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Sensorless Smart-Start™ BLDC PWM Motor Controller

GENERAL DESCRIPTION

The M 14428 m otorcontmwllerprovides allofthe functions

necessary for sarting and controlling the speed ofdela or

w ye-w ound BmishlessD C BID C)M otorsw ithoutthe need
forH allEffect sensors.

BackEM F voltage is sensed fiom the m otorw indings to
detem ine the propercom m utation phass ssquence using
PLL techniques. The patented back-EM F sensing technique
used w illcom m utate virtually any 3-phase BID C m otorthat
hasatlkasta 30% varation in inductance during rotation
and is insensitive to PW M noise and m otorsnubbing
circuiry.

The M 14428 also utilizes a patented startup technique

w hich sam plesthe wtorpositon and applies the proper
drive t© accelemate the m otor. This ensuresno reverse
mwtation atstartup and reducestot@alsartup tim e.

FEATURES

B Stand-alone operation w ith orw ard and reverse

O n-board start ssquence: Sense Positon — D rive —
Accekrate = SetSpeed

N o backw ard m ovem entat startup

Patented back-EM F' com m utation technigque

Sim ple varable speed controlw ith on-board reference
Singk extemal resistor sets all critical curnrents

PW M controlform axim um efficiency orlinearcontrol
form inim um noise

12V operation provides direct FET drive for 12V m otors
B D rives high voltage m otorsw ith high side FET drivers

B Guaranteed no shootthrough w hen driving extemal
FET gates directly
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PIN CONFIGURATION

ML4428

28-Pin Molded Narrow Dip (P28N)
28-Pin SOIC(S28)

Isns (1] 1 28 [T]1GND
p1 [T 2 27 [T Rger
p2 [1]3 26 [ 11 ¢j05
p3 [1]4 25 [T BRAKE

csc 5 24 [T pHi3

Cowm LL]6 23 [T pHi2

vrer (1] 7 22 [T pHn

vspeep [1] 8 21T cise
N1 [T} 9 20 [T RCvco

N2 [T 10 19T Rinir

N3 [ 11 18 | 11 var

FR 1] 12 17 [T csns

vco [I]13 16 [ T1 Ryco

vee [ 14 15 [ T1 cyeo
TOP VIEW
-
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PIN DESCRIPTION

PIN NAME FUNCTION PIN NAME FUNCTION
1 Iys M otorcunent sense input. Cunent 16 Ryco The resistoron thispin sets a process
Iim it one-shotis triggered w hen this ndependentcurrentto generate a
pin is approxm ately 0 5V. repeatable VCO frequency.
2 Pl D rives the extemalP-channel 17 Cans This capaciorto ground sststhe O N
tansisordriving m otorPH Il . tim e ofthe 6 sense pulsesused for
positon detection at startup and at
3 P2 D rives the extemalP-channel low speeds.A 5 .6nF capaciorw ill sst
tansisordriving m otorPH 2., the on tim e o approxin ately 200Us.
4 P3 D rives the extemalP-channel 18 Verp A logic “0” indicates the pow er supply
transisordrving m otorPH I3. isundervolage. ITL level
5 Cg The resistor/apacior com bination on 19 Ry This resisorsets the m inm um VCO
thisgm am plifieroutputsetsa pole frequency, and thus, the lnibdalon tm e
zero ofthe speed loop in conjinction ofthe drive enexyization atstartup.A
wih agm 0of0230mm ho. 2M Q rsistorto ground sets the
) L m inimum VCO frequency t®©
6 Cpwwm A capaciorto ground atthispin sets . .
: approxim ately 10H z, resuling in an
the PW M oscillator frequency.A 1nF it . e
. . nibaldrive energization pulse of
capaciorw ill sstthe frequency to . . . ;
. 100m s in conjunction w ith 82nF Cycg
approxim ately 25kH z orPW M soeed and 10k R
control. G rounding this pin selects veo -
linear speed control. 20 RCyco VCO Ioop filtercom ponents.
7 Vgpp This volage reference output V) can 21 Cxge A capacitorto ground atthisgm
be used t© setthe speed rference am plifier output sets a pole in the
volage. curnrentm ode portion ofthe soeed
. ) . . loop in conjinction w th agm of
8  Vapgmp This volage inputto the am plifier in 0230mm ho
the speed loop controls the soeed :
targetofthe m otor. 22 PHI M otorTem inall
9 N1 D rives the extemalN -channel 23 PHIR M otorTem inal?2
M FET PHIl.
O SFETs for 24 PHI M otorTem inal3
10 N2 D rives the extemalN <hannel SO AT . . . . .
M O SFETS H5rPH 1. 25 BRAKE A "0" activates the braking circuit.
ITTL level)
11 N3 D rives the extemalN -channel
= 26 Cpas A 50MA cunent fiom thispin w il
M O SFETs forPH I3. o .
- chamge a tim ing capaciorto GND for
12 FR The fomw ard feverse pin controls the fixed O FF-tm e PW M cunentcontrol
sequence ofthe com m utation states . .
. . 27 Rgpr This resistor sets constant cunents on
and thus the direction ofm otor )
. the device to reduce process
rot@aton. ITL level)
dependence and extemalcom ponents.
13 VvCO This logic output indicates the A 120k resistor sets the previously
com m utation frequency ofthe m otor m entioned cunent levels.
i de. ITL e .
n wn mode. vel) 28 GND Signaland Pow erG round
14 Vee 12V pow er supply.
15 Cyco Tin ing capacior ©rvCO
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ABSOLUTE MAXIMUM RATINGS

