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(plf's response, at 4). To support its argument
that eSpeed's pop-up window feature does not avoid
literal infringement, TT suggests that the addition
of features does not avoid infringement if all the
elements of the patent claims have been adopted,
TT is correct in theory. See Vulcan Engineering
Co., Inc. v. Fata Aluminum. Inc., 278 F.3d 1366,
1375 (Fed.Cir.2002) (“When the claimed function
is performed in the accused system, by the same or
equivalent structure, infringement of that claim ele-
ment is established”); Texas Instruments, Inc. v.
U.S. Int'l Trade Comm'n, 805 F.2d 1558, 1568
(Fed.Cir.1986) (“As a matter of law, subsequent
improvements do not in themselves preclude a find-
ing of infringement”) (internal citations omitted).

eSpeed argues that the pop-up window, not the
price axis, is the location from which a trader sends
his or her trade order, and therefore, its products do
not meet all of TT's claim limitations. eSpeed ex-
plains:

The eSpeed products display pop-up windows
when a user depresses the mouse in the price lad-
der. In this pop-up window the trader can confirm
the order is correct, change a parameter of *869
the order, or cancel the order before it is sent to
the exchange. This all occurs after the initial se-
lection of a cell in the price column of the product.

(defs' reply, at 12) (emphasis in original). Be-
cause the order is actually sent from the pop-up
window, not the price column, eSpeed asserts its
products cannot meet the literal language of our
construction of “order entry region”-that selection
of a cell in the order entry region does more than
initiate an order, it sends or executes the order, eS-
peed argues that our construction ‘“forecloses any
pop-up window from coverage by the claims be-
cause selecting the cell in a price column merely
initiates the pop-up window from which the trade
can then either be sent, changed, or aborted.” (Id.,
at 13). In support of its argument, eSpeed points to
TT's statement of facts. Therein, TT claimed:

TT never amended the claims to distinguish its
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Page 16

invention from all screens having pop-up win-
dows. Instead, TT amended the claims to distin-
guish screens with order entry regions requiring
multiple actions to both initiate and send a trade
order, i.e., lacking single action order entry. For
example, a screen that requires one action to ini-
tiate an order (e.g., one click on a price) and
then another separate action to send the order
(e.g., one click on a send/verify button in a pop-
up window) was being distinguished as it does
not constitute a single action.

(defs' reply, at 14) (citing plf's statement of
facts, ] 3) (emphasis in defs' reply).

We think that eSpeed purposefully shifts TT's
argument. There is no dispute that in eSpeed's
products a trader can click on a price cell in the
price column and send a trade order. From the
trader's perspective it is possible to execute a trade
from the price column. For example, if a trader
clicks his mouse on a certain price (one click = de-
pressing the mouse button and immediately releas-
ing the mouse button), his order will be sent for the
default quantity at the selected price. (See plf's re-
sponse, exh. E, | 26; Id., exh. C). We have previ-
ously held that “order entry region” must be con-
strued from the perspective of the trader, not the
computer. Claim Construction Order, 2006 WL
3147697, at *8. We explained:

Thus, from the perspective of the user, selection
of an area in the order entry region is the final
step in the trader's placement of an order at the
market. In other words, the user need not do any-
thing more before the order is entered at the mar-
ket. If, however, the computer or the exchange
had to perform additional steps before the order
was actually filled at the exchange, such would
still fall within the ambit of “order entry re-
gion....”

Id. We think it highly unlikely that a reason-
able jury could determine that eSpeed's products do
not contain an “order entry region” as defined by
TT's patents and this court. Particularly, we believe
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that a reasonable jury could determine only that it is
the computer that takes the additional steps with re-
gard to executing the trade, as explained by the fi-
nal sentence cited above. Because infringement is a
matter of fact, and we believe that no reasonable
jury could side with defendants, we would likely
determine that eSpeed's products contain an “order
entry region,” as defined by this court. Once that
determination is made, the parties' doctrine of equi-
valents argument becomes moot.

CONCLUSION
For the reasons stated above, we grant eSpeed's
motion for summary judgment for non-in-
fringement. We deny TT's cross-motion for sum-
mary judgment.

N.D.I11.,2007.
Trading Technologies Intern., Inc. v. eSpeed, Inc.
507 F.Supp.2d 854

END OF DOCUMENT
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United States Court of Appeals,
Federal Circuit.
TRADING TECHNOLOGIES INTERNATIONAL,
INC., Plaintiff-Appellant,
v.
ESPEED, INC., Ecco LLC, Ecco Ware Ltd., and
Espeed International, Ltd., Defendants—Cross Appel-
lants.

Nos. 2008-1392, 2008-1393, 2008-1422.
Feb. 25, 2010.
Rehearing and Rehearing En Banc Denied April 21,
2010.

Background: Assignee of two patents for commodi-
ties trading software brought infringement action
against competitors. After construing patent claims,
2006 WL 3147697, 2007 WL 611258, the United
States District Court for the Northern District of Illi-
nois, James B. Moran, Senior District Judge, entered
summary judgment in favor of one competitor, 507
F.Supp.2d 854, granted summary judgment in part
with regard to another competitor's invalidity defense,
507 F.Supp.2d 883, denied motion for judgment as a
matter of law (JMOL) with regard to inequitable
conduct defense, 581 F.Supp.2d 915, and ruled that
infringement of patents was not willful, 2008 WL
63233. Appeal was taken.

Holdings: The Court of Appeals, Rader, Circuit
Judge, held that:

(1) trading software with mandatory re-centering
features did not literally infringe patent;

(2) software did not infringe under doctrine of equiv-
alents;

(3) prosecution history estoppel precluded patentee
from relying on the doctrine of equivalents;

(4) infringement of patents was not willful;

(5) claim limitation “single action of a user input
device” in patent was sufficiently definite;

(6) patents were entitled to priority of provisional
application; and

(7) inventor's purchase of custom software from
software developer was not a sale of the software for
purposes of the on-sale bar.

Page |

Affirmed.
Lourie, Circuit Judge, concurred in the result.
Clark, District Judge, filed concurring opinion.
West Headnotes
[1] Patents 291 €°226.6

291 Patents
291XII Infringement
291XII(A) What Constitutes Infringement
291k226.5 Substantial Identity of Subject
Matter
291k226.6 k. Comparison with claims of
patent. Most Cited Cases

Evaluation of summary judgment of
non-infringement in a patent case requires two steps:
proper claim construction and comparison of those
claims to the accused product.

[2] Patents 291 €~°324.5

291 Patents
291XI1I Infringement
291XII(B) Actions
291k324 Appeal
291k324.5 k. Scope and extent of review
in general. Most Cited Cases

Despite the Supreme Court's emphasis on the trial
court's central role for patent claim construction, in-
cluding the evaluation of expert testimony, the Court
of Appeals may not give any deference to the trial
court's factual decisions underlying its claim con-
struction.

[3] Patents 291 161

291 Patents
2911X Construction and Operation of Letters Pa-
tent
291IX(A) In General

© 2013 Thomson Reuters. No Claim to Orig. US Gov. Works.

000204

CQG014202172



595 F.3d 1340, 93 U.S.P.Q.2d 1805
(Cite as: 595 F.3d 1340)

291k161 k. State of the art. Most Cited
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To construe a patent claim, courts must determine
the meaning of disputed terms from the perspective of
one of ordinary skill in the pertinent art at the time of
filing.

[4] Patents 291 €~157(1)
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particular claim terms.

[5] Patents 291 €~2167(1)

291 Patents
2911X Construction and Operation of Letters Pa-
tent
2911X(B) Limitation of Claims
291k167 Specifications, Drawings, and
Models
291k167(1) k. In general. Most Cited
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Patent claims must be read in view of the speci-
fication, of which they are a part.
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291k167 Specifications, Drawings, and
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When consulting the specification to clarify the
meaning of patent claim terms, courts must not import
limitations into the claims from the specification;
therefore, when the specification uses a single em-
bodiment to enable the claims, courts should not limit
the broader claim language to that embodiment unless
the patentee has demonstrated a clear intention to limit
the claim scope using words or expressions of mani-
fest execution or restriction.
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2911IX Construction and Operation of Letters Pa-
tent
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291k168 Proceedings in Patent Office in
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291k168(2) Rejection and Amendment
of Claims
291k168(2.1) k. In general. Most
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In claim construction, a court should consider the
patent's prosecution history, which can often inform
the meaning of the claim language by demonstrating
how the inventor understood the invention and
whether the inventor limited the invention in the
course of prosecution, making the claim scope nar-
rower than it would otherwise be.
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claim scope to which he would otherwise have an
exclusive right by virtue of the claim language.
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291k101(2) k. Construction in general. Most
Cited Cases

Term “static” in phrases “static display of prices”
and “common static price axis,” in patents claiming
commodities trading software, meant that values in the
price column of trader's display did not normally
change positions unless a re-centering command was
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received; invention's contribution to the prior art, its
specification, and its prosecution history showed that
the static display of prices could not move without a
manual re-centering command from the trader.
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Commodities trading software with mandatory
re-centering features for trader's price display did not
literally infringe patented commodities trading soft-
ware, which had price levels that did not change po-
sitions unless a manual re-centering command was
received.
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291XI1I Infringement
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291k233 Patents for Machines or Manu-
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291k237 k. Substitution of equivalents.
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assert a theory of equivalence that would entirely
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tent
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291k168 Proceedings in Patent Office in
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291k168(2) Rejection and Amendment
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291k168(2.1) k. In general. Most
Cited Cases
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Under “prosecution history estoppel,” a patentee
may not seek to recapture as an equivalent subject
matter surrendered during prosecution.

[15] Patents 291 €237
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291XII(A) What Constitutes Infringement
291k233 Patents for Machines or Manu-
factures
291k237 k. Substitution of equivalents.
Most Cited Cases

Commodities trading software that automatically
re-centered its price axis did not infringe, under doc-
trine of equivalents, patented trading software, which
had price levels that did not change positions unless a
manual re-centering command was received; although
the allegedly infringing software only re-centered
once or twice per trading day, the automatic
re-centering feature still presented the potential prob-
lem of the prior art that allowed the inside market
price to move while a trader was trying to secure a
deal.
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291IX(B) Limitation of Claims
291k168 Proceedings in Patent Office in
General
291k168(3) k. Rejection and amend-
ment of claims of particular patents. Most Cited Cases

Prosecution history estoppel precluded patentee
from relying on the doctrine of equivalents to prove
that competing commodities trading system which
automatically re-centered price levels on trader's dis-
play infringed patented trading software which re-
quired manual re-centering of price levels; amend-
ments to patents' claims during prosecution clarified
that the claimed price levels “do not move” when the
inside market changed.

[17] Patents 291 168(2.1)

Page 4

291 Patents
291IX Construction and Operation of Letters Pa-
tent
291IX(B) Limitation of Claims
291k168 Proceedings in Patent Office in
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291k168(2) Rejection and Amendment
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291k168(2.1) k. In general. Most
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Prosecution history estoppel applies at the time of
infringement to determine whether the applicant sur-
rendered claim scope during prosecution.

[18] Patents 291 €227

291 Patents
291XII Infringement
291XII(A) What Constitutes Infringement
291k227 k. Intent or purpose, and
knowledge. Most Cited Cases

To establish willful infringement, a patentee must
show by clear and convincing evidence that the in-
fringer acted despite an objectively high likelihood
that its actions constituted infringement of a valid
patent; patentee must also show that the infringer
knew or should have known of this objectively high
likelihood.

[19] Patents 291 €~227

291 Patents
291XI1I Infringement
291XII(A) What Constitutes Infringement
291k227 k. Intent or purpose, and
knowledge. Most Cited Cases

Manufacturer of commodities trading software
did not willfully infringe patented software, where it
began redesigning its software immediately after in-
fringement suit commenced and replaced the software
with updated software within a few months, and there
was no evidence that manufacturer sold the software
during that time, or could have updated or disabled
software that was already in its customers' computers
any earlier.
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291k101(6) k. Ambiguity, uncertainty or
indefiniteness. Most Cited Cases

Statutory requirement of particularity and dis-
tinctness in patent claims is met only when the claims
clearly distinguish what is claimed from what went
before in the art and clearly circumscribe what is
foreclosed from future enterprise; however, absolute
clarity is not required. 35 U.S.C.A. § 112.
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or insolubly ambiguous are indefinite. 35 U.S.C.A. §
112.
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Claim limitation “single action of a user input
device” in patent for commodities trading software
was sufficiently definite; district court construed the
term to mean an action by a user within a short period
of time that may comprise one or more clicks of a
mouse button or other input device, which distin-
guished the invention from multiple-action systems
found in the prior art. 35 U.S.C.A. § 112.
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2911V Applications and Proceedings Thereon
291k110 k. Renewal of application. Most
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For patent claims to enjoy the earlier filing date of
the provisional application, the prior application itself
must describe an invention in sufficient detail that one
skilled in the art can clearly conclude that the inventor
invented the claimed invention as of the filing date
sought; therefore, the provisional application must
describe the invention in such a way that one of or-
dinary skill in the art would understand that the genus
that is being claimed has been invented, not just the
species of a genus. 35 U.S.C.A. § 112.
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291XII(B) Actions
291k323 Final Judgment or Decree
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Genuine issue of material fact as to whether in-
ventors' disclosure of a “one click of a mouse” feature
in provisional application was sufficient to show that
the inventors possessed a “single action of a user input
device” as claimed in patents for commodities trading
software precluded summary judgment on issue of
whether patents could claim priority of the provisional
application. 35 U.S.C.A. § 112.
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291k324 Appeal
291k324.5 k. Scope and extent of review
in general. Most Cited Cases
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Cited Cases

Expert who testified generally in patent in-
fringement case about the written description re-
quirement but did not offer legal conclusions as to the
adequacy of the provisional application's disclosure
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jury on the law. 35 U.S.C.A. § 112.
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Provisional application for patents covering
commodities trading software with “single-click”
trading feature adequately disclosed “single action”
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the patents to priority of the provisional application;
the provisional application distinguished between
order entries performed in a single action and multi-
ple-step actions, and one of ordinary skill in the art
would have known about other forms of “single ac-
tion” such as a double-click or pressing a key.
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291k76 k. What constitutes public sale.
Most Cited Cases

Inventor's purchase of custom software incorpo-
rating his ideas from software developer for his own
secret, personal use was not a sale of the software for
purposes of patent statute's on-sale bar; developer
produced the software for inventor because inventor
lacked the technical expertise to do so, and parties
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vices, not a computer software license. 35 U.S.C.A. §
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statutory on-sale bar if there is proof of reduction to
practice before the critical date. 35 U.S.C.A. § 102(b).
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291k97.8 k. In general. Most Cited Cases
(Formerly 291k97)

A patent may be rendered unenforceable for in-
equitable conduct if an applicant, with intent to mis-
lead or deceive the examiner, fails to disclose material
information or submits materially false information to
the Patent and Trademark Office (PTO) during pros-
ecution.

[34] Patents 291 €~324.54

291 Patents
291XII Infringement
291XII(B) Actions
291k324 Appeal
291k324.54 k. Presumptions and dis-
cretion of lower court. Most Cited Cases

Patents 291 £€~324.55(2)

291 Patents
291XII Infringement
291XI1(B) Actions
291k324 Appeal
291k324.55 Questions of Fact, Verdicts,
and Findings
291k324.55(2) k. Clearly erroneous
findings. Most Cited Cases
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(Formerly 291k97)

Inventor's use of custom trading software incor-
porating his idea after the priority date of patent for
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ceive any priority date issue and allowed the claims.

[36] Patents 291 €75

291 Patents
29111 Patentability
2911I(E) Prior Public Use or Sale
291Kk75 k. What constitutes public use. Most
Cited Cases

Experimental uses of the patented invention may
in some instances give rise to an issue of patentability.
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291 Patents
2911V Applications and Proceedings Thereon
291k97.7 Unenforceability of Patent; Inequi-
table Conduct or Fraud on Office
291k97.9 k. What information is material.
Most Cited Cases
(Formerly 291k97)
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6.766,304, 6,772.132. Construed and Ruled Valid
by.

#1344 Steven F. Borsand, Trading Technologies In-
ternational, Inc., of Chicago, IL, argued for plain-
tiff-appellant. Of counsel on the brief were Paul H.
Berghoff, Leif R. Sigmond, Jr., Matthew J. Sampson,
Michael D. Gannon, S. Richard Carden, Jennifer
M.Kurcz and Paul A. Kafadar, McDonnell Boehnen
Hulbert & Berghoff LLP, of Chicago, IL. Of counsel
was George I. Lee.

Gary A. Rosen, Law Offices of Gary A. Rosen, P.C.,
of Philadelphia, PA, argued for defendants-cross ap-
pellants. Of counsel on the brief were George C.
Lombardi, Raymond C. Perkins and James M.
Hilmert, Winston & Strawn, LLP, of Chicago, IL. Of
counsel were Ivan M. Poullaos, of Chicago, IL and
John K. Hsu, of Washington, DC.

Lora A. Moffatt, Salans LLP, of New York, NY, for
amici curiae GL Trade SA, et al. With her on the brief
was Walter Scott, Alston & Bird LLP, of New York,
NY.

#1345 Before LOURIE, RADER, Circuit Judges, and
CLARK, District Judge.™"

EN1. Honorable Ron Clark, District Judge,
United States District Court for the Eastern
District of Texas, sitting by designation.

Opinion for the court filed by Circuit Judge RADER,
in which District Judge CLARK joins. Circuit Judge
LOURIE concurs in the result. Concurring opinion
filed by District Judge CLARK.

RADER, Circuit Judge.

The United States District Court for the Northern
District of Illinois held that eSpeed, Inc., Ecco LLC,
Ecco Ware Ltd., and eSpeed International Ltd. (col-
lectively, “eSpeed”) infringed the asserted claims of
U.S. Patent No. 6,772,132 (*“'132 patent”) and U.S.
Patent No. 6.766.304 (‘“304 patent™) with one accused
service product, but not willfully. The district court
further held that the two other accused products did
not literally infringe and then precluded Trading
Technologies International, Inc. (“TT”) from asserting
infringement under the doctrine of equivalents. After
giving the patents-in-suit a filing date back to the
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provisional application, the district court found that
the on-sale bar of 35 U.S.C. § 102(b) did not apply.
The district court also found no indefiniteness prob-
lem in the asserted claims. Finally the district court
detected no inequitable conduct during the prosecu-
tion of the patents-in-suit. Because this record dis-
closes no reversible error, this court affirms.

I

TT is the owner by assignment of the '132 and
'304 patents. Both patents share a common provisional
application filed on March 2, 2000. The United States
Patent and Trademark Office (“PTO”) issued the '132
patent on August 3, 2004, based on a June 9, 2000
application. The PTO issued the '304 patent on July
20, 2004, based on a June 27, 2001 application. The
'304 patent is a divisional of the '132 patent. The
specifications of the patents are, for all relevant pur-
poses, identical.

The patents claim software for displaying the
market for a commodity traded in an electronic ex-
change. '132 patent col.3 1.11-16. The software's
graphical user interface (“GUI”) includes “a dynamic
display for a plurality of bids and for a plurality of asks
in the market for the commodity and a static display of
prices corresponding to the plurality of bids and asks.”
Id. The claimed invention facilitates more accurate
and efficient orders in this trading environment. /d.
col.311.21-24.

Prior art computer trading displays showed the
best bid price and the best ask price (together, “the
inside market”) in fixed, predetermined grids. The
best bid price is the highest price at which there is an
offer to buy the contract. The best ask price is the
lowest price at which there is an offer to sell the con-
tract. The inside market is the focal point of trading
activity because these offers most accurately reflect
the current price of the commodity.

Returning to the prior art, these displays had grids
for the inside market that never changed. As the
market fluctuated, however, the prices listed in those
grids changed—often times very rapidly. To buy at the
inside market, a trader, for example, placed the mouse
cursor on the grids for the inside market and clicked
the mouse. Of course, as traders sent bids and offers to
the market, the price and quantity of the traded
commodity changed. These changes altered the inside
market. In the prior art era with fixed grids for the
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inside market, traders had a problem. A trader who
wished to place an order at a *1346 particular price
would miss that market opportunity if the inside
market moved as the trader tried to enter an order. In a
fast moving market, missing an intended price could
happen often and have very significant economic
consequences.
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'132 patent, figs.3, 4. The figures display the bids
and offers for a certain commodity in an electronic
exchange. Column 1005 labeled “Prc” shows the
contract prices. Id. col.7 11.36-38. Column 1003 la-
beled “BidQ” and column 1004 labeled “AskQ” re-
spectively show the bid quantities and the ask quanti-
ties for the associated price. Id. col.7 11.35-36. In
Figure 3, the inside market labeled 1020 indicates the
best bid price of 89 and the best ask price of 90. Id.
col.7 11.40-42. A trader may enter an order by clicking
in the bid or ask grid corresponding to the trader's
price. Id. col.4 11.9-19.

Figure 4 displays the same market at a later time.
The bid and ask quantities dynamically change in
response to market fluctuations. Id. col.7 11.48-51. In
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The invention addressed the problem by imple-
menting static price levels. Figures 3 and 4 of the '132
patent illustrate the invention.

FIG. 4
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Figure 4, the inside market has shifted upward such
that the best bid price is now 92 and the best ask price
is 93. Id. col.8 11.38-48. While the inside market has
changed, the values in the price column remained
fixed. Id. col.8 11.44-48. Over time, the inside market
could shift to prices not currently displayed on the
trader's screen. Id. col. 8 11.49-51. In this case, the
price column must be re-centered to keep the inside
market in view. /d. col.8 11.49-60.

#1347 The claimed invention features static price
levels. These unmoving figures have numerous ad-
vantages over the prior art. First, a trader can visually
follow the market movement as the inside market
shifts up and down along the price column. /d. col.5
11.58-65. Second, and perhaps most important, a trader
has confidence in making an offer at the intended
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price. Id. col.3 11.3—4. Because the invention has static
price levels, the order entry region will remain asso-
ciated with the same price. Therefore, the trader does
not need to worry about “clicking on” or entering an
order at the instant after a price change. Thus, the
invention prevents accidental orders at an unintended
price. The patents tout that these improvements ensure
fast and accurate execution of trades. Id. col.3
11.21-24.

eSpeed, Inc. provides an electronic exchange for
trading commodities. It also designs and sells trading
platforms for use with its electronic exchange. On
August 12, 2004, TT initiated this suit against eSpeed,
Inc., alleging that eSpeed, Inc.'s trading platforms
infringed TT's patents. After eSpeed, Inc. acquired
Ecco LLC in October 2004, TT joined Ecco LLC in
the suit. In December 2005, TT amended its complaint
to join the subsidiaries eSpeed International, Inc. and
Ecco Ware Ltd. This opinion refers to all defendants
collectively as “eSpeed.” TT asserts the following
claims against eSpeed: claims 1, 2, 7, 14, 15, 20,
23-25, 27, 28, 40, 45, 47, 48, 50, and 52 of the '132
patent; and claims 1, 11, 14, 15, and 26 of the '304
patent. Claim 1 is the representative claim for both
patents.

Claim 1 of the '132 patent:

A method of placing a trade order for a commodity
on an electronic exchange having an inside market
with a highest bid price and a lowest ask price, using
a graphical user interface and a user input device,
said method comprising:

setting a preset parameter for the trade order;

displaying market depth of the commodity,
through a dynamic display of a plurality of bids
and a plurality of asks in the market for the
commodity, including at least a portion of the bid
and ask quantities of the commodity, the dynamic
display being aligned with a static display of
prices corresponding thereto, wherein the static
display of prices does not move in response to a
change in the inside market;

displaying an order entry region aligned with the
static display prices comprising a plurality of
areas for receiving commands from the user input
devices to send trade orders, each area corre-
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sponding to a price of the static display of prices;
and

selecting a particular area in the order entry re-
gion through single action of the user input device
with a pointer of the user input device positioned
over the particular area to set a plurality of addi-
tional parameters for the trade order and send the
trade order to the electronic exchange.

'132 patent col. 12 11.1-27 (emphases added).
Claim 1 of the '304 patent:

A method for displaying market information relat-
ing to and facilitating trading of a commodity being
traded in an electronic exchange having an inside
market with a highest bid price and a lowest ask
price on a graphical user interface, the method
comprising:

dynamically displaying a first indicator in one of
a plurality of locations in a bid display region,
each location in the bid display region corre-
sponding to a price level along a common static
*1348 price axis, the first indicator representing
quantity associated with at least one order to buy
the commodity at the highest bid price currently
available in the market;

dynamically displaying a second indicator in one
of a plurality of locations in an ask display region,
each location in the ask display region corre-
sponding to a price level along the common static
price axis, the second indicator representing
quantity associated with at least one order to sell
the commodity at the lowest ask price currently
available in the market;

displaying the bid and ask display regions in re-
lation to fixed price levels positioned along the
common static price axis such that when the in-
side market changes, the price levels along the
common static price axis do not move and at least
one of the first and second indicators moves in the
bid or ask display regions relative to the common
static price axis;

displaying an order entry region comprising a
plurality of locations for receiving commands to
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send trade orders, each location corresponding to
a price level along the common static price axis;
and

in response to a selection of a particular location
of the order entry region by a single action of a
user input device, setting a plurality of parameters
for a trade order relating to the commodity and
sending the trade order to the electronic ex-
change.

