HDLTEK#

Sub-1GHz Transceiver Flash MCU

BC66F3653

Revision: V1.00 Date: November 01, 2023

www . holtek.com



# BC66F3653
HOLTEK Sub-1GHz Transceiver Flash MCU

Table of Contents

Features......... e ————— 7
CPU FEALUIES ...ttt ettt e e e et e e e e et e e e e e e s b et e e e sessseeaeeeansaneeeesanssseeeaeaanns 7
Peripheral FEAtUIES. ......cco it e e e e e e e eaeaaaeaeeaeeeeaeaaannnnnnnes 7
RE FEATUIES ...ttt e e ettt e e e e e et e e e e et e e e e e naeeeaeeeanneeas 8

General DescCription........ccccccccriiiriinssissss s s nnnnnn 9

(=] [oTod 1 B T Ve | - T 1 o 10

Pin ASSIgNMENt ... e s e s s e e e e e e nnnn e s e e e e e e nnnnnn 1"

T T T=X=T o3 T o7 £ o PP PP 12
Internally Connected SIgNalS ..........eeiiiiii e 16

Absolute Maximum Ratings.........cccccimmiiininie s 16

[ J O 04 4 T- T = Lo (=Y o = 4 o= PP 16
Operating Voltage CharaCteriStiCS..........coiuiiiiiiieiiie et 16
Operating Current CharacteriStiCs..........ooi i 17
Standby Current CharaCteriStiCS ..........ueiiiiiiiiii s 17

A.C. CharacteriStiCs......mimimiiiiiiii e 18
High Speed Internal Oscillator — HIRC........c.ciiiiiie e 18
External High Speed Crystal/Ceramic Oscillator — HXT .......ocoiiiiiiiiiiieeec e 18
Low Speed Internal Oscillator Characteristics — LIRC ...........ccciiiiiiiiiiiiiicieeee e 19
External Low Speed Crystal Oscillator Characteristics — LXT .......oooiiiiiiiiieeiie e 19
Operating Frequency Characteristic CUIVES ...........c.cooiiiiiiiiiiiic e 19
System Start Up Time CharacteriStiCs .........ooiiiiiiiiiiiiiiiee e 19

Input/Output CharacteristiCs .........cuumiiiiiiiiiiiicecee s 20

Memory CharacteristiCs ........cccoiiiiiiiiniiirr s 21

A/D Converter Electrical Characteristics.........cccccoiririiiiiiiiieieeen 21

LVD/LVR Electrical CharacteristiCs......ccccccociiiiiiiiiiiicccccccsr e e 23

Reference Voltage Electrical Characteristics.......cccccceervviriiiiiiie e 23

Comparator Electrical CharacteristiCs ..........ccccvvvmmmmmiininiiiiee e 24

I2C Electrical CharacteriStiCs.........cccccvviiieiiiiicierrircreee e 24

Software Controlled LCD Driver Electrical Characteristics.............ccccccununneee 25

RF Electrical CharacteristiCs ......cccccouiiimiiiiiiiiiiiccce et 25
RF SPI CharaCteriStiCS ......eiuiiiiie ittt ettt e e e ettt e e e e e e e e e e annees 27

I2C Electrical CharacterisStiCs ..........ccccvimiiiiiiicccceeeer e e e e e e e e e e 28

Power-on Reset CharacteristiCs.......ccccmmmmmmimiiimiirisss s 29

System ArchiteCture ... e 29
(@1 e Yo N1 aTo JR=Ta Lo I oo T=Y 113 1T a T TR 29
Program COUNTET ... ... ettt e e e ettt e e e s ettt e e e e e nteeeeaeeeannneeaaeeaannnes 30
S o QPSSR 31
Arithmetic and Logic UNit — ALU ...t e e 31

Rev. 1.00 2 November 01, 2023



BC66F3653 #
Sub-1GHz Transceiver Flash MCU HOLTEK

Flash Program MemOIY ........cceeciiiiiiiiisrcescsss s s s s s s sssmssssssss s s s e s ssnnsssssssssssssssnnnnns 32
12 S 32
SPECIAI VECIOIS ...t ettt 32
LOOK-UP TaADIE.....eiieeieiiiee ettt e e et e e e e et e e e s s st aeeeeesensssaeaeeesnnsneeeeeannnees 32
Table Program EXAmPIE.......ooo et e as 33
In Circuit Programming — ICP ..o 34
On-Chip Debug SUpport — OCDS ...t e e e et e e e s e esraeeeaeeanes 34
In Application Programming — LAP ... e 35

Data MemOry ... 50
SHTUCTUIE ...ttt b et h et e e bt e ettt e e bt e e et e e enn e e naneas 50
Data Memory ADArESSING ... ....ueiieiiiiiiee ittt et ettt e e e et e e e s et ee e e e annnee 51
General PUrpose Data MEMIOTY ...ttt e e e e e eeeaeenes 51
Special Purpose Data MEMOTY ........coouiiiiiiiiiiiie et 51

Special Function Register Description.........cccccciiiiiiiiicirrccncirccrcr e 53
Indirect Addressing Registers — IARO, IART, IARZ ... 53
Memory Pointers — MPO, MP1L, MP1H, MP2L, MP2H ........cccoiiiiiiiieee e 53
ACCUMUIALOT — ACC ...ttt e bt e st e ettt e e en e e e st et e enn e e neeas 54
Program Counter Low Byte Register — PCL...........oiiiiiiiiie e 55
Look-up Table Registers — TBLP, TBHP, TBLH.........cooiiiiiiiieii e 55
Status Register — STATUS ... ..ot e e et e s 55

EEPROM Data MemOTIY.......ccouiiiiiiiiiiiiiiiceeeesssessesssssssssssssssssssssssssssssssssssssssssssssens 57
EEPROM Data Memory SrUCIUIE ........oiiieeeee et e e e e e 57
EEPROM REGISLEIS ..ottt ettt ettt e e aneee s 57
Read Operation from the EEPROM .........ooiiiiiiiii et 59
Page Erase Operation to the EEPROM ... 59
Write Operation 10 the EEPROM ..o 60
W@ PrOTECHION. ... ..ttt et e et e e et e s 61
EEPROM INEITUDL .ottt e e e e e e e et e e e e e e e eaeaaaaaeeeeeaeaeanannnnes 61
Programming CONSIAEIatioNS.........ciiuiiiiiiii ittt ettt 62

OSCIlIatOrsS .......cooiieeirrr e 65
(@ Te71 = o @ AN Y TR 65
System Clock CoNfIGQUIAtIONS .........uiiiiiiiiiee et 65
External Crystal/Ceramic OSCillator — HXT .....oooiiiiiiiiie e 66
Internal High Speed Internal RC Oscillator — HIRC ..........oooiiiiiiiieeee e 67
External 32.768kHz Crystal OSCillator — LXT ......veiiiiiiiiiiiie e 67
Internal 32kHz OSsCillator — LIRC ........ooiiiiiiiiie e 68

Operating Modes and System CIOCKS .........eeuemmmemmemmeeemeeeeeeeeeeeeeeereeer e 68
SYSEM CIOCKS ... teeeeiii ettt ettt et e et e e ettt e e et e e e ne e e e as e e e enseeeanseeeenteeeanneeeennneas 68
System Operation MOGES..........ooiiiiiii ettt 69
(070 ] a1 o] =T | (=T £ RS TPR 70
Operating Mode SWItChING .......ooiiiii e e e e e 73
Standby Current ConSIAEratioNS ...........ooiiiiiiiiiiii e 76

Rev. 1.00 3 November 01, 2023



# BC66F3653
HOLTEK Sub-1GHz Transceiver Flash MCU

WVAKEUP .ttt e et e e e e et e e e e e h et e e e e e aa—e e e e e e et —eaee e e e tbateeeeeatnreaeeeeaarrneeas 76
Programming CONSIAEratioNS..........iiueiieiiiie ettt e e s e e st e e sneeeeanaeeeens 77
Watchdog Timer ... 77
Watchdog Timer CIOCK SOUICE .......uuiiiiiii it 77
Watchdog Timer Control REGISTEN ..........eiiiiiie e 77
Watchdog Timer OPEration ............eiii oottt e et e e e e et e e e e e anneeeeens 78
Reset and Initialisation...........ceeveereeriiemeiieeecss e 79
RESEE FUNCHIONS ...ttt e e 79
Reset Initial CoNAItIONS .....couiieiiiie e e e e e e enee e nneeeean 83
LT o T L@ T3 T L oY o £ 86
PUl-NIG RESISTOTS ...ttt e e 87
PO A WEKE-UD ..ottt e e e e e e e e e e e e e e ettt et et e e e e e aeaaeeeeaaaeaeaaaannnnnnes 88
1/O Port CONtrol REGISTEIS .....ooiiiiiiie et e e et e e e et e e e e 88
1/O Port Source Current CONTIOL.........coouiiiiiiie ittt 89
Pin-shared FUNCHONS ...t e e 90
1/O PN SEIUCIUIES ...ttt e e e et e e e e et e e e e e e e nnneeeaeeannees 95
Programming CONSIAEratioNS.........ciiuiiiiiiiie ittt 95
Timer Modules — TM ... 96
[ 10T [8 o3 1] o I RO PSRRN 96
TIM OPEIALION ...ttt ettt et et e et et 96
TIM CIOCK SOUICE. ...ttt ettt ettt e sttt e ettt e e st e e st e e et e e neeas 96
LI L =T U oS OUSSPUPE 97
TM EXIEINAI PINS ..ottt e et e e e e ettt e e e e ettt e e e e e e nnat e e e e e e annraeeaas 97
Programming COoNSIAEIratioNS.........couuiiiiiiiiiiii ettt e e e e e e e e s eeeeaeeanes 98
Compact Type TM — CTIM ........ueeeeeenneennnnnnnennnnnnennne e e e e e s s e e s e e e s s s s s s e s s e s nnnnnne 929
Compact TYPE TIM OPEIALtION ....cccueeieiiiie ettt et et e e et e e s e e e st e e e neeeeenneeeenneeas 99
Compact Type TM Register DeSCripPlioN........cccuuii it 99
Compact Type TM Operating MOAES .........coocuiiiiieiiiiiie et a e e 104
Standard Type TM — STM ... s 110
Standard Type TIM OPeration ..........oooiueiiieiii ettt e e e e e e e e e e e e enneeeeeas 110
Standard Type TM Register DeSCriPtON ........c.uiiiiiiiiiiiie s 110
Standard Type TM Operation MOGAES ..........oeiiuiiieiiie et 115
Periodic Type TM — PTM.......ier i 123
Periodic TYpe TIM OPEration.......c..uiiiiiiiiiie ettt 123
Periodic Type TM Register DeSCrPtiON ..........eiiiiiiiiiiiee e 123
Periodic Type TM Operation MOAES..........oeeiiiiiieiiiie e e e e e 128
Analog to Digital Converter ...........cccciiiiiiiiiiinerr s 135
AID CONVEITET OVEIVIEW .....ciiiiiiiiiiii ittt s et et e et e e nne e e e sibeeeanee 135
A/D Converter Register DeSCHPHION ........coiiiiiieiie et e e 136
A/D Converter Reference VOIage...........ueiiii i 139
A/D Converter INPUt SIgNalS..........c..oiiiiiiiiii e 140
A/D ConVerter OPEIatioN..........cccuuiiiie it e et e e e e e e e e e e e e e e e e e e e enraeeens 140
A/D Conversion Rate and Timing Diagram ...........cooo oo 141

Rev. 1.00 4 November 01, 2023



BC66F3653 #
Sub-1GHz Transceiver Flash MCU HOLTEK

Summary of A/D CONVEISION SEPS.......uuiiiiiiiiiiiieeeeiiiie e e ettt e e e ertre e e e et e e e s e ebnaeeaeeesnnnaeeens 142
Programming CoNSIAEratioNS...........ocueiiiiiee e nneeas 143
A/D COoNVEISION FUNCHION ....coiiiiiiiiii ettt e e et e e e e e e e e e e e enneeeeas 143
A/D Converter Programming EXamMPIES .........ccuviiiiiiiiiiiie ettt 144
(007 1370 T 1 o N 145
Comparator OPEratioN .........ciiiiiiiii e e e e e e e e e e e e e e e e e s e e raeaeaaaaaaaaeeas 145
ComMPArator REGISTEIS .......eiiiiiii i 145
CompParator INTEITUPL.........eeii ittt e e e e e e e e e e e e e e e e eaareeeas 146
Programming ConSiderations............eeiiii ittt e e 146
Serial Interface Module — SIM........cco e 147
] o I 101 (=T £ VoY SO PPRR T 147
[ O [ =Y = ot PSPPSR 154
UART INt@ITACE ...ttt s e e e e e e e e e eneneees 163
UART EXIEINGI PINS ...ttt et e e et e e e e sttt e e e e et eeaeeesnnreaeaaeann 164
UART Data Transfer SChEME..........oouiiiiiee e 164
UART Status and Control REGISTErS......ccooi i 165
Baud RaAte GENEIAtOF .......ooiiiiiii ettt e e et e e e e e e e e e e e nnnreeaaeeans 170
UART Setup @and CONLrOl..........ooiiiiiiiiiiie ettt e e e e e e e e e e nnnraeaaeeaas 170
187 I I =0 1 11 (= PSRRI 172
UART RECEIVET ...ttt ettt ettt e e e e et e e e e e st e e e e e s antbeeeeeeaannsseeaeeaannseeeaaeaan 173
Managing RECEIVEN EITOIS ...ttt et e e e e e e e e e e e e e e e e e e e aaannnnes 174
UART INterrupt STrUCIUIE.......c e 175
UART Power Down and Wake-UpP .........coouuiiiiiiiiiiie et 177
SCOM/SSEG Function for LCD.........ccccoiiriimmmmmriinnnssssss s nssssssssss s ssssssnnns 177
(OB @] o1=Y -1 i o] o I USRS 177
LCD COoNtrol REGISLEIS ......ciiuiiiiiiii ittt 179
Low Voltage Detector — LVD ..o s ssssssssees 181
[ B =T 1 T PSSRSO 181
[ @ o= - 4o o TR 182
LT =Y o U o PP RRRTRPRRN 183
INEEITUPT REGISTEIS. ...ttt e e e ee e e e et e e e e e e nnnaeeaeeeannees 183
1) G2 T 0 A o= =1 o o OSSR 188
EXternal INterrupt........eee ettt e e e e e eaa e 189
(7o) gl oT=T = 1 (ol 1) (= 4 U o SO PPTRST 189
MUIt-FUNCHON INEEITUPES.....cceeeeie e e e e e ea e e 189
AID ConVerter INTEITUPT ... .oiiiii et e e e aaee 190
TiME BaSE INTEITUPLS ...ttt e et e e ettt e e e e et e e e e e e ennreeaeeesnsaeeeas 190
B L =T U o USSP 192
Serial Interface Module INTerrUPt...........eei e e 192
UART Transfer INTEITUDT ...ttt 192
LY [0 =Y 3 U o SRR 192
EEPROM INTEITUPL ...ttt ettt e e e ettt e e e e et e e e e e e e e eeaeeaannneeeaaann 193

