WD 03/ 052898 PCT/ SGOL/ 00253 -1 TRANSI ENT VOLTAGE CLAMPING CIRCU T FIELD
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 isolation
bl ocki ng di odes are USTRANSIENDVIQIcPAGE Gl AMPEN Gt GHRGCYEE em power supply
from absorbing the excess energy. As a result, the drain voltage of the
hi gh side drivers may rise to | evels which cause the destruction of the
ASI C. Therefore a voltage clanp is required to be placed on the supply 20
vol tage of the ASIC for reducing the effects of such transient voltages
from the i nEidiD OF THEINYENTION der to address the above nentioned probl em
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

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.



30 required range. WD 03/052898 PCT/ SGO1/ 00253 -2 2. An alternative is to
put a very large capacitor on the ASIC power supply to absorb the dunped
energy. Hyva®ses2898uch | arge capacitors are costly. 3. A siPaplSeovedzsage
clanp circuit consisting of zener-npn or zener-nnos devices can S also be
used to absorb the dunped energy. Such a circuit can be integrated into the
ASIC or may be external. However, the w de tol erance of activation voltage
and |l ong response tine makes this circuit unsuitable for use in
applications where the operating voltage range and the absol ute nmaxi num
voltage of the ASIC are relatively close2-0 each other. HDDs of snall

di mension require |lower tolerances in activation voltage than are provided
by 10 these circuits. SUVMARY OF THE | NVENTI ON 15 The present invention
provi des a t2ansismhltermitive feo ey targd ¢apuditor ofi tRNASIT REver kbl bbb f or

a disk drive, the cjrcuit_conprising: a power transistor for sinking a

power suppl yﬂ‘GSP‘[“Bﬁieeng%j g@t"g}gﬂt%"lﬂ%ﬁ%‘?sc? tors\p55-GostY-on; a reference circuit
for deriving a first reference voltage froma second reference 20 voltage
and sai d power supply voltage, and an anplifier circuit for receiving said
first referehce vgﬁmmv@@gwaﬁnnsmmhmsrﬁmg oftaensrinpg Waewkrmowe devicesnsinst or .
Pr ef er abl y, transi i Cl [:CUi her .conmpris pul |
down ci rcéi tglgbgl%f'I %%ﬂﬁdeﬁgérgw?éo&%g% g&g}é’.r%‘&&ﬂ &%P lttscg{' §£ IB%%‘FG gg)n%? Z\t%(g and
an out put of orseaydbeaedrndli dloweiarcthe widd micramabf odtivation ogepatidBngtespaise

power transigtor Pref erah jrcupt i to sink the

o] |V ull.do [ adapt e )
gate vol t age at mgkgs Ba %"tt%lls‘ﬂ'{aﬁlglfgrvﬁgﬁ’ ?%83%88@\%' g 6%%‘?%‘7“\%8#5%’ i8e range
and the absolute maximum voltage of the ASIC are relatively close to each other. HDDs
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.



| ess than a first threshold voltage, thereby turning off said power
transistor. Preferably, the first threshold voltage is about 5 volts.

Pref erablwo oslgsptil | down circuit is adapted to sink 30 treTHa&OE002683t age at
said gate term nal when said second reference voltage is less than a
second threshold voltage. Preferably, the second threshold voltage is about
0.7 volts. WD 03/052898 PCT/ SGOL/ 00253 -3 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 from
the second reference voltage via coupled-n-MOS and p-MOS current mrror
circuits. Advantageously, enbodinents of the transient voltage clanping
circuit of the invention provide accurate activation, |ow cost and | ow
tolerance in activation threshold voltage 10 relative to the prior art.

BRI EF DESCRI TILON, OF, THE MYNGS ure bl ock di agram of an ASIC
and not or {pgrably; the, applifier GlraWit i9e “8 le’_l’%l ‘%i‘fg Gl agielaEe multipher gixcuftor

transi ent vohﬁ&uxhﬂa{aﬁﬁnng accordi ng to an enbodi nent of the invention;
Fi gures 3A shows a |level shift circuit used in the enbodi ment of the
transient voltage 20 clanping circuit shown in Figure 2; Figure 3B shows

the level ss hPxfe?eréHI)r GiM Elrs@frefgﬂegéér @oléﬁteisnde‘;@mj'fﬂaﬂlt {hgrkcm&dhrc L GoRld e) v1a

circuit used in the enbodi nent of transi ent voltage clanping ¢ircuit
shown in F|guw@kQnJﬁ@ﬁdﬂQﬁ%@9§gwemsmﬂsh@msnm buffer circuit used in the
enbodi nent of the transient vol tage cl anpi ng

