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ANALOG SIGNAL CONVERTTER AND DATA STORAGE MODULE

Komkanate Chanthip
Prasit Nukuntornprakit
Thawatchai Kumsri Advisor

2004

Abstract

This thesis is present the study at the analog to digital converter module and store data
outside memory . This circuit was design and made by PIC16F877 Microcontroller for store data
outside memory and instrument , test by compare between input voltage and digital converter voltage
, test by transfer data through computer serial port by Hyper Terminal software in waveform on the
analog frequency . The experimental result show the circuit can convert analog signal to digital signal
and have a little bit error when compare with the input voltage . This thesis can be apply for high price

oscitloscope .
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10-bit A/D Block Diagram
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' \_ 100 @ Ana
Vi . .
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. 010 .
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AID \) 001
v & AN1
PCFGO " 000 |
v v o o B o
r g . ;
VREF+ 0/0
I I ] Ll
| Reference | ! !
voltage ) ot
4 —; VREF- Yo s
- = ) al

{ o 3 & aa
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Analog Input Modei
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Sampling
itch
% vr=06v . .SS_:“f. -
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AWy D‘;
_ I leakage = Cuoto =120 pF
VI=06Y (| )i100ma P
_L Vss
Legend Cem = input capacitance v
% = threshold voltage 5V
fLeakace = leakage current at the pin due to Voo 4V.
various junctions 3.
Ric = interconnect resistance 2V,
S8 = sampling switch
CHowp = samplethold capacitance {from DAC) 567891011
Sampling Switch
(k)
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0000:
0001:
0002:
0003:

0800:
0801:
0802:
0803:
0804:
0805:
0806:
0807:
0808:
0809:

080A:
080B:
080C:
080D:
080E:

080F:

0810:
0811:
0812:
0813:
0814:
0815:
0816:
0817:
0818:
0819:

081A:
081B:
081C:
081D:
O81E:

081F:

0820:

NOP
MOVLW 00
MOVWF QA
GOTO 382
CLRF 36
CLRF 33
CLRF 34
CLRF 33
BSF 1F2
BTFSC 1F.2
GOTO 005
MOVF 1EW
MOVWF 7A
BSF 035
MOVF 1EW
BCF 03.5
MOVWEF 5C
MOVF 1EW
MOVWF 5D
BCI—; 0A3
GOTO 033
BSF 0A.3
MOVF 7AW
MOVWF 52
MOVF 79.W
MOVWF 51
MOVF 78 W
MOVWF 50
MOVF 77.W
MOVWEF 4F
MOVF 352w
MOVWF 5F
MOVF SLW
MOVWF SE
MOVF 3S0.W
MOVWF 35D

MOVF 4F W

MOVWTE 5C

: CLRF 63

23: MOVLW CO

24: MOVWF 62

25: MOVLW 7F

: MOVWT 61
: MOVLW 88
: MOVWF 60
: BCF 0A3
. CALL 033
: BSF 0A3

: BTFSS 03.2

2D: GOTO 034

083C:
083D:

083E:

083F:
0840:
0841:
0842:
0843:
084-4:

0845:

: CLRF 36

: CLRF 33

: CLRF 34

: MOVLW 01
: MOVWF 33
: GOTO 754

: MOVF 52.W
: MOVWF 35F
: MOVE 31w
: MOVWF 3E
T MOVF 50w
: MOVWF sD
: MOV'F 4-F.W

: MOVWF 3C

CLRF 63
MOVLW CO
MOVWE 62
MOVI W 7F
MOVWF 61
MOVLW 38
MOVWF 60
BCF 0A3
CALL 033

BSF 0A3

0846:

0847:
0848:
0849:

084A:
084B:
084C:

084D:

BTFSS 03.0
GOTO OBE
CLRF 5F

MOVLW 70
MOVWF SE
MOVLW 6A
MOVWF 3D

MOVLW 88

: MOVWF sC
: MOVF 352.W
- MOVWF 63
: MOVF 51.W

: MOVWF 62

53: MOVFE 50.W

54: MOVWF 61

: MOVF 4F.W

56: MOVWF 60

: BCF 0A3

58: CALL 033

59: BSF 0A3

SD: MOVF 52w

: BTFSS 03.0
: GOTO OBE

: BSF 03.1

SE: MOVWE 5F

0R5F:

0860:
0861:
0862:
0863:
0864:
0865:
0866:
0867:
0R6X:

0869:

086A:

MOVF stw
MOVWF SE
MOVF 50.W
MOVWF 35D
MOVF 4F.W
MOVWF 5C
CLRF 63
MOVLW 70
MOVWEF 62
MOVLW 6A
MOVWF 61

MOVLW 88

086B-
086C:
086D:
086E:

086F:

0870:

0872:
0873:
0874:
0875:
0876:
0877:
0878:
0879:

087A:
087B:
087C:
087D:
087E:

087F:

0880:
0881:
0882:
0883:
0884:
0885:
0886:
0887:
0888:
08R9:

088A:
088B:
088C:
088D:
08BE:
088F:

MOVWF 60
BCF 0A3
CALL 092
BSF 0A3
MOVF 7AW

MOVWE 52

: MOVF 79.W

MOVWEF 51
MOVF 78.W
MOVWEFE 50
MOVF 77.W
MOVWF 4F
CLRF 4E
MOVLW 80
MOVWF 4D
MOVLW 2A
MOVWF 4C
MOVLW 85
MOVWF 4B
MOVE 52w
MOVWF 5F
MOVF 351LW
MOVWF SE
MOVF 350.W
MOVWF 5D
MOVF 4F.W
MOVWF 5C
MOVF 4EW
MOVWF 63
MOVF 4D.W
MOVWF 62
MOVF 4C.W
MOVWF 61
MOVF 4B.W
MOVWF 60
BCF 0AJ3

CALL 033



0890:
0891:
0892:
0893:
0894:
0895:
0896:
0897:
0898:
0899:
089A:
089B:
089C:
089D:
089E:
089F:
08AO0:
08A1l:
08A2:
08A3:
08A4:
08AS:
08AG6:
08A7:
08A8:
08A9:

08AA:
08AB:
08AC:
08AD:
08AE:

08AF:

08B0:

BSF 0A.3
BTFSS 03.0
GOTO 0BD
MOVLW 01
ADDWF 33.F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 34.F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 35.F
MOVL W 00
BTFSC 03.0
MOVLW 01
ADDWF 36.F
BSF  03.1
MOVF 4EW
MOVWE SF
MOVF 4D.W
MOVWF SE
MOVF 4C.W
MOVWEF 5D
MOVF 4B.W
MOVWF 5C
MOVLW 66
MOVWF 63
MOVWE 62
MOVLW 08
MOVWE 61
MOVLW 81
MOVWF 60

08B1:
08B2:
08B3:
08B4:
08B=:
08B6:
08B7:
08B8:
08B9:

08BA:
08BB:
08BC:
08BD:
08BE:

08BF:
08C0:
08C1:
08C2:
08C3:
0RC4:
0RCS:
08Ce6:
08C7:
08C8:
08C9:

08CA:
08CB:
08CC:
0RCD:
08CE:

08CF:
08D0:
08D1:

BCF 0A3
CALL -092
BSF 0A3

MOVE 7AW
MOVWF 4E
MOVF 79.W
MOVWE 4D
MOVF 78.W
MOVWF 4C
MOVF 77.W
MOVWF 4B
GOTO 07E
GOTO 754
MOVE 52w
MOVWE 5F
MOVE S1.W
MOVWEF SE
MOVF 50.W
MOVWE 3D
MOVF 4F.W
MOVWE 5C
CLRF 63
MOVLW 70
MOVWE 62
MOVLW 6A
MOVWE 61
MOVLW 88
MOVWE 60
BCF 0A3
C.—\LLVOSS
BSF 0A3
BTFSC 03.0

GOTO 0D4

08D2:
08D3:
08D4:
08D5:
08D6:
08D7:
08D8:
08D9:
08DA:
08DB:
08DC:
08DD:
O8DE:
O8DF:

08EQ:
08El:
08E2:
08E3:
08E4:
08ES:
0RE6:
08E7:
0RES:

08E9:

08EA:
08EB:
08EC:
08ED:

OREE:
O8EF:
08F0:
08FI:
ORF2:

BTFSS 03.2
GOTO 58
CLRF 5F
MOVLW 20
MOVWF SE
MOVLW 55
MOVWF 5D
MOVLW 88
MOVWE s5C
MOVF 352.W
MOVWF 63
MOVE 51w
MOVWF 62
MOVEF - 50.W
MOVWEF 61
MOVE 4F W
MOVWF 60
BCF 0A3
CALL 053
BSF QA3
BTFSS 03.0
GOTO 158
MOVLW 14
ADDWF 33 F
MOVLW 00
BTESC 03.0
MOVLW 0l
ADDWF 34.F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 35F

MOVLW 00

08F3:

08F4:

O8FS5:
08F6:
08F7:
08F8:

08F9:

08FA:
08FB:
08FC:
08FD:
O8FE:
O8FF:

0900:
0901:
0902:
0903:
0904:
0905:
0906:
0907:
0908:

0909:

090A:
090B:
090C:
090D:
090E:

090F:
0910:
0911:
0912:
0913:

BTFSC 03.0
MOVLW 01
ADDWF 36.F
BSF 03.1
MOVF 52w
MOVWF 5F
MOVF 51.W
MOVWF 5E
MOVF 50.W
MOVWF 5D )
MOVF 4F W
MOVWF 5C
CLRF 63
MOVLW 20
MOVWF 62
MOVLW 55
MOVWF 61
MOVLW 88
MOVWEF 60
BCF 0A3
CALL 092
BSF 0A3
MOVF 7AW
MOVWF 52
MOVF 79.W
MOVWF 51
MOVF 78.W
MOVWF 350
MOVF 77.W
MOVWF 4F
CLRF 4E
MOVLW g0

MOVWF 4D



0914:
0915:
0916:
0917:
0918:
0919:
091A:
091B:
091C:
091D:
091E:
091F:

0920:
0921:
0922:
0923:
0924:
0925:
0926:
0927:
0928:
0929:

092A:

MOVLW 2A
MOVWF 4C
MOVLW 85
MOVWF 4B
MOVF 352w
MOVWF 5F
MOVF 51.W
MOVWF SE
MOVF 50.W
MOVWF 5D
MOVF 4F W
MOVWF 5C
MOVF 4EW
MOVWF 63
MOVF 4D.W
MOVWF 62
MOVF 4C.W
MOVWF 61
MOVF 4B.W
MOVWF 60
BCF 0A3
CALL 033

BSF 0A3

2B: BTFSS 03.0

: GOTO 157
: MOVLW 01
: ADDWF 33F
: MOVLW 00
: BTFSC 03.0
: MOVLW 01
. ADDWF 34F
: MOVLW 00
: BTFSC 03.0
: MOVLW 01
. ADDWF 35F
: MOVLW 00
: BTFSC 03.0

0939:
093A:

093B:

093D:
093E:
093F:
0940:
0941:
0942:
0943:
0944:
0943:
0946:
0947:
0948:
0949:
094A:
094B:
094C:
094D:
094E:
094F:

0950:

MOVLW 01
ADDWF 36.F

BSF 03.1

0 MOVF 4EW

MOVWF SF
MOVE 4D.W
MOVWF SE
MOVE_ 4C.W
MOVWE 5D
MOVF 4B.W
MOVWE 5C
MOVLW 66
MOVWF 63
MOVWF 62
MOVLW 08
MOVWE 61
MOVLW §1
MOVWE 60
BCF  0A3
CALL 092
BSF 0A3
MOVE 7AW
MOVWE 4E

MOVFE 79.W

51: MOVWF 4D

52: MOVF 78.W

330 MOVWIE 4C

sS4 MOVE 77.W

: MOVWF 4B

56: GOTO 118

0959:
093A:
095B:
095C:

095D:

37 GOTO 754

D MOVFEF 20w

MOVWF 5F
MOVE S1W
MOVWF 5E
MOVFE 50.W

MOVWF 5D

SE: MOVF 4F.W

SF: MOVWE 5C

0978:

0979:

097A:
097B:
097C:
097D:

097E:

097F:
0980:
0981:
09382

: CLRF 63

: MOVLW 20
: MOVWF 62
: MOVLW 55
: MOVWEF 61
: MOVLW &R
: MOVWF 60
: BCF 0A3
: CALL 053
: BSF_0A3
: BTFSC 03.0
: GOTO I6E
: BTFSS 03.2
- GOTO IF2
: CLRF SF

: MOVLW DO
: MOVWF SE
: MOVLW 3F
: MOVWF 5D
: MOVLW 88
: MOVWF 5C

T MOVF 352w

MOVWEF 63

: MOVE S1.W

MOVWF 62
MOVF 350.W
MOVWF 61
MOVF 4F.\W
MOVWF 60
BCF 0A3
CALL 053
BSF 0A3
BTFSS 03.0
GOTO IF2

MOVLW 2%

0983:
0984:
0985:
0986:
0987:
0988:
0989:
098A:
098B:
098C:
098D:
098E:
098F:
0990:
0991:
0992:
0993:
0994:
0995:
0996:
0997:
0998:
0999:
099A:
099B:
099C:
099D:
099E:
099F:
09A0:
0%A1:
09A2:
09A3:
09A4:
09AS:
09A6:
09A7:

ADDWF 33.F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 34F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 35 F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 36.F
BSF 03.1
MOVF 52w
MOVWF 5F
MOVF 51w
MOVWF SE
MOVF 50.W
MOVWF 5D
MOVF 4F.W
MOVWF 5C
CLRF 63
MOVLW DO
MOVWF 62
MOVLW 3F
MOVWF 61
MOVLW 88
MOVWF 60
BCF 0A3
CALL 092
BSF 0A3
MOVF 7AW
MOVWEF 32
MOVF 79.W
MOVWF 51

MOVF 7R.W



09A8:
09A9:

09AA

MOVWF 350
MOVF 77.W

: MOVWF 4F

09AB: CLRF 4E

09AC: MOVLW 80

09AD

: MOVWF 4D

09AE: MOVLW 2A

09AF:
09B0:
09B1:
09B2:
09B3:
09B4:
09B5:
09B6:
09B7:
09B8:

09B9:

09BA:
09BB:
09BC:
09BD:

09BE:
09BF:
09CO:
09C1:
09C2:
09C3:
09C4:
09Cs:
09Cé6:
09C7:
09C8:
09CY:

09CA:
09CB:

09CC

MOVWF 4C
MOVLW 85
MOVWF 4B
MOVF 52w
MOVWF 5F
MOVF 51.W
MOVWF 5E
MOVF 50w
MOVWE 5D
MOVF 4F W
MOVWF 5C
MOVF 4EW
MOVWE 63
MOVF 4D.W
MOVWF 62
MOVF 4C.W
MOVWF 61
MOVF 4B.W
MOVWF 60
BCF 0A3
CALL 053
BSF 0A3
BTFSS 03.0
GOTO IFI
MOVLW 01
ADDWF 33.F
MOVLW 00
BTFSC 03.0
MOVLW 01

: ADDWF 34.F

09CD:
09CE:

09CF:

09DO:
09D1:
09D2:
09D3:
09D4:
09Ds:

09D6:

09D"~:

09D%:

09D9:
09DA:
09DB:
09DC:
09DD:
09DE:

09DF:

09EU:
09E1:
09E2:
09E3:
09E+:
09ES:
09E6:
09E7:
09ES:

09E9"

09EA:

09EB:

09L:C:

O9ED:

09EE:
O9EF:
09F0:

09F1:

MOVLW 00
BTFSC 03.0
MOVLW 0;
ADDWF 35F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 36.F
BSF. 03.1
MOVF 4E.W
\MOVWE SF
MOVF  4D.W
MOVWEF SE
MOVF 4C.W
MOVWF 5D
MOVF 4B.W
MOVWE 5C
MOVLW 66
MOVWE 63
MOVWE 62
MOVLW 08
MOVWE 61
MOVLW 81
MOVWE 60
BCF 0A3
CALL 092
BSF 0A.3
MOVF 7AW
MOVWF 4L
MOVE 79N
MOVWEF 4D
MOVF 78.W
MOVWE 4C
MOVE 77.W
MOVWFEF 4B
GOTO 1B2
GOTO 754

09F2:
09F3:
09F4:
09F5:
09F6:
09F7:
09F8:
09F9:
09FA:
09FB:
09FC:
09FD:
O9FE:
O9FF:
0A00:
OAO{:
0AQ2:
0A03:
0A04:
UAQS:
0A06:
0A07:
0AO08R:
0A09:
0AOA:
0AO0B:
0AOC:
0AO0D:
0AOL:
0AOQF:
0A10:
0Al1l:
0AI12:
0A13:
0A14:
0A15:

0Al6:

MOVF 352w
MOVWF 5F
MOVF sSL.W
MOVWF 35E
MOVF 350.W
MOVWF 3D
MOVF 4F W
MOVWF 5C
CLRF 63
MOVLW DO
MOVWEF 62
MOVLW 3F
MOVWF 61
MOVLW 88
MOVWF 60
BCF 0A3
CALL 053
BSF 0A3
BTFSC 03.0
GOTO 208
BTFSS 03.2
GOTO 28C
CLRF sF
MOVLW g0
MOVWF SE
MOVLW 2A
MOVWF 5D
MOVLW 88
MOVWF 5C
MOVF 32w
MOVWF 63
MOVF S1W
MOVWF 62
MOVF s0.W
MOVWF 6l
MOVF 4FW

MOVWF 60

0Al7:
0AI8:

0A19:

OALA:
0A1B:
0AIC:
0AID:

OAIE:

0AIF:

0A27:
0A28:

0A29:

0A2A:
0A2B:
0A2C:
0A2D:
0A2E:

0A2F:

0A30:
0A3IL:
0A32:
0A33:
0A34:
0A35:
0A36:
0A37:
0A38:

0A39:

0A3A:

0A3B:

BCF 0A3
CALL 053
BSF 0A3
BTFSS 03,0
GOTO 28C
MOVLW 3C
ADDWF 33 F
MOVLW 00

BTFSC 03.0

: MOVLW 01

ADDWF 34.F

: MOVLW 00

BTFSC 03.0

: MOVLW 01
. ADDWF 35 F

: MOVLW 00

BTFSC 03.0
MOVLW 01
ADDWF 36.F
BSF 03.1
MOVF 32w
MOVWF SF
MOVF 5LwW
MOVWF 5E
MOVF 50.W
MOVWF 35D
MOVF 4F.W
MOVWF 5C
CLRF 63
MOVLW 80
MOVWF 62
MOVLW 2a
MOVWF 61
MOVLW &8
MOVWF 60
BCF 0A3
CALL 092



0A3C:
0A3D:
OA3E:
OA3F:
0A40:
0A41:
0A42:
0A43:
0A44:
0A45:
0A46:
0A47:
0A48:
0A49:
0A4A:
0A4B:
0A4C:
0A4D:
0A4E:

BSF QA3
MOVF 7AW
MOVWF 52
MOVF 79.W
MOVWF 31
MOVF 78.W
MOVWF 50
MOVF 77.W
MOVWF 4F
CLRF 4E
MOVLW 80
MOVWF 4D
MOVLW 2A
MOVWF 4C
MOVLW 85
MOVWF 4B
MOVF 52.W
MOVWF ' 5F

MOVF 51.W

: MOVWEF 5E
: MOVF 350.W
: MOVWF 5D

: MOVF 4F.W

53: MOVWF 35C

54: MOVF 4EW

: MOVWF 63

: MOVF 4D.W

57: MOVWF 62

: MOVF 4C.W

59: MOVWF 61

0A5B:
0A5C:
0ASD:
0ASE:
OASF:

QA6(:

: MOVF 4B.W

MOVWF 60
BCF 0A3
CALL 053
BSF 0A3
BTFSS 03.0
GOTO 28B

0AGL:
0A62:
0A63:
0A6+:
0A65:
0AG66:
0A67:
0ABE:

0A69:

0ABA:
0A6B:
0A6C:
0A6D:

OA6LE:

0AG6F:
OA™():
0A7I1:
0A72:
0A73:
0A74:
[VENERY:
0AT6:
0A™™:
0A7R:

0A79:

QATA:
0A7B:
0A7C:
0ATD:

0ATE:

OA7F:
OAR:
OARI:
0AR2:
0AR3:
OARS:

OARS:

MOVLW 01
ADDWF 33F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 34.F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 35.F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 36.F
BSF  03.1
MOVF 4E.W
MOVWF SF
MOVF 4D.W
MOVWEF SE
MOVF 4C.W
MOVWF 3D
MOVF 4B.W
MOVWE 5C
MOVLW 66
MOVWF 63
MOVWF 62
MOVLW 08
MOVWF 61
MOVLW 81
MOVWE 60
BCF 0A3
CALL 092
BSF 0A.3
MOVF 7AW
MOVWF 4E
MOVE 79.W

MOVWFEF 4D

0A&6:
0AR7:
0AES:
0A89:
0ARA:
0A8B:
0A8C:
OA8D:
OABE:
0ABF:
0A90:
0A91:
0A92:
0A93:
0A94:
0A95:
0A96:
0A97:
0A98:
0A99:
0A9A:
0A9B:
0A9C:
0A9D:
OA9E:
0A9F:
0AAQ:
0AAL:
0AA2:
0AA3:

0AA4:

0AAS:

0AA6:
0AAT:
0AAR:

0AA9:

OAAA:

MOVF 738w
MOVWF 4C
MOVF 77w
MOVWF 4B
GOTO 24C
GOTO 754
MOVF 352w
MOVWF SF
MOVE . S1.wW
MOVWF 5E
MOVF s0.wW
MOVWE 3D
MOVF 4F.W
MOVWEF 3C
CLRF 63
MOVLW 80
MOVWF 62
MOVLW 2A
MOVWEF 61
MOVLW &g
MOVWF 60
BCF 0A3
CALL 053
BSF 0A3
BTFSC 03.0
GOTO 2A2
BTFSS 03.2
GOTO 326
CLRF SF
MOVLW 30
MOVWF 3E
MOVLW 15
MOVWF 5D
MOVLW 2R

MOVWF 3C

MOVF 32w

MOVWF 63

0AAB:
0AAC:
0AAD:
OAAE:
0AAF:
0ABO:
OABI:
0AB2:
0AB3:
0AB4:
0ABS:
0AB6:
0ABT7:
0ABS:
0AB9:
OABA:
0ABB:
0ABC:
0ABD:
0ABE:
O0ABF:
OACO:
0ACI:
0AC2:
0AC3:
0AC4:
0ACS:
0AC6:
0ACT:
0ACS:
0ACY:
0ACA:
0ACB:
0ACC:
0ACD:
OACE:

0ACF:

MOVF 51.W
MOVWF 62
MOVF 50.W
MOVWF 61
MOVF 4F.W
MOVWF 60
BCF 0A3
CALL 053
BSF 0A.3
BTFSS 03.0
GOTO 326
MOVLW 50
ADDWF 33.F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 34.F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 35.F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 36.F
BSF  03.1
MOVE 52w
MOVWF SF
MOVF SL.W
MOVWF SE
MOVE 50.W
MOVWEF 5D
MOVF 4F.W
MOVWE 5C
CLRF 63
MOVLW 30

MOVWE 62



0ADO:
0ADLI:
0AD2:
0AD3:
0AD4:
0ADS:
0ADG6:
0AD7:
0ADS:
0ADS9:
0ADA:
0ADB:
0ADC:
0ADD:
0ADE:
OADF:
0AEQ:
OAEIL:
0AE2:
0AE3:
0AE4:
0AES:
0AES6:
0AE7:
OAES:
0AE9:
0AEA:
OALB:
0AEC:
0AED:
OAEE:
OAEF:
0AFO:
0AF1:
0AF2:
0AF3:

OAF4:

MOVLW 15
MOVWF 61
MOVLW g8
MOVWF 60
BCF 0A3
CALL 092
BSF 0A3
MOVF 7AW
MOVWEF 52
MOVF 79.W
MOVWF 51
MOVF 78 W
MOVWF 50
MOVF 77.W
MOVWF 4F
CLRF 4E
MOVLW 80
MOVWF 4D
MOVLW 2A
MOVWF 4C
MOVLW 85
MOVWF 4B
MOVF 52.W
MOVWF 5F
MOVF 51w
MOVWF SE
MOVF 50.W
MOVWF 5D
MOVF 4F.W
MOVWEF s5C
MOVF 4EW
MOVWF 63
MOVF 4D.W
MOVWEF 62
MOVF 4C.W
MOVWF 61

MOVF 4B.W

OAFS:
0AF6:
0AF™:
OAF&:

OAF9:

OAFA:
0AFB:
0AFC:
0AFD:
0AFE:

OAFF:

0BOO:
0BO1:
0BO2:
0B03:
0BO4:
0BOS:
0BO6:
0BO~:
0BOS:
0BO9:

0BOA:
0BOB:
0BOC:

0BOD:

0BOE:
0BOF:
0B10:
0BI11:
UB12:
0B13:
0B14:
OBI1=:
0Bl6:
0BI™:
OBIx:

0B19Y:

MOVWF 60
BCF 0A3
CALL 033
BSF. 0A3
BTFSS 03.0
GOTO 325
MOVLW 01

ADDWF 33.F

MOVLW 00 °

BTESC 03.0
MOVLW 01
ADDWE 34.F
MOVLW 00
BTESC 03.0
MOVEW 01
ADDWF 35.F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 36.F
BSF  03.1
MOVE 4E.W
MOVWF. 5F
MOVF 4D.W
MOVWE SE
MOVE 4C.W
MOVWE 5D
MOVE 4BW
MOVWE 3C
MOVLW 66
MOVWE 63
MOVWF 62
MOVLW O
NMOVWE 61
NMOVLW g1
MOVWE 60

BCF 0A3

0B3F:
0B40:
0B41:
0B42:
0B43:
0B44:
0B45:
0B46:
0B47:
0B48:
0B49:

0B4A:
0B4B:
0BA4C:
0B4D:
0B4E:

MOVLW 7F
MOVWF 3D
MOVLW g7
MOVWF sC
MOVF 52w
MOVWF 63
MOVF 51w
MOVWF 62
MOVF 3S0.W
MOVWF 61
MOVF 4FW
MOVWE 60
BCF 0A3
CALL 053
BSF 0A3

BTFSS 03.0

: GOTO 3C0

50: MOVLW 64

51: ADDWF 33.F

52: MOVLW G0

53: BTFSC 030

54: MOVLW 0]

: ADDWF 34F

56: MOVLW 00

57: BTFSC 03.0

58: MOVLW 01

0B59:

0BSA:
0B3B:
0B3C:
0B3D:
OBSE:
0OBSF:

0B60:
0B61:
0B62:

0B63:

ADDWE 335 F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 36.F
BSF 03.1
MOVF 32.W
MOVWF 5F
MOVF 31w
MOVWF 3E

MOVFE 50w

CALL 092
BSF 0A3
MOVF 7AW
MOVWF 4E
MOVF 79.W

MOVWF 4D

: MOVF 78.W

: MOVWF 4C

22: MOVF 77.W

: MOVWF 4B

24: GOTO 2Eé6

¢ GOTO 754

: MOVF 52w
: MOVWF SF
: MOVF 51w
: MOVWF SE

: MOVF 50.W

2B: MOVWF 5D

0B2C:
0B2D:

MOVF 4F W

MOVWF 5C

2E: CLRF 63

: MOVLW 30
: MOVWF 62
: MOVLW 15
: MOVWF 61
: MOVLW 88
: MOVWF 60
: BCF 0A3
: CALL 053
: BSF 0A3
: BTFSC 03.0
: GOTO 33C
: BTFSS 03.2
1 GOTO 3C0
: CLRF 5F

: MOVLW CO

: MOVWF 3E



0B64:
0B65:
0B66:
0B67:
0B68:
0B69:

0B6A:
OB6B:
0B6C:
0B6D:
OB6E:

0B6F:

0B70:
0B71:
0B72:
0B73:
0B74:
0B75:
0B76:
0B77:
0B78:
0B79:

0B7A:
0B7B:
0B7C:
0B7D:
OB7E:

OB7F:

OBRO:
0B81:

0Bg&2:

MOVWF 5D
MOVF 4F.W
MOVWF 5C
CLRF 63
MOVLW CO
MOVWF 62
MOVLW 7F
MOVWF 61
MOVLW 87
MOVWF 60
BCF 0A3
CALL 092
BSF 0A3
MOVF 7AW
MOVWE 52
MOVF 79.W
MOVWF 51
MOVF 78.W
MOVWE 30
MOVF 77.W
MOVWF 4F
CLRF 4E
MOVLW 80
MOVWF 4D
MOVLW 2A
MOVWF 4C
MOVLW 83
MOVWF 4B
MOVF 52.W
MOVWF SF

MOVF S1LW

: MOVWF SE
: MOVF s0w
: MOVWF 5D
: MOVF 4F.W

1 MOVWF 5C

0B&8:
0B89:
0B8A:
0B8B:
0B3C:
0B8D:
OBSE:
OBSF:
0B90:
0B9I:
0B92:
0B93:
0B94:
0B95:
0B96:
0B97:
0B9S:
0899:
0B9A:
0B9B:
0B9C:
0B9D:
OBOE:
0BIF:
0BAO:
O0BAI:
0BA2:
0BA3:
0OBA4:
0BAS:
0BA6:
0BA™:
0BAR:

0BA9:

OBAA:

0BAB:

MOVF JE.W
MOV'WF 63
MOVF 4D.W
MOVWE 62
MOVE 4C.W
MOVWF 61
MOVF 4B.W
MOVWF *60
BCF 0A3
CALL 053
BSF 0A3
BTFSS 03.0
GOTO_3BF
MOVLW 0l
ADDWF 33.F
MOVLW 00
BTFSC 03.0
MOVLW 0]
ADDWF 34.F
MOVLW 00
BTFSC 03.0
MOVEW 0]
ADDWE 35F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 36.F
BSF  03.1
MOVF 4EW
MOVWE SF
MOVE 4D.W
MOVWE SE
MOVE 4C.W

MOVWF 3D

MOVE 4B.W

MOVWF 5C

OBAC:
OBAD:
OBAE:

OBAF:

0BBO:
0BB1:

0BB2:

0BB3:

0BB4:
0BBS:
0BB6:
0BB7:
0BB8:
0BB9Y:

OBBA:
0BBB:
0BBC:
0BBD:
OBBE:

OBBF:

0BCO:
0BC1:
0BC2:
0BC3:
0BC4:
0BCS:
0BC6:
0BC7:
0BC8&:
0BC9:

0BCA:
0BCB:
0BCC:
0BCD:
OBCE:

OBCF:

MOVLW 66
MOVWF 63
MOVWF 62
MOVLW 08
MOVWF 61
MOVLW gI
MOVWEF 60
BCF 0A3

CALL 092

BSF 0A3

MOVF 7AW

MOVWE 4E
MOVF 79.W

MOVWEF 4D

MOVF 78.W

MOVWE 4C

MOVF 77.W

MOVWEF 4B
GOTO 380
GOTO 754
MOVF 52w
MOVWF 5F
MOVF 51w
MOVWT SC
MOVF 30.W
MOVWEF 35D
MOVF 4F.W
MOVWF 5C
CLRF 63
MOVLW (0
MOVWF 62
MOVLW 7F
MOVWF 61
MOVLW g7
MOVWF 60

BCF (A3

0BDO:
0BDI:
0BD2:
0BD3:
0BD4:
0BD3:
0BD6:
0BD7:
0BDS:
0BDS:

OBDA:
0BDB:
0BDC:
0BDD:
OBDE:
0BDF:

OBEQ:
0BEI:
OBE2:
OBE3:
0BE4:
0BES:
0BEG6:
0BET:
OBES:

0BE9:

OBEA:
0BEB:
OBEC:

0BED:

OBEE:
0BEF:
0BFU:
OBF1:
0BF2:

OBF3:

CALL 053
BSF 0A3
BTFSC 03.0
GOTO 3D6
BTFSS 03.2
GOTO 435A
CLRF 5F
MOVLW 20
MOVWF 5E
MOVLW 55
MOVWF 5D
MOVLW 87
MOVWF s5C
MOVF 52w
MOVWF 63
MOVF 51.W
MOVWF 62
MOVF 50.W
MOVWEF 61
MOVF 4F.W
MOVWEF 60
BCF 0A3
CALL 033
BSF 0A3
BTFSS 03.0
GOTO 45A
MOVLW 78
ADDWF 33.F
MOVLW 00
BTFSC 03.0
MOVLW 0]
ADDWF 34.F
MOVLW 00
BTFSC 03.0
MOVLW 01

ADDWF 35 F



0BF4:

0BF3:

OBF6:
OBF7:
OBF8:

OBF9:

OBFA:
OBFB:
OBFC:
OBFD:
OBFE:

OBFF:

0C00:
0COI:
0C02:
0C03:
0C04:
0CO0s:
0C06:
0C07:
0C08:

0C09:

0COA:
0COB:

0CO0D:
0COE:

OCOF:
0C10:
oClIl:
0C12:
0C13:
0C14:
0C1s:
0C16:
0C17:

0CI18:

MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 36.F
BSF 03.1
MOVF 352w
MOVWF 3F
MOVF 51.W
MOVWF 5E
MOVF 3s0.wW
MOVWF 5D
MOVF 4F.W
MOVWEFE 5C
CLRF 63
MOVLW 20
MOVWF 62
MOVLW 55
MOVWEF 61
MOVLW 87
MOVWF 60
BCE 0A3
CALL 092
BSF 0A3

MOVF 7AW

: MOVWF 352

MOVF 79.W
MOVWF 31
MOVF 78.W
MOVWF 350
MOVF 77.W
MOVWF 4F
CLRF 4E
MOVLW 80
MOVWF 4D
MOVLW 2A
MOVWF 4C

MOVLW 83

: MOVWF 4B
D MOVFE 32w
: MOVWF 5F
T MOVF 31.W
: MOVWF SE
: MOVF 30.W

: MOVWF 5D

20: MOVF 4F.W

0C3C:

0C3D:

: MOVWF 35C
S MOVFE 4E.W
© MOV'WF -63
: MOVE 4D.W
: MOVWF 62
- MOVF 4C.W
- MOVWF 61
. MOVE 4B.W
- MOVWF 60
. BCF 0A3
- CALL 033
S BSF 0A3
. BTFSS 03.0
S GOTO 459
S MOVLW 01
T ADDWF 33.F
: MOVLW 00
- BTFSC 03.0
: MOVLW 0l
1: ADDWF 34F
3 MOVLW 00
- BTFSC 03.0
: MOVLW 01
: ADDWYE 35 F
: MOVLW 00
 BTFSC 03.0

T MOVIW ol

ADDWYE 36.F

BSE 031

0C3F:

0C40:
0C41:
0C42:

0C43:

0C45:
0C46:
0C47:
0C48:

50: MOVF 7AW

: MOVF 4E.W

MOVWF 5F

MOVF 4D.W

MOVWF 3SE

MOVF 4C.wW

MOVWF 5D

: MOVFE 4B.W

MOVWF 5C
MOVLW 66
MOVWF 63

MOVWEF 62

: MOVLW 08
- MOVWF 61
: MOVLW g1
: MOVWF 60
: BCF 0A.3
. CALL 092

' BSF 0A3

: MOVWF 4E

: MOVF 79.W

533; MOVWF 4D

34: MOVF 78w

: MOVWF aC

: MOVE  77.W

57: MOVWF 4B

58: GOTO 41A

59: GOTO 754

: MOVF 352w

SB: MOVWF 5F

5C: MOVF 351w
0CsD:
0CSE:

OCSF:

0C60:
0C61:

0CA2:

MOVWF 35E
MOVF 350.W
MOVWF 3D
MOVF 4F.W
MOVWF 5C

CLRF 63

0C63:

0C6S:
0C66:
0Cé67:
0C68:
0C69:

0C6A:
0C6B:
0Ce6C:
0C6D:
0C6L:
0C6F:

0C70:
0C71:
0C72:
0C73:
0C74:
0C75:
0C76:
0C77:
0C78:

0C79:

0CT7A:
0C7B:
0C7C:
0C7D:
0C7E:

0C7F:

0CR80:
0C81:
0C82:
0C83:
0CR4:
0C85:
0C86:

0C87:

MOVLW 20

: MOVWF 62

MOVLW 55
MOVWF 61
MOVLW 87
MOVWF 60
BCF 0AJ3
CALL 053
BSF 0A3
BTFSC 03.0
GOTO 470
BTESS 03.2
GOTO 4F4
CLRF S5F
MOVLW 80
MOVWEF SE
MOVLW 2A
MOVWF 5D
MOVLW 87
MOVWF 5C
MOVF 352w
MOVWF 63
MOVF 351.W
MOVWF 62
MOVF 30.W
MOVWF 61
MOVF 4F.W
MOVWF 60
BCF 0A3
CALL 053
BSF 0A3
BTFSS 03.0
GOTO 4F4
MOVLW 8C
ADDWF 33 F
MOVLW 00

BTFSC 03.0



0C88:
0C89:
0C8A:
0C8B:
0C8C:
0C8D:
O0C8E:
OCSF:
0C90:
0C91l:
0C92:
0C93:
0C9%4:
0C95:
0C96:
0C97:
0C98:
0C99:
0C9A:
0C9B:
0C9C:
0C9D:
0C9E:
0C9F:
0CAO0:
0CAL:
0CA2:
0CA3.:
0CA4:
0CAS:
0CA6:
0CAT:
0CAS:
O0CA9:

0CAA:
0CAB:
O0CAC:

MOVLW 01
ADDWF 34F
MOVLW 00
BTFSC 030
MOVLW 01
ADDWF 35.F
MOVLW 00
BTFSC 03.0
MOVLW 0l
ADDWF 36 F
BSF 03.1
MOVF 52.W
MOVWF 5F
MOVF 51.W
MOVWF 5E
MOVF 50.W
MOVWF 5D
MOVF 4F.W
MOVWF 5C
CLRF 63
MOVLW 80
MOVWF 62
MOVLW 2A
MOVWF 61
MOVLW 87
MOVWF 60
BCF 0A.3
CALL 092
BSF 0A.3
MOVF 7AW
MOVWF 52
MOVF 79.W
MOVWF 51
MOVF 78 W
MOVWF 30
MOVF 77.W

MOVWF 4F

0CAD:

0CAE:

0CAF:
0CBO:
0CBI:
0CB2:
0CB3:
0CB4:
0CBs:
0CB6:
0CB7:
0CB&:
0CB9Y:

0CBA:
0CBB:
0CBC:
0CBD:

OCBE:
OCBF:
0cco:
0CCH
0CC2:
0CC3:
0CC4:
0CCs:
0CCé:
0CCT7:
0CCR:
0CC9:

0CCA:
0CCB:
0CCC:
0CCD:
0CCE:

0CCF:
0CDO:
0CDI1:

CLRF 4E
MOVLW &0
MOVWF 4D
MOVLW 2A
MOVWF 4C
MOVLW 83
MOVWF 4B
MOVF 52.W
MOVWF SF
MOVE 51.W
MOVWF 3E
MOVF 50.W
MOVWF 5D
MOVF 4F.W
MOVWE 5C
MOVF 4EW
MO\"\.\’F 63
MOVF 4D.W
MOVWEF 62
MOVF 4C.W
MOVWF 61
MOVF  4B.W
MOVWE 60
BCF 0A3
CALL 053
BSF 0A3
BTFSS 03.0
GOTO 4F3
MOVLW 01
ADDWF 33.F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 34F
MOVLW 00
BTFSC 03.0

MOVLW 01

0CD2:
0CD3:
0CD4:
0CDs:
0CDé6:
0CDT7:
0CDS:

0CDY:

OCDA:
0CDB:
0CDC:
0CDD:
O0CDE:
0CDEF:

0CEQ:
0CEL:
0CE2:
0CE3:

0CE4:

ADDWF 35 F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 36.F
BSF 03.1
MOVF 4EW
MOVWF 5F

MOVF 4D.W

MOVWF SE

MOVF 4C.W
MOVWEF 3D
MOVF 4B.W
MOVWE 5C
MOVLW 66
MOVWF 63
MOVWF 62
MOVLW 08
MOVWF 61
MOVLW g1
MOVWEF 60
BCF 0A3
CALL 092

BSF 0A3

: MOVF 7AW
: MOVWE 4E
: MOVF 79.W
: MOVWEFE 4D
: MOVF 78.W
: MOVWE 4C

: MOVF 77w

MOVWF 4B

GOTO 4B4

: GOTO 754

MOVF 52w

5: MOVWF SF

: MOVF 5L.W

0CF7:
0CF8:

0CF9:

OCFA:
OCFB:
O0CFC:
OCFD:
OCFE:
OCFF:

0D00:
0D01:
0D02:
0D03:
0D04:
0DOs:
0D06:
0D07:
0D08:
0D09:

ODOA:
0DO0B:
0DOC:
0DOD:
0DOE:
ODOF:

0DI10:
0DI11:
0D12:
0D13:

0D14;

0D15s:

oD16:

0ODI17:

0DI8:
0D19:
ODIA
0D1B

MOVWEF SF
MOVF 50.W
MOVWF 5D
MOVF 4F.W
MOVWF 5C
CLRF 63
MOVLW 80
MOVWF 62
MOVLW 2A
MOVWF 61
MOVLW 87
MOVWF 60
BCF 0A3
CALL 053
BSF 0A3
BTFSC 03.0
GOTO 50A
BTFSS 03.2
GOTO S38E
CLRF 5F
MOVLW C0
MOVWF 5E
MOVLW 7F
MOVWF 5D
MOVLW 86
MOVWE 5C
MOVF 52.W
MOVWF 63
MOVF 51.W
MOVWF 62
MOVF 50.W
MOVWF 61
MOVF 4F.W
MOVWF 60
BCF 0A.3

: CALL 053

: BSF 0A3



0DAC:
0DAD:

ODAE:

ODAF:
0DBO:
ODBI:
0DB2:
ODB3:
0DB4:
0DBS:
0DB6:
0DB7:
0DB8:

0DB9:

0DBA:
0DBB:
0DBC:
O0DBD:

ODBE:

ODBF:
0DCO:
0DCH:
0DC2:
0DC3:
0DC4:
ones:
0DCé6:
0DC7:
0DC8:
0DC9:

ODCA:
ODCB:
0DCC:
0DCD:
ODCE:
ODCF:

MOVWF 63
MOVF SLW
MOVWF 62
MOVF S0.W
MOVWF 61
MOVF 4F.W
MOVWF 60
BCF 0A3
CALL 053
BSF 0A.3
BTFSS 03.0
GOTO 628
MOVLW B4
ADDWEF 33.F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 34F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 35.F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 36.F
BSF 03.1
MOVE " 52.W
MOVWF SF
MOVF SLW
MOVWF SE
MOVF 50.W
MOVWE 3D
MOVF 4F.W
MOVWF 5C

CLRF 63

0DDO:
0DDI:
0DD2:
0DD3:
0DD4:
0DDs:
0DDe6:
0DD7:
0DDs8:
0DD9:

ODDA:
0DDB:
0DDC:
0DDD:
ODDE:
ODDE:

ODEO:
ODEI:
ODE2:
ODE3:
O0DE4:
0DES:
ODE6:
ODE7:
ODES:
ODE9:

ODEA:
ODEB:
ODEC:
ODED:

ODEE:

ODEF:
ODFO:
ODF1:
ODF2:
ODF3:

MOVLW g0
MOVWF 62
MO\'L\\'. 2A
MOVWF 61
MOVLW 86
MOVWF 60
BCF 0A3
CALL 092
BSF 0A3
MOVF 7AW
MOVWF 32
MOVE 79.W
MOVWE 51
MOVF 78.W
MOVWE 50
MOVE 77.W
MOVWF 4F
CLRF 4E
MOVLW R0
MOVWEFE 4D
MOVLW 2A
MOVWF 4C
MOVLW &3
MOVWF 4B
MOVF S2.W
MOVWF 3F
MOVF SIL.W
MOVWF SE
MOVF 3S0.W
MOVWFE 5D
MOVF 4F.W
MOVWF 5C
MOVF 4EW
MOVWF 63
MOVF 4D.W

MOVWE 62

ODF4:
ODFs:
0DFé6:
ODF7:

0DFS:

0DF9:
ODFA:
O0DFB:
ODFC:
0DFD:
ODFE:
ODFEF:

0E00:
0EOI:
0E02:
0E03:
0E04:
OE0S:
0E06:
0EQ7:
0E08:

0E09:

0EOQA:
0EOB:
OEOC:

OEOD:

OEOQE:
OEOF:
OE10:
OEl1:
OEI2:
OE13:
OE14:
OE1S:
OE16:
0E17:

MOVF 4C. W
MOVWF 61
MOVF 4B.W
MOVWF 60
BCF 0A3
CALL 053
BSF 0A3
BTESS 03.0
GOTO 627
MOVLW 01
ADDWEF 33 F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWE 34.F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 35.F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 36.F
BSF  03.1
MOVF 4E.W
MOVWF 5F
MOVF 4D.W
MOVWF SE
MOVF 4C.W
MOVWF 3D
MOVF 4B.W
MOVWF 5C
MOVLW 66

MOVWF 6

(951

MOVWF 62

MOVLW 08

OE18:

OE19:

OE1A:
0E1B:
OEIC:
OEID:
OEIE:

OEIF:

MOVWF 61
MOVLW g1
MOVWF 60
BCF 0A3
CALL 092
BSF 0A3
MOVF 7AW

MOVWF 4E

20: MOVF 79.W

MOVWF 4D

: MOVF 78.W

MOVWF 4C
MOVF 77.W

MOVWF 4B

: GOTO 5ER

GOTO 754
MOVF 52w

MOVWF 5F

: MOVF 51.W
: MOVWE 5t
. MOVF 50.W
. MOVWF 5D
: MOVF 4F.W
: MOVWF 5C
: CLRF 63

: MOVLW 80
: MOVWF 62

. MOVLW 2a
. MOVWF 61

- MOVLW 86
. MOVWF 60
. BCF 0A3

. CALL 053

. BSF 0A3

: BTFSC 03.0
. GOTO 63E



0DIC:
0DID:
ODIE:

ODIF:

BTFSS 03.0
GOTO 58E
MOVLW A0

ADDWF 33 F

: MOVLW 00
: BTFSC 03.0

: MOVLW 01

23: ADDWF 34F

: MOVLW 00
: BTFSC 03.0
. MOVLW 01
. ADDWF 35F
. MOVLW 00
: BTFSC 03.0
: MOVLW 01
: ADDWF 36.F
. BSF 03.1

: MOVF 50w
. MOVWF SF
. MOVF 51.W
. MOVWE 5k
: MOVF 50.W
. MOVWF 5D
. MOVF 4F.W
. MOVWF 5C
. CLRF 63

: MOVLW CO
- MOVWF 62
. MOVLW 7F
. MOVWF 61

: MOVLW &6
. MOVWF 60
. BCF 0AJ3

. CALL 092

: BSF 0A3

MOVF 7AW

0D40:
0D41:
0D42:
0D43:

0D44:

0D45:

0D46:
0D47:

0D48:

0D49:

0D4A:
0D4B:
0D4C:
0D4D:
0DA4E:
ODA4F:

MOVWF 52
MOVF 79w
MOVWF 51
MOVFE RW
MOVWF 30
MOVF 77 W
MOVWF 4F
CLRF 4EF
MOVLW g0
MOVWE 4D
MOVLW 2A
MOVWFE 4C
MOVLW g5
MOVWF 4B
MOVF 32w
MOVWF 3F

50: MOVF 51.W

1 MOVWF SE

: MOVF 50.W

53: MOVWF sSD

54; MOVF 4F.W

. MO\'WF.SC
: MOVF 4EW
: MOVWF 63
: MOVE 4D.W

: MOVWF 62

5A: MOVF 4C.W

5B: MOVWF 61

0D3C:
0D5D:
ODSE:

ODSF:

0D60:
0D61:
0D62:
0D63:

MOVFEF 4B.W
MOVWF 60
BCF 0A3
CALL 033
BSF 0A3
BTFSS 03.0
GOTO 38D

MOVLW 01

0D64:
0D65:
0D66:
0D67:
0D68:
0D69:

0D6A:
0D6B:
0D6C:
0D6D:
ODGE:

0D6r:

0D70:
0D71:
0D72:
0D73:
0D74:
0D75:
0D76:
0D77:
0D78:

0D79:

O0D7A:
0D7B:
0D7C:
0D7D:
OD7L:

0D7F:

0DRO:
OD81:

0Dg&2:

ADDWF 33 F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 34 F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 35 F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 36.F
BSF 03.1
MOVF 4EW
MOVWF SF
MOVF 4D.W
MOVWF SE
MOVF 4C.W
MOVWF 5D
MOVF 4B.W
MOVWF 5C
MOVLW 66
MOVWF 63
MOVWF 62
MOVLW 08
MOVWF 61
MOVLW g1
MOVWE 60
BCF 0A3
CALL 092
BSF 0A3

MOVF 7AW

: MOVWF 4E

MOVF 79.\W

: MOVWF 4D

0D88:
0D89:

0D8A:

0D8B:
0D8C:
0D8D:
ODSE:
0D8F:
0D90:
0D91:
0D92:
0D93:
0D9%4:
0D95:
0D96:
0D97:
0D98:
0D99:
0D9A:
0D9B:
0DYC:
0D9D:
0D9YE:
ODYF:

0DAO:

ODAL:
0DA2:
0DA3:
0DA4:

ODAS:

0DAG:

0DAT7:

0DAS:

0DAY:

O0DAA

0DAB

MOVF 78.W
MOVWF 4C
MOVF 77.W
MOVWF 4B
GOTO 54
GOTO 754
MOVF 352.W
MOVWF 5F
MOVF 51.W
MOVWF SE
MOVF 50.W
MOVWF 5D
MOVF 4F.wW
MOVWF 5C
CLRF 63
MOVLW C0
MOVWF 62
MOVLW 7F
MOVWF 61
MOVLW 86
MOVWF 60
BCF 0A3
CALL 053
BSF 0A3
BTFSC 03.0
GOTO 5A4
BTFSS 03.2
GOTO 628
CLRF SF
MOVLW 80
MOVWF SE
MOVLW 2A
MOVWF 35D
MOVLW 86
: MOVWF 5C

: MOVF 52 W



0E3C

: BTFSS 03.2

0E3D: GOTO 6C2

OE3E: CLRF 5F

OE3F:

0E40:

MOVLW g0

MOVWF 5E

0E41: MOVLW 2A

0E42: MOVWF 5D

OE43: MOVLW 85

0E44:

MOVWF 5C

0E45: MOVF 52.W

0E46: MOVWF 63

0E47: MOVF 51.W

0E48: MOVWF 62

0E49: MOVF 50.W

OE4A: MOVWF 61

OE4B:
OEA4C:
OE4D:
OE4E:

OE4F:

0E50:

O0ESI:

MOVF 4F.W
MOVWEFE 60
BCF 0A3
CALL 033
BSF 0A3
BTFSS 03.0

GOTO 6C2

0ES2: MOVLW (8

: ADDWF 33 F

: MOVLW 00

55: BTFSC 03.0

56: MOVLW 01

: ADDWF 34 F

58: MOVLW 00

59: BTFSC 03.0

OE5A: MOVLW 01

: ADDWF 35F

5C: MOVLW 00

O0ESD: BTFSC 03.0

SE: MOVLW 01

5F: ADDWF 36.F

OE60:
OE61:
0E62:
0E63:
OE64:
OE65:
0E66:
0E67:
0E68:

0EG69:

OE6A:
0E6B:
0E6C:
0E6D:
OEG6E:

OEG6F:
0E70:
OE71:
0E72:
0E73:
0E74:
OE75:
0E76:
0E77:
0E78:
0E79:

OE7A:

0E7B

0E7C:
0E7D:
OE7E:

OE7F:

0E80:
OE&I:
OES2:
OE83:

BSF  03.1
MOVF 52w
MOVWF SE
MOVF SLW
MOVWF SE
MOVE SO.W
MOVWF 3D
MOVF 4F.W
MOVWE 5C
CLRF 63
MOVLW 80
MOVWF 62
MOVEW 2A
MOVWE 61
MOVLW 83
MOVWF 60
BCF 0A'3
CALL 092

BSF 0A3

MOVF 7AW

MOVWF 32
MOVE 79.W
MOVWFE 3]
MOVF  78W
MOVWF 30
MOVF 77 W

MOVWF 4F

: CLRF 4E

MOVLW 80
MOV'WFE 4D
MOVLW 2A
MOVWF 4C
MOVLW 83
MOVWF 4B
MOVF 2w

MOVWE 5F

0ER4:
OERS:
0ER6:

OE&7:

OES88:
0ER9:

OERA:
0ESB:
0ESC:
0ESD:
OEBE:
OESF:

0E90:
0E91:
0E92:
OE93:
0E%4:
OE95:
0E96:
0E97:
0E9&:

0E99:

OESA:
0E9B:
0E9C:
0E9D:
OE9E:
OE9F:
O0EAOQ:

OEAL:

OEA2

OEA3

OEA4:

OEAS:

0EA6

OEAT:

MOVF 51.W
MOVWF SE
MOVF 50.W
MOVWF 5D
MOVF 4F.W
MOVWEF 5C
MOVF 4EW
MOVWF 63
MOVF 4D.W
MOVWF 62
MOVF 4C.W
MOVWF 61
MOVF 4B.W
MOVWEF 60
BCF 0A3
CALL 053
BSF 0A3
BTFSS 03.0
GOTO 6Ct
MOVLW 01
ADDWF 33 F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 34 F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWEF 35.F
MOVLW 00
: BTESC 03.0
: MOVLW 0t
ADDWF 36.F
BSF 03.1

: MOVF 4E.W

MOVWF 5F

0EAR:

0EA9:

OEAA:
OEAB:
0EAC:
OEAD:
OEAE:

OEAF:

OEBO:
0EBI:
0EB2:
OEB3:
0EB4:
OEBS:
0EB6:
0EB7:
OEBS:
OEBSY:

0EBA:
OEBB:
0EBC:
0EBD:
O0EBE:

OEBF:
0ECO:
0ECI:
0EC2:
0EC3:
0EC4:
0EC5:
OEC6:
0ECT:
0ECS:
0ECY:

0ECA:
0ECB:

MOVF 4D.W
MOVWF 5E
MOVF 4C.W
MOVWF 5D
MOVF 4B.W
MOVWF 5C
MOVLW 66
MOVWF 63
MOVWF 62
MOVLW 08
MOVWF 61
MOVLW 81
MOVWF 60
BCF 0A3
CALL 092
BSF 0A3
MOVF 7AW
MOVWF 4E
MOVF 79.W
MOVWF 4D
MOVF 78.W
MOVWF 4C
MOVF 77.W
MOVWF 4B
GOTO 682
GOTO 754
MOVF 52w
MOVWF 5F
MOVF 51.W
MOVWF 3E
MOVF 350.W
MOVWF 5D
MOVF 4F. W
MOVWF 5C
CLRF 63
MOVLW 80



0ECC:
0ECD:
OECE:
OECF:
OEDO:
0EDI:
0ED2:
0ED3:
0ED4:
0EDS:
OED6:
OED7:
OEDS:
0ED?Y:

OEDA:
0EDB:

OEDC:

0EDD:

OEDE:
OEDF:
OEEOQ:
OEEL:
OEE2:
OEE3:
O0EE4:
OEES:
OEES6:
OEL7.
OEES:
OEE9:
OEEA:
OEEB:
OEEC:

OEED:

OEEE:
QEEF:
OEFO:

MOVWF 62
MOVLW 2A
MOVWF 61
MOVLW 85
MOVWF 60
BCF 0A3
CALL 053
BSF 0A3
BTFSC 03.0
GOTO 6D8
BTISS 03.2
QOTO 73E
CLRF 5F
CLRF 35E
CLRF 5D
CLRF 5C
MOVF 32.W
MOVWF 63
MOVF 5L.W
MOVWF 62
MOVF 350.W
MOVWF 61
MOVF 4F. W
MOVWF 60
BCF 0A3
CALL 053
BSF 0A3
BTFSS.03.0
GOTO 73E
MOVLW DC
ADDWF 33F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 34.F
MOVLW 00
BTFSC 03.0

OFF1:
OEF2:
OEF3:
OEF+:
OEF3:
OEF6:
OEF7:
OEF8:

OEF9:

OEFA:
OLFB:
OEFC:
OEFD:
OEFE:

OEFF:

OF00:
OFO01:
OF02:
OF03:
0F04:
OF03:
0F06:
0F07:
OF08:

0F09:

OFOA:
OF0B:
0roC:
OFQOD:
OFOE:

OFOF:
OF 10:
OF11:
OF12:
OF t3:
OF 14:

OF15:

MOVLW 01
ADDWF 35.F
MOVLW 00
BTFSC 03.0
MOVLW 0l
ADDWF 36.F
CLRF 4E
MOVLW 80
MOVWF 4D
MOVLW 2A
MOVWF 4C
MOVLW 853
MOVWF 4B
MOVF 52.W
MOVWE 5F
MOVF 51.W
MOVWE SE
MOVE 50.W
MOVWF 3D
MOVE 4F.W
MOVWE 5C
MOVF 4EW
MOVWF 63
MOVF 4D.W
MOVWE 62
MOVF 4C.W
MOVWF 61
MOVT 4B.W
MOVWE 60
BCF 0A3
CALL 053
BSF 0A3
BTFSS 03.0
GOTO 73D
MOVLW 01
ADDWF 33.F

MOVLW 00

OF 16:
OF17:
OF18:
OF19:

OFIA

OFIB:
OFIC:
OF1D:

OF1E:

OFIF:

OF23:
0F24:
OF25:
0F26:
2} iataid
0F28:

0F29:

OF2A:
OF2B:
OF2C:
0F2D:
OF2E:

OF2F:

0F30:
0r3in:
OF32:

0F33:

OF34:

OF35:

0F36:
0F37:

OF38:

0F39:

0F3A:

BTFSC 03.0
MOVLW 01
ADDWF 34.F
MOVLW 00
: BTFSC 03.0
MOVLW 01
ADDWF 35F
MOVLW 00
BTFSC 03.0
MOVLW 01
ADDWF 36.F

BSF 031

: MOVF 4EW

MOVWF 5F
MOVF 4D.W
MOVWEF 5E
MOVF 4C.W
MOVWF 5D
MOVF 4B.W
MOVWEF 5C
MOVLW 66
MOVWF 63
MOVWF 62
MOVLW 08
MOVWF 61
MOVLW &1
MOVWF 60
BCF 0A3
CALL 092
BSF 0A3
MOVF 7AW
MOVWF 4E
MOVF 79.W
MOVWF 4D
MOVF 78.W
MOVWF 4C

MOVF 77.W

: MOVWF 4B
: GOTO 6FE
: GOTO 754

: MOVF 52.W
: MOVWF 5F

: MOVF 51.W

MOVWF 5E
MOVF 50.W

MOVWF 5D

: MOVF 4FW

MOVWF 5C
CLRF 63
CLRF 62
CLRF 6l
CLRF 60
: BCF 0A3
: CALL 053
: BSF 0A3

: BTFSS 03.2

: GOTO 754

: CLRF 36

CLRF 35
CLRF 34

MOVLW FO

0F53: MOVWF 33

MOVLW 01

SUBWF 33.F

: MOVLW 00

: BTFSS 03.0

OF58: MOVLW 01

OF5SA
OF3B
OF5C
0FsD

. SUBWF 34.F

: MOVLW 00
: BTFSS 03.0
: MOVLW gl

: SUBWF 35.F

SE: MOVLW 00

OFSF: BTFSS 03.0



O0F60:
OF61:
0F62:
OF63:
0F64:
0F65:
0F66:
OF67:
OF68:
0F69:

OF6A:
OF6B:
0F6C:
0F6D:
OF6E:
OF6F:

0F70:
OF71:
0F72:
0OF73:
OF /4:
0F75:
OF76:
0F77:
OF78:

0F79:

OF7A:
OF7B:
OF7C:
OF7D:
OF7E:

OF7F:

OF80:
OF81:
OF82:
OF83:
OFg4:

MOVLW 01
SUBWF 36.F
MOVF 36.W
MOVWF 5F
MOVF 35.W
MOVWF SE
MOVFE 34.W
MOVWF 5D
MOVF 33.W
MOVWE 5C
CLRF 63
CLRF 62
MOVLW 01
MOVWF 61
MOVLW 40
MOVWEF 60
BCF 0A3
CALL 1D4
BSF 0A.3
MOVF 7AW
MOVWE Sk
MOVF 79.W
MOVWF SE
MOVF 78.W
MOVWF 5D
MOVF 77.W
MOVWF 5C
MOVF 3F.W
ADDWF 5C.W
MOVWF 33
MOVF 5D.W
MOVWF 34
MOVF 40.W
BTFSC 03.0
INCFSZ 40.W
ADDWF 34.F

MOVF SEW

0215:
0216:
0217:
0218:
0219:
021A
021B
021C
021D

MOVF 3D.W

MOVWF 79
MOVF 3C.W
MOVWF 78
MOVF 3B.W
: MOVWF 77
: MOVF 3'7<\.\’
;. MOVWF 5C

: BTESC 03.2

021E: GOTO 226

021F:

BCF 03.0

. RRF_7AF
: RRE “79F
2 RRF 7&F

LARREL, YA

24: DECFSZ 3C.F

: GOTO 2IF

26: BTFSC 77.0

27: GOTO 22A

28: BCF 200

$GOTO 22B

- BSF 20,0
:MOVE 3AF
: BTFSS 03.2

:GOTO 25A
F

: MOVF 39.

2F: BTFSS 03.2

: GOTO 235A
: MOVF 38.F
: BTFSS 03.2

1 GOTO 23A

34: MOVFE 37w

- SUBLW 02
. BTFSS 03.0
. GOTO 25A
S MOVLW 00

: BTFSC 200

023F:
0240:
0241:
0242:
0243:

0244:

MOVLW 01

SUBLW 01

: BTFSS 03.2
: GOTO 24B

: MOVLW 01

MOVWF 77
MOVE 22.W
MOVWF 78
BTFSC 03.2
GOTO 248

BCF 030

5: RLF  77.F

. DECFSZ 78.F
1 GOTO 244

: MOVF 77.W
: IORWF 25.F
: GOTO 258
: MOVLW 01
: MOVWE 77
: MOVF 22w
: MOVWE 78

: BTESC 03.2

50: GOTO 255

51: BCF 030

2: RLF 77.F

: DECFSZ 78.F

54: GOTO 251

55: MOVF 77.W

56: XORLW FF

57: ANDWF 25 F
: MOVLW 01
: ADDWF 22 F
: MOVF 3AF
: BTFSS 03.2
: GOTO 267
: MOVF 39.F
: BTFSS 03.2

OF85:
0F86:
OFR7:
OF88:

OF89:

OF8A:
OF8B:
OF8C:
O0F8D:
OF8E:

OFS8F:

0r90:
QOF91:

0F92:

OIFE:

OlFF:

0200:
0201:
0202:
0203:
0204:
0205:

MOVWEF 35
MOVF 41w
BTFSC 03.0
INCFSZ 41.W
ADDWF 35F
MOVF SF.W
MOVWF 36
MOVF 42w
BTFSC 03.0
INCFSZ 42, W
ADDWF 36.F
BCF 0A3
BCF 0A4
GOTO 412 (RETURN)
MOVLW 01
MOVWF 22
CLRF 23
CLRF 24
CLRF 3A
CLRF 39
CLRF 38
CLRF 37

: MOVF 3AF
: BTFSS 03.2
: GOTO 2DB
: MOVF 39F
: BTFSS 03.2
: GOTO 2DB
: MOVF 38.F
: BTFSS 03.2
: GOTO DB
: MOVF 37W
: SUBLW 10

: BTFSS 03.0
2: GOTO 2DB
: MOVF 3EW

. MOVWF 7A



0272:
0273:
0274:
0275:
0276:
0277:
0278:

0279:

027A:
027B:
027C:

027D:

: GOTO 267
: MOVF 38F
: BTFSS 03.2
: GOTO 267
: MOVF 37.W
1 SUBLW 02
5: BTFSC 03.0
: GOTO 296
: MOVF 3AF
: BTFSS 03.2
: GOTO 296
: MOVF 39F
: BTFSS 03.2
: GOTO 296
: MOVF 38.F
: BTFSS 032
:. GOTO 296
: MOVF 37.W

: SUBLW 0A

BTFSS 03.0
GOTO 296
MOVLW 00
BTFSC 20.0
MOVLW 01
SUBLW 01
BTFSS 03.2
GOTO 287
MOVLW 01
MOVWF 77
MOVF 23w

MOVWF 78

: BTFSC 03.2
: GOTO 284
: BCF 03.0

: RLF 77F
2: DECFSZ 78.F
: GOTO 280

0284:
0285:
02&6:
0287:
0288:

0289:

028A:
028B:
028C:
028D:

028E:

028F:
0290:
0291:
0292:
0293:
029:
0295:
0296:
0297:
0298:

0299:

029A:
029B:
029C:
029D:

029E:
029F:

02A0:
02A1:

02A2:

02A6:
02A7™:

O02AR:

MOVF 77.W
IORWF 26.F
GOTO 294

MOVLW 01
MOVWF 77
MOVE 23.W
MOVWF 78
BTFSC 03.2
GOTO 291

BCF 030

RLF 77.F

DECFSZ 78.F
GOTO 28D
MOVE 77.W
XORLW FF
ANDWF 26.F
MOVLW 01
ADDWF 23.F
MOVE 3AF
BTFSS 03.2

GOTO 2A3

MOVE 39.F
BTFSS 03.2
GOTO 2A3
MOVE 38F
BTFSS 03.2
GOLO A3
MOVFE 37.W
SUBLW DA

BTFSC 03.0

GOTO 2D2
. MOVF 3AF
: BTFSS 03.2

: GOTO 2D2

MOVF 39 F
BTFSS 03.2

GOTO 2D2

02A9:

02AA:

02AB:

02AC:

02AD:

02AE:
02AF:
02B0:
02B1:
02B2:
02B3:
02B4:
02B35:
02B6:
02B7:
02B8§:
02B9:
02BA:
02BB:
02BC:
02BD:
02BE:
02BF:
02C0:

MOVF 38.F
BTFSS 03.2

GOTO 2D2

MOVF 37w

SUBLW 10
BTFSS 030
GOTO 2D2
MOVLW 00
BTFSC 200
MOVLW 01
SUBLW 01
BTESS 03.2
GOTO 2C3
MOVLW 0t
MOVWF 77
MOVFE 24 W
MOVWF 78
BTFSC 03.2
GOTO 2C0
BCF 03.0
RLF 77.F
DECFSZ 78.F
GOTO 2BC

MOVF 77.W

: IORWF 27 F
2: GOTO 2D0
: MOVLW 01
: MOVWF 77
5: MOVF 24W
: MOVWF 78
: BTFSC 03.2
: GOTO 2CD
: BCF 03.0

: RLF 77 F
: DECFSZ "&.F
: GOTO 209

: MOVE 77w

02CE: XORLW FF

02CF: ANDWF 27F

02D0:
02D1:
02D2:
02D3:
02D4:
02D3:
02D6:
02D7:
02D8:
02D9:
02DA
02DB

MOVLW 01
ADDWF 24 F
MOVLW 01
ADDWF 37.F
BTFSC 03.0
INCF 38F
BTFSC 03.2
INCF 39F
BTFSC 03.2
INCF 3AF
: GOTO 206
: BCF 0A3

02DC: BCF 0A4

02DD
0382:
0383:
0384:
0385:
0386:
0387:
0388:
0389:
038A:
038B:
038C:
038D:
038E:
038F:
0390:
0391:
0392:
0393:
0394:
039s:
0396:

: GOTO 449 (RETUR}M
CLRF 04
MOVLW IF
ANDWF 03.F
MOVLW 07
BSF 033
MOVWF IF
BCF 035
MOVWF |F
MOVLW 81
BSF 03.5
MOVWF 19
MOVLW 26
MOVWF 18
MOVLW 90
BCF 035
MOVWF 18
CLRF 21
MOVLW 01
MOVWF 22
CLRF 23
CLRF 24



0397:
0398:
0399:
039A:
039B:
039C:
039D:
039E:
039F:
03A0:
03A1:
03A7:
03A3;
03A4:
03A5:
03A6:
03A7:
03A8:

03A9:

03AA:

03AB:
03AC:
03AD:
03AE:
03AF:
03B0:
03B1:
03B2:
03B3:
03B4:
03B5:
03B6:
03B7:
03B8:
03B9:
03BA:
03BB:

CLRF 3B
CLRF 3C
CLRF 3D
CLRF 3E
CLRF 47
CLRF 48
CLRF 49
CLRF 4A
MOVLW 77
MOVWEF 57
MOVLW 20
MOVWF 58
MOVLW 28
MOVWF 359
MOVLW 0A
MOVWF 5A
MOVLW FF
MOVWEF 5B
MOVLW 8E
BSF 035
MOVWF IF
BCF 035
MOVF IF W
ANDLW 38
IORLW C1
MOVWF IF
BSF 03.5
BCF (9.4

BCF. 03.

ta

BCF 14.

th

BCF sB.

n

MOVF 3SBW
BSF 03.5
MOVWF 07
BCF 03.5
BSF s5BA4

MOVF 35B.W

03BC:
03BD:

03BE:

03BF:
03C0:
03CI:
03C2:
03C3:
03C4:
03Cs:

03Cé6:

03CE:

03CF:
03D0:
03D1:
03D2:
03D3:
03D4:
03Ds:
03D6:
03D7:
03D8:

03D9:

03DA:

03E0:

BSF  03.

n

MOVWF 07
BCF 0353
BCF 5BJ3
MOVF 3B.W
BSF 03.3
MOVWF 07
MOVLW 00
BCF 03.3
MOVWF 14

BSF 03.5

: MOVWE 14
: MOVF 01L.W
: ANDLW CO
: IORLW 08

: MOVWE 01
CMOVLW AS

: BCF 035

MOVWE 10
MOVLW 00
MOVWF 78
MOVWE {2
MOVLW 00
BSF 03.5

MOVWF 12
MOVLW 07
MOVWE 1C
MOVF 05w
MOVLA 10
MOVWFE 77

DECFSZ 77F

: GOTO 3DA
: NOP

03E1L:
03E2:
03E3:
03E4:
03ES:
03E6:
03E7:
03E8:
03E9:

03EA:

0004:
0005:
0006:
0007:
0008:
0009:

000A:
000B:
000C:

000D:

000E:
000F:
0010:

03EB:
03EC:
03ED:
03EE:
03EF:

03F0:
03F1:
03F2:
03F3:
03F4:
03Fs:
03F6:
03F7:

03F8:

CLRF 1D
MOVLW 01
MOVWF 03
MOVLW 0
MOVWF 06
MOVWF 07
BCF 03.5
MOVWF 5B
BSF 035
MOVWF 08
BCF 0A0
BCF 0A.l
BCF 0A.2
ADDWF 02.F
RETLW 0A
RETLW 0D
RETLW 20
RETLW 73
RETLW 74
RETLW 61
RETLW 72
RETLW 74
RETLW 00
BCF 03.5
CLRF 3C
MOVE SCW
CALL 004
INCF 5C.F
MOVWF 77
BTFSS 0C4
GOTO 3FI
MOVWF 19
MOVLW 08
SUBWF sC.W
BTFSS 03.2
GOTO 3ED
CLRF 01

03F9:
03FA:
03FB:
03FC:
03FD:
03FE:

03FF:

0401
0402:
0403:
0404:
0405:
0406:
0407:
0408:
0409:
040A:

040B:

040D:
040E:
040F:
0410:
0411:
0412:
0413:
0414:
0415:
0416:

0417:

0419:
041A:
041B:
041C:

041D:

CLRF OF
CLRF OE
CLRF 42
CLRF 41
CLRF 40
MOVLW 01

MOVWF 3F

: MOVF 41 F
: BTFSS 03.2

GOTO 488
MOVF 4L.F
BTFSS 03.2
GOTO 488
MOVF 40.W
SUBLW 01
BTESS 03.0
GOTO 488
BTFSS 03.2

GOTO 410

: MOVF 3F.W

SUBLW 40
BTFSS 03.0
GOTO 488
BSF 0A3
GOTO 000
BCF 0A3
CLRF 46
CLRF 45
CLRF 44
CLRF 43

MOVF 46.F

: BTFSS 03.2

GOTO 47F
MOVF 45.F
BTFSS 03.2
GOTO 47F
MOVF MF



041E:
041F:
0420:
0421:
0422:
0423:
0424:
0425:
0426:
0427:
0428:

0429:

042A:

042B:

042C:

042D:

042E:
042F:
0430:
0431:
0432:
0433:
0434:
0435s:
0436:
0437:
0438:
0439:

043A:

043B:

043C:

043D:

043E:
043F:
0440:
0441

0442:

BTFSS 032
GOTO 47F
MOVF 43.W
SUBLW EF
BTFSS 03.0
GOTO 47F
CLRF SF
CLRF SE
MOVLW 01
MOVWF 5D
MOVLW 40
MOVWF 5C
MOVF 46.W
MOVWEF 63
MOVF 45.W
MOVWF 62
MOVF 44.W
MOVWE 61
MOVF 43.W
MOVWF 60
CALL 1D4
MOVF 3F.W
ADDWF 77.W
MOVWF 3B
MOVF 78.W
MOVWEF 3C
MOVF 40.W
BTFSC 03.0
INCFSZ 40.W
ADDWF 3C.F
MOVF 79.W
MOVWF 3D
MOVE 41w
BTFSC 03.0
INCFSZ 41.W
ADDWF 3D.F

MOVF 7AW

0444:
0445:

0446:

0448:

0449:

044A:
044B:
044C:
044D:
044E:

: MOVWF 3E

MOVFE 42.W
BTFSC 43.0
INCFSZ 42.W

. ADDWF 3EF

GOTO IFE
MOVF 23w
MOVWEF 05
MOVF 26.W
MOVWE 06
MOVF 27.W

MOVWEF 07

: BSF 035

50: BCF  09.0

51: BCF 035

¢ BSF 09.0

53: BSF 03.5

54: BCF 09.1

: BCF 03.5

+ BCF 091

57: BSE 035

58: BCF 092

59: BCF 03.5

SA: BCF 092

5B: MOVF 3B.W

: SUBWF 33.W
. BTFSS 032

: GOTO 46E

SFr MOVFE 3CwW

0460:
0461:
0462:
0463:
0464:
0465:
0466:
0467:

SUBWF 34.W
BTFSS 03.2
GOTO 46E
MOVE 3D.W
SUBWF 335.W
BTFSS 03.2
GOTO 46E

MOVF 3EW

0468:

0469:

046A:
046B:
046C:
046D:
046E:
046F:

0470:
0471:
0472:
0473:
0474:
0475:
0476:
0477:
0478:

0479:

047A;
047B:
047C:
047D:
047E:
047F:

0480:
0481:
0482:
0483:
0484:
0485:
0486:
0487
0488:

0489:

048A:

048B:

SUBWF 36.W
BTFSS 03.2
GOTO 46E
MOVLW 01
MOVWF 21
GOTO 46F
CLRF 21
MOVF 21w
MOVWF 08
NOP

NOP

NOP

NOP

NOP
MOVLW 01
ADDWF 43 F
BTFSC 03.0
INCF 44.F
BTFSC 03.2
INCF 45.F
BTESC 03.2
INCF 46.F
GOTO 417
MOVLW 01
ADDWF 3F.F
BTFSC 03.0
INCF 40.F
BTFSC 03.2
INCF 41.F
BTFSC 03.2
INCF 2 F
GOTO 400
MOVF 01w
CLRF 2C
MOVWF 28

MOVF O0F. W

0 MOVWF 7

02E0:
02E1:
02E2:

02E3:

02E4:

02Es:

02E6:
02E7:

: RETLW

: MOVF OE.W

: MOVWF 77

MOVF 0OF.W
SUBWF 7AW
BTFSS 03.2
GOTO 48B
MOVF 77.W

MOVWF 2D

: MOVF 7AW

MOVWF 2E
BCF 0A.0
BCF 0A.l

BCF 0A2

: ADDWF 02.F

: RETLW 0A

RETLW 0D

: RETLW 20

RETLW 74

RETLW 69

: RETLW 6D
: RETLW 65
: RETLW 30

: RETLW 3D

(=]
th

: RETLW 6C

RETLW 75

RETLW 00

: MOVF 04.W

: MOVWF 64

SWAPF SE.W
IORLW FO
MOVWF 60
ADDWF 60.F
ADDLW E2
MOVWF 61
ADDLW 32

MOVWF 63



02ER:

02E9:

02EA:
02EB:
02EC:
02ED:

02EE:

02FB:
02FC:
02FD:
02FE:
02FF:

0300:
0301:
0302:
0303.
0304:
0305:
0306:
0307:
0308:
0309:

030A:
030B:
030C:

MOVF 5SEW
ANDLW 0F
ADDWF 61 F
ADDWF 61.F
ADDWF 63.F
ADDLW E9

MOVWF 62

: ADDWF 62.F
: ADDWF 62.F
: SWAPF 5D.W
: ANDLW QF
: ADDWF 62.F
: ADDWF 63.F
5: RLF  62.F

: RLF  63.F

: COMF 63F
: RLF 63.F

: MOVF 5D.W

: ANDLW OF

ADDWF 63.F
RLF 60.F
MOVLW 07
MOVWF 5F
MOVLW 0A
ADDWF 63.F
DECF 62.F
BTFSS 03.0
GOTO 300
ADDWF 62.F
DECF 61 F
BTFSS 03.0
GOTO 304
ADDWF 61.F
DECF 60.F
BTFSS 03.0
GOTO 308

ADDWF 60.F

030D:
030E:
030F:

0310:
0311:
0312:
0313:
0314:
0315:
0316:
0317:
0318:

0319:

031A:
031B:
031C:
031D:
031E:
031F:

: GOTO 32

DECF SF.F
BTFSS 03.0
GOTO 30C
MOVLW 5F
MOVWE 04
MOVLW 07
ANDWF 64.W
ADDWF 04.F
MOVLW 63
SUBWF 04. W
BTFSC 03.2
GOTO 32D
MOVFE 00.W
MOVWE 77
BTFSS 03.2
GOTO 323
BTFSC 644
GOTO 32B

BTFSC 64.3

h

T MOVLW 20

- GOTO 326

23: MOVLW 08

: MOVWF 64
50 MOVLW 30
: ADDWFE 77 F

: MOVF 77.W

28. BTFSS 0C.4

: GOTO 328
: MOVWF 19
D INCF O4F
: GOTO 315

 MOVE 00W

2E: MOVWFEF 77

: MOVLW 30

. ADDWF " F

0498:

0499:

049A:
049B:
049C:
049D:
049E:
049F:
04A0:
04AL1:
04A2:
04A3:

04A4:

0026:
0027:
0028:
0029:
002A:
002B:
002C:

002D:

: MOVF 77.W
: BTFSS 0C.4
: GOTO 332
: MOVWF 19
5: RETLW 00

: CLRF 3C

MOVF 5C.wW
CALL 011

INCF 5C.F

MOVWE 77
BTFSS 0C.4
GOTO 49C
MOVWF 19

MOVLW 09

SUBWF 5C.W

BTFSS 03.2
GOTO 498
MOVLW 10

MOVWF 04

: MOVF 2C.w
: MOVWF SE
. MOVE 2B.W
: MOVWE 5D
: CALL 2DE
: BCF 0A0

: BCF 0A.1

: BCF 0A2

: ADDWE 02.F

RETLW 0A
RETLW 0D
RETLW 20
RETLW 74
RETLW 69
RETLW 6D
RETLW 63

RETLW 31

2E: RETLW 3D

002F:
0030:
0031:
0032:

04AA:
04AB:
04AC:
04AD:
04AE:
04AF:

04B0:
04B1:
04B2:
04B3:
04B4:
04B5:
04B6:
04B7:
04B8:

04B9:

04BA:
04BB:
04BC:
04BD:
04BE:

04BF:

04C1:
04C2:

04C4:
04C5:
04C6:

04C7:
04C8:

RETLW 235
RETLW 6C
RETLW 75
RETLW 00
CLRF 3C
MOVF 35C.W
CALL 022
INCF SC.F
MOVWF 77
BTFSS 0C.4
GOTO 4AF
MOVWF 19
MOVLW 09
SUBWF 5C.W
BTFSS 03.2
GOTO 4AB
MOVLW 10
MOVWEFE 04
MOVF 2EW
MOVWF SE
MOVF 2D.W
MOVWF 5D
CALL 2DE
MOVLW 0A
BTFSS 0C.4

GOTO 4BE

: MOVWE 19

MOVLW 0D

BTFSS 0C4

: GOTO 4C2

MOVWF 19
MOVLW |E
MOVWF 3C
MOVLW 2D
BTFSS 0C+4



04C9:

04CA:
04CB:
04CC:
04CD:
04CE:
04CF:
04D0:

04Di:
04D2:
04D3:
04D4:
04D5:
04D6:
04D7:
04D8:

04D9:

04DA:
04DB:

04E6:
04E7:
04ER:

04E9:

04EA:
04EB:
04EC:

GOTO 4C8
MOVWF 19
DECFSZ 5C.F
GOTO 4C7
CLRF 3A
CLRF 39
CLRF 38
CLRF 37
MOVF 3AF
BTFSS 03.2
GOTO 4EE
MOVF 39.F
éTFSS 03?2
GOTO 4EE
MOVF 38.W
SUBLW 01
BTFSS 03.0
GOTO 4EE

BTFSS 03.2

: GOTO 4El
: MOVF 37.W
: SUBLW 3F
: BTFSS 03.0
: GOTO 4EE
: MOVLW 37
=2: BTFSS 0C4
: GOTO 4E2
: MOVWF 19

5: MOVLW 01

ADDWF 37.F
BTFSC 03.0
INCF 3&.F
BTFSC 03.2
INCF 39.F
BTFSC 03.2

INCF 3AF

04ED:
O4EE:
04EF:
04F0:
O4F1:
04F2:
04F3:
04F4:
04F5:
04F6:
04F7:
04F8:
04F9:
04FA:
04FB:
04FC:
04FD:
04FE:

O04FF:

0507:
0508:
0509:
050A:
050B:
050C:
050D:
050E:
050F:
0510:

GOTO 4Dl'
CLRF 32
CLRF 31
MOVF 32F
BTFSS 03.2
GOTO 579
MOVF 31.W
SUBLW 3F
BTESS 03.0
GOTO

th

79
CLRF 30
CLRF 2F
MOVF 30\
SUBLW 00
BTFSS 03.0,
GOTO

I

v

(>

CLRF 2A

MOVE 2AW

SUBLW 0l

: BTFSS 03.0
: GOTO 371

: CLRF 29

: MOVF 29.W
: SUBLW 01
5: BTFSS 03.0
: GOTO S6F

CLRF 2%

MOVE 28 W
SUBLW 01 -
BTFSS 03.0
GOTO 36D
MOVF 28F

BTFSS 03.

