HOLTEK

HT9480

8-Bit Numerical Pager Controller MCU

Features

* Operating voltage: 2.4V~3.3V
* Low power crystal oscillator control

- 512, 1200, or 2400 bps data rate operation
* Decodes CCIR Radio-paging Code No.1 (POCSAG
Code)

* 2-bitrandom and optional 4-bit burst error correction
* Improved synchronization algorithm

* Supports up to 6 independently programmable user
addresses and 6 user frames

* Three RF power on timing control pins

* Single crystal for all available baud rate (76.8kHz
crystal)

» Battery low indication (external detector)

* Battery fail interrupt and data ready interrupt

* 8Kx16 program ROM

* 416x8 data RAM

* 35x4 LCD display

General Description

The HT9480 is a high performance pager controller. The
built-in single cycle instructions (16-bit wide) and
two-stage pipeline architecture of the HT9480 account
for its high performance. The controller contains a full

e 7 input lines and 10 bidirectional I/O lines
¢ 8-bit programmable timer for RTC interrupt

* 8-bit programmable timer/event counter and over-
flow interrupt

¢ 8-bit programmable tone generator with buzzer out-
put
* Watchdog Timer

e HALT function and wake-up feature reduce power
consumption

* 63 powerful instructions, most instructions in one
machine cycle

¢ Eight-level subroutine nesting
¢ Table read instruction

* Inverted or non-inverted input signal selection for de-
coder input

¢ 80-pin LQFP(12x12) package

function pager decoder (POCSAG code) at 512, 1200,
or 2400 bits per second data rate and an LCD display
driver with a 35x4 dot output.
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Block Diagram
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Note: *: Assume X1, X2 uses a 76.8kHz crystal
**: DF (Double Frequency) means X1 input clock frequency will be doubled. If the double
frequency mask option is selected, the double frequency function will be activated.
The FOUT frequency is 153.6kHz in this case.
*** TMRO is derived from fx1/1024, fx1 is the X1 input clock frequency.
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Pin Assignment
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Pin Description
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Pin No Pin Name 110 Function
- _ 7-bit input ports, with pull-high resistors

43~49 PAO~PAG ! Each bit can be configured as a wake-up input by mask option.
Bidirectional 8-bit input/output ports, pull-high mask option

54~61 PBO~PB7 I/0 | The output structures, whether tri-state or CMOS, are determined by soft-
ware instructions.
Bidirectional 2-bit input/output ports, pull-high mask option

62~63 PCO~PC1 /0 | The output structures, whether tri-state or CMOS, are determined by soft-
ware instructions.

1,42, VSS Negative power supply, ground

52, 64 — 9 p pply, g

76 X1 I | X1 and X2 are connected to an external crystal to form an internal low

77 X2 O | power oscillator clock.
OSC1 and OSC2 are connected to an RC network or a crystal (determined

40 0OSC1 | . . )

41 0SC2 o by mask option) to form the system clock oscillator. For RC operation,
OSC2 is the output terminal of the system clock.

53 RES || Schmitt trigger reset input, active low

68 BAF | | Battery fail interrupt with debounce circuit input

50 TMRA1 || Schmitt trigger input for timer/event counter

2‘739’ 51 VDD — | Positive power supply

65 B7 0 Buzzer non-inverting BZ output
The BZ pin outputs "high” at buzzer off (by setting the value 00H of 1DH)

3~34 SEG31~SEGO0 .

78~80 SEG34~SEG32 O | LCD driver outputs for LCD panel segments
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Pin No Pin Name 110 Function
35~38 COM3~COMO O | Outputs for LCD panel common connections
66 TSC | MCU test mode input pin, active low with pull-high resistor
75 TS | | Decoder test mode input pin, active low with a pull-high resistor
69 BAL | | Battery low indication input, active high without pull-high resistor
70 DI | POCSAG code inpyt serigl data (invgrting or non-inverting as determined
by SPF32). CMOS input without pull-high resistor
71 BS1 O | Pager receiver power control enable output, CMOS output
72 BS2 O | RF dc level adjustment pin, CMOS output
73 BS3 O | PLL control pin, CMOS output

Frequency reference output pin
74 FOUT O | The FOUT output pin produces a 76.8kHz/153.6kHz signal with a 1/2 duty
cycle reference frequency if a 76.8kHz crystal is used.

Absolute Maximum Ratings

Supply Voltage ...........cccceiiiiiiiciie, -0.3V to 5.5V Storage Temperature...........ccccoeeeveenens -50°C to 125°C
Input Voltage........ccccceeveeneenneens Vgs—0.3V to Vpp+0.3V Operating Temperature.............cccccoevene.. -25°C to 85°C
Note: These are stress ratings only. Stresses exceeding the range specified under "Absolute Maximum Ratings” may

cause substantial damage to the device. Functional operation of this device at other conditions beyond those
listed in the specification is not implied and prolonged exposure to extreme conditions may affect device reliabil-

ity.
D.C. Characteristics Ta=25°C

Test Conditions

Symbol Parameter Min. | Typ. | Max. | Unit

Vbp Conditions

Vbp Operating Voltage — | 3V application 24 3.0 3.3 \Y

Ibp Operating Current 3V | Noload, fsys=153.6kHz | — 300 — pA
No load, System HALT

| ’ — —

STB1 Standby Current 1 3V (Watchdog ON) 200 pA
No load, System HALT

| ’ _ _

STB2 Standby Current 2 3V (Watchdog OFF) 1 pA

Vi Input Low Voltage for Input Port and I1/0 3V o 0 . 1 Vv

Port
Vil Input High Voltage for Input Port and I/0 3V o 24 . 3 Vv
Port

Vi Input Low Voltage (RES,TMR1,BAL) 3V — 0 — 1 \

Vin1 Input High Voltage (RES,TMR1,BAL) | 3V — 24 — 3 \

VL2 Input Low Voltage (BAF) 3V — 0 — 0.9 \

ViH2 Input High Voltage (BAF) 3V — 1.3 — 3 \

loL 1/0 Port Sink Current 3V | Vo =0.3V 1.7 3.4 — mA

lon 1/0 Port Source Current 3V | Vou=2.7V -1 -1.9 — mA

loL Segment 0-34 Output Sink Current 3V | Vo =0.3V 20 44 — pA

loH Segment 0-34 Output Source Current | 3V | Vou=2.7V -20 -38 — pA
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Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vbp Conditions
loL BZ, Sink Current 3V | Vo =0.3V 1 25 — mA
loH BZ, Source Current 3V | Vou=2.7V -1 -2 — mA
loL PCO~PC1 Sink Current 3V | Vo =0.3V 1.7 3.4 — mA
lon agg;%%:ioiource Current if Pull-high 3V | Vor=2.7V 1 19 . mA
loL BS1, BS2, BS3, FOUT Sink Current 3V | Vo =0.3V 350 — pA
lon BS1, BS2, BS3, FOUT Source Current | 3V | Vou=2.7V -0.9 — mA
RphH Pull-high 1/0O Port Resistance 3V — 100 200 500 kQ
A.C. Characteristics Ta=25°C

Test Conditions
Symbol Parameter Min. Typ. Max. Unit
Vbp Conditions

fsys1 System Clock (RC OSC) 3V — 76.8 256 1000 kHz
fsys2 System Clock (Crystal OSC) 3V 76.8 256 1000 kHz
fsussys Pager Subsystem Clock (Crystal OSC) | 3V — 32.768 76.8 153.6 kHz
friMer Timer I/P Frequency (TMR1) 3V — 0 — 1000 kHz
trES External Reset Low Pulse Width — — 1 — — us
tNT Interrupt Pulse Width — — 1 — — us

Note: tsys= 1 /fsys
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Functional Description
Execution flow

The HT9480 system clock can be derived from either a
crystal or an RC oscillator. It is internally divided into four
non-overlapping clocks denoted by P1, P2, P3, and P4.
Each instruction cycle consists of T1 to T4.

Instruction fetching and execution are pipelined in such
a way that a fetch takes an instruction cycle while de-
coding and execution take the next instruction cycle.
The pipelining scheme causes each instruction to effec-
tively execute within a cycle. If an instruction changes
the content of the program counter two cycles are re-
quired to complete the instruction.

Program counter — PC

The program counter (PC) is 13-bit wide and controls
the program ROM instruction sequence execution. The
contents of the PC can specify a of maximum 8192 ad-
dresses.

The PC value is incremented by one after a program

T

T T2 T3 T4
System Clock /" \_/ \/ ./ ./ ./ ./ /S S\

0SC2 (RC only) \

T2

N\

memory word is accessed in order to fetch an instruction
code. The PC then points to a memory word with the
next instruction code.

The PC loads the address corresponding to each in-
struction and then manipulates program transfer while
executing a jump instruction, conditional skip execution,
loading a PCL, a register, a subroutine call, an initial re-
set, an internal interrupt, an external interrupt, or return-
ing from a subroutine.

The conditional skip is activated by instructions. Once
the condition is satisfied, the next instruction, fetched
during the current instruction execution, is discarded,
and a dummy cycle is replaced to get a proper instruc-
tion. Otherwise it proceeds with the following instruction.

The low byte of the PC (PCL) is a readable and writable
register (06H). Moving data into the PCL performs a
short jump. The destination is within 256 locations.

If a control transfer takes place, an additional dummy
cycle is required.

T3 T4 T T2 T3 T4

N\

PC

PC<

PC+1 PC+2

Fetch INST (PC)

Execute INST (PC-1)

Fetch INST (PC+1)

Execute INST (PC)

Fetch INST (PC+2)

Execute INST (PC+1)

Execution flow

Program Counter
Mode

2 | *11 "0 | *9 | *8 | *T | *6 | *5 | *4 | *3 | *2 | "1 *0
Initial Reset 0 0 0 0 0 0 0 0 0 0 0 0 0
Data Ready Interrupt and 0 0 0 0 0 0 0 0 0 0 1 0 0
Battery Fail Interrupt
Programmable Timer Interrupt 0 0 0 0 0 0 0 0 0 1 0 0 0
Timer/event Counter Interrupt 0 0 0 0 0 0 0 0 0 1 1 0 0
Skip PC+2
Loading PCL M2 |1 "0 | 9 | 8 | @7 | @6 @5 @4 | @3 @2 | @1 | @O
Jump, Call Branch #12 | #11 | #10 | #9 | #8 | #7 | #6 | #5 | #4 | #3 | #2 | #1 | #0
Return from Subroutine S12|S11|S10| S9 | S8 | S7 | S6 | S5 | S4 | S3 | 82 | S1 | SO

Program counter

Note: *12~*0: Program counter bits

#12~#0: Instruction code bits

S12~S0: Stack register bits
@7~@0: PCL bits
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Program memory - ROM

The program memory (ROM) is used to store the pro-
gram instructions that are to be executed. It consists of
data, table(s), and interrupt entries, and is organized
into 8192x16 bits, which are addressed by the PC and ta-
ble pointer.

Certain locations in the ROM are reserved for specific
usage:

Location 0000H

Location 0000H is reserved for program initialization.
The program always begins execution at this location
each time the chip is reset.

Location 0004H

Location 0004H is reserved for the data ready inter-
rupt and battery fail interrupt service programs. If an
interrupt results from a pager decoder interrupt re-
quest or from a battery fail interrupt request, and the
interrupt is enabled, and the stack is not full, the pro-
gram begins execution at location 0004H. The occur-
rence of a data ready interrupt or a battery fail interrupt
is detected by checking the battery fail interrupt bit
(1EH-bit 4, BF flag) and the data ready interrupt bit
(1EH-bit 7, DR flag). The interrupt should be carefully
processed if both interrupt bits are active.

Location 0008H
Location 0008H is reserved for the programmable
timer interrupt service program. If an interrupt results

000H
Device initialization program
00:4H Data ready interrupt & battery
fail interrupt subroutine
008H
Programmable timer interrupt subroutine
00CH
Timer/event counter interrupt subroutine Program
: ROM
010H
1FFFH

16 bits

Program memory

from a programmable timer interrupt request (its
source is from 256Hz divided by N, where the value of
N ranges from 1 to 256.), and the interrupt is enabled,
and the stack is not full, the program begins execution
at location 0008H.

Location 000CH

Location 000CH is reserved for the timer/event counter
interrupt service program. If a timer interrupt results from
a timer/event counter overflow, and the interrupt is en-
abled, and the stack is not full, the program begins exe-
cution at location 000CH.

