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ABSTRACT

This project is studying the ball and beam control system by using a digital video camera that
connected by universal serial bus port for controlling the position of a ball. Video camera sends the
data to be computed by computer using Visual Basic language and then sends the control data to
parallel port for controlling the stepping motor. Stepping motor is connected to the beam by pulleys.
First, the structure of ball and beam control system is constructed and its mathematical model is found.
Second, the gain of the PD controller is adjusted for the discrete system. The experimental result

shows that the position of the ball can be controlled with 7 percent error.
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Byte Data Detail
1-2 File Type Must be ASCII text “BM”
3-6 Size of file In double word (32-bit integer)
7-10 | Reverse for future Must be zero

11-14

Byte offset to bitmap data

Offset from bitmapfileheader
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typedef struct tagBITMAPINFO {// bmi
BITMAPINFOHEADER
RGBQUAD
}BITMAPINFO;

bmiHeader;

bmiColors[1];
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typedef struct tagBITM APINFOHEADER {// bmih

DWORD biSize;

LONG biWidth;

LONG biHeight;

WORD biPlanes;

WORD biBitCount;
DWORD biCompression;
DWORD biSizelmage;
LONG biXiPelsPerMeter;
LONG biYiPelsPerMeter;
DWORD biClrUsed;
DWORD biClrIMportant;

}BITMAPINFOHEADER;
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typedef struct tagRGBQUAD {// rgbq

BYTE rgbBlue;

BYTE rgbGreen;

BYTE rgbRed;

BYTE rgbReserved;
}RGBQUAD;
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NAKRUIN A

-1 Tisunsuvesszuunuguiu lilsunsulszananann
Private Declare Function GetPixel Lib "gdi32" (ByVal hdc As Long, ByVal x As Long, ByVal y
As Long) As Long
Private Declare Function SetPixel Lib "gdi32" (ByVal hdc As Long, ByVal x As Long, ByVal y
As Long, ByVal crColor As Long) As Long
Dim q As Long
Dim a As Long
Dimb, 0 As Long
Dim enow, eold, u As Long

Private Sub Command1_Click()
Dim ccolor, x As Long
Dim i As Long
Dim j As Long
Dim p As Long
Dim m, n As Long
enow =0
eold=0
'b = Text2.Text
Fori=0To 319
For j = 150 To 160
x =I2R_Cameral.GetDataRed(i, j)
If x> 100 Then
ccolor = &HFFFFFF
Else: ccolor =0
p=i
Textl.Text=p



End If
‘ccolor = ccolor + I2R_Cameral .GetDataGreen(i, j) * 256
‘ccolor = ccolor + I2R_Cameral.GetDataBlue(i, j) * 256 * 256
SetPixel Picturel.hdc, i, j, ccolor
Next j
Next i
o= Text4.Text
enow =0-p
u = enow + 5 * (enow - eold)
eold = enow
Ifu> 0 Then
'Out &H378, &HA
'For n= 1 To 1000
‘m=m+1
Next n
‘Out &H378, &H8
q=1
Elself u < 0 Then
'Out &H378, &H2
'For n= 1 To 1000
‘'m=m+1
Next n
'Out &H378, &HO
q=0
Else:q=2
End If
End Sub

Private Sub Command2_Click()
q=2
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End Sub

Private Sub Command3_Click()
q=1
End Sub

Private Sub Command4_Click()
q=0
End Sub

Private Sub Timerl_Timer()
Dim ccolor, x As Long
Dim i As Long
Dim j As Long
Dim p As Long
Dim m, n As Long
enow =0
~eold=0
b = Text2.Text
Fori=0To 319
For j=0To 239
If q<2 Then
x=I2R_Cameral.GetDataRed(i, j)
If x > 100 Then
ccolor = &HFFFFFF
Else: ccolor =0
p=i
Textl.Text=p
End If

‘ccolor = ccolor + I2R_Cameral.GetDataGreen(i, j) * 256
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'ccolor = ccolor + I2R_Cameral.GetDataBlue(i, j) * 256 * 256
SetPixel Picturel.hdc, i, j, ccolor
End If

Next j
Next i
o = Text4.Text
€now =0-p
u=enow + 5 * (enow - eold)
eold = enow
Ifu>0Then
'‘Out &H378, &HA
'For n= 1 To 1000
‘m=m+1
Nextn
'‘Out &H378, &H8
q=1
Elself u < 0 Then
'Out &H378, &H2
'Forn=1 To 1000
‘'m=m+1
‘Nextn
'Out &H378, &HO
q=0
Else:q=2
End If
If <> 2 Then
Ifq=1 Then
If Timerl.Interval < 10 Then
Timerl.Interval = 10
Out &H378, &HA



