WO 03/ 052898 PCT/ SG1/ 00253 -1 TRANSI ENT VOLTAGE CLAMPI NG CI RCUI T FI ELD OF
THE I NVENTION 5 The present invention relates to a circuit for transient

vol t age cwermpiosages | n particular, the circuit is for tran®cascGovoizsage
clanping within an ASIC which is a notor driver for a disk drive. 10
BACKGROUND OF THE I NVENTION In typical hard disk drive (HDD) applications,
specific integrated circuits (ASICs) are used for driving the spindle and
voice coil motors. Under certain condittons, inductive |oads 15 may dunp
their stored energy (in the formof large currents) on the power supply of
the ASIC causing the voltage in the power supply to rise. Reverse

i sol ati on bl ocki ng di odERANSIENT VI TAGEGAVAMPINGCIREUENt t he system power
supply from absorbing the excess energy. As a result, the drain voltage of
the high side drivers may rise to | evels which cause the destruction of
the ASIC. Therefore a voltage clanp is required to be placed on the supply
20 voltage of the ASIC for reducing the effects of such transient voltages
from the i nEFdiD OF THEINYENTION der to address the above nentioned problem
prior art solutions provide the following: 25 1. A transient voltage
suppressor (TVS) can be used externally to the ASIC to clanp the voltage.
Thi s i ncr eaBlespreseat ippstionfelattrcto HDBMcwih dortttpasions| voliegs danripgnbepasficyfaiethgyvs j s

often wi de, .whi.ch.c j ‘ | PE i t ages.
For _oxanpl einf ¥ 'of @i i LIGRHGR AR SLRBICRSRAR: SlpolskAFAB) o YR OFD
+ 109 to 1é&We(the absolute rating) and TVS voltage tolerance is wide, it
may not be able to effectively clanp in the 30 required range.

10

BACKGROUND OF THE INVENTION

In typical hard disk drive (HDD) applications, specific integrated circuits (ASICs) are used
for driving the spindle and voice coil motors. Under certain conditions, inductive loads
15 may dump their stored energy (in the form of large currents) on the power supply of the
ASIC causing the voltage in the power supply to rise. Reverse isolation blocking diodes
are usually provided to prevent the system power supply from absorbing the excess energy.
As a result, the drain voltage of the high side drivers may rise to levels which cause the
destruction of the ASIC. Thercfore a voltage clamp is required to be placed on the supply

20 voltage of the ASIC for reducing the effects of such transicnt voltages from the inductive

loads.
In order to address the above mentioned problem, prior art solutions provide the following;

25 1. A transient voltage suppressor (TVS) can be used externally to the ASIC to clamp
the voltage. This increases the cost of the HDD and the voltage tolcrance of the TVS is
often wide, which can lead to inadequate suppression of transient voltages. For example, if
the required TVS operating range is 13.2V (ic. 12V supply + 10%) to 16V (the absolute
rating) and TVS voltage tolerance is wide, it may not be able to effectively clamp in the

30 required rangc.



WO 03/ 052898 2 PCT/ SG01/00253 2. An alternative is to put a very large
capacitor on the ASIC power supply to absorb the dunped energy. However,
such | ar gwomapsspg ors are costly. 3. A sinple voltage cl afpTSGOCM6253

consi sting of zener-npn or zener-nnos devices can S also be used to absorb
t he dunped energy. Such a circuit can be integrated into the ASIC or may be
external. However, the wi de tolerance of activation voltage and | ong
response time nakes this circuit unsuitable for use in applications where
the operating voltage range and the absol ute maxi num voltage of the ASIC
are relatively close to each other. HDDs2-of small dinension require | ower
tol erances in activation voltage than are provided by 10 these circuits.
SUMVARY OF THE | NVENTI ON 15 The present invention provides a transient

vol tage cl anpi ng M ﬂl&hﬁhdtwafs tapui veey kadteehpaditot dh the ASIC Fovibr Skpplly {oVsorbhe
circuit conpr|5|n tran5|stor for . sinking a power supply voltage
subj ect ed t othf FUH ‘?Wrgy SY‘i"cﬁ"l“”éI%eé‘F‘%ar"étH@é‘“c‘ioﬁ%l t for deriving a first
ref erence voltage froma second reference 20 voltage and said power supply
vol tage; and an anplifier circuit for receiving said first reference

vol tage as ah |nﬁhﬁﬂéﬁvwﬂﬁgcCmeVHﬁgt@E$@UWDWEWﬂ@ﬂHNSN9$mmrmF$@$emabhy t he

transi ent 5V délgca&eusgél ?o”&ﬂs&@ t&é& %leﬁé}%%h§uchco Ut%géb? mrt)eglaart]e mwnl'hcI rS(E I t