-

[

GOTO 511
BCF 051

GOTO 12

0517:
0518:
0519:

OsSIA:

051B:

: BSF 051

BSF 035

: BCF 05.1
: BCF 035
5: MOVF 29.F

: BTFSS 03.2

GOTO 51A
BCF 05.2
GOTO 51B
BSF 052

BSF 03.5

:BCF 052
: BCF 035
: MOVF 2AF
: BTESS 03.2
: GOTO 523

21: BCF 053

2: GOTO 3524

:BSF 053

BSF 035
BCF 053
BCF 035

27: MOVF 2F.W

: MOVWF 06

: MOVF 31LW

S2A: MOVWF 07

: MOVLW FF
* BSF 035

: MOVWEF 08
: BCF 09.0

: BCF 035

: BCF 09.0

: BSF 035

: BCF 09.1

: BCF 035

: BSF 09.1

0535:
0536:
0537:
0538:

0539:

053A:
053B:
053C:
053D:
053E:
053F:

0540:

0541:

034B:
034C:
034D:

034E:

034F:
0350:
0351:
0352:
0353:
0354:
0355:

0356:

BSF 035
BCF 092
BCF 035
BCF 09.2
CLRF 36
CLRF 35
CLRF 34
MOVF 08.wW
MOVWF 33
MOVLW 08
MOVWF 77
DECFSZ 77.F
GOTO 3540
MOVF 78.W
MOVF 5C.w
MOVWF SE
MOVLW 64
MOVWF 5F
CALL 336
MOVF 77.W
MOVWF 5C
MOVF 78.W
MOVLW 30
BTFSS 03.2

GOTO 35E

57: BTFSC 5D.O

GOTO 365

: BTFSC 5D.3
: GOTO 365
: BTFSC 3D4
: MOVLW 20
: GOTO 360
: BCF 35D3

. BCF 5D+

: ADDWF 78.F

: MOVF 78.W



0362: BTFSS 0C.4

0363:
0364:
0365:
0366:
0367:
0368:
0369:
036A
0368
036C

036D

GOTO 362
MOVWF 19
MOVF 5C.W
MOVWF 5E
MOVLW OA
MOVWF 5F
CALL 336
: MOVF 77.W
: MOVWF 5C
: MOVF 78W
: MOVLW 30

036E: BTFSS 03.2

036F:

0370;

0371:
0372:
0373:
0374:
0375:
0376:
0377:
0378:
0379:

037A:
037B:
037C:
037D:
037E:

037F:

0380:
0381
0542:

0543:

GOTO 374
BTFSC 5D.3
GOTO 379
BTFSC 5D4
MbVLW 20
ADDWF 78.F
MOVF 78.W
BTFSS 0C.4
GOTO 376
MOVWF 19
MOVLW 30
ADDWF 5CF
MOVF SC.W
BTFSS 0C.4
GO10 37C
MOVWF 19
BCF 0A3

BCF 0A4

: GOTO 547 (RETURN)

MOVF 33.W

MOVWF 5C

: MOVLW 18
5: MOVWF 5D

: GOTO 34B

: MOVLW 01

: ADDWF 47 F
: MOVLW 00
: BTFSC 03.0
: MOVLW 01
: ADDWF 48.F
: MOVLW 00
: BTFSC 03.0
: MOVLW 0i

: ADDWF 49.F

: MOVLW 00

52: BTFSC 03.0

53: MOVLW 01

: ADDWF 4AF
: MOVF 47.F
+ BTFSS 032

: GOTO 56B

: MOVF 18.W

39: SUBLW 2C

: BTFSS 03.2
: GOTO 3568
: DECFSZ 49.W
: GOTO 356B
: MOVF 4AF
: BTFSS 03.2
: GOTO 36B
: MOVLW 02
2: MOVWEF 28
. MOVWF 29
: MOVWF 2A
: MOVLW 01
: MOVWF 30
: CLRF 2F

: CLRF 32

: MOVLW 10
: MOVWF 31

: INCF 28 F

056C:
056D:
056E:
056F:

0570:

0571:

GOTO 508
INCF 29.F
GOTO 503
INCF 2AF
GOTO 4FE

INCF 2F.F

2: BTFSC 03.2

INCF 30.F
GOTO 4F9

: INCF 31.F
: BTFSC 03.2

INCF 32F
GOTO 4F0

: GOTO 579
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MICROCHIP PIC1 6F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet: Pin Diagram
- PIC16F873 - PIC16F876 PDIP
+ PIC16F874 - PIC16F877 J
MCLR/Vre ——e[] 1 40 [J =— RB7/PGD
. RAG/ANO w—e-[] 2 39 [] «—e RB6/PGC
Microcontroller Core Features: RAVANT =—=[] 3 38 ] =—s RES
) RA2AN2VREF- e [} 4 37 ] = RB4
< High performance RISC CPU RABIANINVREF = e [] 5 36 [] =—e RBIIPGM
+ Only 35 single word instructions to tearn RAGTOGKI o6 35 [] =— RB2
« Ali single cycle instructions except for program st L < ud i
gle cycle instruc preep prog REQO/RD/ANS =— [ 8 N~ 330 ~—= RBOANT
branches which are two cycle RE1WRIANG +— [ g R e v
+ Operating speed: DC - 20 MHz clock input REZICSIAN? ~—=[] 10 E 313 =—vss
DC - 200 ns instruction cycle vos—e Qi P 30 [ = RO7RSP7
gl I 1> © 29 [ = RD6/PSPE
+ Up to 8K x 14 words of FLASH Program Memory. OSC1CLKIN ——« (13 O 280~ RO5PSPS
Up to 368 x 8 bytes of Data Memory (RAM) OSC2ACLKOUT -——[] 14 | 2 0-=—p-RD4RSRA
Up to 256 x 8 bytes of EEPROM Data Memory edor il S v URE 26 [1 ~— RC7/RX/DT
K K RCIT10SIICCP2 «+—[] 16 25 [] +—= RCBH/TX/CK
+ Pinout compatible to the PIC16C73B/74B/76/77 RC2ICCP1 o 1 2400 RC5/SDO
* Interrupt capability (up to 14 sources) RCISCK/SCL =—[] 18 23[] =—= RC4/SDUSDA
. . RDO/PSPO =— [ 19 22 J -+— RD3/PSP3
Eight level deep hardware stack A e S 211 v ROZPSP2
+ Direct, indirect and relative addressing modes
+ Power-on Reset (POR)
- Power-up Timer (PWRT) and 4 \
Oscillator Start-up Timer (OST) Peripheral Features:
* Watchdog Timer (WDT) with its own on-chip RC - Timer0: 8-bit timer/counter with 8-bit prescaler
oscillator for reliable operatlén » Timer1: 16-bit timer/counter with prescaler,
- Programmabie code protection can be incremented during SLEEP via external
« Power saving SLEEP mode crystal/clock
« Selectable oscillator options + Timer2: 8-bit timer/counter with 8-bit period
- Low power, high speed CMOS FLASH/EEPROM register, prescaler and postscaler
technology + Two Capture, Compare, PWM modules
= Fully static design - Capture is 16-bit, max. resolution is 12.5 ns
« In-Circuit Serial Programming™ (ICSP) via two - Compare is 16-bit, max. resolution is 200 ns
pins - PWM max. resolution is 10-bit
+ Single 5V in-Circuit Serial Programming capability + 10-bit multi-channel Analog-to-Digital converter
- In-Circuit Debugging via two pins + Synchronous Serial Port (SSP) with SPI™ (Master
» Processor read/write access to program memory mode) and 12c™ (Master/Slave)
+ Wide operating voltage range: 2.0V to 5.5V + Universal Synchronous Asynchronous Receiver
+ High Sink/Source Current: 25 mA Transmitter (USART/SCI) with 9-bit address
- Commercial, Industrial and Extended temperature detection
ranges + Parallel Slave Port (PSP) 8-bits wide, with
- Low-power consumption: external RD, WR and CS controls (40/44-pin only)
- <0.6 mA typical @ 3V, 4 MHz + Brown-out detection circuitry for

Brown-out R OR
- 20 uA typical @ 3V, 32 kHz rown-out Reset (BOR)

- <1 uA typical standby current

¢ 2001 Microchip Technology nc. DS30292C-page 1



PIC16F87X

FIGURE 1-2: PIC16F874 AND PIC16F877 BLOCK DIAGRAM
. Program Data
Device Data Mem
€ FLASH °Y | Eeprom
PIC16F874 4K 192 Bytes 128 Bytes
PIC16F877 8K 368 Bytes 256 Bytes
3 DataBus  © PORTA
FLASH =7 Program Counter | ==——— S 15 RAD/ANG
Program o o 5 RA1/AN1
Memory B . RAM : » RA2/AN2/VREF-
8 Level Stack . S RA3/ANINVREF+
(13-bit) Reg{;fers 4 RA4/TOCK]
4 RAS5/AN4/SS
Program
Bus 7 RaM Adar™) 7 g FORTE N,
o e
T e L . [—e
C Direct Addr 7 1 '":é’gf‘ 4 RB3/PGM
i 7 I RB4
"= - RBS
-4 RB6/PGC
: [ STATUS reg | —= : RB7/PGD
: 8 ;
: : fe—— PORTC
J y h 7 H RCO/T10SO/T1CKI
, W 34 MUX . I~ RC1/T1OSI/CCP2
== Timer = i = RC2/CCP1
instruction Oscillator . pr— B RG3/SCKISCL
—— T i
Decode & |.— | Start-up Timer X 5 RC4/SDI/SDA
Control b - n RCS/SDO
ower-on P e LT Ty a < RCB/TX/CK
Y d : < RC7/RX/DT
. Timing > Watchdog
XK= Generation | — Timer =g ] PORTD
OSC1/CLKIN Brown-out e i 1 RDO/PSPO
OSC2/CLKOUT Reset b RD1PSP1
In-Circuit I RD2/PSP2
Debugger " I RD3/PSP3
Low-Voltage 1 RD4/PSP4
Programming Parallel Slave Port} Tk} RDS/PSPS
[ » RD6/PSP6
> RD7/PSP7
; PORTE
MCLR VoD, Vss ; 4 -] REQ/ANS/RD
|==5 H—{X] RE1ANGWR
+—{X] RE2/ANTICS
Timer0 Timer1 Timer2 10-bit A/D |
oL i o -
Synchronous
Data EEPROM CCP1.2 Serial Port USART

Note 1: Higher order bits are from the STATUS register

0S830292C-page 6 ¢ 2001 Microchip Technology Inc.



PIC16F87X

2.0 MEMORY ORGANIZATION

There are three memory blocks in each of the
PIC16F87X MCUs. The Program Memory and Data
Memory have separate buses so that concurrent
access can occur and is detailed in this section. The
EEPROM data memory block is detailed in Section 4.0.

Additional information on device memory may be found
in the PICmicro™ Mid-Range Reference Manual,
(DS33023).

FIGURE 2-1: PIC16F877/876 PROGRAM
MEMORY MAP AND
STACK
L PC<12:0>
CALL, RETURN 13
RETFIE, RETLW — 3
Stack Level 1
Stack Level 2
Stack Level 8
RESET Vector D -
. =
Interrupt Vector
Page 0
Page 1 )
On-Chip
Program -
Memory .
| Page 2
|
J Page 3 )

2.1 Program Memory Organization

The PIC16F87X devices have a 13-bit program counter
capable of addressing an 8K x 14 program memory
space. The PIC16F877/876 devices have 8K x 14
words of FLASH program memory, and the
PIC16F873/874 devices have 4K x 14. Accessing a
location above the physically implemented address wil
cause a wraparound.

The RESET vector is at 0000h and the interrupt vector
is at 0004h.

FIGURE 2-2: PIC16F874/873 PROGRAM
MEMORY MAP AND
STACK
PC<12:0>
CALL, RETURN 13
XETFIE, RETLW
Stack Leve! 1
Stack Level 2
-
L]
L]
Stack Level 8
RESET Vector 90500h
.
.
L]
Interrupt Vector
On-Chip page 0 _
Program STERR
Memory 284Ch
Page 1
IFFFh
2000n
_FFFh

2 2001 Microchip Technology Inc.
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PIC16F87X

FIGURE 2-3: PIC16F877/876 REGISTER FILE MAP
File File File File
Address Address Address Address
Indirect addr.(? | 0oh Indirect addr.() 80h Indirect addr.{?| 100h Indirect addr.(?} 180h
TMROQ 0th OPTION_REG| 81h TMRO 101h OPTION _REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h 107h 187h
PORTD(" | 08h TrRISDM | 88h 108h 188h
PORTEM | 09h TRISE!" | 8gh 109h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 QDh PIE2 8Dh EEADR 10Dh EECON2 18Dh
TMRAL OEh PCON 8Eh EEDATH | 10Eh Reserved® | 18&h
TMR1H OFh 8Fh EEADRH 10Fh Reserved® 18Fh
T1CON 10h 90h 110h 190h
TMR2 11h SSPCON2 91h Y 111h 191h
T2CON 12h PR2 -92h 112h 192h
SSPBUF 13h SSPADD 93h 113h 193h
SSPCON 14h SSPSTAT | 94h 114h 194h
CCPRI1L 15h 95h 115h 195h
CCPR1H 16h 96h 116h 196h
CCP1CON | 17h 97h General 117h General 197h
Purpose Purpose
RCSTA 18h TXSTA 98h Register 118h Register 198h
TXREG 19h SPBRG 99h 16 Bytes 119h 16 Bytes 199h
RCREG 1Ah 9Ah 11Ah 19Ah
CCPR2L 1Bh 9Bh 11Bh 19Bh
CCPR2H 1Ch 9Ch 11Ch 19Ch
CCP2CON 1Dh 9Dh 11Dh 19Dh
ADRESH 1Eh ADRESL 9Eh 11Eh 19Eh
ADCONO 1Fh ADCON1 9Fh 1Fh 19Fh
20h AOh 120h 1ACh
General General General General
Purpose Purpose Purpose Purpose
Register Register Register Register
96 Bytes 80 Bytes .EFh 80 Bytes 16Fh 80 Bytes 1EFh
accesses FOh accesses 170n accesses 1FOh
70h-7Fh 70h-7Fh 70h - 7Fh
7Fh FFh 17Fh 1FFh
Bank O Bank 1 Bank 2 Bank 3

[] Unimplemented data memory locations. read as ‘0",
* Not a physical register.

Note 1: These registers are not implemented on the PIC16F8786.
2: These registers are reserved. maintain these registers clear.

= 2001 Microchip Technoiogy Inc. DS30292C-page 13



PIC16F87X

11.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) Converter module has five
inputs for the 28-pin devices and eight for the other
devices.

The analog input charges a sample and hold capacitor.
The output of the sample and hold capacitor is the input
into the converter. The converter then generates a dig-
ital result of this analog level via successive approxima-
tion. The A/D conversion of the analog input signal
results in a corresponding 10-bit digital number. The
A/D module has high and fow voltage reference input
that is software selectable to some combination of VoD,
Vss, RA2, or RA3.

The A/D converter has a unique feature of being able
to operate while the device is in SLEEP mode. To oper-
ate in SLEEP, the A/D clock must be derived from the
A/D's internal RC oscillator.

The A/D module has four registers. These registers
are:

* A/D Result High Register (ADRESH)

« A/D Result Low Register (ADRESL)

+ A/D Control Register0 (ADCONO)

+ A/D Control Register1 (ADCON1)

The ADCONO register, shown in Register 11-1, con-
trols the operation of the A/D module. The ADCON1
register, shown in Register 11-2, configures the func-
tions of the port pins. The port pins can be configured
as analog inputs (RA3 can also be the voltage refer-
ence), or as digital /0.

