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SON:X

SN8F22E80B Series

USB 2.0 Full-Speed 8-Bit Flash Micro-Controller

1 PRODUCT OVERVIEW

1.1FEATURES

¢ Memory configuration
Flash ROM size:16K*16 bits.
User RAM size: 1024*8 bits.
USB RAM size: 256*8 bits.

¢ 8levels stack buffer.

¢ /O pin configuration
Bi-directional: PO, P1, P2.1~P2.7, P4, and P5.
Wakeup: PO, P1 level change.
Pull-up resisters: PO, P1, P2.1~P2.7, P4, and P5.
External interrupt: PO, P1.
ADC input pin: AINO~AIN15.

¢ Full Speed USB 2.0
Conforms to USB specification version 2.0.
3.3v regulator output for USB D+ pin internal 1.5k
pull-up resistor.
Supports one Full speed USB device address.
One control endpoint and 6 configurable
Isochronous/interrupt/bulk endpoints.
EPO supports 64-byte FIFO depth.
Programmable EP1~EP6 FIFO depth.
Total 7 endpoints share 256-byte USB RAM.
Supports USB power plug-in detection 3.6v.
Supports PS/2 mode shared with D+/D- pins.

¢ Powerful instructions
Instruction’s length is one word.
Most of instructions are one cycle only.
All ROM area JMP instruction.
All ROM area lookup table function (MOVC).

¢ 15interrupt sources

11 internal interrupts: TO, T1, TCO, TC1, TC2, SIO,

ADC, WAKE, USB, UPDET, and NDT
4 external interrupts: INTO, INT1, PO, P1

¢ Buildin Embedded ICE function.

Four 8-bit timers. (TO, TCO, TC1, TC2).
TO: Basic timer.

TCO: Timer/PWM/Pulse/Counter.

TC1: Timer/PWM/Pulse/Counter.

TC2: Timer/PWM/Pulse/Counter.

One 16-bit timer (T1) with Timer and Counter.

3-channel duty/cycle programmable PWMs with
extension, from a generator to output PWM,
Buzzer, IR carrier and single pulse.

16 channel 12-bit SAR ADC
Sixteen external ADC input
AINO supports battery voltage direct detection.

Serial Interface: SIO.
On chip watchdog timer and clock source.

Three system clocks

External high clock: 12MHz and 16MHz.
Internal high clock: RC type 16MHz.
Internal low clock: RC type 32KHz.

Four operating modes

Normal mode: Both high and low clock active.
Slow mode: Low clock only.

Sleep mode: Both high and low clock stop.
Green mode: Periodical wakeup by timer.

In-System Programming (ISP) supported.
Build in PLL 48MHz for USB SIE.

Package (Chip form support)
LQFP 48 pin

QFN 46 pin

SOP 28 pin

QFN 24 pin

SSOP 24 pin

SONiX TECHNOLOGY CO.,LTD
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() Features Selection Table

ISP/ )
CHIP ROM | RAM | stack | YSB | Timer | wo | pwm | SO | ADC | £ INT | Embedded | OPEAUNT | package
FS (SPI) | CH ICE Voltage
_bit*
SNSF22E88B | 16K*16 | 1024*8 | 8 Vv fG-btl)Etfl 39 | 6ch | V 16 2 Vv 1.8V~6.0V | LQFP48
_bit*
SNSF22E87B | 16K*16 | 1024*8 | 8 Vv foJtﬁtfl 37 | 6ch | V 16 2 Vv 1.8V-6.0V | QFN46
SN8F22E84B | 16K*16 | 1024*8 | 8 v féf’t';:fl 22 | 4ch | Vv 7 1 Vv 1.8V~6.0V | SOP28
8-bit*4 - QFN24
SN8F22E83B | 16K*16 | 1024*8 | 8 V| fepier | 18| 1h |V 6 1 Vv LBV-6.0V |
_bit*
SN8F22E831B | 16K*16 | 1024*8 | 8 Vv fG-btl)Etfl 18 | 3«ch | Vv 6 1 Vv 1.8V-6.0V | SSOP24
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1.2 SYSTEM BLOCK DIAGRAM

WATCHDOG TIMER IC LVD
PC
Capless 1.8v REGULATOR USB LVD
Flash
> IR memory
12MHZ/16MHz Embedded ICE ~, EIDA
External Oscillator System EICK
FLAGS
.3v REGULATOR > VREGS33
Internal Internall6MHz 3.3VREGU © >
Low RC RC Oscillator
16-ch 12 bit ADC AINO~
v \ 4 Y A AIN15
ALU TIMING GENERATOR ) v USB EIFO
PLL A
. 1 ‘ . Y > D+
v RAM Full speed USB SIE
—» D_
ACC SYSTEM
REGISTERS SCK
SIO —>» SDI
SDO
INTERRUPT
CONTROL TIMER & COUNTER > PWM —» PWM
A
PO P1 P2 P4 P5
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1.3 PIN ASSIGNMENT

SN8F22E88BF (LQFP 48 pins)

o
- o
= = g
s =2 s
2 a
S & o do &
1 4 4 4 4 OO 0O N~ O IO < M
Z2zzzzzzzzzzz
L L L L L L L L L
© N ¥ 04 o~ 0N M
S fF ST I F oo AN A
A daoaQaanaoaaaaan
48 47 46 45 44 43 42 41 40 39 38 37
P4.7/AIN15/T1IN|1 e 36
VvDD1|2 35
P1.0/PWMO01|3 34
P1.1|4 33
P1.2/TCOECK]|5 32
P1.3/SDI|6 31
P1.4/SDO|7 SN8F22E88BF 30
P1.5/SCK|8 29
P1.6/INTO|9 28
P1.7|10 27
P0.0|11 26
P0.1|12 25
13 14 15 16 17 18 19 20 21 22 23 24
S2833s508385 85
a2=2aaacadggmgola
z 3 S 53X
o B 5 5 28
o 3 O g aw
o O o
a a

P2.2/AIN2
P2.1/AIN1/AVREFH
P2.0/AINO
AVDD
AVSS

VDD
USB_VDD
VREG33
DN/PSDATA
DP/PSCLK
VSS
P5.0/INT1
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SN8F22E87BJ (QFN 46 pins)

o -
2 g =
Z
S22 §
- o o
B IO - ok
o o A o+ 90 0N~ O WS MmN
Z2zzzzzzzzzzzz?Z
I 33233222
N O S M N o N O, S MmN
¥ & ¥ F F & oo
[N o VR o W o WY o W o WY o WO o WY o YR o N o MY o WY o WY o B
46 45 44 43 42 41 40 39 38 37 36 35 34 33
VDD1 |1 e 32|P2.1/AIN1/AVREFH
P1.0/PWMO1| 2 31|P2.0/AINO
P1.1| 3 30|AVDD
P1.2/TCOECK| 4 29|AVSS
P1.3/SDI| 5 SN8F22E87B 28|vDD
P1.4/SDO| 6 27|USB_VDD
P1.5/SCK| 7 26|VREG33
P1.6/INTO| 8 25|DN/PSDATA
P1.7| 9 24|DP/PSCLK
10 11 12 13 14 15 16 17 18 19 20 21 22 23
O « N O « 1O | X - - 0
S oo Y Y oy <D( O D é w E
aaa=2=2agclggoslsaz>
TREEEE P
m - - >
a3 offw® 2
o o o
o o
SN8F22E84BS (SOP 28 pins)
P4.6/AIN14/PWM10 |1 U 28| P4.3/AIN11
P4.7/AIN15/T1IN |2 27| P4.2/AIN10
VvDD1 |3 26| P4.1/AIN9/PWMOO
P1.0/PWMO1 |4 25| P2.1/AIN1/AVREFH
P1.1 |5 24| P2.0/AINO
P1.2/TCOECK |6 23| vDD
P1.3/SDI |7 22| VREG33
P1.4/SDO |8 21| DN/PSDATA
P1.5/SCK |9 20| DP/PSCLK
P1.6/INTO |10 19| VSS
P1.7 |11 18| P5.2/XIN
P0.0 |12 17| P5.3/XOUT
P0.3/PWM20 (13 16| P5.4/EICK
P5.6/RST |14 15| P5.5/EIDA
SN8F22E84BS
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SN8F22E83BJ (QFN 24 pins)

= v
S ™ g d
= ™
g o Lo
S owbia g
O 20 0m
o > >0 0 >
24 23 22 21 20 19
P2.1/AIN1/AVREFH|1 e 18|P5.2/XIN
P4.0/AINS8|2 17|P5.3/XOUT
P4.1/AIN9/PWMOO|3 16|P5.4/EICK
P4.2/AIN10|4 SN8F22E83BJ 15|P5.5/EIDA
P4.3/AIN11|5 14|P5.6/RST
VDD1|6 13|P0.0
7 8 9 1011 12
SX30xe
0238z
o M < ==
O 4 ¥ 1 ©
E o o oo
PN o o o
-
o
SN8F22E831BX (SSOP 24 pins)
VREG33 |1 U 24| DN/PSDATA
VDD |2 23| DP/PSCLK
P2.1/AIN1/AVREFH |3 22| VSS
P2.2/AIN2 |4 21| P5.2/XIN
P2.3/AIN3 |5 20| P5.3/XOUT
P2.4/AIN4 |6 19| P5.4/EICK
P4.1/AIN9/PWMOO |7 18| P5.5/EIDA
P4.6/AIN14/PWM10 |8 17| P5.6/RST
VDD1 |9 16| P0.3/PWM20
P1.2/TCOECK (10 15| P0.0
P1.3/SDI |11 14| P1.6/INTO
P1.4/SDO |12 13| P1.5/SCK
SN8F22E831BX
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SON:X

1.4PIN DESCRIPTIONS

PIN NAME TYPE DESCRIPTION
P SN8F22E88BF/J : Power supply input pins for digital circuit.
VDD, VSS P SN8F22E84BS : Power supply input pins for digital and analog circuit.
SN8F22E83BJ : Power supply input pins for digital , analog and USB circuit.
AVDD, AVSS P Power supply input pins for analog circuit.
VREG33 ®) 3.3v voltage output from USB 3.3v regulator.
USBVDD P Power supply input pins for USB circuit.
VDD1 P Power supply input pins for the I/O power of P1.0~P1.7.
USB Differential D+ signal line.
DP/PSCLK Vo PSCLK: PS/2 clock pin with internal 5K pull-up resistor.
USB Differential D- signal line.
DN/PSDATA Vo PSDATA: PS/2 data pin wit internal 5K pull-up resistor.
P0[2:0] 1/0 Bi-direction pin. Schmitt trigger structure as input mode. Built-in pull-up resistor.
P0.3: Bi-direction pin. Schmitt trigger structure as input mode. Built-in pull-up resistor.
P0.3/PWM20 Vo PWM20: TC2 programmable PWM output pin 0.
PO.4/PWM21 10 P0.4: Bi-direction pin. Schmitt trigger structqre as input mode. Built-in pull-up resistor.
PWM21: TC2 programmable PWM output pin 1.
PO[7:5] 1/0 Bi-direction pin. Schmitt trigger structure as input mode. Built-in pull-up resistor.
P1.0: Bi-direction pin. Schmitt trigger structure as input mode. Built-in pull-up resistor.
P1.0/PWMO1 Vo PWMO1: TCO programmable PWM output pin 1.
P1.1 1/0 P1.1: Bi-direction pin. Schmitt trigger structure as input mode. Built-in pull-up resistor.
P1.2: Bi-direction pin. Schmitt trigger structure as input mode. Built-in pull-up resistor.
P1.2/TCOECK I/O  |[TCOECK: TCO event counter input pin.
P1.3/SDI 10 Pl.?: Bl-dlrectl_on pin. Schmitt trigger structure as input mode. Built-in pull-up resistor.
SDI: SIO data input pin.
P1.4: Bi-direction pin. Schmitt trigger structure as input mode. Built-in pull-up resistor.
P1.4/SDO Vo SDO: SIO data output pin.
P1 5/SCK 10 P1.55 Bl-dlrectlon_pln. Schmitt trigger structure as input mode. Built-in pull-up resistor.
SCK: SIO clock pin.
P1 6/INTO 1o P1.6:' B|-d|rect|9n pin. Schmltt trlgger structure as input mode. Built-in pull-up resistor.
INTO: External interrupt O input pin.
P1.7 1/0 P1.7: Bi-direction pin. Schmitt trigger structure as input mode. Built-in pull-up resistor.
P2.0: Input only pin. Schmitt trigger structure as input mode.
P2.0/AINO ! AINO: ADC channel 0 input pin.
P2.1: Bi-direction pin. Schmitt trigger structure as input mode. Built-in pull-up resistor.
P2.1/AIN1/AVREFH I/O AIN1: ADC channel 1 input pin.
AVREFH: ADC external high reference voltage input.
. . P2.2~P2.7: Bi-direction pin. Schmitt trigger structure as input mode. Built-in pull-up resistor.
P2[7:2J/AIN[7:2] Vo AIN2~AIN7: ADC channel 2~7 input pin.
) . P4.0~P4.4: Bi-direction pin. Schmitt trigger structure as input mode. Built-in pull-up resistor.
PA[4:0J/AIN[12:8] Vo AIN8~AIN12: ADC channel 8 input pin.
P4.1/PWMO00 1/0 PWMO0O0: TCO programmable PWM output pin 0.
P4.5: Bi-direction pin. Schmitt trigger structure as input mode. Built-in pull-up resistor.
P4.5/PWM11/ AIN13 I/O PWM11: TC1 programmable PWM output pin 1.
AIN13: ADC channel 13 input pint.
P4.6: Bi-direction pin. Schmitt trigger structure as input mode. Built-in pull-up resistor.
P4.6/ PWM10/AIN14 1/0 PWM10: TC1 programmable PWM output pin 0.
AIN14: ADC channel 13 input pint.
P4.7: Bi-direction pin. Schmitt trigger structure as input mode. Built-in pull-up resistor.
P4.7/T1IN/AIN15 1/0 T1IN: T1 event counter input pin.
AIN15: ADC channel 15 input pin.
P5 0/INT1 10 P5.0:_ B|-d|rect|qn pin. Schmtt trlgger structure as input mode. Built-in pull-up resistor.
INT1: External interrupt O input pin.
P5.1 1/0 P5.1: Bi-direction pin. Schmitt trigger structure as input mode. Built-in pull-up resistor.
P5.2: Bi-direction pin. Schmitt trigger structure as input mode. Built-in pull-up resistor.
P5.2/XIN I/0 - - - - - -
XIN: Oscillator input pin while external oscillator enable.
P5 3/XOUT 10 P5.3: !3|-d|rgct|on pin. Schmm t_rlgger structure_ as input mode. Built-in pull-up resistor.
XOUT: Oscillator output pin while external oscillator enable.
P5.4: Bi-direction pin. Schmitt trigger structure as input mode. Built-in pull-up resistor.
PS.4/EICK Vo EICK: Embedded ICE clock pin.
P5.5/EIDA 1/0 P5.5: Bi-direction pin. Schmitt trigger structure as input mode. Built-in pull-up resistor.
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N \ \ SN8F22E80B Series
h h .x USB 2.0 Full-Speed 8-Bit Flash Micro-Controller
EIDA: Embedded ICE data pin.

P5.6: Bi-direction pin. Schmitt trigger structure as input mode. Built-in pull-up resistor.

RST: System external reset input pin. Schmitt trigger structure, active “low”, normal stay to
“high”

1.5PIN CIRCUIT DIAGRAMS

P5.6/RST I/0

() Normal Bi-direction 1/O Pin.

Pull-Up
Resistor

Pin =~ > 1/0 Input Bus
[] [ p

1/0 Output Bus

Specific Input
Function Control Bit

r@—» Specific Input Bus
10 Input Bus

>

Output Bus

*. Specific Output
Function Control Bit

*. Some specific functions switch 1/O direction directly, not through PnM register.

® Bi-direction I/O Pin Shared with Specific Digital Output Function, e.g. PWM, SIO.

> 10 Input Bus

«—  Output Bus

*, Specific Output «——— Specific Output Bus

Function Control Bit
Specific Output
Function Control Bit

*. Some specific functions switch 1/0 direction directly, not through PnM register.
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® Bi-direction I/0O Pin Shared with Specific Analog Input Function, e.g. XIN, ADC.

Pull-Up
Resistor

*. Specific Analog
Function Control Bit

i =
Pin Enpy » 1/0 Input Bus
= P!
1/0 Output Bus
Analog IP Input
" Terminal

*. Some specific functions switch 1/O direction directly, not through PnM register.

® Bi-direction I/O Pin Shared with Specific Analog Output Function, e.g. XOUT...

*, Specific Analog
Function Control Bit

Pin 1/0 Input Bus

1/0 Output Bus

Analog IP Output
Terminal

*. Some specific functions switch 1/0 direction directly, not through PnM register.
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2 CENTRAL PROCESSOR UNIT (CPU)

2.1 PROGRAM MEMORY (ROM)

& 16K words ROM

Address
OO000H
0001H

0007H
0008H
0009H
000AH
000BH
000CH
000DH
O00OEH
O00OFH
0010H
0011H
0012H
0013H
0014H
0015H
0016H
0017H

3FF7H
3FF8H

3FFFH

ROM

Comment

Reset vector

Reset vector

General purpose area

User program

WAKE Interrupt vector

Interrupt vector

INTO Interrupt vector

INT1 Interrupt vector

UPDET Interrupt vector

USB Interrupt vector

PO Interrupt vector

P1 Interrupt vector

TO Interrupt vector

T1 Interrupt vector

TCO Interrupt vector

TC1 Interrupt vector

TC2 Interrupt vector

NDT Interrupt vector

ADC Interrupt vector

SIO Interrupt vector

General purpose area

User program

End of user program

Reserved
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2.1.1 RESET VECTOR (0000H)

A one-word vector address area is used to execute system reset.

@  Power On Reset (POR=1).
<  Watchdog Reset (WDT=1).
&  External Reset (RST=1).

After power on reset, external reset or watchdog timer overflow reset, then the chip will restart the program from
address 0000h and all system registers will be set as default values. It is easy to know reset status from POR, WDT,
and RST flags of PFLAG register. The following example shows the way to define the reset vector in the program
memory.

»  Example: Defining Reset Vector

ORG 0 ; 0000H
JMP START ; Jump to user program address.
ORG 17H

START: ; 0017H, The head of user program.

; User program

ENDP ; End of program

*  Note: The head of user program should skip interrupt vector area to avoid program execution error.
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2.1.2 INTERRUPT VECTOR (0008H~0016H)

A 15-word vector address area is used to execute interrupt request. If any interrupt service executes, the program
counter (PC) value is stored in stack buffer and jump to 0008h~0016h of program memory to execute the vectored
interrupt. This interrupt is multi-vector and each of interrupts points to unique vector. Users have to define the interrupt
vector. The following example shows the way to define the interrupt vector in the program memory.

ROM Priority
0008H WAKE Interrupt vector 1
0009H INTO Interrupt vector 2
O00AH INT1 Interrupt vector 3
000BH UPDET Interrupt vector 4
000CH USB Interrupt vector 5
OOODH PO Interrupt vector 6
OOOEH P1 Interrupt vector 7
OOOFH TO Interrupt vector 8
0010H T1 Interrupt vector 9
0011H TCO Interrupt vector 10
0012H TC1 Interrupt vector 11
0013H TC2 Interrupt vector 12
0014H NDT Interrupt vector 13
0015H ADC Interrupt vector 14
0016H SIO Interrupt vector 15

When one interrupt request occurs, and the program counter points to the correlative vector to execute interrupt
service routine. If WAKE interrupt occurs, the program counter points to ORG 8. If INTO interrupt occurs, the program
counter points to ORG 9. In normal condition, several interrupt requests happen at the same time. So the priority of
interrupt sources is very important, or the system doesn’t know which interrupt is processed first. The interrupt priority
is follow vector sequence. ORG 8 is priority 1. ORG 9 is priority 2. In the case, the interrupt processing priority is as
following.

If WAKE, ADC, T0, SIO and TC2 interrupt requests happen at the same time, the system processing interrupt
sequence is WAKE, TO, TC2, ADC, and then SIO. The system processes WAKE interrupt service routine first, and then
processes TO interrupt routine...Until finishing processing all interrupt requests.

» Example:
Interrupt Request Occurrence Sequence: (2~8 interrupt requests occur during WAKE interrupt service routine

execution.)
1 2 3 4 5 6 7 8
WAKE ADC TC1 T0 SIO INTO TC2 NDT
Interrupt Processing Sequence:
1 2 3 4 5 6 7 8
WAKE INTO T0 TC1 TC2 NDT ADC SIO
SONiX TECHNOLOGY CO.,LTD Page 21 Version 1.9
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»  Example: Defining Interrupt Vector. The interrupt service routine is following user program.

.CODE
ORG
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
ORG
START:

IMP

ISR_WAKE:

RETI
ISR_INTO:

RETI

ISR_SIO:

RETI

ENDP

0 ; 0000H
START ; Jump to user program address.

ISR_WAKE ; Jump to interrupt service routine address.

ISR_INTO

ISR_INT1

ISR_UPDET

ISR_USB

ISR_PO

ISR_P1

ISR_TO

ISR_T1

ISR_TCO

ISR_TC1

ISR_TC2

ISR_NDT

ISR_ADC

ISR_SIO

17H
; 0017H, The head of user program.
; User program.

START ; End of user program.

; The head of interrupt service routine.
; Save ACC and 0x80~0x8F register to buffers.

; Load ACC and 0x80~0x8F register from buffers.
; End of interrupt service routine.

; Save ACC and 0x80~0x8F register to buffers.

; Load ACC and 0x80~0x8F register from buffers.
; End of interrupt service routine.

; Save ACC and 0x80~0x8F register to buffers.

; Load ACC and 0x80~0x8F register from buffers.
; End of interrupt service routine.

; End of program.

%*  Note: It is easy to understand the rules of SONIX program from demo programs given above. These

points are as following:

1. The address 0000H is a “JMP” instruction to make the program starts from the beginning.
2. The address 0008H~0016H is interrupt vector.
3. User’s program is aloop routine for main purpose application.
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2.1.3 LOOK-UP TABLE DESCRIPTION

In the ROM’s data lookup function, Y register is pointed to middle byte address (bit 8~bit 15) and Z register is pointed
to low byte address (bit O~bit 7) of ROM. After MOVC instruction executed, the low-byte data will be stored in ACC and
high-byte data stored in R register.

»  Example: To look up the ROM data located “TABLE1”.

BOMOV Y, #TABLE1$SM ; To set lookup table1’s middle address
BOMOV Z, #TABLE1SL ; To set lookup table1’s low address.

MOVC ; To lookup data, R = 00H, ACC = 35H
: Increment the index address for next address.
INCMS Z c Z+1
JMP @F ; Zis not overflow.
INCMS Y ; Zoverflow (FFH = 00), 2 Y=Y+1
NOP ;
o@: MOVC ; To lookup data, R = 51H, ACC = 05H.
TABLE1L: DW 0035H ; To define a word (16 bits) data.
DW 5105H
DW 2012H

*  Note: The Y register will not increase automatically when Z register crosses boundary from OxFF to
0x00. Therefore, user must be take care such situation to avoid look-up table errors. If Z register is
overflow, Y register must be added one. The following INC_YZ macro shows a simple method to process
Y and Z registers automatically.

»  Example: INC_YZ macro.

INC_YZ MACRO
INCMS Z :Z+1
JMP @F : Not overflow
INCMS Y S Y+1
NOP ; Not overflow
@@:
ENDM
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»  Example: Modify above example by “INC_YZ” macro.

BOMOV Y, #TABLE1$SM ; To set lookup table1’s middle address
BOMOV Z, #TABLE1SL ; To set lookup table1’s low address.

MOVC ; To lookup data, R = 00H, ACC = 35H

INC_YZ ; Increment the index address for next address.
@@: MOVC ; To lookup data, R = 51H, ACC = 05H.
TABLEL: DW 0035H ; To define a word (16 bits) data.

DW 5105H

DW 2012H

The other example of look-up table is to add Y or Z index register by accumulator. Please be careful if “carry” happen.
»  Example: Increase Y and Z register by BOADD/ADD instruction.

BOMOV Y, #TABLE1$SM ; To set lookup table’s middle address.
BOMOV Z, #TABLE1S$L ; To set lookup table’s low address.

BOMOV A, BUF ; Z=7Z+BUF.
BOADD Z, A
BOBTS1 FC ; Check the carry flag.
JMP GETDATA ;FC=0
INCMS Y cFC=1.Y+1.
NOP
GETDATA: ;
MOVC ; To lookup data. If BUF = 0, data is 0x0035
; If BUF = 1, data is 0x5105
; If BUF = 2, data is 0x2012
TABLEL: DW 0035H ; To define a word (16 bits) data.
DwW 5105H
DwW 2012H
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2.1.4 JUMP TABLE DESCRIPTION

The jump table operation is one of multi-address jumping function. Add low-byte program counter (PCL) and ACC
value to get one new PCL. If PCL is overflow after PCL+ACC, PCH adds one automatically. The new program counter
(PC) points to a series jump instructions as a listing table. It is easy to make a multi-jump program depends on the
value of the accumulator (A).

% Note: PCH only support PC up counting result and doesn’t support PC down counting. When PCL is
carry after PCL+ACC, PCH adds one automatically. If PCL borrow after PCL-ACC, PCH keeps value and
not change.

>  Example: Jump table.

ORG 0X0100 ; The jump table is from the head of the ROM boundary
BOADD PCL, A ; PCL = PCL + ACC, PCH + 1 when PCL overflow occurs.
JMP AOPOINT ; ACC =0, jump to AOPOINT

JMP A1POINT ; ACC =1, jump to A1IPOINT

JMP A2POINT ; ACC = 2, jump to A2POINT

JMP A3POINT ; ACC = 3, jump to A3POINT

SONIX provides a macro for safe jump table function. This macro will check the ROM boundary and move the jump
table to the right position automatically. The side effect of this macro maybe wastes some ROM size.

»  Example: If “jump table” crosses over ROM boundary will cause errors.

@IMP_A MACRO VAL
IF (($+1) 1& OXFF00) 1= (($+(VAL)) & 0XFF00)
JMP ($ | OXFF)
ORG ($ | OXFF)
ENDIF
BOADD PCL, A
ENDM

%*  Note: “VAL”is the number of the jump table listing number.

»  Example: “@IJMP_A” application in SONIX macro file called “MACRO3.H”.

BOMOV A, BUFO ; “BUFOQ” is from 0 to 4.

@JIMP_A 5 ; The number of the jump table listing is five.
JMP AOPOINT ; ACC =0, jump to AOPOINT

JMP A1POINT ; ACC =1, jump to A1IPOINT

JMP A2POINT ; ACC = 2, jump to A2POINT

JMP A3POINT ; ACC = 3, jump to A3POINT

JMP A4POINT ; ACC =4, jump to A4POINT
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If the jump table position is across a ROM boundary (OxO0FF~0x0100), the “@JMP_A”" macro will adjust the jump table
routine begin from next RAM boundary (0x0100).

>  Example: “@IMP_A” operation.

; Before compiling program.

ROM address

BOMOV A, BUFO ; “BUFO0” is from 0 to 4.
@IJMP_A 5 ; The number of the jump table listing is five.
0X00FD JMP AOPOINT ; ACC =0, jump to AOPOINT
0XO0OFE JMP A1POINT ; ACC =1, jump to ALPOINT
O0XO0OFF JMP A2POINT ; ACC = 2, jump to A2POINT
0X0100 JMP A3POINT ; ACC = 3, jump to ASPOINT
0X0101 JMP A4POINT ; ACC =4, jump to A4POINT

; After compiling program.

ROM address

BOMOV A, BUFO ; “BUFOQ” is from 0 to 4.
@IJMP_A 5 ; The number of the jump table listing is five.
0X0100 JMP AOPOINT ; ACC =0, jump to AOPOINT
0X0101 JMP A1POINT ; ACC =1, jump to ALPOINT
0X0102 JMP A2POINT ; ACC = 2, jump to A2POINT
0X0103 JMP A3POINT ; ACC = 3, jump to ASPOINT
0X0104 JMP A4POINT ; ACC =4, jump to A4POINT
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2.1.5 CHECKSUM CALCULATION

The last ROM address is reserved area. User should avoid these addresses (last address) when calculate the

Checksum value.

»  Example: The demo program shows how to calculated Checksum from 00H to the end of user’s code.

@@:

END_CHECK:

Y_ADD_1:

CHECKSUM_END:

MOV
BOMOV
MOV
BOMOV
CLR
CLR

MOVC
BOBCLR
ADD
MOV
ADC
JMP

INCMS
JMP
JMP

MOV
CMPRS
JMP
MOV
CMPRS
JMP
JMP

INCMS
NOP
JMP

END_USER_CODE:

A#END_USER_CODES$L

END_ADDR1, A

; Save low end address to end_addrl

A#END_USER_CODE$M

END_ADDRZ, A
Y
Y4

FC
DATAL, A

A R
DATA2, A
END_CHECK

z
@B
Y_ADD_1

A, END_ADDR1
A Z

AAA

A, END_ADDR?
A Y

AAA
CHECKSUM_END

@B

; Save middle end address to end_addr2
; Set'Y to OOH
; Set Z to O0OH

; Clear C flag
; Add A to Datal

; Add R to Data2

: Check if the YZ address = the end of code

1 Z=7+1

; If Z 1= 00H calculate to next address
;If Z=00H increase Y

; Check if Z = low end address

; If Not jump to checksum calculate

; If Yes, check if Y = middle end address
; If Not jump to checksum calculate

; If Yes checksum calculated is done.

i Increase Y

; Jump to checksum calculate

; Label of program end
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2.2 DATA MEMORY (RAM)

& 1024 X 8-bit RAM

Address RAM Location
O00H RAM Bank 0
“ General Purpose Area
07FH
BANKO 080H 080h~0FFh of Bank O store system
“ registers.
“ System Register
OFFH End of Bank 0
BANK 1 100H RAM Bank 1
“ General Purpose Area
1FFH End of Bank 1
BANK 2 200H RAM Bank 2
“ General Purpose Area
2FFH End of Bank 2
BANK 3 300H RAM Bank 3
“ General Purpose Area
3FFH End of Bank 3
BANK 4 400H RAM Bank 4
“ General Purpose Area
47FH End of Bank 4

The 128-byte general purpose RAM is separated into Bank 0. Sonix provides “Bank 0” type instructions (e.g. bOmov,
bOadd, bObts1, bObset...) to control Bank 0 RAM directly.
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& 256 X 8-bit RAM

Endpoints Address RAM Location
EP O 500H EPO FIFO address always
“ starts from 0x500, and has the
“ General Purpose Area |depth of 64-byte.

53FH
EP1~EP6 540H EP1~EP6 share with 192-byte.
“ Each EP’s FIFO start address
EP1 ~ EP6 FIFO Area |and its depth are controlled by USB
“ registers.
5FFH
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2.2.1 SYSTEM REGISTER

2.21.1 SYSTEM REGISTER TABLE
0 1 2 3 4 5 6 7 8 9 A B C D E F
8l L H R z Y X |[PFLAG [RBANK| wo | wi [ w2 [ wa | wa | ws | we | wr
9l @HL | @Yz | upLL | PcL | PcH [oscM| wWDTR |INTRQO [INTRQ1[INTENO[INTEN1] Pow | Piw | PoiE | P1IE |PEDGE
Al pom [ Piv | Pom [ Pam | Psm | Po P1 P2 P4 P5 | POUR | PLUR | P2UR | P4UR | P5UR [PECMD
Bl siom | sior | sioB | Tom | Toc | Tam | Tic_L [ T2c_H | Tcom | Tcoc | Tcor | Tcop | Tcim | Tcic | Teir | Tcip
C|Tcam| Tc2c | TC2R | TC2D |PWCH | PWES | P2CON | PACON | ADM | ADB | ADR | ADT | UDA USUTSAT US;&“ UTSBE—,LN
D EPRAC EP_NAK| UCFG UEF‘?D' UEOP'S UEOR |UEOR_C| UEIR UEéR— UE2R UEéR— UE3R UEgR— UE4R UEéR— UESR
EP2FIF | EP3FIF | EP4FIF | EPSFIF | EP6FIF
E[VESR-| ueer |uesr_c| upip |VFRM [UFRMIURRECT)  — UTOGG|q A\pp|o_apb|o_aADD|0_ADD|0_ADD| PS2M | STKP
c NO_L[NO_H| L LE R R R R s
F|STK7L| STK7H | STK6L |STK6H|STK5L|STK5H| STKAL | STK4H | STK3L | STK3H | STK2L | STK2H | STKIL | STK1H | STKOL | STKOH
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2.21.2 SYSTEM REGISTER DESCRIPTION

H, L = Working, @HL addressing register.

R = Working register and ROM look-up data buffer
Y, Z = Working, @YZ and ROM addressing register

X = Working and ROM address register
PFLAG = Special flag register.
RBANK = RAM bank selection register
WO0~W7= Working register.
UPLL = Clock switch.
PCH, PCL = Program counter
OSCM = Oscillator mode register
WDTR = Watchdog timer clear register.
INTRQO,1 = Interrupt request register
INTENO,1 = Interrupt enable register
PnW= Port n wakeup control register
PnlIE = Port n interrupt enable register
PEDGE = P1.6, P5.0 edge direction register.
PnM = Port n input/output mode register.
Pn = Port n data buffer.
PnUR = Port n pull-up resister control register
PECMD= ISP command register.
SIOM = SIO mode control register.
SIOR = SIO clock rate control register.
SIOB = SIO data buffer.
TOM = TO mode register.
TOC = TO counting register.
T1M = T1 mode register.
T1C_L,H = T1 counting register.
TCOM = TCO mode register.
TCOC = TCO counting register.
TCOR = TCO auto-reload data buffer.
TCOD = TCO duty control register.
TC1M = TC1 mode register.
TC1C = TC1 counting register.

TC1R = TC1 auto-reload data buffer.
TC1D = TC1 duty control register.
TC2M = TC2 mode register.

TC2C = TC2 counting register.
TC2R = TC2 auto-reload data buffer.
TC2D = TC2 duty control register.

PWCH = PWM output channel control register.

PWES = PWM extension control register.
P2CON,P4CON = P2, P4 configuration register.
ADM = ADC mode register.
ADB = ADC data buffer.
ADR = ADC resolution select register.
ADT = ADC reference voltage registers.
UDA= USB control register.
USTATUS, 1= USB status register

USB_INT_EN = USB interrupt enable/disable control register.

EP_ACK= Endpoint ACK flag register.
EP_NAK= Endpoint NAK flag register.
UCFG= USB hardware control register.
UEPDIR= Endpoint IN/OUT direction setting.
UEPISO= Endpoint ISO mode setting.
UEnR= EPn control registers.
UENnR_C= EPn byte counter register
UPID= USB bus control register.
UFRMNO_L, H= USB Frame Number register.
UFRECTL= IHRC frequency control function.

UTOGGLE= USB endpoint toggle bit control register.
EPnFIFO_ADDR= EPn FIFO start address of USB FIFO.

PS2M= PS2 control register.
STKP = Stack pointer buffer.
STKO~STK7 = Stack 0 ~ stack 7 buffer.
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2.2.1.3 BIT DEFINITION of SYSTEM REGISTER

Address Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 R/W Remarks
080H LBIT7 LBIT6 LBIT5 LBIT4 LBIT3 LBIT2 LBIT1 LBITO R/W L
081H HBIT7 HBIT6 HBIT5 HBIT4 HBIT3 HBIT2 HBIT1 HBITO R/W H
082H RBIT7 RBIT6 RBIT5 RBIT4 RBIT3 RBIT2 RBIT1 RBITO R/W R
083H ZBIT7 ZBIT6 ZBIT5 ZBIT4 ZBIT3 ZBIT2 ZBIT1 ZBITO R/W Z
084H YBIT7 YBIT6 YBIT5 YBIT4 YBIT3 YBIT2 YBIT1 YBITO R/W Y
085H XBIT7 XBIT6 XBIT5 XBIT4 XBIT3 XBIT2 XBIT1 XBITO R/W X
086H POR WDT RST STKOV C DC Z R/W PFLAG
087H RBNKS2 [ RBNKS1 [ RBNKSO R/W RBANK
088H WOBIT7 WOBIT6 WOBIT5 WOBIT4 WOBIT3 WOBIT2 WOBIT1 WOBITO R/W WO
089H W1BIT7 W1BIT6 W1BIT5 W1BIT4 W1BIT3 W1BIT2 W1BIT1 W1BITO R/W W1
08AH W2BIT7 W2BIT6 W2BIT5 W2BIT4 W2BIT3 W2BIT2 W2BIT1 W2BITO R/W W2
08BH W3BIT7 W3BIT6 W3BIT5 W3BIT4 W3BIT3 W3BIT2 W3BIT1 W3BITO R/W W3
08CH WA4BIT7 WA4BIT6 WA4BIT5 WA4BIT4 WA4BIT3 WA4BIT2 WA4BIT1 WA4BITO R/W W4
08DH W5EBIT7 W5EBIT6 W5BIT5 W5BIT4 W5BIT3 W5BIT2 W5BIT1 W5BITO R/W W5
08EH W6BIT7 WG6BIT6 W6BITS5 WG6BIT4 W6BIT3 WG6BIT2 W6BIT1 WG6BITO R/W W6
08FH W7BIT7 W7BIT6 W7BIT5 W7BIT4 W7BIT3 W7BIT2 W7BIT1 W7BITO R/W W7
090H @HL7 @HL6 @HL5 @HL4 @HL3 @HL2 @HL1 @HLO R/W @HL
091H @YZ7 @YZ6 @YZ5 @YZ4 @YZ3 @YZ2 @YZ1 @YZ0 R/W @YZ
092H EHS EN IHRC EN [ EHSRDY | UPLLRDY |UPLLSRC1|UPLLSRCO| UPLLEN UPLL
093H PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO R/W PCL
094H PC13 PC12 PC11 PC10 PC9 PC8 R/W PCH
095H CPUM1 CPUMO CLKMD STPHX R/W OSCM
096H WDTR7 WDTR6 WDTR5 WDTR4 WDTR3 WDTR2 WDTR1 WDTRO W WDTR
097H TOIRQ P1IRQ POIRQ USBIRQ |UPDETIRQ| P50IRQ P16IRQ [ WAKEIRQ | R/W INTRQO
098H SIOIRQ | ADCIRQ | NDTIRQ | TC2IRQ | TC1IRQ | TCOIRQ T1IRQ RIW INTRQ1
099H TOIEN P1IEN POIEN USBIEN [UPDETIEN| P50IEN P16IEN WAKEIEN | R/W INTENO
09AH SIOIEN ADCIEN NDTIEN TC2IEN TC1IEN TCOIEN T1IEN R/W INTEN1
09BH PO7W PO6W PO5SW PO4W PO3W PO2W PO1W POOW R/W POW
09CH P17W P15W P14W P13W P12W P11W P10W R/W P1W
09DH PO7IE PO6IE PO5IE PO4IE PO3IE PO2IE POl1IE POOIE R/W POIE
09EH P171E P15IE P141E P13IE P12IE P11IE P10IE R/W P1IE
09FH | UPDETS |UPDET EN PZOVNSS—E P50G1 | P50G0 | P16G1 | P16GO | RW PEDGE
0AQH PO7M PO6M PO5M P04M PO3M PO2M PO1M POOM R/W POM
0A1H P17M P16M P15M P14M P13M P12M P11M P10M R/W P1M
0A2H P27M P26M P25M P24M P23M P22M P21M R/W P2M
0A3H P47M P46M P45M P44M P43M P42M P41M P40M R/W P4M
0A4H P56M P55M P54M P53M P52M P51M P50M R/W P4M
0A5H P07 P06 P05 P04 P03 P02 P01 P00 R/W PO
0AG6H P17 P16 P15 P14 P13 P12 P11 P10 R/W P1
0A7H P27 P26 P25 P24 P23 P22 P21 P20 R/W P2
0A8H P47 P46 P45 P44 P43 P42 P41 P40 R/W P4
0A9H P56 P55 P54 P53 P52 P51 P50 R/W P5
0AAH PO7R PO6R PO5R PO4R PO3R PO2R PO1R POOR R/W POUR
0ABH P17R P16R P15R P14R P13R P12R P11R P10R R/W P1UR
0ACH P27R P26R P25R P24R P23R P22R P21R R/W P2UR
OADH P47R P46R P45R P44R P43R P42R P41R P40R R/W P4UR
0AEH P56R P55R P54R P53R P52R P51R P50R R/W P5UR
OAFH PECMD7 | PECMD6 | PECMD5 | PECMD4 | PECMD3 | PECMD2 | PECMD1 | PECMDO W PECMD
0BOH SENB START SRATE1 SRATEOQ MLSB SCLKMD CPOL CPHA R/W SIOM
OB1H SIOR7 SIOR6 SIOR5 SIOR4 SIOR3 SIOR2 SIOR1 SIORO W SIOR
0B2H SIOB7 SIOB6 SIOB5 SIOB4 SIOB3 SIOB2 SIOB1 SIOBO R/W SIOB
0B3H TOENB TOrate2 TOratel TOrateO R/W TOM
0B4H TOC7 TOC6 TOC5 TOC4 TOC3 TOC2 TOC1 TOCO R/W TOC
OB5H T1ENB Tlrate2 Tlratel TlrateO T1CKS T1ARC T1G1 T1G0 R/W T1iM
0B6H T1C7 T1C6 T1C5 T1C4 T1C3 T1C2 T1C1 T1CO R/W T1C L
OB7H T1C15 T1C14 T1C13 T1C12 T1C11 T1C10 T1C9 T1C8 R/W T1C H
0B8H TCOENB | TCOrate2 | TCOratel | TCOrate0 [ TCOCKS1 | TCOCKSO | TCOPO |PWMOOUT| R/W TCOM
0B9H TCOC7 TCOC6 TCOC5 TCOC4 TCOC3 TCOC2 TCOC1 TCOCO R/W TCOC
OBAH TCOR7 TCOR6 TCOR5 TCOR4 TCOR3 TCOR2 TCOR1 TCORO W TCOR
0BBH TCOD7 TCOD6 TCOD5 TCOD4 TCOD3 TCOD2 TCOD1 TCODO R/W TCOD
OBCH TC1ENB TClrate2 | TClratel [ TClrateO TC1CKSO TC1PO |PWM1OUT| R/W TC1M
0BDH TC1C7 TC1C6 TC1C5 TC1C4 TC1C3 TC1C2 TC1C1 TC1CO R/W TC1C
OBEH TC1R7 TC1R6 TC1R5 TC1R4 TC1R3 TC1R2 TC1R1 TC1RO W TCI1R
OBFH TC1D7 TC1D6 TC1D5 TC1D4 TC1D3 TC1D2 TC1D1 TC1DO R/W TC1D
0COH TC2ENB | TC2rate2 | TC2ratel | TC2rateO TC2CKSO | TC2PO [PWM20OUT| R/W TC2M
0C1H TC2C7 TC2C6 TC2C5 TC2C4 TC2C3 TC2C2 TC2C1 TC2CO R/W TC2C
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0C2H | TC2R7 | TC2R6 | TC2R5 | TC2R4 | TC2R3 | TC2R2 | TC2RL | TC2RO | W TC2R
0C3H | TC2D7 | TC2D6 | TC2D5 | TC2D4 | TC2D3 | TC2D2 | TC2D1 | TC2D0 | RIW TC2D
0CaH PWCH20 | PWCH21 | PWCHI1 | PWCHI10 | PWCHOL | PWCHOO | RIW PWCH
0C5H PW2EST | PW2ESO | PWIESL | PWIESO | RIW PWES
0C6H | P2CON7 | P2CONG | P2CON5 | P2CON4 | P2CON3 | P2CON2 | P2CONL | P2CONO | RIW P2CON
0C7H | PACON7 | PACON6 | PACONS | PACON4 | PACON3 | PACON2 | PACONL | PACONO | RIW PACON
0C8H | ADENB ADS EOC GCHS CHS3 CHS?2 CHS1 CHSO | RIW ADM
0CoH | ADBI1 | ADBIO | ADB9 ADES ADB7 ADB6 ADB5 ADB4 R ADB
OCAH _|AINOIG_EN| ADCKSI | ADLEN | ADCKSO | ADB3 ADB?2 ADB1 ADBO | RW ADR
0CBH EVHENB RIW ADT
0CCH UDE UDAG UDAS UDA4 UDA3 UDAZ UDAL UDAO | RIW UDA
ERR_TIME|ERR_SETU|EPO_PRES|EPO_OUT _|EPO_IN_ST
OCDH R S e L\ |EPOSETUP| EPOIN | EPOOUT | RAW USTATUS
OCEH NDT2 NDT1 SOF BULS”\—A'EES BUEUVF‘,’AK BUS_RST | SUSPEND | RIW USTATUS1
OCFH sor_ig |EPNACKEPNNAK | gus e |BUswk_IE| usBLIE | RW USB_INT_EN
0DOH EP6_ACK | EP5 ACK | EP4 ACK | EP3 ACK | EP2 ACK | EPL ACK | EPO ACK | RIW EP _ACK
0D1H EP6_NAK | EP5 NAK | EP4_NAK | EP3 NAK | EP2 NAK | EP1_NAK | EPO_NAK | R/W EP_NAK
0D2H ULV',D\I?’G—E VREi‘%—E PHY EN | DPPU EN| ESD EN |USGIG_EN VRg(fE?’,\fD' USBE'T\IAM— RIW UCFG
0D3H UE6D UESD UE4D UE3D UE2D UEID | RW UEPDIR
0DaH UE6ISO | UESISO | UE4ISO | UEBISO | UE2ISO | UELISO | RW UEPISO
0D5H UEOE | UEOM1 | UEOMO OULT—ES,\TAL 'N—SET,\'TLL— RIW UEOR
0D6H UEOC6 | UEOC5 | UEOC4 | UEOC3 | UEOC2 | UEOCI | UEOCO | RIW UEOR C
0D7H UEIE | UEIMI | UEIMO RIW UEIR
oD8H | UELC7 | UEIC6 | UEIC5 | UEIC4 | UEIC3 | UEICZ | UEICI | UEICO | RW UEIR C
0D9H UE2E | UE2M1 | UE2MO RIW UE2R
ODAH | UE2C7 | UE2C6 | UE2C5 | UE2C4 | UE2C3 | UE2C2 | UE2CL | UE2C0 | RW UEZ2R C
0DBH UE3E | UE3M1 | UE3MO RIW UE3R
ODCH | UE3C7 | UE3C6 | UE3C5 | UE3C4 | UE3C3 | UEaC2 | UE3C1 | UE3CO | RW UE3R C
0DDH UE4E | UEAMI | UE4MO RIW UE4R
ODEH | UE4C7 | UE4C6 | UE4C5 | UE4C4 | UE4C3 | UEACZ | UEACI | UEACO | RW UE4R C
ODFH UESE | UESM1 | UE5MO RIW UESR
OEOH | UE5C7 | UE5C6 | UESC5 | UESCA4 | UESC3 | UE5C2 | UESCI | UE5CO | RIW UESR C
OE1H UEGE | UEGM1 | UEBMO RIW UE6R
OE2H | UE6C7 | UE6C6 | UE6C5 | UE6CA | UE6C3 | UE6C2 | UE6CI | UE6CO | RIW UE6R C
OE3H UBDE DDP DDN | RW UPID
0E4H | FRMNO7 | FRMNO6 | FRMNO5 | FRMNO4 | FRMNO3 | FRMNOZ2 | FRMNOL | FRMNOO | R UFRMNO L
OE5H FRMNO10 | FRMNO9 | FRMNOS | R UFRMNO_H
oeH | PHYERM. PHYPRM
EPG_DATA|EP5 DATA|EP4 DATA|EP3 DATA|EP2 DATA|EP1 DATA
OE8H o1 o1 o1 01 o1 o1 R/W UTOGGLE
OEOH | EP2FIFO7 | EP2FIFO6 | EP2FIFO5 | EP2FIFO4 | EP2FIFO3 | EP2FIFO2 | EP2FIFOL | EP2FIFO0 | RAW | EP2FIFO_ADDR
OEAH | EP3FIFO7 | EP3FIFO6 | EP3FIFO5 | EP3FIFO4 | EP3FIFO3 | EP3FIFO2 | EP3FIFOL | EP3FIFO0 | RW | EP3FIFO ADDR
OEBH | EPAFIFO7 | EPAFIFO6 | EPAFIFO5 | EPAFIFO4 | EPAFIFO3 | EPAFIFO2 | EPAFIFOL | EPAFIFO0 | RW | EPAFIFO ADDR
OECH | EPSFIFO7 | EPSFIFO6 | EPSFIFO5 | EPSFIFO4 | EPSFIFO3 | EPSFIFO2 | EPSFIFOL | EPSFIFO0 | RAW | EPSFIFO ADDR
OEDH | EP6FIFO7 | EPGFIFO6 | EP6FIFO5 | EPGFIFO4 | EP6FIFO3 | EPGFIFO2 | EPGFIFOL | EPGFIFO0 | RAW | EPGFIFO ADDR
OEEH | PS2ENB SDA SDAM SCKM | RIW PS2M
OEFH GIE VD24 | LvD33 | ULVD36 STKPB2 | STKPBI | STKPBO | RW STKP
OFOH | S7PC7 | S7PC6 | S7/PC5 | S7PCa | S7PC3 | S7PC2 | S7PCL | S7PCO | RW STKTL
OF1H S7PC11 | S7/PC10 | S7PCo | S7PC8 | RIW STK7H
OF2H | S6PC7 | S6PC6 | S6PC5 | S6PC4 | S6PC3 | S6PC2 | S6PC1 | S6PCO | RW STK6L
OF3H S6PC11 | S6PC10 | S6PCO | S6PCs | RIW STK6H
OF4H | SBPC7 | S5PC6 | S5PC5 | S5PC4 | S5PC3 | S5PC2 | S5PC1 | S5PCO | RIW STK5L
OF5H S5PC11 | S5PC10 | S5PCO | S5PC8 | RIW STK5H
OF6H | SAPC7 | SAPC6 | SAPC5 | SAPC4 | SAPC3 | SAPC2 | SAPCL | S4PCO | RW STRAL
OF7H SAPC11 | SAPC10 | S4PCo | S4PCs | RIW STKAH
OF8H | S3PC7 | S3PC6 | SapCs | S3PC4 | S3PC3 | SapC2 | SaPCl | S3PC0 | RW STK3L
OF9H S3PC11 | S3PC10 | S3PCo | S3PCs | RIW STK3H
OFAH | S2PC7 | S2PC6 | S2PC5 | S2PCA | S2PC3 | S2PC2 | S2PC1 | S2PCO | RIW STK2L
OFBH S2PC11 | S2PC10 | S2PCo | S2pCs | RW STK2H
OFCH | SIPC7 | SIPC6 | SIPC5 | SIPC4 | SIPC3 | SIPC2 | SIPC1 | SIPCO | RIW STKIL
OFDH SIPC1L | SIPC10 | SIPCO | SIPCs | RW STKIH
OFEH | SOPC7 | SOPC6 | SOPC5 | SOPCA | SOPC3 | SOPC2 | SOPC1 | SOPCO | RIW STKOL
OFFH SOPC11 | SOPC10 | SOPCO | SOPC8 | RW STKOH
OFFH SOPC11 | SOPC10 | SOPC9 | SOPCs | RIW STKOH

