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1. Product Overview

CORERI VERGs AmpCorelOO0O Family is a group
microcontrollers.

The instruction execution of AmpCorel00 Family is max. 3 times faster
than that of traditional 80C52.

V 1 machine cycle = 4 clocks vs. 12 clocks

Additional peripherals of AmpCorel00 Family:
V 12C/SPI/UART /10 -bit ADC/8 -bitPWM/OP -Amp/WDT/LVD/POR.

Two independent high gain operational amplifiers with internal frequency
compensation

Wide operating voltage range for OP -Amp

Single Power Supply / Dual power supply for OP -Amp

Power saving modes

Noise tolerant scheme
Provides User-Friendly MDS environment

Provides Easy-to-Use training -kit system
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1. Product Overview ( Cont 6d)

A. AmpCorel00 Family

broduct Flash | EEPROM| RAM | Vot |Freq.| TIC |comm| | ADC | PwM | OP- | _ Others Available
roduc byte) | (byte) | @yte)| (v |MHz)|aebits)| 10 (bit x ch)| (bit x ch) | Amp d Time
ISP
2.2~55 IiP
Mev) | 1 UART EITAG
AmpCorel00ML40l | 8K (1K) | 512 ouy| 3 |112C|VES10X24 8X14 | 2 40-MLF D Now
.0~32. 1 SPI
w0 | i
P RING
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2. Features (MCU)

E CPU
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V  8-bit turbo 80C52 architecture
V 4 cycles/1 machine cycle
V instruction level compatible with Intel 80C52

8kB FLASH (Including 1kB User EEPROM)
256B Internal Aux. RAM
256B Internal RAM
Operating Voltage : +2.2V ~ +5.5V
Operating Temperature : -40°C ~ 85°C
Operating Frequency

V Max.6MHz @ 3V

Max. Programmable 30 I/O Pins
V' Pulkup control, Open drain, Push-Pull output
V'  Pulkdown control, Open drain, Push-Pull output (P4.7)
V TTL and CMOS compatible logic levels

Low Voltage Detector : + 1.6V

Internal Ring OSC with Calibration function
V Max. 6MHz @ 5.0V
V 4MHz @ 2.7V ~ 5.0V (+/ - 3%)
V 32KHz @ 2.7V (+/-10%) (Low power OSC)
24-channel 10-bit ADC
2-channel differential OP-AMP

Supporting ISP/IAP/MDS
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16-bit Programmable Watchdog Timer
Three 16-bit Timer/Counters
1-channel I12C (Master/Slave)
1-channel SPI (Master/Slave)
1-channel UART

12-channel 8bit high speed PWM for
DIMMING

12 Interrupt Sources
V Timer0/1/2, ADC, WDT, 12C, SPI, UART
V' 4 External Source : both edge/level
V' Two-level interrupt priority
Reset Sources
V'  On-chip power-on-reset
V External reset
V Low voltage detector reset
V Watchdog timer reset
Power Down Wake-up Sources
V Reset Sources +4 External interrupt (Both Levels)

Power Consumption
V active current : Max 1mA @3.3V, 2MHz
V idle current : Max 0.5mA @3.3V, 2MHz
V' stop current : Max 1uA @3.3V (all clock off)

E.S.D. Protection Up to 2,000V
Latch-up Protection Up to °200mA
Package

V' 40-MLF (5mm X 5mm)
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2. Features (OP -Amp)

E Internally Frequency Compensated for Unity
Gain
E Large DC Voltage Gain : 100dB
E Wide Power Supply Rage :
V +3.0V to +32.0V (or & 1.5V to & 16.0V)

E Input Common-mode Voltage Range included
Ground

E Large Output Voltage Swing :
V 0V DCto (Veei 1.5V) DC

E Power Drain Suitable for Battery Operation
Low Input Offset Voltage and Offset Current

E Differential Input Voltage Range equals to
the Power Supply Voltage.

\ m\
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3. Block Diagram
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Pin Configurations
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5. Pin Descriptions

Symbol Direction Description Share Pins
Vop Input Power Supply for MCU -
Vss Input Ground for MCU -
Vee Input Power Supply for ORAmp (Operational Ampilifier)
GND Input Ground for OP-Amp
External Reset
RESET Input The pull-down resistor is turned on at power -on. AP4.7/MDS_SDA
XTAL1 Input Input to the inverting oscillator amplifier AP4.5/MOSI_A/PWM3.7_A
XTAL2 Output Output from the inverting oscillator amplifier AP4.4 ] MISO_A/ PWM3.6_A
EA Input External ROM Access Enable AP4.6 1 MDS_SCL
MDS_SDA | Input/Output | Serial Data Pin for ISP/MDS. AP4.7 /| RESET
MDS_SCL | Input/Output | Serial Clock Pin for ISP/MDS. AP4.6/EA
E An 4-bit open-drain or push-pull I/O port or ADC Inpuit. A _
A P0O.0O A ADCOO : AID converter Input 0.0 AEg-g : 2888'2
PO[3:0] Input/Output A pP0o.1 A ADCO0.1 : A/ID converter Input 0.1 AP0 2 - ADGO 2
A PO. 2 A ADCO0.2 : A/D converter Input 0.2 a. '
: : : put . AP0.3: ADCO.3
A Po0. 3 A ADCO0.3 : A/ID converter Input 0.3
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5. Pin Descriptions ( Cont 6d)

Symbol Direction Description Share Pins
E An 6-bit open-Drain or push-pull I/0 port or ADC Input.
E Note that the output is fully driven (push -pull) when P1 drives PWM1 output.
A P1.0 A T2 : External Input for Timer/Counter 2
A pP1.1 A T2EX : Timer/Counter 2 Capture/Reload Trigger
A P1.4 A INT2 : External Interrupt 2 (Positive Edge)
A P1.5 A INT3 : External Interrupt 3 (Negative Edge)
A P1.0 A ADC1.0 : A/D converter Input 1.0 AP1.0:T2/ADC1.0/PWM1.0
A pP1.1 A ADC1.1 :A/D converter Input 1.1 AP1.1:T2EX/ADCL1.1/PWM1.1
. A pP1.2 A ADC1.2 :A/D converter Input 1.2 AP1.2:ADC1.2/PWM1.2
P1[5:0] | Input/Output A P1.3 A  ADCL3 :A/D converter Input 1.3 AP1.3:ADCL3/PWML3
A P1.4 A ADC1.4 :A/D converter Input 1.4 AP1.4:INT2/ADC1.4/PWM1.4
A P1.5 A ADC1.5 : A/D converter Input 1.5 AP1.5:INT3/ADC1.5/ PWM1.5
A P1.o0 A PWM1.0 : PWM output 1.0
A P1.1 A PWMIL1:PWM outputl.l
A pP1.2 A PWM1.2 : PWM output 1.2
A pP1.3 A PWM1.3 : PWM output 1.3
A P1.4 A PWML4 :PWM output1.4
A P1.5 A PWML5:PWMoutput 1.5
E An 8-bit open-drain or push-pull I/O port or ADC Input.
A P2.0 A ADC20 :A/D converter Input 16 AP2.0: ADC2.0
A P2.1 A ADC21 :A/D converter Input 17 AP2.1:ADC2.1
A pP2.2 A ADC2.2 : A/D converter Input 18 égggﬁgggg
P2[7:0] | Input/Output A pP2.3 A ADC2.3 : A/D converter Input 19 AP2.4 - ADC2.4
A P2.4 A ADC2.4 : A/D converter Input 20 AP25 . ADGC25
A P2.5 A ADC25 :A/D converter Input 21 AP2.6 : ADC2.6
A P2.6 A ADC2.6 : A/D converter Input 22 AP2.7 : ADC2.7
A pP2.7 A ADC2.7 : A/D converter Input 23
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5. Pin Descriptions ( Cont 6d)

Symbol Direction Description Share Pins
E An 6-bit open-drain or push-pull I/O port or ADC Inpuit.
A P3.0 A RXD : UART Serial Port Input
AP3.1 A TXD : UART Serial Port Output
AP3.2 A INTO : External Interrupt Input O
AP3.3 A INT1 : External Interrupt Input 1
AP3.4 A TO : Timer 0 External Input
AP35 A T1 : Timer 1 External Input
A P3.0 A  ADC3.0 :A/D converter Input 24 AP3.0: RXD/ADC3.0 / PWM3.0
A P3.1 A ADC3.1 :A/Dconverter Input 25 ipg-; : TX%// AD%?é-lz // F;\\/,Vv'\l\/glz
. A P3.2 ADC3.2 : A/D converter Input 26 P3.2:INTO/ADC3. :
P3[5:0] | InputOutput A P3.3 2 ADC3.3 : A/D converter InEut 27 AP3.3:INT1/ADC3.3/ PWM3.3
A P3.4 A ADC3.4 :A/D converter Input 28 AP3.4:70/ADC3.4/ PWM3.4
A P3.5 A  ADC3.5 :A/D converter Input 29 AP3.5:T1/ADC3.5/PWM3.5
A P3.0 A PWM3.0 : PWM output 3.0
A P3.1 A PWM3.1 : PWM output 3.1
A P3.2 A PWM3.2 : PWM output 3.2
A P3.3 A PWM3.3 : PWM output 3.3
A P3.4 A PWM3.4 : PWM output 3.4
A P3.5 A PWM3.5 : PWM output 3.5
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5. Pin Descriptions ( Cont 6d)

Symbol Direction Description Share Pins

E An 6-bit open-drain or push-pull I/O port.
A P4.0 A  12C_SDA:I2C Serial Data

APa.1 A 12C_SCL: 12C Serial Clock
AP4.0:SSB/I12C_SDA/RXD_A
AP4.0 A SSB : SPI Slave Select Bar AP4.1:SCLK/12C_SCL/TXD_A
AP4.1 A SCLK : SPI Serial Clock AP4.4: XTAL2 / MISO_A/
P4[7:4] Input/Output AP4.4 A MISO_A : SPI Master Input Slave Output Alternative PWM3.6_A
P4[1:0] APas A MOSI_A : SPI Master Output Slave Input Alternative | AP4.5: XTAL1/MOSI_A/
PWM3.7_A
A P4.0 A RXD_A :UART Serial Port Input Alternative APA4.6: EA/MDS_SCL
A P4a.1 A TXD_A :UART Serial Port Output Alternative APA.7: RESET / MDS_SDA
A P4. 4 A PWM3.6_A : PWM output 3.6 Alternative
A P4.5 A PWM3.7_A : PWM output 3.7 Alternative
ININ Input Negative Voltage Input of OP-Ampl
IN1P Input Positive Voltage Input of OP-Amp1

OuUT1 Output Output of OP-Amp1

IN2N Input Negative Voltage Input of OP-Amp2
IN2P Input Positive Voltage Input of OP-Amp2
ouT2 Output Output of OP-Amp2

@> CORERIVER AmpCore100 Family [12]



6.1. Memory Organization

E User can write the data to FLASH or EEPROM with IAP (IRApplication Programming).

1FFFh 1FFFh
EERPOM
1CO00h
Internal i
Flash Refer to Family Table Refer to Next Slide.
SFR Map) External
______ RAM

FFH,InternaI SFR

i RAM (Only

7Fh | (@il Direct)

80oht Indirect)
Pl 7Fh Internal
(Scratch Pad) RAM
0000h 30h (Indirect o @
2Fh or Direct) 00FFh b
Interrupt Vector 16 x 8 bits (128 bits) 00h External
. RAM
Bit Addressable
Lock Flag 20h 9w WR RD
18h |R0|R1|R2|R3|R4|R5|R6|R7] BANK3 0000h I
. 10h [Ro|R1|R2|R3|R4|R5[R6|R7] BANK2
[ On -chip Program Memory ] 08h [Ro|R1|R2|R3|R4|R5|RE[R7| BANK1
(Read/Write with IAP) 00h |Ro|R1/R2|R3{R4|R5|RE|R7| BANKO _ '
[ On -chip Data Memory ] [ Off -chip Data Memory ]
(Read and Write) (Read and Write)
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6.2. SFR (Special Function Register) Map

Refer to Family Table

-

A=t emmmeae

" Internal FOh
] RAM SFR

! (Only E8h
| ndrecy | Oreed h
80h EO
D8h

Internal
RAM DOh

(Indirect or
Direct) C8h
00h COh
B8h
BOh
A8h
AOh
98h
90h
88h
80h
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Bit addressable

\

I:I : Reserved for future use.

FFh
B |EECNTLD EECNTL | EECNTM EECON| EEAEN| F7h
12CST | 12CCON| 12CCFG | 12CSLA | 12CDAT | 12cscL EFh
ACC PODIR P1DIR P2DIR P3DIR P4DIR ADCR E7h
WDCON| POTYP | PITYP | P2TYP | P3TYP | PATYP | ADCON | ADCSEL| DFh
PSW | POSEL| PISEL | P2SEL | P3SEL | PASEL |ADCENBZADCENB] D7h
T2CON | T2MOD | RCAP2L | RCAP2H TL2 TH2 ADCENBQADCENB] CFh
SPIST PMR | STATUS| OSCICN|oscIcNg  c7h
P | SADEN| ITSEL BFh
P3 EIP IT P4 | SPICON| SPICK | SPIDR | IPH B7h
IE | SADDR PWM1OENPWM1D4| PWM1D5| PWM1D6| PWM1D7|  AFh
P2 EIE PWM1CONPWM1CNTPWM1DO| PWM1D1| PWM1D2| PWM1D3 A7h
SCON | SBUF PWMOOENPWM0D4| PWMOD5| PWMODE| PWMOD7| ~ 9Fh
P1 EXIF |PWMOCONPWMOCNT PWMODO| PWMOD1| PWMOD2| PWMOD3 97h
TCON | TMOD |  TLO TL1 THO TH1 | CKCON |RINGCON  8Fh
PO sp DPL DPH | ALTSEL2| ALTSEL| CKSEL| PCON | 87n
AmpCorel00 Family [14]



6.2. SFR Brief Description

E 80C52 SFR Registers

E Newly added SFR Registers in AmpCore100 Family

Register Name Reset Value Register Name Reset Value
ACC Accumulator 00000000 P4 Port 4 11111111
B B Register 00000000
PSW Program Status Word 00000000 POSEL Port 0 Pull-up Control 11111111
SP Stack Pointer 00000111 P1SEL Port 1 Pull-up Control 00000000

P2SEL Port 2 Pull-up Control 00000000
DPTR Data Pointer (2 bytes) P3SEL Port 3 Pullup Control 00000000
DPL Low byte 00000000 P4SEL Port 4 Pull-up Control 00110000
DPH High byte 00000000
PODIR Port O Input/Output Control 00000000
PO Port 0 11111111 P1DIR Port 1 Input/Output Control 00000000
P1 Port 1 11111111 P2DIR Port 2 Input/Output Control 00000000
P2 Port 2 11111111 P3DIR Port 3 Input/Output Control 00000000
P3 Port 3 11111111 P4DIR Port 4 Input/Output Control 00000000
IP Interrupt Priority Low 10000000 POTYP Port 0 Type Control 11111111
IPH Interrupt Priority High 10000000 P1TYP Port 1 Type Control 11111111
IE Interrupt Enable Control 00000000 P2TYP Port 2 Type Control 11111111
P3TYP Port 3 Type Control 11111111
TCON T/C 0/1 Control 00000000 PATYP  |Port4 Tige Control 11111111
TMOD T/C 0/1 Mode Control 00000000
T2CON T/C 2 Control 00000000 IT Interrupt Type *xxx]117]
T2MOD T/C 2 Mode Selection 00 ITSEL Interrupt Selection **010100
THO T/C 0 High byte 00000000 ALTSEL |Alternative Pin Selection *rrx(010
TLO T/C 0 Low byte 00000000 ALTSEL2 |Alternative Pin Selection2 *0000000
TH1 T/C 1 High byte 00000000
TL1 T/C 1 Low byte 00000000 WDCON | Power Flag and Watchdog Timer Control 01010000
CKCON Watchdog Timer and 4-cycle Switching Control| 111000**
TH2 T/C 2 High byte 00000000 CKSEL | Clock Selection *+00*11
TL2 T/C 2 Low byte 00000000 RINGCON [ RING Calibration Control 01111011
RCAP2H T/C 2 Capture Reg. High byte 00000000 PMR Power Management Control *REXQQ**
RCAP2L T/C 2 Capture Reg. Low byte 00000000 EXIF Added External Interrupt and LVD Control **000101
- EIP Extended Interrupt Priorit 0*00**00
SCON Serial Control 00000000 EIE Extended Interrugt Enablo 0*00**00
SADEN Slave Address Mask Enable 00000000 OSCICN RING Oscillator Control *k%%1 100
SADDR Slave Address 00000000 OSCICN2 | RING Oscillator Control2 okkk ] ok
PCON Power Control 00*10000
CAUTI ON Donét touch bit *. Updating
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6.2. SFR Brief Description

E Newly added SFR Registers in AmpCore100 Family

E Newly added SFR Registers in AmpCore100 Family

@> CORERIVER

AmpCorel00 Family

Register Name Reset Value Register Name Reset Value
I2CST I12C Status 00000000 EECNTLD | EEPROM Program/Erase Count Load (Qrkkiokek
I2CCON 12C Control *0100000 EECNTL |EEPROM Program/Erase Count Low 00000000
12CCFG 12C Configuration ****%0000 EECNTM [EEPROM Program/Erase Count Low 00000000
I2CSLA 12C Slave Address 00000000 EECON EEPROM Control *0*00000
I2CDAT I12C Data 00000000 EEAEN EEPROM Access Enable FRRRE00
12CSCL I12C Clock Scaling 00000000

ADCON ADC Control & ADC Result Low 0010**00

SPIST SPI Status ****0000 ADCR ADC Result High 00000000
SPICON SPI Control *0000000 ADCSEL |ADC Channel Selection Low and MUX Selection 00000000
SPICK SPI SCLK Scaling ***+000 ADCENBO | ADC Channel Enable Bar 0 *x1111
SPIDR SPI Data 00000000 ADCENBL1 | ADC Channel Enable Bar 1 **111111

PR ADCENB2 [ ADC Channel Enable Bar 2 11111111
it Lo S LR PWMO (P1) Control 000**00 ADCENBS | ADC Channel Enable Bar 3 #111111
PWMOCNT PWMO (P1) Count 00000000
PWMOOEN PWMO (P1) Output Enable **000000
PWMODO PWMODO (P1.0) Duty Data 00000000
PWMOD1 PWMODL1 (P1.1) Duty Data 00000000
PWMO0D2 PWMOD2 (P1.2) Duty Data 00000000
PWMOD3 PWMOD3 (P1.3) Duty Data 00000000
PWMO0OD4 PWMO0D4 (P1.4) Duty Data 00000000
PWMOD5 PWMODS5 (P1.5) Duty Data 00000000
PWMOD6 PWMOD6 (P1.6) Duty Data 00000000
PWMOD7 PWMOD7 (P1.7) Duty Data 00000000
PWM1CON PWML1 (P3) Control *000**00
PWMI1CNT PWM1 (P3) Count 00000000
PWM1OEN PWM1 (P3) Output Enable 00000000
PWM1DO PWM1DO (P3.0) Duty Data 00000000
PWM1D1 PWM1D1 (P3.1) Duty Data 00000000
PWM1D2 PWM1D2 (P3.2) Duty Data 00000000
PWM1D3 PWM1D3 (P3.3) Duty Data 00000000
PWM1D4 PWM1D4 (P3.4) Duty Data 00000000
PWM1D5 PWM1D5 (P3.5) Duty Data 00000000
PWM1D6 PWM1D6 (P3.6) Duty Data 00000000
PWM1D7 PWM1D7 (P3.7) Duty Data 00000000

CAUTI ON : Donodét touch bit *. Updating
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6.3. Instruction Set Summary

E Refer to Appendix A (Instruction Set) for more details.

