,n o -y ot
.,,a.«a,».‘-m mmﬁnn gn m«gmqqoﬂf’\'\"\mmt‘
H»,,;._G.. 'wiv A3hE Ny i Bf o A $0) @9 d&dg

d o : Y o a J
Hueuddnundeufinugumahauielalasaeuiiaunes

SURVEYING MOBILE ROBOTIC CONTROLLED BY

MICROCOMPUTER

VRN

v o (% aa
HBIOANINUD NHAAIAI

=~ T o
HIEINWITHA 19N
WL enanEEaeE0RAREIRIEIBIEIDOECIBEOIN
42522 f
(BT UHH. e e uonuﬂh ...................................
“[ & "\":}
o/ s ik i LI v
'E’%ﬁ §,“u .4?;3’ 15+ sopn0avssenceneoctosettt B R

11?mygﬁwuﬁﬁsﬂudmwﬁwmmiﬁmsmwwé’nqmsﬂ‘%m;ﬁmnssm1amﬁ’m«‘r‘m
I IAINIIUMIIAN
madvunaliladimsTagumagaemmnssu aneimnssumans
aofunaluladnszoesnandingammsmanszile

Pnrsfnu 2543



SURVEYING MOBILE ROBOTIC CONTROLLED BY

MICROCOMPUTER

PATTARAPAN PASSORNSIRI

PEERAPON YOWTAK

A THESIS SUBMITTED IN PARTIAL FULLFILMENT
OF THE REQUIREMENT FOR THE DEGREE OF
BACHELOR OF ENGINEERING IN INSTRUMENTATION ENGINEERING
DEPARTMENT OF INDUSTRIAL INSTRUMENTATION TECHNOLOGY
FACULTY OF ENGINEERING
KING MONGKUT?’S INSTITUTE OF TECHNOLOGY LADKRABANG
2000



madvunalulad Ingun1gAmHNTIH
a <
AIAINTINAEAT
amifumaluladnszoeundudiganmisainnsziia

TuSuseaSaaniinug

erSayantinus vjuﬂuﬁﬁﬁafumﬁauﬁmuﬂnmsﬁmuﬁ'aﬂ"luiﬂiﬂauﬁqmﬂf
SURVEYING MOBILE ROBOTIC CONTROLLED BY
MICROCOMPUTER

WnAnygaam mesnsius  Aaasai sialszdda 40010549
WeNIEH AN sWailsesidd 40010527

3yan Frrnssumansudia

NI AwINTIUMIIAfNY

imsfinmn 2543

anssdnugniygntineg awiiese
p.na Fodad A 2N & 6\/\/

Sundoual fiaey  JungRauan 15 Tuay w.a.2544

anufiaoy o, HesaeulSaaniinus amivuna Tulodmsiagunugaamnssy

mﬂ?w1
a
(We sz dnT aiasan)

WArTNIA9n «



s a <
avellSaniinus

o &R Y o
HNANYIPIAT

p19semf3nmn

Umsanm

9

ﬁusuﬁﬁwn%mﬁauﬁmmumsﬁn1ué”3&1"lu1ﬂiﬂanﬁ'sma§
SURVEYING MOBILE ROBOTIC CONTROLLED BY
MICROCOMPUTER

wefnsRus  Saasds

wiiszna 116N
p195ININa  Fednd

2543

UNAALD

Tnssnuiiiiaueniseonuuuuoudn 19 unsds aaugqunsinudle

a aud’ o I 4 { a o 3 [
ﬂﬂll‘ﬂ')[ﬂﬂ'g Tﬂﬂ‘ﬂzmmﬁwmtﬁ'umamimﬁauﬁmﬂTﬂmﬂmﬂaummas AMNUUICAINIY

[l o { o 1 J o
doyaruwesneynsy RS-232C TdelaTas Tlsiranansidavuoua nazludalusunsuee

P P A a o 1 = ) Y A A 9
3Jﬂ'l‘a"J'lﬂuwu'nuﬁﬂﬂﬂ'lilﬂﬁi)uvl‘llmﬂ’muﬂuﬂ 1|fnia']ﬂlﬁuﬂjulﬁuﬂ1‘3ﬂ1ilﬂaﬂuﬂ°ﬂiﬂu1ﬂ

A A @ v -4 o v Jllah:i o ll Y ' A v '
ﬂ’]ﬁlﬂﬁﬂuﬂﬂlﬂ\'iﬂ')?!u ‘1uﬂ15laﬂ?ﬂ]ﬂ\1ﬂ7ﬁuﬂuﬁ AUNITUING ﬂl‘\lmﬁnﬂmaimﬂﬂ’nmmu

t4 [ v
dlumsnyudanmiten Munseenuuuliinenteuilugduuulmig YoIUIUA Tug

A o A 9 a = [ 1 a o
lL‘iJlJ‘ﬂﬂ'l\‘lhl‘lJ‘il'lﬂﬂ’J'l‘lJ ma‘lmmummq 1uﬂ'liﬂﬂ‘kl'l“l‘ml‘Ll'lﬂﬁﬂ']ﬂﬂlli%ﬁ’ﬂdﬂfm‘ﬂ’)mﬂ’i

wazna'ln



Thesis Title Surveying Mobile Robotic Controlled By Microcomputer

Authers MR. Pattarapan Passornsiri
MR. Peerapon Yowtak
Thesis Advisor MR. Taweepol Suesat
Year 2000
ABSTRACT

This project presents the designing of Surveying Mobile Robotic Controlled by
Microcomputer. The routine of robot is controlled by computer program. Then the movement will
send information through serial port RS-232 to microprocessor at the robot. And we can see the
routine of robot when it moves anyway by map at program, the line will move follow the routine
of robot, so the program can make a map. The robot movement designs for exactly rotate by use
mechanical system for turn body of robot. This movement design is different from ordinary robot

that created for development of control between computer and mechanic.
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a5t 4.1 wansnaasiedelfindeud ludreniiuesfounduilluszeznie 1000 MW

52EzASIAADUTN 1000 Y1128 (12.8 .40.)

At seozlyl | Error | see¥nay | Error AN vozld | Eror | szozndy | Error
1 12.3 -0.5 0 0 1 12.1 -0.7 0 0
) 12.2 -0.6 0 0 2 12.2 -0.6 0.1 -0.1
3 12.5 0.3 0.15 -0.15 3 12,2 -0.6 0.05 -0.05
4 12.2 -0.6 0.1 -0.1 4 12.4 -0.7 0 0
5 12.5 -0.3 0.1 -0.2 5 12.3 -0.5 0.1 -0.1
6 12.1 -0.7 0.05 -0.05 6 12.1 -0.7 0 0
7 12.3 -0.5 0.1 -0.1 7 12.1 -0.7 0 0
8 12.5 3 0.2 ny) 8 1 -0.6 0.05 -0.05
9 12.1 -0.7 0 0 9 12.2 -0.6 0.1 0.1
10 12.1 -0.7 0.1 -0.1 10 12.1 -0.7 0 0

Xy <1222 (SDI=)0.14)

« = 0.06 (S.D. = 0.06)

a15197 42 wamsneasiedeldmaeui ldhamdhuazioundudiusseznis 2000 v

52yzNSIARDUN 2000 YUY (25.6 41.11.)

s szzlal | Error | szezndu | Error aded | szoly) | Error szqznﬁ'ﬁ Error
1 23.6 2 0.4 -0.4 1 24 -1.6 0.5 -0.5
) 23.8 -1.8 0.5 -0.5 2 242 -1.4 0.5 0.5
3 24.2 -1.4 0.5 -0.5 3 24 -1.6 0.5 -0.5
4 24 -1.6 0.8 -0.8 4 24 -1.6 0.5 -0.5
5 23.8 -1.8 0.6 -0.6 5 23.7 -1.9 0.4 -0.4
6 23.7 -1.9 0.5 0.5 6 23.9 -1.7 0.5 -0.5
i 24.05 -1.55 0.5 -0.5 7 24 -1.6 0.5 -0.5
8 24.05 -1.55 0.7 -0.7 8 243 -13 0.6 -0.6
9 23.8 1.8 05 05 9 23.8 -1.8 0.6 -0.6
10 23.7 -1.9 0.4 -0.4 10 23.7 -1.9 0.6 -0.6

X'lﬂ =239(S.D.= 0.2) Xnﬁu =0.53(S.D.= 0.1)
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15199 4.3 wansnaaiiedelfindouii ldhanthuasfounduiiuszezng 4000 My

sLeLMIIARDUN 4000 LY (51.2 ¥.31.)

adih | seeeld | Eror | szezndy | Error asaii | swezld | Eror | szvzady | Error
1 45.8 -5.4 0.9 -0.9 1 45.5 -5.7 1.2 -1.2
2 44.7 -6.5 1.2 -1.2 2 45 -6.2 1.2 -1.2
3 45.5 -5.7 1.1 -1.1 3 45.3 -59 0.9 -0.9
4 452 -6 0.9 -0.9 4 45.9 5.3 0.8 -0.8
5 46 -5.2 0.9 -0.9 5 45.5 5.7 1.2 -1.2
6 45.5 -5.7 0.9 -0.9 6 44.4 -6.8 0.9 -0.9
7 44.7 -6.5 0.9 -0.9 q 45.8 5.4 1.5 -1.5
8 442 o 1.2 oK) 8 43 -8.2 12 -1.2
9 43.8 -7.4 0.9 -0.9 9 45.2 -6 1.2 -1.2
10 45.2 -6 1.3 -1.3 10 43 -8.2 0.9 -0.9

Xy =44.96 (S.D. = 0.88)

Xz =1.06 (S.D.=0.2)
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ORG 0000H
LIMP MAIN
ORG 0003H ; Interrupt 0
LIMP INTRO
ORG 000BH : Timer/Counter 0
LIMP TIMRO
ORG 0023H ;  Serial Port Interrupt
LIMP S_INT
MAIN: MOV PO#11111111B ; Clear Port
MOV P1,#00001111B
MOV P2,#00000000B
MOV PCON,#00H ;  Set serial port
MOV SCON,#50H
MOV TMOD,#25H
MOV TH1,#0FDH
SETB EA ; Enable Interrupt
SETB ES ;- Enable Serial Interrupt
SETB ETO ;  Enable Timer 0 Interrupt
SETB EXO0 ; Enable Interrupt 0
SETB ITO ;- INTO Edge Detect
SETB TRO ; Start Encoder Counter.
SETB TR1 ;  Timer 1 Run (Serial)
MOV DPTR,#ONLINE
LCALL WRITE
MOV R7,#00H ;  CIr R7 (Set CMD Received)
MOV R6,#00H - CIr R6 (Running Status)
MOV - RL#10H

;--- [Register Usage]
; R0 = Main program addressing

R1 = Pointer using in Serial Interrupt

R2 = Use in PWM Calculation (Active time).
R3 = Use in PWM Calculation (Deactive time).
R4 = Run-time distance status.