Rev. 1.00 5 November 01, 2023



# BC66F3653
HOLTEK Sub-1GHz Transceiver Flash MCU

Interrupt Wake-up FUNCHON.........cciiiiei et rae e e e e eanaes 193
Programming CoNSIAEratioNS...........ocueiiiiiee e nneeas 193
LR I I = 1 T3 o= Y= 194
[V I=T0q L) VLY =1 o] o] o PP USRS 194
SFR Mapping and Bit Definition ...........cooiiiiie s 194
FUNCHONAl DESCIIPIION. ... .ttt e e e e e e e e e e e e e e e s e s e e nenanneneeees 223
F o] oAV =1 (o] o RSP RRR 246
Configuration OPtioNns.........cccccieiiiiriiniiissirssr s mnnnn 247
Application CirCUits ... 247
TS 0 e 4 o Y T = 248
[ a1 1oTo [8 o3 1] o TSP PPUPRRN 248
10 ES] (U o2 (o] N 1 411 o [ PSPPI 248
Moving and Transferning Data...........ccooiieriiiie e e e 248
Arithmetic OPEratioNS. .........viiiiiie e e e 248
Logical and Rotate OPeration ...........c..ooiiiiiiiiiiiiiiie e 249
Branches and Control TranSTer .........c..ii i e 249
Bit OPEIAtiONS ..ot 249
Table Read OPEIatioNS ........coiiiiiiiiiii ettt e e e e anbeeeanee 249
Other OPEIALIONS.....cce ittt e et e e e e et e e e e e et e e e e e e aareeaeeeaasreeeas 249
Instruction Set SuUMMArY ... ——— 250
Table CONVENTIONS.....oiiiiiieii ettt e e ettt e e e ettt e e e e et e e e e e annneeaaeeannaeeaas 250
Extended INSTrUCHON Set.........oi i 252
Instruction Definition..........ccccuiriiiiiccc e ———— 254
Extended Instruction Definition .............ooiiiiii e 263
Package Information ... 270
SAW Type 46-pin QFN (6.5mmx4.5mmx0.75mm) Outline Dimensions............cccccooeeeiieeennne 270

Rev. 1.00 6 November 01, 2023



BC66F3653 #
Sub-1GHz Transceiver Flash MCU HOLTEK

Features

CPU Features
* Operating voltage
¢ fsys=8MHz: 1.8V~3.6V
¢ fsys=12MHz: 2.7V~3.6V
+ fsys=16MHz: 3.3V~3.6V
» Up to 0.25us instruction cycle with 16MHz system clock at Vpp=3.3V
» Power down and wake-up functions to reduce power consumption

» Oscillator types
+ External High Speed Crystal - HXT
+ Internal High Speed 8/12/16MHz RC — HIRC
+ External Low Speed 32.768kHz Crystal - LXT
¢+ Internal Low Speed 32kHz RC — LIRC

* Multi-mode operation: FAST, SLOW, IDLE and SLEEP

* Fully integrated internal 8MHz,12MHz and 16MHz oscillators require no external components
» All instructions executed in 1~3 instruction cycles

+ Table read instructions

* 115 powerful instructions

» 8-level subroutine nesting

 Bit manipulation instruction

Peripheral Features

* Flash Program Memory: 8Kx16

* RAM Data Memory: 512x8

e True EEPROM Memory: 1288

* Watchdog Timer function

* In Application Programming — IAP

+ 22 bidirectional I/O lines

» Two external interrupt lines shared with I/O pins

* Programmable I/O port source current for LED applications

* Multiple Timer Modules for time measure, compare match output, PWM output function or
single pulse output function

 Serial Interfaces Module — SIM for SPI or I?*C communication
* Fully-duplex Universal Asynchronous Receiver and Transmitter Interface — UART
» Software controlled 18-SCOM/SSEG and 4-SSEG lines LCD driver with 1/3 bias

* 12 external channel 12-bit resolution A/D converter with Programmable Internal Reference
Voltage Vr

 Single comparator function

* Dual Time-Base functions for generation of fixed time interrupt signals
* Low Voltage Reset function

» Low Voltage Detect function

» Page type: 46-pin QFN

Rev. 1.00 7 November 01, 2023
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RF Features

Frequency band: 315/433/470/868/915MHz

OOK/GFSK modulation

Supports 3-wire or 4-wire SPI interface

Programmable data rate:

+ OOK: 0.5kbps~20kbps

+ GFSK: 2kbps~250kbps

Programmable TX output power: up to 20dBm

RF Low current consumption

¢ 0.4pA deep sleep mode current with data retention

+ RX current consumption (AGC on & low data rate) @ 433.92MHz: 5.8mA
+ RX current consumption (AGC on & low data rate) @ 868.3MHz: 6.8mA
+ TX current consumption @ 433.92MHz: 33mA @ 10dBm Pour

+ TX current consumption @ 868.3MHz: 35mA @ 10dBm Pour

High RX sensitivity (433.92MHz)

¢ -118dBm at 2kbps on-air data rate

¢+ -101dBm at 250kbps on-air data rate

High RX sensitivity (868.3MHz)

+ -117dBm at 2kbps on-air data rate

+ -101dBm at 250kbps on-air data rate

On-chip VCO and Fractional-N synthesizer with internal loop filter
Supports low cost crystal: 16MHz with integrated load capacitor

AGC (Auto Gain Control) to achieve wide input range, up to +10dBm

AFC (Auto Frequency Compensation) for frequency drift due to X’tal aging
On-chip low power RC oscillator for WOR (Wake-on-RX) and WOT (Wake-on-TX) functions
On-chip 8-bit RSSI (Received Signal Strength Indicator)

Physical TX/RX FIFO buffers: TX 64 bytes, RX 64 bytes

Simple FIFO/Block FIFO/Extend FIFO (up to 255 bytes)/Infinite FIFO modes
Programmable threshold for carrier detection

Frame synchronization recognition for both FIFO mode and Direct mode
Packet handling

+ FEC (Forward Error Correction)

+ Data whitening

+ Manchester encoding

¢+ CRC-16 checking

ATR (Auto-Transmit-Receive)

+ Auto-resend

+ Auto-acknowledgment

+ WOT + Auto-resend

+ WOR + Auto-acknowledgment

Packet filtering

+ CRC filtering

+ Address filtering

Rev. 1.00
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General Description

The device is a Flash Memory type 8-bit high performance RISC architecture microcontroller with a
sub-1GHz RF transceiver.

For memory features, the Flash Memory offers users the convenience of multi-programming
features. Other memory includes an area of RAM Data Memory as well as an area of true EEPROM
memory for storage of non-volatile data such as serial numbers, calibration data etc. By using the
In Application Programming technology, users have a convenient means to directly store their
measured data in the Flash Program Memory as well as having the ability to easily update their
application programs.

Analog features include a multi-channel 12-bit A/D converter and a comparator function. Multiple
and extremely flexible Timer Modules provide timing, pulse generation and PWM output functions.
Communication with the outside world is catered for by including fully integrated SPI, I>C, and
UART interface functions, three popular interfaces which provide designers with a means of easy
communication with external peripheral hardware. Protective features such as an internal Watchdog
Timer, Low Voltage Reset and Low Voltage Detector coupled with excellent noise immunity and
ESD protection ensure that reliable operation is maintained in hostile electrical environments.

A full choice of external and internal low and high oscillator functions are provided including fully
integrated system oscillators which require no external components for their implementation. The
ability to operate and switch dynamically between a range of operating modes using different clock
sources gives users the ability to optimise microcontroller operation and minimise power consumption.

The integrated RF transceiver is a high performance and low cost OOK/GFSK transceiver for
wireless applications in the 315MHz, 433MHz, 470MHz, 868MHz and 915MHz frequency bands.
It incorporates a highly integrated sub-1GHz transceiver and a baseband modem with programmable
GFSK data rates from 2kbps to 250kbps and OOK data rates from 0.5kbps to 20kbps. Data handling
features include 64-byte TX/RX FIFO and packet handling such as CRC generation, Forward Error
Correction and data whitening, Manchester encoding.

The integrated RF transceiver is optimized for the very low power consumption applications. At
433MHz band, its RX mode is operated at 5.8mA and it delivers +19dBm TX output power at
71mA current consumption. A low-noise low-IF receiver can achieve -117dBm sensitivity of 2kbps
data rate at 433MHz bands. A Class-E Power Amplifier can deliver up to +20dBm output power
at 433/868MHz bands. A fully integrated Fractional-N synthesizer can support a wide frequency
range with a fine resolution. Both loop filter and XO load capacitors are integrated to on-chip to
minimize the requirement for external components.

The inclusion of flexible I/O programming features, Time-Base functions along with many other
features ensure that the device will find excellent use in applications such as smart home, security,
industrial/agricultural automation, data collection and recording in addition to many others.

Rev. 1.00
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Block Diagram
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Pin Assignment
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46 QFN-A

Note: 1. If the pin-shared pin functions have multiple outputs, the desired pin-shared function is determined by the
corresponding software control bits.
2. The OCDSDA and OCDSCK pins are used as the OCDS dedicated pins and only available for the
BC66V3653 device which is the OCDS EV chip of the BC66F3653.
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Pin Description

The function of each pin is listed in the following table, however the details behind how each pin is

configured is contained in other sections of the datasheet.

Pin Name Function | OPT T oIT Description
PASO ) .
PAO PAWU | ST | cMOS Sr?dn(;/r;all(girpose I/0. Register enabled pull-high
PAPU P
PAO/STP/SCOMO/SSEGO/ STP | PASO | — |CMOS |STM output
ICPDA/OCDSDA SCOMO | PASO | — | SCOM | Software controlled LCD common output
SSEGO | PASO | — | SSEG |Software controlled LCD segment output
ICPDA — ST | CMOS |ICP Data/Address pin
OCDSDA| — ST | CMOS | OCDS Data/Address pin, for EV chip only
PASO . .
PA1 PAWU | ST | CMOS aG:dni;all(girpose I/O. Register enabled pull-high
PAPU P
PASO
INTEG
PA1/INTO/SDO/SCOM1/ INTO | \NTco | ST | — |Bxternalinterrupt0
SSEG1/GIO1 IFS
SDO PASO | — | CMOS |SPI serial data output
SCOM1 | PASO | — | SCOM |Software controlled LCD common output
SSEG1 | PASO | — | SSEG |Software controlled LCD segment output
GIO1 — — | CMOS | RF multi-function 1/0 1
PASO General pur I/0. Register enabled pull-high
PA2 | PAWU | ST | CMOS :d svakp_“ pose /L. Register enabled pull-nig
PAPU and wake-up
PASO
INTEG
INT1 ST — |External Interrupt 1
PA2/INT1/SCOM2/SSEG2/ INTC2 P
ICPCK/OCDSCK IFS
SCOM2 | PASO | — | SCOM |Software controlled LCD common output
SSEG2 | PASO | — | SSEG | Software controlled LCD segment output
ICPCK — ST — |ICP Clock pin
OCDSCK| — ST — | OCDS Clock pin, for EV chip only
PASO . .
PA3 PAWU | ST | cMOS G:dntjvrsll(p_urpose I/0. Register enabled pull-high
PAPU a e-up
SDI Pﬁ‘:zo ST — | SPI serial data input
PA3/SDI/SDA/CX/SCOM3/
SSEG3 soa | RSO ST | NMOS | KC dataline
CX PASO | — | CMOS | Comparator output
SCOM3 | PASO | — | SCOM | Software controlled LCD common output
SSEG3 | PASO | — | SSEG |Software controlled LCD segment output
PAS1 . .
PA4 PAWU | ST | cMOS Snedntvevr:ll(sirpose I/0. Register enabled pull-high
PAPU P
PA4/PTCKISCOM4/SSEG4/ | pTCK | PAS1 | ST | — |PTM clock input
AN3 SCOM4 | PAS1 — | SCOM | Software controlled LCD common output
SSEG4 | PAS1 | — | SSEG |Software controlled LCD segment output
AN3 PAS1 | AN — | A/D Converter analog input channel 3
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Pin Name Function| OPT | I/T oIT Description
PAS1 ) .
PA5 PAWU | ST | CMOS aGr?dneVzvr:Lgirpose I/0. Register enabled pull-high
PAPU P
PA5/SCOMS/SSEGS5/AN4/ SCOM5 | PAS1 | — | SCOM | Software controlled LCD common output
VREFI SSEG5 | PAS1 — | SSEG | Software controlled LCD segment output
AN4 PAS1 | AN — | A/D Converter analog input channel 4
VREFI | PAS1 | AN — | A/D Converter PGA input
PAS1 . .
PAG PAWU | ST | cMOS aG:dnsvraall(g_urpose I/O. Register enabled pull-high
PAPU P
PAG/CTCK/SCOM6/SSEGSE/ CTCK | PAS1 | ST — | CTM clock input
ANS5/VREF SCOM6 | PAS1 — | SCOM | Software controlled LCD common output
SSEG6 | PAS1 — | SSEG | Software controlled LCD segment output
AN5 PAS1 | AN — | A/D Converter analog input channel 5
VREF PAS1 | AN — | A/D Converter external reference voltage input
PAS1 . .
PA7 PAWU | ST | cMOS Snedntjvrjll(s_LLrpose I/0O. Register enabled pull-high
PAPU P
PA7/PTP/SCOM7/SSEG7/ PTP PAS1 — | cMOS |PTM output
ANG SCOM7 | PAS1 — | SCOM | Software controlled LCD common output
SSEG7 | PAS1 | — | SSEG |Software controlled LCD segment output
ANG PAS1 | AN — | A/D Converter analog input channel 6
PBO §§§8 ST | CMOS |General purpose /0. Register enabled pull-high
PBSO
INTO IIE-I‘I-'E:%); ST — | External Interrupt 0
PBO/INTO/SCOMB8/SSEG8/ IFS
ANO/XT1
SCOM8 | PBSO | — | SCOM | Software controlled LCD common output
SSEG8 | PBSO | — | SSEG |Software controlled LCD segment output
ANO PBSO | AN — | A/D Converter analog input channel 0
XT1 PBSO | AN — | LXT oscillator pin
PB1 Ppggg ST | CMOS | General purpose I/O. Register enabled pull-high
PBSO
INT1 II:-I'I:EE ST — |External Interrupt 1
PB1/INT1/SCOM9/SSEGY/ IFS
AN1/XT2
SCOM9 | PBSO | — | SCOM |Software controlled LCD common output
SSEG9 | PBSO | — | SSEG |Software controlled LCD segment output
AN1 PBSO | AN — | A/D Converter analog input channel 1
XT2 PBSO | — AN | LXT oscillator pin
PB2 ESFS,S ST | CMOS | General purpose I/O. Register enabled pull-high
STCK PBSO | ST — | STM clock input
PB2/STCK/STP/SCOM10/ STP PBSO | — | CMOS |STM output
SSEG10/AN2
SCOM10 | PBSO | — | SCOM | Software controlled LCD common output
SSEG10 | PBSO | — | SSEG |Software controlled LCD segment output
AN2 PBSO | AN — | A/D Converter analog input channel 2
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Pin Name Function| OPT | I/T oIT Description
PB3 §§§8 ST | CMOS | General purpose I/O. Register enabled pull-high
PB3/CTP/SCOM11/SSEG11/ | CTP | PBSO | — | CMOS |CTM output
AN7 SCOM11 | PBSO | — | SCOM | Software controlled LCD common output
SSEG11 | PBSO | — | SSEG | Software controlled LCD segment output
AN7 PBSO | AN — | A/D Converter analog input channel 7
PB4 §§§& ST | CMOS | General purpose /0. Register enabled pull-high
PB4/CLO/SCOM12/SSEG12/ CLO PBS1 | — | CMOS | System clock output
AN8 SCOM12 | PBS1 | — | SCOM | Software controlled LCD common output
SSEG12 | PBS1 | — | SSEG |Software controlled LCD segment output
AN8 PBS1 | AN — | A/D Converter analog input channel 8
PB5 FF:ESJJ ST | CMOS | General purpose |/O. Register enabled pull-high
P PBS1 :
PB5/SCS/C-/SCOM13/ SCS IFS ST | CMOS | SPI slave select pin
SSEGT3 C- PBS1 | AN — | Comparator negative input
SCOM13 | PBS1 | — | SCOM | Software controlled LCD common output
SSEG13 | PBS1 | — | SSEG |Software controlled LCD segment output
PB6 ggg& ST | CMOS | General purpose I/0. Register enabled pull- high
SCK P"B;21 ST | CMOS |SPI serial clock
PB6/SCK/SCL/C+/SSEG14/ PBS1
SCOM14 SCL IFS ST | NMOS | I2C clock line
C+ PBS1 | AN — | Comparator positive input
SCOM14 | PBS1 | — | SCOM | Software controlled LCD common output
SSEG14 | PBS1 | — | SSEG | Software controlled LCD segment output
PCO gggg ST | CMOS | General purpose I/0O. Register enabled pull- high
PCO/TX/SCOM15/SSEG15/ X PCS0 | — | CMOS |UART transmitter pin
0SC1 SCOM15 | PCSO | — | SCOM | Software controlled LCD common output
SSEG15 | PCSO | — | SSEG |Software controlled LCD segment output
0OSC1 PCSO | AN — | HXT oscillator pin
PC1 E((::IES ST | CMOS | General purpose I/O. Register enabled pull-high
PCS0 . .
PC1/RX/SCOM16/SSEG16/ | RX | " |pg” | ST | — UART receiver pin
0sc2 SCOM16 | PCSO | — | SCOM | Software controlled LCD common output
SSEG16 | PCSO | — | SSEG |Software controlled LCD segment output
0SC2 | PCSO | — AN | HXT oscillator pin
PC2 gggg ST | CMOS | General purpose I/O. Register enabled pull-high
PC2/SDO/SCOM17/SSEG17 SDO PCS0 | — | CMOS | SPI serial data output
SCOM17 | PCSO | — | SCOM | Software controlled LCD common output
SSEG17 | PCSO | — | SSEG |Software controlled LCD segment output
PDO gggg ST | CMOS |General purpose /0. Register enabled pull-high
PDO/PTP/SSEG22 PTP PDSO | — | CMOS |PTM output
SSEG22 | PDSO | — | SSEG |Software controlled LCD segment output
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Pin Name Function| OPT | I/T oIT Description
PD1 gggg ST | CMOS | General purpose I/O. Register enabled pull-high
PDS0 ) .
PD1/RX/SSEG23/AN11 RX IFS ST — |UART RX serial data input
SSEG23 | PDSO | — | SSEG | Software controlled LCD segment output
AN11 PDSO | AN — | A/D Converter analog input channel 11
PD2 gggg ST | CMOS |General purpose /0. Register enabled pull-high
PD2/TX/SSEG24/AN10 X PDSO | — | CMOS |UART TX serial data output
SSEG24 | PDSO | — | SSEG |Software controlled LCD segment output
AN10 PDSO | AN — | A/D Converter analog input channel 10
PD3 IESSS ST | CMOS |General purpose /0. Register enabled pull-high
PD3/CTP/SSEG25/AN9 CTP PDSO | — | CMOS |CTM output
SSEG25 | PDSO | — | SSEG |Software controlled LCD segment output
AN9 PDSO | AN — | A/D Converter analog input channel 9
GIO3 GIO3 — ST | CMOS |RF multi-function 1/0O 3
GlO4 GlO4 — ST | CMOS |RF multi-function 1/O 4
TEST TEST — — — | Recommend no connection, leave floating
NC NC — — — | Not connected
VDDRF VDDRF — PWR| — RF analog positive power supply
DVDDRF DVDDRF — PWR| — RF digital positive power supply
RFIN RFIN — AN — |RF LNAinput
RFOUT RFOUT — — AN | RF power amplifier output
VSSRF VSSRF — |PWR| — |RF ground
X0 X0 — — AO | RF crystal oscillator output
Xl Xl — — Al RF crystal oscillator input
CLDO CLDO . — | PWR RF LDQ output, connected to a bypass
capacitor
— VSS/EP — |PWR| — |Exposed pad, must be connected to ground
VDD/AVDD VDD — |PWR| — |Digital posit.i\./e power supply
AVDD — |PWR| — |Analog positive power supply
VSS/AVSS VSS — |PWR| — |Digital negati\./e power supply
AVSS — |PWR| — |Analog negative power supply, ground