Type Instruction Description Type Instruction Description
ADD Addition CLR Clear bit
ADDC Addition with Carry SETB Set bit
SUBB Subtraction with Borrow CPL Complement bit
Arithmetic INC Increment ANL AND pit
DEC Decrement ORL OR bit
MUL Multiply Boolean MOV Move bit
DIV Divide JC Jump if Carry is set
DA Decimal Adjust JNC Jump if Carry is not set
JB Jump if bit is set
ANL AND JNB Jump if bit is not set
ORL OR ) JBC Jump if bit is set & clear
XRL Exclusive OR
CLR Clear ACALL Absolute Call
onical CPL Complement LCALL Long Call
RL Rotate Left RET Return from Subroutine
RLC Rotate Left with Carry RETI Return from Interrupt
RR Rotate Right AIMP Absolute Jump
RRC Rotate Right with Carry LIMP Long Jump
SWAP Swap Nibbles SIMP Short Jump
Branch JMP Jump with DPTR
MOV Move Data 3z JumS if ACC is zero
MOVC Move Code JINZ Jump if ACC is not zero
MOVX Move Data to Ext. RAM
CJINE Compare and Jump
Data Transfer PUSH PUSH if not equal
POP POP DJINZ Decrement and Jump
XCH Exchange :
. if not zero
XCHD Exchange Lowdigit NOP No Operation

@> CORERIVER
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6.4. CPU Timing

E Instruction timing comparison of the AmpCore100 family and Intel 80C52

XTAL1

IR X nsto X nst1 - X nst2 - X nsts X ><
CORERIVER —— | ' I | I | |
ampcoret0. o8 [ L[ T LT
PORTO >< insTo XapbL X INsT2 XaApbL X Inst2 XaooL K nsts X | X | | X X
I | | I I | 1 | | | | |
PORT2 ADDH_0 >< ADDH_1 >< ADDH_2 >< ADDH_3 >< ' : : ><
| |

1

|

| |

[ [ [ [ [ [
1-byte 1 -machine Cycle Instruction ( 4 clocks )
| | | | | | | |
| | | | | | | |
| | |
| | |

1-byte 1 -machine Cycle Instruction (12 clocks )

SEN iSRS ISshisalis oS TuliS N

s [T T e Lt

80C52 ae [ | : :
PSEN : I I
| | |

|
PORTO :>< ADDL_12 >< INST12 ADDL_21 INST21 ADDL_22 INST22 ><:

PORT2 :>< ADDH_12 >< ADDH_21 >< ADDH_22 ><
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6.4. CPU Timing : Comparison Table

E The Fastest CPU timing in the world

Instruction AmpCorel00 W77C32 DS80C320 87C52
(CORERIVER) (Winbond) (Maxim) (Intel)

MUL AB 12 clock 20 clock 20 clock 48 clock
DIV AB clocks clocks clocks clocks
MOVC A, @A+PC
MOVC A, @A+DPTR 8 clocks 8 clocks 12 clocks 24 clocks
JMP @A+DPTR 8 clocks 8 clocks 12 clocks 24 clocks
RET
RETI 8 clocks 8 clocks 16 clocks 24 clocks
INC DPTR 4 clocks 8 clocks 12 clocks 24 clocks
Others Same Same Same -
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6.5. I/O Ports : PORTO[3:0]

E Open-drain (compatible with Intel 8052) or push -pull output, pull -up control, ADC input.

E The alternative functions are available only when t
V P0.0=SSB_A, I2C_SDA_A, RXD_B, ADC0.0P0.1 = SCLK_A, 12C_SCL_A, TXD_A, ADC0/1P0.2 = ADC0.2/ P0.3 = ADCO0.3

E ReadModify-Write instructions do not read port pin but the port SFR.

V ANL/ ORL/ XRL/ JBC/ CPL/ INC/ DEC/ DINZ/ MOV PX.Y, C CLR PX.Y SETB PX.Y

V POTYPE(B9h) : Port 0 Type Control Register

POTYPE.3 POTYPE.Z POTYPE.X POTYPE.(

RIW(1) RMW(1) RMW(1) R/MW()

. 0 =Push-pull Output / 1 = Open -drain Output (Default)

V PODIR (E1h) : Port O Input/Output Control Register

PODIR.3| PODIR.2| PODIR.1| PODIR.O

R/W(0) R/W() R/MW(0) R/W(0)
. 0 =0Output (Default) / 1 = Input

V POSEL (D1h) : Port 0 Pull-up Control Register

POSEL.3 POSEL.2 POSEL.] POSEL.Q

RIW(1) RMW(1) RMW(1) R/MW()

, 0 =Pull-up resistor ON / 1 = OFF (Default)

V ADCENBO (CER : ADC Channel Enable Bar Register (PO port)

ADCENBO0.3ADCENBO0.3 ADCENB0.1 ADCENBO.

R/W(1) RMW(1) RMW(1) R/W(1)
., 0=ADCO channel ON /1 = ADCO channel OFF (Default)

@> CORERIVER

V PO (80h) : Port 0 Register

P0.3 P0.2 PO.1 P0.0

RIW(1) RMW(1) RMW(1) R/MW()

POTYP.1 POSEL.1
PODIR.1 e
*— [ V
/1 0
CPUBUSHY O ] Po.1
PO.1
SFR

=D

Alternative Output

Digital Input 4—({]—0

ADC Input <«

ADCENBO.1
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he



6.5. 1/0 Ports : PORT1[5:0]

ons are avail abl

e only

when t

V P1.0=T2, PWM1.0, ADC1.0/ P1.1 = T2EX, PMW1.1, ADC1.V P1.2 = PWM1.2, ADC1.2/ P1.3 = PWM1.2, ADC1.3/ P1.4 = INT2,

E Open-drain or push-pull output, pull -up control, ADC input.
E The alternative funct:i

PWM1.4, ADC1.4/ P1.5 = INT3, PWML1.5, ADC1.5
E

ReadModify-Write instructions do not read port pin but the port SFR.

V ANL/ ORL/ XRL/ JBC/ CPL/ INC/ DEC/ DINZ/ MOV PX.Y, C CLR PX.Y SETB PX.Y

V P1TYPE(BAN) : Port 1 Type Control Register

P1TYPE.§P1TYPE4P1TYPE.JP1TYPE.QP1TYPE.JP1TYPE.(

RIW(1) RMW() RMW(1) RMW(1) RMW(1) RMW(L)

. 0 =Push-pull Output / 1 = Open -drain Output (Default)

V P1DIR (E2h) : Port 1 Input/Output Control Register

- - P1DIR.5|P1DIR.4[P1DIR.3|P1DIR.2| P1DIR.1|P1DIR.O

R/W(0) R/W() R/W(0) R/W(O) R/MW(O) R/W(©)
. 0 =Output (Default) / 1 = Input

V P1SEL (D2h) : Port 1 Pull-up Control Register

- - P1SEL.Y P1SEL.4 P1SEL.3 P1SEL.2 P1SEL.YJ P1SEL.Q

R/W(0) R/MW() RMW() R/M(O) RMW(O0) RMW(O)

. 0 =Pull-up resistor ON (Default) / 1 = OFF

VV ADCENB1 (CFH : ADC Channel Enable Bar Register (P1 port)

ADCENB1.§ADCENB1.4 ADCENB1.3ADCENB1.2 ADCENB1.1 ADCENBL.

RW(1) RM(1) RMW(1) RMW(1) RMW(1) RMW(1)

., 0=ADCO channel ON / 1 = ADCO channel OFF (Default)

@> CORERIVER

V P1 (90h) : Port 1 Register

= = P1.5 P1.4

P1.3 P1.2

P11 P1.0

RIW(1) RMW(1) RMW(1) R/MW(1) RMW(1) RMW(L)

P1TYP.1

P1DIR.1

1
1
1
1
1
1
1
1
1
1
1
L—

1 0

CPU BUS+> Q
P1.1
SFR

P1SEL.1

o~

Alternative Output

Digital Input 4—{{]—0

g

ADC Input <

ADCENB1.1

AmpCorel00 Family [21]
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6.5. 1/0 Ports : PORT2[7:0]

m\ m\

The alternative functi

Open-drain or push-pull output, pull -up control, ADC input.

ons are available only when t

V P2.0=ADC2.0/ P2.1=ADC2.1/ P2.2=ADC2.2/ P2.3=ADC2.3/ P2.4=ADC2.4/ P2.5=ADC25/ P2.6 = ADC2.6/ P2.7 =

ADC2.7

E ReadModify-Write instructions do not read port pin but the port SFR.
V ANL/ ORL/ XRL/ JBC/ CPL/ INC/ DEC/ DINZ/ MOV PX.Y, € CLR PX.Y SETB PX.Y

V P2TYPE(BBH) : Port 2 Type Control Register

P2TYPE.1P2TYPE.Q P2TYPE.Q P2TYPE.4 P2TYPE.3P2TYPE.4Q P2TYPE.] P2TYPE.(

RW(1) RMW(1) RMW(1) RMW(@I) RMW(1) RMW(@I) RMW(1) RMW()

, 0 =Push-pull Output / 1 = Open -drain Output (Default)

V P2DIR (E3h) : Port 2 Input/Output Control Register

P2DIR.7| P2DIR.6| P2DIR.5| P2DIR.4| P2DIR.3| P2DIR.2| P2DIR.1| P2DIR.O

R/W(O) R/W() R/W(O) R/W(O0) R/MW(@O) R/MW(O) R/W(O) R/W(O)
. 0 =Output (Default) / 1 = Input

V P2SEL (D3h) : Port 2 Pull-up Control Register

P2SEL.7P2SEL.BP2SEL.5 P2SEL.4 P2SEL.3 P2SEL.ZJ P2SEL.1 P2SEL.d

R/W(0) R/W(0) RW(0) R/MW() RM(0) R/MW(O) RMW(O) R/MW(O)

. 0 =Pull-up resistor ON (Default) / 1 = OFF

V ADCENB2 (D6h) : ADC Channel Enable Bar Register (P2 port)

ADCENB2.1ADCENB2.¢ ADCENB2.3 ADCENB2.4 ADCENB2.3ADCENB2.2 ADCENB2.1 ADCENB2.

RW(1) RMW(1) RMW(1) RMW(1) RMW() RMW(1) RMW(1) R/MW(L)
., 0=ADCO channel ON /1 = ADCO channel OFF (Default)

@> CORERIVER

V P2 (AOh) : Port 2 Register

P2.7 P2.6 P2.5 P2.4 P2.3 P2.2 P2.1 P2.0

RW(1) RMW(1) RMW(1) RMW(@1) RMW(1) RMW(@I) RMW(1) R/MW()

P2TYP.1 P2SEL.1
P2DIR.1 _
*— [ V
/1 0
CPUBUSHY O X] P21
P2.1
SFR

Alternative Output

Digital Input 4—({]—0

ADC Input <«

=D

ADCENB2.1

AmpCorel00 Family [22]
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6.5. I/O Ports : PORT3[5:0]

m\ m\

The alternative functi

Open-drain or push-pull output, pull -up control, ADC input.
ons are avail abl

e only

when t

V P3.0 = RXD, PWM3.0, ADC3.0/ P3.1 = TXD, PWM3.1, ADC3.1/ P3.2 = INTO, PWM3.2, ADC3.2/ P3.3 = INT1, PWM3.3, ADC3.3/
P3.4 =T0, PWM3.4, ADC3.4/ P3.5 =T1, PWM3.5, ADC3.5

E ReadModify-Write instructions do not read port pin but the port SFR.
V ANL/ ORL/ XRL/ JBC/ CPL/ INC/ DEC/ DINZ/ MOV PX.Y, C CLR PX.Y SETB PX.Y

V P3TYPE(BCH : Port 3 Type Control Register

P3TYPE.§P3TYPE.4P3TYPE.3P3TYPE.4 P3TYPE.I P3TYPE.(

RIW(1) RMW(@1) RMW(1) RMW(I) RMW(1) RMW()

. 0 =Push-pull Output / 1 = Open -drain Output (Default)

V P3DIR (E4h) : Port 3 Input/Output Control Register

- - P3DIR.5| P3DIR.4| P3DIR.3| P3DIR.2{ P3DIR.1| P3DIR.0

R/W(0) R/W() R/W(0) R/W(O) R/MW(@O) R/W()
. 0 =Output (Default) / 1 = Input

V P3SEL (D4h) : Port 3 Pull-up Control Register

- - P3SEL.Y P3SEL.4 P3SEL.3 P3SEL.24 P3SEL.Y P3SEL.(Q

RIW(0) R/W(O) RMW(0) R/W(O) RMW() R/W(O)

0 = Pull-up resistor ON (Default) / 1 = OFF

V ADCENB3 (D7h) : ADC Channel Enable Bar Register (P3 port)

ADCENB3.4ADCENB3.4 ADCENB3.3ADCENB3.3 ADCENB3.1 ADCENB3.

RW(1) R/MW(1) RMW(1) RMW(1) RMW() RW(1)
., 0=ADCO channel ON /1 = ADCO channel OFF (Default)

@> CORERIVER

V P3 (BOh) : Port 3 Register

= = P3.5 P3.4

P3.3 P3.2

P3.1 P3.0

RIW(1) RMW(@) RMW(1) RMW(1) RMW(1) R/MW()

P3TYP.1

P3DIR.1

1
1
1
1
1
1
1
1
1
1
1
1
L—

1 0

CPU BUS» Q
P3.1
SFR

P3SEL.1

o~

Alternative Output

Digital Input 4—({]—0

Y

ADC Input <«

ADCENB3.1
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6.5. 1/0 Ports : PORT4[6:4,1:0]

m\ m\

The alternative functi

Open-drain or push-pull output, pull -up control, ADC input.
ons are avail abl

e only

when t he

V P4.0 = SSB, 12C_SDA, RXD_A P4.1 = SCLK,I2C_SCL, TXD_A P4.4 = MISO_A, PWM3.6_A/ P4.5 = MOSI_A, PWM3.7_A/ P4.6 =

EA, MDS_SCL

E ReadModify-Write instructions do not read port pin but the port SFR.

V ANL/ ORL/ XRL/ JBC/ CPL/ INC/ DEC/ DINZ

V PATYPE(BDH) : Port 4 Type Control Register

PATYPE.]PATYPE.q PATYPE.4 PATYPE.4 - - PATYPE.1PATYPE.

RW(1) RMW() RMW(1) R/MW() RIW(1) R/W(1)

. 0 =Push-pull Output / 1 = Open -drain Output (Default)

V P4DIR (E5h) : Port 4 Input/Output Control Register

P4DIR.7| PADIR.6{ PADIR.5| PADIR.4 - - P4DIR.1| P4DIR.O

R/W(0) R/W(O) R/W(O) R/W(0) R/W(0) R/W(0)
. 0=0Output/ 1 = Input (Default)

V P4SEL (D5h) : Port 4 Pull-up Control Register

PASEL.7 PASEL.q PASEL.H P4SEL.4 - - P4SEL.Y P4SEL.Q

RIW(0) R/W(0) RMW(1) R/W() RIW(0) R/W(0)

0 = Pull-up resistor ON (Default) / 1 = OFF

@> CORERIVER

V P4 (B3h) : Port 4 Register

P4.7 P4.6 P4.5 P4.4

P4.1 P4.0

RW(1) RMW(1) RMW(1) R/MW(1)

PATYP.1

P4DIR.1

1
1
1
1
1
1
1
1
1
1
1
1
L—

1 0

CPU BUSH» Q
P4.1
SFR

RIW(1) R/W(1)

PASEL.1

o~

Alternative Output

!

Digital Input <

Z
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6.5. I/O Ports : PORTA4[7]

E Open-drain or push-pull output, pull -up control, ADC input.
E The alternative functions are available only when t
V P4.7 = RESET, MDS_SDA
E ReadModify-Write instructions do not read port pin but the port SFR.
V' ANL/ ORL/ XRL/ JBC/ CPL/ INC/ DEC/ DINZ
V PATYPE(BDH) : Port 4 Type Control Register V P4 (B3h) : Port 4 Register
PATYPE.1P4ATYPE.q PATYPE.§ PATYPE .4 PATYPE.] PATYPE.( P4.7 P4.6 P4.5 P4.4 P4.1 P4.0

RW(1) RMW() RMW(1) R/MW() RIW(1) R/W(1)

. 0 =Push-pull Output / 1 = Open -drain Output (Default)

V P4DIR (E5h) : Port 4 Input/Output Control Register

P4DIR.7| PADIR.6[ P4DIR.5| P4DIR.4 P4DIR.1| P4DIR.O

R/W(0) R/W(0) R/W(0) R/W(0) RIW(0) R/W(0)

. 0=0Output/ 1 = Input (Default)

V P4SEL (D5h) : Port 4 Pull-up Control Register

P4SEL.7

P4SEL.§

P4SEL.Y

PASEL .4

P4SEL.]

P4SEL.

RIW(0) R/W(0) RMW(1) R/W() RIW(0) R/W(0)

0 = Pull-up resistor ON (Default) / 1 = OFF

@> CORERIVER

RW(1) RMW(1) RMW(1) R/MW(1)

RIW(1) R/W(1)

PATYP.7
P4DIR.7 _
q : |:
/1 0
CPU BUSH»>| Q
P4.7
SFR

Alternative Output

QE%@i

Digital Input <« -17'|

AmpCorel00 Family
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6.6. The ESD Structure of Pads

E Two ESD diodes and one ESD resister are contained in all pads except VDD.
E One ESD diode are contained in VDD.