25 connecte gate term na power transi stor an ou

sai d anpli f i @rmayi becaxitarndl.oHowewirs the wadngtot;pmcabf omvaﬁorsedldg@ﬁmerong fci%fj@lib&t or :

Preferably, |, .down.circiyt MeVMtaeen

said gate teérﬂ‘? e CS\HHgﬁmug' lﬁls%g\l}\’@fo stippt %}’%\}82?&085&3?@ khf"l WS Fﬁéﬂta&e faBst

t hreshol d vadndaesbsbines miymtmnoltng offthe A81C apawRivdly alRsd Btath oL BDAR! V.
h

the of small dimension require lower tolerances in activation voltage than are provided by

10 these circuits.

SUMMARY OF THE INVENTION

15 The present invention provides a transient voltage clamping circuit of an integrated circuit
for a disk drive, the circuit comprising:
a power transistor for sinking a power supply voltage subjected to transient
variation; 4
a reference circuit for deriving a first reference voltage from a second reference
20 voltage and said power supply voltage; and
an amplifier circuit for receiviﬁg said first reference voltage as an input and for

driving said power transistor.

Preferably, the transient voltage clamping circuit further comprises a pull down circuit
25 connected to a gate terminal of said power transistor and an output of said amplifier circuit
for controlling operation of said power transistor. Preferably, the pull down circuit is
adapted to sink the gate voltage at said gate terminal when said power supply voltage is
less than a first threshold voltage, thereby turning off said power transistor. Preferably, the
first threshold voltage is about 5 volts. Preferably, the pull down circuit is adapted to sink
30 the gate voltage at said gate terminal when said second reference voltage is less than a

sccond threshold voltage. Preferably, the second threshold voltage is about 0.7 volts.



first threshold voltage is about 5 volts. Preferably, the pull down circuit
is adapted to sink 30 the gate voltage at said gate term nal when said
second r evergnsmsIf/oltage is less than a second threshol dPeolSGageo2s3
Preferably, the second threshold voltage is about 0.7 volts. WD 03/052898 3
PCT/ S&01/ 00253 Preferably, the anplifier circuit includes a |level shift
circuit, a voltage multiplier circuit and a buffer circuit. 5 Preferably,
the first reference voltage is derived fromthe second reference voltage
via coupled n-MXS and p-MOS current mirror circuits. Advantageously,
enmbodi ments of the transient voltage cladping circuit of the invention
provi de accurate activation, |low cost and | ow tol erance.in activation
threshold voltage 10 relative to the prior art. 15 BRI EF DESCRI PTI ON OF
THE DRAW NGS Fi gure 1is a bl ock di agram of an ASIC and notor driver for a
hard di sk dri ve re rcuit for. transient voltage clanping
accor di ng tolpﬁﬁe 35‘1 éffs 61““?‘%’“ “H?Pe%ievf)‘rﬁf“é:%ﬂ%é veRagsBwkipher creait

shi ft circui tndusiegdfel firdulte enbodi ment of the transient vol tage 20 cl anpi ng
circuit shown in Figure 2; Figure 3B shows the |evel shift circuit of
Figure 3A in conbination with a multi plier circuit used in the enbodi ment

of the transpepkabiplthaaRs Qé@meenm@%r GlUddrived' @0t H2 ik " Recfence %@ﬁ %ﬁYle;ggre

3C shows a buffer circuit used in the enbodi nent of t transi en
clanpi ng ci ¢aipled ng¥i0Rmnd pr-MOY owreenpmirror circuits.