'304 patent col. 12 11.35—col. 13 1.3 (emphases
added).

TT accuses the following categories of eSpeed
software of infringement: (1) Futures View, Au-
tospeed Basis, and Price Ladder (collectively, “Fu-
tures View”); (2) Dual Dynamic and Ecco Scalper
(“Dual Dynamic”); and (3) eSpeedometer and Ecco
eSpeedometer (“eSpeedometer”). These accused
products are identical in all relevant aspects. eSpeed
concedes that Futures View satisfies all claim limita-
tions. The parties dispute whether Dual Dynamic and
eSpeedometer have a “static display of prices” or
“static price axis.” This dispute turns on the way that
the accused products re-center the price levels when
the inside market moves away from the center of the
display.

eSpeed sold Futures View before the pa-
tents-in-suit issued. Dual Dynamics is a redesign of
Futures View. Dual Dynamic has two re-centering
features. First, a trader can click a mouse to manually
re-center the price levels. Second, Dual Dynamic
automatically and instantaneously re-centers the price
levels so as to move the inside market back to the field
of the trader's view if the inside market shifted a
pre-determined number of ticks from the center of the
display. Traders could not disable this automatic
re-centering feature. eSpeedometer is the second re-
design of Futures View. eSpeedometer has an auto-
matic re-centering feature only. Unlike Dual Dynam-
ic, the entire display slowly drifts towards the center
of the trader's screen after each and every change in
the inside market.

eSpeed manufactured and sold the accused
products at different times during the suit. eSpeed
began selling Futures View long before TT's pa-
tents-in-suit issued in August 2004. Just before the
hearing for a preliminary injunction in this case in
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December 2004, eSpeed pulled Futures View off the
market and replaced it with Dual Dynamic. After the
district court found that Dual Dynamic likely in-
fringed the patents-in-suit, eSpeed launched
eSpeedometer.

In this case, the district court entered numerous
orders on claim construction, motions for summary
judgment, motions in ¥1349 limine, and motions for a
judgment as a matter of law (“JMOL”). After holding
a three-day claim construction hearing, the district
court issued a claim construction order. Of particular
importance to this appeal, the district court construed
the word “static” in the limitation “static display of
prices” in the '132 patent and in the limitation “com-
mon static price axis” in the '304 patent. Based on the
claim construction, eSpeed moved for summary
judgment of non-infringement for Dual Dynamic and
eSpeedometer.

The district court found that neither product lit-
erally infringed. The district court also found that Dual
Dynamic did not infringe under the doctrine of
equivalents because finding otherwise would vitiate
the claim element “static.” The district court held that
prosecution history estoppel precluded application of
the doctrine of equivalents as to eSpeedometer.
Therefore, the district court granted summary judg-
ment of non-infringement as to both the Dual Dy-
namic and eSpeedometer redesigns.

In September and October 2007, the district court
held a four-week jury trial. During the trial, the district
court granted TT's motion in limine to preclude
eSpeed from asserting an on-sale bar defense at trial.
The district court also granted-in-part TT's motion in
limine to preclude expert testimony that the construc-
tion of “single action of a user input device” was in-
definite. On October 10, 2007, the jury found that
Futures View willfully infringed the patents-in-suit.
The jury also awarded the patents-in-suit the benefit of
their provisional application's filing date. Based on
that finding, the jury determined that the prior art did
not anticipate or render obvious the claimed invention.
The jury awarded TT $3,500,000 in damages based on
a reasonable royalty.

After the jury trial, the district court held a
two-day bench trial on inequitable conduct. Based on
that record, the trial court ruled that eSpeed did not
show that TT engaged in inequitable conduct. The
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district court also denied eSpeed's JMOL motions on
validity, indefiniteness, priority date, and the patent
misuse defense, but vacated the jury's finding of
willful infringement and remitted the damages award
to $2,539,468. The district court further denied TT's
motions for enhanced damages and for attorney fees.

The district court entered its final judgment on
May 22, 2008. Both eSpeed and TT appealed to this
court on May 27, 2008. The judgment on which TT
based its appeal was not final at that time. The district
court then re-entered its final judgment nunc pro tunc
on June 13, 2008. Because this court ruled that ap-
pellate jurisdiction ripened upon the entry of the
judgment nunc pro tunc, it has jurisdiction under 28

U.S.C. § 1295(a).

1L

Both TT and eSpeed raise numerous issues on
appeal. TT's appeal focuses on patent infringement.
First, TT appeals the claim construction of “common
static price axis” and “a static display of price.” Sec-
ond, TT argues that Dual Dynamic and eSpeedometer
infringe the patents-in-suit based on TT's proposed
claim construction. Third, TT asserts that a finding
that Dual Dynamic infringes under the doctrine of
equivalents would not vitiate the claim element
“static.” Fourth, TT argues that prosecution history
estoppel does not preclude showing that eSpeedome-
ter infringes under the doctrine of equivalents. Finally,
TT claims that the district court incorrectly granted
eSpeed's IMOL motion on willful infringement.

eSpeed's cross-appeal focuses on patent validity.
First, eSpeed argues that the *1350 patents-in-suit do
not deserve priority back to March 2, 2000—the filing
date of the provisional application. Second, eSpeed
claims that the patents-in-suit are invalid under the
on-sale bar because Harris Brumfield, one of the in-
ventors of the patents-in-suit, entered into a sales
contract with TT more than one year before March 2,
2000. Third, eSpeed argues that the term “single ac-
tion of a user input device” is indefinite. Finally,
eSpeed claims that TT engaged in inequitable conduct
by failing to submit Brumfield's custom software
embodying the patented invention to the PTO during
the prosecution of the patents-in-suit.

111
A.
[1] The district court granted summary judgment
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of non-infringement for the Dual Dynamic and
eSpeedometer products. This court reviews a grant of
summary judgment without deference. O2 Micro Int'l
Ltd. v. Monolithic Power Sys., 467 F.3d 1355, 1359
(Fed.Cir.2006). Evaluation of summary judgment of
non-infringement requires two steps-proper claim
construction and comparison of those claims to the
accused product. Abbott Labs. v. Sandoz, Inc., 566
F.3d 1282, 1288 (Fed.Cir.2009). Because the parties
dispute the meaning of terms in the asserted claims,
this court reviews the district court's claim construc-
tion order under the requirements of Markman v.
Westview Instruments, Inc., 517 U.S. 370, 116 S.Ct.
1384, 134 1..Ed.2d 577 (1996).

The Supreme Court in Markman held that “the
construction of a patent, including terms of art within
its claim, is exclusively within the province of the
court.” Id. at 372, 116 S.Ct. 1384. The Supreme Court
recognized that claim construction “falls somewhere
between a pristine legal standard and a simple histor-
ical fact.” Id. at 388, 116 S.Ct. 1384 (quoting Miller v.
Fenton, 474 U.S. 104, 114, 106 S.Ct. 445, 88 L.Ed.2d
405 (1985)). Although claim construction is not a
purely legal matter, the Supreme Court found “suffi-
cient reason to treat construction of terms of art like
many other responsibilities that we cede to a judge in
the normal course of trial, notwithstanding its eviden-
tiary underpinnings.” Id. at 390, 116 S.Ct. 1384.

Nevertheless, in Cybor Corp. v. FAS Technolo-
gies, Inc., 138 F.3d 1448 (Fed.Cir.1998) (en banc),
this court interpreted Markman as holding that claim
construction was solely a question of law, which this
court should review without deference. Id. at 1451.
The question presented before the Supreme Court was
“whether the interpretation of a so-called patent claim
... 1s a matter of law reserved entirely for the court, or
subject to a Seventh Amendment guarantee that a jury
will determine the meaning of any disputed term of an
art about which expert testimony is offered.” Mark-
man, 517 U.S. at 372, 116 S.Ct. 1384. Although the
Supreme Court addressed only the role of the trial
court in claim construction, this court understood that
“the Supreme Court was addressing under which
category, fact or law, claim construction should fall.”
Cybor, 138 F.3d at 1455. This court concluded that
“[nJothing in the Supreme Court's opinion supports
the view that the Court endorsed a silent, third op-
tion—that claim construction may involve subsidiary
or underlying questions of fact.” Id.
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An examination of the Supreme Court's ruling in
Markman shows multiple references to factual com-
ponents of claim construction:

e “[Clonstruing a term of art following receipt of
evidence” is “a mongrel practice.” Id. at 378 [116
S.Ct. 1384].

*1351 ¢ Claim construction “falls somewhere be-
tween a pristine legal standard and a simple histor-
ical fact.” Id. at 388 [116 S.Ct. 1384].

* “We accordingly think there is sufficient reason to
treat construction of terms of art like many other
responsibilities that we cede to a judge in the normal
course of trial, notwithstanding its evidentiary un-
derpinnings.” Id. at 390 [116 S.Ct. 1384].

These references in the Supreme Court opinion
leaves this court stranded between the language in the
Court's decision and the language in this court's Cybor
decision.

In order to resolve this case, this court must con-
front findings by the trial court about the meaning of
the disputed claim term “static.” In reaching the
meaning of that term, the trial court explored and
made findings about the technical background of the
invention—the inventive features and the timing of
those features against the backdrop of the prior art. In
addition, the district court determined the meaning
that an artisan of ordinary skill in this discipline would
assign the term “static.” The trial court also made
findings about the understanding of such an ordinary
artisan about the metes and bounds of the asserted
claims. In still another factual setting, the district court
determined the way that the ordinary artisan would
interpret the patent applicant's statements made to the
PTO examiner during the prosecution of the pa-
tents-in-suit. These factual determinations about the
timing and nature of the history of the patent acquisi-
tion process also informed the trial court's claim con-
struction. In sum, claim construction involves many
technical, scientific, and timing issues that require full
examination of the evidence and factual resolution of
any disputes before setting the meaning of the dis-
puted terms.

Of course, as the Supreme Court repeatedly clar-
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ified in Markman, the trial court occupies the best
vantage point and possesses the best tools to resolve
those evidentiary questions:

e “[A] jury's capabilities to evaluate demeanor to
sense the mainsprings of human conduct or to re-
flect community standards are much less significant
than a trained ability to evaluate the testimony in
relation to the overall structure of the patent.” Id. at
389-90 [116 S.Ct. 1384] (citations and internal
quotation marks omitted).

* “The decisionmaker vested with the task of con-
struing the patent is in the better position to ascer-
tain whether an expert's proposed definition fully
comports with the specification and claims and so
will preserve the patent's internal coherence.” Id. at
390 [116 S.Ct. 1384].

[2] Despite the Supreme Court's emphasis on the
trial court's central role for claim construction, in-
cluding the evaluation of expert testimony, this court
may not give any deference to the trial court's factual
decisions underlying its claim construction. This
court's prior en banc decision requires a review of the
district court's claim construction without the slightest
iota of deference. See Cybor, 138 F.3d at 1451.

B.

31[4] To construe a claim, courts must determine
the meaning of disputed terms from the perspective of
one of ordinary skill in the pertinent art at the time of
filing. Chamberlain Group, Inc. v. Lear Corp., 516
F.3d 1331, 1335 (Fed.Cir.2008). The claim terms “are
generally given their ordinary and customary mean-
ing.” Phillips v. AWH Corp., 415 F.3d 1303, 1312
(Fed.Cir.2005) (en banc) (quoting *1352Vitronics
Corp. v. Conceptronic, Inc., 90 F.3d 1576, 1582
(Fed.Cir.1996)). “[T]he claims themselves provide
substantial guidance as to the meaning of particular
claim terms.” Id. at 1314.

S1[6][71[8] But the claims “must be read in view
of the specification, of which they are a part.”
Markman v. Westview Instruments, Inc., 52 F.3d 967,
979 (Fed.Cir.1995) (en banc), aff'd, 517 U.S. 370, 116
S.Ct. 1384, 134 L.Ed.2d 577 (1996). A patent's spec-
ification “is always highly relevant to the claim con-
struction analysis.” Phillips, 415 F.3d at 1315 (quoting
Vitronics, 90 F.3d at 1582 (Fed.Cir.1996)). When
consulting the specification to clarify the meaning of

© 2013 Thomson Reuters. No Claim to Orig. US Gov. Works.

000216

CQG014202184



595 F.3d 1340, 93 U.S.P.Q.2d 1805
(Cite as: 595 F.3d 1340)

claim terms, courts must not import limitations into
the claims from the specification. Abbott Labs., 566
F.3d at 1288. Therefore, when the specification uses a
single embodiment to enable the claims, courts should
not limit the broader claim language to that embodi-
ment “unless the patentee has demonstrated a clear
intention to limit the claim scope using ‘words or
expressions of manifest execution or restriction.” ”
Liebel-Flarsheim Co. v. Medrad, Inc., 358 F.3d 898,
905 (Fed.Cir.2004) (quoting Teleflex, Inc. v. Ficosa N.
Am. Corp., 299 F.3d 1313, 1327 (Fed.Cir.2002)). In
addition, “other claims of the patent ... can also be
valuable sources of enlightenment as to the meaning
of a claim term.” Id. (citing Vitronics, 90 F.3d at

1582).

91[10] In claim construction “a court ‘should also
consider the patent's prosecution history....” ” Phillips,
415 F.3d at 1318 (quoting Markman, 52 F.3d at 980).
“[Tlhe prosecution history can often inform the
meaning of the claim language by demonstrating how
the inventor understood the invention and whether the
inventor limited the invention in the course of prose-
cution, making the claim scope narrower than it would
otherwise be.” Id. (citing Vitronics, 90 F.3d at
1582-83). For example, “a patentee may, through a
clear and unmistakable disavowal in prosecution his-
tory, surrender certain claim scope to which he would
otherwise have an exclusive right by virtue of the
claim language.” Vita—Mix Corp. v. Basic Holding,
Inc., 581 F.3d 1317, 1324 (Fed.Cir.2009) (citations
omitted). At the same time, because prosecution his-
tory represents an ongoing negotiation between the
PTO and the inventor, “it often lacks the clarity of the
specification and thus is less useful for claim con-
struction purposes.” Netcraft Corp. v. eBay, Inc., 549
F.3d 1394, (Fed.Cir.2008).

[11] TT disputes the construction of the word
“static” in the phrase “static display of prices” in the
'132 patent and in the phrase “common static price
axis” in the '304 patent. All asserted claims of the '132
patent include the limitation “static display of prices.”
Likewise, all asserted claims of the '304 patent include
the limitation “common static price axis.” TT and
eSpeed agree that the difference in terminology be-
tween “static display of prices” and “common static
price axis” is immaterial.

The district court construed ‘“static display of
prices” in the '132 patent as “a display of prices com-
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prising price levels that do not change positions unless
a manual re-centering command is received.” Trading
Techs. Int'l, Inc. v. eSpeed, Inc., 2006 WL 3147697, at
*4, 2006 U.S. Dist. LEXIS 80153, at *11 (N.D.IIL
Oct. 31, 2006) (emphasis added). The district court
similarly construed “common static price axis” as “a
line comprising price levels that do not change posi-
tions unless a manual re-centering command is re-
ceived and where the line of prices corresponds to at
least one bid value and one ask value.” Id. (emphasis
added). A “price level” is “a level on which a desig-
nated price or price ¥1353 representation resides.” Id.
at *5, 2006 U.S. Dist. LEXIS 80153, at *15. The dis-
trict court later clarified that “a static condi-
tion—requires permanency’”’ and, thus, “the price axis
never changes positions unless by manual re-centering
or re-positioning.” Trading Techs. Int'l, Inc. v. eSpeed,
Inc., 2007 WL 611258, at *4, 2007 U.S. Dist. LEXIS
12965, at *20, 22 (N.D.III. Feb. 21, 2007) (emphasis
added). Under the district court's construction, the
patents-in-suit only cover software with a manual
re-centering  feature and  without automatic
re-centering feature. Given that Dual Dynamic and
eSpeedometer automatically re-center the price col-
umns in response to changes in the inside market, TT
argues for a broader construction of the word “static”
(i.e., “static” does not mean immovable).

The inventors acted as their own lexicographers
and defined the word “static:”

The values in the price column are static; that is,
they do not normally change positions unless a
re-centering command is received (discussed in
detail later).

'132 patent col.7 11.46-48; '304 patent col.7
11.65-67. The district court made two important
changes to this express definition in construing the
word “static.” First, the district court added the word
“manual” in front of the term ‘“re-centering com-
mand.” Second, it deleted the word “normally.” The
district court's definition may seem narrower than the
inventors' express definition at first glance. However,
the claims, the rest of the specification, and the pros-
ecution history support the district court's definition.
Therefore, this court, after reconstruing this term
based on its own understanding of the claims, speci-
fication, prosecution history, and record, agrees with
the district court's claim construction of the word
“static.”
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In the first place, the “re-centering command”
must indeed occur as a result of a manual entry. The
specification shows that the inventors defined the term
“static” in the specification. Notably, that definition
expressly promises to discuss “a re-centering com-
mand ... later” in the specification. /d. From that point
forward, the specification only discusses manual
re-centering commands. The specification contains no
reference to automatic re-centering. Perhaps in re-
sponse to the promise to discuss re-centering later, the
patents describe the invention as follows:

As the market ascends or descends the price col-
umn, the inside market might go above or below the
price column displayed on a trader's screen. Usually
a trader will want to be able to see the inside market
to assess future trades. The system of the present
invention addresses this problem with a one click
centering feature.

'132 patent col.8 11.49-54; '304 patent col.9
11.14-19 (emphasis added). This reference to “the

present invention” strongly suggests that the claimed
re-centering command requires a manual input, spe-
cifically, a mouse click. See Honeywell Int'l, Inc. v.
ITT Indus., 452 F.3d 1312, 1318 (Fed.Cir.2006)
(concluding that the invention was limited to a fuel
filter because the specification referred to the fuel
filter as “this invention” and “the present invention”).

This court recognizes that this interpretation re-
lies heavily on the specification and risks reading
improperly a preferred embodiment into the claim. See
Saunders Group, Inc. v. Comfortrac, Inc., 492 F.3d
1326, 1332 (Fed.Cir.2007) (holding that claim scope
is not limited to the disclosed embodiments “unless
the patentee has demonstrated a clear intention to [do
s0]”). This court takes some comfort against this risk
from the inventors' use of the term ‘“the present in-
vention” rather than “a preferred embodiment” or just
“an embodiment.” The inventors' own specification
*1354 strongly suggests that the claimed re-centering
feature is manual.

Because an inventor must evince a “clear inten-
tion” to limit the claim terms to a specification em-
bodiment, this court examines other claims to detect
any contrary intentions. In that respect, this court
observes that all claims of the '132 patent have a
“wherein” clause explaining that “the static display of
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prices does not move in response to a change in the
inside market.” '132 patent col.12 l.1-col.16 1.57.
Although the “wherein” clause does not exclude au-
tomatic re-centering from the claim scope (it does not
exclude software that automatically re-centers when-
ever the trader enters an order, for example), it ex-
pressly excludes software that automatically
re-centers when the inside market changes. These
clauses thus support the district court's claim con-
struction.

TT argues that even if this court construes the
“re-centering command” as manual, this court cannot
limit the claims to only the enumerated elements (i.e.,
manual re-centering command). According to TT,
because the claims use the transitional phrase “com-
prising,” they also cover un-recited features such as
automatic re-centering. To the contrary, automatic
re-centering is not an additional feature, but rather
negates a claimed requirement that the price level
remains static and does not move. See Spectrum Int'l v.
Sterilite Corp., 164 F.3d 1372, 1380 (Fed.Cir.1998) (“
‘Comprising’ is not a weasel word with which to
abrogate claim limitations.”). A price level that only
moves in response to a manual re-centering command
cannot also move in response to an automatic
re-centering command. Thus, this court construes the
claims to require a manual re-centering command.

The claims also contain a limitation that “the
price axis never changes positions unless by manual
re-centering or re-positioning.” Trading Techs., 2007
WL 611258, at *4, 2007 U.S. Dist. LEXIS 12965, at
*22. The district court found that the ordinary and
customary meaning of “static” was “motionless: not
moving or changing, or fixed in position.” Trading
Techs., 2006 WL 3147697, at *4, 2006 U.S. Dist.
LEXIS 80153, at *11. TT did not present evidence or
dispute that a person of ordinary skill in the art would
understand the word “static” differently. Moreover,
allowing the price axis to automatically change posi-
tions would defy the invention's goal to “ensure][ ] fast
and accurate execution of trades.” '132 patent col.3
11.5-6. The invention would present the same problem
as the prior inventions if the price axis moved auto-
matically even in rare instances. The “static display of
prices” could automatically re-center just as the trader
was getting ready to execute a trade, causing the trader
to miss the intended price.

Also, the inventors jettisoned the word “normal-
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ly” during prosecution. The PTO examiner initially
rejected the claims because the term “ ‘static display’
[was] vague and indefinite.” The examiner requested
the applicants “to claim ‘to what extent’, ‘to what
degree’, and ‘on what basis' the displays ‘change.” ” In
response, the applicants explained that “the values in
the price column do not change (unless a
re-centering command is received).” The examiner
allowed the claims at least partly based on the under-
standing that the price column did not re-center itself
automatically. The manual re-centering feature also
avoided the possibility of mistakes when the price
column moved automatically at the same time a trader
wished to make a purchase. Of course, traders might
make mistakes despite precautions built into the
software. Nonetheless, to “provide the trader with
improved efficiency and versatility in placing,”*1355
'132 patent col.3 11.21-24, the price column cannot
shift unexpectedly.

This court also addresses claim 55 of the '132
patent, a dependent claim from claim 1:

The method of claim 1 wherein the market depth is
based on an exchange order book and the static
display of prices never moves in response to a price
change in the exchange order book relating to a
price which is displayed.

Id. col.16 11.52-55 (emphasis added). TT argues
that construing “static” to mean the price axis never
moves would render dependent claim 55 superfluous.
To the contrary, claim 55 adds another limitation to
claim 1, namely, that the market depth is based on “an
exchange order book.” Moreover, problems with any
overlapping claim scope “will be overcome by a con-
trary construction dictated by the written description
or prosecution history.” Regents v. Dakocytomation,
517 F.3d 1364, 1375 (Fed.Cir.2008). The invention's
contribution to the prior art, its specification, and its
prosecution history show that the static display of
prices cannot move without a manual re-centering
command from the trader. Accordingly, the district
court correctly construed the disputed word “static.”

[12] Because Dual Dynamic and eSpeedometer
systems have mandatory re-centering features, these
products do not infringe the patents-in-suit based on
the district court's construction of the word “static.”
With that feature, these products lack “price levels that
do not change positions unless a manual re-centering
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command is received.” This court affirms the district
court's finding that Dual Dynamic and eSpeedometer
do not literally infringe the patents-in-suit.

Iv.

13][14] The district court prevented TT from
relying on the doctrine of equivalents. The trial court
reasoned that claim vitation barred assertion of in-
fringement by equivalents against the Dual Dynamic
system. The trial court reasoned that prosecution his-
tory estoppel barred TT from asserting equivalents
against the eSpeedometer system. The Supreme Court
discussed these “legal limitations on the application of
the doctrine of equivalents” in Warner—Jenkinson Co.,
Inc. v. Hilton Davis Chemical Co., 520 U.S. 17, 39 n.
8,117 S.Ct. 1040, 137 L.Ed.2d 146 (1997). Under the
“all-elements rule,” a patentee may not assert “a the-
ory of equivalen[ce] [that] would entirely vitiate a
particular claim element.” /d. Under prosecution his-
tory estoppel, a patentee may not seek to recapture as
an equivalent subject matter surrendered during
prosecution. Id. This court reviews both legal limita-
tions without deference. Lockheed Martin Corp. v.
Space Sys./Loral, Inc., 324 F.3d 1308, 1318

(Fed.Cir.2003).

