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Static RAM (XRAM): 2048 x 4 bits

Instruction executiontime: 4 us {4 MHz, ceramic
or crystal oscillator)}
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PIN CONFIGURATION (TOP VIEW)
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AMPIN- : Operational amplifier input RESET : Reset input
AMPOUT  : Operational amplifier output SCK : Serial clock input/output
CMPIN+ : Comparator input Si : Serial data input
CMPOUT : Comparator output SO : Serial data output
GNDo¢-GNDs : Ground TMOIN : Timer 0 input
INT : External interrupt input TMOOUT : Timer O output
LED : Remote controller transmission TM10UT : Timer 1 output
output indicator TM20UT : Timer 2 output
POAe-POA3  : 1I/O port DA Vob : Power supply
POBo-POB:z  : 1/O port OB VReG : Voltage regulator output
POCo-POCz  : I/O port 0C VREF : Reference voltage output
P1Ao-P1Az  : I/O port 1A VXRAM : StaticRAM(XRAM)powersupply
P1Bo-P1B: : 1/O port 1B Xin, Xout : Main clock oscillation use
P1Co-P1C2  : 1/O port 1C XTin, XTout : Subclock oscillation use
REM : Remote controller transmission
output
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1. PIN FUNCTIONS

1.1 PIN IDENTIFICATION

Pin No Symbol Function Qutput Format At Reset
Outputs NRZ signal in synchronization with the
1 LED infrared remote control signal. Goes low when CMOS push-pull | High-levei output
the remote control carrier is output
Out uts an mfrared remote control si nal (actuve-
2 REM h.g:) ° CMOS push-pull | Low-level output
XRAM power supply
3 VxraM - -
Connect this to Vob.
4 Vob Positive power supply - -
5 XiN Connect a 4-MHz ceramic oscillator for main clock .
- (Oscillation stop)
6 Xout osmllatlon
7 GNDo Ground - -
Input pin for system reset. The system is reset
8 RESET whcn a.|0V\.l-|eV9| sngnal_ is input. Marn clock _ _
oscillation is halted during low-level input. A pull-
up resistor can be provided by the mask optlon
9 wbouT Output for detection N-ch of a program overrun N- ch open-drain High inpedance
Connect a 32-kHz crystal oscillator for subclock.
10 XTin When an option that does not use the subclock is
11 XTout selected, the divided output of the main clock is
used as a timer clock.
Output pin of voltage regulator for subclock
oscillation circuit.
12 VRee L. . - —
To use this pin, an external 0.1-uF capacitor must
be connected.
13 GNDs Ground - -
14 GND1 Operatlonal amphfrer ground - -
15 AMPIN- inverted input of operational amplifier. - Input
16 GNDz Operational amplifier ground. - -
17 AMPOUT Output pin for operational amphfler - Qutput
Outputs reference voltage.
1/2 Voo).
18 VRer {172 Vool L. . - -
To use this pin, an external 0.1-uF capacitor must
be connected
Non- mverted input pin for comparator
1 CMPIN - Input
s * The comparator output is obtamed by CMPOUT. pu
20 GNDs Operatronal amplifier ground. - -

Note : GND1 to GNDs are operational amplifier grounds.
To stabilize the operation of these amplifiers, they must be made equipotentional.

B L42?525 0071361 bLAL NN 7
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Pin No Symbol Function QOutput Format At Reset
Output pin for comparator.
21 CMPOUT _To use a learning remote controller, CMPOUT and - Output
TMOIN must be externally connscted.
Clock input to timer 0.
After it has been sampled by the internal clock, the
input clock is supplied to timer 0 and, at the same
22 TMOIN time, to the envelope signal generation circuit. - Input
The frequency of the clock input to TMOIN can be
measured by operating this timer in conjunction
with timer 1.
23 INT Inputs external interrupt signal. - Input
4-bit I/O port.
24 POAs Input/output can be set in 4-bit units.
| 1 Pull-up resistors can be connected by mask option. | CMOS push-pull Input
27 POAs The standby mode is released when at least one
pin of this port goes low.
4-bit {/O port.
28 POBo Input/output can be set in 4-bit units.
t | Pull-up resistors can be connected by mask option. | CMOS push-pull Input
31 POBz The standby mode is released when at least one
pin of this port goes low.
32 POCo
34 POC1 4-bit I/O port.
N-ch open-drain Input
1 | input/output can be set in 4-bit units. P P
36 POCs
33 GND4 Ground. - -
37 POD
° 4-bit 1/O port. .
! ' Input/output can be set in 4-bit unit N-ch open-drain Input
20 PODs put/output can be units.
41 P1A 4-bit /O port.
| | Input/output can be set in bit units. N-ch open-drain Input
44 P1As Pull-up resistors can be connected by program.
B i .
45 P1Bo Port 1B and timer output
* P1Bo-P1Bs
46 P1Bv/ .
- 4-bit I/O port
TMOOUT - R
47 P1B2/ - Input/output can be set in bit units. N-ch open-drain Input
2 - -
- - i P1Bo-P1B
TM1OUT z::;;::n:esustors can be connected by the ( 0 3)
a8 P1Ba/ :
« TMQOUT-TM20UT
TM20UT ,0
- Timer outputs
Port 1C and input/output for serial interface
—— |+ P1Co-P1C
49 | P1C/SCK o
- 4-bit I/0 port
S0 P1CY/SO Input/output can be set in bit units Input
1 P1C2/SI — ) CMOS push-pull
2 . | 122/3 « $CK, SO, S push-p (P1Co-P1C3)
- SCK: Serial ciock input/output
- SO : Serial data output
- Sl : Serial data input

| I:IJE'?SE’E UG?].?I:E 51e
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1.2 PIN INPUT/OUTPUT CIRCUITS
This section shows simplified diagrams illustrating the input/output circuits of the uPD17204 pins.

(1) POAo-POA3, POBo-POB3
Vbb VDD

1

Mask option
| F— P-ch

Output
latch

data ———»

il ©

output —D)— — N-ch
disable

7T
Input buffer

(2} POCo-POCs, PODo-POD3

| ©
data Qutput
latch  «— N-ch
output
disabie 77T
Input buffer
B Lu27525 0071363 459 WA 9
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(3) P1Ao-P1As, P1Bo-P1Bs

Voo

Pull-up - D

data ™ resister P-ch
©

Output
data =~ —————» latch ﬂ}___l ke— Nch
output
disable 7

Input buffer
(4) P1Co-P1Cs3
Voo

Pull-up

data ™ resister P-ch
VoD

data Output §

latch 3}__ l—» pP-ch

1
o -©
output L‘} le«— N-ch
disable
777

10

A
I

Input buffer
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(5) RESET

A

{ Mask option
i ©

Input butfer

Schmitt triger input with hysteresis characteristics

(6) INT

i) ©

A

Schmitt triger input with hysteresis characteristics

B Lu27525 0071365 221 H 1
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1.3 PROCESSING OF UNUSED PINS
Process the unused pins as follows.

Table 1-1 Processing of Unused Pins

PIN Recommended Connection

INT, TMOIN Connect to Voo or GND N
POAc-POAs, POBo-POBs gs:r:ut ggz:?l:'\ti::\—\ll:\?el output)

| POCo-POCs, PODo-POD2 | Input  : Connect to Voo or GND
P1Ao-P1As, P1Bo-P1Bs Output : Open (low-level output}
P1Co-P1Cs g\l;::ptm g(:)r;:ect to Voo or GND -
LED B Open o .
REM Open
Xn Connect to GND

W)’(iojTh Con;\;:“t to Voo -

;.;“ 7 w(ionnect to GND )
XTout - Connect to Vres

valiN— - Connect to GND or AMPOUT
AMPOUT, CMPOUT i);)en 7 “
CMPIN+ N Connect to GND S
VREF 1 Open - _

12 B L427525 00713bb 1b8 [ |
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2. PROGRAM COUNTER (PC)

21 PC FUNCTION
The program counter {PC) is a 13-bit binary counter that addresses program memory (ROM), that is, the
program.

PCiz2| PC11 | PC10o | PCos PCs PC» PCs | PCs PCa PCs PC2 PC1 PCo

I
13 bit

Fig. 2-1 Program Counter (PC)

Usually, the PCisincremented each time an instruction is executed. When a jumpinstruction or subroutine
call instruction is executed, the address specified in the operand field of the instructon is loaded to the PC.
When a skip instruction is executed, the PC specifies the address of the next instruction to be executed,
regardless of the skip condition. If the skip condition is “satisfied”, the instruction next to the skip instrution
is assumed to be an NOP (No Operation) instruction. That s, the NOP instruction is executed first and then
the next instruction address is specified.

When an interrupt request is accepted, an address (1 to 8) corresponding to the interrupt source is
unconditionally loaded into the PC.

At reset, the PC is reset to address 0.

Table 2-1 Vector Address at Interrupt

Priority Interrupt Source Internal/External Vector Address

Rising or falling edge or
1 both edges of envelope Internal 8H
circuit output

2 | Timer 2 overflow Internal 7H

3 Timer 0 increment I Internal 6H

47 Timer 1 increment - Ir;téfnéi . 5H

5 Rising o_r falrli/rilg edéé of _ External 4H

INT pin input

) 6 Clock timer i;\;ernal . 3H

B 7 Serial inéﬁﬂdutput - Internal 2H
8 ”XRAM address o Internal ‘ 1H¥7 -

B L427525 0071367 OTY BN 13
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3. STACK

3.1 STACK

A stack consists of 7 x 13 bits. When a subroutine call instruction is executed or when an interrupt request
is accepted, the stack stores the value of “PC + 17, that s, the return address. The stack contents are loaded
intothe PCwhen the return instruction is executed. Control returns to the main program (the original program
flow is restored).

The stack is used for both subroutine call and interrupt. When two levels are used for interrupt, the
remaining 5 levels can be used for subroutine call.

When an interrupt occurs, not only the contents of the PC but also those of the PSWORD (5 bits of BCD,
CMP, CY, Z, and IXE}) and BANK registers are saved. When an RETI instruction is executed, control returns
to the calling source. The contents of the PSWORD and BANK registers are saved only in two levels of the
stack.

When the MOVT instruction is executed, one level of the stack is temporarily used.

3.2 STACK POINTER (SP)

The stack pointer (SP) indicates the stack level. Itis at address 01 on the register file. When datais stored
in the stack (when the CALL, MOVT, or PUSH instruction is executed, or when an interrupt is accepted), the
SP is decremented by 1. When data is restored from the stack (when the RET, RETSK, RETI, MOVT, or POP
instruction is executed), the SP is incremented by 1.

4. PROGRAM MEMORY (ROM)

The read-only memory (ROM} consists of 7936 words x 16 bits. ROM stores the program at ROM addresses
000H through 1EFFH (7936 steps). ROM is divided into 4 pages with each page consisting of 2K steps.
The entire ROM can also be used as a table reference area when the MOVT instruction is used.

0000H

Page O 2048 words x 16 bits
O7FFRY ...
0800H

Page 1 2048 words x 16 bits
OFFFHL o ___
1000H

Page 2 2048 words x 16 bits
V7FFHE .
1800H

Page 3 1792 words x 16 bits
1EFFH

Fig. 4-1 ROM Configuration
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5. DATA MEMORY (RAM)

The random-access memory (RAM) consists of 336 words x 4 bits. RAM stores ordinary data.

Four words of 0CH to OFH of BANKO are used as a data buffer (DBF). For 8-bit data transfer, two words
of OEH and OFH are used. For 16-bit data transfer, four words of OCH to OFH are used.

This area is used for data exchange with the pheripheral device register specified by the PUT or GET
instruction. It is also used as the destination to which 16-bit data is to be read by the ROM data reference
instruction (MOVT). The registers that can be specified by the PUT and GET instructions are the count and
modulo registers of timers 0 and 1, count register of timer 2, S10 shift register, and address register. The
modulo register for setting the high-level period and generating a remote controller carrier (NRZHTMM), the
modulo register for setting the low-level period (NRZLTMM), the XRAM start address setting register, and
the XRAM stop address detecting register can also be specified.

At reset, address OCH is initialized to OH, ODH to 3H, OEH to 2H, and OFH to OH.

Table 5-1 lists pheripheral device addresses.

Table 5-1 Pheripheral Device Addresses

No. Name Address E?fclajc;‘it\)/:rBoiIs Description
1 SIOSFR 01H 8 SI0 shift register
2 TMOC 02H 8 Count and modulo registers of timer 0
TMOM
3 NRZLTMM ; 03H 8 Modulo register setting low-level period for generating
; remote control carrier
4 | NRZHTMM , 04H 8 Moduloregistersettinghigh-level period forgenerating
‘[ remote control carrier
5 |AR | 40H 16 Address register
6 |TM1C : 41H 16 Count and modulo registers of timer 1
™M
7 | TM2C }; 42H 16 Count register of timer 2
8 XRAMSTRT | 43H 16 XRAM start address setting register
9 XRAMSTP 44H 16 XRAM stop address detecting register

70H to 73H of BANKO and 70H to 72H of BANK?1 are assigned to ports. Input/output of these ports is
performed via these banks. 73H of BANK2 is assigned to the data register used when a 16K-bit SRAM is
accessed.

74H to 7FH are assigned to system registers which can access any banks.

When reset, RAM becomes undefined. Therefore, be sure to initialize RAM to 0 (RAM clear) at the
beginning of the program, to eliminate the cause for an unexpected bug.

M (427525 00713k9 977 W s
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System register

Fig. 5-1 RAM Configuration
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6. SYSTEM REGISTER
6.1 SYSTEM REGISTER CONFIGURATION
“System register” is a generic name for the registers directly related to CPU control. The system registers
are placed at addresses 74H through 7FH on data memory (RAM) and can be referenced regardiess of bank
specification.
The following registers are usable as the system register:

Address registers (ARO to AR3)

Window register (WR)

Bank register (BANK)

Memory pointer enable flag (MPE)

Memory pointers (MPH, MPL)

Index registers (IXH, IXM, IXL)

Register pointers (RPH, RPL)

Program status word (PSWORD)

Address 74H 75H 76H 77H 78H 79H
Register AR3 AR2Z AR1 ARO WR BANK
Value 000x X X X X X X X X X X X X X X X X 00x x
Atreset] 0000 0000 0000 0000 * kR 0000
Address 7AH 78H 7CH 7DH 7EH 7FH
Register IXH/MPH IXM/MPL IXL RPH RPL PSW
Y3 iBCD|cMPi CY | Z [IXE]

Value ' 00x XX XX XX X X 00x x XXX | X XXX ix

[atresetf o i o000 0000 0000 0000 000 i0fJoioioto

*: Undefined

X : Bits that can be set

Fig. 6-1 System Register Configuration

6.2 ADDRESS REGISTERS (ARS)

The address registers (ARs) specify program memory (ROM) addresses and placed at addresses 74H
through 77H. The indirect branch, table reference, and stack operation instructions use the ARs.

BR @AR and CALL @AR are provided for indirect branch. These branch instructions branch program
execution to program memory addresses specified by the AR.

MOVT DBF, @AR is provided for table reference. This reference instruction transfers the contents of the
addresses specified by the ARs to DBF {(OCH to OFH of BANKO) on RAM (data memory).

" PUSH AR and POP AR are provided for stack operation. The PUSH AR instruction stores the AR contents

inthe stack indicated by the stack pointer and decrements the pointer by 1. The POP AR instruction increments
the stack pointer by 1 and loads the contents of the stack indicated by the pointer into the AR.

B Lu27525 0071371 525 HM .
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AR3 in the uPD17204 is fixed to 0. Therefore, program addresses 0000H to 1FFFH (8192 steps) can be
specified by the ARs. In other words, the entire internal ROM area can be specified. However, only 7936 steps
of ROM (addresses 0000H to 1EFFH) is internally provided. Therefore, when specifying addresses, be sure
not to specify the addresses where no ROM exists.

AR3 AR2 AR1 ARO
{74H) {75H) (76H) 77H)
b3 ! b2 ! b1 P b0 | b3 ! b2 ! bl i b0 | b3 ! b2 I bl b0 | b3} b2 bl ! bO
0 {0 0 ! : i : ; ; 5 : i :
: i : : : : : : : : : ;

(MSB) {LSB)
Fig. 6-2 AR Configuration

6.3 WINDOW REGISTER (WR)
The window register (WR) is a 4-bit register mapped at address 78H in the system register. The data of
each register on the register file is manipulated via the WR.

6.4 BANK REGISTER (BANK)
The bank register (BANK) specifies a bank on data memory (RAM).
At reset, the BANK is cleared to 0. The high-order two bits of address 79H are always 0.

Table 6-1
Bank
BANK
b1 b0

0 BANKO

0 1 BANK1

1 0 BANK2
1 1 Setting inhibited

When an interrupt is accepted, the BANK contents are saved.

65 MEMORY POINTER ENABLE FLAG (MPE)

The memory pointer enable flag (MPE) specifies whether to specify the row address, used when the MOV
@r, mor MOV m, @rinstruction is executed, by MPL or execute the instruction using the same row address.
When the MPE is set, the row address is specified by MPL. When the MPE is reset, the same row address
is specified.

The row address specified by MPL, however, must be a row address in the bank currently used.

M Gu2?525 0071372 L4El WA
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6.6 INDEX REGISTERS (IXH, IXM, IXL)
The index registers are used to indirectly address the RAM. When the index enable flag (IXE) is set, the
operand field of an instruction is ORed with the contents of the index registers (IXM, IXL) to address the RAM.