Look-up tables XX00H~XXFFH

The ROM is composed of 32 groups (each group con-
tains 256 continuous words) which can be used as
look up tables. The instructions "TABRDC [m]"” (the
current table) and "TABRDL [m]” (the last table) trans-
fer the contents of the low-order byte to the specified
data memory, and the contents of the high-order byte
to TBLH (Table High-order Byte Register) (08H). Only
the destination of the low-order byte in the table is
well-defined, the other bits of the table word are all
transferred to the low portion of TBLH. TBLH is read
only while the table pointer (TBLP) is a read-
able/writable register (07H) used to indicate the table
location. Before accessing the table, the location
should be placed in TBLP. All of the table related in-
structions require 2 cycles to complete the operation.
This feature is efficient only for the movement of the
blocks, which may function as look-up tables or as a
normal program memory depending upon the require-
ments.

Stack register - STACK

The stack register is a special memory port used to save
the contents of the PC. It is divided into 8 levels. The
stack register is neither part of the data nor part of the
program, and is neither readable nor writable. The acti-
vated level of the stack register is indexed by the stack
pointer (SP), and is neither readable nor writable. At the
commencement of a subroutine call or an interrupt ac-
knowledge, the contents of the PC is pushed onto the
stack. At the end of the subroutine or the interrupt rou-
tine, as signaled by a return instruction (RET or RETI),
the content s of the PC is restored to its previous value
from the stack. After a chip reset, the SP will point to the
top of the stack.

Table Location
Instruction(s)
*2 | *11 | *10 *9 *8 *7 *6 *5 *4 *3 *2 *1 *0
TABRDC [m] P12 | P11 | P10 | P9 P8 | @7 | @ | @5 | @4 | @3 | @2 | @1 | @O
TABRDL [m] 1 1 1 1 1 @7 | @ | @ @ | @3 | @2 | @1 | @O

Note: *12~*0: Table location bits

@7~@Q0: Table pointer bits

P12~P8: Current program counter bits
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If the stack is full and a non-masked interrupt occurs, the
interrupt request flag is recorded but acknowledging is
inhibited until the value of the SP is decremented (by
RET or RETI), allowing that interrupt to be serviced. As
this feature can prevent a stack overflow, the use of the
structure becomes much easier. In a similar case, if the
stack is full, and a "CALL" is subsequently executed, a
stack overflow occurs and the first entry is lost (only the
most recent eight return addresses are stored).

Data memory - RAM

The data memory (RAM) is designed in three banks, i.e.,
bank 0, bank 1, and bank 27, and comprised of four
functional groups, namely special function registers (of
22x8 bits; 1x4 bit; 1x2 bit in bank0), data memory (of
416x8 bits; 224x8 in bank 0; 192x8 in bank 1), LCD dis-
play mapping memory (of 35x4 bits), and decoder con-
figuration RAM mapping memory (of 21x8 bits). Most of
the these groups are readable/writable but some are
read only.

00H IARO 00H
01H MPO
02H IAR1
03H MP1
04H BP
05H ACC
06H PCL
07H TBLP
08H TBLH
09H WDTS
0AH STATUS
0BH INTC
OCH
ODH TMRO
OEH TMRCO
OFH
10H TMRA1
11H TMRC1
12H PA
13H
14H PB
15H PBC
16H | Ppc
17H | Pcc
18H
19H
1AH
1BH
1CH
1DH Tone control
1EH Decoder control / flag
1FH Decoder data
20H
Global DATA
Memory
(32 Bytes)
SFH 3FH
40H Decoder configuration 40H
Memory (21 Bytes) 54H
neral I neral pur
o pupose s tioong A i e S i i
(192 Bytes) (192 Bytes) Mapping
(35 X 4 Bits) E2H
FFH
FFH
BANKO BANK1 BANK27
I:I : Unused, read as "00"
RAM mapping
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Of the four functional groups, the special function regis-
ters of bank 0 consist of an indirect addressing registers
(IARO;00H, 1AR1;02H), memory pointer registers
(MPO0;01H, MP1;03H), a memory bank pointer register
(BP;04H), an accumulator (ACC;05H), a program coun-
ter low byte register (PCL;06H), a table pointer
(TBLP;07H), a table high-order part register
(TBLH;08H), a Watchdog Timer option setting register
(WDTS;09H), a status register (STATUS;0AH), an inter-
rupt control register (INTC;0BH), a programmable timer
counter (TMRO;0DH), a programmable timer counter
control register (TMRCO;0EH), a timer/event counter
(TMR1;10H), a timer/event counter control register
(TMRC1;11H), an input port, two I/O ports (PA;12H,
PB;14H, PC;16H), two I/O control register (PBC;15H,
PCC;17H), a tone control register (1DH), a pager con-
trol register (1EH), and a pager data register (1FH). The
special function registers are located from 00H to 1FH
whereas the 32 global data registers are from 20H to
3FH, where each bank points to the same location. The
other spaces, namely OCH, OFH, 13H, the high nibble of
16H, 17H, and 18H~1CH, are all reserved for future ex-
pansion usage; reading these locations will get an
"00H" value.

On the other hand, the general purpose data memory,
divided into three banks (bank 0, bank 1, and bank 27),
is used for data, control information, and LCD display
control under instruction commands. The banks in the
RAM are all addressed from 40H to FFH, and are se-
lected by setting the value ("00H": bank 0; "01H": bank
1; "1BH": bank 27) of the bank pointer (BP;04H). The
bank27 memory is used for LCD display mapping and
the decoder configuration RAM mapping. The spaces
from 4FH to BFH and from E3H to FFH, and the high
nibble part from COH to E2H in bank 27 are all reserved
for future expansion usage; reading these locations will
derive "00H".

The special registers, global data registers and general
data memory can directly perform arithmetic, logic, in-
crement, decrement, and rotate operations. Each bit in
the RAM can be set and reset by "SET [m].i” and "CLR
[m].i”, and can also be indirectly accessible through the
memory pointer registers (MP0;01H, MP1;03H).

Of the special addresses, 1DH and 1FH cannot directly
do all these operations, because they are not read and
write accessible addresses. 1DH is a write-only ad-
dress, 1FH a read-only address, but these two ad-
dresses namely, 1DH and 1FH can only perform
operations by using the "MOV” instruction.

Indirect addressing register

IARx (IARO;00H, IAR1;02H) are indirect address regis-
ters that are not physically implemented. Any read/write

operation of the IARx accesses the data memory
pointed to by MPx (MP0;01H, MP1;03H). Reading the
indirect addressing register itself will indirectly derive
00H, while writing the indirect addressing register indi-
rectly will lead to no operations. (IARO, MPO) is indirectly
addressable in bank 0, but (IAR1, MP1) is available for
all banks.

Accumulator - ACC

The accumulator (ACC) relates to the ALU operations. Itis
also mapped to location 05H of the data memory and is ca-
pable of carrying out immediate data operations. Data
movement between these two data memories has to pass
through the ACC.

Arithmetic and logic unit — ALU

This circuit performs 8-bit arithmetic and logic opera-
tions, and provides the following functions:

 Arithmetic operation (ADD, ADC, SUB, SBC, DAA)

¢ Logic operation (AND, OR, XOR, CPL)

¢ Rotation (RL, RR, RLC, RRC)

¢ Increment and decrement (INC, DEC)

¢ Branch decision (SZ, SNZ, SIZ, SDZ, etc.)

The ALU not only saves the results of data operation,
but also changes the contents of the status register.

Status register - STATUS

The status register (0AH) is 8-bit wide. It contains a zero
flag (Z), a carry flag (C), an auxiliary carry flag (AC), an
overflow flag (OV), a powerdown flag (PD), and a WDT
time-out flag (TO). The status register not only records the
status information, but also controls the operation se-
quence.

The status register, like most other registers, can be al-
tered by instructions except for the TO and PD flags.
Any data written into the status register will not change
TO or PD. It should be noted that operations related to
the status register may derive different results from
those intended. For example, clearing the status regis-
ter CLR [0AH] has no effect on the TO and PD flags, and
the value of the zero flag is also ”1”, i.e., UU0100 is the
data in the register, where the value of U is an un-
changed value.

The Z, OV, AC, and C flags generally reflect the status of
the latest operations.

On entering an interrupt sequence or executing a sub-
routine call, the status register will not be automatically
pushed onto the stack. If the contents of the status is im-
portant, and if the subroutine may corrupt the status reg-
ister, the programmer should take precautions to save it
properly.
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Labels Bits Function
c 0 Cis set if the operation results in a carry out in addition or if a borrow does not take place in sub-
traction; otherwise C is cleared. C is also affected by a rotate through carry instructions.
AC 1 AC is set if the operation results in a carry out of the low nibbles in addition or if a borrow from the
high nibble into the low nibble does not take place in subtraction; otherwise AC is cleared.
Z 2 Z is set if the result of an arithmetic or a logic operation is zero; otherwise Z is cleared.
OV is set if the operation results in a carry into the high-order bit but not a carry out of the
ov 3 . . ) . ’
high-order bit, or vice versa; otherwise OV is cleared.
PD 4 PD is cleared during power up, and set by a "HALT" instruction.
TO 5 TO is cleared during power up or by a "CLR WDT” instruction and a "HALT" instruction. TO is
set by a current timer time-out.
— 6 Undefined, read as "0"
— 7 Undefined, read as "0"
STATUS register
Interrupts All of these interrupts can support the wake-up function.

The HT9480 provides an internal programmable timer
interrupt, an internal data ready interrupt, timer/event
counter interrupt, and a battery fail interrupt. The inter-
nal data ready interrupt and the battery fail interrupt em-
ploy the same jump location (04H). The interrupt control
register (INTC;0BH) contains interrupt control bits to set
not only the enable/disable status but also the interrupt
request flags.

Once an interrupt subroutine is serviced, the other inter-
rupts will all be blocked (by clearing the EMI bit). This
scheme may prevent any further interrupt nesting. Other
interrupt requests may occur during this interval, but
only the interrupt request flag is recorded. If a certain in-
terrupt requires servicing within the service routine, the
EMI bit and the corresponding bit of the INTC register
may be set to permit interrupt nesting. When the stack is
full, the interrupt request will not be acknowledged even
if the related interrupt is enabled, until the SP is decre-
mented. If immediate service is desired, the stack
should be prevented from becoming full.

As an interrupt is serviced, a control transfer occurs by
pushing the contents of the PC onto the stack, followed
by a branch to a subroutine at the specified location in
the program memory. Only the contents of the PC is
pushed onto the stack. If the contents of the register or
of the status register (STATUS) is altered by the inter-
rupt service program which corrupts the desired control
sequence, the contents should be saved in advance.

The data ready interrupt and battery fail interrupt share
the same subroutine call location 04H. Checking the
battery fail interrupt bit (ﬁ;bit 4 of 1EH) and the data
ready interrupt bit (ﬁ; bit 7 of 1EH) can determine
which kind of interrupt has occurred. The value of
1EH-bit 7 DR is cleared "0" by the decoder data ready
interrupt signal, and is set to "1” when the MCU sets this
bit high. Both interrupt bits are active low.

The data ready interrupt is generated by the pager de-
coder after a valid call is received, and is initialized by
setting the data ready interrupt request flag (EIF; bit 4 of
INTC) and the data ready interrupt bit (DR; bit 7 of 1EH).

Register Bit No. Label Function

0 EMI Controls the master (global) interrupt (1=enabled; 0=disabled)
1 EEI Controls the data ready and battery fail interrupts (1=enabled; 0=disabled)
2 ETOI Controls the programmable timer interrupt (1=enabled; O=disabled)

INTC 3 ET1I Controls the timer/event counter interrupt (1=enabled, O=disabled)

(0BH) 4 EIF Internal data ready and battery fail interrupt request flag (1=active; O=inactive)
5 TOF Internal programmable timer interrupt request flag (1=active; O=inactive)
6 T1F Timer/event counter request flag (1=active; O=inactive)
7 — Unused bit, read as "0”

INTC register
Rev. 1.20 10 July 31, 2002
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Once the data ready interrupt is triggered, the stack is
not full, and the EMI bit is set, a subroutine call to loca-
tion 04H will occur. The related interrupt request flag
(EIF) will, however, be reset, and the EMI bit cleared to
disable further interrupts. This interrupt should be pro-
cessed carefully if the battery fail interrupt is activated
as well.