[All pads except VDD] [VDD]
W X « X
<~ <
ATwo ESD Diodes (4, side, Vsg side) AOne ESD Diode (GND side)
AOne ESD Resister AOne ESD Resister
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6.7. LVD (Low Voltage Detector)

E On-chip power-on reset 1.6V V EXIF (91h) : External Interrupt Flag Register
. . . - IE3 IE2 | XT/RG| RGMD| RGSL | BGS
E On-chip power-fail reset 1 1.6V
3 _ o R/W(0) R/W(0) R/W(0) R/MW() R/MW(@O) R/W(1)
E Optional power-fail interrupt  : 2.2V  BGS:  Bandgap Select
0 = LVD Block Off / 1 =LVD Block ON
E Flag Transition V PCON (87h) : Power Control Register
SMOD1| SMODO| - POF | GF1 | GFO PD IDL
PolP POl 2 R/W(0) R/W(0) R/W(1) R/W(0) R/W(0) R/MW(O) R/W(0)
- XA 1 XAl X , POF : Power-off Flag
B 1 1 XA 1 ., PD : Power-down mode bit
- N N XA 1 V WDCON (D8h) : Watchdog & Power Status Register
D XA 1 XA 1 1 WDMOD| POR | EPFI PFI | WDIF [ WTRF| EWT | RWT
" POF is a mitror of POR. R/W(0) R/W(1) R/W(0) R/MW(1) R/MW(0) R/W(O) R/W(@O) R/W()
., POR : Power-on Reset Flag
., EPFI : Enable Powekfail Interrupt
. PFI : Power-Fail interrupt Flag (always 1 @ 3V operation)
PD | BGS
—» POR
LVvD_OF
» POF
LvD |-PORPulse > POR Reset
1.6V 1.6V
POR reset |_ _| EPFEI
2.2V 2.2V PFI Pulsg

PFI Pulse PFI D—> PFI interrupt
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6.8. WDT (Watchdog Timer)

E Detects software upset due to external noise or other causes

E Allows an automatic recovery using WDT interrupt

V CKCON (8Eh) : Clock Control Register V WDCON (D8h) : Watchdog & Power Status Register
WD2 | wD1 | WDO | T2M TiM TOM - - wDMOD| POR | EPFI PFI WDIF | WTRF | EWT | RWT
RW(1) R/MW(1) R/MW(1) R/MW(O) R/MW(O) R/W() RW(0) R/MW(1) R/MW(0) RMW(1) R/MW(O0) R/W(O) R/MW(@O) R/W(O)
. WD[2:0] : WDT Timer Count mode ., WDMOD : WDT mode selection Flag
., POR : Power-on Reset Flag
. EPFI : Power-fail Interrupt Enable
. PFI : Power-Fail interrupt Flag

. WDIF : Watchdog Timer Interrupt Flag
. WTRF :Watchdog Timer Reset Flag. Only cleared by S/W.

., EWT : Watchdog Timer Reset Enable
., RWT : Restart Watchdog Timer
E Watchdog Time-out Values
V Default : WD[2:0] =[1,1,1]
WDMOD=0 Interrupt Time -out Reset Time-out WDMOD=1 Interrupt Time -out .

WD2 | WD1 | WDO (@12MHz) (@12MHz) WD2 | WD1 | WDO (@12MHz) feset Timeout (@12MH2
0 0 0 210 clocks about 85 us 210 + 512 clocks 0 0 0 219 clocks 43.69 ms 219 + 512 clocks
0 0 1 211 clocks 170 us 211 + 512 clocks 0 0 1 220 clocks 87.38 ms 220 + 512 clocks
0 1 0 212 clocks 341 us 212 + 512 clocks 0 1 0 22! clocks 174.76 ms 221 + 512 clocks
0 1 1 213 clocks 682 us 213 + 512 clocks 0 1 1 222 clocks 349.52 ms 222 + 512 clocks
1 0 0 214 clocks 1.365 ms 214 + 512 clocks 1 0 0 223 clocks 699.05 ms 223 + 512 clocks
1 0 1 215 clocks 2.73ms 215 + 512 clocks 1 0 1 224 clocks 1.398s 224 + 512 clocks
1 1 0 216 clocks 5.46 ms 216 + 512 clocks 1 1 0 225 clocks 2.796 s 225 + 512 clocks
1 1 1 217 clocks 10.92 ms 217 + 512 clocks 1 1 1 226 clocks 5.592s 226 + 512 clocks
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6.8. WDT (Watchdog Timer)

E Block Diagram

\ EIE.4
00 EWDT
001 WDCON.3

010 WDIE D—> Interrupt

011
100 512 clocks

*— Del D—ﬂ—> WDT Reset
101 D

110 EWT
11 WDCON.1

27-bit Counter WTRF|«
0 WDCON.2

CLK—"10 10{11|12|13|14|15|16(17| |19]|20|21|22|23]|24|25|26]

RESET 111 WDMOG

RWT 11
WDCON.0 10

WDCON([7]

00 CKCON([7:5]
WD1|WD1|WDO
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6.9. Timer/Counter : Timer 0/1

E Compatible with traditional 80C52 Timer/Counter V CKCON (8Eh) : Clock Control Register
E Time base is selectable by S/W : 4 clocks or 12 clocks WD2 | WD1 | WDO | T2M | TIM [ TOM
RW(1) RMW(1) RMW(1) R/MW(O) R/W(O) R/MW(0)
. Mode| Mode 0 Mode 1 Mode 2 Mode 3 , TIM :Timer 1 Clock Time-base Selection
Timer (M1,M0=00)|(M1,M0=01) (M1,M0=10) (M1,M0=11) T1M=1, Time-base is 4 clocks not 12clocks.
. ., TOM : Timer O Clock Time-base Selection
8-bit T/C . 8'1_)“ T/C_ (TLO) TOM=1, Time-base is 4 clocks not 12clocks.
. . . . . C TimerO interrupt
Timer0 | 13-bit T/C | 16-bit T/C |with automatic reload . ) .
< 8-bit T/C (THO) V TCON (88h) : Timer/Counter 0/1 Control Register
(TLO& THO) 3
C Timerl interrupt
TF1 TR1 TFO TRO IE1 IT1 IEQ ITO
g-bT/c W) RMW(O) RMW(O) RMW(O) RMW(O) RMW(O) RMW©O) RMWQO
Timerl | 13-bit T/C | 16-bit T/C |with automatic reload Halt RIW(O0) RIW(0) RIW(O) RW(O) RMW(0) RMW(0) RW(O) RWO)
(TL2a TH1) ., TF1 :Timer 1 Overflow Flag
., TR1 :Timer 1 Run Control
. TFO :Timer 0 Overflow Flag
- . , TRO :Timer O Run Control
V TMOD (89h) : Timer/Counter 0/1 Mode Control Register " IE1 : External Interrupt 1 Flag
, IT1 :External Interrupt 1 Type Select
CATE| CT | M1 | MO |GATE] ©T | ML | MO Edge Detect (IT1=1). Level Detect (IT1=0)
R/W(0) R/W(O0) R/W(@O) R/W(O) R/W(O) R/W(O) R/W®O) R/W(©O) . IEO :External Interrupt O Flag
; . . . ITO :External Interrupt O Type Select
., Timer[1]: GATE[7], C/T[6], M1:MO0[5:4] :
. Tlmer[O] GATE[3], C/T[Z], MlMO[lO] Edge Detect (ITO:J.) Level Detect (|T0:0)
, GATE :When TRx (in TCON) is set and GATE=1, Timer x will run only . T :
while INTx pin is high (hardware control). When GATE=0, V TLO (8Ah) : Timer/Counter 0 Low Byte Register
Timer x will run only while TRx=1 (software control). TLO.7 | TLO.6 | TLOS | TLO4 | TLO.3 | TLO.2 | TLO.1 | TLO.O
. CIT : Counter or Timer Selector. Cleared for Timer operation . . .
(input from internal system clock). Set for Counter operation V THO (8Ch) : Timer/Counter 0 High Byte Register
(input from Tx input pin). THO.7 | THO.6 | THO.5 | THO.4 | THO.3 | THO.2 | THO.1 [ THO.0
. M1, MO : Mode Selector bits
[0 0] ModeO. 13 -bit T/C. V TL1 (8Bh) : Timer/Counter 1 Low Byte Register
[0 1] Mode 1.16 -bit T/C.
[L 0 Mode2 8 -bit Auto-Reload T/C. TL1.7 | TL16 | TLL5 | TL1.4 | TLL.3 | TLL2 | TLL.1 | TL1L.0
[r 1 ,\(A'Is)iﬂ]eer&l) stopped V TH1 (8Dh) : Timer/Counter 1 High Byte Register
(Timer 0) TLO: 8-bit T/C controlled by the Timer 0 control bits. TH1.7 | TH1.6 | TH1.5 | TH14 | TH1.3 | TH1.2 | TH1.1 | TH1.0

THO: 8-bit T/C controlled by the Timer 1 control bits.
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6.9. Timer/Counter :

Timer 0/1 Mode Description

* Default : F o5d12 (TOM and T1mis each 0.)

-0 CONTROL

- 1
TLx | THx

19 |(5bits)|8bits)[ ] T[> Interrupt

GATE
INTx PIN

[Mode 0]

CONTROL
1
TLx
ovo—,., . TFx [~ Interrupt
TXPIN —cm=1 ki)
1
TRX E
GATE RELOAD
INTX PIN
THx
(8hits)
[Mode 2]

@) CORERIVER

CONTROL

CIT=0
TxM Q TLx | THX
O 910 o [ TFX|—>Interrupt
Qe ! (8bits) |(8bits)
Tx PIN CIT=1 !
1
TRX o
GATE
INTX PIN
[Mode 1]
CONTROL
3 TLO Timer O
To PIN ——— c/r=1 i (8bits) TFo Interrupt
1
TRO
GATE
INTO PIN
CONTROL
Fosc[$1L/121 0 O):/o THO TF1 by Timer 1
1/4 1 ! (8bits) Interrupt
TOM i
TIRIGGEEEE e SR '
[Mode 3(Timer 0 only)]
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6.9. Timer/Counter : Timer 2

E Compatible with traditional 80C52 Timer/Counter 2 function Vv CKCON (8Eh) : Clock Control Register
E Up or down counting selectable by a software WD2 | WD1 | WDO | T2M | TIM [ TOM
E Time base is selectable by S/W : 4 clocks or 12 clocks RIW(L) RIW(L) RIW(L)  RIW(0) RW(0) RIW(O)
., T2M : Timer 2 Clock Time-base Selection
T2M=1, Time-base is 4 clocks not 12clocks.
1. 16-bit Auto-reload 16-bit Timer/Counter . )
[.RCLK+T<2LOK—EOOZP/RL2—O 120E-0) With Automatic Reload V T2MOD (C9h) : Timer 2 Mode Register
o - - (TH2, TL2 ¢ RCAP2H, RCAP2L) . ; ; ] ] . T20E | DCEN

2. 16-bit Capture 16-bit Timer/Counter with Capture R/W(0) R/W(0)

[RCLK+TCLK=0, CP/RL2=1, T20E=0] (RCAP2H, RCAP2E TH2,TL2) _ T20E : Timer 2 Clock Output to P1.0

3. Baudrate Generator Baudrate Generation . DCEN: Timer 2 Down Count Enable
[RCLK+TCLK=1, CP/RL2=X, T20E=X] * Timer 2 Interrupt Disable

V TL2 (CCh) : Timer 2 Low Byte Register

4. Programmable Clock Out
[RCLK+TCLK=X, CP/RL2=0, T20E=1]

Clockout on P1.0 TL2.7 | TL2.6 | TL25 | TL2.4 | TL2.3 | TL2.2 | TL2.1 | TL2.0

R/W(0) RMW(0) R/MW(0) RMW(O) RMW() RMW(O) RMW(0O) RW(O)

V T2CON (C8h) : Timer 2 Control Register W A {ElBh) £ Ry 2 Al (B IRETiEy
TH2.7 | TH2.6 | TH2.,5 | TH2.4 | TH2.3 | TH2.2 | TH2.1 | TH2.0

TF2 EXF2 | RCLK | TCLK | EXEN2| TR2 C/T2 | CP/RL2

T ) O ) Re) e [ R RIW(0) RMW(0) RMW(O) RMW(O) R/MW(O) R/M(@O) RM(@O) RM(O)

. TR2 : Timer 2 Overflow Flag V RCAP2L (CAh) : Timer 2 Capture/Reload Low Byte Register
. EXF2 : Timer 2 External Flag
. RCLK : Receive Clock Flag |RCAP2L.1 RCAPZL.4 RCAPZL.E{RCAPZL.A{ RCAPZL.:+RCAP2L.2* RCAP2L.4RCAP2L.(I
., TCLK : Transmit Clock Flag
., EXEN2 :Timer 2 External Enable Flag RIW(©)  RW(0) RIW(O) RW(0) RW(O) RMW(©) RW() RW(O)
., TR2 : Timer 2 Run Control - ] g
, CIT2 : Timer or Counter Selection. If C/T2=0, Timer Operation. ¥ R (G § Vel 2 CRgimEiRe eee | g S REgsiEy
. CP/RL2 :Capture/Reload Flag. |RCAP2H.*RCAP2H.1+RCAP2H.+RCAP2H4RCAP2H.#RCAsz.J{RCAsz.1RCAP2H.*
CP/RL2=0, Reload. (TH2,TL2)¢ (RCAP2H, RCAP2L)
CP/RL2=1, Capture. (RCAP2H, RCAP2L§ (TH2,TL2) R/W(0) R/W(0) R/W(O) RMW(O) RMW(O) RW(O) RW(0O) RW(©O)
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6.9. Timer/Counter : Timer 2 Mode Description

FOSC 1/ 12 0
14 2

T2M
T2 PIN —= C/m2=1

CONTROL
C/T2=0 | Overflow

:o—| TL2 | TH2 H TF2

Capture

Transition
Detection CONTROL

[ RcAP2L] RCAP2H Timer 2

| Interrupt
T2EX PIN— \_ —o):/o—c
EXEN2
[Capture Mode]
(Down Counting Reload Value)
[ oFFh | oFFh | Toggle
Fosche11/12 0 C/T2=0
X >< EXF3
1/4
CONTROL
T2M '
__ 9 Overflow
T2 PIN e 4
Timer 2
Interrupt
[RCAP2Ll RCAP2H 4
(Up Counting Reload Value) Count
Direction
1=UP
0=Down
T2EX PIN
[Auto Reload Mode (DCEN=1)]

FOSC 1/12 0

CONTROL
CIT2=0 1

T2M Overflow

y Timer 2
Interrupt

Transition
Detection CONTRO

TF2
T2EXPIN— \_|—o'o—e e

EXEN2

[Auto Reload Mode (DCEN=0)]

CONTROL
Fosc[1.1/2 T TL2 | TH2 |
i TR2
b C/T2 RCAP2|=I RCAPZI;'
CONTROL
T2 — o)'/c
(P1.0) 2] !
Transition T20E
_\_Detection CONTROL (T2MOD.1)
T2EX = Timer 2
O
(P1.2) : EXE Interrupt

EXEN2

[Clock -Out Mode]
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6.9. Timer/Counter : Timer 2 Mode Description

Timer 1
Overflow

12 CONTROL

& C/T2=0 | ) @
o—o70 TH2 p
T2 PIN —— crm2=1 . - % RCLK
10 1/16 RX Clock
Reload O

B TCLK

RCAPZI;I RCAPZI;I

TX Clock

Transition

_\_Detection CONTROL
1
T2EX e Timer 2
o
(P1.2) : EXE Interrupt
EXEN2

[Baudrate Generator Mode]
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6.9. Timer/Counter : Timer 2 Mode Description

(oSG 172 ] CONTROL
Lcme=0
oTo— TL2 | TH2 |

O
T2PIN — crmo=1 !
1
TR2
BDEN
UART RXD

Transition

_\_Detection CONTROL
1

UART RXD oo EXE ULt 2
i Interrupt

EXEN2

[Baud Rate Detector Mode (BDEN = 1)]

E Support for Baud Rate Detection (T2MOD_BDEN is set)
V' Counter runs when TR2 is set and the RXD input of UART is low.
V  Counter runs with OSC/2 like Baud Rate Generation.
V EXF2is set at falling edge of RXD if EXENZ2 is set.
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6.10. UART

E Function-level compatible with traditional 80C52 UART.
E Automatic address recognition : Multiprocessor
communication.
Data Size Baudrate
Mode O | 8 bits |8 data bits 1/4 x Oscillator Clock
Start bit(0) 1/32 x Timer 1 Overflow (SMOD1=0)
Mode 1 | 10 bits |8 data bit 1/16 x Timer 1 Overflow (SMOD1=1)
Stop bit(1) 1/16 x Timer 2 Overflow Rate
Start bit(0)
.| 8 data bit 1/32 x Oscillator Clock (SMOD1=0)
Mode 2 | 11 bits . .
Programmable bit | 1/16 x Oscillator Clock (SMOD1=1)
Stop bit(1)
:tj:t:i(:) 1/32 x Timer 1 Overflow (SMOD1=0)
Mode 3 | 11 hits . |1/16 x Timer 1 Overflow (SMOD1=1)
Programmable bit .
. 1/16 x Timer 2 Overflow Rate
Stop bit(1)

V The Timer 1 Overflow varies with CKCON register.
C 12 clocks time-base or 4 clocks time-base.

@> CORERIVER

V PCON (87h) : Power Control Register

SMOD1| SDMOO0 - POF GF1 GFO0 PD IDL
R/W() R(0) RIW(1) R/W(0) R/W(O) R/W(@O) R/MW()
., SMOD1 :Timer 1 baudrate double in UART mode 1, 2, and 3
., SMODO Enabl e SMO access. Donodt
VV SCON (98h) : Serial Port Control Register
SMO SM1 SM2 REN TB8 RB8 TI R

RIW(O) RMW(O) RMW(O) R/W(O) R/W(0)

RIW(O) RMW() R/W(0)

., SMO, SM1 : Serial Port Operating Mode Selection

. SM2

. REN
. TB8
. RB8

T
Rl

: Enable the Automatic Address Recognition in Mode 2 and 3.

[0,0] : Mode 0. 8 -bit Shift Register (OSC/4)

[0,1] : Mode 1. 8 -bit UART (Variable)
[1,0] : Mode 2. 9 -bit UART (OSC/32 or OSC/16)
[1,1] : Mode 3. 9 -bit UART (Variable)

Cleared after receiving the address.
In Mode 1, the validity of a Stop Bit is checked if SM2=1.
In Mode 0, SM2 should be 0.

: Enable/Disable Reception.

: 9th data bit that will be transmitted in Mode 2 and 3.
: 9th data bit that was received in Mode 2 and 3.
In Mode 1, RB8 is equal to Stop Bit if SM2=0.

In Mode 0, RB8 is not used.

: Transmission Interrupt Flag. Must be cleared by S/W.

: Reception Interrupt Flag. Must be cleared by S/W.

V SBUF (99h) : Serial Data Buffer Register

SBUF.7

SBUF.6

SBUF.5

SBUF.4

SBUF.3

SBUF.2

SBUF.1

SBUF.0

RIW() R/W(0) R/W(0) R/W(0) R/W()

R/W(0) R/MW(0) R/MW(0)

. The transmission buffer and the reception buffer are separated.
. The transmission/reception buffers have the same address.

