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1 General Description

The EM78680 is a series of 8-bit Universal Serial Bus (USB), RISC architecture, micro-
controller. It is specifically designed for USB full speed device application. The
EM78680 also supports one device address and six endpoints.

The EM78680 has 8-level stacks and four sets of interrupt sources. It has a maximum
of 38 General Input/Output pins with the capacity of sinking large current. Each device
has 272 bytes of general purpose SRAM, 6K bytes of program ROM.

These series of ICs have special features that meet user’s requirements. Such
features are:

Dual Clock mode which allows the device to run on very low power.

Pattern Detect Application function which is used in serial transmission to count
waveform width.

Pulse Width Modulation that can generate a duty-cycle-programmable signal
24-channel AD converter with up to 10 bits resolution

Serial Peripheral Interface

2 Features

Operating voltage: 4.0V ~ 5.5V ( 24MHz operation voltage: 5.0~5.5V)

m  USB Specification Compliance
o Universal Serial Bus Specification Version 1.1
e USB Device Class Definition for Human Interface Device (HID), Firmware

Specification Version 1.1

e Supports one device address and six endpoints

m  USB Application
e P74 (D+) has an internal pull-high resistor (1.5KQ)
e USB protocol handling
e USB device state handling
« Identifies and decodes Standard USB commands to Endpoint Zero

m  Built-in 8-bit RISC MCU
o 8-level stacks for subroutine testing, and interrupt
e Auto saving R3, R4 and RA Bit 7 when interrupt occurs
e 4 sets of interrupts
e 8-bit real time clock/counter (TCC) with overflow interrupt
¢ Built-in RC oscillator free running for Watchdog Timer and Dual clock mode
e Two independent programmable prescalers for WDT and TCC

Product Specification (V1.0) 11.23.2011 o1
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e« Two methods of power saving:
> Power-down mode (Sleep mode)
> Dual clock mode

e Two clocks per instruction cycle

e Multi-time programmable

Set 1 INT : (jump to 0x08)

e TCC overflow interrupt

e EPO command in interrupt

e USB suspend interrupt

e USB reset interrupt

e USB HOST resume interrupt

Set 2 INT : (jump to 0x10)

e RF1 low pattern interrupt
e RF1 high pattern interrupt
e RF2 low pattern interrupt
e RF2 high pattern interrupt

Set 3 INT : (jump to 0x18)

e P77 port change interrupt

e P76 port change interrupt

e SPI Timer 1 comparator completed interrupt (Note 1)

e SPI transmission completed interrupt (Note 1).

Notel: When use this interrupt please set code option bit 65 as “0”".

Set 4 INT : (jump to 0x20)
EP1~5 output Endpoint received O.K interrupt

I/O Ports
e 3 LED sink pins

e Each GPIO pinin Ports 5, 6, 8, 9, P70~P72 and P76~P77 has an internal
programmable pull-high resistor (25 KQ)

e Portsb5, 6,8,9are 3.3V I/O, Port 7: 5V I/O

e Each GPIO pin of Port 6, Ports 90~93 can wake-up the MCU from sleep mode
by input state change

Internal Memory

e Built-in 6Kx13 bits Program ROM

e Built-in 272 bytes general purpose registers (SRAM)

e Built-in USB Application FIFOs

Operation Frequency
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« Normal Mode: MCU runs on an external oscillator frequency of 4MHz, Internal
system frequency of 8MHz, 16MHz or 24MHz

e Dual Clock Mode: MCU runs at a frequency of 256kHz (or 32kHz, 4kHz,
500Hz), using an internal oscillator with an external crystal resonator turned off
to save power

m  Built-in Pattern Detecting Application for serial signal transmission

m  Built-in Pulse Width Modulation (PWM)
e 2 channels PWM function on P.92 (PWM1) and P.93 (PWM2)
e 8-bit resolution of PWM output
e 8 selections of duty cycles

m  Built-in 24-Channel Analog-to-Digital Converter (ADC)
e Built-in AD Converter with 10-bit resolution
e 4 types of ADC clock source selection: 256K/128K/64K/32K

m  Built-in Serial Peripheral Interface (SPI)
e Operation in either Master mode or Slave mode
e Programmable baud rates of communication
e Up to 8 MHz bit frequency

m  Built-in 3.3V Voltage Regulator
e For UDC power supply
e Pull-up source for the external USB resistor on D+ pin
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(This specification is subject to change without further notice)



EM78680

USB Full Speed Microcontroller

3 Pin Description

Syglele] 1/0 Function
General 8-bit bidirectional input/output port. All pins on this port can
be internally pulled-high by register IOCE Bit 0.
P50 ~ P57 I/0 All Port 5 input/output pins can be used for ADC function.
(Code Option Bit 65=0) and SPI function enable => P57: SPI /SS bit
P56: SCK, P55:SDO , P54:SDI
General 8-bit bidirectional input/output port. All pins on this port can
P60 ~ P67 1/0 be internally pulled-high by register IOCE Bit 1.
All Port 6 input/output pins can be used for ADC function.
General 5-bit bidirectional input/output port. All pins on this port can
P70 ~ P72 . ) . .
76 ~ P77 1/0 be internally pulled-high by register IOCE Bit 3.
6~ The sink current of P70 ~ P72 are used for driving the LED.
General 8-bit bidirectional input/output port. All pins on this port can
P80 ~ P87 110 be internally pulled-high by register IOCE Bit 2.
All Port 8 input/output pins can be used for ADC function.
General 8-bit bidirectional input/outpu port. Each pin can be internally
ulled-high by register IOCD.
P90~P97 I/O P gh byreg ) .
P92 ~ P93 can be used for PWM (pulse width modulation) or PDA
(serial signal transmission application) function.
USB D+ I/0 USB D+ pin. Built-in internal 1.5K pulled-high resistor to V3.3
USB D- le} USB D- pin
OSsClI I 4 MHz crystal input
OSCO I/O Return path for 4 MHz crystal
3.3V DC voltage output from an internal regulator. This pin has to be
V3.3 o . .
tied to a 4.7 uF capacitor.
VDD B Connect to the USB power source or to a nominal 5V-power supply.
Actual VDD range can vary between 4.4V and 5.25V.
VSS - Connect to ground.
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4 Block Diagram

OsClI  OSCOo VDD V3.3 D+ D-

R2 Stackl
(PC) |7 7] stack2
A Stack3
. i 3.3V . Stack4
Built-in N O'IS'iCrIT:Ii?]tg(;r < Regulator —» Transceiver Stacks
»
RC Control ROM Stacké
< \ 4 Stack7
RC,RD USB Stack8
Device v R3
v A Controller ] > Stat
v Instruction (Status)
Prescaler Prescaler v 4 -
WoT Toc Ep ,_> register
RAM FIFO
Reset & Interrupt ALU
Sleep & v v A A Control v
Wcil;fr;p WDT Rl v 1 Instructi ¢
Timer (Tco) R4 ”Dse’gg d'g:‘
(RSR) ACC
A A
A A A y \ 4 A\ 4 \ 4 A A ¢
DATA & CONTROL BUS
v T A A A
PWM ADC < ) <
v A 4 r 4 4 4
p3? A PaT/AD A
A4 P92/PWM1/SE1
o =T [ atem 1o s | N0 B 1o 2 o EsaD
P84/AD P64/AD P54/AD
Port 7 P72 Detect [ €] Port9 Pos Port 8 PE2AD Port 6 PRSAS Port 5 PEAD
——=F7® | Application P97 P87/AD P67/AD P57/AD

5 Function Description

The EM78680 memory is organized into four spaces, namely; User Program memory
in 6Kx13 bits ROM space, Data Memory in 272 bytes SRAM space, and USB
Application FIFOs for Endpoint 0, Endpoint 1, Endpoint 2, Endpoint 3, Endpoint 4,
Endpoint 5. Furthermore, several registers are used for special purposes.

5.1 Program Memory

The program space of the EM78680 is 6K bytes, and is divided into six pages. Each
page is 1K bytes long. After a Reset, the 13-bit Program Counter (PC) points to
location zero of the program space.

The Interrupt Vectors are at 0x0008 (USB and TCC interrupts), 0x0010 (RF function
interrupt), 0x0018 (P76 P77 port change and SPI interrupt) and 0x020 (EP1~5 output
endpoint interrupt).

When interrupt occurs, the MCU will auto save the Status Register (R3), RA,7 , RAM
Select Register (R4 Bits 6, 7), Accumulator (A) then clear PS0~PS2 and fetch the
instruction from the interrupt vector address. The interrupt vector address is illustrated
in the following diagram.
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After reset Address

PC

v

0x0000
0x0008

0x0010

0x0018

0x0020

Ox03FF
0x0400

O0x07FF
0x0800

OxOBFF
0x0C00

OXOFFF
0x1000

Ox13FF
0x1400

Ox17FF

Reset Vector

First set of Interrupt Vector
Second set of Interrupt Vector
Third set of Interrupt Vector

Fourth set of Interrupt Vector
Page O

Page 1

Page 2

Page 3

Page 4

Page 5

Figure 5-1 EM78680 Data RAM Organization

5.2 Data Memory

The Data Memory has 272 bytes SRAM space. It is also equipped with USB
Application FIFO space for USB Application. Figure 5-2 shows the organization of the
Data Memory Space.

e
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Accumulator

RO
R1 (TCC)

R2 (PC)

R3 (Status)

1 S |RA (EPO status)

R4 (RSR)
R5 (Port5)
R6 (Port6)

10C5

Stack

(8 levels)

10C6

10C7

10C8

10C9

P7 (Port7)
R8 (Port8)
R9 (Port9)

RB (General register)

RC (FIFO index)

)

IOCA (RFCNT)

IOCB (PWM_CNT)

I0CC (T1CON)

10CD (P9 Pull-High)

: Endpoint0 OUT data
: Endpoint0 IN data

: Endpointl data

: Endpoint2 data

: Endpoint3 data

: Endpoint4 data

IOCE (MCU CR)

IOCF (INT MASK)

05 : Endpoint5 data
RD (FIFO data) 06 : SPI IN data
RE (ISR0) 07 : SPI OUT data
RF (ISR1)
R10 (EP Status reg) R10 (PWP)
R11 (ADCR/AD_Sel) {Extra RAM 0 R11 (SPI_COUNT) IExtra RAM 1
R12 (AD_Rate) R12 (SPIS)
R13 (AD_LSB) R13 (SPIC)
R14 (AD_MSB) R14 (TMR1)
R15 (PWM1 preset) R15 (SE1_LOW)
R16 (PWM2 preset) R16 (SE1_HIGH)
R17 R17 (SE2_LOW)
R18 R18 (SE2_HIGH)
R19 R19
R1A R1A
R1B R1B
R1C R1C
R1D R1D
R1E R1E
R1F R1F
000 001 010 011 100 101 110 111
32x8 Bank 32x8 Bank 32x8 Bank 32x8 Bank 32x8 Bank 32x8 Bank 32x8 Bank 32x8 Bank
Register Register Register Register Register Register Register Register
(Bank 0) (Bank 1) (Bank 2) (Bank 3) (Ban K 4) (Bank 5) (Bank 6) (Bank 7)

Figure 5-2 Data Memory Configuration
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5.2.1 Operational Registers
5.2.1.1 RO (Indirect Address Register)

RO is not a physically implemented register. It is used as an indirect addressing
pointer. Any instruction using RO as register actually accesses data pointed by the
RAM Select Register (R4).

5.2.1.2 R1 (Timer/Clock Counter, TCC)

This register TCC, is an 8-bit timer or counter. It is incremented by the instruction cycle
clock, and is readable and writable as any other register.

5.2.1.3 R2 (Program Counter and Stack)
m  R2 and the hardware stacks are 13 bits wide.
m The structure is depicted in Figure 5-3.

m  Generates 6Kx13 on-chip ROM addresses to the relative programming instruction
codes. One program page is 1024 words long.

m  All the R2 bits are set to "0"s when a reset condition occurs.

m  "JMP"instruction allows direct loading of the lower 10 program counter bits. Thus,
"JMP" allows jump to any location on one page.

m  "CALL"instruction loads the lower 10 bits of the PC, and then PC+1 is pushed onto
the stack. Thus, the subroutine entry address can be located anywhere within a

page.

m  "RET" ("RETL k", "RETI") instruction loads the program counter with the contents
at the top of stack.

m  "MOV R2, A" allows the loading of an address from the "A" register to the lower 8
bits of PC, and the ninth and tenth bits (A8~A9) of PC are cleared.

m  "ADD R2, A" allows a relative address to be added to the current PC, and the ninth
and tenth bits of PC are cleared.

m  Any instruction that is written to R2 (e.g. "ADD R2, A", "MOV R2, A", "BC R2,6",
etc-), except "TBL" will cause the ninth and tenth bits (A8~A9) of the PC to be
cleared. Thus, the computed jump is limited to the first 256 locations of any
program page.

m  "TBL" allows arelative address to be added to the current PC (R2+A—R2), and the
contents of the ninth and tenth bits (A8~A9) of the PC are not changed. Thus, the
computed jump can be on the second (third, or 4th) 256 locations on one program
page.

m  For the EM78680, the most significant bits (A10~A12) will be loaded with the
contents of bits PSO~PS2 in the status register (R3) upon the execution of a "JIMP",
"CALL", or any other instructions which writes to R2.

