; e3etr q4F6Tr NY# ,' MOSGATE DRI VER FOR BALLAST CIRCU TS This invention B

seldtes to a gate driver circuit for MOS gated devices, and nore , Q
specifically relates to a monolithic gate driver CIrCUIi fo NCS éQJ(Q q
circuit devices, particularly those used in |anp ball ast circuits. The

i ivention further relates to an el ectronic ball ast 2 a&

di scharge lanps. Electronic ballasts for gas disch @(g:e CI com ng
into wi despread use because of the availability of power MOSFET switching
devices to replace previously used power bipolar transistor devices. Mst
el ectronic ballasts use two power MOSFET switches in a totem pole

bri dge) topology, with the gas discharge tube circuits consi SB“ ﬂ““ﬂmm)wﬂmﬂl
series resonant circuits in which the lanp or |anps are conne

one of the reactances of the L-C circuit. The power MOSFET swi t ches:ar e
then driven to conduct alternatel by Inputs from ondary wi ndi ngs on a
current transfornmer, . RIVERZOR B Agsl Al LR ct s the current of
the lanp circuits. The pr| mary wi ndi ng current alternates at the resonant
frequency of the resonant circuit) Such prior art circuits have nunerous

dr awbacks. For Thaehtion felité 16 ialeateidriver dircuifer MOS gasddfdesicas; andi@opnd require
a DIAC type device to initially pulse the circuit into operation. 2. They
have poorsmftce}hy talatessto agnormigyic gate drivessireuit for &5 gated giscyitdevicetl arly to

th d f dal t ot f. t t
amenabl e PRUBRARY Agse Gied T i Yl o Re T imamion B e 8 ocuct i on

manuf act UgRctronic ballast circuit for gas discharge lamps.

Electronic ballasts for gas discharge circuits are coming into widespread use

* because of the availability of power MOSFET switching devices to replace previously
used power bipolar transistor devices, Most electronic ballasts use two power
MOSFET switches in a totem pole (half bridge) topology, with the gas discharge tube
circuits consisting of L-C series resonant circuits in which the lamp or lamps are
connected across one of the reactﬁnces of the’L-C circuit. The power MOSFET
switches are then driven to conduct alternately by inputs from secondary windings on a
current transformer, the primary winding of which conducts the current of the lamp
circuits, The primary winding current alternates at the resonant freq‘uency of the

resonant circuit,

Such prior art circuits have numerous drawbacks. For example, such circuits:

1. = Arenot self-starting and reqﬁire a DIAC type device to initially pulse the
circuit into operation.

2. They have poor switch times.

3. They are labour intensive due particularly to the need for a toroidal
current transformer,

4, The circuits are not amenable to dimming,.

5. The circuits are not amenable to mass production manufacture.
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2 The present .invention provides-an integrated circuit as clainmed in daim
1 and preferred features of this aspen of the invention are set out in
Clainms 2 to 7. The invention further provides an electronic ballast circuit
as claimed in Gaim8 or Claim9, Preferred features of this aspect of the
invention are set out in Cains 14 to 13, The MOS gate driver of this
invention permts the driving of | ow side and hi gh side power MOSFETs or

| @BTs (or any other MOS gated type device) from Logic |evel) ground
referenced inputs. Such circuits are padticularly well adapted for the

d f t t M f |1y, the MOS
gate driver o tRePreRE FrveiP v B tn Bl Ginuller Fele%ipq%ﬁhdtﬁ% baid ast
circuits 0brefé?ﬁdd&'eﬂﬂfé§6ﬁth'x§’as é’d’t’lﬁfdﬁaweﬁgom gtaotu‘?gx@ e s? aﬂ% provi des

the foll owm ng features; provi des gate rlve Vort s for two

MOS gat ed mamamﬁammdudmlmhxmumwtuxd\@@ﬁﬁ& ﬁ:rClhﬁ%%r Coifa. 9.
desi gnated_as a rj_ovv-S| de switch" and the other as a "Hi gh-side switch"

The two pofETerEH fERtHEsS ohis wsaprtof iy ipvatiet eredet avt in Elsimesr Gl 18, or hal f
bridge circuit 2. It provides level shifting circuits with a voltage offset
capability up to about 600 volts to translate ground (substrate) referenced

signals via an TROMOSgatearvdrof m‘«@ﬁxoﬁ'ﬂehﬁﬁﬂhghﬁw‘h o%?o%kxgé ?&ﬁaﬁge drive

function of the hi gh side swi tch. logic circult erence und
(subst r at ejide paverddRSFETs ODIGEHW@aaw other, M@S\gatetdagm dewipd) RbAIrlogie control
t he magnit when the driver is supplied from

)
non- r egul atégg g‘toél}lggcﬂ.%:étt’ t 2 %ef‘tfgﬁf&'g‘ts e B HeRlardy well pdaptadfopthev ent

mar gi nal ow,a oPBRasHisch G’QW ches, both | ow side and hi gh side,
a dead band de ayga(':sl rcui that -C@W-é'pr events "shoot- ~' . hrough” currents

fromflowng in the MXS power switches, and a logic function that allows
ide drive outputs to alternate on a 50%tinme basis.

t he high side | ow
4. An gdm i ongﬂgr‘?ﬁﬂe@%&mypthe MQS;ﬁatwwaotsrbemvannqnmdbemeﬂfocm .
sel f - osci Ia@&ﬁ?@hﬁgg&ip& Em fﬂ%’b ex ter esistors and

Qe gatesk ciggyiti andat i on, fo

capacitors Rr an respec eI
is set by prhexdesﬂﬁtfblmhgpaanjresf I 1. 4 RT X Cz 5. The nonolithic die can
be packaged in a conventional 8-pin D P or SMD package.

1. It provides gate drive voltage signals for two MOS gated power
semiconductors such as power MOSFETS or IGBTs, one designated as a "Low-side

switch" and the other as a "High-side switch". The two power switches are commonly

connected in a totem pole or half-bridge circuit.

2. It provides level shifting circuits with a voltage offset capability up to |
about 600 volts to translate ground (substrate) referenced signals via an isolated portion

of the silicon die to facilitate the drive function of the high side switch.