Absolute m axim um ratings are those values beyond w hich

OPERATING CONDITIONS

Tem perature Range

the device could be pem anently dam aged . Absolute COM M SITIAL werresseensnrressssessesssesssessnseresss 0°C 1 70°C
m axin um ratings are stress ratings only and functional TSI e e —40°C 1 85°C
device operation isnotim plied. Vi VORAGE wvereeeeeeeeeevevsessasssssssessssssssasssasases 12V +10%
SUPPLy VOIage PIN 14) ciciiieirececsecsessccecsccsesecsesscseosess 14v
O utputCurrent pins2, 3,4, 9,10,11) cccveereereennnan +£50m A
Logic puts PINS 12, 25) irererrrererecececocoesececses 03t 7V
JNCHON TEM PEIANIIE ceueeereerrrecercereocsssccsssssrrosssssens 150°C
Storage Tem peratilre RANGE ..ceeeeeeeeeceecenes -65°C t© 150°C
Lead Tem perature Soldering 10 SEC.) weeeeecreceecevencens 260°C
Therm alResistance 03)
PlASHC D IP cueieieinencerercecececescececessssscssesecesessnsesnne 52°C i
PIAstic SO T iieverreeeeeeeeeeececsesesssesesessesessssssesssses 75°C M
ELECTRICAL CHARACTERISTICS
U nless othemw ise specified, T = 0°C t© 70°C, Ve = 12V, Rgyg= 0.3Q, Cycp = 82nF,C ¢= 100pF,
RREF=12OkQ.,CSNS=5.6nF,RVCO =lOk,R]NH=2Meg Notesl,Z,and 3)
SYMBOL | PARAMETER CONDITIONS | MmN | Tve MAX | uNITs
Oscillator (VCO)
Frequency vs.Vpp 20 RCycgo = 2V 0°C w 70°C 550 600 750 HzA
-40°C 1 85°C 520 600 750 HzN
M axin um Frequency RCycp = 6V 0°C ® 70°C 1850 2150 2350 Hz
-40°C 1 85°C 1650 2150 2350 Hz
Sampling Amplifier
%CVCO Note 4) SE‘EA,VPH2=VCCB 80 116 150 MA
St A, Vpy,=VCCA2 -25 0 25 UA
SaeA,Vpy, = 2VCC /A3 -150 -116 -80 T
Current Limit
Ly s Trp Point 0.45 05 0.55
O ne ShotO ffTin e 10 13 15 Uus
Power Fail Detection
Pow erFailTrp Volage 8.0 2.0
Hysteresis 300 500 700 mvVv
Logic Inputs
Vi Volage H igh 2 v
Vo, Volage Low 08 Y
Iy CurentH igh Vi =27V -300 0 JTEN
I, CurrentLow Vi =04V -400 0 UA
Logic Outputs
VOH Vobg’eH:Lgh %UT=—O.1mA 33 v
Vo, Volage Low urt=1mA 04 v
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ELECTRICAL CHARACTERISTICS continued)