8e Product Specificati on (V1.0) 11.23.2011
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m Allinstructions are single instruction cycle except for the instruction that would
change the contents R2. Such instruction will need one more instruction cycle.

L} Stack 1
PC A12~A10 | A9~A8 A7 ~ AO «— Stack 2
RET Stack 3
RETL Stack 4
RETI Stack 5
Stack 6
000 0000
- » Page 0 Stack 7
03FF
Stack 8
001 0400
EEEE— Page 1
O7FF
010 0800 0000:Reset Location
> Page 2
OBFF
011 0C00 Interrupt Location
EE— )
OFFF Page 3 0008:RAM Module 0 interrupt
100 1000 0010:RAM Module 1 interrupt
E— 13FF Page 4 0018:RAM Module 2 interrupt
101 1400 0020:RAM Module 3 interrupt
—> Page 5
17FF

5.2.1.4 R3 (Status Register)

PS2 PS1 PSO T P z DC C

After an interrupt occurs, the MCU will save R3 Bits 5~7 first and clear automatically
PS0~PS2.

R3 [0] Carry flag
R3 [1] Auxiliary carry flag

R3 [2] Zero flag. It will be set to 1 when the result of an arithmetic or logic operation
is zero.

R3 [3] Power down flag. It will be set to 1 during Power-on phase or by “WDTC”
command and cleared when the MCU enters into Power-down mode. It
remains in its previous state after a Watchdog Reset.

“0". Power-down mode
“1". Power on

Values of RST, T and P after a Reset

Power on 1 1
WDT during Operation mode 0 P
WDT wake-up during Sleep 1 mode 0 0
WDT wake-up during Sleep 2 mode 0 P
Wake-up on pin change during Sleep 2 mode P P

*P: Previous value before reset

Product Specification (V1.0) 11.23.2011 o9
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Status of RST, T and P Being Affected by Events

Event ‘ T ‘ P
Power on 1
WDTC instruction 1 1
WDT time-out 0 *P
SLEP instruction 1 0
Wake-up on pin change during Sleep 2 mode P P

*P: Previous value before reset

R3 [4] Time-out flag. It will be set to 1 during Power-on phase or by “WDTC”
command. Itis resetto 0 by WDT time-out.

“0": Watchdog timer with overflow
“1": Watchdog timer without overflow

R3 [5~7] Page select bits. These three bits are used to select the program memory

page.
PS2 ‘ PS1 ‘ PSO ‘ Program Memory Page [Address]

0 0 0 Page 0 [000-3FF]

0 0 1 Page 1 [400-7FF]

0 1 0 Page 2 [800-BFF]

0 1 1 Page 3 [CO0-FFF]

1 0 0 Page 4 [1000-13FF]

1 0 1 Page 5 [1400-17FF]

5.2.1.5 R4 (RAM Select Register)

| Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2
BK1 BKO Ad5 Ad4 Ad3 Ad2 Adl AdO

R4 (RAM select register) contains the address of the registers. When interrupt occurs ,
the MCU will save R4 value automatically.

R4 [0~5] are used to select registers (Address: 0x00h~0x3Fh) in indirect addressing
mode.

R4 [6~7]are used to determine which bank is activated among the 8 banks. To select a
register bank, refer to the table below:

RA4[7]BK1 R4[6]BKO RAM Bank #
0 0 Bank O
0 1 Bank 1
1 0 Bank 2
1 1 Bank 3

5.2.1.6 R5 (Port 5 I/0 Register) Default Value: (0B_0000_0000)

Bit7 | Bit6 | Bit5 | Bita | Bt3 | Btz | Btz | Bito
P57 P56 P55 P54 P53 P52 P51 P50

10 e
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5.2.1.7 R6 (Port 6 1/0 Register) Default Value: (0B_0000_0000)

| Bte | Bits | sita | Bt3 | Btz | Btz | Bsio
P67 P66 P65 P64 P63 P62 P61 P60

5.2.1.8 R7 (Port 7 /O Register) Default Value: (0B_0000_0000)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

P77 P76 D-/P75 D+/P74 - P72 P71 P70

5.2.1.9 R8 (Port 8 I/0 Register) Default Value: (0B_0000_0000)

| Bte | Bits | Bit4 | Bits | Btz | Btz |
P87 P86 P85 P84 P83 P82 P81 P80

5.2.1.10 R9 (Port 9 I/O Register) Default Value: (0OB_0000_0000)

Bit7 | Bit6 | Bit5 | Bit4 | Bita | Bit2 | Bit1 |
P97 P96 P95 P94 P93 P92 P91 P90

5.2.1.11 RA (USB Endpoint 0 Status Register) Default Value: (0BO000_0000)

Bit7 | Bit6 | Bit5 | Bt | Bit3 Bit1 | Bito
Extr _R | Remote Status [EPO_W|EPO_R |Dev _Resume|UDC_Suspend|UDC_Writing|STALL

RA [0] STALL flag. When the MCU receives an unsupported command or invalid
parameters from host, this bit will be set to 1 by the firmware to notify the UDC to
return a STALL handshake. When a successful setup transaction is received,
this bit is cleared automatically. This bit is both readable and writable.

RA [1] UDC Writing flag. Read only. When this bit is equal to “1,” it indicates that the
UDC is writing daOta into the EPQ’s FIFO or reading data from it. During this
time, the firmware will avoid accessing the FIFO until the UDC finishes writing or
reading. This bit is readable only.

1: EPO’s FIFO is busy
0: EPO’s FIFO is free for data transition. ACK, NAK are reset.

RA [2] UDC Suspend flag. If this bit is equal to 1, it indicates that the USB bus has no
traffic for a specified period of 3.0 ms. This bit will also be cleared automatically
when a bus activity takes place. This bit is readable only.

RA [3] Device resume flag. This bit is set by firmware to generate a signal to wake up
the USB host and is cleared as soon as the USB Suspend signal becomes low.
This bit can only be set by firmware and cleared by hardware. It cam only be
used in dual mode. This bit is both readable and writable.

RA [4] EPO_R flag. This bit informs the UDC to read the data written by the firmware
from the FIFO. Then the UDC will automatically send the data to the Host. After
the UDC finishes reading the data from the FIFO, this bit will be cleared
automatically.
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Therefore, before writing data into FIFO, the firmware will first check this bit to
avoid overwriting the data. This bit can only be set by the firmware and cleared
by the hardware.

RA [5] EPO_W. After the UDC completes writing data to the FIFO, this bit will be set
automatically. The firmware will clear it as soon as it gets the data from EPQ’s
FIFO. Only when this bit is cleared will the UDC be able to write a new data into
the FIFO.

Therefore, before the firmware can write a data into the FIFO, this bit must first
be set by the firmware to prevent the UDC from writing data at the same time.
This bit is both readable and writable.

RA [6] Remote wake-up status. Pass device remote wake-up setting from the PC.
RA [7] Extra RAM switch. RAM block switch

0: Switch to Bank 0~Bank 3 and external RAM 0

1: Switch to Bank 4~Bank 7 and external RAM 1

5.2.1.12 RC (FIFO Indirect Index Register)

Bt7 | site | Bits | Bita | Bits | Bt2 | Bit1 | Bito
0 0 0 UAD4 | UAD3 | UAD2 | UAD1I | UADO

RC [0~4] Application FIFO address registers. These five bits are the address pointer of
the Application FIFO.

RC [5~7] Undefined registers.

5.2.1.13 RD (FIFO Indirect Data Register)

Bit 7 ‘ Bité | Bits | Bit4 ] Bit 3 ] Bit 2 ] Bit 1 | Bit 0
UAD7 | UAD6 | UAD5 | UAD4 | UAD3 | uAD2 | UAD1 | UADO

RD (Application FIFO data register) contains the data in the register of which address is
pointed by RC.

5.2.1.14 RE (Interrupt Status Register)

Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit O
P77_IF | P76_IF | TMLIF SPIIF  |RF2_High | RF2_Low | RF1_High | RF1_Low

RE [0] RF1_Low flag: Pattern Detection interrupt flag. RF1 low pattern compare flag.
RE [1] RF1_High flag: Pattern Detection interrupt flag. RF1 high pattern compare flag.
RE [2] RF2_Low flag: Pattern Detection interrupt flag. RF2 low pattern compare flag.
RE [3] RF2_High flag: Pattern Detection interrupt flag. RF2 high pattern compare flag.

RE [4] SPI interrupt flag. Set by data transmission complete, flag is cleared by
software. The interrupt is created after the SPI data is saved to SRAM.
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RE [5] Timer 1 interrupt flag. Set by the comparator at Timer 1 application, flag cleared
by software.

RE [6] P76_IF: P76 State Change interrupt flag.

RE [7] P77_IF: P77 State Change interrupt flag. The Interrupt Vector is in Address
0x0018.

5.2.1.15 RF (Interrupt Status Register)

Bit 7 |Bit6|Bit5| Bit 2 | Bit 1 | Bit 0
OUT EP_IF - - Resume_IF |USBReset_IF| Suspend_IF | EPO_IF | TCC_IF

RF [0] TCC timer overflow interrupt flag. It will be set while TCC timer overflows, and is
cleared by the firmware.

RF [1] EndPoint Zero interrupt flag. It will be set when the EM78680 receives Vendor
/Customer Command to EndPoint Zero. This bit is cleared by the firmware.

RF [2] USB Suspend interrupt flag: It will be set when the EM78680 finds the USB
Suspend Signal on USB bus. This bit is cleared by the firmware.

RF [3] USB Reset interrupt flag. It will be set when the Host issues the USB Reset
signal.

RF [4] USB Host Resume interrupt flag. It will be set only under Dual clock mode when
the USB suspend signal becomes low.

RF [5~6] Not used and read as “0".

RF [7] OUT Endpoint interrupt flag. It will be set when the FIFO of Out Endpoint has
received data from host.

Extra RAMO:

5.2.1.16 R10 (USB Endpoint Status Register) Default (0bO000_0000)

Bit7 | Bité | Bit5 Bit4 | Bit3 | Btz | Btz | Bito
- - - EP5_ST | EP4 ST | EP3_ST | EP2 ST | EPL ST

R10 [0~4] EPx_ST: End point state flag.

For IN Endpoint: Set to “1” by firmware when buffer 0.k. This bit is reset after
UDC sends data to Host and gets ACK from Host. Before writing data into
FIFO, user must check this bit to prevent overwriting the data. This is
readable and writable.

For OUT Endpoint: Set 1 by UDC when buffer 0.k. Set 0 by firmware when
buffer is read.

After an out token finish, and the UDC completes writing data to the FIFO,
this bit will be set automatically, and run into Interrupt Vector 0x0020. The
firmware should clear it as soon as it gets the data from OUT Endpoint’s
FIFO. Only when this bit is cleared, the UDC is able to write a new data into
the FIFO.
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When Code Option Bit 65=0, user can reset the FIFO pointer and counter by
setting the EPX_ST bit from high to low.

5.2.1.17 R11 (AD Controller/AD Selection Pin) Default (0b0001_1111)

Bit7 | Bité | Bit5 Bit4 | Bit3 | Btz | Btz | Bito
AD stat | ADR1 | ADRO | AD A4 | AD A3 | AD A2 | AD A1 | AD A0

R11 [0~4] AD channel selector: If the AD number is from 0 to 0x17, the AD converter
will be powered on. Otherwise, it will be powered off.

AD number 00000 00001 00010 00011
AD pin ADO AD1 AD2 AD3

AD number 00100 00101 00110 00111
AD pin AD4 AD5 AD6 AD7

AD number 01000 01001 01010 01011
AD pin ADS8 AD9 AD10 AD11
AD number 01100 01101 01110 01111
AD pin AD12 AD13 AD14 AD15
AD number 10000 10001 10010 10011
AD pin AD16 AD17 AD18 AD19
AD number 10100 10101 10110 10111
AD pin AD20 AD21 AD22 AD23

R11 [5~6] AD conversion clock source
00: 256K
01: 128K
10: 64K
11: 32K
R11 [7] AD Converter ready flag
0 = 1: Start AD Conversion (set by firmware).

1> 0: When AD finishes converting and has moved the digital data
into the AD Data Register, this bit will be reset by hardware.

NOTE

Hardware can enable this function only at the AD Channel Selector of the functional I/O
port. After Power-on reset, the initial value of this register is 0b0001 1111.

5.2.1.18 R12 (Dual Mode Control) Default (0bO0O00_1000)

Bit7 | Bit6 Bit3 | Bit2 | Bit1 | Bito
— | usB_Token| LOWFR1 | LOWFRO |1Low FREQ| - - -

R12 [3]: /LOW FREQ: Dual Clock Control bit. This bit is used to select the system clock
frequency. When this bit is set to 0, the MCU will run on very slow frequency for
power saving purposes and the UDC will stop working.

