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This research presents the writing of directed current motor controll by using computer
which is divided into three parts. The visual basic program was created in order to a computer
display. The microcontroller is used as the connector between computer and its hardware. The
motor and drive circuits have the function to drive motor. The hardware works under input
commands which are put into computer and driven those commands afterward. The input consits

of three parts which is drive circuit, motor and A/D converter. Finally, the study could be applied

II

DC Motor Measured and Controlled by Computer
Miss.Kongkarn Wongprom

Miss.Jutarat Numahan

Mr.Amnat Wongsoon

Mr.Worawit Somha

Mr.Surapong Sin'pongdeer

Bachelor of Science in Industrial Education
Industrial Instrument Technology

2004

ABSTRACT

and developed for further advance in order to control directed current motors.
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1. YRIABS ATZUTATULLLUAYANIZAU (Separately Exited Motor)
4 [V kY . 3/ )
2. UBIABS NITLUAN T WVUNTLHUA WA UDA (Self Exited Motor) uon ldiilu 3 uuy fe
2.1 UOIAD3NTZIFATWUVYUIY (Shunt Motor)
2.2 UOINBINTZUAATIUVBYNTY (Series Motor)

o
2.3 namasﬂsxuﬁmmmmwnﬂmﬂszé’u (Compound Motor)
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. di
V,=Ri +L, —
o o 9
ﬂi&’uﬁ'ﬁ]']imw@iﬂ']ulﬂinﬂ
. di
Vo=Rj +L,—
dt

1 ~

a Y d' =Y 4
USRUNAUYTONG 8N atlaTaavine (Speed Voltage)
E,=K,wi,
S A A
NOITAVNINDIVUDINDINDITAD
T,=Kii,
P L4 9 1 @ d @
NOIANINA1VDINDIRDS VLABUMNL IYaanoIARIauNIS
dw
T,=J—+Bw+T,
dt
o 9/
A muald

@ = Motor speed [rad/s]

B = Viscous fraction constant [Nm/rad/s]

AININVOULTIRY [V/A-rad/s]
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, = ANINNUDINDIA

' - ° o o
. = AUNUIIUIUDID5INDT [H]
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L, =auniignhwesilan [H]

1 d d
R, = M9 UAUNUYBI015 19035 [Q]
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(2.5)
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T, =Load Torque [Nm]
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V,=RI, (2.6)
E,=K,0l, 2.7
V,=R,I,+E,

=R,I,+K, 0l (2.8)
T,=K1,1,

=Bw+T, (2.9)
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P =T,w (2.10)
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: P Speed
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torqur power
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2.1.3 us4ia

H
=4 o

a o a o P
139U (Torque) ﬂﬁf’)ﬂ']iﬁi!ﬂﬁ?ﬂﬂ'ﬁﬂﬂ‘“ﬂﬁIuluuﬂﬂl'ﬂ\u!ﬁ\iﬂ HHINNIEMITIOULUAU
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]
At A

. td
W39 deNTTAd riwas Tuse F 6280 wnsgiinuisdedl Seildifanmsvyu

b4 < " a =
AWANULITI S T8UABIUIN

u59la = Fxr HIAUADINAST (2.17)

o ny 2 &
nuiildnvileseunnusil

=433 X 785NN

= Fx 2 yod (2.18)
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Nuihae i W=Fx2mrxs

=Fxr 2ns
275 =3anilu O 1siReudeIuh

Fxr =usqaa T

1o t a a
NuAhEe N =Tx8 vad

o { a o
Aaennay =Tx8 Jaa

1. usaﬁnﬁﬂﬁuﬁlumé’mmaf (Armature Torque Of a Motor)

(2.19)

(2.20)

(2.21)

(2.22)

v ;] a da & 7 ¢ A PN o f A a
Gl‘l‘i Tml UUFTIUANNAYUIINDITNLIDT UDUDADTINAWANULITIY S F9UADIUIN

[ a a3
Taa T, 1l Auaomag

Ao 1 a ~ o

NUNNIABIUMN =T, x27s ad

A o o da d?‘ w

HNIDMAINUNAVU =T x2ns gl
P . =E|l,

¥ ldwden lidlumdnaluersumes fe

14 (2.23) = (2.24) T x2n5=E,I,
P
E, =¢ZS(—) =K'g S
a
=Xl g g1,
2
o K, =K', /27 = neniusaiia (Torque)
S =AW57 (r.p.s)
T =0.159K', ¢l ihdunsmnas
=0.0162K", ¢l, Alansunemns
(il K',=ZP/a= masiimaluih

T,=Tadl,

(2.23)

(2.24)

(2.25)

(2.26)

(2.27)

(2.28)
(2.29)



13

1) lunsdlveaamaioynsy T=12%

2) 913U shunt motor motor T =1,

T= —E” L, N/m (2.30)
27
0.159E,1,
S
. E 1T
=%_a Kg/m

4 & o
e S Wunnus (tp.s)
2. usaiafiunu (Shaft Torque)
ncs'qsg s ‘ig M 9o 9/ A ‘3; 9 1 Yo
ussianavuluesmwesuu 1114 I idnumen@e) Malmsizdeesie ¥y
ﬂ"lii:,{iylﬁtlﬁ'ul,ﬁ’é)ﬂll"lil"lﬂ Iron 148% Friction 14 Motor
o { o o {
usedafer Tl orunfsussdafiunu (7,,)

o v ¥ Ay Y S ) & o & Y Angy
fﬂﬁx‘llﬂ“ﬂulﬂi]"lﬂuﬂuﬁllqumﬂulmmliﬂﬂﬂ B.H.P UuULBY "Ntﬂuﬂ"laul"m'lﬂ%"lﬂﬂﬁ

Brake Motor
T, x27s
B.H.P. (Metric) =(L———)- (2.31)
73505
- (735.5x B.H.P.)
* 27s
A g
s S =AU (r.p.s.)
A

T-T,, NAD lost torque
Lost Torque T, = 0.159X (iron t12ig fraction losses/S) N/m (2.32)

=0.0162 X (iron 0% fraction losses/S) Kg/m

o

Jodunas E, n11d91n

E,=V-LR, (2.33)
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E, =¢ZS(£) (2.34)
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T, @ lag, (2.35)