Advantageously, embodiments of the transient voltage clamping circuit of the invention
provide accurate activation, low cost and low tolerance in activation threshold voltage

10 relative to the prior art.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of an ASIC and motor driver for a hard disk drive;
15
Figure 2 shows a circuit for transient voltage clamping éccording to an embodiment of the

invention;

Figures 3A shows a level shift circuit used in the embodiment of the transient voltage

20  clamping circuit shown in Figure 2;

Figure 3B shows the level shift circuit of Figure 3A in combination with a multiplier
circuit used in the embodiment of the transient voltage clamping circuit shown in Figure 2;
and

25
Figure 3C shows a buffer circuit used in the embodiment of the transient voltage clamping

circuit shown in Figure 2.

30 DETAILED DESCRIPTION OF THE EMBODIMENTS



30 DETAI LED DESCRI PTI ON OF THE EMBODI MENTS WO 03/ 052898 PCT/ S&1/ 00253
Referring to Figure 1, a hard disk drive (not shown) includes a notor 20
whi ch r ecwowams28power t hrough a power ASIC 10. The notor 2O0TIS€OED28S power
on lines A, B, Cfrom power ASIC 10, each of those |lines having an

i npedance nodel which includes inductive and resistive inpedances. UA, UB
and UC are gate drive signals for upper power DMOS 5 transistors for each
line A, Band C. LA, LB and LC are for correspondi ng | ower power DMOS
transi stors. These DMOS transistors provide current to the notor 20. Power
ASI C 10 receives power froman external -#2 volt power supply VP12. Power
ASIC 10 includes a voltage clanmping circuit 12 for clanping transient

vol tages which are 10 dunped fromthe inductive |oads in the notor 20 and
i s powered fReferingeofiguee | sappldiskrdaive (oft shdven)piaiedesASGio2 00 wHig @ediyescycl e

of the dunped curyent. i s gen | | ypically in the order of 3%
and t her ef or B &P8eh P8 croggfclhiacﬁg‘?arﬁiofﬁ%i ‘}fg‘&edYets et RB lingpthe B: ASirem10
does not posgowerPBIEr10glbfh iop eHokOlned hNhE M inkpedihcd YR PIhRL e RACKBLEcvE

used. 15 Figure 2 shows the voltage clanping circuit 12 in further detail.
A ref er ence ¥l FEggempedancese blfs ‘fﬂﬂ‘@ n 2srgate griversigninlsdon upptaporer EIMQABi ves
a power trsangiiisis fMehcHf e A1 BEADE. (il.lz&m@daﬂdcl%’(f ';‘11% r L(Sjrresga%r{gelfo‘engxe \er
voltage, V'r, is determned according to the followng e uat Ion: :
V.., =[ Vowr - RYMOf tearpsigrps. - TherpDMOS tRngistprs @uovidendurre st to shegaoter 2 ed at node V't
t hrough p-MOS and n-MOS current mrrors 17, 18 and is driven by an
operational anplifier 16 in conbination with MOSFLT ML. The 25 operati onal
anplifier 16PaverA§IQI10ecteives pover framchngawroab{ Evanmever ehpphg ¥ P12V Bbwer ASIC

10 includes a voltage clamping circuit 12 for clamping transient voltages which are
10 dumped from the inductive loads in the motor 20 and is powered from the power supply
rail of the power ASIC 10. The duty cycle of the dumped current is generally small
(typically in the order of 3%) and therefore the location of the clamping circuit on the
power ASIC 10 does not pose a power dissipation problem if an appropriate package is
used.
15
Figure 2 shows the voltage clamping circuit 12 in further detail. A reference voltage V.,

feeds into an amplifier circuit 13 which drives a power transistor (M0) for sinking dumped

current l4. The reference voltage, V.., is determined according to the following equation:

_ _ Vbg
20 Vn,._[prr-Rz-lz]_[prr-(Rz- = )] | )

Current I2 is generated at node V¢ through p-MOS and n-MOS current mirrors 17, 18 and
is driven by an operational amplifier 16 in combination with MOSFET MI. The

25  operational amplifier 16 is supplied with a band gap reference voltage, Vy,.

Resistor R2 and capacitor C are compensation components provided for increased circuit
stability.



