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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.




DATA SHEET

uPD78146, 78148

8 BIT SINGLE-CHIP MICROCOMPUTER

The #PD78148, with on-chip peripheral hardware, ¢an be used in VCRs and other devices that require digital servo
control with software.

The uPD78P148, with the one-time PROM or EPROM, is also available, which can operate in the same range of
the power supply voltage as the mask ROM product. The development tocls are also provided for the uPD78148.

The following user's manual completely describes the functions of the uPD78148, Be sure to read it before
designing an application system.

HPD78148 User's Manual: IEU-1319

FEATURES

+ Mass-storage program memory
uPD78146  ROM: 24K bytes, RAM: 688 bytes
uPD78148  ROM: 32K bytes, RAM: 816 bytes

« /O lines: 76
* On-chip peripheral hardware suitable for VCR servo control
« Super timer unit » Clock operation by the subsystem clock
* Real-time output ports: 18 * Serial interface: 2 channels
+ High-precision A/D converter: 15 channels * Hardware for receiving remote control signals
+  Multiplier * Operational amplifiers: 2

* Built-in powerlul intesrupt functions providing two service medas
* Vectored intarrupt function/Macro service function

APPLICATIONS
System/servo controlling of separate VCRs and camcorders)

ORDERING INFORMATION

Part number Package
HPD78146GF-xxx-3BA 100-pin plastic QFP (14 x 20 mm)
UPD78148GF-»xx-3BA 100-pin plastic QFP {14 x 20 mm)

Remark: »xxx: ROM code number

Unless otherwise specified (for functions), the description of the uPD78148 applies to the uPD78146.

The information in this document is subject 1o change without notlce.

od| MOS INTEGRATED CIRCUIT

Document No. U10221EJ3V0DS0O0
{3rd edition)

{Previous No. 1CG-2914)

Date Published Saptember 1985 P

Drintad e lamanm

Major changes In this revision are indicated by stars () In the margins.

© NEC Corporation 1992
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FUNCTIONAL OVERVIEW

ltem Product uPD78146 ] 4PD78148

Number of basic instrue- €4

tions

Minimum instruction ©.33 us (when the microcomputer operates at 12 MHz)

execution time

Internal mamory ROM 24K bytes (24576 x 8 bits) 32K byles (32768 x 8 bits)
RAM | 688 byles 816 bytes

General regisier 8 bits x B x 4 banks (memory mapping)

Instruction set = 16-bit addition, subtraction, comparison

= Signed multiplication (signed 16 bits x unsigned 8 bits)
* Unsigned multiplication/division (16 bits x 8 bils, 16 bits + 8 bits)
« Bit manipulation (transfer, Boolean oparation, set, reset, test)

/O line 76 in total * Inputport : 24
{10 ports can also be used as A/D converter input or
analog pins for operational amplifiers.)

+« Qutputport : 12

« /O port ;40
Super timer unit * Timer : 16bits x 3
8 bits x 3

+ Counter : 22-bit free running counter (FRC) x 1

6-bit up/down counter (UDC) x 1
* Capture ragister : 22 bits x 2

16 bits x 3
8bits x2
* Compare register : 16 bits x 7
8 bits x 3
« PWM output : 12 bits x 2 {carrier frequency: 46,9/23.4 kHz)}

14 bits x t {(carrier frequancy: 5.9 kHz)
B bits x 3 (carrier frequency: 5.9 kHz)

Multiplier Signed 16 bits x signed 16 bits. Operation time: 2.67 us (when the microcomputer oper-
ates at 12 MHz)
Real-time output port + Timer-connectad port output function

¢ 18 built-in ports in total
* The timer for an output trigger can be selected.

Serial interface 2 built-in channels
« SI00: Either NEC format serial bus interface (SBI} or 3-wire serial interface can be
selected.

= SIO1: Only a 3-wire serial interface is specified.
The automatic data send/receive function is provided.
(Send/raceive buffer: 48 byles)

A/D converter 8-bit resolution x 15 inputs (7 inputs can also be used as input ports.)
Analog circuit 2 operational amnplifiers (Each amplifier can be used separately.)
Interrupt * Interrupt source: 25 (5 axternal and 20 internat)

* One of the two service modes can be salacted (vectared interrupt/macro service),

Clock + Dual clock configuration
(Either a main system clock or subsystermn clock can be selected.)
+ Can parform counting in the standby mode.

Standby STOP/HALT mode

Pull-up resistor 48, built-in {The use of built-in pull-up resistors can be specified by software.)
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PIN CONFIGURATION (Top View)

100-pin plastic QFP
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P00 - PO7
P10 - P17
P21 - P27
P30 - P37
P40 - P47
P50 - P57
P&0 - P67
P70 - P76
P80 - P87
P90 - P95 :
PWMO - PWMS .

: Port G
1 Port1
: Port2
: Port 3
: Port 4
: Port5
: Port 6
1 Port 7
: Port 8
: Port 9

Pulse width medulation output 0 - 5

CTloo, CTIHO, CTI11
: Capture trigger input 00, 10, 11

CLRg, CLR1

: Timer clear input 0, 1

PTC00 - PTOO2, PTO1G, PTO
. Programmable timer output

S10, SH
800, SO1
SBO

SCK0, SCKi
STRB1

00 - 02, 10, 11

: Serial input 0, 1

: Serial output 0, 1

: Serial bus 0

: Serial clock 0, 1

: Serial data transter strobe 1

1PD78146, 78148

CTLDLY :
ANIO - ANI14

Control delay input
Analog input 0 - 14

AMPINO-, AMPIN1--

AMFPINO+, AMPIN

AMPOUTO, 1
NMI

INTPO - INTP2
CLO

BUZ

AVrer

AVop

AVss

X1, X2

XT1, XT2
RESET

Voo

Vss

MODE

Analog amplifier ¢, 1 input {~)

1+

: Analog amplifier 0, 1 input (+)

: Analog ampilifier 0, 1 output

: Nonmaskable interrupt

. Interrupl from peripherals 0 - 2

: Clock output

: Buzzer clock

. Analog reference voltage

1 Analog power supply

: Analog ground

: Crystal 1, 2 (Main system clock}
: Crystal 1, 2 {Subsystem clock) -
. Reset

: Power supply

: Ground

: Mode seiect
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1. PIN FUNCTIONS

1.1 PORT PINS (1/2)

Pin o Dual-function pin Function
PoO - P07 C - Port-0 {PO):
+ Can be specified to output or high impedance in units of 8 bits.
* Also function as an 8 bits x 1 or 4 bits x 2 real-time output port.
P10 - P17 o - Port 1 (P1):
* Can be specified to input or output bit by bit.
* Can directly drive LED.
* The use of built-in pull-up resistors can be specified by software
(F10 - P17).
» Can be specified as a real-time output part bit by bit.,
P21 I INTPO Port 2 (P2):
P22 INTP1 » The use of built-in pull-up resistors can be spacified by software
P23 INTP2 (P22 - P27).
P24 CTiHo
P25 CTIO0
P26 cTiH
P27 CLR1
P30 1o PTOOG Port 3 (P3}:
P31 PTOO1 P30 - P33 : IIIO)pon {Can ba speclified to input or output bit by
bit.
P32 PTO02 P34, P35 : Input port
P33 FTO11 P36, P37 : |/O port (Can be specified 10 input or output bit by
P34 | GLRO bit)
* The use of built-in pull-up resistors can be specified by software
Pas Sio {P30 - P37).
P36 11O SC0/SB0
P37 SCKOD
P40 - P47 1o - Fort 4 (P4}):
* Can be spacified to input or output in units of 8 bits.
= Can directly drive LED.
* The use of built-in pull-up resistors can be specified by software
(P40 - P47) .
P50 - P57 Vo - Port 5 {(P5):
* Can be specified to input or cutput bit by bit.
¢ Can directly drive LED.
* The use of built-in pull-up resistors can be spacified by software
(P50 - P57).
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PORT PINS (2/2)
Pin o Dual-function pin Function
P&0 o CLo Port 6 (PE):
PE1 BUZ P60 - P63: Output port
PG4 - P67 : 1/O port (Can be specified to input or output bit by
P62 STRB1 bit.)
P63 - ¢ The use of built-in puil-up resistors can be specified by softwars
Pe4 o _ (P64 - PE7).
P65
P68, P67 -
P70 ANI8 Fort 7 {P7)
P71 ANIZ
P72 ANI10
P73 ANI1
P74 AMFPOUTO/ANI12
P75 AMPINO-/ANI13
P76 AMPINO+/ANI14
P8O 110 - Port 8 (P8}
P81 P8O - P85 : /O port {Can he specified to input or output bit by
P62 PWM2 P86, P87 it::;::t port
P83 PWM3 + The use of buiit-In pull-up resistors can ba specified by software
PB4 PWM4 (P80 - P85).
P85 WME . ::0 and P81 can be specified as a real-time output port bit by
P86 | XTt .
P87 CTLDLY
P80 [ AMPIN1+ Port 9 (P9)
Pa1 AMPIN1-
pPaz AMPOUTH
Pg3 SCK1
Po4 SO
Pas s
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1.2 NON-PORT PINS (1/2)

1PD78146, 76148

Pin 110 Dual-function pin Function

PWMQ, PWM1 o - Super timer unit PWM ocutput

PWMZ - PWM5 | O P8z - P85 Super timer unit PWM output

CLRO | P34 Super timer unit input

CTI00 | P25

CLR1 F27

CcTMo P24

CTiit P26

PTQQ0 0 P30 Super timer unit cutput

PTCO01 P31

PTO02 P32

PTO10 -

PTO11 o P33 Supar timer unit cutput
Can output the drive waveform corresponding to VISS/VASS
postwriting.

Sio I P35 Serial data input 0

S00 fe] P36/SB0 Serial data output 0 (3-wire serial IO mode)

SBO o P35/S00 Serial data input/foutput 0 (SBI mode)

ECKo Tle} P37 Serial clock inputioutput ©

SN | P95 Serial data input 1

sO1 o P94 Serial data output 1

SCKi 1o Po3 Serial clock inputioutput 1

STRB1 o] P62 Strobe output during automatic SIO1 data transter

NMI I - Non-maskable interrupt request input

INTPO - INTP2 | P21 - P23 Extemnal interrupt request input

CTLDLY - P&7 Extarnal time constant circuit connection:
The extemnal time constant circuit of CR is connected to this pin
when PTO11 is used as VISS/VASS postwtiting.

CLC - P&0O Clock output

10
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NON-PORT PINS (2/2)

yPD78146, 78148

Pin 11O Dual-function pin Function
ANIO - ANI7 Analog - Analog signal input o A/D converter
ANIS - ANITY [ Input P70 - P73
ANI12 P74/AMPOUTO
ANN3 P75/AMPING-
ANI14 P76/AMPINQ+
AMPINO- Analog P75/ANI13 lnvertad input to operational amplifier 0
AMPINO+ input P76/ANI14 Uninvertad input to operational amplifier 0
AMPOUTO o] P74/ANI12 Operational amplifier 0 ocutput
AMPIN1- Analog P91 Inverted Input to operational amplifier 1
AMPIN1+ input P90 Uninvartad input to operational amplifier 1
AMPOUT1 o] Pa2 Opaerational amplifier 1 cutput
RESET I - Reset input
BUZ o P&1 Buzzer output
AVoo - - Positive power supply of an analog circuit
AVss - - Ground potential of an analag circuit
AVrer - - Reference voltage input to A/D converter
X1 1 - Crystal connection for main system clock oscillation.
X2 -
XT1 | Pa6 Crystal connection for subsystem clack osciliation.
XT2 _ - Crystal connection for clock oscillation
Voo - - Positive power supply of & digital circult
Vss - - Ground potential of a digital circuit
MODE - - Fixed at the ground level

11
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1.3 INPUT/OUTPUT CIRCUITS AND CONNECTION OF UNUSED PINS
Table 1-1 and Fig. 1-1 show simplified pin input/output circuits.

Table 1-1 /O Circult Type of Each Pin and Recommended Connection of Unused Pins

Pin IO circult type Recommended connection of unused pins

POO - PO7 4 Open

P10 - P17 5-A Input : Connected to Voo via pull-up resistor
Output: Open

P21 2 Connected to Voo

P22 - P27 2-A

P30 - P33 5-A Input : Connectad to Voo via pull-up resistar
Output: Open

P34, P35 2-A Connectad 10 Voo

P36 10-A Input : Connected to Voo via pull-up resistar

P37 8-A Cutput: Open

P40 - P47 5-A Input : Connected to Voo via pull-up resistor

P50 - P57 Output: Cpen '

P&0 - P63 3 Open

PE4 - P67 5-A Input : Connected to Voo via pull-up resistor
Output: Open

P70 - P76 9 Connected to Vss

P80 - PBS 5-A Input : Connected to Voo via pull-up rasistor
Cutput: Open

P8e6 1 Connectad to Vss (Bit 6 of the clock control register is reset.)

P87 1 Connectad to Voo

Pg0 - P92 1 Connected to Vss

P83, P94 8 Connectad to Voo via pull-up resistor

Pa5 2 Connected to Voo

PWMO, PWM1 3 Opan

FTO10

ANIO - ANI7 7 Connectad to Vss

RESET 2 -

AVrer - Connected to Vss

AVss

12
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Fig. -1 Pin input/Output Circulls (1/2)
Type 1 Voo Type 2-A Voo
P
p | - q Pull-up
IN enable
N
IN
Type 2
Schmitt trigger input with hysterisis characteristics
IN O bc
Type 5-A
Schmitt trigger input with hysterisis characteristics Voo
Full-up
Type 3 enable DO | F
Voo Voo
Data ——-—‘:D_E P
rl P i INOUT
Data o OUT 3:";},‘:; N
L! N
Input
% anable ;
Type 4 Type 7
Voo
Data :D_| p J_ Comparator
N ot d¥] '
out v T +
Output N T -~
disable
Vrer
Push-pull output that can output high Impedance (Threshold voltage)
{Positive and negative channels are both off.)