A ¢ A
Wwe T, =nasnsuvyy
% s 4
lag, = NITUADINIIDTUUSITUNIY

' o 1 o {
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J ] o [} o 1
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M15197 A.1 5797139UN50i¥892995 PIC16F877

Hoginaal Seazoun I
AIVIIIN
IC1 PIC16F877 167
IC2 MAX232 167
IC3 LM324 167
qﬂnmﬁmsﬁaﬁ"am
D1 1.1V 167
Q1 BC547 167
fafuilazg
C8 0.1 uF 167
C1,C2 22 pF 287
C3-C7 1 uF 567
MIANUATUMY
R2-R10,R13 1kQ 10 A
R11 2kQ 167
RI12 : 3kQ 167
RI 10 kQ 167
qﬂnmi?;uq
Crystal 11.0592MH 162
Sl aInd 160
J1-J4 SIP connector 3 pin 481
J5 IDC connector 20 pin 16
J6 SIP connector 12 pin 197
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Tsunsuneulnsatans (PIC)

LIST P=16F877A ,W = -302
CONFIG 0x3F79

T PORTA EQU  0x05
PORTB EQU  0x06
PORTC EQU  0x07
PORTD EQU  0X08
ADCONO EQU  Ox1F
ADRESH EQU,. OxlE
TRISA EQU  0x85
TRISB EQU  0x86
TRISC EQU  0x87
TRISE EQU  0x89
ADCON1 EQU  Ox9F
ADRESL EQU  Ox9E
ADFM EQU 7
GO_DONE EQU .2
ADON EQU 0
ACQ VAR EQU  0x70

OPTION_REG EQU 0x81

TMRO EQU 0x01
TOIE EQU 5
TOIF EQU 2
CCPR2L EQU 0x1B
CCPR2H EQU Ox1cC
CCP2CON EQU 0x1D
T1CON EQU 0x10
T2CON EQU 0x12
TMR2 EQU 0x11
TRISC EQU 0x87
PR2 EQU 0x92
TMR1L EQU 0x0E
TMR1H EQU 0xOF
TMR1ON EQU 0
STATUS EQU 0x03
RPO EQU 5
Z EQU 2
C - EQU 0
INTCON EQU 0xOB
PEIE EQU 6
GIE EQU 7
PIE1l EQU 0x8C
ADIE EQU 6
RCIE EQU 5
TXIE EQU 4
CCP1IE EQU 2

PIE2 EQU 0x8D
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CCP21IE EQU O
CCPR1L EQU  0x15
CCPR1H EQU  0x16
CCP1CON EQU  0x17
CCP1X EQU 5
CCP1Y EQU 4
PIR1 EQU  0x0C
ADIF EQU 6
RCIF EQU 5
TXIF EQU 4
CCP1IF EQU 2
PIR2 EQU  0xOD
CCP2IF EQU O
SPBRG EQU  0x99
TXSTA EQU  0x98
RCSTA EQU  0x18
TXREG EQU  0x19
RCREG EQU  Ox1A
SYNC EQU 4
BRGH EQU 2
TXEN EQU 5
SPEN EQU 7
SREN EQU 5
CREN EQU 4
TMR20N EQU 2
CCP2X EQU 5
ccP2y EQU 4
W_TEMP EQU  0x20
S_TEMP EQU  0x21
DAT EQU  0x22
FLAG EQU  0x23
SEND_DAT EQU  0x24
CNT1 EQU  0x25
CNT2 EQU  0x26
SPEED EQU  0x27
TORQUE EQU  0x28
BUFDAT EQU  0x29
BUFFER1 EQU  0x30
BUFFER2 EQU  0x31
SPEEDL EQU  0x32
TORQUEL EQU  0x33
X EQU  0x70
Y . EQU  0x71
A EQU  0x72
ORG ~ 0x0000
GOTO INIT

ORG  0x0004
BTFSC PIR1, RCIF
GOTO ISR RX

RETFIE
INIT CLRF CCPI1CON
BANKSEL TRISC

BCF TRISC, .2




63

SET_ADCON1

SET_ADCONO

--—- START Program

MAIN

BSF TRISC, 1
BANKSEL PORTC
BSF PORTC, 2

MOVLW B'00000001°
MOVWE T2CON

BANKSEL PR2
MOVLW .255

MOVWE PR2

BANKSEL SPBRG
MOVLW .25

MOVWE SPBRG

BCF TXSTA, SYNC
BSF TXSTA, BRGH
BSF TXSTA, TXEN
BSF PIE1,RCIE
BANKSEL INTCON
BSF INTCON, GIE

BSF INTCON, PEIE
BANKSEL RCSTA
BSF RCSTA, SPEN
BSF RCSTA, CREN
MOVE RCREG,W
MOVF RCREG,W
MOVF RCREG,W
BANKSEL TRISA

MOVLW B'11111111°
MOVWE TRISA
MOVLW B'10001110°
MOVWE ADCON1
BANKSEL PORTA
MOVLW B'10000000"
MOVWE ADCONO

BANKSEL T1CON
MOVLW B'00000000"
MOVWE T1CON

Here -----

CALL START

BCF PIR2,CCP2IF
BTFSS PIR2,CCP2IF
GOTO s$-1

BSF T1CON, TMR1ON
CALL CAP T

CALL CONV_ADC
MOVEFW SPEED

CALL ~SENDHEX
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MOVFEFW SPEEDL
CALL SENDHEX