The all-elements rule requires this court to con-
sider “the totality of circumstances of each case and
determine whether the alleged equivalent can be fairly
characterized as an insubstantial change from the
claimed subject matter without rendering the pertinent
limitation meaningless.” Freedman Seating Co. v. Am.
Seating Co., 420 F.3d 1350, 1359 (Fed.Cir.2005). In
other words, this rule empowers a court to perform
again the standard “insubstantial variation” test for
equivalency, but this time as a question of law. Claim
vitiation applies when there is a “clear, substantial
difference or a difference in kind” between the claim
limitation and the accused product. /d. at 1360. It does
not apply when there is a “subtle difference in degree.”
Id.

#1356 In this case, the trial court considered
whether an occasional automatic re-centering of the
price axis in Dual Dynamic is equivalent to “never
chang[ing] positions unless by manual re-centering or
re-positioning.” The court determined that the auto-
matic re-centering would render the claim limitation
“static”—synonymous with only manual
re-centering—meaningless. The trial court's con-
struction of the claim limitation “static” specifically
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excludes any automatic re-centering. See SciMed Life
Sys. v. Advanced Cardiovacsular Sys., 242 F.3d 1337
1347 (Fed.Cir.2001) (“[I]f a patent states that the
claimed device must be ‘non-metallic,” the patentee
cannot assert the patent against a metallic device on
the ground that a metallic device is equivalent to a
non-metallic device.”).

[15] On appeal, this court observes that the Dual
Dynamic system may only automatically re-center its
price axis once or twice per trading day. Still this
occasional automatic re-centering is not a “subtle
difference of degree” because the claim forbids all
automatic re-centering. This court concludes that the
occasional automatic re-centering is not merely an
insubstantial variation. The relevant standard for
measuring the difference in this instance is not the
frequency of automatic re-centering. Instead this court
must detect the difference between a price axis that
moves only in response to the trader's instruction and a
price axis that adjusts itself without prompting. This
difference is not subtle. Rather, as discussed above,
this difference lies at the heart of the advantages of the
patented invention over prior art. Specifically the
invention ‘“ensures fast and accurate execution of
trades.” ' 132 patent col.3 11.5-6. Dual Dynamic's
automatic re-centering feature still presents the po-
tential problem of the prior art that allowed the inside
market price to move while a trader was trying to
secure a deal. Thus Dual Dynamic's automatic
re-centering feature is substantially different from the
claimed invention and cannot fall within the scope of
the claims under the doctrine of equivalents without
doing violence to the “static” claim element. Ac-
cordingly, this court affirms the trial court's judgment
that TT cannot rely on the doctrine of equivalents to
show that Dual Dynamic infringes.

[16] This court further agrees with the district
court that prosecution history estoppel precludes TT
from relying on the doctrine of equivalents to prove
the eSpeedometer system infringes. After the USPTO
issued a notice of allowance, TT submitted for the first
time a prior art reference that described a static price
display and petitioned to have the application with-
drawn from issuance. TT then amended claim 22 of
the '132 patent, which ultimately issued as claim 1, as
follows (deletions marked in brackets, additions un-
derlined):

displaying [the] market depth of [a] the commodity

Page 17

[traded in a market], through a dynamic display of a
plurality of bids and a plurality of asks in the market
for the commodity, including at least a portion of
the bid and ask quantities of the commodity, the
dynamic display being aligned with a static display
of prices corresponding thereto, wherein the static
display of prices does not move in response to a
change in the inside market;

Similarly, TT amended claim 41 of the '304 pa-
tent, which ultimately issued as claim 1, as follows:

displaying the bid and ask display regions in rela-
tion to fixed price levels positioned along the
common static price axis such that when the inside
market changes, the price levels along the common
static price axis do not move and at least one of the
first and second indicators*1357 [can] moves in the
bid [and] or ask display regions relative to the
common static price axis [when the inside market
changes];

The PTO examiner then allowed the claims. The
amendments clarified that the claimed price levels “do
not move” when the inside market changes. Therefore,
the applicants clearly surrendered a GUI with price
levels that move in response to inside market changes.

[17] TT argues that amending the claims to re-
quire that the price levels “do not move” did not nar-
row the claim scope, because the claims already in-
cluded the term “static,” which the district court has
construed to mean that the price levels “do not move.”
This contention, however, is circular. Placed in the
proper context of the timing for claim construction and
prosecution history estoppel, the district court
properly prevented the recapture of surrendered sub-
ject matter. The trial court construed the claims as
amended and properly limited the claims to manual
re-centering. Prosecution history estoppel applies at
the time of infringement to determine whether the
applicant surrendered claim scope during prosecution.
See Warner—Jenkinson, 520 U.S. at 39 n. 8, 117 S.Ct.
1040. TT's argument assumes that the trial court and
this court would have construed “static” the same
without the full prosecution history. This court need
not engage in this conjecture because the inventors
narrowed the claim scope during prosecution. Thus,
both claim construction and prosecution history es-
toppel operate in this case with similar limited results.
The first limits the claims to manual re-centering. The
latter prevents TT from asserting that eSpeedometer is

© 2013 Thomson Reuters. No Claim to Orig. US Gov. Works.

000220

CQG014202188



595 F.3d 1340, 93 U.S.P.Q.2d 1805
(Cite as: 595 F.3d 1340)

an equivalent, because its price level automatically
drifts towards the center of the display after every
change in the inside market. Thus, during prosecution,
the inventors surrendered any subject matter that
moves automatically. Accordingly, this court affirms
as a matter of law the district court's finding that Dual
Dynamic and eSpeedometer do not infringe the pa-
tents-in-suit under the doctrine of equivalents.

V.

The district court granted eSpeed's motion for
JMOL that it did not willfully infringe the pa-
tents-in-suit. This court reviews a district court's grant
of a motion for JIMOL under the law of the regional
circuit, in this case the United States Court of Appeals
for the Seventh Circuit. Harris Corp. v. Ericsson Inc.,
417 F.3d 1241, 1248 (Fed.Cir.2005). The Seventh
Circuit reviews a district court's grant of a JMOL
motion without deference, while viewing all the evi-
dence in the light most favorable to the nonmoving
party. Harper v. Albert, 400 F.3d 1052, 1061 (7th
Cir.2005). JMOL is proper when “a party has been
fully heard on an issue and there is no legally suffi-
cient evidentiary basis for a reasonable jury to find for
that party on that issue.” Fed.R.Civ.P. 50(a).

[18] In In re Seagate Technology, LLC, 497 F.3d
1360, 1371 (Fed.Cir.2007) (en banc), this court held
that “proof of willful infringement permitting en-
hanced damages requires at least a showing of objec-
tive recklessness.” “[A] patentee must show by clear
and convincing evidence that the infringer acted de-
spite an objectively high likelihood that its actions
constituted infringement of a valid patent.” Id. The
patentee must also show that the infringer knew or
should have known of this objectively high likelihood.
1d.

[19] TT's argument focuses on eSpeed's
post-issuance activities from August to December
2004, during which eSpeed's customers continued to
use Futures View to trade on its electronic exchange.
The #1358 parties do not dispute that eSpeed began
redesigning Futures View immediately after this suit
commenced and replaced Futures View with the re-
designed Dual Dynamic by the end of December
2004. Prompt redesign efforts and complete removal
of infringing products in a span of a few months
suggest that eSpeed was not objectively reckless.

Also, TT offered no evidence that eSpeed sold
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Futures View to new customers during the contested
time period. Nor did TT offer any evidence that
eSpeed could have disabled the infringing feature or
removed Futures View that was already installed on
the customers' computers. eSpeed replaced Futures
View with Dual Dynamic via a mandatory software
update in December 2004; however, this does not
prove that eSpeed could have updated its software
before this date. The record shows that some custom-
ers paid monthly license fees on Futures View after
August 2004. Nonetheless, eSpeed was merely re-
ceiving monthly installments on licenses that it had
previously sold. Moreover, eSpeed could not have
terminated these licenses without providing three
months advance notice.

Because the record shows no objective reckless-
ness during the contested period of time, no reasona-
ble jury could have found that eSpeed willfully in-
fringed the patents-in-suit. Therefore, this court af-
firms the district court's grant of JMOL motion on
willful infringement.

VI

20][21] The parties dispute whether the limita-
tion “single action of a user input device” is indefinite
as construed. A patent specification must “conclude
with one or more claims particularly pointing out and
distinctively claiming the subject matter which the
applicant regards as his invention.” 35 U.S.C. § 112,
2. “The statutory requirement of particularity and
distinctness in claims is met only when [the claims]
clearly distinguish what is claimed from what went
before in the art and clearly circumscribe what is
foreclosed from future enterprise.” United Carbon Co.
v. Binney & Smith Co., 317 U.S. 228, 236, 63 S.Ct.
165, 87 L.Ed. 232 (1942). However, absolute clarity is
not required. Datamize, LLC v. Plumtree Software,
Inc., 417 F.3d 1342, 1347 (Fed.Cir.2005). Only claims
“not amenable to construction” or “insolubly ambig-
uous” are indefinite. /d. (citation omitted). This court
reviews definiteness without deference. AllVoice
Computing v. Nuance Commc'ns, 504 F.3d 1236. 1240

(Fed.Cir.2007).

[22] This court agrees with the district court that
the claim term as construed is sufficiently definite.
The district court construed “single action of a user
input device” to mean “an action by a user within a
short period of time that may comprise one or more
clicks of a mouse button or other input device.”

© 2013 Thomson Reuters. No Claim to Orig. US Gov. Works.

000221

CQG014202189



595 F.3d 1340, 93 U.S.P.Q.2d 1805
(Cite as: 595 F.3d 1340)

Trading Techs., 2006 WL 3147697, at *4, 2006 U.S.
Dist. LEXIS 80153, at *11. In this context, the word
“an action” means one user action. An action may
include multiple sub-elements as long as the user
views all sub-elements as one user action (e.g., dou-
ble-click comprising of two single-clicks is “an ac-
tion”). The invention is different from prior art in-
ventions that required a trader to click on multiple
locations before submitting the order. The district
court's construction correctly sets objective bounda-
ries by distinguishing the invention from multi-
ple-action systems found in the prior art.

Moreover, one of ordinary skill in the art would
distinguish user actions as singular or multiple. The
claim construction provides an example of a singular
action—one or more clicks of a mouse button. *1359
Importantly, the district court's construction requires
that the “action” must be done in a “short period of
time.” Although a “short period of time” may vary
slightly from one circumstance to the next, an artisan
of ordinary skill would not find the term insolubly
ambiguous. In fact, eSpeed's expert agreed that the
following actions are all single actions: a single mouse
click, double mouse clicks, a single key press, and a
modal shift on the keyboard (such as combination of
the Control key or the Alt key with another key).
eSpeed's expert also agreed that other actions, such as
a right click followed by a left click, and pressing two
keys in sequential order, constituted multiple actions.
Given the record and the trial court's definition of the
term “single action,” this court agrees that the claim
terms set forth the boundaries of the claim scope.

VII.

The jury found that the patents-in-suit claimed
priority to their provisional application, which was
filed on March 2, 2000. Every claim of the pa-
tents-in-suit recites use of a “single action of a user
input device.” In contrast, the provisional application
never refers to a “single action of a user input device,”
but instead refers solely to “a single click of a com-
puter mouse.”

[23] Claims enjoy the earlier filing date only if the
provisional application provided adequate written
description under 35 U.S.C. § 112, | 1. New Railhead
Mfg. v. Vermeer Mfg., 298 F.3d 1290, 1294
(Fed.Cir.2002). The “prior application itself must
describe an invention ... in sufficient detail that one
skilled in the art can clearly conclude that the inventor
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invented the claimed invention as of the filing date
sought.” Lockwood v. Am. Airlines, 107 F.3d 1565,
1572 (Fed.Cir.1997). Therefore, the provisional ap-
plication must describe the invention in such a way
that one of ordinary skill in the art “would understand
that the genus that is being claimed has been invented,
not just the species of a genus.” Carnegie Mellon
Univ. v. Hoffmann—La Roche, Inc., 541 F.3d 1115,
1124 (Fed.Cir.2008).

eSpeed alleges that the district court erred in
finding that one of ordinary skill in the art would
understand the provisional application to mean that
traders could enter orders through a “single action of a
user input device.” Specifically, eSpeed disputes the
district court's summary judgment ruling, jury in-
struction, decision to admit expert testimony, and
JMOL ruling on priority date.

[24] First, eSpeed argues that the district court
incorrectly denied its motion for summary judgment
on the ground that there was a triable issue as to
whether the provisional application's disclosure was
adequate. This court reviews a denial of a motion for
summary judgment for an abuse of discretion. Cross
Med. Prods. v. Medtronic Sofamor Danek, Inc., 424
F.3d 1293, 1302 (Fed.Cir.2005). On summary judg-
ment, the parties' experts disagreed that the provi-
sional application showed possession of forms of
order entry other than “a single click of a computer
mouse.” Harris Brumfield, one of the inventors of the
patents-in-suit, suggested that “one click of a mouse”
is merely one way of entering orders on the exchange.
Therefore, the parties created a dispute of material fact
about whether the disclosure of a species, i.e., “one
click of a mouse,” was sufficient to show that the
inventors possessed the genus, i.e., “single action of a
user input device.” The district court did not abuse its
discretion by determining that the parties' irreconcil-
able testimony created a dispute of material fact, pre-
cluding a grant of summary judgment on this issue.

*1360 [25] Second, eSpeed also argues that the
court incorrectly instructed the jury on the law of
written description. This court reviews “the legal
sufficiency of jury instructions on an issue of patent
law without deference to the district court.” Amgen
Inc. v. F. Hoffmann—La Roche, Ltd., 580 F.3d 1340,
1368 (Fed.Cir.2009) (citation omitted). In its brief,
eSpeed quotes one sentence from the jury instruction.
The district court's jury instruction was much longer
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and included the following sentence:

To provide adequate support you must find that the
Provisional Application shows that one reasonably
skilled in the art, reading the Provisional Applica-
tion that explicitly calls for “single-click” user en-
try, would have known that patentee had possession
of a broader “single action of a user input device.”

This jury instruction comports with this court's
law on written description. Moreover this instruction
gave the jury adequate information to make a decision
based on the possession standard of this court. This
court finds that the jury instruction was not legally
erroneous.

[26] eSpeed argues as well that the testimony of
TT's expert, Larry Nixon, was improper. This court
reviews a district court's decision to admit expert
testimony under regional circuit law. Micro Chem.
Inc. v. Lextron, Inc., 317 F.3d 1387, 1391
(Fed.Cir.2003). The Seventh Circuit reviews such
evidentiary rulings for abuse of discretion. Liguid
Dynamics Corp. v. Vaughan Co., Inc., 449 F.3d 1209,
1218 (Fed.Cir.2006). Larry Nixon testified generally
about the written description requirement and did not
offer legal conclusions as to the adequacy of the pro-
visional application's disclosure. While offering gen-
eral opinions on patent practices, he did not usurp the
district court's role of instructing the jury on the law.
Therefore, the district court did not abuse its discretion
by permitting his testimony.

[27] Finally, eSpeed contests the district court's
denial of its Rule 50(b) motion for JMOL. This court
reverses a denial of a JMOL motion “only if the jury's
factual determinations are not supported by substantial
evidence or the legal conclusions implied from the
verdict cannot be supported in law by those findings.”
Tronzo v. Biomet, Inc., 156 F.3d 1154, 1157

(Fed.Cir.1998).

eSpeed did not submit its Rule 50(a) JMOL mo-
tion at the close of evidence. This case, however, is not
an instance where the district court entertained a Rule
50(b) IMOL motion that was not preserved before the
jury verdict. Instead, the district court explicitly per-
mitted each party to preserve JMOL motions by of-
fering “place holders” with “the details to be filled in
later.” Albeit in abbreviated form, the district court
found that eSpeed had presented and preserved its
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Rule 50(a) IMOL motion. This court is “not disposed
to override” a district court's determination of
non-waiver. Gaus v. Conair Corp., 363 F.3d 1284,
1287 (Fed.Cir.2004).

[28] Turning to the merits, the record shows sub-
stantial evidence to support the jury's verdict that the
provisional application's written description was ad-
equate. TT's expert, Craig Pirrong explained that the
provisional application distinguished between order
entries performed in a single action and multiple-step
actions. He did not distinguish a single-click from
other types of single actions. Therefore, one of ordi-
nary skill in the art could read the provisional appli-
cation to encompass any single actions.

Moreover, the parties' experts did not dispute that
one of ordinary skill in the art would have known
about other forms of “single action” such as a dou-
ble-click or #1361 pressing a key. Considering the
undisputed knowledge of those skilled in the art, dis-
closure of a species in this case provides sufficient
written description support for a later filed claim di-
rected to a very similar and understandable genus.
Accordingly, the patents-in-suit are entitled to claim
priority to the provisional application.

VIIIL.

[29] eSpeed also appeals the district court's grant
of motion in limine precluding it from alleging the
on-sale bar defense. The facts relevant to the on-sale
bar defense are fairly simple. In September 1998,
Harris Brumfield, one of the inventors of the pa-
tents-in-suit and an avid trader on electronic ex-
changes, conceived an idea that formed the basis of
the invention. Brumfield hired TT to build trading
software based on his idea. On September 29, 1998,
TT and Brumfield entered into Individual Consulting
Agreement # 2 (“ICA2”), which provided that “TT
will build a new trading window according to speci-
fications provided to TT by Harris Brumfield.” In
mid-February 1999, TT delivered a “market depth
trader workstation” to Brumfield. On March 2, 1999,
Brumfield agreed to pay TT for the custom software.

30][311[32] An on-sale bar under 35 U.S.C. §
102(b) applies when the invention was both the sub-

ject of a commercial sale and ready for patenting be-
fore the critical date. Pfuff v. Wells Elecs., Inc., 525
U.S. 55, 67, 119 S.Ct. 304, 142 L.Ed.2d 261 (1998).
The transaction at issue must be a “sale” in a com-
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mercial law sense. Allen Eng'g Corp. v. Bartell Indus.,
Inc., 299 F.3d 1336, 1352 (Fed.Cir.2002). “[A] sale is
a contract between parties to give and to pass rights of
property for consideration which the buyer pays or
promises to pay the seller for the thing bought or
sold” In_re Caveney, 761 F.2d 671. 676
(Fed.Cir.1985). The invention is ready for patenting,
inter alia, if there is “proof of reduction to practice
before the critical date.” Plumtree Software, Inc. v.
Datamize, LLC, 473 F.3d 1152, 1161 (Fed.Cir.20006).
The district court granted TT's motion in limine to
preclude eSpeed from arguing a prior sale of the in-
vention. TT characterizes this as a de facto summary
judgment dismissing eSpeed's on-sale bar defense
under 35 U.S.C. § 102(b).

This court affirms the district court's de facto
summary judgment that ICA2 was not a sales trans-
action for a product embodying the patented inven-
tion. Under ICA2, TT promised to develop trading
software for Brumfield because he lacked the tech-
nical expertise to do so. ICA2 was a contract for
providing hourly programming services to Brum-
field—not a computer software license. Brumfield did
not sell or offer for sale anything embodying the in-
vention. Therefore, the trial court properly determined
that the invention had not been offered for a com-
mercial sale.

eSpeed's reliance on Brasseler, U.S.A. I, L.P. v.
Stryker Sales Corp., 182 F.3d 888 (Fed.Cir.1999), to
characterize ICA2 as a commercial software license is
misplaced. In Brasseler, the buyer and the seller of the
contract each employed some inventors of the pa-
tented invention. Id. at 890. This court found a com-
mercial sale because the seller manufactured over
3,000 products embodying the invention and sold it
solely to the buyer. /d. at 890. Thus, the transaction in
this 1999 Federal Circuit case is far more than oc-
curred here. No product was ever sold to Brumfield.
Also, this court in Brasseler in dicta suggested that the
outcome would be different in “a case in which an
individual inventor takes a design to a fabricator and
pays the fabricator for its services in fabricating a few
sample products.” Id. at 891. Inventors can request
another entity's services in ¥1362 developing products
embodying the invention without triggering the
on-sale bar. Brumfield's request to TT to make soft-
ware for his own secret, personal use could not con-
stitute a sale under 35 U.S.C. § 102(b).
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IX.

33][34] A patent may be rendered unenforceable
for inequitable conduct if an applicant, with intent to
mislead or deceive the examiner, fails to disclose
material information or submits materially false in-
formation to the PTO during prosecution. Digital
Control Inc. v. Charles Mach. Works, 437 F.3d 1309,
1313 (Fed.Cir.2006) (citation omitted). Where a
judgment regarding inequitable conduct follows a
bench trial, as it did here, this court reviews the district
court's findings of materiality and intent for clear error
and its ultimate conclusion for an abuse of discretion.
ACCO Brands, Inc. v. ABA Locks Mfg. Co., 501 F.3d
1307, 1314 (Fed.Cir.2007). The district court held that
TT did not engage in inequitable conduct by not dis-
closing Brumfield's custom software to the PTO be-
cause the software was not material to the question of
patentability. This court agrees.

[35] The first issue this court addresses is whether
the use of Brumfield's software between March 2 and
June 9, 1999 was material. The district court found
that TT relied on the March 2, 1999 priority date in
good faith, and that TT did not need to disclose
Brumfield's use of software past this priority date. The
record also suggests that the examiner never ques-
tioned the March 2, 1999 priority date. In submitting a
brochure for MD—Trader, one of TT's commercial
embodiments of the patents-in-suit, TT stated to the
examiner that the brochure was disclosed to the public
no earlier than March 2, 1999. This disclosure would
have triggered a request for further information if the
examiner had detected a priority date issue. Instead,
the examiner did not perceive any issue and allowed
the claims. The district court did not clearly err by
finding that Brumfield's software was immaterial
given that his use of the software after the priority date
would not have changed the examiner's analysis of the
patent. See Reactive Metals & Alloys Corp. v. ESM,
Inc., 769 F.2d 1578, 1583 (Fed.Cir.1985) (“[T]here is
no point in bringing sales activities to the examiner's
attention which, for example, did not occur before the
one-year grace period simply to have the examiner
‘decide’ that the sales were not early enough to trigger
the time bar.”)

36][37] The second issue is whether TT should
have disclosed any pre-March 2, 1999 activities to the
PTO. eSpeed argues that TT should have disclosed
TT's “sale” of the custom software to Brumfield.
However, as discussed above, ICA2 was not a com-
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mercial transaction; a reasonable examiner would not
have regarded ICA2 as material to the issue of pa-
tentability. eSpeed also argues that TT should have
disclosed Brumfield's testing of the custom software
before March 2, 1999. Experimental uses of the pa-
tented invention may in some instances give rise to an
issue of patentability. See Manville Sales Corp. v.
Paramount __Sys., Inc., 917 F.2d 544, 552
(Fed.Cir.1990). In this case, however, the record
shows that Brumfield tested the software for his own
confidential, personal purposes. See Elizabeth v. Am.
Nicholson Pavement Co., 97 U.S. 126, 134-35, 24
L.Ed. 1000 (1878). The district court did not clearly
err by finding that a reasonable examiner similarly
would not have regarded such experimental use as
material. Brumfield kept the software secret until TT
and Brumfield decided to file a provisional applica-
tion. Accordingly, the district court did not abuse its
discretion in *1363 finding that the TT did not engage
in inequitable conduct.

X.
For the above-stated reasons, this court affirms on
all issues presented on appeal.

AFFIRMED.
LOURIE, Circuit Judge, concurs in the result.
CLARK, District Judge, concurring.

Believing that the judgment is correct and that the
opinion correctly analyzes the issues in this case in
light of current law, I concur. I write separately to
respectfully suggest that the current de novo standard
of review for claim construction may result in the
unintended consequences of discouraging settlement,
encouraging appeals, and, in some cases, multiplying
the proceedings.

Determination of the meaning that would have
been attributed to a claim term by one of ordinary skill
in a sophisticated field of art on the date of filing often
requires examination of extrinsic evidence—a deter-
mination of crucial facts underlying the dispute, as
outlined by Judge Rader in the majority opinion. On
some occasions, a determination will be made based,
in part, on the weight to be given to conflicting ex-
trinsic evidence or even to an evaluation of an expert's
credibility.

The standard of review that will be applied by a
higher court sets one of the important benchmarks
against which competent counsel evaluates decisions
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regarding settlement and appeal. The importance is
highlighted by the fact that every brief must state the
standard of review. See Fed. R.App. P. 28(a)(9)(B).
(b)(5); Fed. Cir. R. 28(a)(10).(b).

The de novo review standard has at least two
practical results, neither of which furthers the goal of
the “just, speedy, and inexpensive determination of
every action and proceeding.” Fed.R.Civ.P. 1. First,
rejection of settlement is encouraged, and a decision to
appeal is almost compelled, where counsel believes
the client's position is valid, even if debatable, de-
pending on the view taken of extrinsic evidence. Itis a
natural reaction upon receiving an unfavorable claim
construction from a trial court to conclude that one's
own view of complicated facts will be better under-
stood by the judges of the Federal Circuit, who gen-
erally have more experience with patent cases, and
who, by their own authoritative rule, review the claim
construction without regard to any determination the
lower court has made.