13



uPD78146, 78148

Fig. 1-1 Pin Input/Quiput Circuits (2/2)
Type 8 Type 8-A Vo
D
Pull-up |
Voo enabte DC = P
—* Voo
Data ——— |
::I y—bB p Data ———
——C INOUT o " Orf-r
Output N INFOUT
disable Output N
3@ disable
Type @ Type 10-A Voo

Puli-uy
L Comparator enablep

IN o5— : Voo
- ;,; Data . P
Vraf i INFOUT
(Threshold voltage) 3‘;?,',’
Quiput N
disable

Input

enable -
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2. CPU ARCHITECTURE

2.1 MEMORY SPACE

Fig. 2-1 and 2-2 show the memory space of the uPD78146 and uPD78148 respectively.

Remark Forty-eight bytes from FF90H to FFBFH can be used as petipheral RAM when they are not used as a
buffer tor autornatic transmission and reception of serial interface channsl 1.

Fig. 2-1 Memory Map {uPD78146)

MCDE = L
] FFFFH
FEFFH General register
FFOQH
? FEEOH (32 x 8)
Macro service control
& FECOH {32 x 8)
8
3 g Data area
(840 x 8)
¢ FCaoH | FC80H
< 5FFFH
g = Program area o
8 prn s
g OFFFH
g ] CALLF Instruction
S T entry area ¥
E {2048 x 8)
= 0800H
SFFFHE -~ Program area ot
007FH
o CALLT Instruction
§ table area
2§ (64x8)
§¢& 0040H
K]
g = Program area
l 0033H Vector table area
] 0000H 0000H (52 8)

Shaded portions indicate internal memory.
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Fig. 2-2 Memory Map (:PD78148)

MODE =L
) FFFFH
FEFFH General ragister
FFOOH
1, FEEOH (32 x8)
Macro service control
g FECOH (32x8)
8E
8 g Dala area
(768 x 8)
* FCOOH FCOOH
= 7FFFH 1
¥ A
§ | T Program area et
2 ot ]
a OFFFH
g‘ | CALLF Instruction
o e entry area -
5 (2048 x 8)
= 0800H
TFFEH = Program area =
T 007FH
g CALLT Instruction
table area
g g (64 8)
g E 0040H
£ g Program area
l : 0033H Vector table area
L 0000H | 0000H (52 x 8)

Shaded portions indicate internal memory.
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Table 2-1 Memory Areas of Each Product

Product

ltem uPD78146 uPD78148

Internal ROM 24K bytes 32K bytes
{000CH - SFFFH) | (0000H - 7FFFH)

Internal RAM 688 bytes 816 bytes

(FCBOH - FEFFH)

(FCOOH - FEFFH)
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2.2 PROCESSOR REGISTER
Registers of the uPD78148 are classified into three groups according to their functions:
» Control register
* General register
» Special function register (SFR)

2.2.1 Control Register
The control register group controls the program sequence, status, and stack memory. There are three control

register:

* Program counter (PC) : 16-bit register
* Program status word (PSW) : 8-bit register
» Stack pointer (SP) : 16-bit register

Fig. 2-3, 2-4, and 2-5 show the configuration of each register.

Fig. 2-3 Configuration of Program Counter {PC)

15 14 13 12 11 10 9 B 7 6 5 4 3 2 1 0

PC |PC15{PC14 | FC13 | PC12| PC11 |PC10| PCO | PCE | PC7 | PC6 | PC5 | PC4 | PC3 | PC2 | PC1 | PCO

Fig. 2-4 Conﬁguration of Program Status Word (PSW)

7 6 5 4 3 2 1 0
PSW IE Z |RBS1| AC |RBSO| © ISP | CY

......Carry flag

.....Intarrupt priority status flag
..... Ragister bank selection flag
... Axiliary carry flag

... Zaro flag

Interrupt request enable flag

Fig. 2-5 Configuration of Stack Pointer (SP)

15 14 13 12 11 10 g 8 7 6 5 4 3 2 1 0

SP | SP15 | SP14 | SP13 | SP12 | SP11{ SP10 | SP9 | SP8 | SP7 | SP6 | SP5 | SP4 | SP3 | SP2 | SP1 | SPO

17
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2.2.2 General Register

The general register group of the uPD78148 consists of four banks of ganeral registers. Each bank consists of
eight B-bit registers, so there are 32 registers in total. A pair of 8-bit registers can function as a 16-bit register pair.

The general register group is mapped into addresses from FEEOH to FEFFH of the internal RAM space.

Fig. 2-6 shows the configuration: of the general register and Table 2-2 shows the correspondence between function

names and absclute names.

FEFFH

FEEOH

uPD78146, 78148

Fig. 2-6 Configuration of General Register

(8-bit processing) (16-bit processing)
Register bank 0 H L = HL FEM
Ragister bank 1 D oy SO DE FeH
Register bank 2 B & C BC -~
Reqgister bank 3 A X AX -

Table 2-2 Correspondence between Function Names and Absolute Names

18

Function name | Absolute name Function name Absolute name
X RO AX RPO
A R1 BC RP1
C R2 DE RP2
B R3 HL RP3
E R4
D R5
L Ré
H R7
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2.2.3 Special Function Register (SFR)

The special function register group consists of the registers to which spacial functions are given such as mode
ragister of the peripheral hardware.

This register group is assigned to the 256-byte space from FFOOH to FFFFH. Shon direct memory addressing
can be applied to the 32-byte area from FFOOH to FF1FH, allowing short-word data processing.

Forty-eight bytes from FF20H to FFBFH are used as a bufler for automatic transmission and reception of serial
interface channel 1. The area can be accessed in the same way as for peripheral RAM. In SFR addressing, the area

cannot be accessed.

Bit manipulation, arithmetic/logical, and move instructions can be executed in all the areas.
Table 2-3 lists the special function registers (SFRs). The items in Table 2-2 mean:

¢ Abbreviation «-s.ce-eesien

+« Manipulation hit unit ...

After rasat oo eeerriemarianianas

A symbol indicating the address of a built-in special function register

This can be specified in the operand field of an instruction.

Indicates whether data can be read from the special function register and/or data can
be written into the register.

R/W: Can be read and written.

B : Canbe read. (The bits of the register can be tested.)

W : Can be written.

Indicates the unit of bits that can be manipulated at one time.

The SFR which can be manipulated in units of 16 bits can be specified in the sfrp
operand. An even address is specified for the address specification.

The SFR which can be manipulated bit by bit can be specified by a bit manipuation
instruction.

Indicates the status of each register after the RESET input.

Cautions 1. The addresses to which a speclal function register is not assigned in the araa fram FFOOH to
FFFFH can not be accessed.
2. Do not write data into the register which is only used for data reading. If an attempt is made
to write data Into such registers, the Internal circuit may not operate normally.

19
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Table 2-3 Special Function Registers (SFRs) {1/4)

Address Special function regisier (SFR) name :::revia- R/W N:ampulat;on bt u::t After reset
FFooH Port 0 PO RW | O © - Undefined
FFO1H Port 1 P1 o o
FFO2H Port 2 P2 R o O -

FFO3H Port 3 P3 R/'W o C
FFO4H Port 4 P4 o) o -

FFOsH Port 5 F5 O o

FFOEH Port 6 Fé 0 o] - FoH
FFO7H Port 7 P7 R O o) - Undsfinad
FFO8H 16-bit timer O compare register 0 CR00 R/W - - o Undefinad
FFogH - -

FFOAH 16-bit timer 0 compare register 1 CRO1 - - o
FFOBH - -

FFOCH 16-bit timer 0 compare register 2 CRo2 - - o
FFODH - -

FFOEH 16-bit timer 1 compare register 0 CR10 - - o
FFOFH - -

FF10H 16-bit timer 1 compare register 1 CR11 - - Q
FF11H - -

FF12H 16-bit timer 1 compare register 2 CR12 R - - @)
FF13H - -
FF14H 16-bit FRC capture register 0 CPTC - - o

FF15H ' - -

FF16H 16-bit FRC capture register 1 CPT1 - - o
FF17H - -

FF18H 22-blt FRC caplure register 2 CPT2H R - - o} Undefined
—— (BAts 2 o0 17) _ N
FF1AH 22-bit FRC capture register 3 Note CPTaH - - o
FF1BH (Bits 2 10 17} ~ ~
FF1CH 22-bit FRC capture register 2 CPT2L o] (o] -

(Bits 0, 1, and 18 to 21}
FF10H Prescalar mode register 3 PRM3 R/W 0 o] - 000000

FF1EH 16-bit timar 2 compare register CR20 - - O { Undafined
FF1FH - -

Note Address of six low-order bits is FF42H.

20
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Table 2-3 Special Function Registers (SFRs) (2/4)

Abbrevia- Manlpulation bit unit
Address Special function ragister (SFR) name R'W After reset
tion 1 8 16

FF20H Port 0 mode ragister PMO w - o] - FFH

FF21H Port 1 mode ragistar PM1 - O -

FF23H Port 3 mode ragistar PM3 - o -

FF25H Port 5 mode ragistar PMS - (o] -

FF26H Port 6 mode ragistar PME - o - FOH

FF28H Port 8 mode registar PM8 w - (o] - FFH

FF2CH Multiplicand/multiplication resul! register MULL R/W - - Q Undetined

FF2DH - -

FF2EH Multiplicatar/muitiplication result register MULH - - o

FF2FH - -

FF30H 16-bit timer register 0 TMO R -~ - Q Undefined for

FFa1H - . up to 16 clocks

— - Cleared to 0

FF32H 18-bit timer register 1 Th1 - - O after 17th clock

FF33H - -

FF34H 22-bit free running counter FRC R - - < Undefined for
up to 16 clocks

FFa5H - - Cleared to 0
after 17th clock

FF36H 18-bit imer register 2 T™2 R - - < Undefined for
up to 16 clocks

FFa7H - - Cleared to 0
after 17th clock

FF38H Timer control register ¢ TMCO RIW - (w] - 00H

FF38H Timer control register 1 TMCA RIW - O - 00H

FF3AH Capture mode register CPTM R/'W - (»] - 30H

FF3BH 7-bit counter register T™6 R - (o] - Undefined

FF3CH 6-bit counter register T™7 - (») -

FF3DH 8-bit timer register 3 Note _ ™3 RW | - 0 -

FF3EH 8-bit imer 3 compare register CR30 R/W - O - Undefined

FF3FH 8-bit timer 3 capture register CPT30 R - 0 - Undefined

FF40H Register for optional pull-up register PUO R/IW O (0} - 0cH

FF41H Port 1 mode control register PMC1 RIW (o] (s] - 00H

FF42H4 22-hit FRC capture register 3 (bits 0, 1, CPTaL R Q 0 - Undefined

and 18 to 21)

FF43H Part 3 mode conirel register PMC3 R'W C (o} - 30H

FF44H 16-bit imer ¥ compare register 3 CR13 - - o Undefined

FF45H - -

FF46H Port 1 buffer ragister PiL C (o] -

FF47H Port 1 bufier register P1H e} O -

FF48H Port 8 mode control register PMCE 0 o - CoH

FF49H Port 8 mode control register PMCO w - o] - 27H

Nate TM3 can only be read. Writing on TM3 clears TM3 to O0H.
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Abbrevia- Manipulation bit unit

Address Spacial function register (SFR) name tion R/W ] " 1 After reset
FF4AH Port 0 bufier registar POL R/W (o] o] - Undefined
FF4BH Port 0 bufter register POH o] O -
FF4CH Raal-time output port centrol register RTPC (o] (w] - 00H
FF4DH Trigger source selection register TRGS R/W (o] (w] - 0oH
FF4EH Port 8 buffer registar P8L (o} (s] - Undefined
FF4FH Clock mode register WM o o/ - Ox00:0x00
FF5CH Input control register ICR w - O - 00H
FF51H Up/down counter count register ubc R'W - o - Undefined
FF52H Capture compare control register CRC W - (o] - 00H
FF&3H Evant divider control register EDVC w - (o] - Undefined
FF54H Event counter compare register 1 ECC1 - o - Undefined
FF55H Event counter compare register ¢ ECCO - 0 - Undefined
FF5€H Event counter EC R - o] - Undafined
FF57H Prescaler 4 mode ragister PRM4 R/W (o] o - 00H
FF58H Timer 0 output mode ragister TOMO W - o] - xx000000
FF59H Timer 0 output control register TOCO W - o] - 00H
FF5AH Timer 1 output mode ragistar TOM1 W - (o) - 80H
FF5BH Timer 1 output control register TOCH Rrwhete | _ o) - 00H
FFSCH 8-bit timer register 4 ™4 R - o] - Cleared for 16th

clock
FF5DH 8-bit timer 4 capture compare ragister CR40 R/W O o - Undefined
FF5EH 8-bit timer register 5 T™S A - 0 - Cleared for 16th

clock
FFSFH 8-bit timer 5 compare register CR50 R'W (] 0 - Undefined
FFeOH Port 8 P8 R/W o] o] - Undefined
FFE1H Porl 9 P9 R o o -
FFE2H Amplifier mode register AMPM w - o] - 00H
FF&3H Up/down counter compare register upce w - O - Uridefined
FFe4H A/D conversion mode register 0 ADMO R/W o] o - 0oH
FF&5H A/D conversion mode register 1 ADM1 W o] O - 01H
FF66H A/D conversion result register 0 ADCRO R - o] - Undefined
FF67H A/D conversion result register 1 ADCR1 R - (o] - Undefined
FF70H PWM control register O PWMCO R/'W O (o] - 05H
FF71H PWM control register 1 PWMCH w - O - 40H
FF72H PWMO modulc register PWMO W - - o] Undefined
FF73H - -
FF74H PWM1 modulo register PWM1 - - O
FF75H - -