MOVEW TORQUE

CALL SENDHEX
MOVFW TORQUEL
CALL SENDHEX

CALL DELAY
GOTO MAIN

SEND BTFSS PIR1, TXIF
GOTO $-1
MOVWE TXREG
RETURN

-~ INTERRUPT SERVICE ROUTINE -~---

ISR RX MOVWE  W_TEMP
MOVF STATUS,w
BCF STATUS, RPO

MOVWE S TEMP

MOVEFW RCREG

MOVWFEF DAT

MOVWF BUFDAT

INCF BUFDAT,1
DECFSZ BUFDAT, 1
GOTO SET_ PWM

STOP_PWM BCF T2CON, TMR20ON
CLRF CCP1CON
GOTO EXIT

SET_PWM BCF T2CON, TMR20ON
BANKSEL PR2
MOVWF PR2

MOVWF CCPR1L
MOVLW B'00001111"
MOVWE CCP1CON
BSF  T2CON, TMR20ON
BSE  FLAG , 0

EXIT MOVF S _TEMP,w
MOVWF STATUS
SWAPF W_TEMP, f
SWAPF W_TEMP, w
BCF  PIR1, RCIF
RETFIE

******************Speed reading***************

CaAP T CLRF CCP2CON
BCF T1CON, TMR1ON
SHOWTIME MOVEW CCPR2H

MOVWF SPEED

MOVFW CCPR2L
MOVWE SPEEDL
RETURN
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START CLRF TMR1H
CLRF TMR1L
MOVLW 0X05

MOVWE CCP2CON

BCF PIR2,CCP2IF
BTFSS PIR2,CCP2IF
GOTO s$-1

BSFE T1CON, TMR1ON
BCF PIR2,CCP2IF
RETURN

ErE A XKL X FXTOUrQUE Teading* *kkkk ko kk ok ko ko k ok ko k
CONV_ADC ) BSF ADCONO, ADON
o CALL ACQ TIME
BSF ADCONO, GO_DONE

CON_WAIT BTFSC ADCONO,GO_DONE
GOTO CON_WAIT
BCF  ADCONO, ADON
MOVFW ADRESH
MOVWE TORQUE
BANKSEL ADRESL
MOVEFW ADRESL
BANKSEL TORQUEL
MOVWF TORQUEL
RETURN

SENDHEX MOVWF BUFFER1
SWAPF BUFFERL, 0
ANDLW OxOF
CALL ASCTOHEX
CALL SEND
MOVFW BUFFER1
ANDLW OxOF
CALL ASCTOHEX
CALL SEND
RETURN

ASCTOHEX MOVWE BUFFER2
BCF STATUS, C
SUBLW 0x09
BTFSC STATUS, C
GOTO DECIMAL
MOVFW BUFFER2
ADDLW 0x37
RETURN

DECIMAL MOVEFW BUFFER2
ADDLW 0x30
RETURN

ACQ TIME MOVLW .105
MOVWF ACQ VAR
DECFSZ ACQ_VAR, 1
GOTO $-1
GOTO $+1
RETURN

DELAY CLRF X
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MOVLW .5

MOVWE X

CLRF Y

MOVLW .5

MOVWE A

DECFSZ X,1
GOTO $-1
DECFSZ Y,1
GOTO $-3
DECFSZ A,l
GOTO $-5
RETURN

END

Iﬂ‘iuﬂ‘iNVisual Basic

Form Menu

Private Sub CmdExit Click()
Unload Me

End Sub

Private Sub CmdSpd Click()
Load FormSpdMenu

Unload Me

End Sub

Private Sub CmdTorque Click()
Load FormTorque

Unload Me

End Sub

Private Sub Form Load({)
Me.Show

End Sub

Form ManualControl

Dim i As Integer

Dim TimeValue As Double

Dim SpeedValue As Double

Dim PercentDuty As Integer
Function ConvertToDuty(V As Double) As Integer
Dim Vmax As Double

Dim Duty As Double

Dim IntDuty As Integer

Vmax = 575

Duty = (V / 6) - 40

IntDuty = Int (Duty)

IntDuty = 101 - IntDuty
IntDuty Int (IntDuty * 255 / 100)
ConvertToDuty = IntDuty

End Function

Private Sub CmdExit Click()
Load FormSpdMenu

Unload Me

End Sub

Private Sub CmdStart Click()
If :-Not MSComml.PortOpen Then
MSComml. PortOpen! = True
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SpeedValue = HScrollSpeed.Value

If SpeedValue <> 0 Then

PercentDuty = ConvertToDuty (SpeedValue)
Else
PercentDuty
End If
'MSComml.Output = Chr (Int (PercentDuty))
i=20

End If

End Sub

Private Sub CmdStop Click{)

If MSComml.PortOpen Then

I

0

MSComml.Output = Chr (0) 'On-0Off

MSComml.PortOpen = False

End If

End Sub

Private Sub Form_Load{)

Me.Show

i=20

End Sub

Private Sub HScrollSpeed Change ()

LabelSendSpeed.Caption = "Speed = " & HScrollSpeed.Value & " rpm"

If MSComml.PortOpen Then

SpeedValue = HScrollSpeed.Value

If SpeedValue <> 0 Then

PercentDuty = ConvertToDuty{SpeedValue)
Else
PercentDuty
End If
MSComml.Output = Chr (PercentDuty)

End If

End Sub

Private Sub HScrollSpeed Scroll()

LabelSendSpeed.Caption = "Speed = " & HScrollSpeed.Value & " rpm"
End Sub

Private Sub MSComml OnComm ()

-|Dim StrBuffer As String

Dim StrTime As String

Dim IntTime As Integer

Dim IntTorque As Integer

Dim StrTorque As String

Dim Speed As Double

Dim SpeedBuf As Integer

Dim SpeedError As Double

StrBuffer = MSComml. Input

StrTime = Left (StrBuffer, 4)

StrTime "&H" & StrTime

StrTorque Right (StrBuffer, 4)

StrTorque = "&H" & StrTorque

'IntTime = Val (StrTime)

IntTorque = Val (StrTorque)

Speed = 1000000 / IntTime

LabelReadSpeed = "Speed: " & Speed & " rpm"

If Speed >= 0 Then
i=1i+4+1
MSChartl.RowCount
MSChartl.Row = i
MSChartl.RowLabel

0

I
'_l.