Legend: I/T: Input type;

O/T: Output type;

OPT: Optional by register option;

PWR: Power;

ST: Schmitt Trigger input;

SSEG: Software controlled LCD SEG;

1. The VSS/EP pin is located at the exposed pad.

2. The backside plate of EP shall be well soldered to ground on PCB, otherwise it will downgrade RF

performance.

AN: Analog signal;

CMOS: CMOS output;

NMOS: NMOS output;

SCOM: Software controlled LCD COM.
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Internally Connected Signals

There are several interconnection between the MCU PC3, PC4, PC5, PC6 line and the RF
transceiver SDIO, GIO2, SCK, CSN line, which are not bonded to the external package. Users
should properly configure the PC3, PC4, PC5 and PC6 relevant pin-shared function selection,

pull-high control and Input/Output control to implement correct interconnection.

MCU Signal Tvpe RF Transceiver Tvpe Description
Name yp Signal Name yp P

PC3/SDO DI/O SDIO DI/O |RF SPI data input/output

PC4/SDI DI/O GlO2 DI/O | RF multi-function 1/O 2

PC5/SCK DO SCK DI |RF SPI clock input

PC6/SCS DO CSN DI RF SPI select input, low active
Legend: DI/O: Digital Input/Output; DO: Digital Output.

Absolute Maximum Ratings

SUPPLY VOIEAZE ...t Vss-0.3V to 3.6V
INPUL VOILAZE .eovvevieieieeieceeeeeee ettt neas Vss-0.3V to Vppt+0.3V
Storage TeMPEIATUTE. ......c.eoiiiiiiiiiiiiii ittt -60°C to 150°C
Operating TEMPETALUTE........c.ceveiiriirieitieteeteeie ettt ettt st st eb et eeaeen -40°C to 85°C
LOL TOTAL 1.ttt ettt e et e e esa e b e b e be b e s seeseeseeseessessensenseeseeseeseeseensenes 80mA
TOHTOAL 1.ttt ettt ettt e e b e sbeeseese e st e st eneensensebeeneeneens -80mA
Total POWET DISSIPALION ....evieuieuieiieiieieieeteett ettt ettt ettt sttt ettt et e b e b e sbesbeebesseeneeneans 500mW
ESD HBM ...ttt ettt b ettt a sttt ettt n ettt eeneeaens +2kV

The device is ESD sensitive. HBM(Human Body Mode) is based on MIL-STD-883.

Note: These are stress ratings only. Stresses exceeding the range specified under “Absolute Maximum
Ratings” may cause substantial damage to the device. Functional operation of this device at
other conditions beyond those listed in the specification is not implied and prolonged exposure
to extreme conditions may affect device reliability.

D.C. Characteristics

For data in the following tables, note that factors such as oscillator type, operating voltage, operating
frequency, pin load conditions, temperature and program instruction type, etc., can all exert an
influence on the measured values.

Operating Voltage Characteristics

Ta=-40°C~85°C

Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Voo Conditions
fsys=fuxr=8MHz 1.8 — 3.6V
Operating Voltage — HXT — | fsvs=fuxr=12MHz 2.7 — 3.6V \Y,
Voo fsys=fuxr=16MHz 3.3 — 3.6V
fsvys=fhirc=8MHz 1.8 — 3.6V
Operating Voltage — HIRC — | fsys=fhirc=12MHz 2.7 — 3.6V \Y
fsys=frirc=16MHz 3.3 — 3.6V
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Operating Current Characteristics

Ta=-40°C~85°C

Test Conditions
Symbol Operation Mode Min. | Typ. | Max. | Unit
Voo Conditions
1.8V — 8 16
SLOW Mode — LIRC fsvs=32kHz WA
3V — 10 20
1.8V — 8 16
SLOW Mode — LXT fsvs=32768Hz MA
3V — 10 20
1.8V — 0.8 1.2
fsys=8MHz mA
3V — 1.0 1.5
FAST Mode — HIRC 2.7V — 1.2 2.2
Iob fsys=12MHz mA
3V — 150 | 2.75
3.3V | fsys=16MHz — 3.2 4.8 mA
1.8V — 0.8 1.2
fsys=8MHz mA
3V — 1.0 1.5
FAST Mode — HXT 2.7V — 1.2 2.2
fsys=12MHz mA
3V — 1.50 | 2.75
3.3V |fsys=16MHz — 3.2 4.8 mA

Note: When using the characteristic table data, the following notes should be taken into consideration:

1. Any digital inputs are setup in a non-floating condition.

2. All measurements are taken under conditions of no load and with all peripherals in an off state.

3. There are no DC current paths.

4. All Operating Current values are measured using a continuous NOP instruction program loop.

Standby Current Characteristics

Ta=25°C, unless otherwise specified.

S - e g Test Conditions o T - Max. .
mbo! eration Mode in. b ax. o ni
4 P Voo Conditions L2 @85°C
1.8V — 0.45 1.50 3.00
WDT off MA
3V — 0.45 1.80 3.50
SLEEP Mode
1.8V — 1.5 3.0 7.0
WDT on pA
3V — 1.8 3.6 8.0
1.8V — 2.4 4.0 8.0
IDLEO Mode — LIRC fsus on MA
3V — 3.0 5.0 9.0
1.8V — 2.4 4.0 8.0
IDLEO Mode — LXT fsus on MA
3V — 3.0 5.0 9.0
1.8V — 288 400 480
Iste fsus on, fsys=8MHz MA
3V — 360 500 600
IDLE1 Mode — HIRC 2.7V — 550 700 800
fsus on, fsys=12MHz MA
3V — 650 800 900
3.3V |fsus on, fsys=16MHz — 1.8 3.6 4.4 mA
1.8V — 288 400 480
fsus on, fsys=8MHz MA
3V — 360 500 600
IDLE1 Mode — HXT 2.7V — 432 600 720
fsus on, fsys=12MHz MA
3V — 540 750 900
3.3V |fsus on, fsys=16MHz — 1.8 3.6 4.4 mA
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Note: When using the characteristic table data, the following notes should be taken into consideration:
1. Any digital inputs are setup in a non-floating condition.
2. All measurements are taken under conditions of no load and with all peripherals in an off state.
3. There are no DC current paths.

4. All Standby Current values are taken after a HALT instruction execution thus stopping all instruction
execution.

A.C. Characteristics

For data in the following tables, note that factors such as oscillator type, operating voltage, operating
frequency and temperature etc., can all exert an influence on the measured values.

High Speed Internal Oscillator — HIRC

During the program writing operation the writer will trim the HIRC oscillator at a user selected
HIRC frequency and a fixed voltage of 3V.

Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Voo Temp.
3V 25°C 1% 8 +1%
-40°C~85°C 2% 8 +2%
25° -2.59 +2.59
2IVm3ov fO"Cc 85°C 352//0 : +3§/A)
8MHz Writer Trimmed HIRC Frequency G 3 5;’/ s T+3 5;’/ MHz
2.2V~3.6V 2 2
-40°C~85°C -5% 8 +5%
25°C -8% 8 +8%
f 1.8V~3.6V
e -40°C~85°C 3% | 8 | +13%
3V 25°C -1% 12 +1%
-40°C~85°C -2% 12 +2%
12MHz Writer Trimmed HIRC Frequency > ° | MHz
25°C 25% | 12 |+2.5%
2.7V~3.6V
-40°C~85°C -3% 12 +3%
) ) 25°C 25% | 16 |+2.5%
16MHz Writer Trimmed HIRC Frequency |3.3V~3.6V MHz
-40°C~85°C -3% 16 +3%

Note: 1. The 3V value for Vpp is provided as this is the fixed voltage at which the HIRC frequency is trimmed by
the writer.

2. The row below the 3V trim voltage row is provided to show the values for the full Vpp range operating
voltage.

3. The minimum and maximum tolerance values provided in the table are for the frequency at which the
writer trims the HIRC oscillator. After trimming at this chosen specific frequency any change in HIRC
oscillator frequency using the oscillator register control bits by the application program will give a
frequency tolerance to within +20%.

External High Speed Crystal/Ceramic Oscillator — HXT

Test Conditions
Symbol Parameter Min. Typ. Max. Unit
Voo Temp.
1.8V~3.6V — 8 — MHz
frxr System Clock — HXT 2.7V~3.6V [-40°C~85°C — 12 — MHz
3.3V~3.6V — 16 — MHz
tstarT HXT Start Up Time 3V -40°C~85°C — — 25 ms
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Low Speed Internal Oscillator Characteristics — LIRC

Test Conditions
Symbol Parameter Min. Typ. Max. Unit
Voo Temp.
3V 25°C 2% 32 +2% kHz
fure LIRC Frequency
2.2V~3.6V |-40°C~85°C -10% 32 +10% kHz
tsTART LIRC Start-up Time — — — — 100 us
External Low Speed Crystal Oscillator Characteristics — LXT
Test Conditions
Symbol Parameter Min. Typ. |Max.| Unit
Vop Conditions
fixr System Clock — LXT 1.8V~3.6V |-40°C~85°C — 32768 | — Hz
tsTarT LXT Start Up Time 3V -40°C~85°C — — |1000| ms
Duty Cycle |Duty Cycle — -40°C~85°C 40 — 60 %
Rnee Negative Resistance 2.2V -40°C~85°C 3xESR — — Q

Note: C1, C2 and Rpare external components. C1=C2=10pF, Rp=10MQ, C;=7pF, ESR=30kQ.

Operating Frequency Characteristic Curves

16MHz —

12MHz —

8MHz —

A

System Operating Frequency

System Start Up Time Characteristics

I I I
1.8V 2.7V 3.3V 3.6V

Operating Voltage

\/

Ta=-40°C~85°C

Test Conditions

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

fsys=fu~fu/64, fu=fuxr — 128 | — txt

System Start-up Time fovs=fu~f/64, fu=frrc — | 16 | — | ture

(Wake-up from Condition where fsys is off) | ~ | fsys=fsus=fixr — 11024 | — tixr

fsvs=fsus=fLirc — 2 —_— ture

tsst System Start-up Time fovs=fu~fu/64, fu=fuxr or fre | — 2 — tw

(Wake-up from Condition where fsys is on) fsvs=fsus=fLxT OF fLrC — 2 — | teus

System Speed Switch Time fuxt switches from off — on — 11024 | — thx

(FAST to SLOW Mode or — | furc switches from off - on| — 16 — | thre

SLOW to FAST Mode) fixr switches from off —on | — | 1024 | — | tixr
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Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Vop Conditions

System Reset Delay Time
(Reset source from Power-on reset or — |RRpor=5V/ms
LVR Hardware Reset)

System Reset Delay Time

&S| (| VRC/WDTC/RSTC Register — — 14116 | 18 | ms
Software Reset)
System Reset Delay Time . .
(Reset Source from WDT Overflow Reset)

tsreser | Minimum Software Reset Width to Reset | — — 45 90 120 us

Note: 1. For the System Start-up time values, whether fsys is on or off depends upon the mode type and the chosen
fsys system oscillator. Details are provided in the System Operating Modes section.

2. The time units, shown by the symbols turc etc. are the inverse of the corresponding frequency values as
provided in the frequency tables. For example tuire=1/fuire, tsys=1/fsys etc.

3. If the LIRC is used as the system clock and if it is off when in the SLEEP Mode, then an additional LIRC start
up time, tsrarr, as provided in the LIRC frequency table, must be added to the tssr time in the table above.