3. A logic circuit referenced to ground (substrate) that consists of
comparators, a voltage regulator to control the magnitude of the output signals when the
driver is supplied from non-regulated d-c supplies, undervoltage lockout circuits to

prevent marginal operation of the MOS power switches, both low side and high side, a
dead band delay circuit that




DETAI LED DESCRI PTI.ON OF THE DRAW'NGS Figure 1 shows a prior art electronic
.bal l ast using a current transfornmer drive. Figure 2 shows a generalized

el ectronic ballast for gas discharge | anps, which uses the nonolithic
circuit of the present invention. Figure 3 shows a circuit diagramof a
"doubl e 40" fluorescent ballast, which uses the nonolithic MOS gate driver
of the invention. Figure 4 shows a gircuit di agram of a high pressure

sodi um bal | ast) using the novel MXS gate driver of the present invention.
Figure 5 is a block diagramof the novel nonolithic gate driver shown in
Figures 2, 3 and 4. - 4 - DETAI LED DESCRI PTI ON OF THE DRAW NGS Referri ng
first to Figure 1, there is shown a prior art ballast using a current
transforner  drive . T i I CLH, N6} FEFs 20 _and _2 onnected in
a 'totem p(ﬁ%\%ergt%alr%cgﬁ db'ééocﬁ?%ui %ﬁrggﬁﬁér g\%ﬁ ﬁS?ﬁlggd-l@ jﬁg\%er”agour ce
at term nalpPwexr Hnwilp3lesTheamditpurogie cliuncthchutdbstaagaowsi sisahgaht ube 24

- of any desidgd type W chids gonecheentiPsarsekl 3 CeCibC Ui t5ggonsi sti ng
of inductor 25 and,papaci%ors 26- 27. %Pcu?rent %Fgﬁgggfngﬁ %8 has a primary
winding 29 §3"&R3¥Swith tube 24 and secondary windings 30 and 31
connected to the gates. of MSREISt 20nandlddicr 86RRGEI Y& Yrokridied s32 i S

connectd frgmthe node between resjstor, and capacitor 34 and the gate of
VOSFET 21 (04 GHAIGE Gt P Sk SRSTHILRER: 2En8 EFPEHERHL o

?sci Il ati orue@md 'metcarmeoex%efmbireslistmtbl anaebapac?totrfsle RrTea?dant
requency i nduct or .25 .and capacitor 26. Mre specific . _af ter MOSFET
e o oS CPPEA SR e SHEER U CREMIPRTEI (RURERLILSD fo 80 ki)
excites thed-ecibeuite dheasiomsioipal vol tage across capacitor 27 is
magnified by the circuit Q at resonance, and devel ops a sufficient.

magni tude to strike the [anp 24. }hg circuit of Figure 1 is a holdover from
known bal | ast designs using bipolaf tran®,sta@.s and is not well suited to
power MOSFETs because of poor waveformnms. The novel nonolithic chip of the
invention permts the drive of a ballast circuit which is self- starting,
has i nproved switching tine, is anepable to di nm ng, and avojds | abor

i nt ensi ve i nduct or cd%ponéﬁ?% BRRML A8hiRedigr FaRt DEr RASKSSGRS 9B Bf Figure

1. - 5 - Jdrghre Zosdove-p e Moy ebr noMpl phbkaghl>S gate driver 40 of the
invention in the ballast circuit of a gas dlscﬁarge | anp. More

specifically, the circuit of Figure 2 has a gas discharge |anmp 24
associ at ed DEFATIEE SESCEBPTICON cOF COHESDRAWIRGS 27 as in Figure 1. Two

power MOSFETs 20 and 21 are al so connected to_d-c.source .term.nals 22 and
D38 in Figure 1 PARF D008 8rte 527 na7 oo B LERF To0NS SRANAE vihi o
has a MOS getigyg farcwexearpt et rams f&Btenr daivBS gated thyristor. The chip 40

of Figure 2 provides i sh 0l eg t : | i ds
t he drawbacks of the Eﬁ{r?d(;frae airt C|‘?%uigtégﬁeg%grgéal.%qﬁg&%ﬁle%%lga y, chip
40 may be HOB RS riisrRge vmpsr whirhcusgsushepaonsddthil has the

followi ng Rl 4% rhapreddnt Phieheible gate of the high side

Figure 3 shows a circuit diagram of a "double
40" fluorescent ballast, which uses the monolithic MOS
gate driver of the invention.

Figure 4 shows a circuit diagram of a high
pressure sodium ballast, using the novel MOS gate driver
of the present invention.

Figure 5 is a block diagram of the novel
monolithic gate driver shown in Figures 2, 3 and 4.



MOSFET 20; VS.- a pin to the center tap of the totempole or half bridge
.connect ed MOSFETs 20 and 21. Lo - an output pin to the gate of the |ow side
MOSFET 21. G - a pin connected to the negative termnal 23 of the d-c
source. CT - a single input control pin which is connected to the node
between timng capacitor CT and tingng resistor RT. The other side of
capacitor CT is connected to inductor 25. Control signals to single pin CT
controls both outputs Ho and Lo. RT - a pin which is connected to the other
termnal of timng resistor Rr. - 6 - - apin which receives a chip
operating voltage fromthe node between resistor 41 and capacitor 42. - a

pi n connectEEATLEMEDNOCR: BT TANOGE THEADAAWANGS tor 44, which acts as a
Dootstrap” circuit e pLovide POUSE L' cie,Pel Akl d Nmdinolh Si de
e

switch. Al so provide Th-Fr o are two K-t0-back diodes 50 and 51 in
serleS\MtrpIimrlamp batcasc uFhBgead CHIEENS0 LHFE STP TMRTM I & o- si ng

‘detector.foL, | 18,8PBEALLOROSERY PO0LA ae hrddidesin tane
resonant ciFeul cons uct or capg citors_26 and 27. The

capaci t ance" ptemppel e br Q?hiaéfl'b\ﬁéﬁl%héﬁ-rtchléttfofa% ¥R FERF that it
operates atya- hhgher gsGr¥el Eageeﬁaﬁatl@atzzofadaamm t arhe2fouthhits vol t age on

capaci tor 27 strikes the lanp 24. After |anp st p 27 is

ef fectivel yChReRit ciRELHERE By IRRe HITHAFES aFd’j,’edr%dp icﬁrf)ﬂ C?%F}'eﬁéuency of
.the resonang @mphﬁthcustcaamm&eaand@ @n sexdied - Qi tapaci tor 26. This
causes a shift to_a | ower .resonant fr ' opgration,
synchronlzeﬂoﬁﬁlfﬁéngePo crESSEng &0 %h gg?%ﬁ%%égﬁréﬁr%ﬁodes 50 and 51,
and using tbertestl taahsvolrtnag;e 2180 l'xa@ntar drimarosindingr2 i thi FEEREP 40.

As w || be shown scil t & Ci4 t cbsnsSyHEAr oni zed
by the addi¥#bh B?B %?s or %%C%% ¢ p%@?ﬁ%?ﬁiﬁ jr?ﬁghc hi p 20 proyi des
offset voltagechapgbcbsty uUQﬁfBﬂSlﬂQﬂﬁﬁdtZkM1IRRP%@#%KEHYC ahdh3S a

“front end” QaPQbEéhhgci'@l oﬂlﬁﬂé“ﬂadé”bééhééﬁuré@lé@@rW@B|akﬁowﬂ CMOS

555 tinmer i-C as interior circuitr 8 QV|de a nom nal
1 n1crosecoqageaétprné4béFﬂba@Qmﬁ%ﬁﬁsP?ﬁMQ$EF%J%%rE t PRV hPGh®si de and | ow

side output grEotidh puNGeSWd Frer?kcddeuit into oscillation.
Once started, che circuit will operate at the resonant
frequency of inductor 25 and capacitor 26.

