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Explanation of Symbols

A The symbol i [ ] indicdtes a bit o thé registeraForrexamplesABEDXY] indicates the
XY bit in ABCD register.

A The symbol fAx0 in a register name indicates si mil
and TIM4_CRO.
A [m:n] indicates a range of bits. For example, [3:0] means the bits from bit3 to bitO.
A Pm.n indicates the'tport of the Portm. P0.0 indicates thggrt of Port0.
A Register read and write symbols:
U R:Readonly
0 W: Write only
U  R/W: Read/write
0  WO: Only 0 can be written
i  W1: Only 1 can bevritten
A The sytmbiolndiicates an uncertainty value or invalid
A The RMW instruction cannot be used for registers with different read and written representations.
A Q (number) format is to store floatipgint numbers using fixegoint numbers. MSB is the sign bit,

followed by integer bits and fraction bits, where lower Q bits are assigned to the fractional part and the
remaining bits are assigned to the integer part. For example, for Q12, bitl5 is the sign bit, bitl4 ~ bit12
representte integer part and bitl1 ~ bitO represent the fraction part. The Q12 format has a decird@l range

~ 7.9998 (corresponding to 0x8000 ~ Ox7FFF).
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Abbreviations
ADC Analog to Digital Convertor
BEMF Back Electromotive Force
BLDC Brushless DiredCurrent
CAN Controller Area Network
CRC Cyclic Redundancy Check
DAC Digital to Analog Convertor
DMA Direct Memory Access
FG Frequency Generator
FICE Fortior Interactive Connectivity Establishment
FOC Field Oriented Control
FOSC FastOscillator
GPIO GeneraPurpose Input Output
HFI High Frequency Injection
1°C Inter Integrated Circuit
IC Integrated Circuit
IRAM Internal RAM
IDE Integrated Development Environment
LDO Low Dropout Regulator
LI N Local I nterconnect Network
LPF Low Pass Filter
LVD Low Voltage Detection
MDU Multiplication Division Unit
ME Motor Engine
MSB Most Significant Bit

MOSFET Metal Oxide Semiconductor Field Effect Transistor

NC Not Connected

PFC Power Factor Correction

PGA Programmable Gaiamplifier

PI/PID Proportional Integral/Proportional Integral Derivative
PLL Phase Locked Loop

PWM Pulse Width Modulation

QEP Quadrature Encodé@&ulse

RAM Random Access Memory
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RMW Read Modified Write

ROM Read Only Memory

RSD Rotating Stat®etection

RTC Real Time Clock

SCL Serial Clock Line

SDA Serial Data Line

SFR Special Function Register
SMO Sliding Mode Observer
SOSC Slow Oscillator

SPI SerialPeripheral Interface
SVPWM Space VectoPWVM

TSD Temperature Sensor Detect
UART Universal Asynchronous Receiver/Transmitter
WDT Watch Dog Timer

XRAM External RAM

XSFR External SFR
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1 System Introduction

1.1 Features

A

> >» >» >» > >» >

>

>

Power supply:

U High-voltage singlepower supply mode: When VCC_MODE = 0, external power supply
6.5V~28V isconnected to VCC pin, and internal LDO supplies VDD5 voltage.

Dual core: 8051 core and ME core

An instruction cycle mostly takes 1 or 2 system clock cycle(s)

32kB Flash ROM with CRC, seffrogram and code protection

256 bytes IRAM and 3.75k bytes XRAM

ME: Core integrating PID module, FOC module, MDU auxiliary computing module and LPF module

16 interrupt sources with 4 configurable priority levels

Number of GPIOs:

i FuUe8l6L: 38

i FU6866Q: 36

Timers:

U  Timerl: Timer supporting squaveave drive timing control, automatic commutation, cymje
cycle current limiting and Hall/BEMBased position sensing

U  Timer2: Timer supporting PWM output, measurement of duty cycle and period of input PWM
wave, measurement of the time of set PWM wave numbers, QEP decoding, tailwind/headwind
detection, and rotation direction and speed detection of step motor

U  Timer3/Timer4: Timers supporting PWM output, and measurement of duty cycle and period of
input PWM wave Timer4 supports FG generation and Timer3 supports up to 48MHz input

U  Systick Timer

u RTC

Communication interfaces:

i 1*SPI

ua 1%1°C

i 2*UART, supporting singlavire mode

U  1*LIN, supporting singlewvire mode

u 1*CAN

U  Duakchannel DMA: supporting data transmission ¥@&/$PI/UART/LIN

Analog peripherals:

0 12bit ADC, o p eonetsionrtime andiintemal \IREE or external VREF selectable

as reference voltage
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U Number of ADC channels: 16. Among them, AD15 is used for internal sampling.

U Internal VREF. 3V, 4V, 4.5V and VDD5 can be selected as the internal reference.

U  Internal VHALF, with VREF/2, 1/4 VREF, 1/8 VREF or 25/64 VREF as the internal reference
U  Four standalone operational amplifier(s), where PGA is configurable

i 3-channel analog comparator

i  DAC: Singlechannel %it, singlechannel ébit

A Driver Type

0 FU6816L: PWM output

0 FU6866Q: Builtin MOSFET driver: 6N pralriver output
A FOC module supports single/dual/trigleunt current sampling
A System clock

U  Built-in 24MHz highspeed RC oscillator

U Built-in 32.8kHz lowspeed RC oscillator

U  Support external 24MHz crystal clock

U  Support external 32768Hz crystal clock
A wDT
A LVD
A TsD

A Two-wire FICE protocol based-circuit emulation

1.2 Applications

The chip can be used for the drive phasephdgsdeess
induction motors and servo motors.
A Applications:
0 FU6816L: Range hoods, air conditioner indoor units, ceiling fans, pedestal fans, vacuum cleaners,
hair dryers, industrial fans, water pumps, compressors, power tools, drones, etc.
0  FU6866Q: Water pumps, compressors, fansyilveel/threewvheel electric vehicles, power tools,

drones, vacuum cleaners, etc.

1.3 Overview

The hmémgthor mance motor drive chip incorporates ME ¢
LPF, PI'D and SVPWM modules that allwavéocoautomably
hardware for sensor ed/ sOebnls ocrolrees si sB LusG/dP MM npoatr carnse.t e
processing. Most of 8051 core instruction cycle tak

achi ewerHioghmance motor conispeled TDlpepriahfiiperésht ecgornapt ae
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higpeed ADC,CCRUARSIPI LI Nant@wiNpt OTD@er which are sui
squaaee based BLDC/ PMSM motors

1.4 Functional Block Diagram

141FU6816L

8 %)
(O alN)] <
oo un =<
> > > s}
X XX X B
PO.0/TIM4S/TXD2ETX/CT/SDAR _ . Z VCC_MOD I k)
P0.1/DBG/TIM4/TIM3S/RXDRBX/CRX'SCLIX] 38 4 é 3 g [°] 2 S E X%
PO.2/LXIN/HALE »3 2o =53 Al [ O G LDO5
P0.3/MISOS/LXOU
0.3 523/4/;; | PORTO«>] L
’ 12C SPI UART
PO 5ISCLK/TXDICTXS/S DA [ec][ spt ] [uarT] CAN
P0.6/MOSI/RXD/CRXS/SE6 ¢
P0.7/MISO/TIM2$4 ¢ ¢
PLO/TIM2ITXDS/L T [ oma | [TIMERA [TIMERS [TIMERZ ~ [TIMER]
P1.1/TIM3/RXDS/LRXS /L% N
P1.2/FICE i
P1.3/HBIAS/C1PS/A30/A PORTI s s s AL «— Cc2pP
P1.4/COP/A3M/AD10/HAL QX = = = eevE € c2m
P1.5/COM/C2PS/A3P/ADI <«— CiP
P1.6/C1P/A1P/AD9/HAL T <t <«— CIM
P1.7/CIM/ALMS <«— Ccop
P2.0/ADO/ALOK) <«— COM
P2.1/C2P/A2P/ADS/HAL I - H bU
P2.2/C2MIA2MX. x| |$ Dy
P2.3/AD1/A20/C4PID, 2 2 H DW
i PORT: > ° PWM —
P2.4/AD2 > 2 Lou
P2.5/AD3%] = Cow
P2.6/C3M/DAO/AD1IY 2

P3.4/AD7/C3PS/CANMX! PORT3¢>

P3.5/VREKX

e
z
12Bit
ADC
d
<
(&)

P3.6/HAL2/RXD2/XIN/ECK! T I
P3.7/HALUTXD2/XOUX U il
o 3 o &
5 9 2 3
P4.1/L_DXx sl 7 o i
P4.2/H_D 9359582 938 235 DAO
P43 §2<§2<2 gg< I8« DACL 5 pa1
’ PORT4«>| s} a 2 <
P4.4 < < < 3
P4.5/AD14xi€—> 2
P4.6|

Figurel-1 Functional Block Diagram of FU6816L
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X vDD5
X vss

Lb HBIAS

X vce

P0.1/DBG/TIM4/TIM3S/RXD2S/LRX/CRX[X} a <D( %
z
7]

MOSI
MISO
TXD
RXD
CTX
CRX

SCLK
RSTN/FICEK

LDO5 | VCC_MODE

0
Poalu;(())ti'/r'{lps PORTO]
: SPI UART
PO SISCLKITXDICTXS/S DA ][ spi [ urRT]
P0.6/MOSI/RXDICRXS/S(4 «— c2P
¢ HALL e« cam

1’c

P0.7/MISO/TIM2$X] ¢ BEME
P1.0/TIM2/TXDS/LTXS/QEXR 1. <«— ClP
1 1TIMSRXDS /LRSI [ DMA | [TIMER4 [TIMER3 [TIMERZ [ TIMERI« <t « CiM
P1.2/FICEIR! «— CcoP
P1.3/HBIAS/C1PS/A30/ADK «— Com
P1.4/COP/A3M/AD10/HAL OS]
P1.5/COM/C2PS/A3P/ADIX
P1.6/C1P/A1P/ADY/HAL I
P1.7/CIM/AIMK
P2.0/ADO/ALCK]
P2.1/C2P/A2P/AD8/HAL IS
P2.2/C2MIA2MK
P2.3/AD1/A20/C4P/DAI]
P2.4/AD2%]

CAN

TIM4
TIM3 <>
TIM2

PORTI¢» VBB EN

VBB_SE

VBB

Predriver X VDRV
X VBU

VSuU
VBV

VsV

6N Driver VBW

BT

MUX
Protection
DI XX DI X DI DI XX

PORT2¢>|

VSwW
LU

LW

PORT3¢»

-
N
@

C3m

:l>—<»—>
AD12/A30
ISUn

A3M
A3P

DAO
DAl

AOM
AOP

=8
N
<('(

cap L >INTO Fault

PORT4<¢>|

AD2/3/5~11/13 —»|
AD4/A00/C3P/C4M

Q
N
<
=
[=]
<

RSTN/FICEX

Figurel-2Functi onal Bl ock Diagram of FU®6866/
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1.5Memory Organization

The internaldi vti @drealge ns pa ®Pe oigg am Memory and Data N
addressed.
Data Memery (IRAM) Data Memery (XRAM) Program Memory
OxFF OxFFFF Ox7FFF Last Sector
Ox7F00
Upper 128 RAM SFR
(Indirect Addressing (Direct Reserved
Only) Addressing Only)
0x80 0x410(
OX7F
0x4024 XSFR User Program Area
Direct or Indirect
Addressing
Reserved
Lower 128 RAM
8?32 > (Direct or Indirect OxOFFH ADC Result(R)
Addressing)  OxOFDS$|
Bit Addressable MDU
0x20 0x0EF8 XRAM
0§1|: OXOED7,
General Purpose OXOEAC CAN Data
Registers XRAM 0x0100
0x00 g 0%0000 oxoooo_INterrupt  Vector

Figure1-3 Memory Organization

151Program Memory

The chip i mplements tneino rpr ovgrtehm amebrhorcyk & g obl agdh r
to store control programs to store control programs
The first sector (0x0000~0xO00FF) is the interrupt

of each interrupt routine. The |l ast sector (O0Ox7FO0O0~

152Data Memory

The data memory is divided into Exter nRguell3at a Mem

The External Data Memory is addressed from 0x0000
instructions. I't comprises XRAM (0x0000~0XO0OEF7), e )
register space (OXOEF8~00@BBAC~-0KARNDWMepsandeADEGt ae st
(OXOFD8~0XO0FFF) .

The I nternal Data Memory is addressed from 0x00
banks of general purpose registers, each bank consi
~ OxXx7F are used f oermogreyn e rsaulp ppouwrtpionsge dRAM cnt and i ndi
Ox2F) -barnre al&lressabl e. When | ocations 0x80 ~ OxFF ar

When | ocations 0x80 ~ OxFF areFRccessed by direct a
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153SFR
Tablil8 FR Address Mapping
Addr 0(8) 1(9) 2(A) 3(B) 4(C) 5(D) 6(E) 7(F)
OxF8 DRV_OUT PI_CR PO_OE P1_OE P2_OE P3_OE
0xFO B OSC_CFG
OxE8 P4_OE
OxEO ACC CMP_CR4 HALL_CR
0xD8 UT2_CR EVT_FILT CMP_CR2 LVSR CMP_CR3 CAN_ER_LIM CAN_TEC CAN_REC
0xDO PSW P1_IE P1_IF P4_IE P4_IF CMP_CRO CMP_CR1 CMP_SR
0xC8 RST_SR CAN_FMRO CAN_FMR1 CAN_FMR2 CAN_FMR3 CAN_ALC CAN_ESR
0xCOo MDU_CR CAN_BTR1 CAN_BTR2 CAN_FIRO CAN_FIR1 CAN_FIR2 CAN_FIR3
0xB8 P4 LIN_CR LIN_SR LIN_CSR LIN_ID LIN_SIZE LIN_BAUDL LIN_BAUDH
0xBO P3 CAN_CRO CAN_CR1 CAN_SR CAN_IER CAN_CR2 CAN_IFR CAN_BTRO
0xA8 IE TIM2_CR1 TIM2__CNTRL|TIM2__CNTRH| TIM2__DRL TIM2__DRH TIM2__ARRL TIM2__ARRH
0xAO0 P2 TIM2_CRO | TIM3__CNTRL|TIM3__CNTRH| TIM3__DRL TIM3__DRH TIM3_ARRL TIM3__ARRH
0x98 UT_CR UT_DR UT_BAUDL UT_BAUDH TIM3_CRO TIM3_CR1 TIM4_CRO TIM4_CR1
0x90 P1 TIM4__CNTRL | TIM4__CNTRH| TIM4__DRL TIM4__DRH TIM4__ARRL TIM4__ARRH
0x88 TCON UT2_DR IPO IP1 P2 IP3
0x80 PO SP DPL DPH FLA_KEY FLA_CR PCON
Notes:

A Registers cont ai ni-btgnapshoeregistgrsnBnapsteniters abe the dyeamit Bgisters

which shall be read using variables. The value will be incorrect when the register is read directly.

>

8-bit MCU shall read a 16it register twice to get the value, the 8 hagtler bits and the 8 lowrder bits
respectively. The result will be incorrect when 8okgler bits of the register change after MCU has read the 8
high-order bits. Therefore, wheéhhighorder bits of the snapshot register are read by MCU, the corresponding 8
low-order bits are stored and read.

A Snapshot register must be read as a whole, the ®tdgh bits first and then the 8 lesvder bits.
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T a bli2 ¥SFR Address Mapping
Addr 0(8) 1(9) 2(A) 3(B) 4(C) 5(D) 6(E) 7(F)
0x40F8 HFI__I3H HFI__I3L
0x40F0 FOC__IQOH FOC_1QOL FOC_IQ1H FOC_1Q1L HFI_11H HFIL_I1L HFI_I2H HFIL_12L
0x40E8 HFI__BETAH HFI__BETAL FOC__IDOH FOC_ IDOL FOC_ID1H FOC_ID1L DELTA__THETAH DELTA__ THETAL
0x40E0 HFI_KPH HFI_KPL HFI_KIH HFI_KIL OMEGA__HFIH OMEGA__HFIL HFI_ALPHAH HFI_ALPHAL
FOC__POWH
0x40D8 FOC__POWL FOC__IAMAXH FOC__IAMAXL FOC__IBMAXH FOC__IBMAXL FOC__ICMAXH FOC__ICMAXL
FOC_EOMEKLPF
FOC__UQEXH FOC__UQEXL
0x40D0 FOC__EALPH FOC__EALPL FOC__EBETH FOC__EBETL FOC__EOMEH FOC__EOMEL
FOC_KFGH FOC_KFGL
FOC__IBH FOC__IBL FOC__IAH FOC__IAL
0x40C8 FOC__THETAH FOC__THETAL FOC__ETHETAH FOC__ETHETAL
FOC_LQH FOC_LQL FOC_LDH FOC_LDL
0X40C0 FOC__IBETH FOC__IBETL FOC__VBETH FOC__VBETL FOC__VALPH FOC__VALPL FOC__ICH FOC__ICL
X!
FOC_IQ_LPFK FOC_ID_LPFK FOC_UDCPSH FOC_UDCPSL FOC_UQCPSH FOC_UQCPSL FOC_FLUXH FOC_FLUXL
0x40B8 FOC__UDH FOC__UDL FOC__UQH FOC__UQL FOC__IDH FOC__IDL FOC__IQH FOC__IQL
FOC_DMAXH FOC_DMAXL FOC_DMINH FOC_DMINL
0x40B0 FOC_QMAXH FOC_QMAXL FOC_QMINH FOC_QMINL
FOC__OMEESTH FOC__OMEESTL
FOC_RTHEACCH FOC_RTHEACCL FOC_THECOR FOC__THECOMPH FOC__THECOMPL
0x40A8 FOC__RTHESTEPH FOC__RTHESTEPL FOC_RTHECNT
FOC_EOMELPFH FOC_EOMELPFL CMP_SAMR FOC__EMFH FOC__EMFL
0x40A0 FOC_CR1 FOC_CR2 FOC_TSMIN FOC_TGLI FOC_TBLO FOC_TRGDLY FOC_CSOH FOC_CSOL
FOC__UDCFLTH FOC__UDCFLTL
0x4098 FOC_CR5 FOC_CR4 FOC_CR3 FOC_CRO
TIM1__ITRIPH TIM1__ITRIPL
X409 FOC_IDREFH FOC_IDREFL FOC_IQREFH FOC_IQREFL FOC_QKPH FOC_QKPL FOC_QKIH FOC_QKIL
X!
TIM1__URESH TIM1__URESL TIM1_KRMAX TIM1_KFMIN TIM1_KFH TIM1_KFL TIM1_KRH TIM1_KRL
O0x4088 FOC_EK3H FOC_EK3L FOC_EK4H FOC_EKA4L FOC_EK1H FOC_EK1L FOC_EK2H FOC_EK2L
X:
TIM1__RARRH TIM1__RARRL TIM1__RCNTRH TIM1__RCNTRL TIM1__UCOPH TIM1__UCOPL TIM1__UFLPH TIM1__UFLPL
FOC_FBASEH FOC_FBASEL FOC_EFREQACCH FOC_EFREQACCL FOC_EFREQMINH FOC_EFRQMINL FOC_EFREQHOLDH FOC_EFREQHOLDL
0x4080
TIM1_DBR7H TIM1_DBR7L TIM1__BCNTRH TIM1__BCNTRL TIM1__BCCRH TIM1__BCCRL TIM1__BARRH TIM1__BARRL
0x4078 FOC_KSLIDEH FOC_KSLIDEL FOC_EKLPFMINH FOC_EKLPFMINL FOC_DKIH FOC_DKIL FOC_OMEKLPFH FOC_OMEKLPFL
X
TIM1_DBR3H TIM1_DBR3L TIM1_DBR4H TIM1_DBRA4L TIM1_DBR5H TIM1_DBR5L TIM1_DBR6H TIM1_DBR6L
TIM1_BCORH TIM1_BCORL FOC_EKPH FOC_EKPL FOC_EKIH FOC_EKIL
0x4070 TIM1_CR5
FOC_DKPH FOC_DKPL TIM1_DBR1H TIM1_DBRI1L TIM1_DBR2H TIM1_DBR2L
0x4068 TIM1_CRO TIM1_CR1 TIM1_CR2 TIM1_CR3 TIM1_CR4 TIM1_IER TIM1_SR FOC_EFREQMAX
0x4060 DRV_DTR DRV_SR DRV_CR SYST_ARRH SYST_ARRL DRV__CNTRH DRV__CNTRL
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Addr 0(8) 1(9) 2(A) 3(B) 4(C) 5(D) 6(E) 7(F)
0x4058 DRV_DRH DRV_DRL DRV_COMRH DRV_COMRL DRV_CMRH DRV_CMRL DRV_ARRH DRV_ARRL
0x4050 P1_AN P2_AN P3_AN PO_PU P1_PU P2_PU P3_PU P4_PU
0x4048 TSEN_DR PH_SEL2 DAC1_DR DAC_DR PH_SEL PH_SEL1 AMP_CRO VREF_VHALF_CR
0x4040 DMA1_BAH DMA1_BAL UT2_BAUDH UT2_BAUDL CAL_CRO CAL_CR1 AMP_CR2 P4_AN
0x4038 ADC_SCYC ADC_CR DMAO_CRO DMA1_CRO DMAO_LEN DMAL1_LEN DMAO_BAH DMAOQ_BAL
0x4030 SPI_CRO SPI_CR1 SPI_CLK SPI_DR AMP_CR1 DAC_CR ADC_MASKH ADC_MASKL
0x4028 I2C_CR 12C_ID I2C_DR 12C_SR RTC_TMH RTC_TML RTC_STA TSD_CR
0x4020 CRC_DIN CRC_CR CRC_DR CRC_BEG CRC_CNT WDT_CR WDT_ARR
OxOFF8
O0xOFFO0 AD12_DRH AD12_DRL AD13_DRH AD13_DRL AD14_DRH AD14_DRL AD15_DRH AD15_DRL
OxOFE8 AD8_DRH AD8_DRL AD9_DRH AD9_DRL AD10_DRH AD10_DRL AD11_DRH AD11_DRL
OxOFEO AD4_DRH AD4_DRL AD5_DRH AD5_DRL AD6_DRH AD6_DRL AD7_DRH AD7_DRL
OxOFD8 ADO_DRH ADO_DRL AD1_DRH AD1_DRL AD2_DRH AD2_DRL AD3_DRH AD3_DRL
0xO0FDO LPFO_K LPFO_X LPFO_YH LPFO_YL
0xOFC8 LPF1_K LPF1_X LPF1_YH LPF1_YL
Ox0FCO PI0_UKH PI0_UKL PI0_UKMAX PI0_UKMIN
0xO0FB8 PIO_KP PI0_EK1 PI0_EK PI0_KI
0x0FBO PI1_UKH PI11_UKL P11_UKMAX PI11_UKMIN
OxOFA8 PI1_KP PI1_EK1 PI1_EK PI1_KI
O0xOFAO MULO_MA MULO_MB MULO_MCH MULO_MCL
0x0F98 MUL1_MA MUL1_MB MUL1_MCH MUL1_MCL
0XOF90 DIVO_DB DIVO_DQH DIVO_DQL DIVO_DR
0xOF88 DIV1_DQL DIV1_DR DIVO_DAH DIVO_DAL
0x0F80 DIV1_DAH DIV1_DAL DIivi_DB DIV1_DQH
OxOF78 LPF2_K LPF2_X LPF2_YH LPF2_YL
0x0F70 LPF3_K LPF3_X LPF3_YH LPF3_YL
0x0F68 P12_UKMAX P12_UKMIN PI2_KD Pl12_EK2
0x0F60 PI2_EK PI12_KI PI12_UKH PI12_UKL
0x0F58 PI3_KD PI3_EK2 PI2_KP PI2_EK1
0x0F50 PI3_UKH PI3_UKL PI3_UKMAX PI3_UKMIN
Ox0F48 PI3_KP PI3_EK1 PI3_EK PI3_KI
Ox0F40 MUL2_MA MUL2_MB MUL2_MCH MUL2_MCL
O0x0F38 MUL3_MA MUL3_MB MUL3_MCH MUL3_MCL
0xO0F30 DIV2_DB DIV2_DQH DIV2_DQL DIV2_DR
0x0F28 DIV3_DQL DIV3_DR DIV2_DAH DIV2_DAL
0x0F20 DIV3_DAH DIV3_DAL DIv3_DB DIV3_DQH
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Addr 0(8) 1(9) 2(A) 3(B) 4(C) 5(D) 6(E) | 7(F)

Ox0F18 SCATO_SIN SCATO_THE SCATO_RES1 SCATO_RES2

0x0F10 SCAT1_THE SCAT1_RES1 SCAT1_RES2 SCATO_COsS

Ox0F08 SCAT2_RES1 SCAT2_RES2 SCAT1_COS SCAT1_SIN

0x0F00 SCAT3_RES2 SCAT2_COS SCAT2_SIN SCAT2_THE

OxOEF8 SCAT3_COS SCAT3_SIN SCAT3_THE SCAT3_RES1

0xOEDO CAN_TXDR2 CAN_TXDR1 CAN_TXDRO CAN_TXID3 CAN_TXID2 CAN_TXID1 CAN_TXIDO CAN_TXCR

Ox0EC8 CAN_RXO0ID1 CAN_RXO0IDO CAN_RXOCR CAN_TXDR7 CAN_TXDR6 CAN_TXDR5 CAN_TXDR4 CAN_TXDR3

Ox0ECO CAN_RXODR5 CAN_RXODR4 CAN_RXODR3 CAN_RXODR2 CAN_RXODR1 CAN_RXODRO CAN_RXO0ID3 CAN_RXO0ID2

OxOEB8 CAN_RX1DRO CAN_RX1ID3 CAN_RX1ID2 CAN_RX1ID1 CAN_RX1IDO CAN_RXI1CR CAN_RXODR7 CAN_RXODR6

OxOEBO CAN_RX2CR CAN_RX1DR7 CAN_RX1DR6 CAN_RX1DR5 CAN_RX1DR4 CAN_RX1DR3 CAN_RX1DR2 CAN_RX1DR1

OxXOEA8 CAN_RX2DR3 CAN_RX2DR2 CAN_RX2DR1 CAN_RX2DRO CAN_RX2ID3 CAN_RX2ID2 CAN_RX2ID1 CAN_RX2ID0O

Ox0EAO0 CAN_RX2DR7 CAN_RX2DR6 CAN_RX2DR5 CAN_RX2DR4
Notes:

A Registers cont ai ni-bitgnagstogisterg. @rimpshot régisterdareahe dynai6 registers which shall be read using variables. The value will be incorrect

when the register is read directly.
8-bit MCU shall read a 16it register twice to get the value, the 8 haghler bits and the 8 loarder bits respectively. The result will be incorrect when 8daster bits of the

A
register change after MCU has read the 8-bigler bits. Therefore, whéhhigh-order bits of the snapshot register are read by MCU, the corresponding&lenbits are stored
and read.

A Snapshot register must be read as a whole, the ®tdgh bits first and then the 8 lesvder bits.
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2 Pin Definitions

The 10 types are defined fdlows:

> >» > >

DI = Digital Input
DO = Digital Output

Al = Analog Input

A AO = Analog Output

DB = Digital Bidirectional

A AB = Analog Bidirectional

A P =Power Supply

2.1FU6816L LQFP48 Pins

T a b2l1 EU6816L LQFP48 Pin Descriptions

Pin T_Lé?:?alg‘ IO Type Function Description
p2.2/ DB/ GPIO
c2m/ 1 All CMP2 negative input
A2M Al AMP2 negative input
pP2.3/ DB/ GPIO
AD1/ Al/ Input of ADC channel 1
A20/ 2 AO/ | AMP2 output
C4P/ Al/ CMP4 positive input
DAl DO DAC1 output, without Buffer output
P2.4/ 3 DB/ | GPIO
AD2 Al Input of ADC channel 2 for bus voltage sampling
P2.5/ 4 DB/ | GPIO
AD3 Al Input of ADC channel 3
P2.6/ DB/ | GPIO
C3m/ 5 Al/ CMP3 negative input
DAO/ AO/ DACO output,without Buffer output
AD11 Al Input of ADC channel 11
pP2.7/ DB/ GPIO
AD4/ Al/ Input of ADC channel 4 for bus current sampling
C3P/ 6 Al/ CMP3 positive input
AQO/ AO/ | AMPO output
C4M Al CMP4 negative input
P3.0/ 7 DB/ GPIO
AOM Al AMPO negative input
P3.1/ 8 DB/ | GPIO
AOP Al AMPO positive input
P3.2/ DB/ | GPIO
AD5/ 9 All Input of ADC channel 5
VHALF AO VREF/ 2 output with an external 1
P3.3/ DB/ | GPIO
AD6 Al Input of ADC channel 6. When AMP_CRO[CP_EN] =1 and
10 AMP_CRO[CP_SEL] =1, AMPO outp(P2.7) is delivered to P3.3viaa 1
Ohm internal resistor. P3.3 is
average current sampling.
P3.4/ DB/ GPIO
AD7/ 11 All Input of ADC channel 7. When AMP_CRO[CP_EN] = 1, AMPO output
(P2.7) is delivered to P3.4 via a 16k Ohm internal resistor. P3.4 is conn
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Pin II:_l(Jg?:8pl468L IO Type Function Description
with a lgF external capacitor fg
C3PSs/ Al/ CMP3 positive input after function switching
C4MS Al CMP4 negative input after function switching
P3.5/ DB/ | GPIO
VREF 12 AB ADC external VREF input or interna
capacitor
P4.4 13 DB GPIO, configurable as INT1 input
P4.3 14 DB GPIO
P3.6/ DB/ GPIO, configurable as INT1 input
HAL2/ DI/ Hall-IC2 logic level input
RXD2 15 DB/ UART2 RXD input in twewire mode or TXD output/RXD input in single
wire mode
XIN/ Al/ Crystal clock input, connected to an external 24MHz crystal clock
ECLK DI External fast clock input
P3.7/ DB/ GPIO
HAL1/ 16 DI/ Hall-1C1 logic level input
TXD2 DO/ UART2 TXD output
XOUT AO Crystal clock input, connected to an external 24MHz crystal clock
PO0.0/ DO/ | GPIO, configurable as INTO input
TIM4S/ DB/ Timer4input/output after function switching
TXD2S/ 17 DB/ UART2 TXD output after function switching
LTX/ DO/ | LIN TXD output
CTX/ DO/ | CAN TXD output
SDA DO I2C SDA, configured as collector opeinain output
PO.1/ DB/ GPIO,configurable as INTO input
DBG/ DO/ | Debug port
TIM4/ DB/ Timer4 input/output
TIM3S/ DB/ Timer3 input/output after function switching
RXD2S/ 18 DB/ UART2 RXD input in twewire mode or TXD output/RXD input in single
wire mode after function switching
LRX/ DI/ LIN RXD input
CRX/ DI/ CAN RXD input
SCL DB I2C SCL, configured as collector opéemain output
PO0.2/ DB/ GPIO, configurable as INTO input
HALO 19 DI/ Hall-1CO logic level input
LXIN/ Al 32768Hz crystal clock input
PO0.3/ DB/ GPIO, configurable as INTO input
MISOS/ 20 DB/ SPI MISO after functioswitching, master input or slave output
LXOUT DO 32768Hz crystal clock input
PO0.4/ 21 DB/ GPIO, configurable as INT1 input
NSS DB SPI NSS
PO.5/ DB/ GPIO, configurable as INTO input
SCLK/ DO/ | SPI SCLK
TXD/ 22 DO/ UART1 TXD output
CTXS/ DO/ | CAN TXD output after function switching
SDAS DB I2C SDA after function switching, configured as open collector output
PO0.6/ DB/ GPIO, configurable as INTO input
MOSI DI/ SPI MOSI, master output or slave input
RXD/ 23 DB/ UART1 RXD input intwo-wire mode or TXD output/RXD input in single
wire mode
CRXS/ DI/ CAN RXD input after function switching
SCLS DB I2C SCL after function switching, configured as open collector output
PO.7/ DB/ GPIO, configurable as INT1 input
MISO/ 24 DB/ SPI MISO, masteinput or slave output
TIM2S DB Timer2 input/output after function switching
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Pin LOFP48 10 Type Function Description
P4.1/ o5 DB/ GPIO, configurable as INT1 input
L DX DO Low-side Xphase PWM output
P4.2/ 26 DB/ GPIO, configurable as INT1 input
H DX DO High-side X-phase PWM output
P1.0/ DB/ GPIO, configurable as INT1 input and collector ojkeain
TIM2/ DB/ Timer2 input/output, configured as collector ogdmin
TXDS/ 27 DI/ UART1 TXD output after function switching, configured as collector epg
drain
LTXS DI LIN TXD output afterfunction switching, configured as collector opdain
TPII%/I;; Bg; GPIO, configurable as INTO/INT1 input and collector ofkain
RXDS/ DB/ Timer3 input/output, configured as collector ogdmain
28 UART1 RXD input intwo-wire mode or TXD output/RXD input in single
LRXS/ DI/ wire mode after function switching
LIN RXD input after function switching, configured as collector ojpleain
LIN DB LIN RXD/TXD, configured as collector opedrain
L DU 29 DO Low-side Uphase PWM output
L_DV 30 DO Low-side \-phase PWM output
L_DW 31 DO Low-side W-phase PWM output
H DU 32 DO High-side Uphase PWM output
H_ DV 33 DO High-side \-phase PWM output
H_DW 34 DO High-side Wphase PWM output
Power input. The voltage rangedstermined by VCC_MODE, with an
external filter capacitor of 4.7
VCC 35 P A High-voltage singlepower supply mode:
When VCC_MODE = 0, external power supply 6.5V~28V is connec
to VCC pin, and internal LDO supplies VDD5 voltage.
VSS 36 P Ground
Mid-voltage power input or 5V LDO power output is determined by
VCC_MODE. See descriptions on VCC pin for power connection. It is
connected with an external capagd
Mid-voltage power input or 5V LDO power outputdetermined by
VDD5 37 P VCC_MODE.
When VCC_MODE = 0, internal LDO outputs 5V power supply.
When VCC_MODE = 1, 3V~5.5V external power is supplied.
Power input or 5V internal LDO output, which is determined by VCC_M(
with an external filter capacitgg
P4.6 38 DB GPIO, configurable as INT1 input
RSTN/ 39 DI/ Input of external reset; Builth pull-up resistor
FICEK DI FICE SCL
P4.5/ 40 DB/ GPIO, configurable as INT1 input
AD14 Al Input of ADC channel 14
P1.2/ a1 DB/ GPIO,configurable as INT1 input
FICED DB FICE SDA
P1.3/ DB/ GPIO, configurable as INT1 input
HBIAS/ DO/ | Hall bias power supply, internally connected to VDD5 via a switch to ou
42 large current
C1PS/ All CMP1 positive input after functioswitching
A30/ DO/ | AMP3 output
AD12 Al Input of ADC channel 12
P1.4/ DB/ GPIO, configurable as INT1 input
COP/ 43 All CMPO positive input
A3M/ Al/ AMP3 negative input
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Pin II:_l(Jg?:8pl468L IO Type Function Description
AD10/ Al/ Input of ADC channel 10
HALOS DI Hall-1CO0 logic level input after function switching
P1.5/ DB/ GPIO, configurable as INT1 input
com/ Al/ CMPO negative input
C2pPs/ 44 All CMP2 positive input after function switching
A3P/ All AMP3 positive input
AD13/ All Input of ADC channel 13
P1.6/ DB/ GPIO,configurable as INT1 input
C1P/ All CMPL1 positive input
Al1P/ 45 All AMP1 positive input
ADY/ Al/ Input of ADC channel 9
HAL1S DI Hall-1C1 logic level input after function switching
P1.7/ DB/ GPIO, configurable as INT1 input
cim/ 46 Al/ CMP1 negative input
AlM Al AMP1 negative input
pP2.0/ DB/ GPIO
ADO/ 47 All Input of ADC channel 0
AlO AO AMP1 output
pP2.1/ DB/ GPIO
C2P/ Al/ CMP2 positive input
A2P/ 48 Al/ AMP?2 positive input
ADS8/ Al/ Input of ADC channel 8
HAL2S DI Hall-1C2 logic level input after function switching
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2.2FU6816L LQFP48Pinout Diagram
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Figure2-1 FU6816L LQFP48 Pinout Diagram
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2.3FU6866Q QFN56 Pins

T a b2l2 BEU6866Q QFN56 Pin Descriptions

Pin Fggz%%Q 10 Type Function Description
VSU 1 p 6N predriver U-phase input, as GND reference fopblase higkside
bootstrap
HU 2 DO 6N predriver highside Uphase PWM output
VBU 3 P 6N predriver high-side Uphase bootstrap power supply
6N predriver V-phase input, as GND reference foipWase higside
VSV 4 P
bootstrap
HV 5 DO 6N predriver highside \-phase PWM output
VBV 6 P 6N predriver highside \Aphase bootstrap power supply
VSW 7 p 6N predriver W-phase input, as GND reference forphase hig¥side
bootstrap
HW 8 DO 6N predriver highside Wphase PWM output
VBW 9 P 6N predriver highside Wphase bootstrap power supply
Power input. The voltage rangedstermined by VCC_MODE, with a
external filter capacitor of 4
VCC 10 P A High-voltage singlepower supply mode:
When VCC_MODE = 0, external power supply 6.5V~28V is
connected to VCC pin, and internal LDO supplies VDD5 voltag
VSS 11 P Ground
I nternal LDO outputs 5V power
capacitor.
VDD5 12 P Power input or 5V internal LDO output, which is determined by
VCC_MODE, with an external fil
See descriptions on VCC pin for details.
P4.6 13 DB GPIO, configurable as INT1 input
RSTN/ 14 DI/ Input of external reset; Builh pull-up resistor
FICEK DI FICE SCL
P4.5/ 15 DB/ GPIO, configurable as INT1 input
AD14 Al Input of ADC channel 14
VSS 16 P Ground
P1.2/ DB/ GPIO, configurable as INT1 input
TIM4S2/ 17 DB/ Timer4 input/output after function switching
TXD2S2 DO/ UART2 TXD output after function switching
FICED DB FICE SDA
P1.3/ DB/ GPIO, configurable as INT1 input
HBIAS/ DO/ Hall bias powesupply, internally connected to VDD5 via a switch t
18 output large current
C1PS/ Al/ CMP1 positive input after function switching
A30/ DO/ AMP3 output
AD12 Al Input of ADC channel 12
P1.4/ DB/ GPIO, configurable as INT1 input
COP/ Al/ CMPOpositive input
A3M/ 19 Al/ AMP3 negative input
AD10/ Al/ Input of ADC channel 10
HALOS DI Hall-1CO0 logic level input after function switching
P1.5/ DB/ GPIO, configurable as INT1 input
com/ Al/ CMPO negative input
C2Ps/ 20 Al/ CMP2 positive input aftefiunction switching
A3P/ Al/ AMP3 positive input
AD13 All Input of ADC channel 13
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Pin Fggz%%Q 10 Type Function Description
P1.6/ DB/ GPIO, configurable as INT1 input
C1pP/ Al/ CMP1 positive input
Al1P/ 21 Al/ AMP1 positive input
AD9/ Al/ Input of ADC channel 9
HAL1S DI Hall-IC1 logic level input aftefunction switching
P1.7/ DB/ GPIO, configurable as INT1 input
Cim/ 22 Al/ CMP1 negative input
AlM Al AMP1 negative input
P2.0/ DB/ GPIO
ADO/ 23 Al/ Input of ADC channel O
AlO AO AMP1 output
P2.1/ DB/ GPIO
C2P/ Al/ CMP2positive input
A2P/ 24 Al/ AMP2 positive input
ADS8/ Al/ Input of ADC channel 8
HAL2S DI Hall-1C2 logic level input after function switching
pP2.2/ DB/ GPIO
cam/ 25 Al/ CMP2 negative input
A2M Al AMP2 negative input
pP2.3/ DB/ GPIO
AD1/ Al/ Input of ADCchannel 1
A20/ 26 AO/ AMP2 output
C4P/ Al/ CMP4 positive input
DAl DO DAC1 output, without Buffer output
pP2.4/ 27 DB/ GPIO
AD2 Al Input of ADC channel 2 for bus voltage sampling
pP2.5/ 28 DB/ GPIO
AD3 Al Input of ADC channel 3
pP2.6/ DB/ GPIO
C3m/ 29 Al/ CMP3negative input
DAO/ AO/ DACO output, without Buffer output
AD11 Al Input of ADC channel 11
pP2.7/ DB/ GPIO
AD4/ Al/ Input of ADC channel 4 for bus current sampling
C3P/ 30 Al/ CMP3 positive input
A0O/ AO/ AMPO output
C4aM Al CMP4 negative input
P3.0/ 31 DB/ GPIO
AOM Al AMPO negative input
P3.1/ 32 DB/ GPIO
AOP Al AMPO positive input
P3.2/ DB/ GPIO
AD5/ 33 Al/ Input of ADC channel 5
VHALF AO VREF/ 2 output with an external
P3.3/ DB/ GPIO
ADG6 Al Input of ADC channel 6. WheAMP_CRO[CP_EN] =1 and
34 AMP_CRO[CP_SEL] = 1, AMPO output (P2.7) is delivered to P3.3
16k Ohm internal resistor. P3.
capacitor for bus average current sampling.
P3.4/ DB/ GPIO
AD7/ Al/ Input of ADC channel 7. When AMP_CRO[CP_EN] =1, AMPO out
(P2.7) is delivered to P3.4 via a 16k Ohm internal resistor. P3.4 is
35 connected with a legeF external
sampling.
C3Ps/ Al/ CMP3 positive input after function switching
C4MS Al CMP4 ngyative input after function switching
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Pin Fggz%%Q 10 Type Function Description
P3.5/ DB/ GPIO
VREF 36 AB ADC external VREF input or inte
capacitor
P4.4 37 DB GPIO, configurable as INT1 input
P4.3 38 DB GPIO
P3.6/ DB/ GPIO, configurable as INT1 input
HAL2/ DI Hall-1C2 logic level input
RXD2 39 DB/ UART2 RXD input in twewire mode or TXD output/RXD input in
singlewire mode
XIN/ Al/ Crystal clock input, connected to an external 24MHz crystal clock
ECLK DI External fast clock input
P3.7/ DB/ GPIO
HAL1/ 20 DI/ Hall-IC1 logic level input
TXD2/ DO/ UART2 TXD output
XOUT AO Crystal clock input, connected to an external 24MHz crystal clock
PO0.0/ DO/ GPIO, configurable as INTO input
TIM4S/ DB/ Timer4 input/output after function switching
TXD2S/ a1 DO/ UART2 TXD output after function switching
LTX/ DO/ LIN TXD output
CTX/ DO/ CAN TXD output
SDA DO/ 12C SDA, configured as collector opeinain output
PO.1/ DB/ GPIO, configurable as INTO input
DBG/ DO/ Debug port
TIM4/ DB/ Timer4 input/output
TIM3S/ DB/ Timer3 input/output after function switching
RXD2S/ 42 DB/ UART2 RXD input in twewire mode or TXD output/RXD input in
singlewire mode after function switching
LRX/ DI/ LIN RXD input
CRX/ DI/ CAN RXD input
SCL DB I12C SCL, configured as collector opdmain output
PO0.2/ DB/ GPIO, configurable as INTO input
HALO/ 43 Al/ Hall-ICO logic level input
LXIN DI 32768Hz crystal clock input
P0.3/ DB/ GPIO, configurable as INTO input
MISOS/ 44 DB/ SPI MISO after functiorswitching, master input or slave output
LXOUT AO 32768Hz crystal clock output
PO0.4/ 45 DB/ GPIO, configurable as INT1 input
NSS DB SPI NSS
PO.5/ DB/ GPIO, configurable as INTO input
SCLK/ DO/ SPI SCLK
TXD/ 46 DO/ UART1 TXD output
CTXS/ DO/ CAN TXD output after function switching
SDAS DB I2C SDA after function switching, configured as open collector outy
PO0.6/ DB/ GPIO, configurable as INTO input
MOSI DI/ SPI MOSI, master output or slave input
RXD/ 47 DB/ UART1 RXD input intwo-wire mode or TXD output/RXD input in
singlewire mode
CRXS/ DI/ CAN RXD input after function switching
SCLS DB I12C SCL after function switching, configured as open collector outp
PO.7/ DB/ GPIO, configurable as INT1 input
MISO/ 48 DB/ SPIMISO, master input or slave output
TIM2S/ DB/ Timer2 input/output after function switching
QEPA DI QEP encode A input
P1.0/ DB/ GPIO, configurable as INT1 input and collector ojzain
TIM2/ 49 DB/ Timer2 input/output, configured as collectiggerrdrain
TXDS/ DI/ UART1 TXD output after function switching, configured as collectg
LTXS DI opendrain

V21
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Pin OFN56 10 Type Function Description
LIN TXD output after function switching, configured as collector op
drain
P1.1/ DB/ GPIO, configurable aBNTO/INT1 input and collector opedrain
TIM3/ DB/ Timer3 input/output, configured as collector ogmain
RXDS/ DB/ UARTL1 RXD input in twewire mode or TXD output/RXD input in
50 singlewire mode after function switching
LRXS/ DI/ LIN RXD input after function switching, configured as collector ope
drain
LIN DB LIN RXD/TXD, configured as collector opetrain
VDRV 51 P 6Npredr i ver power supply with a
VSS 52 P Ground
NC 53 Not connected
LU 54 DO 6N predriver lowside Uphase PWM output
LV 55 DO 6N pre-driver low-side \-phase PWM output
LW 56 DO 6N predriver lowside Wphase PWM output
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2.4FU6866Q QFN56Pinout Diagram
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Figure2-2 FU6866Q QFN56 Pinout Diagram
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3 Package Information
3.1FU6816L LQFP48 7X7
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LQFP4s
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A 1.6
Al 0os| o1 | 015
Az | 135 14 | 145
E 83| 9 | 92
D 88 | o | 92
El 69 | 7 | 71
D1 69 | 7 | 71
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Figure3-1 FU6816L LQFP48_7X7 Package Drawings and Dimensions
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3.2FUG6866QQFN56_7X7
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Figure3-2F U686 6 Q QFN56 _7X7 Package Drawings and Dimensions
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4 Ordering Information

T a b4tl Blodel Selections

FU6816L | 24 32 3.75 a a a a 38 16| 12 9\6 4 |1 3| a LQFPAg
(7x7mn)

) ~ ~ ~ ~ | QFN56

FUGB66Q | 24 32 3.75 a a a 36 16 | 12 96 41 31| a (7x7mm
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5 Electrical Characteristics
5.1 Absolute Maximum Ratings
T a b5i1 Absolute Maximum Ratings (FU6816L)

Par amet er Test Con Min. Ty p. Ma x . un i
Operating Junct -4 0 - 150
Storage Temper af 55 - 150
VCC to VSS Vol t: 0. 3 - 38 \Y
VDD5 to VSS Vol t -0. 3 - 6. 5 \%
RSTN/ GPI O to VS -0. 3 - vDD5 + \%

T a b5l2 Absolute Maximum Ratings (FU6866Q)

Par amet er Test Con Mi n . Ty p Ma x . uni
Operatingemmbi g -4 0 - 85

. . vcCc O 1
Operating Ambi g Le® 30m - - 105
Storage Temper af 55 - 150
VCC to VSS Spi k| t < 50/ 0.3 - 40 \Y;
VCC to VSS Spi k| t < 60 -0. 3 - 36 \%
VCC to VSS Vol t g -0. 3 - 20 \%
VDRV to VSS Vol { -0. 3 - 20 \%
Hi esh de Fl oati ng 0.3 i 205 v
VB_U,By,BW _

\I'/|I eggh de Fl oating Vou sv-2ud i Veu 5y -+ Vv

SU, SV, SW

Hi esh de Out puwut wvV Vsu, sv:@w - Veu, Bv . \
Lowi de Out puut vV -0. 3 - VDRY¥O0. 1 V
VDD5 to VSS Vol t -0. 3 - 6.5 V
P1/P11 0. 3 - VCGO0. 3 V
RSTN/ GP1 O to VS| ExcePplt] 1: 0.3 - VDD50. 3 V
Note: Stress values greaterabbae thédApbsohtuse

the device. These are stress ratings only, and
beyond these stress ratings. Exposure to "Absol
reliability.
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5.2 Global Electrical Characteristics
T a b5I3 &lobal Electrical Characteristics (FU6816L)
(A= 25 and VCC = 6.5V ~ 28V unless otherw
Parameter Test Conditions Min. | Typ. | Max. | Unit
VCC Operating Voltagé? High-voltage Singlepower Supply Mode| 6.5 - 28 \Y
Ivcc Operating Currefit - 20 - mA

Ivce Standby Currefd - 6 - mA
Ivce Sleepmode Current VCC = 12VandTa =25 - 30 50 eA
Tabold6l obal El ectrical Characteristics (F
(A=-40 ~105 and VCC = 6.5V ~ 28V unless ot hi
Parameter Test Conditions Min. | Typ. | Max. | Unit
VCC Operating Voltagél High-voltage Singlepower Supply Mode| 6.5 - 28 \Y
Ivce Operating Currefi - 20 - mA
Ivce Standby Currefi# - 6 - mA
lvce Sleepmode Current VCC = 12VandTa=25 - 30 50 eA
Not es:
[ 1] VCC voltage risetaat.el flangkespdnrdim @ .dbrv/sampl es |
[ 2] VvDD5 must be in the raergesef 5V~5.5V during FI a
[ 3] Characteristics may vary with different configu

5.3 GPIO Electrical Characteristics

TaboI56PIOEl ectri cal (FaBl®)act eri stics

(A= 25 and VCC = 6.5V ~ 28V unless otherw
Parameter Test Conditions Min. Typ. Max. Unit
. . 50pF load, from 10% t(
Output Rise Time 90% Ta= 25 - 15 - ns
. 50pF load, from 90% t(
Output Fall Time 10%, Th= 25 - 13 - ns
. lon=4mA
Vou High-level Output Voltage _ VDD5 - 0.7 - - \%
Ta=-40 ~ 8
VoL Low-level Output Voltage ot = 4mA - - VSS+0.7| V
Ta=-40 ~ 8
V4 High-level Input Voltagé! 0.7*VDD5 - - \Y
VL Low-level Input Voltage - - 0.2*vDD5 \%
P10/P11High-level Input Voltage High-voltage Mode 0.7*vCC - - \%
P10/P11 Lowlevel Input Voltage High-voltage Mode - - 0.2*vCC \%
Pull-up Resistd?! - 33 - kq
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Parameter Test Conditions Min. Typ. Max. Unit
Pull-up Resistd?! - 5.6 - kq
Pull-down Resistd#! - 30 - kq
Pull-down Resistd¥ - 50 - kq
T a b5i6 &lobal Electrical Characteristics (FU6866Q)
(A= 25 and VCC = 6.5V ~ 28V unless otherw
Parameter Test Conditions Min. Typ. Max. Unit
. i 50pF load, from 10% tq
Output Rise Time 90%. Ta= 25 - 15 - ns
i 50pF load, from 90% tq
Output Fall Time 10% Ta= 25 - 13 - ns
Von High-level Output Voltage lo = 4mA VDD5-0.7 | - i v
o ™19 P 9 To=-40 ~105 '
loL =4mA
VoL Low-level Output Voltage Ta=-40 ~105 - - VSS + 0.7 \%
Viu High-level Input Voltagé! 0.7*vDD5 - - \Y
VL Low-level Input Voltage - - 0.2*vDD5 Vv
P10/P11 HigHevel Input Voltage High-voltage Mode 0.7*vCC - - Vv
P10/P11 Lowlevel Input Voltage High-voltage Mode - - 0.2*VCC Vv
Pull-up Resistd?! - 33 - kq
Pull-up Resistdf! - 5.6 - kq
Pull-down Resistdf! - 30 - kq
Pull-down Resistdt! - 50 - kq
Not es:
[1] When VDD5 = 5V, minimum value of VIH is 0.6*VDD
[ 2] GPI Os except PO[2:0], P1[6:3], P1[2:0], P2[1] a
[ 3] PO[2PQRTLA]PEApNGE: PB] 7: 6] ;
[4] PO[1];
[ 5] P17 1].
5.4PWM IO Electrical Characteristics (FU6816L)
T a b5t7 WM IO Electrical Characteristics
(A= 25 , VvCcC = 15V and VCC_MODE = 0 unless o
Parameter Test Conditions Min. | Typ. | Max. | Unit
Output Source Current P1 AN[HDIO]=1 30 50 - mA
Output Sink Current P1_AN[HDIO]=1 60 100 - mA
Output Rise Time 50pF load, from 10% t60%, Ta= 2 5| - 18 - ns
Output Fall Time 50pF load, from 90% to 10%.E 2 5| - 12 - ns
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5.5 Pre-driver 10 Electrical Characteristics (FU6866Q)
T a b5I8 6N Predriver 10 Electrical Characteristics
(A= 25 , vCcC = 15V and VvVCC_MODE = 0
Par ameter Test Cor Min. |[Typ Ma x Uni
Hi dhrevel Peak Outp - 0. - A
Lowevel Peak Outp - 1. - A
VDRSupply Voltage - 11 - \%
Hi esh de FI| oatsu,mnkg sW - - 180 V
\H/lgsh de Floating O Veu sv-dd| - Veu sv-6w | V
SU, SV, SwW
VDRV UVLO Threshol 4. 2 5 Y,
VDRV UWReOe/ad d age .9 4.7 Y,
VDRV UWkOteresis 0.2 - \%
. . 1nF | oad
OQut put Ri se Ti me 10% t o ¢ - 12 25 ns
. 1nF | oad
OQut put Fal/l Ti me 90% t o - 12 25 ns
Deadt i me DT - 20 - ns
5.6 ADC Electrical Characteristics
T a b519 ADC Electrical Characteristics
(A= 25 and VCC = 6.5V ~ 28V unl ess
Parameter Test Conditions Min. Typ. Max. Unit
INL (Integral Nonlinearity) 12-bit - 2 - LSB
DNL (Differential Nonlinearity) 12-bit - 1.5 - LSB
OFFSET (Offset Error) 12-bit - 6 - LSB
SNR (Signaito-noise Ratio) fin = 350kHz - 70.8 - dB
ENOB (Effective Number of Bits) fin = 350kHz - 10.5 - Bit
SFDR (Spurioudree Dynamic Range) fin = 350kHz - 68.2 - dB
THD (Total Harmonic Distortion) fin = 350kHz - 67 - dB
Rin Input Resistance - 800 - a
Cin Input Capacitance - 30 - pF
Conversion Time - 13 - ADCLKM
Sampling Time 3 - 63 | ADCLKM
Note:
[1] ADCLK = 12MHz
V2.1 53 www.fortiortech.com
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5.7VREF and VHALF Electrical Characteristics

T a b5l1 &/REF and VHALF Electrical Characteristics (FU6816L)

(A=-40 ~ 85 and vCC = 6.5V ~ 28V)

Par ame Test Condi Mi n . Ty p. Ma x uni

VREF_CR[ VREBYV 4. 3 4.5 4.7 \%

VREF_CR[ VREFV - VDD5 - \%
VREF

VREF_CR[ VREFV - 4 - \%

VREF_CR[ VREFV - 3 - \%

VREF_CR[ VHALF - V R EH& - \%

VREF_CR[ VHALF - V R EF - \%
VHALF

VREF_CR[ VHALF - 25/ REHE4 - \%

VREF_CR[ VHALF| VREEFO. | V REF VREFO0 . 2 \%

T a b5H1 &/REF and VHALF Electrical Characteristics (FU6866Q)
(A=40 ~ 105 and VvVCC = 6.5V ~ 28V)

Par ame Test Condi Mi n . Ty p. Ma x Uni

VREF_CR[ VREBV 4. 3 4.5 4 .7 \%

VREF_CR[ VREBY - VDD5 - \%
VREF

VREF_CR[ VREEY - 4 - \Y

VREF_CR[ VREEW - 3 - \Y

VREF_CR[ VHADB - V R EF - \Y

VREF_CR[ VHADE - V R EF - \%
VHALF

VREF_CR[ VHALB - 2 5V REE 4 - \Y

VREF_CR[ VHALE| VREEO. ] VRHEFE VREFHO0. 7 V
5.8 Operational Amplifier Electrical Characteristics

T a b5 éDperational Amplifier Electrical Characteristics
(A= 25 and VCC = 6.5V ~ 28V unless otherw
Parameter Test Conditions Min. | Typ. Max. Unit

VICMR Commonrmode Input 0 i VDD5- 15| V
Voltage Range
VOS Operational Amplifier _
OffsetVoltage Ta=25 i 5 10 mv
AOL Openloop Gain Ri=100kq - 80 - dB
Unity-gain Bandwidth (UGBW) CL=40pF 6 10 - MHz
Slew Rate (SR) CL =40pF 10 15 - VI ¢
Operational Amplifier Gaifil AMP_CR1[AMPO_GAIN] =001 | 1.88 2 2.12 )
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Parameter Test Conditions Min. | Typ. Max. Unit
AMP_CR1[AMPO_GAIN] =010 | 3.76 | 4 4.24 -
AMP_CR1[AMPO_GAIN] =011 | 7.5 8 8.5 -
AMP_CR1[AMPO_GAIN] =100 | 15 16 17 -
Note:

[1] The operational amplifier gain is measured when both positive and neipgis of the operational
amplifier are connected in series with 1kq resist

resistors.

5.9 BEMF Electrical Characteristics

T a b5t1 eBEMF Electrical Characteristics (FU6816L)

(A= 25 , vcCcC = 6.5V ~ 28V and VCC_MODE = 0 wunl
Parameter Test Conditions Min. Typ. Max. Unit
BEMF Built-in Resistor Ta=-40 ~85 5.4 6.8 8.2 k q
Relative Accuracy betwee i 1 i o
BEMF Built-in Resistors °
T a b5l eBEMF Electrical Characteristics (FU6866Q)
(A= 25 , vCcC = 6.5V ~ 28V and VCC_MODE = 0 wunl
Parameter Test Conditions Min. Typ. Max. Unit
BEMF Built-in Resistor Ta=-40 ~105 5.4 6.8 8.2 k q
Relative Accuracy betwee i 1 i o
BEMF Built-in Resistors °
5.100SC Electrical Characteristics
T a b5l & SC Electrical Characteristics (FU6816L)
(A=-40 ~ 85 , VvCC = 6.5V ~ 28V and VCC_MOD
Parameter Test Conditions Min. Typ. Max. Unit
System Clock Rate 235 24 24.5 MHz
Low-speed Clock Rate 29 32.8 37 kHz
T a b5l1 D SC Electrical Characteristics (FU6866Q)
(A=40 ~ 105 , VvCcC = 6.5V ~ 28V and VCC_MO
Parameter Test Conditions Min. Typ. Max. Unit
System Clock Rate 23.5 24 24.5 MHz
Low-speed Clock Rate 29 32.8 37 kHz

Note: SYSCLK refers to system clock rate, and T to
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clock rate of chip is 24MHz and T = 1/ SYSCLK.
5.11Reset Electrical Characteristics
T a b5t1 eReset Electrical Characteristics
(A= 25 , vCcC = 6.5V ~ 28V and VCC_MODE
Parameter Test Conditions Min. Typ. Max. Unit
Minimum Time for 50 i i e s
RSTN Released to Low
VDD5 Reset Threshold Reset Voltage LVR = 3.0V 2.8 3.0 3.2 \%

5.12LDO Electrical Characteristics

T a b511 €.DO Electrical Characteristics

(A= 25 , VvCcC = 6.5V ~ 28V and VCC_MODE
Parameter Test Conditions Min. Typ. Max. Unit
VCC=6.5V ~28V,VCC_MODE=0,
VDD5 Voltage T.=-40 ~105 4.7 5 5.3 Vv
5.13Package Thermal Resistance
T a b5t1 @.QFP48 Package Thermal Resistance (FU6816L)

Par ameter Test Condi ti ¢ Val ue Uni t
Thermal Raslista JEDEC standard, 60 W
Junctt@e @ase Tempert
Ther mal R8sl st a JEDEC standard, 10. 5 W

T a b5t2 éFN56 Package Thermal Resistance (FU6866Q)

Par ameter Test Conditi g Val ue Uni t
Thermal ®Raslista JEDEC standard, 55 W
Junctt@e @ase Temper
Ther mal ‘sl st a JEDEC standard, 9.2 W
Note:

[ 1] Thmeasxuruemrhent s may vary depending on the
V2.1 56 www.fortiortech.com
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6 Reset Control

6.1 Reset Source (RST_SR)

The chipincludesa reset circuitry with 7 reset sources:

A Poweronreset (RSTPOW)

A Externalpin reset (RSTEXT)

A Low voltagedetector reset (RSTLVD)
A Watchdog timereset (RSTWDT)

A Flash error detector reset (RSTFED)

A Debugreset (RSTDBG)

A Softreset (SOFTR)

The reseflag is queryable and recorded in register RST_SR. Following the last reset, the affected reset
flagissettoi 10 and al l other reset flags are cleared t
RST_SR[RSTCLR] flag to A10 so that RST_SR[7:3] &RST

program from address 0x0000.

6.2 Reset Enable

Seethecorrespondingontrol registers.
6.3 Power-on Reset and External Reset
The chip resets when RSTN pin remains |l ow for 50
The chip resets when the chip powers on and VDD5 settles above the reset voltage threshold.
64Low Vol tage Detector reset
The chipds internal circuitry aterbéowdstheinebhdl. When

monitor circuitry sends a LVD reset signal to reset the chip.

Configuringcorrespondingegister enables VDD monitor circuitry and setswV
65Wat chdog Ti mer Reset
After the watchdog timer (WDT) is enabled, the software periodically writes 1 to WDT_CR[WDTRF]

which initializes watchdog ugimer. When watchdog up counter reaches its maximum value, WDT generates

an output pulse to reset the chip, which enstivesoftware runs normally.

66Fl ash Error Detector Reset

The Flash memorgan be programmed by the software using MOVX instruction for read/write/erase

operations. A Flash error detector reset (RSTFED) occurs if a Flash erase is attempted targeting the last sector
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(Ox7F00 ~ Ox7FFFyr a Flash write is attempted targeting the last @#&FFF) RSTFED is always enabled

and cannot be disabled.

6.7Debug Reset

Click Resetbutton of IDE to send debug reset signal when the chip enters the debug state.
6.8Soft Reset
The chipresets immediately when RST_SR[SOFTR] is set to 1. After reset, the flag RST_SR[SOFTR] is set
to 1.
69Reset Registers
69.1IRST_SR (0xC9)

Bit 7 6 5 4 3 2 1 0
Name ITQSSTI_PC?_V%// RSTEXT | RSTLVD RSV RSTWDT | RSTFED | RSTDBG | SOFTR
Type R/W1 R R - R R R R/W1
Reset - - - - - - - -

Bit Name Description

PowerOn Reset Flag
Read:

0: Last reset was not a powen reset.

RSTPOW/ | .
[7] RSTCLR 1: I__a§t reset was a powen reset.
Write:
0: No effect.

1: RST_SRJ[7:3]&RST_SRJ0] are cleared to 0.
External RST PirReset Flag

[6] RSTEXT | O: Last reset was not an RST pin reset.

1: Last reset was an RST pin reset.

Low Voltage Detection (LVD) Reset Flag

[5] RSTLVD | O: Last reset was not an LVD reset.

1: Last reset was an LVD reset.

[4] RSV Reserved

WDT Reset Flag

[3] RSTWDT | O: Last reset was not a WDT reset.

1: Last reset was a WDT reset.

Flash Error Detector Reset Flag

[2] RSTFED | O: Last reset was not a Flash error detector reset.
1: Last reset was a Flash error detector reset.
Debug Reset Flag

[1] RSTDBG | 0: Last reset wasot a debug reset.

1: Last reset was a debug reset.

Soft Reset Flag

Read:

0: Last reset was not a soft reset.

[0] SOFTR | 1: Last reset was a soft reset.

Write:

0: No effect.

1. Generate a soft reset.
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7 Interrupt
71l nterrupt I ntroducti on
The ichmélpudes an interrupt system with a total of
i ndividually programmed in I PO ~ IP3 registers wit|

in an SFRs or XSFRshy Tthhee ahsasrodcw aartee dt of F1 iwsh esne tt he i r

source meets the interrupt conditions. I f | E[ EA] =
to 1, an interrupt request i s gevniecreatreodu tainnde s(elnIR)t
priority is currently being serviced, the system e

Each interrupt source except the Reset I nterrupt

can be ibnyt ear rhuipgthedpri ority interrupt. The |l ow prio
for the high priority intempnrepthpyt eadmpoltenteers .o fAnt hientse
l evel. Each interrupt source can be individually
Priority RrliPorirteygilsetveerl. assi gired da ud ¢ dearn dvso rfOsrmptunee rOrt ub pot
are generated at the same time, the interrupt with
have the same priority |l evel SekRabiilxetdepriuptroSymma d

the interrupt sources and default priority orders,

72l nt errupt Enabl e

| E] EA] is the gl obal i nterrupt enabl e bit. The
| E[ EA] = 0.

Each interrupt source can be i ntdhe i dairarld syp oenndai bnlge
enabl anbiSFRi ’sMheXSFRe enable bit of the global intel
flag that is set to 1 is held in a pending state.

interrupt subroutine. eBlpeomdafi mrge,i nmaeke upur d | tag dlidarb

73Externakrrupts

The external interrupt has 2 interrupinseurcaeds: ol
rising edge, interrupt on falling edge or interrup
Thei gital inpmtP6i §nal 0. 3, P1. 1, PO.5 ~ PO.6 anc
to trigger an | NTO. The interrupt source is selec
share one intertaopeéer rdanpttr yT Coaddi[nth,MjtcermendptoBeEXO] e bi
TCON[ I TO] bit selects the interrupt edge. | PO[ PXO0]
Theigital inpmtP&i gnal £1. 7, PO. 7, P4.1 ~ P4. 2, P

trigger anankRMTAatrte Plntt &rrupt flag bits, and P1 | E a

trigger source has a correspondimNgli ctarseptect!| ang! b
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sources thatParéFrandg®PBhzddnbeyrrupt subroutine. The
interrupt entry and one interrupt einhabnde tbhietn |cE[nEX 1l
the corresponding eniasbhl ®omfiitgurTehdei bnt EFECONptoF & pdogeor
| PO BKL] . Pl& | E 0.x5RU)0I F (@ DIANT1 interrupt flags a

74l nt errupt Summary

TabrdileEnt errupt Summary

Prio|llnter Cl ear ¢ Prio
I nterrup Or de Vectwl nterru S W2 Enabl e ECont
Reset Hi gh|[ 0x 00| None N Al ways ernHigh
LVW | nt 6 ‘ LVSR[ O CCFG1][ 6]
MCD Intd O 0x001  1coNT 6 Y re[s] | POI
| NTO 1 0x 00 TCON]J 2 Y | E] 0] | PO
P1 | F[ 1
| NT1 2 0x00 Pa 1 F[ Y Il E] 2] Il PO
FG I nte , DRV _SRJ[ 3
DRV CHMt e 3 0x00] DRV_SR] Y DRV SR[ 2 Il PO
. TI M2 _CR1]
Ti mer 2 | 4 Ox00| TI M2 _CR1 Y T1 M2 CRO I P1]
Ti mer 1 | 5 0x00] TI M1 SR Y TI M1 1 ERJIP1]
ADC I ntd 6 0x00|] ADC_CR] Y ADC _CR[ 1|1 P1]
CMPO/ 11/ 2 | CMP_SR]| CMP_CROJ §
Hallint er ! 0x00: HALL CR Y HALL CR] | P1]
I E[ 6]
RTC/ CAN | 8 0x 00 ggﬁ—ﬁg? Y CAN_I|I ER][ ]I P2]
- CAN_CR2][ 2
. TI M3_CR1]
Ti mer 3 | 9 O0x004TI M3_CR1 Y T1 M3_CRO I P2
Systick 10 0x00 DRV SR] Y DRV _SR[ 6|1 P2]
. TI M4 _CR1]
Ti mer 4 | 11 Ox00yTI M4 _CR1 Y TI M4 CRO I P2
CMP3 I ntl 12 0x00| CMP_ SR] Y CMP CRO[ 11 P3]
I2C I ntel | 2C_SR] Il 2C_CRJ[ (
UART1 I n 13 0x004 yr CR[ 1 Y | E[ 4] I P3]
SPI I nt i?lz_gi[l I E[ 3]
UART2 I n 14 0x00 - Y UT2_ _BAUDH I P3|
LI'N I nt LIN_SRJ LI N _ CRJ[ 3
LI'N CSR - [
| DMAO _CR( DMAO _CRO|
DMA nter 15 0x00 DMA1 _ CR( Y DMA1_CR0[2'P3[
Not es:
AUT_CR[RI], UT _CR[TI ], UT2 CRJUT2RI ], UT2 CRJ UT

DMA1_ _CRO[ DMAIF] flags can be clearetil agsfi@Gdbeoseste
an interrupt request is generated. Other interrurg
them to A10 has no meaning.