* Note:
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To avoid system error, make sure to put all the “0” and “1” as it indicates in the above table.

All of register names had been declared in SN8ASM assembler.
One-bit name had been declared in SN8ASM assembler with “F” prefix code.
“bObset”, “b0bclir”, “bset”, ”bclr”’ instructions are only available to the “R/W” registers.

pPONE
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2.2.2 ACCUMULATOR

The ACC is an 8-bit data register responsible for transferring or manipulating data between ALU and data memory. If
the result of operating is zero (Z) or there is carry (C or DC) occurrence, then these flags will be set to PFLAG register.
ACC is not in data memory (RAM), so ACC can’t be access by “BOMOV” instruction during the instant addressing
mode.
»  Example: Read and write ACC value.
; Read ACC data and store in BUF data memory

MOV BUF, A
; Write a immediate data into ACC

MOV A, #OFH
; Write ACC data from BUF data memory

MOV A, BUF

The system will store ACC and working registers (0x80-0x8F) by hardware automatically when interrupt executed.
»  Example: Protect ACC and working registers.

.CODE

INT_SERVICE:

; Save ACC to buffer.
; Save working registers to buffer.

; Load working registers form buffers.
; Load ACC form buffer.

RETI ; Exit interrupt service vector
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2.2.3 PROGRAM FLAG

The PFLAG register contains the arithmetic status of ALU operation, system reset status and LVD detecting status.
POR, WDT, and RST bits indicate system reset status including power on reset, LVD reset, reset by external pin active
and watchdog reset. C, DC, Z bits indicate the result status of ALU operation. LVD24, LVD33 bits indicate LVD
detecting power voltage status.

086H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PFLAG POR WDT RST STKOV - C DC Z
Read/Write R R R R - R/W R/W R/W
After Reset - - - - - 0 0 0
Bit 7 POR: Power on reset and LVD brown-out reset indicator.

0 = Non-active.
1 = Reset active. LVD announces reset flag.

Bit 6 WDT: Watchdog reset indicator.
0 = Non-active.
1 = Reset active. Watchdog announces reset flag.

Bit 5 RST: External reset indicator.
0 = Non-active.
1 = Reset active. External reset announces reset flag.

Bit 4 STKOV: Stack overflow indicator.
0 = Non-overflow.
1 = Stack overflow.

Bit 2 C: Carry flag
1 = Addition with carry, subtraction without borrowing, rotation with shifting out logic “1”, comparison
result = 0.
0 = Addition without carry, subtraction with borrowing signal, rotation with shifting out logic “0”, comparison
result < 0.

Bit 1 DC: Decimal carry flag
1 = Addition with carry from low nibble, subtraction without borrow from high nibble.
0 = Addition without carry from low nibble, subtraction with borrow from high nibble.

Bit 0 Z: Zero flag
1 = The result of an arithmetic/logic/branch operation is zero.
0 = The result of an arithmetic/logic/branch operation is not zero.

2.2.4 PROGRAM COUNTER

The program counter (PC) is a 14-bit binary counter separated into the high-byte 6 and the low-byte 8 bits. This
counter is responsible for pointing a location in order to fetch an instruction for kernel circuit. Normally, the program
counter is automatically incremented with each instruction during program execution.

Besides, it can be replaced with specific address by executing CALL or JMP instruction. When JMP or CALL instruction
is executed, the destination address will be inserted to bit 0 ~ bit 13.

Bit 15 | Bit 14 | Bit 13| Bit 12 |Bit 11 |Bit 10| Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit 1 | Bit 0
PC | - - |PC13|PC12|PC11|PC10| PC9 | PC8 | PC7 | PC6 | PC5 | PC4 | PC3 | PC2 | PC1 | PCO
After | _ - 0 0 0 0 0 0 0 0 0 0 0 0 0 0
reset
PCH PCL
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@  ONE ADDRESS SKIPPING

There are nine instructions (CMPRS, INCS, INCMS, DECS, DECMS, BTSO, BTS1, BOBTS0O, BOBTS1) with one
address skipping function. If the result of these instructions is true, the PC will add 2 steps to skip next instruction.

If the condition of bit test instruction is true, the PC will add 2 steps to skip next instruction.

BOBTS1 FC ; To skip, if Carry_flag = 1

JMP COSTEP ; Else jump to COSTEP.
COSTEP: NOP

BOMOV A, BUFO ; Move BUFO value to ACC.

BOBTSO FZ ; To skip, if Zero flag = 0.

JMP C1STEP ; Else jump to C1STEP.
C1STEP: NOP

If the ACC is equal to the immediate data or memory, the PC will add 2 steps to skip next instruction.

CMPRS A, #12H ; To skip, if ACC = 12H.
JMP COSTEP ; Else jump to COSTEP.
COSTEP: NOP
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If the destination increased by 1, which results overflow of OxFF to 0x00, the PC will add 2 steps to skip next
instruction.

INCS instruction:

INCS BUFO

JMP COSTEP ; Jump to COSTEP if ACC is not zero.
COSTEP: NOP
INCMS instruction:

INCMS BUFO

JMP COSTEP ; Jump to COSTEP if BUFO is not zero.
COSTEP: NOP

If the destination decreased by 1, which results underflow of 0x01 to 0x00, the PC will add 2 steps to skip next
instruction.

DECS instruction:

DECS BUFO
JMP COSTEP ; Jump to COSTEP if ACC is not zero.
COSTEP: NOP

DECMS instruction:
DECMS BUFO
JMP COSTEP ; Jump to COSTEP if BUFO is not zero.

COSTEP: NOP
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<  MULTI-ADDRESS JUMPING

Users can jump around the multi-address by either JMP instruction or ADD M, A instruction (M = PCL) to activate
multi-address jumping function. Program Counter supports “ADD M,A”, ”ADC M,A” and “BOADD M,A” instructions
for carry to PCH when PCL overflow automatically. For jump table or others applications, users can calculate PC value
by the three instructions and don’t care PCL overflow problem.

% Note: PCH only support PC up counting result and doesn’t support PC down counting. When PCL is
carry after PCL+ACC, PCH adds one automatically. If PCL borrow after PCL-ACC, PCH keeps value and
not change.

»  Example: If PC =0323H (PCH =03H, PCL = 23H)

; PC =0323H

MOV A, #28H

BOMOV PCL, A ; Jump to address 0328H
; PC =0328H

MOV A, #00H

BOMOV PCL, A ; Jump to address 0300H

»  Example: If PC =0323H (PCH =03H, PCL = 23H)

; PC =0323H
BOADD PCL, A ; PCL = PCL + ACC, the PCH cannot be changed.
JMP AOPOINT ; If ACC =0, jump to AOPOINT
JMP A1POINT ; ACC =1, jump to ALPOINT
JMP A2POINT ; ACC = 2, jump to A2POINT

JMP A3POINT ; ACC = 3, jump to A3POINT
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2.2.5 H, L REGISTERS

The H and L registers are the 8-bit buffers. There are two major functions of these registers.

® Can be used as general working registers
® Can be used as RAM data pointers with @HL register

081H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
H HBIT7 HBIT6 HBIT5 HBIT4 HBIT3 HBIT2 HBIT1 HBITO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset - - - - - - - -
080H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
L LBIT7 LBIT6 LBIT5 LBIT4 LBIT3 LBIT2 LBIT1 LBITO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset - - - - - - - -

»  Example: If want to read a data from RAM address 20H of bank_0, it can use indirectly addressing mode
to access data as following.

BOMOV
BOMOV
BOMOV

H, #00H ; To set RAM bank 0 for H register
L, #20H ; To set location 20H for L register
A, @HL ; To read a data into ACC

»  Example: Clear general-purpose data memory area of bank 0 using @HL register.

CLR_HL_BUF:

END_CLR:

CLR
BOMOV

CLR
DECMS
JMP

CLR

H ;H=0, bank 0

L, #07FH ; L =7FH, the last address of the data memory area
@HL ; Clear @HL to be zero

L ;L—1,if L =0, finish the routine

CLR_HL_BUF ; Not zero

@HL

; End of clear general purpose data memory area of bank 0
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2.2.6 Y, ZREGISTERS

The Y and Z registers are the 8-bit buffers. There are three major functions of these registers.

® Can be used as general working registers
® Can be used as RAM data pointers with @YZ register
® Can be used as ROM data pointer with the MOVC instruction for look-up table

084H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Y YBIT7 YBIT6 YBIT5 YBIT4 YBIT3 YBIT2 YBIT1 YBITO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset - - - - - - - -
083H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Z ZBIT7 ZBIT6 ZBIT5 ZBIT4 ZBIT3 ZBIT2 ZBIT1 ZBITO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

After reset

» Example: UsesY, Zregister as the data pointer to access data in the RAM address 025H of bankO.

BOMOV Y, #00H ; To set RAM bank O for Y register
BOMOV Z, #25H ; To set location 25H for Z register
BOMOV A @YZ ; To read a data into ACC

» Example: UsestheY, Zregister as data pointer to clear the RAM data.

BOMOV Y, #0 ;Y =0, bank 0

BOMOV Z, #07FH ; Z = 7FH, the last address of the data memory area
CLR_YZ_BUF:

CLR @YZ ; Clear @YZ to be zero

DECMS z ; Z—1,if Z= 0, finish the routine

JMP CLR_YZ_BUF ; Not zero

CLR @YZ
END_CLR: ; End of clear general purpose data memory area of bank 0
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2.2.7 R REGISTER

R register is an 8-bit buffer. There are two major functions of the register.

® Can be used as working register

®  For store high-byte data of look-up table
(MOVC instruction executed, the high-byte data of specified ROM address will be stored in R register and the
low-byte data will be stored in ACC).

082H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R RBIT7 RBIT6 RBIT5 RBIT4 RBIT3 RBIT2 RBIT1 RBITO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset - - - - - - - -

*  Note: Please refer to the “LOOK-UP TABLE DESCRIPTION” about R register look-up table application.

2.2.8 X REGISTERS

X register is an 8-bit buffer and only general working register purpose.

® Can be used as general working registers

085H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
X XBIT7 XBIT6 XBIT5 XBIT4 XBIT3 XBIT2 XBIT1 XBITO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset - - - - - - - -
2.2.9 System Control Registers
UPLL register is an 8-bit buffer and only general working register purpose.
® Can be used as general working registers
092H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
UPLL - EHS EN IHRC _EN EHSRDY | UPLLRDY |UPLLSRC1 |UPLLSRCO| UPLLEN
Read/Write - R/W R/W R R R/W R/W R/W
After reset - 0 0 0 0 0 0 0
Bit 6 EHS_EN: External high-speed clock enable.
0 = Disable EHS X'TAL.
1 = Enable EHS X'TAL. HW will enable Noise filter automatically.
Bit 5 IHRC_EN: Internal high-speed clock enable.
0 = Disable internal 16 MHz RC oscillator.
1 = Enable internal 16 MHz RC oscillator.
Bit 4 EHSRDY: EHX X'tal clock ready flag.
0 = EHS X'tal clock is not ready
1 = EHS X'tal clock is ready.
Bit 3 UPLLRDY: PLL clock ready flag.
0 = PLL locked is not ready
1 = PLL locked ready.
Bit [2:1] UPLLSRC[1:0]: System PLL clock source.
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00 = IHRC 16 MHz oscillator
01 = IHRC 16 MHz oscillator
10 = EHS X’'TAL 12MHz
11 = EHS X'TAL 16MHz

Bit 0 UPLLEN: PLL enable
0 = Disable
1 = Enable
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2.3 ADDRESSING MODE

2.3.1 IMMEDIATE ADDRESSING MODE

The immediate addressing mode uses an immediate data to set up the location in ACC or specific RAM.

»  Example: Move the immediate data 12H to ACC.

MOV A, #12H : To set an immediate data 12H into ACC.

»  Example: Move the immediate data 12H to R register.

BOMOV R, #12H ; To set an immediate data 12H into R register.

%* Note: In immediate addressing mode application, the specific RAM must be 0x80~0x8F working register.

2.3.2 DIRECTLY ADDRESSING MODE

The directly addressing mode moves the content of RAM location in or out of ACC.

»  Example: Move 0x12 RAM location data into ACC.

BOMOV A, 12H ; To get a content of RAM location 0x12 of bank 0 and save in
ACC.

»  Example: Move ACC data into 0x12 RAM location.

BOMOV 12H, A ; To get a content of ACC and save in RAM location 12H of
bank 0.

2.3.3 INDIRECTLY ADDRESSING MODE

The indirectly addressing mode is to access the memory by the data pointer registers (H/L, Y/Z).

Example: Indirectly addressing mode with @HL register

BOMOV H, #0 ; To clear H register to access RAM bank 0.
BOMOV L, #12H ; To set an immediate data 12H into L register.
BOMOV A, @HL ; Use data pointer @HL reads a data from RAM location

: 012H into ACC.

Example: Indirectly addressing mode with @YZ register

BOMOV Y, #0 ; To clear Y register to access RAM bank 0.
BOMOV Z, #12H ; To set an immediate data 12H into Z register.
BOMOV A @YZ ; Use data pointer @YZ reads a data from RAM location

: 012H into ACC.
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2.4 STACK OPERATION

241 OVERVIEW

The stack buffer has 8-level. These buffers are designed to push and pop up program counter’s (PC) data when
interrupt service routine and “CALL” instruction are executed. The STKP register is a pointer designed to point active
level in order to push or pop up data from stack buffer. The STKnH and STKnL are the stack buffers to store program
counter (PC) data.

RET/ CALL/
RETI INTERRUPT
A » PCH > PCL
STACK Buffer STACK Buffer
STACK Level High Byte Low Byte
STKP +1 STKP -1 STKP =7 STK7H STK7L
STKP =6 STK6H STK6L
STKP =5 | STK5H T STK5L
STKP STKP
STKP =4 STK4H STK4L
STKP =3 STK3H STK3L
STKP =2 STK2H STK2L
STKP =1 STK1H STK1L
STKP =0 STKOH STKOL
\4

2.4.2 STACK POINTER

The stack pointer (STKP) is a 3-bit register to store the address used to access the stack buffer, 13-bit data memory
(STKnH and STKnL) set aside for temporary storage of stack addresses. The two stack operations are writing to the
top of the stack (push) and reading from the top of stack (pop). Push operation decrements the STKP and the pop
operation increments each time. That makes the STKP always point to the top address of stack buffer and write the
last program counter value (PC) into the stack buffer.

OEFH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O

STKP - STKPB2 STKPB1 STKPBO
Read/Write - R/W R/W R/W
After reset - 1 1 1

Bit[2:0] STKPBnN: Stack pointer (n =0 ~ 2)
> Example: Stack pointer (STKP) reset, we strongly recommended to clear the stack pointers in the
beginning of the program.

MOV A, #00000111B
BOMOV STKP, A
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2.4.3 STACK BUFFER

The program counter (PC) value is stored in the stack buffer before a CALL instruction executed or during interrupt
service routine. Stack operation is a LIFO type (Last in and first out). The stack pointer (STKP) and stack buffer
(STKnH and STKnL) are located in the system register area bank 0.

OFOH~OFFH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
STKnH - - - - SnPC11 SnPC10 SnPC9 SnPC8
Read/Write - - - - R/W R/W R/W R/W
After reset - - - - 0 0 0 0
OFOH~OFFH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
STKnL SnPC7 SnPC6 SnPC5 SnPC4 SnPC3 SnPC2 SnPC1 SnPCO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0

STKn = STKnH , STKnL (n =7 ~0)

244 STACK OVERFLOW INDICATOR

If stack pointer is normal and not overflow, the program execution is correct. If stack overflows, the program counter
would be incorrect making program execution error. STKOV bit is stack pointer overflow indicator to monitor stack
pointer status. When STKOV=0, stack pointer status is normal. If STKOV=1, stack overflow occurs, and the program
execution would be error. The program can take measures to recover program execution from stack overflow situation
through STKQV bit.

086H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
PFLAG POR WDT RST STKOV - C DC Z
Read/Write R R R R - R/W R/W R/W
After Reset - - - - - 0 0 0
Bit 4 STKOV: Stack overflow indicator.

0 = Non-overflow.
1 = Stack overflow.

% Note: If STKOV bit is set as stack overflowing, only system reset event can clear STKOV bit, e.g.
watchdog timer overflow, external reset pin low status or LVD reset.

»  Example: Stack overflow protection through watchdog reset. Watchdog timer must be enabled.

MAIN:
StackChk:
BOBTS1 STKOV
JMP MAIN ; STKOV=0, program keeps executing.
JMP $ ; STKOV=1, stack overflows, and use “jump here” operation

; making watchdog timer overflow to trigger system reset.

»  Example: Stack overflow protection through external reset. External reset function must be enabled, and
one GPIO pin (output mode) connects to external reset pin.

MAIN:
StackChk:
BOBTS1 STKOV
JMP MAIN ; STKOV=0, program keeps executing.
BOBCLR P1.0 ; STKOV=1, stack overflows, and set P1.0 output low status to

; force reset pin to low status to trigger system reset.
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245 STACK OPERATION EXAMPLE

The two kinds of Stack-Save operations refer to the stack pointer (STKP) and write the content of program counter (PC)
to the stack buffer are CALL instruction and interrupt service. Under each condition, the STKP decreases and points to
the next available stack location. The stack buffer stores the program counter about the op-code address. The
Stack-Save operation is as the following table.

STKP Register Stack Buffer L.
Stack Level —=r 551 STKPBL | STKPBO | High Byte | Low Byte | > KOV Description

0 1 1 1 Free Free 0 -

1 1 1 0 STKOH STKOL 0 -

2 1 0 1 STKIH STKIL 0 -

3 1 0 0 STK2H STK2L 0 -

4 0 1 1 STK3H STK3L 0 -

5 0 1 0 STK4H STKAL 0 -

6 0 0 1 STKGH STK5L 0 -

7 0 0 0 STK6H STK6L 0 -

8 1 1 1 STK7H STK7L 0 -
> 8 1 1 0 - - 1 Stack Over, error

There are Stack-Restore operations correspond to each push operation to restore the program counter (PC). The RETI
instruction uses for interrupt service routine. The RET instruction is for CALL instruction. When a pop operation occurs,
the STKP is incremented and points to the next free stack location. The stack buffer restores the last program counter
(PC) to the program counter registers. The Stack-Restore operation is as the following table.

STKP Register Stack Buffer .
Stack Levell—er 585 STKPgl STKPBO | High Byte | Low Byte | >' <OV Description
8 1 1 1 STK7H STKTL 0 -
7 0 0 0 STK6H STK6L 0 -
6 0 0 1 STK5H STK5L 0 -
5 0 1 0 STK4H STKAL 0 -
4 0 1 1 STK3H STK3L 0 -
3 1 0 0 STK2H STKaL 0 -
2 1 0 1 STKIH STKIL 0 -
1 1 1 0 STKOH STKOL 0 -
0 1 1 1 Free Free 0 -

%* Note: When stack overflow occurs, the system detects the condition and set STKOV flag (“Logic 1”).
STKOV flag can’t be cleared by program.
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2.5 CODE OPTION TABLE

The code option is the system hardware configurations including system clock rate, noise filter option, watchdog timer
operation, LVD option, reset pin option and Flash ROM security control. The code option items are as following table:

Code Option Content Function Description
IHRC_16M :]iggespeed internal 16MHz RC. XIN/XOUT pins are bi-direction GPIO
High_ Clk 16M Xtal High speed crystal /resonator (e.g. 16MHz) for external high clock
oscillator.
19M X't High speed crystal /resonator (e.g. 12MHz) for external high clock
al .
oscillator.
Fhosc/1 Normal mode instruction cycle is 1 high speed oscillator clocks.
Fepu Fhosc/2 Normal mode instruction cycle is 2 high speed oscillator clocks.
Fhosc/4 Normal mode instruction cycle is 4 high speed oscillator clocks.
Fhosc/8 Normal mode instruction cycle is 8 high speed oscillator clocks.
Flosc/1 Slow mode instruction cycle is 1 low speed oscillator clocks.
Low_Fepu Flosc/2 Slow mode instruction cycle is 2 low speed oscillator clocks.
- Flosc/4 Slow mode instruction cycle is 4 low speed oscillator clocks.
Flosc/8 Slow mode instruction cycle is 8 low speed oscillator clocks.
Noise Filter E.nable Epable Noi;e Fi!ter.
— Disable Disable Noise Filter.
Flosc/4 Watchdog timer clock source Flosc/4.
WDT CLK Flosc/8 Watchdog t?mer clock source Flosc/8.
- Flosc/16 Watchdog timer clock source Flosc/16.
Flosc/32 Watchdog timer clock source Flosc/32.
Always_On \r;VS;(;hdog timer is always on enable even in power down and green
Watch_Dog Enable Enable watchdog timer. Watchdog timer stops in power down mode and
green mode.
Disable Disable Watchdog function.
Reset Pin Reset Enable External reset pin.
— P56 Enable P5.6
External Reset No Disable external reset de-bounce time.
Length 128*ILRC Enable external reset de-bounce time.
Security E_nable E_nable ROM code SecuriFy functi_on.
Disable Disable ROM code Security function.
LVD L LVD18 Reset, LVD24 Off, LVD33 Off
LVD LVvVD M LVD18 Reset, LVD24 Flag, LVD33 Off
LVD H LVD18 Reset, LVD24 Reset, LVD33 Flag
LVD MAX LVD18 Reset, LVD24 Reset, LVD33 Reset
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2.5.1 Fcpu code option

Fcpu means instruction cycle whose clock source includes high/low speed oscillator in different operating modes.
High_Fcpu and Low_Fcpu code options select instruction cycle pre-scaler to decide instruction cycle rate. In normal
mode (high speed clock), the system clock source is high speed oscillator, and Fcpu clock rate has four options
including Fhosc/1, Fhosc/2, Fhosc/4, Fhosc/8. In slow mode (low speed clock), the system clock source is internal low
speed RC oscillator, and the Fcpu including Flosc/1, Flosc/2, Flosc/4, Flosc/8.

2.5.2 Reset_Pin code option

The reset pin is shared with general input only pin controlled by code option.

® Reset: The reset pin is external reset function. When falling edge trigger occurring, the system will be reset.

® P56: Set reset pin to general bi-direction pin (P5.6). The external reset function is disabled and the pin is
bi-direction pin.

2.5.3 Security code option
Security code option is Flash ROM protection. When enable security code option, the ROM code is secured and not
dumped complete ROM contents.

2.5.4 Noise Filter code option

Noise Filter code option is a power noise filter manner to reduce noisy effect of system clock. If noise filter enable, In
high noisy environment, enable noise filter, enable watchdog timer and select a good LVD level can make whole
system work well and avoid error event occurrence.
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3 RESET

3.1 OVERVIEW

The system would be reset in three conditions as following.

Power on reset
Watchdog reset
Brown out reset
External reset (only supports external reset pin enable situation)

When any reset condition occurs, all system registers keep initial status, program stops and program counter is cleared.
After reset status released, the system boots up and program starts to execute from ORG 0. The POR, WDT and RST
flags indicate system reset status. The system can depend on POR, WDT and RST status and go to different paths by
program.

086H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
PFLAG POR WDT RST STKOV - C DC Z
Read/Write R R R R - R/W R/W R/W
After reset - - - - - 0 0 0

Bit 7 POR: Power on reset and LVD brown-out reset indicator.

0 = Non-active.
1 = Reset active. LVD announces reset flag.
Bit 6 WDT: Watchdog reset indicator.
0 = Non-active.
1 = Reset active. Watchdog announces reset flag.
Bit 5 RST: External reset indicator.
0 = Non-active.
1 = Reset active. External reset announces reset flag.

Finishing any reset sequence needs some time. The system provides complete procedures to make the power on reset
successful. For different oscillator types, the reset time is different. That causes the VDD rise rate and start-up time of
different oscillator is not fixed. RC type oscillator’s start-up time is very short, but the crystal type is longer. Under client
terminal application, users have to take care the power on reset time for the master terminal requirement. The reset
timing diagram is as following.

VDD LVD Detect Level :
Power g

VDD

External Reset 5 ‘External Reset:

External Reset: : High Detect :

Low Detect  : : Watchdog
: : :  Overflow
Watchdog Normal Run
Watchdog Reset \yacndog stop
System Normal Run
System Status gy gem stop : :
:Power On : ‘External : :Watchdog :
:Delay Time : :Reset Delay :Reset Delay:
Time ‘Time .
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3.2 POWER ON RESET

The power on reset depend no LVD operation for most power-up situations. The power supplying to system is a rising
curve and needs some time to achieve the normal voltage. Power on reset sequence is as following.

® Power-up: System detects the power voltage up and waits for power stable.

® External reset (only external reset pin enable): System checks external reset pin status. If external reset pin is
not high level, the system keeps reset status and waits external reset pin released.

® System initialization: All system registers is set as initial conditions and system is ready.

® Oscillator warm up: Oscillator operation is successfully and supply to system clock.

® Program executing: Power on sequence is finished and program executes from ORG 0.

3.3 WATCHDOG RESET

Watchdog reset is a system protection. In normal condition, system works well and clears watchdog timer by program.
Under error condition, system is in unknown situation and watchdog can’t be clear by program before watchdog timer
overflow. Watchdog timer overflow occurs and the system is reset. After watchdog reset, the system restarts and
returns normal mode. Watchdog reset sequence is as following.

® Watchdog timer status: System checks watchdog timer overflow status. If watchdog timer overflow occurs, the
system is reset.

® System initialization: All system registers is set as initial conditions and system is ready.

®  Oscillator warm up: Oscillator operation is successfully and supply to system clock.

® Program executing: Power on sequence is finished and program executes from ORG 0.

Watchdog timer application note is as following.

® Before clearing watchdog timer, check 1/O status and check RAM contents can improve system error.

® Don’t clear watchdog timer in interrupt vector and interrupt service routine. That can improve main routine fail.

® Clearing watchdog timer program is only at one part of the program. This way is the best structure to enhance the
watchdog timer function.

*  Note: Please refer to the “WATCHDOG TIMER” about watchdog timer detail information.

3.4 BROWN OUT RESET

The brown out reset is a power dropping condition. The power drops from normal voltage to low voltage by external
factors (e.g. EFT interference or external loading changed). The brown out reset would make the system not work well

or executing program error.
VDD

System Work
Well Area

Brown Out Reset Diagram
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The power dropping might through the voltage range that’s the system dead-band. The dead-band means the power
range can'’t offer the system minimum operation power requirement. The above diagram is a typical brown out reset
diagram. There is a serious noise under the VDD, and VDD voltage drops very deep. There is a dotted line to separate
the system working area. The above area is the system work well area. The below area is the system work error area
called dead-band. V1 doesn’t touch the below area and not effect the system operation. But the V2 and V3 is under the
below area and may induce the system error occurrence. Let system under dead-band includes some conditions.

DC application:

The power source of DC application is usually using battery. When low battery condition and MCU drive any loading,
the power drops and keeps in dead-band. Under the situation, the power won’t drop deeper and not touch the system
reset voltage. That makes the system under dead-band.

AC application:

In AC power application, the DC power is regulated from AC power source. This kind of power usually couples with AC
noise that makes the DC power dirty. Or the external loading is very heavy, e.g. driving motor. The loading operating
induces noise and overlaps with the DC power. VDD drops by the noise, and the system works under unstable power
situation.

The power on duration and power down duration are longer in AC application. The system power on sequence protects
the power on successful, but the power down situation is like DC low battery condition. When turn off the AC power,
the VDD drops slowly and through the dead-band for a while.

3.4.1 THE SYSTEM OPERATING VOLTAGE

To improve the brown out reset needs to know the system minimum operating voltage which is depend on the system
executing rate and power level. Different system executing rates have different system minimum operating voltage.
The electrical characteristic section shows the system voltage to executing rate relationship.

System Mini.

Operating Voltage.
vdd (V) P g / g

Normal Operating
Area

System Reset
Voltage.

System Rate (Fcpu)

Normally the system operation voltage area is higher than the system reset voltage to VDD, and the reset voltage is
decided by LVD detect level. The system minimum operating voltage rises when the system executing rate upper even
higher than system reset voltage. The dead-band definition is the system minimum operating voltage above the system
reset voltage.

3.42 LOW VOLTAGE DETECTOR (LVD)

VDD LVD Detect Voltage

.............................. _I.._.._..i_.._.._.._.._
Power g i
I
I

Power is below LVD Detect

Voltage and System Reset.

System Normal Run

System Status g iem stop :

IPower on |
|Delay Time |
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The LVD (low voltage detector) is built-in Sonix 8-bit MCU to be brown out reset protection. When the VDD drops and
is below LVD detect voltage, the LVD would be triggered, and the system is reset. The LVD detect level is different by
each MCU. The LVD voltage level is a point of voltage and not easy to cover all dead-band range. Using LVD to
improve brown out reset is depend on application requirement and environment. If the power variation is very deep,
violent and trigger the LVD, the LVD can be the protection. If the power variation can touch the LVD detect level and
make system work error, the LVD can’t be the protection and need to other reset methods. More detail LVD information
is in the electrical characteristic section.

The LVD is three levels design (1.8V/2.4V/3.3V) and controlled by LVD code option. The 1.8V LVD is always enable for
power on reset and Brown Out reset. The 2.4V LVD includes LVD reset function and flag function to indicate VDD
status function. The 3.3V includes flag function to indicate VDD status. LVD flag function can be an easy low battery
detector. LVD24, LVD33 flags indicate VDD voltage level. For low battery detect application, only checking LVD24,
LVD33 status to be battery status. This is a cheap and easy solution.

OEFH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
STKP LvD24 LVD33 ULVD36 -

Read/Write R R R -

After Reset - - - -

Bit 6 LVD24: LVD24 low voltage detect indicator.
0 =Vdd > LVD24 detect level.
1 =Vdd < LVD24 detect level.

Bit 5 LVD33: LVD33 low voltage detect indicator.
0 =Vdd > LVD33 detect level.
1 =Vdd < LVD33 detect level.

LVD LVD Code Option
LVD L LVD M LVD H
1.8V Reset Available Available Available
2.4V Flag - Available -
2.4V Reset - - Available
3.3V Flag - - Available

LVD L

If VDD < 1.8V, system will be reset.

Disable LVD24 and LVD33 bit of PFLAG register.

LVD_M

If VDD < 1.8V, system will be reset.

Enable LVD24 bit of PFLAG register. If VDD > 2.4V, LVD24 is “0”. If VDD <= 2.4V, LVD24 flag is “1”.
Disable LVD33 bit of PFLAG register.

LVD_H

If VDD < 2.4V, system will be reset.

Enable LVD33 bit of PFLAG register. If VDD > 3.3V, LVD33 is “0”. If VDD <= 3.3V, LVD33 flag is “1”.
LVD_MAX

If VDD < 3.3V, system will be reset.

% Note:
1. After any LVD reset, LVD24, LVD33 flags are cleared.
2. The voltage level of LVD 2.4V or 3.3V is for design reference only. Don’t use the LVD indicator as
precision VDD measurement.
3. In LVD18 reset and external reset period, the power consumption is about 60uA; In LVD24/LVD33
reset period, the power consumption is about 1~2mA.

Bit 4 ULVD36: USB Power’s LVD 36 indicator.
0=USB Vdd = 3.6V.
1=USB Vdd > 3.6V.
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3.4.3 BROWN OUT RESET IMPROVEMENT

How to improve the brown reset condition? There are some methods to improve brown out reset as following.

o LVD reset

® Watchdog reset

® Reduce the system executing rate

® External reset circuit. (Zener diode reset circuit, Voltage bias reset circuit, External reset IC)
%  Note:

1. The “ Zener diode reset circuit”, “Voltage bias reset circuit” and “External reset IC” can completely
improve the brown out reset, DC low battery and AC slow power down conditions.

2. For AC power application and enhance EFT performance, the system clock is 4MHz/4 (1 mips) and use
external reset (“ Zener diode reset circuit”, “Voltage bias reset circuit”, “External reset IC”). The
structure can improve noise effective and get good EFT characteristic.

Watchdog reset:

The watchdog timer is a protection to make sure the system executes well. Normally the watchdog timer would be clear
at one point of program. Don’t clear the watchdog timer in several addresses. The system executes normally and the
watchdog won’t reset system. When the system is under dead-band and the execution error, the watchdog timer can’t
be clear by program. The watchdog is continuously counting until overflow occurrence. The overflow signal of
watchdog timer triggers the system to reset, and the system return to normal mode after reset sequence. This method
also can improve brown out reset condition and make sure the system to return normal mode.

If the system reset by watchdog and the power is still in dead-band, the system reset sequence won’t be successful
and the system stays in reset status until the power return to normal range. Watchdog timer application note is as
following.

Reduce the system executing rate:

If the system rate is fast and the dead-band exists, to reduce the system executing rate can improve the dead-band.
The lower system rate is with lower minimum operating voltage. Select the power voltage that’s no dead-band issue
and find out the mapping system rate. Adjust the system rate to the value and the system exits the dead-band issue.
This way needs to modify whole program timing to fit the application requirement.

External reset circuit:

The external reset methods also can improve brown out reset and is the complete solution. There are three external
reset circuits to improve brown out reset including “Zener diode reset circuit”, “Voltage bias reset circuit” and “External
reset IC”. These three reset structures use external reset signal and control to make sure the MCU be reset under

power dropping and under dead-band. The external reset information is described in the next section.
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3.5 EXTERNAL RESET

External reset function is controlled by “Reset Pin” code option. Set the code option as “Reset” option to enable
external reset function. External reset pin is Schmitt Trigger structure and low level active. The system is running when
reset pin is high level voltage input. The reset pin receives the low voltage and the system is reset. The external reset
operation actives in power on and normal running mode. During system power-up, the external reset pin must be high
level input, or the system keeps in reset status. External reset sequence is as following.

® External reset (only external reset pin enable): System checks external reset pin status. If external reset pin is
not high level, the system keeps reset status and waits external reset pin released.

® System initialization: All system registers is set as initial conditions and system is ready.

® Oscillator warm up: Oscillator operation is successfully and supply to system clock.

® Program executing: Power on sequence is finished and program executes from ORG 0.

The external reset can reset the system during power on duration, and good external reset circuit can protect the
system to avoid working at unusual power condition, e.g. brown out reset in AC power application...

3.6 EXTERNAL RESET CIRCUIT
3.6.1 Simply RC Reset Circuit

R1 l
47K ohm

2=t MCU

100 ohm

VDD

cl1-L
0.1uF

VSS

VCC
GND
This is the basic reset circuit, and only includes R1 and C1. The RC circuit operation makes a slow rising signal into

reset pin as power up. The reset signal is slower than VDD power up timing, and system occurs a power on signal from
the timing difference.

%  Note: The reset circuit is no any protection against unusual power or brown out reset.
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3.6.2 Diode & RC Reset Circuit

VDD

DIODE l R1
47K ohm

sl MCU
A
100 ohm
C1
0.1uF T
VSS
& \VCC
>

GND
This is the better reset circuit. The R1 and C1 circuit operation is like the simply reset circuit to make a power on signal.

The reset circuit has a simply protection against unusual power. The diode offers a power positive path to conduct

higher power to VDD. It is can make reset pin voltage level to synchronize with VDD voltage. The structure can
improve slight brown out reset condition.

*  Note: The R2 100 ohm resistor of “Simply reset circuit” and “Diode & RC reset circuit” is necessary to

limit any current flowing into reset pin from external capacitor C in the event of reset pin breakdown due
to Electrostatic Discharge (ESD) or Electrical Over-stress (EOS).

3.6.3 Zener Diode Reset Circuit

VDD

R1
33K ohm

10K ohm

v N R3

40K ohm

RST MCU

- VCC

& GND

Il

The zener diode reset circuit is a simple low voltage detector and can improve brown out reset condition
completely. Use zener voltage to be the active level. When VDD voltage level is above “Vz + 0.7V”, the C terminal of
the PNP transistor outputs high voltage and MCU operates normally. When VDD is below “Vz + 0.7V”, the C terminal of
the PNP transistor outputs low voltage and MCU is in reset mode. Decide the reset detect voltage by zener
specification. Select the right zener voltage to conform the application.
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3.6.4 Voltage Bias Reset Circuit

R1
47K ohm

MCU

R2
10K ohm

VCC

GND

i

The voltage bias reset circuit is a low cost voltage detector and can improve brown out reset condition completely.
The operating voltage is not accurate as zener diode reset circuit. Use R1, R2 bias voltage to be the active level. When
VDD voltage level is above or equal to “0.7V x (R1 + R2) / R1”, the C terminal of the PNP transistor outputs high
voltage and MCU operates normally. When VDD is below “0.7V x (R1 + R2) / R1”, the C terminal of the PNP transistor
outputs low voltage and MCU is in reset mode.