A patentee has the opportunity to write clearly
enough so that the meaning of the claims can be de-
termined from the specification. What public policy is
advanced by a rule requiring the determination of
underlying facts by more than one court, especially
when the likely result is that another group of citizens
will be required to “volunteer” for lengthy jury duty
on remand?

A second, although less common, consequence of
the de novo review standard is the opportunity it offers
to the party that presents a case with an eye toward
appeal rather than the verdict. Skilled counsel who
believes a client may not be well received by a jury is
tempted to build error into the record by asking for
construction of additional terms, and/or presenting
only a skeleton argument at the claim construction
stage. This is risky, but it would be unusual for this
Court to consider a point waived if a particular claim
construction had been requested of the trial court and
some argument made, but the clearest explanation was
presented on appeal. An appellate court normally does
not consider an unpreserved point of *1364 error, but
a more sharply focused argument regarding points
presented on appeal, from among those that are tech-
nically preserved, is actually the goal of the appellate
specialist. This tactic would be less inviting if claim
construction was officially accorded some measure of
deference, even if it was applied only in those cases in
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which resort to extrinsic evidence was necessary.

C.A Fed. (I11.),2010.

Trading Technologies Intern., Inc. v. eSpeed, Inc.

595 F.3d 1340, 93 U.S.P.Q.2d 1805

END OF DOCUMENT
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awned

‘as those forming the beard of wheat, barley, ¢ie, 3, any

gimilar bristle. }') ME awne, agune < Scand; cf. Icel dgn huslc,

c Goth ghana, OHG aganae, ahang (> G Ah‘ne}] ~—awned,
s —awnflesa adi.

awn-lng (ﬁmmg) 7. 1. arooflike shelter of canvas or other
material extendmg over a doorway, from the topof a window,
over a deck, ete,, in order to provide protection, as from the
sur. 2. a shelter. Pl == awn’/inged, adi.

a-woke (o wik/), . " a pt. and pp. of awake.

AW.O.L, (pronounced as initials or, in Mil sleng, 8/wil),
away from military duties without p ssion, but without
the intention of deserting. Also, a.w.o.l. [A(bsens} Wiith)-
o(ut) L{eape) % i )

a-wry (s ri’), adv., adi. 1. with a turn or twist to one side;
askew: lo glance or ook awry. 2. away from the expected or
proper direction; amiss; wrong: Our plans went awry. [ME
on wry. See ol WRY ¥

ax (aks), n., pl. ax-es (ak’/siz), r., axed, ax-ing. —n.1.an
instrument with a bladed head on a ha.nd.le or helve, used for
hewing, cleaying, chopping, ete.
get the ax, Informal. 10 be dism'Issed-.
expelled, or rejected summarily. -
have an ax to grind, Informal. to
have. a;gamonal or selfish motive. —r.1.

[Pe=r—=s

4. o pe or trim with an ax. 5. to ; %::r—_-‘:-a_a
chop, cut, split, or sever with an ax. ¢
6. n}‘ormu to miss, reatrml. OB jeais

destroy bmtally Alsp, axe.

&x; akin to Goth agquizi, OHG acchus ot c

(= G Axt), L ascia (< *acsid), Gk azine] !

—ax/lik f adj. |
ax., ax'om Axes
a-xen-c {a zen/ik), adj. uncontamin- A, Common ax
ated; germfrec. B, Hatchet

ax-es! (ak/saz),n. pl of axisl. C, SBlonemason’s ax
ax-es? (ak/siz), n. pl.ofax.
=, a word element meaning “*axis"": grial, Also, axo-; e5p.
bsfog a vowel, ax-. [ecomb. form repr. L. axi(s) axle, wheel;
drom, Skt dkgas, Lith afiy, OF eaz]

ax-i-al (ak/se al), adj. 1. of, pertaining to, characterized by,
situated in an

or forming an axis: an azial Telationshin,
axis or on the axis. Also, ax-ile (ak/sil, -sil).
—ax/i-alfi-ty, n.

ax—ital-ly (akc/s 2 18), adv. in theline of the

axfj.al skel’eton, Anal. the skeleton of
the head and trunk.
ax.l (ak/sil), n. Bol. the angle between the

2,

upper side of a leaf or stem and the support-

ing stem or branch. [< L azil(le) armpit] A, Axil
ax-il-la (ak #1/3), n., pl. ax-il-lae {alk sil’EJ.

1. Anat. the armplt 2. Ornith. the cmeﬂmndmg region
under the w.u:|§ of 8 bird. 3. Bol. an axil. [< |
ax-il-lar (a sa lar), n. 1. Usually, axillars. Ornith. a
number of the fea growing from the axilla of a bird.

2, Biol. any axillary part.

ax dllaysy (ak’/se ler/8), adi,, n., pl. -lar-dies. —adji 1.
pertaining to the axilla. 2. Dot perlaining to or growing
irom the axil, =—n. 3. UsuaJ.ly. axillaries. Ornith, axillars.

ax-1-0l-0-2¥ (ak/s2 ol/a j8), n. the branch of philosophy
dealing with values, as those of et.]:l.u:s aesthetics, or religion.
[< Gk drio(s) worthy, estimable + —LOGY] —ax-i-o-log-
i-cal (ak/sE 3 loj/i kal), adj. —ax/i.o-log/i-cal-ly, adn.
—ax/i-ol’o-gist, n
ax-i-om (ak’se am), n. 1. a self-evident truth. 2. a oni-
versally accepted principle or rule. 3. Logic, Math. a prop-
osition that i=s assumed without proof for the sake of study-
ing the consequences that follow from it. [late ME < L
aridmig) < Gk: something worthy = azid(ein) (to) reckon
worthy + -ma n. suffix]
ax-d-o-matde (ak/sE s mat’/ik), adj.
the nature of an axiom; seli-evident. 2. aphoristic. Also,
ax/i-o-mat/i-cal. Gk aziomatikss azidmal- (s
of axidma axtoMm) + -ikes -1c] —ax/i-o-mat/i-cal-ly,

1. pertaining to or of

adn.

ax-s! (ak/sis), n., pl. ax.es (ak/stz). 1.the line about which
a rotating body turns or may be supposed to turn. 2. a cen-
tral line bisecting a body, form, or the like, and in relation
to which symmetry is delermined. 3. Anaf. a. a central or
pring: 34[ structure, about which something turns or is ar-
P&'{% the skelelal azis. b. the second cervical vertebra.

ol the longitudinal support on which organs or paris are

arranged the stem and root; the central line of any body.
5. Analwtc Geom. any line used as a fixed reference in con-
junction with one or more other references for determining
the position of a point or of a geries of DoLnts forming a curve
or & surface. . X-axis, y-axis. 6. I'ine Arls. an imaginary
linge, in a given formal structure, about which a form, area,
or plane ig organi 7. an allianee of Lwo or more nations 1o
coordinate their foreipn and military policies. 8. the Axis,
(in World War 11} Germany, Italy, and .hpau, cftn,n with
Bulgaria, Hungary, and Rumania. 9. principal line of
development, movement, ete. [< L a:ris an axletres, axle,
axis. Bee Axow, ax] —ax-ised (ak/sist), adj.

ax-is? (ak/sis), n., pl. ax-is-es. a deer, Axis azis, of India
and Ceylon, having a reddish-brown coat spotted with white,
Also, called ax/is deer’/. [< L arisa wild animal of India]

ax-le (ak’/sal), n. 1. Mach. the pin, bar, shaft, or the like,
on which or by means of which a wheel or pd.!.l‘ of wheels
rotates. 2. the spindle at cither end of an axletree. 3. an
axletree. [ME azel, OE eaxl shoulder, crossheam (in eaule-
gespann); ©. OHG ahsala shoulder (> G Achsel), Icel drull,
L ala (< *aksld)] —ax/led, adj.

ax-le-tree (ak’ssl tré/), n. a bar, fixed crosswise under
an animal-drawn vehicle, with a rounded spindle at each end
upon which a wheel rotates. [ME]

ax-man (aks/man), n., pl. -men. a person who wields an ax.

Ax/min-ster carfpet (aks/min/stor), & carpet having
& stiff, ribbed backing, as of jute, and an even yarn pile
that is usually cut. [named after a town in SW England, al-
though orig. manufactured in the U.5 ]

var. of axi-, esg.l) before a consonant.
ax-oiotl {4Lfsa Lnt.f 4 any larval salamander of the

azimuth

genus Ambystoma, found esp. inlakes and ponds of the south-
western U.S. and Megico, that is capable of breeding in its
larval state. [< Nahuatl]
ax-on (ak’son), n. Anal. the —
appendage of the neuron that -
iransmits impulses away from
the cell. Alsn, ax-one (al/son).

95

[« NL < Gk dron an axle,

a-xjis; ¢. L aris]' —axfon.al,

adj.

ax-o-no-met-rie (ak/ss na- Axolatl,
me’trik, ne-), adj. Drafting. Ambystoma mexicanus

designating a method of projec- (Length 6 to 12 in.)
tion (ax/onomet’/ric projec’/-
tion) in which a three-dimensional object is represented by
a drawing (ax/onomet/rie draw/ing) having all lines drawn
to exact scale, resulting in the optical distortion of dias-
onals and curves. Cf. eabinet (def. 17), isometric (def. 4).
obligue {def, 13). See illus. al isometric. [< Gk drin (ses
AXON) + -0- + —METRIC]

ay?! (@), adv.  Literary or Digl ever; always. Also, aye. [ME
¢i, ai < Seand; of. Ieél ¢, ¢. OF @ ever]

Ay @), interj. Dial. Ahl Oh!

ay? (1), adv., n. _ayel.

A-va-eu-cho (i/yi koo/chd), n.  acity in 8W Peru: victory
of Bolivar over ‘-‘lp.mjsh troops 1824, 40,000 {(est, 1961).

a-yah (#4y2), n. (in India) a native maid or nurse. [< Hindi
ayd < Pg aio female servant < L avia grandmother]

a-yva-tol-lah (i/yo t6/1a), n. (among Shiites) a title in the
religious hierarchy achieved by scholars who have demon-
strated highly advanced knowledge of Islamie law. [< Pers
< Ar dyat sign or token (of) + Anna=H]

aye! (1), ade. 1. yes. —n. 2. an affirmative vote or voter.

Is0, ay. {aar].ler I, ME wie, alter. of ve, OE g7 ¥yEa]

ayer (), adr. ay

aye-aye (i/i’), n
gascariensis, of '\Idda..g&h(s.r.
and having rodentlike incisors
and long fingers. [« F <
Malagasy aiay, prob. imit. of
its cry]

A‘Ye -sha (4T shi’), n.

ay"nn (#fyin; Heb. @/yen), n,
the 16th letter of the Hebrew
alphabet. [< Heb

Ayv-ma-ra (i/mi ri’), n., pl
-ras, (esp. collectively) -ra for

. 1, a member of an Indian
people living in the moun-
tainous regions around Lake
Titicaca in Bolivia and Peru.

2. the language of the Asmar“l people,
aymard, of AmerInd orig.] ‘ma-ran/, adj.

AY-meé (e ma’), n. Mar-cel (maxg sel’), born 190
novelist and short-story writer.

Ayn- tab (in tab/), n. Aintab.

VI (dr), n. 1.a seaport in and the muuty seat of Ayrshire.

46 200 {est. 1965). 2. Ayrshire (def. 2 )

Ay‘r -shire {.srf'zr@r. -shor}, n. 1. one of a Seottish breed of
hardy dairy cattle having long, curving horns. 2. Also called
Ayr. a county in 8W Scotland. 347,670 (est. 1965); 1132 sq.
mi. Co. seat: Ayr.

A-yvub Khan (i yoob/ kin/), Mohammed, 1907-74, Pa-
Lkistani political leader: president 1958-69.

A-yur-ve-da (i/ysr v&/da), n. the ancient Hindu art of
medicine and of pmlong]mg life. [< Bkt = a}ur— life, wital
power + reda knowledge] —A/yur-ve/die, adj.

AZ, Arizona (approved esp. for use with zip code).

az-, var. ol azo-, esp. before a vowel: azine.

a-zal-ea (a za[ﬁa), any ericaceous plant of a particular
group (Azalea) of the genus R.fwdorzsndmn, comprising ‘:p?(ﬂc‘s
with variously colored flowers. [< NL < GK azalfa, n. use
of fem. of azaléos d.ry so named as growing in dry soil]

a-zan (i zin/), n, (in Islamic countries) the call to prayer
proclaimed five times a day by the muezzin, [< Ar adhin
invitation. See mTRZZIN]

A-za-Da( i thi/nyi), n. Ma-nuel (ma nwel/), (Manuel
Azana v Diez), 188[% 1940, Spanish statesman: prime minister
1931-33, 19306; president 1933—39

A-za. zef (o zu’ul az’a zel/), n. 1. the scapegoat released
on the Day of Atonement, or its destination, ell, Lev. 16 o
10, 21. 2. Islamic Mwith. the jinn who became Shaitan. 3.

chinaberry (def. 1).

one of the fallen angels.
a.zed-a-rach (o zed/a rak/), n. [«TF
azédarac << Pers d3zdd dirakht noble tree]

a-ze-o-trope (o 28/ xdp’), n. Physical Chem. any liguid
mixture having constant minimnm and maximom boilin
points and distilling off without decomposition and in a fix
ra.l.ic as isopropyl aleohol and water. [a-f + Gk zé(ein) (to)
boil + -o- + -TROPE] a-ze-o-trop-ic (A/ze a trop/ik), adi.
_a-ze.ot-ro-py (8728 o/trd pe), a’ze-ot/ro.pism, n.

A-zer-bai-jan (i/zer bi jin/, az/or bl jan’; Russ. i/zer-
bi jin/), n. 1. ()I‘l‘ir:ld.l name, Azerbaijan/ So/viet So/cial-
ist 'Repubflch a constituent republic of the Hoviet IJmon.
in Caucasia. 4,500,000 (est. 1963); ab. 33,000 sq. mi. Cap.*
Baku. 2. a nrovjncc in NW Iran. 2,859,132 (1956); ab.
35,000 sq. mi. Cap.: Tabriz. Also, A/zer- bai-dzhan’,

A-zer-hai-ia-nl (i‘zar bi ji/n€, azfor bI jan’/e), n., plL

-ja-nis, (esp. collectively) -ja-mi. a native or inhabitant of
zerbaijan.

az-ide (az/id, -id, 3‘zid, &/zid), n.

containing the azido group, as sodium azide, NaNjz.

a nocturnal lemur, Daubentonia mado-
feeding on insects and fruit,

Af-

Aye-aye
(Total length 3 ft.;
tail 22 in.)

[< Sp armard,

French

Chem. any compound

[az- +

- E

ai‘ji-:lldo group’ (az’/i d6/), Chem. the univalent group,
Ng—, derived from hydrazoic acid. Also called az’ido-
rad/i-cal. [4ziD(E) + -0-]

A-zil-ian (o z&l/yan, -E 20, a zil/-), adj. of, pertaining to, or
characteristic of a Mesolithic culture of southern France.
mamed after Mas d’Azil, town in 8 France, where the culture
flourished; see -1ax]

az-i-muth (az’/s moth), n. 1. Astron., Navig. the arc of the

s in alone; chief;

boOk; OOZe; out; up, Grge; a

act, Bble, dare, arl; ebb, equa;,- if, ice; hol, Gre ﬁ- i fe; O
sing; shoe; thin: that; zh as in measure; 2 as j_D ﬁzaﬁﬂn), fire (°r). Scc the full Ley inside the front cowver.



columella

of the New World by Columbus and his landing in the West
ndigs on October 12, 1462, . -
col-u-mella  (kol/yvo mel’a), n., pl -mellae (mel/E)
Anat., Zool., Bol, a small columnlike part; axis. [< L: sma
eoluma « colim- (var. of column-, 5, of colummug COLTMN}
+ -¢ilz dim, suffix] —eol/u-mel/lar, adj —eol-u-meklate
holfyo melfit, -&t), adf. :
col-umn (kolfam}, ni. 1. Ar-
chit. B a relatively slen-
der. upright sujpport. _com-
d of relative E’ few pivces.
a decorative pitlar, most of-
e compoesed of stone and typi
¢ally baving a cylindrical or
2l shalt with a capital
and usually a base. 2. any
columnlike object, Imass, or
formation: o column of smoke.
2, & vertical arrangement on a
page of horizontal lines of
¥pe. usually justified: There
are two columns on this page.
4. a vertieal row or lst. 5.
a regular arucle or feature
in & newspaper or magazine.
€. a fermation of ships in sin~
gle file. 7. a long, narrow
formation of troops in which
there are more members in
line in the direction of move-
ment Than at right angles 1o
the direction (distinguished
from line). [latc ME columne
< L columna = columie)n peak
+ -0 fem. ending; akin 1o (Ex)-
cer; r. lute ME colompne <
ME —col-umned {kol/-
amd), eol.-ummat.ed (Kol/om-
i id), adj. Columz,
_fsw_ 1 (j;og,u,,_\-, pm}ig Romon Doric arder
refer to upright supports In
architeetural structures. Pritan is the peneral word: the
pillars supporting the roof. A coLvMX is & ticular kind of
pillar, esp. ope with an idensifiable shuft, . and capital:
eolumns of the Corinthian order.
co-lum-nar (ks lum/nasr}, adj. 1.shaped like a column. Z.
eharacterized by columns: colymnar archilecture. 3, Also,
co.lum/nal, pr&ma, arranged, ete.. in columns. [< LL
columndr(is)]
colum-ni-ation (ks lum/n 3/shon), n.  Archil. 1. the
amployment of columns. 2. the system of columns in'a
structiure. [abstracted from (INTERJCOLUMNIATION]
col-umn-ist (kol/om nist, -3 mist), n. the writer or editor
of o journalistic columm.
co-lure (ko 106r”, ki-, KO/WNGr), n.  Astron. either of two
great circles of the celestial sphere intersecting each other
at the poles. one passing through both equinoxes and the
other through hoth solstiess, [< LL colur{us) < GK ké-
lourios) dock-tailed = &di{os) doc + our(d; tail + -o5 adj.

T ENTABLATUAL
FRIETE i

suffix}
col-za (kol/za), =. rape?. [< F < D koolzead = kool cour
-+ zaad SRED]
gglza oil/. ﬂS@e TEpe o‘i}.‘wﬁ‘h I in 4
-, @ prefix mesning “‘with,” "“together,” “in associa-
“fon.” andp {with intensive force) “complesely,” occurrin

in loan words from Latin {commit): used in the formation o
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comb jelly

com-a-tose (kom/s s/, ki/ma-). adj. 1. affected with or
o bf coma: The patient was comaiogs & ihe
strobe. 2. lacking alertness or cnergy: lethargic. [< Gk
komut- (5. of kimd cow«‘) 4 -08R!] -—-comfa-togelly, adr,

co-mat-u-lid (ke mach/o lid), n." a free-swimming stalk-
less crinoid; a feather star. [ NL Comaiulid{es} = (oma-
:m’(a% genus name (see CoMATE?) + -ldoe haz]

comb! (kBm), n. 1. a toothed strip of bone. metal, plastic,
ete.. for arranging the hair or holding it In place. 2. a curry-
comb. 8. any comblike instrument, object, or formation.
4. a machine Tor separating cholce cottoit or worsted fibers
from noil. 8. the 1l , mETe or lgss serrated dxcroscence
or growth on the head of certain gallinaceous birds, esp. the
domestic fowl, 6. something resembling or ssring this,
as the crest of a wave, 7. a honeycomb, or any stmilar group
of cells, =gl 8. to arrange or adorn (the nair) with or as
with a comb. 8. to remove (anything undesirable) with or
as with & comb: to comb burs from one's hair, 10. to senrch
everywhere in: fo comb the files. 11. 10 mg&mm {wogl fibers)

th & comb, —=z.i, 12. to roll over or break at the crest.

as § Wave. %«IE: OE_comb, comb; ¢, OHG Lbamb (G Komm).
Im&}knm&r. k gomphos pin, peg, gomphios molar tooth: see
CAM

comb? (kidm, kDm), n. combe,

0Imb., combining.

com-bat (r. kem bat/, Kom/bar, kum/-; =n. kom‘bat,
kum?), r., -bat-ed, -bat-ing or (ep. Hril} -babted, -bat-
ting, n. =--ei 1. to fight or contend againse;

compound words before b, p, M combine; compare;
Also, co-, eon-, col-; cor-. [< L, var. of prep.

Com., I{Cnm. i 2, Commission, 3.
Commissioner. 4. Commodors.
L 1. co ¥. 2. commerce.
mon. 4. commonly. 5. committee.
L (kd/may. n., pL -mas. a state of
prolonged UNCOnSE duoe to di
injury, peisom, ete.; stupor. [< Gl kéma
deap sieepl i
co-ma® (ko’ma), 7., pl. -mae (-mg). 1.
Astron, the nebulous envelope around the
nucleus of a comet. 2. Oplics, a4 MOno-
chromatic aberration of a lens or other
optical system in which the image from a
poing source cannot be brought into focus,
the mage of a polnt having the shape of &

3. com-

Coma? (def Za)
 gead of

comet. 3. Bol. ». a tuft of silkcy hairs ar 97

the end of & seed. b. the leafy crown of a  mikweed,
iree; cluster of leaves at the end of o stem. Asclepias
¢, a terminal cluster of bracts, as in the ayrieca

(%mpple_ [< L: halr < GK kém#]

ma per-e-ni-ces (ki‘mo _bir’y ni/stz), gen, Co-mae
Berweni.ces (ko meé _ber/n ni/siz). Astron, Bercnice's Hair,
a norehern constallation situated north of Virgo and between
Bobtes and Leo.m&«: L]

0 €T (kO fkar, k§/mi’kor), n. Finance. a Person
who formally undertakes to discharge the duties of the
‘maker of an instrument, esp. a promissory note, in the event
of the maker's default. : )

Co-man-che (ko man/¢h8. k3-). n., pl -ches, {(&3p. collee-
iizely) -che for 1. 1. a member of o Shoshonean tribe, for-
meriy ranging from Wyoming to Texas, now in Oldahoma.
2. their ‘speech, 4 dianléct of Shoshone. [< MexSp < Sho-

one]

c%;man-che-an (k& man’ehe an, ko), Geol, =wadj, 1, per-
saining to an epoch or series Gf rocks in parts of North Amer-
iva comprising the early portion of the Cretacedus ar
system. —n. 2, an g]:\pch or series of 2arty Cretacecus rocks
t¥pically represented in the Gulf of Mexico region.

co-man-dan-te (komsan dan’ts; Sp.. It k& min diin’te),
o %Ez. ~tes (-tZz; Sp. -tes), i -ti (-1€). commandant. [<

so-mate! (kb mat’), n,
comate? (ko/mat), ¢
tufted. [< L comat{us)

a companion. [co- - MaTE!]
1. Bor having a coma. 2. bairy;

| ogm vigor-

r. —-p.i. 2. to fight; contend: fo comba! with crippiing

5. —n. 8. a controversy, or fight between two ideals,

men, ete. 4. Mil. active fighting between enemy forces.

[< MTF comballire) < VL *combattere = L com- cose + bal-

fuere to strike, beat] —Syn. 1, 2. struggle, contesi. 3. con-
tention. battle. See fight.

com-bat-ant {L.A:In b:ﬂ.’;nb. Etc-r%?_b% &amﬁgf—},fﬁh .;l a
‘person or group that lights, -—adi. 2. co: ng; ting:
the combaiant armies, 3. d.isyoszed to combat, [iate M%

b 1t < MF combatant, See CoMBAT, ~ANT]

com/bat boot’/, a heavy leather shoe having a buckled
extension above the ankle and & sole and heel of hard rubber.

com/bat fatigue/, See battle fatiguve.

Com/bat In/fantryman Badge/, a-U.S. military
badge awarded to an infaperyman in tion of satis-
fag rformance of duty in ground comdat.

com-bat-ive (kom bat/iv, kom/be tiv, kum/-), adj. ready
or inclined to flght; pugnacicus. -—com-bat/ive-ly, adn
—gom-bat/ive-ness, m.

combe (kfom, kim). n. Bril. & narrow valley or deep
hollow, esp. one cnciosed on =il hut one side. Also, comb,
coomb, coombe. [QFE cumb wvalley < Celt; of Gaulish
cumbg, Welsh cwm valley]

combed’ varn/, cotton or worsted yarn of fibers laid
parallel, superior in smootihness 10 cal Eﬂ.

comb-er (ki‘msr). n. 1. a person or thing that combs.

