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(5_7) Abstract

A clamp and current source solidly bias the backgate of the LDMOS
the backgaue dunng startup of the LDMOS. _

A half-bridge driver circuit including a lower drive module and a floating upper drive module for driving respective external upper
and lower power transistors of a high voltage half bridge is contained in an integrated circuit chip which includes an on-chip bootstrap
diode emulator for charging an external bootstrap capacitor that powers the upper drive module. The upper drive is accommodated in an
insulated well and the diode emulator includes as its main current carrying element, an LDMOS transistor formed along the periphery of the
well. The LDMOS transistor is driven into a conducting state at the same time the lower power transistor is driven into a conducting state,

‘while limiting the current drawn by a paxasmc transistor attached to




non- conducti ve; and boot strap di ode "enul ator neans *
for charging said bootstrap capacitor to. sai d bootstrap voltage, said
bootstrap di ode emul ator neans conprising a LDMOS transistor “having a -,
source el ectrode coupled-to said power supply output, a drain electrode
adapted to 20 be coupled to the second end of the bootstrap capacitor, a
gate el ectrode coupled to the | ower drive nodul e via | oad control
circuitry for driving said LDMOS transistor to a conducting. . state

when the | ower power transistor is driven to a conducting state; ‘and a
backgat e el ectrode. 25 Such a driver circuit
is knowmn fromUS 5, 373,435, which was only - publ i shed after the

priority date of this patent application. Bridge circuits can be applied in
el ectronic ballasts for discharge |anps, in switched node power supplies,

not or drives and DC- AC-converters. The known driver circuit is

realized as a high voltage integrated circuit. - WD 96/ 02976

PCT/ | B95/ 00553 S .2

The upper drive nodule is acconodated in an insulated well formed in this

monolithic integrated circuit and the LDMOS transistor is fornmed al ong

a portion of the periphery of this well. Current through the LDMOS
“transistor flows perpendicular to the periphery of the - - well, enabling

the required current carrying capacity to be obtained by choosing a
sufficient 5 Ilength of the LDMOS al ong” the wel | periphery. The breakdown
vol tage of ‘the LDMOS :
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tréansi stor is governed by the properties-of the insulation of the well

peri phery because the floating well is forned at its periphery by

st dfucture eqWMoeoeems to that used in form ng an LDMOS.  PCT/IB95/00553

An in rtant advantage of the use of such boot strap di.ode enulator is 10
that this enul ator can be tized together with the rest of the conponents
of .the dri tode function
can be rea?/llsé‘e’%f ercﬁ{ FSthlﬁg{‘Cﬂ'cﬁﬁ Emg?oeﬁ 'EE EBOIQG? Yn%ér{deetf@u “abl e t han by
means of the use of a dlscrete conponent . ' A

di sadvant age associated wi th the diode enul ator nmeans as desci bed _
above is that inherent in an LDMOS device are parasitic transistors, one of
which is .a 15 parasitic PNP transistor whose emtter and base are
respectively the backgate and drain of t he LDMOS and whose col |l ector
Is the substrate of the IC. It has been found that during startup of

the LDMOS in the chargi r‘ékﬁ | || .
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bi asi ng andoltage withgespecinto, saidnlower rail;current flowi ng fromthe backgate _
el ectrode to t he LDMOS tr1an5| t.or cg be siégq? sed to %l? bs antial |
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parasitic vice can be realized in case said bjasing and limting
means cHhprsignaktosa ceniralielrgtrode ak theilawer powver ansistosfog mﬂw&%dewwow
sai d. Q%&Qﬁ?%t@ﬂnﬁﬁii%ﬂucﬂe%ﬁrﬂl% ﬁ@dqq, ecurrent source conprises a
current mrro Ill oad control ci rcuitry can be
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buffer for cQ %9 fo e?ngbl%vfr&éd % pu ts%ra voitage acrgs% said bootts%%p capacitor and

comprising means for applying an upper drive control signal to a control electrode of the
15 upper power transistor for rendering the upper power transistor alternately conductive and
non-conducuve and ' '
bootstrap diode emulator means for chargmg said bootstrap capacitor to
~ 'said bbotstrap voltage, said bootstrap diode emulator means comprising a LDMOS transistor
~ having a source electrode coupled to said power supply output, a drain electrode adapted to
20 be coupled to the second end of the bootstrap capacitor, a gate electrode coupléd to the lower
~ drive module via load control circuitry for driving said LDMOS transistor to a conducting
state when the lower power transistor is dri\'rén to a conducting state, and a backgate
electrode. | | | |