Text3.Text = "testing”
Forn=1 To 1000
m=m+1
Nextn
Else
Timer1.Interval = 20
Out &H378, &HS8
Text3.Text = "pulseleft”
Forn=1 To 1000
m=m+1
Nextn
End If
End If
End If
If g <> 2 Then
1f ¢=0 Then
If Timer1.Interval < 10 Then
Timer1.Interval = 10
Out &H378, &H2
Text3.Text = "testing"
For n=1 To 1000
m=m+1
Nextn
Else
Timerl.Interval = 20
Out &H378, &HO
Text3.Text = "pulseright”
Forn=1 To 1000
m=m+1

Nextn
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End If
End If
End If
If =2 Then
If Timer1.Interval < 10 Then
Timerl.Interval = 10
Out &H378, &HO
Forn=1 To 1000
m=m+1
Next n
Else
Timer1.Interval = 20
Out &H378, &HO
Forn= 1 To 1000
m=m+1
Nextn
End If
End If
End Sub

12 FIUYDINTAAT ‘Izﬁgﬂtﬂ‘ﬂ
Dim ccolor, X ,i ,j ,p,m ,n As Long
enow =0
eold=0
b = Text2.Text
Fori=0 To 319
For j=0To 239
If g< 2 Then
x =I2R_Cameral .GetDataRed(, j)
If x > 100 Then
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ccolor = &HFFFFFF
Else: ccolor =0
p=i
Textl.Text=p
End If
‘ccolor = ccolor + I2R_Cameral.GetDataGreen(, j) * 256
‘ccolor = ccolor + I2R_Cameral.GetDataBlue(i, j) * 256 * 256
SetPixel Picturel.hdc, i, j, ccolor
End If
Next j
Next i

o = Text4.Text

n-3 davvesmnimn hilszudana
enow=0-p
u=enow + 5 * (enow - eold)
eold = enow
Ifu> 0 Then
Out &H378, &HA
Forn=1 To 1000
m=m+1
Nextn
Out &H378, &H8
q=1
Elselfu <0 Then
Out &H378, &H2
Forn=1 To 1000
m=m-+1
Nextn

Out &H378, &HO
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q=0
Else: q=2
End If

-4 Iﬂiumm'm1ﬁ1§ﬁ1tﬁﬁﬁqq1mmmﬁ'mﬁ
Private Sub Timer1_Timer()
Dim ccolor, x As Long
Dim i As Long
Dim j As Long
Dim p As Long
Dim m, n As Long
enow =0
eold=0
b = Text2.Text
Fori=0To 319
For j =0 To 239
If q<>2 Then
x =I2R_Cameral.GetDataRed(, j)
If x> 100 Then
ccolor = &HFFFFFF
Else: ccolor =0
p=1i
Textl.Text=p
End If
SetPixel Picturel.hdc, i, j, ccolor
End If
Next j
Next i
o = Text4.Text

enow=0-p



u=enow + 5 * (enow - eold)
eold = enow
Ifu>0 Then
q=1
ElseIf u <0 Then
q=0
Else:q=2
End If
If <2 Then
Ifq=1 Then
If Timerl.Interval < 10 Then
Timer1.Interval = 10
Out &H378, &HA
Text3.Text = "testing"
Forn=1 To 1000
m=m+1
Nextn
Else Timerl.Interval = 20
Out &H378, &H8
Text3.Text = "pulseleft”
Forn=1 To 1000
m=m-+1
Nextn
End If
End If
End If
If q<>2 Then
If =0 Then

If Timerl.Interval <> 10 Then = Timerl.Interval = 10

Out &H378, &H2
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Text3.Text = "testing"
Forn=1To 1000
m=m+1
Nextn
Else Timerl.Interval =20
Out &H378, &HO
Text3.Text = "pulseright”
Forn=1To 1000
m=m+1
Nextn
End If
End If
End If
Ifq=2 Then
If Timer1.Interval < 10 Then
Timerl.Interval = 10
Out &H378, &HO
Forn=1To 1000
m=m+1
Next n
Else Timerl.Interval =20
Out &H378, &HO
For n=1 To 1000
m=m-+1
Nextn
End If
End If
End Sub
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&National Semiconduct

LMD18200
3A, 55V H-Bridge

General Description

The LMD 18200 is a 3A H-Bridge designed for motion control
applications. The device is built using a mutti-lechnology pro-
cess which combines bipolar and CMOS control circuitry
with DMOS power devices on the same monolithic structure.
Ideal for driving DC and stepper motors; the LMD18200 ac-
commodates peak output cuments up to 6A. An innovative
circuit which fadilitates low-loss sensing of the output current
has been implemented.