2. a long. curling wave.

com-bi-na-tion (kom/ba nisshan), n. 1. the act of com-
bining. 2.thestate of being combined. 3. anumber of things
combined: o combination of ideas. 4. something formed by
combining: 4 chord is o compingtion of nofes. B. an alllance
of persons or partigs. 6, the set or serles of numbers or
letters used in setting the my m of a combination lock.
7. the parts of the mechanism operated by this. 8, Math.
a. the arrangement of & nimber of individuals into various

roups, as a, b, and ¢ into ob. ag, and be. b. & group thus
ormed, [< LL com¥ingiidn- (5. of combIndtis) =~ combi-
ndt(us) combined {see commiN®, -aTE!) + -i0n- -r0x]
com/bi-na/tion-al, edi.
ym. 1. association, unioz, coalescence, 8. mixture,
amualgamation, am. COMBINATION, COMPOSITE, COM-
pouND all mean a union of individual parts, COMBINATION
implies a grouping that is close but that may easily be
dissplved. A comrposrre is a stronger on, in which the

parts have me sebordinate to a uniti')',_Coumu.\'n implies
@ morg or less complete m'gintg of individual parts into an
organic whole. 5. association, federation, coalition; bloc,
combina’ilon last/, a shoe last that has a narrower
heel or instep than the standard last.
combina/tion lock/, a lock opened by turning one or
more dials & given number of times through a particular set
of positions in a preseribed order and direction.
com-bi-na-tive (kom/bas ni/tiv, kem bi/no-}, adi. 1. tend-
ing or serving to combine. 2. of, pertalning o, oF resulting
from combination.
com-bi-na-to-ri-al (kom bi‘ne tar/8 al, -t0c/-), adj, Alath.
of or pertaining to eombination, or the modes. propercies,
etc., of combinstd Algo, com-bi/na-to’ry,
combinatosrial anal/ysis, Math. the branch of
mazthematics that deals with permutations and combinations.
¢5p. nsed in statistics and probability. z
com-bine {r. kam bin/; n. kom/bin), r., -bined, -bin-ing,
%, —fl 1. 0 bﬁng{ or join into a close union or whols;
unite; te; coalesce: She combined the ingrodienis o
make the dough. —r.i 2. to unite; coalesce: The clay com-
bined with (he water to jorm g milky suspengion. 3, w unie
for a common purpose; join forces: Afier the hiwo armies had
combined, (hey proved invincible. 4. To enter intc chemical
n. —t. G. & combination. €. U.S. Informal. & combina-
tion of persons or groups for the f = ol their political,
i her interests. 7. a machine for cuttin
and threshing graln in the fleld. [late ME eombynyn < Ll
combindre = com- coM- + bin- (5. of binitwo by two) + -0-
+. suffix + -r¢ inf, ending] --eom-bin/a-bil/i-ty, n. —com-
binsa-ble, adj, —com-binfer, n. =~-Syn. 1. compound,
amalgamate, 6. merger, alignment, bloc. —Ant. 1, 2.
Separate. . ;
comb-ings (k5 mifigz}, n.pl. hairs removed with a combor

2 y
combin/ing form/, Gram. a linguistic form used only in
compound words, mever independently, as hemato- in

hematology.
combin/ing weight/, Chem the atomic weight of an

atom or radical divided By its valence,
ecomb/ jel/ly (kim), ctenophore.

agl, Bble, dare, art; ebb, Squel; if, ice; hot, Guver, Ordery oil; DOUK; -O0ze; out;
in bution (butMp), fire ({i9r), S@

#ifig; shoey thin; #har; zh 8s in measure; 9 as

%ﬂmz t:%;vig{‘:

up, Orge; ¢ = a as in glone
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commodity exchange

Obs a uantity of goods. [late ME commodile < MF < L

(a1~ {5, of commoditds). See COMMODE, -ITY]

mmod’ity exchange/, an exchange for the buying
of commodities (5u<.h as buiter, coffee, sugarn,

1. U.S. Nary, (not
ank Delow

aw.l
and grains) for future delive
uom-mo-dore (kom/a darf -dﬁrf) n.
used in time} a grade of flag officer nexs in T
a rear iral. 2. Brit. Nary. an offlcer In temporary com~
mand o{ a squadron, sometimes over 2 caplain on the same
ship. 3. {in the U.8, Navy and Merchant Marine) the

senjor when two or more ships are crmsu in come-
pany or the offfcer in command of a convey. 4. senfor
cap nr a Hne of merchant vessels. 5. the p'wdan.

of & yacht club or boa.t club, [Tar af commandore =
coxaaND -+ -ore; unexplained var. of -or®}
Com-mo-dus (kom’s das), 7. Lucius Aeldius Am-elms
(‘"Ic as}, A.p. 161-192, Roman emperor 150-192; son and
co ):m‘m. ?L,“m;mg A‘rgeh%s bet H; hared
I~ com/al), @ . belonging equally to or sk
alike by two or more or all in question: common Droperty;
common interests. 2. pertaining or belonging equal \:0 an
entire. unity, nation, or eulture; publie: &
lenguage. 3. joint; united: ¢ common defense. vs.-smatya

nnfm’ora.b'iy known; mturmus a commm thief. B. wide-
spread; of [requent occur
TEDCe; usual familiar: @ cammon ;:::smke. 7. hackneved;
trite. 8. of mediocre or inferfor quality: mean; low: a
mg.wexwmd suit of the most common fabric. 9. mmé ar

vulgar: common mdnners, 10, having no
distinction, etc.; ordinary: o common soldier, i1, Anat,
forming or formed by two or rmore '{).zrss r branches: the
common carotid arteries. 12. Pros. (o s'y‘lahie} akls to be
considered as elther long or short, 13. Gram, a. not belong-
mg to an inflectional paradigm; fulfilling different mxzcﬁms

in some languages mqmm dxzﬂmarn mf%ecwd

!...&
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commotion

system of courts, as distinet from equity, admiraley, ete. [ME
commune lawel
com»mon—iaiv thom/an 187}, adi.
established by common law.
com/mon-law marfriage, a marriage without o elvil
m' coclesiastical TRArTIEe CETEINONY, gerwmus resulting from
acoupie's living wgmhwr as man and wife for a spect timie.
COm/mon 1 g/arithm, Moth, a logarithm having 10 as

of, pertaining to, or

the base, natural |
com-mon 13? r!-.om’an 17, 1. in a commen
2. usuaily; generally; or 1ly L'\IE commitelich]
com/mon man/, a man who is not distinguished By birth,
station, edugation, or \:he 1ﬂte the average man
Com/mon Mar/ket Official name, Euwropean Eco-
nomic Community. all economic assuciation meiishzﬁ in
1953‘ originally composed of Be France, Italy, Lux-
mbourg, the Netherlands, and West Germany, crealed
c:}m:l}‘ £o abolish barriers to [ree trade among member na-
tions and ao mio t common huport dutics oz goods from
3. (somelimes L.c.} any economic association
for a similar purpoese.
com/morn meas/ure, 1. See common time. 2. Also
called hymnal stanze. Pros. @ ballad stanva Of four jambic
lings and strict vhymes, often used in hymaos, rhyming a

or abab.
eowman mulstiple, Aath o oomberthatisa multrpia
of sll the numbers of a given set.
coOm/mon noun/, Grom. a pous thet dencles a class or
any member of o class of oniities snd Dot an individnal, 2
man, city, horse. Cf. proper noun.
cmzz/mon peo’ple; those r:u.nplc who do not belong to
the aristocracy or who lack social distincmmz- the masses
com-mon-place (kom/an plis’. ordinary; un-
distinguished or uuinwresring 2. pi’m_zmiirms or dull
-l 3. & ‘wellipown, Customary, or ohvious remark; a

ir.hm.

me

friteor ting saying. 4.2 ynyThing common, ordinary,

Engiish TOUNS d4re in the commaon ¢ose

ohject. b, constituting a gender comprisin mﬂﬂx that
wem formerly masculine or feminine: TOURE are
either common or neuter. ¢, noting a *-\.orcl that may refer
14, Moth. bearing a similar
relation to Lwo or more cntities, w-n. 15, Often, commons.
2 tract or land owned or used jointly by the {'g:mbcrs ag

commuoity, usually a pasture or a pe £
right or liberty, in common with other rsons- to teke profit
from the I or waters of anot &, t

or npinieresting.. 5. Archaic. a place or passage In a book or
writing noted as impartant for réference or guotatinn. {trans.
of L locus commiinis, itself trans, of GR Roinds #ipos] —com/-
mon-place’ness, 1.
we@yn. 2. COMMONPLACE, TANAL, H.»LLK'\KW:K),
‘xxPED, TRITE describe words, remarks, and styles of
=ipn that sre lifeless and uninteresting. Coeoxelace char-
acterizes ﬂmughl:- that is dull, ordinary, and p}anturlmous'
is mawar that see

STEREQ-
CXPUIres-

cormmonalty; tha nonruling class, b. t}.w ‘body af %”0&

of noble birth or not eonobled, as represented in England
by the House of Commons. e. (cap.) the representatives of
this bod}. d. (cap] the House of Commons. e. 2 lar
viﬁ . al a university ur college. €. Hri fdod
provided in such a dining room.” g. food or provislons for
any group. 18. (sometimes cap.) Eecles. m. an office or form
of servy cular kind. b. the

rvice used on u festival of a parti
ordinary of the Mass, esp. those parts sang by the ehcar
. Obs. m. the cammu.mt'y or public. b. the common peo
20, in common, in joint possession or use; shared eq
[ME comun < OF < L. commun{is £OM- COM- - mum,s
servigeable, ﬁ'l}h‘glng,. akin to MzaAN?] —com/mnn‘ness .
—S8yn. 5. universal, prevajent, popular. See general, 6. cus-
tomary, sveryday., 10. ComMMON, VULGAR, OMBINARY Tefer,
often with derogatory connotations of cheapness or inferior-
ity, to what is usual or most olten experienced. Commox ap-
plies to what is accostomed, usually experienced, or Inferlor,
to the opposite of what is exclusive or aristocratic: She i3 o
COMMMON PETSOn. VULGAR properly means belonging to the peo-
ple, or char&cteristir: of common ; It connotes low
taste, coarseness, or il : the vulgar view of things; sul-
gur in manners end speech. Omn\_mr means what is to be
cted in the mag order o ; or only average, or
be ow averzge: That is & ?zig?; price for mmemmg of suai:h or-

dinary quejity, =--Ant. 1. individual, private, persopal. 6.
unusual, sur:m%

com-mon-a-b {kom’ambal}. adi. 1. held jolntly; for
general use; public: commonable

iarids. 2. allowed to be
pastured ob corpmon land: wmmomlbie cottle,
com-mon-age {Lnfmfa nijh, m. 1. the joint use of anything,
esp. a, Dasture. 2. the right to such use, 3. the state or
being held in common. 4. something that is so held, as land,

5. the commonalty,

com-mon-al- t}“ {kom/s BPL1E), mn., Pl -txes. 1. .-Llso
com-mon.ali.ty (kom/s nal/i 18). the ordinary o
people. 2. an Incorporated body or its membors [late ME

< MF comunaiie {(see COMMUNAL, -TY ¥; v, ME communaute <

aonifmon car/rier, aun individual or company, as a
railroad or steamship line, engaged in transporting passengers
or cargo or boih for ‘paymem Also called carrier.

com/mon ¢old/, cold (def. 15).

com/mon cmmf{:il, the local legislative body of a
municipal go

com/mon denomfinator, 1. Meath. o number that Is a
multiple of all the denominators of a set of fructions. 2. &
trait, characteristic, belief, or the like, common to or shuad

¥ all membcrs 01’ a r R/.f -
comi/ ath. a r that is a sub-
multiple of ail thﬁ numhers of a given set. A}.s& called com/-

mon fac’tor.
com-mon-er (kom/» nor}, n, 1. member of the common-
alty. 2. Brif. . s person without a title of nobility. b. a
momber of the House of Commons. e, {at Oxford s.mi s
other universities) a student who d1, g for bis cornmons

other expezses and s not supported by sny s;,hﬂ’_xrshlp or
{mﬁa& [‘ﬁ% 3. a person who has a jolnt right in commmon
an

er]

Com/mon E’ra‘ See Christian Eva.
com/mon frac/tion, _Arith. & {raction reprosenied as a
numerstor above and a denominstor below a norm?ai or
Cf, decimal fraction.
aw’, 1. the system of law originating

England, as distinet from the civil or Roman law and Lhe
canon or ecclesiastical law. 2. the unwritten law, esp. of

inaze, {ns:pxd and pointless: ¢ hemey-handed ond baml
a}' irmation af the ohrious. Ihﬁ.\x\mz) characterizes r.hau
ch SEEMS stalc and worn out through overuse: @
507, STEREQTYIED m')Mm the fact tlmb
s.rtuz%ions feH. to be similar invariably call for the same
« thonght in exactly the same form and the sdme words: s0
stereotyped as fo seem gutomazic, FriTe describes that which
was originally steiking and apt, but which has become 50
well known and been so comaonly used that all interest has
been worn out of it: true 5uf trite. 3. cliché, platitude.
com/monplace book’, a book in which noteworthy
quotations, poemns, comments, gie., are written,
m/mon pleass, 1. any of vurious courts of civil
jurisdiction in seversl U.5. states. 3. the chie! commeon-law
ourt of civil jurisdiction in En, now merged in the
g's Bench Division ur the n:g (.cmm
com/mon prayfex, mrcr ror reciting by a group of
worshipers. 2. {caps.} 3 ee Commaon Prayer.
com/mon pro‘p m? 3. mamny b(']onsmg Lo
mem.bers of a o 2.
as beloniing to the mm!jf_ in general “The personal
3. information

all
re-

garded

=ms~ af cslebrims bgcoma SOMIMOT Property.

hat is commonly known; common knowledge,

comfmou room’, Chiefiv Brit. (u institutions, es
schoals and co[m\g&s? a room or lounge for informal use by a

com/Imon 1/, L., a public school,
co n Sense’ mnd prs.rm-al judgment that is in-
dependent of slived k training, or the like;

speci]
normal naiive intellige 13«:&. trans of L sensus commiinis,
itself trans. of Gk koint gisthesis] —eom/mon-sen/si-cal,
com/mon-sen’5i-ble, adi
com/mon snipe’. See under snipe {def, 1),
com/mon stm}:x, stock that ordinarily has no preference

in the matter of dividends or assets and represents the re-
sidual w‘rmrstz;p of & corporate business.
com/mon time’, Afwsic. a meter consisting usually of

four quum‘ notes, or their ecuivalent. to the measure;
4/, time. Also called four-four tmo

COM-mOon.- ‘wsl thomsan waild). n. 1. the common welfare;

the ublie good. ‘2. Archeic. the body politle; & common-
th. [ME comen wele]

oommn “wrealth doomsan welth/), n 1. (eap.ja af

sovereign states and their dependencies associated their

rwn choiceand Bnked with common objectives and interests,

2, the Commonwealth. S¢o British Commonwealth of

Nations., 3. 4‘:-::94) 4 federation of former colonies, ¢sp. &5 o

dominion of the British Commonwealth: the Commariwealth
cf}‘ Amzmiw 4. (mp ) a gell-governing terrilory a:ssocint

he U.5.: designation of Puerto Rico. (cap.y

Frg‘ Ft.s' ttte E'.n sh government from the ahndnun of the

in 1649 noti the establishrment of the srorate

g s».s mmeﬂmes e’xtemied to include the restworation of

. (cap.) ths official designation {rather

; Z;e”) of Kcuti.cky. Mussachuserts, Penmsyivanis.

1 any group of persons onited by some

cmumon m&eml‘ 8. the people of 2 nation or stite; the

hody politic. 9. a state in which the supreme power Is held

by the people, 10. Obs. the public welfare, [late ME

May 24, the anniversary -of

the
Com/monwealth Day/,
n Victoria's birth, obferved in some countrics.of the
,mb Commaonwealth of Nations. Pormerly, Empire Day.
wealth of Nastions. See British Com-
monwealth of Nations.
com/mon year’/, an ondinary vear of 365 days; a year
haﬂn,gmm.temlar} period. GL iap
com-mo-tion (ke md

Eu.gizmd. h&wdon custom m-cmu‘ n, 85 dissinet from hom}, m. 1. vﬁoiam ar. tumultucus
3, tho 1 law admimistered through the  motlom wtat:on noisﬁy" :.:s.turba:w». 2. political or social
act, abie, d&re. fire; eb!: Bqual; if, ice; hot, Guer, Grder; out; up, = g as in olome; @M,’.'

sm'g:s_}m

thin; #hot; gh as n measure; @ as in

{bu;;ﬂ'n}. !m? l’.far} Stﬁ‘Gﬁ.i Zﬁ%?gesfw”w

000232



EXHIBIT 9

000233



Webster’s
Collegiate
Thesaurus

A =3 > _--1_‘Q

. ®
A Mevam-Websler
Merriam-Webster Inc., Publishers
Springfield, Massachusetts, U.S.A.

000234

CQG014202196

T U L e T e A




A GENUINE MERRIAM-WEBSTER

The name Webster alone is no guarantee of excellence. It is used
by a number of publishers and may serve mainly to mislead an
unwary buyer.

A Merriam-Webster®is the registered trademark you should look
for when you consider the purchase of dictionaries or other fine
reference books. It carries the reputation of a company that has
been publishing since 1831 and is your assurance of quality and
authority.

Copyright © 1988 by Merriam-Webster Inc.
Philippines Copyright 1988 by Merriam-Webster Inc.
Library of Congress Cataloging-in-Publication Data

Webster's collegiate thesaurus.
p- cm.
ISBN 0-87779-069-8 (indexed). ISBN 0-87779-070-1 (deluxe)
1. English language—Synonyms and antonyms. I. Merriam-Webster,
Inc.
PE1591.W38 1088 88-13218
423'.1—dcl9

Webster’s Collegiate Thesaurus principal copyright 1976

Collegiate is a registered trademark of Merriam-Webster Inc.

All rights reserved. No part of this work covered by the copyrights hereon
may be reproduced or copied in any form or by any means—graphic,
electronic, or mechanical, including photocopying, recording, taping, or
information storage and retrieval systems—without written permission of
the publisher.

Made in the United States of America

24252627RMcN908988

000235 CQG014202196-001




oM 1, critique, notice, review, reviewal
@= REMARK 2, animadvert, commentate, ob-

=ucidate, explain, explicate, expound; anno-

= s¥m REMARK 2, comment, note, obiter dic-
ET

sy REMARK 2, animadvert, comment, ob-

1 sym CONTACT 2, communication, commu-
munication, intercourse

characterized by mutual exchange (as of
who feel that art should have no commerce
>

wom, dealings, intercourse, traffic, truck
sc=tion, congress, contact, exchange, inter-
se==communication; basis, common ground, take-

WNESS 4, industry, trade, traffic
COMMUNIST, Bolshevik, |Bolshie, comrade,

= s¥m CURSE 1, anathema, imprecation, male-
ssm MIX 1, comingle, commix, compound,
ix, intermingle, intermix, merge, mingle
=nify

s¥m PULVERIZE 1, bray, buck, contnturate,
=r. triturate

adj syn PITIFUL 1, pathetic, piteous, pitiable,

% syn COMPASSIONATE, ache, feel (for), pity,

= synm PITY, compassion, rue, ruth, sympa-
1 syn AUTHORIZE 1, accredit, empower,

ZS=signate, name, nominate; bid, charge, com-

mstruct, order

=ATE, depute, deputize

%= assign (as to a person) especially for use or
<&t is unwise to commit all power and author-
man) (sainted beings who commit their spirits

confide, consign, entrust, hand over, rele-
=liot, assign, destine, ordain; move, remove,
wi= deliver, give, offer, submit; delegate, depu-

“=¢o the charge (or hands) of
mmsible for or guilty of (an offense or wrong-
=if a crime >
. pull
achieve, do, effectuate, execute, perform,
§ =mer=vene, transgress, trespass, violate; offend,
=
= syn OBLIGATION 2, charge, committal, de-
m==st. need, ought, |right
= OBLIGATION 2, charge, commitment, de-
mmest. need, ought, |right
o= MIX 1, admix, commingle, compound, im-
g, intermix, meld, merge, mingle
= syo MIXTURE, admixture, composite, com-
immixture, interfusion, intermixture, mix,

common 141

commodious adj syn SPACIOUS, ample, capacious, roomy,
wide
con cramped, narrow, strait
ant incommodious
commodities n p/ syn MERCHANDISE, goods, line, ven-
dible(s), wares
rel articles, items, things
common adj 1 generally shared in or participated in by
members of a community <our common civic respon-
sibilities >
syn communal, conjoint, ccn_]unct. intermutual, joint, mu-
tual, public, shared
rel general, generic, universal; like, reciprocal, similar; cor-
porate
con personal, private, restricted
ant individual
2 sym GENERAL 2, generic, universal
rel popular, public
3 syn IMPURE 3, defiled, desecrated, polluted, profaned,
unclean
4 taking place often <a common occurrence >
syn customary, everyday, familiar, frequent
rel repetitious, routine, usual
con infrequent, occasional, unfrequent; casual, chance, in-
cidental
ant rare, uncommon
5 syn GENERAL, commonplace, matter-of-course, natural,
normal, prevalent, regular, typic, typical, usual
6 conforming to a type without noteworthy excellences or
faults <just a common everyday sort trying to get by in
life>
syn commonplace, ordinary, prosaic, uneventful, unexcep-
tional, unnoteworthy
rel down-to-earth, matter-of-fact, prosy, unexciting; dull,
flat, trite, stale, uninteresting
con exceptional, noteworthy, remarkable; excellent, mar-
velous, prodigious, wonderful; aberrant, divergent, eccen-
tric
ant extraordinary
7 syn DECENT 4, adequate, all right, good, satisfactory,
sufficient, tolerable, unexceptionable, unexceptional, unim-
peachable
8 syn CHEAP 2, mean, |ornery, paltry, poor, rubbishy,
shoddy, sleazy, tatty, trashy
9 sym INFERIOR 2, déclassé, hack, luw-grade, mean, poor,
second-class, second-drawer, second-rate
|10 sym EASYGOING 3, breezy, casual, informal, low-pres-
sure, relaxed, ||sonsy, unconstrained, unfussy, unreserved
common n 1 commons pl but sing or pl in constr syn COM-
MONALTY, commonage, COMIMONErS, COMIMON men, Peo-
ple, plebeians, plebs, populace, rank and file, third estate
2 an often improved and ornamentally planted open space
for public use in a built-up area <«in summer a band
played on the village common >
syn green, plaza, square

rel related word(s)

idiom idiomatic equivalent(s) con contrasted word(s)

ant antonym(s) * vulgar

|| use limited; if in doubt, see a dictionary

The first word in a synonym list when printed in SMALL
CAPITALS shows where there is more information about the
group. For a more efficient use of this book see Explanatory
Notes.
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We also need the power through the 3-02 resistor. Since we know
its voltage v,

=

i the total voliage v after

Note that we found v by superposition and then use
superposition of voliage components to compute the power. 1

through the resistor in the component problems separately and tried to superpose them,
this would have given us a different and erroneous result. since the sum of component
POWErS,
s!‘}:'{’? o

and current do.

s noi the same as the power due 10 the sum of components,

Even in linear circuits, power does not superpose; only voliage

25

the
Use ¥ N A P T S TN AR N 0 M T Iy g *
S0 EXERCISES
1in _ e
¥ 4 e - - . . . —
{a) : ! 4.2.1.  Solve Exercise 4.1.1 using superposition.
=4 (3 o e i = o ;
f/,:" ‘ 4.2.2. Find v and ¢; by superposition. Check by Thevenin-Norton trans-
FEY formations. y Lk
) iV =5
= . 3
]. 4.2.3. Replace the 8 V by 44; in Exercise 4.2.2, converting an indepen-
R dent source o a dependent source. Find v /1 by superposition.
Angsier 8 Vi —1 A
EXERCISE 4.2.2
it _ R e e e e e W e e i =
1wch "

4.3 NODAL ANALYSIS |

In this section we develop a general method of circuit analysis in which voltages are the
unknowns to be found. A convenient choice of voltages for many networks is the set of
node voltages. Since a voltage is defined as existing between two nodes, it is convenient
to select one node in the network to be a reference node and then associate a voltage at
each of the other nodes. The voltage of each of the nonreference nodes with respect 1o the
reference node is defined to be a node voltage. Tt is common practice o select reference
directions for these voltages so that the plus ends are all at the nonreference nodes and
the minus ends all at the reference node. For a circuit containing N nodes, there will be
N - 1 nonreference nodes and thus N — | node voltages. Nodal analvsis is a method in
which we will break the circuit. that is. solve for a key set of circuit variables, by finding
the node voltages themselves. Any other current or voliage will follow easily once
A i cireuit is broken.