4. The System Speed Switch Time is effectively the time taken for the newly activated oscillator to start up.

Input/Output Characteristics
Ta=-40°C~85°C

Test Conditions

Symbol Parameter Min. | Typ. | Max. | Unit
Vbp Conditions
Vi Input Low Voltage for I/O Ports — — 0.0 — |0.2Vp| V
ViH Input High Voltage for 1/0 Ports — — 0.8Von| — Voo \Y
lo Sink Current for /O Ports 3V |Vor=0.1Vop 16 32 — mA
Von=0.9Vpp,

SLEDCn[m+1: m]=00B | -0.7 | -1.5 —
(n=0, 1, m=0, 2, 4, 6)

Von=0.9Vpp,
SLEDCn[m+1: m]=01B | -1.3 -2.5 —

(n=0, 1; m=0, 2, 4, 6)
lon Source Current for I/O Ports 3V mA
VOH=O.9VDD,

SLEDCn[m+1: m]=10B | -1.8 -3.6 —
(n=0, 1; m=0, 2, 4, 6)
VOH=0.9VDD,

SLEDCn[m+1: m]=11B -4 -8 —
(n=0, 1; m=0, 2, 4, 6)
LVPU=0, PXPU=FFH

. . (PX: PA, PB, PC, PD) 20 60 100
Ren Pull-high Resistance for /0O Ports Mte) 3V LVPU=1 PXPU=FFH kQ
N N 6.67 | 15.00 | 23.00

(PX: PA, PB, PC, PD)

ILeak Input Leakage Current 3V |Vin=Vop or Vin=Vss — — +1 MA
trex TM Clock Input Pin Minimum Pulse Width — — 0.3 — — us
tint External Interrupt Minimum Pulse Width — — 10 — — us

Note: The Rpu internal pull-high resistance value is calculated by connecting to ground and enabling the input pin
with a pull-high resistor and then measuring the pin current at the specified supply voltage level. Dividing
the voltage by this measured current provides the Rey value.
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Memory Characteristics

Ta=-40°C~85°C, unless otherwise specified.

Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Vbp Conditions
Verw Voo for Read / Write — — Voomin | — | Voomax |V
Flash Program Memory / Data EEPROM Memory
trwr Flash Program Memory Write Time — — — 2.2 2.7 ms
trer Flash Program Memory Erase Time — — — 3.2 3.9 ms
teerp EEPROM Read Time — — — — 4 tsvs
teeum EEPROM Write Time (Byte Mode) — — — 54 6.6 ms
EEPROM Write Time (Page Mode) — — — 2.2 2.7 ms
teeer EEPROM Erase Time — — — 3.2 3.9 ms
En Cell Endurance — Flash Program Memory | — — 100K | — — E/W
Cell Endurance — Data EEPROM Memory | — — 100K | — — E/W
tretD ROM Data Retention Time — |Ta=25°C — 40 — Year
o[ chton e Watespien || | e e
RAM Data Memory
Vor RAM Data Retention Voltage | — [Devicein SLEEPMode| 1 | — | — | v

Note:1. “E/W” means Erase/Write times.

2. The ROM activation time tacrv should be added when calculating the total system start-up time of a
wake-up from the power down mode.

A/D Converter Electrical Characteristics

Ta=-40°C~85°C

Symbol Parameter

Test Conditions

Conditions

Min.

Typ.

Max.

Unit

Voo Operating Voltage

1.8

3.6

\Y

Vaoi Input Voltage

— 0

VRer

\

VRer Reference Voltage

1.2

Voo

\Y

Nr Resolution

12

Bit

DNL Differential Non-linearity

1.8V

SAINS[3:0]=0000B, SAVRS[1:0]=01B,
Vrer=Vop, tanck=2.0us

SAINS[3:0]=0000B, SAVRS[1:0]=01B,
Vrer=Vop, tanck=10us

2V

SAINS[3:0]=0000B, SAVRS[1:0]=01B,
Vrer=Vop, tanck=0.5us

3V

SAINS[3:0]=0000B, SAVRS[1:0]=01B,
Vrer=Vop, tanck=0.5us

SAINS[3:0]=0000B, SAVRS[1:0]=01B,
Vrer=Vop, tanck=10ps

-3

+3

LSB

INL Integral Non-linearity

1.8V

SAINS[3:0]=0000B, SAVRS[1:0]=01B,
Vrer=Vop, tanck=2.0us

SAINS[3:0]=0000B, SAVRS[1:0]=01B,
Vrer=Vop, tanck=10ps

2V

SAINS[3:0]=0000B, SAVRS[1:0]=01B,
Vrer=Vop, tanck=0.5us

3V

SAINS[3:0]=0000B, SAVRS[1:0]=01B,
Vrer=Vop, tanck=0.5us

SAINS[3:0]=0000B, SAVRS[1:0]=01B,
Vrer=Vop, tanck=10ps

4

+4

LSB

Rev. 1.00

21

November 01, 2023



# BC66F3653
HOLTEK Sub-1GHz Transceiver Flash MCU

Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Voo Conditions
hoe Additional Current for A/D 1.8V |No load (tapck=2.0ps) — | 280 | 400 uA
Converter Enable 3V | No load (tapck=0.5us) — | 450 | 600
. 1.8V<Vop<2.0V 2.0 — | 10.0
tanck Clock Period — us
2.0V<Vpp=3.6V 0.5 — | 10.0
taps Sampling Time — — — 4 — | tapck
t Conversion Time (Includes A/D | . . 16 — |y
ADC Sample and Hold Time) ADCK
tonasT A/D Converter On-to-Start Time | — — 4 — — us
| Additional Current for PGA 2.2V |No load, PGAIS=1, PGAGS[1:0]=01 — 250 | 500 MA
Fen Enable 3V |No load, PGAIS=1, PGAGS[1:0]=01 | — | 300 | 600 | pA
_ 2.2V — Vss | | Voo |y
Vor PGA Maximum Output Voltage +0.1 -0.1
Range 3v Vss Voo v
o +0.1 | = | -01
Vop=2.2V~3.6V, Vri=V ,(PGAIS=1)| -1% 2 | 1% \Y
Vr Fix Voltage Output of PGA N R=Veorer, ( )| 1% >
Vop=3.2V~3.6V, Vri=Vscrer, (PGAIS=1)| -1% 3 | +1% | V
Gain=1, PGAIS=0, Relative gain, Vss Vop
ViR PGA Input Voltage Range 3V Gain error<+5% 041 | — | 14 \Y
Vos pea | PGA Input Offset Voltage 3V | Without calibration -15 — +15 | mV

LVD/LVR Electrical Characteristics
Ta=25°C

Test Conditions . i
Symbol Parameter — Min. | Typ. |Max. | Unit
Vop Conditions

LVR enable, voltage select 1.7V | -5% | 1.7 | +5%
LVR enable, voltage select 1.9V | -5% | 1.9 | +5%
Vivr Low Voltage Reset Voltage — Vv
LVR enable, voltage select 2.55V | -3% | 2.55 | +3%

LVR enable, voltage select 3.15V | -3% | 3.15 | +3%

LVD enable, voltage select 1.8V 1.8
LVD enable, voltage select 2.0V 2.0
LVD enable, voltage select 2.4V 2.4
Vo Low Voltage Detector Voltage — -5% +5% | V
LVD enable, voltage select 2.7V 2.7
LVD enable, voltage select 3.0V 3.0
LVD enable, voltage select 3.3V 3.3
. LVD enable, LVR enable,
lvrivo | Operating Current 3V Vivr=1.9V, Vuvp=2V — | T 0] A
For LVR enable, VBGEN=0, o . 18
. LVD off — on
tLos LVDO Stable Time — - us
For LVR disable, VBGEN=0, . — | 150
LVD off — on
tr Minimum Low Voltage Width to Reset — — 120 | 240 | 480 | ps
tvo Minimum Low Voltage Width to Interrupt | — — 60 | 120 | 240 | ps
lvr Additional Current for LVR Enable 3V |LVD disable — | — 8 HA
lvo Additional Current for LVD Enable 3V |LVR disable — | — 8 uA
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Reference Voltage Electrical Characteristics

Ta=-40°C~85°C, unless otherwise specified.

Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Voo Conditions
Vob Operating Voltage — — 1.8 — 3.6 Vv
Vi Band Ref Volt 1.8V~2.2V — -10% | 1.2 | +10% Vv
andgap Reference Voltage
POREF 9ap 9 2.2V~3.6V — A% | 12 | +1%
lscrer Operating Current 3.6V — — 25 35 HA
PSRR | Power Supply Rejection Ratio — Ta=25_ C, Vrrpie=1Ves, 75 — — dB
friprLe=100HZ
. Ta=25°C, No load current,
En Output Noise — £=0.1Hz~10Hz — 300 — | MVrus
Isp Shutdown Current — VBGREN=0 — — 0.1 HA
tsTaRT Startup Time 1.8V~3.6V | Ta=25°C — — 400 us
Note: The Vacrer voltage is used as the A/D converter PGA input signal.
Comparator Electrical Characteristics
Ta=25°C
Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Vop Conditions
Vop Operating Voltage — — 1.8 — 3.6 \%
lewp Additional Current for Comparator Enable | 3V — — 70 90 pA
lcss Power Down Current 3V |Comparator disable — — 0.1 pA
Vem Common Mode Voltage Range 3V — Vss — |Voo-1| V
Aol Open Loop Gain 3V — 60 80 — dB
) 3V |CMPHYEN=0 0 0 5 mV
Vhys Hysteresis
3V |CMPHYEN=1 5 24 30 mV
tre Response Time 3V | With 100mV overdrive W@ | — | 200 | 400 | ns

Note: 1. All measurement is under the condition where the comparator positive input voltage is equal to (Vpp-1)/2
and remains constant.

2. Measured with comparator one input pin at Vem=(Vop-1)/2 while the other pin input transition from Vss to
(Vemt100mV) or from Vpp to (Vem-100mV).

3. Load Condition: CLoap=50pF.

Load Condition

T CLOAD

VSS
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I2C Electrical Characteristics

Ta=25°C
Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Voo Conditions
" No clock debounce 2 — —
Fc Standarﬂ !\/Iode (100kH2) fevs — |2 system clock debounce 4 — — MHz
Frequency Mot
‘ 4 system clock debounce 4 — —
e , No clock debounce 4 — —
FC Fast MOS:e (400KkH2) fovs — |2 system clock debounce 8 — — MHz
Frequency M)
4 system clock debounce 8 — —
Standard mode — — 100
fscL SCL Clock Frequency 3V kHz
Fast mode — — 400
. . Standard mode 3.5 — —
tscLn) SCL Clock High Time 3V us
Fast mode 0.9 — —
) Standard mode 3.5 — —
tscL) SCL Clock Low Time 3V us
Fast mode 0.9 — —
. Standard mode — — 1.3
traLL SCL and SDA Fall Time 3V us
Fast mode — — 0.34
) ) Standard mode — — 1.3
trise SCL and SDA Rise Time 3V us
Fast mode — — 0.34
. Standard mode 0.25 — —
tsu(spa) SDA Data Setup Time 3V us
Fast mode 0.1 — —
thspa) SDA Data Hold Time 3V — 0.1 — — us
tvb(spa) SDA Data Valid Time 3V — — — 0.6 us
» . Standard mode 3.5 — —
tsu(sta) Start Condition Setup Time 3V us
Fast mode 0.6 — —
thsTa) Start Condition Hold Time 3V — 0.6 — — us
» . Standard mode 3.5 — —
tsuisTo) Stop Condition Setup Time 3V us
Fast mode 0.6 — —

Note: Using the debounce function can make the transmission more stable and reduce the probability of
communication failure due to interference.

| trai—> = | jetrse ||
| |
| /1 |

ﬁ

| |
SCL | | | |

| | e t ’ ¢ t > | |

| | ScLL) SCL(H) foson | |

I tasay | ;! I tsuisTo)

| | [ th(spa) | tsu(spa) e
SDA [ — } \ [

| | [ oy | [

| | | | | \ |

tsusta) e || [ [

I2C Timing Diagram
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Software Controlled LCD Driver Electrical Characteristics
Ta=-40°C~85°C

Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Voo Conditions
ISEL[1:0]=00 5.81 | 8.30 | 10.79
. ISEL[1:0]=01 11.62 | 16.60 | 21.58
Isias Bias Current 3V MA
ISEL[1:0]=10 35 50 65
ISEL[1:0]=11 70 | 100 | 130
Vscow | Voox2/3 Voltage for LCD SCOM/SSEG Output| 22~ |No load 0305 0.330 | 0.355 |,
3.6V Voo Voo Voo
2.2V~ 0.31 0.33 | 0.35
Vscomt | Voox1/3 Voltage for LCD SCOM/SSEG Output 36V No load Voo Voo Voo \%

RF Electrical Characteristics

Ta=25°C, Vop=3.3V, fxrac=16MHz, GFSK modulation with matching circuit and low/high pass filter,
RF output is powered by Vopb (3.3V), unless otherwise specified

Symbol Parameter Test Conditions Min. Typ. | Max. | Unit
Tor Operating Temperature — -40 — 85 °C
Voo Supply Voltage — 1.8 3.3 3.6 V
Digital I/Os
Vin High Level Input Voltage — 0.7xVop| — Vbp \%
Vi Low Level Input Voltage — 0 — ]0.3xVop| V
Von High Level Output Voltage lon=-5mA 0.8xVpp| — Voo \Y
VoL Low Level Output Voltage lo.=5mA 0 — ]0.2xVop| V
Current Consumption
Isieep Deep Sleep Mode Current Consumption — — 0.4 1.0 MA
I Idle Mode Current Consumption LIRC on, X'tal off — 1.6 — MA
ILigntsieep | Light Sleep Mode Current Consumption | X’tal on — 0.6 — mA
Standby Mode Current Consumption . 3.9 .
@ 315/433MHz ) . )
Istandby - X'tal on, Synthesizer on mA
Standby Mode Current Consumption . 39 i
@ 868/915MHz '
RX mode @ 2kbps — 5.8 —
RX mode @ 250kbps — 6.4 —
. TX mode @ 0dBm Pour — 19 —
433MHz Band Current Consumption mA
TX mode @ 10dBm Pour — 33 —
TX mode @ 13dBm Pour — 43 —
TX mode @ 19dBm Pour — 71 —
Irx OF Itx
RX mode @ 2kbps — 6.8 —
RX mode @ 250kbps — 7.5 —
. TX mode @ 0dBm Pour — 19 —
868MHz Band Current Consumption mA
TX mode @ 10dBm Pour — 35 —
TX mode @ 13dBm Pour — 47 —
TX mode @ 19dBm Pour — 88 —
Ren Pull-high Resistance for I/0 Ports 3.3V — 33 — kQ
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Symbol ‘ Parameter Test Conditions Min. ‘ Typ. ‘ Max. ‘ Unit
RF A.C. Characteristics
315MHz band — 315 —
433MHz band — 43392 —
fre RF Frequency Band 470~510MHz band — 490 — MHz
868MHz band — 868.3 —
915MHz band — 915 —
OOK modulation 0.5 — 20
DR Data Rate - kbps
GFSK modulation 2 — 250
fLire RF Internal Low Frequency RC Oscillator | 3.3V -10% [32.768| +10% | kHz
Transmitter
Pour | TX Output Power 433MHz band — 2 4gm
868MHz band — 20
f<1GHz — — -36
47MHz<f<74MHz
. o 87.5MHz<f<118MHz
S.E.rx | TX Spurious Emission (Pour=10dBm) — — -54 dBm
174MHz<f<230MHz
470MHz<f<862MHz
2 3 Harmonic — — -30
Receiver
tsTrx RX Settling Time Light Sleep mode to RX mode| — 150 — us
2kbps (foev=8kHz) — -117 —
10kbps (foev=40kHz) — -110 —
433MHz RX Sensitivity @ BER=0.1% 50kbps (forv=18.75kHz) — -107 — dBm
125kbps (foev=46.875kHz) — -103 —
Pouns 250kbps (foev=93.75kHz) — -100 —
2kbps (foev=8kHz) — -116 —
10kbps (foev=40kHz) — -110 —
868MHz RX Sensitivity @ BER=0.1% 50kbps (foev=18.75kHz) — -106 — dBm
125kbps (foev=46.875kHz) — -103 —
250kbps (foev=93.75kHz) — -100 —
Pinmax | Maximum Input Power @ BER<0.1% — — 10 dBm
IR Image Rejection — — 25 — dB
. 25MHz~1GHz — — -57
S.E.rx  |RX Spurious dBm
Above 1GHz — — -47
RSSI Range AGC on -110 — -10 dBm
LO Characteristics
315MHz band 290 — 335
433MHz band 415 — 490
flo RF Frequency Coverage Range 470~510MHz band 470 — 510 MHz
868MHz band 830 — 1000
915MHz band 870 — 1050
fsTep LO Frequency Resolution — — — 1 kHz
. @ 100kHz offset — -91 —
433MHz Phase Noise
PN @ 1MHz offset — -110 — dBc/
) @ 100kHz offset — -82 — Hz
868MHz Phase Noise
@ 1MHz offset — -105 —
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Symbol ‘ Parameter Test Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit

Crystal Oscillator

fxrac X'tal Frequency — — 16 — MHz

ESR X'tal Equivalent Series Resistance — — — 100 Q

CrLoap X'tal Capacitor Load — 8 12 16 pF

TOL X'tal Tolerance MNete) — -20 — +20 ppm
) 49US XO — —

tsu X'tal Startup Time ms

3225SMD XO — 2 —

Note: 1. When the data rate is 2kbps at 315/433.92MHz, an X'tal with a tolerance of +£10ppm should be used.
2. When the data rate is 2kbps at 868/915MHz, an X'tal with a tolerance of +5ppm should be used.

