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1 DeviceOverview

1.1 Features

Enhanced 8051 microcontrollevith reduced
instruction cycle timgupto 12times80C51)
- Up to 32 MHz flexible CRt¢quency
- Internal 32 MHz Clock Generaf{tiiRC)
- Realtime clock with 32.768 kHzystal
- Fcpu 8MIPs ~ 0.25MIPs

Memory:

- 32KB nonvolatile flash memory (IROMJith
In-system progransupport

- 256 bytes internal RAMRAM)

- 512bytesexternal RAMXRAM)

I/O Pin:10-Pins pure 1/0 and2-Pins I/O share
with LCD function.

Interrupt: 8 interrupt sources with prioritjevels
control and unique interruptectors

- 6internalinterrupts: TO,TCQ TC1ADC,
UART|2C

- 2 external interrupts: INTO, INT1

Hardware Multiplication/DivisionUnit and 2 set
of DPTR

Timer System
- 1 set 8Bit base Timer for RT{CO)
- 2 set 16Bit Timer/Counter withAuto rebad,
PWM, Buzzer output.(TCO~TC1
- OneBuzzer Pin (): 1KHz / 2KHz / 4KHz /
8KHz

UART]2Cinterface with SMBuSupport

One Comparatofor Low Battery Detec?.2V~3.6V
(0.2V/step)

1.2 Applications

- Body Fat Monitor Scale

- Blood Pressure Meter
- Other measuremenapplication.
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Power Supply2.0~55V (AVDD/DVDD)

Charge Pump Regulator:
- Input voltage:2.0V ~5.5V
- Regulator AVDD#&utput for Analog Circuit
(ADC, PGIA, OP..)
- AVDDR selectable: 2.7V, 3.0V, 3.3V, 3.6V
- ACM 12V for ADC common voltage.

PGIA ProgrammabléGain Instrument
Amplifier, High Input Impedance
- Gain: 1x, 4x, 8x, 16x, 32x, 64x, 128x

24-Bit Delta Sigma ADC

- Single or Differential channel configure.

- 10 externallnput channels Al1~A10

- 6internal Input channelsl/8*VDD detect,
Temperature sensor, ACM, GND and BFOUT,
VBIAS

- Internal or Externateference voltages

- Conversin Rate: 3.5Hz~5KHz

BlAcircuit:
- Sinewave Generator
- Current source Generator

LCD Driver.GType LCD driver up t®2dot
- 4 com or 6 com witi/3 bias
- 4x36 or 6X34 dots, LCD pin share with 1/0
- Adjustable VLCD output 2.6V ~ 4.5V

On-Chip Debug Swport:
- Singlewire debugnterface 5 hardware
breakpoints
Unlimited softwarebreakpoints ROM data
security/protection
- Watchdogandprogrammableexternalreset

- Thermometer
- Weight scale

Device Overviel
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1.3 Features Selectiomable

&
= _ o i = "
o 8§ £riggE g fzccs it
B2 - S o gF
i
SN8F918 | 22 4866 V 2 V - V 10Ch 6 1 6 2 LQFe4
SN8FS19 | 22 4x36,6x34 v 2 VvV - V 10Ch 6 1 6 2 LQFBO
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DatasheetRev1.7 3


http://www.sonix.com.tw/

SONiX

WWW.Sonix.com.tw

1.4 BlockDiagram

On-chip Debug

SN8F910 Series

Temperature Senso

Sine Wave Gen.

AVDDR, ACM

Support 8051-basedCPU ALUMDU
Accumulator
PC, SBHDPTR
32 MHZIHRC Reset and Poweon
On-chip Generatoy Controller ISR 256 BytedRAM
32K Crystal driver
16-Bit Timers RTC UARTIZC 512Bytes 32KB Orchip
PWM, Buzzer | Onchip XRAM Non-volatile Memory
24-Bit ADC, PGIA, BIA circuit ChargePump Regulatg

CType LCD driver

GPIO / PirsharingController

Copyright© 2018, SONiXrechnologyCo.,Ltd.

DatasheetRev.1.7

Device Overviel

4


http://www.sonix.com.tw/

N \ \E& \J
SON:X SN8FS10 Series

WWW.Sonix.com.tw

2 Table ofContents

1 DEVICEOVEIVIEW. ...eeeieiieeeis ittt et e e e e e e e e e s sttt et e e e e e e e e e s s bbb bbb et e e e e e e e e e s aaanssbbbbaeeeeeaaeeeenns 2
2 TabIe Of CONIENES. ...t e e e e e e e s s e e e e e e e e e e e s annneeeeees 5
G T o (oA 110 o 1 o Y/ RSP 6.
A PINASSIONIMENTS. ...ttt a e a e s e e e e e e e e e e e e e e e e aaaaaaaaeas 7
ST O = U PP PP UPTPPPPPPPTP 12
OIS o= To o I U] o (0] L= ] (=T P 17
7  Reset and POWEDN CONIIOIEE..........ooiiiiiiiiiieiiiie et e e 24
8 System Clock and POWRIBNAGEMENL.............cooviiiiiiiiiiieeeieeeee s 27
LS T [T 1] o PP 32
(O 15 1 P U PP PPPRRR 38
IS R €1 = [ PP PPPRRR 42
D o q (=] =1 1] (=1 (1 o SR 46
13 TCX LBITTIMEICOUNTET....cciiiieeieiiiiiitiiie et e e e e e e e e e s e e et e e e e e e es s s s r e aaaaeeeesssnsneeneees 49
I T V=T O PP TP PO PPPPPPPPPR 63
15 BUZZEEN FUNCHIOML .. utttiiiiiiie e e e e ettt e e e e e e st ettt e e e e e e e e s s s s bbb et e e e e e aaeeeessannnbaneeeeaeeeas 70
(G O I B )= OO P ERPTTT T 71
A N I L SR ERETRR 77
R T 11 NPT PPPPPPRRRP 93
19 Charge PUMP REQUIALOL.........ooiiiiiiiieeeeeee s e e e e e e e e e e aaaaaaaaaas 103
P2 O B O] 5 1] 0 F= = o | PSPPSRI 106
72 R 1 A PP ERRRR TP 110
12 L PR PRSPPI 117
23 IN-SYSIEIM PrOQIail. . ..uuiiiiiiie ettt et e e e e e e e e e e b e e e e et e e e e aaa e e eeesnneanees 129
24 APPLICATION CIRCULT ....eiiitiiiee ettt e e e e e e e s s e e e e e e e e e e e e nnnnnees 135
25 Electrical CharaCteriStiCS.........oouviiiiiiiiiiiiieeieieeeeee e e e e 138
26 INSTIUCTION SBL....uiiiiiiiiiiiiiii e e e e e e oo e e e e e e e e e e et e e et e e et e ee et eeeeeeeeeeesssetaesennnebnnnnnnnns 144
27 DEDUQ INEITACE. .. ..o i e e e e et e e e e e e eeaaaaaas 149
28 ROM Programming Pil.........ooiiiiiiiiii et e e et e e e e e e earan e e e eeeenee 151
29 Analog Setting and ApPlICatiQN...........oooviiiiii e 152
30 Overview of Packaging INformation..............coooouiiiiiiiii i 153
Copyright© 2018, SONiXrechnologyCo.,Ltd. Table of Content

DatasheetRev.1.7 5


http://www.sonix.com.tw/

SON:iX

WWW.Sonix.com.tw

3 RevisionHistory

Revision

1.0

11
1.2

13

14

15
1.6

1.7

Date

Aug 2017

Jan 2018
Jan 2018

Mar 2018

Mar 2018

Apr 2018
Apr 2018

Jun 2021

=

PP PONMNE WONE AN P

SN8F910 Series

Description

Modify PGA Register descriptior{fP83)

ILRC @5V XBspecification (P25)

Modify BIAchapter(P91~P100)
AddISPcommands NOP adtkescription P128).
AddMDUrestriction.(P39)

Modify BIAMeasurefigure.(P96)

Modify IROM has to run & MHzdescription(P27)
Add CLKSHRegistettable description (P29)
Add UARMModel / mode3Baud rateformula. (P109,P110)

Add Writer Xwire programmode. (P159)

Modify ADCM2 bit4 ,bit5 ADCKS contdR83).

Modify SINE Frequency v.s Filtatting table(P95)

Modify CKCON)10: 2cycles (seté01C, if Fcpu > 8MHz).

Modify SN8F819 Package P20/P21 Rissignment (P7)
AddCKCON.SCLKSEL Suggestion T4PBIg0)
Modify IROM:0x7FFE(P23)

SONIX reserves the right to make change without further notice to any products herein to improve reliability, functioigror 8@&HNIX does not

assume any liability arising out of the application or use of any product or circuit described herein; deéhér 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 sgstéets fot surgical

implant into thebody,or other applications intended to support sustain life, or for any other application in which the failure of the SONIX product
could create a situation where personal injury or death neagur. 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, affiliatedatatsiisarmless against

all claims, cost, damages, and erpes, and reasonable attorney fees arising afutirectly or indirectly, any claim of personal injury or death

associatedvith suchunintendedor unauthorizeduseevenif suchclaimallegeshat SONIXvasnegligentregardingthe designor manufacture othe

part.
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4 PinAssignments

4.1 SNSF529F(LQFRBO0)

75 1 POO/INTO
74 1 POL1/INT1
73 I PO02/SCL
72 [ PO3/SDA
71 [ PO4/UTX
70 = PO5/URX
69 = PO6/PWMO
68 [— PO7/PWM1
67 [ P21/LXIOUT
66 (= P20/LXIN
65 1 DVSS

64 (= NC

63 — DVDD

62 = NC
61 .= VLCD

O

NC 1 S35/P10/LBTO
NC 2 S34/P11/LBT1
NC 3 S33/P12/Buzzer
AVDDCP 4 S32/P13/SWAT
AVSS 5 S31/P30
AVDDR 6 S30/P31
ACM 7 S29/P32
SINE 8 S28/P33
AN10 9 S27/P34
AN9
SN8F5919FG S25/P36
AN7 S24/P37
ANG6 S23
AN5 S22
BFOUT S21
AN4 S20
AN3 S19
ANZ2 S18
AN1 S17
NC S16
SRQIJICERARREBITTINSIS I
ipinininipiginininininininigiginininginl
R A LA EEEEE
OO0 =Z2=2
(ON®)
(ONO)
Copyright© 2018, SONiXrechnologyCo.,Ltd. Pin Assignment
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4.2 SN8F918F(LQFMB4)

VLCD

SN8F910 Series

61 ' POO/INTO
60 ' POL1/INT1
59 . P02/SCL
58 - PO3/SDA
57 1 P0O4/UTX
56 ' PO5/URX
55 . P06/PWMO
54 = PO7/PWM1
53 1 P21/LXOUT
52 1 P20/LXIN
51 7 VSS

50 .= VDD

AVDDCP
AVSS
AVDDR
ACM
SINE
AN10
AN9
ANS8
AN7
ANG
ANS
BFOUT
AN4
AN3
ANZ2
AN1

SN8F5918FG

OCoO~NOOOULP,,WN B

NMNOOO A ANMSTWUH ON~NOMO O AN
T T N NN ANANNANNANANOOOMOM
igigigipigiginipininizipininisl
O -1 AN MOAANMSTLUL OMNOOO H
SSSS00VNNHNOVNONNON
O0O0O0OSWw nou
OLOLL==

o))

(ON®)

Copyright© 2018, SONiXrechnologyCo.,Ltd.
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48 S35/P10/LBTO
47 S34/P11/LBT1
46 S33/P12/Buzzer
45 S32/P13/SWAT
44 S31/P30

43 S30/P31

42 S29/P32
41 S28/P33
40 S27/P34

S26/P35
S25/P36
S24/P37
S15
S14
S13
S12

Pin Assignment
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PinDescriptions

SN8F910 Series

PowerPins
Pin Type Description
DVDD Power Digital pwersupply
DVSS Power DigitalGround
AVDD Power Analog power supply
AVSS Power Analog Ground
Port0
Pin Name Type Description
POO Digital /O GPIO
INTO Digital /O INTOInterrupt input.
PO1 Digital /O GPIO
INT1 Digital /O INTL Interrupt input.
P0.2 Digital /O GPIO
SCL Digital /O 12C: clock output (master) clock instave)
P0.3 Digital /O GPIO
SDA Digital /O 12C: datgin
P0.4 Digital/lO  GPIO
UTX DigitalOutput UARTtransmissiorpin
PO.5 Digital /O GPIO
URX DigitalOutput = UARTreceptionpin
P0.6 Digital /O GPIO
PWMO DigitalOutput PWMO output pin
PO.7 Digital /O GPIO
PWM1 DigitalOutput PWML output pin
Port1
Pin Name Type Description
P1.0 DigitallO  GPIO
LBTO Analog Input Comparator externanput.
SEG35 LCD Output LCD: SEG35
P11 DigitallO  GPIO
LBT1 AnalogOutput  Ground control pin.
SEG34 LCD Output LCDSEG34
P1.2 DigitallO  GPIO
Buzzer Digitd Output Buzzer output pin
SEG33 LCD Output LCD: SEG33

Copyright© 2018, SONiXrechnologyCo.,Ltd.
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P1.3 DigitallO  GPIO
SWAT Digital /O Note: P1.3can®connect any loading at Debug mode
SEG32 LCD Output LCD: SEG32
Port2
Pin Name Type Description
P2.0 DigitallO  GPIO
LXIN Analoginput = System clock: external clociput
P21 Digitall/lO  GPIO
LXOUT Analoglnput  System clock: drive external crystal
Port3
Pin Name Type Description
P3.0 Digitall/lO  GPIO
SEG3 LCD Output LCD: SEG3
P3.1 Digitall/lO  GPIO
SEGG LCD Output LCD: SEG3
P3.2 Digitall/lO  GPIO
SE@9 LCD Output LCD: SEX®
P3.3 Digitall/lO  GPIO
SE@8 LCD Output LCD: SEG28
P3.4 Digitall/lO  GPIO
SE@7 LCD Output LCD: SEG
P3.5 DigitallO  GPIO
SE@6 LCD Output LCD: SEX
P3.6 DigitallO  GPIO
SE@5 LCD Output LCD: SEX5
P3.7 DigitallO  GPIO
SEQ@4 LCD Output LCD: SEX3
LCD
Pin Name Type Description
VLCD LCD Output LCD: output voltage
COMO LCD Output LCD: COMO
COM1 LCD Output LCD: COM1
COM2 LCD Output LCD: COM2
COM3 LCD Output LCD: COM3

Copyright© 2018, SONiXrechnologyCo.,Ltd.
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COM4 LCD Output LCD: COM4
SEGO LCD Output LCD: SEGO
COMS5 LCD Output LCD: COM5
SEG1 LCD Output LCD: SEG1
SEG2~SE3 LCD Output LCD: SEG2 ~ SBG
AnalogPins
Pin Name Type Description
AVDD Power Analog power supply
AVSS Power Analog Ground
CtC Charge pump Capacitor connection Pins
’ Gonnect 1uF when charge pump enable
AVDDCP  Pump Output Charge Pump outpuConnect 2.2uF to DVSS when charge
pump enable.
AVDDR  Analog Output Regulator outpufor analogpart. Connect 1uF to AVSS.
Selectable: 2.7V, 3.0V, 3.3V, and 3.6V
ACM Analog Output ACM Voltage output.2Vfor ADC common voltage. (sink only
Gonnect 0.1uF tAAVDDR
SINE Analog Output SINBwvave generator output pin.
BFOUT Analog Output Body fat Signadutput pin.
All Analog Input  ADC: Input channel 1
Al2 Analog Input  ADC: Input channel 2
Al Analog Inout ADC: Input channel 3
R+ ginp ADC: external reference positive input pin
Al4 Analoglnput ADC: Input channel 4
R gnp ADC: external reference negative input pin
AI5 Analog Input ADC: Input channel 5
Al6 Analog Input  ADC: Input channel 6
Al7 Analog Input ADC: Input channel 7
Al8 Analog Input  ADC: Input channel 8
Al9 Analog Input ADC: Inputhannel 9
Al10 Analog Input ADC: Input channel 10

Copyright© 2018, SONiXrechnologyCo.,Ltd.
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5 CPU

SN8F5000 family is an enhanced 8051 microcontroller (MCU). It is fully compatible wtb1IMCS
instructions, hence the ability to cooperate with modern development environment (e.gCRE&)l
Generally speaking, SN8F5000 CPU has 9.4 to 12.1 times faster than the original 8051 at the same
frequency.

5.1 Memory Organization

SN8F910 builds in three orchip memories: internal RAM (IRAM), external RAM (XRAM), and
program memory (IROM). The internal RAM is al2f@ RAM which has higher access performance
(direct and indirect addressing). By contrast, the external RAMbhadyteof sze, but it requires

a longer access period. The program memory 32 KB nonvolatile memory and has a maximum
8MHz speedimitation.

OX7FF
8’(";8630 LCD RAM
32 KB Flash X
OXOIFF
Memory
108 OXFF
2568
RAM RAM
0x0000 0
IROM XRAM IRAM

5.2 Direct Addressing: IRAM angFR

Direct addressing instructions (e.g. MOV A, direct) can access the lowbyE2Biternal RAM
(addresgange:0x00¢ Ox7F)andall registers(SFRaddresgange:0x80¢ OxFF).