R5 = No used



; R6 = Running Status

2 R7 = Command Received Status
< 20h = In Command Pointer PUSH.
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;--- [Main program]
M LOOP: DINZ R2,COUNT ;  PWM Calculation.
CPL P1.3
MOV AR3
MOV R2,A
CPL A
MOV R3.A
COUNT: JB P1.0,SKIPm]l
JNB P0.6,m1CLR17
SETB P1.7
‘SIMP SKIPm1
mlCLR17: CLR Pl
SKIPm1: B P1.1,SKIPm2
JNB P0.7,m2CLR17
SETB PV
SIMP SKIPm2
m2CLR17: - CLR P1.7
SKIPm2: NOP
X COUNT: NOP
;—--[Lifting Limit Switch Sensing]
LIFT: JB ALl 8 i
JB P1.6,LIFT U
JNB PRIEX_LIFF
MOV P1,#00001111B
MOV DPTR,#CMPLTE
LCALL WRITE
SIMP X LIFT
LIFT U: JNB P2.0,X LIFT
MOV P1,#00001111B
MOV DPTR,#CMPLTE
LCALL WRITE
X LIFT: NOP
C CHK: CINE R7,#0FFHM LOOP ;  IfNo Command Stay Loop.
MOV DPTR#CMD OK Tell PC to know accepted
LCALL WRITE
CLR TRO
MOV A,11H ; IfB2 =", Send TO Value.
CINE A#7T2H,R_CMND .
CLR ES
MOV A,THO
MOV SBUF,A



INC DPTR
JNB TL$
CLR TI
MOV A,TLO
MOV SBUF,A
INC DPTR
JNB TLS
CLR TI
SETB ES
AIJMP M_LOOP
R CMND: MOV R7,#00H
MOV R6,#0FFH
XCH A,13H
CPL A
MOV THO,A
XCH A,14H
CPL A
MOV TLO,A
MOV A,15H
MOV R2,A
CPL A
MOV R3.,A
MOV PO.#
SETB TRO
MOV P1,12H
AJMP M _LOOP
;--- [End Main program]
;--- [Serial Interrupt]
S_INT: PUSH ACC
JNB TIL,S_RECV
CLR )
LIMP S_REXIT
S_RECV: MOV A,SBUF
CLR RI
MOV @R1,A
MOV A,10H
CINE A#54H,ERR IN
INC R1
CINE R1,#18H,S REXIT
SETB P2.7
MOV R7#0FFH
ERR IN: MOV R1,#10H
S _REXIT: , POP ACC

>
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If Commanded Clear Status.
Set Running Status.

Set HiByte Counter.

Set LoByte Counter.

Set PWM Variable.

Enable Counter.
Set Port 1 Value.

Loop Program.

If no transmit, go to receive.

Move SBuf'to Acc.
Clear data waiting flag.
Move A to table (10h-17h).

Check header. (='T'?)
Increase pointer.

If not complete, wait next.
Set P2.7 (Command
received status)

Set Commanded Status
Reset pointer



RETI

;--- [End Serial Interrupt]
;--- [Interrupt 0]
INTRO: PUSH ACC
MOV 20H,R1
MOV R1,#10H
MOV P0,#00H
INTO L: MOV SBUF,@R1
JNB TL$
CLR TI
INC R1
CINE R1,#18H,INTO_L
MOV R1,20H
POP ACC
RETI
;--- [End Interrupt 0]
;--- [Timer O Interrupt]
TIMRO: PUSH ACC
MOV P1,#00001111B
MOV R6,#00H
MOV DPTR #CMPLTE
LCALL WRITE
POP ACC
RETI
;--- [End Timer 0 Interrupt]
;--- [WRITE PROCEDURE]
WRITE: PUSH ACC
CLR ES
W_LOOP: MOV A#00H
MOVC A @A+DPTR
MOV SBUF,A
INC DPTR
JNB TL$
CLR, TI
CINE A#' W _LOOP
W_END: SETB ES
POP ACC
RET
;- [Text Database]
CMPLTE: DB '‘Complete.,0AH
CMD OK: DB 'Command Accepted.',0AH
ONLINE: DB 'Online.',0AH
;- [END WRITE PROCEDURE]
END : End Program.
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Forml programming code

Dim X As Long, Y As Long

Public MapMoveX As Integer, MapMoveY As Integer, MapRotate As Integer

Public PosSelect As Integer

Public Direction As Long

Public Rotate As Boolean

Public ReportIn As String

Public InBuf As String

Public MapX As Long, MapY As Long

Dim StoreBuf, DataEnd, EndPos, Dataln, DataOut, Out8Bit, PWM, XXX

Dim GraphN As Integer, Degree As Integer, MapMove As Boolean, cx, cy, 0x, oy As Long
Dim MoveX(150) As Long, MoveY(150) As Long, NegX As Long, NegY As Long

Dim RealX(150) As Long, RealY(150) As Long, RealDir(150) As Long

Dim Distance As Long, MaxX, MaxY, MinX, MinY, AbsX, AbsY As Integer

Dim ABSDistance As Integer

Dim XScale, YScale, ScaleValue

Public Drawed As Boolean

Const MStop ="11110000", MRotateR = "10100000", MRotateL. = "10100100", MReverse =
"01100000", MForward = "01101000"

Const DegConst = 685 / 360

Public Sub MapRedraw(X As Long, Y As Long)
GraphN = GraphN +'1
RealDir(GraphN) = Direction
While RealDir(GraphN) > 359
RealDir(GraphN) = RealDir(GraphN) - 360
Wend
While RealDir(GraphN) < 0
RealDir(GraphN) = RealDir(GraphN) + 360
Wend
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RealX(GraphN) = X
RealY(GraphN) =Y
MoveX(GraphN) = X + MoveX(GraphN - 1)
MoveY(GraphN) = Y + MoveY(GraphN - 1)
If MoveX(GraphN) < -NegX Then NegX = -MoveX(GraphN)
If MoveY(GraphN) < -NegY Then NegY = -MoveY(GraphN)
XScale=1
YScale=1
For a =0 To GraphN
MoveX(a) = MoveX(a) + NegX + 1
MoveY(a) = MoveY(a) + NegY + 1
If Abs(312 / MoveX(a)) < XScale Then XScale = 312 / MoveX(a)
If Abs(264 / MoveY(a)) < YScale Then YScale = 264 / MoveY (a)
Next
If XScale > YScale Then ScaleValue = YScale Else ScaleValue = XScale
Cls
For a=1 To GraphN
MapX = cx + (MoveX(a)) * ScaleValue)
MapY = cy + ((MoveY(a)) * ScaleValue)
Line (cx + ((MoveX(a - 1)) * ScaleValue), cy + ((MoveY(a - 1)) * ScaleValue))-(MapX, MapY)
Circle (cx + ((MoveX(a - 1)) * ScaleValue), cy + {(MoveY(a - 1)) * ScaleValue)), 3, RGB(255,
255,0)
ABSDistance = Round(Sqr((RealX(a) ~ 2) + (RealY(a) * 2)))
Next
For a =0 To GraphN
MapX = cx + ((MoveX(a)) * ScaleValue)
MapY = cy + ((MoveY(a)) * ScaleValue)
PositionKey(a).Tool TipText = CStr(ABSDistance) + "," + CStr(RealDir(a))
PositionKey(a). Width = 12
PositionKey(a).Height = 12
PositionKey(a).left = MapX - 6
PositionKey(a).Top = MapY - 6
PositionKey(a). Visible = True
Next
End Sub

Private Sub MapClear()
Command3.Visible = True
Command3.Visible = False

End Sub

Private Sub CiearPosition_Click()
For a =1 To GraphN
PositionKey(a). Visible = False
Next
NegX =0
NegY =0
Direction = 0
ScaleValue = 1
XScale=1
YScale =1
MoveX(0) = 156
MoveY(0) = 123
RealX(0) = MoveX(0)
RealY(0) = MoveY(0)
GraphN =0
Cls
Drawed = False

End Sub



Private Sub GotoPrimary_Click()
UpButton_Click
disx = -(MoveX(GraphN) - MoveX(CInt(PriNo.Text)))
disy = MoveY(GraphN) - MoveY (Clnt(PriNo.Text))
absdis = Sqr((disx * 2) + (disy " 2))

If disx <> 0 Then deg = Atn(disy / disx) * 7 * 180/ 22

If disx = 0 Then
If disy > 0 Then deg = -90
If disy < 0 Then deg = 90
If disy = 0 Then deg =0
End If
deg = deg - Direction
If deg >= 360 Then deg = deg - 360
If deg <= -360 Then deg = deg + 360
If disx >= 0 Then
If disy > 0 Then
deg = deg
Else
deg =360 + deg
End If
Else
deg = 180 + deg
End If
If deg >= 360 Then deg = deg - 360
If deg <= -360 Then deg = deg + 360
If deg >= 180 Then deg = deg - 360
If deg <= -180 Then deg = deg + 360

MapMoveX = disx
MapMoveY = disy
MapRotate = deg * DegConst

Distance = MapRotate
If Distance <> 0 Then

Form1.DownButton_Click

ReportIn = "X"

While ReportIn <> "Complete."
DoEvents

Wend

For aaa =1 To 1000

DoEvents

Next

Reportln =""

If Distance > 0 Then
Out8Bit = "Tx" + Chr(Bin2Dec(StrReverse(MRotateL))) + HiByte(Distance) +
LoByte(Distance) + Chr(150) + "R" +"."
Direction = Direction + (Distance / DegConst)
End If
If Distance < 0 Then
Out8Bit = "Tx" + Chr(Bin2Dec(StrReverse(MRotateR))) + HiByte(Distance) +
LoByte(Distance) + Chr(150) + "R" +"."
Direction = Direction - (Distance / DegConst)
End If
SendDATA (Out8Bit)
While Reportln < "Complete."
DoEvents
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Wend

Reportln = "X"

While ReportIn < "Complete."
DoEvents

Wend

For aaa =1 To 10000
DoEvents

Next

UpButton_Click

End If

Distance = absdis
If Distance < 0 Then
Out8Bit = "Tx" + Chr(Bin2Dec(StrReverse(MForward))) + HiByte(Distance) +
LoByte(Distance) + Chr(150) + "R" + "."
SendDATA (Out8Bit)
X = Round(Cos((Direction / 180) * (22 / 7)) * Distance)
Y = -Round(Sin((Direction / 180) * (22 / 7)) * Distance)
MapRedraw X, Y
End If
End Sub

Private Sub Primarylnfo_Click()
Index = CInt(PriNo.Text)
disx = -(MoveX(CInt(PriNo.Text)) - MoveX(0))
disy = MoveY(CInt(PriNo.Text)) - MoveY(0)
absdis = Sqr((disx * 2) + (disy  2))
If disx = 0 Then
If disy > 0 Then deg = 90
If disy < 0 Then deg =-90
If disy = 0 Then deg =0
End If
If disx < 0 Then deg = Atn(disy / disx) * 7 * 180 / 22
If disx = 0 Then
If disy > 0 Then deg =-90
If disy < 0 Then deg =90
If disy = 0 Then deg =0
End If
If deg >= 360 Then deg = deg - 360
If deg <=-360 Then deg = deg + 360
If disx >= 0 Then
If disy > 0 Then
deg = deg
Else
deg =360 + deg
End If
Else
deg = 180 + deg
End If
If deg >= 360 Then deg = deg - 360
If deg <=-360 Then deg = deg + 360
If deg >= 180 Then deg = deg - 360
If deg <= -180 Then deg = deg + 360
AbsX = disx
AbsY = disy
OriginDEG = deg
MsgBox "Primary Position" + Eol + "Position Number " + CStr(Index) + Eol + "X axis distance
from origin = " + CStr(AbsX) + Eol + "Y axis distance from origin = " + CStr(AbsY) + Eol +
" Absolute distane from origin = " + CStr(Sqr((AbsX " 2) + (AbsY " 2))) + "," + CStr(OriginDEG)



End Sub

Private Sub PriToSec_Click()
disx = -(MoveX(ClInt(PriNo.Text)) - MoveX(ClInt(SecNo.Text)))
disy = MoveY(CInt(PriNo.Text)) - MoveY(CInt(SecNo.Text))
absdis = Sqr((disx " 2) + (disy " 2))