6.7 REGISTER POINTER (RPH, RPL)

The register pointers specify the bank and row addresses of a general register. RPH is used to specify the
bank address and RPL is used to specify the row address.

6.8 PROGRAM STATUS WORD (PSWORD)

The program status word (PSWORD) consists of five flags indicating the operation result of the arithmetic
logic unit (ALU) in the CPU and qualifying the ALU functions. These five flags are: BCD flag, CMP (compared)
flag, CY (carry) flag, Z (zero) flag, and IXE {Index enable) flag. Figure 6-3 shows the functions of these flags.

7EH 7FH
bo ba b2 b bo
BCD CMP CY z IXE

Flag Name Function
index When this flag is set, index qualification is enabled.
Enable

This flag is reset when the arithmetic operation result

is not 0. The set condition depends on the content of

the CMP flag.

1y CMP =0

Zero The Z flag is set when the arithmetic operation
resultis 0.

(2) CMP =1
The Z fiag is set only when it is 1 and the arithmetic
operation result is 0.

This flag is set when a carry occurs during execution of
an add instruction or when a borrow occurs during
execution of a substract instruction. |t is reset when
Carry neither a carry nor a borrow occurs. This flag is also
set if the lowest-order bit of the general register is 1
when the RORC instruction is executed. It is also reset
if the lowest-order bit is 0.

When this fiag is set, the arithmetic operation result is
Compare not stored in data memory (RAM). it is automatically
reset when the SKT or SKF instruction is executed.

When this flag is set, all arithmetic operations are
BCD performed in binary-coded decimal (BCD). When it is
reset, arithmetic operations are performed in binary.

Fig. 6-3 PSWORD Configuration

B L427525 0071373 374 WA
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7.

REGISTER FILE (RF)

With the uPD17204, the bits on the register file are manipulated to control switching of the input/output
mode of peripheral circuits and ports.

Table 7-1 shows the register file configuration.

Table 7-1 Register File Configuration (1/2)

Column
Aotdirons 0 1 2 3 4 5 6 7
'Zm’ress 3'1 §'1 5'1 3'1 §'1 §'1 5'1 1
Bit3 io| o o/ wDTRES {0 o io
of w2 | o olwrmmo o N T 0 o
""""""""""" i IR S st Duiviitut 50 Rt A Ee et E s R B
@ Bl ' 10 SYSCK 2] WTMRES 10} ... 5 I 1 S 0 .0
Bit 0 r1 XEN H'z 0 Eo : E : 0 §o
Bit 3 i o o] o lo| TMOINEN fo| o io| P1CBPUS | io _P]BBPU3'0 P1ABPU3 ! o_
1| Bit2 o o o lo|] o o o ioPicBPU2i0 P1BBPU2 | 0| P1ABPUZ 0
9| Bit1 : 0 o o o] ENvek1 o[ TMOTMIEN 0 P1CBPU1,0~ P1BBPUI | 10| P1ABPUA | o
Bit 0 T NRZBF 0| NRZ 0| ENVCKo |0| TMOEXCK! P1CBPUO?0‘ P1BBPUO | 0| PIABPUO |0
Bit 3 J : | sioTs ELo 0 ELo TM20E io P1CBIO3 j0| P1BBIO3 0| P1ABIU3 !0
2| Btz R | | siomiz fo| o o] TMIOE io “prcaio? (o _p1éé]6_z-‘c;"p'1)§é]b'z_ -o-
(A)| Bit1 ; \ | siocki o] o io| TMOOE |o| P1CBIOT 0| P1BBIOT )| P1ABIUY o
sito | T [ 'siocko o] sioen o] o o] Picaioo o pigsioo ,-0- “ARIGo o
Bit 3 | i { | TMOEN {1] TMIEN [1| TM2EN i1 i | popcio d’:ro
| B2 | 1 N — | | TMoRes io TMRES {of TMZRES o] . | Pocsio o
@] Bit1 ! | | TMock1 |o| TMICK1 jo| TM2CKA [0 1 posaio ‘o
Cmo | R N | Tmocko o] Tmicko fo TMacko o HEI

*1 : Status at reset
*2 : When the main clock is selected {USEX) by the mask option at reset, this bit is set to 1. When the
main clock is not selected (NOX]), this bit is reset to 0.

Remarks :

20

Figures in ( ) are addresses for use with the assembler (AS17K)}.

All of the control register flags are registered in the device file as reserved assembler words, so
they are convenient for program development.
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Table 7-1 Register File Configuration (2/2)

y | o - Lo, 01 0], 0, 0, O T 0,0, O
............ e L e,2 12 2. 20 oo
! " HESEY HE H
P2 212 lelolainl Vo 12
' & 2 2 0l S S S = | ‘ 4
o! w 2 20 ' 1 i oy o W
! (=X TR vDI. ' _m 1 w : E 1 ' (e
' \ h h
! - UG === i ' 4
) ! Pl . . 1 ) 1 ;
T 1 : R CHEHGHE HCHER
llllllllll b el il o I il miadiadedl dhaledndls ity Infiiiid eiiaiatill S b il shaiiialh sl
' ' i , ) M" ) i : i i
i ) (]
¢ ’
“ ; oL 2ol gl oL 1S
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EE T T [ T A Y
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" " 1 [l ] [l ) 1 ' 1 1 Q
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= =4

Status at reset
*2 : When INT pin is high level, this bit is set to 1; otherwise, it is set to 0.

*1:
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8. PORTS

8.1 PORT 0A (P0Ao-POAs)

Port OA is a 4-bit, general-purpose input/output port and can be set in either 4 bit input or output mode
by POAGIO in the register file. Input data can be read and output data can be sent out through port register
POA.

In input mode, this register serves as a CMOS input port. In output mode, it serves as a CMOS output port.
If the contents of the POA register are read with the port in cutput mode, the status of the port output pins
can be determined. :

Standby mode is released whenever a low-level signal is input to at least one of the port’s pins.

A pull-up resistor can be connected to each bit of this port (mask option).

8.2 PORT 0B (POBo-P0B3)

Port 0B is also a 4-bit, general-purpose input/output port and can be setin either 4 bit input or output mode
by POBGIO in the register file. Input data can be read and output data can be sent out through port register
POB.

In input made, this register serves as a CMOS input port. In output mode, it serves as a CMOS output port.
If the contents of the POB register are read with the port in output mode, the status of the port output pins
can be determined.

Standby mode is released whenever a low-level signal is input to at least one of the port's pins.

A pull-up resistor can be connected to each bit of this port (mask option).

8.3 PORT 0C (P0Co-POC3)

Port OC is another 4-bit, general-purpose input/output port and can be set in either 4 bit input or output
mode by POCGIO in the register file. Input data can be read and output data can be sent out through port
register POC.

In input mode, this register serves as a CMOS input port. in output mode, it serves as an N-ch open-drain
output port. If the contents of the POC register are read with the port in output mode, the status of the port
output pins can be determined.

8.4 PORT 0D (PODo-PODs)

Port OD is a 4-bit, general-purpose input/output port and can be set in either 4 bit input or output mode
by PODGIQ in the register file. Input data can be read and output data can be sent out through port register
POD.

In input mode, this register serves as a CMOS input port. in output mode, it serves as an N-ch open-drain
output port. If the contents of the POD register are read with the port in output mode, the status of the port
output pins can be determined.

85 PORT 1A (P1Ac-P1A3)

Port 1A is a 4-bit, general-purpose input/output port and can be set in either 4 bit input or output mode
by P1ABIOO0-P1ABIO3 in the register file. Input data can be read and output data can be sent out through port
register P1A.

In input mode, this register serves as a CMOS input port. {n output mode, it serves as an N-ch open-drain

output port. If the contents of the P1A register are read with the port in output mode, the status of the port
output pins can be determined. :

A pull-up resistor can be connected to each bit of this port by using P1ABIO0-P1ABIO3.

B Luy27525 0071376 007 WA
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86 PORT 1B (P1Bo-P1B3)

Port 1B is a 4-bit, general-purpose input/output port whose pins are multiplexed with the external signal
output pins of the internal timer. TMOOE, TM10E, and TM20E in the register file, specify whether the pins
of this port are used as port pins or as timer output pins.

(1} To use as a 4-bit i/O port

The port can be set in input or output mode in units of 1 bit by P1BBIO0-P1BBIO3 in the register file.
Input data can be read and output data can be written via port register P1B.

In input mode, this register serves as a CMOS input port, while in output mode, it serves as an N-ch
open-drain cutput port. If the contents of the P1B register are read with the port in output mode, the
status of the port’s output pins can be determined.

A pull-up resistor can be connected to each bit of this by using P1BBPUO-P18BPUS3.

(2) To use as internal timer external signal output pins
TMOOE, TM10E, and TM2OE specify whether the port is used as an I/O port (P1B0, P1B1, P1B2, and
P1B3) or as the external signal output pins of the internal timer (TMOOUT, TM10UT, and TM20UT).

8.7 PORT 1C (P1Co-P1C3)
Port 1C is a 4-bit, general-purpose input/output port whose pins are multiplexed with serial interface pins.
SIOEN on the register file specifies whether the pins of this port are used as port pins or as interface pins

{1) To use as a 4-bit /O port

The port can be set in the input or output mode in units of 1 bit by P1CBIO0-P1CBIO3 in the register
file. Input data can be read and output data can be set through port register P1C.

In input mode, this register serves as a CMOS input port, while in output mode it serves as an N-ch
open-drain output port. The contents of the P1C register are read with the portin output mode, the status
of the port’s output pins can be determined.

A pull-up resistor can be connected to each bit of this port by using PICBPUQ-P1CBPU3.

(2) To use as serial interface pins

SIOEN specifies whetherthe portis used asan /0 port (P1Co, P1C1, P1C2, and P1C3) or as serial interface
pins.

B Lu27525 0071377 Tu3 N
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8.8 INT PIN

This pin handles an external interrupt request signal inputs. Atthe rising edge or falling edge of the input
signal, the IRQ fiag (RF: address 3BH, bit 1)} is set.
The level of this pin can be read by using the INT flag {RF: address OFH, bit 0). When a high level is input
to the INT pin, the INT flag is set to “1”; when a low level is input, the flag is reset to “0” (refer to Fig. 15-

2 INT and INTENV Flags).

Bank |Address |Symbol Bit Port Output Type
bz POA3
b2 | POA:z CMOS
70H POA Port 0A
b1 | POA push-puii
bo | POAo
bz | POBs
bz { POB: CMOS
71H POB Port 0B
b1 | POB: push-pull
bo | POBo
0
b3 | POCa
b2 | POC: N-ch
72H POC Port 0C
b1 | POC open drain
bo | POCo
b3 PODs=
bz | POD: N-ch
73H POD Port 0D
b1 | POD: open drain
bo | PODo
b3 P1As
b2 | P1A2 CMOS
70H P1A Port 1A
bt | P1A push-pull
bo P1Ao
bs | P1B3
bz P1B2 N-ch
1 71H P1B Port 1B
bs PiB1 open drain
be | P1Bo
b: | P1Cs
b2 | P1C2 CMOS
72H P1C Port 1C
b | P1C push-pull
bo P1Co

Fig. 8-1 Relation between Port Registers and Pins
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8.9 PORT CONTROL REGISTER FILE

8.9.1 Input/Output Switching of Group I/0

I/Os that can be set in input/output mode in 4-bit units are called group I/Os. POA, POB, POC, and POD are
available as the group I/O ports. The following register file is used to switch the input mode to the output
mode or vice versa. When the mode is changed from input to output, the contents of the port registers are

immediately output to the corresponding ports.

3 2 1 0 Address
| Popaio | Pocaio | posaio | POAGIO] RF : 37H

When reset R/W
OH RMW

POAGIO

POA input/output setting

0

Sets POA for input mode

1

Sets POA for output mode

POBGIO

POB input/output setting

0

Sets POB for input mode

1

Sets POB for output mode

POCGIO

POC input/output setting

0

Sets POC for input mode

1

Sets POC for output mode

PODGIO

POD input/output setting

0

Sets POD for input mode

1

Sets POD for output mode

Fig. 8-2 Input/Output Contro! Register for Group 1/0
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8.9.2 Input/Output Switching of Bit 1/O
1/0s that can be set in input/output mode in bit units are called bit I/Os. P1A, P1B, and P1C are available
as the bit /O ports. The following register file is used to switch the input mode to the output mode or vice

versa. When the input mode is changed to the output mode, the latch contents of each P1A, P1B, and P1C
bit are output to the corresponding port bit.

3 2 1 0 Address  When reset R/W
[ P1aBiO3 | P1ABIO2 | P1ABIO! | P1aBioo | RF: 270 OH RAW

P1ABIOO | P1Ac input/output setting

0 Sets P1Ao for input mode

1 Sets P1Ao for output mode

P1ABIO1 | P1A1 input/output setting

0 Sets P1A: for input mode

1 Sets P1A1 for output mode

P1ABIO2 | P1A2 input/output setting

0 Sets P1Az for input mode

1 Sets P1Az for output mode

P1ABIO3 | P1As input/output setting

0 Sets P1As for input mode

1 Sets P1Aa for output mode

Fig. 8-3 Input/Output Control Register for Bit 1/0: P1A
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3 2 1 0 Address  When reset RW
P1BBIO3 | P1BBIO2 I P1BBIO1 | P1BBIOO | RF - 26H oH R

P1BBIOO | P1Bo input/output setting

0 Sets P1Bo for input mode

1 Sets P1Bo for output mode

P1BBIO1 | P1Bs input/output setting

0 Sets P1B1 for input mode

1 Sets P1B1 for output mode

P1BBIO2 | P1B: inputfoutput setting

0 Sets P1B: for input mode

1 Sets P1B2 for output mode

P18BIO3 | P1Bs input/output setting

0 Sets P18s for input mode

1 Sets P1Bs for output mode

Fig. 8-4 Input/Output Control Register for Bit 1/0: P1B

3 2 1 0 Address  When reset RW
[P1CBIO3 | Piceio2 | PicaIOf | PicBioo | RF:2sH OH RIW

P1CBIOO0 | P1Co input/output setting

0 Sets P1Co for input mode

1 Sets P1Co for output mode

P1CBIO1 | P1Cs input/output setting

0 Sets P1C1 for input mode

1 Sets P1C1 for output mode

P1CBIO2 | P1C2 input/output setting

0 Sets P1Cz for input mode

1 Sets P1C2 for output mode

P1CBIO3 | P1Cs input/output setting

0 Sets P1Cs for input mode

. 1 Sets P1Cs for output mode

Fig. 8-5 Input/Output Control Register for Bit 1/O: P1C
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8.9.3 Pull-up Resister On/Off Control
The P1A and P1B ports are of N-ch open-drain ports. The P1C portis a CMOS port. A pull-up resister can
be connected to each of these ports by manipulating the register file as follows.

3 2 1 0 Address  When reset R/W
[P1ABPU3] P1ABPU2 I P1ABPU1 TP1ABPUO I RF:17H 0oH RW

P1ABPUQ | P1Aoc internal pull-up resistor specification

0 Disconnects P1Ao pull-up resistor

1 Connects P1Ao pull-up resistor

P1ABPU1 | P1A: internal pull-up resistor specification

0 Disconnects P1A1 pull-up resistor

1 Connects P1A1 pull-up resistor

P1ABPU2 | P1Az internal pull-up resistor specification

0 Disconnects P1Az pull-up resistor

1 Connects P1A:z pull-up resistor

P1ABPU3 | P1As internal pull-up resistor specification

0 Disconnects P1As pult-up resistor

1 Connects P1Az pull-up resistor

Fig. 8-6 Pull-up Resistor On/Off Control Register: P1A
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3 2 1 0 Address
| P188PU3 | P1BBPU2 | P1BBPUI | P1BBPUO | RF:16H

When reset R/W
OH R

P1BBPUO

P1Bo internal pull-up resistor specification

0

Disconnects P1Bo pull-up resistor

1

Connects P1Bo pull-up resistor

P18BPU1

P1B1 internal pull-up resistor specification

Disconnects P1B: pull-up resistor

Connects P1B1 pull-up resistor

P1BBPU2

P18z internal pull-up resistor specification

Disconnects P1B2 pull-up resistor

Connects P1B:2 pull-up resistor

P1BBPU3

P1Bs internal pull-up resistor specification

0

Disconnects P1Bs3 puil-up resistor

1

Connects P1Bs pull-up resistor

Fig. 8-7 Pull-up Resistor On/Off Control Register: P1B

3 2 » 1 0 Address
I P1CBPU31 P1CBPU2 I P1CBPU1 | P1CBPUO I RF : 16H

When reset R/W
OH RW

P1CBPUO

P1Co internal pull-up resistor specification

0

Disconnects P1Co pull-up resistor

1

Connects P1Co pull-up resistor

P1CBPU1

P1C1 internal pull-up resistor specification

0

Disconnects P1C1 pull-up resistor

1

Connects P1C1 pull-up resistor

P1CBPUZ

P1C2 internal pull-up resistor specification

0

Disconnects P1C2 pull-up resistor

1

Connects P1C2 pull-up resistor

P1CBPU3

P1Cs internal pull-up resistor specification

0

Disconnects P1Cs pull-up resistor

1

Connects P1Ca puil-up resistor

Fig. 8-8 Pull-up Resistor On/OQff Control Register: P1C
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8.9.4 Timer Output Switching

The TMOOE, TM10E, and TM2OE bits on the register file can be used to specify the following P1B port
pins as the timer output pins:

3 2 1 0 Address  When reset R/W
TM20E | TM10E TMOOE 0 I RF : 24H OH RW

TMOOE | P1B1 port/timer O output selection

0 Uses P1B1 as input/output port

1 Uses P1B1 as timer 0 output

TM10E | P18z portftimer 1 output selection

0 Uses P1B:2 as input/output port

1 Uses P1B2 as timer 0 output

TM20E | P1Bs port/timer 2 output selection

o] Uses P1B3 as input/output port

1 Uses P1Bs as timer 0 output

Fig. 8-9 P1B/Timer Output Control Register

8.9.5 Serial Input/Output Switching

The SIOEN bit on the register file can be used to specify the P1Co to P1Cz pins as a serial /O port. Even
if these pins are used as the serial /O port, the P1Cs3 pin can be used as an ordinary |/O port.