Decide the reset detect voltage by R1, R2 resistances. Select the right R1, R2 value to conform the application. In the
circuit diagram condition, the MCU’s reset pin level varies with VDD voltage variation, and the differential voltage is
0.7V. If the VDD drops and the voltage lower than reset pin detect level, the system would be reset. If want to make the
reset active earlier, set the R2 > R1 and the cap between VDD and C terminal voltage is larger than 0.7V. The external
reset circuit is with a stable current through R1 and R2. For power consumption issue application, e.g. DC power
system, the current must be considered to whole system power consumption.

*  Note: Under unstable power condition as brown out reset, “Zener diode rest circuit” and “Voltage bias
reset circuit” can protects system no any error occurrence as power dropping. When power drops below
the reset detect voltage, the system reset would be triggered, and then system executes reset sequence.
That makes sure the system work well under unstable power situation.

3.6.5 External Reset IC

o VDD
Bypass
Capacitor ==
VDD 0.1uF
Reset JRST RST M C U
IC
VSS
VSS
VCC

GI-
The external reset circuit also use external reset IC to enhance MCU reset pe-rformance. This is a high cost and good

effect solution. By different application and system requirement to select suitable reset IC. The reset circuit can
improve all power variation.
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4 SYSTEM CLOCK

4.1 OVERVIEW

The micro-controller is a dual clock system including high-speed and low-speed clocks. The high-speed clock includes
internal high-speed oscillator and external oscillators selected by “High_ CLK” code option. The low-speed clock is from
internal low-speed oscillator controlled by “CLKMD” bit of OSCM register. Both high-speed clock and low-speed clock
can be system clock source through a divider to decide the system clock rate.

® High-speed oscillator
Internal high-speed oscillator is 16MHz RC type called “IHRC16”.
External high-speed oscillator includes crystal/ceramic (12MHz, 16MHz), RC type and External Clock.

® Low-speed oscillator
Internal low-speed oscillator is 32KHz RC type called “ILRC”.

® System clock block diagram
STPHX  HOSC

XIN l l Fosc
XOUT Fhosc. |—>| Fcpu = Fhosc/1 ~ Fhosc/128 l—»

T Fcpu
Fosc

CPUM[L:0]

l

| Flosc. |—>| Fcpu = Flosc/1 ~ Flosc/8

High_Fcpu Code Option CLKMD

Low_Fcpu Code Option

HOSC: High_Clk code option.

Fhosc: External high-speed clock / Internal high-speed RC clock.
Flosc: Internal low-speed RC clock (about 32KHz@1.8V and @5V).
Fosc: System clock source.

Fcpu: Instruction cycle.

4.2 FCPU (INSTRUCTION CYCLE)

The system clock rate is instruction cycle called “Fcpu” which is divided from the system clock source and decides the
system operating rate. Fcpu rate is selected by High_Fcpu code option and the range is Fhosc/1~Fhosc/8 under
system normal mode. If the system high clock source is external 4MHz crystal, and the High_Fcpu code option is
Fhosc/4, the Fcpu frequency is 16MHz/4 = 4MHz. Under system slow mode, the Fcpu range is Flosc/1~Flosc/8
controlled by Low_Fcpu code option, If Low_Fcpu code option is Flosc/4, the Fcpu frequency is 32KHz/4=8KHz.

4.3 NOISE FILTER

The Noise Filter controlled by “Noise_Filter” code option is a low pass filter and supports external oscillator including
RC and crystal modes. The purpose is to filter high rate noise coupling on high clock signal from external oscillator.

In high noisy environment, enable “Noise_Filter” code option is the strongly recommendation to reduce noise
effect.

4.4 SYSTEM HIGH-SPEED CLOCK

The system high-speed clock has internal and external two-type. The external high-speed clock includes 4MHz, 12MHz,
crystal/ceramic, RC type and External Clock. These high-speed oscillators are selected by “High_CLK” code option.
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441 HIGH_CLK CODE OPTION

For difference clock functions, Sonix provides multi-type system high clock options controlled by “High_CLK” code
option. The High_CLK code option defines the system oscillator types including IHRC_16M, RC, 12M X’tal, 4M X'tal
and Ext_CLK. These oscillator options support different bandwidth oscillator.

® |HRC _16M: The system high-speed clock source is internal high-speed 16MHz RC type oscillator. In the mode,
XIN and XOUT pins are bi-direction GPIO mode, and not to connect any external oscillator device.

® 16M X'tal: The system high-speed clock source is external high-speed crystal/ceramic.

® 12M X’tal: The system high-speed clock source is external high-speed crystal/resonator.

4.4.2 INTERNAL HIGH-SPEED OSCILLATOR RC TYPE (IHRC)

The internal high-speed oscillator is 16MHz RC type. The accuracy is 2% under commercial condition. When the
“High_CLK” code option is “IHRC_16M”, the internal high-speed oscillator is enabled.

® |HRC _16M: The system high-speed clock is internal 16MHz oscillator RC type. XIN/XOUT pins are general
purpose I/O pins.

4.4.3 EXTERNAL HIGH-SPEED OSCILLATOR

The external high-speed oscillator includes 4MHz, 12MHz, RC type and External Clock. The 4MHz and 12MHz
oscillators support crystal and ceramic types connected to XIN/XOUT pins with 20pF capacitors to ground. The RC
type is a low cost RC circuit only connected to XIN pin. The capacitance is not below 100pF, and use the resistance to
decide the frequency. The external clock only connects to XIN pin.

4.4.4 EXTERNAL OSCILLATOR APPLICATION CIRCUIT

CRYSTAL/CERAMIC External Clock

XOouT
XIN

D XIN
crvstae_xour] MCU B Clock [ 1—XY] MCU
[} D [}
20pF 20pF VDD oo
VSS

SSA

% Note: Connect the Crystal/Ceramic and C as near as possible to the XIN/XOUT/VSS pins of
micro-controller. Connect the R and C as near as possible to the VDD pin of micro-controller.

4.5 SYSTEM LOW-SPEED CLOCK

The system low clock source is the internal low-speed oscillator built in the micro-controller. The low-speed oscillator
uses RC type oscillator circuit. The frequency is affected by the voltage and temperature of the system. In common
condition, the frequency of the RC oscillator is about 32KHz.

The internal low RC supports watchdog clock source and system slow mode controlled by “CLKMD” bit of OSCM
register.

® Flosc =Internal low RC oscillator (about 32KHz).
® Slow mode Fcpu = Flosc/ 1 ~ Flosc/8 controlled by Low_Fcpu code option.

When watchdog timer is disabled and system is in power down mode, the internal low RC stops.

»  Example: Stop internal low-speed oscillator by power down mode as watchdog timer disable
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BOBSET FCPUMO ; To stop external high-speed oscillator and internal low-speed
; oscillator called power down mode (sleep mode).

4.6 OSCM REGISTER

The OSCM register is an oscillator control register. It controls oscillator status, system mode.

095H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
OSCM - - - CPUM1 CPUMO CLKMD STPHX -
Read/Write - - - R/W R/W R/W R/W -
After reset - - - 0 0 0 0 -
Bit 1 STPHX: External high-speed oscillator control bit.

0 = External high-speed oscillator free run.
1 = External high-speed oscillator free run stop. Internal low-speed RC oscillator is still running.

Bit 2 CLKMD: System high/Low clock mode control bit.
0 = Normal (dual) mode. System clock is high clock.
1 = Slow mode. System clock is internal low clock.

Bit[4:3] CPUM[1:0]: CPU operating mode control bits.
00 = normal.
01 = sleep (power down) mode.
10 = green mode.
11 =reserved.

“STPHX” bit controls internal high speed RC type oscillator and external oscillator operations. When “STPHX=0", the
external oscillator or internal high speed RC type oscillator active. When “STPHX=1", the external oscillator or internal
high speed RC type oscillator are disabled. The STPHX function is depend on different high clock options to do
different controls.

4.7SYSTEM CLOCK MEASUREMENT

Under design period, the users can measure system clock speed by software instruction cycle (Fcpu). This way is
useful in RC mode.

»  Example: Fcpu instruction cycle of external oscillator.

BOBSET POM.O ; Set P0.0 to be output mode for outputting Fcpu toggle signal.
@@:

BOBSET PO0.0 ; Output Fcpu toggle signal in low-speed clock mode.

BOBCLR PO0.0 ; Measure the Fcpu frequency by oscilloscope.

JMP @B

% Note: Do not measure the RC frequency directly from XIN; the probe impendence will affect the RC
frequency.

4.8 SYSTEM CLOCK TIMING

Parameter Symbol Description Typical

Hardware configuration time Tcfg 2048*F rc 64ms @ Firc= 32KHz
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Oscillator start up time Tost The start-up time is depended on oscillator's material, -
factory and architecture. Normally, the low-speed
oscillator’s start-up time is lower than high-speed
oscillator. The RC type oscillator’s start-up time is faster
than crystal type oscillator.

Oscillator warm-up time Tosp Oscillator warm-up time of reset condition. 128us @ Fnosc = 16MHz

2048*Fhosc
(Power on reset, LVD reset, watchdog reset, external
reset pin active.)

12MHz crystal, 16MHz crystal...

Oscillator warm-up time of power down mode wake-up X'tal:
condition. 192us @ Frosc = 12MHz
2048*Fhosc - .- .- Crystal/resonator type oscillator, e.g. 128us @ Fnosc = 16MHz

® Power On Reset Timing

Vdd Vp,

Power On Reset
Flag

Oscillator

T Tost Tosp
Fcpu

<«
(Instruction Cycle)

® External Reset Pin Reset Timing

Reset pin falling edge trigger system reset.
A
\4 o i i

Reset pin returns to high status.

4

External Reset Pin

External Reset -I
Flag

Tcfg Tost

Fcpu < >—> 105
(Instruction Cycle)

éystem is under rese;

status.

® \Watchdog Reset Timing

Watchdog timer overflow.
Watchdog Reset
Flag

Tcfg Tost Tosp
Fcpul | | | | | D I
(Instruction Cycle)

® Power Down Mode Wake-up Timing
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Edge trigger system wake-up.

Wake-up Pin

Falling Edge Y

Wake-up Pin A
Rising Edge

Tost
Fepu Tosp
(InstructionCycIe)l | | | | | _|_|_|_|_|_|_|_|_|_|_|_|_

System inserts into power down mode.

® Green Mode Wake-up Timing

Edge trigger system wake-up.

Wake-up Pin
Falling Edge Y

Wake-up Pin
Rising Edge

Timer overflow.

T,mer:>< XOxFD><0xFE><0xFF>®<0x01X0x02>< >< >< >< >< >

Oscillator

Fcpu
(Instruction Cycle)

System inserts into green mode.

® Oscillator Start-up Time

The start-up time is depended on oscillator's material, factory and architecture. Normally, the low-speed oscillator’s
start-up time is lower than high-speed oscillator. The RC type oscillator’s start-up time is faster than crystal type
oscillator.

RC Oscillator
Tost

Ceramic/Resonator

iII

Tost

Crystal

Tost

Low Speed Crystal

(32K, 455K) |

Tost

|
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5 SYSTEM OPERATION MODE
5.1 OVERVIEW

The chip builds in four operating mode for difference clock rate and power saving reason. These modes control
oscillators, op-code operation and analog peripheral devices’ operation.

Normal mode: System high-speed operating mode.

Slow mode: System low-speed operating mode.

Power down mode: System power saving mode (Sleep mode).
Green mode: System ideal mode.

Operating Mode Control Block

One of reset trigger sources actives.

‘Wake-up condition:

INTO/INT1 input rising/falling edge.
PO, P1 input status level changes Q
USB bus state exits from suspend state.| :
USB power detection on/off. :

Power Down Mode

One of reset trigger sources actives.

<

Reset Control Block

CLKMD =0 Slow Mode

Wake-up condition:
INTO/INT1 input rising/falling edge.

Wake-up condition:
INTO/INT1 input rising/falling edge.

PO, P1 input status level changes.

PO, P1 input status level changes.

TO timer counter overflows. TO timer counter overflows.
ADC transfer completes. Green Mode ADC transfer compl_eles.
New USB event/transaction arrives. New USB event arrives.
USB power detection on/off. USB power detection on/off.
One of reset trigger sources actives. | T
Operating Mode Clock Control Table
Opl\%%téng Normal Mode Slow Mode Green Mode Power Down Mode
IHRC IHRC: Runni_ng IHRC: By ST_PHX IHRC: By STPHX Stop
Ext. OSC: Disable Ext. OSC: Disable Ext. OSC: Disable
ILRC Running Running Running Stop
Ext. OSC IHRC: Disable _ IHRC: Disable IHRC: By STPHX Stop
) ) Ext. OSC: Running Ext. OSC: By STPHX Ext. OSC: By STPHX
CPU instruction Executing Executing Stop Stop
TO timer Active Active Active Inactive
By TOENB By TOENB By TOENB
(TimerT ESJLTiE)unter Active Active Active Inactive
' PWM) ' By TCOENB By TCOENB By TCOENB
TC1 timer Active Active Active Inactive
(Timer, PWM) By TC1ENB By TC1ENB By TC1ENB
TC2 timer Active Active Active Inactive
(Timer, PWM) By TC2ENB By TC2ENB By TC2ENB
TC3 timer Active Active Active Inactive
(Timer, PWM) By TC3ENB By TC3ENB By TC3ENB
SIO Active as enable Inactive Inactive Inactive
UART Active as enable Inactive Inactive Inactive
ADC Active as enable Active as enable Active as enable Inactive
. By Watch_Dog By Watch_Dog By Watch_Dog By Watch_Dog
Watchdog timer Code option Code option Code option Code option
Internal interrupt All active All active All active All inactive
External interrupt All active All active All active All inactive
PO, P1, TO, Reset, ADC,
INTO, INT1, PO, P1, Reset, INTO, INT1
USB event arrives (Bus USB event (Bus state
Wakeup source ) ) state change or USB change)
transaction completes) USB power detection
USB power detection
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Ext.Osc: External high-speed oscillator (XIN/XOUT).

°
® |HRC: Internal high-speed oscillator RC type.
® |LRC: Internal low-speed oscillator RC type.

%*  Note: SIO and UART inactive in slow mode and green mode, because the clock source doesn’t exist. Use
firmware to disable SIO/UART function before inserting slow mode and green mode.

5.2 NORMAL MODE

The Normal Mode is system high clock operating mode. The system clock source is from high speed oscillator. The
program is executed. After power on and any reset trigger released, the system inserts into normal mode to execute
program. When the system is wake-up from power down mode, the system also inserts into normal mode. In normal
mode, the high speed oscillator actives, and the power consumption is largest of all operating modes.

The program is executed, and full functions are controllable.

The system rate is high speed.

The high speed oscillator and internal low speed RC type oscillator active.
Normal mode can be switched to other operating modes through OSCM register.
Power down mode is wake-up to normal mode.

Slow mode is switched to normal mode.

Green mode from normal mode is wake-up to normal mode.

5.3 SLOW MODE

The slow mode is system low clock operating mode. The system clock source is from internal low speed RC type
oscillator. The slow mode is controlled by CLKMD bit of OSCM register. When CLKMD=0, the system is in normal
mode. When CLKMD=1, the system inserts into slow mode. The high speed oscillator won't be disabled automatically
after switching to slow mode, and must be disabled by SPTHX bit to reduce power consumption. In slow mode, the
system rates are Flosc/1, Flosc/2, Flosc/4, Flosc/8 (Flosc is internal low speed RC type oscillator frequency) controlled
by code option.

The program is executed, and full functions are controllable.

The system rate is low speed (Flosc/1, Flosc/2, Flosc/4, Flosc/8 controlled by code option).

The internal low speed RC type oscillator actives, and the high speed oscillator is controlled by STPHX=1. In slow
mode, to stop high speed oscillator is strongly recommendation.

Slow mode can be switched to other operating modes through OSCM register.

Power down mode from slow mode is wake-up to normal mode.

Normal mode is switched to slow mode.

Green mode from slow mode is wake-up to slow mode.
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5.4 POWER DOWN MDOE

The power down mode is the system ideal status. No program execution and oscillator operation. Only internal
regulator actives to keep all control gates status, register status and SRAM contents. The power down mode is waked
up by P1 hardware level change trigger. P1 wake-up function is controlled by P1W register. Any operating modes into
power down mode, the system is waked up to normal mode. Inserting power down mode is controlled by CPUMO bit of
OSCM register. When CPUMO=1, the system inserts into power down mode. After system wake-up from power down
mode, the CPUMO bit is disabled (zero status) automatically, and the WAKE bit set as “1”.

®  The program stops executing, and full functions are disabled.

® All oscillators including external high speed oscillator, internal high speed oscillator and internal low speed
oscillator stop.

®  The system inserts into normal mode after wake-up from power down mode.

® The power down mode wake-up source is P1 level change trigger.

®  After system wake-up from power down mode, the WAKE bit set as “1” and cleared by program.

® |f wake-up source is external interrupt source, the WAKE bit won't be set, and external interrupt IRQ bit is set.

The system issues external interrupt request and executes interrupt service routine.

%*  Note: If the system is in normal mode, to set STPHX=1 to disable the high clock oscillator. The system is
under no system clock condition. This condition makes the system stay as power down mode, and can
be wake-up by P1 level change trigger.

5.5 GREEN MODE

The green mode is another system ideal status not like power down mode. In power down mode, all functions and
hardware devices are disabled. But in green mode, the system clock source keeps running, so the power consumption
of green mode is larger than power down mode. In green mode, the program isn’t executed, but the timer with wake-up
function actives as enabled, and the timer clock source is the non-stop system clock. The green mode has 2 wake-up
sources. One is the P1 level change trigger wake-up. The other one is internal timer with wake-up function occurring
overflow. That's mean users can setup one fix period to timer, and the system is waked up until the time out. Inserting
green mode is controlled by CPUML1 bit of OSCM register. When CPUM1=1, the system inserts into green mode. After
system wake-up from green mode, the CPUM?1 bit is disabled (zero status) automatically, and the WAKE bit set as “1”.

The program stops executing, and full functions are disabled.

Only the timer with wake-up function actives.

The oscillator to be the system clock source keeps running, and the other oscillators operation is depend on
system operation mode configuration.

If inserting green mode from normal mode, the system insets to normal mode after wake-up.

If inserting green mode from slow mode, the system insets to slow mode after wake-up.

The green mode wake-up sources are P1 level change trigger and unique time overflow.

After system wake-up from power down mode, the WAKE bit set as “1” and cleared by program.

If wake-up source is external interrupt source, the WAKE bit won’t be set, and external interrupt IRQ bit is set.
The system issues external interrupt request and executes interrupt service routine.

® |f the function clock source is system clock, the functions are workable as enabled and under green mode, e.g.
Timer, PWM, event counter...But the functions doesn’t has wake-up function.

% Note: Sonix provides “GreenMode” macro to control green mode operation. It is necessary to use
“GreenMode” macro to control system inserting green mode.
The macro includes three instructions. Please take care the macro length as using BRANCH type
instructions, e.g. bts0, bts1, bObts0, bObts1, ins, incms, decs, decms, cmprs, jmp, or the routine would
be error.
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5.6 OPERATING MODE CONTROL MACRO

Sonix provides operating mode control macros to switch system operating mode easily.

Macro Length Description
SleepMode 1-word The system insets into Sleep Mode (Power Down Mode).
GreenMode 3-word The system inserts into Green Mode.
SlowMode 2-word [The system inserts into Slow Mode and stops high speed oscillator.
Slow2Normal 5-word The system returns to Normal Mode from Slow Mode. The macro includes
operating mode switch, enable high speed oscillator, high speed oscillator
warm-up delay time.

»  Example: Switch normal/slow mode to power down (sleep) mode.
SleepMode ; Declare “SleepMode” macro directly.
»  Example: Switch normal mode to slow mode.

SlowMode ; Declare “SlowMode” macro directly.

»  Example: Switch slow mode to normal mode (The external high-speed oscillator stops).
Slow2Normal ; Declare “Slow2Normal” macro directly.
»  Example: Switch normal/slow mode to green mode.
GreenMode ; Declare “GreenMode” macro directly.
»  Example: Switch normal/slow mode to green mode and enable TO wake-up function.

; Set TO timer wakeup function.

BOBCLR FTOIEN ; To disable TO interrupt service

BOBCLR FTOENB ; To disable TO timer

MOV A#20H ;

BOMOV TOM,A ; To set TO clock = Fcpu / 64

MOV A#74H

BOMOV TOC,A ; To set TOC initial value = 74H (To set TO interval = 10 ms)
BOBCLR FTOIEN ; To disable TO interrupt service

BOBCLR FTOIRQ ; To clear TO interrupt request

BOBSET FTOENB ; To enable TO timer

; Go into green mode
GreenMode ; Declare “GreenMode” macro directly.
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5.7 WAKEUP
5.7.1 OVERVIEW

Under power down mode (sleep mode) or green mode, program doesn’t execute. The wakeup trigger can wake the
system up to normal mode or slow mode. The wakeup trigger sources are external trigger (P1 level change) and
internal trigger (TO timer overflow). The wakeup function builds in interrupt operation issued IRQ flag and trigger
system executing interrupt service routine as system wakeup occurrence.

®  Power down mode is waked up to normal mode. The wakeup trigger is only external trigger (P1 level change)

®  Green mode is waked up to last mode (normal mode or slow mode). The wakeup triggers are external trigger (P1
level change) and internal trigger (TO timer overflow).

®  Wakeup interrupt function issues WAKEIRQ as system wakeup from power down mode or green mode. If
WAKEIEN is “1” meaning enable, the wakeup event triggers program counter point to interrupt vector (ORG 8)
executing interrupt service routine.

*  Note: If wake-up source is external interrupt source, the WAKE bit won’t be set, and external interrupt
IRQ bit is set. The system issues external interrupt request and executes interrupt service routine.

5.7.2 WAKEUP TIME

When the system is in power down mode (sleep mode), the high clock oscillator stops. When waked up from power
down mode, MCU waits for 2048 external high-speed oscillator clocks and 64 internal high-speed oscillator clocks as
the wakeup time to stable the oscillator circuit. After the wakeup time, the system goes into the normal mode.

%  Note: Wakeup from green mode is no wakeup time because the clock doesn’t stop in green mode.

The value of the external high clock oscillator wakeup time is as the following.

| The Wakeup time = 1/Fosc * 2048 (sec) + high clock start-up time]

»  Example: In power down mode (sleep mode), the system is waked up. After the wakeup time, the system
goes into normal mode. The wakeup time is as the following.

The wakeup time = 1/Fosc * 2048 = 0.128 ms (Fosc = 16MHz)
The total wakeup time = 0.128 ms + oscillator start-up time

The value of the internal high clock oscillator RC type wakeup time is as the following.

| The Wakeup time = 1/Fosc * 64 (sec) + high clock start-up time]

»  Example: In power down mode (sleep mode), the system is waked up. After the wakeup time, the system
goes into normal mode. The wakeup time is as the following.

The wakeup time = 1/Fosc *64 =4us  (Fhosc = 16MHz)

%*  Note: The high clock start-up time is depended on the VDD and oscillator type of high clock.
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5.7.3 POW WAKEUP CONTROL REGISTER

Under power down mode (sleep mode) and green mode, the I/O ports with wakeup function are able to wake the
system up to normal mode. The wake-up trigger edge is level changing. When wake-up pin occurs rising edge or falling
edge, the system is waked up by the trigger edge. Port 0 has wakeup function. Port 0 is controlled by the POW register.

09BH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O

POW PO7W PO6W PO5W PO4W PO3W PO2W PO1W POOW
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0

Bit[7:0] POOW~PO7W: Port 1 wakeup function control bits.
0 = Disable P1n wakeup function.
1 = Enable P1n wakeup function.

5.7.4 P1IW WAKEUP CONTROL REGISTER

Under power down mode (sleep mode) and green mode, the I/O ports with wakeup function are able to wake the
system up to normal mode. The wake-up trigger edge is level changing. When wake-up pin occurs rising edge or falling
edge, the system is waked up by the trigger edge. Port 1 has wakeup function. Port 1 is controlled by the P1W register.

09CH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O

P1W P17W - P15W P14W P13wW P12w P11W P10W
Read/Write R/W -- R/W R/W R/W R/W R/W R/W
After reset 0 - 0 0 0 0 0 0

Bit[7], [5:0]P10W~P17W: Port 1 wakeup function control bits.
0 = Disable P1n wakeup function.
1 = Enable P1n wakeup function.

5.7.5 POIE INTERRUPT CONTROL REGISTER

09BH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O

POIE PO7IE PO6IE POS5IE PO4IE PO3IE PO2IE POl1IE POOIE
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0

Bit[7:0] = POOIE~POYIE: Port O level change interrupt function control bit.
0 = Disable POn level change function.
1 = Enable POn level change function

5.7.6 P1IE INTERRUPT CONTROL REGISTER

09CH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

P1IE P171E - P15IE P141E P13IE P12IE P11IE P10IE
Read/Write R/W -- R/W R/W R/W R/W R/W R/W
After reset 0 - 0 0 0 0 0 0

Bit[7], [5:0]P10IE~P17UE: Port 1 level change interrupt function control bit.
0 = Disable P1n level change function.
1 = Enable P1n level change function.
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INTERRUPT

6.1 OVERVIEW

This MCU provides 15 interrupt sources, including 2 external interrupt (INTO/INT1) and 13 internal interrupt
(WAKE/UPDET/USB/PO/P1/TO /T1/TCO/TC1/TC2/NDT/ADC/SIO). The external interrupt can wakeup the chip while the
system is switched from power down mode to high-speed normal mode, and interrupt request is latched until return to
normal mode. Once interrupt service is executed, the GIE bit in STKP register will clear to “0” for stopping other
interrupt request. On the contrast, when interrupt service exits, the GIE bit will set to “1” to accept the next interrupts’
request. The interrupt request signals are stored in INTRQ register.

WAKE — ) WAKEIRQ )
A INTENO/1 Interrupt Enable Register
INTO Trigger ———————— P16IRQ
INT1 Trigger —————————>| P50IRQ N
USB Power Detection ——————» UPDETIRQ
USB Bus Status ——————» USBIRQ
PO Level Change ————— POIRQ I(gtg(;guﬁfc\)loeféﬂfddress
P1 Level Change ———»| INTRQ P1IRQ Interrupt
T0 Time Out —————— 1B TOIRQ »f Enable |5 Giobal Interrupt Request Signal
T1 Time out — | Latchs T1IRQ Gating
TCO Time Out ————>| TCOIRQ
TC1 Time Out ———————»| TC1IRQ
TC2 Time Out ———————» TC2IRQ
NDT Detecttion —————— > NDTIRQ
ADC Converting End ———————> ADCIRQ
SIO Transmit End ——————»] SIOIRQ

%  Note: The GIE bit must enable during all interrupt operation.

6.2 INTERRUPT OPERATION

Interrupt operation is controlled by IRQ and IEN bits. The IRQ is interrupt source event indicator, no matter what
interrupt function status (enable or disable). The IEN control the system interrupt execution. If IEN = 0, the system
won’t jump to interrupt vector to execute interrupt routine. If IEN = 1, the system executes interrupt operation when
each of interrupt IRQ flags actives.

® |EN=1andIRQ =1, the program counter points to interrupt vector and execute interrupt service routine.
® 0x80~0x87 working registers include L, H, R, Z, Y, X, PFLAG, RBANK, WO~W7.
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6.3 INTEN INTERRUPT ENABLE REGISTER

INTEN is the interrupt request control register including eleven internal interrupts, two external interrupts enable control
bits. One of the register to be set “1” is to enable the interrupt request function. Once of the interrupt occur, the stack is
incremented and program jump to ORG 8~16 to execute interrupt service routines. The program exits the interrupt
service routine when the returning interrupt service routine instruction (RETI) is executed.

099H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTENO TOIEN P1lIEN POIEN USBIEN | UPDETIEN | P50IEN P16IEN WAKEIEN
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Bit 0 WAKEIEN: Wakeup interrupt control bit.

0 = Disable Wakeup interrupt function.
1 = Enable Wakeup interrupt function.
Bit 1 P16IEN: External P1.6 interrupt (INTO) control bit.
0 = Disable INTO interrupt function.
1 = Enable INTO interrupt function.
Bit 2 P50IEN: External P5.0 interrupt (INT1) control bit.
0 = Disable INT1 interrupt function.
1 = Enable INT1 interrupt function.
Bit 3 UPDETIEN: USB power detection interrupt control bit.
0 = Disable USB power detection interrupt function.
1 = Enable USB power detection interrupt function.
Bit 4 USBIEN: USB interrupt control bit.
0 = Disable USBinterrupt function.
1 = Enable USBinterrupt function.
Bit 5 POIEN: PO level change wakeup interrupt control bit.
0 = Disable PO interrupt function.
1 = Enable PO interrupt function.
Bit 6 P1IEN: P1 level change wakeup interrupt control bit.
0 = Disable PO interrupt function.
1 = Enable P1 interrupt function.
Bit 7 TOIEN: TO timer interrupt control bit.
0 = Disable TO interrupt function.
1 = Enable TO interrupt function.

09AH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTEN1 - SIOIEN ADCIEN NDTIEN TC2IEN TC1IEN TCOIEN T1IEN
Read/Write - R/W R/W R/W R/W R/W R/W R/W
After reset - 0 0 0 0 0 0 0
Bit 0 T1IEN: T1 timer interrupt control bit.

0 = Disable T1 timer interrupt function.
1 = Enable T1 timer interrupt function.
Bit 1 TCOIEN: TCO timer interrupt control bit.
0 = Disable TCO timer interrupt function.
1 = Enable TCO timer interrupt function.
Bit 2 TCLIEN: TC1 receive interrupt control bit.
0 = Disable TC1 timer interrupt function.
1 = Enable TC1 timer interrupt function.
Bit 3 TC2IEN: TCO2transmit interrupt control bit.
0 = Disable TCO02 timer interrupt function.
1 = Enable TCO02 timer interrupt function.
Bit 4 NDTIEN: NDT interrupt control bit.
0 = Disable NDT interrupt function.
1 = Enable NDT interrupt function.
Bit 5 ADCIEN: ADC interrupt control bit.
0 = Disable ADC interrupt function.
1 = Enable ADC interrupt function.
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Bit 6 SIOIEN: SIO interrupt control bit.

0 = Disable SIO interrupt function.
1 = Enable SIO interrupt function.

%*  Note: For some applications, the system has to loop IEN bits enable /disable while operating. User must
follow the rule: The instruction of clear IEN bits (EX: BOBCLR FTCOIEN) must be followed by JMP $+1.

»  Example: Loop IEN bits enable /disable

Initial:
BOBCLR FTCOIRQ ;Initial TCO Interrupt
BOBSET FTCOIEN
MOV a, #00100100B ;Initial TCO function
BOMOV TCOM, a
MOV a, #0x55
BOMOV TCOC, a
BOMOV TCOR, a
BOBSET FTCOENB ;Enable TCO timer
BOBSET FGIE ;Global interrupt enable
_Main:
BOBCLR FTCOIEN ;Disable IEN bits
JMP $+1 ;Disable IEN bits followed by JMP $+1
éééSET FTCOIEN ;Enable IEN bits
JMP _Main
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6.4 INTRQ INTERRUPT REQUEST REGISTER

INTRQ is the interrupt request flag register. The register includes all interrupt request indication flags. Each one of the
interrupt requests occurs, the bit of the INTRQ register would be set “1”. The INTRQ value needs to be clear by
programming after detecting the flag. In the interrupt vector of program, users know the any interrupt requests
occurring by the register and do the routine corresponding of the interrupt request.

097H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTRQO TOIRQ P1IRQ POIRQ USBIRQ |UPDETIRQ| P50IRQ P16IRQ | WAKEIRQ
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Bit 0 WAKEIRQ: WAKEIRQ interrupt request flag.

0 = None WAKEIRQ interrupt request.
1 = WAKEIRQ interrupt request.
Bit 1 P16IRQ: External P1.6 interrupt (INTO) request flag.
0 = None P16IRQ interrupt request.
1 = P16IRQ interrupt request.
Bit 2 P50IRQ: External P5.0 interrupt (INT1) request flag.
0 = None P50IRQ interrupt request.
1 = P50IRQ interrupt request.
Bit 3 UPDETIRQ: UPDETIRQ interrupt request flag.
0 = None UPDETIRQ interrupt request.
1 = UPDETIRQ interrupt request.
Bit 4 USBIRQ: USBIRQ interrupt request flag.
0 = None USBIRQ interrupt request.
1 = USBIRQ interrupt request.
Bit 5 POIRQ: POIRQ interrupt request flag.
0 = None POIRQ interrupt request.
1 = POIRQ interrupt request.
Bit 6 P1IRQ: P1IRQ interrupt request flag.
0 = None P1IRQ interrupt request.
1 = P1IRQ interrupt request.
Bit 7 TOIRQ: TOIRQ timer interrupt request flag.
0 = None TOIRQ interrupt request.
1 = TC3 interrupt request.

098H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTRQ1 - SIOIRQ ADCIRQ NDTIRQ TC2IRQ TC1IRQ TCOIRQ T1IRQ
Read/Write - R/W R/W R/W R/W R/W R/W R/W
After reset - 0 0 0 0 0 0 0
Bit 0 T1IRQ: T1IRQ timer interrupt request flag.

0 = None T1IRQ interrupt request.
1 = T1IRQ interrupt request.
Bit 1 TCOIRQ: TCOIRQinterrupt request flag.
0 = None TCOIRQ timer interrupt request.
1 = TCOIRQ interrupt request.
Bit 2 TC1IRQ: TC1IRQ timer receive interrupt request flag.
0 = None TC1IRQ interrupt request.
1 = TC1IRQ interrupt request.
Bit 3 TC2IRQ: TC2IRQ timer interrupt request flag.
0 = None TC2IRQ interrupt request.
1 =TC2IRQ interrupt request.
Bit 4 NDTIRQ: NDTIRQ interrupt request flag.
0 = None NDTIRQ interrupt request.
1 = NDTIRQ interrupt request.
Bit 5 ADCIRQ: ADC interrupt request flag.
0 = None ADC interrupt request.
1 = ADC interrupt request.
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Bit 6 SIOIRQ: SIOIRQ interrupt request flag.
0 = None SIOIRQ interrupt request.
1 = SIOIRQ interrupt request.
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6.5 GIE GLOBAL INTERRUPT OPERATION

GIE is the global interrupt control bit. All interrupts start work after the GIE = 1 It is necessary for interrupt service
request. One of the interrupt requests occurs, and the program counter (PC) points to the interrupt vector (ORG 8~14)
and the stack add 1 level.

OEFH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
STKP GIE -
Read/Write R/W -
After reset 0 -
Bit 7 GIE: Global interrupt control bit.

0 = Disable global interrupt.
1 = Enable global interrupt.

® Example: Set global interrupt control bit (GIE).

BOBSET FGIE ; Enable GIE

#*  Note: The GIE bit must enable during all interrupt operation.

SONiX TECHNOLOGY CO., LTD Page 74 Version 1.8




N \ \ SN8F22E80B Series
& h | l USB 2.0 Full-Speed 8-Bit Flash Micro-Controller

6.6 EXTERNAL INTERRUPT OPERATION (INTO~INT1)

Sonix provides 2 sets external interrupt sources in the micro-controller. INTO and INT1 are external interrupt trigger
sources and build in edge trigger configuration function. When the external edge trigger occurs, the external interrupt
request flag will be set to “1” when the external interrupt control bit enabled. If the external interrupt control bit is
disabled, the external interrupt request flag won’'t active when external edge trigger occurrence. When external
interrupt control bit is enabled and external interrupt edge trigger is occurring, the program counter will jump to the
interrupt vector (ORG 0x0009, 0x000A) and execute interrupt service routine.

The external interrupt builds in wake-up latch function. That means when the system is triggered wake-up from power
down mode, the wake-up source is external interrupt source (P1.6 or P5.0), and the trigger edge direction matches
interrupt edge configuration, the trigger edge will be latched, and the system executes interrupt service routine fist after
wake-up.

09FH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
P20VSS E
PEDGE UPDETS |UPDET_EN N - P50G1 P50G0 P16G1 P16G0O
Read/Write R R/W R/W - R/W R/W R/W R/W
After reset 0 0 0 - 1 0 1 0

Bit[7] UPDETS: USB VDD existence status. This flag is only valid when UPDET_EN control bitis ‘1.
0 = USB VDD does not exist.
1 =USB VDD exists.

Bit[6] UPDET_EN: USB VDD detect function control bit.
0 = Disable USB VDD detect function
1 = Enable USB VDD detect function.

*  Note: After enabling UPDET_EN bit, firmware should wait for a delay time to let power detection be
stable.

Bit[5] P20VSS_EN: P2.0’s 20K discharge path to GND control bit.
0 = Disable P2.0 discharge path to GND.
1 = Enable P2.0 discharge path to GND.

Bit[3:2]  P50G [1:0]: INT1 edge trigger select bits.
00 = reserved,
01 =rising edge,
10 = falling edge,
11 = rising/falling bi-direction.

Bit[1:0] P16G[1:0]: INTO edge trigger select bits.
00 = reserved,
01 =rising edge,
10 = falling edge,
11 =rising/falling bi-direction.

Example: Setup INTO interrupt request and bi-direction edge trigger.

MOV A, #03H
BOMOV PEDGE, A ; Set INTO interrupt trigger as bi-direction edge.
BOBSET FP161EN ; Enable INTO interrupt service
BOBCLR FP16IRQ ; Clear INTO interrupt request flag
BOBSET FGIE ; Enable GIE
Example: INTO interrupt service routine.
ORG 9 ; Interrupt vector
JMP INT_SERVICE

INT_SERVICE:
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BOBTS1 FP16IRQ ; Check P16IRQ
JMP EXIT_INT ; P16IRQ = 0, exit interrupt vector

BOBCLR FP16IRQ ; Reset P16IRQ

; INTO interrupt service routine
EXIT_INT:

RETI ; Exit interrupt vector

SONiX TECHNOLOGY CO., LTD Page 76 Version 1.5



SON:X

SN8F22E80B Series

USB 2.0 Full-Speed 8-Bit Flash Micro-Controller

6.7 TOINTERRUPT OPERATION

When the TOC counter occurs overflow, the TOIRQ will be set to “1” however the TOIEN is enable or disable. If the
TOIEN = 1, the trigger event will make the TOIRQ to be “1” and the system enter interrupt vector. If the TOIEN = 0, the
trigger event will make the TOIRQ to be “1” but the system will not enter interrupt vector. Users need to care for the
operation under multi-interrupt situation.

»  Example: TO interrupt request setup.

BOBCLR
BOBCLR
MOV
BOMOV
MOV
BOMOV

BOBSET
BOBCLR
BOBSET

BOBSET

FTOIEN
FTOENB
A, #20H
TOM, A
A, #74H
TOC, A

FTOIEN
FTOIRQ
FTOENB

FGIE

Example: TO interrupt service routine.

INT_SERVICE:

EXIT_INT:

ORG
JMP

BOBTS1
JMP

BOBCLR

MOV
BOMOV

RETI

OFH
INT_SERVICE

FTOIRQ
EXIT_INT

FTOIRQ
A, #74H
TOC, A

; Disable TO interrupt service
; Disable TO timer

; Set TO clock = Fcpu / 64

; Set TOC initial value = 74H

; Set TO interval = 10 ms

; Enable TO interrupt service

; Clear TO interrupt request flag
; Enable TO timer

; Enable GIE

; Interrupt vector

; Check TOIRQ
; TOIRQ = 0, exit interrupt vector

; Reset TOIRQ

; Reset TOC.
; TO interrupt service routine

; Exit interrupt vector
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6.8T1 INTERRUPT OPERATION

When the T1C counter occurs overflow, the T1IRQ will be set to “1” however the T1IEN is enable or disable. If the
T1IEN = 1, the trigger event will make the T1IRQ to be “1” and the system enter interrupt vector. If the T1IEN = 0, the
trigger event will make the T1IRQ to be “1” but the system will not enter interrupt vector. Users need to care for the
operation under multi-interrupt situation.

»  Example: Tl interrupt request setup.

BOBCLR
BOBCLR
MOV
BOMOV
MOV
BOMOV
CLR
BOBSET
BOBCLR
BOBSET

BOBSET

FT1IEN ; Disable T1 interrupt service
FT1ENB ; Disable T1 timer

A, #20H ;

TiM, A ; Set T1 clock = Fcpu / 64

A, #74H ; Set T1C initial value = 74H
TIC L, A ; Set Tl interval = 10 ms
T1C_H

FT1IEN ; Enable T1 interrupt service
FT1IRQ ; Clear T1 interrupt request flag
FT1ENB ; Enable T1 timer

FGIE ; Enable GIE

Example: T1 interrupt service routine.

ORG
JMP
INT_SERVICE:

BOBTS1
JMP

BOBCLR

EXIT_INT:

RETI

10H ; Interrupt vector

INT_SERVICE

FT1IRQ ; Check T1IRQ

EXIT_INT ; TLIRQ = 0, exit interrupt vector
FT1IRQ ; Reset T1IRQ

; T1 auto re-count (T1IARC=1)
; Tl interrupt service routine

; Exit interrupt vector

SONiX TECHNOLOGY CO.,LTD Page 78 Version 1.8



SON:X

SN8F22E80B Series

USB 2.0 Full-Speed 8-Bit Flash Micro-Controller

6.9 TCO INTERRUPT OPERATION

When the TCOC counter overflows, the TCOIRQ will be set to “1” no matter the TCOIEN is enable or disable. If the

TCOIEN and the trigger event TCOIRQ is set to be “1”.

As the result, the system will execute the interrupt vector. If the

TCOIEN = 0, the trigger event TCOIRQ is still set to be “1”. Moreover, the system won'’t execute interrupt vector even
when the TCOIEN is set to be “1”. Users need to be cautious with the operation under multi-interrupt situation.

»  Example: TCO interrupt request setup.

BOBCLR
BOBCLR
MOV
BOMOV
MOV
BOMOV

BOBSET
BOBCLR
BOBSET

BOBSET

FTCOIEN
FTCOENB
A, #10H
TCOM, A
A, #74H
TCOC, A

FTCOIEN
FTCOIRQ
FTCOENB

FGIE

»  Example: TCO interrupt service routine.

ORG
JMP
INT_SERVICE:

BOBTS1
JMP

BOBCLR
MOV
BOMOV

EXIT_INT:

RETI

11H
INT_SERVICE

FTCOIRQ
EXIT_INT

FTCOIRQ
A, #74H
TCOC, A

; Disable TCO interrupt service
; Disable TCO timer

; Set TCO clock = Fcpu / 64

; Set TCOC initial value = 74H

; Set TCO interval = 10 ms

; Enable TCO interrupt service

; Clear TCO interrupt request flag
; Enable TCO timer

; Enable GIE

; Interrupt vector

; Check TCOIRQ
; TCOIRQ =0, exit interrupt vector

; Reset TCOIRQ

; Reset TCOC.
; TCO interrupt service routine

; Exit interrupt vector
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6.10 TC1INTERRUPT OPERATION

When the TC1C counter overflows, the TC1IRQ will be set to “1” no matter the TC1IEN is enable or disable. If the

TC1IEN and the trigger event TC1IRQ is set to be “1”.

As the result, the system will execute the interrupt vector. If the

TC1IEN = 0, the trigger event TC1IRQ is still set to be “1”.  Moreover, the system won’t execute interrupt vector even
when the TC1IEN is set to be “1”. Users need to be cautious with the operation under multi-interrupt situation.

Example: TC1 interrupt request setup.

BOBCLR
BOBCLR
MOV
BOMOV
MOV
BOMOV

BOBSET
BOBCLR
BOBSET

BOBSET

FTC1IEN
FTC1ENB
A, #10H
TCIM, A
A, #74H
TC1C, A

FTC1IEN
FTC1IRQ
FTC1ENB

FGIE

Example: TC1 interrupt service routine.