Resi stor R2 and capacitor C are conpensati on conponents provi ded for
increased circuit stability. WD 03/052898 -5 PCT/ S@&1/ 00253 Coupl ed p- MOS
and n- MOSvouwstsasps mirrors 17,18 allow V11 to be varied w PoTS&0L/0G625HNS i n
t he band gap reference voltage and the power supply voltage V. Anplifier
circuit 13 includes a level shift circuit (LSH), a multiplier circuit (M
and a 5 buffer circuit (X1). These circuits are shown in Figures 3A, 3B
and 3C, respectively. The level shift ci rcuit is also shown in Figure 3B,
in combination with the multiplier circui The | evel shift circuit takes
the reference voltage Vfef and provides 3 “hi gher operating voltage (by
about 1xVb.=0.7V) to the nultiplier circuit. 10 The nultiplier circuit

receives the |evel shifted voltage and rmltiglles this by a factor, M
which is det 8ptlasRMES 1den-MQAS ersnt miseory b51 % aliave ¥ar t9f bor esicd pothovaRBiamd RA

shown in Figing, baﬁﬁgag;gager@g%gggmd ik bwkloubly LAGlgqed here in order to

provide Mtines nor power *trans P& in turn enables the
power transistor to handle greater current (by a factor of M for the sane

gate, width ut ch ation voltage 15 of the
cl anpi ng ci rgnﬂlh Bﬂﬁ ‘iﬁ’ ?Y%GF% ?‘EcuBa@'%Hg njiRbise Sirgie(MiLirad Bl i er
circuit andﬁﬂ’wc@ﬂitqmﬁl’”fﬂe@br@fm &rb@hcﬁﬁmm%&m SIPAndSIT, 3&pt AivEIQT e

buf fer between t{;% ower transistor and pull down circuit 14 on fhe one
hand and t he®& iSU rfgce'it iC#5e Shoynnie Riggie 6Bt Wecompinatiop ity the |n@x}@hes Rirguit,

current mrrpyges| aﬂ@lﬁpcmwﬁécﬂé &'@r ﬁé?:ev o for
the circuit areeas flol Il V)? ZVPWr d?htliig"e'v mﬂ&if (R’%l;%sm ﬁ%ﬂﬁg
VgJ=VTy+ |d volltage (by about lebe—O 7V) to thc multlphcr circuit.

10 The multiplier circuit receives the level shifted voltage and multiplies this by a factor, M,
which is determined as the ratio of the resistances of resistors RB and RA shown in Figure
3B. The multiplier circuit is included here in order to provide M times more Vs to the
power transistor. This in turn enables the power transistor to handle greater current (by a
factor of M?) for the same gate, width and length without changing the activation voltage

15 of the clamping circuit 12. The buffer circuit is provided between the multiplier circuit
and the gate terminal of the power transistor so as to form a buffer between the power
transistor and pull down circuit 14 on the one hand and the driving circuits (including the

multiplier, level shift, current mirrors and op-amp, etc.) on the other hand.

20 The equations for the circuit are as follows:

- g2 P8 Vbg
Ve [prr (R2 2l )] M+ (Rfi Rl) (2)

1
25V, =V +\/% 3)

Solving (1) and (2), we have

30 I,=K-M? -(Vpwr ~Velamp)* : 4)

Where:



Solving (1) and (2), we have 30 Id = K M2 (VPw -Vclamp)2 (2) (3) (4)
Where: WO 03/052898 PCT/ S&1/00253 6 (5) 5 is the channel nobility in
power traweisomsodD; Cot is the gate capacitance per unit Parssoohopdwer
transistor MO Wis the gate width for the power transistor MO 10 L is
the gate length for the power transistor MO, X is the channel |ength
nmodul ation effect; and 15 Mis the Miultiplication Factor defined by the
resistor ratio (RB/RA) of the multiplier <circuit; Vclarnp is defined as:
20 R R2 [Vv1+(R3l- V Vclanp=Vbg R + M (6) 25 VITI is the DMOS Threshol d
voltage; and R3 is resistor RBin the mi&iplier circuit.