If disx <> 0 Then deg = Atn(disy / disx) * 7 * 180/ 22
If disx = 0 Then

If disy > 0 Then deg = -90

If disy < 0 Then deg = 90

If disy = 0 Then deg =0
End If

If deg >= 360 Then deg = deg - 360
If deg <=-360 Then deg = deg + 360
If disx >= 0 Then
If disy > 0 Then
deg = deg
Else
deg = 360 + deg
End If
Else
deg = 180 + deg
End If
If deg >= 360 Then deg = deg - 360
If deg <= -360 Then deg = deg + 360
If deg >= 180 Then deg = deg - 360
If deg <=-180 Then deg = deg + 360
MsgBox "X,y,abs,deg = " + CStr(disx) + "," + CStr(disy) + "," + CStr(absdis) + "," + CStr(deg)
End Sub

Private Sub Secondarylnfo_Click()
Index = CInt(SecNo.Text)
disx = -(MoveX(ClInt(SecNo.Text)) - MoveX(0))
disy = MoveY(CInt(SecNo.Text)) - MoveY(0)
absdis = Sqr((disx " 2) + (disy  2))

If disx <> 0 Then deg = Atn(disy / disx) * 7 * 180 /22
If disx = 0 Then
If disy > 0 Then deg = 90
if disy < 0 Then deg = -90
If disy = 0 Then deg =0
End If
If deg >= 360 Then deg = deg - 360
If deg <= -360 Then deg = deg + 360
If disx >= 0 Then
If disy > 0 Then
deg = deg
Else
deg =360 + deg
End If
Else
deg = 180 + deg
End If
If deg >= 360 Then deg = deg - 360
If deg <= -360 Then deg = deg + 360
If deg >= 180 Then deg = deg - 360
If deg <= -180 Then deg = deg + 360
AbsX = disx
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AbsY = disy

OriginDEG = deg

MsgBox "Primary Position" + Eol + "Position Number " + CStr(Index) + Eol + "X axis distance
from origin = " + CStr(AbsX) + Eol + "Y axis distance from origin =" + CStr(AbsY) + Eol +
"Absolute distane from origin = " + CStr(Sqr((AbsX ~ 2) + (AbsY ~2))) + "," + CStr(OriginDEG)
End Sub

Private Sub SelectPrimary_Click()
PosSelect = 1
PriStatus.Visible = True
SecStatus. Visible = False

End Sub

Private Sub SelectSecondary_Click()
PosSelect =2
SecStatus. Visible = True
PriStatus.Visible = False

End Sub

Public Sub UpButton_Click()

Form1.Text3.Text = "Move Up" + Eol + Form1.Text3.Text

Form1.Text1.Text = "[Command] - Move Up" + Eol + Eol + Form1 .Textl.Text

Out8Bit = "Tx" + Chr(Bin2Dec(StrReverse("11010000"))) + HiByte(0) + LoByte(0) + Chr(0) + "R"
+ "."

SendDATA (Out8Bit)
End Sub

Public Sub DownButton_Click()

Form1.Text3.Text = "Move Down" + Eol + Form1.Text3.Text

Form1.Textl.Text = "[Command] - Move Down" + Eol + Eol + Form1.Text1.Text

Out8Bit = "Tx" + Chr(Bin2Dec(StrReverse("11010010"))) + HiByte(0) + LoByte(0) + Chr(0) + "R"
+ ll'"

SendDATA (Out8Bit)
End Sub

Private Sub Command1_Click()
End Sub

Private éub Form_Load()
Drawed = False

Form1.Visible = True

ButtonActive (False)

PWM = ClInt(Text4.Text)

Fora =0 To 150
MoveX(a) = 9999
DoEvents

Next

NegX =0

NegY =0

Direction = 0

ScaleValue = 1

XScale =1

YScale=1

MoveX(0) = 156

MoveY(0) = 123

RealX(0) = MoveX(0)

RealY(0) = MoveY(0)
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GraphN =0
SecStatus. Visible = False
PosSelect = 1

End Sub

Private Sub PositionKey Click(Index As Integer)
If PosSelect = 1 Then PriNo.Text = CInt(Index)
If PosSelect = 2 Then SecNo.Text = CInt(Index)
End Sub

Private Sub StopButton_Click()

Form1.Text3.Text = "Stop !!!" + Eol + Form1.Text3.Text

Form1.Text1.Text = "[Command] - Stop." + Eol + Eol +F orm1.Text].Text

Out8Bit = "Tx" + Chr(Bin2Dec(StrReverse("11110000"))) + HiByte(0) + LoByte(0) + Chr(0) + "R"
+ l|."

SendDATA (Out8Bit)
End Sub

Private Sub RRotate_Click()
Form1.Text].Text = "[Command] - Rotate Right." + Eol + Form1.Textl.Text
Form1.Enabled = False
Dialog.Combol.Clear
Dialog.Combol.AddItem ("ssm")
Dialog.Combol.AddItem ("mid"
Dialog.Combo1.ListIndex = 0
a = InputDialog("  wphimen", 7200, 1900, MRotateR)
End Sub

Private Sub LRotate _Click()
Form1.Enabled = False
Dialog.Combol.Clear
Dialog.Combol.AddItem ("esm")
Dialog.Combol.AddItem ("miw"
Dialog.Combol.ListIndex =0
a = InputDialog("  wyuhimsdne", 6200, 1900, MRotatel))
End Sub

Private Sub Reverse_Click()

Form1.Enabled = False

a = InputDialog("  @unifuihuszez", 7200, 1600, MReverse)
End Sub

Private Sub Forward_Click()

Form1.Enabled = False

a = InputDialog(" @uniuihuszez", 6200, 1600, MForward)
End Sub

Private Sub SendButton_Click()
SendDATA (Text2.Text)
End Sub

Private Sub Command9 Click()
Textl.Text = ""
Text2.Text = ""
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Text3.Text=""
End Sub

Private Sub Form_Unload(Cancel As Integer)
If MSComm 1.PortOpen = True Then MSComm 1.PortOpen = False
End Sub

Private Sub MSComm1_OnComm()
Dim TextXX As String
If MSComm 1.CommEvent > 900 Then MsgBox (CStr(MSComm1.CommEvent))

TextXX ="L"
If MSComm1.CommEvent = 1 Then

End If

If MSComm1.CommEvent = 2 Then
InBuf = InBuf + MSComm 1.Input
DataEnd = InStr(1, InBuf, ".")
While DataEnd <> 0

Reportln = InBuf
Text1.Text = "[Incomming] - " + Trim(left(InBuf, DataEnd)) + " [" + CStr(Time) + "]" + Eol +
Textl.Text
InBuf = Mid(InBuf, DataEnd + 1)
DataEnd = InStr(1, InBuf, ".")
Wend
End If

End Sub

Private Sub Text4_Change()
PWM = Clnt(Text4.Text)
End Sub

Private Sub Timerl_Timer()
If Direction > 180 Then Direction = Direction - 360
If Direction < -180 Then Direction = Direction + 360
If Len(Text3.Text) > 2000 Then
Text3.Text = left(Text3.Text, 2000)

End if

If Drawed = False Then
MapX = MoveX(GraphN) * ScaleValue
MapY = MoveY(GraphN) * ScaleValue
Circle (MapX, MapY), 15
Line (MapX, MapY)-((MapX + (15 * Cos((-Direction * 22) / (7 * 180)))), (MapY + (15 * Sin((-
Direction * 22) / (7 * 180))))), QBColor(14)
Line (MapX, MapY)-(MapX, MapY)
Drawed = True
End If
Label2.Caption = "Direction = " + CStr(Direction) + " Degree."
End Sub

Private Sub Toggle Click()

If Toggle.Caption = "Go online" Then
MSComm!.PortOpen = True
Toggle.Caption = "Go offline"
Shapel.FillColor = vbGreen



Labell.Caption = "Now Online..."
ButtonActive (True)

Else
MSComm1.PortOpen = False
Toggle.Caption = "Go online"
Shapel.FillColor = vbRed
Labell.Caption = "Now Offline..."
ButtonActive (False)

End If

End Sub

Private Sub ButtonActive(Status As Boolean)

Forward.Enabled = Status
Reverse.Enabled = Status
RRotate.Enabled = Status
LRotate.Enabled = Status
StopButton.Enabled = Status
UpButton.Enabled = Status
DownButton.Enabled = Status

End Sub
Dialogl programming code.
Public Out8Bit As String
Private Sub CancelButton_Click()
Unload Dialog
End Sub

Private Sub Form_Load()
Combol.ListIndex = 3
End Sub

Private Sub Form_Unload(Cancel As Integer)
Dim b, ¢ As Integer
¢ = Dialog.Height
Forb=c To 1 Step -150
Dialog.Height =b
DoEvents
Next b
Form1.Enabled = True
End Sub

Private Sub OKButton_Click()

Const MStop = "11110000", MRotateR = "10100000", MRotateL = "10100100", MReverse =
"01100000", MForward = "01101000" )

Dim Out8Bit As String

Dim Distance As Long, PWM

Dim X As Long, Y As Long
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Const DegConst = 684 / 360
Distance = CLng(Text1.Text)
Select Case Combol.Text
Case "oam"
Distance = Distance * DegConst
Case "udwns"
Distance = Distance / 0.0127
Case "fadwns"
Distance = Distance / 0.127
End Select
Select Case Portl.Caption
Case MRotateR
Form1.Text].Text = "[Command] - Right Rotate." + Eol + Eol + Form1.Text1.Text
Form1.Text3.Text = "Right Rotate = " + CStr(Distance) + Eol + Form1.Text3.Text
Case MRotateL
Form1.Text].Text = "[Command] - Left Rotate." + Eol + Eol + Form1.Text1.Text
Form1.Text3.Text = "Left Rotate = " + CStr(Distance) + Eol + Form1.Text3.Text
Case MReverse
Form1.Text]l.Text = "[Command] - Reverse Mow." + Eol + Eol + Form1.Text1.Text
Form1.Text3.Text = "Reverse Move = " + CStr(Distance) + Eol + Form1.Text3.Text
Case MForward
Form1.Text].Text = "[Command] - Forward Move." + Eol + Eol + Form1.Text].Text
Form1.Text3.Text = "Forward Move = " + CStr(Distance) + Eol + Form1.Text3.Text
End Select

If Text]1.Text < "" Then

If (Port1.Caption = MRotateL)) Or (Port1.Caption = MRotateR) Then
Form1.DownButton_Click
Form1.Reportln = "X"

While Form1.Reportln < "Complete."
DoEvents

Wend

For aaa =1 To 1000
DoEvents

Next

Form1.Reportln = ""

End If

Out8Bit = "Tx" + Chr(Bin2Dec(StrReverse(Port1.Caption))) + HiByte{Distance) +
1.oByte(Distance) + Chr(150) + "R" + "."
SendDATA (Out8Bit)
If (Port1.Caption = MRotateL)) Or (Port1.Caption = MRotateR) Then Form1.Rotate = True
Select Case Port1.Caption
Case MRotateR
Form1.Direction = Form1.Direction - (Distance / DegConst)
Case MRotateL
Form1.Direction = Form1.Direction + (Distance / DegConst)
End Select
If Port1.Caption <> MRotateR And Port1.Caption <> MRotateL. And Port1.Caption <> MStop
Then
If Port1.Caption = MReverse Then Distance = -Distance
X = Round(Cos((Form1.Direction / 180) * (22 / 7)) * Distance) / 10
Y = -Round(Sin((Form1.Direction / 180) * (22 / 7)) * Distance) / 10
Form1.MapRedraw X, Y
End If

If (Port1.Caption = MRotateL) Or (Port1.Caption = MRotateR) Then
Form1.Reportln = "X"
While Form1.Reportln < "Complete."
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DoEvents
Wend
For aaa=1 To 10000
DoEvents
Next
Form1.UpButton_Click
End If
Unload Dialog
End If
End Sub

Private Sub Textl_Change()
Dim TextLen
TextLen = Len(Text1.Text)
If TextLen <> 0 Then
If Asc(Right(Text1.Text, 1)) > Asc("9") Or Asc(Right(Text].Text, 1)) < Asc("0") Then
Textl.Text = ""
End If
End If
End Sub

Private Sub Textl KeyDown(KeyCode As Integer, Shift As Integer)

If KeyCode = 13 Then OKButton_Click
End Sub

Function module programming code.