SYMBOL | PARAMETER | CONDITIONS | MIN | TYP MAX | UNITS
Output Drivers
Vp High T =-10pAa Vee —12 \Y
Vp Low 0.7 12 v
L Low Vp =1V 0°C ® 70°C 25 4 6 mA
-40°C t 85°C 15 4 6 mA
P Com pamtorThreshold Vee =30 v
Vy Hih Veniz = 0V Vee —12 v
Vy Low I =1mA 0.7 12 v
N Com parmtorThreshold 3 v
Speed Control
Bw M Cosc = 1nF 20 25 36 kHz
gm Curent 1160 [T7:N
CSC Positive Clam p 29 31 3.35 \Y
CISC Positve Clam p 52 55 56 v
CISC Negatve Clam p 12 1.7 1.9 v
VREF 55 59 6.5 v
Supply
Vee Curent 18 25 32 mA
Note 1: Lij is are guaranteed by 100%  testing, sam pling or conelation w ith w orst case testconditions.
Note 2: FR and BRAKE have intemall7kQ pullup msistorsto an ntemal5V eference.
Note 3: Vypr and VCO have intemald 3kQ pullup resisorsto an intemal 5V reference.
Note 4: Forexplanation of states, see Figure 6 and Table 1.
8L Micro Linear 5
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FUNCTIONAL DESCRIPTION

The M 14428 provides closed-loop com m utation for RC)on Reyeo » Ncreasing the VCO inputw hilke early
3-phase brushlessm otors. To accom plish thistask, avVvCO, comm utation causes Reyco to discharye. The analog
Integrating back-EM F' Sam pling enror am plifierand soeed controlloop usesReyep asa soeed feedback
sequencer form a phass—locked loop, locking the VCO t© vo lage.

the back-EM F ofthe m otor. The € contains circuitry to
controlm otorspeed n PW M m ode. Braking and pow er
faildetection functions are also provided on the chip.The
M L4428 isdesigned t© drive extemal pow ertransistors

N -channel sinking transistors and P-channel sourcing
transistors) directly.

The input in pedance ofthe three PH inputs is about
8.7kQ 1 GND .W hen operating w ith a highervoltage
m otoy the PH inputs should be divided dow n in voltage
w ith series resistors so thatthe m axim um voltage atany
PH nputdoesnotexceed Vi .

The M 14428 lm its the m otorcurnentw ith a constantoff-
time PW M controlled current. The velociy loop is
contolled w ith an on-board am plifier. An accurate, jiter-
free VCO outputisprovided equalto the com m utation
frequency ofthe m otor. The M 14428 sw iiches the gatesof P s
extemalN channelpow erM O SFETs to regulate the m otor o *
curnentand directly drives the P-channelM O SFETs for
12V m otors. The M 14428 ensures that there isno shoot
through In any state ofpow erdrive t the FETs. H igher
voltage m otors can be driven using buffer transistors or
standard “high side” drivers.

NEUTRAL

Speed sensing is accom plished by m onioring the output LN 4
ofthe VCO ,which w illbe a signalw hich isphase-locked “ .’
o the com m utation frequency ofthe m oton

BACK-EMF SENSING AND COMMUTATOR

The M 14428 contains a patented back-EM F sensing circuit

Figure 1) w hich sam plesthe phase w hich isnotenexyized

Shaded area in Figure 2) to detem ne w hetherto ncrease Figure 2. Typical Motor Phase Waveform with back-EMF
ordecrease the comm utator VCO ) fiequency. A late Superimposed (Ideal Commutation).

com m utation causes the enoram plifierto charge the filter
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PHIT |2
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>
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Figure 1. Back-EMF Sensing Block Diagram
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COMPONENT SELECTION GUIDE

I ordert properly sslectthe critical com ponents orthe
M 14428 you should know the follow ing things:

1. The m otoropemting volage, Voo r V).

2.Themaxin um operating cunent forthe m otoy
ax &).
3. The num berofpolsthe m otorhas, N .