Features

u Delivers up fo 3A continuous output

8 Operates at supply voltages up to S5V
u Low Rpg(ON) typicalty 0.3Q per switch
m TTL and CMOS compatible inputs

April 1838
or

& No “shoot-through® current

® Themnal waming flag output at 145°C

& Thermal shutdown (outputs off) at 170°C

s Intemal clamp diodes

& Shorted load profection

# Intemal charge pump with extemal bootstrap capability

Applications

u DC and stepper motor drives

= Position and velocity servomechanisms
a Faclory automation robots

a Numerically controlled machinery

u Computer printers and plotters

Functional Diagram

THERUAL FLAG OUTPUT BOOTSTRAP 1 OUTPUT1 Vg OUTPUT 2 BOOTSTRAP 2
9 1 2 3 10 11
? (0] (6] ? 0] O
THERMAL b < —
>-N
UNDERVOLTAGE 7
e & m CURRENT
OVERCURRENT DRIVE
DETECTION RORREMNK QO & SENsE
SENSING OQUTPUT
SHUTDOWN &
pwecnon 3 O— & o G
BRE 4 O—> g&g :Sl_iflq"
i sO— - (5
7
GROUND
DSo10588-1

FIGURE 1. Functlonal Block Diagram of LMD18200

© 1998 MNatonal Sermiconducior Coporaon  0S010568
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Connection Jiagram and Ordering Information

-
-

L —

O

N i
Zm;mmmmm GROUND (PH 7)

Top View
Order Number LID18200T
See NS Package TA11B

|

N e N D e

U

SOOTSTRAP 2
OQUTPUT 2

- THERMAL FLAG OUTPUT

CURRENT SENSE OUTPUT

Vg POWER SUPPLY
WU INPUT
BRAKE INPUT
DRECTION INPUT
OUTPUT 1
BOOTSTRAP

080108882
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Absolute Maximur~ Ratings (ot 1) Power Disslpation (T = 25°C, Free Alr) aw

H Milkary/Aecospace speciied devices are required, Junction Temperatur, T ymax 150°C

pleasa contact the Natfonal Semiconductor Sales Office/ ESO Suscaptibliity (Note 4) 1500V

Distrbutors for avallability and specifications. Storage Temperature, Tara —40°Cto +150°C

Total Supply Voltage (V. Pin 6) 60V Lead Temperature (Soidering, 10 soc.) 300°C

el il ' Operating Ratingsicte 1

(Pine 1 and 11) Vour +16V Junction Temperature, T, —40°Cto +125°C

Peak Output Current (200 ms) 6A Vg Supply Voltaga +12V to 455V

Continuous Output Current (Note 2) 3A

Power Dissipation (Note 3) 25w

Electrical Characterlstics (Note 5)

The fotlowing specili er!y =42V.un@s§wmwisespediod.50¢dfnceimﬂs:ppfymﬂnomhopemhg

tompemwwnnge.-‘OCS +125 . all other Kmits are for T, = T, = 25°C.

Symbol Parameter Conditions Typ Limit Unks
Ros(ON) Switch ON Resistance Output Current = SA (Nots 6) 0.33 0.4/0.6 - 0 (max)
Ros(ON) Switch ON Resistance Output Current = 6A (Note 6) 0.33 0.4/0.6 Q (max)
Veuae Clamp Diode Forward Drop Clamp Current = 3A (Nota 6) 1.2 15 V (max)
[ Logic Low Input Vottage Pins 3,4, 5 -0.1 V (mic)

08 V (max)
fy Logic Low input Current Ve =—-0.1V, Pins =3, 4, 6 -10 pA (max)
Viet Logic High Input Voltage Pins 3, 4,5 2 V (min)

12 V (max)
s Logic High Input Criment Ve =12V, Pincs =3, 4,5 10 A (max)

Current Sense Output lour = 1A (Note 8) 377 325/300 VA (min)
i 425/450 A (max)

. | Cument Sense Linearity 1A < loyr < 3A (Nole 7) £6 9 %
Undervoltage Lockout Outputs turm OFF 9 V (min)

1 V (max)
T Waming Flag Temperature Pin9<08Y,l_ =2mA 145 C
VHON) Flag Output Saturation Voltage Ty=Tm L =2mA 0.15 v

_I{OFF) Flag Output Loakage Ve =12V 02 10 VA (max)
s Shutdown Temperature Outputs Tum OFF 170 °C
Is. Quiescent Supply Cumrent All Logic lnputs Low 13 25 mA (max)
toon Output Tum-On Delay Time Sourcing Quiputs, Lo = 3A 300 ns
Sinking Outputs, loyr = 3A 00 ns
i Output Tum-On Switching Time Bootstrap Capacitor = 10 nF -
Sourcing Outputs, oy = 3A 100 ns
i Sinking Outputs, lour = 3A 80 ns
Output Tum-Off Delay Times Sourcing Outputs, ¢ = 3A 200 ns
. Sinking Outputs, Lot = 3A 200 ns
ton Output Tum-Off Switching Times Bootstrap Capacitor = 10 nF
Sourcing Outputs, logr = 3A 75 ns
Sinking Outputs, logr = 3A 70 ns
i Minimum Input Putse Width Pins 3,4 and 5 1 us
= Charge Pump Rise Time No Bootstrap Capacitor 20 us