25
Such a driver circu_it_ is known fmm US 5,373,435, which was only
published after the priority date of this patent application. Bridge circuits can be applied in
electronic ballasts for.discharge lamps, in switched mode power supplies, motor drives and
DC-AC-converters. The known driver circuit is realized as a high voltage integrated circuit.
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range b&YQRE9%ai d | ower rail and said control voltage, BEHIBISAES3f or _
transl ating the voltage range of said buffer output signal to a range
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i nj ect Boafingiwejl is forhedgtcits pexiphennby structure equivaledt t thacuseddn tfommngraans can
be cou}gb etween the backgate el ectrode and and the source - electrode
of sai transistor. 15 . - Enbodi ments of the
lnventlon will be lAhustramcidfzmgeedfmahwefmmoastmp diodt eémblgri¢ n the

is a_schematic diagramof the
dr ,lgertggq qhésﬁrpulgtpr A b?”‘ edized togetherg w1t% the rest of the components of the driver

circuit on a single chip. Th:: way the dlode function can be rea.hzed in a way that is cheaper

and more reliable than by r.ans of the use of a discrete component. ,
A disadvantage assocrated with the diode emulator means as descibed
above is that inherent in an LDMOS device are parasitic trans1sto_rs_, one of whichisa

15 parasitic PNP transistor whose emitter and base are respectively the backgate and drain of
the LDMOS and whose collector is the substrate of the IC. It has been found that during
startup of the LDMOS in the charging cycle, the parasitic PNP transisror will shunt some
current from the backgate to ‘the substrate reducing the current available for charging the
bootstrap capacitor. ' _ _ . o

20 o The present invention aims to provide a driver circuit in which the
bootstrap diode emulator more effectively charges the bootstrap capacitor.

_ A driver circuit as described in the opening paragraph is therefore
equipped with biasing and limiting means coupled to the backgate electrode of the LDMOS

| for biasing the backgate electrode while limiting the current that said parasitic device can

25 shunt away from said bootstrap capacitor. _

o It has been found that by using these biasing and lxmltmg means the
current flowing from the backgate electrode to the LDMO_S transistor can be suppressed to a
substantial extent. | '

, ' A very effective 'suppression of the amount of current flowing from the

30 backgate electrode of the LDMOS vi'a_the parasitic device can be realized in case said biasing

| and limiting means comprises a clamping transistor and a current source connected to said
backgate electrode. Preferably said current source COmprises a current mirror. |

“The load control circuitry can be realized in a relatively simple and.
dependable way by means of a buffer for producing a buffer output signal having a voltage
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1 ’ )
2@ invention in which conponents conprisedin an integrated circuit chip
are enclosed in a - dashed box | abelled I'C, and '
Figure 2 i swosaderstic plan view of the integrated circuit PtuIBIsOIssSES-
ponding to the dashed box ICin Figure 1, 4ncluding an elongated area in
‘whi ch a high vol tage LDMOS T3 is for d 25
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architect Ué&‘m?ﬂset&ﬁa&ﬁbé midsdge and driver |s the same as shown and
described 1 n the aforenentioned U S. Patent No. 4,989,127, with the

excepti 8n of the provi sSpurias dayingrofcthe 2DMOS mmnsistorrint aicanducting statedn BDE
I n accorda t t he

hal f-bri dg%s%%&mg? t‘jragtﬁgé %ﬁg?ﬁwﬂé/eﬁ]%lbégﬁlg %‘?’?re%) R t{ggﬂf‘ﬁlé murB?)‘e) r ﬁahgﬁm stor
WO 96/ 029 7prevented by equipping the load control circuitry with means for clamping said gate electrode
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the DC supRbwing in a MilléHi ga&@néebﬁawnpmssmﬁﬁstbheo@wﬂawaén e Yrih an@nd

power transistor T2 is referred to as,the . |ower transistor because its
sour ce 181 egate glestrpdese dhesecmeans fer elamping.are priergbly| rsolized raaking pse; ofca PNP DC
suppl vy, m%&g%&d inthe figure as at the potential of power ground. The
source el ectrode’ _ : o