Public Sub SendDATA(DOut As String)
Dim DataOut, K
DataOut = DOut
Form1.MSComm1.Output = DataOut
Form1.Text5.Text=""
For K = Len(DataOut) To 1 Step -1
Form1.Text5.Text = "Byte " + CStr(K) + " =" + Str2Bin(Mid(DataOut, K, 1)) + "b" + Eol +
Form1.Text5.Text
Next K
For a= 1 To Len(DOut)
If Len(Hex(Asc(Mid(DOut, a, 1)))) =2 Then
TextXX = TextXX + " " + Hex(Asc(Mid(DOut, a, 1)))
Else
TextXX = TextXX + " 0" + Hex(Asc(Mid(DOut, a, 1)))
End If
Next
TextXX = Right(TextXX, Len(TextXX) - 1)+ " "
Form1.Text].Text = "[Outgoing] - " + TextXX + "[" + CStr(Time) + "]" + Eol +
Form1.Text1.Text
Form1.Drawed = False
End Sub

Public Function InputDialog(Quest As String, X, Y As Integer, Control As String) As Integer
Dim left As Integer
Dialog.left =X
Dialog.Top =Y
Dialog.Caption = Head
Dialog.Label1.Caption = Quest
Dialog.Show
Fora =1 To 1350 Step 40
Dialog.Height = a
DoEvents
Next a



Dialog.Port1.Caption = Control
End Function

Public Function Offline() As Boolean
Offline = False
If Form1.MSComm1.PortOpen = False Then
MsgBox ("You are currently offline.")
Offline = True
End If
End Function

Public Function Eol()
Eol = Chr(13) + Chr(10)
End Function

Public Function Str2Bin(CIn As String) As String
Dim n, InAsc As Integer
InAsc = Asc(ClIn)
For n=7 To 0 Step -1
IfInAsc/ (2 ~n)>=1 Then
Str2Bin = Str2Bin + "1"
InAsc=InAsc- (2 " n)
Else
Str2Bin = Str2Bin + "0"
End If
Next n
End Function
Public Function Bin2Dec(CIn As String) As Integer
Dim n As Integer
CIn = StrReverse(ClIn)
Bin2Dec = 0
For n = Len(CIn) To 1 Step -1
Bin2Dec = Bin2Dec + (2 ~ ((n - 1)) * CInt(Mid(ClIn, n, 1)))
Nextn
End Function

Public Function HiByte(Value As Long) As String
Dim n As Integer, vin As Long, out As String
Out = nn
vin = Value
For n=15 To 0 Step -1
Ifvin/ (2 ~n)>=1 Then
out = out + "1"
vin = vin - (2 " n)
Else
out = out + "0"
End If
Nextn
HiByte = Chr(Bin2Dec(Mid(out, 1, 8)))
End Function
Public Function LoByte(Value As Long) As String
Dim n As Integer, vin As Long, out As String
out = nn
vin = Value
For n =15 To 0 Step -1
Ifvin/ (2 ~n)>=1 Then
out = out + "1"
vin = vin - (2 " n)
Else
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out = out + "0"
End If
Next n
LoByte = Chr(Bin2Dec(Mid(out, 9, 18)))
End Function

dgj 1 d‘ Y o U ¥ dl = I gj 1 Y o ¥ L% ¥
nansiiluenasianulidwiunisldnunenisfinyintu ey almhlldusyleviaunism

Lidnsdlla viedu Bnnsnudlidaudalien uagdesdndisdiveenaisynasandinsluly



61

MANUIN A

DATASHEET

dy 1 d’ ¥ o U £ lﬂ' = I gj 1 Y o ¥ LS4 ¥
wnanstiluenasnanulidmiunisldnuienisfinewingu leugrelihluldussTevimunisin

Lidnsdlla vy Bnnsnudlidaudalien uagdesdndisdiveenaisynasandnsiluly



L AT S i 2

e

LMD18200

NNational Semicondz_t

ctor

ook

LMD18200 3A, 55V H-Bri'a:g"'e’

General Description

The LMD18200 is a 3A H-Bridge designed for motion con-
trol applications. The device is built using a multi-technology
process which combines bipolar and CMOS control circuitry
with DMOS power devices on the same monolithic struc-
ture. Ideal for driving DC and stepper -motors; the
LMD18200 accommodates peak output currents up to 6A.

»

_TTL and CMOS compatible inputs

No ““shoot-through” current

Thermal warning flag output at 145°C

Thermal shutdown (outputs off) at 170°C

Internal clamp diodes

Shorted load protection

Internal charge pump with external bootstrap capability

An innovative circuit which facilitates low-loss sensmg of the .

output current has been implemented. 2 .

Features -
= Delivers up to 3A continuous output

m Operates at supply voltages up to 55V

= Low Rps(ON) typically 0.3Q per switch

Applications

® DC and stepper motor drives

® Position and velocity servomechanisms
® Factory automation robots

= Numerically controlled machinery

= Computer printers and plotters

Functional Diagram

THERMAL FLAG OUTPUT BOOTSTRAP 1 OUTRUT 1 Vg OUTPUT 2 BOOTSTRAP 2
9 1 2 6 10 1"
EI) ®) 0 (f ? (0]
THERMAL t i
sosG "._'_:j A
UNDERVOLTAGE —
LOCKOUT CHARGE l I CHARGE
PUMP PUMP P—
OVERCURRENT DRIVE CURRENT DRIVE .
BRI szzglsuc O e
SHUTDOWN &,
— —d &
DIRECTION 3 i‘
we i g [ A
Pwi- 5 O—
O
7
GROUND TL/H/10568-1
Connection Diagram and Crdering Informaticon
/ ~— uf——  woommAr 2
e OUTPUT 2
9"  THERMAL FLAG OUTPUT
8[T————"""> CURRENT SENSE OUTPUT
1——>  GROUND
O 1] — " TR Order Number LMD18200T
N —— PWH INPUT See NS Package TA11B
4[> BRAKE INPUT
3[TT"/—>  DIRECTION INPUT
b} eo— 1
1o ———">  BOOISTRAP I

\/

MOUNTING TAB CONNECTED TO GROUND (PIN 7)

Top View

TUH/10568-2
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Absolute Maximum Ratings (Note 1)
If Military/Aerospace specified devices are required,

>

" Power Dissipation (Ta = 25°C, Free Air) " : 3w

please contact the National Semiconductor Sales Junction Temperature, Tjmax) 150°C
Office/Distributors for avallability and speclflcatlons ESD Suscebtibllity (Note4). .. - ) 1500V
Total Supply Voltage (Vs Pin 6) w '3 o s BN Storage Temperature, Tstg | —65°Cto +150°C
Voltaga at Pins 9,4, 5,8 and B ' ey Lead Temperature (Soldering, 10 sec.) " 300°C
Voltage at Bootsu'ap Pins (Plns1 and 11) Vout+16V s il 1

Peak Outpit Current (200 ms) " 6A Operating Ratings (ots 1)

Continuous Output Current (Note 2) 3A Junction Temperature, T —40°Cto.+125°C
Power Dissipation (Note 3) 25W - Vs Supply Voltage © +12Vto +55Vv

Electrical Characteristics
The following specifications apply for Vg = 42V, unless otherwise specrf ed. Boldface limits’ apply over the ennre operating
temperature range, —40°C < T; < +125°C, all other i.mits are for Ty = Ty = 25°C. (Note 5)

Symbol Parameter M\ .. Conditions Typ...|. - Hmit . Units
Rps(ON) | - Swﬂch ON Resistance 71 “Output Current = 3A (Note 6) 0337 | 0.4/0.6 0 (max)
Rps(ON) Switch ON Resistance Output Current = 6A (Note 6) 083 0.4/0.6 - Q) (max)
VCLAMP Clamp Diode Forward Drop “Clamp Current = 3A (Note 6) 1.2 1.5 V (max)
ViL  Logic Low Input Voltage Pins3,4,5 -0.1 -V (min)
LAY YA \ = . 0.8 " .V (max)
e - Logic Low Irput Currer{t Vin = —0.1V,Pins = 3, 4,5 =10 | pA(max)
ViH Logic High Input Voltage Pins3,4,5: ; a2 . V (min)
: ‘AT o | 12 V (max)
I "Log.c High Input Current ViN = 12V, Pins = 3,4, 5 10 1A (max)
Current Sense Output lout = 1A (Note 8) a77 | 325/300 pA (min)
3G e e . L/ . 'l 5 425/450 “f- uA(max)
‘Current Sense Linearity el 1AL *OUT <-3A (Note 7) +6 F 9 - %
‘Undervoltage Lockout “ | Outputs turn OFF : 9 V (min)
L3 1 Q¢ I ; A 1 4@ L 1 V (max)
Tow *Waming Flag Temperature 11| #in9 <08V, = 2mA - 195 V4 o= C
VE(ON) Flag Output Saturation Voltage - | "Ty= Tyw.IL=2mA 0.15 % v
IF(OFF) Flag Output Leakage =12y o 02 10 " pA (max)
Tysp Shutdown Temperature = Outputs Tum OFF . 170 °C
Is Quiescent Supply Current All Logic Inputs Low 13 25 mA (max)
toon Output Turn-On Delay Time ‘Sourcing Outputs, loyt = 3A 300 o ns
Sinking Outputs, loyt = 3A 300 ns
o Output Turn-On Switching 7jie | : Bootstrap Capacitor = 10F ~ | . "7
5o - Sourcing Outputs, loyt = 3A 100 - |: ns
! ] ' §inking Outputs, lou-r = 3A 80 ns
tpofi Output Turn-Off Delay Time$ % ™ Sourcmg Outputs. Iom— =3A 200 ns
fpis - Sinking Outputs Iouf—’SA 1200 ns
toft Output Turn-Off Switching Times. | Bootstrap Capacltor =10 nF‘ o
T o | Bourcing Outputs, loyt = 8A “¢|. 475 . - ns
; - Smkmg Outputs, Ioyt = 3A " 70 - ns
o Minimum Input Pulse Width ‘Pins3,4and 5 1 ps
tepr Charge Pump Rise Time No Bootstrap Capacitor 9 20 ps

T
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LMD18200

Electrical Characteristics Notes

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its rated operating conditions.

Note 2: See Application Information for details regarding current Iimlﬁng.

No!e 3' The i power dissipation must be d d at el d and is a funchon of Tymax). 6Ja, and Ta. The maximum allowable power
at any temp i8 Poymex) = (Tutmax) — TA)/64a, Of the number given In the Absolute Ratings, whichever is lower. The typical thermal resistance
from junction to case (8,¢) is 1.6°C/W and from junction to ambient (64p) Is 30°C/VV. For guaranteed operation Tjmax) = 125°C.

Note 4: Human-body model, 100 pF discharged through a 1.5 kQ2 resistor. Except Bootstrap pins (pins 1 and 11) which are protected to 1000V of ESD.