AmpCorel00 Family
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6.10. UART : Baudrate Example

E Serial Port Operating Mode 0 E Serial Port Operating Mode 1, 3
Baudrate = Oscillator Frequency V Using Timer 1 Overflow
4 2SMOD1 .
Baudrate = ————— X Timer 1 overflow
. . . 32
E Serial Port Operating Mode 2
S 2smob1 €«———— PCON.7 V Using Timer 2 Overflow
audrate = ——— ;
32 X Oscillator Frequency Timer 2 overflow
Baudrate =
16
EX) Using Timer 1 to Generate Baudrates
2SMOD1 3TIM 1 Alf SMOD1(PCON.7) = 1(:: Double Buadrate
Mode 1 & 3 Baudrate = ———— X Fyge X X —_—— Alf TIM(CKCON.3) =0 C Fygc/ 12
Ee 12 [256 7 (THI)]  AIfTIM(CKCON.3)=1 € Fogc/4
EX) Using Timer 2 to Generate Baudrates
1 1
Mode 1 & 3 Baudrate = X Fose X
32 [65536 i (RCAPH,RCAPL) ]
Baudrate UART Timer 1
Fosc SMOD1
T1M=0 TiM=1 Mode CIT Mode | Reload Value (TH1)
Max : 3 MHz Max : 3 MHz Mode 0 12 MHz X X X X
Max : 750 KHz |Max : 750 KHz Mode 2 12 MHz 1 X X X
62.5 KHz 187.5 KHz 12 MHz 1 0 2 FFh
19.2 KHz 57.6 KHz 11.0592 MHz 1 0 2 FDh
9.6 KHz 28.8 KHz 11.0592 MHz 0 0 2 FDh
4.8 KHz 14.4 KHz 11.0592 MHz 0 0 2 FAh
2.4 KHz 7.2KHz| Mode1 &3 11.0592 MHz 0 0 2 F4h
1.2 KHz 3.6 KHz 11.0592 MHz 0 0 2 E8h
137.5 Hz 4125 Hz 11.0592 MHz 0 0 2 1Dh
110 Hz 330 Hz 6 MHz 0 0 2 72h
110 Hz 330 Hz 12 MHz 0 0 1 FEEBh
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6.10. UART : Mode 0, Functional Diagram

Internal BUS
TB8
Write to o
SBUF S 'S
Nal Q SBUF 4~D_> .
A
CL P3.0ALT
y YVYYVYY OUTPUT
Zero Detector EUNCTION
v |
p| START SHIFT
TX CONTROL
S4 M TX CLOCK Tl SEN )
(Fosc/ 4) TXD
Serial Port P3.1 ALT
Interrupt Shift OUTPUT
Clock FUNCTION
REN » RX CLOCK RI RECEIVH_
= :D » s7arT RXCONTROL o\t
11111110
YVYVYHN ¥ ¥ AR A
Input Shift Register RXD
C P3.0ALT
. INPUT
Load SBUF >‘:\ 2 Shift FUNCTION
SBUF
Read SBUF =S Z
Internal BUS
@) CORERIVER AmpCore100 Family [38]



6.10. UART : Mode 0, Timing Diagram

[Transmit]
S4|Sl s2 s3 S4|Sl s2 s3 S4|Sl s2 s3 S4|Sl s2 s3 S4|Sl s2 s3 S4|Sl s2 s3 s4|51 s2 s3 S4|Sl s2 s3 S4|Sl s2 s3 s4|51 s2 s3 54|
ALE [ ] [
Write to SBUF [
SEND
Shift [ [ [ [ [ [ [ [
RXD (Data Out) \_ DO X D1 X D2 X D3 X D4 X D5 X D6 X D7 _Y
TXD (Shift Clock) +|1|}||||||||||||||
TI S2 sS4 —
[Receive]
PEZEE
R |
Receive
Shift [ [ [ [ [ [ [ []
RXD (Data Out) (D0 biL D2 D3 D4 DS D6 D7

TXD (Shift Clock) I O D
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6.10. UART : Mode 1, Functional Diagram

Timer 1
Overflow

T2CON.4

T2CON.5

@> CORERIVER

TCLK ---

Internal BUS
Timer 2 B8
Overflow Write to e
SBUF 5 IS
S 1°°Q SBUF
A
CL A YYYYVYYVYY
Zero Detector
1 . T
°— » START SHIFT DATA
TX CONTROL SENI
1 {116 —Tx cLock TI
o_ .
- Serial Port
Interrupt T
”
A
v Sample 32 4 4 l —
1-t0-0 RX CLOCK RI SBUF >
Transition > START RX CONTROL
Detector 1FFh SHIFT
W T ]
Bit Detector V4
RXD L |Input Shift Register J

Shift

(9 bits)
A
Load SBUF |
SBUF
Read SBUF =S Z

Internal BUS

TXD

AmpCorel00 Family
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6.10. UART : Mode 1, Timing Diagram

[Transmit]
TX Clock | | | | | | | | | | | | | |
Write to SBUF |
s1
SEND | v |
Data | |
Shift | | | | | | | | |
TXD \starthit / D0 X D1 X D2 X D3 X D4 X D5 X D6 X D7 )Y sStophit
Tl l
[RLeive]— /16 Reset
RX CLOCK __| | Ill | | | | | | | | | | |
RXD [starthit / DO X D1 X D2 X D3 X D4 X D5 X D6 X D7 Y stophit
Sample Times W W W W W W W W W
Shift | | | | | | | | | | |

RI |

@> CORERIVER AmpCore100 Family [41]



6.10. UART : Mode 2, Functional Diagram

Internal BUS
TB8
E Write to
osc SBUF —
»D SQ SBUF
y TXD
1/2 CL A YYVYYVYYND
) Zero Detector
1/2
0 o
— y 1
SMob - gggTBlT SHIFT DATA
(SMOD is PCON.7) TX CONTROL ——
TX CLOCK 71 SEN
Serial Port:
Interrupt /16
A
v Sample A A A 4 —
1-t0-0 RX CLOCK RI SBUH——
Transition P START RX CONTROL
Detector 1FFh SHIFT
W 1]
Bit Detector V4
RXD L |Input Shift Register J
(9 bits)
A
Load SBUF » Shift
SBUF
Read SBUF %‘ E
Internal BUS
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6.10. UART : Mode 2, Timing Diagram

[Transmit]

TX Clock

Write to SBUF

SEND
Data
Shift

TXD
TI

Stop bit Gen.

[Receive]

RX CLOCK

RXD

Bit Detector
Sample Times

Shift

RI

@> CORERIVER

Il

A
S1
| | | | | | | | |
\starthit / D0 X D1 X D2 X D3 X D4 X D5 X D6 X D7 X TB8 Y Stophit
—
—

/16 Reset

Ill | | | || | | | | | | |

Istarthit / D0 X D1 X D2 X D3 X D4 X D5 X D6 X D7 X RB8 )Y Stophit

m—m—mmmm Mmoo mm

| || | | | | | | | | |
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6.10. UART : Mode 3, Functional Diagram

Internal BUS
Timer 1 Timer 2 Uk
Overflow Overflow .
Write to ®
SBUF 5 Is
Nal Q SBUF
y TXD
SMOD -------- CL Y Y YV VYY YN
Zero Detector
1 A 4 T
oLk - &) » START SHIFT DATA
TX CONTROL ——
T2CON.4 T {116 —Tx cLock 71 SEN
o— .
RCLK --=---- - Serial Port:
T2CON.5 nite i 3 =WI1
A
v Sample A A A 4 —
1-t0-0 RX CLOCK RI SBUH—
Transition P START RX CONTROL
Detector 1FFh SHIFT
W T
Bit Detector V4
RXD L |Input Shift Register J
(9 bits)
A
Load SBUF » Shift
SBUF
Read SBUF %‘ E
Internal BUS
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6.10. UART : Mode 3, Timing Diagram

[Transmit]

TX Clock

Write to SBUF

SEND
Data
Shift

TXD
TI

Stop bit Gen.

[Receive]

RX CLOCK

RXD

Bit Detector
Sample Times

Shift

RI

@> CORERIVER

Il

A
S1
| | | | | | | | |
\starthit / D0 X D1 X D2 X D3 X D4 X D5 X D6 X D7 X TB8 Y Stophit
—
—

/16 Reset

Ill | | | || | | | | | | |

Istarthit / D0 X D1 X D2 X D3 X D4 X D5 X D6 X D7 X RB8 )Y Stophit

m—m—mmmm Mmoo mm

| || | | | | | | | | |
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6.11. PWMA (PWM Arrays)

E PWMA

V Two 8-bit PWM generation with 6 & 8 modules (Compatible to M1.0A 8-bit mode)
V PWM Data buffer Update (8-bit Counter Overflow Update)
V PWM Counter can be cleared by S/W.

V PWM is stopped or started (resumed) by S/W.

\ 4

MODULEO

—X] P1.0/PWM1.0

v

MODULE1

—>] P1.1/PWM1.1

v

MODULE2

—X P1.2/PWM1.2

PWMO Counter

\ 4

MODULE3

—X] P1.3/PWM1.3

v

MODULE4

—> ] P1.4/PWM1.4

@> CORERIVER

\ 4

MODULE5

—X] P1.5/PWM1.5

v

MODULEO

—>J P3.0/ PWM3.0

v

MODULE1

— ] P3.1/PWM3.1

\ 4

MODULE2

—X] P3.2/PWM3.2

PWM1 Counter

v

MODULES3

— ] P3.3/PWM3.3

\4

MODULE4

—> ] P3.4/PWM3.4

\ 4

MODULES

— ] P3.5/PWM3.5

\ 4

MODULEG6

—> ] P3.6/ PWM3.6

\ 4

MODULE7

—> ] P3.7 / PWM3.7
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6.11. PWMA : Block Diagram

[PWM Counter]

CPS2, Overflow
Fosc —p|
CPS1, CPSO o) o > PWMCNT »PWMOVF PWMA Interrupt

[PWM Module 0]
PWMOEN.O
A | PWMOEN.O |
—» PWM =
Com Pulse PWM1.0 (P1.0)
aratoFr) Generatiory l/
PWMDO PWMDO Buffer
CPU Write Date CPU Read Date
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6.11. PWMA : PWMAO SFR

V PWMOCON (92h) : PWMA CHO Control Register V PWMOOEN (9Bh) : PWMA CHO Module Output Enable
CPS2 | CPS1 | CPSO - - PWMOVIFPWMEN - - OE5 OE4 OE3 OE2 OE1l OEO
R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W() R/MW(O0) R/MW(0) R/MW(O) R/W()
., CPS2, CPS1, CPSO : PWMA counter frequency selection. ., OE5 : Module 5 PWM output enable
[0,0,0] =F ogc/ 1 ; Default . OE4 : Module 4 PWM output enable
{823} - 'E OSC;i . OE3 : Module 3 PWM output enable
e O%¢ . OE2 : Module 2 PWM output enable
[0,1,1]=F o5/ 8
_ , OE1 : Module 1 PWM output enable
[1,0,0] = F osc/ 16
. OEO : Module 0 PWM output enable

[1,0,1] = F osc/ 32
[1,1,0] = F ogc/ 64
[1,1,1] = F s/ 128

. PWMOVF : PWMA counter overflow flag.
Set by hardware and cleared by software.
PWMOVF flags an interrupt.

., PWMEN : PWMA counter run control hit.

[0] = Stop the PWMA counter.
[1] = Run the PWMA counter.

V PWMOCNT (93h) : PWMA CHO Counter Register

CNT7 | CNT6 [ CNT5 | CNT4 | CNT3 [ CNT2 | CNT1 | CNTO

R/W(0) RMW(0) R/MW(0) R/W(O) RMW() R/W(O) RMW(@O) R/W(O)

, Software can write this register for the initialization of the counter.
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6.11. PWMA : PWMAO SFR

V PWMODO (94h) : PWMA CHO Duty Data Register of Module 0

| PWMD.7| PWMD.6| PWMD.5| PWMD.4| PWMD.3| PWMD.2| PWMD.1| PWMD.Ol

R/W(0) R/MW(0) R/MW(0) R/MW(O) RMW() R/W(O) RMW(@O) R/W(O)

. Each Module has a internal buffer register for the duty data register.

The buffer register is updated with the new data
whenever the PWMA counter rolls over.

When user write, the data register is written.

When user read, the contents of buffer register is read out.

V PWMOD1
V PWMOD2
VvV PWMOD3
V PWMOD4
VvV PWMOD5
V PWMOD6
vV PWMOD7

(95h) :
(96h) :
(97h) :
(9Ch) :
(9Dh) :
(9Eh) :
(9Fh) :

PWMA CHO Duty Data Register of Module 1
PWMA CHO Duty Data Register of Module 2
PWMA CHO Duty Data Register of Module 3
PWMA CHO Duty Data Register of Module 4
PWMA CHO Duty Data Register of Module 5
PWMA CHO Duty Data Register of Module 6
PWMA CHO Duty Data Register of Module 7

@) CORERIVER

(Cont 6d)
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6.11. PWMA : PWMA1 SFR

V PWM1CON (A2h) : PWMA CH1 Control Register V PWM1OEN (ABh) : PWMA CH1 Module Output Enable
CPS2 | CPS1 | CPSO - - PWMOVIFPWMEN OE7 OE6 OE5 OE4 OE3 OE2 OE1l OEO
R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W() R/MW(0) R/W(0) R/MW(O0) R/MW(O) RMW(@O) R/MW(@O) R/W(O)
., CPS2, CPS1, CPSO : PWMA counter frequency selection. ., OE7 : Module 7 PWM output enable
[0,0,0] =F ogc/ 1 ; Default . OE6 : Module 6 PWM output enable
{823} - 'E OSC;i . OE5 : Module 5 PWM output enable
[0'1'1] _ = OSC/ 8 . OE4 : Module 4 PWM output enable
1= - oscC
[1,0,0] = F /16 ., OE3 : Module 3 PWM output enable
1 - oscC
[1,0,1] = F /32 ., OE2 : Module 2 PWM output enable
1 - oscC
[1,1,0] = F ogc/ 64 ., OEl : Module 1 PWM output enable
[1,1,1] = F osc/ 128 ., OEO : Module 0 PWM output enable

. PWMOVF : PWMA counter overflow flag.
Set by hardware and cleared by software.
PWMOVF flags an interrupt.

., PWMEN : PWMA counter run control hit.

[0] = Stop the PWMA counter.
[1] = Run the PWMA counter.

V PWMI1CNT (A3h) : PWMA CH1 Counter Register

CNT7 | CNT6 [ CNT5 | CNT4 | CNT3 [ CNT2 | CNT1 | CNTO

R/W(0) RMW(0) R/MW(0) R/W(O) RMW() R/W(O) RMW(@O) R/W(O)

, Software can write this register for the initialization of the counter.
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6.11. PWMA : PWMA1 SFR

V PWM1DO0O (A4h) : PWMA CH1 Duty Data Register of Module 0

| PWMD.7| PWMD.6| PWMD.5| PWMD.4| PWMD.3| PWMD.2| PWMD.1| PWMD.Ol

R/W(0) R/MW(0) R/MW(0) R/MW(O) RMW() R/W(O) RMW(@O) R/W(O)

. Each Module has a internal buffer register for the duty data register.

The buffer register is updated with the new data
whenever the PWMA counter rolls over.

When user write, the data register is written.

When user read, the contents of buffer register is read out.

V PWM1D1
V PWM1D2
VvV PWM1D3
V PWM1D4
V PWM1D5
V PWM1D6
V PWM1D7

(A5h) :
(A6h) :
(A7h) :
(ACh) :
(ADh) :
(AEh) :
(AFh) :

PWMA CH1 Duty Data Register of Module 1
PWMA CH1 Duty Data Register of Module 2
PWMA CH1 Duty Data Register of Module 3
PWMA CH1 Duty Data Register of Module 4
PWMA CH1 Duty Data Register of Module 5
PWMA CH1 Duty Data Register of Module 6
PWMA CH1 Duty Data Register of Module 7

@) CORERIVER

(Cont 6d)
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6.11. PWMA : Pulse Generation Example

Clock Count Clock Count Clock Count Clock Count Clock Count
000h 100h 200h 300h 400h
I I I I I
I I I I :
s IEannnannisaniinal
(Fosd1)
I I I I I
I I I I I
PWM Out | | | | |
(PWMxDy = 00h) | Low | | | |
i i i i i
I I I I I
I I I I I
I I I I I
PWM Out | 1 Clock Cycle I I I I
I
(PWMxDy = 01h) T ﬂ ﬂ ﬂ I
| O O O (O
I I I I I
I I I I I
I I I I I
PWM Out | I | I I

[
»

A

(PWMxDy = 80h)

(50% Duty)

1 Clock Cycle

PWM Out
(PWMxDy = FFh)

a1

S I
S I
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6.12. 12C : SFR

E  Two-wire Interface V 12CDAT (ECh) : 12C Address / Data Register
E  Master or Slave Operation
. ) ) ) MDAT.7| MDAT.6| MDAT.5| MDAT.4| MDAT.3| MDAT.2| MDAT.1| MDAT.O
E  Transmitter or Receiver Operation
E  100Kbps (Min. Fosc = 1IMHz), 400Kbps (Min. Fosc = 4MHz) RIW(©)  RIW(0) RIW(O) RIW(0) RW(O) RW(O) RW(0) RW(O)
E  7bits / 10bits (Extended 15bits) Address Mode
E  Transfer Wait State V I2CCFG (EAh) : 12C Configuration Register
E  Fully Programmable Slave Address ' g g
E  SDA/SCL Schmititrigger input - - - - MSSEL| ADSEL| SP_IE | GCE
E 256 Programmable Bit Rates RIW() R/W(0) R/M(0) R/W(0)
E Wakeup from- lDLE. mOde . MSSEL :I12C Master/Slave Mode Selection
E  Compatible with Phillips 12C protocol [0] : Slave mode [1] : Master mode
., ADSEL : 7-bit / 10 -bit Address Mode Selection in Slave mode
[0] : 7 -bit mode [1] : 10 -bit mode
' ., SP_IE : Start/Stop Interrupt Enable
V EIE (Alh) : Extended Interrupt Enable Register [0] : Start/Stop Interrupt Disable  [1] : Start/Stop Interrupt Enable
., GCE : General Call Enable in Slave mode
ESPI _ El2C | BWDT ' i} EX3 EX2 [1] : Respond to the general call address (0x00)
R/W(0) R/W(0) R/W(0) R/W(0) R/W(0)
. El2C . 12C Interrupt Enable V I2CSCL (EDh) : 12C SCL Clock Scaler
MSCL.7| MSCL.6| MSCL.5| MSCL.4| MSCL.3| MSCL.2| MSCL.1| MSCL.0
V I2CSLA (EBh): 12C Slave Address Register R/W(0) R/W(0) R/W(0) R/W(0) R/W(O) R/MW(0O) R/MW(0O) R/W(0)
SLA1.7 | SLA1.6 | SLAL5| SLA1.4| SLA1.3| SLA1.2 | SLAL.1| SLA1.0 . MSCL[7:0] : Frequency scaler of I°C Master

R/W(0) R/W(0) R/W(0) R/MW(O) R/MW(O0) R/W(O) R/MW(@O) R/W(Q) i = sl @7 LSRN < 2]

. SLA[7:0] :12C Slave Address Register.
In 7-bit address mode and in 10-bit address mode (1%t SLA),
12C_SLA[7:1] is used for matching address and 12C_SLA[0] is masked.
In 10-bit address mode (2™ SLA),
12C_SLA[7:0] is used for matching address.
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6.12. 12C : SFR

(Cont 6d)

V I2CCON (ESh) : 12C Control Register

- SLA2MH SCLHD| LASTB| PGEN | SGEN (I2CIOEN| 12CEN

RIW(0) R/W() RMW(0) R/MW(O) RMW(@O) R/W(O) RW(O)

V 12CST (E8h) : | 2C Status Register

12CIF | 12COF [ I2CACK]| I2CRW | I2CDA | 12CP 12CS | 12CBF

RW(0) RMW(@© R(@© R() R@ RO R(@© R(0)

. SLA2ME : 2" Byte Slave Address Match Enable in Slave mode , 12CIF . 12C Master Interrupt Flag in slave & master mode.
[0] : 2 d Byte SLA Match Disable [1]: 2 "d SLA Byte Match Enable [0] : Idle [1] : Interrupt occurred.