4. The back-EM F constantofthe m otoy Ko V X shad).

5. The toryue constantofthe m oo Ko N X m A). This
isthe sam e as the back-EM F' constant, only in
diferentunits.)

6.The m aximn um desired speed ofoperation, RPM y ax
fm ).

7. Line o lne resistance, Ry3, O hm s).

8. Line to line inductance, Ly ;, H enres).

9. Them otorshould have at least15% lne-to-line
Inductance variation during rotation forprper start-
up s=nsing. Aircor m otrsw illnot min using the
M 14428 .) Exam ine the m otorto detem ine ifthere is
any iron in the core. Fthe statorcoils are notw ound
amund an iron form , the M 14425 orM 14426 m ay be
a betterchoice.

Fyou do notknow one orm ore ofthe above values, itis
still possible t pick com ponents forthe M 14428, but som e
experim entation m ay be necessary t© determ ine the

optm alvalue.Allquantties are n STunisunlss other

w ise specified. The fom ulas in the ©llow ing section are
based on linear system m odels. The llow ing form ulas
should be considered a starting point from w hich you can
optm ize yourapplication.

N ote:Referto Application N ote 43 fordetailson loop
com pensation.

RsENSE

The function ofRgpy gr 1S to provide a vollage proportional
© the m otorcunent, Orcurent lin it/feedback pumposss.
The trip volage acrossRgpy gr 180 5V so:
05
AX

Rgpnse =

Imax is the maximum motor current.

The pow erdissipation in the resisoris §; px squared tim es
Rapn ser 0 the resistorshould be sized approprately. For
very high currentm otors, a sm aller resistor can be used,

w ith an op-am p © incrase the gain, so thatpow er
dissipation in the sense resisorism inin ized.

RES1, RES2 and RES3

O perating m otors atgreaterthan 12V requires attenuation
Eesisors n seriesw ith the sense inputs PH I, PH 2, PH I3)
© keep the voltage less than 12V. The phase sense input
1n pedance is 8700Q. This requires the extemal resistorto
be s=tas ollow s and results in the given attenuation.

RES1 = RES2 = RES3

RESIZ 725 VMOTOR - 10)

Atten = 2900

RES1+ 8700
A largervalie rRES1 m ay be required ifthe peak m otor
phase voltage excedsVy g To R -

Isgnse FILTER

The Lpy g filterconsists ofan RC low pass filter in seriesw ith
the cunent sense signal. The puposs ofthis filteristo filter
outnoise spikeson the curnent, w hich m ay cause false
triggering ofthe one shotcircuit. kis m portantthatthis filter
notslow dow n the curent feedback loop, ordestmiction of
the output stage m ay result. The recom m ended values or
thiscirruitare R = 1KQ and C= 300pF. Thisgivesa tim e
consantof300ns, and w ill filterout spikesofshorter
duration. These values should suffice form ostapplications.
Eexcessive noise ispresenton the Lpy gy ph, the capacior
m ay be increased atthe expense of speed ofcurnentloop
response. The filtertm e consant should notexceed 500ns
oritw illhave a significant m pacton the response soeed of
the one shotcurentlm it

Cios

The one shotcapaciordetem inesthe offtm e afferthe
curent lim it is activated, ie. the volage on the Iy op pIn
exceeded 0 5V. The follow ing form ula ensures thatthe

m otorcurnentis stablk n curnent lim it

—-11
Cpsmaxy=131IX10 ""XVygor

Cios is in Farads

This is the m axim um valie thatC ¢ 5 should be.H igher
average torxque during the current lim itcycle can be
achieved by reducing this value experim entally, w hile

m onioring the m otrcunent carefilly, to be sure thata
mnaw ay condition doesnotoccur. This minaw ay
conditon occursw hen the cunentgained during the on
tim e exceeds the current lostduring the offtim e, causing
the m otorcurnent to increase untildam age occurs.For
m ostm otors thisw illnotoccuy as itisusually a self

lim iting phenom enon. See Figure 7)

8L Micro Linear 7
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Cvco
Asgiven in the section on the VCO and phase detector:

2931x107°

N XRPM y 2y

Cyeco =

W here N isthe num berofpoles in the m otoy; and RPM is
the m otor'sm axin um operating soeed In revolutions per
m nute.

