehand. Pin PA3 should be pulled up at the
same time. It should be noted that the device may be destroyed if Pin SCK is used by executing the SIO
instruction while PA3 is in the output mode (Bit #3 of the PAIQ word is “1").

An internal clock is immediately generated and is output by Pin PA3/SC_K when “1" is set in SMR3 by the
SIO instruction. When “1” is set in SMR1 before or simultaneously with setting of /1" in SMR3, the clock
automatically stops after eight clocks are output.

The internal clock to be output synchronizes with the machine cycle. One clock corresponds to the time
needed to execute two instructions {one instruction execution time is 33.3 us). When the SIO 1X1XB instruc-
tion is executed, the clock stops after 16 instructions after the execution of this instruction.

In the execution of the SIO 1X0XB instruction, the internal clock is output continuously without being
stopped.

SIO 1x0XxB SIO 1X1XB

|

PAYSCK | I | ! 2 3 | | 8 |

By setting SMR3 to ‘0", an external clock can be input to Pin PAg/ﬁ. The frequency of the clock that
can be input is between DC and 1 MHz. The presettable shift register shifts at this time synchronizing to the
external clock to be input. However, in this mode, shift operation cannot be stopped automatically even when
eight external clocks are input and shift operation is performed eight cycles. Shifting continues to next clock
input. Therefore, the clock has to be stopped after inputting eight clocks each and reinput subsequent to data
processing (read or write) of the presettable shift register.

Whether or not eight shift operations are performed after executing the SIO instruction regardless of the
mode of the internal/external clock can be tested by the TSET (Test Shift End, then skip if True} or TSEF
{Test Shift End, then skip if False} instruction.

During the external clock mode, the test result will be true only when shifting is performed 8 {2n + 1}
cycles (n is a positive integer larger than 0). The test result will become false in all other cycle numbers,

The internal clock output is not stopped during output even if the level of Pin CE changes f.rom high to
low. The internal clock stops only in the following cases:
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(1) When “0'" is set in SMR3 (external clock mode). In this case, Pin PA3/SCK has a high impedance
{input mode) and caution should be exercised.

If eight shift operations are performed, provided **1” is set in SMR1,

The CKSTP instruction is executed. At this time, all the bits of SMR are automatically cleared to
“Q".

2
3

SMR SUMMARY

PB state before S10 i
SMRO Instruction Execution State of Pin PB/SO

1] 0 Low level output
Content of P8qis output as it is
o 1 High levet output
1 0 Low level remains output
1 1 Operates as Pin SO
smpy | Content of RAIO7 before State of Pin PAQ/SI
S10 Instruction Execution
L] 0 PAg input port
0 1 PA7 output port
1 o Operates as Pin S1 (Data to be input in Pin S| is input to presettable shift register.|
1 1 PAg output port {Data output in PAg is input to presettable shift register.)

Content of PAIO; before

SMR3 $10 Instruction Execution State of Pin PAalﬁ
° ° PA3 input port or external clock can be input
(External clock can be monitored also by testing PA3.)
0 1 PAg output port
1 0 Internal clock output {Internal clock can be monitored also by testing PAg3}
1 1 Disable {Device may be destroyed.)
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5.2 PSR (PRESETTABLE SHIFT REGISTER)

PSR consists of an 8-bit shift register; its four higher-order bits are assigned to Port F of the internal port and
four lower-order bits to Port E. The data setting to or read from PSR is performed with the port operation instruc-
tion that accesses to Port E and F. Data are set by the OUT or SPB/RPB instruction, or read by the IN or TPT/TPF
instruction.

As the shift clock that shifts PSR, either the internal or external clock can be chosen by SMR3; but the clock that
is input to or output from the PA3/SC_K pin can shift PSR only when “*1” is set to SMR1. If it is set with “0",
the input of shift clock into PSR is inhibited.

The PSR is also used as a data latch of the A/D converter. For this reason, “0" should always be set in SMR1 to
disable shift operation during A/D conversion.

Shifting takes place from lower bits to higher bits, and shift-out data is output by the falling edge of the shift
clock. PSR data is shifted by the rising edge of the shift clock. Shift-in data is read also by the rising edge of the
shift clock.

~—————— Shifting Direction

PE3
MSB

PF2 | PF1 1 PFO | PE3 PEO

LSB

T
PE2 : PE1

Shift-out Data

fe——— Shift-in Data

T
]
]
|
i

MSB LS8

A/D Converter

Note: Data can be set in the PSR when SMR1=0 or SMA1=1 and the level of Pin PA3/SCK is high. in other cases, data cannot be
set in the PSR correctly.

5.3 SCC {SHIFT CLOCK COUNTER])

The SCC is a binary counter consisting of four bits, and it counts the shift clocks to be input inte PSR when *1”
is set to SMR1 or when PSR can be shifted. Then it outputs 1’ to the judge input of CPU when the counter counts
up 8 (1000B) or it outputs 0" otherwise.

The judge output can be tested either by the TSET {Test Shift End, skip if True} instruction or the TSEF (Test
Shift End, skip if False) instruction. The test turns true when the counter counts 8 or it otherwise turns false.

The content of SCC is cleared to "0’ under any of the following conditions:

1) When the power is turned on (Vpp=low to high}
2} When the CKSTP instruction is executed and the internal clock stops
3} When the SIO instruction is executed.

While the internal clocks are used as the shift clock, the internal clock is stopped by the afore-mentioned judge
output so that only 8 bits of data can be transferred or received. Unless SCC is cleared, the execution of TSET/TSEF
instruction results in the True condition. The shift clock input is not inhibited, if the external clocks are used, even
if 8 clocks are input. It is therefore necessary to stop the external clocks when 8 clocks are input.

The judge output turns to he True only when 8 x {2n+1) external clocks were input (n= a positive integer other
than 0); otherwise it turns to be False. Hence it is when the content of Bit # 3 of SCC changes from “0"” to ‘1" that
SCC outputs “1° to the judge input.
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54 SCG {SHIFT CLOCK GENERATOR)

The SCG is a clock generator that produces the internal clocks of 15 kHz/50% duty, which are output from the
PA3/SCK pin when 1" is set to SMR3. The ciock is synchronized with the machine cycle and each clock is equiva-
lent to the time consumed to execute two instructions (execute time: 33.3 us).

The SCG always output the clocks ranging from the high level to the active low level when 1" is set to SMR3,
and it stops the clock generation with the high level output when the True judge output is made by SCC.

PAIO3=0, SMR3=0 SI0 1X1XB / SCC content

PAZ/SCK pin === =———g———— -~ - 1 2 3| --- 7 8

High impedance

SCC output ’

If 0" is set to SMR1 {to inhibit the shift) or when the SIO 1X0XB instruction is executed, the output of clocks
continues by 8 clocks each without being automatically stopped. The clock output starts from the high level when-

ever the SIO instruction is executed. If the SIO 1XXXB instruction is executed again after the same instruction was
once executed, the duty of clock deviates from 50%, depending on the timing of execution.

SI10 1XXX8B SI0 1XXX8
.

PARISCK —— ===~ ! 2 3 N S 2 °

To prevent such a deviation, the PA;,/SC_K pin must be turned to PA3 and tested {by executing the TPT/TPF
instruction) and the SIO 1XXXB instruction must be executed by a instruction that falls an even numbered instruc-
tion after PA3 is judged high. In other words it is enough to execute the SIO 1XXXB instruction once again when
the clock becomes the high level. Simply speaking, the SIO instruction needs to be executed again at an even execu-
tion timing after the 1st execution of the S10 instruction.

SI0 1XXXB SIO 1XXXB

— /’
PA3/SCK ——=~~

The PA3/SCK pin is held on a high impedance until after the SIO instruction is executed, for PA3 is set under
the input mode before executing the instruction. Therefore it is required to connect the pullup resistor to the
PA3/SCK pin when the serial 1/0 is used.
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55 EXTENDED APPLICATION OF SERIAL 1/0
{1} Transfer of Data over 8 bits with Internal Clock

The continuous transfers of 8-bit or larger data with the internal clocks can be performed by setting the data
of 4 bits each to PSR at a given timing during the shift and then executing the SI0 instruction again. This action is
detailed below with an example of 12-bit data transfer.

An 8bit data is first set to PSR and the SIO 1X11B instruction is executed. The internal clock (PSR shift clock),
which is output from the PA3/SCK pin, is synchronous with the machine cycle, as mentioned before. The content
of PSR is therefore shifted by four bits at the 7th instruction after the execution of SIO instruction. Four remaining
bits are set at the 7th instruction to four lower-order bits of PSR, viz.,, Port E by the OUT instruction, and the
SIO 1X11B instruction is executed at the 8th instruction. Thus another 8-bit data can be transferred without sus-
pending the clock output, as the content of SCC is cleared by the execution of SIO instruction.

ist 2nd 3rd 4th Sth 6th Tth 8th
Instruction Instruction Instruction Instruction Instruction Instruction Instruction Instruction

Isiorxneg] - T - T — T - - - |ourrer]sioxie] - T

o Content of SCC
pag/SCR--="" |_1 l ! 2| L3 4 !
t ! t {
SO output shift SO output shift SO output  shift SO output  shift SO output  shift
— —
X X 1 1 X
5 X 2 2 1
PE
6 X 3 3 2
7 5 4 4 3
B} 6 5 5 7|
9 7 6 6
10 B 7 7 ]
1 9 8 8 7
L
i [l ]
11 10 9 8

Fig. 5-4 Example of Sending 12-bit Data

To similarly transfer the n-bit data (8<n<12), the OUT instruction must be executed at the (n—81x2—1 instruc-
tion after the 1st SIO instruction execution, then the same instruction is to be executed again at the next instruc-
tion or (n—8)x2 instruction. The transfer of data of 12 or more bits can be likewise achieved by the repeated ex-
ecutions of both the OUT and SIQ instructions.

(2) Reception of Data over 8 bits with Internal Clock

The afore-mentioned transfer process can be applied to the continuous reception of data more than 8 bits with
the internal clock, provided that the execution timing of IN instruction differs from that of the OUT instruction.
The following example is the reception of data more than 12 bits.