The reference node is often chosen to be the node to which the largest number of
branches are connected. Many practical circuits are built on a metallic base or chassis,
and usually a number of elements are connecled to the chassis, which becomes a logical
choice for the reference node. In many cases, such as in electric power systems, the
chassis is shorted to the earth itself, becoming part of a single chassis—earth node. For
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FIGURE 4.8 Reference
and nonreference nodes.,

this reason, the reference node is frequently referred 1o as ground or the ground node.

“The reference node is thus at grourk! potential or zero potential, and each other node may

be considered to be at some potential above or below zero specified by the value of its

node voltage.

The equations of nodal analysis are obtained by applying KCL at the nodes. Recall
that each termn in & KCL equation is an element current. For a resistor, this current is
proportional to its voliage. This voltage. like any element voltage, is equal 1o a node
voltage (if one end of the element is tied to the reference node) or the difference of two
node voltages (if both ends are tied to nonreference nodes). For exumple, in Fig. 4.8 the
reference node is node 3 with zero or ground potential. The symbol shown attached to
node 3 is the standard symbol for ground, as noted in Chapter 3. The nonreference nodes
1 and 2 have node voltages v; and vo. Thus the clement voltage vz with the polarity
shown is

p ==ty — 82

The other element voltages shown are

Vs = W — {(} = vy

These equations may be established by applying KVL around the loops (real or imagined).
Cvidently. if we know all the node voltages, we may find all the element voltages and
thence all the e¢lement currents.

The application of KCL at a node, expressing each unknown current in terms of the
node voltages, results in a node equarion. Clearly, simplification in writing the resulting
equations is possible when the reference node 18 chosen to be a node with a large number
of elements connected to it. As we shall see, however, this is not the only criterion
for selecting the reference node, although it is frequently the gverriding one. Since we
are going to apply KCL systematically at circuit nodes, the most straightforward case to
consider is that of circuits whose ouly sources are independent current sources. We begin
wilh examples of this type.

In the network shown in Fig. 4.9(a). there are three nodes, dashed and numbered
as shown. [This may be casier to see in the redrawn version of Fig, 4.9(b).] Since there
are four elements connected to node 3. we select it as the reference node, identifying it
By the ground symbol shows,

FIGURE 4.9  Circuit containing independent current sources,
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Before writing the node equations, consider the element shown in Fig. 4.10, where
v; and v, are node voltages. The element voltage v is given by

and thus by Ohm’s law we have

FIGURE 4.10
element.
L where G = 1/R is the conductance. That is. the current from node I to node 2 through
a resistor is the difference of the node voltage at node ] and the node voltage ai node 2
divided by the resistance R. or muliiplied by the conductance ;. This relation will aliow
us to write the node equations rapidly by inspection directly i terms of the node voltages.
Now returning to the circuit of Fig. 4.9, the sum of the currents leaving node |
must be zero, or

or i= Gy — )

i "J"IZ“““;{,E w0

In terms of the node voltages. this equation becomes

- 0

Gy + Galvy — vp) — gy
We could have obtained this equation directly using the procedure of the preceding
paragraph. Applying KCL at node 2 in a similar manner. we obtain

—in iy i =

or Galta =ty + G b ipz =0

Instead of summing currents leaving the node to zero, we ~ould have used the form
. of KCL that equates the sum of currents leaving the nade to the sum of currents entering
. the node. Had we done so, the terms i,y and i,» would have appeared on the right-hand

to ' side:

vy + Galyy — ) = f_.;]

. Galwm- v+ Gavy = =iy

Rearranging these two equations results in

it . 3
{Gi e G;:}'i‘; -~ (J:‘l'g = lgy

....A(;_Ei;‘i + (Ga + G!}”: s e f on (<4 8y

These equations exhibit a symmetry that may be used to write the equations in
the rearranged form (4.8) directly by inspection of the circuit diagram. In (4.8a) the
. coefficient of vy is the sum of conductances of the elements connected to node 1, while
b i the coefficient of vs is the negative of the conductance of the clement connecting node |
to node 2. The same statement holds for (4.8b} if the numbers | and 2 are interchanged,
Thus node 2 plays the role in (4.8b) of node 1 in (4.8a). That is, it is the node at which
' KCL is applied. In each equation the right-hand side is the current from the current
sources that enters the corresponding node.

In general, in networks containing onty conductances and curreni SOuUrces, KCL
applied at the kth node. with node voltage v, may be written as follows. On the left
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Example 4.6

130

side of the node k equation, the coefficient of the kih-node voitage is the swmn of ihe
conductances connected to node k, and the coefficients of the other node voltages are the
negatives of the conductances between those nodes and node k. The right side of this
equation consists of the net current flowing into node k due to currenl sources.

This predictable pattern makes it easy to write down the node equations. Note that
the signs, positive on the left-hand side for ue terms and negative [or other node voltage
terms. and positive on the right-hand side for curent sources flowing into node k, are
4 conseguence of the form of KCL chosen. While other forms could be used quite as
correctly, we advocate sticking o the form recommended, with the payolT that the terms

will always fall in this patiern. It helps to make the patlern of signs fixed and predictable.
so we can focus our atiention on the larger issues when analyzing a circuit.

Nodal analysis consists in writing KCL node equaiions described above at all non-
reference nodes in the cirendf. This yields N — | linear equations in a similar number of
unkniowns (the node voltages). As discussed in Appendix C, these equations are linearly
independent and thus are guaranieed (0 possess a unique solution. The node voltages
may be found by a variety of means, including Gauss elimination, Cramer’s rule, and
mairix inversion,

Consider the cireuit of Fig. 4.11, The botom node has been selected
as the reference node since so many elements connect t it. The
resistors are labeled according to their conductances.

= omeeas =
1 P
= _"
152 1$ ?\f
g _,‘r_.-__ T R e e E.

reuit for Example 4.6,

Since there are three nonreference nodes, there will be three
equations in three unknown node voltages. At node v;, we nole
that the sum of conductances 1s == 4, the negaiive of the
conductance connecting node v; to node vy is — 1, and the net source
current entering node 1 is 7— 5 = 2. Thus the first node equation 1s

"UI —v«—:"‘ (4.9

Similarly, at nodes vz and vs. we have
1y 4 bz — 203 = § (H10a
—2yy 4 Tug =17 5 10D}

We may solve (4.9) and (4.10) for the node voltages using
any one of a variety of methods for solving simultaneous equa-
tions. Three such methods are matrix inversion, Cramer’s rule, and
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he Gaussian elimination. For the reader who is not familiar with these
he methods, a discussion is given in Appendix A. Selecting Cramer’s
s rule. first find the determinant of the coefficient matrix, given by
! o4 =t 0}
= A=lwl 6 ~2]=145 (.11
ol L 3 -2 71
a8 . To determine vy, we replace the first colummn of the coefficient
s trix by the vector of constants on the right-hand side of (4.9)-{4.10).
le compute its determinant, and divide by the determinant of the coel-
fictent matrix already found.
Ti- F 2 {
of . i
1y |
‘S 8 .
o , vy is found by replacing the second and vy the third column of the
] coefticient matrix and calculating as above, yielding vy = 2 V and
ol . 4 "1’ v'
i Now that we have broken the circuit by finding the node voli-
o ages, we may easily find any other voltage or current. For exampl,
if we want the current ¢ in the 2-8 element, it is given by
fue 2vy — ) = 22 =3) = -2 A
Note that the coefficient matrix shown in (4.11) is symmetric [the (7, /) and (j, /)
A elements are equal]. This follows from the fact that the conductance between nodes
{ and j is that between nodes f and i Symmetry further simplifies writing the node
equations. While symmetry will hold as a general rule for all circuits not containing
dependent sources, symmeltry of the coefficient matrix cannot be counted on in that case,
as we shall see in the next example.

Exampie 4.7 Consider the L‘i.rcuil ;.a_i‘ Fig, 4[2 which contains cftepcndcm uirent
ap ! sources. We will hegin by writing the node equations exactly as if
e the sources were independent. At node 1.
® (v + (D) + @)vy =) =5 = i
;Z and at node 2,

Liwy) = (2)(vm -1y} = 50 + 20

We next express the controlling variables for the dependent souices.
i and v in these equations, in terms of the node voltages. By Ohun =

faw,

R )

and by inspection
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Substituting the last two equations into the preceding two,
(D) + D) + Q) —v2) =5~ 5
L) + Qv — v) = S + 2w — va)

These two equations in [wo unknowns can be solved by Cramer’s
rule, maurix inversion, or Gauss elimination. as desired. Selecting
natrix inversion, we first rewrite as

G e

The determinant of the coefficient matrix is (9) {L‘} — (=9)(~2) =
4572 and the inverse is

4 8 a7l T
<) { 'HJ |3 #
4519 9 :
Then
vq_ | O[5 :[ﬂ
va | - i % RS 3 Zl

FIGURE 4.12 Circuit containing dependent sources.

From Bxample 4.7 we see that the presence of dependent sources destroys the
symmetry in the coefficient matrix [see (4.12)] and that in such circuits the elements
of this matrix may no longer simply be interpreted as sums of conductances, since the
dependent sources also contribute. On the other hand, the presence of dependent sources

has not significantly complicated nodal analysis, requiring only an additional substitution
step, replacing controlling variables by node voltages.
A AR o TN S TR e T T -
431, Tuke all resistors in Fig. 4.9 to be | © and both current source

functions to be 1 A. Using nodal analysis, find the node voitages and the

three fabeled currents.
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Answer my =1 Vi =1V A =2Ah=—1A

4.3.2. Using nodal analysis, find vy, v, and 1.
Ansiver 4V 36 VI 4 A
4.3.3.  Write the nodal equations directly in vector-matrix form. Do nof
ner's solve.
sting Answer
[ ) 5§ 2 o 0
/}_\ i 6 G =l
b ( T Yas  Sag pes® |- 1 G 4 =l
N 0 -1 -1 6
Sy g 0 <2 § i
5 . La -
(I-"'"H—-— ..... m— i‘t\{\ ,,--*--'—'--—-—-____’ s
EXERCISE 4.3.2 S W— o S=n =y
"g‘:'“ 28w /)‘N\{w: 230
= 2 Vsl 10 ;
N, Uy }V\’\{ / A T f\\,ﬁ\,r’\‘, 7 v\-\gl"_‘_i 3
i i - I
3a(1) \ el ) i )w
8 AN B \
T G - b
Lo L ‘/;T,\ G S
L <o I gt o |
o . . i =
L A TR
EXERCISE 4.3.3
44 CIRCUITS CONTAINING VOLTAGE SOURCES
At first glance it may seem that the presence of voltage sources in a circuit complicates
nodal analysis. We can no longer write the KCL node equations. since there is no way
to express the currents through these circuit elements in terms of their node voltages. As
discussed in Chapter 2, the element law for a voltage source does not relate its current
s the o to its voltage, so we cannot use it to replace a current unknown by a voltage unknown
Lans & | in the node equation.
¢ the However, as we shall see, nodal analysis in the presence of voltage sources proves
Misss no more complicated, requiring only a small modification to the basic method for writing
wuge the equations of nodal analysis presented in Section 4.3. In fact. we will come to welcome
voltage sources, since they reduce the number of simultaneous node equations that must
be solved, yielding one less equation per voltage source.

%Example 4.8 To illustrate the procedure, let us consider the circuit of Fig. 4.13.
3 : For convenience we have labeled the resistors by their conductances.
Note that we have enclosed voltage sources in separate regions indi-
cated by dashed lines. Recalling that the generalized form of KCL
states that all currents entering a closed region must sum 10 2ero

ul the
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Exercise

ctween OV

The basic building blocks of digital systems are fogic elrouits and memory circuits. We

shall study both in this book, beginning in Section 1.7 with the most fundamental digital
circuit, the digital logic inverer.

One final remark: Although the digital processing of signals is at present all-pervasive.

Indeed, many clectronic systems include both analog and digital parts. It follows that a good
electronics engincer must be proficient in the design of both analog and digital circoits,
Such is the aim of this book.

1.4 Consider 4 4-bit digital word D = bibzbh by (see Eg. 1.3} used to represent an analog signal uy that varics
Y

and +15 V.

{a) Give D comesponding to gy = 0V, 1 V.2V, and [5V,

(h) What change in 1y causes @ change from (0 to 1in: 413 by, (0 by, Gils ba, and (v ba!

3.2V, what do vou expect D to be? What is the resulting error in representanion?

Ans. iay 000C, 0001, 0016, 1111 (b)) +1 VL +2V, 44V, +8V; (¢} G101, 4%

1.4 AMPLIFIERS

In this section, we shall introduce a fundamental signal-processing funciion that is employed

18

in some form in almost every electronic system, namely, signal amplification.

Signal Amplification
From a conceptual point of view the simplest signal-processing task 18 that of signal am-
plification. The need for amplification arises because transducers provide signals that are
said to be “weak.)” that is, in the microvolt (V) or millivelt (mV) range and possessing
little energy. Such signals are too small for reliable processing. and processing is much
casier if the signal magnitude is made larger. The functional biock that accomplishes this
task is the signal amplifier.

it is appropriate al this peint to discuss the need for linearity in amplifiers. When
amplifying a signal, care must be exercised so that the information contained in the signal
is not changed and no new information is introduced. Thus when feeding the signal shown
in Fig. 1.2 to an amplifier, we want the output signal of the amplifier o be an exact replica
of that at the input, except of course for having larger magnitude. In other words, the
“wiggles” in the outpur waveform must be identical to those 1n the input waveform. Any
change in waveform is considered to be distortion and is obviously undesirable.

An amplifier that preserves the details of the signal wavelorm is characterized by the
relationship

1Y Al 14
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where w; and w, are the input and output signals, respectively. and A is a constant repre-
senting the magnitude of amplification. kaown as amplifier gain. Equation (1.4) is a lincar
refutionship; hence the amplifier it describes is a Hnear amplifier. [t should be easy w see
that if the relatiouship between v, and z; conains higher powers of v, then the waveform
of v, will no longer be identical to that of v,. The amplitier is then said to exhibit nonlinear
distortion.

The

nplifiers discussed so far are primarily intended to operate on very small input
signals, Thair purpose is o make the signal magnitude larger and therefore are thought of
as voltage amplifiers. The preamplifier in the home stereo system is an example of &
vollage amplifier. However. it usually doces more i?z:-.n just amplify the signal; specifically,
il performs some shaping of the frequency specirum of the input signal. This topic, however,
is beyor A.Z our need at this moment,

At this thne we wish to mention another type of amplifier, namely, the power araifﬂéfécr
Such an :13?:})%;{15'“ may provide only a modest amount of voltage gain but substantial curre
gain. Thus while absorbing little power from the input signal source to which itis cum‘-.ccead.
oiten a preamplifier, it delivers large amounts of power to its load. An example is found in
the pvm r amplifier of the home stereo system. whose purpese is to provide sufficient power
1o drive the loudspeaker. Here we should note that the loudspeaker is the output transducer

steren system: it converts the electric output signal of the systemn inte an acoustic
i, A further appreciation of the need for linearity ¢an be acquired by reflecting «
power amplifies. A linear power umplifier causes both soft and loud music passages o be

reproduced without distoition.

Amplifier Circuit symbol

The signal amplifier is obviously a two-port network, Iis function is conveniently repre-
sented by the circuit symbol of Fig. 1. in)m% This symbol clearly distinguishes the input and
putput ports and indicates the direction of sn»;n.;l flow. Thus, in subsequent diagrams it will
pot be pecessary 1o label the two perts “input”™ and “output.” For generality we have shown
the amplifier 1o have two input terminals that are distinet from the two output terminals. A
more common situation is illustrated in Fig. 1.10¢b). where a commeon terminal exists be-
tween the inpur and outpul ports of the amplifier. This commuoen terminal is used as &
reference point ead is called the cireunit ground.

Input Cuipat Input V CAITpat

{a) {

Big. 1,10 () Circuit symbol for amplifier. {b) An amplifier with a common terminal (ground)
berween the input and outpul posts,
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Voltage Gain

A linear amplifier accepts an input signal 1,() and provides at the ouput. across 4 load
istance R; (see Fig. 1.1#{a}), an output signal u,(f) that is & magnified replica of win,
The voltage gain of the amplificr is defined by

1
i

Voltage gain (4,

Fig. 1.11{b) shows the transfer characteristic of a linear amplifier. If we apply to the input
of this amplifier a sinusoidal voltage of amplitude V. we obtain at the output a sinusoid of
amplitude A,V

5 SR
{al (b}

Fig 171 (@) A voltage amplifier fed with a signal w(r) and connected to a load resistance
Ry {b) Transfer characteristic of a linear voltage amplifier with voltage gain A,

Power Gain and Current Gain

An amplifier increases the signal power, an important feature that di stinguishes an amplifier
from a transformer. In the case of a transformer, al-f,ou;, h{, voltage delivered to the load
could be greater than the voltage feeding the input side (the prit the power delivered
te the load (from the wansformer secondary) is less than or at most equal o the power
supplied by the signal source. On the other hand, an amplifier provides the load with power
greater than that obtained f:'om the signal source. That is. amplifiers bave power gain. The
power gain of the amplifier in n Fig. 1.1 Ha) is defined a

foud power {(£;)
Power gain (4,) = — : (1.6
input power (F)
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where i is the current that the amplifier delivers w the load (R,), ip = vg/Ry, and i is
the current the amplifier draws from the signal source. The current gain of the amphjm
is defined as
. o iy .
Current gain (4} = — (1.8)

trom Egs. (1.3} o {1.8) we note that

& (.9

Expressing Gain in Decibels

The amplifier gains defined above are ratios of similarly dimensioned quantities. Thus they
will be expressed either as dimensionless numbers or, for emphasis, as V/V for the voltuge
gain, A/A for the current gain, and W/W {or the power gain, Alternatively, for a number
of reascns, some of them historic, electronics engineers express amp;;ﬁer gain with a log-
arithmic measure, Specifically the voltage gain A, can be expressed as

Voltage gain in decibels = 20 loglA,) dB
and the current gain A; can be expressed as
Current gain in decibels = 20 logid,| dB

Since power is related 10 voltage {or current) squared, the power gain A, can be expressed
in decibels as follows:

Power gain in decibe

0log4, 4B

The ubsolute values of the voltage and current gains are used because in some cases
A, or A; mayv be negative numbers., A negative gain A, simply means thut there 1s a 180°
;hawc difference between input and output signals; it does not hmply that the amplifier
is altenuating fin, signal. On the other hand, an amplifier whose volisge gain is. say,
-2 dB is in fuct attenuating the input signal by a factor of 10 ghat is, A, = 0.1 V/V}

The Amplifier Power Supplies

Since the power delivered to the load is greater than the power drawn from the signal
source, the guestion arises as to the source of this additional power. The answer is found
by observing that amplifiers need dc power supplies for their operation. These de sources
supply the extra power delivered to the load as well as any power that might be dissipated
in the interpal circuit of the amplifier (such power is converted to heat). in Fig. L1la) we
have not explicitly shown these de sources.

Figure |.12(a) shows an amplifier that requires two dc sources: one positive ¢
¥, and one negative of value V. The amplifier hus two terminals. labeled V7 and V7, for
connection 1o the do supplies. For the amplifier to operate, the terminal labeled V7 has to
be connected 1o the positive side of a do source whose voltage is V. and whose negative
side is connected to the circuit ground. Also, the terminal labeled V7 has to be connected
to the negative side of a de source whose voltage is Va and whose positive side is connected
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< An amplifier that requires two do supplies (shown as bateries) for operation,

to the circuit ground. Now, if the current drawn from the positive supply is denoted £, and

that from the negative supply is b (see Fig. 1.12(a)), then the de power delivered to the
amplifier is

fae = Vi) + Wl
If the power dissipated in the amplifier circuit is denoted Fissiputeds the power-balance
squation for the amplifier can be written 25
Fde b By e By % P

sipatcd
where £ is the power drawn from the signal source, and £, is the power delivered Lo the
load. Since the power drawn from the signal source is usually small. the amplifier efficiency

is defined as

)

n ==L x 100 (LA
dc

The power efficiency is an important performance parameter for amplifiers that handle farge
amounts of power. Such amplifiers, called power amplifiers, are used. for example. as output
amplifiers of stereo systems.

In order to simplify circuit diagrams, we shall adopt the convention illustrated in Fig.
LLIZ(b). Here the V" terminal is shown connected to an arrowhead pointing upward and
the V™ terminal to an arrowhead pointin g downward. The corresponding voltage is indicated
next to each arrowhead, Note that in many cases we will not explicitly show the connections
of the amplifier w the dc power sources. Finally, we note that some amplifiers require only
one power supply.

EXAMPLE 1.1

Consider an amplifier operating from +10-V power supplies. It is fed with a sinusoidal
voltage having 1V peak and delivers a sinusoidal voltage output of 9V peak (0 a 1-k{)
load. The amplifier draws a current of 9.5 mA from each of its two power supplies. The
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P with 0.1 mA peak. Find the voltage
e power

input current of the amplifier i3 found to be sinusol
gain. the current gain, the power gain, the power drawn from the de supplies. t

dissipated in the ampli

ar
Aoy o 20 E()g G191 dB
- oV ]
{, = —— = GmA
[ kel
or
A; = 20 log 90 = 39.1 dB
P o= = L5 mW
iUi’ ..... "J’lm.\ ok
4 403 s1owrw
A e i -] & "
: 0.05
ar

A, = 10log 810 = 29.1 dB
Pioe= 10 X085+ 10X095= 190mW

P:lim-ig;ai:td i ‘Ziic =5 Pf PI_.
@ 190 + .08 — 405 = 145.6 mW

awer

i
G

» ahove example we observe that the amplifier converts some of the

m the power supplies to signal power that it delivers o the load.

it draws ¢

Amplifier Saturation
Practically speaking. the amplifier transfer characteristic remains linear over only a limited
range of input and output voltages. For an wnplifier operated from two power supplies the

output voltage cannot exceed o specified positive limit and cannot decrease below a specifiad
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negative {imit. The resulting transfer chuaracteristic is shown in Fig. 113, with the positive
and negative saturation levels denoted L, and respectively, Each of the two saturation
levels is usually within T or 2 volts of the vo of the corresponding power supply.

Obviously, in order to avoid distorting the ouiput al waveform, the mput signal
swing must he kept within the linear range of operation.