The battery fail interrupt, on the other hand, is triggered
by a high to low transition on BAF. When the battery fail
interrupt is enabled, the stack is not full, and the interrupt
request flag (EIF; bit 4 of INTC) is set, a subroutine call
to location 04H will occur. The related interrupt request
flag (EIF) will also be reset, and the EMI bit be cleared to
disable other interrupts.

The programmable timer interrupt is automatically trig-
gered at a rate of 256Hz/N (where the value of N ranges
from 1 to 256), and then the interrupt request flag (TOF;
bit 5 of INTC) is set. When the timer interrupt is enabled,
the stack is not full, and the programmable timer inter-
ruptis activated, a subroutine call to location 08H will oc-
cur. Then, the related interrupt request flag (TOF) will be
reset, and the EMI bit cleared to disable other inter-
rupts.

The timer/event counter interrupt is initialized by setting
the timer/event counter interrupt request flag (T1F; bit 6
of INTC), which is normally caused by a timer overflow.
When the interrupt is enabled, the stack is not full, and
the T1F bit is set, a subroutine call to location OCH will
occur. The related interrupt request flag (T1F) will be re-
set, and the EMI bit cleared to disable further interrupts.

During the execution of an interrupt subroutine, other in-
terrupt acknowledgments are all held until the "RETI”
instruction is executed, or the EMI bit and the related in-
terrupt control bit are both set to 1 (if the stack is not full).
To return from the interrupt subroutine, a "RET” or
"RETI"” instruction may be invoked. RETI will set the
EMI bit to enable an interrupt service, but RET will not.

The interrupts are serviced between the rising edges of
the two adjacent T2 clocks. In case of simultaneous re-
quests, the following table shows the priority that is ap-
plied. These can be masked by resetting the EMI bit.

NO. Interrupt Source Priority | Vector
Data ready interrupt and
a battery fail interrupt ! 04H
c Programmable timer in- 9 08H
terrupt
d Timer/event counter over- 3 OCH
flow

The programmable timer interrupt request flag (TOF),
timer/event counter interrupt request flag (T1F), data
ready interrupt and battery fail interrupt request flag
(EIF), enable timer/event counter bit (ET1l), enable data
ready interrupt bit (EEI), and enable programmable
timer interrupt bit (ETOI) make up the register INTC

which is located at OBH in the data memory. The EEI,
ETOI, ET1I, and EMI bits are all used to control the en-
able/disable status of the interrupts, preventing the re-
quested interrupt from being serviced. Once the
interrupt request flags (TOF, T1F, and EIF) are set, they
will remain in the INTC register until the interrupts are
serviced or cleared by a software instruction.

A "CALL subroutine” in the interrupt subroutine should
be used. This is because interrupts often occur in an un-
predictable manner or need to be immediately serviced
in some applications. During this time, if only one stack
is left, and enabling the interrupt is not well controlled,
the operation of a "CALL subroutine” in the interrupt ser-
vice routine is quite likely to upset the original control se-
quence.

Oscillator configuration

The system core and the pager subsystem of the
HT9480 are clocked by different oscillators. The system
oscillator can be either a crystal or an RC type. The sub-
system low power oscillator, on the other hand, is a crys-
tal type which is designed with the power on start-up
function to reduce the stabilization time of the oscillator.
This start-up function is enabled by PC2 which is initially
set high at power on reset, and should be cleared so as
to enable the low-power oscillator function. The oscilla-
tor configuration is running in the low power mode.

VoD
%EI |—0<}—— PC2
(Low power mode control)

X2
HT9480

.

X1

Crystal connection

VSS

Low power oscillator

The system oscillator can be configured as either an RC
or crystal type of oscillator, determined by mask option.
No matter what kind of oscillator type is selected, the
signal provides a system clock. The system clock may
also be externally connected. The HALT mode stops the
system oscillator and ignores external signals to con-
serve power.

If the system oscillator is an RC type oscillator, an exter-
nal resistor between OSC1 and OSC2 is required. The
system clock is available on OSC2, which can be used
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to synchronize external logic. An RC oscillator provides
the most cost-effective solution. The frequency of oscil-
lation may vary with power, temperature, and the chip it-
self due to process variations. The RC oscillator is,
therefore, not suitable for timing sensitive operations
where an accurate oscillator frequency is desired.

On the other hand, if a crystal type oscillator is used, a
crystal across OSC1 and OSC2 is required to provide
the feedback and phase shift for oscillation, and no
other external components are required. A ceramic res-
onator can replace the crystal connected between
OSC1 and OSC2 to derive a frequency reference. In this
case, two external capacitors at OSC1 and OSC2 are

required.

T 0OSC1 0OSC1

E {

j— 0SC2 0SC2
Crystal Oscillator RC Oscillator

External —|
clock 0sct

<4— 0SC2

External Clock Input
(for crystal option only)

System clock oscillator

An external clock can also be applied to OSC1. In this
application, the mask option for the crystal type oscilla-
tor should be selected, and OSC2 kept open.

The low power crystal oscillator is designed for the
pager subsystem and is used to clock the frequency di-
vider, pager decoder, and LCD driver. When the system
enters the powerdown mode the crystal oscillator for the
pager subsystem keeps running.

Watchdog Timer - WDT

The clock source of the Watchdog Timer (WDT) is im-
plemented by a subsystem clock (WDTCLK from the

pager subsystem which remains running during a sys-
tem HALT) or by an instruction clock (the system clock
divided by 4), that is decided by mask option. The value
of WDTCLK can be set as 153.6kHz/1024 (or 2048),
76.8kHz/1024 (or 2048), or 32.768kHz/1024 (or 2048),
depending upon the different crystal type. The WDT is
the program designed to avoid software malfunctions or
sequence from jumping to an unknown location with un-
predictable results. It can be disabled by mask option. If
the WDT is disabled, all the executions related to the
WDT lead to no operations.

If the subsystem clock is selected, it is first divided by
256 (8 stages) to get the nominal time-out period. Lon-
ger time-outs can be realized by invoking the WDT
prescaler. Writing data to WS2, WS1, and WSO (bits
2,1,0 of the WDTS) can yield different time-out periods.
If the values of WS2, WS1, and WSO are all equal to 1,
the division ratio is up to 1:128.

On the other hand, if the instruction clock is applied, the
WDT operates in the same manner as the case when
the subsystem clock is chosen, except that in the HALT
state the WDT stops counting and lose its protection
purpose. In this situation, the WDT logic can be re-
started by external logic. The high nibble and bit 3 of the
WDTS is reserved for user defined flags, which can be
used to indicate some specified status.

The overflow of the WDT under normal operation not
only initializes the "chip reset”, but sets the status bit
"TO". An overflow in the HALT mode initializes a "warm
reset” only when the PC and SP are reset to zero. To
clear the contents of the WDT (including the WDT
prescaler), there are three methods to be adopted
namely, external reset (a low level to @), software in-
struction(s), and a "HALT"” instruction. There are two
types of software instructions, "CLR WDT” and "CLR
WDT1"/ "CLR WDT2". But only one of these two types
of instructions can be active at a time depending on the
mask option — "CLR WDT times selection option”. If the
"CLR WDT" is selected (i.e., CLRWDT times equal
one), any execution of the "CLR WDT" instruction clears

Division Ratio Option Crystal Type and Time-Out Period
Ws2 ws1 WSo0 Division Ratio 153.6kHz 76.8kHz 32.768kHz
0 0 0 1:1 13.3ms 26.7ms 62.5ms
0 0 1 1:2 26.7ms 53.3ms 125ms
0 1 0 1:4 53.3ms 106.7ms 250ms
0 1 1 1:8 106.7ms 213.3ms 500ms
1 0 0 1:16 213.3ms 426.7ms 1000ms
1 0 1 1:32 426.7ms 853.3ms 2000ms
1 1 0 1:64 853.3ms 1706.7ms 4000ms
1 1 1 1:128 1706.7ms 3413.3ms 8000ms
WDTs register
Rev. 1.20 July 31, 2002
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System Clock/4 — WDT Prescaler
Mask
WDTCLK —  Option 8-bit Counter 7-bit Counter
Select
T 1
8-to-1 MUX ¢— WS0~WS2
WDT Time-out

Watchdog Timer

the WDT. In the case that "CLR WDT1” and "CLR
WDTZ2" are chosen (i.e., CLRWDR times equal two),
these two instructions should be executed to clear the
WDT,; otherwise, the WDT may reset the chip due to a
time-out.

Powerdown operation — HALT

The HALT mode is initialized by the "HALT" instruction
and results in the following.

The system turns off. The low power oscillator, tone
generator, LCD driver, pager decoder, and WDT oscilla-
tor all keep running (if the WDT oscillator is selected).

The contents of the on chip RAM and of the registers re-
main unchanged.

The WDT and the WDT prescaler are cleared and
counted again (if the WDT clock is from the WDT oscilla-
tor).

All the 1/O ports remain in their original status.
The PD flag is set but the TO flag is cleared.

The system can quit the HALT mode by an external re-
set, an interrupt, an external falling edge signal on port
A, or a WDT overflow. An external reset leads to device
initialization and the WDT overflow performs a "warm
reset”. After the TO and PD flags are examined, the rea-
son for the chip reset is determined. The PD flag that is
cleared on power-up is set after the "HALT"” instruction
is executed. The TO flag is set when the WDT time-out
occurs, which causes a wake-up that resets only the PC
and SP, and leaves the others in their original status.

The port A wake-up and interrupt methods can be con-
sidered as a continuation of normal execution. Every bit
in port A can be independently selected to wake up the
device by mask option. Awakening from an 1/O port stim-
ulation, the program resumes execution of the next in-
struction. However, if the program awakens from an
interrupt, two sequences may occur. The program will
resume execution at the next instruction if the related in-
terrupt(s) is (are) disabled or the interrupt(s) is (are) en-
abled but the stack is full. A regular interrupt response,
on the other hand, may take place if the interrupt is en-
abled and the stack is not full.

If the wake-up event(s) occurs and the wake-up results
from an interrupt acknowledge, the actual interrupt sub-
routine execution is delayed by one or more cycles. On
the other hand, if the wake-up brings about the following
instruction execution, the actual interrupt subroutine is
executed immediately after the dummy period is com-
pleted.

To minimize power consumption, the 1/O pins should all
be carefully managed before entering the HALT status.

Reset
There are five ways in which a reset can occur:

¢ Power on reset (POR)

 RES reset during normal operation

 RES reset during HALT

¢ WDT time-out reset during normal operation

o WDT time-out reset during HALT

The WDT time-out during HALT is different from other
chip reset conditions, since it can perform a "warm re -
set” that just resets the PC and SP, leaving the other cir-
cuits to keep their state. Some registers remain un-
changed during other reset conditions. Most registers
are reset to the "initial condition” when the reset condi-
tions are met. By examining the PD and TO flags, the
program can distinguish between different "chip resets”.

TO | PD RESET Conditions
0 0 | Power on reset
u u | RES reset during normal operation
0 | 1 |RESwake-up HALT
1 u | WDT time-out during normal operation
1 1 | WDT wake-up HALT

Note: "u” means "unchanged”

Vbp

RES

a8

Reset circuit
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HALT 1_’]:)0—» Warm Reset
WDT
WO [ime-out _
Reset
R Cold
RES @—W Reset

Reset configuration

If crystal mask option is selected, the MCU clock can be
fed by X1, X2 decoder input clock (See Application Cir-
cuit 2).

The functional units chip reset status is shown in the fol-
lowing table.

PC 0000H

Interrupt Disabled

Prescaler Cleared

WDT Cleared. After master reset,

WDT starts counting.

Programmable timer

Counter off
Timer/event Counter | Off
Comorator O
Pager Decoder Off
Input/output Ports input mode

SP Points to the top of the stack

Programmable timer counter and timer/event coun-
ter

The programmable timer counter (TMRO) and
timer/event counter (TMR1) are constructed using the
same structure. Both counters contain an 8bit program-
mable count-up counter, whose clocks may come from
an external source or from the system clock divided by
4.

If the internal instruction clock is selected, only one ref-
erence time-base is provided. The external clock input
allows the user to count external events, measure time
intervals or pulse widths, or generate an accurate time
base. The clock of the programmable timer counter
should come from the external clock of the 75Hz for
Real Time Clock (RTC) if a 76.8kHz crystal is used.