()

p is the channel mobility in power transistor MO;

tn

Cox is the gate capacitance per unit area of power transistor MO;
W is the gate width for the power transistor MO;

10
L is the gate length for the power transistor MO;

A is the channel length modulation effect; and

15 M is the Multiplication Factor defined by the resistor ratio (RB/RA) of the multiplier

circuit;
Velamp is defined as:
20
[Vm +(R3 . %J]
Velamp=Vbg -—il—+ % -
(6)
25

V11 is the DMOS Threshold voltage; and

R3 is resistor RB in the multiplier circuit,

30 The most important of the formulae shown above is the formula for determining Vclamp,
which defines the threshold voltage of V.. above which the clamp will activate. The
clamping activation vollage can be adjusted using different resistor ratios (RB/RA) within
the multiplier circuit. For cxample, if Vpw, is 5 volts instead of 12 volts then the ratio
RB/RA must be adjusted accordingly to ensure that the clamping circuit 12 operates

35 properly within the ASIC.



30 The nost inportant of the fornulae shown above is the fornula for
determ ning Vclanp, which defines the threshold voltage of Vp,rr above

whi ch t hewoloatwofeses | | activate. The clanping activation veCTrsgel/eess be
adjusted using different resistor ratios (RB/RA) within the multiplier
circuit. For exanmple, if Vp,vl is 5 volts instead of 12 volts then the

rati o RB/RA nust be adjusted accordingly to ensure that the clanping
circuit 12 operates 35 properly within the ASIC. WO 03/052898 7

PCT/ SG01/ 00253 A further feature of the glanmping circuit 12 is the pull
down circuit 14. The pull down <circuit 14 operates to pull down the gate
vol tage of the power transistor where Vpw is snmall (i.e. below 5 volts)
or where Vp,,,r rises UICk|){ 5 For the | ow Vp,,, cut off function,

transi stor M fhaheydeatypef thealappingrieqityidsis dreopul! %Nraﬁmcumb‘) $he aBll td@Wbe of f
until Vp,,,

vol t age di vﬁgﬁﬁqmgﬁ%?gﬁaé}l 9189‘55“ g{ﬁ{%{e\%l‘%gggzh‘%g’g% %} |“s;ﬁ§rsce 8T tS ercri‘

that its tur@edielowhrdthol vhayoVpagesiqsicklyst bel ow 5 vol ts When Vp, ,r |s

| ess than 5 volts, M3 is off and consequently transistors M and M/ form a
current mrror circuit whi ch pulls down the 10 gate of the power transistor
MO, thereby Hirskblownpt bt off funitiong triusisel iMMis ddbighedViildng withlFedi8rORS aha

puIIstheg sof tran dl\/l7to round,_ t hus sablln

current r S0¢ 35 theh§ °3J§ tﬁoi@' feragﬁ& SYous &r %BC“fqﬁatRetsﬁ@"b gk ‘i p%wer
transi st or I\S)Itﬂgki dipidet & prévidigF aume. vok eStoFMB twiféh {sh@lRidl sodgWyCiufih t 14
ensures that the | amping. circuit 12 w not tL‘):égrate unl ess the power

supply vol t dfjigshalg, voltaee jigjust below 5 Yqlts; 't“"nl ¥urelis thaabl eolsoMeist off Bnd
operation ofcohif u&kl?%ﬂ&o&'m%& Mfornl r&' c?m'eﬁt xﬂﬁ{&'c?r%l@uhych' }{Hﬂg%%n r%l f h;cg

VpH, r ri ses ver . For exanpl e, Vp,,,r rises
risen to ‘Qhegago@frlé%POUgeﬁf@ﬁiSWg M%\i@lrebymabhng lhpwlamplwtﬁmeaora ?M‘f«.thB gt
Il evel to engfl.eqbhe: Gl cL t nd |f t he
power supply r ?ses’ vﬁ, Qmﬁ%%& i “E°“1'|g‘2rf"‘§?\§ﬁgw§’. 2ul tG’fﬁaﬁsgﬁ

mirror formed by those transistors so that the gate of the power transistor is not pulled to

.f

ground. This part of the pull down circuit 14 ensures that the clamping circuit 12 will not
operate unless the power supply voltage, Vpy, is at a sufficient level to enable correct
15  operation of the clamping circuit 12. This is particulérly important if the Vo, rises very
slowly. For example, if V,, rises slowly, Vg may have risen to the correct operating level

before Vpy, reaches a sufficient level to enable the clamping circuit 12 to work.