www national.com-



Electrical Characteristics Notes
Note 1: Abschute Modmum Rasinge Indicate imits beyond which damage 1 the devics may ocar. OC and AC etectiical specticatons da not epply when cp-
eraiing thae device beyond its rated opecxiing condione.
Note 2: See Appication Infoamation for detalie regardng current mitng.
Hote 2: The maxdmm powet dissipation must be derxied &t elevated tempecatres and bs & ANcEan of Tymag. 01, and Ty The madmum efowabis powel die-
sipation at sry temperature ks Py ® (Tmad) = TAY, Of ths number ghven In e Absoluts Rasinge, whichever ks lowet. The typical themmal resistance from junc-
Son 10 case (¢ ,c) s 1.0°CAY from junction 1o armblent (0 4) ks SOCA. For guararteed apeason Tymaq = 125°C.
Note 4: Human-body modsl, 100 pF discherged through a 1.5 kQ resletor. Except Bootstrap ping (pins 1 and 11) which ase protecied o 1000V of ESD.
Note §: All kmits are 107", productian tested a1 25°C. Tempersiure extrems limvis are Guarantoed a using eccepted SQC (St | Quaitty Control)
methods. Al bmits are Used 1o caicidate AOQL, (Averags Outgoing Qualty Level).
Note 6: O “t cunents ere pulaed (W < 2 me, Duty Cyde < 5%).
Note 7: Reguiation is caictleted relative 10 the curment sense ouput velus with a *A loed.
Nots 8: Selections for figtier tolerance are avellable. Contact factory.
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Test Circuit
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Pincut Description (See Connection Diagram)
Pin 1, BOOTSTRAP 1 Input: Bootstrap capacitor pin for half
H-bridge number 1. The recommended capacitor (10 nF) is
connected between pins 1 and 2.
Pin 2, OUTPUT 1: Half H-bddge number 1 output.
Pin 3, DIRECTION Input: See Tabke 7. This input controls
the direction of current flow between OUTPUT 1 and OUT-
PUT 2 (pins 2 and 10) and, therefore, the direction of rotation
of a motor load.

See_Table_1. This input js used $o

Pin 4, BRAKE Input:
brake & motor by effectively shorling Ks terminals. When

N

080106688

braking is desired, this input is taken to a logic high level and
#t is atso 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 cumment sourcing output transistors are ON; with Pin 3
logic low, both cumrent sinking output transistors are ON. All
output transistors can be tumed OFF by applying a logic high
to Pin 4 and a logic low to PWM input Pin §; in this case only
a small bias cument (approximately —1.5 mA) exists at each
output pin.
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Pinout Description

(See Connection Diagram) (Continued)
Pl 5, PWM Input: See Tabke 1. How this lnput (and DIREC-
TION Input, Pin 3) Is used ls determined by tha format of the
PWM Signal.
Pin 6, Vg Power Supply
Pln 7, GROUND Connectlon: This pin Is the ground retum,
and is Intemally connected to the mounting tab.
Pin 8, CURRENT SENSE Output: This pin provides the
sourcing cument sensing output signal, which is typically
377 pA/A.
Pin 9, THERMAL FLAG Output: This pin prorvides the ther-
mal waming flag output signal. Pin 8 becomes active-iow at
145°C (junction temperature). However the chip will 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 capaditor pin for
Half H-brdge number 2. Tine recommended capacitor
(10 nF) Is connectad between pins 10 and 11.

TABLE 1. Logic Truth Table

Brake Active Output Drivers
Source 1, Sink 2

Sink 1, Source 2
Source 1, Source 2
Source 1, Source 2
Sink 1, Sink 2

NONE

FrTITIrTT
X T s |9
TXTITrFrrr

Application Information

TYPES OF PWM SIGNALS

The LMD18200 readily intedfaces with different forms of
PWM signals. Use of the part with two of the more popular
forms of PWM is described In the fotlowing paragraphs.
Simple, locked anti-phase PWM consists of a single, vari-
able duty-cycle signal in which is encoded both direction and
amplitude Information (see Frure 2). A 50% duty-cycle
PWM signal represents zero drive, since the net value of
voitage (integrated over one period) detivered to the load is
zevo. For the LMD18200, the PWK signal drives the direc-
tion input (pin 3) and the PWM input (pin ) Is tied 1o logic
high.

73X oUTY Crat 53X oUTY CvaLE

_l"L_ i

i [E [
_J £ 2 el o

AYOUACE LOAD  AVERACE LOAD CURRINT  AVIRAGE LOAD CURRDNT
CURRINT = 0 FLOWS FROM OUTPUT | FLOWS FROW OUTPUT 2
TO OUTPUT 2 TO OUTPUT 1

50T puTY CYaLL

FIGURE 2. Locked Anti-Phase PWM Control

l Slgnmagnitude Frm cunststs o separate diecion (sign)

and amplitude (magnitude) signats (see Figurw 3). The (ab-
solute) magnitude signal k= dutvcyde modulated, and the

absence of a pulss signal (a continuous logic low level) rep-
resents zero drive. Cument delivered to the load I8

tional to pulse width. For the LM0O 18200, the DIRECTION in-
put (pin 3) ks driven by the sign signal and the PWM input
(pin 6) Is driven by the magnitude signal.

