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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. You should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,

especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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ON-CHIP IMAGE DISPLAY CONTROLLER
4-BIT SINGLE-CHIP MICROCONTROLLER FOR VOLTAGE SYNTHESIZER

uPD17052 includes the image display controller (IDC) which is capable of various displays and the 4-bit single-
chip microcontroller for the voltage synthesizer in which the 14-bit D/A converter for voltage synthesizer is in-

|
|
)
|
| corporated,
' The CPU has such functions as 4-bit parallel addition, logical operation, multiple-bit testing, carry-flag set/reset,
' powerful interrupt and timer functions.
| ’ Incorporated with a user programmable image display controller for on-screen display, the CPU can control
. various displays with a simple program.
The appearance, which is 64-pin plastic sealing DIP, has the various 1/O ports and serial interface functions
controlled by powerful input/output commands as well as the 4-bit A/D converter and 6-bit D/A converter (PWM)}

outputs.

FEATURE

® 4-bit single-chip microcontroller for digital tuning Four types can be set ver-

Character size

system tically or horizontally in-
. ® 14-bit D/A converter for voltage synthesizer dependent of each other.
® Program memory (ROM): 8192 words x 16 bits {15, 30, 45, 60 H)
e Data memory (RAM): 448 words x 4 bits (2.5,5.0,7.5, 10 us)
® Stack level: 6 ® On-chip 8-bit serial interface
& [nstruction set comprising 35 easy-to-understand {1 system: 3-wire or 2-wire)
o Decimal operation capability instruction ® On-chip 6-bit D/A converter: 4 outputs (PWM)
® Instruction execution time: 2us (when 8 MHz ® On-chip 4-bit A/D converter: 8 inputs
oscillator is connected) ' e On-chip horizontal synchronous signal counter
. @ On-chip IDC (user programmable) ® On-chip commercial power frequency counter
Number of display ® On-chip power failure detection and power on
| characters Up to 99 characters per reset circuits
1 screen @ Interrupt input for remote control signals
| Display location 14 lines x 19 columns (Noise canceller attached)
‘ Character type 128 (A single screen can ® Various 1/0 ports
| contain up to 64 simul- Input/output ports : 20
| taneously.) Input ports ;4
Character format 10 x 15 dots (burster trim- Output ports : 20
ming possible) e 5V10%
| Color : 8 ® CMOS low power consumption
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FUNCTION OUTLINE

Item Function
e 8192 words x 16 bits
Program memory Table reference area: ;256 words x 16 bits
CROM shared area : 2048 words x 16 bits
® 448 words x 4 bits
Data me Data buffer : 4 words x 4 bits
ata memor
v General-purpose register ;16 words x 4 bits
VRAM shared area : 4224 words x 4 bits

System register

® 12 words x 4 bits

Register file

e 25 words x 4 bits (control register)

Port register

® 11 words x 4 bits

Instruction execution time

® 2 us (8 MHz ceramic oscillator used)

Stack level

® 6 levels {stack manipulation possible)

General-purpose port

20 1/O ports
4 input ports
20 output ports

IDC
{Image Display Controller)

Number of display characters : Up to 99 characters per screen

Display position : 14 lines x 19 digits

Character type . 128 types {User programmable)
(However, a signal screen can contain up to 64 types
simultaneously.)

Character format ¢ 10 x 15 dots
Color : 8 colors
Character size : Vertically 4 sizes (15, 30, 45,60 H)

Horizontally 4 sizes (2.5,5.0, 7.5, 10 us)
Can be set vertically or horizontally independently of
each other.

Serial interface

e 1 system (2 channels)
8-bit 3-wire : 1 channel
8-bit 2-wire : 1 channel

D/A converter

14 bits x 1 converter (PWM output, withstand voltage 12.5 V max.)
6 bits x 4 converters (PWM output, withstand voltage 12.5 V max.)

A/D converter

® 4 bits x 8 converters (non-periodical comparison method based on the software)

Interrupt

e 4 channel {maskable interrupt)
External interrupt : 2 channels (RMC pin, Vgync pin)
Internal interrupt  : 2 charinels (timer, serial interface)

Timer

e 2 systems
Internal timer : 5, 20, 100 ms
External timer : 1/5 and 1/6 of the frequency input in the P1B3/TMIN pin

Reset

® Power ON reset (When turning on the power)
Reset by CE pin (CE pin: Low level = high level)
Power failure detection function

Power supply voltage

5V:10%

Package

64-pin plastic shrink DIP (750 mil)
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PIN CONFIGURATION (Top View)

P1D3
P1D2o
P10,
P1Dg
P2A3
P2Ay
P2A4
P2Ag
P1B3/TMIN
P182
P1B4
P1Bp
CE

uPD17052

o—11 N 6a}~—o0 RMC
o~—2 63|~—0 ADCg
o-—|3 62 |~—o0 PODE/ADC,
o— 4 61|=—0 POD;/ADCy
o—={5 60 [=—0 POD,/ADC3
o~—16 59 |~—0 POD3/ADCq4
o—n7 58 f=—=0 P1Co/ADCs
O=—| 8 57 |=—=0 P1C;/ADCg
O=—19 56 j=—=O P1C2/ADCy
O=—={10 55 [=—0 P1C3
o~—{11 54 |—=0 POCy
Q=—112 53 —0 POC,
o—|13 52 |0 POCy
o—14 - 51 }—o POC3
o~—]15 o 50 —=0 P2Cg
o—{16 S 49 |—-0 P2Cy
o—17 § 48 |—=0 P2Cy
o-—/18 x 47 —o0 P2C3
o—]19 e 46 —0 P2Bg
0=—120 45 —~0 P28,
o—21 44 |—=0 P2By
o—ry22 43 O P28B3
o-—-723 42 |=—~0 POAQ/SDA
O~—24 41 |=—=0 POA¢/SCL
o-—125 40 |=—=0 PDA2/SCK
o-—26 39 [=~——0 POA3/SO
o-—-y27 38 }=—=0 POBQ/SI
o—=|28 37 |=—0 POB;
o~—29 36 |=—=0 POB,
0~—30 35 |=—=0 POB3/HSCNT
O=—{ 31 34 [~—o FAsvne
o—32 33 }~—0 Vgvne
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ADCgq to ADCy
CE
RMC

Xin. XouT

OSC|N, OSCQUT :

TMIN
PWMg to PWM3
PWMgmp
RED

GREEN
BLUE
BLANK
Hsyne
Vsvync
HSCNT

Vbo

GND

St

SO

SCK

SCL

SDA

POA to POA;
POBg to POB3
POCq to POC3
PODg to POD3
P1Ag to P1A3
P1Bg to P1B3
P1Co to P1C3
P1Dg to P1D3
P2Ag to P2A3
P2Bg to P2B3
P2Cg to P2C3

A/D converter input

Chip enable

Interrupt signal input

Clock oscillation

LC oscillation

External timer input

D/A converter output

Channel select D/A converter output
Character signal output
Character signal output
Character signal output

Blanking signal output
Horizontal synchronous signal input
Vertical synchronous signal input
Horizontal synchronous signal counter input
Power input

Ground

Data input

Data output

Shift clock input/output

Shift clock input/output

Data input/output

Port OA

Port OB

Port OC

Port 0D

Port 1A

Port 1B

Port 1C

Port 1D

Port 2A

Port 2B

Port 2C

scontinued)
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1. PIN FUNCTION

1.1 DESCRIPTION OF PIN FUNCTIONS

PIN YMBO PIN NAME DESCRIPTION ’ ouUTPUT
NO. SYMBOL - TYPE
1 P1D3 These are 4-bit output ports, Port 1D's latch is located in CMOS
to to Port 1D address 73H of BANK1 of the data memory (RAM). The h-oull
ush-|
) P1Dg output state at the time of power-on reset is undefined. P P

These are 4-bit 1/0 ports. It is possible to specify input/

5 P2A3 output for these ports bitwise. Input/output is set with cMOS

to to Port 2A the P2ABIO words (34H) on the register file. The latch ‘

8 P2Ag of this port is located in address 70H of BANK2 of the push-pull |
data memaory. |
These are 4-bit /O ports. It is possible to specify input/ ‘
output for these ports bit+wise. Input/output is set with
the P1BBIO words (35H) on the register file, The latch of

9 P1B3/TMIN this port is located in address 71H of BANK1 of the data CMOS
10 P1By Port 1B memory. - - push-pull
1 P1B1 P1B3/TMIN can be used as an external timer input as (1/0)

12 P1Bg well. It is possible to interrupt the frequency that is input
to this pin with 1/6 or 1/6 of the frequency. Normally,
the frequency of the commercial power is input to this
pin to be used as a reference clock.

This is the device selection signal input pin, The device is
set to the high level for a normal operation and to the
low level when not using it. If the STOP instruction is
executed when this pin is at the low level, the clock oscil-
lation is stopped thus making the backup at a low power

consumption possible.

The STOP instruction is valid anly when the CE pin is at
13 CE Chip enable the low level, When it is at the high level, it functions in Input
the same manner as the NOP instruction. This pin plays
the role of a reset pin as well. Therefore, if the CE pin is
changed from the low level to high, the device is reset,
thus restarting the program from address O, 1f the device
is reset, the bank becomes 0, thus placing the 1/O port in
the input mode, However, the low level from 188 us and
below is not accepted.

This is the device power pin. A voltage of 5V 10 % is
supplied to make the device operate all.the functions.

A voltage between 4 to 5.5 V is supplied when IDC is not
used. It is possible to lower the voltage to about 2.2 VV
when holding the RAM data (when the clock oscillation is
14 Vpp Power input stopped). As uPD17052 is incorporated with the power- -
on reset circuit, if this is changed from 0 t0 4.0 V, the
system is reset thus making the program operate from
address 0. Restrict the start-up time for changing from 0
to 4.0 V within 500 ms to make the power-on reset

circuit operate normally.
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PIN P
SYMBOL PIN NAME DESCRIPTION ouTPUT
NO. TYPE
15 0sC These are the LC oscillation circuit pins for IDC. Th
ouTt LC oscillation ] freuitp or IDC. They
16 osCiN are oscillated at 4 MHz,
17 GND Ground This is the ground pin of the device. -
18 P1A These are 4-bit output ports. The latch of this port is
3 located in address 70H of BANK1 of the data memory. N-ch
to to Port 1A
The format is N-ch open-drain {middle-voltage, high open-drain
21 P1Ag
current).
This is the 14-bit D/A converter output or 1-bit output
port for voltage synthesizer, The D/A converter outputs
Channel select the pulse which has combined the 9-bit PWM and the N-ch
-C
22 PWMRmp D/A converter 5-bit RMP (Rate Multiplier). en-drai
open-drain
output Therefore, D/A conversion can be carried out by exter- P
nally connecting a simple CR filter. The low level is
output for power-on reset or clock stop.
These are the VDP (Variable Duty Port) or 1-bit output
23 PWM3 L
ports. The VDP function is to output the 15,625 kHz N-ch
to to D/A converter . ) . .
6 PWM pulse continuously and is capable of varying the dury of open-drain
) 0 this pulse in 64-step programs,
CMOS
27 XouTt Clock These are connection pins of ceramic oscillators or crystal push-pull
28 XiN oscillation resonators. Ensure to use 8 MHz. XouT)
input (X)N)
29 RED . .
30 GREEN Character These are the output pins of the character data corre- CMOS
signal output sponding to R, G and B. Qutput is made at active high. push-pull
31 BLUE
. Blankin This is the output pin of the blanking signal to cut image CcMOSs
32 BLANK R d . . . . ’ 9
signal output signals. Output is made at active high. push-pull
i This is the input pin of the vertical synchronous signat
Vertical
- Veoos " for IDC. Input
synchronous
SYNC y © . Ensure to make the input at active low. Interrupt can be
signal input . . L.
applied with this signal.
Horizontal This is the input pin of the horizontal synchronous
34 HsyNe synchronous signal for IDC. Input
signal input Ensure to make the input at active low.
These are 4-bit I/Q ports. It is possible to specify input/ cMOS
output bit-wise for these ports. This set-ting is made with push-pull
the POBBIO words (36H) on the register file, The latch of (1/0)
i i ted i of BANKO of the dat
a5 POB3/HSCNT this port ls'loca ed in address 71H ? 'a a However,
36 POB memory. Pin POB/S| can be used as the data input pin of the own
37 P082 Port OB the serial interface (serial 1/0 mode) as well. biss is
! Pin POB3/HSCNT can be used as the input pin of the .
38 POBo/SI horizontal synch ignal counter as well. At this applied to
‘ornzon al sync ‘ronous sig ' un. y \ .HSCNT ‘ HSCNT to
time, the own bias {(Vpp/2) is applied to the pin. make the
Port OB is ready for input in power-on reset, clock stop input

and CE reset.

11
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PIN OUTPUT
SYMBOL PIN NAME DESCRIPTION
NO. TYPE
These are 4-bit I/O ports, It is possible to specify input/ POA3/SO
output bit-wise for these ports. This set-ting is made with POA/SCK
the POABIO words (37H) on the register file. The latch of CMOS
39 POA3/SO this port is located in address 70H of BANKO of the data push-pull
40 POAZ/SCK Port OA memory. Pin POA3/SO can be used as the data outgipin (1/0)
41 POAq/SCL of the serial interface (serial I/O mode) and POA2/SCK
42 POAQ/SDA can be'used as the shift clock 1/0 pin. Pin POAQ/SDA can POA4/SCL .
be used as the data 1/0 pin of the serial interface (two- POAQ/SDA
wire mode and serial 1/0 mode) and pin POA1/SCL can N-ch open
be used as the shift clock /O pin. drain (1/0)
43 P2B3 These are 4-bit output ports. The latch of this port is N-ch
to to Port 2B located in address 71H of BANK2 of the data memory. .
46 P2Bg The format is N-ch open-drain (middle-voltage). open-drain
47 P2C3 Thise are 4-bit output ports. The latch of this port is N-ch
to to Port 2C located in address 72H of BANK?2 of the data memory. 3
50 P2Cp The format is N-ch open-drain (middle-voltage). open-drain
51 POC3 These are 4-bit output ports, The latch of this port is CMOS
to to Port OC located in address 72H of BANKO of the data memory. push-pull‘
54 POCq The output state is undefined in power-on reset.
These are 4-bit 1/0 ports or A/D converter input pins.
55 P1Cs Input/output setting is carried every 4 bits, specifying
56  P1C,/ADC; with the P1CGIO bits (27H's #0 bit) on the register file. CMOS
57 P1C1/ADCg Port 1C Ensure to specify when used as the A/D converter. The push-pull
58 P1Co/ADCs latch of this port is located in address 72H of BANK1 of (1/0)
the data memory. Port 1C is ready for input in power-on
reset, clock stop and CE reset.
59 POD3/ADCy4 These are 4-bit input ports or A/D converter input pins. Input
60 POD2/ADC3 Port 0D The pull-down resistor is installed (100 k2 TYP.) when {Equipped
61 POD1/ADCo these are used as ports. The latch of Port 0D is located in with pull-
62 PODg/ADC4 address 73H of BANKO of the data memory. down resistor)
This is the A/D converter input pin. It is incorporated
A/D converter with the 4-bit A/D converter of the program-based
63 ADCq . . Input
input random comparison method. The reference voltage of the
A/D converter is Vpp.
This is the interrupt input pin equipped with a noise
canceller. If the signal is noisy such as the remote control
s_ignal, the program is made easier by using this pin. It is
Interrupt possible to specify in the program whether tq apply an
64 RMC signal input inte_rrupt at the rise or the fall of the input signal to this Input
pin. The interrupt is applied at the rise if the IEG flag is
reset, and at the fall if the |EG flag is set. If the CE is
reset, the IEG flag is reset thus applying the interrupt at
the rising edge.

12
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1.2 PIN'S EQUIVALENT CIRCUIT

POA (POA3/SO, POA,/SCK)
POB (POB,, POB1, POBp/S1)
P1B (P1Bz, P1B4, P1Bp)

P1C (P1C3, P1C2/ADC, P1C1/ADCg, P1Co/ADCs)

P2A (P2A3, P2A3, P2Aq, P2Ag)

{input/output)

AA/D Converter {Only P1C/ADC)
VDD

RESET (Eixcept P1C}
Read Instruction (P1C Only)

POA (POA4/SCL, POAQ/SDA): (Input/output)

oﬂél

—Ek—

uwPD17052
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POC (POC3, POC5, POC;, POCy)
P1D (P1D3, P1D,, P1D4, P1Dg) {Output)
RED, GREEN, BLUE, BLANK

u
]

PWM (PWM3, PWM,, PWMy, PWMg, PWMRpmp)
P1A (P1A3, P1Ag, P1A;, P1Ag)
P2B  (P2B3, P2B,, P2B;, P2By)
P2C  (P2C3, P2C,, P2Cq, P2Co)

(Output)

POD (POD3/ADC,, POD3/ADC3, POD1/ADC,, PODg/ADCt):  (Input)

e
-

Resistance

ADCq: (Input)

14
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POB3/HSCNT: (Input/output)

~——— RESET

Harizontal

Synchronous
Signal Counter

I
—E3H
1 1
i

P1B3/TMIN: (Input/output) VDD

; '—4— RESET
% VDD Port
VDD

]
g
]

-
-
Tj |
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(Phase-out/

Hsyne. Vsyne, RMC, CE:  (Schmitt trigger input)

VpD
} E:
XN, OSCyy : {Input)
XouT.OSCout : (Output) |
High ON 1
Resistance ] ;
Vbo T_L_I VDD
é’L T
XN, OSCIN O— E %' E
XouT. 0SCouTt ©- B}
T

16
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2. BLOCK DIAGRAM

OSC)N

OsCout

HSYNC

VSYNC

RED
GREEN
BLUE
BLANK

POAQ/SDA
POA;/SCL
POA/SCK
POA3/SO
POBg/S!

POB1
P0OBy

POB3/HSCNT

PGCq
POC4
POCo
POC3
PODQ/ADC/
POD41/ADCy
POD,/ADC3
POD3/ADCy
P1Cg/ADCs
P1C4/ADCg
P1Cp/ADC7
P1C3

ADCp
P1Ag

P1A4

P1Ao

P1A3

P1Bg

P1B

P189
P1B3/TMIN

O—
Osci-

Ilation

o—— circuit

IDC

Serial
110

o 0 0 0O O

LI

l

POC

POD

PiC

00 000 0 0 O

A/D

P1A

P1B

IRIRIRINE

Timer
cont-
roller

RF

RAM
448 x 4 bits

I SYSREG

= AL
/

ROM
8192 x 16 bits

E—

N

uPD17052

Instruction
Decoder

Program Counter

Stack
6 x 13 bits

P1D

P2A

P2B

P2C

Interrupt
Controller

!

1

Reset

PWMRMmP
PWMg

PWM2
PWM3
P1Dg
P1D1
P1D2
P1D3
P2Ag
P2A1
P2A2
P2A3
P2Bg
P2B4
P2Bo
P2B3
P2Cq
P2Cq
P2Co
P2C3

RMC

XIN
XouT

VbD
CE

GND

17




NEC xPD17052

3. PROGRAM MEMORY (ROM) \

3.1 PROGRAM MEMORY CONFIGURATIONS

ROM is configured with 8192 words x 16 bits and is used to store programs. The usable ROM address range is
8192 words of addresses 0000H to 1FFFH. Every 2048 words are divided into 4 pages.

1800H to 1FFFH are also used as the CROM (Character ROM) area to store the display patterns for IDC. When
not used as CROM, they can be used as the program area. |

O000H to OOF FH are the area for table reference and used with BR, MOVT, PUSH and POP instructions.

Fig. 3-1 ROM Configurations

0000H
Page O
o7fFPH }
0800H
Page 1
OFFFH )}
1000H
Page 2
V2FFH
1800H
Page 3
(CROM-Shared Area)
1FFFH

3.2 PROGRAM MEMORY FUNCTION
The program memory has the following two major functions.

(1) To store programs
(2) To store constant data

A program is a collection of “instructions’’ for operating the CPU. The CPU .processes the work sequentially in
accordance with the “instructions’” written in the program.

In other words, the CPU reads "“instructions” sequentially from a program stored in the program memory and
executes the work in accordance'with each “instruction’’.

As all instructions are in “one word” of 16 bit-length, it is possible to store one instruction in one address of the
program memory, .

Constant data are pre-determined data such as the patterns for display. By using the special-purpose MOVT
instruction, the content of the program memory can be read into the data buffer (DBF) on the memory {RAM).
As such, reading the constant data on the program memory is called ““table reference.

As the program memory is the memory for reading only, it cannot be reloaded by the instruction. Therefore,
the program memory and the ROM are used with the same meaning.

18
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Phase-out/
3.3 PROGRAM FLOW '

Programs stored in the program memory are normally executed address by address starting from address 0000H.

However, when, for example, executing a different program for a certain condition, it is necessary to branch the
program flow. In this case, the branch instruction is used.

If the same program needs to be executed repeatedly, using the same program each time the execution is per-
formed will reduce the efficiency of the program memory. In this case, keep the program in a certain location. Then,
the same program can be executed as many as desired by calling it with the dedicated CALL instruction. This
program is called the “‘subroutine’. In contrast, a normally executed program is called the "*main routine”.

When a program needs to be executed because a cértain condition is satisfied regardless of the program flow, the
interrupt function is used. With the interrupt function, is possible to branch to a decided address {called header
address) regardless of the program flow if conditions are met.

Such a program flow as was described above is controlled by the program counter (PC) which specifies the

program memory address.

3.4 BRANCH INSTRUCTION

Branch instructions (BR) include two types, i.e., the direct branch instruction (BR addr) which directly branches
into the program memory address specified with the instruction operand {addr) and the indirect branch instruction
(BR ®AR) which branches to the program memory address specified with the address register (AR).

The direct branch instruction specifies the program memory address of the branch destination with 11 bits of the
instruction operand. The addresses that can be specified with the 11 bits are one page portion of 0000H to O7FFH.

Therefore, the direct branch instruction is available for each page to be branched and each has a different opera-
tion code. However, when programming with the uPD17000 series assembler (AS17K), the BR instruction can be
used without the page concept.

The indirect branch instruction specifies the address of the branch destination with the 8 bits of the address
register. Therefore, the branch destination addresses of the indirect branch instruction are limited to addresses

0000H to O0FFH.

(1) Precautions in debugging
As shown in Fig. 3-2, the direct branch instruction can be used with the same description between data memory
addresses 0000H to 1FFFH without the page concept when describing with the assembler.
However, the operation code of the direct brénch instruction differs depending on the page to be branched.
For example, the operation code of the direct branch instruction into page 0 is “OCH”, while the operation
code of the direct branch instruction into page 1 is “ODH’". If the 17K series assembler is used for assembling,
these are automatically converted by the assembler referring to the jump destinatioh. Here, what requires atten-
tion is that, if patch correction is performed in debugging, the program itself must decide on the branch destina-
tion page. At this time, the operation code is selected according to the branch destination page of the direct
branch page and the lower 11 bits of the address is used as the operand.
For example, if the assembler description is “BR BBB2" (BBB2 is address 0800H), ““0D000” is input to perform
the patch correction. “BR AAAO0"” (AAAO is address 0000H) is *'0C000".

19
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0000H

0500H

07FFH

0800H

0900H

OFFFH

1000H

17FFH

1800H

1FFFH

20
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Fig. 3-2 Machine Code of Direct Branch Instruction

AAAD :

Machine Code

BR BBB3 —= 0D100
T Operation Code
BR AAA1 — 0C500
T Operation Code
AAAT :
Page O
BBB2:  gr  anAl L~ 0cs00
BBB3:
BR BBB3 —= 0D100
Page 1
Page 2
Page 3
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Phase-out/
3.5 SUBROUTINE

The subroutine is used by dedicated subroutine call (CALL) and subroutine return (RET, RETSK) instructions.

Subroutine call instructions include the direct subroutine call instruction (CALL addr) which directly calls the
program memory address specified with the instruction’s operand (addr} and the indirect subroutine call instruction
{CALL @AR) which calls the program memory address specified by the content of the address register.

As the return instruction from the subroutine, the RET instruction and the RETSK instruction are used. By
executing the RET or RETSK instruction, the operation is returned to the program memory address following the
address on which the subroutine call instruction (CALL) was executed. At this time, the RETSK instruction
executes the first returned instruction as the no operation instruction (NOP).

3.5.1 Examples of Using the Subroutine

Fig. 3-3 shows the example of using the subroutine.

When using the “CALL addr” instruction, it is necessary to place its call address, i.e., the subroutine’s start
address within page O (addresses 0000H to O7FFH). The subroutine whose start address is located in any of the ‘
other pages {addresses 0800H to 1FFFH) cannot be called.

However, the return instruction (RET, RETSK) can be placed on any page. The CALL instruction itself can be

on.any page, t00.

Example 1: Subroutine start address is within page 0:
If the subroutine start address is located within page 0 as shown in Fig. 3-3, both the return
address and the return instruction can be located either within page O or page 1.
As long as the subroutine start address is in page 0, the CALL instruction can be used without any
page concept. However, if is not possible to place the subroutine start address within page 0 for
reasons related to program preparation, the method shown in example 2 is used.

2: Subroutine start address is within page 1:

As shown in the example in Fig. 3-3, this method actually calls the subroutine (SUB1) via the BR
instruction which is set within page 0.
The subroutine call instruction {CALL @AR) which is based on indirect address specification calls
the subroutine of the address specified by the contents of the address register. The address register
consists of 8 bits. Therefore, the program memory addresses that can be called by the CALL @AR
instruction are 0000H to 00FFH.
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Fig. 3-3 Examples of Using the Subroutine

{a) Subroutine start address is within page 0:

0C00H

07FFH

0800H

OFFFH

22

CALL SUB1

SUB1:

RET

CALL SUB1

0000H CALL suB2
—Page 0 —Page 0
suB2:
07FFH
0800H
RET
—Page 1 —Page 1
OFFFH

{b) Subroutine start address is within page 1:

0000H

07FFH

CALL sSuB2

SuB2: BR SUB1

0800H

OFFFH

suBl: —

RET

—Page 0

—Page 1
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3.6 TABLE REFERENCE L//

The table reference is used when referring to the constant table in the program memory.

If the “MOVT DBF, @AR" instruction is executed, the content of the program memory address specified by the
address register is sfored in the data buffer. ‘

The contents of the program memory are 16-bit configurations. Therefore, the constant data stored in the data
buffer by the MOVT instruction becomes 16 bits (4 words). The address register consists of 8 bits.

Therefore, the program memory addresses that can be referenced by the MOVT instruction become 0000H to
OOFFH.

Be careful because the stack is used temporarily when executing the MOVT instruction.

3.7 PRECAUTIONS IN ASSEMBLER DESCRIPTION
When using the assembler, error occurs if the program memory address (address based on numerals) is specified

directly in the operand of the branch instruction (BR) or subroutine call instruction (CALL).

Example 1: Case of error occurrence

BR 0005H ;j Error occurs in the assembler.
CALL 00FOH ;
2: Case of non-error
BR LOOP1 ;
LOOP1 : ; Levels are used in the 'program. And the BR or CALL
SUB1 : H instruction is executed to these labels.

CALL SUB1 ;
LOOP2 LAB 0005H :]
BR LOOP2 ;
BR LD 0005H ; Numeric value of the operand is converted to the label type,

0005H is allocated to LOOP2 as the label type.

For details, see *AS17K User's Manual”.
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4. PROGRAM COUNTER (PC)

The program counter addresses the program memory, i.e., the program and consists of 13-bit binary counters.

Fig. 4-1 Program Counter

PCqio | PCqq PC10 PCg PCg PCy PCg PCg PCq PCjy PC, PCq PCo

|
13 Bits

Normally, one increment is made by executing one instruction. However, when the jump instruction or the sub-
routine call instruction is executed, the address sbecified in the operand part is loaded. When the skip instruction has |
been executed, the address of the instruction following the skip instruction is specified regardless of the content of |
the skip condition. At this time, if the condition is to be skipped, the instruction following the skip instruction is ‘
regarded as the NOP instruction. In other words, execution of the NOP instruction results in specification of the
address of the following instruction.

When accepting the interrupt request, addresses 1 to 4 (differing on the interrupt factor) is unconditionally
loaded on the PC. The program counter is reset to 0 in power-on reset or CE reset.

Table 4-1 Vector Address in Interrupt

Priority Order Interrupt Factor Vector Address
1 RMC pin 4H
2 Internal timer 3H
3 Vsync pin 2H
4 Serial interface 1H
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The stack is a register to save the return address of the program and contents of the system register to be

5. STACK

described later when accepting the subroutine call or interrupt.

5.1 CONFIGURATIONS
The stack consists of a stack pointer (SP) which is a 4-bit binary counter, six 13-bit address stack registers (ASR)
and two 3-bit interrupt stack registers.

5.2 STACK POINTER (SP)

The stack pointer is located in address 01H on the register file and specifies the address stack register. It is made
—1-by the PUSH manipulation (CALL, MOVT, PUSH instruction and interrupt acceptance) and +1 by the POP
manipulation (RET, RETSK, RETI, MOVT and POP instructions).

The upper 1 bit of the stack pointer is always “0". The obtainable stack pointer values include eight values of OH
to 7H. However, there is no stack matching 6H and 7H.

Fig. 5-1 Stack Pointer Configurations

Mse LS8

Q" SPby SPb1 SPbq

Table 5-1 Stack Pointer Operation

Instruction Stack Pointer Value

CALL addr
CALL @AR
MOVT DBF, @AR SP — 1
PUSH AR

Interrupt acceptance
RET

RETSK

MOVT DBF, @AR SP +1
POP AR
RETI
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5.3 ADDRESS STACK REGISTER (ASR)

The address stack register consists of 6 x 13 bits. When executing the subroutine call instruction or accepting
the interrupt request, the value of the content of the program counter plused by +1, in other words, the return
address is stored here. The content of the stack register is loaded on the program counter by executing the return
instruction to be returned to the flow of the original program.

The stack register is used for both the subroutine call and the interrupt. Therefore, if two levels are used for
the interrupt, the remaining four levels of the stack register are available for the subroutine call.
If the MOVT instruction is executed, the stack register is used temporarily.

Fig. -2 Address Stack Register Configurations

Stack Pointer Value

ot ASRgQ
1H ASR
2H ASR;
3H ASR3
aH ASRg4
' 5H ASRg
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5.4 INTERRUPT STACK REGISTER

The interrupt stack register is configured with 2 x 3 bits as shown in Fig. 5-3.

uPD17052

If the interrupt is accepted, the 2 bits of the bank register (BANK) and 1 bit of the index enable flat {XE) in the
system register to be described later are saved.
Then, if the interrupt return instruction (RETI) is executed, the content to the interrupt stack register is returned

to the system register’s bank register and the index enable flag.

The interrupt stack register does not have the address specified by the stack pointer as in the address stack

register. |t saves data everytime an interrupt is accepted as shown in Fig. 5-4. If an interrupt exceeding two levels is

received, the initial data is omitted forth. Therefore, it is necessary to save it in the program.
The contents of the interrupt stack register is undefined in power-on reset. The previous state is maintained when

resetting the CE or executing the CLOCK STOP instruction.

Fig. 5-3 Interrupt Stack Register Configurations

Fig. 5-4 Interrupt Stack Register Operation

MsB LS8
oH BANKSKO IXESKO
1H BANKSK1 IXESK1

|

Unde- Unde-
fined R A . R A . fined
Unde- Unde- ., Unde- Unde-
fined fined fined fined
i T 1 T T
‘Vpp Input  Interrupt Interrupt RET! "RETI
A B

N
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6. DATA MEMORY (RAM)

The data memory stores such data as operation and control, etc. Data are constantly written or read by the
instruction. .

6.1 DATA MEMORY CONFIGURATIONS

Fig. 6-1 shows the data memory configurations. ‘

As shown in Fig. 6-1, the data memory is divided in four units called “bank”. These four banks are called
BANKO, BANK1, BANK2 and BANK3 respectively.

Each bank is allocated with the address at every 4 bits of data. The upper 3 bits are called “row address’” and the_
lower 4 bits “column address”. For example, the data memory whose row address is 1H and column address is AH
is called the data memory of address 1AH. One address consists of the memory of 4 bits, which is called “1 nibble"".

Also, the data memory is divided into functional blocks as shown in 6.1.1 to 6.1.5 below.

6.1.1 System Register (SYSREG) Configurations

The system register consists of 10 nibbles allocated to addresses 74H to 7FH of the data memory. System

registers are allocated regardless of the bank. In other words, any bank has the same system registers in its addresses
74H to 7FH.

The configurations are shown in Fig. 6-2,

6.1.2 Data Buffer (DBF) Configurations

The data buffer consists of 4 nibbles allocated to addresses OCH to OFH of BANKO of the data memory
The configurations are shown in Fig. 6-3.

6.1.3 General Register {(GR) Configurations

The general register consists of 16 nibbles specified by any row addresses of the data memory.
The arbitrary row address is specified by the general register pointer in the system register.
The configurations are shown in Fig. 6-4.

6.1.4 Port Data Register (Port Register) Configurations

The port data register consists of 16 nibbles allocated to addresses 70H to 73H of each bank of the data memory.
The configurations are shown in Fig. 6-5.

As shown in Fig. 6-5, the same port register is allocated to BANKO’ address 73H, BANK2's address 73H, BANK1
and BANK3. Therefore, in reality, the register consists of 11 nibbles.

6.1.5 General-Purpose Data Memory Configurations

The general purpose data memory refers to the remaining area of the data memory excluding the system register
and the port register.

It consists of total 448 nibbles of the 112 nibbles of each of BANKO to BANK3.

28




NEC

~N OO W =2 O

wPD17052

0 1 2 3 7 8 9 A B C D E F
0 DBF3|DBF2|DBF1|DBFO
1
2
3 BANKO
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Fig. 6-2 System Register Configurations

System Register (SYSREG)

Address 74H 75H 76H 77H 78H 79H 7AH 7BH 7CH 7DH | 7EH 7FH
Index Register B
N Window | Bank (i1X) General  |Program
Name Address Register ) - Data Memory Register  |Status
Register | Register .
{Symbol) (AR) Row Address Pointer Word
(WR) (BANK)| " Pointer ’ :
: (MP) (RP) {PSWORD)
Fig. 6-3 Data Buffer Configurations
Data Buffer (DBF)
Address OCH ODH OEH OFH
Symbol | DBF3 DBF2 | DBF1 DBFO

Fig. 6-4 General Register (GB) Configurations

Column Address

2.3 456 6 7 89 ABCD E F

i

General Register

-0

1

0
@« 1 v :
8 2 Specifiable Range of the General Register
?t 3 Specified by the
2 g . general register
¢ 6 BANKO® i pointer (RP) of -
the system register. =~
7 L SYSREG = 1 Y 9 .
0
1
2
3
4
5 . o .
6 . : BANK1 . . . :
7 - - : . Each bank has the same
I SYSREG l system registers. :
1
"2
3
4
5 .
.6 - BANK2 - v
[ [ SYSREG J—1
0
1
2
3 _
4
5
6 BANK3 . .
7 J [ ____SYSREG . - i

30




NEC

P ﬁ@@mﬁﬂm@@@ PD17052

Fig. 6-5 Port Register Configurations

Port Register
Address 70H 714 72H 73H
BANKO POA _PoB POC POD
BANK1 P1A P1B P1C P1D
Symbol— -
‘BANK2 P2A P2B P2C POD
BANK3 P1A P1B P1C P1D

31




NEC

E‘@@@wﬁm@@mﬁﬂm@@@ PD17052

6.2 DATA MEMORY FUNCTION
The data memory can perform 4-bit operation, comparison, decision and transmission between the data on the

data memory and the immediate data {arbitrary data) with a single instruction by executing the data memory opera-
tion instruction shown in Table 6-1.

By using the general register, the data memory can also perform 4-bit arithmetic operation, comparison and
transmission between the data memory and the general register with a single instruction.
Examples are shown below. For details, please refer to 7 ““General Register (GR)" and 8 “ALU".

Example 1: Data memory operation
MOV 35H, #0001B; Transmits (writes) the immediate data 0001B to the data memory
content of address 35H of the bank, which has been selected at the
time.
ADD 76H, #0001B; Adds the immediate data 0001B to the data memdry content of address
76H of the bank, which has been selected at the time.

The bank selected at the time in both @ and (@) is specified by the bank register in the system
register. For details of the bank register, please refer to 9 ““System Register (SYSREG)"".

@ is the ADD instruction to the data memory of address 76H. Address 76H is the system register
as well. As the system register exists regardless of BANK, this instruction results in adding 0001B
to 76H of the system register regardless of the bank.

Example 2: Data memory and general register operation _

When the general register exists at row address 1H of BANKO:

ADD 7H, 36H . The data memory contents of address 36H of the bank which has been
selected at the time is added to the contents of address 17H of BAN KO,
i.e., the general register whase column address 7H.

LD 7H, 36H ; Transmits the content of address 36H of the data memory to the
general register whose column address is 7H.
At this time, the general register becomes address 17H of BANKO.

It is possible to operate all of the system register, the data buffer, the general register and the port register as a
data memory by means of the data memory operation instruction.
Functions are explained in 6.2.1 to 6.2.4.

6.2.1 System Register (SYSREG) Function
The system register exists to contro! the CPU.

For example, the bank register shown in Fig. 8-2 specifies the bank of the data memory. The general register
pointer specifies the row address of the general register.

For details, see 9 “System Register (SYSREG)".
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6.2.2 General Register {(GR) Function ‘

The general register can perform arithmetic operation and data transmission between the data memory.

The general register’s bank and row address are specified by the general register pointer on the system register.

For example, if the general regiSter pointer is set to 0, the 16 nibbles of BANKO's row address 0, in other words,
addresses O0OH to OFH of BANKO, are specified as the general register.

When using the general register, it is necessary to keep in mind that transmission and operation instructions
cannot be issued between the general register and the immediate data. [n other words, if transmission or arithmetic
operation is desired between the general register and the immediate data, it is necessary to handle the general register
as the data memory. ’

For example, if “ADD OOH, #1" is executed when the general register is at BANKO's row address OH (general
register pointer is 0) and the presently selected bank is BANKO (bank register is 0}, then the contents of address O0OH
of BANKQO specified in the general register is increased by +1. However, if this instruction is executed when the
presently selected bank is BANK1 (bank register is 1), then the contents of address 00H of BANK? is increased by
+1.

For details, see 7 “General Register (GR)".

6.2.3 Data Buffer (DBF}

The data buffer exists to store the data to be transmitted to peripheral circuits, such as A/D converter comparison
voltage setting data, and the data sent from peripheral circuits, such as the input data of the serial interface.

For details, see 11 “’Data Buffer (DBF)”. '

6.2.4 General-Purpose Port Data Register {Port Register)

The port register sets the output data of various general-purpose I/O ports and reads the input data. The output
of each pin is set by setting data for the port register corresponding to the pin which is set to the output port.

The input status of each pin can be detected by reading the port register corresponding to the pin which is set
to the input port. The relationship between the port register and each port {each pin) is shown in Fig. 6-6.

For details, please refer to 16 *’General-Purpose Port”.

Table 6-1 Data Memory Operation Instruction List

Function Instruction

ADD
ADDC

suB
SuBC

AND
Logic OR
XOR
SKE
SKGE
SKLT
SKNE

MOV
Transmission LD
' ST

SKT
SKF

Addition

Arithmetic Subtraction

operation

Comparison

Decision
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Fig. 6-6 Relationship between Port Register and Each Port (Pin) (1/2)

General-Purpose Port Data Register Pin
Object Port
Bank Address Symbol Bit Symbol No. Symbol Input/Qutput
b; | POA3 39 P0A,
b, [ POA2 40 POA, Input/Qutput
70H P0A DAREE REECEREEEERERTE Port0A -
by | POA1 41 POA, (Bit 1/0)
by | POAO 42 POA,
bs | POB3 35 POB,
b, | POB2 36 P0B, Input/Output
71H POB peeed PortOB  }---eeeeerdeeeeiee npu /Ou pu
b, | POB1 37 POB, (Bit 1/0)
bo | POBO 38 POB,
BANKO
: b; | POC3 51 POC,4
b, | POC2 52 POC,
72H poC RS EEL LR RRIEREEE PortOC  prreoememrprrsnees Output
b, [ POCI1 53 POC,
by | POCO 54 POC,
by | POD3 59 POD;,
b, | POD2 60 POD,
73H POD TR T PP Port0D  |ooereeeeeefeeoee Input
b; | POD1 61 POD,
be | PODO 62 POD,
b; | P1A3 18 P1A,
b, [ P1A2 19 P14,
70H P1A ARRS SRR EEERED PortlA  fereremeeepoessaneoneeeeeaoy Output
by | P1Al 20 P1A,
bo | P1AO 21 P14,
bs [ P1B3 9 P1B,
b, | PIB2 10 P1B
NH pig  |2l.itbe PortlB oo 2 Input/Output
by | P1BI 11 P1B, (Bit 1/0)
BANK1 by | P1B0 12 P1B,
BANK3 bs | P1C3 55 P1C,
b, | PIC2 s | P,
72H PIC S SN Port1C IS B S Input/Output
b; | PI1C1 57 P1C, (group 1/0)
by | P1CO 58 P1C,
b; | P1D3 1 P1D,
IS SNy I SR SOt SRR |
b, | P1D2 -2 P1D,
73H PID B B e RERe PortlD oo ] Output
b, | P1D1 3 P1D,
by | P1DO 4 P1D,
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Fig. 6-6 Relationship between Port Register and Each Port (Pin) {2/2)
General-Purpose Port Data Register Pin
Object Port
Bank Address | Symbol Bit Symbol No. Symbol Input/Output
by | P2A3 5 P2A;
b, | P2A2 6 P2A, Input/Output
70H P2A B R Port2A  poeeeeedeee oo
b, | P2Al 7 P2A, (Bit 1/0)
by | P2A0 8 P2A,
bs | P2B3 43 P2B,
b, | P2B2 44 P2B,
71H P2B R RS EEAREES Port2B | Output
b, | P2B1 45 P2B,
by | P2B0 46 P2B,
BANK2
by | P2C3 47 P2C;
b, | P2C2 48 P2C,
72H p2C REAE SELLAIIRMRARAEES Port2C oo Output
b; | P2C1 49 P2C,
by | P2C0 50 P2C,
bz | POD3 59 POD;
b, | POD2 60 POD,
73H POD RS SEELEEEEE R PortOD - Input
b, | POD1 61 POD,
by | PODO 62 POD,
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6.3 PRECAUTIONS IN USING DATA MEMORY

6.3.1 Data Memory Address Specification

When using the 17K series assembler, error occurs if the data memory address is described directly in numerals |
in the operand of the data memory operation instruction as is shown in Example 1.

This is to reduce the bug factors in program correction, considering the program maintenance. However, actual
addresses are described in program examples on this data sheet for easier understanding. For actual programming,
please refer to the assembler manual.

Example 1: Error
: @
MOV 2FH, #0001B ; Directly specifies address 2FH.
; @

MOV  0.2FH, #00018B ; Directly specifies address 2FH of BANKO.

Non-error
MO2F MEM 0.2FH ;  Symbol-defines BANKO's address 2FH in MO2F as the memory

type.

MOV  MO2F, #0001B ;

MOV  .MD.2FH, #0001B ; Converts address 2FH into the memory type by means of .MD.
However, this kind of method should be avoided to reduce bug
factors.

Therefore, it is necessary to symbol-define beforehand the data memory address with the MEM- instruction
{symbol defihition pseudo-inst}uction) which is an assembler pseudo-instruction.

For data memory symbol definition, it is necessary to define the bank of the data memory as well as shown in
example 2.

However, at this time, if, for example, the data memory symbol-defined in BANK?2 as shown in example 2 is
used in the range of BANK 1 on the program, the data memory of BANK1 is operated.
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;] Symbol definition pseudo-instruction

M1 MEM  0.15H ;

M2 MEM 1.15

M3 MEM  2.15H ;
]| L

Bank Row address

BANK1

MOV M1, #0000B -

MOV M2, #0000B ;

MOV M3, #0000B

Column address
;  Assembler incorporation macro instruction BANK < 1
banks at @, they are BANK1 on the program, Therefore, all

; of these three instructions write 0 in the data memory of
address 15H of BANK1,

;:1 Although M1, M2 and M3 are symbol-defined in different
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7. GENERAL REGISTER (GR)

The general register performs direct operation and transmission with the data memory with the register located
in the data memory space.

7.1 GENERAL REGISTER CONFIGURATIONS !
The general register configurations are shown in Fig. 7-1. ‘
As shown in Fig. 7-1, the same row addresses 16 words (16 words x 4 bits) can be used as general registers on ;

the data memory space. : |
Which row address to use can be set by the general register pointer of the system register. As the general register

pointer has 3 bits, the data memory space which can be used as the general register becomes row addresses OH to 7H |
of BANKO. '

For details, see to 9.6 ‘“General Register Pointer (RP)”’.

7.2 GENERAL REGISTER FUNCTION

By using the general register, arithmetic operations and transmissions between the data memory and the general
register are made possible by a single instruction. As the general register is the data memory, arithmetic operations
and transmissions between data memories can be realized by a single instruction.

General register belongs to the data memory space, they can be controlled by the data memory operation instruc-
tion in the same manner as other data memories.
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Fig. 7-1 General Register Configurations

Column Address

01 2 345678 9ABCDEF

o .
BANKO's row g 2 General
addresses OH to 7H g 3 Reg‘ister when
can be freely set 1 ; 4 RP=0118
by the general (g
register pointer ’ 5
 (RP). 6
B 7 System Register I RP l
0
1
2
3] . .
BANK1
a .
5
6
77V .System Register The same
) system "
— 0 - register is
General Register found.
- Pointer RP — 1]
Symbol RPH RPL z -
Address |  7DH 7EH A BANK2
Bit  |bg|ba|bq|bg|b3|b2|bq|bg| 5
Fune. |0 (0] 0] 0]|b2|bylbolB 6
tion (;le) g 7 . r __System Register .
| | _
0
1
2
8 BANK3
.4
5
6
7 System Register
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7.3 GENERAL REGISTER AND DATA MEMORY ADDRESS GENERATION IN EACH INSTRUCTION

Arithmetic operation and transmission instructions between the general register and the data memory are shown
in Table 7-1. .

According to the example ADD r, m (r < (r) + {m)), as shown in Table 7-2, the address of the general register
specified by this instruction is generated by the value specified by the general register pointer and r.

The content of the general register specified by the generated general register address and the content of the
m-specified data memory are added together and then the result is stored in the general register.

The general register address generation described above is applied in the same manner with other instructions
shown in Table 7-1.

Table 7-1 Operation Instructions between General Register and Data Memory

Instruction Group Instruction Operation
ADD r,m (R) < (R) + (M)
Addition
ADDC r,m {R) < (R) + (M) + (CY)
SUB r, m {R) < (R) — (M)
Subtraction
SUBC r,m (R) < (R} — (M) — (CY)
AND r,m {R) « (R) AND (M)
Logical operation OR r,m (R) < (M) OR (M)
XOR r,m (R) < (R) XOR (M)
LD r,m {R) < (M)
ST m,r (M) < (R)
Transmission
MOV  @r,m [MP, (R})] < (M) or [m,{(R)] < (M)
MOV m,@r M <« [MP, (R)] or M<[H, (R}]
Shift RORC r Right shift including CY

Table 7-2 Address of General Register and Data Memory

Generated Address
Instruction Address Content Bank Row Column
Address Address
General register address specified by r 00 (RP) r
APD m Data memory address specified 'by m 00 {(BANK) m
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Example 1:

BANKO

~AND - RPL, #0001B ; "RP <+ 0000000B; Sets the géneral register to BANKO's row address

OH.

ADD 04H, b56H ; -
When the above instruction is executed, as shown in Fig. 7-2, the content of address 04H of
BANKO which is the general register and the content of address 56H of the data memory are

added together and then the result is stored in 04H of the general register.

Fig. 7-2 Execution of Example 1 . .