Note §: Al limits are 100% production tested at 25°C. Temp limits are g d via jon using accepted SQC (Statistical Quality Control)
methods. All limits are used to calculate AOQL, (Average Outgoing Quality Level).
Note 6: Output currents are pulsed (tw < 2 ms, Duty Cycle < 5%).
Note 7: Regulation is calculated relative to the current sense output value with a 1A load.
Note 8: Selections for tighter tolerance are avallable. Contact factory.
‘Typical Performance Characteristics..
Rps(ON) vs
. . Vsat vs Flag Current . } 3 Rps(ON) vs Temperature = Supply Voltage
50 —— - : 12 - —1 8 TR
& 4 ! > ‘, ’_\.15 t / g: Ty =25
3 {1y = 1502 L/ 3 e
= 250 ,4 < 4 . - g ] HESOE ]
E / § / ) 3 | N~
0 12 o 035
2 =2 @ e RN
° w0 19 / g oxs N[ o-see,
S 7 3 / . 033 TN \
~ w S 0]t 032
3 b , h
1 031
05 030 A
15 20 25 30 35 40 45 50 553515 5 5 & 6 8105125 10 15 20 25 30 35 40 45 50 55
FLAG CURRENT (mA)  JUNCTION TEMPERATURE (°€)’ SUPPLY VOLTAGE
- SUppiy C_urreht vs : Su;;ply Current vs ' Supply Current vs
. Supply Voltage ' - : Frequency (Vg = 42V) - Temperature (Vg = 42V)
20 — ; 18 18
17 16
16 - s
3 ™
3 ” — 3 16 3’ 14
12 | LTS -
é “ | R E 15 |— E 12 \\
E p OUTPUTS LOW ; 8 : - § \\
g . B == g w0
2 4 2 2
l 13 ]
% ! [}
. 10 20 30 40 % & 10 10 100 5530 =5 20 45 70 5 120 145
SUPPLY YOLTAGE (VOLTS) SWITCHING FREQUENCY  (kHz) JUNCTION TEMPERATURE (°C)
Current Sense Output Current Sense
vs Load Current : Operating Region
1200 ! T}
B w7 o s
3 o $25°C ‘ g 3 10% ACCURACY
S 25
E 0 125 E 20| 7% AccuRACY N
B \\
15
g - 1
S ©
0 00 b :
W 05 10 15 20 25 30 . B . % 10 15 1%
LOAD CURRENT (AMPS) : * JUNCTION TEMPERATURE (°C)
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Pinout Description (See Connection Diagram)

Pin 1, BOOTSTRAP 1 Input: Bootstrap capacitor pin for
half H-brid'g'e number 1. The recommended capacitor
(10 nF) is connected between pins 1 and 2.

Pin 2, OUTPUT 1: Half H-bridge number 1 output.

Pin 3, DIRECTION Input: See Table I. This input controls
the direction of current flow between OUTPUT 1 and OUT-
PUT 2 (pins 2 and 10) and, therefore, the direction of rota-
tion of a motor load.

Pin 4, BRAKE Input: See Table I. This input is used to
brake a motor by effectively shorting its terminals. When
braking is desired, this input is taken to a logic high level
and it is also necessary to apply logic high to PWM input, pin
5. The drivers that short the motor are determined by the
logic level at the DIRECTION input (Pin 3): with Pin 3 logic
high, both current sourcing output transistors are ON; with
Pin 3 logic low, both current sinking output transistors are
ON. All output transistors can be turned OFF by applying a
logic high to Pin 4 and a logic low to PWM input Pin 5; in this
case only-a small bias current (approximately —1.5 mA) ex-
ists at each output pin.

Pin 5, PWM Input: See Table |. How this input (and DIREC-
TION input, Pin 3) is used is determined by the format of the
PWM Signal.

Pin 6, Vg Power Supply

Pin 7, GROUND Connection: This pin is the ground return,
and is internally connected to the mounting tab.

Pin 8, CURRENT SENSE Output: This pin provides the
sourcing current sensing output sngnal which |s typically
377 pA/AL - T

Pin9, THERMAL FLAG Output This pin prowdes the ther-
mal warning flag output signal. Pin 9 becomes ‘active-low at
145°C (junction temperature). However the chip wiil not shut
itself down until 170°C is reached at the junction.

Pin 10, OUTPUT 2: Half H-bridge number 2 output.

Pin 11, BOOTSTRAP 2 Input: Bootstrap capacitor pin for
Half H-bridge number 2. The recommended capacitor
(10 nF) is connected between pins 10 and 11.

TABLE I. Logic Truth Table

PWM | Dir | Brake | Active OutputDrivers

H H L Source 1, Sink 2 ~
H S E L Sink 1, Source 2

L X L Source 1, Source 2
H H H Source 1, Source 2
H L H Sink 1, Sink 2

L X H NONE

Locked Anti-Phase PWM Control

wxmmcvw: .. 7S%DUTY CYCLE - 25% DUTY CYCLE
DIRECTON . . i :
(PIN 3)

[
_I L___ WA

AVERAGE LOAD ~ AVERAGE LOAD CURRENT AVERAGE LOAD CURRENT
CURRENT =0 FLOWS FROM OUTPUT 1 FLOWS FROM OUTPUT 2
TO OUTPUT 2 TO OUTPUT 1

TL/H/10568-4

Application Information

TYPES OF PWM SIGNALS

The LMD18200 readily interfaces with different forms of
PWM signals. Use of the part with two of the more popular
forms of PWM is described in the following paragraphs.
Simple, locked anti-phase PWM consists of a single, vari-
able duty-cycle signal in which is encoded both direction
and amplitude information. A 50% duty-cycle PWM signal
represents zero drive, since the net value of voltage (inte-
grated over one period) delivered to the load is zero. For the
LMD18200, the PWM signal drives the direction input (pin 3)
and the PWM input (pin 5) is tied to logic high.
Sign/magnitude PWM consists of separate direction (sign)
and amplitude (magnitude) signals. The (absolute) magni-
tude signal is duty-cycle modulated, and the absence of a
pulse signal (a continuous logic low level) represents zero
drive. Current delivered to the load is proportional to pulse
width. For the LMD18200, the DIRECTION input (pin 3) is
driven by the sign signal and the PWM input (pin 5) is driven
by the magnitude signal.

USING THE CURRENT SENSE OUTPUT

The CURRENT SENSE output (pin 8) has a sensitivity of
377 pA per ampere of output current. For optimal accuracy
and linearity of this signal, the value of voltage ‘generating
resistor between pin 8 and ground should be chosen to limit
the maximum voltage developed at pin 8 to 5V, or less. The
maximum voltage compliance is 12V.

It should be noted that the recirculating currents (free
wheeling currents) are ignored by the current sense circuit-
ry. Therefore, only the currents in the upper sourcing out-
puts are sensed.

USING THE THERMAL WARNING FLAG

The THERMAL FLAG output (pin 9) is an open collector
transistor. This permits a wired OR connection of thermal
warning flag outputs from multiple LMD18200's, and allows
the user to set the logic high level of the output signal swing
to match system requirements. This output typically drives
the interrupt input of a system controller. The interrupt serv-
ice routine would then be designed to take appropriate
steps, such as reducing load currents or initiating an orderly
system shutdown. The maximum voltage compliance on the
flag pinis 12V.

SUPPLY BYPASSING

During switching transitions the levels of fast current chang-
es experienced may cause troublesome voltage transients
across system stray inductance.

Sign/Magnitude PWM Control

"ﬁ%“__—l

:;Mﬂm """ TTULL

WOTOR SPEED:  stow MO FAST o oSow EDM FAST
AVERAGE CURRENT FLOWS FROM AYERAGE CURRENT FLOWS FROM
OUTPUT 1 TO OUTPUT 2 OUTPUT 2 TO OUTPUT 1
TL/H/10568-5
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LMD18200

Application Information (continued)

It is normally necessary to bypass the supply rail with a high
quality capacitor(s) connected as close as possible to the
Vg Power Supply (Pin 6) and GROUND (Pin 7). A 1 pF high-
frequency ceramic capacitor i$ recommended. Care should
be taken to limit the transients on the supply pin below the
Absolute Maximum Rating of the device. When operating
the chip at supply voltages above 40V a voltage suppressor
(transorb) such as P6KE62A is recommended from supply
to ground. Typically the ceramic capacitor can be eliminated
in the presence of the voltage suppressor. Note that when
driving high load currents a greater amount of supply bypass
capacitance (in general at least 100 uF per Amp of load
current) is required to absorb.the recrrculahng currents of
the inductive loads. - ;

CURRENT LIMITING

Current limiting protection circuitry has.been incorporated
into the desicn cf the.LMD18200. With.any power device it
is important to consider the effects of the substantial surge
currents through the device that may occur as a result of
shorted loads. The protection circuitry monitors this in-
crease in current (the threshold:is set to approximately 10
Amps) and shuts off the power device as quickly as possible
in the event of an overload condition.. In.a-typical motor
driving application the most common. overload faults are
caused by shorted.motor windings and locked rotors. Under
these conditions the inductance of the motor (as well as any
series inductance in the Vgg supply line) serves to reduce
the magnitude of a current surge to a safe level for the
LMD18200. Once the device js shut down, the control cir-
cuitry will penoducally try to trn the power device back on.
This feature allows the immediate return to normal opera-
tion in the event that the fault condition has been removed.
While the fault remains however, the device will cycle in and
out of thermal shutdown. This can create voltage transients
on the Vgg supply line and therefore proper supply bypass-
ing techniques are required.

The most.severe condition for any power devnoe Is a direct,
hard-wired (“screwdriver’’):long term short from an output to
ground. This condition can generate a surge:of current
through the power device on the order:of 15 Amps and
require theidie and package to dissipate up to 500 Watts of
power for the short time required for the protection circuitry
to shut off the power device. This energy can be destruc-
tive, particularly at higher operating voltages (>30V) so

g

70 GATE
DRIVE
= CIRCUIT
C CHARGE PUMP
) GROUND
’ TL/H/10568-6

FIGURE 1. Internal Charge Pump Circuitry

some precautions are in order. Proper heat sink design is
essential and it is normally necessary to heat sink the Veg
supply pin (pin 6) with 1 square inch of copper on the PCB,

INTERNAL CHARGE PUMP AND USE OF BOOTSTRAP
CAPACITORS

To turn on the high-side (sourcing) DMOS power devices,
the gate of each device must be driven approximately 8v
more positive than the supply voltage. To achieve this an
internal charge pump is used to provide the gate drive volt-
age. As shown in Figure 1, an internal capacitor is alternate-
ly switched to ground and charged to about 14V, then
switched to V supply thereby providing a gate drive voltage
greater than V supply. This switching action is controlled by
a continuously running internal 300 kHz oscillator. The rise
time of this drive voltage is typically 20 ps which is suitable
for operating frequencies up to 1 kHz.

For higher:switching frequericies, the LMD18200 provides

for:the use of extemnal bootstrap capacitors. The bootstrap
principle is in essence a second charge pump whereby a
large value capacitor is used which has enough energy to
quickly charge the parasitic gate input capacitance of the
power device resulting in much faster rise times. The switch-
ing action is accomplished by the power switches them-
selves (Figure 2). External 10 nF capacitors, connected
from the outputs to the bootsirap pins of each high-side
switch provide typically less than 100 ns rise tlmes aﬂowlng
switching frequencies up to 500 kHz.

INTERNAL PROTECTION DIODES

A magor consideration when swﬂchmg current through in-

ductive loads is protection of the switching power devices
from the large voltage transients that occur. Each of the four
switches in the LMD18200 have a built-in protection diode
to clamp transient voltages exceeding the positive supply or
ground to a safe dicde voltage drop across the switch.
The reverse recovery characteristics of these diodes, once
the transient has subsided, is important. These diodes must
come out of conduction quickly and the power switches
must be able to conduct the additional reverse recovery cur-
rent of the diodes. The reverse recovery time of the diodes
protecting the sourcing power devices is typically only 70 ns
with a reverse recovery current of 1A when tested with a full
6A of forward current through the diode. For the sinking
devices the recovery time is typically 100 ns with 4A of re-
verse current under the same conditions.