“0” is set in Bits #3 and #2 of the PAIO word before the 1st execution of SIO 1X1XB instruction. Then the
SI10 instruction is again executed to clear the SCC content at the 8th instruction after the 1st execution or when a
4-bit serial data has been input to PSR. Then the IN instruction is executed against Port E (four-lower-order bits
of PSR) at the next instruction or 9th instruction after the SIO instruction, thereby storing the 4-bit data into RAM.
When the contents of both Port E and Port F are then stored when the shift is stopped, the reception of 12-bit serial
data can be completed.
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st 2nd 3rd 4th 5th 6th 7th 8th 9th
Instruction Instruction Instruction Instruction Instruction Instruction Instruction Instruction Instruction
powxixg - | - [ - T - ] - T - T - TIsiorxaxg] nrpe]

— Content of SCC

L LT L e LA

{
St input Sl input Si input Sl input St input
#| X 12 T ?
#1] X X 10 9
#2 | X X X 1| 10
#3| X X X 12 [11
#0| X X X X 12|
# X X X X
e LX) X ] X
#2| X X X X X
SILIIEY X X 4]

Fig. 56 Reception of 12-bit Data

To receive the n-bit data (8<n £12), the SIO instruction is generally executed at the (n—8)x2 instruction after
the 1st S10 instruction execution, and the IN instruction is executed against Port E at the next instruction or
(n—8)x2+1. The data more than 12 bits can be similarly received by the repeated executions of both the SIO and

IN instructions.

Note: As apperent from the above two examples, it is not allowed to transfer and receive data more than 8 bits simultaneously.
While the QUT instruction must be executed in the process of transfer at the {(n—8}x2—1 instruction, the IN instruction must
be executed in the process of data reception at the (n—8)x2 +1 instruction. If data are simultaneously transferred and received,
therefore, the 4-bit data initially stored is erased by the execution of QUT instruction, Then the data 1o be read out by the IN
instruction is the data that is set by the OUT instruction rather than the shifted-in data.

D-4-44



N E C uPD1T14

6. A/D CONVERTER

The u#PD1714 has an on-chip 6-bit A/D converter of a sequential comparison system by programs.

When it is used for an FM/AM tuner, it can be used as an input pin of signal meter output by the [F filtering stage
to measure the field intensity, etc. or to decide the stop level during automatic tuning. The AD pins can also be used
as one-bit input ports that can freely set threshold levels by programs,

6.1 OPERATING PRINCIPLES
The uPD1714 A/D converter consists of a 6-bit D/A converter of a resistance-strings system and a comparator.
Data is set in the D/A converter through the lower two bits (PFy and PFg) of Port F and Part E (PE3 to PEq)
which are internal ports. Comparison data is set by executing the output instruction {OUT, SPB, or RPB instruction)
to Ports E and F, and comparison data is read by executing the input instruction (IN, TPT, or TPF, instruction).
The contents of the higher two bits {PF3 and PF3) of Port F are neglected.

Port F PortE
T T ; T T T
! |
8 M w e owm ] s

i 1 ! 1 1 1
v MSB Ls8
A S— 6 bits D/A
Vpp! /Comparisonvoltage

Tao judge circuit

AD O

\ {nput voltage

Fig. 6-1 A/D Converter Configuration E

Ports E and F are also used as data latches during serial 1/O, and SMR1 should always be set to “0” {shift opera-
tion disable mode) during A/D conversion,

The D/A converter generates 64 different voltages {voltage values obtained by dividing the reference voltage V
{Vpp!) as comparison voltages based on data values set in Ports E and F. These comparison voltages are input to the
comparator together with the analog voltage {input voltage} to be input to Pin A/D for comparison of both. The
comparator comparison results can be obtained by executing the TADT (Test A/D comparator, then skip if True)
instruction or the TADF (Test A/D comparator, then skip if False) instruction. The relationship between the input
and comparison voltages at that time is as follows:

When input voltage > comparison voltage, True
When input voltage < ison voltage, False

6.2 CONSTRUCTION OF D/A CONVERTER

The D/A converter used in the uPD 1714 serially connects 64 stages of resistors between V¢ (Vpp!) and GND
and selects the voltage at each connecting point. It is a D/A converter of the so-called resistance-string system.

It should be noted that the values of serially-connected resistors differ from one to another and that the resistor
closest to GND side has the resistance of 0.5/64 of the entire serial resistance value while the resistance of the re-
sistor closest to the V¢ side is 1.5/64. Fig. 6-2 shows the construction of the D/A converter.
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1/2R R R R R R 3/2R
’; VWA A ~—— A AN AMAV—C Vief (VDD)
) 1 2 61 62 63
PF
1100 D/A output
s Y Selector (Camparison voltage)
PE. ’
3 to 0
Fig. 62 C ion of D/A Converter

The D/A converter of this construction outputs the GND level when the value of 00H is set in the input data
{Ports E and F) or outputs the voltage of 0.5/84 x Vs as a comparison voltage when the value of 01H is set. Similar-
ly, the comparison volitage Vg when the value of n (decimal number] is set can be expressed by the following
equation:

Vout = Veef X % {provided: 632n21)
If the following reiationship establishes between the input voltage V,, and comparison voltage V, to data n set
to D/A in an A/D comparator of the sequential comparison system:
Vn <Vin § Vn+1

n is generally output as A/D conversion data.
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Table 6-1 Comparison Data — Comparison Voitage

Comparison Deta {Port F & E| Comparison Voltage Comparison Data (Port F & E)| Comparison Voltage
DEC. | HEX {Note) X Vet Vief =5V DEC. | HEX. (Note) X Vet Veaf =6V
0 00H 0 0V 32 20H 31.5/64 2.461 V
l 01 H 0.5/64 0.039 33 21H 32.5/64 2.539
2 02H 1.5/64 0.117 34 22 H 33.5/64 2.617
3 03H 2.5/64 0.195 35 23H 34.5/64 2.695
4 04H 3.5/64 0.273 36 24H 35.5/64 2.713
5 05 H 4.5/64 0.352 37 25H 36.5/64 2.852
6 06 H 5.5/64 0.430 38 26H 37.5/64 2.930
7 07H 6.5/64 0.508 39 27H 38.5/64 3.008
8 08H 7.5/64 0.586 40 28H 39.5/64 3.086
9 09H 8.5/64 0.664 41 29H 40.5/64 3.164
10 0AH 9.5/64 0.742 42 2AH 41.5/64 3.242
11 0BH 10.5/64 0.820 43 2BH 42.5/64 3.320
12 0CH 11.5/64 0.898 44 2CH 43.5/64 3.398
13 0DH 12.5/64 0.977 45 2DH 44.5/64 3.477
14 OEH 13.5/64 1.055 46 2EH 45.5/64 3.555
15 0FH 14.5/64 1133 47 ¢2FH 46.5/64 3.633
16 10H 15.5/64 1.211 48 30H 47.5/64 3.711
17 11 H 16.5/64 1.289 49 31H 48.5/64 3.789
18 12H 17.5/64 1.367 50 32H 49.5/64 3.867
19 13H 18.5/64 1.445 51 33H 50.5/64 3.945
20 14 H 19.5/64 1.523 52 34H 51.5/64 4.023
21 15H 20.5/64 1.602 53 35 H 52.5/64 4.102
22 16 H 21.5/64 1.680 54 36 H 53.5/64 4.180
23 17H 22.5/64 1.758 55 37H 54.5/64 4.258
24 18 H 23.5/64 1.836 56 38H 556.5/64 4.336
25 19H 24.5/64 1.914 57 39H 56.5/64 4.414
26 1 AH 25.5/64 1.992 58 3AH 57.5/64 4.492
27 1BH 26.5/64 2.070 59 3BH 58.5-64 4.570
28 1CH 27.5/64 2.148 60 3CH 59.5/64 4.648
29 1 DH 28.5/64 2.227 61 3DH 60.5/64 4.727
30 1EH 29.5/64 2.305 62 JEH 61.5/64 4.805
31 1FH 30.5/64 2.383 63 3FH 62.5/64 4.883

Note: The HEX codes shown sbove denote data of 6 bits in total — lower two bits of Port F and four bits of Port E. The contents
of the higher two bits of Port F are neglected.

Port F Port E
i i I T o0 0
| 1
X | X | 0 0 10,10
[y 1 i 1 L |
Don‘t care 0AH (Comparison Data)
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Assuming now Vs = 5.0V and V,/64 or 0.0781 V is input into Vi,. then the output voltages {comparison
voltages of D/A converter, Vg, V4 and Vo when n=10, 1 and 2 are:

Vo=0V
V; = 0.03906 V
Vo =0.11719V

so that the comparison data of A/D converter should be n = 1. |f therefore, the analog voltage V;, to be input is in
the relation of 0.03906 V < V;, < 0.11719 V. the voltage of 0.0781 V is all input, or O V is considered to have
been input if Vg <V, < Vj. In this term the input voltage of Vi, = V1/64 (1 LBS) is called the least decomposi-
tion voltage.

As apparent from the above, the input of 0.0781 V is considered to be made if the input voltage is heid in the
relation of 0.03906 V < Vi, S 0.11719 V. There would be the least read error of +0.03906 V against the actual in-
put voltage. This kind of error is known the quantized error of A/D converter, which is expressed by +1/2 LSB or
by +1/(64 x 2) = + 0.781% as it is a 4-bit A/D converter. The largest read error is 1.5 LSB.

The measurable range of input voltage Vi, of the A/D converter is:

OV € Viy S Vg3 (Veer x 62.5/64)

If Vi, is within the range of Vg3 < Vin S Ve (Vpp), it is considered as an over-range.

The TADT or TADF instruction must be executed for A/D conversion, as mentioned above. When the comparison
voltage of V3 is output against the input of analog voltage of Viy = V14 (Ve x 13.5/64), the input voltage is larger
than the comparison voltage; hence the data True is output to the Judge circuit. Or the data False is output if V14
is output as the input voltage is equal to or smaller than the comparison voltage.