0: Slow frequency (500Hz~256kHz)
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1: Normal frequency
R12 [4~5]: LOW FRO ~ LOW FR1: Low Frequency Switches. These bits select the
operation frequency in Dual Clock Mode. Four frequencies are available and can
be chosen as Dual Clock Mode for running the MCU program.
Low FR1 | Low FRO H Frequency ‘
0 0 500Hz
0 1 4kHz
1 0 32kHz
1 1 256kHz
R12[6] (USB_Token): Set when USB Token from Host. Reset when end of the Token.
5.2.1.19 R13 R14 (ADC Output Data for Selecting Pin)  Default (ObO000_0000)
Read Only
When the A/D conversion is completed, the result is loaded to R13 and R14.
Bit7 | Bit6 | Bit5 | Bita | Bt3 | Btz | Btz | Bito
ADB1 ADBO - - - - - -
Bit7 | Bite | Bits | Bit4 | Bt3 | Bit2 | Btz | Bito
ADB9 ADBS8 ADB7 ADBG6 ADB5 ADB4 ADB3 ADB2
R15: High level time of the 1st PWM module that outputs to P92 (If PWM function is
enabled).
R16: The high level time of the 2nd PWM module that outputs to P93 (If PWM function
is enabled).
R15~R16 can be a general purpose register if the PWM function is disabled.
5.2.1.20 R17~R1F (General Purpose Register)
R17~R1F are general-purpose registers.
5.2.1.21 R20~R3F (General Purpose Register)
R20~R3F (including Banks 0~3) are general-purpose registers.
Extra RAM1.:
R10 ~ R14 (Note that only when Code Option Bit 65 is selected as “0”, these
registers are valid. If user sets the Code Option Bit 65 as “1”,
R10~R14 of extra RAM1 is not available).
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5.2.1.22 R10 (PWP: Pulse Width Preset Register)

Bit 7 ‘ Bité | Bits | Bit4 ] Bit 3 ] Bit 2 ] Bit 1 | Bit 0
PWP7 | PWP6 | PWP5 | PwP4 | PWP3 | PWP2 | PwP1 | PWPO

R10 [0~7] PWP7~PWPO is bit set of pulse width preset in advance for the desired width
of the baud clock.

PulseWidth = (PWP + 1) x TMR

5.2.1.23 R11 (SPI Byte Number Register)

Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0
- SPIC7 SPIC6 SPICS5 SPIC4 - - -

R11 [0~2]: Reserved

R11 [3~6]: SPI byte number: For setting the SPI byte number. The maximum number
is 8 bytes

R11 [7]: Reserved

5.2.1.24 R12 (SPIS: SPI Status Register)

Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0
Lstatusl | LstatusO M/LSB - OoD3 OoD4 - RBF

R12[0] RBF: Read Buffer Full flag

0: Receiving not completed yet, and SPIRB (SPI Read Buffer) has not
fully exchanged

1: Receiving completed; SPIRB (SPI Read Buffer) is fully exchanged.
R12 [1]: Reserved
R12 [2] OD4: Open-Drain Control bit:
0: Open-drain disable for SCK
1: Open-drain enable for SCK
R12 [3] OD3: Open-Drain Control bit:
0: Open-drain disable for SDO
1: Open-drain enable for SDO
R12 [4]: Reserved
R12 [5] M/LSB: The first bit of SPI Shift.
0: LSB

1: MSB
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R12 [6~7] LstatusO~ Lstatus1:
00: The SDO will keep status after transfer over.
01: The SDO will pull-down after transfer over.
10: The SDO will pull-high after transfer over.
11: No defined.

5.2.1.25 R13 (SPIC: SPI Control Register)

Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0
CES SPIE SRO SSE - SBR2 SBR1 SBRO

R13 [0~2] SBRO~2: SPI Baud Rate Select bits

SPI baud rate table is illustrated in SPI section in the subsequent pages.
R13 [3]: Reserved
R13 [4] SSE: SPI Shift Enable bit

0: Reset as soon as the shifting is complete, and the next transmission is
ready to shift.

1: Start to shift, and keep on 1 while the current transmissions still being
transmitted.

NOTE
This bit will reset to 0 at every transmission by the hardware

R13 [5] SRO: SPI Read Overflow bit
0: No overflow

1: A new data is received while the previous data is still being held in the
SPIB register. In this situation, the data in SPIS register will be
destroyed.

NOTE
This can only occur in slave mode.

R13 [6] SPIE: SPI Enable bit
0: Disable SPI mode
1: Enable SPI mode
R13 [7] CES: Clock Edge Select bit

0: Data shifts out on rising edge, and shifts in on falling edge. Datais on
hold during the low level.

1: Data shifts out on falling edge, and shifts in on rising edge. Data is on
hold during the high level.
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5.2.1.26 R14 (TMR1: Timer 1 Register)

Bit 7 ‘ Bité | Bits | Bit4 ] Bit 3 ] Bit 2 ] Bit 1 | Bit 0
TMR17 | TMR16 | TMR15 | TMR14 | TMR13 | TMR12 | TMRi1 | TMR10

R14 [0~7] TMR: TMR is bit set of Timer 1 register and it increases until the value
matches PWP and then resets to 0.

R15 (SE1_LOW): Low signal counter of the 1st RF module that is input from P92.

R16 (SE1_HIGH): High signal counter of the 1st RF module that is input from P92.
R17 (SE2_LOW): Low signal counter of the 2nd RF module that is input from P93.
R18 (SE2_HIGH): Low signal counter of the 2nd RF module that is input from P93.

R15 ~ R18 are RF Timing counter registers if RF function is enabled by setting Bit 2 or
Bit 3 of IOCF. Otherwise, they are general registers.

R19~R1F (General Purpose Registers)
R19~R1F are general-purpose registers.
R20~R3F (General Purpose Registers)

R20~R3F (including Banks 4~7) are general-purpose registers.

5.3 Special Function Registers

5.3.1 A (Accumulator)

The accumulator is an 8-bit register that holds operands and results of arithmetic
calculations. It is not addressable. After an interrupt occurs, the Accumulator is
auto-saved by hardware.

5.3.2 CONT (Control Register)

Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0
- INT TSR2 TSR1 TSRO PSR2 PSR1 PSRO

Except for Bit 6 (Interrupt enable control bit), the CONT register can be read by the
instruction "CONTR" and written to by the instruction “CONTW".

CONT [6] INT: An interrupt enable flag cannot be written by the CONTW instruction.
CONT [3~5] TSRO ~ TSR2: TCC prescaler bits

CONT [0~2] PSRO ~ PSR2: WDT prescaler bits

18 e
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PSR2 PSR1 PSRO TCC Rate (Base Freq: Fosc/2) WDT Rate
1:2 11

1:4 1:2

1:8 1:4
1:16 1:8
1:32 1:16
1:64 1:32
1:128 1:64
1:256 1:128

FP|lPr|P|P|O|]O]|]O|O
RP|lPr|O|O|FR,|R,|O]|O
R |IO|lFRP|O|lFR,|O]|FL,|O

5.3.3 10C5 ~ 10C9 Port Direction Control Registers

These are 1/O port (Port5 ~ Port9) direction control registers. Each bit controls the I/O
direction of three I/O ports respectively. When these bits are set to 1, the relative I/O
pins become input pins. Similarly, the I/O pins becomes output when the relative
control bits are cleared.

0: Output direction

1: Input direction

5.3.4 I0CA (RFCNT: RF Control Register)

Btz | Bite | Bits | Bit4 | Bit3a | Bit2 Bit 1 Bit 0

- - RF2 RF1 RFO RF_DBN2 [ RF_DBN1 | RF_DBNO

IOCA [0~2] RF_DBNO ~ RF_DBN2: These are used for defining debounce times in RF
pattern detecting application.

IOCA [3~5] RFO ~ RF2: RF Timing prescaler bits. Base on the MCU frequency.

0 0 0 1:1 0.125 ps (1), 31.875 ps (255) | 3.91 ps (1), 996.1 ps (255)
1:2 0.25 ps (1), 63.75 ps (255) 7.81 ps (1), 1992 ps (255)
1:4 0.5 ps (1), 127.5 ps (255) 15.625 ps (1), 3984 ps (255)
1:8 1 ps (1), 255 ps (255) 31.25 ps (1), 7969 pus (255)
1:16 2 ps (1), 510 ps (255) 62.5 ps (1), 15.938 ms (255)
1:32 4 ps (1), 1020 ps (255) 125 ps (1), 31.875 ms (255)
1:64 8 us (1), 2040 us (255) 250 ps (1), 63.75 ms (255)

1:128 16 ps (1), 4080 ps (255) 500 ps (1), 127.5 ms (255)

SN E=1E= =)
Rrlr|lo|lo|lr|r|o
Rlo|lr|lolr|lo|r

5.3.5 10CB (PWM_CNT: PWM Controller) Default (0b0000_0001)

Bit 7 Bité | Bit5 | Bit4 | Bit3 | Bit2 | Bitl

PW2_E | PWLE - - - PWM_SR2 | PWM_SR1|PWM_SRO

IOCB [0~2] PWM_SRO ~ PWM_SR2: PWM clock prescaler

Base on MCU frequency
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PWM_SR2 | PWMSRL | PWMSRO | Clock (Hz)
0 0 0 Fosc /2
0 0 1 Fosc/4
0 1 0 Fosc/8
0 1 1 Fosc /16
1 0 0 Fosc /32
1 0 1 Fosc / 64
1 1 0 Fosc /128
1 1 1 Fosc / 256

IOCB [6] (PW1_E): PW1 Enable. The 1st PWM (P92) module enable bit.
0: Disable the PWM function of the 1st module
1: Enable the PWM function of the 1st module

IOCB [7] (PW2_E): PWM2 Enable: The 2nd PWM (P93) module enable bit.
0: Disable the PWM function of the 2nd module

1: Enable the PWM function of the 2nd module

5.3.6 I0CC (T1CON: Timer 1 Control Register)

Btz | Bité | Bit5 | Bit4 | Bt3 | Btz | Bt1 | Bito |
0 0 0 0 0 TMIE | TMIP1 | TM1PO

IOCCJ[0~1]: Timer 1 Prescaler bit

Timer 1 prescaler table for FOSC will be illustrated in the Section on
Timer 1 in the subsequent pages.

IOCC]J2]: Timer 1 Function Enable bit
0: Disable Timer 1 function as default

1: Enable Timer 1 function.

5.3.7 10CD (Port 9 Pull-high Control Register) Default Value:
(0B_1111_1111)

Bit 7 ‘ Bit 6 ‘ Bit 5 ‘ Bit 4 ‘ Bit 3 ‘ Bit 2 ‘ Bit 1 ‘ Bit 0 \
/PHO7 | I/PH96 | I/PHO5 | /PHO4 | /PHO3 | /PHO2 | /PHOL | /PH90

IOCD [0~6] /PH90 ~ /PH97: These bits control the 25KQ pull-high resistor of the
individual pins in Port 9. If the I/O port is set as output, the pull-high function is
disabled.

0: Enable the pull-high function

1: Disable the pull-high function

20 e Product Specificati on (V1.0) 11.23.2011
(This specification is subject to change without further notice)



EM78680
USB Full Speed Microcontroller

2
5.3.8 IOCE (MCU Control Register) Default (0b1101_1111)
Btz | Bité | Bit5 | Bit4 | Bit3 | Bt2 | Bitl | BitO
S7 /WUE WTE SLPC /PU7 /PU8 /PU6 /PU5S
IOCE [0~3] /PU5~/PU8: Pull-high Control register. Default=1, Disable the pull high
function. If the I/O port is set as output, the pull-high function is disabled.
0: Enable the pull-high function
1: Disable the pull-high function
IOCE [4] SLPC: This bit can be cleared by the firmware and set during power-on, or by
the hardware at a falling edge of the wake-up signal. When this bit is cleared,
the system clock is disabled and the MCU enters into Power down mode. At
the transition of a wake-up signal from high to low, this bit is set to enable the
system clock.
0: Sleep mode. The device is in power down mode.
1: Run mode. The device is working normally.
IOCE [5] WTE: Watchdog timer enable bit. WDT is disabled/enabled by the WTE bit.
0: Disable WDT
1: Enable WDT
IOCE [6] /WUE: Enable the wake-up function as triggered by a port change.
0: Enable the wake-up function
1: Disable the wake-up function
IOCE [7] S7 Bit: S7 defines the driving ability of P70-P72
0: Normal output
1: Enhance the driving ability of the LED
5.3.9 I0CF (Interrupt Mask Register)

Btz | Bit6 | Bt5 | Bit4 | Bt3 | Btz | Bit1 | Bito
OUTEP_IE |P76/P77_IE| SPI_IE Resume_IE | RF2_IE | RF1_IE USB_IE | TCC_IE
IOCF [0] TCC_IE: TCIF interrupt enable bit

0: Disable TCIF interrupt
1: Enable TCIF interrupt
IOCF [1] USB_IE: USB interrupt enable bit. Bits 1, 2, 3 of RF interrupt will be enabled
while this bit is set.
0: Disable USB_IE interrupt
1: Enable USB_IE interrupt
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IOCF [2] RF1_IE: RF1 pattern compare interrupt enable bit. Bits 0, 1 of the RE interrupt
will be enabled while this bit is set.

