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1 Plaintiff Monolithic Power Systems, Inc. (“MPS) hereby pleads the following
2 || ¢laim against Defendants Silergy Corporation (“Silergy Corp.”) and Silergy

3 || Technology (“Sitergy Tech™) and alleges as follows.

4 PARTIES

(. Plaintiff MPS is a California corporation having a principal place of
business at 6409 Guadalupe Mines Road, San Jose, California 95120.

2 Defendant Silergy Corp. is, upon information and belief, a corporation
organized and existing under the laws of the Cayman Islands with & principal place of]
business at 7F.-1 No. 202, Sec. 3, Beixin Road, Xindian City, Taipei County 231,

10 |} Taipei, Taiwan. On information and belief, Silergy Corp. also has headquarters at
11 ||No. 6, 5th Floor, Shun An Street, Xindian City, Taipei County 231, Taipei, Taiwan.
12 || On information and belief, Silergy Corp. also has a United States headquarters at
13 {|1879 Lundy Avenue, #126, San Jose, California 95131, and was a registered entity
14 || with the State of California (Entity No. C3181618) at least as of December 5, 2008,
15 || Silergy Corp. has since surrendered its status; however, Silergy Corp. continues to
16 || publicly identify its United States headquarters as the same address it previously

17 || listed for its agents for service of process. Upon information and belief, Silergy

(¥ 13

L-REE

18 || Cotp. has operated and continues to operate from its United States headquarters, and
19 ||is doing business throughout this judicial district and around the world.

20 3.  Defendant Silergy Tech is, upon information and belief, a corporation

21 || organized and existing under the laws of the state of California, with a principal place
22 || of business at 1309 S. Mary Ave., #215, Sunnyvale, CA, 94087. Silergy Tech has

23 ||appointed its agent for service as follows: Xin Shao, 2570 N, First Street, #208,

24 ||San Jose, California 95131. Upon information and belief, Silergy Tech is an

25 ||affiliated entity to Silergy Corp., including being under at least partially common

26 {|control with Silergy C'orp., and obtaining United States Patents for Silergy Corp.’s

27 || benefit.

28
2
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1 4.  Silergy Corp. and Silergy Tech are hereinafter referred to collectively as
2 ||“Silergy.”
3 JURISDICTION AND VENUE

5. This court has subject matter jurisdiction over the action at least under
28 U.S.C. §§ 1331 and 1338(a) because the action concems 2 federal question arising
under the patent laws of the United States, including 35 U.S.C. § 271.

6.  Venue is proper in this judicial district under 28 U.8.C. §§ 1391(d) and

1400(b) because, among other reasons and hased on information and belief, Silergy is

O 9 O W A

subject to personal jurisdiction in this judicial district, has committed acts of

10 ||infringement i this judicial district, and because Silergy Corp. is an alien subject to
11 || suit in this judicial district.

12 7. Upon information and belief, Silergy has designed, manufactured, and
13 || placed infringing products into the stream of commerce by shipping those products
14 {|into this judicial district (and other judicial districts) or knowing that such products
15 || would be shipped into this judicial district (and other judicial districts) by third

16 || parties, including at least placing the infringing Silergy products in Acer® AQ533
17 || notebook computers manufactured by third party Acer Inc, for shipping into this

18 ||judicial district.

19 CLAIM I: INFRINGEMENT OF U.S. PATENT NO. 6,897,643
20 8. MPS incorporates by reference the allegations of paragraphs 1-7 above

21 ||as fully set forth herein.

22 9 MPS js the owner by assignment of all right, title, and interest in and to
23 || United States Patent No. 6,897,643 (“the *643 Patent”) entitled “Integrated Circuit
24 || Driver Having Stable Bootstrap Power Supply,” which was duly and legally issued
25 (| by the United States Patent and Trademark Office on May 24, 2005. A copy of the
36 ||7643 Paterit is attached hereto as Exhibit A.

27 10.  Silergy has infringed and continues to directly infringe, literally and/or

28 || under the doctrine of equivalents, one or more claims of the "643 Patent by making,
3

Case No. CV-10-01533 CAS (AGRX)S1
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1 llusing, offeting to sell, selling, and/or other acts constituting infringement under 35

U.S.C. §271 inthe United States, including this judicial district, or importing into the
limited to, the

2
3 || United States, step-down DC to DC converters including, but not
4

Silergy SY8101, §Yg132, and SY8133 product families.
and belief, Silergy’s acts of infringement have been

3 11.  Upon information

6 |l with knowledge of the *643 Patent.

7 12. Upon information and belief, Silergy ha
R

9

s been and i3 currently indirectly

infringing, in violation of 35 U.S.C. § 271, the 643 Patent. Upon information and

pelief, the 643 Patent is directly infringed by, without limitation, manufacturers and

10 || others in the distribution channel of notebook computers using,
the United States Silergy’s step-down DC to DC converters
12 || employing the methods and apparatuses claimed in the *643 Patent, including but not
13 || timited to the Silergy 3Y8101, $Y8132, and SY8133 product families. Upon

14 || information and belief, Silergy induces that infringement through its intentional

15 || marketing, sale and/or suppott, including technical support, of such devices in the

16 || United States and abroad to induce direct infringement in the United States. Upon

selling, offering for

11 || sale and/or importing in

17 |l information and belief, Silergy’s inducement includes, without limitation, active
sale, offer for sale and/or importation in the United States,

18 ||encouragement of the use,
19 || of such devices that infringe the '643 patent, including the use of technical

20 || specifications that induce direct infringement. Upon information and belief, Silergy
21 || has known or should have known that these actions would cause direct infringement
19 | of the ? s . s
. of the ’643 Patent and did so with specific intent to encourage direct infringement.
| 13. Upon information and belief, Silergy has been and is currently indirectl
infringing, in violation of 35 U.S.C. § 271, the *643 Patent. Upon inforrh y
b s , ~ - . - . O at.
elief, the "643 Patent is directly infringed by, witheut limitati onent
others in the distribution channel of notebook tion, manufac'turers-and ]
sal : . ' computers usi ing. offer
ale and/or importing in the United States Silergy’s ste ng, selling, offering for
p-down DC to DC converters

Case No. CV-10-01533 CAS (AGRX)S‘
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1 || limited to the Silergy SY8101, SY8132, and SY8133 product families. Upon
information and belief, Silergy contributes to that infringement through its marketing,
sale and/or suppor, including technical suppert, of such devices in the United States
and abroad. Upon information and belief, such devices are a component of the

notebook computers and are a material part of the invention claired in the *643

AW

i

Patent. Upon information and belief, Silergy has known or should have known that
such devices were made or especially adapted for infringement of the 643 Patent,

and that such devices are not a staple article or commodity of commerce suitable for

N9 =) Dy

substantial noninfringing use.
10 14. Upon information and belief, Silergy’s infringement of the 643 Patent

11 || have been and continue to be willful.
12 15. Silergy’s infringement of the *643 Patent has injured and damaged, and

13 {| continue to injure and damage, MPS.
14 16.  Silergy’s infringement of the 643 Patent bas caused and will continue to

15 ||cause 1rreparable injury to MPS unless and until enjoined by this Court.