I
'_l.
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MSChartl.DataGrid.SetData i, 1, Speed, 0
End If

SpeedValue = HScrollSpeed.Value

If Speed > SpeedValue Then

PercentDuty = PercentDuty + 1

If PercentDuty > 255 Then PercentDuty = 255
End If

If Speed < SpeedValue Then

PercentDuty = PercentDuty - 1

If PercentDuty < 0 Then PercentDuty = 0
End If

MSComml.Output = Chr (PercentDuty)

End Sub

Form PIDControl

Dim LastSpeedError As Double

Dim SpeedReceive As Double

Dim i As Integer

Function ConvertToDuty(V As Double) As Integer

Dim Vmax As Double

Dim Duty As Double

Dim IntDuty As Integer

Vmax = 575

Duty = (V / 6) - 40

IntDuty = Int (Duty)

IntDuty = 101 - IntDuty

IntDuty = Int (IntDuty * 255 / 100)

ConvertToDuty = IntDuty

End Function

Function SendPIDSpeed(SpeedRef As Integer, SpeedRead As Double,
ETlast As Double, Kg As Integer, Ki As Integer, Kd As Integer) As
Double

Dim Mt As Double

Dim Mpt As Double

Dim Mdt As Double

Dim Mit As Double

Dim MBuf As Double

Dim ET As Double

Dim SpeedBuf As Double

Dim SpeedSend As Double

If MSComml.PortOpen Then

ET = SpeedRef - SpeedRead

Mpt = 0.01 * Kg * ET

Mdt 0.01 * 0.01 * Kg * Kd * (ET - ETlast)

Mit = 0.01 * 0.01 * Kg * Ki * (ET - ETlast)

Mt = Mpt + Mdt + Mit

SpeedBuf = Mt + SpeedRef
'SpeedValue = SpeedBuf

If Speedvalue > 575 Then SpeedValue
If SpeedValue <> 0 Then
PercentDuty = ConvertToDuty (SpeedBuf)
Else

PercentDuty = 0

SendPIDSpeed = ET

End If

MSComml .Output = Chr (PercentDuty)
End If

End  Function

575
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Private Sub CmdExit Click()

Load FormSpdMenu

Unload Me

End Sub

Private Sub CmdStart Click()

If Not MSComml.PortOpen Then

MSComml.PortOpen = True

i=20

SpeedReceive = 0

LastError = 0

LastSpeedError = SendPIDSpeed(HScrollSpeed.Value, SpeedReceive,
LastSpeedError, HScrollGain.Value, HScrolllntegral.Value,
HScrollDeveratiyg.Value)

End If ‘

End Sub

Private Sub CmdStop Click()

If MSComml.PortOpen Then

MSComml.Output = Chr{(0) 'On-0Off

MSComml.PortQOpen = False

End If

End Sub

Private Sub Form_Load()

Me. Show

i=20

End Sub

Private Sub HScrollDeverative Change ()

LastSpeedError = SendPIDSpeed(HScrollSpeed.Value, SpeedReceive,
LastSpeedError, HScrollGain.Value, HScrollIntegral.Value,
HScrollDeverative.Value)

LabelDeverative.Caption = "Deverative: " & HScrollDeverative.Value &
” % "

End Sub

Private Sub HScrollDeverative Scroll()

LabelDeverative.Caption = "Deverative: " & HScrollDeverative.Value &
7 % "

End Sub

Private Sub HScrollGain Change ()

LastSpeedError = SendPIDSpeed(HScrollSpeed.Value, SpeedReceive,
LastSpeedError, HScrollGain.Value, HScrolllIntegral.Value,
HScrollDeverative.Value)

LabelGain.Caption = "Gain: " & HScrollGain.Value & " &"
End Sub

Private Sub HScrollGain Scroll ()

LabelGain.Caption = "Gain: " & HScrollGain.Value & " &"
End Sub

Private Sub HScrolllntegral Change ()

LastSpeedError = SendPIDSpeed(HScrollSpeed.Value, SpeedReceive,
LastSpeedError, HScrollGain.Value, HScrolllIntegral.Value,
HScrollDeverative.Value)

Labellntegral.Caption = "Integral: " & HScrolllIntegral.Value & " %"
End Sub

Private Sub HScrollIntegral Scroll ()

LabelIntegral.Caption = "Integral: " & HScrolllIntegral.Value & " %"
End Sub

Private Sub HScrollSpeed Change()

LastSpeedError = SendPIDSpeed(HScrollSpeed.Value, SpeedReceive,
LastSpeedError, HScrollGain.Value, HScrolllntegral.Value,
HScrollDeverative.Value)
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LabelSendSpeed.Caption = "Speed: " & HScrollSpeed.Value '&
End Sub

Private Sub HScrollSpeed Scroll({)

LabelSendSpeed.Caption = "Speed: " & HScrollSpeed.Value '&
End Sub

Private Sub MSComml OnComm ()

Dim StrBuffer As String

Dim StrTime As String

Dim IntTime As Integer

Dim IntTorque As Integer

Dim StrTorque As String

Dim Speed As Double

Dim SpeedBuf As Integer

Dim SpeedError As Double

StrBuffer = MSComml. Input

StrTime = Left (StrBuffer, 4)

StrTime "§H" & StrTime

StrTorque = Right (StrBuffer, 4)

StrTorque = "&H" & StrTorque

"IntTime = Val (StrTime)

IntTorque = Val (StrTorque)

Speed = 1000000 / IntTime

LabelReadSpeed = "Speed: " & Speed & " rpm"
If Speed >= 0 Then
i=1+1
MSChartl.RowCount
MSChartl.Row = i
MSChartl.RowLabel = i

MSChartl.DataGrid.SetData i, 1, Speed, 0

End If

LastSpeedError = SendPIDSpeed(HScrollSpeed.Value, Speed,
LastSpeedError, HScrollGain.Value, HScrollIntegral.Value,
HScrollDeverative.Value)

End If

End Sub

i

]

Form SpeedControl

Private Sub CmdPIDC Click()

Load FormPIDControl

Unload Me

End Sub

Private Sub CmdReturnMenu Click()
Load FormMenu

Unload Me

End Sub

Private Sub CmdSpdControl Click()
Load FormManualControl

Unload Me

End Sub

Private Sub Form Load()

Me.Show

End Sub

Form TroqueControl

Dim i As Integer

Private Sub CmdExit Click()
Load FormSpdMenu

Unload  Me

"

rpm "

rpm "
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End Sub

Private Sub CmdStart Click({()