+Vg
—

TO GATE

DRIVE <
CIRCUIT, I —

GROUND

PIN 1 OR 11

EXTERNAL
BOOTSTRAP
CAPACITOR

PIN 2 OR 10

TL/H/10568-7
FIGURE 2. Bootstrap Circultry
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LMD18200

Typical Applications

Fixed Off-Time Control: This circuit controls the current
through the motor by applying an average voltage equal to
zero to the motor terminals for a fixed period of *'me, when-
ever the current through the motor exceeds the command-
ed current. This acticn causes the motor«current to vary

o]

slightly about an externally controlled average level. The
duration of the Off-period is adjusted by the resistor and
capacitor combination of the LMSSS. In this circuit the Sign/
Magnitude mode of operation is implemented (see Types of
PWM Signals).

24 YOLTS
LM340LA-12 [~ 1 —
lo.zz uF [o.1 wr | SR 428
— = 12k 2 7 3
2N . ] 6 LM555
1
MAG. 5| L
C J 4
133 AMP/NOLT [
$ 6
+
530 pFd
2 +12V
= 10k
N7V wotg00 | 0k
3 AP 3 O
DC MOTOR i ——
4 FORWARD | REVERSE
|10 g 7 P
o G L
0.1 uF 2ka :; T TOFF = 1.1RC
ViD i
TL/H/10568-10
Switching Waveforms
DIRECTION FORWARD | REVERSE
— TIME
st |OANN
\ P TIME
awewr 2| [ )[[ {[
U —p TIME
MOTOR CURRENT
> TIME
CONTROLLED BY RC OF LM555N —{Torr|+—
TL/H/10568-11
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Typical Applications (continued)
TORQUE REGULATION .

Locked Anti-Phase Control of a brushed DC motor. Current sense output of the LMD18200 provides load sensing. The
LM3525A is a general purpose PWM controller.

+10V DIRECTION CONTROL 12V T0 24¥

o . Tl 0
§ o4 L | Ty

15 13 22“;| I 100 nF 6 220#]‘ : I‘”F
1" ,! >— 2
i LM3525A LMD18200 etk
. +10V i J 0.25A T0 3.25A
Vishiam ‘ o) ; " 24V DC MOTOR
ADJUST ¢ 1k
, i M .
A 9 10k 2 % 10nF
= g > 10
2 . l | 3.6k ' : g ;
74 28 4 S : .. o 6.1k
10 12 3 = v 47 | 3%
l 1 10nF| 3 IlnF Lz 1%

TL/H/10568-12

Peak Motor Current
vs Adjustment Voltage
‘ :
@
5 A
= 3 7
. A
o
S 92 /
o
o
e
o
v L
z v
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0

G234 9 6 g7 8

VeurgenT apjust (YOLTS)
TL/H/10568-13
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LMD18200

Typical Applications (continued)
VELOCITY REGULATION

Utilizes tachometer output from the motor to sense motor speed for.a:locked antizphase

+10v

DIRECTION CONTROL N ST

Tl e

1N4001's

Vspeen
ADJUST

o En yo )
control {oop.
PR A I

0 T0°'7400 RPM

1000 RPM/V

e/ MotorSpeedvs o

8000

i,

6000

RPM
8

\W{ s lafaltea
SRR

Contro! ‘_"“ﬂge ?
/ lo| 2
/T
il
: / :"L
AT
0 ; fT L """-'2‘:‘7"' 3 |

Vsperp (VOLTS)

TL/H/10568-14

TL/H/10568-15
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NNational Semiconductor

LMD18245

3A, 55V DMOS le ‘Bridge Motor Driver

General Descrlptlon
The LMD18245 full-bridge power amplifier incorporates all

- the circuit blocks required to drive and control current in a

brushed type DC motor or one phase of a bipolar stepper
motor. The multi-technology process used to build the de-
vice combines bipolar and CMOS control and protection cir-
cuitry with DMOS power switches on the same monolithic
structure. The LMD18245 controls the motor current via a

fixed off-time choppe. technique.

An all DMOS H-bridge power stage delivers continuous out-
put currents up to 3A (6A peak) at supply voltages up to
55V. The DMOS power switches feature low Rps(on) for

| high efficiancy,.and a diode intrinsic to the DMOS body

structure eliminates the discrete diodes typically required to

| clamp bipolar power stages.

An innovative current sensing method eliminates the power
loss associated with a sense resistor in series with the mo-
tor. A four-bit digital-to-analog converier (DAC) provides a

-| digital path for controlling the motor current, and, by exten-
.-sion, simplifies: implementation of full, half and microstep

stepper motor drives. For higher resolution applications, an

‘external DAC can be used:

Features .
DMOS power stage rated at 55V and 3A continuous
Low Rps(on) of typically 0.3Q per power switch
Internal clamp diodes

Low-loss current sensing method

Digital or analog control of motor current
TTL and CMOS compatible inputs
Thermal shutdown (outputs off) at T; =
Overcurrent protection

No shoot-through cutrents

15-lead TO-220 molded power package

155°C-

Applications

B Full, half and microstep stepper motor drives

& Stepper motor and brushed DC motor servo drives
® Automated factory, medical and office equipment

Functional Block and Connection Diagram (i5-Lead T0-220 Moided Power Package (T))

THERMAL -{
SHUTDOWN Lo
UNDERVOLTAGE i
LockouT —
OVERCURRENT
SHUTDOWN CHARBE CURRENT SENSE CHiARce
FUYe AMPLIFIER puup
l DRIVE DRIVE
H’% —
BrAKE 10 O—] * pur and sy} fl H
CONTROL i S
orectioN 11 (O— LOGIC
T“°"° COMPARATOR ) Q s rowo
Re3(O—]  wonosTaBLE
: + -81 -
To 4-BIT DAC —Q 14 oac rer
12 2 13 8 7 6§ 4
SGND CONP OUT ¢s out MI M2 M3 M4
i TL/H/11878-1
Order Number LMD18245T

See NS Package Number TA15A
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LMD18245

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability and specifications.

DC Voltage at:

OUT 1, Vg, and OUT 2 +60V
COMP OUT, RC, M4, M3, M2, M1, BRAKE, +12v
DIRECTION, CS OUT, and DAC REF
DC Voltage PGND to SGND +400mV
Continuous Load Current 3A
Peak Load Current (Note 2) 6A
Junction Temperature (T y(max)) +150°C
Power Dissipation (Note 3):
TO-220 (Tp = 25°C, Infinite Heatsink) 25W
TO-220 (Ta = 25°C, Free Air) 3.5W

ESD Susceptibility (Note 4) 1500v
Storage Temperature Range (Tg) -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

Operating Conditions (ote 1)
Temperature Range (T ) (Note 3) —40°Cto +125°C

Supply Voltage Range (Vcg) +12Vto +55v
CS OUT Voltage Range 0Vto +5v
DAC REF Voltage Range OVto +5v
MONOSTABLE Pulse Range 10 psto 100 ms

Electrical Ch.aracteristics The following specifications pply for Vog = + 42V, unless otherwise stated. Bold-
face limits apply over the operating temperature range, —40°C < Ty < +125°C. All other limits apply for Ta =

Ty = 25°C. (Note 2)

Typlcal Limit Units
Symbol Parameter Conditions (Note 5) (Note §) (Limits)
lcc Quiescent Supply Current DAC REF = 0V, Vg = +20V 8 mA
] 15 mA (max)
POWER OUTPUT STAGE
Rps(on) Switch ON Resistance lLoap = 3A 0.4 0 (max)
0.3
0.6 0 (max)
lLoaD = 6A 03 - 04 Q (max)
3 : 0.6 Q (max)
Vpiope Body Diode Forward Voltage Ipiope = 3A 1.0 A
1.5 V(max)
Ter Diode Reverse Recovery Time Ipiope = 1A 80 ns
Qr Diode Reverse Recovery Charge Ipiope = 1A 40 nC
tpon) Output Turn ON Delay Time
Sourcing Outputs lLoap = 3A 5 pns
Sinking Outputs lLoap = 3A 900 ns
tooFp Output Turn OFF Delay Time
Sourcing Outputs ILoap = 3A 600 ns
Sinking Outputs lLoap = 3A 400 ns
ton Output Turn ON Switching Time
Sourcing Outputs lLoaD = 8A 40 1S
Sinking Outputs lLoaD = 3A 1 ns
torF Output Turn OFF Switching Time
Sourcing Outputs lLoap = 3A 200 ns
Sinking Outputs lLoap = 3A 80 ns
tow Minimum Input Pulse Width Pins 10 and 11 2 ps
tps Minimum Dead Band (Note 6) 40 ns
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Electrical Characteristics the lo.llowing specifications apply for Vo = +42V, unless otherwise stated. Bold-
face limits apply over the operating temperature range, —40°C < Ty < + 125°C. All other limits apply for Tp =
Ty = 25°C. (Note 2) (Continued)

" Typlcal Limit Units
Symbol Parameter Conditions (Note 5) (Note 5) (Limits)
CURRENT SENSE AMPLIFIER
Current Sense Output ILoap = 1A (Note7) 200 RA (min)
175 pA (min)
G 300 pA (max)
325 pA (max)
Current Sense Linearity Error 0.5A < I oaD < 3A (Note 7) +6 %
+9 % (max)
Current Sense Offset ILoap = OA 5 " pA
20 pA (max)
DIGITAL-TO-ANALOG CONVERTER (DAC)
Resolution 4 Bits (min)
Monotonicity 4 Bits (min)
Total Unadjusted Error 0.125 0.25 LSB (max)
i 0.5 LSB (max)
Propagation Delay 50 ns
IRer DAC REF Input Current DAC REF = +5V —-0.5 pA
+10 1A (max)
COMPARATOR AND MONOSTABLE
Comparator High Output Level 6.27 v
Comparator Low Output Level 88 mV
Comparator Output Current
Source 0.2 mA
Sink 3.2 mA
toELAY Monostable Turn OFF Delay (Note 8) 1.2 ps
20 us (max)
i |PROTECTION AND PACKAGE THERMAL RESISTANCES
Undervoltage Lockout, Ve 5 V (min)
8 V (max)
Tyso Shutdown Temperature, T 165 °C
Package Thermal Resistances
05c Junction-to-Case, TO-220 1.5 °C/W
A7 Junction-to-Ambient, TO-220 35 °C/W
LOGIC INPUTS
ViL Low Level Input Voltage -0.1 V (min)
0.8 V (max)
ViH High Level Input Voltage 2 V (min)
12 V (max)
hN Input Current © VN = 0Vori2v +10 pA (max)
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Electrical Characteristics The following specifications apply for Vcc = +42V, unless otherwise stated. Bold-
tace limits apply over the Uperating temperature range, —40°C < Ty < + 125°C. All other limits apply for Ta =
T, = 25°C. (Note 2) (Continued) i

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Electrical spodﬁcaﬁbns do not apply when operating the device
outside the rated Operating Conditions. S5 5 il .

Note 2: Unless otherwise stated, load currents are pulses with widths less than 2 ms and duty cycles less than 5%.
Note 3: The maxil ble power dissipation at any is Ppax = (125 — Ta)/0,4a, where 125°C is the i juncti ture for

peration, T is the ambi p in ‘(r: and 6 is the ]unction-t;-ambiem thermal res in *C/W. Exceeding Pmax voids the Electrical Specifications by
forcing T, above 125°C. If the junction temperature exceeds 155°C, internal circultry disables the power bridge. When a heatsink is used, 6,4 is the sum of the
Jjunction-t se th I of the package, 8,c, and the case-to-ambient thermal resistance of the heatsink.
Note 4: ESD rating is based on the human body model of 100 pF discharged through a 1.6 kA resistor. M1, M2, M3 and M4, pins 8, 7, 6 and 4 are protected to
800V.