There are two sets of registers related to the program-
mable timer counter and to the timer/event counter
namely, TMRO (ODH) and TMRCO (OEH) and TMR1
(10H) and TMRC1 (11H). There are also two physical
registers mapped to the TMRO and TMR1 locations:
Writing to TMRO and TMR1 puts the starting value in the
programmable timer counter and in the timer/event
counter preload registers, while reading them gets the
contents of the two counters. TMRCO and TMRC1 are
control registers used to define some timer options.

The TMO and TM1 bits define the operation mode. The
event count mode is used to count external events,
which means that the clock source may come from ei-
ther a 256Hz generator (for TMRO) or an external pin
(for TMR1). The timer mode functions as a normal timer,
with the clock source coming from the instruction clock
or from the outputs of the TMR1 prescaler (TMRO can-
not be used in this mode). The pulse width measure-
ment mode can be used to count the high or low level
duration of the external signal TMR1, TMRO is also dis-
abled in this mode. The counting is based on the system
clock.

In the event count or timer mode, once the programma-
ble timer counter or timer/event counter starts counting,
it will count from the current contents in the counter to
FFH. Once an overflow occurs, the counter is reloaded
from its counter preload register and generates an inter-
rupt request flag (TOF; bit 5 of INTC and T1F; bit 6 of
INTC for programmable timer counter and timer/event
counter, respectively).

Labels . .
(TMRCO and TMRC1) | Bits Function
— 0~2 | Unused bit, read as "0”
TE 3 To define the TMRO and TMR1 active edge of programmable timer counter and
timer/event counter (O=active on low to high; 1=active on high to low)
TON 4 To enable/disable timer counting (0O=disabled; 1=enabled)
— 5 Unused bits, read as "0”
To define the operation mode
™O 6 01=Event count mode (external clock)
™1 7 10=Timer mode (internal clock)
11=Pulse width measurement mode
00=Unused

TMRC register
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System Clock/4 I 1l - DataBus
o Lﬂ’dc
TMR1
TE J [
Pulse Width Timer/event
¥M(1J — Mggzuéinr:gglt Counter 0 Overflow
TON —1 To Interrupt
Timer/event counter
The states of the registers are summarized below.
Register Power-on reset | WDT time-out RES reset _ RES reset WDT time-out
(POR) (normal operation) | (normal operation) (HALT) (HALT)
TMRO XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu
TMRCO 00-0 1--- 00-0 1--- 00-0 1--- 00-0 1--- uu-u u---
TMR1 XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu
TMRC1 00-0 1--- 00-0 1--- 00-0 1--- 00-0 1--- uu-u u---
PC 0000H 0000H 0000H 0000H 0000H
MPO XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu
MP1 XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu
ACC XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu
TBLP XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu
TBLH XXXX XXXX uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu
STATUS --00 xxxx --1u uuuu --uu uuuu --01 uuuu --11 uuuu
INTC -000 0000 -000 0000 -000 0000 -000 0000 -uuu uuuu
WDTS 0000 0111 0000 0111 0000 0111 0000 0111 uuuu uuuu
PA 1111 1111 1111 1111 1111 1111 1111 1111 uuuu uuuu
PAC 1111 1111 11111111 1111 1111 1111 1111 uuuu uuuu
PB 1111 1111 1111 1111 1111 1111 1111 1111 uuuu uuuu
PBC 1111 1111 1111 1111 1111 1111 1111 1111 uuuu uuuu
PC - 1111 - 1111 - 1111 - 1111 ---- uuuu
PCC 1111 - 1111 - 1111 - 1111 ---- uuuu
Note: " means "warm reset”
"u” means "unchanged”
X" means "unknown”
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On the other hand, in the pulse width measurement
mode with the TON bit equal to one, when the TMR1 re-
ceives a transient from low to high (or high to low de-
pending upon the TE bit) it will start counting until the
TMR1 returns to the original level and resets the TON as
well. The measured result will remain in the timer/event
counter even when the activated transient occurs again.
In other words, only one cycle measurement can be
made until the TON is set. The cycle measurement will
re-function as long as further transient pulses are re-
ceived. Note that, in this operation mode, the
timer/event counter starts counting not according to the
logic level but to the transient edges. In the case of
counting overflows, the counter is re-loaded from its
counter preload register and issues an interrupt request,
similar to the other two modes.

To enable the counting operation, the value of the timer
on bit (TON; bit 4 of TMRCO and TMRC1) is "1". In the
pulse width measurement mode, the TON is automati-
cally cleared after the measurement cycle is completed.
In the other two modes, namely the event count or timer
mode, the TON can be reset only by instructions. The
overflow of the programmable timer counter and of the
timer/event counter can be configured as one of the
wake-up sources. No matter what type of operation
mode is chosen, writing a 0 to ETOIl and ET1I disables
the interrupt service of the programmable timer counter
and the timer/event counter, respectively.

In the case of the programmable timer counter and a
timer/event counter OFF condition, writing data to their
preload registers also reloads that data to their coun-
ters. But if the programmable timer counter or the
timer/event counter is turned on, data written to the
counter is kept only in its preload register, and the coun-
ter still goes on operating until an overflow occurs.

After the counter (reading TMRO or TMR1) is read, the
clock is blocked to avoid errors. The programmer should
take clock blocking into consideration, since this may re-
sult in timing counting errors.

Programmable tone generator

The programmable tone generator is implemented in
the HT9480. The programmable tone generator con-

SPF17  SPF10 SPF11

tains an 8-stage programmable frequency divider (map-
ping to the 1DH address of the MCU), a 4-stage
programmable frequency prescaler (set by SPF10 and
SPF11), and a frequency source selector (set by
SPF17). When 1DH=00H, the tone generator is dis-
abled and BZ outputs high. But when 1DH is of any
value greater than zero the generator is enabled. The
value of the frequency divider, ranging from 2~256, is al-
ways greater than the assigned value by 1. The output
of the 8-stage divider is divided by 2 to generate an out-
put of (1/2 or 1/4) duty cycle on BZ. The 4-stage pro-
grammable frequency prescaler is shown below.

SPF10 | SPF11 Prescaler Divider Factor
0 0 1
0 1 2
1 0 4
1 1 8

The above setting of the prescaler divider factor is de-
signed for applications on melodies or sound effects.

The frequency source selector is set by SPF17. When
SPF17=0, the value of the frequency source selector is
the system clock. On the other hand, when SPF17=1,
the value of the selector turns out to be 32.768kHz. For
instance, if the desired output of BZ is 2.73kHz, the fre-
quency source is 32.768kHz, the values of SPF10 and
SPF11 are both set to 0, and the value of the program-
mable frequency divider is set to 5.

Input/Output ports

There are 7 input lines, and 10 input/output lines in the
HT9480, which are labeled as PA, and PB; PC (PCO,
PC1). These are mapped to [12H], and [14H]; [16H] of
the data memory, respectively. Port A is an input port
only while Port B and Port C (PCO and PC1) are
bidirectional 1/0 ports. For input operation, the ports A,
B, and C are non-latched, i.e., the inputs have to be
ready at the T2 rising edge of the instruction "MOV A,
[m]” (m=12H, 14H, 16H). For output operation, data is
latched and then remains unchanged until the output
latch is rewritten.

SPF18

|

SPF17:0

System Clock — 2 Divided by 1,
32.768 kHz —2r 1o 2,4,8 Option [ *

8-stage Programmable

Frequency Divider
[7:0]

1/2 duty v
1/4 duty BZ
Duty controller

0

Bit7|Bit6|Bit5|Bit4|Bit3|Bit2 Bit1|Bit0

0

Address 1DH Data Bus [7:0]

Programmable tone generator
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Data Bus

WEAK

Write Control Register

Chip Reset

Read Control Register

Pull-up

i Mask Option

PBO~PB7

Write /O

Read 1/0

PCO, PC1

System Wake-Up (PA only)

Mask Option

Input/output ports

The PB and PC (PCO, PC1) I/O lines have their own con-
trol registers (PBC, PCC) to control the input/output con-
figuration. These control registers, tri-state (control
register=1) or CMOS (control register=0) with pull-high
(option) structures can be reconfigured dynamically
(i.e., on-the-fly) by software control. To function as an in-
put, the corresponding 1/O latch and related bit of the
control register should be written ”1” to avoid external
logical violation. These control registers are mapped to
location 15H, and 17H (bit 0 and bit 1 of 17H).

After a chip reset, these input/output lines stay at high
levels or floating (by mask option). They are defined as
input types by writing "1” to the control registers and as
output types by writing 0" to the control registers. Each
bit of these input/output latches can be set or cleared by
"SET [m].i” and "CLR [m].i” (m=14H only) instructions.

Some instructions first input data and then follow the
output operations. For example, "SET [m].i”, "CLR
[m].i”, "CPL [m]”, "CPLA [m]” read the entire port states
into the CPU, execute the defined operation
(bit-operation), and then write the results back to the
latches or the accumulator.

Each line of port A is capable of waking up the device
(when a falling edge occurs) and is determined by mask
option. The highest four bits of port C are not physically
implemented. Reading them gets a "0, but writing them
leads to no operation.

Bit 7 of port A connects a battery fall interrupt and a
wake-up function. Bit 7 of port A wakes up the MCU
each time a battery is changed. Bit 2 of port C is used for
internal subsystem oscillator low-power function control
(1: non-active; 0 : active). The value of bit 2 of port C is
setas 1" at an initial power on. Bit 3 of port C is used for
LCD power control (1: LCD turn-on; 0 : LCD turn-off).
The value of bit 3 of port C is also set as "1” at the initial
power on.

LCD display

The LCD display memory is embedded in the data
memory (mapped to the addresses COH~E2H of bank
27). It can be read and written to as a normal data mem-
ory. The following figure illustrates the mapping be-
tween the display memory and the LCD pattern.

To turn the display on/off, the programmer writes 1 or 0
to the corresponding bit of the display memory. The
LCD display module can be of any form as long as the
number of the common doesn’t exceed 4 and the num-
ber of the segment is not over 35.

The entire number of the LCD driver output is 35x4. The
LCD driver can directly drive an LCD of 1/4 duty cycle
and 1/3 bias. All of the LCD segments are random at the
initial clear mode.

The frequency of the LCD driving clock is fixed at about
256Hz, and cannot be changed. Itis set by HOLTEK ac-
cording to the application.

The following is an example of an 8-segment digit dis-
play, which shows a waveform of "5".

COM3 ===y
\—
CcoMm2 ] [ com2
S —
coMm1 *] [
—/
E— el
SEG1 SEGO
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Display memory

Pager decoder

The pager decoder is a POCSAG code pager decoder
at 512, 1200, or 2400 bps data rate, compatible with
CCIR radio paging Code No.1 (POCSAG Code). The
decoder supports six user addresses and six independ-
ently programmable user frames.

The operation of the decoder is controlled by a pager
control address (1EH) in conjunction with a pager data
address (1FH). Upon receipt of a valid call the data
ready interrupt is generated.

- VLCD
- 2/3VLCD
1/3VLCD
GND
VLCD
2/3VLCD
1/3VLCD
GND
VLCD
2/3VLCD
... 1/13VLCD
GND
VLCD
2/3VLCD
1/3VLCD
GND

CcomMo —r

COom1 —u

ComM2 —umu

COoM3 HHL__

VLCD
2/3VLCD
1/3VLCD
GND

VLCD
2/3VLCD
1/3VLCD
GND

SEGO

SEG1

L

LCD timing

¢ The POCSAG paging code

The CCIR Radio paging Code No.1 (POCSAG Code)
is constructed according to the following rules:

A transmission consists of a preamble followed by a
batch of complete code words. Each batch begins
with a synchronization codeword (SC). The format of
the signal is illustrated in the following Figure.

Each transmission begins with a preamble to achieve
bit synchronization. The preamble is a pattern of one
and zero; 10101010... repeated for a period of at least
576 bits.

Codewords are transmitted in batches. Each batch
consists of a synchronization codeword followed by 8
frames. Each frame consists of 2 codewords. The
eight frames are numbered 0 through 7. All pagers are
similarly divided into 8 groups. Each pager is assigned
to one of the 8 frames according to the 3 least signifi-
cant bits (LSB) of its 21-bit identity code (address).
The 3 bits are called "Receiver Identity Code” (RIC).
A codeword is either an address or a message code-
word. Idle codewords are transmitted to fill in empty
batches or to separate messages.