More specifically, after MOSFET 21 turns on,
oscillation is sustained, and a high frequency (30 to 80
kHZ) excites the L-C circuit. The sinusoidal voltage
across capacitor 27 is magnified by the circuit Q at
resonance, and develops a sufficient magnitude to strike
the lamp 24.

The circuit of Figure 1 is a holdover from
known ballast designs using bipolar transistors and is
not well suited to power MOSFETs because of poor
waveforms.

The novel monolithic chip of the invention
permits the drive of a ballast circuit which is self-
starting, has improved switching time, is amenable to
dimming, and avoids labor intensive inductor components

such as the current transformer 28 of Figure 1.



As w |l also be [ater shown, the-chip. 40 will be supplied at term nal 22 by
.arectified a-c voltage and, therefore, is designed for a m ni num qui escent
current, and has a 15 volt interval shunt regulator. Thus, a single
one-half watt dropping resistor 41 can be used. In addition to the
qui escent current there are two ot her conponents of d-c supply current that
are a function of the actual application circuit. 1) Current due to
chargi ng the input capacitance of tHe power switches. 2) Current due to
chargi ng and di scharging the junction isolation capacitance of the gate
driver chip. Both conponents of current are charge related and therefore
followthe rules: Q= CV It can readily be seen, therefore, that to charge
and di scharge the power, switc C q e arge is a
product of. the gate dr%ﬁ% ) @% %%f ﬁg?%ig?h%gpgg?tgﬁggs and the
i nput power deqwered0|sfdthecimve@tngnrlmohhﬁ baliastpedagettoPicharge and
frequency a §%¥0é£§g§?§gg [%g% 2 18 rsﬁec1§léail - tBe- cYkenidesifgni ng an
a nd

actual ball CITCUI ause above refl ati onsh

fol | owi ng shBugdree2 obaer edas 1@36%6%‘9? hdaPBunéét aaﬁeFéﬁFﬁé‘ Vﬁé&ugﬁ%y

consi stent wWiith; gini0kzingchndychor s57€272hsSehegtigtire smal Mest pdwersi ze
for the power sw tches consistent with IOM/coggéc%P Io% (ThIS r educes
e d-

tie charge r¥g8FEERerPsapdayBESt ReSPofRBESH c vo tage
summary, t hetérﬁxﬁ;uansotzFagdr e32aswhanFdghvrenlby @lkmwerddOSFERA @&s aél

If | t ¢ | I
R b ot
(6]

current transkempée, danvéGBTthé ROYOS SREEEMLPYELSEST | d41F "% ok"
~ waveforms to g g gh% §V\"Pt.—6b1he§se§1vbn STBMA 1GAERS t HTMOSHETS 220 MIBFETS
can be selected o | ternativel gg%gg n@aﬁ&%% be reduced of ‘ﬁ qﬁpated
Figure 3 showd ahickedyPify 5§FI5§PW 1SS TR on'% ip 40
of the Figurejdukaria "double 40" fluorescent lanp ballast. In Figure 3,
conponents simlar to those of Fi 2 h ﬁﬁﬁf NG Ndwer al s.
The lanmp circuit in F| fgf?it]\kfd %ﬁ\ﬁa{lﬁo orgeési?g%l‘%é%(a 6u and
61 in a commgnpief DIE ar \durcﬂadeammﬁsmhagﬁ,seimbsha%d%% of el bowing 63

and series capacitar 64. Each of tubes 60 and 61 have parallel capacitors

66 and 67, r §ﬁ%éﬁ|vely and paral l el positive tenperat coefficige t
thermistors 68 and 69, Hyespédt PUEPAL R@n&l?o&hec&?ﬁest‘?ﬁ e}tﬁq}%ﬁﬁ

and reS|storﬂ6§¥é§:ﬁgnnected fromthe node bet ween MOSFETs 20 and 21 to

t he neutral
- a pin to the center tap of the totem- pole

v
s
or half bridge connected MOSFETs 20 and 21.
L. - an output pin to the gate of the low side
MOSFET 21.
G - a pin connected to the negative terminal 23

0

of the d-c source.

Cr - a single input control pin which is
connected to the node between timing capacitor Cr and
timing resistor Ry. The other side of capacitor Cr is
connected to inductor 25. Control signals to single pin
Cr controls both outputs H, and L,.

Ry - a pin which is connected to the other

terminal of timing resistor Ry.



The input a-c.circuit includes an a-c. source having two a-c termnals L1
.and L= and a neutral terminal N A conventional filter circuit including 30
m crohenry inductors 71a and 71b is connected to a single phase full wave
rectifier 74 having a positive output connected to resistor 41 and a
negative term nal connected to capacitor 42, providing a 320 volt d-c
output froma 220 volt a-c input. The input filter further includes
capacitors 75, 76 and 77 as well -a$ d-c capacitors 78 and 79. Note that
chip 40-of Figure 3 operates directly off the d-c bus through dropping
resistor- 41 and oscillates at around 45kHz in conpliance with the follow ng
relationship: 1 f osc - 1. 4 RT CT Power for the high side switch gate

drive cones from bootstrap capacitor 44 (0.1.F) which is _charged to
approxi mately 14 voI%%cmhé%é%E? IR esehliffed FERPABPPAG %ﬁg | ow si de

pover swi t ¢R1¢8REUEtLAN £ hEhe JaeO etk rdi ke ddot 14D bt asasitbe d-c bus
vol t age when thé high side switch conducts. Diode 43 is a fast recovery

di ode (<10éﬁSec) to ensure that the bootstrap capacitor 44 is not partially
di scharged as the di oge -43 paen\amermed| mrkshd heode gbf vaicdgedBus. The

hi gh frequency output fromthe half bridge 20-21 is_a_sguate e.Wth very
f ast transPFﬂoﬁaPPﬁé§°FaﬁﬁwokﬁHH& I%F%ﬁké%xﬁ. ?%oﬁ?dﬁ?ptoc558$§¥e§§gssive
radi at ed ngir%e'ifiEeO@Sme' feamt oMy @gard son aof). Sheahighnaber swdteba (10n
-and 0. 00l uF, respectively), is used ta,slow d h 1 LB ko
approxi mately 0. 5. Se@?isa/-prﬁyl-&jel\%t@t ]a?‘yf%e?\ggfé g"’gmﬁ%‘?n. %bggag tinme of

| uSec to preveets Shoand Sihriougtexias entshithe hbampl Eibendge. These

=l uor escent, .l anps 60 1 d_J | ek eceBEh £t B ainbs own L-C
resonant cFﬁgﬁFF.s nfﬁﬁﬁ e#ﬁ%$1?ﬁgégéfr%%é%géégnageegriven fro#n he single
pair of MOBRETs 20 and 21 sized to suit the power |evel. The reactance

values for the lanp iy cifidr H £or5e! £6d S 628 kubel 2aCkaREReE3DIAR Or from
the equation for series resonance: f= 1 2n+ The Q_of %Be Iagg circuits is
e§%feq