N E C uPD1714

6.3 EXAMPLE OF A/D CONVERSION PROGRAM

Binary Search Method

A/D conversion
starts here

D

-——
4 AD conversion ends

here
RO « (PE)

R1« (PF)
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Example of Coding

START:
Mvi RO,0000B ; PE data setting
MvVI R1,00108 ; PF data setting
BANK1
ouT 1, Rt : RF < 02H
ouT 0, RO ; PE <+ 00H
TADT
RPB 1,00108 :D/Adata MSB#5+0
SPB 1,00018 :D/Adata #4 <1
TADT
RPB 1,0001B ; D/D data #4+«Q
SPB 0,10008 ; D/A data #3 <1
TADT
RPB 0,10008 ;D/Ddata #3«0
SP8 0,01008 ;D/Adata #2 «1
TADT
RPB 0,01008 ;D/Adata #2 <0
SPB 0,0010B S D/Adata #1 <1
TADT
RPB 0,00108 ;D/Adata £1<0
SPB 0,0001B ; D/Adata #0 « 1
TADT
RPB 0,0001B ;D/Adata #0+0
IN RO,0 ; RO « (Port E)
IN R1,1 ; R1 « (Port F)
BANKO

END:
A/D conversion time : 832.5us
Number of total steps : 25 steps
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7. IF COUNTER

The uPD1714 has an on-chip IF counter function to measure FM and AM IF frequencies. The IF counter con-

sists of 16 bits and is mainly used to detect the stop signal during auto search tuning. If the desired IF frequency is
counted by measuring frequencies input to Pins PA{/FMIF and PAg/AMIF during auto search tuning, a broadcast
station can be considered to exist on the reception frequency at that time. Thus, by using the IF counter function to
detect the stop signal, auto search tuning operation can be accomplished with smaller channel spacings such as
25 kHz/step in the FM band and 1 kHz/step in the AM band.

7.1 CONFIGURATION OF IF COUNTER
Fig. 7-1 shows the internal configuration of the IF counter.

Used joinly with CGP

——
{LSB} (MSB)
PA1/FMIF O— 0123 4567889 10 11 12 13 14 15
PortN Port Q [Port A PortA] PortS
01 23]0 1 23]lo1 2 3101 23
T 17
o dat
PAQ/AMIF ata bus PG To data bus
PGg
Y po— 1 ms
Gate Signal
Control Circuitfa— g m:

To Port A Circuit
#3 #2 | #1 #0

IFCW

Fig. 7-1 Configuration of IF Counter

The IF counter of the uPD1714 consists of binary counters for 16 bits, and the data contents of it can be read
through Ports N, Q, R, and S of Bank 3, which is an internal port. The LSB (Bit #0) of the IF counter corresponds
to Bit #0 (PN 0) of Port N and the MSB (Bit #15), to Bit #3 (PS 3) of Port S, at this time.

Ports N, Q, R, and S are internal ports for reading only, and data cannot be set in the IF counter through these
ports.

The higher 6 bits of the IF counter are also used by the counter that comprises the CGP. For this reason, the
tF counter operates as a 10 bit counter in the modes other than the PG #2 through mode of CGP. Therefore, be
sure to set up the CGP in the PG #2 through mode when operating the IF counter as a 16-bit counter. {The CGP
control bits are not fixed during power ON resetting.) The contents of the ports for the higher six bits (PS3 to PSp,
PR3, and PR3) are not fixed when the F counter is used as a counter for ten bits. The values of these six bits are
not affected at all even when they are counted at this time.

One of the four following count times (gate signals) of the IF counter can be selected by the IF counter control
word {IFCW): 1 ms, 4ms, 8 ms, and open (). The frequency input to Pin PA{/FMIF or Pin PAg/AMIF can be
measured by deciding the number of pulses input to the |F counter within the above-mentioned times.

The IFCW can also select Pin PA;/FMIF or PAg/AMIF. If both Pins PA1/FMIF and PAp/AMIF are selected
simultaneously at this time, the OR signal of the signal input to Pins PAy/FMIF and PAg/AMIF is input to the IF
counter. If either pin only is selected, the unselected pin is internally pulled down automatically through a resistor.

The maximum frequency that can be input to Pin PA/FMIF is 12 MHz {Vi; = 0.5 V) and that of Pin PAg/
AMIF is 1 MHz (Vj, = 0.5 V.p). The signal input to Pin PAg/AMIF is input directly to the IF counter. The signal
input to Pin PA;/FMIF is input to the IF internally through the 1/2 freq y divider. Therefore, the value
of the IF counter will be 1/2 to the actual frequency to be input to pin PA;/FMIF if Pin PA;/FMIF is selected.
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The IF counter is reset during power ON resetting {Vpp = low to high) or when the clock is stopped. In this case
also, the higher six bits (PS3 to PSq, PR3, and PRy) are reset only when the CGP control bit is in the PG #2 through
mode. The CGP control bit during power ON resetting is not fixed.

When the IF counter enters a halt state, it maintains the state before the halt state. If the gate is open immediate-
ly before halting, the gate is closed after the designated time even during a halt. However, the gate is not opened

during a halt if the gate is closed immediately before a halt.

7.2 IF COUNTER CONTROL WORD (IFCW}

The IF counter control word (IFCW) designates the input pin and input gate signal time of the IF counter. The
IFCW consists of flip flops (F/Fs) for four bits and is set by the IFCW instruction. The match between IFCW in-
struction operand bits and IF counter control word and their functions are shown below:

All the bits of the IF counter contro! word are reset to ‘0" during power ON resetting (Vpp = low to high) or

when the clock is stopped.

IFCW b3 bo by bg 8
P
(Gating ?'::e Bits} Gating Time
0 Q 1ms
0 1 4 ms
1 ] 8 ms
1 1 QPEN (=) {Gate is closed by program.}

(Input S'Ziﬂ Bits) Input pin to be selected
Q 0 Neither will be selected.
0 1 Pin PAQ/AMIF
1 s Pin PA{/FMIF
1 1 Signals of both PAg/AMIF and PA{/FMIF are ORed and are input.
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uPD1714

7.3 GATE SIGNAL

The gate signal time of the IF counter is designated by the gating time bit {(GTB) of the IF counter control word
(IFCW). The basic clock of it is a 1-ms pulse signal which is not synchronous to the instruction. Gate signals of 1, 4,
and 8 ms are generated based on this basic clock. For this reason, the IF counter does not start counting until the
first basic clock after the execution of the IFC instruction is generated even if counting is commanded to be started
by this instruction. However, even when counting is actualy not performed, the gate can be judged to be open when
the TGC instruction is executed immediately after counting is commanded to be started by the IFC instruction.
When the TGC instruction is given, counting is actually performed immediately after counting is commanded to be
started by the IFC instruction, and the gate is decided to be open until the gate actually closes. Fig. 7-2 shows an
example when a gating time of 1 ms is designated.

IFC Instruction
Execution 1ms

ey
Mt M ml M

Basic Clock

Actual Gate Signal
{1 ms)

Gate Signal
Decided by
TGC Instruction

|

Fig. 7-2 Gating Time

As the timing chart in Fig. 7-2 shows, the time from the IFC instruction to the start of counting by the IF count-
er is maximum 1 ms depending on the IFC instruction execution timing when a gating time of 1, ;1, or 8 ms is
selected.

If “open” (GTB = 11B) is selected as a gating time, the [F counter starts counting even if it is not commanded to
start counting by the IFC instruction. The IF counter starts counting immediately after the "'IFCW XX 11B" instruc-
tion {X .. "0 or 1) is executed.

In this case, the gate can be closed by the following two methods. The one method is to set data other than
118" in GTB. The other method is to set “00B” in ISB (input select bits) of the IFCW. Either of these two me-
thods closes the gate simultaneously with resetting of the IFCW by the {FCW instruction. These two methods
operate in exactly the same way when Pin PAg/AMIF is selected as the input pin. However, they operate differently
as follows if Pin PA,/FMIF is selected as input.

The 1/2 frequency divider connected to Pin PA;/FMIF is not reset when the GTB is set to other than 11B.
However, this frequency divider is reset when the ISB is set to 00B.

When the gate is closed by setting the GTB to other than 118, a counter start should not be commanded by the
IFC instruction after GTB = 11B is designated and before changing the GTB to other value. If commanded, the gate
is closed in an unfixed time after changing the GTB to a value other than 11B.

When the gate is closed by setting the ISB to 00B, the gate image in the TGC instruction remains open as long as
the GTB remains 11B even if the gate closes. It is because merely input is not selected, instead of the gate actually
closed in this method.

The IF counter is counted by the rising edge of the signal input to Pin PAg/AMIF and by the falling edge of the
signal input to Pin PA1/FMIF.
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7.4 ERROR

IF counter errors are gating time errors and counting errors. The gating time error depends on the oscillation
frequency of the 4.5 MHz crystal resonetor connected externally. This is because the basic pulse signal that decides the
gating time is produced by dividing the 4.6 MH; frequency. Therefore, for example, if the oscillation frequency is
shifted 20 ppm (90 Hz) to 4.5 MHz, the gating time also shifts 20 ppm (8 x 1075 ns if 4 ms is selected).

Counting errors will be maximum f:) When Pin PA; /FMIF is selected, Pin PAy/FMIF is regarded equivalently
as low if the gate closes with the input signal remaining in a “high” state {or if Pin PA,/FMIF becomes non-selec-
tive}, and is counted larger by 1. When Pin PAg/AMIF is selected, the signal of low to high is equivalently input to
the counter and is counted one more when the gate opens (or when Pin PAg/AMIF is selected during counting)
if the level of Pin PAg/AMIF is already high.

7.5 EXAMPLE OF IF COUNTER DATA CALCULATIONS
(1) When Pin FMIF is selected as IF counter input pin -

The frequency input to Pin PA{/FMIF is input to the IF counter through the 1/2 frequency divider. For this
reason, the data value of the IF counter will be 1/2 of the frequency input to Pin PA{/FMIF.

Example: FM IF frequency (fepmg): 10.7 MH,
Gate signal {Tg): 4 ms
{F counter value {N)

f 10.7 x 10°
N=$xTG=7 x4x 107
= 21400
= 5398H (“H” denotes a hexadecimal numeral)
PortS Port R PortQ PortN

MS8 LSB

{2) When Pin AMIF is selected as IF counter input pin
The frequency input to Pin PAg/AMIF is directly input to the IF counter.