Additional information on using the A/D module can be
found in the PICmicro™ Mid-Range MCU Family Ref-
erence Manual (DS33023).

REGISTER 11-1: ADCONO REGISTER (ADDRESS: 1Fh)

RIW-0 RIW-0 RAW-0 RIW-0 RIW-0 RIW-0 u-0 R/W-0
ADCS1 | ADGSO | CHs2 | cHs1 | cHso [GO/DONE A ADON |
bit 7 bit 0
bit 7-6 ADCS1:ADCSO0: A/D Conversion Clock Select bits
00 =Fosc/2
01 = Fosc/8
10 = Fosc/32

11 = FRC (clock derived from the internal A/D module RC oscillator)

bit 5-3 CHS2:CHSO: Analog Channel'Select bits

000 = channel 0, (RAO/ANO)
001 = channel 1, (RA1/ANT)
010 = channel 2, (RA2/AN2)
011 = channel 3, (RA3/AN3)
100 = channel 4, (RA5/AN4)
101 = channel 5. (REO/AN5)T)
110 = channel 6, (RE1/AN6)(T)
111 = channel 7. (RE2/AN7)(")

bit 2 GO/DONE: A/D Conversion Status bit

If ADON = 1:

1 = A/D conversion in progress (setting this bit starts the A/D conversion)
0 = A/D conversion not in progress (this bit is automatically cleared by hardware when the A/D

conversion is complete)
bit 1 Unimplemented: Read as ‘0"
bit 0 ADON: A/D On bit

1 = A/D converter module is operating

0 = A/D converter module is shut-off and consumes no operating current

Note 1: These channels are not available on PIC16F873/876 devices.

Legend:
R = Readable bit
- n = Value at POR

W = Writable bit

‘1" = Bitis set

U = Unimplemented bit. read as ‘0’

‘0" = Bit is cleared x = Bit is unknown

= 2001 Microchip’ Technology Inc.
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PIC16F87X

REGISTER 11-2: ADCON1 REGISTER (ADDRESS 9Fh})

uU-0 U-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
ADFM — | — | — | PCFG3 | PCFG2 | PCFG1 | PCFGO
bit 7 bit 0
bit 7 ADFM: A/D Result Format Select bit
1 = Right justified. 6 Most Significant bits of ADRESH are read as ‘0"
0 = Left justified. 6 Least Significant bits of ADRESL are read as ‘0'.
bit 6-4 Unimplemented: Read as ‘0’
bit 3-0 PCFG3:PCFGO: A/D Port Configuration Control bits:
PcFG3: | N7 | ANs() | ANS( T AN4 | AN3 | AN2 | ANT | ANO CHAN/
PCFGO | RE2 | RE1 | REO . RA5 | RA3 | RA2 | RA1| RAQ | YREF™ | VREF- | pets@
0000 A A A A A A A A VDD Vss 8/0
0001 A A A A VREF+ A A A RA3 Vss 71
0010 D D D A A A A A VDD Vss 5/0
0011 . D D D A VREF+ A A A RA3 Vss 4an
0100 D D D D A D A A VDD Vss 3/0
0101 | D D D D |Veer+ | D A A | RA3 | vss | o1
ozix | D D D . D D D ) D [ voo | vss | om0
1000 A A A A VREF+ | VREF- A A RA3 RA2 6/2
1001 D D A A A A A A VDo Vss 6/0
1010 D D A A VREF+ A A A RA3 Vss 51
1011 D D A A VREF+ | VREF- A A RA3 RA2 472
1100 D D D A VREF+ | VREF- A A RA3 RAZ 372
1101 D D D D VREF+ | VREF- A A RA3 RA2 22
1110 D D D D D D D A Voo Vss 1/0
| D D D D VREF+ | VREF- D A RA3 RA2 12
A = Analog input D = Digital IO

Note 1: These channels are not available on PIC16F873/876 devices.
2: This column indicates the number of analog channeis available as A/D inputs and
the number of analog channels used as voltage reference inputs.

Legend:
R = Readable bit
-n=Value at POR

W = Writable bit
1’ = Bitis set

U = Unimplemented bit, read as ‘0’
‘0" = Bitis cleared

x = Rit is unknown

The ADRESH:ADRESL registers contain the 10-bit
result of the A/D conversion. When the A/D conversion
is complete, the result is loaded into this A/D result reg-
ister pair, the GO/DONE bit (ADCONO0<2>) is cleared
and the A/D interrupt flag bit ADIF is set. The block dia-
gram of the A/D module is shown in Figure 11-1.

After the A/D module has been configured as desired.
the selected channel must be acquired before the con-
version is started. The analog input channels must
have their corresponding TRIS bits selected as inputs.

To determine sample time, see Section 11.1. After this
acquisition time has elapsed, the A/D conversion can
be started.
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These steps should be followed for doing an A/D
Conversion:
1. Configure the A/D module:

+ Configure analog pins/voltage reference and
digital /0 (ADCON1)

» Select A/D input channel (ADCONO)
+ Select A/D conversion clock (ADCONDO)
« Turn on A/D module (ADCONO)
2. Configure A/D interrupt (if desired):
+ Clear ADIF bit

Wait the required acquisition time.

Start conversion:

- Set GO/DONE bit (ADCONO)

Wait for A/D conversion to complete, by either:

+ Polling for the GO/DONE bit to be cleared
(with interrupts enabled); OR

+ Waiting for the A/D interrupt

Read A/D result register pair
(ADRESH:ADRESL), clear bit ADIF if required.

For the next conversion, go to step 1 or step 2,

. Set ADIE bit as required. The A/D conversion time per bit is
Set PEIE bit defined as Tab. A minimum wait of 2TaD is
et ! required before the next acquisition starts.
« Set GIE bit
FIGURE 11-1: A/D BLOCK DIAGRAM
CHS2:CHSO
N\ s
—o : RE2/AN7(
F e RE1/ANG(
| o/
. REo/ANS(M
106
. RAS/AN4
VAIN - !
(Input Voltage) i T_< 1y >—‘E RA3/AN3NVREF+
1 %0 .
AD [ \"‘ T % RA2/AN2/VREF-
Converter b

VREF+

E RAT/AN1
% 900 |
: RAO/ANQ

PCFG3:PCFGO

Note 1: Not available on PIC16F873/876 devices.

N

(Reference . O

Voltage) e
[H]

PCFG3:PCFGO

VREF- ' bl
(Reference ' s

Voltage) .

|1 i Vss

¢ 2001 Microchip Technology Inc.
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11.1  A/D Acquisition Requirements

For the A/D converter to meet its specified accuracy.
the charge holding capacitor (CHOLD) must be allowed
to fully charge to the input channel voitage level. The
analog input model is shown in Figure 11-2. The source
impedance (Rs) and the internal sampling switch (Rss)
impedance directly affect the time required to charge
the capacitor CHoLD. The sampling switch (RsS)
impedance varies over the device voitage (VDD). see
Figure 11-2. The maximum recommended imped-
ance for analog sources is 10 kQ. As the impedance
is decreased, the acquisition time may be decreased.

EQUATION d1-1: ACQUISITION TIME

After the analog input channel is selected (changed).
this acquisition must be done before the conversion
can be started.

To calculate the minimum acquisition time,
Equation 11-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D). The
1/2 LSb error is the maximum error allowed for the A/D
to meet its specified resolution.

To calculate the minimum acquisition time, TacQ, see
the PICmicro™ Mid-Range Reference Manual
(DS33023).

L

TACQ = Amplifier Settling Time +
Hold Capacitor Charging Time +
Temperature Coefficient

= Tawmp -~ Tc + TCOFF
= 2us + TC ~ [(Temperature -25°C}0.05us “C)]

Tc = CHoLD (RIC + RSS + RS) In(1/2047)
= - 120pF (1kQ - 7kQ + 10kQ) In(0.0004885)
= 16.47us

TACQ = 2us +16.47ps + [(50°C -23°C)0.05ps =C)
= 19.72us

age specification.

Note 1: The reference voltage (VREF) has no effect on the equation, since it cancels itself out.
2: The charge holding capacitor (CHOLD) is not discharged after each conversion.

3: The maximum recommended impedance for analog sources is 10 kQ. This is required to meet the pin leak-

4: After a conversion has completed, a 2.0TAD delay must complete before acquisition can begin again.
During this time, the holding capacitor is not connected to the selected A/D input channei.

FIGURE 11-2: ANALOG INPUT MODEL
9 ) Sampling
R l VT =086V | Sweh
. Rs+ ANx T R|cs1k-§? RsS:
e AT
TN PIN L | LEAKAGE = capacitance
S SRR T Z2VT = 0.8V(§ )2 500 nA T =120 pF
= 1 Vss
Legend CpiN = input capacitance

\al = threshold voltage g
| LEAKAGE = leakage current at the pin due to VDo 4
various junctions 3
Ric = interconnect resistance 2V,
SS = sampling switch
CHOLD = sample/hold capacitance (from DAC) 567891011
Sampling Switch
(k)
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11.2 Selecting the A/D Conversion

Clock

The A/D conversion time per bit is defined as TAD. The
A/D conversion requires a minimum 12Tap per 10-bit
conversion. The source of the A/D conversion clock is
software selected. The four possible options for TaD
are:

- 2Tosc

« 8Tosc

- 32Tosc

- Internal A/D module RC osciliator (2-6 ps)

For correct A/D conversions, the A/D conversion clock
(TAD) must be selected to ensure a minimum TAD time
of 1.6 us.

Table 11-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.

TABLE 11-1: TAD vs. MAXIMUM DEVICE OPERATING FREQUENCIES (STANDARD DEVICES (C))
AD Clock Source (TAD) Maximum Device Frequency
Operation ADCS1:ADCS0 Max.
2Tosc 00 1.25 MHz
8Tosc 01 5 MHz
32Tosc 10 20 MHz
RrRC(2.3) 11 {Note 1)
Note 1: The RC source has a typical TAD time of 4 us, but can vary between 2-6 us.

2: When the device frequencies are greater than 1 MHz, the RC A/D conversion clock source is only recom-

mended for SLEEP operation.

3: For extended voltage devices (LC), please refer to the Electrical Characteristics (Sections 15.1 and 15.2).

113

The ADCON1 and TRIS registers control the operation
of the A/D port pins. The port pins that are desired as
analog inputs must have their corresponding TRIS bits
set {input). If the TRIS bit is cleared (output), the digital
output level (Vo or VoL ) will be converted.

Configuring Analog Port Pins

The A/D operation is independent of the state of the
CHS2:CHSO bits and the TRIS bits.

Note 1: When reading the port register, any pin
configured as an analog input channel will
read as cleared (a low level). Pins config-
ured as digital inputs will convert an ana-
log input. Analog levels on a digitally
configured input will not affect the conver-
sion accuracy.

2: Analog ievels on any pin that is defined as
a digital input (including the AN7:ANO
pins), may cause the input buffer to con-
sume current that is out of the device
specifications.

< 2001 Microchip Technology Inc.
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11.4 A/D Conversions

Clearing the GO/DONE bit during a conversion will
abort the current conversion. The A/D result register
pair will NOT be updated with the partially completed
A/D conversion sample. That is, the ADRESH:ADRESL
registers will continue to contain the value of the last
completed conversion (or the last value written to the
ADRESH:ADRESL registers). After the A/D conversion
is aborted, a 2TAD wait is required before the next

FIGURE 11-3:

acquisition is started. After this 2TAD wait, acquisition
on the selected channel is automatically started. The
GO/DONE bit can then be set to start the conversion.

In Figure 11-3, after the GO bit is set, the first time seg-
ment has a minimum of TCy and a maximum of TAD.

The GO/DONE bit should NOT be set in
the same instruction that turns on the A/D.

Note:

A/D CONVERSION Tap CYCLES

T b9 b8 b7 b6

Conversion starts

Set GO bit

TcytoTaD TAD1  Tap2  TAD3  TAD4  Tap5  TaD6 , TaD7  Tap8  Tap9 Tap10 Tap11
' bs b4 b3 b2 b1 b0

Holding capacitor is disconnected from analog input (typically 160 ns)

ADRES is loaded

GO bit is cleared

ADIF bit is set

Holding capacitor is connected to analog input

1.4 A/D RESULT REGISTERS

The ADRESH:ADRESL register pair is the location
where the 10-bit A/D result is loaded at the compietion
of the A/D conversion. This register pair is 16-bits wide.
The A/D module gives the flexibility to left or right justify
the 10-bit result in the 16-bit result register. The A/D

Format Select bit (ADFM) controls this justification.
Figure 11-4 shows the operation of the A/D result justi-
fication. The extra bits are loaded with '0's’. When an
A/D result will not overwrite these locations (A/D dis-
able), these registers may be used as two general
purpose 8-bit registers.

FIGURE 114: A/D RESULT JUSTIFICATION
10-bit Result
ADFM = 1 ADFM =0
— A D10 =
7 2107 0 A 0765 0
0000 00 0000 00
~ ~ N v Ty
ADRESH ADRESL ADRESH ADRESL
D R
10-bit Resuit 10-bit Result
Right Justified Left Justified
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11.5 A/D Operation During SLEEP

The A/D module can operate during SLEEP mode. This
requires that the A/D clock source be set to RC
(ADCS1:ADCSO0 = 11). When the RC clock source is
selected, the A/O module waits one instruction cycle
before starting the conversion. This allows the SLEEP
instruction to be executed, which eliminates all digital
switching noise from the conversion. When the conver-
sion is completed, the GO/DONE bit will be cleared and
the result loaded into the ADRES register. If the A/D
interrupt is enabled, the device will wake-up from
SLEEP. If the A/D interrupt is not enabled, the A/D
module will then be turned off, although the ADON bit
will remain set.

When the A/D clock source is another clock option (not
RC), a SLEEP instruction will cause the present conver-
sion to be aborted and the A/D modute to be turned off,
though the ADON bit will remain set.

Turning off the A/D places the A/D module in its lowest
current consumption state.

Note: For the A/D module to operate in SLEEP,
the A/D clock source must be set to RC
(ADCS1:ADCSO0 = 11). To allow the con-
version to occur during SLEEP, ensure the
SLEEP instruction immediately foliows the

instruction that sets the GO/DONE bit.

11.6 Effects of a RESET

A device RESET forces all registers to their RESET
state. This forces the A/D module to be turned off, and
any conversion is aborted. Al A/D input pins are con-
figured as analog inputs.

The value that is in the ADRESH:ADRESL registers is
not modified for a Power-on Reset. The
ADRESH:ADRESL registers will contain unknown data
after a Power-on Reset.

TABLE 11-2: REGISTERS/BITS ASSOCIATED WITH A/D
y Value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, MCLR,
BOR WDT
0Bn.88h. | INTCON GIE | PEE | TOE INTE RBIE TOIF INTF | RBIF |0000 000x|0000 000u
10Bh,18Bh
0Ch PIR1 PsPIF | ADIF | RCIF | TXIF SSPIF | CCP1IF | TMR2IF { TMR1IF | 0000 0000 {0008 0000
8Ch PIET pspPi | ADIE | RCIE | TXIE SSPIE | CCP1E | TMR2IE | TMR1IE | 0000 0000 0000 0000
1Eh ADRESH | A/D Result Register High Byte XXXX XXXX | UUUL uuuu
9Eh ADRESL | A/D Result Register Low Byte XXXX XXXX | uuuu uuuu
1Fh ADCONO | ADCS1 {ADCSO | CHS2| CHS1 CHS0 [GODONE|  — | ADON |0000 00-0|0000 00-0
9Fh ADCON1 ADFM — — — PCFG3 § PCFG2 | PCFG1{ PCFGO | --0- 0000 |{--0- 0000
85h TRISA - — PORTA Data Direction Register --11 1113 {--11 1111
05h PORTA — — PORTA Data Latch when written: PORTA pins when read --0x 0000 |--0u 0000
gon(" TRISE 1BF OBF IBOV | PSPMODE -- PORTE Data Direction bits 0000 -111}0000 -111
09hf" PORTE — L —4 — — RE2 | RE1 | REO |- - o |---- -uue
Legend: x =unknown, u = unchanged, - = unimplemented. read as ‘0. Shaded cells are not used for A/D conversion.
Note 1: These registers/bits are not available on the 28 pin devices.

: 2001 Microchip Technology Inc.
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Document Title
128Kx8 bit Low Power CMOS Static RAM

Revision History

Revision No. History Draft Data Remark
0.0 Initial draft July 15, 2002 Preliminary
0.1 Revised December 4, 2002 Preliminary

- Deleted 32-TSOP1-0820R Package Type.
- Added Commercial product.