Soaal
ST LR TR

*
HOTOR SPEER:  mow ] Hst wov L] fast

SPu ORON NOWT FOY SO CSON RS
aTVTIW T L U 2 W SUITVT
DSotces§

" FIGURE 3. Sign/Magnitude PWM Control

USING THE CURRENT SENSE OUTPUT

The CURRENT SENSE outpul (pin 8) has a sensitivity of
377 pA per ampere of output curment. For optimal accuracy
and Enearity of this signal, the valu of votage genarating re-
sistor between pin 8 and ground should be chosen to kmit
the maximum voitage developed at pin 8 to 5V, or less. The
maximum volage compliance is 12V.

It shouid be noted that the recirculating curments (free wheok-
ing currents) are ignored by the cument sense circuitry.
Therefore, only the cumrents in the upper sourcing outputs
are sensed.

USING THE THERMAL WARNING FLAG

The THERMAL FLAG output (pin 8) is an open collector tran-
sistor. This pernits a wired OR connection of thermal wam-
Ing flag outputs from muttipie LMD 18200’s, and allows the
user o0 set the logic high level of the output signal swing to
match system requirements. This output typically drives the
interrupt input of a system controtier. The intemupt service
routine would then be designed to take appropriale steps,
such as reducing load currents or initiating an orderty system
shutdown. The maximum voltage compliance on the flag pin
ks 12V.

SUPPLY BYPASSING

During switching transitions the levels of fast cument
changes experenced may cause troublesome voltage fran-
slents across system stray inductance.

It is normally necessary to bypass the supply rafl with a high
quality capacitor(s) connecied as close as possibie 1o the Vg
Power Supply (Pin 6) and GROUND (Pin 7). A 1 pf
high-frequency ceramic capacitor ks recommended. Care
should be taken o limit the transients on the supply pin be-
low the Absofute Maximum Rating of the device. When oper-
ating the chip at supply voltages above 40V a vottage sup-
pressor (transord) such as PSKE62A is recommended from
supply fo ground. Typically the ceramic capacitor can be
efiminated in the presance of the voltage suppressor. Note
that when driving high load currents a greater amount of sup-
ply bypass capacitance (in general at least 100 pf per Amp
of load cumrent) is required to absorb the recirculating cur-
+ents of the inductive loads. -
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Application Information (continueg)

CURRENT LMATING

Curent limiting protection drcuitry has been incorporated
Into the design of the LMD18200. With any powerdevice it Is
important to consider the effects of the substantial surge cur-
rents through the device that may occur as a result of
shorted loads. The protection dircuitry monitors this increase
in cument (the threshold Is set to approximatety 10 Amps)
and shuts off the power device as quickly as possible in the
event of an overload condition. In a typical motor driving ap-
plication the most common overoad faults are caused by
shored motor windings and locked rotors. Under these con-
ditions the inductance of the motor (as well as any series in-
ductance in the Vc supply line) serves to reduce the mag-
nitude of a current surge 10 a sale level for the LMD18200.
Oncamedeviceisshmdown.mooommldwumywinwi-
odically try fo tum the power device back on. This feature al-
lowsmimmedia(emkxnbnotmalopouuonhmomm
that the fault condition has been remaved. While the fault re-
mains however, the device will cyde in and out of thermal
shutdown. This can create voltage transients on the Vee
supply line and therefore proper supply bypassing tech-
niques are required.

The most severe condition for any power devica is a direct,
hard-wired (“screwdriver’) long term short from an output to
ground. This condition can generate a sumge of cumrent
through the power device on the order of 15 Amps and re-
quire the die and package to dissipate up %0 500 Watts of
power for the short time required for the protection circuitry
to shut off the power device. This energy can be destructive,
parteulary at higher operating voitages (>30V) so some
precautions are in order. Proper heat sink design is essential
and & is nommally necassary to heat sink the Vec supply pin
(pin 6) with 1 square inch of copper on the PCB.

INTERNAL CHARGE PUMP AND USE OF BOOTSTRAP
CAPACITORS

To tum on the high-side (sourcing) DMOS power devices,
the gate of each device must be driven approximatety 8V
more positive than the supply vottage. To achieve this an in-
temal charge pump is used to provide the gate drive voltage.
As shown in Figure 4, an internal capacitor i alternatety
switched to ground and charged o about 14V, then switched
to V supply thereby providing a gate drive voltage greater
than V supply. This switching action is controfied by a con-
tinuousty running internal 300 kHz oscillator. The rise time of
misdrivevonageistypieanyzo;swhimissunauebropef-
ating frequencies up 1o 1 kHz.