0: Disable RF1_IE interrupt
1: Enable RF1_IE interrupt

IOCF [3] RF2_IE: RF2 pattern compare interrupt enable bit. Bits 2, 3 of the RE interrupt
will be enabled while this bit is set.

0: Disable RF2_IE interrupt
1: Enable RF2_IE interrupt
IOCF [4] Resume_IE: USB Resume interrupt enable bit
0: Disable Resume_IE interrupt
1: Enable Resume_IE interrupt

IOCF [5] SPI & TM1 interrupt enable bit. Bits 4, 5 of the RE interrupt will be enabled
while this bit is set.

0: disable SPI interrupt
1: enable SPI interrupt

IOCF [6] P76/77_IE: P76/P77 port change interrupt enable bit. Bit 6, 7 of the RE
interrupt will be enabled while this bit is set.

0: Disable P76/P77_IE interrupt
1: Enable P76/P77_IE interrupt
IOCF [7] OUTEP_IE: Output Endpoint interrupt enable bit
0: disable OUTEP_IE interrupt
1: enable OUTEP_IE interrupt

Only when the global interrupt is enabled by the ENI instruction will the individual
interrupt work. After DISI instruction, any interrupt will not work even if the respective
control bits of IOCF are set to 1.

The USB Host Resume Interrupt works only in Dual clock mode. This is because when
the MCU is in sleep mode, it will be automatically woken up by the UDC Resume signal.

5.4 USB Device Controller

The USB Device Controller (UDC) built-in in the EM78680 can interpret the USB
Standard Command and response automatically without involving firmware. The
embedded Series Interface Engine (SIE) handles the serialization and de-serialization
of actual USB transmission. Thus, a developer can concentrate his efforts more in
perfecting the device actual functions and spend less energy in dealing with USB
transaction.
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The UDC handles and decodes most Standard USB commands defined in the USB
Specification Rev 1.1. If the UDC receives an unsupported command, it will set a flag
to notify the MCU the receipt of such command.

Each time the UDC receives a USB command, it writes the command into EPQ’s FIFO.
Only when it receives unsupported command will the UDC notify the MCU through
interrupt.

Therefore, the EM78680 is very flexible for USB applications since developers can
freely choose the method of decoding the USB command as required by different
situations.

5.5 Device Address and Endpoints

The EM78680 supports one device address and six endpoints, EPO for control
endpoint, EP1 ~ EP5 for interrupt/bulk /isochronous endpoints. Sending data to the
USB host in EM78680 is very easy. Just write data into the EP’s FIFO, then set the
flag, and the UDC will handle the rest. It will then confirm that the USB host has
received the correct data from the EM78680.

5.6 Reset

The EM78680 provides three types of reset: (1) Power-on Reset, (2) Watchdog Reset,
and (3) USB Reset.

5.6.1 Power-on Reset

Power-on Reset occurs when the device is attached to power and a reset signal is
initiated. The signal will last until the MCU becomes stable. After a Power-on Reset,
the MCU enters the following predetermined states (see below), and then, it is ready to
execute the program.

a. The program counter is cleared.
b. The TCC timer and Watchdog timer are cleared.

c. Special registers and Special Control registers are all set to their initial value.

5.6.2 Watchdog Reset

When the Watchdog timer overflows, it causes the Watchdog to reset. After it resets,
the program is executed from the beginning and some registers will be reset. The UDC
however, remains unaffected.

5.6.3 USB Reset

When the UDC detects a USB Reset signal on the USB Bus, it interrupts the MCU, then
proceeds to perform the specified process that follows. After a USB device is attached
to the USB port, it cannot respond to any bus transactions until it receives a USB Reset
signal from the bus.
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5.7 Power Saving Mode

The EM78680 provides two options of power-saving modes for energy conservation,
i.e., Power-down mode and Dual clock mode.

5.7.1 Power-down Mode

The EM78680 enters into Power Down mode by clearing the SLPC register (IOCE[4]).
During this mode, the oscillator is turned off and the MCU goes to sleep. It will wake up
when signal from USB host is resumed, or when the Watchdog resets or the input port
state changes.

If the MCU wakes up when the I/O port status changes, the direction of the 1/O port
should be set to input direction, then read the port status.

For example:

/I Set the Port 6 to input port

MOV A, @XFF

| OW PORT6

/I Read the status of Port 6
MOV PORT6, PORT6

/I Clear the RUN bit

| OR OXE

AND A, 0B11101111
| OW OXE

If the MCU is awakened by a USB Resume signal, the next instruction will be executed
and one flag, IOCE[4] will be set to 1.

5.7.2 Dual Clock Mode

The EM78680 has one internal oscillator for power saving application. Clearing the Bit
R12 [3] of ExteraRAMO will enable the low frequency oscillator. At the same time, the
external oscillator will be turned off. Then the MCU will run under very low frequency to
conserve power. Four types of frequency are available for selection in setting Bits R12
[4, 5].

The USB Host Resume Interrupt can only be used in this mode. If this interrupt is
enabled, the MCU will be interrupted when the USB Resume signal is detected on USB
Bus.
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5.8 Interrupt

The EM78680 has four Interrupt Vectors 0x0008, 0x0010, 0x0018, 0x0020. When an
interrupt occurs during an MCU running program, it will jump to the interrupt vector and
execute the instructions sequentially from the interrupt vector. RE and RF are the
interrupt status registers.

The interrupt condition could be one of the following:
m  Set1INT: (jump to 0x08)

m  TCC overflow interrupt

m  EPO command in interrupt

m  USB suspend interrupt

m  USB reset interrupt

m  USB HOST resume interrupt

m Set 2 INT: (jump to 0x10)

m  RF1 low pattern interrupt

m  RF1 high pattern interrupt

m  RF2 low pattern interrupt

m  RF2 high pattern interrupt

m  Set 3 INT: (jump to 0x18)

m P77 port change interrupt

m P76 port change interrupt

m  SPI Timer 1 comparator completed interrupt (Notel)
m  SPI transmission completed interrupt (See Note).
m Set4 INT: (jump to 0x20)

m  EP5~8 output Endpoint received O.K interrupt

IOCF is an interrupt mask register which can be set bit by bit. While their respective bit
is written to 0, the hardware interrupt will inhibit, that is, the EM78680 will not jump to
the interrupt vector to execute instructions. But the interrupt status flags still records
the conditions no matter whether the interrupt is masked or not. The interrupt status
flags must be cleared by firmware before leaving the interrupt service routine and
enabling interrupt.

The global interrupt is enabled by the ENI (RETI) instruction and is disabled by the DISI
instruction.

Note: When employing this interrupt, user has to set the Code Option Bit 65 to “0".
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5.9 Pattern Detect Application (PDA)

5.9.1 Function Description

This function is designed for the serial signal transmission, e.g., the transmission
between a wireless device and its receiver box. The EM78680 has two sets of built-in
Pattern Detect Application block that ensures the EM78680 is equipped with a
compound device, such as the receiver box controller for a wireless keyboard, paired
with a wireless mouse.

Pattern Detect Application (PDA) can calculate the length of one pattern and interrupt
the MCU while the serial signal is transiting from high to low (or vise-versa). Then the
MCU reads the length value from a specified register.

5.9.2 Control Register

The PDA includes two enable control bits, one control register and four length counter
registers in 0x15 ~0x18 in ExtraRAML1.

5.9.2.1 IOCF [2~3] PDA Enable Control Bit

When this bit is set, the PDA function starts and the P92 and P93 automatically become
input pin to sample the serial signal. (Note: Enabling these two bits also enables the
interrupt mask of the PDA.)

0: Disable PDA function
1: Enable PDA function

5.9.2.2 IOCA (PDA Control Register) Default Value: (0B_0000_0000)

Btz | site | Bt5 | Bt4 | Bts | Btz | Bit1 | Bito
- _ RF.2 RF.1 RF.0 DB2 DB1 DBO

This register is used to define two parameters of the PDA function; signal sampling rate
and debounce length. When a pattern ends, the value in the counter is loaded into its
respective register and the RE[0~4] is set to indicate which channel and which type of
pattern (high or low) is at its end or which type of pattern counter is on overflow.

0: low pattern

1: high pattern
5.9.2.3 R15 ExtraRAML1 (P.92 Low Pattern Counter)
This register records the length of P.92 in low status.
5.9.2.4 R16 ExtraRAML1 (P.92 High Pattern Counter)
This register records the length of P.92 in high status.
5.9.2.5 R17 ExtraRAML1 (P.93 Low Pattern Counter)

This register records the length of P.93 in low status
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5.9.2.6 R18 ExtraRAML1 (P.93 High Pattern Counter)
This register records the length of P.93 in high status.

R15~R18 function as general registers if this function is not enabled. Once the enabled
bit is set, these four registers will be loaded with the value of the pattern counter.

5.9.3 Sampling Rate and Debounce Length

The two pattern detect pins are separate, and each pin has its own pattern counter.
Both pins use the same Sampling Rate and Debounce Length parameters.

The PDA samples the serial signal for every fixed interval. The pattern counter will be
incremented by one at sampling time if the signal remains unchanged. If the signal is at
high state, then the “high pattern counter” will be incremented, otherwise the “low
pattern counter” is incremented. As long as the signal state changes, the PDA will
debounce the signal and load the value of the pattern counter into the respective
register for the firmware to read. For example, if the signal in P.92 is in “low” state, the
low counter of P.92 will count continuously until the state of the input signal in P.92
changes. When a state change occurs (in this case, the signal changes from “low” to
“high” state), the PDA will take a time break (which is equal to the result of the sampling
interval multiplied by the debounce length), to avoid possible noise. After the
debounce length time, if the signal remains in high state, the high pattern counter will
start to count and load the low pattern counter’s value into R15 ExtraRAM1. At the
same time, RE [0] is set to indicate that the low pattern is over.

The correlation between the control register value and debounce time are as follows:

DB.2 DB.1 DB.O ‘ Debounce Time
0 0 0 No Sampling clock
0 0 1 1 Sampling clock
0 1 0 2 Sampling clocks
0 1 1 3 Sampling clocks
1 0 0 4 Sampling clocks
1 0 1 5 Sampling clocks
1 1 0 6 Sampling clocks
1 1 1 7 Sampling clocks

Now consider another situation of this case, where the signal of P92 always stays “low”.
The low pattern counter of P92 will eventually overflow. Once the counter overflows,
the contents of the counter will also be loaded into R15, that is, the register is written to
OxFF, then the counter is reset to count from zero again.

If a PDA function hardware interrupt is enabled, (IOCF[2] is equal to “1"), then the
program will go to 0x0010 to execute an interrupt routine while the contents of a pattern
counter is loaded into the register.
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The correlation between the value of control register and actual sampling rate are as
shown below:

RF2 | RF1 | RFO | Timing Rate | 8MHz System Clock (Time(Cnt)) | 256kHz RC Mode (Time (Cnt))

o|lo|o 1:1 0.125 ps (1), 31.875 us (255) | 3.91 us (1), 996.1 ps (255)
0| o0 |1 1:2 0.25 ps (1), 63.75 pus (255) | 7.81 us (1), 1992 ps (255)
o|l1]o0 1:4 0.5 us (1), 127.5 ps (255) 15.62 5 pis (1), 3984 ps (255)
0| 1|1 1:8 1 ps (1), 255 us (255) 31.25 us (1), 7969 ps (255)
11010 1:16 2 ps (1), 510 ps (255) 62.5 ps (1), 15.938 ms (255)
1101 1:32 4 ps (1), 1020 ps (255) 125 ps (1), 31.875 ms (255)
11110 1:64 8 ps (1), 2040 ps (255) 250 ps (1), 63.75 ms (255)
1111 1:128 1 6ps (1), 4080 ys (255) 500 ps (1), 127.5 ms (255)

User can write a default value to the High Pattern counter register and Low Pattern
counter register. Then set the corresponding interrupt enable bit (IOCF [2, 3]). When
the counting value of one “H” pattern is bigger than the default value of

R15 ExtraRAM1, a Pattern Detecting interrupt will be generated. Similarly, if the
counting value of one “L” pattern is bigger than the default value of R16_ExtraRAM1, a
Low Pattern Detecting interrupt will occur. Thus, the EM78680 is notified and aware
that one effective pattern is received from P.92.

5.10 Pulse Width Modulation (PWM)

5.10.1 Function Description

In PWM mode, both PWM1 (P.92) and PWM2 (P.93) produce plus programmable
signal of up to 8 bits resolution.

The PWM Period is defined as OxFF x Timer Counter Clock. The Timer Counter clock
source is controlled by the control register IOCB. For example; if the clock source is
1MHz, then the Period will be 255pus. Period = 255 x (1/Timer Counter Clock). The
PWM duty cycle is defined by writing to the R15/R16 Register of ExtraRAMO for PWM1/
PWM2.