Figure 1.13 shows two input waveforms and the corresponding cutput waveforms. We note
that the peaks of the larger waveform have been clipped off because of amplifier saturation.
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Fiz, 1,12 An amplifier tansfer characteristic that is linear except tor outpu saniration.
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Nonlinear 11 terishics and piasmg

Except for the output saturation effect discussed above. the ampiifier transfer characteristics
i .

have been assumed to be perfectly linear. In practical amplifiers the transfer characten
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ties of varivus magnitudes, depending on bow elaborate the amplifier
siveuit is, and on how much effort has been expended in the design o ensure linear oper-
an example the wansfer characteristic depicted in Fig. 1.14. Such a char-

may exhibit nonlineari

ation. Consider as
acteristic s typical of simpie amplifiers that are operated from a single (positive} power

istic is obviously nonlinear and. because of the single-supply

supply. The transter character

operation. is

Yok

o

=5n

e
R
5 |// ;
i)
by e |
b 5
(b

i that shows econsiderable nonlinearity. (b)) To

aperation the amplifier 1s biased as shown, und the signal amplitude 15 xept smal
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not centered around the origin. Fortunaely, a simple technique exists for obtaining lincar
amplification from an amplifier with such a nonlinear wransfer characteristic,

The technique consists of first biasing the circuit © operate 4t a point near the middle
of the transfer characteristic, This is achieved pplying a de veitage V. as indicated in
Fig. 1.14, where the operating point is labeled Q and the comresponding de voltage at the
output is Y. The point @ is known as the quiescent point, the de bias point, or simply
the operating point. The time-varying signal o be ampilified. v(2). is then superimposed |
on the de bias voltage V7 as indicated in Fig. 1.14. Now. as the wtal instantaneons input

varies wround V., the instantaneous operating point moves up and dowa the transfer curve
around the operating point (. In this way, one can determine the waveform of the total
nstantancous output voltage wein). It can be seen that by Keeping the amplitude of w0
sufficiently small, the znbtzlr;i‘mmas operaling point can be confined o an atmost linear
segment of the transfer curve centered about ¢, This in tarn results in the LHme-varying
portion of the output being proportional to w:(1); that is.

vplf) = Vo + win

with

where A, is the slope of the almost linear segment of the transter curve: that is.

d'{,‘o !
Lc"in E;;zr_}

i

A=

In this manner, linear amplification is achieved. Of course i.|crc is a limitation: The input
signal must be kept sufficiently small. Increasing the am i de of the input signal can cause
the operation to be no longer restricted 1o an almost immzz segment of the transfer curve.
This in turn results in a distorted output signal waveform. Such nonlinear distortion is
undesirable: The output signal contains additional spurious informatien that is not part of
the input. We shall use this biasing technique and the associated small-signal approximation ;
frequently in the design of transistor amplifiers. E

EXAMPLE 12

A transistor amplifier has the transfer characteristic
v = 10 = 107 e (.11

which applies for v = 0V and vp = 0.3 V. Find the limits L_ and L. and the correspornd-
ing values of v Also, find the value of the de biss voltage ¥ that results in ¥, = S Vand
the voliage gain al the corresponding operating point.

he limit L. is obviously 0.3 V. The corresponding value of v is obtained by substiuting
vy = 0.3V in Eq. (1.10); that is,

i = (.690 V
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is determined by ¢y = 0 and is thus given by

L, = 10 - 107H = 10V

The hmit L,

T bias the device s0 that ¥y = 3V we require a de input ¥y whose value is obtained by
substituting v = 3V in Eq. (1.10) to find:

operating point is obtained by evaluating the derivative dvy wldzy at vy
wsull is

The gain ul
0673V,
A, = —200WV
which indicutes that this amplifier in an inverting one, that is, the output is 180° out of
the input. A sketch of the amplifier transfer characteristic (not to scale) is shown

m which we observe the inverting nature of the amplifier.

of the

| \ ¢ of the
| A - awe o
amplitier of Example 1.2,
-— () Note that this amplifier 18
inverting {(that is, with &
i\ gain that is negative).
3
Py
b
LA
B
SN 1 -
i 0.673 0.690 vV}

Onee an amplifier is properly biased and the input signal is kept sufficiently small, the
operation is assumed to be linear. We can then employ the techniques of linear circuit
yze the signal operation of the amplifier circuit. The following two sections

eview and application of these analysis technigues.

nbol Convention

_we draw the reader’s attention to the terminology used above and which we
s are denoted by a lowercase

throughout the book. Totw instantuneous quantitie
i uppercase subscript, for example. (7). velf). Direct-current (de) quantities

il be denoted by an uppercase symbol with an uppercase subscript, for example, iy, Voo
Finally, incremental signal guantities will be denoted by a lowercase symbol with a low-

ercase subscript, for example ,(0, w(7). This notation is ilustrated in Fig. 1.16.

th:
1
21
th

A
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Fig, 1.16 Symbol convention empioyed throughout the book,

< and

An amplifier has a veltage gain of 100 V/V and a current gain of 1000 AJA. Express the veliag

$ in decibels and find the po
Ans. 40.dB; 60 dB; 50dB
mplifier operating from a single 15-V supply provides a 12-V peak-to-peak sine-wave signal to g 1-k{)

load, and draws negligible input current from the signal source. The de current drawn from the 13-V supply is
8 mA. What is the power dissipated in the amplifier and what is the amplifier efficiency?

Ans, 102 mW; 15%

1.7 The objective of this exercise is to investigate the lim
the amplifier of Example 1.2 with a positive input signal of
the corresponding signal at the output for two situations:  (a) Assume the amplifier is

ation of the small-s
I mV superimposed on the de Bias voltage V. Find
fear around the op-

erating point that is, use the vaiue of gain evaluaed in Example 1.2, (b) Use the transfer characreristic of

ihe amplifier, Repeut for input signals of S mV and 10 mV,

Ans, —02%, 0204V =1V, —LI07V; -2V, =245V

T T . . R R e

-

IRCUIT MODELS FOR AMPLIFIERS

A good part of this book is concerned with the design of amplifier circuits using tran
of various types. Such circuits will vary in complexity from those usi
to those with 20 or more devices. In order to be able to apply the resulung amplifier ¢t
as a building block in a system, one musl be able to characterize, or model, its tern
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W g

shortly
1C op

amp has characteristics that closely approach the assumed ideal. This implhies that 1t is quite
casy to design circuits using the IC op amp. Also, op amp circuits work at levels thie are
- z o i {
quite close to their predicted theoretical performance. It is for this reason that we are st
ing op amps at this carly stage. It is expected that by the end of this chapter the readet
should he able to design nontrivial circuits successfully using op amps.
As already implied, an IC pp amp is made up of 2 large number of trinsistors, resistors,

X

nee we have 1ot yet

cted in 2 rather complex circuit. St

and {usually} one capacitor conr
studied transistor circuits, the cireuit inside the op amp will not be disc
hutlding block and study #is wrminal charac-

vesed in this chapter.

Rather, we will treat the op amp as & circuit |
teristics and its applications. This approach i quite satisfactory in many op-amp applica-
tions. Nevertheless. for the more difficult and demanding applications it is quite useful to
know what is inside the op-amp package. This topic will be studied in Chapter 10, Finally,
it should be mentioned that more advanced applications of op amps will appear in later

chapters.

2.1 THE OP-AMP TERMINALS

From a signal point of view the op amp has three terminals: two input terminals and one
output terminal. Figure 2.1 shows the symbol we shall use to represent the op amp. Ter-
minals 1 and 2 are input werminals, and terminal 3 is the output terminal. As explained in
Section .4, amplifiers require de power to operate. Most IC op amps require two de power
supplies. as shown in Fig. 2.2. Two terminals. 4 and 5. arc brought out of the op-amp
package and connected to a positive voltage V' and a negative voltage V7. respectively.
In Fig. 2.2(by we explicitly show the two dc power supplies as batteries with a common
ground. It is interesting to note that the reference grounding point in op-amp circuils is just
the common terminal of the two power supplics; that is. no terminai of the op ump package

Fig. 2.1 Cireuit symbol for
the op amp.

L
A

power supplies.

3 3 T
: Fic. 1.2 The op amp
2 2 o P A
o ; R [ = shown connecied (o de
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is phyvsic

Iy connected to ground. In what follows we will not explicitly show the op-amp
powWer s s,

In addition to the three signal terminals and the two power-supply terminals, an op amp
may huve other terminals for specific purposes. These other terminals can include rerminals
for frequency compensation and terminals for offset nuiling: both functions will be explained

in laier sections.

Exercise

2.3 W

af termi

ANS 5t

L eiR

is the minimum number of terminals required by a single op amp? What is the minimum number
§ required on an integraied-cirenit package containing four op amps (called & quad op amp}?

1s¢ the

- the cireuit function of the op amp. The op amp is designed 1o se
ween the voltage signals applied at its two input terminals (that is, the quantity
v; = vy, multiply this by a number A, and cause the resuiting voltage Age vy ) to appear
at output ’,::tmznm 3. Here it should be emphasized that when we alk about the voluge ut
tinal we mean the voltage between that terminal and ground: thus v means the voltage
en terminal 1 and ground.
al op amp 18 not supposed w draw any inpot current: that is, the signal current
I and the signal current into terminal 2 are both zero. In other words. the

into ter
input impedance of an ideal op amp is supposed to be infinite.

How about the output terminal 37 This terminal is supposed to act as the output terminal
of an idm{ voltage source. That is, the voltage between terminal 3 and ground will always
A{wa — wy) and will be independent of the current that may be drawn {rom
inal 3 nto 4 load impedance. In other words, the output impedance of an ideal op amp

is supposed 1o be zero,
Putting [.,\”[h.\- all of the above. we 1ve s he eguivale o
uian SIS il 01 e above, we arnve al the equivaient ¢
2. . Note that the output is in phase with (has the same sign as
with (has H:: apposite sign of) vy, Por this regson, input terminat 1 is called the inverting

is called the

uit maode! shown in
vy and out of phase

o
HC

o
}

input terminal and is distinguished by a =" sign. while input erminal
noninverting input terminal and is distunguished by a 47 sign.

As can be seen from the above descripuon, the op amp responds only 1o the difference
! Thay s, if H =

1y common-mode

nal corminon to hoth in

! hence ignores any

d
i

be zero. We call this prope

then the output will—ideally
i we conclude that an ideal op wmp has infinite common-mode rejection. We
> Lo say about this point luter. For the time being note that the op amp is a

rejection,
will have mo
differential-input, single-ended-ouiput umplifier, with the latter term referring (0 the fact
t the output appedars between terminal 3 and ground. Furthermore. gain A iy called the

differential gain. for obvious reasons, Perhaps not so obvious is unother name tézm we will

;i
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RESONATOR

at which the 16 Consider a low-pass noteh with i

Pradfs, @ = 10, @, = 1.27ad/s, and a de gain of unity, 7
frequency and magniwde of the tansmission peak. Also find the high-frequency transmission,

shown that

ANs. 0.986 rad/s; 3.17: 0.69
(11.29)

11.5 THE SECOND-ORDER LCR RESONATOR

In this section we shall study the second-order LOR resonator shown in Fig. 1 (a). The
use of this resonator to derive circuit realizations for the various second-order filter functions
will be demonstrated. Also. it will be shown in the next section that replacing the inductor
4. by a simulated inductance obtained using an op amp-RC circuit results in an op amp-
RC resonator. The latter forms the hasis of an important class of active-RC filters to he
studied in the next section.

Fid

lter becomes more

enjugate locations
.. Thus 2 noteh in
frequency. Thice
ained when o,
peh and the high-
rify the response
¢in all notch cases
re no transmission

The Resonator Natural Modes

The natural modes of the parallel resonance circuit of Fig. 11.17{a) can be determined hy
applying an excirarion thar does nor chunge the natural structire of the circuir. Two possible
ways of exciting the circuit are shown in Figs. 11.17(b} and (¢, In Fig. 11.17(b) the res-
onator is excited with a current source / connected in paraliel. Since as far as the natural

Ve

i 4 = i
ong of any order.) Z | !
sies: the (lat 5

vity of the all-pass

I
5
I

S

\,
,“._A 3 c,’ .
)—

T

magnitude

S radfs, a

n 10 be

Fig. 1117  (a) The second-order parallel LCR resonator. (b) and (¢) Two ways for exciting the
resonator of (i) without changing its narural struciure. The resonator poles are the poles of 1,/ wnd

0.

000263




response of @ clrenit is concerned, an independent ideal current source is equivalent @
. the excitation of Fig. 11.17(b} does not alter the natural structure of the reg

open circy

resonator by simply finding the poles of any response function. We can for instance take

the vollage V, across the resonator as the response and thus obtain the response function 158

V/f = Z, where 235 the impedance of the parallel resonance circuit. It is obviously me

convenient, however, to work in terms of the admittance ¥ thus
v, 1 |

7T Y (D + sC + (R
. ‘sl}r Lq —
T S (ICR) = (ILO)

. . v . o~ b ¥ fs 2 7 =
Equating the denominator to the standard form s + siwa/Q) + wg leads o

P e A

wii(} = 1/CR 3in
Thus,

Wy = VAN }.E‘ (il

0 = wy CR {1133

L

These expressions should be familiar w the reader from earlier studies of panidiel resonande 8

circuits i introdugtory courses on circuit theory.
An alternative way of exeiting the parallel LCR resonator for the purpose of determining
its natural modes is shown in Fig. 11,17(¢). Here, node x of inductor L has been disconnected
from ground and connected (o an ideal voltage source V.. Now, since as far as the naur
responsa of a circuit is concerned, an ideal independent voliage scurce is equivalent o
short circuit, the excitation of Fig. 11.17(c) does not alter the natural structure of the &
onator. Thus we can use the circuit in Fig. 11.17(c} to determine the natural modes of e
resonator. These are the poles of any response function. For instance, we cun seleet ¥ @
the response variable and find the transfer function V /V,. The reader cun easily venfy thal
i lead 1o the natural modes determined above.
In a design problem, we will be given wy and ¢ and will be asked to determine

and R. Equations (11.34) and (11.35) are two equations in the three unknowns. The o

this w

available degree edom can be utilized 1o set the impedance level of the circuit o 0

value

g B Y epep e P X e
$ ransnussion Leros

Having selected the component values of the LCR resonator so as to realize o given p
of complex-conjugate natural modes, we now consider the gse of the resonator o
desired filter type (e.g., LP, HP, etc.}. Specifically, we wish w find out where to izj
n V.7V is the desired one. Tow

input voltage signal Vi so that the transfer funeti
end. note that in the resonator circuit in Fig, 11.17(a) any of the nodes labeled x. y ot
cun be disconnected from ground and connected w V; without altering the circuit’
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s equivalent to an
ructure of the res-
wiral modes of the
1 for instance take
response function
15 obviously moere

s 1o

wose of determining
s heen disconnected
s {ar as the natural
1% gguivalent to a
druciure of the res-
atural modes of the
we can select ¥, a8
that

i easily verify

. to determine L, €, 2
The one
circuit to a

lize a given pair
wtor to realize a
are w0 inject the
Toward that
% ¥ or g
the circuit’s natural

911

>ORDER i

modes. When this is done the circuit takes the form of a voltage divider, as shown in Fa
11.180a). Thus the munsfer function realized 15

We observe that the transnussion zeros are the vaiues of s at which Za(8) is zero, provided

that 2y is not simudtaneously zero. and the values of s o which Zy(s) is infintite, provided
ense: The ouls

sical

that Z-(83 iy not simuitaneousiy infinite. This staement makes pl
will be zero either when Za(s) behaves as a short circuit or when Z:{s) behaves as an

s s

cireuit. If there s a value of 5 al which both Z; and 4y are zero. then VUV will be

4

and no transmission zero is obtained. Similarly, if there is & value of v at which both £,
and Z- are infinite, then ¥V will be finite and no transmission zoro 18 realized:

Realization of the Low-Pass Function

Using the scheme outlined above we see that o realize a low-pass function, node x is
disconnected from ground and connected o Vi, as shows in Fig. 11.18{b} The transmission
zeros of this circuit will be at the value of s for which the series impedance bocomes |
{s. becomes infinite at s = o) and the value of & at which the shunt impec
zero {1sC + (1/R)] becomes zero at s = ). Thus this circuit has owo ransmission
at s = o0, as an LP is suppesed to. The transfer function can be written either by inspectuion
or by using the voltage-divider rule. Pollowing the latter approach, obtain

o

sC 4+ (1/R)

Realization of the High-Pass Function

vied

To realize the second-order high-pass function, noede v is disconnected from ground and
connected to Vi, as shown in Fig. 11,18(¢). Here the series capacitor introduces a transimis-
sion zero at s = { (dej, and the shunt inductor introduces another transmission zero o
g o= 0 {de), Thus, by inspection, the transfer funciion may be written as

Ty

where wy and ( are the nawral mode parameters given by Hgs, (11.34) and i1}
a- is the high-frequency transmission. The value of gz can be determined from the cirent

by observing that as s approaches o, the capacitor approaches & short circulr and ¥, ap-
proaches Vi, resulting in ¢s = L

Realization of the Bandpass Funcition

The bandpass function is realized by disconnecting node £ from ground and connedt
to V. as shown in Fig. 1LI18td). Here the series impedance is resistive, and thus does
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Fig, 11,18

(g3} LPN fw, > wy)

Realization of various second-order filter

tons using the LR resonator of Fig. 11L17(0:

ta) general snmeture, ¢hy LP, (¢) HP, {d)} BP.
te) notch at wg, {f) general notch,

Cihy 25 i),

412

(Y LPN as gy = =,

{g) LPN
(i) HPN (w, <

iyl

{1} General notch

8]

L]
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11.5  THE SECOND-ORDER LCR HESONATOR 413

introduce any transmission zeros. These are obtained as follows: One zero at ¢ = 0 iy
reaiized by the shunt inductor, and one zero ats = o is realized by the shunt capacitor, At
the center-frequency wy. the parailel LC mned circuit mf‘:i*zsx an inf znzte impedance, and
thus no current flows in the cireuit, It foliows that at @ = wy, ¥V, = 4 In other words, the
center-frequency gain of the bandpass filter is unity. [ts transfer 1 m.ziozz can be obtained
as follows:

TR +
5 (/CR)
st + s(/CR) + (ILC)

Realizalion of the Notch Functions

To obtain a pair of transmission zeros on the jw-axis we use a paralle] resonance circuit in
the series anm, as shown in Fig. 11.18(e). Observe that this circuit is obtained by discon
necting both nodes x and y from ground and connecting them together to V. The impedance

of the LC circuit becomes infinite at w = wo = WNLC. thus causing zero transmission al
this frequency. The shunt impedance is resistive and thus does not introduce transmission
zeros. It follows that the circuit in Fig. 11.18(e) will realize the noteh transfer function

; ;

. §E u_’u
T} = gy —ere————.

(11.40)
£“ + § I'(x)g,"'(); =

The value of the high-frequency gain a, can be found from the cireuit to be unity,

To obtain a notch filter realization in which the notch frequency w, is arbitrarily placed
relative to wy, we adopt a variation on the above scheme. We still use a parallel LC circuit
in the series branch, as shown iy Fig. 11.18(f) where L, and €, are selected so that

4 Cy o= !, {1141
Thus the L, tank circuit will introduce a pair of transmission zeros at % jw,, provide

that the L,C5 tank is not resenant at ®,. Apart from this restriction, the values of Ly and
Cy must be selected so as to ensure that the natural modes have not been altered; thus

Ci+Cy= ¢ (14
Lol = L, {314

in other words, when V. is repiaced by a short circuit, the cirenit should reduce 1o the
original LCR resonator. Another 1 way of thinking about the circuir of “Fig, TLIR() is that
it is obteined from the original LCR resonator by lifiing part of L and part of € off ground
and connecting them to V.

It should be noted that in the circuit of T Fig. 11181, L does nor introduce a zero at

= 0 because at s = 0, the L.C; circuit also has a zero, In fact, at 5 = 0 the circait

reduces 1o an inductive vo liage r"\qdm with the de transmission being Lol + L2} Sim-
ilar comments can be made about O 2 and the fact that it does not introduce a zero at
§ oo

The LPN and HPN filter realizations are special cases of the general noteh circuit of
Fig. 11.18(f). Specifically. for the LPN.

Wy = (o,
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thus

LG < (Ll e + €3)

s condition can be satisfied with 2, eliminated (Lo, Le = wand L, = L), i
the LPN cireuit in Fig. 11.18(2). The wansfer function can be wrilten by inspection 43

where w; = VLC,, wi = VL, L/CR, and a» is the high-frequency gain
Froni the circuit we see that a8 § — @, th; circuit rfcdlia.‘,s to that in Fig. 11.18(h}, for which

Thus

To obizin an HPN realization we starl with the cireuit of Fig. 11.18(f) and use the fact

Exercis

thatl @, < @ o obtain

which can be sutisticd while selecting € = 0 fe., € = 3 Thus we obtain the reduced

-
nin Fig. PG, th ve ii'lau TS O ezrr_;:)‘ aches ¥ and thus the g

cireuit shov

frequency gain is unity, ”
171.18 ¢
at a 60-H
3 dB ovey
10 k8

¢ Ans. ¢ -

& practical b

Realiza f the All-Pass Function
The all-pass transfer function

{1147

1}

cun be written a

5

"The second term on the right-hand side s o bandpass function with a center-irequency
of 2. We alrewly have a bandpass circuit {Fig. 11.18d) but with a center-frequency
unity, We shall therefore attempt an ali-pass rcalzmmn with a flat gain of 0.3, thut

This function can be reulized using a voliage divider with a transmission ratio of 0.5 together
with the bandpass circuit of Fig. 11.18(d). To cffect the subtraction, the output of the ul-*
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w}tion as
thhady

quency gain.

h), for which

11145y ;

S BASED ON INDUCTOR REPLACEMENT

His

g 1119 Reatization of
the second-order all-pass
transfer function using a
voltage divider and an LCR
resanator.

pass circuit is taken between the output terminal of the voltage divider and that of the
bandpass filter. as shown in Fig. 11.19. Unfortunately this circuit has the disadvantage of
lacking a common ground terminal between the input and the output. An op amp~RC

realization of the all-pass function will be presented in the next section.

. b Gi
{ nse the fact
Exercises
L7 Use the cireuit of Fig. 11.18(b) to realize a second-order low-pass function of the maximally flat type

¢ the reduced .
ws the high-

L

[ 1.3 together |
ut of the all

1118 Use the circuit of Fig, 11.18(e) to design 2 notch filter to eliminate

ABS. O = 1.6 uF ang /

11

with a 3-dB frequency of 100 kHz.

e T
Loind

mH.

a bothersome power-supply hum

{11.46) at a &0-Hz frequency. The filter is to have 2 3-dB bandwidth of 10 Hz (ie. the attenuation is greater than
3 dB over a 10-Hz band around the &0-Hz center frequency: see Exercise 11.15 and Fig. 11.16d). Usc B = &

1

= 442 H (Note the |

arge inductor required. This is the reason passive filters ure not

practical in low-irequency applications.)

6 SECOND-ORDER ACTIVE FILTERS BASED ON INDUCTOR REPLACEMENT

In this section, we study a family of op amp-RC circuits that reaiize the various second-
order filter functions. The circuits are based on an op amp-RC resonator obtained by
placing the inductor L in the LCR resonator with an op amp-RC eircuit that has an inductive
input impedance.

.
pes

The Antoniou Inductance-Simulation Circuit

Gver the vears, many op amp—RC circuits have been proposed for simulating the operation
of an inducior, Of these, one circuit invented by A. Antoniou (see Antoniou, 1969) has
proved to be the “best.,” By “best” we mean that the operation of the circuit is very tolerant
w the nonideal properties of the op amps. in particular their finite gain and bandwidth.
Figure 11.20(a) shows the Antoniou inductance simulation circnit, If the circuit is fod at its
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(The following proceedings were had in open court:)

THE COURT: Well, ladies and gentlemen, what
we're going to be doing -- actually, for probably --
well, at this point, we think it's going to be three
weeks; three days this week and then off Thursday and
Friday because of Rosh Hashanah and then two more weeks
on a patent case. The patents involved in this case
relate to computer software used for electronic trading
of financial instruments such as futures contracts and
commodities.

The disputed actions in this are United
States patents number 6,766,304, 6,722,132, and
throughout the action, the parties may refer to the
patents as the '304 patent or the '132 patent, because
those are the last three numbers of each of the patents.

The '304 and '132 patents are both entitled
click-based trading with intuitive grid display of
market depth. The inventor's name in the '302 and '132
patents are Harris Brumfield, Gary Allen Kemp, II, and
Jens-Uwe Schluette. The United States Patent and
Trademark Office issued the '304 patent on June —-- July
20, 2004, and the '132 patent on August 3, 2004.

Generally, the patents relate to a computer
screen display used by traders when trading on

electronic exchanges. The display includes a static
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display of prices being traded, a dynamic display of
quantity of offers to sell or ask, and offers to buy or
bids and provides for a single-action order entry.

The plaintiff in this case is Trading
Technologies International, Inc. During the trial, you
may hear me or the parties refer to the plaintiffs as
TT. TT is represented by the law firm of McDonnell,
Boehnen, Hulbert & Berghoff, and the inventors have
assigned their rights to the patent to TT, and TT is
therefore the owner of the patents.

The defendants in this case are eSpeed,
Inc., eSpeed International, Limited, Ecco, L.L.C., and
Ecco Ware, Limited. And during the trial, you may hear
me or the parties refer to the defendants collectively
as eSpeed, or the defendants, but we will also from time
to time refer to the eSpeed parties separately from the
Ecco parties. Those defendants are represented by the
law firm of Winston & Strawn.

I will first describe to you TT's
contentions. TT owns the '304 and '132 patents and
contends that the defendants directly infringed the '304
and '132 patents by making, selling, offering for sale,
and/or using certain software patents; but TT further
contends that eSpeed indirectly infringes the '304 and

'132 patents by inducing others to directly infringe the
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'304 and '132 patents.

The software at issue in this case is called
Futures View and Price Ladder. Futures View is part of
the software distributed by eSpeed prior to December
2004, while Price Ladder was part of a product sold by
Ecco prior to December 2004. TT also contends that
eSpeed's infringement was willful.

TT further contends that it is entitled to
monetary damages in the form of a reasonable royalty for
the period of time for when the patent issued, patents
issued, in late July and early August of 2004 until the
defendants stopped distributing or selling Futures View
and Price Ladder in December 2004.

The defendants contend that their products
do not infringe any of the patents, either directly or
indirectly. They further contend that the patents are
invalid. Finally, defendants contend that TT is not
entitled to the damages it seeks.

TT has also filed lawsuits against other
companies regarding the patents in suit. These other
defendants are not officially parties to this suit, but
you may hear their names from time to time. Those other
defendants are CQG, CQGT, Rosenthal Collins Group, GL
Consultants, Rosenthal Collins Group, GL Consultants, GL

Trade SA, FuturePath Trading, L.L.C.