Cpwm

This capacitorsetsthe PW M ram p oscillator frequency.
This isthe PW M “sw ixhing frequency”. Fthis value is oo
low , <20kH z, then m agnetostriction effects in the m otor
m ay cause audible noise. IFthis frequency istoo high,
>30KkH z, then the sw iching losses in the outputdrivers

m ay becom e a problem .25kH z should be a good

com prom ise orthisvalue, w hich can be obtained by
using a 1nF capacior.

VCO AND PHASE DETECTOR CALCULATIONS

The VCO should be sstso thatatthe m axim um fiequency
ofoperation the minning speed ofthe m otor) the VCO
controlvoltage w illbe no higherthan Vggr, or6V. The
VCO maximum frequency w illbe:

Byax =0.05XN XRPM y, 5y

where N isthe num berofpoleson the m otorand
RPM y ax Isthe m axim um m otor speed in RevolutionsPer
M nute.

Them inim um VCO gain derived fiom the spoecification
table (UlSJl’lg the m Inin um FVCO atVVCO = 6V) is:

_ 2665x107°

Kycomm)=

CVCO

Assum Ing thatthe Vycgo yax) = 5.5V, then

 55x2.665%x10°

Rvco AND Rgge Cyco =
By ax
Ryco should be 10k and Rgpr should be 120k ornom al
operation. or
Cypp = 22—
See the section on the VCO and Phase detector for “® N xXRPM MAX
inform ation on these com ponents.
1
SAMPLED ! 1
PHASE H !
l :
1 1
1 1
1 1
Four «—— vco i €z
1 1
1
Kvco(Hz/sec/V) Leee=—_i
G A/RADIAN | [T T T T T
I
ROTOR___; | ! I
PHASE BEMF !

Ke X @ x Atten gm = 0.23mA/V |
2XT

I SAMPLER @/ i
]
! |
|
|

PHASE DETECTOR

|

|

l RxC2xs+1)

: sX(C2+RxCl1xsxC2+C1)
|
|

RADIAN/sec/V |

-5
2.665 x 10 “2XT

I

} I
I Cvco xs !
I

Figure 4. Back-EMF Phase Locked Loop Components.
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Figure 3. VCO Output Frequency vs. Vyco (Pin 20)

Figure 4 show s the linearized transfer finction ofthe
Phase Locked Loop w ith the phase detector fom ed from
the sam pled phase through the Gm am plifierw ith the
loop filtered fom ed by R, C4, and C,.The Phase detector
gain is:

KeX®mX Atten
21

x23x10""A /Radian

W here Ke isthe m otorback-EM F.constantin V Radian/
FLc, O isthe otor gpeed in vk, and Aten is the back—
EM F.rmsistive attenuatoy nom inally 0 3.

The sim plified m pedance ofthe loop filkeris

1 6+®ap)

7 =
we Cis 6+0rac)

W here the lkead and lag frequencies are sstby:

1
Orpap =
RC,
C1+Cy
Wipc =
RC.1C»

Requiring the loop to settle in 20 PLL cyclksw ith
Orac = 10 X Orpap produces the follow ing calculations
ﬁ)rR, C 1 and C 2%

 7508x10 " XAtenXK_
=
N

C,=9XCH

_ 8.89x10"
AtenXK_ XRPM 5y

w here K, isthe back-EM F constant in vols perradian per
second, and RPM y ax isthe mwtor speed. See M icro Linear
application note 35 forderivation ofthe above fom ulas.

The 80k resisorto GND fiom the RCyco pin assistsin a
an ooth transition from sense m ode to closed loop
operation.