An address codeword is coded as shown above. Of
the 21 bits of user addresses, 18 bits are coded in the
codeword itself (bits 2 to 19), which is protected
against transmission errors by a number of CRC
checkbits (bits 22 to 31). Bit 32 is an overall
even-parity bit.
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Bit Number |
Address codeword |

Message codeword |

Synch | CW | Cw | Ccw | cw CW| cw
FRAMEO | FRAME1 | FRAME7
1 | 2t0 19 | 20/21 | 22 to 31 | 32 |
.. | 2 Function .
0 |18 Address Bits Bits 10 CRC bits| P

1

20 Message Bits

|10 CRC bits| P |

Idle codeword |

31 Idle code Bit pattern

Synch codeword |

| 31 Synch code Bit pattern |

POCSAG code structure

The two function bits (bits 20 and 21) allow distinction

of four different calls to one user address as shown in

following Table.

* Erroneous codewords

Upon receipt of erroneous uncorrectable codewords,

Bit 20 | Bit 21 Call T Data Format call termination occurs according to the conditions
(MSB) | (LSB) all Type ata Forma given below:
0 0 Numeric 4-bits per digit SPF08 | SPF09 Call Termination Event
0 1 Alert only — Any two consecutiv ecodewords
0 X or the codeword directly following
1 0 | Alertonly — the address codeword in error
1 1 Alpha-numeric 7-bits per ASCII 1 0 | Any single codeword in ermor
character
1 1 Any two consecutive codewords in
An idle codeword is a valid address codeword, which error

cannot be allocated to the pager.

There is a total of 20 bits of caller information to be put
into a message codeword (bits 2 to 21), which is pro-
tected by the CRC checkbits (bits 22 to 31).

* Decoding of the POCSAG data stream

The POCSAG coded input data received from RF
module is first filtered by an internal digital filter in the
decoder. From the filtered data, a sampling clock syn-
chronous to the data rate is derived. The decoder sup-
ports 512, 1200, and 2400 bits per second data rate,
which in turn results in their corresponding sampling

clock frequency.

Upon detection of a valid call, the decoder performs
several operations (refer to the following section of

the Message Data Transfer).

Call termination is normally deemed when a valid idle
or another address codeword is received after a mes-

sage code word.

Error correction

Item

Description

Preamble

4 random errors in 31 bits

Synchronization

2 random errors in 32 bits

code-word

Address 2 random errors, or 4-bit burst
code-word errors (optional)

Message 2 random errors, or 4-bit burst
code-word errors (optional)

In the HT9480 error correction methods have been im-
plemented as shown in above Table.

Random error correction is default for both address and

corrected.

message code-words. Burst error correction can be
switched by SPF 15. Up to 4 bits of burst errors can be
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Decoder interface

The HT9480 has two interfaces available. One is the
pager control address (1EH), which controls the opera-
tion and configuration of the decoder. The other is the
pager data address (1FH), which places the message
data of calls in the parallel mode.

* Decoder control address

The decoder control address (1EH) contains a data
ready flag (DR), a battery low flag (BL), an out of
range flag (OR), a battery fail flag (BF), a decoder
standby flag (STB), a call termination indication flag
(CT), a decoder software reset (RES), and a decoder
on/off control bit (W). It not only records the status in-
formation but controls the operation of the decoder.
Any data written to the decoder control address can-
not change the OR, BF, STB and CT flags.

v

If the status of the battery fail (BF) changes from "1" to
"0", the following conditions occur.

* The pager controller generates an interrupt if the value

of the data ready interrupt flag is "1".

* The pager controller does not generate an interrupt

and no data is transmitted if the value of the data ready
interrupt flag is "0".

On the other hand, if the status of the battery fail (ﬁ)
changes from "0” to "1”, the internal node PA.7 of the
pager controller will supply a wake-up function.

After the decoder asserts the data transfer request,
the data ready interrupt is generated and the DR bit
(bit 7 of 1EH) is cleared low; then the data ready inter-
rupt subroutine runs to process the call data and resets
the DR bit high.

¥y

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
1EH | DR | BL | OR | BF |STB| CT |RES| ON
A A A A A A A A
1FH v
Bit0
Bit1
Bit2 Pager Decoder DI
Bit3 BAL - e
Bitd Decoder data output BS1 CKT.
Bit5 | BS2
Bit6 | BS3
Bit7

Data Ready interrupt

Pager system clk

VIL=0.9V

MCU (INT) 4—@_‘ —
MCU PA7 4—————o<|—

» e
-1
(wake up)

Debounce

VIH=1.2V
— BAF (Battery fail interrupt)
Circuit

Notes: The value of 1EH-bit3 STB is set when decoder enteres the standby mode and cleared when decoder enters the ON mode.

The value of 1EH-bit4 BF is dependent on the BAF pin .

The value of 1EH-bit2 CT is cleared "0" when end of message word and set "1" during receiving message word.

The value of 1EH-bit5 OR is always changed by out of range signal.
The value of 1EH-bit6 BL is cleared "0" by the decoder Battery Low signal and set "1" when MCU sets this bit high.
The value of 1EH-bit7 DR is cleared "0" by the decoder Data-Ready interrupt signal and set "1" when MCU sets this bit high.

Decoder interface
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The function bits (ON, RES) and indication bits (CT, STB, BF, OR, BL and DR) are all used to control the status of the
decoder which is operated through the pager control address as described in the following table.

Symbol Bit R/IW Description
On/Off control bit

ON 0 RIW This bit selects the ON or STANDBY state of the decoder.
0: ON state
1: STANDBY state

RES 1 RIW Reset output for the decoder core
The MCU has to set the RES bit low and then high after the pager controller is turned on.
Call termination indication bit
This bit decides the call termination status, when a valid code-word is received

CT 2 R .
0: End of code-word receive
1: Receiving message code-word
Standby indication bit

STB 3 R When the value of the ON bit is 1, the system goes into the STANDBY state. The
STANDBY state allows the MCU to execute the configuration RAM setting.
Battery fail indication bit -

BF 4 R Once the decoder detects that the battery fail interrupt is low, the BF bit will be low but
unlatched.
Out-of-range indication bit
Whenever the decoder detects an out-of-range condition, this bit is cleared low after
end of the programmed out-of-range hold of time that is selected by the configuration

OR 5 R registers (SPF06 and SPF07). The out-of-range indication may be tested for an
out-of-range condition whenever the interface enable of the decoder is active; other-
wise the OR is normally high. The out-of-range indication is set high by detection of a
valid data transmission or by switching the decoder to be in the STANDBY state.
Battery low indication bit

BL 6 RIW The battery low indication is periodically tested for a battery low condition. If the decoder
encounters a battery low condition the battery low indication bitis cleared low. At this time,
the MCU should set the BL bit high.
Data ready interrupt indication bit L

DR 7 RIW When a valid call is detected, data starts transfer. The DR bit becomes low when the se-
rial data is changed to parallel data (1FH). After reading the parallel data, the MCU soft-
ware has to set the DR bit high.

* Pager data address

The pager data address (1FH) are the parallel data lines for decoder data transfer.
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Message data transfer

The decoder outputs a deformatted address word and
message words upon receipt of a valid call. The mes-
sage data to be transferred is organized into 8-bit words
and transferred through the parallel pager data address
(1FH) byte by byte. When a call word starts, the decoder
generates a data ready interrupt simultaneously and
runs the processing subroutine. The subroutine should
read out the word in the pager data address (1FH) be-
fore the next call word comes in, i.e., the word should be
read in 4mS at 512/1200 bit data rate and in 2mS at a
2400 bit data rate. Otherwise, the data in 1FH is overrid-
den by the next word.

Termination word format

Successful call termination occurs by the reception of a
valid address code-word with less than 2 bit errors on
the decoder output register.

Unsuccessful termination occurs when sync is not de-
tected.

ADDRESS CODEWORD

1st MESSAGE CODEWORD

Termination word format:

Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0

Error

Flag 0 0 0 0 1 0 0

Call data output format

The HT9480 automatically converts message
code-words received in numeric or alphanumeric format
into ASCII format. Depending on SPF09 and the func-
tion bit setting in the received address code-word a con-
version takes place as shown in the following table.

Function Bits Message
SPF 09 | Bit 20 Bit 21 Format
0 X X numeric
1 0 0 numeric
1 X 1 alpha-numeric
1 1 X alpha-numeric

2nd MESSAGE CODEWORD

Call data

i

— 6bits | 6bits | Gbits | Gbits | 8bits E—

Data Ready DR

4] 18]

Data Ready INT LI_

1FH [0:7] ADDRESS WORD /™ 15t MESSAGE WORD

A/
Set 1EH bit7 to high /\_/\ e
T L
1200bps Numeric
" 4998ps < T < 6664ps R
gl
13us

Data Ready DR j | '7
Data Ready INT j

1FH[0:7] — ) [ \

Set e T ongn ———————()  )—
cT
Last MESSAGE WORD TERMINATION WORD
Data Ready DR j | '7
Data Ready INT j
— ) )
1FH [0:7]

D

cT

Numeric message data transfer
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ADDRESS CODEWORD

1st MESSAGE CODEWORD

2nd MESSAGE CODEWORD 3rd MESSAGE CODEWORD

Call data ‘ / /
_ 10bits 22bits 10bits 10bits 12bits /
pata Ready DR L el T B \
Data Ready INT U J U U U U
1FH [0:7] ADDRESS WORD 1st MESSAGE WORD _ > < > < >

Set 1EH bit7 to high

CcT

1200bps Alpha-Numeric
8330us < T < 18326ps

13us

Data Ready DR

Data Ready INT

.
]
1FH[07] — )

Set 1EH bit7 to high

cT

Last MESSAGE WORD

TERMINATION WORD

Data ReadyD7R T

Data Readyll\TT T

1FHI0:7] — )

Set 1EH bit7 to high

cT

Alpha-Numeric Message Data Transfer

When a conversion from alphanumeric format to ASCII
takes place, the received message code-words are split
into message blocks, seven bits in length. After adding
the error flag they are transferred as message words.

When a conversion from numeric format to ASCI| takes
place, the received message code-words are split into
blocks, four bits in length. Each four bit block is con-
verted to a seven bit block as shown in the following ta-
ble. After adding the error flag they are transferred as
message words. Refer to the "Numeric format to ASCII
conversion” table.

There is a new message packaging method after receipt
of message code-words. The new message packaging
method is 4 bits packaging type. Depending upon
SPF20=1, message code-word conversion takes place
as show in the following table.

Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0

Error

0 0 0 D3 | D2 | D1 DO
Flag

The received message code-words are split into blocks,
four bits in length. Each four bit block is directly trans-
ferred to a four bit block. After adding the error flag they
are transferred as message words.
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Numeric format to ASCII conversion:

4-bit block Character 7-bit block
msb Isb msb Isb
0 0 0 0 "Q" 0 1 1 0 0 0 0
0 0 0 1 " 0 1 1 0 0 0 1
0 0 1 0 2" 0 1 1 0 0 1 0
0 0 1 1 3" 0 1 1 0 0 1 1
0 1 0 0 "4 0 1 1 0 1 0 0
0 1 0 1 5" 0 1 1 0 1 0 1
0 1 1 0 6" 0 1 1 0 1 1 0
0 1 1 1 7" 0 1 1 0 1 1 1
1 0 0 0 8" 0 1 1 1 0 0 0
1 0 0 1 "9 0 1 1 1 0 0 1
1 0 1 0 ki 0 1 0 1 0 1 0
1 0 1 1 "y 1 0 1 0 1 0 1
1 1 0 0 " 0 1 0 0 0 0 0
1 1 0 1 " 0 1 0 1 1 0 1
1 1 1 0 " 1 0 1 1 1 0 1
1 1 1 1 " 1 0 1 1 0 1 1

Synch word indication

The synch word recognized by HT9480 is the standard POCSAG synchronization code-word, as shown in the following
table.

Bit No. 0 1 2 3 4 5 6 7 8 9 10 | 1 12 | 13 | 14 | 15
Bit 0 1 1 1 1 1 0 0 1 1 0 1 0 0 1 0

Bit No. 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
Bit 0 0 0 1 0 1 0 1 1 1 0 1 1 0 0 0

Idle word indication

The idle word recognized by the HT9480 is the standard POCSAG idle code-word, as shown in the following table.