AFor a register containing multiple interrupt fl ag
to prevent clearing a interrupt flag to 0. Take D
to 0O by software, D/RWVuU ScRarmr UsDERVEL IBER &DIxFtFe mgntOx 30 t
from clearing DRV_SR[FGIF] and DRV_SR[DCIF] to O.
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75l nterrupt Registers
751l E (0xA8)
Bit 7 6 5 4 3 2 1 0
Name EA RTCI MCDI ESO SPI | EX1 RSV EXO
Typel R/ W R/ W R/ W R/ W R/ W R/ W - R/ W
Rese 0 0 0 0 0 0 - 0
Bit Na me Description
Enabl e Al I nterrupts
[ 7] EA |O0: Di sabl e
1: Enabl e
RTCnterrupt Enabl e
[ 6] RTCI|O0: Di sabl e
1: Enabl e
Mi ssing Clock Detector Interrupt En
[ 5] |MCDI|O0: Di sabl e
1: Enabl e
UART1 I nterrupt Enabl e
[ 4] ESO0|0: Di sabl e
1: Enabl e
SPI I nterrupt Enabl e
[ 3] SPII0: Di sabl e
1: Enabl e
External (I NTADr Emtabl e
[ 2] EX1]|0: Di sabl e
1: Enabl e
[ 1] RSV|Reserved
External I nterrupt O (I NTO) Enabl e
[ 0] EXO0|O0: Di sabl e
1: Enabl e
7521 PO ( 0x8A)
Bi t 7 | 6 5 4 3 2 1 0
Na me PDRV PX1 PXO0 PLVW_MCL
Type R/ W R/'W R/ W| R/ W| R/W| R/W| R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Na me Descri ption
[ 7: 6] PDRV |FG/ DRV Match I nterrupt Priorit
[ 5: 4] PX1 External Interrupt 1 (I NT1) Pri
[ 3: 2] PXO0 External I nterrupt 0O (I NTO) Pri
[1: 0]PLVW_M{(LVW MCD Match I nterrupt Priori
NotPe:i ority |l evel assigned ascends from O to 3, tot
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7531 P1 (0x8B)

Bit 7 | 6 5 4 3 2 1 | o

Name PCMP_HALL PADC PTI M1 PTI M2

Type R/ W R/ wW| R/ W| R/ W| R/ W| R/ W| R/ W| R/W
Rese 0 0 0 0 0 0 0 0

Bit Na me Description

[ 7: 6] PCMP_HACMPO/ 1/ 2lllaneér Hupt Priority Sett]
[ 5: 4 PADC ADC I nterrupt Priority Setting

[ 3: 2 PTI M1|Timerl1l Interrupt Priority Settin
[1:0 PTI M2|Timer2 Interrupt Priority Settin

Note: Priority |l evel assigned ascends from 0 to 3,

7541 P2 (0x8C)

Bit 7 | 6 5 | 4 3 | 2 1 | o
Name PTI M4 PSYSTI CH PTI M3 PRTC_CA
Type R/ W R/ W R/ W R/ W R/ W| R/ W| R/ W| R/W
Rese 0 0 0 0 0 0 0 0
Bit Na me Description

[ 7: 6 PTI M4Ti mer4 I nterrupt Priority Setting
[ 5: 4 PSYSTI|Systick I nterrupt Priority Settin
[ 3: 2 PTI M3 Ti mém3 errupt Priority Setting

[1: OJPRTC dRTC/ CAN CM Interrupt Priority Se

Note: Priority |l evel assigned ascends from 0 to 3,

7551 P3 (0x8D)

Bi t 7 | 6 5 | a4 3 | 2 1 | o
Na me PDMA PSPI _UARTZPI 2C_UA PCMP3
Type R/ W R/ W R/ W R/ W| RI'WR/WR/WR/W
Re s e 0 0 0 0 0 0 0 0
Bit Na me Description

PDMA DMA I nterrupt Priority Setting
PSPI _UART/SPI /UART2/LIN Interrupt Priori
Pl 2@RU1 |I1°C/ UART1 Interrupt Priority Set

PCMP3 CMP3 | nRreiraruiptty Setting

RPlW O |-
ONIDIo;

Note: Priority |evel assigned ascends from O to 3,

756TCON (0x88)

Bi t 7 6 5 4 | 3 2 1 | o
Nam RSV MCDI | RSV I T1 I FO I TO
Typ - R/ WO - R/ W R/ W R/ WO R/ W R/ W
Res - 0 - 0 0 0 0 0
Bi t| Name Descri ption

[ 7] RSV |Reserved

V2.1 62 www.fortiortech.com



=

Fortior Tech

FUG6816 66
Mi ssing Clock Detector Interrupt FI a
When a missing clock event is detect
Read:
ONo Interrupt Pending
[ 6] MCDIll: I nterrupt Pending
Write:
0O: This bit is cleared to f0O0
1: No effect
[ 5] RSV |Reserved
External Interrupt 1 (I NT1) Edge Sel
[ 4 | T1 00: I nterrupt on rising edge
' 01: I nterrupt on falling edge
1X: I nterrupt on edge changes (rise
External I nterrupt O (I NTO) I nterrup
Read:
0: No Interrupt Pending
[ 2] I FO |1: I nterrupt Pending
Write:
OThis bit is cleared to AO0O
1: No effect
External I nterrupt O (I NTO) Edge Sel
[1: I ToO 00: I nterrupt on rising edge
' 01: I nterrupt on falling edge
1X: I nterrupt onf aeldigje changes (ri se
757P1 | E (0xD1)
Bit 7 6 5 4 3 2 1 0
Namg P17_| P16 _| P15 _| P14 _| P13_| P12 _| P11 _| P10 _
Typg R/ W R/ W R/ W R/ W R/ W R/ W R/ W R/ W
Re s e 0 0 0 0 0 0 0 0
Bit Na me Descri ption
P1.7 I NT1 Enabl e
[ 7] P17 _1|0: Disable
1: Enabl e
P1.6 I NT1 Enable
[ 6] P16 _ 1]0: Di sabl e
1: Enabl e
P1.5 I NT1 Enabl e
[ 5] P15 1]0: Di sabl e
1: Enabl e
P1.4 I NT1 Enabl e
[ 4] P14 1]0: Di sabl e
1: Enabl e
P1.3 I NT1 Enabl e
[ 3] P13 I|0: Di sabl e
1: Enabl e
P1.2 I NT1 Enabl e
[ 2] P12 1|0: Disable
1: Enabl e
P1.1 I NT1 Enabl e
[ 1] P11 1|0: Di sabl e
1: Enabl e
P1.0 I NT1 Enable
[ 0] P10 _1]0: Di sabl e
1: Enabl e
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758P1 | F (0xD2)
Bit 7 6 5 4 3 2 1 0
Name| P17 _| P16 _| P15 _| P14 _| P13 _| P12_| P11_| P10 _
Type| R/ W R/ W R/ W R/ W R/ W R/ W R/ W R/ W
Rese 0 0 0 0 0 0 0 0
Bit Na me Description
P1.7 I NT1 Interrupt FIl ag
[ 7] P17 _I|ONo Interrupt Pending
1: I nterrupt Pending
P1.6 I NT1 Interrupt FIl ag
[ 6] P16 I|ONo Interrupt Pending
1: Il nterrupt Pending
P1.5 INT1 Interrupt FIl ag
[ 5] P15 I|ONo I nterrupt Pending
linterrupt Pending
P1.4 I NT1 Interrupt FIl ag
[ 4] P14 1|ONo I nterrupt Pending
1: I nterrupt Pending
P1.3 INT1 Interrupt FIl ag
[ 3] P13 I|ONo Interrupt Pending
1: I nterrupt Pending
P1.2 I NT1 Interrupt FIl ag
[ 2] P12 I|ONo Interrupt Pending
linterrupt Pending
P1.1 INT1 Interrupt FIl ag
[ 1] P11 _I|lONo Interrupt Pending
1: I nterrupt Pending
P1.0 INT1 Interrupt FI ag
[ 0] P10 _I|ONo I nterrupt Pending
1: I nterrupt Pending
759P4 | E (0xD3)
Bit 7 6 5 4 3 2 1 0
Name| P04 | P46 _| P45 | P44 | P36_| P42 | P41 _ | POT7 _
Type| R/ W R/ W R/ W R/ W R/ W R/ W R/ W R/ W
Rese 0 0 0 0 0 0 0 0
Bit Na me Descri pti on
PO.4 I NT1 Enabl e
[ 7] PO4 1|0: Di sabl e
1: Enabl e
P4.6 I NT1 Enabl e
[ 6] P46 1|0: Di sabl e
1: Enabl e
P4.5 I NT1 Enabl e
[ 5] P45 ||0Disabl e
1: Enabl e
P4. 4 I NT1 Enabl e
[ 4] P44 1|0: Disabl e
1: Enabl e
P3.6 I NT1 Enabl e
[ 3] P36 _1/0: Di sabl e
1: Enabl e
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P4.2 I NT1 Enabl e
[ 2] P42 1|0: Disabl e
1: Enabl e
P4.1 I NT1 Enabl e
[ 1] P41 1|0: Disabl e
1: Enabl e
PO.7 I NT1 Enabl e
[ 0] PO7 _ I1|0ODisabl e
1: Enabl e
7510P4 | F (0xD4)
Bit 7 6 5 4 3 2 1 0
Namg P04 _| P46 _| P45 _| P44 _| P36 _| P42 _| P41 _| POT _
Typg R/ W R/ W R/ W R/ W R/ W R/ W R/ W R/ W
Re s e 0 0 0 0 0 0 0 0
Bit Na me Description
PO.4 I NT1 Interrupt FIl ag
[ 7] PO4 I|ONod nterrupt Pending
1: I nterrupt Pending
P4.6 I NT1 Interrupt FIl ag
[ 6] P46 I|ONo I nterrupt Pending
1: I nterrupt Pending
P4.5 I NT1 Interrupt FIl ag
[ 5] P45 I|ONo I nterrupt Pending
1: I nterrupt Pending
P4.4 I NT1 Interrupt FIl ag
[ 4] P44 1|ONd nterrupt Pending
1: nterrupt Pending
P3. I NT1 I nterrupt Flag
[ 3] P36 I|ONo Interrupt Pending
1: I nterrupt Pending
P4. 2 I NT1 I nterrupt FIl ag
[ 2] P42 I|ONo Interrupt Pending
1: I nterrupt Pending
P4. 1 I NT1 Interrupt FIl ag
[ 1] P41 I|ONod nterrupt Pending
1: nterrupt Pending
PO.7 I NT1 Interrupt FIl ag
[ 0] PO7 I|ONo Interrupt Pending
1: I nterrupt Pending
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812C
811°C I ntroduction

Thé& Imodule provides amnriendgestiny s$namdidndect worda li
synchronous serial bus for coi@mudmivdszhedswolni agsteiteve en N
The bus consists of two serial Il i nes: SDA (serial

SDA port and PO0.1/%20i6 asaBCedpoPOD. 0OAfPOers land PO. 1

opamain outputs, and PO.5 and PO. éCfaurnec ttiroann sslwa ttecch
i cmp_ok
2cADD |— 2% Addr_compiler | P_OK SysCLK
[2CMS =0 i

DMOD -

_ 7 bit SCL controller <—>|:| SCL

[__.8bit ,[|]2CADD |DMOD
l2CMS =1
3 & bit lSCLSTR

2c DRI«2% 12C_data buffer | 8bi| SDA controller l«—[ | SDA

v

ACK /NACK I2CIF

Fi gulrl’6 Bl ock Diagram

Featur es:

A Supports standard mode (up to 100 kHz), fast mode (up to 400 kHz) and fast plus mode (up to 1
MHz)

A Supports master mode and slave mode

A Supports it address mode and general call address mode

A Supports DMA data transfer

Both SDA and SCL lines are high | evel when the bt
the bus i ©Oniylener maaonotter device and at | east one s
transfNhsesni arm.e bus is occupied, otherXCdeommesi cnasi o
The master starts the bus to transfer data. Clock

and read/write mode are sent vi ad8bAssWhen acdesviac
relationships between masters and sl avddheoprdaeast
for the master t o hoevimd gthaTehae tma & theer sfliarvet issddr es s e
waits for the slave response. And then, it sends
transnmihsesiporno.cess for t he mastsehrowmo ¢ih& @ eTihvee maast & r f f

addresses the slave and waits for the slave respon
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master

terminateknthki d

transmissi on.

SCL

SDA

SCL

SDA

ataseramnd$mi snmaisdrer generates

AVAVAVAVAVAVAVAVAW

[re) sy A4 Y A3 m2) At} a0l w\ A |/

p7) D6 ) D5} D4y D3) D2} D1Y DO\ A

Ack from

Slave Address & Write

Start

slave

Fi guaMa st er

!
Stop

Ack from
slave

Master send data

S| ave

Data to

Transmits

AVAVAVA

[asY sy aa Y Az A2 At m} R\ A |

p7) D6 ) D5} D4 ) D3) D2) D1) DO/ Nac

s

Start Slave Address & Read

slave

Fi gu3Mast er

821°C Operations

Ack from|

Nack from
Slave send data master  Stop
Receives Data from Sl ave

821Master Mode
1. Set |1 2C_CRAlIt&adCMR]l etcd master mode;
2. Configure 1 2C_CR [12CSPD] to set the clock rat
3. Configure | 2C_I1D[I 2CADD] to set the slave addr
4. Configure | 2C_SReMODVr itte «dtr etchhd on;
5. Set | 2C_CR{UtodCEMG@; bl @ |
6. Set | 2C_SRI[AILDOS TA]Jantsani t START and address. Af
| 2C_SR[ STR]1Yy sharedwamowme and SCL is pulled LOW b
7. Data Transmission: Write the data to | 2C_DR r
| 2C_SR[ STR] is reset and SCL is released. Aft
received, | 2ChAsBY SR dweasr s edand oSCL is pulled L
8. Data Reception: The master starts to receive d
After the data is r eftBdyv ehda,r diwaC_eS R[nSIT RBJCLi s ss eptL
master. Configure ACK/ NACK via |1 2C_SR[NACK], a
to transmit ACK/ NACK signal Af t efrlbdyh énh ad @twa r ies
and SCL is pulled LOW by the master;
9. Stop communication: iBehen 21C2 G RTRBECHRIP o osi gna
sent after | 2C_SR[STR] is cleared.
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8.22S| ave Mode

Set | 2C_CR[I12CMS] to A00 to select slave mode;
Configure 1 2C_I1 D[] 2CADD] to setiiltovne esladbVe gedres
mo d e ;

Set | 2C_CRi{UtodCEMNGE bl @ |

After START signal and the correct address are r
t @1y hardware and SCL is pulled LOW by the sl ave
antdhe sl ave determines whieahke2Ct 8Ri ®MODYe or send
Data Transmission: Wite the data to | 2C_DR regi:
is sent after ACKfFNACKthses dawasimi tdemdt. and ACK/ NA
| 2C_SR[ STR]1y shaedwamowme and SCL is pulled LOW by
Data Recedteiaan | 2C_SR[ STR] to release SCL to re
| 2C_SR[ STRboy sh sredwaroe and SCL is pulled LOW by t
via | 2C_SR[NACK] to reset 1 2C_SR[STR] to release
received, | 2ChnsBY SR dwasr s eand oSCL is pulled LOW
RESTARfT:t he slave is processing a service when re

waits for receiving address.

823l1°Cl nterrupt Sources

The interr d@pti nscouwrdeceess of |
A 12C_SR[STR] = 1 generates an interrupt. This i
modes.
A 1 2C_SR[I 2CSTP] = 1 generates an inteodept. Thi
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83I1°C Regi sters
8311 2C _CR (0x4028)

Bit 7 6 5 4 3 2 | 1 0
Namgl 2CHI1 2CM RSV|]I 2CDMANAK I 2CDMAALU | 2CSPI 1 2C
Typ( R/ W R/ W - R/ W R/ W R/ WR/W R/ W
Re s ¢ 0 0 - 0 0 0 0 0
Bit Na me Description

I°C Enabl e
Enable the assawci &@endoodsdP,] Os emwdi 1
[ 7] | 2CEN |opa@main opuppt seThéeng decPCdeHsl G
0: Di sabl e
1: Enabl e
Master/ Sl ave Mode Selection

[ 6] | 2CMS 0: Sl ave
1: Master
[ 5] RSV Reserved
Aninterrupt is generated when th

received the data during DMA tr
0: Disabl e
1: Enabl e

[ 4]| | 2CDMANAK

Automatically transfer the firs
[ 3] | 2CDMAAU|O0: Disabl e
1: Enabl e
I’C transfer rate setting, valid
00: 100kHz
[ 2:1 | 2CSPD|01: 400kHz
10 1 MHz
11 Reserved
I°C I nterrupt Enabl e
[ 0] | 2CI E |0: Disable
1 Enabl e

8320 2C_ I D (0x4029)

Bit] 7 | 6 | 5 | 4 3 2 1 0
Na mi | 2CADD GC
Typ R/ W R/ W R/ W R/ W R/ W R/ W R/ W R/ W
Res 1 0 1 0 1 0 1 0
Bi t| Name Descri ption
[ 7:11 2CAL0SlIl ave address
Broadcast call, wvalid only in Slave
[ 0] GC 0: General <call is disabled
1: General <call is enabled namel vy,
address 0x00.
8331 2C_DR (0x402A)
Bit 7 | e | 5 | 4 3 2 1 0
Na mi | 2C_DR
Typ R/ W R/ W R/ W R/ W R/ W R/ W R/ W R/ W
Res 0 0 0 0 0 0 0 0
Bi t| Name Descri ption
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I°C Data Register
[ 7:| 1 2C_[Read: Data to be sent or received
Write: Data to be sent
8341 2C_SR (0x4028B)
Bit 7 6 5 4 3 2 1 0
Nam(l 2CBY DMOD RSV |1 2CS]112CS] STR NACK| | 2ClI
Typ R R/ W - R/ W R/ W R/ WO R/ W R
Res 0 0 - 0 0 0 0 0
Bi t| Name Description
I°C Busy Flag
When | 2C_CR[I 2CEN] = 0, 1 2C_SR[I 2CBS
Master Mode:
[ 7] I2CB‘After START is transmitted, | 2C_SRJ[I
Jtransmitted, |1 2C_SR[I2CBSY] is clear
Sl ave Mode:
After START is received and address
hardwdne;r STOP is received, | 2C SRJ[ I
I’C R/ W Fl ag
0O: WRITE (master transmits the dat a,
[ 6] DMOD 1: READ (master receives the dat a, a
Not e: Read only in Slave Mode
[ 5] RSV |Reserved
Master Mode:
When this bit i STABTTf amd yaaddawatsrda n$ ind
SCL and SDA are HIGH dbonti bmedi byct bkad
automati calrlayjnswmiesmsitome i s compl et ed,
forbidden during data transmission. A
set to Alo0 to transmit RESTART.
0: Not START and address bytes
1: Transmit START or RESTART and add
Sl ave Mode:
[ 4] | 2cs1 This bit is set to fAlo after hardwar ¢
A0O0 by software.
Tab/2éMapping of 1 2C_SR[I 2CSTA] and
| 2CSTA | 2CSTP I°C Data T
0 0 Data byt
0 1 STOP
1 0 START + add
1 1 STOP receiv
START + add
Note: When 1 2C CR[I 2CEMNM]Jut= nbat ilc2ad | YR
Master Mode:
This bit cannot be written to fSITOPby
transmitted after | 2C_SR[STR] is <cl ea
cl ear eadu ttoomaitfiocal ly by hardware. | f |
same time and | 2CC SfRi[rl 2tCBsSeyrid § sS TAR,,
[ 3] IZCS.bytes. After START and address bytes
hardware. | 2C_SR[I12CSTP] writing is f
0: STOP is not transmitted.
1: STtOPanissmitted
Sl ave Mode:
This bit is set to 1 by hardware afte
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Seeab72é or status fl ags.
Note: When | 2C_CR[I 2CEN] = 0, | 2@0®R
hardwar e.
I’°CBus Pending Flag
Master Mode:
After START and addaer @ 3 ndrinCh ATRYd DTyR]e 4
hardware and SCL is pulled LOW SCL
software. When 1 2C_SR[I 2CSTA] and 1| 2(d
to A1l0 only after hardwaressends STOH
[ 2] STR
Sl ave Mode:
When DATA byte is received or START
| 2C_SR[STR] is set to A10 by hardwar
| 2C_SR[ STR] is cleared by software
Note: The bit is set to 10 by hardw
| 2C CR[I 2CEN] = 0, 12C SR[STR] is au
This bit refers to the fedghacksf it éQarn
I't is automatically cleared to fA00 wh
0: ACK, indicating that the receiver
1: NACK, indicating that the receive
When the device is in READ mode, I 2C
ACK/ NACK after thev@&8dh bit of data i
[ 1] NACKO: Bit9 transmits ACK
1: Bit9 transmits NACK
When the device is in WRITE mode, I 2
aftetbittheofd data is transmitted.
0: Bit9 receives ACK
1: Bit9 receives NACK
I’C I nterrupt Flag
0: No Interrupt Pending
[O]|l 2CI H1: I nterrupt Pending
When | 2C_SR[STR] = 1, an interrupt i
When 1 2C_ SR[I PEGEEPTuUuptlj sagenerated
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9 SPI

9.1S P I Il ntroducti on

SPI provides access to a higheed, fullduplex synchronous serial bus, withliteck diagranshown
in Figure9-1 SPI Block DiagramSPI can operate as a master or slave devicavine3or 4wire mode, and

supports multiple masters and slaves on a single SPI bus.

i . .
i <~ Rx Data buffer <~
| i Shift Register
: a) Bbit 1,
- i
| & i A QO @
E P g pit ! s = .
i —~ TxDatabuffer || 3| 8| QO S
L L Ty Py = =
?RXB'V'T fTXBMT SCLK controller >D SCLK
SPI controller -
SPIIF¢ t o[ Nss

Figure9-1 SPI Block Diagram
92SPI Operations
921Si gnal Descriptions

The four signals for SPI are MOSI, MISO, SCLK and NSS.

9.2.1.1Master Output, Slave Input (MOSI)

The masteout, slavein (MOSI) signal is an output from a master device and an input to slave devices.
It is used to serially transfer data from the master to the dlata.is transferred with mesignificant bit

(MSB) first, namely, the master begins its transmission by driving the MSB of the shift register on its MOSI pin.

9.2.1.2Master Input, Slave Output (MISO)

The MISO signal is an output from a slave device and an input to the master device. The MISO pin is
placed in a higimpedance state when the SPI module is disabled or when the SPI operatéseiméde
as a slave that is not selected. When the SPhactsslave in-®vire mode or operates inwlire mode as a
slave that is selected, MISO is used to serially transfer data from the slave to the Dad¢estiertransferred
with mostsignificant bit (MSB) first, namely, the master begins its transmissiatiiipg the MSB of the shift
register on its MOSI pin.
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9.2.1.3Serial Clock (SCLK)

The serial clock (SCLK) signal is an output from the master device and an input to slave devices. It is
used to synchronize serial data transmission between the master and slave. SCLK signal is generated by SPI
operating as a master. Iavre slave modeSCLK is ignored when the slave device is not selected (NSS =

1).

9.2.1.4Slave Select (NSS)

The slaveselect (NSS) is dependent on the setting of SPI_CR1[NSSMOD] bit. SPI may operate in 3
Wire Mode, 4Wire Slave/MultiMaster Mode or 4Vire single Master Mode. When SPI operates-iWide
Slave/Mult-tMaster Mode, NSS is enabled as an input. In tiigle, a particular SPI master function is
disabled to prevent SPI bus collision whi&ve or more masters simultaneously initiate data trandfaen
SPI operates in-Wire Single Master Moddghe master NSS is configured as chip select output. When SPI
operates in 3Vire Mode, NSS is disabled. When SPI operates as a master, multiple addressed slave devices
can be selected using genegpalpose /O pins.

When SPI_CR1[NSSMOD] = 00, SPI operatesiWBe Mode.NSS port is not necessary in this mode

and there is only one master and one slave on the SFItmiIsonnection diagram is showrFigure9-2.

Figure9-2 Connection Diagram of-8Vire SPI Mode

When SPI_CR1[NSSMOD] = 01, SPI operates-Wie Slave/ MultiMaster Mode. In this mode, NSS
pins on the SPI bus are configured as inputs, waiting salthessed by the masté&vhen SPI_CRO[SPIMS]
= 0, SPI operates inWire Slave Modelf NSS is set tdi 0, the slave is selected; while NSS is sét t) the
slave is not selected’hen SPI_CRO[SPIMS] = 1, SPI operates in Master Mode and defaults teM\stkier
Mode. When SPI operates in Mullaster Mode, NSS is configured as an input to disable theermaBlI.
When NSS pin of a master on the SPI bus is pulled low, SPI_CRO[SPIMS] and SPI_CR1[SPIEN] are cleared
to A0O0O by hardware to disable the SPI, and the Mod
SPI communication remains halted beftire SPI is reenabled by softwarén this mode, multiple masters

are allowed for communication on the SPI bus. The connection diagram is shtiyaran-3.
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Figure9-3 Connection Diagram of-Wire Multi-Master Mode

When SPI_CR1[NSSMOD] = 1X, SPI operates iWire Single Master Mode. In this mode, NSS pin
of the master on the bus is configured as an output, and NSS pin of the slave devices are configured as inputs.
SPI_CR1[NSSMODO] setting decides the output levéll8E pin serving as signal to select a slave. Other

slaves can be selected using GPIO pins. The connection diagram is shoguré®-4.

Figure9-4 Connection Diagram of-Wire Single Master Mode

9.22SP I Master mo d e

When SPI_CRO[SPIMS] = 1, SPI operates in master mode, which provides SCLK signal for the bus.
When the data is written to SPI_DR, it is firstly written to the transmit buffer and SPI_CR1[TXBMT] is cleared
t o IfitBedshift register is empty, then the data in the transmit buffer will be transferred to the shift register
for the transmission. The master SPI begins its transmission by driving the MSB of shift register on its MOSI
pin. After the transmission is cqieted, SPI_CR1[SPIIF] and SPI_CR1[TXBMTEar s e t Whilethei 1 0 .
SPI master transfers data to a slave on the MOSI line, the addressed SPI slave simultaneously transfers data in the
shift register to the SPI master on the MISO line in adufilex operationTherefore, SPI_CR1[SPIIF] flag
serves as both a transramplete flag and a recebdataready flag, and the data in the shift register is that
received by MISO, which is transferred to the receive buffer. The data from SPI_DR is that of the receive
buffer. If the data is written to SP.DRewm SPI _CR1[ TXBMT] is fAO0O, t he
SPI _CR1[wWwWCOL] will be set to Al1l0 and the data in t
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9.2.2.1Master Mode Configuration

Configure SPI_CR1[NSSMOD] to set the SPI operating mode;
Configure SPI_CRO[CPOL] to set the clock polarity;
Configure SPI_CRO[CPHA] to set the clock phase;

1
2
3
4, Set SPI _CRO[ SPIMS] to 160 to select master mod
5. Configure SPI_CLK to set the SCLK rate;

6. Set SPI CR1[ SPIEN] to filo to enable SPI;

7. Write the data to SPI_DR. SPI transmits data for eadR;

8. After SPI _CR1][ SIPI DRAsJread tesrecavethedateo fi 1 0,

9.23SPI Sl ave Mode

When SPI_CRO[SPIMS] = 0, SPI operates in slave mode. In this mode, SCLK signal is sent by the
master SPI. The data is shifted from MOSI pin and shifted out from MISO pin. If no SCLK signal is input,
shift register of the slave is in the stop state. Ifsigaal of SCLK is input, the shift register of slave starts to
receive and transmit data through MOSI and MISO pins. The slave device cannot initiate transfers. The data
sent to the master device is fpaded into the shift register by writing to SPI1_DORthe shift register is
empty, the data in the transit buffer is transferred into the shift register. After the transmission is completed,
SPI _CR1[SPIIF] and SPI _CR1[TXBMT] are set to fAlo.
butter and redee buffer empty flag bit SPI_CRO[RXBMT] is cleared, indicatihg new data has not been
read If SPI_CRO[RXBMT] is 0 andhere is new data ready to be sent to the receive buffer, SPI_CR1[RXOVRN]
is set to 1 and the data in the receive buffer remainsfested. When data is written to SPI_DR,
SPI_CRI1[TXBMT] is cleared. If data is written in this case, the write conflict flag bit SPI_CR1[WCOL] is

set to il and the data in the transmit buffer kee

9.2.3.1Slave Mode Disposition

Configure SPI_CR1[NSSMOD] to set the SPI operating mode;
Configure SPI_CRO[CPOL] to set the clock polarity;

Configure SPI_CRO[CPHA] to set the clock phase;

Set SPI_CRO[SPIMS] to 0 to select slave mode;

Set SPI_CRI1[SPIEN] to 1 to enable SPI;

o o0~ w DbdF

Write data to SPI_DR and wait for the master to transmit the clock signal.

9.24S P | I nterrupt Sources

The interrupt sources of SPI include:

A SPlinterrupt flag SPI_CR1[SPIIF] is set to 1 each time after the byte is transferred.
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>

write conflict flag SPI_CR1[WCOL] is set to 1 and the write operation will not be implemented.

SPI _CR1]

MODF ] is set to fAl10. When

are cleared. SPI is forbidden to allow another master to contimlishe

A The rece

transmission is completed while the receive buffer still holds unread data from a previous transfer. And

ive overflow flag SPI _CR1[ RXOVRN]

the received data will not be transferred to the redritfer.

925Seri al C

Four combinations of serial clock phase and idle polarity can be selected using the CPHA and CPOL

l ock Ti ming

a

mo d e

If SPI_DR is written when the data in transmit buffer has not treasferred to the shift register, the

When SPI works as a master in a muitister system and NSS pin is pulled LOW, the mode error flag

error

i s

bits in the SPI_CRO Registe3PI_CRO[CPHA] selects the clock phase (the edge of the SCLK signal used to

latch the data in shift register). SPI_CRO[CPOL] selects the polBotjr master and slave devices must be

configured with the same clock phase and polaftigen the clock phase and polarity is configured, SPI shall be

disabled (SPI_CRI1[SPIEN] = 0). The timing relationships of SCL and SDA in clock phdspokarity

combinations are shown rigure9-5 andFigure9-6.

SCLK
(CKPOL=0 CKPHA=OT—

SCLK
(CKPOL=1CKPHA=0)

e r e rr
o —rrrrrrerrrr—r

mosi XXX

MSB X BIT 6 X BIT 5 X BIT 4 X BIT 3 X BIT 2 X BIT 1 X LSB

L
[
K

miso—

mss_ X sre X Brs X era X er3s X BTz X Br1 X Lss

NSS(4 ) _\

Figure9-5 SDA/SCL Line Timing Diagram (SPI_CRO[CPHA] = 0)

SCLK
(CKPOL=0CKPHA=

SCLK
(CKPOL=1CKPHA=1)

mosi XK mss X Bre X ers X ema X ers X etz X er1 X  tss XXX
wmso—{_wse_X_eme X ems X _ ema X ers X etz X er:i X s X
nss@ )\ /-
Figure9-6 SDA/SCL Line Timing Diagram (SPI_CRO[CPHA] = 1)
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93SPI Regi sters
93.1SPlI CRO (0x4030)

Bit 7 6 5 4 3 2 1 0
Name | SPIBSY | SPIMS CPHA CPOL SLVSEL | NSSIN SRMT RXBMT
Type R R/W R/W R/W R R R R
Reset 0 0 0 0 0 1 1 1

Bit Name Description

SPI BusyFlag
[7] SPIBSY | 0: No data is transferring via SPI transfer.
1: Data is transferring via SPI.
Master/Slave Mode Selection
[6] SPIMS | O: Slave
1: Master
Clock Phase
[5] CPHA | 0: Data received on leading edge and transmitted on trailing edge of active SCLK
1. Data transmitted on leading edge and received on trailing edge of active SCLK
Clock Idle Polarity
[4] CPOL | O: Low level in idle state.
1: High level in idle state.
NSS Select Flag
Thi s bi t whesthesfiketed sigrmal ofiNE®SIow, indicating THAT the device
[3] SLVSEL !sselectedassIaVWh en NSS is high, this bit i
is not selected as slave.
0: Not selected as slave
1: Selected as slave
[2] NSSIN | NSS realtime signalunfiltered.
Shift Register Empty Flag (valid only in Slave Mode)
0: Data has been shifted out of the Transit Buffer into the shift register or SCLK
changes.
[ SRMT 1: There is no data in the shift register or transmit and receive buffer.
Note: SRMT =1 in Master Mode.
Receive Buffer Empty Flag (valid only in Slave Mode)
0: New data in the receive buffer has not been read.
[0] RXBMT | 1: Data has been read and there is no new data in the receive buffer.
Note: RXBMT =1 in Master Mode.

Notes:Clock phase and idle polarity modes SPI_CRO[CPHA:CPOL]:

> >» I>» >

00: Receive data on rising edge, and transmit on falling edge. Idle level is low.
01: Transmit data on rising edge, and receive data on falling edge. Idle level is high.
10: Transmit data on rising edge, and receive data on falling edge. Idle level is low.

11: Receive data on rising edge, and transmit data on falling edge. Idle level is high.
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932SPI _CR1 (0x4031)

Bit 7 6 5 4 3 2 1 0
Name SPIIF WCOL MODF | RXOVRN NSSMOD TXBMT SPIEN
Type R/WO R/WO0 R/WO0 R/WO0 R/W R/W R R/W
Reset 0 0 0 0 0 0 1 0

Bit Name Description

SPI Interrupt Flag

This bit is set to fAlo by -bilistradsiered.e e ¢
Read:

0: No Interrupt Pending .

[7] SPIIF 1: Interrupt Pending
Write:
0: This bit is cleared to n0o.
1: No effect

Write Collision Interrupt Flag

When TXBMT is @Aa0o, a write to SPI DR
This bit can be conpared to A00 by so
Read:
[6] WCOL | 0: No Interrupt Pending
1: Interrupt Pending
Write:
0: This bit is cleared to fiO0o.
1: No effect
Master Mode Fault Interrupt Flag
This bit is set to A1ld0 when a master

SPI_CR1[SPIMS] =1 and SPI_CR1[NSSMOD] = 01).
This bit can be cleared to fA00 by sof
Read:

[5] MODF 0: No Interrupt Pending
1: Interrupt Pending
Write:
0: This bit is cleared to fA00.
1: No effect
Receive Overflownterrupt Flag (Slave Mode only)
This bit is set to fiilo by hardware (
Buffer still holds unread data from a previous transfer and the last bit of the curre
transfer has been shifted into th&® S

automatically by hardware, and can be cleared by software only.

[4] RXOVRN | Read:

0: No Interrupt Pending

1: Interrupt Pending

Write:

0: This bit is cleared to fA00.

1: No effect

SPI ModeSelection

00: 3Wire Slave or 3wire Master Mode. NSS signal is not routed to a port pin.
[3:2] | NSSMOD | 01: 4Wire Slave or MultiMaster Mode (Default). NSS pin is configured as an inpu
1X: 4-Wire SingleMaster Mode. NS®in is configured as output and outputs
SPI_CR1[2] value.

Transmit Buffer Empty Flag

This bit is cleared to A00 when new
when the data in the Transit Buffer is transferred to the SPI shift register, indicati
that it is safe tavrite a new byte to the transmit buffer.

0: A new byte is written to the transmit buffer.

1: Data in the transmit buffer has been transferred to the shift register.

[1] | TXBMT
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SPI Enable
[0] SPIEN | O: Disable
1: Enable
933SPI _CLK (0x4032)
Bit 7 | e | 5 | 4 | 3 2 1 0
Name SPI_CLK
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
SPI Baud Rate Setting
This bit is validin master mode onlgnd can be writteonly when SPI_CR1[SPIEN] =
0.
[7:0] | SPI_CLK Baud rate =SYSCLK/2/(SPI_CLK + 1)

' - Example: If baud rate = 2400kHz, then SPI_CLK = (24M/2/2400k¥ 4, i.e. 0x04.
Note:When PI/PID and slave SPI are active at the same time (using DMA transfe
the master SPI Baud Ratieadl be less than 600kHa prevent erroneous data transmittg
from the slave SPI.

9.34SPlI DR (0x4033)
Bit 7 | e | 5 | 4 3 2 1 0
Name SPI_DR
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
SPI Data Register
[7:0] SPI DR SPI_DR Register is used tiansmit and receive SPI data.

‘ - Read: Receive the contents of the Receive Buffer

Write: Write the data into the Transit Buffer and initiate a transfer
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10 UART

10.1UART Introduction

UART i gduplfexidlopl @érl §eri al data ekcbh@dgdei htaedf ac
rate is configurabl e dguwelG2dEempo rct s tDiIVMA NWARTS mi ssi on

SYSCLK BAUD_SEL

'y

Transimit Shift
+>
Baud counter 8 bit Register
| BAUD/BAUD?2 f

v

UT DR/UT2 DR gpit| eceive Shift
- — e~ Register

Figure10-1 UART Block Diagram

w0 [N NNANNN
TXD/RXD s (oo | i | onz | meo | e | oo | owo | o ) o | swp

Figure10-2 UART Timing Diagram

10.2UART Operations

The corresponding registers shall be enabled before using UART feature. See22e8tidiPH_SEL
(0x404C)([6] and [5] bits) ~ sectio@2.3.16PH_SEL1 (0x404D}[7:6] bit) for details.

102 1UARTAperating I nstructions
10.2.1.1JUART1 ModeO

UART1 modeO works in singlerire halfduplex mode. RXD pin is configured as both an output
(Transmit Data Bus) and an input (Receive Data Bus). It uses a total of (IGHititstart, 8bit data, 1bit stop)
to receive or transmit data. The baud rate is configured by UT_BAUD[BAUD].
Sending DataWrite the data to UT_DR and clear UT_CR[TI]. RXD outputshit@ata. UT_CRJ[TI] is
set to 10 after the transmission is completed.
ReceivingData Set UT_CR[ REN] to A10 to receive the dat
via RXD. After the data is received, UT_CR[RI] is
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10.2.1.2UART1 Model

UART1 model works in full/half duplex mode. TXD pin is configured as an output (Transmit Data
Bus), and RXD as an input (Receive Data Bus). It uses a total of 1Q-bitsstart, 8bit data, 1bit stop)to
receive or transmit data. The baud rate is configured by UT_BAUD[BAUD].
Sending DataWrite the data to UT_DR and clear UT_CRJ[TI]. TXD outputsbitdata. UT_CR[TI] is
set to 10 after the transmission is completed.
ReceivingData Set UT_CR[ REN] to fAl10 to receive the dat
via RXD. After the dat a iandUTeDRéesireadedaoptaintiieda@aR[ RI'] i s

10.2.1.3UART1 Mode2

UART1 mode2 works in singlerire halfduplex mode. RXD pin is configured as both an output
(Transmit Data Bus) and an input (Receive Data Bus). It uses a total of 11 bits (1 start bit, 9 data bits, and 1
stop bit) to receive or transmit data. The baudisatenfigured by UT_BAUD[BAUD].

Sending DataWrite the first 8 loworder bits of the data to UT_DR and tlieb@ to UT_CR[TB8], and clear
UT CR[TI. TXDoutputs1dbi t data. UT_CR[TI] is set to Alo after

ReceivingData Set UT_CR[ REN] to Al10 to receive the dat
via RXD. After the data is received"hitdffne@R[aRdl ] i s
UT_DR stores the first 8 lowrder bits.

10.2.1.4UART1 Mode3

UART1 mode3 works in full/half duplex mode. TXD pin is configured as an output (Transmit Data
Bus), and RXD as an input (Receive Data Bus). It uses a total of 1(1-bitstart,9-bit data, 1bit stop)to
receive or transmit data. The baud rate is configured by UT_BAUD[BAUD].
Sending DataWrite the first 8 loworder bits of the data tdT_DR and the 9 bit to UT_CR[TBS], and
clear UT_CR[TI. TXDoutputstbi t data. UT_CR[TI] is set to fAl1o aft
ReceivingData Set UT_CR[ REN] to Al10 to receive the dat
via RXD. After the data is receivedMbitdofthe@R[arll ] i s
UT_DR stores the first 8 lowrder bits.

10.2.1.5UART1 Interrupt

UART1 interrupt includes:

A After UART1 sends the dat a, UT_CR[TI] is set t
A After UART1 receives the data and STOP, UT_CRJ|
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1022UART2 Operating instructions

10.2.2.1UART2 ModeO

UART2 mode0O works in singlerire halfduplex mode. RXD pin is configured as both an output
(Transmit Data Bus) and an input (Receive Data Bus). It uses a total of (IGHiitstart, 8bit data, 1bit stop)
to receive or transmit data. The baud rate is configured by UT2_BAUD[BAUD2].
Sending DataWrite the data to UT2_DR and clear UT2_CR[UT2TI]. RXD outputsbitGdata.
UT2 _CR[UT2TI] is set to Al1ld after the transmission
ReceivingData Set UT2 _CR[ UT2REN] to fildo to receive the
is received via RXD. After the data is received, U

the data.

10.2.2.2UART2 Model

UART2 model works in full/half duplex mode. TXD pin is configured as an output (Transmit Data
Bus), and RXD as an input (Receive Data Bus). It uses a total of 1Q-bitsstart, 8bit data, 1bit stop)to
receive or transmit data. The baud rate is configured by UT2_BAUD[BAUD?2].
Sending DataWrite the data to UT2_DR and clear UT2_CR[UT2TI]. TXD outputsbitOdata.
UT2 CR[IUT2TI] is set to Alo after the transmission
ReceivingData Set UT2 _ CR[ UT2REN] to fildo to receive the
is received via RXD. After the data is received, U

the data.

10.2.2.3UART2 Mode2

UART2 mode2 works in singlerire halfduplex mode. RXD pin is configured as both an output
(Transmit Data Bus) and an input (Receive Data Bus). It uses a total of 11 bits (1 start bit, 9 data bits, and 1
stop bit) to receive or transmit data. The baudisatenfigured by UT2_BAUD[BAUD?2].

Sending DataWrite the first 8 loworder bits of the data to UT2_DR and tfeb@ to UT2_CR[UT2TBS],
and clear UT2_CR[UT2TI]. TXD outputs i t dat a. UT2 CRIUT2TI ] is set t
completed.

Receiving DataSet UT2 CRUT2REN] to A1l0 to recei VIA2Rl.Aledadaat a an«
is received via RXD. After the data is received, UT2 TRIR | ] i s set WIGRBA]Btores UT2 C
the 9" bit of the data, and UT2_DR stores the first 8-londer bits.

10.2.2.4UART2 Mode3

UART2 mode3 works in full/half duplex mode. TXD pin is configured as an output (Transmit Data

Bus), and RXD as an input (Receive Data Bus). It uses a total of 1(1-bitstart,9-bit data, 1bit stop)to
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Sending DataWrite the first 8 loworder bits of the data {dT2_DRand the 9 bit to UT2_CR[UT2TBS],

and clear UT2_CR[UT2TI]. TXD outputs i t dat a. UT2_ _CRIUT2TI ] i s set t
completed.

Receiving DataSetUT2 CRUT2REN] t o fA10 t o r eUl2 CR{AZRt.Aledadaat a an ¢
is received via RXD. After the data is receivdd2 CRUT2R | ] i s UT2 CRUT2RB& dtaves the
9™ bit of the data, andT2_DR stores the first 8 lowrder bits.
10.2.2.5UART2 Interrupt

UART2 interrupt include:

A After UART2 sends data, UT2 CR[UT2TI] is set t

A After UART2 receives data and STOP, UT2_ CR[UT2
103UART1 Regi sters
103.1UT _CR (0x98)

Bit 7 | s 5 4 3 2 1 0
Name MOD SM2 REN TB8 RB8 TI RI
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description

Mode Selection
00: ModeO
[7:6] MOD 01: Model
10: Mode2
11: Mode3
Communication Mode Selection
[5] SM2 0: Singledevice Communication
1: Multi-device Communication
Receive Enable
[4] REN 0: Disable
1: Enable
[3] TB8 Bit9 of the sent data in Mode2 and Mode3
[2] RB8 Bit9 of the received data in Mode2 and Mode3
Transmit Interrupt Flag
Read:
0: No Interrupt Pending
[1] TI 1: Interrupt Pending
Write:
0O: This bit is cleared to fA00
1: Interrupt Pending
Receivelnterrupt Flag
Read:
0: No Interrupt Pending
[0] RI 1: Interrupt Pending
Write:
0O: This bit is cleared to fi0oo.
1: Interrupt Pending
V2.1 83 www.fortiortech.com



7~

Fortior Tech

FU6816 66
103.2UT _DR (0x99)
Bt | 7 | e 5 | a4 3] 2 | 1 | o
Name UT_DR
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Transmit/ Receive Data
Read: Data received
Write: Data to be transmitted
[7:0] UT_DR Note: The UART1 data buffer consists of two independent buffers, i.e., a re
buffer and a transmit buffer, which can send and receive data at the same tin
transmit buffeican be written only but not read, while the receive buffer can bemga
but not written. Both buffers share a same address.

1033UT _BAUD (O0Ox9A, 0x9B)
UT_BAUDH (0x9B)
Bit 15 14 13 12 11 | 10| 9 | 8
Name| BAUD_SEL UART_RX_INV | UART_TX_INV | UART_CH BAUD[11:8]

Type R/W R/IW R/IW R/IW R/W | RIW | RIW | RIW
Reset 0 0 0 0 0 0 0 0
UT_BAUDL(0x9A)

Bit 7 | 6 | 5 | 4 | 3] 2] 1] o0

Name BAUD[7:0]
Type R/W R/IW R/IW R/IW R/W | RIW | RIW | RIW
Reset 1 0 0 1 1 0 1 1
Bit Name Description
Frequency Multiplier Enable
[15] BAUD_SEL 0: Disable
1: Enable
Receive Inverting Enable
[14] | UART_RX_INV | 0: Disable
1: Enable
Transmit Inverting Enable
[13] | UART_TX_INV | O: Disable
1: Enable
UART Functional Switching
[12] UART_CH 0: P0.5 configured as TXD and P0.6 as RXD
1: P1.0 configured as TXD and P1.1 as RXD
Baud Rate Setting
Baud rate =SYSCLK/(16/(1 + UT_BAUD[BAUD_SEL]))/(UT_BAUD[BAUD]
[11:0] BAUD +1)
Example: If baud rate = 9600 and UT_BAUD[BAUD_SEL] = 0, then
UT_BAUDI[BAUD] = (24M/16/9600/(1 + 0)} 1 = 155, i.e., 0x9B
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104UART2 Regi sters
1041UT2 CR (0xD8)
Bit 7 | s 5 4 3 2 1 0
Name UT2MOD UT2SM2 | UT2REN | UT2TB8 | UT2RB8 | UT2TI UT2RI
Type R/W R/W R/W R/W R/W R/W R/WO R/WO
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Mode Selection
00: ModeO

[7:6] | UT2MOD | 01: Model
10: Mode2
11: Mode3
Communication Mode Selection

[5] UT2SM2 | 0: Singledevice Communication
1: Multi-device Communication
Receive Enable

[4] UT2REN | O: Disable
1: Enable

[3] UT2TB8 | Bit9 of the sent data in Mode2 and Mode3

[2] UT2RB8 | Bit9 of the received data in Mode2 and Mode3
Data Transmittingcompleted Interrupt Flag
Read:
0: No Interrupt Pending

[1] UT2TI 1: Interrupt Pending
Write:
0: This bit is cleared to fi0o
1: Interrupt Pending
Data Receiving Completed Interrupt Flag
Read:
0: No Interrupt Pending

[0] UT2RI 1: Interrupt Pending
Write:
0: This bit is cleared to 00
1: Interrupt Pending

1042UT2 DR (0x89)
Bit 7 | & | 5 | 4 3 2 1 0
Name UT2_DR
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Transmit/ Receive Data
Read: Data received
Write: Data to be transmitted

[7:0] UT2_DR Note: The UART1 data buffer consists of two independent buffers, i.e.,
receive buffer and a transmit buffer, which can send and receive data &
same time. The transmit buffean be written only but not read, while the
receive buffer can be read only but not written. Both buffers share a same
address.
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1043UT2 BAUD (0x4042, 0x4043)
UT2_BAUDH(0x4042)
Bit 15 14 13 12 11 | 10 | 9 [ s
Name | BAUD2_SEL UARlLZV—RX UARlLZV—TX UART2IEN BAUD2[11:8]

Type R/W R/W R/W R/W RW | RRW | RIW | RIW
Reset 0 0 0 0 0 0 0 0
UT2_BAUDL(0x4043)

Bit 7 | 6 | 5 | 4 | 3 [ 2 | 1] o

Name BAUD2[7:0]
Type R/W R/W R/W R/W RW | RRW | RIW | RIW
Reset 1 0 0 1 1 0 1 1
Bit Name Description
Frequency Multiplier Enable
[15] BAUD2_SEL 0: Disable
1: Enable
Receive Inverting Enable
[14] UART2_RX_INV | O: Disable
1: Enable
Transmit Inverting Enable
[13] UART2_TX_INV | O: Disable
1: Enable
UART?2 Interrupt Enable
[12] UART2IEN 0: Disable
1: Enable
Baud Rate Setting
Baud rate =SYSCLK/(16/(1 +
[11:0] BAUD2 UT2_BAUD[BAUD2_SEL]))/(UT2_BAUD[BAUDZ2] + 1)
Example: If baud rate = 9600 and UT2_BAUD[BAUD_SEL] =0, then
UT2_BAUD[BAUD2] = (24M/16/9600/(1 + 0)) 1 = 155, i.e., Ox9B
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11LIN

11ALI N I ntroducti on

LIN is anasynchronousserial communication interface mainly used in automotive network. LIN controller
complies with the 2.2 Specification (backward compatible). As showigime11-1, the controller implements
a complete LIN hardware interface, which works in slave mode and supports baud rate adaption.
P0.0/P0.1 and P1.0/P1furiction switching are translated into LIN pins, among which P1.1 is configured
as RXD/TXD pin. Data transmission between LIN and DMA is possible by setting DMAX_CRO[DMACFG]
= 11X, and LIN_CR[LINRW] bit determines the R/W direction.

For more information and specifications regarding the LIN proteeel.IN Consortium fttp://www.lin-

subbus.oryy

8051

LIN_CR TX
LIN_SR

LIN_CSR
LIN_ID LIN Controller o
LIN_SIZE

LIN_BAUD

\

A

DMA TO UART2

8 bit

Figurel1-1 LIN Block Diagram

TheLIN controllerhas three main components, as showrigure11-1:

A LIN access register: Provide the interface between the CPU and the LIN controller through XSFR

addressing of 8051 core.
A LIN data buffer: Transmit and receive the data by configuring DMAOQ/1.

A LIN control register: Process data transmission and control states of the LIN bus.

11.2LI N Sl ave Mode Operations

When LINis configured for slave mode operation, it must wait for a command from a master node.
WhenLIN Interruptis enabled, an interrupt is generated in any of the following five cases as shown in

Table11-1.
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Table11-1 LIN Interrupt Sources and Descriptions
Interrupt Source Description Interrupt Flag Clear Flag
Bus Idle Bus remains idle for 49 LIN_SRILINIDLE] Write A0O t

or more LIN_SR[LINIDLE]
Write A0O0 t
LIN CSR|LINWAKUP]
Write A10 t
LIN_SR[LINACK]/
Write A10 t

External Wakeup | Wake signal is receive( LIN_CSR[LINWAKUP]

Frame header is

Reception of Frame| . oived and ID check| LIN_SRILINREQ]

Header : LIN_SR[LINREQY/
is correct .
A new frame header is
detected
Write A0O0 t
Data Transmission o| Data is received or ser] LIN_SRI[LINDONEY}/

LIN_SR[LINDONE]

Reception Completeq by the salve A new frame header is

detected
An error interrupt
request is received: LIN_CSR[ERRBIT] Write A0O0 t
Error OCCUrs Bit error/ LIN_SR[ERRSYNC] LIN_CSR[CLRERRY/
Sync error/ LIN_SR[ERRPRTY] A new frame header is
ID check error/ LIN_SR[ERRCHK] detected

Data check error

LIN slave transmits anceceives the data as follows:
1. LIN controllerdetects the header (Synch Break Field and Synch Field signals) of a message frame
from the master on LIN busThe baud rate of the data is automatically identified by the
synchronizationsigna. | N_ SR[ LI NREQ] is set to fAl10 when the
checksum is correct. Otherwise, LIN_SR[ERRPRTY]
2. Sendingpbata: Set LIN_CR[LINRW to Al10 to | oad the
into DMA buffer. Set LIN_CSR[LINACK] to fAlo an
3. ReceivingDat a: Clear LIN_CR[LINRW to A00 and set
header receives the data sent by the master;

4. LI N_SR[LI NDONE] is set teendidliedataaf t er the sl ave

11.3Sl eep and Wakeup

To reduce the systembébs power consumption, the LI
After the slave receives and correctly decodes a Sleep Mode request from the master, the software puts
thedevicd nt o t he Sl eep Mode by setting LIN_CSR[LINSLP]
LIN_ SR[IDLE] is set to filo when the bus stays idl
mode. In this case, the software may assume that the LIN bus is in Sleep Mode and put the device into the Sleep

Mode by setting LIN_CSR[LINSLP] to fAlo

Sendingawake p signal from the master or any slave no
terminates the Sleep Mode of the LIN bus. The LIN slave can also send aupvalignal (setting
LIN_CSR[LINWAKUP] to A10) to wake up the master or

V2.1 88 www.fortiortech.com



Fortior Tech

-~ FUG816_66

114Er r or Detection and Handl ing

WhenLINs| ave detects an error, LIN_CSR[CLRERR] is s
request and stops the processing of current frame. The type of error, i.e., bit error, sync error, data check error or
ID check error, is determined via LIN_CSR[ERIT], LIN_SR[ERRSYNC], LIN_SR[ERRCHK] and
LI N_SR[ ERRPRTY]. LIN_CSR[CLRERR] is cleared to fA00o

1150t her Matters
When LIN slave mode isnabled and the device is not in the Sleep Mode, the slave may detect a new
frame header (including Synch Break Field, Synch Field and PID).

Configuring LIN_CSR[LINSTOP] to Ald aborts the

reception or transmission at slave mode. LI N_SR[AB
116LI N Regi sters
116 1LI N_CR (0xB9)

Bit 7 6 5 | 4 3 2 1 0
Name RSV DMASEL CHSEL LINIE | CHKMOD | LINRW | AUTOSIZE
Type - RIW RW | RW | RW RIW RIW RIW
Reset - 0 0 0 0 0 0 0
Bit Name Description
[7] RSV Reserved

LIN DMA Channel Selection
[6] DMASEL | 0: DMAO

1. DMA1

LIN Mode and Port Pin Configuration

00: 2wire mode, P0.0 configured as LTXD pin and P0.1 as LRXD pin
[5:4] CHSEL 01: Reserved

10: 2wire mode, P1.0 configured as LTXD pin and P1.1 as LRXD pin
11: 1-wire mode, P1.1 configured as LTXD/LRXD pin

LIN Interrupt Enable

[3] LINIE 0: Disable

1: Enable

Checksum Selection
[2] CHKMOD | 0: Enhanced checksum

1: Classic checksum

SendReceive Selection

[1] LINRW 0: Current frame ianoperationfor sending data
1: Current frame israoperationfor receiving data
Data Length Dependent on (LIN_ID[5:4]) Enable
0: Disable

1: Enable

[0] AUTOSIZE | Mapping between LIN_ID[5:4] and Data Length:
0X: 2 bytes

10: 4 bytes

11: 8 bytes
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1162L1 N_SR ( OXBA)

Bit 7 6 5 4 3 2 1 0

Name | ERRSYNC | """ | ERRPRTY | ABORT | LINACT | LINIDLE | LINDONE | LINREQ

Type R R R R R RIWO RWO | R/WO

Reset 0 0 0 0 0 0 0 0

Bit Name Description

Sync Error (synchronization timeout or prematsyachronization). The bit is
cleared to A0O06 by hardware when a
[7] ERRSYNC |[c|l eared to A0O.

0: No sync error occurs.

1: A sync error occurs.

Data Check Error. The bit newframé araas e
or when LIN_CSR[CLRERR] is cleared
0: No data check error occurs.

1: A data check error occurs.

I D Check Error. The bit is cleared
when LIN_CSR[CLRERR]i€ | eared to fi0o0.

0: No ID check error occurs.

1: An ID check error occurs.

Aborted Transmission Flag

The bit is set to Ald upo
[4] ABORT LIN_CSR[LINSTOP] is set t
0: No abortedransmission occurs.

1. An aborted transmission occurs.

LIN Bus Active Flag

[3] LINACT 0: No data is transmitting driN bus

1: Data is transmitting onlN bus

LIN Bus Idle Interrupt Flag

This bit is set t dormolethanihhen t he bus
Read:

0: No Interrupt Pending

6] ERRCHK

5] ERRPRTY

n re
o A1lo duri

(2] LINIDLE 1: Interrupt Pending
Write:
0: This bit is cleared to A0O0.
1: No effect

Transmission Completion Interrupt Flag

Thisbitissettdi 1a0f t er t he sl ave receives or
new frame arrives or software write
Read:

[1] LINDONE | 0: No Interrupt Pending

1: Interrupt Pending

Write:

0: This bit is cleared to nA00.

1: No effect

Header Reception Interrupt Flag

This bit is set to filo after a fram

cleared to A00 when a new frame arr
LIN_CSR[LINACK] or fi 0t@LIN_SR[LINREQ].

[0] LINREQ 0: No Interrupt Pending
1: Interrupt Pending
Write:
0O: This bit is cleared to fi0oo.
1: No effect

V2.1 90 www.fortiortech.com



=

Fortior Tech

FUG6816_66

1163L1 N_CSR

(0xBB)

Bit

7

6 5 4 3 2 1 0

Name

ERRBIT

RDBAKDIS

LINSLP | CLRERR | LINWAKUP | LINACK | LINSTOP | LINEN

Type

R

R/W R/W R/WO R/W W1 w1 R/W

Reset

0

0 0 0 0 0 0 0

Bit

Name

Description

[7]

ERRBIT

ReadBack Bit Error.

This bit i s s e t-batkdeatirelienabladéypsetting N 1 e ¢
LIN_CSR[RDBAKDIS] bit and the logic level of LIN TXD pin is different from
LIN bus level.

0: No bit error occurs.

1: A bit erroroccurs.

[6]

RDBAKDIS

LIN ReadBack Enable
0: Enable
1: Disable

[5]

LINSLP

LIN Sleep Mode Enable

Read:

0: LIN is active.

1: LIN in Sleep Mode

Write:

0: LIN wakes up from sleep mode
1: LIN enters sleep mode

CLRERR

LIN Error Clear

Read:

0: No error occurs.

1: An error occurs.

Write:

0: The error bit is cleared.
1: No effect.

[3]

LINWAKUP

LIN Wake-up

Read:

0: No wakeup signal is received.
1: Wakeup signal is received.
Write:

0: No effect

1: Send avakeup signal.

2]

LINACK

The bit is used to send an ACK for the frame header. The checksum, R/W mg
data content and | ength must be cori
0: No effect

1: Send an ACK for the frame header

[1]

LINSTOP

After this bit is set téi 1, BIN stops sending or receiving the data and waits for a n¢
frame header. LIN_SR[ABORT] is setfiolas well.

0: No effect
1: Stop the processing of the current frame and wait for a new frame header

[0]

LINEN

LIN Enable
0: Disable
1: Enable
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1164L1 N_1 D (0xBC)

Bit 7 | s 5 | a4 3 2 | 1 | o
Name RSV LIN_ID
Type - - R R R R R R
Reset
Value

Bit Name Description
[7:6] RSV Reserved

[5:0] LIN_ID | ID received by LIN

1165L1 N_SI ZE (0xBD)

Bit 7 | 6 | 5 | a4 3 2 1 0
Name RSV LIN_SIZE
Type - - - - R/W R/IW R/W R/W
Reset - - - - 0 0 0 0
Bit Name Description
[7:4] RSV Reserved
[3:0] | LIN_SIZE | Frame length of data received/transmitted

1166L1 N_BAUD (O0OxBF, 0OxBE)

LIN_BAUDH (OxBF)

Bit 5 | 14 | 13 | 12 | 11 | 10 9 8
Name LIN_BAUD[15:8]

Type R R R R R R R R
Reset 0 0 0 0 0 1 0 0

LIN_BAUDL (0xBE)

Bit 7 6 5 | a4 | 3 | 2 1 0
Name LIN_BAUD[7:0]
Type R R R R R R R R
Reset 1 0 1 0 1 1 1 1

Bit Name Description

Baud Rate

[15:0] | LIN_BAUD | g4 rate =SYSCLK/(LIN_BAUD + 1)
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12 CAN

121l nt roducti on

CAN, known as Controller Area Network, implements as an ISO staumdangliant serial
communication protocol, supporting safe, convenient and reliable data communication for automotive
networks.

CAN controller reads the bus level according to voltage difference between the two bus conductors
CAN_H and CAN_L. CAN bus voltage is either recessive or dominant. The transmitter sends messages to
the receiver by changing the bus voltage.

CAN Protocol has the following features:

A Multi-master control: If there is no transmission activity on CAN bus, all devices (also known as
nodes) can transmit messages (rmltister control). When two or more CAN nodes
simultaneously attempt to transmit a message, the messages are transihitentder of their
priority defined by Il dentifier (Al DO0). The | D
priority of messages accessing the CAN bus. In this case, an arbitration scheme is employed bit
by-bit for the ID of each frame. The nodenning the arbitration is given higher priority and can
continue transmitting, while the losing node stops transmitting and operates as a receiver.

A Flexibility: All nodes connected to CAN bus carry no addadi#e message. Thus, the
software/hardware and application layer of other nodes remain unchanged when a new node is
added to the CAN bus. CAN supports bit rates up to 1Mbps (with a bus lengfimdpfand bus
lengths up to 10km (at a bit rate of lower than 5kbps).

A Itis designed with error detection, notification and recovery features: All nodes can detect errors
(error detection) and notify other nodes (error notification) immediately when an error is detected.
A node with a message transfer underway holds themufirame whenever it detects an error,

and attempts rransmission repeatedly until it is delivered successfully (error recovery).

A Faultisolation: CAN determines whether an error is a transient data error (e.g., external noise) or
a persistent data error (e.g., negpeecific external fault, driver fault, disconnection) on the bus.
With this feature, if a persistent data error is cietg over CAN bus, the node inducing the fault
is isolated.

A Multiple nodes: Multiple nodes can be connected to CAN bus at the same time. The total number

of nodes connected is theoretically not limited. However, it is limited by time delay and electrical
load on CAN bus in practice. The number of nodes accessiliBAN bus decreases with the bit

rate.
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Figure12-1 gives|SO11898compliant physical layer characteristics of CAN:

Node 1 Node 2

[V]a

5 .

4 CAN H____

3- CAN L——-

\

2 L /

1 -

0 »
Recessive Dominant Recessive

Figure12-11S0O11898compliant Physical Layer Characteristics

The above characteristics show that the dominant bus level corresponds to logic 0, with 2.5V voltage
difference between CAN_H and CAN_L. The recessive bus level corresponds to logic 1, with OV voltage
difference between CAN_H and CAN_L. The dominant lénasl bus access priority, meaning that when any
node sends a dominant bit, the result is dominant. The recessive level is somewhat inclusive so that the result
is recessive only when al/l nodes send asmountedessi ve

onto both start and stop points of CAN bus for impedance matching with an effort to minimize

echoed/reflected signals.

12.11Fr ame Structure

CAN Protocol is implemented with the following five types of frames:

A Data Frame

A Remote Frame
A Error Frame

A Overload Frame

~

A Interframe Space

Both data frame and remote frame support standard and extended formats. Frames of standard format

contain arl1-bit identifier, while frames of extended format contain eb29dentifier.

Tablel2-1 CAN Protocolsupported Frame Types and Their Functions

Type Function
Data Frame Transfer a frame from the transmitter to the receiver
Remote Frame The receiver requests a transmission from the transmitter with same ID
Error Frame Broadcast an error to all other nodes when a node detects a fault
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Type Function

Overload Frame The receiver sends a frame to notify that it is busy

Interframe Space Separate data frame and remote from the preceding frame.

The following section provides a detailed introduction of data frame (other frames are omitted for the
sake of brevity). Date frame typically comprises seven parts, including:

Start of Frame (SOF): signify the start of a frame
Arbitration Field: determine the priority of the current frame
Control Field: signify the bytes and reserved bit of a frame
Data Field: contain 0 ~ 8 bytes of data

CRC Field: detect errors

ACK Field: signify that a node has received the frame correctly

N oo o M w D PP

End of Frame (EOF): signify the end of a frame

Figure12-2 presents the structure of data frame.

Q.
S
g ke
L ©
5 Arbitration Control ) ) L End of
£ Field Field Data Field CRC Field 5 Frame
7 <
9] >
E 2
® ® ® ® 30 o9 ®
0|95
X[~z
RTR o1g®
IDH
SandarcFormat_ SP' [ |
| ¥ | identiyap) [V 1] DLC Data CRC Sequence | {[{[} EOF
|
|
| 1 11 11]1 4 0-64 15 1f1]a 7
I
I
RTR
SRR rl
ExtendecFormat __ W o | N
! dentityp) | 1 Identify(ID) IR DLC |
|
| 1
| I
| I
11 1|1 18
: S 4 same as Standard Format}
b~ ]
AS?Of H Transmit Bit
D/IR| [R
b E Receive Bit

Figure12-2 Structure of Data Frame

In the above diagram, D denotes dominant and R recessive.
Start of Frame: Both standard frame and extended frame delimit the starfrafrtbevith one dominant
bit.

Arbitration Field: Determine the priority of a frame. The differences between a standard frame and an
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extended frame are described below:

Frames of standard format contain alitlldentifier over a range from 1D28 to ID18. Configuring all
the first 7 bits as recessive is not possible (by setting ID = 1111111XXXX). An extended frame contains a
29-bit Identifier. The basic ID ranges from ID&8ID18, while the extended ID falls within ID17~ID0. The
basic ID is same with that of standard frames. Configuring all the first 7 bits as recessive is not possible (by
setting ID = 1111111XXXX). RTR bit is the Remote Transmission Request (0: data frameote frame);

IDE bit is the Identifier Extension (0: standard ID; 1: extended ID); and SRR bit is the Substitute Remote
Request, which is recessive and replaces RTR bit in a standard frame. Standard frames have higher priority
over extended framewhile data frames have higher priority over remote frames.

Control Field: Comprise r0/rl bit and DLC bit, in which, DLC bit is transmitted with MSB and indicates
0 ~ 8 bytes of data.

Data Field: Contain 0 ~ 8 bytes of data, which is transmitted with MSB. Definitions of this field are
same between standard frame and extended frame.

CRC Field: Detect errors. It comprises alibCRC delimiter and a-bit CRC delimiter. CRC value is
calculated using SOF, Arbitration Field, Control Field and Data Field. The receiver calculates CRC value in
the same way and sends an CRC Error in cagalifferent CRC in the transmitted message than what it has
calculated itself.

ACK Field: Acknowledge the node has received the frame correctly. It comprises ACK Slot and ACK
Delimiter. The transmitter sends 2 recessive bits, and the receiver sends a dominant bit at the ACK Slot to
broadcast the frame has been received correctly.

End of Frame: This simple field is defined identically between standard frame and extended frame,

comprising 7 recessive bits.

122Gener al Descriptions on CAN Controller

Figure 12-3 presents topological structure of the CAN bus. CPU configures the CAN controller SFRs
via SFR addressing, including initialization, bit time, operating mode and interrupt, and it completes
communication between CAN module and Message XRAM so as to remeivensmit messages. The

Message XRAM consists of a Transit Buffer and three Receive Buffers.

SFR_BUS CAN Controller Bus
C CTXD CAN CAN_
PU Loai » «—>
i gic CRXD| Tranxceivers CAN_
TX_ShIft ) Processor
Rx_Shift ¢

Figure12-3 Topological Block Diagram of CAN Bus
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122.1Key Features

A Support CAN 2.0A and CAN 2.0B

A Bitrates up to 1Mb/s

A One Transit Buffer and three Receive Buffers; Fgi@nted reception of message, where CPU
can read the received messages using FIFO pointer CAN_CR2[RDPTR].

A Support Automatic Retransmission Quest (ARQ) Disabled mode

A Sleep Mode with lowpower consumption, supporting auto wakeup and manual wakeup

A Acceptance filtering in Single Filter and Double Filter modes

A Error processing

1230perating Mode
123.1Reset Mode

In Reset Mode, CAN controller is reset and cannot receive or send messages from or to CAN bus. The

CAN controller enters the Reset Mode after CAN_CRO

12.32Nor mal Operati on Mode

Before CAN controller enters the Normal Operation Mode, it is necessary to configure parameters for
bit time characteristics (including CAN_BTR0O, CAN_BTR1 and CAN_BTR2) and acceptance filtering
(including CAN_CRO[FILMOD], CAN_FIRx and CAN_FMRx, x = 0,1,2,3and program
CAN_CRO[CAN_EN] = 1to enable CTXD and CRXD pins and initialize CAN. After initialization, the CAN
controller starts to synchronize itself to the CAN bus. Synchronization is implemented after CRXD detects a
sequence of 11 consecutive recessiis (= Bus ldle). After synchronization, CAN controller enters Normal

Operation Mode and can receive or send messages from or to CAN bus.

1233S1 eep Mode

CAN controller can operate in the powedficient Sleep Mode. Programming CAN_CR1[SLPREQ] to
AR10 sends a Sleep Mode r equ e sdnlywhE€nihére s nomttivitpdnther ent
bus. It acknowledges the Sleep Mode by reading CAN_SR[SLPACK] bit. In this mode, CAN stops receive
or send messages but the Receive Buffer is accessible by software.

CAN provides two wake&ip modes:

A Manual Wakeup by Software: Clearing CAN_CR1J[ SL

A Auto Wakeup by Hardware: Setting CANWAERO[ AWKM:
any activity is detected on the bus, CAN_CRI1[ S
up CAN controller. CAN controller rgsynchronizes itself with CAN bus before exiting the Sleep

Mode. Reading CAN_SR[SLPACK] bit acknowledges that CAN biits ¢#xe Sleep Mode.
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124Feature Description

12.4.1Bi-tti me Char acteri stics

CAN controller monitors the CAN bus sampling edges. It adjusts the Sample Point and Transit Point by
synchronizing to the falling edge of Start of Frame (SOF) argymehronizing to the falling edge of the
subsequent bits.

As shown inFigure 12-4, the bit time is divided into four segments: Synchronization Segment
(SYNC_SEG), Time Segment 1 (SEG1) and Time Segment 2 (SEB2)ength of these segments is an
integral multiple of time quanta (tq), the smallest unit of time defined by (CAN_BTRO[1:0], CAN_BTR1).

1. SYNC_SEG: That part of the bit time where edges of CAN bus level are expected to occur. It is

used for synchronizing different nodes on CAN bus. SYNC_SEG is a constant 1 tg.

2. SEG1.: It is usedor defining position of the Sample Point. It consists of the Propagation Time
Segment (PROP_SEG) and Phase Buffer Segment 1 (PHASE_SEG1) specified in CAN
Specification. SEG1 is programmed by CAN_BTR2[SEG1] over 1~16 tq, provided however that
it can be awmatically lengthened to compensate for forward phase drift caused by frequency
difference between different nodes connected to CAN bus.

3. SEG2: It is used for defining position of the Transit Point. It is the Phase Buffer Segment 2
(PHASE_SEG?) specified in the CAN Specification. SEG2 is programmed by CAN_BTR2[SEG2]
over the range of 1~8 tq, provided however that it can be automaticaltgrsdito compensate

for backward phase drift.

« tBIT >

SYNC_SEG SEGL SE&

«—tg—»«————— {SEGL 4>‘<7 tSE@ 41‘
/

baud rate/tBIT
tBIT=tq+HSEGL+HSER
to=(BRP+1)/24MHz
tSEGL=tq*( SEGL+1)
tSE@=tq*( SEGQ2+1)

sample point transmit point

Figure12-4 Bit Time Structure

A synchronization error may occur during message transfer due to clock rate deviation, delay time and
other factors. In this case, CAN_BTRO[RESYN] is used to set tRESYN {feyrrehronization of different
CAN nodes. tRESYN is configured over the range-gf ty. If an effective edge (from recessive to dominant)
is detected in SEG1 instead of SYNC_SEG, SEG1 is lengthened up to the length of tRESYN to shift the
position of Sample Point backward. If an effective edge (from recessive to dominant) is det&&E&Rin

instead of SYNC_SEG, SEG?2 is shortened up to the length of tRESYN to shift the position of Sample Point
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forward.

1242Se ndMaxrgag e me nt

Messages are configured by software from the Transit Buffer in Message XRAM. A transit request is
generated after CAN_CRI1I[TXREQ] is set to Al16. And
when it is idle. An ACK bit signaled from CAN nodeglicates that the message has been successfully
transmitted. CAN_SR[TXSUC] bit is an indicator for successful transmission, and CAN_SR[TXDONE] bit
is an indicator for transmission completion.

In Auto Retransmission (ARQ) mode, if the transmission fails due to lost arbitration or error, the node
re-transmits the message when CAN bus is idle until the transmission is completed.

The ARQ Disabled mode is activated by programmin

is transmitted just once.

1243Recei ving Management

CAN controller consists of three Receive Buffers, including Receive BufferO, Receive Bufferl and
Receive Buffer2. Each buffer contains the following bits: CAN_RXXCR, CAN_RXxID0, CAN_RXxID1,
CAN_RXxID2, CAN_RXxID3, CAN_RXxDRO, CAN_RXxDR1, CAN_RXxDR2, CAN_RDRS,
CAN_RXxDR4, CAN_RXxDR5, CAN_RXxDR6, CAN_RXxDR7(x = 0,1,2). CAN controller implements
a FIFGoriented reception of messages.