ORG
JMP
INT_SERVICE:

BOBTS1
JMP

BOBCLR
MOV
BOMOV

EXIT_INT:

RETI

12H
INT_SERVICE

FTC1IRQ
EXIT_INT

FTC1IRQ
A, #74H
TC1C, A

; Disable TC1 interrupt service
; Disable TC1 timer

; Set TC1 clock = Fcpu / 64

; Set TC1C initial value = 74H

; Set TC1 interval = 10 ms

; Enable TC1 interrupt service

; Clear TC1 interrupt request flag
; Enable TC1 timer

; Enable GIE

; Interrupt vector

; Check TC1IRQ
; TC1IRQ =0, exit interrupt vector

; Reset TC1IRQ

; Reset TC1C.
; TC1 interrupt service routine

; Exit interrupt vector
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6.11 TC2 INTERRUPT OPERATION

When the TC2C counter overflows, the TC2IRQ will be set to “1” no matter the TC2IEN is enable or disable. If the

TC2IEN and the trigger event TC2IRQ is set to be “1”.

As the result, the system will execute the interrupt vector. If the

TC2IEN = 0, the trigger event TC2IRQ is still set to be “1”.  Moreover, the system won'’t execute interrupt vector even
when the TC2IEN is set to be “1”. Users need to be cautious with the operation under multi-interrupt situation.

Example: TC2 interrupt request setup.

BOBCLR
BOBCLR
MOV
BOMOV
MOV
BOMOV

BOBSET
BOBCLR
BOBSET

BOBSET

FTC2IEN
FTC2ENB
A, #10H
TC2M, A
A, #74H
TC2C, A

FTC2IEN
FTC2IRQ
FTC2ENB

FGIE

Example: TC2 interrupt service routine.

ORG
JMP
INT_SERVICE:

BOBTS1
JMP

BOBCLR
MOV
BOMOV

EXIT_INT:

RETI

13H
INT_SERVICE

FTC2IRQ
EXIT_INT

FTC2IRQ
A, #74H
TC2C, A

; Disable TC2 interrupt service
; Disable TC2 timer

; Set TC2 clock = Fcpu / 64

; Set TC2C initial value = 74H

; Set TC2 interval = 10 ms

; Enable TC2 interrupt service

; Clear TC2 interrupt request flag
; Enable TC2 timer

; Enable GIE

; Interrupt vector

; Check TC2IRQ
; TC2IRQ =0, exit interrupt vector

; Reset TC2IRQ

; Reset TC2C.
; TC2 interrupt service routine

; Exit interrupt vector
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6.12 NDT INTERRUPT OPERATION

When the NDT detected, the NDTIRQ will be set to “1” no matter the NDTIEN is enable or disable. If the NDTIEN and
the trigger event NDTIRQ is set to be “1”.  As the result, the system will execute the interrupt vector. If the NDTIEN = 0,
the trigger event NDTIRQ is still set to be “1”. Moreover, the system won’t execute interrupt vector even when the
NDTIEN is set to be “1”. Users need to be cautious with the operation under multi-interrupt situation.

»  Example: NDT interrupt request setup.

BOBCLR FNDTIEN ; Disable NDT interrupt service
BOBSET FNDTIEN ; Enable NDT interrupt service
BOBCLR FNDTIRQ ; Clear NDT interrupt request flag
BOBSET FGIE ; Enable GIE

BOBSET FESD_EN ; Start NDT detection

»  Example: NDT interrupt service routine.

ORG 14H ; Interrupt vector

JMP INT_SERVICE
INT_SERVICE:

BOBTS1 FNDTIRQ ; Check NDTIRQ

JMP EXIT_INT ; NDTIRQ = 0, exit interrupt vector

BOBCLR FNDTIRQ ; Reset NDTIRQ

; NDT interrupt service routine
EXIT_INT:

RETI ; Exit interrupt vector
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6.13 ADC INTERRUPT OPERATION

When the ADC converting successfully, the ADCIRQ will be set to “1” no matter the ADCIEN is enable or disable. If the
ADCIEN and the trigger event ADCIRQ is set to be “1”. As the result, the system will execute the interrupt vector. If

the ADCIEN = 0, the trigger event ADCIRQ is still set to be “1”.

Moreover, the system won’t execute interrupt vector

even when the ADCIEN is set to be “1”. Users need to be cautious with the operation under multi-interrupt situation.

»  Example: ADC interrupt request setup.

BOBCLR

MOV
BOMOV
MOV
BOMOV

BOBSET
BOBCLR
BOBSET

BOBSET

FADCIEN

A, #10110000B
ADM, A
A, #00000000B
ADR, A

FADCIEN
FADCIRQ
FGIE

FADS

»  Example: ADC interrupt service routine.

INT_SERVICE:

EXIT_INT:

ORG
JMP

BOBTS1
JMP

BOBCLR

RETI

15H
INT_SERVICE

FADCIRQ
EXIT_INT

FADCIRQ

; Disable ADC interrupt service

; Enable P4.0 ADC input and ADC function.
; Set ADC converting rate = Fhosc/16

; Enable ADC interrupt service
; Clear ADC interrupt request flag
; Enable GIE

: Start ADC transformation

; Interrupt vector

; Check ADCIRQ
; ADCIRQ = 0, exit interrupt vector

; Reset ADCIRQ
; ADC interrupt service routine

; Exit interrupt vector
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6.14 SIO INTERRUPT OPERATION

When the SIO converting successfully, the SIOIRQ will be set to “1” no matter the SIOIEN is enable or disable. If the
SIOIEN and the trigger event SIOIRQ is set to be “1”. As the result, the system will execute the interrupt vector. If the
SIOIEN = 0, the trigger event SIOIRQ is still set to be “1”. Moreover, the system won’t execute interrupt vector even
when the SIOIEN is set to be “1”. Users need to be cautious with the operation under multi-interrupt situation.

»  Example: SIO interrupt request setup.

BOBSET FSIOIEN ; Enable SIO interrupt service
BOBCLR FSIOIRQ ; Clear SIO interrupt request flag
BOBSET FGIE ; Enable GIE

»  Example: SIO interrupt service routine.

ORG 16H ; Interrupt vector

JMP INT_SERVICE
INT_SERVICE:

BOBTS1 FSIOIRQ ; Check SIOIRQ

JMP EXIT_INT ; SIOIRQ = 0, exit interrupt vector

BOBCLR FSIOIRQ ; Reset SIOIRQ

; SIO interrupt service routine
EXIT_INT:

RETI ; Exit interrupt vector
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6.15 MULTI-INTERRUPT OPERATION

Under certain condition, the software designer uses more than one interrupt requests. Processing multi-interrupt
request requires setting the priority of the interrupt requests. The IRQ flags of interrupts are controlled by the interrupt
event. Nevertheless, the IRQ flag “1” doesn’t mean the system will execute the interrupt vector. In addition, which
means the IRQ flags can be set “1” by the events without enable the interrupt. Once the event occurs, the IRQ will be
logic “1”. The IRQ and its trigger event relationship is as the below table.

Interrupt Name Trigger Event Description
WAKEIRQ Wake-up from power down or green mode.
INTOIRQ P1.6 trigger controlled by PEDGE.
INT1IRQ P5.0 trigger controlled by PEDGE.
UPDETIRQ USB power detection.
USBIRQ USB interrupt.
PO PO level change.
P1 P1 level change.
TOIRQ TOC overflow.
T1IRQ T1C overflow.
TCOIRQ TCOC overflow.
TC1IRQ TC1C overflow.
TC2IRQ TC2C overflow.
NDTIRQ NDT detection.
ADCIRQ ADC converting end.
SIOIRQ SIO transmitter successfully.

For multi-interrupt conditions, two things need to be taking care of. One is that it is multi-vector and each of interrupts
points to unique vector. Two is users have to define the interrupt vector. The following example shows the way to
define the interrupt vector in the program memory.

»  Example: Check the interrupt request under multi-interrupt operation

ORG 8 ; Interrupt vector

JMP ISR_WAKE

JMP ISR_INTO

JMP ISR_INT1

JMP ISR_UPDET

JMP ISR_USB

JMP ISR_PO

JMP ISR_P1

JMP ISR_TO

JMP ISR_T1

JMP ISR_TCO

JMP ISR_TC1

JMP ISR_TC2

JMP ISR_NDT

JMP ISR_ADC

JMP ISR_SIO
ISR_WAKE: ; WAKE-UP interrupt service routine

RETI ; EXit interrupt vector
ISR_INTO: ; INTO interrupt service routine

RETI ; EXit interrupt vector
ISR_INT1: ; INT1 interrupt service routine

RETI ; EXit interrupt vector
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ISR_SIO: ; SIO interrupt service routine

RETI ; Exit interrupt vector
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7 /0 PORT

7.1 OVERVIEW

The micro-controller builds in 18 pin 1/0. Most of the I/O pins are mixed with analog pins and special function pins. The

I/0 shared pin list is as following.

1/0 Pin Shared Pin
Shared Pin Control Condition
Name | Type Name Type
PO0.0 110
PO.1 110
P0.2 110
P0.3 110 PWM20 DC |TC2ENB=1, PWM20UT=1, PWCH20=1
P0.4 110 PWM21 DC |TC2ENB=1, PWM20UT=1, PWCH21=1
P0.5 110
PO0.6 110
P0.7 110
P1.0 110 PWMO01 DC |TCOENB=1, PWMOOUT=1, PWCHO00=1
P1.1 110
P1.2 110
P1.3 110 SDI DC |SENB=1, SIOMX=1
P14 110 SDO DC |SENB=1, SIOMX=1
P15 110 SCK DC |SENB=1
P1.6 110 INTO DC |P16IEN=1
P1.7 110
P2.0 110 AIN[O] AC |ADENB=1,GCHS=1,CHS[4:0]=0000b
P21 1o AVREFH AC |EVHENB =1
AIN[1] AC |ADENB=1,GCHS=1,CHS[4:0]=0001b

P2.2 110 AIN[2] AC |ADENB=1,GCHS=1,CHS[4:0]=0010b
P2.3 1/0 AINJ[3] AC |ADENB=1,GCHS=1,CHS[4:0]=0011b
P2.4 1/0 AIN[4] AC |ADENB=1,GCHS=1,CHS[4:0]=0100b
P2.5 110 AIN[5] AC |ADENB=1,GCHS=1,CHS[4:0]=0101b
P2.6 110 AIN[6] AC |ADENB=1,GCHS=1,CHS[4:0]=0110b
P2.7 1/0 AIN[7] AC |ADENB=1,GCHS=1,CHS[4:0]=0111b
P4.0 1/0 AINJ[8] AC |ADENB=1,GCHS=1,CHS[4:0]=1000b
P41 1o AIN[9] AC |ADENB=1,GCHS=1,CHS[4:0]=1001b

' PWMOO DC |TCOENB=1, PWMOOUT=1, PWCH01=1
P4.2 110 AIN[10] AC |ADENB=1,GCHS=1,CHS[4:0]=1010b
P4.3 110 AIN[11] AC |ADENB=1,GCHS=1,CHS[4:0]=1011b
P4.4 110 AIN[12] AC |ADENB=1,GCHS=1,CHS[4:0]=1100b
P45 1o AIN[13] AC |ADENB=1,GCHS=1,CHS[4:0]=1101b

) PWM11 DC |TC1ENB=1, PWM10OUT=1, PWCH11=1
P46 /0 PWM10 DC |TC1ENB=1, PWM10OUT=1, PWCH10=1

' AIN[14 AC |ADENB=1,GCHS=1,CHS[4:0]=1110b
4.7 /o AIN[15] AC |ADENB=1,GCHS=1,CHS[4:0]=1111b

) T1IN DC |T1G1=1
P5.0 110 INT1 DC P50IEN=1
P5.1 110
P5.2 1/0 XIN AC |High_CLK code option = 12M, 16M
P5.3 110 XOUT AC |High_ CLK code option = 12M, 16M
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P5.4 110 EICK DC |Embedded ICE mode.
P5.5 1/0 EIDA DC |Embedded ICE mode.
P5.6 1/0 RST DC |Reset Pin code option = Reset

* DC: Digital Characteristic. AC: Analog Characteristic. HV: High Voltage Characteristic.

7.2 1/0 PORT MODE

The port direction is programmed by PnM register. When the bit of PnM register is “0”, the pin is input mode. When the
bit of PnM register is “1”, the pin is output mode.

0AOH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
POM PO7M PO6M PO5M P04M PO3M PO2M PO1M POOM
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
OA1H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
P1M P17M P16M P15M P14M P13M P12M P11M P10M
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0A2H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
P2M P27M P26M P25M P24M P23M P22M P21M -
Read/Write R/W R/W R/W R/W R/W R/W R/W -
After reset 0 0 0 0 0 0 0 -
0A3H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
P4AM P47M P46M PA5M P44M P43M P42M P41M P40M
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0A4H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
P5M - P56M P55M P54M P53M P52M P51M P50M
Read/Write - R/W R/W R/W R/W R/W R/W R/W
After reset - 0 0 0 0 0 0 0
Bit[7:0] PnM[7:0]: Pn mode control bits. (n =0, 1, 2, 4 ,5).
0 = Pnis input mode.
1 = Pn is output mode.
%  Note: Users can program them by bit control instructions (BOBSET, BOBCLR).
»  Example: I/O mode selecting
CLR POM ; Set all ports to be input mode.
CLR P1M
CLR P2M
CLR P4AM
CLR P5M
MOV A, #OFFH ; Set all ports to be output mode.
BOMOV POM, A
BOMOV P1M, A
BOMOV P2M, A
SONiX TECHNOLOGY CO,,LTD Page 88 Version 1.8




N \ \ SN8F22E80B Series
& h | l USB 2.0 Full-Speed 8-Bit Flash Micro-Controller

BOMOV P4M, A

BOMOV P5M, A

BOBCLR P1M.O ; Set P1.0 to be input mode.
BOBSET P1M.O ; Set P1.0 to be output mode.

7.31/0 PULL UP REGISTER

The 1/0O pins build in internal pull-up resistors and only support I/O input mode. The port internal pull-up resistor is
programmed by PnUR register. When the bit of PnUR register is “0”, the I/O pin’s pull-up is disabled. When the bit of
PnUR register is “1”, the 1/0 pin’s pull-up is enabled.

0AAH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
POUR PO7R PO6R PO5R PO4R PO3R PO2R PO1R POOR
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
O0ABH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
P1UR P17R P16R P15R P14R P13R P12R P11R P10R
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
OACH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
P2UR P27R P26R P25R P24R P23R P22R P21R -
Read/Write R/W R/W R/W R/W R/W R/W R/W -
After reset 0 0 0 0 0 0 0 -
OADH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
P4UR P47R P46R P45R P44R P43R P42R P41R P40R
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
OAEH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
P5UR - P56R P55R P54R P53R P52R P51R P50R
Read/Write - R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
»  Example: /O Pull-up Register
MOV A, #OFFH ; Enable Port0, 1, 2, 4, 5 Pull-up register,
BOMOV POUR, A ;
BOMOV P1UR, A
BOMOV P2UR, A ;
BOMOV P4UR, A
BOMOV P5UR, A
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7.4 1/0 PORT DATA REGISTER

0OA5H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
PO P07 P06 P05 P04 P03 P02 PO1 P0OO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0A6H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
P1 P17 P16 P15 P14 P13 P12 P11 P10
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0A7H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
P2 P27 P26 P25 P24 P23 P22 P21 P20
Read/Write R/W R/W R/W R/W R/W R/W R/W R
After reset 0 0 0 0 0 0 0 0
0A8H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
P4 P47 P46 P45 P44 P43 P42 P41 P40
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
0A9H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
P5 - P56 P55 P54 P53 P52 P51 P50
Read/Write - R/W R/W R/W R/W R/W R/W R/W
After reset - 0 0 0 0 0 0 0
%  Note: The P12 keeps “1” when external reset enable by code option.
»  Example: Read data from input port.
BOMOV A, PO : Read data from Port 0
BOMOV A, P1 : Read data from Port 1
BOMOV A, P2 : Read data from Port 2
BOMOV A, P4 : Read data from Port 4
BOMOV A, P5 : Read data from Port 5
»  Example: Write data to output port.
MOV A, #OFFH : Write data FFH to all Port.
BOMOV PO, A
BOMOV P1, A
BOMOV P2, A
BOMOV P4, A
BOMOV P5, A
»  Example: Write one bit data to output port.
BOBSET P1.0 ; Set P1.0 and P1.3 to be “1”.
BOBSET P1.3
BOBCLR P1.0 ; Set P1.0 and P1.3 to be “0”".
BOBCLR P1.3
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8 TIMERS
8.1 WATCHDOG TIMER

The watchdog timer (WDT) is a binary up counter designed for monitoring program execution. If the program goes into
the unknown status by noise interference, watchdog timer overflow signal raises and resets MCU. Watchdog timer
clock source is internal low-speed oscillator 32KHz RC type and through programmable pre-scaler controlled by
WDT_CLK code option.

Watchdog timer interval time = 256 * 1/ (Internal Low-Speed oscillator frequency/WDT Pre-scalar) ...sec
= 256 / (32KHz/WDT Pre-scaler) ...sec

Internal low-speed oscillator | WDT pre-scaler Watchdog interval time
Flosc/4 256/(32000/4)=32ms
_ Flosc/8 256/(32000/8)=64ms
Flosc=32KHz Flosc/16 | 256/(32000/16)=128ms
Flosc/32 256/(32000/32)=256ms

The watchdog timer has three operating options controlled “WatchDog” code option.

® Disable: Disable watchdog timer function.

® Enable: Enable watchdog timer function. Watchdog timer actives in normal mode and slow mode. In power down
mode and green mode, the watchdog timer stops.

® Always_On: Enable watchdog timer function. The watchdog timer actives and not stop in power down mode and
green mode.

*  Note: In high noisy environment, the “Always_On” option of watchdog operations is the strongly
recommendation to make the system reset under error situations and re-start again.

Watchdog clear is controlled by WDTR register. Moving Ox5A data into WDTR is to reset watchdog timer.

096H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
WDTR WDTR7 WDTR6 WDTR5 WDTR4 WDTR3 WDTR2 WDTR1 WDTRO
Read/Write W W W W W W W W
After reset 0 0 0 0 0 0 0 0

Example: An operation of watchdog timer is as following. To clear the watchdog timer counter in the top of the
main routine of the program.

Main:
MOV A, #5AH ; Clear the watchdog timer.
BOMOV WDTR, A
éALL SUB1
CALL SUB2
IMP MAIN
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»  Example: Clear watchdog timer by “@RST_WDT” macro of Sonix IDE.

Main:
@RST_WDT ; Clear the watchdog timer.
CALL SUB1
CALL SuUB2
IMP MAIN

Watchdog timer application note is as following.

® Before clearing watchdog timer, check I/O status and check RAM contents can improve system error.

® Don’t clear watchdog timer in interrupt vector and interrupt service routine. That can improve main routine fail.

® Clearing watchdog timer program is only at one part of the program. This way is the best structure to enhance the
watchdog timer function.

»  Example: An operation of watchdog timer is as following. To clear the watchdog timer counter in the top
of the main routine of the program.

Main:
; Check 1/0.
; Check RAM
Err: JMP $ ; /O or RAM error. Program jump here and don’t
; clear watchdog. Wait watchdog timer overflow to reset IC.
Correct: ; I/O and RAM are correct. Clear watchdog timer and
; execute program.
MOV A, #5AH ; Clear the watchdog timer.
BOMOV WDTR, A
CALL SUB1
CALL SUB2
IMP MAIN
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8.2 TO 8-BIT BASIC TIMER

8.2.1 OVERVIEW

The TO timer is an 8-bit binary up timer with basic timer function. The basic timer function supports flag indicator
(TOIRQ bit) and interrupt operation (interrupt vector). The interval time is programmable through TOM, TOC registers.
The TO builds in green mode wake-up function. When TO timer overflow occurs under green mode, the system will be
waked-up to last operating mode.

@  8-bit programmable up counting timer: Generate time-out at specific time intervals based on the selected clock
frequency.

< Interrupt function: TO timer function supports interrupt function. When TO timer occurs overflow, the TOIRQ
actives and the system points program counter to interrupt vector to do interrupt sequence.

@  Green mode function: TO timer keeps running in green mode and wakes up system when TO timer overflows.

TO Rate

(Fcpu/2~Fcpui256)  TOENB Load TOC Value by Program.

l

Epu—» > > TOC 8-Bit Binary Up Counting Counter —>

TOIRQ Interrupt Flag
(TO timer overflow.)

CPUMO,1

8.2.2 TO Timer Operation

TO timer is controlled by TOENB bit. When TOENB=0, TO timer stops. When TOENB=1, TO timer starts to count. TOC
increases “1” by timer clock source. When TO overflow event occurs, TOIRQ flag is set as "1” to indicate overflow and
cleared by program. The overflow condition is TOC count from full scale (OxFF) to zero scale (0x00). TO doesn’t build in
double buffer, so load TOC by program when TO timer overflows to fix the correct interval time. If TO timer interrupt
function is enabled (TOIEN=1), the system will execute interrupt procedure. The interrupt procedure is system program
counter points to interrupt vector (ORG 000FH) and executes interrupt service routine after TO overflow occurrence.
Clear TOIRQ by program is necessary in interrupt procedure. TO timer can works in normal mode, slow mode and
green mode. In green mode, TO keeps counting, set TOIRQ and wakes up system when TO timer overflows.

Clock . |
Source |
0x00 or “n” 0x01 0x02 0x02 0x00 or “n”
ToC by program orn+l >< or n+2 >< or n+2> < OxFE >< OxFF be Pf°9fam>
TOIRQ |

TO timer overflows. TOIRQ set as “1”.
Reload TOC by program.

TOIRQ is cleared by program.
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TO clock source is Fcpu (instruction cycle) through TOrate[2:0] pre-scalar to decide Fcpu/2~Fcpu/256. TO length is 8-bit

(256 steps), and the one count period is each cycle of input clock.

TO Interval Time
Fhosc=16MHz, Fhosc=16MHz,
i) | T e Fcpu=Fhosc/4 Fcpu=Fhosc/16
max. (ms) | Unit (us) | max. (ms) | Unit (us)
000b Fcpu/256 16.384 65.536 256
001b Fcpu/128 8.192 32.768 128
010b Fcpu/64 4.096 16.384 64
011b Fcpu/32 2.048 8 8.192 32
100b Fcpu/16 1.024 4 4.096 16
101b Fcpu/8 0.512 2 2.048 8
110b Fcpu/4 0.256 1 1.024 4
111b Fcpu/2 0.128 0.5 0.512 2

8.2.3 TOM MODE REGISTER

TOM is TO timer mode control register to configure TO operating mode including TO pre-scaler, clock source...These

configurations must be setup completely before enabling TO timer.

0B3H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O

TOM TOENB TOrate2 TOratel TOrateO - - - -
Read/Write R/W R/W R/W R/W - - - -
After reset 0 0 0 0 - - - -

Bit [6:4]

TORATE[2:0]: TO timer clock source select bits.

000 = Fcpu/256, 001 = Fcpu/128, 010 = Fcpu/64, 011 = Fcpu/32, 100 = Fcpu/16, 101 = Fcpu/8, 110 =
Fcpu/4,111 = Fcpu/2.

Bit 7

0 = Disable TO timer.
1 = Enable TO timer.

8.2.4

TOENB: TO counter control bit.

TOC COUNTING REGISTER

TOC is TO 8-bit counter. When TOC overflow occurs, the TOIRQ flag is set as “1” and cleared by program. The TOC
decides TO interval time through below equation to calculate a correct value. It is necessary to write the correct value to
TOC register, and then enable TO timer to make sure the first cycle correct. After one TO overflow occurs, the TOC
register is loaded a correct value by program.

0B4H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

TOC TOC7 TOC6 TOC5 TOC4 TOC3 TOC2 TOC1 TOCO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0

The equation of TOC initial value is as following.

[ TOC initial value = 256 - (TO interrupt interval time * TO clock rate) |

»  Example: TO calculation TOC to obtain 10ms TO interval time. TO clock source is Fcpu = 16MHz/8= 2MHz.
Select TORATE=001 (Fcpu/128).
TO interval time = 10ms. TO clock rate = 16MHz/4/128

TOC initial value = 256 - (TO interval time * input clock)

= 256 - (10ms * 16MHz / 8 / 128)
=256 - (10-2* 16 * 106/ 8/ 128)

= 64
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8.2.5 TO TIMER OPERATION EXAMPLE

® TOTIMER CONFIGURATION:

: Reset TO timer.

MOV A, #0x00 ; Clear TOM register.
BOMOV TOM, A
; Set TO clock source and TO rate.
MOV A, #0nnn0000b
BOMOV TOM, A
; Set TOC register for TO Interval time.
MOV A, #value
BOMOV TOC, A
; Clear TOIRQ
BOBCLR FTOIRQ
; Enable TO timer and interrupt function.
BOBSET FTOIEN ; Enable TO interrupt function.
BOBSET FTOENB ; Enable TO timer.
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8.3T1 16-BIT BASIC TIMER

8.3.1 OVERVIEW

The T1 is a 16-bit binary up timer and event counter. If T1 timer occurs an overflow (from FFFFH to 0000H), it will
continue counting and issue a time-out signal to trigger T1 interrupt to request interrupt service.

@  16-bit programmable up counting timer: Generates interrupts at specific time intervals based on the selected

clock frequency.

@  External event counter: Counts system “events” of external clock signals at the P4.7/T1IN input pin. The trigger
edge is controlled by T1G1, T1GO bits.
@ Input signal plus width measurement: In T1G1 = 1 of event counter mode, the input signal high and low plus
width from T1IN can be measure by T1C_H, T1C_L buffers.

T1 Rate
(Fcpu/2~Fcpu/256) T1CKS

i l

T1G1

|

T1ENB

|

TIC H TiC L

Y3

«—— Read/Write TLCH Register

Fcpu N ”
. . > TiC ’
P4.7 (Schmitter Trigger) > > 16-Bit Binary Up Counting Counter > T1 Time Out
P4.7 (Schmitter Trigger) > CPUMO,1
T1GO
@  T1 purpose control table.
T1 clock . .
T1 purpose T1CKS |T1G1| T1GO Edge Direction
source
16-bit timer Fcpu 0 0 - |-
16-bit event counter 0 |Falling edge.
. P4.7/T1IN 1 0
(P4.7 input frequency measurement) 1 |Rising edge.
) 0 |High pulse width measurement.
P4.7 pulse width measurement P4.7/T1IN 0 1 ]
1 |Low pulse width measurement.

Note: In pulse width measurement mode, the T1CKS must be set as “0” by program.
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8.3.2 T1M MODE REGISTER

T1Mis T1 timer mode control register to configure T1 operating mode including T1 pre-scaler, clock source...These
configurations must be setup completely before enabling T1 timer.

0B5H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TiM T1ENB Tlrate2 Tlratel TlrateO T1CKS T1ARC T1G1 T1GO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Bit O T1GO0: T1GO: T1 trigger direction select bit.

0 = Falling edge trigger (T1G1=0). High pulse width measurement (T1G1=1).
1 = Rising edge trigger (T1G1=0). Low pulse width measurement (T1G1=1).

Bit 1 T1G1: T1 pulse width measurement control bit.
0 = Disable T1 pulse width measurement.
1 = Enable T1 pulse width measurement.

Bit 2 T1ARC: T1 timer clock source select bits.
0 = Disable. T1 would stop counting after TLC_H:T1C_L overflow (OXFFFF to 0x0000) occurs.
1 = Enable. T1 would automatically re-count after TLC_H:T1C_L overflow (OxFFFF to 0x0000) occurs.

Bit 3 T1CKS: T1 timer clock source select bit.
0 = Fcpu.
1 = External clock source from P4.7.

Bit [6:4] T1RATE[2:0]: T1 timer clock source select bits.
000 = Fcpu/256, 001 = Fcpu/128, 010 = Fcpu/64, 011 = Fcpu/32, 100 = Fcpu/16, 101 = Fcpu/8, 110 =
Fcpu/4,111 = Fcpu/2.

Bit 7 T1ENB: T1 counter control bit.
0 = Disable T1 timer.
1 = Enable T1 timer.

8.3.3 T1C COUNTING REGISTER

T1C L and T1C_H are T1 16-bit counter. When T1C overflow occurs, the T1IRQ flag is set as “1” and cleared by
program. The T1C L and T1C_H decide T1 interval time through below equation to calculate a correct value. It is
necessary to write the correct value to T1C register, and then enable T1 timer to make sure the first cycle correct. After
one T1 overflow occurs, the TLC_L and T1C_H register is loaded a correct value by program.

OB6H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
T1C L T1C7 T1C6 T1C5 T1C4 T1C3 T1C2 T1C1 T1CO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
OB7H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
T1C H T1C15 T1C14 T1C135 T1C12 T1C11 T1C10 T1C9 T1C8
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0

The equation of T1C initial value is as following.

| TiC initial value = 256 - (T1 interrupt interval time * T1 clock rate) |

» Example: To set 1ms interval time for T1 interrupt. High clock is 16MHz. Fcpu=Fosc/2. Select
T1RATE=001 (Fcpu/128).
T1 interval time = 1s. T1 clock rate = 16MHz/2/128
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T1C initial value = 65536 - (T1 interval time * input clock)

= 65536 - (1s * 16MHz / 2/ 128)

= 65536- (1* 16 * 106 / 2/ 128)

= 3036
= BDCH

The basic timer table interval time of T1.

T1RATE | T1cLOCK High speeq mode (Fcpu = 16MHz / 2)
Max overflow interval | One step = max/256
000 Fcpu/256 2.097 s 32.00 us
001 Fcpu/128 1.048 s 16.00 us
010 Fcpu/64 524.288 ms 8.00 us
011 Fcpu/32 262.144 ms 4.00 us
100 Fcpu/16 131.072 ms 2.00 us
101 Fcpu/8 65.536 ms 1.00 us
110 Fcpu/4 32.768 ms 0.50 us
111 Fcpu/2 16.384 ms 0.25 us

8.3.4 T1TIMER OPERATION EXAMPLE

@  Stop T1ltimer counting, disable T1 interrupt function and clear T1 interrupt request flag.

: Reset T1 timer.

BOBCLR FT1ENB ; T1 timer.
BOBCLR FT1IEN ; T1 interrupt function is disabled.
BOBCLR FT1IRQ ; T1 interrupt request flag is cleared.
; Set T1 timer rate.
MOV A, #0xxx0000b :The T1 rate control bits exist in bit4~bit6 of T1IM. The
; value is from x000xxxxb~x111xxxxb.
BOMOV TiM, A ; T1 timer is disabled.
; Set Tl interrupt interval time.
MOV A #0OE5H
BOMOV TIC L, A ; Set TIC_L value.
MOV A #48H
BOMOV T1C H, A ; Set TIC_H value.
; Set T1 timer function mode.
BOBSET FT1IEN ; Enable T1 interrupt function.
; Enable T1 timer
BOBSET FT1ENB ; Enable T1 timer.

8.3.5 T1IN INPUT FREQUENCY MEASUREMENT

T1 is a 16-bit timer/counter. The 16-bit counter buffer (TLC_H, T1C_L) is long enough to measure high-speed signal’s
frequency from P4.7/T1IN input. For P4.7/T1IN input frequency measurement, T1 counts input signal clock number and
using other timer (TO to TCO) to generate one period time to be the basic time to calculate input frequency. When the
period time is time out, disable T1 counter and the number of P4.7/T1IN input clock is stored in TIC_H and T1C_L
registers. Using the basic time to divide by input clock number and get the one cycle period. The reciprocal of one
cycle period is the input signal’s frequency from P4.7/T1IN (F=1/T). If the T1C_H, T1C_L = 0x1388 =5000 and the
basic time 50m sec, the input frequency is 100KHz. Input frequency = 1/ (50ms/5000) = 100KHz

@  T1clock source is event counter input (P4.7/T1IN).
@  TOor TCO clock source is internal clock (Fcpu).
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A

P4.7/T1IN Input Signal | | | | | | | | | | | |«

1000 counts
1000 counts g

Basic Time from other Timer
(TO or TCO) and start to count < 200m sec >
from P4.7/T1IN rising edge.

Basic Time from other Timer
(TO or TCO) and start to count < 200m sec
from P4.7/T1IN falling edge.

® Example: Using TO to measure P4.7/T1IN input 100KHz frequency. The basic time generated by TO is
12.5ms. Fhosc=16MHz, Fcpu=Fhosc/4=4MHz. The P4.7/T1IN input trigger is rising edge.

; Set T1 mode..
CLR TiM ; Clear T1M register.
MOV A, #0
BOMOV TI1C L, A
BOMOV TIC H A ; Clear T1 counter buffers.
BOBSET FT1CKS ; Set T1 to event counter mode.
BOBSET FT1GO ; Event counter input trigger is rising edge.
BOBCLR FT1IRQ ; Clear T1 interrupt request flag.
; Set TO mode..
BOBCLR TOENB ; Disable TO timer.
BOBCLR TOIEN ; Disable TO interrupt function.
BOBCLR TOIRQ ; Disable TO interrupt request flag.
MOV A, #00h
BOMOV TOM, A ; Set TO rate is Fcpu/256.
MOV A, #61
BOMOV TOC, A ; Set TO interval time to 12.5ms.

; Start to measure P4.7/T1IN input frequency.

; Chk_1st_Eg:
BOBTS1 PO.1 ; Check PO0.1 rising edge.
JMP Chk_1st_Eg
BOBSET FT1ENB ; Enable T1 counter.
BOBSET FTOENB ; Enable TO timer.
Chk_50ms
BOBTS1 FTOIRQ ; Check TO 12.5ms. time out.
JMP Chk_50ms
BOBCLR FT1ENB ; Stop T1 counter.
Cal_Freq: ; Calculate P4.7/T1IN input frequency from T1C_H, T1C L.
BOMOV A, T1C H ; TIC_H=13H

BOMOV A T1C L . T1C_L = 88H
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8.3.6 TI1IN INPUT PULSE WIDTH MEASUREMENT

T1 builds in pulse width measurement function and controlled by T1G1 bit of T1M register. T1G1=0, disable pulse
width measurement. T1G1=1, enable pulse width measurement. The input signal is from P4.7/T1IN or RFC. Please
refer to “RFC DESCRIPTION” for RFC pulse width measurement. The section explains the pulse width measurement
of P4.7/T1IN. The pulse includes high and low directions and controlled by T1GO bit of T1M register. The time base of
pulse width measurement is T1 and the clock source is from internal clock (Fcpu). T1IRQ=0, T1 starts to count when
trigger occurrence. T1IRQ=1, T1 stops counting and T1C_H, T1C L data are latched. T1IRQ is cleared by program
and T1 starts to count automatically. The T1IC_H, T1C_L dumped by program is during T1 stopping period, or T1 is
counting and the T1C data is counted.

@ T1G1, T1G0=10: Enable high pulse width measurement. Rising edge trigger starts T1 to count and falling
edge stops T1 counting.

Pulse Input

T1 Counting

v v A
Rising Edge Trigger Falling Edge Trigger T1 Rising Edge Trigger
T1 Start Stop, and T1IRQ=1 T1 Start

& T1G1, T1GO0=11: Enable low pulse width measurement. Falling edge trigger starts T1 to count and rising
edge stops T1 counting.

Pulse Input

T1 Counting

v v ~
Falling Edge Trigger Rising Edge Trigger T1 Falling Edge Trigger
T1 Start Stop, and T1IRQ=1 T1 Start

® Example: Measure 50Hz clock input pulse width from P4.7/T1IN pin using T1 pulse width measurement.
Fhosc=16MHz, Fcpu=Fhosc/4=4MHz. T1 base time is 64us. Pulse width is T1C buffer * T1 base time.
T1C H, T1C_L =0x0027=39, Pulse width = 64us *39 = 2.496ms. (Pulse width of 50Hz signal is 10ms)
High Pulse Width Measurement.

; Set T1 mode.
CLR TiM ; Clear T1M register and set T1 rate is Fcpu/256.
MOV A, #0
BOMOV T1C_L, A
BOMOV T1C H, A ; Clear T1 counter buffers.
BOBSET FT1G1 ; Enable pulse width measurement.
BOBCLR FT1GO ; Select high pulse direction.
BOBCLR FT1IRQ
BOBSET FT1ENB ; Enable T1 timer.
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;Check T1IRQ=1.

Chk_T1IRQ:

;Measure next high pulse.

Low Pulse Width Measurement.
; Set T1 mode.

BOBTS1
JMP
BOMOV

BOMOV

MOV
BOMOV
BOMOV
BOCLR
JMP

CLR
MOV
BOMOV
BOMOV

BOBSET
BOBSET
BOBCLR
BOBSET

;Check T1IRQ=1.

Chk_T1IRQ:

;Measure next high pulse.

BOBTS1
JMP
BOMOV

BOMOV

MOV
BOMOV
BOMOV
BOCLR
JMP

FT1IRQ
Chk_T1IRQ
A, TI1C_H

A TIC_L

A, #0

T1C L, A
TIC_H, A
T1IRQ
Chk_T1IRQ

TiM
A, #0

TIC L A
TIC_H, A

FT1G1
FT1GO
FT1IRQ
FT1ENB

FT1IRQ
Chk_T1IRQ
A, TI1C_H

A TiC_L

A, #0
T1C_L, A
TIC_H, A
T1IRQ
Chk_T1IRQ

- Check T1IRQ=1.

: Pulse width measure end.

: T1C_H=00h
- T1C_L=27h

; Clear T1 counter buffers.
; Clear T1 interrupt request flag and start T1 again.

; Clear T1M register and set T1 rate is Fcpu/256.

: Clear T1 counter buffers.

; Enable pulse width measurement.
; Select low pulse direction.

; Enable T1 timer.

; Check T1IRQ=1.

: Pulse width measure end.

: TIC_H=00h
' T1C_L=27h

; Clear T1 counter buffers.
; Clear T1 interrupt request flag and start T1 again.

SONiX TECHNOLOGY CO., LTD

Page 101

Version 1.9



N \ \ SN8F22E80B Series
& h | l USB 2.0 Full-Speed 8-Bit Flash Micro-Controller

8.4TCO 8-BIT TIMER/COUNTER

8.4.1 OVERVIEW

The TCO timer is an 8-bit binary up timer and supports normal 8-bit timer, event counter, PWM, One Pulse PWM
function. If TCO timer occurs an overflow (from OxFF to 0x00), it will continue counting and issue a time-out signal to
indicate TCO time out event. TCO builds in event counter function. The clock source is from external input pin (P1.2)
controlled by TCOCKS. When TCOCKS = 1, TCO clock source is selected from P4.0 and enables event counter function.
TCO builds in PWM function. The PWM is duty/cycle programmable controlled by TCOR and TCOD registers. It is easy
to implement buzzer, PWM and IR carry signal. TCO PWM function also supports one pulse output signal that means
only output one cycle PWM signal, not continuous. The enabled PWM channel exchanges from GPIO to PWM output.
TCO counter supports auto-reload function which always enabled. When TCO timer overflow occurs, the TCOC will be
reloaded from TCOR automatically. The auto-reload function is always enabled. The TCO doesn’t build in green mode
wake-up function.

The main purposes of the TCO timer are as following.

&  8-bit programmable up counting timer: Generate time-out at specific time intervals based on the selected clock
frequency.

& Interrupt function: TCO timer function supports interrupt function. When TCO timer occurs overflow, the TCOIRQ

actives and the system points program counter to interrupt vector to do interrupt sequence.

Event Counter: The event counter function counts the external clock counts.

Duty/cycle programmable PWM: The PWM is duty/cycle programmable controlled by TCOR and TCOD

registers.

@  One Pulse PWM: The one pulse PWM is controlled by TCOPO bit. When TCOPO=0, TCO is normal timer mode or

PWM function mode. When TCOPO=1, TCO is one pulse PWM function. When PWMOUT=1, one pulse PWM

outputs and the TCOIRQ is issued as TCO counter overflow, PWMOUT bit is cleared automatically, the PWM

channel returns to GPIO mode and last status.

2-Channel PWM output: The 2-channel PWM output are controlled by PWCH][1:0] bits.

Green mode function: All TCO functions (timer, PWM, event counter, auto-reload, extension) keeps running in

green mode, but no wake-up function. Timer IRQ actives as any IRQ trigger occurrence, e.g. timer overflow...

9 9

q 9

TCOR Reload Data

< > Up Counting TCO Time Out
—
Buffer [ [~ Reload Value TCOIRQ
[Compare]
TCOENB/PWMOOU
T/PWCHO0

CLKMD
oo TCOPO PWMOUT
TCO 8-Bit Binary Up P4.1 GPIO —>» P4.1 Pin

=2 TCO Time Out
Fhosc =4
=8 TCOCKS  TCOENB
Flosc +16
(ILRC) +32
Counting Counter

s PWI v
PWM TCOENB/PWMOOU
CPUMO,L R Cycle Control T/PWCH01
TCO Time Out : : >
[Compare] P1.0 GPIO
TCOD N\
e X[ =)

TCO Rate

P1.0 Pin

SONiX TECHNOLOGY CO.,LTD Page 102 Version 1.9



N \ \ SN8F22E80B Series
& h | l USB 2.0 Full-Speed 8-Bit Flash Micro-Controller

8.4.2 TCOTIMER OPERATION

TCO timer is controlled by TCOENB bit. When TCOENB=0, TCO timer stops. When TCOENB=1, TCO timer starts to
count. Before enabling TCO timer, setup TCO timer’s configurations to select timer function modes, e.g. basic timer,
interrupt function... TCOC increases “1” by timer clock source. When TCO overflow event occurs, TCOIRQ flag is set
as "1” to indicate overflow and cleared by program. The overflow condition is TCOC count from full scale (OxFF) to zero
scale (0x00). In difference function modes, TCOC value relates to operation. If TCOC value changing effects operation,
the transition of operations would make timer function error. So TCO builds in double buffer to avoid these situations
happen. The double buffer concept is to flash TCOC during TCO counting, to set the new value to TCOR (reload buffer),
and the new value will be loaded from TCOR to TCOC after TCO overflow occurrence automatically. In the next cycle,
the TCO timer runs under new conditions, and no any transitions occur. The auto-reload function is no any control
interface and always actives as TCO enables. If TCO timer interrupt function is enabled (TCOIEN=1), the system will
execute interrupt procedure. The interrupt procedure is system program counter points to interrupt vector (ORG 0011H)
and executes interrupt service routine after TCO overflow occurrence. Clear TCOIRQ by program is necessary in
interrupt procedure. TCO timer can works in normal mode, slow mode and green mode. Under green mode, TCO keep
counting, set TCOIRQ and outputs PWM, can’t wake-up system.

Clock |
Source |
TCOC 0x00 0x01 0x02 0x03 OxFE OxFF TCOR
or TCOR "'
TCOIRQ |

TCO timer overflows. TCOIRQ set as “1”.
Reload TCOC from TCOR automatically.

TCOIRQ is cleared by program.

TCO provides different clock sources to implement different applications and configurations. TCO clock source includes
Fcpu (instruction cycle), Fhosc (high speed oscillator) and external input pin (P1.2) controlled by TCOCKSJ[1:0] bits.
TCOCKSO bit selects the clock source is from Fcpu or Fhosc. If TCOCKS0=0, TCO clock source is Fcpu through
TCOrate[2:0] pre-scalar to decide Fcpu/l~Fcpu/128. If TCOCKS0=1, TCO clock source is Fhosc through TCOrate[2:0]
pre-scalar to decide Fhosc/1~Fhosc/128. TCOCKS1 bit controls the clock source is external input pin or controlled by
TCOCKSO bit. If TCOCKS1=0, TCO clock source is selected by TCOCKSO bit. If TCOCKS1=1, TCO clock source is
external input pin that means to enable event counter function. TCOrate[2:0] pre-scalar is unless when TCOCKS1=1
conditions. TCO length is 8-bit (256 steps), and the one count period is each cycle of input clock.