The SIOCKO, SIOCK1, SOHIZ, and SIOTS bits on the register files are used to control serial input/output
mode. (For details, see Chapter 13 “Serial Interface”.)

3 2 1 0 Address  When reset RW

[ o | o | o | sioen | RF:23H OH RIW

SIOEN Input/foutput/serial input/output port selection

0 Uses P1Co to P1Cz as input/output port

1 Uses P1Co to P1C:2 as serial input/output ports

Fig. 8-10 P1C/Serial Input/Output Control Register
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9. CLOCK GENERATOR CIRCUITS

The yPD17204 has been provided with two clock generator circuits: both a main clock (X) and a subclock
(XT) generator circuit. Both of the circuits can be used as the system clock generator circuit.

Figure 9-1 shows the configuration of a register that controls the system clock generator circuits.

The SYSCK flag (RF: address 02H, bit 1) of this control circuit specifies which clock the main or the subclock,
will be used as the system clock. By resetting the XEN flag (RF: address 02H, bit 0} to 0, oscillation of the
main clock can be stopped and, therefore, the power dissipation from the microcontroller can be reduced.

When using the subclock, make sure to connect a 0.1-uF capacitor to the Vrec pin to stabilize oscillation.
If the subclock is not used (specified by mask option), connect the XTin pin to GND and the XTout pin to the

VREG pin.
3 2 1 0 Address  When reset R/W
0 0 SYSCK XEN RF : O2H Undefined R/W

XEN Enables oscillation of main clock

0 Stops oscillation of main clock

1 Enables oscillation of main clock

SYSCK | System clock selection

0 Selects subclock as the system clock

1 Selects main clock as the system clock

Fig. 9-1 System Clock Control Register

9.1 SYSTEM CLOCK SELECTION
The system clock, i.e., the main clock or the subclock, is selected by the SYSCK flag (RF: address 02H, bit
1) as shown in Fig. 9-1.

(1) Subclock selection
By resetting the SYSCK flag to 0, the subclock is selected as the system clock.
If NOXT is set as a mask option, the subclock cannot be selected (SYSCK and XEN cannot be reset to 0).

Note : Make sure that sufficient time elapses on power application so that oscillation subclock is
stabilized {confirm through a program that the IRQWTM flag (RF. address 3AH, bit 0} is set
at a regular interval).

(2) Main clock selection
By setting the SYSCK flag to 1, the main clock will be selected as the system clock.

If NOX is set as a mask option, the main clock cannot be selected (SYSCK and XEN cannot be setto 1).

Note : Before setting the SYSCK flag, make sure that at least 10 ms elapses after the XEN flag has
been set to “1” so that the oscillation stabilizes.
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9.2 MAIN CLOCK OSCILLATION CONTROL FUNCTION

When the subclock is used as the system clock, ocillation of the main clock can be stopped or started by
manipulating the XEN flag (RF: address 02H, bit 0).

If the system clock is changed from the subclock to main clock (by setting the SYSCK flag) after the

ocillation of the main clock is started (by setting the XEN flag), make sure that an ocillation stabilization time
of about 10 ms elapses.

Note : Do not manipulate the XEN and SYSCK flags simultaneously (execute the POKE instruction
two times).

B b427525 007138k T5L N
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10. TIMER FUNCTION

The 4PD17204 is provided with four types of timers: timer 0, timer 1, timer 2, and clock timer. These timers
are used to read remote controller signals.

The GET and PUT instructions are used to control these timers. Bits on the register files are also used to
control the timers.

Timers
(1) Timer 0 ........ 8-bit timer/counter (with modulo function)
(2) Timer 1 ........ 10-bit timer (with modulo function)
(3) Timer 2 ........ 16-bit timer

(4) Clock timer
10.1 8-BIT TIMER 0 AND REMOTE CONTROLLER CARRIER GENERATOR CIRCUIT

10.1.1 CONFIGURATION OF 8-BIT TIMER

Figure 10-1 shows the configuration of the 8-bit timer.

The 8-bit timer consists of an 8-bit counter, an 8-bit modulo register, a comparator that checks the count
value of the timer and the value of the modulo register for coincidence, and a selector that selects the 8-bit
timer operating clock.

The starting and stopping of the 8-bittimer, and the resetting of the 8-bit counter are controlied by TMOEN
{address 33H, bit 3} and TMORES (address 33H, bit 2) in the register file. The 8-bit timer operating clock is
selected by TMOCK 1 (address 33H, bit 1) and TMOCKO (address 33H, bit0) in the register file. To setthe input
clock of timer 0 to external input or clock noise rejecter circuit modes, use TMOCKO, TMOCK1, TMOEXCK
(address 14H, bit 0), and TMOINEN (address 13H, bit 3).

The value of the 8-bit counter is read by using the GET instruction through the data buffer (DBF). No value
can be input to the 8-bit counter. To put a value in the modulo register, use the PUT instruction through the
DBF. The value of the modulo register cannot be read. Since the same data register, TMOM (peripheral
register: address 02H), is used for the 8-bit timer and the modulo register, the 8-bit counter is accessed for
reading and the 8-bit modulo register is accessed for writing only.

When the count value of the counter coincides with the value of the modulo register, the interrupt request
flag (IRQTMO: address 3DH, bit 0) of the register file is set, and the output level of the P1B1/TMOOUT pin is
inverted. By setting TMRES, TMOOUT will be initialized and will output a low level signal.

B L427525 0071387 992 W
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Data buffer
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|

fsvs (system clock) = fx

Fig. 10-1 Configuration of 8-bit Timer/Counter and Remote Controller Caririer Generator Circuit
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The following shows the register files for timer 0.

3 2 1 0 Address  When reset R
| T™oEN | TMORES | TMocK1 | TMocko | RF:a3H 8H AW
TMOCK1 [ TMOCKQ | 8-bit timer clock source selection

0 0 Count clock frequency: f svs /32
(Measurement time range: 8 us to 2.048 ms)

0 ] Count clock frequency: f svs /64
(Measurement time range: 16 us to 4.096 ms)

1 0 Count clock frequency: f svs /256
{Measurement time range: 64 us to 16.384 ms}

1 1 Remote control carrier generator output or clock
noise elimination circuit"?

Value indicated by parentheses is for when
fsvs (system clock) = fx = 4MHz

TMORES | 8-bit timer reset flag

0 Data read out is always 0"

1 Writing 1" resets 8-bit timer

TMOEN | 8-bit timer count enable flag

0 Stops 8-bit timer count operation

1 Enable 8-bit timer count operation

*1: Bit 2 is write-only bit.
*2: Selection of remote control carrier generator output/clock noise elimination circuit output is
performed by the TMOEXCK bit on the register file.

Fig. 10-2 Control Register for Timer 0 {1/2)
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3 2 1 0 Address  When reset RW
0 0 ™O T™O RF : 14H 8H RW
TMIEN EXCK
TMO T ion §
EXCK imer 0 external clock source selection flag
0 Uses internal remote control carrier generator clock as
timer O input clock
1 Uses TMOIN input or CMPOUT output as timer O
input clock
TLMI(E)N Tiemer O, ttmer 1 start
0 Asynchronous timer 0 and timer 1 operates

Synchronous timer 0 and timer 1 operation

Fig. 10-2 Control Register for Timer 0 (2/2)

Note : If TMOTM1EN = 1, timers 0 and 1 will start in synchronization by enabling (setting) either of the
timer 0 and timer 1 enable flags, TMOEN and TM1EN.
Moreover, timer 1 will be stopped by the coincides with the signal of timer 0. At that time, both
TMOEN and TM1EN are stopped (reset).

TMOEXCK becomes valid when both TMOCK1 and TMOCKO are set to “1”. By manipulating TMOEXCK,
the internal carrier generator output, the input of the TMOIN pin selected by TMOINEN, and the internal

comparator output can be selected.
TMOTM1EN is used to start timer 1 counting in synchronization with the rising edge of the input clock to
timer 0, and stop counting of timer 1 when the count value of timer 0 coincides with the value of the modulo

register. In this case, timers 0 and 1 automatically stop their counting operations, and retain their values.
By using this control bit, the time that elapses until the value put in the modulo register of timer 0 coincides

with the count value of timer 0 can be measured. This feature is ideal for such applications as measuring

the carrier frequency of the pulse received from a remote controller.

36
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10.1.2 Carrier Generation Circuit for Remote Controller

The uPD17204 is provided with a carrier generation circuit for remote controller.

The carrier generation circuit for remote controller consists of a 6-bit counter, a modulo register for setting
high-level period (NRZHTMM), and a modulo register for setting low-level period (NRZLTMM). The high-
and low-level periods are set in the corresponding modulo registers to determine the carrier duty factor and
carrier frequency. Values are set in the modulo registers via the data buffer (DBF).

The clock input to the B-bit counter is obtained by dividing the system clock by 2. That is, when a 4-MHz
oscillator (fx) is used, the input clock frequency is 2 MHz. When a 32-kHz oscillator (fx7) is used, the input
clock frequency is 16 kHz.

The name of the modulo register for setting high-level period is NRZHTMM, and the name of the modulo
register for setting low- level period is NRZLTMM. The PUT instruction is used to write data in these registers
and the GET instruction used to read data from them. When data is read, 0 is forcibly read into the high-order
two bits.

The NRZ and NRZBF bits on the register file and timer 0 are used to control the output to the REM pin that
outputs the carrier. while the NRZ bit is 1, the clock generated in the remote controller carrier generation
circuitis output to the REM pin. While the NRZ bitis 0, a low-level signal is output to the REM pin. The content
of the NRZBF bit is automatically transmitted to the NRZ bit by the timer 0 interrupt signal. If data is set in
the NRZBF bit in advance, the REM pin status changes in synchronization with the count operation of timer
0. The content of the NRZ bit is output to the LED pin. That is, when the NRZ bit is 0, a high-level signal is
output to the LED pin. When itis 1, a low-level signal is output to the LED pin.

If the timer 0 interrupt signal occurs when the REM pin is high, output to the REM pin does not comply
with the content of the NRZ bit until the carrier clock goes low. This processing is effective for holding the
high-level pulse width of the output carrier constant {see Fig. 10-3).

When the NRZ bitis 0, the remote controller carrier generation circuit stops. When the output ofthe remote
control carrier generation circuit is supplied to the timer 0 as the clock, the clock operation is continued even
if the NRZ bit is 0.

An example of outputting a remote controller signal to the REM pin is shown below.

NRZ

REM [ L4 L1 L

LED
-
Delay of Even if the NRZ bit is set to O,
about 700 ns the REM pin is kept high until

the carrier clock goes low.

Fig. 10-3 Example of Remote Controller Carrier Output Waveform
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3 2 1 0 Address  When reset RW
0 0 0 NRZ RF:12H OH RW

NRZ NRZ data

Qutputs low level to REM pin

0 Outputs high level to LED pin
1 Outputs a carrier to REM pin
Outputs low level to LED pin
3 2 1 0 Address  When reset RW
[ o | o [ o NRZBF | RF:11H OH RAW

NRZBF NRZ data output next

0 NRZ buffer bit. Transfered to NRZ by timer
1 0 interrupt signal.

Fig. 10-4 NRZ/NRZBF Register File
Setting carrier frequency and duty factor

Where the frequency is fx and carrier frequency is fC when the main clock (X) is used as the system clock,
¢ (division ratio) = fx/(2 x fc)

By dividing £ into a duty factor of m:n, values are put in the modulo register as follows:
Set value of high-level period = {£ x m/{m + n)} - 1
Set value of low-level period = {€ x n/(m + n)} - 1

Example : Where fc = 38 kHz, duty factor (high-level period) is 1/3,
¢ = 4 MHz/(2 x 38 kHz) = 52.6, and m:n = 1:2, the value of the modulo register is:
High-level period = 17
Low-level period = 34
Therefore, the carrier frequency is 37.74 kHz.

BN 6427525 0071392 257 M
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10.1.3 Countermeasures Against Noise During Transmission (Carrier Output}

When the uPD 17204 is used as the transmitter of a remote controller, a peak current of 0.5 to 1 A may flow
through the infrared LED of the remote controller. Since two batteries are used as the power source of a
remote controller, an equivalent resistance of several ohms (r) exists in the power source as shown in the
figure below. This resistance reaches 10 to 20 ohms when the supply voltage drops to 2 V. Consequently,
a high-frequency component noise will be superimposed on the power lines if the supply voltage fluctuates,
especially in the case of switching, while the REM pin outputs the carrier frequency (the infrared LED lights).

Therefore, comply with the following points to minimize the adverse influence of the noise on the
microcontroller:

® Separate the power lines of the microcontroller from those of the infrared LED, starting from the
terminals of the batteries. Keep the wiring length ofthe power lines as short as possible. Use thick power
lines.

@ lLocate the oscillator as close to the microcontroliler as possible, Shield the oscillator with the GND
line.

@ Locate the capacitor for stabilizing the power supply as close to the power lines of the microcontroller
as possible. Also select a capacitor that rejects high-frequency noise.

@ Whilethe carrier frequency is output, do not execute data read/write processing such as key scanning,
an interrupt calling for stack, or CALL/RET instruction, to prevent the data from being changed.

Ay
AN

f 0.5to 1A

Infrared LED

’/l AN REM

Voo
Microcontroller

H-
M

I

||

Batteries
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10.2 10-BIT TIMER 1

A 10-bit timer is mainly used to measure the carrier frequency of remote controller reception pulses
together with the timer 0.

This 10-bit timer 1 consists of a 10-bit timer, a module register, and a comparator that compares the value
of the modulo register with that of the timer.

The TM1CKO and TM1CK?1 bits on the register file are used to select the operating clock of the 10-bit timer.
The TM1RES bit on the same file is used to resetthe 10-bit timer and the TM1EN bit to start and stop the timer.
The GET DBF, TM1C instruction is issued to read the 10-bit timer value via the data buffer (DBF). No value
can be set in the 10-bit timer.

The PUT TM1M, DBF instruction is sued to set a value in the modulo register via the DBF. No data can
be read from the modulo register. The same addressis assigned to the modulo register and the 10-bitcounter.
Therefore, the modulo register is accessed when this address is written. When the address is read, the 10-
bit counter is accessed.

When usingtimer 1, use the TM1K0 and TM1CK 1 bits to select the operating clock, seta value inthe modulo
register via the DBF, and set the TM1RES bit to 1 to reset the 10-bit timer. To start timer 1, set the TM1EN
bit to 0.

When the value of timer 1 coincides with that of the modulo register as a result of clock counting, an
interrupt request occurs. If the interrupt enable flag (IPTM1) is set at this time, the interrupt function is
executed and, at the same time, the 10-bit timer value is reset to 0. Counting is continued later. The interrupt
request is output to IRATM1 on the register file (see Section 156.2 “Register File for Interrupt Control”).

The timer 1 outputs its signal to the TM10UT pin, which is shared with the P1B2 pin. The TM1OE bit on
the register file is used to specify P1B2 as an I/O port or timer 1 output. To initialize the TM10UT pin to 0
(low level), operate the TM1RES bit. After that, each time the value of the modulo register coincides with
that of the 10-bit timer during timer 1 operation, the TM10OUT pin alternately goes low and high. Since itis
of N-ch open-drain configuration, however, the TM10UT pin goes into a high-impedance state when it
outputs a high-level signal.

TMOTMEN is used to start counting of timer 1 in synchronization with the rising edge to the input clock
to timer 0, and stop counting of timer 1when the count value of timer 0 coincides with the value of the modulo
register. In this case, timers 6 and 1 automatically stop their counting operations, and retain their values.
By using this control bit, time that elapses until the value set to the modulo register of timer 0 coincides with
the count value of timer 0 can be measured. This feature isideal for such applications as measuring the carrier
frequency of the pulse received from a remote controller.

The register file for timer 1 is explained below.

%0 B Lu27525 0071394 022 W
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3 2 1 0 Address  When reset R/W
TMIEN | TMIRES | TMICK1 | TMicko | AF:3aH gH R
TM1CK1 | TM1CKO | 10-bit timer clock source selection
0 0 Count clock frequency: f svs /2
{Mcasurement time range: 0.5 s 512 us)
0 1 Count clock frequency: fsvs /16
{(Measurement time range: 4us to 4.096 ms)
1 0 Count clock frequency: fsys /128

(Measurement time range: 32 4s to 32.768 ms)

1

1

INT pin input

Value indicated by parentheses is for when
fsvs (system clock) = fx = 4MHz

TM1RES

10-bit timer reset flag

Data read out is always "0"

Writing "1" resets 10-bit timer

10-bit timer count enable flag

Stops 10-bit timer count operation

Enable 10-hit timer count operation (at falling edge)

* : Bit 2 is write-only bit.

