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PIC12F635/PIC16F636/639

6-1 T1CON TIMER1 10h            
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

T1GINV TMR1GE T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON
bit 7 bit 0

bit 7 T1GINV Timer1 (1)

1 = Timer1
0 = Timer1

bit 6 TMR1GE Timer1 (2)

TMR1ON = 0

TMR1ON = 1
1 = Timer1 Timer1
0 = Timer1

bit 5-4 T1CKPS<1:0> Timer1
11 = 1:8
10 = 1:4
01 = 1:2
00 = 1:1

bit 3 T1OSCEN LP
CLKOUT INTOSC

1 = LP Timer1
0 = LP

bit 2 T1SYNC Timer1
TMR1CS = 1
1 = 
0 = 
TMR1CS = 0

Timer1
bit 1 TMR1CS Timer1

1 = T1CKI
0 = FOSC/4

bit 0 TMR1ON Timer1
1 = Timer1
0 = Timer1

1 T1GINV Timer1
2 T1G C2OUT Timer1 TMR1GE 1 T1G

C2OUT T1GSS CMCON1<1>

R = W = U = 0
-n = POR 1 = 1 0 = x = 
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6.5 Timer1
T1SYNC T1CON<2> 1

/ 6.5.1
Timer1

6.5.1 TIMER1
TMR1H

TMR1L
8 16

16 PICmicro®

DS33023A_CN Timer1

6.6 Timer1
OSC1 OSC2

T1OSCEN
T1CON<3> 1

31 kHz
32 kHz 3-1

Timer1

Timer1 LP
Timer1

LP

Timer1 TRISA5 TRISA4
1 RA5 RA4 0 TRISA5 TRISA4 1

6.7 Timer1
Timer1

• Timer1 T1CON<0>
• TMR1IE PIE1<0> 1
• PEIE INTCON<6> 1

GIE INTCON<7>
1

0004h GIE

6-1 TIMER1

CMCON0 19h

0

T1OSCEN 1
Timer1

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR/BOD/
WUR

0Bh/
8Bh

INTCON GIE PEIE T0IE INTE RAIE T0IF INTF RAIF 0000 0000 0000 0000

0Ch PIR1 EEIF LVDIF CRIF C2IF C1IF OSFIF — TMR1IF 0000 00-0 0000 00-0

0Eh TMR1L 16 TMR1 xxxx xxxx uuuu uuuu

0Fh TMR1H 16 TMR1 xxxx xxxx uuuu uuuu

10h T1CON T1GINV TMR1GE T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON 0000 0000 uuuu uuuu

1Ah CMCON
1

— — — — — — T1GSS C2SYNC ---- --10 ---- --10

8Ch PIE1 EEIE LVDIE CRIE C2IE C1IE OSFIE — TMR1IE 0000 00-0 0000 00-0

x = u = — = 0 Timer0
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7.0
I/O

RA0 RA1 RC0 RC1
RA2 RC4

CVREF

CMCON0 7-1
7-4

7-1 CMCON0 0 19h             

PIC12F635 1 PIC12F635
PIC16F636/639

2

R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
C2OUT(1) C1OUT(2) C2INV(1) C1INV(2) CIS CM2 CM1 CM0
bit 7 bit 0

bit 7 C2OUT 2 (1)

C2INV = 0
1 = C2 VIN+ > C2 VIN-
0 = C2 VIN+ < C2 VIN-

C2INV = 1
1 = C2 VIN+ < C2 VIN-
0 = C2 VIN+ > C2 VIN-

bit 6 C1OUT 1 (2)

C1INV = 0
1 = C1 VIN+ > C1 VIN-
0 = C1 VIN+ < C1 VIN-

C1INV = 1
1 = C1 VIN+ < C1 VIN-
0 = C1 VIN+ > C1 VIN-

bit 5 C2INV 2 (1)

1 = C2
0 = C2

bit 4 C1INV 1 (2)

1 = C1
0 = C1

bit 3 CIS
CM<2:0> = 010

1 = C1 VIN- RA0
C2 VIN- RC0

0 = C1 VIN- RA1
C2 VIN- RC1

CM<2:0> = 001
1 = C1 VIN- RA0
0 = C1 VIN- RA1

bit 2-0 CM<2:0>
7-4 CM<2:0>

1 PIC16F636/639 PIC12F635 0

2 PIC12F635 COUT CINV

R = W = U = 0
-n = POR 1 = 1 0 = x = 
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7.1
7-1

VIN+ VIN-
VIN+

VIN- 7-1

CxINV CMCON0<5:4> 1
CxINV 7-1

7-1

7-1     

7.2
7-2

VDD VSS
VSS VDD

0.6V

10 kΩ

7-2

CIN+ CIN-
CMCON0 19h

CINV CxOUT

VIN- > VIN+ 0 0

VIN- < VIN+ 0 1

VIN- > VIN+ 1 1

VIN- < VIN+ 1 0

1
0

2

–

+VIN+

VIN-

VIN–

VIN+

Output

VIN+

VIN-

VA
AIN

CPIN
5 pF

VDD

VT = 0.6V

VT = 0.6V

RIC

ILEAKAGE
±500 nA

Vss
CPIN =
VT =
ILEAKAGE =
RIC =
RS =
VA = 

Rs < 10 kΩ
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7.3
CMCON0

7-3 7-4
TRISA TRISC

15.0 

7-3 PIC12F635 I/O
POR (1)

CM<2:0> = 000 CM<2:0> = 111

CM<2:0> = 010 CM<2:0> = 100

CM<2:0> = 011 CM<2:0> = 101

CM<2:0> = 001 CM<2:0> = 110

A = 0 CIS = CMCON0<3>

D = 

1 GPO GP1 GP2

GP1/CIN-

GP0/CIN+ 0

A

A

GP2/C1OUT D

GP1/CIN-

GP0/CIN+ 0

D

D

GP2/C1OUT D

GP1/CIN-

GP0/CIN+ C1OUT

A

A

GP2/C1OUT D

GP1/CIN-

GP0/CIN+ C1OUT

A

D

GP2/C1OUT D
CVREF

GP1/CIN-

GP0/CIN+ C1OUT

A

D

GP2/C1OUT D

CVREF

GP1/CIN-

GP0/CIN+ C1OUT

A

A

GP2/C1OUT D

CVREF

CIS = 0
CIS = 1

GP1/CIN-

GP0/CIN+ C1OUT

A

A

GP2/C1OUT D

GP1/CIN-

GP0/CIN+ C1OUT

A

A

GP2/C1OUT D

CVREF

CIS = 0
CIS = 1
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7-4 PIC16F636/639 I/O