TCO Interval Time
Fhosc=16MHz, Fhosc=4MHz,
TCOCKSO [ TCOrate[2:0] |TCO Clock Fcpu=Fhosc/4 Fcpu=Fhosc/4
max. (ms) | Unit (us) | max. (ms) | Unit (us)
0 000b Fcpu/128 8.192 32 32.768 128
0 001b Fcpu/64 4.096 16 16.384 64
0 010b Fcpu/32 2.048 8 8.192 32
0 011b Fcpu/16 1.024 4 4.096 16
0 100b Fcpu/8 0.512 2 2.048 8
0 101b Fcpu/d 0.256 1 1.024 4
0 110b Fcpu/2 0.128 0.5 0.512 2
0 111b Fcpu/l 0.064 0.25 0.256 1
1 000b Fhosc/128 2.048 8 8.192 32
1 001b Fhosc/64 1.024 4 4.096 16
1 010b Fhosc/32 0.512 2 2.048 8
1 011b Fhosc/16 0.256 1 1.024 4
1 100b Fhosc/8 0.128 0.5 0.512 2
1 101b Fhosc/4 0.064 0.25 0.256 1
1 110b Fhosc/2 0.032 0.125 0.128 0.5
1 111b Fhosc/1 0.016 0.0625 0.064 0.25
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8.4.3 TCOM MODE REGISTER

TCOM is TCO timer mode control register to configure TCO operating mode including TCO pre-scalar, clock source,
PWM function...These configurations must be setup completely before enabling TCO timer.

0B8H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TCOM TCOENB | TCOrate2 | TCOratel | TCOrateO | TCOCKS1 | TCOCKSO TCOPO | PWMOOUT

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Bit 0 PWMOOUT: PWM output control bit.

0 = Disable PWM output function, and P4.1 & P1.0 (controlled by PWCH]J[1:0] bits) are GPIO mode.

1 = Enable PWM output function, and P4.1 & P1.0 (controlled by PWCH]J1:0] bits) output PWM signal.
Bit 1 TCOPO: TCO pulse output function control bit.

0 = Disable TCO pulse output function.

1 = Enable TCO pulse output function.
Bit 2 TCOCKSO: TCO clock source select bit.

0 = Fcpu.

1 = Fhosc.
Bit 3 TCOCKSL1: TCO clock source select bit.

0 = Internal clock (Fcpu and Fhosc controlled by TCOCKSO bit).

1 = External input pin (P1.2) and enable event counter function. TCOrate[2:0] bits are useless.
Bit [6:4] TCORATE[2:0]: TCO timer clock source select bits.

TCOCKS0=0 -> 000 = Fcpu/128, 001 = Fcpu/64, 010 = Fcpu/32, 011 = Fcpu/16, 100 = Fcpu/8, 101 = Fcpu/4,

110 = Fcpu/2,111 = Fcpu/l.
TCOCKSO0=1 -> 000 = Fhosc/128, 001 = Fhosc/64, 010 = Fhosc/32, 011 = Fhosc/16, 100 = Fhosc/8,
101 = Fhosc/4, 110 = Fhosc/2,111 = Fhosc/1.

Bit 7 TCOENB: TCO timer control bit.

0 = Disable TCO timer.

1 = Enable TCO timer.
8.44 TCOC COUNTING REGISTER

TCOC is TCO 8-bit counter. When TCOC overflow occurs, the TCOIRQ flag is set as “1” and cleared by program. The
TCOC decides TCO interval time through below equation to calculate a correct value. It is necessary to write the correct
value to TCOC register and TCOR register first time, and then enable TCO timer to make sure the fist cycle correct.
After one TCO overflow occurs, the TCOC register is loaded a correct value from TCOR register automatically, not

program.
0B9H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TCOC TCOC7 TCOC6 TCOC5 TCO0C4 TCOC3 TCO0C2 TCOC1 TCOCO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
The equation of TCOC initial value is as following.
| TCOC initial value = 256 - (TCO interrupt interval time * TCO clock rate) |
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8.45 TCOR AUTO-RELOAD REGISTER

TCO timer builds in auto-reload function, and TCOR register stores reload data. When TCOC overflow occurs, TCOC
register is loaded data from TCOR register automatically. Under TCO timer counting status, to modify TCO interval time
is to modify TCOR register, not TCOC register. New TCOC data of TCO interval time will be updated after TCO timer
overflow occurrence, TCOR loads new value to TCOC register. But at the first time to setup TCOM, TCOC and TCOR
must be set the same value before enabling TCO timer. TCO is double buffer design. If new TCOR value is set by
program, the new value is stored in 1% buffer. Until TCO overflow occurs, the new value moves to real TCOR buffer.
This way can avoid any transitional condition to affect the correctness of TCO interval time and PWM output signal.

OBAH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O

TCOR TCOR7 TCOR6 TCOR5 TCOR4 TCOR3 TCOR2 TCOR1 TCORO
Read/Write W W W W W W W W
After reset 0 0 0 0 0 0 0 0

The equation of TCOR initial value is as following.

| TCOR initial value = 256 - (TCO interrupt interval time * TCO clock rate) |

@  Example: To calculation TCOC and TCOR value to obtain 100us TCO interval time. TCO clock source is
Fhosc = 16MHz. Select TCORATE = 011 (Fosc/16).
TCO interval time = 100us. TCO clock rate = 16MHz/16

TCOC/TCOR initial value = 256 - (TCO interval time * input clock)
= 256 - (100us * 16MHz / 16)
=256 - (100 * 10-6 * 16 * 106/ 16)
=9CH

8.4.6 TCOD PWM DUTY REGISTER

TCOD register’s purpose is to decide PWM duty. In PWM mode, TCOR controls PWM’s cycle, and TCOD controls the
duty of PWM. The operation is base on timer counter value. When TCOC = TCOD, the PWM high duty finished and
exchange to low level. It is easy to configure TCOD to choose the right PWM’s duty for application.

OBBH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O

TCOD TCOD7 TCODG6 TCOD5 TCOD4 TCOD3 TCOD2 TCOD1 TCODO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After Reset 0 0 0 0 0 0 0 0

The equation of TCOD initial value is as following.

| TCOD initial value = TCOR + (PWM high pulse width period / TCO clock rate) |

@  Example: To calculate TCOD value to obtain 1/3 duty PWM signal. The TCO clock source is Fhosc = 16MHz.
Select TCORATE=000 (Fosc/128).
TCOR = 9CH. TCO interval time = 800us. So the PWM cycle is 1.25KHz. In 1/3 duty condition, the high pulse
width is about 267us.

TCOD initial value = 9CH + (PWM high pulse width period / TCO clock rate)
= 9CH + (267us * 16MHz / 128)
=9CH + 21H
= BDH
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8.4.7 TCO EVENT COUNTER

TCO event counter is set the TCO clock source from external input pin (P1.2). When TCOCKS1=1, TCO clock source is
switch to external input pin (P1.2). TCO event counter trigger direction is falling edge. When one falling edge occurs,
TCOC will up one count. When TCOC counts from OxFF to 0x00, TCO triggers overflow event. The external event
counter input pin’s wake-up function of GPIO mode is disabled when TCO event counter function enabled to avoid
event counter signal trigger system wake-up and not keep in power saving mode. The external event counter input
pin’s external interrupt function is also disabled when TCO event counter function enabled, and the P12IRQ bit keeps
“0” status. The event counter usually is used to measure external continuous signal rate, e.g. continuous pulse, R/C
type oscillating signal...These signal phase don’t synchronize with MCU’s main clock. Use TCO event to measure it
and calculate the signal rate in program for different applications.

External Input Signel | l l
Y Y Y Y Y

TCOIRQ

TCO timer overflows. TCOIRQ set as “1”. /
Reload TCOC from TCOR automatically.

TCOIRQ is cleared by program.

8.4.8 PULSE WIDTH MODULATION (PWM)

The PWM is duty/cycle programmable design to offer various PWM signals. When TCO timer enables before,
PWMOOUT bit sets as “1” (enable PWM output), and select PWM output pin (PWCHJ[1:0]), the PWM output pin (P4.1,
P1.0) outputs PWM signal. When TCOENB = 0 or PWMOOUT = 0, the PWM channel returns to GPIO mode and last
status. One cycle of PWM signal is high pulse first, and then low pulse outputs. TCOR register controls the cycle of
PWM, and TCOD decides the duty (high pulse width length) of PWM. TCOC initial value is TCOR reloaded when TCO
timer enables and TCO timer overflows. When TCOC count is equal to TCOD, the PWM high pulse finishes and
exchanges to low level. When TCO overflows (TCOC counts from OxFF to 0x00), one complete PWM cycle finishes.
The PWM exchanges to high level for next cycle. The PWM is auto-reload design to load TCOC from TCOR
automatically when TCO overflows and the end of PWM’s cycle, to keeps PWM continuity. If modify the PWM
duty/cycle by program as PWM outputting, the new cycle occurs at next cycle when TCOC loaded from TCOR. The
PWM channels selected by PWCH[1:0] bits. PWMO00, PWMO01 output pin is P4.1, P1.0. The PWMO00, PWMO1 output
pins are shared with GPIO pin controlled by PWCH][1:0] bits.

Enable TCO and PWM. TCOC = TCOD TCOC pverflows from OxFF to 0x00.

TCOC is loaded from TCOR. PWM = b | TCOC is loaded from TCOR.

PWM outputs high status. exchanges to low status. PWM exchanges to high status.

PWM Output
P One complete cycle of PWM. wle Next cycle. -
Y PR »

The resolution of PWM is decided by TCOR. TCOR range is from 0x00~0xFF. If TCOR = 0x00, PWM’s resolution is
1/256. If TCOR = 0x80, PWM’s resolution is 1/128. TCOD controls the high pulse width of PWM for PWM’s duty. When
TCOC = TCOD, PWM output exchanges to low status. TCOD must be greater than TCOR, or the PWM signal keeps low
status. When PWM outputs, TCOIRQ still actives as TCO overflows, and TCO interrupt function actives as TCOIEN = 1.
But strongly recommend be careful to use PWM and TCO timer together, and make sure both functions work well.

The PWM output pin is shared with GPIO and switch to output PWM signal as PWMOOUT=1 automatically. If
PWMOOUT bit is cleared to disable PWM, the output pin exchanges to last GPIO mode automatically. It easily to
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implement carry signal on/off operation, not to control TCOENB bit.

e i | | | L]

» <

\ 4

PWMOOUT=0. PWMOOUT 1. The pin exchanges to output PWMOOUT 0. The pin exchanges PWMOOUT=1.
mode and outputs PWM signal automatically. . to last GPIO mode (output low).

L] L]

PWMOOUT=0. ~ . pwMOOUT=1. The pin exchanges to output  PWMOOUT=0. The pin exchanges PWMOOUT=1.
mode and outputs PWM signal automatically. | to last GPIO mode (output high).

s Il I
High impendence (floating)

» <

v

\

i
<

\ 4

- PWMOOUT:O- PWMOOUT 1. The pin exchanges to output PWMOOUT=0. The pin exchanges PWMOOUT=1.
mode and outputs PWM signal automatically.  to last GPIO mode (input).
C4H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PWCH - - PWCHO01 | PWCHOO0
Read/Write - - R/W R/W
After Reset - - 0 0

Bit 1 PWCHO01: PWM11 control bit.
0 = P1.0 pin GPIO mode.
1 =PWM11 output.

Bit 0 PWCHO00: PWM10 control bit.
0 = P4.1 pin GPIO mode.
1 = PWM10 output.

8.4.9 One Pulse PWM

When TCOPO = 0, TCO is normal timer mode or PWM function mode. When TCOPO =1 and PWMOOUT=1, TCO will
output one pulse PWM function. When one pulse PWM output signal finishes, the PWM channel exchanges from GPIO
to PWM output. When one pulse PWM output finishes, PWMOOUT bit is cleared automatically, the PWM channel
returns to GPIO mode and last status. TCOIRQ is issued as TCO counter overflow. To output next pulse is to set
PWMOOUT bit by program again.

One Pulse
PWM Output —— 1 !
< > < - > < - >« »
PWMOOUT=0. ; TCOPO=1 and PWMOOUT=1. The pin PWMOOUT=0 automatically. PWMOOUT=1.
exchanges to output mode and outputs one The pin exchanges to last
pulse PWM signal automatically. GPIO mode (output low).
One Pulse '
PWM Output !
d - » » »
Y LY L) R L)
PWMOOUT=0. | TCOPO=1 and PWMOOUT=1. The pin PWMOOUT=0 automatically. PWMOOUT=1.
exchanges to output mode and outputs one  The pin exchanges to last
pulse PWM signal automatically. GPIO mode (output high).
One Pulse £L : Iy
PWM Outout L High impendence (floating) J_,.-'
P (F s ]
< > < > < > < »
PWMOOUT=0. , TCOPO=1 and PWMOOUT=1. The pin PWMOOUT=0 automatically. PWMOOUT=1.
exchanges to output mode and outputs one ' The pin exchanges to last
pulse PWM signal automatically. GPIO mode (input).
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8.4.10 TCO TIMER OPERATION EXAMPLE

® TCO TIMER CONFIGURATION:

: Reset TCO timer.

CLR TCOM ; Clear TCOM register.
; Set TCO clock source and TCO rate.
MOV A, #0nnnn000b
BOMOV TCOM, A
; Set TCOC and TCOR register for TCO Interval time.
MOV A, #value ; TCOC must be equal to TCOR.
BOMOV TCOC, A
BOMOV TCOR, A
; Clear TCOIRQ
BOBCLR FTCOIRQ
; Enable TCO timer and interrupt function.
BOBSET FTCOIEN ; Enable TCO interrupt function.
BOBSET FTCOENB ; Enable TCO timer.

® TCOEVENT COUNTER CONFIGURATION:

; Reset TCO timer.

CLR TCOM ; Clear TCOM register.
; Enable TCO event counter.
BOBSET FTCOCKS1 ; Set TCO clock source from external input pin (P4.0).
; Set TCOC and TCOR register for TCO Interval time.
MOV A, #value ; TCOC must be equal to TCOR.
BOMOV TCOC, A
BOMOV TCOR, A
; Clear TCOIRQ
BOBCLR FTCOIRQ
; Enable TCO timer and interrupt function.
BOBSET FTCOIEN ; Enable TCO interrupt function.
BOBSET FTCOENB ; Enable TCO timer.
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® TCOPWM CONFIGURATION:

: Reset TCO timer.

CLR TCOM

; Set TCO clock source and TCO rate.
MOV A, #0nnnn000b
BOMOV TCOM, A

; Set TCOC and TCOR register for PWM cycle.
MOV A, #valuel
BOMOV TCOC, A
BOMOV TCOR, A

; Set TCOD register for PWM duty.
MOV A, #value2
BOMOV TCOD, A

; Set PWM channel.
MOV A, #000000nnb
BOMOV PWCH, A

; Enable PWM and TCO timer.
BOBSET FTCOENB
BOBSET FPWMOOUT

® TCO One Pulse PWM CONFIGURATION:

: Reset TCO timer.

CLR TCOM

; Set TCO clock source and TCO rate.
MOV A, #0nnnn000b
BOMOV TCOM, A

; Set TCOC and TCOR register for PWM cycle.
MOV A, #valuel
BOMOV TCOC, A
BOMOV TCOR, A

; Set TCOD register for PWM duty.
MOV A, #value2
BOMOV TCOD, A

; Set PWM channel.
MOV A, #000000nnb
BOMOV PWCH, A

: Enable PWM and TCO timer.
BOBSET FTCOPO
BOBSET FTCOENB
BOBSET FPWMOOUT

; Clear TCOM register.

; TCOC must be equal to TCOR.

; TCOD must be greater than TCOR.

: Enable TCO timer.

; Enable PWM.

; Clear TCOM register.

; TCOC must be equal to TCOR.

; TCOD must be greater than TCOR.

: Enable One Pulse.
: Enable TCO timer.

; Enable PWM.
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8.5 TC1 8-BIT TIMER/COUNTER

8.5.1 OVERVIEW

The TC1 timer is an 8-bit binary up timer with basic timer, PWM, One Pulse PWM and PWM with extension functions.
The basic timer function supports flag indicator (TC1IRQ bit) and interrupt operation (interrupt vector). The interval time
is programmable through TC1M, TC1C, TC1R registers. The event counter is changing TC1 clock source from system
clock (Fhosc/Fcpu) to external clock like signal (e.g. continuous pulse, R/C type oscillating signal...). TC1 becomes a
counter to count external clock number to implement measure application. TC1 also builds in duty/cycle programmable
PWM. The PWM cycle and resolution are controlled by TC1 timer clock rate, TC1R and TC1D registers. So the PWM
with good flexibility to implement IR carry signal, motor control and brightness adjuster.... TC1 PWM function also
supports one pulse output signal that means only output one cycle PWM signal, not continuous. The PWM has two
programmable channels shared with GPIO pins and controlled by PWCH[3:2] bit. The output operation must be
through enabled each bit/channel of PWCH[3:2] bits. The enabled PWM channel exchanges from GPIO to PWM output.
When the PWCH[3:2] bits disables, the PWM channel returns to GPIO mode and last status. And support the
2-channel PWM output with extension selected by PWES[1:0] bits. TC1 counter supports auto-reload function which
always enabled. When TC1 timer overflow occurs, the TC1C will be reloaded from TC1R automatically. The
auto-reload function is always enabled. The TC1 doesn’t build in green mode wake-up function.

The main purposes of the TC1 timer are as following.

&  8-bit programmable up counting timer: Generate time-out at specific time intervals based on the selected clock
frequency.

@ Interrupt function: TC1 timer function supports interrupt function. When TC1 timer occurs overflow, the TC1IRQ
actives and the system points program counter to interrupt vector to do interrupt sequence.

@  Duty/cycle programmable PWM: The PWM is duty/cycle programmable controlled by TC1R and TC1D
registers.

@  One Pulse PWM: The one pulse PWM is controlled by TC1PO bit. When TC1PO=0, TC1 is normal timer mode or

PWM function mode. When TC1PO=1, TC1 is one pulse PWM function. When PWMOUT=1, one pulse PWM

outputs and the TC1IRQ is issued as TC1 counter overflow, PWMOUT bit is cleared automatically, the PWM

channel returns to GPIO mode and last status. One Pulse PWM doesn’t support extension function

(PWES[1:0]).

2-Channel PWM output: The 2-channel PWM output are controlled by PWCH][3:2] bits.

PWM output with Extension function: The PWM with extension function is four phases design. The PWM

output with extension function are controlled by PWES[1:0] bits.

@  Green mode function: All TC1 functions (timer, PWM, event counter, auto-reload, extension) keeps running in
green mode, but no wake-up function. Timer IRQ actives as any IRQ trigger occurrence, e.g. timer overflow...

q 9

TC1R Reload Data

Buffer

TC1 8-Bit Binary Up

Counting Counter s
PWM PWM PWM Extension L
R Cycle Control Processor

TC1 Time out

Up Counting TC1 Time Out
Reload Value TC1IRQ

TC1ENB/PWM10OUT/
PWCH10

TC1 Rate
TC1CKSO

TC1 Time Out

Fepu P4.6 Pin

TC1ENB P4.6 GPIO

Fhosc

5

TC1PO PWMOUT TC1C  pPWES[1:0]

CPUMO,1
TC1 Time Out

TC1ENB/PWM1OUT/P
4-Phase counter WCH11
Time out

Up Counting Reload
PWESJ[1:0] Value

TC1D v
< X

P4.5 Pin

P4.5 GPIO
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8.5.2 TC1 TIMER OPERATION

TC1 timer is controlled by TC1ENB bit. When TC1ENB=0, TC1 timer stops. When TC1ENB=1, TC1 timer starts to
count. Before enabling TC1 timer, setup TC1 timer’s configurations to select timer function modes, e.g. basic timer,
interrupt function... TC1C increases “1” by timer clock source. When TC1 overflow event occurs, TC1IRQ flag is set
as "1” to indicate overflow and cleared by program. The overflow condition is TC1C count from full scale (OxFF) to zero
scale (0x00). In difference function modes, TC1C value relates to operation. If TC1C value changing effects operation,
the transition of operations would make timer function error. So TC1 builds in double buffer to avoid these situations
happen. The double buffer concept is to flash TC1C during TC1 counting, to set the new value to TC1R (reload buffer),
and the new value will be loaded from TC1R to TC1C after TC1 overflow occurrence automatically. In the next cycle,
the TC1 timer runs under new conditions, and no any transitions occur. The auto-reload function is no any control
interface and always actives as TC1 enables. If TC1 timer interrupt function is enabled (TC1IEN=1), the system will
execute interrupt procedure. The interrupt procedure is system program counter points to interrupt vector (ORG 0012H)
and executes interrupt service routine after TC1 overflow occurrence. Clear TC1IRQ by program is necessary in
interrupt procedure. TC1 timer can works in normal mode, slow mode and green mode. Under green mode, TC1 keep
counting, set TC1IRQ and outputs PWM, can’t wake-up system.

Clock |
Source |

TC1C 0x00 0x01 0x02 0x03 OxFE OxFF TCI1R
or TC1R

TC1IRQ

Reload TC1C from TC1R automatically.

TCA1 timer overflows. TC1IRQ set as “1”. / /

TC1IRQ is cleared by program.

TC1 provides different clock sources to implement different applications and configurations. TC1 clock source includes
Fcpu (instruction cycle), Fhosc (high speed oscillator) controlled by TC1CKSO bit. TC1CKSO bit selects the clock
source is from Fcpu or Fhosc. If TC1CKS0=0, TC1 clock source is Fcpu through TC1lrate[2:0] pre-scalar to decide
Fcpu/l~Fcpu/128. If TC1CKS0=1, TC1l clock source is Fhosc through TC1rate[2:0] pre-scalar to decide
Fhosc/1~Fhosc/128. TC1 length is 8-bit (256 steps), and the one count period is each cycle of input clock.

TC1 Interval Time
Fhosc=16MHz, Fhosc=4MHz,
TC1CKSO [ TCirate[2:0] |TC1 Clock Fcpu=Fhosc/4 Fcpu=Fhosc/4
max. (ms) | Unit (us) | max. (ms) | Unit (us)
0 000b Fcpu/128 8.192 32 32.768 128
0 001b Fcpu/64 4.096 16 16.384 64
0 010b Fcpu/32 2.048 8 8.192 32
0 011b Fcpu/16 1.024 4 4,096 16
0 100b Fcpu/8 0.512 2 2.048 8
0 101b Fcpu/d 0.256 1 1.024 4
0 110b Fcpu/2 0.128 0.5 0.512 2
0 111b Fcpu/l 0.064 0.25 0.256 1
1 000b Fhosc/128 2.048 8 8.192 32
1 001b Fhosc/64 1.024 4 4.096 16
1 010b Fhosc/32 0.512 2 2.048 8
1 011b Fhosc/16 0.256 1 1.024 4
1 100b Fhosc/8 0.128 0.5 0.512 2
1 101b Fhosc/4 0.064 0.25 0.256 1
1 110b Fhosc/2 0.032 0.125 0.128 0.5
1 111b Fhosc/1 0.016 0.0625 0.064 0.2
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8.5.3

TC1IM MODE REGISTER

TC1M is TC1 timer mode control register to configure TC1 operating mode including TC1 pre-scalar, clock source,
PWM function...These configurations must be setup completely before enabling TC1 timer.

0BCH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TCIM TC1ENB | TClrate2 | TClratel | TClrateO - - TC1PO |PWMI1OUT
Read/Write R/W R/W R/W R/W - - R/W R/W
After reset 0 0 0 0 - - 0 0
Bit 0 PWM10OUT: PWM output control bit.
0 = Disable PWM output function, and P4.6, P4.5 (controlled by PWCH]J3:2] bits) are GPIO mode.
1 = Enable PWM output function, and P4.6, P4.5 (controlled by PWCH][3:2] bits) output PWM signal.
Bit 1 TC1PO: TC1 pulse output function control bit.
0 = Disable TC1 pulse output function.
1 = Enable TC1 pulse output function.
Bit[6:4] TC1RATE[2:0]: TC1 timer clock source select bits.
TC1CKSO0=0 -> 000 = Fcpu/128, 001 = Fcpu/64, 010 = Fcpu/32, 011 = Fcpu/16, 100 = Fcpu/8, 101 = Fcpu/4,
110 = Fcpu/2,111 = Fcpu/l.
TC1CKS0=1 -> 000 = Fhosc/128, 001 = Fhosc/64, 010 = Fhosc/32, 011 = Fhosc/16, 100 = Fhosc/8,
101 = Fhosc/4, 110 = Fhosc/2,111 = Fhosc/1.
Bit 7 TC1ENB: TC1 timer control bit.
0 = Disable TC1 timer.
1 = Enable TC1 timer.
8.54 TC1C COUNTING REGISTER

TC1C is TC1 8-bit counter. When TC1C overflow occurs, the TC1IRQ flag is set as “1” and cleared by program. The
TC1C decides TC1 interval time through below equation to calculate a correct value. It is necessary to write the correct
value to TC1C register and TC1R register first time, and then enable TC1 timer to make sure the fist cycle correct.
After one TC1 overflow occurs, the TC1C register is loaded a correct value from TC1R register automatically, not

program.
OBDH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TCi1C TC1C7 TC1C6 TC1C5 TC1C4 TC1C3 TC1C2 TC1C1 TC1CO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0

The equation of TC1C initial value is as following.

| TCiC initial value = 256 - (TC1 interrupt interval time * TC1 clock rate) |
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8.5.5 TCI1R AUTO-RELOAD REGISTER

TC1 timer builds in auto-reload function, and TC1R register stores reload data. When TC1C overflow occurs, TC1C
register is loaded data from TC1R register automatically. Under TC1 timer counting status, to modify TC1 interval time
is to modify TC1R register, not TC1C register. New TC1C data of TC1 interval time will be updated after TC1 timer
overflow occurrence, TC1R loads new value to TC1C register. But at the first time to setup TC1M, TC1C and TC1R
must be set the same value before enabling TC1 timer. TC1 is double buffer design. If new TC1R value is set by
program, the new value is stored in 1% buffer. Until TC1 overflow occurs, the new value moves to real TC1R buffer.
This way can avoid any transitional condition to affect the correctness of TC1 interval time and PWM output signal.

OBEH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O

TCI1R TC1R7 TC1R6 TC1R5 TC1R4 TC1R3 TC1R2 TCI1R1 TC1RO
Read/Write W W W W W W W W
After reset 0 0 0 0 0 0 0 0

The equation of TC1R initial value is as following.

| TCiRinitial value = 256 - (TC1 interrupt interval time * TC1 clock rate) |

@  Example: To calculation TC1C and TC1R value to obtain 100us TC1 interval time. TC1 clock source is
Fhosc = 16MHz. Select TC1RATE = 011 (Fosc/16).
TC1 interval time = 100us. TC1 clock rate = 16MHz/16

TC1C/TC1R initial value = 256 - (TC1 interval time * input clock)
= 256 - (100us * 16MHz / 16)
=256 - (100 * 10-6 * 16 * 106/ 16)
=9CH

8.5.6 TC1D PWM DUTY REGISTER

TC1D register’s purpose is to decide PWM duty. In PWM mode, TC1R controls PWM’s cycle, and TC1D controls the
duty of PWM. The operation is base on timer counter value. When TC1C = TC1D, the PWM high duty finished and
exchange to low level. It is easy to configure TC1D to choose the right PWM’s duty for application.

OBFH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O

TC1D TC1D7 TC1D6 TC1D5 TC1D4 TC1D3 TC1D2 TC1D1 TC1DO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After Reset 0 0 0 0 0 0 0 0

The equation of TC1D initial value is as following.

| TCiDinitial value = TC1R + (PWM high pulse width period / TC1 clock rate) |

@  Example: To calculate TC1D value to obtain 1/3 duty PWM signal. The TC1 clock source is Fhosc = 16MHz.
Select TCIRATE=000 (Fosc/128).
TC1R = 9CH. TCL1 interval time = 800us. So the PWM cycle is 1.25KHz. In 1/3 duty condition, the high pulse
width is about 267us.

TC1D initial value = 9CH + (PWM high pulse width period / TC1 clock rate)
= 9CH + (267us * 16MHz / 128)
=9CH + 21H
= BDH
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8.5.7 PULSE WIDTH MODULATION (PWM)

The PWM is duty/cycle programmable design to offer various PWM signals. When TC1 timer enables before,
PWM1OUT bit sets as “1” (enable PWM output) and select PWM output pin (PWCH][3:2]), the PWM output pin (P4.6,
P4.5) outputs PWM signal. When TC1ENB = 0 or PWM1OUT = 0, the PWM channel returns to GPIO mode and last
status. One cycle of PWM signal is high pulse first, and then low pulse outputs. TC1R register controls the cycle of
PWM, and TC1D decides the duty (high pulse width length) of PWM. TC1C initial value is TC1R reloaded when TC1
timer enables and TC1 timer overflows. When TC1C count is equal to TC1D, the PWM high pulse finishes and
exchanges to low level. When TC1 overflows (TC1C counts from OxFF to 0x00), one complete PWM cycle finishes.
The PWM exchanges to high level for next cycle. The PWM is auto-reload design to load TC1C from TC1R
automatically when TC1 overflows and the end of PWM'’s cycle, to keeps PWM continuity. If modify the PWM
duty/cycle by program as PWM outputting, the new cycle occurs at next cycle when TC1C loaded from TC1R. The
PWM channels selected by PWCH][3:2] bits. PWM10, PWM11 output pin is P4.6, P4.5. The PWM10, PWM11 output
pins are shared with GPIO pin controlled by PWCH][3:2] bits.

Enable TC1 and PWM. TC1C = TC1D TC1C pverflows from OxFF to 0x00.
TC1C is loaded from TC1R. PWM = N . ol at TC1C is loaded from ‘_I'ClR.

PWM outputs h|gh status. exchanges to low status. PWM exchanges to high status.
PWM Output

P One complete cycle of PWM. wla Next cycle. -
) LY »

The resolution of PWM is decided by TC1R. TC1R range is from 0x00~OxFF. If TC1R = 0x00, PWM'’s resolution is
1/256. If TC1R = 0x80, PWM’s resolution is 1/128. TC1D controls the high pulse width of PWM for PWM’s duty. When
TC1C = TC1D, PWM output exchanges to low status. TC1D must be greater than TC1R, or the PWM signal keeps low
status. When PWM outputs, TC1IRQ still actives as TC1 overflows, and TC1 interrupt function actives as TC1IEN = 1.
But strongly recommend be careful to use PWM and TC1 timer together, and make sure both functions work well.

The PWM output pin is shared with GPIO and switch to output PWM signal as PWM10UT=1 automatically. If
PWM1OUT bit is cleared to disable PWM, the output pin exchanges to last GPIO mode automatically. It easily to
implement carry signal on/off operation, not to control TC1ENB bit.

T | i [ | | LILIL

» <

\ 4

)
PWM10UT=0. " PWMlOUT 1. The pin exchanges to output PWMlOUT=O. The pin exchanges PWM10UT=1.
mode and outputs PWM signal automatically. . to last GPIO mode (output low).

LI L]

& » » < » &

v

Y L) L)
PWM1OUT=0. | p\wyM10UT=1. The pin exchanges to output PWM10UT=0. The pin exchanges PWM10UT=1.
mode and outputs PWM signal automatically. . to last GPIO mode (output high).

PWM Output ’::/// |_| |_| |_| |_| |_| e |_| |_| |_|

» < » < » &
<

-
Y >
PWM10UT=0. " | pwM10UT=1. The pin exchanges to output  PWM10UT=0. The pin exchanges PWM10UT=1.
mode and outputs PWM signal automatically.  to last GPIO mode (input).

\ 4
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C4H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PWCH - - PWCH11 | PWCHI10
Read/Write - - R/W R/W
After Reset - - 0 0
Bit 3 PWCH11: PWM11 control bit.

0 = P4.5 pin GPIO mode.
1 =PWML11 output.
Bit 2 PWCH10: PWM10 control bit.
0 = P4.6 pin GPIO mode.
1 = PWM10 output.

C5H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PWES - - - - PW1ES1 PW1ESO
Read/Write - - - - R/W R/W
After Reset - 0 0

Bit[1:0] PWnES[1:0], n=1~2: The PWMn output with extension control bits (One pulse PWM function doesn’t
support).

00: None compensation.

01: Compensation 1 count at phase 1 of TC1 PWM output.

10: Compensation 1 count at phase 1/3 of TC1 PWM output.

11: Compensation 1 count at phase 1/2/3 of TC1 PWM output.

® [f TC1IENB = PWM1OUT =1 and PWCH][3:2] = 0, PWM doesn’t output and P4.6, P4.5 still GPIO mode.
® PWM includes 2-channel selected through PWCH[3:2] bits. If the related bits of PWCH[3:2] are enabled,
the related pin outputs PWM signal. If the bit is disabled, the pin returns to last GPIO mode.

8.5.8 2-Channel PWM

The GPIO mode of 2-channel PWM output pins can be the idle status of PWM signal. PWM high idle status is GPIO
output high mode. PWM low idle status is GPIO output low mode. PWM high impendence idle status is GPIO input
mode. Select a right “PWM” idle status is very important for loading control as PWM disable. The PWM signal is
generated from internal PWM processor and outputs to external pin (P4.6, P4.5) through PWCH][3:2] bits channel
selections. If the related bits of PWCH][3:2] are enabled, the related pin outputs PWM signal. If the bit is disabled,
the pin returns to last GPIO mode. The PWM signal of internal source and external pins are the same. The channel
selections only switch PWM channels and not process the phase of PWM signal.

8.5.9 One Pulse PWM

When TC1PO =0, TC1 is normal timer mode or PWM function mode. When TC1PO =1 and PWM10UT=1, TC1 will
output one pulse PWM function. When one pulse PWM output signal, the PWM channel exchanges from GPIO to
PWM output. When one pulse PWM output finishes, PWM1OUT bit is cleared automatically, the PWM channel returns
to GPIO mode and last status. TC1IRQ is issued as TC1 counter overflow. To output next pulse is to set PWM1OUT bit
by program again. One pulse PWM channels selected by PWCH][3:2] bits. PWM10, PWM11 output pin is P4.6, P4.5.
The PWM10, PWM11 output pins are shared with GPIO pin controlled by PWCH][3:2] bits.
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One Pulse ' '
PWM Output ———! !

» » »
»

A
4

~ PWM10UT=0. | TC1PO=1 and PWM1OUT=1. The pin " PWM10OUT=0 automatically. PWM10UT=L.
exchanges to output mode and outputs one The pin exchanges to last
pulse PWM signal automatically. GPIO mode (output low).
One Pulse '
PWM Output ]
d Al - Al A -
Y LY L) . L) Ll
PWM1OUT=0. | TC1PO=1 and PWM1OUT=1. The pin PWM10UT=0 automatically. PWM10UT=1.
exchanges to output mode and outputs one  The pin exchanges to last
pulse PWM signal automatically. GPIO mode (output high).
One Pulse [ //’/"/_//f/f'ffl/,-"f
PWM Outout L High impendence (floating) J_,.J
utpu S ]
< > < > < > < »
PWM10OUT=0. TC1PO=1 and PWM10OUT=1. The pin PWM10UT=0 automatically. PWM10UT=1.

The pin exchanges to last
GPIO mode (input).

exchanges to output mode and outputs one
pulse PWM signal automatically.

8.5.10 PWM output with Extension function

The PWM extension function supports TC1 PWM function only. One pulse PWM function doesn’t support PWM
extension function. The PWM extension function controlled by PWES[3:2] bits. If PWES[3:2] = 00, PWM extension
function is none compensation. The PWM extension function compensates high level status period at low width of duty
cycle. The PWM with extension function is four phases design. One cycle of PWM with extension function is
combined from four sub-cycle signals. The duty of PWM with extension function is placed in each of sub-cycle. The
duty output sequence of the four phases is a special design and through PWM phase processor to allot the duty to
each phase. The PWM output with extension function designs auto-reload function. If modify the PWES[3:2]by program
as PWM outputting, the new PWM with extension function occurs at next cycle and not change immediately. The
methods can avoid the transitional duty occurrence. The PWM output with extension function compensate
phasel~phase3 at TC1C from 254 to 255 count instantaneous. The compensate phase time is one count (TC1C is
from 255 to overflow: 1 count period time). If user modify PWES[3:2] bits, the new PWM will be change after current
4-phase PWM cycle finished.

TC1C =TC1R = 244, TC1D = 250, High width = 6, Low width = 6, PWM output.
TCLIENB =1

PWES[1:0] = 00b

PWES[1:0] = 01b

PWES[1:0] = 10b

PWES[1:0] = 11b

i
i
i
i
i

«— Phase =1 —>— Phase =2 —>— Phase =3 — > Phase =4 —>
12 counts 12 counts 12 counts 12 counts
Next One Cycle of PWM
One Cycle of PWM >
|:|: Compensation 1 count.
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PWES[1:0] = 00b

TC1C =TC1R =TC1D = 252, PWM output.
TC1ENB =1

A

PWES[1:0] = 01b

PWES[1:0] = 10b

PWES[1:0] = 11b

Compensation

. 1 count
|
Compensation
— 1 count
*_/ /

<&

7Compensation
1 count

Phase =1

Phase =2 | Phase =3

Phase =4

<
<

4 counts

»
'

< »l »
< y >

4 counts

One Cycle of PWM

4 counts

<
<

4 counts

»
>

Next One Cycle
of PWM

<&
<

|:|: Compensation 1 count.

Y

< »
< >»

TC1C =TC1R =TC1D = 255, PWM output.
TC1ENB =1

A

PWES[1:0] = 00b
PWES[1:0] = 01b
PWES[1:0] = 10b

PWES[1:0] = 11b

|:|: Compensation 1 count.

One Cycle of PWM

A
Compensation
] 1 count
|
Compensation
< 1 count
/’Compensaﬂon
//
< - 1 count
Phase =1 | Phase =2 | Phase =3 | Phase =4
1 count 1 count 1 count 1 count

Next One Cycle
of PWM

A

< »
<« >
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8.5.11 TC1 TIMER OPERATION EXAMPLE

® TC1TIMER CONFIGURATION:

: Reset TC1 timer.

CLR TC1M ; Clear TC1M register.
; Set TC1 clock source and TC1 rate.
MOV A, #0nnn0000b
BOMOV TCIM, A
; Set TC1C and TC1R register for TC1 Interval time.
MOV A, #value ; TC1C must be equal to TC1R.
BOMOV TC1C, A
BOMOV TCI1R, A
; Clear TC1IRQ
BOBCLR FTC1IRQ
; Enable TC1 timer and interrupt function.
BOBSET FTC1IEN ; Enable TC1 interrupt function.
BOBSET FTC1ENB ; Enable TC1 timer.

® TC1PWM CONFIGURATION:

; Reset TC1 timer.

CLR TC1M ; Clear TC1M register.
; Set TC1 clock source and TCL1 rate.
MOV A, #0nnn0000b
BOMOV TCIM, A
; Set TC1C and TCI1R register for PWM cycle.
MOV A, #valuel ; TC1C must be equal to TC1R.
BOMOV TC1C, A
BOMOV TC1R, A
; Set TC1D register for PWM duty.
MOV A, #value2 ; TC1D must be greater than TC1R.
BOMOV TC1D, A
; Set PWM channel.
MOV A, #0000nn00b
BOMOV PWCH, A
; Enable PWM and TC1 timer.
BOBSET FTC1ENB ; Enable TC1 timer.
BOBSET FPWM10OUT ; Enable PWM.
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® TC1 One Pulse PWM CONFIGURATION:

: Reset TC1 timer.

CLR TC1M ; Clear TC1M register.
; Set TC1 clock source and TC1 rate.
MOV A, #0nnn0000b
BOMOV TCIM, A
; Set TC1C and TC1R register for PWM cycle.
MOV A, #valuel ; TC1C must be equal to TC1R.
BOMOV TC1C, A
BOMOV TCI1R, A
; Set TC1D register for PWM duty.
MOV A, #value2 ; TC1D must be greater than TC1R.
BOMOV TC1D, A
; Set PWM channel.
MOV A, #0000nn00b
BOMOV PWCH, A
; Enable PWM and TC1 timer.
BOBSET FTC1PO ; Enable One Pulse.
BOBSET FTC1ENB ; Enable TC1 timer.
BOBSET FPWM1OUT ; Enable PWM.

® TC1PWM WITH EXTENSION CONFIGURATION:

: Reset TC1 timer.

CLR TC1M ; Clear TC1M register.
; Set TC1 clock source and TC1 rate.
MOV A, #0nnn0000b
BOMOV TC1iM, A
; Set TC1C and TCI1R register for PWM cycle.
MOV A, #valuel ; TC1C must be equal to TC1R.
BOMOV TC1C, A
BOMOV TCI1R, A
; Set TC1D register for PWM duty.
MOV A, #value2 ; TC1D must be greater than TC1R.
BOMOV TC1D, A
; Set PWM channel and Extension.
MOV A, #0000nn00b
BOMOV PWCH, A
MOV A, #000000nnb
BOMOV PWES, A
; Enable PWM and TC1 timer.
BOBSET FTC1ENB ; Enable TC1 timer.
BOBSET FPWM1OUT ; Enable PWM.
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8.6 TC2 8-BIT TIMER/COUNTER

8.6.1 OVERVIEW

The TC2 timer is an 8-bit binary up timer with basic timer, PWM, One Pulse PWM and PWM with extension functions.
The basic timer function supports flag indicator (TC2IRQ bit) and interrupt operation (interrupt vector). The interval time
is programmable through TC2M, TC2C, TC2R registers. The event counter is changing TC2 clock source from system
clock (Fhosc/Fcpu) to external clock like signal (e.g. continuous pulse, R/C type oscillating signal...). TC2 becomes a
counter to count external clock number to implement measure application. TC2 also builds in duty/cycle programmable
PWM. The PWM cycle and resolution are controlled by TC2 timer clock rate, TC2R and TC2D registers. So the PWM
with good flexibility to implement IR carry signal, motor control and brightness adjuster.... TC2 PWM function also
supports one pulse output signal that means only output one cycle PWM signal, not continuous. The PWM has two
programmable channels shared with GPIO pins and controlled by PWCHJ5:4] bit. The output operation must be
through enabled each bit/channel of PWCHI[5:4] bits. The enabled PWM channel exchanges from GPIO to PWM output.
When the PWCH[5:4] bits disables, the PWM channel returns to GPIO mode and last status. And support the
2-channel PWM output with extension selected by PWES[3:2] bits. TC2 counter supports auto-reload function which
always enabled. When TC2 timer overflow occurs, the TC2C will be reloaded from TC2R automatically. The
auto-reload function is always enabled. The TC2 doesn’t build in green mode wake-up function.

The main purposes of the TC2 timer are as following.

&  8-bit programmable up counting timer: Generate time-out at specific time intervals based on the selected clock
frequency.

@ Interrupt function: TC2 timer function supports interrupt function. When TC2 timer occurs overflow, the TC2IRQ
actives and the system points program counter to interrupt vector to do interrupt sequence.

@  Duty/cycle programmable PWM: The PWM is duty/cycle programmable controlled by TC2R and TC2D
registers.

@  One Pulse PWM: The one pulse PWM is controlled by TC2PO bit. When TC2P0O=0, TC2 is normal timer mode or

PWM function mode. When TC2PO=1, TC2 is one pulse PWM function. When PWMOUT=1, one pulse PWM

outputs and the TC2IRQ is issued as TC2 counter overflow, PWMOUT bit is cleared automatically, the PWM

channel returns to GPIO mode and last status. One Pulse PWM doesn’t support extension function

(PWES[3:2]).

2-Channel PWM output: The 2-channel PWM output are controlled by PWCH][5:4] bits.

PWM output with Extension function: The PWM with extension function is four phases design. The PWM

output with extension function are controlled by PWES[3:2] bits.

@  Green mode function: All TC2 functions (timer, PWM, event counter, auto-reload, extension) keeps running in
green mode, but no wake-up function. Timer IRQ actives as any IRQ trigger occurrence, e.g. timer overflow...

