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National Semiconductor

LMD18200
3A, 55V H-Bridge

General Description

The LMD18200 ks 3 34 H-Bridge designed for modan canbrol
applications. The device 15 bulf using 3 multi-zchnolagy pro-
266 which comibinss HP{HH and CMOS confnal Ch:-l.lr.f}'
with DMCS pawsr devices on the same manalsnic sructurs.
Wieal for dmving OC and siepper motors; the LME1E200 a-
commodates peak culput currents up fo SA. An Innovative
circult which facillates low-loss sansing of the oulput curment Appﬁcaﬁﬂns

naz baen Implemeantad. D/C and et=pper molor drives

Fastion and velosty seramechanisme
Factary autamation robos

Wumerizally confraled machinery
Computer printers and piotters

Mo “shoot-through® cument

Themal waming flag output & 145°C

Themmal shaigown jouspus off) at 170°C

Irternal clamp diaoes

Shaorted load pratection

Internal charge pump wiih exiemal bootsirap capablity

Features

w Dellvers up 3 34 condinuous n:-ulr.lut

w Operaies a1 SUpply voltages up o S5V
w Low R (ON) typleally 0,30 per switch
w TTL and ChOS compatiole Inputs

Functional Diagram
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FIGURE 1. Functional Block Diagram of LMD18200
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LMD1&200

Connection Diagrams and Ordering Information
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Absolute Maximum Ratings e 1

If Milltaryiserospace specifled davices are required,
pleasa contact the Mational Semiconductor Sales Office!
Dilstributore for avallability and specifications.

Total SUpply Voltage (V. PN &) B0V
Voltage &t Pins 2,4, 5, B and B 12v
Voltage 3t Boolstrap Pins

{PIns 1 ang 11) Wy 16
Feak Output Current (200 ms) £4
Contnuous Cutpat Current (Nobe 2 X
Poker Dissipation (Mot 3 250

Electrical Characteristics inae 5

The foliawing specificatians apply for V, = 42V, unless oiherslse speciied. Boldface Iimits apply over the entire aparating
P s e lonil Sre Tor Ta=T, = 25C.

temperature range, —40°C =

Power Disslpation (T, = 25°C, Free Alr) W

Junchion Temperature, T mas
ESD Susceplibiliy Noie 4}
Siorage Temperature, Tera

Lead Temperature (Soidering, 10 62c.)

Operating Ratingsinete 1)

Junction Temperature, T,
s SUpPlY Voltage

180
1500%
—2C o #1500
300

—40°C o +125°C
+12W b +55V

Symbaol Paramstar Conditions Typ Limit Units
ApglON) | Swhch ON Reslstance Duiput Cumenl = 3A (Nokz &) 0.23 [ 1 (max)
AosiON) | Swhch OM Resisiance Ouiput Curenl = BA (Note ) 0.33 [T 0 (max)
| - Clamp Dlode Forward Drap Clamp Current = 3A (Mote £) 1.2 135 W (max)
Vi Logks Low Inpui Vollage: Pins 2.4, 5 R W [min)

0& W (max)
W Logks Low Inpui Current Vg~ 01V, FiINE = 3, 4.5 -10 WA (max)
Ve Logic High Input Violtage Pins 2. 4, 5 z W [min)
12 W {max)
bt Logkc High Input Current Vg~ 1V PG -3, 4.5 10 WA (max)
Curent Sanse Culput lwer = 1A Mot B} 77 3250300 WA (min]
4250450 WA (max)
Curent Sense Linearky 1A < lour S 3A (Nale 7) 15 1z %
Undervaltage Lockout Cufputs tum OFF E W {min)
11 W {max}
T per Waming Flag Temperatura PIn G <08V, = 2mA 145 i
VeON) Flag Cuiput Saturabion Voltage T, ™ Tye b = 2 MA 015 v
I[OFF) Flag Cuiput Leakage R 0z 10 WA (max)
Tian Shutdawn Tempsralure Qusputs Tum OFF 170 R
I Qluleszent Supply Curent All Logis Inputs Lew 13 5 mA max)
[ Output Tum-On Delay Time Sourcing CUipuis, o, = 3A 300 nE
Sinking Oupuls, Iy = 34 300 nE
[ Output Tum-On Swiiching Time Bootstrap Capackor = 10 AF
Sourcing Culputs, |g,, = 34 100 nE
Sinking Outpuls, loyr = 34 30 nE
[ DutpL? Tum-O Delay TImes Sourcing Culputs, (g, = 34 200 [
SINKIng OUPLES, gy, = 34 200 nE
[ Output Tum-O Swiiching Times Bootstrap Capackor = 10 AF
Sourcing Culputs, |g,, = 34 75 nE
SINKIng OUPLES, oyt = 34 70 nE
|- Minimum Inpul Pulse Widih Pins 3.4 and 5 1 us
L Chargs Pump Risg Time Mo Boolstrap Capachor 20 s
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LMD1&200