If Not MSComml.PortOpen Then

MSComml . PortOpen = True

MSComml . Output = Chr (HScrollSpeed.Value) 'On-0ff
1 =0

End If

End Sub

Private Sub CmdStop Click{()
If MSComml.PortOpen Then

MSComml .Output = Chr{0) 'On-0ff
MSComml.PortOpen = False

End If

End Sub

Private Sub Form Load({()

Me.Show
i=20
End Sub

Private Sub HScrollSpeed Change ()

Dim TimeValue As Integer

Dim SpeedValue As Integer
LabelSendSpeed.Caption = "Speed = " & HScrollSpeed.Value 's " rpm"
If MSComml.PortOpen Then

SpeedValue = HScrollSpeed.Value
TimeValue = 256 - SpeedvValue

If TimeValue = 0 Then TimeValue 0
'TimeValue = CInt (255 * SpeedValue / 100)
MSComml.Output = Chr(TimeValue)

End If

End Sub

I

Private Sub HScrollSpeed Scroll()
LabelSendSpeed.Caption = "Speed = " & HScrollSpeed.Value '& " rpm"
End Sub

Private Sub MSComml OnComm /()
Dim StrBuffer As String

Dim StrTime As String

Dim IntTime As Integer

Dim IntTorque As Integer
Dim StrTorgue As String

Dim Torgue As Double
StrBuffer = MSComml.Input
StrTime = Left (StrBuffer, 4)

StrTime = "&H" & StrTime
StrTorque = Right (StrBuffer, 4)
StrTorque = "&H" & StrTorque
IntTime = Val(StrTime)

IntTorque = Val(StrTorque)
Torque = IntTorque

LabelReadTorque = "Torque: " & Torque & " unit"
If Speed >= 0 Then
i=1+1

'‘If 1 > 255 Then 1 =1
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MSChartl

End If
End Sub

.RowCount
MSChartl.
MSChartl.
MSChartl.

Row = 1
RowLabel
DataGrid.

I
.

= i
SetData 1,

1,

Torque,

0
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General Description

The MAXZ02E-MAX213E. MAX232E/MAX241E line
driversireceivers are designed for RS-232 and V.28
communications in harsh environments. Each
transmitter output and receiver input is protected
against £15kV electrostatic discharge (ESD) shocks,
without latchup. The various combinations of features
are autlined in the Selection Guide. The drivers ancd
receivers for all ten devices meet ail EIA/TIA-232E arl
CCITT V.28 specifications at data rates up to 120kbps.
when loacded in accordance with the EIA/TIA-232E
specification.

The MAX2T1E/MAX213E/MAX241E are available in 28-
pin SO packages, as well as a 28-pin SSOP that uses
650% less board space. The MAX202E/MAX232E come
in 16-pin narrow S0O. wide SO. and DIP packages. The
MAX203E comes in a 20-pin DIP/SO package, and
needs no external charge-pump capacitors. The
MAX205E comes in a 24-pin wide DIP package, and
also eliminates extemal charge-pump capacitors. The
MAX206E/MAX207E/MAX208E come in 24-pin SO,
SSOP, and narrow DIP packages. The MAX232E/
MAX241E operate with four TuF capacitors, while the
MAXZ02E/MAX206E/MAX207E/MAX203E/MAX211E/
MAXZ213E operate with four 0.1uF capacitors. further
reducing cost and board space.

Applications

Notebook, Subnotebook, and Palmtop Computers
Battery-Powered Equipment
Harnd-Held Equipment

79

MAXIN

+15kV ESD-Protected, +5V RS-232 Transceivers

Features

¢ ESD Protection for RS-232 1/0 Pins:
+15kV—Human Body Model
+8kV—EC1000-4-2, Contact Discharge
+15kV—EC1000-4-2, Air-Gap Discharge

4 Latchup Free (unlike bipolar equivalents)

¢ Guaranteed 120kbps Data Rate—LapLink™

Compatible

¢ Guaranteed 3V/pgs Min Slew Rate
4 Operate from a Single +5V Power Supply

Pin Configurations

0P VIEW
.« 7
a1 4] 1]
Vi [z E
o] maxam [
ez 4] i [
TS
o E MAX232E E
v ] ]
T20UT | 3 El
RN |8 g
DIPISO

Pin Configurations and Typical Operating Crcuts continued at

Ver
GHD
niout
KN
RIMIT
THN
TN

Raut

end of data sheet.
Ordering Information appears at end of data sheet.
Selection Guide
pay | Noonemz | Moot | Gowew | o | LWROweR | TR
SHUTDOWN CAPACITORS
MAX202E 2 2 o] 4 (D.1pF} No No
MAX203E 2 2 0 None No No
MAX205E 5 5 0 None Yes Yes
MAX206E 4 3 0 4 (0.F) Yes Yes
MAX207E 5 3 0 4 {0.14F) No No
MAX208E 4 4 0 4 {D.1pF) No No
MAX211E 4 5 o} 4 (0pF; Yes Yesu
MAX213E 4 5 2 4 (0. 1yF} Yes Yes
MAX232E 2 2 0 4 {(1uF) No No
MAX241E 4 5 Q 4 (1uF) Yes Yes

Laplink is a regustered rademark of Traveling Softvare. Inc.

MAXIMN

Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800

FLYZXVIN/AZEZXVIN ‘TELZXVIN-TZ0ZXYIN
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+15kV ESD-Protected, +5V RS-232 Transceivers

ELECTRICAL CHARACTERISTICS (continued)

(Vee = +5V £10% for MAXZ202E/206E/208E/211E/213E/232E/241E: Ve = +5Y +53% for MAXZ03E/205E/207E; C1-C4 = 0. 1pF for
MAX202E/206E/207TE/208E/211E/213E: C1-C4 = 1)iF for MAX232ZE/241E: Ta = T to Tmax: uniess othatwise noted. Typical values,
areat Ta = +25°C))