Example: AM IF frequency {fapmp): 450 kHz
Gate signal (Tg): 4 ms
IF counter vailue {N)
N=famip x Tg=450x 103 x 4 x 1073
= 1800
= 708H {“H" denotes hexadecimal numeral}

PortS Port R Port Q Port N
MSB LSB
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8. LCD DRIVER

1PD1714 contains in it an LCD driver (frame frequency: 100 Hz) of 1/2 duty and 1/2 bias drive {voltage equali-
zation system} type. Fig. 8-1 is a timing chart which illustrates the principle of the LCD driver. As can be seen from
Fig. 8-1, two COM signals deviating from each other in phase by 1/4 output three potentials; 0 V {(GND), 5V {Vpp)
and 2.5 V {1/2 Vpp) intermediate between them. in other words, the COM signals output a potential of +1/2 Vbop
on both sides of 1/2 Vpp. The above display system is, therefore, referred to as 1/2 bias drive system,

In this system, two segments (A and B) are driven by an output of one segment, and a segment whose potential
(Vpp) is most different from that of the com signal lights up. Four clock timings {a) to (d) are outputted as a
segment output according to combinations of ON and OFF of two connected segments A and B. A segment to be
lighted at this time repeats ON and OFF at 6 ms intervals. In other words, the segment is kept lighted on at a fre-
quency of 100 Hz and duty factor of 1/2.

LCDp/KSp to LCD15/KS15 pins of uPD1714 can be used as key source of key matrix also.

These pins are output the segment signal or the key source signal by controlling time.

The following shows normal drive waveform in Fig. 8-1, and waveform when using as key source signal in Fig. 8-2.
Also, LCD24/PLy to LCD27/PL3 pins can be used as standard output port (Port L} when not used as segment
pin. {See 3.4 PORT L.} And, LCD display possible in executing HALT instruction.

8.1 DIGIT

LCD matrix is divided into fifteen groups called digit. 56-segment for display is divided into 15-digit (Dig-0 to
Dig-E), it is controlled by LCDD instruction. (See Fig. 8-3.)

When even digits (Dig-0, Dig-2, Dig-4, Dig-6, Dig-8, Dig-A, Dig-C and Dig-E), data stored by LCDD instruction
are unconditionally input to the segment PLA, and the output is display. {Segment PLA is user programmable.)

When odd digits (Dig-1, Dig-3, Dig-5, Dig-7, Dig-9, Dig-B and Dig-D), data stored in the data memory (RAM) is
displayed directly,

Table B-1 shows relations between bits of RAM data to be output in an odd digit at this time and segments
arranged in odd digits.

And, there is a dot which belongs to two kinds of digits. For instance, the dot of intersecting point of COM; and
LCDg is belonged to the digit of Dig.-1 and Dig-E. The content of display can be changed by controlling either
digit.
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Segment output

10 ms

5 ms

comy

COMy

(i) A=B=0FF

ON, B = OFF

(i) A=

=0ON

(i} A=

OFF, B

=0ON

=B
1
1

{iv) A

. When the key source is not jointly used. (KLE = 0)

Fig. 8-1 LCD Drive Waveform . . .
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1

|

| 5 ms 5 ms
I

|

333 us

}

com, !

I

COMy

i

(i) A=B=0FF

| | N

H

(il A=0ON, B=0OFF

T 1L 17 1.1°¢
T

{iii) A=0FF,B=0N

| I |

{ivi A=B=0N

B 8 ]

Fig. 8-2 LCD Drive Waveform . . . . When the key source is jointly used (KLE=1)
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! S ms _J_ 5 ms |
r 1

Segment waveform during key source output OFF (KLE = 1)

(i) A=B=0OFF

|

(ii) A =0ON, B =0OFF

I L [

(iii) A=0OFF,B=0ON

11 1

livi A=B=0N

1l |
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Table 8-1 Bits Corresponding to Odd Digit (Which Does not Pass Through PLA)

l #3 l ” l #1 l #o]-—anofdmmemorv(nAM)

R

c d a

} +— Segment which lights up

b f 9 ]

#PD1714 is able to make a LCD panet display data by executing on LCDD instruction. This instruction is des-
cribed as the follows.

LCDD M, D

[ Digit number
Address of data memory (RAM)

““M" represents any address in a data memory (RAM), and ‘D" represents the number of digits of display.

"D takes fifteen (16} values OOH to OEH of Digit-0 to Digit-E which are mentioned before and a special value
OFH called LCD control word,

Examples of operations when executing an LCDD instruction in even and odd digits are described in the following.

(1) In Case of Even Digit (Dig-0, Dig-2, Dig-4, Dig-6, Dig-8, Dig-A, Dig-C and Dig-E)

BANKO {H represents a hexadecimal code.}

LCDD 24 H, 06H
: D
0" 2 3 4 5 6/7 B 9 ABCDE F

Segment
PLA

- to Dig-6

BANK1
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The data 5" stored in the address 24H of the data memory (RAM) is led to the PLA, and data stored in the
PLA is output to the digit of Dig-6.

The PLA pattern of 24H of RAM is selectable the pattern Q or the pattern 1.

Therefore, in case "SPLSEL 3" is described in assembler, the pattern corresponding input data "5’ of the pat-
tern 0 is output. {The output data is 1101101B in examples of table 10-1.) In case “SPLSEL 2" is selected, the
pattern corresponding input data 56" of the pattern 1 is output. (The output data is 11000008 in examples of
table 10-2.)

D-4-80



NEC

uPD1714

Dig-D
Dig-8

Dig-6

DigC

Dig-6

Dig 4

Dig-2

Dig-0

)
J

ach{ fc }{oc)-

at

f:
! Gat) 3,
s Valllallas 66,

fo do

bé

(o

Da® 050

e3

dq

93’

«cs

Q)

{ca

by

¢
ap)—{coyH(b2)—(92 2

IA

b}~

LCD27
LCD2¢g
LCD25
LCD2s
LCD23
LCO22
LCD2y
LCD20
LCD1g
LCDg
LCDq7
LCD1g
LCD15
LCD14
LC_l513
LCD12
LCDyq
LCD1p
LCDg
LCDg
LCD7
LCDg
LCDg
LCD,4
LCD3
LCD2
LCD,
LCDg
COMy

COM2

Fig. 8-3 LCD Matrix
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{2) In Case of Odd Digit (Dig-1, Dig-3, Dig-5, Dig-7, Dig-9, Dig-8 and Dig-D}

Column Address

BANKG
LCDD 24, O?H
0t 2 3 45 6,/78 9ABCDEF
[}
i r
Row Address — BANKO:
2
*L |
rs, to Dig-8
0
1
BANK1
|
2
3

The data ‘5" stored in the address 24H of the daté memory is output directly to a digit of Dig-9.

Four segments ba, fa, ga and en are arranged in the digit of Dig-9, and when 5" = 01018 is output, the
segments ba and gp is put off, and the segments fo and e lights up. {See Table 8-1 “Bit Corresponding to
Odd Digit (Which Does not Pass Through PLA)).

When “4” = 01008B is output to the digit of Dig-9, only the segment f4 lights up. Also, four segments by,
fa, 9. ea are belonged to the digit of Dig-A, data of the digit of Dig-A is displayed through the PLA.

However, when the LCDD instruction is executed for Dig-A, not only four segments (ba, fa, ga. e are
changed but also the segments d4 and ca are changed.

8.2 LCD CONTROL WORD
The LCD control word is a 4 bit register which resides in digit OFH of the LCD Controller/Driver. The
contents of this register can be manipulated by LCDD M, OFH instruction. M is an address that points to a
RAM location containing the new data to be written. The contents of LCD control word will remain un-
changed until the device is reset during power on clear or when clock stop instruction, CKSTP, is executed,
Upon the occurrence of either of above two events, the LCD control word will be cleared to 0.
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Table 8-2 Configuration of LCD Control Word

LCDD M, OFH

Data bit # of memory

by M NAME FUNCTION ONTENT DURING RESETTING
#3 [ %2 | #1 | #0 PLEL To two pins {LCD25/PLq and LCDo4/PLo):
. .|/ Port L Enable\| 0: LCD segment signal is output. 0
( Lower F/F ) 1: Lower two bits of Port L are output.
PLEU To twa pins {LCD7/PL3 and LCDog/PLY):
Port L. Ensue) 0: LCD segment signai is output. 0
(Upper FIF 1: Higher two bits of Port L are output.
KLE Data input from Pins K3 to K is:
Key Latch 0: Directly read without being fed to the key latch. Q
(Enable FIF ) 1: Read tgrough the key latch,
Setting of LCD display made
0: LCD OFF mode
LCDE COM1 pin, COM3 pin and all the pins designed by LCD
( segment becomes low levei. o]

( LCD )
Enable F/F 1: LCD ON mode
(normal LCD operation}

NOTE: “During resetting” mentioned above means when the system is resat or
the clock stop instruction, CKSTP is executed.

1) PLEL (Enable Port L lower nibble}, PLEU (Enable Port L upper nibble)
A selection is possible whether to use two each of four pins (LCD27/PL3 to LCD24/PLg pins) as port or as LCD .
segment output.
Bit 0 and Bit 1 of the LCD control word determines the function of LCD24/PLg to LCD27/PL3. If the cor-
responding bit is set to 0 then the port will operate as LCD segment drivers. If set to 1 then it will operate as Port L.
(See 3.4 PORT L.}

2) KLE (Enable key latch)

The source signal for key matrix can be supplied by the LCD segment signals, LCD15/KSyg to LCDg/KSg. The
16 key source signals are multiplexed with the 16 LCD driver segment signals.

Since the key source signals are not synchronized with program execution, the valid key matrix data can not be
read directly. In order to store the key input data while the key source signals are active a four bit key input latch
is integrated.

Maximum of 16 x 4 key matrix can be realized by using the multiplexed key source signals and key input latch
while driving the LCD segments. The input data to K3 to Kg are latched, in synchronous to the key source signal.
The data in the latch can be read by executing KIN or Ki.