IMOTOR

—>| |<— ~200ps
7

Al

DRIVE ~100ms

SENSE ~3ms
IMOTOR LOOP CLOSED HERE
(RUN MODE)
W B B
» t
SENSE DRIVE SENSE DRIVE SENSE DRIVE DRIVE

Figure 5. Typical Sensed Start-up
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Csns

A capaciorto ground atthispin setsthe ON tim e ofthe 6
current sense pulsesused POrpositon detection at startup
and atlow speeds.The ON tim e is setby:

TON :CSNS 65.7k)

Referring to Figure 5, each ofthe 6 cunentsense pulsesis
govemed by a rise tim e w ith a tim e constant of LR w here L
isthe inductance ofthe m otornetw ork w ih 2 w indings
shorted and R is the totalresistance in seriesw ith the m otor
betw een the supply rails.R ncludesthe O N —+esistance of
the pow erFETs and Rgy 5. The Rp ooy 0fthe high side FET
should m atch thatofthe low side FET.L isa function of
wtorposition . Each pulse w illhave a peak valie

VgeN sppEAK OF

W hatis m portant orsensing rotwrpositon is the

am pliude difference betw een each ofthe three pairsof
current sense pulses. This can be seen by triggering on

Ly g on an oscilloscope w ih the RCycg pin shorted t
ground.O ne should see the cunentw aveform ofFigure 5.
Allbw ing the peak current sense pulse to reach an

am plinde 0of0 .5V by adjusting Cqoy g, and hence Tp i ) 0%
allow ing the difference betw een the m axin um and

m inim um ofthe 6 pulsesto be >50m V, should suffice for
adequate motorposition sensing.A good starting value for
Ton 35200Us, requiring C gy g = 5.6nF.

RiniT

The initHaltim e intervalbetw een sam ple pulses durng
startup is setby Ry v . Thistim e interval gy 1) occurs

v “Toy w hile the RCy ¢ pin islessthan 0 25 volts.
v —R.. . JMOTOR|{_g vA
SEN SEPEAK SN 8 R
343ty
NITT T 4
c
where veo
R=075% (R, +2XRgy oy )+ Repy e
L=0.75XL_g
DIRECTION OUTPUTS INPUT SAMPLES
STATE REVERSE N3 N2 N1 P3 P2 P1
FORWARD N1 N2 N3 P1 P2 P3 FORWARD | REVERSE
A OFF O FF ON ON O FF O FF PH2 PH2
B O FF O FF ON O FF ON O FF PH1 PH3
C ON O FF O FF O FF ON O FF PH3 PH1
D ON O FF OFF O FF O FF ON PH2 PH2
E OFF ON O FF O FF O FF ON PH1 PH3
F OFF ON OFF ON O FF O FF PH3 PH1

Table 1. Commutation States.

VCO OUT

A B

C D E F A

Figure 6. Commutation Timing and Sequencing.
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Thi s

START-UP SEQUENCING

W hen the m otoris iniHally at rest, it is generating no
back-EM F. Because a back-EM F signalis required for
closed loop com m utation, the m otorm ustbe started by
otherm eansuntila velociy sufficientto generate som e
back-EM F is attained.

Start

ForRCyco volagesoflessthan 0.6V the M 14428 will
send 6 sam ple pulsesto the m otorto detem ine the wtor
positon and drive the properw indings to produce desired
rotation.Thisw ill resu It in m otoracceleration untilthe
RCyco pin achieves 0.6V and closed Ioop operation
begins. This technique resuls in zerw reverse rotation and
m Inin izes startup tim e. The sam ple tim e pulses are setby
Cgy g and the iniHalsam ple ntervalis sstby Ry 1r. This
sense technique isnoteffective oraircore m otors, since a
m inim um 0f30% inductance difference m ustoccurw hen
the m otorm oves.

Direction

The direction ofm otormwtation iscontrolled by the
com m utation sates asgiven in Table 1.The sate
sequence is controlled by the FR.

Run

W hen the RCycp pin exceeds 0.6V the device w illenter
min m ode.Atthis tim e the m otor speed should be about
8% FRPM y ax and be high enough to generate a
detectable BEM F and allow closed loop operation t
begin.The com m utation position com pensation hasbeen
previusly discussed.

The m otorw ill continue ®© accelerate as long as the
voltage on the RCy ¢ is lessthan the volage on Vgpggp -
D uring this tim e the m otorw ill receive ullN channel
drive Im ited only by kv 17 .As the voltage on RCy g
approaches thatofV gpoppp the C e capaciorw illcharge
and begin to controlthe gate drive to the N channel
tansisorby sething a level forcom parison on the 25kH z
PW M saw tooth waveform generated on Cpy v . The
com pensation ofthe speed loop isaccom plished on Cge
and on C g w hich are outputs oftransconductance

am plifiersw ith agm = 2.3 X 10740.