16 , ,
17 17.  MPS incorporates by reference the allegations of paragraphs 1-14 above

18 || as fully set forth herein.
19 18, MPS is the owner by assignment of all right, title, and interest in and to

20 || United States Patent No. 7,714,558 (“the *558 Patent”) entitled “Short circuit current
21 || ratcheting in switch mode DC/DC voltage regulators,” which was duly and legally
22 |lissued by the United States Patent and Trademark Office on May 11, 2010. A copy
23 || of the’558 Patent is attached hereto as Exhibit B.

24 19.  Silergy has infringed and continues to directly infringe, literally and/or
25 || under the doctrine of equivalents, one or more claims of the 558 Patent by making,
26 || using, offering to sell, selling, and/or other acts constituting infringement under 35
27 || U.8.C. § 271 in the United States, including this judicial district, or importing into the

5

Case No. CV-10-01533 CAS (AGRx)s*
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1 || United States, synchronous step-down DC/DC regulators including, but not limited

2 || to, the Silergy SY8033 product family.
3 20. Upon information and belief, Silergy’s acts of infringement has been

4 || with knowledge of the *558 Patent.

5 21.  Upon information and belief, Silergy has been and is currently indirectly
6 ||infringing, in violation of 35 U.8.C. § 271, the *558 Patent. Upon information and

7 | belief, the 558 Patent is directly infringed by, without limitation, manufacturers and
8 || others in the distribution channel of notebook computers using, selling, offering for

9 || sale and/or importing in the United States Silergy’s step-down DC to DC converters
10 || employing the methods and apparatuses claimed in the ’558 Patent, including but not
11 |limited to the Silergy SY8101, §YR132, and SY8133 product families. Upon

12 \linformation and belief, Sitergy induces that infringement through its intentional

13 || marketing, sale and/or support, including technical support, of such devices in the

14 || United States and abroad to induce direct infringement in the United States. Upon

15 ||information and belief, Silergy’s inducement includes, without limitation, active

16 || encouragement of the use, sale, offer for sale and/or importation in the United States,
17 || of such devices that infiinge the +558 Patent, including the use of technical

18 || specifications that induce direct infringement. Upon information and belicf, Silergy
19 || has known or should have known that these actions would cause direct infringernent
20 || of the *558 Patent and did so with specific intent to encourage direct infringerent.

21 2. Upon information and belief, Silergy has been and is currently indirectly
22 || infringing, in violation of 35 U.S.C. § 271, the *558 Patent. Upon information and
23 || belief, the 558 Patent is directly infringed by, without limitation, manufacturers and
24 || others in the distribution charmel of notebook computers using, selling, offering for
25 || sale and/or importing in the United States Silergy’s step-down DC to DC converters
26 || employing the methods and apparatuses claimed in the ’558 Patent, including but not
27 || limited to the Silergy SY8101, $Y8132, and SY8133 product families. Upon

28 || information and belief, Silergy contributes to that infringement through its marketing,
6
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1 || sale and/or support, including technical support, of such devices in the United States
and abroad. Upon information and belief, such devices are a component of the
notebook computers and are a material patt of the invention claimed in the ’558
Patent. Upon information and pelief, Silergy has known or should have known that

such devices were made or especially adapted for infringement of the *558 Patent,

A W N

th

and that such devices are not & staple article or commodity of commerce suitable for

substantial noninfringing use.
23.  Upon information and belief, Silergy’s infringement of the *558 Patent

(- I - SIS N«

has been and continues to be willful.

i0 24, Silergy’s infringement of the ’558 Patent has injured and damaged, and
11 || continues to injure and damage, MPS.

12 5. Silergy’s infringement of the '558 Patent has caused and will continue to
13 || cause irreparable injury to MPS unless and until enjoined by this Court.

14 PRAYER FOR RELIEK

15 || WHEREFORE, Plaintiff MPS prays that this Honorable Court enter judgment as

16 || follows:

That Silergy has infringed one or more claims of the *643 Patent;

18 That Silergy’s infringement of the '643 Patent has been and/or is willful;

19

20
2] 5 That Silergy, and their respective agents, servants, officers, dirsctors,

That Silergy bas infringed one or more claims of the *558 Patent,

N

That Silergy’s infringement of the *558 Patent has been and/ot is willful;

22 || employees, and all persons acting in concert with them directly or indirectly, be

23 || enjoined from infringing the *643 Patent and/or *558 Patent;

24 6.  That Silergy be ordered to account for and pay to MPS damages arising
25 || out of Silergy’s infringing activities, together with interest and costs, and all other
26 || damages permitted by 35 U.S.C. § 284, including enhanced damages up to three

27 ||times the amount of damages found or measured;

28
7
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1 7. That this action be adjudged an exceptionsl case and that MPS be
3 || awarded its attorneys® fees and costs in this action pursuant to 35 U.S.C. § 285; and
3 8 That MPS be awarded such other equitable or legal relief as this Court

4 || deems just and proper under the circumstances.

5 DEMAND FOR JURY TRIAL
6 Plaintiff Monolithic Power Systems, Tnc. demands a jury trial on all claims and
7 ||issues so triable.
8 1|1 : 11 Respectfully §ubmitted
Dated: June 30,20 ¥ sth R W
9 L /// :
_‘,,/ ’ e o e
10 1T3v: = 7 .. /:7 /,’/‘_j
o . e' ( I i
11 Eeill‘?’ .0011:1 ~ £
HARDSON, P.C.
12 500 Arguello Street, Suite 500
Redwood Cl?’ CA 94063
13 Telephope: 630-839-5070
4 Facsimile: 650-839-5071
Nancy L. Stagg
15 v fr.co
SON, P.C.
16 555 West Fifth Street, 315t Floor
i.os Angeles, CA 90013
17 Telephone: 213-333-4240
8 Facsimile: 858-678-5099

Ruffin B. Corde]l [Admitted Pro Hac Vice]

19 cordell%fr.com. o
T Mukerji [Admitted Pro Hac Vice]

20 ukerji@fr.com .
i “Piatel [Admitted Pro Hac Vice]
21 atel@fr.co
RDSON, P.C.