PARAMETER SYMBOL | CONDITIONS MIN TYP MAX | UNITS
EIA/TIA-232E RECEIVER INPUTS
- ] 230 30 \Y
T Al L5s. normal operation 0.8 1.2 B
b N Ta = +25°C. P
Input Threshaold Low Ve = BY MAX213E. SHDN = 0V, 0.6 15 v
CC =2 EN = Ve . 2
All parts. normal operation 1.7 24
) . Ta = +25°C.
Input Threshold High MAX213E (R4. R5). v
Vee = 5V —_ Co 1.5 24
SHON = OV, EN = Ve
Input Hysteresis Ve = 5V, no hysteresis in shutdown 0.2 0.5 1.0 A
Input Resistance Ta = +25°C. Vep = 5V 3 5 7 kQ
EIA/TIA-232E TRANSMITTER OUTPUTS
Output Vallage Swing All drivars loaded with 3k to ground iMote 1) 15 19 v
Ouiput Resistance Voe =Vt = Ve = OV, VouT = £2V 300 Q
Qutput Short-Circuit Current +10 +50 mA
TIMING CHARACTERISTICS
Maximum Data Rate RL = 3ki2to 7kQ2. €L = 50pF to 1000pF, 120 Kbps
ane transmitter switching
Ail parts. normal operation 0.5 i0
Receiver Propagation Delay t{:;::_’:, CL = 150pF MAX213E (R4, RS), 3 0 tis
) SHDN = OV. EN = Vo
OEEIIORE T 21 Py
Receiver Ouiput Enable Time l\"lAXdQSE’ZQ‘JE'Z} 1E/213E/24TE normal 7L} ns
operation. Figure 2
X205E/205E/2 212E/ ¢
Receiver Output Disable Time MAXZQSE' ZQOE’ZPFJ‘] 3E241E normal 200 s
operation, Figure 2
Transmitter Propagation Delay ‘f:;:g RL = 3kQ. CL = 2500pF. all ransmiliers loaded 2 1S
Ta = +25°C. Ve = 5V. RL = 3k 1o Tk
Transition-Region Slew Rate CL = 50pF to 1000pF. measired from -3V to 3 5 30 Vils
+3Vor +3V 10 -3V, Figure 3
ESD PERFORMANCE: TRANSMITTER OUTPUTS, RECEIVER INPUTS
Human Bocdly Model 15
ESD-Protection Vokage IEC1000-4-2. Contact Discharge +8 kY
IECT000-4-2. Air-Gaps Discharge 15

Note 1: MAXZV11EE_ _ tested with Voo, = +5V £5%..

FLYZXVIWIZEZXVINl ‘TELZXVYIN-IZ0ZXYIN
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+15kV ESD-Protected, +5V RS-232 Transceivers

Typical Operating Characteristics

{Typical Operatng Crcuits. Ve = «53V. Ta = +25°C. unjess otherwise notad.i
9

MAX232E MAX202E/MAX203E MAX241E
TRANSMITTER OUTPUT VOLTAGE TRANSMITTER OUTPUT VOLTAGE TRANSMITTER OUTPUT VOLTAGE
vs. LOAD CAPACITANCE vs. LOAD CAPACITANCE vs. LOAD CAPACITANCE
s0 v T T 130 B
1 TRARSMITIERS Loanst: |2 ALL TRHATTER S LOCED | :
- ION[ L UATARATE - denbps o . \ A SN N H
2 K \ R - HQ 15 Ty 2 :
o0 AN 0 ||
s N g [ 1. s
S 65 g . 2
= Voo = 5.0 z F
= 60 N = N N, 53
N NN \\
55 Q“ \‘\\\ 55 ]‘- ‘\\\\ N
Yoo =45 EBEXEY
50 | 50 L INEIN ! ;
0000 2000 30 4000 5000 0 000 2000 30 4000 5000 D000 2000 3000 4000 500
LOAD CAPACITANCE {pF) LOAD CAPAZITANCE {pf} LOAD CAFACITANCE (pF}
MAX211EMAX213E MAX211EMAX213E/MAX241E
TRANSMITTER OUTPUT VOLTAGE TRANSMITTER SLEW RATE
vs. LOAD CAPACITANCE vs. LOAD CAPACITANCE
B0 p— : 30 T,
! AL TRARSLTTE i | UL TRANSMITIERS LOAGER: |2
S [T RATE = 120K . H " LATAFATL « 120hb, H
15 \ f - 30 H 25 K= A2 12

N = \
= 10 Z 2
g N B
g 63 \\ g 13
g z
~ 50 A & g0 N
N AN
55 \\ ANER 5
/ \ \ N 4 SSLEW R
so L =45y b, = 30V 0 |
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000

LQAD CAPACITANCE {pf} LOAD CAPACITANCE {pF;
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+15kV ESD-Protected, +5V RS-232 Transceivers

Pin Descriptions

MAX202E/MAX232E
PIN ME FUNCTION
DIP/SO Lce NA NCTlo
R EX T TG R Terminals for positive charge-pump capacitor
2 3 Vs . + 2V voltage generated by the chargs pumps
4.5 5.7 C2+.C2- Terminals for negative charge-pump capacitcr
5 8 V- -2V voltage generpted by the chatge pumyp
7.14 018 TOoUT | R 2 Driver Outputs
8.12 10,17 R_IN : viar Quitpauts
9.12 12.15 R_OUT R$-232 Receiver QuIputs
10, 11 13,14 T_iN RS-232 Driver Inpuis
15 R GND Ground B T
16 20 \/d +4.5V 10 +5.5V Suppiy-Voltage Input
— 1.6.11.15 N.C. No Connect—not internally connecited.
MAX203E
PIN NAME FUNCTION
DIP SO
1.2 1.2 T_IN RS-232 Driver inputs
3.20 120 R_OUT RS-232 Raceivar Outputs
4.19 419 R_IN RS-232 Receiver inputs
518 518 T_0UT RS-232 Transmitter Outputs
5.9 5.9 GND Ground
7 7 vVee +4.5V to +5.5V Supply-Voltage Input
3 13 Ci+ Make no connection to this pin.
10, 16 11. 16 cz. Connect pins together.
12.17 10. 17 V- -2Ve voltage generated by the charge pump. Connect pins together.
13 14" C1 Make no connaction to this pin. ] CoTTTT
14 8 V+ +2V¢ ¢ voltage generated by the charge pump
11.15 12.15 C2+ Connect pins together.
MAX205E
PIN NAME FUNCTION
1-4, 16 T.0UT 5-232 Driver Outputs
5.10. 13, 18. 24 R_IN RS-232 Receiver Inputs
0.9.14,17, 23 R_OUT TTLICMOS Receiver Quiputs. All raceivers are inactive in shutciown.
7.8.15.15, 22 T_IN TTLUCMOS Driver Inputs. intemal pull-ups to Voe.
n GND Ground
12 Vee +4.75V 10 +5.25V Supply Voltage
20 EN Receiver Enable—active low
21 SHDN Shutdown Control—active high
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+15kV ESD-Protected, +5V RS-232 Transceivers