After resetting, FIFO write pointer targets Receive Buffer0. During the reception, the hardware
automatically writes bytes to Receive Buffer targeted by the FIFO writer pointer. If no error is detected until
the last byte of EOF and the message passeptance filtering, the message is considered valid and FIFO
write pointer targets the next Receive Buffer. If FIFO write pointer currently targets Receive Buffer2, the
pointer retargets Receive Buffer0. When an error is detected or acceptance filtdengIfaD write pointer
remains unchanged, suggesting that the next data packet is written to the original Receive Buffer. A Receive
Buffer is full when it is loaded with three sets of message object. In such case, the buffer overruns when
receiving the nebdata packet which will be discarded.

CAN_CR2[MESCNT] is an indicator of valid message counter, and CAN_CR2[RDPTR] is an indicator
of the buffer targeted by FIFO read pointer. The software access data bytes by reading Receive Buffers. After
t hat , CAN_CR[ BUFRLS] i se Buféettargeted bfi RIFD rdad pointer which theéme Re c
points to the next Receive Buffer. If FIFO read pointer currently points to Receive Bufferppinte to

Receive Buffer0.
1244Recei ve Filtering
The Filter Mode, Identifier and Mask Bit are configured to receive desired messages only.

CAN_CRO[FILMOD] bit selects between the Single Filter mode and the Double Filter mode. In single

filter mode, only one filter works for acceptance filtering. In double filter mode, two filters work for
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acceptance filtering.

The Identifier is defined by CAN_FIRx (x = 0 ~ 3).

The Mask Bit is defined by CAN_FMRx (x = 0 ~ 3).
must match with CAN_FIRXx bit; otherwise, the data packet will be filtered; and if CAN_FMRXx bit contains

a Alo, it has no meaning.

12.4.4.1Standard Frame Single Filter Mode

In Standard Frame Single Filter Mode, the filtering part containstztl1D, RTR, IDE and the first
two bytes of data (DBO and DB1), with its configuration showRigure12-5. If Data Field of a message

reads A0o0 in | ength, the filter feature of CAN_FIR
i f the Data Field reads #fl1lo, the filter feature of
FIRO FIRL FIR2 FIR3

7]6[5[4]3]2|1]0] |7][6][5]4]|3]2]1]0] [7][6]5]4[3]2]1][0] [7][6]5]4]3][2][1]0

FMB FMR FMR FMBR

716[5[4]3]2|1]0] |7][6][5]4]|3]2]1]0] [7][6][5]4][3]2]1][0] [7][6]5]4]3][2][1]0

] I I |

Slo|e |~ o ™| |~ o|X|y ™~ ® e ™~ ~ e
s|lala|ela|e|alg| |a|a|a|x|e o ddddddd BRI

Figure12-5 Standard Frame Single Filter Mode

12.4.4.2Extended Frame Single Filter Mode

In Extended Frame Single Filter mode, the filtering part containskit2D, RTR and IDE, with its

configuration shown ifrigure 12-6.

FIRO FIRL FIR2 FIR3
7]6]5]4|3]2]1]o| [7]6]5]4]3]2]1]0 7|6[5]4]3][2]1]0] [7]6]5]4]3][2]1]0

FMB FMR FMR FMR
7|6|5][4]3]2]1]o] [7]6]5][4]3]2]1][0] [7]6]5]4][3]2]1]0] [7]6]5]4a][3]2]1]0
i { ] ]
QINIQ(R|I QNS [RS8 |w(S|2|8] |I[S|9|2|S]|e ~ olw|s|m|a|=|o
dlc|a|cd|a|d|a|a| |a|e|a|x|S|a|a|g| |g|a|a|a|g|2|2|2| |2|2|2|2|2|2|e

Figure12-6 Extended Frame Single Filter Mode

In this mode, if CAN is configured to receive standard frames only, CAN_FIR1[3] and CAN_FMR1[3]
are set to A0O0, and CAN_FIR2, CAN_FMR2, CAN_FI R3 a
byte 0 or 1. If CAN is configured to receive extended franmdg, €AN_FIR1[3] and CAN_FMR1[3] are
set to Al1l06, and CAN_FIR1[2:0], CAN_FMR1[2:0], CAN_
are set to filter data containing extended frames carrying ID[17:0]. If CAN is configured to receive both
standard and extendedita s, CAN_FI R1[ 3] are set to fA00 or #1060,
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12.4.4.3Standard Frame Double Filter Mode

In Standard Frame Double Filter mode, both the Filterl and Filter 2 contaibitlD] RTR and IDE

respectively, with its configuration shownkigure12-7.

FIRO FIRL
7|l6|5]4|3]2]1]o] |[7]6]5]4]3]2][1]0

filter1

FMBR FMR
7|l6|5]4]3]2]1]o] [7]6]5]4]3]2]1]0
Il 1 !
Slo|lo|~|o|w|<t|m™ ~N|H|lo|x|w
csla|a|lc|a|ala|g]| |ala|a|z|e

| [ 1 ]

FIR2 FIR3

7|e|s]a][3]2]1]0]| [7]6]|5]4]3]2]1]0

filter

FMR FMR
7|e|s|a[3]2]1]0]| [7]6]|5]4]3]2]1]0

Figure12-7 Standard Frame Double Filter Mode

12.4.4 4Extended Frame Double Filter Mode

In Extended Frame Double Filter mode, the filtering part containskat 18, RTR and IDE, with its

configuration shown ifrigure12-8.

FIRO FIRL
7|6[5]4]3|2]|1|0]| |[7]6]5]4][3]2]1]0

filter1
FMB FMR
7]6|5|4a]3|2][1|0]| |[7]6]5]4][3]2]1]0
| [ |
QIN|Q|IQ I3 |] | MEIEIE MBI
cla|a|a|a|a|a|a| |d|la|a|x|2|d|a]|a
| 1] |
FIR FIR3
7|6]s5|a][3]2]1]0]| [7]6]5]4]3]2][1]0

filter
FMR FMB
7|6|5|a][3]2]1]0]| [7]6]5]4]3]2][1]0

Figure12-8 Extended Frame Double Filter Mode

In this mode, CAN_FIR1[2:0], CAN_FMR1[2:0], CAN_FIR3[2:0] and CAN_FMR3[2:0] bits are

configured for filtering extended frames only.
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1245Er r or Management

CAN error processing is implemented by hardware sending the Transmit Error Counter CAN_TEC and

Receive Error Counter CAN_REC. CAN_TEC and CAN_REC increases or decreases with thErarors.

states are divided into Error Active, Error Passive and Busoff, as shduguie12-9. In Busoff state, CAN

cannot receive or transmit messages. The current error state and type are accessed by reading CAN_ESR bit.

CANTEG127 or CAN REG127

error active error passive

CANTE®128 and CANREE€128

after 128 occurrence of
11 consecutive | recessive L bits
have been monitored on the bus

CANTEG255

Figure12-9 CAN Error Processing

125CAN I nterrupt Events

CAN supports 10 interrupt sources. An interrupt is generated by setting the corresponding Enable bit of

CAN_IERandCAN_CR2. After an interrupt is generated, th

A

>

>

>

Receive Interrupt: If no error is detected until the last byte of EOF and the frame passes acceptance

filtering, the current frame received is consi
I nterrupt i s enabl ed by generataanintgrudfAN_1 ER[ RXI E]
Transmit I nterrupt: CAN_| FR]I TXI F] i's set to
I nterrupt i s enabled by setting CAN_|I ER[TXI E]
Overflow Interrupt: In the case of FI FO overf
I nterrupt i s enabled by setting CAN_I|I ER[ OVI E]
Lost Arbitration Interrupt: CAN_| FR] ARBI F] i s

nodes and thus loses priority in CAN bus access. Lost Arbitration Interrupt is enabled by

programming CAN_ | ER[ARBIE] to fAlo to

gener at e
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>

Sl eep Mode I nterrupt: CAN_I FR[SLPIF] is set to
Sl eep Mode Interrupt is enabled by setting CAN
A Wakeup I nterrupt: I n Auto Wakeup mode, CAN_ 1 FI
detected. Wakeup I nterrupt is enabled by pr ot
CAN_CR2|WKUIE] to 1 to generate an interrupt.
A  Error Interrupt

U  Error Warning InterruptThe Error Warning Flag CAN_ESR[ ER
CAN_TEC O CAN_LIM or CAN_REC O CAN_LI M. An
Warning Interrupt is enabled by setting CAN_IER[ERWIE] to 1, Error Interrupt is enabled
by setting CAN_CR2[ERRIE] to 1 andh @rror is detected.

0O Error Passive Interrupt: The Error Passive
CAN_TEC > 127 or CAN_REC > 127. An interrupt is generated if Error Passive Interrupt is
enabl ed by setting CAN_ | ER[ PERI E] t o ilo,
CAN.CRT ERRI E] to Al10 and an error is detected.

0 Busof f I nterrupt: The Busoff Flag CAN_ESR][ BC
An interrupt is generated if Busoff I nterrup
I nterrupt is enabled by setting CAN_CR2[] ERRI

0  Error Type Interrupt: When any of bit error, format error, stuff error, ACK errorGiRG
error is detected, CAN_ESR[ETY] changes into a-mero value indicating the error type.

An interrupt is generated if Error Type Interrupt is enabled by setting CAN_IER[ETYIE] to
Alo, Error I nterrupt is enabl edrobsydetected. t i ng C
Error Interrupts are divided into Error Warning Interrupt, Error Passive Interrupt, Busoff Interrupt and
Error Type Interrupt.Relationship amondCAN_IFR[ERRIF} CAN_ESR[ERWF], CAN_ESR[PERF],
CAN_ESR[BOFF] and CAN_ESRI[ETY] bits and their Enable bits are illustratedrigare 12-10.
CAN_IFR[ERRIF] bit is an Error Interrupt indicator, while CAN_ESR[ERWF], CAN_ESR[PERF],
CAN_ESR[BOFF] and CAN_ESRI[ETY] are status indicators. Thus, when an Error Interrupt is triggered,

the error information is accessed by reading the Status flag Alts.IER[ERRIF] bit is cleared by software.
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PERIE
PERF
’
BOFIE

BOFF

ETYIE
ETY 0

Figure12-10 Relationship among ERRIF, ERWF, PERF, BOFF and ETY Bits and Their Enable Bits

m
=
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126Te st Mo d e

CAN controller can operate in Sa#st Mode, Monitoring Mode an8elftest Mode & Monitoring
Mode by programming CAN_CRO[SELFTST] and CAN_CRO[LISTEN] bits.

12.6.1Se-t €st Mo d e

CAN controller operates inSelftest Mode after CAN_CRO[SELFTST]i s set t o Alo
CAN_CRO[ LI STEN] is cleared to 0 GguelXFlh ERXDpinisect i on
disconnected from CAN controller. CAN controller performs internal feedback from its CTXD output to its
CRXD input, andgnores the actual status on CRXD pin and ACK errors (recessive bit not sampled in the
ACK sl ot of a frame). I n this mode, when CAN_CR1]
reroutes the sent frames and writes back to a Receive Buffer if thesfrare considered valid. When
CAN_CR1[ TXREQ] is set to Al1l6, CAN controldbak only

to any Receive Buffer, regardless of whether the frames are valid or not.

CAN Controller TXD RXD

CTXD CRXD

Figure12-11 Selftest Mode

126.2Moni toring Mode

CAN controller operates in Monitoring Mode wheDAN_CRO[SELFTST]i s s et to A0O
CAN_CRO[ LI STEN] to A106. Th eFigarelgiRdnchisimode, CiXDapigisa m i s
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driven HIGH (recessive). CAN controller receives the data frames normally, but the dominant bit transmitted
is rerouted internally instead sénding to CTXD pin, so the frames cannot be transferred to CAN bus. Itis

used to analyze CAN bus activities without affecting the bus.

CAN Controller | TXD RXD

T2

=T

l

CTXD CRXD

Figure12-12 Monitoring Mode
126.3Set st Mode & Monitoring Mode

CAN controller operates in Seiést Mode & Monitoring Mode whe@AN_CRO[SELFTST]and
CAN_CROJ[ LI STEN] are set to A10 at t heFiguealld3 ti me.
CRXD pin is disconnected from CAN controller and CTXD pin is driven HIGH (recessive). In this mode,
CAN controller operates without affecting CAN bus, perfomtsrnal feedback from its TXD output to its

RXD input, and ignores ACK errors.

CAN Controller TXD RXD
T 2
Il

CTXD CRXD

Figure12-13 Self-test Mode & Monitoring Mode
127CAN Regi sters
1271CAN_CRO (0xB1)

Bit 7 6 5 4 3 2 1 0
Name CANEN | CANCH RSV |AWKMOD| FILMOD | SELFTST| LISTEN | RSTMOD
Type R/W R/W - R/W R/W R/W R/W R/W
Reset 0 0 - 0 0 0 0 1

Bit Name Description

CTXD and CRXD Pin Multiplex and CAN Enable

[7] CANEN | 0: No Multiplexing; CAN Disabled.

1: Multiplexing; CAN enabled and initialized.
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[6]

CANCH

CAN Pin Selection
0: P0.0 as CTXD pin and P0.1 as CRXD pin
1: P0.5 as CTXD pin and P0.6 as CRXD pin

[5]

RSV

Reserved

[4]

AWKMOD

Auto Wakeup Enable

When Auto Wakeup feature is enabled, CAN_CR1[SLPREQ CAN and
CAN_| FR[ SLPACK] are automatically <c
frame to wake up the device.

0: Disable

1: Enable

(3]

FILMOD

Filter Mode
0: Double Filter Mode
1: SingleFilter Mode

(2]

SELFTST

Self-test Mode Enable
0: Disable
1: Enable

[1]

LISTEN

Monitoring Mode Enable
0: Disable
1: Enable

[0]

RSTMOD

Reset Mode

Read:

0: CAN controller is not in Reset Mode

1: CAN controller is in Reset Mode

Write:

0: Afterinitialization, CAN controller synchronizes itself with CAN bus to enter
Normal Operation Mode.

1: Enter the Reset Mode

1272CAN_CR1 (0xB2)

Bit 7 | 6 5 4 3 2 1 0
Name RSV SLPREQ| TXSELF RSV BUFRLS | NOART | TXREQ
Type - - R/W R/W - W R/W R/W
Reset - - 0 0 - 0 0 0

Bit Name Description
[7:6] RSV Reserved

Sleep Mode Request

CAN controller requests to enter SI
software. CAN controller enters the Sleep Mode after processing (transmitting ¢
receiving) of the current frame on CAN bus.

[5] SI‘PREQA reggquest to exit the Sleep Mode i s

CAN controller starts rsynchronization to the CAN bus.

0: No request pending

1: Request pending

In Self-test Mode, CAN controller only sends the frames and does not perform a
write-back to any Receive Buffer.

[4] TXSELF |1t is valid only when CAN_ CG&tiModeXREQ

0: No request pending
1: Request pending
[3] RSV Reserved
Free Receive Buffer targeted by the read pointer CAN_CR2[RDPTR].
Write:
2] BUERLS 0: Do not free the Receive Buffer, and the read pointer CAN_CR2[RDPTR] targ
the original buffer
1: Free the Receive Buffer, and the read pointer CAN_CR2[RDPTR] targets the
buffer
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[1]

NOART

ARQ Disabled

0: Disable, where messages are automaticaityaresmitted if the transmission fails
1: Enable, where messages are transmitted just once no matter the transmissid
successful or not.

[0]

TXREQ

TransitRequest
0: No request pending
1: Request pending

12.73CAN_ SR

(0xB3)

Bit

7

6 5 4 3 2 1 0

Name

RSV

SLPACK | TXING RXING TXSUC | TXDONE | BUFOV | NOEMP

Type

R R R

Reset

0 0 0 1 1 0 0

Bit

Name

Description

[7]

RSV

Reserved

[6]

SLPACK

Sleep ModeAcknowledge

CAN controller enters Sleep
It is used to acknowledge a Sleep Mode request by software.
The bit is cleared to 00 by
Read:

0: CAN is not in Sleep Mode

1: CAN is in Sleep Mode

Write:

0: Thi s
1: No effect

Mode wh

har dwa

bit is cleared to fA0O

[5]

TXING

Transiting Flag
0: CAN is not transmitting messages.
1: CAN is transmitting messages.

[4]

RXING

Receiving Flag
0: CAN is not receiving messages.
1: CAN is receiving messages.

(3]

TXSUC

Successful Transmission Flag
ltisd eared to
0: The transmission fails.
1: The transmission succeeds.

AR0O0 by hardwar e

(2]

TXDONE

Transmission Completion Flag
Itisd e ar e cy HamwarfeO 0
0: Transmission is not completed.
1: Transmission is completed.

(1]

BUFOV

FIFO Overflow Flag
0: FIFO does not overflow.
1: FIFO overflows.

[0]

NOEMP

FIFO Empty Flag
0: FIFO is empty.
1: FIFO is not empty.

1274CAN_I ER

(0xB4)

Bit

7

6 5 4 3 2 1 0

Name

LECIE

BOFIE PERIE ERWIE OVIE ARBIE TXIE RXIE

Type

R/W

R/W R/W R/W R/W R/W R/W R/W

Reset

0

0 0 0 0 0 0 0

Bit

| Name

Description
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Error Type Interrupt Enable
[7] ETYIE | O: Disable

1: Enable

Busoff Interrupt Enable
[6] BOFIE | O: Disable

1: Enable

PassiveError Interrupt Enable
[5] PERIE | O: Disable

1: Enable

Error Warning Interrupt Enable
[4] ERWIE | . Disable

1: Enable

Overflow Interrupt Enable
[3] OVIE 0: Disable

1: Enable

Arbitration Lost Interrupt
[2] ARBIE | O: Disable

1: Enable

TransmitCompletednterrupt Enable
[1] TXIE 0: Disable

1: Enable

Receive Interrupt Enable
[0] RXIE 0: Disable

1: Enable

1275CAN_CR2 (0xB5)

Bit 7 6 5 | 4 3 2 1 0
Name RDPTR MESCNT RSV WKUIE SLPIE ERRIE
Type R R R R - R/W R/W R/W
Reset 0 0 0 0 - 0 0 0

Bit Name Description

FIFO Read Pointer
00: FIFO read pointer targets Receive Buffer0O
[7:6] RDPTR | 01: FIFO read pointer targets Receive Bufferl
10: FIFO read pointer targets Receive Buffer2
11: Reserved
[5:4] MESCNT| Valid Message Counter
[3] RSV Reserved
Wakeup Interrupt Enable
[2] WKUIE | 0: Disable
1: Enable
Sleep Mode Interrupt Enable
[1] SLPIE | 0O: Disable
1: Enable
Error Interrupt Enable
[0] ERRIE | O: Disable
1: Enable
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1276CAN_I FR

(0XxB6)

Bit

7

6

5

Name

RSV

WKUIF

SLPIF

ERRIF

OVIF

ARBIF

TXIF

RXIF

Type

R/W

R/W

R/W

R/W

R/W

R/IW

Reset

0 0

0

Bit

Name

Description

[7]

RSV

Reserved

[6]

WKUIF

Wakeup Interrupt Flag
The bit is
mode

Read:

0: No Interrupt Pending
1: Interrupt Pending
Write:

0: Thi s
1: No effect

bit

set

i s

to fn1l¢a

cl ear

ed to

=13

[5]

SLPIF

Sleep Mode Interrupt Flag

The i s
Read:

0: No Interrupt Pending
1: Interrupt Pending
Write:

0: This
1: No effect

bit

bit

programmed

i s

clear

to n

ed to

0

when (

ERRIF

Error Interrupt Flag
The bit is

set

an associated error. SeeC A N

fioo
Read:
0: No Interrupt Pending
1: Interrupt Pending
Write:

0: Thi s
1: No effect

by

bit

i s

to A1l

I nt er rfar getails.Bhe hitriscleased to
sof tware.

cl ear

0O when

an

Error

[3]

OVIF

Overflow Interrupt Flag
Read:

0: No Interrupt Pending
1: Interrupt Pending
Write:

0: This
1: No effect

bit

i s

cl ear

2]

ARBIF

Arbitration Lost Interrupt Flag

Read:

0: No Interrupt Pending
1: Interrupt Pending
Write:

0: This
1: No effect

bit

i s

cl ear

[1]

TXIF

Transnit Compleed Interrupt Flag

Read:

0: No Interrupt Pending
1: Interrupt Pending
Write:

0: This
1: No effect

bit

i s

cl ear
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Receive Interrupt Flag
Read:
0: No Interrupt Pending

[0] RXIF 1: Interrupt Pending
Note: The bit can be set to A1l0 by
software. 1t is cleared to A00 by s
Buffers.
1277CAN_BTRO (0xB7)

Bit 7 | e | 5 | 4 3 | 2 1 | o
Name RSV RESYN BRP[9:8]
Type - - - - R/W R/W R/W R/W
Reset - - - - 0 0 0 0

Bit Name Description
[7:4] RSV Reserved

For resynchronization purpose, this bit defines the maximum of bit time (tRESY|

[3:2] RESYN | that can be lengthened or shortened for CAN nodes.

tRESYN = tgq*(RESYN + 1)
[1:0] BRP[9:8] | Two highrorder bits in the Baud Rate Prescaler (BPR)
Note: tq =(BRP[9:0]+1)/24MHz
1278CAN_BTR1 (0xC2)

Bt | 7 | e | 5 | 4 | 3 | 2 | 1 | o
Name BRP[7:0]

Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description
[7:0] BRP[7:0] | Eight low-order bits in the BRP

1279CAN_BTR2 (0xC3)

Bit 7 6 | 5 | a4 3 2 1 0
Name TTCM SEG2 SEG1
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description

Activate Sample Mode by Two out of Three Options

[7] TTCM 0: Disable

1: Enable
[6:4] SEG2 | tSEG2 = tq*(SEG2 + 1)
[3:0] SEG1 | tSEG1 =tq*(SEG1 + 1)
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12710CAN_FI RO (0xC4)
Bit 7 | & | 5 | 4 3 2 | 1 ] o
Name CAN_FIRO
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[7:0] CAN_FIRO | Filter ID RegisterO
12711CAN_FI R1 (0xC5)
Bit 7 | 6 | 5 | 4 3 2 | 1] o
Name CAN_FIR1
Type R/W R/W R/W R/W R/W R/W RW | R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[7:0] CAN_FIR1 | Filter ID Registerl
12712CAN_FI R2 (0xC6)
Bit 7 | 6 | 5 | 4 3 | 2 | 1 0
Name CAN_FIR2
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[7:0] CAN_FIR1 | Filter ID Register2
12713CAN_FI R3 (0xC7)
Bit 7 | 6 | 5 | a4 3 2 | 1 ] o
Name CAN_FIR3
Type R/W R/W R/W R/W R/W R/W R/W | RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[7:0] CAN_FIR3 | Filter ID Register3
12.7.14CAN_FMBRQ QA
Bit 7 | &6 | 5 | 4 3 2 1 0
Name CAN_FMRO
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Filter Mask Register0
[7:0] CAN_FMRO| 0: It is required to match the Identifier Register CAN_FIRO.
1: Itis not required to match the Identifier Register CAN_FIRO.
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12.715CAN_FMR1 ( 0x CB)

Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 |o
Name CAN_FMR1
Type R/W R/W R/W R/IW R/W R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description

Filter Mask Registelr
[7:0] CAN_FMR1 | O: It is required to match the Identifier Register CAN_FIR1.

1: It is not required match tHdentifier Register CAN_FIR1.

12.716CAN_FMR2 ( 0x CC)

Bit 7 | ¢ | 5 | 4 | 3 | 2 | 1 | o
Name CAN_FMR2
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Filter Mask Register2
[7:0] CAN_FMR2 | 0: It is required to match the IdentifiRegister CAN_FIR2.
1: It is not required to match the Identifier Register CAN_FIR2.

12.717CAN_FMR3 (0x CD)

Bit 7 | e | 5 | 4 | 3 | 2 | 1 | o
Name CAN_FMR3
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Filter MaskRegister3
[7:0] CAN_FMR3 0: It is required to match the Identifier Register CAN_FIR3.
1: It is not required to match the Identifier Register CAN_FIR3.

12.718CAN_ALC (0x CE)

Bit 7 | 6 | =5 4 3 | 2 | 1 0
Name RSV CAN_ALC
Type - - - R R R R R
Reset - - - 0 0 0 0 0
Bit Name Description
[7:5] RSV Reserved
[4:0] CAN_ALC | Arbitration Lost Counter Flag to indicate the position of lost arbitration

12.719CAN_ESR (0Xx CF)

Bit 7] 6 | 5 4 | 3 2 1 0
Name ETY RSV BOFF PERF | ERWF
Type R R R - - R R R
Reset 0 0 0 - - 0 0 0

Bit Name Description
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Error Type
000: No Error
001: Bit Error
010: Format Error
[7:5] ETY 011: Stuff Error
100: ACK error
101: CRC error
110: Reserved
111: Reserved
[4:3] RSV Reserved
Busoff Flag
[2] BOFF | 0: CAN module is not in busoff state.
1: CAN module isn busoff state.
Error Passive
[1] PERF |0: The CAN module is error active
1: The CAN module is error passive when CAN_TEC > 127 or CAN_REC >
Error Warning Flag
[0] ERWF | 0: CAN_TEC < CAN_LIM and CAN_REC < CAN_LIM; No error warning.
1: CAN_TEC O CAN_LIM or CAN_REC O
12720CAN_LI M ( 0x DD)
Bit 7 | e | 5 | 4 3 | 2 | 1 ] o
Name CAN_LIM
Type R/W R/W R/W R/W R/W R/IW R/IW R/W
Reset 0 1 1 0 0 0 0 0
Bit Name Description
. Anerrorwarningig ener at ed when CAN_TEC O
[7:0] CAN_LIM | AN_LIM
12721ICAN_TEC (0xDE)
Bit 7 | e | 5 | 4 3 2 1 0
Name CAN_TEC
Type RIW R/W RIW R/W RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[7:0] CAN_TEC| Transmit Error Counter
12722CAN_REC (O0OxDF)
Bit 7 | 6 | 5 | 4 3 2 1 0
Name CAN_REC
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[7:0] CAN_REC | Receive Error Counter
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12.723CAN_TXCR (OXO0ED7)

Bit 7 6 5 | 4 3 | 2 | 1 | o
Name IDE RTR RSV DLC
Type R/W R/W - - R/W R/IW R/IW R/IW
Reset 0 0 - - 0 0 0 0
Bit Name Description
Identifier Extension Flag
[7] IDE 0: Standard frame

1: Extended frame
Remote Transfer Request

[6] RTR 0: Data Frame
1: Remote Frame
[5:4] RSV Reserved
[3:0] DLC Data Length Code, valid values: 0 ~ 8

12.724CAN_TX( OROEDG6 )

Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name STDID[10:3]/EXTID[28:21]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[7:0] STDID[10:3]/ CAN_TXCR[IDE] bit_seleg:t_s between standard extension identifier and
EXTID[28:21] | extended extension identifier.

12725CAN_TXI D1 (OXOEDS5)

Bit 7 | 6 | 5 4 | 3 | 2 [ 1 ]o
Name STDID[2:0)/EXTID[20:18] EXTID[17:13]
Type RIW RIW R/W RIW RW | RW | RIW |R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description

_ STDID[2:0)/ : .

[7:5] EXTID[20:18] CAN_TXCRJIDE] bit selects one of these two bits.

[4:0] EXTID[17:13] Bits 13 ~ 17 of the Extension Identifier

12.7.26CAN_TXI1 D2 (OXxOED4)

Bit 7 | 6 | 5 | a4 | 3 | 2 ] 1 ]o
Name EXTID[12:5]
Type R/W R/W R/W R/W R/W RW | RIW | RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[7:0] EXTID[12:5] Bits 5 ~ 12 of the Extension Identifier
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12727CAN_TXI D3 (0xO0OEDS3)
Bit 7 | 6 | 5 | 4 | 3 2 | 1 ] o
Name EXTID[4:0] RSV
Type R/W R/W R/W R/W R/IW - - -
Reset 0 0 0 0 0 - - -
Bit Name Description
[7:3] EXTID[4:0] | Bits 0 ~ 4 of theExtension Identifier
[2:0] RSV Reserved
12728CAN_TXDRO (OxOED2)
Bit 7 | 6 | 5 | 4 3 | 2 | 1] o
Name DATAO
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATAO Data byte 0
12729CAN_TXDR1 (0xOED1)
Bit 7 | & | 5 | 4 | 3 | 2 | 1 | o
Name DATA1l
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATA1 Data byte 1
12730CAN_TXDR2 (0xO0OEDO)
Bit 7 | 6 | 5 | 4 3 2 1 0
Name DATA2
Type RIW R/W RIW RIW R/W RIW R/W | RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATA2 Data byte 2
12731CAN_TXDR3 (O0OxXOECEF)
Bit 7 | e | 5 | 4 | 3 | 2 1 | o
Name DATA3
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATA3 Data byte 3
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12732CAN_TXDR4 (0xOECE)
Bit 7 | 6 | 5 | 4 | 3 2 1 0
Name DATA4
Type R/W R/W R/W R/IW R/IW R/W R/W | R/IW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATA4 Data byte 4
12733CAN_TXDR5 (O0OxOECD)
Bit 7 | 6 | 5 | 4 | 3 | 2 1 0
Name DATAS
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATAS Data byte 5
12734CAN_TXDR6 (0xOECC)
Bit 7 | 6 | 5 | 4 3 | 2 1 | o
Name DATAG6
Type R/W R/W R/W R/IW R/W RW | RW | RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATAG6 Data byte 6
12735CAN_TXDR7 (0xO0OECB)
Bit 7 | 6 | 5 | a4 | 3 | 2 | 1 0
Name DATA7
Type R/W R/W R/W R/W RW | RW | RIW | RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATA7 Data byte 7
12736CAN_RXOCR (O0OxOECA)
Bit 7 6 5 | 4 3 | 2 ] 1] o
Name IDE RTR RSV DLC
Type R R - - R R R R
Reset 0 0 - - 0 0 0 0
Bit Name Description
Identifier Extension Flag
[7] IDE 0: Standard frame

1: Extended frame
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Remote Transfer Request
[6] RTR 0: Data Frame
1: Remote Frame
[5:4] RSV Reserved
[3:0] DLC Data Length Code, valid values: 0 ~ 8
12737CAN_RXO0OI1I DO (O0OxO0ECY9)
Bit 7 | e | 5 | 4| 3 | 2 | 1 0
Name STDID[10:3)/EXTID[28:21]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[7:0] STDID[10:3])/ | CAN_RXOCR[IDE] bit selects between standard extension identifier ant
’ EXTID[28:21] | extended extension identifier.

12738CAN_RXOI D1

(0OXO0ECS)

Bit 7 | 6 | 5 4 | 3 | 2 | 1 | o
Name STDID[2:0]//EXTID[20:18] EXTID[17:13]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bit Name Description

_ STDID[2:0)/ . .

[7:5] EXTID[20:18] CAN_RXOCRJIDE] bit selects one of these two bits.

[4:0] EXTID[17:13] | Bits 13 ~ 17 of th&xtension Identifier

12739CAN_RXO I D2

(0XO0ECT7)

Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name EXTID[12:5]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[7:0] EXTID[12:5] | Bits 5 ~ 12 of the Extension Identifier

12740CAN_RXO I D3

(0OXO0ECSH)

Bit 7 | & | 5 | 4 | 3 2 1 0
Name EXTID[4:0] RSV
Type R R R R R - - -
Reset 0 0 0 0 0 - - -
Bit Name Description
[7:3] EXTID[4:0] | Bits O ~ 4 of the Extension Identifier
[2:0] RSV Reserved
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12741CAN_RXODRO B OXOECS
Bit 7 6 | 5 | 4 3 1 0
Name DATAO
Type R R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATAO Data byte O
12742CAN_RXODR1 (0xO0OEC4)
Bit 7 6 | 5 | 4 | 3 1 0
Name DATAl
Type R R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATAlL Data byte 1
12743CAN_RXODR2 (0xOEC3)
Bit 7 6 | 5 | 4 | 3 1 0
Name DATA2
Type R R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATA2 Data byte 2
12744CAN_RXODR3 (0xO0EC2)
Bit 7 6 | 5 | a4 | 3 | 1 0
Name DATA3
Type R R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATA3 Data byte 3
12745CAN_RXODR4 (O0OxOEC1)
Bit 7 | 6 | 5 | 4 | 3 | 1 | o
Name DATA4
Type R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATA4 Data byte 4
V2.1 118 www.fortiortech.com



Fortior Tech

~ FU6816_66
12746CAN_RXODR5 (0xOECO0)
Bit 7 6 | 5 | 4 | 3 | 1 | o
Name DATAS
Type R R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATA5 Data byte 5
12747CAN_RXODRG6 (O0OXxXxOEBF)
Bit 7 6 | 5 | 4 | 3 | | 1 | o
Name DATAG
Type R R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATAG6 Data byte 6
12748CAN_RXODR7 (O0OxOEBE)
Bit 7 6 | 5 | 4 | 3 | | 1 | o
Name DATA7
Type R R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATA7 Data byte 7
12749CAN_RX1CR (O0OxOEBD)
Bit 7 6 5 | 4 3 | 1 | o
Name IDE RTR RSV DLC
Type R R - - R R R
Reset 0 0 - - 0 0 0
Bit Name Description
Identifier Extension Flag
[7] IDE 0: Standard frame
1: Extended frame
Remote Transfer Request
[6] RTR 0: Data Frame
1: Remote Frame
[5:4] RSV Reserved
[3:0] DLC Data Length Code, valid values: 0 ~ 8
12750CAN_RX11 DO (O0OxOEBC)
Bit 7 | 6 | 5 | 4 | 3 | 1 0
Name STDID[10:3]/EXTID[28:21]
Type R R R R R R R
Reset 0 0 0 0 0 0 0
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Bit Name Description
[7:0] STDID[10:3])/ | CAN_RX1CR[IDE] bit selects between standard extension identifier ant
' EXTID[28:21] | extended extension identifier.

12751CAN_RX11 D1

(0X0EBB)

Bit 7 | 6 | 5 4 | 3 | 2 1 | o
Name STDID[2:0)/EXTID[20:18] EXTID[17:13]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bit Name Description

[7:5] STDID[2:0)/ CAN_RXlCR[IDE] bit sglects between standard extension identifier an

EXTID[20:18] | extended extensiadentifier.
[4:0] EXTID[17:13] | Bits 13 ~ 17 of the Extension Identifier

12752CAN_RX11 D2

(0OXO0EBA)

Bit 7 | 6 | 5 | 4 | 3 | | 1 [ o
Name EXTID[12:5]
Type R R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] EXTID[12:5] | Bits 5 ~ 12 of thé&extension Identifier
12753CAN_RX11 D3 (0OxO0OEBY9)
Bit 7 | & | 5 | 4 | 3 1 0
Name EXTID[4:0] RSV
Type R R R R R - -
Reset 0 0 0 0 0 - -
Bit Name Description
[7:3] EXTID[4:0] | Bits O ~ 4 of the Extension Identifier
[2:0] RSV Reserved
12.754CAN_RX1(DR00 EBS8)
Bit 7 | 6 | 5 | 4 3 1 0
Name DATAO
Type R R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATAO Data byte O
12755CAN_RX1DR1 (OxXxOEB7)
Bit 7 | e | 5 | 4 | 3 1 0
Name DATAl
Type R R R R R R R
Reset 0 0 0 0 0 0 0
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Bit Name Description
[7:0] DATAL1 Data byte 1
12756CAN_RX1DR2 (O0OxOEBG®6)
Bit 7 6 | 5 | 4 | 3 1 0
Name DATAZ2
Type R R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATA2 Data byte 2
12757CAN_RX1DR3 (0xO0OEBS5)
Bit 7 6 | 5 | a4 | 3 | 1 0
Name DATA3
Type R R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATA3 Data byte 3
12758CAN_RX1DR4 (0xOEBA4)
Bit 7 6 | 5 | 4 | 3 | 1 | o
Name DATA4
Type R R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATA4 Data byte 4
12759CAN_RX1DR5 (0xOEBS3)
Bit 7 | e | 5 | 4 | 3 | 1 | o
Name DATAS
Type R R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATAS5 Data byte 5
12760CAN_RX1DR6 (O0OxO0OEB2)
Bit 7 | 6 | 5 | a4 | 3 | 1 | o
Name DATAG
Type R R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATAG Data byte 6
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12761CAN_RX1DR7 (0xO0OEB1)

Bit 7 | 6 | 5 | 4 | 3 2 | 1 | o
Name DATA7

Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bit Name Description

[7:0] DATA7Y Data byte 7

12.762CAN_RX2CR (OXO0OEBO)

Bit 7 6 5 | 4 3 | 2 ] 1] o
Name IDE RTR RSV DLC
Type R R - - R R R R
Reset 0 0 - - 0 0 0 0
Bit Name Description
Identifier Extension Flag
(7] IDE 0: Standard frame

1: Extended frame
Remote Transfer Request

[6] RTR 0: Data Frame
1: Remote Frame
[5:4] RSV Reserved
[3:0] DLC Data Length Code, valid values: 0 ~ 8

12763CAN_RX21 DO (OXOEAF)

Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 0
Name STDID[10:3]/EXTID[28:21]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[7:0] STDID[10:3)/ CAN_RXZCR[IDE] b_it sel_e_cts between standard extension identifier an(
EXTID[28:21] | extended extension identifier.

12764CAN_RX21 D1 (O0OxOEAE)

Bit 7 | 6 | 5 4 | 3 | 2 | 1 | o
Name STDID[2:0]//EXTID[20:18] EXTID[17:13]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bit Name Description

[7:5] STDID[2:0)/ CAN_RXZCR[ID!E] b_it sel_e.ct:between standard extension identifier and

EXTID[20:18] | extended extension identifier.
[4:0] EXTID[17:13] | Bits 13 ~ 17 of the Extension Identifier
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12765CAN_RX21 D2 (0xXxOEAD)
Bit 7 | 6 | 5 | 4 3 | 1 | o
Name EXTID[12:5]
Type R R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] EXTID[12:5] | Bits 5 ~ 12 of the Extension Identifier
12766CAN_RX21 D3 (O0OxXxO0OEAC)
Bit 7 | 6 | 5 | 4 3 1 0
Name EXTID[4:0] RSV
Type R R R R R - -
Reset 0 0 0 0 0 - -
Bit Name Description
[7:3] EXTID[4:0] | Bits 0 ~ 4 of the Extensioldentifier
[2:0] RSV Reserved
12767CAN_RX2DRO (O0xOEAB)
Bit 7 | 6 | 5 | 4 | 3 1 0
Name DATAO
Type R R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATAO Data byte 0 of a valid message
12768CAN_RX2DR1 (O0OxXxOEAA)
Bit 7 | e | 5 | 4 | 3 1 0
Name DATA1
Type R R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATA1L Data byte 1 of a valid message
12769CAN_RX2DR2 (0xOEA9)
Bit 7 | e | 5 | 4 | 3 1 0
Name DATA2
Type R R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATA2 Databyte 2 of a valid message
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12770CAN_RX2DR3 (0xO0OEAS8)
Bit 7 | 6 | 5 | 4 | 3 1 | o
Name DATA3
Type R R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATA3 Data byte 3 of a valid message
12771CAN_RX2DR4 (O0OXOEAT7)
Bit 7 | 6 | 5 | 4 | 3 1 | o
Name DATA4
Type R R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATA4 Data byte 4 of a valid message
12772CAN_RX2DR5 (O0OxXxOEA®G6)
Bit 7 | e | 5 | 4 | 3 1 | o
Name DATAS
Type R R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATA5 Data byte 5 of valid message
12773CAN_RX2DR6 (0xO0OEAS5)
Bit 7 | 6 | 5 | 4 | 3 1 | o
Name DATAG6
Type R R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATAG Data byte 6 of a valid message
12774CAN_RX2DR7 (O0xOEA4)
Bit 7 \ 6 | 5 | 4 | 3 1 | o
Name DATA7
Type R R R R R R R
Reset 0 0 0 0 0 0 0
Bit Name Description
[7:0] DATA7Y Data byte 7 of a valid message
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13MDU

13.1MDU I ntroducti on

MDU is a builtin computing ceprocessor that assists the CPU in processing complex operations
efficiently. It supports multiplication, division, trigonometric operation, LPF operation and PID operation.
MDU module can be invoked in different interrupt\sees and master programs, and the results are

independent from each other.

13.2MDU Featur es

The MDU module has the following features:

A Support invocation with nested interrupt
A Hardware acceleration to reduce CPU load
A Support the following modes:

0 16-bit signed multiplication

0  16-bit signed multiplication (result shifted left by cbéd)
0  16-bit unsigned multiplication

0 32-bit/16-bit unsigned division

U0  Low-pasdilter (LPF)

0 Coordinate transformation (SIN/COS)

0 Arctangent (ATAN)

a PI/PID

13.3MDU I nstructions
13.3.1MDU Oper ati ons

MDU is operated as follows.

1. Configure MDU_CR[MDUMOD] register to select computing mode of the MDU module;

2.  Write the data to the associated computing units, and configure MDU_CR[MDUSTA] to select
computing unit of the MDU module, and start MDU computing;

3. Wait for MDU_CR[ MDUBUSY] to be cleared to AO0O

Note: When using MDU, ensure that the computing mode and other data have been written before

configuring MDU_CR[MDUSTA].
13321 & iSti gned Mul tiplication wit-hithe Resul't
When MDU_CR[MDUMOD] = 000MDU module works in the 16it signed multiplication mode with

the result shifted left by orgt. As shown inTable13-1, after 16bit signed datés writtento MULXx_MA and
MULX_MB as themultiplicandand multiplier respectively, it signed data is obtained by the product shifting
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left by one bit. Tie result is accessed by readigLx_MC register.

Table13-1 Register Definitions irl6-bit Signed Multiplication Mode with Result Shifted Left by Glie

Data Register Input Output
MULXx_MA Multiplicand -
MULx_MB Multiplier -
MULx_MC - Product

13331 @ iSti gned Mul tiplication

When MDU_CR[MDUMOD] = 001MDU module workdn the 16bit signed multiplication mode. A
shown inTable 13-2, 31-bit signed data is obtained after-4i6 signed data is written tMULXx_MA and
MULx_MB as themultiplicand and multiplier respectivelyThe result is accessed by readiMg/Lx_MC
register.

Tablel13-2 Register Definitions il 6-bit Signed Multiplication Mode

Data Register Input Output
MULXx_MA Multiplicand -
MULXx_ MB Multiplier -
MULx_MC - Product

13341 @ iknsi gned Mul tiplication

When MDU_CR[MDUMOD] = 010MDU module worksn the 16bit unsigned multiplication mode.
As shown inTable13-3, 32-bit unsigned data is obtained aftertdiBunsigned data is written dULXx_MA and
MULx_MB as themultiplicand and multiplier respectivelyThe result is accessed by readMtyLx_MC

register.

Table13-3 Register Definitions irl6-bit Unsigned Multiplication Mode

Data Register Input Output
MULx_MA Multiplicand -
MULx_MB Multiplier -
MULx_MC - Product

13353 Bilté iltnsi gned Division

When MDU_CR[MDUMOD]= 011,MDU module worksn the 32-bit/16-bit unsigned division mode.
As shown inTable 13-4, 32-bit unsigned quotient and & unsigned remainder is obtained afé&bit
unsigned dividend and a1t unsigned divisoarewritten toDIVx_DA and DIVx_DB registers respectively

The quotient and remainder are accessed by reading DIVx_DQ and DIVX_DR registers respectively.

Table13-4 Register Definitions in the Unsigned Division Mode

Data Register Input Output
DIVx_DA Dividend -
DIVx_DB Divisor -
DIVx_DQ - Quotient
DIVx_ DR - Remainder
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13.3 6L P F

When MDU_CR[MDUMOD] = 110, MDU module works in LPF mode.
Thecalculation formula of LPF isd @ L O ®
Wherein,
Yk: Filtered value
Yki1: Previous filtered output
K: Filter coefficient
Xk: Value to be filtered
As shown inTable13-5, YqandY1 are 32bit signed dataXx andK are16-bit signed dataYx is obtained
afterYii1 is written toLPFx_Y, K to LPFx_K andXcto LPFx_X, and is accessed by reading LPFx_Y.

Table13-5 Register Definitions in LPF Mode

Data Register Input Output
LPFx_X X -
LPFx_K K -
LPFx_Y Yii 1 Yk

133.7Coor di nate Trn &m NI/ €OBati on

When MDU_CR[MDUMOD] = 100, MDU module works in Coordinate Transformation mode. As
shownin Figurel3-1, the coordinate transformation converts the compormestandsin of vector A under
the xy axis to the component®s andsin, under the xy' axis, with the xy' axis laggingthesy axi.s by d
The formula for coordinate transformation is:

WET OET WéEH+ | QET Qe
[ QE wéii @ i QEwét
In particular, whersin = 0, the coordinate transformation is a sine and cosine calculatiocagitas the

amplitude calculated as
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L

sin

i 4

CoS X

Figurel13-1 Coordinate Transformation

As shown inTablel3-6, cos, sin, d, cos andsin, are all 16bit signed datacosis written toSCATx_COS
sin to SCATx_SIN anddto SCATx_THETto calculatecos, andsin,. The result€os andsin, are accessed by
reading SCATx_RES1 and SCATx_RES?2 respectively.

Table13-6 Register Definitions in the Coordinate Transformation Mode

Data Register Input Output
SCATx _COS cos -
SCATx_SIN sin -
SCATx _THE d -
SCATx_RES1 - Cco%
SCATx_RES2 - Sing

13.38Arctangent

WhenMDU_CR[MDUMOD] = 101, MDUmoduleworks in arctangen®TAN) mode.

ATAN calculates the amplitude and angle of a vector based on sine and cosine inputs. The calculation

formula is:
Y Yi 8¢  Yoé4
e e YR
— 08 ———r.
Yw e
Wherein,

U s i: 8infcomponent of the vector
U ¢ o: €akine component of the vector
d: Calculated vector angle
U: Calculated vector amplitude
As shown inTable 13-7, Uc o and U s i, U chnd d are 16bit signed datalJcosg is written to
SCATx_COSandUsinsto SCATx_SINto calculatd) andd. U andd are accessed by reading SCATx_RES1
and SCATx_RES2 respectively.
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Table13-7 Register Definitions in ATAN Mode
Data Register Input Output
SCATx_COS Ucosd -
SCATx_SIN Usind -
SCATx_RES1 - U
SCATx_RES2 - d

13.39PI1 / PI D
13.3.10PI1 / PI D I ntroducti on

PI/PID regulatoris a linear controller, where the output is generatedin@ar combination of error
proportional, integral and differential actions, and then implemented by an actuator. In motor control system, it is
used to for speed and position control.

P1 algorithm:

YOy bR O © 0QO0

PID algorithm:

Y oY on O © LQO 0Q O ¢ © (0]

Wherein,

Ui Output for round k of calculation

Ui-1: Output forround k1 of calculation

Ex: Deviationfor round k of input

Ex1 andEx.2: Deviationsfor round k1 and round {2 of calculation

Kp, Ki andKq: Proportional (P), integral (I) and differential (Egefficients of regulator
ThemaximumUy is represented as PIx_UKMAX (x=0 ~ 3) ahd minimum value aBIx_UKMIN.

13.3.11P1 / PI D Featur es

A Parameter range is configurable

A Support multiple invocations but not with nested interrupt

A Produce a 3dit result PIx_UK

A Results are read after Busy Flag is reset to

13.3.12P1 / PI D Oper ati ons

1. Initialize MDU before the operations, and configure Kp, Ki, Kd and the maximum and minimum values
of Uy;

2. Set MDU_CR[MDUMOD]to 111, and theselect Comp_Unit0 and Comp_Unitl as Pl Mode, and
Comp_Unit2 and Comp_Unit3 as PID Mode. Latemfigure MDU_CR[MDUSTA] bit to select
the desired computing unit and start PI/PID computing. At this time, busy flag
MDU_CR[MDUBUSY] is automatically set to 1.
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3.

Read MDU_CR[MDUBUSY] bit by software. When this bit is 0, it indicates that the calculation

is completed, and calculation result PIx_UK is updated.

4. Read PIx_UK to obtain the output.
Notes:
A The data format of PI_KP is Q12 and that of other registers are Q15.
A PIx_UK and PIx_EK1 values default to the previous calculatedrd E The relatedvalues change
after PIx_EK1 and PIx_UK are written.
A When PI controller is invoked repeatedly, relevant parameters shall be saved after each Pl operation,

and initialized before the next PI operation. Initialization codes are shown as below:

PIx_KP = KP; /l Initialize Kp

PIx_KI =KI; // Initialize Ki

PIx_KD = KD; /I Initialize Kd

PIx_UKMAX = UKMAX; /I Initialize maximum output

PIx_UKMIN = UKMIN; /I Initialize minimum output

PIx_EK1 = X; /I Initialize Bc1

PIx_UKH =Y1; Il Initialize 16 highorder bits of W.4
PIx_UKL =Y2; /I Initialize 16 loworder bits of W1

V2.1 130 www.fortiortech.com



Fortior Tech

7~

FUG6816_66
13.4MDU Regi sters
13.41MDU_CR (0xC1)
Bit 7 6 | 5 | 4 [ 3 2 [ 1 [ o
Name MDUBUSY MDUSTA MDUMOD
Type R R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
MDU Busy Flag
[7] MDUBUSY A write of MDU_CR[6:3] to this bi
after MDU completes operations.
The bit is used to configure computing unitieé MDU. Four options are
available. MDU module starts operation after initiating the computing.
) 0001: Comp_Unit0 activated
[6:3] MDUSTA 0010: Comp_Unitl activated
0100: Comp_Unit2 activated
1000: Comp_Unit3 activated
MDU Mode Selection
000: 16-bit Signed Multiplication (the result shifted left by chi)
001:16-bit Signed Multiplication
010:16-bit Unsigned Multiplication
011: 32Bit/16-bit Unsigned Division
[2:0] MDUMOD 100: Coordinate Transformation (SIN/COS)
101: ATAN
110: LPF
111: PI/PID; The mode of Pl and PID is determined by the computing unit
computing unit 0 and 1 select Pl mode, and the computing unit 2 and 3 se
PID mode.

13.42MULO0_MA (OXxXxOFAO, OXO0OFALl)
MULO_MAH (OxOFAO0)
Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 [ 8
Name MULO_MA[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
MULO_MAL (0xOFA1)
Bit 7 6 5 | 4 | 3 | 2 | 1 | o
Name MULO_MA[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] MULO_MA | Data register Aof MULO; Multiplicand of themultiplication
1343MULO0O_MB (O0OxOFA2, OXO0OFA3)
MULO_ MBH (OxOFA2)
Bit 15 14 | 13 | 12 | 11 | 10 | 9 | s
Name MULO MB[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
MULO MBL (0xOFA3)
Bit | 7 6 | 5 | 4 ] 3 | 2 | 1 | o
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Name MULO MB[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] MULO_MB | Data register Bf MULO; Multiplier of the multiplication
13.44MULO0_MC (OXOFA4, OXO0OFAS5, OXOFAG, OXOFAT7)
MULO MCHH (0OxOFA4)
Bit 31 | 3 | 29 | 28 | 27 | 26 | 25 | 24
Name MULO MC[31:24]

Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
MULO MCHL (OxOFAB)

Bit 23 | 22 | 21 | 20 19 | 18 | 17 | 16

Name MULO MCJ[13:16]

Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
MULO MCLH (OxOFA6)

Bit 15 | 14 | 13 | 12 | 11 [ 10 | 9 | 8

Name MULO MCJ[15:8]

Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
MULO MCLL (OxOFA7)

Bit 7 6 | 5 | 4 ] 3 | 2 [ 1 ] o

Name MULO MCJ[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description

. Product ofMULO. Thel6 highorder bits of the data are held B§JLO_MCH,
[31:0] | MULO_MC and16 low-order bits byMULO MCL.

1345MUL1_MA (O0OxO0OF98, OxO0F99)
MUL1 MAH (0xOF98)
Bit 15 14 | 13 | 12 | 11 | 10 | 9 | 8
Name MUL1 MAJ15: 8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
MUL1 MAL (0x0F99)
Bit 7 | 6 5 4 3 2 | 1 0
Name MUL1_MA[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | MUL1 MA | Data register A oMUL1; Multiplicand of the multiplication
1346MUL1_MB (O0OxOF9A, OxO0F9B)
MUL1 MBH (OxOF9A)

Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Name MUL1 MBJ15:8]

Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
MUL1 MBL (OxOF9B)

Bit | 7 | 6 | 5 | 4 | 3 2 | 1 | o
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Name MUL1 MBJ7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] MUL1 _MB | Data register B oMUL1; Multiplier of the multiplication
1347MUL1_ _MC (O0OxOF9C, OXO0OF9D, OxO0OF9E, OXO0OF9F)
MUL1_MCHH (0x0F9C)
Bit 31 | 3 | 29 | 28 | 27 | 26 | 25 | 24
Name MUL1 MC[31:24]
Type RIW RIW R/W RIW R/W R/W R/IW RIW
Reset 0 0 0 0 0 0 0 0
MUL1_ MCHL (OxOF9D)
Bit 23 | 22 | 21 | 20 19 | 18 | 17 | 16
Name MUL1 MC[23:16]
Type RIW RIW R/IW RIW R/IW R/W R/W RIW
Reset 0 0 0 0 0 0 0 0
MUL1 MCLH (OXOF9E)
Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Name MUL1 MC[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
MUL1 MCLL (OxOF9F)
Bit 7 | 6 | 5 | 4 ] 3 | 2 | 1 ] o
Name MUL1 MCJ[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. Product of MUL1 The 16 highorder bits of the data are held b§JL1 MCH,
[31:0] MUL1_MC andthe 16 loworder bits byMUL1 MCL.
1348MUL2 _MA (O0OxOF40, OxO0F41)
MUL2_MAH (0x0F40)
Bit 15 14 | 13 | 12 | 12 | 10 | 9 [ 8
Name MUL2_MA[15:8]

Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
MUL2_ MAL (0xOF41)

Bit 7 6 | 5 | 4 ] 3 | 2 ] 1 | o

Name MUL2_MA[7:0]

Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | MUL2 MA | Data register A oMULZ2; Multiplicand of the multiplication

1349MUL2 _MB (O0OxOF42, OxO0F43)
MUL2_ MBH (0x0F42)

Bit 15 14 | 13 | 12 | 11 | 10 | 9 | 8
Name MUL2_MBJ15:8]

Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
MUL2_MBL (0xOF43)

Bit | 7 6 | 5 | 4 ] 3 | 2 | 1 | o
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Name MUL2_MB[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | MUL2_MB | Data registeB of MUL2; Multiplier of the multiplication
134.10MUL2 MC (O0OxO0OF44, OxO0F45, OxO0F46, OXO0OF47)
MUL2_MCHH (0x0F44)
Bit 31 | 30 | 29 | 28 | 27 | 26 | 25 | 24
Name MUL2 MC[31:24]
Type R/IW R/W R/W R/W RW | RW | RW | RIW
Reset 0 0 0 0 0 0 0 0
MUL2 MCHL (OxOF45)
Bit 23 | 22 210 | 20 | 19 [ 18 | 17 | 16
Name MUL2_ MC[23:16]
Type RIW R/IW R/IW R/W RW | RW | RW | RIW
Reset 0 0 0 0 0 0 0 0
MUL2_ MCLH (OxOF46)
Bit 15 | 14 | 13 | 12 | 11 | 10 ] 9 [ 8
Name MUL2 MC[15:8]
Type R/W R/W R/W R/W R/W R/W | RIW | RIW
Reset 0 0 0 0 0 0 0 0
MUL2_MCLL (OxOF47)
Bit 7 6 5 4 3 2 1 0
Name MUL2 MCJ[7:0]
Type R/W R/W R/W R/W R/W R/W | RIW | RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
i Product of Register MULZThe 16 higkorder bits of the data are
[31:0] MUL2_MC held byMUL2 MCH, andthe 16 loworder bits byMUL2 MCL.
134.11mMUL3_MA (O0OxOF38, OxXO0OF39)
MUL3 MAH (0xOF38)
Bit 15 14 [ 13 | 12 | 1 10 | | 8
Name MUL3 MA[15:8]
Type R/W RIW R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
MUL3 MAL (0xOF39)
Bit 7 6 5 4 3 | 2 ] | o
Name MUL3 MA[7:0]
Type R/W RIW R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit Name Description
[15:0] MUL3_MA | Data register A oMUL3; Multiplicand of the multiplication
134.12MUL 3 _MB ( OxO0OF3 A, OxO0F3B)
MUL3 MBH (0x0F3A)
Bit 15 14 [ 13 | 12 [ 11 | 10 | | 8
Name MUL3 MBJ15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
MUL3_MBL (0xOF3B)
Bit | 7 6 | 5 | 4 ] 3 | 2 ] | o
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Name MUL3 MBJ7:0]
Type RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit Bit Bit
[15:0] MUL3 _MB | Data register B oMUL3; Multiplier of the multiplication
134.13MUL 3 _MC (O0OxO0OF3C, OXO0OF9D, OxO0OF3E, OxO0f 3F)
MUL3_MCHH(0xO0F3C)
Bit 30 | 29 | 28 | 27| 26 | 25 | 24
Name MUL3_MC[31:24]

Type RIW R/W R/W RW | RW | RW | RW | RW
Reset 0 0 0 0 0 0 0
MUL3_MCHL(0xOF3D)

Bit 22 | 21 | 20 [ 19| 18 | 17 | 16
Name MUL3_MC[23:16]

Type RIW R/W R/IW RW | RW | RW | RW | RW
Reset 0 0 0 0 0 0 0
MUL3_MCLH(OxOF3E)

Bit 14 | 13 | 12 | 11 ] 10 | 9 | 8
Name MUL3_MCJ[15:8]

Type RIW R/W R/IW RW | RW | RW | RW | RW
Reset 0 0 0 0 0 0 0
MUL3_MCLL(0XOF3F)

Bit 6 | 5 | 4 [ 3] 2 | 1]o
Name MUL3_MCJ[15:8]
Type RIW R/W RIW RW | RW | RW | RW | RW
Reset 0 0 0 0 0 0 0
Bit Bit
Product of MUL3 The 16 higkorder bits of the data are held b
[31:0] MULS_MC | \iuL3 MCH, andthe 16 loworder bits byMUL3. MCL. g
13.4.14DI VO_DA (O0OxOF8C, OxO0OFS8D, OxO0OFB8E, OXxO0OF8F)
DIVO_DAHH (0xOF8C)
Bit 31 30 | 29 [ 28 | 21 | 26 | 25 | 24
Name DIVO_DA[31:24]

Type RIW RIW RIW RIW RIW R/W RIW RIW
Reset 0 0 0 0 0 0 0 0
DIVO_DAHL (0xOF8D)

Bit 23 22 | 212 | 20 | 19 | 18 | 17 | 16

Name DIVO_DA[23:16]

Type RIW RIW RIW RIW RIW R/W R/W RIW
Reset 0 0 0 0 0 0 0 0
DIVO_DALH (OxOFSE)

Bit 15 14 | 13 12 11 | 10 | 9 [ 8

Name DIVO_DA[15:8]

Type RIW R/W R/W R/W RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
DIVO_DALL (OxOF8F)

Bit | 7 6 | 5 | 4 | 3 | 2 | 1 | o
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Name DIVO_DAJ[7:0]
Type R/W R/W R/W R/W R/W R/W R/IW R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
) Dividend of DIVQ. The 16 highorder bits of the data are held bjVO_DAH,
[31:0] DIVO_DA andthe 16 loworder bits byDIVO_DAL.
13.4.15D1 vO_DB (O0OxOF90, OxO0F91)
DIVO_DBH (0x0F90)
Bit 15 14 | 13 | 12 | 112 | 10 | 9 [ 8
Name DIVO _DBJ15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
DIVO_DBL (0x0F91)
Bit 7 6 | 5 | 4 ] 3 | 2 | 1 | o
Name DIVO_DBJ7:0]
Type R/IW R/IW R/IW RIW R/IW R/IW R/IW R/IW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] DIVO DB | Data register B oDIVO; Divisor of the division
13.4.16DI VO _DQ (OxO0F92, OxO0F93, Ox0F94,
DIVO_DQHH (0x0F92)
Bit 31 | 30 | 29 | 28 27 | 26 | 25 | 24
Name DIVO_DQJ31:24]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
DIVO_DQHL (0xOF93)
Bit 23 | 22 | 21 | 20 | 19 [ 18 | 17 | 16
Name DIVO_DQJ[23:16]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
DIVO_DQLH (0x0F94)
Bit 15 | 14 | 13 | 12 | 11 [ 10 [ 9 | s
Name DIVO _DQJ[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
DIVO_DQLL (0xOF95)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name DIVO_DQI7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
) .~1| Quotient of DIVQ The 16 higkorder bits of the data are held ByW0_DQH,
[31:0] |DIVO_DQ[31.0] andthe 16 loworder bits byDIVO DQL.
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13.4.17DI VO_DR (O0OxO0F96, OXO0OF97)
DIVO DRH (0xOF96)
Bit 15 | 14 | 13 | 12 11 [ 10 | 9 | 8
Name DIVO DRJ[15:8]
Type RIW RIW RIW R/W R/W RIW R/IW R/IW
Reset 0 0 0 0 0 0 0 0
DIVO_DRL (0x0F97)
Name DIVO DR[7:0]
Bit 7 6 5 4 3 2 1 0
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit Name Description
[15:0] | DIVO DR | Remainder of DIVO
13.4.18D1 V1 _DA (OxOF8O0, OxO0OF81, Ox0F82,
DIVl _DAHH (0xOF80)
Bit 31 30 | 29 | 28 | 271 | 26 | 25 | 24
Name DIV1 DA[31:24]

Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
DIVl DAHL (0x0F81)

Bit 23 22 | 21 | 20 19 | 18 | 17 | 16

Name DIV1 DA[23:16]

Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
DIV1 DALH (0x0F82)

Bit 15 14 | 13 | 12 | 112 | 10 | 9 | 8

Name DIV1 DA[15:8]

Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
DIV1 DALL (0xOF83)

Bit 7 6 | 5 | 4 | 3 | 2 | 1 | o

Name DIV1 DA[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. Dividend of DIV1 The 16 higkorder bits of the data are held ByW1_DA, and
[31:0] DIV1_DA the 16 loworder bits byDIV1_DA.
13.4.19D1 V1 DB (00xxO0FFRB854),
DIV1 DBH (0xOF84)
Bit 15 14 [ 13 | 12 11 | 10 [ 9 | 8
Name DIV1 DBJ[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
DIV1 DBL (0xOF85)
Bit 7 6 | 5 | 4 | 3 | 2 | 1 ] o
Name DIV1 DBJ7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] DIV1 DB | Data register B obIV1; Divisor of the division
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13.420DI V1 _DQ (OxOF86, OXOF87, OxO0OF88,
DIV1_DQHH (0xOF86)
Bit 31 30 | 29 28 27 | 26 | 25 | 24
Name DIV1 DQ[31:24]
Type RIW R/W R/W R/W R/W R/W RIW RIW
Reset 0 0 0 0 0 0 0 0
DIV1 _DQHL (0xOF87)
Bit 23 22 | 212 | 20 | 19 | 18 | 17 | 16
Name DIV1 DQ[23:16]
Type RIW R/W R/W R/W R/W R/W RIW RIW
Reset 0 0 0 0 0 0 0 0
DIV1 DQLH (0xOF88)
Bit 15 14 | 13 | 12 | 11 [ 10 | 9 | 8
Name DIV1_DQI15:8]

Type RIW RIW RIW R/W RIW R/W RIW R/W
Reset 0 0 0 0 0 0 0 0
DIV1 DQLL (0xOF89)

Bit 7 6 | 5 | 4 | 3 | 2 | 1 | o

Name DIV1 DQI7:0]
Type RIW R/W R/W RIW R/W RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. Quotient of DIV1 The 16 highorder bits of the data are held bW1_DQH, and
[31:0] DIV1_DQ the 16 loworder bits byDIV1 DQL.
13.421DI V1 _ DR (O0OxO0OF8A, Ox0F8B)
DIV1 DRH (0xOF8A)
Bit 15 14 [ 13 | 12 | 12 | 10 | 9 [ 8
Name DIV1 DR[15:8]
Type RIW R/W R/W R/W R/W R/W RIW RIW
Reset 0 0 0 0 0 0 0 0
DIV1 DRL (OxOF8B)
Bit 7 6 | 5 | 4 | 3 | 2 | 1 | o
Name DIV1 DR[7:0]
Type RIW R/W R/W R/W R/W R/W RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] DIV1 DR | Remainder of DIV1
13.422D1 v2 DA (O0xO0F2C, OXO0OF2D, OxXxO0OF2E,
DIV2_DAHH (0x0F2C)
Bit 31 30 | 29 28 27 | 26 | 25 | 24
Name DIV2_DA[31:24]

Type RIW R/W R/W R/W R/IW R/IW R/W RIW
Reset 0 0 0 0 0 0 0 0
DIV2_DAHL (0xOF2D)

Bit 23 22 | 212 | 20 [ 19 [ 18 | 17 | 16

Name DIV2 DA[23:16]

Type RIW R/W R/W R/W RIW R/IW R/W R/W

Reset 0 0 0 0 0 0 0 0
DIV2 DALH (0xOF2E)

Bit 15 14 | 13 | 12 | 112 | 10 | 9 | 8

Name DIV2_DAJ[15:8]
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Type R/W RIW R/W R/IW RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
DIV2 DALL (OxOF2F)
Bit 7 6 | 5 | 4 | 3 | 2 ] 1 ] o
Name DIV2_DAJ[7:0]
Type R/IW R/IW R/W R/IW RIW RIW R/IW R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. Dividend of DIV2 The 16 highorder bits of the data are held by DIV2_Déndthe
[31:0] | DIVZ_DA | ¢ \5worder bits byDIV2 DA.
13.423D1I v2 DB (O0OxOF30, OxO0OF31)
DIV2_DBH (0x0F30)
Bit 15 | 14 13 | 12 1 | 10 9 8
Name DIV2_DBJ15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
DIV2 DBL (0xOF31)
Bit 7 | 6 5 | 4 ] 3 2 1 0
Name DIV2_DBJ7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] DIV2 DB | Data register B obIV2; Divisor of the division
13.4.24DI1 V2 (DOQx O F3 2, OxO0F33, Ox0F34, OXO0OF35)
DIV2 DQHH (0x0F32)
Bit 31 | 30 29 | 28 | 21 | 26 25 24
Name DIV2 DQJ[31:24]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
DIV2_DQHL (0xOF33)
Bit 23 | 22 21 20 19 [ 18 17 16
Name DIV2_DQJ[23:16]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
DIV2_DQLH (0x0F34)
Bit 15 | 14 13 | 12 | 112 | 10 9 8
Name DIV2_DQJ15:8]

Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
DIV2 DQLL (0xOF35)

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

Name DIV2_DQJ[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description

) Quotient of DIV2 The 16 highorder bits of the data are held bV2_DQH, and
[31:0] DIV2_DQ the 16 loworder bits byDIV2_DQL.
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13.425D1 V2 DR (O0OxO0OF36, OXO0OF37)
DIV2_DRH (0xOF36)
Bit 15 14 | 13 | 12 | 11 | 10 | 9 | 8
Name DIV2_DRJ[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
DIV2_DRL (0x0F37)
Bit 7 6 5 | 4 ] 3 2 | 1 | o
Name DIV2_DRJ[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] DIV2 DR | Remainder of DIV2
13.4.26DI V3 _DA (O0OxO0OF20, Ox0F21, Ox0F22,
DIV3_DAHH (0xOF20)
Bit 31 30 29 | 28 | 271 | 26 | 25 | 24
Name DIV3_DA[31:24]

Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
DIV3_DAHL (0x0F21)

Bit 23 22 21 20 19 | 18 | 17 | 16

Name DIV3 DA[23:16]

Type R/IW R/IW R/IW R/IW R/IW RIW RIW R/W
Reset 0 0 0 0 0 0 0 0
DIV3_DALH (0x0F22)

Bit 15 14 13 | 12 | 11 | 10 | 9 [ s

Name DIV3 DA[15:8]

Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
DIV3 DALL (0xOF23)

Bit 7 6 5 | 4 | 3 | 2 | 1 | o

Name DIV3_DA[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. Dividend of DIV3 The 16 higkorder bits of the data are held bByw3_DAH, and
[31:0] DIV3_DA the 16 loworder bits byDIV3 DAL.
13.427D1 V3 _ DB (00xx00FR2254) ,
DIV3 DBH (0x0F24)
Bit 15 14 13 | 12 11 10 9 | 8
Name DIV3 DBJ[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
DIV3_DBL (0xOF25)
Bit 7 6 | 5 | 4 | 3 | 2 | 1 ] o
Name DIV3 DBJ7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] DIV3 DB | Data register B obIV3; Divisor of the division
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13.428D1 V3 _DQ (OxO0OF26, OxO0F27, O0OxO0F28, 0xO0F29)
DIV3_DQHH (0xOF26)
Bit 31 30 29 28 27 | 26 | 25 | 24
Name DIV3_DQ[31:24]
Type RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
DIV3_DQHL (0x0F27)
Bit 23 22 212 | 20 | 19 | 18 | 17 | 16
Name DIV3_DQ[23:16]
Type RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
DIV3_DQLH (0x0F28)
Bit 15 14 13 | 12 | 11 | 10 | 9 [ s
Name DIV3_DQ[15:8]
Type RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
DIV3_DQLL (0x0F29)
Bit 7 6 5 4 3 | 2 | 1 | o
Name DIV3_DQ[7:0]
Type RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. Quotient of DIV3 The 16 highorder bits of the data are held bW3_DQH, and
[31:0] DIV3_DQ the 16 loworder bits byDIV3 DQL.