22 1425 K Street, N.W., Suite 1100

Washingten, D:C. 20005
23 Telephone: 202-783-5070
2 Facsimile: 202-783-2331

Attorneys for Plaintiff
25 MONOLITHIC POWER SYSTEMS, INC.
26
27
28

8
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1

INTEGRATED CIRCULT DRIVER HAVING
STABLE BOOTSTRAP POWER SUPPLY

TECHNICAL FIELD

“The present inveation relates to iategrated circuil drivers
that urc a baolatrap supply (o drive the gate of the high side
switch, and morc particularly, to a method and apparatus for
providing a =table bootsirap voltage ta the gate of the high
sitle swiich,

BACKGROUND

Onc common type of integrated circuit drivor utilizes two
power MOSFET swilches it & tolem pole (half-bridge)
topology. The MOSFET switches are typically NMOS
soritches (hat are conntcled in aeries. The power MOSFET
swilches are driven (0 conducl alternately. One of the
MOSFET switshes is dosignated 15 a high side switch, and
the olher MOSRET switch is dasignated as the Tow side
switch, In one application, by sclectively switching the
power MOSFET switches in 4n altoraating fashion, 4 load
cup be driven with an alteenating current, In such a manner,
a DC 10 AC lnverter is formed. Likewise by controlling the
switches nceording Lo an input signal (xuch a8 an acouslic
signal), 1 cliss D audio amplifier is formed. Purther, the
same half bridgs topology vsing a stable DC refersnce as the
input eon be tied (o create 0 DC power snpply.

Tiie gate of the high side switch Is typically driven by a
bootstrapped power supply. This is done to allow usc of an
NMOS switch, which has roughly half the on resistanee of
a PMOS switch of (he same area. A boolstrap capacitor is
used 1o increass the voltage svailablo to the gate of the high
side switch, F1G, 1 shaws a prior ant simplified schamatic of
30 infegrated cireult driver (IC) used io conjunction with a

bovtstrap capacitar to drive a load. The JC driver provides .

eurtent 10 drive a load, A bootstrap capacitor C, has one
termingl connected (o (he output of the IC driver. The other
terminal of thic bootstrap capacitar C, is pravided back (o ihe
IC driver to drive the gate of the high side swiich,

A morc detniled schematic of the IC driver of FIG. 1 is
shown in FIG, 2. As scen in FIG. 2, the 1C driver 101
includes the high side swilch 107 and the low side switch
109, The high side swilch 107 is driven by gate drive and
« [t cireuil 111, Similarly, the low side switch 109 is driven
by gatc drive and fault cireit 113. The gate drive and Tault
circuits L1 and 113 arc aperative (o control the switching of
the high side and low sidc switches 107 and 109, Jo addition,
Itwe gate drive and [ault circuils 111 and 113 typically include
Fault detoction cirenilyy and a bootsirap supply monitor.
These additonal fmctions are generally necded to measure
whether there Is 2 Faull condilion on the switch or whether
the bootstrap supply is sufficient for the IC to operate
nroperly.

The precisc configuration of (he gate drive snd Dull
circuits 111 and 113 may bhe vared, b generally the
configuration and operation is well known in the prior ArL
Note that the gate drive nnd fault cirenit 113 used to canlrol
the fow side switch 109 oporates using 4 first supply voltage
V.. The low side swilch 109 docs nol raquirc a baol-
steapped power supply, in contrast, the pate drive and faull
circuit 111 hat controls the high side switch 107 is von-
necied to the hoolstrap capacitor 103,

The ontput nf the IC driver 101 is taken from the node
connocting the high side awitch and ihie low side switch. In
physical terms, the output node is 4 conductive pad on the
iiteprated circuit, designated i FIG. 2 as SW,,, 115. The

10

-
ur

60

65

2
integrated circuil dic is then set into A package wherein (he
pad SW,, 115 is connecicd 1o a package pin SW.,, 117, The
councction between the pad 115 and the package pin 117 is
typically made hrough a bond wire formed of gold, copper,
or other bighly conductive material.

Nevertheless, the houd wire between the pad 115 and the
packege pin 117 iucludes some Bnite amount of parnsitic
induetance L, and parasitic resistance R ;. When current is
supplicd through the pin 117 10 the load 185, invariably there
will be o loss of vollape across the parasitic inductanee: L,
and parasiic resislance R,y

“The 2mount of the voltage drop is importaut because any
voliage thal dovolaps across the bond wire between SW pad
and SW pin, subtracts dizectly and instantaneously from the
bootsteap supply. Bocause of the latge value of current and
high rate of change of that current in the bondwire, the
voltage drop can be sigaificant, on the order of two of more
valts. This sudden drop in (he intorna) booistrap supply
voltage will adversely nffect any signal processing operating
under the intcmal boolsteap supply, such os the bootstrap
supply monitor and fault check circuits.

Thereforo, the arrangement shown in FIG, 2 boving au
imprecise and noisy bootstrap supply is undesirble.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is  schematic disgram showing a bootatrap
capacitor and an integrated circuil driver for driving n load.

FIG. 2 is a detniled schematic of the inteprated circuit
driver of FIG. 1.

FIG. 3 is a schomatic dreuit disgram illustrating ono
embodiment of the present invention,

FIG. 4 is an illustration of an integrated circuit dic
mouated on an inlegrated circuit packape.

DETAILED DBESCRIPTION

The present inveation is an integrated circuit driver hav-
ing 0 "guicter” boolstap power supply. Toe integrated
circuit drlver has an output pin snd output pad that is
dedicated o the bootstrap capacitor thereby maintaining A
stable bootstrap supply voltage. In the Tollowing description,
some specific details, such as example valucs for the eircuit
componenis, are provided o provide a thorough understand-
ing of ombodiments of the {nvention, One skilled in the
relovant art will recognize, bowever, that the invenlion can
be practiced without one or more of the specific dotails, or
with other mothods, components, materials, cte. In ather
inslancss, well-known structures, materials, or operations
sre not shown or described in detail o avoid obscuring
aspects of the invention.