Column Address

o 1 2 3 4 656 6 7.8 9 A B C D E F

2] ADD 04H, 56H
<
g3 o
< 4 4 BANKO
8
o
)
6
7 System Register I RP l

0000000B———
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Example 2: When BANKO, and MPE = 0: .
AND RPL, ‘'#0001B ; RP <« 00000008B; Sets the general register to BANKO's row address
OH. :
MOV  04H, #8 ; 04H <8
MOV  @04H, 52H

If the above instructions are executed, the content of data memory address 52H is transmitted to address 58H.
In other words, the “MOV @r, m’* instruction is called ‘‘general register indirect transmission’” and becomes the data
memory, i.e., address 58H’s data memory in which the content (8 in the above description) of the general register
specified by r is made the column address and the row address (5 above) specified by m is made the row address
(see Fig. 7-3). .

For details of general register indirect transmission, please refer to 9.5 ““Index Register (IX) and Data Memory
Row-address Pointer (MP)"’.

Fig. 7-3 Execution of Example 2

Column Address

01 2 3 4.5 6 7 8 9 A B C D E F_

0 8 General Register
1
2 MOV @04H, 56H
é 3 BANKO
3 4
Q
5
6
7 System Register RP
Example 3: AND RPL, #0000B ; RP < 0000000B; Sets the general register to BANKO’s row
_ address. '
MOV  BANK, #0010B ; BANK2
LD 01H, '31H
LD 02H, 32H
LD O3H, 33H
LD 04H, 34H
OR RPL, #1000B ; RP <« 0000100B; Sets the general register to BANKO's row
address.

LD 05H, 45H
LD 06H, 46H
LD 07H, 47H
LD 08H, 48H

This example is the program which transmits the 8-word data in BANK2 by 4 words to the data memory of
BANKQO, as shown in Fig. 7-4.

At this time, if the general register is fixed and exists only in row address 0 of BANKO for example, the instruc-
tion which transmits all 8 words at once to the register and then stores them once again in the data memory is
required. However, if the row address of the general register changed by the general register pointer as in this
example, the operation can be terminated with the STORE instruction only.
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Row Address

~

4 —l
5

B |

7 “System Register -
0

1

2

3 BANK3

a .

5

6 .
7 System Register

PD17052
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Fig. 7-4 Execution of Example 3

Column Address
0O 1 2 3 4 5 8 7 8 9 A B C D E F

—RP = 0000000B

N

BANKO

» W

—RP = 0000100B

[4)]

7" . ‘ System Register RP

2 . I B " BANK1

(o]

System Register

2 N BANK2

|
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7.4 PRECAUTIONS IN USING GENERAL REGISTER
* Precautions when using the general register are explained based on the example below.

Example: AND RPL, #0001B ; PR < 00000108

OR RPL, #0100B ;
MOV  BANK, #0000B ; BANKO

LD 04H, 32H

If the above instructions are executed, the content of data memory BANKO's 32H is loaded in address 24H of
general register BANKO. )

This is because, if the description is as above in the LD r, m instruction, the general register is BANKO's row
address 2H and thus the general register address specified by r becomes address 24H of BANKO and the data
memory address specified by m becomes address 32H of BANKO (see Fig. 7-5).

Here, what needs to be careful about is when, in using the assembler, the value specified by r has been described
as the actual data memory address, for example, 24H. As r needs only the lower 4 bits even in this case, the row
address 2H is ignored in the assembler. Therefore, even when the LD 24H, 32H instruction has been executed, the
same result as above is obtained. )

When using the assembler, if the general register address is specified directly in the instruction operand as shown
below, error occurs.

Error
LD 04H, 32H ; Describes the general register address with 04H,

Normally used method
R1 MEM  0.04H ; @ Allocates BANKO's 04H and 32H to R1 and M1 respectively as the memory
M1 MEM  0.32H ;] type.
LD R1, M1 ;
At this time, even if
R2 MEM  0.34H

M1 MEM  0.32H
LD R2, M1

is executed, R1 and R2 operate in the same manner as in @ because they are the same column address.
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Fig. 7-5 Execution of Example

0 1 2 3 4 5 6

- Column Address

7 8 9 A

B

C D E

#PD17052

F

k—RP = 00000108

- 2
8
] 3
<
24
o]
o .
5 LD 04H, 32H
s -
7 System Register RP
‘ " Another p'recaution to take when.using the general register is that it does not have the arithmetic operation
instruction between the general.register and.the immediate data. In other owrds, to issue an arithmetic operation

instruction between the data memory and the immediate data specified in the general register, it is nécessa‘ry to

‘handle this data memory not as the general register but as the data memory.

45




#PD17052

NEC

8. ALU

ALU processes the arithmetic operation, the logical operation, the bit decision, the comparative decision and
the rotation of 4-bit data.

8.1 ALU CONFIGURATIONS
Fig. 8-1 shows ALU block configurations.
As shown in Fig. 8-1, the ALU block is configured with the ALU body, which processes 4-bit data: registers A

and B for temporary memory, which are ALU’s peripheral circuits; the status fllp flop, which controls the ALU
status; and the decimal correction circuit used in decimal operations.

The status flip-flop is configured, as shown in Fig. 8-2, with FF for the zero flag, FF for the carry flag, FF for the
compare flag and FF for the BCD flag.

The status flip-flop corresponds to one-to-one with each flag of the program status word (PSWORD: Addresses
7EH and 7FH) in the system register. ’

Fig. 81 ALU Block Configurations

Data Bus
Temporary Temporary Status
Memory Memory Flip-Flop
Register A Register

—N  Aw
/] e Adithmetic

Operation

® Logical
Operation
® Bit Decision

® Comparative

Decision
e Rotation
Processing

Decimal
Correction
Circuit
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Fig. 8-2 Status Flip-Flop Configurations

Program Status

N
ame Word (PSWORD)
System Ad-
7EH 7FH
Regis- dress
ter Bit bg | bg | bz | b1 | bg

Flag BCD|CMP| CY | Z [IXE

Status
Flip-Flop
(=] o
8 o o
L WLix B|5
L 0»9 a |8 (e
w oOu S, >W
U oue o or

Outline

Indicates that the arithmetic

operation result is 0.

Stores the carry or the borrow in

| arithmetic operation.

Specifies whether to store the

arithmetic operation result.

Specifies whether to perform the arithmetic operation binarily or
decimally.

f Z Flag

8.2 ALU FUNCTION
The ALU block performs the arithmetic operation, the logical operation, the bit decision, the comparative

decision and the rotation processing with the instruction specified by the program. Table 8-1 lists arithmetic opera-

tions, decisions and rotation processings.
By executing each of the instructions shown in Table 8-1, 4-bit arithmetic operations, decisions and rotation

processings, or 1-column decimal arithmetic operations can be executed by a single instruction.

8.2.1 Arithmetic Operation
The arithmetic operation includes addition and subtraction. The arithmetic operation can be performed between

the contents of the general register and that of the data memory, or between the contents of the data memory and
the immediate data. Also, in the arithmetic operation, the binary 4-bit operation and the decimal 1 column opera

tion are possible.
The logical operation includes the logical AND, the logical OR and the logical exclusive OR. The logical operation

can be performed between the contents of the general register and that of the data memory, or between the contents

of the data memory and the immediate data.
In the bit decision, the bit which is 0 or 1 among the 4-bit data of the data memory is decided upon.

In the comparison decision, the data memory contents and the immediate data are compared and then the

decision is made whether they are “equal’’, “unequal’’, ““equal or more’ or “’less™.
In this rotation processing, the 4-bit data of the general register is shifted by 1 bit in the lower bit direction

(rotated to right).
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Table 8-1 ALU Processing Instruction List

ALU Function

Instruction

Operation

Description

Arithmetic
operation

Addition

ADDr,m

(R} < (R} + (M)

Adds together general register and data
memory contents, Stores the result in
the general register,

ADD m, #i

(M) < (M) +i

Adds together the data memory and
immediate data contents. Stores the
result in the data memory.

ADDC r, m

(R) < (R) + (M) + {CY)

Adds general register and data memory
contents together with the CY flag.
Stores the result in the general register.

ADDC m, #i

(M) < (M) +i + (CY)

Adds data memory and immediate data
contents together with the CY flag.
Stores the result in the data memary.

Subtraction

SUBr,m

(R) < (R) — (M}

Subtracts the data memory contents
from the general register contents,
Stores the results in the general register,

SUB m #i

(M) < (M) — i

Subtracts the immediate data from the
data memory contents. Stores the result
in the data memory.

SUBCr, m

(M) « (R) = (M) — (CY)

Subtract the data memory contents and
the CY flag from the general register
contents. Stores the result in the general
register.

SUBC m, #i

(M) « (M) —i — (CY)

Subtracts the immediate data and the
CY flag from the data memory contents.
Stores the result in the data memory.

Logical
operation

LogicaI‘OR

ORr,m

(R) < (R} OR (M)

Ap'plies logical OR to the general register
and data memory contents. Stores the
result in the general register.

OR m, #i

(M} < (M) OR i

Applies logical OR to the data memory
and immediate data contents. Stores the
result in the data memory.

Logical
AND

ANDr, m

R) < (R} AND (M)

Applies logical AND to the general
register and data memory contents,
Stores the result in the general register.

AND m, #i

(M) + (M) AND i

Applies logical AND to the data memory
and immediate data contents, Stores the
result in the data memory.

L.ogical
exclusive
OR

XORr, m

(R) «+ (R) XOR (M)

Applies logical XOR to the general
register and data memory contents,

Stores the result in the general register.

XOR m, #i

{M} < (M) XOR i

Applies XOR to the data memory and
immediate data contents, Stores the
result in the data memory,
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ALU Function {nstruction Operation Description
) Skips if all the bits in the data memory
True SKT m, #n SKIP if (M} > n contents specified by n are true (1).
Bit Does not store the result.
decision Skips if all the bits in the data memory
False SKF m, #n SKIPif (M) < n XOR 1111B contents specified by n are false (0).
Does not store the result,
Skips if the data memory contents is
Equal SKE m, #i SKIP if (M) =i equivalent to that of the immediate data.
Does not store the result.
Skips if the data memory contents is not
Unequal SKNE m, #i SKIP if (M} # i equivalent to that of the immediate data.
Comparative Does not store the result,
decision Eaual Skips if the data memory contents is
ual or
q SKGE m, #i SKIPif (M) > i equivalent or more than that of the im-
more =
mediate data. Does not store the result.
Equal Skips if the data memory contents is less
ual or
| g th SKLT m, #i SKIPif (M) < i than that of the immediate data. Does
ess than
not store the result.
Rotates the general register contents
Clockwise (cv) . g .g
Rotation . RORC r I: clockwise together with the CY flag.
rotation bz — by — by —>bg

Stores the result in the general register.
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Table 8-2 Program Status Word Operation

ALU BCD Flag CMP Flag Arithmetic Modification
. . CY Flag Z Flag
Function Value Value QOperation by IXE =1
Stores the This is set if the arithmetic
0 0 binary operation result is 0000B.
operation It is reset if the result is
result. other than 0000B.
Does not If the arithmetic operation
store the o operation result is 00008,
0 1 binary Thisis set the state is held. If the
operation if CARRY/ result is other than 0000B,
Arithmetic result, BORROW this is reset,
. occeur, With
operation Stores the It is reset if This is set if the arithmetic
1 0 declmél they do not !'esult is 00095. It is reset
operation oceur. if the result is other than
result. 00008.
Does not The state is held if the
store the arithmetic operation result
1 1 decimal is 00008B. If the result is
operation other than O000B, this is
result. reset.
Logical Arbitrary Arbitrary Previous
i No change Previous state held With
operation (hold) {hold) state held
Bit Arbitrar Previous ‘
. Y Reset No change Previous state held- With
dicision {hold) state held
Comparative Arbitrar Arbitrar Previous
. p v v No change Previous state held With
decision {hold) (hold) state held
Arbi Arbi Value of
t t
Rotation rotrary roirary No change general Previous state held With
{hold) {hold) .
register bg
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8.2.2. Temporary Memory Registers A and B Function
Temporary memory registers A and B are the registers necessary for processing 4-bit data all at once. Data to be

processed and processing data are stored in these registers temporarily.

823 Status-FIib-FIop Function

, The status flip-flop stores the status of ALU’s operation control and processed data. The status flip-flop'is cor-
responded one-to-one to each flag of the program status word (PSWORD) of the system register. Therefore, if the
system register 'is operated, the status flip-flop ' is operated simultaneously. Therefore, each flag of the program
status word is explained below.

These flags can change the value by directly operating the program status word. At this time, the status flip-flop
corresponded to the changed flag changes in the same manner.

(1) Zflag
this flag is set (1) if the result of the arithmetic operation is 0000B. It is reset (0) if the result is other than
0000B. However, the condition for setting (1) differs as below depending on the CMP flag status..

(a) CMPflag=0 4
This is set {1) |f the arnthmetlc operation result is OOOOB and is reset (0) if the result is other than 0000B.

{b) CMP flag =1
The previous status is held if the arithmetic operation result is 0000B. The flag is reset (0) if the result is
other than 0000B.

(2) CY flag A
This is set (1) if CARRY or BORROW occurs as a result of the arithmetic operation, and is reset {0) if CARRY
or BORROW does not occur.
When performing the arithmetic operatlon together with CARRY or BORROW, the CY flag content is arith-
metically operated in the lowest bit.
When performing the rotation (RORC instruction), the CY flag is shifted to the highest bit (b3) of data. Thus,
the CY flag is reset (0) if the lowest bit (bg) of the general register is “’0”, and set (1) if the lowest bit (bg) of
the general register is 1", :

The CY flag does not change except in the arithmetic operation or the rotation.

(3) CMP flag .
The result of the arithmetic operation executed when the CMP flag is set (1) is not stored in the general register
and the data memory.
The CMP flag is reset {0) if the bit decision instruction is executed.
This does not affect the comparative decision, the logical operation or the rotation.

{4) BCD flag
If the BCD flag is set {1}, all the arithmetic operations are performed decimally.
They are performed binarily if this flag is reset (0).
It does not affect the logical operation, the bit decision, the comparative decision or the rotation.

8.2.4 Decimal Adjustment Circuit Function
If the BCD flag is set (1) in the arithmetic operation, the arithmetic operation result is converted to decimal
figures by the decimal adjustment circuit.
Table 8-3 shows the arnthmetlc operation output data and the output data after decimal adjustment.
For details of decimal operation, please refer to 8.3 “Arithmetic Operation {Binary and Decimal Addition and
Subtraction)”’.
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Table 8-3 Decimal Operation Adjustment Data

Arithmetic Operation Output Data

Output Data after Decimal Adjustment

Addition Subtraction
CY Flag Data

: CY Flag Data CY Flag Data
0 0000B 0 0000B 0 0000B
0 0001B 0 0001B 0 0001B
0 0010B 0 0010B 0 0010B
0 0011B 0 0011B 0 0011B
0 0100B 0 0100B 0 0100B
0 0101B 0 0101B 0 0101B
0 0110B 0 0110B 0 0110B
0 0111B 0 0111B 0 0111B
0 1000B 0 1000B 0 1000B
0 1001B 0 1001B 0 1001B
0 1010B 1 0000B 1 1100B
0 1011B 1 0001B 1 1101B
0 1100B 1 0010B 1 1110B
0 1101B 1 0011B 1 1111B
0 1110B 1 0100B 1 1100B
0 1111B 1 0101B 1 1101B
1 0000B 1 0110B 1 1110B
1 0001B 1 0111B 1 1111B
1 0010B 1 10008 1 1100B
1 0011B 1 1001B 1 1101B
1 0100B 1 1110B 1 1110B
1 0101B 1 1111B 1 1111B
1 0110B 1 1100B 1 0000B
1 0111B 1 1101B 1 0001B
1 1000B 1 1110B 1 0010B
1 1001B 1 1111B 1 0011B
1 1010B 1 1100B 1 0100B
1 1011B 1 1101B 1 0101B
1 1100B 1 1010B 1 0110B
1 1101B 1 1011B 1 0111B
1 1110B 1 1100B 1 1000B
1 1111B 1 1101B 1 1001B
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8.25 ALU Block Processing Procedure

If an arithmetic operation, logical operation, bit decision, comparative decision or rotation instruction is executed
on the program, the arithmetic operation, the decision or the processed data and the processing data are stored
respectively in temporary memory registers A and B. .

The processed data, which is 4-bit data, is the contents of the general register or data memory address-specified '
with the first operand of each instruction. The processing data, which is 4-bit data, is the contents of the data
memory address-specified with the 2nd operand of each instruction or the immediate data directly specified with
the 2nd operand.

For example, in the instruction ADD r, m,

ADD r, m
I—-——2nd operand
1st operand

the processed data is the contents of the general register address-specified with r, and the processing data is the
contents of the data memory address-specified with m.

In the instruction “ADD m, #i"”, the processed data is the contents of the data memory address-specified with m,
and the processing data is the immediate data specified with #i.

The rotation instruction RORC r, for which the processing method is fixed, needs only the processed data, which
is the contents of the general register address-specified with r.

Next, data stored in temporary memory registers A and B execute the arithmetic operation, logical operation, bit
decision, comparative decision or rotation in a ALU in accordance with the respective instruction. If the executed
instructions are the arithmetic operation, the logical operation and the rotation, data processed in ALU are stored
in the general register or data memory specified with the 1st operand of the instruction to terminate the operation.
If the executed instructions are the bit decision and the comparative decision, the operation is terminated by skip-
ping the following instruction on the program (the foIIowinQ instruction is executed as the NO OPERATION instruc-
tion (NOP)), based on the result processed in ALU.

It is necessary to be careful about the following points in ALU block operations.

(1} The arithmetic operation is affected by the CMP or BCD flag of the program status word.

(2) The logical operation is not affected by the CMP or BCD flag of the program status word. Neither does this
operation does affect the Z or CY fiag.

(3) The bit decision resets the CMP flag of the program status word.

{4) The arithmetic operation, logical operation, bit decision, comparative decision or rotation receives modifica-
tion by the index register if the 1XE flag of the program status word is set {1). {See 9 “System Register
(SYSREG)".}
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8.3 ARITHMETIC OPERATION (BINARY AND DECIMAL ADDITION AND SUBTRACTION)

As shown in Fig. 8-3, the arithmetic operation is largely divided into addition and subtraction, and these are
further subdivided into addition with CARRY and subtraction with BORROW. These four types in the arithmetic
operation uses instructions “ADD’’, “ADDC", “SUB" and “SUBC" respectively.

The instructions “ADD", “ADDC", “SUB" and “SUBC'" are divided into addition/subtraction of the general
register and the data memory; and addition/subtraction of the data memory and the immediate data. This is decided
by the value described in the operand of each instruction. In other words, if the operand is “r, m*’, it will result in
addition/subtraction of the general register and the data memory. If “m, #i", it will result in addltlon/subtractnon
of the data memory and the immediate data.

The-arithmetic operation instruction is affected by the program status word of the system register. Binary or
decimal operations can be conducted by the BCD flag of the program status word and it is possible not to store the
arithmetic operation result anywhere by means of the CMP flag.

8.3.1 to 8.3.4 describe various arithmetic operation instructions and the program status word. However, for
details of the index modification based on the index enable flag (IXE), please refer to 9 “’System Register
{(SYSREG)".

And, precautions when using the arithmetic operation are described in 8.3.5.
Fig. 8-3 Arithmetic Operation Types

General register and data memory

DD r,
— CARRY ignored APD r.m
ADD
Data memory and immediate data
ADD m, #i
—— Addition
General register and data memory
L Add as well as CARRY ADDC r,m
DD
ADDC Data memory and immediate data
ADDC m, #i
Arithmetic —
Qperation
General register and data memory
— BORROW ignored SUB r,m
sus Data memory and immediate data‘
L SUB m, #i

Subtraction —

General register and data memory

—— Subtract as well SUBC r.m
as BORROW . .
Data memory and immediate data
suBC

SUBC m, #i
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8.3.1 Addition/subtraction when CMP Flag =0, BCD Flag=0

Binary addition/subtraction is performed and the result is stored in the general register or the data memory.

The CY flag is set (1) if the operation result exceeds 1111B {occurrence of CARRY) or less than 0000B (occur-
rence of BORROW}), and reset (0) if otherwise. .

If the operation result becomes 0000B, the Z flag is set (1) regardless of the occurrence of CARRY or BORROW,
if it is not 00Q0B, the Z flag is feset (Q).

Example 1: MOV R1, #1111B; Transmits 1111B to general register R.
MOV M1, #0001B; Transmits 00018 to data memory M1.
ADD R1, M1 ; Adds R1 and M1.

At this time, R1 + M1 is calculated as below.

1111B ... Contents of R1
+ 0001B ... Contents of M1
1 00008
CARRY

Therefore, the addition result 0D00B is written in the contents of R1, and the CY flag is set (1). The contents of
M1 do not change.

If the data resulting from addition of the contents of R1 with that of M1 is not likely to output CARRY, the CY
flag is reset (0).

And, because the arithmetic operation result is 0000B, the Z flag is set (1).

Example 2: MOV M1, #1010B; Transmits 1010B to data memory M1,
ADD M1, #0101B; Adds immediate data 0101B to M1.

At this time, M1 + 0101B is calculated as below.
1010B ... Contents of M1
+0101B ... Immediate data
21 111B
CARRY

Thus, 1111B is written in the contents of M1, and the CY and Z flags are reset.

3: MOV R1, #1000B; Writes 1000B in general register R1.
MOV M1, #1111B; Writes 0101B in data memory M1.
ADD M1, #0001B; (1) Addsimmediate data 0001B to M1.
ADDC R1, M1 ; @ Adds R1 and M1 together with CARRY.

(D is calculated as below.
1111B ... Contents of M1
+0001B ... Immediate data

100008
CARRY
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Therefore, 0000B is written in M1, and CY and Z flags are set (1).
(@ is calculated as shown below,

1000B ... Contents of R1
0000B ... Contents of M1
+ 1 ... Contents of CY flag
01001B
CARRY

In other words, when executing the ADDC instruction, the addition is made together with the contents of the CY
flag at this time, and the CY flag is reloaded by the CARRY output of the result.

Example 4: MOV R1, #0000B; Writes 0000B in general register R1.
MOV M1, #1000B ; Writes 10000B in data memory M1.
SUB R1, M1 ;  Subtracts M1 from R1. .

At this time, R1 — M1 is calculated as below.

0000B ... Contents of R1
— 1000B ... Contents of M1
110008
BORROW

Therefore, the subtraction result 1000B is written in R1. At this time, BORROW occurs, the CY flag is set (1). If
data does not cause BORROW, the CY flag is reset (0). In other words, CARRY by the addition instruction and
BORROW by the subtraction instruction are controlled by the same CY flag.

Example 5: MOV R1, #0000B :
MOV M1, #00008 ;
SUB M1, #0001B; (1)
SUBC R1, M1 ;@

At this time, (1) and (2) are calculated as follows.

(D 0000B ... Contents of M1
—0001B ... Immediate data
111118
BORROW

(@ 00008 ... Contents of R1

1111B ... Contents of M1
- 1 ... Contents of CY flag
100008
BORROW

Thus, the arithmetic operation results become R1 = 0000B, M1 =1111B, CY flag = 1 and Z flag = 1.
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8.3.2 Addition/subtraction when CMP Flag = 1, BCD Flag =1
The binary addition/subtraction is performed.
However, as the CMP flag is set (1 ),'the arithmetic result is not stored in the general register or data memory.
If CARRY of BORROW is caused by the operation result, the CY flag is set (1); if not, the CY flag is reset (0).
The Z flag maintains the previous status if the operation result is 0000B; it is reset (0) if the result is not 00008B.

Example 1: MOV PSW, #1000B ; Sets the CMP flag (writes in program status word).
MOV R1, #1111B;
MOV M1, #1111B;
ADD R1, M1 ;0 @
SUB R1, M1 ;0 @
MOV PSW, #1010B ; Sets the CMP and Z flags.
suB M1 N E)

R1,

At this time, (1) is calculated as follows.

1111B ..
+11118 ..

111108
CARRY

. Contents of R1
. Contents of M1

However, as the CMP flag is set (1), the arithmetic operation result is not stored in R1.
As CARRY occurs, the CY flag is set (1).

As the operation result is not 0000B, the Z flag is reset.
As the contents of R1 and M1 in @ are the same as those in @ , the CY flag is reset (0). As the operation result

is 0000B, the Z flag maintains its previous status 0.
Although @ is operated in the same manner as @ the Z flag is set (1) in advance. Therefore, the Z flag main-
tains 1. If the CMP flag is set (1), the arithmetic operation result is not stored changing only the CY and Z flag

statuses. Therefore, this is convenient in comparing data of 5 bits or more.
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Exarﬁple 2: MOV PSW, #1010B ; Sets (1) CMP and Z flags.
SUB M1, #0001B(1H) ; (D
SUBC M2, #0010B(2H) ; (@
SUBC M3, #0011B(3H) ; @

At this time, as the CMP flag is set (1), the operation result is not stored. Thus, even if (1), @ and @ are
executed, the contents of M1, M2 and M3 do not change.

The Z flag is initially set (1). Thus, if-the operation results of all @, @ and @ are 0000B, this flag keeps the
initial setting (1). And, if even one of the operation results is not 0000B, this flag is reset (0).

The CY flag is set when the contents of the 12 bits of M3, M2 and M1 are smaller than 001100100001B {321H). .
Thus, the 12-bit data of M3, M2 and M1 can be compared with the 12-bit data of 321H by testing the Z flag and the
CY flag at the point of terminating (1), @ and (3).

In other words,

I£Z=1,CY=1: M3, M2, M1 = 321H ' |
0

Always becomes 0.

I£Z=0,CY=0: M3, M2, M1> 321H

1£Z=0,CY =1: M3, M2, M1 < 321H

In example 2, by using instructions UB r, m and SUBC r, m, it is possible to compare the contents of the general
register with that of the data memory.

8.3.3 Addition/subtraction when CMP Flag = 0, BCD Flag = 1
The decimal arithmetic operation is performed.

The operation result is stored in the general register or data memory. The CY f'lag is set (1) if the operation result
is more than 10018 (9D) or less than 0000B {OD), and is reset (0) if 00008 (OD) to 10018 (9D).
The Z flag is set {1) if the operation result becomes 0000B (0D), and is reset (0) if other than 0000B {OD).
The decimal operation uses the method of decimally converting the once-binarily-operated result at the decimal
adjustment circuit. For details of this binary-to-decimal conversion, please refer to Table 8-3 in 8.2.4 “Decimal
" Adjustment Circuit Function”.

Therefore, to correctly execute the decimal operation, the following restrictions are necessary.

(1) The addition result shall be 0 to 19D.
(2) The subtraction result shall be 0 to 9D or —10D to —1.

0 to 19D are the values which have considered the CY flag. If they are expressed binarily, they becomeAQI,‘OOOOB

cYy
to 1, 00118.

cY
In the same manner, —10D to —1 become 1,0110Bto 1, 1111B.
CcY cYy

If the decimal operation is performed outside the restrictions above, the CY flag is set {1) and data of 1010B
(OAH) or more is output as a result of the operation.
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#0111B (7);

#0001B  ; Sets the BCD flag (the BCD flag is allocated to bg of RPL of the
system register),

#0000B ; Resets CMP, CY and Z flags.

#1001B(9); (D, 7+9

#0111B8(7); @ 6-7

At this time, (1) is calculated as follows.

0111B
+1001B ...
1 00008

CARRY

{

... Contents of M1
Immediate data
... Binary addition result

Table 8-3 “Binary-to-Decimal Conversion’’ based adjustment.

lm 10B ... M1-stored data
CARRY

. in other words, the CY flag is-sét thus storing 01108 (6) in M1. Considering that the CY flag is the weight of 10,
it results in the decimal operation of 7+ 9 = 16. ) '

@ is calculated as follows.

0110B ... Contents of M1

— 01118 ... Immediate data
111118 ... Binary subtraction result
BORROW

|  Binary:to-decimal adjustment

110018 ... M1-stored data

This means that, as 6 is stored in M1 in @, 6 — 7 has been performed. The result is 9 and the CY flag is set.
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Example 2: MOV M1, #0101B (5) ;

MOV M2, #0110B (6) ;
MOV M3, #0111B(7) ;

MOV  RPL

’

’

, #0001B ; Sets (1) the BCD flag.

MOV  PSW, #0000B ; Resets (0) CMP, 2Y and Z flags.
suB M1, #0111B(7) ; Q)

SUBC M2, #01108B (6)

e

SUBC M3, #0101B(5) ; (3

At this time, D, @ and @) a

re calculated as follows.

@ 0101B ... Contents of M1
—0111B ... Immediate data
111108
BORROW

! Binary - decimal
110008 (8) ... M1-stored data
BORROW

@ 0110B ... Contents of M2
—0110B ... Immediate data
,1\11118 ... CY flag
BORROW

{
11001B (9) ... M2-stored data
BORROW

@ 0111B ... Contents of M3
—0101B ... Immediate data
200018 ... CY flag
BORROW

1
00001B (1) ... M3stored data

~PD17052

This means that immediate data 567 was subtracted from 765 stored in M3, M2 and M1, thus resulting in 198.
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Example 3: MOV M1, #1001B;
MOV  RPL, #0001B; Sets (1) the BCD flag.
MOV  PSW, #000B ; Resets (0) CMP, CY and Z flags.
ADDC M1, #1010B; (D
ADDC M1, #1010B; (2

At this time, (1) is calculated as follows.

1001B (9) ... Contents of M1
+1010B (10) ... Immediate data
100118 ... CY flag
CARRY
!  Binary = decimal
,me B ... Operation result
CARRY

This means that 9 + 10 = 9. And considering the CY flag, the results that the decimal operation of 9 + 10 = 19 has
been performed. On the other hand, @ is calculated as follows.

1001B {9) ... Contents of M1
+ 1010B (10) ... Immediate data
JA01OOB ... CY flag
CARRY
4 Binary — decimal
,L" 110B ... Operation result
CARRY

In other words, as the CY flag is set (1), the operation result exceeds 19, thus leading to an incorrect decimal
operation.
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8.3.4 Addition/subtraction when CMP Flag = 1, BCD Flag = 1
The decimal arithmetic operation is performed. _
The operation result is not stored in the general register or data memory.
In other words, operations when CMP flag = 1 and BCD flag = 1 are performed simultaneously.

Example: MOV  RPL, #0001B; Sets (1) the BCD flag.
MOV  PSW, #1010B; Sets (1) CMP and Z flags and resets (0} the CY flag.
SuB M1, #0001B; (1)
SUBC M2, #0010B; (2
susCc w3, #0011B; (@

At this time, it is possible to decimally compare the contents of the 12 bits of M3, M2 and M1 with 321 of the
immediate data by meansof (1), (2) and ..

8.3.5 Precuations in Using Arithmetic dperati’on

When applying the arithmetic operation to the program status word, it is necessary to pay attention to the fact |
that the arithmetic operation result is stored in the program status word.

In other words, the CY and Z flags in the program status word are normally set/rgset by the arithmetic operation
result. However, if the arithmetic operation is performed on the program status word itself, the arithmetic operation
result is stored thus making it impossible to determine CARRY, BORROW or ZERO.

However, when the CMP flag is set (1), the arithmetic operation result is not stored. Therefore, the CY and Z
flags are set/reset as usual. . '

Example 1: MOV PSW, #0110B
ADD PSW, #1010B

At this time, it is calculated as follows.

0110B ... Contents of PSW
+1010B ... Immediate data .
100008
CARRY

Therefore, although the CY and Z flags are supposed fo be set, the operation result 0000B is stored in PSW
because the CMP flag is ‘0"

Example 2: MOV PSW, #1010B
ADD PSW, #1000B

At this time, it is calculated as follows.

1010B ... Contents of PSW.
+ 1000B ... Immediate data
100108
CARRY

However, as the CMP flag is set (1), the operation result 0010B is not stored in PSW. Therefore, the CY flag of
PSW is set (1) and then the Z flag is reset (0). In other words, 11008 is stored in PSW.
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8.4 LOGICAL OPERATION o .

As shown in Fig. 8-4, the logical operation can use the logical OR, the logical AND and the logical XOR.

Logical operation instructions are divided into these three types, thus using the “OR"”, “AND" and “XOR"
instructions respectively. .

The “OR", “AND" and “XOR" instructions are further divided into the logical operation of the general register
and data memory and that of the data memory and immediate data. This is decided by the value "’r, m" or “m, #i"'
described in the operand of the instruction in the same manner as the arithmetic opération.

The logical operation is not affected by the BCD or CMP flag of the program status word. Neither does it affect
the CY or Z flag. However, when the index enable flag is set (1), it is modified by the index register. For details of
modification by the index register, please refer to 9 “‘System Register”’.

8.4.1 and 8.4.2 explain the logical OB, the logical AND and the logical XOR.

Fig. 8-4 Logical Operation -

General register and data memory

OR r.m
—— Logical OR .
OR . .
Data memory and immediate data
OR m, #i
‘ General register and data memory
Logical | — Logical AND AND r,m
-operation AND Data memory and immediate data
AND m, #i
General register and data memory
L Logical XOR XOR r,m
) XOR

Data memory and immediate data
XOR m, #i

8.4.1 Logical OR
Table 8-4 shows the truth value table of the logical OR.

Table 84 Truth Value of Logical OR

AORB=C
A B c
0 0
0 1 1
1 0 1
1 1 1

The logical OR instruction performs the OR operation of 4-bit data in accordance with the truth value shownl in
Table 8-4.
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Example: MOV R1 #1010B ;
MOV M1, #1001B ;
OR R1, M1 Q)
OR M1, #11008; (@)

At this time, (1) is calculated as follows.

1010B ... Contents of R1
OR 1001B ... Contents of M1
1011B ... Operation result

Thus, 1011B is stored in R1.
2 iscalculated as follows.

1001B ... Contents of M1
OR 1100B ... Immediate data
1101B

Thus, 1101B is stored in M1,
The logical OR is convenient if used when setting (1) the contents of data memory in 1-bit, 2-bit, 3-bit or 4-bit

unit.
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8.4.2 Logical AND
Table 8-5 is the truth value table of the logical AND.

Table 8-56 Truth Value of Logical AND

AANDB=C
A B c
0 0
0 1 1
1 0] 1
1 1 1

The logical AND instruction performs the AND operation of 4-bit data in accordance with the truth value shown
in Table 8-5.

Example: MOV R1, #1010B;
MOV M1, #10018B;
OR R1, M1 Q)
OR W1, #1100B: @

At this time, (1) is calculated as follows.
1010B ... Contents of R1

AND 1001B ... Contents of M1
1000B ... Operation result

Thus, 1000B is stored in R1.
2 is calculated as follows.

1001B ... Contents of M1
AND 11008 ... Immediate data
1000B

Thus, 1000B is stored in M1.
The logical AND is convenient if used when resetting (0) the contents of data memory in 1-bit, 2-bit, 3-bit or

4-bit unit.

65




NEC uwPD17052

8.4.3 Logical Excluslve OR
Table 86 i is the truth value table of the logical excluswe OR.

Table 8-6 Truth Value of Logical Exclusive OR

A XORB=C
A B | ¢
0 0

0 1 1
1 0 1
1 1 1

The logical exclusive OR instruction performs the XOR operation of 4-bit data in accordance with the truth value
" shown in Table 8-6.

Example: MOV R1, #1010B;

‘ MOV M1, #10018B;
XOR R1, M1 ;@
XOR M1, #1100B; (2

At this time, @ is calculated as follows.
1010B ... Contents of R1

XOR 1001B ... Contents of M1
0011B ... Operation result

Thus, 0011B is stored in R1.
() is calculated as follows.

1001B ... Contents of M1
XOR 1100B ... Immediate data
01018

Thus, 0101B is stored in M1,

The logical exclusive OR is convenient if used when inverting the contents of data memory in 1-bit, 2-bit, 3-bit
or 4-bit unit.
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As shown in Fig. 8-5, the bit decision is divided into the true bit (1) decision and the false bit (0} decision.
The true bit (1) decision and the false bit (0} decision use the “SKT’* and "*SKF’’ instructions respectively.

The “SKT"” and *SKF" instructions can be issued only to the data memory.

The bit decision is not affected by the BCD flag of the program status word. Nor does it affect the CY flag and
the Z flag. However, the CMP flag is reset (0) if the “SKT" or “SKF" instruction is executed. When the index enable
flag has been set {1), it is modified by the index register. For details of modification by the index register, please
refer to 9 ‘‘System Register (SYSREG)"".

8.5.1 and 8.5.2 describe the true bit {1) decision and the false bit {0) decision.

Bit decision

Fig. 8-6 Bit Decision Instruction
True bit (1) decision
SKT m, #n

False bit (0) decision
SKF m, #n

8.5.1 True Bit {1) Decision
The true bit {1) decision instruction “SKT m, #n" decides whether the bit specified by n among the 4 bits of the
data memory is “true (1)”. When ali the bits specified by n are “true (1}, the instruction following this instruction

is skipped.

Example: MOV M1,

SKT M1,
BR A
BR B
SKT M1,
BR C
BR D

#1011B ;
#10118; (O
#11018; @

At this time, bits b3, by and bg of M1 are decided in @ and, as all are true (1), are branched to B. In @ , bits
b, by and bg of M1 are decided. However, by of M1 is branched to C as it is false (0).

8.5.2 False Bit (0) Decision
The false bit {0) decision instruction “'SKF m, #n* decides whether the bit specified by n among the 4 bits of
the data memory is false {0). If all the bits specified by n are “false (0}, the instruction following this instruction

is skipped.

Example: MOV M1,

SKF M1,
BR A
BR B
SKF M1,
BR Cc
BR D

#10018 ;
#o01108; (D
#11108; @

’

’

At this time, bits bo and by of M1 are decided in (@ and, as all are false (0), are branched to B. In (@, bits bg,
bz and bg of M1 are decided. However, bz of M1 is branched to C as it is true {1).
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8.6 COMPARATIVE DECISION
As shown in Fig. 8-6, the comparative decision is divided into ‘“equal”, “‘unequal’’, ““equal or more’* and *less”.
The “equal”, “unequal”, “equal or more” and “less” decisions use the 'SKE’*, “SKNE"", “SKGE'* and *'SKLT"
instructions respectively.

The “SKE”, “SKNE", “SKGE" and “SKLT" instructions can perform only the comparative decision between
the data memory and the immediate data. The comparative decision between the general register and the data
memory is made by the subtraction instruction by means of the CMP and Z flags of the program status word. (See
8.3 “Arithmetic Operation (Binary and Decimal Addition/Subtraction)”.

The comparative decision is not affected by the BCD and CMP flags of the program status word. Nor -does it ‘
affect the CY and Z flags. ‘

8.6.1 t0 8.6.4 describe the "“equal’’, “unequal”, “equal or more” and ““less’’ decisions.

Fig. 8-6 Comparative Decision Instruction
— Equal
SKE m, #i
—— Unequal
SKNE m, #i
—— Equal or more
SKGE m, #i
— Less
SKLT m, #i

Comparative Decision
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Phase-out/
8.6.1 “Equal’” Decision

The “equal’’ decision instruction “SKE m, #i” decides whether the contents of the data memory and that of the
immediate data are “equal”’.

If the data memory and immediate data contents are equal to each other, the instruction following this instruc-
tion is skipped.

Example: MOV M1, #1010B

SKE M1, #10108; (D
BR A
BR B

SKE M1, #10008; @
BR C
BR D

At this time, (1) branches to B because the contents of M1 and 1010B of the immediate data are equal.
(2) branches to C because the contents of M1 and 1000B of the immediate data are not equal.

8.6.2 ““Unequal’ Decision
The “unequal” decision instruction “SKNE m, #i" decides whether the contents of the data memory and that of

the immediate data are “‘unequal’’.
If the data memory and immediate data contents are unequal to each other, the instruction following this instruc-

tion is skipped.

Example: MOV M1, #1010B

SKNE M1, #10008: (D
BR A
BR B

SKNE M1, #1010B; (@
BR C
BR C

At this time, (1) branches to B because the contents of M1 and 1000B of the immediate data are unequal.
@ branches to C because the contents of M1 and 1010B of the immediate data are equal.

69



NEC wPD170562

8.6.3 ““More” Decision
The “more” decision instruction “SKGE m, #i"” compares the contents of the data memory and that of the

immediate data and skips the following instruction if the contents of the data memory are “bigger’’ than or “‘equal"”’
to that of the immediate data.

Example: MOV M1, #1000B

SKGE M1, #01118; (1)
BR A
BR B

SKGE M1, #1000B; (2
BR C
BR D

SKGE M1, #1001B; (3
BR E .
BR F

At this time, as the contents of M1 are 1000B, it is decided that (1) is “bigger”, (2) is “equal” and Q) is
"“smaller” and each is branched to B, D and E respectively.

8.6.4 ‘“Less’ Decision

The “less”’ decision instruction “SKLT m, #i” compares the contents of the data memory and that of the im-

mediate data and skips the following instruction if the contents of the data memory are ‘“smaller’’ than that of the
immediate data.

Example: MOV M1, #1000B

SKLT M1, #10018; (1)
BR A
BR B

SKLT M1, #10008; (2
BR C
BR D

SKLT M1, #0111B; (@
BR E ‘
BR F

At this time, as the contents of M1 are 10008, it is decided that (1) is “smaller”, @ is "equal” and () is
"’bigger”” and each is branched to B, C and E respectively.
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8.7 ROTATION PROCESSING

The rotation includes the right rotation and the left rotation.

The right rotation is processed with the “RORC” instruction. The left rotation is processed with the “ADDC
instruction”, which is an addition instruction.

The “RORC" instruction can be issued to the general register only.

The rotation by the “RORC" instruction is not affected by the BCD and CMP flags of the program status word.
Nor does it affect the Z flag at all.

The rotation is described below.

8.7.1 Right Rotation

The right rotation instruction “RORC r"” rotates the contents of the general register by one bit in the lower bit
directions. }

At this time, the contents of the CY flag are written in the highest bit b3 in the contents of the general register,
and the CY flag is written in the lowest bit bg and the contents of the lowest bit bg are written in the CY flag.

Example 1: MOV  PSW, #0100B ; Sets (1) the CY flag.
MOV R1, #10018
RORC R1 )

At this time, it is processed as follows.

CY Flag

1

b3 b2 b1 bp

In other words, the rotation is made to right as in CY flag = bz, b3 = b, ba = by, by = bg, bg = CY flag.

2: MOV PSW, #0000B; Resets(0)the CY flag.
MOV  R1, #10008B
MOV R2, #01008B
MOV R3, #0010B
RORC R1
RORC R2
RORC R3

At this time, the above program rotates the 12-bit data of R1, R2 and R3 to right.
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8.7.2 Left Rotation

The left rotation is made by using the “ADDC r, m"* instruction, which is an addition instruction.

Example: MOV  PSW, #0000B; Reset (0)the CY flag.
MOV  R1, #1000B
MOV  R2, #0100B
MOV R3, #00108B
ADDC R3, R3
ADDC R2, R2
ADDC R1, R1

At this time, the above program rotates the 12-bit data of R1, R2 and R3 to left.
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9. SYSTEM REGISTER (SYSREG)

The system register is the generic name for registers directly related to CPU control. They are located in addresses
74H to 7FH on the data memory.

The system register includes the following.

Address register

Window register

Bank register

Memory pointer enable flag

Index register

Data memory row address pointer
General register pointer

Program status word

Fig. 9-1 System Register Configurations

74H 75H 76H 77H 78H 79H
AR3 AR2 AR1 ARO WR BANK
b3 |bz|bq|bo[b3|ba|by|bg|bz|b2|b1|bg|b3|b2|b1|bg|b3|bz|b1|bg|b3 bo | by [bg
o|ojo|0|O|0O]|0O|O 0|0
7AH 78H 7CH 7DH 7EH 7FH
MPH, IXH MPL, {XM IXL RPH RPL Psw
bz|bz| bq|bo|b3|bz|b1|bg|b3|b2 bq|bg|bz|b2|b1|bg|b3|b2|b1|bg|b3|b2|b1|bo
M B(C |
P ci{M|C|z]|X
glojojo|o 0jofo|o plPl|Yy E

73




NEC

9.1 ADDRESS REGISTER (AR)

This register specifies the program memory address and is located in 74H to 77H. Instructions which use the [
address register include the indirect branch instruction (BR @AR, CALL @AR), the table reference instruction
{MOVT) and the stack operation instruction (PUSH, POP).

The indirect branch, which is to branch to the address of the program memory specified by the contents of the
address register, includes “BR @AR’" and “CALL @AR".

The table reference, which is performed with the “MOVT" instruction, transmits the contents of the program
memory address specified by the address register to DBF (0DH to OFH of BANKO) of the data memory.

The stack operation is performed by the “PUSH’ or POP” instruction. The “PUSH’' instruction stores the
contents of the address register in the stack specified by the stack pointer of the time and then —1 the contents
of the stack pointer. The “POP” instruction +1 the contents of the stack pointer and then loads the contents of
the stack specified by the stack pointer of the time onto the address register.

#PD17051 is fixed to AR3, and AR2 is fixed to 0. Thus, the program addresses that can be specified by the
address register are the 256 words of 0000H to O0FFH.

Fig. 9-2 Address Register Configurations

AR3 AR2 AR1 ARQ
(74H) (75H) ) (76H) (77H)

b3 i bz | b1 i bo | b3 i bp ! by i bg | bg i by i by i by | bz | by i by | by
0i0i0%f0}|0io0oio0;:o0 ' ' ' ' '

7 7
AR15 (MSB) : ' ARg (LSB)

9.2 WINDOW REGISTER (WR)

The window register is the 4-bit register mapped in address 78H of the system register and is used for data trans-
mission with the register file (RF), which will be described later. Data operations of each register on the register file
are all performed via the window register.

Data transmission between the window register and the register file is performed by the specialized "PEEK WR,
rf’* and ""POKE rf, WR” instructions.
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9.3 BANK REGISTER (BANK)

The bank register specifies the bank of the data memory. .

The bank register becomes BANKO when resetting. The upper 2 bits of address 79H are always “0".

The data memory, which is divided into four banks by the bank register, operates the data memory in the bank
specified by the bank register when the data memory operation instruction is executed. '

For example, to operate the data memory of BANK1 when the current bank register is BANKO, it is necessary
to switch the bank to BANK1 with the bank register,

However, the system register located in 74H to 7FH of the data memory does not have the concept of the bank,
thereby the same system register existing in 74H to 7FH in all the banks. This means that, whether instruction
“MOV 78H, #0" is performed at BANK1 or instruction “MQOV 78H, #0" is performed at BANK2, the result is O is
written in address 78H, which is the system register. In other words, as far as operating the system register is con-
cerned, the bank concept is not necessary.

If the interrupt is accepted, BANK is saved.

Table 9-1 Data Memory Bank Specification

Bank Register (BANK)
Data Memory Bank
b bo by bg
0 0 0 0 BANKO
0 o | O 1 BANK 1
0 0 1 0 BANK2
0 0 1 1 BANK3

9.4 MEMORY POINTER ENABLE FLAG (MPE) _

This specifies whether to specify the row address which is used to execute the “MOV @r, M’ and “MOV M, @r"
instructions with MPL or to execute with the same row address. If MPE is set, the row address is specified by MPL;
if reset, the same row address is specified. '

H.owever, what is specified by MPL is the row address of the same bank currently specified.
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9.5 INDEX REGISTER (IX) AND DATA MEMORY ROW ADDRESS POINTER (MP)

9.5.1 Index Register and Data Memory Row Address Pointer Configurations

As shown in Fig. 8-1, the index register consists of 7AH’s lower 3 bits (IXH, 7BH and 7CH {IXM, IXL) of the
system register — 11 bits in total — and is used for indirectly specifying the address of the data memory.

The data memory row address pointer consists of 7AH (MPH)'s lower 3 bits and 7BH (MPL) — 7 bits in total.

Thus, the upper 7 bits of the index register and the data memory row address pointer are shared by each other.

In uPD17051, the upper 4 bits of the index register, in other the upper 4 bits (7AH's by to bg, 7BH’s b3) of the
data memory row address pointer, are fixed to “0"".