OVS

5 10 CATE
| —> RMVE
aRrCuT

CCHARCE PUNP

CROUND
osot0sen e

FIGURE 4. Internal Charge Pump Clrcuttry

For higher switching frequendies, the LMD18200 provides
for the use of extemnal bootstrap capacitors. The bootstrap
penciple is in essence a second charge pump wherebdy a
large value capacitor is used which has enough energy to
Quickly charge the pamasitic gate input capacitance of the
power davice resutting in much faster rise tmes. The switch-
ing action is accomplished by the power switches them-
setves Figure 5. Extemal 10 nF capacitors, connected from
the outputs to the bootstrap pins of each high-side switch
provide typically less than 100 ns rise times allowing switch-
ing frequencies up to 500 kHz.

Vg

GROUND

FIGURE 5. Bootstrap Circuitry

INTERNAL PROTECTION DIODES

A major consideration when switching current through induc-
tive loads is protection of the switching power devices from
the large voitage 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 diode 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 cument of
the diodes. The reverse recovery time of the diodes protect-
ing the sourcing power devices is typically only 70 ns with a
reverse recovery current of 1A when tested with a full 8A of
focward curent through the_diode. {Eor_the sinking davices
the recovery time is typically 100 ns with 4A of reverse cur-
rent under the same conditions.
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Typical Applications

FIXED OFF-TIME CONTROL

This circuit controts the current through the molor by apply-
ing an average voltsge equal to zero 1o the molor terminals
for a fixed period of time, whenever the cument through the
motor exceeds the commandad curment. This action causes

the motor cument to vary slightly about an externally con-
trolled average lavel. The duration of the Off-period is ad-
Justed by the resistor and capacitor combination of the
LMSSS. in this dircuit the Sign/Magnitude mode of operation
is implementad (see Types of PWM Signals).

24 YOUTS
LM340LA-12 =
7 e _IE_.:,J
= =
MAG.
o 1.33 AP/YOLT
<+
Im"“ s1zv
3 A
0C MOTOR BRAXE =
\/ . &8 4—-__1__ FORWARD | REVERSE
R B =
io‘”‘r zm_ = TOFF =1.1RC
b Al 05T10568-10
FIGURE 6. Fixed Off-Time Control
DIRECTION FORWARD REVERSE L
et 1 INEATIAT 1, 4
vz |[ [ [ ][] e
MOTOR CURRENT

CONTROLLED BY RC OF LMS5SH —{Torrf+—

oso10508-11

FIGURE 7. Switching Waveforms
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Typical Applications (Continued)
TORQUE REGULATION

Locked Anti-Phase Control of a brushed DC motor. Current sense output
is a ganaral purpose PWM controller. The relationship of peak motor cur

of the LMD 18200 provides load sensing. The LM3525A
ent to adjustment voltage s shown in Figure 9.

DIRECTION CONTROL 12V TO 24V
6 220 puf 1 pf
. e
3000 utmazool 10nf
1 J 0.25A TO 325A
Vourram << 1 : 7 24Y DC MOTOR
ADWUST < 1k l
— L ] 10nf
¢ 10
2 5 ke )
7 : 6.19k
10 12 4 7 1X
He®)
X =
S 05010508-12
FIGURE 8. Locked Anti-Phase Control Regutates Torque
4
g 3 v
N vd
5 w4
g 2 ya
o
3
o
Y
= 1 /
4
d /
0 a
T .4 2 3 4.9 6. 73%
Vourmaxt Aot (YOUTS)
0801052813
FIGURE 9. Peak Motor Current
ve Adjustment Voitage
VELOCITY REGULATION

Utilizes tachometer output from the motor to sense mator speed for a locked

speed fo the speed adjustment control vottage is shown in Figure 11.

anti-phase control loop. The relationship of motor
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Typical Applications (continusd)
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FIGURE 10. Regulats Velocity with Tachometer Feedback
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LMD18200 3A, 55V H-Bridge

Physical Dimensions wches (mitlimeters) untess otherwise noted
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Order this document by 5G3525A/0

@ MOTOROLA

Pulse Width
Modulator Control Circuits

The SG3525A, SG3527A pulse widih modulator control circuits offer
improved performance and lower extemal parts co:snt when implemanted for
controlling all types of switching power supplies. The on-cihip +5.1 V
reference is timmed to 11% and the emor amplifier has an input
common—mode voltage range that includes the reference voltaga, thus
eliminating the need for extemal divider resistors. A sync input to the
oscillator enables muttiple units to be slaved or a single unit to be

synchronized to an external system clock. A wide range of deadtime canbe .

programmed by a single resistor connected between the CT and Discharge
pins. These davices also feature built-in soft—start cireuitry, requiring only an
extemal timing capacitor. A shutdown pin controls both ti:e soft—start circuitry
and the output stages, providing instantaneous tum off through the PWM
latch with putsed shutdown, as well as soft-stat recycle with longer
shutdown commands. The under voltage lockout inhibits the outputs and the
changing of the soft—start capacitor when Ve is below nominal. The output
stages are totem—pole design capabls of sinking and sourcing in excess of
200 mA. The output stage of the SG3525A features NOR logic resulting in a
tow output for an off—state while the SG3527A utilized OR logic which gives a
high output when off.