9 9

TC2R Reload Data Up Counting TC2 Time Out
Buffer Reload Value TC2IRQ

TC2ENB/PWM20UT/
PWCH20

TC2 Rate

TC2CKS0

TC2 Time Out

P0.3 Pin

TC2ENB P0.3 GPIO

TC2PO PWMOUT TC2C  pWES[1:0]

TC2 8-Bit Binary Up

Counting Counter s
PWM PWM PWM Extension L
R Cycle Control Processor

CPUMO,1
TC2 Time Out

TC2 Time out

TC2ENB/PWM20UT/P

4-Phase 2-bit Binary
ounting Up counter
[Comp 4-Phase counter WCH21
TC2D v< - Time out
TC2D Data Buffer
Reload Value }A - PWES][1:0] Reload Up Counting Reload P0.4 Pin
Data Buffer PWESI[1:0] Value :

B

P0.4 GPIO
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8.6.2 TC2TIMER OPERATION

TC2 timer is controlled by TC2ENB bit. When TC2ENB=0, TC2 timer stops. When TC2ENB=1, TC2 timer starts to
count. Before enabling TC2 timer, setup TC2 timer’s configurations to select timer function modes, e.g. basic timer,
interrupt function... TC2C increases “1” by timer clock source. When TC2 overflow event occurs, TC2IRQ flag is set
as "1” to indicate overflow and cleared by program. The overflow condition is TC2C count from full scale (OxFF) to zero
scale (0x00). In difference function modes, TC2C value relates to operation. If TC2C value changing effects operation,
the transition of operations would make timer function error. So TC2 builds in double buffer to avoid these situations
happen. The double buffer concept is to flash TC2C during TC2 counting, to set the new value to TC2R (reload buffer),
and the new value will be loaded from TC2R to TC2C after TC2 overflow occurrence automatically. In the next cycle,
the TC2 timer runs under new conditions, and no any transitions occur. The auto-reload function is no any control
interface and always actives as TC2 enables. If TC2 timer interrupt function is enabled (TC2IEN=1), the system will
execute interrupt procedure. The interrupt procedure is system program counter points to interrupt vector (ORG 0013H)
and executes interrupt service routine after TC2 overflow occurrence. Clear TC2IRQ by program is necessary in
interrupt procedure. TC2 timer can works in normal mode, slow mode and green mode. Under green mode, TC2 keep
counting, set TC2IRQ and outputs PWM, can’t wake-up system.

Clock
Source
TC2C 0x00 0x01 0x02 0x03 OxFE OxFF TC2R
or TC2R
TC2IRQ |

TC2 timer overflows. TC2IRQ set as “1”.
Reload TC2C from TC2R automatically.

TC2IRQ is cleared by program.

TC2 provides different clock sources to implement different applications and configurations. TC2 clock source includes
Fcpu (instruction cycle), Fhosc (high speed oscillator) controlled by TC2CKSO bit. TC2CKSO0 bit selects the clock
source is from Fcpu or Fhosc. If TC2CKS0=0, TC2 clock source is Fcpu through TCZ2rate[2:0] pre-scalar to decide
Fcpu/l~Fcpu/128. If TC2CKS0=1, TC2 clock source is Fhosc through TCZ2rate[2:0] pre-scalar to decide
Fhosc/1~Fhosc/128. TC2 length is 8-bit (256 steps), and the one count period is each cycle of input clock.

TC2 Interval Time
Fhosc=16MHz, Fhosc=4MHz,
TC2CKSO | TCZ2rate[2:0] |TC2 Clock Fepu=Fhosc/d Fepu=Fhosc/4
max. (ms) | Unit (us) | max. (ms) | Unit (us)
0 000b Fcpu/128 8.192 32 32.768 128
0 001b Fcpu/64 4.096 16 16.384 64
0 010b Fcpu/32 2.048 8 8.192 32
0 011b Fcpu/16 1.024 4 4,096 16
0 100b Fcpu/8 0.512 2 2.048 8
0 101b Fcpu/d 0.256 1 1.024 4
0 110b Fcpu/2 0.128 0.5 0.512 2
0 111b Fcpu/l 0.064 0.25 0.256 1
1 000b Fhosc/128 2.048 8 8.192 32
1 001b Fhosc/64 1.024 4 4.096 16
1 010b Fhosc/32 0.512 2 2.048 8
1 011b Fhosc/16 0.256 1 1.024 4
1 100b Fhosc/8 0.128 0.5 0.512 2
1 101b Fhosc/4 0.064 0.25 0.256 1
1 110b Fhosc/2 0.032 0.125 0.128 0.5
1 111b Fhosc/1 0.016 0.0625 0.064 0.25
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8.6.3

TC2M MODE REGISTER

TC2M is TC2 timer mode control register to configure TC2 operating mode including TC2 pre-scalar, clock source,
PWM function...These configurations must be setup completely before enabling TC2 timer.

0COH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TC2M TC2ENB | TC2rate2 | TC2ratel | TCZ2rate0 - - TC2PO | PWM20OUT
Read/Write R/W R/W R/W R/W - - R/W R/W
After reset 0 0 0 0 - - 0 0
Bit 0 PWM20OUT: PWM output control bit.
0 = Disable PWM output function, and P0.3, P0.4 (controlled by PWCH]I5:4] bits) are GPIO mode.
1 = Enable PWM output function, and P0.3, P0.4 (controlled by PWCH]5:4] bits) output PWM signal.
Bit 1 TC2PO: TC2 pulse output function control bit.
0 = Disable TC2 pulse output function.
1 = Enable TC2 pulse output function.
Bit[6:4] TC2RATE[2:0]: TC2 timer clock source select bits.
TC2CKS0=0 -> 000 = Fcpu/128, 001 = Fcpu/64, 010 = Fcpu/32, 011 = Fcpu/16, 100 = Fcpu/8, 101 = Fcpu/4,
110 = Fcpu/2,111 = Fcpu/l.
TC2CKS0=1 -> 000 = Fhosc/128, 001 = Fhosc/64, 010 = Fhosc/32, 011 = Fhosc/16, 100 = Fhosc/8,
101 = Fhosc/4, 110 = Fhosc/2,111 = Fhosc/1.
Bit 7 TC2ENB: TC2 timer control bit.
0 = Disable TC2 timer.
1 = Enable TC2 timer.
8.6.4 TC2C COUNTING REGISTER

TC2C is TC2 8-bit counter. When TC2C overflow occurs, the TC2IRQ flag is set as “1” and cleared by program. The
TC2C decides TC2 interval time through below equation to calculate a correct value. It is necessary to write the correct
value to TC2C register and TC2R register first time, and then enable TC2 timer to make sure the fist cycle correct.
After one TC2 overflow occurs, the TC2C register is loaded a correct value from TC2R register automatically, not

program.
OC1H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TC2C TC2C7 TC2C6 TC2C5 TC2C4 TC2C3 TC2C2 TC2C1 TC2CO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0

The equation of TC2C initial value is as following.

| TC2C initial value = 256 - (TC2 interrupt interval time * TC2 clock rate) |
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8.6.5 TC2Z2R AUTO-RELOAD REGISTER

TC2 timer builds in auto-reload function, and TC2R register stores reload data. When TC2C overflow occurs, TC2C
register is loaded data from TC2R register automatically. Under TC2 timer counting status, to modify TC2 interval time
is to modify TC2R register, not TC2C register. New TC2C data of TC2 interval time will be updated after TC2 timer
overflow occurrence, TC2R loads new value to TC2C register. But at the first time to setup TC2M, TC2C and TC2R
must be set the same value before enabling TC2 timer. TC2 is double buffer design. If new TC2R value is set by
program, the new value is stored in 1% buffer. Until TC2 overflow occurs, the new value moves to real TC2R buffer.
This way can avoid any transitional condition to affect the correctness of TC2 interval time and PWM output signal.

0C2H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O

TC2R TC2R7 TC2R6 TC2R5 TC2R4 TC2R3 TC2R2 TC2R1 TC2R0
Read/Write W W W W W W W W
After reset 0 0 0 0 0 0 0 0

The equation of TC2R initial value is as following.

| TC2Rinitial value = 256 - (TC2 interrupt interval time * TC2 clock rate) |

@  Example: To calculation TC2C and TC2R value to obtain 100us TC2 interval time. TC2 clock source is
Fhosc = 16MHz. Select TC2RATE = 011 (Fosc/16).
TC2 interval time = 100us. TC2 clock rate = 16MHz/16

TC2C/TC2R initial value = 256 - (TC2 interval time * input clock)
= 256 - (100us * 16MHz / 16)
=256 - (100 * 10-6 * 16 * 106/ 16)
=9CH

8.6.6 TC2D PWM DUTY REGISTER

TC2D register’s purpose is to decide PWM duty. In PWM mode, TC2R controls PWM’s cycle, and TC2D controls the
duty of PWM. The operation is base on timer counter value. When TC2C = TC2D, the PWM high duty finished and
exchange to low level. It is easy to configure TC2D to choose the right PWM’s duty for application.

OC3H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O

TC2D TC2D7 TC2D6 TC2D5 TC2D4 TC2D3 TC2D2 TC2D1 TC2DO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After Reset 0 0 0 0 0 0 0 0

The equation of TC2D initial value is as following.

| TC2D initial value = TC2R + (PWM high pulse width period / TC2 clock rate) |

@  Example: To calculate TC2D value to obtain 1/3 duty PWM signal. The TC2 clock source is Fhosc = 16MHz.
Select TC2RATE=000 (Fosc/128).
TC2R = 9CH. TC2 interval time = 800us. So the PWM cycle is 1.25KHz. In 1/3 duty condition, the high pulse
width is about 267us.

TC2D initial value = 9CH + (PWM high pulse width period / TC2 clock rate)
= 9CH + (267us * 16MHz / 128)
=9CH + 21H
= BDH

SONiX TECHNOLOGY CO.,LTD Page 123 Version 1.9



N \ \ SN8F22E80B Series
& h | l USB 2.0 Full-Speed 8-Bit Flash Micro-Controller

8.6.7 PULSE WIDTH MODULATION (PWM)

The PWM is duty/cycle programmable design to offer various PWM signals. When TC2 timer enables before,
PWM20OUT bit sets as “1” (enable PWM output) and select PWM output pin (PWCH][5:4]), the PWM output pin (P0.3,
P0.4) outputs PWM signal. When TC2ENB = 0 or PWM20OUT = 0, the PWM channel returns to GPIO mode and last
status. One cycle of PWM signal is high pulse first, and then low pulse outputs. TC2R register controls the cycle of
PWM, and TC2D decides the duty (high pulse width length) of PWM. TC2C initial value is TC2R reloaded when TC2
timer enables and TC2 timer overflows. When TC2C count is equal to TC2D, the PWM high pulse finishes and
exchanges to low level. When TC2 overflows (TC2C counts from OxFF to 0x00), one complete PWM cycle finishes.
The PWM exchanges to high level for next cycle. The PWM is auto-reload design to load TC2C from TC2R
automatically when TC2 overflows and the end of PWM'’s cycle, to keeps PWM continuity. If modify the PWM
duty/cycle by program as PWM outputting, the new cycle occurs at next cycle when TC2C loaded from TC2R. The
PWM channels selected by PWCH[5:4] bits. PWM20, PWM21 output pin is P0.3, P0.4. The PWM20, PWM21 output
pins are shared with GPIO pin controlled by PWCH][5:4] bits.

Enable TC2 and PWM. _ TC2C pverflows from OxFF to 0x00.
TC2C is loaded from TC2R. TC2C =TC2D. TC2C is loaded from TC2R.
PWM outputs h|gh status. PWM exchanges to low status. PWM exchanges to high status.

TC2C @@@@@@ -
PWM Output

P One complete cycle of PWM. wle Next cycle. -
o LY »

The resolution of PWM is decided by TC2R. TC2R range is from 0x00~0xFF. If TC2R = 0x00, PWM'’s resolution is
1/256. If TC2R = 0x80, PWM’s resolution is 1/128. TC2D controls the high pulse width of PWM for PWM’s duty. When
TC2C = TC2D, PWM output exchanges to low status. TC2D must be greater than TC2R, or the PWM signal keeps low
status. When PWM outputs, TC2IRQ still actives as TC2 overflows, and TC2 interrupt function actives as TC2IEN = 1.
But strongly recommend be careful to use PWM and TC2 timer together, and make sure both functions work well.

The PWM output pin is shared with GPIO and switch to output PWM signal as PWM20UT=1 automatically. If
PWM2OUT bit is cleared to disable PWM, the output pin exchanges to last GPIO mode automatically. It easily to
implement carry signal on/off operation, not to control TC2ENB bit.

mwoses | JLILJLIL LILIL

<

v

PWM20OUT=0. | pwM20UT=1. The pin exchanges to output | PWM20UT=0. The pin exchanges PWM20OUT=1.
mode and outputs PWM signal automatically. . to last GPIO mode (output low).

LI L]

» < » < » &
<

d-
Y >
PWM20UT=0. PWMZOUT 1. The pin exchanges to output PWMZOUT:O. The pin exchanges PWM20UT=1.
mode and outputs PWM signal automatically. . to last GPIO mode (output high).

ol N EEEEE L

» < »

A\ 4

v

e )
PWM20UT=0. " pwM20UT=1. The pin exchanges to output PWM20UT=0. The pin exchanges PWM20UT=1.
mode and outputs PWM signal automatically.  to last GPIO mode (input).
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C4H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PWCH - - PWCH20 | PWCH21
Read/Write - - R/W R/W
After Reset - - 0 0
Bit 4 PWCH20: PWM20 control bit.

0 = P0.3 pin GPIO mode.
1 = PWM20 output.
Bit 5 PWCH21: PWM21 control bit.
0 = P0.4 pin GPIO mode.
1 =PWM21 output.

C5H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PWES - - - - PW2ES1 PW2ESO
Read/Write - - - - R/W R/W
After Reset 0 0

Bit[3:2] PW2ES[1:0]: The PWM2 output with extension control bits (One pulse PWM function doesn’t support).
00: None compensation.
01: Compensation 1 count at phase 1 of TC2 PWM output.
10: Compensation 1 count at phase 1/3 of TC2 PWM output.
11: Compensation 1 count at phase 1/2/3 of TC2 PWM output.

® [f TC2ENB = PWM20OUT =1 and PWCH][5:4] = 0, PWM doesn’t output and P0.3, P0.4 still GPIO mode.
® PWM includes 2-channel selected through PWCH [5:4] bits. If the related bits of PWCH[5:4] are enabled,
the related pin outputs PWM signal. If the bit is disabled, the pin returns to last GPIO mode.

8.6.8 2-Channel PWM

The GPIO mode of 2-channel PWM output pins can be the idle status of PWM signal. PWM high idle status is GPIO
output high mode. PWM low idle status is GPIO output low mode. PWM high impendence idle status is GPIO input
mode. Select a right “PWM” idle status is very important for loading control as PWM disable. The PWM signal is
generated from internal PWM processor and outputs to external pin (P0.3, P0.4) through PWCH][5:4] bits channel
selections. If the related bits of PWCH[5:4] are enabled, the related pin outputs PWM signal. If the bit is disabled,
the pin returns to last GPIO mode. The PWM signal of internal source and external pins are the same. The channel
selections only switch PWM channels and not process the phase of PWM signal.

8.6.9 One Pulse PWM

When TC2PO =0, TC2 is normal timer mode or PWM function mode. When TC2PO =1 and PWM20UT=1, TC2 will
output one pulse PWM function. When one pulse PWM output signal, the PWM channel exchanges from GPIO to
PWM output. When one pulse PWM output finishes, PWM2OUT bit is cleared automatically, the PWM channel returns
to GPIO mode and last status. TC2IRQ is issued as TC2 counter overflow. To output next pulse is to set PWM20UT bit
by program again. One pulse PWM channels selected by PWCH]I5:4] bits. PWM20, PWM21 output pin is P0.3, P0.4.
The PWM20, PWM21 output pins are shared with GPIO pin controlled by PWCH[5:4] bits.
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One Pulse ' '
PWM Output ——— ! !

».d »

PWM20OUT=0. ; TC2PO=1 and PWM20UT=1. The pin PWM20UT=0 automatically. PWM20UT=1.
exchanges to output mode and outputs one The pin exchanges to last
pulse PWM signal automatically. GPIO mode (output low).
One Pulse '
PWM Output !
i » » » »
Y LY L) R LY
PWM20OUT=0. , TC2PO=1 and PWM20UT=1. The pin PWM20UT=0 automatically. PWM20UT=1.
exchanges to output mode and outputs one  The pin exchanges to last
pulse PWM signal automatically. GPIO mode (output high).
One Pulse LS _ -
PWM Outout L High impendence (floating) ’,J
utpu (s ]
< »< > < > < »
PWM20UT=0. , TC2PO=1 and PWM20UT=1. The pin PWM20UT=0 automatically. PWM20UT=1.
exchanges to output mode and outputs one ' The pin exchanges to last
pulse PWM signal automatically. GPIO mode (input).

8.6.10 PWM output with Extension function

The PWM extension function supports TC2 PWM function only. One pulse PWM function doesn’t support PWM
extension function. The PWM extension function controlled by PWES[3:2] bits. If PWES[3:2] = 00, PWM extension
function is none compensation. The PWM extension function compensates high level status period at low width of duty
cycle. The PWM with extension function is four phases design. One cycle of PWM with extension function is
combined from four sub-cycle signals. The duty of PWM with extension function is placed in each of sub-cycle. The
duty output sequence of the four phases is a special design and through PWM phase processor to allot the duty to
each phase. The PWM output with extension function designs auto-reload function. If modify the PWES[3:2]by program
as PWM outputting, the new PWM with extension function occurs at next cycle and not change immediately. The
methods can avoid the transitional duty occurrence. The PWM output with extension function compensate
phasel~phase3 at TC2C from 254 to 255 count instantaneous. The compensate phase time is one count (TC2C is
from 255 to overflow: 1 count period time). If user modify PWES[3:2] bits, the new PWM will be change after current
4-phase PWM cycle finished.

TC2C = TC2R = 244, TC2D = 250, High width = 6, Low width = 6, PWM output.
TC2ENB =1

PWESI[3:2] = 00b

PWESI[3:2] = 01b

PWES([3:2] = 10b

L
L
L
L
L

PWES([3:2] = 11b

— Phase=1 — > Phase =2 — > Phase =3 — > Phase =4 —>
12 counts 12 counts 12 counts 12 counts

Next One Cycle of PWM
One Cycle of PWM < >

|:|: Compensation 1 count.
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TC2C =TC2R =TC2D = 252, PWM output.

TC2ENB =1
A
PWES[3:2]=00D o+ L 7
Compensation
] —_— 1 count
I— "
(-/— -----
PWES[3:2] = 01b
Compensation
_4//=77 1 count
PWES[3:2]=10p |—1 1 L P L "
I —> Compensation
<& ’,‘/:/ 1 count
PWES[3:2]=11b —— L L b b 7
Phase =1 | Phase =2 | Phase =3 | Phase =4
4 counts ' 4counts ' 4counts ' 4 counts
Next One Cycle
P One Cycle of PWM . ofPWM |

|:|: Compensation 1 count.

TC2C =TC2R =TC2D = 255, PWM output.

TC2ENB =1
-~
PWES[3:2] = 00b
Compensation
— | 1 count
I "‘
€« |
PWES[3:2] = 01b
Compensation
< 1 count
PWES[3:2] = 10b
ﬁ—Compensaﬂon
< — 1 count
PWES[3:2]=11b b — L 1 1 0 | "
Phase =1 | Phase =2 | Phase =3 | Phase =4
1 count 1 count 1 count 1 count
Next One Cycle
One Cycle of PWM | ofPWM

|:|: Compensation 1 count.
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8.6.11 TC2 TIMER OPERATION EXAMPLE

® TC2 TIMER CONFIGURATION:

: Reset TC2 timer.

CLR TC2M ; Clear TC2M register.
; Set TC2 clock source and TC2 rate.
MOV A, #0nnn0000b
BOMOV TC2M, A
; Set TC2C and TC2R register for TC2 Interval time.
MOV A, #value ; TC2C must be equal to TC2R.
BOMOV TC2C, A
BOMOV TC2R, A
; Clear TC2IRQ
BOBCLR FTC2IRQ
; Enable TC2 timer and interrupt function.
BOBSET FTC2IEN ; Enable TC2 interrupt function.
BOBSET FTC2ENB ; Enable TC2 timer.

® TC2PWM CONFIGURATION:

; Reset TC2 timer.

CLR TC2M ; Clear TC2M register.
; Set TC2 clock source and TC2 rate.
MOV A, #0nnn0000b
BOMOV TC2M, A
; Set TC2C and TC2R register for PWM cycle.
MOV A, #valuel ; TC2C must be equal to TC2R.
BOMOV TC2C, A
BOMOV TC2R, A
; Set TC2D register for PWM duty.
MOV A, #value2 ; TC2D must be greater than TC2R.
BOMOV TC2D, A
; Set PWM channel.
MOV A, #00nn0000b
BOMOV PWCH, A
; Enable PWM and TC2 timer.
BOBSET FTC2ENB ; Enable TC2 timer.
BOBSET FPWM20OUT ; Enable PWM.
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® TC2 One Pulse PWM CONFIGURATION:

: Reset TC2 timer.

CLR TC2M ; Clear TC2M register.
; Set TC2 clock source and TC2 rate.
MOV A, #0nnn0000b
BOMOV TC2M, A
; Set TC2C and TC2R register for PWM cycle.
MOV A, #valuel ; TC2C must be equal to TC2R.
BOMOV TC2C, A
BOMOV TC2R, A
; Set TC2D register for PWM duty.
MOV A, #value2 ; TC2D must be greater than TC2R.
BOMOV TC2D, A
; Set PWM channel.
MOV A, #00nn0000b
BOMOV PWCH, A
; Enable PWM and TC2 timer.
BOBSET FTC2PO ; Enable One Pulse.
BOBSET FTC2ENB ; Enable TC2 timer.
BOBSET FPWM20OUT ; Enable PWM.

® TC2PWM WITH EXTENSION CONFIGURATION:

: Reset TC2 timer.

CLR TC2M ; Clear TC2M reqister.
; Set TC2 clock source and TC2 rate.
MOV A, #0nnn0000b
BOMOV TC2M, A
; Set TC2C and TC2R register for PWM cycle.
MOV A, #valuel ; TC2C must be equal to TC2R.
BOMOV TC2C, A
BOMOV TC2R, A
; Set TC2D register for PWM duty.
MOV A, #value2 ; TC2D must be greater than TC2R.
BOMOV TC2D, A
; Set PWM channel and Extension.
MOV A, #00nn0000b
BOMOV PWCH, A
MOV A, #0000nn00b
BOMOV PWES, A
; Enable PWM and TC2 timer.
BOBSET FTC2ENB ; Enable TC2 timer.
BOBSET FPWM20OUT ; Enable PWM.
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16 CHANNEL ANALOG TO DIGITAL
CONVERTER (ADC)

9.1 OVERVIEW

The analog to digital converter (ADC) is SAR structure with 16-input sources and up to 4096-step resolution to transfer
analog signal into 12-bits digital buffers. The ADC builds in 16-channel input source (AINO~AIN15) to measure 16
different analog signal sources controlled by CHS[3:0] and GCHS bits. The ADC resolution can be selected 8-bit and
12-bit resolutions through ADLEN bit. The ADC converting rate can be selected by ADCKSJ[1:0] bits to decide ADC
converting time. The ADC reference voltage input pin from P2.1 pin. The ADC builds in P2CON/P4CON registers to set
pure analog input pin. It is necessary to set ADC input pin as input mode without pull-up resistor by program. After
setup ADENB and ADS bits, the ADC starts to convert analog signal to digital data. When the conversion is complete,
the ADC circuit will set EOC and ADCIRQ bits to “1” and the digital data outputs in ADB and ADR registers. If the
ADCIEN = 1, the ADC interrupt request occurs and executes interrupt service routine when ADCIRQ = 1 after ADC
converting. If ADC interrupt function is enabled (ADCIEN=1), the system will execute interrupt procedure. The interrupt
procedure is system program counter points to interrupt vector (ORG 15H) and executes interrupt service routine after
ADC converting. Clear ADCIRQ by program is necessary in interrupt procedure. ADC can work in green mode. After
ADC operating, the system would be waked up from green mode to last mode (hormal mode/slow mode).

ADLVEN
P2.1/ l
AVREFH Vdd
] Internal Charge
p2.2 Pump Source EVHENB, ADENB
P2.3
— Internal reference |
p2.4 7
P25 External reference
P2.6 P2CON ADCKSJ1:0]
PACON CHS[3:0]

ADLEN

pP2.7

Ly |

—> A4
P4.0 < ADC High ADC Clock

—> Reference Voltage Counter
P4.1 LA. ADTi[liol 8/12

> GCHS .

s SAR ADC ——~4—» ADB[11:0]

2 Anal ENGINE

—> Input —> EOC

P4.3 — > —> ADCIRQ
P4.4

ADENB ADS

<
o
a

AINOIG_EN

P20VSS_EN
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9.2 ADC MODE REGISTER

ADM is ADC mode control register to configure ADC configurations including ADC start, ADC channel selection, ADC
high reference voltage source and ADC processing indicator...These configurations must be setup completely before

starting ADC converting.

0Ccs8H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
ADM ADENB ADS EOC GCHS CHS3 CHS2 CHS1 CHSO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Bit 7 ADENB: ADC control bit. In power saving mode, disable ADC to reduce power consumption.
0 = Disable ADC function.
1 = Enable ADC function.
Bit 6 ADS: ADC start control bit. ADS bit is cleared after ADC processing automatically.
0 = ADC converting stops.
1 = Start to execute ADC converting.
Bit 5 EOC: ADC status bit.
0 = ADC progressing.
1 = End of converting and reset ADS bit.
Bit 4 GCHS: ADC global channel select bit.
0 = Disable AIN channel.
1 = Enable AIN channel.
Bit[3:0] CHS[3:0]: ADC input channel select bit.

0000 = AINO, 0001 = AIN1, 0010 = AIN2, 0011 = AIN3, 0100 = AIN4, 0101 = AIN5, 0110 = AINSG,

0111 = AIN7, 1000 = AINS8, 1001 = AIN9, 1010 = AIN10, 1011 = AIN11, 1100 = AIN12, 1101 = AIN13,

1110 = AIN14, 1111 = AIN15.

ADR register includes ADC mode control and ADC low-nibble data buffer. ADC configurations including ADC clock rate

and ADC resolution. These configurations must be setup completely before starting ADC converting.

0CAH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
ADR AINOIG_EN| ADCKS1 ADLEN ADCKSO0
Read/Write R/W R/W R/W R/W
After reset 1 0 0 0
Bit 7 AINOIG_EN: AINO’s high voltage gating function control bit.
0 = Disable high voltage gating.
1 = Enable high voltage gating.
AINOIG_EN P2CONO P20VSS_EN Description
0 0 0 I/0 input mode. (Input voltage must be equal or under VDDIO
voltage)
0 1 1/0 input mode with 20k pull-down. (Input voltage must be equal or
under VDDIO)
1 0 ADC mode. Input range: Ov~AVDD
1 1 ADC mode with high voltage detection.
Input range: Ov~Vbat.
Vbat cannot exceed 2*AVDD, and the maximum absolute voltage
cannot exceed 8v.
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1 0 0 1/0 input mode.

1 0 1 I/O input mode with 20k pull-down.

1 1 0 ADC mode. (No ADC function is available)

1 1 1 ADC mode. (No ADC function is available).

Bit 6,4

Bit 5

*Under battery direct detection mode (high voltage detection), user should follow the sequence to measure the

battery voltage:
1. Enable P20VSS_EN.
2. Enable P2CONO.
3. Disable AINOIG_EN.

*Under battery direct detection mode (high voltage detection), user should follow the sequence to disable the

measurement for power saving.
1. Enable AINOIG_EN.
2. Disable P20VSS_EN.
3. Disable P2CONO.

*Under ADC mode (no high voltage detection), user should follow the sequence to measure the external input

voltage.
1. Disable AINOIG_EN.
2. Disable P20VSS_EN.
3. Enable P2CONO.

ADCKS [1:0]: ADC'’s clock rate select bit.
00 = Fhosc/16, 01 = Fhosc/8, 10 = Fhosc/1, 11 = Fhosc/2

ADLEN: ADC'’s resolution select bits.
0 = 8-hit.
1 = 12-bit.
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9.3 ADC DATA BUFFER REGISTERS

ADC data buffer is 12-bit length to store ADC converter result. The high byte is ADB register, and the low-nibble is
ADR[3:0] bits. The ADB register is only 8-bit register including bit 4~bitl1 ADC data. To combine ADB register and the
low-nibble of ADR will get full 12-bit ADC data buffer. The ADC data buffer is a read-only register and the initial status
is unknown after system reset.

» ADB[11:4]: In 8-bit ADC mode, the ADC data is stored in ADB register.
» ADB[11:0]: In 12-bit ADC mode, the ADC data is stored in ADB and ADR registers.

0C9H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O

ADB ADB11 ADB10 ADB9 ADBS8 ADB7 ADBG6 ADB5 ADBA4
Read/Write R R R R R R R R
After reset - - - - - - - -

Bit[7:0] ADBJ[7:0]: 8-bit ADC data buffer and the high-byte data buffer of 12-bit ADC.

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

ADR ADB3 ADB?2 ADB1 ADBO
Read/Write R R R R
After reset - - - -

Bit [3:0] ADB [3:0]: 12-bit low-nibble ADC data buffer.

The AIN input voltage v.s. ADB output data

AIN n ADB11 | ADB10 | ADB9 ADB8 ADB7 ADB6 ADBS ADB4 ADB3 ADB2 ADB1 ADBO
0/4096*VREFH 0 0 0 0 0 0 0 0 0 0 0 0
1/4096*VREFH 0 0 0 0 0 0 0 0 0 0 0 1

4094/4096*VREFH 1 1 1 1 1 1 1 1 1 1 1 0
4095/4096*VREFH 1 1 1 1 1 1 1 1 1 1 1 1

For different applications, users maybe need more than 8-bit resolution but less than 12-bit. To process the ADB and
ADR data can make the job well. First, the ADC resolution must be set 12-bit mode and then to execute ADC converter
routine. Then delete the LSB of ADC data and get the new resolution result. The table is as following.

ADC Resolution ADB ADR
ADB11 | ADB10 ADB9 ADB8 ADB7 ADB6 ADB5 ADB4 ADB3 ADB2 ADB1 ADBO
8-bit (®) O (©) O (©) O (©) O X X X X
9-bit (0] (@] (0] (@] (0] (0] (@] (0] (0] X X X
10-bit 0] (@] (0] (0] (0] (0] (@] (0] (@] (@] X X
11-bit (0] (@] (0] (@] (0] (0] (@] (0] (0] (@] O X
12-bit 0] (0] (0] (0] (0] (0] (0] (0] (@) @) (@) @)

O = Selected. X = Useless.

% Note: The initial status of ADC data buffer including ADB register and ADR low-nibble after the system
reset is unknown.

SONiX TECHNOLOGY CO.,LTD Page 133 Version 1.9




SN8F22E80B Series
USB 2.0 Full-Speed 8-Bit Flash Micro-Controller

SON:X

9.3.1 ADC CONVERTING TIME

The ADC converting time is from ADS=1 (Start to ADC convert) to EOC=1 (End of ADC convert). The converting time
duration is depend on ADC resolution and ADC clock rate. 12-bit ADC’s converting time is 1/(ADC clock /4)*16 sec,
and the 8-bit ADC converting time is 1/(ADC clock /4)*12 sec. ADC clock source is Fhosc and includes Fhosc/1,
Fhosc/2, Fhosc/8 and Fhosc/16 controlled by ADCKS[1:0] bits.

The ADC converting time affects ADC performance. If input high rate analog signal, it is necessary to select a high
ADC converting rate. If the ADC converting time is slower than analog signal variation rate, the ADC result would be
error. So to select a correct ADC clock rate and ADC resolution to decide a right ADC converting rate is very important.

| 12-bit ADC conversion time = 1/(ADC clock rate/4)*16 sec |

Fhosc=16MHz
ADLEN AADD((::KKSS’%) ADCR:;:LOCK ADC Converting | ADC Converting
time Rate
*
00 Fhosciig | /(18MHZ/16/4)16 15.625KHz
= 64 us
*
01 | Fhoscig | LA16MHZ/8/4)"16 31.25KHz
1 (12-bit) =32 us
*
10 Fhosc | 1/(16MHz/4)*16 250KHz
=4 us
*
11 Fhosc/2 1/(16'\22';2625/4) 16 125KHz

| 8-bit ADC conversion time = 1/(ADC clock rate/4)*12 sec |

Fhosc=16MHz
ADLEN Q%CC:IKK?S%) ADCR:zi:leOCk ADC Converting | ADC Converting
time Rate
00 Fhosc/16 l/(lGI\ﬂHZ/16/4)*12 20.833KHz
=48 us
*
01 | Fhoscig | M(1OMHZIBI)H2 41.667KHz
0 (8-bit) i
10 Fhosc 1/(161\/'52/4) 12 333.333KHz
=3us
11 Fhosc/z | L/(16MHz/2/4)*12 166.667KHz
=6 us
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9.3.2 ADC PIN CONFIGURATION

ADC input channels are shared wit Port2 and Port4. ADC channel selection is through CHS[3:0] bit. CHS[3:0] value
points to the ADC input channel directly. CHS[3:0]=0000 selects AINO. CHS[3:0]=0001 selects AIN1...... Only one pin
of port4, port2 can be configured as ADC input in the same time. The pins of Port2 and Port4 configured as ADC input

channel must be set input mode, disable internal pull-up and enable PACON/P2CON first by program. After selecting
ADC input channel through CHS[3:0], set GCHS bit as “1” to enable ADC channel function.

® The GPIO mode of ADC input channels must be set as input mode.
® Theinternal pull-up resistor of ADC input channels must be disabled.
® P2CON and P4CON bits of ADC input channel must be set.

The P2.1/AIN1 can be ADC external high reference voltage input pin when EVHENB=1. In the condition, P2.1 GPIO
mode must be set as input mode and disable internal pull-up resistor.

® The GPIO mode of ADC external high reference voltage input pin must be set as input mode.
® Theinternal pull-up resistor of ADC external high reference voltage input pin must be disabled.

ADC input pins are shared with digital I/O pins. Connect an analog signal to COMS digital input pin, especially, the
analog signal level is about 1/2 VDD will cause extra current leakage. In the power down mode, the above leakage
current will be a big problem. Unfortunately, if users connect more than one analog input signal to port4, port2 will
encounter above current leakage situation. P2CON is Port2 configuration register. Write “1” into P2CON [7:0] will
configure relate port2 pin as pure analog input pin to avoid current leakage. PACON is Port4 configuration register.
Write “1” into PACON [7:0] will configure related port 4 pin as pure analog input pin to avoid current leakage.

0C7H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PACON PACON7 PACONG6 PACON5 P4CON4 PACON3 PACON2 P4CON1 PACONO
Read/Write W W w W w w wW W
After reset 0 0 0 0 0 0 0 0
Bit[7:0] P4CON][7:0]: P4.n configuration control bits.
0 = P4.n can be an analog input (ADC input) or digital 1/O pins.
1 =P4.nis pure analog input, can’t be a digital 1/0 pin.
0C6H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
P2CON P2CON7 P2CONG6 P2CON5 P2CON4 P2CON3 P2CON2 P2CON1 P2CONO
Read/Write W w w W w w wW wW
After reset 0 0 0 0 0 0 0 0

Bit[7:0] P2CON][7:0]: P2.n configuration control bits.
0 = P2.n can be an analog input (ADC input) or digital 1/O pins.

1 =P2.nis pure analog input, can’t be a digital 1/0 pin.

%* Note: When ADC pin is general I/O mode, the bit of PLCON and PACON must be set to “0”, or the digital
I/0 signal would be isolated.
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9.4 ADC REFERENCE VOLTQAGE REGISTERS

ADC reference voltage source controlled through ADT register. There are external voltage source and internal voltage
source. When EVHENB bit is “1”, ADC reference voltage is external voltage source from P2.1. If EVHENB bit is “0”,
ADC reference voltage is from internal VDD source.

0CBH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
ADT - - EVHENB - - - - -
Read/Write - - R/W - - - _ i
After reset - - 0 - - - - R
Bit 5 EVHENB: ADC status bit.

0 = Enable ADC internal VREFH function. P2.1/AIN1/AVREFH pin is P2.1/AIN1 pin
1 = Disable ADC internal VREFH function. P2.1/AIN1/AVREFH pin is external AVREFH input pin.
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9.5ADC OPERATION EXAMPLE

® ADC CONFIGURATION:

; Reset ADC.
CLR ADM

; Set ADC clock rate and ADC resolution.
MOV A, #0nmn0000b
BOMOV ADR, A

; Set ADC high reference voltage source.
BOBSET FEVHENB

; Set ADC input channel configuration.
MOV A, #valuel
BOMOV P4CON, A
MOV A, #value2
BOMOV P4M, A
MOV A, #value3
BOMOV P4UR, A
MOV A, #valued
BOMOV P2CON, A
MOV A, #valueb
BOMOV P2M, A
MOV A, #value6
BOMOV P2UR, A

; Enable ADC.
BOBSET FADENB

; Execute ADC 100us warm-up time delay loop.
CALL 100usDLY

; Select ADC input channel.
MOV A, #value
OR ADM, A

; Enable ADC input channel.
BOBSET FGCHS

; Enable ADC interrupt function.
BOBCLR FADCIRQ
BOBSET FADCIEN

; Start to execute ADC converting.
BOBSET FADS

; Clear ADM register.

; hn: ADCKSJ[1:0] for ADC clock rate.
: m: ADLEN for ADC reolution.

; External reference voltage.

; Set PACON for ADC input channel.
; Set ADC input channel as input mode.

; Disable ADC input channel’s internal pull-up resistor.

; Set P2CON for ADC input channel.
; Set ADC input channel as input mode.

; Disable ADC input channel’s internal pull-up resistor.

; 100us delay loop.

; Set CHS[3:0] for ADC input channel selection.

; Clear ADC interrupt flag.
; Enable ADC interrupt function.

* Note:

1. When ADENB is enabled, the system must be delay 100us to be the ADC warm-up time by program,
and then set ADS to do ADC converting. The 100us delay time is necessary after ADENB setting (not
ADS setting), or the ADC converting result would be error. Normally, the ADENB is set one time when
the system under normal run condition, and do the delay time only one time.

2. In power saving situation like power down mode and green mode, and not using ADC function, to
disable ADC by program is necessary to reduce power consumption.
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; ADC Interrupt disable mode.

ADC CONVERTING OPERATION:

@a@:
BOBTS1 FEOC ; Check ADC processing flag.
JMP @B ; EOC=0: ADC is processing.
BOMOV A, ADB ; EOC=1: End of ADC processing. Process ADC result.
BOMOV BUF1,A
MOV A, #00001111b
AND A, ADR
BOMOV BUF2,A
; End of processing ADC result.
CLR FEOC ; Clear ADC processing flag for next ADC converting.
; ADC Interrupt enable mode.
ORG 11H ; Interrupt vector.
INT_SR: ; Interrupt service routine.
BOBTS1 FADCIRQ ; Check ADC interrupt flag.
JMP EXIT_INT ; ADCIRQ=0: Not ADC interrupt request.
BOMOV A, ADB ; ADCIRQ=1: End of ADC processing. Process ADC result.
BOMOV BUF1,A
MOV A, #00001111b
AND A, ADR
BOMOV BUF2,A
; End of processing ADC result.
CLR FEOC ; Clear ADC processing flag for next ADC converting.
JMP INT_EXIT
INT_EXIT:
RETI ; Exit interrupt service routine.
% Note: ADS is cleared when the end of ADC converting automatically. EOC bit indicates ADC processing

status immediately and is cleared when ADS = 1. Users neednt to clear it by program.
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9.6 ADC APPLICATION CIRCUIT

External High » 9 ? AVREEH
Reference Voltage 47u; ;]]_ 0 1uF'L
Analog Signal Input :_L AINN/P4.n
0.1uF
T VSS
A

VCC

GND

The analog signal is inputted to ADC input pin “AINn/P4.n” or “AINn/P2.n”. The ADC input signal must be through a
0.1uF capacitor “A”. The 0.1uF capacitor is set between ADC input pin and VSS pin, and must be on the side of the
ADC input pin as possible. Don’t connect the capacitor’s ground pin to ground plain directly, and must be through VSS
pin. The capacitor can reduce the power noise effective coupled with the analog signal.

Main Power Trunk

If the ADC high reference voltage is from external voltage source, the external high reference is connected to AVREFH
pin (P2.1). The external high reference source must be through a 47uF "C” capacitor first, and then 0.1uF capacitor “B”.
These capacitors are set between AVREFH pin and VSS pin, and must be on the side of the AVREFH pin as possible.
Don’t connect the capacitor’s ground pin to ground plain directly, and must be through VSS pin.
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10 seriaL INPUTIOUTPUT TRANSCEIVER
(SIO)

10.1 OVERVIEW

The SIO (serial input/output) transceiver is a serial communicate interface for data exchanging from one MCU to one
MCU or other hardware peripherals. It is a simple 8-bit interface without a major definition of protocol, packet or control
bits. The SIO transceiver includes three pins, clock (SCK), data input (SI) and data output (SO) to send data between
master and slaver terminals. The SIO interface builds in 8-mode which are the clock idle status, the clock phases and
data fist bit direction. The 8-bit mode supports most of SIO/SPI communicate format.

The SIO features include the following:

Full-duplex, 3-wire synchronous data transfer.

Master (SCK is clock output) or Slave (SCK is clock input) operation.

MSB/LSB first data transfer.

The start phase of data sampling location selection is 1%-phase or 2”d—phase controlled register.

Two programmable bit rates (Only in master mode).

End-of-Transfer interrupt.

10.2 SIO OPERATION

The SIOM register can control SIO operating function, such as: transmit/receive, clock rate, data transfer direction, SIO
clock idle status and clock control phase and starting this circuit. This SIO circuit will transmit or receive 8-bit data
automatically by setting SENB and START bits in SIOM register. The SIO data buffer is double buffer design. When
the SIO operating, the SIOB register stores transfer data and one internal buffer stores receive data. When SIO
operation is successfully, the internal buffer reloads into SIOB register automatically. The SIO 8-bit counter and SIOR
register are designed to generate SIO’s clock source with auto-reload function. The 3-bit I/O counter can monitor the
operation of SIO and announce an interrupt request after transmitting/ receiving 8-bit data. After transferring 8-bit data,
this circuit will be disabled automatically and re-transfer data by programming SIOM register. CPOL bit is designed to
control SIO clock idle status. CPHA bit is designed to control the clock edge direction of data receive. CPOL and CPHA
bits decide the SIO format. The SIO data transfer direction is controlled by MLSB bit to decide MSB first or LSB first.

SENB MLSB

S|

SO

SENB SCLKMD

— SIO Time Out

SIO 8-hit Counter

Auto-Reload

CPUML1,0

Srate1,0 ]
SIOR Register

SIO Interface Structure Diagram
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The SIO supports 8-mode format controlled by MLSB, CPOL and CPHA bits. The edge direction is “Data Transfer
Edge”. When setting rising edge that means to receive and transmit one bit data at SCK rising edge, and data
transition is at SCK falling edge. When setting falling edge, that means to receive and transmit one bit data at SCK
falling edge, and data transition is at SCK rising edge.
“CPHA” is the clock phase bit controls the phase of the clock on which data is sampled. When CPHA=1, the SCK first
edge is for data transition, and receive and transmit data is at SCK 2 edge. When CPHA=0, the 1% bit is fixed already,
and the SCK first edge is to receive and transmit data. The SIO data transfer timing as following figure:

M| C|C
L|P|P : Ao
s|lolH Diagrams Description
B|L|A
SCK idle status = Low.
The transfer first bit = MSB.
0|01 SCK data transfer edge = Falling
. . . . . . . . edge.
X bit7 X bit6 X bit5 X bit4 X bit3 X bit2 X bitl X bit0
SCK idle status = High.
The transfer first bit = MSB.
O|11 SCK data transfer edge = Rising
. . . . . . . . edge.
X bit7 X bit6 X bits X bit4 X bit3 X bit2 X bitl X bit0
| | | | | | | | | | | | | | | | SCK idle status = Low.
ololo The transfer first bit = MSB.
SCK data transfer edge = Risi
bit7 X bits X bits X bita X bita X bitz X bit1 X bito XEextdata edge. ata lransier edge = Rising
| | | | | | | | | | | | | | | | SCK idle status = High.
ol1lo The transfer first bit = MSB.
SCK data transfer edge = Falli
bit7 X bit6 X bits X bit4 X bit3 X bit2 X bit1 X bit0 XEextdata edge. ata fransier edge = Falling
SCK idle status = Low.
The transfer first bit = LSB.
1101 SCK data transfer edge = Falling
. . . . . . . . edge.
:X bit0 X bitl X bit2 X bit3 X bit4 X bit5 X bit6 X Bit7
SCK idle status = High.
The transfer first bit = LSB.
1111 SCK data transfer edge = Rising
. . . . . . . . edge.
:X bit0 X bitl X bit2 X bit3 X bit4 X bit5 X bit6 X Bit7
| | | | | | | | | | | | | | | | SCKidle status = Low.
1100 The transfer first bit = LSB.
SCK data t fi dge = Risi
bit0 X bit1 X bit2 X bit3 X bit4 X bit5 X bit6 X Bit7 XEextdata edge. ala fransier edge = Rising
| | | | | | | | | | | | | | | | SCK idle status = High.
11110 The transfer first bit = LSB.

bit0 X bit1 X bit2 X bit3 X bits X bit5 X bit6 X Bit7 XE;xtdata

SCK data transfer edge = Falling
edge.