Duty Cycle = (R15 of ExtraRAMO/ 255) x 100% for PWM1
(R16 of ExtraRAMO/ 255) x 100% for PWM?2

Period (OxFF * Clock)

) Duty Cycle :
- >

Figure 5-3 PWM Output Timing Diagram
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5.10.2 Control Register
5.10.2.1 R15 of Extra RAMO (PWML1 Duty Period Register)
Duty period setting of PWM1
5.10.2.2 R16 of Extra RAMO (PWM2 Duty Period Register)
Duty period setting of PWM2
5.10.2.3 I0CB (PWM Control Register) Default Value: (0B_0000_0001)
Bit 7 H Bit 6 ‘ Bit 5 ‘ Bit 4 ‘ Bit 3 ‘ Bit 2
PW2_E | PW1_E - - - PWM_SR2 | PWM_SR1 | PWM_SRO
IOCB [0~2] PWM Clock Prescaler
Base on MCU frequency (ex: Fosc = 8 MHz)
' PWM_SR2 | PWM_SR1 | PWM_SRO | Clock (Hz) | Period / 255
0 0 0 Fosc /2 0.25 us
0 0 1 Fosc/4 0.5us
0 1 0 Fosc/8 1lpus
0 1 1 Fosc /16 2us
1 0 0 Fosc /32 4 us
1 0 1 Fosc / 64 8 us
1 1 0 Fosc /128 16 us
1 1 1 Fosc / 256 32 s
IOCB [6, 7] PWM1/PWM?2 Enable Bit
“0": Disable
“1". Enable
5.11 Analog-To-Digital Converter (ADC)
5.11.1 Function Description
The Analog to Digital converter consists of a 5-bit analog multiplexer, one Control
Register (R11_ExtraRAMO), and two data registers (R13_ExtraRAMO ~
R14 ExtraRAMO) for a 10-bit resolution.
The ADC module utilizes successive approximation to convert the unknown analog
signal to a digital value. The result is fed to the ADDATA. Input channels are selected
by the analog input multiplexer via the ADCR/AD_Sel bits ADO~ADA4.
m  10-bit resolution: 0x00-00~0xCO-FF (0b11000000-11111111)
m  Start (0x00-00): O Vref~(1/1024)*Vref
m  Full (OxCO-FF): (1023/1024)*Vref~Vref
m  Conversion Time: 12 clock time of the internal clock source
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5.11.2 Control Register
5.11.2.1 R11 (AD Channel Select Register0 Default Value: (0B_0001_1111)

Bit7 | Bit6 | Bits | Bit4 | Bit3 | Btz | Bitl1 | Bito
AD start | AD R1 | AD.RO | AD4 AD3 AD2 AD1 ADO

R11 [0~4]: AD Channel Selector

| Channel | I/O Port
0 0 0 0 0 0 P50
0 0 0 0 1 1 P51
0 0 0 1 0 2 P52
0 0 0 1 1 3 P53
0 0 1 0 0 4 P54
0 0 1 0 1 5 P55
0 0 1 1 0 6 P56
0 0 1 1 1 7 P57
0 1 0 0 0 8 P80
0 1 0 0 1 9 P81
0 1 0 1 0 10 P82
0 1 0 1 1 11 P83
0 1 1 0 0 12 P84
0 1 1 0 1 13 P85
0 1 1 1 0 14 P86
0 1 1 1 1 15 P87
1 0 0 0 0 16 P60
1 0 0 0 1 17 P61
1 0 0 1 0 18 P62
1 0 0 1 1 19 P63
1 0 1 0 0 20 P64
1 0 1 0 1 21 P65
1 0 1 1 0 22 P66
1 0 1 1 1 23 P67

R11 [5 6]: AD Conversion Clock Source
00: 256kHz
01: 128kHz
10: 64kHz
11: 32kHz
R11 [7] AD Converter Start Flag
0 - 1: Start AD Conversion (set by firmware)

1 - 0: When AD finishes converting and has moved the digital data
into the AD Data Register, this bit will be reset by hardware.
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NOTE

Hardware can enable this function only at the AD Channel Selector of the functional I/O
port. After Power-on reset, the Initial Value of this Register is 0b0001 1111.

5.11.2.2 R13 (AD LSB Data Register) Default Value: (0B_0000_0000)

Bit 7 ‘ Bit 6 ‘ Bit 5 H Bit 4 ‘ Bit 3 ‘ Bit 2 ‘ Bit 1 | Bit 0
Bit 1 Bit 0 _ _ _ _ _ -

AD Digital Data LSB 2 bits

5.11.2.3 R14 (AD MSB Data Register) Default Value: (OB_0000_0000)

Bit 7 ‘ Bit 6 ‘ Bit 5 “ Bit 4 ‘ Bit 3 ‘ Bit 2 ‘ Bit 1 | Bit 0
Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2

AD Digital Data MSB 8 bits

5.12 Serial Peripheral Interface Mode

5.12.1 Overview

Figures 5-4, 5-5, and 6-6 show how the EM78680 communicates with other devices
through the SPI module. If the EM78680 is a master controller, it sends clock through
the SCK pin. A couple of 8-bit multiple data are transmitted and received at the same
time. However, if the EM78680 is defined as a slave, its SCK pin could be programmed
as an input pin. Data will continue to be shifted based on both the clock rate and the
selected edge.

5.12.2 Features

m  Operation in either Master mode or Slave mode

m  Full duplex, 3-wire or 4-wire synchronous communication
m  Programmable baud rates of communication

m  Programming clock polarity, (ExtraRAM1 R13 Bit 7)

m Interrupt flag available for the read buffer full

m  Up to 8 Mbps (maximum baud rates)
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spo|
8-bytes SPI | | 8-bytes SPI 8-bytes SPI | | 8-bytes SPI
IN FIFO OUT FIFO IN FIFO OUT FIFO
(RC 0x06h) | | (RC 0x07h) (RC 0x06h) | | (RC 0x07h)
/SS »
SDI
SPI Module gt SPI Module
SCK
Master Device Slave Device
Figure 5-4 SPI Master/Slave Communication
SDI
SD
SCK!
/ISS|—e
Vdd
Master
P50
P51
P52
P53 —|
Slave Device 1 Slave Device 2 Slave Device 3 Slave Device 4

Figure 5-5 SPI Configuration of Single-Master and Multi-Slave
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Master 2
or
Slave 6

I —

SDI SDI
SDO SDO
SCK SCK
ISS l— ISS
Master 1
or  pso P50
Slave 1 |ps1 P51
P52 P52
P53 _I P53
=g v S0p v =0y O
5288 5283 5288
Slave 3 for Slave 4 for
Slave 2 for Master 1 Master 1 or Master 2| |Master 1 or Master 2

Slave 5 for Master 2

Figure 5-6 SPI Configuration of Single-Master and Multi-Slave

5.12.3 SPI Function Description

4 A A A >
Read Write
v A\ 4 y
SPI OUT FIFO = SPIIN FIFO
| hd
SPIS reg shift right |
P54/SDI b0 7'y —
- — < | SPIC reg
P55/SDO
Select
SBRO ~4BR2 Ngise
P57// SS Iss SBR2~SEI!3RO Clock Sezlecl Filter
\4
Prescaler
Tsco 4,8, 16,32, 64 | ,Tl [\
Select l/
TMR1/2 4 P56/SCK
SPIC bit6

Figure 5-7 SPI Block Diagram
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Figure 5-8 The Function Block Diagram of SPI Transmission

The following describes the function of each block and explains how to carry out the
SPI communication with the signals depicted in Figure 5-7 and Figure 5-8:

P54/SDI: Serial Data In

P55/SDO: Serial Data Out

P56/SCK: Serial Clock

P57//SS: /Slave Select (Option). This pin (/SS) may be required during a slave mode.
RBF: Set by Buffer Full Detector, and reset by software.

RBFIF: Set by Buffer Full Detector, and reset by software.

SSE: Loads the data in SPIS register, and begin to shift.

SPIS reg.: Shifting byte in and out. The MSB is shifted first. Both the SPI IN FIFO data
and the SP1 OUT FIFO data are loaded at the same time. Once data are
written, SPIS starts transmission / reception. The received data will be moved
to the SPI IN FIFO register as the shifting of the 8-bytes data is completed.
The RBF (Read Buffer Full) flag and the RBFIF (Read Buffer Full Interrupt) flag
are then set.

SPI'IN FIFO reg: Read buffer. The buffer will be updated as the 8-byte data shifting
is completed. The data must be read before the next reception is completed.
The RBF flag is cleared as the SPI IN FIFO data is read.

SPI OUT FIFO reg: Write buffer. The buffer will deny any attempt to write until the
8-bytes data shifting is completed.

The SSE bit will be kept at 1 if the communication is still undergoing. This flag
must be cleared as the shifting is completed.

SBRS2~SBRSO0: Programming the clock frequency/rates and sources.

Edge Select: Selecting the appropriate clock edges by programming the CES bit.
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5.12.4 SPI Signal and Pin Description

The detailed functions of the four pins, SDI, SDO, SCK, and /SS, which are shown in
Figure 5-5, are as follows:

SDI/P54:

Serial Data In

m  Receive serially, the Most Significant Bit (MSB) first, Least Significant Bit (LSB) last

m Defined as high-impedance, if not selected

m  Program the same clock rate and clock edge to latch on both the master and slave
devices

m  The received byte will update the transmitted byte

m Both the RBF and RBFIF bits (ExtraRAM1 Register 0x12h) will be set as the SPI
operation is completed.

m  Timing is shown in Figure 5-9 and 5-10.

SDO/P55:

m  Serial Data Out

m  Transmit serially; the Most Significant Bit (MSB) first, Least Significant Bit (LSB)
last.

m  Program the same clock rate and clock edge to latch on both the master and slave
devices.

m  The received byte will update the transmitted byte.

m  The CES (ExtraRAM1 Register 0x13h) bit will be reset, as the SPI operation is
completed.

m  Timing is shown in Figure 5-9 and 5-10.

SCK/P56:

m  Serial Clock

m  Generated by a master device

m  Synchronize the data communication on both the SDI and SDO pins

m  The CES (ExtraRAM1 Register 0x13h) is used to select the edge to communicate.

m  The SBRO~SBR2 (ExtraRAML1 Register 0x13h) is used to determine the baud rate
of communication.

m  The CES, SBRO, SBR1, and SBR2 bits have no effect in the slave mode.

m  Timing is shown in Figure 5-9 and 5-10.
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/SSIP57:
m  Slave Select ; negative logic
m  Generated by a master device to signify the slave(s) to receive data.

m  Goes low before the first cycle of SCK appears, and remains low until the last (8th)
cycle is completed.

m Ignores the data on the SDI and SDO pins while /SS is high, because SDO is no
longer driven.

m  Timing is shown in Figures 5-9 and 5-10.

5.12.5 SPI Control Registers

As the SPI mode is defined, the related registers involved in this operation are shown in
Table 2 and Table 3.

Table 2 Related Control Registers in SPI Mode

Address | Name | Bit7 | Bite | Bits | Bt | Bit3s | Bit2 | Bit1 | BitO
ox13 | sPic/iR13 | ces | spiE | sro | sse | - | sBr2 | sBRr1 | sBroO

OxOF IOCF - - SPI_IE - - - - -

SPIC: SPI Control Register.
CES (Bit 7): Clock Edge Select bit

0: Data shifts out on a rising edge, and shifts in on a falling edge. Data is
on hold during the low level.

1: Data shifts out on a falling edge, and shifts in on a rising edge. Data is
on hold during the high level.

SPIE (Bit 6): SPI Enable bit
0: Disable SPI mode
1: Enable SPI mode
SRO (Bit 5): SPI Read Overflow bit
0: No overflow

1: A new data is received while the previous data is still being on hold in
the SPIB register. Under this condition, the data in SPIS register will
be destroyed. To avoid setting this bit, users should read the SPIRB
(SPI Read Buffer) register even if the transmission is implemented
only.

NOTE
This can only occur in slave mode.

SSE (Bit 4): SPI Shift Enable bit
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0: Reset as soon as the shifting is completed and the next byte is ready
to shift.

1: Start to shift, and stays on 1 while the current byte continues to
transmit.

NOTE
This bit can be reset by hardware only.

SBRS (Bits 2~0): SPI Baud Rate Select Bits

SBRS2 (Bit 2) ‘ SBRS1 (Bit 1) ‘ SBRSO (Bit 0) ‘ Mode ‘ Baud Rate
0 0 0 Master Fosc/2
0 0 1 Master Fosc/4
0 1 0 Master Fosc/8
0 1 1 Master Fosc/16
1 0 0 Master Fosc/32
1 0 1 Slave /SS enable
1 1 0 Slave /SS disable
1 1 1 Master TMR1/TMR2
NOTE

1. In master mode, disable /SS connection.

2. Do not select SRB2~0 as 0, 0, 0 when selecting FOSC as 24 MHz

(Baud Rate = 12 MHz), since the SPI maximum baud rate is 8 MHz.