13.429D1 V3 _DR

(0OXO0OF2A,

0Xx0F2B)

DIV3_DRH (0XOF2A)
Bit 15 14 13 | 12 [ 112 | 10 | 9 | 8
Name DIV3_DR[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/IW
Reset 0 0 0 0 0 0 0 0
DIV3_DRL (0x0F2B)
Bit 7 6 5 | 4 | 3 2 1 0
Name DIV3_DR[7:0]
Type R/W R/W R/W RIW R/W R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | DIV3_DR | Remainder of DIV3
13430SCATO0O_COS (0OxOF16, OXO0OF17)
SCATO_COSH (0x0F16)
Bit 15 14 | 13 | 12 | 11 10 9 8
Name SCATO_COSJ[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
SCATO_COSL (0x0F17)
Bit 7 6 | 5 | 4 | 3 2 1 0
Name SCATO_COSJ[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | SCATO_COS| COSinput in SIN/COSor ATAN mode ofcomputingunit SCATO
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13431SCATO0O_SI N (O0OxO0OF18, OXO0F19)
SCATO_SINH (0x0F18)
Bit 15 | 14 | 13 12 11 10 | 9 | 8
Name SCATO_SIN[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
SCATO_SINL (OXOF19)
Bit 7 6 | 5 | 4 | 3 | 2 1 0
Name SCATO_SIN[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | SCATO_SIN| SINinput in SIN/COSor ATAN mode ofcomputingunit SCATO
13432SCATO0O_THE (OxOF1A, OxO0OF1B)
SCATO THEH OxOF1A
Bit 15 14 [ 13 | 12 | 112 | 10 | 9 | s
Name SCATO THEJ[15: 8]
Type R/W R/W R/W R/W R/IW R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0
SCATO_THEL (OXOF1B)
Bit 7 6 | 5 | 4 | 3 | 2 | 1 | o
Name SCATO_THE[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | SCATO_THE | THE input in SIN/COS mode ofomputingunit SCATO
13433SCATO0O_RES1 (O0OxO0OF1C, OXOF1D)
SCATO RES1H (0xOF1C)
Bit 15 14 | 13 [ 12 | 11 | 10 | 9 [ s
Name SCATO RES1[15:8]
Type R/W R/W R/W R/W R/IW R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0
SCATO_RES1L(0xOF1D)
Bit 7 6 | 5 | a4 | 3 | 2 1 | o
Name SCATO0 RESI1[7:0]
Type R/W R/W R/W R/W R/W R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | SCATO RES1| COSoutput inSIN/COS mod®f computing unit SCATOYoutput inATAN mode
13434SCATO0_RBOXDF1E, OXOF1F)
SCATO_RES2H (OXOF1E)
Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Name SCATO RES2[15:8]
Type R/W R/W R/W R/W R/IW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
SCATO RES2L (0xOF1F)
Bit 7 | 6 | 5 | 4 | 3 | 2 1 | o
Name SCATO_RESZ2[7:0]
Type R/W | R/W | RW | RW | RW | RW | RW | RW
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Reset] 0 | 0 | o | o | o | o | o | o
Bit Name Description
[15:0] | SCATO_RES2| SIN output inSIN/COS modef computing unit SCAT0:—output inATAN mode
13435SCAT1 COS (0xOFOC, OXxOFOD)
SCAT1 _COSH (0xOF0C)
Bit 15 | 14 | 13 | 12 | 112 | 10 | 9 | s
Name SCAT1 _COSJ[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
SCAT1 _COSL (0xOFOD)
Bit 7 | 6 | 5 4 | 3 | 2 1 | o
Name SCAT1 _COSJ[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | SCAT1 COS| COSinput in SIN/COSor ATAN mode ofcomputingunit SCAT1
13436SCAT1_ _SI N (O0OxOFOE, OXOFOF)
SCATL_SINH (0xOFOE)
Bit 15 | 14 | 13 | 12 | 11 | 10 9 | 8
Name SCATL SIN[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
SCAT1_SINL (OXOFOF)
Bit 7 | 6 | 5 | 4 | 3 | 2 1 | o
Name SCAT1 SIN[7:0]
Type R/W R/W R/W R/W R/IW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | SCAT1 SIN| SINinput in SIN/COSor ATAN mode ofcomputingunit SCAT1
13437SCAT1 _THE (O0OxO0OF10, OXO0OF11)
SCAT1 _THEH (0Ox0F10)
Bit 15 14 | 13 12 11 | 10 | 9 | 8
Name SCAT1 THE[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
SCAT1 THEL (0x0F11)
Bit 7 6 | 5 | 4 | 3 | 2 1 [ o
Name SCAT1 _THEJ[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | SCAT1 THE | THE input in SIN/COS mode ofomputingunit SCAT1
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13438SCAT1_ _RES1 (O0OxO0OF12, OXxO0OF13)
SCAT1 RES1H (0XOF12)
Bit 15 | 14 | 13 12 11 [ 10 | 9 | 8
Name SCAT1 RES1[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
SCAT1 RESIL (0x0F13)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name SCAT1 RES1[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] SCAT1_RESI1 %gdSé)utput inSIN/COS modef computing unit SCAT1;Youtput inATAN
13439SCAT1 _RES2 (0OxO0OF14, OXO0OF15)
SCAT1 RES2HOx0F14)
Bit 15 | 14 | 13 | 12 | 11 [ 10 | 9 8
Name SCAT1 RES2[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
SCAT1 RES2L (0xOF15)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 0
Name SCAT1 RES2[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | SCAT1_RES2 ilcl)\ldzutput inSIN/COS modef computing unit SCAT 1:—output inATAN
13440SCAT2 COS (0OxO0OFO02, OXO0FO03)
SCAT2_COSH (0x0F02)
Bit 15 | 14 | 13 12 11 10 | 9 | 8
Name SCAT2_COSJ[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
SCAT2_COSL (0x0F03)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name SCAT2_COSJ[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | SCAT2_COS| COSinput in SIN/COSor ATAN mode ofcomputingunit SCAT2
13441SCAT2 _SI N (O0OxOFO04, OxXO0OFO05)
SCAT2_SINH (0x0F04)
Bit 15 | 14 | 13 | 12 [ 11 | 10 | 9 | 8
Name SCAT2_SIN[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
SCAT2_SINL (0OxOF05)
Bit | 7 | 6 | 5 4 3 | 2 | 1 | o
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Name SCAT2_SIN[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | SCAT2_SIN | SIN input in SIN/COSr ATAN mode ofcomputingunit SCAT2
13442S CAT2 _THE

(0OXOFO06,

OXO0OFO07)
SCAT2_THEH (0xOF06)
Bit 15 | 14 [ 13 | 12 | 11 [ 10 | 9 | 8
Name SCAT2 THE[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
SCAT2_THEL (0XOF07)
Bit 7 | 6 | 5 4 3 | 2 | 1 | o
Name SCAT2 THE[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | SCAT2 THE | THE input in SIN/COS mode ofomputingunit SCAT2
13443SCAT2_ RES1 (O0OxOFOS8, OXO0OF09)
SCAT2 RES1H (0x0F08)
Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 [ 8
Name SCAT2 RES1[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
SCAT2 RESI1L (0xOF09)
Bit 7 | 6 | 5 | 4 | 3 | 2 [ 1 | o
Name SCAT2_RESI1[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description _
[15:0] | SCAT2_RES1 ﬁ(gdseoutput inSIN/COS modeof computing unit SCAT2 Youtput inATAN
13444S CAT2_ _RES2 (O0OxOFOA, OxO0OFOB)
SCAT2 RES2H (0x0FO0A)
Bit 15 | 14 | 13 12 11 [ 100 | 9 [ s
Name SCAT2 RES[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
SCAT2 RES2L (0XOFOB)
Bit 7 | 6 | 5 | 4 | 3 | 2 ] 1 ] o
Name SCAT2_RES[7:0]
Type R/W R/W R/W R/W R/IW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | SCAT2 RES2 il(l)\ldzutput inSIN/COS modef computing unit SCAT2—output inATAN
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134455 CAT3 _COS (O0OxOEFS8, OXO0OEF9)
SCAT3 COSH (OXOEF8)
Bit 15 | 14 | 13 12 11 10 | 9 | 8
Name SCAT3 COS[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
SCAT3_COSL(0xOEF9)
Bit 7 | 6 | 5 | 4 | 3 2 | 1 | o
Name SCAT3_COS[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | SCAT3 COS| COSinput in SIN/COSor ATAN mode ofcomputingunit SCAT3
13446SCAT3_SI N (OxXOEFA, OXO0OEFB)
SCAT3_SINH (0x0EFA)
Bit 15 | 14 | 13 | 12 ] 112 ] 10 | 9 | s
Name SCAT3 SINJ[15:8]
Type R/W R/W R/W R/W R/IW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
SCAT3_SINL (OXOEFB)
Bit 7 | 6 | 5 4 3 | 2 | 1 | o
Name SCAT3_SIN[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | SCAT3_SIN| SINinput in SIN/COSor ATAN mode ofcomputingunit SCAT3
134471SCAT3 _THE (O0OxXxO0OEFC, OXOEFD)
SCAT3_THEH (0xOEFC)
Bit 15 | 14 [ 13 | 12 [ 11 | 10 [ 9 | 8
Name SCAT3 THEJ[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
SCAT3_THEL (0xOEFD)
Bit 7 | 6 | 5 | 4 | 3 | 2 ] 1 1 o
Name SCAT3 THE[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | SCAT3 THE | THE input in SIN/COS mode ofomputingunit SCAT3
13448 CAT3 _RES1 (OxXxOEFE, OXO0OEFF)
SCAT3 RES1H (OXOEFE)
Bit 15 | 14 | 13 | 12 | 11 10 | 9 | s
Name SCAT3 RES1[15:8]
Type R/W R/W R/W R/IW R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
SCAT3 RESI1L (OXOEFF)
Bit 7 6 | 5 | 4 | 3 | 2 | 1 | o
Name SCAT3 RESI1[7:0]
Type RIW RW | RW | RW RW | RW | RW | RW
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Reset | 0 | 0 | 0 | o | o [ o | o [ o
Bit Name Description _
[15:0] | SCAT3_RES1 E(go?eoutput inSIN/COS modef computing unit SCAT3;Youtput inATAN
13449SCAT3 RES2 (O0OxOFOO, OxO0OFO01)
SCAT3_RES2H (0x0F00)
Bit 15 14 | 13 | 12 | 11 [ 10 | 9 [ 8
Name SCAT3_RES[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
SCAT3 RES2L (0x0F01)
Bit 7 6 | 5 | 4 | 3 | 2 ] 1 | o
Name SCAT3_RES[7:0]
Type R/W R/W R/W R/IW R/W R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | SCAT3_RES2 zlclj\ldzutput inSIN/COS modef computing unit SCAT3:+—output inATAN
13450LPFO0O_K (OxOFDO, OxOFD1)
LPFO KH (OxOFDOQ)
Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Name LPFO_KJ[15:8]
Type R/W R/W R/W R/W R/W R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0
LPFO KL (OXOFD1)
Bit 7 | 6 | 5 | 4 3 | 2 | 1 ] o
Name LPFO KJ[7:0]
Type R/W R/W R/W R/W R/W R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] LPFO_KJ[15:0] | Kinputof LPFO
13451LPFO_X (OxOFD2, OxOFD3)
LPFO_XH (0xOFD2)
Bit 15 | 14 | 13 | 12 11 [ 10 [ 9 | 8
Name LPFO_X[15:8]
Type R/W R/W R/W R/W R/W R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0
LPFO_XL (OXOFD3)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name LPFO_X][7:0]
Type R/W R/W R/W R/W R/IW R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | LPFO_X[15:0] | X inputof LPFO
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13452LPFO_Y (OXOFD4, OxMAFMDA), O0OXO0OFDG6,
LPFO_YHH (OxOFD4)
Bit 31 30 | 29 | 28 27 | 26 | 25 | 24
Name LPFO_Y[31:24]
Type RIW R/W RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
LPFO_YHL (OxOFD5)
Bit 23 22 | 22 | 20 | 19 | 18 | 17 | 16
Name LPFO_Y[23:16]
Type RIW R/W RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
LPFO_YLH (0xOFDS6)
Bit 15 14 [ 13 | 12 | 11 | 10 | 9 | 8
Name LPFO_Y[15:8]
Type RIW R/W RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
LPFO_YLL (OXOFD7)
Bit 7 6 | 5 4 3 | 2 | 1 | o
Name LPFO_Y[7:0]
Type RIW R/W RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Input and output of the register in LPFO
[31:0] | LPFO_Y[31:0] | Input: LPFO_¥
Output: LPFO_¥
13453LPF1_K (OxXxOFC8, O0OxO0OFC9)
LPF1_KH (OxOFC8)
Bit 15 14 | 13 | 12 | 11 | 10 | o9 8
Name LPF1_K[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
LPF1_KL (OXOFC9)
Bit 7 6 5 | 4 | 3 | 2 | 1 | o
Name LPF1_K][7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | LPF1_KJ[15:0] | K inputof LPF1
13454LPF1_X (OxOFCA, O0OxOFCB)
LPF1_XH (OxOFCA)
Bit 15 14 | 13 | 12 | 1 | 10 9 8
Name LPF1_X[15:8]
Type RIW R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
LPF1_XL (OXOFCB)
Bit 7 6 | 5 | 4 | 3 2 1 0
Name LPF1_X[7:0]
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Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | LPF1_X[15:0] | X inputof LPF1
13455LPF1_ Y (O0OxOFCC, OxO0OFCD, OXOFCE, OXO0OFCF)
LPF1_YHH (OXOFCC)
Bit 31 | 3 | 29 | 28 | 27 | 26 | 25 | 24
Name LPF1_Y[31:24]
Type R/IW R/IW R/W RIW RIW R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0
LPF1_YHL (OxOFCD)
Bit 23 | 22 | 22 20 | 19 | 18 | 17 | 16
Name LPF1_Y[23:16]
Type RIW R/IW R/W R/W R/IW R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0
LPF1_YLH (OxOFCE)
Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Name LPF1_Y[15:8]
Type R/IW R/IW R/W R/W R/IW R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0
LPF1_YLL (OXOFCF)
Bit 7 | 6 | 5 | 4 | 3 2 1 0
Name LPF1_Y[7:0]
Type RIW R/W R/IW R/W R/IW R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Input and output of the register ifPF1
[31:0] | LPF1_Y[31:0] | Input: LPF1_¥.;
Output: LPF1_Y
13456LPF2 K (O0OxOF78, OXO0OF79)
LPF2_KH (0xOF78)
Bit 15 | 14 | 13 | 12 11 10 | 9 | 8
Name LPF2_K[15:8]
Type RIW R/W R/IW R/W R/IW R/IW RIW R/IW
Reset 0 0 0 0 0 0 0 0
LPF2_ KL (OxOF79)
Bit 7 | 6 | 5 | 4 | 3 2 | 1 | o
Name LPF2_K[7:0]
Type RIW R/W R/IW R/W R/W R/IW R/IW R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | LPF2_K[15:0] | K inputof LPF2
13457LPF2 X (O0OxXxOF7A, OxO0OF78B)
LPF2_XH (0OxOF7A)
Bit 15 | 14 | 13 [ 12 | 1 10 | 9 | 8
Name LPF2_X[15:8]
Type RIW RIW RIW RIW R/IW RIW R/W R/W
Reset 0 0 0 0 0 0 0 0
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LPF2_XL (OXOF7B)
Bit 7 6 | 5 | 4 [ 3 | 2 ] 1 0
Name LPF2_X[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | LPF2_X[15:0] | X inputof LPF2
13458LPF2_ Y (OxXxOF7C, OxO0OF7D, OxXxO0OF7E, OXOF7F)
LPF2_YHH (0XOF7C)
Bit 31 30 | 29 | 28 27 | 26 | 25 | 24
Name LPF2_Y[31:24]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
LPF2_YHL (OxOF7D)
Bit 23 22 | 212 | 20 | 19 | 18 17 16
Name LPF2_Y[23:16]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
LPF2_YLH (0OxOF7E)
Bit 15 14 | 13 | 12 [ 11 | 10 9 | 8
Name LPF2_Y[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
LPF2_YLL (OXOF7F)
Bit 7 6 | 5 | 4 3 | 2 1] 0
Name LPF2_Y[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Input and output of the registerlifPF2
[31:0] | LPF2_Y[31:0] | Input: LPF2_¥
Output: LPF2_¥
13459LPF3_K (O0OxOF7O0, OXO0OF71)
LPF3 KH (OxOF70)
Bit 15 | 14 | 13 [ 12 11 | 10 | 9 | 8
Name LPF3 K[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
LPF3 KL (OxOF71)
Bit 7 | 6 | 5 | 4 [ 3 | 2 ] 1 1 o
Name LPF3_KJ[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | LPF3 KJ[15:0] | Kinputof LPF3
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13460LPF3 _X (O0OxO0OF72, O0OxXxO0F73)
LPF3_XH (0x0F72)
Bit 15 | 14 | 13 | 12 11 | 10 | 9 | 8
Name LPF3_X[15:8]
Type RIW R/W R/W R/W RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
LPF3_XL (OxOF73)
Bit 7 | 6 | 5 | 4 | 3 | 2 1 | o
Name LPF3_X[7:0]
Type RIW R/W R/W R/W RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | LPF3_K[15:0] | X inputof LPF3
13461LPF3 _Y (OXOF74, OXOF75, OXOF76, OXOF77)
LPF3_YHH (0xOF74)
Bit 31 | 30 | 29 28 27 | 26 | 25 | 24
Name LPF3_Y[31:24]
Type RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
LPF3_YHL (OxOF75)
Bit 23 | 22 | 22 | 20 | 19 [ 18 | 17 | 16
Name LPF3_Y[23:16]
Type RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
LPF3_YLH (0x0F76)
Bit 15 | 14 | 13 | 12 | 11 [ 10 | 9 | 8
Name LPF3_Y[15:8]
Type RIW RIW RIW RIW R/W RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
LPF3_YLL (0XOF77)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name LPF3_Y[7:0
Type RIW RIW RIW RIW R/W RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Input and output of the register lifPF3
[31:0] | LPF3_Y[31:0] | Input: LPF3 Y
Output: LPF3_¥
13.462P1 0 _KP (OXOFB8, O0OxO0OFB9)
PI0_KPH (0xOFB8)
Bit 15 [ 14 | 13 | 12 | 1 | 10 | 9 | 8
Name PI10_KP[15:8]
Type RIW R/IW R/W R/W RIW R/IW R/W RIW
Reset 0 0 0 0 0 0 0 0
PI0_KPL (0OxOFB9)
Bit 7 | e | 5 | 4 [ 3 | 2 | 1 | o
Name PI0_KP[7:0]
Type RIW R/IW R/W R/W R/IW R/IW R/W RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] PI10_KP | Proportional coefficiendf P10
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13463P1 0 _EK1 (OxXxOFBA, OxO0FBB)
PI0_EK1H (OxOFBA)
Bit 5 | 14 | 13 | 12 112 | 100 | 9 | 8
Name PI0_EK1[15:8]
Type RIW RIW RIW R/W R/W R/W R/IW R/IW
Reset 0 0 0 0 0 0 0 0
PI0_EK1L (OXOFBB)
Bit 7 | 6 5 | 4 | 3 | 2 1 0
Name PI0_EK1[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI0_EK1 | Previousinput deviation of PIO
13464P1 0 _EK (O0OxOFBC, OXxO0OFBD)
PI0_EKH (0xOFBC)
Bit 15 [ 14 13 [ 12 | 11 10 9 8
Name PI0_EK|15:8]
Type R/W R/W R/W R/W R/IW R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0
PI0_EKL (OXOFBD)
Bit 7 | 6 5 4 3 2 1 0
Name PI0_EK][7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] P10_EK | Present input deviation of PIO
13.465P 1 0 Kl (0OXO0OFBE, OXO0OFBF)
PI0_KIH (OXOFBE)
Bit 15 [ 14 13 [ 12 | 11 10 9 8
Name P10 _KI[15:8]
Type R/W R/W R/W R/W R/IW R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0
PI0_KIL (OXOFBF)
Bit 7 | e 5 | 4 | 3 2 1 0
Name PI0_KI[7:0]
Type R/W R/W R/W R/W R/IW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] P10 _KI | Integral coefficienbf P10
13466P1 0O _UKH (O0OxOFCO, OXO0OFC1)
PI0_ UKHH (OxOFCO)
Bit 15 | 14 13 | 12 | 11 10 9 8
Name PI0_UKHJ[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
PI0_UKHL (OXOFC1)
Bit 7 | 6 5 | 4 | 3 2 1 0
Name PI0_UKHJ7:0]
Type RW | RW RW | RW | RW RIW R/IW RIW
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Reset | 0 | o | o | o | o | o | o | o
Bit Name Description
[15:0] | PI0_UKH | 16high-order bits of P10 output
13.467P1 0 UKL (OxOFC2, OxOFC3)
PI0_UKLH (OxOFC2)
Bit i5 | 14 | 13 | 12 | 112 | 10 | 9 | 8
Name PI0_UKL[15:8]
Type RIW RIW R/W RIW RIW RIW RIW R/IW
Reset 0 0 0 0 0 0 0 0
PI0_UKLL (0xOFC3)
Bit 7 | 6 | 5 | 4 | 3 | =2 [ 1 | o
Name PI0_UKL[7:0]
Type RIW RIW R/W RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI0_ UKL | 16 loworder bits of PIO output
13.468P1 0 UKMAX (OxXxOFC4, O0xOFC5)
PI0_UKMAXH (0xOFC4)
Bit 15 | 14 | 13 | 12 [ 112 | 10 | 9 | 8
Name PI0_UKMAX[15:8]
Type RIW R/W RIW R/W RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
PI0_UKMAXL (0XOFCS5)
Bit 7 | 6 | 5 | 4 | 3 2 | 1 | o
Name PI0_UKMAX[7:0]
Type RIW R/W RIW R/W R/W R/W RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI0_UKMAX | Maximum outpuif PI0
13.469P1 0 _UKMI N (OxOFC6, O0OxOFC7)
PI0_UKMINH (0Ox0FC6)
Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 | s
Name PI0_UKMIN[15:8]
Type RIW R/W R/IW R/W RIW R/W RIW RIW
Reset 0 0 0 0 0 0 0 0
PI0_UKMINL (0XOFC7)
Bit 7 | 6 | 5 | 4 3 2 1 [ o
Name PI0_UKMIN[7:0]
Type R/IW R/W R/IW R/W RIW R/W RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI0O_UKMIN | Minimum outputof P10
13.470P1 1 _KP (O0OXOFA8, OxO0FA9)
PI1_KPH (0xOFAS8)
Bit 15 [ 14 | 13 | 12 | 1 [ 10 | 9 | 8
Name P11 _KP[15:8]
Type RW [ rRw | RW | RW | RW | RW | RW | RW
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Reset | o | o | o | o | o | o | o [ o
Pl1_KPL (OxOFA9)
Bit 7 | 6 | 5 | 4 | 3 | 2 ] 1 | o
Name PI1_KP[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] P11 _KP | Proportional coefficiendf Pl1
13471P1 1 _EK1 (OxO0OFAA, OXxO0FAB)
PI1_EK1H (OxOFAA)
Bit 5 | 14 | 13 | 12 | 11 | 10 | 9 | s
Name PI1_EK1[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
PI1_EK1L (OXOFAB)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name PI1_EK1[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI1_EK1 | Previous input deviation of P11
13.4.72P1 1 (EKx O FAC, OXO0OFAD)
P11 EKH (OXxOFAC)
Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 | s
Name P11 EK[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
PI1_EKL (OXOFAD)
Bit 7 | 6 [ 5 | 4 | 3 | 2 | 1 ] 0
Name PI1_EK[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI1_EK | Present input deviation of PI1
134.73P1 1 Kl (OXO0OFAE, OXO0OFAF)
PI1_KIH (OxOFAE)
Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 | s
Name P11 _KI[15:8]
Type R/W R/W R/W R/W R/IW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
PI1_KIL (OXOFAF)
Bit 7 | 6 | 5 | 4 | 3 | 2 ] 1 | o
Name P11 _KI[7:0]
Type R/W R/W R/W R/W R/IW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] P11_KI | Integral coefficienof PI1
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134.74P1 1 _UKH (OxXxOFBO, OxO0OFB1)
PI1_UKHH (0xOFBO0)
Bit 15 | 14 | 13 12 11 | 10 | 9 | 8
Name Pl1_UKH[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
PI1_UKHL (OxOFB1)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name PI1_UKHI[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI1_UKH | 16 high-order bits of PI1 output
13.475P1 1 UKL (OxOFB2, OXO0FB3)
PI1_UKLH (0xOFB2)
Bit 15 [ 14 | 13 | 12 | 112 [ 10 | 9 | 8
Name PI1 UKL[15:8]
Type RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
PI1_UKLL (OxOFB3)
Bit 7 | 6 | 5 4 | 3 2 | 1 ] 0
Name PI1_UKL[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI1_UKL | 16 low-order bits of PI1 output
13.476P1 1 _UKMAX (O0OxOFB4, OXO0OFB5)
PI1_UKMAXH (0xOFB4)
Bit 15 | 14 [ 13 | 12 | 11 | 10 | 9 | s
Name PI1_UKMAX[15:8]
Type RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
PI1_UKMAXL (OxOFB5)
Bit 7 | 6 | 5 | 4 | 3 2 | 1 ] o
Name PI1_UKMAX][7:0]
Type RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI1_UKMAX | Maximum outpubf PI1
13.477P1'1 _UKMI N (OxOFBG6, OXO0OFB7)
PI1_UKMINH (0xOFB6)
Bit 15 | 14 [ 13 | 12 | 11 [ 10 | 9 | 8
Name PI1_UKMIN[15:8]
Type RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
PI1_UKMINL (OXOFB7)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name PI1_UKMIN[7:0]
Type RW | Rw | RW | RW | RW | RW | RW | RW
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Reset | 0 | o | o | o | o [ o | o | o
Bit Name Description

[15:0] | PI1_UKMIN | Minimum outputof PI1

13478P1 2 _KP (OXxOF5C, OxOF5D)

PI2_KPH (0xOF5C)
Bit i5 | 14 | 13 | 12 | 112 | 10 | 9 [ 8
Name PI2_KP[15:8]
Type RIW RIW R/W RIW R/W R/W R/IW R/IW
Reset 0 0 0 0 0 0 0 0
PI2_KPL (OXOF5D)
Bit 7 | e | 5 | 4 | 3 | 2 | 1 | 0
Name PI2_KP[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI2_KP | Proportional coefficienbf P12

13479P1 2 _EK1 (OxOF5E, OxXxOFS5F)

PI2_EK1H (OxOF5E)
Bit 5 | 14 | 13 | 12 | 11 | 10 | 9 | s
Name PI2_EK1[15:8]
Type RIW R/W R/W R/W R/W R/W RIW RIW
Reset 0 0 0 0 0 0 0 0
PI2_EKIL (OxOF5F)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name PI2_EK1[7:0]
Type RIW R/W R/W R/W R/W R/W R/W RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI2_EK1 | Previous input deviation of P12

13480P1 2 _(EXKxOF60, OxOF61)

PI2_EKH (0xOF60)
Bit 5 | 14 | 13 | 12 | 11 | 10 | 9 | s
Name Pl2_EK[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
PI2_EKL (OxOF61)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name PI12_EK[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] P12_EK | Present input deviation of P12

13481P1 2 _KI (OxOF62, O0OxO0OFG63)

P12_KIH (0x0F62)

Bit 15 | 14 | 13 | 12 [ 11 | 10 | 9 | 8
Name PI12_KI[15:8]
Type RwW | rRw | RW | RW | RW | RW | RW | RW

V2.1 156 www.fortiortech.com



Fortior

Tech

FU6816 66
Reset | 0 o | o | o | o 0 o [ o
PI2_KIL (0xOF63)
Bit 7 | e | 5 | 4 [ 3 | 2 1] 0
Name PI2_KI[7:0]
Type RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI2_KI | Integral coefficienbf P12
13482P1 2 UKH (O0OxO0OF64, O0xXxO0F65)
PI12_UKHH (0x0F64)
Bit 5 | 14 | 13 | 12 | 112 | 10 | 9 | 8
Name PI2_UKH[15:8]
Type RIW RIW R/W R/W RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
PI2_UKHL (0xOF65)
Bit 7 | 6 | 5 | 4 | 3 2 | 1 [ o
Name PI2_UKH[7:0]
Type RIW RIW R/W R/W RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI2_UKH | 16 highorder bits of PI2 output
13.483PI1 2 UKL (OxOF66, O0OxO0OF67)
PI2_UKLH (0xOF66)
Bit 15 | 14 | 13 | 12 | 11 | 10 9 [ 8
Name PI2_UKL[15:8]
Type R/IW RIW R/W R/IW RIW R/W RIW RIW
Reset 0 0 0 0 0 0 0 0
PI2_UKLL (0x0F67)
Bit 7 | 6 | 5 | 4 | 3 | 2 1 | o
Name PI2_UKL[7:0]
Type R/IW RIW R/W R/IW RIW R/W RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI2_UKL | 16 low-order bits of PI2 output
13.484P1 2 UKMAX (OxOF68, 0xO0F69)
PI12_UKMAXH (OxOF68)
Bit 15 | 14 | 13 | 12 | 112 | 10 9 [ 8
Name PI2_UKMAX[15:8]
Type R/IW R/IW R/IW R/IW R/W R/W RIW RIW
Reset 0 0 0 0 0 0 0 0
PI12_UKMAXL (0xOF69)
Bit 7 | 6 | 5 | 4 | 3 [ 2 1 | o
Name P12_MAX[7:0]
Type RIW R/W R/IW R/W RIW R/W RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI2_UKMAX | Maximum outpubf P12
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13485P1 2 UKMI N (OxOF®6A, OxO0OF6B)
PI2_UKMINH (0XOF6A)
Bit 15 | 14 | 13 | 12 | 112 [ 10 | 9 | 8
Name PI2_MIN[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
PI12_UKMINL (OXOF6B)
Bit 7 | 6 | 5 | 4 | 3 [ 2 [ 1 ] o
Name PI2__UKMIN[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI2_UKMIN | Minimum outputof PI2
13.486P1 2 KD (O0OxOF6C, OxXO0OF6D)
PI2_KDH (0xOF6C)
Bit 15 [ 14 | 13 | 12 [ 11 [ 10 | 9 | 8
Name PI2_KD[15:8]
Type R/W R/W R/W R/W R/IW R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0
PI2_KDL (0xOF6D)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name PI2_KDI[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] P12_KD | Differential coefficientof PI2
13487P1 2 _EK2 (O0OxOF®6E, OXOFG6F)
P12 EK2H (OxOF6E)
Bit 15 | 14 | 13 | 12 | 112 | 10 [ 9 | s
Name P12 EK2[15:8]
Type R/W R/W R/W R/W R/IW R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0
PI2_EK2L (OXOF6F)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 1] 0
Name PI2_EK2[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/IW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI2_EK2 | Deviation before previous deviation of P12
13.488P1 3 _KP (0OxO0OF48, OxXO0F49)
PI3_KPH (0x0F48)
Bit 5 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Name PI3_KP[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
PI3_KPL (OxOF49)
Bit 7 ] 6 | 5 | 4 | 3 | 2 | 1| 0
Name PI3_KP[7:0]
Type RW | RW | RW | RW | RW | RW | RW | RW
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Reset | o | o | o | o | o | o | o [ o
Bit Name Description
[15:0] PI3_KP | Proportional coefficienof PI3
134891 3 _EK1 (OxO0OF4A, 0x0F4B)
PI3_EK1H (OxOF4A)
Bit 5 | 14 | 13 | 12 | 11 | 10 | 9 | s
Name PI3_EK1[15:8]
Type RIW RIW R/W R/W RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
PI3_EK1L (OxOF4B)
Bit 7 | e | 5 | 4 | 3 | 2 | 1 | o
Name PI3_EK1[7:0]
Type RIW RIW R/W R/W RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI3_EK1 | Previous input deviation of PI3
13.490P1 3 _EK (OxOF4C, OxO0OF4D)
PI3_EKH (0x0F4C)
Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Name PI3_EK[15:8]
Type RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
PI3_EKL (OxOF4D)
Bit 7 | 6 5 | 4 | 3 | 2 | 1 | 0
Name PI3_EK[7:0]
Type RIW R/IW R/W R/W R/W R/W R/W RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI3_EK | Presentinput deviation of PI3
13.491P1 3 (KWIXOF4E, OxO0F4F)
PI3_KIH (OxOF4E)
Bit 15 | 14 13 | 12 | 112 | 10 | 9 | 8
Name PI3_KI[15:8]
Type RIW R/IW R/W R/W RIW RIW R/W RIW
Reset 0 0 0 0 0 0 0 0
PI3_KIL (OXOF4F)
Bit 7 | 6 5 4 3 2 ] 1 | o
Name PI13_KI[7:0]
Type RIW R/IW R/W R/W R/IW R/IW R/W RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] P13_KI | Integral coefficienof PI3
13.492P1 3 _UKH (O0OxOF50, OxO0F51)
PI3_UKHH (0x0F50)
Bit 15 | 14 [ 13 [ 12 | 1 [ 10 [ 9 | 8
Name PI13_UKHJ[15:8]
Type RwW | rRw [ RW | RW | RW | RW [ RW | RW
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Reset ] 0o | o | o | o | o | o | o | o
PI3_UKHL (0xOF51)
Bit 7 | 6 5 | 4 3 2 1 0
Name PI3_UKH[7:0]
Type RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI3_UKH | 16 highorder bits of PI3 output
13.493P1 3 UKL (OxOF52, O0xO0F53)
PI3_UKLH (0xOF52)
Bit 15 | 14 | 13 | 12 | 11 [ 10 9 8
Name PI3_UKL[15:8]
Type RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
PI3_UKLL (0xOF53)
Bit 7 | & | 5 | a4 | 3 | 2 1 0
Name PI3_UKL[7:0]
Type RIW RIW R/W R/W RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI3_UKL | 16 loworder bitsof PI3 output
13.494P1 3 _UKMAX (OxOF54, O0xOF55)
PI3_UKMAXH (0x0F54)
Bit 15 | 14 [ 13 | 12 | 11 | 10 9 8
Name PI3_UKMAX[15:8]
Type RIW RIW RIW RIW R/W RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
PI3_UKMAXL (OxOF55)
Bit 7 | 6 | 5 | 4 | 3 | 2 1 0
Name PI3_UKMAX[7:0]
Type RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI3_UKMAX | Maximum outpubf PI3
13.495P1 3 _UKMI N (OxOF56, O0xOF57)
PI3_UKMINH (Ox0F56)
Bit 15 | 14 | 13 | 12 | 11 | 10 9 8
Name PI3_UKMIN[15:8]
Type RIW RIW R/W RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
PI3_UKMINL (0xOF57)
Bit 7 | 6 | 5 | 4 | 3 | 2 1 0
Name PI3_UKMIN[7:0]
Type RIW RIW R/W R/IW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI3_UKMIN | Minimum outputof PI3
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13496P1 3 KD (O0OxOF58, OXO0OF59)
PI3_KDH (OXOF58)
Bit i5 | 14 | 13 | 12 | 112 | 10 | 9 [ 8
Name PI3_KD[15:8]
Type RIW RIW RIW R/W R/W R/W R/IW R/IW
Reset 0 0 0 0 0 0 0 0
PI3_KDL (0x0F59)
Bit 7 6 | 5 | 4 | 3 | 2 | 1 ] 0
Name PI3_KD[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI3_KD | Differential coefficientof PI3
13.497P1 3 _EK2 (O0OxOF5A, OxO0OF5B)
PI3_EK2H (0xOF5A)
Bit 15 [ 14 | 13 | 12 | 11 [ 10 | 9 | 8
Name PI3_EK2[15:8]
Type R/W R/W R/W R/W R/IW R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0
PI3_EK2L (OXOF5B)
Bit 7 6 | 5 4 3 2 ] 1 | o
Name PI3_EK2[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | PI3_EK2 | Deviation before previous deviation of P13
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14 FOC

14.1FOC Overview
1411FOC I ntroducti on

The FOC module is used in sensorless and sensoredre@C drive applications and SVPWhased
motor control applications. When DRV_CR[FOC_EN] =0, FOC module is inactivated, and FOC clock stops.
The relevant FOC registers are forced into the reset state and cannot be written.

The FOC module consists of angle estimator, Pl controller, coordinate transform module, current
sampling module and PWM output modulée angle estimator uses the sampling motor current to estimate the
rotor position and implement sensorless H@Sed motor contrdMlCU can also process the signals from the
position sensor to implement sensored H@Sed control.

A SensorlessOC: Angle for coordinate transformation is obtained by angle estimator, and the motor

speed is estimated for speed clokeip control.

A Sensotbased FOC: FOC module provides the angle input interface. MCU samples position sensor

signals and calculates electrical angle of the motor. Software sends the result to FOC module for

coordinate transformation.

|DREF4>@_> B | YD, VALP Ve L e _
g FOC_CMPV. q
A IPARK ICLARKE &; > SVPWI“L?"CKPWDRNER >< PMSM
IQREF @ P Y, VBEL > 4M>‘ UDC™
N A
y
ID _IALP] 1A
PARK CLARKE
1Q _IBET| B
THETA P
THETA[™
EOME _ OUT LgUALP
<qUBET

Figure14-1 FOC Block Diagram

1412Ref erence Voltage (VREF) I nput

The currenfoop of FOC module uses theadis current reference value FOC_IDREF and taig
current reference value FOC_IQREF as the reference, and useaxisecdrrent sampling value FOC__ID
and the epxis current sampling value FOC__1Q as the feedback. FQililmoutputs reaime estimated
motor speed FOC__ EOME. MCU can use FOC__ EGidlEhe feedback to build speed loop and send the
output of speed loop to FOC_IQREF to implement the spaaeént dual closed loop control.
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14.1.3P | Controll er

FOC module integrates two Pl controllers:

1. Flux control: Pl controller of Gxis current, with current reference FOC_IDREF minus
feedback current FOC__ID as the error input, proportional coefficient FOC_DQKP and the
integral coefficient FOC_DQKI for adjustment of PI performance, and FOC_DMAX and
FOC_DMIN for limiting of the output amplitude. The output is voltage referenceafisl
FOC__UD;

2. Torque control: Pl controller of-gxis current, with current reference FOC_IQREF minus
feedback current FOC__1Q as the error input, proportional coefficient FOC_DQKP and the
integral coefficient FOC_DQKI for adjustment of Pl performance, and FOC_QMAX and
FOC_QMIN for limiting of the output amplitude. The output is voltage referenceaafs
FOC__UQ.

1414Coordi nate Transformati on

14.1.4.1inverse Park Transformation

ay 2A
__UDM | VALP(Y)
4»
UQ(Y IPARK
> VBET(Y)
Val o _ Vs THETA() o —
Ve }\V d Va =Vg¥ C 0GS-Ve¥ s ign
; vd Vi =Vg¥ s i gn+\{¥ ¢ ocs

Figurel14-2 Park Transformation

Inverse Park transformation is used to transform two voltage vectors obtained by Pl controller,

FOC__UDand FOC_ UQ, frodga x i s ¢ o o r-akis coardinate.t o UDb
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14.1.4.2Inverse Clarke Transformation

VALP(Y)

VBET(Y)

VA=Vé .
Ve=(-Va+$3 ¥ V)2
Ve=(-Vs .83 ¥ y)2

Figure14-3 Inverse Clarke Transformation

Inverse Clarke transformation is used to transform voliagec t o r -afisrcoondindiefto-phase

stationary coordinate.

14.1.4.3Clark Transformation

IALP(1 5 )

IézlA

la =( A+ 2 %V S3

Figure14-4 Clarke Transform

Clarke transformation is used to transform the sampled current figimas® stationary coordinate to

U Eaxis coordinate.
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14.1.4.4Park Transformation

|ALP(|a).
BET(a) | AR S
THETA(G ) A
4>

d 4= 1,¥cosc +H4¥sing

> lq=-1a¥ sing + 4 ¥ cos¢

a

Figure14-5 Park Transform

Park transformation is used to transform the current vectors, obtained after Clarke transformation, from

U Baxis coordinate to degxis coordinate to get the sampledadds current FOC__ID and FOC__IQ.

14.1.5S VP WM

SVPWM algorithm is an important part of FOC. The main idea ishi@in quastircular rotating
magnetic field by switching the inverter space voltage vectbis.method decreases harmonic components of
the phase current, harmonic losses of the motor and torque ripple, and achieves high voltage &WEatidh.
generates pulssidth modulation signals for thefhase motor voltage control, whose process can be reduced to
a few simple equationSince high side and low side of the inverter cannot bedusn simultaneously, there are
two states for phase, i.e., phase connected to bus voltage (represented by 1) or phase connected to ground
(represented by OXherefore, voltage vector output of THE inverter has a totaF of & possible states.
XcXeXarepresents the voltage vectors, whéreepresents the state offbiaseXg represents the state ofdBase
andXarepresents the state ofphaseF or e x a mp | e, the dtale@hat-Phase poltagesissconbested
to bus voltage and A-phases are connected to ground. When the statephafs@ are all 1 or 0O, there is no
voltage drop between two phases and the state is called inactive state or zero voltageheentioer 6 states

which have voltage output are active voltage vectors with an adjacent state rotation offset of 60 degrees.
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UL20( 010) Us0( 011)

U 111)\ /[ 000)

u180( 110) Lo( 001)

R40( 100) (B00( 101)

Figurel4-6 SVPWM Voltage Vector

SVPWM uses the sum of two adjacent vectors to generate any voltage vector locatedbltagee
vector space. As shown lfigurel4-7, Uour is the desired vector and it is in the sector between U60 and UOQ.
Based on the principle of equal impulse, the effect, U0 applied 2*T1 time and U60 applied 2*T2 time, is

equivalent to the but. The rest of time (TO) is applied by zero voltage vector.

U60(011)

TO = Invalid vector

T=4*T0 + 2*T1 + 2*T2 = PWM Period

Wur=2*TU/T*UO + 2*T2/T*U60
777777777777 , Lbur

2¥T2/ TYU :

’ U0(001)
2¥T1/ T¥UO

Figurel4-7 SVPWM Voltage Vector Synthesis

Table14-1 States of SVPWM Inverter

Phase C Phase B Phase A UaLp User Vector
0 0 0 0 0 000
0 0 1 2/3*Upc 0 001
0 1 1 1/3*Upc 1/3*Upc 011
0 1 0 -1/3*Upc 1/3*Upc 010
1 1 0 -2/3*Upc 0 110
1 0 0 -1/3*Upc -1/3*Upc 100
1 0 1 1/3*Upc -1/3*Upc 101
1 1 1 0 0 111
14.1.5.1Continuous SVPWM

In singleshunt current sampling modmntinuous SVPWM is always used. In dual/trigleunt current

sampling mode, FOC_CR2][ EmtBEG]SVAWM asteetoutgutanode0 0 t o s el
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P2

Figure14-8 Output Level ofContinuousSVPWM

14.1.5.2Discontinuous SVPWM

Discontinuous SVPWM is available in dual/trigauntcurrent sampling mode. FOC_CR2[F5SEG] is

set to il to activate this mode.

Figure14-9 Output Level oDiscontinuoussVPWM

14160ver modul ati on

Overmodulation is available in single/dual/trigieunt current sampling mode. FOC_CR1[OVMDL] is
set to Al0 to enabl e ov eupuoRDG | WDt ROC n U aaddated lmé . The

amplitudesare be multiplied by 1.15 in this mode.

141.7Deadti me Compensati on

Deadtime compensation is available in dual/trgiheint current sampling mode. The compensation
value of deadtime is configured by FOC_TSMIN. This mode improves the quality of phase current at low

speed.

1418Current and Voltage Sampling

In FOC mode, bus voltage and phase current are sampled by hardware automagifcatythie FOC
module operatesADC and operational amplifier shall be enabled and the corresponding control registers be
configured. No configuration is required for ADC channel and nmishgjle/dual/tripleshunt current sampling
mode is selected by settif@C_CRI1[CSM]. Irsingleshunt current samplingiode, ADC channel 4 is the
default sampling channel of the bus current (itrip). In-cihaint current samplingode ADC channel 0 and

channel 1 are the default sampling channels-phAse current (ia) andEhase current (ib) respectively.
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triple-shunt current samplingnode ADC channel 0, channel 1 and channel 3 are the default sampling

channels of ia, ib and ic respectiveBhannel 2 can be selected for bus voltage sampling.

14.1.8.1Single-shunt Current Sampling Mode

FOC_CRI1CSM| is set to A O0-6hant durcentsaenpliegentodet Irnthis nsoden OIC e
module samples itrip twice during DRifner countingup operation, and samples bus voltage during DRV
timer countingdown operation and after FOC module completes the calculation.

Since deadtime affects the accuracy of <current
which is the applied time of active voltage vector with deadtime removed. FOC_TRGDLY is the register
whichadvances or delaylse current sampling time, and this register shall be configured reasonably to ensure
sampling is completed within T16 and T26. For exan

by 5*T = 208ns; FOC_TRGDLY = OxFBE), the sampling time is advanceg5*T = 208ns.

start start

calculation calculation
udc udc
A itrip v trig itrip v trig
trig2 trig2
- \{ \V
irip 5.6US itrip 5.6Us
trigl < trigl >
)4 Y
pwm_al ,_
pwm_ah | | | |
pwm_bl | | |
pwm_bh | | | |
pum_d | | | |
pwm_ch
t o] 4 [ 12 [rofr ][ 7 [ 1 [ro]v]| W | w2 [to]t] 12 [ 1 [ 0]
t_dtr TO T ‘ T2' ‘ ‘ TO' ‘ TO ‘ ‘ T2 ‘ ‘ T ‘ ‘ TO' ‘ TO ‘ T T2 ‘ ‘ TO' ‘ TO ‘ ‘ T2 ‘ ‘ T ‘ m
itr L m - [Jtrg « c?r§,¢
o %73@ trg_gfy trg_dly trg_'dly
(>0) (>0) (<0) (<0)

Figure14-10 SingleshuntCurrentSampling Timing
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Figure14-11 Time Compensatiofor SingleshuntCurrentSampling

The time of singleshunt currensampling window may be not enough to sample the current in low
modulation index and sector switching area. PWM waveform shall be adjusted to ensure the minimum
sampling window required in the case. FOC_TSMIN (FOC_TSMIN = minimum sampling window +
deadtimg is used to configure the compensation value of deadtime, and FOC module adjusts the PWM

waveform automatically.
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14.1.8.2Dual/Triple -shunt Current Sampling Mode

start start

cal cul ation cal cul ation
udc udc

A ¢ tri tri
g V\¢Q
356”51 35.6us%
ialiblic ialiblic
trig trig

gdc_rdy
9
)
Hagy
pma [ ] | | —
po | | | I
pvmcl
Figure14-12 Dual/Triple-shunt Sequential Current Sampling Mode
FOC_CR1][ CSM] i s set to A10/110 and -skudCurrenR2[ DS S|

sampling mode. Itriple-shunt mode, FOC_TRGDLY is used to configure the sampling time of a phase
current (ia/ib/ic is determinegiccordingto the sector), and other phases are sampled at the end of previous
sampling. Iduatshunt mode, FOC_TRGDLY is used to configure the sampling time of ia, and ib is sampled
at the end of ia sampling. TRG_DLY shall be configured reasonably to ensure current sampling time is within
zero voltage vector (000). For example, when FOC_TRGDLY = 0xB2 andtir@€counts down, ia/ib/ic

is sampled at 50*T = 2.08¢s before an underflow ev

start start
cal cul ation cal cul ation
udc udc

aliblic ialiblic
trig trig
I\ y
1@#}/ tr{g;dlﬂy
s | [
pwm bl
pwmcl

Figure14-13 Dual/Triple-shuntAlternate Current Sampling Mode

FOC_CR1[ CSM] lilssandetFOCo CRRO(/DSS] t o -dhdntalterhatng sel ect
current sampling modén this mode, FOC module performs calculation in every PWM cycle. However, only
one phase current is sampled at each PWM cycle (ia/ib/ic is determined according to the sector). The first

carrier cycle samples one phase of the ia/ib/ic, and the secoiat cgcle samples the current of the other
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phase, so as to alternately sample the current of two phases in three phases. FOC_TRGDLY is used to
configure the sampling time of ia (channel 0), ib (channel 1) and ic (chan®&D@).TRGDLY shall be
configured reasonably to enswwampling time fothe ia/ib/ic current is within zero voltage vector (000). For
example, when FOC_TRGDLY = 0xB2 and Fd@@er countsdown, phase current is sampled at 50*T =
2.08¢es before an underflow event.

In dual/tripleshuntcurrent sampling mode, bus voltage is sampled when diiveris dowrcounting

and FOQmodule completes the calculation.

14.1.8.3Current Sampling Offset

The current sampling offset voltage shall be added to sample full range of current due to the existence
of the positive andhegativephase current. When phase current is 0, ADC result is the offset value. ADC
result minus this value, 0x4000 default, is the sampling current. Since ADC reference voltage and hardware
are nonideal, there is a deviation between the default value and lthaeluea Therefore, it is necessary to
calibrate the offset. The calibration procedure is as follows. When there is nut cqutteee phases, MCU
starts to sample the corresponding channel several times, evaliathe sampled valugnd writesthe
averaged valu FOC_CSO. Providing ADC sampling range is 0 ~ 5V and the offset is 2.5V, FOC_CSO =
2.5V/5V*32768= 16384 (0x4000).

A When FOC_CHC[CSOC] = 00/11, FOC_CSO is written to modify the offset of itrip and ic

A When FOC_CHC[CSOC] = 01, FOC_CSO is written to modify the offset of ia

A When FOC_CHCI[CSOC] = 10, FOC_CSO is written to modify the offset of ib

1419Angl e Mode

Angle module includes angle estimation module, ramping module and estimated angle smooth
switching module. The sources of angle are as follows:

A Forced ramping angle

A Forced pulling angle

A Estimated angle of estimator

A Forced angle of estimator

Table14-2 Sources of Angle

FOC_CR1[RFAE] | FOC_CR1[ANGM] | FOC_CRI[EFAE] | Source

1 X X Forced rampin@gngle
0 0 X Forced pulling angle
0 1 0 Estimated anglef estimator

omega > FOC_EFREQMIN:
Estimated anglef estimator
omega < FOC_EFREQMIN:orced
angleof estimator
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14.1.9.1Forced Ramping Angle

Forced ramping angle is controlled by angle FOC__ THETA, speed FOC__ RTHESTEP, acceleration
FOC_RTHEACC and ramping counter FOC_RTHECNT. The formula is:

FOC__RTHESTER32-bit) = FOC__ RTHESTEP (3Bit) + FOC_RTHEACC (16 loworder bits)

THETA_OL (16bit) = THETA_OL (16bit) + FOC__ RTHESTEP (16 higbrder bits)

Where, THETA_OL is an internal variable of the chip. In forced ramping angle mode, THETA OL is
written toFOC__ THETAas the used angle. If the software writes a value to FOC__ THETA, this value is
written to THETA_OL as well.

Forced ramping angle has the highest priority.
ramping feature. Ramping module makes a ramping operation in every PWM cycle and the counter is added
by 1. When the value of the counter reaches the set vall@®@yRTHECNT, FOC_CR1[RFAE] is cleared
by hardware, and then the ramping is completed. Thereafter, according to the value of FOC_CR1[ANGM],
the angle comes from estimator (FOC_CR1[ANGM] = 1) or fopdling angle (FOC_CR1[ANGM] = 0).

14.1.9.2Forced Pulling Angle

Forced pulling angle is controlled by an§il@C__ THETAand spee#OC__ RTHESTEP
The formula iSTHETA_OL (16bit) = THETA_OL (16bit) + FOC__ RTHESTEP (16 higbrder bits)
Where, THETA_OL is an internal variable of the chip. In forced pulling angle mode, THETA_OL is
written toFOC__ THETAas the used angle. If the software writes a value to FOC__ THETA, this value is
written to THETA_OL as well.
A WhenFOC_CR1[ RFAE] is set to f1ldMClaswitthest®f@ced R1[ A N
pulling angle mode after forced ramping angle mathe speed is the cumulative result after ramp

force angle mode. This mode implements a forced uniform speed control.

>

When FOC_CR1[RFAE] is setfo 0and FOC_CR1[ANGM] td@i Q the angle is the forced pulling

angle and the spedeOC__ RTHESTEHSs the initial speed written by software. Configuring
FOC__RTHESTERo i Odanables the prposition featureThe sensebased FOC is implemented

after the motor speed is set with RTHESTEP. (Principle of Stiased FOC: The angle and speed are
written to FOC__ THETA and FOC__ RTHESTEP by software, and FOC module generates an angle in
each PWM cycle based on thetten values.)
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14.1.9.3Estimator Output Angle

1A )

B
L —
UALP THECOMP THECO

THETA_QUl SMOOTH THETA
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—UBET . HERS SWITCH

EK1 _ETHETA
EK2 _EOME,

EK3 >
EK4 >

KSLIDE
EKLPFMIN ESTIMATION EALP
EKP - EBET

EKI EMF
PIRAN

FBASE
OMEKLPF

EBMFK »

EFREQACG;

EFREQMIN FORCE

EFREQHOLD| ANGLE

Figure14-14 Schematic Block Diagram of Estimator

14.1.9.3.1Estimated Angle of Estimator

The estimator builds the motor model based on the motor parameters and parnoéters, and
outputs the estimated angle based on the sampled current and voltage. The estimator works in PLL mode or

SMO mode by configuring the FOC_CR2[ESEL] bit.

14.1.9.3.Zorced Angle of Estimator

EFREQMN
omega <

% EFREQMIN
0
OME THETA ETHETL
EFREQAC + ‘ / 1 CALCULATION

T

EFREQHOLD
Z1

Figure14-15 Schematic Diagram of Fordéngle of Estimator

This feature is similar to the ramping feature. Due to the low speed at motor starting process, there may
be a deviation in angle and speed estimation with the small effective signal, resulting in startup failure. In
this case, the estimator outputs theeéal angle to ensure the motor start normally.

The forced angle feature of t he estimator i s

FOC_CR1[ ANGM] to fAl0 an dssho@CinFiguRel4 1k thédstimator oompales .
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the value of realime estimated speed (omega) and FOC_EFREQMIN to determine omega or forced speed
(FOC__ETHETA as the used speed (OMEYhen omega < FOC_EFREQMIMhe forced speed is selected

as OME. The forced speed starts with 0 and increases by FOC_EFREQACC in each PWM cycle, with the
maxi mum value FOC_EFREQHOLD. When omega O FOC_EFREQ

Estimated speed of the estimator FOC__EOME is theplass filtering result of OME with the
coefficient set by FOC_OMEKLPF.

14.1.9.3.3Angle Smooth Switching

rrrrr ~estimation theta
actual theta

|

|

|

|

(%

V
A

|

|

|

T

0 «—————— RAWthta———— P ¢———————ESIMAI N theta— > t
P
SVOOTH SWIT CH

\

Figure14-16 Angle Smooth Switching Curve

WhenFOC_CRI1RFAE] i s setFQGC CRU ANGAMM] t o dAl1lo, the moto
feature, andtiswitches toestimator angle mode aftdre ramping. However, there is usually a deviation
between the estimated angfOC_ETHETA and the forced ramping angl€HETA_OL). If the angle is
switched from forced ramping angle to estimated angle directly, motor jitter may occursiudn ta sudden

changeTo deal with this problem, a smooth switching is preferred.

After ramping, if the deviation between FOC__ ETHETA and THETA OL is less than or equal to
FOC_THECOR, FOC__ETHETA is selected as the output ar.if the deviation is larger than
FOC_THECOR, THETA OL is modified smoothly with the step of FOC_THECOR at every PWM cycle until it
is close to FOC ETHETA. After the deviation is less than THECOR, FOC__ ETHETA is selected as the

output angle.

14.1.9.3.4Angle Compensation

Angle compensation value FOC_THECOMP is used to compensate for the estimated angle
FOC__ETHETA If FOC_THECOMP is negative, the lag angle is compensated; if it is positivisatthe

angle is compensated.
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141.10Mot or -t Rem®l Par amet er s

MCU monitors the state of motor using the following real time variables provided by FOC module:

A Used angle FOC__THETA

A Estimatecangle FOC__ETHETA, Estimated speed FOC__ EOME

A  d-axisvoltageFOC__UD, gaxis voltage FOC__UQ

A d-axiscurrentFOC__ID, gaxis current FOC__1Q

A Uaxis vol tag e-axis ®age FOB L\BBET b

A BusvoltageFOC__UDCFLT

A Phase current FOC__IA, FOC__IB, FOC__IC and maximum phase current FOC__IAMAX,
FOC__IBMAX, FOC__ICMAX

A Uaxiscurrent( e qu al t o -akigx@rent FOL) |BED

A UaxisBEMFF OC _ _ E Adxi®B BEMB FOC__EBET

A Magnitudeof BEMF FOC__EMF

A Motor powerFOC__POW

14.1.10.1Tailwind/headwind Detection

FOC module provides tailwind/headwind detection featl@C module starts to operate wHe@C_
CRO [ESCMS] is set to Alo, FOC MolthREE trotm0o saandeF
FOC__ETHETA and FOC__ EOME. If FOC__ ETHETA decreases or FOC__ EOME is a negative value, the
motor rotates in the headwind state and it is necessary to brake first and then start the motor with ramping forced
angle modelf FOC__ ETHETA increases or FOC__ EOME is a positive value, the motor rotates in the tailwind

state and can be started using estimated angle directly.

14.1.10.2BEMF Detection

Estimat or -as tsi nBaEtMFs FUD C -axi€ BAMP FQCn &BED with the motor
parameters, and calculatd® magnitudeof FOC__ EMFE which implements protection features, such as

motor lock protection, phase loss protection, etc.

14.1.10.3Viotor Power

FOC modulecalculatesnotor power based on the sampling current, modulation index of SVPWM and bus

voltage.
14111F G Out put Generation
FG signal is generated by FOC module and Timer4. FOC module calculates an FG result based on

frequency base fbadew-pass filtered speed FOC_EOMELRR FG coefficienEOC_KFG in every PWM
cycle.The result is updated to TIM4__ ARR automatically and half of the result (TIM4__ ARR/2) to TIM4__ DR
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by hardwarelt shall be noted that Timer4 must workQutput Modeand the clock division factor of Timer4

shall be configured according to the motor maximum speed. FOC iKEGmputed using the following
algorithm FOC_KFG = SYSCLK/(2" TIM4_CRO[T4PSCJ*thase*x), where, x refers to the expected number of
FG signal in one electric cycle. If the result exceeds 65535, the clock division factor TIM4_CRO[T4PSC] shall be
adjusted.

When FOC_KFG = 0, this feature is disabled, and TIM4_ ARR and TIM4__ DR keeps unchanged.
142FOC Regi sters
1421FOC_CROXx 409 F)

Bit 7 6 5 [ 4 3 2 1 0
Name OMIF OMAF MERRS UCSEL OMAS ESCMS EDIS
Type R R R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description

omega < FOC_ EFREQMIN flag. This bit is valid even if FOC_
7] OMIE [EFAE] is 0.

0: o mRO§gaEFREQMIN

1. omega < FOC_EFREQMIN

omega > FOC_EFREQMIN Flag

[6] OMAF 0: omega O FOC_EFREQMI N

1. omega> FOC _EFREQMIN

The maximum error of SMO Algorithr8election

00: 0.5

[5:4] MERRS 01:0.25

10: 0.125

11:1.0

Sampling Channel for Bugoltage (UDC)

In FOC modebus voltage is sampled automatically by hardware after D
counter is enabledfhe FOC_CRO[UCSEL] bit selects the channel
sampling.

0: ADC channel 2

1: ADC channel 15

[3] UCSEL ADC channel 15 is an internal channel dedicated for bus vo
sampling. The voltage division ratio is selected by configur
ADC_CR[ADCRATIO]. ADC channel 2 is the external bus volta
sampling channel.

Note: It is not necessary to set the associated Enable Bit in ADC_M
register to fAlo.

Output selection when omega is too large

When omega[15:8] > FOC_EFREQMAX, the output OME is set as:
0: FOC_EFREQMAX*256

1. FOC_EFREQHOLD

Angle ModeSelection

[1] ESCMS 0: Internal Test Mode

1: Recommended Mode

FOC__EALP/FOC__EBET Autgomputation Disabled

[0] EDIS 0:Not forbid

1: Forbid

1422FOC_CR1 (O0x40A0)

2] OMAS
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Bit 7 6 5 4 3 | 2 1 0
Name OVMDL EFAE RFAE ANGM CSM RSV SVPWMEN
Type R/IW RIW RIW RIW R/W RIW - R/IW
Reset 0 0 0 0 0 0 - 0
Bit Name Description
OvermodulatiorEnable
[7] OVMDL 0: Disable
1: Enable

Forced Angle of EstimatorEnable

When this feature is enablethgle mode is determined by the

[6] EFAE estimator, and it switches to estimated angle mode automatically.
0: Disable

1: Enable

Forced Rampng Angle Enable

When this feature is enabled, angle mode is determined by the ra
module. After ramping, it switches to estimated mode or forced pu

[5] RFAE mode according to FOC_CR1[ANGM]. FOC_CR1[RFAE] is cleare
Af00 by hardware as well
0: Disable
1: Enable
Angle Mode

When FOC_CR1[RFAE] = 0, angle mode is determined by this bit.
When FOC_CR1[RFAE] = 1, angle mode is determined by this bit
ramping.

0: Forced Pulling Angle Mode

1: Estimated Angle dEstimator Mode

CurrentSampling Mode

00: SingleshuntCurrentSampling

01: Duaklshunt CurrentSampling

10: AdvancedSingle shuntCurrentSampling

[3:2] CSM 11: Tripleshunt CurrentSampling

Note: The Advanced SinglghuntSampling Mode workbetter in low
duty cycles than high duty cycke You can switch between Singl
shuntCurrentSampling Mode and thedvancedSingleshuntCurrent
Sampling Mode according to the duty cycle.

[4] ANGM

[1] RSV Reserved
SVPWM Module Enable
[0] SVPWMEN 0: Disable
1: Enable
1423FOC_CR2 (0x40A1)
Bit 7 6 5 4 3 | 2 1 0
Name ESEL ICLR F5SEG DSS CSOC uQD ubD
Type R/W R/W1 R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Angle Estimator Modé&election

[7] EseL |9 SMO
1: PLL (phasdocked loop).FOC_KSILDE register is FOC_PLLKP of PI controllé
and FOC KLPFMIN register is FOC_PLLKI of PI controller.
Clear FOC__| AMAX/ FOC__| BMAX/ FOC_ _ 1| C
0: No effect

[6] ICLR 1: The bit is automatically set to
FOC | CMAX are cleared to fA0O0.

[5] FESEG SVPWM ModeSelection

0: ContinuousSVPWM
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1: DiscontinuoussVPWM (cannot be selected in singlbunt current sampling modle
Dual/Triple-shunt Current Sampling Mode
0: Sequential Sampling Mode, where curnegities of two phases are sampled in ¢
[4] DSS carrier period.
1: Alternate Sampling Mod&OC module completes the calculation in every PWM cy,
The current of one phasesampled in eacRWM cycle andthe current of two phase
are sampled alternately in two adjacBRYM cycles.
Current Sampling Offset Calibration
This bit is written to select the offset of FOC_CSO.Insisgleunt sampl i
is written to calibrate itrip offset. Indualh unt sampl i ng, #A010
and Al100 to cal isthruatt e siamsparifiemteyealibrétdiblotise
[3:2] CSOC [A100 to calibrate ib offset and fA000
00: itrip & ic
0l:ia
10:ib
11: itrip & ic
g-axis PI controller disabled, where FOC___UQ value is no longer updated by
controller.
(1] uQb 0: Not forbid
1: Forbid
d-axis PI controller disabled, where the FOC__UD value is no longer updated
PI1 controller.
[OI | UBD | o Not forbid
1: Forbid

1424F OC_CRS3

(0X409E)

Bit 7 6 5 4 3 2 1 0
FOC_THEC HALL_PLL | TSMI | TSMIN
Name EFAM TAMD | MFP_EN OMP DIS FOCFEN EN NH9 H8
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
OMEGA Startup Force Enable
WhenFOC_CR1[ EFAE] is set to fA0O0 and
[7] EFAM FOC_OMEGA register is forced to stay as FOC_EFREQHOLD.
0: Disable
1: Enable
Angle Calculation Method
[6] TAMD The_angle derived from atan (ealpha/ebeta) is useé®&s THETA
0: Disable
1: Enable
Adaptive Observer Enable
[5] MFP_EN | O: Disable
1: Enable
Algorithm w/o Compensation Angle Enable Bit
FOC THEC With this feature enabled, angtempensation of 26.5°s not executed even if th
[4] OMP DIS SMO or AO algorithm is selected.
- 0: Disable
1: Enable
FOC Force Enable Bit
When DRV_CR[ MESEL] is set to fAlo,
[3] FOCFEN | DRV_CR[OCS] = 0.
0: Disable
1: Enable
2] AP HALL Filter in PLL Mode Enable Bit
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In HALL mode, HALL angle written t&cOC__ THETADbit is sent to other
modules after smooth switching.

0: Disable

1: Enable

[1:0]

TSMINH

Scale up by two bits of FOC_TSMIN, forming-b@t data with thedx40a2
register

1425F OC_CR4

(0x409D)

Bit 7 6 5 4 3 2 1 0
HFI_DEL_ | HFI_.SM | HFL.TH | HFI_LM | HFL.OM | HFI_TO
Name HFLST | W NEN | oEN | EseL | ANEN| EEN | G EN | HFZEN
Ty p R/W R/W R/W R/W R/W R/W R/W R/W
Re s g 0 0 0 0 0 0 0 0
Bit Na me Description
High frequency injection state, which determines FOC__UD and FOC_UDCP
added or subtracted.
(7] HFI_ST o . .
- 0: Positive state, and FOC__UD is added with FOC_UDCPS.
1: Negative state, FOC__UD is subtracted from FOC_UDCPS
[6] HMFAI\T\IDEEI;\I Dedicated for internal functional testing unéégh frequency injection
HFI_SMO E;:tw_nated Loop Angle Compensation Enable
[5] EN 0: Disable
- 1: Enable
[4] HFl_THE SEL | Dedicated for internal functional testing undégh frequency injection
[3] [HFI_MAN_EN Dedicated for internal functional testing unddégh frequency injection
Angle Calculation by High Frequency Injectibased Speed Enable
2] HEl OME EN 0: Disable. The angle calculation is performed with the estimated speed.
- — 1. Enable. The angle calculation is performed withhigl frequency injection
based speed
HFI_TOG FQQ_CR4[HFI_ST] Automatic Reverse Enable
[1] EN 0: Disable
— 1: Enable
High Frequency Injection Enable
[0] HFI_EN | O: Disable
1: Enable

142.6FOC_CR5

(0x409C)

Bit 7 6 5 4 3 2 1 0
HFI_FDB_ | DT_X2_ | VAB CPS| SMO_R OME_A | CAL2_E

Namq SAM_MD SEL EN EN | Ev EN | FAMP | B En N
Ty p R/W R/W R/W R/W R/W R/W R/W R/W
Re s ¢ 0 0 0 0 0 0 0 0
Bit Na me Description

[7] SAM_MD | Dedicated for internal functional testing in trigghunt current sampling mode
[6] HFI§EEB Dedicated for internal functional testing untdégh frequency injection

[5] DTEKI(Z Dedicated for internal functional testing untdégh frequency injection

[4] VAB CPS EN Dedicated for internal functional testing unéiégh frequency injection

[3] SMO_REV
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“EN

Estimated Loop Angle Compensation Enable in Reverse Stage. Wheoftihiare
detects that the motor rotates reversely, it enables this bit to provide a proper
compensation.

0: Disable
1: Enable

(2]

HFl_MD

Dedicated for internal functional testing unthégh frequency injection

[1]

OME
_ABS_EN

Estimated Angle Enable in Reverse Stage. It shall be enabled if it is required
high frequency injection in reverse state.

0: Disable
1: Enable

[0]

CAL2_EN

Dedicated for internal functional testing unthégh frequency injection

1427FOC_TSMI N

(0x40A2)

Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name FOC_TSMIN
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Singleshunt Sampling Mode: minimum window for sampling
Dual/tripleshunt Sampling Mode: deadtime compensation
Range [0, 255]
TSMIN = sampling window Jindow + deadtime bt
Example: Assuming thatwhdow= 1 STpr=1e STSMIN=2 s
[7:0] FOC_TSMIN :imldggarrier period = 625sthen FOC_TSMIN = (1 + 1)/62.5*409
Advanced SinglshuntSampling Mode: minimum window for
sampling
TSMIN = sampling window Jindow + deadtime &t
Example: Assuming thatyhdow= 1€ sTpor=1e @and TSMIN =
2¢ sthen FOC_TSMIN = (1 + 1)*24 = 48.

1428FOC_TGL I

(0Xx40A3)

Bt | 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name FOC_TGLI
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
NarrowPulseElimination forHigh Side of theBridge
This feature is designed for higloltage applicationsThe high side of
bridge must be longer than a certain tisiéer this bit is configured,
high side of the bridge is not turned on when the conducting time is l¢
[7:0] FOC_TGLI than this value.
Range [0, 255]
Example: Assuming that it is required to remove narrow pulses wi
less than & svidth, deadtime &t = 1¢ sand carrier period = 62x5s
then FOC_TGLI = (1 + 1)/62.5*4096 =131.

1429FOC_TBLO

(0x40A4)

Bit 7 | e | 5 | 4 | 3 | 2 | 1 ] o
Name FOC TBLO
Type R/W R/W R/W R/W R/IW R/IW R/IW R/IW
Reset 0 0 0 0 0 0 0 0
Bit | Name | Description
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[7:0]

FOC_TBLO

Sampling Masking Time in Triptshunt Current Sampling Mode
If low side of the bridge is turned on for less than FOC_TBLO, the
current of this phase is neampled and obtained through special proc
Range [0, 255]

Example: Assuming that the phase current is not sampled if the Ig
side is turned on for less thaa kthen FOC_TBLO =
1000ns/41.67ns = 24.

14210FOC_TRGDLY

(0x40A5)

Bit

7 | 6

| 5 | 4 [ 3 [ 2 | 1 | o

Name

FOC_TRGDLY

Type

R/W R/W

R/W R/W R/W R/W R/W R/W

Reset

0 0

0 0 0 0 0 0

Bit

Name

Description

[7:0]

FOC_TRGDLY

Time Configuration for Current Sampling

When FOC_TRGDLY is set to
current as follows.

SingleshuntCurrentSampling ModeMidpoint between deadtim
and applied time of active voltage vector
Dual/Tripleshunt/Adranced Singleshunt Current Sampling
Mode: Midpoint of vector 000 (Driver count value = 0)

Range {128, 127]

Singleshunt Current SamplingMode: If FOC_TRGDLY =5, it
delays by 5*T = 208ns to sample the current, ak®DI€ TRGDLY
= OxFB (complement)or FOC_TRGDLY =-5, it advances by
5*T=208ns.
Duakshunt/Tripleshunt/AdrancedSingleshuntCurrent
Sampling Modelf FOC_TRGDLY = 0x85 (the highest bit, and
the remaining 7 bits are absolute valumgjDriver timer counts
down, it samples the current &{l5= 208ns beforan overflow
event occurs. If OC_TRGDLY =5 and Driver timer counts up, it
samples the current BT = 208ns after an overflow event occurs.