SIO Data Transfer Timing
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The SIO supports interrupt function. SIOIEN is SIO interrupt function control bit. SIOIEN=0, disable SIO interrupt
function. SIOIEN=1, enable SIO interrupt function. When SIO interrupt function enable, the program counter points to
interrupt vector (ORG 0015H) to do SIO interrupt service routine after SIO operating. SIOIRQ is SIO interrupt request
flag, and also to be the SIO operating status indicator when SIOIEN = 0, but cleared by program. When SIO operation
finished, the SIOIRQ would be set to “1”, and the operation is the inverse status of SIO “START” control bit.

The SIOIRQ and SIO START bit indicating the end status of SIO operation is after one 8-bit data transferring. The
duration from SIO transfer end to SIOIRQ/START active is about “1/2*SIO clock”, means the SIO end indicator
doesn’t active immediately.

#*  Note: The first step of SIO operation is to setup the SIO pins’ mode. Enable SENB, select CPOL and CPHA
bits. These bits control SIO pins’mode.

10.3 SIOM MODE REGISTER

OBOH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
SIOM SENB START SRATE1 SRATEO MLSB SCKMD CPOL CPHA
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Bit 7 SENB: SIO function control bit.

0 = Disable SIO function. SIO pins are GPIO.
1 = Enable SIO function. GPIO pins are SIO pins.

Bit 6 START: SIO progress control bit.
0 = End of transfer.
1 = SIO transmitting.

Bit [5:4] SRATELOQ: SIO’s transfer rate select bit. These 2-bits are workless when SCKMD=1.
00 = fcpu. 01 = fcpu/32. 10 = fcpu/16. 11 = fcpu/8.

Bit 3 MLSB: MSB/LSB transfer first.
0 = MSB transmit first.
1 = LSB transmit first.

Bit 2 SCKMD: SIO’s clock mode select bit.
0 = Internal. (Master mode)
1 = External. (Slave mode)

Bit 1 CPOL: SCK idle status control bit.
0 = SCK idle status is low status.
1 = SCK idle status is high status.

Bit 0 CPHA: The Clock Phase bit controls the phase of the clock on which data is sampled.
0 = Data receive at the first clock phase.
1 = Data receive at the second clock phase.
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Because SIO function is shared with GPIO. The following table shows the SIO pin mode mode behavior and setting
when SIO function enable and disable.

SENB=1 (SIO Function Enable)

PnM setting.

SCKMD=1 GPIO will change to Input mode automatically, no matter what PnM
SCK SIO source = External clock setting.
SCKMD=0 GPIO will change to Output mode automatically, no matter what
SIO source = Internal clock PnM setting.
Sl GPIO must be set as Input mode in PnM ,or the SIO function will be abnormal
SO SIO = Transmitter/Receiver GPIO will change to Output mode automatically, no matter what

SENB=0 (SIO Function Disable)

Only START bit can be enabled or disabled by bObset/bObclr/bset/bclr instructions.

GPIO | GPIO I/O mode are fully controlled by PnM when SIO function Disable
#*  Note:
1. If SCKMD=1 for external clock, the SIO is in SLAVE mode. If SCKMD=0 for internal clock, the SIO is in
MASTER mode.
2. Don’t set SENB and START bits in the same time. That makes the SIO function error.
3. Except START bit, all other bit registers in SIOM must be set or cleared by bOmov/mov instructions.

10.4 SIOB DATA BUFFER

0B2H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O

SIOB SIOB7 SIOB6 SIOB5 SIOB4 SIOB3 SIOB2 SIOB1 SIOBO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0

SIOB is the SIO data buffer register. It stores serial I/O transmit and receive data. The system is single-buffered in the
transmit direction and double-buffered in the receive direction. This means that bytes to be transmitted cannot be
written to the SIOB Data Register before the entire shift cycle is completed. When receiving data, however, a received
byte must be read from the SIOB Data Register before the next byte has been completely shifted in. Otherwise, the
first byte is lost. Following figure shows a typical SIO transfer between two micro-controllers. Master MCU sends SCK
for initial the data transfer. Both master and slave MCU must work in the same clock edge direction, and then both
controllers would send and receive data at the same time.

SIO Master SIO Slave
(SCKMD = 0) (SCKMD = 1)
SCK > SCK
S SO
Read SIOB | 2nd Receive Buffer 2nd Receive Buffer | Read SIOB
5 <:: (Address = SIOB) (Address = SIOB) :D =
g g
=} =}
2 =3
®™ us)
c c
o [ Write SIOB Write SIOB | »
| D Shift Register Shift Register :11 |
j (SioB) SO¢ SI (S10B) T
SIO Data Transfer Diagram
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10.5 SIOR REGISTER DESCRIPTION

O0B1H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

SIOR SIOR7 SIOR6 SIOR5 SIOR4 SIOR3 SIOR2 SIOR1 SIORO
Read/Write W W W W W W W W
After reset 0 0 0 0 0 0 0 0

The SIOR is designed for the SIO counter to reload the counted value when end of counting. It is like a post-scalar of
SIO clock source and let SIO has more flexible to setting SCK range. Users can set the SIOR value to setup SIO
transfer time. To setup SIOR value equation to desire transfer time is as following.

SCK frequency = (SIO rate / (256 - SIOR))/2

| SIOR=256-(1/(2*SCK frequency)*SIO rate) |

»  Example: Setup the SIO clock to be 5KHz. Fhosc = 16MHz, SIO’s rate = Fcpu/16, Fcpu = Fhosc/1= 16MHz.

SIOR = 256 — (1/(2*5KHz) * 16MHz/16)
= 256 — (0.0001*1000000)
= 256 — 100
=156

%  Note:
1. If SCKMD=1 for external clock, the SIO is in SLAVE mode. If SCKMD=0 for internal clock, the SIO is in
MASTER mode.
2. Don’t set SENB and START bits in the same time. That makes the SIO function error.
3. Except START bit, all other bit registers in SIOM must be set or cleared by bOmov/mov instructions.
Only START bit can be enabled or disabled by bObset/bObclr/bset/bclr instructions.

Example: Master, duplex transfer and transmit data on rising edge

MOV A, TXDATA ; Load transmitted data into SIOB register.

BOMOV SIOB,A

MOV A#OFFH ; Set SIO clock

BOMOV SIOR,A

MOV A,#10000000B ; Setup SIOM and enable SIO function.

BOMOV SIOM,A ; Do not use bObset FSENB to enable SIO

BOBSET FSTART ; Start transfer and receiving SIO data.
CHK_END:

BOBTSO FSTART ; Wait the end of SIO operation.

JMP CHK_END

BOMOV A,SIOB ; Save SIOB data into RXDATA buffer.

MOV RXDATAA

Example: Slave, duplex transfer and transmit data on rising edge

MOV A, TXDATA ; Load transfer data into SIOB register.

BOMOV SIOB,A

MOV A#10000100B ; Setup SIOM and enable SIO function.

BOMOV SIOM,A ; Do not use bObset FSENB to enable SIO

BOBSET FSTART ; Start transfer and receiving SIO data.
CHK_END:

BOBTSO FSTART ; Wait the end of SIO operation.

JMP CHK_END

BOMOV A,SIOB ; Save SIOB data into RXDATA buffer.

MOV RXDATAA
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11 univERSAL SERIAL BUS (USB)
11.1 OVERVIEW

The USB is the answer to connectivity for the PC architecture. A fast, bi-directional interrupt pipe, low-cost, dynamically
attachable serial interface is consistent with the requirements of the PC platform of today and tomorrow. The SONIX
USB microcontrollers are optimized for human-interface computer peripherals such as a mouse, keyboard, joystick,
and game pad.

Conforms to USB specifications, Version 2.0.

Supports 1 Full-speed USB device address.

Supports 1 control endpoint and 6 configurable endpoints for isochronous/interrupt/bulk transfer.
Integrated USB transceiver.

5V to 3.3V regulator output for D+ 1.5K ohm internal resistor pull up.

11.2 USB REGISTERS

11.2.1 USB DEVICE ADDRESS REGISTER
The USB Device Address Register (UDA) contains a 7-bit USB device address and one bit to enable the USB function.
This register is cleared during a reset, setting the USB device address to zero and disable the USB function.

CCH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
UDA UDE UDAG UDAS UDA4 UDA3 UDA?2 UDA1 UDAO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Bit 7 UDE: Device Function Enable.

0 = Disable USB device functions.
1 = Enable USB device functions.

Bit [6:0] UDA[6:0]: These bits must be set by firmware during the USB enumeration process (i.e., SetAddress) to the
non-zero address assigned by the USB host.

11.2.2 USB STATUS REGISTER

The USB status register indicates the status of USB.

CDH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
ERR_TIME |[ERR_SETU|EPO_PRES|EPO_OUT_|EPO_IN_ST
USTATUS ouT p ETUP STALL ALL EPOSETUP EPOIN EPOOUT
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Bit 7 ERR_TIMEOUT: Timeout Status.

0 = No time out. Clear by firmware.
1 = Bus no any response more than 18 bits time.

Bit 6 ERR_SETUP: Wrong Setup data received.
0= Normal 8-byte Setup DATAQO is received. Clear by firmware.
1 = Setup data is not 8-byte or is not DATAO.

Bit5 EPO_PRESETUP: EPO Setup Token packet Flag
0 = No EPO Setup token packet. Clear by firmware.
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1 = EPO Setup token packet is received.

Bit 4 EPO_OUT_STALL: EPO OUT STALL transaction.
0 = No EPO OUT STALL transaction. Clear by firmware.
1 = EPO OUT STALL transaction is completed.

Bit 3 EPO_IN_STALL: EPO IN STALL Transaction is completed.
0 = No EPO IN STALL transaction. Clear by firmware.
1 = EPO IN STALL transaction is completed.

Bit 2 EPOSETUP: EPO Setup Transaction Flag.
0 = No EPO Setup transaction. Clear by firmware.
1 = EPO Setup transaction is completed.

Bit 1 EPOIN: EPO IN ACK Transaction Flag.
0 = No EPO IN Transaction. Clear by firmware
1 = EPO IN Transaction is completed.

Bit 0 EPOOUT: USB device address enable.
0 = No EPO OUT ACK transaction. Clear by firmware.
1 = EPO OUT ACK transaction is completed.

CEH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
USTATUSL | NDT2 NDT1 - SOF BUSI\—AFEESU BU%—J\’F\,’AK BUS_RST | SUSPEND
Read/Write R R - R/W R/W R/W R/W R/W
After reset 0 0 - 0 0 0 0 0

Bit 7 NDT2: Noise detected flag.

0 = No NDT2 noise is detected.
1 = NDT2 noise is detected.

Bit 6 NDT1: Noise detected flag.
0 = No NDT1 noise is detected.
1 = NDT1 noise is detected.

Bit 4 SOF: USB SOF packet received flag
0 = No USB SOF packet. Clear by firmware.
1 = USB SOF packet is received.

Bit 3 BUS_RESUME: USB Bus Resume signal flag.
0 = No bus resume signal is detected. Clear by firmware.
1 = Bus resume signal from suspend mode is detected.

Bit 2 BUS_WAKEUP: Bus Wake Up flag.
0 = No wakeup from suspend mode. Clear by firmware.
1 = Wakeup from suspend.

Bit 1 BUS_RST: USB Bus Reset signal (>2.5us SEOQ) flag
0 = No bus reset signal is detected. Clear by firmware.
1 = Bus reset signal is detected.

Bit 0 SUSPEND: USB Bus Suspend signal (>3ms idle state) flag
0 = No bus suspend is detected.
1 = Bus suspend is detected.
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11.2.3 USB INTERRUPT ENABLE REGISTER

CFH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
USB_INT_EN . . soF_tg | FPNACKIEPNLIAC | Bus 1E |BUSWK_IE| UsB_IE
Read/Write - - R/W R/W R/W R/W R/W R/W
After reset - - 0 0 0 0 0 0
Bit 5 SOF_IE: USB SOF Interrupt Enable
0 = Disable USB SOF interrupt.
1 = Enable USB SOF interrupt.
Bit 4 EPN_ACK_IE: EPN ACK Interrupt Enable.
0 = Disable EPN ACK interrupt function.
1 = Enable EPN ACK interrupt function.
Bit 3 EPN_NAK_IE: EPN NAK Interrupt Enable.
0 = Disable EPN NAK interrupt function.
1 = Enable EPN NAK interrupt function.
Bit 2 BUS_IE: Bus Event Interrupt Enable
0 = Disable BUS event interrupt..
1 = Enable Bus event interrupt..
Bit 1 BUSWK _IE: Bus Wake Up Interrupt Enable
0 = Disable Wake Up event interrupt.
1 = Enable Wake Up event interrupt.
Bit 0 USB_IE: USB Interrupt Enable
0 = Disable USB event interrupt.
1 = Enable USB event interrupt.
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11.2.4 USB ENDPOINT’S ACK HANDSHAKING FLAG REGISTER

The status of endpoint's ACK transaction

DOH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
EP_ACK - - EP6 ACK | EP5 ACK | EP4 ACK | EP3 ACK | EP2 ACK | EP1 ACK
Read/Write - - R/W R/W R/W R/W R/W R/W
After reset - - 0 0 0 0 0 0

Bit [5:0] EPn_ACK [5:0], n=1~6: The bit is set whenever the endpoint that completes with an ACK received.
0 = the endpoint (interrupt pipe) doesn‘t complete with an ACK.
1 = the endpoint (interrupt pipe) complete with an ACK.

% Note: If endpointl~6 in ISO mode, EPn_ACK will be set 1 by H/W once ISO transaction completes.

11.2.5 USB ENDPOINT’S NAK HANDSHAKING FLAG REGISTER

The status of endpoint's ACK transaction

D1H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
EP_NAK - - EP6 NAK | EP5 NAK | EP4 NAK | EP3 NAK | EP2 NAK | EP1 NAK
Read/Write - - R/W R/W R/W R/W R/W R/W
After reset - - 0 0 0 0 0 0

Bit [5:0] EPNn_NAK [5:0], n=1~6: The bit is set whenever the endpoint that completes with an NAK received.
0 = the endpoint (interrupt pipe) doesn‘t complete with an NAK.
1 = the endpoint (interrupt pipe) complete with an NAK.

11.2.6 USB CONFIGURATION REGISTER

D1H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
UCFG ULVEI)\ISG—E VRE?\ES—E PHY_EN DPPU_EN ESD_EN USGIG_EN VREGES'\ISDIS USBR,\'IAM—E
Read/Write RIW RIW RIW RIW RIW RIW R/W RIW
After reset 0 1 0 0 0 0 0 0
Bit6 ULVD36_EN: Enable the USB VDD’s LVD36 detect function.
0 = Disable.
1 = Enable.

%  Note: Before enabling ULVD36_EN bit, user must enable UPDET_EN first.

Bit6 VREG33_EN: Enable the internal VREG33 output.
0 = Disable.
1 = Enable.

%*  Note: If VREGS33 is disabled, the VREG33 will be switched to USB_VDD.
%  Note: Under PS/2 mode, VREG33 must be disabled.

Bit5 PHY_EN: PHY Transceiver Function Enable
0 = Disable PHY transceiver function.
1 = Enable PHY transceiver function.

SONiX TECHNOLOGY CO.,LTD Page 148 Version 1.9




N \ \ SN8F22E80B Series
& h | l USB 2.0 Full-Speed 8-Bit Flash Micro-Controller

%*  Note: If PHY_EN = 0, the D+/D- state can still be read from UPID[1:0].

Bit4 DPPU_EN: Enable internal D+ 1.5k pull-up resistor
0 = Disable internal D+ pull-up resistor.
1 = Enable internal D+ pull-up resistor.

Bit3 ESD_EN: Enable USB anti-ESD protection.
0 = Disable anti-ESD protection.
1 = Enable anti-ESD protection.

Bit2 USGIG_EN: Enable the input gating function for USB related signals.
0 = Disable.
1 = Enable.

Bitl VREG33DIS_EN: Enable the discharge path function for VREG33, D+, and D- pins.
0 = Disable.
1 = Enable.

BitO USBRAM_EN: Enable USB 256-byte RAM function.
0 = Disable.
1 = Enable.

*  Note: When USBRAM_EN =0, USB RAM access is unavailable.

#*  Note: USBRAM_EN can be set as ‘0’ when leaving normal mode (High clock mode) or USB power off for
power saving.

D3H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
UEPDIR - - UEG6D UE5D UE4D UE3D UE2D UE1D
Read/Write - - R/W R/W R/W R/W R/W R/W
After reset - - 0 0 0 0 0 0

Bit [5:0] UEND [5:0], n=1~6: Endpoint n IN/OUT direction setting.
0 = EPnN only handshakes to IN token packet.
1= EPn only handshakes to OUT token packet.

D4H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
UEPISO - - UEGISO UE5ISO UE4ISO UE3ISO UE2ISO UE1ISO
Read/Write - - R/W R/W R/W R/W R/W R/W
After reset - - 0 0 0 0 0 0

Bit [5:0] UENISO [5:0], n=1~6: Endpoint n ISO mode setting.
0 = Enable interrupt/bulk mode.
1= Enable ISO mode.

11.2.7 USB ENDPOINT 0 ENABLE REGISTER

An endpoint 0 (EPO) is used to initialize and control the USB device. EPO is bi-directional (Control pipe), as the device,
can both receive and transmit data, which provides to access the device configuration information and allows generic
USB status and control accesses.

D5H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
OUT_STAL|IN_STALL_ ] ] ]
UEOR UEOE UEOM1 UEOMO L EN EN
Read/Write R/W R/W R/W R/W R/W - - -
After reset 0 0 0 0 0 - - -
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Bit 7 UEOE: EPO Enable bit.
0 = EPO disable (No handshake for any EPO USB packet).
1 = EPO enable.
Bit [6:5] UEOM [1:0]: The endpoint 0 modes determine how the SIE responds to USB traffic that the host sends to
the endpoint 0. For example, if the endpoint 0‘s mode bit is set to 00 that is NAK IN/OUT mode as shown in
Table, The USB SIE will send NAK handshakes in response to any IN/OUT token set to the endpoint 0.The
bit 5 UEOMO will auto reset to zero when the ACK transaction complete.
UEOM1 UEOMO IN/OUT Token handshake
0 0 NAK
0 1 ACK
1 0 STALL
1 1 STALL
Bit4 OUT_STALL_EN: EPO to handshake STALL to EPO OUT transaction.
0 = Disable EPO OUT STALL function.
1 = Enable EPO OUT STALL function. If this function is enable, EPO OUT token always handshakes STALL.
The EPO IN token handshakes depend on UEOR. This flag will be auto-cleared by HW at next SETUP token.
Bit 3 IN_STALL_EN: EPO to handshake STALL to EPO IN transaction.
0 = Disable EPO IN STALL function.
1 = Enable EPO IN STALL function. If this function is enable, EPO IN token always handshakes STALL.
The EPO OUT token handshakes depend on UEOR. This flag will be auto-cleared by HW at next SETUP
token.
D6H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
UEOR_C - UEOC6 UEOC5 UEOC4 UEOC3 UEOC2 UEOC1 UEOCO
Read/Write - R/W R/W R/W R/W R/W R/W R/W
After reset - 0 0 0 0 0 0 0
Bit[6:0] UEOCn [6:0], n=0~6: Indicate the number of data bytes in a transaction: For IN transactions, firmware loads

the count with the number of bytes to be transmitted to the host from the endpoint O FIFO.

11.2.8 USB ENDPOINT 1 ENABLE REGISTER

An endpoint 1 (EP1) is used to initialize and control the USB device. EP1 is bi-directional (Control pipe), as the device,
can both receive and transmit data, which provides to access the device configuration information and allows generic
USB status and control accesses.

D7H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
UE1R UE1E UE1IM1 UE1MO - - - - -
Read/Write R/W R/W R/W - - - - -
After reset 0 0 0 - - - - -
Bit 7 UELE: EP1 Enable bit.

Bit [6:5]

0 = EP1 disable (No handshake for any EP1 USB packet).
1 =EP1 enable.

UE1M [1:0]: The endpoint 1 modes determine how the SIE responds to USB traffic that the host sends to
the endpoint 1. For example, if the endpoint 1‘s mode bit is set to 00 that is NAK IN/OUT mode as shown in
Table, The USB SIE will send NAK handshakes in response to any IN/OUT token set to the endpoint 1.The
bit 5 UE1MO will auto reset to zero when the ACK transaction complete.

UE1M1 UE1MO IN/OUT Token handshake
0 0 NAK
0 1 ACK
1 0 STALL
1 1 STALL
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D8H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
UEIR C UE1C7 UE1C6 UE1C5 UE1C4 UE1C3 UE1C2 UE1C1 UE1CO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0

Bit [7:0] UELCn [7:0], n=0~7: Indicate the number of data bytes in a transaction: For IN transactions, firmware loads
the count with the number of bytes to be transmitted to the host from the endpoint 1 FIFO.

11.2.9 USB ENDPOINT 2 ENABLE REGISTER

An endpoint 2 (EP2) is used to initialize and control the USB device. EP2 is bi-directional (Control pipe), as the device,
can both receive and transmit data, which provides to access the device configuration information and allows generic
USB status and control accesses.

D9H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
UE2R UE2E UE2M1 UE2MO - - - - -
Read/Write R/W R/W R/W - - - - -
After reset 0 0 0 - - - - -
Bit 7 UE2E: EP2 Enable bit.
0 = EP2 disable (No handshake for any EP2 USB packet).
1 = EP2 enable.

Bit [6:5] UE2M [1:0]: The endpoint 2 modes determine how the SIE responds to USB traffic that the host sends to
the endpoint 2. For example, if the endpoint 2's mode bit is set to 00 that is NAK IN/OUT mode as shown in
Table, The USB SIE will send NAK handshakes in response to any IN/OUT token set to the endpoint 1.The
bit 5 UE2MO will auto reset to zero when the ACK transaction complete.

UE2M1 UE2MO IN/OUT Token handshake

0 0 NAK

0 1 ACK

1 0 STALL

1 1 STALL

DAH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
UE2R _C UE2C7 UE2C6 UE2C5 UE2C4 UE2C3 UE2C2 UE2C1 UE2CO0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0

Bit[7:0] UE2Cn [7:0], n=0~7: Indicate the number of data bytes in a transaction: For IN transactions, firmware loads
the count with the number of bytes to be transmitted to the host from the endpoint 2 FIFO.

11.2.10 USB ENDPOINT 3 ENABLE REGISTER

An endpoint 3 (EP3) is used to initialize and control the USB device. EP3 is bi-directional (Control pipe), as the device,
can both receive and transmit data, which provides to access the device configuration information and allows generic
USB status and control accesses.

DBH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
UE3R UE3E UE3M1 UE3MO - - - - -
Read/Write R/W R/W R/W - - - - -
After reset 0 0 0 - - - - -
Bit 7 UE3E: EP3 Enable bit.
0 = EP3 disable (No handshake for any EP3 USB packet).
1 = EP3 enable.

Bit [6:5] UE3M [1:0]: The endpoint 3 modes determine how the SIE responds to USB traffic that the host sends to
the endpoint 3. For example, if the endpoint 3's mode bit is set to 00 that is NAK IN/OUT mode as shown in
Table, The USB SIE will send NAK handshakes in response to any IN/OUT token set to the endpoint 3.The
bit 5 UE3MO will auto reset to zero when the ACK transaction complete.
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UE3M1 UE3MO IN/OUT Token handshake

0 0 NAK

0 1 ACK

1 0 STALL

1 1 STALL

DCH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
UE3R _C UE3C7 UE3C6 UE3C5 UE3C4 UE3C3 UE3C2 UE3C1 UE3CO

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0

Bit [7:0] UE3Cn [7:0], n=0~7: Indicate the number of data bytes in a transaction: For IN transactions, firmware loads
the count with the number of bytes to be transmitted to the host from the endpoint 3 FIFO.

11.2.11 USB ENDPOINT 4 ENABLE REGISTER

An endpoint 4 (EP4) is used to initialize and control the USB device. EP4 is bi-directional (Control pipe), as the device,
can both receive and transmit data, which provides to access the device configuration information and allows generic
USB status and control accesses.

DDH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
UE4R UE4E UE4M1 UE4MO - - - - -
Read/Write R/W R/W R/W - - - - -
After reset 0 0 0 - - - - -
Bit 7 UE4E: EPO Enable bit.
0 = EP4 disable (No handshake for any EP4 USB packet).
1 = EP4 enable.

Bit [6:5] UE4M [1:0]: The endpoint 4 modes determine how the SIE responds to USB traffic that the host sends to
the endpoint 4. For example, if the endpoint 4‘s mode bit is set to 00 that is NAK IN/OUT mode as shown in
Table, The USB SIE will send NAK handshakes in response to any IN/OUT token set to the endpoint 4.The
bit 5 UE4MO will auto reset to zero when the ACK transaction complete.

UE4AM1 UE4MO IN/OUT Token handshake

0 0 NAK

0 1 ACK

1 0 STALL

1 1 STALL

DEH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
UE4R _C UE4C7 UE4C6 UE4C5 UE4C4 UE4C3 UE4C2 UE4C1 UE4CO0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0

Bit[7:0] UE4Cn [7:0], n=0~7: Indicate the number of data bytes in a transaction: For IN transactions, firmware loads
the count with the number of bytes to be transmitted to the host from the endpoint 4 FIFO.

11.2.12 USB ENDPOINT 5 ENABLE REGISTER

An endpoint 5 (EP5) is used to initialize and control the USB device. EP5 is bi-directional (Control pipe), as the device,
can both receive and transmit data, which provides to access the device configuration information and allows generic
USB status and control accesses.

DFH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
UE5R UESE UE5M1 UE5MO0 - - - - -
Read/Write R/W R/W R/W - - - - -
After reset 0 0 0 - - - - -
Bit 7 UESE: EP5 Enable bit.
0 = EP5 disable (No handshake for any EP5 USB packet).
1 = EP5 enable.
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Bit [6:5] UES5M [1:0]: The endpoint 5 modes determine how the SIE responds to USB traffic that the host sends to
the endpoint 5. For example, if the endpoint 5's mode bit is set to 00 that is NAK IN/OUT mode as shown in
Table, The USB SIE will send NAK handshakes in response to any IN/OUT token set to the endpoint 5.The
bit 5 UE5MO will auto reset to zero when the ACK transaction complete.

UE5M1 UE5MO IN/OUT Token handshake

0 0 NAK

0 1 ACK

1 0 STALL

1 1 STALL

EOH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
UE5S5R C UES5C7 UE5C6 UE5C5 UE5C4 UE5C3 UES5C2 UE5C1 UE5CO

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0

Bit [7:0] UES5Cn [7:0], n=0~7: Indicate the number of data bytes in a transaction: For IN transactions, firmware loads
the count with the number of bytes to be transmitted to the host from the endpoint 5 FIFO.

11.2.13 USB ENDPOINT 6 ENABLE REGISTER

An endpoint 6 (EP6) is used to initialize and control the USB device. EP6 is bi-directional (Control pipe), as the device,
can both receive and transmit data, which provides to access the device configuration information and allows generic
USB status and control accesses.

E1H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
UE6R UEGE UE6M1 UE6MO - - - - -
Read/Write R/W R/W R/W - - - - -
After reset 0 0 0 - - - - -
Bit 7 UEGE: EP6 Enable bit.

0 = EP6 disable (No handshake for any EP6 USB packet).
1 = EP6 enable.

Bit[6:5] UEG6M [1:0]: The endpoint 1 modes determine how the SIE responds to USB traffic that the host sends to
the endpoint 6. For example, if the endpoint 6°s mode bit is set to 00 that is NAK IN/OUT mode as shown in
Table, The USB SIE will send NAK handshakes in response to any IN/OUT token set to the endpoint 6.The
bit 5 UE6MO will auto reset to zero when the ACK transaction complete.

UE6M1 UE6MO IN/OUT Token handshake

0 0 NAK

0 1 ACK

1 0 STALL

1 1 STALL

E2H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
UE6R _C UEGC7 UEG6C6 UE6C5 UE6C4 UEGC3 UEG6C2 UE6C1 UEG6CO

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0

Bit [7:0] UEG6Cn [7:0], n=0~7: Indicate the number of data bytes in a transaction: For IN transactions, firmware loads
the count with the number of bytes to be transmitted to the host from the endpoint 6 FIFO.

11.2.14 UPID REGISTER

Forcing bits allow firmware to directly drive the D+ and D— pins.

E3H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

UPID - - - - - UBDE DDP DDN
Read/Write - - - - - R/W R/W R/W
After reset - - - - - 0 0 0
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Bit 2

Bit 1

Bit 0

UBDE: Enable direct drive USB D+ and D- bus.
0 = Disable the ability of driving D+ and D- signals on the USB bus.
1 = Enable.

DDP: Drive D+ on the USB bus.
0 = drive D+ low.
1 = drive D+ high.

DDN: Drive D- on the USB bus.

0 = drive D- low.
1 = drive D- high.

11.2.15 USB Frame Number Register

The 11-bit frame number of the Start-Of-Frame(SOF) packet. This number is updated by H/W automatically when SOF
packet is received.

E4H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
UFRMNO_L FRMNO7 FRMNOG6 FRMNO5 FRMNO4 FRMNO3 FRMNO?2 FRMNO1 FRMNOO
Read/Write R R R R R R R R
After reset 0 0 0 0 0 0 0 0
E5H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
UFRMNO _H - - - - - FRMNO10 | FRMNO9 | FRMNOS8
Read/Write - - - - - R R R
After reset - - - - - 0 0 0
11.2.16 USB PHY Register
E6H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
PHYPRM_
PHYPRM EN - - - - - - -
Read/Write R/W - - - - - - -
After reset 0 - - - - - - -

Bit7

0 = Disable

1 = PHY control function enable.

PHYPRM_EN: USB PHY control function

When the “High_CLK” code option setting is “IHRC_16M” and USB function is used, users must add the function

fnUSB_CheckPhyram before enable USB function. The example is shown below.
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Example: How to use fnUSB_CheckPhyram function.

; Initializing system.
INITIAL:

; Call fnUSB_CheckPhyram.

CALL fnUSB_CheckPhyram

; Enalbe USB function.
BOBCLR FUEOE ; Disable EPO
BOBCLR FUSBIRQ ; Clear USB IRQ flag
BOBSET FUSBIEN ; Enable USB IRQ
BOBSET FUSB_IE ; Enable USB event interrupt
BOBSET FBUS_ IE ; Enable Bus event interrupt
BOBSET FBUSWK _IE ; Enable Wake Up event interrupt
BOBSET UDA.7 ; Enable USB
CALL fnUSB_EnablePhyRam ; Enable D+ PU, VREG33, PHY, USB RAM
BOBSET FGIE ; Global interrupt enable
JMP MAIN

MAIN:

; fnUSB_CheckPhyram function’s code.
fnUSB_CheckPhyram:

BOMOV Y, #0x00

BOMOV Z#O0XE7

BOMOV A@YZ

BOMOV LA

BOMOV Z #0xE8

BOMOV A@YZ

BOMOV H,A

BOMOV Y, #0x3F

BOMOV Z #0xFD

MOVC

CMPRS AL

JMP fnUSB_CheckPhyram_80

RLCM R

RLCM R

SWAP R

XOR AH

AND A#OxCO

BOBTSO Fz

JMP fnUSB_CheckPhyram_90
fnUSB_CheckPhyram_80:

BOBCLR PHYPRM.7

BOBSET PHYPRM.7

JMP fnUSB_CheckPhyram
fnUSB_CheckPhyram_90:

RET

%  Note: If the following both conditions are satisfied, user must follow demo programs given above :
1. High_CLK” code option setting is “IHRC_16M.
2. User’s system with USB function.
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11.2.17 ENDPOINT TOGGLE BIT CONTROL REGISTER

E8H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
UTOGGLE ) i EP6_DATA|EP5 DATA|EP4 DATA|EP3 DATA|EP2 DATA|EP1 DATA
01 01 01 01 01 01
Read/Write - - R/W R/W R/W R/W R/W R/W
After reset - - 0 0 0 0 0 0
Bit [5:0] EPn_DATAO01, n=1~6:
0 = clearing endpoint n’s toggle bit to DATAO
1 = hardware set toggle bit automatically.
11.2.18 USB ENDPOINT FIFO ADDRESS SETTING REGISTER
% Note: EP1FIFO’s start address is fixed at 0x540.
*  Note: EP2~EP6 FIFO’s high address is always mapped to 0x500.
E9H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
EP2FIFO_ADD
R EP2FIFO7 | EP2FIFO6 | EP2FIFO5 | EP2FIFO4 | EP2FIFO3 | EP2FIFO2 | EP2FIFO1 | EP2FIFOO0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Bit [7:0] EP2FIFO_ADDR [7:0]: EP2 FIFO start address.
EAH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
EP3FIFO _ADD
R EP3FIFO7 | EP3FIFO6 | EP3FIFO5 | EP3FIFO4 | EP3FIFO3 | EP3FIFO2 | EP3FIFO1 | EP3FIFOO0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Bit [7:0] EP3FIFO_ADDR [7:0]: EP3 FIFO start address.
EBH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
EP4FIFO ADD
R EP4FIFO7 | EP4AFIFO6 | EP4FIFO5 | EP4FIFO4 | EP4AFIFO3 | EP4FIFO2 | EP4AFIFO1 | EP4FIFOO0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Bit [7:0] EP4FIFO_ADDR [7:0]: EP4 FIFO start address.
ECH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
EP5FIFO _ADD
R - EP5FIFO7 | EP5FIFO6 | EP5FIFO5 | EPS5FIFO4 | EPSFIFO3 | EPSFIFO2 | EPSFIFO1 | EPSFIFOO0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
Bit [7:0] EPS5FIFO_ADDR [7:0]: EP5 FIFO start address.
EDH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
EP6FIFO_ADD
R - EP6FIFO7 | EP6FIFO6 | EP6FIFO5 | EP6FIFO4 | EP6FIFO3 | EP6FIFO2 | EP6FIFO1 | EP6FIFOO0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset 0 0 0 0 0 0 0 0
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Bit[7:0] EPG6FIFO_ADDR [7:0]: EP6 FIFO start address.
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12 PS/2 INTERFACE

12.1 OVERVIEW

PS/2 interface is built in the microcontroller. There are SCK, SDA pins and includes internal 5K pull-up resistors. Use
the firmware to achieve PS/2 communication.

12.2 PS/2 OPERATION

PS/2 is a kind of serial interface to control PC’s peripheral devices. This interface extensively applies to mouse and
keyboard. PS/2 waveform is as following.

CLOCHK,
oA\ AR A A A A A Rk
— (] [ar) =+ ['e) o = -

[

Device to Host:

START
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT

P ARIT
STOP

One pocket includes start bit (Clock and data pins are low status.), one byte data (LSB to MSB), parity bit (odd parity)
and stop bit (Clock is low status and data is high status.). The clock typical frequency is 15KHz.

Host to Device:

CLOCK
o \_E000000RT N\

START
BITO
BIT1
BIT 2
BIT 3
BIT 4
BITS
BITE
BITY

One pocket includes a period silence time (Clock falling to first clock rising. The period time is < 15ms.), start bit (Clock
and data pins are low status.), one byte data (LSB to MSB), parity bit (odd parity), stop bit (Clock is low status and data
is high status.) and ACK bit (Device set data pin to low status.). The clock typical frequency is 15KHz.

Firmware must include clock 15KHz signal generator, odd parity calculate, start/stop/ack bit routine to get a basic PS/2
protocol signal, and follow PS/2 protocol specification to define PC’s peripheral device (mouse or keyboard)
transmitting data form and contents.

SONiX TECHNOLOGY CO., LTD Page 158 Version 1.9



SN8F22E80B Series

NSON:X
[\ N\ 1 USB 2.0 Full-Speed 8-Bit Flash Micro-Controller

12.3 PS/2 DESCRIPITON

PS/2 interface is from SCK and SDA pins which open-drain structure. SCKM, SDAM bits control SCK, SDA direction.
PS/2 builds in internal 5K ohm pull-up resistors controlled by PS2ENB bit of PS2M register. PS2ENB=0, internal pull-up
resistors disable and SCK, SDA are open-drain without pull-up resistor. PS2ENB=1, internal pull-up resistor enable.

PS/2 communication is controlled by firmware.

WD 5
ST iﬁm
l h—— FSZENB
SCK o T .
Cutput
Latch WD D (5
SHAM irm HOST Terminal
l h—— PS2ENB
SDA g T —
Cutput
Latch
12.4 PS/2 REGISTER
OEEH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
PS2M PS2ENB - - - SDA SCK SDAM SCKM
Read/Write R/W - - - R/W R/W R/W R/W
After reset 0 - - - 0 0 0 0
Bit 7 PS2ENB: PS2 internal 5K ohm pull-up resistor control bit.
0 = Disable.
1 = Enable.

Bit[3:2] SDA, SCK: SDA, SCK data buffer.0 = End of transfer.
0 = Data 0.
1 = Data 1.

Bit [1:0] SDAM, SCKM: SDA, SCK mode control bit.
0 = Input mode.
1 = Output mode.

%*  Note: Use the PS/2 communication, the USB must be disable (UDE=0) and VREG33 must be disabled.
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13 IN SYSTEM PROGRAM FLASH ROM

13.1 OVERVIEW

The SN8F22E80B MCU integrated device feature in-system programmable (ISP) FLASH memory for convenient,
upgradeable code storage. The FLASH memory may be programmed via the SONiX 8 bit MCU programming interface
or by application code. The SN8F22E80B provides security options at the disposal of the designer to prevent
unauthorized access to information stored in FLASH memory. ISP Flash ROM provided user an easy way to storage
data into Flash ROM. The ISP concept is memory mapping idea that is to move RAM buffer to flash ROM. Choice
ROM/RAM address and executing ROM programming command — PECMD, and L/H data will be programmed into
address Z/Y.

RAM (byte) Flash ROM (word)
RAM Address bit7 ~ bit0 ROM Address hitl5 ~ bit8 bit7 ~ bit0
X| DATAO Y DATA1 DATAO
X+1] DATA1l Y+1 DATA3 DATA2
X+2| DATA2 => Y+2
X+3| DATA3 Y+3
X+N| DATAN Y+M DATAN DATAN-1

During Flash program or erase operation, the MCU is stalled, although peripherals (Timers, WDT, 1/0, PWM, etc.)
remain active. When PECMD register is set to execute ISP program and erase operations, the program counter stops,
op-code can’t be dumped from flash ROM, instruction stops operating, and program execution is hold not to active. At
this time hardware depends on ISP operation configuration to do flash ROM erasing and flash ROM programming
automatically. After ISP operation is finished, hardware releases system clock to make program counter running,
system returns to last operating mode, and the next instruction is executed. Recommend to add two “NOP” instructions
after ISP operations.

® |SP flash ROM erase time = 25ms...... 1-page, 256-word.
® |SP flash ROM program time = 28us...... 1-word.

ISP flash ROM program time = 56us...... 2-word.

ISP flash ROM program time = 448us...... 16-word.

ISP flash ROM program time = 896us...... 32-word.

*  Note:

1. Watch dog timer should be clear before the Flash write (program) or erase operation, or watchdog
timer would overflow and reset system during ISP operating.

2. Besides program execution, all functions keep operating during ISP operating, e.g. timer, ADC, SIO,
UART... All interrupt events still active and latch interrupt flags automatically. If any interrupt
request occurs during ISP operating, the interrupt request will be process by program after ISP
finishing.
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13.2 ISP FLASH ROM ERASE OPERATION

ISP flash ROM erase operation is to clear flash ROM contents to blank status “1”. Erasing ROM length is 256-word and

has ROM page limitation. ISP flash ROM erase ROM map is as following:
ISP ROM ROM address bit0~bit6 (hex)

MAP [ 0000 | 0001 [ 0002 | ... [ 0010 [oo11 | ... [ oo80 | 0081 .. [00A0 | 00AL]| .. [ OOFE [ 0OFF
=| 0000 This page includes reset vector and interrupt sector. We strongly recommend to reserve the area not to do ISP
) erase.

% 0100 One ISP Erase Page
= 0200 One ISP Erase Page
<[ 0300 One ISP Erase Page
% 0400 One ISP Erase Page
| 0500 One ISP Erase Page
@ One ISP Erase Page
S| _3E00 One ISP Erase Page
; 3D00 One ISP Erase Page
O| 3EO00 One ISP Erase Page
® 1 3F00 [This page includes ROM reserved area. We strongly recommend to reserve the area not to do ISP erase.

ISP flash ROM erase density is 256-word which limits erase page boundary. The first 256-word of flash ROM
(Ox0000~0x0100) includes reset vector and interrupt vectors related essential program operation, and the last page
256-word of flash ROM (0x3F00~0x3FFF) includes system reserved ROM area, we strongly recommend do not
execute ISP flash ROM erase operation in the two pages. Flash ROM area 0x0000~0x3FFF includes 64-page for ISP
flash ROM erase operation.

The first step to do ISP flash ROM erase is to address ROM-page location. The address must be the head location of a
page area, e.g. 0x0100, 0x0200, 0x0300...0x0D00, OXOEOO and OxOF00. Z [7:0] and Y [7:0] define the target starting
address [15:0] of flash ROM. Write the start address into PEROML and Y registers, set PECMD register to “OxC3”, and
the system start to execute ISP flash ROM erase operation.

1 Example: Use ISP flash ROM erase to clear 0x0100~0x01FF contents of flash ROM.

; Set erased start address 0x0100.

MOV A, #0x00

BOMOV Z A ; Move low byte address 0x00 to Z

MOV A, #0x01

BOMOV Y, A ;Move high byte address 0x01 to Y
; Clear watchdog timer.

MOV A #0X5A

BOMOV WDTR,A
; Start to execute ISP flash ROM erase operation.

BOBSET FIHRC_EN ; Enable IHRC.

MOV A#OXC3 ; Start to page erase.

BOMOV PECMD, A

NOP ; NOP Delay

NOP

NOP

BOBCLR FIHRC_EN ; Disable IHRC.

; The end of ISP flash ROM erase operation.

The two “NOP” instructions make a short delay to let system stable after ISP flash ROM erase operation.

*  Note:
1. Don'’t execute ISP flash ROM erase operation for the first page and the last page, or affect
program operation.
2. IHRC must enable before executing ISP flash ROM erase operation if ‘High_CLK” code option

setting is “X°TAL” and PLL clock source is not “IHRC_16M”.
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13.3 ISP FLASH ROM PROGRAM OPERATION

ISP flash ROM program operation is to write data into flash ROM by program. Program ROM doesn’t limit written ROM
address and length, but limits 32-word density of one page. The number of ISP flash ROM program operation can be
1-word ~ 32-word at one time, but these words must be in the same page. ISP flash ROM program ROM map is as
following:

ISP ROM ROM address bit0~bit4 (hex)
MAP 0000 | ooor | o002 | .. | oooF | o010 | .. | ooie | oo01F
0000 This page includes reset vector and interrupt sector. We strongly recommend to reserve the area not to do
= ISP erase.
2| 0020 One ISP Program Page
o | 0040 One ISP Program Page
s 0060 One ISP Program Page
T 0080 One ISP Program Page
E 00AO0 One ISP Program Page
@ 00CO One ISP Program Page
@ | O0EO One ISP Program Page
= One ISP Program Page
m 3F00 One ISP Program Page
% 3F20 One ISP Program Page
o One ISP Program Page
3F80 | This page includes ROM reserved area. We strongly recommend to reserve the area not to do ISP erase.