Reforence throughiout this specification to “one cmbadi-
ment” or “an cmbodiment™ means that o particular feature,
simcture, or characteristic described in connoction with the
embodiment s included in at least one emboditaent of the
present favention, Thus, the appearances of the phrases “in
one embodiment” or “in an cmbodiren(” in varions places
throughout this specification are not necessarily all referring
(o (be same cmbodiment. Furthermore, the parficular
featurcs, structures, or characleristics may be combined In
any suitable manner in onc or more embodiments. One
sidlled ip the relevant an will recognize, however, that the
iuvention can be practiced without one or more of the
spocific details, ot with other metbods, components,
materlals, etc. In other lnstances, well-known structures,
materials, or operations are not shown or described in detail
to nvoid abscuring aspects of the invention.
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TIG. 3 shows one cmbodiment of the presant inventing,
As seen, FIG. 3 is substomtinlly similar 1o the prior art IC
delver 101, cxeept that an additional pad SW2,,.4 303 is also
antached 10 the auipul node batween the high side switch 107
and the low gitle switch 109, Additiopally, a second output
pin 305 is provided from the IC driver 301, Hnving the
second pad 303 and the second packnge pin 308 connectod
10 the boatstrap capacitor 103, he bootstrap capacitor 103 is
not affecied by any vohage drop caused by current flowing
1o the load 105 througls # first package pin 7.

Note tha subistantially all the current provided by the high
sido switch 107 and the Jow side switch 109 Bows o the lond
108 throvgh the package pin 117. Litile if any current flows
throngh the sceond package pio 308, therehy climinating
any voltnge drop through Lhe parasitic resistance and ipduc-
{ance of the hond wire coneeting the secand package pin
305 fo the second pad 303. Thns, the bootstap supply
volage provided by the booistrap capncitor 103 maintains
its value and i3 less noisy.

As seen, the 1C driver 301 ol the present invention
includes an additional package pin 35 that is connected
dircelly o the bootsirap capacitor 103, Tn 1o slternative
embodiment, the secont] packogo pin 305 has a bond wire
directly nttackied 1o the same pad 118 as the first packops pin
117, This saves the reguirement for forming the second pad
203, Jn onc embodirment, the 1C driver 301 may be used 10
drive, for oxample, 4 cold-cathode fluorescent lamp.
However, typically, the lamp is ennnccied through a scc-
ondary winding of a transformer whose primary winding i
conneeted to the output of the IC driver 301,

FIG. 4 further Msirates the arrangoment of the preacnt
invention. Tn RIG. 4, an intcgrated circuit package 401 is
adnpied W tmoum un integraied circuit die 403. The intc-
graled circuil dic 403 {ncludes various circultry, such as the
low side switeh, the high side swilch, aud the gatc drive and
faolt cirenitry. In addition, the integrated circuit dic 403
includes an output contact pad 409, n bootsirap contact pad
407 (referred to a8 a second pad SW2,,,, 303 in FIG. 3), &
high sidle gate drive inpul pad 421, and various other contact
pads 408 and 411

The autput contact pad 408 is connected (o 8o QUIPUL pin
413 of the inlcgrated circuit packnge 401 by an outpul bond
wire 417, The output hond wire 417 is secured to the oulput
pin 413 and the outpul contect pad 409. The bootstrap

m

n

40

contact pad 407 s connecied 1o bootsirip pin 415 of the .

inlcginted cireuit package 401 by 3 boolsirap bond wirc 419.
The hootstrap hond wire 419 is secured to the bootsirap pin
415 and the Honistrap contact pad 407.

The hootstrap capacitar Cy, I8 comecied hetween the
bootslrip pin 415 and e gate drive circuitry on the inte-
graled circuit 403 through anotber packnge pin and high side
gute drive input pad 421 Finally, the toad is connected (o the
wutpwl pin 413, The other various pins of the integroted
civcuil package 401 aro nsed in konwn coafigurations, such
az for power supply, ground, control lines, xnd such.

As noled #bove. in an allernate embodiment, (he output
contact pad 408 and the bootsirap conlacl pad 407 &5 oue and
\he same. Whichever pad condudls current io the load is
made large, such as coutadt pad 411, bul not changed in size
If also atrctied to Ch.

Thus, the ahove described JC driver pravides a stable
haotsirp power supply, even when large amounts of power
arc being dellvered. This is nccomplished by connccting the
boolstmp capacitor (o & dedicated bootstrap pin and contact
pad.

['ram the foregoing, it witl be appreciated that specific
cmhadiments af the invention have been dogeribed herein

60

8§

4

for purposes of illustration, bul {hat vations modifications
may be made without deviating from the spirit and scape of
the invention. Accardingly, the invention is not limited
cxcept as by the appeanded clalms,

[ claim:
1. An integrated cireuit driver comprising:

a high side transistor;

4 low 5ide transisior connected in series lo said ligh side
fransistor such that the sowrec of said high side tran~
mistor {5 connected 10 the drain of said low side
wransistor, the soutce of the high side transistor and the
drai of the low side (rapsistor fofming an output rode;

» hootstrap contsct pad connected to the autpat node:

a bootstrap capacitor having a first terminal connected to
said boolstrap contact pad, wherein the bootstrap
capacitor couples o (he gate and the gource of the bigh
side transistor;

a high side gate drive for sclectively conurolling the high
sida transistor, said high side pale drive having as an
input a signal from a sccond terminal of said bootsitap
capacilor;

a Yow side gate drive for selectively controlling the low
side transistor; and

an autput contact pad connected 1o the outpu! node, said
owput contact pad providing an output signal 1o 8 1oad,

2. The driver of claim J wherein said high side transistor
and said low sidc transistor are NMOS transistors,

3. The driver of claim 1 wherein said output contact ped
and said bootstrap contnel pad arc the same.

4, The driver of claim 1 farther including un oviput
pz\;r:i:agc pin connected (o Raid output pad by an output bond
wire.

§. The drivor of elaim L further including a bootsirap
puckage pin conncction lo said boolsteap contact pad by A
booixtrap hond wirs.