Electrical Characteristics Notes

Hets 1. Abachie Mazimam Ratisgs ndicaie lmis bayond whzh desage o the devies =ey soout. D5 and AC elecisod soecicasicns S nol apsly when oo
sralng ihe dewics beyersd b raled opeaing oond o

Hebe T Swe Apgicalion Iermation for detads ieganding camand bmissg

Heote 3 The =aimus povst desiseson st e deaied ol sevaled et wnd ios fuscion o T, B_* -dTa Tha nuzisun alowsts s di-
o ul sy =i s = (T imney ™ TaliB s, 21 Tl biirrboer ghosn (s i fin= jung.
e i casn (B @ LG e mmum(&ﬂ-‘mmhwwﬁmn_‘umt

Hezta d: Husan-bidy irofel, 100 gF Sechaiged $iough 8 1.5 & seadiier. Ecupl Bostslieg o (pee 1 asd 11) whish e srotecied 1o 9000V of BSD

Hista & Al s s 1000 prodection mited al 25°C. Tempatelire acheing i=1 ane goasamend we comsshilios iaing esegied S0C (Mwlslos Quakty Cosii)
rrachos. A4 fmis sce tsed to caiculis A00L, (Svarage Ooigeing Cuaily Leant),

b & Ouigul curmants g puised (yy < 2 me, Doy Cyole = 5%
Ksta T, Faguason s caleclalng il i T comant s oelp valon W @ 1A kad.
Heote & Seinctioms for lighine iolarmson are svaiabie. Cosie feciorny.

Typical Performance Characteristics
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Test Circuit
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Switching Time Definitions
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Pinout Description (ses connecson oiagram)

Pin 1, BOOTSTRAP 1 Input: Seotsirap capachor pin for hatt
H-bridge number 1. The recommendsd capadior (10 nF) Is
conmected Detween pins 1 and 2.

Pin 2, QUTPUT 1: Hall H-brigge numiber 1 output

Pin 3, DIRECTION Input: S2e Tabis 1. This Input contrals
the drection of current Sow betwesn OUTPUT 1 and QUT-
FUT 2 (pins 2 and 10) and, therefore, e direction of rotation
of @ mosor load.

Fin 4, BRAKE Input: See Tabie 1. This Input s used W
braks & motor by effecthvaly shoring IlE temminals. Winen
brasing s seelnad, this Input (s taken 10 a logle nigh level and

[
It Is also necassary o apply loglc high to PWK Input, pin 5.
The drivers that shart the motor are detemmined t"} Ihe |Clg|ll
level at the TIRECTION Input (Fin 35 wiih Pin 3 loglc high,
baoth current H}Ll'ul'g I:‘.ﬂF".It branslsiors are OM; wkh Pin 3
logiz low, Both cument sinking outpul r3nsisors are ON. Al
oulput translstons can b= tumad OFF by applying a loglc high
ta Fin 4 and a logic kow to PWM Input FIn 5; In this case only
@ small bias current (approximately —1.3 mA) exisis at each
output pin.

Pin 5, PWM Input: S2 Tabie 1. How this Input (and DIREC-
TION Input, Pin 2} Is usad |5 datermined by the format of the
F4UM Signal.

WAL NATONE. oom



LMD1&200

Pinout Description
(S2e Connection Diagram) (Continued)

Pin €, V, Power Supply
Pin 7, GROUND Conngction: This pin is he groung ratum,
and Is |I'I1E|Ta||}' conrected 1o the m:u.nurg b,

PIn 8, CURRENT SENSE Oufput Tnis pin provioss the

BOUNGiNg current sensing ouiput signal, which I8 typlcaly
37T YAJA

Pin 3, THERMAL FLAG Output This pin provides the ther-
mal waming flag output signal. PIn § becomes active-low at
145°C {Juncian temperature). However the chip will not shut
Eeil down untll 170°C ks reached at the junciion.

Pin 10, OUTPUT 2: Halff H-bridga numbsar 2 ouipul.