' To collect the charge that the backgate injects during a voltage transient at _

the drain capacitive means can be coupled between the backgate electrode and and the source
~ electrode of said LDMOS transistor. |
15

Embodiments of the invention will be illustrated further making use of a
drawing. In the drawing ' | | |
‘Figure 1 is a schematic diagram of the driver circuit of the present
20 invention in which components comprised ih an integrated circuit chip are enclosed in a
dashed box labelled IC; and | |
. Figuré 2 is a schematic plan view of the integrated circuit chip corres-
ponding to the dashed box IC in Figure 1, including an elongated area in which a high
voltage LDMOS T, is formed. : ' |
25

Refe'rring- first to Figure 1; there is shown a driver circuit in accordance
with the present invention, contained in a mbnolithic high voltage integrated circuit IC,
" connected for driving an external half-bridge formed by power MOSFET’s T, and T,
30 connect’éd in series across a high voltage (up to about 500 Volts) DC supply. The general
 circuit architecture of the half-bridge é_md driver is the same as shown and described in the
aforemention’ed U.S. Patent No. 4,989,127, with the exception of the provision of an on-chip '
bootstrap diode emulator BDE in accordance with the present mventxon
In the half- bndge, power transistor T, is referred to as the upper trans:stor



5 of upper transistor T[err] and the drain el ectrode of |ower transistor
T[err] are joined at the output ~ termnal OQUT of the half-bridge which
is also Y‘,’Qr?J 8€d to one end of a load LD. In power PCIABYS(00553 .
applications such as powering gas disclagarge | anps, the other end of the -
| oad may be mai ntai ned at a potential .of half the supply voltage by
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t he ~upper transistor T2. Cormand si‘gnal I'NL has_one_ bi nary state only
dur i ngabew -JIOQOn@ Switghing transients at pursens tygaeff dus\ie doad kRdavingrinThany ] is to be
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30 | ower transistor only during the phase defi-ned by the | ower transi-stor
- conmran#PBReTgpRYes trangistgr T, is tusped 9ffr nanner, command signals T[err] and
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t r ansi skernal input signaliiN ploduges ancessertialiy tinary céremandg signalrIdN; sandtitsrlogicalnrand
signal ?rive'?isré &NQ'L EO!I icgnti'(la_lﬂﬁg Qh%oéonduct_ing state of lower transistor T, and via level shifter
LS produces pulse command _sigrials Ton and Togg for conuolling_me conducting state of the
_ upper transistor T,. Command signal IN, has one binary state only during the time interval
25 or phase when lower transistor T, is to be driven into a conducﬁng state. The commaxid |
| signals Toy and Topr are provided in pulse form for noise and transient immunity purposes; |
- Ton and Togr indicate the instants when the upper transistor T, is to be turned bn and off, |
respeé_tivély. The lower transistor command signals IN_,_'_,and-INN,_ are fed to a lower drive
module Danhich in response thereto drives the gate G, of lower transistor T, to turn on the
30 - lower transistor only during the phase defined by the lower tran_.gistox_"oommand signals. In a_' .
similar mannér, command signals Toy and Togr are fedtoan upper drive m_odﬁle DU which -
in response thereto drives the gate Gy of upper transistor T, to turn on the 'upper transistor
during the phase defined by the upper transistor command signals. An R/S flip flop (not

shown) within the upper drive module DU converts tht_:'c;:ommand signa'ls' Ton and Topp t0



sho\/\nl) within the upper drive nodul e DU converts the command signals T[err]