C1
RA1 VIN-

VIN+RA0
0

POR

A

A

CM<2:0> = 000

C2
RC1 VIN-

VIN+RC0
0

A

A

C1
RA1 VIN-

VIN+RA0
C1OUT

A

A

CM<2:0> = 100

C2
RC1 VIN-

VIN+RC0
C2OUT

A

A

C1
RA1 VIN-

VIN+RA0
C1OUT

A

D

CM<2:0> = 011

C2
RC1 VIN-

VIN+RC0
C2OUT

A

A

C1
RA1 VIN-

VIN+RA0
0

D

D

CM<2:0> = 101

C2
RC1 VIN-

VIN+RC0
C2OUT

A

A

C1
RA1 VIN-

VIN+RA0
0

(1)

D

D

CM<2:0> = 111

C2
RC1 VIN-

VIN+RC0
0

D

D

C1

RA1 VIN-

VIN+RA0 C1OUT

A

A

CM<2:0> = 010

C2

RC1 VIN-

VIN+RC0 C2OUT

A

A

From CVREF Module

CIS = 0
CIS = 1

CIS = 0
CIS = 1

C1
RA1 VIN-

VIN+RA2/C1OUT
C1OUT

A

D

CM<2:0> = 110

C2
RC1 VIN-

VIN+RC0
C2OUT

A

A

A = 0
D = 

CIS = CMCON0<3>

RC4/C2OUT

C1

RA1 VIN-

VIN+RA0 C1OUT

A

A

CM<2:0> = 001

C2
RC1 VIN-

VIN+RC0
C2OUT

A

A

CIS = 0
CIS = 1
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7-5 PIC12F635 C1    

7-6 PIC16F636/639 C1    

C1SYNC

DQ

EN

C1OUT

RD CMCON

    

DQ

EN

CL

RD CMCON

C1INV

DQ

EN TMR1
(1)

0

1

TMR1

1 T1 1

C2IF 1

DQ

EN

C1OUT

RD CMCON

C1IF 1 DQ

EN
CL

NRESET

C1INV

RD CMCON
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7-7 PIC16F636/639 C2    

7-2 CMCON1 1 1Ah             
U-0 U-0 U-0 U-0 U-0 U-0 R/W-1 R/W-0

— — — — — — T1GSS C2SYNC(1)

bit 7 bit 0

bit 7-2: 0
bit 1 T1GSS Timer1

1 = Timer1 T1G RA4
0 = Timer1 2

bit 0 C2SYNC 2 (1)

1 = C2 Timer1
0 = C2 Timer1

1 PIC12F635 C2SYNC C1SYNC

R = W = U = 0
-n = POR 1 = 1 0 = x = 

C2SYNC

DQ

EN

C2OUT

RD CMCON

C2IF 1 DQ

EN

CL

RD CMCON

C2INV

DQ

EN TMR1
(1)

0

1

TMR1

1 T1 2
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7.4
CMCON0

RA2 RC4 I/O
RA2 RC4

7-5 7-6
1 2

TRIS RA2
RC4 /

C1INV C2INV CMCON0<5:4>

Timer1 T1G 2
T1GSS CMCON1<1>

C2SYNC CMCON1<0> 1 2
Timer1 2

Timer1 Timer1
2

2 Timer1
Timer1

7-6 C2 5-1 PIC12F635/
PIC16F636/639 Timer1

2 Timer1 C2SYNC
1 2 Timer1 Timer1

2 Timer1

7.5

1
CMCON0<7:6>
CxIF PIR1<4:3>

1

CxIE PIE1<4:3> PEIE INTCON<6>
1 GIE 1

CMIF 1

a) CMCON

b) CxIF

CxIF 1
CMCON0 CxIF

Q2
CMCON0 CxOUT

CxIF PIR1<4:3>
1
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7.6

VRCON 7-3
7-8

7.6.1
32 16

16

7-1

7.6.2 /
VDD CVREF VDD

15.0 

7-8

VRR = 1 CVREF = (VR<3:0>/24) x VDD

VRR = 0
CVREF = (VDD/4) + (VR<3:0> x VDD/32)

VRR8R

VR<3:0>

16-1

8R R R R R

CVREF

16

VREN

VDD
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7.7

15-7

7.8

CM<2:0> = 111
VRCON<7> = 0

GIE INTCON<7> 1
0004h GIE

CMCON0 CMCON1
VRCON

7.9
CMCON0 CMCON1 VRCON

CM<2:0> = 000

7-3 VRCON 99h               
R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
VREN — VRR — VR3 VR2 VR1 VR0

bit 7 bit 0

bit 7 VREN CVREF

1 = CVREF
0 = CVREF IDD CVREF = VSS

bit 6 0
bit 5 VRR CVREF

1 = 
0 = 

bit 4 0
bit 3-0 VR<3:0> CVREF 0 ≤ VR<3:0> ≤ 15

VRR = 1
CVREF = (VR<3:0>/24) * VDD

VRR = 0
CVREF = VDD/4 + (VR<3:0>/32) * VDD

R = W = U = 0
-n = POR 1 = 1 0 = x = 
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8.0 PLVD 8.1
PIC12F635/PIC16F636/639 PLVD