Pin 11, BOOTSTRAP 2 Input: Eoctstrap capacitor pin far
Halt H-Eﬂﬂ@ numoer 2. The recommensed capa{:r.{:r
{10 NF) I5 connected besween pins 10 and 11,

TAELE 1. Logle Truth Tabls
oir Brake active Output Drivers
Source 1, Sink 2
Eink 1, Source 2
Source 1, Source 2
Source 1, Source 2
Snk 1, Slnk 2
NONE

I__L_LI_.L_LE

ES A = - -
T I TITr

Application Information

TYPES OF PWH SIGHALS
The LMDA3200 readlly Interfaces wih dierent forms of
PWH slgnals. Use of the par with twa of the mare popular
fome of PWM Is deseribad In the following paragraphs.
Simpie, locked antl-phass PWM consists of 3 single, var-
abie duty-cycie Eignal In Which |5 2neoded botn drecson and
ampillude Information (see Figue 5 A S0% duly-cycie
PN SIQ"IE| I'EFTEG-EHE zeno drive, since the net walue of
voltage (Integratzd over ana perlod) deliversd to the load Is
zem For the LMDIED0, the PWM signal drvas tha orse-
fion Input {pin 3) and ihe FWK Input (pin ) 15 ted fo loglc
high.

BE% DT Sl THE TY CYLE 5% BTy CYLL

= JLIU JU
o _£J|_||_ T

MM LD AVERSGE LOAD CUSSENT  AWIRAGE LDWD CURREST

CURFENT=0  FLD&S FEOM DUTFUT | FLDWS FFROM OLTPUT 2
O SATRT 3 TO SATTR4T

[T

FIGURE 2. Locked antl-Phase PWM Control

Sign/magnitude PWM conslsts of separate drection (sign)
and ampltuds [magnituge) slgnals (s2e Flgure 3). The (ab-
soiube) magniude signal |5 duty-cytle mooulated, and the
aosence of & pulss signal (a continuous logle low level) rep-
resents zerg drive. Cumment dellvered ba the load Is [prapar-
tional %0 pulse wickh. For the LMD13200, he DIRECTION In-
put (N ) |5 oriven by the sign signal and the FWM npat
{pin 5) Is driven by the magniiude signal.

= L

B R IaT

uorae S-S s ran
AR CEAMT TP T TR DT 1O MR8
a1 0T 1 R 2 10 oA

FIGURE 3. Sign/hagnituds Py Control

SIGHAL TRANSITION REQUIREMENTS

To ensure proper Imemal logic perormance, It s good prac-
tice i avnid aligning ihe faling and fsing edges o Nput sig-
nals. A UHE}' af at keast 1 =R shauld be |FWIFUE1EG be-
tween transhions of the Direclon, Brake, andior PWM hput
SIB"IHS. A ConEErEive BFFII'CIEL'.h |5 D sUre thers k& 37 [easl
500ns elay betwean e end of the sl tansiion and the
begnning of the second transhion. Sea Figure 4.
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Application Information jcontinues

a3 500

— [

FIGURE 4. Trangitiong In Srake, Diraction, or PWM Must Se Saparatad By &t Least 1 peac

USING THE CURRENT SENSE QUTPUT

The CURRENT SEMSE output (pin ) Nas & sensiuity of
37T pA per ampere of oufput curent. For optimal accuracy
and linearsy of tis sigral, the valus of valtage generating rs-
slstor betwesn pin & and ground showd b= chosen to IImi
the maimum voltage ceveloped at pin 3 1o 5V, or less. The
maximum volage compliance |5 12V

It snould be noted tat the recroulating currents (fres whee-
Ing curents) are igrared by e cument ssnse circulny
Thersfore, only e curments In e UppSr GoUNCing OUSPLSS
are senged.

USING THE THERMAL WARHNING FLAG

The THERMAL FLAG utput {pin 2) 15 an open collscior tran-
slstor. This permits 3 wired OR connection of themial war-
Ing flag cutputs from MuEple LMO18200°, and alows the
u=er ta s2t the logic igh level of the output signal swing to
malch sysiem requirsments. This ousput typleally drves the
Internupt Input of @ ystem condrolier. The ntemupt ssnice
rauting would then be designzd to fake appropriate st=ps,
5UCA 35 reducing koad cuments orinibating an ordery sysism
shutgown. The maximum voltage compllance on the Nag pn
Is 12%.

SUPPLY BYPABSING

Durng switching transimions the levels of fast currem
changes experizncad may cause roublesome voltage tran-
BI2Mt5 AcroeE SYSIEM Siray nouckance.