Fig. 10-5 Control Register for Timer 1 (1/2)
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3 2 1 0 Address  When reset RW
0 0 TMO TMO RF: 14H OH RW
TM1EN EXCK
ET%?( Timer 0 external clock source selection
0 Uses internal remote control carrier generator clock as
timer 0 input clock
1 Uses TMOIN input or CMPOUT output as timer O
input clock
TI/M(E)N Tiemer O, timer 1 start
0 Asynchronous timer 0 and timer 1 operates

1

Synchronous timer 0 and timer 1 operation

Note : If TMOTM1EN = 1, timers 0 and 1 will start in synchronization by enabling {setting} either of the
timer 0 and timer 1 enable flags, TMOEN and TM1EN.
Moreover, timer 1 will be stopped by the coincides with the signal of timer 0. At that time, both
TMOEN and TM1EN are stopped (reset).

42

Fig. 10-5 Control Register for Timer 1 (2/2)
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fsvs/32 ———»
fsvs/64 Enable to count o
. ear
Count register
fsvs/256 —— nregister | —(C z Sets IRQTMO
MPX .
u Counting stop
Carrier pulsg ————————»f
p MPx |l Clear
Coincid
TMOIN—=1 \1px [ Comparator  |——getenc® TOUT 1. TMoOUT
CMPOUT —* FiF
Modulo register
TMOI\%

n

D1

fsys/2 ——»
fsys/16 ——»

fsvs/128 ———™

INT ——

MPX

Counting start

T™IC

Count register

Counting stop|

Enable to
count

Comparator

Coincidence

p——— Sets IRQTM1

I

TOUT L wtmi0UT

FIF

Modulo register
™1M

Fig. 10-6 Timer 0, Timer 1 Block Diagram
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10.3 16-BIT TIMER 2

This timer is mainly used to measure the pulse width of the pulse received from a remote controller, with
or without a carrier, with an envelope circuit output.

It consists only of a 16-bit timer. This timer has no modulo register.

The TM2CK0 and TM2CK1 bits on the register file are used to select the operating clock of the 16-bit timer.
The TM2RES bit on the same file is used to reset the 16-bit timer and the TM2EN bit {RF: 35H, bit 3), to start
and stop the timer. The GET instruction is issued to read the 16-bit timer value via the data buffer (DBF). No
value can be set in the 16-bit timer. The address name of timer 2 is TM2C.

When using timer 2, use the TM2K0 and TM2CK1 bits to select the operating clock and set the TM2RES
bit to 1 to reset the 16-bit timer. To start timer 2, set the TM2EN bit to 0.

The timer 2 outputs its signal to the TM2OUT pin, which is shared with the P1B3 pin. The TM20OE bit on
the register file is used to specify P1B3 as an I/O port pin or timer 2 output pin. To initialize the TM20UT pin
to O (low level), operate the TM2RES bit. After that, each time the 16-bit timer overflows, the TM20UT pin
goes alternately low and high. Since it is of N-ch apen-drain configuration, however, the TM20UT pin goes
into a high-impedance state when it outputs a high-level signal.

The register file for timer 2 is explained below.

3 2 1 0 Address  When reset RW
r TM2EN | TM2RES | TM2CK1 | TM2CKO RF : 3bH 8H RMV*
l_‘_—J‘ TM2CK1 | TM2CKO | 16-bit timer clock source selection
0 0 Count clock frequency: f svs /32
(Measurement time range: 8 s to 524.288 ms)
0 1 Count clock frequency: f svs /64
(Measurement time range: 16 s to 1.048576 s)
] 0 Count clock frequency: f svs /128

(Measurement time range: 32 us to 2.097152 s)

Count clock frequency: fsys /256
(Measurement time range: 64 s to 4.194304 s}

Value indicated by parentheses is for when
fsvs {system clock) = fx = 4MHz

TM2RES | 16-bit timer reset flag

0 Data read out is always "0"

1 Writing “1" resets 16-bit timer

TM2EN | 16-bit timer count enable flag

0 Stops 16-bit timer count operation

1 Enable 16-bit timer count operation

*: Bit 2 is write-only bit.

Fig. 10-7 Control Register for Timer 2
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fsvs/32 — o Enable o .
fovs/d MPX 2 Count register Clear
fsvs/128 ™2C
fsvs/266 ——=
Carry
T(F)/gT = TM20UT

L SetsIRQTM2

Fig. 10-8 Timer 2 Block Diagram
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11. WATCH TIMER/WATCHDOG TIMER

The watch timer is used to generate an interrupt signal for the watch and the reset signal for the watchdog
timer.

11.1 CONFIGURATION OF WATCH TIMER/WATCHDOG TIMER

Figure 11-1 shows the configuration of the watch timer/watchdog timer.

As shown in this figure, the watch timer consists of selector A, which selects the 32-kHz oscillator circuit
output of the subclock (XT) or the divided output of the main clock (X, fx/27) as the source clock, and selector
B, which selects the divider of the selected source clock and the frequency to be used as an interrupt signal.

To resetthe watch timer and control selector B, WTMRES (address 03H, bit 1) and WTMMD (address 03H,
bit 2) are used.

The watchdog timer is reset by WDTRES (address 03H, bit 3) of the register file.

When the subclock (fxT} is used as the source clock, the counting operation of the watch timer cannot be
stopped. Therefore, the subclock does not stop but continues oscillating even when the CPU is in the STOP
mode.

If the divided output of the main clock (fx/27} is used as the clock source (when subclock is used), the
operation of the watch timer stops when the CPU enters the STOP mode.

4 Hz
Dividers
Subclock f xr —— % fw
(32 kHZ) 5 (32 kHz) 1/211 | 1/2 | 1/2 n 1/2

g’ divider divider divider divider @ [
o S 1
@ T T g [+ mowt™ |

o Pwamsesne o

n RF : address 3FH,

Main clock fx bit 2
fw/2"{16 Hz) fw/2'4(2 H2)
1
p- ! ) WOOUT
- fw/2'* (4 Hz) 4

S
UZZHS

bCemecsneaanaxl

L L)
e csaammem-y

fmmmmmm—ma———
vmI-HO0S

* The source clock of the watch timer is fixed as follows by mask option:
@ To select use of subclock by mask option
Fixed to subclock.
® To not select use of subclock by mask option
Fixed to main clock.

Fig. 11-1 Configuration of Watch Timer/Watchdog Timer
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11.2 FUNCTION OF WATCH TIMER/WATCHDOG TIMER

3 2 1 0 Address
[ wotres | wivmp [wrmres| o | Rr:os

When reset RW
OH R/AW*

WTMRES

Clock timer reset

Data read out is always “0"

Writing *1" resets 16-bit timer

Clock timer mode selection

Generates interrupt signal IRQWTM every fw/2'3 (4 Hz)

Generates interrupt signal IRAWTM every fw/2'' (16 Hz)

{When source clock is 32.768 kHz)

WDTRES

Watchdog timer reset

Data read out is always "0"

Wiriting "1" resets watchdog timer

*: Bits 1 and 3 are write-only bits.

Fig. 11-2 Control Register for Clock Timers
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11.3 WATCHDOG TIMER OPERATION TIMING

Unless the watchdog timer is reset within a fixed time, a low level is output from the WDOUT pin.

By connecting the WDOUT and RESET pins, the watchdog timer can be used to monitor the hang-up of
the program.

To reset the watchdog timer, set WDTRES (WDTRES = 1).

To disable hang-up detection by the watchdog timer when the subclock is used, create a program that sets
WDTRES at a cycle of less than 340 ms.

fw/2" (16 Hz)
fw2zena | L L &
fw/2" (4 Hz) 1
fw/2'* (2 Hz) |

INTWTM (at 4 Hz) A

INTWTM (at16Hz) & & 4 & 4

WDOUT

R I

If WDTRES bit is not set,
uPD17204 is reset.

Watchdog timer

reset signal ___.__l

i

WDTRES |

Setting WDTRES bit during
this period is invalid.

{{ ): when subclock is used)

Note : The watchdog timer cannot be reset within the shaded range in the above figure. Therefore, set
WDTRES before both the 2-Hz and 4-Hz signals go high.

Fig. 11-3 Operation Timing of Watchdog Timer
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12. CARRIER RECEIVER CIRCUIT FOR REMOTE CONTROLLER

12.1 ANALOG CIRCUIT, CLOCK NOISE REJECTER CIRCUIT, AND ENVELOPE CIRCUIT
The yPD17204 has been provided with circuits that can directly receive a carrier for a remote controller.
The functions of these receiver circuits are listed in the following table:

Circuit Function {fsys = fx = 4 MHz)

Analog circuits

. - Ampilifies received carrier for remote controller
{operational amplifier, comparator)

Shapes waveform of carrier signal
(replaced with width of more than 4 us)

Clock noise rejecter circuit

Envelope circuit Maintains a high level while carrier signal is received

12.1.1 Analog circuit

The analog circuit contains an operational amplifier and a comparator to amplify the received carrier for
a remote controller.

The degree of amplification by the operational amplifier can be changed by using the external pins AMPIN-
and AMPOUT. To AMPIN+, 1/2Voo is applied as a reference voltage. When the amplified output of the
operational amplifier is input to CMPIN+ of the comparator, it is amplified to GND and Voo level.

To CMPIN-, approximately 1/2Voo is applied as a reference voltage.

To improve the reception accuracy, connect a capacitor and an external resistor to the Vrer pin to stabilize
the reference voltage, depending on the level of the received carrier signal.

12.1.2 Clock noise rejecter circuit
The clock noise rejecter circuit madifies the waveform of the signal amplified by the analog circuit.

The comparator output of the analog circuit is sampled by using the 1/2 cycle (fsys/2) clock of the system
clock to modify the waveform.

The output level of the comparator is detected at the falling edge of the sampling clock. When the first
high level of the clock is detected, a high level is output from the CMPOUT pin until the ninth sampling clock
{fsys = fx = 4 MHz, 4 us) is detected.

While the high level is being output, if a high level is detected again after the low level of the comparator
output has been detected once during the high-level output period, retriggering is executed. The high-level
period is then extended to the ninth clock count from the falling edge of the retriggered clock.

. I:.HE?S‘ES 00?14C3 965 W 49
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Sampling clock
{fsvs/2) —ILJUI—II——ILJI—II—II—IUUI-JI—JUUI—IL

input waveform

]

t

]

i

v

1

1

] |
' '
. 1 '
t ] t

'

]

i}

'

]

'

1

'

Sampling I
waveform
Start of monostable multivibrator
CMPOUT \’i L
outputwaveform Retrigger

Fig. 12-1 Clock Noise Rejecter Circuit Output

12.1.3 Envelope circuit

The envelope circuit modifies the waveform so that the high-level output can be maintained while the
carrier for the remote controller is continuously received.

The output of the clock noise rejecter circuit or the input of the TMOIN pin (selected by TMOINEN} is sampled
at 1/16 cycle of the system clock to shape the waveform.

The level is detected at the rising edge of the sampling clock. When the high level is detected, the high
level is output for a fixed period (envelope output). This period can be set in four steps.

When fsys = fx = 4 MHz, 186, 32, 64, or 128 us can be set as the maximum envelope output period by bits
ENVCKO and ENVCK1 of the register file.

To make the envelope output high continuously, keep the input waveform interval to within (set envelope
output time - sampling clock time). When a pulse is directly input from the TMOIN pin, a high-level width
less than 1/2 cycle of the system clock may not be detected.

Note : If the input level remains high, the envelope output is performed only once (retrigger is not

executed). To make the envelope output high continuously, be sure to input a low level {(more
than fsvs/2 cycie), and reset the envelope circuit so that retriggering is executed.
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The envelope output level can be detected by the INTENV flag (RF: OFH). Moreover, depending on the
values of interrupt detect flags IEGENVMO and IEGENVM1, the interrupt request flag (IRQENV) is reset at the
edge set for detection.

Example of Envelope Waveform (when ENVCK1 = 1, ENVCKO0 = 1)

Sampling clock
{fsvs/16)

TMOIN input : i
Envelope output — s
Start Retrigger Start
3 2 1 0 Address  When reset R/
™0 0 | Envekt | enveko | PFETSH OH RIW
INEN
L—|_‘— ENVCK1 | ENVCKO | Envelope output time selection
0 0 64/tses (16 X ps)
0 1 128/fsvs (32 22 ps)
1 0 256/fsvs (64 2 us)
1 1 B12/fsvs (128 2 us)

Value indicated by parentheses is for when
fsvs (system clock) = fx = 4MHz

T™MO TMOIN pin input enable/disable

INEN
0 Uses internal comparator output clock as noise elimination
circuit input
1 Uses TMOIN pin input as noise elimination circuit input

Fig. 12-2 Envelope time Control Register
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3 2 1 0 Address  When reset RW
0 0 INTENV INT RF : OFH Undefined R

INT Detects level of INT pin

0 INT pin is at low level

1 INT pin is at high level

INTENV | Detects level of ENV signal

0 ENV signal is at fow level

1 ENV signal is at high level

Fig. 12-3 INT and INTENV Flags

3 2 1 0 Address When reset R/W
IEG IEG RF: 1FH OH RMW
0 ENVM1 | ENVMO | EG

IEG Selects edge of INT pin to be detected

0 Rising edge of INT pin
1 Falling edge of INT pin
IEG 1EG Selects interrupt that occurs at each edge of
ENVM1 ENVMO | ENV signal
0 0 Interrupt at rising edge of ENV signal
0 1 interrupt at falling edge of ENV signal
1 0

Interrupt at both rising and falling edges of
1 1 ENV signat

Fig. 12-4 Interrupt Detection Edge Selector Flag
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Voo Voo uPD17204
PH310_| #y
8.2kQ
100 pF 4.7 kQ . »
l‘l\/\/\F _ AMPIN-1 Operational amplifier
N
4.7 kQ 33 k2 91 kQ2
AMPIN+
AMPOUT L
\J
CMPIN- Comparator
CMPING |
N
Approx. 4 us Voo
CMPOUT, . Turns off transistor
O Cioctk noise. poememas E:------, on execution of
0.1 uF rejecter circuit ' v 1 STOP instruction
1 150k ¥ F 0K or on input of
1 ! ' RESET signal
1 ]
82 kQ2 L2k ¥ F2z 2 E
] )
o——/\/\/\/——w—(\ ; :
rr VRer i V4BkQ F #8540 |
B
L] R-e-ference poer supply
TMOIN
O men T To input of timer 0
Envelope | s |RQENV
circut

Fig. 12-5 Equivalent Circuit of uPD17204 Internal Preamplifier

Remarks : Assume that the error of the resistance in the reference power supply is —50 to +100% (relative
error: +5% max.).

The application circuits and their parameters are for references only and are not intended for use in actual
design-in’s.
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13. SERIAL INTERFACE

The serial interface consists of an 8-bit shift register, a 4-bit shift mode register, and a 3-bit counter. This
interface is used to input and output serial data.

13.1 SERIAL INTERFACE FUNCTIONS

13.1.1 Clock-Synchronous 8-Bit Transmission/Reception {(Simuitaneous Transmission and Reception)

Serial data input/output is controlled by the serial clock. The most significant bit (bit 7} of the shift register
is output from the SO line at the falling edge of the serial clock (SCK) signal. As soon as the contents of the
shift register have been shifted by one bit at the rising edge of the SCK signal {nth bit — nth + 1 bit), data
is loaded from the Sl line to the least significant bit (bit 0).

The 3-bit counter (octal counter) counts the serial clock. Each time it counts the serial clock 8 times (end
of 8-bit serial data transmission), the 3-bit counter issues a shift end signal and sets a interrupt request flag
(IRQSIO).

13.1.2 Clock-Synchronous 8-Bit Reception (SO Output High-Impedance)}

Theclock-synchronous 8-bit reception operation is performed in the same manneras the clock synchronous
8-bit transmission/ reception except that the SO pin goes into an the output high-impedance state and
therefore outputs no serial data. For this reason, the SO pin can be used as a port pin to input data.

13.2 SERIAL INTERFACE OPERATION

13.2.1 Serial Interface Operation Mode

When the SIOEN bit is 1, P1Co to P1C3 are set in serial interface mode. When SIOEN is 0, P1C0 to P1C3
are set in port mode. In port mode, no serial data is transmitted. Usually, the shift register can be used as
an 8-bit register.

13.2.2 Serial Operation Mode

There aretwo types of serial operation modes: serial transmission mode and serial reception mode. When
the SIOHIZ bit is set to 0, serial transmission mode is used. When itis set to 1, serial reception mode is used.
Figure 13-1 shows the shift timing. The only difference between these two modes is whether serial data is
output from the SO pin or the SO pin goes into a high-impedance state without serial data output.

To start serial data transmission, issue the PUT instruction to set send data in the shift register via the data
buffer (DBF) and set the SIOTS bit to 1. When 8-bit data transmission terminates, the SIOTS bit is
automatically reset to 0 and the IRQSIO flag is setto 1, céusing an interrupt to occur. When the interrupt
is disabled, it is confirmed that 8-bit data transmission is termi-nated by referencing the SIOTS hit or the
IRQSIO flag.

Serial data reception operation is performed in the same manner as serial data transmission operation
except for whether data is output from the SO pin.

The SIOCK1 and SIOCKO bits to select one of three internal clocks or an external clock as the serial clock
source.