OxFF _
Registers
(SFR)
0x80
Ox7F
Lower 128byte
Internal RAMIRAM

0x00 M )

Moreover,the lowest 32 bytes of internal RAM (0xQ®x1F) can be seen as four set of RR7
working registers which are addressablefhgtestassembly instructionke MOV A, RO. Internal
RAMfrom 0x20to Ox2Fandevery 0x0/0x8ndingSFRaddressesirebit-addressable.

Copyright© 2018, SONiXrechnologyCo.,Ltd. CPL
DatasheetRev1.7 12
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5.3 Indirect AddressingiRAM

Although direct addressing instructioniake fewerperiod to access internal RAM than indirect

addressing, the second addressing type has the full range accessibility to internal RAM and is the
only method to access the higher 1Bgte internal RAM (0x8Q0xFF).

OxFF _
Higher 128byte
Internal RAMIRAM
0x80 M )
OX7F
Lowerl28byte
Internal RAMIRAM)
0x00

5.4 External RAMXRAM)

The external RAM enlarges the capacity of varialylesst is the lowest access performance in the
contrast of internal RAM. Since frequently used variables and local variables are expestae to
in internal RAM, the vast majority of external RAM usages are specific. It can be allocated as a

variablestorageareafor lower priority tasks, or lookip table preloaded from ROM to speed up the
accesyeriod.LCD RAM is also located in external RAM.

OxF02 (LCD RAM)
0XFDO00
0X01FF
External RAM
(XRAM)
0X0000

5.5 Program Memory(IROM)

The program memory is a herolatilestoragearea wherestorescode, lookup ROM table, and other
data with occasional modification. It can be updated by debug tikdsSNLink Adapter I, and
programcanalsoseltupdateviain-systemprogramprocesgreferto In-systemProgram).

OX7FFH

On-Chip Program Memory
(IROM)

0x000

Copyright© 2018, SONiXrechnologyCo.,Ltd. CPL
DatasheetRev1.7 13


http://www.sonix.com.tw/

N N © WY
SON:X SN8FS10 Series

WWW.Sonix.com.tw

5.6 Program Memory Security

TheSN8FS00 providessecurityoptionsat the disposabf the designerto preventunauthorized
access to information stored in FLASEMory.When enable security option, the ROM code is
secured and not dumped complete ROM contents. ROM security rule is all address ROM data
protected and output®x00.

5.7 DataPointer

A data pointer helps to specify the XRAM and IROM address while performing MOVX and MOVC
instructions. The microcontroller has two set of data pointer (DPH/DPL and DPH1/DPL1) which is
selectable by DP$&egister. The OPC register controls two functions: next DPTR selection and
automatically increase/decrease DHUIRCtion.

The next DPTR selection can specify which DPTR is anticipated to use after perform MOVX @DPTR
instruction. In other word, the DPS can automaticallyag between the two data pointerslto

enable this function: write 0 to DPSEL and fill 1 to NiD8ty, then write 1 to DPSEL and fill O to
NDPSegister.

The automatically increase/decrease DPTR funati@mmmake an increment or decrement after
perform MOVX @DPTR instruction. As a result, it enables a continuous external RAM access without
re-specified DPTR value. Those functions are controlled by the R@BiSter,where there are
separate DPC register bitsrfeach DPTR, to provide high flexibility in d&tnsfers.The DPC
Register address 0x93 points to the window where the actual DPC is selected using Reg3fe§

same agor the DPTR.

5.8 Stack

Stack can be assigned to any area of internal RAM (IRAMjever it requires manual assignment
to ensure its area does not overlap other R&Mariables. An overflow and underflow stack could
also mistakenly overwrite otheRAMS variables; thus, these factors should be considered while
arrange the size aftad.

0x0B 0x0B 0x0B

OX0A PUSHDL  Ox0A LCALLb  Ox0A| Address

0x09 POPH 0x09 w9 ¢ 0x09

0x08| (empty) 0x08| Data 0x08| Data
SP Hx07 SP Hx08 SP Hx0A

By default, stack pointer (SP register) points to 0x07 which means the stack areatd&fiivi
address0x08. In other word, if a planned stack area is assignedfrom IRAM addressOxCO,the

Copyright© 2018, SONiXrechnologyCo.,Ltd. CPL
DatasheetRev1.7 14
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appropriateSPregisteris anticipatedto setat OxBFafter systemreset.

An assembly PUSH instruction costs one byte of stack. LCALL, ACALL instructions and interrupt
respectively costs two bytes stack. Ri@Btruction decreases one count, and a RET/RETI subtract

two counts of stackointer.

5.9 Stackand Data PointelRegister

Bit 6 Bit 5 Bit 4 Bit 3
SP6 SP5 SP4 SP3 SP2 SP1 SPO
DPL4 DPL3 DPL2 DPL1 DPLO
DPH2 DPH1  DPHO

DPL12 DPL11 DPL10

Bit 2 Bit 1 Bit 0

Register Bit7
SP SP7
DPL DPL7 DPL6 DPL5
DPH DPH7 DPHG6 DPH5 DPH4 DPH3

DPL1 DPL17 DPL16 DPL15 DPL14 DPL13

DPH1 DPH17 DPH16 DPH15 DPH14 DPH13 DPH12 DPH11 DPH10
DPS - - - - - - - DPSEL
DPC - - - - NDPS ATMS  ATMD ATME

SP Registdgi0x81)
Bit Field Type Initial Description

7.0 SP R/W  0x07 Staclkpointer

DPL Registg0x82)
Bit Field Type
7..0 DPL[7:0] R/W  0x00

Initial Description
Low byte oDPTRO

DPH Register (0x83)
Bit Field Type
7.0 DPHI[7:0] R/W

Initial Description
0x00 High byte oDPTRO

DPL1 Register (0x84)
Bit Field Type Initial Description

7..0 DPL1[7:0] R/W  0x00 Low byteof DPTR1

DPH1 Register (0x85)
Bit Field Type
7.0 DPH1[7:0] R/W

Initial Description
0x00 High byte oDPTR1

Copyright© 2018, SONiXrechnologyCo.,Ltd. CPL
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DPS Register (0x92)

Bit Field Type Initial Description
7.1 Reserved R 0x00
0 DPSEL RW 0 DPTRselection

0: DPH/DPL (DPTRO3é¢ected
1: DPH1/DPL1 (DPTRXdkected

DPC Register (0x93)

Bit Field Type Initial Description
7.4 Reserved R 0x0
3 NDPS RW 0 Next DPTRelection

TheDPSEloadsthis bit automaticallyafter performany
MOVX @DPTiRstruction.

2.1 ATMS/ATMD R/W 00 Automatically increase/decrease DPTRAliMEapplied)
00: +1 after any MOVX @DHiigruction
01:-1 after any MOVX @DPTR instruction
10: +2 after any MOVX @DRiigruction
11:-2 after any MOVX @DPinRtruction

0 ATME R/W 0 Automaticallyincrease/decrease DP1Riction
0: Disable
1: Enable
Copyright© 2018, SONiXrechnologyCo.,Ltd. CPL
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6 Special FunctioiRegisters

6.1 Special FunctiofiRegistetMemory Map

BIN

HEX 000 001 010 011 100 101 110 111

F8 FRQCML POM P1IM P2M P3M - - PFLAG
FO B POUR Pl1UR P2UR P3UR FRQL FRQH SRST
ES8 - MDO MD1 MD2 MD3 MD4 MD5 ARCON
EO ACC - - - P10C CLKSEL CLKCMD -
D8 SOCON?Z2 - I2CDAT 12CADR 12CCON [2CSTA SMBSEL SMBDST
DO PSW CHS VREG AMPM ADCM1 ADCM2 BZRM LBTM
C8 - TamM TARL TARH TacrL TAcH TAbDL TADH
Co IRCON TCOM TCORL TCORH TCOCL TCOCH TCODL TCODH
B8 IEN1 IP1  SORELF TOM TOC MIN SEC -
BO P3 LCDM1 LCDMN - - ADCDL ADCDM ADCDH
A8 IENO IPO SORELL SWT SINE FILT_L  FILT_H OPM
A0 P2 - - - - - - -
98 SOCON SOBUF IEN2 - PEBYTE - P3CON PI1CON
90 P1 P1W DPS DPC PECMD PEROML PEROMH PERAM
88 - - - - - - CKCON PEDGE
80 PO SP DPL DPH DPL1 DPH1 WDTR PCON

Copyright© 2018, SONiXrechnologyCo.,Ltd. Special Function Registe
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6.2 Special Function registddescription

0x80- Ox9F RegisterSescription

Register
PO

SP

DPL
DPH
DPL1
DPH1
WDTR
CKCON
PEDGE
P1

P1W
DPS
DPC
PECMD
PEROML
PEROMH
PERAM
SOCON
SOBUF
IEN2

PEBYTE

P3CON
P1CON

Copyright© 2018, SONiXrechnologyCo.,Ltd.

Address
0x80
0x81
0x82
0x83
0x84
0x85
0x86
0x87~0x8D
Ox8E
Ox8F
0x90
0x91
0x92
0x93
0x94
0x95
0x96
0x97
0x98
0x99
0x9A
0x9B
0x9C
0x9D
Ox9E
O0x9F

DatasheetRev.1.7

Description

Port 0 databulffer.

Stack pointeregister.

Data pointer O low byteegister.

Data pointer O high byteegister.

Data pointer 1 low byteegister.

Data pointer 1 high byteegister.
Watchdog timer clearegister.
Extendecdcycle controlsegister.
External interrupt edge controtegister.
Port 1 databuffer.

Port 1wake-up controlsregister.

Data pointer selecteegister.

Data pointer controlsegister.

In-System Program commanebjister
In-System Program ROM address byte
In-System Program ROM address fgte
In-System Program RAM mappaxdgress
UARTcontrol register.

UARTdata buffer.

Interrupts enableegister

In-System Program ROBYte writeaddress

Port 3 configuration controlsegister.
Port 1 configuration controlsegister.

Special Function Registe
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OxAO- OxBF RegisteiBescription

Register
P2

IENO
IPO
SORELL
SWT
SINE
FILT L
FILT _H
OPM
P3
LCDM1
LCDM2

ADCDL
ADCDM
ADCDH
IEN1
IP1
SORELH
TOM
TOC

MIN
SEC

Copyright© 2018, SONiXrechnologyCo.,Ltd.

Address
0xA0
OXALO0xA7
OxA8
O0xA9
OxAA
OxAB
OxXAC
OxAD
OXAE
OxAF
0xBO
0xB1
0xB2
0xB3
0xB4
0xB5
0xB6
0xB7
0xB8
0xB9
OxBA
0xBB
0xBC
0xBD
OxBE
OxBF

DatasheetRev.1.7

Description
Port 2 databuffer

Interrupts enableegister
Interrupts priorityregister
UARTeload low byteregister
Switch TESfegister
Sinewavegeneratorregister
FILTERow register
FILTERIigh register

OPA ModeRegister

Port 3 databuffer.

LCD Mode 1 controkgister.
LCD Mode 2 controkgister.

ADC output data Low byte.
ADC output data medium byte.
ADC output data high byte.
Interrupts enableegister.
Interrupts priorityregister.
UARTeload high byteegister.
Timer0 Mode control register.
TimerO counter register.
Timer0O minutes register.
Timer0 second register.

Special Function Registe
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0xCO- OXDF RegistefSescription

Register Address Description

IRCON 0xCO Interruptsrequestregister.

TCOM 0xC1 TCO control register.

TCORL 0xC2 TCOreload bufferlow byte.

TCORH 0xC3 TCOreload buffer high byte

TCOCL 0xC4 TCO counter lovioyte.

TCOCH 0xC5 TCO counter highyte.

TCMDL 0xC6 PWMO duty control low byte buffer
TCODH 0xC7 PWMO duty controlhighbyte buffer.

- 0xC8 -

TC1M 0xC9 TC1 control register.

TC1RL 0xCA TClreload bufferlow byte.

TC1RH 0xCB TClreload buffer high byte

TC1CL 0xCC TC1 counter lovoyte.

TC1CH 0xCD TC1 counter highyte.

TC1DL 0xCE PWML duty control low byte buffer
TC1DH OxCF PWML duty controlhighbyte buffer.
PSW 0xDO System flagegister.

CHS 0xD1 ADC input channel selection register.
VREG 0xD2 Voltage regulator control register.
AMPM 0xD3 PGIA control register.

ADCM1 0xD4 ADCcontrol registerl.

ADCM2 0xD5 ADC control register2.

BZRM 0xD6 Buzzercontrols register

LBTM 0xD7 Comparator and Low battery detection control register.
SOCON2 0xD8 UART baud rate controls register.

- 0xD9 -

I2CDAT OxDA 12C databuffer.

I2CADR 0xDB Own 12C slavaddress.

[2CCON 0xDC I2C interface operation controégister.
[2CSTA 0xDD I2C Statu€ode.

SMBSEL OxDE SMBus mode controlegister.
SMBDST OxDF SMBus internal timeoutegister.
Copyright© 2018, SONiXrechnologyCo.,Ltd. Special Function Registe
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OXEO- OxXFF Registers Description

Register
ACC

P10C
CLKSEL
CLKCMD

MDO
MD1
MD2
MD3
MD4
MD5
ARCON
B
POUR
P1UR
P2UR
P3UR
FRQL
FRQH
SRST
FRQCMD
POM
P1M
P2M
P3M

PFLAG

Address Description

OxEO Accumulatorregister.

OXE1 -

OxE2 -

OXE3 -

OxE4 Open drain controlsegister.
OxE5 Clock switch selectggister.
OxE6 Clock switch controlRegister.
OXE7 -

OXE8 -

OxE9 MDUcontrols registeD.
OXEA MDU controls registet.
OxEB MDU controls registez.
OXEC MDU controls registes.
OxXED MDU controls registet.
OXEE MDU controls registés.

SN8F910 Series

OxEF MDU arithmetic controlregister.

OxFO Multiplication/ division instruction dathuffer.

OxF1 Port O pulup controlgegister.

OxF2 Port 1 pulup controlgegister.

OxF3 Port 2 pulup controlgegister.

OxF4 Port 3 pulup controlgegister.

OxF5 IHRGrequencyfine tuningfunction controlsregister.
OXF6 IHRGrequencyfine tuningfunction controlsregister.
OxF7 Software reset controlegister.

OxF8 IHRGrequencyfine tuningcommand register.
OxF9 Port O input/output moderegister.

OXFA Port 1 input/output modeegister.

OxFB Port 2 input/output modeegister.
OxFC Port 3 input/output modeegister.

OxFD -
OxXFE -
OxFF Reset flagegister.

Copyright© 2018, SONiXrechnologyCo.,Ltd.
DatasheetRev1.7

Special Function Registe
21


http://www.sonix.com.tw/

N N © WY
SON:X SN8FS10 Series

WWW.Sonix.com.tw

6.3 System Registers

Register Bit7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
ACC ACC7 ACC6  ACC5 ACC4  ACC3 ACC2 ACC1 ACCO
B B7 B6 B5 B4 B3 B2 Bl BO
PSW CY AC FO RS1 RSO oV F1 P

ACC RegistéDxEOQ)
Bit  Field Type Initial Description
7..0 ACC[7:0] R/W  0x00 The ACC is anldt data registeresponsible for
transferringor manipulatingdatabetweenALUanddata
memory.If the result of operating is overflow (OV) or
there is carry (C or AC) and parity (P) occurrence, the
these flags will be set to PS¥gister.

B Registe(0xFO0)

Bit Field Type Initial Description

7.0 B[7:0] R/W  0x00 The B register is used during multiplying and division
instructions.lt canalsobe usedasa scratchpadregister
to hold temporarydata.

Copyright© 2018, SONiXrechnologyCo.,Ltd. Special Function Registe
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PSW Registg0xDO0)

Bit  Field Type Initial Description

7 CY RW 0 Carryflag.
0: Addition withoutcarry,subtraction with borrowing
signal, rotation with shifting out logi@ ncbraparison
result <0.
1: Addition withcarry,subtraction withoutborrowing,
rotation with shifting out logi@x mcbrparison
NBE & def G x

6 AC RW 0 Auxiliary carrylag.
0: If there is no a carrgut from 3rd bit ofAccumulator
in BCDoperations.
1: If there is a carrput from 3rd bit of Accumulatan

BCDoperations.

5 FO RW 0 General purpose flag 0. Genemlrpose flagwvailable
for user.

4.3 RSJ[1:0] R/W 00 Register bank selecbntrolbit, used to seleaworking

registerbank.
00: 00Hg 07H(Bnak0)
01: 08H¢ OFH(Bnak1)
10: 10Hc 17H(Bnak?2)
11: 18Hc 1FH(Bnak3)

2 ov RW 0 Overflowflag.
0: Nonoverflowin Accumulator duringrithmetic
Operations.
1: overflow in Accumulator durirgyithmetic
Operations.

1 F1 RW 0 General purpose flag 1. General purpose dlagjlable
for user.

0 P R 0 Parity flag. Reflects the number Wfmiitie
Accumulator.
0: if Accumulator contains an even numberdéfn Q & ®
1: Accumulator contains an odd numbefMéfa Q & ®

Copyright© 2018, SONiXrechnologyCo.,Ltd. Special Function Registe
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7 Reset and Poweon Controller

The reset and poweon controller has five reset sources: low voltage detec{aiDs)watchdog,
programmable external reset pin, and software reset. The first three sources would trigger an
additional poweron sequenceSubsequentlythe microcontroller initializes all registers and starts
programexecutionwith its resetvector(ROMaddres 0x0000).