Note Only bit 0 of TOC1 can be read.
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Table 2-3 Speclal Function Registers (SFRs) (4/4)

Address Special function register (SFR) name gct::revia- R/IW M1anlpulatlaon o l:t After reset
FF76H PWM2 modulo registar PWM2 w - O - Undefinad
FF77H PWM3 modulo register PWM3 - o -

FF7AH PWM4 moeduto register PWM4 - o] -
FF7BH 8-hit timer 4 capture register CR41 R - o] - Undefined
FF7CH PWM5 modulo register PWMS w - - s}
FF7DH - -
FF7EH Timer control register 2 ™C2 - C - 0CH
FF7FH Clock output mode register CLOM R/W 0 0 - Q0H
FF80H Serial interface mode 0 register CSIMO o o -
FF81H Serial interface mode 1 register CSIM1 R/W O (o] - QoH
FF82H Serial bus interface control reglster SBIC R/W (o] (o] - Q0H
FFB4H | Automatic ransfer control register 1 ADTC1 RW] o | 0 | - |[00H
FF85H Automatic transter pointer 1 ADTP1{ (o] (o] - Undefined
FFa6H Serlal shift register 0 SI00 R/W o o] -~ Undefined
FF87H Serial shift register 1 SIC R/W (o} (o] - Undefined
FFI0H 5101 buffer area/general RAM - R/W [»] o o

to Access impossible by SFR
FFBFH addressing
FFCOH Standby control register STBC R/W - o - 0000x000
FFC4H Memory mapping register MM w - (o] - AOH
FFEQH Interrupt requaest flag register IFOL |IF0 | R/W (] (o] C 00H
FFE1H IFOH o o
FFE2H IF1L o o] -
FFE4H Interrupt mask register MKOL | MKO 0 0 o} FFH
FFESH MKOH o o]
FFEGH MKiL o o] -
FFE&H Priority specification flag register PROL | PRO o o o]
FFESH PROH (o] o]
FFEAH PRIL O o) -

FFECH Interrupt service mode register ISMOL | ISMG o] o] o 00H
FFEDH 1SMOH O o
FFEEH ISMtL O o} -

FFF4H Extemnal interrupt mode register INTMO R/W O o] - 50H
FFF5H External capture mode register INTM1 o 0 - 01H
FFFBH - | Clock control register cc R/W o] 0 - ooH
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2.3 DATA MEMORY ADDRESSING

Fig. 2-7 shows the data memory map of the xPD78148 and the applied addressing schems. With these various

addressing, uPD78148 programs can be coded efficiently.

Fig. 2-7 Memory Map and Addressing of Data Memory

MODE =L
|
SFR addressing
A
Y ’
3
Registsr addrassing
Short diract Hegis‘er
addressing indirect
addressing
([D]. [E}, [E+])

Ragister indiract
addressing ( [HL],

FCooH" 2 [HL+], [DE], [DE+])
Indirect
addressing

A AL Stack indirect
™ T addressing

Direct
addressing

7FFFHNS

0000H

Notes 1. Do not place the stack pointer in the SFR area or ROM area.
2. FC80H for uPD78146
3. 5FFFH for uPD78146

Shaded portions indicate internal memory.

Caution Forty-eight bytes from FF30H to FFBFH are used as a buffer for automatic transmission and
reception of serial Interface channel . This area can be accessed in the same way as for peripheral

RAM. In SFR addressing, the area cannot be accessed.
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3. PERIPHERAL HARDWARE FUNCTIONS
3.1 PORT FUNCTIONS
The uPD78148 is provided with the ports shown Fig. 3-1, which enable a wide variety of control capabilities.

Table 3-1 indicates the functions of the ports. The use of a built-in pull-up resistor can be specified by software.

Fig. 3-t Port Configuration

Port 0 POO - PO7 ) -

» Port5
P10

P57 [e———

P60 - PB3 4 >
P17

Fg4 |«—» | Port6

Porl 1 1

P67 [t

P70 - P76 7 Port 7
( P30
Por1 3 ! P33 PB0 |[————
P34, P35 8 >
e EEEEE—
P36 -~
L P37 3  Port8
P85 fe&—
P86, P87 <I|

B
B
-
B
-
e
B Saamen s
B
-

Port 2 7 ] P21-P27
B ——
i
D S
B
i~
-

8

Porl 4 P40 - P47
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Table 3-1 Port Functions

Port Pin 17O Function

Port & POQ - PO7 | Output 8-bit output port

* Also functions as a real-time ocutput port.

» Specifiable in units of 8 bits for output or high impedance
+ (Capable of diract transistor drive

Port 1 P10 - P17 | VO 8-bit IO port

» Also functions as a real-time output port.
+ Specifiable for input or output bit by bit.
+ Can directly drive an LED.

Port 2 P21 fnput 7-bit input port
P22 - P27 | Input + Also functions as external interrupt pins and timer input pins.
Port 3 P30 - P33 | /O B-bit 3/C port
P34, P35 | Input = Also functions as timer output pins and a serial 1D pin {S100).
* Allows input or output to be specified bit by bit for P30 - P33, P36, and P37.
P36, P37 | /O
Port 4 P40 - P47 | /O 8-bit /O port

+ Specifiable for input or output in units of 8 bits.
¢ Can directly drive an LED.

Port 5 P50 - P57 | I/O 8-bit 110 port
= Spaecifiable for input or output bit by bit.
« Can directly drive an LED.

Port 6 PEQ - P63 | Output 8-bit I/C port

Ps4 - Pe7 | 110 + Allows input or output 1o be specified bit by bit for P64 - P67.
Port 7 P70 - P76 | Input 7-bit input port
* Also functions as analog input pins and operational amplifier (AMPQ) IO pins.
Port 8 P80 - P85 ! 11O 8-bit 110 port
+ Also functions as a real-time cutput port. PWM output pins, and subsystem clock.
P86, P87 | Input * Allows input or output to be specified bit by bit for P80 - P85,
Fort 9 P80 - P85 | Input 6-bit input port
* Also functions as operational amplifier (AMP1) I/C pins and a serial /O pin
{SI101).

Caution Those ports that allow the specification of a pull-up resistor on a bit-by-bit basis can contain a pull-
up resistor only in the input mode.
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3.2 CLOCK GENERATOR
The clock generator generates and controls an internal system clock (CLK) supplied to the CPU.
The clock generator is configured as shown in Fig. 3-2.

Fig. 3-2 Block Diagram of the Clock Generator

XT1
Subsystern Clock timer
- clock far -

generator »>  Clock interrupt
XT2

T Stops oscillation.

Bit & of CC register is
setto 1.

Freguancy

I_T_ %1 divider
' Main systam

clock Fxx " ferk Inletma!
S
generator system

| ! X2 clock (CLK)

A
| Stops oscillation.

10k

STOP mode is set.
RESET signal is applied.
Bit 7 of CC register is setto 1.

Remarks 1. fix : Crystal oscillator frequency of the main system clock
2. fxr : Crystal escillalor frequency of the subsystam clock
3. few: Intemal system clock frequency

The main system clock generator oscillates with a crystal or ceramic resonator connected to the X1 and X2 pins.

The system clock generator stops oscillation when the standby mode (STOP) is set, a RESET signal is applied,
or bit 7 of the clock control register is set.

The subsystam clock generator oscillates with a crystal connected to the XT1 and XT2 pins,

The subsystem clock generator stops oscillation when bit 6 of the clock control register is set; the setting of the
STOP mode or RESET signal input has no effect.

The subsystem clock is used mainly for the clock circuit and an interrupt (INTW) generated at regular intervals.

The frequency divider divides a system clock generator output signal (fxx, fx7) by two to produce an internal system
clock (foux).
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Fig. 3-3 shows the external circuitry of the main system clock generator. Fig. 3-4 shows the external circuitry of

the subsystem clock generator.

28

Fig. 3-3 External Circuitry of the Main System Clock Generator

(a) Crystal/ceramic oscillator

4PD78148

Fig. 3-4 External Circultry of the Subsystem Clock Generator

(a) Crystal oscillator

uPD78148

'.; _______________ Vss

' by stray capacitance or other factors:

+« Connect components as short as possible.

* Never cause the wires to cross other signal lines or run near a line carrying a large varying
current. .

= Cause the grounding point of the capacitor of the oscillator circuit to have the same potential
as Vss at all times. Never connect the capacitor to & ground pattern carrying a large current.

+ Never extract a signal from the oscillator.

Note, in particular, that the subsystem clock generator is a low-amplification circult for reduced
current consumption.
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3.3 REAL-TIME OUTPUT PORT (RTP)
A real-time output port {RTP) consists of two buffers: a port output laich and buffer register.
A real-ttme output function is available which, upon generation of a timer interrupt or external interrupt, transfers
data in the buffer register by hardware to the output latch for cutput. A port used tor this function is called an RTP.
The uPD78148 contains the real-time output ports listed in Table 3-2.

1PD78146, 78148

Table 3-2 RTP Bit Configuration

Number of real-time

Number of bits

output data bits specifiable as RTP
RTPO | 4 bits x 2 channels In unit of 4 bits

8 bits x 1 channel
RTP1 4 bits x 2 channels Bit by bit
RTP8 | 2 bits x 1 channel

Figs. 3-5 to 3-7 show the block diagrams of RTPC, RTP1 and RTP8. Fig. 3-8 shows the types of RTP output trigger

sources.

Fig. 3-5 Block Diagram of RTPO

Internal bus

OIEC:

8
Real-time output
port control utp Buffer r.egister
register POH P POL
¥
Output tri - 4
INTCROT == couczol cirgc?:tr i <
INTCROZ ~——»] \/ \
Output Jatch (PO}
Po7 POO
Remark

(CRO1, CRO2} match

INTCRO1, INTCRO2 : Signal issued whenthe contents of the 16-bit timer 0 (TMO) and compare register
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Fig. 3-6 Block Diagram of RTP1

S Internal bus S
ﬁ % 4 4 8
TRGew 8 i j i j
Bufter register
P1H i PiL

PMC10

PMC11 o

PMC12 -

Y

PMC13

Y

FPMC14

PMC15 Lt

PMC16 e

PMC17 i
‘ 4 [

PMCA

Y

Output latch (P1)

TYYTYYY

P10
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Fig. 3-7 Block Diagram of RTP8

& Irtemal bus S

i 8 [ 8
8
Buffer register
o [ o | o [pea| o [psLz)peL1]reLo| el
PMC80
PMCa1
LD .
y
PMC8
Output latch (P8)

TRGraL %7

Active

Enable

Hsvue super-
imposition clrcult fe— o

o @]
P81 P8O

a1
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Fig. 3-8 Types of RTP Output Trigger Sources
T™MO |
! | Selec- » POH trigger
tor ——— POL trigger
CROO . >
Ir:i'grrupt |__
» » and timer
CRO1 by
CR02 —
Selec-| P
tor L
» A/D trigger
I = P8 trigger
» P1H trigger
™1 99
! l — P1L trigger
CR10 > Interrupt
r and timer Triggar source
CR11 - | Ouiput selection register
Capture
— ™ CR12 -
Interrupt
CR13 -
T™S
CR50 - |ntgm_pt

For RTP1 or RTPS, an arbitrary output trigger can be selected from INTCR0O, INTCR0Z, INTCR13, and INTCR50.
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RTP8 allows the value of the low level, high level, or high impedance to be output in the realtime mode.
Furthermore, RTP8 allows a horizontal synchronizing signal to be superimposed, so that RTP8 can be used to
generate a pseudo vertical synchronizing signal.

Fig. 3-9 indicates an RTP8 operation timing chart.

Fig. 3-8 RTP3 Operation Timing

High level
P80 4 High impedance _ﬂ__ﬂ__ﬂ__ﬂ__ﬂJ
Low level ————-J

Trigger signal T T T

High levsl |-—i
P80 High impedance —
Low level —-[ h———

Trigger signal

o UL

Low level

Tiigger signai T T T

a3
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3.4 SERIAL INTERFACE

34

The pPD78148 contains two channels (channels O and 1) for a serial intarface:

Channel ¢: Three-wire serial interface, Serial bus interface (SBI)
Channel 1: Three-wire setial interface with an automatic transfar function

Threse-wire serial interface

The three-wire serial interface mode enables B-bit data transfer using three lines: serial clock (E@, gék?), serial
data input {S10, SI1), and serial output {S00, SO1}. This interface is useful for connecting a display controller and
petipheral I/O device containing the conventional clock synchronous serial interface.

Serial bus interface (SBI)

The serial bus interface mode enables 8-bit data transfer to and from more than one device by using twe lines:
serial clock (M) and serial data bus (SB0). Following the NEC original format, transferred data can be identitied
as an “address”, “command”, or “data” by serial data manipulation.