fairly | ownesengsE &g hePg ot Dt at PENCEPENPE A uency whi ch,
of course, GyMIMPeAUEA of7 RT piel 6dphelcanseess Eapardzoent dsps do

not normally require very hi striking voltages,so a Q. of or..three is
suf fi ci ent . lowerat 'tbt?rbuﬁ‘%;’e% ‘?‘grfﬂa?%c+%gﬁl ?gf Fgm‘%hgggér; P%&lf(%[%rss afhd smal |
capaci tor Mgy wher etolFagnfihah arda® bEndaphaiber R6ger T sore turns
are used. Soft-starting wth tube,fj - i IS |l desred by
P.T.C theﬁﬂ%ﬂ%ﬁ%;9§3é%ﬁ?%ék%#r%%sééggﬁg%ag%g ?%%thg'wafgﬁﬁgfeg#ﬁgge
across t he Jaanrmriahial dapactteas2?t as ehfeprively ishontsigirasdifedeat s

until finally the st ' t | [ ic¥ '@pched and the
| anp stri ké’?y UI:hee 1faoﬂlh% §w%¥§%b€g85%é§ Fﬁ% &%ﬁg??ffi’ corrponentf used for a
preferred ermmfiansntlamp FFfoeel: now. dependgoopEifidugtox) 25 an

capacitor 26. -

This causes a shift to a lower resonant
frequency during normal operation, synchronized by the
zero crossing of the a-c¢ current at diodes S0 and 51, and
using the resultant voltage to control the oscillator
within chip 40. As will be shown, the oscillation
frequency of the circuit is synchronized by the addition
of resistor R; and capacitor C;.

The chip 40 provides offset voltage capability
up to or higher than 600 volts d-c and has a "front end"
capability similar in function to that of the well known

CMOS 555 timer i.c.



PTC 68,69 Bridge 74 Diode 43 Resi-stor. 41 Resistor 70a Resistor Rr Capacitor
42 Capacitor 54 Capacitor 66) 67 70 7S,76,77 78) 79 C Inductors 62, 53
Type IRF 720 (International Rectifier) TDK 911P97ES014U10 4 x I N 4007 11DF4
91 KOHMS, 1/2 watt 10 OHMS, 1/2 watt 15 KOHVS 47,f , 20v 1 ~. f , 400v
o.oluf) 6oov o . ool ~ f, soov O . 22 ~Cf ( 250 v a-c 100 ~f, 200v O . 001
~tf 1.35 mllihenry Figure 4 shows anot her enbodi nent of the invention for
the drive of a high pressure sodium [7arp ballast. The circuit of Figure 4
has the synchronization circuit of Figure 2 and al so has an automatic
shut-down circuit. In Figure 4, conponents simlar to those of Figures 2
and ‘3 have simlar identifying nunerals. In Figure 4, the lanp is a high
pressure sodiumlanp 90 having a parallel capacitor 91 and an i nductor 92.

| nductor 92 has a tap WHtEh4Ps3pgrt NgF 4 NSRFHEFOFERGHIERY ,CARFIHdudes

resistor 93, adhedesad4:andcfesardngadacid ¢inkb bduwddrgwgrutd ¥f the
synchroni zi ngkm rcuit CORSI sts detect or, di odes 50 and
e

.of th ero crossin
51 whi ch synthFohit2eiiHesar -Séggi Ialngti S SR 4 t5F 190 M onance
of the LC cigeutth®3, 262andhe1Q of the series resonant circuit is nade to

be about 20 and provides .. 12 - suffi cient ,volta oSt L | 90.
The synchroni zi ng capagfl Vﬁ)}lofa%tsﬁe%ghilﬁ%f% aﬁl}oo '?c;]%‘}aé scek?*ésﬁu%e circuit
of Figure 4 be sesphaed at RieghiQatlo 22r dogi @eﬁdﬁtﬂdﬁd;taafqifr‘@lme_ age for

| anp 90 w thoyh {Deeusecot 2 3eRUARLONE i A geRdsdds situation,
where Qis insufficrent to 'provide the necessary restrike voltage, the
shut down ci reurrennel agin§ag adds yolind eyl ishunta TRIUIAERE vol t age

whi ch preven{rﬁuéheavghhﬁqe BnePhR1ET WaltdMdRAH MY Fdpi d4S/CL1 V@an e
switching point. Thus, fhe circuit proides "burps"” of oscillation until
restrike is W€8®nplished (approximately 90 seconds) and sustained, and

dﬁst ructive h:c ghh!\/ng-fn?w’dﬁﬁf&ti%rﬁ\t@ cteﬂaF.dﬁjgsgce%r& g@a:a%éxz@c%dmgaﬂm of
the circuit of chi of the precedi i gures n : e _ej ght

bi nout s of | RV ABRare PEREARERS Iz SUPB I CLTTEAT (i bRES 1 be
descri bed i nfkhgulén5odr € hentaegtaile dppliicat icmoireuit con chip. The first
circuit block is the clLanp ¢ircuit . consi.sti 0, rality of zener
di odes.” These are conné?tedghﬁ§%4§l#aéxygﬂéy%%¢#ﬁgsé%§ig |§ connected to
the silicon substrate whi chcapesiszande ahitheyrpower switghesl supply line
and anal og supply 'i”32@°thdﬁgfaﬁi1HUH“&BrEﬁ§¥§i£€ #@| @9sGhHgingi ne and

a digital ground line are also connected to ﬁén' VsS. The next groug of
circuit blocks forma tiner thie dunctinfssolatice erpretiancecafithe:
connected to the anal og supplatd idi8 ek tdgi@nal og ground, N conparator 102,

P conparator 103 and an RS lI'atch 104. Two ta%:s from di vj_lder 101_are
connected to the positPPER FATROREN T RfarcH o ent 02ranghad3e FAparedin cr

i s connect edaha thereegale folilrputcd morgsy ator 103. The out put of
Q = CV
It can readily be seen, therefore, that to
charge and discharge the power switch input capacitances,
the required charge is a product of the gate drive
voltage and the actual input capacitances and the input
power required is directly proportional to the product of
charge and frequency and voltage squared:

' 2
Power = E—2"'— xf



- 13 - conparators 102 and 103 are connected to the RS Latch 104 as shown.
‘The RS latch 104 is also connected to under- voltage | ock-out circuit 105
which is integrated into the chip circuit. Thus if Vcc reduces too | ow, the
RS latch 104 is |ocked out. A bias circuit 106 provides bias outputs to the
RS latch 104, the lockout circuit 105, and to dead tine delay circuits 107
and 108 in the high side and low side circuit lines. Tinme delay circuits
107 and 108 provide a dead tine or delay of about 1 mcrosecond between the
turn on of the high side or |ow si-d8 switch after the turn off of the
other. This dead tine ensures that a "shoot through" circuit cannot be
-formed in which both power MOSFETs 20 and 21 are simnultaneously on. The

out put of dead time circuit 108 is applied" to |ow side delay circuit 109
and | ow side driver 110 which is connected tq pin.Lo. The out put gf dead
time circuit 107 is afpEredeSdondwd ahidItUn L2 Rl 44449 ¥t he hi gh
si de out putbkicBeseThe Ringhadicte henatdlossHipy uddse of 4l Pwtngleshoakd suppl y
circuit 112 which drives a dv/dt filter circuit 113 which filters noise
from the puP§eCf88E46%y circuit 113, and an under-vol tage anal og | ockout
circuit 114. The inputi)to Sedemitghthe deowssts aperan ind 1Rréeguendyiected to

pin VB. The output of | ockq ircyit L ' L £$za8pplied
to latch circuit 115 and itcs% guts[t)%tlﬁti é&éﬁﬁ@&%%‘%& &éﬁc\ﬁg V\f‘lfch
contains gain stages and diSelestpitheHsmaNdiast hdie ps hza/sEor stBenReYEEd to

circuits 113, 114, 115 and LG ches s A ddIOR: dNE1 B ESSAGuERYEAL I On has
been described in relation to particul ar enbodi nents thereof) many other

variations and modifi cati ol®SEEE -ot Hdh ik LTS ecdnel@PB&rent to those

skilled in the art. It is pRfididertbndderefore, that the present invention
be limted not by the specific disclosure herein but opl t he appended
cl ai ns. 15 CLAIMs: £ An L‘{sr‘?t C]é?i'ec?q’ c%??si‘hd}?reﬁ anaxglgéleéon substrate

for driving first and IsecamthadyS gdiedtjmoowit sefri Ebgduet ¢ @wbences whi ch

are connected.in a, hal f_ .bridge cjrcui [ as_fLi+ d-c
termnal s aﬁa‘lé’e@orlﬁ}’or?'tléjr rﬁdcgfalpra ‘Flt‘#es \rllgc])age&bgt;éfvseésrﬁ"gé}:gﬁgi rggagg%d second
MOS gat ed peasfe serexamhrtwirtdadaks;inai connrelranddlevedushifdngdi ng

timer circuigdt S [ ' ont r t ] Cr Is [
connect abl eftogn?h%ov%gc‘{%%vde&ge%aﬁ r%%(‘g%gzég%é tH*é@%g?elﬁ?ieal of said
substrate; [paticir ammurnmstmmﬁg@meb duiveri nbhecnp¥gilt SHSARE for

controlling idiuentyy, at é’s@% HoSew ddirésbragdesenendmiee gatiedhpover
sem conduct &¢ el\ﬁegs are sv&tc ed on and off ' and having an output which is

swi t ched i nlossigsnse I BAHF ERIRT ni $BYL YN EL28pIPPERTE0 S8R @S nput
control tergaalgeed Oh £l dergoadvélyp Hehaysehkeurhyabd aeddugesi der dead
time delay circuit each coupled to said latch circuit neans for del aying
the transm &HigHNAFCEE1 atch out put signal for a predeterm ned tine del ay
following the switchi rigird he shbpstanfexemglhzycbadilasti tcimsadds a hi gh

side level shiftin ns d hi gh, side.driVv Cialz G U d alow
side driver w@?’r%i%‘ﬁ%nes“,‘gg%’( gtlma gﬁhg’dgodékvg?mch‘%% %?&’? %d said | ow
si de driver "dmuisledei Yy Chuptesicent shauphbghlaste ddad Rigwreidcuit and
said | ow side | ] pt.Le i el vy havi [ S and | ow
si de out put dc;ﬂr%g&?eeé%%g?ﬁl/{ef%v\ﬁ%cﬁﬂsg%dége!%_t %&tg fHdi?l*ut?{rﬁ ng on and off
sai d first dtenwichning/OsigaralspowEheséamPofdFeudt davifde i + esponse to

control si 9nals s s@hd 4 gPWaceoRLLBkebeefinalargE eihalend 1 e del ay
circuits preventing the sinmultaneous conduction of said first l?cr}g%égcond

MOS gated paRRmeRrFebhecePsr vBEGhcBave) regpechivg faktes rifif ¢l ai med

inclaiml wherghd 68 snli ghrskdecapdchiowrsisde oEaut qff nulpsdieardit put s
whi ch turn on and of

f l\/[f ted povwer semicond r devic ‘ygdﬂ h &8
sel ected frdtt tPRVYrBAH2 ngl §FPE§"5f’rBo£§r alﬁgr:ﬁ's,rﬁs@?éts’ap Y
parallel positive temperature coefficiert thermistors 68
and 69, respectively. A snubber consisting of capacitor
70 and resistor 70a is connected from the node between

MOSFETs 20 and 21 to the neutral line.



MOS gated thyristors. . 3, An integrated circuit as clainmed in claim1 or 2
wherein said integtated circuit includes a Vcc pin coupled to a source of
operating voltage V~~ for providing operating 16 power to each of said
circuit neans in said integrated circuit and for connection to one of said
first or second d-c terminals. 4. An integrated circuit as clainmed in claim
3 which further includes undervoltage trip circuit neans coupled to and
nmenitoring the voltage at said Vce @ ir and having an out put coupled to said
| atch circuit nmeans and to said high side and | ow side dead tinme circuits
for disabling said latch circuit nmeans and said delay circuits when the
voltage at said V pin falls below a given value. An integrated circuit as
claimed in any of claims 3 or 4 and which further includes neans for
coupling said Vcc pi nThEe anpedi st-¢F GHHH Y sinokpdes] am 3a¢ dSPR¥GEE d-c
ternminal . 6nafingnteer ated ceirGWal A, ChARMEd drk ¢ ahddrahereinigaid tiner
‘circuit has a second input contrql termnal RT for controlling the

f requency aN'whﬁcﬁ°§HP&tWBSa&aPé§Hﬁﬁmﬁl§ﬁﬁﬁ§xﬁﬁﬁkﬁéﬁn%e%@c@%cé?%e?HYned on
and off; saiddteesirBahsaChnand 1B ikeidtthrpywites 4 osfigExtghage fullng
capaci tor of value CT_and éiningfresistor.ot val ue RT rqigectiv Ig for
setting the"B¥Ei FFGFH&ASFr dGudiich e P YT PR r i ter b8 Bet 2t 0=- 1
1.4 RT x CTrésiBAncrntegaaded ciegatitveatedminell conmeyted cbains 1 to 6

wher ei n sai redeternined tine..del IS, about m cr o] 8
el ectronic ggg?ﬁslgggi ?@m tprfc’c‘)’rmalq1 ?d’llz:ocﬁ’aoggq‘-e %é%p‘?ugé'ggc??%‘ﬂi? £20
conpri si ng: vattl east iopetl.- CTdier cuiputf drilomeupl fungther stn¢cbygdest h sai d gas

di scharge |a 'act-.E%%g_ aRd secand SAf LS (LOMNeLL el ALec5ppt nel hed pover

swi tching devlices having respective gate termnals and connected in a half
bridge circdPt arrangenment; a pair of d-c power terminals connected in

series wWith said firsyoed c3REONhiITLIdE oL INREEE D3 SYpeeht g deyeeety said
amp and saLg Lo S P S B g e ac 8 EE%3 ¢ 1
oscillates at arocund 45kHz in compliance with the
following relaticnship:

1
fosc = e
%8¢ 1.4 R,C,

Power for the high side switch gate drive comes
from bootstrap capacitor 44 (0.1uF) which is charged to
approximately 14 volts whenever pin Vg is pulled low
during the low side power switch conduction. The
bootstrap diode 43 (11DF4) blocks the d-c bus voltage
when the high side switch conducts. Diode 43 is a fast
recovery diode (<100nSec) to ensure that the bootstrap
capacitor 44 is not partially discharged as the diode 43
recovers and blocks the high voltage bus.