7.1 Configuration ofResetand Poweron Controller

SONIX publishes3N8F51x_OPTIONS.A51 fileSNLink Driver for Keil C51.efdownloadable on
cooperative website: www.sonix.com.tw). Thigtions filecontains appropriate parameters of reset
sources and CPU clock source selection, and is strongly recommended to add to Keil project.
SN8F5000 DebugpolManualprovides the further detail of this configuration. The option items are
asfollowing:

Program Menory Security
CPU ClocRource
NoiseFilter

Watchdog

D:\Users\chihui_liu\Desktop\SH59E91 #ZE#\SN8F5910 Family Sample Code_2017\GPIO Sample Code\GPIO\gpio.uvproj - pVisio... | = (5] S

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

=A== N o | | | = = | B Analog_Selection [+ | 54 | @ | o &|[F) &
& |gg|Targetl IZ|£\|ﬁ & @
Project LN gpio.c OPTIONS_SN8F5919.A51 SNBF5919.h v X
E‘"'L?‘ Target 1 ExpandAll |  CollapseAll | Help | I ShowGiid
B3 Source Group 1 -
E| gpio.c Option Value
. [aintrins.h Program Memory Security Disable
-[] SNBF5919.h CPU Clock Source IHRC
.4 OPTIONS_SN&F5919.A51 I CK_Fine_Tuning Enable
Noise Filter Disable
Watchdog Disable
Watchdog Overflow Period 512 ms
11 3

4
il Proje.{ €3 Books| ¥ Func.| [y Tem...| | Text Editor | Configuration Wizard |

Build Output a2 B

SN-Link Debugger

Copyright© 2018, SONiXrechnologyCo.,Ltd. Reset and Powesn Controllel
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7.2 Poweron Sequence

A poweron sequence would be triggered hyDwatchdog, and external reset pin.tikesplace
between the end of reset signal and program executiOwerall, it includes two stages: power
stabilizationperiod,andclockstabilizationperiod.

The power stbilization period spendsms in typical condition. Afterward the microcontroller
fetches CPU Clock Source selecaotomatically.The selected clockource would be driven, and
the systemcounts4096timesof the clockperiodto ensureits reliability.

7.3 LVDReset

The low voltage detectors monitor VIINQvoltage atone level 1.8 V. when the VDD voltage lower
than 1.8Ythe MCU system wille reset

7.4 WatchdogReset

Watchdog is a periodic reset signal generator for the purpose of monitoring the exedlotiorts
internal timer is expected to be cleared in a check point of program flow; therefore, the actual reset
signalwould be generatedonly after asoftwareproblemoccurs Writing Ox5Ato WDTRsthe proper
method to place a check pointpmogram.

1 WDTR = Ox5A;
WDT cloclpre-scaler Clock/1 Clock/2 Clock/4 Clock/8
Watchdog intervaime 64ms 128ms 256ms 512ms

Theoperationmode of watchdogis configurablen optionsfile:

Alwaysmode countsits internaltimer in all CPWperationmodes(normal,IDLESLEEP);

Enable modecounts its internal timer during CRtaysin normal mode, and it would not trigger
watchdog reset in IDLE aisT Onodes;

Disable modesuspends its internal timer at all CPU modes, and the watchdog would not trigger in
this condition.

When watchdog is operating adlwaysmode, thesystemwill consume additiongdower.

7%$4 Al igAEzvpc

SYM. DESCRIPTION Condition MIN. TYP. MAX. UNIT
FLrc Internal Low clock generatc VDD 5V @ 25C 12 16 24 KHz
Copyright© 2018, SONiXrechnologyCo.,Ltd. Reset and Powesn Controllel
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7.5 ExternalResetPin

In SN5900 series, there is no external reset pin.

7.6 SoftwareReset

A software reset would be generated after consecutively set SRSEHRS@r.As a result, this
procedure enabledirmwareQ ability to reset microcontroller (e.g. reset after firmware update).
ThefollowingsampleCcoderepeatedlysetthe leastbit of SRSTegisterto performsoftwarereset.

1 SRST = 0x01,;
2 SRST = 0x01;

7.7 Reset and Poweon ControllerRegisters

Register Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PFLAG POR wWDT - - - - - -
SRST - - - - - - - SRSTRE
WDTR WDTR7 WDTR6 WDTR5 WDTR4 WDTR3 WDTR2 WDTR1 WDTRO

PFLAMRegister
Bit Field Type Initial Description
7 POR R 0 Thisbit isautomaticallysetif the microcontrollerhas
been reset by VD.
6 WDT R 0 Thisbit isautomaticallysetif the microcontrollerhas
been reset byvatchdog.
5.0 Reserved R 0
SRSRegister
Bit Field Type Initial Description
7.1 Reserved R 0
0 SRSTREQ R/W O Consecutively set this bit for two timestt@ger
softwarereset.
WDTR Regist€0x86)
Bit  Field Type Initial Description
7.0 WDTR[7:0] W - Watchdog clear is controlled by WDERBister.Moving

Ox5Adatainto WDTRsto resetwatchdogtimer.

Copyright© 2018, SONiXrechnologyCo.,Ltd. Reset and Powesn Controllel
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8 System Clock and Pow&tanagement

For power saving purpose, the microcontroller built in three different operation modes: normal,
IDLE, an&TOMnode.

The normal mode means that CPU and peripheral functions are under normally execution. The
systemclock is based on the combination of sceigelection, clocklivider,and program memory

wait state.IDLE mode is the situation that temporarily suspends CPU clock and its exegetion,
remains peripheral&unctionality (e.g. timersUARTand 12C). By contrasTORnode disablesll
functionsand clockgeneratoruntil a wakeupsignalto return normal mode. Additionally, the LCD
function and TERTC function are alsstill can work in STOP Mode for low standby current
application

8.1 SystemClock

The microcontrollehas only one system clock souroe;:chip clock generatoflHRC 32MHz)he
reset and poweion controller automatically load$iRClockduring poweron sequence. Therefore,
the IHRClockis as$¥bsddlomain which is a fixed frequency at aimge.

Subsequently, the fosc is divided by 1 to 128 times which is controlled by GeHiStet. The CPU
input the divided clock as its operation base (named fcpu). Applying CLKSEL's setti) iG&tD
register be writterOx69.

1 CLKSEL = 0x04; /I set fcpu =fosc [/ 8
2 CLKCMD= 0x69; [/ Apply CLdeBrgL b
fosc Divider fcpu O U
IHRC32MHz 1~128 IROM
ROM
Interface
AKH]2:0] PWSJ2:0]

ROMinterfaceis built in betweenCPUand IROM(programmemory).It optionallyextendsthe data
fetching cycle in order to support lower speed progranemory. For example if the CPU is
anticipated to run at 32 MHz and the IROM has toat& MHz,one extended cyclenust be placed
by CKCOMegister.
IROM fetching cycle= & 16MHz, PWSC[2:0] =0~7
PWSC[2:0]+1

Copyright© 2018, SONiXrechnologyCo.,Ltd. System Clock and Power Managem
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8.2 NoiseFilter

The Noise Filter controlled by Noise Filter option is a low pass filter and supports crystal mode. The
purpose is to filter higlnate noise coupling on high clock signal from extewsdillator.In high noig
environment, enable Noise Filter option is the strongly recommendation to reduce noise effect.

8.3 PowerManagement

After the end of reset signal and powen sequence, the CPU starts program execution at the speed
of fcpu. Overall, the CPU and pdiripherals are functional in this situation (categorized as normal
mode).

The least two bits of PCON register (IDLE at bit OSAr@P abit 1) control the microcontrolle®
power managementnit.

If IDLE bit is set by program, only CPU clock source woulghtieel. Consequentlyperipheral
functions (such as timers, PWMARTand 12C) and clock generator (IHRC 32 MHz) remain execution
in this status. Any change from PO/P1 input and interrupt eveatsnakethe microcontrollerturns
backto normalmode,andthe IDLBbit would be clearedautomatically.

If STORIt is set, by contrast, CPU, peripheral functions, and clock generator are susp&aiad.
storage in registers and RAM would keptin this mode. Any change from PO/P1 eaakeup the
microcontrollerandresumesysten@execution.STOPIt would be clearedautomatically.

*Note: For user who is develop program in C language, IDLEE@&nacros is strongly recommended to
controlthe microcontrolle@ systemmode,insteadof setIDLEand STOits directly.

1 IDLE() ; Use C51 Macros into IDLE MODE
2 STOP(); Use C51 Macros into STOP MODE

8.4 SystemClock and Power Managemeegisters

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

CKCON - PWSC2 PWSC1 PWSCO ESYN EWSC2 EWSCl1 EWSCO

CLKSEL - - - - - CLKSEL CLKSEL CLKSEL!
CLKCML CMD7 CMD6 CMD5 CMD4 CMD3 CMD2 CMD1 CMDO
PCON SMOD - - - P2SEL GFO STOP IDLE
P1W - - - - P13W P12W P11W P10W

Copyright© 2018, SONiXrechnologyCo.,Ltd. System Clock and Power Managem
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*Note: C2 NJ dza SNJ RS@St 2L LINRANI Y Ay / fLy3dzk3S 2N | §4¢
CKCON = 0x70and then set CLKSEL= 0x07~0x00, CLKMD= 0x69, CKCON= 0x00~0x70, this priority
cannot be modified.

CKCONMRegister(Ox8E)
Bit  Field Type Initial Description
7 Reserved R 0

6.4 PWSC[2.0] R/W 111 Extended cycle(s) applied to reading prograemory
000:non (setd0O0Ck, if Fcpu 8MHz)
001: 1cycle (reserved)
010: 2cycles (setd010g, if Fcpu 38MHz)
011: 3cycles (reserved)
100: 4cycles (reserved)
101: 5cycles (reserved)
110: 6¢cycles (reserved)
111: 7cycles (reserved)

3 ESYN RW 0 Extendedextracycles to writeXRAMuseralways set0g)
2.0 EWSC[2:.0] R/W 001 Extended cycle(s) applied to readXBAM
000:non (useralways set0g)

001: 1cycle (reserved)
010: 2cycles (reserved)
011: 3cycles (reserved)
100: 4cycles (reserved)
101: 5cycles (reserved)
110: 6¢cycles (reserved)
111: 7cycles (reserved)

CLKSEL RegistexE5)

Bit  Field Type Initial Description
7.3 Reserved R 0x00
Copyright© 2018, SONiXrechnologyCo.,Ltd. Sysem Clock and Power Manageme
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2.0 CLKSEL[2:0 R/W 111 CLKSEL would be applied by writBigk CMD.

000: fcpu = fosc128

001: fcpu = fosc@4

010: fcpu = fosc 32

011: fcpu = fosc16

100: fcpu = fosc@

101: fcpu fosc /4

110: fcpu =fosc2 (PWSC[2:0§et :xx1, Cycle >

111: fcpu =foscl (PWSC[2:0§et: x11, Cycle >B

* After set CLKSER:P], then must wite 0x69 to apply
/I [ Y{setin@ a
*fosc =32Mhz.

*Note: CKCON.SCLKSEL Suggestibable

fcpu Rom DelayCycle CLKSHRegister Set CKCON Register S
fosc /1 3cycles 0x07 0x30
fosc /2 lcycles 0x06 0x10
fosc /4 Ocycle 0x05 0xQ0
fosc /8 Ocycle 0x04 0x00
fosc /16 Ocycle 0x03 0x00
fosc /32 Ocycle 0x02 0x00
fosc /64 Ocycle 0x01 0x00
fosc /128 Ocycle 0x00 0x00
Copyright© 2018, SONiXrechnologyCo.,Ltd. System Clock and Power Managem
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CLKCMIRegistenOXE6G)
Bit  Field Type
7.0 CMDJ7:0] W

PCON Regist€dx87)

Bit Field Type

7

6..4 Reserved R

3 P2SEL R/W
GFO R/W
STOP R/W

0 IDLE R/W

P1W RegistefOx91)
Bit Field

7.0 PlnW

Type
R/W

Initial
0x00

Initial

0x00
1

Initial
0

Copyright© 2018, SONiXrechnologyCo.,Ltd.
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Description
Writing Ox69 to apply [ Y {sBt{in@ a

Description
Referto otherchapter(s)

Highrorder addressyte configurationbit. Chooseshe
KAIKSNI 683GS 2F | RRNWWA ¢
@Rioperations

ny ¢KS & - wiltadowo®Eyd&id Hile 9 D ¢
contentsof Port2 outputegister.

MY ¢KS d&- wxoa.ompYyeé T
General PurposElag

1: Microcontroller switch t&STORode

1: Microcontroller switch to IDLrRode

Description
0: Disable P1.n wakedpnction
1: Enable P1.wakeupfunction

System Clock and Power Managem
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9 Interrupt

The MCU provide®interrupt sourcesZ external ands internal) with 4 priority levels. Each interrupt
source includes one or more interrupt request flag(s). When interrupt event occurs, the associated
interrupt flag is set to logic 1. If both interrupt enable bit and global interrupt (EAL=1) are enabled,
the interrupt request is generated and interrupt service routine (ISR) will be started. Most interrupt
request flags must be cleared by softwalHawever some interrupt request flags can be cleared by
hardwareautomaticallyln the end, ISR is finished after compelé&te RETI instruction. The summary

of interrupt source, interrupvector,priority order and control bit are shown as the talelow.

Interrupt Enable Requesi{(IRQ) IRQClearance Priority / Vector

SystenReset - - - 0/ 0x0000
INTO EXO IEO Automatically 1 /0x0003
INTL EX1 IE1 Automatically 2/ 0x00®B
TCO ET0 TGO Automatically 3/ 0x00L3

T0 ETO TFO Automatically 4/ 0x0M3

TC1 ETC1 TGL Automatically 5/ 0x00LB
UART ESO TIO /RIO Byfirmware 6/ 0x0@3
ADC EADC ADCF Byfirmware 7/ 0x0@B
12C El2C Sl Byfirmware 8/ 0x00AB

Copyright© 2018, SONiXrechnologyCo.,Ltd. Interrupt
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9.1 Interrupt Operation

Interrupt operation is controlled by interrupt request flag and interrupt enable bits. Interrupt
request flag is interrupt source evemidicator,no matter what interrupt function status (enable or
disable). Both interrupt enable bit and global interrupt (EAL=1) are enabledydtemexecutes
interrupt operation when each of interrupt request flags actives. The program counter points to
interrupt vector (Ox03; OXEB) an@xecutelSR.

9.2 Interrupt Priority

Each interrupt source has its specific default priooitgter. If two interrupts occurs simultaneously,

the higher priority ISR will be service first. The lower priority ISR will be servicedhaftbigher

priority ISR completes. The next ISR will be service after the previous ISR complete, no matter the
priority order.

For special priority needs;ldvel priority levels (Level@Level 3) are used. All interrupt sources are
classified into 6 parity groups (Group@ Group5). Each group can be set one specific priority level.
Priority level is selected by IPO/IP1 registers. Level 3 is the highest priority and Level 0 is the lowest.
The interrupt sources inside the same group will share the saroaty level. With the same priority

level, the priority rule follows defayttriority.

Priority IP1.x IPO.x
LevelO 0 0
Levell 0 1
Level2 1 0
Level3 1 1

The ISR with the higher priority lewsginbe serviced first; even can break the-gaing ISR with the
lower priority level. The ISR with the lower priority level will be pending until the ISR with the higher
priority levelcompletes.

Group Interrupt Surce

Group O INTO - - -
Group 1 INTL - - -
Group 2 TCO TO - -
Group 3 TC1 - - -
Group 4 UART - - -
Group 5 ADC 12C - -

Copyright© 2018, SONiXrechnologyCo.,Ltd. Interrupt
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IPO, IPRegisters
Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IPO - - IPO5 IPO4 IPO3 IPO2 IPO1 IPOO
IP1 - - IP15 P14 IP13 P12 P11 IP10

IPO Registe(0XA9)

Bit Field Type Initial Description

5..0 IPO[5:0] RW 0 Interrupt priority. Each bit together with correspondin
bit from IP1 register specifies the priority level of t
respective interrupt prioritgroup.

Else Reserved R 0

IP1 Registe(OXB9)

Bit Field Type Initial Description

5.0 IP1[5:0] RW 0 Interrupt priority. Each bit together with correspondin
bit from IPO register specifies the priority level of t
respective interrupt prioritgroup.

Else Reserved R 0

*Example Priority groupsLevelGPO>GP1>GP2>GP3=GP4=GP5

1 IPO = 0x05;
2 IP1 = 0x03;

*Example Priority groupsLevelGP5>GP4>GP3>GP2=GP1=GP0

1 IPO = 0x28
2 IP1 =0x30
Copyright© 2018, SONiXrechnologyCo.,Ltd. Interrupt
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9.3 Interrupt Registers

Register  Bit 7 Bit 6

IENO EAL -
IEN1 - -
IEN2 - -
IRCON| ADCF -

SOCON| SMO SM1
I2CCON CR2 ENS1

IENO Registe{0XAS8)

Bit Field Type
7 EAL R/W
4 ESO R/W
2 EX1 R/W
1 ETO R/W
0 EXO R/W
Else Reserved R

IEN1 RegistefOXB8)

Bit Field Type
0 El2C R/W
Else Reserved R

Copyright© 2018, SONiXrechnologyCo.,Ltd.
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Bit 4 Bit 3 Bit 2 Bit 1
ESO - EX1 ETO

EADC - ETC1 ETCO
TGO - TFO IE1

SM20 RENO TB80 RB80 TIO
STA STO Sl AA CR1

Initial
0

Initial
0

Description

Enable all interruptontrol bit.