9.5.2 Index Register and Data Memory Row Address Pointer Function

If the data memory operation instruction is executed when the index enable flag (IXE) is set (1), the index
register OR-operates the bank and address of the data memory specified by the instruction with the contents of the
index register and executes the instruction to the data memory specified by this operation result (called real
address).

If the general register indirect transmission instruction (“MOV @r, m* and “MOV m, @) is executed when the
mbemory pointer enable flag is set (1), the data memory row address pointer executes the instruction with the bank
and row address of the indirect address specified by the general register as the value of the data memory row address
pointer.

Table 9-2 shows the modification of the data memory and the indirect address by the index register and the data
memory row address pointer.

The index register and the data memory row address pointer can use all the data memories as objects of modifica-
tion. '

The following instructions do not become the objects of modification by the index register.

INC AR
INC IX
MOVT DBF, @AR
PUSH AR
POP AR
PEEK WR, rf
POKE rf, WR
GET DBF, p
PUT p, DBF
BR addr
BR @AR
RORC r
CALL addr
CALL @AR
RET

RETSK

RETI

El

DI

STOP o
HALT h

NOP
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Table 9-2 Data Memory Address Modification by Index Register and Data Memory Row Address Pointer

General Register Address Data Memory Address Indirect Transmission Address
Specified by R Specified by M Specified by @R
IXE |MPE ! Row Column ?Row ' Column Row Column
Bank : Bank : Bank :
) ! Address! Address i Address ! Address ! Address: Address
b3|b2Jb1[bo ngb1 b ba| b b bo bs | bz | 1| by b2]b1 b bs b | by | b balbzlbl bo| ba | by | bo| ba| bz | by | bo
) (RP): Lo (BANK) ‘m (BANK) | my (R)
Same Same )
0 1 as as (MP); (R)
above : above : :
Same (BANK) m (BANK) . my
1 0 as Logical OR Logical: OR (R)
above : : - :
(IX) (IXH) | (IXM) :
Same ¢ Same :
1 1 ' as ! as (MP); i (R)
! above i above : :
Address-modified instruction group
£|ADD
ElapDC| S M
g|SUB
=
Z|SUBC m, #i
5 AND
'E OR r M
E| XOR
& m, #1i
SKE
2| SKGE
&
~ | SKLT m, #i
SKNE
| SKT
:g m, ¥n
& SKF
LD
BisT r m
a
é MOV
g m, #i
B o USRS IS GNP RR  Oe R REEELLELLLD bbbl ettt
=
@r m Indirect transmission address
M ;  Data memory address BANK ; Bank register
(M) ; Data memory address contents (BANK) ; Bank register contents
m ; Data memory address excluding the bank X ;  Index register
my ; Data memory row address (IX) ;  Index register contents
my ;. Data memory column address IXH ; Index register bits bqg to bg
R ;  General register address " IXM ; Index register bits b7 to bs
(R) ;  General register address contents IXL ; Index register bits b3 to bg
r :  General register column address MP ; Data memory row address pointer
RP ; General register pointer (MP) ; Data memory row address pointer
(RP} ;  General register pointer contents contents T7
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9.5.3 When MPE =0 and IXE = 0 (without Data Memory Modification) )
As shown in Table 9-2, the data memory address is not affected by the index register and the data memory row
address pointer. '

Example 1: I[f the general register in BANKO is at row address 0:
ADD 03H, 11H

If the instruction above is executed, the general register 03H and data memory 11H contents are
added together and the result is stored in the general register 03H (see example 1 in Fig. 9-3). |

2: If the general register in BANKO is at row address 0:

MOV 05H, #8 ; O5H <« 8
MOV @05H, 34H; Register indirect transmission

If the instructions above executed, the contents of data memory 34H are transmitted to address
38H. In other words, the “MOV @r, m" instruction transmits the contents of the data memory
m to the address (38H above) whose row address (3 above) is the same as m and whose column
address is specified by the contents (8 above) of the general register r (see example 2 in Fig. 9-3).

Example 3: If the general register in BANKO is at row address 0:

MOV O0BH, #0EH; OBH < OQEH
MOV 34H @0OBH; Register indirect transmission

If the instructions above executed, the contents of data memory 3EH are transmitted to address
34H.

In other words, the “MOV m, @r" instfuction transmits the contents of the address (3EH above)}
whose row address (3 above) is the same as the data memory m and whose column address is
specified by the contents {OEH above) of the general register r to m (see example 3 in Fig. 9-3).
Compared with example 2, the source of the data memory address to be transmitte'd and the
destination here have replaced each other.
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Fig. 9-3 General Register Indirect Transmission when MPE =0 and IXE =0

Column Address

0 1 2 3 4 5 6 7 8 9 A B C D E F
Example 1: ADDO3H o
0 P , Specifies the
11H 8 destination column E « General
1 adldress. Specifies Ithe Register
Example 2: MOV @O5H, Source column
2 | l 34H I address.
T T T 1
3 Exampel 3: MOV 34H, @0OBH
4
5
(5]
7
Address Generation
of Example 2
Row Column
Bank Address Address
MOV @r, m R 0 0 5
d i '
05H 34H M 0 3 4
' (@r) 0 3 8
Content
Samelas M of R

9.5.4 When MPE = 1 and IXE = 0 {Diagonal Indirect Transmission) »
As shown in Table 9-2, the bank and the row address of the indirect-side data memory address specified by the
general register become the values of the data memory row address pointer only when the general register indirect

transmission instruction has been issued.

Example 1:

Whén general register in BANKO is row address 0

MPL,

MOV #0101B; MP < 00101B

MOV  MPH,  #1000B; MPE <1

MOV  05H, #8 ; 0O5H <8

MOV  @05H, 34H ; Register indirect transmission

When the instructions above are executed, the content of the data memory address 34H is trans-
mitted to the data memory address 58H. '

In other words, the “MOV @r, m” instruction when MPE = 1 transmits the contents of the data
memory m to the data memory whose bank and row address are the values of the data memory
row address pointer (BANKO and row address 5 above} and whose column address is specified
(BANKO's 58H above) by the contents (8 above) of the géneral register r (see example 1 in Fig.
94).

Compared with when MPE = 0 (example 2 in 9.5.3), the bank and the row address of the indirect-
side data memory address specified by the general register can be specified by the data memory
row address pointer here. (In example 2 in 9.5.3, the indirect-side bank and row address are the
same as m.} »

Thus, by specifying MPE = 1, it is possible to diagonally perform the general register indirect

transmission.

In the same manner, the MOV m, @r” instruction becomes as shown in example 2 below.
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Discontinued)

When general register in BANKO is row address 0

MOV
MOV
MOV
MOV

MPL,
MPH,

0BH,

3AH,

#0101B; MP <« 001018
#1000B; MPE « 1
#0EH ; OBH <« OEH
@05H

(See example 2 in Fig. 9-4.)
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Fig. 9-4 General Register Indirect Transmission when MPE = 1 and IXE =0

Column Address

General
Register 0 1 2 3 4 5 6 7 8 9 A B C D E F
0 8 | Specifiesthe E
- CITIES e
destination column
1 address. | Specifies the
Example 1: MOV '@05H, source column
2 34H [~ address. |
3 Example 2: MQV 3AH,
@0BH
4
5
6
7

Bank and row address become the data memory
row address pointer value 000101B.

Address Generation

of Example 1 Bank Row Column
Address ~ Address

MOV @r, m R 4] 0 5

) l .

05H 34H M 0 3 4

MP=OO1Q1B (@r) 0000 101 8
Content

ValueI of MP of R

9.5.5 When MPE =0 and IXE = 1 (Index Modification)

As shown in Table 9-2, when the data memory operation instruction is issued, the bank and address of the data
memory directly specified by the instruction is OR-operated with the index register and then the instruction is ex-
ecuted to the data memory address specified by this operation result (called real address). '

Example 1: When general register in BANKO is row address 0

MOV  IXL, #0010B; 1X < 0000000108
MOV  IXM, #0000B; MPE <0

MOV  IXH, #0000B ;

OR  PSW, #0001B; IXE <1

ADD 03H, 11H '

If the instructions above are executed, the contents of the data memory address 13H and that
of the general register address 03H are added together and then the result is stored in O3H of the
general register.

In other words, if the “ADD r, m” instruction is executed, the address (BANKO's 11H above)
specified by m and the value (000000010B above) of the index register, and then the instruction
is executed to the real address with this result as the real address (BANKO’s 13H above) (see
Fig. 9-5).

Compared with when IXE = 0 (example 1 in 9.5.3), the address of the data memory directly
specified by the instruction is modified (OR-operation) by the index register here.
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Example 2: Clears all bank data memories to 0.
MOV IXL, #0 ;
MOV  IXM, #0 ; IX<0
MOV IXH, #0 ;
LOOP :
OR PSW, #0001B; IXE «1
MOV  OO0H, #0 ; Clears the data memory specified by 1X to 0.
INC X ;o IX<=IX+1
AND  PSW, #1110B ; IXE « 0: IXE is address 7FH, therefore not modified by i
I1X. ‘
SKT IXM, #0111B; Row address 7?
BR LOOP ; 1fnot 7, LOOP.
ADD IXM, #1 ; Specify the next bank without clearing row address 7.
ADDC IXH, #0 H
SKF IXM, #1000B ; Cleared up to BANK2?
SKT IXH, #00018B ;
BR LOOP ;  If not cleared, LOOP.
Fig. 9-5 Data Memory Address Modification when IXE = 1
Column Address
0 1 2 3 4 5 6
0 R « General
g 1 M spect ADD r, m Register
g 2 Byix
g 3
1
4
\
|
|
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9.6 GENERAL REGISTER POINTER (RP)

This pointer specifies the bank and the row address of the general register.

However, as RPH is fixed in uPD17052, only RPL (3 bits) can be specified. In other words, 0 to 7 can be speci-
fied as the register pointer. Thus, in uPD17052, the row address of the general register can be specified freely in
BANKO.
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9.7 PROGRAM STATUS WORD (PSWORD)
The program status word is configured with the flag showing the state of the arithmetic operation result by ALU
in CPU and the 5-bit flag modifying the ALU function. PSWORD includes the BCD (binary coded decimal) flag,

the CMP (compare) flag, the CY (carry) flag, the Z (zero) flag and the IXE (index enable) flag. The functions of
these flags are shown in Fig. 9-8.

Fig. 9-6 PSWORD Configurations

7EH 7EF
bp b3 ba bq bg
BCD CMP cY Z IXE
{ndex
enable If this flag is set, the index modification is made possible.
flag
This flag is reset when the arithmetic operation result is
other than “0". Conditions for setting differ depending
on the content of the CMP flag.
Zero fl (1} When CMP =0
ero fla
9 Set when the arithmetic operation result is *’0"".
(2) When CMP = 1
Set when the result of the arithmetic operation
executed when Z =1 is 0",
This is set by the occurrence of CARRY when executing
the addition instruction or by the occurrence of BORROW
Carfy when executing the subtraction instruction. It is reset when
flag either of these does not occur. Also, this flag is set when
.the lowest bit of the general register for which the RORC
instruction is executed is 1. It is reset when this bit is
e,
When this flag is set, the result of the arithmetic operation
Compare is not stored in the data memory. The CMP flag is auto-
flag matically reset when the SKT and SKF instructions are
executed.
If this flag is set, all the arithmetic operations are
BCD flag performed decimally. If this is reset, they are performed
binarily.
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Phase-out/

10. REGISTER FILE (RF)

The register file is a collection of registers mainly for controlling CPU’s peripheral circuits. It has the capacity
of 128 words x 4 bits. However, although the peripheral circuit addresses are actually allocated {(control register
file) in the upper 64 nibbles (00H to 3FH), addresses 40H to 7FH of the currently selected bank of the data memory
are allocated in the lower 64 nibbles (40H to 7FH).

In other words, 40H to 7FH of each bank of the data memory belong to both the data memory address space
and the register file address space.

On the assembler, the controller register file is allocated to 80H to BFH,
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Fig. 10-1 Control Register File (1/2)
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10.1 IDCDMAEN (00H, bq)
This flag is set to operate the IDC.

If the IDCDMAEN flag is set, the system is changed to the DMA mode, thus making it possible to use IDC. In
‘the DMA mode, the dummy instruction cycle is 12 us. For details, please refer to 20 ““IDC".

00H

0|0 IDCDMAEN 0

0 DMA inhibit mode

{instruction cycle = 2 us)

1 | DMA mode {instruction cycle = 12 us)

10.2 SP (01H)
This pointer addresses the stack register.

01H

O x| x| x

|— SP (Stack Pointer)

000B Setting Prohibited
001B Level 6

010B Level 5

011B Level 4

100B Level 3

1018 Level 2

1108 Level 1

111B When Resetting
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Phase-out/
10.3 CE (07H, b)

This flag reads the CE pin level.
When the high level has been input in the CE pin, this flag is *1’". When the low level has been input, it becomes
lloll'

07H

0 | CE pin low level

1 | CE pin high level

10.4 SERIAL INTERFACE MODE REGISTER (08H)-

08H

SIOCH sSB SIOMS SIOTX

L—— Setting Transmit/Receive

Two-wire bus mode : RX (receive) mode
o | CHOserial I/O mode : S| mode

CH1 serial I/O mode : Uses POA3 as general-purpose
port.

Two-wire bus mode : TX-{transmit) mode
1 | CHO serial I/O mode : SO mode
CH1 serial 1/O mode : Uses POA3 as SO pin.

Setting Clock Direction of Serial Interface

0 Two-wire bus mode : Slave operation

Serial 1/0 mode . External clock operation
. Two-wire bus mode : Master operation

Serial I/O mode :  Internal clock operation

Serial Interface Mode Setting

0 | Serial 1/O mode

1 | Two-wire bus mode

Serial Interface Channel Setting

0 | Selects CHO.

1| Selects CH1.
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10.5 TMMODE (09H)
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‘09H
ZCROSS | TMMD2 | TMMD1 | TMDDO
| |
L—i Time Base Setting
TIMER INT TIMER CARRY
ofolo 5 ms lr?atler- 100 ms Innatler-‘
olo]n 100 ms | Inter- 5 ms | Inter-
of1]o 20 ms | Inter- 100 ms |Inter-
o1 |1 20 ms | Inter- 5 ms | Infor-
1100 §ms | It 5/fryp g [EXter
[0 1| s [ s
1{1]0 §ms | I8 | 6/tTmR 5 [EXter
1111 6/fTMR S E‘;'ter- 5 ms 'r’]’;f"’"

Zero-Cross Setting

0

Zero-cross OFF

10.6 INTVSYN (OFH, by)
This flag is for reading the level of the vertical synchronous signal, It is set (1) when the signal input in the
VSYNC pin is at high level and is reset (0) when this signal is at low level.

10.

90

7 INT (OFH, bg)

This flag is for reading the status of the RMC pin. ‘

1

Zero-cross ON

It becomes “1”” when the high leve! is input in the RMC pin and becomes “0’” when the low level is input.

OFH

0 {INTVSYN

0

INT

0 | RMC pin is at low level.
1 | RMC pin is at high level.
0 | VgyNC pin is at low level.

VgyNC pin is in the high level period.
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10.8 HORIZONTAL SYNCHRONOUS SIGNAL COUNTER CONTROL (11H, 12H)

11H

HSCGT3 | HSCGT2

HSCGT1 | HSCGTO

L—i Hsync Counter Setting

0 | 0| Gateclose

0| 1| Gate open

1 | 0 | Gate open {for 1.69 ms)

1 1 | Setting prohibited

12H

HSCGOPN | O

Either is fixed to “0"".

Gate Open/Close Confirmation Input of Horizontal
Synchronous Signal Counter

0

Gate close

1

Gate open

10.9 SETTING THE PULSE WIDTH FOR ACCEPTING THE RMC PIN (15H)

15H

RMCSTAT3 | RMCSTAT2

RMCSTAT1

RMCSTATO

1

|

Setting the Pulse Width for Accepting
the RMC pin

0| 0| 0 | Edge {without noise cancellation)

0| 1| 200us

o
0| 1| O0]400us
0

1 112ms

110] 0|4ms

Fixed to "'0".
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10.10 TIMER CARRY (17H)

17H

0|0} 0} TMCY

|— Read-Special Flag for Timer Carry
This is set by the selected time base, and is reset by reading.

10.11 SERIAL INTERFACE WAIT CONTROL (18H)

18H

SBACK | SIONWT |SIOWRQ1 |SIOWRQO

E Setting the Timing of Waiting

Two-Wire Bus Mode Serial 1/O Mode
0 | 0 | Does not wait. Does not wait.
0 Waits with the fall of the clock when Waits if the clock counter
1 the clock counter contents are 8. contents become “8"’.
Waits with the fall of the clock when Waits if the clock counter
! 0 the clock counter contents are 9. contents become '9"’,

Waits with the fall of the clock when
the clock counter contents have . .
1 1 . Setting prohibited
become 8 after detecting the start

condition.

Setting Wait

0 | Forced wait

1 Wait release

Acknowledge when Two-Wire Bus Mode
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10.12 1EG (1FH)

—

Phase-out/

\ Discontinued)
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This flag is for selecting the interrupt detection edge of the RMC pin and the VSYNC pin.
When this flag is set to 0", the interrupt is applied at the rising edge. When it is set to "*1", the interrupt is
applied at the falling edge.

1FH

IEGVSYN| O IEG

the RMC pin

0 Interrupt at the rising edge of

the RMC pin

1 Interrupt at the falling edge of

0 | Interrupt at the rising edge of the VgyNC pin

- 10.13 A/D CONVERTER CONTROL (21H)

21H

1 | Interrupt at the falling edge of the VgyN( pin

ADCCH2

ADCCH1

ADCCHO

ADCCMP

[

]

at the time of A/D conversion is input

The result of comparison between Vi and VREF

0 | VIN <VREF

1| VIN2 VREF

A/D Converter Input Channel Select

0| 0! 0| ADCqselect

0| 0| 1| ADC4 Select Shared by PODQ.
o|1]0 ADéz Select Shared by POD1.
0| 1| 1| ADCgselect Shared by POD2.
1 0 | O | ADCy Select Shared by POD3.
1| 0| 1| ADCg Select Shared by P1Cp.
1 1 | 0| ADCg Select Shared by P1C1.
1 1 1 | ADC7 select Shared by P1C2.

93



NEC

10.14 SETTING PORT 1C INPUT/OUTPUT (27H)

27H

0 | PICGIO

10.15 SERIAL I/0 STATUS REGISTER (28H)

94

28H

SIOSF8

SIOSF9

SBSTT

SBBSY

[

«PD17052

—— P1C Port Input/Qutput Setting

0 | PiCinput port

1 | P1C output port

Detects BUSY condition.

o

Detects STOP condition.

1

Detects START condition.

Detects START condition.

0

Reset if the contents of the clock counter are 9.

1

Detects START condition.

Detects clock 9.

0

Reset if the contents of the clock counter are Q or 1.

]

Set if the contents of the clock counter are 9.

Detects clock 8.

0

Resets if the contents of the clock counter are Q or 1.

1

Sets if the contents of the clock counter are 8.
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10.16 INTERRUPT ENABLE FLAG (2FH)
This flag is for enabling the interrupt of each interrupt factor. If this is set to 1", the interrupt is enabled. If
0", the interrupt is disabled.

2FH

(Phase-out/

Discontinued)

IPSIO

IPVSYN

IPTM P

#PD17052

0 | Interrupt disabled by RMC pin

1 | Interrupt enabled by RMC pin

0 | Interrupt disabled by clock timer

1 | Interrupt enabled by clock timer

0 { Interrupt disabled by VgyN¢ pin

1 | Interrupt enabled by Vgyng pin

0 | Interrupt disabled by serial interface.

10.17 CROM BANK SELECTION (30H, bg)

10.18 IDCEN (31H, bg)

1 | Interrupt enabled by serial interface

30H
0 0| 0| CROMBNK
CROM address Setting
0 | CROM addresses 1800H to 1BFFH
1 | CROM addresses 1COOH to 1FFFH
31H
0 IDCEN

0 | (display OFF)

IDC operation disable

1 | (disptay ON)

IDC operation start
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10.19 P2ABIOn (34H)
This specifies input/output of PORT 2A. If this is /0", the input is specified. If 1", the output is specified,

34H P2AI1/0

P2ABIO3 P2ABI102 P2ABIO1 P2ABIO0O

P2Ag 1/0 Setting

0 | P2Ag input port

1 | P2Ag output port

P2Aq 1/Q Setting

0 | P2A4 input port

1 | P2A1 output port

P2A2 1/0 Setting

0 | P2A3 input port

1 | P2A2 output port

P2A3 1/0 Setting

0 | P2Azinput port

1 | P2A3 output port

10.20 P1BBIOn (35H)
This specifies the input/output of PORT 1B. If this is 0", the input is specified. |f “1”, the output is specified.

35H P1BI/O

P1BBIO3 P1BBIO2 P1BBIO1 P1BBIOO

P1Bg 1/0 Setting

0 | P1Bg input port

1 | P18g output port

P1B4 1/O Setting

0 | P1Bq input port

1 | P1B1 output port

P1B5 1/O Setting

0 | P1B3 input port

1 | P1B2 output port

P1B3 I/O Setting

0 | P1B3 input port

1 | P1B3 output port
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(Phase-out/Discontiniet

This specifies the input/output of PORT 0B. If this is “/0", the input is specified. If **1”", the output is specified.

10.21 POBBIOnN {36H)

36H POBI/O

POBBIO3

POBBIO2 POBBIO1

POBBIOO

POBq [/O Setting

0

POBQ input port

1

POBg output port

POB1 1/O Setting

0

POB1 input port

1

P0OB4 output port

POB, 1/0 Setting

0

POB» input port

1

POB2 output port

POB3 I/O Setting

0

POB3 input port

10.22 POABIOn (37H)

1

POB3 output port

This specifies the input/output of PORT 0A. If this is “0”, the input is specified. IT **1", the output is specified.

37H POAI/O

POABIO3

POABIO2 POABION

POABIOO

POAq 1/0 Setting

0

POA(Q input port

1

POAQ output port

POA4 1/O Setting

0

POA1 input port

1

POA1 output port

POA2 1/O Setting

0

POA2 input port

1

POAg output port

POAg3 1/O Setting

0

POAg3 input port

1

POA3 output port
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10.23 SETTING THE INTERRUPT REQUEST GENERATION TIMING IN SERIAL INTERFACE MODE (38H)

98

38H
SIOIMD3 SIOIMD2 SIOIMD1 SIOIMDO
Fixed to 0. SIOIMD1 SI0IMDO

0 0 Interrupt request occurs at the rise of the 7th bit of the shift clock.

0 1 Interrupt request occurs at the rise of the 8th bit of the shift clock.
Interrupt request occurs at the rising edge of the 7th bit of the shift

1 0 clock immediately after the start condition has been detected.

1 1 Interrupt request occurs if the stop condition has been detected.
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10.24 SETTING THE SHIFT CLOCK FREQUENCY (39H)

\ Discontinued)
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39H
SIOCK3 SIOCK2 SIOCK1 SIOCKQO
1 |
el Gk
0] 0 100 kHz
0 1 200 kHz
1 0 500 kHz
1 1 1 MHz

10.25 1RQ (3FH)

Fixed to ""0".

This is the interrupt request flag which shows the interrupt request status.
If the interrupt request occurs, this flag is set to “/1”. Then, if the interrupt is accepted (interrupt gets started),

the interrupt request flég is reset to 0",
The interrupt request flag can be read/written with the program. Therefore, if “1” is written, the interrupt can
be made to occur by the software. And, the interrupt hold status can be released by writing ‘“0”'. The IRQ flag

becomes “0” when resetting.

Flag Name Bit Position Interrupt Factor
IRQ bo RMC pin
IRQTM b Clock timer
IRQVSYN bs Vsvync pin
IRQSIO b3 Serial interface
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11. DATA BUFFER (DBF)

The data buffer is used for data transmission with peripheral hardware and data reading for table reference.
11.1 DATA BUFFER CONFIGURATIONS

11.1.1 Data Buffer Location on Data Memory

Fig. 11-1 shows the location of the data buffer on the data memory.

As shown-in Fig. 11-1, the data buffer is allocated to addresses OCH to OFH of BAN KO on the data memory and
is configured with 4 words x 4 bits — 16 b|ts in total. . :

_As the data buffer is Iocated on the data memory, it can be operated by all the data memory operatlon mstruc
tions.

" Fig. 111 Data Buffer Location

i Cob_lumn Address- .
“0 1 2-3 4.5 6 -7 8 9 A B C D E

0 DATA BUFFER

1
, 2 .
I DATA MEMORY
N | ‘

6 __ BANKO0

7 i ~“BANKI

7 - BANK2
T I BANK3
7

SYSTEM REGISTER
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11.1.2 Data Buffer Configurations
Fig. 11-2 shows the data buffer configurations.

. As shown in Fig. 11-2, the data buffer is consisted of 16 bits in total — with bit bQ of the data memory address
OFH as LSB and bit b3 of the address OCH as MSB.

Fig. 11-2 Data Buffer Configurations

Address OCH ODH OEH OFH
Data Memory
Bit bg bz | by |bg|b3|b2|by|bg|b3]|b2]|by|bg|b3|by|by]|bg
Bit by5|b14|b13[b12:b11|b10| bg | bg i b7 [ b | b5 | ba | b3 | by | by | by
Symbol DBF3 ; DBF2 § DBF1 § DBFO
~ ; : Fay
Data buffer M : : L
| s e | S
| Dsta B ; g B
v : : ~
' : Data
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11.2 DATA BUFFER FUNCTION

The data buffer has the following two functions.

{1) Constant data read (table reference) function on the program memory

{2) Data transmission function with peripheral hardware

wPD17052

Fig. 11-3 shows the relationship among data buffer, peripheral hardware and table reference.

Section 11.3 explains the table reference, and sections 11.4 to 11.6 explain the peripheral hardware.

Fig. 11-3 Relationship among Data Buffer, Peripheral Hardware and Table Reference

Data Buffer

Internal

Program Memory
{(ROM)

Constant Data

102

Table
Reference

Peripheral
Address

Peripheral Hardware

E

Image Display Controller
{iDC)

02H

A/D Converter

Serial Interface

Horizontal Synchronous
Signal Counter

05H-08H

i

6-Bit D/A Converter

40H

Address Register {AR)

41H

14-Bit D/A Converter
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11.3 DATA BUFFER AND TABLE REFERENCE

11.3.1 Table Reference Operation
The table reference can read the constant data on the program memory onto the data buffer by means of the

“MOVT DBF, @AR" instruction.

#PD17052

Therefore, if, for example, the constant data is written beforehand on the program memory and reference is made
‘to the table when necessary, it becomes unnecessary to prepare the complicated data conversion program. '

The “MOVT" instruction is explained below.

And, the program example is shown in 11.3.2.

MOVT DBF, @AR; As shown in the diagram below the contents of the program memory address specmed by
the contents of the address register are read to.the data buffer. '

Data Buffer

DBF 3

DBF 2

DBF 1

DBF O

Program Memory (ROM) ..

b15

b13

b11

b10|b

bg

bg

b7

be

bg

bg

by

b2|b1lb0

The stack is used 1 level when executing the table reference instruction.

b15|b14|b13|b12|b1 1|b10| bg ‘ bs] b7| b6[ bg [-ba

MOVT DBF, @AR

Speclﬂes the program
memory address.

As the valid bits of the address register (AR) arée 8 bits, the program memory addresses whlch can be table-

referenced become 256 words of addresses 0000H to O0OFFH.
Please refer to 5 “Stack’” and 9.3 ‘“Address Register (AR)" as well.
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11.3.2 Table Reference Program Example

The table reference program example is shown below.

Example:
POA
POB
POC
ORG

START:
BR

DATA:
DW
DW
DW
DW
DW
DW
DW
DW
DW
DW
bW
DW

MAIN:
BANKO

MEM
MEM
MEM
0000H

MAIN

0001H
0002H
0004H
0008H
0010H
0020H
0040H
0080H
0100H
0200H
0400H
0800H

0.70H
0.71H
0.72H

r
.

’

:

Constant data

Intrinsic macro

SET4 POABIO3, POABIO2, POABIO1, POABIOO
SET4 POBBIO3, POBBIO2, POBBIO1, POBBIOO
#11108 ;
#(.DL.DATA SHR 4 AND OFH)
#(.DL.DATA SHR 0 AND OFH)

MOV
MOV
Mov

LOOP:

;@
MOVT

;@
LD
LD
LD
ADD
ADDC
SKNE
MOV
BR

RPL,
AR1,
ARO,

DBF,

POA,
POB,
POC,
ARO,
AR1,
ARO,
ARQ,
LOOP

@AR

DBF2
DBF1
DBFO
#1
#0
#0CH
#0

r

[

Sets the general register to BANKO's row address 7H.

Sets the address register to 0001H.

Transmits the ROM value specified by the AR content to the data buffer.

Transmits the data buffer value to each port data register of Port OA {70H)
Port OB (71H) and Port OC (72H).

’

Increments the address register content by 1.

Writes 0 in ARO when the ARO value has become OCH.

When this program is executed, the constant data stored in addresses 0001H to 000CH of the program memory is

written in the data buffer sequentially with (1) and then output to Port 0A, Port OB and Port 0C with (2).
At this time, the constant data outputs the high level sequentially to each pin of Port DA, Port OB and Port 0C
as a result of the value shifting to left by 1 bit being stored.
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11.4 DATA BUFFER AND PERIPHERAL HARDWARE

11.4.1 Peripheral Hardware Control Method
The peripheral hardware performing data transmission via the data buffer is shown below.

Image display controller

A/D converter

Serial interface

Horizontal synchronous signal counter
6-bit D/A converter

Address register

14-bit D/A converter

The peripheral hardware is controlled by setting or reading data in these peripheral hardware devices via the data

buffer.
Each of the peripheral hardware devices has the register (called peripheral register) for data transmission. And

these peripheral registers are allocated with the address (catled peripheral address) respectively.
By issuing the specialized “GET" or “PUT" instruction to these registers, data transmission can be made between

the data buffer and each peripheral hardware device.
The “GET" and “PUT" instructions are explained below. And Table 11-1 lists the peripheral hardware and data

buffer functions.

GET DBF, p; Reads the data of the p-addressed peripheral register in the data buffer.
PUT p, DBF ; Sets the data of the data buffer to the p-addressed peripheral register.

Peripheral registers include the register capable of READ/WRITE (PUT/GET), the WRITE-specialized (PUT)
register and the READ-specialized register (GET).

If the “PUT" instruction is issued to the WRITE-specialized (PUT only) or READ-specialized (GET only)

peripheral register, the device' becomes as follows.

@ The undefined value is read when the READ {GET) instruction is executed to the WRITE-specialized (PUT

only) peripheral register.
® No influence is made when the WRITE (PUT) instruction is executed to the READ-specialized (GET only)

peripheral register.

However, precautions are required when using the assembler and the emulator in the 17K series. For details,
please refer to 11.6 “Precautions in Using Data Buffer”.
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Table 11-1 Peripheral Hardware and Data Buffer Function List

Data Buffer and Peripheral Register X
Function
Performing Data Transmission
Number
Peripheral p ; of Data | Number
resence o
Hardware Peripheral Buffer of
Name Symbol PUT/GET Summary
Address . Input/ | Actually
Instructions .
Output |Used Bits
Bits
X iDC starrt Sets the display start
Image display . L . '
troll position set | IDCORG 01H PUT/GET 8 7 position of the image
ontroller
¢ register display controller.
Sets the comparative
voltage V data
A/D ge VREF
of the A/D converter.
converter
A/D converter ADCR 02H PUT/GET 8 4 x— 0.5
VREF data VREF =15
register x Vpp V),
1<x<15
Presettable Sets the serial out
Serial interface shift SIOSFR 03H PUT/GET 8 8 data and reads the
register serial in data.
HSY
Harizontal SYNC Reads the horizontal
counter .
synchronous dat HSC 04H GET 8 6 synchronous signal
) : ata
signal counter . counter,
register
PWM PWM data
. ister PWMRO 05H Sets the output
- _p:n.o_ I _r?g_ls_ Er ______________________ signal duty of the
-bi PWM PWM data
6-bit D/A _ . PWMR1 06H D/A converter.
converter | Ping register 1 x+0.75
____________________________________ PUT/GET 8 7 Duty D =——— (%),
(PWM PWM PWMdata | o7 , 64
output) pino register 2 M 0<x<63
PP WMot 177" T Frequency f
) 9% bwMR3 | ogH = 15,625 kHz
ping register 3
. Address Data transmission
Address register . AR 40H PUT/GET 16 16 ) I .
register with address register
14-bit PWMRMP | Sets the output signal
PWMRMmP .
D/A data PWMRMP 41H PUT/GET 16 15 duty of the 14-bit
converter pin register D/A converter.
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Data transmission between the data buffer and each peripheral register is performed by 8 or 16 bits.

At this time, the “PUT" and “GET" instructions are executed in a single instruction execution time (2 us) even
when the data bits are 16 bits.
If 8-bit data transmission is performed when the data bit length executed by the peripheral register is 7 bits for

example, 1 bit becomes redundant.
This redundant data bit becomes the ““arbitrary value (any value is all right)'’ in data write, and the "undefined
value” in data read as shown in examples 1 and 2. '

Example 1: When “PUT” instruction (when active bits of the peripheral register are 7 bits from bg to bg)

Data Buffer

DBF3 DBF2 DBF1 DBFO
big| b14| b13| b12 b11|b1o{b9 | bg | b7 | bg | b5 | bg | B3 | b2 | b1 | bo
Avrbitrary Arbitrary
A
8 .
\/
Peripheral Register
b7 | bg | bs | bg | bg [ ba | by | bg
i ActiveBit _

------------------------------ Arbitrary

PUT (Anyvalueis
all right.)

“0" or '"Undefined”

value.

When writing 8-bit data in the peripheral register, the upper 8 bits (content of DBF3 and DBF2) of the data

buffer becomes “‘arbitrary (any value is all right)’’
Among 8-bit data of the data buffer, each bit not corresponding to the active bit of the peripheral register be-

comes ‘‘arbitrary”’.
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Example 2: When “GET" instruction
Data Buffer
DBF3 DBF2 DBF1 DBFO
big| b14| b13| bya b11|b1o’ bg ‘ bg | b7 | bg [ bs | bg | b3 | by | by | bp

Arbitrary Arbitrary

! t } GET

8
Peripheral Register
b7 | bg | b | bg | bg | bo | by | by
! Active Bit |

"0’ or “"Undefined"
The value of the
peripheral register
is read as it is.

0" or “"Undefined’’

When reading the 8-bit data of the peripheral register, the value of the upper 8 bits (DBF3 and DBF2) of the data

buffer is not changed.

Among the 8-bit data of the data buffer, each bit which is not the active bit of the peripheral register become ‘0’
or "“undefined”. Whether to become 0’ or “undefined” is decided beforehand by each peripheral register.

11.4.3 Status when Resetting the Peripheral Register
The active bit of each peripheral register is set as follows when resetting.
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Reset Active Bit Status
Power ON Undefined
Clock stop Previous status hold
CE Previous status hold
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11.5 DATA BUFFER AND EACH PERIPHERAL REGISTER
11.5.1 to 11.5.7 explain the data buffer and each peripheral register.
11.5.1 IDC Start Position Setting Register
Fig. 11-4 shows the functions of the IDC start position setting register.
The IDC start position setting register sets |IDC’s display start position.
Fig. 11-4 IDC Start Position Setting Register Functions
Name Data Buffer
Symbol DBF3 DBF2 DBF1 DBFO
Ad-
dress OCH ODH OEH OFH
Bit [b1g|b14|b13[b12|b11|b10| bg |bg | b7 | be | bs | ba | b3 | b2 | b1 |bo
Data Arbitrary Arbitrary Tlfansn?issiojn Da:ta
R
GET Enable
8 PUT Enable
Peripheral Register
i Peripheral
Name by | bs| b | ba|b3| bp | b1 | bo| symbol | PRI [TEINC
IDC Start A S tmage Display
Position Setting o i Valid Data IDCORG O1H Controller
Register ' ; : ; T .

| —

[

IDC's Display Position Setting

D7EDsiDsiD4§03§D2§D1§Do

D7 to D4: Horizontal start position
D3 to DO: Vertical start position
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11.5.2 A/D Converter Data Register

Fig. 11-5 shows the functions of the A/D converter data register.

The A/D converter data register sets the comparative voltage of the A/D converter.

As the A/D converter is in 4 bits, the lower 4 bits of the A/D converter data register become valid.

Fig. 11-5 A/D Converter Data Register Functions
Name ~ Data Buffer
Symbol DBF3 DBF2 DBF1 DBFO
" Ad-

Gress OCH ODH OEH OFH

Bit b15|b14 b13|b12 b11lb10 bg | bg [ b7 | bg | bg [ bg | b3 | bz | by |bg

Data Arbitrary Arbitrary i Transmission Data

RS
GET Enable
8 PUT Enable
Peripheral Register
Peripheral Peripheral
Name b? bg [ bs|bg | b3 |ba|by|bg| Symbol Address Hardware
A/D Converter V I'dED tf
Data Register cjojofo :a| : aa: ADCR 02H A/D Converter

VREF Setting

VREF=0V

|
A/D Converter Comparative Voltage
0
1

X — 0.5
X VREF = 5 x Vpp (V)
15

Fixed to 0",
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11.5.3 Presettable Shift Register
Fig. 11-6 shows the functions of the presettable shift register.
The presettable shift register sets the serial out data and reads the serial in data of the serial interface.

Fig. 11-6 Relationship between the Presettable Shift Register and the Data Buffer

Name Data Buffer
Symbol DBF3 DBF2 DBF1 DBFO
Ad-
Gress OCH 0DH DEH OFH
Bit [by5|b14|b13|b12 b11|b1o| bg[bs by |bg | bs|bg|b3|b2|b1]|bo
Data Arbitrary Arbitrary Tr'ansm‘iSSioh Data
R
GET Enable
8 PUT Enable

Peripheral Register

Pori I -
Name b7 | b | bs | ba | ba| b2 | b1 | bp | Sympol | RS FEATC
Presettable Shift L
i Valid Data | SIOSFR 03H Serial Interface
Register T ’ T T " T

Serial Out Data Setting and
Serial In Data Reading

(D7§D6§D5§D4§DBED2§D1EDO Serial Out

I l Data

x D7 xD6 x D5 xD4xD3xD2xD1xDO
Clock

L2 el sl lel1zT 8]
MSB (SB
[ I NS N A N N

Data Output Timing

Serial In
Data

xD7 xD6 x D5 x D4 x D3 xD2 xD1 x DO
Clock

BREEAREIRES R R N-A N RANE:E]
MSB : LSB
£ R N R N R B |

Data Input Timing

The serial data output of the serial interface is performed by sequentially shifting from MSB (bit by) of the

presettable shift register.
The serial data input is performed by sequentially shifting from LSB (bit bg).
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11.5.4 HSYNC Counter Data Register
Fig. 11-7 shows the functions of the HSYNC counter data register.

The HSYNC counter data register reads the counting of the horizontal synchronous signal counter.
If the HSYNC counter data register is counted up to 3FH, the following input becomes Q0H.

Fig. 11-7 HSYNC Data Register Functions

Name Data Buffer -
Symbol DBF3 DBF2 DBF1 DBFO
Ad-
dress 0CH ODH OEH OFH
Bit [b1s b14|b13‘b12 bi1|b1o| bg | bg | b7 | bg | bg | bg | b3 [ bz | b1 | by
Data Arbitrary Arbitrary T:ransr:nissic:m Data

]

GET Enable
8

Peripheral Register

Peripheral Peripheral
Name b7 |bg | b5 | bg | bz |bz]|by|bg| Symbol Address Hardware
HSYNC Data N SR I R Horizontal
reqister 0|0 ¢ Valid Data ;| HSC 04H Synchronous
egis : : ; : : Signal Counter

[ |

Counting of Horizontal Synchronous
Signal Counter
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Fig. 11-8 shows the functions of the PWM data register.

The PWM data register sets the duty of the 6-bit D/A converter (PWM output) output signal.

The 6-bit D/A converter has four channels of PWMg3, PWM5,, PWM4 and PWMg pins. As each of these can set the
duty, the PWM data register also has four systems independently.

Fig. 11-8 PWM Data Register Functions

Name Data Buffer

Symbol DBF3 DBF2 DBF1 DBFO
Ad-

dress OCH 0DH OEH OFH

Bit |b15/b14|b13|b12[b11|b10| bg |bg | b7 | bg | b5 |ba | b3 b2 | b1 b

Data Arbitrary Arbitrary { | Transmission Data

DR
GET Enable
8 PUT Enable
Peripheral Register
Peripheral Peripheral
Name by | bg|bs | bg|b3|by|by|bg| Symbol | '\ Hardware
PWMO Data 0! | ivalidData | | |PwMmRo | O05H | PWMpPin
Register h : : . . : :
WM1 D T i
P .1 ata R I PWMR1 06H PWM1 Pin
Register h i : ' ' '
PWMZData | (1 ¢ | i ¢ i ¢ |pwMmR2 | O7H | PWMPin
Register P : : . ' :
PWM3 Data 0 : : PWMR3 08H PWMg3 Pin
Register ‘ T r T T T

Sets the PWM output duty of each pin.

+0.75
DutyD = xX2=B (%)
64

Frequency f= 15.625 kHz

Uses the PWM pin as the D/A
converter.

Uses the PWM pin as the 1-bit
0 output pin. .
Outputs the content of bg.
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11.5.6 Address Register

The address register is located in addresses 74H to 77H of the system register (addresses 74H to 7FH on the data
memory) to operate the address of the program memory. Please refer to 9 *’System Register (SYSREG)".

Therefore, although data can be operated directly by the data memory operation instruction, data transmission
is also possible via the data buffer as a part of the peripheral hardware.

In other words, besides using the data memory operation instruction, the address register can read/write data via
the data buffer by using the “PUT’ and “GET" instructions.
Fig. 11-9 shows relationship between address register and data buffer.

Fig. 11-9 Relationship between Address Register and Data Buffer

Name Data Buffer
Symbol DBF3 DBF2 DBF1 DBFQ
Ad-
dress 0CH ODH QEH OFH
Bit |b15|b14ib13|b12|b11|b1g| by |bg | b7 | bs | b5 | bg | b3 | b2 | by | bg
Data Trtansfr?issioin Dajta
GET Enable
16 PUT Enable
Peripheral Register
. Periphera) Peripheral
N
ame (by5/b14(b13|b12|by4|b10| bg |bg | b7 | bg | bs | bg | b3 | bz | by bQ Symbol Address Hardware
Address [ S oo : Address:
: H ; : : ) " Valid Data !
Register 0 : 0 : 0 ; 010 : 0 H 0 : 0 - : : : : AR 40H Register
| ]
Address Register Setting
and Data Read
0 ; 0 0 1 0 Name Address Register
Symbol | AR3 | AR2 | AR1 | ARO
Address | 74H | 75H | 76H | 77H
x RN A A
: Data RN REEE SRR E
: The upper 8 bits of the address
0 0 F F register are always fixed to ‘0",
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11.5.7 PWMRMP DATA REGISTER
Fig. 11-10 shows the functions of the PWMRMP data register.
The PWMRMP data register sets the duty of the 14-bit D/A converter output signal.
The PWMgpp output is performed by combining the 9-bit PWM and the 5-bit RMP.
Fig. 11-10 PWMRMP Data Register
Name Data Buffer
Symbol DBF3 DBF2 DBF1 DBFO
Ad-
dress OCH 0DH OEH OFH
Bit |b15|b14|b13|b12|b11|b1p| by |bg | b7 | b b5 | ba | b3 | b2 | b1 | bO
Data Transmission Data .
R :
GET Enable
16 PUT Enable
Peripheral Register
: Peri Periph
Name |b15|b14|b13|b12|b11|{b10|bg |bg | b7 [bg | bs |bg | b3 | b2 [ by |bg | Symbol A?'jrcllegsesra' Hzrrlgw‘:;gl
pwMRMP[ | E ‘ oo :
Dat’\g 0 : Valid Data | : PWMRMP 41H PWMRBMP pin
Register = [ R :
L |
| Sets duty of PWMRMP output pin.
0 0 l 0 Name PWMAMP Data Register
Symbol PWM Value \R/,;\;:Ee
Dots 0|1 i1imiiiii
x My e
If all bits of the PWM value become 1,
the high level is output from the PWMRnpp
3 F E pin regardless of the RMP.

Uses PWMRMmp pin as D/A
converter,

Uses PWMRmp output pin as a 1-bit
1 | output pin (outputs content of by3).




NEC

E‘@@@wﬁm@@mﬁw@@ PD17052

11.6 PRECAUTIONS IN USING DATA BUFFER

11.6.1 . Precautions when Operating the Data Buffer of Write-Specialized, Real-Specialized and Unused Addresses

When performing data transmission between the peripheral hardware via the data buffer, precautions are required
as follows in terms of device operation when using the 17K series assembler and emulator regarding the unused-
peripheral register, the write-specialized peripheral register (PUT only) and the read-specialized peripheral register
(GET only).

(1) Device operation
If the write-specialized peripheral register is read, the “‘undefined value” is read.
Even if the read-specialized peripheral register is written, no change occurs.
If the unused address is read, the “undefined value’ is read, and even if it is written, no change occurs.

(2) When using the assembler
"Error” occurs in the instruction reading the write-specialized peripheral register.
"Error” occurs in the instruction writing the read-specialized peripheral register.
"Error” occurs in the instructions reading and writing the unused address.

(3) When using the emulator {(when the instruction has been executed in batch processing, etc.)
If the write-specialized peripheral register is read, the “’undefined value” is read. “Error’’ does not océhr.
Even if write is performed in the read-specialized peripheral register, no change occurs. “Error’’ does not occur.
If the unused address is read, the “undefined value” is read, and even if it is written, no change occurs. “Error’’
does not occur.

11.6.2 Peripheral Register Address and Reserved Word

In using the assembler of the 17K series, even if the peripheral address “p’* is directly (in numerals) specified by
the “PUT p, DBF" instruction or the “GET DBF, p” instruction as shown in example 1, no error occurs.

However, this method is not desirable in reducing the program bugs.

Therefore, it is necessary to symbol-define the peripheral address beforehand as shown in example 2 with the
symbol definition instruction, which is an assembler pseudo-instruction.

Here, the peripheral address is defined beforehand as the “reserved word" in the assembler to simplify the symbol
definition.

Therefore, with the reserved word, the program can be prepared without defining the symbol as shown in
example 3.

The reserved word of the peripheral register is shown in the “symbol’’ in Table 11-1 and in Figs. 11-4 to 11-10.

Example 1: PUT 024, DBF ; Even if the peripheral address is directly specified with 02H and
GET DBF, 03H ; O03H, the assembler does not fall in error. However, this is not
desirable in reducing program bugs.
2: SIODATA DAT O03H ; Allocates SIODATA to 03H with the symbol definition instruc-
tion.
PUT SIODATA, DBF ;
3: PUT SI0SFR ; If the “SIOSFR”, which is the reserved word, is used, it is not

necessary to define the symbol.
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In accordance with the request from the peripheral hardware (RMC pin, timer, Vgyne pin and serial interface),
the interrupt temporarily stops the program in current execution and moves the program flow to the address (called

12. INTERRUPT

vector address) decided beforehand.

121 INTERRUPT BLOCK CONFIGURATIONS

Fig. 12-1 shows the interrupt block configurations.

As shown in Fig. 12-1, the interrupt block consists each “interrupt request control block” which controls the
interrupt request output from each peripheral hardware of the RMC pin, the timer, m pin and the serial inter-
face; the “interrupt enable flip-flop (INTE)". which sets the enable of all interrupts; the “‘stack pointer”’, “‘address
stack register’”, “program counter” and ‘‘interrupt stack’’, which are controlled when the interrupt has been
accepted.

The “interrupt request processing block” of each peripheral hardware consists of the “flip-flop (IRQxxx) which
detects the each interrupt request”, the “flip-flop (IPxxx) which sets the enable of each interrupt”, and the “vector
address generator (VAG)’’ which specifies the vector address when accepting the interrupt.