The high frequency output from the half bridge
20-21 is a square wave with very fast transition times
(approximately 50nSec). In order to avoid excessive
radiated noise from the fast wave fronts, a 0.5 watt
snubber 70-70a (10Q and 0.001uF, respectively), is used
to slow down the switch times to approximately 0.5uSec.



second power sw tching device, and a gate drive circuit having an input
termnal for receiving input logic level signals for alternately sw tching
on and of f both of said first and second MOS gated devices at a given
frequency of oscillation; said gate drive circuit having output term nals
Ho and La coupled to the respective gate ternminals of said power switching
devi ces; said gate drive circuit havong a termi nal Vcc which provides the
operating power -for its internal circuitry; and an external resistor for
connecting said termnal V to one of said pair of termnals; wherein said
gate drive circuit includes: tiner neans having an input control terninal
CT which is connectable to a low logic level signal referenced to the

pot ent.i al oNoaesubstr ahers dscld duidtitimetasd colm? «f t LUSSFdt®i ner circuit
reans for cauLaRLl ag e iequaneentl oih sthdl fi18tbANgaecond pover

swi tching devices are swt n and off and having an output which is
switched in response fl§ea PHEFESSTERNRE YR %%p%- e ® oCREFACFApLE
control terpinah;ed highside Head tdwe et aye sbignt t cfpcuic L ovaaiyde -dead
time circuit each coupled to said latch circujt neans fglraedel. aggng t he

transmi ssi oRUSPeE P&t EHBSUtPREE Ghaan de LT ERt BT AT nkdSt PABYaE! ay
fol | owi ng t ba i$WdtEC Mosreafs tdte 2018 I fzeditb | abth thecpoweredeyeland a

hi gh side | evel shifti means and a_hj gh side LV I LEeULL, s and a
| over side driver cirgﬁ%:ﬁﬁﬁﬂﬁﬁnQﬁﬂvri#%ﬁl ?ﬂegééigéysc%ggépﬁgﬁgg%s and
said | ow si gelddreer feiancUi+4C nesact dretengt Zolps edrt fromi gdhai gAusrd®tdead
time circuit,_and said | | ead tinme circuit neans respectively and
havi ng highqgﬁkge na 'd&#%ﬁigﬁﬁﬁtput pi ns respectively which produce
outputs for turning on and off said first ;and second M3S gated power
devices in response to control signafs d i nput control term nal CT,;
said dead tine delay circuits preventiAgﬁ;zggsinultaneous conducti on of
said first and second M)5 gated power devices; wherein said tiner circuit
has a second control termnal RT for controlling the frequency at which
said MOS gated power Sgid qPreificiloe Dawpcesrantrbuisedadrligndosi f; said
termnals CT and RT bei connecied to _an_external ting.n i f
~value O andPeG3HsRy C?és"iq‘g? Or;e%r.f *u%pﬁaFéEBegFPWerTfl#dg%%%ﬁ%
osci | | ati on HiafHiensy dourde sacant varpgbecausiet ofoRpeanl €r1 0 1.4 RT X CT
18 9. An el ectronic ball circuit f g i.schar I ircuit
conprising:Eﬂ1QEﬁﬁﬁe%hea€if?E??§ﬁ$F ?é?880§§|9ﬁb ?%%ﬁ%%ggyﬁﬁ%¢ngid gas
di scharge | angry fiiigh studiksingndoteages sonmed of MEO §at &hx®fi it | ed power
switehing deiges. Daying FeppertyvengoLs tahl 13 Sedil air Rtkgdlra half
bri dge circult aﬁrangenent, a parr of d-c power termnals connected in
series wth iseducforstanddssatbngaBaFiEerc AR dP&F/ chi ng devi ces, said
| anp and said L-C circuit being connected, in use, across said second power
swi tching device; and a gate drive cigeuBf®Hhving an input termnal for
receiving input logic level signals far alRernately switching on and off
both of said first and second MOS gated devices at a given frequency of
oscillation; said gate drive circuit having output termnals Ho and La
coupled to the respective gate.term nals of said MS po wi t chi ng
devi ces; sai %F‘%a%egﬂ‘i‘é§etei ButBTAST /S 5}91’&%%’%& iaolﬁe ;Nl"fsrfr%é circuit having
first and second contrgbftesnaraiagRwinid tUihe rislameivapye -Reatandi $8ret e

resistor and_a discrete.capagitor. C : t rgkpaks Bacand Cs,
respectively?cfﬁmggfséSnggrgqﬁégfyggyﬁﬁﬁgﬁ%éﬁféﬁléﬁaaégig%ﬁéfregggncy and
at the frequbamy.of InsthiiEawayn thle yoltageC asyess tthe ol @M oG¥A8HRALEY ni na
CT being conp t 9 a . hawWp Qi 1 8\BlmSd | c& £f EReaegduheilhe
potential of 1§8%§§§§rsa?g; t:é'%i g'ggtc'(e:' (ﬁbi ve IScélt"‘r:kg:]ﬁl ?éf urt her cg rising: latch
circuit nmeanfivalpyedheo scaidingneioldagaivithanRt f b+ 12BRLFSI FPng the

frequency atrggkﬁ??sghg E%@§qamgjgﬁyaxggbmfspomer swi tching devices are
switched on and o and h

aV|n%69n Ouhfﬂ%¥MhiCh i S ﬁmjtcied inc.response to a
oredet er mi ned signal afffex&@ O NG HaRke 1St RaF 18 aVALERSsPie dead tine
del ay circui Eoapenank@Wusiede finad tgref efredi émpadbmenupbédFigusai @l atch
circuit neans For delaying the transm ssion of a latch output signal for a
predeterm ned tine delay following the switching of the output of said

| atch circuit nmeans; and a high side |evel shifting means and a hi gh side
driver circuit nmeans and a | ow side driver circuit nmeans; said high side
driver circuit neans and said |low side drives circuit neans being coupl ed
to said high side dead tinme circuit nmeans and said | ow side dead tine
circuit neans respectively and having high side and | ow si de output pins
respectively which produce outputs for turning on and off said first and
second MOS gated power devices in response to control signals at said