142.11FOC_CSO (0

XxX40A6, O0Ox40A7)

FOC_CSOH (0x40A6)

Bit 15 | 14 | 13 | 12 [ 11 | 10 | 9 | 8
Name FOC CSOJ15:8]
Type R R/W R/W R/W R/W R/W R/W R/W
Reset 0 1 0 0 0 0 0 0
FOC_CSOL (0x40A7)
Bit 7 | 6 | 5 | a4 | 3 | 2 | 1 ] o
Name FOC CSOI7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Current Sampling Offset
FOC_CR2[CSOC] is configured to select the current, and FOC_CS(
written to calibrate current sampling offseftdp in singleshunt mode,
ia, ib in dualshunt mode and ia, ib and ic in trigglbunt mode.
[15:0] FOC_CSO Range [0,32767], the MSB is always 0 "
Example: Assuming that the ADC voltage falls within OV ~ 5V with
reference value of 2.5V, then FOC_CSO = 2.5V/5V*32768 =
16384(0x4000)
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14212FOC_ _RTHESTEP (0x40A8, O0Ox40A9)
FOC__RTHESTEPH (0x40A8)
Bit 15 | 14 | 13 | 12 | 11 [ 10 9 | 8
Name FOC__RTHESTEP[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/IW
Reset 0 0 0 0 0 0 0 0
FOC__RTHESTEPL (0x40A9)
Bit 7 | 6 ] 5 | 4 | 3 [ 2 | 1 | o
Name FOC__RTHESTEPJ[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/IW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Speed of Ramping Module
FOC__RTHESTEP is an internal-82 variable. MSB is sign bit.
High-order 16 bits are written by software.
) Range {32768.32767]
[15:0] FOC__RTHESTEP FOC__RTHESTEP (32 bits) = FOC__RTHESTEP (32 bits) +
FOC_RTHEACC (16 loworder bits)
THETA_OL (16 bits) = THETA_OL (16bits) + FOC__ RTHESTEP
(16 highorder bits)

14213FOC_RTHEACC (0x40AA, O0x40AB)
FOC_RTHEACCH (0x40AA)
Bit 15 | 14 | 13 | 12 | 11 | 10 9 | 8
Name FOC_RTHEACC[15:8
Type w w w w w w w w
Reset 0 0 0 0 0 0 0 0
FOC_RTHEACCL (0x40AB)
Bit 7 | 6 | s 4 3 2 1 | o
Name FOC_RTHEACC[7:0]
Type w w w w w w w w
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Ramping acceleration, FOC_RTHEACC is an internabBariable.
MSB is sign bit. Loworder 16 bits are written by software, and high
order 16bits are always 0.
) Range {32768,32767]
[15:0] FOC_RTHEACC | toc RTHESTEP (32 bits) = FOC__ RTHESTEP (32 bits) +
FOC_RTHEACC (16 loworder bits)
THETA_OL (16bits) = THETA_OL (16 bits) + FOC__RTHESTEP (|
high-order bits)

14214F OC_EOMELPF (O0Ox40AA, O0x40AB)
FOC_EOMELPFHOx40AA)
Bit 15 | 14 | 13 | 12 | 112 | 10 | 9 | 8
Name FOC_EOMELPF[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
FOC_EOMELPFL (0x40AB)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name FOC_EOMELPF[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
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Bit Name Description
Filtered Estimated Speed B§timator
. The filter coefficient is FOC_EOMEKLPF, and the LPF frequenc
[15:0] FOC_EOMELPF the PWM cycle.
Range {32768, 32767]

14215F OC_RTHECNT

(0Xx40AC)

Bit 7 | 6 | 5 | 4 | 3 [ 2 | 1 | o
Name FOC_RTHECNT
Type R/W R/W RIW R/W R/IW R/IW R/W R/IW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Max. ramping counts = FOC_RTHECNT*256
. When ramping feature is enabled, the ramping angle increases i
[7:0] FOC_RTHECNT PWM cycle. AfterFOC_RTHECNT*25@&imes, ramping feature i
disabled.

14216FOC_THECOR (0x40AD)
Bit 7 | 6 | 5 | 4 | 3 | 2 |1 1 1o
Name FOC _THECOR
Type R/W R/W R/W R/W R/IW R/W R/W R
Reset 0 0 0 0 0 0 0 1
Bit Name Description
Angle smooth switching correction:
. The step value of angle smooth switching after ramping.
[7:0] FOC_THECOR format is the same &0C__ THETA
Range [0, 255]
14217FOC_ _EMF (0x40AE, Ox40AF)
FOC __EMFH (0x40AE)
Bit 15 | 14 | 13 | 12 | 11 [ 10 | 9 | 8
Name FOC__EMF[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
FOC__EMFL (0x40AF)
Bit 7 | 6 | 5 | 4 | 3 | 2 ] 1] o
Name FOC EMF[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Estimated BEMF of Estimator
[15:0] FOC__EMF This value is the root of sum of squareF@C__EALP and
square of FOC___ EBETRange [0, 32767]

14218FOC_THECOMP

(0OX40AE, OXx40AF)

FOC_THECOMPH (0x40AE)
Bit 15 | 14 | 13 12 11 | 10 | 9 | 8
Name FOC_THECOMP[15:8]
Type W W W W W W w | w
Reset 0 0 0 0 0 0 0 0
FOC_THECOMPL (Ox40AF)
Bit | 7 | 6 | 5 | 4 | 3 | 2 | 11]o0
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Name FOC_THECOMP[7:0]
Type w w w w w W w | w
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Angle Compensation Value
The output angle FOC__THETA is derived from {
[15:0] FOC_THECOMP estimator estimated angle + compensation value; the fg
is same witlthat of FOC__ THETA.
Range {32768, 32767]
14219r0C_DMAX (0x40BO, 0x40B1)
FOC DMAXH (0x40B0)
Bit 15 | 14 | 13 [ 12 | 112 | 10 | 9 | 8
Name FOC_DMAX[15:8]

Type w w w w w W w w
Reset 0 0 0 0 0 0 0 0
FOC_DMAXL (0x40B1)

Bit 7 | 6 | 5 | 4 ] 3 | 2 ] 1 ] o

Name FOC DMAX][7:0]
Type w w w w w W w w
Reset 0 0 0 0 0 0 0 0
Bit Name Description
) Max. output of daxis PI controller
[15:0] FOC_DMAX Range {32768, 32767]
14220FOC_ _OMEEST (0x40BO, O0x40B1)
FOC OMEESTH (0x40B0)
Bit 15 14 | 13 | 12 11 | 10 | 9 8
Name FOC__OMEEST[15:8]

Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
FOC__OMEESTL (0x40B1)

Bit 7 6 5 | 4 | 3 2 1 | o

Name FOC OMEEST[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
) FOC Calculated Speed of Estimator
[15:0] | FOC__OMEEST Range (0.32767)
14221FOC_DMI N (Ox#40B2),
FOC_DMINH (0x40B2)
Bit 15 | 14 | 13 | 12 | 12 | 10 | 9 | 8
Name FOC DMINJ[15:8]

Type w w w w W w W W
Reset 0 0 0 0 0 0 0 0
FOC_DMINL (0x40B3)

Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name FOC_DMIN[7:0]
Type w w w w W W W W
Reset 0 0 0 0 0 0 0 0
Bit | Name | Description
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. Min. output of daxis Pl controller
[15:0] FOC_DMIN Range {32768, 32767]
14222FOC_QMAX (0x40B4, 0x40B5)
FOC_QMAXH (0x40B4)
Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 | s
Name FOC_QMAX[15:8]

Type R/W R/W RIW R/W R/IW R/IW R/IW R/IW
Reset 0 0 0 0 0 0 0 0
FOC_QMAXL (0x40B5)

Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 ] o

Name FOC_QMAX[7:0]
Type R/W R/W RIW R/W R/IW R/IW R/IW R/IW
Reset 0 0 0 0 0 0 0 0
Bit Name Description

. Max. output of gaxis Pl controller
[15:0] FOC_QMAX Range {32768, 32767]

14223FOC_QMI N (0x40B6, 0x40B7)

FOC_QMINH (0x40B6)
Bit 5 | 14 | 13 | 12 | 11 | 10 | 9 | s
Name FOC QMIN[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
FOC_QMINL (0x40B7)
Bit 7 ] 6 | 5 | 4 | 3 | 2 | 1 ] o
Name FOC_QMIN[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. Min. output of gaxis PI controller
[15:0] FOC_QMIN Range {32768, 32767]

14224FOC__UD (0x40B8, 0x40B9)

FOC __UDH (0x40B8)
Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Name FOC__UDI[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
FOC__UDL (0x40B9)
Bit 7 | e | 5 | 4 | 3 | 2 | 1 | o
Name FOC__UDJ[7:0]
Type R/W R/W R/W R/W R/W R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
) d-axis voltage calculated byakis Pl controller
[15:0] FOC__UD Range {32768, 32767]
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14225FO0C_ _U@x 40BA, 0x40BB)
FOC__UQH (0x40BA)
Bit 15 | 14 | 13 12 117 | 10 | 9 [ s
Name FOC__UQI15:8]
Type R/W R/W R/W R/W R/IW R/IW R/W R/W
Reset 0 0 0 0 0 0 0
FOC__UQL (0x40BB)
Bit | 6 | 5 | 4 | 3 | 2 | 1 1 o
Name FOC _UQ[7:0]
Type R/W R/W R/W R/W R/IW R/IW R/W R/W
Reset 0 0 0 0 0 0 0
Bit Name Description
) g-axis voltage calculated byaxis Pl controller
[15:0] FOC_UQ Range {32768, 32767]
14226FOC_ I D (0x40BC, 0x40BD)
FOC__IDH (0x40BC)
Bit 15 | 14 | 13 [ 12 ] 112 [ 10 | 9 | 8
Name FOC__ID[15:8]

Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
FOC__IDL (0x40BD)

Bit 7 | 6 5 | 4 | 3 | 2 ] 1 ] o
Name FOC ID[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. Filtered daxis current
[15:0] FOC_ID Range {32768, 32767]
14227FOC_ 1 Q (0x40BE, Ox40BF)
FOC |1 QH (O0Ox40BE)
Bit 15 | 14 | 13 ] 12 | 11 ] 10 ] 9 | 8
Name FOC | Q[ 15: 8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
FOC | QL (0x40BF)
Bit 7 | 6 | 5 | a4 | 3 | 2 | 1 ] o
Name FOC I Q[ 7: 0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Na me Description
. Filteaxed @urrent
[15:0 FOC__1Q |Range2768, 32767]
14228FOC_ | BET (0x40CO0, 0x40C1)
FOC__IBETH (0x40C0)
Bit 15 | 14 | 13 | 12 [ 112 | 10 | 9 [ 8
Name FOC__IBET[15:8]

Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
FOC__IBETL (0x40C1)
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Bit 7 | 6 | 5 | 4 | 3 2 | 1] o
Name FOC__IBET[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. b-axis current from coordinate transformation.
[15:0] FOC__IBET Range {32768, 32767]

14229FO0C |1 Q_LPFK

(0x40CO0)

Bit 7 | e | 5 | a4 | 3 | 2 | 1 | o
Name FOC IQ LPFK
Type w W W W W W W W
Reset 1 1 1 1 1 1 1 1
Bit Name Description
. LPF coefficient of FOC_1Q, set to OxFF by default
[7:0] FOC_IQ_LPFK Range (0,255)

14230FOC_|I D_LPFK

(0x40C1)

Bit 7 | e | 5 | 4 | 3 | 2 1 | o
Name FOC IQ LPFK
Type W W W W W W W W
Reset 1 1 1 1 1 1 1 1
Bit Name Description
. LPF coefficient of FOC_ID, set to OxFF by default
[7:0] FOC_ID_LPFK Range (0.255)
14231FOC_ _VBET (0x40C2, 0x40C3)
FOC__VBETH (0x40C2)
Bit 15 | 14 13 12 11 10 | 9 | 8
Name FOC VBET[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
FOC__VBETL (0x40C3)
Bit 7 | 6 | 5 | 4 | 3 2 | 1] o
Name FOC VBET[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. b-axis Output Voltage of FOC module
[15:0] FOC__VBET Range {32768, 32767]
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14232FOC_UDCPS (0x40cC2, 0x40C3)
FOC_UDCPSH (0x40C2)
Bit 15 | 14 13 12 | 112 | 10 | 9 | 8
Name FOC_UDCPSJ[15:8]
Type w w w w w W W W
Reset 0 0 0 0 0 0 0 0
FOC_UDCPSL (0x40C3)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 ] o
Name FOC_UDCPS[7:0]
Type w w w w w W W W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
d-axis Voltage Compensation
. The result ofd-axis Pl controller (FOC UD) added to
[15:0] FOC_UDCPS FOC_UDCPSs transferred to the next module.
Range {32768, 32767]
14233FOC_UQCPS (0x40C4, 0x40C5)

FOC_UQCPSH (0x40C4)

Bit 15 | 14 | 13 [ 12 | 12 [ 10 | 9 [ 8
Name FOC UQCPS[15:8]

Type W w w w w W W W
Reset 0 0 0 0 0 0 0 0
FOC_UQCPSL (0x40C5)

Bit 7 | 6 5 4 | 3 2 | 1 ] o

Name FOC UQCPS[7:0]
Type W w w w w W W W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
g-axis Voltage Compensation
The result of is Pl controller (FOC UD) added to
[15:0] FOC_UQCPS FOC_UQCPSs?r);nsferred to the n(extﬁodu)le.
Range {32768, 32767]
14234FOC_ _VALP (0x40C4, 0x40C5)
FOC _VALPH (0x40C4)
Bit 15 | 14 | 13 | 12 | 112 | 10 | 9 [ s
Name FOC VALPJ[15:8]

Type W W W W W W W W
Reset 0 0 0 0 0 0 0 0
FOC VALPL (0x40C5)

Bit 7 | 6 | 5 4 | 3 | 2 | 1 ] o

Name FOC VALPJ[7:0]
Type w w w w W W w w
Reset 0 0 0 0 0 0 0 0
Bit Name Description

) U-axis Output Voltage of FOC Module
[15:0] FOC__VALP Range {32768,32767]
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14235FOC_FLUX (0x40C6, 0x40C7)
FOC_FLUXH (0x40C6)
Bit 15 | 14 | 13 12 11 | 10 | 9 | 8
Name FOC_FLUX[15:8]
Type W W W w W w w W
Reset 0 0 0 0 0 0 0 0
FOC_FLUXL (0x40C7)
Bit 7 | 6 | 5 | 4 | 3 | 2 1T 1] o
Name FOC_FLUX[7:0]
Type W w W W W W W W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
} MagneticFlux of Motor
[15:0] FOC_FLUX Range (0.32767)
14236FOC_ _|I C (0x40C6, 0x40C7)
FOC__ICH (0x40C6)
Bit 15 | 14 | 13 [ 12 11 | 10 | 9 | s
Name FOC IC[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
FOC__ICL (0x40C7)
Bit 7 | 6 | 5 4 3 | 2 ] 1 ] o
Name FOC _IC[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
) Sampled C Phase Current
[15:0] FOC_IC Range {32768, 32767]
14237FOC_LQ (0x40C8, 0x40C9)
FOC_LQH (0x40C8)
Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 [ 8
Name FOC LQJ15:8]
Type W w W w w w w W
Reset 0 0 0 0 0 0 0 0
FOC_LQ (0x40C9)
Bit 7 | 6 5 4 3 | 2 | 1 | o
Name FOC LQI[7:0]
Type W w W w w w w W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
) Q-axis Inductance
[15:0] FOC_LQ Range (0,32767)
14238FO0OC_ _|I B (0x40C8, 0x40C9)
FOC__IBH (0x40C8)
Bit 15 | 14 | 13 | 12 | 112 | 10 [ 9 | 8
Name FOC__ IB[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
FOC__IBL (0x40C9)
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Bit 7 | 6 | 5 | 4 | 3 | 2 | 1] o
Name FOC _IB[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] FOC _IB Sampled B Phase Curreitange {32768, 32767]

14239FrO0C_LD (O0Ox40CA, 0x40CB)

FOC_LDH (0x40CA)
Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 [ 8
Name FOC_LD[15:8]
Type W W W W W W W W
Reset 0 0 0 0 0 0 0 0
FOC_LD (0x40CB)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name FOC_LD[7:0]

Type W W W W W W W W
Reset 0 0 0 0 0 0 0 0

Bit Name Description
[15:0] FOC LD D-axis InductanceRange(0,32767)

14240FOC_ 1T A (0x40CA, 0x40CB)
FOC_IAH (0x40CA)

Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Name FOC_ IA[15:8]

Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
FOC__IAL (0x40CB)

Bit 7 | 6 | 5 | 4 [ 3 | 2 1 1 ] o

Name FOC__IA[7:0]

Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description

[15:0] FOC_ 1A Sampled A Phase CurreRange {32768, 32767]

14241FOC__THETA (0x40CC, 0x40CD)

FOC THETAH (0x40CC)
Bit 15 | 14 | 13 | 12 | 112 ]| 10 | 9 | 8
Name FOC__THETAJ[15:8]

Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
FOC__THETAL (0x40CD)

Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | o

Name FOC__THETAJ[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Output Angle of FOC Module
Range {32768, 32767]
[15:0] | FOC__THETA | The bit value-32768 ~ 3276 ¢orresponds to angle rang30% 180°?
Example: Assuming that FOC__THETA = 8192, the output angl¢
8192/32768*180% 45°
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14242FOC_ _ETHETA (0x40CE, O0x40CF)
FOC__ETHETAH (0x40CE)
Bit 15 | 14 | 13 | 12 [ 11 | 10 | 9 [ 8
Name FOC__ETHETA[15:8]
Type R/W R/W R/W R/W R/W R/W R/IW R/W
Reset 0 0 0 0 0 0 0 0
FOC__ETHETAL (0x40CF)
Bit 7 | 6 | 5 | 4 | 3 | 2 ] 1 | o
Name FOC__ETHETA[7:0]
Type R/W R/W R/W R/W R/W R/W R/IW R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Read: Output Angle of Estimator (angle before FOC_THECQ
. is applied); the format is same as thaF@C__ THETA
[15:0] FOC__ETHETA Write: Start Angle of Estimator
Range {32768, 32767]

142.43F OC__EALP

(0x40DO,

0x40D1)

FOC__EALPH (0x40DO0)

Bit 15 | 14 | 13 [ 12 [ 12 [ 10 | 9 | s
Name FOC EALP[15:8]

Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
FOC__EALPL (0x40D1)

Bit 7 | 6 5 | 4 | 3 | 2 [ 11 o

Name FOC EALP[7:0]

Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description

_ U-axis estimated BEMF
[15:0] FOC__EALP Range [32768,32767]
14244F OC__EBET (0x40D2, 0x40D3)
FOC__EBETH (0x40D2)

Bit 15 | 14 | 13 [ 12 | 112 | 10 | 9 | 8
Name FOC EBET[15:8]

Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
FOC__EBETL (0x40D3)

Bit 7 | 6 5 | 4 | 3 | 2 [ 11 o

Name FOC_EBET[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
i b-axis estimated BEMF
[15:0] FOC__EBET Range {32768, 32767]
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14245 OC_ _EOME (0x40D4, 0x40D5)
FOC__EOMEH (0x40D4)
Bit 15 [ 14 | 13 [ 12 | 112 | 10 | 9 | 8
Name FOC__EOME[15:8]
Type R/W R/W R/W RIW R/W RIW RIW R/W
Reset 0 0 0 0 0 0 0 0
FOC EOMEL (0x40D5)
Bit 7 | 6 | 5 [ 4 | 3 | 2 1 1 ] o
Name FOC__EOME[7:0]
Type R/W R/W R/W RIW RIW RIW RIW R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] FOC_EOME Output Speed of EstimatdRange {32768, 32767]
14246FOC__ _UQEX (0x40DG6, O0x40D7)
FOC UQEXH (0x40D6)
Bit 15 | 14 ] 13 | 12 [ 11 [ 10 [ 9 | s
Name FOC UQEXJ[15:8]

Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
FOC__UQEXL (0x40D7)

Bit 7 | 6 5 4 | 3 | 2 ] 1] o

Name FOC UQEX|7:0
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Overflow Value of gaxis PI Controller
Equation: FOC__UQ FOC_QMAX
FOC__UQEX is positive when FOC__UQ > FOC_QMAX
[15:0] FOC__UQEX FOCZUSEX is Eegative when FOC__UQQ < FOCT_QQMAX
FOC__UQEX can be used to realize weak magnetic flux control.
Range {32768, 32767]

14247TF OC_KFG (0x40D6, 0x40D7)
FOC_KFGH (0x40D6)
Bit 15 | 14 | 13 [ 12 | 11 | 10 [ 9 8
Name FOC KFG[15:8]
Type W w w w w w w w
Reset 0 0 0 0 0 0 0 0
FOC_KFGL (0x40D7)
Bit 7 | 6 | 5 | 4 | 3 | 2 ] 1 0
Name FOC KFG[7:0]
Type W w w w w W w w
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Coefficient of FG Calculation
FOC module performs the calculation based on FOC_EOMELPF and FOC
in each PWM cycle. The result is updated'tdl4 __ ARR and half of the resu
TIM4__ARR/2) to TIM4__ DR by hardware.
[15:0] FOC_KFG (SeeFG Output)Generatioimr mo)r/e detailsRange [0, 65535]
Note: The clock division factor TIM4_CRO[T4PSC] of Timer4 shall
adjusted if FOC_KFG overflows. When FOC_ KFG = 0, this featur
disabled.
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14248 OC_ _POW (0x40D8, 0x40D9)
FOC__POWH (0x40D8)
Bit 16 | 15 14 13 12 | 112 | 10 | 9
Name FOC__POW][15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
FOC__POWL (0x40D9)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name FOC__POW[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. Motor Power
[15:0] FOC__POW Range {32768., 32767]
14249F OC_EOMEKLPF (0x40D8)
Bit 7 | 6 | 5 | 4 | 3 | 2 ] 1 ] o
Name FOC EOMEKLPF
Type w w w w w w w w
Reset 0 0 0 0 0 0 0 0
Bit Name Description
LPF coefficient of estimated speed FOC_EOMELPF of
. estimator
[7:0] FOC_EOMEKLPF LPFis calculated in every PWM cycle
Range [1,255] mapping [1/32768,255/32768].
14250FOC_ | AMAX (0x40DA, O0x40DB)
FOC__IAMAXH (0x40DA)
Bit 15 | 14 | 13 [ 12 | 11 | 10 9 | 8
Name FOC IAMAXJ[15:8]

Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
FOC IAMAXL (0x40DB)

Bit 7 | 6 | 5 | 4 | 3 | 2 1 | o

Name FOC IAMAX]7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Max. A Phase Current
Recordedmaximum value ofA-phase currentThis value may be
) unreliable unlesthe motor rotates in a full electrical period.
[15:0] FOC__IAMAX This maximum value wil!/l not
FOC_CR2[I CLR] is set to fAlo.
Range {32768, 32767]
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14251IFOC__1 BMAX (0x40DC, 0x40DD)
FOC__IBMAXH (0x40DC)
Bt | 15 [ 14 | 13 | 12 112 | 100 | 9 | 8
Name | FOC__ IBMAX[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
FOC__IBMAXL (0x40DD)
Bt | 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name | FOC__IBMAX][7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Max. B Phase Current
Recorded maximum value offhase current. This value m
be unreliable unless the motor rotate a full electrical
[15:0] FOC__IBMAX period.
This value wild.l not be ¢
FOC CR2[ICLR]i s set to fAlo.
Range {32768, 32767]
14252FOC_ _ | CMAX (Ox40DE, Ox40DF)
FOC__ICMAXH (0x40DE)
Bit 15 | 14 | 13 | 12 | 112 | 10 | 9 | 8
Name FOC__ICMAX]15:8]

Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
FOC__ICMAXL (0x40DF)

Bit 7 | 6 5 4 | 3 ] 2 | 1] o

Name FOC__ICMAX[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Max. C Phase Current
Recorded maximum value Gfphase curreniThis value may be
[15:0] FOC__ICMAX unrel_iable unless the motor r_omea full electrical period.
This value wil!/ not buelests!| ear e
FOC_CR2[I CLR] is set to flo.
Range {32768, 32767]
14253FOC_EFREQMAX (0x406F)
Bit 7 | & | 5 | 4 | 3 | 2 | 1 0
Name FOC_EFREQMAX][7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 1 1 1 1 1 1 1
Bit Name Description
Max. omega
When omega[15:8] > FOC_EFREQMAX, the output speed OME
FOC_CRO[OMAS] = 0: FOC_EFREQMAX*256
_ FOC_CRO[OMAS] = 1: FOC_EFREQHOLD
[7:0] FOC_EFREQMAX Range [0, 127]
0 ~ 127 mapping the speed range 0~ 32767.
Note: This bit is invalid when MSB = 1.
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14.254F OC_DKP (0x4070, 0x4071)
FOC_DKPH (0x4070)
Bit 15 | 14 | 13 12 117 | 10 | 9 [ s
Name FOC DKP[15:8]
Type R RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
FOC DKPL (0x4071)
Bit 7 | 6 | 5 | 4 | 3 2 | 1 ] o
Name FOC_DKP[7:0]
Type R/W R/W R/W R/W R/IW R/IW R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. KP of D-axis PI Controller
[15:0] FOC_DKP Range (0,32767), MSB is always 0, Q12 format
14255FOC_EKP (0x4074, 0x4075)
FOC_EKPH (0x4074)
Bit 15 | 14 | 13 | 12 [ 11 | 10 | 9 | 8
Name FOC EKP[15:8]
Type R R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
FOC_EKPL (0x4075)
Bit 7 | 6 | 5 4 3 2 | 1 | o
Name FOC EKPJ[7:0]
Type R/W RIW RIW RIW RIW R/W RIW R/IW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
KP of PI controller used fagstimated angle of the estimatetSB is
[15:0] FOC_EKP always 0. Q12 format.
Range [0, 32767]
14.256F OC _EKI (0x4076, 0x4077)
FOC _EKIH (0x4076)
Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Name FOC_EKI[15:8]
Type R R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
FOC_EKIL (0x4077)
Bit 7 | & | 5 | 4 | 3 | 2 | 1 | o
Name FOC_EKI[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Kl of PI controller used foestimated angle of the estimatetSB is
[15:0] FOC_EKI always 0; Q15 format.
Range [0.32767]
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14257FOC_KSLI DE (0x4078, 0x4079)

FOC_KSLIDEH (0x4078)
Bit 15 | 14 | 13 | 12 | 11 | 10] 9 | 8
Name FOC_KSLIDE/FOC_PLLKP[15:8]
Type R R/W R/W R/W R/W RW | RIW | RIW
Reset 0 0 0 0 0 0 0 0
FOC_KSLIDEL (0x4079)
Bit 7 | 6 | 5 | 4 | 3 [T 21 11]o
Name FOC_KSLIDE/FOC_PLLKP[7:0]
Type R/W R/W R/W R/W R/W RW | RIW | RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
FOC_CRZ2[ESEL] = 0: SMO gain factor; Q15 format
[15:0] FOC_KSLIDE/FOC_PLLKP | FOC_CR2[ESEL] = 1: KP of PI controller on PLL; Q12 forn
Range [0,32767]. MSB is always 0.

14258 OC_EKLPFMI N (0x407A, 0x4078B)

FOC EKLPFMINH (0x407A)
Bit 15 ] 14 ] 13 [ 12 | 11 | 10 | 9 | 8
Name FOC EKLPFMIN/FOC PLLKPI[15:8]
Type R R/W R/W R/W R/IW R/W R/W | RIW
Reset 0 0 0 0 0 0 0 0
FOC EKLPFMINH (0x407B)
Bit 7 | e ] 5 | 4 | 3 | 2 110
Name FOC EKLPFMIN/FOC PLLKPI[7:0]
Type R/W R/W R/W R/W R/IW R/W R/W | RIW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
FOC_CRZ2[ESEL] = 0: The minimum value of BEMF Ig
pass filter factor. EKLPF is forced to be this value whe
. is lower than this value. Q15 format.
[15:0] FOC_EKLPFMIN/FOC_PLLKI FOC_CRZ2[ESEL] = 1: PI controller Kl coefficient on PL
Q15 format.
Range [0,32767], MSB is always 0.

14259 OC_DKI (0x407C, 0x407D)

FOC_DKIH (0x407C)
Bit 15 | 14 | 13 | 12 [ 11 | 10 | 9 | 8
Name FOC DKI[15:8]

Type R R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
FOC_DKIL (0x407D)

Bit 7 | 6 | 5 | 4 | 3 | 2 ] 1 | o

Name FOC DKI[7:0]
Type RIW RIW RIW RIW RIW RIW R/IW R/IW
Reset 0 0 0 0 0 0 0 0
Bit Name Description

Kl of D-axis PI Controller
[15:0] FOC_DKI Range (0,32767). MSB is always 0. Q15 format
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14260FOC_OMEKLPF (0x407E, 0x407F)
FOC_OMEKLPFH (0x407E)
Bit 15 | 14 ] 13 | 12 | 112 [ 10 | 9 | 8
Name FOC_OMEKLPF[15:8]

Type R R/W R/W R/W R/W R/W R/W R/IW
Reset 0 0 0 0 0 0 0 0
FOC_OMEKLPFL (0x407F)

Bit 7 | e | 5 | 4 ] 3 | 2 | 1 ] o

Name FOC_OMEKLPF[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/IW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. LPF Factor ofEstimatedSpeed of thdestimator.MSB is always
[15:0] FOC_OMEKLPF 0. Q15 formatRange [0, 32767]
14261FOC_FBASE (0x4080, 0x4081)
FOC FBASEH (0x4080)
Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 | =8
Name FOC FBASE[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
FOC_FBASEL (0x4081)
Bit 7 | 6 | 5 4 3 2 | 1 ] o
Name FOC_FBASE[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
FreguencyBase ofEstimator
Range [0, 32767]
[15:0] FOC_FBASE FOC_FBASE = fbase*Ts*32768
Example: Assuming that fbase260Hz,Ts = 62.8 sthen
FOC_FBASE = 200*0.0000625*32768 = 409(0x199)
14262FOC_EFREQACC (0x4082, 0x4083)
FOC_EFREQACCH (0x4082)
Bit 15 [ 14 [ 13 [ 12 | 112 | 10 | 9 [ s
Name FOC EFREQACCI15:8
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
FOC_EFREQACCL (0x4083)
Bit 7 | 6 | 5 | 4 3 | 2 ] 1 ] o
Name FOC_EFREQACCI7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Speedncrement of thé&orcedAngleMode. FOC_EFREQACC is
an internal 24it variable and MSB is sign bit. Lowrder 16bits
are written by software.
Range [0, 65535
[15:0] FOC_EFREQACC Exar%pl[e: Assum]ing that fbase = 200Hz and pp (Pole_Pairs) =
then speed_base = 60*fbase/pp = 3000rpm. If speed incremen
3rpm, then FOC_EFREQACC3rpm/speed_base*32768*256 =
8388(0x20C4).

197 www.fortiortech.com



Fortior Tech

FUG6816 66
14263FOC_EFREQMI N (0x4084, 0x4085)
FOC EFREQMINH (0x4084)
Bit 15 14 | 13 [ 12 [ 112 | 10 [ 9 | 8
Name FOC _EFREQMIN[15:8]
Type R/W R/W R/W R/W R/W R/W R/IW R/W
Reset 0 0 0 0 0 0 0 0
FOC_EFREQMINL (0x4085)
Bit 7 6 | 5 | 4 | 3 | 2 | 1 ] o
Name FOC_EFREQMIN[7:0]
Type R/W R/W R/W R/W R/W R/W R/IW R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
SwitchThresholdof theEstimatedAngle
FOC_EFREQMIN is an internal 28it variable, and MSB is
sign bit. Highorder 16 bits are written by software.
With Forced Angle of Estimator Mode enabled, FOC modulg
outputs forced angle when the estimated angle is smaller th
[15:0] FOC_EFREQMIN the bit value.
Range {32768,32767]
Example: Assuming that foase = 200Hz and pp (Pole_Pairs
4, then speed_base = 60*fbase/pp = 3000rpm. Assuming th
theminimum switching speed = 30rpm, then FOC_EFREQM
= 30rpm/speed_base*32768 = 327(0x147).

14264FOC_EFREQHOLD (0x4086, 0x4087)
FOC_EFREQHOLDH (0x4086)
Bit 15 | 14 | 13 | 12 | 112 | 10 | 9 | 8
Name FOC_EFREQHOLDI[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
FOC_EFREQHOLDL (0x4087)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name FOC_EFREQHOLD[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
MaximumValue offForcedSpeed of thdestimator
FOC_EFREQHOLD is an internal :bit variable, and MSB is sign
bit. High-order 16 bits are written by the software.
[15:0] FOC_EFREQHOLD | Range {32768, 32767]

Example: Assuming that fbase = 200Hz and pp (Pole_Pairs) =
then speed_base = 60*fbase/pp = 3000rpm. If max. forced spe
60rpm, therFOC_EMREQHOLD = 60rpm/speed_base*32768 =

655(0x028F).
14265FOC_EK3 (0x4088, 0x4089)
FOC_EK3H (0x4088)
Bit 5 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Name FOC EK3[15:8]
Type R R/W RIW R/W R/W RIW R/IW R/W
Reset 0 0 0 0 0 0 0 0
FOC EK3L (0x4089)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name FOC EK3[7:0]
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Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. The 3¢ coefficient of the current model in estimator, and MSB is alw
[15:0] FOC_EK3 0. Q15 format. Range [0, 32767]
14266FOC_EK4 (O0Ox408A, 0x408B)
FOC EK4H (0x408A)
Bit 15 | 14 | 13 12 11 [ 10 | 9 | 8
Name FOC EK4[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
FOC EK4L (0x408B)
Bit 7 | e | 5 | 4 | 3 | 2 | 1 [ o
Name FOC EKA4[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. The 4" coefficient of the current model in estimator. Q15 format.
[15:0] FOC_EK4 Range {32768, 32767]
14267FOC_EK1 (0x408C, 0x408D)
FOC EK1H (0x408C)
Bit 15 | 14 [ 13 | 12 | 11 | 10 | 9 | 8
Name FOC EK1[15:8]

Type R R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
FOC_EK1L(0x408D)

Bit 7 | 6 | 5 4 3 | 2 | 1 [ o
Name FOC_EK1[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
The P coefficient of the current model in estimator, and MSB is alw
[15:0] FOC_EK1 0. Q15 format.
Range [0, 32767]
14268FOC_EK2 (0x408E, O0x408F)
FOC_EK2H (0x408E)
Bit 15 | 14 | 13 | 12 [ 11 | 10 | 9 | 8
Name FOC EK2[15:8]
Type R R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
FOC_EK2L (0x408F)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 [ o
Name FOC _EK2[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
The 29coefficient of the current model in estimator, and MSB is alw
[15:0] FOC_EK2 0, Q15 format.
Range [0, 32767]
V2.1
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14269FOC_| DREF (0x4090, 0x4091)
FOC_IDREFH (0x4090)
Bit 15 | 14 | 13 | 12 | 112 [ 10 | 9 [ =8
Name FOC_IDREF[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
FOC IDREFL (0x4091)
Bit 7 ] 6 | 5 | a4 | 3 [ =2 ] 1 ] o
Name FOC_IDREF[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
) Userdefined daxis Current
[15:0] FOC_IDREF Range {32768, 32767]
14270FOC_| QREF (0x4092, 0x4093)
FOC IQREFH (0x4092)
Bit 15 | 14 | 13 [ 12 | 112 [ 10 | 9 [ =8
Name FOC IQREF[15:8]
Type R/W R/W R/W R/W R/IW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
FOC IQREFL (0x4093)
Bit 7 | 6 | 5 | a4 | 3 | 2 ] 1 ] o
Name FOC IQREF[7:0]
Type R/W R/W R/W R/W R/IW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. Userdefined gaxis Current
[15:0] FOC_IQREF | pange 132768, 32767]
14271FOC_QKP (0x4094, 0x4095)
FOC_QKPH (0x4094)
Bit 15 [ 14 13 | 12 [ 112 [ 10 9 8
Name FOC QKP[15:8]
Type R R/W R/W R/W R/W R/W R/W R/IW
Reset 0 0 0 0 0 0 0 0
FOC_QKPL (0x4095)
Bit 7 | 6 5 4 3 2 1 0
Name FOC QKP[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
) KP coefficient ofg-axis Pl controller. MSB is always 0. Q12 format.
[15:0] FOC_QKP Range [0,32767¢orresponds to range of Q12 [0,8].
14.272F OC _ QK (0x4096, 0x4097)
FOC_QKIH (0x4096)
Bit 15 | 14 13 | 12 [ 112 [ 10 | 9 | 8
Name FOC_QKI[15:8]
Type R R/W R/W R/W R/W R/W R/IW R/W
Reset 0 0 0 0 0 0 0 0
FOC_QKIL (0x4097)
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Bit 7 | 6 5 | 4 | 3 2 | 1 | o
Name FOC_QKI[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] FOC_QKI EI coefficientof g-axis PI controller. MSB is always 0. Q15 format.
ange [0,32767] corresponds to the Q15 value range [0,1].
14273FOC_ _UDCFLT (0x4098, 0x4099)
FOC__UDCFLTH (0x4098)
Bit i5 | 14 | 13 | 12 | 11 [ 10 | 9 | 8
Name FOC__UDCFLTI[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
FOC__UDCFLTL (0x4099)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 ] o
Name FOC__UDCFLTJ[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Filtered Bus voltage
FOC module samples the bus voltage and filters it to obtain
FOC__UDCFLT. ADC channel 2 (external voltage divider) o
channel 15 (internal voltage divider) can be selected.
[15:0] FOC__UDCFLT | Range [0, 32767]
Example: The bus voltage is scaled down by 1/6 before feeq
into the ADC module, ADC VREF = 5V (namely, the samplir
range is [0V ~ 30V]) and FOC__ UDCFLT = 19661(0x4CCD
then bus voltage = 19661/32768*5V*6 = 18V.

14274HF 1 _KP

(0X40EO,

OX40E1)

HFI_KPH(0x40EQ)
Bit 15 | 14 | 13 [ 12 | 11 10 9 | s
Name HFI_KP[15:8]
Type R RIW R/IW RIW R/IW R/IW R/IW R/IW
Reset 0 0 0 0 0 0 0 0
HFI_KPL(0x40E1)
Bit 7 | 6 | 5 | & 3 2 1 | o
Name HFI_KP[7:0]
Type RIW RIW RIW RIW RIW RIW RIW R/IW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
KPcoef fiPcli ecnaantorfol | er under high fre
[15:0] HFI_KP | f or mat .
Range [0,32767] corresponds to rang
14275HF | Kl (0Ox40E2, Ox40E3)
HFI KIH(0x40E2)
Bit 15 14 | 13 | 12 [ 11 10 9 | 8
Name HFI_KI[15:8]
Type R R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
HFI_KIL(Ox40E3)
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Bit 7 | 66 | 5 | 4 | 3 | 2 ] 1 ] o
Name HFI_KI[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/IW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. Klcoef foifciPelntcontrol |l er under high f
[15:0] HFI_KI for mat . Range [0,32767] correspondg
142760 MEGA _ _HFI (0x40E4, Ox40E5)
OMEGA __ HFIH(0x40D4)
Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 [ 8
Name OMEGA __HFI[15:8]
Type R/W R/W RIW R/W R/IW R/IW R/IW R/IW
Reset 0 0 0 0 0 0 0 0
OMEGA__ HFIL(0x40D5)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 [ o
Name OMEGA__HFI[7:0]
Type R/W R/W RIW R/W R/IW R/IW R/IW R/IW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. Outputspeeddnder high frequency inject
[15:0] | OMEGA__HFI Range {32768,32767]
1427MHFI _ ALPHAH (O0x40EG6, OX40E7)
HFl__ALPHAH(Ox40E6)
Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Name HFl__ALPHA[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
HFl__ALPHAL(0x40E7)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name HFl__ALPHA[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. Dedicated for internal functional testing under high frequency injection
[15:0] | HFI_ALPHAH Range {32768,32767]
14278HFI _ BETAH (0x40E8, Ox40E9)
HFl__BETAH(Ox40E8)
Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Name HFl__BETA[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
HFl__BETAL(Ox40E9)
Bit 7 | 6 | 5 4 3 | 2 | 1 | o
Name HFI__ BETA[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
) Dedicated for internal functional testing under high frequency injection
[15:0] | HFI_BETAH Range {32768,32767]
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14279rO0C_ 1 DO (O0Ox40EA, O0x40EB)
FOC__IDOH(0x40EA)
Bit 15 | 14 | 13 12 | 112 [ 10 | 9 | 8
Name FOC__ID0O[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
FOC __IDOL(0x40EB)
Bit 7 | 6 | 5 | 4 |1 3 | 2 |1 1 ] o
Name FOC__IDO[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | FOC__ID0| d-axis current from coordinate transformation; Ran§e768,32767]
14280FOC_ 1 D1 (0x40EC, Ox40ED)
FOC__ID1H(0x40EC)
Bit 15 | 14 [ 13 | 12 | 11 | 10 | 9 [ s
Name FOC 1D1[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
FOC__ID1L(0x40ED)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 1] o
Name FOC ID1[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
) d-axis current obtained from the previous carrier wave
[15:0] | FOC__ID1 Range {32768,32767]
1428IDELTA_ _THETA (0x40EE, OXx40EF)
DELTA__THETAH(Ox40EE)
Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Name DELTA__THETA[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
DELTA THETAL(Ox40EF)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 [ o
Name DELTA__THETA[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
) Angl e diff er enc &angef3276883%67]c ar ri er
[15:0] | DELTA__THETA The bi-32768~-8276ec0or r esponds -180%18A ngl e
14282FOC_ 1 Q0O (O0Ox40FO, Ox40F1)
FOC__IQOH(0x40F0)
Bit i5 | 14 [ 13 | 12 | 112 | 10 | 9 | 8
Name FOC__1Q0[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
FOC__IQOL(0x40F1)
Bit 7 | 6 | 5 | a4 | 3 | 2 | 1 ] o
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Name FOC _1Q0[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
) g-axis current from coordinate transformation
[15:0] | FOC__IQO| ponge 132768,32767]
14283FOC_ 1 Q1 (O0Ox40F2, Ox40F3)
FOC__1Q1H(0x40F2)
Bit 15 14 | 13 12 | 112 | 10 | 9 [ s
Name FOC__1Q1[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
FOC__ 1Q1L(0x40F3)
Bit 7 | 6 | 5 4 3 2 | 1 | o
Name FOC__1Q1[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. g-axis current obtained from the previcuerier wave
[15:0] | FOC__IQ1 Range {32768,32767]
14284HFI _ 1 1H (0x40F4, OXx40F5)
HFI__11H(0x40F4)
Bit 15 14 | 13 | 12 | 11 [ 10 | 9 [ 8
Name HFI__11[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
HFI__11L(0x40F5)
Bit 7 6 | 5 | 4 [ 3 | 2 | 1 | o
Name HFI__11[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. Dedicated for internal functional testing under high frequency injection
[15:0] HFI_I1H Range {32768,32767]
14285HFI _ 1 2H (0x40F6, OXxX40F7)
HFI__12H(0x40F6)
Bit 15 | 14 | 13 12 11 [ 10 | 9 | 8
Name HFIl__12[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
HFI__12L(0x40F7)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
Name HFI__12[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. Dedicated for internal functional testing unthdégh frequency injection
[15:0] HFI_I2H Range {32768,32767]
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1428HFI _ I 3H (0x40F8, Ox40F9)
HFl__I3H(0x40F8)
Bit 15 14 [ 13 12 11 [ 10 9 | 8
Name HFIl__ 13[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
HFI__I3L(0x40F9)
Bit 7 6 | 5 | 4 | 3 | 2 1 | o
Name HFI__13[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
) Dedicated for internal functional testing under high frequency injection
[15:0] HFI_I3H Range {32768,32767]
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15 Timerl

1517

mer 1 Operations

Timerl consists of a 1Bit up-counting Base Timer and a-b& up-counting Reload Timer. Timerl can

be used in the applications of squarave controlled BLDC motor drive. Timerl features as follows.

A

b=

b=

> >

A

A

The 16bit up-counting Base Timer is used to record the time between twice position detected
events or twice phases commutations (60 degree time) and also can be used for forced phase
commutation control when phase detection fails.

The 16bit up-counting Reload Timer is used to control the time from position detected to phase
commutation, as well asasking time for diode freewheelirgter phase commutation(prohibit
position detection time).

The 3bit programmable frequency prescaler divides the system clock. The divided clock is used
as the clock source of the twimers.

Configurabldiltering signals and sampling delay for position detection

Position detection module generates the position signal required for phase commutation according
to the input signal

7 groups state register control comparator @ediriver output

6 interrupt sources

Theinternal structure ofimerl is shown ifrigure15-1.

SYSCLK \

4>

counter
underflow

to
CMP&DRIVEARE

Figure15-1 Timerlinternal Structure
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151.1Ti mer 1 Count er Modul e
[ TIM1__BCQR
T1PDIF
— |0 CNTRESET
TIWTIF| |, -
SYSCLK | [TIMI_BCNIR
> |
CLOCK | [ TIBCE f—— T1BOIF
T1PSC CONTROL >
Lo _
chpsct o LA AA
TIML__BARR

!

> Re [T
COUNTER | T1ROIF

data update

T1PDIF /I/I/I T1BDIF

T1ADIF

Figure15-2 Timebase Unit

Timerl consists of a frequenpyescaler, an 16it up-counting Base Timer and an-b& up-counting

Reload Timer.

15.1.1.1Prescaler

Prescaler divides the system clock frequency and generates the counter clock source for Base Timer and
Reload Timer.lt offers 8 division coefficients and can be selected throtliil CR3[T1PSC].Since this
register has no buffethe clock rate is immediately updated after the divigiorfficientis written. Therefore,
thedivision coefficient shall be configured when both the Basic Timer and Reload Timer are not working. The
clock rateclk_pscl = SYSCLK/(2"TIM1_CR3[T1PSCJyheclock rate correspondingTIM1_CR3[T1PSC]

is shown inTable15-1.

Table15-1 Mapping between Clock Rate and TIM1_CR3[T1PSC] Bit

TIM1_CR3[T1PSC] E{';’C'ts(')?” clk_pscl(Hz) | TIM1_CR3[T1PSC] E;‘gf(')?” clk_psc1(Hz)
000 1 24M 100 16 1.5M
001 2 12M 101 32 750k
010 4 6M 110 64 375k
011 8 3M 111 128 187.5k
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15.1.1.2Base Timer

The Base Timer is a #6it up timer with its count value held in the TIM1__BCNTR register.
TIM1__BCNTR value is loaded into Capture Register TIM1__BCCR upon a Position Detected Interrupt
TIM1_SR[T1PDIF] or a Write Timing Interrupt TIM1_SR[T1WTIF] (selected by TIM1_CR2[T1BRS] bit).
Meanwhile TIM1__BCNTR biti s cl eared to A00 aTML BECRtapturdasshe t he c
time betweeniwo Position Detected Interrupts or two Write Timing Interrupts (i.e. 60°commutation time).

These time inputs are averaged multiple times (progranméte TIM1_CRO[T1CFLT] bit) before loading

the average as a 60° commutation base into the TIM1_BCOR register. WhenloadtoRegister
TIM1__BARR is enabled (TI M1 _CR1lpaBsanewleof T¥M1BEAR t o A 1
by hardware.When count value of TIM1__BCNTR increases to TIM1 _BARR, overflow interrupt flag

TIM1 SR[T1BOIFjof t he Basic Timer is set to Alo. I f forced
occurs and the Basic Ti mer RegieRegisterwilsotielcleaeduat t o

it counts up to OxFFFF and becomes overflowed.
TIM1__BCNTR

OXFFFF - — — — — — — — — — — — — — — — — — — — —— -

TIML__BCNARIML__BCQR Set BOIF
TIML__BC@RTIML__BARR

TIMl_BARR—————\Z/— ___________ | —

TIM1_CRO[T1FORC] =0

0x0000
TIM1__BCNTR
OXFFFF— — — — — — — — — — — — — — — — — — — — — — —
Force Commutation
TIM1__BCNARIM1__ BCCR Set BOIF
TIML__BC®RTIM1__BARR / \
TIM1__BAR

TIM1_CRO[T1FORC] =1

0x0000

Figure15-3 Waveform of Base Timer

In Manual mode (TIM1_IER[T1IMAME] = 1), TIM1__ BCNTR is cleared by Base Timer Overflow
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event instead of TIM1_CR2[T1BRS].

15.1.1.3Reload Timer

The Reload Timer is a 46it up-countingtimerwith its count value held in TIM1___ RCNTRhe timer
overflows when TIM1__RCNTR increases to TIM1__RARR. It stops counting when TIM1_SR[T1ROIF]
(overflow interrupt flag of the reload counter) 1is

clearedl Mb_@6RO[ TLRCEN] i ReloadeTimewhen pdsitiod detection intersupt arr t

write timing interrupt is generated.

TIM1__RCNTR overflow overflow overflow overflow
TIM1__RARR = BCOR*CSEL Y A A A

TIM1__RARR = BCOR*B;{ 4oy L L i

0 ﬁ A ﬁ A t
T1PDIF TIWTIF T1PDIF TIWTIF

Figure15-4 Waveform of Reload Timer
1512Posi ti on Detection
15.1.2.1Position Detection Signal
The TIM1_CR3[T1TIS] bit selects the sources of Position Detection signal, including CMP0/1/2, (CMP
Position Detection), GPIOHall Sensor Position Detection) or ADC (ACD Position Detection).
HALL_CR[HALLSEL] bit is used to configure GPIO sourced by P1.4/P1.6/P3dll Gignal input after
function switching or P0.2/P3.7/P3.6. TIM1_CRS3[T1INM] bit decides whether CMP/GPIO signal is filtered.

A Position Detected Interrupt is generated upon the completion of position detection. Position Detected

Interrupts aralivided into CMP/GPIO Position Detected Interrupt and ADC Position Detected Interrupt.

P0.2/P3.7/P3.6

P1.4/P1.6/P2.1 1

HALLSE

T1PDIF

TI1CST

Figure15-5 Functional Block Diagram of Position Detection
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15.1.2.2CMP/GPIO Position Detection Event

The register banKIM1_DBR1/2/3/4/5/6/7[T1CPE]s configured to select the active edge of position
detection signaWhen an active edge of CMP/GPIO Position Detection signal is detected, it indicates the
position detection is successfully done, allowing the CMP/GPIO Position Detected Interrupt Flag

TIM1_SR[TL1PDIF] bit to become A10. /2BM/HA7ITCCPE][ T1CST]

timing.

T1CPE 000 001 100 111 <
CMP/GPO signal(W) \ n
CMP/GPO signal(V) \ B
CMP/GPO signal(W) | \ [
position detect ﬁ % ﬁ ﬁ ﬁ
Detect U phase Detect U phase Three- phase double
< No Detect > rise edge < fall edge »ie edge detection

Figure15-6 Timing Diagram of CMP/GPIO Position Detection
The relation between active edge and TIM1_DBR1/2/3/4/5/6/7[T1CPE] is shdvablel5-2.

Table15-2 Mapping between Active Edge and TIM1_DBR1/2/3/4/5/6/7[T1CPE]

T1CPE Description T1CPE Description
U-phase corresponding comparato
000 |O 100 enabled when falling edge ofphase
is detected.
U-phase corresponding comparato W-phase corresponding comparato
001 | enabled whemising edge of Lphase| 101 enabled when rising edge of-jphase
is detected. is detected.
W-phase corresponding comparato V-phase corresponding comparato
010 | enabled when falling edge of Ydhase| 110 enabled when falling edge ofphase
is detected. is detected.
. U+W+V-phase corresponding
V-phase corresponding comparato . .
L comparator is enabled when rising
011 | enabled when rising edge ofphase| 111 . .
. falling edge olU+W+V-phase is
is detected. detected

15.1.2.3ADC Position Detection Event

TIM1_CR3[T1TIS] is configured to select the position detection signal from A@erl controls ADC
to samplethe voltage of active phase and floating phagech are calculated in the following equation:
YO, YYO™  YOD.YS U 07Y'Op Y0 0
Where,
K: ADC Position Detection Coefficient
TIM1__UCOP: ADC sampled value attive phase
TIM1__UFLP: ADC sampled value dibating phase
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K/TIM1__UCOHRTIM1__UFLP definitions are determined ByM1_DBR1/2/3/4/5/6/7[T1CPE]
bit, as detailed iTable15-3.

Table15-3 Relation between TIM1_DBR1/2/3/4/5/6/7[T1CPE] and K, TIM1__UCOP and TIM1__UFLP

T1CPE Description
000 Reserved
001 TIM1_KR for K, W-phase voltage for TIM1__UCOP, andghase voltage for TIM1__UFLP
010 TIM1_KF for K, U-phase voltage for TIM1__UCOP, andptase voltage for TIM1__UFLP
011 TIM1__ KR for K, U-phase voltage for TIM1___UCOP, andpWiase voltage for TIM1__UFLP
100 TIM1__ KFfor K, V-phase voltage for TIM1__UCOP, anddbase voltage for TIM1__UFLP
101 TIM1_KR for K, V-phase voltage for TIM1___UCOP, andptiase voltage for TIM1__UFLP
110 TIM1_KF for K, W-phase voltage for TIM1___UCOP, andpWiase voltage foFIM1__UFLP
111 Reserved

When TIM1__URES has a negative step or a positive step, arPABilon Detected Interrufggenerated
andTIM1_SR[T1ADIF] (Position Detected Interrupt Flag i s s e tposition atfivlhiich ADCTHostion
Detectedinterrupt is generateid controlled by setting theoefficientK. In this case, the phase commutation

degree can be controlled flexibly.

15.1.2.4Sampling

CSOND_ .| CSOND CSOND .| CSOND

Y
Y

t offdelay t offdela‘ t offdelay t offdelay

PWM out

PWM ORetection interval

PWM OFPetection interval

> < »,
< »

'CSOFFD CSOFFD CSOFFD CSOFFD

Figure15-7 Timing Diagram of Sampling

Affected by switching rate of the power devicBEMF signal lags behind PWM output.
CMP_SAMR[CSOFFD], CMP_SAMR[CSOND] and CMP_CR4[FAEN] Etall be set reasonably to adjust
the sampling interval and obtain the valid position detection signal. When TIM1_CR3[T1TIS] =01 or 10, Timerl
enables CMP0/1/2 to output the compare results between phase BEMF and neutral point, or starts ADC module
to sanple floating voltage.

Seesection31.1.4for details.
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15.1.2.5Filtering

SY SCLhE

INMx 00 01

Before filter
After filter

8clk

Figure15-8 Timing Diagram of Filtering Module

According to TIM1_CR3[T1INM] and CMP_CRA4[FAEN], the filtered pulse width of input noise can be
selected as 8/16/24/32/64/96 system clock. After this feature is enabled, the signal is lagged behind about
8/16/24/32/64/96 system clocks.

1513Write Timing Interrupt

T10P$

TIM1_CR4wr signal
9

00 TIM1_DBR1/2/3
[UPD | ) |
Reload timer overflow event for reversing timing 01 14151617
TIWTIE
[ TIPDIF] or[ T1ADIF| 10 T1CS
x— 11 DRV_CMFE

Figure15-9 Write Timing Block Diagram

When the control logiqredefinedn TIM1_DBR1/2/3/4/5/6/7, is sent to driver register DRV_CMR, a
writing sequence interrupt is generated. The triggered source is selected by the configuration of
TIM1_CRO[T10PS], and software, Reload Timer overflow event or position detected eventsedeched.
When a writing sequence interrupt is generated,

TIM1_CR4[T1CST]rangesn 001 ~ 110, TIM1_CRA4[T1CST] adds 1 automatically.

1514Ti mer 1 I nterrupt

Timerl supports 6 interrupt sources:
A Base Timer overflow interrupt

A Reload Timer overflow interrupt

A Writing sequence interrupt
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A Diode Freewheeling End Interrupt
A CMP/GPIO Position Detected Interrupt
A ADC Position Detected Interrupt

T1BOIF
T1BOIE

T1ROIF
T1ROIE

TIWTIF
TIWTIE

timl_intr

T1PDIF
T1PDIE

T1BDIF
T1BDIE

T1ADIF
T1ADIE

TTLIT

Figure15-10 Timerl Interrupt Sources

152Squawvaeve Contr ol Based BLDC Motor

For BLDC motor squargvave control application, Timerl works with CMPO0/1/2 and Driver module to

achieve the following features:

A Automatic record of 6@egree time, filtered as 60 degree reference time

A Automatic forced phase commutation when position signal is not detected

A Automatic diode freewheeling masking, i.e., stoppiag mp a 15 @ tm fdiringg diode
freewheeling

A Automatic control of the time from position detected to phase commutation to achieve automatic
commutation

A Take over CMP_CR2[CMPOSEL] to control CMP0/1/2 automatically

A Comparator sfogmaldcennbengeat the switch node
be configured to be filtered after sampling

A Take over DRV_CMR register to control 6 PWM outputs automatically
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STATUS1 STATUS2 STATUS3 STATUS4 STATUSS STATUS6 STATUS1

(T1CST=0 (T1CST=010) (T1CST=011) CST=100) (T1CST=101) (T1CST=110) (T1CST=0
TIM1-DBR1 TIM1_DBR2 TIM1_DBR3 TIM$.DBR4 TIM1_DBR5 TIM1_DBR6 TIM1DBR1

Figure15-11 Diagram of Sixstep Phase Commutation of Square Wave Control

TIM1_CR4[T1CST] is the commutation state machine. Among them, state 0 is used to output off state,
and state 7 is customizable for braking,-pharging, prepositioning, startup, etc. States 1 ~ 6 are used for
six-step automatic commutation, and the staéehine TIM1_CR4[T1CST] automatically adds 1 after phase
commutation.

The states 1 ~ 7 maps to the TIM1_DBR1 ~ 7. When writing sequence interrupt occurs, TIM1_DBRXx
corresponding to the current state is automatically transferred to DRV_CMR and CMP_CR2[CMPOSEL] for

phase commutation and position detection.

V2.1 214 www.fortiortech.com



Fortior Tech

-~ FUG816_66

1522Sqguare Wave Control Working Principle

Basic Timer
Overflow Interrupt

60 degree Forced Commutation Time;
BAAR;If ZCP is not detected, forced \
phase commutation is required.

A

A

60 degree Commutation Time;
BCNTRt is automatically
stored to BCCR after
communication.

Time from ZCP to
Phase Commutation;
Triggered
automatically after
ZCP; RCNTR R

Diode Freewheeling A
Masking Time; Triggered

automatically after
phase commutationn RCNTR

Position Detected Writing Sequence Interrupt/
P Interrupt Reload Timer Overflow Interrupt

A

Diode freewheeling End Interrupt/
Reload Timer Overflow Interrupt

Figure15-12 Square Wave Control Working Principle

15.2.2.160°Commutation Base Time

TIM1__BCCR captures the time of last 60 degree. TIM1_CR2[T1IBRS] set to A00 to

ca

bet ween two writing sequence interrupts and TI M1 _ CR

detected interrupts.
TIM1_BCOR is the filtered 60 degree time, i.e., 60 degree base time. TIM1TOERELT] can select
the last 1/2/4/8 TIM1__ BCCR averaged to obtain TIM1_BCOR.
In squarewave control mode, the diode freewheeling masking time, the time from position detected to
commutation, and the time to forced commutation are determined by the 60 degree base time TIM1_BCOR.
When Base Timer is aitHoad enabled (TIM1_CR1[T1BAPE] = Ignd is reset due to a position detection
interrupt or a write timing interrupt, TIM1_BCOR s transferred to TIMBARR to control the forced phase

commutation.

15.2.2.2Forced Commutation at 60°

When the motor rotates smoothly, ZCP is generally detected after 30 degrees of rotation after a phase

V2.1 215 www.fortiortech.com



Fortior Tech

-~ FUG816_66

commutation and a position detection interrupt is geneddt8@P is not detected in 60 degree after the phase
commutation position detection fails and a forced phase commutation is required.

In this caseTIM1_CRO[TIF ORC] i s eanabte the forcedicbndmutation featibering previous
commutationthetimerTI M1 _ _BCNTR is cleared to fA00 bwhleti ming
TIM1__BCCR captures the count value held in TIM1__BCNTR, which is filtered and stored in
TIM1_BCOR as the 60 degree base timéhen autdoad feature is enabled (TIM1_CR1[T1BAPE] = 1),
the value held in TIM1_BCOR is loaded into TIM1__BARR after the Base Timer is clearedZCP is
detected in 60 degree after commutation (TIM1__BCNTR matches TIM1_RBARM1_SR[T1BOIF]
(overflow interrupt flag of the Basic Ti nimer) i s s
TI M1 _ _BCNTR i sButiflae 20P & detetted withi 60.degrees after phase commutation, even
when TIM1__BCNTR > TIM1__ BARR, the forced commutation will not be triggered and TIM1_SR[T1BOIF]
wi || not be set to fAlo. Wh e n (TiMb ICROfTAFORG) mm)arndat i on |
TIML__BCNTR > TIMl1__BARR, the interrupt flasgg TI M1_
commutation is automatically performed. Phase commutation can be performed manually by Basic Timer

overflow interrupt flag and the position detected interrupt flag.

15.2.2.3Diode Freewheeling Masking

After the commutation, inductance energy of the phase is released to the power supply or ground through
the diode since the original active phase becomes a floating phase. During diode freewheeling, the floating
phase BEMF signal cannot be measuBydmasking comparator signal or ADC sampling value during diode
freewheelingime, wrong commutation caused by wrong signal generated Ifieéveheelings avoided After
freewheeling masking, the freewheeling masking end interrupt flag TIM1_SR[T1BDIF] isgeher

Freewheeling masking time is set by TIM1 CRI1[BSEL] with the formula: Masking angle =
TIM1_CR1[BSEL]/128*60°

15.2.2.4Angle of Position Detected to Commutation

After commutation, a ZCP is detected (generating a position detected interrupt) and the hardware starts
counting according to the softwaset time between ZCP and the commutation. After the counting ends, the
hardware automatically implements phase coratinit and generates the wng sequence interrupt flag
TIM1_SR[T1IWTIF].

The time between ZCP and commutation is set by TIM1 CR2[CSEL] with the formula: Commutation
angle = TIM1_CR2[CSEL])/128*60°

15.2.2.5Cycle-by-cycle Current Limiting

Seesection31.1.1.2
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153Ti mer 1 Registers
1531T1I M1 CRO (0x4068)
Bit 7 6 | 5 4 3 | 2 1 0
Name T1RWEN T1CFLT T1FORC T10PS T1BCEN | T1RCEN
Type w1 R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Write to TIM1_CRO[T1RCEN] Enable
0: No effect
7] T1IRWEN 1: When TIM1_CRO is updated, TIM1_CRO[T1RWEN] and
TIM1_CRO[T1RCEN] shall be configured simultaneously to enable or disak
TIMI1_CRO[T1RCEN]. A write of fAO0x8
TIMI CRO[T1RCEN], and fi0x800 to d
60 Degree Base Time Filtering Selection
The average of previous x times 60 degree is used as the base time
. 00: 1 times 60 degree

[6:5] TICFLT 01: 2 times 60 degree
10: 4 times 60 degree
11: 8 times 60 degree
Forced Phase Commutation at 60°Enable
0: Disable

[4] T1EORC 1: Enable

Note:If a ZCP isdetected, forced phase commutation will not be implemented
if this bit is enabled.
Commutation Trigger Signal Select
The bit selects the trigger signal for TIM1_DBRX to transfer data to
DRV_CMR.
00: The transfer is triggered upo

[3:2] T10PS software or on a write to TIM1_CR4[T1CST].

01: The transfer is triggered upon an overflow interrupt of reload timer
commutation counter
10: The transfer is triggered upon a Position Detected Interrupt
11: Reserved
Base Timer Enable
[1] T1BCEN | O: Disable
1: Enable
Reload Timer Enable
When TIM1_CRO is updated, TIM1_CRO[T1RWEN] and
TIM1_CRO[T1RCEN] musbe configured simultaneously to enable or disable
TIM1_CRO[T1RCEN]. AwriteofiO0x 810 to TI M1_CRO ¢
TIM1_CRO[T1RCEN] and fi0ox8006 disabl
0] T1RCEN TIM1_CRO[T1RCEN] is automatically engbled upon a Po_sition Detected
I nterrupt and a Write Timing Inte
by hardware upon a Reload Timer Overflow Interrupt.
TIM1_CRO[T1RCEN] cannot be automatically enabled or disabled by hard
in Manual mode.
0: Disable
1: Enable
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1532T1 M1 _CR1 (0x4069)
Bit 7 6 | 5 | 4 | 3 2 1 [ o
Name T1BAPE BSEL
Type R/W R/W R/W R/W R/W R/W R/IW R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
TIM1__BARR Register Autdoad Enable
With this bit enabledTIM1__BCOR is written to TIM1__ BARR when Basid
Timer is reset due toRosition Detected Interrupt aWrite Timing
Interrupt
[7] T1BAPE It is used for forced phaswmmutatiorat 60fvhen no ZCP is detected.
Setting the device in Manual mode has no effect on TIM1__BARR Reg
autcload feature.
0: Disable
1: Enable
Diode Freewheeling Masking Angle Selection
The bit is used to configure the angledaide freewheeling maskiragter
phase commutatiofPosition is not detected during diode freewheeling
[6:0] BSEL masking.
Equation: Diode freewheeling masking angle = TIM1_CR1[BSEL]/128*
Note: This bit is invalid in Manual mode.

1533T1 M1 _CR2

(0Xx406A)

Bit 7 6 | | 4 | 3 | 2 1 | o
Name T1BRS CSEL
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit Name Description
Base Timer Reset Source Select
This bit is invalid in Manual mode (TIM1_IER[TIMAME] = 1).
[7] T1BRS TIM1__BCNTR can only be cleared byB&NTR Overflow Interrupt.
0: Write Timing Reset
1: Position Detected Interrupt Reset
Phase Commutation Angle Select
[6:0] CSEL After a position detected event, phase commutation is implemented after the
‘ configured by TIM1_CR2[CSEL].
Equation: Commutation angle = TIM1_CR2[CSEL]/128*60°

153471 M1 _CR3

(0x406B)

Bit 7 6 | | 4 3 | 2 1 | o
Name RSV T1PSC TATIS T1INM
Type - R/IW R/IW R/W R/W R/W R/W R/W
Reset - 0 0 0 1 0 0
Bit Name Description
[7] RSV Reserved
Timer ClockSource Frequency Select
These bits are configured to divide the system clock as the clock source fq
Base Timer and Reload Timer. The clock source frequency of the two timg
[6:4] T1PSC 000: 24MHz  001: 12MHz
010: 6MHz 011: 3MHz
100: 1.5MHz  101: 750kHz
110: 375kHz  111:187.5kHz
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[3:2]

TI1TIS

Position Detection Signal Select Flag

00: GPIO (select P1.4, P1.6, P2.1 or P0.2, P3.7, P3.6 according to
HALL_CR[HALLSEL] bit)

01: Output signal of CMP0/1/2

10: Output signal of ADC

11: Reserved

[1:0]

T1INM

Filter PulseWidth for Position Detection Signal Select.
When pulse width of the input signal is less than the set value, it is filtered as
The filtering timechangesccording to CMP_CR4[FAEN].
When CMP_CRA4[FAEN] = O:

00: 4 system clock cycles

01: 8 system clock cycles

10: 16 system clock cycles

11: 24 system lock cycles

When CMP_CRA4[FAEN] = 1:

00: 32 system clock cycles

01: 64 system clock cycles

10: 96 system clock cycles

11: 128 system clock cycles

153571 M1 _ CR4

(0x406C)

Bit 7 | 6 | 5 | 4 | 3 2 | 1 | 0
Name RSV T1CST
Type - - - - - R/W R/W R/W
Reset - - - - - 0 0 0

Bit Name Description
[7:3] RSV | Reserved

Commutation State Machine

The state machine corresponds to diffelHM1_DBRXx at different states.

When TIM1_CR4[T1CST] reads 001 ~ 1Timerl automatically enables or disable|
CMPO0/1/2 according to the TIM1_DBRX[T1CPE].

When TIM1_CR4[T1CST] reads 001 ~ 110
cycle upon a Write Timing Interrupt.

[2:0] | TICST Table15-4 Mapping betweeIM1_CR4[T1CST] and TIM1_DBRx

TIM1 _CR4[TACST] | TIM1_DBRx | TIM1_CR4[T1CST] | TIM1_DBRXx
000 0 100 TIM1_DBR4
001 TIM1_DBR1 101 TIM1_DBR5
010 TIM1_DBR2 110 TIM1_DBR6
011 TIM1_DBR3 111 TIM1_DBR7
1536T1 M1 _| ER (0x406D)

Bit 7 6 5 4 3 2 1 0
Name T1UPD TIMAME | T1ADIE | T1BOIE | TIROIE | TIWTIE | T1PDIE | T1BDIE
Type W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description

When TI M1 _CRO[T10PS] = 00, a writhis
[7] T1UPD bit is chyamhaddwar d0after 10 i s wri
Manual Mode Enable
With this bit enabledBasic Timer and Reload Timer aels separate counters.
Details:

[6] TIMAME TIM1__BCNTR of the Basic Timer is cleared byBase Timer Overflow Interrup
instead of TIM1_CR2[T1BRS]
TI M1 CRO[T1RCEN] of the Reload Ti me
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automatically, and is operated by software only.
TIM1__RCNTR of the Reload Timer can be cleated dpOndoaReload Timer
OverflowInterruptonly.
TIM1__RARR of the Reload Timer cannot be updated automatically, and is opera
software only.
0: Disable
1: Enable
ADC Position Detected Interrupt Enable
[5] T1ADIE | O: Disable
1: Enable
Base Timer Overflow Interrupt Enable
[4] T1BOIE | O: Disable
1: Enable
Reload Timer Overflow Interrupt Enable
[3] T1ROIE | O: Disable
1: Enable
Write Timing Interrupt Enable
[2] TIWTIE | O: Disable
1: Enable
CMP/GPIO Position Detected Interrupt Enable
[1] T1PDIE | O: Disable
1: Enable
Diode Freewheeling Masking Interrupt Enable
[0] T1BDIE | O: Disable
1: Enable
1537T1 M1 _SR (O0x406E)
Bit 7 | 6 5 4 3 2 1 0
Name RSV T1ADIF | T1BOIF T1ROIF TIWTIF T1PDIF T1BDIF
Type - - R/W0 R/WO0 R/WO R/W R/WO0 R/WO
Reset - - 0 0 0 0 0 0
Bit Name Description
[7:6] RSV Reserved
ADC Position Detected Interrupt Flag
A Position Detected Interrupt is generated when TIM1_DBRXx[T1CPE] matches
Position Detection signal.
Read:

[5] T1ADIF | O: No Interrupt Pending
1: Interrupt Pending
Write:
0: This bitis cleared td 0 0 .
1: No effect
Base Timer Overflow Interrupt Flag
An overflow event occurs when Basic Timer counts up and TIM1__ BCNTR matche
TIM1__BARR.
Read:

[4] T1BOIF | 0: No Interrupt Pending
1: Interrupt Pending
Write:
0: This bit is cleared to fA00.
1: No effect
Reload Timer Overflow Interrupt Flag

[3] TIROIF|An overflow event occurs and TI M1_ _H
matches TIM1__RARR.
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Read:
0: No Interrupt Pending
1: Interrupt Pending
Write:
0O: This bit is cleared to fAi0o.
1: Noeffect

2]

TIWTIF

Writing Sequencénterrupt Flag

Writing Sequencénterrupt is generated when TIM1_DBRX is transferred to
DRV_CMR.

Read:

0: No Interrupt Pending

1: Interrupt Pending

Write:

0: This bit is cleared to fAn0O0.

1: No effect

[1]

T1PDIF

CMP/GPIO Position Detected Interrupt Flag

A position detected interrupt is generated wBdnP/GPIO Position Detectiomatches
TIM1_DBRX[T1CPE].

Read:

0: No Interrupt Pending

1: Interrupt Pending

Write:

0: This bit is cleared to fi0o.