The IRQxxx and IPxxx flip-flows correspond one-to-one with each flag of the interrupt request and the interrupt

permission of the control register.
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Control Register
Interrupt Interrupt Stack
Name Reguest Permission Pointer
(INTREQ) (INTPM) SP
Address 3FH 2FH 01H
Bit b3 bz [ by bo[b3[P2 b7 [bp b3| bz Tb1 b
LI T T T O I ' AN[ATA
RIR|[RIR|P|R|P]|P S[Ss|s
Flag aflajalals|v]|T o;:’g
S|{v]|T t SIM
SymboIISM olv VIVIV ‘
oy . N .
N
)
g Stack Address Stack Regiser |-
© Painter Register ‘
@ ASRO [
= E ASR1 !
= |
& =
ASR5
|
w Program Counter H
c
£
g System Register (~—4
brd Address 79H 7FH
> Symbol BANK PSW
‘Bit b3 [ b2 [ by [bp [ b3 [ b2 [ b1 [ b
0|0 cl{cjzil
Flag mly X
Symbol p E
& Interrupt
E Stack
(= I
It [l
|
L1
(=
£
8]
=
i
Interrupt Reguest
Processing Block
)

.

Interrupt
Enable FF  INTE

T
DE and EI Instructions
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12.2 INTERRUPT FUNCTION

The peripheral hardware devices that can use the interrupt function are the RMC pin, the timer, the m' pin
and the serial interface.

The interrupt function is for these peripheral hardware devices to temporarily stop the program in execution
when a certain condition is satisfied (for example, the fall signal is added to the RMC pin} and then to execute the
specialized processing program.

At this time, the interrupt signal from the peripheral hardware is called “interrupt request’, and the fact that the
interrupt signal is output is mentioned that ““the interrupt request is issued””. The interrupt-special processing
program is called “interrupt service routine”.

When the interrupt is accepted, it is branched to the program memory address (vector address) decided for each
interrupt factor. Therefore, it is all right for each interrupt service routine to be started from this vector address.

The interrupt function is divided into the processing until the interrupt is accepted and that after the interrupt
has been accepted. In other words, it is divided into the function until the interrupt is accepted regarding the inter-
rupt request from each peripheral hardware device and the function of branching to the vector address after the
interrupt has been accepted and then returning it to the program before the interrupt.

12.2.1 to 12.2.5 show the function of each block shown in Fig. 12-1.

12.2.1 Peripheral Hardware

The peripheral hardware which has the interrupt function in¢ludes the four types of the RMC pin, the timer, the
Vsync pin and the serial interface. '

Each peripheral hardware device can be set with the condition for issuing the interrupt request.

For example, the RMC pin is made to be able to select either to issue the request with the rising edge or with
the falling edge of the signal added to the RMC pin.

For details of the interrupt request issuance conditions of each peripheral hardware, please refer to 12.3 t0 12.7.

12.2.2 Interrupt Request Processing Block

The interrupt request processing block, installed on each peripheral hardware, generates vector addresses for the
presence/absence of the interrupt request, the interrupt enable and the interrupt acceptance respectively.

12.2.3.to 12.2.5 below explain each flag of the interrupt request processing block.

12.2.3 Interrupt Request Flag (IRQXXX}

This flag is set {1) when the interrupt request is issued from each peripheral hardware device, and reset (0) when
the interrupt is accepted.

As it corresponds one-to-one with each flag of the interrupt request register of the control register, it is possible
to perform read/write via the window register.

“1'* written via the window register is equivalent to issuance of the interrupt request.

Once this flag is set, it is not reset until the corresponding interrupt is accepted or 0"’ is written via the window
register. '

Even when multiple interrupt requests have been issued simultaneously, the interrupt request flag to the unac-

cepted interrupt is not reset.
This flag is reset (0) at the time of power-on reset, executing the clock stop instruction, and CE reset.

12.2.4 Interrupt Permission Flag (IPXXX)

This sets the interrupt enable for each hardware device.

If these flags have been set (1) and the corresponding interrupt request flags are set, the interrupt request is
output.

As these flags correspond one-to-one with each flag of the interrupt permission register of the control register,
read and write are performed via the window register. )

These flags are reset (0) at the time of power-on reset, clock stop and CE reset.
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12.2.5 Vector Address Generator (VAG)

When the interrupt of each peripheral hardware device has been accepted, the branch address {(vector address) of
the program memory to the accepted interrupt factor is generated.

The vector address to each interrupt factor is shown in Table 12-1.

Table 12-1 Interrupt Vector Address ‘

Interrupt Factor Vector Address
RMC pin 04H
Timer 03H
Vsyne pin 02H
Serial interface 01H

12.2.6 Interrupt Enable Flip-Flop (INTE)
The interrupt enable flip-flop sets the enable of all the four interrupt types.

If 1" is output from each interrupt request block when this flip-flop is set (1), “1” is output from this flip-flop,
thus accepting the interrupt.

block.

For setting/resetting of this flip-flop, the specialized “/EI”" (for setting) and “DI* (for resetting) instructions

|
When this flip-flop is reset (0), the interrupt is not accepted even if /1" is output from each interrupt service
are used. ‘

|

When the “El” instruction is executed, this flip-flop is set at the time the execution of the instruction following
the “EI” instruction has been completed, and then reset during the DI’ instruction execution cycle if the “DI"”
instruction is executed.

If the interrupt is accepted in the state that the interrupt enable flip-flop is set (E| state), this flip-flop is reset |
at this point of acceptance (DI state).

This flag exerts no influence whether the “DI1” instruction is executed during the DI state”’ or whether the “E|**
instruction is executed during the “El state".

This flag is reset (Dl state) at the time of power-on resetting, clock stop and CE resetting.

12.2.7 Stack Pointer, Address Stack Register and Program Counter

The address stack register saves the return address from the interrupt service routine at the time of its returning.

The stack pointer specifies which register to use among 6 address stack register (ASRO to ASRS5).

In other words, if the interrupt is accepted, the stack pointer value is decremented by —1 and the program
counter value at this time is saved in the address stack register specified by the stack pointer. If the “RETI" instruc-
tion, which is the specialized return instruction, is executed after executing the processing of the interrupt service
routine, the content of the address stack register specified by the stack pointer is saved in the program counter and
the stack pointer value is incremented by +1.

For details, please refer to 4 *’Stack” as well.
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The interrupt stack saves the contents of the bank register and the index enable flag in the system register when
accepting the interrupt.

If the interrupt is accepted and the bank register and the index enable flag are saved, the bank register and the
index enable flag on the system register are reset (0). '

The interrupt stack can save the contents of the bank register and the index enable flag up to two levels. Thus,
multiple interrupts, in which the routine processing an interrupt accepts another interrupt, can be performed up to
two levels.

The contents of the interrupt stack are returned to the bank register and the index enable flag of the system
register by executing the “RETI" instruction, which is the specialized return instruction from the interrupt service
routine.

Please refer to 4 “‘Stack’ as well.
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12.3 INTERRUPT ACCEPTANCE OPERATION

12.3.1 Interrupt Acceptance Operation and Priority
Operations until the interrupt is accepted are as follows.

(1} Each peripheral hardware outputs the interrupt request signal to each interrupt request block when the inter-
rupt conditions are satisfied. (For example, the fall signal is input to the RMC pin.)

{2) Each interrupt request block sets (1) the corresponding IRQXXX flag (for example, 1IRQ for the RMC pin)
when the interrupt request signal from each peripheral hardware is accepted.
\
(3) When each interrupt request flag has been set, the interrupt permission flag corresponding to each IRQxxx,
for example, the IRQ fiag outputs **1’* from each interrupt request block if the IP flag is set (1}.

(4) The signal output from each interrupt request block is input to the interrupt enable flip-flop via the OR
circuit.
This interrupt enable flip-flop is set (1) by the “EI'" instruction and is reset by the “’DI" instruction.
If 1" is output from each interrupt request block when the interrupt enable flip-flop has been set, 1" is
output from the interrupt enable flip-flop and the interrupt is accepted.

If the interrupt is accepted, the interrupt enable flip-flop output, as shown in Fig. 12-1, is input to each
interrupt request block via the AND circuit.

The interrupt request flag is reset by the signal input to each interrupt request block, and the vector address
to each interrupt is output.

At this time, if “1”" has been output from the interrupt request block, the interrupt acceptance signal is not
transferred to the next stage. Therefore, if multiple interrupts have been simultaneously issued, they are
accepted in the priority order shown below.

(DMA) > RMC pin > Timer > Vgync pin > Serial interface

This order is called the “hardware priority order”.

Fig. 12-2 shows the flowchart of the interrupt acceptance operation.

As @ shown in Fig. 12-2 is always processed in parallel, each interrupt request flag is set simultaneously if
multiple interrupt requests have occurred simultaneously.

However, @ is processed according to the priority order by each interrupt permission flag.

In other words, if the interrupt permission flag is not set, the interrupt to its interrupt factor is not accepted.
As the interrupt permission flag can be set/reset by the program, it is possible to inhibit the interrupt of high
hardware priority order if the interrupt permission flag reset beforehand.

The interrupt by this interrupt permission flag is called the ““maskable interrupt’’. As the maskable interrupt

can inhibit the interrupt factor of high hardware priority with the program, it is also called ‘‘software priority
order”’.
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Fig. 12-2 Interrupt Acceptance Operation Flowchart

START
. _ Serial
RMC pin Timer Vv in
SYNCP interface
Interrupt Interrupt Interrupt Interrupt
request request request request
@ With With With With
t Set
Set IRQ Set IRQTM Se e
IRQVSYN IRQSIO
yes ves yes yes
-
yes
yes
IRQVSYN=
IPVSYN=1?
IRQSIO=
IPSIO=1? “No” is not
L possible.
Reset Reset Reset
eset IRQ
Res IRQTM IRQVSYN IRQSIO
N
Interrupt
acceptance
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12.3.2 Timing Chart when Accepting Interrupt

Fig. 12-3 shows the timing chart when accepting the interrupt.

(1) in Fig. 12-3 is the timing chart based on interrupts of a single type.

(1) (a) is the timing chart of the interrupt request flag having been set {1) finally; (1) (b) is the timing chart of
the interrupt permission flag having been set (1) finally.

In either case, the interrupt is accepted at the point that all of the interrupt request flag, the interrupt enable
flip-flop and the interrupt permission flag are set.

if the finally set flag or flip-flop is the first instruction cycle of the “MOVT DBF, @AR" instruction or the
instruction which has satisfied the skip condition, the interrupt is accepted after the second instruction cycle of the
“MOVT DBF, @AR" instruction and the skipped instruction (becomes NOP) are executed respectively.

The interrupt enable flip-flop is set with the instruction cycle following the execution of the “EI’’ instruction.

(2} in Fig. 12-3 shows the timing chart when using multiple interrupts.

When using multiple interrupts, the interrupt in higher hardware priority is accepted first if all the interrupt
permission flags are set. However, it is possible to change the hardware priority by manipulating the interrupt per-
mission flag with the program.

“Interrupt cycle” shown in Fig. 12-3 is a special cycie to reset the interrupt request flag, specify the vector
address and save the program counter after the interrupt has been accepted. It is necessary for the portion of execut-
ing one instruction (2 us, however, 12 us in IDC operation). For details, please refer to 12.2.7 *“Operation after
Accepting Interrupt”. '

The interrupt request flag is set (1) by the interrupt request of the peripheral hardware regardless of the “EI"’
instruction or the interrupt permission flag. Therefore, it is possible to know the presence/absence of the interrupt

.request by detecting the interrupt request flag with the program.
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Interrupt Acceptance Timing Chart

(a) When there is no interrupt mask time by the interrupt permission flag

@ -If when the interrupt is accepted is with the “MOVT" instruction and the ordinary instruction which
has not satisfied the skip condition

3
1 -
: 0 ord I
Instruction Bl [MO¥ so001B| Ntem, wR o Ordinary | Interrupt
L
p
INTE
RMC Pin ﬂ I
IRQ R’
Flag
\)
IP Flag
One Instruction Interrupt Interrupt
Cycle 2 us Enable Period Service Routine
ar 12 us
Interrupt
Acceptance

@ If when the interrupt is accepted is with the “MOVT" instruction or thé instruction which has satisfied

the skip condition.

J )
1 L4
MOVT DBF, Interrupt
Instruction Moy POKE @AR Ski
structi El WR. #0001B| INTPM, WR ) OAR Skip Cycle
1
INTE
RMC Pin J
IRQ \
Flag
p
IP Flag
Interrupt Service
Interrupt Routine
Acceptance
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Fig. 12-3 Interrupt Acceptance Timing Chart

(2) When using multiple interrupts (Example: Two types of RMC pin rise and Vgyng pin fall)

{a) Hardware priority

. [mov
Instruction (“wr, 401018( INTPM, WR Cycle

J
POKE Interrupt | ' Interrupt
El ) El Cycle
1

\1, ~f

INTE

RMC Pin /ﬂ

IRQ Flag

VSYNC 10
Pin \

IRQVSYN
Flag

IP Flag

IPVSYN

Flag RMC Pin Interrupt
Service

VsyNc Pin

RMC Pin Interrupt Hold Period .
VsyNc Pin Interrupt Hold Period . Interrupt Service

RMC Pin interrupt Acceptance ’
: up P VgyNc Pin Interrupt

Acceptance

(b) Software priority

. MOV POKE Interrupt MOV POKE Interrupt
Instruction |“wg, #01008| INTMP. WR El Cycle WR; #01018( | INTPM, WR El Cycle

INTE

- <ﬂ |
= ] |

Flag
VSYNC \

Pin

IRQ
Flag

ot 1

P
Flag \

IPVSYN , RMC Pin Interrupt
Flag Hold Period
T

- . VgyNc Pin Interrupt Service RMC Pin
Interrupt Service

Vsynce Pin Interrupt

Hold Period VsyNc Pin Interrupt RMC Pin Interrupt

Acceptance Acceptance
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124 OPERATION AFTER INTERRUPT ACCEPTANCE
If the interrupt is accepted, the following processings are automatically executed sequentially.

(1) Resets the interrupt request flag which corresponds to the interrupt enable flip-flop and the accepted inter-
rupt request. In other words, the system is put in the interrupt inhibit state.

(2} Decrements the contents of the stack pointer by —1.

(3) Saves the contents of the program counter to the address stack register specified by the stack pointer.
At this time, the program counter contents become the program memory address following the interrupt
acceptance. For example, if the instruction is the branch, this is the address of the branch destination; if
the instruction is the subroutine call, this is the address called. When the skip condition has been satisfied
by the skip instruction, the interrupt is accepted after the next instruction is executed as the “NOP” instruc-
tion. Therefore, the program counter contents become the skipped address.

{4) Saves the lower 2 bits of the bank register (BANK; address 79H) and the index enable flag (I1XE, address
7FH’s bit by in the interrupt stack).

(5) Transmits the contents of the vector address generator corresponding to the accepted interrupt to the
program counter, that is, branches it to the interrupt service routine.

The processings {1) to (5) above are executed within the special one-instruction cycle (2 us, however 12 us in
IDC operation) which is not accompanied by execution of the ordinary instruction.

This instruction cycle is called’ “interrupt cycle”. In other words, the time of one-instruction cycle is necessary
from the time the interrupt is accepted till it is branched to the corresponding vector address.

125 RETURNING FROM INTERRUPT SERVICE ROUTINE
The specialized “RETI" instruction is used to return from the interrupt service routine to the processing when

the interrupt was accepted. If the “RETI instruction is executed, the following processings are automatically
executed sequentially.

(1) Returns the contents of the address stack register specified by the stack pointer to the program counter.

(2} Returns the contents of the interrupt stack to the lower 2 bits of the bank register or bit bg of the index
enable flag.

(3) Increments the contents of the stack pointer by +1.
Processings (1) to (3) above are executed within the one-instruction cycle in which the “RETI" instruction is

executed. The only difference between the “RETI’ instruction and the “RET" and “RETSK" instructions, which

are subroutine return commands, is the difference of the return operation of the bank register and the index enable
flag in (2) above.
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12.6 INTERRUPT SERVICE ROUTINE
The interrupt is accepted regardless of the program being executed at the time the interrupt request is issued if

the interrupt is enabled in the program area.

Therefore, when returning the interrupt to the program even after executing the interrupt service, it is necessary
to return it to the state as if the interrupt service has not been executed.

For example, if arithmetic operation is executed while processing the interrupt, it is possible that the contents
of the CARRY flag might be changed to the state before the interrupt is accepted, thus resulting in the program
after returning making erroneous decisions.

For this reason, it is necessary to perform the save or return operation in the interrupt service routine at least
for the syste'm register and the control register which are capable of this operation in the interrupt service routine.

For processing required when enabling another interrupt while processing an interrupt (multiple interrupts),
please refer to 12.9 “Multiple Interrupts”.

12.6.1 Save Processing

The example shows the save processing in the interrupt routine.

As it is only the bank register and the index enable flag that are automatically saved by the hardware in the
system register, another system register is saved by the program if necessary as shown in the example.

As shown in the example, the “POKE’* and “PEEK"’ instructions are convenient for the save and return process-
ings of the system register.

Besides the “PEEK’ and “POKE" instructions, there is also the method of using transmission |nstruct|ons (LD r,
m and ST m, r, etc.). However, if the transmission instruction is used for saving when the row address of the general
register is not definite at the time the interrupt has been accepted, it is difficult to specify the data memory address
for saving.

This is because the indefinite address of the general register when using the transmission instruction to save the
general register itself will result in the address being indefinite as well. Thus, at least the general register must be
fixed to be used during the interrupt enable routine.

However, the register file, which is controlled by the “PEEK" or “POKE’" instruction, is address-specified regard-
less of the contents of the general register, and address 40H to 7FH of the register file are overlapping with the data
memory of the bank selected at the time. Thus, it is possible to save each system register merely by specifying the
bank. '

In the example, the window register and the general register pointer are saved with the “PEEK’ and “POKE”
instructions, the general register is re-specified to BANKO's row address O7H, and then other system registers are
saved with the ‘ST instruction.

Fig. 12-4 shows the save operation example based on the “PEEK" and “POKE" instructions.

12.6.2 Return Processing

The return processing is shown in the example.

The return processing is the reverse operation of the save processing explained in 12.6.1.

The interrupt is supposed to have been accepted in the interrupt enable state {El state). Therefore, if the inter-
rupt has been accepted, it is necessary to execute the “E|" instruction before executing the “RETI’" instruction.

The “EI” instruction sets (1) the interrupt enable flip-flop after the 'RETI’" instruction is executed. Therefore,
it is put in the interrupt enable state after returning in the program before the interrupt is accepted.

12.6.3 Precautions in Interrupt Service Routine
Be careful about the following points in the interrupt service routine.

{1) Data saved by the hardware
The bank register and the index enable flag are all reset to “‘0" after being saved in the interrupt stack.
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(2) Data saved by the software
Data saved by the software is not reset even after being saved.
Especially, the program status words BCD flag, compare flag, CARRY flag, zero flag and memory pointer enable
flag maintain the value before the interrupt is accepted. Therefore, these require initialize.

Example: Status save method in the interrupt service routine

Main Interrupt Program Example
. Service
Routine Routine M046 MEM  0.46H
{in DI State) M047 MEM  0.47H
M0o48 MEM  0.48H
M04D MEM  0.4DH
Hardware MOA4E MEM 0.4EH
ga\\/'e\:jgf MO5F MEM 0.5FH
Xe o TMMD ~ MEM  0.89H
Software »>_® POKE M048, WR ;  Saves the window register content in M0O48.
SNaeV:E;’SQ:Ce @ PEEK  WR, RPL  Saves the general register pointer content in MOAE.
System ® POKE MO4E, WR
egister @ Mov RPL #0EH . Sets the general register to BANKQ's row address 7.
® ST M046, AR1 ¢
El @ ST M047 ARO Saves the necessary system register.
@ PEEK  WR, TMMD
ST MOBF, WR ; Saves the necessary control register.

Interrupt Inteirupt
Acceptance Processing

Return | ol .

the savgd ™ BANKO ;  Sets the bank to 0.

:g;igir;,_ MoV RPL, #0EH ;| Sets the general register to BANKO's row address 7.
LD AR1, MQ46 . Returns the saved system register.
LD ARO, M047 ;
LD WR, MOSF . Returns the saved control register.
POKE °~ TMMD, WR ;
PEEK WR, MO4E i Returns the general register pointer.
POKE RPL, WR ;
PEEK WR, MQ48 ;. Returns the saved window register.

El —

;  The interrupt enable (INTE setting) by the El instruction

is executed after the following "RETI"”
RETI instruction is executed.

:  Returns BANK and IXE, based on the hardware,
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Fig. 12-4 Save Operation of the System Register and the Control Register whidh Use the Window Register

@ to are the numbers of fhe program examples.

Column Address

|
]‘—@ Specify to the

general register.
f

0 1 2 3 4 5 6 7 8 9 A B (o D E F
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-5 e e
; 4 | | I Save Area T‘
g5 :@ :© :® POKE M048, WR :@ ,
6 '—j ‘——! I__l r——— T ——J®
7 1 i [l
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12.7 EXTERNAL INTERRUPT (RMC PIN AND Vgypc PIN)

The external interrupt includes two systems, based on the RMC pin (pin No. 15) and the m pin {pin No.
36).

The interrupt request is issued by the rise or fall of the signal added to these pins.

12.7.1 Configurations

Fig. 12-6 shows the configurations of RMC and Vgync pins.

As shown in Fig. 12-5, the signals input from the RMC and V_s,yE pins are input to the INT latch and the
INTVSYN latch respectively as well as to each edge detection circuit.

The edge detection circuit outputs the signals input from each pin and the interrupt request signals based on the
input from IEG and IEGVSYN flip-flops.

IEG and IEGVSYN flip-flops correspond one-to-one to the |EG flag and IEGVSYN flag of control register’s
interrupt edge select register (INTEDGE: Address 1FH).

INT and INTVSYN latches correspond one-to-one to the INT flag and the INTVSYN flag of control register’s
interrupt pin level judge register (INTJDG: Address OFH).

The RMC pin and the Vgync pin is based on the Schmitt-trigger to avoid erroneous operations caused by noise
and does not accept the pulse input.below 1 us.

Fig. 12.6 INTy Pin and INT, Pin Configurations

Control Register
Interrupt Irjterrupt
Name Pin Level
Edge Select Judge
{INTEDGE) {INTJDG)
Address 1FH OFH
Bit b3 [ by | by|bp|b3|ba]by]bp
1 1 1 1
E 3 N N
Flag o|jGg|o|lGg|ofTiaO]|T
Symboaol \é \Sl
Y Y
N N
]
—— T ]
I i__ I J Interrupt Request
| r m— Block
T 1
| | INT
| | l Latch
AMmC ! | i l Edge RO
Pin || Detection
. ‘ IEG _J -
Schmitt | Flip-Flop
Trigger | l_
________ 1
- 1 |
» | INTVSYN
| Latch »
—_— i l -
:,/.iYNC © |—U > Y Edfe o IRQVSYN
! IEGVSYN | | crectio
Schmitt Flip-Flop
Trigger
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12.7.2 Function
The RMC and m pins issue the interrupt request, based on the falling or rising edge aded to each pin.
Selection of the rising edge or the falling edge is made by the IEG and IEGVSYN flags of control register’s
interrupt edge select register.
Table 13-2 shows the relationship between the |EG and IEGVSYN flags and the interrupt request issuance edge.
Here, be careful about the following points.

If the interrupt request issuance edge is switched by the IEG and IEGVSYN flags, the interrupt request signal

is issued sometimes immediately after the switching.

Suppose, as shown in Table 12-3, that the IEG flag is currently set to 0" (falling edge) and the high level is
input from the RMC pin. At this time, ensure that the IEG flag is not set (1) because the edge detection circuit
decides that the rising edge has been input thus issuing the interrupt request.

For operations after the interrupt request is issued, please refer to 12.2 “Interrupt Function”.

As the signals input to the RMC pin and the m pin are, as shown in Fig. 12-5, input to the INT latch and
the INTVSYN latch respectively, it is possible to detect the input signal level by reading the INT and INTVSYN
flags.

As these INT and INTVSYN flags are set/reset regardless of the interrupt, they can be used as 2-bit general-
purpose input ports when not using the interrupt function.

If the interrupt is not'enabled, they can be used as the general-purpose ports which can detect the rising or
falling edge by reading the interrupt request flag (IRQ, IRQVSYN). Howe\‘/er, the interrupt request flag is not

reset automatically here. Therefore, it is necessary to reset it with the program.

Table 12-2 1EG and IEGVSYN Flags and Interrupt Request Issuance Edge

Interrupt Reauest Issuance ‘
Each Flag Value Edge of Each Pin
IEG INTVSYN RMC Pin VgynC Pin
0 0 |
Rise Rise
0 1 5
Rise Fall
_—!__.
! 0 Fall Rise
1 1 Fall Fall

Table 12-3 Issuance of the Interrupt Request by Change of the IEG Flag

Change of IEG and Status of RMC and Presence/Absence of
- Status of IRQ Flag
IEGVSYN Flags Vgyng Pins Interrupt Request Issuance
1 - 0 Low level Not issued Maintains the status.
(Fall)  (Rise) High level Issued The status is set.
o - 1 Low level Not issued The status is set.
- (Rise) (Fall) High level Issted Maintains the status.
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12.8 INTERNAL INTERRUPT (TIMER AND SERIAL INTERFACE) _ !
The internal interrupt includes two systems — the timer and the serial interface.

12.8.1 Timer Interrupt
The timer interrupt can issue the interrupt request periodically.
The timer that can be selected is in three types of 100 ms, 20 ms and 5 ms.
For details, see 13 ““Timer Function”.

12.8.2 Serial Interface Interrupt
The serial interface interrupt can issue the interrupt request when the serial out or serial in operation is ended.
The interrupt request is issued mainly by the serial clock.
For details, please refer to 17 “Serial Interface”.
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129 MULTIPLE INTERRUPT

As shown in Fig. 12-6, the rﬁultiple interrupts are the interrupt method of processing other C and D interrrupts
while processing the interrupt factors A and B.

At this time, the interrupt depth is called the interrupt level.

When using the multiple interrupts, attention is required to the following points.

(1) Priority of the interrupt factors

(2) Interrupt level restriction by the interrupt stack

(3) Interrupt level restriction by the address stack register
(4) Saving the system register and the control register

Details of (1), {2), (3) and (4) above are explained in 12.9.1 to 12.9.4;

Fig. 12-6 Multiple Interrupt Example

Main Routine Interrupt Levell Interrupt Level 2

MAIN

/
/\

N
VA

%
/
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12.9.1 Pi'iority Order of the Interrupt Factor

When using multiple interrupts, it is necessary to decide beforehand the priority order of the interrupt factors.

For example, when interrupt factors are A, B, C and D, the priority order is either A=B=C=DorA<B<C
<D. ‘

However, if A = B = C =D, the main routine always accepts A, B, C and D interrupts. However, if the C interrupt
‘is accepted for example, the other A, B and D interrupts are inhibited, thus making multiple interrupts meaningless.

If the priority order is A< B < C< D, € must be processed earlier even while the A or B interrupt is being
processed. And D interrupt must be processed earlier even while the C interrupt is being processed.

The priority order described previously may well be in the priority order by the hardware or be in the priority

order by the software using the interrupt permission flag, as was explained in 12.3 “Interrupt Acceptance Opera-
tion”. )

The necessity of decide beforehand on the priority order in the multiple interrupts arises when, for example,
in A and B interrupt factors, the A factor issues the request every 10 ms and its interrupt service time is 4 ms and
the B factor issues the request every 2 ms and its processing time is 1 ms.

At this time, suppose that there is not priority order between A and B. And, if, by accident, the A interrupt is

processed based on the A interrupt request while B interrupt is being processed, the result is that the B interrupt is
not processed for several times.

In general, as the interrupt is in many cases used for highly emergent processings, a program is required in which
the A < B priority order is applied so that processing of the A interrupt is inhibited while the B interrupt is being
processed or the B interrupt is accepted even while the A interrupt is being processed.

When using the interrupt with a non-emergency purpose, it is not always necessary to apply the priority order.

However, if the number of interrupt factors exceeds the restriction of the multiple-interrupt level as shown in
12.9.2 and 12.9.3, it is necessary to decide the priority order so that the interrupt level is not exceeded.

12.9.2 Restriction of the Interrupt Level by the Interrupt Stack

The contents of the system register’s bank register and index enable flag are automatically saved in the interrupt
stack.

The interrupt stack operation is shown in (a) in Fig. 12-7.

The bank register and the index enable flag are saved in the interrupt stack and at the same time all of them are
reset. ' |

As the interrupt stack is in two levels, the bank register and the index enable flag cannot be normally returned as
shown in (b} in Fig. 12-7 if multiple interrupts exceeding the two levels are performed.

In other words, the multiple interrupts exceeding the two levels cannot be used.

However, if the bank register and the index enable flag are always fixed in the main routine where the interrupt
is enabled and if the multiple interrupts have a clear priority order as shown in Fig. 12-8, it is possible to make
multiple interrupts of two levels or more by using the “RET"’ instruction, which is the subroutine return instruction.

If the multiple interrupts exceed two levels, attention is required because the device operation and the emulator
operation differ as shown in Fig. 12-8 and Fig. 12-9.

In other words, the operation in the device interrupt stack is the “discharge type”, and that of the emulator is
the ‘‘rotation type"”,
Therefore, please use the “RET” instruction for the final return instruction when using multiple interrupts

exceeding the two levels. And, the “RETI” instruction and the “RET"” instruction perform the same processings
other than the processing of returning the interrupt stack.
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{a)} Two-level multiple interrupts
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Interrupt Stack Operation in Multiple Interrupts

MAIN

Undefined

MAIN

Interrupt A

RETI

Interrupt B

RETI

MAIN

Interrupt Undefined
Stack Undefined
Main Routine
Interrupt MAIN
Stack -
MAIN

MAIN

MAIN

Undefined

Undefined

Main Routine

(b} Three-level multiple interrupts

MAIN

Undefined

A

RETI

1

MAIN

Interrupt B

RETI

interrupt C

I | RETI

If returned to the main routine at this point, interrupt A’s BANK and IXE are
returned, thus preventing a normal operation of the main routine.

137




NEC

Fig. 12-8 Example of Using the Three-Level Multiple Interrupts
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1 | |
Main Routine I Interrupt A l Interrupt B | Interrupt C
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BANKO I

|
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o

DI
BANKO

CLR1 IXE
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5|

RETI

[~
]
!,______._
|

If the priority order of interrupt A is ensured to be lower than that of interrupt B and C, and if the bank register
and the index enable flag are always fixed (BANKOQ and IXE = 0 in this example) in the main routine which enables
interrupt A, the three-level multiple interrupts are possible by using the “RET" instruction after specifying the bank
register and the index enable flag of the main routine at the point that the processing of interrupt A is ended.

If the bank register and the index enable flag are exactly the same as the main routine at interrupt A, the “RETI"’

instruction can be used. However, debugging cannot be made by the “RETI" instruction because the operation at
the emulator of the 17K series differs as shown in Fig. 12-9.
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Fig. 12-9 Interrupt Stack Operation when Using the 17K Series Emulator

Undefined r* MAIN MAIN r B
Undefined | Undefined |— A | A
| | |
Main Routine I Interrupt A I Interrupt B : Interrupt C
|
| RETI | RET! | RETI
I t——
L | |
B - B | B L— B
L_ ]
A A A A

If the “RETI" instruction is used on the emulator, the content of interrupt B’s bank register and index enable

flag is returned.

12.9.3 Restriction of the Interrupt Level by the Address Stack Register

The return address when returning from the interrupt service is automatically saved in the address stack register.

The address stack register can be used in six levels of ASRO to ASR5 as explained in 5 ““Stack”. As the interrupt
factors include the RMC pin, the timer, the \_/W pin and the serial interface, it can be said that there is no restric-
tion on the multiple-interrupt level in using the address stack register only with the interrupt.

However, as the address stack register is used for saving the return address at the time of the subroutine call as
well, the multiple-interrupt level is restricted only to the portion of the address stack register level used for the
subroutine call.

For example, when four levels are used for the subroutine call as shown in Fig. 12-10, the multiple interrupts can
be used only in two levels.
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Fig. 12-10 Address Stack Register Operation |

Level O Level 1 Level 2 Level 3 Level 4 Level 5 Level 6 Ltevel 7 Level 8
Address Stack
Register
—a-]
ASRO X X X X X X X X X X X.X X X X X X X X X X X X X X X X X rxxxx
ASR1 |Undefined Undefined Undefined Undefined Undefined Undefined _I; SUB4 | sue4
ASR2 ' | Undefined Undefined Undefined Undefined Undefined _F AAA | AAA ' AAA
ASR3  |Undefined Undefined Undefined Undefined ‘F SUB3 l sSuB3 SUB3 | SUB3
ASR4 |Undefined Undefined Undefined ‘[: SUB2 SUB2 susz | | [suez | SuB2
Stack ASR5 |Undefined| )Undefined ? suB1 SUB1 ! sosr | | [Tsuer | | [Tsue | [Suel
Pointer | ASRE |Undefined| == MAIN MAIN | MAIN MAIN | MAIN | | | MAIN | MAIN
SP— ASR7 X X X X (xxxx | X X X X l X X X X l X X X X X X X X X X X X X x X x|
| | k | | S
| | |
Main Routine | Subroutine | Subroutine | Subroutine | Subroutine | Subroutine |  Subroutine | Subroutine
| 1 I 2 | 3 | A | 4 | 8 | 5
I | | | | |

MAIN:

SUB1: r .suB2: UB3: AAA: SUB4: :
| | | | ' ' RET —
! | | | | ! 1
— - - - - 4 |
|
I
I
L

As the content of the address stack register (ASRO} when the X X X X
stack pointer is O is always “undefined”, the return address SUB4
with the “RET" instruction becomes undefined. AAA

SuB3
SuB2
SuB1
MAIN
X X X X
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12.9.4 Saving the System Register and the Control Register

When using the multiple interrupts, it is necessary to save beforehand the contents of the system register and-
the control register, which change while the interrupt is being processed.

At this time, it is necessary to secure the save areas for these contents separately for each interrupt factor.

It is also necessary to inhibit the interrupt currently accepted and the interrupt lower in the priority order than
this interrupt, and to enable the interrupt with higher priority.

At this time, the interrupt with higher priority must be enabled with higher priority because it is higher in
emergency.

Therefore, it is desirable to save the contents of the system register and the control register after “’processing
enabling the interrupt of higher priority”.

Examples of processing the “enabling of the interrupt of higher priority” and “’saving the contents of the system
register and the control systerﬁ, etc.”” in the interrupt service routine are shown below.

Example: Interrupt enable and save processing examples in multiple interrupts
Suppose that the RMC pin, the m pin and the timer interrupt are used in the following priority
order {software priority):
Vsyne pin > Timer > RMC pin
Besides the timer interrupt was accepted at level 1.
The program example and the flowchart at this time are shown below.

Flowchart Program Example
Main routine
| . . -
Vsyne, RMC and MOV  WR, #0111B . Interrupts of the timer, the RMC pin and VSYNC
1imer interrupt enable POKE INTPM, WR ;  pin are enabled by the interrupt permission register.
' The contents of the bank regi i
gister, the index enable
El Timer interrupt l e
. flag and the program counter are automatically.

|
® | Bank specification l BANK 1 (Intrinsic Macro) ; The memory bank which saves data shall be BANK1.

@ I Window register save ] POKE M1, WR ; Saves the window register.
@ I Interrup;t enable ] PEEK WR, INTPM ; Saves the interrupt permission register in M2 of
flag SBV&? POKE M2, WR the.data memory.
@ | \nerrupt enable of MOV  WR, #0100B ; Interrupt enable of the VgynC pin by the interrupt
higher priority ] L .
EII POKE INTPM, WR ;  permission register.
@ L PEEK WR RPL . Saves the system register and the control register
System register save POKE M3 ’ WR :  other than the window register and the interrupt
@ . permission register.
Interrupt service
= M3 ; Returns the system register and the control_ register
@ rSey:csut:arT register. stc. IzZEKTE \IAl:lF'I"PM WR . other than the window register and the interrupt
DI ' _ permission register.
In‘terruptl enable PEEK WR, M2 ; Returns the interrupt permission register.
flag return POKE INTPM, WR
© \?Qtﬁ::ﬂw register PEEK WR, M1 ;  Returns the window register.

141




NEC

Discontinued) PD17052

(Phase-out/

The data memory bank in which the system register content is saved is specified in @ .

At this time, if the interrupt is accepted, the bank becomes BANKO. Therefore, if the memory in which data is
to be saved is BANKO, this instruction is not necessary.

In @ the window register content is saved in M1 of the data memory.

At this time, as the ’"POKE" instruction is used, the address of data memory M1 needs to be 40H or more. As the
window register is used as the work area of the data save following this one, it needs to be saved initially.

In @, each of the interrupt enable flags (IP, IPTM, IPVSYN) at the time the interrupt has been accepted is
saved. This is because, although, in the case of the example, it is necessary to enable the interrupts of all the RMC
pin, m pin and the timer when returning to the main routine, as the timer interrupt is higher in the priority
order than the RMC pin, it must be returned by inhibiting the interrupt of the RMC pin if accepted while the
interrupt of the RMC pin is being processed.

In @ , the interrupt of the V_SY_NC pin which has a higher priority than the timer interrupt is enabled. After this, |
all the interrupts are enabled by the ““E}’ instruction.

As processings need to be performed with all the interrupts inhibited in @, @ . @ and @ , even the inter-
rupt by the Vgyng pin, which has the highest priority, is inhibited during this time.

The system register and the control register are saved and returned in (8) and (8 . However, here, it is all right
for the interrupt of a high priority to be enabled.

This is because, if the save is processed in the same manner when the interrupt of the high-priority W pin !
has been accepted, the contents of the system register and the control register do not change when returned from
processing the Vgync pin interrupt.

In @ and , the interrupt enable flag and the window register are returned.

At this time, all the interrupts must be inhibited.

This is because, if the instruction of @ which enables the interrupt is executed in the “El’* state, the window
register return in is not performed but rather the window register is saved once again in @ when the timer
interrupt request has been issued accidentally, thus making the return of the window register content impossible.
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13. TIMER FUNCTIONS

The timer functions are used for time management in program creation.

13.1 TIMER CONFIGURATION

Fig. 13-1 shows the timer configuration.

As shown in this figure, the timer consists of a timer carry flip-flop (FF} block and a timer interrupt block.

The timer carry FF and a clock generator for timer interrupt time setting consist of an 8 MHz frequency divider,
selector A, selector B, a bias circuit and a timer mode select register (TMMD: Address 09H) which is a control

register.

13.1.1 Timer Carry FF Block Configuration
As shown in Fig. 13-1, the timer carry FF block consists of selector A, a timer carry FF and a timer carry FF

judge register (TMCYJDG: Address 17H)} which is a control register.

13.1.2 Timer Interrupt Block Configuration
As shown in Fig. 13-1, the timer interrupt block consists of selector B, an interrupt control block, an interrupt

permission register {INTPM: Address 2FH) and an interrupt request register (INTREQ: Address 3FH). Both INTPM
and INTREQ are control registers.

Fig. 13-1 Timer Configuration

Control Register
Timer Mode Interrupt Interrupt Timer Carry
Name Select Permission Request FF Judge
(TMMD) (INTPM) (INTREQ) {TMCYJDG)
Address 09H 2FH 3FH 17H
Bit b3 P2 b1 b0 P3| b2 [P1]bo b3 [b2]bi]bo[bs[bz[b1]bo
ZiTITET b i b iy
ciMimimipipiPiplAiRiRiR| | | iy
Flo 1 RiMiMiM|siviT: [Qi faiQ|0:0:0i¢
Symbol | 0iD DD |1 iSiMi S iT! Pl iy
sizitirjoivi b 1igiMi f
St b ] N Oini |
J 1
T T "l — — ___"_____l
! * Interrupt | Interrupt
Control 1 » Request
[
] 2elector ( Slock | Signal
T
i ) I |
L || | 4_ Timerinterrupt __[
8 MHz — Frequency)| ' Block
27 |bivider 7 [
|
10 Hz 7 —JI i 'f'—_'_____l__"______“i
50 Hz |- I Timer Carry !
200 Hz -J i
- I Selector ! ( FF
TN A | |
— = ] |
- 1 L T d
50/60 Hz — Bias | | l~—ee——— —L—J-— Timer Carry FF Block — —

100 ms (10 Hz), 20 ms {50 Hz) or 5 ms (200 Hz)
can be selected.
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13.2 TIMER FUNCTIONS

The timer carries out two functions, timer carry FF detection and timer interrupt.

With the first function, the timer carries out time management by detecting by a program the timer carry FF.
status to be set at regular intervals. With the second function, the timer carries out time management by applying an
interrupt at regular intervéls.

The timer carry FF set (1) timing and the timer interrupt issue timing are controlled by timer time set pulses
output from selectors A and B, respectively.

10 Hz (100 ms), 50 Hz (20 ms) and 200 Hz (5 ms) timer time set pulses are available by setting data to the timer
mode select register.

Thg timer mode select register is also used to select the internal timer mode or the external timer mode. In the
internal timer mode the pulse obtained by dividing the 8 MHz device operation frequency is used as the time base
for input to selectors A and B. In the external timer mode 50 Hz or 60 Hz input to the P1B3/TMIN pin (23 pin) is
used.

The timer mode select register is further used to determine whether the pulse input to the P1B3/TMIN pin should
be divided by 5 or 6.

The timer time set pulse is used for combinations of the timer carry FF and the timer interrupt.

Fig. 13-2 shows the relations between the timer mode select register and the timer time set pulse.

In the internal timer mode the timer time set pulse is created by dividing the 8 MHz device operation frequency.
Thus, if 8 MHz is shifted, the timer time set pul'se will be shifted by the same proportion.

144




NEC

xPD17052

Fig. 13-2 Relations between Timer Mode Select Register and Timer Time Set Pulse

Control Register
Timer Mode
Name Select
{TMMD)
Address 09H
Read/Write R/W
Bit b3 | bz | by [ bg
zZ|T|T|T
CIM| MM
symbol OiD|D|D
S|21110
S
J Timer Carry FF Set Pulse Frequency (Time) Timer Interrupt Pulse Frequency {Time)
] Select Select o
0:0:0 10 Hz {100 ms) Internal 200 Hz (5 ms) Internal
0:i0:1 200 Hz { 5 ms) Internal 10 Hz (100 ms) \ernal
0:1:0 10 Hz (100 ms) internal 50 Hz ( 20.ms) Internal
011 i1 200 Hz { 5 ms) Internal 50 Hz { 20 ms) -internal
1:0:0 FTMIN/S Hz (B/TMIN §) External 200Hz (5 ms) Internal
1101 200 Hz (& ms) Internal frMIN/S Hz (B/ATMIN S) External
1:1:0 FTMIN/E Hz (B/FTMIN §) External 200Hz {5 ms) Internal
10101 200 Hz ( 5 ms) Internal FTMIN/G Hz (B/fTMmIN S) External
fTMIN is the P1B3/TMIN pin input frequency (50 Hz or 60 Hz).
0 Bias circuit stop
1 Bias circuit in
operation
200 Hz | I | I | I | -
4 ms 1 ms -
5ms
50 Hz 10Hz |
10 ms 10 ms ——-»| 80 ms 20 ms —
20 ms 100 ms
fFTMIN/E (H2) FrmIN/S (Hz)
Duty 50 % 50 % Duty 80% 20 %
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13.3 TIMER CARRY FLIP-FLOP (TIMER CARRY FF)
The timer carry FF is set (1) at the rising edge of the timer carry FF set pulse which is set by the timer mode
select register. ) ‘
The timer carry FF contents correspond to the least significant bit (TMCY flag) of the timer carry FF judge
register bitwise. When the timer carry FF is set (1), the TMCY flag is simultaneously set {1).
When the contents are read to the window register by “PEEK’’ instruction the TMCY flag is reset (0) (Read & |
Reset).
When the TMCY flag is reset (0), the timer carry FF is simultaneously reset (0).
In other words, a timer with the time set by the timer mode select register can be created by reading the TMCY
flag using a program.
A program example is described in 13.3.1.
When using the timer carry FF, note the following.

Upon power-on reset, the timer carry FF is disabled for set. It is not set until the TMCY flag contents are read
by “PEEK’" instruction.

In other words, /0" is read when the TMCY flag is first read after power-on reset. After that, “1" is set at inter-
vals set by the timer mode select register. '
The timer carry FF controls the CE reset timing.

This means that when the CE pin changes from the low level to the high level, CE reset is applied at the timing ' |
when the timer carry FF is set next time.

Thus, power failure can be detected by reading the TMCY flag contents upon system reset (power-on reset and
CE reset). For detaiis, refer to 13.4 “Timer Carry FF Operating Precautions’ and 15 “Reset Functions”.

Because the TMCY flag is a read dedicated flag, device operations are not affected if a write operation is carried
out by “POKE" instruction. However, if a 17K series assembler is used, an “‘error’’ occurs.
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13.3.1 An Example of Timer Operation by TMCY Flag
A program example is shown below.

Example:
INITFLG NOT ZCROSS, NOT TMMD2, NOT TMMD1, NOT TMMDO
;  Intrinsic macro

; Timer carry FF set time is set to 100 ms.

LOOP1:
MOV M1, #0110B
LOOP2:
SKT1 TMCY ; Intrinsic macro
;. TMCY flag is tested. |f “0", branch to NEXT.
BR NEXT

ADD M1, #0100B
; 4 is added to data memory M1.

SKT1 CY ; Intrinsic macro
; CY flag is tested.
BR NEXT ; If 0, branch to NEXT.

; K1, processing A is executed.

MOV M1, #0110B

NEXT:
: Processing B is executed and branch to LOOP.
BR LOOP ‘

In the above program, processing A is executed every second.
When creating a program, note the following.

(1) The TMCY flag detection time must be shorter than time carry FF set (1) time.

This is because, according to an example described as above, as shown in Fig. 13-3, the timer carry FF will not

be set (1).
Fig. 13-3 TMCY Flag Detection and Timer Carry FF
Timer Carry |
FF Set Pulse 4 ’ ) d y )
® @ ©) @ ®
TMCY Flag

SKT1 SKT1 SKT1
TMCY TMCY TMCY
P .
rocessmg- Processing B’

B

Because processing B' takes time after the TMCY flag set in @ has been
detected, the TMCY flag status set in @ cannot be detected.
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13.3.2 Timer Errors by TMCY Flag

Timer errors by the TMCY flag consist of an error due to TMCY flag detection time and an error due to timer
carry FF set time change.

These are described in the following (1) and (2) respectively.

(1) Error due to TMCY flag detection time
As described in 13.3.1, the TMCY flag detection time interval must be shorter than the timer carry FF set (1)
time.

In other words, when TMCY flag detection time interval is tcyeck and the timer carry FF set time interval
(100 ms or 5 ms) is tget, the following relationship must be maintained.

teneck <tseT
Then, the timer error upon TMCY flag detection is the following as shown in Fig. 13-4.
0 < Error <tcHeck

Fig. 13-4 Error Due to TMCY Flag Detection Time

Timer Carry FF i_
Set Pulse -3 ) 4

1SET

Fa N

TMCY Flag

[*—ICHECK —*{*tCHECK2**—tCHECK3—

SKT1 SKT1 SKT1 SKT1
TMCY TMCY TMCY TMCY
0 ® ® @

As shown in Fig. 13-4, if the TMCY flag is detected to be 1" in (2), the timer is updated.

If the TMCY flag is detected to be “0"” in (3, the timer is not updated until another detection is made in @) .
That is, the timer has a longer time by tcHECK3-

148




—

Phase-out/

{2) Error due to timer carry FF set time change
Timer carry FF set time is set by the timer mode select register flags TMMD2, TMMD1 and TMMDO.
As shown in Figs. 13-1 and 13-2, three timer time set pulses, 200 Hz, 10 Hz and the external timer, are avail-

able.

Each pulse operates independently.
Thus, if the timer time set pulse is changed by the TMMD2, TMMD1 and TMMDO flags, an error will occur as
in the following example.