Speed Control

The soeed controlsection ofthe M 14428 isdetailed in
Figure 8. The tw o transconductance am plifiersw ih
outputs atCg- and C g each have agm 0f0 23mmhos.
The bandw idth ofthe current feedback com ponentofthe
speed contolis sstatC e as ollow s:

. 23x107° _3.66x10"°
Sl S

C]SC

Forfzqg = 50kH z, C g would be 730pF. The filter

com ponents on the Cg- pin sestthe dom inantpol in the
system and should have a bandw idth ofabout10% ofthe
position filteron the RCy ¢ pin. Typically thisisin the 1
© 10H z range.

60

50

40

30

Torr (ps)

20

10

0 100 200 300 400 500
Cios (pF)

Note: 100pF gives 10Ws, 200pF gives 20Us, etc.

soope=L =V __V__150k0
S50uA

C i

Figure 7. lumir Output Off-Time vs. Cos.

VSPEED %
RCvco /

LEVEL

—Jo—> LINEAR CONTROL

TO LOW-SIDE
GATE DRIVE

MODE

IsNs mi SHIFT

+1.4V

SELECT

|
|
|
|
|
[A—
r——-
|
|
|

+

I O——» PWM CONTROL
TO COMMUTATION

Crwm E /1/1/]

LOGIC

Figure 8. Speed Control Block Diagram.
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ML4428

OUTPUT DRIVERS

The Pchanneldrivers are em iter ©llow ertype w ith 5m A
pulldow n curnents. The N channeldrvers are totem pole
w ih a 1200Q resistorin seriesw ih the pullup device.
Crossover com parators are em ployed w ih each driver
paiy elim inating the potential ofcrossover;, and hence,
shootthrough cunents.

BRAKING

W hen BRAKE ispulled Iow all3 P—channeldriversw illbe
tumed offand all 3 N channeldriversw illbe tumed on.

POWER FAIL

I the eventofa pow erfail, ie. Vo f2llsbelow 8.75V all
6 outputdriversw illbe tumed off

HIGHER VOLTAGE MOTOR DRIVE

The M 14428 can be used to drive highervoltage m otors
by m eans of level shiffers to the high side drive transistors.
This can be accom plished by using dedicated high side
drivers forapplications greaterthan 80V ora sm ple N PN
levelshiftas show n in Figure 9 forapplicationsbelow
80V.Figure 10 show show to interface to the R2118, high
side drivers from IR.Thisallow sdriving m otors up t
600V.The BRAKE pin can be pulsed priorto startup w ith
an RC circuit. This charges the bootstrap capaciors for
three nexpensive high side drivers

12 lﬁLMicro Linear
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ML4428

VMOTOR -
+12V |} J_
MUR150 330uF
400V
IR2118 IRF720 IRF720 IRF720
r—1]vcc vB[E F—¢ =
2] [7 — e e ke
2 |IN Ho [z —Wv—' —|
1000 I—‘L — I—<L
CcoM vs |6 L 25v
2.2uF
N/C N/c [
MOTOR
PH1
PH3
PH2
Note: Refer to IK2118 data sheet for
complete information on using
this part with different FETs
MUR150 and IGBTs.
IR2118
vB[E —¢
HO E AvAvAv
1000
vsie —= 25V
2.2uF
N/c 5] :
IRF720 IRF720 IRF720
AAA I
VVv | D e e+
1000 1009 — —
A RSENSE
100Q 300MQ
1 10W
b =
1kQ.&
>
-«
330pEL_ ML4428 J_-
1 [ ]isns GND |28
120kQ
2 |p1 Reer 22 MW—
{3 |p2 Cos [26——— I
0.01uF
[a]r3 BRAKE | 25
0.01uF 5.11kQ.
1 12ké 5] csc PHI3 [ ——————AAM—— RUN
= F—l I“W‘I—‘I | 5,11kO.
ToRF il I—E CpwMm PHI2 [23 |—AN&—
— 5.11kQ. BRAKE
7| Vrer PHI1 [2}———AWN———— L
VSPEED>> {87 Vspeen Cisc |21
7870y N1 RCvco [201
AAA4 \AAL
- 10kQ o] N2 Rinit 191
01U ) Ve [z >
{11] FT [18} >) PWR FAIL
2| F/R Csns 171
]_ < 2kQ. s
vco &z veo Rvco 181 = 2 S0k
+12V i A G n <;2MQJ
= Ly 141V C 15 |— < < L. == 1uF
2 2 FWD/REVERSE HE _— YO L < < i
25V 0.1uF < 10uF
J_ TuF ’ -1-0.01pF