1: Noeffect

T1BDIF

Diode Freewheeling Masking End Interrupt Flag

Diode freewheeling masking starts after phase commutation and an interrupt is ger
at end.
Read:

0: No Interrupt Pending

1: Interrupt Pending

Write:

0: This bitis cleared td 0 0 .
1: No effect

1538T1 M1__BCOR (0x4070, 0x4071)

TIML__BCORH (0x4070)

Bit 15 | 14 | 13 | 12 | 11 | 10 [ 9 | 8
Name TIM1 BCORJ[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
TIM1__BCORL (0x4071)
Bit 7 | 6 ] 5 | 4 [ 3 | 2 [ 1 ] o
Name TIM1__BCORJ[7:0]
Type R/W R/IW R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
The bit is configured to capture filtered count values held in th
Base Timer.
[15:0] TIML_BCOR TIM1__BCCR hods the filtered count value, i.e[B8gree Base
Time.
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1539T1 M1 _CR5 (0x4072)
Bit 7 6 5 | 4 3 2 1 | o
Name T1POP TIWTS RSV ITRIP_DIS | UCOP _DIS T1AFL
Type R R - - R/W R/W RIW RIW
Reset 0 0 - - 0 0 0 0
Bit Name Description

Data Transfer Triggered by Driver Counter Overflow

This bit is valid only when TIM_CRO[T10PS] = 00. With it enabled, data tran
is triggered by Driver Counter Overflow, namely, commuting the phase once
every PWM cycle

0: Disable

1: Enable

Commutation enabled at PWM OFF to remove narrow pulses.
PWM Synchronization Enable

0: Disable

1: Enable

[5:4] RSV Reserved

Bus Current Sampling Disable

[3] ITRIP_DIS | O: Enable

1: Disable

Active Phasé&/oltage Sampling Disable

[2] UCOP_DIS | 0: Enable

1: Disable

ADC Sampled Voltage Calculation Filtering Counts
00:1

[1:0] T1AFL 01:2

10:4

11: 8

[7] T1POP

[6] TIWTS

15.3.10TI M1 _DBR1 (0x4074, O0x4075)

TIML _DBR1H (0x4074)

Bit 15 14 | 13 [ 12 11 10 9 8
Name RSV T1CPE TIWHP | TIWLP T1VHP T1VLP
Type - R/W R/W R/W R/W R/W R/W R/W
Reset - 0 0 0 0 0 0 0

TIM1 _DBRIL (0x4075)

Bit 7 6 5 4 3 2 1 0
Name T1UHP TI1IULP | TIWHE | TIWLE T1VHE T1VLE T1UHE T1ULE
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description

[15] RSV Reserved

Position Detection Input Edge Polarity and Comparator Enable Select

This bit is used to define the edge of Position Detection Input and enable or d
[14:12] T1CPE | the associated comparatof$ie detected edge in input signal, corresponding to th
configuration, generates a position detected interrupt.

SeeCMP/GPIO Position DetectiomndTable15-2.

High-side Output Polarity of Whhase
[11] T1IWHP | O: Active High
1: Active Low
Low-side Output Polarity of Whase
[10] T1IWLP | O: Active High
1: Active Low
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9]

T1VHP

High-side Output Polarity of \phase
0: Active High
1: Active Low

(8]

T1VLP

Low-side Output Polarity of \phase
0: Active High
1: Active Low

[7]

T1UHP

High-side Output Polarity of iphase
0: Active High
1: Active Low

[6]

T1ULP

Low-side Output Polarity of §hhase
0: Active High
1: Active Low

[5]

TIWHE

High-side Output Enable of Wghase
0: Disable
1: Enable

[4]

TIWLE

Low-side Output Enable &/-phase
0: Disable
1: Enable

(3]

T1VHE

High-side Output Enable of phase
0: Disable
1: Enable

(2]

T1VLE

Low-side Output Enable of phase
0: Disable
1: Enable

[1]

T1UHE

High-side Output Enable of {ghase
0: Disable
1: Enable

[0]

T1ULE

Low-sideOutput Enable of kphase
0: Disable
1: Enable

Note: The higkside and lowside outputs of W, V and {ghases are complementary and deadtime is
automatically added (same for TIM1 DBR2 ~ TIM1_DBR7) when TIM1 _DBR1[T1WLE] and
TIM1_DBR1[TIWHE], TIM1_DBRI1[T1VLE] and TIM1_DBRI1[T1VHE] or TIM1_DBR1[T1ULE] and

TI M1 _DBR1[ T1UHE] are set to fAlo.
153.11TI M1 _DBR2 (0x4076, 0x4077)
TIM1_DBR2H (0x4076)

Bit 15 14 | 13 | 1 11 10 9 8
Name RSV T1CPE TIWHP | T1IWLP T1VHP T1VLP
Type - R/W R/W R/W R/W R/W R/W R/W
Reset - 0 0 0 0 0 0 0

TIM1_DBR2L (0x4077)

Bit 7 6 5 4 3 2 1 0
Name T1UHP | T1ULP | TAWHE | TIWLE | T1VHE | T1VLE | T1UHE | T1ULE
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description
[15] RSV Reserved

Position Detection Input Edge afbmparator Enable Select
[14:12] T1CPE | Thisbitis used to define the edge of Position Detection Input and enable or di
the associated comparator$ie detected edge in input signal, corresponding to th
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configuration, generates a position detected interrupt
SeeCMP/GPIO Position DetectiocandTable15-2.
High-side Output Polarity of Whhase
[11] T1IWHP | 0: Active High
1: Active Low
Low-side Output Polarity of Whhase
[10] T1IWLP | O: Active High
1: Active Low
High-side OutpuPolarity of \-phase
[9] T1VHP | 0: Active High
1: Active Low
Low-side Output Polarity of \phase
[8] T1VLP | O: Active High
1: Active Low
High-side Output Polarity of ¥phase
[7] T1UHP | 0: Active High
1: Active Low
Low-side Output Polarity of ¥phase
[6] T1ULP | O: Active High
1: Active Low
High-side Output Enable of ghase
[5] T1WHE | O: Disable
1: Enable
Low-side Output Enable of Vghase
[4] TIWLE | 0O: Disable
1: Enable
High-side Output Enable of Yphase
[3] T1VHE | O: Disable
1: Enable
Low-sideOutputEnableof V-phase
[2] T1VLE | O: Disable
1: Enable
High-side Output Enable of {ghase
[1] T1UHE | O: Disable
1: Enable
Low-side Output Enable of{ghase
[0] T1ULE | O: Disable
1: Enable
153.12T1 M1 _DBR3 (0x4078, 0x4079)
TIM1_DBR3H (0x4078)

Bit 15 14 | 13 | 12 11 10 9 8
Name RSV T1CPE TIWHP | TIWLP | T1VHP | T1VLP
Type - R/W R/W R/W R/W R/W R/W R/W
Reset - 0 0 0 0 0 0 0

TIM1 DBR3L (0x4079)

Bit 7 6 5 4 3 2 1 0
Name TIUHP | TIULP | TIWHE | TIWLE | T1VHE TIVLE | TIUHE | T1ULE
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description
[15] RSV Reserved

Position Detection Input Edge and Comparator Enable Select

This bit is used to define the edge of Position Detection Input and enable or di
[14:12] T1CPE | the associated comparatofse detected edge in input signal, corresponding to th

configuration, generates a position detected interrupt.

SeeCMP/GPIO Position DetectiomndTable15-2.
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High-side Output Polarity of Whase
[11] T1IWHP | 0: Active High

1: Active Low

Low-side Output Polarity of Wihase
[10] T1IWLP | O: Active High

1: Active Low

High-side Output Polarity of \phase
[9] T1VHP | 0: Active High

1: Active Low

Low-side Output Polarity of \phase
[8] T1VLP | O: Active High

1: Active Low

High-side Output Polarity of ¥phase
[7] T1UHP | 0: Active High

1: Active Low

Low-side Output Polarity of §bhase
[6] T1ULP | O: Active High

1: Active Low

High-side Output Enable of ghase
[5] T1WHE | O: Disable

1: Enable

Low-side Output Enable of Vghase
[4] TIWLE | 0O: Disable

1: Enable

High-side Output Enable of phase
[3] T1VHE | O: Disable

1: Enable

Low-side OutpuEnableof V-phase
[2] T1VLE | O: Disable

1: Enable

High-side Output Enable of {ghase
[1] T1UHE | O: Disable

1: Enable

Low-side Output Enable of{dhase
[0] T1ULE | O: Disable

1: Enable

153.13T1 M1 _DBR4 (0x407A, 0x4078B)
TIM1_DBR4H (0x407A)

Bit 15 14 | 13 | 12 11 10 9 8
Name RSV T1CPE TIWHP | T1IWLP | T1VHP | T1VLP
Type - R/W RIW R/W RIW R/W R/W R/W
Reset - 0 0 0 0 0 0 0

TIM1_DBRA4L (0x407B)

Bit 7 6 5 4 3 2 1 0
Name | TIUHP | T1ULP | TIWHE | TIWLE | T1VHE | T1VLE | T1UHE | T1ULE
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description
[15] RSV Reserved

Position Detection Input Edge afmparator Enable Select

This bit is used to define the edge of Position Detection Input and enable or di
[14:12] T1CPE | the associated comparatof$ie detected edge in input signal, corresponding to th

configuration, generates a position detected interrupt.

SeeCMP/GPIO Position DetectiomndTable15-2.
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High-side Output Polarity of Whase
[11] T1IWHP | 0: Active High

1: Active Low

Low-side Output Polarity of Wihase
[10] T1IWLP | O: Active High

1: Active Low

High-side Output Polarity of \phase
[9] T1VHP | 0: Active High

1: Active Low

Low-side Output Polarity of \phase
[8] T1VLP | O: Active High

1: Active Low

High-side Output Polarity of ¥phase
[7] T1UHP | 0: Active High

1: Active Low

Low-side Output Polarity of §bhase
[6] T1ULP | O: Active High

1: Active Low

High-side Output Enable of ghase
[5] T1WHE | O: Disable

1: Enable

Low-side Output Enable &/-phase
[4] TIWLE | 0O: Disable

1: Enable

High-side Output Enable of phase
[3] T1VHE | O: Disable

1: Enable

Low-side OutpuEnableof V-phase
[2] T1VLE | O: Disable

1: Enable

High-side Output Enable of {ghase
[1] T1UHE | O: Disable

1: Enable

Low-sideOutput Enable of kphase
[0] T1ULE | O: Disable

1: Enable

153.14T1 M1 _DBR5 (0x407C, O0x407D)
TIM1_DBR5H (0x407C)

Bit 15 14 | 13 | 12 11 10 9 8
Name RSV T1CPE TIWHP | T1IWLP | T1VHP | T1VLP
Type - R/W RIW R/W RIW R/W R/W R/W
Reset - 0 0 0 0 0 0 0

TIM1_DBRS5L (0x407D)

Bit 7 6 5 4 3 2 1 0
Name | TIUHP | T1ULP | TIWHE | TIWLE | T1VHE | T1VLE | T1UHE | T1ULE
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description
[15] RSV Reserved

Position Detection Input Edge and Comparator Enable Select

This bit is used to define the edge of Position Detection Input and enable or di
[14:12] T1CPE | the associated comparatof$ie detected edge in input signal, corresponding to th

configuration, generates a position detected interrupt.

SeeCMP/GPIO Position DetectiomndTable15-2.
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High-side Output Polarity of Whase
[11] T1IWHP | 0: Active High

1: Active Low

Low-side Output Polarity of Wihase
[10] T1IWLP | O: Active High

1: Active Low

High-side Output Polarity of \phase
[9] T1VHP | 0: Active High

1: Active Low

Low-side Output Polarity of \phase
[8] T1VLP | O: Active High

1: Active Low

High-side Output Polarity of ¥phase
[7] T1UHP | 0: Active High

1: Active Low

Low-side Output Polarity of §bhase
[6] T1ULP | O: Active High

1: Active Low

High-side Output Enable of ghase
[5] T1WHE | O: Disable

1: Enable

Low-side Output Enable &/-phase
[4] TIWLE | 0O: Disable

1: Enable

High-side Output Enable of phase
[3] T1VHE | O: Disable

1: Enable

Low-side OutpuEnableof V-phase
[2] T1VLE | O: Disable

1: Enable

High-side Output Enable of {ghase
[1] T1UHE | O: Disable

1: Enable

Low-sideOutput Enable of kphase
[0] T1ULE | O: Disable

1: Enable

153.15T1 M1 _DBR6 (0x407E, 0x407F)
TIM1_DBR6H (0x407E)

Bit 15 14 | 13 | 12 11 10 9 8
Name RSV T1CPE TIWHP | T1IWLP | T1VHP | T1VLP
Type - R/W RIW R/W RIW R/W R/W R/W
Reset - 0 0 0 0 0 0 0

TIM1_DBR6L (0x407F)

Bit 7 6 5 4 3 2 1 0
Name T1IUHP | T1ULP | TAWHE | T1IWLE | T1VHE T1VLE | T1UHE | T1ULE
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description
[15] RSV Reserved

Position Detection Input Edge and Comparator Enable Select

This bit is used to define the edge of Position Detection Input and enable or di
[14:12] T1CPE | the associated comparatoFse detected edge in input signal, corresponding to th

configuration, generates a position detected interrupt.

SeeCMP/GPIO Position DetectiomndTable15-2.
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High-side Output Polarity of Whase
[11] T1IWHP | 0: Active High

1: Active Low

Low-side Output Polarity of Wihase
[10] T1IWLP | O: Active High

1: Active Low

High-side Output Polarity of \phase
[9] T1VHP | 0: Active High

1: Active Low

Low-side Output Polarity of \phase
[8] T1VLP | O: Active High

1: Active Low

High-side Output Polarity of ¥phase
[7] T1UHP | 0: Active High

1: Active Low

Low-side Output Polarity of §bhase
[6] T1ULP | O: Active High

1: Active Low

High-side Output Enable of ghase
[5] T1WHE | O: Disable

1: Enable

Low-side Output Enable &/-phase
[4] TIWLE | 0O: Disable

1: Enable

High-side Output Enable of phase
[3] T1VHE | O: Disable

1: Enable

Low-side OutpuEnableof V-phase
[2] T1VLE | O: Disable

1: Enable

High-side Output Enable of {ghase
[1] T1UHE | O: Disable

1: Enable

Low-sideOutput Enable of kphase
[0] T1ULE | O: Disable

1: Enable

153.16TI M1 _DBR7 (0x4080, 0x4081)
TIM1_DBR7H (0x4080)

Bit 15 14 | 13 | 12 11 10 9 8
Name RSV T1CPE TIWHP | T1IWLP | T1VHP | T1VLP
Type - R/W RIW R/W RIW R/W R/W R/W
Reset - 0 0 0 0 0 0 0

TIM1_DBR7L (0x4081)

Bit 7 6 5 4 3 2 1 0
Name T1UHP T1ULP T1IWHE TIWLE T1VHE T1VLE TIUHE | T1ULE
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description
[15] RSV Reserved

Position Detection Input Edge and Comparator Enable Select

This bit is used to define the edge of Position Detection Input and enable or di
[14:12] T1CPE | the associated comparatof$ie detected edge in input signal, corresponding to th

configuration, generates a position detected interrupt.

SeeCMP/GPIO Position DetectiomndTable15-2.
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[11]

TIWHP

High-side Output Polarity of Whase
0: Active High
1: Active Low

[10]

TIWLP

Low-side Output Polarity of Wihase
0: Active High
1: Active Low

[9]

T1VHP

High-side Output Polarity of \phase
0: Active High
1: Active Low

[8]

T1VLP

Low-side Output Polarity of \phase
0: Active High
1: Active Low

[7]

T1UHP

High-side Output Polarity of ¥phase
0: Active High
1: Active Low

T1ULP

Low-side Output Polarity of §bhase
0: Active High
1: Active Low

[5]

TIWHE

High-side Output Enable of ghase
0: Disable
1: Enable

[4]

TIWLE

Low-side Output Enable &/-phase
0: Disable
1: Enable

T1VHE

High-side Output Enable of phase
0: Disable
1: Enable

T1VLE

Low-side OutpuEnableof V-phase
0: Disable
1: Enable

T1UHE

High-side Output Enable of {ghase
0: Disable
1: Enable

[0]

T1ULE

Low-sideOutput Enable of kphase
0: Disable
1: Enable

15.3.17T | M1

_ _BCNTR (0x4082, 0x4083)

TIM1__BCNTRH (0x4082)

Bit

15 | 14 | 13 | 12 | 11 [ 10 | 9 | 8

Name

TIML__BCNTR[15:8]

Type

R/W R/W R/W R/W R/W R/W R/W R/W

Reset

1 0 0 0 0 0 0 0

TIM1__BCNTRL (0x4083)

Bit

7 | 6 | 5 | 4 | 3 | 2 | 1] o

Name

TIM1__BCNTR[7:0]

Type

R/W R/W R/W R/W R/W R/W R/W R/W

Reset

0 0 0 0 0 0 0 0

Bit

Name Description

[15:0]

TIM1__BCNTR | TIM1_CR2[T1BRS], and TIM1__BCNTR does not restart when

This bit holds count values of the Base Timer and is used for clockin
commutation at 60°
Auto mode: TIM1__ BCNTRegister selects the reset source accordin

TIM1__BCNTR overflow interrupt is generated.
Manual mode: TIM1__ BCNTR restanghen TIM1__BCNTR overflow
interrupt is generated.
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15.3.18T1 M1 _ _B(COORA 084, 0x4085)
TIM1 BCCRH (0x4084)
Bit 15 | 14 | 13 12 112 [ 10 | 9 | 8
Name TIM1 BCCRJ[15:8]
Type R/W RIW RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
TIM1 BCCRL (0x4085)
Bit 7 | e | 5 | 4 | 3 | 2 | 1 ] o
Name TIM1 BCCR[7:0]
Type R/W RIW RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
This bit is configured to capture count values held in Base Timer.
Auto mode: When the Base Timer is reset on a Position Detected Intg
. or a Write Timing Interrupt, the count valulesfore the reset are stored
[15:0] TIM1__BCCR into TIML__BCCR.
Manual mode: When the Base Timer is reset on an Overflow Interrup
count values before the reset are stored into TIM1 BCCR.

153.19T1 M1 __BARR (0x4086, 0x4087)
TIM1__BARRH (0x4086)
Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Name TIM1__BARRJ[15:8]

Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
TIM1__BARRL (0x4087)

Bit 7 6 5 | 4 | 3] 2 | 1] o

Name TIM1__BARR[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/IW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] TIM1__BARR When the count value of t_he Base Timer equals_ to TIM1__ BARR valy
an overflow interrupt is generat
15320T1 M1_ _RARR (0x4088, 0x4089)
TIM1 RARRH (0x4088)
Bit 15 14 | 13 [ 12 [ 112 ] 10 | 9 [ 8
Name TIM1__RARR[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
TIM1 RARRL (0x4089)
Bit 7 6 | 5 | 4 | 3 | 2 | 1 0
Name TIM1__RARRJ[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Auto-Reload Value in Reload Timer
. When count of the Reload Timer is equal to TIM1__RARR, an over
[15:0] TIMI_RARR interrupt is generated and the valu¢éokeri s cl eared to
Auto mode: The value of diode freewheeling masking arghl in
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TIM1_CR1[BSEL] is updated to TIM1__RARR when a Vg Sequence
Interrupt is generated. The value of commutation angle helg
TIM1_CR2[CSEL] is updated to TIM1__RARR when a Position Dete
Interrupt occurs.

Manual mode: TIM1__RARR is written by software.

153.21T1 M1 __RCNTR (O0Ox408A, 0x408B)

TIM1 _RCNTRH (0x408A)
Bit 15 | 14 | 13 | 12 | 11 | 10 ] 9 | s
Name TIM1__RCNTR[15:8]

Type R/W R/W R/W R/W R/W R/W R/IW R/IW
Reset 1 1 1 1 1 1 1 1
TIM1__RCNTRL (0x408B)

Bit 7 | 6 ] 5 | 4 | 3 | 2 1 1 ] o

Name TIM1 RCNTR[7:0]

Type R/W R/W R/W R/IW R/W R/W R/W R/W

Reset 1 1 1 1 1 1 1 1

Bit Name Description
Count value of the Reload Timer for counting numbers of diode
freewheeling masking and ZCP to phase commutation.

[15:0] TIML_RCNTR Not e: gI n I\%Ianual pmode, T lolylbya RC
Reload Timer overflow interrupt.

15.3.22T1 M1 __UCOP (0x408C, 0x408D)

TIM1__UCOPH (0x408C)
Bit 7 | & | 5 | 4 | 3 | 2 | 1 0
Name TIM1__UCOP[15:8]
Type R R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
TIM1__UCOPL (0x408D)
Bit 7 | 6 | 5 | 4 [ 3 | 2 1T 1 ] o
Name TIM1__UCOP[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | TIM1_ _UCOP | ADC Sampled Value ddctive phase voltage (secehnighest bit alignment)

15.323T1 M1__UFLP (O0x408E, Ox408F)

TIM1__UFLPH (Ox408E)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 0
Name TIM1__UCOPJ[15:8]
Type R R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
TIM1__UFLPL (0x408F)
Bit 7 6 5 | 4 | 3 | 2 1 0
Name TIM1__UCOP[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | TIM1__UFLP | ADC Sampled Valuefdloating phase voltage (secehdjhest bit alignment)

V2.1
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15.324T1 M1 __URES (0x4090, 0x4091)

TIM1__URESH (0x4090)
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 0
Name TIM1__URES[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
TIM1__URESL (0x4091)
Bit 7 6 5 | 4 | 3 | 2 1 0
Name TIM1__URESJ[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | TIM1 _URES | Result of ADC Position Detection formyl@15 format

15.3.25T1 M1 _KRMAX (0x4092)

Bit 7 | 6 | 5 | 4 | 3 | 2 1 0
Name TIM1_KRMAX

Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description

[7:0] TIM1 KRMAX | Max. Coefficient of Raising Edg&ange (0,255)

153.26T1 M1 _KFMI N (0x4093)

Bit 7 | e | 5 | 4 | 3 | 2 | 1 0
Name TIM1_KFMIN
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[7:0] TIM1_KFMIN | Min. Coefficient of Falling EdgeRange (0,255)

15327T1 M1 __KF (0x4094, 0x4095)

TIM1__KFH (0x4094)

Bit 7 | e | 5 | 4 | 3 | 2 | 1 | o
Name TIM1__KF[15:8]
Type R R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

TIM1__KFL (0x4095)

Bit 7 6 5 | 4 | 3 | 2 1 0
Name TIM1__KF[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description

ADC Position Detection Coefficient whdleating phase voltage drops

[15:0] | TIM1__KF Range [0,32767] oP ) i
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153.28T1I M1 __KR (0x4096, 0x4097)
TIM1__KRH (0x4096)
Bit 15 | 14 | 13 | 12 | 112 | 10 | 9 | 8
Name TIM1__KR[15:8]
Type R R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
TIM1__KRL (0x4097)
Bit 7 6 5 | 4 | 3 | 2 1 0
Name TIM1__KR[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. ADC Position Detection Coefficient whdloating phase voltageses
[15:0] | TIM1__KR Range [0.32767]
15329TI M1 _ I TRI'P (0x4098, 0x4099)
TIM1__ITRIPH (0x4098)
Bit 15 14 | 13 | 12 | 11 10 | 9 [ 8
Name TIM1__ITRIP[15:8
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
TIM1__ITRIPL (0x4099)
Bit 7 6 | 5 | 4 | 3 | 2 ] 1o
Name TIM1__ITRIP[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Filtered Bus Current
When DRV__ CNTR = 0, the hardware automatically samples the
current and filters it for software application. The default chann
i ADC channel 4.
[15:0] TIM1__ITRIP Range [0.32767]
Note: The value is obtained by averaging the instantaneous ¢
values of 8 samples.
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16 Timer2
16.1Ti mer 2

Il nstructions

Timer2 has the following five working modes:

> >» > >

detection) mode

Timer2 features:

Output mode: PWM generation

A 3-bit programmable prescaler divides the system clock

Input counter mode: Deteictputtime oftheset PWM wave numbers

A  Step ModeDetect rotation direction, position and speed of step motor.

Input capture mode: Detect the duration of high and low level of input PWM

QEP & RSD mode: Quadrature Encoder Pulse & Rotating State Detection (tailwind/headwind

A 16-bit up-counting Base Timer; Counting clock source serves as the output of prescaler

with external input signal selected as clock source.

A

A Input filter module

A Edge detection module
A PwM generation module
A Interrupt event

16.1.1Pr es c a |

er

16-bit up/downcountingspecial timefor Input CounérMode, QEP&RSD Mode and Step Mode,

Prescaler divides the system clock frequency and generates clock source for Bas8 ffageency

division coefficients of prescaler are available and can be selecH#/By CRO[T2PSC] Since this register

has no bufferthe clock source frequency is updated immediately after TIM2_CRO[T2PSC] is written. Therefore,

the frequency division coefficients shall be configured when Basic Timer is not working. The clock source

frequency formulas: clk_psc2 = SYSCLK/(2"TIM2_CRO[T2PSC]Jheclock rate corresponding to different

TIM2_CRO[T2PSC)alue as shown ifiable16-1.

Tablel16-1 Mapping between Clock Rate and TIM2_CRO[T2PSC]

TIM2_CRO[T2PSC] [l):"é'cst'gr“ clk_psc2(Hz) | TIM2_CRO[T2PSC] Dlz"a’l'cst'gr“ clk_psc2(Hz)
000 1 24M 100 16 1.5M
001 2 12M 101 32 750k
010 4 6M 110 64 375k
011 8 3M 111 128 187.5k
16.1.2Readi ng, Writing and Counting of TI M2 _ _

WhenTIM2_CR1[T2CEN] = 1, TIM2__CNTR starts to count. The write operation to TIM2__CNTR
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directly changes the value of the register, so Base Timer shall be disabled before the write operation. When
reading TIM2__ CNTR, software reads the haglerbits first, and the hardware synchronously caches the

low-order bits. When reading the lewvder bits the software reads the cached data.

16.1.30ut put Mode

_
— SYSCLK_ Emg:gsﬁq
[T2psG 3Pit c%LNOTCR'éL COUNTER | | oc O] tim2_oc

Figure16-1 Output Mode Block Diagram

The output mode generates output signals according to TIM2_CRO[T20CM], and the comparison
results between TIM2__CNTR and registers TIM2__ DR, TIM2__ARR. Meanwkiteresponding

interrupts events are generated.

16.1.3.1Reading and Writing of TIM2__ ARR/TIM2__ DR

In output mode, TIM2__ ARR/TIM2__ DR contains preload registers and shadow registers. When the
software writes TIM2__ARR/TIM2__ DR register, the data is saved in the preload register. When the
overflow event TIM2_CR1[T2IF] is generatedthe Base Timer stops working (TIM2_CR1[T2CEN] = 0),
the set value is transferred to the shadow register.

TIM2__ARR/TIM2__ DR is a 1ébit register, which requires to write the high byte first and then the
low byte. The hardware ensures that the data in the preload register is not transferred to the shadow register
after the high byte is written or before thevlbyte is written.

For example, TIM2__DR is a preload register and DR_SH is a shadow register. PWM is generated by
comparing TIM2__CNTR with DR_SHwWhen software writes TIM2__ DR, TIM2__DR is not updated to
DR_SHimmediately, and is updated to TIM2__ DR at the end of a PWM (TIKR TR overflow event).

16.1.3.2High-/Low-level Output

When TIM2_CRO[T20CM] =0, if TIM2__ DR > TIM2__ ARR, the output signal is always low. When
TIM2_CRO[T20CM] =1, if TIM2__DR > TIM2__ARR, the output signal is always high.
16.1.3.3PWM Generation

In PWM generation mode, TIM2__ARR determines PWM cycle, TIM2__ DR determines duty cycle,
and duty cycle = TIM2__ DR/TIM2__ ARR*100%. If TIM2_CRO[T20CM] = 0, the low level is output when
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TI M2 __CNTR

TIM2_CRO[T20CM] = 1, the high level is output when TIM2__CNTR < TIM2__ DR, and the low level is
TIM2_ _CNTR O TI M2_ _DR.

out put when

signal is reversed.

< TI M2 __

16.1.3.4interrupt Events

A When TIM2__CNTR = TIM2__DR, a compare match event is generated and the interrupt flag bit

DR,

TI M2 _CR1[ T21 R] timesconsineds.

and

t

(0]

t he

fi

hi gh

10. The

| evel i s

A
TI M2 _CR1[ T21 F] timesi ss ectl etaor efddl &.o. TRNOeO and t hen
TN GNTR 0000 ) 0001 ) 0002 X 1038 103C )} 103D)( 3000 ¥ 3001 Y 0000 ¥ 0001
TIM_R 103C
TIM_AR 3002
M aC
(T200M0)
M aC
(T200wY)
T2IR
T2IF
A
nat ch overfl ow
Figure16-2 Output Mode Waveform
16.1.4l nput Signal Filtering and Edge Detect
T2SEL
GP10 ?.—l—_1>_> FILTER
=== TI_NEG
| RSDCMP NO FILTER EDGER
' mode|cMP1T DETECTQRT!_POS
b FILTER4 |
GP07
T2SSEL

Figure16-3 Block Diagram of Input Signal Filtering and Edge Detection

When TIM2__CNTR = TIM2__ARR, an overflow event is generated, and the interrupt flag bit

ou

Wh e nthebutgdt2 __ CN T F

rest

i on

The input signal of Timer2 comes from P0.7 or P1.0, set by PH_SEL[T2SEL] and PH_SEL [T2SSEL]

(seesection22.3.15. The filter of input signal is optional.
The filteting circuit does not filter out or remove input noise less than 4 SYSCLK cycles. The filtering

period is selected by setting TIM2_CR1[T2FEheTTiltering feature is enabled when TIM2_CR1[T2_FE] is
a n agignil$ dveryadsyistang cydemdlTittered signaf id 4lclock ayctes later than

set to fnlo

the signal before filtering. TIM2_CRO[T2CES] determines the active edge to count.

V2.1
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el e e e T R
Before Filter ‘ ‘ m

Atter Filter

4clk 4clk 4clk

Fi gu#®i mi ng Diagram of Filter Modul e
The edgemadeculececpbs filteredrispmng sdgerabdmpatidl Iriel
capture mode or input counting modes.
16.15l nput Capture Mode

T2DR T2ARR

T2SEL jx ﬁ
GP10 FILTER
T2IP
e —— T2CES S TI_NEG,
RSD ‘—ICNTR‘ T2IR

DETECT'Q H'I_POS>

mode|cMP T >
FILTER4 o

GPO7 T20P

GRO7 5 D oLk . counter T2,

T2SSEL — =t
[ T2SSE( cLock | [T2CE
T2PS( CONTROL o : AN

Figurel16-5 Schematic Diagram of Input Capture Mode

The input capture mode detects duty cycle and period of the PWM signal. When TIM_CRO[T2CES] =
0, the time between two adjacent rising edgessone cycle, and the time from rising edge to falling eftgms
the pulse widt{HIGH). WhenTIM_CRO[T2CES] = 1, the time between two adjacent falling efyess one
cycle, and the time from falling edge to rising eftyensthe pulse width(LOW). When the predefined edge
arrives, the count value TIM2__ CNTR is stored in TIM2__ DR and TIM2__ ARR respectively tdatalc

the period and duty cycle of PWM waveform.

LU

TI_NEG A
TI_POS A 4
TIM2_CNTRXXXX( 0000 0001)  103B) 103C) 103DY_ 3000 ) 3001 0000 ) 0001
TIM2_DR 0000 : 103C
TIM2_ARR X XXXX X 3001
T2IR
T2IP

A A A

H level software H level period

start  clear detect detect

Figure16-6 Timing Diagram of Input Capture Mode (TIM2_CRO[T2CES] = 0)
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For examplewhenT2 CES = 0, TI M2 _CR1[ T2 CBa&sg TimesWhenthefirst o A 10
rising edge of the input (falling edge is invalid) is deteciéi2__ CNTR is cleared and restarts. When falling
edge of the input is detected, the value of TIM2__CNTR is stored in TIM2__ DR, while the interrupt flag
TI M2 _CR1[T21IR] is set to Alo, and TIM2__CNTR conti
is detectedthe value of TIM2__ CNTR is stored in TIM2__ ARR. Meanwhile, the interrupt flag TIM2_CR1[T2IP]
isset o Al1l0, and TIM2_ _CNTR is cleared to A00 and rest
An overflow event occurs if Timer2 does not detect the second rising edge of the input and TIM2__CNTR
reaches OxFFFF. I n this case, the interrupt flag TI
and restartsAt this point, TIM2__ARR value is OXFFFF, and the TIM2_DR value is determined by the input
level and TIM2_CRO[T20CM] XOR.

16.16l nput Counter Mode

T2CES
GP10 FILTER -

TI_NEG

' RSD |CMP NO FILTER EpceR O .
‘ 11poS AN

i mode
| mode, CMPZ Sy DETECT@RT! POS | ST
GPO7 = conTr 2P

[

2SSEL
2CLK CNT ﬁ
— P
2EN F
CLOCK ) COUNTEI 2l

T2PS( CONTROL ck_psc2 _ W

T2ARR

Figure16-7 Schematic Diagram of Input Counter Mode

In input counter mode, TIM2__ DR includes preload register and shadow register. When the software
writes TIM2__ DR register, the data is saved in the preload register first, and then sent to the shadow register
in case of compare match event (TIM2_CR1[T2#P]), overflow event (TIM2_CR1[T2IF] = 1) dimer
disable (TIM2_CR1[T2CEN] = 0). TIM2__ DR is a ‘it register, which requires the software writes the
high byte first and then the low byte. The hardware ensures that the data in the preload regisigdasatbt
to the shadow registafterthe high byte is written and before the low byte is written.

The input counter mode is used to detect the tinieput the sePWM wave When the number of input
PWM counted by thepecial timeiICCNTR reaches the set value (TIM2_DR), TIM2__CNTR of the Base
Timer is stored in TIM2_ _ARR. When TI M2 _ CRO[ T2CES]
signalserves athe active counting edge of tepecialtimegrwh en Tl M2 _ CRO|[ T2t@Hdlihg i s s et
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edge of the input signal as the active edge.

mpos 4 A A 4 A 4 A 4 4 4 4 4
CCNTR %00010002( 0003 0004)0005(0006( 0007 0008 ) 0009 ) 000A X 0000 ) 0001
(9/(A(B(AD ' J

80/(1X(2)(3)4)
TIM2_DR 000B
TIM2_ARR 0000 0016
T2IP

A
match

Figure16-8 Timing Diagram of Input Court Mode

The Basic Timer is enabled wh&iM2_CRI1[T2CEN] is set té 1 i the first active edge of the input

signal is detected, TI M2 __CNTR is cleared to f00

arrives,one is added tthe count value of thepecial imeCCNTR When the count value reaches TIM2__ DR,

_CNTR is stored in TIM2__ARR. When TIM2_CR1[T

TI M2 _

are cleared to 0 and restart.

When the number of input PWM does not reach the set valu&lsfiti CNTR reaches OXFFFF, an

overf

|l ow event generates, and the interrupt

00 with CCNTR uncleared. TIM2_ _CNTR starts

previous value.

16.1.7QEP&RSD Mode

RSD mode:

CMPO_EN =1 > T2DIR
CMPO_MOD =1
CMPO_SEL =00

QEP mode:
T2SEL=1
T2SSEL=1

T2CE
R

T2PSq clk_psc2

TIM2__ARR

Figure16-9 Schematic Diagram of QEP&RSD Mode
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QEP & RSD modmbtainsrelative position, direction and speed of the motor by detecting orthogonal
signals on two channelB0. 7 and P1. 0 (QEP mode) or CMPO, CMP1 (RSD mode) are the input signal
sources, which are sent to the quadrature decoding nmiooiiehefiltering module to obtain active edge and

direction(TIM2_CR1[T2DIR])).

o7 UL L
@10

nrsd A 4 4 4 4 2 4 ffﬁﬁﬁfff

(canl t read)
TN AR

Figure16-10 Timing Diagram of QEP&RSD Mode

Thespecial timefs an up/dowrcounting timerand the signal source is the active edge from orthogonal
decoding module. If TIM2_CR1[T2DIR] = 0, the direction is positive, apdcial timercounts upward.

When the active edge arrives, tiraer increases by one. If TIM2_CR1[T2DIR] = 1, the direction is reverse
andspecial timercounts down. When the active edge arrivestither decreases by ontn theQEPMode,

after configuring the code value held in TIM2_DR, the caupttimeri s ¢l eared to fi06 and
reaches TIM2_DR, and the cotosidwntimeris reloaded with TIM2_DR when it decrements up td e
mechani cal zero signal (AZ signal 0) of QEP encoder
interrupt event flag.

The Base Timer is an ugpunter used to record the time of two active counting edges. The clock source
frequency can be divided. When the counting edge arrives, the value of Base Timer is stored in TIM2__ ARR
and cleared to fA00, afnldaglribM2t_ dRsl[sTe2l R]o ifinltoer rWhpetn B
the count overflows and TIM2_CR1[T2IF] interrupt flag is generated.
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16.1.7.1RSD Comparator Sampling

delaytime

I S S

PWM output E—

PWM of CMP

PWM ON Sampling interval

Figure16-11 PWM ON Sampling Mode
The Start of Sampling (fiSoS0) time delay and
order to sample correct BEMF comparison signals in RSD Sampling mode.

Seesection31.1.4for details.

16.1.8St ep Mode

GP10(dir) __ CW CCW

T2TSS =0
T2SEL =1

TassEL=1{Gpo7_J LI LI LI LI L

dir -
> Edge |

T2CES
TI_NEG[,
RTI_POS| |
SYSCLK
AL .

GP10(CCW)

T2TSS =1
T2SEL =1
T2SSEL=1

clr
>

T2CE

==
L ok psc2 T2IF

TIM2 _ARR

Figure16-12 Step ModeSchematic Diagram

In step mode, relative positiodirection and speed of the step motor are obtained by detecting inputs
of the two channel. P1.0 is direction input, and P0.7 is pulse ingttindSTIM2_CRO['2CES] toselect the
rising edge or falling edge as the active edge. The input signals are sent to decoding module from the filtering
module to obtain the active edge and direction TIM2_CR1[T2DIR].

Note: TIM2_CR1[T2DIR] will not change unlegsansition occurs a1.0 and active edge is detected at

P0.7. To generate an interrupt immediately after P1.0 changes, use INT1.

V2.1 241 www.fortiortech.com



Fortior Tech

-~ FUG816_66

@10 ‘

Qo7

S S S S S S S 0 S N
QONTR( T M2_CNTR)

T20R

ANTR
(canl t read)
T M_ARR

Figure16-13 Timing Diagram of Step Mode

GRO _Il_l
ooy [ LT[ | g EEgigigigipipipiph
S N S N O S S 0

CCNTRIMe_CNTRX0000(0002X 0000K 0001 000K FFFX FFFIX_ FFFF

CNTR
(can tread )

TIMe_ARR X4000X4000X4000X 40004000 40004000 8000

Figure16-14 Timing Diagram of Positive + Negative Pulse Input Stat8tep Mode
(RaisingEdgeSelected a#\ctive Edge)

The special timeiis an up/dowrcounter, and the signal source is active edge of the encoding module.
When P1.0 = 0, TIM2_CR1[T2DIR] = 0, the direction is forward. If active edge of P0.7 arrivepetial
timer CCNTR increases by 1. When P1.0 = 1, TIM2_CR1[T2DIR] = 1 and the direction is reverse. If active
edge of P0.7 arrives, CCNTR decreases by dount value of thepecial timerreaches 65535 from 0, it is
automatically cleared to A0O0. I f it 39EMI €HTRass fr om
read to obtain the value gpecial timer

The Base Timer is an up counter, which uses the output of prescaler as the clock source to record the
time between two active counting edgésen active counting edge arrives, the value of Basic Timer is stored
in Tl M2__ARR and then cleared to A0O0,WhamBadseTimem2 CR1 |
counts to OXFFFF, the count overflows and the inteftagt(TIM2_CR1[T2IF]) is generatk
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16.2T i

mer 2

Regi sters

16.2.1T1 M2 _CRO (O0x A1)

Bit

Name

T2PSC T20CM T2IRE T2CES T2MOD

Type

R/W

R/IW R/W R/W R/W R/IW R/IW R/W

Reset

Bit

Name

Description

[7:5]

T2PSC

Base Timer Clock Prescal8election

It is configured to divide the system clock frequency and generate the clock so
for Base Timer. The prescaled clock rates are configured as follows:

000: 24MHz 001: 12MHz

010: 6MHz 011: 3MHz

100: 1.5MHz 101: 750kHz

110: 375kHz 111: 187.5kHz

[4]

T20CM

Output Mode: Output Mod8election

0: Output AO0O0 when TIM2__CNTR < TI M
TIM2__DR

1: Outpuflfl M2 WIN@R < TI M2 _ _DR; outop
TIM2__DR

Input Counter ModeNo effect

Input Capture Mode: TIM2__ DR indicates the input level to be selected when t
TIM2__CNTR becomes overflowed.

0: TIM2__DR is reset
interrupt and is set
1: TIM2__DR is reset
interrupt and is set
QEP&RSD Mode antep ModeSelection

0: QEP&RSD Mode

1: Step Mode
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(3]

T2IRE

Output Mode: Match Interrupt Enable

Input Capture Mode: Pulse Width Detection Interrupt Enable
Input Couner Mode: No effect

QEP Mode: QEP Encoder Z Signal Interrupt Enable

0: Disable

1: Enable

(2]

T2CES

Output Mode: No effect

Input Capture Mode: Counting Ed§election

0: The time between two adjacent raising edges forms one cycle, and the time
rising edge to falling edge forms the pulse width (HIGH). The time between twd
adjacent falling edges forms one cycle, and the time from falling edge to raising
forms tre pulse width (LOW).

Input Counter ModeActive EdgeSelection

0: Falling Edge Count

1: Raising Edge Count

QEP&RSD Mode: Enable Pulse Counter Cleared upon Z Signal Interrupt INT1
Disable

1: Enable

Step Mode Active EdgeSelection

0: Falling Edge Count

1: Raising Edge Count

[1:0]

T2MOD

Mode Selection

00: Input Capture Mode

01: Output Mode

10: Input Counter Mode

11: QEP&RSD Mode oBtep Mode
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16.22T1 M2 _CR1 (0xA9)

Bit 7 6 5 4 3 2 1 0
Name T2IR T2IP T2IF T2IPE T2IFE T2FE T2DIR T2CEN
Type R/WO R/WO R/WO R/W R/W R/W R R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description

Output Mode: Match Interrupt Flag
Input Capture Mode: Pulse Width Detection Interrupt Flag
Input Couner Mode: No effect
QEP Mode: QEP Encoder Z Signal Interrupt Flag
Read:
[7] T2IR 0: No Interrupt Pending
1: Interrupt Pending
Write:
0: This bit is cleared to fi0o0.
1: No effect
Output Mode: No effect
Input Capture Mode: PWM Cycleetection Interrupt Flag
Input Counter Mode: PWM Input Courdr Match Interrupt Flag
QEP&RSD Mode an&tep Mode Active Edge Detection Interrupt Flag
Read:
[6] T2lp 0: No Interrupt Pending
1: Interrupt Pending
Write:
0: This bit is cleared to fiOo.
1: Noeffect
OQut put Mode: Base Timer Overflow In
TIM2__CNTR matches TIM2__ARR.
Il nput Capture Mode: Base Timer Over
the Timer has not detected an input PWM cycle but the timer TIM2__CNTR va
reaches OXFFFF.
Input Countr Mode: Speciapurpose Counter overflow Interrupt Flag, which is s
to Ald0 when the input PWM cycle has
[5] T2IF the Base Timer TIM2__ CNTR value reaches OxFFFF.
QEP&RSD Mode an&tep ModeBase Timer Overflow Interrupt Flag, which is s
to &iMd Basic Timer is cleared to A0O
Read:
0: No Interrupt Pending
1: Interrupt Pending
Write:
0O: This bit is cleared to fi0o.
1: No effect
Output Mode: No effect
Input Capture Mode: PWM Cycle Detection Interrupt Enable
[4] T2IPE Input Couner Mode: PWM Input Courgr Match Interrupt Enable
QEP&RSD Mode an&tep Mode Active Edge Detection Interrupt Enable
0: Disable
1: Enable
Output Mode: Base Timer Overflow Interrupt Enable
Input Capture Mode: Base Timer Overflow Interrupt Enable
[3] T2IEE Input Countr Mode: Base Timer Overflqw Interrupt Enable
QEP&RSD Mode an&tep Mode Base Timer Overflow Interrupt Enable
0: Disable
1: Enable
Input Signal FilteiSelection
[2] T2FE | When TIM2_CR1[T2FE] = 1, input signals are filtered out as noise if the pulse

width is less than 4 clock cycle.
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Assuming that the system clock runs at 24MHz (41.67ns) , then the pulse widt
filtering is 166.67/333.34ns.

0: Not to filter signals

1: Signals filtered on every 4 clock cycles

QEP&RSD Mode: Indicator of Motor Rotation Direction
Rotation direction of the motor is determined according to the phase relationship o
two input signals.

[1] T2DIR | Step ModeIndicator of Motor Rotation Direction
Rotation direction of the motor is determined according to the direction signal P1.0
0: Forward
1: Backward
Base Timer Enable
[0] T2CEN | O: Disable
1: Enable
16.23T1 M2 __CNTR (OxAA, O0OxAB)
TIM2__CNTRH (0OxAB)
Bit 15 | 14 | 13 12 | 11 | 10 9 8
Name TIM2__CNTR[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
TIM2__CNTRL (OxAA)
Bit 7 6 5 4 | 3 | 2 1 0
Name TIM2__CNTR[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Output Mode/Input Capture Modeput Counter ModeCount values held in the
[15:0] | TIM2__CNTR | Base Timer
QEP&RSD Mode an&tep Mode count values held in the special timer
16.24T1 M2 DR (O0OxAC, OxAD)
TIM2__DRH (0xAD)
Bit 15 | 14 | 13 12 11 | 10 9 8
Name TIM2__DR[15:8]
Type R/W R/W R/W R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
TIM2__DRL (0xAC)
Bit 7 6 5 4 | 3 | 2 1 0
Name TIM2__DR[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Output Mode: Compare match value (written by software)
Input Capture Mode: Count value of the detected input pulse width (writtg
hardware
[15:0] | TIM2__DR InputCou)nErMode: PWM cycles to be counted (written by software)
QEP Mode: Encoder value
Step Mode No effect
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16.25T1 M2 __ARR (OXAE, OXxAF)
TIM2__ARRH (OxAF)
Bit 15 | 14 | 13 | 122 | 11 | 10 9 8
Name TIM2__ARR[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
TIM2__ARRL (OxAE)
Bit 7 | 6 | 5 | a4 | 3 | 2 1 0
Name TIM2__ARR[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Output Mode: PWM cycle (written by software)
Input Capture Mode: Count value held in Base Timer of a PWM cycle (writte
hardware)
[15:0] | TIM2__ARR | Output Count Mode: Count value held in Bdsmer when the input PWM cour
matches (written by hardware)
QEP&RSD Mode an&tep Mode Count value held in Base Timer when the in
signal is detected as an active edge (written by hardware)
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17 Timer3/Timer4

171Ti mer 3/ Ti mer 4 I nstructions

Timer3/Timer4 support output and input modes:

A Outputmode Generate PWM

A Inputcapturemode: Detect the duration of high and low level of input PWM, which can be used
to calculate PWM duty cycle

Timer3/Timer4 Features:

A 3-bit programmableprescaler divides system clock as the clock source for Base Timer ( clock

source of Timer3 can be doubled to 48MHz in input capture mode)

A 16-bit up-counting Base Timer; The output of the prescaler serves as the counting clock source
A Inputsignalfiltering

A Inputsignaledge detection

A OutputPWM signal, single compare output

A Interruptevent

17.1.1Pr es cal er

Prescaler divides the system clock frequency and generates counter clock source for Baske Timer.
frequency division coefficients of prescaler are available and can be selected by TIMx_CRO[TXPSC]. Since this
register has no buffethe clock source frequency is updated immediately after TIMx_CRO[TXPSC] is written.
Therefore, the frequency division coefficients shall be configured when Basic Timer is not working. The clock
source frequency formula islk_pscx = SYSCLK/(2"TxPSC)The clock rate correspondirig different
TIMx_CRO[TxPSC] value as shownTrable17-1.

Tablel7-1 Mapping between Clock Rate and TIMx_CRO[TxPSC]

TIMX_CRO[TXPSC] | IS0 | clk_pscx (Hz) | TIMx_CRO[TXPSC] | ‘2vior | clk_pscx (Hz)
000 ox1 24M 100 0x10 1.5M
001 0x2 12M 101 0x20 750K
010 x4 6M 110 0x40 375k
011 0x8 3aM 111 0x80 187.5k

Note: In Input Capture Mode of Timer3, the clock rate is 48MHz when TIM3_CRO[T3PSC] = 111.

1712Readch\yr, i nhagnd donoght TI Mx __CNTR

TIMx__CNTR startswhen TIMx_CR1[TXEN] = 1. The write operation to TIMx__CNTR directly
changes the value of the register, so itis required to disalilmtrédefore the write operation. When réaagl
TIMx__CNTR, the softwareeads the higlorder bitsfirst and then loworder bits and the hardware caches

the loworder bitssimultaneously. When reading the lorder bits the software reads the cached data.
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17.1.30ut put Mode

TIMx__ARR
TxOCM
-TXOPM TIMx__ DR = -_TxIR
SYSCLK ~— P Tmx_cNTR|
CLOCK TXCENI COUNTER ! oc |0 timx_oc
CONTROLCIk_pSCX /I/I/I ocn |4
. 4>

Figure17-1 Output Mode Block Diagram

The output mode generate output signals according to TIMx_ CRO[TxOCM], and the comparison results

between TIMx__CNTR and registers TIMx__DR, TIMx__ARR. Meanwhil@responding interrupts is

generated.
17.1.3.1High-/Low-level Output Mode

When TIMx_CRO[TXOCM] = 0 and TIMx__ DR > TIMx__ARR, the output signals are always low.
When TIMx_CRO[TXxOCM] = 1 and TIMx__ DR > TIMx__ ARR, the output signals are always high.
17.1.3.2PWM Generation

In PWM generation mode, TIMx__ AR&etermines?WM cycle, and TIMx__ DRletermineshe duty
cycle, and duty cycle = TIMx__DR/TIMx__ARR*100%. If TIMx_CRO[TxOCM] =t@e low level is output

when TIMX_CNTR < TIMx__ DR, andt he high | evel is output Ifwhen TI
TIMx_CRO[TXOCM] = 1,the high level is output wheliMx__ CNTR < TIMx__ DR, and lowevel is output
when TI Mx _ _ CNT RVhén TIMk_MBNTR >IOYRIx_ARR, the output signal is reversed.
17.1.3.3Interrupt Event
A When TIMx__CNTR = TIMx__DR, a compare match interrupt is generated. The interrupt flag
TI Mx _CR1[TxIR] is set to Al16, and the timer <co
A When TIMx__CNTR = TIMx__ARR, an overflow event is generated. The interrupt flag
TI Mx _CR1[ TxI F] i s s ettimeroo A @AY CRATKOPMI determineso unt er

whether the timer recounts. Thiener stops when TIMx_CRO[TXOPM]= 1, and restarts when

TIMX_CRO[TXOPM]= 0.
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TIMX_CNTR 0000 X 0001 X 0002X  103BX 103CX 103DX 3000 X 3001X 0000)X 0001

TIMx_DR 103C

TIMX_ARR 3002

TIMx_OC
(TXOCM=0)
TIMx_OC
(TXOCM=1)

TxIR

TxIF

match overflow

Figurel7-2 Output Waveform of Output Mode

1714l nput Signal Fbeétectingnand Edge

TXINM

»00
| FILTER4 —»01  TI_NEG
Ti from GPIO .| EDCGER
DETECTOR!_POS
> FILTER8 |10
> FILTER16 > 11

Figure17-3 Block Diagram of Input Signal Filtering and Edge Detection

The input signals of Timer3/Timer4 come from GPIO gilMx_CR1[TxINM] is configured todisable
the filtering circuit or filter out the input noise belalB/16 system clock cyclesThe filtered signal is 4/8/16

system clock cycledelayed than the signal before filtering.

svseue [|[[JJHLUNULHTTUYUIIIL TR UUUT U BUUUU U UU UL
Before Filteﬂ_’ii—li—iJ

After Filter

Figure17-4 Timing Diagram of Filter Module

The edge detection module detects the filtered input signafiftering module and records the rising edge
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and falling edge for input capture mode.

1715l nput Capture Mode

00 TIMx__DRTIMx__ARR

- -
Ti from GPIO '
—
DCEN

TXPS

Figure17-5 Schematic Diagram of Input Capture Mode

The Input Capture Mode detects pulse width and waveform period of the input PWM sigheais.
TIMx_CRO[TXOCM] = 0, the time between two adjacent rising edges forms one cycle, and the time from rising
edge to falling edge forms the pulse widiiGH). When TIMx_CRO[TXOCM] = 1, the time between two
adjacent falling edges forms one cycle, and the time from falling edge tadsjadorms the pulse width (LOW).

The pulse width and the period obtained by TIMx__CNTR are stored in TIMx__DR and TIMx__ARR

respectively.
L
T _N\EG 4
T _Pcs A 4
TIMCONR 00 0000 ) 0001 ) 103B ) 103C )Y 103D)_ 3000 ¥ 3001 ) 0000 ) 0001
T MR 0000 103C
T MCARR X0X 3001
TxIR
TxI P
A A A A
H 1 evel software H I evel peri od
start  clear det ect det ect

Figure17-6 Timing Diagram of Input Capture Mode (TIMx_CRO[TxOCM] = 0)

For example, when TIMx_CRO[TxOCM]= 0, TIMx_CRI1[T
Base Ti mer i s reslarsehendhe first misirfg @dge ia dected. When the falling edge is
detected, the value of TIMx__CNTR is stored into TIMx__DR. Meanwhile, the interrupt flag

V2.1 250 www.fortiortech.com



Fortior Tech

-~ FUG816_66

Tl Mx _CR1[ TxI| R] i s set to Alo, and Tl Mx__CNTR cont
detected, the value of TIMx__ CNTR is saved into TIMX__ARR. The interrupt flag TIMx_CR1[TxIP] is set
to A10 and TI Mx__CNTR i s c¢ | eemiresiwhetrer thie @nder resfaitsMx _ CR O |
TIMx_CRO[TxOPM] = 1, the timer stops; and if TIMx_CRO[TXxOPM] = 0, it restarts.

An overflow event occurs if Timer3/Timer4 does not detect the second rising edge of the input and
TI Mx __CNTR reaches OxFFFF. I n this case, the inte
TI Mx _ _CNTR i s cleared t o fi00. therl thex timerRr@staifisxk @ P M] d
TIMx_CRO[TXOCM]= 1, the timer stops counting, and if TIMx_CRO[TxOPM] = 0, it restarts. At this point,
TIMx__ARR is OxFFFF, and TIMx__DR is determined by the input level and TIMx_CRO[TXxOCM] XOR.

17.16Ti mer 4 FG Out put Mode

SeeFG Output Generatiofor details.

172Ti mer 3/ Ti mer 4 Regi sters

17.21T1 Mx _CRO (0x9C/ 0x9E) (x = 3/ 4)

Bit 7 | 6 | s 4 3 2 1 0
Name TxPSC TXOCM TXIRE RSV TxOPM | TxMOD
Type R/W R/W R/W R/W R/W - R/W R/W
Reset 0 0 0 0 0 - 0 0

Bit Name Description

Base TimerClock Prescal8election

It is configured to divide the system clock frequency and generate the clock so
for Base Timer. The prescaled clock rates are configured as follows:

000: 24MHz 001: 12MHz

[7:5] TxPSC | 010: 6MHz  011: 3MHz

100: 1.5MHz  101: 750kHz

110: 375kHz  111: 187.5k

Note: In Input Capture Mode of Timer3, the clock rate is 48MHz when the bit is|
to Al110.

Output Mode: Output Mode Selection
0: OQutput fAO0O0 when TIMx__CNTR < TI M
TIMx__DR

1:0ut put 106 when TIMx__CNTR < TI Mx _
TIMX__DR

Input Capture Mode: TIMx__DR indicates the input level to be selected when t
active edge is detected or the timer becomes overflowed.

Active Edge Selection

0: The time between two adjacent raising edges forms one cycle, and the time
[4] TXOCM | rising edge to falling edge forms the pulse width (HIGH).

1: The time between two adjacent falling edges forms one cycle, and the time f
falling edge to raising edge forms the pulse width (LOW).

TIMx__ DR indicates the input level to be selected when the timer becomes

overflowed.
0: TIMx__DR is reset to A00 by hard
interrupt and is set to AOXFFFFO by
interrupt.
1: TIMx__DR is reset to A00 by hard
i nterrupt and is set to AOXFFFFO fo
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(3]

TXIRE

Output Mode: @mparelnterrupt Enable

Input Capture Mode: Puls#/idth Detection Interrupt Enable
0: Disable

1: Enable

[2]

RSV

Reserved

[1]

TxOPM

Single Mode
Base Timer stops in any of the following events:

Output Mode: Base Timer overflow

Input Capture Mode: PWM Cycle Detection or Base Timeagrflow
0: Base Timer does not stop
1: Base Ti mer

stops (Tl Mx CR1[ TxEN]

[0]

TXMOD

Working Mode Selection
0: Input Capture Mode
1: Output Mode

17.22T1 Mx _CR1

(0x9D/ O0OX9F) (x =

Bit

7

6 5 | 4 3 2 | 1 0

Name

TXIR

TXIP TXIF TXIPE TXIFE TXEN

Type

R/WO

R/WO R/WO R/W R/W R/W

Reset

0

0 0 0 0 0 0 0

Bit

Name

Description

[7]

TXIR

Output Mode: Match Interrupt Flag

Input Capture Mode: Pulse Width Detection Interrupt Flag
Read:

0: No Interrupt Pending

1: Interrupt Pending

Write:

0: Thi s
1: No effect

bit is cleared to fi0O0.

(6]

TxIP

Output Mode: No effect

Input Capture Mode: PWM Cycle Detection Interrupt Flag
Read:

0: No Interrupt Pending

1: Interrupt Pending

Write:

0: This bitis cleared td 0 0 .

1: No effect

[5]

TXIF

Out put Mode: Base Ti Overflow 1In
TIMx__CNTR matches TIMx__ARR.

Il nput Capture Mode: Base Timer Over
the Timer does not detect an input PWM cycle but TIMXx__ CNTR reaches OxFH
Read:

0: No Interrupt Pending
1: Interrupt Pending
Write:

0: Thi s
1: No effect

mer

bit is cleared to fi00.

[4]

TXIPE

Output Mode: No effect

Input Capture Mode: PWM Cycle Detection Interrupt Enable
0: Disable

1: Enable

(3]

TXIFE

Output Mode: Base Timer Overflow Interrupt

Input Capture Mode: Base Timer Overflow Interrupt Enable
0: Disable

1: Enable
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Input Signal FilteringPulseWidth Selection
Input signals are filtered as noise if pulgielth is less than the defined value.
00: Not to filter signals
[2:1] | TXINM 1 41" Filtered on evgery 4 SYSCLK cycles
10: Filtered on every 8 SYSCLK cycles
11: Filtered on every 16 SYSCLK cycles
Base Timer Enable
[0] TXEN 0: Disable
1: Enable
1723T1 Mx _ CNTR (O0OxA2, OxA3/ 0x92, 0x93) ( x
TIMx__CNTRH (0xA3/0x93)
Bit 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Name TIMx__CNTR[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
TIMx__CNTRL (0xA2/0x92)
Bit 7 6 5 | a4 | 3 | 2 1 0
Name TIMx__CNTR[7:0]
Type R/W R/W R/W R/W R/IW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:0] | TIMXx__CNTR | Count values held in Base Timer
172471 Mx _ DR (O0x A4, OxA5/ 0x94, 0x95) (x =
TIMx__DRH (0xA5/0x95)
Bit 15 14 | 13 [ 12 [ 11 [ 10 [ 9 | s
Name TIMx__DRJ[15:8]
Type R/W R/W R/W R/W R/W R/W R/IW R/IW
Reset 0 0 0 0 0 0 0 0
TIMx__DRL (0xA4/0x94)
Bit 7 6 5 | a4 | 3 | 2 1 0
Name TIMx__DRJ[7:0]
Type R/W R/W R/IW R/W R/W R/W R/IW R/IW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
OutputMode: Compare match values (written by software)
[15:0] | TIMXx__DR | Input Capture Mode: Count value of the detected input pulse width (written by
hardware)
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17.25T1 Mx _ _ARR (O0Ox A6, OXA7/ 0x96, 0x97) (x = 3/
TIMx__ARRH (0xA7/0x97)
Bit 15 | 14 | 13 [ 122 | 112 [ 10 | 9 | 8
Name TIMx__ARR[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
TIMx__ARRL (0xA6/0x96)
Bit 7 6 5 | 4 | 3 | 2 1 0
Name TIMx__ARR[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Output Mode: Reload value (written by hardware) B&©utput Generatiofor
[15:0] | TIMx__ARR | details.
Input Capture ModeCount value of a detected PWM cycle (written by hardware
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18 Systick

181Systi ck |

nstructions

The chip can generate Systick interrupts at a fixed interval, anohtéreupt cycle is controlled by

SYST ARRSystick interrupt is enabl ed wteruptsddaRdess€&dR[ SYST |
by P10.
182Systick Registers
18.21DRV_SR (0x4061)
Bit 7 6 5 4 3 2 1 0
Name | SYSTIF SYSTIE FGIF DCIF FGIE DCIP DCIM
Type R/WO0 R/W R/WO R/WO R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Systick Interrupt Flag
Read:
0: No Interrupt Pending
[7] SYSTIF | 1: Interrupt Pending
Write:
0: This bit is cleared to fA0O0
1: No effect
Systick Interrupt Enable
[6] SYSTIE | 0: Disable
1: Enable
FG Interrupt Flag
When FOC Drive/ Square Wave Driigenabled, an FGIF Interrupt is generated in
each rotation cycle (electrical cycle).
Read:
[5] FGIF 0: No Interrupt Pending
1: Interrupt Pending
Write:
0: This bit is cleared to fA0O0
1: No effect
Driver Match Interrupt Flag
When the Driver counter valug equal tddRV_COMR, the system decides whether
generate an interrupt accordingtihe counting direction set li3RV_SR[DCIM].
Read:
[4] DCIF 0: No Interrupt Pending
1: Interrupt Pending
Write:
0O: This bit is cleared to fi0oo.
1: No effect
FG Interrupt Enable
When FOC Drive/ Square Wave Drive is enabled, an FG Interrupt is generated ir
[3] FGIE rotation cycle (electrical cycle).
0: Disable
1: Enable
Number of PWM cycles required to generate a Driver Match Interrupt
[2] DCIP 0: 1 interrupt in 1 PWM cycle
1: 1 interrupt in 2 PWM cycles
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[1:0]

DCIM

Driver Match Interrupt Mod&election

The system decides whether to generate an interrupt according to DRV_SR[DCI
when Driver counter valués equal tdRV_COMR value.

00: No interrupt is generated.

01: An interrupt is generated when the counter counts up

10: An interrupt is generated when the counter counts down

11: An interrupt is generated when the counter counts up/down

1822SYST_ARR (0x4064, 0x4065)
SYST_ARRH (0x4064)
Bit 5 | 14 | 13 | 12 | 11 | 10 | 9 8
Name SYST_ARR[15:8]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 1 0 1 1 1 0 1
SYST_ARRL (0x4065)
Bit 7 6 5 | 4 | 3 | 2 1 0
Name SYST_ARRJ[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 0 1 1 1 1 1 1
Bit Name Description
Systick Reloaded Value
This bit determines the cycle at which Systick interruptgjareerated, which
defaults to 1ms.
[15:0] | SYST_ARR Calculation formulas as follows:: Systick interrupt rate =
SYSCLK/(SYST_ARR[15:0] + 1)
Range [0,65535]
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19 Driver

19.1Driver Instructions

1911FUG6 8 DB L ver |l ntroducti on

HIN va ekt
DRVOR Hou HIN Ha R 4{ E
UH 1 va X U
FOQCMPU| uL |HDV| HING Ve [-e-f<]-¢
FOQCMPV VH How, Ha R /
ST outeu [ v UM g 1 V_{ Motor
FOCCMPW| CONTROLLER [ .} S L Dy Q w ¢ w \
LIN2
_DRWR | WL lLovi, = et
XH Ha
K

’_
Q

XL

]
N

HDIO

R

b | e g B

vce
Le X
Ru % Rv

COM LGB X
Figure19-1 Block Diagram of~U6816L Driver Module

")

Rw

A
A

19.12FU68@DaQ vaetroducti on

] VDRV
DRVOE] . VDRV
Predriver 5 Yays vMmoT
UH VBU VBU I
LS VBV
VSU
FOCCMPU vi | = [Vl Tetedi e i
- HV VAA ¢ [ |_|E E
o Y WA
FOCCMPV | = WH & AW WA
—==—"1 9 —{LsH > Wi T
“E VSW %I =
FOCCMPW| & VU . -
5 VSV A l 4 \Motor
__DRVDR | = uL E‘Igj VSW ® ®
LU RIGU IC
o VL = Wh—e (v ﬁE
UsHon v e
WL LS AN
RIGW _ &
>3 2.
Q
ue— |L
v —— —
ICOM <€

Figure19-2 Block Diagram ofFU6866QDriver Module

FOC_CMPU/N/W is the threavay comparison value output by FOC module, and DRV _ DR is the
comparison value set by the software. The above comparison value outputs four sets of level signals

U/V/W/X to PWM output FUB816L) or three sets of level signdlsV/W to predriver (FU6866Q after
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passing through the output control module. The U/V/W thvag output is applied to DC brushless motor

control, and the U/V/W/X fouway output testep motorcontrol.

19.130ut put Control Modul e

OISxH 1 HINV
DRV_DR._ OCXREF - 1]] xH_P WCXH
——=—o e DEAD
FOC_CMIE» COUNTER | m ZoNE PL oCxL
|
56s XLE XHE XLPXHPOISXL 12 LIbky

Figure19-3 Block Diagram of Output Control Module

Before Driver modul e works, DRV _CR[ MESEL] i's set
squarewave control mode.

If DRV_CR[OCS] = 0, comparison value of PWM comes from DRV_DR. Otherwise, it comes from
FOC_CMP and U/V/WIX output signals (OCXREF) are generated. DRV_CMR[xHE], DRV_CMRI[XLE],
polarity control bits DRV_CMR[xHP] and DRV_CMR[XLP] are configured for logic pssing of OCXREF
signal. Enabling DRV_OUT[MOE] outputs PWM waveform, otherwise, the idle level. xH_P and xL_P
output signals are transferred to the deadtime module to generate xH and xL signals. The PI_CR [HINV] and

P1_CR [LINV] bits are configured to outip PWM drive signals required by the high and low levels.
19.1.3.1Count and Compare Module

DRV_CR[OCS] is configured to select the comparison value of PWM from FOC_CMPU/N/W of FOC
module or DRV_DR set by software. The comparison value is sent to the counter for comparison to obtain
the 3phase original PWM signal OCXREF, and DRV_ DR is usedrfotor precharging, braking and
squarewave control. If DRV__ CNTR is smaller than the comparison value, OCxiRjeHevel signal and
if DRV__CNTR is larger than DRV_DR, OCxREF outplaa-level signal.

When DRV_CR[OCS] = 1, FOC_CMPU/V/W is compared with the count value to generate the duty
cycle OC1REF/OC2REF/OC3REF.

When DRV_CR[OCS] = 0, DRV_DR set by software is compared with the count value to generate
OC1REF/OC2REF/OC3REF with the same duty cycle. Duty cycle = DRV_DR/DRV_ARR*100%.
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19.1.3.2Deadtime Module

in

channels have the same deadtime, which is set by DRR. i&/hen rising edge signals are detected, output

high level of xH and xL is delayed for a period of time set in DRV_DTR; if the delayed time is greater than

cntr

FQC QWU

FOC WV

FOC VP

CC1IREF

Q2R

QOCREF

Figure19-4 PMW Generation

\

xH_P and xL_P signals are available for deadtime insertion. For complementary outputs, the deadtime

sertion

S

enabl

e

d when

the output pulse width, the associated channel pulse width is not delayed.

OXREF | | § 3
axL | | | -
axH B | | B

T e »E >« <
t del ay t del ay t del ay t del ay
XH_P | |
_I : ! I : |
xL_P | | | |
= |
| [ | I
[ [ [ i
xH | | | iR
— o 5 R
—t delay | t delay [ e—
XL | |
t delay t delay

Figure19-5 Complementary Outputs with Deadtime Insertion

D RV -bibde&ltimie genaratot, and hrée
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19.1.3.3Enable and Polarity of Output Signals

DRV_CMR[xHE] and [XLE] are configured by software to endiilgh and low sides of the bridgand
DRV_CMR[xHP] and [xLP] to select the polarity of outpEbr squarevave control, Timerlautomatically
controlsDRV_CMR to implement phase commutatioG@onfiguring DRV_CR[MESEL] = 0 enables the
Square Wave Drive Mode. After Timerl generates a write timing, the data stored in the corresponding
TIM1_DBRXx are transferred to the DRV_CMR register.

| TIM1_DBRxfrom TIM1 |

data update from TIM1

0
4>
0 11

| MESEL | CMP_CR2[4:3][ DRV_CM

Figure19-6 Timerl Automatic Control of DRV_CMR and CMP_CR2[4:3]

DRV_DR, DRV_ARR and DRV_CMR can be configured to implementgbrarging brake, etc.
DRV_DR and DRV_ARR control the duty cycle and frequency of PWM. DRV_CMR[xHE] and
DRV_CMR[XLE] controlsix PWM outputs.

QOH | i i i
o ? ? ?
QOH | i i i i
QOM | | | | |
L UELl L WEL . WEL
' "others=0 ' others=0 | others=0

Figurel19-7 Precharge Waveform
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UV WE=L
ot her s=0

Figure19-8 Brake Waveform
19.1.3.4interrupt
19.1.3.4.1Compare Match Interrupt
The generation conditions and time for compare match interrupt are configured by DRV_SR[DCIM]
and DRV_COMR respectively. When tlimerreaches the value set in DRV_COMR and the conditions set

by DRV_SR[DCIM] are met, a compare match interrupt is generated and the interrupt flag DRV_SR[DCIF]

is set to Alo by hardware.

T S S

DCIM =10 T T
DCIE

P rrtr 11t
0 A A A

DCIM = 00(Disable)
DCIF

Fi gu®eri ver -Maotmpharlent errupt
19.1.3.4.2G Interrupt

FG int emrabwheedh sDRV_SR[ FGI E] is set to Alo. The

electrical cycle.
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19.1.4P WM Mo(BE6 8} 6L
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Fi g9 @8l ock Diagram of PWM Mode

FD5288
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A
A

FUe8l6ladopt s PWM out Fugu®®, Cosnfsdlawn nign DRV_CR[ DRVOE
mode, where the PWM output is connected to HVIC tha

19156 N Rlmre MedE U686 6Q

VDRV
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Tabll2Out put Trut h Val-iure aPrraidv eFU6866Q Bui |t

Input Output
UH/VH/WH ULNVL/WL | UH/NVH/WH | UL/VL/WL
L L L L
L H L H
H L H L
H H H H
192Dr i ver Registers
19.21P1 _CR (O0xF9)
Bit 7 6 | 5 | 4 3 2 1 0
Name | T2TSS RSV DRVMD | HINV LINV
Type R/W - - - - R/W R/W R/W
Reset 0 - - - - 0 0 0

Bit Name Description

Input Mode Selection of TIM&tep Motor
0: Direction + Pulse Input Mode. P1.0 for direction input, and P0.7 for pulse in

[71 T2TSS 1. Bidirectional Pulse Input Mode. P1.0 for backward pulse inputP&nd for
forward pulse input
[6:3] RSV Reserved

Count Mode

[2] DRVMD | 0: Triangular Wave Mode

1. Sawtooth Wave Mode (FOC disabled)
High Side Reverse Enable

[1] HINV 0: Disable

1: Enable

Low Side Reverse Enable
[0] LINV 0: Disable

1: Enable

19.22DRV_CR (0x4062)

Bit 7 6 5 4 3 2 1 0
Name | DRVEN DDIR FOCEN DRPE oCs MESEL RSV DRVOE
Type R/W R/W R/W R/W R/W R/W - R/W
Reset 0 0 0 0 0 0 - 0

Bit Name Description

Counter Enable

[7] DRVEN | 0O: Disable

1: Enable

Output Direction(Forward/Reverse)

Switch motor rotation directions; Valid in both squavave drive and FOC drive
modes.