and T[err] to WO 96/ 02976 ) :
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.binary formsimlar to | N[err] and I N[err] in order that the bal ance of the
‘upper drive nodule may . be of the sane design as the | ower drive nodul e
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enul at of BEXEM3)beAtsaPLapREIogi (ng heving aﬁ@m% qmtheyasder] of fQunf, vehdchoisttomt
termnal %e fo be p rodi&dihdhi ?ﬁ‘?‘e“?ﬁ“ﬁr’b with ¥ea§&nasi@b§9 oP AeaNrhé bedy Ehd‘@f

the tinme transi sto Isi1na UCtII’lg st at e,
bring V[er bt])otstoapacaped:ltcag?a isfcotfpled tq thleesgsplvaltageawd wa)bn-agxp lthocqmpahodnss BDE

S known, | ERbIa ARE R e hetApppa e opf i often iPBoff i) Wi iy

an insul at ﬁtim/lﬁhéd Sibstantialiynd afcﬁpbtaltfat diting theftimé&when lowe: téansidtor ¥, i€ hd a

surrour}%ed P.isol ati og l \/\Lf is.insulated from the bal ance of

the 15 10 neslugtingstate, iq, ‘F“ﬂ)ylé‘? R YOHRBEEOLSY eiless any §mal yoltags-drops agrosyBPE and
LDMOS trangjstor. A high vol tage di ode cannot be integrated in
junction isolation technol ogi es because it results in |arge substrate

currents. This coul d updew refestiopalsaitp diigure 2o@h éy kaawr; the npper|drivaanedultaBil _
el at or prgUPies TS i BFnBA 5 B ins R E O AniRRERIA Brcii i e
al ong t he pgriaphewellghrrbimiededy P \NolatioPMDbus] IvelNWAL rindulatbd from the balance of the
15 - integrated circuit by structure similar to that used 1o produce a LDMOS transistor. A high
voltage diode cannot be integrated in junction isolation technologies because it results in large
substrate currents. This could upset the operation of other circuitry. In ac.cofdance with the
principles of the present invention, a bootstrap diode emulator provided on-chip comprises a
LDMOS T, that is formed along the periphery of the well WL. LDMOS T; inherently has
. 20 the same breakdoWn voltage as the svell isolation (in excess of 500 Volts) and because
current flows perpendicular to the well periphery, adequate current carrying capacity can be
obtained by choice_of the extent of the well periphery along which it is formed. Further, the
implementation of LDMOS T, does not require expenditure of additional area; a small
amount of additional area on the integrated circuit is however required for the circuitry to
25~ drive T, so that it is in a conducting state only when lower transistor T, is drivexl into a
| conducting state. ' . | _
e As shown in Figure 1, LDMOS T, is illustrated as an ideal device plus
various 'inherent or parasitic elements. There is a parasitic PNP transistor Ts whose emitter
- and base electrodes are the backgate B and drain D electrodes of LDMOS T, and whose
- 30 collector electrode is connected to ground. The latter connection is because the substrate of
integrated circuit IC is grounded. LDMOS T, also has parasitic- capacitors CBD, between
backgate and drain, and CGD between gete and drain and an inherent resistance R;q |
between 'the.drain electrode of the ideal LDMOS and its actual drain electrode D’. This
‘resistance is determined by the width of the LDMOS and temperature of operation.



20 the sanme breakdown voltage as the well isolation (in excess of 500
~Volts) and because =  .current flows perpendicular to the well . periphery,
adequat eWOR60AT6 carryi ng capacity can be obt ai ned BcTaBes/wesof the |
extent of the well periphery al ong whi %h it is fornmed. Further, the '