Figure 11. ML4428 High Voltage Motor Driver: 12V to 500V
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ML4428

PHYSICAL DIMENSIONS inches tn illin eters)

Package: P28N
28-Pin Narrow PDIP

1.355 - 1.365

(34.42 - 34.67)

28

)PIN1 ID

— —— —— — [— — [ [ ) [ [ [ [ ] T

0.280 - 0.296 0.299 - 0.325
(7.11-7.52)  (7.60 - 8.26)

l l

0.045 - 0.055 0.100 BSC
(1.14 - 1.40) (2.54 BSO)
l 0.020 MIN
, (0.51 MIN)
0.180 MAX
(4.57 MAX) l l
T —f —fl—
0.015 - 0.021 SEATING PLANE . 0.008 - 0.012
0.125 - 0.135 038-053) 0°-15° (0.20- 0.31)

(3.18-3.43)

8L Micro Linear 15
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ML4428

PHYSICAL DIMENSIONS inches tn illin eters)

Package: S28
28-Pin SOIC

0.699 - 0.713
(17.75 - 18.11)

HEAAAAAAARRBAAARSR

0.291 - 0.301 0.398 - 0.412
(7.39-7.65) (10.11 - 10.47)

PIN1ID
v
O
ﬁHHHHHjﬁHHHHHH
0024-0034 | | __ 0,050 BSC
(0,61 - 0.86) (1.27 BSC)
(4 PLACES) 0.095 - 0.107
(2.41-2.72)
l 0°- 8 YAz \
I e e e R I\ AW
—]| e
0.090 - 0.094 0012;00?0 SEATING PLANE 0.005 - 0.013 m 0.009 - 0.013
(2.28 - 2.39) ©30-0.51) (0.13-0.33) 056 - 1.07) (0.22 - 0.33)
ORDERING INFORMATION
PART NUMBER TEMPERATURE RANGE PACKAGE
M L4428CP 0°C t 70°C 28PnDP P28N)
M L4428CS 0°C © 70°C 28Pn SO L 628)
M L4428 —-40°C 1 85°C 28PnDP P28N)
M L44281 —-40°C o 85°C 28Pn SO T 628)

© M icro Linear 1997/, Micro Linear is a =gistered tadem ark ofM icm LinearC orporation

Products descrbed In this docum entm ay be covered by one orm ore ofthe ©ollow ing patents, U 5.:4,897,611;4,964,026;5,027,116; 5,281,862; 5,283,483;5,418,502; 5,508,570; 5,510,727; 5,523,940;

5,546,017;5,559,470;5,565,761;5,592,128; 5,594,376; Bpan:2598946; 2619299.0 therpatents are pending.

M icro Linear reserves the rightto m ake changes to any productherein to im prove reliability, finction ordesign.
M icro Lineardoes notassum e any liability arisihg outo fthe application oruse ofany productdescribed herein,
neiherdoes itconvey any license under its patent rightnorthe rights ofothers. The circuits contained in this
data sheetare offered as possible applications only. M icro Linearm akes no w ananties orepresentations asto

w hetherthe ilustated circuis infringe any intellectual property rights ofothers, and w ill acceptno regponsipility
orliability ©ruse ofany application herein. The custom erisurged to consultw ith appropriate legalcounsel
befbre deciding on a pardcularapplication.

2092 Concourse D rive
San Bse, CA 95131
Tel: 408 433-5200
Fax:408/432-0295
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