RF SPI Characteristics

Ta=25°C

Symbol Parameter Test Conditions Min. Typ. Max. Unit
fsck RF SCK Frequency — — 4 — MHz
tsckn RF SCK High Time — 62.5 — — ns
tsckL RF SCK Low Time — 62.5 — — ns
ts_spio RF SDIO Input Setup Time —_ 20 — — ns
tH_spio RF SDIO Input Hold Time — 20 — — ns
ts_csn RF CSN to SCK Active — 30 — — ns
tH_csn RF SCK Inactive to CSN Inactive — 30 — — ns

Power-on Reset Characteristics

Ta=-40°C~85°C

Test Conditions
Symbol Parameter Min. | Typ. | Max. | Unit
Voo Conditions
Vror Voo Start Voltage to Ensure Power-on Reset | — — — — 100 mV
RRror | Voo Rising Rate to Ensure Power-on Reset —_ — 0.035 — — V/ms
t Minimum Time for Voo Stays at Veor to Ensure| . 1 o o ms
FOR Power-on Reset
Voo
A
tpor RRpor
Veor
» Time
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System Architecture

A key factor in the high-performance features of the Holtek range of microcontrollers is attributed
to their internal system architecture. The device takes advantage of the usual features found within
RISC microcontrollers providing increased speed of operation and enhanced performance. The
pipelining scheme is implemented in such a way that instruction fetching and instruction execution
are overlapped, hence instructions are effectively executed in one or two cycles for most of the
standard or extended instructions respectively. The exceptions to these are branch or call instructions
which need one more cycle. An 8-bit wide ALU is used in practically all instruction set operations,
which carries out arithmetic operations, logic operations, rotation, increment, decrement, branch
decisions, etc. The internal data path is simplified by moving data through the Accumulator and
the ALU. Certain internal registers are implemented in the Data Memory and can be directly
or indirectly addressed. The simple addressing methods of these registers along with additional
architectural features ensure that a minimum of external components is required to provide a
functional I/O and A/D control system with maximum reliability and flexibility. This makes the
device suitable for low-cost, high-volume production for controller applications.

Clocking and Pipelining

The main system clock, derived from either an HXT, LXT, HIRC or LIRC oscillator is subdivided
into four internally generated non-overlapping clocks, T1~T4. The Program Counter is incremented
at the beginning of the T1 clock during which time a new instruction is fetched. The remaining
T2~T4 clocks carry out the decoding and execution functions. In this way, one T1~T4 clock
cycle forms one instruction cycle. Although the fetching and execution of instructions takes place
in consecutive instruction cycles, the pipelining structure of the microcontroller ensures that
instructions are effectively executed in one instruction cycle. The exception to this are instructions
where the contents of the Program Counter are changed, such as subroutine calls or jumps, in which
case the instruction will take one more instruction cycle to execute.

For instructions involving branches, such as jump or call instructions, two machine cycles are
required to complete instruction execution. An extra cycle is required as the program takes one
cycle to first obtain the actual jump or call address and then another cycle to actually execute the
branch. The requirement for this extra cycle should be taken into account by programmers in timing
sensitive applications.

foys | | | |
(System Clock)

Phase Clock T1 IJ \ IJ \ I] \

|
Phase Clock T2 | / \ / \

[
—

|

X

|

|

| |
| |
| |
Phase Clock T3 | ] \ | |

|
Phase Clock T4 | / \
|
X
|

Program Counter [ PC PC+1 PC+2
|
L Fetch Inst. (PC)
Pipelining
Execute Inst. (PC-1) Fetch Inst. (PC+1)
Execute Inst. (PC) Fetch Inst. (PC+2)
Execute Inst. (PC+1)

System Clocking and Pipelining
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1 MOV A12H] | [_Fetchinst 1 | Execute Inst. 1

2 CALL DELAY Fetch Inst. 2 | Execute Inst. 2

3 CPL [12H] Fetch Inst. 3 | Flush Pipeline

4 : Fetch Inst. 6 | Execute Inst. 6
5 : Fetch Inst. 7
6 DELAY: NOP

Instruction Fetching

Program Counter

Stack

During program execution, the Program Counter is used to keep track of the address of the next
instruction to be executed. It is automatically incremented by one each time an instruction is executed
except for instructions, such as “JMP” or “CALL” that demands a jump to a non-consecutive
Program Memory address. Only the lower 8 bits, known as the Program Counter Low Register, are
directly addressable by the application program.

When executing instructions requiring jumps to non-consecutive addresses such as a jump
instruction, a subroutine call, interrupt or reset, etc., the microcontroller manages program control
by loading the required address into the Program Counter. For conditional skip instructions, once
the condition has been met, the next instruction, which has already been fetched during the present
instruction execution, is discarded and a dummy cycle takes its place while the correct instruction is
obtained.

Program Counter
High Byte Low Byte (PCL)
PC12~PC8 PCL7~PCLO

Program Counter

The lower byte of the Program Counter, known as the Program Counter Low register or PCL, is
available for program control and is a readable and writeable register. By transferring data directly
into this register, a short program jump can be executed directly. However, as only this low byte
is available for manipulation, the jumps are limited to the present page of memory that is 256
locations. When such program jumps are executed it should also be noted that a dummy cycle
will be inserted. Manipulating the PCL register may cause program branching, so an extra cycle is
needed to pre-fetch.

This is a special part of the memory which is used to save the contents of the Program Counter
only. The stack is organized into 8 levels and neither part of the data nor part of the program space,
and is neither readable nor writeable. The activated level is indexed by the Stack Pointer, and is
neither readable nor writeable. At a subroutine call or interrupt acknowledge signal, the contents of
the Program Counter are pushed onto the stack. At the end of a subroutine or an interrupt routine,
signaled by a return instruction, RET or RETI, the Program Counter is restored to its previous value
from the stack. After a device reset, the Stack Pointer will point to the top of the stack.

If the stack is full and an enabled interrupt takes place, the interrupt request flag will be recorded but
the acknowledge signal will be inhibited. When the Stack Pointer is decremented, by RET or RETI,
the interrupt will be serviced. This feature prevents stack overflow allowing the programmer to use
the structure more easily. However, when the stack is full, a CALL subroutine instruction can still
be executed which will result in a stack overflow. Precautions should be taken to avoid such cases
which might cause unpredictable program branching.
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If the stack is overflow, the first Program Counter save in the stack will be lost.

Program Counter

=z

Top of Stack | Stack Level 1

Stack Level 2

Stack

Pointer Stack Level 3

A 4

Program Memory

Bottom of Stack Stack Level 8

Arithmetic and Logic Unit — ALU

The arithmetic-logic unit or ALU is a critical area of the microcontroller that carries out arithmetic

and logic operations of the instruction set. Connected to the main microcontroller data bus, the ALU

receives related instruction codes and performs the required arithmetic or logical operations after

which the result will be placed in the specified register. As these ALU calculation or operations may

result in carry, borrow or other status changes, the status register will be correspondingly updated to
reflect these changes. The ALU supports the following functions:

Arithmetic operations:

ADD, ADDM, ADC, ADCM, SUB, SUBM, SBC, SBCM, DAA,

LADD, LADDM, LADC, LADCM, LSUB, LSUBM, LSBC, LSBCM, LDAA
Logic operations:

AND, OR, XOR, ANDM, ORM, XORM, CPL, CPLA,

LAND, LOR, LXOR, LANDM, LORM, LXORM, LCPL, LCPLA

Rotation:
RRA, RR, RRCA, RRC, RLA, RL, RLCA, RLC,
LRR, LRRA, LRRCA, LRRC, LRLA, LRL, LRLCA, LRLC

Increment and Decrement:
INCA, INC, DECA, DEC,
LINCA, LINC, LDECA, LDEC
Branch decision:

JMP, SZ, SZA, SNZ, SIZ, SDZ, SIZA, SDZA, CALL, RET, RETI,
LSZ, LSZA, LSNZ, LSIZ, LSDZ, LSIZA, LSDZA
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Flash Program Memory

The Program Memory is the location where the user code or program is stored. For this device the
Program Memory is Flash type, which means it can be programmed and re-programmed a large
number of times, allowing the user the convenience of code modification on the same device. By
using the appropriate programming tools, the Flash device offer users the flexibility to conveniently
debug and develop their applications while also offering a means of field programming and updating.

Structure

The Program Memory has a capacity of 8Kx16 bits. The Program Memory is addressed by the
Program Counter and also contains data, table information and interrupt entries. Table data, which
can be arranged in any location within the Program Memory, is addressed by a separate table pointer

register.
0000H o
Initialisation Vector
0004H
3= Interrupt Vectors ==

002CH

nOOH

Look-up Table

nFFH

1FFFH 16 bits

Program Memory Structure

Special Vectors

Within the Program Memory, certain locations are reserved for the reset and interrupts. The location
0000H is reserved for use by the device reset for program initialisation. After a device reset is
initiated, the program will jump to this location and begin execution.

Look-up Table

Any location within the Program Memory can be defined as a look-up table where programmers
can store fixed data. To use the look-up table, the table pointer must first be configured by placing
the address of the look up data to be retrieved in the table pointer registers, TBLP and TBHP. These
registers define the total address of the look-up table.

After setting up the table pointer, the table data can be retrieved from the Program Memory using
the “TABRD [m]” or “TABRDL [m]” respectively when the memory [m] is located in Sector 0.
If the memory [m] is located in other sectors except sector 0, the data can be retrieved from the
program memory using the corresponding extended table read instruction such as “LTABRD [m]” or
“LTABRDL [m]” respectively. When the instruction is executed, the lower order table byte from the
Program Memory will be transferred to the user defined Data Memory register [m] as specified in
the instruction. The higher order table data byte from the Program Memory will be transferred to the
TBLH special register. Any unused bits in this transferred higher order byte will be read as “0”.
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Program Memory

The accompanying diagram illustrates the addressing data flow of the look-up table.
Data
16 bits

Last Page or
TBHP Register :|
TBLP Register

T —

ssalppy

. User Selected
Register TBLH Register
High Byte Low Byte

Table Program Example

The following example shows how the table pointer and table data is defined and retrieved from the
microcontroller. This example uses raw table data located in the Program Memory which is stored
there using the ORG statement. The value at this ORG statement is “1FO0H” which refers to the
start address of the last page within the 8K words Program Memory of the device. The table pointer
low byte register is set here to have an initial value of “06H”. This will ensure that the first data read
from the data table will be at the Program Memory address “1F06H” or 6 locations after the start of
the last page. Note that the value for the table pointer is referenced to the specific address pointed by
the TBLP and TBHP registers if the “TABRD [m]” or “LTABRD [m]” instruction is being used. The
high byte of the table data which in this case is equal to zero will be transferred to the TBLH register
automatically when the “TABRD [m]” or “LTABRD [m]” instruction is executed.

Because the TBLH register is a read/write register and can be restored, care should be taken
to ensure its protection if both the main routine and Interrupt Service Routine use table read
instructions. If using the table read instructions, the Interrupt Service Routines may change the
value of the TBLH and subsequently cause errors if used again by the main routine. As a rule it is
recommended that simultancous use of the table read instructions should be avoided. However, in
situations where simultaneous use cannot be avoided, the interrupts should be disabled prior to the
execution of any main routine table-read instructions. Note that all table related instructions require
two instruction cycles to complete their operation.

Table Read Program Example

tempregl db ? ; temporary register #1

tempreg2 db ? ; temporary register #2

mov a,06h ; initialise low table pointer - note that this address is referenced
mov tblp,a ; to the last page or the page that tbhp pointed

mov a,1Fh ; initialise high table pointer

mov tbhp,a

tabrd tempregl transfers value in table referenced by table pointer,

data at program memory address “1FO06H” transferred to tempregl and TBLH
reduce value of table pointer by one

transfers value in table referenced by table pointer,

data at program memory address “1FOSH” transferred to tempreg? and TBLH
in this example the data “1AH” is transferred to tempregl and data “O0FH” to
register tempreg2

the value “00H” will be transferred to the high byte register TBLH

dec tblp
tabrd tempreg2

org 1F00h sets initial address of program memory
dc 00Ah, 00Bh, 00Ch, 00Dh, 00Eh, 00Fh, 01Ah, 01Bh
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In Circuit Programming — ICP

The provision of Flash type Program Memory provides the user with a means of convenient and
easy upgrades and modifications to their programs on the same device.

As an additional convenience, a means of programming the microcontroller in-circuit has provided using
a 4-pin interface. This provides manufacturers with the possibility of manufacturing their circuit boards
complete with a programmed or un-programmed microcontroller, and then programming or upgrading
the program at a later stage. This enables product manufacturers to easily keep their manufactured
products supplied with the latest program releases without removal and re-insertion of the device.

Holtek Writer Pins | MCU Programming Pins Pin Description
ICPDA PAO Programming Serial Data/Address
ICPCK PA2 Programming Clock

VDD VDD/AVDD Power Supply
VSS VSS/AVSS Power Ground

The Program Memory can be programmed serially in-circuit using this 4-wire interface. Data is
downloaded and uploaded serially on a single pin with an additional line for the clock. Two additional
lines are required for the power supply. The technical details regarding the in-circuit programming of
the device are beyond the scope of this document and will be supplied in supplementary literature.

During the programming process, the user can take care of the ICPDA and ICPCK pins for data and
clock programming purposes to ensure that no other outputs are connected to these two pins.

Writer Connector MCU Programming
Signals Pins
writer vDD | O VDD/AVDD
icroa| O PAO
icrek| O PA2
writer vss | O VSS/AVSS

To other Circuit

Note: * may be resistor or capacitor. The resistance of * must be greater than 1kQ or the capacitance
y p g p
of * must be less than InF.