IOCF: Interrupt control register

Bit 5 (SPI_IE): SPI and TM1 interrupt enable bit
0: disable SPI and TM1 interrupt
1: enable SPI and TM1 interrupt

Table 3 Related Status/Data Registers in SPI Mode

Name | Bit7 | Bite | Bits | Bita | Bits | Bt2 | Bit1 | Bito
SPIS (0x12) |Lstatusl |LstatusO| M/LSB - OoD3 OoD4 - RBF

SPIS: SPI Status register
RBF (Bit 0): Read Buffer Full flag
0: Receive is ongoing, SPIB is empty
1: Receive is completed, SPIB is full.
RBFIF (Bit 1): Read Buffer Full Interrupt flag
0: Receive is ongoing, SPIB is empty.
1: Receive is completed, SPIB is full, and an interrupt occurs if enabled.
OD4 (Bit 2): Open Drain-Control bit (P94)

0: Open-drain disable for SCK.
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1: Open-drain enable for SCK.

OD3 (Bit 3): Open-Drain Control bit (P93)
0: = Open-drain disable for SDO.
1: Open-drain enable for SDO.

M/LSB (Bit 5): The first bit of SPI Shift.
0: LSB
1: MSB

Lstatus (Bits 6~7):
00: The SDO will keep status after transfer over.
01: The SDO will pull-down after transfer over.
10: The SDO will pull-high after transfer over.
11: Not defined.

Table 4 R11 (SPI Byte Number Register)

Name | Bit7 | Bite | Bits | Bit4 | Bits | Btz | Bit1 | Bito

SPIS(0x11)

SPI byte counter. For setting SPI byte number. The SPI transfer and receive bytes are

based on this register. Max byte number is 8 bytes.
NOTE

Code Option Bits 11~12
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5.12.6 SPI Mode Timing

The SCK edge is selected by programming bit CES. The waveform shown in Figure
5-9 is applicable regardless whether the EM78680 is in master or slave mode with /SS
disabled. However, the waveform in Figure 5-10 can only be implemented in slave
mode with /SS enabled.

CER-

Es =i+

CER-
Er=14

D0 Fir 74 Fir 6. Fir 54 Fir ¢4 Fir 34 Fir 24 Fir 14 Fir g+

3 O

Figure 5-9 SPI Mode with /SS Disabled

= HHAAA L

BRI

ES_\E

Figure 5-10 SPI Mode with /SS Enabled
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Example for SPI:
For Master
ORGO0OX00
JMP SETTING
ORG0X0080
SETTING:
DISI
CLRA
IOW 0X08 :
IOW 0X06 :
MOV 0X08,A
MOV A,@0B01010000 ;
IOW OXOE

MOV A,@0B00000000 ;
IOW O0XOF

MOV A,@0X10 ;
IOW 0X05

BS O0XA,7
MOVA,@0X18
MOV0X11, A ;

MOVA,@0X00 ;
MOV0X12,A

MOV A,@0B11000010 ;

MOV 0X13,A
BC 0XA,7
START:

BS 0XO0A, 7

BC OXE,4 ;
MOVA,@0XFF
MOV0X08,A ;
MOVA,@0X06 ;
MOVOXC,A
MOVA,@0XFF

MOV 0XD,A ;

MOVA,@0X07
MOVOXC,A

MOVA,@0XAA ;

MOVOXD,A ;
MOVO0XD,A ;
COMAOXD

MOVOXD,A ;
MOVO0XD,A ;
NOP

BS 0X13,4 ;
NOP

JBC 0X13,4 ;

SET PORT8 OUTPUT
SET PORT6 OUTPUT

DISABLE WAKE-UPFUNCTION, DISABLE WATCHDOG

DI SABLE | NTERRUPT

SDI INPUT AND SDO, SCK OUTPUT

SET SPI 2 BYTES
CLEARRBF AND RBFIF FLAG; SDOKEEP STATUS, MSB

FIRST

SELECT CLOCKEDGEAND ENABLE SPI FUNCTION

CLEARRBFIF FLAG
SHOWA SIGNAL AT PORTS8

POINT TO SPI IN FIFO

MOVEFF AT READBUFFER

MOVEAA AT WRITE BUFFER
WRITE 0XAATOBYTE 0
WRITE OXAA TOBYTE 1

WRITE 0X55 TO BYTE 2
WRITE 0X55 TO BYTE 3

START TO SHIFT SPI DATA

POLLING LOOPFOR CHECKINGSPI TRANSMISSION
COMPLETED
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JMP $-2

BC 0X03,2
CALL DELAY ; TO CATCHTHE DATA FROMSLAVER
MOVA,@0X06
MOVOXC,A
MOVA,0XD
XORA,@0X5A ; COMPARHHE DATA FROMSLAVER
JBS 0X03,2
JMP START
FLAG:
MOV A,@0X55 ; SHOWOX55 TO PORT8 WHENRECEIVING CORRECTDATA
; FROMSLAVER
MOV 0X08,A
CALL DELAY
JMP START

DELAY:
. (USER'S PROGRAM)
RET

EOP
ORG OXFFF
JMP SETTING

For Sl aver exanpl e:

ORG 0X0000
JMP START

ORGOX0018
JMP INT_3_STATE
INT_3_STATE:
DISI
CLR RSR
CLR STATUS
JBC RE,4
JMP SPI_INT_STATE
RETI

SPI_INT_STATE:

MOV A,@0X06

MOV RC,A ; SET SPI FIFO IN INDEX
MOV A,RD

MOV 0X19,A ; READSPI IN FIFO DATA

MOV A,@0B00000010
XOR PORTS5,A 7 SPI INTERRUPTFINISH SIGINAL

MOV A,@0B11101111
MOV RE,A
RETI

;INITIAL
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INITIAL:
CLR RSR
CLRA
IOW I0CF

IOR I0CE
OR A,@0B00000001
IOW I0CE

IOR 10CD
AND A,@0B11110000
IOW 10CD

MOV A,@0B11111111
IOW 10C9

CLRA
MOV PORT6,A
MOV PORTS8,A

MOV A ,@O0XFF

IOW 10C6

IOR I0CE

AND A,@0B11111101
IOW I0CE

BS RA7
MOV A,@0B01000000
MOV R11,A

MOV A,@0B11010000
IOW 10C5
CLR PORT5

CLR RE
MOV A,@0B00000000
MOV R12,A

MOV A,@0B11000110
MOVR13,A

BS R13,6

BS PORTS5,3
MOVA,@0B00100000
IOW I0CF

MOV A,@0X07
MOV RC,A

MOV A,@O0X5A
MOV RD,A
RET

; DISABLE ALL INTERRUPT

; DISABLE PORT5 PULL-HIGH

; P9 TEST PIN; INPUT PULL HIGH

; SET EXTRARAM#1

; SPI BYTENUM= 1

; SDI, /SS INPUT & SDOSCLK OUTPUT

; CLR SPI ANDTMIIF FLAG
; BIT5: 1/ 0 = MSB/ LSB
; CLR RBFIF ,SET LSTUS = SAME,MSB ,DISABLE OP DRAIN

; | SS DI SABLE
; SET CES=1,SPI
; DISABLE

ENABLE ,SLAVE MODEWITH /SS

; ENABLE SPI

; POINTER TO SPI OUTFIFO, FILL DATA

42 e
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CLR_RAM:
CLR 0X20
MOV A,@O0X1F
MOV 0X20,A
MOV A,@0XCO
AND ARSR
OR A,@0X20
MOV RSR,A

INC RSR
CLR RO
DJZ 0X20
JMP $-3
CLR RSR
RET

; CLR 0X20~0X3F

; SET CLR COUNTER

; SET RSR | NDEX

;START

ORGO0X100
START:

DISI

CALL INITIAL

CALL SET_INITIAL_VALUE

BS R13,SSE
ENI
JMP MAIN

SET_INITIAL_VALUE:

CLRA
MOVR1C,A
CLR RSR
CALL CLR_RAM
MOV A,@0X40
MOV RSR,A
CALL CLR_RAM
MOV A,@0X08
MOV 0X11,A
RET
MAIN:
WDTC
BC PORTS5,2
ROUTINE:
WDTC
JBC R13,SSE
JMP $-2

DISI
BC PORT51
BC PORT5,0

READLOOP:
JBC R13,5

; CLR BANKO 0X20~0X3F

; CLR BANK1 0X20~0X3F

; SET SPI BYTE NUMBERREISTER

; DATA TRANSMISSIONCOMPLETE

JMP SLAVE_READ_OVERFLOW

BS PORT5,0
MOVA,0X19
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XORA,@0XAA
JBS STATUS,2
JMP ERROR
JMP NEXTTURN

ERROR:
BC R13,SSE
BC R13,6
DISI
BC PORTS5,0
BS PORT5,1
JMP $

SLAVE_READ_OVERFLOW:
BC R13,6
DISI
BS PORT5,1
BC PORT5,1
JMP $-2

NEXTTURN:
NOP
BS RA,7 . SET EXTRARAM1
MOV A,@0B00001000 ;SET SPI BYTE NUMBER
MOV RI11,A
CLR RIC
SLAVE_SEND_DATA:
MOVA,@0X07 . SET SPI OUT FI FO DATA
MOVRC,A
MOVA, @0X5A
MOVRD,A
RET
BS R13,SSE
ENI
JMP MAIN

5.12.7 SPI Timer 1 Mode
5.12.7.1 Overview

Timer 1 (TMR1) is an 8-bit clock counter with a programmable prescaler. Itis designed
for the SPI module as a baud rate clock generator. TMR1 can be read and written to
and cleared on any reset conditions. If employed, it can be turned-down for power
conservation by setting TMR1EN Bit [TLCON<2>] to 0.

5.12.7.2 Function Description

Figure 5-11 shows Timer 1 block diagram. Each signal and block is described as
follows:
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clock output +—

Sets TMRIIF ~—1 O5C/H4

Figure 5-11 Timer 1 Block Diagram
OSC/4: Input clock

Prescaler: Option of 1:4, 1:16, 1:32, and 1:64 defined by T1P1 and T1P02 (TLICON<1,
0>). ltis cleared when a value is written to TMR1 or TLCON, and during any
kind of reset as well.

PWP: Pulse width preset register. The desired width of baud clock is written in
advance.

TMRL1: Timer 1 register. TMR1 increases until it matches with PWP, and then resets to
0. Ifitis chosen optionally in the SPI mode, its output is fed as a shifting clock.

Comparator: To change the output status while a match occurs. The TMRL1IF flag will
be set at the same time.

5.12.7.3 Programmed the Related Registers
The related registers of the defining TMR1 operation are shown in Table 5 and Table 6.

Table 5 TMR1Related Control Registers

Address | Name | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
OxOF IOCF TMRIE/SPIIE
0x12 SPIS |Lstatusl |LstatusO| M/LSB - OD3 OoD4 - RBF

OXOE | ISR | P77_IF | P76_IF | TMLIF |SPIIF| RF_2High |RF_2Low|RF_1High| RF_1Low

Table 6 TMR1Related Status/Data Registers

Address | Name | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
0X14 | TMR1l | TMR17 | TMR16 | TMR15 | TMR14 | TMR13 | TMR12 | TMR11 | TMR10
0x10 PWP | PWP7 | PWP6 | PWP5 | PWP4 | PWP3 | PWP2 | PWP1 | PWPO
0x0C |T1CON 0 0 0 0 0 TM1E | TM1P1 | TM1PO

TMR1: Timer 1 Register

TMR17~TMR10 bits are set of Timer 1 registers and it increases until the
value matches PWP and then it reset to O.
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PWP: Pulse Width Preset Register

PWP7~PWPO bits are set of pulse width preset in advance for the
desired width of baud clock.