PLVD 8-1

8-1 LVDCON 94h            

8-1

U-0 U-0 R-0 R/W-0 U-0 R/W-1 R/W-0 R/W-0
— — IRVST LVDEN — LVDL2 LVDL1 LVDL0

bit 7 bit 0

bit 7-6 0
bit 5 IRVST

1 = PLVD PLVD
0 = PLVD PLVD

bit 4 LVDEN
1 = PLVD PLVD
0 = PLVD PLVD

bit 3 0
bit 2-0 LVDL<2:0>

111 = 4.5V
110 = 4.2V
101 = 4.0V
100 = 2.3V
011 = 2.2V
010 = 2.1V
001 = 2.0V
000 = 1.9V(1)

1 VDD

R = W = U = 0
-n = POR 1 = 1 0 = x = 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR/BOD/
WUR

94h LVDCON — — IRVST LVDEN — LVDL2 LVDL1 LVDL0 --00 -000 --00 -000

0Bh/8Bh INTCON GIE PEIE T0IE INTE RAIE T0IF INTF RAIF 0000 0000 0000 0000

0Ch PIR1 EEIF LVDIF CRIF C2IF C1IF OSFIF — TMR1IF 0000 00-0 0000 00-0

8Ch PIE1 EEIE LVDIE CRIE C2IE(1) C1IE OSFIE — TMR1IE 0000 00-0 0000 00-0

x = u =  — = 0
1 PIC16F636/639
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9.0 EEPROM
EEPROM VDD

EEPROM

SFR EEPROM
• EECON1
• EECON2
• EEDAT
• EEADR

EEDAT 8 EEADR
EEPROM PIC16F636/639 256

EEPROM PIC12F635 64

EEPROM

EEPROM /

15.0
AC

CPU
EEPROM EEPROM

0

EEPROM PICmicro®

DS33023A_CN

9-1 EEDAT EEPROM 9Ah                   

9-2 EEADR EEPROM 9Bh                       

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
EEDAT7 EEDAT6 EEDAT5 EEDAT4 EEDAT3 EEDAT2 EEDAT1 EEDAT0

bit 7 bit 0

bit 7-0 EEDATn EEPROM EEPROM

R = W = U = 0
-n = POR 1 = 1 0 = x = 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
EEADR7(1) EEADR6 EEADR5 EEADR4 EEADR3 EEADR2 EEADR1 EEADR0
bit 7 bit 0

bit 7-0 EEADR 256 EEPROM /

1 PIC16F636/639 PIC12F635 0

R = W = U = 0
-n = POR 1 = 1 0 = x = 
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9.1 EECON1 EECON2
EECON1

0

RD WR
1

WR

WREN 1 WREN
MCLR

WDT WRERR 1
WRERR

EEDAT EEADR
EEIF PIR1<7> 1

EECON2 EECON2
0 EECON2 EEPROM

9-3 EECON1 EEPROM CONTROL 1 9Ch                

EEPROM WR  = 1
EECON1 EEDAT EEADR

U-0 U-0 U-0 U-0 R/W-x R/W-0 R/S-0 R/S-0
— — — — WRERR WREN WR RD

bit 7 bit 0

bit 7-4 0

bit 3 WRERR EEPROM
1 =  MCLR WDT BOD
0 = 

bit 2 WREN EEPROM
1 = 
0 = EEPROM

bit 1 WR
1 = WR 1
0 = EEPROM

bit 0 RD
1 = EEPROM RD RD

1
0 = EEPROM

S = 1
R = W = U = 0
-n = POR 1 = 1 0 = x = 
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9.2 EEPROM
EEADR

RD EECON1<0> 1
9-1 EEDAT

EEDAT

EEDAT

9-1 EEPROM

9.3 EEPROM
EEPROM

EEADR EEDAT
9-2

9-2 EEPROM

55h EECON2 AAh EECON2
WR 1

EEPROM

EECON1 WREN 1

EEPROM
EEPROM

WREN WREN

WREN
WREN 1 WR 1

WR EE
EEIF 1
EEIF PIR<7>

9.4
EEPROM

9-3

9-3

9.4.1 EEPROM
EEPROM

D120 EEPROM
D124

EEPROM

9.4.2 EEPROM
EEPROM 64 1M

10M EEPROM
EEPROM

64M

EEPROM 63M
10M

6

BSF STATUS,RP0 ;Bank 1
BCF STATUS,RP1 ;
MOVLW CONFIG_ADDR ;
MOVWF EEADR ;Address to read
BSF EECON1,RD ;EE Read
MOVF EEDAT,W ;Move data to W

BSF STATUS,RP0 ;Bank 1
BCF STATUS,RP1 ;
BSF EECON1,WREN ;Enable write
BCF INTCON,GIE ;Disable INTs
MOVLW 55h ;Unlock write
MOVWF EECON2 ;
MOVLW AAh ;
MOVWF EECON2 ;
BSF EECON1,WR ;Start the write
BSF INTCON,GIE ;Enable INTS

BSF STATUS,RP0 ;Bank 1
BCF STATUS,RP1 ;
MOVF EEDAT,W ;EEDAT not changed 

;from previous write
BSF EECON1,RD ;YES, Read the 

;value written
XORWF EEDAT,W
BTFSS STATUS,Z ;Is data the same
GOTO WRITE_ERR ;No, handle error
: ;Yes, continue
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9.5
EEPROM

EEPROM
WREN

64 ms EEPROM

WREN

•
•
•

9.6 EEPROM
12-1 CPD 0

CPU
EEPROM

NOP

0

9-1 EEPROM /

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR/BOD/
WUR

0Bh/8Bh INTCON GIE PEIE T0IE INTE RAIE T0IF INTF RAIF 0000 0000 0000 0000

0Ch PIR1 EEIF LVDIF CRIF C2IF(1) C1IF OSFIF — TMR1IF 0000 00-0 0000 00-0

8Ch PIE1 EEIE LVDIE CRIE C2IE(1) C1IE OSFIE — TMR1IE 0000 00-0 0000 00-0

9Ah EEDAT EEDAT7 EEDAT6 EEDAT5 EEDAT4 EEDAT3 EEDAT2 EEDAT1 EEDAT0 0000 0000 0000 0000

9Bh EEADR EEADR7(1) EEADR6 EEADR5 EEADR4 EEADR3 EEADR2 EEADR1 EEADR0 0000 0000 0000 0000

9Ch EECON1 — — — — WRERR WREN WR RD ---- x000 ---- q000

9Dh EECON2 EEPROM 2 ---- ---- ---- ----

x = u = — = 0 q = 
EEPROM

1 PIC16F636/639
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10.0 KEELOQ®

KEELOQ Microchip
KEELOQ® Encoder License Agreement

KEELOQ®

KEELOQ® Encoder License Agreement
Microchip www.microchip.com/KEELOQ

Microchip
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11.0 AFE
PIC16F639