Three-wire serlal interface with automatic transfer function

This interface mode has an automatic transfer function added to a three-wire serial interlace mode that transfers
8-bit data by using three lines (serial clock (SCK1), serial data input (S11), and serial output (SO1)).

The automatic transfer function sends and receives up to 48-byte data. With this function, data can be transferred
by hardware to and from a device for on-screen display {(OSD) or a device containing a display controller/driver,
independently of the CPU. Thus, loads. on software can be reduced.

Fig. 3-10 shows the block diagram of channel 0, and Fig. 3-11 shows the block diagram of channal 1.
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Fig. 3-10 Block Diagram of Serlal Interface Channel 0
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Fig. 3-11 Block Diagram of Serial interface Channej 1
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3.5 SUPER TIMER UNIT
The uPD78148 contains a super timer unit which consists of the following timer units.

uPD78146, 78148

Table 3-3 Components of the Super Timer Unit

Unit name

Timer/counter

Register

Remarks

Timer ¢

16-bit timer x 1 (TMQ)

18-bit compare register x 3

Contains a 6-bit event counter.
Contains Hsmc generator.

Free running
counter

22-bit counter x 1 (FRC)

22-bit capture ragister x 2
16-bit caplure ragister x 2

Contains a digital noise eliminator.
(Vsvne separation circuit)

Timer 1

16-bit timer x 1 (TM1)

16-bit compars reglster x 3
16-bit capture ragister x 1

8-bit count register x 1
(TM3)

8-bit compare register x 1

8-bit capture registar x 1

7-bit event divider x 1
Contains a VISS/ VASS detection
circuit,

Timer 2

16-bit timer x 1 {TM2)

16-bit compara raegister x 1

Usabie as an intarval timer

Timer 4

8-bit timer x 1 {TM4)

8-bit capture/compare register

x1
8-bit capture register x 1

Applicable as remote controller
signal reception {capturs function
using INTP2)

Timer 5

8-bit timer x 1 (TM5)

8-bit compare ragister x 1

Usable as a real-time output port
output trigger and A/D convarsion
start trigger

Up/down countsr

6-bit up/down counter
(UDC)

6-bit compare register x 1

Usable as & real-time counter

PWM output unit

12-bit counter x 1

16-bit module register x 1

Variable active level of cutput

(PWMO, PWM1) (PWMO) {with higher 12 bits used) Carrier frequency selectable (23.4
12-bit countar x 1 16-bit modulo register x 1 kHZ/46.9 kHz)
(PWM1) {with higher 12 bits used)
PWM output unit 8-bit counter x 3 8-bit modulo register x 3 Carrier frequency: 5.9 kHz
{PWM2 - PWM4) (PWMZ - PWM4)
PWM output unit 14-bit countar x 1 16-bit modulo register x t Carrier frequency: 5.9 kHz
{PWM5) (PWMS) {with higher 14 bits used) 14-bit precision PWM pulse

The most significant feature of the supertimer unit of the uPD78148 includes timer 0 {TMO), the free running counter
(FRC), and timer 1 {TM1).
Flg. 3-12 shows the configuration of these timer units. The timer units facilitate VCR index search and servo control

using software.
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3.5.1 Super Timer Unit Function

(1) Timer 0 unit (TM0): 16-bit timer
Timer 0 is a limer unit suitable for pulse output timing control. By using an external input signal as a trigger, TMO
enables the timing of puise cutput to be delayed by programming. Three channels of pulse output are available,
and can be used, for example, for VCR sound and video head switching signals.
A timer count clock can be selected from fcuk/8 and feLk/16.
Timer O can be used as an output trigger for real-time output ports 0, 1, and &, and a conversion trigger for
A/D converter 1.

(2) Timer 1 unit (TM1): 16-bit timer
Timer 1 is a timer unit for generating a reference signal for internal processing. Timer 1 can be used for various
applications such as pulse output and reference signal generation using externaltrigger input. Timer 1 also allows
programmable delay pulse cutput as with timer 0. Timer 1 contains timer 3 (TM3), which is an 8-bil timer. Timer
3 can be used for external pulse width detection and period measurement.
Timer 1 comains a function that releases a timer 1 clear input (ENCLR1) mask when timer 1 and CR13 maich,
so thal a malfunction due to Vevne noise can be prevented by hardware.
Timer 1 can be used as an output trigger for real-time output port 1 and a conversion trigger for A/D converter
1.

(3) Free running counter unit (FRC): 22-bit counter

The free running counter can be used for external pulse period measurement. This unit contains four capture
registers, so that pericd measuraments can be performed for four triggers in parallel. Since a 22-bit counter is
used for this unit, a high-precision phase and speed detection is possible for a capstan and VCR drum rotating
at high speed.

This unit contains a digital noise eliminator (m; frequency separator) and allows a choice between two
elimination pulse widths, so that Vsync can be separated from a composite synchronizing signal with an extensive
distortion. Fig. 3-13 shows the configuration of CLR1 input section.
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(4} Timer 2 unit (TM2): 16-bit timer
Timer 2 is a general-purpose 16-bit timer unit. When the contents of the compare register match the contents
ol timer 2, timer 2 is automalically cleared, and functions as an interval timer to initiate an interrupt at the same
time.

(5) Timer 4 unit (TM4): B-bit timar
Timer 4 is an 8-bit timer unit with a prescaler. Timer 4 contains a capture/compare register and a capture register,
and generates an interrupt when a capture occurs or a comparison finds a match.
This unit can be used, for example, to decode a remote controller signal.

{6) Timer 5 unit (TM5): 8-bit timer
Timer 5 is a general-purpose 8-bit timer unit with a prescaler. When the contents of the compare register maich
the contents of timer 5, timer 5 is automatically cieared, and functions as an interval timer to initiate an interrupt
al the same time.

(7) Up/down counter (UDC)
The up/down counter is a 6-bit up/down counter that counts up or down on a valid adge of the CTI11 input pulse
signal. By using this counter, a linear tape counter for a VCR can be built which counts the number of PBCTL
signals.
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Fig. 3-14 Block Diagrams of Timer 2, Timer 4, Timer 5, and Up/Down Counter®
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{8) PWM output units (PWM0, PWM1}): 12-bit PWM

- The PWMO or PWM1 unitis a pulse width modulation (PWM) output unit with a 12-bit precision. A carrierfrequency
of 23.4 kHz or 46.9 kHz can be selected. The output of these units is most suitable for DC motor speed control.

Fig. 3-15 Block Dlagram of the PWM Cutput Unita (PWMO0, PWM1)(n =10, 1)

S Intemal bus
16 8
{Modulo register)
=1 1 11 11 T 10 T
WM [15 a7 413 0 PWMC
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8 4 ¥ selector
From - . Reload
- PWMC control
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fosonl % 8-bit down-counter Puise controller control —D—Do (Output pin)

4-bit caunter

From PWMC —= Selactor

4 y

te/256 fok/126
{from FRC)

Remark fouk = fosc/2
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{9) FWM output unlis (PWMz - PWM4): 8-bit PWM
These units are PWM output units with an 8-bit precision. The carrier frequency is 5.9 kHz. These units can
be used for general-purpose analog output.

Fig. 3-16 Block Diagram of the PWM Output Units (PWM2 - PWM4)

S Intemal bus S
PWM2 PWM3 PWM4 PWMC1
8-bit comparator 8-blt comparator 8-bit comparator
i | OQutput
control | —o pwiM4
circuit
[ !
o4 Counter for PWM Y
Output
control —CPWM3
circuit
1
Output
control |———OPWM2
circuit

{10) PWM output unit (PWM5): 14-blt FWM
This unit is a PWM output unit with a 14-bit precision. The carrier frequency is 5.9 kHz. This unit can be used
for an output application where high-precision analog voltage is required as in the case of avoltage synthesizer.

Fig. 3-17 Block Diagram of the PWM Qutput Unit (PWM5)

S Internal bus S

: 1.C
T T ;

8-bil comparator
Output
PWM pulse generator control P——OPWMS
circuit
fox /4 ———~ Counter for PWM
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(11) BRECCTL write circuit
The PTCG10 and PTO11 cutput pins of the super timer unit can be used to write a RECCTL signal.
Two modes are available. One is the REC mode used to write a CTL signal, and the other is the rewrite mode
used for rewriting.
In the rewrite mode, the drive state can be gradually shifted so that not rising edges but falling edges only of
the CTL signal are subject to rewriting.

Fig. 3-18 Block Diagram of the RECCTL Write Circuit
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Fig. 3-19 Timing of RECCTL Write
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Fig. 3-20 Timing of RECCTL Rewrite
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3.6 ANALOG CIRCUITRY

3.6.1 A/D Converter

The uPD78148 contains a fast, high-accuracy 8-bit analog-to-digitat (A/D) converter with 15 multiplexed analog
inputs (ANIO to ANI14). Fig. 3-21 shows the block diagram of the A/D converter.

The uPD78148 contains two A/D conversion mode registers (ADMO, ADM 1) and two A/D conversion result registers
{ADCRO, ADCR1), so that the A/D converter can be treated as two independent A/D converters.

The A/D converter uses the success approximation system.

The A/D converter has two operation modes: the selsct mode and scan mode. The select mode converts analog
input on a particular pin continuously. The scan mode converts multiple analog inputs sequentially. Furthermore,
A/D conversion can be started in phase with an external interrupt request signal.

Conversion requires 2C us (at 12 MHz).

Caution Never apply voltage exceeding the referance voitage for A/D converter (AVrer} to the ANIO to
ANI14 pins in any circumstance.,
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Fig. 3-21 Block Dlagram of the A/D Converter
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3.6.2 Operational Amplifier

The uPD78148 contains two operational amplifiers. Each operational amplifier has an inverting input pin, non-
inverting input pin, and output pin.

Whether to operate the operational amplifiers can be set using a mode registar, allowing software control over
the operational amplitiers.

If reduced current consumption is required as in the case of the siandby mode, the operational amplifiers are to
be set to the non-operation mode.

Fig. 3-22 shows the block diagram of the operational amplifiers.

Fig. 3-22 Block Diagram of the Operational Amplifiers
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AMPIN1+ ———-—-——% EN1 ¢ 0 0 ENO 0 0 0 |AMPM

AMPOUT

3.7 CLOCK FUNCTION

The uPD78148 contains a clock function that divides a clock timer overflow signal by hardware. The subsystem
clockNote is used for the clock.

This clock function operates independently of the CPU, so the clock function can operate even if the CPU is placed
in the standby mode (STOP mods) or reset state. In addition, the clock function allows a low-voliage operation with
Voo =20V.

This means that by placing the CPU in the standby mode or reset state, a clock operation with low voltage and
low current consumption can be implemented.

The clock function allows count operation for about 10 years.

Note The uPD78148 conlains a frequency divider which divides the frequency of the subsystem clock and generates
signals at the same interval. When the divider divides the fraquency of the clock at 32,768 kHz (source
oscillation of the subsystem clock), the divider expends one clock (about 30.5 us) from when it overflows until
it clears its count. Therefare, INTW interrupt generation takes about 30.5 s more time per 0.5 second. Tune
the oscillator frequency of the subsystem clock to 32.770 kHz.
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Fig. 3-23 shows the block diagram of the clock funclion.
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Fig. 3-23 Block Diagram of the Clock Function

y Yy h
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3.8 MULTIPLIER

The uPD78148 contains a high-speed multiplier that performs a multiplication (16-bit complement by
16-bit complement) by hardware.

The multiplier can extensively reduce digital filter operation time for servc control (operation time:
2.67 us).

Fig. 3-24 shows the block diagram of the multiplier.

Fig. 3-24 Biock Diagram of the Multiplier

/ Bufter register

Multi-
plicand
Result
Multiplier

[ s
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4. INTERRUPT FUNCTIONS

The pFD78148 has a powerful interrupt function that can handle up to 25 interrupt requesis (internal and external).
Processing for each interrupt request is divided into two processing modes, vectored interrupt handling and macro
service, one of which can be selected by software.

41 VECTORED INTERRUPT AND MACRO SERVICE

(1) Vectored interrupt
When an interrupt is accepted, the interrupt service routtne is executed according to the data contained in the
vector table area. The data indicates the start address of the interrupt service routine created by the user. In
the vectored interrupt of the PD78148, two priority levels can be specitied by software. This facilitates the control
of multiple interrupts.

{2) Macro service
When an interrupt is accepted, a service set beforehand by firmware is executed.
The following macro services are provided.

* Data transfer mode in which data is transferred between the memory and the special function register (SFR)
+ Real-time output port control mode in which the real-time output port 0 can be controlled easily

+ Counter mode in which the number of interrupt cccurrence is counted

= Data patiern identification mode in which data string from external source is identified

Since these services ara not performed via the CPU, the CPU statuses (such as SP and PSW) need not be saved
and returned. Thus, CPU service time is greatly improved.
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4.2 INTERRUPT SOURCES
Table 4-1 lists the interrupt request sources of the yPD78148. An interrupt vector table is assigned to each source.
All the maskable interrupts are provided with macro service routines.