When an internal clock is selected and the SIOTS bit is set to 1, the clock is supplied to the serial interface
and output from the SCK pin. During this period, serial data input/output is also controlled. When the serial
clock is supplied 8 times, the SIOTS bit is automatically reset to 0 and clock supply to the serial interface is
stopped. The SCK output is kept high and the interrupt request flag {(IRQSIO) is set to 1.
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When the external clock is selected and the SIOTS bit is set to 1, the clock from the SCK pin is supplied
to the serial interface. When the external serial clock is supplied 8 times, the SIOTS bitis reset to 0, the IRQSIO
flag is set to 1, and clock supply to the serial interface is stopped. When clock supply to the serial interface
stops, serial data input/output also stops. When the SIOTS bit is set to 1, the IRQSIO flag is automatically
reset 10 0. For this reason, the program needs not reset the IRQSIO flag.

Serial data input/output can be forcibly stopped by resetting the SIOTS bit to 0. However, the stopped
serial data input/output cannot be resumed because this resetting is forced termination of data input/output.

o
sl i \ Xlow X b X pis X pia Xoiz X piz X on X ow
SO : \X po7 X pos X0os X poa X poz X poz X o1 X boo { SIOHIZ = 0
SO __._._i_ ____________ Highimpedance _ _ _ _ _ _ _ _ _ __ _ ___. “SIOHIZ = 1

IRQSIO \

-

T

|—‘ SIOTS is reset to 0.

SlOTS is setto 1. Data transmission end

Remark : DI : Serial data input
DO : Serial data output

Fig. 13-1 Shift Timing

BIT3 BITO _BIT3 BITO
DBF: |  Bank 0 OEH, Bank 00FH, |
1 L | | | I
[
PUT Q1H, DBF
MSB r LSB GET DBF, Q1H

1 1
IShift r(lagisterI

Fig. 13-2 Shift Register Data Transfer
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3 2 1 0 Address  When reset RWV
SIOTS SIOHIZ SIOCK1 | SIOCKO RF : 22H OH R/W
I_H—— SIOCK1 SIOCKO | Serial clock selection
0 0 External clock
o 1 fsvs/16
1 0 fsvs/128
1 1 fsvs/1024
fsvs (system clock) = fx or fxr

SIOHIZ | SO pin status

0 Serial data output

1 Outut buffer high impedance

SIOTS | Serial interface operation status {(when reading)

Shift register shigt operation is disabled (stopped).
0 Instruction to output from port 1C to SCK and SO is invalid.
Logic value of pin can be read by port 1C input instruction.

Shift register is_in shift operation by SCK clock. Instruction
1 to output from SCK and SO to port 1C is invalid.
Logic value of pin can be read by port 1C input instruction.

SIOTS | Serial interface operation status (when writing)

Forcibly stops serial data transfer.
0 Resuming data transfer in the middle is not possible.

Can be set by PUT instruction only.

Starts serial data transfer.

1 Resets IRQSIO flag to "0". Automatically reset to "0” at the
end of transfer.

Note : Serial clock source selection (setting the SIOCKO and SIOCK bits) and shift start (setting the
SIOTS bit to 1) must be performed at the same time.

Fig. 13-3 Serial I/0 Control Register
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S |S|S S
i | | |
P1C/SI ———— e ——— ololo]o
©O—AD Shift register T lhnic|ec
— s : ¢ ‘
D D S W N O KL
< IRQSIO
o clear signal
P1C1/SO 6 %)
3] =]
2 5
o P1C1 %]
lr——-DO——
Monostable
multivibrator
- —e Serial clock IRQSIO |
P1Co/SCK counter set signal
o> Do+ ) »
r*_} — Clear Overflow
I S
—ar
g - |
(7]
W
MPX
P1CO T T T
foys/16  Tovs/128 foys/1024
SIOEN
P1CBIO1
P1CBIOO

Fig. 13-4 Block Diagram of Serial Interface
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14. STATIC RAM (XRAM)

The uPD17204 has been provided with 2048 x 4 bits of static RAM.

To access this memory, an address is set on XRAMSTRT (11 bits) of the register file or XRAMADRO-
XRAMADR2 (BANK2, 70-72H) of the data memory through DBF. Data is read or written by accessing XRAM
(BANK2, 73H). Each time XRAM has been accessed, the address is incremented.

When XRAMSTRT and XRAMSTP have coincided, accessing (reading/writing) XRAM further does not
increment the address, but the data of address “XRAMSTP - 1” is accessed. When XRAM is accessed with
XRAMSTRT (or XRAMADRO-XRAMADR2) being 7FFH, the address is incremented to 000H, and the operation

continues.

f an access end address + 1is setin advance in XRAMSTP of the register file through DBF, interruptsignal
IRQXRAM is generated when XRAMSTRT and XRAMSTP coincide.

Note : Be sure to set XRAMSTP before accessing the static RAM.
If the value of XRAMSTRT is the same as that of XRAMSTP, interrupt signal IROXRAM is set
before XRAM is accessed.

Example 1: To clear static RAM
To clear SRAM from address 000H to OFFH (XRAMSTP = 100H)

MoV
MoV
MoV
MoV
PUT

MOV
MOV
MOV
MOV
PUT

BANK2
RAM_ CLEAR:
MoV

SKT1
BR

BANKO

58

DBF3, #0 ; Sets start address (000H)
DBF2, #0 ;
DBF1, #0 ;
DBFO, #0 ;
XRAMSTRT, DBF ;

DBF3, #0 ; Sets end address (100H)

DBF2, #0 ; (end address = end address + 1)
DBF1, #0 ;

DBFO, #0 ;

XRAMSTP, DBF :

; Sets bank 2
XRAM, #0 ; Writes OH to SRAM in specified range
IRAXRAM ; Specified range (000H-OFFH) cleared?
RAM_ CLEAR ; Yes

; No

M bkuc2?525 0071ule 974
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Example 2 : To read static RAM
To read SRAM contents from address 130H to 13FH (XRAMSTP = 140H)

WORK MEM 0.00H
MOV DBF3, #0 ; Sets start address (130H)
MOV DBF2, #1 ;
MOV DBF1, #2 ;
MOV DBFOQ, #0 ;
PUT XRAMSTRT, DBF ;
MOV DBF3, #0 ; Sets end address (140H)
MOV DBF2, #0 ; {end address = end address + 1)
MOV DBF1, #0 ;
MOV DBFO, #0 ;
PUT XRAMSTP, DBF ;
MOV RPH, #0010B ; Uses XRAM as register
MOV RPL, #1110B ;
MOV IXH, #0 ; Sets index register
MOV IXM, #0 ;
MoV IXL, #0 ;
SRAM_ READ :
SET1 IXE ; Reads SRAM contents in specified range
ST WORK, XRAM ; to work area (0.00H-0.0FH)
CLR1 IXE ;
INC IX ; Increments index register
SKT1 IROXRAM ; Read completed?
BR SRAM_ READ ; No
; Yes
MOV RPH, #0 ;
MOV RPL, #0 ;
M Lu2?525 0071413 &04 BN 59
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Example 3 : To write static RAM
To write 0AH to SRAM from address 200H to 20FH (XRAMSTP = 210H)

MOV
MOV
MOV
MOV
PUT

MoV
Mov
MoV
MOV
PUT

BANK2

RAM_ WRITE .
MOV
SKT1
BR

BANKO

60

DBF3, #0 ; Sets start address (200H)
DBF2, #2 ;
DBF1, #0 ;
DBFOQ, #0 ;
XRAMSTRT, DBF ;

DBF3, #0 ; Sets end address (210H)

DBF2, #2 ; (end address = end address + 1}
DBF1, #1 ;

DBFO, #0 H

XRAMSTP, DBF ;

; Sets bank 2

XRAM, #0AH ; Writes 0AH to SRAM in specified range
IRQXRAM ; Specified range (200H-20FH) cleared?
RAM_ WRITE ; Yes

; No

’
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15. INTERRUPT FUNCTION

15.1 INTERRUPT SOURCES
There are eight interrupt sources.
When an interrupt is accepted, the program automatically branches to the address corresponding to the

interrupt, This address is called a vector address. Tabie 15-1 shows the correspondence between the
interrupt sources and vector addresses.

Table 15-1 Correspondence between Interrupt Sources and Vector Addresses

Priority Interrupt Source Internal/External Vector Address

Rising or falling edge or
1 both edges of envelope Internal 8H
circuit output

2 Timer 2 overflow Internal 7H
o 377 Timer 0 ;vie;'filowﬁ In;ernal 1 6H
4 %imer 1 overflow ] In;ternal 5H B
5 Rising o.r falling edg;;;ﬁ”ﬁ External . - 74H
INT pin input I
6 Cloci(v;imer Internal 3H
7 Serial input/output Internal 2H N
8 XRAM address | *Intérn;:irrl - 1H

When two or more interrupt requests are issued simultanecusly, they are sequentially accepted starting
from the one given the highest priority.

Accepting an interrupt is enabled or disabled by the El and D! instructions, respectively. To accept an
interrupt, the interrupt must be enabled by the El instruction. While the DI instruction is executed or while
an interrupt is accepted, another interrupt is disabled.

To enable an interrupt again after it has been completed, the El instruction must be executed immediately
before the RETI instruction. Accepting an interrupt is enabled by the El instruction only after the next
instruction has been executed; therefore, no interrupt is accepted between the El and RET! instructions.
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15.2 REGISTER FILE FOR INTERRUPT CONTROL

The register file for interrupt control is used to read the external interrupt signal and check whether all
interrupt requests are available. This file is also used to select the interrupt request edge of the externat
interrupt signal and specify whether to enable or disable the interrupts corresponding to the interrupt
sources. This file is detailed below.

15.2.1 INT

INT is a flag indicating the status of the INT pin.

When a high-level signal is input to the INT pin, the INT flag is setto 1. When a low-level signal is input,
the INT flag is re-set to 0.

15.2.2 INTENV
INTENV is a flag indicating the output status of the internal envelope circuit (ENV signal).
When the ENV signal is high, the INTENV flag is set to 1. When it is low, the INTENV flag is reset to 0.
The ENV signal is obtained by widening the high-level width of a signal input to the TMOIN pin by the
envelope time specified by ENVCKO and ENVCK1.

TMOIN

ENV —

t
t: Envelope time specified by ENVCKO and ENVCK1

Fig. 15-1 Waveform of Internal Envelope Circuit Output

3 2 1 0 Address  When reset R/W
0 | INTENV | INT | RF:oFH  undefined R
INT iNT pin level detection
0 INT pin : Low level
1 INT pin : High level

INTENV | ENV signal level detection

0 ENV signal : Low level

1 ENV signal: High level

Fig. 15-2 INT and INTENV Flags
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15.2.3 IEG

IEG is a flag that selects an edge at which an interrupt is to be detected on the INT pin.
When the IEG flag is reset to 0, the interrupt occurs at the rising edge of the INT pin. When itis setto 1,

the interrupt occurs at the falling edge.

15.2.4 IEGENVMO and IEGENVM1
IEGENVMO and IEGENVM1 are flags that select the interrupt detecting edge of the ENV signal.
When the IEGENVMO flag is reset to 0, with the IEGENVM1 flag being 0, the interrupt occurs at the rising

edge of the ENV signal. When the IEGENVMO flag is set to 1, with the IEGENVM1 flag being 0, the interrupt

occurs at the falling edge.
When the IEGENVM1 flag is set to 1, the interrupt occurs at both the rising and falling edges of the ENV

signal.
3 2 1 0 Address  When reset RW
IEG IEG RF: 1FH OH RW
0 ENVM1 | ENVMO | IEG
IEG INT pin interrupt detection edge selection
0 Rising edge of INT pin
1 Falling edge of INT pin
IEG IEG ; ; i lecti
ENVM1 ENVMO ENV signal interrupt detection edge selection
0 0 Rising edge of ENV signal
0 1 Falling edge of ENV signal
1 0
3 p Both rising and falling edges of ENV signal

Fig. 15-3 IEGENVMO and IEGENVM1 Flags
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15.2.5 Interrupt Enable Flags

The interrupt enable flags specify whether to enable or disable the interrupts of the respective interrupt
sources. When an interrupt enable flag is set to 1, the corresponding interrupt is enabled. When it is reset

to 0, the interrupt is disabled.

3 2 1 0 Address
[7IF>TM1 | wvo | Mz | wenv | RF:2FH

When reset R/W
OH R/W

IPENV

ENV signal interrupt enable flag

Disables interrupt acceptance by ENV signal input

Enables interrupt acceptance by ENV signal input

IPTM2

Timer 2 interrupt enable flag

Disable interrupt acceptance by timer 2

Enables interrupt acceptance by timer 2

IPTMO

Timer O interrupt enable flag

Disable interrupt acceptance by timer O

Enables interrupt acceptance by timer O

IPTM1

Timer 1 interrupt enable flag

Disable interrupt acceptance by timer 1

Enables interrupt acceptance by timer 1

Fig. 15-4 Interrupt Enable Flags (1/2)
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3 2 1 4] Address
{ iPxRam | iPsio [ pwrm | | mF:2en

When reset R/wW
OH R/W

INT pin interrupt enable flag

Disables interrupt acceptance by INT pin input

Enables interrupt acceptance by INT pin input

Watch timer interrupt enable flag

Disable interrupt acceptance by watch timer

Enables interrupt acceptance by watch timer

Serial I/O interrupt enable flag

Disable interrupt acceptance by serial /O

Enables interrupt acceptance by serial /O

IPXRAM

XRAM interrupt enable flag

0

Disable interrupt acceptance by coincidence of XRAM
address

Enables interrupt acceptance by coincidence of XRAM
address

Fig. 15-4 Interrupt Enable Flag (2/2)

15.2.6 Interrupt Request Flag

IRQ is a flag indicating the status of an interrupt request.
When an interrupt request is made, the IRQ flag is set to 1. When the interrupt is accepted (occurs), the

IRQ flag is reset to 0.

The IRQ flag can be read and written by the program. Writing 1 to this flag by the program enables software
to issue an interrupt. Writing 0 enables software to release the interrupt pending status.

When reset RV
OH RW

Interrupt request flag of XRAM

No Interrupt request

Interrupt request generated by XRAM

When reset R/
OH R/W

SIO interrupt request flag

3 2 1 0 Address
o | o 0o | IRaxram| RF:38H
IROXRAM

0

1
1 0] Address
[ o | o | o [ woso| rrison
IRQSIO

0

No Interrupt request

1

Interrupt request generated by SIO
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When reset R/W
OH RW

Watch timer interrupt request flag

No Interrupt request

Interrupt request generated by watch timer

When reset RW
OH R/W

INT pin interrupt request flag

No Interrupt request

3 2 1 0 Address
[ o o | o [mawrm| RF:3aH
IRQWTM

0

1
3 2 1 0 Address
0 0 0 IRQ RF : 3BH

IRQ
0
1

Interrupt request generated by INT pin

2 1 0 Address
| iRatm1 | RF:3CH

ol]w
—

[}

o

When reset RW
OH RW

Timer 1 interrupt request flag

No Interrupt request

interrupt request generated by timer 1

When reset RW
OH R

Timer 0 interrupt request flag

No Interrupt request

Interrupt request generated by timer O

When reset RW
OH R/W

Timer 2 interrupt request flag

IRQTM1
0
1
2 1 0 Address
0 0 0 IRQTMO | RF:3DH
IRQTMO
0
1
3 2 1 0 Address
I o | o | o ‘IROTMZIRF:BEH
IRQTM2
0

No Interrupt request

1

Interrupt request generated by timer 2

66
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3 2 1 0 Address  When reset RW
| o J o | o |IRoENv | RF:3FH OH RW

IRQENV | ENV signal interrupt request flag

0 No Interrupt request

1 Interrupt request generated by ENV signal

15.3 INTERRUPT SEQUENCE

When the IRQ x x flag is set to “1” with the IP x x flag set to “1”, interrupt processing is started as soon
as the instruction cycle of the instruction executed is completed. Since the MOVT instruction requires two
instruction cycles, if the IP x x flag is set to “1” while this instruction is executed, the interrupt processing
is started as soon as the second instruction cycle is completed.

When the IP x x flag is “0”, the interrupt processing is not executed until the IP x x flag is set even if the
IRQ x x flag is set.

Iftwo or more interrupts are enabled atthe same time, the interrupt having the highest priority is processed
andthe interrupt(s) with the lower priority is kept pending until the processing of the interrupt withthe highest
priority has been completed.

15.3.1 Operation When Interrupt Is Accepted
When an interrupt is accepted, the CPU performs processing in the following sequence:
{1) Resets the IRQ x x flag corresponding to the accepted interrupt to “0”
{2) Decrements the value of the stack pointer by one
{3) Saves the contents of the program counter to the stack addressed by the stack pointer
(4) Loads a vector address to the program counter
(5) Savesthe contents of the bank register (BANK) and index enable flag {(IXE) to the interrupt stack (only
three levels of interrupt stack are available)
To execute the above sequence of processing, one instruction cycle is required.

15.3.2 Exiting from Interrupt Routine

To exit from an interrupt routine, the RETl instruction is used. Then the following processing is executed
in an instruction cycle.

(1) Loads the contents of the stack addressed by the stack pointer to the program counter

(2) Loads the contents of the interrupt stack to the bank register and index enable flag

(3) Increments the value of the stack pointer by one

To enable an interrupt again after one interrupt has been processed, the El instruction must be executed
before the RETI instruction.

The interrupt is accepted by the El instruction after the next instruction has been executed; therefore, no
interrupt is accepted between the El and RETI instructions.
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16. STANDBY FUNCTION

The uPD17204 is provided with the HALT mode and STOP mode as the standby function.