~inplementation of LDMOS T3 does not require expenditure of additional area;
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“required for the circuitry Ive it TSI N a conaucting
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base el ectrodes are the backgate B and drain D el ectrodes of L 'I_'f and
whose %0d of bpetstrameaperitart Cbdla responsmineTy being sirged omthe dirain jelectrede Botisesct i on

is bec t ie ~hat £ 'C.tirﬁlﬂ. ' r.oupded. LDMOS
T3 al sg&ﬁﬁé‘éa%goroggs{ﬁ? i‘%ﬁ%%[?gfglt%rds‘aﬂ&g%?ﬁg@%eeng 6%2’825@? g'oghgqgrai n, and
CGD ‘bemneeessary a0 timintie duerent conducted by iperasitic transistor 37 Feonikits renditter to itsbet ween

e e R T i AR B e e 1

qu_ylenggl}ilggésggprﬁﬁ&babiaﬁiﬂg the backgate of Ty duMéy A6fhid bperation in the charging cy-;:ﬁ-é .
ThelOni dfis s Sops B Providiag & BINP traasisighiTs £of ¢lamping the packeaterte s biasing yolt:

t enper : t AR ek I ' & Gl | 3rrafi007 mm of

wi dt h. aﬁﬁﬁfnéjg&l gPE{ah])A aﬁé alclfre LDI\/IZ)Se("%F‘ieIri'al ]tﬂélqéz{d(l)( %‘Fé‘?g ?Qr'llescgur ce foll ower
conf i gthraeghothe\parasitict teansistorc dhe emitteraif elamping ti@nsiston &g iscebnnectad trthp and i t 5

oot ot PATRER I (R 1 EEHore o SRIRRRERS b=E RSN 1 o e i PR Wema

el ect r edssiflor T @dich acts as current source by mirroring the current of a FET transistor T,.

)
D

15 The collector of transistor T, is connected to ground and its base is connected to the gates of -
- transistors T;, Ty, to the drain of transistor T; and to one end of a ctxrrent'soﬁrce .CS. The
voltage at the base of traﬁsistor T, must be low-ohmic to provide a constant .clamp level. -

The other end of current. source CS is connected to ground. The sources of transistors T4, T
are connected to the source S of LDMOS T, o _
20 - : - Further a capacitor C3 is connected between the backgate and source of -
LDMOS T;.. .
: It should be appreciated that the current of current source CS flows.
through transistor Ty and by current mirror action the same current is replicated flowing
through transistor T,. . , _ o
25 : ' The capacitor C3 is destined to cbll_ect.ihe chzirge that the backgate injects: "
during é voltage uansieﬁi at the drain D of T,. It is vital 'th_at the backgate B remains
negatively biased with respect to the source S of T;. The value of C3 scales with the width
of the LDMQS. As pre\}iously noted, that width is determined by the actual application.
_ | As a result of the biasing of the backgate, a gate to source voltage of_ 4v .
30 s required to turn on LDMOS transistor T,. In order to turn the LDMOS transistor T; on
when the lower power transistor T, is driven into a conducting state, the lower drive
command signal IN, is -é.pplied' to a buffer amplifier BUF which producés at its output OB a
signal which is at voltége'V,,,,'.whe'n the lower pov\.rer- transistor T, is driven into a conducting

‘state and at zero Volts otherwise. This voltage is appliedl toa 6n,e'end of a second relatively

7



~to V[err] as bootstrap capacitor Cl is charged. During the startup of

" T[err] t_urnlwi‘g It is necessary to limt the current conduct ed by -
parasitic t @P't?r T[err] fromits emtter to its - cofGEBPOSSY hee
such conduction shunts current avail abl e for chargi ng bootstrap capacitor
Cl whil e al so properly biasing the backgate of T[err] during normnal .
- operation dnfalf BELERRP’ @bakdtos XC, Mhosd biher efd,d2HRink P, RE SXtiplid® tﬁe N8 watfégeWQr

Tlerr] for clanpi ng t he backgate to a biasing vol t age during nor nal
(2

oper ati on WA@ diode, eBROt%@r“@Ba@@é@z hgs 8 FapasHancsQf tl%"lst fing f‘mteﬁéhecgﬁ‘? ent
through t h&gﬂfitﬁé#f ﬁtettf?ﬁ'lgﬁ rTheBGI?ff&gBltJﬁ‘?{as fsufﬁ&éﬂ?l Newld ; er i;g(;anzé fHaf ]