Table 4-1 Interrupt Request Sources

Type Dgfayn Interrupt source Macro | Vectors table
priority Name Trigger service address
Nonmaskable - NM) Pin input adge detection Not 0002H
provided
Maskabie 0 (highest) | INTPO Pin input edge detection Provided 0004H
1 INTCPT3 | EDVC output signal (CPT3 capture) 0006H
2 INTCPT2 | CTIOO pin input edge detection 0008H
(CPTZ2 capture)
3 INTCR12 | CTI1 pin input edge detection/EDVC output GO0AH
signal (CPT12 capture)
4 INTCROO | TMO-CROO match signal 000CH
5 INTCLRt | CLR1 pin input sdge 000EH
6 INTCR10 | TM1-CR10 match signal G010H
7 INTCRO1 | TMO-CRO1 match signal Q012H
8 INTCROZ | TMO0-CRO02 match signal 0014H
9 INTCR11 | TM1-CR11 match signeal 0016H
10 INTCPT1 Pin input edge detection/EC output signal 0018H
(CPT1 capture)
11 INTCR20 | TM2-CR20 match signal 001AH
12 INTCSI0 Serlat transfer end (Serlal interface channel 0) 001CH
13 INTTB Time base from FRC OC1EH
14 INTAD AJD converter 0 conversion end 0020H
15 INTP2 Pin input edge detection 0022H
16 INTUDC Up/down counter ovarflow 0024H
17 INTCR3¢ | TM3-CR30 match signal 0026H
18 INTCR4C | TM4-CR40 match signal 0028H
19 INTCR5C¢ | TM5-CR50 match signal 002AH
20 INTCR13 | TM1-CR13 match signal 002CH
21 INTCSIH Serial transfer and (Serial iMerface channel 1) 002EH
22 INTW Clock timer overfiow 0030H
23 (lowest) | INTP1 Pin input edge detection 0032H
EDVC : Event divider compare register
EC : Event counter
CTi0o, CTI11, CLR1: Cagpture trigger inputs
TMx : Timers 1105
CRxx . Compare registers 00, 01, 02, 10, 11, 20, 30, 40, 50
FRC : Free running counter

Remark The default priority indicates the priority used when two or more interrupts occur simultaneously.
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4.3 MACRO SERVICE FUNCTIONS
One of the interrupt processing functions of the pPD78148 is a built-in macro service function set by the firmware.

There are four kinds of macro service function, each of which can be selected by software.
(1) Data transfer mode
When an interrupt occurs, 8-bit data is transmitted between the SFR corresponding to the interrupt and data
memory. The address stored in data memory changes every time an interrupt occurs, so that consecutive data
can be transmitted. The address in data memory (one from FEOOH to FEFFH}) and the number of transfer are
controlled by software. After the specified number of transfer is completed, a vectored interrupt occurs.
Fig. 4-1 Addressing in Data Transfer Mode
Higher address T
Channel peinter
- Macro service control words
Made register
Macro sarvice counter
(MSC)
™ MSC =1 Macro service buffer 1
MSC=2 Macro service buffer 2
P o
MSC=n Macro service buffer n SFR
‘ Lower address ¢
S Intemal bus S
The address of the macro service buffer (low-order 8 bits)
= (The contents of the channel pointer) - (The contents of the macro service counter)
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(2} Real-time output port 0 control made
This macro service is effective when two output triggers of the real-time output port 0, INTCRO1 and INTCR02,
occur. Whenever one of them occurs, the output pattern profile is transmitted to the buffer registers (POL, POH),
and the output timing profile is transmitted to the compare register (CR31 or CR02}.
After the data transfer of each profile is completed, a vectored interrupt occurs.,
This macro service enables various application such as the control of two stepping motors independently, or
control of the PWM output or the output of the Head switching signal of the VCR.

Fig. 4-2 Addressing In Real-Time Qutput Port ¢ Control Mode

Higher address T

64KB memory space

Channel pointer

SFR

Mode registar

e
188

by
T

IAN

Output timing data area

High-order macro service |
pointer for timer (MPTH)

Low-order macro service | | J
pointer for timer (MPTL) P o

L

T

High-order macro service
pointer for data (MPDH)

Low-order macro service

Output data arsa Pl
pointer for data (MPDL)

Magcro service counter A\
(MSC) "

Sl

Lower address &

5 Moduta register Met
‘\ Ring counter M JD

Note The modulo register and ring counter are both created only when ring control is used. When the ring counter
goes to zero, the contents of the modulo register are reloaded.
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{3) Counter mode
This mode decrements the macro service counter (MSC) according to an interrupt occurrance. This can be usad

to count the number of interrupt cccurrence or to divide an interrupt.
When the counter reaches 0, a vectared interrupt occurs.

Fig. 4-3 Example of Operation in Counter Mode

Macro service control words
(Higher address) 1 *\__/

(FEDFH) | Channelpointer (MSC=03H) | =

Mode ragister (08H)

—

(FEDEM)

{Lower address} &
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{4} Data pattern identification mode (VCR index search control etc.}

This macro service transfers the data from the control flip-flop (CTL flip-flop) to the buffer area when INTCR12
or INTCRS30 occurs. Then, the buffer area stores the transferred data by shifting it to the right. And if stored
datainthe buffer area matches the datain the comparing area which is setbeforehand, a vectored interrupt occurs
(data pattern identification function).

This macro service can be applicable to easy control of the index search of a VCR. ltcan also be used to issue
a vectored interrupt whenever a number of data storing specified by soltware is reached. In this case, data of
the buffer area and data of the comparing area need not maich.

Caution Storing of data to the buffer area Is fixed to right shift.

Fig. 4-4 Addressing in Data Pattern Identification Mode

Intarnal RAM
‘ /_\/
Higher address
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Mode register
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bit 7 memary spaca
FF N
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4.3.1 Macro Service Modes and Interrupt Requests
The macro service mode depends upon the type of interrupt request source. Table 4-2 lists the correspondence
betwaen the macro sarvice modes and interrupt request sources.

Table 4-2 Macro Service Modes and Interrupt Request Sources

Interrupt request source which
Macro service mode can process the corresponding
macro sarvice

Data transfer mode INTCSIO
INTCSH
INTAD
INTCR30
INTCR40
INTCR50
INTUDC

Real-time output port 0 control INTCRO1
mode INTCRO2

Countsr mods All maskable interrupt requesis

Data pattern identification mode INTCR12
INTCR30
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§. STANDBY FUNCTION

The uPD78148 provides a standby function for reduced system power consumption. The standby function has

two modes.

+ HALT mode.-..... This mode stops the CPU operation clock. The total power consumption can be reduced by
combining the HALT mode with the normal operation mode.
When the subsystem clock is used as the CPU clock, the HALT mode, with main system clock
generation stopped, can further reduce power consumption.

» STOP modse -~

This mode stops the main system ¢lock generator, thus terminating the operation of the entire
system.

This mode achieves such very low power consumption that only leakage currents are allowed.
The subsystem clock is not stopped. In this mode, the clock functicn alone operates.

These modes are programmable.

Notes 1.

Fig. 5-1 Standby State Transitlon

a
-
STOP . EIOJ ,Ei
(standby) ; Wwigs
Is §%
&| 212%
¥
Interrupt requast Vectored interrupt
when interrupts request e’
are disabled

Vectored interrupt request with a low priority level (with low priority leve! interrupts disabled in the HALT
mode)

. Vectorad interrupt request with a high priority level, or when low priority level interrupts are enabled in the

HALT mode

In the case of a macro service with a low pricrity level (with low pricrity level interrupts disabled in the HALT
mode)

In the case of a macro service with a high priority level, or when low priority level interrupls are snabled
in the HALT mode
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6. RESET FUNCTION

When the low level signal is applied to the RESET input pin, the system is reset and each hardware component
is put in the status indicated in Table 6-1. The main system clock unconditionally stops oscillation.

When the signal applied 1o the RESET input pin goes from low to high, the reset state is released. Afer a time
required far settling oscillation (about 22 ms when the microcomputer operates at 12 MHz), the contents of a resel
vector table are loaded into the program counter (PC). Then abranch te the address setin the PC occurs, and program
execution starts at the branch destination address. So a reset operation can be started at an arbitrary address.

The RESET input pin contains a noise eliminator using analog delays to pravent malifunctions due to noise.

Fig. 6-1 Accepting a Reset Signal

Analog Analog Analog Oscillation
|delay | {delay | settiing ime
| 1 |
) I I
| I I
1

RESET input

|
|
|
1
|
|
1
1

Intermal reset signal

|
|
|
|
|
1
[
|
[
|
[
[
|
|
1
!
I
i
|
I
|
i
|
i
|
I
Internal clock ‘ I | ‘ l I
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Table 6-1 Hardware Statuses during and after Reset

Hardware Status during reset (RESET = L) Status after reset (RESET = H)

Main system clock generator Stops oscillation. Starts oscillation.

Subsystem clock gensrator Not aftected by resstting

Program counter (PC) Undefined Sels the reset vector table value.

Stack pointer (SP) Undefined

Program status word (PSW) initialized to 02H

tnternal RAM Undefined. However, if the standby state is released by resatting, the value before the
standby state is set is preserved.

1/Q line Sets the input buffer and output buffer to High-impedance.
off. However, the iow-lavel is cutput on P&0 -

63.
Clock timer Not affected by resetting

Super timer unit TM3, EC Not affected by resetting when the clock function mode is set.
TM6, UDC | When the clock function mode is not set, the super timer ynit is initialized by resetting.

T™M7
Other than above Initialized to specifiad stateNote
Analog circuit Cuts off current paths. Initialized to specified stateMote
Other hardwara tnitialized to specified stateMote

Note Sce Table 2-3.
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7. OPERATIONS OF INSTRUCTIONS

(1) Operand notation and coding format

Operands are coded in the operand field of each instruction as listed in the coding column of the table below.
For details of the operand format, refer 1o the relevant assembler specifications. When several coding torms
are prasented, any one of them is selected. Uppercase letters and the symbols, +, #, |, $,/, and [], are keywords
and must be writien as they are. These symbols have the following meanings.

+ : Auto increment

# : Immediate data

| : Address by immediate addressing

$ : Address by relative addressing

{ : Bitinversion

[]: Indirect addressing
For immediate data, an apprapriate numeric or label must be written. The symbois +, #, |, $, /, and [ ] must not
be omitted when describing labels.

Notation Description

rnr X(R0), A(R1), C(R2), B(R3}, E(R4), D(R5), L(R6), H(R7)

r A B

2 B,C

r3 D, E, E+

4 D.E

P P AX(RPO), BC(RP1), DE(RF2), HL{RP3)

sfr Special function register abbreviation

sfip Special function register abbreviation (16-bit manipulation register)
saddr FE20H - FF1FH Immediate data or label

saddrp FE20H - FF1EH Immediate data or labsl {for 1§-bit manipulation)

laddr16 0000H - FFFFH Immediate data or label: Immediate addressing
$addr16 0000H - FFFFH Immediate data or label: Relative addressing
addri1 800H - FFFH Immediate data or label

addrs 40H - 7EH Immediats data (bit 0 = 0, however) or label
word 16-bit iImmediate data or label

byte 8-bit immediate data or labed

bit 3-bit immediate data or label

n 3-bit immediate data (0 to 7)

RBn RBO - RB3

Remarks 1. Absolute names (RO to R7 and RP0 to RP3) can be specified in r, ', rp, and rp', as well as functional
names (X, A, C, B, E, D, L, H, AX, BC, DE, and HL).

2. Immediate addressing is effective for entire address spaces. Relative addressing is effective for the

locations within a displacement range of —128 to +127 from the starting address of the next instruction.
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Legend
A

FImoOO mXx

RO - R7
AX

BC

DE

HL
RPO - RP3
PC

SP
PSW
cY

AC

rd

IE
§TBC

()

xxH
XH, XL

: Register A; 8-bit accumulator

: Register X

! Register B

: Register C

: Register D

: Register E

: Register H

: Register L

: Register 0 to register 7 {absolule name)

: Register pair (AX); 16-bit accumulator

: Register pair (BC}

: Register pair (DE})

: Register pair (HL})

. Register pair 0 to register pair 3 {absolute name)
: Program counter ‘

: Stack pointer

. Program status word

: Carry flag

. Auxiliary carry flag

¢ Zero flag

RBSG - RBS1
: Interrupt request enable flag

: Standby control register

: Contents of memory at an address enclosed in parentheses or at the address specified by a