The current dissipation can be reduced by using the standby function.

Inthe HALT mode, the uPD 17204 stands by, with the main clock notstopped, until the HALT mode releasing
condition is satisfied. In this mode, the program is not executed.

In the STOP mode, the uPD17204 also stands by, but with the main clock stopped, until the STOP mode
releasing condition is satis-fied. In this mode, the program is not executed, either.

When the HALT instruction is executed, the uPD17204 enters the HALT mode. When the STOP instruction
is executed, the uPD17204 enters the STOP mode.

16.1 HALT MODE

HALT mode is used to temporarily stop program execution and reduce the current dissipation, with the
main clock oscillated.

Use the HALT instruction to set the HALT mode.

The HALT mode releasing condition can be specified by the operand of the HALT instruction, as shown
in Table 16-1.

Table 16-1 HALT Mode Releasing Condition

Operand Value Releasing Conditions
0010B (02H) When a TMO (8-bit timer) interrupt request (IRQTMO) is issued (unrelated to
IPTMO)
1000B (08H) ® When an interrupt request (IRQ x x x, IRQ) is issued to the interrupt whose

the interrupt enable flag (IP x x x, IP) is set.
@ When any of the POAo to POAs and POBo to POBz pins goes low.

10108 (0OAH) @® When a TMO (8-bit timer) interrupt request (IRQTMO) is issued (unrelated to
IPTMO}

@ When an interrupt request (IRQ x x x, IRQ) is issued to the interrupt whose
the interrupt enable flag (IP x x x, IP} is set.

Other values Setting inhibited
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16.2 HALT INSTRUCTION EXECUTION CONDITION

The HALT and STOP instructions can be executed only under specific conditions to prevent the program
from hang-up. Table 16-2 lists the HALT instruction execution conditions.

if any of these conditions is not satisfied, the HALT instruction is handled as an NOP instruction.

Table 16-2 HALT Instruction Execution Conditions

Operand Value Execution Conditions
0010B (02H)
1000B (08H)

The interrupt request flags (IRQTMO) of TMO (8-bit timer) must be reset.

@

® Interrupt request flags (IRQ x x x, IRQ) corresponding to interrupt whose
interrupt enable flags (IP x x x, IP) is set must be reset

@ All POA0-POAz and POBo-P0OB3 pins must be high

0]

@

1010B (0AH) Interrupt request flag of 8-bit timer TM0 (IRQTMO0) must be reset
interrupt request flags (IRQ x x x, IRQ) corresponding to interrupt enable flag

{IP x x x, IP) must be set

Other values Setting inhibited

16.3 STOP MODE

STOP mode is used to temporarily stop program execution and minimize the current dissipation, with the
main clock oscillation stopped.

Use the STOP instruction to set STOP mode.

The STOP instruction is invalid in the system that operates only on the subclock. When the subclock is
selected as the system clock, i.e., when SYSCK = 0, the STOP instruction is processed as NOP.

The STOP mode releasing condition can be specified by the operand of the STOP instruction, as shown
in Table 9-4.

After STOP mode has been released, the uPD17204 performs the following processing:

(1) Resets/starts the clock timer counter.

(2) Resets the watchdog timer.

{3) Resets/starts timer counters TMO, TM1, and TM2.

(4) Resets IRQTMO, IRQTM1, IRQTM2, and IRQWTM.

{5) When the value of the 8-bit timer counter (TMOC) coincides with that of the modulo register (TMOM),
executes the instruction next to the “STOP 8H” or a vector address branch instruction is executed.

The time that elapses until the nextinstruction is executed after “STOP 8H” has been released is calculated
from the foilowing expression where TMOM is the value of the modulo register.
{TMOM + 1) x 1024/fx [seconds]
Therefore, if the 4-MHz oscillator is used as the main clock, the time that elapses until the next instruction
is executed after “STOP 8H” has been released is:
(TMOM + 1) x 256 [microseconds]
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Table 16-3 STOP Mode Release Condition

Operand Value Releasing Conditions

1000B (08H) ® When an interrupt request (IRQENV, IRQTM1, IRQ, IRQWTM, IRQSIO) is
issued to the interrupt whose the interrupt enable flag (IPENV, IPTM1, IP,
IPWTM, IPSIQ) is set.

@ When any of the POAc to POAs and POBe to POB3 pins goes low.

Other values Setting inhibited

16.4 STOP INSTRUCTION EXECUTION CONDITION

The STOP instruction can be executed only under specific condi-tions to prevent the program from hang-
up. Table 16-4 lists the STOP instruction execution conditions.

If any of these conditions is not satisfied, the STOP instruction is handled as an NOP instruction.

Table 16-4 STOP Instruction Execution Conditions

Operand Value ! Releasing Conditions

1000B (08H) ® The interrupt request flag (IRQENV, IRQTM1, IRQ, IRQWTM, IRQSIO) must be
reset for the interrupt whose the interrupt enable flag (IPENV, IPTM1, 1P,
IPWTM, IPSIO) is set.

® All the POAo to POAs and POBo to POBz pins must be high.

Other values Setting inhibited

165 OPERATIONS AFTER STANDBY MODE HAS BEEN RELEASED
The operations are performed as follows when the STOP or HALT mode has been released:

Table 16-5 Operations after Standby Mode Has Been Released

{a) When HALT 08H, 0AH, or STOP 08H is executed

Standby Mode Releasing Interrupt 1 Interrupt Operations After Standby Mode Has Been

Conditions Enable Status| Enable Flag | Released

Low-level input of

POAc-POA2, POBo-POB3 Optional - Executes instruction next to STOP or HALT

Disabled Standby mode is not released

. R DI
Establishes releasing Enabled Executes instruction next to STOP or HALT
condition by interrupt i - o - -
request £l Disabled | Standby mode is not released
Enabled Branches to vector address of interrupt
{b} When HALT 02H is executed
| .
Standby Mode Releasing Interrupt Interrupt ' Operations After Standby Mode Has Been
Conditions Enable Status| Enable Flag | Released
Setting of IRQTMO DI Executes instruction next to HALT
- Optional T e e
El Branches to vector address of interrupt
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(a) Releasing STOP mode by interrupt

Wait
STOP - (time set by TMOM)
instruction -
)
Stanby v H
release signal !
Operation Operation
mode STOP mode o HALT mode | mode
Oscillation Oscillation stops Oscillation
Clock - >

Remarks : The dotted line indicates the case where the interrupt that has released the standby mode is
accepted.

(b} Releasing HALT mode by interrupt

HALT
instruction
]
i
Stanby :-- _ _ e
release signal = = e o e e
Operation Operation
mode | HALT mode | mode

Osgcillation

Clock

Remarks : The dotted line indicates the case where the interrupt that has released the standby mode is
accepted.

Fig. 16-1 Operations after Standby Mode Has Been Released
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17. RESET

17.1 RESET BY RESET SIGNAL INPUT

The uPD17204 is reset when a low-level signal is input to the RESET pin for more than 50 ps.

When the power is switched on, reset the uPD17204 at least once because the operations of the internal
circuit are undefined.

When the microcontroller has been reset, the following circuits are initialized:

@ The program counter is reset to 0.

@ The flags in the register file are initialized (for the initial values, refer to the description of the register
file).

® Initial value 0320H is written to data buffer (DBF).

@® The hardware peripherals are initialized.

® Oscillation of the main clock (X) is stopped.

When the RESET pin is made high, oscillation of the main clockis started, and program execution is started
from address 0 approximately 64 ms after (when fx = 4 MHz).

Wait

> Starts from address 0
{about 64 ms at 4 MHz) /

<t

RESET

Operation mode
or standby mode _ » HALT mode | Operation mode

o A

Main oscillation stops

When the watchdog timer activates during program execution, a low level is output to the WDOUT pin,
and the program counter is reset to 0.

If the watchdog timer is not reset for a fixed time, the program can be restarted from address 0.

When developing a program, reset the watchdog timer at intervals of less than 340 ms (fx = 4 MHz) (set
the WDTRES flag).

17.3 RESET BY STACK POINTER (CONNECTING RESET AND WDOUT PINS)

When the value of the stack painter reaches 6H or 7H during program execution, a low level is output to
the WDOUT pin and the program counter is reset to 0.

Ifthe level of nesting of an interrupt or subroutine call exceeds 5 (stack overflow), or ifthe return instruction
is executed despite that the correspandence between a CALL instruction and return (RET) instruction is not
established and that the stack level is 0 (stack underflow), the program can be restarted from address 0.
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18. ASSEMBLER RESERVED WORDS

18.1 MASK OPTION DIRECTIVE
To code a uPD17204 program, the mask option directive must be used in the assembler source program
to specify the mask option.
The following items need mask option specification:
» POAo, POA1, POA2, POAs
» POBo, POB1, POB2, POBs3
- RESET
« SYSTEM CLOCK
18.1.1 OPTION and ENDOP directives
The instructions between the OPTION and ENDOP directives are called a mask option definition block. The

description format of the mask option definition block is given below.

Description format:

Symbol field _ Mnemonic field _ Operand field _ _ Comment field
{Label:] OPTION [;comment]
ENDOP

Fig. 18-1 Description Format of Mask Option Definition Block

18.1.2 Mask option definition directives
Table 18-1 lists the mask option definition directives usable in the mask option definition block.
Figure 18-2 is an exampie of mask option definition.

Description format:

Symbol field  Mnemonic field 7OEe‘randrfii7erlrd _Comment field

OPTION

OPTRES OPEN ; RESET pin has no pull-up resistor.
OPTPOA POAPLUP, POAPLUP, POAPLUP, POAPLUP ; All the OA port pins have pull-up registors.
OPTPOB PPBPLUP, POBPLUP, POBPLUP, POBPLUP ; All the OB port pins have pull-up registors.
OPTCK USEX, NOXT : The main clock is used, not the subclock.

Fig. 18-2 Example of Mask Option Definistion
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Table 18-1 Mask Option Definition Pseudo Instructions

Mask Option
Name Definition l\(!)umber of tst Operand 2nd Operand 3rd Operand 4th Oparand
e perands
Directive
RESPLUP ‘
RESET OPTRES ] (c\;ggnll»up resistor)
(w/o pull-up resistor)
U AN PSR R ~ e ]
POAPLUP POAPLUP POAPLUP POAPLUP
N (w/pull-up resistor) (w/putl-up resistor) {w/pull-up raesistor) (w/pull-up resistor)
POAO-POA3 | OPTPOA 4 1OPEN OPEN OPEN | OPEN
(w/o pull-up resistor) | (w/o pull-up resistor} | {w/o pull-up resistor) . (w/o pull-up resistor)
POBPLUP POBPLUP POBPLUP POBPLUP
{w/pull-up resistor) {w/pull-up resistor} {w/pull-up resistor) | {w/pull-up resistor)
PoB0-POB3 | OPTPOB 4 OPEN OPEN OPEN OPEN
{w/o pull-up resistor} | {w/o pull-up resistor} | (w/o pull-up resistor}) | (w/o pull-up resistor)
SYSTEM USEX USEXT
{main clock used) {subclock used
cLock | OPTCK 2 INOX NoxT < oo
i {main clock not used) | {subclock not used)

18.2 RESERVED SYMBOLS
Table 18-2 lists the reserved symbols defined in the uPD17204 device file.
The symbols defined in the device file represent the following register, port, and peripheral device names.

18.2.1 Control registers on register file

The names of the control registers assigned to data memory addresses 80H through BFH in bank 0 are
defined. These registers are accessed by the PEEK or POKE instruction via the window register (WR).
18.2.2 Registers and ports on data memory

The names of the registers assigned to data memory addresses 00H through 7FH are defined. The names

of the ports and system registers mounted in an area starting from address 70H are also defined.

18.2.3 Peripheral circuits
The names of the peripheral circuits accessed by the GET and PUT instructions are defined.

74 B Lu27525 0071428 235 MR
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Table 18-2 Reserved Symbols (1/4)

Name Attribute Value R/W Description
DBF3 MEM 0.0CH RW Bits 15 to 12 of data buffer

DBF2 MEM 0.0DH R/W Brts 11 to 8 of data buffer
DBF1 MEM 0.0EH R/W Blts 7 to 4 of data buffer

DBFO MEM 0.0FH R/W Blts 3 to 0 of data buffer
XRAM MEM 1 2.73H R/W XRAM data

gXRS» - | MEM } 0.74H o R Blts 15 to 12 of address reglster -
Af,l’\gZ - 7 MéM 7 0 75H RNV Blts 11 to 8 of address regrsterA T
—“—AE o 7 MEM O7%f-| F:INV I -Blts 7104 of address reguster ]
Viaﬁww o MEM 1 077H - R/W | 7B|ts 3 to 0 of address register h

WR 7 MEM 0.78H o v_R;V(/ B Window register B ) ]
[ BaNK | MEM | 0.79H RW | Bankregister
w1 mem | oA | AW | Bistites of index register
[ meH  vem | o7an | Aw Bits 7t0 4 of memory pointer |
*_l\_/lE 7 FLé ] O;AH3 7 7RNV N -Memory pomter enable flag - o

IXM MEM 0.7BH R/W Bits 7 to 4 of mdex reglster

Mf"L R MEMﬁ 7 07EH e fRNV o Brts 3 to 0 of memory pomterA -
e | mem | orch | Rw Bits 310 0 of index register

RPH T MEM N (5%6[—1_7 | R/W ) Blts 7 to iaf reglster pomter o
—_HMW o K/IEM* 07E_H” B H/W e fBrts 3to 0 of register pomter -
_‘TSJVWWJ 7 MEMA 07FI:| 7 R/W | Program status word

@
o
o
n
[y
G)
o
~
m
T
o
E

BCD operatron flag

CMP FLG 0.7FH.3 R/W Compare flag
e CFLG | o07FH2 | RW | Carryflag
z | FG | 07H1 | RW | Zeroflag S
[ xe | R | 07FHO | RW | index enableflag ) o ]
| POA0 | FLG | 070HO | RW | BitOof port 0A o
[ PoAar | FLG | 070 | RW | Bit1ofp portoA -
| Poa2 FLG | 070H2 | RW | Bit2ofport0A ’
| PoAs | FG | o070H3 | RW | Bit3ofport 0A R
 POBO | RG | o7mHo | RW | BitOofportos
POBT | FLG | 071H1 | RW | BitlofportoB ’ o
[ pos2 | FG | o7H2 | AW Bit2ofport0B8 ]
PB3 | FG | O71H3 | RW | Bit3ofpon0s ) ]
[ Poco CFLG | 072H0 | RW | BitOofportoC e
| Poct | FLG | 072H1 | RW | BitlofportoC S
“pc2 | FRG | o722 | RW | Bitzofpooc
POC3 | FG | 072H3 | RW | Bit3ofportoC )
PoDO CRG | o073HO | RW _ BitOofportoD -

POD1 FLG | 0.73H.1 R/W Bit 1 of port 0D

M t427525 0071427 171 N e
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Table 18-2 Reserved Symbols (2/4)

Name Attribute Value R/W Description
POD2 FLG 0.73H.2 R/W Bit 2 of port 0D
V*_l;&;vﬁ - FLG e 0 73H 3 1 RNV » Bit :; of port t)D N ]
CP1A0 FLG | 170H0 | RW | Bit0ofport1A ]
_WP1;°:1" ] FLG N 1 70H 1 e RNV | Bit 1'°f' port 1A -
% —_P‘1A~2— o FLG ] 1 70H. 2 N R/W Bitg of‘ picrrtr17/3\ A -
P1As . FLG | 1703 | RW | Bit3ofport1A ]
PO | FlG | 170 | RW | BitOofpoti® |
v_l;;g‘liii FLG o 1 71H 1 1 R/W 7 Bit 1 of port 1B -
CPB2 | FG ATH2 | RW | Bit2ofport18 - o
B t’1B3 FLG e 1 %1H 3 e R/W VBlt 3 of port 1B o
[ pico | FlG | 172H0 | RW | BitOofpotic
_~P1—C1—_W?W 7 FLG 7 ‘|.72H.A1A‘ - R/W | Bit 1 of port 1C 7 B ) -
[ picz | Fe | 172H2 | AW | Bit2ofportiC ) ’ |
| pics | Fl6 | 1728 | RW | Bit3ofportiC -
[ se MEM 081H | RW | Stackpointer S
) dggfgagﬂwﬁ‘ﬂ ' FLG ) 0.82H.‘Iﬂ e RNV R System clock selectvon ]
”):Eﬁ o FLG b A082H0A R/Wv . Permission of marn clock oscrllatrch o ]
VVDTiRIgAm 7 7FLG R B.SéH.3 7 R I Watchdog tlmer reset ﬂag - 7 -
- WTM‘I\;[;“"W” MF;LG.W e 0.83H.2 i VRIVWW Selectron of watch timer mterrupt cycle ]
__Vvﬁnﬁg R FLG 6783;41 R Watch tumer reset o o
| wTenv | Fla | 08FH1 | R | TMONpinstatus
COINT CFLG | 08FHO | R | INTpin status ]
[ NRzBF ~ FG | 091HO | RW | NRZdaabuffer ]
7T\I“R_Z——i N >FLGV 0.92H.0”W% " h/W i VNRZ data 7 - ]
[ TmONEN | FLG | 083H3 | RW TMOIN permission ]
ENVEKY | RLG 0.93H.1 b RM —_b.mEnve|ope clock selection N .
77"!;\NCKO o FLG o 07973ﬁ07 - RNV Envelope clcck selectlon -
[ T™oTMIEN FLG | 094HA | RW | TimerOorlstart )
WXCK i VFVLGVﬂN W 0.94H.0 R/Wr N Tlmer 0 external clock source selectlon flag ]
ﬁﬂ‘FWCEFGi o FLG R 0é5H3 T 7 RM Whether P1C3 pull up re3|stor is mcorporated or not N
7~P;_C—B—P—U—2”” FLG R | 095H£“ RNV o Whether P1C2 puII -up resnstor is |ncorporetec| ar not |
P1CBPU1 S FLG T 095H1 1 R/W S VWhether P1C1 pull up resrstor |s |ncorp<r)7ret-e_d‘or not_
777?1—68_PU—0_ S F;LGi 0.975};I.07 a R/W 1 Whether P1CO pull—up resnstor |s mcorporate»cﬁor notrﬁ
u*;ta_é;l‘j;rh FLG . 096H3 T RNV | Whether P183 puII up resistor is incorporated or not4
P1BBiPUV27WM N Frli_G - 70.96H.2 7 R/W Whether P1BZ pu|l up resistor is mcorporateg(:r not
B ??EEPEI—' o FLG . 096H1 I RNV e Whether P1B1 pull-up I';S;SYOf is mcorporateé ;*r;ti
P1BBPUO e FiLiGd V 096;40— fFi/W 7 th;ther P‘IBO piurlrtr;_)_resrsftcrﬁrsi rncorporated or not
i P1:ABiP7L]37?A I;LC; ) 7057)7;45 W‘” R/W urWhether P1A3 pult th resrstor is mcorporatet;;h:)ti
mEAgl;LTzﬁi FLG O 093H2 wifv RNV 1 Whether P1A2 pull-up resrstor is mcorporatedrgir;t”
76 B Luy27525 0071430 993 WA
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Table 18-2 Reserved Symbols (3/4)