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



circuit shown in Figure 2. 30 DETAI LED DESCRI PTI ON OF THE EMBODI MENTS WD
03/ 052898 PCT/ SG0OL/ 00253 -4 Referring to Figure 1, a hard disk drive (not
shown) i rwbwdes2898 not or 20 whi ch receives power through &Cpoeet/002si C 10.
The nmotor 20 receives power on lines A, B, Cfrom power ASIC 10, each of
t hose |ines having an inpedance 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, B and C. LA LB and LC are for
correspondi ng | ower power DMOS transistors. These DMOS transistors provide
current to the notor 20. Power ASIC 10 réceives power froman external 12
volt power supply VP12. Power ASIC 10 includes a voltage clamping circuit
12 for clanping transient voltages which are 10 dunped fromthe inductive
| oads in t heRofotring @Figure 1j  hipd wiskehlivé (mshdven)pinviedesspploy 20 aBjHICthECélm
power ASIC 10. The duty cycl he, dunped .current is generally small
(typically iR W%Q‘E’(?Péég P8¥' ”38@&;}1@1 terh n?%&@ TEFAVIS Jroxter BH liges thé & Bopi ng
circuit on tpeverBIEr 0AMCE ol hodOBSes Rind 26 Zﬁdm\é@ﬁocﬂl @ﬁﬂcﬁ%c'hfa@s %9&!\%”‘ i f
an appropriate package is used. 15 Figure shows the vol tage cl anpi ng
circuit 12 i#ndigristivenmpedagess. U, B & aregsfa ditye signals, for dnpetimyven COMQH
anpl i fier sci {r&Hls¥or31§>r\éQé}Plﬂle@{'l¥§§d & RONER Jfaane 5r°et B é&%ox Al 1Bl %”

d éd acc |ng to

dunped current . The reference voltage,

the foll ow n@MQﬁ:tﬁ%ﬁStSﬁJrS 2Thestqu\xwwstm|p2qvuie[qnmm th Rdddtot 20- (1) R1
Current 12 is generated at node Vref through p-MOXS and n- MOS current
mrrors 17, 18 and 1is driven by an operational anplifier 16 in conbination
with MOSFLT Rdiwer $&C 10 receives power from an external 12 volt power supply VP12. Power 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
= )] | )

20V, =[Vpwr-R2-]2]= [prr —(

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.



25 operational anplifier 16 is supplied with a band gap reference voltage,
Vbg. Resistor R2 and capacitor C are conpensation conponents provided for
i ncreasedwoiososasps stability. WO 03/ 052898 PCT/ SGOL/ 00253 PCTBGRoM2SRd p- MOS
and n-MOS current mirrors 17,18 allow V11 to be varied with variations in
t he band gap reference voltage and the power supply voltage V. Anplifier
circuit 13 includes a level shift circuit (LSH), a nmultiplier circuit (M
and a 5 buffer circuit (X1). These circuits are shown in Figures 3A, 3B
and 3C, respectively. The |level shift circuit is also shown in Figure 3B,
in conmbination with the multiplier circurt. The level shift circuit takes
the reference voltage Vref and provides a higher operating voltage (by
about | xVbe=0.7V) to the nultiplier circuit. 10 The nmultiplier circuit
recei ves t heCoupled p-MQGS adop- Mﬂﬁp engrenemirosul 7.1 Hrllavs Viehtosbebyariad ettt variatidvs

which is det%ﬁﬁ@&gggﬁﬁ&%e %ﬁ e%d&Q?%% %hﬁé@%l%gu%ﬂr esistors RB and RA

shown in Figure e nu t|p I er here in order to
provi de Nltlnes nore Vgs to the power transistor. This in turn enables the

power transi t o.handle at er r.ent factor of , M, for the sane
gate, width WB ‘I-I%{ &“H‘t\% t‘ﬂ% e“cf‘hlﬁ}ﬁeg' h‘ﬁt TR ta@‘ls%\)’a‘? IR}ist ciagdt ) aad gne