Register bank select flag

register enclosed in parentheses

: Hexadecimal number
. Eight high-order bits and eight low-order bits of 16-bit reglster pair
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instruction Instruction Instruction
ADD A, saddr BF PSW.bit, $addrié DEC r
ADD A, sfr BF saddr.bit, $addri6 DEC saddr
ADD A, #byte BF sfr.bit, Saddr16 DECW rp
ADD A, [DE] BF X.bit, $addr16 Di
ADD A, [HL] BL $addr16 Divuw r
ADD A, [rd] BNC $addrig El
ADD A, word [r1] BNE $addri6 INC r
ADD nr BNL $addris INC saddr
ADD saddr, #byte BNZ $addr16 INCW m
ADD sfr, #bvte BR p MOV A, PSW
ADDC A, saddr BR laddr16 MOV Ar
ADDC A, sfr BR $addr16 MOV A, saddr
ADDC A, #byle BT Abit, $addr1é MOV A, sfr
ADDC A, [DE] BT PSW.bit, $addri16 MOV A, word [r1]
ADDC A, [HL} BT saddr.bit, $addr16 MOV A, [DE]
ADDC A, [rd] BT sfr.bit, $addr16 MOV A [DE+]
ADDC A, word [r1] BT X.bit, $addr16 MOV A [HL]
ADDC = BTCLR A.bit, $addr16 MOV A, [HL+]
ADDC  saddr, #byte BTCLR FSW.bit, $addr16 MOV A, [r3]
ADDC sfr, #byte BTCLR saddr.blt, $addr1é MOV A, laddr16
ADDW  AX, p BTCLR sfr.bit, $addr16 MOV PSW, A
ADDW AX, saddrp BTCLR X.bit, $addrté MOV PSW, #byte
ADDW AX, stp B2 $addri6 MOV rT
ADDW AX, #word CALL laddri6 MOV r, #byte
ADJBA CALL MOV saddr, A
ADJBS CALLF laddrit MOV saddr, #hyte
AND A, saddr CALLT {addr5] MOV sfr, A
AND A, sfr CLR1  A.bit MOV sfr, #byle
AND A, #byte CLR1 CY MOV STBC, #byle
AND A, [DE] CLR1 PSW.bit MOV word [r1], A
AND A, [HL] CLRY  saddr.blt MOV [DE], A
AND A, [rd] CLR1  sfr.bit MOV [DE+], A
AND A, word [r1] CLRt  X.bhit MOV [HL], A
AND saddr, #byte CMP A, saddr MOV [HL+), A
AND sfr, #byte CMP A, sfr MOV [r3], A
AND nr CMP A, #byte MOV laddr18, A
AND1  CY, Abit CMP A, [DE] MOVW  AX, saddrp
AND1  CY, PSW.bit CMP A, [HL} MOVW  AX, strp
AND1  CY, saddr.bit CMP A, [r4] MOVW AX, SP
AND1  CY, sfr.bit CMP A, word [r1] MOVW 1, 1p
AND1  CY, X.bit CMP rf MOVW 1, #word
AND1  CY, /Abit CMP saddr, # byte MOVW  saddrp, AX
AND1  CY, /PSW.bit CMP  sfr, #byte MOVW  saddrp, #word
AND1  CY, /saddr.bit CMPW  AX, mp MOVW  sfrp, AX
AND1  CY, /sfr.bit CMPW AX, saddrp MOVW  sfrp, #word
AND1  CY, Xbit CMPW AX, sfrp MOVW  SP, AX
BC $addr16 CMPW AX, #word MOVW  SP, #word
BE $addri6 DBNZ 2, $addri6 MOV1 A.bit, CY
BF A.bit, $addr16 DBNZ  saddr, $addrié MOV CY, Abit
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Instruction Instruction Instruction
MOV1  CY, PSW.bit OR1 CY, X bit SUBC A, #byte
MOV1 CY, saddr.bit PUSH PSwW SUBC A, [DE]
MOV1  CY, sfr.bit PUSH SUBC A, [HL]
MOV1 CY, X.bit POP PSW SUBC A, [r4]
MOV1 PSW.bit, CY POP o SUBC A, word [r1)
MOV1  saddr.bit, CY RET SUBC r,r
MOV1  sfr.bit, CY RETI SUBC  saddr, #byte
MOV1  X.bit, CY ROL rnn SUBC  sfr, #ayte
MULSWr ROLC rn SUBW AX, mp
MULUWr ROL4 [r4) SUBW AX, saddrp
NOP ROR rn SUBW AX, sfrp
NOT1  Abit RORC rn SUBW AX, #word
NOT1 CY ROR4 [r4) XCH Ar
NOT1 PSW.bit SEL RBn XCH A, saddr
NOT1  saddr.bit SET1  Abit XCH A, sfr
NOT1  sfr.bit SETt C¥Y XCH A, [DE]
NOT1  X.bit SET1  PSW.bit XCH A, [HL]
QR A, saddr SET1  saddr.bit XCH A, [r4]
aR A, sfr SET1  sfr.bit XCH A, word [r1]
OR A, #byte SET1  Xbit XOR A, saddr
OR A, [DE] SHL rnn XOR A, sfr
QR A, [HL] SELW 1, n XOR A, #ibyte
OR A, [r4) SHR rLn XOR A, [DE]
OR A, word [r1] SHRW 1p,n XOR A, [HL]
OR nr SUB A, saddr XOR A, [r4]
OR saddr, #byle suUB A, sfr XOR A, word [r1]
OR sfr, #byle suUB A, #byte XOR nr
OR1 CY, A.bit SUB A, [DE] XOR saddr, #byte
OR1 CY, PSW.bit SUE A, [HL] XOR sfr, #bylte
oRA1 CY, saddr.bit SUE A, [rd] XOR1 CY, A.bit
OR1 CY, sfr.bit SUB A, word [r1] XOR1 CY, PSW.blt
OR1 CY, X.bit sup rr XOR1  CY, saddr.bit
ORt CY, /A.bit sup saddr, #byte XOR1  CY, sfrbit
OR1 CY, /PSW, bit suB sfr, #byta XOR1  CY, X.bit
OR1 CY, /saddr.bit SUBC A, saddrp
OR1 CY, /sfr.bit SUBC A, sfr

Caution Refer to uPD78148 User's Manual (IEU-1319) or uPD78148 instruction Set (IEM-5536) for the detalls
of the Instructions,
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8. ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Parameter Symbol Condition Rating Unit
Supply voltage Voo | Voo ~ AVoo | € 0.5V -0.51t0 +7.0
AVoo 0510 +7.0 v
AVaer Voo = AVoo ~0.5 to AVoo + 0.3 v
Voo < AVoD -0.5 to Voo + 0.3 v
AVss -0.5 to +0.5 v
input voltage Vi : —0.5t0 Voo + 0.5 v
Analog input voltage Vian Voo 2 AVoo -0.5 to AVoo+ 0.5 Vv
(ANID - ANT14) Veo < AVoo ~0.5 10 Voo + 0.5 v
Qutput voltaga Vo -0.5to Voo + 0.5 V'
tow-level output current loL 1 pin 15 mA
Total of all output pins 100 mA
High-level outpul current lon 1 pin -10 mA
Total of alf output pins =50 mA
Operating ambient temperature | Ta -10 to +70 'C
Storage temperature Tug -85 to +150 'C

Caution Absolute maximum ratings are rated values beyond which some physical damages may be caused
to the product; If any of the parameters in the table above exceeds its rated value evan fora moment,
the quality of the product may deteriorate. Be sure to use the product within the rated values.

OPERATING CONDITIONS

Clock frequency Operating ambient temperature (Ta) Supply voltage (Voo)
4 MHz < fux £ 12 MHz =10 ‘'Cto 470 °C +45Vio+55V
32 kHz < by £ 35 kHz +20Vto+455V
{For clock operation only)

Note For clock operation only

CAPACITANCE (Ta=25"C, Vop = Vss =0 V}

Parameter Symbotl Condition Min. Typ. Max. Unit
Input capacitance G fc = 1 MHZ 20 pF
Output capacitance Co 0 V on pins other than measurad 20 pF
HQ capacitance Co pins 20 pF
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OSCILLATOR CHARACTERISTICS (MAIN CLOCK)
(TA=—10"Cto +70 'C, Voo = AVop = 5.0 V £10 %, V55 = AVss = 0 V)

Resonator Recommeandad circuit Parameter Min. Max. Unit
Crystal

Oscillation frequency (fxx) 4 12 MHz

OSCILLATOR CHARACTERISTICS (SUBCLOCK)
(TA=-10"C to +70 'C, Vop = AVop = 2.0 V10 5.5 V, Vss = AVss = 0 V}

Resonator Recommended circult Parameter Min. Max. Unit

Crystel Oscillatlon frequency (fx1} 32 a5 kHz

T

caused by stray capacitance or other factors:

» Connect components as short as possible.

* Nevercause the wires io cross other signal lines orrun near aline carrying alarge varying current.

+ Cause the grounding point of the capacitor of the osclllator circuit to have the same potentlal
as Vss at all times. Never connect the capacitor to a ground pattern carrying a iarge current.

* Never extract a signal from the oscillator.

Note, in particular, that the subsystem clock genearator is a low-amplification circult for reduced
current consumption.
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DC CHARACTERISTICS (Ta=-10'C to +70 "C, Vop = AVoo = 5.0 V £10 %, Vss = AVss =0 V)

Parameter Symbol Coendition Min. Typ. Max, Unit
Low-lavel input voltage Vi 0 0.8 v
High-leval inpul voitage Vin Pins other than those shown in Note 1 22 Voo Vv
Viz Pins shown in Note {Note 2 0.8Voo Voo v
Low-level output voltage Vour low = 2.0 mA 0.45 A
Vouz fo. = B.0 mANote 3 1.0 v
High-level output voitage VoHi lon = -1.0 mA Voo - 1.0 v
Vonz loh = 100 pA Voo - 0.5 v
Voua lon = 5.0 mANote 4 20 v
Input leakage current Iu OVsVisVo +10 1A
Qutput leakage current o 0V<£Vos Vo +10 LA
AVrer current Alrer 0.2 1.0 mA,
Voo supply current lop1 Operating mode, fxx = 12 MHz 30 50 mA
lop2 HALT mode, fxx = 12 MHz 7 a0 mA
Data retention vcitage Vooon STOP mode 2.0 v
Data retention current Note 5. | |pgg STOP mode When the subclock 15 70 HA
Note & Vooor = 5.5V | operates
When the subclock 0.5 40 HA
does not operate
STOP mode When the subclock 3.0 14.0 LA
Vooor = 3.0 V operates
When the subclock 0.3 8.0 LA
does not cperate
STOP mode When the subclock 1.5 9.0 A
Vooor = 2.0V | operates
When the subclock 0.2 6.0 HA
doas not operate
Pull-up resistor Ru Via=(QV 15 3 [ 80 kQ2

Notes 1. Pins X1, X2, RESET, NMI, P21/INTPQ, P22/INTP1, P23/ INTPZ, P24/CTI1Q, P25/CTI00, P26/CTiN,
P27/CLR1, P34/CLRO, P35/510, P36/S00/SB0, P37/SCKO, PO3/SCKi, P95/S11, and MODE

Pins PO - PO7

LU

Current through the AVrer pin is excluded.
When the subclock is not operating in the STOP mode, disconnect the feedback resistor and clock noise

eliminator, and connect the XT1 pin to Voo.

When using the XT1/P86 pin for inpud, disconnact the clock noise eliminator and feedback resistor.
Pins P10 - P17, P40 - P47, P50 - P57
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DC CHARACTERISTICS (Ta=+25'C, Vss =AVss=0V)

Parameter Symbol Condition Min. Typ. | Max, Uni
Data ratention current Note 1. | (ppy STOP mode | When the subclock 15.0 | 400 UA
Note 2
Vooor = 5.5V aperates
When the subclock 05 10.0 pA
does not operate
STOP mode When the subclock 3.0 10.0 uA
Vooor = 3.0 V operatas
When the subclock 0.3 5.0 A
doegs not cperate
STOP mode When the subclock 1.6 7.0 UA
Vooor = 2.0 V| oparates
When the subclock 0.2 4.0 LA
does not operate

Notes 1. Current through the AVrer pin is excluded.
2. When the subclock is not operating in the STOP mode, disconnect the feedback resistor and clock noise
eliminator and connect the XT1 pin to Voo,

SERIAL INTERFACE (Ta =-10"C to +70 'C, Voo = AVoD = 5.0 V 10 %, Vss = AVss = 0 V)

{1) Channel 0

Parameter Symbol Condition Min. Max. Unit

Berial clock cycle time tevsee Input External clock 1.0 us
Quitput feix divided by 8 1.3 Hs
few divided by 32 5.3 us
Serial clock low-lavel width twekLo Input External clock 420 ns
Quiput few divided by 8 556 ns
fewe divided by 32 2.5 HS
Serial clock high-level width twsiHo Input Extemnal clock 420 ns
Qutput | fouk divided by B 556 ns
feue divided by 32 25 us
$10, B0 setup time (before SCKO T) | tsssxe 150 ns
S0, SBQ hoid time (atter SCKO 1) | tissxo 400 ng
SO0, E‘ﬂ outpui dalay time toseskot CMOS push-pull cutput 1] 300 ns

{from SCK0 ) {three-wire serial #/O mode)
toseskez | Open-drain output ¢ 800 ns

{SBl mode), R = 1 kil

SBO high hoid time {after SCKO 1) tsese | SBI mode 4tovx ns
SBO low setup fime (belore SCKO4) | tssesko 4levx ns
SB0 low-level width twseLo dovx ns
SBO high-level width twsbHo dfevx ns

Remarks 1. The values listed in the above table are obtainad when fxx = 12 MHz and C. = 100 pF.
2. tew indicates the internal system clock (fxx divided by 2}.
3. tovx = 1/xx
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Parameter Symbol Condition Min, Max, Unit
Serial clock cycle time loysk External clock Automatic transter 174cvx ns
input Three-wire 13tevx ns
Output fowx divided by & 1.3 us
fer divided by 32 5.3 us
fex divided by 84 10.6 s
Serial clock low-level width twskL1 External clock Automnatic iransfer Stevx ns
input Thres-wire Stovx ns
Output fex divided by 8 620 ns
fowx divided by 32 2.6 us
fek divided by 64 5.3 s
Serial clock high-level width Twekhi External clock Automatic transfer Stovx ns
input Threa-wire Stovx ns
Output fowk divided by 8 620 ns
tew divided by 32 2.6 us
fowx divided by 64 6.3 us
S setup time (before SCK1 T) | lsssk 100 ns
SH hold time (after SCK1 1) thsax 400 ns
SO1 output delay time tosesk 0 300 ns
{from SCK1 )
SCKi(8) T - STRB1 1T tosTREY twsKkH tovsu
Strobe signal high-lavel twsTrE? tovsia tovsk ns
width -30 + 30
BUSY1 setup time referred to tseusy1 100 ns
BUSY1 detection
BUSY1 hold time referred to thBusYr 100 ns
BUSY1 detection
BUSY inactive — SCK1(1) { tuausry tovai
+ twskH

Remarks 1. The values listed in the above table are obtained when fxx = 12 MHz and CL = 100 pF.