Name Attribute Value R/W Description
*P_11A_BPU1 FLG 1 0.97H.1 RW Whether P1A1 pull- up resistor is mcorporated or not
P1ABPUO %LG e 0.97H7.70V e -RNV Whether P1A0 pull-up rgélstor IS mcorporated 0;;1?
TEEENVI\?M 1 FI:G N ~09FH2 N R/W B Selectaon of TMO!N mtem;pt edge o |
IEGEI;IQMO B FL(;_i ) 0.9F7;I:17 _RNV 1 Selectnon of TMOIN mterrupt ed;; -
i IEG o - FLG . 0.9FH.6 . RNV Selectlon of INT mterrupt edge I
i SIOTS ] FLG S 7ﬁ‘0‘07;27H 3 R/W e Sio operatlon status -
[ sioniz FLG | 00A2H2 | RW | SO pin status o -
B SIOCK1 7 i FLG 7 O‘dAéH1 RNV Senal clock selectlon - o o
775—BCKO . l;LG AiO 0A2H 0 ; RNV 7 Senal clock selection S
SIEN | FG | o00AMO | RW | SO outputenablefiag |
TMZE)EW VFLGﬁk 0 OAAH. 3 ‘R/\AN Tlmer 2 output enable flag T
h;'\;j‘OE F’Liéii V 0. O‘A_;H72 o R/W V - Timer 1 output enable flag T
[ ™ocE | A6 | oo 0ASH1 | RW | Timer 0 output enable flag ]
P1CBIO3 FLG 0.0A5H.3 R/W P1C3 mput/output selectlon
i 7F‘1CVBICv)é o FLG <(3OAAA5H 2 i;NV e P1C2 |nput/output selectlon - ]
PICBIOT | FLG | 00ASHA | RW P1C1 input/output selectlon -
P1CBIC)6 1 VWF;LiGi o OSAEH0~7RNV D P1C0 mput/output select:on -
7“FWB_BI_(_337 ARG | 0 0A6H 3 -R/W e P1 B3 mput/output selectuon T
P1B_Bl6£ ] _FLAGii OOAEH‘Z R;V\; : P1BZ input/cutput selectnon T
| PIBBIOT |  FLG | 00A6H.1 | RW  PiBT inputoutput selection |
_;BBIOO :Mm. ELGii a (;}J;AGH 0 ) 7;3/§N | P1 BO input/output selectlon R
| PIABIO3 | FLG | OOATH3 | RW | PlA3inputioutput selection |
P1,&I§Ta2 7 o VV‘I‘:-LéﬁmM | OOA7ﬁ2 ) V“F{/{/\; B P1A2 |ﬁput/output selecnon -
[ PlaBIOr | RG | 0O0ATHA | RW | P1ATinputioutput selection .
_7’1ABiOO o _gi;l:G : 0 OX{H 0 B R/W e P1AO l-nput/output selectlon T
*E(T?AMA ] };LGiﬁy 6 OAEH 3 ‘F;l/\vN 7, o XRAM mterrupt enable flag -
‘I_PS-IBMM 7 ?LG 0 0AEH 2 ' Q#R}V—V» e SIO mterrupt enable flag ]
B PWTM CFLG 70v(_)AE-l 1 R/\;V“ B ‘Watch timer mterrupt enable flaé ]
P *—FLG 0. OAiEiHii)ﬂ N ﬁ?V;l | OINT mterrupt enable flag
[ PTM1 . FLG | OOAFH3 | RW | Timer1 interrupt enableflag
¥;TMO ] f:'LC; - 7076;F¥H i_giRNV Tnmer Ovmtel:rupt enable ﬂag o
mIF;_MEWW 7 ﬁFLG” 7 00AE§71 I R/W Timer 2 interrupt enable flag -
PENV. | FLG | OOAFHO | RW | TMONinterruptenablefiag
RTEIOENW 1 WF~LC; B 0. OBsH 3 7 7R/W 7 Tlmer 0 cou'n-t“enable flag T
B TMORES N FLGW’ 00—83}1 2 7 RNV T|mer0 reset flag T
7TTV|_E)CK1 o FLG o .C-)T(A)B3H.1 R/W Tumer 0 clock selectlon. -
[ Tvocko | FLG | 0.083HO | RW | TimerOclock selection |
| TMIEN | FIG | 00BaH3 | RW | Timer 1'cc§u5{'enabne flag o
TMIRES | FLG | 00B4H2 | RW Timer 1 reset flag S
B Luy27525 0071u43) 82T WA 77
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Table 18-2 Reserved Symbols (4/4)

Name Attribute Value R/W Description
TM1CK1 FLG 0.0B4H.1 R/W Timer 1 clock selection B -
_—“'I_'M?{CKE N FLG 0.0B4H. 0 ﬂ F;NV | VTlmer 1 clock selection N - |
ﬂﬁ'i’lr\;lagli\lu_m 1 FLG 7 0 OBSH 3 I %/W Tlr;wr 2 count enable ftag o ]
d—l\;;!MRES—Wr - FLva » OOBSH 2 7 R/;IV N Tlmer 2 reset flag S
__#ﬁéla A o !;LG‘ T 0 DBsil'iil T R/‘W’ V Tlmer 2 C|0Ck selectlon N o o
B TM;E;(VO T FLG 1 0 OBSH 0 R/W . Tlmer 2 clock selectlon o ]
7_'—;)5(‘.‘:16* 7 7 FLG 1 O OB7H 3 —RNV T Port oD lnput/output selection ) R
A—POEGIb S FLG_— 7 OOBfHﬁ 7 RNV e Port OC mput/output selecuon S
B POBa()‘_ 777777 o FLG e 0 0B7H. “I.“‘m 7R/W 7 Port 0B input/output selection - n
POAGIO FLG 0.0BTHO | RW |  Port0A inputioutput selection
| Raxmam | FLG | o.BeH. 0| RW | XRAMinterrupt requestfiag ]
hﬂlg(gg B FL(:EW?W » 0. OB>97HBW 7 R/\;\fn - Std |7nterrruptr request flag o ]
‘ROWT™M | FLG | O0OBAHO | RW | Watchtimerinterrupt requestflag
_IEE ﬁﬁﬁﬁﬁﬁ N 7F_LG ] 0 OBBHBW‘ ;R/W e INT mterruipitir_équ‘est flag I
M_l—F;_OT_MT i AELGNMH-WﬁbﬁOBCH 0 R/V\} - Tlmer 1 |nt;;r;1pt request ﬂag T
) 7@1:;\;6%“““ Fili.Gﬁikdw 0. 0801170 R/W B Tlrﬁ-ér 0 interrupt request flag ]
IRQTM2 - FT_G“ 0.0BIE;I.(; RNVAH T|mer-2‘ |r;terrupt request flag o
IRQENV FLG | WOMOBFH 0 ) ;RNV N TMO|N mterrupt‘r‘«;(r}iuest flag ]
DBF - IVD'ATi | OFl:Iu ~~~—-»—§M' - GET or HI;'—LVJ‘T"_l‘ﬁstructlon operana - ]
x| pAT | oM | RW | indexregister ]
SIOSFR B 6AT T 01:77”7"“" RNVﬁi SIO sh|ft reg|steAr_"W o B ]
*W'VI'RAO;V]AAA__‘ ~ DAT 702H T w Time 0 modu|or reglster ) ]
T‘WJE—“AM TS Vdn—()ﬁziljlﬁ“m__’i R 1 Tlmer 0 cou}xt reglster - o :
B NREI:WRAA 1 DAT 7 Woég-mA “R/W 7 VModqu reglster for settmg NRZ Iow Ievel p}?.J—
Wﬁir\jli—zg'?l\“/l_l‘\)l-"m 7 DA:fw e —O4H_ e RW 1 Modulo register for setting NRZ hlgh Ievel period
AR DAT | sH | VIAR/\-I;IVW  GET or PUT " instruction ¢ operand
[ Tmam | DAT | 4 | W | Timer 1 modulo register -
fTM71C4 ——————— ~ DAT | C4H TR ”T|mer1 couﬁt register o]
B _"I'—MZE I DAT-i 42 ) Mﬁ“ Tlmer 2 count reg;ster o . ]
XRjO«I\iIIiS;RT 7 DAT 7 43H~¥ - R/W VXRAM st;r; ;ddress settnng reglsterﬂ o ]
rw;(AMSTP I WDAf - 44H ] }\M o XRAM stop address detection reglste”r B o
78 B Luy2?525 0071432 76t HM
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NEC LPD17204
19. uPD17204 INSTRUCTION SET
19.1 OUTLINE OF INSTRUCTION SET
bis

bia-b
BiIN HEX
0000 0 ADD r,m ADD m, #i
0001 1 SUB r,m suB m, #i
0010 2 ADDC rm ADDC m, #i
0011 3 SUBC r,m SUBC m, #i
0100 4 AND r,m AND m, #i
0101 5 XOR r,m XOR m, #i
0110 6 OR r,m OR m, #i

INC AR

INC IX

MOVT DBF, @AR

BR @AR

CALL @AR

RET

RETSK

El

Di
0111 7 RETI

PUSH AR

POP AR

GET DBF, p

PUT o. DBF

PEEK WR, RA

POKE RA, WR

RORC r

STOP

HALT

NOP
1000 8 LD r,m ST m,r
1001 9 SKE m, #i SKGE m, #i
1010 A MOV @r, m MOV m, @r
1011 B SKNE m, #i SKLT m, #i
1100 c BR addr (Page 0) CALL addr (Page 0}
1101 D BR addr {Page 1) MOV m, #i
1110 E BR addr (Page 2) SKT m, #n
111 F BR addr (Page 3) SKF m, #n

I Lu42?525 0071433 LTS WA 7o
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19.2 LEGEND
M : Data memory address
m : Data memory address {excluding banks)
mH : Data memory row address
mL : Data memory column address
R : General register address
r : General register column address
RP : General register pointer
RF : Register file
rf : Register file address
rfu : Register file address (high-order 3 bits)
rf. : Register file address (low-order 3 bits)
AR : Address register
IX : Index register
IXE : Index enable flag
DBF : Data buffer
WR : Window register
MP : Data memory row address pointer
MPE : Memory pointer enable flag
PE : Peripheral register
p : Peripheral address
PH : Peripheral address (high-order 3 bits)
pL : Peripheral address (low-order 4 bits)
PC : Program memory counter
SP : Stack pointer
STACK : Stack value indicated by stack pointer
BANK : Bank register
(AR) rom : Data in program memory indicated by address register
INTEF : Interrupt enabie flag
i : Immediate data (4 bits)
n : Bit position {4 bits)
addr : Program memory address {11 bits)
CcY : Carry flag
CMP : Compare flag
S : Stop release condition
h : Halt release condition
{1 : Data memory or register address
() : Data memory or register value
" B Lu2?525 0071434y 539 HA
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19.3 INSTRUCTION SET
Instruc- Machine Code
tions Mnemonic| Operand Operation o
QP Code 3-bit 4-bit 4-bit
r,m (R), CY « (R)+(M) 00000 MH me ; r
ADD — - : i e S
m, #i (M), CY « (M)+i 10000 MA mL ! i
r,m (R), CYE(F()+(M)+(CY) | 00010 mH mL r
Addition ADDC - e
m, #i (M) CY « (M)+|+(CY) © 10010 mu mu i
AR (AR) «— (AR)+1 00111 000 1001 0000
INC e - e A B
IX (IX) « (IX)+1 00111 000 1000 0000 J
r,m (R}, CY « (R)-(M) 00001 mH mu r
SUB o — - —
Subtrac- m, #i (M), CY « {(M)-i 10001 mH mL i
tion - - EE— - e —
r.m (R}, CY « {R)~ (M) (Cv) { 00011 | mu me r
SUBC [ —p————— e : - e — ]
m, #i (M), CY - (M) i- (CY) 1001 mH mL i
I . o S R
SKE m, # | (M-, sklp |f 2670 | 01001 mw mu s
- R ——e b o
SKGE m, #i (M)—i, skip |f not borrow 111001 mw mL i
Com- s Mt e e Hom s o e 7‘—-" i R
parison SKLT m, #i (M)—|, sklp |f borrow ;11011 mH mu i
SKNE m, #i (M)—l sklp lf not zero 01011 “mu me i
m, #i (M) « (M) AND i 10100 mu mL i
AND [——- - — - -
r,m (R) « (R) AND (M) 00100 mu mL r
Logical m, #i (M) « (M) OR i 10110 mu mu i
operation OR A B
r,m (R} « (R) OR (M) 00110 mH mu r
m, #i (M) « (M) XOR i 10101 mu mL i
XOR - i B
r, m (R) « (R) XOR (M) 00101 mr mL r
LD r, m (R) — (M) 01000 mu mi r
ST m,r (M) « (R) 11000 ms mu r
if MPE=1, [(MP), (R)] «— (M)
@r, m if MPE=0, [{mn), (R)] <~ (M) 01010 mH mL r
MOV m, @r if MPE=1, (M) « [{MP), (R)] 11010 - mL '
if MPE=0, (M) « [{mu)}, (R})]
m, #i M(-—I 11101 mu me i
DBF, SP «— (SP) 1 STACK — PC
Transfer MOVT @AR DBF « (AR)rom, 00111 i 000 0001 0000
PC « STACK, SP « (SP)+1 |
PUSH AR (SP) « {SP)-1, (STACK) «— (AR} 00111 000 1101 | 0000
POP AR AR « (STACK) (SP) “« (SP)+1 00111 } 000 1100 | 0000
PEEK WR RA (WR) - (RF) 00111 } rfu 0011 ; l'fL
POKE | RA, WR (RF)  (WR) 00111 | rfn 0010 e
|
AR R I - |
GET DBF, P (DBF) « (PE) 00111 | pu 1011 pL
PUT p, DBF | (PE) — (DBF) o0t p 1010 | p
L
BN Lu27?525 0071435 475 IN 81
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(cont’d)
- Machine Code
'f's"”c Mnemonic | Operand Operation e B
tions OP Code | 3-bit 4-bit 4-bit
MP
SKT m, #n Ski i;_Mo—aII"T' 11110 mm mu n
Judg- _ p i W= o
ment CMP « 0
SKF m, #n skip if Ma=all”0" 11110 mH mL n
PC « addr, PAGE « 00 01100 aH am a
PC  addr, PAGE « 01 01101 an am a
addr e e s B e e
Branch BR PC « addr, PAGE « 10 01110 an am aL
PC  addr, PAGE«< 11 | 011M1 ai | am | a
@AR PC « AR 00111 000 0100 0000
Shift RORC r P CY)5REB) 3R SRV R0 0011 000 0111 r
SP « (SP)-1,
addr STACK « ({PC)+1), 11100 aH am aL
PC « ADDR, PAGE « 00
CALL —
SP « (SP)-1
@AR STACK « ((PC)+1), 00111 000 0101 0000
PC « (AR)
Sub- RET PC « (STACK), SP « (SP)+1 00111 000 1110 0000
routine e e
. PC « (STACK), SP « {SP)+1
RETSK and skip 00111 001 1110 0000
RETI PC « (STACK), SP « (SP)+1 00111 100 1110 0000
El INTEF « 1 00111 000 1111 0000
Interrupt ——— - ST [ A — i A
DI INTEF « 0 00111 001 1111 0000
STOP 8H STOP 00111 010 1111 1000
Others HALT h HALT 00111 011 1111 h
NOP No operation 00111 100 1111 0000
" M Eu427525 0071436 301 WA
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20. APPLICATION CIRCUIT EXAMPLE