6. The driver of claim 3 further Including an outpwt
package pin connected to said outpul pad by an ovtpu! hond
w

re.

7. The driver of claim 3 fusther including a bootsteap
package pin connection 10 $aid boatsirap contact pad by s
hootstrap bond wire.

8. An Inteprated circuil package comprising:

(8) on integrated clrcuit dic, said dic having formed

thercan:

(1) » high side transistor;

(2) 4 low side transistor connected in serics © said high
sidle iransistor such that the source of said high side
wansisior is connected o the drain of said low side
imnsistor, the source of the high side irausistor oud
:hcddmin of the low gide \runsistor forming an cutpul
nodo;

(3) a st of two bootairap contact pads conmected 1y the
output pnde;

{4) 2 high sidle gate drive for selectively controlling the
bigh side transixtor;

(5) 2 low side gate drive for sclectively confrolling, the
Jow side transigtor; and

(8) 1 sel of, twe output contaci pads connocied fo the
output nade, said outpul contact pads providing
output sigoals 1o a Joad;

(b) a set of two corrier packages having a plurality of
puckage pins including ai least a hootsirap package pin
and an owipul package pin, swid carvier packages for
sccuring said integrated circuit die;
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(¢) a ot of 1o owiput bond wirss connecting said outpul

contact pads wilh saidl oulput package pins; and

(d) 7 scl of wo hooistrap band wires connecling saidl

hontstrap contact prds with said bootsieap package
pins.

9. The pnckage of claim 8 wherein said bigh side tsan-
airtor and ssid Iow side Lrapsisior are NMOS traasistors.

10. The package of clim § wherein gaid output contact
pad and said bootstrap contact pad are the same.

18.. ‘The package of claim 8 whereln a first terminal of v
hoolstrap capacitor is connocted 1o said bootstrap packape
pin andk A second teeinal of saidl bootstcap eapacitor i8
connected fo an fnput fo said high side gate drive.

12. A methad for driviog o load using high side switeh
and a low side switch connected io scties, the source of said
high side swilch connected 1o the drain of ssid low side
switely, the cunnecliun of sald high side switch and said low
side switch heing an omiput node, the methodl comprising!

providing a bootstrap contact pad connected to said outpmt

node;

providing an outpul pad connected to gaid output nadc;

conheeting @ bootstrap capacitar (o said boolsirap contact

pad, said bootsirap capacitor used O provide 2 boot-
sirap power supply to A galo drive of said high side
ewilch, wherein (he boolstrap capacilor couples ta the
ote and the sourcy of the high sidc transister; and

cannecting, said ontput pad to said lond.

6

13, An integrated circuit driver compelsing:

3 high side transistor;

» low sidle trangistor connected in series 10 said high side
wansistor such that the source of said high side trag-
sigtor is connocted 1o the drain of said low side
jransistor, the souree of the bigh sido transisior and the
drain of the low side (ransistor forming an output nade;

a combipatioa bogistrap/ouiput contact pad connected to

10 the output nodo;

2 bootstrap capacitor having a Brst terminal connscted o
sajd bootsirap/output contact pad via n boolstrap
capacilor package pin, wherein the Bootstrap capacitor
couples to the gatc and the source of the high side
ravsistor:

4 high side gaic drive for selectively controlling the bigh
cido trapsistor, said bigh side gale drive having a8 an
input a signal from & second 1ermina] of said haatstrap
capacilor;

a law side gate drive for solectively controlling the low
side transistor; and

an ougpul package pin connecting snid hootstrap/output
conlact pad 1o & load,

25 )4 The driver of cluim 13 wherein said high side trag.

gistar und said low side transistor ore NMOS trangistors.

PAGE 19/48
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FIG. 3 illnstrates frequency folding in the embodiment of FIG. 1.
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FIG. § Illustratcs an embodiment of 4 process of current limiting.
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SHORT CTRCUIT CURRENT RATCHETING
IN SWICH MODE pC/DC VOLTAGF.
REGULATORS

CROSS-REFERENCE TO RELATED
APPLICATION

This applicntion claims priority to U.S, provisional patent
application No. 60/605,423, fled on Aug. 30, 2004, which is
herehy incamorated hiercin hy referense.

BACKGROUND

A DC/DC voltage reglator is operative (o maintain a level
ontput valtage despite variations in power supply voltage or
cnrtont drawn by 2 lond. Many portehle devices requirg a
atondy voltnge supply such 4 that provided by a DC/RC
voltuge regulntor. Switch made rogulators can be subject to a
phenamenon of cureat ratcheting at sbharted josds due to
finltc on times to determine an over cuszent condition. Nearly
every swilch-made device haw 4 linite loop response Lme o
mensure current in the inductor. Depending on the iaput volt-
ago, the current can risc high cnough to cause 8 catastrophic

failvre in o device.

Tor thia reason, in fixcd frequency parts, it i common to 2

usc frequency Told-hack to change o amoun: of current
rotchcting that o part can see. A common problem cauned by
frequericy fold-bnck i2 8 large cterent ripple in the inductor,
For this reasen, o largor than normal bsypass oF output capaci-

toris chosen to reducathe ripple voltage. Andifthefrcquency

is folded hack too much, the {nop may become unstable.
“Thus, choosing the correet foldoback frequency vunge for
widc application is nat an casy task.

SUMMARY

Itic present ihvention i described and Mustrated in cunt-
junction with systcms, AppArEtUICcR and methods. In addition
o (he aspeets of the present invention described in this sum-
mary, furthet aspects of the invention will become apparent
hy reference to the drawinigs and by reading the detailed
Joscription thyl fllows.

I an cmbodiment, a DO switch mode voltage regula-
(or with  high sidc pass device and a low side pasa device is
provided, The voltage regulator includes means for detecting
an over oitrrent condition over a current fimit on the high side
pass, The voltage rcgulator also inclides means for locking
out the righ wide pass devies und trning on (he low side puss
devico until a scoond current limit located onthe low sido pass
device is reached if the over cumrent condition is detected.

Tn another cmbodiment, 2 picthod implemented on 3
DC/MC switch mode voltage regulator with a high side pass
dovice and a low side pass device is provided. The method
inchides detoeting an aver current condition over a current
fimit on (he high gide pass. The mcthod alro includes lacking
out the high side pass device and turning on the low side pass
device until n sceond curront limit {ocated ot the low side pass
device is roached il the aver current condlition is detected.