On the other hand, if the power supply rises very quickly, the clamping circuit 12 can be
20 wrongly activated due to the time that it takes the band gap and operational amplifier to
settle to the correct voltage levels. Transistor M4 is turncd on or off by the level of the
band gap reference voltage Vi, The turn-on threshold of M4 is about 0.7 volts, which is
the normal n-MOS operating threshold. M4 will not operate until Vi reaches the n-MOS
threshold. The normal operating level of Vy, is about 1.3 volts. Where the power supply
25 voltage rises quickly and Vy, lags behind, M4 will be off, thereby allowing transistors M5
and M6 (which form a current mirror) to operate to pull down the gate terminal of the
power transistor, After Vg rises to the correct level, M4 tumns on aud thereby pulls down
the gates of transistors M5 and M6 to disable the curent mirror and allow the clamp to

operate without the gate of power transistor M0 being pulled down.
30



20 wongly activated due to the tine that it takes the band gap and
operational anplifier to settle to the correct voltage | evels. Transistor
M is turwod3osses off by the | evel of the band gap refePerssovoizsage V.
The turn-on threshold of M4 is about 0.7 volts, which is the normal n-MOS
operating threshold. M4 will not operate until Vbs reaches the n-MOS
threshol d. The normal operating |evel of Vbb is about 1.3 volts. Were the
power supply 25 voltage rises quickly and Vbg | ags behind, M4 will be off,
thereby allowi ng transistors Mo and M6 (which forma current mrror) to
operate to pull down the gate termnal of-the power transistor. After Vbg
rises to the correct level, M4 tuns on and thereby pulls down the gates of
transistors Mo and M6 to disable the current mrror and allow the clanmp to
operate w t WOt désbebeglatiemping piraeit 12 risnsiableosf hdndling taggochtraeds ddwe.had@gWO
03/ 052898 PCT/ SGD1/ 00253 -8 The .descri.bed cl anpin ircuit 12 is_capable of
hand! s ng- | arECH SRR S PRI Y a0 b Saner i el ReNoeh | ow
tol erance i NpaGidbdyatallow cbitr Eadobdvar@hdsagepravided@myfolidvs, Provi ded at a | ow
cost. These advantages are provided as follows. 5 1. Low Cost Use of a
mul tiplying circuit reduces the necessary power transistor size by the
factor Mfor; thggaags;current. Thus it is very silicon effective. 10 2,
Low tol erance in activation threshold voltage G ven that (R2/R1l)*>>[VT.
[1+Vbg*(R3/R )] /M Vclanp = (R2/RI)*Vbg, which is independent of

tenperature.;;The t I e.l | ymted as the resistancge L chi ng.
between R and ‘ﬁf r@gﬁpﬁgﬁ%é:g ﬁ‘?‘%’&é‘%“% {é‘eé‘f‘i"ﬁﬁaw Wvg‘%nﬁﬁsd’t?rﬁé‘eg’éﬁ%gﬁm{/&g ¥rge
(Vbg) can bethé pantenegrent. tThusit iy vepysingnfffeditivet y. This neans that a total

tol erance between R and R2 of +/-2% can be achieved. 3. Accuracy of
activation

10 2. Low tolerance in activation threshold voltage
Given that (RZ/R1)*>>[VTH+Vbg*(R3/R1))/M

Vclamp = (R2/R1)*Vbg, which is independent of temperature. The tolerance is
15 limited as the resistance matching between R1 and R2 can be achieved to within
0.5% and the bandgap voltage (Vbg) can be trimmed with a trimming facility. This

means that a total tolerance between R1 and R2 of +/-2% can be achieved.

3. Accuracy of activation
20
The pull down circuit ensures the correct clamping activation with minimal

spurious clamping due to different power supply rise/fall slope.