Example:

O]

INITFLG NOT ZCROSS,

[ Processing A |

;@

SET1

TMMDO

| Processing A |

;@

CLR1

TMMDO

NOT TMMD2, TMMD1, NOT TMMDO
; Intrinsic macro
; Timer carry FF set pulse is set to 10 Hz (100 ms)

;  Intrinsic macro
; Timer carry FF set pulse is set to 200 Hz (5 ms).

; Intrinsic macro
;  Timer carry FF set pulse is set to 10 Hz (100 ms).

Discontinued)
(Phase-out/ iSO

As a result, the timer carry FF set pulse is changed as follows.

Input Pulse
10 Hz

Internal
Pulse 200 Hz

Timer Carry
FF Set Pulse

TMCY Flag

#PD17052

a

L]

|

o

IS

U
5 L

MDO

D
@ (@ SET1 ™™
} t t
SKT1 TMCY

4

L

-

D

(3) CLR1 TMMDO

As shown above, if the changed pulse rises when the timer carry FF set time is changed, the TMCY flag holds
the previous status ( @ in the figure). If the changed pulse falls, the TMCY flag is set (1) (@ in the figure).
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The error remains as follows until the first TMCY flag is set after the timer carry FF set time is changed as
shown in Fig. 13-b.

—tget < Error <tcHeck
tser @ The changed timer carry FF set time
toHeck: TMCY flag detection time
The 4 Hz, 10 Hz, 200 Hz and 1 KHz internal pulses each have a phase difference. Because this phase difference
is shorter than the changed pulse time, it is included in the above error.
For details of each pulse phase difference, refer to 13.6 “Timer Interrupt Applying Precautions’.

Fig. 13-5 Error when Timer Carry FF Set Time is Changed from A to B

(a} —tggt error (b) tcHeck error

Internal | I
Pulse A J
Internal l l l I | | | | I
Pulse B
1SET -t ET*
Timer Carry F_"l_
FF Set Pulse _£ __<m)
TMCY Flag I | I_L r | _"I_
'l
l ! tcHECK
=0 =0

|

' t
SKT1 ~—!
T™CY N N

QOriginal Timer Time \Actual Timer Time
_ Actual Timer Time ™ Original Timer Time
Time Change Time Change
If TMCY flag is detected to be 1" just after If the timer time is changed just after TMCY flag
the timer time is changed, —tggT error results. is detected, tcHECK error results because TMCY

flag is reset once.
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13.4 TIMER CARRY FF OPERATING PRECAUTIONS
The timer carry FF is used not only for the timer functions but also for the reset synchronous signal upon CE

reset.

That is, if the next timer carry FF set pulse rises after the CE pin has changed from the low level to the high
level, CE reset is applied.

In this case, note the following.

(1) The sum of the timer update time and the TMCY flag detection time interval must be shorter than the timer
carry FF set time.

(2) If a program is created to cause the selected timer to operate irrespective of CE reset after power-on reset, it

is necessary to correct upon each CE reset.

(3) With the reset synchronous signal for TMCY flag detection and CE reset, TMCY flag detection is given
priority. Thus, if the two operations overlap, CE reset is delayed by one operation.

(1) to (3) above will be described in 13.4.1 to 13.4.3 respectively.
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13.4.1 Timer Update Time and TMCY Flag Detection Time Interval
As described in 13.3.1, TMCY flag detection time interval tseT must be shorter than the timer carry FF set time.
If the timer update time is long when the TMCY flag detection time interval is short, timer processing may not
be executed normally if CE reset is applied.

Therefore, it is necessary to meet the following condition.

tcHeck +triver < tser
tcHeck : TMCY flag detection time interval

tTiver : Timer update time
tser : Timer carry FF set time

An example is shown below.

Example: Timer update and TMCY flag detection time interval example
START: ; Program address 0000H
INITFLG NOT TMMD3, NOT TMMD2, NOT TMMD1, NOT TMMDO

;. Intrinsic macro

. Timer carry FF set time is set to 100 ms.

TIMER:
O
SKT1 TMCY ; Intrinsic macro
;. TMCY flag is tested.
BR AAA ; 1§70, branch to AAA.
[ Timer Update ]
BR TIMER
AAA:
[Processing A__|
BR TIMER

The timing chart of the above programming example is shown below.

CE Pin | l

Timer Carry —
FF Set Pulse
“TMCY Flag TMCY
Detection i
Interval |mter Update
tCHECK TIMER
e tf this time is long,
SKT1 SKT1 CE r.eset W'!' be
T™CY T™MCY applied during update.

CE Reset
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13.4.2 Timer Carry FF Correction in CE Reset

This section describes a timer correction example in CE reset.

As shown in the example, timer correction in CE reset may be necessary when “the timer carry FF is simul-
taneously used for power failure detection and as a clock timer”’.

Upon power-on reset, the timer carry FF is reset (0) and remains disabled for set until the TMCY flag is read by
the “PEEK"” instruction.

When the CE pin changes from the low level to the high level, CE reset is applied at the rising edge of the timer
carry FF set pulse. At this point the system starts with the TMCY flag set (1).

That is, power-on reset or CE reset can be judged by detecting the TMCY flag status upon system reset {(power-on
reset and CE reset). When the TMCY flag status is 0" or “/1”", power-on reset or CE reset {power failure detection)
can be identified, respectively.

Upon CE reset, the clock timer must continue operating.

However, because the TMCY flag is reset (0) by T™CY flag read due to power failure detection, the TMCY flag
set (1) status is missed by one time. A

Thus, if CE reset is judged because of power failure detection, it is necessary to update the clock timer.

An example is shown below.

For details of power failure detection, refer to 15.6 “Power Failure Detection” as well.

Example: Example of timer correction upon CE reset
When detecting power failure and updating the clock using the timer carry FF
START: ;  Program address 0000H

; @

SKT1 TMCY ;  Intrinsic macro
;. TMCY flag is tested.
BR INITIAL ;If 0", branch to INITIAL (power failure detection).
BACKUP:

100 ms clock update | ; Clock correction because of backup (CE reset)
LOOP:

e,

;  While executing processing B

SKF1 TMCY ; TMCY flag is tested and the clock is updated.
BR BACKUP
BR LOOP

INITIAL:

INITFLG NOT TMMD3, NOT TMMD2, NOT TMMD1, NOT TMMDO
;  Intrinsic macro
. Because of power failure (power-on reset), the timer carry FF set time is set to
100 ms and processing C is executed.

BR LOOP

The timing chart of the above program is shown in Fig. 13-6.
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Fig. 13-6 Timing Chart

voo __|
—

CE
Internal Pulse l ] I I l 1 J —I J_—l_-[——l_'—
Timer Carry FF r‘ I [ ] | l | | | | | B |
Set Pulse
TMCY Flag [ [ |
Program | A C B B B B |B B B B |B|B A B [B|B
Processing - ! *
Program
Instruction GB @ @? @ (::D ) @ @ @® (:?© | @ @ ®4
| Clock Clock Clock Clock ¢E Reset Clock
Power Power-On Up Up Up UP  giart at Up
Voltage Reset Start Address 0
Input at Address O Clsch Update
TMCY Flag ‘

because of TMCY

Detection Flag Detection
Set (1)
Paint Point Point| [Point Point
A B C D E

As shown in Fig. 13-6, upon power-on reset, the program starts at address 0000H at the rising edge of the internal
10 Hz pulse.

Next, when the TMCY flag is detected at point A, the TMCY flag has been reset (0) after power-on, the state is
judged to be power failure (power-on reset).

Thus, execute “Processing C" and set the timer carry FF set pulse to 100 ms.

Because the TMCY fiag contents have been read once, the TMCY flag will be set (1) every 100 ms.

If the CE pin becomes low level at point B and high level at point C, the program will count up the clock while
executing “‘Processing B”’ unless the clock stop instruction has not been executed.

Because the CE pin has risen from the low to the high level at point C, CE reset will be applied at point D at the
rising edge of the next timer carry FF set pulse and the program will start at address 0000H.

If the TMCY flag is detected at point E, the state is judged to be backup (CE reset) because the TMCY flag has
been set (1).

As is clear from the above figure, if the clock is not updated by 100 ms at point E, the clock will be delayed by
100 ms each time CE reset is applied.

If processing A takes 100 ms or more for power failure detection at point E, TMCY flag will be missed twice.
To prevent that from occurring, processing A must be carried out within 100 ms.

Thus, TMCY flag detection for power failure detection must be carried out within the timer carry FF set time
after the program has started at address 0000H.
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13.4.3 If TMCY Flag Detection and CE Reset Occur Simultaneously

As described in 13.4.2, CE reset is applied simultaneously upon TMCY flag set (1).

{f the TMCY flag read instruction happens to be generated upon CE reset, it is given priority.

Thus, if the TMCY flag which is generated after the CE pin changes from the low level to the high level is set (at
the timer carry FF set pulse rising edge) simultaneously when the TMCY flag read instruction is generated, CE reset
is applied to the “timing when the next TMCY flag is set”’.

This operation is shown in Fig. 13-7.

Fig. 13-7 Operation when CE Reset is Applied Simultaneously when TMCY Flag Read Instruction is Generated

CE Pin-

Timer Carry
FF Set Pulse

TMCY Flag

.
[ S Y B O N
g

1] l
t f

SKT1 SKT1 CE Reset
TMCY TMCY
[

Timer Carry
FF Set Pulse ___J
TMCY Flag | ‘

Instruction S'fgéE-l;(MC\)/ (SKT...)
— Intrinsic Macro
5 PEEK WR, .MF.TMCY SHR 4
e SKT WR, #.DF.TMCY AND 000FH
If TMCY flag is read during this period,
+ CE reset is applied at a timing delayed

Normally the program starts at address 00O00H. by one sequence.

However, because it happens to overlap the
TMCY read program, CE reset is not applied.

Thus, CE reset can never be applied if the program is one that detects the TMCY flag cyclically and in which the
TMCY flag detection time interval matches the TMCY flag set time.

In other words, the following must be noted.

Because one instruction cycle is 2 us (1/500 KHz), a program which detects the TMCY flag every 500 instruc-
tions, for example, will read the TMCY flag every 2 us x 500 = 1 ms.

Whether the timer time set pulse 5 ms or 100 ms is selected, CE reset will not be applied forever once TMCY
flag set and detection occur simultaneously.

That is, do not create any cyclic program with n given as

tseT x X
500

= n(n: Natural number)

where tggT : TMCY flag set time
X : No. of steps (TMCY flag read instruction cycle)
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The following is an unrecommendable programming example which satisfies the above conditions.

Example:

INITFLG NOT TMMD3, NOT TMMD2, NOT TMMD1, TMMDO
. Intrinsic macro

;  Timer carry FF set pulse is set to 5 ms.

LOOP:
O]
SKT1 TMCY ; Intrinsic macro
BR BBB
AAA:
BR LOOP
BBB:

BR LOOP

In this example (‘D TMCY flag read instruction is repeated every 500 instructions. Thus, if the TMCY flag is ‘
set at the timing of @ instruction, CE reset can no longer be applied.

Also, because the instruction execution time is 12 us (1/83.33 kHz) during IDC operation, do not create a cyclic
program which satisfies the following conditions. ‘

tseT X X
83.33

where tggtT : TMCY flag set time

= n (n: Natural number)

X 1 No. of steps (TMCY flag read instruction cycle)
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135 TIMER INTERRUPT :

A timer interrupt request is issued at the falling edge of the timer interrrupt pulse set by the timer mode select
register. :

The timer interrupt request has a 1:1 relationship with the IRQTM flag of the interrupt request register. When a
timer interrupt request is issued, the IRQTM flag is set (1).

That is, when the timer interrupt pulse falls, the IRQTM flag is set (1).

As described in 12 “Interrupt”’, not only the generation of an interrupt request but also the execution of “EI'""
instruction enabling all interrupts and timer interrupt enable must be set for timer interrupt.

Timer interrupt enable is set by setting {1) the IPTM flag of the interrupt permission register.

Thus, a timer interrupt is acknowledged when the IRQTM flag is set (1) after the “'EI”” instruction has been
executed and the IPTM flag has been set (1).

When a timer interrupt is acknowledged, the program flow will proceed to program memory address 0003H.

Upon acknowledgment of the interrupt, the IRQTM flag is reset {0).

Fig. 13-8 shows the relations between the timer interrupt pulse and the IRQTM flag.

Fig. 13-8 Relationship between Timer Interrupt Pulse and IRQTM Flag

::;:r Interrupt &__J é I & J J) J é__

IRQTM l
IPTM
INTE El
FF
Dl ® . d_ Timer Interrupt
Acknowledge
. - . 1 N
IRQTM flag is set at If El instruction is Upon IPTM flag set,

executed, the interrupt
is not acknowledged
because | TPM flag has
not been set.

timer interrupt is
acknowledged.

the falling edge of
the timer interrupt
pulse.

Interrupt
Reserve Time interrupt Enable Time

I~ T

Note point @ in Fig. 13-8. Once the IRQTM flag is set when time interrupt is disabled by the “DI” instruction
or the IPTM flag, timer interrupt is acknowledged when the “EI" instruction is executed and the IPTM flag is set
next time. i '

In this case, the interrupt request can be released by writing “0" to the.IRQTM flag.

Conversely, writing “1”" to the IRQTM flag is equal to an interrupt request issuance.

When a timer interrupt is acknowledged, one level of stack is used.

At this point the bank register contents and the.index enable flag contents are automatically saved.

To return from the interrupt processing routine, the “RETI” instruction, a dedicated instruction, is used.

For details, refer to 5 ““Stack’ and 12 “Interrupt”.

A timer interrupt usage example and a timer interrupt error are described in 13.5.1 and 13.5.2, respectively.

Refer to 12 “’Interrupts” for details of relations with other interrupts (RMS pin, m pin and serial interface).
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13.5.1 Example of Operating a Timer Using Timer Interrupt
An example is shown below.

Example:
BR AAA ; Branch to AAA
TIMER: ;  Program address 0003H
ADD M1, #0001B: 1 isaddedto M1.
SKT1 CVY : CY flag is tested.
BR BBB " Returns if no carry out is generated. |
|
BBB:
El
RETI i
AAA: ‘

INITFLG NOT TMMD3, NOT TMMD2, NOT TMMD1, NOT TMMDO
; Intrinsic macro

; Timer interrupt pulse is set to 5 ms.
MOV M1, #0000B : M1 contents are cleared to O.

SET1 IPTM :  Timer interrupt enable is set.

El . ¢ All interrupt enable is set.
LOOP:

BR LOOP

The above program executes processing A every 80 ms.
Note that if an interrupt is acknowledged, the DI status is automatically set and that if the DI status has pre-
viously been set, the IRQTM flag is set (1).

That is, when processing A takes 5 ms or more, an interrupt is immediately acknowledged if returned by the
“RETI" instruction and processing B is not executed.
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13.5.2 Timer Interrupt Error

As described in 13.4, if timer interrupt has been enabled, an interrupt is acknowledged at each rising edge of the
timer interrupt pulse.

Thus, a timer error in timer interrupt use occurs only when the following operation is carried out.

(1) When the first interrupt is acknowledged after timer interrupt has been enabled

{2) When the first interrupt is acknowledged after the timer interrupt pulse time has been changed

{3) When a data write operation is carried out to the IRQTM flag

Fig. 13-9 shows an error in each operation.

Fig. 13-9 Timer Interrupt Error

(a) When timer interrupt is enabled

Timer —
Interrupt d l q J d
Pulse | tSET :
IRQTM I
IPTM
INTE E!
FF DI
El Interrupt El El
Reserve |
(1?) @ ©)

!

SET1 IPTM Interrupt Interrupt Ihterrupt
Acknowledge Acknowledge Acknowledge

If the IPTM flag is set and timer interrupt is enabled at point @ above, an interrupt is immediately
acknowledged. '

In this case the error is —tggT.

If interrupt is enabled by the “EI"” instruction at point @ , an interrupt is generated at the falling edge of
the timer interrupt pulse at point (3.

In this case the error is between —tggt and 0.
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Fig. 13- Timer Interrupt Error

{b) When timer interrupt pulse is changed

S S | 1 |
o5 S [ U U T O O O O T I e O
l -

Pulse B

Timer

Interrupt b

Pulse
IRQTM

IPTM

INTE  El , : ,
e — o = -
£l ®T|mer Interrupt e @ Timer f

Pulse Change I 4 El Interrupt Et
Interrupt Pulse Interrupt
Interrupt
Acknowledge ®A(:k;2’vsledge Change Acknowledge

Because the timer interrupt pulse does not fall if it is changed to B in @ , an interrupt is acknowledged in

the next @).
Because the timer interrupt pulse falls if it is changed to A in @ an interrupt is immediately acknowl-

edged.

{c) When IRQTM flag is operated

"
—

Timer
Interrupt l l

Pulse
IRQTM
IPTM
INTE El
FF DI
El El El
(D SET1IRQTM @ CLR1 IRQTM
Interrupt Interrupt Interrupt not Interrupt
Acknowledge Acknowledge Acknowledge Acknowledge

If the IRQTM flag is set in @ , an interrupt is immediately acknowledged.
If IRQTM flag reset and interrupt pulse fall overlap in @ , no interrupt is acknowledged.
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13.6 PRECAUTIONS TIMER INTERRUPT USING
When creating a program, such as a clock program, which causes the specified timer to always operate after

power-on reset using a timer interrupt, it is necessary to terminate the timer interrupt processing time within the
specified period.
Such a program is described using an example.

Example:
BR AAA ; Branch to AAA after reset.
TIMER: ;  Program address 0003H
ADD M1, #0100B ; 0100B is added to M1 contents.
SKT1 CY ; If a carry out is generated, clock processing is executed.
BR AAA :

;@
[ Clock processing |
El
RETI
AAA:
INITFLG NOT TMMD3, NOT TMMD2, NOT TMMD1, NOT TMMDO
; Intrinsic macro
Timer interrupt time is set to 260 ms and timer carry FF set time is set to 100

’

ms.
SET1 IPTM . Intrinsic macro
El
BR AAA

In this example, clock processing @ is executed every second while processing A is executed.

As shown in Fig. 13-10 (a), when the CE pin changes from the low to the high level, CE reset is applied at the
falling edge of the timer carry FF set pulse.

If timer interrupt request generation happens to overlap timer carry FF set, CE reset is given priority. When
CE reset is applied, one timer processing operation is messed because the timer interrupt request (IRQTM flag)
is reset.

To prevent timer interrupt from being mjssed, the “’falling edge of the timer carry FF set pulse” and the
“f|ling edge of the timer interrupt pulse” are both delayed, as shown in Fig. 13-10 (b).

Thus, as shown in Fig. 13-10 (2), timer interrupt fetch error upon CE reset can be prevented by executing

clock processing within 10 ms as in this example.
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Fig. 13-10 Timing Chart

(a)
CE Pin I |
Timer Carry ‘
FF Set Pulse —é |—g— ' ‘
. |
Timer r l
Interrupt eb
P .
ulse Timer - Because the timer carry FF set pulse
Interrupt rises, CE reset is applied and one
timer interrupt is missed.
(b)

CE Pin | l

Timer Carry

FF Set Pulse I EE

Timer
Interrupt _l L_l l & r
Pul . R .
ulse Timer Interrupt [ Delay Timer{10 ms in this case)
’ 3
Timer CE Reset
Interrupt Because there is a 10 ms delay between the falling

edge of the timer interrupt pulse and the rising edge

of the timer carry FF set pulse, executing timer
processing within 10 ms will enable timer processing
to be executed normally if CE reset is applied.
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14. STANDBY FUNCTION
The standby function is used to decrease the device current consumption during backup.

14.1 STANDBY BLOCK CONFIGURATION

Fig. 14-1 shows the standby block configuration.

As shown in the figure, the standby block is divided into a halt control block and a clock stop control block.

The halt control block consists of a halt control circuit, an interrupt control block, a timer carry FF and key-
input pins, POD/ADC pins (pin No. 62) through POD/ADC pin {pin No. 59). It controls the operations of the CPU
(consisting of a program counter, an instruction decoder and an ALU block).

The clock stop control block controls the clock oscillator, the CPU and the system register and the control

register with the clock stop control circuit.

Fig. 14-1 Standby Block Canfiguration

T T Halt Block —— —— —————— -|
I Interrupt |
| Block I |
Timer Halt Control |
| Carry FF Circuit HALT h ] cPU
| POD3/ADCy Pin [ | Program
| POD2/ADC3 Pin -y Jinput ' Counter (PC)
I POD1/ADC3 Pin C Latch Instruction
| PODg/ADC1 Fin Sam— | l Decoder
o= - |
l_ _— Clock StopBlock ————————— ——| - ~[ System Register |
Clock Stop |
| CE Pin O Control l -1 Control Register 1
| Circuit STOP s
| XouT Pin O |
>
| |
. Internal
I XN Pin Clock |
|
| g |
S |
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14.2 STANDBY FUNCTION

The standby function is intended to decrease device current consumption by stopping the device operation
partially or totally.

It is divided into a halt function and a clock stop function.

The halt function decreases device current consumption by stopping the CPU operation using the “HALT h"
dedicated instruction.

The clock stop function decreases device current consumption by stopping the 8 MHz crystal resonator circuit
" using the "“STOP s’’ dedicated instruction.

In addition to the halt and clock stop functions, a function to set the device operation mode with the CE pin
is available.

The device operation mode setting function with the CE pin is described in 14.3.
The halt function and the clock stop function-are described in 14.4 and 14.5, respectively.
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14.3 DEVICE OPERATION MODE SETTING WITH CE PIN
The CE pin is used to control the following functions at the external input signal level and the rising edge of the
input level.

(1) Clock stop instruction valid/invalid control
(2) Device reset

These functions are described in 14.3.1 and 14.3.2.

14.3.1 Clock Stop Instruction Validate/Invalidate Control

The “STOP s" clock stop instruction is validated only when the CE pin is at the low level.

The “STOP s instruction executed when the CE pin is at the high level is executed as a no-operation instruction
(NOP).

14.3.2 Device Reset
The device can be reset (CE reset) by raising the CE pin from the low level to the high level.
in addition to CE reset, reset includes power-on reset upon power voltage Vpp input.
For details, refer to 15 ’Reset Functions”.

14.3.3 Signal Input to CE Pin

The CE pin acknowledges neither signals at a low level of less than 187.5 us nor those at a high level to prevent
malfunctioning due to noise.

The input level of the signal input to the CE pin can be detected from the CE flag of the control register (bit bg
of address 07H).

Fig. 14-2 shows the relationship between the input signal and the CE flag.

Fig. 14-2 Relationship between CE Pin Input Signal and CE Flag

CE Pin

CE Flag

Less than 187.5 us Less than 187.5 us

187.5 us 187.5 us ) CE Reset
STOP Instruction STOP Instruction STOP Instruction
Invalid (NOP) Valid Invalid (NOP)

CE reset is applied in
synchronization with
the next timer carry

FF set.
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14.4 HALT FUNCTION

The halt function is intended to 'stop the CPU operation clock by executing the ““HALT h” instruction.

That is, when the “HALT h” instruction is executed, the program stops with the “HALT h’' instruction and
remains halted until the halt status is released.

Thus, device current consumption during the clock halt is reduced by the CPU operating current. -

The halt status is released using the timer carry FF, an interrupt or key-input.

The timer carry FF, interrupt and key-input cancel conditions are specified by the “HALT h’ instruction
operand “‘h".

The “HALT h” instruction is valid regardless of the CE pin input level.
Halt status, halt release conditions, and individual halt conditions are described in 14.4.1 to 14.4.5.

14.4.1 Halt Status
The halt status stops all CPU operations.
That is, program execution stops with the “HALT h'’ instruction.
However, the peripheral hardware continues to carry out the operation set before the “HALT h’’ instruction.
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14.4.2 Halt Release Condition
_Fig. 14-3 shows the halt release conditions.
As shown in the figure, the halt conditions are set by the 4-bit data specified by the “HALT h" instruction
operand “'h”".
The halt status is canceled when the conditions set for operand 'h’" by "“1” are satisfied.
When the halt status is released, execution starts with the instruction after the "HALT h” instruction.
If two or more release conditions are set at one time, the halt status is released if any of those conditions is
satisfied. :
When the device is reset (power-on reset or CE reset), the halt status is release and reset operation is carried out.
If O0OOB is set for halt release condition “h”, none of the release conditions will be set.
In this case, the halt status is released when the device is reset (power-on reset or CE reset).
The halt release conditions for the timer carry FF, interrupt and key-input are described in 14.4.3 to 14.4.6.

Fig. 14-3 Halt Release Conditions

HALT ? (4 Bits) -

Operand
Bit

b3 ib2 i by ibg

X Halt status release condition is set.

L Released when key-input pins (POD3/ADC4 to PODg/ADC1 pins) are set o high level.

Released when timer carry FF is set {(1).

Released {fix to *'0"')

Rel d when interrupt (RMC pin, timer, VgyNc and serial interface) is acknowledged.

0 Not released even if conditions are satisfied.

1 Released if conditions are satisfied.
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14.4.3 Halt Release by Key-Input

The key-input halt release conditions are set by the “HALT 0001B” instruction.

If the key-input halt release conditions are set, the halt status is released when any one of the four pins, pODg/
ADCq to POD3/ADC,, is set to the high level.

Note the following remarks when using the key-input pins as an A/D converter.

(1) When using the general-purpose port as the key source signal

-l
—O
l - POD3/ADCy4
59 + Latch
-t
| — ‘
60 | POD2/ADC ‘
]_‘ 2 3
b
—0 O—

61 | POD1/ADCo

Switch A '—C/O——

62 | PODg/ADC,

General-Purpose Output Port

[]

After the key source signal general-purpose port is set to the high level, the “HALT 0001B'' instruction is
executed.

If an alternate switch such as switch A in the above figure is in use, the halt status is immediately released
because a high level is always applied to the PODo/ADG pins while switch A remains closed.
Thus, take extra care when using an alternate switch.

The PODo/ADC1 to POD3/ADCy4 pins are automatically pulled down internally.
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(2) When using PODo/ADC, to POD3/ADCq4 pins as an A/D converters

A/D

\> Input
| POD3/ADCy O o
atc -

POD5/ADC3

A/D
Input

[2]

)

2]

POD4/ADCs

[=]

)

A5

PODG/ADC/

[]

General-Purpose Output Port

[]

When one of the PODg/ADC to POD3/ADC4 pins is selected as A/D converters, the selected pin (only one pin
can be selected at a time) is released from the input latch and connected to the internal A/D converter input.
If a high level happens to have been input to the pin when selected as an A/D converter, the latch circuit is held

at the high level. A
If the “HALT 0001B” instruction is executed at this point, the halt status is immediately released because the

input latch is at the high level.
Thus, do not use the pins as an A/D converter.
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{(3) Others

POD3/ADC,
Output Port 59 Latch

~|I 60 | PODo2/ADC3

, - -
Microcomputer, +—20O O_J
ete. —61 ]| [61 POD1/ADCy

n 62 | PODg/ADC

General-Purpose Qutput Port

=

The PODp/ADC4 to POD3/ADC4 pins can also be used as general-purpose input ports with pull-down resistors.
Thus, the halt status can also be released using another microcomputer, etc. as shown above.
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14.4.4 Halt Release by Timer Carry FF

Halt status release by the timer carry FF is set by the “HALT 0010B” instruction.

If halt release by the timer carry FF is set, the halt status is released simultaneously when the timer carry FF is
set (1}.

The timer carry FF has a 1:1 relation with the TMCY flag of the control register (bit bg of address 17H) and is
set (1) periodically (56 ms, 100 ms). »

Thus, the halt status can be released periodically.

A usage example is shown below.

Example:
HLTTMR DAT 0010B ; Symbol definition
INITFLG NOT ZCROSS, NOT TMMD2, NOT TMMD1, NOT TMMDO
; Intrinsic macro ' :
;  Timer carry FF set time is set to 100 ms.

LOOP1:
MOV M1, #01108B
LOOP2:
HALT HLTTMR ; Timer carry FF halt release condition is set.
SKT1 TMCY ;  Intrinsic macro
BR LOOP ; Branch to LOOP2 if TMCY flag is not set.
ADD M1, #0001B; ADD 0001B to contents of M1.
SKT1 CY ;  Intrinsic macro
BR LOOP2 ; Processing A is executed if a carry out is generated.
BR LOOP1

In the above example, the halt status is released every 100 ms and processing A is executed every second.
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14.4.5 Halt Status Release by Interrupt
Halt status release by interrupt is set by the “HALT 1000B’’ instruction.
If halt status release by interrupt is set, the halt status is released when an interrupt is acknowledged.
There are four interrupt sources. They are an RMC pin, a timer, m and a serial interface.

Thus, the interrupt source to be used for halt release must be prespecified by a program. |
For an interrupt to be acknowledged, all interrupt enable (El instruction) and each interrupt enable (with the |
interrupt permission flag set) must also be satisfied in addition to the generation of an interrupt request from each
interrupt resource.
Thus, if an interrupt request is generated, the interrupt is not acknowledged unless enabled and the halt status is
not released.
When the halt status is released by interrupt acknowledgment, the program flow proceeds to each interrupt
vectored address. When the “RETI" instruction is executed after interrupt service, the program flow returns to the
interruption following the HALT'' instruction.
A usage example is shown below.
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Example:
HLTINT DAT 1000B ; Symbol definition
START: ; Program address 0000H
BR MAIN ;
NOP
INTTM: ; Timer interrupt vector address
BR INTTIMER ;  Branch to timer interrupt service INTTIMER
INTO: ;. RMC pin interrupt vector address
: Interrupt service by RMC pin
El
RETI
INTTIMER:
; Interrupt service by timer
El
RETI
MAIN:
SET2 IPTM, IP ; Intrinsic macro
; RMC pin and timer interrupt enable
SET1 TMMD2 ; Intrinsic macro
LOOP: ; Timer interrupt time interval is set to 5 ms.
; Main routine service
El ; All interrupts enable
HALT HLTINT ; Halt release by interrupt is set.
HNO)
BR LOOP

In the above example, when a timer interrupt is acknowledged, the halt status is released and processing B is
executed. When an RMC pin interrupt is acknowledged, processing A is carried out,

Each time the halt status is released, processing C is executed.

If an RMC pin interrupt request and an timer interrupt request are simultaneously generated in the halt status,
the RMC pin processing having higher hardware priority is executed.

When “RETI” is executed after processing A execution, the program returns to @ “BR LOOP'’ instruction. As
soon as the “BR LOOP" instruction is executed, a timer interrupt is acknowledged.

When the “RETI! instruction is executed after execution of processing B (timer interrupt service), the “BR

LOOP’ instruction is executed.
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145 CLOCK STOP FUNCTION

The clock stop function is intended to stop the clock oscillator by executing the “STOP s’* instruction.

Thus, the device current consumption is decreased to 10 uA max.

*"0000B* is specified for operand "’s”’ of the “STOP s"’ instruction.

The “STOP s” instruction is anly valid when the CE pin (pin No. 14) is at the low level. While the CE pin is at
the high level, the “STOP s" instruction is executed as a no-operation instruction (NOP).

In other words, it is necessary to execute the *’STOP s” instruction while the CE pin is at the low level.

The clock stop status is canceled by CE reset.

Points to be noted when setting, using and setting the clock stop instruction are given in paragraphs 14.5.1 to
145.3.

145.1 Clock Stop Status

In the clock stop status the clock oscillator stops and thus all operations of devices such as the CPU and periph-
eral hardware stop.

In this status if the device power voltage Vpp is decreased to about 2.2 V, the power failure detector does not
operate. Thus, data memory backup with a low voltage is enabled.

14.5.2 Clock Stop Status Release

The clock stop status is released by raising the CE pin from the low level to the high level (CE reset) or first
decreasing the device power voitage Vpp to 2.2 V or less and then increasing it to 4.5 V (power-on reset).

Released operations upon CE reset and power-on reset are shown in Figs. 14-4 and 14-5, respectively.

When the clock stop status is released upon power-on reset, the power failure detection circuit operates.
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Fig. 14-4 Clock Stop Status Cancel upon CE Reset

5v
Vbb
CE
Approx. 50 ms
STOP 0 Instruction Program Start at Address O
(CE Reset)
When the clock stop instruction is not used, the following results,
v ' 5V
DD
CE
XouTt
0—15ET
Program Start at Address O
{CE Reset)
CE reset is applied upon the timer carry FF
set after the rising edge of CE pin at high level.
Fig. 14-5 Clock Stop Release upon Power-On Reset
Ut
VDD 22V I
CE
Approx. 50.msl
X Program Start at Address O
STOP O Instruction
(CE Reset)
When the clock stop instruction is not used, the following results.
VbD 35V
CE
Approx. 50 ms

Oscillation Stop Program Start at Address O

(CE Reset)
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14.5.3 Precautions Using Clock Stop Instruction
The clock stop instruction {(STOP s instruction) is valid only when the CE pin is at the low level.
Thus, it is necessary to consider the processing in the program when the CE pin happens to be at the high level.
The following program illustrates an example.

Example:

XTAL DAT 0000B ; Clock stop condition symbol definition
CEJDG:

; @

SKF1 CE ; Intrinsic macro

; CE pin input level detection
BR MAIN ; Branch to main processing when CE = high level.
; CE = low level processing

STOP XTAL ; Clock stop
N E)
BR $-1
MAIN:
|_Main processing |
BR CEJDG

In the above example, the CE pin status is detected in @ If the CE pin is at the low level, processing A is
executed and then (2) “STOP XTAL" clock stop instruction is executed.

However, if the CE pin becomes high while @ “STOP XTAL"” instruction is being executed as shown below,
the "STOP XTAL" instruction is being executed as shown below, the “STOP XTAL’ instruction operates as a
no-operation instruction (NOP).

If @ “BR $—1" branch instruction were not reset at this point, the program would shift to main processing and
operate incorrectly.

Thus, a branch instruction should be inserted as in @ or the program should be able to operate correctly for
main processing.

When a branch instruction is used as in @ . CE reset is applied upon the next timer carry FF set if the CE pin
remains at the high level,

5V
VoD
CE
Main
Pracessing Processing A {
@® 0)O) A (2)sSTOP XTAL Program starts at address O upon
CE Pin This instruction operates timer carry FF set {CE reset).
Detection

as NOP instruction because
CE pin is at high level.
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14.6 DEVICE OPERATIONS UPON HALT AND CLOCK STOP

14.6.1 Individual Pin Status upon Halt and Clock Stop

Table 14-1 shows CPU and peripheral hardware operations in the halt and clock stop statuses.

As shown in the table, instruction execution stops but all peripheral hardware continue to carry out normal
operations in the clock stop status.

The control register which-controls peripheral hardware operation statuses operates normally (not initialized) in
the halt status but it is initialized to the specified value in the clock stop status (when the STOP s instruction is
executed). v

In other words, each peripheral hardware continues to carry out the operation set in the control register in the
halt status. In the clock stop status the operation of each peripheral hardware is determined by the control register
initialized to the specified value.

Refer to 10 *“Register File (RF)” for details of the values to which the control register is initialized.

An example is shown below.

Example: When POAp/SDA and POA{/SCL pins of portOA are set as the output port and the POA,/SCK and
POA3/SO pins are used as serial interfaces
HLTINT DAT 1000B ; Symbol definition
XTAL DAT 00008 ;
INITFLG POABIO3, POABIO2, POABIO1, POABIOOD
;. Intrinsic macro
;@
SET2 POAO, POA1 ;
INITFLG SIOCH, NOT SB, SIOMS, SIOTX

’

SET2 SIOCK1, SIOCKO
;@

SET2 SI0IMD1, SIOIMDO

CLR1 IRQSIO
SET1 IPSIO
El

; ®
SET1 SIONWT
; @
HALT  HLTINT
; ®

STOP XTAL

In the above example, the high level is output from the POAg and POA4 pins in (@ ; the serial interface condi-

tions are set in (2), and serial communication is started in ®.
When @ “HALT" instruction is executed, serial communication carries on and the halt status is released upon

acknowledgment of a serial interface interrupt.
If 6§ “STOP” instruction is executed in place of @ “HALT" instruction, all of the control flags set in @.
@ and @ are initialized. Thus, serial communication is discontinued and all pins at portGA are set to the general-

purpose input port.
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Table 14-1 Device Operations in Halt Status and Clock Stop Status

Status
Peri ]
eriphera CE Pin = High Level CE Pin = Low Level
Hardware
Halt Clock Stop Halt Clock Stop
Stop at HALT Stop at HALT Initialized to
op a opa
Program counter . P . . P . 0000H and
instruction address instruction address
stopped
System register Hold Hold Initialize®
Peripheral register Hold Hold- Hold
Control register Hold Hold Initialize™

Timer

Normal operation

A/D converter

Normal operation

D/A converter

Normal operation

Serial interface

Operation stop

General-purpose
input/output

STOP instruction
invalid (NOP)

Normal operation

Operation stop

Normal operation

Operation stop

Normal operation

Operation stop-

Operation stop

Qperation stop

Normal operation Normal operation Input port
dual-function port '
General-purpose . )
. Normal operation Normal operation Input port
input port
General-purpose . .

Normal operation Normal operation Hold
output port

HALT instruction . .

. Stop instruction

IDC execution status

hold

invalid (NOP)

Operation stop

Operation stop

: Refer to 9 “System Register (SYSREG)"* and 10 “Register File (RF)"”” for details of the initialize values.

14.6.2 Pin Processing Precautions in Halt and Clock Stop
The halt function is used to decrease current consumption when, for example, operating only the clock,

The clock stop function is used to decrease current consumption to hold only the data memory.

Thus, it is necessary to minimize current consumption in the hold status and the clock stop status.

In this case, the precautions listed in Table 14-2 must be taken because current consumption considerably varies
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Table 14-2 Pin Statuses and Precautions in Halt and Clock Stop Status

Pin Function Pin Symbol Each Pin Status and Processing Precautions
ymee Halt Status Clock Stop Status
POA3/SO The status before halt is held. All of these pins are specified
Port OA POA,/SCK (1) When specified for output for general-purpose input
POA4/SCL pin ports.
POAg/SDA If the pin is externally All input ports except POA{/
POB3/HSCNT pulled down during high- SCL and POAg/SDA pins
POB, level output or externally have circuit configurations
Port 0B POB, pull up during low-level with no current consumption
POBg/SI output, current consump- increase due to noise if they
General- P1B3/TMIN tion increases. are externally in a floating
purpose Take extra note of N-ch status. POA{/SCL and POAg/
input/ Port 1B i::? open-drain output (POA, SDA pins must be externally
output POAg, P1A3 to P1Ag, pulled down or up to prevent
port P1Bo P2B3 to P2Bg, P2C3 to current consumption for
P1C3 P2Cq). increase due to noise.
Port 1C P1C2/ADCy (2) When specified for input PortOD (POD3/ADC4 to
: P1C1/ADCg pin PODo/ADC1) are internally
P1Co/ADCsg If the pin is in the floating pulled down.
P2A3 status, current consump-
P2A, tion increases due to noise.
Port 1A P2A4 {3} PortOD (POD3/ADC, to
PZAg PODg/ADC1)
General- POD3/ADC, Because a pull-down
purpose POD,/ADC3 rgsistor is incorporated,
input Port OD POD1/ADC, current consumption
port’ PODo/ADC4 increases if the pin is
externally pulled up.
POC3 The pull-down resistor is These pins are specified for
Port 0C POC, turned OFF in the case of general-purpose output port.
POC, the pin selected for the The output contents are held.
POCq A/D converter. Thus, if they are externally
General- P1A; (4) PortOB (POB3/HSCNT to pulled down during high-level
purpose P1Ay POBo/SI) output or pulled up during
output | TOUIA L pya, Port1B (P1B3/TMIN to low-level output, current
port P1Ag P18g) consumption increases.
P1D3 When the POB3/HSCNT
P1D, pin operates as a HSYNC
P1D; counter and the P1B3/
Port 1D P1Dg TMIN pin operates as an
external input timer, the
on-chip self-bias circuit
operates and current
consumption increases.
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Each Pin Status and Processing Precautions

Oscillation amplitude must be
checked because it is deter-
mined by the ceramic
oscillator, crystal resonator or
load capacitor.

Pin Function Pin Symbol
Halt Status Clock Stop Status
P2B3 These pins are specified for
P2B5 general-purpose output port.
Port 2B
General- P2B, The output contents are held.
purpose P2Bg Thus, if they are externally
output P2C3 pulled down during high-level
port P2C, output or pulled up during
Port 2C P2C; low-level output, current
P2Cq consumption increases,
A/D converter ADCq In the floating status, current consumption increases due to
|nterrupt RMC extel’nai noise.
The output pin holds the IDC disable.
HALT instruction execution Each pin is set as follows.
RED status. RED, GREEN and BLUE
GREEN When the IDCEN flag is set, pins and Hgyne and Vgyne
IDC BLUE current consumption pins have circuit configura-
BLANK increases. tions where current
Hsyne consumption does not
Vsyne increase if they become low-
level output or floating,
respectively.
PWM
RMP Same precautions as with the .
PWM, All pins generate low-level
D/A converter general-purpose output port
PWM1 output.
are necessary.
PWMg
Current consumption varies
depending on the clock
oscillator waveform.
As the amplitude increases,
_ X current consumption XN Pinis internally pulled
Clock oscillator X:IUT decreases. down and X ;1 pin

generates high-level output.
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15. RESET FUNCTION
The reset function is used to initialize device operations.

15.1 RESET BLOCK CONFIGURATION

Fig. 15-1 shows the reset block configuration.

Device reset is divided into power voltage Vpp input reset (power-on reset or Vpp reset) and CE pin reset {CE
reset).

The power-on reset block consists of a voltage detection circuit which detects the voltage input from the Vpp
pin, a power failure detection circuit and a reset control circuit.

The CE reset block consists of a circuit which detects the rising edge of the signal input to the CE pin and a reset

control circuit.

Fig. 15-1 Reset Block Configuration

XouTO———— — — — Power Failure Detection Block — — — —— — —
| Timer FF Block ————— |
{ Frequeﬂcy—’\ l
XIN 1 L Selector |
Divider
| TMCY Flag |
| Read |
- STOP | R Timer l
Instruction | s Q Carry FF |
T
i I Timer Carry |
| | DisableFF . _ | |
I r'd
; Power-On Clear Reset Signal
Voltagf.s Signal (POC) TRES Forced Halt by
Vpp O————————- Detection I Timer Carry FF
Circuit Reset Control RES Control Register
P Circuit Systemn Register
Rising Edge RESET Stack
CE i 1
Detection Program Counter
Circuit

!

STQP Instruction
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15.2 RESET FUNCTION
Power-on reset is applied when the power voltage Vpp rises from the specified voltage and CE reset is applied
when the CE pin rises from the low level to the high level.

Power-on reset initializes the program counter, the stack, the system register and the control register and executes
the program at address 0000H.

CE reset partly initializes the program counter, the stack, the system register and the control register and executes
the program at address 0000H.

Power-on reset and CE reset differ mainly in the control register to be initialized and the operations of the power
failure detection circuit to be described in 15.6.

Power-on reset and CE reset are controlied by the IRES, RES and RESET reset signals output from the reset
control circuit shown in Fig. 15-1.

Table 15-1 shows the relationship between IRES, RES and RESET signals and power-on reset and CE reset.

The reset control circuit also operates when the clock stop instruction (STOP) described in 14 “Standby"’ is
executed.

CE reset and power-on reset are described in 15.3 and 15.4, respectively.
The relations between CE reset and power-on reset are described in 15.5.

Table 15-1 Relations between Internal Reset Signal and Each Reset

Output Signal

Internal Contents Controlled by
Reset Signal Upon CE Upon Power- Upon Clock

Reset On Reset Stop

Each Reset Signal

The device is forcible set to halt
IRES X O O status. Halt status is canceled by
setting the timer carry FF.

RES X O O Control register is partly initialized.
The program counter, stack,
RESET @] O O system register and control register

are partly initialized.
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CE reset is applied by raising the CE pin from the low level to the high level.

When the CE pin rises to the high level, the Wsignal is output at the rising edge of the next timer carry FF
set pulse and the device is reset. '

When CE reset is applied, the program counter, the stack, the system register and the control resister are partly
initialized to the initial values by the RESET signal and the program is executed at address 0000H.

For details of the initial values, refer to the relevant description.

CE reset operations vary depending on whether clock stop is used or not.

This is described in 15.3.1 and 15.3.2.

CE reset precautions are described in 15.3.3.

15.3.1 CE Reset without Clock Stop {Stop Instruction)

CE reset operation is shown in Fig. 15-2.

When clock stop (STOP instruction} is not used, the timer mode select control register is not initialized.

Thus, after the CE pin has become high, the RESET signal is output at the rising edge of the selected timer carry
FF set pulse {6 ms, 100 ms} and CE reset is applied.

Fig. 15-2 CE Reset Operation without Clock Stop

5V

VoD

CE

Timer Carry FF ‘
Set Pulse < —_
IRES
©
=
o
n RES
®
8
& Normal
RESET i
Normal Operation QOperation

CE reset is applied at the rising
edge of timer carry FF set pulse.

" When the selected timer carry FF set time is tggT, 0 <t < tgET
because of the CE pin rising timing.
During this period the program continues to operate.
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15.3.2 CE Reset with Clock Stop (Stop Instruction)
CE reset operation is shown in Fig. 15-3.

When clock stop is used, the IRES, RES and RESET signals are output when the “STOP s instruction is
executed.

Because the timer mode select control register is initialized to 0000B by the RES signal at this point, the timer
carry FF set signal is specified for 100 ms.

While the CE pin is at the low level, timer carry FF cancel is forcibly halted because the TRES signal continues
to be output.

However, during this period, the device remains at reset because the clock itself is stopped.

When the CE pin rises to the high level, the clock stop status is released and oscillation starts.

Because timer carry FF cancel has been halted by the IRES signal at this point, the timer carry FF set pulse rises
after the CE pin has risen. After that, the halt status is released and the program starts at address 0.

Because the timer carry FF set pulse has been initialized to 100 ms, CE reset is applied 50 ms after the CE pin has
risen to the high level,

Fig. 15-3 CE Reset Operation with Clock Stop

5V
Vop

CE

Timer Carry FF
Set Pulse J) ' 4

IRES
©
c
=y —
« RES
-
g
v
RESET Halt
Normal Operation Clock Stop Status Status
50 ms
STOP Clock Stop CE Reset
0000B Release Program starts at
Oscillation address Q.

Start
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Note {1} and (2) because CE reset is applied irrespective of the instruction being executed.

Time required for clock timer processing

When creating a clock program using the timer carry FF or timer interrupt, it is necessary to terminate program
processing within the specified time. :

For details, refer to 13.4 “Timer Carry FF Using Precautions’”” and 13.6 “Timer Interrupt Using Precautions”.

Program data and flag processing
Among data and flags which cannot be processed by one instruction, those with contents which should not
change if CE reset is applied, the last channel, for example, must be carefully handled when its contents are
rewritten.
This is described according to the following example.
Example 1:
LCTUNE:
Initial receive processing |; Last channel receive

Channel receive with M1
and M2 contents
MAIN: ;  Main processing

[ Channel changeJ : When the channel is changed, the new channel is substituted for general
registers R1 and R2.

;@

ST M1, R1 ; Last channel rewrite
;@

ST M2, R2

BR MAIN

In the above example 1, if the last channel is “/12H", the contents of data memories M1 and M2 will be *“1H" and

“2H", respectively.

If CE reset is applied at this point, the last channel 12 ch is received in @ .

If the channel is changed in main processing, the new channel is rewritten to M1 and M2 in @ and @ .

If the channel is changed to “04H”, “OH’" and “4H’’ are written to M1 and M2 in @ and @, respectively.
However, if CE reset happens to be applied when @ is executed, CE reset results without executing @ ;

Thus, the Ia;t channel becomes “02H’* and 02 ch is received in @ .

In this case, a program in the following Example 2 will be run.
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Example 2:

; @
SKT1  FLG1
BR  LCTUNE
ST M1, Ri
ST M2, R2
CLR1 FLGI
RO,

LCTUNE:

Initial receive processing
Channel with M1 and
M2 contents is received.