0: Disable all interrudunction.

1: Enable all interrugunction.
UARTinterrupt controlbit.

0: DisabldJARTinterrupt function.

1: EnabldJARTinterrupt function.
External B.1interrupt (INT1) contrdbit.
0: Disable INT1 interrufanction.

1: Enable INT1 interrufdinction.

TO timer interruptcontrol bit.
0: Disable TO interrugtinction.
1: Enable TO interrugtinction

External B.O interrupt (INTO) contrdbit.
0: Disable INTO interrupanction.
1: Enable INTO interrufanction.

Description
I2C interrupt controbit.

0: Disable I2@terrupt function.
1: Enable 12C interrupainction.

Bit 0
EXO
El2C
IEO
RIO
CRO

Interrupt
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IEN2 Registgf0X9A)
Bit Field Type Initial Description

4 EADC RW 0 ADGinterrupt control bit
0: DisableADCinterrupt function.
1: EnableADCinterrupt function.

2 TC1 RW 0 TC1 overflownterrupt controlbit.
0: DisableT Clinterrupt function.
1: Enablelr Clinterrupt function.

1 TCO RW 0 TCO overflownterrupt controlbit.
0: Disabler CQOinterrupt function.
1: Enablelr CQinterrupt function.

Else Reserved R 0
IRCONRegiste(0xCO0)
Bit Field Type Initial Description
7 ADCF RW 0 ADGinterrupt requestflag.

0: NoneADGinterruptrequest
1: ADGinterruptrequest.

5 TCF1 RW 0 TC1timer interrupt requesflag.
0: None Tlinterrupt request.
1: TClinterruptrequest.

4 TCFO RW 0 TCOtimer interrupt requestlag.
0: None TOQinterrupt request.
1: TCOinterruptrequest.

2 TFO RW 0 TO timer interrupt requestlag.
0: None Dinterrupt request.
1: T interruptrequest.

1 IE1 RW 0 External B.1interrupt (INT1) requedtag
0: None INT1 interrupequest.
1: INT1 interruptequest.

0 IEO RW 0 External B.0 interrupt (INT0) requesftlag
0: None INT interruptrequest.
1: INDinterruptrequest.

Else Reserved R 0

Copyright© 2018, SONiXrechnologyCo.,Ltd.
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SOCON RegistédX98)

Bit  Field Type Initial
1 TIO RW 0

0 RIO RW 0
Else

I2CCON RegistédXDC)

Bit Field Type Initial
7 Sl RW 0
Else

Copyright© 2018, SONiXrechnologyCo.,Ltd.
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Description

UARTransmit interrupt request flag. It indicates
completion of a serial transmissi@i UARTIt is set by
hardwareat the end of bit 8 in mode O or at the
beginning of a stop bit in other modes. It must be
cleared bysoftware.

0: NoneUARTransmit interruptrequest.

1: UARTransmit interruptrequest.

UARTreceive interrupt request flag. It is set bgrdware
after completion of a serial reception RIARTIt is setby
hardwareat the end ofbit 8 in mode 0 or in the middle
of a stop bit in other modes. It must be cleared by
software.

0: NoneUARTreceive interruptrequest.

1: UARTreceive interruptrequest.

Referto otherchapter(s)

Description

Serial interrupflag

The Sl is set by hardware when one of 25 out of 26
possible 12C states is entered. The stitethat does
not set the Sl istate F8h, which indicates that no
relevantstateinformation is available. The figmust
0S Of SINBR 08 a2Fi0él NB®
Ydzad 6S ogNAGOSY (2 GKAaA
not change value of th8l.

Referto otherchapter(s)

Interrupt
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10MDU

The multiplication division unit is amn-chip arithmetic ceprocessor which enables the
microcontroller to perform additional extended arithmetic operations. This unit providebit32
unsigned division, 16it unsigned multiplication, shift and normalize operations. These operations
areidentified by the different sequence®f writing MDOto MD5registers.

10.1Multiplication (16-bit x 16-bit)

The elements of a multiplication include three parts: multiplicand, multiplier and prodostarta
multiplication requires following writing sequend&DO (low byte of multiplicand), MD4 (low byte
of multiplier), MD1 (highbyte of multiplicand),and MD5 (highbyte of multiplier).

By the end of writing MD%egister,the multiplication is automatically started andkes11l CPU
cycles for its operation. Tharoduct of this term operation would be available to read by a specific
sequenceMDO(LSB)MD1,MD2,andMD3(MSBYegisters.

10.2Division (32bit/16 -bit and 16bit/16 -bit)

The MDU supports two kind of division:-BR by 16bit, and 16bit by 16bit. Thefirst operation
takes17 CPU cycles to compute, whereas the secondtakes9 cyclesnly.

A 32bit division started by a specific sequence of writing registers: MDO, WIDR,, MD3, MDA4,
andMD5. In this case the 32-bit dividendis expectedto storein MD3(most significanbit) to MDO
registersand16-bit divisoris storedin MD5andMD4registers(MSBin MD5register).

A 16bit division operation cooperates with four registensly. The 16bit dividend is stored in MD1
and MDO registers, and the 4#t divisor is stored in MD5 and MD4 registers (MD1 and MD5 for
mostsignificationbit). Theappropriateperformingsequenceas WiDO,MD1,MD4,andMD5Q

The MDU starts computing from MD5 register is written. It spends 9 or 17 CPU cycles, depends on
the length of dividend, before the outcome is generated. The quotient is stored in MD3 to MDO
registersfor 32-bit division,andMD1to MDOregistersfor 16-bit division(LSBn MDOregister).The
reminderwould be placedin MD5 (MSB)and MD4 registersno matter which divisionis performed.
However readingMD5registermustbe the lastoperationto indicatethe full divisionis completed.

10.3Shifting and Normalizing

The shifting and normalizing operatioritate the 32-bit registers (MD3 to MDO, MSB in MO8) a
certain or uncertairtime.

In shift operation, the 3Jit unsigned integer is shifted left or right by a speciffreamber of bits.
Thedirection and shifting number is specifiedin ARCONegister. A shift operationtakes3 to 18

Copyright© 2018, SONiXrechnologyCo.,Ltd. MDU
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CPU cycles depends on the shifte.

In normalizing operation, the 3Bit unsigned integer would be shifted leftpeatedly until the most

significant bit (¥ bit of MD3 register) is 1. A normalizing operattakes4 to 19 CPU cycles depends
on the actual shiftime.

Both shifting and normalizing operations are started by proper sequence of writing registers: MDO,
MD1, MD2, MD3, and finally ARC@agister.The result would be place in MDO to MD3 registers
whichshouldbereadin the sequenceof MDO,MD1,MD2,andMD3.

10.4Cooperate with Keil C51

Because Keil C51 supports both of hardware and software multiplication/division operators, a
O2YYlFYyR fAYS WILNYIYF YRdAdzZyNPpbmMpQ A& NBIdzZANBR A
higher performance.SubsequentlyKeil C51would compile mathematic operators with MDU
support.

1 #include  <SN8F5919.H>
2 #pragma mdu_r515 //Keil C51 MDU command line

10.5The Error Flag (MDEF)

CKS da59C¢ SNNEBNJ FEl 3 AYRAOIFIGSa |y AYLINELISNI &
operations has been restarted or interrupted by a new operation). The error flag mechanism is

I dzi2YFGAOrEfte SylrofSR ¢gAGK (GKS FTANARG NRGS 2
instructionfrom & a 5 ¢miiltiplicationor shift/normalize)or & a 5 fdi&ision)in phasethree.

The error flag is sethen:

Thereisawrite accesgo WIDxX2egisters(anyof ®D0Qo WID5and ARCON duringphasetwo of
MDUoperation(restartor calculationsnterrupting)

Thereisareadaccesgo one of MDxregistersduringphasetwo of MDUoperationwhenthe error
flagmechanismsenabled.In suchconditionerror flagis set but the calculationis not interrupted.
The error flag is reset only after read accesétb w/ tediséer.The error flag is reaahly.

10.6 TheOverflow Flag (MDOV)

TheMDOWVoverflowflagis setwhenone of the following conditionsoccurs:

Division byzero

Multiplicationwith aresultgreaterthan 0000FFFFh

Startof normalizingf the mostsignificantbit of MD3isset(MD3.7=1)

Anyoperationof the MDUthat doesnot matchthe aboveconditionsclearsthe overflowflag.Note
that the overflowflagisexclusivelycontrolledby hardware.lt cannotbe written.

Copyright© 2018, SONiXrechnologyCo.,Ltd. MDU
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10.7MDU Registers

Register Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MDO MDO7 MDO6 MDO5 MDO04 MDO03 MDO02 MDO1 MDOO
MD1 MD17 MD16 MD15 MD14 MD13 MD12 MD11 MD10
MD2 MD27 MD26 MD25 MD24 MD23 MD22 MD21 MD20
MD3 MD37 MD36 MD35 MD34 MD33 MD32 MD31 MD30
MD4 MD47 MD46 MD45 MD44 MD43 MD42 MDA41 MD40
MD5 MD57 MD56 MD55 MD54 MD53 MD52 MD51 MD50

ARCON MDEF MDOV SLR SC4 SC3 SC2 SC1 SCO

MD Registers (MDQ MD5: OXES; OXEE)
Bit  Field Type Initial Description
7..0 MD[7:0] R/W  0x00 Multiplication/DivisiorRegisters

ARCON Regist€dxEF)
Bit  Field Type Initial Description
7 MDEF R/W 0 MDU error flaguDEF
Indicatesanimproperlyperformedoperation(whenone
of the arithmetic operations has been restarted or
interrupted by a nevoperation).

6 MDOV RW 0 MDU overflowflag
Overflow occurrence in the MDdperation.
5 SLR R/W 0 Shiftdirection

0: Shift left operation
1: Shift righbperation
4..0 SC[4:0] R/W  0x00 Shiftcounter
Write 0x00: Perform normalizing. The actual ginfe
would be readable afteyperation.
Write else values: Specify the times of sbifferation.

10.8 MDU restriction,

The arithmetic unit does not allow reentrant code and cannot be used in multiple threads or the main and
interrupt routines at the same time.

Copyright© 2018, SONiXrechnologyCo.,Ltd. MDU
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10.9Sample Code

Thefollowing samplecodedemonstrateshow to perform MDU32bit / 16 bit.

1 #include  <SN8F5919.H>

2 #pragma mdu_r515 //Keil C51 MDU command line
3

4 void main( void )

5 {

6 unsigned int  Divisor,; /I 16- bit divisor

7 unsigned long Dividend; /[ 32-bit dividend
8 unsigned long  Quotient; /I 32-bit Quotient
9 unsigned int Remainder; //16 -bit Remainder

10
11 Divisor = 0x1234 ;
12 Dividend = Ox56789ABC;
13 Quotient = Dividend / Divisor,; //0x0004C016
14 Remainder = Dividend % Divisor; //0x0A44
15
16 while(  1);
17 }
18
Copyright© 2018, SONiXrechnologyCo.,Ltd. MDU
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11GPIO

The microcontroller has up t@2 bidirectional general purpose 1/0O pin (GPIO). Unlike the original
8051 only has opedrain output, SN8F5%9 builds in puskpull output structure to improve its
drivingperformance.

11.1Input and Output Control

The input andoutput direction control is configurable through POM t8NP registers. These bits
specify each pin that is either input mode or outpubde.

Register  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
POM PO7M PO6M POSM P04M PO3M PO2M PO1IM POOM

P1M - . - . P13M  P12M  P11M  P10M
P2M - . - . . . P2IM  P20M
P3M | P37M P36M P35M P34M P33M P32M  P3IM  P30M
P10C - . - PGOC POOC . . -

Note: P40 caf2 set output mode

POM: OxF9, P1IMOXFAP2M: OxFB, P3M: OxFC

Bit Field Type Initial Description

7 PO7M RW 0 Mode selection of P0O.7
0: Inputmode
1: Outputmode

6 PO6M RW 0 Mode selection of P0.6
0: Inputmode
1: Outputmode

5 PO5M RW 0 Mode selection of P0.5
0: Inputmode
1: Outputmode

4..0 et cetera

Copyright© 2018, SONiXrechnologyCo.,Ltd. GPIC
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P10OC RegistédxE4)

Bit  Field Type Initial Description
4 P®OC RW 0 PO5 open-drain outputmode

0: Disable

1: Enable, output higktatusbecomes to inputnode
3 POOC RW 0 P04 opendrain outputmode

0: Disable

1: Enable, output higktatusbecomes to inputmode

11.2Input Data andOutput Data

By a read operatio from any registers of PO ta3Pthe currentpin@logic level would bédetchto
represent its external status. This operation remains functional even the pin is shared with other
functionlike UARTand 12Cwhich canmonitor the busconditionin somecase.

A write PO to Bregister value would be latchechmediately, yethe value would be outputted until
the mapped POM; P3M is set to output mode. If the pin is currently in output modeyvalueset
to POto P3 registerwould be presentedon the pin immediately.

Register Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

PO PO7 P06 P05 P04 P03 P02 PO1 P00
P1 - - - - P13 P12 P11 P10
P2 - - - - - - P21 P20
P3 P37 P36 P35 P34 P33 P32 P31 P30
Copyright© 2018, SONiXrechnologyCo.,Ltd. GPIC
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PO: 0x80 P1:0x90, P2: OxAO, P3: OxFC
Bit  Field Type Initial Description

7 PO7 RW 1 Read: PO.LJA Yogicdevel

Write 1/0: Output logic high or low (applied if PO7M)=

6 P06 RW 1 Read: PO.&JA Jogicddevel

Write 1/0: Output logic high or low (applied if PO6M)=

5 P05 RW 1 Read: PO.RJA Jogicdevel

Write 1/0: Output logic high or low (applied if PO5M)=

4.0 et cetera

11.30n-chip Pultup Resisters

The POUR to3RJR registers are mapped to each gimsernal 100 ka (in typical value) pulip

resister.

Register  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1
POUR | PO7UR PO6UR PO5UR PO4UR PO3UR PO2UR PO1UR
P1UR - - - - P13UR P12UR P1l1UR
P2UR - - - - - - P21UR
P3UR = P37UR P36UR P35UR P34UR P33UR P32UR P31UR

POUROxF1, P1UR: OxF2, P2UR: QX¥F3UR: OxF4

Bit  Field Type Initial Description

7 PO7UR RW 0 On-chip pultup resister control dP0.7
0: Disable
1:Enable

6 PO6UR RW O On-chip pultup resister control dP0.6
0: Disable
1: Enable

5 PO5UR RW O On-chip pull-up resister control dP0.5
0: Disable
1: Enable

4..0 et cetera

* Recommendedlisablepull-up resisterif the pin isoutput modeor analogfunction

Copyright© 2018, SONiXrechnologyCo.,Ltd.
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11.4Pin Shared witH_.CDFunction

The microcontroller builds ihCDfunctions TheLCD driver output pins share with GPIO function,
which can be configured by setting PxCON registers.

Register  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

P3CON  P3CON7 P3CON6 P3CON5 P3CON4 P3CON3 P3CON2 P3CON1 P3CONC
P1CON P1ICON3 P1CON2 P1CON1 P1CONO

11.5P3CON: 0@

Bit Field Type Initial Description

7 P3CON7 RW 1 P37 function control bit
0: LCD function.
1: GPIO function.

6 P3CONG6 RW 1 P36 functioncontrol bit
0: LCD function.
1: GPIO function.

5 P3CONS5 RW 1 P35 functioncontrol bit
0: LCD function.
1: GPIO function.

4.0 et cetera
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12 Externallnterrupt

INTOand INT are external interrupt trigger sources. Build in edge trigger configuration function and
edge direction is selected by PED@gister.When both external interrupt (EXO/EX1) and global
interrupt (EAL) are enabled, the external interrupt request flag (IEO/IB1jvi o0 S &Sd G2
trigger event occurs. The program counter will jump to thierrupt vector (ORG 0x0003/0x0B)

and executeinterrupt service routine. Interrupt requestagwill be clearedby hardwarebefore ISR
isexecuted.

12.1External Interrupt Registers

Register  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

PEDGE - - - - EX1G1 EX1GO0 EX0G1 EX0GO
IENO EAL - - ESO - EX1 ETO EXO
TCON TF1 TR1 TFO TRO IE1 - IEO -

PEDGE Regist@rX8F)

Bit Field Type Initial Description

3..2 EX1G[1:0] R/W 10 External interrupt 1 trigger edge contregister.
00:Reserved.
01: Rising edgwigger.
10: Falling edge triggédefault)
11:Both rising and falling edgegger

1..0 EXO0GJ[1:0] R/W 10 External interrupt O trigger edge contragister.
00:Reserved.
01: Rising edgtigger.
10: Falling edge triggédefault)
11: Both rising and falling ed¢regger

Else Reserved R 0

Copyright© 2018, SONiXrechnologyCo.,Ltd. External Interrup
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12.2Sample Code

Thefollowingsamplecodedemonstrateshowto perform INTO/INT with interrupt.