Voo & o 5
r o lpo b bl CIC 5
—_F ¥ S 0 O _;J
wjw|® ® 3 o p !
B333030 2 3 o
o7 7
OTETHTaIRTEIAT = = =2 =2 o 2 .
LED indicator ZLO4R é 8‘ g R S )
& 220Q * 5 1
o kg PODz,
b= POD1>
100#': 47 Q  Vxaam ;E.l[ PODo,
L INEYY i 5 - POCs
. s  POCz,
— 5 ~ Bal 2 -
7k v o Y] — pac:
—i——§| = 34 >
7 GNDo Xout © GND«
1 o B3———
RESET, - E5POCo
FARN XTEIQ o e L0Bs - D-O—H—O—O—
IN "
i & Bg20E2 SO DD
XTour i T RS .
VReG 12 E‘ POBo OO ¢ C; <J O
—3 b7e P04 & & &b O
GNDs m ©r O <> (; () O
o T
% DD
O A~ 7 \r A ZA " "4
Vob c
=

64-key matrix

100 pF 4.7 kQ
33 kQ

The application circuits and their parameters are for references only and are not intended for use in actual
design-in’s.
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21. ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Ta = 256°C})

ltem Symbol Condition Rating Unit
Supply Voltage Voo —-0.3t0 +7.0 \
input Voltage Vi -0.3to Voo + 0.3 \'4
Operating Temperature Topt —-20 to +75 °C
Storage Temperature Tag -40 to +125 °C
lom Peak value -30.0 mA
REM pin
lonz Effective value -20.0 mA
lona 1 pin Peak value -7.5 mA
High-level Output Current for REM oi -
lons {except for pin) Effective value -5.0 mA
lows Total of all pins Peak value -225 mA
lows | except for REM pin | econtive value -15.0 mA
fou Peak value 75 mA
1 pin
lowz Effective value 5.0 mA
Low-Level Output Current
lots Peak value 300 mA
Total of all pins
lota Effective value 20.0 mA
CAPACITANCE (Ta = 25°C, Voo = 0V)
Item Symbol : Condition MIN. TYP. MAX. Unit
Cin INT and RESET pins 10 pF
Input Capacitance
Cein Otehr than INT and RESET pins 10 pF
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NEC uPD17204

RECOMMENDED OPERATING RANGE (Ta = -20 to +75°C)

Item Symbol Condition MIN. TYP. MAX, Unit
Voo1 System clock fx = 4 MHz 2.2 3.0 5.5 v
Supply Volitage Vob2 System clock fx = 8 MHz 45 5.0 5.5 \Y
Vb3 System clock fxr = 32kHz 2.0 3.0 5.5 \'
Main Clock Oscillation Frequency fx 1.0 4.0 8.0 MHz
Subclock Oscillation Frequency fxr 32.768 kHz
fx vs Voo
(MHz)
10
9
8 /
7 /
6
5
T4
Q
0
Q
£ 3
]
% Operation guaranted area
=
& 2
=
1
2.2 4.5 55
0.5 =& ‘ . L
0 2 3 4 5 6 (V)

Supply voltage: Voo
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NEC

1uPD17204

MAIN SYSTEM CLOCK OSCILLATOR CHARACTERISTICS (Ta = -20 to +75°C, Voo = 2.2 to 5.5V)

Resonator Recomended Constants Item Conditions MIN. TYP. MAX. Unit
Oscillation 10 4.0 8.0 MHz
frequency (fx) *1
Ceramic
Osclilator *3 _— From when Voo
Oscillation o
e . reaches the minimum 4 ms
stabilization time *2 P
oscillation voltage
Oscillation
1.0 4. 8.0 MH
frequency (fx} *1 0 2
Crystal
Oscillator *3 e Voo=45t0 60V 10 ms
Oscillation
stabilization time *2 a0 ma

*1 : The oscillation frequency is indicated onlyto express the oscillator characteristics. Refer to the AC

characteristics for instruction execution time.

2 : The oscillation stabilization time is the time required for stabilizing the oscillation after Voo is

applied or the STOP mode is released.
3: The recommended oscillators are shown in the table described later.

SUBSYSTEM CLOCK OSCILLATOR CHARACTERISTICS (Ta = -20 to +75°C, Voo = 2.0 to 5.5V)

Resonator Recomended Constants Item Conditions MIN. TYP. MAX. Unit
Oscillation 32.768 kHz
frequency (fxt)

Crystal

Oscillator Oscillation 10 s
stabilization time

Note : When using the main system clock and the subsystem clock generators, in order to avoid wiring

capacitance effects, the foliowing notations must be read and observed for wiring within the

shaded area in the table:

« Wiring length must be minimized.

+ Do not cross with other signal lines. Do not wire close to a large current line.

«+ Capacitors used in the oscillators must always be grounded to GND potential level. Never

ground the grounding pattern having a large current flow.

» Do not take the signal directly out of the oscillator.

In order to reduce the power consumptian, the subsystem clock oscillator employs a low amplification
factor circuit. Because of this, the subsystem clock oscillator is more sensitive to noise than the main system

clock oscillator. Therefore, when using the subsystem clock, wiring must be carefully planned.
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NEC uPD17204
RECOMMENDED OSCILLATORS
Main system clock: ceramic oscillator
External Oscillation
Capacitance Voltage Range
Manufacturer Part Name (pF) (V) Remarks
Cc1 c2 MIN. MAX.
CSA3.58MG 30 30 2.0 6.0
CSA4.00MG 30 30 2.0 6.0
CSA4.19MG 30 30 2.0 6.0
MURATA Mfg. CST3.58MGW Not Not 2.0 6.0
required | required
Not Not .
CST4.00MGW required | required 2.0 6.0 f C contained type
Not Not
CST4.19MGW required | required 2.0 6.0
KBR3.58MS 33 33 2.0 6.0
KYOCERA KBR4.0MS 33 33 2.0 6.0
KBR4.19MS 33 33 2.0 6.0
TOKO CRHF4.00 18 18 2.0 6.0
DAISHINKU PRS0400BCSAN 39 33 20 6.0
Main system clock: crystal oscillator
External Oscillation
Capacitance Voitage Range
Manufacturer Frequency Holder {pF} V) Remarks
(MHz) i TERRR :
c1 C2 MIN. MAX.
KINSEKI 4.0 HC-49U-S 22 22 20 6.0
Oscillator Circuit
Xin Xour |

el

L

c2
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NEC uPD17204

DC CHARACTERISTICS
{Vop = 3V, Ta = =20 to +75°C, fx = 4 MHz, fxr = 32 kHz)

Item Symbol Condition MIN. | TYP. |MAX. | Unit
RESET and INT pi 24 3.0

High-Level Vi an pins A

Input Voltage | vy, Other than RESET and INT pins 2.1 3.0 v
Vi RESET and INT pins 0 0.6 v

Low-Level Input :

Voltage Vie Other than RESET and INT pins 0 09 v
lim INT Vih=30V 0.2 HA
linz TMCIN V=30V 0.2 HA

High-Level RESET Vin = \; 0.2

Input Current hra =30 HA
lina POA-POD V=30V 0.2 HA
lins P1A-P1C Vih=3.0V 0.2 pA
lwa INT V=0V -0.2 UA
I TMOIN V=0V 0.2 HA
hia Vi = 0 V {pull-up resistor is not incorporated) -0.2 uA

RESET .
liLa ViL = 0 V {pull-up resistor is incorporated) -30 -60 -120 pA

Low-Level Input | | ViL = 0 V (pull-up resistor is not incorporated) -0.2 HA

Current POA,POB
liLs ViL = 0 V {pull-up resistor is incorporated) -8 -16  -30 HA
%] PoC,POD V=0V -0.2 HA
lns Vi = 0 V (pull-up resistor is not incorporated) -0.2 UA

P1A-P1C
tie Ve = 0 V (pull-up resistor is incorporated) -30 60 -120 uA
lox1 POA,POB Vou =27V -06 | -2.0 | -40 mA
lon2 P1C Vou=27V 0.6 | -2.0 | -4.0 mA

High-Level loka REM Von = 1.0 V 7.0 |-15.0 {-25.0 | mA

Output Current
loHa LED Von=27V 03 { -10 | -2.0 mA
lons CMPOUT Von =27V 03 | -1.0 | -20 mA
loL POA,POB, PIC| Von =03V 0.5 156 25 mA
lowz POC,POD,P1B | Vou = 0.3V 05 15 25 mA
lows REM Vou=03V 05 15 25 mA

Low-Level |

Output Current | |5, LED Vou=03V 05 | 15 | 25 | mA
lous CMPOUT VoL =03V 0.5 15 25 mA
lots P1A VoL=0.3V 15 45 75 mA

Vrer Output Vaee | C=0.1uF, R =82kQ 08 | 11 |16 | V

Voltage

*: The specifications of the main STOP mode {sub mounting) are the same as those of the sub HALT mode
{main oscillation stops).
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NEC pPD17204

Cont'd
ltem Symbol Condition MIN. | TYP. |MAX. | Unit

lops Operation mode | Bothe XT and X oscillate. 05 1.0 20 mA
Iop1 Only XT oscillates. 15 30 HA

Supply Current
Ibba HALT mode Both XT and X oscillates. 2.0 mA
IpD4s Only XT oscillate 7 15 HA

XRAM Golding

Voltage Vxram 1.3 3.0 5.5 Vv
Ixram1 | Operation mode, VXRAM =3 V 3.0 5.0 7.0 UA

XRAM Supply

Current Ixaamz | HALT mode, VXRAM = 3 V, Ta = 26°C 0.2 1.0 uA

OPERATIONAL AMPLIFIER/COMPARATOR CHARACTERISTICS
(Voo = 3V, Ta = -20 to +75°C, fx = 4 MHz, fxr = 32 kHz)

ltem Symbol ' Condition MIN. | TYP. |MAX. | Unit

Unity Gain

Frequency of
Operational 0.5 1.0 5 MHz

Amplifier

Input Offset
Voltagq of 20 iy
Operational
Smplifier

Same Phase Input
Voltage Range of

Operational 0.3 27 \
Amplifier

Output Voltage
Range of

Operational 0.1 2.9 \2
Amplifier

Operational
Amplifier 1 Vius
Through Rate

Input Offset
Voltage of 40 60 80 mV
Comparator

Same Phase
Input Voltage

Range of 0 3.0 v
Comparator

Minimum
Qutput Pulse

Width of 3 4 5
Comparator
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1PD17204

22. PACKAGE DRAWINGS

52 PIN PLASTIC QFP ([114)

A

JAARRRLARARA

- 1) detail of lead end
o . .
1T T
- F T T
s - - == o |o
- - - - »
X -
- T } t
1] - e} o
] O ! M
L A—e= | 24 o
s H
K
|
a.
1
- = L- =
Ol N
L
$52GC-100-3BH-1
NOTE [iTEM| MILLIMETERS INCHES
Each lead centerline is located within 0.20
mm (0.008 inch) of its true position (T.P.) at A 17.2+0.4 0.677+0.016
maximum material condition. B 14.0£0.2 0.551:31333
c 14.0%0.2 0.5518-308
D 17.2x0.4 0.677+0.016
F 1.0 0.039
G 1.0 0.039
H 0.40+0.10 0.01673:5%%
| 0.20 0.008
J 1.0 (T.P.) 0.039 (T.P.}
K 1.6+0.2 0.063x0.008
L 0.8+0.2 0.031:3:3%8
M 0.1573% 0.006"5.383
N 0.12 0.005
P 2.7 0.106
Q 0.1x0.1 0.004x0.004
S 3.0 MAX. 0.119 MAX.
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NEC 1uPD17204

52-PIN CERAMIC QFP (14 sq.) (for ES) {UNIT: mm)

14.0
| 39 27 4
s P ! Je——
—] ——
— ——
—] —
— —
—] — o
- - <
— —
— —
—] —
— ——
—.. | —
o t—=== R —
= ] } 1o
AR REREGRAR
il
] -
1.0 0.4
A
|
o~
o~
[Tel
™
o

Note : The lead length is not
rated because of the lead
tip cutting process.

X52B-1008
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NEC 1PD17204

23. RECOMMENDED SOLDERING CONDITIONS
When mounting the uPD 17204 by soldering, soldering should be performed under the fallowing recommended
conditions.

For other soldering methods, please consult with NEC sales personnel.

Table 23-1 Soldering Conditions

Recommended Solderin
Conditions 9 Soldering Conditions
Method
Reference Code
IR30-162 Infrared reflow Package peak temperature: 230°C,

Time: 30 seconds max. (210°C min.},
Number of soldering operations: 1,
Maximum number of days*: 2 days (beyond this period, 16 hours
of pre-baking is required at 125°C)
VP15-162 VPS Package peak temperature: 215°C,
Time: 40 seconds max. (200°C min.),
Number of soldering operations: 1,
Maximum number of days*: 2 days (beyond this period, 16 hours
of pre-baking is required at 125°C)

WS60-162 Wave soldering Solder bath temperature: 260°C max.,
Time: 10 seconds max.
Number of soldering operations: 1,
Maximum number of days*: 2 days (beyond this period, 16 hours
of pre-baking is required at 125°C)
Pre-heatingtemperature: 120°C max. (package surfacetemperature)

- Pinpartial heating | Pin temperature: 300°C max.,
Timer: 3 seconds max.{per lead)

* . Number of days after unpacking the dry pack. Storage conditions are 25°C and 65%RH max.

Note : Do not use different soldering methods together (however, pin partial heating can be performed
with other soldering methods).

Remarks : For details on recommended soldering conditions refer to the information document “Surface
mount device mounting manual” (IEI-616).
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1/PD17204

APPENDIX A. LIST OF MICROCONTROLLERS FOR LEARNING REMOTE CONTROLLER

Item

Product Name

uPD17203A uPD17P203A uPD17P204

8K bytes (4096 x 16) 16K bytes (7936 x 16)

ROM Capacity

Stack

{Mask ROM} (One-time PROM) (Mask ROM) {One-time PROM)
RAM Capacity 336 x 4 bits
Static RAM Capacity 4096 x 4 bits 2048 x 4 bits
Infrared Remote Controller Provided
Carrier Generator Circuit rovide
Infrared Remote Controller .
X .. Provided
Receive Preamplifier
1/0 Port 28
External Interrupt (INT) 1
. 8-bit timer: 3 channels
Timer Four channels i
Watch timer: 1 channel
Watchdog Timer Provided (WDOUT output)
Serial Interface 1 channel
5 levels 7 levels

(up to 3 levels for multiplexed interrupt)

{up to 3 levels for multiplexed interrupt)

Standby Function

STOP mode, HALT mode

4 us : @4MH2

(Voo = 2.2t0 5.5 V)

(Voo =291t055V*) | (Voo=221055V) | (Voo =2.9105.5V*)

Instruction Main
Execution Time |System Clock
{Operation

Voltage) Sub

Ta = -20 to +75°C |System Clock

488 us : @32.768 kHz (Voo = 2.0 to 5.6 V)

Package

52-pin plastic QFP

*: The operating voltage range varies with the operating temperature range. For details, refer to 21.

Electrical Characteristics.
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NEC uPD17204
APPENDIX B DEVELOPMENT TOOLS
The following tools are available for uPD17204 program development.
Hardware
Name Qutline Order Code
1E-17K is an in-circuit emulator commonly usable for
the 17K Series.
To develop a uPD17204 program, use 1E-17K with
L system evaluation board (SE board).
In-Circuit . . . IE-17K
Emulat |IE-17K is a tool operating on the RAM base. Simply IE-17K-ET*
mulator connecting a console to IE-17K enables prompt addition
and modification of the program on the console.
in addition, support software SIMPLEHOST™ offers
program development environments of higher level.
SE-17204 is a system evaluation board. This board can
SE Board be used by itself or together with IE-17K. SE-17204
Emulation Probe EP-17203GC is a probe used to connect the SE-17204 EP-17203GC
and target system.
Conversion Used in combination with the emulation probe to EV-9200G-52

Socket

connect the target system.

One-Time PROM

uPD17P204 is a one-time PROM (OTP) for uPD17204
program evaluation and small-scale production of
uPD17204 system.

uPD17P204GC-001-3BH
#PD17P204GC-002-3BH
©PD17P204GC-003-3BH

*: Low-price model : external power supply type

Software
Name Outline Host Machine 0s Supply Media| Order Name

AS17K is an M "
assembler commonly | o ganq M\S/e[r)gs1T0 5°2HD HSEA10AS17K

17K Series g:?itg: ;gZUaczlls”#o Series ( to }

ﬁf;(:;’\'(t;ler develop a uPD17204 Ver.3.30C 3.5"2HD | uSH5A13AS17K
program, use this
AS17K with a device PC DOS™ “
file (AS17204). IBM PC/AT™ | (vera.1) §"2HC | uS7B10ASI7K
AS17204 is a MS-DOS 5"2HD USBAT0AS17204
p#PD17204 dedicated 'PC-9800 V;er 310

Device File e e oo i | Series [ to ] 35"2HD |uS5A13AS17204
ile with the 5" it 17

(AS17204) assembler (AS17K) Ver.3.30C
common to all 17K PC DOS .
Series products. IBM PC/AT (Ver.3.1) 5*2HC uS7B10AS17204
SIMPLEHOST is 5"2HD | uSSAT0IETTK
software that ) PC-9800

Support petrfarms malt:;slne Series MS-DOS |ms WINDOWS

Software \nterface on Vis- Ver.2.1 35"2HD | uS5A13IET1TK
WINDOWS™ when

{SIMPLEHOST) to
|E-17K and a personal Ver.3.0
computer are used to e .
develop a program. IBM PC/AT PCDOS 5"2HC uSTB10IE17K
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