. SCLHD Hol d SCL o6l owd for Wait St at eltisiseteathltimevachytanoreceived or transmitted.

[ 0] Hol d SCL o6l owd. The fl ag i s cl elfasSP dHflaganu2CoGR@ SARdsadt, it g sebay Stalrt/Stup condition.
[ 1] Rel ease SCL o6floatd. The f | ag iTheflagasset byyH/\WsahdXleared by S/W.

. LASTB : Indicate last byte in Master Receiver mode. . 12COF : 12C Overflow Flag in slave & master mode

[0] : Send Acknowledge after last byte [O] : Idle [1] : Overflow occurred.

[1] : Send Not Acknowledge after last byte

In Master Receiver mode, before receiving last byte, the flag must be
set.

., PGEN : Generate Stop bit.

[0] : Start or Idle state. [1] : Generate Stop bit.
The flag is cleared automatically after Stop bit in Master mode
and when I2CEN is cleared.

., SGEN : Generate Start bit

[0] : Stop or Idle state [1] : Generate Start bit

If the bus is not free, it waits for Stop bit condition.

The flag is cleared automatically after Start bit in Master mode
and when I2CEN is cleared.

. I2CIOEN :Enable I2C IO
[0] : Disable 12C 10 [1] : Enable I2C 10
. I2CEN : Enable 12C module

[0] : Disable 12C module [1] : Enable 12C module

@> CORERIVER

It is set when a byte is received while 12C_BUF SFR s still holding
the previous byte.

It is set by H/W and cleared by S/W

, 12CACK  :12C Acknowledge flag in slave & master mode.

[0] : Indicate receiving Acknowledge bit.

[1] : Indicate receiving Not Acknowledge bit.

. 12CRW : 12C Read/Write flag in slave mode
[0] : Write state [1] : Read state
, 12CDA : Data / Address flag in slave mode

[0] : Indicates the last byte received or transmitted was Data

[1] : Indicates the last byte received or transmitted was Address
, 12CP : Stop flag in slave & master mode

[0] : Indicates Stop bit was not detected.

[1] : Indicates Stop bit was detected.

This flag is cleared when 12CS is set or I2CEN is cleared.

, 12Cs : Start flag in slave & master mode

[0] : Indicates Start bit was not detected.

[1] : Indicates Start bit was detected.

This flag is cleared when I12CP is set or I2CEN is cleared.

. 12CBF : Busy flag in slave & master mode

[0] : RX not complete (Receiver), TX not complete (Transmitter)
[1] : RX complete (Receiver), TX complete (Transmitter)
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6.12. 12C : Block Diagram

Fpers : Peripheral Clock

7]
{/I/ » 12C_SCL
12C_SLA
SCL_OE
\’7
4 Address Match Detector SDA_OE
Address match — ’\I\
> v » 12C_SDA
0 “1 | |
§ ° Clock Fspi 8bit Shift Register < 74 |
Feer — | O O —» Selection > N
S| ° Logic
@ > R
' Upload 12C_DAT v \  Download 12C_DAT
A\V4
12C 12C_DAT
> Control 7\
Logic
A
o
Interrupt <_-_|
v
I2C_CFG 12C_ST I2C_CON
g g g 4
Internal BUS
AmpCorel00 Family [55]
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6.12. 12C : Overview

E Addressing I12C devices
V 7-bit Address Format

MSb LSb
S A7 A6 A5 A4 A3 A2 Al R/W /ACK
Not AO

Slave Address (SLA)

V' 10-bit / Extended 15 -bit Address Format

MSb LSb
S | A15| Al4| A13 | A12 | A11 | A10| A9 |R/IW |/ACK|] A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO |/ACK

Not A8| |
SLA SLA

E Transfer Acknowledge
V Slave-Receiver generates an acknowledge bit after Master transfers each byte. If not, Master aborts the transfer.
V Master-Receiver generates an acknowledge bit after Slave transfers each byte except last byte.
V Transfer Wait State

1) If Slave needs to delay the transmission of the next byte,
2) Master must enter the wait state, if the SCL is held 6l owbd.

3) When Slave releases the SCL, Master starts the transfer again.

—— -i ______________ NotACK | ——+
I I
SDA T\ D G D G X L/
: | Slave holds SCL Slave releases SCL ACK : |
| I I |
scL s _l 1 2 3-6 7 8 9 l l 1 2 3-8 \_/fo\ /| f_:
L |1 | 1 I 1 I 1 | |
SLA R/W  /ACK Wait State Data IACK
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6.12. 12C : Overview

E Master-Transmitter Sequence

[7-bit Address Mode]

2

Tt

[10-bit / Extended 15-bit Address Mode]

From Master to Slave | | From Slave to Master

2
TC

R/W A
s|stalFW Al P2t A Data
0) a IA
)]
E Master-Receiver Sequence
[7-bit Address Mode]
))
RIW
s|sLA Al Pa|a Data | /A
(1) a

. A:Acknowledge

. /A : Nor Acknowledge

. S: Start

. Sr:Repeated Start

, P:Stop

. SLA: Slave Address

E Combined Format

V' When Master does not want to release the bus, a repeated start condition must be generated without a stop condition.
V' The condition is identical to a start condition

R/W A
SLAl A | SLA2| A | Data | A Data
) IA
b
[10-bit / Extended 15-bit Address Mode]
R/W
SLA1 A | SLA2| A
(0)
R/W
Sr| SLA1 0 A | Data | A Data|/A
i

V The condition must occurs after a data transfer acknowledge pulse.

@> CORERIVER
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6.12. 12C : Master Transmitter Flow

S/W 1. 3. 5 1. 7 1. 9 1.
_ 1) I2CEN =1 1) 12C_DAT = SLA + R/W(0) 1) I2C_DAT = DATAL| | 1) PGEN =1 if last byte 1) I2CIF = 0
Action 2) SGEN=1 2)12CIF=0 2) 12CIF=0 2)12CIF=0
I I |
v v v \ 2

A\ 4
—_ |
A

2.

1) 12CS =1 if the bus free
2)I2CIF =1

(if SP_IE=1)

A ?

Success Sequence

41. 6 1.
1) 12CACK = 0 1) 12CACK = 0
2)12CIF=1 2)12CIF =1

5 2. 7.2.

1) 12CIF=0 1) 12CIF=0

2) PGEN = 1

From Slave To Master |

H/W
Action

@) CORERIVER

A A
4 2. 6 2.
1) I2CACK = 1 1)12CP =1
2) 12CIF =1 2)12CIF=1
(if SP_IE=1)

8 1.
1)12cP =1
2)12CIF=1
(if SP_IE = 1)

Fail Sequence : Slave Not ACK

AmpCorel00 Family
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6.12. 12C : Master Receiver Flow

1. 3. 51 1. 8 1 1. 11.1 1. 13 1 1.
S/IW 1) I2CEN =1 1) 1I2C_DAT = SLA + R/W(1) 1) LASTB =0 1) Read DATAL 1) Read DATA2 1) I2CIF =0
Action 2)SGEN=1 2) 12CIF =0 2) 12CIF =0 2) LATSB=1 2) PGEN =1
3)12CIF =0 3)12CIF=0
I [ I [

Success Sequence

\ 4 v v v : Multi Bytes v \ 4
s s —— » > o |[A| owe  |Ta|E]
A A 3 3 T A
2. 41. 6 1 1. 711 91 2. 10 1 1. || 12.1 1.
1) 12CS = 1 if the bus free 1) I2CACK = 0 1) Send 1) 12CIF 1) Send 1)12CIF || 1)12cP =1
2)12CIF=1 2)12CIF=1 No ACK =1 No ACK =1 (if SP_IE = 1)
(if SP_IE =1) (last byte) (last byte)
5 2. 51 2. 8 1 2. 10_1_2.
1) PGEN = 1 1) LASTB = 1 1) Read DATA1 1) 12CIF =0
2)I2CIF=0 2)I2CIF =0 2) PGEN =1
From Slave To Master | —— /A - — DATA1 -- Success Sequence
: Single Byte

Fail Sequence A A
: Slave Not ACK

H/W 42 6 2. 6.1 2. 712 91 2.
_ 1) I2CACK = 1 1)12cP=1 1) Send No ACK 1) I2CACK = 1 1)12cP=1
Action 2)I2CIF=1 (if SP_IE = 1) (last byte) 2)I2CIF=1 (if SP_IE = 1)
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6.12. 12C : Slave Transmitter Flow

@) CORERIVER

1. 3. 7 1. 91 1. 12.1 1.
SIW I2CEN = 1 1) I2C_SLA = SLA 1) I2C_DAT = DATA1 1) I2C_DAT = DATA2 1) I2CIF =0
Action 2)12CIF=0 2)12CIF=0 2)12CIF =0
3)SCLHD =1 3)SCLHD =1
[ ] \_l L
Success Sequence
v \ : Multi Bytes v
Hold Hold Hold
P e e U el I U el T
2. 4. 5 1. 6 1. 8 1 1. 10 1 1. 111 1.
1)12Cs=1 1) I2CRW =1 1) Send ACK 1)I12CIF=1 1)I12CIF=1 1)12CIF =1 1)12CP =1
2) 12CIF=1 If Address 2) I2CACK =0 2) I2CACK =0 (if SP_IE = 1)
(if SP_IE =1) matched 3) SCLHD =0 3) SCLHD =0
4)12C_ DA=1 4)12C_DA=0
7. 2. 9 2. 9.1 2. 111 2.
1) I12CIF =0 1)I12CIF =0 1) 12CIF =0 1) 12CIF =0
2)SCLHD =1 2) SCLHD =1
[erommesrosie | 5 I
From Slave To Master — /A higd I- —>- higd I Success Sequence
SCL SCL : Single Byte
Fail Sequence f A ‘_f A t
: Slave Not ACK
5 2. 6.1 2. 8 2. 8.1 2. 10 1 2.
H/W 1) Send No ACK if 1) I2CIF=1 1)12CP=1 1) I2CIF=1 1)12CP =1
. Address not 2) I2CACK = 1 2)12CIF=1 2) I2CACK = 1 2)I2CIF=1
Action matched 3) SCLHD = 0 (if SP_IE = 1) 3) SCLHD =0 (if SP_IE = 1)
4)12C_ DA=1 4)12C_DA=0

AmpCorel00 Family
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6.12. 12C : Slave Receiver Flow

1. 3. 911 11 1 1.
SIW I2CEN = 1 1) 12C_SLA = SLA 1) Read DATA 1) 12CIF = 0
Action 2)12CIF =0 2) 12CIF =0
[ \_l I
v v v

—_ |

Success Sequence

l_T

2. 4.
1)12cs=1 1) I2CRW =0
2)12CIF=1

(if SP_IE = 1)

i —

5 1. 6_1.

1) Send ACK| | 1)I2CIF=1

If Address 2) I2CACK =0
matched 3)I12C_DA=1
7_2. 9 2.

1) I2CIF =0 1) 12CIF =0

\_¢

From Slave To Master |

Fail Sequence

—> /A

: Slave Not ACK for Address 4 4

L|

S S

7 11 8 1 1. 10_1_1.

1) Send ACK 1)12CIF =1 1)12CP =1

If Buffer empty 2) I2CACK =0 (if SP_IE =1)
3)12C_DA=0

9.1 2. 11 .1 2.

1) I2CIF =0 1) I2CIF=0

Fail Sequence
—> /A - Slave Not ACK for DATA

IJ *I+ I

5 2.
H/W 1) Send No ACK if
Action Address not

matched

6 2.

1) 12CIF =1
2) 12CACK = 1
3)12C_ DA=1

8 2.

1)12CP =1
2)12CIF=1
(if SP_IE = 1)

7.1 2. 8 1 2. 10 1 2.

1) Send No ACK if 1) 12CIF=1 1)12CP =1
Buffer full 2)I2CACK=1| | 2)12CIF=1
2) 12COF =1 3)I12C_DA=0/| | (if SP_IE=1)

@) CORERIVER
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6.12. 12C . Master Example

E 12C Master example code

I2CST EQU OE8H ; 12CST SFR MOV 12CDAT, #01h ; TX : SLAL = 10h, write mode
12CIF EQU OEFH ; 12CST.7 Flag ORL I2CCON, #04h ; Send Start bit
I2COF EQU OEEH ; I2CST.6 Flag
I2CACK EQU OEDH ; 12CST.5 Flag WAIT_SLAL: ; Wait for end of SLA1 TX
I2CRW EQU OECH ; 12CST.4 Flag JNB  I2CIF, WAIT_SLA1
I2CDA EQU OEBH ; 12CST.3 Flag JB [2CACK, ACK _FAIL ;check ack fail or not
12CP EQU OEAH ; I2CST.2 Flag
12CS EQU OES9H ; 12CST.1 Flag MOV 12CDAT, #50h ; TX : SLA2 = 50h
I2CBF EQU OE8H ; 12CST.0 Flag CLR 12CIF ; clear after setting I2CDAT
I2CCON EQU OE9H WAIT_SLA2: ; Walit for end of SLA2 TX
I2CCFG EQU OEAH JNB  I2CIF, WAIT_SLA2
I2CSLA EQU OEBH JB [2CACK, ACK _FAIL ;check ack fail or not
I2CDAT EQU OECH
I2CSCL EQU OEDH MOV 12CDAT, #38h ; TX : Data = 38h
ORG 000h WAIT_TXD: ; Wait for end of Data TX
LIMP START JNB  I2CIF, WAIT_TXD
JB [2CACK, ACK _FAIL ;check ack fail or not
ORG 0100h ORL I2CCON, #08h ; Send Stop bit
START;: CLR 12CIF ; clear after setting STOP
ORL I2CCFG, #08h ; master mode
ORL I12CCFG, #04h ; 10bit address mode WAIT_STOP:
ANL I2CCFG, #O0FDh ; Start/Stop interrupt disable MOV A, I2CCON ; Wait end of STOP
MOV [2CSCL, #10h ; clock scaling
ORL I2CCON, #02h ; 12C 10 enable
ORL I2CCON, #01h ; 12C enable
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6.12. 12C : Slave Example

E 12C Slave example code using interrupt

12CST EQU OE8H
12CIF EQU OEFH
I2COF  EQU OEEH
I2CACK EQU OEDH
I2CRW EQU OECH
I2CDA  EQU OEBH
12CP EQU OEAH
12CS EQU OES9H
12CBF EQU OE8H

I2CCON EQU OESH
I2CCFG EQU OEAH
I2CSLA  EQU OEBH
I2CDAT EQU OECH
I2CSCL EQU OEDH

ORG 000h

LIMP  START

ORG 06Bh

LIMP  12CS_ISR

ORG 0100h

START:

ANL  I2CCFG, #OF7h
ORL I2CCFG, #04h
ORL I2CCFG, #02h
MOV  I2CSLA,  #80h
ANL  I2CCON, #OBFh
ORL  I2CCON, #02h
ORL  I2CCON, #01h
SETB EIE.3

SETB IE.7

12C_RX:

JNB  12CS,

JNB  I2CP,

SIMP  12C_RX

@> CORERIVER

; 12CST SFR

; I2CST.7 Flag
; I2CST.6 Flag
; I2CST.5 Flag
; 12CST.4 Flag
; I2CST.3 Flag
; 12CST.2 Flag
; 12CST.1 Flag
; I2CST.0 Flag

; JMP 12C interrupt routine

; slave mode

; 10bit address mode

; Start/Stop interrupt enable

; 1st Slave address

; 2"d Slave address not compare
; 12C 10 enable

; 12C enable

; 12C interrupt enable

; All interrupt enable

12CS_ISR:

MOV  OSCICN, #04h
CLR EIE3

CLR  I2CIF
WAIT_BYTE:

JB 12CP, END_ISR
JNB  12CIF, WAIT_BYTE
CLR I2CIF

MOV  R1, SLA2BUF
JB I2CDA,  SLA1_RX
JB I2CRW, S _TX
S_RX:

MOV @R, I2CDAT
INC  SLA2BUF

SIMP  WAIT_BYTE

S _TX:

JB I2CACK, END_TX
MOV  I2CDAT, @R1
END_TX:

ORL  [2CCON, #20h
INC  SLA2BUF

SIMP  WAIT_LOOP
SLA1_RX:

JB I2CBF,  SLA2_RX
JB I2CRW, S _TX
SIMP  WAIT_LOOP
SLA2_RX:

MOV  SLA2PTR, I2CDTA

SIMP  WAIT_LOOP

END_ISR:
CLR I2CIF
SETB EIE5
MOV  OSCICN, #OFh
RETI

;---- 12C Slave interrupt routine ----

; clock speed-up
; 12C interrupt disable

; clear interrupt flag (START bit)

;- Wait Event -------
; check STOP bit

; If I2CIF is set, go next process

; Clear interrupt flag

; save 2" SLA to R1

; check address or data field
; check RX or TX operation

B RX operation -------

; save I2CDAT(RX data) to R1
:increment 24 SLAfor burst
; repeat loop

B TX operation -------

; if no ack, finish TX

; TX data

rel ease SCL
; increment 274 SLA for burst
; repeat loop
;- SLAL1 operation -------
;if I2CBF is set, RX 2 SLA
; if 2CRW is set, TX data
; repeat loop
;- SLA2 operation -------
; save 2" SLA to SLA2BUF
; repeat loop

;- end of 12C Slave -------
; clear interrupt flag (STOP bit)
; enable 12C interrupt

; restore clock speed

AmpCorel00 Family
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6.13. SPI : SFR

Full-duplex, Three-wire Synchronous Data Transfer
Master or Slave Operation

LSB First or MSB First Data Transfer

Eight Programmable Bit Rates

Clock Polarity & Phase Selection

Support Write Collision Protection

Wake-up from IDLE mode

m ms ms ms ms ms s

V SPIDR (B6h) : SPI TX / RX Data Register

DATA7 | DATAG | DATAS | DATA4 | DATA3 | DATA2 | DATAL

DATAO

RIW(0) R/W(O) R/MW(0) R/W(O) RMW(@) R/W(O) RMW(@O) R/W(O)

V SPICON (B4h) : SPI Control Register

MODE | BORD | MSSEL| CKPOL| CKPHA| SPIOEN

SPIEN

RIW(0) RMW(0) RMW(O) RMW(O) R/MW(O) R/MW(O) R/W()

., MODE :SPI mode selection
[0] : 4 -wire mode [1] : 3 -wire mode
., BORD : SPI Transfer Bit Order

[1] : First LSB, Last MSB

., MSSEL : SPI Master / Slave Selection Flag
[1] : SPI Master Mode [0] : SPI Slave Mode

., CKPOL, CKPHASPI clock Polarity & Phase

[0,0] : Leading edge Rising, Leading edge Sampling
[0,1] : Leading edge Rising, Trailing edge Sampling
[1,0] : Leading edge Falling, Leading edge Sampling
[1,1] : Leading edge Falling, Trailing edge Sampling
. SPIOEN : SPI Output Enable
[1] : SPI Output Enable

., SPIEN :SPI Enable Flag

[1] : SPI Enable [0] : SPI Disable

@> CORERIVER

[0] : First MSB, Last LSB

[0] : SPI Output Disable

V SPIST (COh) : SPI Status Register

= = = = TXBV | SPIF [ SPICOL| SPIOF

R(0) R/M(0) RMW(0) R/W(0)

., TXBV : TX buffer of SPIDR holds valid data.