In sensorless FOC mode, setting this bit changes motor rotation. 4serstired FOC
mode it is also required to modify the angle by the software. In seuave control mode,
parameters related to Timerl shall be configured.

0: Forward

1: Reverse

FOC Module Enable

[5] FOCEN | O: Disable

1: Enable

[6] DDIR
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[4]

DRPE

DRV_DR Preload Enable

When preload is enabled, the data written to DRV_Dipiated after a counter
underflow event occurs. When preload is disabled, the data written to DRV_DR i
updated immediately

0: Disable

1: Enable

(3]

OCSs

ComparisorsourceSelection
0: DRV_DR
1: FOC Module

(2]

MESEL

ME Operating ModeSelection
0: SquarewaveDrive
1: FOCDrive

[1]

RSV

Reserved

[0]

DRVOE

Driver Enable
0: Disable
1: Enable

19.23DRV _ SR

(0x4061)

Bit

7

6 5 4 3 2 1 0

Name

SYSTIF

SYSTIE FGIF DCIF FGIE DCIP DCIM

Type

R/WO

R/W R/WO R/WO R/W R/W R/W R/W

Reset

0

0 0 0 0 0 0 0

Bit

Name

Description

[7]

SYSTIF

Systick Interrupt Flag
Read:

0: No Interrupt Pending
1. Interrupt Pending
Write:

0: This
1: No effect

bit is cleared to i

(6]

SYSTIE

Systick Interrupt Enable
0: Disable
1: Enable

[5]

FGIF

FG Interrupt Flag

0: No Interrupt Pending
1: Interrupt Pending
Write:

0: This
1: No effect

bit is cleared to #f

[4]

DCIF

Driver Match Interrupt Flag

When the Driver count value is equal to DRV_COMR, the system decides wheth
generate an interrupt according to DRV_SR[DCIM].

0: No Interrupt Pending

1: Interrupt Pending

Write:

0O: This
1: No effect

bit is cleared to fn00.

(3]

FGIE

FG Interrupt Enable

After the interrupt feature is enabled, an FG Interrupt is generated in each electri
under FOC/squarerave control mode.

0: Disable

1: Enable

(2]

DCIP

Number of PWM cycleto generate a Compare Match Interrupt
0: 1 PWM cycle
1: 2 PWM cycles
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Compare Match Interrupt Modgelection

When the Driver count value is equal to DRV_COMR, The system decides wheth
generate an interrupt accordingD&V_SR[DCIM].

[1:0] DCIM 00: No interrupt is generated.

01: An interrupt is generated when titeer counts up.

10: An interrupt is generated when tivaer counts down.

11: An interrupt is generated when tivaer counts up/down.

19.24DRV_OUT (0XxF8)

Bit 7 6 5 4 3 2 1 0
Name MOE RSV OISWL OISWH OISVL OISVH OISUL OISUH
Type R/W - R/W R/W R/W R/W R/W R/W
Reset 0 - 0 0 0 0 0 0

Bit Name Description

Main Output Enable

This bit selects the sources fagh and low sides of the bridge®phase output signals
I't can be set t o fhdndusaunreht pfo@dionlogocurssioid t
automatically cleared to B8B01d.)to turn
0: Disable, with output sourced from the idle levels set by
DRV_OUT[OISUH]/DRV_OUT[OISVH]/DRV_OUT[OISWH] and
DRV_OUT[OISUL])/DRV_OUT[OISVL]/DRV_OUT[OISWL].

1. Enable, with output sourced from the comparison value of the timer.

[6] RSV Reserved

Output idle level of WL/XL

Seethe descriptions on OISUH register

[7] MOE

[5] OISWL
Note: DRV_OUT[OISWL] bit is configured as WL/XL output in IDLE state
Output idle level of WH/XH

[4] OISWH Seethe descriptions on OISUH register
Note: DRV_OUT[OISWH] bit is configured as WH/XH output in IDLE state
Output idle level of VL

[3] OISVL Seethe descriptions on OISUH register
Output idle level of VH

[2] OISVH Seethe descriptions on OISUH register

[1] OISUL Output idle level of UL

Seethe descriptions on OISUH register

Output idle level of UH

This bit sets the UH output in IDLE state. When DRV_OUT[MOE] = 0, it outputs
[0] OISUH | level to disable MOS.

0: Low

1: High
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19.25DRV_CMR (0x405C, 0x405D)
DRV_CMRH (0x405C)

Bit 15 14 13 12 11 10 9 8
Name XHP XHL XHE XLE WHP WLP VHP VLP
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

DRV_CMRL (0x405D)

Bit 7 6 5 4 3 2 1 0
Name UHP ULP WHE WLE VHE VLE UHE ULE
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description

High-side Polarity Control of ¥hase

[15] XHP 0: Active High

1: Active Low

Low-side Polarity Control of Xohase
[14] XLP 0: Active High

1: Active Low

High-side Output of Xphase Enable
[13] XHE 0: Disable

1: Enable

Low-side Output of Xphase Enable
[12] XLE 0: Disable

1: Enable

High-side Polarity Control of \Aphase
[11] WHP 0: Active High

1: Active Low

Low-side Polarity Control o¥V-phase
[10] WLP 0: Active High

1: Active Low

High-side Polarity Control of \phase
[9] VHP 0: Active High

1: Active Low

Low-side Polarity Control of \phase
[8] VLP 0: Active High

1: Active Low

High-side UphaseOutputVoltagePolarity Control
[7] UHP 0: Active High

1: Active Low

Low-side UphaseOutputVoltage Polarity Control
[6] ULP 0: Active High

1: Active Low

High-side Output Enable of Wghase
[5] WHE 0: Disable

1: Enable

Low-side Output Enable &/-phase
[4] WLE 0: Disable

1: Enable

High-side Output Enable of phase
[3] VHE 0: Disable

1: Enable

Low-side Output Enable of phase
[2] VLE 0: Disable

1: Enable
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High-side Output Enable of {ghase

[1] UHE 0: Disable
1: Enable
Low-side Output Enable of{ghase

[0] ULE 0: Disable
1: Enable

Notes:

A When DRV_CMR[ W V/ ULE] and DRV_ CMRFEid/ and/ |dnside ] ar e
outputs of W/V/Uphases are complementarygenerate PWM signals with deadtime insertion. Low
side output is the reference polarity.

A For squaravave control, Timerl automatically controls DRV_CMR register.

1926DRV_ARR (O0Ox405E, O0x405F)

DRV_ARRH (0x405E)

Bit 15 | 14 13 | 12 | 11 | 10 | o9 8
Name RSV DRV_ARR[13:8]

Type - - RIW RIW RIW RIW RIW RIW
Reset - - 0 0 0 0 0 0

DRV_ARRL (0x405F)

Bit 7 6 5 | 4 | 3 | 2 1 0
Name DRV_ARR[7:0]

Type RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bit Name Description

[15:14] RSV Reserved

Timerreload value, which determines PWM frequency (cealigned)

Driver timer up-counts from 0 to DRV_ARR/21 and an overflow event occurs.
Then it downcounts to 0.

[13:0] | DRV_ARR | Calculation formulafcanier = 48MHz/DRV_ARR

DRV_ARR value is calculated using 48MHz clock rate, which falls within the ra
[0,16383].

Note: The LSB is always 0, and a wr

192.7DRV_COMR (0x405A, 0x4058B)

DRV_COMRH (0x405A)
Bit 5 | 14 | 13 | 12 11 | 10 | 9o | 8
Name RSV DRV_COMR][11:8]

Type - - - - R/W R/W R/W R/W
Reset - - - - 0 0 0 0
DRV_COMRL (0x405B)

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

Name DRV_COMR][7:0]

Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description

[15:12] RSV Reserved
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[11:0]

DRV_COMR

Timer CompareMatchValue

Thecompare match interrupt is generated when the count value is equal to
DRV_COMR and theonditions set in DRV_SR[DCIM] are met.

The clock rate for the calculation is 12MHz.

Duty cycle at the match point = DRV_COMR*4/DRV_ARR*100%
DRV_COMR value is calculated using 12MHz clock rate, which falls within th
range [0,4095].

19.28DRV_DR (0x4058, 0x4059)
DRV_DRH (0x4058)
Bit 15 | 14 13 | 12 [ 11 | 10 | o9 8
Name RSV DRV_DR[13:8]
Type - - R/W R/W R/W R/W R/W R/W
Reset - - 0 0 0 0 0 0
DRV_DRL (0x4059)
Bit 7 6 5 4 | 3 | 2 1 0
Name DRV_DRJ[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:14] RSV Reserved
PWM Duty Cycle Setting in Software
Duty cycle = DRV_DR/DRV_ARR*100%
DRV_DR value is calculated using 48MHz claelte, which falls within the range
[13:0] | DRV_DR [0,16383].
Note: When this register is used as a comparison source, PWM is referenced to high
of the bridge and a deadtime is inserted in the complementary output of the low side
bridge.

1929DRV_DTRBx4060)

Bit 7 | e | 5 | 4 3 2 1 0
Name DRV_DTR
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Deadtime Setting
Deadtime = (DRV_DTR + 1)*T
[7:0] DRV . DTR|Exampl e: | f DRV_DTR i s ¢ o G24l.g7asr=&@dnst
Not e: I f DRV _DTR is configured to f
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19.210DRV__CNTR (0x4066, 0x4067)
DRV__CNTRH (0x4066)
Bit 15 14 | 13 | 12 11 | 10 | 9 | 8
Name RSV DRV__CNTRJ[11:8]
Type - - - - R/W R/W R/W R/W
Reset - - - - 0 0 0 0
DRV__CNTRL (0x4067)
Bit 7 6 5 | 4 [ 3 | »2 1 0
Name DRV__CNTRJ[7:0]
Type R/W R/W R/W R/W R/W R/W R/IW R/IW
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:12] RSV Reserved
Count Value ofTimer
The clock rate for the calculationi2MHz, and Driver duty cycle =
. DRV__ CNTR*4/DRV_ARR*100%
[11:0] | DRV__CNTR Range [0, 4095]
Note: The DRV__ CNTR register is writable only when DRV_CR[DRVEN] =1
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20WDT

The watchdog timerWDT) is a timer that works on the internal slow clock to monitor rtisster

program operation and prevent the MCU running out. Watchdog works as follows: After watchdog operates,

WDT starts counting. When WDT overflows, watchdog sends a signal to reset the MCU and the program

restarts running from address 0. During the apen of master program, WDT has to be initialized at regular

intervals to prevent WDT overflowing.

After being enabled, WDT starts counting from 0. When it reaches OxFFFC, watchdog outputs a signal

that is 4internal slow clock cycles wide to re3¢CU, and the program starts running from addre3&0DT

has to be initializeat regular intervals during operation, and WDT rolls over to WDT_ARR and restart

counting.

2000WDT Not es

A

A
A

202WDT Operati ons

1.
2.
3.

203WDT Regi sters
20.3.1WDT _CR

When MCU enters standby or sleep mode, WDT stops counting, but thevetwed are retained.

WDT is automatically disabled during emulation.

RST_SR[ RSTWDT]

Set CCFG1[WDT_EN] = 1 to start WDT, which then starts counting from O;
Set WDT_ARR (this operation can also be performed before starting WDT);

i s

set to

fiirhedovesflove n

MCU i

S

reset

Set WDT_CR[WDTRF] =1 in the running of program, and WDT rolls over to WDT_ARR setting.

(0x4026)

Bit 7 6 | 4 3 2 1 0
Name RSV WDTRF
Type - - - - - - R/W
Reset - - - - - - 0

Bit Name Description
[7:1] RSV Reserved

WDT Initialization
[0] WDTRF | 0: No effect
1: WDT rolls over to WDT_ARR settingnd restarts counting.
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2032WDT_ARR (0x4027)

Bt | 7 | 6 | 5 | 4 | 3 2 | 1 [ o
Name WDT_ARR
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description

. WDT Reload Timer

[7:0] | WOT_ARR | i bit sets 8 higiorder bits of the initialized value of WDT.

2033CCFG1 (0x401E)

Bit 7 6 5 4 3 2 1 0
Name RSV LVWIE | WDT_EN | VBB_ENB RSV FCK_MOD
Type - RIW R/W RIW - - - R/W
Reset - 0 0 0 - - - 0

Bit Name Description

[7] RSV Reserved

LVW Detection Interrupt Enable
[6] LVWIE 0: Disable
1: Enable
WDT Enable
[5] WDT_EN | 0: Disable
1: Enable
LDO VBB Enable (FU6866Q)
0: Enable
[4] | VBB_ENB | 1: Disable
Note: Itcan be configured by unchecking Vbb Disable (Segre32-4).
[3:1] RSV Reserved
SYSCLK Selection
0: Internal Fast Clock servesthg system clock.

0] FCK_MOD 1: External Fast Clock serves as the system clock.

Note: It can be configured loheckinginternal Fast Clk and External Fast Clk
options (Seé&igure32-2).
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21RTC
211RTC Functional Bl ock Diagram

INT_CTRL
RTC TML[7:0] —» RTC_EN
active high
RTC_IF ( an) K ﬁ >
RTC_TMH[7:0—>» CNT_PROC

sng vivad NowW

oTC EN IF INT INT OUT
(active high)

Figure21-1 RTC Functional Block Diagram
212RTC Operations

A write to RTC_TM sets RTC reload value. RT@ismmabl ed when RTC_STA[ RTC_EN
21.3RTC Regi sters
213JRTC_TM (0x402C, O0x402D)

RTC_TMH (0x402C)
Bit 5 | 14 | 13 | 122 | 11 | 10 9 8
Name RTC_TM[15:8]
Type R/W R/W R/W R/W R/IW R/IW R/W R/W
Reset 1 1 1 1 1 1 1 1
RTC_TML (0x402D)
Bit 7 6 5 | 4 | 3 [ 2 1 0
Name RTC_TMI[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1
Bit Name Description
RTC Count Register
Read: Instantaneous valuetiofier
[15:0] | RTC_TM | Write: RTCtimerup-counts at a rate of 32768Hz from 0 to the written value and
becomes overflowed. Meanwhile, an interrupt request is generated, causing the
to be cleared and restart counting.

2132RTC_STA (O0x402E)

Bit 7 6 5 4 3 2 1 0
Name RTC_EN RTC_IF | ISOSCSEL | ISOSCEN | ESOAE | ESOEN | ESCLKSEL | ESCKEN
Type R/W R/WO0 R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description

RTC Enable
[7] RTC_EN | O: Disable

1: Enable

RTC Interrupt Flag
[6] RTC_IF This bit i s dimervalteonatéh&sRTGQv M setting.h e

Read:
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0: No Interrupt Pending
1: Interrupt Pending
Write:
0O: This bit is cleared to fi0o.
1: No effect
Slow Clock Sourc&election
[5] ISOSCSEL | 0: Internal Slow Clock
1: External Slow Clock
Internal Slow Clock Enable
[4] ISOSCEN | 0: Disable
1: Enable
External Slow Clock Analog Form
0: Digital
[3] ESOAE 1: Analog form. When an External Slow Clock is selected, the analog form mus
configured.
External SlowClock Enable
[2] ESOEN 0: Disable
1: Enable
External Slow Clock Sourcgelection
[1] ESCLKSEL | 0: Analog Input
1: P1.1 Input
External Slow Clock Digital Input Enable
[0] ESCKEN | O: Disable
1: Enable
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2210

2211 O I ntroducti on

FU6816L has up to 38 GPIO pins, including P0.0 ~ P0.7, P1.0 ~ P1.7, P2.0 ~ P2.7, P3.0 ~ P3.7 and
P4.1~ P4.6.

FU6866Q has up to 36 GPIO pins, including P0.0 ~ P0.7, P1.0 ~ P1.7, P2.0 ~ P2.7, P3.0 ~ P3.7 and
P4.3~ P4.6

2221 O Operations

Each GPIO port pin has relevant configuration registers to meet different application requirements. For
example, P0.0 is mappedreygisterP0, and P1.0 to register P1. PO_OE and P1_OE registers are configured
for digital input and output.

A The enable bits of pulip resistors and pul o wn resi stors ar €23lonfigur

PO_PU (0x4053) 22.3.14P4_PU (0x4057jor port pins and registers.

A See5.3GPIO Electrical Characteristidsr the values of pullip resistors and putlown resistors.
A The relevant bits of P1_ AN, P2 _ AN, P32288 and P:

P1_AN (0x4050)- 22.3.9P4_AN (0x4047)or port pins and registers. After the port pins are
configured to analog mode, all their digital features are disabled and the port state is 0 by reading
relevant bits in P1, P2, P3 and P4 registers.

A Pull-up resistors of P1.6 ~ P1.7, P2.0 ~ P2.7, P3.0 ~ P3.5 are automatically disabled when the port

pins are configured as analog mode.
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2231 O Regi sters
2231P0 _OE (O0xFC)
Bit 7 | 6 | 5 | 4 3 2 1 0
Name PO_OE
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
P0.0 ~ P0.7 Digital I/CBelection
[7:0] PO_OE | 0O: Input
1: Output
2232P1 OE (O0xFD)
Bit 7 | 6 | 5 | 4 3 2 1 0
Name P1_OE
Type R/IW R/IW R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
P1.0 ~ P1.7 Digital I/Gselection
[7:0] P1_OE | 0: Input
1: Output
2233P2 OE (OXxFE)
Bit 7 | e | 5 | 4 3 2 1 0
Name P2_OE
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
P2.0 ~ P2.7 Digital I/Cselection
[7:0] P2_OE | 0: Input
1: Output
2234P3 OE (OXxFF)
Bit 7 | e | 5 | 4 3 2 1 0
Name P3_OE
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
P3.0 ~ P3.7 Digital I/CBelection
[7:0] P3_OE | O: Input
1: Output
V21
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2235P4 OE (O0xE9)

Bit 7 6 | 5 | 4 | 3 | =2 | 1 ] o
Name RSV P4 OE RSV
Type - R/W R/W R/W R/W R/W R/W -
Reset - 0 0 0 0 0 0 -

Bit Name Description

[7] RSV Reserved

P4.1 ~ P4.6 Digital I/CBelection
[6:1] P4 OE 0: Input
1: Output
[0] RSV Reserved
2236P1 AN (0x4050)

Bit 7 ] 6 | 5 | 4 3 2 1 0
Name P1 AN HBMOD RSV ODE1 ODEO
Type R/W R/W R/W R/W R/W - R/W R/W
Reset 0 0 0 0 0 - 0 0

Bit Name Description

P1.4 ~ P1.Analog Mode Enable
[7:4] P1_AN | O: Disable
1: Enable
P1.3modeconfiguration, which determines the functional mode of P1.3 in
combination with P10OE[3], as shown ifTable22-1.
Table22-1 P1.3 Mode Setting
HBMOD | P1 OE[3] P1.3 Pin Mode
3] HBMOD 0 0 Digital Input (DI)
0 1 Digital Output (DO)
1 0 Analog Input (Al)
Digital enhanced drive output mode. The maximum
1 1 output current of high level output can be up to 20mA
Hall bias power supply. The drive mode of low level
output is the same as that of the digital output mode.

[2] RSV Reserved

P0.1Collector OperDrain Output Enable

[1] ODE1 | O: Disable

1: Enable

P0.0 Collector Opeidrain Output Enable
[0] ODEO | O: Disable

1: Enable

2237P2 AN

(0x4051)

Bit 7 | e | 5 | 4 3 2 1 0
Name P2_AN
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
P2.0 ~ P2.7 Analog Mode Enable
[7:0] P2_AN | O: Disable
1: Enable
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2238P3 AN (0x4052)
Bit 7 6 5 | 4 3 2 | 1 ] o
Name P11_PL | PO1_PL P3_AN
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
P1.1Pull-downResistor Enable
0: Disable
7] P11_PL 1: Enable
Note: The puHup resistor and puliown resistor of P1.1 pin cannot be enabled 4
the same time.
PO0.1Pull-downResistor Enable
0: Disable
[6] PO1_PL 1: Enable
Note: The pulup resistor angull-down resistor of PO.1 pin cannot be enabled 4
the same time.
P3.0 ~ P3.5 Analog Mode Enable
[5:0] P3_AN | O: Disable
1: Enable

2239P 4 AN

(0x4047)

Bit 7 | s 5 4 3 2 1 0
Name RSV P45 AN RSV
Type - - R/W - - - - -
Reset - - 0 - - - - -
Bit Name Description
[7] RSV Reserved
P4.5 Analog Mode Enable
[6] P45 AN | O: Disable
1: Enable
[4:0] RSV Reserved

22.3.10P0 _PU

(0x4053)

Bit 7 | e | 5 | 4 3 2 1 0
Name PO_PU
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
P0.0 ~ PO.Pull-up Resistor Enable
[7:0] PO_PU | 0: Disable
1: Enable
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22311P1 _PU (0x4054)

Bit 7 | & | 5 | 4 | 3 2 1 0
Name P1_PU[7:2] P11HV_EN | P10HV_EN
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description

P1.2 ~ P1.Pull-up Resistor Enable

[7:2] P1_PU[7:2] | O: Disable

1: Enable

P1.1 High Voltage Input Enable
[1] P11HV_EN | O: Disable

1: Enable

P1.0 High Voltage Input Enable
[0] P10HV_EN | O: Disable

1: Enable

22312P2 PU (0x4055)

Bit 7 | e | 5 | 4 3 1 0
Name P2_PU
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit Name Description

P2.0 ~ P2.Pull-up Resistor Enable

[7:0] P2_PU | 0: Disable

1: Enable
22313P3 PU (0x4056)

Bt | 7 | 6 | 5 | a4 | 3 | 2 | 1 ] o
Name P3_PU
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit Name Description

P3.0 ~ P3.Pull-up Resistor Enable
[7:0] P3_PU | 0: Disable
1: Enable
22314P4 PU (0x4057)
Bit 7 6 | 5 | a4 | 3 | 2 1 0

Name RSV P4_PU[6:1] RSV

Type - R/W R/W R/W R/W R/W R/W -

Reset - 0 0 0 0 0 0 -

Bit Name Description
[7] RSV Reserved
P4.1 ~ P4.6ull-up Resistor Enable
[6:1] P4_PU 0: Disable
1: Enable
[0] RSV Reserved
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22315PH_SEL (0x404C)

Bit 7 6 5 4 3 2 1 0
Name | SPITMOD | UART1EN | UART2EN | T4SEL T3SEL T2SEL | T2SSEL | XOE
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description

MISO port status after SPI slave device completes transmission
[7] SPITMOD | 0: Output State
1: Highrimpedance State
Port multiplexed as RXD, TXD and UART1 enabled
[6] UART1EN | O: Disable
1: P0O.5and P0.6 pins multiplexed as RXD and TXD pins and UART1 enabled
Port multiplexed as RXD2, TXD2 and UART2 enabled
0: Disable
[5] UART2EN 1. P3.7, P1.2 and P0.0 pins multiplexed as TXD2 pin; P3.6 and P0.1 pins multip
as RXD2 pin; and UART2nabled.
Port pins multiplexed as Timer4 or Timer4S
0: Disable
[41 | T4SEL 1 1 p01 or PO.0 or P1.2 (PH_SEL1[TACT1] = 1 and PH_SEL1[TACTO] = 0)
multiplexed as Timer4 I/O pins.
Port pins multiplexed as Timer3 or Timer3S
[3] T3SEL | O: Disable
1: P1.1 0oiP0.1 pin multiplexed as Timer3 I/O pins
Port pins multiplexed as Timer2

[2] T2SEL | O: Disable
1. P1.0 pin multiplexed as Timer2 1/O pins
Port pins multiplexed as Timer 2S

[1] T2SSEL | 0: Disable
1: P0.7 pin multiplexed as Timer2 I/O pins
X-phase Output Enable

[0] XOE 0: Disable

1: Output enabled, with P4.1 configured as the X phasesidevPWM output pin anc
P4.2 configured as the-phase higkside PWM output pin

22316PH_SEL 1

(0x404D)

Bit 7 6 5 4 3 2 1 0
Name UART2CH1 | UART2CHO | CMPXO_PO1 | SPICT | T4CT1 | T4CTO | RSV | T3CTO
Type R/W R/W R/W R/W R/W R/W - R/IW
Reset 0 0 0 0 0 0 - 0

Bit Name Description

UART2/ LIN Functional Switching
00: P3.6 serving as RXD, and P3.7 pin as TXD (P3.6 is an 1/O piwirel
. mode)
[7:6] UART2CH 01: P1.2serving as TXD (P1.2 is an I/O pin ofwlire mode)
1X: P0.1 serving as RXD, and P0.0 pin as TXD (P0.1 is an I/O piaiinel
mode)
Comparator Functional Switching
[5] CMPXO_P01| 0: Nofunction switching with PO7 pin serving as output
1: Functionswitching with PO1 pin serving as output
Debug Functional Switching of SPI Working innire mode
[4] SPICT 0: Nofunction switching with P0.5 pin serving as SPI debug output
1: Function switchingwith P0.0/P3.4 pin serving as SPI debug output
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Timer4 Functional Switching

00: Timer4 1/O pin switched to P0.1
X1: Timer4 1/O pin switched to P0.0
10: Timer4 1/O pin switched to P1.2

[1] RSV Reserved

Timer3 Functional Switching
[0] T3CTO 0: Timer3 1/O pin switched to P1.1
1: Timer3 I/O pin switched to P0.1

22317PH_SEL2 (0x4049)

[3:2] T4CT

Bit 7 | s 5 | 4 | 3 | 2 1 0
Name RSV ADC_SCYCH][7:4] I2C_FS | SPICT1
Type - - R/W R/W R/W R/W R/W R/W
Reset - - 0 0 0 0 0 0

Bit Name Description
[7:6] RSV Reserved
[5:2] ADC[—ELSYCH Seedescriptions ofPH_SEL?2 (0x4049n chapter ADC.

I2C Functional Switching

0: Nofunctionswitching with P0.0 serving ag€ SDA pin, and P0.1 serving
[1] I2C_FS as FC SCL pin

1: Function switchingwith P0.5 serving agC SDA pin, and P0.6 serving ag

I2C SCL pin

Debugfunction switchingof SP1 working in twire mode
[0] SPICT1 PH_SEL1[SPICT] is set to flo.

0: Nofunction switching with P0.0 pin serving as SPI debug output

1: Function switchingwith P3.4 pin serving as SPI debug output

223180 (0x80)

Port output register P0/1/2/3/4/ supports read and write access. RMW commands are used to access the

register value (se€able22-1 for RMW commands), and other commands are used to access PORT pin.

Bit 7 6 5 4 3 2 1 0
Name GPO7 GP06 GPO5 GP0O4 GPO03 GP02 GPO1 GPO0
Type R/W R/W R/W R/W R/W R/W R/IW R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description

[7] GP0O7 | GPO7 pin

[6] GP06 | GPO06 pin

[5] GPO5 | GPO5pin

[4] GP04 | GP04 pin

[3] GP03 | GPO03 pin

[2] GP02 | GPO02 pin

[1] GPO1 | GPO1 pin

[0] GPOO | GPOO pin
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22319P1 (0x90)

Bit 7 6 5 4 3 2 1 0
Name GP17 GP16 GP15 GP14 GP13 GP12 GP11 GP10
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description

[7] GP17 | GP17 pin

[6] GP16 | GP16 pin

[5] GP15 | GP15 pin

[4] GP14 | GP14 pin

[3] GP13 | GP13 pin

[2] GP12 | GP12 pin

[1] GP11 | GP11 pin

[0] GP10 | GP10 pin

22.3.20P2 O0x AO

Bit 7 6 5 4 3 2 1 0
Name GP27 GP26 GP25 GP24 GP23 GP22 GP21 GP20
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description

[7] GP27 | GP27 pin

[6] GP26 | GP26 pin

[5] GP25 | GP25 pin

[4] GP24 | GP24 pin

[3] GP23 | GP23 pin

[2] GP22 | GP22 pin

[1] GP21 | GP21 pin

[0] GP20 | GP20 pin

22.321P3 0xBO

Bit 7 6 5 4 3 2 1 0
Name GP37 GP36 GP35 GP34 GP33 GP32 GP31 GP30
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description

[7] GP37 | GP37 pin

[6] GP36 | GP36 pin

[5] GP35 | GP35 pin

[4] GP34 | GP34 pin

[3] GP33 | GP33 pin

[2] GP32 | GP32 pin

[1] GP31 | GP31 pin

[0] GP30 | GP30 pin
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22322P4 (0xB8)

Bit 7 6 5 4 3 2 1 0
Name RSV GP46 GP45 GP44 GP43 GP42 GP41 RSV
Type - R/W R/W R/W R/W R/W R/W -
Reset - 0 0 0 0 0 0 -

Bit Name Description

[71 RSV Reserved

[6] GP46 | GP46 pin

[5] GP45 | GP45 pin

[4] GP44 | GP44 pin

[3] GP43 | GP43 pin

[2] GP42 | GP42 pin

[1] GP41 | GP41 pin

[0] RSV Reserved

Table22-1 RMW Commands
Command Description
ANL Bitwise logical AND operation
ORL Bitwise logical OR operation
XRL Bitwise logical XOR operation
JBC Jump i f the bit is seft
CPL Bitwise logical converse operation
INC,DEC +1,-1 logical operation
DJINZ Jump i f the bit i
MOV Px,y,C Assign carry bit C to Px,y
CLR Px,y Px,yiscl eared to AQ
SETB Px,y Px,y is set to
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23 Clock

231l ntroducti on

The clock consists of four modules: Internal Fast Clock, External Fast Clock, Internal Slow Clock and
External Slow Clock. The system clock operates either as an Internal Fast Clodkxteraial Fast Clock,
which is selected by the associated register or switched by software program. External Fast Clock is
configured as external clock input or external crystal oscillator source, and Internal Slow Clock is used as

WDT for configuring ovettbw time of the watchdog. External Slow Clock is used for RTC counts.
23.2Cl ock Operations
2321l nt er nal Fast Clock

IFaeN—»{pogme (V) FoK ——» IR
24MH]

fosc

Figure23-1 Input/Outputs of Internal Fast Clock

The 1/O pins of thénternalFast Clock are shown Figure23-1. Internal Fast Clock is used to produce
an accurate clock running at a rate of 24MHz. It is enabledaféenal Fast Clk option iRigure23-6/Figure
237ischeckedo®DSC_CFG[ | FCKEN] Sléeep maale(PCONSTOR]E=4), Intdrnal Fast Clock

is disabled.

2322Ext er nal Fast Clock

External Fast Clock works in two different modes: Crystal Input Mode and External Clock Input Mode.

23.2.2.1Crystal Input Mode

- [a e
70} Z —
XTCURCFG<1:0> o) w O
x [aJa)
_ Q| O
| 3y = 3
P3.6/XIN
n —X
»| osccnt ’ » MCD M
Respnator P
C R=10Mohm xtosc -
core

Glitch | | EFCK

+—l - X filter

= P3.7/XOUT| EN

EFCKEN XTGFCFG<1:0>

Figure23-2 Crystal Input Mode of External Fast Clock
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Crystal Input Mode of the External Fast Clock is showRigure23-2. External Fast Clock is used to

produce an accurate clock running at a rate of 24MHz.

External Fast Clockis enabled afterExternal Fast Clk option irFigure 23-6 is checked or
OSC_CFG[ EFCKEN] i's set to Alo. When Crystal Mo d e

connected (as shown kigure23-2), External Fast Clock xtosc operates in the Crystal Input Mode.
23.2.2.2External Clock Input Mode

XT
GFOFG[L:0]

:
o00n ' ‘5
Juuut |z—\_

Glitch ) M VT
BFCKEN —@_’ filter l MQD

XK

MCDEN

Y

Figure23-3 External Clock Input Mode of External Fast Clock

External Clocknput Mode of the External Fast Clock is showrrigure23-3. External clock is input
through the pad port of LXINExternal Fast Clocks enabled afteExternal Fast Clk option iRigure23-6
is checked or OSC_CFG][ Eb<xikhioN\Modeiisscheskedt Exterimal Fast ©lack Wh e n
operates in the External Clock Input Mode.

CLR_OST is the signal to clear OST timer (active High). When the transistor circuit r@mgsial
Input Mode OST timer counts 1024 clocks and EFCK outputs clock after it stabilizes.

OST does not work when transistor circuit operates in External Clock Input Mode. OST timer is
automatically cleared to A00 by hardware when tran
the system automatically switches the clock to therimat clock, and then the software switches the clock to

the external clock again. At this time, it needs to send a high level to CLR_OST to clear OST timer.

2323l nt er nal Sl ow Cl ock

s om0

Is osc

Figure23-4 Input/Output of Internal Slow Clock on ISOSC Pin

The I/O pins of the Internal Slow Clock are showRigure23-4. Internal Slow Clock is used to produce
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clock signals at a rate of 32768Hiz.Sleep mode (PCON[STOP] = 1), Internal Slow Clock is disabled.

2324Ext eBhaw Cl ock

PO.2/ LXIN
SN

Resonator @
0.3/ LXOUT] ESCK——» ESK
is ”:H X< > LXOUT 32768Hz

€S0SsC

ESOSCEN ———— - E0 AN

I |
—i

ESOSCAE —— | ESO_AE

Figure23-5 Input/Output of External Slow Clock on esosc Pin

The 1/0 pins of theéexternalSlow Clock are shown ifigure 23-5. External Slow Clock is used to
produce a clock signal with a rate of 32768Hz. It is enabled when RTC_STA[ESOEN] = 1 and
RTC_STA[ESOAE] = 1.

233MCD Modul e-spree dTWm de

MCD (Missing Clock Detect) is used to detect the missing of the clock. When the system is running in
Crystallnput Mode, the External Fast Clock is easily disturbed by various noises, and strong interference
may even cause oscillation stop. In this case, MCD module is used to reduce such adverse effects on the
system.

MCD En inFigure23-6 or Figure23-7 is checkedvhen the system is running wiitxternal Fast Clock
If the external crystal stops vibrating, the chip automatically detects the clock missing event, and enables and
switches to the internal fast clock. When IE[MCDIE] = 1 (interrupt enable is set in advance), the system
sends MCD interrupt after switchirtg internal fast clock. The software clears the MCD interrupt flag bit
TCON[MCDIF] in the MCD interrupt service program, and re@C CFGCK_FLAG/MCD_RET] to
determine whether the current system clock is running on an internal fast clock or an external fd$t clock.
the external fast clock is stildl required at this
that is, the system automatically switches from Internal Fast Clock mode back to External Fast Clock mode,
and enables the External Fast Clagain.

Note: MCD En and SPD2 En Figure23-6 or Figure23-7 are checked to set the clock to tapeed
mode, which means that during clock switching, the original clock keeps working until the target clock works

stably, so as to reduce the impact of clock excitation/switching failure on system reliftiRpD2 EN is
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not checked, the system clock directly switches to External Fast Clock, regardless of whether the external

fast clock exists.

1101 Cute= iy

FUEB16 Register Config

Cache Options
[ Cache Data
[~ Cache Xdata
[~ Cache Code

LVD Setting

[ [~ LYW Interrupt En

LVR Config LVW Config

3.0 = ~

" 3.5V « 3.8 9 9
Clock Setting

System Clk Setting

" Internal Fast Clk

@ External Fast Cik

For External clk fast clk only

¥ MCD En W SPD2 En

KT Freq Set

" 0-12MHz " 4-24MHz

* 16-24MHz " >=24MHz

External Clk Mode
* Crystal Mode

" Oscillator Mode

I+ Encrpt Enable
Full Encrypt

[~ Watch-dog Enable

[~ ¥CC Mode

Cancel

Figure23-6 FU6816LSYSCLK Configuration
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Bi Options for Target 'Target 1' X

o

Davies | Targst | Output | Listing| User | 051 | 451 | L¥61 Locats | L¥S1 Mise Debug |Utilities |

" Use Simulator Settings @ Use: |Fartior C51 FICE Driver LI Settings
| o | | savo |

I limi Comndin Dol T

FUBB66 Register Config X

) startup [~ Run to main()
Cache Options

I” Cache Data [~ Encrpt Enable J Edit..

[ [~ Cache Xdata Full Encrypt h Settings
[~ Cache Code ¥ Toolbox

~L¥D Setting
¥ LYD Enable V LYW Interrupt En ™ Watch-dog Enable
LVR Config—— L¥WConfig——————— e
© 3.0¢ v roay P
© 38V © 38V coav (SR - VCC Mode
pter:
~Clock Setting

System Clk Setting
" Internal Fast Clk

© External Fast Clk ol T
[~ FOF EXTETNal CIK 1ast CIK only
¥ MCD En ¥ SPD2 En
XT Freq8et
" 0-12MHz " A-24MHz

i+ 16-24MHz " »>=24MHz

~External Clk Mode
* Crystal Mode =

" Oscillator Mode =

~¥BB Setting

@10V
(o P21

et _|

[~ ¥bb Disable

Figure23-7 FU6866QSYSCLK Configure
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234Cl ock Regi sters
23.410SC_CFG (0xF1)
Bit 7 6 5 4 3 2 1 0
CK_FLAG
Name | EFCKEN | IFCKEN /MCD_RET RSV
Type R/W R/W R/W - - - - -
Reset 0 0 0 - - - - -
Bit Name Description
External Fast Clock Enable
[7] EFCKEN | 0: Disable
1: Enable
Internal Fast Clock Enable
[6] IFCKEN | O: Disable
1: Enable
Read: SYSCLKSelection
0: System operates in Internal Fast Clock Mode
1. Systenpperates in External Fast Clock Mode
Note: When CKMOD is configured, the system clock may not switch immedi#te
[5] CK_FLAG | may be affected by the twepeed mode and clock missing status. The CK_FLAG
/MCD_RET | correctly reflects the system clock state.
Write:
0: No effect
1: Exit the Internal Fast Clock mode that is forced to be activated due to the n
of External Fast Clock
[4:0] RSV Reserved
2342CCFG3 (0x401C)

Bit 7 6 5 | 4 3 2 1 0
Name | MCD_EN SPD2 RSV EC_MOD RSV
Type R/W R/W - - - - R/W -
Reset 0 0 - - - - 0 -

Bit Name Description

MCD Enable
0: Disable
[7] MCD_EN | 1: Enable
Note:MCE Enin Figure23-6 or Figure23-7 is checked for the configuration.
Two-speed Mode Enable
0: Disable
[6] SPD2 | 1: Enable
Note: SPD2 Enin Figure23-6 or Figure23-7 is checked for the configuration.
[5:2] RSV Reserved
Transistor Circuit Mod&election
0: Crystal Input Mode
[1] EC_MOD 1: External Clock Input Mode
Note: Crystal Mode and Oscillator Mode kigure23-6 or Figure23-7 are checked for
the configuration.
[0] RSV Reserved
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235Cl ock Calibration

2351l ntroducti on

Clock calibration is a feature that useternalslow clock to calibrate the internal fast clock. Working
principles: A 13bit counter is used to count the length of 8 slow clock cycles with the fast clock as the clock
source.

Calibration operations: S&EAL_CRO[CAL_STA] = 1 in software to start the calibration. Read
CAL_CRO[CAL_BUSY] flag bit to check if the calibration process is completed. When the calibration is
completed (CAL_CRO[CAL_BUSY] = 0), the readout of CAL_CRO[CAL_ARR] is the value of the length

of counting 8slow clock cycles.
2352Cl ock Cali bration Registers
23.5.2.1CAL_CRO (0x4044) CAL_CR1 (0x4045)

CAL_CRO(0x4044)

Bit 15 14 | 13 12 | 11 | 10 | o9 8
CAL_STA
Name /CAL BUSY RSV CAL_ARR[12:8]
Type R/W1 - - R/W R/W R/W R/W R/W
Reset 1 - - 0 0 0 0 0
CAL_CR1(0x4045)
Bit 7 6 5 | 4 ] 3 2 1 0
Name CAL_ARR[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Clock Calibration Enable
Read:

0: Calibration is completed.

[15] /(C;: :LL_BSJQY L: Calibration is irprogress.
- Write:
0: No effect
1: Clock Calibration starts.
[14:13] RSV Reserved

Calibration Counts

Thecount values of the fast clock to continuously count eight slow clock cycle
[12:0] | CAL_ARR Note: When this value is 0,iitdicates that no corresponding slow clock input, g
when this value is Ox1FFF, it indicates that a count overflows (slow clock is tg
slow or fast clock is too fast).

V2.1 289 www.fortiortech.com



Fortior Tech

-~ FU6816_66
24TSD

The chi st empengatlIWeCRFISEN EMjrs. configured as fAlo to
sensor, read the value in register, and viThe t he t

sensed temperature ranges from 7DAMRI4e-150AC, with i

Tab2l4deMappi ng between Output Codes and Tempe

TSEN_DR Temper at ur TSEN_DR Temper at ur
000000 <=70 100000 110
000001 71 100001 111
000010 72 100010 112
000011 73 100011 114
000100 74 100100 115
000101 75 100101 117
000110 76 100110 118
000111 77 100111 120
001000 79 101000 121
001001 80 101001 123
001010 81 101010 124
001011 82 101011 126
001100 83 101100 128
001101 84 101101 129
001110 86 101110 131
001111 87 101111 132
010000 88 110000 134
010001 89 110001 136
010010 91 110010 137
010011 92 110011 139
010100 93 110100 141
010101 95 110101 142
010110 96 110110 144
010111 97 110111 146
011000 99 111000 148
011001 100 111001 149
011010 101 111010~111111 > 150
011011 102
011100 104
011101 105
011110 107
011111 108
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241Temper ature Sensor Registers
241.1TSD_CR (0x402F)

Bit 7 6 5 4 | 3 2 1 | o
Name RSV TSEN_EN| TSEN_HYS RSV
Type - R/W R/W - - - - -
Reset - 0 0 - - - - -
Bit Name Description
[7] RSV Reserved
Temperature Sensor Enable
[6] TSEN_EN | O: Disable
1: Enable
Filter width of temperature sensor output
[5] TSEN_HYS| 0: Filter width is 1 codealue
1: Filter width is 2 code value
[4:0] RSV Reserved
2412TSEN_DR (0x4048)
Bit 7 | 6 5 | 4 3 2 1 | o
Name RSV TSEN_DR
Type - - R R R R R R
Reset - - 0 0 0 0 0 0
Bit Name Description
[7:6] RSV Reserved
Data of temperature sensmrtput
[5:0] | TSEN_DR | Read the register value, and find out the temperature of the chip accorg
Ta b2l4e
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25.1ADC I ntroducti on

The ADC module is a 1Bit successive approximation register ADC with 16 channels inside. The
sampling mode supports sequential sampling (that is, from ADC Channel 0 to ADC channel 15 in sequence)
and trigger sampling (including FOC triggered sampling meot&Timerl triggered sampling mode). The
results of sequential sampling are stored in ADCx_DR (x = 0 ~ 15) in aalightd or leftseconehighest
bit-aligned format. The result of triggered sampling is sent to FOC modudlenarl module instead of
ADCx_DR for motor control. The relevant registers of the FOC modulénoerl module are always left
seconehighestbit-aligned to store the triggered sample results. Triggered sampling is done automatically by
hardware, and sequential sampling is controlled by software. The priority of triggered sampling is higher
than that of seagential sampling. If both triggered sampling and sequential sampling are applied at the same
time, the triggered sampling is performed first, and ADC automatically stores seqeantjding mode
upon completion of triggered sampling.

The clock source of ADC is at a rate of 12MHz and the sampling time is set by ADC_SCYC,
PH_SEL2(0x4049) and DAC_CRI[5:ZeeADC Electrical Characteristiclor sample time and conversion

time.

252ADC Bl ock Diagram

ADCMASKL5: 0]

P2. o/ ADXF—»

P2. 3/ AL XF—

P2. 4/ ARDXF—>

P2. 5/ ABD<F—»

P2. 7/ AR X ——»|

P3. 2/ ABX}——»

P3. 3/ ABD<——»

P3. 4/ ADDX—"  Amux ADBC

P2. 1/ ABD<F—>

PL 6/ ADD<F——>

PL. 4/ ADLOD<——»
ADCCRADCRAT)O P2 6/ ALIDI——>
0 112 PL 3/ ADL2[X—»

1 1/6.5 P1. 5/ ADL3[X]
vee! TS T P4. 5/ A1)

YyYvYvYy

——— e —

Figure25-1 ADC Multiplexer Block Diagram
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ADC_CR
>
>
(:5; § 8 (Q) JU> :(D> Interrupt to MCU
Ve |2 12|12
mi{omn|= = m|m
pd e d el %)
A i
vDDB
FOC Trigger > ,I
Or > \T VREF  /
Timerl Trigger | A Y ADCO_DRH/DRL
_ [ADCL1 DRH/DRL
From L 12-Bit SAR
AMUXD " ADC
[ADC12 DRH/DRL
A ADC13 DRH/DRL
ADC_SCYC

Figure25-2 ADC Functional Block Diagram
25.3ADC Operations
25.31Sequential Sampling Mode

ADC_MASK
— Clear 0 By Hardware
ADCBSY [ SetlStatADC
AD CDRO Samelhg Convension . Result 0
A 3
ADCDR1 S v 7|4 MCU Read Restits

Figure25-3 ADC Sequential Sampling Timing
ADC operations:
Set the appropriate ADC VREF;
Configure ADC_MASK to enable the corresponding channel required to sample;
Configure ADC_SCYC (minimum value is 3) to select the sampling period of each channel,

1

2

3

4. Configure ADC_CR[ADCEN] = 1 to enable ADC;
5. Configure ADC_CR[ADCBSY] = 1 to start ADC;
6

When ADC_CR[ADCBSY] = 0ADC results are read by ADCx_DR.
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Note: The ADCconversion sequence is from low to high based on the enabled channel (i.e., when
channel 2/3/4 is enabled, the signal is sampled in order of 2/3/4, and then a single conversion result is read

after confirming ADC_CRJADCBSY] = 0).

2532Tri ggered Sampling Mode

When FOC module is enabled, ADC channel O0/1/ 21/ 4/
2 or channel 15 is selected by FOC_CROGJHICBELENt O
sampling mode, Channel dd-aihsu niks ecdurfroernti tsrainp |si anngp | mond
fdraampl i ng and bGhrgnrntmiggshel Mbr current sampling mode,
i saampling, IChamplkingdg, fandsathpalninnegg. 4 f or

Whehi merglnabl e€hannel 4 is wused for bus current
configured to select the input source of position
10 is uprasdovolUt age s-pmpbengol thgemala mp Bovhhagsre a&vn d
voltage sampling. When CMPO_CRApEWPOBEl agelsampainm
forfphvase voltage sampl-pmhagse anal tchg@a ned mAl3i feor W

25330ut put Data For mat
Registers ADCx_DRH and ADCx_DRL contain the higiler bits and the lowrder bits of ADC
sampling results. Data can be rigiigned or lefiseconehighestbit-aligned by configuring

ADC_CR[ADCALIGN]. The relation between the output values and result data is shdwablg5-1. The
bits, which are not used in ADCx_ _DRH and ADCx_DRL,

Table25-1 Relation between Output Voltage and Result Data

Input Voltage Right-aligned Left-secondhighestaligned
0 0x0000 0x0000
VREF/2 0x0800 0x4000
VREF OXOFFF Ox7FF8

254ADC Regi sters
2541ADC_CR (0x4039)

Bit 7 6 5 4 3 2 1 0
Name | ADCEN ADCBSY | ADCRATIO RSV ADCALIGN | ADCIE ADCIF
Type R/W R/W1 R/W - - R/W R/W R/WO
Reset 0 0 0 - - 0 0 0
Bit Name Description
ADC Enable

[7] ADCEN 0: Disable
1: Enable

[6] ADCBSY ADC .Start & ADC Busy Flag
Read:

V2.1 294 www.fortiortech.com



Fortior Tech

7 FUG6816 66
0: ADC Idle
1: ADC Busy
Write:
0: No effect
1: ADC conversion starts
Note: Writing fAld t ADE MASK=B.it has n
Division ratio of VCC sampling by ADC Channel 15
[5] ADCRATIO | 0: 1/12
1:1/6.5
[4:3] RSV Reserved
ADC Data FormaGelection
0: ADC output is rightaligned, and ADC result = ADCx_DR[11:0]
1: ADC output ideft-seconéhighestbit-aligned, and ADC result =
[2] ADCALIGN | ADCx_DR[14:3]
Note: The results of triggered sampling mode are alwayséefbndhighestbit-
aligned.
ADC Interrupt Enable (excluding triggered sampling mode interrupt)

[1] ADCIE 0: Disable
1: Enable
ADC InterruptFlag
This bit is set to A10 by hardware
Read:
0: No Interrupt Pendin

[l ADCIF 1: Interrupt P%nding k
Write:
0: This bit is cleared to fi0o
1: No effect

2542ADC_MASK (0x4036, 0x4037)
ADC_MASKH (0x4036)

Bit 15 14 13 12 11 10 9 8
Name | CH15EN | CH14EN | CH13EN | CH12EN | CH11EN | CH10EN | CH9EN | CH8EN
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

ADC_MASKL (0x4037)

Bit 7 6 5 4 3 2 1 0
Name CH7EN CHG6EN CH5EN CH4EN CH3EN CHZ2EN CH1EN | CHOEN
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description
[15] CH15EN | ADC Channel 15 Enable
[14] CH14EN | ADC Channel 14 Enable
[13] CH13EN | ADC Channel 13 Enable
[12] CH12EN | ADC Channel 12 Enable
[11] CH11EN | ADC Channel 11 Enable
[10] CH10EN | ADC Channel 10 Enable

[9] CH9EN | ADC Channel 9 Enable

[8] CHBEN | ADC Channel 8 Enable

[7] CH7EN | ADC Channel 7 Enable

[6] CH6EN | ADC Channel 6 Enable

[5] CH5EN | ADC Channel 5 Enable
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[4] CH4EN | ADC Channel 4 Enable
[3] CH3EN | ADC Channel 3 Enable
[2] CH2EN | ADC Channel 2 Enable
[1] CH1EN | ADC Channel 1 Enable
[0] CHOEN | ADC Channel 0 Enable

Note: In triggered sampling mode, it is not required to configure ADC_MASK.

2543PH_SEL2 (0x40409)

PH_SEL2(0x4049)

Bit 7 G 5 | 4 | 3 | 2 1 0
Name RSV ADC_SCYCH][7:4] I2C_FS | SPICT1
Type - - R/W R/W R/W R/W R/W R/W
Reset - - 0 0 0 0 0 0

Bit Name Description
[7:6] RSV Reserved

ADC SamplingCycle for ADCChannel 2 and 15
ADC_SCYCH][7] = 0: The sampling cycle £DC_SCYCH][6:4] ADC clock

. ADC_SCYCH
[5:2] [7:4] cycles.
’ ADC_SCYCH[7] = 1: The sampling cycle is (ADC_SCYCH[6:8]+ 7)
ADC clock cycles.
[1] 12C_FS See sectioPH_SEL2 (0x4049in chapterdO.
[1] SPICT1 See sectioPH_SEL2 (0x4049in chapterO.

2544DAC_CR (0x4035)

DAC_CR(0x4035)

Bit 7 6 5 | 4 | 3 | »2 1 0
Name DACO_1EN DACMOD ADC_SCYCH][3:0] DACZ2EN RSV
Type RIW R/W RW | RW | RIW | R/W R/W -
Reset 0 0 0 0 1 1 0 -

Bit Name Description

[7] DACO_1EN See sectioWAC_CR (0x4035)n chapteiDAC.

[6] DACMOD See sectioAC_CR (0x4035)n chapteiDAC.

ADC SamplingCycle for ADCChannel 8~9, 11 and 13
ADC_SCYCH[3] = 0: The sampling cycle is ADC_SCYCHJ[2:0] ADC clog

. ADC_SCYCH
[5:2] 3:0] cycles.
' ADC_SCYCHI[3] = 1: Thesampling cycle is (ADC_SCYCHI[2:0]*8 + 7)
ADC clock cycles.
[1] DAC2EN See sectioAC_CR (0x4035)n chapteiDAC.
[0] RSV Reserved
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2545ADC_SCYC (0x4038)
ADC_SCYC (0x4038)
Bit 7 | & | 5 | a4 3 | 2 | 1 ] o
Name ADC_SCYC(C[7:4] ADC_SCYC[3:0]
Type R/W R/W R/W R/W R/W R/IW R/W R/W
Reset 0 0 1 1 0 0 1 1
Bit Name Description
ADC SamplingCycle for ADC Channel 6~7 and 14
- AD([ZﬂS”CYC ?yDClC;_SSCYCW] = 0: The sampling cycle is ADC_SCYCJ[6:4] ADC clock
' ADC_SCYC(CJ7] = 1: The sampling cycle is (ADC_SCYC[6:4]*8 + 7) ADC
clock cycles
ADC SamplingCycle for ADCChannel 0, 1, 3 and 4
0] ADC[§§]CYC gz%_SSCYC[S] = 0: The sampling cycle is ADC_SCYCJ[2:0] ADC clock
' ADC_SCYCJ3] = 1: The sampling cycle is (ADC_SCYC[2:0]*8 + 7) ADC
clock cycles
2546ADCO0O_DR (OxOFDS8, OXO0OFDY9)
ADCO_DRH (0x0FD8)
Bit 5 | 14 | 13 | 122 | 11 | 10 | 9 8
Name ADCO_DRJ15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
ADCO_DRL (0xOFD9)
Bit 7 6 5 | 4 | 3 | 2 1 0
Name ADCO_DR[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Theconversion results of ADC channel 0 upon completion of ADC conversion in
Sequential Sampling Mode
[15:0] | ADCO_DR | The data is aligned according to ADC_CR[ADCALIGN].
Note: ADC results of Triggered Sampling Mode are not updated to this register.

2547ADC1_O®x OFDA,

OXO0FDB)

ADC1_DRH (OXOFDA)

Bit 5 | 14 | 13 | 12 [ 11 | 10 9 8
Name ADC1_DR[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0

ADC1_DRL (OXOFDB)

Bit 7 6 5 | 4 | 3 | 2 1 0
Name ADC1_DRJ[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
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Bit Name Description
The conversion results of ADC channel 1 upon completion of ADC conversion if
Sequential Sampling Mode
[15:0] | ADC1_DR | The data is aligned according to ADC_CR[ADCALIGN].
Note: ADC results of Triggered Sampling Mode are not updatédugoegister.

2548ADC2 _DR

(0OXOFDC, OxOFDD)

ADC2_DRH (0xOFDC)

Bit 15 14 [ 13 | 12 | 11 | 10 | o9 8
Name ADC2_DR[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
ADC2_DRL (0xOFDD)
Bit 7 6 5 | 4 | 3 | 2 1 0
Name ADC2_DR[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
The conversion results of ADC channel 2 upon completion of ADC conversion i
Sequential Sampling Mode
[15:0] | ADC2_DR | The data is aligned according to ADC_CR[ADCALIGN].

Note: ADC results of Triggered Sampling Mode aot updated to this register.

2549ADC3 _DR (O0OxXxOFDE, OXOFDF)
ADC3_DRH (0xOFDE)
Bit 15 14 [ 13 | 12 | 11 | 10 | o9 8
Name ADC3_DR[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
ADC3_DRL (0xOFDF)
Bit 7 6 5 | 4 | 3 | 2 1 0
Name ADC3_DR[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
The conversion results of ADC channel 3 upon completion of ADC conversion i
Sequential Sampling Mode
[15:0] | ADC3_DR | The data is aligned according to ADC_CR[ADCALIGN].
Note: ADC results offriggered Sampling Mode are not updated to this register.
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254.10ADC4 _DR (OXOFEO, OXOFEL)
ADC4_DRH (0xOFEO)
Bit 15 14 | 13 | 12 [ 11 | 10 9 8
Name ADC4_DR[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
ADC4_DRL (OxOFE1)
Bit 7 6 5 | 4 | 3 | 2 1 0
Name ADC4_DR[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
The conversion results of ADC channel 4 upon completion of ADC conversion if
Sequential Sampling Mode
[15:0] | ADC4_DR | The data is aligned accordingA®C_CR[ADCALIGN].
Note: ADC results of Triggered Sampling Mode are not updated to this register.
254.11ADC5 _DR (O0OXOFEZ2, OXOFES3)
ADC5_DRH (0xOFE2)
Bit 15 14 | 13 | 12 | 11 | 10 9 8
Name ADC5_DR[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
ADC5_DRL (OxOFE3)
Bit 7 6 5 | 4 | 3 | 2 1 0
Name ADC5_DRJ[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
The conversion results of ADC channel 5 upon completion of ADC conversion i
Sequential Sampling Mode
[15:0] | ADC5_DR | Thedata is aligned according to ADC_CRJ[ADCALIGN].
Note: ADC results of Triggered Sampling Mode are not updated to this register,

25412ADC6 _ DR

(0OXOFE4,

OXOFES)

ADC6_DRH (0xOFE4)

Bit 15 14 [ 13 | 12 | 11 | 10 9 8
Name ADC6_DRJ[15:8]

Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0

ADC6_DRL (OxOFES5)

Bit 7 6 5 | a4 | 3 | 2 1 0
Name ADC6_DR[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
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Bit Name Description
The conversion results of ADC channel 6 upon completion of ADC conversion if
Sequential Sampling Mode
[15:0] | ADC6_DR | The data is aligned according to ADC_CR[ADCALIGN].
Note: ADC results of Triggered Sampling Mode are not updated to this register.
25413ADC7_DR (O0OXOFEG6, OXOFET7)
ADC7_DRH (OxOFE®)
Bit 15 | 14 | 13 | 12 [ 11 | 10 | 9 8
Name ADC7_DR[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
ADC7_DRL (0xOFE7)
Bit 7 6 5 4 | 3 | 2 1 0
Name ADC7_DR[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
The conversion results of ADC channel 7 ugompletion of ADC conversion in
the Sequential Sampling Mode
[15:0] | ADC7_DR | The data is aligned according to ADC_CR[ADCALIGN].
Note: ADC results of Triggered Sampling Mode are not updated to this registe

25414ADC8 DR (O0OXOFES8, OXO0OFE9)
ADC8_DRH (0OxOFEB8)
Bit 15 | 14 | 13 | 12 [ 11 | 10 | 9 8
Name ADC8_DR[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
ADC8_DRL (0xOFE9)
Bit 7 6 5 | 4 | 3 | 2 1 0
Name ADC8_DR[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
The conversion results of AD€hannel 8 upon completion of ADC conversion in tf
Sequential Sampling Mode
[15:0] | ADC8_DR | The data is aligned according to ADC_CR[ADCALIGN].
Note: ADC results of Triggered Sampling Mode are not updated to this register.
25415ADC9_ DR (O0OXOFEA, OxO0OFEB)
ADC9_DRH (0XOFEA)
Bit 5 | 14 | 13 | 12 | 11 | 10 | 9 8
Name ADC9 DRJ[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
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ADC9_DRL (OxOFEB)
Bit 7 6 5 | 4 | 3 | 2 | 1 | o
Name ADC9 DRJ[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Theconversion results of ADC channel 9 upon completion of ADC conversion in
Sequential Sampling Mode
[15:0] | ADC9_DR | The data is aligned according to ADC_CR[ADCALIGN].
Note: ADC results of Triggered Sampling Mode are not updated to this register.

25416ADC10 (DK O FEC,

0OXx0FED)

ADC10_DRH (0Ox0OFC)
Bit 15 14 | 13 | 12 | 11 [ 10 9 8
Name ADC10_DR[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
ADC10_DRL (OxOFED)
Bit 7 6 5 | 4 | 3 | 2 1 0
Name ADC10_DR[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
The conversion results of ADC channel 10 upon completion of ADC conversior|
the Sequential Sampling Mode
[15:0] | ADC10_DR | The data is aligned according to ADC_CR[ADCALIGN].
Note: ADC results of Triggered Sampling Mode are not updatédugaegister.

25417ADC11 DR (OXOFEE, OXOFEF)
ADC11_DRH (OxOFEE)
Bit 15 14 | 13 | 12 | 11 | 10 | 9 8
Name ADC11_DR[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
ADC11_DRL (OxOFEF)
Bit 7 6 5 | 4 | 3 | 2 1 0
Name ADC11_DR[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
The conversion results of ADC channel 11 upon completion of ADC conversior]
the Sequential Sampling Mode
[15:0] | ADC11_DR | The data is aligned according to ADC_CR[ADCALIGN].
Note: ADC results of Triggered SampliMpde are not updated to this register.
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25418ADC12 DR (OXOFFO, OXOFF1)
ADC12_DRH (0xOFFO0)
Bit 15 14 | 13 | 12 | 1 10 9 8
Name ADC12 DR[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
ADC12_DRL (0x0FF1)
Bit 7 6 5 | 4 | 3 2 1 0
Name ADC12_DR[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
The conversion results of ADC channel 12 upon completion of ADC conversior]
the Sequential Sampling Mode
[15:0] | ADC12_DR | The data is aligned accordingA®C_CR[ADCALIGN].
Note: ADC results of Triggered Sampling Mode are not updated to this register

25419ADC13_DR

(0OXOFF2,

OXO0FF3)

ADC13_DRH (0OxOFF2)
Bit 15 14 | 13 12 | 1 10 9 8
Name ADC13_DR[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
ADC13_DRL (OxOFF3)
Bit 7 6 5 | 4 | 3 2 1 0
Name ADC13_DR[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
The conversion results of ADC channel 13 upon completion of ADC conversior
the Sequential Sampling Mode
[15:0] | ADC13_DR| The data is aligned according to ADC_CR[ADCALIGN].
Note: ADC results of Triggered Sampling Mode are not updated to this register

25420ADC14_DR

(OXOFF4,

OXOFF5)

ADC14 _DRH (OXOFF4)

Bit 15 14 | 13 12 | 1 10 9 8
Name ADC14_DR[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0

ADC14_DRL (OXOFF5)

Bit 7 6 5 | 4 | 3 2 1 0
Name ADC14 DR[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
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Bit Name Description
The conversion results of ADC channel 14 upon completion of ADC conversio
the Sequential Sampling Mode
[15:0] | ADC14_DR| The data is aligned according to ADC_CR[ADCALIGN].
Note: ADC results of Triggered Sampling Mode are not updated to this register
25421ADC15 DR (O0OXOFF6, OXOFF7)
ADC15_DRH (OxOFF6)
Bit 15 14 | 13 | 12 | u 10 9 8
Name ADC15_DR[15:8]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
ADC15_DRL (0x0FF7)
Bit 7 6 5 | 4 | 3 2 1 0
Name ADC15 DR[7:0]
Type R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
The conversion results of ADC channel 15 upompletion of ADC conversion in
the Sequential Sampling Mode
[15:0] | ADC15 DR| The data is aligned according to ADC_CR[ADCALIGN].
Note: ADC results of Triggered Sampling Mode are not updated to this register
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26 DAC

26.1DAC I ntroducti on

The chip integrates two DA@Modules, where DACO is al@it digitalto-analog converter and DAC1 is

a 6-bit digitai-to-analog converter.

262DACO0O Functional Bl ock Diagram

[6]
[6]

VREF

P2_AN

P2_OE

DAO_1EN—>|

DACODATI[8:0] 2,

V!

—X] P2.6/DA0/C3M

C3P —+
CMP/3% C30
-

DACOOUT

DACMOD ———>»

“
<
€

VHALF —o0

Figure26-1 DACO Functional Block Diagram

As shown inFigure26-1, DACO converts it digital data into analog voltagand sends the voltage

to CMP3 negative input for bus overcurrent protectiR6 pin can be configured as the analog output.

Note: DACO output haso current drive capability and can only carry capacitive load. To carry resistive

load, operational amplifiers are used to follow the voltage output.

DACO operations are as follows:

1. Configure P2_AN[6] = 1 and P2_OE[6] = 1, and DACO output to P2.6 pin;

2. Configure VREF_CR[VREFEN] = 1 and DAC_CBRACO_1EN = 1, and VREF used as DACO
reference voltage;

3. The range of output voltage is set by DAC_CR[DACMOD]. When DAC [ DACMOD ] = 0, full
voltage output mode is active, and the range of output voltage is O~VREF. When
DAC_CR[DACMOD] = 1, halfvoltage output mode is active, the range of output voltage is
VHALF~VREF. Output voltage of DACODAT under different configuration is showiadhle
26-1.

Table26-1 Voltage Outpubf DACO underDifferent Configurations

: DAC Output Voltage DAC Output Voltage
Drcipr AT (DAC_CR[DACMOD] = 0) (DAC_CR[DACMOD] = 1)
0x000 0 VHALF
0x100 VREF/2 (VREF - VHALF)/2 + VHALF
Ox1FF VREF*511/512 (VREF- VHALF)*511/512 + VHALF
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263BDAC1 Funct iDonaaglr aBit o c k

VREF oo
LLl
Q Z0
[alga
DAC_1EN—> E
6
DAC1DAT[5:0] —>» DAC1 ——[X] P2.3IDALCAP
i 5
i 9
> R
o
Y
DACMOD ——» ca0

CaM

-

VHALF —oO

Figure26-2 DAC1 Functional Block Diagram

As shown inFigure26-2, DAC1 converts it digital data into analog voltage, and sends the voltage
to CMP4 positive input for cyclby-cycle current limitingP2.3 pin can be configured as the analog output.

Note:DAC1 output has no current drieapabilityand can only carry capacitive load. To carry resistive
load, operational amplifiers are used to follow the voltage output.

DAC1 operations are as follows:

1. Configure P2_AN[3] =1 and P2_OEJ[3] = 1, ab4C1 output to P2.3 pin;

2. Configure VREF_CR[VREFEN] = 1 and DAC_CRACO_1EN = 1, and VREF used as DAC1
reference voltage;

3. The range of output voltage is set by DAC_CR[DACMOD]. When DAC_CR[DACMOD] = 0,
full-voltage output mode is active, and the range of output voltage is 0 ~ VREF. When
DAC_CR[DACMOD] = 1, halfvoltage output mode is active, and the range of output voltage is
VHALF ~ VREF. Output voltage of DACainderdifferent under different configurations is shown
in Table26-2.

Table26-2 Voltage Outpubf DAC1 underDifferent Configurations

: DAC Output Voltage DAC Output Voltage
D EITIEE (DAC_CR[DACMOD] = 0) (DAC_CR[DACMOD] = 1)
0x00 0 VHALF
0x20 VREF/2 (VREF- VHALF)/2 + VHALF
Ox3F VREF*63/64 (VREF - VHALF)*63/64 + VHALF
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264DAC Regi sters

26.41DAC_CR (0x4035)

Bit 7 6 5 | 4 | 3 | 2 1 0
Name DACO_1EN DACMOD ADC_SCYCH][3:0] RSV
Type R/W R/W R/W R/W R/W R/W - -
Reset 0 0 0 0 1 1 - -

Bit Name Description

DACO, DACL1 Enable
[71 DACO_1EN 0: Disable
1: Enable
DAC Mode Setting
[6] DACMOD 0: Fullvoltage Output Mode
1. Half-voltage Output Mode

[5:2] | ADC_SCYCH[3:0] | See sectioDAC_CR (0x4035)n chapter ADC.

[1:0] RSV Reserved

2642DACO0_DR (0x404B)

Bit 7 | 6 | 5 | 4 | 3 | 2 1 0
Name DACODATI[8:1]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[7:0] | DACODAT[8:1] | 8 highorder bits input of DACO controller

2643DAC1_DR (0x404A)

Bit 7 6 5 | 4 3 2 1 0
Name | DACO_ DR 0| RSV DAC1DAT
Type R/W - R/W RIW R/W RIW R/W R/W
Reset 0 - 0 0 0 0 0 0
Bit Name Description
[7] DACO DR _0 | LSB input of DACO controller
[6] RSV Reserved
[5:0] DAC1DAT | 6-bit datainput of DAC1 controller
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27 DMA

27.1DMA Instructions

DMAO_CR{( DMA1_CRO

[DMACFG]| [DMACFG ENDIAN DMAIE

UART to XRAM request i—l
- \ \
XRAM to UART req”esL DMAO_LE] DMAO_BA Channel 0
— >
| °C to XRAM request > DMAEN | DMABUSY | DMAIF
DMA
XRAM to I°C request =Rl
P
DMA1_LEl DMA1_BA Channell
SPI to XRAM request
: —» —»
XRAM to SPI request DMAEN || DMABUSY| DMAIF

Figure27-1 DMA Functional Block Diagram

The DMA module is a duathannel DMA controller, which performs direct data transfer between

peripherals (SPIl, UART2C) and XRAM (IRAM data invalid). DMA accessing to XRAM does imierfere

with the normal CPU read/write operation to XRAM. The length of the transferred data and the start address

of XRAM access is configurable. Data transfer mode is configurable and interrupt can be enabled.

DMA instructions are as follows:

1.

Configure and enable the peripheral, and set input and output channels taken over by DMA by
DMAx_CRO[DMACFG];

Configure DMA interrupt enable, transfer order, transfer length and XRAM start address. Write

fi 1t0 DMAX_CRO[DMAEN] and DMAXx_CRO[DMABSY] to start DMA;

After data transfer, the interrupt flag bit DN
cleared to 00 by software;

Set DMAx CRO[DMABSY] to fnlo to start DMA again
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27.2DMA Regi st ers
27.2.1lDMAO0O_CRO (0x403A)

Bit 7 6 5 | 4 | 3 2 1 0
Name | DMAEN | DMABSY DMACFG DMAIE ENDIAN DMAIF
Type R/W R/W1 R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description

DMA Channel 0 Enable

[7] DMAEN | O: Disable

1: Enable

DMA Channel 0 Start/Busy Flag
Read:

0: Channel 0 Idle

[6] DMABSY | 1: Channel 0 Busy

Write:

0: No effect

1: Channel 0 starts for data transfer
DMA Channel 0 Peripherals and Transfer Direci@®iection

000: From UART1 to XRAM
001: From XRAM to UART1
010: From fC to XRAM

011: From XRAM to fC

[5:3] | DMACFG | 100: FromSPI to XRAM
101: From XRAM to SPI
110: From UART2 to XRAM
111: From XRAM to UART?2

Note: It cannot be configured when Channel O is bufiy; hultiplexes UART2
channels, and the read/write direction is determined by LIN_CR[LINRW].
DMA Channel O Interrupt Enable

[2] DMAIE | O: Disable

1: Enable

DMA DataTransferSequence

0: High bytes are received or sent first

1: Low bytes are received or sent first

[1] | ENDIAN

Note: This bit is set for 16it data mode, and shallbeo n f i g u r e dbit data
mode. It cannot be configured when Channel 0 or 1 is busy.

DMA Channel OTransferinterruptEventFlag Bit

Read:

0: No Interrupt Pending

[0] DMAIF 1: Interrupt Pending

Write:

0O: This bit is cleared to fi0o.

1: The interrupt event is generated.