On-Chip Debug Support — OCDS

There is an EV chip named BC66V3653 which is used to emulate the real MCU device named
BC66F3653. The EV chip device also provides an “On-Chip Debug” function to debug the real
MCU device during the development process. The EV chip and the real MCU device are almost
functionally compatible except for “On-Chip Debug” function. Users can use the EV chip device to
emulate the real chip device behavior by connecting the OCDSDA and OCDSCK pins to the Holtek
HT-IDE development tools. The OCDSDA pin is the OCDS Data/Address input/output pin while
the OCDSCK pin is the OCDS clock input pin. When users use the EV chip for debugging, other
functions which are shared with the OCDSDA and OCDSCK pins in the device will have no effect
in the EV chip. However, the two OCDS pins which are pin-shared with the ICP programming pins
are still used as the Flash Memory programming pins for ICP. For more detailed OCDS information,
refer to the corresponding document named “Holtek e-Link for 8-bit MCU OCDS User’s Guide”.
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Holtek e-Link Pins | EV Chip Pins Pin Description
OCDSDA OCDSDA On-chip Debug Support Data/Address input/output
OCDSCK OCDSCK On-chip Debug Support Clock input
VDD VDD/AVDD | Power Supply
VSS VSS/AVSS | Power Ground

In Application Programming — IAP

Flash type Program Memory provides the user with a means of convenient and easy upgrades
and modifications to their programs on the same device. The provision of the IAP function offers
users the convenience of Flash Memory multi-programming features. The convenience of the IAP
function is that it can execute the updated program procedure using its internal firmware, without
requiring an external Program Writer or PC. In addition, the IAP interface can also be any type of
communication protocol, such as UART, using I/O pins. Regarding the internal firmware, the user
can select versions provided by Holtek or create their own. The following section illustrates the

procedures regarding how to implement the IAP firmware.

Flash Memory Read/Write Size

The Flash memory Erase and Write operations are carried out in a page format while the Read
operation is carried out in a word format. The page size and write buffer size are both assigned with
a capacity of 32 words. Note that the Erase operation should be executed before the Write operation
is executed.

When the Flash Memory Erase/Write Function is successfully enabled, the CFWEN bit will be set
high. When the CFWEN bit is set high, the data can be written into the write buffer. The FWT bit is
used to initiate the write process and then indicate the write operation status. This bit is set high by
application programs to initiate a write process and will be cleared by hardware if the write process
is finished.

The Read operation can be carried out by executing a specific read procedure. The FRDEN bit is
used to enable the read function and the FRD bit is used to initiate the read process by application
programs and then indicate the read operation status. When the read process is finished, this bit will
be cleared by hardware.

Operations Format
Erase 32 words/page
Write 32 words/time
Read 1 word/time

Note: Page size = Write buffer size = 32 words.

IAP Operation Format

Page FARH FARL[7:5] | FARL[4:0]
0 0000 0000 000
1 0000 0000 001
2 0000 0000 010
3 0000 0000 011
4 0000 0000 100 Tag Address
254 0001 1111 110
255 0001 1111 111

Page Number and Address Selection
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Read data word to FDOH/FDOL Write page data to FDOL/FDOH
(32 words/page)
Flash Memory
FARH/FARL P: dd Flash Memory
age aadr.
=FA12~FAO —> — — Wordm — — — FARH/FARL :FR12~FA5
=FA12~FAQ DT T T Bagen ]
Write buffer addr. ﬂ
| FDOH | FDOL | :FA“*FA:g 00000b
Write Buff ;
Note: “m” is specified by FA12~FAQ CLWB —>| rite Buffer b
| FDOH | FDOL |
Note: “n” is specified by FA12~FA5
Flash Memory IAP Read/Write Structure
Write Buffer

The write buffer is used to store the written data temporarily when executing the write operation.
The Write Buffer can be filled with written data after the Flash Memory Erase/Write Function has
been successfully enabled by executing the Flash Memory Erase/Write Function Enable procedure.
The write buffer can be cleared by configuring the CLWB bit in the FC2 register. The CLWB bit
can be set high to enable the Clear Write Buffer procedure. When the procedure is finished this bit
will be cleared to low by the hardware. It is recommended that the write buffer should be cleared by
setting the CLWB bit high before the write buffer is used for the first time or when the data in the
write buffer is updated.

The write buffer size is 32 words corresponding to a page. The write buffer address is mapped to a
specific flash memory page specified by the memory address bits, FA12~FAS. The data written into
the FDOL and FDOH registers will be loaded into the write buffer. When data is written into the high
byte data register, FDOH, it will result in the data stored in the high and low byte data registers both
being written into the write buffer. It will also cause the flash memory address to be incremented by
one, after which the new address will be loaded into the FARH and FARL address registers. When
the flash memory address reaches the page boundary, 11111b of a page with 32 words, the address
will now not be incremented but will stop at the last address of the page. At this point a new page
address should be specified for any other erase/write operations.

After a write process is finished, the write buffer will automatically be cleared by the hardware. Note
that the write buffer should be cleared manually by the application program when the data written
into the flash memory is incorrect in the data verification step. The data should again be written into
the write buffer after the write buffer has been cleared when the data is found to be incorrect during
the data verification step.
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IAP Flash Program Memory Registers
There are two address registers, four 16-bit data registers and three control registers. All the registers
are located in Sector 0. Read and Write operations to the Flash memory are carried out by 16-bit
data operations using the address and data registers and the control register. Several registers control
the overall operation of the internal Flash Program Memory. The address registers are named FARL
and FARH, the data registers are named FDnL and FDnH and the control registers are named FCO,
FCI1 and FC2.

Register Bit

Name 7 6 5 4 3 2 1 (i}
FCO CFWEN | FMOD2 | FMOD1 | FMODO | FWPEN | FWT | FRDEN FRD
FC1 D7 D6 D5 D4 D3 D2 D1 DO
FC2 — — — — — — — CLWB
FARL FA7 FA6 FA5 FA4 FA3 FA2 FA1 FAO
FARH — — — FA12 FAN FA10 FA9 FA8
FDOL D7 D6 D5 D4 D3 D2 D1 DO
FDOH D15 D14 D13 D12 D11 D10 D9 D8
FD1L D7 D6 D5 D4 D3 D2 D1 DO
FD1H D15 D14 D13 D12 D11 D10 D9 D8
FD2L D7 D6 D5 D4 D3 D2 D1 DO
FD2H D15 D14 D13 D12 D11 D10 D9 D8
FD3L D7 D6 D5 D4 D3 D2 D1 DO
FD3H D15 D14 D13 D12 D11 D10 D9 D8

IAP Register List

* FARL Register

Bit 7 6 5 4 3 2 1 0
Name FA7 FAG FAS FA4 FA3 FA2 FA1 FAO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0

Bit 7~0 FA7~FAO0: Flash Memory Address bit 7 ~ bit 0

* FARH Register

Bit 7 6 5 4 3 2 1 0
Name — — — FA12 FA11 FA10 FA9 FA8
R/W — — — R/W R/W R/W R/W R/W
POR — — — 0 0 0 0 0
Bit 7~5 Unimplemented, read as “0”

Bit 4~0 FA12~FA8: Flash Memory Address bit 12 ~ bit 8

* FDOL Register

Bit 7 6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO
R/W R/W R/wW R/W R/W R/W R/wW R/wW R/W
POR 0 0 0 0 0 0 0 0

Bit 7~0 D7~DO0: The first Flash Memory data bit 7 ~ bit 0

Note that data written into the low byte data register FDOL will only be stored in the
FDOL register and not loaded into the lower 8-bit write buffer.
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* FDOH Register

Bit 7 6 5 4 3 2 1 0
Name D15 D14 D13 D12 D11 D10 D9 D8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0
Bit 7~0 D15~D8: The first Flash Memory data bit 15 ~ bit 8

Note that when 8-bit data is written into the high byte data register FDOH, the whole
16 bits of data stored in the FDOH and FDOL registers will simultaneously be loaded
into the 16-bit write buffer after which the contents of the Flash memory address
register pair, FARH and FARL, will be incremented by one.

* FD1L Register

Bit 7 6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0
Bit 7~0 D7~DO0: The second Flash Memory data bit 7 ~ bit 0
* FD1H Register
Bit 7 6 5 4 3 2 1 0
Name D15 D14 D13 D12 D11 D10 D9 D8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0
Bit 7~0 D15~D8: The second Flash Memory data bit 15 ~ bit 8
* FD2L Register
Bit 7 6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0
Bit 7~0 D7~D0: The third Flash Memory data bit 7 ~ bit 0
* FD2H Register
Bit 7 6 5 4 3 2 1 0
Name D15 D14 D13 D12 D11 D10 D9 D8
R/wW R/W R/wW R/wW R/W R/wW R/wW R/wW R/W
POR 0 0 0 0 0 0 0 0
Bit 7~0 D7~DO0: The third Flash Memory data bit 15 ~ bit 8
* FD3L Register
Bit 7 6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO
R/wW R/W R/wW R/wW R/W R/wW R/W R/wW R/W
POR 0 0 0 0 0 0 0 0
Bit 7~0 D7~D0: The fourth Flash Memory data bit 7 ~ bit 0
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* FD3H Register

Bit 7 6 5 4 3 2 1 0
Name D15 D14 D13 D12 D11 D10 D9 D8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0
Bit 7~0 D15~D8: The fourth Flash Memory data bit 15 ~ bit 8
* FCO Register
Bit 7 6 5 4 3 2 1 0
Name CFWEN | FMOD2 | FMOD1 | FMODO | FWPEN FWT FRDEN FRD
R/W R/W R/W R/W R/W R/W R/W R/W R/W
POR 0 0 0 0 0 0 0 0
Bit 7 CFWEN: Flash Memory Erase/Write function enable control
0: Flash Memory erase/write function is disabled
1: Flash Memory erase/write function has been successfully enabled
When this bit is cleared to zero by application program, the Flash Memory erase/write
function is disabled. Note that this bit cannot be set high by application programs.
Writing “1” into this bit results in no action. This bit is used to indicate that the Flash
Memory erase/write function status. When this bit is set high by hardware, it means
that the Flash Memory erase/write function is enabled successfully. Otherwise, the
Flash Memory erase/write function is disabled as the bit content is zero.
Bit 6~4 FMOD2~FMODO: Flash Memory Mode selection
000: Write Mode
001: Page Erase Mode
010: Reserved
011: Read Mode
100: Reserved
101: Reserved
110: Flash Memory Erase/Write function Enable Mode
111: Reserved
These bits are used to select the Flash Memory operation modes. Note that the “Flash
memory Erase/Write function Enable Mode” should first be successfully enabled before
the Erase or Write Flash memory operation is executed.
Bit 3 FWPEN: Flash Memory Erase/Write function enable procedure trigger
0: Erase/Write function enable procedure is not triggered or procedure timer times out
1: Erase/Write function enable procedure is triggered and procedure timer starts to count
This bit is used to activate the flash memory Erase/Write function enable procedure and
an internal timer. It is set by the application programs and then cleared to zero by the
hardware when the internal timer times out. The correct patterns must be written into
the FD1L/FD1H, FD2L/FD2H and FD3L/FD3H register pairs respectively as soon as
possible after the FWPEN bit is set high.
Bit 2 FWT: Flash Memory write initiate control
0: Do not initiate Flash Memory write or indicating that a Flash Memory write process
has completed
1: Initiate a Flash Memory write process
This bit is set by software and cleared to zero by the hardware when the Flash memory
write process has completed.
Bit 1 FRDEN: Flash Memory read enabled bit

0: Flash Memory read disable

1: Flash Memory read enable
This is the Flash memory Read Enable bit which must be set high before any Flash
memory read operations are carried out. Clearing this bit to zero will inhibit Flash
memory read operations.
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Bit0 FRD: Flash Memory read control bit
0: Do not initiate Flash Memory read or indicating that a Flash Memory read process

has completed
1: Initiate a Flash Memory read process
This bit is set by software and cleared to zero by the hardware when the Flash memory
read process has completed.
Note: 1. The FWT, FRDEN and FRD bits cannot be set to “1” at the same time with a single instruction.
2. Ensure that the fsus clock is stable before executing the erase or write operation.
3. Note that the CPU will be stopped when a read, erase or write operation is successfully activated.
4. Ensure that the read, erase or write operation is totally complete before executing other operations.

* FC1 Register

Bit 7 6 5 4 3 2 1 0
Name D7 D6 D5 D4 D3 D2 D1 DO

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

POR 0 0 0 0 0 0 0 0

Bit 7~0 D7~D0: Chip Reset Pattern
When a specific value of “55H” is written into this register, a reset signal will be

generated to reset the whole chip.

* FC2 Register

Bit 7 6 5 4 3 2 1 0
Name — — — — — — — CLWB
RIW — — — — — — — RIW
POR — — — — — — — 0
Bit 7~1 Unimplemented, read as “0”
Bit 0 CLWRB: Flash Memory Write buffer clear control

0: Do not initiate a Write Buffer Clear process or indicating that a Write Buffer Clear

process has completed
1: Initiate a Write Buffer Clear process
This bit is set by software and cleared to zero by hardware when the Write Buffer Clear

process has completed.
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Flash Memory Erase/Write Flow
It is important to understand the Flash memory Erase/Write flow before the Flash memory contents
are updated. Users can refer to the corresponding operation procedures when developing their AP

program to ensure that the flash memory contents are correctly updated.

Flash Memory Erase/Write Flow Descriptions:

1.

Activate the “Flash Memory Erase/Write function enable procedure” first. When the Flash
Memory Erase/Write function is successfully enabled, the CFWEN bit in the FCO register will
automatically be set high by hardware. After this, Erase or Write operations can be executed on the
Flash memory. Refer to the “Flash Memory Erase/Write Function Enable Procedure” for details.

. Configure the flash memory address to select the desired erase page, tag address and then erase this

page. For a page erase operation, set the FARL and FARH registers to specify the start address of
the erase page, then write dummy data into the FDOH register to tag address. The current address
will be internally incremented by one after each dummy data is written into the FDOH register.
When the address reaches the page boundary, 11111b, the address will not be further incremented
but stop at the last address of the page. Note that the write operation to the FDOH register is used
to tag address, it must be implemented to determine which addresses to be erased.

. Execute a Blank Check operation to ensure whether the page erase operation is successful or not.

The “TABRD” instruction should be executed to read the flash memory contents and to check if
the contents is 0000h or not. If the flash memory page erase operation fails, users should go back
to Step 2 and execute the page erase operation again.

. Write data into the specific page. Refer to the “Flash Memory Write Procedure” for details.

5. Execute the “TABRD” instruction to read the flash memory contents and check if the written

data is correct or not. If the data read from the flash memory is different from the written data,
it means that the page write operation has failed. The CLWB bit should be set high to clear the
write buffer and then write the data into the specific page again if the write operation has failed.

. Clear the CFWEN bit to disable the Flash Memory Erase/Write function enable mode if the

current page Erase and Write operations are completed and no more pages need to be erased or
written.
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Flash Memory
Erase/Write Flow

A4

Flash Memory Erase/Write
Function Enable Procedure!’

(CFWEN=1)

Y

Page Erase
Flash Memory

l

Blank Check
Page Data=0000h?

Flash Memory

No

\4

(Page) Write Procedure!’

Set CLWB bit l

Verify
Page Data
Correct?

Clear CFWEN bit
Disable Flash Memory
Erase/Write Function

\4

END

Flash Memory Erase/Write Flow

Note: * The Flash Memory Erase/Write Function Enable procedure and Flash Memory Write

procedure will be described in the following sections.
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Flash Memory Erase/Write Function Enable Procedure

The Flash Memory Erase/Write Function Enable Mode is specially designed to prevent the flash

memory contents from being wrongly modified. In order to allow users to change the Flash memory

data using the IAP control registers, users must first enable the Flash memory Erase/Write function.