. is connecté géte erefore-to he em
| parasitic theaaindttootstap cafaritom@, iscchatged diadiode D,ao REDltage V, whichsequalsrV,,

T h act nt th t

Thonel ooy IES Gl fiod g Bl gl Rk £1Fect B Tahdiing e raige A the Mot o afe ntter,

ground andout?] @Bf@reat&r than e idisdietdRop)o zpmsamt:ted betwéehqmmai ndthélsebrck
an

T[err], to_the drain of transistor err d to one end of a current

source CS.elagigode S of LRMG, transistom Ls. thoint Byjs qonagcted; tosthe ategledtrode G ofy ohm c
to provi dergsfsRSF,aR4 g%s?_ﬂgr gmmmmategﬁ( ShinS! THIS Fed Piért[séd“h} déleidpta ar S

is connected to groun ansistors T[err
connect ed voltagé shich tums @ af Pﬂmsﬂ[oe T, ]whog@ emitter, base and collector are cofmecteder

220264 Geofelildly GO IRHAE B BRI RSP ROUAFYS, AbrB, Furilus symind B EE,

of curr entthe LDMOSGRankis@sT; due to istvitchiag transierss at outpdi OUT) aaﬂﬂsxbtbrqurab&fﬂly
mrror acti ﬁhe sa currepnt .is re |catedflovmng Q.o
transi st orP“%F dhe Fate transistor T; down to V4, in respopﬁ%tngly léqge(ﬂcr@f é’?§li ; R due to

destined tgjifeplkhredt tﬁﬂﬁéﬁ R8s Ifhis Qﬁheﬁﬂ"‘%vtﬂ&ﬁiﬁ%ﬁﬁd'lfx osmvéjﬁiébaﬂitﬁnge _B

vol tage transient at “8in D of [err at t he
remai ns  in voltagawhenethe ditput yvgltage: 3t outnud slgws|feorm m\éOLs tof VI [and ttl]e draine

vot oa. 23 ke R RO thelslE 15 over o lfreliaing Yo, WouRd BHeAHEE dharge

| As a resulthe ghtetdapaditance uoga fuin bh devehckga résulta tipcbodtstap Hodecsmuiator BDE of 4V

: is required to turn on LDMCS tr an5|stor T err In order tQ turn the
‘ LDI\/DS tr aki“g‘t'%? orlyat the Bﬁes a boomm iode W%We$avﬁttﬁlﬂ@¢“%?dawm Y $pasgs the 5
pdriven’i nt&o@stﬁﬁ ;tbpg; state, the |lower drive command signal INerr].

i's applied to a buffer anplifier BUF which produces at its output OB a
© signal which is at vol tlhgkould sew]beiapparenhithat threabjestavefr the prasentsinventihdavg i s

o dri ven,4 nt 0

Vol t aghd St AR h ol s BUHEE, Bl B bl el Both Recrbll

* particular detail, it should also be appreciated that its principles have broad general
-applicability. Consequently, numerous rrtodiﬁcations are possible in the details given within

the intended spirit and scope of the invention.
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smal | bowvevsmee7écapaci t or C2 whose ot her end, at point P,pCEIBYSUEESEd to the
supply voltage V[err] via a di ode err] Boot strap capacitor Cerr]
has a capacitance of at least five tines the gate capaci tance of the

transi sgg I]@ The buffer BUF has a sufficiently | ow output inpedance that .
the sec tstrap capacitor Clerr] is charged via diode Derr] to a

voltage V[err] which equals V[err] 5 I|ess one diode drop. This has the

effect of translating the range of ttre—voltage at the buffer out put OB
(greater than one di odmm directed between point P and the .
sour ce el ectrode ﬂwmmagstor T3. Point Pis connected to the
gate el ectrode G of * transi dto via a resistor R of approxi mately 5K
ohnms. This resistor is used to develop a - voltage which turns on an PNP

eapect Vel y to the Byvefirehf 16 Mifind £10rRet et BoRBRRENGHEC S woper

Spur i oufowelr trar3fstors) corinected between lab\dutput temsinal tand r&’s@echw lowes and uppengaxls