[1] : Set by H/W when user write SPIDR while SPI is enabled.

[0] : Cleared by H/W when the data is moved to TX shift register
or SPI is disabled.

. SPIF : SPI Interrupt Flag

[1] : Serial transfer is complete. If SPIE is set and EA is set, SPI
interrupt is generated.

. SPICOL : SPI Write Collision Flag

[1] : SPIDR is written when TXBV is set. The previous data is lost.

., SPIOF : SPI Read Overflow Flag

[1] : If a new data is received while SPIDR is still holding

the previous data, the flag is set.

SPIF must be cleared before receiving a data again.

V SPICK (B5h) : SPI Clock Control Register

SPICK2| SPICK1| SPICKO

RIW(O) RMW(O) R/W(0)

: SPI Master Clock Divider

[0,0,1]: Fosc /4
[0,1,1] : Fosc / 16
[1,0,1] : Fosc / 64
[1,1,1] : Fosc / 256

. SPICK[2:0]
[0,0,0] : Fosc / 2
[0,1,0] : Fosc /8
[1,0,0] : Fosc / 32
[1,1,0]: Fosc /128

V EIE (A1lh) : Extended Interrupt Enable Register

ESPI - El2C | EWDT - - EX3 EX2
R/W(0) R/W(0) R/W(0) R/W(0) R/W(0)
. ESPI : SPI Interrupt Enable
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6.13. SPI : Block Diagram

Feeri : Peripheral Clock

| » SCK

Internal BUS

Write SPIDR Y
:{}——» MISO
A\VA ﬁ

Clock Espi 8bit Shift Register LO
—»| Selection ”| |(SPI Write Data Buffer)
Logic

( Load SPIDR ‘:\ Z =I\>__> MOS|

A

A A

I:PERI

13pIAId #2010

VVVVYVYYVYYVYY

MSSEL
CKPOL SPI Read Data Buffer
CKPHA
SPICK[2:0] | )
- msseL] [spioEN
A
Control
Logic

AN

—{sor — O
e e — -
Interrupt = SPI Register

ZAN /
y Read SPIDR
AV4

Internal BUS
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6.13. SPI : Overview

E SPI MasterSlave Interconnection

Master Slave
MOSI MOSI
MISO MISO
—— 8 BIT SHIFT REGISTER < < 8 BIT SHIFT REGISTER <
K
SCK SCK
CLOCK GENERATOR >
/SS /SS
GPIO > » Slave Enable

E SPI Pin Description

Pin Description Direction, Master Direction, Slave
MOSI Master Output Slave Input User Defined Input
MISO Master Input Slave Output Input User Defined

SCK SPI Clock User Defined Input

ISS Slave Select Bar User Defined Input

@> CORERIVER
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6.13. SPI : Mode 0/1

E SPIMode 0
V CKPOL =0 : Leading EdgeA Rising
V CKPHA =0 : Leading EdgeA Sampling

SCK

MOSI (Master) / MIS O (Slave) \ 1 X 2 X 3 X 4 X 5 X 6 X 7 X 8 /
MI SO (Master) / MOS | (Slave) T T T T T T T Tsampling
ss 0\ /-

E SPIMode 1
V CKPOL =0: Leading EdgeA Rising
V CKPHA = 1: Trailing Edge A Sampling

SCK

MOSI (Master)/ MIS O (Slave) Vi X 2 s X aY s X oY 7YX s/
MI SO (Master)/ MOS | (Slave) — T T T O |
ISS j /7
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6.13. SPI : Mode 2/3

E SPIMode 2
V CKPOL =1: Leading EdgeA Falling
V CKPHA =0 : Leading EdgeA Sampling

SCK

MOSI (Master) / MIS O (Slave) \ 1 X 2 X 3 X 4 X 5 X 6 X 7 X 8 /
MI SO (Master) / MOS | (Slave) T T T T T T T Tsampling
ss 0\ /-

E SPI Mode 3
V CKPOL =1: Leading EdgeA Falling
V CKPHA = 1: Trailing Edge A Sampling

SCK

MOSI (Master)/ MIS O (Slave) Vi X 2 s X aY s X oY 7YX s/
MI SO (Master)/ MOS | (Slave) — T T T O |
ISS j /7
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6.13. SPI : Example

E Master example code

E Slave example code

SPIST EQU 0COH SPIST EQU O0COH

SPICON EQU 0B4H SPICON EQU 0B4H

SPICK EQU 0B5H SPICK EQU 0B5H

SPIDR EQU 0B6H SPIDR EQU 0B6H

ORG 000h ORG 000h
LIMP START LIMP START

ORG 073h ; SPI interrupt routine ORG 073h
ANL  SPIST, #0FBh ; clear interrupt flag ANL  SPIST, #0FBh ; clear interrupt flag
MOV R2, #01h MOV  R2, #01h
RETI RETI

ORG 0100h ORG 0100h

START: START:
MOV R2, #00h ; clear interrupt indicator MOV R2, #00h ; clear interrupt indicator
ORL SPICON, #10h ; master mode ANL  SPICON, #O0EFh ; slave mode
ANL  SPICON, #OFBh ; sampling clock leading edge ORL SPICON, #04h ; sampling clock trailing edge
ANL  SPICON, #OF7h ; sampling clock first edge ORL SPICON, #08h ; sampling clock second edge
ANL  SPICON, #0DFh ; first bit : MSB ORL SPICON, #20h ; first bit : LSB
MOV SPICK,  #00h ; clock scaling Fperi/ 2 MOV  SPICK, #01h ; clock scaling Fperi/ 4
ORL SPICON, #02h ; SPI 10 enable ORL SPICON, #02h ; SPI1'10 enable
ORL SPICON, #01h ; SPI enable ORL SPICON, #01h ; SPIl enable
MOV SPIDR, #55h ; write TX data CINE R2, #01h, . ; wait RX interrupt
CINE R2, #01h, . ;wait TX interrupt MOV  R2, #00h ; clear interrupt indicator
MOV R2, #00h ; Clear interrupt indicator MOV A, SPIDR ; read RX data
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6.14. ADC (Analog -to-Digital Converter)

E  8-channel 10-bit ADC (SAR Type)
E  Max. 104ksps(samples per sec.) @ FADC = 10MHz &V. (Max. 52ksps @ FADC = 5MHz & 3V)

V ADCON (DEh) : ADC Control & ADC Result Low Register VADCSEL (DFh) : ADC Clock and MUX Selection Register
AD_EN|AD_REQAD_ENO ADCF - - SARL [ SARO ADIV2 [ ADIV1 [ ADIVO | ADCS4| ADCS3| ADCS2| ADCS1| ADCS0
R/W() R/W(O) R(1) R/MW(0) R/W(0) R/W(0) R/W() R/MW(0) R/W(0) R/W() R/MW(O) R/MW(O) R/MW(0O) R/W(O)

., AD_EN : ADC Ready Enable . ADIV[2:0] :ADC clock selection.
., AD_REQ : ADC Start. [000] : FSYS /2.
Cleared by H/W when AD_END goes to 1 from O. [001] : FSYS/ 4.
. AD_END : Current ADC Status. [010] : FSYS /8.
0 = ADC is running now. [011] : FSYS/ 16.
User must check the ADCF instead of AD_END. [100] : FSYS / 32.
. ADCF : ADC Interrupt Flag. [101] : FSYS / 64.
Must be cleared by S/W. [110]: FSYS /128.
, SAR[1:0] : Low Bits of ADC Result Value. (Total 10 bhits) [111] : FSYS / 256.

., ADCSJ[4:0] : ADC channel selection
[00000] : ADCO0.0 channel selection.
[00001] : ADCO.1 channel selection.
[00010] : ADCO.2 channel selection.
SAR9 | SAR8 | SAR7 | SAR6 | SAR5 | SAR4 | SAR3 | SAR2 [00011] - ADCO.3 channel selection.
R/W(0) R/W(0) R/MW(0) R/W(O) R/MW(O0) R/W(O) R/MW(@O) R/W(Q) [00100] : ADCO0.4 channel selection.
[00101] : ADCO.5 channel selection.
[00110] : ADCO.6 channel selection.
[00111] : ADCO.7 channel selection.
[01000] : ADC1.0 channel selection.

6ééé

[10111] : ADC2.7 channel selection.
[11000] : ADC3.0 channel selection.
[11001] : ADC3.1 channel selection.
[11010] : ADC3.2 channel selection.
[11011] : ADC3.3 channel selection.
[11100] : ADC3.4 channel selection.
[11101] : ADC3.5 channel selection.
[11110] : ADC3.6 channel selection.
[11111] : ADC3.7 channel selection.

V ADCR (E6h) : ADC Result High Register
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6.14. ADC (Block Diagram)

V ADCENBO (CER : ADC Channel Enable Bar Register (PO port) V ADCENB2 (D6h) : ADC Channel Enable Bar Register (P2 port)
ADCENBO.3 ADCENBO.4 ADCENBO.1 ADCENEO. ADCENB2.]ADCENB2.¢ ADCENB2.4 ADCENB2.4 ADCENB2.3 ADCENB2.2 ADCENB2.1 ADCENB2.
RW(1) R/W(1) R/MW(1) R/W(1) R/W(1) R/W(1) RW(1) RW(1) RW(1) R/W(1) RMW(I) R/W(1)
. 0=ADCO channel ON / 1 = ADCO channel OFF (Default) . 0=ADC2 channel ON /1 = ADC2 channel OFF (Default)
V ADCENB1 (CFh) : ADC Channel Enable Bar Register (P1 port) V ADCENB3 (D7h) : ADC Channel Enable Bar Register (P3 port)
ADCENB1.§ADCENB1.4 ADCENB1.3 ADCENB1.3 ADCENB1.J ADCENB1. - - ADCENB3.3 ADCENB3.4 ADCENB3.3ADCENB3.2 ADCENB3.1 ADCENB3,
RW(1) R/W(1) R/MW(1) RMW(1) RMW(1) R/MW(1L) R/W(1) R/W(1) R/W(1) RW(1) RMW() R/W(1)
. 0=ADC1 channel ON / 1 = ADC1 channel OFF (Default) . 0=ADC3 channel ON / 1 = ADC3 channel OFF (Default)

ADCSEL[4:0] ADCON.7 ADCON.6

ADSEL[7:5] System Clock
ADCS0~4 AD_EN| |AD_REQ DIV l
ADCENBO. + +
; ADIV1 |—» Clock Divide
' A 4 Control
ADC0.0—O/‘-/O—b Circuit ADIVO
(P0.0) Fapc ADCON.5
I 4 :
oo o ADCENBL1.
; 40/1/ O—» Successive HARCENE
ADC1.0— o o> Approximation ADCON.4
(P1.0) Register » ADCF
cee ADCENB2. Analog
. Analog Comparator SAR[9:0] ADC Interrupt Flag
ADC2 O—O/;/O—b MUX |
P20 D/A Converter
(P2.0)
oo ADCEINB3. T T SAR[9:2] i SAR[1:0]
ADC3.0—o 0> AV v ADCR ADCON
(P3.0) _yoey S8 Lelsl7felslalaf2) (LI I 11 [s]o]
(_ VDDIO)
L 2 )
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6.14. ADC : Conversion Timing

AD_EN + Set by S/W
AD_REQ Set by S/IW { * Cleared by H/W

|
8F
AD_END | Y Cleared by H/W — 2 { Set by HW
' i i |
. I —\ | :
Valid Bit < >I<SetupT|me>:<9><8X?XGXSX4><3><2><1><0>|<HoldTlme>:< >
|la e »la
- (8F a0 X 10 bits = 80F s 8Fipe |
'« >
96F Apc —
ADCF A Set by H/W

4

ADC Interrupt

V AD_EN : ADC Block Enable Signal.
Set or Cleared by S/W.

V AD_REQ : ADC Conversion Request Start Bit. [An Example of ADC Conversion Table]
Set by S/W and Cleared by H/W.
This bit must be set at each sample conversion. System Clock Divide F Tanc 1 Sample
V AD_END : Set or Cleared by H/W. (Foer) (ADIV=0) ADC (1/F ap0 Conversion Time
Clear when Conversion started.
S i Cararsien anEed . 20MHz @ 5V Foerf2 10MHz 100ns 9.6us
V ADCF + ADC Interrupt Flag. 10MHz @ 3V Foer(2 5MHz 200ns 19.2us
Set by H/W and Cleared by S/W.
User should clear ADCF bit in ADC interrupt routine. 10MHz @ 3V Frerl2 SMHz 200ns 19.2us
User must check the ADCF flag instead of AD_END. 5MHz @ 3V Focef2 2 EMHz 400ns 38.4Us
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6.15. Interrupt: 12 Sources/ 4

E Interrupt Sources : Timer 0/1/2, ADC, WDT, 12C, SPI, UART
4 External.

E  4-level Interrupt Priority

\%

Timer 0/1/2, UART, ADC, INTO, INT1

E  2-level Interrupt Priority

HIGH

@> CORERIVER

\%

WDT, I2C, SPI, INT2, INT3

[Interrupt Vector Address]

Sources | Address | O
INTO 0003h 4 Levels
TFO 000Bh 4 Levels
INT1 0013h 4 Levels
TF1 001Bh 4 Levels

RI+TI 0023h 4 Levels
TF2 002Bh 4 Levels
ADC 003Bh 4 Levels
INT2 0043h 2 Levels
INT3 004Bh 2 Levels

- 0053h 2 Levels
- 005Bh 2 Levels

WDT 0063h 2 Levels
12C 006Bh 2 Levels

Reserved 0073h 2 Levels
SPI 007Bh 2 Levels

Reserved 0083h 2 Levels

-level Priority

* Interrupt SFR6és (refer to Appendi x
V TCON (88h) T | TRL | TFo | TRO | 1IEL | T2 | IEO | 1TO
VIT (B2h) s | ma | T3 | 2
V ITSEL (BAh) ITSELS|ITSEL4|ITSEL3|ITSEL2|ITSELL|ITSELO
V EXIF  (91h) - - IE3 | IE2 | XT/RL| RGMO| RGSL| BGS
V IE (A8h) EA |EADC| ET2 | ES | ETL | Ex1 | ETO | Ex0
V EIE  (Alh) espi| - | Er2c |EwDT| - - EX3 | EX2
vV IP (B8h) - | papc| P2 | Ps | PT2 | Px1 | PTO | Pxo
8052
VIPH  (B7h) - |PADCH PT2H| PSH | PT1H | PX1H| PTOH | PXOH
V EIP  (Blh) pspi| - | P2c|PwDT| - - | Px3 | Px2
V WDCON (D8h) wpmop Por | EPFI | PFI | wDIF | WTRF| EWT | RWT
[Interrupt Vector Generation Flow]
=3
Individual| Global L .
Interrupt  ® Interrupt » Enable | Enable l— Pr|(_)r|ty .| Polling & {;\terrupt
Sources ® | Flag bits bis bis bits Vector ector
¢ ‘ Generation
—» PXOH |
[ IEO [ exo JI[ Ea ]| pxo_|| 0003h |

[Response Sequence]

Sample & Flag Set

Polling

LCALL

Service Routine

Last Cycle & High Priority & Not-update Interrupt Register

AmpCorel00 Family
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6.15. Interrupt Functional Description

Interrupt Enable Bits Highest Interrupt
EA High Low L licla Dvioeid .|
; Priorty Priorty 13 High Priority Lowest
INTO IEO » Ex0 b—oT0o PXOH| PX0 0155 > > .
[ >
| i1
——10———» _
Timer/Counter 0 TFO » ETO —o’i/c PTOH| PTO 0155 4
1 11 Ll
. ——10—» _
INT1 IE1 > EX1 [—oT0 PX1H| PX1 0155 >
1 11 »
! ——10——» |
Timer/Counter 1 TF1 » ETL |—o0o PT1H| PT1 0155 >
! >
] 11
RI ' 110 ] | —
UARTO o :Z) » ES |—oT0 PSH | Ps 0155 > . %
—_— 1 [
! 11 - =
——10——>»| _ =
Timer/Counter 2 TF2 » ET2 [—oT0 PT2H| PT2 0155 > =
' i1 > ~
' 10— |
ADC ADCF|—1»{ EADC}—oT0 PADCH PADC 015o—* | o Interrupt
| I = Vector
1 1 . -}
INT2 IE2 » Ex2 |—o'o PX2 0 > ‘(% »
1
I 1 R @
INT3 IE3 > EX3 [—oTo PX3 0 > S
| 1 R @
. ] » - |—o0 - o a 9
' o
1
1 ~
- - » . |—o0 ; 0 >,
1
1
1 ~
WDT WDIF [— EwpTf——070 PWDT 0 >,
1
1 1 -
12C 12CF » El2c |—oTo PI2C 0 >,
1
1 l _
Reserved - » . |—0o0 0 o
1
1
1 ~
SPI SPIF » Espl [—oT0 PSPI 0 > >
1 N
Reserved - » . |—oo L > .
— Low Priority
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6.15. Interrupt : External Interrupt