Bit No. 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15
Bit 0 1 1 1 1 0 1 0 1 0 0 0 1 0 0 1

Bit No. 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
Bit 1 1 0 0 0 0 0 1 1 0 0 1 0 1 1 1
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Error indication

After error correction, any code-word containing more
than two bits random error or four bits burst error (op-
tion) in address or message code-word may be indi-
cated from the error flag position.

Data transfer

Data transfer is initiated once the code-word is already
received. When the HT9480 is ready to transfer the re-
ceived call data, an external interrupt will be generated
via output INT. Any message data can be read by ac-
cessing the 1FH address of the MCU RAM map via the
MCU internal bus.

The address word indicates call address, function bit
setting, and decoder flags. The message code-words
are received and concatenated to a valid call address
word. The message words derived from un-corrected
message code-words.

Data transfer for a received call ends right after the ter-
mination word is transferred.

Address word format

Bit 7 Bit6‘Bit5‘Bit4 Bit3 | Bit2 | Bit1|Bit0
Sync. Dup. Function
State Call address Call 0 code

Bit 0: Bit 21 of the address code-word

Bit 1: Bit 20 of the address code-word

Bit 2=0 is to tell the difference between termination and
address word format

Bit 3=1 if a duplicate code-word.

Bit 6 Bit 5 Bit 4 Call Address
0 0 0 A
0 0 1 B
0 1 0 o
0 1 1 D
1 0 0 E
1 0 1 F
1 1 0 —
1 1 1 —

Bit 7= 1 if an address code-word is received in the data
fail mode.

Interrupt indication

The HT9480 provides an internal data ready interrupt
and a battery fail interrupt. The internal data ready inter-
rupt and battery fail interrupt share the same pin con-
nection. Checking the battery fail interrupt bit (BF; bit 4
of 1EH) and the data ready interrupt bit (DR; bit 7 of 1
EH) will tell which type of interrupt has occurred. Both
interrupt bits are active low.

Out-of-range indication

The out-of-range condition occurs when the time inter-
val defined by SPF06, SPF07 does not receive any pre-
amble or sync code word. This signal will be used as
"loss of RF signal” indicator.

Duplicate call suppression

The HT9480 provides a Duplicate Call Suppression with
time-out facility, to identify duplicate call reception. In
display pager mode, duplicate call indication is achieved
only via the MCU interface. A call is assumed to be du-
plicate if its address and function bit setting is equal to
the latest received call, which initialized the call address
and function bit reference. The Duplicate Call suppres-
sion time-out is selected by programming SPFO06,
SPFO07.

Configuration RAM organization

The decoder contains a 21-byte RAM to store 6 user ad-
dresses, 6 independently programmable frame num-
bers and specially programmed function bits
(SPFO0~SPF23) for the decoder application configura-
tion. The data memory is mapped to the addresses
40H~54H of bank 27.
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Address Bit Definition

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
40H ENA A00 A01 A02 A03 A04 A05 A06
41H A07 A08 A09 A10 A11 A12 A13 A14
42H A15 A16 A17 FA2 FA1 FAO
43H ENB B0O BO1 B02 B03 B04 B05 B06
44H B07 B08 B09 B10 B11 B12 B13 B14
45H B15 B16 B17 FB2 FB1 FBO
46H ENC C00 Co01 C02 Co03 Cco4 Co05 Co6
47H Cco7 C08 C09 c10 C11 C12 C13 Cc14
48H C15 C16 Cc17 FC2 FC1 FCO
49H END D00 D01 D02 D03 D04 D05 D06
4AH D07 D08 D09 D10 D11 D12 D13 D14
4BH D15 D16 D17 FD2 FD1 FDO
4CH ENE E00 EO01 E02 EO03 E04 E05 EO05
4DH EO7 E08 E09 E10 E11 E12 E13 E14
4EH E15 E16 E17 FE2 FE1 FEO
4FH ENF FOO FO1 F02 FO3 Fo4 F05 F05
50H FO7 F08 F09 F10 F11 F12 F13 F14
51H F15 F16 F17 FF2 FF1 FFO
52H SPFO00 SPFO1 SPF02 SPF03 SPF04 SPFO05 SPF06 SPFO7
53H SPF08 SPF09 SPF10 SPF11 SPF12 SPF13 SPF14 SPF15
54H SPF16 SPF17 SPF18 SPF19 SPF20 SPF21 SPF22 SPF23

User address format

A user address in the POCSAG code consists of 21 bits.
Three of the 21 bits are coded in the frame number and
are therefore not explicitly transmitted. In the decoder,
the addresses A, B, C, D, E and F can use 6 different
frames respectively. Every address has to be explicitly
enabled by resetting the associated enable bit.

Examples:
Address decimal value: RICA=10535
Binary equivalent(14 bits): 10100100100111

Binary equivalent(18+3 bits):
000000010100100100111

Register allocation:

Configuration

The program mode changes to the STANDBY state by
setting the ON bit high at any time. The configuration
RAM can be programmed only when the value of the
STB flag is 1. After the configuration RAM is pro-
grammed and the ON bit is set low, the system quits the
program mode and resumes normal operation.

Test mode

The test mode of the decoder is selected by setting the
TS pin low at any time. In the test mode, the RF control
outputs BS1 and BS3 are set high constantly, but BS2 is
set low.

After the TS pin is set high the decoder exits the test
mode.

A0O | AO1 | AO2 | AO3 | AO4 | AO5 | AO6 | AO7 | AO8
0 0 0 0 0 0 0 1 0
A09 | A10 | A11 | A12 | A13 | A14 | A15 | A16 | A17
1 0 0 1 0 0 1 0 0
FR12 | FR11 | FR10
1 1 1
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RF control

The HT9480 provides the BS1-BS3 signals for RF con-
trol.

* BS1: Receiver enabled

Description of the special programmed function bits
(SPF)

The following features can be selected by appropriate
programming of the specially programmed function bits:

Receiver establishment time Option . SPFQO, SPFO01 . .
(tes1) Receiver (BS1) establishment time (for the BS2~BS3
512 bps | 1200/2400 bps | SPF00 | SPF01 options, refer to SPF2~SPF5)
00: 7.81ms/512 53.33ms/1200/2400
7.81ms | 53.33ms 0 0 01: 15.63ms/512  6.67ms/1200/2400
15.63ms | 6.67ms 0 1 10: 31.25ms/512  13.33ms/1200/2400
31.95ms | 13.33ms 1 0 11:62.50ms/512 26.67ms/1200/2400
62.50ms | 26.67ms 1 1 * SPF02, SPF03
RF dc level adjustment (BS2) enable time
. 00: 7.81ms/512  1.67ms/1200/2400
* BS2: Quick charge 01: 11.71ms/512  6.67ms/1200/2400
RF dc level adjustment time Option 10: 15.63ms/512  11.67ms/1200/2400
(tss2) 11:19.53ms/512  13.33ms/1200/2400
512 bps 1200/2400 bps SPF02 | SPF03 « SPF04, SPF05
7.81ms 1.67ms 0 0 PLL (BS3) establishment time
11.71ms 6.67ms 0 1 00: 0ms/512 0ms/1200/2400
01: 31.25ms/512  40.00ms/1200/2400
1563ms | 11.67ms ! 0 10: 46.87ms/512  40.00ms/1200/2400
19.53ms 13.33ms 1 1 11: 62.50ms/512 53.33ms/1200/2400
* SPF06, SPFO7
* BS3: PLL enabled Duplicate the call suppress time-out and out-of-range
PLL establishment time (tgs3) Option hold-off time-out
512 bps | 1200/2400 bps | SPF04 | SPF05 00: 30s/512/1200  15s/2400
01: 60s/512/1200 30s/2400
Oms Oms 0 0 10: 120s/512/1200  60s/2400
31.25ms 26.67ms 0 1 11: 240s/512/1200 120s/2400
46.87ms 40.00ms 1 0 e SPF08, SPF09
62.50ms 53.33ms 1 1 Call termination criteria combination method and
message data deformatting method
_ 0x : Any two consecutive codewords or the codeword
Timing directly following the address codeword in error
10 : Any single codeword in error
Data in Data Bits 11 : Any two consecutive codewords in error
H I‘ tast x0 : Numeric data deformation
x1 : Numeric data deformation on function code 00
BS1 ——\— only
‘P| |<' tBs2
BS2 * SPF10, SPF11
Tone generation frequency prescaler divider
» |« tes3 00: Prescaler factor 1
BS3 01: Prescaler factor 2
- 10: Prescaler factor 4
Timing 11: Prescaler factor 8
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Baud rate selection bits (SPF12, SPF13, SPF14)

SPF12 SPF13 SPF14 Connected Crystal (Hz) Baud Rate (Hz)
0 0 0 32768 512
0 0 1 76.8k 512
0 1 0 76.8k 1200
0 1 1 76.8k 2400
1 0 0 153.6k 512
1 0 1 153.6k 1200
1 1 0 153.6k 2400
* SPF15 * SPF19
1: 4-bit burst error correction for address and Non-inversion or inversion data input selection
message code-word 1: Inversion input selected for DI from RF
0: 2-bit random error correction for address Circuit, referring to DI
and message code-word 0: Non-inversion input selected for DI from
« SPF16 RF circuit
1: Out-of-range Hold-off period according to * SPF20
SPF06 and SPF07 Message code-word packaging method
0: Out-of-range Hold-off period is zero 1: 4 bits packaging mode
regardless of SPF06 and SPFO7 0: 7 bits ASCIl mode
e SPF17 * SPF21, SPF22, SPF23
Tone generation frequency source selector Internal state status (for testing only)
0: System clock
1: 32.768kHz Mask option
« SPF18 The following table illustrates nine kinds of mask options
Tone generation frequency duty control in the HT9480. All of the oPtiqns should be defined to
0: frequency duty cycle 1/2 ensure proper system functioning.
1: frequency duty cycle 1/4
No. Mask Option
1 HALT function selection. This option defines the way of enabling or disabling the HALT function.
WDT source selection. This option selects the WDT source, from either the subsystem clock, or instruction
2 - . )
clock, or disabling the WDT function.
CLRWDT times selection. This option defines the way of clearing the WDT by instruction. "Once” means
3 that the "CLR WDT" can clear the WDT and "Twice” implies that the "CLR WDT1” and "CLR WDT2" should
be executed before the time-out so as to clear the WDT.
4 Wake-up selection. This option defines the wake-up activity. Port A has the capability of waking-up the chip
from HALT.
5 PB, PCO, and PC1 pull-high options
6 MCU OSC type selection. This option is to decide if an RC or Crystal oscillator is chosen as the system
clock.
7 WDT prescaler selection. The prescaler can be set to 1/1024 or 1/2048
8 FOUT connection selection. The FOUT output can be connected to the OSC1 input or not.
9 Double frequency selection. The FOUT can be doubled from the X1 input clock.
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Application Circuits
Application Circuit 1
1
g%’ 1.5V
VDD  BSt >
LCD 35x4 dots BS?2 > vbD
1/3Bias K—> COM0~3 BS3 »| Receiver
1/4 Dut - <
uty SEG0~34 > vss
TMR1 [¢——
F=6-SW1_1pag
S SW2 fppy BZ
F"6-SW3 1ppo
777
_I\ -
v —PA3~PAB
(f PC1
cs PB4
SK PB1
EEPROM ) =
VSS DO » PB3
747 HT9480
PCO
PBO
1.5V — 3V
. PB5~PB7
> BAF Tka
470pH RES
nnnm p 0.1uF
o,
+
X 7
1.5V 4T outh— %5 oy 0sc2
I\ DC/DC + J_
VSS g 0.1uF 0SsCcA
77 ;I/; FOUT — 76.8kHz/153.6kHz
TS X2
3v O—E TsC __,_:I 76.8kHz
VSS X1
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Application Circuit 2