1 #include <intrins.h>

2 #include <SN8F59 19.h>

3

4 void Init_GPIO( void );

5 void Init_ISR(  void );

6 void Delaylms( unsigned int n);
7

8 void main( void )

9 {

10 Init_GPIO(); /I Initial GPIO

11 Init_ISR(); /I Initial interrupt setting
12

13  while (1){

14 WDTR = 0x5A; /I clear watchdog if watchdog enable
15 / To Do...

16 Delaylms(100);

17 }

18}

19

20 void Init._ GPIO( void )

21 {

22 PO = 0x00;

23 POUR = OxFF;

24 POM = 0x00; // P0.0, P0O.1 as input mode

251}

26

27 void Init_ISR(  void )

28 {

29 PEDGE &= 0x00; Il Clear PEDGE

30 PEDGE |=0x02; // EXOG = 0x10 : INTO Falling edge trigger (default).
31 EXO =1, /I INTO isr enable

32

33 PEDGE |=0x04; // EX1G =0x01 : INT1 Rising edge trigger
34 EX1=1; /I INT1 isr enable

35 EAL = 1, /I Interrupt enable
36}

37

38 void INTO_ISR( void ) interrupt ISRINt0O  // Vector@  0x03
39 {

40 /I cleared intO flag by hardware

41 /[l EO0=0; /[ Clear INTO flag

42

43 //To Do...

44 _nop_();

45}

46

47

48

49

50

51

52

53

54
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56 void INT1_ISR( void ) interrupt ISRInt1 // Vector @ 0x0B
57 {

58 [/ cleared intl flag by hardware

59 /I'NE1=0 ; /I Clear INT1 flag

60

61 /I To Do...

62  _nop_();

63 }

64

65 void Delaylms( unsigned int n)

66 {

67 unsigned int i J;

68 /lin  tvalue

69 i=0;

70 j=0;

71

72 for (i=0;i<n;i++) {

73 for (j=0; j<220; j++) {

74 _nop_(); _nop_();

75 _nop_(); _nop_();

76 _nop_(); _nop_();

77 _nop_(); _nop_();

78 }

79 }

80 }

81

82

83
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13T 16-BITTimer/Counter

TheT@/TC1timer is an 16bit binary up timer with basic timer, event counter and PWM functions.
The basic timer function supports flag indicator XIR®Q bit) and interrupt operation (interrupt
vector). The intervaime is programmable through X8, T&C, T&R registers. The event counter
is changing TCO clock source from system clock (Fcpd&Eascto external clock like signal (e.g.
32768Hz Crystal T& becomes a counter to count external clock number to implement measure
application. T€also builds in duty/cycle programmable PWM. The PWM cycle and resolution are
controlled by T&€timer clock rate, TXKR and TKD registers, so the PWM with good flexibility to
AYL SYSYyd Lw OFNNE &aAradaylrfiz Y20G2N Oz2ygditk@Te | yR
timer are as following
A 16-bit programmable up counting timer
Generate timeout at specific time intervals based on the selectdotck frequency.
A Interrupt function:
TG timer function supports interrupt function. When X@mer occurs overflow, the ™RQ
actives and the system points program counter to interrupt vector to do interrupt sequence.
A Event Counter:
The event counter function counts the external clock counts.
A Duty/cycle programmable PWM
The PWM is duty/cycle programmable controlled bxyRr@nd T&D registers.
A Idle mode function
All T& functions (timer, PWM, event counter, auteload)works on normal ordle mode,
stop working in STOP mode.

Note:
Register Functiondescripton
TG =TCO, TC1 Timer Counter
T&C= TCOC, TC1C Timer Counter Counting data
T&D= TCFO, TCF1 Timer PWM function duty data
TG&R= TCFO, TCF1 Timer Auto reload data
TGENB= TCOENB, TC1ENB Timer function enable bit
TGM =TCOM, TC1IM Timer controlregister
ET@=ETCO, ETC1 Timer overflowinterrupt control bit.
TCK=TCFO, TCF1 Timer Overflownterrupt requestlag.
TCKRATE= TCORATE, TC1RATE Timer Clock divider
x=0,1
Copyright© 2018, SONiXrechnologyCo.,Ltd. TCx 18IT Timer/Counte
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13.1TimerCounter Diagram an€lockSourceSelection

The figuresbelow illustrate the clock selection circuit o€T TC1 Eachhas threeinternal clock
sources selectiofifcpu, fosc, anB2K XtaglLREand one external signal inputhe following block
diagrams show the TCx internal structure.

TCO Structurdiagram:

TORATE

TOCKELO] i

+1

Fcpu » +2

+4

32K Xtal —Fosc ] +8
TRC 3 % 32K Xtal ILRG i
+ 64
T + 128

Code option

% P0.0 (Schmitter Trigggr

TC1Structure Dagram:

TACKSL:0]

32K Xtal
ILRC % 32K Xlag

Code option

TARATE

% P0.1 (Schmitter Trigger

T@CKSLO]

l

TACKSLO]

|

TMENB

TAOCLK

TCENB
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13.2T@ Timer Operation(include TC1)

T@ timer is controlled by TGENB bit. When TGENB=1, T@imer starts to count. One count period
is one clock source rate. C is TGcounter and up counting when TENB=1. When DC counts
from OxFIFFto 0x0M0, T® overflow condition is conformed antiCP & S (i | Theintermupt flag
TCFO is clear lprogramor auto clear by hardware after executing interrupt vectdfx builds in
auto-reload function and always enabled. WherOTigher overflow occurs, the TaC counter buffer
will be reloaded from T@R register automatically. D& double buffer design. If the TR is changed
by program, the new value will be loaded at next overflow occurrence, or tlRant€rval time is
error. If T@ interrupt function is enabledET©=1), the program counter is pointed to interrupt
vector to execute interrupt service routine after @timer overflow occurrence.

TCO interval time = (65536-TCOR) * 1/(Frco clock source/ TCORate)
Clock
Source
Tcoc 00000 X0xooo1><0xoooz><0xooos> éxFFFEXOxFFFFX TCORY ..
or TCOR
TCFO |

TCO timer overflows. TCFO set 1f /
Reload TCOC from TCOR automatically.

TCFO is cleared by program, or
cleared by hardware after executing
interrupt vector.

Copyright© 2018, SONiXrechnologyCo.,Ltd. TCx 18IT Timer/Counte
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13.3TM@ CountingFunction andRegister(include TCYL

T@C is TG 16-bit counter. When TQC overflow occurs, the FZflag is set asdé and cleared by
hardware or firmware. The DC decides Tinterval time through below equation to calculate a
correct value. It is necessary to write the corrgatueto TM@C register and TR register first time,
andthen enable TCtimer to make sure thdirst cycle correct. After one TMverflow occurs, the
TQ@C register is loaded a correcluefrom TMOR register automatically, not program.

TCOCHRegister (TCOCH 0OxCH
Bit  Field Type Initial Description

7.0 TCOCH R/W  0x00 High byte ofTCGounter

TCOCRegister (TCOC: OxCH
Bit Field Type Initial Description

7.0 TCOCL R/W  0x00 Lowbyte of TCGcounter

The equation of T@initial value is as followngn

\ TQOCinitial value=65536- (TQ) interrupt interval time * TCOclockrate) \
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13.4TCOAuto Reload Functiomnd Registe(include TC1)

TCO timer builds in autceload 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 to modfy TCOR register, not TCBgjister. 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
enablirg TCO timer. TCO is double buffer design. If new TCOR value is set by program, iadusew

is stored in 1st buffer. Until TCO overflow occurs, the new value moves to real TCOR buffer. This way
can avoid any transitional condition &dfectthe correctnes of TCO interval time and PWM output
signal.

TCORH Register (TCORH : OxC3
Bit  Field Type Initial Description
7.0 TCORH R/W  0x00 High byte ofTCQeload buffer

TCRLRegister (TCIRL: OxC2
Bit  Field Type Initial Description

7.0 TCORL R/W  0x00 Lowbyte of TCQeload buffer

Theequation of TCOR initial value is as following

TQORinitial value =65536- (TQD interrupt interval time * TCOclockrate)

Example: To calculation TCOC and TCOR value to obtain 10ms TCO interval time.
TCO clock source is Fcp@2MHz/32 = 1MHz. Select TCORATE=000 (Fcpy/128
TCO interval time = 10ms. TCO clock raB2MHz/32/128

TCOC/TCOR initial value = 65586C0 interval time * input clock)
= 65536- (10ms *32MHz /32/ 128)
=65536(pmMm zocpmifaopg
=FB2H
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13.5T@ (TC1PWM Function

The PWM is duty/cycle programmable design to offer various PWM signals. When TCO timer enables
YR t2anh! ¢ oAl asSia a amé 6SylroftS t2a 2dzilldz
One cycle oPWM 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 TCOF
reloaded when TCO timer enables and TCO timer overflows. When Bftsequal to TCOD, the

PWM high pulse finishes and exchanges to low level. When TCO overflows (TCOC counts from OxFFF
to 0x0000), one complete PWM cycle finishes. The PWM exchanges to high level for next cycle. The
PWM is autereload design to load DC from TCOR automatically when TCO overflows and the end
2T t2aQa 0OeofSz G2 (1SSLA t2a O2yldAydzaided LT Y
the new cycle occurs at next cycle when TCOC loaded from TCOR.

Enable TCO and PWM. TCOC overflows from OxFFFF to 0x0000.

TCOC is loaded from TCOR. TCOC = TCOD. TCOC is loaded from TCOR.

PWM outputs high status. PWM exchanges to low status. PWM exchanges to high status.
TCOC KKK K -

PWM Output

One complete cycle of PWM.

Next cycle. -
»

A
Y
A

TCOD reigterQ purpose is to decide PWM duty. In PWM mode, TCOR controls<®tyslle and
TCOD controls the duty of PWM. The operation is base on timer counter vahesn WC0C = TCOD,
the PWM high duty finished and exchange to low level. It is easgribgureTCOD to choose the
right PWMR duty for application.

The equation of TCOD initial value is as following

TQOD initial value=TCOR (PWM high pulsewidth period/ TCOclockrate)

Example: To calculate TaD value to obtain 1/3 duty PWM signah 100Hz
The TOclock source is Fcpu32MHz/32= 1MHz. Select DRATE=000 (Fcpu/128).
TOR = FFB2H CORH: FFH, TCOBR®). TO interval time = 10ms. So the PWM cycle is 100Hz.
In 1/3 duty condition, the high pulse width is about 3.33ms.

TAD initial value= FB2H + (PWM high pulse width period / TCO clock rate)
= FBZ2H + (3.33ms 82MHz /32/ 128)
=FB2H +1AH= FE®
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13.6 TM Event Counter Functiofinclude TCYL

TCO event counter is set the TCO clock source from external input p@). (Rhen TCOCKS131C0

clock source is switch to external input pin (0TCO event counter trigger direction is falling edge.
When one falling edge occurs, TCOC will up one count. When TCOC counts fré&ift@xXEBa0,

TCO triggers overflow event. The external event GodNJ A y LJdzéup fudktirO&GPI® Imbdsé

is disabled when TCO event counter function enabled to avoid event counter signal trigger system
wakedzL) YR y2i0d {1SSLI Ay LIR2sSN al@Ay3a Y2RSo® ¢KS
interrupt function isalso disabled when TCO event counter function enabled, and the POOIRQ bit

1 SSLJa a./te everi tolinde&usually is used to measure external continuous signal rate, e.g.
continuous pulse, R/C type oscillating sigtiiese signal phase d@synchroniz with MCL®& main

clock. Use TCO event to measure it and calculate the signal rate in program for different applications.

External Input Signel | l l
\ 4 \ 4 4 Y \ 4
0x0000
TCOC 0x0001 X0x0002 X 0x0003 ... (OXFFFE XOXFFFF X TCOR
or TCOR

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

TCOIRQ is cleared by program.

Note: TCO External Input signal = POO
TC1 External Input signal = PO1
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13.7TCO, TCReqgisters

Register  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TCOM = TCOENB TCMRATEZ TCRRATE] TCGRATE TCOCKS: TCOCKS(PWMOOU -
TCORL  TCORL7 TCORL6 TCORL5 TCORL4 TCORL3 TCORL2 TCORL1 TCORLO
TCORH| TCORH7 TCORH6 TCORH5 TCORH4 TCORH3 TCORH2 TCORH1 TCORHO
TCOCL TCOCL7 TCOCL6 TCOCL5 TCOCL4 TCOCL3 TCOCL2 TCOCL1 TCOCLO
TCOCH TCOCH7 TCOCH6 TCOCH5 TCOCH4 TCOCH3 TCOCH2 TCOCH1 TCOCHO
TCODL | TCODL7 TCODL6 TCODL5 TCODL4 TCODL3 TCODL2 TCODL1 TCODLO
TCODH TCODH7 TCODH6 TCODH5 TCODH4 TCODH3 TCODH2 TCODH1 TCODHO

TC1M | TC1ENB TCRATE TCRATE TCRATE TC1CKS: TC1CKS(PWM10U -

TC1RL TC1RL7 TC1RL6 TC1RL5 TC1RL4 TC1RL3 TC1RL2 TC1RL1 TCI1RLO
TC1RH TC1RH7 TC1RH6 TC1RH5 TC1RH4 TC1RH3 TC1RH2 TC1RH1 TC1RHO
TC1CL TAQCL7 TACL6 TACL5 TACL4 TACL3 TACL2 TAcCL1 TQCLO
TC1CH TACH7 TACH6 TACH5 TACH4 TACH3 TACH2 TACH1 TACHO
TC1DL TC1DL7 TCiDL6 TC1DL5 TC1DL4 TC1DL3 TC1DL2 TCi1DL1 TC1DLO
TC1DH| TC1DH7 TC1DH6 TC1DH5 TC1DH4 TC1DH3 TC1DH2 TC1DH1 TC1DHO
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T@OM Register(0xCJ)
Bit  Field Type Initial Description
7 TQOENB R/W 0 TCO functiorcontrol bit.
0: Disable
1: Enable
6.4 TCRATR:O0] RW O TCOtimer clockdivider.
000: clock/128 100: clock/8
001: clock/64 101: clock/4
010: clock/32 1Xock/2
011:clock/16 111: clock/1
3.2 TCOCHKS:.0] RW 0 TCOtimer clock source select bits
00: Fcpu
01: Fosc
10: external 32K crystdlILRC
11: P0.0 (event counter)
1 PWMOOUT RW 0 PWMO output control bit
0: Disable P0.6 is GPIO mode.
1: EnableP0.6 output PWM signal.
0 Reserved R 0
TCM Register(0xC9
Bit  Field Type Initial Description
7 TCIENB R/W 0 TC1 function control bit.
0: Disable
1: Enable
6..4 TCLRATR:0] R/W 0 TC1timer clockdivider.
000: clock/128 100: clock/8
001: clock/64 101: clock/4
010: clock/32 11dock/2
011:clock/16 111: clock/1
3.2 TACKSHL:0] RW O TCL timer clock source select bits
00: Fcpu
01: Fosc
10: externaB2K crystal
11: PO1 (event counter)
1 PWMLOUT RW 0 PWML output control bit
0: Disable P07 is GPIO mode.
1: EnableP07 output PWM signal.
0 Reserved R 0
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Timer clock control table:
TXCKS[1:0] TCxRATE[2:0]

00

10

000
001
010
011
100
101
110
111
000
001
010
011
100
101
110
111

Note: TCx = TCO, TC1

IEN2 Registgj0X9A)

Bit  Field
2 ETC1
1 ETCO

Else Reserved

IRCON RegistédxC0)

Type

R/W

R/W

R

SN8F910 Series

T&Clock  TG&CKS[1:0] TXRATIR2:0] T& Clock

Fcpu /128 000 Fosc / 128
Fcpu /64 001 Fosc / 64
Fcpu / 32 010 Fosc / 32
Fcpu/ 16 01 011 Fosc / 16
Fcpu/8 100 Fosc /8
Fcpu/4 101 Fosc/ 4
Fcpu/2 110 Fosc/ 2
Fcpu/1 111 Fosc/1
32KHz/ 128

32KHz/ 64

32Ktz 32 POO event
32KHz/ 16 11 NA counter
32KHz/ 8 function
32KHz/ 4 '
32KHz/ 2

32KHz/ 1

Initial Description

TC1 overflownterrupt controlbit.
0: DisableT Clinterrupt function.
1: EnablerClinterrupt function.
TCO overflownterrupt controlbit.
0: Disabler COnterrupt function.
1: EnablerCQinterrupt function.

Bit  Field Type Initial Description
5 TCF1 R/W TC1timer interrupt requesflag.
0: None TClinterrupt request.
1: TClinterruptrequest.
Copyright© 2018, SONiXrechnologyCo.,Ltd. T& 16BIT Timer/Counte
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4 TCFO R/W 0 TCOtimer interrupt requesflag.

0: None TOinterrupt request.
1: TCOinterrupt request.

2 TFO RW 0 TO timer interrupt requestlag.

0: None Dinterrupt request.
1: O interruptrequest.