1.4RTx CT 10. An electronic ballast circuit as clainmed in claim9, wherein

.said gate drive circuit includes a V pin coupled, in use, to a source of

operating voltage V far providing operating power for its internal
circuitry. 11. An electronic ballast circuit as claimed in claim9 and
further conprising a resistor for coupling said Vcc pin to one of the d-c
termnals. 12. An electronic ballast circuit according to either claim8 or
9.wherein the MOS gated power senlconductor devices are selected fromthe
group consisting of power MOSFETS, I@BTs and MO gated thyristors. 13. An
electronic ballast circuit as claimed in claim9 and further conprising a
termnal Vcc for providing the operating power for the internal circuitry
for the gate drive circuit and an undervoltage trip circuit coupled to and

noni t or.i ng.Jdie { the M%$#g o nggln ggrggggggagoupled to said

| at ch CIrCUIt neans an to said gh side and doyime circuits

for disabligg the dgtch CIFCUIIT@@dgif§9¢§b§¥4ngCUItS en the vol tage at

said Vc pin faIIs bel ow a given val ue . ectronic ballast circuit
subst ant i al353&e heh ei nbefore dbsEriBet0@Ad with reference to the

acconpanyi nggfeaaVdNgs 2 - 5. . AmpyAr. A LAUA2 .A@ . AA . A9 AA A2
. A u, . A3Y. A ?2.AU. ABN Y. ALY )y' [L i X
1s] U wr mhe A8 53H %gca]ca]ca]%%]%éﬁé%]cﬁf%arétt

-a] cTa] ca] caz]sm]s:a:]ma‘]@:a] ca] ca] caj cogmas] cafzajwaatc”al cTa] ca] ¢, a] ca] ca! U?CEJL

Qr. hj PR4: u{ Y] cal ca] CP_J, c&])ﬁﬁéca] cal] ca] ca] ca] ca] ca] ca] ca] cal ca] ca]
- ca] ca] cha] calc: % c™Na] caV] ca
' Paoac1tor 42 47uf, 20v
Capacitor 64 1 ufE, 400v
Capacitor 66, 67 0.01uf, 600V
70 0.001 uf, 600V

75,76,77 0.22 uf, 250 v a-c
78, 79 100 pf, 200v
Cr 0.001 uf

Inductors €2, 63 1.35 millihenry

Figure 4 shows another embodiment of the
invention for the drive of a high pressure sodium lamp
ballast. The circuit of Figure 4 has the synchronization
circuit of Figure 2 and also has an automatic shut-down
circuit. In Figure 4, components similar to those of
Figures 2 and 3 have similar identifying numerals. 1In
Figure 4, the lamp is a high pressure sodium lamp 90
having a parallel capacitor 91 and an inductor 92.
Inductor 92 has a tap which is part of a shut-down
circuit, and includes resistor 93, diodes 94 and 95 and
capacitor 96.

In Figure 4, the synchronizing circuit consists
of the zero crossing detector diodes 50 and 51 which
synchronize the self-oscillation frequency to the true
resonance of the LC circuit.91, 92. The Q of the series
resonant circuit is made to be about 20 and provides
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Figure S is a block diagram of the circuit of
chip 40 of the preceding Figures 2, 3 and 4. The eight
pinouts of chip 40 are repeated in Figure 5. All circuit
blocks to be described in Figure 5 are integrated into a
common silicen chip. The first circuit block is the
clamp circuit 100, consisting of a plurality of zener
diodes. These are connected from pin V., and pin Vg
which is connected to the silicon substrate which acts as
the chip ground. A digital supply line and analog supply
line both extend from pin V.. An analog ground line and
a digital ground line are also connected to pin V.

The next group of circuit blocks form a timer
circuit. These include divider circuit 101 connected to
the analog surply line to the analog ground, N comparator
102, P comparator 103 and an RS latch 104. Two taps from
divider 101 are connected to the positive inputs of
comparators 122 and 103. Input pin C; is connected to
the negative input of comparator 103. The output of
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comparators 102 and 103 are connected to the RS latch 104
as.shown.

The RS latch 104 is also connected to under-
voltage lock-out circuit 105 which is integraced into the
chip circuit. Thus if V, reduces too low, the RS latch
104 is locked ouct. .

A bias circuit 106 provides bias outputs to the
RS latch 104, the lockout circuit 105, and to dead time
delay circuits 127 and 108 in the high side and low side
circuit lines. Time delay circuits 107 and 108 provide a
dead time or delay of about 1 microsecond between the
turn on cf the high side or low side switch after the
turn off cf the other. This dead time ensures that a
"shoot through" circuit cannot be formed in which both
power MOSFETs 20 and 21 are simultaneously on.

The output of dead time circuit 108 is applied
to low side delay circuit 109 and low side driver 110
which is connected to pin L,.

The output of dead time circuit 107 is applied
to level shift pulse generator 111 in the high side
output line. The high side line also includes a high
side bias supply circuit 112 which drives a dv/dt filter
circuit 113 which filters noise from the pulse passed by
circuit 113, and an under-voltage analog lockout circuit
114. The input to the high side bias circuit 112 is
connected to pin Vg.

The output of lockout circuit 114 and dv/dt
filter 113 is applied to latch circuit 115 and its output
is connected to buffer 116 which contains gain stages and
drives pin H,. Note that pin Vg is connected to circuits

113, 114, 115 and 116.



10 10 10! F($109%& {)- !OF($10% /& ()-.!OF($10% /& ()- F($10%& ()- ee

J 6! MBXY7] 00! 109%&' ()- 10%&' ()- > 10%? & ()-! 3 10%& ()-!'3

109& ()-!1 mLOY& () - MBIBAAAAEs PO! "~ 1098 f109& ()- !f109& ()- 109 ()- 10 10
101" 109& ()-&U ' (R(Y((WU3PO! > @109 ()-! @109 ()-!9 @10%

& ()-1, @10% ()-!' @10%.L& ()-!'4@10%: ()-()))))))*{\: !> 10%

& ()--10% U& ()- 10 10

1092109% () - ! f 92109R88&&' () - !> @L0%& ()-***,y/z/{/|/wWi[M!> 10% 10 U U

although the prasent invention has been
described in relation to particular embodiments thereof,
many other variations anc medifications and other uses
will become apparent to those skilled in the art. It is
preferred, therefore, tha: the present invention be
limited nct by the specific disclosure herein, but only
by the appended claims.
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1s
CLAIMS:

1. An integrated circuit formed in a silicon substrate for driving first and second
MOS gated power semiconductor devices which are connected in a half bridge circuit
which has first and second d-c terminals and a common terminal at the node between
said first and second MOS gated power semiconductor devices; said integrated circuit
including timer circuit means having an input control terminal Cy which is connectable
to a low logic level signal referenced to the potential of said substrate; latch circuit
means coupled to said timer circuit means for controlling the frequency at which said
first and second MOS gated power semiconductor devices are switched on and off and
having an output which is switched in response to a predetermined signal applied to
said input control terminal; a high side dead time delay circuit and a low side dead time
delay circuit each coupled to said latch circuit means fof delaying the transmission of 2
latch output signal for a predetermined time delay following the switching of the output
of said Jatch circuit means; a high side level shifting means and & high side driver
circuit means and a low side driver circuit means; said high side driver circuit means
and said low side driver means being coupled to said high side dead time circuit and
said low side dead time circuit respectively and having high side and low side output
pins respectively which produce outputs for turning on and off said first and second
MOS gated power semiconductor devices in response t6 control signals at said input
control terminal C; said dead time delay circuits preventing the simultaneous

conduction of said first and second MOS gated power semiconductor devices.