6
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ESpeed is cooperating with these other
defendants in what is known as a joint defense
agreement. The Chicago Mercantile Exchange is also a
party to the joint defense agreement. It's a common
procedure to enter into joint defense agreements in
circumstances such as this, and it's common for
defendants to cooperate with each other about common
patent defenses, and it's not inappropriate to do so.

Well, what we're going to be doing first
this morning is selecting a jury. And as you can
perhaps tell from the -- what I've already said, the
jury that's going to be hearing this case is going to be
hearing a fair amount about futures trading, and Chicago
is -- has been done a lot in Chicago. It used to be
done in open pit and people getting on the floor and
screaming out orders and stuff, and nowadays, it's
mostly done electronically with traders having little
gizmos that have software in them and they use that to
place orders and trade, and you're going to be learning
a fair amount that, about the new technology and how it
works and what people are doing and all the rest of it
in an industry where as I think we all know, people have
a tendency sometimes to make a lot of money and
sometimes to lose a lot of money.

Anyway, so the first thing we're going to be
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‘doing is picking a jury. And that's step one.

Then after that, the parties are going to be
-- the lawyers are going to be telling you what they
think the evidence is going to show or won't show, as
the case may be, opening statements. And that's not
evidence. It's just to tell you what's going to happen
next or fit everything together so you have an idea as
to why evidence is coming in when.

Then we have the real substance of the
trial, which is testimony by witnesses and exhibits
offered here from the witness chair.

Plaintiff goes first. Plaintiff has the
burden of proof on part of it at least, and then
defendant. And then there may be a rebuttal case, we
don't know about that yet, but it can be. And then
after that we hear from the lawyers. They have closing
arguments and they tell you what they think the evidence
showed or didn't show, and then the jury retires to
deliberate and fulfills the function that juries are
really there for which is to find facts, to determine
what the jury thinks actually happened and what the
facts actually are. And then in light of the Jjury
instructions, which I will be giving you and which you
are bound by, then you apply those jury instructions to

the facts as you find them and reach a verdict. So

8
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‘that's what we're going to be doing here.

Now, picking the jury is a very important
part of the process because both sides are entitled to
have a jury that is going to listen attentively,
conscientiously, follow the evidence, suspend judgment,
wait until all the evidence is in, and then collectively
then determine on the basis of the evidence here in
court and not on the basis of any extraneous information
or any guesses decide what you think the facts actually
are or were.

So what we're going to be doing first this
morning is asking you a lot of questions. In doing so,
we don't mean to impinge upon your privacy, but we --
the parties do need to know something about you so that
they have some sort of an idea as to who you are and how
you think about things, all for the purpose of ending up
with a fair, representative, and impartial Jjury.

If in asking -- answering a question, you
feel that there are -- you'd be sharing information you
really don't want to share with everybody, I can just go
off to the side with the lawyers and take -- and raise
your hand, tell us you'd like to have a sidebar, and
then we'll just go off to the side and you can answer
the question and just share the information with me and

the lawyers and the court reporter.
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So anyway, the first thing we're going to do
is have each of you get up in turn and provide us some
information, and then I'm going to be asking some
specific questions. And as you respond to those, I will
be following up with those who say yes about whatever to
get further information.

And it does not take a huge amount of time.
I know that you probably read in the newspapers or heard
about cases where they spend days picking juries. We
don't do that. Hopefully we're going to be through
picking a jury by the time we break for lunch.

So the first thing we need to do is have
each one of you in turn starting with Cathy McBride,
telling us your name, if you live in Chicago, what
neighborhood, if you live elsewhere, where that might
be, not by address but by municipality, your education,
what you do for a living, what the other adult members
of your household do for a living, and if you have any
interests that take up a good deal of your time,
hobbies, advocations, things like that, what those might
be. And so why don't we start with Cathy McBride.

PROSPECTIVE JUROR McRIDE: My name is Cathy
McBride. I 1live in Naperville.

THE COURT: I'm sorry. It would help if you

would stand.

10
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PROSPECTIVE JUROR McRIDE: My name is Cathy
McBride. I 1live in Naperville, Illinois. My education
is I graduated in social work, I work for HCR Manor
Care, which is a nursing and rehab corporation, and
social work consultant. I have my masters in social
work. My husband is a registered financial adviser with
Royal Alliance. He is a financial planner. I have two
children who take up a lot of my time. One is 13, a
boy, and I just sent my daughter to college.

THE COURT: Thank you.

Joseph Wronka.

PROSPECTIVE JUROR WRONKA: My name is Joe
Wronka. I live in the Little Italy neighborhood here in
Chicago. I have a major in management and sociology. I
am engaged to be married next September and I work at
Mercy Home for Boys and Girls.

THE COURT: I'm sorry.

PROSPECTIVE JUROR WRONKA: I work at Mercy
Home For Boys and Girls as a planning officer in the
development department, and I enjoy sports and being
outside.

THE COURT: What does your fiance do for a
living?

PROSPECTIVE JUROR WRONKA: She is a graduate

student right now in social work.

11
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THE COURT: Thank you.

Clare Donnenwirth.

PROSPECTIVE JUROR DONNENWIRTH: My name 1is
Clare Donnenwirth. I live in Waukegan, Illinois. I
have a bachelor's degree in medical technology. That
means I work in a hospital laboratory. My husband of 29
years 1s a police officer for the city of Waukegan, and
I have two children and that's about it.

THE COURT: Okay. Debra Hoffman.

PROSPECTIVE JUROR HOFFMAN: I am Debra
Hoffman. I currently live in Winfield. I am a high
school graduate. I currently work part-time as a
personal trainer.

THE COURT: I'm sorry.

PROSPECTIVE JUROR HOFFMAN: Personal trainer
and group fitness instructor. I have three children,
18, 16 and 13. And my husband works here in Chicago as
vice president for Import Global Solutions.

THE COURT: Thank you.

Christina Hamilton.

PROSPECTIVE JUROR HAMILTON: My name is
Christina Hamilton. I live in Rosco Village. I have a
bachelor's degree.

THE COURT: A little louder, please.

PROSPECTIVE JUROR HAMILTON: I have a

12
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‘bachelor's degree in biology. I work at Paper Source in
sales, and I enjoy running and I live alone.

THE COURT: Any adult members in your
household?

PROSPECTIVE JUROR HAMILTON: No, just me.

THE COURT: Thank you.

Sandra Laughlin.

PROSPECTIVE JUROR LAUGHLIN: Sandra
Laughlin. I live in Geneva, and I am a high school
graduate. My husband is a police officer with the Kane
County forest preserve. I have two children, two adult
children.

THE COURT: Thank you.

Sharon Nafea.

PROSPECTIVE JUROR NAFEA: Nafea. Yes, my
name 1s Sharon Nafea. I went to high school. I
currently live in Prospect Heights. I live with my
retired handicapped mother. I am currently now

unemployed, but I will be working for State Farm
insurance part time and my mother when she was working
13 years ago worked for Warren Communications for New
York in the Chicago district, and I have one adult son
and he lives in Chicago and he works for the Board of
Education.

THE COURT: Thank you.

13
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David Feddor.

PROSPECTIVE JUROR FEDDOR: Yes. My name is
David Feddor. I 1live in Sugar Grove, Illinois. I have
my degree in accounting. I live with my wife. She is
an assistant teacher's aide over in the Naperville
school district. I have two children, one in Colorado,
one in East Lansing, and I am retired a treasury agent,
so recreational, I golf, I golf, and I golf.

THE COURT: When you said you're retired
treasury agent --

PROSPECTIVE JUROR FEDDOR: Yes.

THE COURT: -- from the United States
treasury department?

PROSPECTIVE JUROR FEDDOR: Yes, your Honor.

THE COURT: Okay. Ellen Scott Tillmon.

PROSPECTIVE JUROR TILLMON: My name is Ellen
Scott Tillmon. I'm retired. Presently raising my three
adopted granddaughters, 14, high school, 13, and 10 in
grammar school. I am involved in a lot of volunteer
work in our community. I also assist in the school as a
parent coordinator, so most of my time is spent with my
three girls.

THE COURT: Thank you, ma'am.

Marija Cetnik.

PROSPECTIVE JUROR CETNIK: It's Marija
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‘Cetnik. I am a school psychologist. I have a masters
in education. I live in Rogers Park. My husband is an

editor and cartoonist and I love to travel.

THE COURT: Okay. Linda Buzzi.

PROSPECTIVE JUROR BUZZI: I actually have a
question for you. I am a student and we start -- did
you say this is three weeks?

THE COURT: I am sorry?

PROSPECTIVE JUROR BUZZI: Did you say this
is going to be three weeks?

THE COURT: Yes.

PROSPECTIVE JUROR BUZZI: I go back to
school next week.

THE COURT: Why don't you hold up then.
Hold up for a bit.

PROSPECTIVE JUROR BUZZI: I am from Rogers
Park, in Chicago, and I am a student, and I guess my mom
works downtown.

THE COURT: I'm sorry. A little louder,
please.

PROSPECTIVE JUROR BUZZI: From where? I am
a student so I am up at school, and my mom is I guess
the other adult member in my household, and she works
downtown at a not-for-profit.

THE COURT: Okay. Brent Walters.

15
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PROSPECTIVE JUROR WALTERS: Hello. I'm
Brent Walters. I live in the up town neighborhood. I
am an attorney. I work for the City of Chicago, the
procurement of the aviation department of the city. I

don't do much else than work for the city right now.

THE COURT: Any adult members?

PROSPECTIVE JUROR WALTERS: No, I live
alone.

THE COURT: Bridget McEvers.

PROSPECTIVE JUROR McEVERS: I work for the
Academy of General Dentistry. I am the coordinator of
benefits. I have a bachelor's degree in marketing. I
am engaged as well to be married next September. My
fiance works for Price Waterhouse Coopers.

THE COURT: I'm sorry.

PROSPECTIVE JUROR McEVERS: Price Waterhouse
Coopers as an auditor for their private company
services. We are avid travelers as well as sports
enthusiasts.

THE COURT: Thank you.

Marlon Dela Cruz.

PROSPECTIVE JUROR DELA CRUZ: My name 1is
Marlon Dela Cruz. I am a registered nurse currently
working at Northwest Community Hospital in the emergency

room. I have a social degree in nursing. My wife is a
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‘full-time nurse. She works as a CPA auditor as well,
and I like to travel, go running.

THE COURT: Thank you.

Cynthia Robinson.

PROSPECTIVE JUROR ROBINSON: My name is
Cynthia Robinson. I work for the Infant Caring
(phonetic) Institute. We are contracted by DCFS,
Department of Children and Family Services. We audit
the Medicaid Rule Part 132 for substitute providers for
wards of the state. My husband owns his own business.
He is a rep for Dorn (phonetic) Hardware Industry. I
have two adult children and I enjoy sports.

THE COURT: And you live in Frankfort?

PROSPECTIVE JUROR ROBINSON: I live in
Frankfort, yes.

THE COURT: Thank you.

Evert Hill.

PROSPECTIVE JUROR HILL: My name is Evert
Hill. I live in Homewood, Illinois. I am married,
three kids. My wife is a nurse. I am a machinist with
North Star, been there for the last 23 years.

THE COURT: Educational background?

PROSPECTIVE JUROR HILL: High school.

THE COURT: Okay. Thank you, sir.

Richard Goepper.
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PROSPECTIVE JUROR GOEPPER: My name is
Richard Goepper. I have an associate's degree in law
enforcement and criminal Jjustice. My wife Debbie is a
surgical nurse from Joliet, Illinois. I have two

children. My oldest daughter is a police dispatcher, my
youngest daughter is a stay-at-home mother with two
children, and I just recently retired from the Joliet
Police Department.

THE COURT: Thank you, sir.

Glenn Gustke.

PROSPECTIVE JUROR GUSTKE: Glenn Gustke,
Libertyville, Illinois. I have a degree in political
science, minor in sociology. Divorced, two kids,
12-year-old son, 9-year-old daughter. I work for Krell
(phonetic) Incorporated. 1It's a small manufacturer.
They expect me to be on the road three out of four weeks
of the month so that takes up just about all my time.

THE COURT: Okay. Janet Koehring.

PROSPECTIVE JUROR KOEHRING: Janet Koehring.
I am a secretary at a community college. I live in
Kaneville, Illinois, which is 20 miles west of Aurora.
My husband is in concrete construction, and I have three
children; a daughter in college, a daughter in high
school, and a son in junior high.

THE COURT: I'm sorry. You probably gave it
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‘and I missed it. Your educational background?

PROSPECTIVE JUROR KOEHRING: I have some
college.

THE COURT: Thomas Adduci.

PROSPECTIVE JUROR ADDUCT: I am Thomas
Adduci. I live in Oak Forest, Illinois. I am married
with two daughters. I have two separate associate's

degrees, one in liberal arts, the other one in
electronics, computer technology, and a total equivalent
of 132 semester hours. I work for MPC Containment
Systems as a technical engineer and computer operator
using auto cad software.

THE COURT: Okay. Thank you.

Matthew Zaucha.

PROSPECTIVE JUROR ZAUCHA: Matthew Zaucha.
I live in Bolingbrook. I have a wife. I have three
young kids, four-year-old boy, two-year-old girl and a
newborn girl. I am a doctoral student at Northern in
educational philosophy focusing on secular education,
separation of church and state. I am also teacher for
high school, and most of my time is taken up with the
family and reading and doing research.

THE COURT: Thank you, sir.

Diane Guetschow.

PROSPECTIVE JUROR GUETSCHOW: I am Diane
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‘Guetschow. I live in Carpentersville, Illinois. I am a
hospital employee. I have gone to high school and a
two-year certificate program for radiology, and my
husband is a fire chief in Lake in the Hills, and we
have two adult children.

THE COURT: Thank you.

Michael Pollacchi.

PROSPECTIVE JUROR POLLACCHI: My name is
Michael Pollacchi. I work -- I live in Bartlett,
Illinois. I work for Roberts and Schaeffer (phonetic)
as a structural steel designer. My girlfriend lives
with me and she works for 7-Eleven corporate as a store
manager. And I spend a lot of time watching Cubs games.

THE COURT: Okay. Ralph Arispe.

PROSPECTIVE JUROR ARISPE: I am Ralph
Arispe. I 1live in the Chicago area. I don't have a
college degree. I did spend time in Knox College and at
the University of Illinois, and I bartend right down
here in Chicago. I am single.

THE COURT: Any adult members of your
household?

PROSPECTIVE JUROR ARISPE: Sorry?

THE COURT: Any adult members of your
household?

PROSPECTIVE JUROR ARISPE: No.
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THE COURT: Thank you.

Julio Flores.

PROSPECTIVE JUROR FLORES: My name is Julio

Flores. I have a degree in business management. My
wife works for CS Corporate in Hoffman Estates. She is
a senior admin. I am a senior technical representative

for a company called Print Pack. We have four kids.

THE COURT: I'm sorry. What do you do?

PROSPECTIVE JUROR FLORES: I am a technical
rep for a plastics company.

THE COURT: Okay.

PROSPECTIVE JUROR FLORES: I have been there
30 years. This is unheard of. We live in Elgin,

Illinois, and we have four children, ranging from age 32

down to 14.

THE COURT: Okay. Thank you, sir.

Michael Cortese.

PROSPECTIVE JUROR CORTESE: Michael Cortese.
I am from Naperville, Illinois. Bachelor degree in
finance. I work in corporate banking for National
Citibank and I market clients. I live with my fiance.

She is in Internet marketing, and I like to play golf in
my spare time.
THE COURT: Thank you.

Syed Shahid Muneer.
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PROSPECTIVE JUROR MUNEER: Good morning. My
name 1s Syed Shahid Muneer. I live in Lombard,
Illinois. And I am with CTE Engineers for 10 years,
supervising construction of highways and bridges in the
Chicago area. I have a wife, four kids, and my hobbies
are I like running and jogging.

THE COURT: Okay. Thank you.

Maryann Urban.

PROSPECTIVE JUROR URBAN: I live in

Carpentersville also. I am a nurse by trade at ACR
Manor Care in Elgin. I have no children, but my
children are my two hound dogs and a cat. I am very

active in two motorcycle fund-raiser clubs that I belong
to, and I spend my whole heart in rescuing bassets.

THE COURT: Thank you. Are there any adult
members of your household?

PROSPECTIVE JUROR URBAN: Pardon me-?

THE COURT: Are there any adult members of
your household besides yourself?

PROSPECTIVE JUROR URBAN: My husband -- I'm
sorry. My husband is a software engineer, which is a
computer programmer. He does software for investment
firms like Merrill Lynch and anybody else who will buy
his software.

THE COURT: Okay. Bret Jensen.
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PROSPECTIVE JUROR JENSEN: Bret Jensen. I
live in Gilberts, Illinois. I have a college degree. I
am a mortgage broker. My wife works in the sales
department at T-Mobile. I have a four-year-old daughter
and twin boys that are two, and that's pretty much it.

THE COURT: Where is Gilberts?

PROSPECTIVE JUROR JENSEN: Gilberts is down
by Carpentersville, Elgin, South Elgin.

THE COURT: Okay. Ashish Vora.

PROSPECTIVE JUROR VORA: My name is Ashish
Vora. My permanent address is in Naperville, Illinois,
although I currently live in Evanston. I am a full-time
graduate student at Kellogg Graduate School of
Management. I start classes on Monday. My educational
background prior to that is I have a bachelor's degree.

THE COURT: I'm sorry. I missed the last
thing.

PROSPECTIVE JUROR VORA: Educational
background, I have a bachelor's degree in computer
science. Let's see. Basically right now I'm spending
my time at school and have three, four part-time jobs.

THE COURT: What's your area of studies as a
graduate student?

PROSPECTIVE JUROR VORA: I am getting my

MBA.
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THE COURT: Sorry?

PROSPECTIVE JUROR VORA: I'm getting my MBA,
masters in business administration.

THE COURT: Janet Sarek.

PROSPECTIVE JUROR SAREK: I am Janet Sarek.
I live in Steger, Illinois. I have a high school
education. I am an office manager for a billboard
company. My husband is an electrician and we have two
grown daughters.

THE COURT: Thank you.

David Von Holst.

PROSPECTIVE JUROR VON HOLST: My name is
David Von Holst. I have a BA in history. My wife,
she's got a teaching certificate so she teaches
elementary school. My son who is 26 works for us.

THE COURT: Could you speak a little louder,
Mr. Von Holst.

PROSPECTIVE JUROR VON HOLST: My older son
is 26. He lives at home. He works with me at the
plant, our sales. My daughter is finishing up her
bachelor's degree in education, and I have an 8 year
old.

THE COURT: What do you sell?

PROSPECTIVE JUROR VON HOLST: We sell

structural steel, metals distributor.
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THE COURT: David Lofton.

PROSPECTIVE JUROR LOFTON: I am David
Lofton. I am from Riverside, Illinois. I am married.
My wife is a physical therapist. I work for -- as a
financial adviser for a brokerage firm, national
brokerage firm, so I do trading on screens that you
describe, and my partner does trade futures, too, as
well. I just wanted to let you know.

THE COURT: Your educational background?

PROSPECTIVE JUROR LOFTON: College.

THE COURT: Thank you.

Timothy White.

PROSPECTIVE JUROR WHITE: My name is Timothy
White. I have a bachelors in engineering. I work for a
janitorial and billing maintenance company as a manager.

THE COURT: Any adult members of your

household?

PROSPECTIVE JUROR WHITE: No.

THE COURT: Thank you.

Corey Smith.

PROSPECTIVE JUROR SMITH: Yes, Corey Smith.
I live in Hoffman Estates. I have a certificate in
computer technology. I work for Semantic Software as a
consultant.

THE COURT: A little louder, Mr. Smith.
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PROSPECTIVE JUROR SMITH: I work for
Semantic Software as a consultant. I implement backup
software nationally, and my wife is an occupational
therapist. She works for the Lake Zurich school
district. I have a son who is 20 who goes to Western
Illinois.

THE COURT: Could you tell us a little bit
more about what you do as a software specialist?

PROSPECTIVE JUROR WHITE: Yes, I am a
solution specialist. Next week I am flying to Phoenix
to install backup software for a corporation out there,
train the customer, you know.

THE COURT: Okay. Thank you.

Katherine Sernett.

PROSPECTIVE JUROR SERNETT: My name 1is
Katherine Sernett. I live in Hoffman Estates. I have a
bachelors in management and marketing. I am a manager
at Walgreens and my mom makes reservations for United
Airlines and my dad is a retired plastic salesman and he
works at a charity.

THE COURT: I'm sorry. You're a manager
where?

PROSPECTIVE JUROR SERNETT: Walgreens.

THE COURT: Thank you.

Richard Leaneagh.
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PROSPECTIVE JUROR LEANEAGH: My name is
Richard Leaneagh. I am from Naperville. I live with my
younger brother who works as a theater manager for
Naperville North High School. I used to do construction
but currently I am delivering pizza for a living. I
have had some college. For a hobby, what I do is I Jjust
play video games on my computer.

THE COURT: Okay. And Tracy Garrison.

PROSPECTIVE JUROR GARRISON: My name is
Tracy Garrison. I have a bachelor's degree in
accounting. I work at Anixter, Inc., as a financial
analyst. I live in Prospect Heights with my two dogs
who are currently unemployed.

THE COURT: And what's their educational
background?

PROSPECTIVE JUROR GARRISON: They both
failed obedience school so there is no contributing.

THE COURT: Well, now to some specific
questions.

First, I am going to be talking about the
parties here and their lawyers and some of the companies
that are one way are involved and interested in what's
going on here.

How many of you are familiar with the

company Trading Technologies or its attorneys McDonnell,
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friend works at Trading
THE COURT:
name?
PROSPECTIVE
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PROSPECTIVE
consultant with Trading
THE COURT:
PROSPECTIVE

consultant with Trading
THE COURT:
PROSPECTIVE
THE COURT:

that would cause you to
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Anybody?

Christina Hamilton?

JUROR HAMILTON: Yes, my good
Technologies.
Okay. What's your good friend's

JUROR HAMILTON: Melissa Staska
And what's that person do?
JUROR HAMILTON: She is a
Technologies.
What?

JUROR HAMILTON: She is a
Technologies.

In what kind of consulting?
JUROR HAMILTON: I.T.

Anything about that relationship

wonder about your ability to be

totally fair to everybody here?

PROSPECTIVE

JUROR HAMILTON: She showed me

the software that you're speaking of before.

THE COURT:

Well, you realize that what

you're going to be ruling on is what's coming in through

the evidence here.

PROSPECTIVE

JUROR HAMILTON: Yes.
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THE COURT: It's not what anybody else ever
said. Do you have any -- do you have any questions
about your ability to be fair here?

PROSPECTIVE JUROR HAMILTON: I mean, I might
be a little bit biased because she works for that
company.

THE COURT: If you're a little bit biased,
then you shouldn't serve.

And somebody back there. Yes. You are?

PROSPECTIVE JUROR McEVERS: Bridget McEvers.
I formerly worked for MBHB.

THE COURT: For who?

PROSPECTIVE JUROR McEVERS: Is this MBHB?

THE COURT: Yes.

MR. ROSEN: That's our firm.

THE COURT: 1In what capacity?

PROSPECTIVE JUROR McEVERS: I was a clerical
assistant as a contract worker for a few months.

THE COURT: And you know the law firms
represent people, and sometimes they win and sometimes
they lose?

PROSPECTIVE JUROR McEVERS: Yes.

THE COURT: 1Is there anything about your
having worked there at some point in the past cause you

to be concerned about your ability to be fair here?
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PROSPECTIVE JUROR McEVERS: No.

THE COURT: Anybody else?

Next one. Who is representing eSpeed,
Winston & Strawn, so I guess I ask the same question:
Are any of you familiar with eSpeed, and when I say
eSpeed, I'm talking about eSpeed and its related
companies, which are Ecco and Ecco Ware and eSpeed
International. And are any of you familiar with any of

those companies or with Winston & Strawn?

Yes, back there. Your name is?

PROSPECTIVE JUROR CORTESE: Michael Cortese.
I work for National Citibank, and we use Winston &
Strawn for some of our legal documents. I know a few
people that work there.

THE COURT: Okay. Anything about those
relationships that would cause you to wonder about your
ability to be fair here?

PROSPECTIVE JUROR CORTESE: I don't think
so.

THE COURT: Anybody else?

Then, anybody familiar with one of these
companies? GL Consultants, GL Trade, FuturePath Trading
L.L.C., or their attorneys Alston & Bird, Salans, or a
different firm, Bullaro & Carton? Any of those names

strike a bell at all?
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