Else Reserved R 0

TCOCH TACHRegisters (TCOCHOxCH5 TACH: OxCD
Bit  Field Type Initial Description

7.0 TCxCH R/W  0x00 High byte ofTCxounter

TCOC/ TAOLRegisters (TCOC: OxA, TAA.: OxXO
Bit Field Type Initial Description
7.0 TCx@ R/W  0x00 Lowbyte of TCxcounter

TCHRH/ TARH Registers (TCRH: OXC3 TARH: OxCB
Bit  Field Type Initial Description
7.0 TCxRH R/W  0x00 High byte ofTCxeload buffer

TCRL TARLRegisters (TCMRRL: OxXC2 TARL: OxCA
Bit  Field Type Initial Description
7.0 TCxRL R/W  0x00 Lowbyte of TCxeload buffer

TCMDH / TADH Registers (TCMmH : 0xC7, TADH : 0xCF)

Bit  Field Type Initial Description
7.0 TCxDH R/W  0x00 High byte ofTCxduty control
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TCOL/ TCLDLRegisters (TCOML: 0x35, TADL: 0xCE)

Bit  Field Type Initial Description
7.0 TCxDL R/W  0x00 Lowbyte of TCxduty control
Copyright© 2018, SONiXrechnologyCo.,Ltd. TCx 18IT Timer/Counte
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13.8Sample Code

SN8F910 Series

Thefollowingsamplecodedemonstrateshowto perform TCO/TCwith interrupt.

#include <intrins.h>
#include <SN8F59

/I for _nop_
19.h>

void TCO_Init(
void GPIO_Init(

void );
void );

void Init_SysCLK(
{
/* Clock Switch Select Register */

10 CLKSEL = 0x02; /I Fcpu = Fhosc/32
11 CLKCMD = 0x69; Il clock switch start

void )

O©CoO~NOULD WNBE

13 [* System Control
14 CKCON &= 0x00;
15}

16

17 void main( void )
18 {

19 Init_SysCLK();

20 GPIO_Init();

21 TCO_Init();

22

23 while (1) {

24 WDTR = Ox5A;
25

26 //To Do...
27 }

28 }

29

30 void GPIO_Init(
31

32 POM |= OxFF;
33}

34

35 void TCO_Init(
36 {

37 TCOM = 0X00;
38

39 [*  TCOC/TCOR initial value =65536
40 TCORL = 0XB2;
41 TCORH = OXFF;
42

43 TCOCL = 0XB2;
44 TCOCH = OXFF;
45

46 IEN2 |= 0x02;
47 TCOM |= 0X80;
48 IENO |= 0x80;
49 }

50

51

52

53

54

Register */

/I clear watchdog if watchdog enable

void )

// PO = Output Mode

void )

/I TCO Clock = fcpu/128
- (10ms*32MHz/32/128)
/IAUTO - Reload Register

/ITCO COUNTING Register

/I TCOIEN =1
/I TCOENB =1
/EAL =1

Copyright© 2018, SONiXrechnologyCo.,Ltd.
DatasheetRev1.7

*/

TCx 1IT Timer/Counte
61


http://www.sonix.com.tw/

SON:iX

MW, SONIY, GO SN8FS10 Series
55 void TCO_ISR( void ) interrupt ISRTCO // Vector @ 0Ox 13
56 {

57 /I cleared TCO interrupt flag by hardware

58 II'T CFO=0; I/l Clear TCFO flag

59

60 /1 To Do...

61 PO ~= OXFF; /I PO Toggle

62 }

63
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14TimerO

The TO timer is an-Bit binary up timer with basic timer function. The basic timer function supports
flag indcator (TFO bit) and interrupt operation (interrupt vectot0x93. The interval time is
programmable through TOM, TOC registers and supports RTC function. The TO bsitgfsnode
wake-up function. When TO timer overflow occurs undgtop mode, the system will be viked-up to
normalmode.

- 8-bit programmable up counting timerGenerate timeout at specific time intervals based on
the selected clock frequency.

- Interrupt function: TO timer function supports interrupt function. When TO timer occurs
overflow, the FOactives andthe system points program counter to interrupt vector to do
interrupt sequence.

- RTC functionTO RTC function is controlled by TOTB bit. The RTC period is 0.5sec@32KHz when
TOMOD=0When TOMOD=1, TO interrupt period is 60sec @32KHz.

- Stop mode functiont TO keeps running istop mode and can wakep from STORMode as
TOENB = & TOIB = 1 System will be Wakap when FO0actives after TO timer overflow
occurrence.

TOTB
TORATH2:0]
(Fepu/ 2 ~Fcpu/ 256)
Load TOCvTue by program TOMOD

Fcpu%@%
TOC8-Bit Binary Up Counter
TR Interrupt Hag

(TO timer overflow)
] SECcounter
Ry (00H ~3BH)
Oscillator v 7
—|
(32768Hz) TOMOD MIN counter

wee )\ ton- 9

(16k*2) >

Code option
IHRC _RTCor IHRC

14.1TO Timer Operation

TO timer is controlled by OENB bit. When TOENBFO0 timer stops. WheffOENB-=1,TO timer starts

to count. TOC increasa¥.€ by timer clock source. When TO overflow event occr§, flag is seaséle

to indicate overflow and cleared by program. Tdwerflowcondition is TOC count from full scale (OXFF)
to zero scale (0x00). TO do&ibuild in double buffer, so load TOC by program when TO timer
overflows to fix the correct interval time. If TO timer interrdphctionis enabled (E0=1), the system
will exeaite interrupt procedure. The interrupt procedure is system program counter points to
interrupt vector (ORG ®BH) and executes interrupt service routine after TO overflow occurrence.
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ClearTFOby program is necessary in interrupt procedure. TO timer carksvon normal modeidle

mode andstop mode. Instop mode, TO keeps counting, SEEOand wakes up system when TO timer
overflows.

Clock
Source |
0x00 or
0x01 0x02 0x02 0x00 or 1 ng
TOC 1 ng by >< or 1 >< or 2 or n+2> < OxFE X OXFF bepmgram>
program

TFO

(Interrupt Flag)
TO timer overflows. TFO setas 1t / /

Reload TOC by program.

TRO iscleared by program, or cleared by
hardware after executing interrupt vector.

TO clock source iBcpu(instruction cyclejhrough TORATER:0] pre-scabr to decide cpu/2~Fap'256.
TO length is &it (256 steps)andthe one count period is each cycle of input clock.

High Speed Mode (Fcpu=1 MIP)
TORATE[2:0] TO Clock .
Max overflow Time  One Step = max/256

000 Fcpu / 256 65.563 ms 256 us
001 Fcpu /128 32.768 ms 128 us
010 Fcpu/ 64 16.384 ms 64 us
011 Fcpu /32 8.192 ms 32 us
100 Fcpu/ 16 4.096 ms 16 us
101 Fcpu/8 2.048 ms 8 us
110 Fcpu/4 1.024 ms 4 us
111 Fcpu/2 0.512 ms 2 us
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14.2T0 Mode Control Register

TOM is TO timer mode control register to configuredp@rating mode including TO piealer, clock
& 2 dzNeSexconfigurations must be setup completely before enabling TO timer.

TOM Registe(OxBB)

Bit Field Type Initial Description

7 TOENB RW O TO timer enable bit
0 : Disable
1: Enable

6.4 TORATE[2( RW 0 TO timer clock source select hits
000 : Fcpu/256. 100 : Fcpu/16.
001 : Fcpu/128. 101 : Fcpu/8.
010 : Fcpu/64. 110 : Fcpu/4.
011 : Fcpu/32. 111 : Fcpu/2.

1 TOMOD RW O TO timerinterrupt Mode control bit

0: TO interrupt occur when TOC register overflow
1:TO interrupt occur when SEC register overfi@®sec

0 TOTB R/W 0 TO timer RTC function control bit
0: Disable RTC functiomO clock source from Fcup.
1: Enable RTC functiomO clock source from Low cloc!

14.3TOC Counting Register

TOC is TO-Bit counter. When TOC overflow occurs, the TOIRQ flag is s&f asd cleared by program.

The TOC decides TO interval time through below equation to calculate a correct value. It is necessary
to write the correctvalueto TOC registelgndthen enable TO timer to make sure the first cycle correct.
After one TO overflowoccurs, the TOC register is loaded a corradtieby program

TOCRegisten(0xBQ
Bit Field Type |Initial Description
7.0 TOC[7:0] RW 0 Timer O counter register

Theequation of TOGinitial value is as following

\TOCinitiaI value=256- (TOinterrupt interval time * TOclockrate) \

Example: To calculation TOC to obtain 10ms TO interval time.
TO clock source is FcptB2MHz/32 =1MHz. Select TORATE=001 (Fcpu/128)
TO interval time = 10ms. TO clock rat82MHz/32/128
TOC initialvalue = 256 (TO interval time * input clock)
= 256- (10ms *32MHz /32/ 128)= 178 =0xB2
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14.40ther Relative Register

SE@Register(0xBD)
Bit Field Type |Initial Description
5.0 SEC[H] RW 0 Timer 0 second counter

SEC counter range = 00H ~ 3BH%0)
When SEC value of 3BH and incre#se counter
overflow occurring with reset counter value to O0OH

MIN Register(0xBB
Bit Field Type Initial Description
5..0 MIN[5:0] RW 0 Timer O Minute counter
MIN counter range = 00H ~ 3BH~69)
WhenMIN value of 3BH and increasé¢, counter
overflow occurring with reset counter value to 00H

IENO RegisteiOxBQ
Bit Field Type |Initial Description
1 ETO R/W 0 Timer Olnterrupts enable.
0 : Disable Timer 0O interrupt.
1 : Enable Timer O interrupt.
Else Referto other chapter(s)

IRCON Regist¢@xCO0)
Bit Field Type Initial Description

2 TFO RW 0 TO timer interrupt requestlag.
0: None D interrupt request.
1: TOinterruptrequest.

Else Referto otherchapter(s)
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14.5Sample Code

SN8F910 Series

Thefollowingsamplecodedemonstrateshowto perform TO with interrupt.

#include <intrins.h>
#include <SN8F59 19.h>

/I for _nop_

void Init_SysCLK( void )

{
/* Clock Switch Select Register */
10 CLKSEL = 0x02; I/l Fcpu = Fhosc/32
11 CLKCMD = 0x69; /I clock switch start

1
2
3
4
5 void TO_Init( void );
6
7
8
9

13 [* System Control Register */
14 CKCON &= 0x00;
15}

16

17 void main( void )

18 {

19 Init_SysCLK();

20 TO_Init();

21

22 while (1) {

23 WDTR = Ox5A,;
24

25 /1 To Do..
26 }

27}

28

29 void TO_Init( void )
30 {

31 POM |= OxFF;

32 TOM |= 0X10; /I Fcpu/128

33 TOC =0XB2; /I TOC inital value

34 /I TOC inital value = 2
35

36 IENO |= 0x02;
37 TOM |= 0X80;
38 IENO |= 0x80;
39}

40

41 void TO_ISR( void ) interrupt
42 {

43 Il cleared TCO interrupt flag by hardware
44 I TCF 0=0; I/l Clear TCRO flag
45

46 TOC = 0XB2; /l Reload data to TOC
47 PO "= OXFF; /[ PO Toggle

48 }

49

50

51

52

53

54

/I TOIEN = 1
// TOENB =1
/IEAL=1

ISRTimer0 // Vector

Copyright© 2018, SONiXrechnologyCo.,Ltd.
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Thefollowingsamplecodedemonstrateshowto perform TO with 0.50r 60 Secwake up stop mode
#include <intrins.h> // for _nop_
#include <SN8F59 19.h>
void GPIO_Init( void );

1

2

3

4

5 void TO_RTC_Init( void );
6

7

8 void Init_ SysCLK( void )
9

{
10 /* Clock Switch Select Register */
11 CLKSEL = 0x02; /I Fcpu = Fhosc/32
12 CLKCMD = 0x69 ; /I clock switch start
13

14  [* System Control Register */
15  CKCON &= 0x00;
16 }

18 void main( void )

19 {

20 Init_SysCLK();

21 GPI1O_Init();

22  TO_RTC_Init();

23

24 while (1){

25 WDTR = Ox5A,; I clear watchdog if watchdog enable
26 STOP(); /[ System into STOP MODE

27 }

28}

29

30 void GPIO_Init(  void )

31{

32 PO = 0XO00;

33 POM|= OxFF;

34}

35

36 void TO_RTC_Init(void)

37 {

38 TOM |= 0XO01; // TOTB = 1,Clock source must from 32768 Hz X otal
39 /I Timer interrupt is occur when 0.5 SEC overflow.
40

41 /¥ 60s Interrupt function */

42 /[ TOM |= 0X02; // TOMOD = 1,Timer interrupt is occur when 60SEC overflow.
43 /I "SEC" = 00H~3BH(0~59)

44

45 IENO |= 0x02; /[ TOIEN =1

46 TOM |= OXFO; /[ TOENB =1

47 IENO |= 0x80; /lEAL =1

48 }

49

50

51

52

53

54
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55 void TO_ISR( void ) interrupt
56 {
57 Il cleared

TCO interrupt flag by hardware

58 I/ITCF 0=0; I/l Clear TCR flag
59

60 PO ~= OXFF; /I PO Toggle

61}

62

Copyright© 2018, SONiXrechnologyCo.,Ltd.
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15Buzzer Function

Buzzerfunction iscontrolled by BZRENB bit, which be configured as GPIO mode or Buader
Buzzer outputsquare wavesignal through P12 Pin with 50% duty and output frequency is
controllableby setting theBZRCKSJ[1:€8gister.

BZRMRegister (006)
Bit  Field Type Initial Description

2.1 BZRCKS[1:0 RW 0 Buzzer output frequency
00:0.98KHz
01 :1.96KHz
10 :3.9KHz.
11:7.8KHz

0 BZRENB R/W 0 Buzzer output control bit.
0 : GPIO Mode.
1: Buzzer ModeP12output Buzzer signal.

*Example Buzzer Functio®ample code

1 BZRM|=0X 02; // Set Buzzer clock=1.95k Hz
2 BZRM|=0X 01; // Buzzerenable
Copyright© 2018, SONiXrechnologyCo.,Ltd. Buzzer Functio
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16LCD Driver

LCD driver is-€ype structures wittd x36 or 6 x34. The LCD scan timing is 1/4 or 1/6 duty with 1/3
biasonly, to drive LCD of44 dots or204 dots. Gtype LCD drivecanoutput adjustable VLCD output
voltage andhdjustable driving poweto support diversity of LCD pan¥®ILCD Pin must connect 0.1uF
capacitor to DVSS forTg/pe LCD driver operation.

LCD driver output 4 or-6om waveform controlled by LCDMODE bit, the output frame Rate
controlled by LCDRATE bit, which shows in following table:

- Stopmode function LCD functin keeps running istopmode ad.CIEN = 1& STOR- 1.

- Low power modefunction: LCOow powerfunction is controlled by8GMbit.

Control Register Frame Rate
LCDRATE LcDMope  -CP Clock (Hz) (Hz2) Type
0 0 3 64 4-COM (1/4 duty)
0 1 32KHZ 128=256 43 6-COM (1/6 duty)
1 0 ~ 128 4-COM (1/4 duty)
1 1 32KH7 64=512 85 6-COM (1/6 duty)

LCD Drive Waveform, 1/4 duty, 1/3 bias

e[|

1 Frame 1 Frame

»
€ »

VLCD
2/3*VLCD
1/3*VLCD
VSS

COMO

VLCD
2/3*VLCD
1/3*VLCD
VSS

CoM1

VLCD
2/3*VLCD
1/3*VLCD
VSS

Com2

VLCD
2/3*VLCD
1/3*VLCD
— VSS

COM3

VLCD
2/3*VLCD
1/3*VLCD
VSS

SEGO (1010b)

OFF_ _ ON OFF__ ON OFF>< ON §€OFF=< ON N

VLCD
2/3*VLCD
1/3*VLCD
VSS

SEGO (0101b)

ON OFF ON OFF_|_ ON OFF

Y
A
Y
A
Y
A
Y
A
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LCD Drive Waveform, 1/6 duty, 1/3 bias

LCD Clock

« 1 frame > 1 frame >
VLCD
M 2/3*VLCD
Como l [ 1/3*VLCD
J Vss
VLCD
2/3*VLCD
Co M l ._J % 1/3*VLCD
M Vss
VLCD
coM2 ‘ l ‘ [ 2/3*VLCD
1/3*VLCD
Vss
VLCD
COM3 ‘ l ‘ [ 2/3*VLCD
1/3*VLCD
Vss
VLCD
2/3*VLCD
Co M4 é \_ 1/3*VLCD
u Vss
VLCD
COM5 ‘ ‘ 2/3*VLCD
1/3*VLCD
Vss

VLCD
2/3*VLCD

I Y I
SEGO(101010b) [ | [ [ [ ] L s3wLED

| OFF ON_OFF ON OFF ON | OFF ON OFF ON OFF ON

VLCD

SEG0(010101b) 1 N N N N At
[ T A R

VSS
| _ON_ OFF ON OFF ON_ OFF| ON OFF ON_ OFF ON OFF

LCD Drive Waveform, 1/6 duty, 1/3 bias

- LCD Clock souraependon code option which showsin following table:

CPU Clock Source LCD Clock
IHRC_RTC External. 32KOscillator
IHRC Internal 32K RC
SYM DESCRIPTION Condition MIN. TYP. MAX. UNIT
FLre Internal Low clock generatc VDD 5V @ 25C 24 32 48 KHz
Copyright© 2018, SONiXrechnologyCo.,Ltd. LCD Drive
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16.1LCD RAM Location

LCD RANbcatesin address from 0xFOO0O to OxR)2
LCD RAM location relate to COMO ~ COM3 vs. SEG0O358ED as show in following tadal

Bit0 Bitl Bit2 Bit3 Bit4 Bit5 Bit6 Bit7

COMO COM1 COM2 COM3 > = > -
SEG 0 FOOOH.0 FOOOH.1 FOOOH.2 FOOOH.3 N/A N/A N/A N/A
SEG 1 FOO1H.0 FOO1H.1 FOO1H.2 FOO1H.3 N/A N/A N/A N/A
SEG 2 FO02H.0 FOO2H.1 FOO2H.2 FOO2H.3 N/A N/A N/A N/A
SEG 3 FOO3H.0 FOO3H.1 FOO3H.2 FOO3H.3 N/A N/A N/A N/A
SEG 35 FO23H.0 FO23 H.1 FO023 H.2 FO023 H.3 N/A N/A N/A N/A

LCD RAM location relatm COMO ~ COM5 vs. SEG2 ~ SHE&I® as show in following table.