Tnstill another crobndiment, an apparatus isprovided. The
apparutus includexa high ¥idde pars device, Theappartus alio
jnchudes o low side pass device caupled in yorics to the high
side pass device. The apparatus further includes a control
madule coupled to the high side pass device and the low side
pass device. The control module is coupled to the high side
puss device and the low glde pass device Lo control the high
gide pass device and the low side pars device.

>
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Additionally, the apparatus includes a first resistor covpled
in seriea with the high sidc pass device and the low side pass
device. Furthezmare, the apparatus includes a fivst compana-
wor coupled in parallel with the fiest reaistor. The first com-
parator hrs a shreshald voltage input differcntial correspand-
ing to afirstcurrcat limit, and an output of the first comparator
i coupled to the control mocule. Marcaver, the gpparatus
inchudes a sccond comparator coupled to scnse curent ofthe
high side pass device a3 a voltage, The second compatator has
a tireshold voltage input dilferential corresponding to & sec-
ond curreat limit. An output of the rocond comparatot i
coupled to the control module. The racopd current limit is
higher than the first current limit, Alse, the control module is
aperable to lock out the high sidc pass device responsive to
the output of the first comparstor until a reset rignal is
roceived and is operahle to lack oot the high side pass device
reapoprive to the output of tho second comporatar until u low
ctirrent sigoal is reccd

BRIRF DESCRIPTION OF THE DRAWINGS

‘The present invention isilinstrated in anexcmplary manncr
hy the accompanying drawings. The drawings should be
understood us exemplory rather than limiting, a8 the ucope of
the inventiou in defined by the claims.

FIG. 1 illustrates an embodiment of a DC-DC woltage

regnlator outpuL.
£1G. 2 {llustrates currcnt averload in the embodiment of

FIG. 1.

FIG. 3 illuseares frequency folding in the embodiment of
FIG. 1.

FIG. 4 illusirates an embodiment of a current overload
protection apparatus for the DC-DC voltage rogulator output
ol FIG. 1.

RIG. 5 illustrates an. sltcrnate cmbodiment of the curront
overload protection apparatus for the DC-DC voltage regula-
tor output of F1G. L.

EIG. 6 illustrases current ratcheting in the embodiment of
Fid. 4.

PAGE 29/48

FIG, 7 illustrates another altcmate cmbodiment of the cur-

yent overlond protection apparatus for the DC-DC voltage
regulator output of FIG. 1.

FIG. 8 illustrates an embodiment ol a process of oiurrent
limiling,

DETAILED DBESCRIPTION

A system, mcthod and apparatus is provided for Short
Cirenit Current Ratcheting in Switch Mode DEMC Vollage
Regulators. The spetitle cmbodimenta described in this docu-
ynent represent exemplary instances of the prescnt invention,
and are illustrative in nature rather than restrictive.

in the follawing description, for purposes of cxplanation,
numerous specific detailn are set forth in order to provide a
thorough understonding of the invention. 1t will be apparent,
howevet. to one skilled in the art that the invention can be
practiced without (hese specific details, In ather inslanioss,
structures and devices ore shown in black diagram form in
order to avoid obscuring the invention.

Reference in the specification to “ane embodiment™ or “an
embadiment” means (hat a particular feature, stricture, or
cheracteristic described in connection with the cmbodiment
is included ip at least onc embodiment of the jnvention, The
appesrances of the phrase *in onc embodiment” in varions
places in the specification are nol necessarily all referring to
ihe sume embadiment, norare separate or altemative emhadi-
ments mutuslly cxclusive of other embodiments.
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The preseit invention describes. in some cmbodiments, &
new scherhie ther climingtes frequency fold-back from the
proteetion schemeot switch-mode regutators and alfows fora
cloan startup wittiout the need for o change in switching
Irequency for the cntire diration of operation.

In some cmbodiments, n sense clement in nsed 10 mensure
the current in the inductor. A comparator is used to compare
the sense clement to another matching slement that depicts
(inite known cutrent threshold indicating thc avercurrent con-
ditions, When this curront threshold ik cxeeeded, the com-
parator signals the logic to latch the low sidc switch on until
o Jow side current limit is rousched, This current limit on the
{ow side can he set to any value positive, negotive, or Zero
inductor corrent depending on the application.

A DC/DC switching voltage regulator, in some embodi-
ments. conzists of a PWM controller, two covtrolled pasa
devices that ure copnected jn series betwoen a supply voltage
and ground, san itductor that is comected 1o (he common
point between the two pass devices, and acapacitor cornected
betwien the outpit node and ground after the inductor. By
modnlating the pass devices, the inductor will huild up encrgy
and dischatpe it inito the capacitor. The charge and dischange
rates ore gaverned by the equation:

dl
V r‘,‘ﬁ

The increase in current in the inductor is

Vity ~ Rovap ¥ by = Vout
Al = I~ Revup Lchm:r ATm

where Vin is the supply voltage, Vout is the output voltage.
und Ronnp is (he resistance in the upper pass device. The
discliarge ctitrent in the indnctor is defined by the equation:

Vout + Randwn X Alanaree
dlauchargr 7 - "I‘—_‘—drlﬂ

where Rondwn is the rosistance in the lower pass device,
During normal operation dlcharge—dldischargeand dTonand
dToff is a finction of the switching frequency. Since the loop

takos a Aite tite to respond there is 8 minimum on time for

the switch. This time can be as low as 20 nanoseconds but a8

high as 200 nahoseconds, This is duc to the fact that the upper
pnss element needs to he tumncd on to deteet the amount of
cutent in the inductar, and then trned off, The length ofthe
mitimum on Time can be attributed to driver delays, pwMm
comparator deluys, current sepse amplificr dclays, and so on.

Currenl micheting is 0 condition thal exists when
dichargedidischarge, This can ocour when the output is
shorted to gronnd, then dTon=dTmin, and Voutis O, Then the
atmonnt olenergy discharged hy the inductor during the dToff
is smatl, und the current continues to rise cycle by cycle. The
convenfional ways fo moke sure thal the inductor is dis-
chiarged aro by incroasing the dToff time, #nd by lowcring the
frequency of oporation. n accordance with vorious embodi-
mants. the inductor current is sensed and if the currcht ratch-
ots nhove & fixed valuc, the laup will lock out the upper pask
devico nnd {nteh the lower pass device unl the current has
rleeayed to o preset limil.
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Refercnce to thofigures may provide further understanding
ol various embodiments. FIG, 1 ithutrates sn embodiment of
a DC-DC voltage regulator output. System 100 inclodes high
and low supply transistors berwcen a power rail and ground,
an inductive load and a capacitor. Jnductive load 110 may be
an actual inductoror acomponent which operatcs in a manoer
sinaitar to on inductor, Capscitor 160 i coupled hotween
inductive load 110 and ground 150, Power is supplicd to load
110 throngh power transistor 120 (current js sourced) from
power supply 130. Current may be sunk from jnductive load
110 through power transistor 140 to ground 180.