MAIN:
[ Channel change |

; ®
SET1 FLG
e)

ST . M1, Rt

AN E)
ST M2, R2
CLR1 FLG1
BR  MAIN

#PD17052

When FLG1 flagis “'1",

Rewritten to M1 and M2.

Last channel receive

Main processing
If the channel is changed, the new channel is substituted for general registers
R1 and R2.

While the last channel is rewritten, FLG1 flag is set.

Last channel rewrite

In the above Example 2, the last channel is rewritten in @ and @ , the FLG1 flag is set.
Thus, if CE reset happens to be applied in (), rewrite is carried out in ®@.
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Power-on reset is applied by raising the device power voltage Vpp from the specified voltage {called a power-on
clear voltage).

If power voltage Vpp is less than the power-on clear voltage, a power-on clear signal (POC) is generated from
the voltage detection circuit shown in Fig. 15-1.

When the POC signal is output, device operation is stopped by stopping the clock oscillator.

While generating the POC signal, the TRES, RES and RESET signals are output.

If power voltage Vpp becomes greater than the power-on clear voltage, the power-on clear signal is discontinued
and as soon as crystal oscillation starts, the IRES, RES and RESET signals are also discontinued.

Because the timer carry FF cancel has been halted by the IRES signal, power-on reset is applied at the rising edge
of the next timer éarry FF set signal.

Because the timer carry FF set signal has been initialized to 100 ms by the RESET signal, power-on reset is
applied 50 ms after the power voltage Vpp has exceeded the power-on clear voltage and the program starts at
address 0.

This operation is shown in Fig. 15-4.

Initialization- of the program counter, stack, system register and control register upon power-on reset is carried
out when the power-on clear signal is generated.

For details of the initial values, refer to the relevant description.

The power-on clear voltage is 3.5 V (specified value) in normal operation and 2.2 V (specified value) in the clock
stop status.

Operations in these cases are shown in 15.4.1 and 15.4.2.

Operation when the power voltage Vpp is increased from 0 V is described in 15.4.3.

Fig. 15-4 Power-On Reset Operation

VDb Power-On Clear Voltage

CE g

oo YWWWWWWWWWWWY MWW
Timer Carry FF ' _———L—
Set Pulse ) )

Power-On Clear

C

Signal
IRES
©
=y
=
Y  RES
2
[*]
I
RESET Halt
Normal Operation Status
. 50 ms
Dewce' Power-On Clear Power-On Reset
Operathn Release Program starts
Stop A
Oscillation at address 0.
Start
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15.4.1 Power-On Reset in Normal Operation

Power-on reset operation is shown in Fig. 15-5 (a).

As shown in the figure, if the power voltage Vpp becomes lower than 3.5 V irrespective of the CE pin input level,
the power-on clear signal is output and device operation stops.

Next, when the power voltage Vpp becomes 3.5 V or more again, the program will start at address 0000H after
a 50 ms halt.

Normal operation means the time when the clock stop instruction is not in use. It includes the halt status by the
HALT instruction.

15.4.2 Power-On Reset in Clock Stop Status

Power-on reset operation is shown in Fig, 15-5 (b).

As shown in the figure, if the power voltage Vpp becomes lower than 2.2 V, the power-on clear signal is output
and the device operation stops.

However, because the clock stop status has been set, the device operation apparently remains unchanged.

Next, when the power voltage Vpp becomes 3.5 V or more again, the program will start at address 0000H after ‘
a b0 ms halt. ‘

15.4.3 Power-On Reset when Power Voltage Vpp Rises from 0 V
Power-on reset operation is shown in Fig. 15-5 (c).

As shown in the figure, the power-on clear signal continues to be output until the power voltage Vpp increases
from0Vto35V.

When the power voltage exceeds the power-on clear voltage, the clock oscillator starts operating and the program
starts at address 0000H after a 50 ms halt.
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Fig. 15-5 Power-On Reset and Power Voltage Vpp

{a)} Normal operation {including halt status)

VbD

CE

Power-On

Clear
Signal

(b} Clock stop

VoD

CE

XouT

Power-On
Clear
Signal

35V N/ Power-On Clear Voltage
Y
Device
Normal Operation Operation Stop Halt Status
50 ms
Power-On Clear Power-On Reset
Release
P
Oscillation rogram starts at
Start address O.
22 V\/ 35V / Power-On Clear Voltage
o
Device
Normal QOperation
Operation Clock Stop Stop Halt Status
50 ms
STOP 00008 Power-On Clear Power-On Reset

Release

Oscillation Program starts at

Start address 0.

(c) When power voltage Vpp is increased from 0 V

VoD

CE

XouT

Power-On
Clear
Signal

35V

Power-On Clear Voltage

R

WAWWWWWAWMMAWW

—

Device Operation Stop Halt Status

50 ms
Power-On Clear Power-On Reset
gelease Program starts at
scillation
Start address Q.
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15.5 RELATIONS BETWEEN CE RESET AND POWER-ON RESET
When the power voltage is turned on for the first time, power-on reset and CE reset may be applied at the same \
time.
Reset operation at that time is described in 15.5.1 to 15.5.3.
Power voltage raising precautions are described in 15.5.4.

15.5.1 When Vpp Pin and CE Pin Start at the Same Time
Operation is shown in Fig. 15-6'(a).
In this case, the program starts at address 0000H by power-on reset.

15.5.2 When CE Pin Starts in Power-On Reset Forced Halt |
Operation is shown in Fig. 15-6 (b).
As is the case in 15.5.1, the program starts at address 0000H by power-on reset.

15.5.3 When CE Pin Starts After Power-On Reset

Operation is shown in Fig. 15-6 (c).

In this case, the program starts at address 0000H by power-on reset and restarts at address 0000H at the rising
edge of the next timer carry FF set signal by CE reset.
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Fig. 15-6 Relations between Power-On Reset and CE Reset

{a) When Vpp and CE pin rise at the same time

35V LPower-On Clear Voltage
VpD /

CE

Timer Carry FF
Set Pulse

Operation Stop -\

Halt Status

50 ms Normal Operation

{b) When CE pin rises in halt status

35V
VbD

CE

Power-On Reset
Program Start

va Power-On Clear Voltage

Timer Carry FF

Set Pulse

Operation Stop 1+~

Halt Status

(c) When CE pin rises after power-on reset

35V
Vbb

CE

50 ms Normal Operation

Power-On Reset
Program Start

é Power-On Clear Voltage

Timer Carry FF

Set Pulse
Operation Stop T~

Halt Status .
50 ms Normal Operation
Power-On Reset CE Reset
Program Start Program Start
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15.5.4 Power Voltage Rising Precautions
When rising the power voltage, note (1) and (2) below.

(1) When rising the power voltage from below the power-on clear voltage
When rising the power voltage, it is necessary to rise above 3.5 V. ‘
This is shown in Fig. 15-7. |
As shown in the figure, if only a voltage of less than 3.5 V is applied for Vpp input in a program for backup |
with Vpp = 2.2 V using clock stop, a power-on clear signal is output but the program does not operate.

In this case, because the device output ports generate indeterminate values, current consumption rises.
That is, during backup using a battery, the backup time reduces considerably.

Fig. 15-7 Vpp Increasing Precautions

35V
22V Vs Power-On
VbD / Clear Signal
CE uL
XouT MWW
Timer Carry
FF Set Pulse
Power-On
Clear Signal — e—1 0 ti
. peration Operation Halt Status Normal
Stop Stop| 50 ms Operation Backup
Because the output ports Initialize and
become indeterminate clock stop
during this period, current during this
consumption may increase. Power-On Reset period. STOP
wer- S
Program Start 0oooB
|
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{2) When resetting from clock stop status

(P Discontinued)

©PD17052

When resetting from the backup of power voltage with 2.2 V using clock stop, it is necessary to rise Vpp to
3.5 V or more within 50 ms after the CE pin has become high.
As shown in Fig. 15-8, resetting from the clock stop status is carried out by CE reset. However, because the

power-on clear voltage changes to 3.5 V 50 ms after CE pin startup, power-on reset in applied if Vpp is not

3.5 V or more.

Also, take extra care when reducing Vpp.

VpbD

CE

XouTt

Timer Carry
FF Set
Pulse

Power-On
Clear
Signal

35V
22V

Fig. 15-8 Resetting from Clock Stop Status

Power-On

Clear

Voltage

WWWWWIMWWWWMWWM
=

apr

Backup by Clock Halt Status Normal CE= onv

Stop 50 ms Operation processing Backup
CE Reset STOP

Program Start

!

Power-on clear voltage
changes to 3.5 V at this
point.

Thus, Vpp must be 3.5 V
or more before this point.

00o0B

Power-on clear voltage
changes t0 2.2 V at this

point.

Thus, Vpp must not become
2.2 V or less before this point.
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15.6 POWER FAILURE DETECTION

As shown in Fig. 15-9, power failure detection is executed to judge whether device reset has been applied by
power voltage Vpp input or CE pin reset.

Because the data memory or output port contents are “indeterminate’” upon power voltage input, they are
initialized by power failure detection.

Fig. 15-9 Power Failure Detection Flowchart

C Program start )

Power
failure
detection

Non-Power | Power

. Failure Failure

Data memory

and output
port initialize

15.6.1 Power Failure Detection Circuit

As shown in Fig. 15-1, the power failure detection circuit consists of a voltage detection circuit, a timer carry
disable flip-flop to be reset by voltage detection circuit output (power-on clear signal) and a timer carry flip-flop.

The timer carry disable FF is set {1) by the power-on clear signal and reset {0) when the TMCY flag (bit bg of
address 17H) read instruction is executed.

When the timer carry disable FF is set {1), the TMCY flag is not set (1).

That is, when the power-on clear signal is output (upon power-on reset), the program starts with the TMCY flag
reset and remains disabled for set until the TMCY flag read instruction is executed.

Once the TMCY flag read instruction is executed, the TMCY flag is set at each rising edge of the timer carry FF
set pulse. Thus, when the device is reset, the TMCY flag contents are detected. If the TMCY flag is reset (0) or set
{1), power-on reset {power failure) or CE reset (non-power failure) is identified, respectively.

Because the voltage from which power failure can be detected is equal to the power-on reset voltage, it is about
3.5 Vin clock oscillation and about 2.2 V upon clock stop.

Fig. 15-10 shows the TMCY flag status change.

Fig. 15-11 shows the timing chart of Fig. 16-10 and the TMCY flag operation.
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Fig. 15-10 TMCY Flag Status Change
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Fig. 1511 TMCY Flag Operation

(a) When no TMCY flag is detected (SKT1 TMCY or SKF1 TMCY is not executed)

Vob __l l_

CE |
Timer Carry FF '|
Set Pulse b L_ﬁgum D
TMCY e
Operation in QI ® ® ® ® @ |@ ® ®
Fig. 15-12
® Timer Time 2 STOP @
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(b) When power failure is detected by TMCY flag
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15.6.2 Precautions Concerning Power Failure Detection by TMCY Flag

Note the following when counting the clock time by the TMCY flag.

(1) Clock update

(2)

(3)

When making a clock program using a timer carry FF, it is necessary to update the clock after power failure
detection,
This is because TMCY flag is reset (0) to read the TMCY flag upon power failure detection and one clock count

is missed.

Clock update time

Clock update must be terminated before the next timer carry FF set pulse starts.

This is because if the CE pin becomes high level during clock update, CE reset is applied before clock update is
executed completely. .

For details of (1) and (2), refer to 13.4.2 “Timer Carry FF Correction upon CE Reset”.

Note the following for processing upon power failure.

Power failure detection timing

When counting the clock with the TMCY flag, the TMCY flag must be read for power failure detection before
the next timer carry FF set pulse starts after the program starts at address 0000H.

This is because if, for example, the timer carry FF set time is set to 5 ms and power failure detection is done
6 ms after the program has started, one TMCY flag will be missed.

For details, refer to 13.4.2 “Timer Carry FF Correction upon CE Reset”.

As shown in the following example, power failure detection and initialization must be carried out within the
timer carry FF set time.

This is because if the CE pin starts and CE set is applied during power failure processing or initialization, this
operation is discontinued and a fault may occur.

When changing the timer carry FF set time by initialization, one instruction at the end of initialization must be
used.

This is also because, as shown in the following example, initialization may not be executed completely due to
CE reset if the timer carry FF set time is changed before initialization.
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Example:

Program example
START :

[ Processing upon reset |;

;  Program address 0000H

’

SKT1 TMCY ; Power failure detection
BR INITIAL
BACKUP:

Clock update
BR MAIN .
INITIAL:
; ®

INITFLG NOT ZCROSS, NOT TMMD2, NOT TMMD1, TMMDO
Intrinsic macro
Timer carry FF set time is set to 5 ms.

.

r

MAIN
SKT1 TMCY
BR MAIN

Clock update

Operation example

JL
s

VoD

M ] 11 I p—

50 ms 50 ms
!
Timer Carry FF A ]
Set Pulse ! I |___
) @ @ ) ©)
0
@ Power Failure @ Power Failure
Detection Detection
If D + @ processing time is If @ + @ processing

time is too long, CE reset
® 9 CE Reset

100 ms or more, CE reset will be
will be applied.

applied during processing @ CE{?&set
|
CE reset may be immediately applied depending on the timer carry FF
set time change timing. Thus, if @ ‘is executed before @ , power

failure processing (@ will not be executed completely.
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16. GENERAL-PURPOSE PORTS

The general-purpose pors are intended to generate high-level, low-level and floating signals to the external circuit

and read the high-level and low-level signals of the external circuit.

16.1 GENERAL-PURPOSE PORT CONFIGURATION AND CLASSIFICATION

Fig. 16-1 is a block diagram of the general-purpose port.

Also, Table 16-1 gives the general-purpose classification. A

As shown in the figure, the general-purpose port system consists of port 0A (POA) to port 1D (P1D) which set
data using addresses 70H to 73H (port register) of each bank of the data memory. A pair of BANKO and BANK2
and a pair of BANK1 and BANKS3 are assigned the same port register.

Each port consists of general-purpose port pins. For example, port OA consists of POA3 pin to POA, pin.

As shown in Table 16-1, the general-purpose ports are classified into input/output dual-function ports {(input/
output ports), input dedicated ports (input ports) and output dedicated ports (output ports).

The inpurt/output ports are classified into a bit 1/0 port which can specify input/output in 1-bit units (1-pin
units) and a group /O port which can specify input/output in 3-bit units (3-pin units).

Fig. 16-1 General-Purpose Port Block Diagram

Column Address
0 1 2 3 4 5 6 7 8 9 ABCDEF

w O
21 Data Memory
pel
- 2
<3 Port Register
2
o 4
Cs /J BANKO

6 -

| L
7 BANK1
F— 1T T T
BANK2
T 1 BANK3

— T 1~
System Register
Bit Bit Bit Group|  Bit Bit Group

1/0 1JO Qut In Out I/O I/O Out 1/OQutOut In  Out 1/O /O Qut

{4 P4 i L+ 44
pleielelfprlelr|Pllrir|e|P|]lP|P|P|P
0(0]j0]|0O 1111 21212 ]2 11111 Control Register .
A|lBJC|D A|B|C|D A|B|C|D AlB|C|D
1 1 J
|| . 1
|
l L Input/Output Set
N
| b i
~ POA Pin
~ Configuration
Example

POA3 Pin
POA92 Pin
POAq Pin
POAQ Pin
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General-Purpose Port Classification

Target Port

Data Setting Method

General-purpose port

Input/output dual-
function port

Bit I/0

PortOA
Port0OB
Port1B
Port2A

Port register

Group I/O

Port1C

Port register

Dedicated input port

PortOD

Port register

Dedicated output port

PortOC
Port1A
Port1D
Port2B
POrt2C

Port register
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16.2 OQUTLINE OF GENERAL-PURPOSE PORT FUNCTIONS

The general-purpose input/output port set for general-purpose output port or output port generates high or low
level from the corresponding pin by setting data to the port register.

The general-purpose input/output port set for general-purpose input port or input port can detect the input
signal level applied to the corresponding pin by reading the port register contents.

The general-purpose input/output port is switched to the input or output port with the control register cor-
responding to each port.

That is, input/output can be switched by program.

Because POA to POD, P1A to P1D and P2A to P2C are set to general-purpose ports upon power-on reset, pins
which also serve as another peripheral hardware are independently set with the corresponding control register.

The port register functions and outline of each port function are described in 16.2.1 to 16.2.4.

16.2.1. General-Purpose Port Register (Port Register)

The port register sets each general-purpose port output data and reads input data.

Because the port register is located in the data memory, it can be operated by all data memory manipulate
instructions. '

Fig. 16-2 shows the relations between the port register and thg corresponding pins.

Each pin output is set by setting data to the port register corresponding to the pin set for the general-purpose
output port.

Each pin input status is detected By reading data from the port register corresponding to the pin set for the
general-purpose input port. )

Table 16-2 shows the relations between each port {pin) and the port register.

Fig. 16-2 Relations between Port Register and Each Pin

Port Register
Bank n
Address m
Bit _|P3:b27b1:bo
POa; O—— I
POA:
POa: O
PO&ac O
| I Port Register Bit Weight
Port Register Address (Example: 70H = A, 71H =B, 72H = C, 73H = D)
Port Register Bank
“p of Port

A reserved word is defined in the assembler for the port register.
Because this reserved word is defined in flag (bit) units, as assembler assemble macro instruction can be used.

Note that data memory type reserved words are not defined for the port register.
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16.2.2 General-Purpose Input-Output Ports (POA, POB, P1B, P1C, P2A)

POA, POB, P1B, P1C and P2A input/output are selected using the POA bit 1/O select register (RF address 37H),
the POB bit 1/0 select registér {RF address 36H), the P1B bit 1/O select register {RF address 35H), the P1C group 1/O
select register (RF address 27H), and the P2A bit 1/O select register (RF address 34H), respectively.

POA, POB, P1B, P1C and P2A input/output data are set at POA (data memory address 70H of BANKOQ), POB (data
memory address 71H of BANKO), P1B (data memory address 71H of BANK1 or BANK3), P1C (data memory
address 72H of BANK1 or BAN K3) and P2A (data memory address 70H of BANK2) of the port register, respectively.

Refer to Table 16-2.

Refer to 16.3 for details.

‘16.2.3 General-Purpose Input Port {POD)
POD input data is read at POD (data memory address 73H of BANKO or BANK?2) of the port register.
Refer to Table 16-2.
Refer to 16.4 for datails.

16.2.4 General-Purpose Output Ports (POC, P1A, P1D, P2B, P2C)

POC, P1A, P1D, P2B and P2C output data are set at POC (data memory address 72H of BANKO), P1A (data
memoty address 70H of BANK1 or BANK3), POC (data memory address 73H of BANK1 or BANK3), P2B (data
memory address 71 H of BANK2) and P2C {data memory address 72H of BANK?2), respectively.

Refer to Table 16-2.

Refer to 16.5 for details.
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Table 16-2 Relations of Each Port {Pin) and Port Register

Pin Data Setting Method
Port Register (Data Memory)
Port 10
No. | Symbel | Input/Output ;
Bank | Address | Symbol | it Symeel
(Reserved Word)
39 POA; bs POA3
Port 0A 40 POA, Input/Output b, | P0A2
--------------------- 70H POA  fereeforesemeereeer]
(POA) 41 POA, (Bit 1/0) by | POAl
' 42 | POA, bo | POAO
35 P0B; b; | POB3
Port 0B 36 ‘POB, Input/Qutput by | POB2
....................... 71H POB R
(POB) 37 | POB, | (BitI/0) b; | POBI
38 POB, bo POBO
BANKO
51 POC; b POC3
Port 0C 52 | POC, b, | POC2
----------------------- Output 72H POC
(POC) | 53 POC, by PoC1
54 POC, be | POCO
59 POD, by P0D3
Port 0D 60 | POD, ' , b, | POD2
---------------------- Input 73H |1 D I
(POD) 61 POD, by POD1
62 POD, by PODO
18 Pl1A; bs P1A3
Port 1A 19 Pl1A, b, P1A2
----------------------- Output 70H PIA  frooeomesommemnees
(P1A) 20 P1A, ' by | P1Al
______________________ S IR
21 P1A, by P1A0
9 P1B; bs P1B3
Port 1B 10 P1B, Input/Output b P1B2
----------------------- 71H 1 J): T S SRS
(P1B) 11 P1B, (Bit 1/0) b { P1B1
12 P1B, BANK1 be| P1BO
55 P1C; BANK3 bs P1C3
Port 1C 56 P1C Input/Output b, | PIC2
or 96 | Fltz | Input/Outpu —_— prc |l A
(P1C) 57 P1C, (Group 1/0) b, | PICl
58 P1C, by P1CO
1 P1D; b, P1D3
2 | PD, | b, | PID2
Port 1D LS LT Output 73H PID  f-roedmemeeeeees
(P1D) 3 P1D, by | PID1
4 P1D, bo P1D0
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Pin Data Setting Method
Port Register (Data Memory)
Fort N Symbol |1 /0

0. ymbo nput/Output Bit Symbol

Bank | Address | Symbol | = SO0
(Reserved Word)

5 P2A, bz | P2A3

Port 2A 6 P2A, Input/Output by | P2A2
----------------------- 70H P2A  pooefreeesseenen:

(P2A) 7 P2A, (Bit 1/0) b; | P2A1

8 P2A, bo | P2A0

43 P2B, bs | P2B3

Port 2B 44 | P2B; b | P2B2
----------------------- Output 71H P2B e

(P2B) 45 P2B, by | P2BI1

46 P2B, bo | P2B0

BANK2

47 P2C; b; P2C3

Port 2C 48 P2C, o b2 P2C2
------------------------ utput 72H pP2C

(P2C) 49 P2C, blj P2C1

50 P2C, ba P2Co

59 POD, b3 POD3

Port 0D 60 POD, I b, | POD2
---------------------- nput 73H POD

(POD) 61 POD, b; | POD1

62 POD, bo PODO
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16.3 GENERAL-PURPOSE INPUT/OUTPUT PORTS (POA, POB, P1B, P1C, P2A)

16.3.1. Input-Output Port Configurations

The input/output port configurations are shown in (1) to (3).

(1) POA, (POA3 and POA2 pins)
POB (POB3, POB2, POBq and POB( pins)
P1B (P1B3, P1B2, P1B1 and P1Bg pins)
P1C (P1C3, P1C32, P1C1 and P1Cq pins)
P2A (P2A3, P2A2, P2Aq and P2Ag pins)

anut/Output Select Flag |

VDD

#PD17052

o OR
—E@_’

Fad

(2) POA (POA1{ and POA( pins) -

Output Write
Latch Instruction
.| Port
Register
(1 .Bit)
1 Read
7O Instruction
)_J RESET (Except P1C)
Read Instruction (P1C Only)
| nput/Output Select Flag |
Output Write
Latch Instruction
Port
Register
(1 Bit)
P Read
lﬂ'/ Instruction
— RESET
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16.3.2. Input/Output Port Operating Method
Input or output is set for the input/output port using the 1/O select registers, POA, POB, P1B, P1C and P2A, of
the control register.
Input/output can be set for the bit 1/O ports (POA, POB, P1B and P2A) in 1-bit units (1-pin units) and for the
group 1/O port (POC) in 4-bit units (4-pin units).

Output data is set or input data is read by executing an instruction for writing or reading data to the correspond-
ing port register, respectively.

The 1/0 select register of each port is described in 16.3.3.

Input or output port operating meéthod is described in 16.3.4 and 16.3.5.

16.3.3 Port 0A BIT 1/O SELECT REGISTER (POABIO)
Port 0B BIT {/O SELECT REGISTER (POBBI0O)
Port 1B BIT 1/O SELECT REGISTER (P1BB10)
Port 1C GROUP 1/O SELECT REGISTER (P1CGPIO)
Port 2A BIT 1/O SELECT REGISTER (P2ABIO)
Port OA bit 1/O, Port OB bit 1/0, Port 1B bit 1/0, Port 1C group 1/O select registers and Port 2A bit 1/0 select
register set input/output for the POA, POB, P1B, P1C and P2A pins, respectively.

The configurations and functions are shown below.
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Flag Symbol
Name Address He?d/
b3 | b2 | b1 | bo Write
P
Port 1C 1
group /O C
select 01010 ¢ 27H | RW
- Flag Symbol
{P1CGPIO) |
O loz|bz|by|bp
L PIP|P|P
Port 2A 2121212
bit 1/0 ALALALA
B|B|B|B 34H R/W
?elect ) ! l | | Flag Symbol
P2ABIO
oO|O0Of0O]| O
bz | b2 [ by | b
3/2/1]of®|2|" "0
plPp PP
1 1 1 1
Port 1B ele B!
bit 1/0 B|lB|B|B 35H R/W
select Vo | | Flag Symbol
(P1BBIO) olololo
3|21 |0|b3]|P2]01|b0
plrp|P|P
) 0
Port 0B 2 018 0
bit 1/0 slelsls 36H | RW
select | | I | Flag Symbol
{POBBIO)
olo|O]|O
3|2 |1 ]0|b3]b2|P1|b0
1 [ Tlepier|rP|P
olo (00
Port OA alalala
bit 1/0 BB |B|B]| 37H R/W
select | | | |
{POABIO) olololo
3|2 1 0
1]
Each General-
L — PSgposePort
L Input/Output Set
PartOA
i i = POAgpin
: [ = POAq pin
teveeeeeeeeomd  POA2 pin’
[ ={ POA3pin
PortOB
Mo - POB( pin
POB{ pin
POB2 pin
POB3 pin
Port1B
P1Bg pin
P1B1 pin
P1B2 pin
P1B3 pin
=1 Port2A
P2Aq pin
P2Aq pin
P2A3 pin
P2A3 pin
Port1C
P1C3 - P1Cq pins
Input port:
Qutput port
_! "0 fixed I
.| Power-on 0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:03:0
84 Clock stop [{]0of0f0i0:0:0:0:0:0;0:0:0:;0:0:0:0:0 207
P cE 'yiy:0:0!0:0:0:0:0!0!0!0:0!0:0!0i0!0:0
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16.3.4 When Using Input/Output Ports (POA, POB, P1B, P1C, P2A) as Input Ports

Select the pins to be used as input ports with the 1/0 select register at each port.

The pins specified for the input ports are set to the floating status {(Hi-Z) waiting for an external signal input.

Input data can be read by executing an instruction for reading the contents of the port register corresponding to
each pin such as the *’SKT* instruction.

If a high level has been input to each pin, *1”" is read to the portregister. If a low level has been input, “0"" is read.

When a write instruction such as the “MOV" instruction is executed for the port register specified for an input
port, the cantents of the output latch are rewritten.

16.3.5 When Using Input/Output Ports (POA, POB, P1B, P1C, P2A) as Output Ports

Select the pins to be used as output ports with the 1/0 select register at each port.

The pins specified for the output ports generate the output latch contents.

Output data can be set by executing an instruction for writing the contents of the port register corresponding to
each pin such as the ‘‘MOV" instruction.

Write 1" to output a high level to each pin and “0” to output a low level.

Each pin can be set to the floating status (Hi-Z) by being specified for an input port.

When an instruction such as the “SKT" instruction for reading the port register specified for an outpUt port is
executed, the contents of the output latch are read.

In this case, however, the output latch contents may differ from what are read because the POA1 and POAQ pin
statuses are read what they are.

Refer to 16.3.6 for details.
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16.3.6 Input/output Port (POA{ and POAg pins) Operating Precautions

As described in the following example, when using the POA; and POAg pins as output ports, the output latch.

contents may be rewritten.

Example : .
INITFLG NOT POABIO3, NOT POABIO2, POABIO1, POABIOO
; POA1{ and POA(Q pins are specified as output ports.
INITFLG NOT POA3, NOT POA2, POA1, POAQ
; @ ; High level is output to POA{ and POAQ pins.
CLR1 POA1; Low level is output to POA1 pin.
: Macro development
AND .MF.POA1 SHR 4, #.DF. (NOT POA1 and OFH)

If the POAQ pin happens to be pulled at the low level when @ instruction is executed, the POAg pin output

latch contents are rewritten to ‘0" by the “CLRI” instruction.

16.3.7 Input/output Port (POA, POB, P1B, P1C, P2A) Reset Statuses

(1

(2)

(3)

(4)

Upon power-on reset
All ports are specified for input ports.
Because the output latch contents are “indeterminate”, initialize by program before switching to the output

ports when necessary.

Upon CE reset
All ports are specified for input ports.
The output latch contents are held.

Upon clock stop

All ports are specified for input ports.

The output latch contents are held.

All input/output ports except P1C prevent current consumption from increasing due to input buffer noise by

RESET signal output upon clock stop as shown in Fig. 17-3.
tf P1C is in the floating status upon clock stop, current consumption may increase due to external noise. Thus,

pull it down or up externally when necessary.

In halt status
The previous status is held.
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16.4 GENERAL-PURPOSE INPUT PORT (POD) |

16.4.1 Input Port Configuration
The input port configuration is shown below.

(1) POD (POD3, POD2, POD1, PODg)

Write

To A/D Converter -~ .
. Instruction

Port
Register
VDD (1 Bit)

' é e Read
O—— . -0 Input Latch

Instruction

j——RESET

f IL . oq ADC Select Signal
H

igh ON Resistor

16.4.2 Input Port (POD) Usage Example
Input data can be read by executing an instruction such as the “SKT* instruction for reading the contents of the
port register corresponding to each pin.

When a high or low level is input to each pin, *“1" or **0"" is read to the port register, respectively.
If a write instruction such as the “MOV" instruction is executed for the port register, nothing changes.

16.4.3 Input Port (POD) Operating Precautions
When using POD as a general-purpose port, it is internally pulled down.

16.4.4 Input Port (POD) Reset Status

(1) Upon Power-on reset
All ports are specified for general-purpose input ports.

(2) Upon CE reset
All ports are specified for gerieral-purpose input ports.

{3) Upon clock stop
All ports are specified for general-purpose input ports.

Because the RESET signal is output upon clock stop, current consumption due to input buffer noise is prevented
from increasing as shown in Fig. 16-4.
POD is internally pulled down.

{4) In the halt status
The previous status is held.
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16.5 GENERAL-PURPOSE OUTPUT PORTS (POC, P1A, P1D, P28, P2C)

16.5.1 Output Port (POC, P1A, P1D, P2B, P2C) Configurations
The output port configurations are shown in (1) and (2) below.

(1) PocC (POC3, POC2, POCq and POCQ pins)
P1D (P1D3, P1D2, P1D1 and P1Dg pins)

<
)
o]

uPD17052

Hyrurt
T.T

OQutput
Latch

(2) P1A (P1A3, P1A2, P1A1 and P1Ag pins)
P2B (P2B3, P2B2, P2B1 and P2Bg pins)
P2C (P2C3, P2C2, P2C1 and P2Cq pins)

Write
Instruction

Port
Register
{1 Bit}

Read
Instruction

T

T

Output
Latch

Write
Instruction

Port
Register
(1 Bit)

Read
Instruction
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16.5.2 Output Port (POC, P1A, P1D, P2B, P2C) Usage Example

The output ports generate output latch contents from each pin.

Output data is set by executing an instruction such as the “MOV"’ instruction for writing the contents of the port
register corresponding to each pin.

Write “1” or 0" to generate a high or low level to each pin, respectively.

Because P1A, P2B and P2C and N-ch generate open-drain output, they are set to floating status (Hi-2) for high-
level output.

When a port register read instruction such as the “SKT* instruction is executed, the output latch contents are
read.

16.5.3 Output Port (POC, P1A, P1D, P2B, P2C) Reset Statuses

{1} Upon power-on reset
Output latch contents are generated.

Because the output latch contents are “indeterminate”, “‘indeterminate’ value are output for the specified time
{until initialized by program).

(2) Upon CE reset
Output latch contents are generated.
Because the output latch contents are held, output data remains unchanged upon CE reset.

(3) Upon clock stop
Output latch contents are output.

Because the output latch contents are held, output data remains unchanged upon clock stop.
Thus, initialized by program when necessary.

{4) In halt status
The output latch contents are output.
Because the output latch contents are held, output data remains unchanged in the halt status.
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17. SERIAL INTERFACE

The uPD17051 has two serial interface pins, channel O {CHO) and channel 1 (CH1), for data communication.
The CHO pin consists of SDA and SCL. It can be operated in three modes, two clock synchronize modes (2-wire
serial input mode and 2-wire serial output mode) and 2-wire bus mode. The SDA and SCL pins can be used as

general-purpose ports when not used as serial interface.
The CH1 pin consists of SCK, SO and Sl. It can be operated in the 2-wire serial I/O input, 2-wire serial 1/O

output and 3-wire serial 1/0 input/output modes.
CHO and CH1 cannot be operated simultaneously. CHO or CH1 is specified by the SIOCH flag (register file:

08H, b3) of SMODE (serial interface mode register).
The 2-wire bus mode supported by hardware is used for the single master. Thus, because the arbitration function

is not available, use software;

Table 17-1 List of External Pins for Serial Interface

CH Pin Name Function

2-Wire Bus Mode Serial 1/0 Mode Port I/O Set Register

0 POAQ/SDA Serial data input/output Serial data input/output POABIOO

POA1/SCL Shift clock input/output Shift clock input/output POABIO1

1 POA2/SCK Use inhibited Shift clock input/output POABIO2
POA3/SO Serial data output POABIO3
POBg/S! Serial data input POBBI00

17.1. SERIAL INTERFACE MODE REGISTER
The serial interface mode register is intended to specify the serial interface operation mode. It sets the channel,

protocol and clock to be used and send/receive operations.
The serial interface mode register is located at address 0BH of the register file.

All flags of the serial interface mode register are set to ‘0’ upon power-on reset.

Fig. 17-1 Serial Interface Mode Register Configuration

Bit position b3 by b1 bo
Flag name SIOCH | SB | SIOMS | SIOTX




NEC

Table 17-2 CHO Operation Mode List

#PD17052

Serial interface
Mode Register

Port DA 1/O
Specification

SDA Pin SCL Pin Operation Mode
SB SIOMS SIOTX POABIOO POABIO1
0 0 0 0 0 SD-IN CK-IN Serial I/O-Sl, EXT-CLK
0 0 0 0 1 SD-IN OUT-PORT | Serial 1/0-81, INT-CLK (SOFT-CLK)
0 0 0 1 0 OUT-PORT "IN-PORT 10UT-PORT+1IN-PORT
1] 0 0 1 1 OUT-PORT OUT-PORT | 20UT-PORT
0 0 1 X (4] sSD-OUT CK-IN Serial 1/O-SO, EXT-CLK
0 0 1 x 1 SD-OUT OUT-PORT | Serial I/0-SO, INT-CLK (SOFT-CLK)
(4] 1 0 0 x SD-IN CK-OUT Serial I/0-S|, INT-CLK
0 1 0 1 X OUT-PORT CK-0uUT CLK-OUT+10UT-PORT
0 1 1 X x SD-OUT CK-OUT Serial /O-SO, INT-CLK
1 0 ] 0 o] SD-IN CK-IN BUS-SLAVE-RX
1 0 0 0 1 SD-IN OUT-PORT | BUS-MASTER-RX(SOFT-CLK)
1 0 0 1 0 OUT-PORT IN-PORT 10UT-PORT+1IN-PORT
1 0 0 1 1 OUT-PORT OUT-PORT | 20UT-PORT
1 0 1 x 0 SD-OUT CK-IN BUS-SLAVE-TX
1 0 1 x 1 SD-OUT OUT-PORT | BUS-MASTER-TX(SOFT-CLK)
1 1 0 0 x SD-IN CK-0UT BUS-MASTER-RX
1 1 0 1 x OUT-PORT CK-OUT CLK-OUT+10UT-PORT
1 1 1 X X SD-OUT CK-0UT BUS-MASTER-TX

Remarks: x: 0/1
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Table 17-3 CH1 Operation Mode List

Serial Interface Port {/O
Mode Register Specification S| Pin SCK Pin SO Pin Operation Mode.
SB |{SIOMS | SIOTX | POABIO2 | POABIO3 | POBBIOO
0 0 0 0 0 0 SD-IN CK-IN IN-PORT | Serial I/O-SI, EXT-CLK,
1IN-PORT
0 0 0 0 0 1 SD-IN CK-IN OUT-PORT | Serial I/0O-Sl, EXT-CLK,
10UT-PORT
0 0 0 0 1 0 OUT-PORT | IN-PORT IN-PORT | 1OUT-PORT+2IN-PORT
0 0 0 0 1 1 QUT-PORT| IN-PORT | QUT-PORT | 20UT-PORT+1IN-PORT
0 Q 0 1 0 0 SD-IN OUT-PORT | IN-PORT | Serial I/O-S1, INT-CLK
{(SOFT-CLK), 1 IN-PORT
o] 0 0 1 0 1 SD-IN OUT-PORT | OUT-PORT | Serial 1/0-SI, INT-CLK
{SOFT-CLK), 1OUT-PORT
0 0 0 1 1 0 QUT-PORT | OUT-PORT | IN-PORT | 20UT-PORT+1IN-PORT
0 0 0 1 1 1 QUT-PORT | OUT-PORT | OUT-PORT | 30UT-PORT
0 0 1 0 0 X SD-IN CK-IN SD-OUT | Serial 1/O-SI/SO, EXT-CLK
h] 0 1 0 1 % QUT-PORT CK-IN SD-QUT Serial 1/0-SO, EXT-CLK,
10UT-PORT
0 0 1 1 0 X SD-IN OUT-PORT | SD-OUT | Serial I/O-S1/S0O, INT-CLK
(SOFT-CLK)
0 0 1 1 1 X OUT-PORT OUT-PORT SD-QUT [ Serial I/O-S0, INT-CLK
{SOFT-CLK), 10UT-PORT
0 1 0 X 0 0 SD-IN CK-OUT IN-PORT | Serial 1/O-SI, INT-CLK,
1IN-PORT
0 1 0 x 0 1 SD-IN CK-OUT |OUT-PORT | Serial 1/O-SI, INT-CLK,
10UT-PORT
0 1 0 X 1 0 OUT-PORT | CK-OUT IN-PORT | CLK-OUT, 10UT-PORT,
’ 1IN-PORT
0 1 0 x 1 1 OUT-PORT| CK-OUT | OUT-PORT| CLK-QUT, 20UT-PORT
0 1 1 X 0 X SD-IN CK-OUT SD-OUT | Serial 1/0-S1/SO, INT-CLK
0 1 1 x 1 x QUT-PORT | CK-OUT SD-OUT | Serial I/0-SO, INT-CLK
: 10UT-PORT
0 3 X x x 3 - - - Operation Mode

Remarks: x: 0/1
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This flag is used to select the interface channel.
When the SIOCH flag is ““0"" or 1", the serial interface hadware is conected to CHO or CH1, respectively.
The external pin of a channel not selected can be used as general-purpose port.

Table 17-4 Serial Interface Channel Setting

SIOCH Channel to be Selected
0 CHO
1 CH1

171.2 SB
This flag is intended to specify the serial interface protocol.
When the SB flag is ““0" or 1", the serial 1/0 mode or the 2-wire bus mode is specified, respectively.
Because CH1 does not support the 2-wire bus mode, be sure to set the SB flag to "0’ when using CH1.

Table 17-5 Serial Interface Protocol Specification

SB Protocol
0 : Serial 1/0 mode
1 2-wire bus mode
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SIOMS is a flag to specify the serial interface clock direction.
When “0", the external clock is selected and when /1", the internal clock is selected. When the internal clock is

selected, the frequency is set by the shift clock frequency register (RF: 39H).

When SIOMS is “0” or ““1” in the 2-wire bus mode, the slave or master operation is specified, respectively.

Table 17-6

SIOMS Flag Function List

SIOMS

Function

2-wire bus mode:
Serial 1/0 mode:

Slave operation
External clock operation

2-wire bus mode:
Serial 1/0 mode:

Master operation
Internal clock operation

17.1.4 SIOTX

When SIOTX is *0” or 1" in the 2-wire bus mode, the receive or transmit mode is specified, respectively.

When the SIOTX flag is set to “0” or ““1”’ in the ‘CHO serial 1/O mode, the S| mode {(with SDA pin set to the
input mode) or the SO mode (with SDA pin set to the output mode) is specified, respectively.
When the CH1 serial 1/O mode is specified, the SIOTX flag is used to specify whether the SO pin should be used
as a serial interface. When the SIOTX flag is 1" or ““0”, the SO pin is used as SO pin or general-purpose port,

respectively,

Table 17-7 SIOTX Function List

SIOTX

Function

2-wire bus mode

CHO serial 1/0 mode:
CH1 serial 1/O mode:

RX (receive) mode
Sl-mode
POA3 to be used as general-purpose port

2-wire bus mode

CHO serial 1/0 mode:
CH1 serial 1/0 mode:

TX (transmit) mode
SO mode
POA3 to be used as SO pin
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17.2 CLOCK COUNTER ‘
The clock counter is a wraparound counter to count clocks in the shift clock pin of the selected serial interface
(POA1/SCL pin in the case of CHO or POA2/SCK pin in the case of CH1). It counts shift clocks repeatedly with
count numbers 1 to 9. That is, the count starts with 0 and is incremented by 1 each time the clock start is detected.

When the count reaches 9, it returns to 1 and repeats the same sequence,
The clock counter is reset to ‘0" in the following cases.

(1) In the 2-wire bus mode
(a) Upon power-on reset
(b) When STOP instruction is executed and the system clock stops
{c) When start condition is detected
{d} When the serial interface operation mode is changed from the 2-wire bus mode to the serial 1/O mode

{2) In the serial 1/O mode
(a) Upon power-on reset
(b) When STOP instruction is executed and the system clock stops
{c) When data is writen to the wait register
(d) When the serial interface oper'ation mode is changed from the serial 1/0 mode to the 2-wire bus mode

Whether the clock counter has reached ““8'’ or “9”’ can be checked by software using the status register. A request

for clock stop in the transmit mode or clock stop in the receive mode in the 2-wire bus mode is generated by operat-
ing the wait register.
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17.3 STATUS REGISTER
The status register is a 4-bit read only register. It holds the 2-wire bus mode start and stop statuses and the
current clock counter contents.

Fig. 17-1 Status Register Configurations

Bit position b3 b2 b1 b0
Flag name | SIOSF8 | SIOSF9 | SBSTT | SBBSY

17.3.1 SBBSY (Serial Bus Busy) Flag

The SBBSY flag is located at bg (LSB) of the status register (RF: 2BH). It is a busy signal detection flag in the
2-wire bus mode.

The SBBSY flag is only valid when the 2-wire bus mode is selected by the SB flag of the serial mode register.
When the start condition is detected, the SBBSY flag is set to ‘1"’ and when the stop condition is detected, it is
reset to “0"’.

When the serial 1/O mode is selected by the serial mode register, SBBSY flag is reset to ““0"" and remains “*0"" until
the 2-wire bus mode is selected.

That is, the SBBSY flag remains unéhanged in the serial 1/0 mode.

If neither transmission non reception is carried out in the 2-wire bus mode, whether another device 1s engaged in
communication can be checked by testing the SBBSY flag.

17.3.2 SBSTT (Serial Bus Start Test) Flag

The SBSTT flag is located at bq of the status register. It is a start condition flag in the 2-wire bus mode.

The SBSTT flag is only valid when the 2-wire bus mode is selected by the SB flag of the serial mode register.
When the start condition is detected, the SBSTT flag is set to “1” and when the clock counter reads '9", it is reset
to “0".

The SBSTT flag is only is valid when the 2-wire bus mode is selected by the SB flag of the serial mode register.
When the start condition is detected, the SBSTT Flag is set to “1” and when the clock counter reads 9", it is

reset to ‘0"’

17.3.3 SIOSF9 (Serial 1/0O Shift 9 Clock) Flag

The SIOSF9 flag is located at by of the status register. When the clock counter reaches 9", it is set to
When the clock counter reads ‘0" or *“1”, this flag is reset to “0"’.

In the master mode in the 2-wire bus mode, the contents of the flag which hold whether the slave has returned
acknowledge must be read before the SIOSF9 flag becomes */1” again after it has become ‘1",

The SIOSFY flag is not affected by the contents of the serial mode register. In other words, the SIOSF9 flag is
set when the clock counter becomes ‘9" in the serial 1/0 mode.

u1 H‘
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17.3.4 SIOSF8 (Serial 1/0 Shift 8 Clock) Flag _
The SIOSF8 flag is located at b3 of the status register. When the clock counter reaches 8", it is set to ““1".

When the clock counter reads “‘0°’ or **1", the SIOSFO flag is rest to /0",
Read the presettable shift register when the SIOSF8 flag is **1"".
The SIOSF8 flag is not affected by the contents of the serial mode register.

SCL. SCK

Bit Counter

SIOSF8

SIOSF9

220

Fig. 17-2 SIOSF8 and SIOSF9 Operations
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17.4 WAIT REGISTER

The uPD17051 can set a mode in which the serial interface hardware is not operated if the shift clock is input.
This mode is called ““wait mode” and is set using the wait register.

" The wait register consists of four bits, SIOWRQO and SIOWRQ1 flags which specify the timing when communica-
tion should be stopped {waited) with a serial interface,. SIONWT flag which indicates whether communication is
currently waited for and SBACK flag which indicates whether acknowledge should be returned or has been returned
in the 2-wire bus mode.

The wait register is located in the register file and is operated by the “PEEK” and “POKE"’ instructions via the’
window register.

Upon power-on reset or when the system clock stops as a result of execution of the “STOP” instruction, al! flags
are reset to “0"".

Fig. 17-3 Wait Register Configuration

Bit position b3 b2 b1 bo
Flag name SBACK | SIONWT|SIOWRQ1|SIOWRQO

17.4.1 SIOWRQ1 and SIOWRQO (Serial 1/0 Wait Request) Flag

These are flags to reserve (specify) the timing of waiting for the serial interface hardware. In the uPD17051, the
concept of wait has been extended from the 2-wire bus mode slave to the 2-bus mode transmit side and serial I/0
mode internal clock operations. :

While in the wait mode, shift clock to the clock counter and the presettable shift register is disabled. In other
words, if the shift clock level changes, the clock counter is not updated and the presettable shift register contents are

not shifted.
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Table 17-8 Wait Timing List

SIOWRQ1 | SIOWRQO Wait Mode 2-Wire Bus Mode . Serial 1/0 Mode

0 0 No wait No wait No wait

0 1 Data wait Wait at the falling edge of the shift | Wait at high level for shift !
clock when clock counter reads clock when clock counter '
“g". reads “'8"".

1 0 Acknowledge | Wait at the falling edge of shift Wait at high level for shift

wait clock when clock counter reads clock when clock counter

"9, reads ‘9",

1 1 Address wait | Wait at the falling edge of shift Setting prohibited ‘
clock when clock counter reads ‘
“8'" after start condition detection.

(1) Wait in 2-wire bus mode slave operation .
The SCL pin is changed to the output mode at the timing soecified by SIOWRQ1 and SIOWRQO and outputs
a fow level.
If no wait (SIOWRQ1 = SIOWRQO = 0) is specified, this operation is not carried out.
Wait is released by writing **1"” to the SIONWT flag of the wait register.
For example, the wait status set by specifying the data wait mode (SIOWRQ1 = 0, SIOWRQO = 1: Wait at the
falling edge of the shift clock with the shift clock clock counter reading *8") is released by writing “‘1” to the
SIONWT flag. When the clock counter becomes ““8" again, wait mode is reset at the falling edge of the shift
clock.
If communication has not started in slave operation, the address wait mode (SIOWRQ1 = SIOWRQO = 1) is
normally specified. In the address wait mode, wait is carried out at the falling edge of the shift clock when the
clock counter becomes ““8'* for the first time after detection of the start condition. That is, this mode is for
wait before the (9th) acknowledge clock starts for the transmitted salve address. In the wait mode, the pre-
settable shift register (PSR) contents are read to check whether the address has been allocated for the local
station.
Whether in wait or not can be checked by testing the SIONWT flag.
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Wait in 2-wire bus mode master operation

Wait in 2-wire bus mode master'operation means the suspension of transmission. In this mode the shift clock is
fixed to the low level at the timing specified for the SIOWRQ1 and SIOWRQO flags.