Bit0 Bitl Bit2 Bit3 Bit4 Bit5 Bit6 Bit7
COMO COM1 COM2 COM3 COoM4 COM5 - -
SEG 0 N/A N/A N/A N/A N/A N/A N/A N/A
(COM4)
SEG 1 N/A N/A N/A N/A N/A N/A N/A N/A
(COMb5)
SEG 2 FOO02H.0 FOO2H.1 FOO2H.2 FOO2H.3  FO002H.4 FO02H.5 N/A N/A
SEG 3 FOO3H.0 FOO3H.1 FOO3H.2 FOO3H.3  FO03H.4 FOO03H.5 N/A N/A
SEG 35 FO2BH.0 FO2B H.1 FO02B H.2 FO2BH.3 F02BH.4 FO02B H.5 N/A N/A
Copyright© 2018, SONiXrechnologyCo.,Ltd. LCD Drive
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16.2LCD Control Registers

Register  Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
LCDM1 - - - LCDBNKLCDMOD LCDRAT LCDPEN LCDEN
LCDM2 VARI1 VARO BGM DUTY1 DUTYO VCP2 VCPL VCPO

LCDM1Registe(OXAD)
Bit  Field Type Initial Description
4 LCDBNK RW 0 LCD blank control bit

0 :Normal display
1 : All of the LCD dotsirn off.
3 LCDMODE RW O LCIdriver 4-COM or 6COM control bit.
0 :4-COM mode
1:6-COM mode

2 LCIRATE RW 0 LCD clock rate contrbit.
0 :256Hz.
1:512Hz
1 LCDPEN R/W 0 GType LCpumpenable bit.

0 : Pump disable.
1: Pump enable.

0 LCDEN RW O LCD driver eable bit.
0 :LCD drivedisable.
1 :LCD driveenable.

*Example: 1.L.CD Pumpnmust enable (LCDPEN=1) and wait 1ms firstly, then enable LCD driver
(LCDEN=1).

1 LCDM1 |= 0x02; // Enable LCD Pump.
2 Delaylms(1); // Dealy 1m sec.

*Example: 2.LCD function keeps running in stop mad& CEN = 1& STOR- 1

1 LCDM1 |= 0x01; / Enable LCD Function
100 STOP(): /I Use C51Macros into STOP MODE
Copyright© 2018, SONiXrechnologyCo.,Ltd. LCD Drive
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LCDMZRegisten(0xB2)

Bit  Field
7.6 VAR[L:0]

5 BGM

4.3 DUTY[LO]

2.0 VCP[2:0]

Type
R/W

R/W

R/W

R/W

Initial
0

011

SN8F910 Series

Description
VLCDPump output ripplecontrol bit

00: £30mV. (please setO0%)
Others : reserve

LCDow power modecontrol bit.
0 : Enable low power mode

1 :Normal operation made.

LCDpump output driving capacitycontrol bits.
00:25% 10 : 50%
01 :37.5% 11 :100%

*Note: DUTY1:0] is controllable when BGM=0, which
set for LCD low power consumption.

VLCDoutput voltage controbits.

000: 2.6V 011:3.2V
001: 2.8V 100 : 3.6V
010: 3.0V 104.5V

Others: reserved.

*Note: Battery voltage must be greater than M9
@VLCD output voltage 2.6~3.6V

*Example: 3. LCD low power consumptionode.

1 LCDM2 &= OxE7; /I
2 LCDM2 &= 0 xDF;
P3CONRegister(0x9E
Bit  Field Type
7.0 P3CON:0] R/W
P1CONRegister(0x9F
Bit  Field Type
3..0 PLCONB8:0] R/W

Driving capacity = 25%.

Initial
OxFF

Initial
OxFF

Copyright© 2018, SONiXrechnologyCo.,Ltd.
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/I Enable Low power Mode

Description

Port 3function control bit.

0 :Set as LCD function (SEG35 ~ SEG28
1: Set as GPIO function (P30 ~)P37

Description

Port 1 function control bit.

0 :Set as LCD function (8&SEG5)
1 : Set as GPIO functiorl(P~- PL3)
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16.3Sample Code

Thefollowingsamplecodedemonstrateshow to perform LCD Functiokeep running in stop mode

[N

2 void Init LCD( void )

3 {

4 LCDM1 &= 0x00; // Clear LCDM1

5 LCDML1 |= 0x02; // Enable LCD Pump

6 Delaylms(1); // Dealy 1m sec

7 LCDM1 &= 0xF3; // LCD Clock=256HZ,Fr ame=64Hz @4 COM
8

9 LCDM2 &= 0x00; // Clear LCDM2

10 LCDM2 &= OxDF; /I Enable Low power Mode @STOP MODE

11 LCDM2 |= 0x03; // VLCD=3.2V

12 LCDM2 &= 0x E7; /I Low power mode Driving capacity = 25%.
13

14 LCDM1 |= 0x01; // Enable LCD

15}

16

17 void main( void )

18 {

19 CLEAR_LCD_RAMY(); // Clear LCD RAM

20 Init_LCD(); /I Initial LCD

21 while (1)

22 {

23 / To Do...

24 STOP(); /[Use  C51 Macros into STOP MODE
25 }

26 }

27

28

Copyright© 2018, SONiXrechnologyCo.,Ltd. LCD Drive
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17ADC

The microcontrollerintegrateshigh resolutiory d Analogto-Digital Converter (AD@)d low noise
programmablegain amplifier (P@), which output 2-bit resolution with 18-bit noise free bit
accuracyADC conversion rate caiutput from 2Hz to7.8 kHz and ADC reference voltage can set
from internal or extern&(R+ / R. TheADCoperates in nhormal mode and idle modehichworks
with interrupt or wakeup function after every ADC end of conversion if interrupt enaiC has
internal Gain option with selective range of atd x2. ThePGQA input throughconfigured2 Multi-
plexer, MUXP and MUXIgrovidesdifferentiattypesinput and singleend-type input. This ADC is
optimized for measuring lovevel unipolar or bipolar signals sgnsory measuremergnd medical
applications. A very low noise choppslblized programmable gain amplifiefPGA) with
selectable gains of 14x, 8x, 16x, 32X, 64x, and 128%he ADC to accommodate these applications.

Input Channels

|2 24-Bit ADC with PGIA
Al2 —| 0001 I WI
R+/AI3 —»| 0010
R-/Al4 —®| 0011
Als —»| 0100
Al —»| 0101
Al7 —»| 0110
Alg —»| 0111
Al9g —»|MUXP
Al10 —»=| 1001
BFOUT —¥| 1010 GX e AVDDR AVDDR
VBIAS —®| 1011 !
ACM —| 1100
VDD_DET+ —#| 1101
Temperature+ —p| 1110 |_.
GND —p-| 1111

+ “»/ " " ADC
Input Buffer PGIA (24-bit) = "En "

A|1—>%

X Gain: 1X, 2X  yref
Al2 —] 0001
R+ /AI3 —| 0010 ‘

R-/Al4 —| 0011 Gain: 1x, 4x, 8x, 16x, Int. or Ext.
Al5 —] 0100 GXrred 32x, 64x, 128x
Al6 —| 0101
Al7 —| 0110
Alg —=| 0111
Al9 —»|MUXN
AI10 —#| 1001

BFOUT —| 1010

VBIAS —¥=| 1011

ACM —p»| 1100
VDD_DET- —»| 1101
Temperature- —p»| 1110
GND —p»-| 1111

Copyright© 2018, SONiXrechnologyCo.,Ltd. ADC
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17.1Configurations of Operation

These configurations must be setup completeéfore starting ADC converting. ADC is configured
using the followingsteps:
1. Analog Power AVDDR, ACM and Bandgap must enablaVEYRENMNCMENBGRENIts)
2. Chloose the ADC input channels. (BYXP[3:0pnd MUXN[3:0]bits)
3. Input Buffer setting: Turoff if PGA is applied in the application. Tu®n if PGA turn-off and
sensor requires condition of higher inpumpedance (ByGXbit)
PGA enable if required, and Set PG5ain ratio (BRGAENGS[2:0pits)

Turn on Chopper function and clock of IRGind ADC (BRCHPEMCHPEN[1:QDAMPCKS[1:0]
bits)

Set ADC reference voltage from internal voltage or external RBRRVS[2:0bits)

Set ADC conversion raterough ADC clock and OSR O@ample Rate.(BRDCKS[1:0Jand
OSR[2:0bits)

St ADC interrupt function ecessaryand Enable ADC. (BADGnd ADCENits)

After enableADENBIt, the ADCreadyto convertanalogsignalto digital data. (24-bits ADCDH
ADCDMADCDL

17.2ADC Input Channels and BG

The ADC builds it0 externalchannesinput source and internal channels inpusource which(AlL

¢ AlL0) to measurelOdifferent analog signal sources controlled®S[4:0bits. 6 Internal channels
includingBFOUT, VBIASCM, GND, VDD_DET (M2iection), and Temperature channelBheADC
external reference voltage is input \Wd3 and A#t. The VDD_DET channel is 1/8*VDD voltage input
ADC to measure battery power by AD€mperature sensor is also embedded in the IC to measure
temperaturearoundthe IC or roontemperatureroughly.

The microcontrollemcludes a very low noise choppstabilized progammable gain amplifier (R&)

with selectable gains of 14X, 8x, 16x, 32x, 64x, and 128x, which inputs can be configured as a
differential type @ singleend type The PQA has high inpuimpedance characteristic (around 5G
Ohm), which is suitable applied or connect to sensor with higher input impedance.

Copyright© 2018, SONiXrechnologyCo.,Ltd. ADC
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Analog input signal channel selection table:

MUXP[3:0] PQA Positive input MUXN[3:0] PQA Negative input

0000 AN1 0000 AN1
0001 AN2 0001 AN2
0010 AN3/ R+ 0010 AN3/ R+
0011 AN4/ - 0011 AN4/ R-
0100 AN5 0100 AN5
0101 ANG 0101 ANG
0110 AN7 0110 AN7
0111 ANS 0111 ANS8
1000 AN9 1000 AN9
1001 AN10 1001 AN10
1010 BFOUT 1010 BFOUT
1011 VBIAS 1011 VBIAS
1100 ACM 1100 ACM
1101 VDD_DET+ 1101 VDD_DET
1110 Temperature+ 1110 Temperature
1111 AVss 1111 AVss

17.3Analog Input Buffer

Input Buffers are included ADC signal input buffer and ADC external reference input buffer R+/R
which provide a higimpedanceof analog input, to minimized the input current of ADC for sensitive
measurementand to avoid loadingffect. When PQA set 1xof application, the sensor output signal

is bypass P& and direct connectk to AD@ input. In that case, Input buffer function must be
enabled by settin@sXbit asdl€. If external Vref is selected for ADC, input buffer R-elBo must be
enabled by sethg GRbit asdle.

17.4ADC Reference Voltage

ADC reference voltage can set from external R+rigRit or from internal voltage source input, which
control by setting IRVS[2:0] bits of ADCML register, and shows the Vref settintpimirfoj

IRVS[2:0] ADCReference Voltage
IRVS[2.L AVDDR 2.7V AVDDR 3.0V AVDDR 3.3V AVDDR3.6V
Oxx External Rt /R
01x TemperatureVref 0.8v
100 0.2*AVDDR 0.54V 0.6V 0.66V 0.72v
101 0.3*AVDDR 0.81V 0.9v 0.99v 1.08v
110 0.4*AVDDR 1.08Vv 1.2v 1.32v 1.44V
111 0.5*AVDDR 1.35V 1.5V 1.65V 1.8V
Copyright© 2018, SONiXrechnologyCo.,Ltd. ADC
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17.5ADC Gain and ADC Output Code

The ADC builds in internal Gain Option with selective range ainel» for additional signal
amplification expet PGA. The ADC Gain setting is controlledAlyGN2:0] bits in register ADCM1

The ADC conversiautput 24-Bit datawhichis combined wittADCDHADCDMandADCDLlegister

AY HQa O2YLX AYSYy(d 6AGK aAiraly oAdG ydzySNRAOIFE F2N.
following formula to calculate ADC conversion data valiee following shows ADC output code
calculation:

24-Bit format, ADC output code IADCDHADCDMand ADCDL

Dinput3 PGIA_Gain® ADC_Gain ,

2(241) -+ (2(24-1) 1) ~ _2(244)
Vref

PGIA Gain: x1~x128
ADC_Gain: x1~x2
Vref :0.3V~1.8V

16-Bit format, ADC output code iIADCDFind ADCDM

Dinput® PGIA_Gain® ADC_Gain
Vref

2061) = 4 32767~ -3276¢

PGIA Gain:x1~x128
ADC_Gain: x1~x2
Vref :0.3V~1.8V

17.6 ADC Interrupt Control

When the ADC convertiny dzOOSaafdZ fex (GKS !'5/C gAaff @& asi
notd LF GKS 9!5/ FyR GKS GNRIISNI S@Syl !'5/C Aa
interrupt vector. If the EADC = 0, the trigger event ADCF is still s&tobmé ® a2 NE2 S NE
62y Qi SESOdzi S Ay i SNNMzLIi @SO0G2N S0Sy 6KSy G(GKS
the operation under multinterrupt situation.
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17.7ADC Conversion Rate

The ADCprovidesvariableoutput conversionrate from 2Hz up to7.8 kHz whichconversion ratas
decided by setting b&tof ADCK$1:0] and OSR [2:0in_ ADCMZ2register. Adjust ADC clock (ADCKS)
and OSRcan get suitable ADC output word rateor High resolution application, OSR set maximum
value of 32768 recomended The ADC output code with slow output word rate is more stable than
fast one. In AD& application, that should be tradeoff between A®Gutput word rate andtability
(ENOB). The following table shows the ADC output word rate with setting:

ADCConversion Rate ADC Clock / OSR

ADC output stable date at thed@data after ADC enable or input channel switch, whioh Ist and
2nd ADC output data are unstable datae 3rd, 4th , 5thX are stable data.

ADCConversiorRate Table:
ADCKS$1:0] OSR [2:0 ADCclock COMVerSIoN Apcks1:0] OSR [2:0] ADCclock COMVersion
Rate Rate
00 000 39kHz 01 000 1.95 kHz
00 001 1.95kHz 01 001 976 Hz
00 010 976 Hz 01 010 488Hz
00 011 244Hz 01 011 122Hz
00 100 2°0KHz 61Hz 01 100  12KHz 30.5 Hz
00 101 305Hz 01 101 15.2 Hz
00 110 152Hz 01 110 7.6 Hz
00 111 76Hz 01 111 3.8Hz
01 000 5.2 kHz 11 000 2.6kHz
01 001 2.6kHz 11 001 1.3kHz
01 010 1.3 Kz 11 010 0.65kHz
01 011 325Hz 11 011 162.6Hz
01 100 3XHZ g a1 11 100 166XKHz o0
01 101 40.7Hz 11 101 20.3Hz
01 110 20.3Hz 11 110 10.2Hz
01 111 10.2Hz 11 111 5.1Hz
Copyright© 2018, SONiXrechnologyCo.,Ltd. ADC
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17.8 ADCControl Registers

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

CHS MUXP3  MUXP2 MUXP1 MUXPO MUXN3 MUXN2 MUXN1 MUXNO
VREG BGREN AVDDRS! AVDDRS( AVDDREN ACMEN  CPCKS CPMOD1 CPMODO

AMPM GX AMPCKS. AMPCKS(  GS2 GS1 GSO0 PCHPEN PGIAEN
ADCM1 GR IRVS2 IRVS1 IRVSO ADGN - ACHPEN ADCEN
ADCM2 - - ADCKS1 ADCKSO OSR2 OSR1 OSRO DRDY

ADCDH ADCB23 ADCB22 ADCB21 ADCB20 ADCB19 ADCB18 ADCB17 ADCB16
ADCDM ADCB15 ADCB14 ADCB13 ADCB12 ADCB11 ADCB10 ADCB9 ADCBS8
ADCDL ADCB7 ADCB6 ADCB5 ADCB4 ADCB3 ADCB2 ADCB1 ADCBO

IEN2 - - - EADC - -
IRCON ADCF -

CHXRegister(0OxD1)

Bit  Field Type Initial Description

7.4 MUXP[3:0] R/W O ADC positive input channel selectibits.
0000 : Al1 0101 : Al6 BROUT
0001 :Al2 0110 : Al7 1011 :VBIAS
0010 : AIR+ 0111:AI8 1100 : &M
0011: AI4R- 1000 : AI9 1101:VvVDD_DET+
0100 : AI5S 1001 : A10 1110: Temperature+
1111 : AVSS

3.0 MUXN[3:0] RW O ADC egativeinput channel selectiobits.
0000 : Al1 0101 : Al6 1010 :BFOUT
0001: AI2 0110 : AI7 1011 :VBIAS
0010 : AIR+ 0111:AI8 1100 :ACM
0011:AIMR- 1000: Al9 1101:VvDD_DET
0100 : AI5 1001 :Al10 1110: Temperature
1111 : AVSS

VREQRegister (0R2) Refer to chapter obCharge pump regulatér
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AMPM Register (003

Bit  Field Type Initial  Description

7 GX R/W 0 ADC Input buffer enable bit.
0 : Disable
1: Enable

(When PGIlA&ain set x1)

6.5 AMPCKS[1.0 R/W 00 PQA chopper frequency control bits.
00 : ADCKS /128 10 : ADCKS / 16
01: ADCKS/ 32 11: ADCKS /8
( please set01¢ for all application)

4.2 GS[2:0].. R/W 000 PQA Gain selection bits.
000 : 1x 100 : 32x
001 : 4x 101 : 64x
010 : 8x 110 : 128x
011:16x 111 :1x + Buff mod¢AlwaysPGIAEN=1)

1 PCHPEN R/W 0 PQA clopper enable bit.
0 : Disable
1 : Enable. (must enableh&n PGA erable)

0 PGIAEN R/W 0 PQA furction enable bit.
0 : Disable
1 : Enable.

*Example When PGIA Gain set lxpplication, the Al+/Alsignal will bypass PGIA and inpADC
directly. PGIA can be disabldeiGlAN=0) for power saving, and input buffer of ADC rbestnabled
(GX=1¥or input high impedance characteristic of ADC.