E  External Interrupt Sources : INT5~0 ) . .
V ITSEL (BAh) : Interrupt Polarity Selection Register

E  Support positive edge and negative edge detection

- - ITSELS [ ITSEL4 | ITSEL3| ITSEL2| ITSEL1 | ITSELO

E  Support high level and low level detection
R/W(0) R/W(1) R/MW(0) R/W(1) R/W(@O) R/W(0)

V IT (B2h) : Interrupt Type Selection Register . ITSEL5  :InterruptS Polarity Selection Flag
[0] : low level or negative edge, [1]: high / positive
_ B B, B, IT5 IT4 IT3 IT2 . ITSEl4 : Interrupt4 Polarity Selection Flag
[0]: low level or negative edge, [1]: high / positive
R/W(1) R/W(1) R/MW(1) R/W(1) . ITSEI3 - Interrupt3 Polarity Selection Flag
. . [0] : low level or negative edge, [1]: high / positive
- JIe .[(I)]nFeLr;l\Jl[;S dgep:t Selectlon[liia.gE doe detect . ITSEL2 : Interrupt2 Polarity Selection Flag
ITa : Inierru 14 Tyoe éelection Fla{ 9 [0]: low level or negative edge, [1]: high / positive
: '[0] . Levgl de¥§ct [1] 'gEd e detect , ITSEL1 : Interruptl Polarity Selection Flag
T3 . Inierru 13 Tvpe 'Selection Flé 9 [O] : low level or negative edge, [1] : high / positive
: '[0] . Levr()el de¥£ct [1] 'gE dge detect . ITSELO . InterruptO Polarity Selection Flag
T2 - Interrupt2 Type Selection Flag [0] : low level or negative edge, [1]: high / positive
[0] : Level detect , [1] : Edge detect
ITSELO ITSEL2
\ 4 \ 4
0 . 0 .
Flag Bits Flag Bits
iNTo 12 ITSELO ek — e T2: TSEL2
1 1
N, 0
/] /]
ITSEL1 ITSEL3
\ 4 \ 4
0 . 0 .
Flag Bits Flag Bits
iNT1T L TSgLL Hiab— e TSEL3
1 1
N, i} i}
/]
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6.16. Reset Circuit : 3 Reset Sources

E LVD(POR) Reset _ V WDCON (D8h) : Watchdog & Power Status Register
V Power-on Reset when power is turned on.
V Power-fail Reset when the supply voltage is POR | EPHI PPl | WDIF | WTRF | EWT | RWT
below the threshold voltage (V7). RIW(1) RW() R/W(1) R/W(O) R/W(O) R/W(O) R/W(O)
i . WTRF : Watchdog Timer Reset Flag. Only cleared by S/W.
E External RESET Pin ., EWT : Watchdog Timer Reset Enable.

V RESET Pin must be held AHighd for at Il east 24 clock cycl es.
E WDT Reset : Enable or Disable by S/W

POR J L
Voo = LvD » LVD RESET
/ \ A N Generation
External RESET —,_L
RESET—| E o @—» Internal RESET
| | (Min. 24 Clocks Period)
WTRF
A
WDT 4L | Delay WDT RESET
Clock 27 bits Counter 512 Clocks Generation ’_D_,_L
T EWT

Initialize
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6.17. Clock Circuit : SFR

E System Clock Sources
V Crystal OSC
V Oscillator
V Internal RING OSC

E Disable of External Clock (Crystal or External Oscillator)
V If XTOFF is set.
V When MCU is in stop mode and WDT is not active.
E Disable of the Internal RING Oscillator
V If RINGON is cleared.
V When MCU is in stop mode and WDT is not active.

E Wake-up from stop by WDT

V WDT is active in stop mode if EWT is set or WDT interrupt
is enabled.

V In this case, the clock of WDT is alive during stop mode.

V PCON (87h) : Extended Interrupt Enable Register

SMOD1| SMODO -

POF

GF1

GFO PD IDL

RIW(0) R/W(0) RW(1) RMW(0) RMW(0) RMW(O) R/MW(O)

., PD : Power-down (Stop) mode enable.
. IDL : IDL mode enable

V EXIF (91h) : External Interrupt Flag Bit Register

IE3 IE2 | XT/RG | RGMD| RGSL [ BGS
R/W(0) R/W() R/W() R(©O) R/MW(@O) R/MW(1)
., XT/IRG  : System clock selection.
0 = Internal RING Oscillator is selected as system clock.
1 = External clock is selected as system clock.

V PMR (C4h) : Power Management Control Register

- - - - XTOFF | ALEOFH

RIW(1) R/W(0)

, XTOFF :1 = External crystal Oscillator disable (Default).

0 = External crystal will restart.

V STATUS (C5h) : Crystal Status Register

- - - XTUP - -

R(0)

., XTUP : Crystal Oscillator warm-up status.

It represents if the crystal clock is stable(1) or not(0).
Cleared by H/W if XTOFF is set or if PD is set and
WDT is not enabled.

Set by H/W after crystal stabilization time.

V OSCICN (C6h) : Internal RING Oscillator Control Register

- - - - DIV2 [RINGON DIVl DIVO

RW(1) R/W(1) R/MW(0) R/W(0)
., RINGON : 1 =Internal ring Oscillator is running.
0 = Internal ring Oscillator is killed.

Don’t clear RINGON bit when XTRG = 0.

V OSCICN2 (C7h) : Test Internal RING Oscillator Control Register

- - - - - RINGONZj

RIW(1)

., RINGON : 1 = Test Internal ring Oscillator is running.
0 = Test Internal ring Oscillator is killed.
Must clear the flag for saving power at STOP mode
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6.18. Clock Circuit:SFR ( Cont 6d)

V CKSEL (86h) : Clock Selection Register

R32KOHR24MOH - RGPR | R32KEN

RIW(0) R/W(0) RIW(1) R/W(1)

, R32KOE : RING 32K port output enable (P0.3)
, R32MOE : RING 24M port output enable (P0.2)
. RGPR : WDT clock selection
0 = RING 32K is selected as WDT clock.
1 = divided clock of RING 24M is selected as WDT clock.
., R32KEN : RING 32K clock enable flag.
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6.17. Clock Circuit : Circuit Diagram

RING32K_ON RGPR
RINGSZK_ONl
Internal RCLK32 0
_ 32K | WDT
Clock
XTRG — 1
RGCLK ‘
° | D
RCLK » Peripheral
RINGON WDT_ON _y Clock
RINGON2 E /o S Eé )O 'é:kf(i
RING_DIV
RING24M_ON } DIV pD || iDL
Internal —
24M
XTOFH
WDT_ON
Clock Stabl
PD XTUP Counter |
XTAL_ON
. AN XCLK
XTAL |
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6.17. Clock Circuit : Guideline for Configuration

E Crystal Oscillator E Oscillator Module
AmpCore AmpCore
XTAL2 XTAL2
X X

XTAL1
—X

I

;l; ;I; Oscillator Module
—I>o—0—

— \NN\N—0

s
T
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6.17. Clock Circuit: Guideline for Using a Crystal

E Crystal Oscillator & Load Capacitors E Graph for Load Capacitor & Frequency
AmpCore i}
On-chip AMP | C_ = SMALL
& C,=LARGE
o
XTAL2 XTAL1 <
Crystal _
Oscillator
Load Cap. |:|
%CL %CL TTTTT] T T T T TTTI T T T T ITTT) T T
Frequency (log) (HERTZ)

E Recommended C | (Load Capacitor)

Vop =5V
Crystal Oscillator [MHZz]
~11.0592 22.1184 30.0000
Load Cap. C | 47pF 20pF 10pF
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6.18. Power Management : 3 Modes

m\

Active Mode
E Idle Mode

: The CPU and The Peripherals operate.

: The CPU is gated off from the clock signal. ¥ PCON (87h) : Power Control Register
Only the Peripherals operate.

V Exited by activating any interrupt. The CPU resumes.

V Exited by activating any reset. The CPU restarts.

E Stop Mode

External

V Exited by activating any reset. The CPU restarts.

XTAL2

. All clocks are stopped.
All activity is completely stopped.

V Exited by activating external interrupt 0 or 1 (level detect) The CPU resumes.

t hold 606

pins mus

pnlmy
¥

On-chip AMP

XTAL1

SMOD1

SMODO - POF

GF1 GFO0

PD IDL

RIW(0) R/W(0)

. PD
DL

during

IDL

4

PD

@) CORERIVER

at

RIW(1) R/W() R/W(0)

: Stop Mode (Power-down) bit.
: IDLE Mode bit.

|l east crystal

CPU

P

r@

»

» Peripheral

(Interrupt / Timer / UART /
ADC / PWM / WDT / PORT)

AmpCorel00 Family

RIW(0) R/W(0)

stabilizati
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6.20. ISP & Debugging

E Code memory (8KBytes) can be programmed using EJTAG in target system.

V FLASH : 00000 ~ Ox1FFF (8,192 Bytes) ISP Pin Configuration 0]
| 1gu |

E EEPROM (1k Byte) can be programmed using EJTAG in target system.
V EEPROM :0x1CO00 ~ Ox1FFF (1,024 Bytes) Vpp (+3.3V or +5V)
. . . Vss (GND)
E Debugging using GENICE MDS_SCL
E MDS_SDA (RESET) pin connection for ISP MDS_SDA (RESET)
V Case 1 : Not connection
) V' Case 2 : Pulkdown using resistor > 500K W [ISP Pin Configuration 1]
E MDS_SCL pin connection for ISP > 10K W
V Case 1 : Not connection Vpp (+3.3V or +5V)
V Case 2 : Pullup using resistor > 10KW Vss (GND)

MDS_SCL
MDS_SDA (RESET)

> 500K W

GenlCE3000

Equipment

MDS Bridge

E GenlICE52Il System is supports both of debugger and ROM Downloader
E Refer to http://www.coreriver.com A Support A Supporting Tools A 1.Brief System Manual

Target System
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6.20. ISP : Command Set

Command Function
Blank = Check the blank status of the device currently connected.
- Performs an erase chip, the deviceds memory, b
ACode : FLASH
Erase Chip AUser data : EEPROM

Alnformation data  : Lock bits, RING option, PGM/ERS time (ISP)

othh code

= The device will be blank and in a programmable state.

Read Code/EEPROM

- Reads in the deviceds memory.

“ The results from the read are | oaded into the

CORERI VE

Write Chip/EEPROM

- Writes al/l memory | ocations in the CORERIVER |

SP|lsoftw

Verify Chip

- Compares the CORERIVER | SP software buffer wit

h Qfhe de

I f the buffers are found to be exact replicas

of t he d

If there are any differences, a failure result is returned along with the total number of mismatched bytes.

@> CORERIVER
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6.21. IAP ( In Application Programming)

E

E Program time : approximately 3.0 ms
E Program unit : 1 Byte

E IAP SFR

V EEAEN (F7h) : IAP Routine Access Enable Register

EAEN

R/W(0)
. EAEN : IAP Routine Access Enable

VV DPL (82h) : Data Pointer Low Register

DPL.7 | DPL.6 DPL.5 | DPL.4 | DPL.3 | DPL.2 DPL.1 | DPL.O

RIW(O) RMW(O) RMW(O) RMWO) RMWO) RMW(0O) RMW(0O) RMW(©)

V DPH (83h) : Data Pointer High Register

DPH.7 | DPH.6 | DPH.5 | DPH.4 | DPH.3 | DPH.2 | DPH.1 | DPH.0

RIW(0) R/MW(O) R/MW(O) RMW(@O) RMW(O) RMW(@O) RMWO) RW(O)

V EECNTLD (F1h) : EEPROM Erase/Program Time Count Loading

EECNTLIp

RIW(0)

. EECNTLD : EEPROM Erase/Program Time Count Loading
Set by S/W, cleared by H/W automatically.

@> CORERIVER

Code memory(7kB) & EEPROM(1kB) can be programmed during the operation of MCU.

V ACC/A (EOh) : Accumulator

ACC.7 | ACC.6 | ACC5| ACC4 | ACC3 | ACC2| ACC1| ACC.O

RIW(0) RMW(O0) R/MW() RMW(@O) RMW(O) RMW@O) RMW(O) RW(O)

V B (FOh) : B Register

B.7 B.6 B.5 B.4 B.3 B.2 B.1 B.O

RIW(0) RMW(O) R/MW(O) RMW(@O) RMW(O) RMW@O) RMWO) RW(O)

VV EECNTM (F3h) : EEPROM Erase/Program Time Count MSB

EECNT.1JEECNT.14EECNT.JEECNT. IEEECNT.IEECNT.1QEECNT.9 EECNT.§

RIW(0) RMW(O) R/MW() RMW(@O) RMW(O) RMW@O) RMW(O) RW(O)

V EECNTL (F2h) : EEPROM Erase/Program Time Count LSB

EECNT.7 EECNT. EECNT.§ EECNT.4 EECNT.3 EECNT.Z EECNT.] EECNT.(

RIW(0) R/MW(O) R/MW(O) RMW(@O) RMW(O) RMW(®O) RMWO) RW(O)
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6.21. IAP : Function Set

E  IAP call function
V  iap_eeprom_program : call address (FFOAh)
V  iap_eeprom_erase : call address (FFOOh)

Before calling IAP function, any interrupt must be disabled.

Before calling IAP function, EAEN flag in EEAEN SFR must be set.
V  Only use ORL/ANL assembly instruction to set or reset EAEN flag.

After executing IAP function, the value of PSW SFR can be changed.

Any interrupt service routine will not be executed timely since the CPU is suspended for tens of milliseconds
during executing an IAP function (Program/Erase).
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6.21. IAP : Program Flow

[ Example Code : IAP Program for EEPROM ]

] ORL EEAEN, #01h ; IAP routine access enable
Init SFR MOV EECNTM, #75h : Program/Erase Time Count Mid
MOV EECNTL, #30h ; Program/Erase Time Count Low
o o o ANL EEAEN, #0FEh ; IAP routine access disable
; 0x007530 @ RING Freq. == 12MHz
Backup SFR
PUSH ACC ; backup acc
PUSH DPL ; backup dptr
PUSH DPH
MOV R1, IE ; backup IE SFR
CLR IE.7 ; Interrupt disable
Set IAP Parameter
MOV DPTR, #ADDR ; Programming Address
¢ MOV A, #DATA ; Programming Data
IAP Routine Access Enable
ORL EEAEN, #01h ; IAP routine access enable
MOV EECNTLD, #80h ; Program/Erase Time Count Loading
Call IAP Routine _ ,
CALL iap_eeprom_program ; Call IAP routine
FLASH_AEN Flag Clear i i
¢ ANL EEAEN, #0FEh ; IAP routine access disable
Restore SFR
MOV IE, r1 ; restore IE SFR
POP DPH ; restore acc, dptr
POP DPL
POP ACC
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6.21. IAP : Erase Flow

[ Example Code : IAP Erase for EEPROM ]

] ORL EEAEN, #01h ; IAP routine access enable
Init SFR MOV EECNTM, #75h : Program/Erase Time Count Mid
MOV EECNTL, #30h ; Program/Erase Time Count Low
o o o ANL EEAEN, #0FEh ; IAP routine access disable
; 0x007530 @ RING Freq. == 12MHz
Backup SFR
PUSH ACC ; backup acc
PUSH DPL ; backup dptr
PUSH DPH
MOV R1, IE ; backup IE SFR
CLR IE.7 ; Interrupt disable
Set IAP Parameter .
¢ MOV DPTR, #ADDR ; Erasing Address
IAP Routine Access Enable i
ORL EEAEN, #01h ; IAP routine access enable
MOV EECNTLD, #80h ; Program/Erase Time Count Loading
Call IAP Routine _ ,
CALL iap_eeprom_erase ; Call IAP routine
FLASH_AEN Flag Clear _ _
¢ ANL EEAEN, #0FEh ; IAP routine access disable
Restore SFR
MOV IE, r1 ; restore IE SFR
POP DPH ; restore acc, dptr
POP DPL
POP ACC
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7. Strong Point | : Noise Reduction

Clock : 22.1184 MHz
AmpCorel.0 : ALE AONO AmpCorel.0 : ALE AOFFO Company Abds 80CH52

Power Noise Power Noise Power Noise
) E

C1 Pk-Pk
128mv

C1 Fre'a
128 mV pp Sz.ols:ve H2

M 200ns Chil J 420mV

GND Noise GND Noise

k—Pk

660 mV pp C%ﬁ”,j\m{?'

”H il

il dailk LA A
| J
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7. Strong Point | : Noise Reduction

(Cont 6d)

AmpCorel00 Company Af0s
80C52
System Clock .
Noise
[MHZz]
ALE fAONO ALE AOFFJ ALE al ways| AONO

Power 410 mVpp 170 mV pp 360 mVpp

11.0592
Ground 550 mVpp 330 mV pp 500 mVpp
Power 464 mVpp 128 mV pp 432 mVpp

22.1184
Ground 476 mVpp 280 mV pp 640 MVpp
Power 360 MVpp 170 mV pp 380 MVpp

6

Ground 500 mVpp 330 mV pp 480 mVpp

AAmpCore100can reduce EMI by removing the needless swing of ALE signal.
AYou can enable/disable ALE signal by changing the value of ALEOFF bit (SFR PMR.2).
AOr can reduce system cost by removing needless decoupling capacitors while maintaining the EMI.

* This experimental results can vary according to design style of an application system.

AmpCorel00 Family [90]
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7. Strong Pointll: On  -Chip POR

Conventional MCU CORERIVER MCU

— Cap. is not needed

10uF 80C52 ﬁ AmpCorelOO

Ti RESET Ti
10 kOhms %
>500 kOhms On-Chip POR

RESET

External POR Circuit

AOn-Chip POR (Power On Reset) can reduce system cost by removing a needless capacitor.
AThe states of all ports will not be determined until the POR procedure ends.
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8. Recommended Power Slope

E The supply voltage slope must be in the range from 0.0V/us to 1.0V/3.2ms. (5V/16ms)
(That is, the supply voltage should be increasing monotonically until it reaches to the normal range.)