For example, in the wait status set by specifying the acknowledge wait mode (SIOWRQ1 = 1, SIOWRQO = 0:
Wait at the falling edge of the shift clock with the shift clock counter reading “9") whether the receiver has
returned acknowledge can be tested by testing the flag. Also in this status, the next data to be transmitted can
be set to the presettable shift register. '

As is the case with slave operation, the wait status is canceled by writing /1" to the SIONWT fiag. If no wait is
specified, wait operation is not carried out.

Wait in serial /O mode internal clock operation

In this case, wait is almost the same as wait in the 2-wire bus mode master operation. That is, this wait also
means the suspension of transmission. The only difference is that wait is set with the shift clock set to the low
level in the case of 2-wire bus mode master operation and wait is set with the shift clock set to the high level in
the case of the serial 1/0 mode. .

If the serial 1/0 mode has been specified, the clock counter is reset to “’0" by writing data to.the wait register.
Thus, if, for example, the data wait mode is first specified and then changed to the acknowledge wait mode, the
clock counter is reset to 0" and starts counting. When the clock counter reaches ‘8" and stops with the shift
clock set to the high level.

Namely, in the serial 1/O mode internal clock operation mode, the clock counter is first reset by writing data to
the wait register and transmission stérts.

If no wait is specified, the shift clock is continuously output.

Wait in serial 1/0 mode external clock operation

In the case of serial 1/O mode external clock operation, clock counter update and presettable shift register shift
operations are disable at the timings specified by SIOWRQ1 and SIOWRQO. For example, if the data wait mode
has been specified, wait is applied at the falling edge of the clock with the clock counter set to “8" and the clock
counter will not be updated by the shift clock to be input afterward. Also, data is never shifted in the presettable
shift register.

To enable data input after wait, write /1" on the SIONWT flag as in all other cases. In other words, when data
is written to this wait register, the clock counter is reset to "*0"" and wait is released.

223




NEC

[‘@@@D@%H@@mﬁﬂm@@ PD17052

17.4.2 SIONWT (Serial 1/O No Wait) Flag
Wait can be released or wait can be forcibly applied by writing data to the SIONWT flag.

{1) When “0” is written to SIONWT
In this case, forced wait is applied. That is, clock supply to the clock counter and the presettable shift register
is disabled. '
If the SIOMS flag of the serial interface mode register has been set to ““1", shift clock operation is also disabled
at the same time,

{2) When 1" is written to SIONWT
In this case, wait is released. That is, clocks are supplied to the clock counter and the presettable shift register.
If the SIOMS flag of the serial interface mode register has been set to */1”’, shift clock operation is continugusly
carried out in the status just before wait setting.

17.4.3 SBACK (Serial Bus Acknowledge)
SBACK depends on the serial interface operation mode.
SBACK operation is described below.

{1} 2-wire bus mode receive operation (SIOTX = 0)

In this case, data set to the SBACK flag is output automatically to the SDA pin at the timing of acknowledge
output. Also in this case, the SBACK flag contents are only changed by the “POKE’’ instruction executed for
the wait register. Thus, to return acknowledge consecutively, writing “0’" to the SBACK flag will cause ‘0" to
be automatically transmitted as acknowledge. Consequently, it is not necessary to manipulate the SBACK flag
each time one byte is received. ’

Data write to the SBACK flag must be carried out before the 9th bit qf the next data is set after the 9th bit of
the previous data is set. In the normal operation, data is written to the SBACK flag in the wait status to be set at
the falling edge of the 8th or 9th bit.

Fig. 17-4 Timing Chart when SBACK is Rewritten in Wait

Clock Counter 5 6 7 8 ‘X; 9
SDA x x / \

i
SBACK =1 SBACK =0

SBACK <0
SIONWT <1
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(2) 2-wire bus mode transmit operation (SIOTX = 1) ,
In this case the acknowledge contents from the receive side-are set to the SBACK flag. That is, the receive side
acknowledge status can be checked by reading the SBACK flag contents.
SBACK flag judge must be done before the 9th bit of the next data is set after the 9th bit of 1-byte data is set.
In the normal operation, wait is applied at the falling edge of the 9th bit and the SBACK flag is read in the

applied status.
Data can be written to the SBACK flag by the POKE instruction even during transmission.

(3) Serial /O mode
In this case, the SBACK flag contents are not affected by the shift clock. That is, the SBACK is released com-
pletely from the serial interface. Thus, in this mode, the SBACK can also be used as a 1-bit flag for data storage.
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17.5 PRESETTABLE SHIFT REGISTER (PSR)

The PSR is a presettable shift register. It generates the contents of its most significant bit to the serial data output
pin (POAQ/SDA pin on CHO and POA3/SO pin on CH1) in synchronization with the falling edge of the clock signal
on the shift clock pin (POA1/SCL pin on CHO and POA2/SCK pin on CH1), and reads the data on the serial data
input pin (POAQ/SDA pin on CHO and POBQ/SI pin on CH1) into its least significant bit in synchronization with the
rising edge of the clock.

In the wait status, shift clocks are not supplied to the PSR. That is, if an internal or external clock is supplied to
the shift clock pin in the wait status, the PSR does not shift data.

PSR operations not in the wait status differ depending on the 2-wire bus mode or the serial 1/0 mode.

Data write and read to the PSR is executed by the PUT and GET instructions via the least significant 8 bits (data
memory address: OEH, OFH) of the DBF in the data memory.

(1) PSR operation in the 2-wire bus mode
In the 2-wire bus mode shift clocks are supplied to the PSR only while the clock counter increments from “1"’
to “8"”. For example, when data of 9 bits (8-bit data + 1-bit acknowledge) is received in the 2-wire bus mode,
only the first 8bit data is read to the PSR. The 9th bit data vis read to the SBACK flag of the wait register.
When PSR contents are transmitted in the 2-wire bus mode, PSR contents are output to the serial data pin
while the clock counter increments from 1 to ‘8" and SBACK flag contents are output while the clock
counter reads “9” (from the falling edge of the 8th bit clock to the rising edge of the 9th bit clock
to be precise).
The above operation is carried out not only when the hardware of the serial interface built in the uPD17052 is
used (including cases when an internal or external clock is used) but also when clocks are generated by software
using as an output port the port (POAQ) which also serves as a shift clock pin.
In transmission, data output to the SDA pin is read again to the PSR in synchronization with the rising edge of
the next shift clock. That is, when 8 shift clocks are generated in transmission operation, data of the pin engaged
in transmission is stored in the PSR. If no data collision occurs during transmission, the same data as that before
is stored in the PSR. Thus, whether data has been transmitted correctly can be checked by comparing data
before transmission to that after transmission.

The above operation is PSR operation not in the wait status. In the wait status the PSR does not carry out
shift operation.

{2} PSR operation in the serial 1/0 mode
Shift clock supply to the PSR in the serial 1/0 mode has nothing to do with the clock counter contents. Unless
in the wait status, shift operation is carried out by the clock on the shift clock pin.
The PSR does not carry out shift operation in the wait status. Thus, when the PSR is not used as a serial interface
and it is only used for data storage, the wait status must be set.
In the serial 1/0 mode, execute data write and read to the PSR when the shift clock is at the high level or in
the wait status. If data write and read is carried out in any other cases, the PSR does not operate correctly.
When using an internal clock, set the wait status at the rising edge of the 8th bit clock and operate the PSR in
the wait status. In the case of external clock operation, operate the PSR during the period when the transmit
side is guaranteed to maintain the shift clock at the hgih leve!.
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17.6 SERIAL INTERFACE INTERRUPT SOURCE REGISTER (S10IMD)
The interrupt source register (SIOIMD) is a 4-bit register which specifies the timing to apply an interrupt to the
CPU in communication using a serial interface.
SIOIMD is located at address 38H of the register file.
The SIOIMD register configuration is shown in Fig. 17-6. The register is not allocated to the most significant 2 bits
. of SIOIMD. When the most significant 2 bits of SIOIMD are read, /0" is read from each bit.

Fig. 17-5 Serial Interface Interrupt Source Register Configuration (RF: 38H)

Bit position b3 b2 b1 bo
Flag name SIOIMD3 | SIOIMD2
(0) (0)

SI0OIMD1 | SIOIMDO

Table 17-9 List of Serial Interface interrupt Source Register Functions

SIOCK1 | SIOCKO ‘ Function
0 0 Interrupt request generated at the rising edge of the 7th bit of shift clock
0 . 1 Interrupt request generated at the rising rdge pf the 8th bit of shift clock
] 0 Interrupt request generated at the rising edge of the 7th bit of shift clock just after
start condition is detected
1 1 Interrupt request generated upon detection of stop conditibn
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17.7 SHIFT CLOCK FREQUENCY REGISTER (SIOCK)

The shift clock frequency register is a 4-bit register to set the internal clock frequency of the serial interface.

The SIOCK register is located at address 39H of the register file.

The shift clock frequency register configuration is shown in Fig. 17-8. The register is not allocated to the most
significant 2 bits of the shift clock frequency register. When the most significant 2 bits of SIOCK and read, “0" is
read from each bit.

Fig. 17-6 Shift Clock Frequency Register Configuration (RF: 39H)

Bit position- b3 b2 b1 bo
SIOCK3 | SIOCK2
Flag name SIOCKA1 SIOCKO
(0) (0)

Table 17-10 List of Internal Clock Frequencies of Serial Interface

SI0CK1 SIOCKO | Internal Clock Frequency
0 0 100 kHz
0 1 200 kHz
1 0 500 kHz
1 1 1 MHz
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18. D/A CONVERTER

18.1 PWMpmp PIN
This is a 14-bit D/A converter for voltage synthesizer. Its conversion mode is based on a combination of 9-bit
PWM and 5-bit RMP (rate multiplier). The 14-bit D/A converter configuration is shown in Fig. 18-1. Since a pulse
signal is output from the PWMRMP pin, D/A conversion can be executed by externally adding a low pass filter.
This PWMRMP pin can also be used as a 1-bit output port.

Fig. 18-1 14-Bit D/A Converter Configuration

Clock -~ Scan Counter (14 Bits)
(4 MHZ)
Compare
g, () PWMRMp Pin
—y @
0
b1g D13 e b5 Y RPPPPPIRS bO
PWMRBMP (41H)

The D/A converter output value is set to the PWMRMP at peripheral address 41H. PNMRMP data is set and read
via DBF. The PWMRMP configuration and the relations between DBF and PWMRMP are shown in Fig. 18-2. The
most significant bit (b3) of DBF3 has no corresponding PWMRMP. Thus, when setting data to the PWMRMP, this
bit can be 1’ or “0"". When PWMRMP is read to DBF, this bit is set to "“0".

The most significant bit (b14) of PWMRMP is a bit to select the PWMRMP pin for use as a D/A converter or a
1-bit output port. _ '

Upon power-on, the PWMRMP pin is indeterminate. However, the PAAMRMP pin generates a low level upon
power-up. That is, the PNMRMP and PWMRMP pin outputé unmatch upon power-on. Once the “PUT PWMRMP,
DBF* instruction is executed for the PWMRMP, the PWMRMP and PWMRMP pin outputs will match.

When the value of 14 bits (bq3 to bg) of PWMRMP is sequentially incremented from “0”, the D/A converter
output value-will also change proportionally. If the value becomes larger than 3FDFH, that is in the range of 3FEOH
to 3FFFH (when b13 to bg of PWMRMP are “111111111"), a high level is output from the PWMRMP pin.
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Fig. 18-2 PWMRMP Configuration and PWMRMP Relations with DBF

DBF3 {(OCH) DBF2 (0DH) DBF1 (OEH) DBFO (OFH),

bg |by | by by |b3ibyiby iby|bgibaibyibg|bgiby:byibg

y
b14§b13§b12§b11§b10§ bg | bg ib7ibgibg ibg b3 ibp ib1 ibg

0 | PWMRMP pin is used as D/A converter.

] PWMRMP pin is used as 1-bit output port (in through mode).
(b13 contents are output.)

The PWMRpmp pin output signal has a wave form in which from zero to thirty-two 250 ns throttle pulses are
added to 32 cycles of a 9-bit PWM signal using a 4 MHz basic clock. The 9-bit PWM signal is shown in Fig. 18-3.
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Fig. 18-3 PWM Signal Waveform

Value of PWMRMP

b13.......... b
5 r 250 ns
000000000

500 ns
000000001

111111110 250 ns

11111111

128 ps

Each pulse width is determined by RMP for 32 cycles of the signal in Fig. 18-3. A signal with these puises set as
one cycle is output form the PWNMRMmp pin. The high level width (t) of each pulse is determined by the PNMRMP
value. A pair of pulses with two high-level widths differing from each other by 250 ns are output from the PWMRMP
pin. Pairs of two different pulses are determined by the least significant 5 bits (b4 to bg) of PWMRMP as shown in
Table 18-1.
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Table 18-1 ° PWMRmp Pin Output Signals

bg to ) . PWM Signal Cycle
bg of . -
PWMRMP 1" 2 34 56 7 8 91011 1213 14 1516 17 18 19 20 21 2223242526272829_3031 32
00000
00001
00010
00011
00100
00101
00110
00111

01000
01001
01010
01011

01100
01101

01110
01111
10000
10001

10010
10011

10100
10101

10110
10111

11000
11001

11010
11011

11100
_11101

11101

1111

iy

o
L]
G

o

o
L
.

-
L

7
s

s

o

. n
Ct=g (1is) .

n+1
128ps ' : [j st="4 lus)

(0 = n = 29— 2 where n = value of 9 bits
bg to bg of PWMRMP in decimal notation)-
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18.2 PWM PIN

Phase-out/

\ Discontinued)

4PD17052

The uPD17052 is equipped with four 6-bit PWM output pins and can change the duty of the pulse signal with a
frequency of 16.625 kHz in 64 stages. Thus, a D/A converter can be constructed by externally adding a low pass
filter to the uPD17052. The PWM pin can also be used as a 1-bit output port.

When a D/A converter is constructed, its output value is set to the latch PWMR for output data setting. The
latches for output data setting (PWMRO, PWMR1, PWMR2 and PWMR3) are assigned to the peripheral addresses '
05H, 06H, 07H and O8H, respectively, and data can be read and written via DBF. The relations between PWMR

addresses and the corresponding pins are shown in Table 18-2.

Table 182 PWMR Addresses and Corresponding Pins

Peripheral Peripheral Corresponding '
Device Address Pin
PWMO O5H PWMp
PWM1 06H PWM1
PWM2 07H PWM2
PWM3 08H PWM3

Each PWMR consists of 7 bits. The relations between PWMR configuration and DBR are shown in Fig. 18-4. The
most significant bit of PWMR is a bit to specify ;he use as the PWM signal output pin or an output port. The least

significant 6 bits are intended to set the PWM signal output value.

The PWMR pin output waveformm is shown in Fig. 18-5.
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Fig. 184 PWMR Configuration and PWMR Relations with DBF

DBF1 (OEH) DBFO {(OFH)

b3 ib2 ibyibg(b3zibzibyibg

o

6ib5ibg b3 ibaibyibg

PWMR

0 | PWM pin is used as D/A converter.

PWM pin is used as 1-bit output port (in through mode}.

(bg contents are output.)

Fig. 18-56 PWM Pin Qutput Waveform

_ L

64 us

t=n+0.75 (us) {n: Value set to PWMR)
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19. A/D CONVERTER

The uPD17052 has an on-chip 4-bit A/D converter based on successive approximation by program.

19.1 OPERATING PRINCIPLE A
The A/D converter of the uPD17052 consists of a 4-bit resistance string type D/A converter and a comparator.
Data is set to the D/A converter with the 4-bit register ADCR located at peripheral address 02H. The compare

result is judged from the ADCCMP flag in the register file.

Fig. 191 A/D Converter Configuration

ADCH {(R/W) ADJ (R)
e S S
AD2CH A[?ICH ADOCH ADJ RE : 21H

]

- ADCO
ADC1 -
]
ADC2 I
o
ADC3 3
ADCA4 “E’
ADCS g
ADCB
ADCY Comparator
D/A Converter ——
AD AD AD AD Peripheral Address: 02H
DAT3 | DAT2 | DAT1| DATO ADVRF (R/W)
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19.2 D/A CONVERTER CONFIGURATION

_The D/A converter used for the A/D converter of the uPD17052 is a resistance string type D/A converter which
selects thé voltage at junctions of 16 resistors connected in series between VDD and GND. The D/A converter
configuration-is shwon in Fig. 19-2.

Fig. 192 D/A Converter Configuration

1/2R R R R R R 3/2R

0 0 A 0

0 1 2 13 14 15

ADCR | 4 ) Selector | D/A Output

{Compare Voltage)

With the D/A converter having this configuration,when 0000B is set to the ADCR, the GND level is output and
when 0001B is set, a voltage of 1/32 x Vpp is output. Similarly, the value of n (decimal number) is set the VREF
compare voltage is given as

n—1
32

2
VREF = VDD x (where 15> n > 1)
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Table 19-1 D/A Converter Compare Voltages

xwPD17052

Set Data (ADCR)

Compare Voltage (VREF)

Hexadecimal Binary x VDD Vpp=5V
0 0000 0 0 (vl
1 0001 1/32 0.16625
2 0010 3/32 0.46875
3 0011 5/32 0.78125
4 0100 7/32 1.09375
5 0101 9/32 1.40625
6 0110 11/32 1.71875
7 0111 13/32 2.03125
8 1000 15/32 2.34375
9 1001 17/32 2.65625
A 1010 119/32 2.96875
B 1011 21/32 3.28125
C 1100 23/32 3.59375
D 1101 25/32 3.90625
E 1110 27/32 4.21875
F 1111 29/32 453125
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19.3 COMPARE VOLTAGE SET REGISTER (ADCR)

The ADCR is a 4-bit register to set the A/D converter compare voltage. It is located at peripheral address 02H.
Data read and write to the ADCR register is carried out by the PUT and GET instructions via a data buffer. Although
the ADCR has 4 bits, data transfer with the DBF is executed in 8-bit units. That is, data transfer is executed via
8 bits of DBF1 (OEH) and DBFO (OFH). Thus, when reading ADCR register contents, executing “GET DBF, ADCR"
transfers the ADCR register contents to DBFO and sets DBF 1 to 0000B. Executing “PUT ADCR, DBF"' sets DBFQ
data to the ADCR register. In this case, DBF 1 data can be any data.

The ADCR value is indeterminate upon power-on. Upon clock stop or CE reset, the previous data is held.

19.4 COMPARE JUDGE REGISTER (ADCCMP)

The ADCCMP is a register to store the results of ADC pin input voltage and compare voltage (VREF) comparison
by a comparator. It is located at bit 0 of register file address 21H. The ADCCMP is a 1-bit read only register and data
cannot be written to this register. When reading the ADCCMP, data is read to the window register by the PEEK
instruction. The ADC pin select data is read to the most significant 3 bits of the window register.

The ADCCMP is set as follows when data is read to the window register.

When input voltage < compare Qoliage, ADCCMP=0.

When input voltage > compare voltage, ADCCMP = 1,

238




NEC (= @@@mﬁﬁm@ 4PD17052

19.5 ADC PIN SELECT REGISTER (ADCCHn)
The ADCCHn is a register to select the A/D converter input pin. It is located at the most significant 3 bits of the
register file address 21H. The relations of ADCCHn and the actually selected pin are shown in Table 19-2.

Table 192 ADC Pin Selection

{MSB) (LSB)
#3 #2 #1 #0 (RF: 21H)

l— ADCCMP

ADCCH2 | ADCCH1 | ADCCHO Selected Pin (Pin No.)

0 0 0 ADC (63)

0 0 1 PODg/ADCq (62)
0 1 0 POD1/ADC2 (61)
0 1 1 POD2/ADC3 (60)
1 0 0 POD3/ADC4 (59)
1 0 1 P1Cgo/ADCs (58)
1 1 0 P1C1/ADCg (57)
1 1 1 P1C2/ADC7 (56)

When using one of the P1Co/ADCs to P1C2/ADC7 pins as an A/D converter, specify P1C for the input port.
PODQ/ADC1 to POD3/ADC4 are pins with pull-down resistor. When they are selected as A/D converters, the pull-

down resistor of the selected pins are releases.
When P1C or POD reads the pin selected for the A/D converter as a port, ‘0"’ is read.
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19.6 A/D CONVERSION PROGRAM EXAMPLE

An example of A/D conversion program based on successive approximation is described below.
The conversion result is stored in DBFQ.

Program example
DBFOB3
DBF0B2
DBFOB1
DBFOBO

START:
BANKO
INITFLG

PUT
SKT1
CLR1
SET1
PUT
SKT1
CLR1
SET1
PUT
SKT1
CLR1
SET1
PUT
SKT1
CLR1
END:

No. of conversion steps: :

Conversion time

240

FLG 0.0FH.3
FLG 0.0FH.2
FLG 0.0FH.1
FLG 0.0FH.0

DBFOB3, NOT DBF0B2,

ADCR, DBF
ADCCMP
DBFOB3
DBFO0B2
ADCR, DBF
ADCCMP
DBFO0B2
DBFOB1
ADCR, DBF
ADCCMP
DBFOB1
DBFOBO
ADCR, DBF
ADCCMP
DBFOBO

17

’
I3
’

.

NOT DBFOB1, NOT DBFOBO

DBF data set
Compare voltage set
Compare judge
DBFOB3 <0
DBFOB2 « 1
Compare voltage set
Compare judge
DBFOB2 <0
DBFOB1 < 1
Compare voltage set
Compare judge
DBFOB1«< 0
DBFOBO « 1
Compare voltage set
Compare judge
DBFOBO <0

34 us (with DMA mode OFF)
204 us (with DMA mode ON)

wPD17052

Discontinued)
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Flowchart

‘ START '

DBF < 10008

ADCR <~ DBF

1
ADCCMP

0

DBFOB3+0

DBFOB2+«1

ADCR+DBF

z

DBF0OB2+<0

OBFOB1 <1

uPD17052

DBF Data Set

AD Conversion Start

Compare Voltage Set

Compare Judge

DBFOB3+0

DBFOB2 «1

Compare Voltage Set

Compare Judge

DBFOB2+0

DBFOB1 +1
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ADCR < DBF

ADCCMP !

0

DBFOB1+0

DBFOBO+ 1

ADCR+DBF

ADCCMP

DBFOBO+0

‘ END ’

#PD170562

Compare Voltage Set

Compare Judge

DBFOB1+0

DBFOBO+1

Compare Voltage Set

Compare Judge

DBFOBO+0
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20. IDC (IMAGE DISPLAY CONTROLLER)

The IDC is a function to display channel numbers, sound volume and timer time on the TV screen. Display pat-
terns are user programmable and display patterns are defined in the CROM area.

The actually displayed patterns are stored in the VRAM. The VRAM is assigned to BANK2 and BANKS3 of the
data memory.

20.1 SPECIFICATIONS OUTLINE AND RESTRICTIONS

{1) No. of characters to be displayed on one screen: 97 max. '
When a control code is used once on one line, the maximum number of display characters varies depending on

the number of times control data is used.

Character Max. No. of Display Characters No. of Times Control Data is Used
Size on One Line (on One Line)
x 1 (min.) 19 _ Upto3
X2 9 Up to 6
x3 5 Uptob
x4 4 Upto 4

“Up to 3 times for control data usage’”’ means that color specification can be made 3 times for one line.

(2) Display position variable range: 19 characters horizontally and 14 lines vertically
The following range is available for display on the TV screen.

19
( Characters \

14 Lines TV Screen

\ Y,

{3) Color specifiable in character units (8 colors including white and black)
R, G and B independently {in compliance with control codes*1)
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Without Trimming With Trimming Rounding

R, G, B Color Specification

Blank (Black)

Background (TV Screen)

(5) Types of font: 128 (user programmable)
64 types of font can be displayed simultaneously on one screen. )
Character pattern data is Ioi;ated in the program memory: (CROM) and 128 types of character pattern data are

set in 64 types x 2 addresses (only 64 types can be displayed simultaneously on one screen [in the same CROM-
BANK] ). ' :

"ROM MAP |
0000H : SN :
17FFH
1800H
) - ‘Characters set to CROMBANKO and
CROMBANKO CROMBANK1 cannot be displayed
64 Types
o on one screen,
1BFFH R
1COOH
CROMBANK1
" 64 Types
1FFFH
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{6) 4 vertical/horizontal sizes specifiable
Vertical size setting on each line and horizontal size setting in character units (using control codes*1)

(7) 10 x 15-dot character configuration
No gap between two characters*2

{8) Character pattern data to be located in program memory space
If there is few character pattern data, the CROM area can also be used as a program area.

(9) Character data to be located in the data memory space
Data transfer and data read/write can be executed as is the case with normal data memory data.

*1: Up to 3 control data can be specified on one line.

*2: To provide no gap between characters, kanji and graphics can be displayed by combining two or more

characters.
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20.2 DMA

DMA (Direct Memory Access) is a mode in which memory contents are directly transferred to the peripheral ‘
devices without the use of a CPU,

The DMA mode is used to operate the IDC for the uPD17052.

Although the uPD17052 instruction cycle is 2 us, the instruction cycle in the DMA mode apparently becomes
12 us. This is not because the actual instruction cycle becomes 12 us but because 5 instructions {10 us) are used

for IDC data transfer and the remaining 2 us or one instruction is used for normal instruction execution. in the
DMA mode a normal instruction is executed every 5 instruction cycles.

Thus, when the IDC is used, the instruction processing time apparently becomes 12 us. If a 12 us instruction
cycle mixes with a 2 us instruction for the sake of the program and the mixture poses a problem, set only the DMA
mode when processing the routine and stop the IDC operation. !n this case, 5 instructions for \DC data transfer
are only used for clock operation and the uPD17052 itself carries out no operation. .

In the DMA mode the ROM addresses of 5 of 6 instructions are pointed not by the program counter but by the
CROM address pointer. The ROM addresses are pointed by the VRAM address pointer.

For DMA, manipulate the IDCDMAEN flag.

The IDCDMAEN fiag is a read and write enable 1-bit flag located in the register file. When this flag is set, the
DMA request is acknowledged with priority over any interrupt and the mode shifts to the DAM mode. When this
flag is reset, the DAM request is not acknowledged. If this flag is reset while in the DMA mode, the DMA is released
from the instruction cycle following the reset instruction.

Table 20-1 IDCDMAEN Flag

#3 #2 #1 #0

0 0 IDCDMAE 0 (RFOOH)

0 | DMA is not executed {instruction cycle: 2 us)

0 | DMA is executed {instruction cycle: 12 us)
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Program example

Instruction Cycle: 2 us

PEEK WR, 80H
SET1 IDCDMAEN OR WR, #00108B R w—

* POKE  80H, WR

*2 Instruction Cycle: 12 us

PEEK  WR, 80H
CLR1 IDCDMAEN AND WR, #1101B —r
POKE  80H, WR

Instruction Cycle: 2 us

Remarks: “‘SET1’" and “CLR1” are not uPD17052 instructions. They are intrinsic macro instructions avilable
with the 17K series assembler and are used to set/reset a 1-bit flag. They are described in the source
program as in *1. When assembled, they are developed as in *2.
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20.3 IDC ENABLE FLAG ' ' !
To start 1DC operation (display ON), manipulate the IDCEN flag. The IDCEN (IDC enable) flag is assigned to
the least significant bit (#0) at register file address 31H.

Table 20-2 IDCEN Flag

#3 #2 #1 #0

0 0 0 IDCEN (RF31H})

0 Display OFF

1 Display ON

(1) Display ON precautions \

{a) 1" must be set to IDCEN (display ON) while the vertical synchronous signal (Vsync) is at the high level
(vertical retrace line: Vsync = low level) after the IDCDMAEN flag (RF, 00H, #1} is turned on.

{b) VRAM data must be set when IDCEN is “0"* (display OFF).

Program example

SET1 IDCDMAEN ;. DMA mode is set.
CLR1 IDCEN ;  When setting VRAM data from display-ON status, reset IDCEN (display OFF).
UData set to VRAMﬂ ;. VRAM data is set.
LOOP
SKF1 INTVSYN ; Vsync = low level is checked and IDCEN is set.
BR LOOP
SET1 IDCEN ; Display ON
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Phase-out/

VRAM is a memory in which data is stored to select image patterns displayed on the TV screen by IDC. In the
uPD17052, VRAM data is positioned in BANK2 and BANK3 of the data memory. One data consists of two adja-
cent addresses (8 bits), an even address and an odd address, in the data memory.

A 112-nibble data memory is installed in each of BANK2 and BANK3 (224 nibbles in total: 224 x 4 bits). That

is, 112 data can be set as VRAM data.
Fig. 20-1 VRAM Configuration

Column Address

01 23 4 56 7 8 9ABCDEF

;

\
\

I
|
i
|
l
|
|
|
|
| .

Even | Odd \
Address | Address
|
|
|
I
l
I
|
|

i
|
|
|
T

Row Address

— 1 1

i
|
|
i
|
|
|
|
|
i
|
|
|
|

BRER
T T
RN
T
HEEN
RN
NS
1]
Emmm
EEEE
HEEE
| L1 ]

e — - —— 0 - 1

4 Bits 4 Bits

|<— VRAM Data —»

(2 Address in
Data Memory)

VRAM data consists of 8 bits. Among 8 bits, the most significant 2 bits are called the ID field indicating the
VRAM data type. The least significant 6 bits are called the data field which is display and control data to be actu-

ally displayed.
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20.4.1 D Field

|=—— Even Address —=le«—— Odd Address —

Fig. 20-2 VRAM Data Format

#7 #6 #5 #4 #3  #2 #1 #0

(#3) (#2) | (#1) (#0) (#3) (#2) (#1) {#0)

1D Field Data Field

The ID field indicates the data field data type.
The following three types of data are set in the data field.

(1) Character pattern select data

(2) Carriage return data
(3) Control data select data

Table 20-3 ID Field

1D field
Data Field Data Type
#7 #6
0 0 Character pattern select data
0 1 Carriage return to BANK2 (return address)
{From BANK2 to BANK2 and from BANK3 to BANK2)
1 0 Control data
1 1 Carriage return to BANKS3 (return address)
(From BANK3 to BANK3)
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20.4.2 Character Pattern Select Data

A chara'cter pattern is image data to be displayed on the TV screen, It is located in the CROM area (1800H to
1FFFH) of the program memory. Character pattern select data makes up some CROM addresses (#9 to #4). That
is, 6 bits of data field data indicate CROM addresses #9 to #4.

However, the CROM is divided into BANKO and BANK1 and, depending on the value of CROMBNK (30H, #0)
in the register file, the indicated CROM address differs if the 6-bit VRAM data is the same. That is, if the data field
data is 0 (000000B), the CROM address will be 180xH (1 1099\9999xxxx8) or 1COxH (111000000xxxxB}. 180xH
or 1COxH is determined by specifying CROM BANK. Table 20-4 lists CROM addresses which the VRAM character
pattern select data actually indicates. :
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Table 20-4 Relations between VRAM Data (Character Pattern Select Data) and CROM Addresses

VRAM Data
(8 Bits)

CROM Address

VRAM Data

BANKG0O

BANKI1

(8 Bits)

CROM Address

BANKO

BANKI1

00H

20H

1A00H-1A0EH

1E00H-1E0EH

01H

1810H-181EH

1ICI0H-1CIEH

21H

1A10H-1A1EH

1E10H-1E1EH

02H

1820H-182EH

1C20H-1C2EH

22H

1A20H-1A2EH

1E20H-1E2EH

03H

1830H-183EH

1C30H-1C3EH

23H

1A30H-1A3EH

1E30H-1E3EH

04H

1840H-184EH

1C40H-1C4EH

24H

1A40H-1A4EH

1E40H-1E4EH

05H

1850H-185EH

1C50H-1C5EH

25H

1A50H-1ASEH

1E50H-1ESEH

06H

1860H-186EH

1C60H-1C6EH

26H

1A60H-1A6EH

1E60H-1E6EH

07H

1870H-187EH

1C70H-1C7EH

2TH

1A70H-1A7EH

1E70H-1E7EH

08H

1880H-188EH

1C80H-1C8EH

28H

1A80H-1A8EH

1E80H-1E8EH

09H

1850H-189EH

1C90H-1C9EH

29H

1A90H-1A9EH

1E90H-1E9EH

0AH

18A0H-18AEH

1CAOH-1CAEH

2AH

1AAOH-1AAEH

1EAOH-1EAEH

0BH

18BOH-18BEH

1CBOH-1CBEH

2BH

1EBOH-1EBEH

0CH

1CCOH-1CCEH

2CH

1ACOH-1ACEH

1ECOH-1ECEH

0DH

18DOH-18DEH

1CDOH-1CDEH

2DH

1ADOH-1ADEH

1EDOH-1EDEH

OEH

18E0H-18EEH

1CE0OH-1CEEH

2EH

1AEOH-1AEEH

1EEOH-1EEEH

OFH

18FOH-18FEH

1CFOH-1CFEH

2FH

1AFO0H-1AFEH

1EFOH-1EFEH

10H

1900H-190EH

1DGOH-1DOEH

30H

1B00H-1BOEH

1F00H-1FOEH

11H

1910H-191EH

ID10H-1DIEH

31H

1B10H-1B1EH

1F10H-1F1EH

12H

1920H-192EH

1D20H-1D2EH

32H

1B20H-1B2EH

1F20H-1F2EH

13H

1930H-193EH

1D30H-1D3EH

33H

1B30H-1B3EH

1F30H-1F3EH

14H

1940H-194EH

1D40H-1D4EH

34H

1B40H-1B4EH

1F40H-1F4EH

15H

1950H-195EH

1D50H-1D5EH

35H

1B50H-1BSEH

1F50H-1FSEH

16H

1960H-196EH

1D60H-1D6EH

36H

1B60H-1B6EH

1F60H-1F6EH

17H

1970H-197EH

37H

1B70H-1B7EH

1F70H-1F7EH

18H

1980H-198EH

1D80H-1DSEH

38H

1B80H-1B8EH

1F80H-1F8EH

19H

1990H-199EH

1DS0H-1D9EH

39H

1B90H-1B9EH

1F90H-1F9EH

1AH

19A0H-19AEH

JAH

1BAOH-1BAEH

1FAOH-1FAEH

1BH

19BOH-19BEH

1DBOH-1DBEH

3BH

1BBOH-1BBEH

1FBOH-1FBEH

1CH

19COH-19CEH

1DCOH-1DCEH

3CH

1BCOH-1BCEH

1FCOH-1FCEH

1DH

1DDOH-1DDEH

3DH

1BDOH-1BDEH

1FDOH-1FDEH

1EH

19E0H-19EEH

1DEOH-1DEEH

3EH

1BEOH-1BEEH

1IFEOH-1FEEH

1IFH

19FOH-19FEH

3FH

1BFOH-1BFEH

1FFOH-1FFEH
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xPD17052

VRAM Data
0 1 2 3 5 6 7
0 8 o] 0 0 1 4 0
1
CROM Data
1800H
: 73 C »”
180FH ; Control Data 1
1810H
N (13 H ”
181FH ; Control Data 2
1CO0H
. [19 V ?,
1COFH ; Control Data 1’
1C10H
. “‘O »
1C1FH : Control Data 2’

If CROM data and VRAM data have been specified as shown above, the screen display contents differ depending

on the CROM bank.

The CROM bank is specified by CROMBNK (30H, #0) in the register file.

In the above example, the following results.

(1) CROMBNK =0

“CH" is displayed on the screen. In this case, control data has “control data 1" contents.

(2) CROMBNK =1

. VO is displayed on the screen. In this case, control data has “’control data 1'' contents.
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20.4.3 Carriage Return Data

Carriage return data is a data which specifies the address of VRAM data specifying the start character on the line
displayed on the screen.

Carriage return data means the termination of one display line.

If carriage return data continues twice, they mean the termination of one screen.

There are two types of carriage return data, data for carriage return to BANK2 and data for carriage return to
BANKS3. Whether the data field carriage return is for BANK2 or BANKS is determined by the 1D field data. When
the ID field is 01B or 11B, carriage return is for BANK2 or BANKS3, respectively.

Carriage return data consists of 6 bits and the most significant 3 bits point to the VRAM row address and the
least significant 3 bits point to the most significant 3 bits of the VRAM column address. The least significant bit
of the VRAM column address is fixed to “0". Thus, if carriage return data is 010011B, the VRAM row address is
0108 (2H) and the column address is 0110B (6H) or the return data to 26H.

Fig. 20-3 Carriage Return Data Format

~—— ID Field i Data Field
#7 #6  #5 #4 #3 #2 #1 #0
|
.——— VRAM ———-—— Most significant ———
: Row Address ; 3 Bits of VRAM

Column Address
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Fig. 20-4 List of Carriage Return Data (8 Bits Including ID Field)

BANK2
0 1 2 3 4 5 6 7 8 9 A B C D E F
0| 40 41 42 43 44 45 46 47
1] 48 49 4A 4B 4C 4D 4E 4F
2] 50 51 52 53 54 55 56 57
3] 58 59 5A 5B 5C 5D 5E 5F
4| 60 61 62 63 64 65 66 67
5| 68 69 6A 6B 6C 6D 6E 6F
6] 70 71 72 73 74 75 76 77
BANK3
0 1 2 3 4 5 6 7 8 9 A B C D E F
01 Co Cl C2 C3 C4 Cs C6 Cc7
1} C8 C9 CA CB CC CDh CE CF
2{ DO D1 D2 D3 D4 D5 D6 D7
31 D8 D9 DA DB DC DD DE DF
4| EO El E2 E3 E4 E5 E6 E7
5| E8 E9 EA EB EC ED EE EF
6] FO Fl1 F2 F3 F4 Fb Fé6 F7
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20.4.4 Control Data Select Data

Control data is intended to specify the character sizes, display positions and colors for character patterns on the
screen. It is stored in the CROM (address xxxFH).

Control data select data is used to specify in the VRAM the control data in the CROM.

6 bits of the data field correspond to #9 to #4 of CROM address. As is the case with character pattern select
data, CROM bank specification is necessary with CROMBNK (30H, #0) in the register file.

Fig. 20-5 Relations between Control Data and CROM Address

#7 #B #5 #4 #3 #2 #1 #0

VRAM Data 1 0

ve ]

CROM Address 111 1 111 1

Bank Data
BANKO: 0
BANK1T: 1 |
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VRAM Data CROM Address VRAM Data CROM Address
(8 Bits) BANKO BANKI (8 Bits) BANKO BANKI
80H 180FH 1COFH AOH 1A0FH 1EOFH
81H 181FH 1C1IFH AIH 1AIFH 1E1IFH
82H 182FH - 1C2FH A2H 1A2FH 1E2FH
83H 183FH 1C3FH A3H 1A3FH 1E3SFH
84H 184FH 1C4FH AdH 1A4FH 1E4FH
85H 185FH 1C5FH A5H 1A5FH 1E5FH
86H 186FH 1C6FH A6H 1A6FH 1E6FH
87H 187FH 1C7FH ATH 1A7FH 1E7FH
88H 188FH 1C8FH A8H 1A8FH 1E8FH
89H 189FH 1C9FH A9H 1A9FH 1E9FH
8AH 18AFH - ICAFH AAH 1AAFH 1IEAFH
8BH 18BFH 1CBFH ABH 1ABFH 1EBFH
8CH 18CFH 1CCFH ACH 1ACFH 1ECFH
8DH 18DFH 1CDFH ADH 1ADFH 1EDFH
8EH 18EFH 1CEFH AEH 1AEFH 1EEFH
8FH 18FFH ICFFH AFH  1AFFH 1EFFH
90H 190FH 1DOFH BOH 1BOFH 1FOFH
91H 191FH IDIFH B1H 1BIFH " 1FIFH
92H 192FH 1D2FH B2H 1B2FH 1F2FH
93H . 193FH 1D3FH B3H 1B3FH 1F3FH
94H 194FH 1D4FH B4H 1B4FH 1F4FH
95H 195FH 1D5FH B5H 1B5FH 1F5FH
96H 196FH 1D6FH B6H 1B6FH 1F6FH
97H 197FH 1D7FH B7H 1B7FH 1F7FH
98H 198FH 1D8FH BSH 1B8FH 1FSFH
99H 199FH ID9FH . B9H 1B9FH 1FOFH
9AH 19AFH 1DAFH BAH 1BAFH 1IFAFH
9BH 19BFH 1DBFH BBH 1BBFH 1FBFH
9CH 19CFH 1DCFH BCH 1BCFH 1IFCFH
9DH 19DFH 1DDFH BDH 1BDFH 1FDFH
9EH 19EFH 1DEFH BEH 1BEFH IFEFH
9FH 19FFH IDFFH BFH 1BFFH IFFFH
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20.4.5 VRAM Data Setting Precautions

(1) Before setting VRAM data, be sure to set the IDCEN flag to ““0".

(2) The VRAM data must start with 00H of BANK2.

(3) Do not set VRAM data to 7xH of BANK2 and BANKS,

(4) Be sure to set control data at the start of one screen. To prevent program errors, be sure to set control data
at the start of each line. If control data is not set, the data set just before becomes valid.

(5) Data setting
(a) Set character pattern select data sequentially at VRAM addresses starting with the smallest from the
top left of the screen.
{b) Control data can be used up to three times on one line.
{c) Character pattern data after control data select data is modified by control data.
Horizontal start position data and vertical start position data are only used for the characters just after
control data select data. Characters following those characters are output in succession.

(d) Be sure to set carriage return data at the end of one line.
{e) Be sure to set two carriage return data at the end of data on one screen.
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IDC pattern data and control data are stored in the CROM. The CROM also serves as a program merﬁory. It
has a capacity of 2K steps (2048 x 16 bits). The area which is not used as CROM can be used as a normal program

area.

The CROM area in the ROM ranges from address 1800H to address 1FFFH. It is divided into CROM BANKO
and CROM BANK1. Only when the CROM area is used as CROM, the concept of bank is necessary. When it is
used as a program area, that concept is not necessary. CROM BANKO is a 1K step of 1800H to 1BFFH and CROM

BANK1 is a 1K step of 1CO0H to 1FFFH.

CROM bank selection is done with the CROMBNK flag {30H, #0) of the register file.

Table 20-6 CROM Bank

CROMBNK Flag CROM Bank CROM Address
0 BANKO 1800H to 1BFFH
1 BANK1 1CO0H to 1FFFH

Remarks Change CROM banks when the IDCEN flag is “0"'.

Read and write are enabled for address 30H of the register file but. “0” is always set to flags other than the

CROMBANK flag (#0).

CROM data has a data length of 16 bits because it is located in the program memory area.

There are two types of CROM data.
(1) Character pattern data
(2) Control data
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20.5.1 Character Pattern Data |

This is character and graphic pattern data. One character consists of 10 horizontal dots and 15 vertical dots and
the character pattern data consists of 16 bits x 15 steps. 10 horizontal data corresponds to CROM1 step. In the

CROM, 15 steps of address xxOH to xxEH become one character pattern data.

With or without trimming, character pattern data has different configurations.

Fig. 20-6 shows character pattern data formats.

Trimming is selected using the most significant bit. Set the most significant bit to ‘0" for data without trim-
ming and 1" for data with trimming. ‘

For data without trimming, set a character pattern dot image for the most significant 10 bits. #9 and #0 cor- |
respond to the left and right of the display screen, respectively. Set the bit corresponding to the ON bit to “1* and
the bit corresponding to the OFF bit to “0".

For data with trimming, character pattern data is 5-bit data as shown in Fig. 20-6. In this case, 2 dots of the
actual display pattern correspond to 1 bit of character pattern data. 10 bits of trimming data (to be set in 1-dot
unit) are added to create character pattern with trimming.

Character pattern can be easily defined by the DCP pseudo-instruction using a 17K series assembler. Using the
DCP pseudo-instruction automatically creates data with or without trimming shown in Fig. 20-6.
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Fig. 20-6 Character Pattern Data Formats

(a) Data without trimming

#15 | #14 | #13 | #12 | #1171 | #10 | #0 #8 #7 | #6, | #5 #4 #3 #2 #1 #0

Any Data Character Pattern Data

(=]

(b} Data with trimming

#15 | #14 | #A3 | #12 | #11 | #10 | #0) | #8, | #7' | #6) | #5. | #4 #3 #2 #1 #0

Character Pattern Data Trimming Data

When displaying ““2"”, set a character pattern as shown in Fig. 20-7. /0" and "1” in the pattern data correspond
to OJ and M , respectively. Specify the character size, location and color with control data. Fig. 20-8 shows a char-
acter pattern example with trimming.
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ROM Address Any Data Pattern Data

in CROM Area)
(in Area *0 " (without Trimming)
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Trimming Data

Pattern Data

#10

#13 #12 #11

#14

#0

100000O0O0CO0O1111000

X X X 0 H
X X X 1 H
X X X 2 H
X X X 3 H
X X X 4 H
X X x 5 H
X X X 6 H
X X x 7 H
X X X 8 H
X X x 9 H
X X X A H
Xx X Xx B H

10111000100007100
10111001000000T10
1110111000110001
1110111001001 001
111011100100T1001
111011100100100°1
100010011001 00T10
1001100000100O0T10
1001100001000T1TO00
101100001000°1000
10110001000711110
11111110000000TO0°1
11111110000000TO0°1

1000000111111110

X X X CH
X X X D H
X X X E H

<
Rt
<
(=)
0
<
£
£
E
=
=
—
[
s E
S g
/| B
¥
s
| =
2 =
= =
=¥ z
N
13
e —{
3

ROM Address
(in CROM Area)
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20.5.2 Control Data
Control data is intended to specify character pattern display positions, sizes and colors. It is stored at xxxFH

in the CROM area. One data consists of 16 bits. Be sure to set the most significant bit to “0"". Fig. 20-9 shows the
control data format.

Fig. 20-9 Control Data Format

#15 #14 #13 #12 #11 #10 #9 #8 #7 #6 #5 #4 #3 #2 #  #0

i Horizon- | Vertical : Horizontal ; Vertical : :
— T e Sre——— o —_—— - L «—— Color —
! tal Size | Size : Position : Position : :

(Fixed)

Although control data is attached to each character pattern data, it has nothing to do with character pattern data
at the addresses before and after the control code. Any control data can be specified by the data to be set to the
VRAM.

(1) Horizontal size data (2 bits, #14 and #13, of control data)
Horizontal size data determines the size of character image in the horizontal direction. 4 types of sizes can

be specified for each character (up to 3 times on one line). Table 20-6 shows the setting contents.

Table 20-6 Horizontal Size Setting

Horizontal Size Data Horizontal Width of Max. No. of Display Characters
Size .
#14 #13 One Character on One Line
0 0 x 1 2.5 us 16
0 1 x2 5.0 us 8
1 0 x3 7.5 us 5
1 1 x4 10.0 us 4
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{2) Vertical size (2 bits #12 and #11 of control data)
The vertical size data is intended to determine the size of a character image in the vertical direction. Four sizes
can be set for each line as shown in Table 20-7.

Vertical size data specified at the start of a line is valid on the line. Other vertical size control data on the same

line is ignored.
Table 20-7 Vertical Size Setting
Vertical Size Data S Vertical Width of Max. No. of Display Characters
ize
#2 #11 One Character (Interlace) in Vertical Direction
0 0 x 1 15H .12
0 1 X2 30H 6
1 0 x 3 45H 4
1 1 x4 60H - 3

(3) Horizontal position data (4 bits #10 to #7 of control data)
Horizontal position data is intended to determine one of the 16 digits in the horizontal direction to start display ‘
in Fig. 20-10. Although there are actual display positions for 19 characters in the horizontal direction, the
horizontal display start position can only be specified withih 16 characters from the left of the screen.

The start of the line is specified with an absolute digit (0 to 15 digits in Fig. 20-10). Data has 4 bits having #10
as MSB and #7 as LSB. Horizontal position data is OH to FH with O digit corresponding to “’0” and 15th digit
corresponding to “FH".

When having a gap between characters on one line, specify the number of characters for the gap using horizon-
tal position data. In other words, specify in hexadecimal notation the number of characters to be displayed
after the currently displayed character on the same line.

For example, the horizontal position data of A" and “C” in Fig. 20-10 are 8H and 1H, respectively. When
the horizontal position data of “C’’ control data is *0”, "C" is displayed on the 9th digit. If no control data
is used after A", “C" is displayed on the 9th digit.