Pin Descriptions (continued)

MAX211E/MAX213E/MAX241E
PIN NAME | FUNCTION %
1.2.3.28 T_OUT RS-232 Driver Outputs
4.9.18. 23, 27 R_IN RS$-232 Receiver Inputs
5.8 10,22 76 R OUT TTL/CMOS Receiver Quiputs. For the MAX213E. receivers R4 and RS are active in shutdown
e - mode when EN = 1. For the MAX211E and MAXZ41E. all receivers are inactive in shutdavin,
6.7,20. 21 TN TTL/CMOS Dxiver Inputs. Only the MAX211E. MAX213E. anc MAX241E have intermal pullups 10 Ve
10 GND Ground
1 Ve +4.5V 10 +5.5V Supply Yoltage
1244 Cl+.C1- Terminals for positive charge-punip capacitor
13 Vs +2Ve ¢ voltage generated by the charge pump
516 C2+.C2 Terminals for negative charge-pump capacitor
17 V- -2V voltage generated by the charge pump
2 EN Receiver Enable—active low {MAX211E. MAX241E:
EN Receiver Enable—active high (MAX213E}
25 SHDN Shutdown Control—active high (MAX211E. MAX241E)
B SHDN | Shutcdown Controi—active low (MAX213E)
5 p— o Y
+2.0Y e = o
+ J N WY
QlpF* :l: pF* INFUT
_l_—— 1. Yo \
O.pF z ' ! I
M L NAXAAMN |ouE
MAXZBE . _) |__|"‘
+ e, MAXZINE RSt
S Vi MAXZTSE - RECEIVER
(X0 . k U DUTPUT
T i L s b

i

N T

2 oy
. 4
NoTE: MU | jee— OUTPUT DISRLETIHE
LAY
15 REVER'SE Vi Mg i 1Y
Fi3k THE RECEIVER ~

—_——
MAX213E . OUTPUTS Ry =Tk =

2,15

i TARE FOR MAX213E
* WIF FOR MAX241E

SMAY BE
UNPOLARIZED

Figure 1 Shutdov
MAX21IEIMAN213

MAX241E)

w1t Test Circuit (MAX205€E.

e 2 Receiver Output Enable and Dizable Titiig
MAX2USEMAX20CEMAXZ HTESMAXZ 13EMAX241E)
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*+15kV ESD-Protected, +5V RS-232 Transceivers

Table 3. DB9 Cable Connections
Commonly Used for EIA/TIAE-232E and
V.24 Asynchronous Interfaces

PIN CONNECTION
Rexcaived Ling Sigrial
1 E;);Ied u““;;:vigg{;: Handshake kom GCE
DCD; .
2 Racaive Data (RI) Daday frean DCE
3 | Tronsmit Dota (T3 *¥ Data from DTE
4 Data Tarminal Readdy Haneshaks fm DTE

Rekzrance point for

5 Sianad Sround "
sigrals

4] Data Set Ready (D51R) Handshake fom DUE

MAX202E-MA X2 13E, MAX232E/MAX241E

¥ Rexpiest tis Serd (RTS} Handshake Fom DTE
8 Clear tex Send (CT%) Hanctshaks: kom DCE
9 Rirg Ircticator Handshake §om DCE
. PHY CONfigurations-and Typical Operating Circuits (continued)
Tt

fur

FFFFES
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Eed

.
2
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EIEIERETETE ] E]
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PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

+ PIC16F873 + PIC16F876
« PIC16F874 » PIC16F877

Microcontroller Core Features:

+» High performance RISC CPU
» Only 35 single word instructions to learn

* Ali single cycle instructions except for program
branches which are two cycle

Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle
* Up to 8K x 14 words-of FLASH Program-Memory,
Up to 368 x B bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM Data Memory
* Pinout compatible to the PIC16C73B/74B/76/77
Interrupt capability (up to 14 sources)
Eight level deep hardware stack
Direct, indirect and relative addressing modes
+ Power-on Reset (POR)
+ Power-up Timer (PWRT) and
Osdillator Start-up Timer (OST)
+ Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation
» Programmable code protection
« Power saving SLEEP mode
« Selectable oscillator options

+ Low power, high speed CMOS FLASH/EEPROM
technology

* Fully static design

* In-Circuit Serial Programming™ (ICSP) via two
pins

+ Single 5V In-Circuit Serial Programming capability

« In-Circuit Debugging via two pins

+ Processor-read/write access-to-program-memory
« Wide operating voltage range: 2.0V to 5.5V

« High Sink/Source Current: 25 mA

» Commercial, Industrial and Extended temperature

ranges

» Low-power consumption:
- <0.6 mA typical @ 3V, 4 MHz
- 20 pA typical @ 3V, 32 kHz
- <1 pA typical standby current

Pin Diagram

PDIP
MCLRVPR ——=[] 1 J 40 [J -—» RB7PGD
RAO/ANO w— [T 2 39 [] «— RBEPGC
RA1/AN1 -—e[] 3 38 [] +—s RBS
RA2/AN2VREF- w—-[] 4 37 {] ~—» RB4
RAJANIVREF+ a—s-[] 5 36 [] -+—» RB3IPGM
RA4ITOCK! w—e1 6 35 [ «— RB2
RAS/ANA/SS w—e-[} 7 - 34 [] =—— RB1
REG/RD/ANS =—[1 8 ~ 33 [] -«—» RBO/INT
RE1ANRIANG <—[1 g QX pPe—vw
RE2/CS/AN7 «—s-[] 10 ',: 310 -— vss
VoD —- [ 11 R u0=— ro7PSPT
Vss — . [] 12 © 29 []=—» RDGPSPE
OSC1/CLKIN ——-[] 13 6 28 [] «+—» RDSPSPS
0SC2/CLKOUT e——[7] 14 o 27 [~ ROIPSP
RCOT10SOTICKI —e[] 15 26 {] +—e RCTRXDT
RC1/T10SVCCP2 w—»[] 16 25 [ ««—e RCETX/CK
RC2/CCP1 w—»[] 17 24 [] =— RC5SDO
RCYSCK/SCL =[] 18 23 [] +—» RC4/SDNSDA
RODOPSPO «— [T 19 22 [ +—= RD3PSP3
RD1PSP1 «—»[} 20 21 [] +—e RD2PSP2