T anel <Pba P ARRE DI oo ani 307 LBisthe & Yty Smbasior g vl PG e

to ‘erlds] MR filstiEAEbEing Bé@lﬂhmqaﬂf bitputTtiriingl) fshifiriveyirélit compatagd by a
| arge positive rate of thange ~ in voltage when the output voltage at

out pit OUT sl ews froR@Wes PRl meansfos/generating a4 atneaves Supply Ptpubp£ORYde of
LDMOS t@&ﬂ\%' S‘{!}Wf%l? ﬂc?%d r @ilcor respondi ng range, would otherw se

- charge e capaC| ance 'to a turn on level. As a result, the
boot strap di ode errul aflowerRidive moduleompledmthalpp\mt supply bunpnsftntiemgtstrag f

0 o Sl By S HISHS S o5 e R o P AP a&n@oﬁﬁfgii’é
of -the gpRAGB%E donMeNéledtrodedfehe fowed Powves &tanﬁitmefbrlrand%ringrtﬁs Wér%o\\&lr t her,
whil e the present invention has been desgribed in
10 transistor alternately conductlve and non-conductive;
o an upper drive module adapted to be coupled to the the bootstrap
capacitor for being powered by a.bdotstfap-vol'ta'ge across ‘said bootstrap capacitor and
comprising means for applying an-upper drive control signal to a control electrode of the
upper poWer transistor for rendering the upper power transistor alternately conductive and
15 non-conductive; and _ ' '
bootstrap diode emulator means for charging said bootstrap capacitor to
said bootstrap \-roltage, said bootstrap diode emulator means comprising a LDMOS transistor
having a source electrode coupled to said power supply output, a drain electrode adapted to
be coupled to the second end of the bootstrap capacitor, a gate electrode coupled to the lower
20 drive module via load control circuitry said LDMOS transistor to a conducting state when the
| lower power transistor is driven to a cohducting state, and a backgaté electrode, there being
a parasitic tfansistor cohnected to said backgaie electrodé (and said drain electrod‘e), _
wherein biasing and limiting means are coupled to the backgate electrode (and the drain
electrode) fér biasing the backgate electrode while limiting the current that said parasitic
25 .device can shunt away from said bootstrap capacitor.
2. | A dﬁver circuit as claimed in Claim 1, wherein said biasing and limiting
means comprises a clamping transistor and a current. source connected to said backgate
electrode. | | |
3. A dri.ver circuit és claimed in Claim 2, wherein said current source

0]



pa?ticul ar detail, it should also be appreci ated that its principl es have

broad general applicability. Consequently, numerous nodifications are
pogsi bl e i n WREH @i | s given within t he i nt ended spiri PCWS@wQe of
the invention. WO 96/ 02976 ¢ _
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CLAI MS: comprises a Lurrent mirror. A driver-circuit for driving a bridge
circuit conpri'sing Iower and upper power transistors connected between

an output térninal and rAdpaét tigeuin aswaimed dn gbperl,ﬂsnn% said loa@towﬂlcgmumy
vol tage DC

cocon. - cfilshe £t S FRALARRA AP RLBH! Afd MAAHE SV il bbien U
driver cirQower edingndi saich@mtroﬁvoltage, and means for translatingvhe velﬂagel mangeefsiid buffer
enerating at a power su out control voltage with respect o
Ja1'd ovir QUi sgnal o a Tange br Voldge aifference pefuggara BN eURRIPSSCoRAR BEcTSe
the power siiaRhid 19ph Botircd SlecthiieNd powered by said control vol tage and .
conpr.i sing means for - applying a | ower drive control ghal to a

control el éstrode of thekﬂumczmt@sqlalmﬁéunssmmﬂ@rwhemwdﬁgeaméonmlaung
power 10 ”c%ﬂﬁiﬁ?&%pa@ﬁﬁ@r:ﬁ@h?l y conductive and non-conducti ve;

6. A driver circuit as claimed one or more of the previous claims, wherein

10 said load control circuitry further c_omprisés means for clamping said géte electrode to said
source electrode of said LDMOS transistor in response to displacement current ﬂo§vihg ina
Miller capacitance of said LDMOS transistor coupled between the drain and gate electrodes.
7. - A driver circuit as clé.imed in claim 6, wherein said means for clamping B
said gaté electrode to said source electrode comprises a (PNP) transistor.

