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UNITED STATES DISTRICT COURT

SOUTHERN DISTRICT OF CALIFORNIA

QUALCOMM INCORPORATED,

Plaintiff,
V.

CONEXANT SYSTEMS, INC.

and
SKYWORKS SOLUTIONS, INC,,

Defendants.

CONEXANT SYSTEMS, INC.
and
SKYWORKS SOLUTIONS, INC.,

Counterclaimants,
V.

QUALCOMM INCORPORATED,

Counterdefendant.
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1. Plaintifft QUALCOMM Incorporated (“QUALCOMM?™), for its complaint against
defendants Conexant Systems, Inc. and Skyworks Solutions, Inc. (“Defendants™), alleges as follows:
THE PARTIES

QUALCOMM is a Delaware corporation that maintains its principal place of business at 5775
Morehouse Drive, San Diego, California, 92121. QUALCOMM develops, manufactures, markets,
licenses and operates advanced communications systems based on proprietary technology.

2. On information and belief, defendant Conexant Systems, Inc. (“Conexant™) is a
Delaware corporation having its principal place of business at 4311 Jamboree Road, Newport Beach,
California, 92660-3095.

3. On information and belief, defendant Skyworks Solutions, Inc. (“Skyworks™) is a
Delaware corporation having its principal place of business at 20 Sylvan Road, Woburn,
Massachusetts, 01801. On information and belief, Skyworks was formed in June 2002 as a result of
a merger between Conexant’s wireless business and Alpha Industries, Inc.

JURISDICTION AND VENUE

4. This Court has jurisdiction over QUALCOMM’s patent infringement claim pursuant
to the patent laws of the United States, 35 U.S.C. §§ I et seq., and pursuant to 28 U.S.C. § 1338.
This Court has supplemental jurisdiction over QUALCOMM’s related misappropriation of trade
secrets and breach of contract claims pursuant to 28 U.S.C. § 1367.

5. Venue is proper in this judicial district pursuant to 28 U.S.C. §§ 1391(b), 1391(c) and
1400(b) because Defendants have regularly conducted business in this judicial district, and certain of
the acts complained of herein occurred in this judicial district.

FACTS

6. This action arises out of Defendants’ infringement of eight patents assigned to
QUALCOMM, Defendants’ misappropriation of certain trade secrets owned by QUALCOMM, and
defendant Conexant’s breach of a nondisclosure agreement with QUALCOMM.

PATENT INFRINGEMENT

7. On March 12, 1996, U.S. Patent No. 5,499,280, entitled “CLOCK SIGNAL

GENERATION,” (“the *280 patent”) was duly and legally issued to inventors Nathaniel B. Wilson

2" AMD. COMP. FOR PATENT INFRINGEMENT,

MISAPPROPRIATION OF TRADE SECRETS, & BOoFK | CasE No. 02 ¢v 2002 B (JFS)
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and Gene H. McAllister. A copy of the "280 patent is attached hereto as Exhibit A.

8. On April 1, 1997, U.S. Patent No. 5,617,060, entitled “METHOD AND
APPARATUS FOR AUTOMATIC GAIN CONTROL AND DC OFFSET CANCELLATION IN
QUADRATURE RECEIVER,” (“the ‘060 patent™) was duly and legally issued to inventors
Nathaniel B. Wilson, Peter J. Black, and Paul E. Peterzell. A copy of the *060 patent is attached
hereto as Exhibit B.

9. On March 24, 1998, U.S. Patent No. 5,732,341, entitled “METHOD AND
APPARATUS FOR INCREASING RECEIVER IMMUNITY TO INTERFERENCE,” (“the *341
patent”) was duly and legally issued to inventor Charles E. Wheatley, IIl. A copy of the *341 patent
is attached hereto as Exhibit C.

10.  OnFebruary 16, 1999, U.S. Patent No. 5,872,481, entitled “EFFICIENT
PARALLEL-STAGE POWER AMPLIFIER,” (“the '481 patent’) was duly and legally issued to
inventors John F. Sevic and Richard J. Camarillo. A copy of the 481 patent is attached hereto as
Exhibit D.

11.  On September 19, 1995, U.S. Patent No. 5,452,473, entitled “REVERSE LINK,
TRANSMIT POWER CORRECTION AND LIMITATION IN A RADIOTELEPHONE SYSTEM,”
(“the *473 patent”) was duly and legally issued to inventors Ana L. Weiland, Richard K. Kornfield,
Richard I. Kerr, John E. Maloney, and Nathaniel B. Wilson. A copy of the ’473 patent is attached
hereto as Exhibit E.