1
%\)’ 1.5V
VDD BS1 <
LCD 35x4 dots BS2 ; vbDb
1/3Bias K—) COM0~3 BS3 »| Receiver
174 Duty SEG0~34 on ves
TMR1
— e SW1 )
ol
o — O O SW2 PA1 BZ
ol
eSW3 pnp
777
N
av ) PA3~PA6
(f PC1
CS [4—PB4
SK [¢—{PB1
EEPROM | l¢— B2
VSS DO » PB3
747 HT9480
PCO
PBO
1.5V — 3V
A PB5~PB7
» BAF 1kQ
470uH RES
YYYY 0.1pF
o,
f * L ﬂ 100pF ;7
Py p
1'5VD 47k LX ouT > 3y 0SC2
\ DC/DC + _L
vss o ;I/;O-WF osc1 j
7;7 7];7 FOUT 76.8kHz/153.6kHz
. (for crystal option only)
TS X2 __|_
0 [ === C176.8kHz
3V TSC
VSS X1 -
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Instruction Set Summary
. A Instruction Flag
Mnemonic Description Cycle Affected
Arithmetic
ADD A,[m] Add data memory to ACC 1 Z,C,AC,0V
ADDM A[m] | Add ACC to data memory 1M Z,C,AC,0V
ADD A,x Add immediate data to ACC 1 Z,C,AC,0V
ADC A,[m] Add data memory to ACC with carry 1 Z,C,AC,0V
ADCM A[m] | Add ACC to data memory with carry 1M Z,C,AC,0V
SUB A x Subtract immediate data from ACC 1 Z,C,AC,0V
SUB A,[m] Subtract data memory from ACC 1 Z,C,AC,0V
SUBM A,[m] | Subtract data memory from ACC with result in data memory 1M Z,C,AC,0V
SBC A,[m] Subtract data memory from ACC with carry 1 Z,C,AC,0V
SBCM A,[m] | Subtract data memory from ACC with carry and resultin data memory 1) Z,C,AC,0V
DAA [m] Decimal adjust ACC for addition with result in data memory 1M C
Logic Operation
AND A,[m] AND data memory to ACC 1 4
OR A,[m] OR data memory to ACC 1 z
XOR A,[m] Exclusive-OR data memory to ACC 1 Z
ANDM A [m] | AND ACC to data memory 1M Z
ORMA,m] | ORACC to data memory 1M z
XORM A,[m] | Exclusive-OR ACC to data memory 1M Z
AND A x AND immediate data to ACC 1 Z
OR A x OR immediate data to ACC 1 Z
XOR A,x Exclusive-OR immediate data to ACC 1 4
CPL [m] Complement data memory 1M z
CPLA [m] Complement data memory with result in ACC 1 z
Increment & Decrement
INCA [m] Increment data memory with result in ACC 1 Z
INC [m] Increment data memory 1M VA
DECA [m] Decrement data memory with result in ACC 1 z
DEC [m] Decrement data memory 1M Z
Rotate
RRA [m] Rotate data memory right with result in ACC 1 None
RR [m] Rotate data memory right 1 None
RRCA [m] Rotate data memory right through carry with result in ACC 1 C
RRC [m] Rotate data memory right through carry 1M C
RLA [m] Rotate data memory left with result in ACC 1 None
RL [m] Rotate data memory left 1M None
RLCA [m] Rotate data memory left through carry with result in ACC 1 C
RLC [m] Rotate data memory left through carry 1 C
Data Move
MOV A,[m] Move data memory to ACC 1 None
MOV [m],A Move ACC to data memory 1M None
MOV A,x Move immediate data to ACC 1 None
Bit Operation
CLR [m].i Clear bit of data memory 1M None
SET [m].i Set bit of data memory 1M None
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Mnemonic Description Cycle Affected
Branch
JMP addr Jump unconditionally 2 None
SZ [m] Skip if data memory is zero 10 None
SZA [m] Skip if data memory is zero with data movement to ACC 12 None
SZ [m].i Skip if bit i of data memory is zero 12 None
SNZ [m].i Skip if bit i of data memory is not zero 10 None
SIZ [m] Skip if increment data memory is zero 1) None
SDZ [m] Skip if decrement data memory is zero 10) None
SIZA [m] Skip if increment data memory is zero with result in ACC 10 None
SDZA [m] Skip if decrement data memory is zero with result in ACC 12 None
CALL addr Subroutine call 2 None
RET Return from subroutine 2 None
RET A,x Return from subroutine and load immediate data to ACC 2 None
RETI Return from interrupt 2 None
Table Read
TABRDC [m] | Read ROM code (current page) to data memory and TBLH 20 None
TABRDL [m] | Read ROM code (last page) to data memory and TBLH 2 None
Miscellaneous
NOP No operation 1 None
CLR [m] Clear data memory 1M None
SET [m] Set data memory 1M None
CLRWDT Clear Watchdog Timer 1 TO,PD
CLRWDT1 | Pre-clear Watchdog Timer 1 TO® pD®
CLRWDT2 | Pre-clear Watchdog Timer 1 TO® pD@
SWAP [m] Swap nibbles of data memory 1M None
SWAPA [m] Swap nibbles of data memory with result in ACC 1 None
HALT Enter power down mode 1 TO,PD

Note: x: Immediate data

m: Data memory address

A: Accumulator

i 0~7 number of bits

addr: Program memory address

\: Flag is affected

—: Flag is not affected

M:}fa loading to the PCL register occurs, the execution cycle of instructions will be delayed for one more cycle
(four system clocks).

@1t q skipping to the next instruction occurs, the execution cycle of instructions will be delayed for one more
cycle (four system clocks). Otherwise the original instruction cycle is unchanged.
®). (1 gng @

®: The flags may be affected by the execution status. If the Watchdog Timer is cleared by executing the

CLR WDT1 or CLR WDT2 instruction, the TO and PD are cleared.

Otherwise the TO and PD flags remain unchanged.
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Instruction Definition

ADC A,[m]

Description

Operation

Affected flag(s)

ADCM A,[m]

Description

Operation

Affected flag(s)

Add data memory and carry to the accumulator

The contents of the specified data memory, accumulator and the carry flag are added si-
multaneously, leaving the result in the accumulator.

ACC « ACCH[m]+C

Add the accumulator and carry to data memory

The contents of the specified data memory, accumulator and the carry flag are added si-
multaneously, leaving the result in the specified data memory.

[m] <~ ACC+[m]+C

ADD A,[m] Add data memory to the accumulator
Description The contents of the specified data memory and the accumulator are added. The result is
stored in the accumulator.
Operation ACC « ACC+[m]
Affected flag(s)
TC2 TC1 TO PD OV 4 AC
— |-l [v[vlv]y
ADD Ax Add immediate data to the accumulator
Description The contents of the accumulator and the specified data are added, leaving the result in the
accumulator.
Operation ACC « ACC+x
Affected flag(s)
TC2 TC1 TO PD OV 4 AC
— |-l Iv[vlv]y
ADDM A,[m] Add the accumulator to the data memory
Description The contents of the specified data memory and the accumulator are added. The result is
stored in the data memory.
Operation [m] « ACC+[m]
Affected flag(s)
TC2 TC1 TO PD OV z AC
— == [elv]y
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AND A,[m]

Description

Operation

Affected flag(s)

AND A,x

Description

Operation

Affected flag(s)

ANDM A,[m]

Description

Operation
Affected flag(s)

CALL addr

Description

Operation

Affected flag(s)

CLR [m]
Description
Operation

Affected flag(s)

Logical AND accumulator with data memory

Data in the accumulator and the specified data memory perform a bitwise logical_AND op-
eration. The result is stored in the accumulator.

ACC « ACC "AND" [m]

Logical AND immediate data to the accumulator

Data in the accumulator and the specified data perform a bitwise logical_AND operation.
The result is stored in the accumulator.

ACC « ACC "AND"” x

Logical AND data memory with the accumulator

Data in the specified data memory and the accumulator perform a bitwise logical_AND op-
eration. The result is stored in the data memory.

[m] <~ ACC "AND" [m]

Subroutine call

The instruction unconditionally calls a subroutine located at the indicated address. The
program counter increments once to obtain the address of the next instruction, and pushes
this onto the stack. The indicated address is then loaded. Program execution continues
with the instruction at this address.

Stack < PC+1
PC « addr

Clear data memory

The contents of the specified data memory are cleared to 0.

[m] < 00H

TC2 TC1 TO PD ov 4 AC Cc
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CLR [m].i
Description
Operation

Affected flag(s)

CLRWDT

Description

Operation

Affected flag(s)

CLRWDT1

Description

Operation

Affected flag(s)

CLR WDT2

Description

Operation

Affected flag(s)

CPL [m]
Description

Operation

Affected flag(s)

Clear bit of data memory

The bit i of the specified data memory is cleared to 0.

[mli< 0

Clear Watchdog Timer
The WDT is cleared (clears the WDT). The power down bit (PD) and time-out bit (TO) are
cleared.

WDT « 00H
PDand TO « 0

Preclear Watchdog Timer

Together with CLR WDT2, clears the WDT. PD and TO are also cleared. Only execution of
this instruction without the other preclear instruction just sets the indicated flag which im-
plies this instruction has been executed and the TO and PD flags remain unchanged.

WDT « 00H*
PD and TO « 0*

Preclear Watchdog Timer

Together with CLR WDT1, clears the WDT. PD and TO are also cleared. Only execution of
this instruction without the other preclear instruction, sets the indicated flag which implies
this instruction has been executed and the TO and PD flags remain unchanged.

WDT « 00H*
PD and TO « 0*

Complement data memory

Each bit of the specified data memory is logically complemented (1's complement). Bits
which previously contained a 1 are changed to 0 and vice-versa.

[m] « [m]
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CPLA [m]

Description

Operation

Affected flag(s)

DAA [m]

Description

Operation

Affected flag(s)

DEC [m]
Description
Operation

Affected flag(s)

DECA [m]

Description

Operation

Affected flag(s)

Complement data memory and place result in the accumulator

Each bit of the specified data memory is logically complemented (1's complement). Bits
which previously contained a 1 are changed to 0 and vice-versa. The complemented result
is stored in the accumulator and the contents of the data memory remain unchanged.

ACC « [m]

Decimal-Adjust accumulator for addition

The accumulator value is adjusted to the BCD (Binary Coded Decimal) code. The accumu-
lator is divided into two nibbles. Each nibble is adjusted to the BCD code and an internal
carry (AC1) will be done if the low nibble of the accumulator is greater than 9. The BCD ad-
justment is done by adding 6 to the original value if the original value is greater than 9 or a
carry (AC or C) is set; otherwise the original value remains unchanged. The result is stored
in the data memory and only the carry flag (C) may be affected.

If ACC.3~ACC.0 >9 or AC=1

then [m].3~[m].0 « (ACC.3~ACC.0)+6, AC1=AC
else [m].3~[m].0 « (ACC.3~ACC.0), AC1=0

and

If ACC.7~ACC.4+AC1 >9 or C=1

then [m].7~[m].4 <~ ACC.7~ACC.4+6+AC1,C=1
else [m].7~[m].4 « ACC.7~ACC.4+AC1,C=C

S e e
Decrement data memory

Data in the specified data memory is decremented by 1.
[m] « [m]-1

TC2 TC1 TO PD ov AC C

Decrement data memory and place result in the accumulator

Data in the specified data memory is decremented by 1, leaving the result in the accumula-
tor. The contents of the data memory remain unchanged.

ACC « [m]-1
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HALT

Description

Operation

Affected flag(s)

INC [m]
Description
Operation

Affected flag(s)

INCA [m]

Description

Operation

Affected flag(s)

JMP addr

Description

Operation
Affected flag(s)

MOV A,[m]
Description
Operation

Affected flag(s)

Enter power down mode
This instruction stops program execution and turns off the system clock. The contents of

the RAM and registers are retained. The WDT and prescaler are cleared. The power down
bit (PD) is set and the WDT time-out bit (TO) is cleared.

PC « PC+1
PD « 1
TO« 0

Increment data memory

Data in the specified data memory is incremented by 1

[m] « [m]+1

Increment data memory and place result in the accumulator

Data in the specified data memory is incremented by 1, leaving the result in the accumula-
tor. The contents of the data memory remain unchanged.

ACC <« [m]+1

Directly jump

The program counter are replaced with the directly-specified address unconditionally, and
control is passed to this destination.

PC «-addr

Move data memory to the accumulator

The contents of the specified data memory are copied to the accumulator.

ACC « [m]
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MOV A,x
Description
Operation

Affected flag(s)

MOV [m],A

Description

Operation

Affected flag(s)

NOP
Description
Operation
Affected flag(s)

Move immediate data to the accumulator

The 8-bit data specified by the code is loaded into the accumulator.