T1CON: Timer 1 Control Register
TML1E (Bit 2): Timer 1 enable bit
TM1P1 and TM1PO (Bits 1~0): Timer 1 prescaler for FSCO

TM1P1 | TM1PO Prescaler Rate
0 0 1:4
0 1 1:16
1 0 1:32
1 1 1:64

6 Absolute Maximum Ratings

Items ‘ Min Max Unit
Temperature under bias 0 70 °C
Storage temperature -65 150 °C
Input voltage -0.5 6.0 \Y,
Output voltage -0.5 6.0 \%
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4

7 DC Electrical Characteristic

Ta=25°C, VDD=5V, VSS=0V

Symbol ‘ Parameter Condition ‘ Min ‘ Typ ‘ Max ‘ Unit
Operation condition
40 | 50 |525| V
VDD | Operating voltage Fosc= 8,16MHz
Fosc=24MHz 50 | 50 |525| V
1L Input Leakage Current VIN = VDD, VSS - - +1 A
VIH | Input High Voltage - 2.0 - - \%
VIL | Input Low Voltage - - - 0.8 \%
VIHX | Clock Input High Voltage OSClI 25 - - \%
VILX | Clock Input Low Voltage OsClI - - 1.0 \%
Output High Voltage IOH =10.0mA
VOH1 24 | - - \Y;
(P70~P72, P76~P77) VDD =5V
Output High Voltage IOH = 1.0mA
VOH2 24 - - \Y
(Ports 5, 6, 8, 9) Vreg =3.3V
Output Low Voltage IOL =-10.0mA
VOL1 - - 0.4 \Y
(P70~P72, P76~77) VDD =5V
Output Low Voltage IOL =-10.0mA
VOL2 ] - - 3.0 \Y
(P70~P72 : LED drive mode) VDD =5V
Output Low Voltage IOL =-10.0mA
VOL3 - - 0.4 \Y
(Ports 5, 6, 8, 9) Vreg=3.3V
Pull-high current Pull-high active, Input pin at VSS
IPH1 -20%| 132 [+20%| pA
(Ports 5, 6,7, 8,9) Vreg=3.3V
Pull-high current Pull-high active, Input pin at VSS
IPH2 -20%| 132 [+20%]| pA
(P70~P72, P76~77) VDD =5V
Pull-high current Pull-high active, Input pin at VSS
IPH3 9 g PUtP - l22] - | ma
(USB D+) Vreg=3.3V (PH rsister =1.5K)
Operating supply current .
ICC1 ) Fosc= 8MHz , no GPIO loading - - 10 mA
Normal operation
Operating supply current All input and 1/O pin at VDD
ICC2 P g stuppYy P . i P . - - | 300 | pA
Sleep mode Output pin floating, WDT disabled
Operating supply current All input and 1/O pin at VDD
ICC3 P g SUpPY P . i P . - - | 250 | pA
Dual clock mode — 256kHz Output pin floating, WDT disabled
Vreg | Output voltage of 3.3V regulator | VDD = 4.0V ~ 5.25V 30 | 33| 36 Y,
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A Special Register Map
Addre ame Reset Type B Bit 6 B Bit 4 B B B Bit 0
Bit Name C57 | €56 | €55 | C54 | €53 | €52 | Cc51 | C50
Power-on 1 1 1 1 1 1 1 1
N/A 10C5 /RESET and WDT| 1 1 1 1 1 1 1 1
Wake-up from Pin
Change P P P P P P P P
Bit Name C67 | c66 | C65 | C64 | C63 | C6B2 | CBL | C60
Power-on 1 1 1 1 1 1 1 1
N/A 10C6 /RESET and WDT| 1 1 1 1 1 1 1 1
Wake-up from Pin
Change P P P P P P P P
Bit Name c77 | c76 - - - c72 | cr1 | c70
Power-on 1 1 1 1 1 1 1 1
N/A 10C7 /RESET and WDT| 1 1 1 1 1
Wake-up from Pin
Change P P P P P P P P
Bit Name Cc87 | €86 | c85 | C84 | €83 | €82 | c81L | C80
Power-on 1 1 1 1 1 1 1 1
N/A 10C8 /RESET and WDT| 1 1 1 1 1 1 1 1
Wake-up from Pin
Change P P P P P P P P
Bit Name co7 | co96 | c95 | c94 | c93 | c92 | co1 | c90
Power-on 1 1 1 1 1 1 1 1
N/A 10C9 /RESET and WDT| 1 1 1 1 1 1 1 1
Wake-up from Pin
Change P P P P P P P P
Bit Name - - RF2 | RF1 | RFO |RF_DB2|RF_DB1|RF_DBO
. IOCA Power-on 0 0 0
X (RFCNT) | /RESET and WDT 0 0 0
Wake-up from Pin
Change P P P P P
Bit Name PW2 E|PW1 E| - - - |PWM_2|PWM_1{PWM_0O
Power-on 0 0 0 0 0 0 0 0
IOCB
OX0B | pwm_cNmy| /RESET and WDT| 0 0 0 0 0 0 0 0
Wake-up from Pin
Change P P P P P P P P
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Addre ame Rese ne B Bit 6 B Bit 4 B B B Bit O
Bit Name GPB GPB GPB GPB GPB T1E T1P1 | T1PO
. 0CC Power-on 0 0 0 0 0 0 0 0
X (TLCON) |/RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin
Change P P P P P P P P
Bit Name - /PH96 | /PH95 - /PH93 | /PH92 | /PH91 | /PH90
5 10CD Power-on 1 1 1 1 1 1 1 1
0x0 (P9_PH) |/RESETand WDT | 1 1 1 1 1 1 1 1
Wake-up from Pin
Change P P P P P P P P
Bit Name S7 /WUE | WTE | SLPC - /PU8 | /PU6 | /PU5
o0 IOCE Power-on 1 1 0 1 U 1 1 1
X0E (MCU Cnt) | /RESET and WDT 1 1 0 1 U 1 1 1
Wake-up from Pin
Change P P P 1 U P P P
Bit Name OUTEP| P7IE | SPIIE |ResulE| RF2IE | RF1IE [ USBIE | TCIE
Power-on 0 0 0 0 0 0 0 0
OxOF IOCF | )/RESET and WDT | 0 0 0 0 0 0 0 0
Wake-up from Pin
Change P P P P P P P P
Bit Name - INT TSR2 | TSR1 | TSRO | PSR2 | PSR1 | PSRO
Power-on U 0 1 1 1 1 1 1
N/A CONT | /RESET and WDT | U 1 1 1 1 1 1
Wake-up from Pin
Change U P P P P P P P
Bit Name - - - - - - - -
Power-on U U U U U U U U
0x00 | RO(AR) | /RESET and WDT | P P P P P P P P
Wake-up from Pin
Change P P P P P P P P
Bit Name - - - - - - - -
Power-on 0 0 0 0 0 0 0 0
0x01 | RYTCC) | /jRESET and WDT | 0 0 0 0 0 0 0 0
Wake-up from Pin
Change P P P P P P P P
Bit Name - - - - - - - -
Power-on 0 0 0 0 0 0 0
0x02 R2(PC) [/RESET and WDT 0 0 0 0 0 0 0 0
\évr?;(r?g-Ler from Pin +P ) 4P **P **P ) P )
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Address | Name | Reset Type | Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0 ‘
Bit Name PS2 PS1 PSO T P Z DC C
Power-on 0 0 0 t t U U U
0x03 | R3(SR) | /RESET and WDT| 0 0 0 t t P P P
Wake-up from Pin
Change P P P t t P P P
Bit Name RSR.1 [ RSR.0 - - - - - -
Power-on 0 0 U U U U U U
0x04 | R4 (RSR) | /|RESET and WDT| 0 0 P P P P P P
Wake-up from Pin
Change P P P P P P P P
Bit Name P57 P56 P55 P54 P53 P52 P51 P50
Power-on U U U U U U
0x05 | R5(P5) | /|RESET and WDT| P P P P P P P P
Wake-up from Pin
Change P P P P P P P P
Bit Name P67 P66 P65 P64 P63 P62 P61 P60
Power-on U U ) U U ) U U
0x06 | R6(P6) | |RESET and WDT| P P P P P P P P
Wake-up from Pin
Change P P P P P P P P
Bit Name P77 P76 - - - P72 P71 P70
Power-on U U U
0x07 | R7(P7) | |RESET and WDT| P P P P P P P P
Wake-up from Pin
Change P P P P P P P P
Bit Name P87 P86 P85 P84 P83 P82 P81 P80
Power-on U U U U U U U U
0x08 | R8(P8) | )RESET and WDT| P P P P P P P P
Wake-up from Pin
Change P P P P P P P P
Bit Name P97 P96 P95 P94 P93 P92 P91 P90
Power-on U U U U U U U U
0x09 | R9(P9) | /RESETand WDT| P P P P P P P P
Wake-up from Pin
Change P P P P P P P P
Bit Name Ext R [Remote | EPO W | EPO R [D_Resu|UDC Su|UDC w| STALL
Power-on 0 0 0 0 0 0 0 0
OxOA  |RA(USBES)| |RESET and WDT| 0 0 0 0 0 0 0 0
Wake-up from Pin
Change P P P P P P P P
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o
o
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Bit Name GPB | GPB | GPB | GPB | GPB | GPB | GPB | GPB
Power-on U U U U U U U U
0x0B GPR | |RESET and WDT | P P P P P P P P
Wake-up from Pin
Change P P P P P P P P
Bit Name Index7 | Index6 | Index5 | Index4 | Index3 | Index2 | Index1 | Index0
Power-on 0 0 0 0 0 0 0 0
0x0C RC
X (FIFO_Index)| /RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin
Change P P P P P P P P
Bit Name FIFO7 | FIFO6 | FIFO5 | FIFO4 | FIFO3 | FIFO2 | FIFO1 | FIFOO
Power-un 0 0 0 0 0 0 0 0
0x0D RD
X (FIFO_Data) | /RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin
Change P P P P P P P P
Bit Name P77_IF|P76_IF | TM1IF | SPIIF- |RF2_H|RF2_L |RF1_H|RF1_L
Power-un 0 0 0 0 0 0 0 0
OxOE | RE(ISRO) | )RESET and WDT | 0 0 0 0 0 0 0 0
Wake-up from Pin
Change P P P P P P P P
Bit Name Out EP| GPB | GPB |ResumlF| USBres | Suspend| EPO_IF | TCCIF
Power-un 0 0 0 0 0 0
OxOF | RF (ISRO) | /RESET and WDT P P 0 0 0 0 0
Wake-up from Pin
Change P P P P P P P P
Bit Name GPB | GPB | GPB |EP5 ST|EP4 ST|EP3 ST|EP2 ST|EP1 ST
Power-on U U U 0 0 0 0 0
0x10 R10
X (USB EP stat) /RESET and WDT P P P 0 0 0 0
Wake-up from Pin
Change P P P P P P P P
Bit Name ADstart |AD_R1|AD_RO| AD4 AD3 AD2 AD1 ADO
Power-on 0 0 0 1 1 1 1
R11
Ox11 1 (AD/Control) | /RESET and WDT | 0 0 0 1 1 1 1 1
Wake-up from Pin
Change P P P P P P P
Bit Name -- USB To|Low F1|Low FO|/LowFre - - -
Power-on U U 0 1 U U U
0x12 R12
X (Dual) /RESET and WDT P ] 0 1 P P P
Wake-up from Pin
Change P P P P P P P P
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Addre

9y
N

Bit Name ADD1 | ADDO - - - - - -
R13 Power-on 0 0
0x13 /RESET and WDT| 0 0
(ADLoData) an
Wake-up from Pin
Change P P P P P P P P
Bit Name ADD9 | ADD8 | ADD7 | ADD6 | ADDS5 | ADD4 | ADD3 | ADD2
R14 Power-on 0 0 0 0 0 0 0 0
Ox14 | ADHiData)| /RESET and WDT| 0 0 0 0 0 0 0 0
Wake-up from Pin
Change P P P P P P P P
Bit Name PWM17|PWM16 | PWM15 | PWM14 | PWM13| PWM12| PWM11| PWM10
R15 Power-on 0 0 0 0 0 0 0 0
OX15 | (pwm1_T)| /RESET and WDT| 0 0 0 0 0 0 0 0
Wake-up from Pin
Change P P P P P P P P
Bit Name PWM27 [ PWM26 | PWM25 | PWM24 | PWM23 | PWM22 | PWM21 | PWM20
R16 Power-on 0 0 0 0 0 0 0 0
Ox16 | (pwm2 T)| /RESET and WDT| 0 0 0 0 0 0 0 0
Wake-up from Pin
Change P P P P P P P P
Bit Name - - - - - - - -
0x17~0x Power-on U U U U U U U U
3F GPR /RESET and WDT| P P P P P P P P
Wake-up from Pin
Change P P P P P P P P
Bit Name PWP7 | PWP6 | PWP5 | PWP4 | PWP3 | PWP2 | PWP1 | PWPO
R10 Power-on 1 1 1 1 1 1 1 1
0x10 | (pwp) | /RESETandWDT| 1 1 1 1 1 1 1 1
Wake-up from Pin
Change P P P P P P P P
Bit Name GPB SPI7 SPI6 SPI5 SP14 GPB GPB GPB
Power-on U 0 0 0 0 U U U
0x11 R1L
(SPIN) /RESET and WDT P P P P P P P P
Wake-up from Pin
Change P P P P P P P P
Bit Name Lstatusl | LstatusO | M/LSB | GPB OD3 OD4 GPB RBF
R12 Power-on 0 0 0 U 0 0 U 0
0x12 (SPIS) | /RESET and WDT| 0 0 0 P 0 0 P 0
Wake-up from Pin
Change P P P P P P P P
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ame | Reset Type B Bit 6 B Bit 4 B B B Bit 0 ame
Bit Name CES | SPIE | SRO [SPISE| GPB [SBRS2|[SBRS1|SBRSO
Power-on 0 0 0 0 U 0 0 0
0x13 R13
(SPIC) /RESET and WDT 0 0 0 0 P 0 0 0
Wake-up from Pin
Change P P P P P P P P
Bit Name TMR17 | TRM16 [TRM15|(TRM14 [TRM13[TRM12 [TRM11 | TRM10
Power-on 0 0 0 0 0 0 0 0
0x14 R14
(TMR1) /RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin
Change P P P P P P P P
Bit Name SE1 L7|SEL L6(SEL L5(SEL L4|SE1 L3|SEL 12| SE1 L1|SE1 1O
Power-on 0 0 0 0 0 0 0 0
ox15 R15
X (SEL_LOW) /RESET and WDT 0 0 0 0 0 0 0 0
Wake-up from Pin
Change P P P P P P P P
Bit Name SE1 H7|SE1 H6|SEL H5| SE1 H4|SE1 H3|SEL1 H2| SE1 H1| SE1 HO
Power-on 0 0 0 0 0 0 0 0
0x16 R16
X (SEL_HIGH)| /RESET and WDT| 0 0 0 0 0 0 0 0
Wake-up from Pin
Change P P P P P P P P
Bit Name SE2 L7|SE2 L6 SE2 L5 SE2 14| SE2 L3|SE2 12| SE2 11| SE2 1O
Power-on 0 0 0 0 0 0 0 0
0x17 R17
X (SE2 LOW) | /RESET and WDT| 0 0 0 0 0 0 0 0
Wake-up from Pin
Change P P P P P P P P
Bit Name SE2 H7|SE2 H6| SE2 H5( SE2 H4 | SE2 H3| SE2 H2| SE2 H1| SE2 HO
ot R18 Power-on 0 0 0 0
X (SE2 HIGH) | /RESET and WDT| 0 0
Wake-up from Pin
Change P P P P P P P P
Bit Name - - - - - - - -
Power-on U U U U U U U U
0x19~0x GPR
3F /RESET and WDT P P P P P P P P
Wake-up from Pin
Change P P P P P P P P
** Execute the next instruction after the "SLPC” bit status of IOCE register has been on high-to-low
transition.
X: Not for use. U: Unknown or don’t care. P: Previous value before reset.
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B Instruction Set