Flash Memory Erase/Write Function Enable Procedure Description

1.

Write data “110” to the FMOD [2:0] bits in the FCO register to select the Flash Memory Erase/
Write Function Enable Mode.

Set the FWPEN bit in the FCO register to “1” to activate the Flash Memory Erase/Write Enable
Function. This will also activate an internal timer.

Write the correct data pattern into the Flash data registers, FD1L~FD3L and FD1H~FD3H, as
soon as possible after the FWPEN bit is set high. The enable Flash memory erase/write function
data pattern is 00H, 0DH, C3H, 04H, 09H and 40H corresponding to the FD1L~FD3L and
FD1H~FD3H registers respectively.

Once the timer has timed out, the FWPEN bit will automatically be cleared to zero by hardware

regardless of the input data pattern.

If the written data pattern is incorrect, the Flash memory erase/write function will not be enabled
successfully and the above steps should be repeated. If the written data pattern is correct, the
Flash memory erase/write function will be enabled successfully.

Once the Flash memory erase/write function is enabled, the Flash memory contents can be
updated by executing the page erase and write operations using the IAP control registers.

To disable the Flash memory erase/write function, the CFWEN bit in the FCO register can be

cleared. There is no need to execute the above procedure.
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Flash Memory
Erase/Write Function

Enable Procedure

A4

FMOD[2:0]=110

A4

Set FWPEN=1
Hardware start a timer

A 4

rite the following pattern to Flash Data register

FD1L=00h, FD1H=04h
FD2L=0Dh, FD2H=09h
FD3L=C3h, FD3H=40h

»

Y

Is timer
Time-out
FWPEN=07?

Is pattern
correct?

A\ 4

CFWEN=1
Flash Memory Erase/Write
Function Enabled

CFWEN=0
Flash Memory Erase/Write
Function Disabled

END

Flash Memory Erase/Write Function Enable Procedure
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Flash Memory Write Procedure

After the Flash memory erase/write function has been successfully enabled as the CFWEN bit is set
high, the data to be written into the flash memory can be loaded into the write buffer. The selected
flash memory page data should be erased by properly configuring the IAP control registers before
the data write procedure is executed.

The write buffer size is 32 words, known as a page, whose address is mapped to a specific flash memory

page specified by the memory address bits, FA12~FAS. It is important to ensure that the page where the
write buffer data is located is the same one which the memory address bits, FA12~FAS5, specify.

Flash Memory Consecutive Write Description

The maximum amount of write data is 32 words for each write operation. The write buffer address

will be automatically incremented by one when consecutive write operations are executed. The start

address of a specific page should first be written into the FARL and FARH registers. Then the data
word should first be written into the FDOL register and then the FDOH register. At the same time the
write buffer address will be incremented by one and then the next data word can be written into the

FDOL and FDOH registers for the next address without modifying the address register pair, FARH

and FARL. When the write buffer address reaches the page boundary the address will not be further

incremented but will stop at the last address of the page.

1. Activate the “Flash Memory Erase/Write function enable procedure”. Check the CFWEN bit
value and then execute the erase/write operations if the CFWEN bit is set high. Refer to the “Flash
Memory Erase/Write function enable procedure” for more details.

2. Set the FMOD field to “001” to select the erase operation and set the CLWB bit high to clear the
write buffer. Set the FWT bit high to erase the desired page which is specified by the FARH and
FARL registers and has been tagged address. Wait until the FWT bit goes low.

3. Execute a Blank Check operation using the table read instruction to ensure that the erase
operation has successfully completed.

Go to step 2 if the erase operation is not successful.
Go to step 4 if the erase operation is successful.
4. Set the FMOD field to “000” to select the write operation.

5. Setup the desired start address in the FARH and FARL registers. Write the desired data words
consecutively into the FDOL and FDOH registers within a page as specified by their consecutive
addresses. The maximum written data number is 32 words.

6. Set the FWT bit high to write the data words from the write buffer to the flash memory. Wait
until the FWT bit goes low.

7. Verify the data using the table read instruction to ensure that the write operation has successfully
completed.

If the write operation has not successfully completed, set the CLWB bit high to clear the write
buffer and then go to step 5.

Go to step 8 if the write operation is successful.

8. Clear the CFWEN bit low to disable the Flash memory erase/write function.
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Write Flash
Memory

Flash Memory Erase/Write
Function Enable Procedure

Page Erase
> FMOD[2:0]=001 -
Set CLWB Bit

Set Erase Page Address
FARH=xxH, FARL=xxH

Write dummy data into FDOH
(Tag Address)

Tag address
Finish 2

Yes

Yes

Blank Check with Table Read
instruction

Blank Check
Page Data=0000h ?

Yes

Write
FMODI[2:0]=000

Specify Flash Memory Address
FARH=xxH, FARL=xxH

Write data to Write Buffer
FDOL=xxH, FDOH=xxH

Write to
Buffer Finish ?

Write next data

Yes

| FWT=1 | | Set CLWB bit

Yes

Verify data with
Table Read instruction

Yes

Write another Page

Yes

Clear CFWEN bit

Flash Memory Consecutive Write Procedure

Note: 1. When the erase or write operation is successfully activated, all CPU operations will temporarily cease.
2. It will take certain time for the FWT bit state changing from high to low in the erase or write operation.

Rev. 1.00 45 November 01, 2023



# BC66F3653
HOLTEK Sub-1GHz Transceiver Flash MCU

Flash Memory Non-Consecutive Write Description

The main difference between Flash Memory Consecutive and Non-Consecutive Write operations

is whether the data words to be written are located in consecutive addresses or not. If the data to be

written is not located in consecutive addresses the desired address should be re-assigned after a data

word is successfully written into the Flash Memory.

A two data word non-consecutive write operation is taken as an example here and described as follows:

1.

10.

11.

Activate the “Flash Memory Erase/Write function enable procedure”. Check the CFWEN bit
value and then execute the erase/write operation if the CFWEN bit is set high. Refer to the “Flash
Memory Erase/Write function enable procedure” for more details.

Set the FMOD field to “001” to select the erase operation and set the CLWB bit high to clear
the write buffer. Set the FWT bit high to erase the desired page which is specified by the FARH
and FARL registers and has been tagged address. Wait until the FWT bit goes low.

Execute a Blank Check operation using the table read instruction to ensure that the erase
operation has successfully completed.

Go to step 2 if the erase operation is not successful.
Go to step 4 if the erase operation is successful.
Set the FMOD field to “000” to select the write operation.

Setup the desired address ADDRI1 in the FARH and FARL registers. Write the desired data
word DATAL1 first into the FDOL register and then into the FDOH register.

Set the FWT bit high to transfer the data word from the write buffer to the flash memory. Wait
until the FWT bit goes low.

Verify the data using the table read instruction to ensure that the write operation has successfully
completed.

If the write operation has not successfully completed, set the CLWB bit high to clear the write
buffer and then go to step 5.

Go to step 8 if the write operation is successful.

Setup the desired address ADDR2 in the FARH and FARL registers. Write the desired data
word DATA?2 first into the FDOL register and then into the FDOH register.

Set the FWT bit high to transfer the data word from the write buffer to the flash memory. Wait
until the FWT bit goes low.

Verify the data using the table read instruction to ensure that the write operation has successfully

completed.

If the write operation has not successfully completed, set the CLWB bit high to clear the write
buffer and then go to step 8.

Go to step 11 if the write operation is successful.

Clear the CFWEN bit low to disable the Flash memory erase/write function.
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Write Flash
Memory

Flash Memory Erase/Write
Function Enable Procedure

Page Erase
FMOD[2:0]=001 -
Set CLWB Bit

Set Erase Page Address
FARH =xxH, FARL=xxH

Write dummy data into FDOH
! (Tag Address)
Tag address
Finish ?

Blank Check with
Table Read instruction

Blank Check
Page Data=0000h ?.

Write
FMOD[2:0]=000

!

Specify Flash Memory Address
FARH=xxH, FARL=xxH

Y
A

Write data to Write Buffer

FDOL=xxH, FDOH=xxH

| FWT=1 | | Set CLWB bit |

e

Yes

Verify data with
Table Read instruction

y

DATA correct ?

Yes

Write Another
Data Word ?

Write another word

No

Clear CFWEN bit

Flash Memory Non-Consecutive Write Procedure

Note: 1. When the erase or write operation is successfully activated, all CPU operations will temporarily cease.
2. It will take certain time for the FWT bit state changing from high to low in the erase or write operation.
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Important Points to Note for Flash Memory Write Operations

1. The “Flash Memory Erase/Write Function Enable Procedure” must be successfully activated
before the Flash Memory erase/write operation is executed.

2. The Flash Memory erase operation is executed to erase a whole page.

3. The whole write buffer data will be written into the flash memory in a page format. The
corresponding address cannot exceed the page boundary.

4. After the data is written into the flash memory the flash memory contents must be read out using
the table read instruction, TABRD, and checked if it is correct or not. If the data written into the
flash memory is incorrect, the write buffer should be cleared by setting the CLWB bit high and
then write the data again into the write buffer. Then activate a write operation on the same flash
memory page without erasing it. The data check, buffer clear and data re-write steps should be
repeatedly executed until the data written into the flash memory is correct.

5. The system frequency should be setup to the maximum application frequency when data write
and data check operations are executed using the IAP function.

Flash Memory Read Procedure

To activate the Flash Memory Read procedure, the FMOD field should be set to “011” to select
the flash memory read mode and the FRDEN bit should be set high to enable the read function.
The desired flash memory address should be written into the FARH and FARL registers and then
the FRD bit should be set high. After this the flash memory read operation will be activated. The
data stored in the specified address can be read from the data registers, FDOH and FDOL, when the
FRD bit goes low. There is no need to first activate the Flash Memory Erase/Write Function Enable
Procedure before the flash memory read operation is executed.

Read Flash
Memory

FMODI[2:0]=011
FRDEN=1

¢

Flash Memory Address:
FARH=xxh, FARL=xxh

!

| FRD=1

S

Yes

A 4

Read value:
FDOL=xxh, FDOH=xxh

Read Finish ?
Yes

| FRDEN=0

Flash Memory Read Procedure

Note: 1. When the read operation is successfully activated, all CPU operations will temporarily cease.
2. It will take a typical time of three instruction cycles for the FRD bit state changing from high to low.
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Data Memory

The Data Memory is a volatile area of 8-bit wide RAM internal memory and is the location where

temporary information is stored.

Categorised into two types, the first of these is an area of RAM, known as the Special Function Data
Memory. These registers have fixed locations and are necessary for correct operation of the device.
Many of these registers can be read from and written to directly under program control, however,
some remain protected from user manipulation. The second area of Data Memory is known as the
General Purpose Data Memory, which is reserved for general purpose use. All locations within this
area are read and write accessible under program control.

Switching between the different Data Memory sectors is achieved by properly setting the Memory
Pointers to correct value when using the indirectly accessing method.

Structure

The Data Memory is subdivided into several sectors, all of which are implemented in 8-bit wide
RAM. Each of the Data Memory Sector is categorized into two types, the special Purpose Data
Memory and the General Purpose Data Memory. The address range of the Special Purpose Data
Memory for the device is from 00H to 7FH while the General Purpose Data Memory address range
is from 80H to FFH.

Special Purpose General Purpose
Data Memory Data Memory
Located Sectors Capacity | Sector: Address
0: 80H~FFH
0: 00H~7FH 1: 80H~FFH
. 512x8 :
1: 40H (EEC only) 2: 80H~FFH
3: 80H~FFH

Data Memory Summary

00H
EEC
: .. 40H in Sector 1
Special Purpose -
Data Memory j
(Sector 0 ~ Sector 1)
7FH
80H
General Purpose
Data Memory
(Sector 0 ~ Sector 3)
Sector 0
FFH ~J _eSCe?:I;or 1 S
| Sector 2 )
Sector 3

Data Memory Structure
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Data Memory Addressing

For the device that supports the extended instructions, there is no Bank Pointer for Data Memory
addressing. The desired Sector is pointed by the MP1H or MP2H register and the certain Data
Memory address in the selected sector is specified by the MP1L or MP2L register when using

indirect addressing access.

Direct Addressing can be used in all sectors using the corresponding instruction which can address
all available data memory space. For the accessed data memory which is located in any data memory
sectors except Sector 0, the extended instructions can be used to access the data memory instead
of using the indirect addressing access. The main difference between standard instructions and

extended instructions is that the data memory address “m” in the extended instructions has 10 valid
bits, the high byte indicates a sector and the low byte indicates a specific address within the sector.

General Purpose Data Memory

All microcontroller programs require an area of read/write memory where temporary data can be
stored and retrieved for use later. It is this area of RAM memory that is known as General Purpose
Data Memory. This area of Data Memory is fully accessible by the user programming for both
reading and writing operations. By using the bit operation instructions individual bits can be set or
reset under program control giving the user a large range of flexibility for bit manipulation in the
Data Memory.

Special Purpose Data Memory

This area of Data Memory is where registers, necessary for the correct operation of the
microcontroller, are stored. Most of the registers are both readable and writeable but some are
protected and are readable only, the details of which are located under the relevant Special Function
Register section. Note that for locations that are unused, any read instruction to these addresses will
return the value “00H”.
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Sector 0 Sector 1 Sector 0 Sector 1
00H IARO 40H EEC
01H MPO 41H PC
02H 1AR1 42H PCC
03H MP1L 43H PCPU
04H MP1H 44H LXTC
05H ACC 45H SIMCO
06H PCL 46H SIMC1
07H TBLP 47H SIMD
08H TBLH 48H SIMC2/SIMA
09H TBHP 49H SIMTOC
0AH STATUS 4AH VBGRC
0BH 4BH TB1C
OCH 1AR2 4CH MFI0
ODH MP2L 4DH MFI1
OEH MP2H 4EH MFI12
OFH RSTFC 4FH SLEDCO
10H INTEG 50H SLEDC1
11H INTCO 51H IFS
12H INTCA1 52H PD
13H INTC2 53H PDC
14H PA 54H PDPU
15H PAC 55H USR
16H PAPU 56H UCR1
17H PAWU 57H UCR2
18H LVDC 58H BRG
19H SCC 59H TXR RXR
1AH WDTC 5AH LVPUC
1BH TBOC 5BH PASO
1CH HIRCC 5CH PAS1
1DH LVRC 5DH PBS0
1EH EEA 5EH PBS1
1FH EED 5FH PCS0
20H SADOL 60H PCS1
21H SADOH 61H PDS0
22H SADCO 62H SLCDCO
23H SADC1 63H SLCDS0
24H SADC2 64H SLCDS1
25H PB 65H SLCDS2
26H PBC 66H PSCOR
27H PBPU 67H PSC1R
28H CTMCO 68H RSTC
29H CTMC1 69H FCO
2AH CTMDL 6AH FC1
2BH CTMDH 6BH FC2
2CH CTMAL 6CH FARL
2DH CTMAH 6DH FARH
2EH CTMRP 6EH FDOL
2FH STMCO 6FH FDOH
30H STMC1 70H FD1L
31H STMDL 71H FD1H
32H STMDH 72H FD2L
33H STMAL 73H FD2H
34H STMAH 74H FD3L
35H STMRP 75H FD3H
36H HXTC 76H
37H PTMCO 77TH
38H PTMC1 78H
39H PTMDL 79H
3AH PTMDH 7AH
3BH PTMAL 7BH
3CH PTMAH 7CH
3DH PTMRPL 7DH
3EH PTMRPH 7EH
3FH CMPC 7FH

. Unused, read as 00H

Special Purpose Data Memory
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Special Function Register Description

Most of the Special Function Register details will be described in the relevant functional section,

however several registers require a separate description in this section.