Note 5: All limits are 100% producﬁon!esledatzs‘c.Tempemtumextremelimﬁsare guaranteed via jon using pted SQC (Statistical Quality Control)
methods. All limits are used to calculate AOQL (Average Outgoing Quality Level). Typicals are at TJ=25‘Cnndrepreset\1§t\emstlikelypammicnonn.
Nth:AsymmemctumOFFandONde(ayﬁmesandswﬂchingtimesensuranswilchwmsOFFbe(oremoowswhchmmesamhuHH-bﬁdgebeglnslom
ON(prwenﬁngmomenmryshoﬂdrwtsbemenmepowefsupp!ynndgmund).mnnsmondperbdduﬁngwﬂdwbommwhesmoﬁbmmww
to as the dead band. : :

Note 7: (I,oap. Isense) data points are taken for load currents of 0.5A, 1A, 2A and 3A. The current sense gain is specified as Isense/ILoan for the 1A data point.
Themn!mﬂmaﬁty!s:pedﬁedumedopeow\eﬂnebﬂweenmo.&and1Adatapoin&mhusttwdopooﬂheinebetwm&w2kmd3kdaupdns'
alldeedbymﬂopeofmﬁmbetweenmeo.sAandmdatapoinu. S 2 5% 1m s 7
Noh!:TunOFFdohy.tDEu'y.isdoﬁm‘dasmeﬁfmfrommevoItagenmeoutputofmewnemsensenmpﬁﬁormdmmDAthpmvoKagelomelower
DMOSawildlboginrmglomOFF.Wlchc-32V.DIRECTIONhiah.and2000connectedbetweenOUTl_andVoc.thevolmgealRGﬁsmeuedfromOVb
5V at 1.2V/ps, and oELAY is measured as the time from the voltage at RC reaching 2V to the time the voltage at OUT 1 reaches av.

Typical Performance Characteristics

s

RDS(ON) vs
RDS(ON) vs Temperature RDS(ON) vs Load Current L Supply Voltage .
0s 5 0.40 - 030 — —
Vo = 42V f | vee=42v ~ £ Loap=3A
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= & / G -
= A a E
z L7 z 03 £ 0.27
g Prd 2 2
e« 03 > yoa & 0.26 IGH SIDE
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= 0.25
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Top View

15-Lead TO-220 Molded Power Package
Order Number LMD18245T
See NS Package Number TA15A

Pinout Descriptions (see Functional Block
and Connection Diagrams)

Pin 1, OUT 1: Output node of the first half H-bridge.

Pin 2, COMP OUT: Output of the comparator. If the voltage
at CS OUT exceeds that provided by the DAC, the compara-
tor triggers the monostable.

Pin 3, RC: Monostable timing node. A parallel resistor-
capacitor network connected between this node and ground
sets the monostable timing pulse at about 1.1 RC seconds.
Pin 5, PGND: Ground return node of the power bridge. Bond
wires (internal) connect PGND to the tab of the TO-220
package.

Pins 4 and 6 through 8, M4 through M1: Digital inputs of
the DAC. These inputs make up a four-bit binary number
with M4 as the most significant bit or MSB. The DAC pro-
vides an analog voltage directly proportional to the binary
number applied at M4 through M1.

Pin 9, Voc: Power supply node.

Pin 10, BRAKE: Brake logic input. Pulling the BRAKE input
logic-high activates both sourcing switches of the power
bridge—effectively shorting the load. See Table I. Shorting
the load in this manner forces the load current to recirculate
and decay to zero.

Pin 11, DIRECTION: Direction logic input. The logic level at
this input dictates the direction of current flow in the load.
See Table I.

Pin 12, SGND: Ground return node of all signal level cir-
cuits.

Pin 13, CS OUT: Output of the current sense amplifier. The
current sense amplifier sources 250 pA (typical) per ampere
of total forward current conducted by the upper two
switches of the power bridge.

Pin 14, DAC REF: Voltage reference input of the DAC. The
DAC provides an analog voltage equal to Vpac Rer X
0/16. where D is the decima! equivalent (0-15) of the bina-
ry number applied at M4 through M1.

Pin 15, OUT 2: Output node of the second half H-bridge.
TABLE |. Switch Control Logic Truth Table

BRAKE | DIRECTION | MONO | Active Switches
H X X Source 1, Source 2
L H L Source 2
& H H Source 2, Sink 1
L L L Source 1
L L H | Source1, Sink2
X = don't care

MONO is the output of the monostable.

Functional Descriptions

TYPICAL OPERATION OF A CHOPPER AMPLIFIER

Chopper amplifiers employ feedback driven switching of a
power bridge to control and limit current in the winding of a
motor (Figure 7). The bridge consists of four solid state
power switches and four diodes connected in an H configu-
ration. Control circuitry (not shown) monitors the winding
current and compares it to a threshold. While the winding
current remains less than the threshold, a source switch
and a sink switch in opposite halves of the bridge force the
supply voltage across the winding, and the winding current
increases rapidiy towards Vco/R (Figures 1a and 1d). As
the winding current surpasses the threshold, the control cir-
cuitry turns OFF the sink switch for a fixed period or off-time.
During the off-time, the source switch and the opposite up-
per diode short the winding, and the winding current recircu-
lates and decays slowly towards zero (Figures 7b and 7e).
At the end of the off-time, the control circuitry turns back ON
the sink switch, and the winding current again increases
rapidly towards Vco/R (Figures 1a and 7d again). The
above sequence repeats to provide a current chopping ac-
tion that limits the winding current to the threshold (Figure
7g). Chopping only occurs if the winding current reaches the
threshold. During a change in the direction of the winding
current, the diodes provide a decay path for the initial wind-
ing current (Figures 1c and 7f). Since the bridge shorts the
winding for a fixed period, this type of chopper amplifier is
commonly referred to as a fixed off-time chopper.
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Functional Descriptions (continued) £ <. T
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FIGURE 1. Chopper Amplifier Chopping States: Full Vcc Applied Across the Winding (a) and (d), Shorted

Winding (b) and (e), Winding Current Decays During a Change in the Direction of the Winding Current (c)
and (f), and the Chopped Winding Current (g)
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Functional Descriptions (continued)

THE "-MD18245 CHOPPER AMPLIFIER

The LMD18245 incorporates all the circuit blocks needed to
implement a fixed off-time chopper amplifier. These blocks
include: an all. DMOS, ful! = bridge with clamp diodes, an
amplifier for sensing the load current, a comparator, a
monostable, and a DAC for digital control of the chopping
threshold. Also incorporated are logic, level shifting and
drive blocks for digital control of the direction of the load
current and braking. ’

THE H-BRIDGE

The power stage consists of four DMOS power switches
and associated body diodes connected in an H-bridge con-
figuration (Figure 2). Turning ON a source switch and a sink

Vee

&-l

. [ o 2
St l 'I
[
Motor

" Winding

g

Winding

TL/H/11878-10

./ FIGURE 2. The DMOS H-Bridge

switch in opposite halves of the bridge forces the full supply
voltage less the switch drops across the motor winding.
While the bridge remains in this state, the winding current
increases exponentially towards a limit dictated by the sup-
ply voltage, the switch drops, and the winding resistance.
Subsequently turning OFF the sink switch causes a voltage
transient that forward biases the body diode of the other
source switch. The diode clamps the transient at one diode
drop above the supply voltage and provides an alternative
current path. While the bridge remains in this state, it essen-
tially shorts the winding and the winding current recirculates
and decays exponentially towards zero. During a change in
the direction of the winding current, both the switches and
the body diodes provide a decay path for the initial winding
current (Figure 3). [

o+
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TL/H/11878-11

4.‘
1 S2
=

Motor
Winding

TL/H/11878-13

TL/H/11878-12

FIGURE 3. Decay Paths for Iniiial Winding Current During a Change in the Direction of the Winding Current
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Functional Descriptions (continued)

THE CURRENT SENSE AMPLIFIER

Many transistor cells in parallel make up the DMOS power
switches. The current sensc amplifier (Figure 4) uses a
small fraction of the cells of both upper switches to provide
a unique, low-loss means for sensing the load current. In
practice, each upper switch functions as a 1x sense device
in parallel with a 4000x power device. The current sense
amplifier forces the voltage at the source of the sense de-
vice to equal that at the source of the power device; thus,
the devices share the total drain current in proportion to the
1:4000 cell ratio: Only the current flowing from drain to
source, the forward current, registers at the output of the
current sense amplifier. The current sense amplifier, there-
fore, sources 250 pA per ampere of total forward current
cnnducted by the upper two switches of the power bridge.

The sense current develops a potential across Rg that is
proportional to the load current; for example, per ampere of
load current, the sense current develops one volt across a
4 kQ resistor (the product of 250 A per ampere and 4 k().
Since chopping of the load current occurs as the voltage at
CS OUT surpasses the threshold (the DAC output voltage),
Rs sets the gain of the chopper amplifier; for example, a
2 kQ resistor sets the gain at two amperes of load current
per vcit of the threshold (the reciprocal of the product of
250 pA per ampere and 2 kQ2). A quarter watt resistor suffic-
es. A low value capacitor connected in parallel with Rg fil-
ters the effects of switching noise from the current sense

—

While the specified maximum DC voltage compliance at CS
OUT is 12V, the specified operating voltage range at CS
OUT is OV to 5V. :

THE DIGITAL-TO-ANALOG CONVERTER (DAC)

The DAC sets the threshold voltage for chopping at
Vpac rRer X D/16, where D is the decimal equivalent (0-
15) of the binary number applied at M4 through M1, the
digital inputs of the DAC. M4 is the MSB or most significant
bit. For applications that require higher resolution, an exter-
nal DAC can drive the DAC REF input. While the specified
maximum DC voltage compliance at DAC REF is 12V, the
specified operating voltage range at DAC REF is OV to 5V.

THE COMPARATOR, MONOSTABLE AND WINDING
CURRENT THRESHOLD FOR CHOPPING

As the voltage at CS OUT surpasses that at the output of
the DAC, the comparator triggers the monostable, and the
monostable, once triggered, provides a timing pulse to the
control logic. During the timing pulse, the power bridge
shorts the motor winding, causing current in the winding to
recirculate and decay slowly towards zero (Figures b and’
1e again). A parallel resistor-capacitor network connected
between RC (pin #3) and ground sets the timing pulse or
off-time at about 1.1 RC seconds.

Chopping of the winding current occurs as the voltage at CS
OUT exceeds that at the output of the DAC; so chopping
occurs at a winding current threshold of about

(Vpac Rer X D/16) + ((250 X 10—6) X Rg)) amperes.

+lour 1

signal.
Veo ' g ;
1x LJ‘woo,:
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4000x|  1x
Motor |_ I-_
Vinding oyt 2
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. FIGURE 4. The Source Switches of the Power Bridge and the Current Sense Amplifier
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Applications Information

POWER SUPPLY BYPASSING

Step changes in current drawn from the power supply occur
repeatedly during normal operation and may cause large
voltage spikes across inductance in the power supply line.
Care must be taken to limit voltage spikes at Vg to less
than the 60V Absolute Maximum Rating. Ata change in the
direction of the load current, the initial load current tends to
raise the voltage at the power supply rail (Figure 3 again).
Current transients caused by the reverse recovery of the
clamp diodes tend to pull down the voltage at the power
supply rail. .