It k5 normially necessary bo bypass the supply ral with & nigh
quallty capacitor(s) connected 35 ciose a5 possbie fo the Vg
Power Supply (@0 6) and GROUND (Pin 7. A 1 uF
hign-frequency caramic capactor 15 recommended. Cara
should be 1aken 1o limit the franglents on e supply pin be-
low the Absalute Maximum Rating of the device. Wnen oper-
ating the chip at supply voltages above 41Y @ vollage sup-
pressar (Iransort) such as PEMEERA s recommended fram
supply to ground. Typically the caramic capachor can be
gliminated In fhe presance of e voll@ge sUppressor. Mote

lead > 50

1
¥
N

4= S0 f

- .-— R
‘ LK O 38

tnat when dnving g 1330 CUMents 3 greatar amaunt of sup-
ply bypass capaciiance (in gensral at lzast 100 PF per Amgp
of oad cument) s required bo absors e recinculating cur-
rents of the nouctive loads.

CURRENT LIMITING

Cument Imiiing protection cicultry has been ncorporated
In%z the design of the LMD18200. WER any power gavice Itis
Impertant to consiger the effacts of the substantial surge cur-
rents inrough the device that may occur @5 & resud of
shoried lsads. The prateciion circulTy monlions Mis Increase
In current jihe treshald [5 52t fo approximately 10 Amps)
and shuts off the power devica as quickly as possibie In the
event of an overload candsian. In & typleal mator driving ap-
plcation the mast commen overioad faults are caused by
shorted mobar windings and locked rolors. Under these con-
dians ine Inductance of the modor (38 well 38 any saries In-
OUCIENCE N N8 Ve BUPPY INE) S2veE 10 repuce (he mag-
nkugs of & cument surge to a safe level for the LMD1E200.
Once the gevice ks shul down, the controd clrculry wil perk-
odically try to tum the power device back on. This feature -
lows the Immediate retum o normal operation In the event
that the fault condiion has been remos2d. While the Taull re-
malns howsver, the device will cycle In and out of thermal
shuldown. This can creale volfage translents on e V.
sUpply e and thersfore proper SUPPY bypassing tech-
iqUES ars required.

The most GEVENE CONORION Tor 3Ny POWET DSVICE 15 @ dinect,
hard-wired (“Gcrewdriver) kang femm short from an ousput to
ground. This condition can generate 3 suge of cument
tnrough the power device an the order of 15 Amps and re-
fquirz the diz and package to dissipate up o 500 Watls af
power Tor Ihe snor tme required for the protection drcullry
to shut off the power device. This enengy can be deslruciive,
particularly at higher operating voRages (=30V) 50 some
precautions are In ordes. Froper haat sink deslgn & essentlal
and It 1 nomally necessary to heal sink e V.- supply pin
(pim &) wi=h 1 Bguare Inch of copper on the PCS.

sy national com
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LMD1&200

Application Information jcaninuez)

INTERHAL CHARGE PUMP AND USE OF BOOTSTRAP
CAPACITORS

To fum on e hign-side (souting) DMOS power devices,
the gate of each device must be driven aporoximately BV
Mare posive INan he sUpply voitage. To chigve 1N an in-
temial charge pump I used o provide the gate drive voltage.
As shown In Figure 5, an Intemal capaciior |s altemately
EwRched to ground and chargad & aboul 14Y, then saittched
to W supply theretry providing & gate drve volage greater
than v suUpply. This Ewiiching Scton 15 contralied by & con-
tinuously runring Intermal 300 kHz oscliaton, The rise ima of
this drive voitags |5 typically 20 s which |5 suitabie for aper-
ating frequencies up 1o 1 kHz.

bl

r

. To GATC
DEVE

e

CCHARCE FUWP
GRIND

[SEIE B

FIGURE 5. Intarnal Charga Pump Clreuliry

For higher switching frequencies, the LMD15200 provices
far the use of extemal bootsirap capaciiors. The bootstrap
principie |s In essence @ second charge pump wherety a
large walug capachor Is used which Nas enough enargy to
guickly charge the parasitic gats Inpul capacitance of the
POWEr eVIcS MESURNG In much faster nee limes, The swisn-

Typical Applications

FIXED OFF-TIME CONTROL

This circul controls the cument through the motor by Sppy-
Ing an average voiage equal to 2ero to the motor iErminals
Tar & flaed pEﬂI:lj of ima, wnengver the curent Iﬂ'Clllg'I tha
mictor exceeds the commanded curent. This aclion causes