V2.1 308 www.fortiortech.com



Fortior Tech

-~ FUG816_66
2722DMA1 CRO (0x403B)

Bit 7 6 5 | 4 | 3 2 1 0
Name | DMAEN | DMABSY DMACFG DBGSW | DBGEN | DMAIF
Type R/W R/W1 R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description

DMA Channel 1 Enable
[7] DMAEN | 0: Disable
1: Enable

DMA Channel 1 Start/Busy

Read:

0: Channel 1 Idle

[6] DMABSY | 1: Channel 1 Busy

Write:

0: No effect

1: Channel 1 starts for data transfer

DMA Channel 1 Peripherals and Direction Select
000: From UART1 to XRAM

001: From XRAM to UART1

010: From fC to XRAM

011: From XRAM to fC

100: From SPI to XRAM

101: From XRAM to SPI

110: From UART2 to XRAM

111: From XRAM to UART2

[5:3] | DMACFG

Note: It cannot configured when Channel 1 is budi{ multiplexes UART2
channels, and the read/write direction is determined by LIN_CR[LINRW].

Sector Targeted in Debug Mode

[2] DBGSW | 0: XSFR as the Debug area (export address space: Ox4D2MDFF)

1: XRAM as the Debug area (export address space: 0x0000 ~ 0x0317)

Debug Mode Enabled

DMA works in Debug mode when DMA1[ O
DMA1_ CRO[ DBGEN] to fil1o. After SPI is
relevant data in the sector defined by DMA1_CRO[DBGSW] via MOSI.

[1] DBGEN | DMA1_BA/DMA1_LEN defines the start address and range of the relevant data.
0: Disable

1: Enable

Note: DMA Channel 1 Interrupt is automatically disabled in Debug mode.
DMA Channel 1 Transfer Interrupt Flag

Read:

0: No Interrupt Pending

1: Interrupt Pending

[0] DMAIF | Write:

0: This bit is cleared to fA00.

1: The interrupt event is generated.

Note: Setting DMA1_CRO0[2:1] = 10 enables DMA Channel 1 Interrupt.
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Bit 7 | 6 5 | 4 | 3 2 1 0
Name RSV DMAO_LEN
Type - - R/W R/W R/W R/W R/IW R/W
Reset - - 0 0 0 0 0 0
Bit Name Description
[7:6] RSV Reserved
Transfer Length of DMA Channel 0
Read: The number of the byte thatisrently transferred by DMA Channel O (0
denotes the first byte)
[5:0] | DMAO_LEN | Write: XRAM data transfer length of DMA Channel 0
Note: It cannot be configured when Channel 0 is busy. When DMAO[ENDIAN]
(low bytes are received or transmitted first), it is recommeititdDMAO_LEN be
set to an odd number.

27.24DMAO0 _BA

(0X403E, Ox403F)

DMAO_BAH (0x403E)
Bit 15 | 14 | 13 12 117 | 10 | 9 | 8
Name RSV DMAO_BA[11:8]
Type - - - - R/W R/W R/W R/W
Reset - - - - 0 0 0 0
DMAO_BAL (0x403F)
Bit 7 6 5 | 4 | 3 [ 2 1 0
Name DMAO_BA[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:12] RSV Reserved
Start address of data transfer by DMA Channel 0
Start address of XRAM data transfer by DMA Channel 0
[11:0] | DMAO_BA | It cannot beconfigured when Channel 0 is busy.
Note: XRAM address space for data transfer by Channel 0: DMAO_BA[11:0] ~
(DMAO_BA[11:0] + DMAO_LENJ5:0])

27.25DMA1 _LEN

(0x403D)

Bit 7 | 6 5 | 4 3 | 2 1 0
Name RSV DMA1_LEN
Type - - R/W RIW RIW RIW R/W RIW
Reset - - 0 0 0 0 0 0
Bit Name Description
[7:6] RSV Reserved
Transfer length of DMA Channel 1
Read: The number of the bytes that is currently transferred by DMA Channel 1
denotes the first byte)
[5:0] | DMAL1 _LEN | Write: XRAM data transfer length of DM&hannel 1
Note: It cannot be configured when Channel 1 is busy. When DMAO[ ENDIAN
1 (low bytes are received or transmitted first) , it is recommended that DMA1 |
be set to an odd number.
V2.1 310 www.fortiortech.com



=

Fortior Tech

FUG6816 66
27.26DMA1 BA (0x4040, 0x4041)
DMA1_BAH (0x4040)
Bit 15 14 | 13 | 12 117 | 10 | 9 | 8
Name RSV DMAL1 BA[11:8]
Type - - - - R/W R/W R/W R/W
Reset - - - - 0 0 0 0
DMAL1_BAL (0x4041)
Bit 7 6 5 | 4 | 3 | 2 1 0
Name DMA1_BA[7:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
[15:12] RSV Reserved
Start address of data transfer by DMA Channel 1
Start address of XRAM data transfer by DMA Channel 1
[11:0] | DMA1_BA | It cannot be configured when Channel 1 is busy.
Note: XRAM address spader data transfeby Channel 1DMA1_BA[11:0] ~
(DMA1_BA[11:0] + DMA1_LEN[5:0])

Note: When4C is selected as DMA channel peripherals (including fréintd XRAM and from XRAM to

I2C) , START + Address interrupt oi@

communication still r e gdiwaree s

In I°C slave mode, if STOP is received, 12C_SR[I2CSTP] = 0 is configured to &emmtérrupt and restart
the DMA transfer.
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28 VREF
28.1VREF Instructions

VREFENﬁ/

VBG O—

4X] P3.5/VREF
3/4/4.5/VDD5

VREFVSEL[1:0]—>

Fi gadle/ O Pins of VREF Modul e

ofl .t WVeRBVMMR B Fs ntohdeu |veo | atr a
i nter V8BIG v el ttdhge vroe

The input and output ports
generation block that provides
supplied by the chip internally.

VREF is enabl e¥REFENI YREEt CRP A10. The output vol

VREF_CR[ VREFVSEL]. When P3_AN[5] = 1 and P3_OE[ 5]

312 www.fortiortech.com



Fortior Tech

i FU6816_66
28.2VREF Register

2821VREF_C®x 404 F)

Bi t 7 | 6 5 4 3 2 1 0
Nami VREFVSEL RSV |VREFH RSV VHALFSE|VHALF
Ty p R/ W R/ W - R/ W - R/ W| R/ W R/ W
Res 0 0 - 0 - 1 1 0
Bit Na me Description

VREF Mo®Odup/ett ageée oBiel ect

00: 4.5V
[ 7:|VREFVY01l: VDD5

10: 3V

11: 4V
[ 5] RSV Reserved

VREF Modul e Enabl e

0O: Disable. P3_AN[S5 is set to Alo,
[ 4] VREFE 1: Enabl e. P3 AN[E]]IS set to fAloeF

~ gBe Xt ecranpaalci t or i s asdtdaehdi Itiot yi nmopfr oWRe

[ 3] RSV Reserved
VHALF Operati nigonWRlIEtre § € i Sekat)

00:1/ 8
[2:|VHALFSO01: 1/ 4
10: 25/ 64
11:1/2 (default)
VHALF Enabl e
[ 0]l VHALFHO: Disable
1: Enabl e
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29 VHALF

29.1VHALF I nstructions

VREF

<—VHALFEN

Figure29-1 1/0 Pins of VHALF Module

The input and output ports of VHALF module are shown in Figuré&.Zbhis module generates the
voltage reference. Its voltage valuedsntrolled by register VREF_CR[VHALFSEL], as detailed: 00:
VREF/8; 01: VREF/4; 10: VREF*25/64; 11: VREF/2(Default)

VHALF is enabled when VREF_CR[VHALFEN] is set

capacitor is added

29.2VHALF Regi ster

SeeVREF_CR(0x404F)for details.
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30 Operational Amplifier

30.10perational Amplifier Introducti on

The chip integratefour high-speed independent operational amplifiers, AMPO, AMP1, AMP2 and

AMP3. Each operational amplifier has a separate enable bit, and can be configured as PGA.

N

AMPXE

AMPXP [
AMPXO

AMPXM [J—o —

Figure30-1 Schematic Diagram of Operational Amplifier Module
30.20perational Amplifier I nstructions
302.1Bus Current Sampling Operational Amplifie
AMPO operates in thremodes: normal mode, PGA differential input mode and PGA siglied input
mode.

30.2.1.1AMPO Normal Mode

AMPOEN

AMPO_GAIN = 000

P3.UAOPI] |
—— ] P2.7/A00
P3.0/AOM [X—— —

Figure30-2 Bus Current AMPO

Thel/O pinsof AMPO are shown in Figure 30 AMPO is enabled when AMP_ORMPOEN] = 1,

and P2.7, P3.0 and P3.1 are automatically configured to analog signal mode by the hardware.
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30.2.1.2AMPO PGA Differential Input Mode

E AMPO_GAIN
8 001A 2X
s 010A 4X
< 011A 8X
1k P3.1/A0P 1004 16X
Vi AAA X +
Vout
X<
P3.0/A0M
Vo AlAkB/\ 3%/ 0 o P2.7/A00

Figure30-3 AMPO Operating in PGA Differential Input Mode

As shown inFigure30-3, positive and negative inputs of AMPC(
the external circuit respectively.

When PGA differential Input Mode is selected for AMPO, the amplification gain is set by
AMP_CR1[AMPO_GAIN} and AMPO is enabled when AMP_CRO[AMPOEN] = 1. The relation between
output and input of operational amplifier: Vout = VHALF + (V¥2)*AMPO_GAIN.

30.2.1.3AMPO PGA Singleended Input Mode

pd
w
o
a
AMPOM_GND=1 <§E
v 1kR P3.1/A0P
AN+
Vout
P3.0/A0M P2 %AOO
@# — '

Fi ga##&aMPO OperatSi mgheéed PGAput Mode

As shéwgli@he positive input ofqAMPOsi grcionnebe edx w
and negative inpuinsidéteeMC@b.nnected to ground

Wh e n PGAersdaed| énput Mo d e i s selected for AMPO,
AMP_CR1[ AMPO _&Ad NAMPO is enabled when AMP_CRO[ AMPO
output and input of operational amplifier:

WhemMP CR1[ AMPO _GAIxN] Vioutset 7d6* VHALF + 7/ 3*V1

WhemMMP _CR1[ AMPO _GAIXN] Viosutset 6ddS* VHALF + 24/ 5*V1
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Wh emMMP _CR1[ AMPO _GMIxN] Viouits et 1dd 9* VHALF + 88/ 9*V1
WhemMMP _CR1[ AMPO _GALI6N], iVouget= &</ 17* VHALF + 336/ 1

30.22Phase Current Operational Amplifier (AMP1
30.2.2.1AMP1 Normal Mode

AMP1EN

PL.6/AIPD— +
P2.0/A10

PL7/IAIMD— —

Fi gai®sAMP1 |1/ O Pins

The |/ O pins of FAMIr@A P E isbhownabhed when AMP_CRC
P1. 6, P1. 7 aanudt oPn2a.tOi cpailnlsy acroenf i gured to analog sig
is set to All0 and P2_AN[O] to Alo.

30.2.2.2AMP2 Normal Mode

AMP2EN

P2UAPI]
——X] P2.3/A20
P2.2/A2M [X}— —

Fi gaa@gaMP2 |1/ O Pins

The |1/ 0O pins of FAdEP@Be aArMP 2s h swne niarb|l ed when AMP_C
P2. 1, P2.2 and P2.3 are automatically configured t
to Alllo.
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30.2.2.3AMP 1 PGA Differential Input Mode

5 AMP_PH_GAIN

N 001A 2X

> 0107 4X

P1.6/A1P 0114 BX

V1 1k : N 1004 16X

W b + VOUT

Vo 1k PL7IAIM X

m ¢ - P2.0/A10

Fi ga&d&MP1 Operating in PGA Differential I

As shéwgd@e positive and negative |Imgpess soorAMBIL
external circuit respectively.

Wh e n PGA Differential Il nput Mo d e i s selected 1
AMP_CR1[ AMP_PHa6A4l NMP1 is enabled when AMP_CRO[ AMP
out put and input of operative2nalAMPmpPIH fGAdrN.. Vout =

30.2.2.4AMP2 PGA Differential Input Mode

5 AMP_PH_GAIN

N 001A 2X

> 0107 4X

P2.1/A2P 0114 BX

V1 1k : N 1004 16X

W b + VOUT

Vo 1kg P22IA2M X

m ¢ - P2.3/A20

Fi ga@daeMP2 Operating in PGA Differential [

As shdéewgd®Be positive and negative impess soorAMB2 |
external circuit respectively.

Wh e n PGA Differential l nput Mo d e i s selected 1
AMP_CR1[ AMP_PHA®ARR2N]is enabled when AMP_CRO[ AMP2EN]
output and input of operativensaVMP aRhb |l GAlikdr: Vout =
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30.2.2.5AMP1 PGA Singleended Input Mode

pd
L
—
AMP12M_GND=1 =
<
v. 1k3 PLG/ALP
AAN—X +
Vout
P1.7/A1M o %Alo
X |

Fi g®AMP1 OperatingnidredP GA plitn dMod e

As shé&wglIBe positive input ofqrAdMPilsti ar ciomntelee ea x v
and negative input is connected to ground inside t
When PGA Singleended Input Mode is selected for AMP1, the amplification gain is set by
AMP_CRI1[AMP_PH_GAIN] AMP1 is enabled by configuring AMP_CRO[AMP12M_GND] = 1 and
AMP_CRO[AMP1EN] = 1. The relation between output and input of operational amplifier:
WhenAMP_CR1[AMP_PH_GAIN]is set as 2x, Vout = 7/6*VHALF + 7/3*V1
WhenAMP_CR1[AMP_PH_GAIN]Jis set as 4x, Vout = 6/5*VHALF + 24/5*V1
WhenAMP_CR1[AMP_PH_GAIN]is set as 8x, Vout = 11/9*VHALF + 88/9*V1
WhenAMP_CR1[AMP_PH_GAIN]is set as 16x, Vout = 21/17*VHALF + 336/17*V1

30.2.2.6AMP2 PGA Single-ended Input Mode

AMP12M_GND=1

‘ +L
AMP2EN

vV, /\:I_/k\rj\/ P2.1/A2P
Vout
P2.2/A2M X
4 P2.3/A20

Fi gaa@a&dMP2 OperatingndedPGAp Gt nlyibde

As shéwglidd® positive input ofqrAeMPi2sti ar ciom ntelce eax tv
and negative input is connected to ground inside t

When PGAemdaedyl ¢énput Mode iis selected for AMP 2,
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AMP_CR1[ AMP_PHaGAIl WMP2 i s e nfaNH _eQR Ob[yA MPoln2f Mag@dNDi]n g=

AMP_QRAMP2EN] = 1. The relation between output and
Wh eAMP_CR1[ AMP_RHK_GAItN]Jas 2x, Vout = 7/ 6*VHALF +

WhemMMP _CR1[ AMP_PH_GHAX N]Vout s=t6/ass* VHALFE + 24/ 5*V1
Wh eMMP _CR1[ AMP_PH_G&®X N]Vout s=etlla/s9* VHALF + 88/ 9*V
WhemMMP _CR1[ AMP_PRHK_GAItNJas16x, Vout = 21/ 17*VHALF

30.2.30perational Amplifier AMPS3

AMP3 works in three modes: normal mode, PGA differential input mode, and PGA-sidgd input

mode.

30.2.3.1AMP3 Normal Mode

AMP3_GAIN=000

AMP3EN

PL5/A3P [— -
P1.3/A30

PLAAIM X— —

Fi ga@aa&aMP3 1 /0O Pins

The |1/ AMP8rse ofiFdvwR@iegAMP3 i s enabl eOf AMPE8ENAMEB _CR
and P1.5, P1.4 and P1.3 are automatically configur

set to fAllo, P1_ AN[ HBMOD] to fAl1l0 and P1_OE[3] to n

30.2.3.2AMP 3 PGA Differential Input Mode

& AMP3_GAIN
& 0014 2X
> 0107 4X
P1.5/A3P 0114 BX
V1 1k : N 1004 16X
W b + VOUT
Vo 1kg  PLAASM X
J@% ¢ - P1.3/A30

Fi gll@&dMP3 Operating in PGA Differential |
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As shdwmlll®p osiatnidvenegati ve i nputs ofqrAdkPi3s taare icm
the external <circuit respectively.

Wh e n PGATf el eptuital Mo d e i s selected for AMP 3, t h

AMP_CR2[ AMP3 _&Ad NAMP3 is enabled when AMP_CRO[ AMP3
out put and input of operativVZneP 3 mMpAIiNi er: Vout =

30.2.3.3AMP 3 PGA Single-ended Input Mode

AMP3M_GND=1

‘ +L
AMP3EN

P1.5/A3P
v1 1k
M— .
VOUT
P1.4/A3M X
¢ P1.3/A30

Fi gl@d&dMP3 OperatingndedPGAp &Gt nllbde

As shewgldi@B8 positivei copuec bédrAaviPiBht ar 1kn ,t he ext
and negative input is connected to ground inside t

Wh e n PGAesdaed | énput Mo d e i s selected for AMP 3,
AMP_ CR2[ AMP3 &AdNAMP3 is enabled when AMP_CRO[ AMP3
out put and input of operational amplifier:

Wh eAAMP _CR2[ AMP3 _GAIxN] Vioutset 7d6* VHALF + 7/ 3*V1

WhemMMP CR2[ AMP3 _G#IxN] Viouutset 6d 5* VHALF + 24/ 5*V1

Wh eAAMP _CR2[ AMP3 _ G#IxN] Vioutset 14/ 9* VHALF + 88/ 9*V1

Wh eAAMP _CR2[ AMP3 _ G#LI6N], iVoudet= 21/ 17* VHALF + 336/ 1

V2.1 321 www.fortiortech.com



7~

Fortior Tech

FUG6816_66

30.30perational

30.3.1AMP _CRO

Ampl i fier Registers

(0x404E)

Bit

7

6

5 4 3 2 1 0

Name

CP_SEL

CP_EN

AMP12M_GND|AMPOM_GND|AMP3EN| AMP2EN | AMP1EN | AMPOEN

Type

R/W

R/W

R/W R/W R/W R/W R/W R/W

Reset

0

0

0 0 0 0 0

0

Bit

Name

Description

[7]

CP_SEL

ConstariPower Channebelection

Valid only when AMP_CRO[CP_EN] =1

0: AMPO output on P2.7 pin is routed to P3.4 pin via 16k Ohm resistor

1: AMPO output on P2.7 pin is routed to P3.3 pin via 16k Ohm resistor
Note: When AMP_CRO[CP_EN] =1, AMPO outd@?2.7) is routed to P3.4/P3
pin via a 16k Ohm internal resistor. P3.4/P3.3 pin must be provided wi
external leF capacitor for bus av

CP_EN

Constant Power Config Enable
0: Disable
1: Enable

[5]

AMP12M_GND

Enable the negative input of AMP1&2, after which the binilP1.7 & P2.2 ping
are wired to GND
0: Disable
1: Enable

[4]

AMPOM_GND

Enable the negative input of AMPO, after which the kiuilP3.0 pin is wired tg
GND

0: Disable

1: Enable

[3]

AMP3EN

AMP3 Enable
0: Disable
1: Enable

[2]

AMP2EN

AMP2 Enable
0: Disable
1: Enable

[1]

AMP1EN

AMP1 Enable
0: Disable
1: Enable

[0]

AMPOEN

AMPO Enable
0: Disable
1: Enable

30.32AMP _CR1

(0x4034)

Bit

7

| 6 | 5 2 | 1 | o

Name

AMP_PH_GAIN

AMPO_GAIN

Type

R/W

R/W R/W - - R/W R/W R/W

Reset

0

0 0 0 0

Bit

Name

Description

[7:5]

AMP_PH_GAIN

Gain Setting forAMP1&AMP2, seedescriptiors on
AMP_CR1[AMPO_GAIN] bit in sectiotAMP_CR1 (0x4034)

[4:3]

RSV

Reserved

[2:0]

AMPO_GAIN

Amplification Gain Setting

000: The gain is configured by external circuit
001: X

010: 4«

011: &

100: 1&

101: Reserved
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110: Reserved
111:Reserved

Note: The buikin amplification is isotropic amplificationWhen the
difference of input voltage is 0, the output voltage is VHALF. For ot
applicationsAMPO _GAI N is set to 0009
configure the gain.

30.3.3AMP _CR?2

(0x4046)

Bit 7 6 | 5 | 4 | 3 2 | 1 | o
Name RSV AMP3_GAIN
Type - - - - - R/W R/W R/W
Reset - - - - - 0 0 0
Bit Name Description
[7:3] RSV Reserved

. Amplification gain forAMP3. See descriptions on
[2:0] AMP3_GAIN | A\ CR1[AMPO_GAIN] bit in sectiolMP_CR1 (0x4034)
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31 Comparator

3l1Compar ator Operations

31.1.1Compar ator CMP3

22 o
o
=
@] o
N
o
P20| > S
] O
pP2.3
P2.7/C3 PDi CMP30UT
*—
P2_AN[6
P2_OE[6
P2.6/C3M
VREF
.| 9Bit
DACODAT(8:0] DAC
DACEN

Figure31-1 CMP3 I/O Pins

The I/O pins ofCMP3are shown iFigure31-1.

CMP3 configurations:

1. Configure P2_ANI[6] and P2_OE[6] to 1 to enable CMP3 and VREF on the negative input. The
VREF source can be echip DACO output voltage or external circuit input voltage. Select DACO
output, and place an external capaditetween P2.6 pin and GND (the recommended capacitance
value is 100pF, and the output voltage stabilizes after DACO output for a period of time);

2. Configure CMP_CR1[CMP3MOD] to select single comparator input, dual comparator input, or
triple comparator input mode;

A When CMP_CR1[CMP3MOD] = 00, CMP3 works in Singlemparator Input Mode. The
connection of input and output pins are showRigure31-2.

A  When CMP_CR1[CMP3MOD] = 01, CMP3 works in Dwamparator Input Mode. The
connection of input and output pins are showRigure31-3.

A When CMP_CR1[CMP3MOD] = 1X, CMP3 works in Threemparator Input Mode. The
connection of input and output pins are as showkignre31-4.

3. Configure CMP_CRI1[CMP3HYS] to enable or disable hysteresis;

4. Set CMP_CR1[CMP3EN] =1 to enable CMP3.
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CMPSEN

P27IC3RIADA [ —— |

\ +
% CMP3HYS

P2_AN[6]
Pz_oae]j:}\L CMP3_OUT
P26/C3M | >
VREF
CMP3MOD[1:0]=00
DACODAT[8:0] — giié
DACOEN
Figure31-2 Singlecomparator Input Mode
2z
o
e =
S s a
0o )
s
P20/ADO | > 823
©)
P23ADL[ >
CMP3_OUT
P2_AN[6]
P2_OH6|
P26/C3M [ >
VREF
CMP3MODJ[1:0]=01
DACODAT[8:0] — gi'é
DACOEN

Figure31-3 Dualcomparator InpuiMode
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CMP3HYS
CMP3EN

Pz.oD

P2.3 D—‘ ]
P2.7/IC3R >

P2_AN[6
PZ_OE[6
P2.6/C3M

CMP3MODIL:0]

CMP3_OUT

VREF

| 9Bit

DACODATI[8:0] DAC
DACOEN

Figure31-4 Triple-comparator Input Mode

31.1.1.10vercurrent Protection (OCP)

When an overcurrent protection signal is generated, DRV_OUT[MOE] is automatically cleared output
idle voltage to stop motor drive for chip and motor protecti@CP feature is enabled when
EVT_FILT[MOEMD] = 01, which automatically turns off the output and generates an OCP interrupt request if
the current exceeds the threshithen EVT_ FILT [MOEMD]=00, the output is not automatically turned off
if the current exceeds the threshold. However, an OCP request is generated by the hardware.

The sour ce of OCP interrupt i s selected by
EVT_FILT[INTO_MOE_EN] = 1, namely CMP3 interrupt or external interrupt INTO. When EVT_
FILT[INTO_MOE_EN]=1, TCON[ITO] bitis programmedo select the trigger edge of the external interrupt
INTO which generates an OCP output. At this time, the source of OCP interrupt is INTO. When
EVT_FILT[INTO_MOE_EN] =0 and CMP_CRO[CMP3IM] = 11, the OCP output is generated on the raising
edge of CMP3. Athis time, the source of OCP interruptCMP3. In tripleshunt current sampling mode,
CMP_CR1[CMP3MOD] is configured to select trigtemparator input mode. Whearrent of any phase is
over the threshold, CMP3 generates an OCP signal. For other sampling modes, CMP_CR1[CMP3MOD] is
configured to choose sing®mparator input mode. When bus current is over the threshold, CMP3 generates an
OCP signalConfiguring EVT_FILT[EFDIV] enables the filtering of interrupt signals for OCP, and programming
EVT_FILT[EFDIV] =01/10/11 selects filter width &f12/24clock cyclesWhen the filtering feature is enabled,
the filtered signal is delayed by 6/12/24 clock cycles compared to the signal before filtering.
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31.1.1.2Cycle-by-cycle Current Limiting

The cycleby-cycle current limiting feature is applied to squar@vebased drive control of BLDC
motors. When an OCP event occurs, DRV_OUT[ MOE] i s
of time, so that the motor drive is automaticallyteesd. When CMP [ CMP3IM ] = 11, DRV_OUT[MOE]
is cleared to A0OO0O on the rising edge of CMP3OUT t c
the outputs are automatically turned off upon an OCP interrupt. DRV_OUT[MOE] is enabled automatically
upon Driver timer over fl ow/ under fl ow events or after 10c¢
EVT_FILT[MOEMD] = 11, the outputs are automatically turned off upon an OCP interrupt,
DRV_OUT[MOE] is enabled automatically upon Drivémerover f |l ow/ under fl ow event

restore motor drive.

e : >
DRVCNTR /111 !
NS -
MOE
t1t2 >
Figure31-5 Cycle-by-cycle Current Limiting Waveform (2t 1 = 10es) when EVT _FI LT]
>
>
MOE
t1it2 >
Figure31-6 Cycle-by-cycle Current Limiting Wavefoorm (2t 1 = 5e¢s) when EVT _FI LT[ N
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31.12Compar ator CMPA4

CMP4 is a hysteresis comparator, as showhigure 31-7. CMP4OUT can be read by software or
reversed on external interrupt INTO. When CMP3 is used for tyetycle current limiting protection,

CMP4 is used for bus current protection. When bus current OCP feature of CMP4 is triggered, output must
be turned ofby software.
CMP4 configurations:

1. Configure P2_AN[3] and P2_OE[3] to filo to enal
VREF source can banchip DAC1 output voltage or external circuit input voltage. Select DAC1
output, and place an external capadiietween P2.3 pin and GND (the recommended capacitance
value is 100pF, and the output voltage stabilizes after DAC1 output for a period of time);
Configure P2_AN[7] = 1 to assign P2.7 pin to analog signal;

Configure CMP_CR2[CMP4EN] = 1 to enable CMP4;
Clear INTO flag bit to enable INTO
Set LVSR[EXTOCFG] = 111 to select CMP4 as the source of JNTO

o o M w DN

Configure TCON[ITO] = 01 to select falling edge triggered INTO;

VREF

DAC1DAT[5:0] —|
=z
w
DACEN N
=
P2_AN[3] )
P2_OE[3

P2.3/C4PDAL >———
P2.7/CAM [ > -

CMP40OUT

Figure31-7 Schematic Diagram of CMP4 Module

31.1.3Compar ator Group (CMPG)

Comparator Group (CMPG) is a collection of CMP0O, CMP1 and CM®, multiple comparison
modes for different applications.

When CMP_CR2[CMPOMOD] = 00, CMPG workstime mode of three comparators without birilt
resisbr. The I/O pins are shown i g31B. & is used for BEMF detection with the external virtual neutral
point resistorsThe negative inputs of the three comparators are connected together to P1.5 pin, and the
positive inputs are connected to P1.4, P1.6 and P2.1 respectively. The outputs are CMPOOUT, CMP10UT
and CMP20OUT respectively. The number of comparators working in rtrogle is defined by
CMP_CR2[CMPOSEL]. When CMP_CR2[CMPOSEL] = 00, CMP0O, CMP1 and CMP2 work simultaneously,
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which is the recommended configuration. When CMP_CR2[CMPOSEL] = 01, only CMPO works. When

CMP_CR2[CMPOSEL] = 10, only CMP1 works. When CMP_CR2[CMPOSEL] = 11, only CMP2 works.

CMPOEN
k— CMPOSEL[1:0]

PL4/COP | >

| +
%y /- CMPOHYS[2:0]

—— CMPOOUT
CMPO

PLB/ICIP | >

— CMP1OUT

\§+
|

CMP1

T

P2.UC2P |
——— CMP20UT
PLE/COM | >+e—— _~CMP2

CMPOMOD[1:0]=00

Fi g3 BeMPG Mode -wnthhmBaeée |l Comparator s

(wi thoiun Beisildgt or)

When CMP_CR2[CMPOMOD] = 01CMPG works in the mode of three comparators with tilt
resisor. It is used for BEMF detection witthe internal virtual neutral point resistors. The input port is
selected by setting tHanction switchingbit CMP_CR4[CMPOFS]The number of comparators operating
in this mode is defined by CMP_CR2[CMPOSEL]. When CMP_CR2[CMPO0OSEL] = 00, CMP0O, CMP1 and
CMP2 work simultaneously, which is the recommended configuration. When CMP_CR2[CMPOSEL] = 01,
only CMPO works. When CMP_CR2[CMPOSELL0, only CMP1 works. When CMP_CR2[CMPOSEL] =
11, only CMP2 works.

When CMP_CR4[CMPOFS] = 0, the I/O pins are showh in g 31 8. @he negative inputs of the three
comparators are connected together to the center point of theénbrgkistor. The positive inputs are
connected to P1.4, P1.6 and P2.1 respectively, and the outputs are CMPOOUT, CMP10OUT and CMP20UT

respectively.
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CMPOEN
Kk CMPOSEL[L:0]

PL4/COP |

——— CMPOOUT
CMPO

| +
%, /— CMPOHYS[2:0]

PLE/CIP [

— CMP1OUT

\§+
|

CMP1

P2.1/C2P [ > .

\§+
|

— CMP20UT

CMP2

CMPOMOD([1:0]=01
CMPOFS=0

Fi ga3a®eMPG Mode -wnthhmBeeé |l Comparators and Resi

(withoutSwkumrdhti ingn

When CMP_CR4[CMPOFS] = 1the I/O pins are shown iR i g 31 11 &The negative inputs of the
three comparators are connected together to the center point of tha beslstor. The positive inputs are

connected to P1.4, P1.3 and P1.5 respectively, and the outputs are CMPOOUT, CMP10OUT and CMP20UT

respectively.

CMPOEN
k— CMPOSEL[L:0]

PLA4/COP | >

— CMPOOUT

| +
%y /A— CMPOHYS[2:0]

CMPO

PL3/CIPS | >
— CMPLOUT

\\‘F
|

CMP1

PLS/C2PS | > °

— CMP20UT

\\‘F
|

CMP2

CMPOMOD[1:0]=01
CMPOFS=1

Fi g3 &MPG Mode -wmthhmBae | Comparators and Resi

(with Function Switching)

When CMP_CR2[CMPOMOD] = 16 MP @0 d e tlwreediffierential comparatos is selected for
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the differential Hall sensor to detect the motor rotor position. The input and output pins are skawgio r e

3 11 1The negative inputs of the three comparators are respectively connected to P1.5, P1.7 and P2.2, and
the positive inputs areespectivelyconnected to P1.4, P1.6 and P2.1. The outputs are CMPOOUT,
CMP10OUT and CMP20UT respectively. The number of comparators working in this mode is defined by
CMP_CR2[CMPOSEL]. When CMP_CR2[CMPOSEL] = 00, CMP0O, CMP1 and CMP2 sumitaneously

which is the recommended configuration. When CMP_CR2[CMPOSEL] = 01, only CMPO works. When
CMP_CR2[CMPOSEL] = 10, only CMP1 works. \&fnCMP_CR2[CMPOSEL] = 11, ONLY CMP2 works.

g

N i

n g

> ZuW

I Wy

e

s 5>

o OO
PLAICOP [ >t

// >—+ cMPooUT
PL5/COM =7 _rCmpro
PLEICIP [ >+t

// >—1 cMmPlOUT
PL7/CIM = _1cwvpy
P2.UUC2P [ >ttt

Va — CMP20UT
P2.2IC2M = _tmP2

CMPOMOD[1:0]=10
Fi g4 &MPG Mode with Three Differential Comparators

When CMP_CRZCMPOMOD] = 11,C MP @0 d e duak¢omparator is selected for motor speed
detection. The I/O pins are shownFri g 314 8The negative inputs of the two comparators are connected
together to P1.5, and the positive inputs are connected to P1.4 and P1.3 respectively. The outputs are
CMPOOUT and CMP1OUT respectively. The number of comparators in this mode is defined by
CMP_CR2[QMPOSEL]. When CMP_CR2[CMPOSEL] = 00, CMP0 and CMP1 work simultaneously, which
is the recommended configuration. When CMP_CR2[CMPOSEL] = 01, only CMPO works. When
CMP_CR2[CMPOSEL] = 10, only CMP1 works.

CMPOEN
k— CMPOSEL[1:0]

PL4/COP | >

—— CMPOOUT
CMPO

| +
%y /+— CMPOHYS[2:0]

PL3/CIPS| >

P1.5/COM

— CMP1OUT

‘§+

CMP1

CMPOMOD[1:0]=11

Fi g4 @&MPG Mode with Two Comparators
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The output signals of CMPO/CMP1/CMP2 are sent to Timerl after filtering and sampling modules.
3l.14Compar ator Sampling
The comparator sampling feature is mainly used for the sgueare control and RSD, which eliminates

theon-off interference from driving circuit. See section 15.1.2.3 for sqwaxe control and section 16.1.7.1

for RSD.

: delaytime ! delaytime
P €— : > i i ¢ i
PWM output —————————
PWM of CMP | p | Toffdelay | o !
| ! T |
| — CSOFFD | ¢
PWM ON Sampling interval T i !
! g !
CSOND CSOND

Figure31-13 PWM ON Sampling Mode

There is a delay from the PWM output to the output of the comparator, which is mainly affected by the
following factors: resistance value of drive resistor, switching speed of the power device, and input delay and
hysteresis settings of the comparatorshewn in Figure 31.3, the delaytime is from the chip output to the
comparator output. When higavel sampling is performed, the sampling interval shall be enveloped by
actual highlevel output of the comparator. Firfie sampling OMlelayed time CMP_SMR[CSOND] is set
to overcome the output delay and the oscillation interval of the power d&tibe.end of the sampling interval,
CMP_SAMR[CSONDIis delayed after the falling edge of PWM, at which time the actual sampling window
has exceeded the corresponding Heglel interval. The sampling OHEad timeCMP_SAMR[CSOFFD] is
set to stop sampling Toffdelay after the PWM output falling edge, where Toffdelay = CMP_SAMR[C$OND]
CMP_SAMR[CSOFFD]By configuring CMP_SAMR[CSOND] and CMP_SAMR[CSOFDD], the séntp

interval can be located in the hitghvel interval of the actual output of the comparator.

delaytime delaytime
PWM output
PWM of CMP Toffdelay
—CSOFFD!
PWM ON Sampling interval
Lt 4
CSOND CSOND

Figure31-14 PWM OFF Sampling Mode

Similarly, when lowlevel sampling is performed, the sampling -G&layed time CMP_SAMR[CSOND]
and the sampling OFead time CMP_SAMR[CSOFFD] are set reasonably to ensure that the actual sampling
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interval is located in the actually lel@vel output interval of the comparator.

Method for measuring the delay of PWM output to comparator: Set CMP_CR3[SAMSEL] = 00 to
disable the comparator sampling delay feature. Set CMP_CR3[CMPSEL] to select the corresponding

comparator output to test pin PO.1. Enable the PWM output and compearatarally rotate the motor to

change the comparator value, and measure the delay between the PWM output and the comparator output.

31.15Compar ator

Qut put

CMP_CR3[CMPSEL] is configured to output results of one comparator to P0O.1 or fseleimbn

switchingto P3.4.

31.2Co mpaatrBRBe gi st er s

31.21CMP _CRO (0xD5)

Bit 7 | s 5 | 4 3 2 1 0
Name CMP3IM CMP2IM CMP1IM CMPOIM
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit Name Description

CMP3 Interrupt Mode
00: No interrupt is generated.
01: An interrupt is generategbonrising edge
) 10: An interrupt is generategbonfalling edge
[7:6] | CMP3IM 11:When a rising edge is detected, DRV
event flag bit CMP_SR[ CMP3I F]disabled(Note:t
In the Cycleby-cycle Current Limiting mode, EVT_FILT[MOEMD] must be set to
10/11).
. CMP2 Interrupt Mode
[5:4] | CMP2IM See descriptions on CMP_CRO[CMPOIM].
. CMP1 Interrupt Mode
[3:2] | CMP1IM See descriptions on CMP_CRO[CMPOIM]
CMPQO Interrupt Mode
00: No interrupt is generated.
[1:0] | CMPOIM | 01: An interrupt is generatagbonrising edge
10: An interrupt is generategbonfalling edge
11: An interrupt is generategbonboth rising/falling edges

31.22CMP_CR1 (0xD®6)

Bit 7 6 | 5 4 3 2 1 0
Name RSV CMP3MOD CMP3EN | CMP3HYS RSV CMPOHYS
Type - R/W R/W R/W R/W - R/W R/W
Reset - 0 0 0 0 - 0 0

Bit Name Description

[7] RSV Reserved

CMP ModeSelection
. Negative input connected to P2.6 or DACO output
[6:5] | CMP3MOD 00: Singlecomparator mode, where P2.7 is connected to the positive input, as
in Figure31-2.
V21 333 www.fortiortech.com



7~

Fortior Tech

FUG6816_66

01: Duatcomparator mode, where P2.0 and P2.3 are connected to the positive

as shown irFigure31-3.
1X: Threecomparator mode, where P2.0, P2.3 and P2.7 are connected to the
positive input, as shown irigure31-4.

CMP3 Enable
[4] CMP3EN | O: Disable
1: Enable
CMP3 Hysteresis Voltagselection
[3] CMP3HYS | 0: No hysteresis
1:15mv
[2] RSV Reserved
CMPO0/1/2 Hysteresis Voltaggelection
00: No hysteresis
[1:0] | CMPOHYS | 01: +3mV
10: + 6mV
11: £12mV
31.23CMP _CR2 (0xDA)

Bit 7 6 | 5 4 | 3 2 | 1 0
Name CMP4EN CMPOMOD CMPOSEL RSV CMPOEN
Type RIW RIW RIW RIW RIW - - RIW
Reset 0 0 0 0 0 - - 0

Bit Name Description

CMP4 Enable
[7] CMP4EN | O: Disable
1: Enable
CMPG ModeSetting
00: CMPG Mode with three comparatdmsithout built-in resistors) as shown in
Fi gaiBe
01: CMPG Mode with buikin three comparatomnd resistorswvherefunction
[6:5] CMPOMOD switchingis selected by configuring CMP_CR4[CMPOFS], as showmn ing
3 PandFi g1 é
10: CMPG Mode with three differential comparators, as showning 314 é
11: CMPG Mode withtwo comparatos, where only CMPO and CMP1 waréis
showninFi g314 &
CMPG Pin Combinatio®election used withCMP_CR2[CMPOMOD] bit. It is
set to 00 by default. In squaveave drive application, TIM1_DBRX[T1CPE]
automatically controls CMP_CR2[CMPOSEL] to enable or disable each
comparator.
Table31-1 Function Description of CMPG Port and
CMP_CR2[CMPOMOD] Combination
CMPOMOD | CMPOSEL Description
CMPO0/1/2 work simultaneouslyas shown in
Fi g BMBe The negative input of thes
comparators are conrted to COM. The
[4:3] CMPOSEL 00 hardware automatically compares the posit
: inputs COP, C1P and C2P with COM, and
output results are transferred to CMPOOLU
CMP10UT and CMP20UT respectively.
00 Only CMPO works. The positive input
01 connected to @P, and the negative input
COM. The output resultsare transferred t
CMPOOUT.
Only CMP1 works. The positive input
10 connected to C1P, and timegative input tg
COM. The output results are transferred
CMP10UT.
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Only CMP2 works. The positive input
connected to C2P, and the negative inpu
COM. The output results are transferred
CMP20UT.

CMPO0/1/2work simultaneously, as shown
Fi g8M@andFi g8 f1&dThe negative
inputs of these 3 comparators aomnected tg
the center of buiin resistor. When
CMP_CR4[CMPOFS] = 0, the hardwa
automatically compares the positive inp
COP, C1P and C2P with 0. When
CMP_CR4[CMPOFS] = 1, thehardware
automatically compares the positive inp
COP, C1PS and C2PS with COM. The out
results are transferred to CMPOOU
CMP10UT and CMP20UT respectively.
Only CMPO works. The positive input is
connected to @P, and the negative input to
the center of BEMBuilt-in resistor. The
output results are transferred to CMPOOUT
Only CMP1 works.
When CMP_CR4[CMPOFS] = 0, the positi\
input is connected to C1P, and

when CMP_CR4[CMPOFS] =1, itis
connected to C1PS.

The negative input is connected to the cen
of BEMF built-in resistor. The output resultg
are transferred to CMP1OUT.

Only CMP2 works.

When CMP_CR4[CMPOFS] = 0, the positi
input is connected to C2P, anthen
CMP_CR4[CMPOFS] = 1, it is connected t
C2PS.

The negative input is connected to the cen
of BEMF built-in resistor. The output resultg
are transferred to CMP20OUT.
CMPO0/1/2work simultaneously, as shown i
Fi g3 1 &The positive inputs of these
comparators are connected@6P, C1P and
C2P respectively, and the negative inputs
connected to COM, C1M and C2M
respectively. The output results are
transferred to CMPOOUT, CMP10OUT and
CMP20UT respectively.

Only CMPO works. The positive input is

01 connected to COP, and the negative input t
10 COM, and the output results are transferreg
CMPOOUT.

Only CMP1 works.

The positive input isonnected to C1P, and
the negative input to C1M. The output resu
are transferred to CMP10OUT.

CMPG selects the associated CMP2 pin
combinations. The positive input is

11 connected to C2P, and the negative input t
C2M. The output results are transferred to
CMP20UT.

CMPO/1 work simultaneously, as shown in
Fi g3 4 @The positive inputs are

11

00

01

01

10

11

00

10

11 00
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connected to P and C1PS respectively, a
thenegative inputs to COM.He outputs
results are transferred to CMPOOUT and
CMP10OUT respectively.
Only CMPO works. The positive input is
01 connected to COP, and the negative input t
COM. The output results ateansferred to
CMPOOUT.
Only CMP1 works. The positive input is
10 connected to C1PS, and the negative inpu
COM. The output results are transferred to
CMP10UT.
11 Reserved
[2:1] RSV Reserved
CMPO Enable
[0] CMPOEN | O: Disable
1: Enable
31.24CMP_CR3 (0xDC)
Bit 7 6 | 5 4 3 2 1 0
Name | CMPDTEN DBGSEL SAMSEL CMPSEL
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description
Comparator Deadtime Sampling Enable
[7] CMPDTEN | 0: Disable
1: Enable
Debug OutpuBelection connected to P0.1 pin
00: Debug Output Disaél
[6:5] DBGSEL | 01: Freewheeling shielding is completed and ZCP signal is detected
10: ADC Trigger Signal
11: Comparator Sampling Interval
Sampling delayenableof CMP0O, CMP1, CMP2 andDC in PWM ON/OFF modes
00: Sampling at both PWM ON and OFF modes withiong¢ delay
[4:3] SAMSEL | 01: Sampling at PWM OFF only, witime delay according t€MP_SAMR
10: Sampling at PWM ON only, wittime delay according t€MP_SAMR
11: Sampling at both PWM ON and OFF, wiitme delay according t&€MP_SAMR
Comparator Outpuselection
Output signals of one selectedmparatoto P0.1, which can be transferred to P3.4
000: No output
001: CMPO
010: CMP1
[2:0] CMPSEL | 011: CMP2
100: CMP3
101: CMP4
110: Reserved
111: Omega Start Flag (Estimator Output Angle Flag, see Seetiard.3for
details)
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31.25CMP _CR4 (O0OxE1)

Bit 7 6 | 5 4 3 2 1 0
Name | CMP40OUT RSV CMP3P4M_FS| RSV FAEN CMPOFS| RSV
Type R - - R/W - R/W R/W -
Reset 1 - - 0 - 0 0 -

Bit Name Description

[7] CMP40UT | CMP4 Output
[6:5] RSV Reserved

CMP3P and CMP4M are switcheddatput at P3.4. It is used to directly trans
the sampled bus current (bus current operational amplifier AMPOO output to
{ to OCP comparator.
[4] CMP3PAM_FS 0: Nofunction switching
1: Function switchingo output at P3.4 pin, where CMP3 has only one input
channel at the positive input.
[3] RSV Reserved
Filtered Signal Sampling Coefficient Scalp Enable
After this feature is enabled, the base clock rates of TIM1_CR3[T1INM] and
[2] FAEN CMP_SAMR are scaled up by 4 times.
0: Disable
1: Enable
CMP1/GMP2 Functional Switching
[1] CMPOES 0: No function switchingas showniFi g1® e
1: Function switchingvalid only when CMP_CR2[CMPO0_MOD] = 01, as sho
inFi g1 é
[0] RSV Reserved

31.26CMP _ SAMR

(0x40AD)

Bit 7 | 6 | 5 | a4 3 2 1 0

Name CSOND CSOFFD

Type R/W R/W R/W R/W R/W R/W R/W R/W

Reset 0 0 0 0 0 0 0 1

Bit Name Description
CMPO/CMP1/CMP2 ONlelayed Sampling Time
When PWM module switches from OFF to ON or from ON to OFF,-t
on/off of the power device affects input signal of the comparator. In this
CMP_SAMR[CSOND] is configured to delay the sampling
CMPO/CMP1/CMP2.The Ondelayed sampling time can be multiplied by
times by setting CMP_CRA4[FAEN].
CMP_CR4[FAEN] = 0:ON-delayed sampling tinre

[7:4] CSOND 8*CMP_SAMR[CSOND]*T
CMP_CRA4[FAEN] = 1.ON-delayed sampling time
32*CMP_SAMR[CSONDJ*T
Notes:
A CMP_SAMR[CSOND] must be greater than or equal to
~ CMP_SAMR[CSOFFD].
A See sectioamplingfor BLDC drive application.
A  See sectioRSD Comparator Samplirfgr RSD application.
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[3:0]

CSOFFD

l}lotes:

CMPO/CMP1/CMP2 OFHead Sampling Time
CMP_SAMR[CSOND] is configured to end the sampling
CMP_SAMR[CSOND]- CMP_SAMR[CSOFFDHfter the back edge of
PWM output to ensure sampling interval enveloped by the PWM int&w&i.
lead sampling time can be multiplied by 4 times by setting CMP_CR4[FAE
CMP_CRA4[FAEN] = 0: OFHead sampling time =
8*CMP_SAMR[CSOFFDJ*T
CMP_CRA4[FAEN] = 1: OFHead sampling time
32*CMP_SAMR[CSOFFD]*T

A CMP_SAMR[CSOND] must be greater than or equal to

CMP_SAMR[CSOFFD].
A SeesectionSamplingfor BLDC drive application.
A SeesectionRSD Comparator Samplirfgr RSD application.

3127CMP _SR (0xD7)
Bit 7 6 5 4 3 2 1 0
Name | CMP3IF | CMP2IF | CMP1IF | CMPOIF | CMP3OUT | CMP20OUT | CMP1OUT | CMPOOUT
Type R/WO R/WO R/WO R/WO R R R R
Reset 0 0 0 0 0 0 0 0
Bit Name Description
CMP3 Interrupt Flag
Read:
0: No Interrupt Pending
[7] CMP3IF 1: Interrupt Pending
Write:
0: This bit is cleared to 0O
1: No effect
CMP2 Interrupt Flag
Read:
0: No Interrupt Pending
[6] CMP2IF 1: Interrupt Pending
Write:
0: This bit is cleared to fA0O0
1: No effect
CMP1 Interrupt Flag
Read:
0: No Interrupt Pending
[5] CMPL1IF 1: Interrupt Pending
Write:
0: This bit is cleared to 00
1: No effect
CMPOInterrupt Flag:
Read:
0: No Interrupt Pending
[4] CMPOIF 1: Interrupt Pending
Write:
O0: This bit is cleared to fi0o
1: No effect
[3] CMP30OUT | CMP3 comparison result
[2] CMP20OUT | CMP2 comparison result
[1] CMP10OUT | CMP1 comparison result
[0] CMPOOUT | CMPO comparison result
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3128HALL _CR (O0xEZ2)

Bit 7 6 5 | 4 3 2 1 0
Name | HALL_IF | HALL_IE RSV HALLSEL | HALL2 HALL1 HALLO
Type R/W R/W - - R/W R/W R/W R/W
Reset 0 0 - - 0 0 0 0

Bit Name Description

Hall Interrupt Flag
[7] HALL_IF | O: No Hall edgechange is detected
1: Hall edge change is detected
Hall Interrupt Enable
[6] HALL_IE | O: Disable
1: Enable
[5:4] RSV Reserved
Hall Input Selection
[3] HALLSEL | 0: P0.2/P3.6/P3.7
1: P1.4/P1.6/P2.1
Hall2 Level
[2] HALL2 0: Hall2 level = 0
1: Hall2level = 1
Halll Level
[1] HALL1 0: Halll level =0
1:Hallllevel=1
HallO Level
[0] HALLO 0: HallO level =0
1: HallO level =1
31.29eVT _FI LT (0xD9)

Bit 7 | 6 | 5 4 | 3 2 1 0
Name RSV MOEMD INTO_MOE_EN EFDIV
Type - - - R/W R/W R/W R/W R/W
Reset - - - 0 0 0 0 0

Bit Name Description
[7:5] RSV Reserved

MOE Cleared and Enabled by Hardware

MOE is cleared and enabled by hardware upon-awatercurrent protection
event.

00: MOE is not automatically cleared.

[4:3] MOEMD 01: MOE is automaticallgleared.

10: MOE is automatically cleared and enabled by hardware upon Birmesr
overflow/underflow events or after 20 for squarewave drive).
11: MOE is automatically cleared and enabled automatically upon Ditiver
overflow/underflow events or afterss gfor squarewave drive).
MOE OFF triggered by INTO Interrupt
[2] INTO_MOE_EN]| 0: Disable
1: Enable
Filter Width for Qurrent Protection
00: Not to filter
[1:0] EFDIV 01: 6 system clock cycles
10: 12 system clockycles
11: 24 system clock cycles
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32 Power Supply

32.1L DO

FU6816LMCU contains two buin LDO output modules: LDO5 and LDO18.
FU6866QMCU contains three buiin LDO output modules: LDO VBB, LDO5 and LDO18.

32.1.1L DO Operations for FU6816L

VCC

Y

VCC_MODE—»EN LDO5 ] vDD5

—

LDO18

\

FUG6816

Fi glidileuncti onal Bl ock DiRJ§gLIEM of Power Supp

The 1 /O pins of LPOgm@&eullTaei $§ DOb matdhudi ®i nput sup,
voltage to 5V (VDD5) 4% tamal pgtwvewordall plpD @5 f orr exuti drt

VDD5 is selected byAsoshidgwe3dd2ng VVCCC MMDDEE .= 0 i f VCC
is unchecked, where internal LDO supplies VDD5 vol-
where external 5V power supply is connected to VDD
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(V]

Device ] Target ] Output ] Listing] User ] CE1

Settings || & Use: |Fortior C51 FICE Driver | _ssttings

™ Use Simulator

[ Limit Speed to Real-Time

| 451

| 61 Locate | L5t Mise Debugz |Utilities |

FUBB16 Register Config

LYD Setting
=

LYR Config

3.0V

3.5V

Clock Setting
System Clk Setting
@ Internal Fast Clk

" External Fast Clk

For External clk fast clk only

=
XT Freq Set

i i
i+ i

External Clk Mode
-

.

« 3.8V

Cache Options
[~ Cache Data
[~ Cache Xdata
[~ Cache Code

¥ LYW Interrupt En

LYW Config

« 7Y 8y
o ay C10¥
o

32.1.2L DO Operati ons

VCC_MODE—»

¥ Encrpt Enable
Full Encrypt

™ Watch-dog Enable

[~ VCC Mode

to main()

e |

Help

Figure32-2 VCC_MODE Configurations foFU6816L

for FU68660Q
Voo
v
LDO VBB -
LDO5 » <] VDD5

EN

—

LDO18

v

FUG866

Fi giiBeunctional Bl ock Diagram of Power Supp
The |1/ O pins of LFD@3JBEhe! & DiOscoamobetirar si nput supply
to \WwBWBIV (VDD5) as the -ppweanak oAgsp hsphddivibe&iyes iilft Vbb
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Di sable is checked LDO VBB does not wor k, and i f i

Int ernal LDO5 or external supply fdéars ¥hobvmgisles el ect e

vVCC_MODE = 0 i f VCC_MODE i s unchecked, wher e i nt
vVCC_MODE = 1 if VCC_MODE is checked, where externa
V]

Devics | Target | Dutput | Listing| User |50 | #51 | LB1 Locate | L5 Mise Debug |Utilities|

" Use Simulator Settings f+ Use: |FomorC51 FICE Driver j Settings
I

Ciwe g noaT
FUBBG6 Register Config ®
tartup [~ Runto main{)

Cache Options

= " Cache Data I~ Encrpt Enable J
'8 [ [~ Cache Xdata n Settings
/:. [~ Cache Code * Toobox
LY¥YD Setting

= M LYW Interrupt En I~ Watch-dog Enable
LVR Config LYW Config e

866
« 7Y 8V

oo cov [~ VCC Mode

3.5V

eter:
1866

Clock Setting
System Clk Setting
& Internal Fast Clk

" External Fast Clk _J Help

For External clk tast clk only
W ~

XT Freq Set
] e

= D)

External Clk Mode
&

~

¥BB Setting
“ 10¥

i P

I~ ¥bb Disable

Figure32-4 VCC_MODE Configurations foFU6866Q
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322Low Vol tage Detector (LVD)

3221LVD I ntroducti on

The | ow voltage detector has two main features:

32.22LVD Operations

vQaC

LVRH[1:0] —» RST
LVWSH[L.0] ——» LVD —» LVWF

LVWENB ——»4 EN

Fi gaableyv Detection Modul e

The operating instructions for LVD are as foll ow

>

LV warning and LV reset are always enabled by
A 7/8/9/10V can be selected for LV warning thre
interrupt VICL tvoil gggeedsi fower than the LV warni
A 3.0/3cmh3b&Vsetesbeeshot dLVThe chip resets whe
the LV reset voltage threshold
LV warning threshol d, interrupt settings and LV
as s h bigure32i6.n
LVR Confog smedsaget hreshol d, LYW Vviohteageppt Enared e
Confilgowevwwdt ageg t hreshol d.
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[V
Device | Targst | Dutput | Listing| Vser | 051 | 451 | LiSL Locsts | LtS1 Mize Debuz |utilities|
" Use Simulator Settings || ©* Use: |Fortior C51 FICE Driver ~| Settings
— e DT
FUB866 Register Config X b
tartup ™ Runto main()
Cache Options
: . I” Cache Data I~ Encrpt Enable J
. L] [~ Cache Xdata h Settings
ﬂ. I~ Cache Code % Toolbox
LVYD Setting
¥ ¥ LVW Interrupt En I~ Watch-dog Enable
LVR Config LVW Config =
c 30y & v <oy ad
© 35Y © 3.8V Coav C10v  VCC Mode
Eter.
Clock Setting i858
System Clk Setting
@ Internal Fast Clk
© Extemal Fast Clk b Help
For External clk fast clk only
i I
XT Freq Set
o] 8]
= o
External Clk Mode
(o]
o]
VBB Setting
=10y
™ Vbb Disable
co12y

Figure32-6 Configurations of LV Reset Threshold, LV Interrupt and LV Warning Threshold
3223LVD Regi sters
32.2.3.1LVSR (0xDB)

Bit 7 | 6 5 4 3 2 1 0
Name RSV EXTOCFG RSV LVWF LVWIF
Type - - R/W R/W R/W - R R/WO
Reset - - 0 0 0 - 0 0

Bit Name Description
[7:6] RSV Reserved

INTO Pin Selection
000: PO.0
001: PO.1
010: P0O.2
[5:3] | EXTOCFG | 011: PO.3
100: P1.1
101: PO.5
110: PO.6
111: CMP4 Output
[2] RSV Reserved
VCC Low Voltage(LV) Flag
[1] LVWE This bit indicates whether the chip is in fbes voltage state.
0: The chip isnat in LV warning state.
1: Thechip is inLV warning state.
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VCC LV Interrupt Flag

Read:

0: No Interrupt Pending

1: Interrupt Pending

[0] LVWIF Write:

0: This bit is cleared to fA00.
1: No effect

Note: Thishitimot set to fAl10 by hardware, W
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33 Flash

33.1F |

ash I ntroducti on

The chip provides 32k bytes of Flash space. It supports page erasure, paggmm@ing and write.

Main features:

A

> >» I>» >

33.2F |

A

> > >

128 sectors in total, each with a size of Bytes

16 pages in total, each with 8 sectors

Last sector (address range: 0x7F00~0x7FFF) cannot be erased at any time

120ms~150ms for page erase

Programming is enabled when FLA_ -grégramniirgA E N ]

page erase or writend other Flash operations are activated with MOVX instructions.

ash Operations

Flash memory must be unlocked before erase and programming operatieridash software
programming feature is activated affer0 x 5 A0  a nade wiritt®nxtdl rEgister FLA _KEY in
sequencelf the sequence is incorrect or other values are written, Flash space is frozen until the
next reset. After unlocking, any write to the FLA_CR register causes the FLA_ KEY to be locked
again.

CRC results change if Flash memory is rewritten during program execution.

Page preorogramming must be done before page erase.

Configuring FLA_ CR=0x23 enables page erase, FLA_CR=0x25 pagerqgeamming and

FLA CR=0x21 write.

Note:All interrupts must be disabled before gabgramming to ensure the security of Flash operations and

avoid misoperation of Flash using MOVX instruction during interrupt processing.

33.3F |

ash Registers

3331FLA_CR (0x85)

Bit 7 | 6 5 4 3 2 1 0
Name RSV FLAPAGE | FLAERR RSV FLAPRE | FLAERS | FLAEN
Type - - R/W R - R/W R/W R/W
Reset - - 0 0 - 0 0 0
Bit Name Description
[7:6] RSV Reserved
Page Operation Enable

[5] FLAPAGE | 0: Disable
1: Enable
Programming Error Flag

[4] FLAERR | O: Programming or prprogramming succeeds.
1: Programming or prprogramming fails.

[3] RSV Reserved
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Pre-programming Enable
0: Disable
[2] FLAPRE | 1: Enable
Note: FLA_CR[FLAPRE] is valid only when FLA_CR[FLAEN] = 1.
Erase Enable
0: Disable
[1] FLAERS | 1: Enable
Note: FLA_CR[FLAERS] is valid only when FLA CR[FLAEN] = 1.
Programming Enable
[0] FLAEN | O: Disable
1: Enable
3332FLA_KEY (0x84)
Bit 7 | e | 5 | a 3 2 1 0
Name FLA_KEY
Type w w w w w w w w
Reset 0 0 0 0 0 0 0 0
Bit Name Description
. Write: Write 0idseguénoe toaunicdidash @perhtiespWrite any
[7:0] | FLA_KEY value to FLA_CR bit to lock Flash operatsn
Bit 7 6 5 4 3 2 1 0
Name RSV FLAKSTA
Type - - - - - - R R
Reset - - - - - - 0 0
Bit Name Description
[7:2] RSV Reserved
Read: FlasiReleaseStatus
00: Locked
[1:0] | FLAKSTA | 01: Write of Ox5A is done, waiting for Ox1F
10: Frozen
11: Released
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34 CRC

34.1CRC Functional Block Diagram

8 8
; Automatic CRC Flash
CRC_DIN Controller ¢ ’ Memory
:
Q' CRCDONE >
Ef) CRCDINI » CRC Engine CRC CNT
CRCVAL > . =
AUTOINT 16
CRCPNT
RESULT

'y v

C )
— 2TO1MUX
<

8
L » CRCDR

Figure34-1 CRC Functional Block Diagram

CRC module outputs the result of CRC calculation for abijt 8ata based on a fixed polynomial. As
shown in Figure 34, CRC receives theldit data from CRC_DIN and sends theHi6result to the internal
register after the calculation is completed. Témult can be indirectly accessed through CRC_CR[CRCPNT]
and CRC_DR.

Table34-1 CRCCriteriaand Polynomials

S/N. CRC Criteria Polynomial Hexademm_al
Representation
1 CRC12 XML 2+XM L1 +XN3+xM2+x+1 0x80F
2 CRC16 XN16+xM15+x/2+1 0x8005
CRC16/CCITF n n "
3 FALSE xM16+xM2+x/5+1 0x1021
XN32+XN26+X"N23+XN22+X N 16+XxN12
4 CRC32 +XMLL+HXNLO0+HXAB XN+ X5 +XN+X+1 0x04C11DB7

342CRC16 Polynomi al

The chip use€RC16/CCITFFALSE polynomial x*16+x"12+x"5+1.

343CRC16 Logic Diagram

The schematic diagram of CRC16 is shown in Figur2.3Phe chip implementation is based on parallel
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algorithm.For each input byte, MCU calculates the results within one system clock cycle.

| 1 | 2

X2 X3

F» 3 | 4X|4—>| sx}:DD_>

X X7 X8

X9 X10 X11

Ll 6 o 7 > s |»f o | 0 |»f 1 }»

=1 D e T e

DATA_IN

Figure34-2 CRC16 Schematic Diagram

344CRC Operations

3441CRC Cal cul

at

on of Single

CRC of a single byte is calculated as follows

Initialize CRC_DR with two option€onfigure CRC_CR[CRCVAL] and set CRC_CR[CRCDINI]

1.

to Alo, wi t h

an initial val ue

where any initial value can be set.

Byte

of 0Ox0000 ,or OxFI

Write data to CRC_DIN, and the CRC calculation is completed in the next clock cycle;
Read CRQesults Configure CRC_CR[CRCPNT] = 1, and read off CRC_DR in software to gets
the high bytes. Configure CRC_CR[CRCPNT] = 0, and read off CRC_DR to get the low bytes.

3442CRC Cal cul

at

on of ROM Sector

CRC of a continuous area of data in the ROM is calculated as follows:

1. Initialize CRC_DR, in the same way as that of sidgltee CRC calculation;
2. Configure CRC_BEG to define starting sector of the ROM to be calculated;
3. Configure CRC_CNT to set the offset from the starting sector to the ending sector;
4. Write #1110 to CRC_CR[AUTOI NT] Thaea dalcukatore gtartsot h e r
automatically;
5. Read the CRC results.
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OX7FFF

Ox07FF

128 sector

Ox00FF

A sector

0x0001
0x0000

Figure34-3 ROM Sectors

As shownin Figure 34-3, ROM contains 32k bytes and is divided into 128 sectors, numbered from
sectorO to sectorl27. Each sector contains 256 bytes. For CRC calculation of sectors, the value of CRC_BEG
(the starting sector) can be any value falling between 0x00 and OxFF, mucldxld0 and 0x7F. The
CRC_CNT (total number of sectors to be calculated) can be any value between 0x00~0x7F, including 0x00
and OxFF.

As CRC_BEG increases, CRC_CNT decreases accordingly. For example, if CRC_BEG is Ox7F,
CRC_CNT can be 0x00 only, i.e., the CRC value of the data in the last sector is calculated. In this case, if
CRC_CNT is large, CRC controller will automatically limite thumber of sectors to be calculated. Finally,

CRC module only calculates CRC value of the last sector.
345CRC Regi sters
3451CRC_CR (0x4022)

Bit 7 | 6 | s 4 3 2 1 0
Name RSV CRCDONE CRCDINI | CRCVAL |AUTOINT | CRCPNT
Type - - - R w1 R/W w1 R/W
Reset - - - 1 0 0 0 0

Bit Name Description
[7:5] RSV Reserved

CRC Sector Calculation Completion Flag
Durin the calculation, this bit is
[4] CRCDONE stops. In otr?er casehis bitisaut omati cal | y s e,tso thesoftivar
al ways returns 10 when reading thi
CRC Resultnitialization Trigger
[3] CRCDINI | 0: No effect
1: CRC result initialization is triggered.
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CRC Result Initialization Selection

[2] CRCVAL | 0: CRC result is initialized to 0x0000.

1: CRC result is initialized to OXFFFF.

CRC Sector Calculation Launch

0: No effect

1: Launch CRC batch calculation

SeesectionCRC Calculation of ROM

CRC Result Pointer

[0] CRCPNT | 0: Read CRC_DR to access 8 lander bits of the 1:®bit CRC result
1: Read CRC DR to access 8 higituler bits of the 1it CRC result

Note: CRC_CR[AUTOI NT] singlsbyts @Cchecasunii 00 t o perform
3452CRC_DI N (0x4021)

[1] |AUTOINT

Bit 7 | e | 5 | 4 | 3 | 2 1 | o
Name CRC_DIN
Type W W W W W w w w
Reset 0 0 0 0 0 0 0 0
Bit Name Description

CRClnputData
Each time a data framevgitten to this register, CRC module automatically

calculates a new CRC result based on the existing CRC result, and overwriteg
[7:0] CRC_DIN | original one.

Note: It is a virtual register, so the written data is not saved. 0x00 is returned
the address is accessed.

3453CRC_DR (0x4023)

Bit 7 | 6 | 5 | 4 3 2 1 0
Name CRC_DR
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit Name Description

CRC Result Output

[7:0] CRC DR Each time this register is read or writt€dRC moduladetermines whether to acceq
' - 8 highrorder bits or 8 loworder bits of the CRC result according to
CRC CR[CRCPNT].

3454CRC_BEG (0x4024)

Bit 7 6 | 5 | 4 [ 3 2 1 0
Name RSV CRC_BEG
Type - R/W R/W R/W R/W R/W R/W R/W
Reset - 0 0 0 0 0 0 0
Bit Name Description
[7] RSV Reserved
First ROM SectorPendingAuto CRCCalculation
[6:0] CRC BEG|Exampl e: I f CRC_BEG is set to fAlo,
256, or rather from the first byte eéctor 2.
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3455CRC_CNT (0x4025)

Bit 7 6 | 5 | 4 [ 3 2 1 [ o
Name RSV CRC_CNT

Type - R/W R/W R/W R/W R/W R/IW R/W
Reset - 0 0 0 0 0 0 0

Bit Name Description

[71 RSV Reserved

Offset of SectorPendingAutomatic CRQCalculation
[6:0] CRC_CNT | This bitdefines the offset of ROM sector for CRC calculation and determines

last sector pending CRC calculation.

352
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3.1l ntroducti on

The chip operates in three modes: normal mode, standby mode and sleep mode. These modes are
selected by settingCONJ[IDLE] and PCON[STOP].

The operating states of the module under different power modes are summarfiaiele8b-1.

Table35-1 Power Consumption Modes

Power Mode Description Wakeup Source HOE L
Performance
All modules work at full .
speed except for High power -
Normal . NA consumption with best
peripherals that are erformance
disabled P
CPUclock stops and
other functional module .
. Any interrupt Low power
are either enabled or .
Standby : ! Reset/Debug on external performance with
disabled depending on | . .
; . d interrupt flexible performance
their control bit setting.
WDT stops.
Flash Deep Sleep. The
analog fast clock circuit
is disconnected and .
software shall ensure ili)t(é?:ga: interrupt, RTC Extremely low power
Sleep that ADC, FOC, and Pt performance with
. Reset/Debug on external .
driver modules are interrunt flexible performance
disabled before the chip P
enters the Sleep Mode.
WDT is disabled.

Note: It is recommended to insert 3 null statements in the Sleep mode.

PCON = 0x02;

_nop_();
_nop_();

353

www.fortiortech.com



Fortior Tech

‘- FUG6816 66
35.2S1 eep Mode Register
352 1PCON (0x87)

Bit 7 | 6 5 4 3 2 1 0
Name RSV GF3 GF2 GF1 RSV STOP IDLE
Type - - R/W R/W R/W - R/W R/W
Reset - - 0 0 0 - 0 0

Bit Name Description
[7:6] RSV Reserved

[5] GF3 Generalpurpose flag bit 3

[4] GF2 Generalpurpose flag bit 2

[3] GF1 Generalpurpose flag bit 1

[2] RSV Reserved

A write of fAld maldeemodd The bités hutomatieatytcleare

[1] STOP X s

to AOO by hardware after wakeup.
0] IDLE A write of fA10 makes the chip enter

cleared to A00 by hardware after wa

Power Consumption Mode PCON[STOP:IDLE]:

00: Normal

01: Standby

1X: Sleep
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36 Code Protection

36.1l ntroducti on

The chip supports Flash space encryption to proteat software intellectual property and avoid
unauthorized acces#/hen Flash memory is encrypted, the data inside cannot be read, and data consistency

can be evaluated by CRC check module only.

36.20perating I nstructions
File Edit View Project Flash Debug Peripherals Tools SWCS  Window Help
1SH@ % @ | | m | 2= = = iz | @ o NERIRY S&|E-| %
[EA] ¥4 | Fortior_Foc_Fusss ﬁ & 6
Project L | —
- A [ Options for Target 'Fortior FOC_FUGBxE' X —
[=1-#23 Fortior FOC_FUG8x6
{:‘ Application Device ] Target ] Output ] Listing] User ] CE1 ] AB1 ] L¥51 Locate ] L¥51 Misc]Utilities]
{27 Function " Use Simulator B O OV o rtior C51 FICE Driver -
{2 HardWare ™ Limit Speed to Real-Time
{77 FUBBXX_Hardware_Driv
"{:I Document I¥ Load Application at Startup ¥ Runto main{) ¥ Load Application at Startup ™ Run to main{)
Initialization File: Initialization File:
Restore Debug Session Settings Restore Debug Session Settings
[¥ Breakpoints ¥ Toolbox [¥ Breakpoints ¥ Toolbox
¥ Watch Windows & Performance Analyzer ¥ Watch Windows
[v¥ Memory Display ¥ Memory Display
CPU DLL: Parameter: Driver DLL: Parameter:
58051.0DLL pFUEE1E 58051.0LL -pFUER1E
Dialog DLL: Parameter: Dialog DLL: Parameter:
DCYGDLL  |pFUEBI6 [TCYG.DLL  [pFUEB16
0K | Cancel | Defaults | Help

Figure36-1 Code Protection Configurations
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FUBB16 Register Config ¥
) Cache Options
- e [ Cache Data ¥ Encrpt Enable
gy _ [ [~ Cache Xdata Full Encrypt
ﬂ [~ Cache Code
LYD Setting
I ¥ LYW Interrupt En [~ Watch-dog Enable
L¥R Config LVW Config
oL & v Coav
35V & 3.8V ooy 10y  VeC Mode
Clock Setting

System Clk Setting
+ Internal Fast Clk

" External Fast Clk
For External clk fast clk only
[V [

XT Freq Set
9 9

Ol 3

External Clk Mode
@

[.-h

Cancel

Fi gaa®reull Code Protection Mode

Operation steps are as foll ows:

1. Start 8051 | DE, enter Target Bipgddae sclancdk sSeeltetci
to proceed with the setting;

2. Select the optiig@®e asdsbbiwaki ®K. Then compil e
it. Get the BIN file and program it to FIl ash.
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