2. An integrated circuit as claimed in claim 1 wherein said high side and low side
output pins produce outputs which tumn on and off MOS gated power semiconductor

devices which are selected from the group consisting of power MOSFETs, IGBTs and
MOS gated thyristors.

3, An integrated circuit as claimed in claim 1 or 2 wherein said integrated circuit

includes a V.. pin coupled to a source of operating voltage V.. for providing operating
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power to each of said circuit means in said integrated circuit and for connection to one

of said first or second d-¢ terminals.

4. An integrated circuit as claimed in claim 3 which further includes undervoltage
trip circuit means coupled to and monitoring the voltage at said V.. pin and having an
output coupled to said latch circuit means and to said high side and low side dead time
circuits for disabling said latch circuit means and said delay circuits when the voltage at

said V., pin falls below a given value.

5. An integrated circuit as claimed in any of claims 3 or 4 and which further
includes means for coupling said V.. pin to a resistor which is coupled 1o said first d-c

terminal,

6. An integrated circuit as claimed in claim | wherein said timer circuit has a
second input control terminal Ry for controlling the frequency at which said MOS gated
power semiconductor devices are turned on and off; said terminals C; and Ry being
connected to an external timing capacitor of value C; and timing resistor of value Ry

respectively for setting the oscillation frequency £, of said timing circuit to be:

f,=

——
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7. An integrated circuit as claimed in any of claims 1 to 6 wherein said

predetermined time delay is about | microsecond.

8. An electronic ballast circuit for a gas discharge lamp, the circuit comprising; at
least one L-C circuit for coupling in series with said gas discharge lamp; first and
second series connected MOS gate controlled power switching devices having
respective gate terminals and connected in a half bridge circuit anangeinent; a pair of
d-c power terminals connected in series with said first and second series connected

switching devices, said lamp and said L-C circuit being connected, in use, across said
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second power switching device; and a gate drive circuit having an input terminal for
receiving input logic level signals for alternately switching on and off both of said first
and second MOS gated devices at a given frequency of oscillation; said gate drive
circuit having output terminals H, and L, coupled to the respective gate terminals of
said power switching devices; said gate drive circuit having a terminal V. which
provides the operating power for its internal circuitry; and an external resistor for
connecting said terminal V. to one of said pair of terminals;
wherein said gate drive circuit includes: timer means having an input control
terminal Cy which is connectable to a low logic level signal referenced to the potential
of a substrate; latch circuit means coupled to said timer circuit means for controlling the
frequency at which said first and second power switching devices are switched on and
off and having an output which is switched in response to a predetermined signal
suppliéd to said input control terminal; a high side dead time delay circuit and a low
side dead time circuit each coupled to said latch circuit means for delaying the
transmission of a latch output signal for a predetermined time delay following the
switching of the output of said latch circuit means; and a high side level shifting means
and a high side driver circuit means and a low side driver circuit means; said high side
driver circuit means and said low side driver circuit means being coupled to said high
side dead time circuit and said low side dead time circuit means rcspectively.and having
high side and low side output pins respectively which produce outputs for tuming on
and off said first and second MOS gated power devices in response to control signals at
said input contro] terminal Cy, said dead time delay circuits preventing the simultaneous
conduction of said first and second MOS gated power devices;
| wherein said timer circuit has a second control terminal Ry for controlling the
frequency at which said MOS gated power semiconductor devices are turned on and
off; said terminals C; and Ry being connected to an external timing capacitor of value

Cr and timing resistor of value Ry respectively for setting the oscillation frequency f, of

said timing circuit to be:
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9 An electronic ballast circuit for a gas discharge lamp, the circuit comprising: at

least one L-C circuit for coupling in series with said gas discharge lamp; first and
second series connected MOS gate controlled power switching devices having
respective gate terminals and connected in a half bridge circuit arrangement; a pair of
d-c power terminals connected in series with said first and second serigs connected
switching devices, said lamp and said L-C circuit being connected, in use, across said
second power switching device; and a gate drive circuit having an input terminal for
receiving input logic level signals for alternately switching on and off both of said first
and second MOS gated devices at a given frequency of oscillation; said gate drive
circuit having output terminals H, and L, coupled to the respective gate terminals of
said MOS power switching devices; |
said gate drive circuit having an oscillation timer circuit having first and second
control terminals Ry and C, respectively, and a discrete resistor and a discrete capacitor
connected to control terminals Ry and Cy, respectively, to set said frequency of
oscillation at a given frequency and at the frequency of oscillation of said L-C circuit;
said control terminal C being connectable to a low logic level signal referenced to the
potential of a substrate; said gate drive circuit further comprising: latch circuit means
coupled to said timer circuit means for controlling the frequency at which said first and
second MOS power switching .devics are switched on and off and having an output
which is switched in response to a predetermined signal affixed to a control terminal; a
high side dead time delay circuit and a low side dead time circuit each coupled o said
latch circuit means for delaying the transmission of a latch output signal for a
predetermined time delay following the switching of the output of said latch circuit
means; and a high side level shifting means and a high side driver circuit means and a
low side driver circuit means;
said high side driver circuit means and said low side driver circuit means-being

coupled to said high side dead time circuit means and said low side dead time circuit
means respectively and having high side and low side output pins respectively which
produce outputs for turning on and off said first and second MOS gated power devices

in response to control signals at said control terminal Co; said dead time delay circuits
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of value Cr and timing resistor of value Ry respectively for setting the oscillation

frequency £, of said timing circuit to be:

1
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10.  An electronic ballast circuit as claimed in claim 9, wherein said gate drive
circuit includes a V.. pin coupled, in use, to a source of operating voltage V. for

providing operating power for its.intemal circuitry.

11.  An electronic ballast.circuit as claimed in claim 9 and further comprising a_

resistor for coupling said V. pin to one of the d-c terminals.’

12.  An electronic ballast circuit according to either claim 8 or 9 wherein the MOS
~ gated power semiconductor devices are selected from the group consisting of power
MOSFETs, IGBTs and MOS gated thyristors.

13.  Anelectronic ballast circuit as claimed in claim 9 and further comprising a
terminal V for providing the operating power for the intemal circuitry for the gate
drive circuit; and an undervoltage trip circuit coupled to and monitoring the voltage at
the V.. pin and having an output coupled to said latch circuit means and to said high
side and low side dead time circuits for disabling the latch circuit and the delay circuits

when the voltage at said V, pin falls below a given value.

14, An electronic ballast circuit substantially as hereinbefore described and with

reference to the accompanying drawings 2 - §.