© 8.0 Vto 35V Operation

® 5.1V +1.0% Timmed Reference

@ 100 Hz to 400 kHz Oscillator Range

Separate Oscillator Sync Pin

Adjustable Deadtime Control

Input Undervoltage Lockout

Latching PWM to Prevent Muttiple Pulses

Pulse—-by—Putse Shutdown

Dual Source/Sink Outputs: £400 mA Peak

Representative Block Diagram

e
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SEMICONDUCTOR
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SG3525A SG3527A
MAXIMUM RATINGS (Note 1)
Rating Symbol Value Unh

Supply Vottage Vce +40 Vdc
Coltector Supply Vottage \/} +40 Vdc
Logic Inputs -0.310 455 v
Analog Inputs -0.310 Vce
Output Current, Source or Sink lo 1500 mA
Reference Output Current leef 50 mA
Oscillator Charging Curent 5.0 mA
Power Dissipation (Plastic & Ceramic Package) Pp mw

T =425°C (Note 2) 1000

Tc = +25°C (Note 3) 2000
Thermal Resistance Junction—o—Air RaJA 100 cw
Thermal Resistance Junction—o—Case Rayc 60 o
Operating Junction Temperature Ty +150 e
Storage Temperature Range Tstg 5510 +125 c
Lead Temperature (Soidering, 10 seconds) TSoider +300 b

NOTES: 1. Values beyond which damage may occur.
2.Derate at 10 mW/ C for ambient temperatures above +50°C.
3.Derate at 18 mW/C for case temperatures above +25°C.

RECOMMENDED OPERATING CONDITIONS

Charactedstics Symbol Min Max Unit
Supply Voltage vee 8.0 35 Vde
Collector Supply Vottage Ve 45 Vde
Output Sink/Source Current 10 mA
(Steady State) 0 +100.
(Peak) 0 1400
Reference Load Cument tref 20 mA
Osdillator Frequency Range fosc 0.1 400 kHz
Osdillator Timing Resistor RT 20 150 kQ
Osdillator Timing Capacitor Ccr 0.001 0.2 uF
Deadtime Resistor Range Rp 0 500 Q
Operating Ambient Temperature Range TA 0 +70 C

APPLICATION INFORMATION

Shutdown Optlons (See Block diagram, front page)

Since both the compensation and soft-start terminals
(Pins 9 and 8) have cument source pull-ups, either can
readily accept a puli—down signal which oaly has to sink a
maximum of 100 pA to tum off the outputs. This is subject to
the added requirement of discharging whatever extemal
capacitance may be attached to these pins.

An altemate approach is the use of the shutdown circuitry
of Pin 10 which has been improved to enhance the avallable
shutdown options. Activating this circuit by applying a
positive signal on Pin 10 performs two functions: the PWM

latch is immediately set providing the fastest tum—off signal to
the outputs; and a 150 pA current sink begins to discharge
the extemal soft—start capacitor. If the shutdown command is
short, the PWM signal is terminated without significant
discharge of the soft-start capacitor, thus, allowing, for
example, a convenient implementation of pulse-by—pulse
current limiting. Holding Pin 10 high for a longer duration,
however, will uttimately discharge this external capacitor,
recycling slow tum—on upon release.

Pin 10 should not be left floating as noise pickup could
conceivably interrupt normal operation.

MOTOROLA ANALOG IC DEVICE DATA
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SG3525A SG3527A

ELECTRICAL CHARACTERISTICS (VCg = +20 Vdc, Ta = Tiow 10 Thigh [Note 4], uniess otherwisa noted.)