Indirect Addressing Registers — IARO, IAR1, IAR2

The Indirect Addressing Registers, IARO, IAR1 and IAR2, although having their locations in normal
RAM register space, do not actually physically exist as normal registers. The method of indirect
addressing for RAM data manipulation uses these Indirect Addressing Registers and Memory
Pointers, in contrast to direct memory addressing, where the actual memory address is specified.
Actions on the IARO, IAR1 and IAR2 registers will result in no actual read or write operation to
these registers but rather to the memory location specified by their corresponding Memory Pointers,
MPO, MP1L/MP1H or MP2L/MP2H. Acting as a pair, IARO and MPO can together access data from
Sector 0 while the IAR1 register together with the MP1L/MP1H register pair and IAR2 register
together with the MP2L/MP2H register pair can access data from any Data Memory Sector. As
the Indirect Addressing Registers are not physically implemented, reading the Indirect Addressing
Registers will return a result of “00H” and writing to the registers will result in no operation.

Memory Pointers — MPO, MP1L, MP1H, MP2L, MP2H

Five Memory Pointers, known as MPO, MP1L, MP1H, MP2L, MP2H, are provided. These Memory
Pointers are physically implemented in the Data Memory and can be manipulated in the same way
as normal registers providing a convenient way with which to address and track data. When any
operation to the relevant Indirect Addressing Registers is carried out, the actual address that the
microcontroller is directed to is the address specified by the related Memory Pointer. MPO, together
with Indirect Addressing Register, [ARO, are used to access data from Sector 0, while MP1L/MP1H
together with IAR1 and MP2L/MP2H together with IAR2 are used to access data from all sectors
according to the corresponding MP1H or MP2H register. Direct Addressing can be used in all
sectors using the extended instruction which can address all available data memory space.

The following example shows how to clear a section of four Data Memory locations already defined
as locations adres! to adres4.

Indirect Addressing Program Example

Example 1

data .section ‘data’
adresl db ?
adres2 db
adres3 db
adres4 db
block db
code .section at 0 “code’
org 00h
start:

mov a, 04h

mov block, a

mov a, offset adresl

B I ]

setup size of block

Accumulator loaded with first RAM address

mov mp0, a ; setup memory pointer with first RAM address
loop:
clr IARO ; clear the data at address defined by MPO
inc mpQ ; 1lncrement memory pointer
sdz block ; check if last memory location has been cleared
jmp loop
continue:
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Example 2

data .section ‘data’
adresl db ?
adres2 db
adres3 db
adres4 db
block db
code .section at 0 “code’
org 00h
start:

mov a, 04h

mov block, a

mov a, 0lh

mov mplh, a

mov a, offset adresl

mov mpll, a

B R R )

setup size of block

setup the memory sector

Accumulator loaded with first RAM address
setup memory pointer with first RAM address

loop:
clr IARL ; clear the data at address defined by MP1L
inc mpll ; increment memory pointer MPIL
sdz block ; check if last memory location has been cleared
jmp loop
continue:

The important point to note here is that in the example shown above, no reference is made to specific
Data Memory addresses.

Direct Addressing Program Example using extended instructions
data .section ‘data’

temp db ?
code .section at 0 “code’
org 00h
start:
Imov a, [m] ; move [m] data to acc
Isub a, [m+1] ; compare [m] and [mtl] data
snz ¢ 5 [m]>[m+l]?
jmp continue ; no
Imov a, [m] ; yes, exchange [m] and [m+l] data

mov temp, a
Imov a, [m+1]
Imov [m], a
mov a, temp
Imov [mtl], a
continue:

Note: Here “m” is a data memory address located in any data memory sectors. For example,
m=1FOH, it indicates address OFOH in Sector 1.

Accumulator — ACC

The Accumulator is central to the operation of any microcontroller and is closely related with
operations carried out by the ALU. The Accumulator is the place where all intermediate results
from the ALU are stored. Without the Accumulator it would be necessary to write the result of
each calculation or logical operation such as addition, subtraction, shift, etc., to the Data Memory
resulting in higher programming and timing overheads. Data transfer operations usually involve
the temporary storage function of the Accumulator; for example, when transferring data between
one user-defined register and another, it is necessary to do this by passing the data through the
Accumulator as no direct transfer between two registers is permitted.
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Program Counter Low Byte Register — PCL

To provide additional program control functions, the low byte of the Program Counter is made
accessible to programmers by locating it within the Special Purpose area of the Data Memory. By
manipulating this register, direct jumps to other program locations are easily implemented. Loading
a value directly into this PCL register will cause a jump to the specified Program Memory location,
however, as the register is only 8-bit wide, only jumps within the current Program Memory page are
permitted. When such operations are used, note that a dummy cycle will be inserted.

Look-up Table Registers — TBLP, TBHP, TBLH

These three special function registers are used to control operation of the look-up table which is
stored in the Program Memory. TBLP and TBHP are the table pointers and indicate the location
where the table data is located. Their value must be set before any table read commands are
executed. Their value can be changed, for example using the “INC” or “DEC” instructions, allowing
for easy table data pointing and reading. TBLH is the location where the high order byte of the table
data is stored after a table read data instruction has been executed. Note that the lower order table
data byte is transferred to a user defined location.

Status Register — STATUS

This 8-bit register contains the SC flag, CZ flag, zero flag (Z), carry flag (C), auxiliary carry flag (AC),
overflow flag (OV), power down flag (PDF), and watchdog time-out flag (TO). These arithmetic/logical
operation and system management flags are used to record the status and operation of the microcontroller.

With the exception of the TO and PDF flags, bits in the status register can be altered by instructions
like most other registers. Any data written into the status register will not change the TO or PDF
flag. In addition, operations related to the status register may give different results due to the
different instruction operations. The TO flag can be affected only by a system power-up, a WDT
time-out or by executing the “CLR WDT” or “HALT” instruction. The PDF flag is affected only by
executing the “HALT” or “CLR WDT” instruction or during a system power-up.

The Z, OV, AC, C, SC and CZ flags generally reflect the status of the latest operations.
» Cis set if an operation results in a carry during an addition operation or if a borrow does not take

place during a subtraction operation; otherwise C is cleared. C is also affected by a rotate through
carry instruction.

* AC is set if an operation results in a carry out of the low nibbles in addition, or no borrow from
the high nibble into the low nibble in subtraction; otherwise AC is cleared.

» Zis set if the result of an arithmetic or logical operation is zero; otherwise Z is cleared.

* OV is set if an operation results in a carry into the highest-order bit but not a carry out of the
highest-order bit, or vice versa; otherwise OV is cleared.

* PDF is cleared by a system power-up or executing the “CLR WDT” instruction. PDF is set by
executing the “HALT” instruction.

* TO is cleared by a system power-up or executing the “CLR WDT” or “HALT” instruction. TO is
set by a WDT time-out.

* CZ is the operational result of different flags for different instructions. Refer to register definitions
for more details.

» SC is the result of the “XOR” operation which is performed by the OV flag and the MSB of the
current instruction operation result.

In addition, on entering an interrupt sequence or executing a subroutine call, the status register will
not be pushed onto the stack automatically. If the contents of the status registers are important and if
the subroutine can corrupt the status register, precautions must be taken to correctly save it.
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* STATUS Register

Bit 7 6 5 4 3 2 1 0
Name SC Cz TO PDF ov 4 AC C
R/W R/W R/W R R R/W R/W R/W R/W
POR X X 0 0 X X X X
“x”: unknown
Bit7 SC: The result of the “XOR” operation which is performed by the OV flag and the MSB
of the instruction operation result
Bit 6 CZ: The operational result of different flags for different instructions
For SUB/SUBM/LSUB/LSUBM instructions, the CZ flag is equal to the Z flag.
For SBC/SBCM/LSBC/LSBCM instructions, the CZ flag is the “AND” operation result
which is performed by the previous operation CZ flag and current operation zero flag.
For other instructions, the CZ flag will not be affected.
Bit5 TO: Watchdog Time-Out flag
0: After power up or executing the “CLR WDT” or “HALT” instruction
1: A watchdog time-out occurred
Bit 4 PDF: Power down flag
0: After power up or executing the “CLR WDT” instruction
1: By executing the “HALT” instruction
Bit 3 OV: Overflow flag
0: No overflow
1: An operation results in a carry into the highest-order bit but not a carry out of the
highest-order bit or vice versa
Bit2 Z: Zero flag
0: The result of an arithmetic or logical operation is not zero
1: The result of an arithmetic or logical operation is zero
Bit 1 AC: Auxiliary flag
0: No auxiliary carry
1: An operation results in a carry out of the low nibbles in addition, or no borrow from
the high nibble into the low nibble in subtraction
Bit 0 C: Carry flag

0: No carry-out
1: An operation results in a carry during an addition operation or if a borrow does not
take place during a subtraction operation

The C flag is also affected by a rotate through carry instruction.
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EEPROM Data Memory

This device contains an area of internal EEPROM Data Memory. EEPROM is by its nature a non-volatile
form of re-programmable memory, with data retention even when its power supply is removed. By
incorporating this kind of data memory, a whole new host of application possibilities are made available
to the designer. The availability of EEPROM storage allows information such as product identification
numbers, calibration values, specific user data, system setup data or other product information to be stored
directly within the product microcontroller. The process of reading and writing data to the EEPROM
memory has been reduced to a very trivial affair.

EEPROM Data Memory Structure

The EEPROM Data Memory capacity is 128%8 bits for the device. Unlike the Program Memory and
RAM Data Memory, the EEPROM Data Memory is not directly mapped into memory space and
is therefore not directly addressable in the same way as the other types of memory. Read and Write
operations to the EEPROM are carried out in single byte operations using an address and a data
register in Sector 0 and a single control register in Sector 1.

EEPROM Registers

Three registers control the overall operation of the internal EEPROM Data Memory. These are the
address register, EEA, the data register, EED and a single control register, EEC. As both the EEA
and EED registers are located in Sector 0, they can be directly accessed in the same way as any other
Special Function Register. The EEC register however, being located in Sector 1, can only be read
from or written to indirectly using the MP1L/MP1H or MP2L/MP2H Memory Pointer and Indirect
Addressing Register, IAR1/IAR2. Because the EEC control register is located at address 40H in
Sector 1, the MP1L or MP2L Memory Pointer must first be set to the value 40H and the MP1H or
MP2H Memory Pointer high byte set to the value, 01H, before any operations on the EEC register
are executed.

Register Bit
Name 7 6 5 4 3 2 1 0
EEA — EEA6 EEA5 EEA4 EEA3 EEA2 EEA1 EEAO
EED EED7 EED6 EED5 EED4 EED3 EED2 EED1 EEDO
EEC — EREN ER MODE WREN WR RDEN RD

EEPROM Register List

* EEA Register

Bit 7 6 5 4 3 2 1 0
Name — EEA6 EEA5 EEA4 EEA3 EEA2 EEA1 EEAO
R/W — R/W R/W R/W R/W R/W R/W R/W
POR — 0 0 0 0 0 0 0
Bit 7 Unimplemented, read as “0”

Bit 6~0 EEA6~EEA0: Data EEPROM address bit 6 ~ bit 0

* EED Register

Bit 7 6 5 4 3 2 1 0
Name EED7 EEDG6 EEDS EED4 EED3 EED2 EED1 EEDO
R/wW R/W R/wW R/wW R/W R/W R/wW R/wW R/W
POR 0 0 0 0 0 0 0 0

Bit 7~0 EED7~EEDO0: Data EEPROM data bit 7 ~ bit 0
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* EEC Register

Bit 7 6 5 4 3 2 1 0
Name — EREN ER MODE WREN WR RDEN RD
R/W — R/W R/W R/W R/W R/W R/W R/W
POR — 0 0 0 0 0 0 0
Bit 7 Unimplemented, read as “0”
Bit 6 EREN: Data EEPROM erase enable
0: Disable
1: Enable
This bit is used to enable data EEPROM erase function and must be set high before
erase operations are carried out. This bit will be automatically reset to zero by the
hardware after the erase cycle has finished. Clearing this bit to zero will inhibit data
EEPROM erase operations.
Bit5 ER: Data EEPROM erase control
0: Erase cycle has finished
1: Activate a erase cycle
When this bit is set high by the application program, an erase cycle will be activated.
This bit will be automatically reset to zero by the hardware after the erase cycle has
finished. Setting this bit high will have no effect if the EREN has not first been set high.
Bit 4 MODE: Data EEPROM Operation mode selection
0: Byte operation mode
1: Page operation mode
This is the EEPROM operation mode selection bit. When the bit is set high by the
application program, the Page write, erase or read function will be selected. Otherwise, the
byte write or read function will be selected. The EEPROM page buffer size is 16 bytes.
Bit 3 WREN: Data EEPROM Write Enable
0: Disable
1: Enable
This is the Data EEPROM Write Enable Bit, which must be set high before Data
EEPROM write operations are carried out. Clearing this bit to zero will inhibit Data
EEPROM write operations. Note that the WREN bit will automatically be cleared to
zero after the write operation is finished.
Bit 2 WR: EEPROM Write Control
0: Write cycle has finished
1: Activate a write cycle
This is the Data EEPROM Write Control Bit and when set high by the application
program will activate a write cycle. This bit will be automatically reset to zero by the
hardware after the write cycle has finished. Setting this bit high will have no effect if
the WREN has not first been set high.
Bit 1 RDEN: Data EEPROM Read Enable
0: Disable
1: Enable
This is the Data EEPROM Read Enable Bit which must be set high before Data EEPROM
read operations are carried out. Clearing this bit to zero will inhibit Data EEPROM read
operations.
Bit 0 RD: EEPROM Read Control

0: Read cycle has finished

1: Activate a read cycle
This is the Data EEPROM Read Control Bit and when set high by the application
program will activate a read cycle. This bit will be automatically reset to zero by the
hardware after the read cycle has finished. Setting this bit high will have no effect if
the RDEN has not first been set high.
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Note: 1. The EREN, ER, WREN, WR, RDEN and RD cannot be set high at the same time in one
instruction. The WR and RD cannot be set high at the same time.
2. Ensure that the fsus clock is stable before executing the erase or write operation.

3. Ensure that the erase or write operation is totally complete before changing the contents of
the EEPROM related registers or activating the IAP function.

Read Operation from the EEPROM

Reading data from the EEPROM can be implemented by two modes for this device, byte read mode
or page read mode, which is controlled by the EEPROM operation mode selection bit, MODE, in
the EEC register.

Byte Read Mode

The EEPROM byte read operation can be executed when the mode selection bit, MODE, is cleared
to zero. For a byte read operation the desired EEPROM address should first be placed in the EEA
registers, as well as the read enable bit, RDEN, in the EEC register should be set high to enable the
read function. Then setting the RD bit high will initiate the EEPROM byte read operation. Note that
setting the RD bit high only will not initiate a read operation if the RDEN bit is not set high. When
the read cycle terminates, the RD bit will automatically be cleared to zero and the EEPROM data
can be read from the EED register. The data will remain in the EED register until another read or
write operation is executed. The application program can poll the RD bit to determine when the data
is valid for reading.

Page Read Mode

The EEPROM page read operation can be executed when the mode selection bit, MODE, is set high.
The page size can be up to 16 bytes for the page read operation. For a page read operation the start
address of the desired EEPROM page must first be placed in the EEA register, as well as the read
enable bit, RDEN, in the EEC register should be set high to enable the read function. Then setting
the RD bit high wi