The KLE bit, when set to 1 will enable the key input data to be latched and when set to O the key input data is
not latched. Therefore if LCDy5/KSy5 to LCDg/KSq are used for key source signals, KLE must be set to 1 in order
to read valid key data. If regular 1/O port is used for key source signals, then KLE must be set to 0. {See Fig. B-2 in
8. LCD driver about output wave form. And see 9. The way of consisting key matrix.)
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3} LCDE (Enable LCD)
The LCDE controls the operation of LCD driver. When LCDE is set to 0 the output latch is disabled and display
is blanked {(display OFF mode}. If the LCDE is set to 1 the output latch is enabled (display ON mode). See Fig. 8-4.

LCD panel

1T

ON | OFF
Latch

]

Fig. 8-4 Conception of LCD Driver

«——LCDE

During the display OFF mode {LCDE=0), all segment specifying for LCD display (LCD pins) and common
outputs {COM,, COM2 pins) are set to low level (0 V). Specified pin for LCD display means pin is specified by PLEL
and PLEU. If PL3/LCD37 to PLg/LCDy4 operate as Port L, then LCDE will not affect the output status of PLg
to Plg.

During the display ON mode (LCDE=1}, the data in segment latch is output in biplex form, The contents of LCD
control word are cleared to 0 when the device is reset by power on clear or clock is stopped by CKSTP instruction.
Therefore the display will be turned off if either of above 2 events take piace. This prevents invalid data to be dis-
played after power on clear or when clock is stopped. Prior to setting the LCDE to 1, the segment output latch can
be updated with valid data.

In addition, if LCDE = 0, the key source signal will be disabled. Therefore if key source signal is necessary while
the display is blanked, the segment output latch must all be cieared by LCDD instruction while keeping LCDE=1.
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9. KEY MATRIX CONFIGURATION

Two methods can be used to implement a key matrix with uPD1714. The first method is to use regular 1/0 ports
for key source signals and K3 to Ko as key return inputs. The second method is to use LCD45/KSy5 to LCDp/KSp
of the key source signals and K3 to Kg as key return inputs. The first method requiries KLE=0 and second method
requires KLE and LCDE to be set to 1.

9.1 GENERAL PURPOSE I/O FOR KEY SOURCE SIGNAL
This method requires the setting of KLE=0. The key input data can be read by executing KiN or Kl instruction.
The advantage of using this method over the second method is the short time required to read the key input data.
Since the KLE is set to 0 upon power on clear or execution of CKSTP, this will be the default mode.

9.2 MULTIPLEXED KEY SOURCE SIGNAL AND LCD SEGMENT OUTPUT

The use of LCD5/KS¢5 to LCDg/KSy as key source signal requires setting of KLE to 1. In addition the LCDE
must be setto 1so that LCD5/KS15 to LCDy/KSg will output multiplexed key source signal and LCD segment output.
The input key data is latched when the key source signal is active, The key source signal is output every 10 msec
for the duration of 333 usec. The key source signal that is selected by the Port J, address 0 of BANK 2, and Port K,
address 1 of BANK 2. The data in Port J and Port K are decoded by internal decoder and output to LCD15/KSg to
LCDg/KSp. The set up time for key source is 333 usec. Fig, 9-1 illustrates the internal key source hardware,

In order to insure proper LCD voltages at all time a diode must be placed in case multiple keys from different
key source signals are pressed. By same reasoning, pull down resister must not be used.

The pull down resisters are internally provided for KLE=0Q and if KLE=1 the pull down resisters are active only
when key data are latched.

If transister switch is used, care must be taken so that lgy does not degrade the Vg to cause degration of LCD

display.
PKq, KPg[PJ3 to Pyg To internal bus
KLE
2 4 4
Switching
EGVOZOU'EG LCD timing Selector
lecoder display data signal
{every 10 ms)
16 16 4 4
Selector Key latch
16 Pak-down ° ‘ =
(} registor 4 \,}
K3z to K
To LCD pane| +—————% thD(!g/:/ig’ : °
Diode for 0 4
protecting
backward
current /TN Key matrix

Fig. 91 Concept of key input operations using LCD pins for key source
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9.3 KEY SOURCE DECODER

If LCD45/KS15 to LCDg/KSg are used for key source signals, KLE=1 and LCDE=1, then data is output every
10 meec for 333 usec. The time that it will take to determine one of n source signal from the key matrix is 10 x n
msec. Therefore if there was 8 key source signals it will take B0 msec.

In order to minimize this time a binary search using the key source decoder can be used.

The key source decoder is 6 bit wide for input, 16 bits wide for output, where upper 2 bits reside in lower 2 bits
of Port K {PKp and PK,) and lower 4 bits reside in Port J (PJ3 to PJg). The key source decoder is illustrated in
table 9-1.

Port K and Port J are internal ports and they differ from other ports only by the fact that there is no external outputs.
The contents of Port K and Port J remain valid after the clock is stopped, executing CKSTP instruction. The data
in Port K and Port J can be input and tested by IN, TPT, and TPF instructions. Since only the lower 2 bits of Part K
are used, upper 2 bits, when read, will be Q.

The data specified by Port K determines the “PHASE" or the level of binary search and Port J determines the
“KEY SOURCE BIT" or which source bits are active.
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94 KEY LATCH F/F

The key source signals output by multiplexed LCDy5/KS 5 to LCDp/KSyp are a synchronous to the execution of
instructions. In order to determine if the key source signals have been output and valid key data are latched, key
latch F/F is provided.

When data is written in Port K or Port J or if TKLT or TKLF instructions are executed, the key latch F/F is reset.
The latch F/F is set when key source signat is output for 333 usec and key data are latched.

Key latch F/F status can be determined by executing either TKLT or TKLF instructions.

The key latch F/F is active only if KLE is set to 1 and it is inactive if KLE is set to 0. The key latch F/F is set to
0 during power on clear and when CKSTP is executed.

9.6 SAMPLE PROGRAM OF USING KEY SOURCE SIGNAL

A program which demonstrates the use of binary search when LCD5/KSq5 to LCDg/KSg are used for key
source signals.

This routine takes approximately 50 msec to determine which one of 32 keys were pressed. Since the key source
signals are active every 10 msec, key chattering routine is not necessary if key chattering time of 10 msec or less is
acceptable.



NEC

uPD1714
Table 9-1 Key Source Decode
DECODE INPUT DECODE QUTPUT (LCD45/KS1s5 to LCDg/KSp)

PK PJ SEGMENT LINE (KEY SIGNAL SOURCE LINE)

1 0[3 2 1 o[is]ue|13[n2[ufr0]9[8]7[6i5]4[3][2]1]0
0000 i "

1 1{1 0 0 o
| O |
0000 ]

1o 01 00
1 0 00
1100
00 00
0 010
0100

01 0110
1 000
1 01 ¢
1100
1110
0 0 0 0
00 01
¢ 01 0
0 011
010 0
01 01
0110

o 0 0111
1 000
1 001
1 010
1 011
1100
1101
1110
1111

Note 1: The shading indicates that the key source signal is output to the pertinent pin.
Nots 2: If other than the data listed in this table is input to Port K or Port L, all pins can’t be selected {key source signals

are not output.)
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Key Search Program Example (Binary Search Method)

{Note) Befare this routine is initiated, the KLE of the LCD
control digit must be set to ane.

- ()
AK+3 Initial set up
RJ-0 Phase = 3
= Koy e i =000 T
Confirm that the
Port J+-RJ key of the key
BANK2 Port K—RK source determined
in phase O has been
actually on.
Part J—-RJ g BANKO
Port K—RK Key source specification
BANKO

Remain in the wait state
until the key data is
input to the key latch,

tnput to
key
latch?

1f KDATA is other than
zero, noise is assumed
and the operation is
carried out again from
the start point,

KDATA
t
Pins K3 to Kg

KDATA
1
Pins K3 to Kg

Read the key latch
contents into KDATA,

KDATA=0

Yes When the key scanning operation

If the read data is zero, is completed normally, the key
check whether or not the source number and bit position

opler.ation is in phase 3. are stored in RJ and KDATA,
i1 it is, process the loop. respectively

I the data is zero in other
than phase 3, set the other
key source bit.

RJ+-RJ-RS

Shift RS right
one bit.

RJ-RJ+RS
AK—RAK-1

Updata the key source bit.

Execute the next phase if phase Q has
not been completed.

Yes

RJ~RJ-AS

If the operatjon is in phase 0, restore
the update key source bit.
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CODING EXAMPLE
KEYSCAN:
MVI RK, 3 RK = PHASE data
Mvi RJ,0
MVI RS, 0000B RS = Key source bit
KSOUT1:
BANK2
ouT PJ, RJ Key source specification
ouT PK, RK
BANKO
WAIT:
TKLT Remain in the wait state until the key data is input to the key latch.
JMP WAIT
KIN KDATA KDATA < Key Latch Data
JMP RSHIFT If key input, to RSHIFT
SNEI RK, 3 If PHASE is "*3", continuing the loop until key input
IJMP WAIT
SuU RJ, RS Reset the key source bit
RSHIFT:
Mvi RC, 3 Shift RS left four bits
SFTLOOP:
ADN RS, RS
ORI RS, 1
Sis RC, 1
IMP SFTLOOP
AD RJ, RS OR bits shifted to key source bit
SIS RK, 1 if phase O has not been completed, update phase and repeat from
JMP KSOUT1 KSQUT1.
suU RJ, RS
BANK2 Confirm that the key of the key source determined in phase 0 has
APB PK, OFH been actually on.
ouT PJ, RJ
BANKO
WAIT1:
TKLT Remain in the wait state until the key data is input to the key latch.
JMP WAIT1
KIN KDATA
JMP SCNEND If KDATA is not 0. over key searching, segment number in which
there is pushed key is input to KDATA.
JMP KEYSCAN If KDATA is ZERO, noise is assumed and the operation is carried out

again from the start point.
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10. PLA (PROGRAMMABLE LOGIC ARRAY)

#PD1714 contains in it a segment PLA based on a user’s program, Display patterns of the LCD panel are usually
programmed in the segment PLA, and a total of 32 types (16 types x 2) of patterns can be generated. The segment
PLA is selected only when an even digit is designated by an instruction LCDD as mentioned in the above section
{refer to Section 8 “LCD DRIVER").