‘I bin dosign involves o potential problem, in that the fime it
takes to turp trangistors 120 and 140 on and off may he long
cnough. to allow currents © overload inductor 110. T1G. 2
illustrates current overlond in the embodiment of FICG, 1.
Curront Jevelr approach a limit value, apd the systero reduces
the curtent level. However, the decay time [or the current may
not allow the current level 1o drop ta 7610, As 2 result, the
deviec may then increase the current 1eve) again, this time
overshooting the maxinum current limit before the systcm
rediices cugrent again. This typically happens asa result of the
frequency at which the system oparates—it may react the
voltage rogulator hefore the current docays to an acceptable
fevel.

A common reaponse to this problem is to fold frequency—
ta reduce the operating frequency of the aystemi sa that carrent
levelr can be reduced acceptably in overlimit situations, PICG.
3 {lustrates frequency folding in the cmbodiment of FIG. 1.
Tnstead of allowing the system to resct and have the current
tevel ratchet up, the current is allowed to decay over a longer
time uatil an scceptable limit is reached. Not shown is the
lend-up to this situation, where the device may run to the
limit, and then he reduced to a level too high to avoid an
avercirrent situation. Frequency folding can avoid the over-
crrrent situation, bt it also slows down operatien of the
system and the load to which power is mupplied.

As an. altcroative, circuitry may be introduced to sensc the
current level and ensurc thal overcurrcnt situations sre
allowed to decay appropriately. FIG. 4 illustrates an embodi-
ment of o current overload protection apparstus for the DC-
13C voliage regulator output of FIG. 1. Sysiem 400 includes
device 410 (a DC-DC voltuge regulotor) and varjous exteriot
circvitry which roay be supplied as partofan averall system.
Device 410 may be cnabled by enablc itput 493, which is tied!
tn internal enable circuitry 490, Power may be mupplied from
s power supply which is madeled s capacitor 433,

Current o the lead 110 throvgh power transistor 120 is
monitored passing that current through resistor 450 which is
vensed in current sense amplifier 455 (an amplifier which
lovel-shifts the voltage across its inputs and amplifies that
wolinge). The vutput of comparator 455 ik mixed with the
oviput of an ossillator 485 and provided as input to compara-
tor 480, Along with feedback through feedback module 170
and exrar amplifier 475, comparator 480 and control modulc
415, thin provides the focdback loop for the pulse width
modulator of device 410, Rexistors 460 and 465 provide a
rosistive divider from which a voltage lovel js drawn for
focdback component 470, Similarly, resistor 483 and capaci-
{or 487 provide an RC component which controls the output
of comparator 475.

Comparstor 435 senses curreal from yezisior 440, which is
coupled in serics with power trangistor 140, and provides a sel
input to flip-Mlop 445, Camparator 430 senscs current through
resistor 440 and power transistor 140 (the same current) and
provides a reset input to flip-flop 445. These outputs arc also
provided 1o control Ingic 415. Typically, control logic 415
operates gates 420 and 4285 to furn pawer transistors 120 and
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140 ont sl off. However, when an overcurrent condition is The process by which these circyits operate may also be

sensed, theantput of fip-flop 445 caurer tranristor 140 to (nm illustrative, FIG, 8 illustrates an cmbaodiment ol a proces of
on and transistor 120 to arn off. Onco current through ran-  currem limiting. Procesa 800 includes operating the device,
sistor 140 has decayed sufficicntly: flip-(op 445 is react, and moniforing curtent, mtcheting current down, furthet opers-
normal orleration retums, Thus, by altering trip points of 5 tion, determining if a high limit bas been cxcesded, and
comparators 430 and 435, variour current levels for overlimit temporarily shutting down the device. Process (msthod) 800
and low cnrrent eam he scl. and other procexses of thik document are implementcd s a pot

An alfcrnate cmbodiment of regulation circuitry may be  of modules, which may be proccss wodules or operations,
described without referenice to the surrounding pulse width software modules with associated functions or effects, hard-
edulation circuitry, FIG. § ilhustrates an altcrnate embodi- 10 ware modules designed to ulfill the process operntions, oF
meit of the cutrent overload protection. apparatus for tho  mome combination of the various types of modules, for
DC-DC voltage regulator ontput of EIG. 1. System 500 oper- example, ‘['he modules of process 800 and other procerses
ates (he power supply to load 110. Resistive divider 570 and described herein may be rearranged, such as in a parallel or
575 provides a valtage which is {edt hack and compared with retial fashion, and may be reordercd, combined. ar subdi-
a reference voltage ot comparator S60, The output of com- 15 vided in various embodiments.
parator 560 i biased with transistor 565, which receives 2 Process 500 begins with operation of the circuit at module
Vilimit voltnge inpnt to determine the bins level, Schmitt 810, The current load of the cireuit is monitored at module
triggered buffer 555 then provi_des the biased.oumlt of com- 820, If the current is not arver & first limit, the circuir contimcs
parator $60 az 5 logie input to flip-flop 530. Flip-fop520thcn  operation of module #10. 1f the current is aver the first limit,
contruls fanaistors 120 and 140 (through inverter 525), Note 20 the current is ratcheted down. at module 840, The circuit then
that in & full implementation of this device. buffer 555 maybc  continues fo aperato at maduic 850. A determination is made
an crror amiphifier similar to oplifier 475 of FIG. 4, which  atmodule866ast0 whethera high or second cugrent limit hes
would then he integrated into the PWM fecdbaok loop of the  bean exceeded. 1f not, the cirenit continnes opexation st mod-
ovor al) systom. Tn the illustration of FIG. 5. the PWM feed-  ule810. ¥ the gccond current limit has boen cxeeeded, then a
tack loop and othot details are notillustrated to avaid obseur- 25 temporary shutdown at module §70 occurs until the curremt
ing, detnils of the embodiment. . load decays to an acceptable Jevel.