1 AMPM |= 0x10; /I Enable X+/X - Unit Gain Buffer @GAIN 1x1.
2 AMPM &= 0xE3; //PGIAX1, GX Buff always set 1
3 AMPM |= 0x01;  // Enable PGIA

b Note: When Input buffer enable (GX=1 or GR=1), the input absolutely voltage range of signal must
within 0.4V~AVDDR-1.0V

ADCM1Register(0OxD4)
Bit Field Type Initial  Description
7 GR R/W 0 ADC reference buffer enable bit.
0 : Disable
1: Enable
(When ADC Vredet from external pin R+ and.R
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6..4 IRVS[2:0] R/W 000 ADC reference voltage selection bits.
Oxx : external R+/R
100 : Internal 0.2 x AVDDR
101 : Internal 0.3 x AVDDR
110 : Internal 0.4 x AVDDR
111 : Internal 0.5 x AVDDR

3 ADGN R/W 0 ADC Gaigelection bit.
0:1x
1:2x
1 ACHPEN R/W 00 ADC chopper control bit2.
0 : Disable.
1: Enable(mustsetdl¢ for all applications)

0 ADCEN R/W 0 ADC function enable bit.
O : Disable
1: Enable.

*Example When ADC Vreget from external pin R+ and,Rind R+/R input buffer of ADG/ref must
be enabled (&=1) for input high impedance characteristic of ADr€f.

1 ADCM1 &= 0x8F; /[ EXT Vref
2 ADCML1 |= 0x80; // Enable GR Unit Gain Buffer. @EXT Vref
3 ADCML1 |= 0x01; // Enable ADC

P Note: When Input buffer enable (GX=1 or GR=1), the input absolutely voltage range of sighal must
within 0.4V~1.4V.

ADCMZRegister(0OxD5)
Bit  Field Type Initial  Description
5.4 ADCKSJ[1:0] R/W 0 ADC clock selection bit.
00 :250KHz 01: 125KHz

10: 333KHz 11 : 16BHz
(set 250KHrzecommend)

3.1 OSR[2:0] R/W 000 ADC OvefSamplingRate selection bits.
000: 64 100 : 4096
001: 128 101: 8192
010: 256 110:16384
011:1024 111:32768

0 DRDY R/W 0 ADC Conversion Ready.bit

0 : ADCDH, ADCDL, and ADCDLL conversion data at
ready.

1 :ADC output (update) new conversion data to ADCI
ADCDL, and ADCDLL
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ADCDHRegister(0xB7), ADC output high byteegister.
ADCDMRegiste(0xB6) , ADC outpumediumbyte register.

ADCDIRegister(0xB5) , ADC outputow byte register.

IEN2 Registej0X9A)

Bit  Field Type Initial Description
ADGinterrupt control bit
4 EADC R/W 0  0O: DisableADGinterrupt function.
1: EnableADGnterruptfunction.
others R/W 0 Refer to interrupt chapter.

IRCON Register (0xCO0)
Bit Field Type Initial Description

7 ADCF R/W 0 ADCGCinterrupt requestflag
0: NoneADGinterruptrequest
1: ADCinterruptrequest.

others RW 0 Referto interrupt chapter.
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17.9ADC Electrical Characteristic
SYM. DESCRIPTION Condition MIN. TYP. MAX. UNIT
lanc Operating current Run mode @ 2.4V - 200 - UA
Ipon Power down current Stop mode @ 2.4V - 0.1 - > |
Conversion rate ADCClock$62.5KHz, OSR=32768 - 1.9 - Hz
Fswp
(WR) ADC Cloclsd0KHz, OSR=64 - 3.9 - kHz
Tapcst ADC settling Time 3*(1/WR), if WR61Hz, Focste 3*16.4ms =49.2ms 3 WR
Vier Reference Voltage Input  ExternalVrerinput Range (R+R,) 0.3 18 \Y
Voltage Internal Vkerlnput Range. 054 1.8 \%
Vi ADCReference signal GR=1, R+ and Rbsolutelyinput Voltage 0.4 AVDDRLY  V
absolutelyvoltage GR=0, R+ and Rbsolutelyinput Voltage 0.4 AVDDRIV  V
Va ADCInput signakbsolutely GX=1, Ahbsolutelyinput Voltage 04 AVDDRLV  V
voltage GX=0, Ahbsolutelyinput Voltage 0 AVDDRLV  V
Vi PGAoutpu\fosi;ggzlabsolutely X+ and Xabsolutelyoutput Voltag€GX=0) 04 AVDDRL \%
DNL  Differential nonlinearity ADC range 331072x 0.9. ( 0.9 x Vref1,8-bits) +2 LSB
INL Integral nonlinearity ADC range: 131072x 0.9. ( 0.9 x VrefL8-bits) +4 LSB
NMC No missing code ADC range £31072x 0.9. ( 0.9 x Vref , 24its) 18 bit
. . Gain:1, Vref:0.8V, OSR:32768, Inphbrt 18.5 bit
NFB Noise free bits . .
Gain=28 Vref=0.8V, 0SB 768, Inputshort 15.5 bit
ENOE  Effective number of bits Gain:1, Vref:0.8V, OSR:32768, Inphort 21 bit
Gain-128 Vref=0.8V, OSBR768, Inpuishort 18 bit
Van  ADC Inputifferentialrange  ADC input signasignal after PGIA application 0.3 1.44 \%
Torift ADC Temperature Drift  AVDDR =2V, PGIA x 16, T=0 ~&0 30 PPMR

SN8F593 ADC Performance ENOB (Noise Free Bit) vs. Output Rate and Gain

OSR 32768 16384 8192 4096 1024 256 128 64
WR 7.6Hz 15Hz 30.5Hz 61Hz 244Hz 976Hz 1.9KHz 3.9K
128x1 15.4 15 14.5 14 13.1 12.0 115 10.8
64x1 16.4 15.9 15.3 14.8 13.9 12.9 12.3 111
32x1 17.1 16.4 15.9 155 14.1 13.6 13.0 11.2
16x1 17.6 17.0 16.5 15.9 15.0 14.0 13.2 11.3
8x1 17.7 17.3 16.7 16.2 15.2 14.2 13.3 115
4x1 17.7 17.3 16.8 16.3 15.2 14.3 13.3 115
1x1 18.3 17.8 17.3 16.7 15.7 14.8 13.3 115

* Buffer off (GX=0, GR=0)
All Test condition: ADC 250kHz, Inp8hort, Vref=0.8V, Gain = PGIA x ADC, Collect 1024 ADC date.
(). Noise Free Resolution = Log2 (Full Scale Range-PBakiNoise)
where Full Scale Range =2 x Vref / Gain (ex. Vrd#0@aindx~128x)
(2). Effective Resolution = Log2 (Full Scale Range / RMS_Noise)
6o00® wa{ b2AaS I  LSE RdsdlutiahwBull ScalaRarige 2" Bif, BiENS
' aiGtFyRFENR RSGAFGA2Y 2F wmnun ! 5/ 2dziLddzi RFGE @
(4). PealPeak Noise = 6.6 x RMS Noise, or code variation range x LSB_Resolution where Code variation range =
ADC counts marin of 1024 data.
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17.10 TemperatureSensor (TS)

In applications, sensor characteristic might change in different temperature also. To get the
temperature nformation, SN85919 build in a temperature senor (TS) for temperatuneasurement.
Select the respective PGIA channel to access the@mture Sensor ADC output.

AVDDR AVDDR
CHSJ[0:7]=0xEE
Temperature+ <
+ ADC
- ADCDH,M,L
PGIA (24-bit) > (2a-Bit)
Temperature- _Gam. 1x
. Gain: 1x

P Note 1: When selected Temperature Sensor, PGIA gain must set to 1x, or the result will be

incorrect.

P Note 2: The Temperature Sensor was just a reference data not real air temperature. For precision
application, please use external thermistor sensor.

In 25C, V(TS) will be aboWMtsOffsettypically, and if temperature rise £0, V(TS) will increase about
18mV (VTS aksOffset+18mY, if temperature drop 10 , V(TS) willecrease aboul8mV (VTS ¥rs

Offset18m\).
Example:

Temperature (Tst)- (Ts) ADCVref ADC Output(16bit)
156¢ VrsOffset + 0.018V  0.8V(2/3VBG) ADC offset + 695
25¢ VrsOffset 0.8V(2/3VBG) ADC offset
35¢ VrsOffset-0.018V| 0.8V(2/3VBG) ADC offset 695

By ADC output of V(TS), can get temperature information and compensation the system.

b Note 1: The V(TS) voltage and temperature curve of each chip might different. Calibration in room
temperature is necessary when application temperature sensor.

P Note 2: -1.7mV/

was typical temperature parameter only sensor, every single chip was different

to each other. (-69.5 Cnt/ )

SYM DESCRIPTION PARAMETER MIN | TYP MAX| UNIT
TR Temperature Sensor Range AVDDRS3V,VDD35V )
TS Temperature Sensor Sensitivity AVDDRS3V ,VDD5V -1.7 mV/¢
T t int 2 librati - - 9
ETS TR ErATE S Ay One Temperature point 25 Calibration 10 +10 %
Two Temperature points Calibration. 1 +1 %
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17.11 Sample Code

Thefollowingsamplecodedemonstrateshowto perform ADGwith interrupt.

#include <intrins.h> // for _nop_
#include <SN8F59  19.h>

unsigned short ADCValue;

void Init VREG( void );

void Init_PGIA( void );

void Init_ADC( void );

10 void ADC_Enable_ISR( void );
11 void ADC_ISR(void );

O©CoOoO~NOOOT,WNPE

12

13 void main( void )

14 {

15 Init_VREG(); /I Initial VREG

16 Init_PGIA(); /I Initial PGIA

17 Init_ADC(); /I Initial ADC

18 ADC_Enable_ISR(); /Il ADC ISR Enable

19

20 while (1) {

21 WDTR = Ox5A,; /I clear watchdog if watchdog enable
22 /[ To Do ...

23}

24 '}

25

26

27 void Init. VREG( void )

28 {

29 VREG &= 0x00; /I Clear VREG

30 VREG |= 0x80; /l Enable Band gap
31 VREG &= 0x9F,; /I AVDDR=2.7V

32

33 VREG |= 0x08; /[l Enable ACM

34 VREG |= 0x10; / Enable AVDDR

35 }

36

37

38 void Init_ PGIA( void )

39 {

40 CHS &= 0x00; /I Clear CHS

41 CHS &= OxO0F; /l MUXP channel [Al1]
42 CHS |= 0x01; /l MUXP channel [Al2]
43

44 AMPM &= 0x00; /I Clear AMPM

45 AMPM |= 0x20; /[l ADCLK=7.8k@ADCCLK=250K
46 AMPM |= 0x02; /I Enable PGIA Chopper
47 AMPM |= 0x18; /I PGIA x 128

48

49 AMPM |= 0x01; /l Enable PGIA

50 }

51

52

53

54
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55

56 void Init ADC( void )

57 {

58 ADCM1 &= 0x00; /I Clear ADCM1

59 ADCM1 |=0x0 2; /l Enable ADC Ch  opper,
60 /I ACHPENalways
61 ADCM18&= OxF7; // ADC Gain=1x

62 ADCM1 |= 0x50; / ADC Vref = AVDDR*0.3
63

64 ADCM2 &= 0x00; Il Clear ADCM2

65 ADCM2|=0x 00; I/ ADC Clk  =250kHz
66 ADCM?2 |= OxO0E; // ADC ODR=32768
67

68 ADCM?2 &= OxFE; /I Clear DRDY

69 ADCML1 |= 0x01; // Enable ADC

70 }

71

72

73 void ADC_Enable_ISR( void )

74 {

75 ADCF = 0; Il Clear ADCF

76 IEN2 &= 0x00; Il Clear IEN2

77 IEN2 |= 0x10; /I ADC interrupt

78 EAL = 1, /I Interrupt enable

79 }

80

81

82 void ADC_ISR(void ) interrupt ISRAdc

83 {

84 /I Get ADC value
85 if  (ADCF) {

86 ADCF = 0; /I Clear ADC interrupt edge flag (ADCF)
87

88 [* Get16Bit ADC Data ( ADCDHADCDM) ¥/
89 ADCValue = ADCDH,;

90 ADCValue = ADCValue<<s;

91 ADCValue = ADCValue+ADCDM;

92 _hop_();

93 }

94 }

95

96
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Thefollowingsamplecodedemonstrateshowto perform ADC Temperature

1 #include <intrins.h> // for _nop_

2 #include <SN8F59 19.h>

3

4 unsigned short ADCValue;

5

6 void Init VREG( void );

7 void Init_PGIA( void );

8 void Init ADC( void );

9

10 void main( void )

11 {

12 Init_VREG(); /I Initial VREG
13 Init_PGIA(); /I Initial PGIA

14 Init_ADC(); /I Initial ADC

15

16 while (1) {

17 WDTR = Ox5A; /I clear watchdog if watchdog enable
18

19 /I Get ADC value

20 if (ADCF) {

21 ADCF = 0; /I Clear ADC interrupt edge flag (ADCF)
22

23 /* Get16Bit ADC Data ( ADCDHADCDM) */
24 ADCValue = ADCDH,;

25 ADCValue = ADCValue<<8;

26 ADCValue = ADCValue+ADCDM,;
27 _hop_();

28 }

29 }

30 }

31

32 void Init VREG( void )

33 {

34 VREG &= 0x00; // Clear VREG
35 VREG |=0x80; // Enable Band gap
36 VREG &= 0x9F; /l AVDDR=2.7V

38 VREG |=0x08; // Enable ACM
39 VREG |=0x10; // Enable AVDDR
40 }

42 void Init PGIA( void )

43 {

44 CHS &= 0x00; /I Clear CHS

45 CHS |=0x EQ; /I MUXP channel [Temp S+]

46 CHS |=0x0 E; /I MUXP channel [Temp S -]

48 AMPM &= 0x00;  // Clear AMPM

49 AMPM |= 0x20;  // ADCLK=7.8k@ADCCLK=250K
50 AMPM |=0x02;  // Enable PGIA Chopper

51 AMPM &= 0xE3; //PGIAXx1

53  AMPM |=0x01; // Enable PGIA
54 }
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55 void Init_ ADQ void )

56 {

57 ADCM1 &= 0x00; // Clear ADCM1

58 ADCML1 [=0x0 2; [/ Enable ADC Chopper

59 ADCM1 &= 0xF7; // ADC Gain=1x

60 ADCML1 |= 0x50; // ADC Vref = AVDDR*0.3
61

62 ADCM2 &= 0x00; // Clear ADCM2

63 ADCM2 |=0x 00; // ADC Clk=250kHz

64 ADCM2 |= Ox0E; // ADC ODR=32768

65
66  ADCM2 &= OXFE; // Clear DRDY

67  ADCML |= 0x01; / Enable ADC
68 }

69
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18 BIA

TheBIA isBioelectrical Impedance Analysiscuit. TheBlAincluded Sin wave Generator afrrent
source Generator. Sin wave@enerator can transfeclock wave to sin wave, sine wave amplitude
adjusted bySINEAMP3[Q] register. Bioelectrical Impedanctough currentsource generatocircuit
measurement.

18.1She Wave Generator
U  Clock Source from Digital Part, which frequency range from 5KHz ~ 200KHz
U  Sinewave amplitudeadjustsby setSINEAMB:0] register
U  The Sirfilter needssetting FILTH / FILT _tegisterfor sinewaveform
(ReferenceBIA clockr.s parameteselect table )

SineWave Generator

L T L 1
I SINEAMPB:0] I
i FILTO:0] I
TAO :
I 200KHZ" wn I
100KHZ, < > -
| e & T RVAVA' A
—| T —»
| 10KHz | X =3 : > I
5KHzI. @ Vsine :
| |
L o |
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