Remarks: The number of characters is an example when horizontal size data is “00*. If horizontal size is

. changed, the number of characters in the new size is counted. For example, if horizontal size data
is doubled, one line will consists of 8 digits.
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{(4) Vertical position data (bit #6 to #3 of control data)

Vertical position data is intended to determine one of the 12 lines in the vertical direction to start display in
Fig. 20-10. Data has 4 bits having #6 as MSB and #3 as LSB and is specified with OH to DH (do not set EH
and FH data). The 0 and 13th line of the set data correspond to 0’ and DH", respectively.

The character at the start of the screen is specified with an absolute line (0 to 11th line in Fig. 20-10). When
having a gap between lines, specify the number of lines for the gap using vertical positibn data. In other words,
specify in hexadecimal notation the number of lines to be displayed after the currently displayed character.
For example, the vertical position data of “A”, “B" and “D"” in Fig. 20-10 are 6H, 1H and OH, respectively.

Remarks: One line is an example of x1 when vertical size data is ‘/00”. I|f vertical size data changes, the
number of lines is counted accordingly. For example, if the vertical size data is doubled, one screen

will consist of 6 lines.

Fig. 10-10 Display Positions

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 16th
Digit Digit

0 Line

1st Line

2nd Line

3rd Line

4th Line

5th Line

6th Line A Cc

7th Line

8th Line B

Oth Line D

10th Line

11th Line

12th Line

13th Line
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(5) Color data (3 bits #2 to #0 of control data)
Color data is intended to specify character colors. Data is output from the specified output pin (R, G and
B pins). The relations between color data and pins are shown in Fig. 20-8.

The relations between color data settings and actually output colors are shown in Table 20-9.

Table 20-8 Color Data Table.20-9 Character Colors
# | # #0 ‘ ‘Color Data
q s 5 . 5 5 Character Color
0 0 0 Black
0] 0] 1 Blue
0 1 0 Green
0 1 1 Cyan
1 0 0 Red
1 0 1 Magenta
1 1 0] Yellow
1 1 1 White
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20.5.3 Method of Definition Using Assembler
With the 17K series assembler, display patterns can easily be defined by the DCP pseudo-instruction. The descrip-

tion method for the DCP pseudo-instruction is shown below.

(1) Description format

Symbol field Mnemonic field Operand field Comment field

[Label:] DCP Expression, ‘Display pattern’ [; Comment]

(2) Explanation

(a)

{b)

The expression has a value of “0" or ‘1" specifying whether or not trimming should be done for the dis-
play pattern described by the 2nd operand.

“0’: No trimming
“1*": Trimming

When the evaluation value of the expression is not “’0'" or “*1", an error occurs.

Only three types of characters are used for display pattern. They are »0", "#' and " "' (blank) and a total
of 10 characters are described.

If characters except these three types are described or more than or less than 10 characters are described,
errors will result. The three types of characters correspond to one dot of display pattern for the following

relationships.

Iloll: ON
“f. Trimming
“ " Blank

When the evaluation value of the 1st operand expression is 0", “’#" cannot be used for display pattern.
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20.6 BLANK, R, G AND B PINS

These pins are CMOS push-pull type output pins. An active-high signal is output from these pins. A signal which

" erases broadcast images is output from the BLANK pin. Character pattern data is output form the R, G and B pins.
Without trimming, the BLANK signal and the character pattern signal (R, G and B OR signals) are the same signals.

With trimming, the BLANK signal having a waveform surrounding the character pattern signal is output from the

BLANK pin. ’

Fig. 20-11 1DC Output Waveforms l
|

(a) Without trimming

Pattern Signal
(R, G and B Pins) —

Blank Signal
(BLANK Pin})

Pattern Signal
(R, G and B Pins)

Blank Signal
(BLANK Pin) — L L

"~ (b) With trimming
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20.7 DISPLAY START POSITION SETTING

IDC display start position (top left on the screen) can be set in a total of 16 locations in horizontal and vertical
directions by setting data to the IDC start position setting register. This means that the display position of the
whole screen can be moved. The IDC start position setting register consists of a vertical start position setting register
and a horizontal start position setting register, each having 4 bits (8 bits in total).

The IDC start position setting register is assigned peripheral address 01H and used to set or check data by the
“GET” and “"PUT"" instructions.

Set the IDC start position setting register when the IDCEN flag is ““0".

Fig. 20-12 IDC Start Position Setting Register Configuration

#7 #6 #5 #4 #3 #2 #1 #0

#3 0 #2  #1 #0 L # #2  # #0
Horizontal : Vertical
Start Position : Start Position
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20.7.1 Horizontal Start Position Setting Register

When “OH" data is set to the horizontal start position setting register, the horizontal start position is set 4.25
us after the trailing edge of the horizontal synchronous signal. As this data increments by 1", the horizontal start
position shifts to the right by 250 ns: It is given in the following expression.

Horizontal start position = 4.25 us + 250 ns x (horizontal start position setting data)

In Fig. 20-13, the position is A when the horizontal start position setting data is “OH”. When the horizontal \
start position setting data is set to ‘*1”, the position will move to the right by 250 ns {for 1 dot of the minimum size
character) to position B (the screen with data set to “0" is indicated in sold line and that with data set to “1” is
indicated in dotted line).

Fig. 20-13 Horizontal Move

4.25 us after the Trailing Edge of Horizontal Synchronous Signal

IDC Image Area

+
-
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20.7.2 Vertical Start Position Setting Register

When “OH" data is set to the vertical start position setting register, the vertical start position is set 17H {(inter-
lace) after the trailing edge of the vertical synchronous signal. As this data increments by "1, the vertical start
position shifts downward by TH.

It is given in the following expression.

Vertical start position = 17H + 1H x (vertical start position setting data)

In Fig. 20-14, the position is A when the vertical start position setting data is “OH”. When the vertical start
position setting data is set to 1", the position will move downward by 1H to position B (the screen with data
set to *'0'" is indicated in sold line and that with data set to 1" is indicated in dotted line).

Fig. 20-14 Vertical Move

17H after the Trailing Edge of Vertical Synchronous Signal

IDC Image Area

mjrlb

................................................................................
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The vertical start position of display character is determined by the vertical start position register. The vertical

start position (number of horizontal scanning lines) is determined according to the statuses of Vgync and Hgync
signals to be input to the uPD17052 as shown in Fig. 20-15. That is, the first Hgyngc signal after the rising edge

of the Vgyng signal is counted as 1H.
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VSYNC

HSYNC

HSYNC

Fig. 20-15 Vertical Start Position Counting

@

The circled number is that of scanning lines.
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20.8 PROGRAM EXAMPLE .
This section shows a program example for the following screen display.

Display contents

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1i5th
Digit Digit
0 Line
1 cC | H 0| 2
2
R AU U A AU AU AU

5th Line

A~~~ A~~~ AN~~~ A~ A~ AAAAAAA A~

|
4 | T
i

([ NEC o aano

Display on TV Screen

VRAM RAM names are defined as follows (temporarily).

; * *RAM SET * *
VRAMO MEM 2.00H VRAM Map (BANK2)

VRAMI MEM 2.01H 0 1 2 3 4 5 6 7
VRAM2 MEM 2.02H fyRAMO|VRAMI|VRAMZ|VRAM3|VRAM4| VRAMS| VRAME| VRAM?
VRAM3 MEM 2.03H

VRAMA MEM  2.08H 1| cooo | oo | oo | oo | | | e
VRAM5 MEM 2.05H

VRAM6 MEM 2.06H 2| —— | = | o | e | o | e | | e
VRAM7 MEM 2.07H

VRAM8 MEM 2.08H 8 9 A B C D k F
VRAMY9 MEM  2.09H | yRAMS|VRAMS|VRAMA|VRAMB|VRAMC|VRAMD|VRAME|VRAMF
VRAMA MEM 2.0AH

VRAMB MEM  2.0BH 1| oo | b | i | | | e e
VRAMC MEM 2.0CH

VRAMD MEM 2.0DH 2| —— | = | == | == | = | o | o |
VRAME MEM 2.0EH

VRAMF MEM 2.0FH
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A program is created as follows.

Program Start

; Initialize such as RAM clear is executed.

Initialize
SET1 IDCDMAEN ; DMA mode is set.
CLR1 IDCEN ; Display is turned off.

; % % Channel Display Routine % *

CLR1 CROMBNK ; CROM bank is set to 0.

MOV VRAMO, #1000B ; Control code 1 is set.
MOV VRAMI1, #0000B

MOV VRAM?2, £#0 ; Display character data “C” is set.
MOV VRAM3, #0CH

MOV VRAM4, #0 ; Display character data “H” is set.
MOV VRAMS, #0DH |

MOV VRAMS, #1000B ; Control code 2 is set.
MOV VRAMT7?, #0001B

MOV VRAMS, #0 ; Display character data “0 " is set.
MOV VRAMSY, #0

MOV VRAMA, #0 ; Display character data “2 7 is set.
MOV VRAMB, #2

MOV VRAMC, #0100B -; CR (Carriage Return)
MOV VRAMD, #0000B

MOV VRAME, #0100B ; CR (Carriage Return)
MOV VRAMF, #0000B

;@
LOOP :
SKF1 INTVSYN ; Vsync=Ilow level is checked and display is
BR LOOP turned on.
SET1 IDCEN ; Display ON
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VRAM (BANK2) has the following contents at point 1

The CROM contents in this example are as follows.

CROM DATA
EEEEEEEREREREEEREERERERERESRESS:

; % % % [mage Display Controller data set * % %
ROM ADDRESS ;**********************'**'
1800 ORG  1800H
ok ok %k ok %k ok ok X
;o okk 0 %k ok ok

’

; Kk ok ok ok ok ok ok

H

1800 0000 DCP o, ” ’ ;07
1801 007C DCP o, ° 00000
1802 O00FE DCP 0, © 0000000
1803 01C7 DCP 0, 000 000’
1804 0183 DCP 0, ° 00 00"’
1805 0183 DCP 0, ° 00 00’
1806 0183 DCP 0, © 00 00°’
1807 0183 bCP 0,7 00 00’
1808 0183 DCP 0, © 0O 00"’
1809 0183 DCP 0, ' 00 00’
180A 0183 DCP 0, 0O 00’
180B 0183 DCP 0, © 0O 00"
180C 01C7 DCP 0, 000 000
180D O0OFE DCP 0, © 0000000
180E 007¢C DCP 0, 00000
;% k% CD1 ok * ; % % Control Data 1% *
180F 058A DW  00000101100010108 ; Horizontal size :x1,

vertical size:x1.
; Horizontal position : 11 digits,
vertical position 1 line

; Color': Green(G), trimming : None
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;oK ok ok ok ok ok ok %
Dk kok 1 ok ok %
ook ok ok ok ok ok ok
1810 0000 DCP 0, ° ’ ;1T
1811 0006 DCP 0, 00 ’
1812 000E DCP 0, ° 00 ’
1813 001E DCP 0, ° 0000 ’
1814 0076 DCP 0, 0000 ’
1815 00C6 DCP 0, 00 ’
1816 0186 DCP 0, ° 00 ’
1817 0006 DCP 0, 00 ’
1818 0006 DCP 0, ’ oo ‘
1819 0006 DCP 0, ° 00 ‘
181A 0006 DCP 0, ° 00 ;
181B 0006 DCP 0, 00 ‘
181C 0006 DCP 0, ° 00 ’
181D 0006 DCP 0, ° 000000
181E 0006 DCP 0, ° 000000
y k% CD2 % % ; % * Control Data 2% *
181F 0082 DW  000000001000001013 ~ Horizontal size : x 1, vertical size : x1
; Horizontal position : 1 digit,
vertical position . 0 line
; Color : Green(G), trimming @ None
ik kK K K kR X
;okok ok 2 %k ok %
;ok ko kK ok ok ok
1820 0000 DCP 0, ° ’ ;2T
1821 007C DCP 0, ° 00000
1822 O00FE DCP o, ’ 0000000
1823 01C7 DCP O, 000 000’
1824 0183 DCP 0, * Q0 00
1825 0003 DCP 0, ° 00’
1826 0007 DCP 0, 000"’
1827 000E DCP 0, 000
1828 0038 DCP 0, ° 000
1829 00EOQ DCP 0, ° 000 ’
182A 01CO DCP 0, ° 000 ’
182B 0180 DCP 0, ° 000 ’
182C 0180 DCP 0, ° 000
182D O01FF DCP 0, * 000000000
182E O01FF DCP 0, ° 000000000 ’
; k% CD2 * %
27 182F 0000 DW  00000000000000005 ; NO USE
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, ROk ok ok ok ok ok ok

pokk ok 3 ok okox

;% ok ok ok vk ook ok ok

1830 0000 DCP 0, ’ ; Y37
1831 007C DCP 0, ° 00000
1832 O00FE DCP 0, 0000000 °
1833. 01C7 DCP 0, 000 000’
1834 0183 DCP 0, ° 00 00’
1835 0003 bCp o, ° 00’
s %k ook ok ok ok ok ok ok
;okok ok ok ok ok
; ok ok ok ok ok ok ok ok
18C0 0000 DCP 0, ° ’ S hCT.
18C1 007F DCP 0, 00000
18C2 O0O0FF DCP 0, 0000000
18C3 01C0O DCP 0, 000 000’
18C4 0180 bCP 0, ° 00 00"
18C5 0180 DCP 0, ' OO ’
18C6 0180 DCP 0, ' 00 '
18C7 0180 DCP 0,7 QO ’
18C8 0180 DCP 0, > 00 o
18C9 0180 DCP 0, ’ 00 ’
18CA 0180 DCP 0, > 00 '
18CB 0180 DCP 0,7 00 00"’
18CC 01C0O DCP 0, 000 000’
18CD O0O0FF DCP 0,” 0000000 °
18CE 007F DCP 0, ° 00000
18CF 0000 DW  00000000000000008 ; NO USE
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ok ok ok ok ok ok ok ok

Ckokok H ok ok %

;% ok ok ok ok ok K ok

18D0 0000 Dep o, ’ ; “H”
18D1 0183 DCP 0, ’ 00 00"’

18D2 0183 DCP 0, * 00 00’

18D3 0183 DCP 0, 00 00’ ‘
18D4 0183 DCP 0, ' 00 00"

18D5 0183 DCP 0, ° 00 00’

18D6 0183 DCP 0, ° 00 00’

18D7 O01FF DCP 0, > 000000000’

18D8 O01FF DCP 0, © 000000000’

18D9 0183 DCP 0, * 00 00"’

18DA 0183 DCP 0, ° 00 00"

18DB 0183 DCP 0, " 00 00"

18DC 0183 DCP 0, © 00 00"

18DD 0183 DCP 0, * 00 00’

18DE 0183 DCP 0, © 00 00"

18DF 0000 DW  00000000000000008 ; NO USE
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21. HORIZONTAL SYNCHRONOUS SIGNAL COUNTER

21.1 HORIZONTAL SYNCHRONOUS SIGNAL COUNTER CONFIGURATION

The horizontal synchronous signal counter is used to measure the frequency of TV or other horizontal synchro-
nous signal. This counter can be used to check if there is any broadcasting station in the received frequency range
utilizing the fact that in TV broadcast reception the specified horizontal synchronous signal is output.

The horizontal synchronous signal counter consists of a 6-bit HSYNC counter {(HSC), a gate clock generator,
a gate control register (HSCGT), a gate input amplifier and a test gate open register {HSCGOPN).

A signal input from the POB3/HSCNT pin (pin No. 35) is amplified by a self-biased input amplifier, passes
through the gate controlled by the gate control register to open for the specified time, and is counted by the 6-bit
HSYNC counter. When the gate closes, the HSYNC counter stops counting and sets the test gate open register to
“1. Because the HSYNC counter is a read only register, the number of pulses counted while the gate is open can
be checked by reading the HSYNC counter. Thus, the frequency can be obtained by dividing the value read from
the HSYNC counter by the time the gate is open (1.69 ms). The POB3/HSCNT pin also serves as an 1/0 port and
is assigned to POB3 port. When using this pin as a horizontal synchronous signal counter, set POB3 as an input
port. When using is as a port, set the HSCGT to 0000B. If POB3 is read when the pin is used as a horizontal syn-
chronous signal counter, the read value is always “0".

Fig. 21-1 Horizontal Synchronous Signal Counter Block Diagram

To Port

Peripheral 04H (R)

O Gate In.put Gate HSYNC Counter
Amplifier

? Selector
HSCGOPN
HSCGT
RFI2H #3
(R/W) RFO1H #1, #0
{R/W)

Gate Clock Generator
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21.2 GATE CONTROL REGISTER (HSCGT)}

The gate control register is a 2-bit register to control the gate. It consists of HSCGT1 flag and HSCGTO fiag
and is located at register file address 11H. Data can be written/read to this register by the “PEEK’* and “POKE”
instructions via the window register of the system register.

The following modes are available by setting the gate control register.

#3 #2 #1 #0

- | - HSCGT1 HSCGTO RF11H

0 | O | Gateclose

0 1 | Gate open

1 0 | Gate open time: 1.69 ms*

1 1 | Setting prohibited

* Only in this mode the gate clock generator operates.

21.2.1 Gate Close Mode

In this mode the gate remains closed and the HSC and the gate clock generator do not operate {HSYNC counter
value remains unchanged). Because the horizontal synchronous signal counter input bias is also turned off, be sure
to set this mode when using as a port.

This mode is set upon power-on reset or clock stop.

21.2.2 Gate Open Mode

When this mode is set, the gate opens and the HSYNC counter is reset and input signal counting starts.
If the HSYNC counter overflows, /0" is set.
In this mode the input pin is biased.

21.2.3 Gate 1.69 ms Mode

When this mode is set the HSYNC counter is reset and counting starts by a maximum delay of 62.5 us. The gate
time is 1.69 ms. In this mode the input pin is biased.
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21.3 HSYNC COUNTER (HSC)
This counter is assigned at peripheral address 04H. [t is a 6-bit read only binary counter which reads data by
the GET instruction via a data buffer.
Because this counter has 6 bits, it starts counting again with O0H if an overflow occurs.
Upon power-on reset or clock stop, the HSYNC counter value is reset at 00H.

(1) Gate open bit (HSCGOPN) _
HSCGOPN is assigned to MSB (b3) of register file 12H. When the Hgync input gate is opened, HSCGOPN re-
mains at the high level. However, if the gate 1.69 ms mode is selected, a high level is output when data is set
if no gate clock arrives.

21.4 HORIZONTAL SYNCHRONOUS SIGNAL COUNTER USAGE EXAMPLE
The following is a program example when a horizontal synchronous signal counter is used.

In the case of 1.69 ms gate open

PEEK WR, 0B6H
AND WR, #0111B

|

' .

CLR1 POBBIO3 ; Sets POB3 to the input mode.
i

!

|

:

i POKE OB6H, WR

|

1

LOOP:
PEEK WR, #92H ;  Checks that the gate closes once.
SKF WR, #1000B
BR LOOP
MOV WR, #0010B ; Sets the 1.69 ms gate open mode.
POKE 91H, WR
i
{
i
LOOP2:
PEEK WR, #92H ;  Checks that the gate closes.
SKF WR, #1000B
BR LOOP2
GET DBF, HSC ;  Fetches the HSYNC counter contents.
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22. uPD17052 INSTRUCTIONS

22.1 GENERAL DESCRIPTION ON INSTRUCTION SET

282
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0 1
0000 0 ADD r, m ADD m, #i
0001 1 SUB r, m SUB m, #i
0010 2 ADDC r, m ADDC m, #i
0011 3 SUBC r, m SUBC m, #i
0100 4 AND r, m AND m, i
0101 5 XOR r, m XOR m, #i
0110 6 OR r, m OR m, #i
INC AR
INC IX
MOVT DBF, @AR
BR @AR
CALL @AR
RET
RETSK
EI
DI
’ RETI
0111 7
PUSH AR
POP AR
GET DBF, p
PUT p. DBF
PEEK WR, rf
POKE rf, WR
RORC r
STOP 0
HALT h
NOP
1000 8 LD r, m ST m, 1
1001 9 SKE m, #i SKGE m, #i
1010 A MOV @r, m MOV m, @r
1011 B SKNE m, #i SKLT m, #i
dd
1100 | C | BR acdr CALL addr
(Page0) (Page0)
d
1101 | D | BR addr MOV m, #i
(Pagel)
addr
1110 E BR .
(Page2) SKT m, #n
addr
1111 F BR SKF m. #n
(Page 3)
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22,2 LEGEND

™M

my

mp

RP
RF

rf

rfy

IXE
DBF
WR
MT
MPE

Data memory indicated by [(BANK), m]
Data memory address indicated by [my, m_]
Data memory row address (3 bits)

Data memory column address (4 bits)
General register indicated by [{RP), r]
General register column address (4 bits)
General register pointer

Register file indicated by rf

Register file address indicated by [rfy, rf ]
Register file address (most significant 3 bits)
Register file address (least significant 3 bits)
Address register

Index register

Index enable flag

Data buffer

Window register

Data memory row address pointer

Memory pointer enable flag

Peripheral register

Peripheral address

Peripheral address {most significant 3 bits)
Peripheral address (least significant 4 bits)
Pragram counter

Stack pointer

Stack value indicated by stack pointer
Program counter value indicated by stack pointer
Bank register

Program memory data indicated by (PC)
Interrupt enable flag

Program memory segment register
Immediate data (4 bits)

Bit position (4 bits)

Program memaory address (11 bits)

Carry

Borrow

Halt release condition

Data memory or register address

Data memory or register value

xPD17052
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22.3 INSTRUCTION SET LIST

'E-n. Machine Code

;E Mnemonic Operand Operation 8psra“0"

= ode

r, m (R) < (R) + (M) 00000 my mg r

. | ADD - -

g m, #i (M) —(M) + i 10000 my m, i

2 I, m (R)—(R) + (M) + ¢ 00010 | my | m. r

£ | ADDC )

£ m, #i (M)«—(M) +i+c 10010 my myg i

2 AR (AR)«<(AR) + 1 00111 000 | 1001 | 0000

<1INC ,

IX S IX)—1X) + 1 : 00111 000 | 1000 | 0000

é ry, m (R)‘_(R)_(M) 00001 my my, T

g sus :

«‘-',,'; m, #i (M)«—(M) —i 10001 my my, i

R

S r, m (R)‘_(R)_(M)_ b 00011 my my r

£ | SUBC _

2 m, #i (M)—(M)—i-b 10011 my my i
SKE m, #i (M) — i, skip if zero 01001 my my, i

Eg SKGE m, #i (M) — i, skip if not borrow 11001 my m, i ;

a.E 3

SE| SKLT m, #i (M) — i, skip if borrow 11011 | my | mg i
SKNE m, #i (M) —1i, skip if not zero 01011 my my, i

g m, #i (M) (M) AND i 10100 my my i

£ | AND

2 r, m (R)—=(R) AND (M) 00100 my my, r

= m, #i (M) (M) OR i 10110 | my | my i

2 | OR

g r, m (R)<—(R) OR (M) 00110 my my r

=N

= m. #i (M) —(M) XOR i 10101 | my | m. i

£ | XOR

5 . r, m (R)«<(R) XOR (M) 00101 my my r
LD . m (R) (M) 01000 my my, r
ST m, r (M) —(R) 11000 my my, r

o it MPE=1: [(MP), (R)]<—(M) 01010
[ . m, m
nom it MPE=0: [(my), (R)]—(M) H - '
MOV @ if MPE=1: (M) <[ (MP), (R)] 11010

(7] B : m m

g e if MPE=0: (M) <[ (my), (R)] " T

5

5 m, #i (M) « i 11101 my my i

£ MOVT* | DBE, @aRr | OLACKed) —(PC), (PO)—(AR), 001i1 000 | 0001 | 0000

g ’ (DBF) «~(ROM) p¢, (PC) «—(STACKp)

E PUSH AR (SP)«—(SP) — 1, (STACKp¢)—(AR) 00111 000 | 1101 | 0000
POP AR (AR) —(STACKpc), (SP)—(SP) +1 00111 000 | 1100 | 0000
PEEK WR, rf (WR) —(RF) 00111 rfy | o011 | rf.
POKE rf, WR (RF) < (WR) 00111 rfy | 0010 | rf,
GET DBF, p (DBF) «—(PE) 00111 P 1011 PL
PUT p. DBF (PE) —(DBF) 00111 Py | 1010 PL

*: 2 machine cycles {for 2 instructions) is necessary for MOVT instruction execution. The stack is temporarily used for execution.
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g g Machine Code
2 8| Mnemonic Operand Operation -
<) Operation
5 Code
g SKT m, #n if(M),=all “1", then skip 11110 my my, n
(25 skr m, #n if(M),=all “0", then skip il | my | m | o
2 (PC) —addr, (PC) %15, #1,< 00 01100
g dd (PC) «~addr, (PC) iy, #1 01 01101 | addr (least significant
5 addr
E BR (PC) «—addr, (PC)#,,, #.,<10 01110 11 bits)
E (PC)«—addr, (PC)#,,, #5,< 11 01111
©
5 @AR (PC)<—(AR) 00111 000 0100 0000
- c
Z | ROR 1
Z|RORC  |r L R 0 () sr2ms (00 212 () 26 00111 | 000 | 0111 | r
ad (SP)«—(SP)— 1, (STACKpe)—({PC)+ 1) 11100 ddr (11bits)
. ader (PC) 30, (PC)« addr addrilibis
2| caLL
Z (SP)—(SP)— 1, (STACKpg)«—((PC)+ 1)
g @AR 00111 000 0101 0000
5 (PC)«—(AR)
w
'f RET (PC) «—(STACKpe), (SP)<—(SP)+1 00111 000 1110 0000
=
= (PC) —(STACKp),
e RETSK 00111 001 1110 0000
S (SP)<—(SP)+ 1, and skip
@ (PC), (BANK), (IXE)—(STACK),
RETI 00111 100 1110 0000
(SP)—(SP) + 1
:g:‘ EI INTEF <1 00111 000 1111 0000
:: DI INTEF <0 00111 001 1111 0000
” STOP 0 stop clock if CE = low 00111 010 1111 0000
b
.j:‘: HALT h halt 00111 011 1111 h
o
NOP No operation 00111 100 1111 0000
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]

22.4 INTRINSIC MACRO INSTRUCTIONS
The following macro instructions are available as intrinsic macro instructions for the 17K series assembler {AS |
17K). For details, refer to the assembler user’s manual.

Legend
flag : One of flags flag1 to flagn
flag1-flagn: Flag name indicated by reserved word
n : Number
<> ! Omissible
Mnemonic Operand n Operation
Assemble SKTn flag1, ... flagn 1<ng4 | If (flagl)—(flagn) = all ‘1", then skip
macro SKFn flag?, ... flagn 1<n<4 | If (flagt)—(flagn) = all ““0”, then skip
instructions | gg, flag1, ... flagn 1<n<4 | (flagl)—(flagn) <1
CLRn flag1, ... flagn 1€nL4 | (flagl)—(flagn)«0
NOTn flag1, ... flagn 1<n<4 | if (flag) = ""0", then (flag) « 1,

if (flag) = **1”", then (flag) < 0

INITFLG <NOT> flag1, ... <NOT>flagn | 1<n<4 if description = NOT flag, {flag) <0
if(description = flag, (flag) <1
BANKn 0<nL3 | (BANK) «n
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23. RESERVED SYMBOLS OF ASSEMBLER

uwPD17052

When an assembler is used, the uPD17052 reserved symbols are as follows.

23.1 SYSTEM REGISTER (SYSREG)

Reserved Type Address Read/ Function Qutline
Word Write
AR3 MEM 0.74H R Address register bits b15 to b12
AR2 MEM 0.75H R Address register bits b11 to b8
AR1 MEM 0.76H R/W Address register bits b9 to b4
ARO ‘MEM 0.77H R/W Address register bits b3 to b0
WR MEM 0.78H R/W Window register
BANK MEM 0.79H R/W Bank register
IXH MEM 0.7AH R/W Index register high
MPH MEM 0.7AH R/W Data memory low address pointer high
MPE FLG 0.7AH.3 R/W Memory pointer enable flag
IXM MEM 0.7BH R/W Index register middle
MPL MEM 0.78H R/W Data memory low address pointer low
IXL MEM 0.7CH R/W Index register low
RPH MEM 0.7DH R/W General register pointer high
RPL MEM 0.7EH R/W General register pointer low
PSW MEM 0.7FH R/W Program status word
BCD FLG 0.7EH.O0 R/W BCD flag
CMP FLG 0.7FH.3 R/W Compare flag
cY FLG 0.7FH.2 R/W Carry flag
Z FLG 0.7FH.1 R/W Zero flag
IXE FLG 0.7FH.0 R/W Index enable flag
23.2 DATA BUFFER (DBF)
~ Reserved Type Address Reefd/ Function Outline
Word Write
DBF3 MEM 0.0CH R/W Data buffer bits b15 to b12
DBF2 MEM 0.0DH R/W Data buffer bits b11 to b8
DBF1 MEM 0.0EH R/W Data buffer bits b7 to b4
DBFO MEM 0.0FH R/W Data buffer bits b3 to b0

287




NEC uPD17052
23.3 GENERAL-PURPOSE PORT REGISTER
RS:ZrLEd Type Address \T\Ii?tde/ Function Outline
POA3 FLG 0.70H.3 R/W Port OA bit b3
pon2 | FLG | 070H2 | RW | PortOAbitb2 T
eoar | FLG | o070H1 | RIW | PortoAbitel T
Cpoa0 | FLG | o70H0 | RW | PortOAbitbo 7]
POB3 FLG 0.71H.3 R/W Port OB bit b3
[ poB2 | "fe | onmz RW | PortOBbitb2 T
| post | FLG | 071HA | RW | PortoBbitbl 7
[ PoB0 | FLG | 071HO | RW | PortoBbitbo 7
POC3 FLG 0.72H.3 R/W Port OC bit b3
[ Poc2 | FLG | 072H2 | RW | PorOChitb2 T
[ poc1 | FLG | 072H1 | RW | PortoCbitbl ]
- eoco | FLG | 072H0 | RW | Portocbitbo T
POD3 FLG 0.73H.3 R . Port OD bit b3
ez | FLG | 073H2 | R | PotODbitb2 T
[ poD1 | FLG | 073H1 | R | PotoDbitb 7]
[ popo | FLG | 073H0 | | R | PortoDbitbo T
P1A3 FLG 1.70H.3 R/W Port 1A bit b3
P1A2 | FLG | 170H2 | RW | PortiAbitb2 T |
[ p1ar [ FLG | 170H1 | RW | Port1Abitbt T ‘
[ Pia0 | FLG | 170H0 | RW | Port1Abitbo T
P1B3 FLG 1.71H.3 R/W Port 1B bit b3
[ Pie2 | FLG | 171H2 | RW | PortiBbitb2 T
[ pier | FLG | 171H1 | RW | Port1Bbitor T
[ pBo ] FLG | 171HO | RW | Port1Bbitbo 7T
P1C3 FLG 1.72H.3 R/W Port 1C bit b3
[P FLG | 17242 | RW | PortiChbitb2 T
et | FLG | 172H1 | RW | PortiCbitbl T
[ pico | Fle | 172n0 | RW | PortiChbitbo T
P1D3 FLG 1.73H.3 R/W Port 1D bit b3
[ P2 | FLG | 173H2 | RW | PortiDbitb2 T
Cpio1 | FLG | 173H1 | RW | Port1Dbitbr T
[ P00 | FLG | 173H0 | RW | PortiDbitbo T
P2A3 FLG 2.70H.3 R/W Port 2A bit b3
p2a2 | FLG | 270H2 | RW | Port2Abinbz T
A FLG | 270H1 | RW | Port2Abirkr T
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R;;er‘:d Type Address svi?je/ Function OQutline
P2A0 FLG | 2.70H.0 R/W | Port2Abith0
P2B3 FLG | 2.71H3 R/W | Port2B bitb3
Cem2 | FLG | 271H3 | RW | Port2Bbitb2
P81 | FLG | 271H2 | RW | Port2Bbitbl
P20 | FLG | 271Ha | RW | Port2Bbitb0 ]
P2C3 FLG | 2.72H3 R/W | Port2C bitb3
Cpac2 | FLG | 272H2 | RW | Port2Cbitb2 ]
Cp2ct | FLG | 272H1 | RW | Port2Cbitbl
" p2c0 | FLG | 272H0 | RW | Port2CbitbO
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23.4 REGISTER FILE (CONTROL REGISTER)
Rzzz:\;ed Type - Address \I:Vi?fe/ Function Qutline
IDCDMAEN. FLG 0.80H.1 R/W DMA enable flag
SP MEM | 0.81H RW | Stack pointer
CE FLG 0.87H.0 R CE pin status flag |
SIOCH FLG 0.88H.3 R/W S10 channel select flag
N FLG | os8H2 | RW | SlOmodesiectflag
Csioms | FLG | 088H1 | RW | SIOclock modeselectflag ]
siotx | FLG | 088HO | RW | SIOTX/RXselectflag 7]
ZCROSS FLG 0.89H.3 R/W Timer interrupt mode select flag
| tmmp2 | FLG | o8oH2 | RMW | Timer carry FF mode sclect flag
CTMMD || FLG | 089H1 | RAW | Timer carry FF mode select flag
- TMmMDo | FLG | ossHo | RAW | Timer carry FF mode select flag |
INTVSYN FLG 0.8FH.2 R Vsync pin status flag
B FLG | 08FHO | | R | RMCpinstawstiog ]
HSCGT3 FLG 0.91H.3 R Hsync counter mode select flag {dummy: 0)
[ hsce2 | FLG | 091H2 | R | Hsync counter mode select flag (dummy: 0)
WscemTt | FLG | 091H1 | RAW | Hsync counter mode select flag -]
[ wsceto | FLG | 091HO | RAW | Hsync counter mode select flag
HSCGOPN FLG 0.92H.3 R/W Hsync counter gate open flag
RMCSTAT3 - FLG 0.95H.3 R RMC pin status flag (dummy: 0)
| RMCSTAT2 | FLG | o®sH2 | RW | RMCpinstatsflag
| RMCSTATI | FLG | o0@5H1 | RW | RMCpinstatusflag
[ RMCSTATO | Flg | ossho | RW | RMCpinsatsflag 7
TMCY FLG 0.97H.0 R Timer carry FF status flag
SBACK FLG 0.98H.3 R/W Serial bus acknowledge flag
[ sionwt | FLG | ossH2 | RW | SIOnowaitflag T
- siowral | FLG | o9sHA | RW | SIOwaitrequest flag 7
| siowrao | FLG | 098HO | RAW | SIO wait request flag T
IEGVSYN FLG 0.9FH.2 R/W Vsync interrupt edge select flag
R FLG | 09FHO | RW | RMC interrupt edge select flag
ADCCH2 FLG 0.0A1H.3 R/W A/D converter channel select flag
[ apccH1 | FLG | 00AIHZ | RAW | A/D converter channel select flag
ADCCHO | | FLG | 00ATH1 | RW | A/D converter channel select flag |
[ Apcemp ] FLG | 0.0A1HO | | R | A/D converter judge flag 7
POCGIO FLG 0.0A7H.0 R/W Port OC 1/0 select flag
SIOSF8 FLG 0.0A8H.3 R/W +510 shift 8 clock flag
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RS;Z:\:d Type . Address_ \?Vi?’i/ Function Outline
SIOSF9 FLG 0.0A8H.2 R/W S10 shift 9 clock flag
seSTT | FLG | 00ABH.1 | RW | Serialbusstarttestflag
[ sessy | FLG | 0.0ABHO | RW | Serialbusbusyflag J
IPSIO FLG 0.0AFH.3 R/W SIO interrupt permission flég
Cvsyn | FLG | 0OAFH2 | RM | Vsyncinteuptpermissionflag |
CetM | FLG | 00AFH1 | RW | Timer interrupt permission flag |
R FLG | 00AFHO | RW | RMCinterruptpermission flag |
CROMBNK FLG 0.0BOH.O R/W CROM bank select flag -
IDCEN FLG 0.0B1H.0 R/W IDC enable flag
P2ABIO3 FLG 0.0B4H.3 R/W P2A31/0 select flag
- p2ABIO2 | FLG | 00B4H2 | RW | P2A21/Oselectflg |
panBior | FLG | ooBaHA | RW | P2A1Oselectflag |
- P2aBIOD | FLG | 0.0B4HO | RW | P2A0I/Oselectflg
P1BBIO3 FLG 0.0B5H.3 R/W P1B31/0 select flag
- P1BBIO2 | FLG | 00BSH2 | RW | PIB21/Oselectfg
| Preeior | LG | oosse1 ] RM | peOsaletdey
P18BI00 FLG 0.0B5H.0 R/W P1B0I/O select flag
POBBI03 FLG 0.0B6H.3 R/W POB31/0 select flag
| PoBBIO2 | FLG | 00B6H2 | RW | POB2I/Oselectfag
R TR T R
POBBIOO FLG 0.0B6H.0 R/W POBOI/O select flag
POABIO3 FLG 0.0B7H.3 R/W POA3I/O select flag
| PoABIO2 | FLG | 00B7H2 | RW | POA2I/Oselectflag
[ PoaBIOr | FLG | 00B7H1 | RW | POAN/Oselectflag
| posBIOO | FLG | 00B7HO | RW | POAOVO selectfiag
SIOIMD3 FLG 0.0B8H.3 R SI0 interrupt mode select flag (dummy: 0)
[ siompz | FLG | 00B8H2 | R | SIOinterrupt mode select flag (dummy: 0)
siomp1 | FLG | 00B8H.1 | RAW | SIO interrupt mode select flag
[ “somoo | FLG | 00B8HO | RAW | 'SIO interrupt mode select flag
SIOCK3 FLG 0.0B9H.3 R S10 shift clock select flag (dummy: 0)
[ siock2 | FLG | 00BOH2 | R | SIOshiftclock select flag (dummy: 0)
[ siock1 | FLe | oose1 | AW | SIOhiftclock selectflag
[ siocko | FLG [oosero | Rw | SiOhiftclock selectflag
IRQSIO FLG 0.0BFH.3 R/W SIO interrupt request flag
[iRavsyN | o [ooerrz | RW | Vivnointerruptrequestfiag
Cirate [ FLG | 0OBFH.1 | RAW | Timerinterupt request flag
e | FLG | 0.0BFHO | AW | RMCinterruptrequest flag

Remarks: Dummy is “0”. 291
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(Pl Discontinued) PD17052

Phase-out/

23.5 PERIPHERAL HARDWARE ADDRESS

Rz;z:‘:d Type Address gﬁ?}:’ Function Outline
DBF DAT OFH R/W ‘ GET/PUT instruction data buffer address
IX DAT >01 H R/W INC instruction index register address
IDCORG DAT 01H R/W IDC start position setting register
ADCR DAT 02H R/W 'A/D converter VRef data register ‘
SIOSFR DAT 03H R/W S10 presettable shift register
CHsc | DAT | oaH | RMW | Hsynccounter dataregister
PWMRO DAT 05H R/W PWM data register O
PwMR1 | DAT | o6H | RW | PWMdatareaster1 |
PwMR2 | | DAT | oH | RW | PWM dataregister2 *
- PWMR3 | DAT | 08H | RW | PWMdataregisters 7]
AR DAT 40H R/W GET/PUT/PUSH/CALL/BR/MOVT/INC instruction
address register address
PWMRMP DAT 41H R/W PWMRMP data register
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Phase-out/ .

24. ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

ﬂ@@mﬁﬂm@]@ ~ PD17052

Power Supply Voltage VD -0.3 to 6.0 \Y
Input Voltage V| —0.3to Vpp A"
Output Voltage Vo Except P1A, P2B, P2C and PWM —0.3to Vpp \Y
Output Current High loH 1 pin -12 mA
All pins -20 mA
Output Current Low loL1 1 pin (except P1A) 12 mA
All pins (except P1A) 20 mA
Output Current Low AoL2 1 pin (P1A only) 17 mA |
All pins (P1A only) 60 mA
Output Withstand Voltage Vgps P1A, P2B, P2C, PWM 13 Y
Operating Temperature Topt —20 to +70 °Cc
Storage Temperature Tstg —55 to +125 - °C

RECOMMENDED OPERATING CONDITION

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
Power Supply Voltage VDD1 45 5.0 5.5 \2 All functional operations
Power Supply Voltage Vpp2 4.0 5.0 5.5 \") Only IDC stop
Data Retention Voltage VDR 2.2 5.5 v Clock oscillation stop
Output Withstand Voltage VBDS 125 \ P1A, P2B, P2C, PWM
Power Supply Voltage Rise Time trise 500 ms | Vpp:0—~4.0V
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DC CHARACTERISTICS (T, = —20 to +70 °C, Vpp =4.0t0 5.5 V). -

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
Supply Current 'DD1 7 15 mA | CPU and IDC operations
Vpp=5.5V
Supply Current lpp2 3.5 15 mA | CPU operation, IDC stop
) Vpp=5.5V
Input Voltage High VIH1 0.7 Vpp Vop v POA, POB, POD, P1B, P1C, P2A
Input Voltage High ViH2 0.8 Vpp VoD v CE, RMC, VsyNG. HsynG
Input Voltage Low ViL1 0 0.3Vpp \ POA, POB, POD, P1B, P1C, P2A
Input Voltage Low ViL2 0 0.2 Vpp Vv CE, RMC, VSyNG, HsYNC

Output Current High 1oH -1 —2 mA POA2, POA3, POR, POC, P1B, P1C,
P1D, RED, GREEN, BLUE, BLANK
VOH=Vpp—1V

Output Current Low oLt 2 3 mA POA, POB, POC, P1B, P1C, P1D,
RED, GREEN, BLUE, BLANK
VoL=1V
Output Current Low loL2 15 20 mA [ P1A VorL=1V
Output Current Low loLs 1 2 ~ | mA | P2B, P2C,PWM Vg =1V
Input Current High liH 50 oA When POD is pulled down
VIH=VDD
Data Retention Current DR 10 A Clock oscillation stop
Ta=25°C, Vpp=5.5 V
Output Leakage R 1 HA POAQ, POA4, P1A, P2B, P2C,
PWM VOH=5V

AC CHARACTERISTICS (T, = —20to +70 °C, Vpp = 4.0 t0 5.5 V)

CHARACTERISTICS SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
Input Frequency frmiN 50 60 Hz P1B3/TMIN
Input Frequency fHs 10 20 kHz | POB3/HSCNT
1DC Jitter IDCg 3 4 ns | Vpp=4.5t05.5V

A/D CONVERTER CHARACTERISTICS (T, = —20 to +70 °C, Vpp =4.0t0 5.5 V)

CHARACTERISTICS SYMBOL MIN. TYP, MAX. l_J_NIf CONDITIONS
A/D Conversion Total Error +1/2 11 LSB
A/D Input Impedance : 1 MQ
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25. PACKAGE DIMENSION

64PIN PLASTIC SHRINK DIP (750 mil)

4 33
wisininiaiaisinisisisisinisiaisisisisisisisiainininintiaisialsl

UULJLJLJUULILJLILILJLIULIL!LlLIlJLlLlLILJULIUUUUL.I3Lil

A

2 1 qoooddgoogooGoddddddddbn
o]z l
1=
F
D @IN® cB
PB4C-70-750A.C
NOTES o ITEM MILLIMETERS INCHES
1) Each lead centerline is located within 0.17 A
mm (0.007 inch) of its true position (T.P.) 58.68 MAX. 2.311 MAX.
at maximum material condition. B 1.78 MAX. 0.070 MAX.
] ‘ q C 1.778 (T.P.) 0.070 (T.P.)
2) Item “K” to center of leads when forme — y
) T D 0.50%°'° 0.020°6:355
parallel.
F 0.9 MIN. 0.035 MIN.
G 3.21:0.3 0.126:1:0.012
H 0.51 MIN. 0.020 MIN.
| 4.31 MAX. 0.170 MAX.
J 5.08 MAX. 0.200 MAX.
K 19.06 (T.P.) 0.750 (T.P.}
L 17.0 0.669
M 0.25-8:68 0.0108:833
N 0.17 0.007
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26. RECOMMENDED SOLDERING CONDITIONS

The following conditions (see table below) must be met when soldering this product. Please consult with our

sales offices in case other soldering process is used, or in case soldering is done under different conditions.

TYPES OF SURFACE MOUNT DEVICE
For more details, refer to our document “SMT MANUAL" (IEI-1207).
uPD17062CW-XX X

Soldering process Soldering conditions Symbol

| Wave soldering Solder temperature : 260 °C or below, WS60-00
Flow time : 10 seconds or below,
Number of flow process : 1, Exposure limit* : None

Partial heating method Terminal temperature : 300 °C or below,
Flow time : 10 seconds or below,

Exposure limit* : None

*: Exposure limit before soldering after dry-pack package is opened.
Storage conditions : 25 °C and relative humidity at 65% or less.

Note: Do not apply more than a single process at once, except for ‘‘Partial heating method"'.
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APPENDIX. DEVELOPMENT TOOLS

The following support tools are available for uPD17052 program development.

uPD17052

Hardware
Name Description Ordering Code

Incircuit emulator |E-7K is an incircuit emulator for evatuation for common use with the 17K series. 1E-17K
(1E-17K) The IE-17K is used with the SE-17052 system evaluation board for uPD17052

program development.

The |E-17K is operated based on the RAM. Simply connecting a console to the

IE-17K enables to add or correct the program instantaneously on the console.

Operating the SIMPLE HOST TM support software provides more advanced

program development snvironment.
SE board SE-17052 i§ a uPD17052 system evaluation board which is used independently or SE-17052
(SE-17052) jointly with the IE-17K.
Probe EP-17052CW is a probe to connect the SE-17052 to the target system. EP-17052CW

* {EP-17052CW) .

Software

Name

Description

Host Machine

(0}

Ordering Code

Main assembler
. unit
{AS17K)

AS17K is a main assembler unit
for common use with the 17K
series.

This AS17K is used with a device
file AS17052.

Assembler
Device file

(AS170562)

AS17052 is used with the AS17K
to assemble the uPD17052 pro-
gram.

Support software
{SIMPLEHOST)

SIMPLEHOST is software to pro-
vide a man-machine interface in
MS-WINDOWSTM for program
development using the IE-17K and
a personal computer.

' PC-9801 series
IBM PC/ATTM

MS-DOSTM
Ver. 2.11
Ver 3.1

"PC DOSTM
Ver. 3.1

MS-DOS

version
uSBATAS17K
(8-inch 2D)
uS5A10AS17K
{5-inch 2HD)

PS DOS

version
uS7B11AS17K
{5-inch 2D)

MS-DOS

version
uS5A1AS817052
(8-inch 2D)
uS5A10AS17052
{5-inch 2HD)

PC DOS

version
uS7811AS17052
(6-inch 2D)

MS-WINDOWS

MS-DOSTM and MS-WINDOWSTM are trademarks of Microsoft Corporation.
18M PC/ATTM and PC DOSTM are trademarks of I1BM Corporation.
SIMPLEHOSTTM is trademark of NEC Corporation.
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uPD17052

<

(MEMO)

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibitity for any errors which may appear in
this document.
NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual
property rights of third parties by or arising from use of a device described herein or any other liability arising
from use of such device. No license, either express, implied or otherwise, is granted under any patents, copyrights
or other intellectual property rights of NEC Corporation or others.
The devices listed in this document are not suitable for use in the field where very high reliability is required
including, but not limited to, aerospace equipment, submarine cables, nuclear reactor control systems and life
support systems. If customers intend to use NEC devices for above applications or those intend to use "'Stan-
dard"’, or “‘Special’’ quality grade NEC devices for the applications not intended by NEC, please contact our sales
people in advance.
Application examples recommended by NEC Corporation
Standard: Data processing and office equipment, Communication equipment (terminal, mobile), Test and
Measurement equipment, Audio and Video equipment, Other consumer products, etc.
Special: Automotive and Transportation equipment, Communication equipment (trunk line), Train and
Traffic control devices, Industrial robots, Burning control systems, antidisaster systems, anti-
crime systems etc.
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