PIC16F639 PIC16F636 LF
Analog Front-End AFE AFE

LF
AFE

PIC16F639 1 mVpp 125 kHz
LF

PIC16F639
11-3 11-4

LF
Automatic Gain Control AGC

LFDATA 11-1
AFE 11-2 LC

AFE
AFE

9
SPI

11.1 RF
LC de-Q RF RF

Limiter LC
15.0

VDE_Q

LC de-Q de-Q

3

11.2
FET

LC
LC LCCOM LC

RM LC

RM

LF

Clamp On Clamp Off
SPI

11-1 11-2

Soft Reset Inactivity
Timer FET

11.3

63 pF
1 pF

11.4
AGC

11.5

AFE

AFE
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11.6 AGC
AGC

11.4 

3

11.7 1 2
FGA1 FGA2 40 dB

11.8
5 11-6

AUTOCHSEL<8> 1

AUTOCHSE <8> = 1
AGC TSTAB

AFE <8:6> 11-8

TAGC

RSSI

11.9

AFE 1 11-2
DATOUT

11.10

11.11

3

11.12

LFDATA 11.15 

11.13 RSSI
RSSI 11.31.3

RSSI

11.14
AFE 32 kHz RC

• Inactivity Timer
• Alarm Timer
• Pulse Width Timer
• Period Timer
• AGC AGC Settling Timer

11.14.1 RC
RC

32 kHz ± 10%

AGC
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11.14.2
AFE

32 kHz 16 ms
TINACT

AFE
16 ms AFE

• LF

• CS SPI™

•

• AFE LF

AFE

• LF TINACT

AFE
AGC RC

AFE

11.14.3
AFE LF

MCU
32 ms TALARM

32 ms

a) ALERT
b) AFE 7 11-8

ALARM 1

ALERT MCU
MCU

AFE

• CS SPI
•
• LFDATA

• LF

ALERT

•
TALARM

11.14.4

TOEH TOEL

11.14.5

TOET

11.14.6 AGC TAGC

AGC
3.5 ms

TAGC TPAGC
11-6

1 AGC TAGC AFE

AGC
AGC

2 AGC
AFE AFE

7 <4:2> 11-8
AFE

1
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11-1

X
Y
Z

VSST

LCX

LCY

LCZ

LCCOM

VDDT

Z
Y
X

AGC

LCCOM

CS LFDATA/RSSI/SCLK/ALERT

MCU

/

XRF

LCCOM

YRF

ZRF

32 kHZ

B

A

A

A

AGC

AGC

AGC

X

Y

Z

AGC

RSSI
CCLK/SDIO

÷ 64

÷ 64

÷ 64

Σ

WAKEX

WAKEZ

WAKEY



 2005 Microchip Technology Inc. DS41232B_CN 83

PIC12F635/PIC16F636/639

11-2 LC

A

A

R
F

M
O

D
FE

T

FG
A

1
FG

A
2

LF
D

AT
A

X Y Z

LC
X

/
LC

Y
/

LC
Z

LC
C

O
M

   
   

   
  

>
4

V
P

P

W
AK

E
Z

W
A

KE
Y

C
LK

D
IV

D
AT

O
U

T

A
G

C

R
E

F 
G

E
N

0.
1V

X Y Z
B

A
G

C
A

C
TA
G

C
SI

G

A
G

C

FG
A

  =
  

FW
R

 =
  

LP
F 

= 
P

D
  =

 

0
0

+ –

+–

+–
0.