Peripheral Features:

+ Timer0: 8-bit timer/counter with 8-bit prescaler

Timer1: 16-bit timer/counter with prescaler,
can be incremented during SLEEP via external
crystal/dlock

» Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler
+ Two Capture, Compare, PWM modules
- Capture is 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit
* 10-bit multi-channel Analog-to-Digital converter
« Synchronous Serial Port (SSP) with SPI™ (Master
mode) and 12C™ (Master/Slave)
Universal Synchronous Asynchronous Receiver

Transmitter (USART/SCI) with 9-bit address
detection

Parallel Slave Port (PSP) 8-bits wide, with
external RD, WR and CS controls (40/44-pin only)

= Brown-out detection circuitry for
Brown-out Reset (BOR)
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PIC16F87X

Key Features

PICmicro™ Mid-Range Reference PIC16F873 PIC16F874 PIC16F876 PIC16F877
Manual (DS33023)
Operating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC - 20 MHz
RESETS (and Delays) POR, BOR POR, BOR POR. BOR POR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
FLAS:EE?:’;‘ d"é')emmy 4K aK 8K 8K
Data Memory (L:7ces) 192 192 368 368
EEPROM Data Memory 128 128 256 256
Interrupts 13 14 13 14
/0 Ports Ports AB,C Ports AB.C.D.E Ports A,B,C Ports AB.C.D.E
Timers 3 3 3 3
Capture/Compare/PWM Modules 2 2 2 2
Serial Communications MSSP, USART | MSSP, USART | MSSP, USART | MSSP.USART
Parallel Communications — PSP — PSP

10-bit Analog-to-Digital Module

5 input channels

8 input channels

5 input channels

8 input channels

Instruction Set

35 instructions

35 instructions

35 instructions

35 instructions
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PIC16F87X

20 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
EEPROMdata 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
| PC<12:0>
CALL, RETURN 13 L
RETFIE, RETL% 7
Stack Level 1
Stack Level 2
L )
*
L
Stack Level 8
RESET Vector c00sh
-
- <=
-
Interrupt Vector ¢0C04h
f ceesh
Page 0
G7FFh
08coh
Page 1
On-Chip
©FFFh
Program <
Memory 166G2h
Page 2
17FFh
18c¢h
Page 3
\ 1FFFh

21 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 will
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
l PC<12:0> l
CALL, RETURN 13 ,
RETFIE, RETL#® 7
Stack Level 1
Stack Level 2
L]
L]
L]
Stack Level 8
RESET Vector 2063h
L ]
. <:
L]
Interrupt Vector oCedh
F0C5h
On-Chip Page 0
37FFh
Program
Memory 08¢oh
"Page 1
2FFFh
“6eoh
LFFFh
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2.2

The data memory is partitioned into muitiple banks
which contain the General Purpose Registers and the
Special Function Registers. Bits RP1 (STATUS<6>)
and RPO (STATUS<5>) are the bank select bits.

Data Memory Organization

RP1:RPO Bank
00 0
01 1
10 3
T 3

Each bank extends up to 7Fh (128 bytes). The lower
locations of each bank are reserved for the Spedial
Function Registers. Above the Special Function Regis-
ters are General Purpose Registers, implemented as
static RAM. All implemented banks contain Spedciat
Function Registers. Some frequently used Spedial
Function Registers from one bank may be mirrored in
another bank for code reduction and quicker access.

Note: EEPROM Data Memory description can be
- -found-in Section 4,0 of this data sheet.
2.2.1 GENERAL PURPOSE REGISTER

FILE

The register file can be accessed either directly, or indi-
rectly through the File Select Register (FSR).



89

PIC16F87X

FIGURE 2-3: PiC16F877/876 REGISTER FILE MAP
File File File File
Address Address Address Address
Indirect addr.) | ooh Indirect addr.?| goh Indirect addr.®? | 100h Indirect addr."}| 180h
TMRO 01h 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 TRISDM | 88h C st ] 108h B 188h
PORTE(! | 09h TRISEM lson [ 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 0Dh PIE2 8Dh EEADR 10Dh EECON2 18Dh
TMR1L OEh PCON 8Eh EEDATH | 10Eh Reserved® | 18Eh
TMR1H OFh U 8Fh EEADRH | 10Fh Reserved® | 18Fh
T1CON 10h ) 9oh 110h 190h
TMR2 11h SSPCON2 | 91h 111h 191h
T2CON 12h PR2 92h 112h 192h
SSPBUF 13h SSPADD | 93h 113h 193h
SSPCON | 14h SSPSTAT | 94h 114h 194h
CCPR1L 15h 95h 115h 195h
CCPR1H 16h : 96h 116h 196h
CCP1CON | 17h e 7} 97h General 117h Ig‘eneral 197h
RCSTA__ | 18h TXSTA | 98h E‘e‘g,?;’;e, 118h Rogoter | 198h
TXREG 19h SPBRG 9%h 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 11Fh 19Fh
20h ACh 120h 1ACh
General General General General
Purpose Purpose Purpose Purpose
Register Register Register Register
96 Bytes 80 Bytes £Fh 80 Bytes 16Eh 80 Bytes 1EFh
accesses FOh accesses 170h accesses 1FOh
70h-7Fh 70h-7Fh 70h - 7Fh
7Fh FFh 17Fh 1FFh
Bank 0 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 PIC16F876.
2: These registers are reserved, maintain these registers clear.
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