10.1 COMPOSITION OF SEGMENT PLA
The segment PLA is composed of a 5-bit segment latch circuit and a PLA to which an output of the segment latch
circuit is input, and which outputs seven bits corresponding to display patterns of seven segments.

From RAM address bus

Bit#3  Bit #2
#3

- #2
Designated by SPLSEL /, i\ From RAM
pseudo-instruction of  / ) #1 data bus
assembler when giving \ ,
order for mask R I I

Segment latch
PLA circuit
a b c d e f g
To LCD driver circuit
Fig. 10-1 Composition of Segment PLA
Data stored in a data memory (RAM) addressed by the first operand part of an instruction LCDD are latched in E

the lower four bits (SGO to SG3) of the segment latch circuit. When, for instance, an instruction LCDD is executed
with contents of RAM shown below, data stored in the address 05H of the BANK1 of the data memory (RAM), that

is, "6" is latched.
LCDD 06H, 02H

Column address

0 1+ 2 3 45 6 7 89 ABCODEF
Note 1:  Since designated RAM is

0 RAM in BANK1, it is

1 necessary to execute
BANKO instruction of BANK 1

2 before instruction LCDD

is executed,

3

[} 6

1
BANK1

2

3

6 To segment PLA
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Contents of the bit #3 or #2 of a column address of RAM designated by an instruction LCDD are latched in the
most significant bit SG4 of the segment latch circuit. In such cases, it is necessary to designate that data of which
one of the bits #3 and #2 should be latched, when giving an order for a mask. (See 10-3 the EXAMPLE OF PLA
PROGRAM.)

When the bit #3 is designated, 0" and “1” are latched in SG4 respectively when RAM of the column addresses
00H to 07H and that of the column addresses 08H to OFH are designated by an instruction LCDD. When the bit #2
is designated, “0'" and 1" are latched in SG4 respectively when RAM of the column addresses O0H to 03H and
08H to 08H and that of the column addresses 04H to 07H and OCH to OFH are designated.

32 types of patterns of the segment PLA may be divided into two patterns groups each comprising 16 types of
patterns according to data to be latched in SG4. Therefore, even though data to be stored in RAM are the same, two
different types of display patterns can be generated, if column addresses designated by an instruction LCDD are
different.

16 types of patterns to be generated when data tatched in SG4 is “0" are referred to as *‘pattern group 0”, and
those to be generated when data latched in SG4 is 1" are referred to “pattern group 1", respectively.

Ceolumn address

012 3 456 789 ABCDEF
7 7

V)

Row address T 3 4 : /

AT

7

]

Pattern group 0 Pattern group 1

Fig. 10-2 Example of Dividing Patterns into Groups When SG4 is Set to Bit #3
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Cotumn address

01 2 3 46 6 78 9 ABCDEF

0
1
Row address

2

3
7 77 7

0 7
7

1

2

3

Pattern group 0 Pattern group 1

Fig. 10-3 Exampie of Dividing Patterns into Groups When SG4 is Set to Bit #2

How to divide these pattern groups is determined with due regard to the efficiency of the RAM or program in E
preparing a program. It is achieved by an SPLSEL pseudo-instruction to designate an input of SG4 to the bit # 3 or
#2, and “SPLSEL 3" or "SPLSEL 2" is entered (see 10.3 the EXAMPLE OF PLA PROGRAM].
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10.2 PATTERN EXAMPLE OF SEGMENT PLA
Examples of pattern of the pattern group 0 and 1 are given in the following tables 10-1 and 10-2, respectively.

Table 10-1 Example of Patterns of Pattern Group 0

INP SEGMENT PLA OUTPUT
o SEGMENT PLA 1UT : OUTPUT PATTERN
FRAM, #3 #2 # | #0 ] e d c b a
0 0 0 0 0 1 1 1 1 1 1 "
e
0 | a 0 1 e Lol o 0 1 1 o | :
oo | 1o T I Lo |t ! '-'
0 0 1 1 1 ] 0 1 1 1 1 -:
0 1 0 0 1 1 0 0 1 1 0 ‘.:
0 1 0 1 1 1 0 1 1 0 1 '.'
L I I -
! i -
Lo 1 1 0 1 1 1 1 1 0 1 L
i A
f f f -
0 1 1 1 0 1 0 0 1 1 1 \
0 I
Wt
0 0 1 1 1 1 1 1 1 X
1 0 i
1 0 0 1 1 1 0 1 1 1 1 '.:
1 0 1 0 0 0 ) ‘ 0 1] [} O BLANK ({(display OFF)
- 3 i B
1 0 1 1 . L 0 0 . :.
RN e
| ﬂv .'
1 1 0 Q0 i} 1 1 1 0 0 1
; N
1 1 0 1 1 t 1 0 ! | 1 ! Y
\ ‘-
t \ (]
[ B - ot T m
! 1 1 0 1 1 1 T 1 L )
. ]
1 1 1 1 | 0 i 1] | I " 1 -
I | Il J 1 | L
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10.3 EXAMPLE OF PLA PROGRAM
Definition of PLA is always necessary for every type of uPD1700 series. When giving an order for a tape, a tape
whose PLA part is not defined is unacceptable. Definition of PLA is described at the end of a source program of

assembler, and consists of the items shown below. These items must be all described, and even one item should not
be omitted.

Program Description Part

PLA

PLA Definition Part

END

1. PLA Pseudo-instruction

A PLA pseudo-instruction is a description which represents the end of a program description part and, at the
same time, the beginning of a PLA definition part.
2. SPLSEL (Segment PLA Select} Pseudo-instruction

An SPLSEL pseudo-instruction is a description which selects the division of RAM addresses where segment
patterns groups O and 1 are generated. SPLSEL pseudo-instructions may be classified into the following two types:

SPLSEL 3, SPLSEL?2

3. DSP {Define Segment PLA) Pseudo-instruction

This pseudo-instruction defines 32 types of patterns of the segment PLA. In this case, it is necessary to define
patterns in order beginning with 16 types of the pattern group 0. An example of description is shown below. The
first bit corresponds to the segment, and the following bits correspond to f, e, d, c, b and a, respectively.

DSP 11110018B
t t
] a
4, END
This description represents the end of a PLA definition part and, at the same time, the end of a source program.

No assembly is made when this description is not made.

Note 1:  With respect to types with a DIGIT PLA {¢PD1701, uPD1703, uPD1704, uPD1705, uPD1707, uPD1710, uPD1711 and
4PD1712) among the uPD1700 series, definition of the DIGIT PLA is also necessary. Definition of the DIGIT PLA is made
by a DDP (Define Digit PLA) pseudo-instruction,

In the same way, with respect to type with a Digit pin (uPD1701, xPD1703, uPD1704, uPD1705, uPD1707, #PD1709,
#PD1710, uPD1711, sPD1712}, definition of the MTDIG is also necessary.

Note 2: When defining a PLA, it is necessary to enter “PLA" at first and “END" lastly, but “"SPLSEL”, “DSP", *'DDP" and

“MTDIG" between “PLA" and “END" may be freely entered regardiess of order.
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Tablie 10-2 Example of Patterns of Pattern Group 1

SEGMENT PLA INPUT SEGMENT PLA OUTPUT l o
T - . - UTPUT P
Pod L w3 | 2| 1 | 9 f e d N b 2 UT PATTERN
0} 0 0 0 1 0 | B 0 1 o | M
I
0 0 0 1 0 0 1 1 0 0 0| FM, MHz
0 0 1 0 0 1 1 1 0 0 0 | FM, MHz, vF
0 0 1 1 1 1 1 I 0 I} () FM, MHz, VF, SK
!
0 1 0 0 0 0 0 0 0 0 0 | NO use
0 1 0 1 1 1 0 0 0 0 0 '-l
0 1 1 0 0 0 0 0 1 0 1 | MW, KHz
0 1 1 1 0 0 0 ol 1o 0 | W KHz
‘ I
1 0 0 0 0y 0 0 0 0 0 D | NO USE
1 0 0 1 0 0 0 0 0 0 0 | no use
1 0 1 0 0 0 0 0 0 0 0 | BLANK (display OFF)
1 0 1 1 0 0 0 0 0 0 0 | No use
1 1 0 0 0 0 0 0 0 0 0 | NO USE
1 t 0 1 0 0 0 0 0 0 0 | NO USE
T
1 1 1 0 0 0 0 0 0 0 0 | NO USE
1 1 1 1 0 0 0 0 0 0 0 | no use
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11. «PD1714 INSTRUCTION
11.1 Instruction Set
bis bu 00 01 10 11
bia biz by bro 0 1 2 3
SI0 s
IFCW  w KIN M
0 0 0 0|0 gé" Kt " ST M r
NOP
;B ﬁ N
o o o 1[1| BARER ORI M, — MVRS M, r
fe
0 0 1 0|2 JMP ADDR MVI M, ouT P. r IN rn P
(page 1)
T
0 0 1 13| BANKO ANI M, CKsTP MVRD r. M
il HALT h
RSC
0 1 0 04 RT Al M, MVSR M, M, AD rn M
0 1 o0 1 51 RTS sl M, EXL M Sy . M
0 1 1 06| JMP ADDR AIC M. LD ] AC . M
(page 0)
0 1 1 1|7| CAL ADDR SIB M. LCDD M, D SB r. M
(page 0)
SEE°
H TREE
1 0 o o8| % AIN M, ﬁg; ADN r, M
k £
TR? - TADE
::g:’: P. N
ekt Nz TT™M
1 0 0 19 ﬂﬁ; SIN M, TIP SUN rn M
::E.r TGC
1 0 1 o0|A| TMF M. N AICN M, TUL ACN rn M
1 0 1 1|B| TMT M. N . SIBN M PLL M r SBN r. M
1 1 0 of|C| SLTI M 1 AlS M, SLT . M ADS r M
1 1 0o 1|Dp| SGEI M, 1 SIS M. SGE . M sus r M
1 1 1 o0|E| SEQL M. 1 AICS M. SEQ . M ACS r. M
1 1 1 1]|F| SNEI M I isms M. SNE r M SBS r M
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11.2 Instructions