ACC « x

Move the accumulator to data memory

The contents of the accumulator are copied to the specified data memory (one of the data
memories).

[m] «<-ACC

TC2 TC1 TO PD ov 4 AC C

No operation

No operation is performed. Execution continues with the next instruction.

PC « PC+1

OR A,[m] Logical OR accumulator with data memory
Description Data in the accumulator and the specified data memory (one of the data memories) per-
form a bitwise logical_OR operation. The result is stored in the accumulator.
Operation ACC «~ ACC "OR" [m]
Affected flag(s)
TC2 TC1 TO PD OV AC Cc
— |- [-[-T]-T=
OR A)x Logical OR immediate data to the accumulator
Description Data in the accumulator and the specified data perform a bitwise logical_OR operation.
The result is stored in the accumulator.
Operation ACC « ACC "OR" x
Affected flag(s)
TC2 TC1 TO PD OV 4 AC Cc
— |- [-[-T]-T=
ORM A,[m] Logical OR data memory with the accumulator
Description Data in the data memory (one of the data memories) and the accumulator perform a
bitwise logical_OR operation. The result is stored in the data memory.
Operation [m] «<ACC "OR” [m]
Affected flag(s)
TC2 TC1 TO PD OV AC C
g gy ey ey
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RET
Description
Operation

Affected flag(s)

RET A,x

Description

Operation

Affected flag(s)

RETI

Description

Operation

Affected flag(s)

RL [m]
Description

Operation

Affected flag(s)

RLA [m]

Description

Operation

Affected flag(s)

Return from subroutine

The program counter is restored from the stack. This is a 2-cycle instruction.

PC « Stack

Return and place immediate data in the accumulator
The program counter is restored from the stack and the accumulator loaded with the speci-
fied 8-bit immediate data.

PC « Stack
ACC « x

Return from interrupt

The program counter is restored from the stack, and interrupts are enabled by setting the
EMI bit. EMI is the enable master (global) interrupt bit.

PC « Stack
EMI 1

Rotate data memory left
The contents of the specified data memory are rotated 1 bit left with bit 7 rotated into bit 0.

[m].(i+1) < [m].i; [m].i:bit i of the data memory (i=0~6)
[m].0 < [m].7

Rotate data memory left and place result in the accumulator

Data in the specified data memory is rotated 1 bit left with bit 7 rotated into bit 0, leaving the
rotated result in the accumulator. The contents of the data memory remain unchanged.
ACC.(i+1) < [m].i; [m].i:bit i of the data memory (i=0~6)

ACC.0 « [m].7
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RLC [m]

Description

Operation

Affected flag(s)

RLCA [m]

Description

Operation

Affected flag(s)

RR [m]
Description

Operation

Affected flag(s)

RRA [m]

Description

Operation

Affected flag(s)

Rotate data memory left through carry

The contents of the specified data memory and the carry flag are rotated 1 bit left. Bit 7 re-
places the carry bit; the original carry flag is rotated into the bit O position.

[m].(i+1) « [m].i; [m].i:bit i of the data memory (i=0~6)

[ml.0«C

C «[m].7

Rotate left through carry and place result in the accumulator

Data in the specified data memory and the carry flag are rotated 1 bit left. Bit 7 replaces the
carry bit and the original carry flag is rotated into bit O position. The rotated result is stored
in the accumulator but the contents of the data memory remain unchanged.

ACC.(i+1) « [m].i; [m].i:bit i of the data memory (i=0~6)

ACC.0« C

C «[m].7

Rotate data memory right
The contents of the specified data memory are rotated 1 bit right with bit O rotated to bit 7.

[m].i <= [m].(i+1); [m].i:bit i of the data memory (i=0~6)
[m].7 < [m].0

Rotate right and place result in the accumulator

Data in the specified data memory is rotated 1 bit right with bit O rotated into bit 7, leaving
the rotated result in the accumulator. The contents of the data memory remain unchanged.
ACC.(i) «— [m].(i+1); [m].i:bit i of the data memory (i=0~6)

ACC.7 « [m].0

RRC [m] Rotate data memory right through carry
Description The contents of the specified data memory and the carry flag are together rotated 1 bit
right. Bit O replaces the carry bit; the original carry flag is rotated into the bit 7 position.
Operation [m].i <= [m].(i+1); [m].i:bit i of the data memory (i=0~6)
[m].7«C
C « [m].0
Affected flag(s)
TC2 TC1 TO PD ov 4 AC
o e ) R Y
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RRCA [m]

Description

Operation

Affected flag(s)

SBC A,[m]

Description

Operation

Affected flag(s)

SBCM A,[m]

Description

Operation

Affected flag(s)

SDZ [m]

Description

Operation

Affected flag(s)

SDZA [m]

Description

Operation

Affected flag(s)

Rotate right through carry and place result in the accumulator

Data of the specified data memory and the carry flag are rotated 1 bit right. Bit O replaces
the carry bit and the original carry flag is rotated into the bit 7 position. The rotated result is
stored in the accumulator. The contents of the data memory remain unchanged.

ACC.i < [m].(i+1); [m].i:bit i of the data memory (i=0~6)
ACC.7«C
C « [m].0

Subtract data memory and carry from the accumulator

The contents of the specified data memory and the complement of the carry flag are sub-
tracted from the accumulator, leaving the result in the accumulator.

ACC « ACC+[m]+C

Subtract data memory and carry from the accumulator

The contents of the specified data memory and the complement of the carry flag are sub-
tracted from the accumulator, leaving the result in the data memory.

[m] <« ACC+[m]+C

Skip if decrement data memory is 0

The contents of the specified data memory are decremented by 1. If the result is 0, the next
instruction is skipped. If the result is 0, the following instruction, fetched during the current
instruction execution, is discarded and a dummy cycle is replaced to get the proper instruc-
tion (2 cycles). Otherwise proceed with the next instruction (1 cycle).

Skip if ([m]-1)=0, [m] « ([m]-1)

Decrement data memory and place result in ACC, skip if 0

The contents of the specified data memory are decremented by 1. If the result is 0, the next
instruction is skipped. The result is stored in the accumulator but the data memory remains
unchanged. If the result is 0, the following instruction, fetched during the current instruction
execution, is discarded and a dummy cycle is replaced to get the proper instruction (2 cy-
cles). Otherwise proceed with the next instruction (1 cycle).

Skip if ([m]-1)=0, ACC « ([m]-1)
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SET [m]
Description
Operation

Affected flag(s)

SET [m]. i
Description
Operation

Affected flag(s)

SIZ [m]

Description

Operation

Affected flag(s)

SIZA [m]

Description

Operation

Affected flag(s)

SNZ [m].i

Description

Operation

Affected flag(s)

Set data memory
Each bit of the specified data memory is set to 1.

[m] « FFH

TC2 TC1 TO PD ov 4 AC C

Set bit of data memory

Bit i of the specified data memory is set to 1.

[mli < 1

TC2 TC1 TO PD ov 4 AC C

Skip if increment data memory is 0

The contents of the specified data memory are incremented by 1. If the result is 0, the fol-
lowing instruction, fetched during the current instruction execution, is discarded and a
dummy cycle is replaced to get the proper instruction (2 cycles). Otherwise proceed with
the next instruction (1 cycle).

Skip if ([m]+1)=0, [m] < ([m]+1)

Increment data memory and place result in ACC, skip if 0

The contents of the specified data memory are incremented by 1. If the result is 0, the next
instruction is skipped and the result is stored in the accumulator. The data memory re-
mains unchanged. If the result is 0, the following instruction, fetched during the current in-
struction execution, is discarded and a dummy cycle is replaced to get the proper
instruction (2 cycles). Otherwise proceed with the next instruction (1 cycle).

Skip if (Im]+1)=0, ACC « ([m]+1)

Skip if bit i of the data memory is not 0

If bit i of the specified data memory is not 0, the next instruction is skipped. If biti of the data
memory is not 0, the following instruction, fetched during the current instruction execution,
is discarded and a dummy cycle is replaced to get the proper instruction (2 cycles). Other-
wise proceed with the next instruction (1 cycle).

Skip if [m].i=0
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SUB A,[m]

Description

Operation

Affected flag(s)

SUBM A,[m]

Description

Operation

Affected flag(s)

SUB Ax

Description

Operation
Affected flag(s)

SWAP [m]

Description

Operation

Affected flag(s)

SWAPA [m]

Description

Operation

Affected flag(s)

Subtract data memory from the accumulator

The specified data memory is subtracted from the contents of the accumulator, leaving the
result in the accumulator.

ACC « ACC+[m]+1

Subtract data memory from the accumulator

The specified data memory is subtracted from the contents of the accumulator, leaving the
result in the data memory.

[m] <~ ACC+[m]+1

Subtract immediate data from the accumulator

The immediate data specified by the code is subtracted from the contents of the accumula-
tor, leaving the result in the accumulator.

ACC « ACC+x+1

Swap nibbles within the data memory

The low-order and high-order nibbles of the specified data memory (1 of the data memo-
ries) are interchanged.

[m].3~[m].0 <> [m].7~[m].4

Swap data memory and place result in the accumulator

The low-order and high-order nibbles of the specified data memory are interchanged, writ-
ing the result to the accumulator. The contents of the data memory remain unchanged.
ACC.3~ACC.0 « [m].7~[m].4

ACC.7~ACC.4 « [m].3~[m].0
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SZ [m]

Description

Operation

Affected flag(s)

SZA [m]

Description

Operation

Affected flag(s)

SZ [m].i

Description

Operation

Affected flag(s)

TABRDC [m]

Description

Operation

Affected flag(s)

TABRDL [m]

Description

Operation

Affected flag(s)

Skip if data memory is 0

If the contents of the specified data memory are 0, the following instruction, fetched during
the current instruction execution, is discarded and a dummy cycle is replaced to get the
proper instruction (2 cycles). Otherwise proceed with the next instruction (1 cycle).

Skip if [m]=0

Move data memory to ACC, skip if 0

The contents of the specified data memory are copied to the accumulator. If the contents is
0, the following instruction, fetched during the current instruction execution, is discarded
and a dummy cycle is replaced to get the proper instruction (2 cycles). Otherwise proceed
with the next instruction (1 cycle).

Skip if [m]=0

Skip if bit i of the data memory is 0

If bit i of the specified data memory is 0, the following instruction, fetched during the current
instruction execution, is discarded and a dummy cycle is replaced to get the proper instruc-
tion (2 cycles). Otherwise proceed with the next instruction (1 cycle).

Skip if [m].i=0

Move the ROM code (current page) to TBLH and data memory
The low byte of ROM code (current page) addressed by the table pointer (TBLP) is moved
to the specified data memory and the high byte transferred to TBLH directly.

[m] « ROM code (low byte)
TBLH <« ROM code (high byte)

Move the ROM code (last page) to TBLH and data memory
The low byte of ROM code (last page) addressed by the table pointer (TBLP) is moved to
the data memory and the high byte transferred to TBLH directly.

[m] <~ ROM code (low byte)
TBLH « POM code (high byte)
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XOR A,[m]

Description

Operation

Affected flag(s)

XORM A,[m]

Description

Operation

Affected flag(s)

Logical XOR accumulator with data memory

Data in the accumulator and the indicated data memory perform a bitwise logical Exclu-
sive_OR operation and the result is stored in the accumulator.

ACC « ACC "XOR" [m]

Logical XOR data memory with the accumulator

Data in the indicated data memory and the accumulator perform a bitwise logical Exclu-
sive_OR operation. The result is stored in the data memory. The 0 flag is affected.

[m] <~ ACC "XOR" [m]

TC2 TC1 TO PD ov AC C
o e e e
XOR A,x Logical XOR immediate data to the accumulator
Description Data in the accumulator and the specified data perform a bitwise logical Exclusive_OR op-
eration. The result is stored in the accumulator. The 0 flag is affected.
Operation ACC « ACC "XOR" x
Affected flag(s)
TC2 TC1 TO PD ov AC C
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Package Information
80-pin LQFP (12x12) outline dimensions
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Dimensions in mm
Symbol .
Min. Nom. Max.
A 13.90 — 14.10
B 11.90 — 12.10
C 13.90 — 14.10
D 11.90 — 12.10
E — 0.50 —
E _ 0.20 —
G 1.35 — 1.45
H — — 1.60
| — 0.10 —
J 0.45 — 0.75
K 0.10 — 0.20
o 0° — 7°
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