15 8. A driver circuit as claimed in one or more of the previous claims wherein
capacitive means are coupléd between the backgate electrode and and the source electrode of

- said LDMOS transistor. | .

0. ' A driye‘r circuit as claimed in one or more 'of the previous claims, said
driver circuit being integréted in a single chip. - | | _ |

20 10, . Ballast circuit for operating a lamp comprising a bridge circuit and a .

driver circuit according to one or more of the previous claims,

U LA



an upper drive nodul e adapted to be coupled to the the bootstrap
capaci tor for being powered by a bootstrap voltage across said bootstrap
capaci t or a0 960297 onpri siing means for applying an upper drPEEIBYSNESSDI

signal to a control electrode of the - upper power transistor for
rendering the upper power transistor alternately conductive and 15 .
non- conductive; and 1/2 boot strap di ode enul at or neans

for charging said bootstrap capacitor to g sai d bootstrap vol tage, said
boot strap di ode enul ator neans conpri sing LDMOS transi st or havi ng a
source el ectrode coupled to said power=supbly output, a draiif €] ectrode
adapted to be coupled to the second&dnd of the bootstraﬁiﬁapaC|tor a
gate el ectrode coupled to the te&wer 20 drigve nodul e vl | oad nt r ol -
circuitry said LDMOS transistorg$,0 a cond _ en t | ower
power transistor is driven o-a ‘ [ kgat e el ectrode,
t here bei ng ackgate

el ectrode (and saj,d draln eleg;rod- [ | asi dimting
nmeans are coupInge- Ii- el ectrode)
for biasing the backgate el ect Fgoe whlle I|ﬁ+t|ng th rrent that said
parasitic-25 deV|oe-ean-shun§? ‘fronl aéﬁ boot st capaci tor. 2.
A driver C|rCU|&=a- eHe-ret ' ol |aS|nE_Wnd limting
means conprlses:ﬁlulanplng tran ohnected to
sai d backgate o driver circuit as

clainmed in d ai
PCT/ 1 B95/ 00553
conprises a cur
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4 A driver circuit as clained in claiml1, 2 or 3, said |oad
control circuitry conprising a buffer for producing a buffer output .
s gnal havi wmp gs/0296t age range between said | ower rail ®RC/IBY/MWS5%30Nt r ol
~voltage, and neans for translating the voltage range of said buffer 5

' output signal to a range of voltage difference between a point coupled to

said gate el ectrode and sai d high %@ﬁgfe el ect rode. 5.
A driver circuit as clainmed in cIa|n14 ei'-n said neans for translatlng
conpri se capacitive means. A driver circuit as

-cl ai med one or nore of the prev1ous cl ai s, wherein 10 sai d | oad control

~circuitry further conprises neans for clanplng said gate electrode to said

. source electrode of said LDMOS transistor in response to displacenment

~current flowng in a M Il er capacitance ., of said LDMOS transistor

coupl ed between the drain and gate el ectrodgs. 7. A

driver circuit as clained. in claim®6, wherdin sald means for clanping

- said gate electrode to SAVH sourcePbIectro e conprises a (PNP) transistor.

. 15 8. di-i—gpne_or_nnre of the.

. previous clains mherel e coupled between |t he

| backgate el ectrode [ang” and the squrce e\etlrode of said L

 transistor. 9. rlvfr cijrcuit as clained {n{one or

' nmore of the preV|0Ls claiwr,aEai & Arﬁld $yer |circuit being integfated in a
B

. single chip. 20 psLe- — Bal|agt dircuit for operat{n
. conprising a bridge qircuif d e driyerjcircuit accordingjt
. nmore of the previogs [cljai 3
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