NOTE : Dy : Data memory address high (row address) (2 bits) Ny :+ Bit position of status word 1 QS N,S7
D_: Dats memory address low (column address)(4 bits) N; : Bit position of status word 2 0SN,=7?
Rn: Register nwmber (4 bits) { ) : Contents of register or memory
I : Immediste data (4 bits) < : Carry
N : Bit position (4 bits} b : Borrow
ADDR: Program memory address [10 bita) s : Data to SM.R. 0% s SO0FH
—:Al"1" b Data to IF Controll Word 05w SOFH
r : General register t : Trigger conditions 05 t $3
One of addresses 00—0FH of BANKO { In ! Contents of it N of register or memory
M : Data memory address h : Halt release conditions 05 h =7
One of 00—3FH of BANKO and 00-3FH of BANKI
P : Port 0SPs3
N Operand Funct o G Machine code
1ST [ 2ND unction perstion Operation code
AD r M | Add memory to register r—irt+ (M} 110100 | Dy Dy Rn
ADS + | M | A% memory 1o remster, then skip if carry |77 (M) 111100 | Dy | D, Rn
skip f_carry
ADN . M Add memory to regisier, then skip il not r—{r) + (M) 111000 | Dy DL Rn
carry skip if not _carry _
AC r M | Add memory to register with carry re—{r) + (M) +¢ 110110 Du Dy Rn
ACS R M Ad.d memory fo register with carry, then rf(ri + (M) +c 111110/ Dy D, Rn
skip if carry skip if carry
5] acn R M Add memory to register with carry, then r~—.(r>)+(M\+: 111010] Dy D Rn
- skip if not carry skip if not carry
5
2iAl M [ | Add immediate dats to memory Me— (M) +I I 010100} Dy Dy 1
AIS M [ Add immediate data to memory, then skip if | M—(M) +1 ] 011100 Dy DL f
carry skip of carry
AIN M 1 Add immediate data te memory, then skip Mo (M) +1 011000 Dy DL 1
if not carry skip 1f_not carry
AIC M I Add immediste data to memory with carry Me—iM) +l+¢c 010110 Dy Dy 1
AICS M 1 Add lmr.ncrlllle data to memory with carry, Mk(.M) +I+e 011110 Dy DL 1
then skip if carry skip if carry
AICN M ] Add lml.nec?nle dats te memory with carry, M-'»(M) +I+c 011010 Dy DL I
then skip if not carry skip if not carry
SuU r M | Subtract memory from register re—ir) = (M) 110101 | Dy Dy Rn
Subtract memory from register. then skip r—tr)— (M)
Sus " | M | borrow skip il borrow FI1101 ) Dul Dy Bn
Subtract memory irom register. then skip re—ir — (M)
SUN © LM | ot borrow skip i not_borrow 111000 /vy Do Rn
SB . M Subtract memory from register with Y - (MY —b 110111 Du DL Rn
borrow J
Subtract memory from register with r—(r) —{M)-b
SBS T LM rrow, then skip i borrow stap if borrow Tl LR Dy Rn
£ Subtract memory from register with r—(rl—(M)-b
g SBN ' M | borrow, then skip if not borrow skip if not borrow R D. Ro
4
£|sl M | 1 | Subtract immediate data from memory Me (M) = | 010101 ] Dy Dy 1
7] .
Subtract immediate data {rom memory, Me— (M) -1
sis M ! then skip if borrow skip 1f borrow 1101 Dy Dy !
I Subtract immediate data from memory, M— (M) -1
SIN M ! then skip if not borrow skep of not barrow 011001 | Dy Dy !
SiB M 1 ;uhlrld immediate data from memory with Me— (M} -I—b 010111/ Du DL 1
Tow
Subtract immediste data from memory with | Me—(M}-I-b
sies M |1 | orrow, then skip of borrow skip if barrow 011111 Dy} Do !
Subtract immediste dats from memory with | M— (M) —1-}
SIBN M ! borrow, then skip if not barrow skip if not borrow 011011 Du Do !
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Operand . Machine code
M .
1ST [ZND Function Operation Operation code
SEQ r M | Skip if register equals memory r-.M. 101110 | Dy (1% Rn
skip if zero
SNE £ | M | Skip if register not equals memory M 101111 | Dy Dy Rn
skip ¥f not zero
Skip if register is greater than or equal r—M
SG.
£ i M to memory ship tf not borrow (r) 2 (M) torrot| by D Rn
. . . . -M
s f r
2 LT r M | Skip if register is less than memory skip if borrow (r) < (M) 101100 | Dy Dy Rn i
g SEQi M I | Skip if memory equals immediate data M_—I_ 001110/ Dy Dy ]
o skip if zero
SNEI | M | 1 |Skip f memory not cquals immediate data | M~ 001111 |Du| D 1
skip of not zero
Skip if memory 1s greater than or equal M-I N ]
SGE M ! to immediate data skip of not borrow (M) 2! 001101 Du D !
. ) M-1
SLTI M 1 | Skip if memory 15 less than immediate data skip if borraw (M) <l 001100 (| Dy | 11 1
ANI M [ Logic AND of memory and immediate data Me— (M)~ ] 010011 | by Dy 1
OR1 M 1 Logic OR of memory and immediate data J Me={M)~ | 010001 | Dy Dy 1
EXL r M | Exciusive OR Logic of memory and register | r— (r} (M) ‘ 100101 | Dy DL Rn
LD r M | Load memory to register re M) { 100110 Dy D Rn
— — -
ST M r Store register to memory Me—{r} 110000 ! Dy D Rn
MVRD | r | M |Move memory to destination memory [ Dy. Rnie (M) 110011 l D D Rn
s referring to register :n the same row |
3 uves | m | o | Move source memory referrig to regmier | o o [““ sootlonl o -
K to memory in_the same row
s —
MVSR M; | M; | Move memory to memory in the same row (Du. Du1)+(Dw, Dr2) 1001004 Dy Dy Dee
MVI M [ | Move immediate data to memory M— 1 J 010010 Dy Dy 1
PLL M | ¢ |Load NO-N3 Ne & memory to PLL PLLR—/NO~N3;. N¢ & (M) 101011 Dy | D Rn
registers
3| T™T M | N | Test memory bits. then skip if all bics W MIN) =all “1°. then skip 001011 Dy | Do N
s are true
E{TMF | m | | Test memory bits. then skip ifall bts M MIN) =all "0", then skip o0t1o010| Dy | D N
& Jump to the address specified in page 0 PC+-ADDR, PAGE+~0 000110
&
] ADDR  Sump to the address specthed in page 1| PC~ ADDR, PAGE-1 500010 ADDRIO buts)
CAL ADDR | Call subroutine m page 0 Stacke [ PC1+1, PAGEL, FCADPRY 4 6 011 ADDR(10 bits)
£ L PAGEes |
HE Return to main routine PC—{stack) 000100 — -
5
S - -
# | RTS Return 1o main routine. then skip PC—(stack). and skip 0600101 | - .
une y ' L
& Et Enable interrupt IINTE F Fel 000001 0001 -
= | S—
_:_3 D1 ]Dlsable interrupt INTE F F—0 000011 H 0001 -
Test and reset timer F F. then skip if f Timer F F=1then Timer F F—0 _ _ 5
TT™ it_has not been set it Timer F F =0, then_skip 101001
- Test and reset urlock F F. then skip if if UL F F=1, then UL F:F—0 _ _ _
.:‘.‘ TUL 1t has not been set f UL F F=0, then skip reroto
[ Test then reset Key Latch F F. if KL F F=1. _
w| TRLT then_skip if true then skip and KL F/Fe0 torone 000110000
Test then reset Key Latch F F. if KL F F=1. then KL F F—0
TKLF | then skip # false if KL F F=0. then skip 1010001010001 0000
Ei TIP l | Test interval pulse. then skip if lon if TPG=0, then skip 101001 — [0000 (0000
« | IFCW w —| Set immediate data to [FCW IFCWew 00000010 |0000 w
s
§ IFC 3 Trigger and or reset [F counter Trigger—t;, Reset—t, 000000 (01 0000 (|00 ‘_t__‘
g
& TGC Test IF counter gate. skip if close if IFC gate=close. then skip 101001 ]00 - -
L
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" Operand . Machine code
IST| 2ND Function o . Operation Operation code
Ss N, Set status word 1 (STATUS WORD 1)1 000001 | — N: -
RS N, Reset status word 1 tSTATUS WORD 1)+0 000011 - Ny -
TST Nz Test status word 2 true i (STATUS WORD 2)s=all 1. 001001 - Nz -
then skip
TSF N; Test status word 2 false if ISTATUS WORD 2). ~all 6. 001000/ ~ N: -
then skip
STC Set carry F/F carry F'Fe-1 000001 - 0010 -
RSC Reset carry F'F carry F'Fep 000011 - 0010 -
BANKO Select BANKO BANK F F0+-0. BANK F F1—¢ 000011 - 1100 -
*
f BANK]1 Select BANKI1 BANK F:F0~1, BANK F Fl+—0 000001 - 0100 -
]
£
E | BANK2 Select BANK2 BANK F. F0+~ 0, BANK F/Fl+1 000001 - 1000 -
<
}; BANK3 Select BANK] BANK F F0—1, BANK F/Fl1—1 000001 1100 -
.E' TITT Test INT, skip if crue if INT =0, then skip 001001 - ¢go1 -
é TITF Test INT. skip i false if INT =1, then skip 001000 | - (0001 -
»
TCET Test CE, skip if true Tnf CE=1. then skip 001001 - 10010 -
TCEF Test CE, skip if false 1f CE=0, then skip 001000 - 0010 -
SBKO Slip i BANKO f BANK FFO=BANK F-F1=0, oo1000| — [1100f -
then skip
TBOT Test BANK F:FO, skip sf true if BANK F'F@=1. then skip ¢01001 - 0100 -
TBOF Test BANK F/F0, skip if false if BANK F F0=0, then skip 001000 - 0100 -
TBIT Test BANK F Fl. skip if true i if BANK F F1=1. then skip 001001 - 1000 -
TBIF Test BANK F/F1, skip if false ﬁf BANK F.F1=0. then skip 001000 (| — 10090 -
Output segment pattern to LCD digit"D" based | LCD(D:—SEG PLA~(M),or
LCDD | M | D | memory. or output to LCD digit directly | LCD/Dye(M) 1001118 Bu| D 0
Kl M Input key data to memary MeKo-3 010000 | Dy Dy o000
KIN M Input key dats 1o memory, then skip if data MeKowy. skip it M} =0 010000 Dy DL _
are ero
s |IN r P | Input data on port to register r—(Port [P} 110010 P — Ra
)
H
2lout P r | Output contents of register to port (Port [Plle=(t) 100010 P — Rn
3
2| spB P | N | Set port bits (Port (Pixe1 000001| P | 0000 N
RPB | N | Reset port bits {Part (P))ne0 000011 P 0000 N
TPT p | N | Test port bits, then skip if all bits d [Port 1PIiy=all Is. then skip oot1001| P |aooo| N
specified are true
TPF p | N | Test port bits. then skip if all buts if (Port {P1)\=ail Os. then skip 001000| P [0000| N
specified are false
o Sio ] Serial input-output SMR i3.1.00—s {3,1,0) 00000CG |00 | 0001 3
2
= | TSET Test shift end, then skip if true if SCC=8:(2n+1). then skip (n20) 101000100001 -
E
@ TSEF Test shift end. then skip if false f SCC=8:(2n+1), then skip (n20) 101000|00({0001 -
2 TADT Test A—D comparator. then skip if true i Vin > Vcomp, then skip 101000,00|0000 -
E TADF Test A—~D comparator. then skip if false if Vih & Vcomp. then skip 1eLo0uv Lo UDOD -
CKSTP Clock stop by CE stop clock il CE=0 100011 — [1110]1110
»
5 HALT h Halt the CPU, Restart by condition h Halt 100011100 - h 1
S [RL
NOP No operation 0060000 — - -
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12, INPUT / OUTPUT CIRCUITS