4V
≈

1
0

≈

32
kH

z
/A

G
C

/1
 O

R
 /4

C

C
H

X
C

H
Y

C
H

Z
AC

T

A
U

TO
C

H
SE

L

LF
D

AT
A

0
1

1
0

1
1

R
S

S
I G

E
N

C

÷ 
64

R
SS

I

D
E

TZ
D

ET
Y

D
E

TX

W
A

K
EX
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11-3 PKE

11-4 PKE

LED

UHF

3

MCU
PIC16F636

+

PIC16F639

LED

UHF

LF
/

M
CU

LF
125 kHz

LF
125 kHz

UHF

X

Y

Z

PI
C

16
F6

39

1

2

3

4

20

19

18

17

5

6

7

16

15

14

8

9

10

13

12

11

+3V +3V

+3V

+3V
VDD

S0

S1

S2

S3

S4

S5

VSS

Data

RFEN

LFDATA/RSSI/CCLK/SDIO

VDDT

LCX

LCY

CS

SCLK/ALERT

VSST

LED

LCCOM

LCZ

RF
UHF TX

315 MHz
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11.15
LFDATA

LC

AFE
LFDATA

AGC
TOEH TOEL

SPI 11-5 11-6

TOEH

11-5

t ≥  TOEH t ≥  TOEL

t ≤  TOET

TGAP

AFE
AGC

AGC

TAGC + TPAGC

TSTAB

LFDATA
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11-6

LF

LFDATA

LFDATA        

TPAGC

TAGC = AGC
TE =
TGAP = AGC
TOEH =
TOEL =
TOET =
TPAGC = TAGC

TSTAB = TAGC + TPAGC

3.5 ms

TGAP

TSTAB

t ≥ TOEH

t ≥ TOEL

t ≤ TOET

t ≥ TE

AFE

TAGC
AGC
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11-1

TOEH
TOEH ≤ t ≤ TOET

TOEL
TOEL ≤ t ≤ TOET

TOET
TOEH TOEL t ≤ TOET

0 11-1 OEL<8:7>
00 TOEH TOET TOEL TINACT

LFDATA
• TOEH

• TOEH > 56 μs < 56 μs

•
• TOET

- TOEH + TOEL > TOET

- TOEH > TOET

- TOEL > TOET

• SPI

TOEH > TOET
TE

TOEH TOEL
AFE LF 11-10

11-11 11-12

• TOEH - TDR + TDF

• TOEL + TDR - TDF

TGAP AGC

11.16
AFE 3 mVPP

3 mVPP
20 mVPP AFE AGC

AGC AGC

AGC
AFE 7 11-8

AGC AGCACT<5> 1

11-2 AGCSIG
AGCSIG 1 AGC

11-1 AFE
3 11-4

4 11-5 5 11-6
0 dB

-30 dB

OEH
<1:0>

OEL 
<1:0>

TOEH
ms

TOEL
ms

TOET
ms

01 00 1 1 3
01 01 1 1 3
01 10 1 2 4
01 11 1 4 6

10 00 2 1 4
10 01 2 1 4
10 10 2 2 5
10 11 2 4 8

11 00 4 1 6
11 01 4 1 6
11 10 4 2 8
11 11 4 4 10

00 XX

1 VDD = 3.0V
32 kHz
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11-2 AGCSIG<7>

11.17 /
0<3:1> 11-1

FET RF

11.18 AGC

AGC

AGC
AGC AGC TAGC

AGC
AGC

AGC
AGC

AGC
1. AGC TAGC AGC

2. TAGC AGC

AGC AGC

11.19 AGC
AGC AGC Preserve AFE AGC

TAGC AGC

AFE AGC
Preserve On AFE
AGC Preserve Off

AGC AFE AGC
AGC

AGC AGC
AGC AGC

AGC 11.32.2.5 AGC
11.32.2.6 AGC

AGCSIG<7>
5

0 AFE 3.0 mVPP

1 AGC = 1 VPEAK ≈ 20 mVPP

•

20 mVPP
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11.20
AFE

a) POR
b)
c)
d) SPI

AGC TAGC

AFE

•
• AGC
•
• 32 kHz

AFE
7 11-8

1/32 kHz =
31.25 μs LCCOM

11.21
AFE 5

11-6 AFE
11-7

5 MODMIN<6:5> 75%
50% 25% 12% 50%

12%

75%

11-3

11-3
MODMIN

5

Bit 6 Bit 5

0 0 50%
0 1 75%
1 0 25%
1 1 12%
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11-7

(a) 

(b) LFDATA

B A

A - B
A

X 100%

        %   = 
10 - 7

10
X 100% = 30%

10 mVPP7 mVPP

        %   = 

t

t

MODMIN = 25% LFDATA

MODMIN = 25% LFDATA

 = 30%

0

LFDATA  = 

t

t

LFDATA   = 
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11.22
SPI AFE

RF
AFE

SPI
SPI AFE

11.23
LF AFE

AFE

11.24
LF LF

AFE

11.25 AFE
AFE

AFE

bit 0 bit 1
bit 8 6

0
5

1
1
/ AFE

/
AFE SCLK/ALERT

SCLK/ALERT AFE

SCLK/ALERT

AFE

11-4

11-4 AFE

Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

0 1 0 1 0 1 0 0 0 0

1 0 0 0 0 0 0 0 0 1

2 0 0 0 0 0 0 0 0 1

3 0 0 0 0 0 0 0 0 1

4 0 0 0 0 0 0 0 0 1

5 1 0 0 0 0 0 0 0 0

6 1 1 0 1 0 1 1 1 1
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11.26
Microchip AFE

11.27 De-Q
VDE_Q

AFE AGC
de-Q

11.28

11-8

11-8 LF

LCCOM
LC

LCX

LCY

LCZ

VBAT

DBLOCK

CPOOL

DFLAT1

RLIM

LCCOM

CCOM
DFLAT2

CZ

CY

CX

VDD

RCOM

DLIM LX

LY

LZ

CCOM= LCCOM
CPOOL=
DBLOCK=

DFLAT=
DLIM = VDD
RCOM= Ccom
RLIM =
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11.29

TDR
TDF TDR TDF 15.0 

11-9

11.30

AFE AFE
AFE VPOR

ALERT
AFE

11.31 LFDATA
FDATA

RSSI 1
11-2

11.31.1

11-9

0 11-1

• 1 11-2
DATOUT <8:7>
- bit 8   bit 7

0 0

0 1

1 0 RSSI

0 1 RSSI

• 0 11-1

        

LC

TDR
TDF
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I. AGC TAGC 11-10

11-10

II. 0
11-1 TOEL 11-11 11-12

11-11

LFDATA

LFDATA
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11-12

LFDATA
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11.31.2
LFDATA

AGC TAGC
1

1 2 4
2 11-3 DATOUT<7> AGC

AGCSIG MODMIN

11-13

• 1 11-2 DATOUT <8:7>
       bit 8     bit 7

0 0

0 1

1 0 RSSI

1 1 RSSI

• 2 11-3 CLKDIV<7>

0 /1

1 /4

• 0 11-1
• 5 11-6
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11-13

Carrier Clock Output

Carrier Input

Carrier Input

Carrier Clock Output

1 /1

2 /4
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11.31.3 RSSI
AFE

RSSI LFDATA
11-15

RSSI
AGC RSSI

AGC RSSI
RSSI RSSI AFE

LFDATA I/O
RC3 RSSI

RSSI AFE SPI RSSI
SPI SPI

RSSI AFE RSSI
CS RSSI

RSSI

RSSI

AFE
• 1 11-2 DATOUT<8:7>
      bit 8      bit 7

0 0

0 1

1 0 RSSI

1 1 RSSI

• 2 11-3
RSSIFET<8>

0 MOSFET
1 MOSFET

• 0 11-1

11-14 RSSI

RSSI MOSFET

MOSFET

RSSI

VDD

2 bit 8
RSSI MOSFET

RC3/LFDATA/RSSI/CCLK
RSSIFET

RSSI
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11-15 RSSI
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11.31.3.1 RSSI
AFE RSSI ADC