cl anpi ng si risuffet citcdit (Xnp Trekd eifcuas 516 Whdwrl % HSOM ﬁ@ckmzﬁ{dVﬁ;e@csb&%vQM fppl i er
circuit Wgtklle ateter g of, the povver transi stor so as to forma

buf fer bet we¥!SHE GH5HE S f‘? s diiguan dBpin fomfingsion iithuthe mudtigdier chenione

hand and t herigdr levd] Ngi e bit &Gt &Ees(ﬂm@‘fémhd?:gvcﬂﬁgeel}‘% g%&é'ﬁl‘d esr_hlfﬁ qua(ﬁj?{) inlggfor

current mrrors and op-anp, etc.) he ot
the circuit \&!tégea@ymenm Méae-ﬁﬂvo to theypyltiplicrReeuiRng- 1) M- R3 Rg | (2) Id 25
VgJ = VIH + (3
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 = KM (VPw -Vclanmp)2 (4) Were:
WO 03/ 052898 PCT/ SGOL/ 00253 -6- K- Cr -2 L (5 5 is the channel
nmobi l ity WO oposases t ransi stor MD; Cot is the gate capacitamce/Seet/oeenst area
of power transistor MO, Wis the gate width for the power transistor MO
10 L is the gate length for the power transistor M) X is the channel

| ength nodul ation effect; and 15 Mis the Multiplication Factor defined by
the resistor ratio (RB/RA) of the multiplier <circuit; Vclarnp is defined
as: 20 (1 R2 VI71+4IR3.V Vclanp=Vbg R _+ R M (6) 25 VITI is the DMOS
Threshol d voltage; and R3 is resistor R®in the nultiplier 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 Vpwt 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 Vpw is 5 volts instead of 12 volts then the ratio
RB/ RA nust be adjusted accordingly to ensure that the clanping circuit 12
operates 35 properly within the ASIC. WD 03/052898 PCT/ S&1/00253 -7 A
further feature of the clanping circuit 12 is the pull down circuit 14. The
pull down «circuit 14 operates to pull down the gate voltage of the power
transi stor where Vpw is small (i.e. below 5 volts) or where Vpw rises
qui ckly. 5 For_the |low Vpw cut off function, transistor M3 is designed

(al ong wi t h Aduithar feadurpol fgcrlampgne sigpuidl 2t iy thsepydk dowmeirsuinid. | The pwlhdbes 5
volts or gre . I 3 BBwh b Vi por..proyi di ng
a gate vol taa%acg{ty gﬁ%&\ﬁ@ﬁﬁps Sepgcgﬁgafgg%g@}oﬁ%e‘b?%vgﬁ?ﬁ}sﬁko‘érﬁ %{ch¥Pé§lﬁg?lle

vol tage is j@stbetet Dvol6) oowvhese Vishasespickly. is | ess than 5 volts, M3 is off
and consequently transistors M2 and M/ forma current mrror circuit which
pulls down the 10 gate of the power transistor MO thereby disabling the

cl anpi ng SunitritonlowWign B ff functian; rediston M3 is desighad (e gowitiefes@ford RORASE St Or S

M2 and M7 t roun th di,sgbling the current myrror formed by those
transistors S[°ha5§btbr‘?e°%gﬁ?tgsgﬁ‘" felzfg‘e_f)gﬁé’_&ts ©F #H81Et JtSPRTHEP P Teon
ground. Thi svoitagd diofdet fe pRsulidingl@WateGioltgsl fo M3 I [se&ldcRatsol e & AFRLAY
circuit 12 will not  operate unless the power supply voltage, Vp,,,r is at
a suffici _ent““le _ V?léf"géh%lmsbb‘ﬂ%‘f’r5e&ks-l§v Y axt ioleshthan HevelisaMBi sopftand ui t
12. This i s pasdqhénlyarah¥isth¥NAs bad 7 ford REuMENY m{&o?%?rcx\ﬁ?%chigu?l\é“d%' n B
example, if Vp,,,r rises slowmy, Vbg may have risen to the OF F 6Ct
oper at i nd0! et of the pewer tgmsior M dlieeeby alisablifg thie eempingy dlnction. e Mafehevis he
cl anpi ng ci rgulbd o rk: r if th r.. supply rises
CLaL 1. 1 AL v O OB B RP
mirror formed by those transistors so that the gate of the power transistor is not pulled to
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 particularly important if the Vow 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. M@ will not operate until Vbg 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 taggochlrads ddwe.had@gWO
03/ 052898 PCT/ SXD1/ 00253 -8. The described.clanpi.ng.cifcyit 12 is capable
of handling ¥5Fg¥ C&%?H‘%?%‘VMW‘@“’ﬂa‘dﬁ%‘améd% 6‘?‘%&0'%%%{3?%0‘&%@ ¥ Rewi t h
| ow t ol er ancgrolided@sta vaich@N Thése adaalages\ued pragd@erdol®ys. be  provided 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;icurrent. Thus it is very silicon effective. 10 2,
Low tolerance in activation threshold voltage G ven that (R2/Rl)*>>[ VT.
[1+Vbg*(R3/R )]/ M Vclanp (R2/R)*Vbg, which is independent of tenperature.