2. fcw indicates the inlernal system clock (fxx divided by 2).

3. torx = 1/fxx

4. The parenthesized number as in SCK1(n) indicates that n—1 SCK1 pulses precede this particular

SCK1(n) pulse.

5. BUSY1 is detected when (n+2) x tcysxi has passed after SCK1(8) T (n =0, 1, ---).
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OTHER OPERATIONS (Ta=-10 "C to +70 'C, Voo = AVoo = 5.0 V £10 %, Vss = AVss =0 V)

Parameter Symbol Condition Min. Max. Unit
CTI00, CTI10, CTI11 twen 4tevx ns
low-level width
CTI0O, CTI10, CTI11 twetH 4tevn ns
high-level width
CLR1 low-level width twori Digital noise sliminator not usad dtevx ns
Digital noise sliminator used 1601ovx ns
ICR bitd =0
Digital notse sliminator usad 256tcvx ns
ICR bitd =1
CLR1 high-level width twerH Digital noise eliminator not used 4tovx ns
Digital noise aliminator ussd 1601cvxe ns
ICRbit4=0
Digital noise eliminator used 2561cvx ns
ICRbit4 =1
Digital noise | Removed twser ICRbit4=0 152tcvx ns
eliminator pulse width ICR bit 4 = 1 248tcyx ns
Passad pulse ICRbIt4=0 160tcvx ns
width ICR bit 4 = 1 256tcvx ns
Hsvne synchronization time toHs ICRbit4=0 772cvx 778tcvx ns
(CLR1 T = Hsne 1) ICR bit 4 = 1 760l | 766tcvx ns
Hsync cycle tima toras When fo Is 12 MHz 63.5 us
Hsvwc active level width | tems When fxx is 12 MHz 5 s
NMI low-lavel width fwmiL 10 us
NMI high-level width twnim 10 us
INTPO - INTP2 low-level width twirL 4tcvx ns
INTPO - INTP2 high-level width wiPH 4tovx ns
RESET low-level width twase 10 uS

CLOCK OUTPUT OPERATION (Ta=-10'Cto+70 "C, Voo = AVopo = 5.0 V 110 %, Vss = AVss =0 V)

Parameter Symbol Formula Min. Max. Unit
CLO cycle ims tovoL 333 2667 ns
CLO low-level width tew tore /2 £50 116 1384 ns
CLO high-level width o tovaf2 £50 116 1384 ns
CLO rising time teln 50 ns
CLO falling time {=13 50 ns

Remark The values in the table are obtained when fxx = 12 MHz and CL = 100 pF.
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DATA MEMORY LOW-VOLTAGE DATA RETENTION CHARACTERISTICS
(TA=—-10"C to +70 'C, AVss = Vss = AVRer = 0 V)
Parameter Symbol Condition Min. Typ. Max. Unit
Data retention voltage Vooon STOP mode Net 1 2.0 5.5 v
Data retention current Nete2 | |pp STOP mods When tha subclock 15.0 700 HA
Nots 3 Vooor = 5.5V | operates
Whan the subclock 0.5 40.0 HA
does not operate
STOP mode When the subclock 3.0 14.0 A
Vooor = 3.0V | operates
When the subclock 03 8.0 HA
does not operate
STOP mods When tha subclock 1.5 8.0 A
Vooor = 2.0 V operates
When the subclock 0.2 6.0 A
does not operate
Data retention currant Nota 2, looa STOP mode When tha subclock 15.0 40.0 HA
. Nots 3 Vooor = 5.5V | operates
(Ta=25"C}
- When tha subclock 0.5 10.0 HA
does not operate
STOP moda When the subclock 3.0 10.0 LA
Vooor = 3.0V | operates
When tha subclock 0.3 5.0 HA
does not operate
STOP moda When the subclock 1.5 7.0 MA
Vooor = 2.0V | operates
When the subclock 0.2 4.0 HA
does not operate
Voo rising time tRvD 200 HE
Voo falling time trvo 200 us
Voo retention time (referred to | tovo 0 ms
STOP mode setting)
STOP release signal input foreL 0 ms
fima
Low-lavel input voltage Vi Spaecified pinghote 4 0 0.1Vooor v
High-level input voltage V4 0.8VoooR Vooor v

Notes 1. The voltage to keep the subclock operating is lower than the data retention voltage.
2. Current through the AVasr pin is excluded,

3. When using the XT1/P86 pin for input, disconnect the feedback resistor and clock noise eliminator.
4. Pins NMI, RESET, P21/INTPO, P22/INTP1, P23/INTP2, P24/CTI10, P25/CTI00, P26/CTI11, P27/CLR1,
P34/CLRO, P35/S10, P36/S00/SBO, P37/SCKO, P93/SCK1, P95/SI1, MODE, and P86/XT1 (when the
subclock is not operating)
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CLOCK FUNCTION (Ta=-10°Cto +70 °C, AVss = Vss =0 V)

Paramater Symbol Condition Min. Typ. Max. Unit
Voltage to kesp the subclock Vooxr 2.0 A
opaerating
Qperating voltage for hard- Voow 2.0 v
ware clock function

FLAG FOR DETECTING A BREAK OF SUBCLOCK OPERATION
{TA=-10 "C to +70 'C, Voo = AVDD = 5.0 V £10 %, Vss = AVss = 0 V)

Parametar Symbol Condition Min. Typ. Max. Linit

Time duration detected as a Toscr 45 us
break of oscillating

A/D CONVERTER CHARACTERISTICS
(Ta=-10 'C to +70 'C, Voo = AVed = +5.0 V £10 %, 3.8 V < AVREF < VDD, AVss = Vss = 0 V)

Parameter Symbol Condition Min. Typ. Max. Unit
Resolution & kit
Total arror 4.0 V < AVrer £ Vo 0.4 %

3.8 V £ AVrer 5 Voo 0.8 %
Quantization error +1/2 LSB
Conversion time teowy ADMO bit 4 = QNot» 360tcvx ns

ADMO bit 4 = 1Note 240tcvx ns
Sampling time tsamP ADMO bit 4 = QNots 72tovx ns

ADMO bit ¢ = 1Now 48tcyx ns
Analog input voltage Vian 0.3 AVRer v

+03

Reference voltage AVrer 3.8 Voo v
AVRrer current Alrer 02 1.0 mA

Note The time specified by ADMO is used even for conversion with ADM1.
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CHARACTERISTICS OF THE OPERATIONAL AMPLIFIERS
(TaA=-10 "Cto +70 "C, Voo = AVpp = 5.0 V10 %, AVss = Vss = 0 V)

Parameter Symhol Condition Min. Typ. Max. Unit
Open-loop gain Av 60 dB
Veltage range for commeon- Viem 0.5 3.3 v
mode inpul
Input offset voltage Vos +10 120 my
High-level output current loHor Voo = 5,0 V, Vou = Voo/2 —4.0 -12.0 mA
Low-level output current lowor Voo = 5.0 V, Vo = Voo/2 5C 130 A
Slew rate + 1 Vius

- -4 Vims
Common-mode rejection ratio CMRR 60 dB
Supply-voltage rejection ratio PSRR 60 dB
Unity-gain frequency to 1 MHz

Caution For stable operation, do not decrease the operational amplifier gain below 20 dB.

RECCTL WRITE CIRCUIT (Ta=-10"Cto +70 'C, Vob = AVbp = 5.0 V £10 %, AVss = Vss =0 V)

Paramster Symbal Condition Min. Typ. Max. Unit
CTLDLY charge current lomeTL Voo=5.0V -500 ~800 ~1300 LA
Vou=0V
CTLDLY discharge current loLem. Voo =50V 1300 2200 3200 uA
' Vo= 50V
PTO10, PTO11 high-level lowrro Voo=50V -5 -12 -22 mA
output current Von=0V

Caution When a 1-uF capacitor is connected, the time constant for PTO10 or PTO11 18 2 to § ms.

AC Timing Tesal Points

Voo—-1V

08Vooor2.2V > Test < C.8Vooor2.2 V
0.8V points 08V

045V
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TIMING WAVEFORM

Serial Operation (SI00)
Three-wire serial VO mode:

twsko

\ fﬁs‘ / \ Fi \ /

tsasko| [tHsske
pe— tevsko————» ot

S00 X X ms::;m data X X

SBIl Mode
Bus release signal transfer:

= _f I SV N A

tt—— 1 1385K0—mf [e——{wsBLO WSBHO i tasBsK0-—-2-|
$B0 N lJ \ / )C 7

Command =signal transfer:

SCKO

letws tWEKHO =
SCKo ' u—\ L[ % rF \ /
HSBSN0——m»] t&5BSKO— R 1)~ P — fet——1 HEEKO —]
tosaskoz | tsssko
SBO 3 / X X wodaa X

Serial Operation (SI01)
Three-wire serial YO mode:

L twekL twakH1
SCK1 1 om——
! ' lsssy tHaski
—-—|-— tosesk
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Automatic Transfer Mode (Internal Clock)
Without busy-state processing

twsir

! sk

uPD78146, 78148

BUSY1

tevski

Acti

ve high

\ ¢ / 10

/ Not effective \

STRE1

tosTRE

twsTRE1

twskLy

twskr1

SCK1 \

7

7 s/

When the busy-state processing continues

N

BUSY1

tovsks

Active high

tsausv

)|

X u
\ 10+n ]

tHBusY

:

STRB1

1DsTRes

twsTRE

When the busy-stale processing ends

twait

twei

SCK1 \

)

1]

f

)

My
LT

2

BUSY1

tovski

Active high

0
8/ \9/ \10+nf

L

S
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Super Timer Unlt Input Timing

tweTH —>- - tweTL

CTioo, cTiie  0-8Vo

CTin . /
WCR1H ——-tworiL
0.8Voo
CLR1 08V

Interrupt Input Timing

S

tvin p————— twnIL ———

0.8Vop

NMI 08V

twirH [ (WP

0.8Veo

;
1

INTPO-INTP2

Reset input Timing

RESET

)

08V
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Clock Qutput Timing

uPD78146, 78148

0.8Von o L
CLO / \
08V 4 i 2
tcLr o —— {CLF
te -
tovcy
Data Retention Timing
Set STOF mods.
{
» o}
Voo Vooor
" {oREL
trvo tevD trave

RESET

RN

NMI
{When STOP mode is

released at the falling edge
of NMI)

NMI
{When STOP mode is released at
the rising edge of NMI)

0.8Voo
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Capstan motor

CTL head

Loading moior

Reel motor

777

[ Drtiver ” Driver] I Driver I

(Main system clock) (Subsystemn clock)

uPD78148
DFG Paort
CTI00
CLR1 fe— " Audiopvideo signal
proco | ™% .| processing circuit
CLRO Note 3
PTOO1
Nots 4
PWMO P8o
Port =1 STB
SCKO ~CLK _ FIP CD FIP
SI0 B%UT
500 =
CTho uPD16311 Key matrix
Port =1 CS 0sD
PWM1 SCK1 | 6Lk
STRB1 =~{ STB
gty
« PTO10/PTO11 S /BUSY1 HPDB4S3
C} —>————{ cTin1 PWMS
T
| e
PWM2
PWM3 4PC2800
Remote controllar signal
INTP2 s AVAVAV,
PWM4
X1 X2 XT1 XT2
[] [l Notes 1. Compasite synchronous signal
ﬂzmﬂ_ ﬁ-mﬂli 2. Video-head switch
3. Audio-head switch
4. Pseudo vertical synchronous signal
S.

Signal indicating remote-controller signal reception

6
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Fig. 8-2 Application to Camcorders

uPD78148
Key matrix :> Port
AN é AMPINO-
!r_ AMPINO+
L{‘ 3 Port =
AMPOUTO C3
E@] ] CTI00 —Sﬂ il Sl— LCD G LCD displa
Drum motor - SCK1 [ SCK pPD7225 splay pan
AMPIN1- SIt/BuUsSY1t BUSY
AMPIN1
— + . _
AMPOUT! on sy
CLR) I s osD ™ Finder
E PWMO DATA H4PD6453

FG FG 580 = AF control
% CTHo SCKO microcomputer AF controller
4 PD78244

Capstan motor (M )1 E PWM1 INTPO | -
PvMz —> *E@II
”TI ——— ¢tioLy 5 ot
PTO10 . 3,, Reel motor
CTL head| L F Pwm3 ’ E():'M

+ PTO11 Portfe——— ==
L:D—» cTin Port
PBCTL ampihi

SRS s e pwns {8 E——>c()n Loading motor

CLR1
switch
Audio/video wencn | PTO00 AN
signal processin PTOO1 —
cigrt.:u‘ei'tl I Doy P80 Port o deploy
e Port ANIO
Headsuﬁwndelaygk——————- ANI2 @ 5 Dew drop detaction
Tracking adjustment Bowar
Remote controller signal },’*_“"“"“' ANR NMI et
e P Signal ndicating » INTP2
remote-controler
#PC1430
|block Port X1 X2 XT1 XT2

Mechanical biock R
conva sgna HoH o R
t;fr_T -\—_7;_3— Remark O3D: On-screen display

12MHz  32.76BkHz
[Main systemn clock] {Subsystem clock]
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10. PACKAGE DRAWINGS

100 PIN PLASTIC QFP {14 X 20}

80

1PD78146, 78148

w >

AU EEARRE

'30
a1

NOTE

Each lgad centerline is lgcated within 0.15
mm {0.006 inch) of its true position (T.P.) at
maximum material condition.

detail of lead end

Q
50150_.1-|

P100GF-65-3BA1-2

ITEM| MILLIMETERS INCHES
A 23.620.4 0.829+0.016
B 20.0£0.2 0.795:33%
C 14.020.2 0.551:30%8
D 17.610.4 0.693£0.016
F 0.8 0.C31
G 0.6 0.024
H 0.30£0.10 0.01258%¢
| 0.15 0.006
J 0.65 (T.P.} 0.026 ({T.P.)
K 1.8%0.2 0.071:3:338
L 0.80.2 0.031:3:338
M 0.15:3:58 0.00628:3%4
N 0.10 0.004
P 2.7 0.108
Q 0.1£0.1 0.004+0.004
S 3.0 MAX. 0.119 MAX.
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11. RECOMMENDED SOLDERING CONDITIONS

The {ollowing conditions (see table below) must be met when soldering this product.
For the details of the recommended soldering conditions refer to our document SMD Sutface Mount Technology

Manual (IEI-1207).