Each instruction in the instruction set is a 13-bit word divided into an OP code and one
or more operands. All instructions are executed within one single instruction cycle
(consisting of 2 oscillator periods), unless the program counter is changed by-

(a) Executing the instruction "MOV R2,A", "ADD R2,A", "TBL", or any other instructions
that write to R2 (e.g. "SUB R2,A", "BS R2,6", "CLR R2", ---).

(b) Execute CALL, RET, RETI, RETL, JMP, Conditional skip (JBS, JBC, JZ, JZA, DJZ,
DJZA) which were tested to be true.

Under these cases, the execution takes two instruction cycles.
In addition, the instruction set has the following features:
(). Every bit of any register can be set, cleared, or tested directly.

(2). The I/O register can be regarded as general register. That is, the same instruction
can operate on I/O register.

Legend:

R = Register designator that specifies which one of the 64 registers (including operation and
general purpose registers) is to be utilized by the instruction.
Bits 6 and 7 in R4 determine the selected register bank.

b = Bit field designator that selects the value for the bit located in the register R and which affects
the operation.

k = 8 or 10-bit constant or literal value

Binary Instruction ‘ Hex | Mnemonic Operation Status Affected

0 0000 0000 0000( 0000 NOP No Operation None

0 0000 0000 0001| 0001 DAA Decimal Adjust A C

0 0000 0000 0010( 0002 CONTW A —> CONT None

0 0000 0000 0011 0003 SLEP 0 —» WDT, Stop oscillator T, P

0 0000 0000 0100| 0004 WDTC 0 —> WDT T, P

0 0000 0000 rrrr 000r IOW R A — IOCR None <Note ‘>

0 0000 0001 0000| 0010 ENI Enable Interrupt None

0 0000 0001 0001| 0011 DISI Disable Interrupt None

0 0000 0001 0010( 0012 RET [Top of Stack] - PC None

0 0000 0001 0011| 0013 RETI Erf’;’bloef itti?r(l]u: PC, None

0 0000 0001 0100( 0014 CONTR CONT - A None

0 0000 0001 rrrr 001r IOR R IOCR - A None <Note ‘>

0 0000 0010 0000( 0020 TBL gi;g:g) (f]z‘zR‘Z unchanged Z,C,DC
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Operation

Status Affected

Binary Instruction ‘ Hex |Mnemonic

0 0000 OLrr rrrr 00rr MOV R,A A—>R None

0 0000 1000 0000( 0080 CLRA 0->A Zz

0 0000 11rr rrrr 00rr CLRR 0->R Z

0 0001 0Orr rrrr Olrr SUB AR R-A— A Z,C,DC

0 0001 O1rr rrrr Olrr SUB RA R-A—> R Z,C,DC

0 0001 10rr rrrr Olrr DECAR R-1—> A 4

0 0001 11rr rrrr Olrr DECR R-1 >R Z

0 0010 OOrr rrrr 02rr OR AR AvVR > A Z

0 0010 OLrr rrrr 02rr ORRA AvVR >R z

0 0010 10rr rrrr 02rr AND AR A&R—>A Z

0 0010 1rr rrrr 02rr AND R,A A&R—>R Z

0 0011 OOrr rrrr 03rr XOR AR ADR-A 4

0 0011 Orr rrrr 03rr XOR R,A A®R >R Z

0 0011 10rr rrrr 03rr ADD AR A+R—>A Z,C,DC

0 0011 211rr rrrr 03rr ADD R,A A+R—->R Z,C,DC

0 0100 OOrr rrrr 04rr MOV AR R—->A Z

0 0100 OLrr rrrr 04rr MOV R,R R—->R

0 0100 10rr rrrr 04rr COMAR R—> A z

0 0100 11rr rrrr 04rr COMR IR—>R Z

0 0101 0OOrr rrrr 05rr INCAR R+1 > A Z

0 0101 Orr rrrr 05rr INCR R+1 >R Z

0 0101 10rr rrrr 05rr DJZAR R-1 — A, skip if zero None

0 0101 11rr rrrr 05rr DJZR R-1 — R, skip if zero None

0 0110 00rr rrr | 06 | RRCAR EEQ; :é(”cl)_) AT) C

0 0110 Oirr rrrr 0611 RRC R EES; :: E(”Cll R() c

0 0110 10rr rrrr 06rr RLCA R EEQ; :é(ng 1_)> A(0) C

0 0110 11rr rrrr 06rr RLCR Eg; :: E(ngl_)) R(0) C

0 0111 00rr rrrr o7rr SWAPA R igg:% : ﬁgg:g’ None

0 0111 Orr rrrr o7rr SWAP R R(0-3) & R(4-7) None

0 0111 10rr rrrr o7rr JZAR R+1 — A, skip if zero None

0 0111 12rr rrrr o7rr JZR R+1 — R, skip if zero None
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Binary Instruction ‘ Hex | Mnemonic Operation Status Affected
0 100b bbrr rrrr 0XXX BCR,b 0 — R(b) None <Note *>
0 101b bbrr rrrr Oxxx BS R,b 1> R(b) None

0 110b bbrr rrrr Oxxx JBCR,b if R(b)=0, skip None

0 111b bbrr rrrr O0xxx JBSR,b if R(b)=1, skip None

1 00kk kkkk kkkk 1kkk CALL k FP(;;;_I:)[iPI]D’C None

1 01kk Kkkkk kkkk 1kkk JMP k (Page, k) »> PC None

1 1000 kkkk kkkk 18kk MOV A,k k— A None

1 1001 kkkk kkkk 19kk OR Ak Avk—A z

1 1010 kkkk kkkk 1Akk AND Ak A&k—A 4

1 1011 kkkk kkkk 1Bkk XOR Ak Adk—>A z

1 1100 kkkk kkkk 1Ckk RETL k k — A, [Top of Stack] - PC None

1 1101 kkkk kkkk 1Dkk SUB A,k k-A— A Z,C,DC

1 1110 0000 Okkk | 1EOk None

1 1111 kkkk kkkk 1Fkk ADD Ak k+A —> A Z,C,DC

Note: * This instruction is applicable to IOCx only.

% This instruction is not recommended for RE, RF operation.

C Code Option

m  Address 000:

BitlZ‘Bitll‘ Bit 10 ‘Bit9|Bit8‘Bit7‘Bit6|Bit5‘Bit4‘ Bit 3 ‘ Bit 2 |Bit1 ‘ Bit 0

DEL1|DELO(/AD_hold| - |PKG_1|PKG_O[FRQ_1|FRQ 0[OST_1|OST_O0 | /D+resistor | USB | /Protect

m  Address 001:

‘Bit 25‘Bit 24‘Bit 23]Bit 22‘Bit Zl‘Bit ZO‘Bit 19‘Bit 18‘Bit 17‘ Bit 16 | Bit 15 | Bit 14 ‘ Bit 13
EP2_|EP2_|EP2_|EP2_|EP2_|EP1_|EP1_|EP1_|EP1_|EP1 Ty|EPX_SEL2|EPX_SEL1|EPX_SELO

Max_ [ Max_ | Direct|Typel|TypeO| Max_ | Max_ | Direct|Typel| peO
Sizel |Size0O| ion Sizel|[SizeO| ion

m  Address 002:
Bit 38 |Bit 37 |Bit 36 |Bit 35| Bit 34| Bit 33| Bit 32| Bit 31 Bt 30| Bit29 | Bit28 | Bit2r | Bit26
EPs_|EP5_|EPS_|EP4_|EP4_|EP4_|EP4_|EP4_|EP3_|EP3_Ma|EP3 DIl EP3 Typel |EP_3 Typeo

Direct|Typel|TypeO| Max_ | Max_ |Direct|Typel|TypeO| Max_ rection
i Sizel|Size0]| i

m  Address 003:

‘Bit 51‘Bit SO‘Bit49‘Bit 48‘Bit 47‘Bit46‘Bit 45‘Bit 44‘Bit43‘ Bit 42 | Bit 41 | Bit 40 Bit 39
EP5_Max_Si|EP5_Max
8| 07| b6 | D5 | ipa| D3| 02| 01| IDO zel _Size0
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m  Address 004:

m  Address 005:

Bit 66~75 Bit 65

-- IVer_Sel

Bit O (/Protect): Protect bit.
0: Enable
1: Disable
Bit 1 (USB): Operation mode.
0: Non-USB mode. Close UDC and Transceiver function.
1: USB mode
Bit 2 (/D+ resistor): D+ Resistor pull-high switch.
0: Enable internal USB D+ pull-high resistor.
1: Disable internal USB D+ pull-high resistor.
Bits 4~3 (OST1~0OSTO0): Oscillator start time. WDT time-out time.
00: 500 ps
01: 2ms
10: 4 ms
11: 8 ms
Bits 6~5 (FRQ1~FRQO0): System clock frequency switch.
00: 8 MHz, External Crystal x 2
01: 16 MHz, External Crystal x 4
10: 24 MHz, External Crystal x 6
11: Not Defined
Bits 8~7 (PKG1~PKGO0): Package switch.
00: 20 pins
01: 24 pins
10: 40 pins

11: 44 pins
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Bit 9 (Reverse): setto "0” as default value

Bit 10 (/ADHold): Setting for the MCU during AD conversion

0: Set the MCU on hold during AD conversion

1: Keep the MCU running during AD conversion

Bit 11 ~ Bit 12 : DEL 0~DEL1: SetasO0, 0.

Bits 15 ~ 13 (EPX_SEL2 ~ EPX_SELO0): Endpoint function selection

EPX Status / EPX FIFO Max Size

EPX_SEL[2: 0]
(USB Mode) EP1 EP2 EP3 EP4 EP5
000 Enable / 64-byte Disable / NA Disable / NA Disable / NA Disable / NA
001 Enable / 64- byte | Enable / 64- byte Disable / NA Disable / NA Disable / NA
010 Enable / 64- byte | Enable / 32- byte | Enable / 32- byte Disable / NA Disable / NA
011 Enable / 64- byte | Enable / 32- byte | Enable / 16- byte | Enable / 16- byte Disable / NA
100 Enable / 64- byte | Enable / 32- byte | Enable / 16- byte | Enable / 8- byte | Enable / 8- byte
101 Enable / 64- byte | Enable / 16- byte | Enable / 16- byte | Enable / 16- byte | Enable / 16- byte
110 Enable / 32- byte | Enable / 32- byte | Enable / 32- byte | Enable / 32- byte Disable / NA
111 Enable / 32- byte | Enable / 32- byte | Enable / 32- byte | Enable / 16- byte | Enable / 16- byte

Bits 16 ~ 40:

EPx Type:
00:
01:
10:
11:

EPx Direction:

Not defined

Isochronous mode transfer

Bulk mode transfer

Interrupt mode transfer

0: Output way

1: Input way

EPx Max Size:

00:
01:
10:

11:

8 bytes

16 bytes
32 bytes
64 bytes

If EPx Max Size selection is larger than Endpoint function selection, EPX FIFO size will
depend on the size of Endpoint function selector (EPX_Sel0~2]).

Bits 41 ~ 42 (Reserved):

reserved bit
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Default: 1

Bits 43~ Bit 59 (USER ID): Defined by user.

Bits 60~64 (Reserved): Reserved bit

Bits 65 (Ver_Sel):
0: New Version (Additional SPI function)
1: Original Version

Bits 66~75 (Reserved)

D Application Circuit
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