ISP flash ROM program page density is 32-word which limits program page boundary. The first 32-word of flash ROM
(Ox0000~0x001F) includes reset vector and interrupt vectors related essential program operation, and the last page
32-word of flash ROM (0x3FD0~0x3FFF) includes system reserved ROM area, we strongly recommend do not execute
ISP flash ROM program operation in the two pages. Flash ROM area 0x0000~0x3FFF includes 512-page for ISP flash
ROM program operation.

ISP flash ROM program operation is a simple memory mapping operation. The first step is to plan a RAM area to store
programmed data and keeps the RAM address for IS RAM addressing. The second step is to plan a ROM area will be
programmed from RAM area in ISP flash ROM program operation. The RAM addressing is through L[7:0] and H[2:0]
11-bit buffer to configure the start RAM address. The RAM data storage sequence is down-up structure. The first RAM
data is the low byte data of the first word of flash ROM. The second RAM data is the high byte data of the first word of
ROM, and so on.

Before ISP ROM programming execution, set the length by program. Z [7:0] and Y [7:0] define the target starting
address [15:0] of flash ROM. Write the start address into Z and Y registers, set PECMD register to “Ox5A”, and the
system start to execute ISP flash ROM program operation. If the programming length is over ISP flash ROM program
page boundary, the hardware immediately stops programming flash ROM after finishing programming the last word of
the ROM page. So it is very important to plan right ROM address and programming length.
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® Case 1: 32-word ISP program. RAM buffer length is 64-byte and RAM address is X ~ X+63. The page address of
flash ROMis Y ~ Y+31. The Y is the start address and set to PEROML, PEROMH registers.

RAM (byte)
RAM Address . .
64-byte bit7 ~ bit0

X| DATAO

X+1] DATA1l

X+2| DATA2

X+3] DATA3

X+62] DATAG62

X+63| DATAG3

ROM Address
32-word

Y

Y+1
Y+2
Y+3

Y+31

Flash ROM (word)

bitl5 ~ bit8  bit7 ~ bit0
The head of the page.
DATAL DATAO 3¢ start address of ISP.
DATA3 DATA2
The end of the page.
DATABS | DATA62 |0 ong address of ISP.

Example: Use ISP flash ROM program to program 32-word data to flash ROM as case 1. Set RAM buffer
start address is 0x010. Set flash ROM programmed start address is 0x0020.

; Load data into 64-byte RAM buffer.

; Set RAM start address of 64-byte buffer.

MOV A, #0x10
BOMOV L, A
MOV A, #0x00
BOMOV H, A
; Set programmed start address of flash ROM to 0x0020.
MOV A, #0x20
BOMOV Z, A
MOV A, #0x00
BOMOV Y,A
; Clear watchdog timer.
MOV A #0X5A
BOMOV WDTR,A
; Start to execute ISP flash ROM program operation.
BOBSET FIHRC_EN
MOV A#OX5A
BOMOV PECMD, A
NOP
NOP
NOP
BOBCLR FIHRC_EN

; Set L[7:0] to 0x10.

: Set H[2:0] to 000b.

; Move low byte address 0x20 to Z.

;Move high byte address 0x00 to Y

; Enable IHRC.
; Start to program flash ROM.

; NOP Delay

; Disable IHRC.
; The end of ISP flash ROM program operation.

The two “NOP” instructions make a short delay to let system stable after ISP flash ROM program operation.

* Note:

1. Don’t execute ISP flash ROM program operation for the first page and the last page, or affect

program operation.

2. IHRC must enable before executing ISP flash ROM program operation if “High_CLK” code option
setting is “X’TAL” and PLL clock source is not “IHRC_16M”.
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13.4 ISP PROGRAM/ERASE CONTROL REGISTER
OAFH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
PECMD PECMD7 PECMD6 PECMD5 PECMD4 PECMD3 PECMD2 PECMD1 PECMDO
Read/Write W W W W W W W W
After reset 0 0 0 0 0 0 0 0

Bit [7:0]

0x5A: Page Program (32 words / page).
0xC3: Page Erase (256 words / page).
Others: Reserved.

PECMD [7:0]: ISP operation control register.

%  Note: Before executing ISP program and erase operations, clear PECMD register is necessary. After ISP
configuration, set ISP operation code in “MOV A,l” and “BOMOV M,A” instructions to start ISP
operations.

13.5

ISP ROM ADDRESS REGISTER

ISP ROM address length is 16-bit and separated into Z and Y[5:0] registers. Before ISP execution, set the head
address of ISP ROM by program.

083H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

z ZBIT7 ZBIT6 ZBIT5 ZBIT4 ZBIT3 ZBIT2 ZBIT1 ZBITO

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset - - - - - - - -

Bit[7:0] Z[7:0]: The low byte buffer of ISP ROM address.

084H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Y YBIT5 YBIT4 YBIT3 YBIT2 YBIT1 YBITO

Read/Write R/W R/W R/W R/W R/W R/W
After reset - - - - - - - -

Bit [5:0]

13.6

Y[5:0]: The high byte buffer of ISP ROM address.

ISP RAM ADDRESS REGISTER

ISP RAM address length is 11-bit and separated into L register and H[2:0] bits. Before ISP execution, set the head
address of ISP RAM by program.

080H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
L LBIT7 LBIT6 LBITS LBIT4 LBIT3 LBIT2 LBIT1 LBITO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
After reset - - - - - - - -
Bit [7:0] L[7:0]: ISP RAM address [7:0].
081H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
H HBIT2 HBIT1 HBITO
Read/Write R/W R/W R/W
After reset - - - - - - - -
Bit [2:0] H[2:0]: ISP RAM address [10:8].
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13.7 ISP ROM PROGRAMMING LENGTH REGISTER

ISP programming length is 1-word ~ 32-word. ISP ROM programming length is controlled by H[7:3] bits which is 5-bit
format. Before ISP ROM programming execution, set the length by program

Bit [7:0] L[7:0]: ISP RAM address [7:0].

081H Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
H HBIT7 HBIT6 HBIT5 HBIT4 HBIT3
Read/Write R/W R/W R/W R/W R/W
After reset - - - - - - - -

Bit [7:3] H[7:3]: ISP ROM programming length control register.

H[7:3]=0: ISP programming length is 1-word.
H[7:3]=1: ISP programming length is 2-word.

H[7:3]=30: ISP programming length is 31-word.
H[7:3]=31: ISP programming length is 32-word.
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14 INSTRUCTION TABLE

Field Mnemonic Description C |DC| Z | Cycle
MOV AM [AcM - - A 1
M MOV MA [M« A - -] - 1
O [BOMOV AM [A <« M (bank 0) - - 1
vV [ BOMOV M,A [M (bank 0) < A I 1
E MOV Al A« - -] - 1
BOMOV  M,I | M« |, “M” only supports 0x80~0x87 registers (e.g. PFLAG,R,Y,Z...) - - - 1
BOXCH AM [A «<—M (bank 0) - -] - 1+N
MOVC R, A< ROM[Y,Z] -1 2
ADC AM | A< A+M+C, if occur carry, then C=1, else C=0 N[V 1
A | ADC M,A | M« A+ M + C, if occur carry, then C=1, else C=0 N[ VAV 1N
R | ADD AM | A« A+ M, if occur carry, then C=1, else C=0 N[V 1
I ADD M,A | M« A+ M, if occur carry, then C=1, else C=0 N[V V] 1N
T | BOADD M,A | M (bank 0) « M (bank 0) + A, if occur carry, then C=1, else C=0 N[V V] 1N
H | ADD Al | A<« A+l if occur carry, then C=1, else C=0 N VA 1
M | SBC AM | A« A-M-/C, if occur borrow, then C=0, else C=1 N VA 1
E | SBC MA [ M« A-M -/C, if occur borrow, then C=0, else C=1 N V| V] 1+N
T |[suB AM | A« A-M, if occur borrow, then C=0, else C=1 N[V 1
I SUB M,A | M« A- M, if occur borrow, then C=0, else C=1 N v |V ] 1+N
c |[sus Al | A« A-1, if occur borrow, then C=0, else C=1 N[V A 1
DAA To adjust ACC'’s data format from HEX to DEC. N |- - 1
MUL AM | R, A< A*M, The LB of product stored in Acc and HB stored in R register. ZF affected by Acc.| - R 2
AND AM [A<AandM I =
L [AND MA [M«< AandM T - [V 1+N
o [AND Al |[A<Aandl B R
G OR AM [A«< AorM B _ N 1
I OR MA [M«AorM - [N 1+N
C |OR Al [A<Aorl I E
XOR AM [A <« AxorM I 1
XOR MA |M <« AxorM - N 1+N
XOR Al |A< Axorl I I
CcoMm M [A < M (1's complement). - - A 1
COMM M M« M (I's complement). R 1
SWAP M | A (b3~b0, b7~b4) «M(b7~b4, b3~b0) -1 -7- 1
P [ SWAPM M | M(b3~b0, b7~b4) « M(b7~b4, b3~b0) - -1 - 1 1N
R | RRC M |A<RRCM N - - 1
O [RRCM M |[M«RRCM N[ -] -] 1+N
c |RLC M |A<RLCM N - - 1
E [RLCM M |M<«RLCM N[ -] -] 1+N
S CLR M M« 0 - - - 1
S BCLR M.b | M.b« 0 - - - 1+N
BSET Mb [Mb«1 - - - 1+N
BOBCLR M.b [ M(bank 0).b < 0 - -] - 1+N
BOBSET M.b [ M(bank 0).b « 1 - -] - 1+N
CMPRS Al |ZF,C<« A-I, IfA=I,then skip next instruction N -]V 1+8
B | CMPRS AM |ZF,C« A—M, IfA=M, then skip next instruction N -] 1+8
R INCS M A« M+ 1, If A=0, then skip next instruction - - - 1+ S
A INCMS M M« M+ 1, If M = 0, then skip next instruction - - - | 1+N+S
N | INC M [AcM+1 - - 1
Cc | INCM M [M<M+1. - [ - [ V] 1N
H DECS M A« M-1, If A=0, then skip next instruction - - - 1+ S
DECMS M M« M -1, If M =0, then skip next instruction - - - | 1+N+S
DEC M [AcM-1 - - 1
DECM M |M«M-1. - | - [N 1+N
BTSO M.b [ If M.b = 0, then skip next instruction - - - 1+S
BTS1 M.b [ If M.b = 1, then skip next instruction - - - 1+S
BOBTSO M.b | If M(bank 0).b =0, then skip next instruction - - - 1+S
BOBTS1 M.b | If M(bank 0).b = 1, then skip next instruction - - - 1+S
TSOM M IfM=0,Z=1.Else Z=0. - - N 1
JMP d PC15/14 « RomPages1/0, PC13~PC0 «d - - - 2
CALL d Stack « PC15~PCO0, PC15/14 « RomPages1/0, PC13~PC0 «d - - - 2
CALLHL Stack <~ PC15~PC0, PC15~PC8 « H register, PC7~PCO0 « L register - - |- 2
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CALLYZ Stack <~ PC15~PC0, PC15~PC8 <« Y register, PC7~PCO0 « Z register - - | - 2
M | RET PC « Stack 1 -1 2
I RETI PC « Stack, and to enable global interrupt - - | - 2
S |RETLW | PC « Stack, and load | to ACC. - - - 2
C NOP No operation - - - 1

Note: 1. “M”is system register or RAM. If “M”is system registers then “N” =0, otherwise “N” = 1.
2. If branch condition is true then “S = 1”, otherwise “S = 0”.
SONiX TECHNOLOGY CO.,LTD Page 167 Version 1.9



N \ \ SN8F22E80B Series
& h | l USB 2.0 Full-Speed 8-Bit Flash Micro-Controller

15 ELECTRICAL CHARACTERISTIC
15.1 ABSOLUTE MAXIMUM RATING

ST o] o] AR/ o 1 c=To TN Y0 o LU S 2 AV o o R 1.8V ~ 6.0V
INPUE TN VOIAGE (VN .o e ettt Vss — 0.2V ~Vdd + 0.2V
Operating ambient temperature (Topr)

SINBF22EBOB..... ..ttt -40°C ~ + 85°C
Storage ambient temMpPerature (TSIOr) ... ... i e e —40°C ~ + 125°C

15.2 ELECTRICAL CHARACTERISTIC
® SN8F22E80B DC CHARACTERISTIC

(All of voltages refer to Vss, Vdd = 5.0V, Fosc = 4MHz,Fcpu=1MHz,ambient temperature is 25 < unless otherwise note.)

PARAMETER SYM. DESCRIPTION MIN. TYP. MAX. UNIT
Operating voltage Vdd |Fcpu = 16MHz 1.8 - 6.0 V
Operating voltage USBVdd |Fcpu = 16MHz 3.6 - 6.0 V

RAM Data Retention voltage Vdr 1.5- - V

\dd rise rate Vpor [Vdd rise rate to ensure internal power-on reset 0.05 - - V/ms
Inbut Low Voltage ViL1 |All input ports Vss - 0.3*vdd V

P 9 ViL2_|Reset pin Vss — l0.3*vdd| V

. ViH1 |All input ports 0.7*vdd - Vdd Vv
Input High Voltage ViH2 |Reset pin 0.7vdd| - vdd | V
I/O port input leakage current llekg |Pull-up resistor disable, Vin = VVdd - - 2 uA

Vin =Vss, Vdd = 1.8V.
PO/P1/P2.1~P2.7/P4/P5 pins
Vin =Vss, Vdd = 3V.

180 360 540

I/O port pull-up resistor Rup PO/P1/ P2.1~P2.7/P4/P5 pins 60 120 180 KQ
Vin =Vss, Vdd = 5V.
PO/P1/P2.1~P2.7/P4/P5 pins 40 5 120
1/0 output source current loH |Vop =Vdd-0.5V 6 10 - mA
sink current loL |Vop =Vss + 0.5V 6 10 -
INTn trigger pulse width Tint0 |INTO,1 interrupt request pulse width 2/fcpu - - cycle
IVREG3 |[VREG33 Max Regulator Output Current,
VREG33 Regulator current 3 vee > 4.35 volt wi%h 10UF to gND - - 60 mA
Normal Mode Vdd= 3V, Fcpu = 16MHz - 4.5 - mA
Idd1 (USB PLL OFF) Vdd= 5V, Fcpu = 16MHz - 4.6 - mA
Normal Mode Vdd= 3V, Fcpu = 16MHz - 10.0 - mA
(USB PLL ON) Vdd= 5V, Fcpu = 16MHz - 10.2 - mA
Slow Mode Vdd= 3V, ILRC=32KHz - 125 - UA
Supply Current Idd2 |(Internal low RC,
(Digre’lgle ADC) (Stop high clock) | /dd= 5V, ILRC=32KHz - 135 - uA
Idd3 |Sleep Mode Vdd= 5V - 5 15 UuA
Vdd= 3V, IHRC=16MHz - 700 - UA
dd4 g\lrg?ga"é'i‘r’]‘;e Vdd= 5V, IHRC=16MHz - 700 uA
Watchdog D’isable) Vdd= 3V, ILRC=32KHz - 115 UuA
Vdd= 5V, ILRC=32KHz - 120 UA
Internal High Oscillator Freq. | Fihrc '(I”;eég”)" High RC ﬁi;}: I/rgi(:)_s?'fe\slmips 1592 | 16 | 16.08 | MHz
LVD18 |Low voltage reset level. 25 <C 1.78 - - \%
LVD Voltage LVD24 | Low voltage reset/indicator level. 25 <C 2.3 2.4 2.5 \
LVD33 | Low voltage reset/indicator level. 25 C 3.2 3.3 3.4 \
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® ADC CHARACTERISTIC
(All of voltages refer to Vss, Vdd = 5.0V, Fosc = 4MHz,Fcpu=1MHz,ambient temperature is 25 < unless otherwise note.)
PARAMETER SYM. DESCRIPTION MIN. TYP. MAX. UNIT
ADC Operating Voltage Vaoc 1.8 - 6.0 \Y
. Vdd=3V 250 UA
ADC current consumption labc Vdd=5v 350 A
Internal Reference Voltage | Vdd=3V 25 uA
power consumption NTREF ['vdd=5V 50 uA
Resolution Nr No missing code. 10 11 12 bit
Integral Nonlinearity INL | Vrefth=Vdd <+2 LSB
Differential Nonlinearity DNL [ Vrefh=Vdd <2 LSB
Missing Code MMC | Vrefh=Vdd <+l LSB
Full Scale Error Efs Vrefh=Vdd. Vin = Vdd. <#1 LSB
Offset Error Eoff | Vrefh=Vdd. Vin = 0V. <#1 LSB
Reference Voltage Vrefhl | External reference voltage, Vdd=5V. 2.0 Vdd \Y
. Vdd =5.0V - 0.3 - mA
*
ADC current consumption labc Vdd =3.0V - 0.25 - mA
Reference Voltage Vrefhl |External reference voltage, Vdd=5V. 2 Vdd \
9 Vrefh2 |Internal VDD reference voltage, Vdd=5V Vdd V
Analogy Input Voltage Vain 0 Vrefh \
Offset Calibration Range Voff -16 +16 mV
ADC enable time Tast |Ready to start convert after set ADENB = “1” 100 us
VDD=5.0V 32K 8M Hz
ADC Clock Frequency Faocik VDD=3.0V 32K M Az
ADC Conversion Cycle Time Fapcy. |VDD=1.8V~6.0V 64 l/F'?(DCL
Non-trimmed -10 0 +10 mV
ADC offset Voltage V apcoffset Trimmed > 0 s v
“.” These parameters are for design reference, not tested.
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16 DEVELOPMENT TOOL

SONIX provides an Embedded ICE emulator system to offer SN8F22E88B firmware development. The platform is a
in-circuit debugger and controlled by SONIX M2IDE software on Microsoft Windows platform. The platform includes
Smart Development Adapter, SN8F22E88B Starter-kit and M2IDE software to build a high-speed, low cost, powerful
and multi-task development environment including emulator, debugger and programmer. To execute emulation is like
run real chip because the emulator circuit integrated in SN8F22E88B to offer a real development environment.

SN8F22E88B Embedded ICE Emulator System:

SN8F22E8SB I:
Starter-kit

Modular Cable to
Starter-kit or
Target Board

USB Cable to PC
/ -

Sonix Embedded ICE Sonix IDE/C-Studio
Smart Development Adapter

SN8F22E88B Embedded ICE Emulator includes:

Smart Development Adapter.

USB cable to provide communications between the Smart Development Adapter and a PC.
SN8F22E88B Starter-Kit.

Modular cable to connect the Smart Development Adapter and SN8F22E88B Starter-Kit or target board.
CD-ROM with M2IDE software (M2IDE V139 or greater).

SN8F22E88B Embedded ICE Emulator Feature:

® Target's Operating Voltage: 1.8V~6.0V.

® Up to 6 hardware break points.

®  System clock rate up to 16MHz (Fcpu=16mips).

®  Oscillator supports internal high speed RC, internal low speed RC, external crystal/resonator and external RC.

SN8F22E88B Embedded ICE Emulator Limitation:
® EIDA and EICK pins are shared with GPIO pins. In embedded ICE mode, the shared GPI function can’t work. We
strongly recommend planning the two pins as simple function which can be verified without debugger platform.
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16.1 SMART DEVELOPMENT ADAPTER

Smart Development Adapter is a high speed emulator for Sonix Embedded ICE type flash MCU. It debugs and
programs Sonix flash MCU and transfers MCU’s system status, RAM data and system register between M2IDE and
Sonix flash MCU through USB interface. The other terminal connected to SN8F22E88B Starter-kit or Target board is a
4-wire serial interface. In addition to debugger functions, the Smart Starter-Kit system also may be used as a
programmer to load firmware from PC to MCU for engineering production, even mass production.

Smart Development Adapter communication with SN8F22E88B flash MCU is through a 4-wire bus. The pin definition of
the Modular cable is as following:

VSS EIDA EICK VDD

A f f

/
|
00

Om
OO

u
[

The modular cable can be inserted into SN8F22E88B Starter-Kit plugged into the target board or inserted into a
matching socket at the target device on the target board.

— I -~
Application [ SN8F22E88B —
Target Board g Starter-kit USB Cable to PC
o Modular Cable

I/0O connectors -
connect to Sonix Embedded ICE

IC Socket of target Smart Development Adapter

If the target board of application is designed and ready, the modular cable can be inserted into the target directly to
replace SN8F22E88B Starter-Kit. Design the 4-wire interface connected with SN8F22E88B IC to build a real
application environment. In the mode, set SN8F22E88B IC on the target is necessary, or the emulation would be error
without MCU.

Embedded ICE
4-wire Interface

SN8F22E88B :I _}:—.
Real Chip
Modular Cable to USEB Cable to PC

L Starter-kit or
Application Target Board
Target Board

Sonix Embedded ICE
Smart Development Adapter

EIDA and EICK share with P5.5/P5.4 GPIO. In emulation mode, EIDA and EICK are Embedded ICE interface and not
execute GPIO functions. The P5.5/P5.4 GPIO status still display on M2IDE window to simulate P5.5/P5.4 program
execution.
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16.2 SN8F22E88B STARTER-KIT

SN8F22E88B Starter-kit is an easy-development platform. It includes SN8F22E88B real chip and 1/O connectors to
input signal or drive extra device of user’s application. It is a simple platform to develop application as target board not
ready. The starter-kit can be replaced by target board, because SN8F22E88B integrates embedded ICE in-circuit
debugger circuitry. The schematic and outline of SN8F22E88B Starter-Kit is as following:

~YREG33

SON:X
SN8F22E88B Starter Kit

REV:V1.0
BD_062314
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16.3 EMULATOR/DEBUGGER INSTALLATION

USB Cable to PC

Sonix Embedded ICE
Smart Development Adapter

SN8F22E88B
Starter-kit

Modular Cable to
Starter-kit or
Target Board

Sonix Embedded ICE
Smart Development Adapter

Install the M2IDE Software (V139 or greater).
Connect Smart Development Adapter with PC plugging in USB cable.

.

Sonix IDE/C-Studio

Embedded ICE
4-wire Interface

SN8F22E88B
Real Chip

Application
Target Board

v Debug Qalty Bk

Help
a4 |- | 2% DO ] w50 s
g

o

iix
BB

3 Souns Fiss
2 unL B_MCU_MATH

SHRF22E480
nuwmx EODE_OPTION
T

B s
I8 5NO_USEModuk kb
[ SHH_UZB_Denpor_T

=) FlView [ TioViw

¢ Internal 16

i LUDTE Reset, LUD2Y Reset, LUD3I |

Slou

de elack = Flese/1
RC 0scillator

Lix

Modular Cable to
Starter-kit or
Target Board

Attach the modular cable between Smart Development Adapter and SN8F22E88B Starter-kit or target.

Sonix Embedded ICE
Smart Development Adapter

Connect the power supplier to SN8F22E88B Starter-kit or target, and turn off the power.

Open M2IDE software and load firmware program
(A project or a “.ASM" file).

Turn on the power switch of SN8F22E88B
Starter-kit or target.
Embedded ICE emulator platform is installed, and

start to execute debugg

i
= iy sha e _co
£-3 Soums Fls

B S88_USE_MCT )

B e 25 ot
B 5E _UE_Decrip

mim—

1] 2l molel] selr] s S]] ] Beleuu @S m,gu T
I |

Hane Value )
0 W 00
FEL H tx0u
" mxco
B 10901000
T
W oxon
W ox0n
i exou
W oor
o B 41900800
Jnp User_Hain frounp to wernel v |[EUPID & 00000000
Fous_RsT
org  Beos ) VDR H oxo0 ¥
jop _wakE_ISR 17 0eom (GETT) it uxon
e Cimrelise 4 wxe 2 up11 W axon
inp _INT1_ISR /7 Bxon brRequest Type H. xB0
Jop  ZUPOET_Ish 77 oeon bilequest i w0
e UsB_ISR £¢ Bxac whalue_L W oxen
e _POINT_ISR 47 Bxid mitaine W T ! |
ino FAINT ISR 11 BxRE H
;|J By [T T

Hfron check sun ]
ecurity Check ¢

Hooon

| Ram 1 [EAMT | USBRRO0] DSBAFO 1] EOM

00 00 0O 0O 0O 0O 0O 0060 B0 OO0 60 00 O 0D 0D| 0D GO 0O 0D DO OO 0 DA 0O 0O 60 B0 OO 00 0D 0O
0@ 90 B0 B DA BO WO 98 BA B OB 60 B9 OB OO OB[ 60 B BB DA VA B8 BA BA AT 8O C2 B3 5 FA B9 FA
08 03 GO B A BA BA B0 BA B OO BO B R OR OB[0Y GO 0@ 0A BA B A BA @A A BA B 00 B0 OO 08
00 00 DO DO 0O DO OO O B0 BO OO 60 00 0D 0D OD[ 0D GO 0O 0D DA DO DA DA OO B0 BO BO OO B0 0D OO
00 00 60 8O B0 9O GG FG B0 8O 90 B0 60 09 69 69/ 00 6O 00 DO B0 £1 98 VA GO B0 G0 B0 00 M a0 on
08 BR BA B 80 FO BE FFFF F6 B0 BA B0 OB B0 FF( 00 00 0@ 06 GO 0@ BA BA B BA BA OO O O
00 00 DO DO CO CO 0O B B0 63 B0 60 00 OO 0D 0B[ 00 DO 4O DO D3 0O 0O DO OO B4 B0 OO O ol
0@ 90 B0 B B0 BO 16 0@ IF B0 0D 60 B9 08 JC OF (00 DA 0@ 9A 8O B O VA DA 0@ BA 8O 0 60 B0
08 03 BA B BA BA BA A BA B OO BA B0 OB 60 OB[A3 GO 0@ 0A BA B BA BA B A BA B OO BA 6O O
00 00 DO 0O 0O DO 0O 04 B0 BO B0 60 00 OO 0D 00|00 0O 0O 0D DO DO 0@ DA OO B BO B0 OO 80 muj_

La 7ol IE S M
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16.4 PROGRAMMER INSTALLATION

Setup emulator/debugger environment first.
Complle the firmware program and generate a “.SN8” file.

5_USE_HCT_MAIN.FRT) - (N8_USR_MCU_MAIN ]
Eclp

LT R R

(23 Souce Fies
B ¥3_0ZH_MCU_MAIN, Uersion Date User

-
5N8_USB_EPZ s CHIP

SHBF22E880
Uity ne /44{{SOHIX_CODE_OPTION
I

Moise_Filter Fslow Rst_Lens

Disable =] [Frosen = [ne -]

Secur og_‘alchdog_Prescal:
Enable | |Disable | |Floscfd |
Fepu LD
Foscil =] o -
High_CLK Reset_Pin
i IHRC_16M B |P56 B
Ok I Cancel

Update Gode Option. |

(— (]

1. First version is released.

. LUDZH Reset, LUD3S Reset

Tock = Flase/1
fn RC 0scillator

1 Fie¥iew [F3 TuloVirw L

Fompite ..
0:\UOPKN IENSTB2F 71\ ICALLDASTS2F 71_USB_Library_U0.2_201h0725\SNE_USD_HCU_MAIN.asn

Y —

Bud_[Debug [log | Fdin Foes | | Fondimiles 2

Execute download (F8) function of M2IDE.

3N _UISB_MCU_WALN FRJ) - [3N8_USE_MCU_MAIN sz

EIEIEI_I_I_I_I_I v|%) MIE|@]| sls]x[1m|s)] sdnlblelnl

T G
msns usa)mr MADH Fies Log

. m m e e || version pare user  bescriptisn

[P He_U5E Setmg
) 5% 105 Modul s

IRRIED: | STalFT1IA_USE Lian V02 21ex] & &) oF ED-

St ved 201h/7s20 Wao 1. First version is released.
£H8_USE_macro
B 5N 05_EPLam
[ 5¥9_USB_EP2am. CHIP  SHEFZZEH8E
B K8 Riieem PPt
3 iyl

[B) 599_USB Deaerpten_Te|

AREW: [SHE_USE_MCT Al 33

15¥8]

Reset, LUDZN Reset, LUD3Z Reset

e/t
1 Ton RE psciniote

wEHED [Wm e = mw |

e B

Fixiew »f
E{[EPRON Check Sun is SESC. ]

ecurity Check Sun is B6S1.

hip SHEFZZEBHE has maxinun pragran ROM size : 16376

he program has used size : 1kBs [BS7E]

he progran renain Free size : 14970 For use -

L]

e
tasdy

B_USB_MCU_MAIH PRY) - [EN8_USB_WCU_MAD nez)

él_l_"_lﬂ ﬂil_-ﬁﬂ_ﬂl @] ] 1o (| oln]mlmlen]

Wo_UTE MCUMA e || Log
o s

Sauc
'im owa_nse_wcpans || version pate User  Description
3 Hoador Files
3 Luelods tles ue.1  281h/7/24 Hao 1. First version is released.
[P 3N8_USB_mecm h
56 _USB_EP sz !
B 3N8_UIB_EPlaam CHIP SHBF2ZEBEE
A KB Tty aom £{{SONT _OPT.
L

A 248 _U2B_ Desccipios_Ts|

273 ySONIX_CODE_DPTION

; LUD1E Reset, LUD2A Reset, LUD3Y Reset

; Slow mode clack - Flosc/1
: Internal 16M RG Dscillator

s THOLUDE FILES

View [F3 Ve - of
W Check Sun is 6E50. 3
rity Check Sum is B851.
SNOF226880 has maxinum progran ROM size : 16376
program has used size : 1486 [UxS7E]
progran renain Free size : 18978 for use H
e |
_[Debug [Tz Folin Fies 1 ] Find i Files 2

In #Cold [l

Turn off the power of SN8F22E88B Starter-kit or target.
Disconnect SN8F22E80B Starter-kit or target from Smart Development Adapter.
Turn on the power of SN8F22E88B Starter-kit or target, and MCU works independently.

SN8” file and press “Enter” to download f|rmware to SN8F22E88B Starter-kit or target.

SONiX TECHNOLOGY CO., LTD

Page 174

Version 1.9



N N © WY SN8F22E80B Series
&\) h | x USB 2.0 Full-Speed 8-Bit Flash Micro-Controller

17 ROM PROGRAMMING PIN

SN8F22E80B Series MCUs Flash ROM erase/program/verify support SDA, MP-Pro writer.
® SDA: Embedded ICE interface.
® writer: Plug on SN8F22E80B Series MCUs directly.

17.1 WRITER TRANSITION BOARD SOCKET PIN ASSIGNMENT

MP-PRO Writer Transition Board:

Pin 1

P Pin 48

40>

28—

8= ED

147 crg

MPO12B Pin 25
Pin 24

JP3 (Mapping to 48-pin text tool): Writer JP1/JP2:
DIP 1 1 48 DIP48 VDD | 1 2 | GND
DIP 2 2 47 DIP47 CLK | 3 4 | CE
DIP 3 3 46 DIP46 PGM | 5 6 | OE
DIP 4 4 45 DIP45 D1| 7 8 | DO
DIP 5 5 44 DIP44 D3| 9 10 | D2
DIP 6 6 43 DIP43 D5 11 12 | D4
DIP 7 7 42 DIP42 D7 | 13 14 | D6
DIP 8 8 41 DIP41 vDD | 15 16 | VPP
DIP 9 9 40 DIP40 HLS | 17 18 | RST
DIP10 10 39 DIP39 -1 19 20 | ALSB/PDB
DIP11 11 38 DIP38 JP1 for Writer transition board
DIP12 12 37 DIP37 JP2 for dice and >48 pin package

DIP13 13 36 DIP36
DIP14 14 35 DIP35
DIP15 15 34 DIP34
DIP16 16 33 DIP33
DIP17 17 32 DIP32
DIP18 18 31 DIP31
DIP19 19 30 DIP30
DIP20 20 29 DIP29
DIP21 21 28 DIP28
DIP22 22 27 DIP27
DIP23 23 26 DIP26
DIP24 24 25 DIP25
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17.2 WRITER PROGRAMMING PIN MAPPING

Programming Pin Information of SN8F22E80B Series

Chip Name SN8F22E88BF | SN8F22E87BJ | SN8F22E84BS | SN8F22E83BJ SN8F22E831BX
MP Writer IC and JP3 48-pin text tool Pin Assignment
Connector
Pin | pn | M [ 6 [ e [ Ic e Toic e foic e [ic
Number Name Pin Pin Pin Pin Pin Pin Pin Pin Pin Pin
Number | Name |Number| Name |[Number| Name |Number| Name |[Number| Name
1 vDD (2,30,31| VvDD |1, 27,28 VDD 3,23 VDD 23 VDD 2 VDD
2 GND 26 VSS 23 VSS 19 VSS 19 VSS 22 VSS
3 CLK 21 P5.4 18 P5.4 16 P5.4 16 P5.4 19 P5.4
4 CE - - - -
5 PGM 20 P5.5 17 P5.5 15 P5.5 15 P5.5 18 P5.5
6 OE - - -
7 D1 - - - -
8 DO - - - -
9 D3 - - - -
10 D2 - - - -
11 D5 - - - -
12 D4 - - - -
13 D7 - - - -
14 D6 - - - -
15 VDD - - - -
16 VPP - - - -
17 HLS - - - -
18 RST - - - -
19 - - - - -
20 ALSBB/PD 11 PO0.0 10 P0.0 12 PO0.0 13 P0.0 15 PO0.0
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18 Marking Definition

18.1 INTRODUCTION

There are many different types in Sonix 8-bit MCU production line. This note listed the production definition of all 8-bit
MCU for order or obtain information. This definition is only for Blank Flash ROM MCU.

18.2 MARKING INDETIFICATION SYSTEM

SN8 X PART No. X X X

—IV—‘ Material

Range

Shipping
Package

Device

ROM Type

| Title

Temperature

B = PB-Free Package
G = Green Package

-=0°C~70°C

W=Wafer, H=Dice
P=DIP

S=SOP

X=SSOP

22E88B

F = Flash

SONiX 8-bit MCU Production
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18.3 MARKING EXAMPLE

() Wafer, Dice:

Name ROM Type Device Package Temperature Material
S8F22E80BW FLASH 22E80B Wafer -40°C~85C -
SN8F22E80BH FLASH 22E80B Dice -40°C~85C -

® Green Package:

Name ROM Type Device Package Temperature Material
SN8F22E88BF FLASH 22E80B LQGP -40°C~85C Green Package
SN8F22E87BJ FLASH 22E80B QFN -40°C~85C Green Package
SN8F22E84BS FLASH 22E80B SOP -40°C~85C Green Package
SN8F22E83BJ FLASH 22E80B QFN -40°C~85C Green Package
SN8F22E831BX FLASH 22E80B SSOP -40°C~85C Green Package

18.4 DATECODE SYSTEM

XX X X XXXXX

SONiX Internal Use

Day

Month 1=January
2=February

9=September
A=October

B=November
C=December

03= 2003
04= 2004
05= 2005
06= 2006

Year
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19 PACKAGE INFORMATION

19.1 LQFP 48 PIN

al

1]
=
L)

] GAGE PLANE— — %
SEATIHG FLAKE:
L
L1
s ¥
i i T
ST
MIN | NOR | MAX
SYMBOLS
(mm)

A - - 1.6
Al 0.05 - 0.15
A2 1.35 - 1.45
cl 0.09 - 0.16
D 9.00 BSC
D1 7.00 BSC
E 9.00 BSC
E1 7.00 BSC
e 0.5 BSC
B 0.17 - 0.27
L 0.45 - 0.75
L1 1 REF
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19.2 QFN 46 PIN

K 02
| CO.35045
: i | ;
JUASRUANRUAU/RURURURURVRP
| 32 1
| [ | ]
R s ' 3
. T
| — ]
I — | | —
| X i 5
| ANOANANANNNNNN
3 | 1D
] L1{8x) L{38x)
A
2 PAD SIZE : 213X13* MIL
i
a”
NOTES :
1. ALL DIMENSIONS ARE IN MILLIMETERS.
PACKAGE TYFE 2. DIMENSION b APPLIES TO METALLIZED TERMINAL
JDEL OUTLRE N/4 AND IS MEASURED BETWEEN 0.15mm AND 0.30mm
SYWBOLS | MIN. | NOM.| MAX. FROM THE TERMINAL TIP. IF THE TERMINAL HAS

A 070 | 0,80 | 080
Al L0l | 002 | 0.05
A3 0.203 REF.

THE DPTICMAL RADIUS OM THE OTHER EMD OF THE
TERMIMAL, THE DIMENSION B SHOULD NOT BE
MEASURED IM THAT RADIUS AREA.

b |o1s|oz20|o02s
S 20 850 3. BILATERAL COPLANARITY ZONE APPLIES TO THE
E 450 BSC EXPOSED HEAT SIMK SLUG AS WELL AS THE
s 0.40 BSC TERMINALS.
kK [ozo] — [ =
PAD SIZE D2 E2 L LI LEAD FNISHY jepee cope
MIN. | NOM. [ Max. [ win. [ Nom. | Max. | MIN. | HOM. | Max. | MM, [ NOM. [ max, [Pue Tn] PPF
1_%2113113* ML| 5.05 [ 510 | 5.1% | 305 | 310 | 315 | 0.35 | 040 [ C.45 | 0.33 | 0.38 | 0.43 W X M/ A

A RTINS T R TR, BB e onding  diagramsr.
" is on universal character, which means maybe replaced by specific character, the actual choracter
please refers te the bording diagrom.
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19.3 SOP 28 PIN

AHAHAAARAAAAAN I

IR LR —
— -
[=[ 0.004max | _mT_ ]

0.010

GAUIGE PLAME

SEATING PLAME \7&,6“

MIN | NOR | MAX MIN | NOR | MAX
SYMBOLS :
(inch) (mm)

A 0.093 0.099 0.104 2.362 2.502 2.642
Al 0.004 0.008 0.012 0.102 0.203 0.305
D 0.697 0.705 0.713 17.704 | 17.907 | 18.110
E 0.291 0.295 0.299 7.391 7.493 7.595
H 0.394 0.407 0.419 10008 | 10.325 | 10.643
L 0.016 0.033 0.050 0.406 0.838 1.270
6° 0° 4° 8° 0° 4° 8°
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19.4 QFN 24 PIN

TOP VIEW BOTTOM WIEW ex
Fa [iXT:)
p._]: be
D —| pese |— | EX
| 13 18 [o.10]c
1
. U U UUY
‘ 120 R_19T
. ) . Cleess
B |
-—— -1 E —= - - - £2
) -
|
D) -
7M S Clea,
| _*—
ANNENHANANA L
2 1 }
E e
1 ;';"’ EEI-.ID C
T
A 4
SEATINGT [1 01 T1T10] T[] _f
PLAME A3
b SIDE WVIEW
[$]o10@[c]B][A]
H COMHOA
i DIMEMSIONE MILLIHETER CIMEMEI0ONE INCH
& [CHIM | HOM | MAK | MIH, [ MO, | A
& SEE VARTATION
A3 0153 0203 | 020 00077 | ong 0003
k| aB0 0230 0,300 0.oo7 o.ons LK1
D | ases | 40 2075 | 0154 | 157 | DIsD
E 3925 | 40 4,075 154 LR LIGD
] 050 BEC 20 BEC
L SEE wARIATION
VARTATION = & -
DIMENSIONG HILLIMETER DIMENSIONS INCH
M. HIML MOML M.
a7n | n7s | 080 |G0R7 | o02s | 00a
WARIATION " L 7
Pall SIZE| muewcmys moLveTeR DEMENEKIKE [NCH REF
T [_HIH,_] hoe | Fe
U | 630 | 03s 1a.44u BOIE | 064 | 0016 | CUSTONS A8
nesEe o2sE2
PAD SIZE| DIMENSIONS MILLIMETER DIMENSIONG TNCH REF
MIMN. N[ MAK, MIM. NIOM. MAX,
118x118 2 50,2.502.65/2.65) 280/2.80| 0.098/0.098 | 0104,/0.104 | 011040110 | VEGD-6, wGGD-5
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19.5 SSOP 24 PIN

ﬁ'ﬂmﬂﬂ;ﬂﬂﬂﬂﬂﬁ

E1

12
—t|-—-|L
|
f ! |
m|ainixiainln|uininisim
[ 2] [=D.004]
Fd [ 9 <
— GAUGE PLANME X / )
'
— SEATING FLAME g,_ =
L
L1
DETAIL : A
SYMBOLS|  MIN. NOM. MAX. NOTES:
f'—'\ 0053 0064- D{:}Sg 1JEDEC OUTLINE : ME-137 AE
A1 0.004 0008 0.010 2 DIMENSION O DOES NOT INCLUDE WOLO PROTRUSIONS OR GATE BURRS.
f'—'\2 _ _. 0059 MOLD PROTRUSIONS AND GATE BURRS SHALL NOT EXCEED 0.008" PER
D 0.337 0.341 0,344 SIDE. DIMENSICN EY DOES NOT INCLUDE INTERLEAD MOLD PROTRUSIGNS,
r 9:228 0:235 0:244 INTERLEAD MOLD PROTRUSIONS SHALL NOT EXCEED ©.010" PER SIDE,
E1 0.150 0.154 0157 S.OIMENSION b DOES NOT INCLUDE DAMBAR F’F!OTRUSION/INTRUSION.
b 0.008 _ 0012 A LOWABLE DAMBAR FROTRUSION SHALL BE 0.004" TOTAL IN EXCESS OF
C O‘DD7 — OI[HO b DIMENSION AT MAXIMUM MATERIAL CONDITION. DAMBAR INTRUSION
E : 0‘025 BA5|C ' SHALL NOT REDUCE DIMENSION b BY MORE THAN 0.002° AT LEAST.
L 0.016 | 0.025 | 0.050
Al L 0.041 BASIC
60 Oi _ 8‘
UNIT : INCH
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SONIX reserves the right to make change without further notice to any products herein to improve reliability, function or
design. SONIX does not assume any liability arising out of the application or use of any product or circuit described herein;
neither does it convey any license under its patent rights nor the rights of others. SONIX products are not designed,
intended, or authorized for us as components in systems intended, for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SONIX product could create a

situation where personal injury or death may occur. Should Buyer purchase or use SONIX products for any such
unintended or unauthorized application. Buyer shall indemnify and hold SONIX and its officers , employees, subsidiaries,
affiliates and distributors harmless against all claims, cost, damages, and expenses, and reasonable attorney fees arising
out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use
even if such claim alleges that SONIX was negligent regarding the design or manufacture of the part.

Corporate Headquarters:

10F-1, No.36, Taiyuan Street, Chupei City, Hsinchu, Taiwan
TEL :(886)3-5600-888 FAX :(886)3-5600-889

Taipei Sales Office:

15F-2, No.171 Song Ted Road, Taipei, Taiwan
TEL:(886)2-2759-1980 FAX:(886)2-2759-8180
mkt@sonix.com.tw | sales@sonix.com.tw

Hong Kong Sales Office:

Unit 2603, 26/F CCT Telecom Building, No. 11 Wo Shing Street,
Fo Tan, New Territories, Hong Kong

TEL:(852)2723-8086 FAX:(852)2723-9179
hk@sonix.com.tw

Shenzhen Contact Office:

High Tech Industrial Park, Shenzhen, China
TEL:(86)755-2671-9666 FAX:(86)755-2671-9786
mkt@sonix.com.tw | sales@sonix.com.tw

Sonix Japan Office:

Kobayashi bldg. 2F, 4-8-27,Kudanminami, Chiyodaku,Tokyo,
102-0074, Japan

TEL:(81)3-6272-6070 FAX:(81)3-6272-6165
jpsales@sonix.com.tw

FAE Support via Email:

8-bit Microcontroller Products: salfae@sonix.com.tw

All Products: fae@sonix.com.tw
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