Current thrigh transistor 120 can be moasured using In one cmbodiment, this is accomplished by using a first
sensc resistor 508 (coupled in scrics with wransiafor 120).  current fimit of 1.7 A and a second currout limit of 22 A
comparstor 515, and Schmit-triggered compamator 540 Thuys, if the current exceeds 1.7 A. the sysiem is mrned ofl
Comparator $40 also reccives a8 input the output of wANKISTOr 30 pormally. 1T the current cxoceds 2.2 A, thea the aystom is
550, which is hiased by a voltage VilimityX. Curent 30WSS — turmed off until the current decays to a low value.
aﬁ‘:°$f::;:sﬂ?::“"‘;‘i;§“r‘gis‘grﬂg’sscm‘g:?;&‘:é Features and aspects of various smbodiments may be infe-

‘ rOugh SCASC T . grated into other ehodiments, and embodiments lustrated

exceeding the hias voltage of transistor 550, comparator 540 5, hie docu . :
ot st (o rosct) tho flip-Bo 520, This allows for tuming off 33 in this ment may be implemented without all of the
priiap 940 Bl 35 gortireq or aspects illustrated or deseribed, One skilled in the

supply of corren! ta load 110. Similarly, when currepl hés 0 ol a : y

b - . ppreciate that nlthough gpecific exampley and
docayed autﬂcwhny,‘ this may be senscd thrav gh comparator embodiments of the system and methods have been deseribed
fgq‘:i gii‘l’lsfscnsc w“;‘“".},‘;“ 0 and th:;;lt)tpust;)ode m:czl:q;d(:; for purposes of illustration, various modifications can be
stt) i -ﬁonrsg’:“:ﬁ:ﬁin u:::::iﬁpo eration ton::?rrninuc o e without devieting from the spirit and wcape of the

Wilp P et g farnal AperEr. y present invantion, For example, emhodiments of the present

hore exactly sense resistors 505 and 510 arcplaced. ond ooy may b lied -

s y be applied to roany different types of dota-
how cxactly avercurrent and undercurtent conditions are  pocas cveterns and application programs Moreover, featurcs
schsed may vary in different cmbodiments, Likewise, the  op on; embodiment may be | P 1 : .

. . R may he incorporated into other embodi-
values aFVilimit and Vilimit+X may be chosenar appropritte e evon where those featurcsare not describe d topetherin
in various crohodiments, Typically, Vilimit+X will bea higher 45 ' ginole embodiment within the 8

. - h . : Y . present decument. Accord-
vailue than Vilimit, and will providen higher current limit a8 1 ingly. the invention is desoribed by the appcoded claitos
Wit which can he used to shut down the gystem and avoid o ) ’ Y )
eurrent nverload.

Operation of the device or systom may be understood with What is claimed is:
reference to F1G, 6, FIG. 6 illustrates current ratcheting inthe $0 A method i .
embodiment of FIG. 4, Curent may rise (o Tlimit, and then be agtla YCS‘I:‘. ator wmlﬁng ;iegc%l;;%g!zg sm’:‘c“:‘:vn‘::;"?“:;
ratcheted back down, TF the device j8 operating attoo high 8 davice, the methad comprising: ) sidept
froquency. then the current can increase to Timit«X. At this de le‘ctin an over curre : i .
poing, the device can be shut down (by mrning ofT the high ol hiﬁgh e :s , :;“m ition over a cursent limit on
pass transistor 120 and torning on the jow pas transistor 140) . side pass; anc. )

if the over current condition is detected, locking out the

urtlt the current decnys (o an acceptable level (as ma be ¢ OV
Y ( y high ride pass device and turning on the low sitlc pass

definod by n low current value). - \ e

Variors cmbodiments can be jmplemented with the same device until an undercurrent copdition vnder a sgcon_d

general approach, FI61. 7 illustrates snother alternate cmbodi- current limit located on the Tow side pass device it
reached, whercin once said sccond cument Himit is

ment of the current overload protection Sppariiu for the 6o
p i reached an the low side pass device. the high side pass

-1 voltage regulator ontpwt of FIG. 1. System 700 §
icluides a power supply, contro) logic, load, and curroat device can be turned hack on such that the atates of said
monitor, Powcr supply module 710 supplies power 10 toad high sidc pass device and low side pass device are infer-
720 under control of control logic 730. Current moniter 740 dependent apd cannot be controlled independently.
mobjtors supply of currentto lnad 720, and intorrupts contro) s 2. The method of claim 1, further comprising:

Togic 730 o shut down powersupply 730 when an overeurren| detecting on over current candition over o lower current
condition oxists. 1imit; and

wn
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if the aver currenit condition aver the lower current limit1s
defected, lucking aut the high side puss device and (umn-
ing on thic Tow side pass device until a resct signal is
recelved,

3, ‘Uhe method of claim 2, further comprising:

resetting the DC/DC switch mode valtage regulator, the
resctting providing the resot signal.

4, 'The method of cluim 3. Turther comprising:

providing power through the high side para dovice,

5. Tho method of claim 4, further comprising:

operating the DC/DC switch mode voltage tegulator
rosponsive ta an crable gignal,

6. ADC/DC switch mode voltage regulator witha highside

prs¢ device and a low side pass device comprising:

meahs for detcoting an over curgent condition aver a cur-
van! timit on (he high side pass device; and

if the over currelit condition is detectcd, means for locking
out the high side poss device and lurning on the low side
pass device utitil an indercurrent copdifion nnder a sec-
ond current it (ncated on the low side pass device in

10
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ceached. wherein oncc #aid secopd curent limit in
rcached om the low side pars dovice, the high side pass
device can be turncd hack on such that the states of said
high side pass device and low sidc pass device arc inter-
dependent and cannot be controlled independently.

7. The apparstus of claim 6, wherein

the menns for detecting includes @ genxe olement and u
Bnite cuerent lovel comparator to detormine an over curs
rent condition.

8. The apparatus of claim 6, further comprising:

a means for determining when the over current condition
hias heen removed.

9, The apparatus of claim 6, further comprising:

a latch for overriding the cantrol of a PWM system to keep
the high side pass device off and kecp the low side pass
device on,

10. The apparatus of claim 6, further compriging:

means for enabling the DC/DC switch made voltage regu-
lator.
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