Bypassing the power supply line at Vcg is required to pro- .

tect the device and minimize the adverse effects of normal
operation on the power supply rail. Using both = 1 pF high
frequency ceramic capacitor and a large-value aluminum
electrolytic capacitor is highly. recommended. A value of

100 pF per ampere of load current usually suffices for the’

aluminum electrolytic capacitor. Both capacitors should
have short leads and be located within one half-inch of Vee-

OVERCURRENT PROTECTION N

If the forward current in either source switch exceeds a 12A
threshold, internal circuitry disables both source switches,:

forcing a rapid decay of the fault current (Figure 5). Approxi-
mately 3 ps after the fault current reaches zero, the device
restarts. Automatic restart allows an immediate return to
normal operation once the fault condition has been re-
moved. If the fault persists, the device will begin cycling into
and out of thermal shutdown. Switching large fault currents

may cause potentially destructive voltage spikes across in-
ductance in the power supply line; therefore, the power

Trace: Fault Current at SA/dv
Horizontal: 20 ps/div

FIGURE 5. Fault Current with Vee = 30V,0UT 1 Shorted to OUT 2, and CS OUT Grounded

supply line must be property bypassed at V¢ for the motor
driver to survive an extended overcurrent fault.

In the case of a locked rotor, the inductance of the winding
tends to limit the rate of change of the fault current to a
value easily handled by the protection circuitry. In the case
of a low inductance short from either output to ground or
between outputs, the fault current could surge past the 12A
shutdown threshold, forcing the device to dissipate a sub-
stantial amount of power for the brief period required to dis-
able the source switches. Because the fault power must be
dissipated by only one source switch, a short from output to
ground represents the worst case fault. Any overcurrent
fault is potentially destructive, especially while operating
with high supply voltages (230V), so precautions are in or-
der. Sinking Vg for heat with 1 square inch of 1 ounce
copper on the printed circuit board is highly recommended.
“The sink swi.ches are not internally protected against shorts
PR -

THERMAL SHUTDOWN

. Internal circuitry senses the junction temperature near the

power bridge and disables the bridge if the junction temper-
ature exceeds about 155°C. When the junction temperature

= coois past the shutdown threshold (lowered by a slight hys-

teresis), the dévice automatically restarts.

UNDERVOLTAGE LOCKOUT
Internal circuitry disables the power bridge if the power sup-

- ply voltage drops below a rough threshold between 8V and

5V. Should the power supply voltage then exceed the
threshold, the device automatically restarts. .

TU/H/11878-15
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The Typical Application

Figure 6 shows the typical application, the power stage of a
chopper drive for bipolar stepper motors. The 20 kQ resistor
and 2.2 nF capacitor connected between RC and ground
set the off-time at about 48 us, and the 20 k resistor con-
nected between CS OUT and ground sets the gain at about

Al
i

i

40V

200 mA per volt of the threshold for chopping. Digital sig-
nals control the thresholds for chopping, the directions of
the winding currents, and, by extension, the drive type (full
step, half step, etc.). A pprocessor or pcontroller usually
provides the digital control signals.

o e e

lyFFIOO;‘F

DIRECTION A DAC REF Vee oy 200 STEP/REVOLUTION HYBRID
12y, \
afe A 2V, 0.95A, 12mH, 120
FROM M4 A
JCONTROLLER U3 A e LMD18245 PHASE A € ROTOR*
M2 A
i out z
Cs out RC PGND SGND|
PHASE B
< ¢
<& I 20kl IZ.ZnF
20k0 L 3
500 pF T
Y=
40V
\xam. i "
slv 1;4r$ iR 100 pf
DIRECTION B ————o . DAC REF Vec o\ &
BRAKE B =] .
FROM Y7 pue—— s
HCONTROLLER M3 B .. LMD18245
M2 B =
R A ouT 2
€S OUT .. PGND SGND
<
< 20ka 2 2nF
20k0 2
ODpF

TL/H/11878-1€

FIGURE 6. Typlcal Appllcatfon Circult for Driving Bipolar Stepper Motors
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The Typical Application (continued)

ONE-PHASE-ON FULL STEP DRIVE (WAVE DRIVE) TWO-PHASE-ON FULL STEP DRIVE
To make the motor take full steps, windings A and B can be To make the motor take full steps, windings A and B can
energized in the sequence also be energized in the sequence

A—>B—A*—B* A= ..., AB— A*B—> A'B*—> AB*—>AB— ...,
where A represents winding A energized with current in one and because both windings are energized at all times, this
direction and A* represents winding A energized with cur- ~sequence produces more torque than that produced with
rent in the opposite direction. The motor takes one full step wave drive. The motor takes one full step at each change of
each time one winding is de-energized and the other is en- direction of either winding current. Figure 8 shows the wind-
ergized. To make the motor step in the opposite direction, ing currents and digital control signals for this application of
the order of the above sequence must be reversed. Figure 7 the typical application circuit, and Figure 9 shows, for a sin-
shows the winding currents and digital control signals for a gle phase, the winding current and voltage at the output of
wave drive application of the typical application circuit. ~ the associated current sense amplifier.

TUL/H/11878-17

Top Trace: Phase A Winding Current at 1A/div
Bottom Trace: Phase B Winding Current at 1A/div
Horizontal: 1 ms/div

*500 steps/second

Y neascs L7 (2
1

B

DIRECTION A

£ o G0 7 L,
NS
| A L.,

L, 1 [

M4 A, M3 A, M2 A,
and M1 A

M4 B, M3 B, M2 B,
and M1 B

e

~ FORWARD REVERSE

. TL/H/11878-18
BRAKE A = BRAKE B ='0

FIGURE 7. Winding Currents and Digital Control Signals for One-Phase-On Drive (Wave Drive)
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LMD18245

The Typical Application (continued)

TL/H/11878-18

Top Trace: Phase A Winding Current at 1A/div
Bottom Trace: Phase B Winding Current at 1A/div
Horizontal: 1 ms/div R

g ) . " 1500 steps/second

U ) .'I'

] sl 4 REENERRY
' L

] 1

DIRECTION B

DIRECTION A I
'
1
| ——— I
'
1
1
'
'

FORWARD { : REVERSE

TL/H/11878-20
M4 A through M1 A = M4 B through M1 B = 1
BRAKE A = BRAKE B = 0

FIGURE 8. Winding Currents and Digital Control Signals for Two-Phase-On Drive

TL/H/11878-21

Top Trace: Phase A Winding Current at 1A/div
Bottom Trace: Phase A Sense Voltage at 5V/div
Horizontal: 1 ms/div

*500 steps/second

FIGURE 9. Winding Current and Voltage at the Output of the Associated Current Sense Amplifier
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The Typical Application (continued)

HALF STEP DRIVE WITHOUT TORQUE The motor takes one half step each time the number of
COMPENSATION energized windings changes. it is important to note that al-
To make the motor take half steps, windings A and B can be though half stepping doubles the step resolution, changing
energized in the seguence the number of energized windings from two to one decreas-
A—> AB—> B —> A'B —> A® —> es (one to iwo increases) torque 'by about 40%, resulting in
A*B® —> B* —> AB® — A—> significant torque ripple and possibly noisy operation. Figure
i 10 shows the winding currents and digital control signals for

this half step application of the typical application circuit.

\ B TUH/11878-22

Top Trace: Phase A Winding Current at 1A/div
Bottom Trace: Phase B Winding Current at 1A/div
Horizotal: 1 ms/div -

DIRECTION A '
b '«I !
1 ]
l !
s a— " .
DIRECTION B | | |
1 ! A,
1
1
] : " . .
M4 A, M3 A, M2 A,
and M1 A

T/ U
u49.u38.uzs.-l U eemn B A 2% S ¥ ua B B

and M1 B

FORWARD REVERSE
TL/H/11878-23

BRAKE A = BRAKEB = 0
FIGURE 10. Winding Currents and Digital Control Signals for Half Step Drive without Torque Compensation
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The Typical Application (continued)

HALF STEP DRIVE WITH TORQUE COMPENSATION

To make the motor take half steps, the windings can also be
energized with sinusoidal currents (Figure 11). Controlling
the winding currents in the fashion shown doubles the step
resolution without the significant torque ripple of the prior
drive technique. The motor takes one half step each time
the level of sither winding current changes. Half step drive
with torque compensation is microstepping drive. Along with
the obvious advantage of increased step resolution, micro-
stepping reduces both full step oscillations and resonances

that occur as the motor and load combination is driven at its -
natural resonant frequency or subharmonics thereof.. Both- . -

Bt #pe

of these advantages.are obtained by replacing-full ‘steps
with bursts of microsteps. When compared to full step drive,
the motor runs smoother and quieter.
Figure 12 shows the lookup table for this apphcahon of the
typical application circuit. Dividing 90°electrical per full step
by two microsteps per full step yields 45° electrical per mi-
crostep. a, therefore, increases from 0 to 315° in incre-
ments of 45°. Each full 360° cycle comprises sight half
steps. Rounding |cosal to four bits gives D A, the decimal
equivalent of the binary number applied at M4 A through
- M1 A. DIRECTION A controls the polarity of the ¢current in
. winding'A. Figure 11 shows the sinuscidal winding currents.

TL/H/11878-24

Top Trace: Phase A Winding Current at 1A/div

Bottom Trace: Phase B Winding Current at 1A/div
Horizontal: 2 ms/div
*500 steps/second
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BRAKE A = BRAKEB = 0

REVERSE
TL/H/11878-25

FIGURE 11. Winding Currents and Digital Control Signals for Half Step Drive with Torque Compensation




The Typical Application (continued) - . TR v s b R SRR
90° ELECTRICAL/FULL STEP + 2 MICROSTEPS/FULLSTEP = 45° ELECTRICAL/ MICROSTEP

a |cos(a)) DA  DIRECTION A |sin(a)l DB  DIRECTIONB
| 0 1 15 1 0 0 1
FORWARD 45 0.707 11 1 0.707 1 1
4 90 0 0 0 2 15 1
135 0.707 11 0 0.707 1 1
T 180 1 15 0 ) 0
REVERSE 225 0.707 1 0 0.707 11 0
| 270 0 0 1 1 15 0
315 0.707 11 Sy 0.707 -~ 11 0

REPEAT

FIGURE 12. Lookup Table for Half Step Drive with Torque Compensation

QUARTER STEP DRIVE WITH TORQUE
COMPENSATION

Figure 13 shows the winding currents and lookup table for a
quarter step drive (four microsteps per full step) with torque
compensation.

TUL/H/11878-26
- Top Trace: Phase A Winding Current at 1A/div
Bottom Trace: Phase B Winding Current at 1A/div
Horizontal: 2ms/div
250 -steps/second

90° ELECTRICAL/FULL STEP + 4 MICROSTEPS/FULLSTEP = 22.5° ELECTR!CAL/MICROSTEP

a |cos(a)) DA  DIRECTIONA |sin(a)l DB DIRECTIONB
0. ot 15 1 [ JO 0 1
225 0.924 14 1 0.383 6 1
| 45 10.707 11 1 0.707 11 1
FORWARD 675 = "0.383 6 1 0.924 14 1
4 90 .0 0 0 1 15 1
112.5 0383 .. 6 .0 0.924 14 1
1 135 0.707 « 11 0 0.707 11 1
REVERSE 157.5 0.924 14 0 0.383 6 1
| 180 1 15 o g 0 0
202.5 0.924 14 0 0.383 6 0
225 0.707 11 0 0.707 11 0
247.5 0.383 6 0 0.924 14 0
270 0 0 1 1 15 0
2925 0.383 6 1 0.924 14 0
315 0.707 11 1 0.707 i 0
337.5 0.924 14 1 0.383 6 0

REPEAT

BRAKE A = BRAKE B = 0
FIGURE 13. Winding Currents and Lookup Table for Quarter Step Drive with Torque Compensation
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