Ing action b5 accompished by the powsr switches them-
gelves Figue & Exiemal 10 nF capacitars, connectad from
the oulputs io the bootstrap pins of each high-side swinch
provide typicaly less than 100 n& fss Ymes alowing switch-
Ing TrEQUENCEE UP ta 500 AHZ

wiy '
1
r 1
B 1
E |
10 GETE . I wonone
L * 1
aicun — ko ¥ EXTERAL
ry i BOOTSIRAP
i CPACITON
| EH 2R 1D
1
| |
1
ﬂ_ 1
o

FIGURE &. Bootetrap Chrouliny

INTERMAL PROTECTION DIDDES

A major cansloeration wnen swiching current hraegn Induc-
tive Ioads |5 protection of he swiching power devices from
the large voltage iransierts that ococur. Each of the four
ewflchas In e LMD1E£200 have a bult-in protection dicde to
clamp translent voltages ewceeding the positive suppiy or
ground io @ safe ode voRage drop across the switch.

The reverse recovery Characiensics of thess dodes, once
the translent has subsiged, |s Important. These dicdes must
come out of conductian quickly and the power swiches must
be able fo conduct the addtional reverse recavery cument of
the dicdes. The reverse recovery ime of the modes protect-
Ing the Gourcing power devicas IE typicaly aniy 70 ns with a
TEVENSS TECOVETY CUMTEN! of 1A wWhen teested with a full &A of
farward cument through the diode. For the sinking devices
the recovery ime I5 typicaly 100 ns witn 44 of reverse cur-
rent under he same condilions.

e malor curreni bo vary sighdly aboul an extemaly con-
trofled average izvel The durallon of the Of-penod is ac-
|usizd by ihe raslsior and capacitor combination of the
LMSES. I s clrcull e Signidagnivios mods of operation
IE impiamanied (see Types of PIVA Signais).
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Typical Applications zonmueq

24 WOLTS
LWSa0LA=17 ’
:JE 5 & I i:.
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135 AUF/VOLT

Topr = 1.1RC

]
*
ﬂ-: 130 pFd . N
sy LMDt 200
3 e %
[ MOTOR
4
g 7
T -4
Iu.lur ma
FIGURE 7. Flxad Of-Tima Control
TRECTICM FOSAARD REVERSE
—

S — NN
S —

WOTCR CURREHT

COMTROLLED BY Bl OF LWESEH —={Torrt=—

FIGURE &. Switching Wavaforme

TORQUE REGULATION

Locked Ant-Phase Confral of a brushed DC motar. Curent sense cutput of the LMD18200 provides load sensing. The LI3S25A
15 @ genzral purpose P contralier. The relationship of peak mosor current ta agjusimant voRage is hown In Figure 10
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LMD18200

Typical Applications conmnuen
=10% DIRECTEM CORTRL 13% TO 24V

1Z '_T_—I_,_ $—Jj

&
10 &t .:

L
&1 uF I-::-..r &

[LEL RS b LU sz0n

LT

PEAK MOTOR CURRENT (AMPS)

o 1 2 5 4 5 & T -
Veumkent apgust (YOLTS)
A

FIGURE 10. Paak Motor Currant
we Adjustment Voltags

VELOCITY REGULATION

Utiizes tachameter output from the motor to sense motor speed for @ locked ant-phase control lzop. The relationship of mator
sp=ed io the speed adjustment control woltage 16 shown In Figure 12
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Typical Applications jcormnues

DIRECTEIN CORTROL

+10W _| |_ 13¢ 7O 24V
I E [ v I ? 3 I
15 E; 10N 100n| & 1 uf
" \
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¥ 1 0.E54 TO 5,258
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ADILST * Al
-
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M 19
' I 36k
— b
- 14 10 & = 7
16 nf I < 1 nf

FIGURE 11. Regulate Veloclty with Tachometer Fesdback

5000
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FIGURE 12. Motor Speed ws
Confrol Voltage
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LMD18200

Phjl'SiCﬁ' Dimensions nches [milimesers) unless otheraise noted
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LIFE SUPPORT POLICY

Digad
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ber DA24B

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPOMENTS IN LIFE SUPPORT
DEVICES OR SYSTEME WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GEMERAL
COUNSEL OF MATIOMAL SENCOMDUCTOR CORPORATION. As used herein:

1. Life support dewvices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) suppert or sustsin life, and
whose failure to pedform when properly used in
accordance wih instructions for use provided in the
Isbeling. can be reasonably expecied to resut m a
significant injury to the user.

2. A crtcad component s any comgponent of a life
support devies or system whose failure to perform
can be reasonably expected to cause the failure of
the He support dewice or system, or to affect its
safiety or efectivenass.
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