ISymbol l Min l Typ I Max l Unlﬂ

Charactedistics
REFERENCE SECTION
Reference Output Voltage (T = +25°C) Veel 500 | 510 | 520 | vde
Line Regulation (+8.0 VSVcg S +35 V) Regiine = 10 20 mv
Load Regulation (0 mA <1 <20 mA) Regioad - 20 s0 mv
Temperature Stability AVref AT - 20 - mV
Total Output Variation aVref 4.95 - 5.25 Vde
Indludes Line and Load Regutation over Temperature
Short Circuit Current Isc - 80 100 mA
(Vre{=0V, Ty=+25°C}
Output Noise Vottage (10 Hz < { < 10 kHz, Tj = +25°C) Va - 40 200 #Wems
Long Term Stabilty (T = +125°C) (Note 5) S - 20 50 mV/<hr
OSCILLATOR SECTION (Note 6, unless otherwise noted.)
Initial Accuracy (T = +25°C) - - 120 | 5.0 %
Frequency Stavility with Voitage AMose - 11.0 2.0 %
(+8.0V<Vcoos+35VY) Uvoe
Frequency Stability with Temperature Alosc - 10.3 - %
HUNE ¢
Minimum Frequency (R = 150 kQ, CT = 02 yF) {min T 50 3 Hz
Maximum Frequency (Ry = 2.0 kQ, CT=1.0nF) fmax 400 - - kHz
Current Mirmor (IgT = 2.0 mA) 1.7 20 22 mA
Clock Ampiitude 3.0 35 - v
Clock Width (T = +25°C) 0.3 05 1.9 us
Sync Threshoid 1.2 20 28 v
Sync Input Current (Sync Vottage = +3.5 V) - 1.0 25 mA
ERROR AMPLIFIER SECTION (Vg =+5.1V)
Input Offset Voltage Vio - 20 10 mVY
Input Bias Current ) = 1.0 10 HA
input Offset Current o - - 1.0 HA
DC Open Loop Gain (R 2 10 MQ) : AvOL 60 75 - d8
Low Level Output Voltage . o VoL - 0.2 0.5 v
High Level Output Voltage VoH 38 5.6 - v
Common Mode Rejection Ratio (+1.5 VS VoS +52V) CMRR 60 75 - dB
Power Supply Rejoction Ratio (+8.0 V <Vccs435V) PSRR 50 60 - d8
PWM COMPARATOR SECTION
Minimum Duty Cycle DCmin - - 0 %
Maximum Duty Cydle DCmax 49 - %
Input Threshoid, Zero Duty Cycle (Note 6) Vih 0.6 0.9 = v
Input Threshoid, Maximum Duty Cycile (Note 6) Vth - 3.3 3.6 v
Input Bias Current i - 0.05 1.0 HA

NOTES: 4.wa-0'f0!56355k3527A T h-+70'Cl0(SG3525A.3527A
5. Since long term stablity cannot be sured on each device before shipment,
trom lot 1o Iot.
B-Testod atssz= 40 Kz (Fy = 38 K, O =-0.01 uF, Ro= 00}

this spectfication ts an engineering estimate of average stabilty
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SG3525A SG3527A
ELECTRICAL CHARACTERISTICS (Continued)

Characteristics | symoot [ sia | typ | Max | uni |

SOFT-START SECTION
Soft-Start Current (Vghutdown = 0 V) 25 50 80 pA
Soft-Start Voltage (Vghutdown = 2.0 V) : - 0.4 0.6 v
Shutdown Input Current (Vstuadown = 2.5 V) B 0.4 10| mA
OUTPUT DRIVERS (Each Output, Vo = +20 V)
Output Low Level VoL v

(Isink = 20 mA) - 0.2 0.4

(sink = 100 m.) . - 1.0 2.0
Output High Level VGH v

(lsource = 20 MA) 18 19 -

(Isource = 100 mA) 17 18 -
Under Vottage Lockout (V8 and V9 = High) vuL 6.0 7.0 8.0 v
Collector Leakage, VG = +35 V (Note 7) ICeak) - - 200 pA
Rise Time (Cy_:= 1.0 nF, Ty = 25°C) : Y - 100 600 ns
Fall Time (C = 1.0 nF, Ty=25°C) y - 50 300 ns
Shutdown Delay (Vpg = +3.0 V, Cg = 0, Ty = +25°C) tgs - 0.2 0.5 us
Supply Current (Vo = +35 V) cc - 14 20 mA

NOTE: 7. Applies 1o SG3525A andy, dus 1o polarity of output putses.
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Figure 1. Osolllator Charge Time versus R
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Figure 5. Osclllator Schematic (SG3525A)
Veet O
=t 3
Q1 Q57208
T4k
Ry ° (6]
Cro— s ¢ y
5 Ramp
2.0k 14k§ To PWM
3 Qo1 an b
Sync o— 2.3(» G, 5.«}»-‘ Blanking
5 5.00F () Qi+ To Output
Discharge 400yA
@ 23
Q7 Qi Q13
12 1.0k %m i e 2
Gng o4 4

0SC Output

Rp, DEAD TIME RESISTOR (Q )

Vsat, SATURATION VOLTAGE (V)
b

Figure 2. Osciilator Discharge Time versus Rp
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Flgure 7. SG3525A Output Clrcult
(172 Circuit Shown)
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Fligure 8. Single—Ended Supply
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Figure 9. Push—Pull Contiguration
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For single—ended supplies, e driver outputs are grounded. In conventiunal push-pull bipolar designs, forward base drive s
The Vg teminal is switched to ground by the totem-pole controfied by R1-R3. Rapld um—off tmes for the power
source transistors on altemate osclliator cydes. devices are achieved with speed-up capacitors C1 and C2.

Figure 11. Drving Transformers In a
Figure 10. Driving Power FETS
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The low source impedance ol the ouput drivers provides
Rpd cargng OF powwr i NP Capactance wiwe
mnimizing extemal components.

Low power tranefnmarg can be driven diractly by the SRR854
ASOMAN resei wuCUTS CUNNYG CuRGIME, When DT enas O e
primary winding are switchad to ground.
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