Please consult with our sales offices in case other soldering process is used, or in case soldering is done under

different conditions.

Tabile 11-1 Soldering Conditions for Surface-Mount Devices

uPDT8146GF->ox-3BA: 100-pin plastic QFP {14 x 20 mm)
LPDT8148GF-x>x-3BA: 100-pin plastic QFP {14 x 20 mm)})

Soldering process

Soldering conditions

Symbol

Infrared ray reflow

Peak package’s surface temperature: 235 °'C
Reflow time: 30 seconds or less (at 210 "C or more}
Maximum allowable number of reflow processes: 2
Exposure limit: 7 daysMote (20 hours of pre-baking is required at
125 “C afferward.}
«<Cautions>
(1) Do not start reflow-soldering the device if its temperaturas is
higher than the room temperature because of a previous refiow
soldaring.
(2) Do not use water for tiux cleaning before a second reflow
soldering.

IR35-207-2

VPS

Peak package's surface temperature; 215 'C
Reflow time: 40 seconds or less {(at 200 'C or more}
Maximum allowable number of reflow processes: 2
Exposure limit: 7 dayeMote (20 hours of pre-baking is required at
125 ‘C aflerward.)
<Cautions>
(1) Do not start reflow-soldering the device it its temperature is
higher than the room temperature because of a previous reflow
soldering.
(2) Do not use water for flux cieaning before a second refiow
soldaring.

VP15-207-2

Wave soldering

Temperature in the scldering vessel: 260 ‘C or less
Soldering time: 10 seconds or lass
Number of soldering process: 1
Preheating temperature: 120 *C max. {measured on the package
surface)
Exposure limit: 7 daysNote (20 hours of pre-baking is required at
125 'C afterward.) :

WS60-207-1

Partial heating method

Terminal temperature: 300 'C or less
Heat time: 3 saconds or less (for each side of device)

Note Exposure limit before soldering after dry-pack package is opened.

Storage conditions: Temperature of 256 'C and maximum relative humidity at 65 % or less

Caution Do not apply more than a single process at once, except for "Partial heating method."
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APPENDIX A DIFFERENCE BETWEEN nuPD78148 AND RELATED PRODUCTS
(uPD78146, .PD78P148, AND uPD78138)

Function uPD7EP148 | uPD78138
Minimum instruction 0.33 us (when the microcomputer operates at 12 MHz)
execution time
ROM type Mask ROM PROM | Mask ROM
ROM capacity 24K bytes 32K bytes
RAM capacity 688 byteshots 1 816 bytaghote 1 640 byles
1O Port 76Note 2 58
A/D 15 8
Others 6 (for operational amplifier KO} [}
Real-time output port 18 8
{Output trigger timer can be selected.) {Qutput trigger timar only Is set.}
Super Timer + 16bitsx3 * 16 bits x 3
timer * Bhitsx3 » 7hitsx1
unit Counter » 22-bit free running counter x 1 * 18-bit free running
*  6-bit up/down counter x 1 counter x 1
Capture = 22 bits x 2 * 18 bits x 1
register * 16 bitsx 3 ¢ 16 bits x 4
* Bhitsx2 * 7 hits x 1
Compare * 16bitsx7 * 16 bits x &
regisier *» Bbhitsx3 ¢+ 7hitsx1
PWM * 12 bits x 2 channels (carrier frequency: 46.9 kHz/23.4 kHz) * 12 bits x 2 channels
oulput * 14 bits x 1 channel (carrier frequency: 5.9 kHz} (carrler frequency:
* B bits x 3 channels (carrier frequancy: 5.9 kHz) 46,3 kHz/23.4 kHz)

Multiply instructions * MULUW: 16 bits (absolute value) x 8 bits (absolute value)
* MULSW: 16 bits (complement} x 8 bits {absolute value)

Multipliar 16 bits {complement) x 16 bits {complement) -
Operation time: 2.67 us

A/D converter 8-bit resolution x 15 channeis {7 channels can alse be used as 8-bit resolution x 8 channels
ports.)
Serial interface 2 channals | = Channel 0: Elther 3-wire SIO or SBI can be selected.| 1 channel | Either 3-wire
= Channel 1: Only 3-wire Si0 is sel. 48-byte auto- SIO or SBI can
matic data send/receive function is provided. be selacted.
Analog circuit 2 operattonal ampllfiers are provided. -
Interrupt | External 5 5
Internat 20 12
Package 100-pin ptastic GFP (0.65 mm pitch, 14 x 20 mm} 80-pin plastic QFP (0.8 mm
100-pin ceramic WQFN (14 x 20 mm) (uPD78F148 only} pitch, 14 x 20 mm)
Vsvic separator Removed pulse width:  Either 12.7 us or 20.7 us can be Removead pulse width:
selected. Either 5.3 us or 12.0 us

can be selected.

Remote controller signal 8-bit timer 4 (TM4) is provided. -
reception circuit

Clock function The clock function of hardware is provided. -

Notes 1. Total of dual-port RAM (256 bytes) and peripheral RAM.
2. 10 port pins are also used for analog input to the A/D converter or as analog pins for the operationat amplifiers.
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APPENDIX B DEVELOPMENT TOOLS

The following tools ars provided for developing a system that employs the uPD78146 and uPD78148.

[Hardware]

IE-78140-R In-circuit emulator appticable for the uPD78146, uPD78148, and uPD78P148. For dabugging,
connact the emulator to tha host machine. The connection of the emulator to the host machine
aenables symbalic debugging and object file transfer between the emulator and the host machine,
thus enhancing debugging efficiency. The emulator has two RS-232-C serial interfaces
channels. It can be connected to PROM programmer PG-1500. It also has the Centronics
interface so that an object file and symbol file can be downioadsd at high speed,

EP-78140GF-R Emuiation probe for the uPD78146, uPD78148, and uPD78P148. A 100-pin conversion socket,
EV-8200GF-100, Is supplied with the emulation probe, enatiling easy development of a system.

EV-9200GF-100 Convarsion socket produced for the 100-pin plastic QFP (14 x 20 mm excluding the lsads). This
socket is mounted on the PC board of the user system. The socket is used together with the
EP-78140GF-R.

EV-9300 . Jig used for removing the pgPD78P148K from the EV-9200GF-100

PG-1500 A PROM programmer. Programs can be written Into PROMS In a stand-alone modae or by remote
control from a host machine when this programmer is connecied with the accessory board and
optional programmer adapter. Products programmable with the PG-1500 ars commonly used
PROMs (256K-bit to 4M-bit) and single chip microcomputers containing PROM.

PA-78P148K PROM programmer adapter for the uPD78P148. The adapter is used with the PG-1500.
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[Sottware]

uPD78146, 78148

RA78K/I relocatable
assembler

This relocatable assembler can be used for all 78K/ series amulators. With its macro functions,
it allows the user to improve program development efficiency. A structured-programming
assembler is also provided, which enables explicit description of program control structures. This
assembler greatly improves productivity in program production and maintenance.

Host machine oS Distribution media Part number
- ™
PC-9800 sarles Ms-Dos 3.5-inch 2HD HS5A13RATEKY
( Ver. 3.30 )
to
5.25-inch 2HD SSA10RA7BK
Ver. 5.00ANots o
IBM PC/AT™ or See “0OS for IBM 5.25-inch 2HG HSTB10RAT78K1

compatibles

PC".

{tE controller)

IE-78130-R control program

This control program allows the user to control the IE-78130-R from the host machine.
Its automatic command execution function ensures more efficlent debugging.

Host machine os Distribution media Fart number
PC-9800 series MS-DOS 3.5-inch 2HD LS5A13IE78130
( Ver. 3.30 )
ta .
§.25-inch 2HD S5A101E78130
Var. 5.00ANot K

IBM PC/AT or See "OS for IBM 5.26-inch 2HC HUSTB10IE78130
compatibles pPen.

PG-1500 controller

This program anables the host machine to control the PG-1500 under the serial interface and

parellel interface.

Host machine os Distribution media Part number
MS-DOS

PC-9B00 serles 5-j

( Ver. 3.30 ) 3.5-inch 2HD LS5A13PG1500
to
5.25-Inch 2HD SA10PG 1500
Ver, 5.00ANote #s

|IBM PC/AT or See “0S for 1BM 3.5-inch 2HD uS7B13PG1500
compatibles PC*. 5.25-inch 2HC £STB10PG150¢

Note These software products cannot use the task swap function, which is available in MS-DOS Ver. 5.00 and Ver.

5.00A.

Remark The operation of sottware products that include the assembler and |E controller is guarantesd onby under
the OSs on the corresponding host machines described above.
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QS for IBM PC

The following operating systems are suppored for IBM PC.

0s Version
PC DOS™ Vaer. 3.1 to Ver. 6.3

JB.1/yNote 1 g gpyNote
IBM DOS™ J5.02/yNote
MS-DOS Ver. 5.0 to Ver. 6.2

§.0fyNote 1o 6 p7yNote

Note Supports English mode only.

Cautlon These software products cannot use the tagk swap function, which Is avallable In Ver. 5.00 and after.



In-circuit amulator
Emulation proba
|E con- -
Host machine trofler RS-232-
PC-9800 series 5-232-C IE-78140-R EP-78140GF-R
1BM PC/AT o \
0 Centronics -
Assembler packaga
RA7BKA O RS-282-C
User system
0 ,
PROM
PG-1500
programmer Product containing PROM
[
PA.78P148GF s #PD78P148GF-3BA

PROM One-time PROM product

programmer <

adapter

= 1PD78P148K
PA-78P148K EPROM product with a window
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Caution

Caution

Caution

Cautions on CMOS Devices

(1) Countermeasures against static electricity for all MOSs

When handling MOS devices, lake care so that they are not electrostatically charged.
Strong static electricity may cause dielectric breakdown in gates. When transporting or storing
MOS devices, use conductive trays, magazine cases, shock absorbers, or metal cases that NEC
uses for packaging and shipping. Be sure to ground MOS devices during assembling. Do not
altow MOS devices to stand on plastic plates or do not touch pins.

Also handle boards on which MOS devices are mounted in the same way.

(2) CMOS-specific handling of unused input pins

Hold CMOS devices at a fixed Input level.

Unlike bipalar or NMOS devices, it a CMOS device is operated with no input, an intermediate-
level input may be caused by noise. This allows current to flow in the CMOS device, resulting
in a malfunction. Use a pull-up ar pull-down resistor to hold a fixed input level. Since unused
pins may function as output pins at unexpected times, each unused pin should be separately
connected to the Voo or GND pin through a resistor,

If handling of unused pins is documented, follow the instructions in the document.

(3) Statuses of all MOS devices at initialization

The initial status of a MOS device is unpredictable when power is turned on.

Since characteristics of a MOS device are determined by the amount of ions implanted in
molecules, the initial status cannol be determined in the manufacture process. NEC has no
responsibility for the output statuses of pins, input and output settings, and the contents of
registers at power on. However, NEC assures operation after reset and items for mode setting
if they are defined.

When you turn on a device having a reset function, be sure to reset the device first.

MS-DOS is a trademark of Microsoft Corporation.
|1BM DOS, PC DOS, and PC/AT are trademarks of IBM Corporation.
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The export of this product from Japan is regulated by the Japanese government. To export this product may be prohibiled
without governmaental license, the need for which must be judged by the customer. The axport or re-export of this product
from a country other than Japan may also be prohibited without a license from that country. Please call an NEC sales
representalive.

No part of this dogument may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in this
document.

NEC Corporation does not assume any liability for infringement of patents, copyrights or other intallectual
property rights of third parties by or arising from use of a device described hergin 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 preperty rights of NEC Corporation or others.

While NEC Corporation has been making continuous effert to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customer must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

“Standard”, “Special”, and "Specific*. The Specific quality grade applies only to devices developed based on
a customer designated “quality assurance program” for a specific application. The recommended applications
of a device depend on its guality grade, as indicated below. Customers must check the quality grade of each
device before using it in a particular application.

Standard: Computers, office equipment, communications equipment, test and measurement equipment,
audio and visual equipment, home electronic appliances, machine 1ools, perscnal electronic
equipment and industrial robots

Special: Transportation equipment (automokiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment {nat specifically designed
for life support)

Specific: Aircrafts, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems or medical equipment for life support, etc.

The quality grade of NEC devices in “Standard” unless otherwise specified in NEC's Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact NEC Sales Representative in advance.
Anti-radioactive design is not implemented in this product.
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