5V

\ Power Slope

1Vv

500 us 16 ms
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9.1. Absolute Maximum Ratings (MCU)

Items

Conditions

Ranges

Voltage on any pin relative to Ground

Voltage in Vp, relative to Ground

-0.5V t0 6.5V

Output Voltage - -0.5V to (Vppt+0.5V)
One I/O pin active -25mA
Output Current High
All'1/O pin active -100mA
One I/O pin active +30mA
Output Current Low
All I/O pin active +150mA

Storage Temperature (Tgrg

-55°Cto +125 °C

Soldering Temperature (T))

Peak 260°C, 10 seconds

@) CORERIVER

AmpCorel00 Family
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Absolute Maximum Ratings (AMP)

Items Conditions Ranges
Power Supply Voltages 30V
(Single Supply) in V¢
Power Supply Voltages 516
(Dual Supplies) in Ve
Input Differential Voltage Range 532
(@Dual Power Supplies; \yR)
Input Common Mode Voltage Range (Vcgr) - -0.3V to +32V
Output Short Circuit Duration (I 59 - -Continuous
Storage Temperature - -55°Cto +125 °C
Soldering Temperature - Peak 260°C, 10 seconds
Junction Temperature Plastic Packages (T) - 150 °C
Input Current per Pin (I ) - 50mA
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10.1. DC Characteristics

*TA== -40 °C~+85 °C, Vpp = 2.2V ~5.5V unless otherwise specified.
Value
Parameter Symbol Pin Conditions Unit
Min Typ. Max.
V,, |RESET,PO,P1, P2, P3, P4 -0.5 - 0.2Vpy-0.1
Input Low Voltage Vpp = 2.2V~5.5V \%
Vi, | XTAL1, XTAL2 -0.5 - 0.3Vpp
V,, | RESET, PO, P1,P2, P3, P4 0.2Vp+1.0 - Vp+0.5
Input high Voltage Vpp = 2.2V~5.5V \%
Vi | XTALL, XTAL2 0.7Vpp - Vp+0.5
v XTAL1, XTAL2, RESET, EA, PO[3:2],|  loL = 20mA @Vpp=5V i . 0.3V v
oL | P1, P2, P3[5:4,1:0], P4[7:4] (IoL = 3MA @Vpp=2.2V) o
Output Low Voltage Vo | PO[1:0], P4[3:0] loLs = 4MA @Vpp=5V - - 0.3Vpp \Y
Vo | RESET loLp = 3.5UA @Vpp=5V - - 0.3Vpp \Y
v XTAL1, XTAL2, RESET, EA, P0[3:2],| lon= -15mA @\pp=5V 0.7V ) i Vv
OH | P1, P2, P3[5:4,1:0], P4[7:4] (loi= -2MA @V,p=2.2V) oD
Output High Voltage Vour | PO[1:0], P4[3:0] lopy = -4MA @Vjp=5V 0.7Vpp - - \Y
lonu= -40UA =5V
Voup | ALL pin (Pulkup) OHF™ @Vbo 0.7Vpp - - v
(loup= -15UA @Vpp=2.2V)
Input Leakage All pins N
| Vy=V,yorV, - - 01 mA
Current ' | except XTAL1,XTAL2 N TR T
Pin Capacitance Co All Vpp = 5V - 10 - pF
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10.2. DC Characteristics (AMP)

T,== -40 6C~+85 6&C (*=@25 &C)

N Value ]
Parameter Symbol Test Conditions - Unit
Min. Typ. Max.
Maximum Input Offset Voltage Vio Vo=1.4V, V=5~ 30V; R &=OW, V=0V ~ V 1.7V 596(1 mV
Input Offset Voltage Drift DV,o/DT Rs=O0W, V=30V 7.0 nv/ C
Maximum Input Offset Current lo V5.0V 2(5)9 nA
Input Offset Current Drift Dl,o/DT Rs=0W, V=30V 10 pA C
. . _ 500
Maximum Input Bias Current lis Ve=5.0V 250* nA
Input Common Mode Voltage Range Vicr V=30V 0 28 \%
. R=8, V&30V, V=0V 3.0
Maximum Power Supply Current lce R=10, V=5V, V=0V 12 mA
Minimum Large Signal A, Ve15V, R 2 2KW 15(25%) vimv
Open-Loop Voltage Gain oL V5.0V, R 2 2KW 0.28
V30V, R =2KW 26
Minimum Output High-Level Voltage Swing Vou V&30V, R =10KW 27 \%
V5.0V, R =10KW 3.0
Maximum Output Low-Level Voltage Swing VoL V&bV, Ri=10KW 20 mV
Common Mode Rejection CMR V=30V, Rg=10KW 65* dB
Power Supply Rejection PSR V30V 65* dB
Channel Separation Cs f=1KHz to 20KHz, V&30V -120* dB
Maximum Output Short Circuit to GND lsc V5.0V, V=0V 60* mA
o Vine =1V, V=0V, V=15V, V=2V
Minimum Source Output Current lsource Vi =1V, Vi =0V, Vo=5.0V, Vy=2V 10 mA
Vine =0V, V=1V, V=15V, V=2V 5 mA
Minimum Output Sink Current l'sink Vine =0V, V=1V, V5.0V, V=2V 5 mA
Ve =0V, V =1V, V=15V, V,=0.2V 12* m
Differential Input Voltage Range Vior All V;2 GND or \-Supply (if used) Ve \Y,
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10.3. Typical Performance Characteristics (AMP)

20
18

16

12
10
8.0
6.0

4.0
2.0

VL INPUT VOLTAGE (V)

Input Voltage Range

N
NN

Ndgativg ////

N

-
Pqsitive

IR
4

L

0 20 40 6.0 80 10 12 14 16
Vee, POWER SUPPLY VOLTAGES (V)
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AvoL, LARGE-SIGNAL
OPEN-LOOP VOLTAGE GAIN (dB)

120

100

80

60

40

Open -Loop Frequency

1.0

T T
Vee=15V | ||
N GND=0
N Ta=25C
N
N
\\
N
\,\
N
\\\
\\
10 100 1.0k 10k 100k 1.0M
f. FREQUENCY (Hz)
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10.3. Typical Performance Characteristics (AMP)

Large -Single Frequency Response Small -Signal Voltage Follower
Pulse Response (Non -Inverting)

550

_ 14
T m T TTT] w
z 12 RL=20KQ s
3 \ Vee=15V E a5 opu
10 \ GND=0 || @
: \ GAIN=-100 9 o —2d  Output ~
%80 \ RI=1.0OKQ 1] 5 / /
% RFE=100KQ g 350 \’,
< [4
2 60 = / /\u
> v A 2 \ / Vee=30V
E 20 s 200 Ta=25C ]
> \\\.. CrL=50pF
)
0 . . |
3
2 1.0 10 100 1000 0 10 20 30 40 50 60 70 80
-

f, FREQUENCY (kHz) t. TIME(us)
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10.3. Typical Performance Characteristics (AMP)

Power Supply Current versus

Power Supply Voltage
24
E 2.1 Ta=25C ]
= R1.=00
E 1.8
-4
£ s
@) 1
=12 — —
&
a 0.9
&
= 0.6
o}
£ 03
. 0

0 5.0 10 15 20 25
Vce, POWER SUPPLY VOLTAGE (V)
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2

Is, INPUT BIAS CURRENT (nA)

=}
[=]

oo
=

70

Input Bias Current versus
Power Supply Voltage

2.0 4.0 6.0 8.0 10 12 14 16 18
Vee, POWER SUPPLY VOLTAGE (V)
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11. AC Characteristics

*TA= -40 °C ~+85 °C unless otherwise specified.

Value
Parameter Symbol Pin Conditions Unit
Min. Typ. Max.
Vpp =5V 6 10% 1 - 24
Operating Frequency Fosc | XTALL, XTAL2 MHz
Vpp =3V 6 10% 1 - 12
Vpp =5V 6 10% 24 - -
RESET Input Width trst | RESET Fosc
Vpp =3V 6 10% 24 - -
External Interrupt Vpp =5V 0 10% 4 - -
) tinT External Interrupt Fosc
Input Width Vpp =3V & 10% 4 R -
P trst
/ N

0.8Vpp 0.8Vpp
RESET 7 R

tINT

/[~ \
0.8Vpp

0'8VDD S
External Interrupt Pin / 0.2Vpp —RC 7 0.2Vpp

tINT

A
\ 4
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12. ADC Specifications

Value
Parameter Symbol Conditions Unit
Min. Typ. Max.
Supply Voltage Vbbabc - 1.6 - 5.5 \Y
Input Voltage Vinabc - Vss - Voo Y,
Resolution RESc - - 10 - bit
Operating Frequenc F Vop = 4.5V = 5.5V 10 MHz
perating Frequency ADC Vop = 2.4V ~ 3.3V 5
Conversion Time tapc - - 96/ Fapc - s

Vpp =5V, Faopc=10MHz N N
Overall Accuracy OAupc o= o ARCT - 62 64 LSB
Voo =3V, Frpc=5MHz

. Voo =5V, Fap=10MHz ] .
Integral Nonlinearity INLapc o ADCT - 62 64 LSB
Voo =3V, Fapc=5MHz

Vpp =5V, Fap=10MHz
Differential Nonlinearity DNL, pp " ADCT - 60.5 61 LSB
be Vpp =3V, Fap=5MHz

Vpp =5V, Frp=10MHZz N N
Zero Input Error ZIExpe o= v ARCT - 62 64 LSB
Voo =3V, Frpc=5MHz

Vpp =5V, Frp=10MHZz " »
Full Scale Error FSEpc bb il - 62 64 LSB
Voo =3V, Fapc=5MHz

Analog Input Capacitance Cinabc - - 10 15 pF
Vpp = 5V, Fap=10MHzZ - 1 2
ADC Active mA
Current | aoc Vop = 3V, Fap=5MHz - 0.3 0.6
Power-down Vpp = 5V - - 100 nA
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13. Package Dimensions: 40-MLF

D
[« : > 2 40-MLF
Exposed PAD [ E— ]
| Symbol Dimension in mm
i MOin. Nom. Max.
A A 0.80 0.85 0.90
A 0.00 0.01 0.05
A 0.20 REF.
D 5.00 BSC
© E 5.00 BSC
D, 3.50 3.60 3.70
E 3.50 3.60 3.70
b 0.15 0.20 0.25
e 0.40 BSC
L 025 | 035 [ o045
E E2 . o3 ]
b Notes:
1. All Dimension are in mm. Angles in Degrees.
2. Pin 1 visual index feature may vary, but must be
located within the hatched area.
4. Package is saw singulated.
Kk 5. Refer JEDEC M@220.
6. BSC : Basic Dimension. Theoretically exact value
\4 shown without tolerances.
— REF : Reference Dimension, Usually without tolerance,
Pin #1 ID for information purpose only.
TOP VIEW BOTTOM VIEW L
DETAILA 0T o

_ 7 \

R 3 7 V A} 3
0.203 8 0.008 | / | 0.203 +0.058 /  -0.008
A v o Z Terminal Thickness
Seating Plane \' ‘ﬁw .I v
/

7
SIDE VIEW 0.00 ~ 0.05 N, '

DETAIL A
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14. Supporting tools

MDS Code Generation Tools
(Microprocessor Development System)

E Assembler & Linker for DOS &
E In-Circuit Debugger Windows
E Easyto-Use GUI /\\E Optimized CrossC Compiler
User-Friendly

Development
Environment

ROM Writer

Application System

N

i _ E Optional Parallel/Serial Program
E On-board Implemented Various

Application E World Wide Programmable in
Anywhere

E Various Sample Test Program
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Appendix A : instruction set (1/18)

ADD A, <src - byte> | 1 cycle = 4 clocks
Add
ADD A, Rn Encoding : HEX: 28h, #bytes: 1, Cycles: 1
Operation : (A) a (A)+(Rn) o|of1{o|2|r|r |r
ADD A, @RI Encoding : HEX: 26h, #bytes: 1, Cycles: 1
Operation : (A) a (A +((Ri) ofo|l1|0|Of1|1]|i
ADD A, direct Encoding : HEX: 25h, #bytes: 2, Cycles: 2
Operation : (A) a (A) + (direct) 0|0j1(0j0f1]0 |1 direct addr
ADD A, #date Encoding : HEX: 24h, #bytes: 2, Cycles: 2
Operation : (A) a (A)+data 0|0(1({0|0|1]|0 |0] [immediate data

ADDC A, <src - byte>

Add with Carry

ADDC A, Rn Encoding : HEX: 38h, #bytes: 1, Cycles: 1
Operation : (A) a (A)+(C)+(Rn) ofofx|a|afr|r |r

ADDC A, @RI Encoding : HEX: 36h, #bytes: 1, Cycles: 1
Operation : (A) a (A)+(C)+ ((Ri) o|of1j2f{of2|alfi

ADDC A, direct Encoding : HEX: 35h, #bytes: 2, Cycles: 2
Operation : (A) a (A)+ (C) + (direct) 0|0j1)1|0|1|0 |1 direct addr

ADDC A, #date Encoding : HEX: 34h, #bytes: 2, Cycles: 2
Operation : (A) a (A)+(C)+data 0]0|1(1]|0(1]|0|0]| [immediate data
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Appendix A : instruction set (2/18)

SUBB A, <src - byte> |
Subtract with Borrow
SUBB A, Rn Encoding : HEX: 98h, #bytes: 1, Cycles: 1
Operation : (A) a @® - © - (Rn 1jolof1{1{r]|r |r
SUBB A, @RI Encoding : HEX: 96h, #bytes: 1, Cycles: 1
Operation : (A) a A - © - ((Ri) 1|{o|o|1|o|a]|1]i
SUBB A, direct Encoding : HEX: 95h, #bytes: 2, Cycles: 2
Operation : (A) a (A - (©) - (direct) 1(olo|1|o|1|0 |1 direct addr
SUBB A, #date Encoding : HEX: 94h, #bytes: 2, Cycles: 2
Operation : (A) a (A) - (C) - data 1|{0[(0|1]|0|1]|0|0]| [immediate data

INC <byte>
Increment
INC A Encoding : HEX: 04h, #bytes: 1, Cycles: 1
Operation : (A) a (A+1 0|0(0j0|0Of1]0 |0
INC Rn Encoding : HEX: 08h, #bytes: 1, Cycles: 1
Operation : (Rn) a (Rn)+1 ofo0|O|O|fL|r |r |r
INC @RI Encoding : HEX: 06h, #bytes: 1, Cycles: 1
Operation : ((Ri)) a (R +1 o|ojo(ofoj1|1]i
INC direct Encoding : HEX: 05h, #bytes: 2, Cycles: 2
Operation : (direct) a (direct) +1 0f(ojo|0|0O|1|O0O (21 direct addr
INC DPTR Encoding : HEX: A3h, #bytes: 1, Cycles: 1
Operation : (DPTR) a (DPTR)+1 1({oj1(of0j0|1 (1
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Appendix A : instruction set (3/18)

DEC <byte> I

Decrement
DEC A Encoding : HEX: 14h, #bytes: 1, Cycles: 1
Operation : (A) a @®» -1 olojof1|o]|1]|o0 |0
DEC Rn Encoding : HEX: 18h, #bytes: 1, Cycles: 1
Operation : (Rn) a (Rn) -1 olofo|x]|a]|r]|r |r
DEC @RI Encoding : HEX: 16h, #bytes: 1, Cycles: 1
Operation : (R)) & (R)) -1 ololo|1fo]a|1li
DEC direct Encoding : HEX: 15h, #bytes: 1, Cycles: 1
Operation : (direct) a (direct) -1 olo|jof1|o]|1]o0 |2 direct addr
DEC DPTR Encoding : HEX: A5h, #bytes: 1, Cycles: 1
Operation : (DPTR) a (DPTR) - 1 1({ofl1|o|o|1|0 |1
MUL AB
Multiply
- Encoding : HEX: A4h, #bytes: 1, Cycles: 3
operation: W 10 & A)x(®) ncoding / /
: (B) 15.5 1{of1(o(0f1|{0 (0O
DIV AB
Divide
x Encoding : HEX: 84h, #bytes: 1, Cycles: 3
. A & A/ 2 y Y
Operation : (B) .o 1/olololol1lo0 |0
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Appendix A : instruction set (4/18)

DA A |
Decimal -adjust Accumulator for Addition
IF[(A  3.0)>9] U [(AC)=1]] Encoding : HEX: D4h, #bytes: 1, Cycles: 1
. . THEN(A?’,O) a (A3,O)+6 1{1lol1lol1]0 1|0
Operation: jE[a , )>9] U [(C)=1]

THEN (A;,) @ (A7.,)t6

ANL <dest - byte>, <src - byte>

Logical AND for byte variables

ANL A, Rn Encoding : HEX: 58h, #bytes: 1, Cycles: 1
Operation : (A) a (A)"™(Rn) oj1{o|1j2|r|r |r

ANL A, @RI Encoding : HEX: 56h, #bytes: 1, Cycles: 1
Operation : (A) a (A" ((Ri) o|1{of1|0|21|1|i

ANL A, direct Encoding : HEX: 55h, #bytes: 2, Cycles: 2
Operation : (A) a (A) " (direct) 0(1{0(1|0|2|0 |1 direct addr

ANL A, #date Encoding : HEX: 54h, #bytes: 2, Cycles: 2
Operation : (A) a (A)~data 011|0(1]|0(1]0|0] [immediate data

ANL direct, A Encoding : HEX: 52h, #bytes: 2, Cycles: 2
Operation : (direct) a (direct) M (A) 0f1|j0|1|{0|0f1 (O direct addr

ANL direct, #data Encoding : HEX: 53h, #bytes: 3, Cycles: 3
Operation : (direct) a (direct) ~ data 0f1(0|1]0|0f1 |1 direct addr immediate data
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Appendix A : instruction set (5/18)

ANL C, <src - bit>

Logical AND for bit variables

ANL C, bit

Operation : ©) a (C)~(bit)
ANL C, /bit

Operation : © a (C)~"~(bit)

ORL <dest - byte>, <src - byte>

Encoding : HEX: 82h, #bytes: 2, Cycles: 2
1(ofo0|0 0 bit addr
Encoding : HEX: BOh, #bytes: 2, Cycles: 2
1(0j1]|1 0 bit addr

Logical OR for byte variables

ORL A, Rn

Operation : (A) 4 (A) U (Rn)

ORL A, @RI

Operation : (A) & (A) U ((Ri)

ORL A, direct

Operation : (A) a& (A) U (direct)

ORL A, #date

Operation : (A) 4 (A) U data

ORL direct, A

Operation : (direct) & (direct) U A
ORL direct, #data

Operation : (direct) a4 (direct) U data

@) CORERIVER

Encoding : HEX: 48h, #bytes: 1, Cycles: 1
o(1|0(o0 r

Encoding : HEX: 46h, #bytes: 1, Cycles: 1
0o(1({o|o i

Encoding HEX: 45h, #bytes: 2, Cycles: 2
o(1|o0fo 1 direct addr

Encoding HEX: 44h, #bytes: 2, Cycles: 2
o(1({o]|o 0| [immediate data
Encoding HEX: 42h, #bytes: 2, Cycles: 2
0f(1|0]|0 0 direct addr

Encoding HEX: 43h, #bytes: 3, Cycles: 3
o(1|ofo 1 direct addr immediate data
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