25



20 The pull down circuit ensures the correct clanping activation with

m ni mal spurious clanping due to different power supply rise/fall sl ope.
25 WO 03/Wb2a808s8PCT/ SG01/ 00253 CLAIMS: 1. A transient vol PagsGol/eozs ng
circuit (12) of an integrated circuit (10) for a disk 5 * drive,
conprising: a power transistor (M) for sinking a power supply voltage
(Vpw,) subjected to transient variation; a reference circuit for deriving
a first reference voltage (V1Cf) froma second reference voltage (Vb)) and
said power supply voltage (Vp,,,,); and 10 an anplifier circuit (13) for
receiving said first reference voltage {¥*f) as input and for driving said
power transistor (MJ). 2. The circuit of claim1, further conprising a

pull -down circuit (14) connected to a gate term nal of said power
transistor (MO and an output of said anplifier circuit (13) for 15
controlling operation of said power transistor (MJ). 3. The circuit of
claim2, whérleriMhe pul |l -down circuit (14) is adapted to sink the gate
voltage at said gate term nal when said power supply voltage (Vp,,,,r) is

|l ess than a first threshold voltage, to thereby turn off sajd power,

transi stor (IMD). /ptaupientneltage clhagipingofirepit i ) of anyindsesated F’ﬁ%‘l"f@pkgo‘rt%?‘é% hol d
vol tage i gpQUt.opViOhhsS.- 5. The circuit of claim2 or claim3, wherein the
pul | -down circuit (14) is adapted to sink the gate voltage at said gate
term nal when saiacboséec duagsister @rfeesmbmgeﬁg@owemyppliyqul@g@?me subigeted taecond
threshol d vql t walq: thereby turn off said power transistor MO 6. The
circuit of g{agﬁgqrﬁg?}x%{?érei n the second threshold voltage is about 0.7

vol ts. a reference circuit for deriving a first reference voltage (V) from a second

reference voltage (Vi) and said power supply voltage (Vw); and
10 an ampliﬁer circuit (13) for receiving said first reference voltage (Vy¢) as input and

for driving said power transistor (MO).

2. The circuit of claim 1, further comprising a pull-down circuit (14) connected to a
gate terniinal of said power transistor (M0) and an output of said amplifier circuit (13) for

15 controlling operation of said power trausistor (MO).

3. The circuit of claim 2, wherein the pull-down circuit (14) is adapted to sink the gate
voltage at said gate terminal when said power supply voltage (V,u) is less than a first
threshold voltage, to thereby tum off said power transistor (M0).

20

4. The circuit of claim 3, wherein the first threshold voltage is about 5 volts.

S. The circuit of claim 2 or claim 3, wherein the pull-down circuit (14) is adapted 10

sink the gate voltage at said gatc terminal when said second reference voltage (Vi) is less
25 than a sccond threshold voltage, to thereby turn off said power transistor M0.

6. The circuit of claim 5, wherein the second threshold voltage is about 0.7 volts.

7. The circuit of claim 1, wherein said amplifier circuit (13) includes a level shift

30 circuit (LSH), a voltage multiplier circuit (M) and a buffer circuit (X1).



7. The circuit of claiml1, wherein said anplifier circuit (13) includes a

| evel shift

30 circuit (LSH), a voltage multiplier circuit (M and a

buf fer ciwouwstsysy ). WO 03/ 052898 PCT/ SG01/ 00253 -10 S. TheTEGIC00253 Of
claim7, wherein said |level shift circuit (LSH) is adapted to receive said
first reference voltage (V,,) as input and to output a |level shifted

vol tage to
to receive
voltage to
to receive
to a gate
1, wherein

said nultiplier circuit (M, said nultiplier circuit is adapted
said level shifted voltage as input and to output a multiplied
said buffer circuit (X 1) and said buffer circuit 5 is adapted
said multiplied voltage as inplit and to output a driving voltage
termnal of said power transistor (MJ). 9. The circuit of claim
the first reference voltage (V,r) is derived fromthe second

reference vob.t ageric\ghit vf elaig0Pphingein sDE@nshif clYEd @SH)EH bddptddrtore@iveCUi t S
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is adapted to receive said multiplied voltage as input and to output a driving voltage to a

gate terminal of said power transistor (M0).

9. The circuit of claim 1, wherein the first reference voltage (Vyy) is derived from the
second reference voltage (Vi) via coupled n-MOS and p-MOS current mirror circuits

(17,18) of said reference circuit.

10.  The circuit of claim 9, whetein in said reference circuit an input current (Vy,,/R1) of
said coupled current mirror circuits (17,18) is driven by a current driving transistor (M1) in
combination with an operational amplificr (16), said operational amplifier (16) receiving

said second reference voltage (Vi) as input.