The tol eran i Jdmted . he,resistance tchi.ng.betweep R .and R2
can be achi g@%ao%taom%@\}l-?kmﬁ Clrgl.ug%éhcsfﬁgt FheE DA °$¥38?%‘%8g°“€$?63§6 @’ﬁ rg&%r

trimed w t hhasdntd surteny Thaeitlis ¢eyy silldonsffedi®ans that a total tol erance
between R1L and R2 of +/-2% can be achi eved.

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



3. Accuracy of activation 20 The pull down circuit ensures the correct
clanping activation with mniml spurious clanping due to different power
supply riwe/iBasisos| ope. 25 WO 03/052898 PCT/ SGOL/ 00253 - CTCGAIMNBS3 1. A
transient voltage clanping 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 (Vsef) froma second
reference voltage (Vbg) and said power supply voltage (Vpw); and 10 an
amplifier circuit (13) for receiving sai¥-first reference voltage (Vref) as
input and for driving said power transistor (MJ). 2. The circuit of claim
1, further conprising a pull-down circuit (14) connected to a gate

term nal of said power transistor (M) and an output of said anplifier
circuit (13)_for 15 controlling operation of said power transistor (M.
3. The circfi%ABYSciaim 2, wherein the pul | -down circuit (14) is adapted to
sink the gate voltage at said gate term nal when said power supply voltage
(Vowr) is less than a first threshold voltage, to thereby turn off said
power transilst or 4 Weysienpyolage Thwping disuit (&%) o 2n intesratosh ereit(1Ph rra digk

t hr eshol d- 'Veritv?Q%gigﬁsiﬂBOUt 5 volts. 5. The circuit of claim2 or claim3,
ll - .

wher ein the pu wn Ccircuit (14) is adapted to )
' a power transistor (M0) for sinking a power supply voltage (V,w) subjected to

transient variation,
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).



sink the gate voltage at said gate term nal when said second reference
voltage (Vhg) is less 25 than a second threshold voltage, to thereby turn
of f sai d wowsnsispansi stor MO. 6. The circuit of claimb, wearssionoediz second
threshold voltage is about 0.7 volts. 7. The circuit of claim1, wherein
said anplifier circuit (13) includes a level shift 30 circuit (LSH), a
voltage nmultiplier circuit (M and a buffer circuit (X1). WO 03/052898

PCT/ SGO1/ 00253 -10 S. The circuit of claim7, wherein said |evel shift
circuit (LSH) is adapted to receive said first reference voltage (V,,) as
input and to output a level shifted voltdye to said nultiplier circuit
(M, said nultiplier circuit is adapted to receive said |level shifted
voltage as input and to output a nultiplied voltage to said buffer circuit
(X1) and sai gl buffiercichit 6ﬂc1t1m57|wsheadﬁpm&devbbsmm&cme(M)ds adtptddab ir€dive

vol tage as |§r;§£t and to out (‘? drivi ng volta‘g‘e to.a  gate term nal of

sai d power t @%Fﬁfch{‘mo b 28 PHPeh AR B Opy dnlevel §inBedevoltass do pridst

reference vollnm@ﬁcr(cwc@it h\/[) %ﬂ%{l\l}%ﬁ r EiF QWIS RBpted EERBLVE &E@f&&%ﬁfé&@%@@% f

(Vbg) via coupled n-MS current mrror circuits
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combi nati on gat&hrxmnala;ﬁsmdpo\anaianastpﬂ(Mﬁ)er (16), said operational amplifier
(16) receiving 15 said second reference voltage (Vbg) as input.
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

10 (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

15 said second reference voltage (Vi) as input.