ADC
ADC

ADC
LFDATA

LFDATA MOSFET
2 11-3 RSSIFET<8>

MOSFET MOSFET MOSFET
MOSFET

RSSI
MOSFET

ADC

11.32 AFE

11.32.1 SPI
AFE SPI AFE

SPI
CS SCLK/ALERT LFDATA/RSSI/CCLK/SDIO

11-15 11-14 11-16 11-17 SPI

AFE

CS
•
SCLK/ALERT
• CS

AFE

SPI CS SPI

LFDATA/RSSI/CCLK/SDIO
• CS

LFDATA SPI SPI
SDI

SPI SDO

11-16

CS

SCLK/ALERT

LFDATA/RSSI/

CCLK/SDIO

ALERT

LFDATA

C
S

M
C

U
M

C
U

M
C

U

M
C

U

 C
S

SC
LK
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11-17 SPI

CS

SCLK/

LFDATA/RSSI/

TSU THD

TCSSC TSCCS

THI TLO

1/FSCLK

TCS1

TCSH

TCS0

CCLK/SDIO

ALERT

LFDATA SDI

SCLK ALERT

M
C

U

 M
C

U

LFDATA

M
C

U

M
C

U

M
C

U

16

ALERT
  M

C
U

M
C

U

1

2

3

4

5

6

7

SPI
1. AFE ALERT

• CS
2. CS

• AFE SCLK/ALERT SCLK
• LFDATA/RSSI/CCLK/SDIO SDI

3. LFDATA/RSSI/CCLK/SDIO
• SPI

4. 16 SPI
•

5. LFDATA/RSSI/CCLK/SDIO
6. CS SPI
7. SCLK/ALERT

LSbMSb
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11-18 SPI

CS

LFDATA/RSSI/

CCLK/SDIO

 M
C

U

TSU THD

TSCCS

THI TLO

1/FSCLK

TCS1

TCSH

TCS0

SDI

SCLK ALERT

LFDATA

M
C

U
 

M
C

U
 

M
C

U

M
C

U
 

16 TCSSC TCSSC TCS1

TCSH

TCS0

SDO

SCLK ALERT

LFDATA

M
C

U

M
C

U

16

SCLK/ALERT

ALERT

LFDATA

 M
C

U

M
C

U
 

1

2

3

4

5

6 7

8

9

10

TDO

MSb LSb

TCSSC

MCU SPI

1. AFE ALERT
• CS

2. CS
• AFE SCLK/ALERT SCLK
• LFDATA/RSSI/CCLK/SDIO SDI

3. LFDATA/RSSI/CCLK/SDIO
• SPI

4. 16 SPI
•

5. LFDATA/RSSI/CCLK/SDIO
6. CS SPI

7. CS
• AFE SCLK/ALERT SCLK 
• LFDATA/RSSI/CCLK/SDIO SDO

8. 16 SPI
•
•
•

9. CS SPI
10. SCLK/ALERT

TCSH TCSH
6
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11.32.2 /
8 SPI

3 + 4 +
AFE 11-5
SPI

AFE SPI 0,0 0,0
11-19 SDI SCLK

AFE SDO SCLK CS
16 SCLK

11-5 SPI AFE

000 XXXX XXXX XXXX X

001 XXXX XXXX XXXX X

010 XXXX XXXX XXXX X AFE
011 XXXX XXXX XXXX X AGC AGC
100 XXXX XXXX XXXX X AGC AGC
101 XXXX XXXX XXXX X

110 0000 0 P
0001 1 P LCX LFDATA
0010 2 P LCY
0011 3 P LCZ
0100 4 P LCX LCY
0101 5 P LCZ
0110 P 0 -> 5
0111 AFE X AFE

111 0000 0 P
0001 1 P LCX LFDATA
0010 2 P LCY
0011 3 P LCZ
0100 4 P LCX LCY
0101 5 P LCZ
0110 P 0 -> 5
0111 X

P
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11-19 SPI AFE

11.32.2.1

0 11-1

11.32.2.2

11.32.2.3
AFE

AFE

11.32.2.4
AFE

SPI
AFE

11.20 

AFE
AFE

SPI

11.32.2.5 AGC
AGC AGC Preserve On AGC

AGC
AGC

AGC
AGC AGC AGC Preserve Off

11.19 AGC

11.32.2.6 AGC
AGC AFE AGC
AGC

11.19 AGC

11.32.3
AFE 8 AFE

SPI AFE
Bit 0 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
bi

t 2

CS

SCLK

SDIO
bi

t 0

bi
t 7

bi
t 0

bi
t 0

bi
t 3

MSb LSb
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11-6

11-1 0 0000             

Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

0 OEH OEL ALRTIND LCZEN LCYEN LCXEN R0PAR

1 DATOUT X R1PAR

2 RSSIFET CLKDIV Y R2PAR

3 Z R3PAR

4 X Y R4PAR

5 AUTOCHSEL AGCSIG MODMIN MODMIN Z R5PAR

6 R6PAR

AFE 7 AGCACT ALARM PEI

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
OEH1 OEH0 OEL1 OEL0 ALRTIND LCZEN LCYEN LCXEN R0PAR

bit 8 bit 0

bit 8-7 OEH<1:0> TOEH

00 = LFDATA
01 = 1 ms
10 = 2 ms
11 = 4 ms

bit 6-5 OEL<1:0> TOEL

00 = 1 ms
01 = 1 ms
10 = 2 ms
11 = 4 ms

bit 4 ALRTIND ALERT
1 = / 11.14.3 
0 =

bit 3 LCZEN LCZ
1 =
0 =

bit 2 LCYEN LCY
1 =
0 =

bit 1 LCXEN LCX
1 =
0 =

bit 0 R0PAR 1/ 9 1

R = W = U = 0
- n = POR 1 = 1 0 = x = 
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11-2 1 0001             