The followings are input/output circuits of each pin of uPD1714 (There are some omissions in it.).

(1) LCDq/KSq to LCDz/PL3, CGP, PBo/SO to PB, PDy to PD3, EQ; and EOp

VDD
——f=P-ch
Output pin
———N-ch
(2) TNT and AD
vVob
P-ch
Input/Qutput pin
N-ch

(3) PAg/AMIF, PA;/FMIF PA,/SI, PA3/SCK and PCq to PC3
{See Fig. 7-1 about PAg/AMIF and PA/FMIF)

VDD
—E-pcn
p———C Input/Qutput pin
——-L'l N-ch
P-ch
Only PAp/AMIF ang
N-ch PAIFMIF pin

Ta F counter circuit
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(4) COM; and COM;

—-0 Output pin
+
N-ch
(5) KgtoKg
vVpb
t—O input pin
{High ON resistor)
(6) VCOH and VCOL
VDD
P-ch

P'Ch%'—l
O Input pin

N-ch lJ o
f —lEvL‘High ON resistor)

(7) CE
Input pin

Schmitt-Trigger
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13. ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Vpo —0.3 10 +6.0 v

Input Voitage A\ -0.3 t0 +Vpp+03 v

Output Voltage Vo —0.3 to +Vgp+o03 Y

Output Absorption Current Ig 10 mA

Storage Temperature Tsty —~55 to +125 °c

Operating Temperature Topt —40 to +85 °

RECOMMENDED OPERATING CONDITIONS

CHARACTERISTIC SYMBOL | MIN. TYP. MAX. UNIT CONDITION

Supply Voltage VDot 45 5" 5.5 v CPU and PLL operation
Supply Voltage VpD2 38 5 5.5 v PLL stopped
Data Retantion Voltage VDR 2.2 5.5 \" Crystal oscillation stoppsd
Supply Voltage Rising Time Trise 500 ms Vpp = Low to High
tnput Oscillstion Voltage Vim 05 Vpp | Vpp | VCOL,VCOH
Input Oscillation Voltage Vin2 03 Vob Vp.p | FMIF, AMIF
Operating Temperature T —40 85 °c
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DC CHARACTERISTICS (T,=—40 to + 85 “C, Vpp=4.5 10 5.5 V)

CHARACTERISTIC SYMBOL [ MIN, TYP. MAX. UNIT CONDITION
High Level Input Voltage ViHi 0.7 Vpp \' PORTA,C
High Level Input Voltage ViH2 0.8 Vpp \ CE, iNT
High Level Input Voltage ViH3 06 Vpp v K3 to Kg
Low Level input Voltage ViLt 0.2 Vpp v PORT A, C
Low Level Input Voltage VL2 02vpp| V K3 to Kq, CE, INT
High Level Output Current tou -0.4 mA PORTA,B,C, D VoH=Vpp—04 V
EQq, EOy, LCD27/PL3 to
| — A
High Level Output Current QH2 0.5 m, LCDoa/PLg VOM=VDD~1 V
High Level Output Current loH3 -10 —150 A LCDg to LCDa3 Von=Vpp—1V
PORT A,B,C,D,CGR,LCD27/PL3 to
Low Level Qutput Current loL1 06 mA LCDo4/PLp VoL=04 v
Low Level Qutput Current loL2 0.5 mA EOy, EO2 VoSt Vv
Low Level Qutput Current loLa 10 150 nA LCDg 10 LCDy3 Vo =1V
High Level Input Current lHY 15 50 150 HA Kato Kgiwhen pulted-down) V|=Vpp=4.5 V
High Level Input Current 11HZ 100 HA VCOH, VCOoL, X1 Vi=Vpp=4.5V
Output Voltage Veom 48 5.0 v COM,, COMy  Vpp=5 V, Output Open
Output Voltage Veoomz 23 25 27 COMq, COM2  Vpp=5 V, Output Open
Output Voltage vVcoma 0 0.2 COMq, COM7  Vpp=5 V, Output Open
Output OFF Leak Current I 10-3 1 HA EQq, EOz Vg=Vpp. Ta=25°C
A/D Converter Resolution 8 bit
A/D Converter Absolute - o
Accuracy 1 15 LS8 Topt=—1010 +50°C
. CPU and PLL operation, {fin = 150 MHz}
PLL Operation Supply Current | IpD1 15 mA VDD=5 V. T,=25°C
. PLL stopped, CPU operation
P |
CPU Operation Supply Current oD2 500 MA VDD=5 V. T,=25 e
Data Retention Current IDDR 3 10 RA Crystal oscillation stopped, T;=25°C
A/D Input Resister R} 1 M
CAPACITANCE (Vpp=5 V, T,=25 °C}
CHARACTERISTIC SYMBOL | MIN. TYP. MAX. UNIT CONDITION
input Capacitance CvecoM 10 pF VCOH pin, ;=100 MHz
AC CHARACTERISTICS (T,=—40to +85 °c, Vpp=4.5 t0 5.5 V)
CHARACTERISTIC SYMBOL [ MIN. TYP, MAX. UNIT CONDITION
Operating Frequency fin1 15 150 MHz VCOH pin (sine wave) Vin=0.5 Vp.p
Operating Frequency fin2 15 130 MHz VCOH pin (sine wave) Vin=0.3 Vpp
Operating Frequency fin3 0.59 20 MHz VCOL pin (sine wave) Vin=0.5 Vpp
Operating Frequency fing 1 12 MHz PA1/FMIF pin (sine wave] V=03 Vpp
Operating Frequency fins 0.1 1 MHz PAQ/AMIF pin {sine wave) Vin=0.3 Vp.p
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14. PACKAGE DIMENSIONS
64-PIN PLASTIC QFP (fead bended type)

ARRRAREARANAARARARY

HARRAR T

. . -
-
-]
| =l
===
T
—= [3) =]
3
K
1
a
4 ANHHHH ; A _%,
o al N
L
P84G-100-12, 18
NOTE ITEM MILLIMETERS INCHES
Each lead centerline is located within 0.20 mm Toe TN
{0.008 inch) of its true position (T.P.) at maxi- A 247 0.972-258
mum material condition. B 20%02 0.795288%8
e 14702 0.551 3888
0 18,7204 0.736%00'8
F 1.0 0.039
G 1.0 0.039
H 0.40%01® 0.018°833%
) 0.20 0.008
J 1.0 (TP 0.039 (T.P.)
K 2.35%02 0.093°3%%
L 1.2%02 0.047 8338
" 0.15:848 0.006 :8:888
N 0.15 0.006
P 2.05:81% 0.081:8%%
a 0.1%°! 0.004=0 004
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64-PIN PLASTIC QFP (straight lead type)

5l m E+)
] me—

— ! —
——— ——
—— ‘ ——
— 1
— \ —
==\ - - o |o
 e— ——
— —
— —
——] O —
—— re— |

.

N " el 8]
-3 X
f
a / OO0 :*;:
\ ]
T
. P84G-100-11
NOTE ITEM |  MILLIMETERS INCHES
Each lead centerline is located within 0.20 mm
. ) . ) A 25_620 4 1 _matdlﬂ‘
{0.008 inch) of its true position (T.P.} at maxi-
mum material condition. 8 20%02 0.7958:888
¢ 14102 0.551 8838
D 196704 0.772°88%
F 1.0 0.039
G 1.0 0.039
H 0.407° ' 0.016'883%
I 0.20 0.008
J 1.0 (TP 0.039 (T.P.}
K 2.87°2 0.110"83888
M 0.15°8%8 0.006 "8:383
P 2.05'83% 0.081 8838
T 08 0.031
U 11 0.043
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PACKAGE DIMENSION FOR ENGINEERING SAMPLE (Unit: mm)

64-PIN CERAMIC QFP

20

"

2.25 e

Please attention to the following.

1. Metal cap is connected to pin 26, and it is positive
power supply level.

2. Lsads of the battom are formed on the slope.

3. The length of lead is not fixed, because the tips of
the leads are NoOt managed cutting process.

Ll 17))
U W7/
|Bottom View)