0.2 Revised May 13, 2003 Preliminary
- Added Lead Free 32-SOP-525 Product

0.3 Revised June 21,2003 Preliminary
- Added Lead Free 32-TSOP1-0820F Product

1.0 Finalized September 16, 2003 Final
- Changed Icc from 10mA to 5mA
- Changed Icc2 from 35mA to 25mA
- Changed Is8 from 3mA to 0.4mA
- Changed IpR(industrial) from 15pA to 10pA
- Changed IoR(Automotive) from 25pA to 20uA

The attached datasheets are provided by SAMSUNG Electronics. SAMSUNG Electronics CO., LTD. reserves the right to change the specifications and
products. SAMSUNG Electronics will answer to your questions. If you have any questions, please contact the SAMSUNG branch offices.
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K6X1008C2D Family CMOS SRAM

128Kx8 bit Low Power full CMOS Static RAM

FEATURES GENERAL DESCRIPTION
» Process Technology: Full CMOS

» Organization: 128K x 8

« Power Supply Voltage: 4.5~5.5V

« Low Data Retention Voltage: 2V(Min)

The K6X1008C2D families are fabricated by SAMSUNG's
advanced CMOS process technology. The families support
verious operating temperature ranges and have various pack-

age types for user flexibility of system design. The famiii
* Three state output and TTL Compatible algso :S ort low data rete:,\tion \iloltame fosrlgt?att ; bamli o
« Package Type: 32-DIP-600, 32-SOP-525, uppor ) N ery bacikup
32-S0P-525, 32-TSOP1-0820F operation with low data retention current.

PRODUCT FAMILY

Operating Power Dissipation
Product Family Temperature Vec Range| Speed Standby Operating PKG Type
(Ise1, Max) | (iccz, Max)
K6X1008C2D-B Commercial(0~70°C) 10pA 32-DIP-600, 32-SOP-525,
32-SOP-525
K6X1008C2D-F Industrial(-40~85°C) 4.5~5.5V | 559/70ns 15uA 25mA 32-TSOP1-0820F
K6X1008C2D-Q | Automotive(-40~125°C) 25uA 32-S0OP-525, 32-TSOP1-0820F
1. The parameters are tested with 50pF test load
PIN DESCRIPTION FUNCTIONAL BLOCK DIAGRAM
[ ck gen.H Precharge circuit, |
A I [
Ne (T U 32§ Jvee AP
as (]2 31[JA1s ot DS |
a4 (]3 30{ Jcs2 i
A12E4 ZngTE AA‘Q‘E; gfg;go :
ar(]s 28{Ja1z  as]3 30/ cs1 Row : Row ¥
re[]s  32-SOP 27{das A2 E 3 2 g s addresses : select emory array
as 7 _ 26[Jas  cs2s 270106 ¢
wils 220 (a1t vee s 32-TSOP e 1 —]
a3[]e 2[Joe  NCLo Typel-Forward  23EIvss 1T
a2 1o 2 Jare  Ate ] o 2o lam D
w(lw =0 2 =Ry
a0 {12 21f Juos A {14 191 A1
vo1 (}13 20f Jyor ﬁi E 12 15 %ﬁ et Data 1O Circuit
voz2 (}14 19 Juos 108 cont 4 Column select j
woa [ f1s 18] Juos 1
vss (J16 7 Jvos I
Data |,
cont e _ . "&
! Column Addresses l
Name Function —
- R PR
CS1, CS2 Chip Select Input
— — &5 -
SE Qutput Enable input cs, | control
WE Write Enable Input WE | logic
1/01~1/O8 Data Inputs/Outputs GE
Ao~A1s Address Inputs
Vee Power
Vss Ground
NC No Connection

SAMSUNG ELECTRONICS CO., LTD. reserves the right to change products and specifications without notice.
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K6X1008C2D Family

CMOS SRAM

PRODUCT LIST

Commercial Products(0~70°C)

Industrial Products(-40~85°C)

Automotive Products(-40~125°C)

Part Name

Function

Part Name

Function

Part Name

Function

K6X1008C2D-DB55
K6X1008C2D-DB70
K6X1008C2D-GBS5
K6X1008C2D-GB70
K6X1008C2D-BB55"
K6X1008C20-8870"

32-DIP, 55ns, LL
32-DIP, 70ns, LL
32-SOP, 55ns, LL
32-SOP, 70ns, LL
32-SOP, 55ns, LL
32-SOP, 70ns, LL

K6X1008C2D-DF55
K6X1008C2D-DF70
KBX1008C2D-GF55
K6X1008C2D-GF70
K6X1008C2D-BF55"
K6X1008C2D-BF70Y

32-DIP, 55ns, LL
32-DIP, 70ns, LL
32-SOP, 55ns, LL
32-SOP, 70ns, LL
32-SOP, 55ns, LL
32-SOP, 70ns, LL

K6X1008C2D-GQ55
K6X1008C2D-GQ70
K6X1008C2D-TQ55
K6X1008C2D-TQ70

32-SOP, 55ns, L
32-8SOP, 70ns, L
32-TSOP-F, 55ns, L
32-TSOP-F, 70ns, L

K6X1008C2D-TB55 32-TSOP-F, 55ns, LL K6X1008C2D-TF55 32-TSOP-F, 55ns, LL
K6X1008C2D-TB70 32-TSOP-F, 70ns, LL | K6X1008C2D-TF70 32-TSOP-F, 70ns, LL
K6X1008C2D-PB55" | 32-TSOP-F, 55ns, LL | K6X1008C2D-PF55" | 32-TSOP-F, 55ns, LL
K6X1008C2D-PB70" | 32-TSOP-F, 70ns, LL | K6X1008C2D-PF70" | 32-TSOP-F, 70ns, LL
1. Lead Free Product
FUNCTIONAL DESCRIPTION
C51 CS2 OE WE ji[e] Mode Power
H X1 XM X0 High-Z Deselected Standby
X L XN X" High-Z Deselected Standby
L H H H High-Z Output Disabled Active
L H L H Dout Read Active
L H XN E Din Write Active
1. X means don't care (Must be in high or low states)
ABSOLUTE MAXIMUM RATINGS®"
ftem Symbol Ratings Unit Remark
Voltage on any pin relative to Vss Vin,Vour -0.5 to Vec+0.5V(Max. 7.0V) \% -
Voltage on Vce supply relative to Vss Vee -03t0 7.0 V - -
Power Dissipation Po 1.0 w -
Storage temperature TsTG -65 to 150 °C -
Oto 70 *Q K6X1008C2D-B
Operating Temperature Ta -40 to 85 °C K6X1008C2D-F
-40 to 125 °C K6X1008C2D-Q

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. Functional operation shouid be
restricted to recommended operating condition. Exposure to absolute maximum rating conditions for extended periods may affect reliability.
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K6X1008C2D Family

CMOS SRAM

RECOMMENDED DC OPERATING CONDITIONS™"

Item Symbol Min Typ Max Unit
Supply voltage Vce 4.5 5.0 5.5 \Y
Ground Vss 0 0 0 \
Input high voltage VIH 2.2 - Veet+0.52 Y]
Input low voltage ViL -0.5% - 0.8 \
Note:
1. Commercial Product: Ta=0 to 70°C, Otherwise specified
Industrial Product: Ta=-40 to 85°C, Otherwise specified
Automotive Product: Ta=-40 to 125°C, Otherwise specified
2. Overshoot: Vec+3.0V in case of pulse width<30ns.
3. Undershoot: -3.0V in case of pulse width<30ns.
4. Overshoot and undershoot are sampied, not 100% tested.
CAPACITANCED" (f=1MHz, TA=25°C)
Item Symbol Test Condition Min Max Unit
Input capacitance Cin VIN=0V £ 8 pF
Input/Output capacitance Cio Vio=0V - 10 pF
1. Capacitance is sampled, not 100% tested
DC AND OPERATING CHARACTERISTICS
Item Symbol Test Conditions Min | Typ | Max | Unit
Input leakage current 1] ViIN=Vss to Vce -1 - 1| pA
Output leakage current (Lo |CS1=Vi or CS2=ViL or OE=ViH or WE=ViL, Vio=Vss to Voo -1 - 1 | pA
Operating power supply current] fcc  |Lo=0mA, &1:VIL, CS2=ViH, VIN=VIH or Vi, Read - - 5§ | mA
lcct . |Cycle ime=1us, 100%duty, lio=0mA, C51<0.2V, CS22Vee0.2v, | | ¥ "
. VINZ0.2V or VIN2Vee-0.2V
Average operating current _—
lcgz. | Cycle ime=Min, 100% duty, 10=0mA, CS1=ViL, CS2=ViH, ~ ~ 25 | mA
VIN=VIH or ViL
Output low voltage VoL [lot=2.1mA - - 104 V
Output high voltage VoH {lor=-1.0mA 2.4 - - \Y
Standby Current(TTL) IsB §1=VIH, CS2=ViL, Other inputs=VIH or ViL - - 04| mA
b P SV eo 0.2V K6X1008C2D-B - - 10 | pA
12Vce-0.2V, 22Vee-0.2V or T AW
Standby Current(CMOS) 1581 | 82<0.2v, Other inputs=0~Vee _K6X1008C2D-F | - | - | 15| pA
K6X1008C2D-Q - - 25 | pA
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K6X1008C2D Family CMOS SRAM

AC OPERATING CONDITIONS = \ .
TEST CONDITIONS( Test Load and Input/Output Reference) / W‘/ T
Input pulse level: 0.8 to 2.4V ’
Input rising and falling time: 5ns cuh T

Input and output reference voltage: 1.5V
Output load(see right): CL=100pF+1TTL

1. lnc[dding scope and jig capacitance
CL=50pF+1TTL

AC CHARACTERISTICS
(Vee=4.5~5.5V, Commercial product: TA=0 to 70°C, Industrial product: TA=-40 to 85°C, Automotive product: Ta=-40~125°C)

Speed Bins
Parameter List Symbol 55ns 70ns Units
Min Max Min Max
Read Cycle Time trRC 55 - 70 - ns
Address Access Time taa - 55 - 70 ns
Chip Select to Output tco - 55 - 70 ns
Output Enable to Valid Output toE - 25 - 35 ns
Read Chip Select to Low-Z Output tz 10 4 10 - ns
Output Enable to Low-Z Qutput towz 5 - - ns
Chip Disable to High-Z Output tHz 0 20 0 25 ns
Output Disable to High-Z Output toHz 0 20 (0] 25 ns
Output Hold from Address Change toH 10 - 10 - ns
Write Cycle Time twc 55 - 70 - ns
Chip Select to End of Write toew 45 - 60 - ns
Address Set-up Time tas 4] - 0 - ns
Address Valid to End of Write taw 45 - 60 - ns
Write Write Pulse Width twe 40 - 50 - ns
Write Recovery Time twr - - ns
Write to Output High-Z twhiz 0 20 0 25 ns
Data to Write Time Overlap tow 20 - 25 - ns
Data Hold from Write Time tDH - 0 - ns
End Write to Output Low-Z tow 5 - 5 - ns
DATA RETENTION CHARACTERISTICS
Item Symbol Test Condition Min | Typ | Max | Unit
Ve for data retention VDR CS12Vee-0.2vh) =~ 2.0 - 55 Y
K6X1008C2D-B - - 10 A
Data retention current Ior Vee=3.0V, CS12Vee-0.2v" K6X1008C2D-F - R 10 HA
K6X1008C2D-Q - - 20 uA
Data retention set-up time 1SoR See data retention waveform . — 0 _ - ms
Recovery time {RDR 5 - -

1. CS12Vee-0.2V, CS22Vec-0.2V, or CS2<0.2V
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K6X1008C2D Family CMOS SRAM

TIMING DIAGRAMS
TIMING WAVEFORM OF READ CYCLE(1) (Address Controlied, C81=0E=Vi, CS2=WE=Vi)

< tRC
Address ‘>< ﬂi .__

—toH
Data Out Previous Data Valid Data Valid
TIMING WAVEFORM OF READ CYCLE(2) (WE=Vi)
< {RC
Address >i
tAA OH
—_ tcot
CS1 \\
CS2
OE
‘«———tOHZ
Data out Data Valid < m
NOTES (READ CYCLE)
1. tHZ and tOHz are defined as the time at which the outputs achieve the open circuit conditions and are not referenced to output voltage
levels.
2. At any given temperature and voltage condition, tHz(Max.) is less than tLz(Min.) both for a given device and from device to device
interconnection.
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K6X1008C2D Family CMOS SRAM
TIMING WAVEFORM OF WRITE CYCLE(1) (We Controlled)
twe
Address
f—————tcw2 ALY
s X /
e—— tAw:
g N
C8s2 7 tow) G
- twe(1) —>
P 4
WE Ve - 7
tas(3) E- tow — tor\]
Data in K Data Valid x
e twhz = L—tOWj
Data out Data Undefined £

TIMING WAVEFORM OF WRITE CYCLE(2) (CS1 Controlled)

Address

cst

CS2

Data in

Data out

twe

=T

4&% tCw(2)

tWR(4)

e

E twe(1)

ik

e

Data Valid

tDWh“‘tDHjL

High-Z

High-Z
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K6X1008C2D Family CMOS SRAM

TIMING WAVEFORM OF WRITE CYCLE(3) (Cs: Controlled)

t

Address ‘>< >L

-— \
[tAS(3)> towi) i
— | \ /-
CS1 7
e taw
4 N
CS2 yi N
tfcw2) >
v twr(1)
WE
tow toH
Data in }l; Data Valid &
Data out High-Z High-Z

NOTES (WRITE CYCLE)

1. A write occurs during the overiap of a low CS1, a high CS2 and a low WE. A write begins at the latest transition among CS1 goes low,
CSz2 going high and WE going low: A write end at the earliest transition among CS1 going high, CS2 going low and WE going high,
twe is measured from the begining of write to the end of write.

2. tcw is measured from the CS1 going low or CS2 going high to the end of write.

3. tas is measured from the address valid to the beginning of write. Bl CoeY

4. twr is measured from the end of write to the address change. tws applied in case a write ends as CS1 or WE going high twrz applied
in case a write ends as CS2 going to low.

DATA RETENTION WAVE FORM

Cs1 controlled .
Data Retention Mode

Vee —{SDR

L R & e il o o L SR e P, Ly A S Y /. N &

CS2Vee - 0.2V

CS2 controlled .
Data Retention Mode

Vee

4.5V -
CS2

VoRrR -

0.4V . Céx<O2v _ _ __ ____ f .

GND e e r il
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K6X1008C2D Family CMOS SRAM

PACKAGE DIMENSIONS
32 DUAL INLINE PACKAGE (600mil)

Units: millimeters(inches)

0.25 39
0.0107555"

#32 #17 -
— (A AT M I I M i T TR
.
13.6040.20 : SN S0 N |
0.53540 008 . N -~ Eelid
O ' \
S [
#1 #16 iy 3
0~15°/
4231 3812020
1.666 MAX 0.150+0.008
508
41,9140, 0.200 MAX
A 55050 [J =
/ 4
igigige B TVl
)] i PN ] A
I I I
i J s || i 1
3.3040.30
| s R
1.91 " 1.52+0.10 0.38 yun
(%07 ) 0.060%5 005 & 0015

32 PLASTIC SMALL OUTLINE PACKAGE (525mil)

RN TS SR

0

™ 14.1240.30 11.434020 X
|/ 0.55640.012 0.450+0.008
—
SN
L
Y
. Y i_
#1 #16 . 020 w10 | 0802020
20 . o5 i .03140.008
2987 wax s, om0 i (o0 TEoes
2o :
20.47+0.20 ~
0,806%0.008
Y
B " T A

o1 0.41 ;219
(9028 ) 0.016 g SosaMIN
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K6X1008C2D Family CMOS SRAM

PACKAGE DIMENSIONS

32 PIN THIN SMALL OUTLINE PACKAGE TYPE | (0820F)

Units: millimeters(inches)

0.20 010 20.0040.20
:%%504 _ 0.787+0.008 |
0.008% 54, 1 j
" = w32 IR
‘\ 7/, o — E
—
) = ,0.25
3 — = o010
= =
= g4p B
= 0.331MAX "3 =
| R =
1 — =
i I
— =
0.0197] #16 F—#17 E
1.0040.10 0.05
0.03920.000 0.002 MIN
1.20
0.25 Tvp 18.4040.10 0‘047MAX >
0.010 0.724+0.004
0.5 3452 )
) 0.0 6*0.004
) | 0 -0.002 é é
0~8° {:?‘}‘:': L 3 E §
~ ‘_. q
Olo
0.45 ~0.75 o
0.018 ~0.030 0020’
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