11-3 2 0010             

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DATOUT1 DATOUT0 LCXTUN5 LCXTUN4 LCXTUN3 LCXTUN2 LCXTUN1 LCXTUN0 R1PAR
bit 8 bit 0

bit 8-7 DATOUT<1:0> LFDATA
00 =
01 =
10 = RSSI
11 = RSSI

bit 6-1 LCXTUN<5:0> LCX
000000 =+0 pF
 :
111111 =+63 pF

bit 0 R1PAR 1/ 9 1

R = W = U = 0
-n = POR 1 = 1 0 = x = 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
RSSIFET CLKDIV LCYTUN5 LCYTUN4 LCYTUN3 LCYTUN2 LCYTUN1 LCYTUN0 R2PAR

bit 8 bit 0

bit 8 RSSIFET LFDATA MOSFET RSSI
1 = RSSI MOSFET
0 = RSSI MOSFET

bit 7 CLKDIV
1 = /4
0 = /1

bit 6-1 LCYTUN<5:0> LCY
000000 = +0 pF
 :
111111 = +63 pF

bit 0 R2PAR 1/ 9 1

R = W = U = 0
-n = POR 1 = 1 0 = x = 
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11-4 3 0011             

11-5 4 0100             

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — LCZTUN5 LCZTUN4 LCZTUN3 LCZTUN2 LCZTUN1 LCZTUN0 R3PAR

bit 8 bit 0

bit 8-7 0
bit 6-1 LCZTUN<5:0> LCZ

000000 =+0 pF
 :
111111 =+63 pF

bit 0 R3PAR 1/ 9 1

R = W = U = 0
-n = POR 1 = 1 0 = x = 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
LCXSEN3 LCXSEN2 LCXSEN1 LCXSEN0 LCYSEN3 LCYSEN2 LCYSEN1 LCYSEN0 R4PAR
bit 8 bit 0

bit 8-5 LCXSEN<3:0>(1)  LCX
0000 = -0 dB
0001 = -2 dB
0010 = -4 dB
0011 = -6 dB
0100 = -8 dB
0101 = -10 dB
0110 = -12 dB
0111 = -14 dB
1000 = -16 dB
1001 = -18 dB
1010 = -20 dB
1011 = -22 dB
1100 = -24 dB
1101 = -26 dB
1110 = -28 dB
1111 = -30 dB

bit 4-1 LCYSEN<3:0>(1) LCY
0000 = -0 dB
 :
1111 = -30 dB

bit 0 R4PAR 1/ 9 1

1

R = W = U = 0
-n = POR 1 = 1 0 = x = 
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11-6 5 0101             

11-7 6 0110             

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
AUTOCHSEL AGCSIG MODMIN1 MODMIN0 LCZSEN3 LCZSEN2 LCZSEN1 LCZSEN0 R5PAR
bit 8 bit 0

bit 8 AUTOCHSEL
1 = AFE TSTAB
0 = AFE 0 /

bit 7 AGCSIG AGC
1 = AGC 20 mVPP AGC AGC 1
0 = AFE

bit 6-5 MODMIN<1:0>
00 = 50%
01 = 75%
10 = 25%
11 = 12%

bit 4-1 LCZSEN<3:0>(1) LCZ
0000 = -0dB
 :
1111 = -30dB

bit 0 R5PAR 1/ 9 1

1

R = W = U = 0
- n = POR 1 = 1 0 = x = 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
COLPAR7 COLPAR6 COLPAR5 COLPAR4 COLPAR3 COLPAR2 COLPAR1 COLPAR0 R6PAR
bit 8 bit 0

bit 8 COLPAR7 1/ 8  + 1
bit 7 COLPAR6 1/ 7  + 0 5 7 1
bit 6 COLPAR5 1/ 6  + 0 5 6 1
bit 5 COLPAR4 1/ 5  + 0 5 5 1
bit 4 COLPAR3 1/ 4  + 0 5 4 1
bit 3 COLPAR2 1/ 3  + 0 5 3 1
bit 2 COLPAR1 1/ 2  + 0 5 2 1
bit 1 COLPAR0 1/ 1  + 0 5 1 1
bit 0 R6PAR 1/ 9 1

R = W = U = 0
- n = POR 1 = 1 0 = x = 
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11-8 AFE 0111             

SPI AFE AFE
11-7

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
CHZACT CHYACT CHXACT AGCACT WAKEZ WAKEY WAKEX ALARM PEI

bit 8 bit 0

bit 8 CHZACT Z (1)

1 = TAGC Z
0 = TAGC Z

bit 7 CHYACT Y (1)

1 = TAGC Y
0 = TAGC Y

bit 6 CHXACT X (1)

1 = TAGC X
0 = TAGC X

bit 5 AGCACT AGC
1 = AGC > 20 mVPP AGC
0 = AGC

bit 4 WAKEZ Z
1 = Z AFE ÷64
0 = Z AFE

bit 3 WAKEY Y
1 = Y AFE ÷64
0 = Y AFE

bit 2 WAKEX X
1 = X AFE ÷64
0 = X AFE

bit 1 ALARM
1 = ALERT 0 bit 4
0 = 

bit 0 PEI
1 = ALERT
0 = 

1 1 0

R = W = U = 0
- n = POR 1 = 1 0 = x = 
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11-7 AFE SPI
Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

CHZACT CHYACT CHXACT AGCACT WAKEZ WAKEY WAKEX ALARM PEI

POR 0 0 0 0 0 0 0 0 1

u u u u u u u 0 u

u u u u u u u u u
(1) 0 0 0 0 0 0 0 u u

u = 
1 11.20 11.32.2.4 
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12.0 CPU
PIC12F635/PIC16F636/639

•
- POR
- WUR
- PWRT
- OST
- BOD

•
• WDT
•
•
•
• ID
•

PIC12F635/PIC16F636/639

OST
PWRT

64 ms

64 ms

•
•
•

INTOSC
LP

12-1

12.1
0 1

12-1
2007h

2007h
2000h -

3FFFh
PIC12F6XX/16F6XX

Memory Programming Specification
DS41204
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 12-1 CONFIG 2007h         
U-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1

— WURE FCMEN IESO BODEN1 BODEN0 CPD CP MCLRE PWRTE(1) WDTE FOSC2 F0SC1 F0SC0
bit 13 bit 0

bit 13 1
bit 12 WURE

1 = 
0 = 

bit 11 FCMEN
1 = 
0 = 

bit 10 IESO /
1 = 
0 = 

bit 9-8 BODEN<1:0>
11 = BOD SBODEN
10 = BOD BOD SBODEN
01 = 2-6 SBODEN BOD
00 = BOD SBODEN

bit 7 CPD
1 = 
0 = 

bit 6 CP
1 = 
0 = 

bit 5 MCLRE MCLR
1 = MCLR MCLR
0 = MCLR MCLR

bit 4 PWRTE (1)

1 = PWRT
0 = PWRT

bit 3 WDTE
1 = WDT
0 = WDT 12-2 SWDTEN

bit 2-0 FOSC<2:0>
000 = LP RA5/T1CKI/OSC1/CLKIN RA4/T1G/OSC2/CLKOUT
001 = XT / RA5/T1CKI/OSC1/CLKIN RA4/T1G/OSC2/CLKOUT
010 = HS / RA5/T1CKI/OSC1/CLKIN RA4/T1G/OSC2/CLKOUT
011 = EC RA4/T1G/OSC2/CLKOUT I/O RA5/T1CKI/OSC1/CLKIN CLKIN
100 = INTOSCIO RA4/T1G/OSC2/CLKOUT I/O RA5/T1CKI/OSC1/CLKIN I/O
101 = INTOSC RA4/T1G/OSC2/CLKOUT CLKOUT RA5/T1CKI/OSC1/CLKIN I/O
110 = EXTRCIO RA4/T1G/OSC2/CLKOUT I/O RA5/T1CKI/OSC1/CLKIN RC
111 = EXTRC RA4/T1G/OSC2/CLKOUT CLKOUT RA5/T1CKI/OSC1/CLKIN RC

1 PWRT

R = W = U = 0
-n = 1 = 1 0 = x = 
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12.2
PIC12F635/PIC16F636/639
a) POR
b) WUR
c) WDT
d) WDT
e) MCLR
f) MCLR
g) BOD

•
• MCLR
• MCLR
• WDT
•

WDT
TO PD

1 12-3

12-4

12-1

MCLR
15.0 

 12-1

S

R Q

MCLR/VPP

VDD

OSC1/

WDT

VDD

OST/PWRT

LFINTOSC

WDT

OST

10

PWRT

11

OST

PWRT

(1)

SBODEN
BODEN<0>

CLKI

1 12-1

WURE

RA3

BODEN <1>
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12.3
VDD POR

POR
MCLR VDD

RC VDD
15.0 

BOD
BOD VDD

VBOD 12.6 BOD

AN607 Power-up Trouble
Shooting DS00607

12.4 WUR
PIC12F635/PIC16F636/639

WUR
VDD WUR

WURE 0

1.
GIE

2. WURE RA3

PCON WUR POR BOD
TO PD

RA3 WUR
1. WUR WURE = 0

2. RA3 MCLRE = 0

3. PORTA RA3
4. SLEEP

5. RA3
PCON WUR

12.5 MCLR
PIC12F635/PIC16F636/639 MCLR

WDT MCLR
MCLR 12-2

MCLRE
MCLR MCLR VDD

MCLR
MCLR

 12-2 MCLR
VDD POR

POR VDD VSS
100 μs

VDD

PIC12F635/PIC16F636/639

MCLR

R1
1 kΩ

C1
0.1 μF
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12.6 BOD
BODEN0 BODEN1

BOD
BOD BODEN<1:0> = 01 SBODEN

PCON<4> / BOD BOD
BODEN<1:0> BOD

BOD
SBODEN 12-1

VDD VBOD
TBOD 15.0 VDD

VDD
VBOD TBOD

VDD BVDD
12-3

64 ms

VDD VBOD

VDD VBOD
64 ms

 12-3

PWRTE

64 ms(1)

VBOD
VDD

VBOD
VDD

64 ms(1)< 64 ms

64 ms(1)

VBOD
VDD

1 PWRTE 0 64 ms
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12.7
POR

PWRT PWRT OST
PWRTE

EC PWRTE
PWRT 12-4

12-5 12-6 OST

INTOSC 3.6.2
3.7

POR MCLR
MCLR

12-5
PIC12F635/PIC16F636/639

12-5
12-4

12.8 PCON
PCON 8Eh

Bit 0 BOD BOD
1 BOD

0 BOD = 0
BOD

BODEN<1:0> = 00 BOD

Bit 1 POR 0

1 POR 0
VDD

4.2.3 12.6
BOD

 12-1

 12-2

PWRTE = 0 PWRTE = 1 PWRTE = 0 PWRTE = 1

XT HS LP TPWRT + 1024 • TOSC 1024 • TOSC TPWRT + 1024 • TOSC 1024 • TOSC 1024 • TOSC

RC EC INTOSC TPWRT — TPWRT — —

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR/BOD/
WUR (1)

03h STATUS IRP RP1 RP0 TO PD Z DC C 0001 1xxx 000q quuu

8Eh PCON — — ULPWUE SBODEN WUR — POR BOD --01 q-qq --0u u-uu

u = x = — = 0 q = BOD
1 MCLR
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 12-3 PCON
POR BOD WUR TO PD

0 x x 1 1

u 0 u 1 1

u u u 0 u WDT
u u u 0 0 WDT

u u u u u MCLR

u u u 1 0 MCLR
u u 0 1 0

u 0 u 1 1

u = x = 
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 12-4 MCLR VDD 1

 12-5 MCLR VDD 2

 12-6 MCLR VDD

TPWRT

TOST

VDD

MCLR

POR

PWRT

OST

VDD

MCLR

POR

PWRT

OST

TPWRT

TOST

TPWRT

TOST

VDD

MCLR

POR

PWRT

OST