12. On December 31, 1996, U.S. Patentho. 5,590,408, entitled “REVERSE LINK,
TRANSMIT POWER CORRECTION AND LIMITATION IN A RADIOTELEPHONE SYSTEM,”
(“the 408 patent”) was duly and legaily issued to inventors Ana L. Weiland, Richard K. Kornfield,
and John E. Maloney. A copy of the 408 patent is attached hereto as Exhibit F,

13, On August 5, 1997, U.S. Patent No. 5,655,220, entitled “REVERSE LINK,
TRANSMIT POWER CORRECTION AND LIMITATION IN A RADIQTELEPHONE SYSTEM,”
(“the *220 patent™) was duly and legally issued to inventors Ana L. Weiland, Richard K. Kornfield,
and John E. Maloney. A copy of the *220 patent is attached hereto as Exhibit G.

14.  On September 2, 2003, U.S. Patent No. 6,615,027, entitled “METHOD AND

2" AMD. COMP. FOR PATENT INFRINGEMENT,
MISAPPROPRIATION OF TRADE SECRETS, & BoFK 2 CaseNo. 02 CV 2002 B (JFS)
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CIRCUIT FOR PROVIDING INTERFACE SIGNALS BETWEEN INTEGRATED CIRCUITS,”
(“the ‘027 patent”) was duly and legally issued to inventors Gurkanwal Sahota, Mehdi H. Sani, and
Sassan Shahrokhinia. A copy of the 027 patent is attached hereto as Exhibit H.

15.  QUALCOMM is the owner of the ‘280, 060, *341, *481, ‘473, ‘408, ‘220, and ‘027
patents by assignment, with full and exclusive right to bring suit to enforce these patents.

16.  The 280, 7060, *341, *481, ‘473, ‘408, ‘220, and ‘027 patents relate penerally to the
transmission, reception and processing of radio signals by wireless telephones.

17.  On information and belief, Defendants have been and are still infringing, contributing
to infringement, and/or inducing others to infringe the ‘280, *060, "341, *481, 473, *408, ‘220, and
‘027 patents by making, using, offering for sale, selling, or importing integrated circuits and modules
for use in wireless telephones. Defendants’ acts of infringement have occurred within this district
and elsewhere throughout the United States.

18.  Oninformation and belief, Defendants have willfully infringed the ‘280, *060, *341,
'481, ‘473, *408, ‘220, and ‘027 patents by continuing in their acts of infringement after learning of
these patents and of their infringement of these patents.

MISAPPROPRIATION OF TRADE SECRETS AND BREACH OF CONTRACT

19.  Inearly 2000, QUALCOMM began discussions with Conexant regarding a possible
joint business relationship between the two companies. As part of these discussions, QUALCOMM
and Conexant entered into a written nondisclosure agreement (“the NDA”) in July 2000. Under the
NDA, QUALCOMM and Conexant agreed that any confidential information disclosed by a party in
the course of the discussions would be used by the other party only for the purpose of evaluating the
potential joint business relationship. A copy of the NDA is attached hereto as Exhibit I.

20. QUALCOMM has at all times complied with its material duties under the terms of
the NDA.

21.  On or about September 6, 2000, representatives from QUALCOMM and Conexant
met to discuss the parties’ potential joint business relationship. During the course of the meeting,
QUALCOMM disclosed certain confidential, proprietary information regarding the design of certain

interfaces for certain of its integrated circuits. In particular, QUALCOMM described a new,

2 AMD. COMP. FOR PATENT INFRINGEMENT,
MISAPPROPRIATION OF TRADE SECRETS, & BOFK 3 CaseNo. 02 CV 2002 B (JFS)
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optimized interface between the most recent generation of QUALCOMM'’s Mobile Station Modem
(“MSM”) and the transmit cham. At the meeting, QUALCOMM identified this information as
confidential and proprietary and therefore subject to the terms of the NDA.

22.  The information regarding the design of the interfaces for QUALCOMM’s integrated
circuits was not publicly known at that time. QUALCOMM maintained the confidentiality of its
integrated circuit interface design by preventing the disclosure of this information to third parties
other than disclosure covered by a nondisclosure agreement or disclosure at a later point in time
through a published patent application or issued patent.

23, QUALCOMM invested substantial amounts of money and resources into the design
of its integrated circuit interfaces. The interface design was inventive, and of great commercial
importance to QUALCOMM as a trade secret pending any publication of a patent application or
issued patent. If competitors learned of the information maintained by QUALCOMM as a trade
secret, they could undermine the competitive advantages rightfully belonging to QUALCOMM and
unfairly undermine QUALCOMM’s position in the market.

24. By the end of 2000, QUALCOMM and Conexant decided not to pursue a joint
business relationship.

25.  Around May 2001, QUALCOMM discovered that Conexant was manufacturing and
selling integrated circuits based on the interface design information obtained from QUALCOMM in
September 2000.

26. By using QUALCOMM’s design information in this manner, Conexant violated the
NDA's requirement that this information be used solely for the purposes of evaluating the parties’
potential joint business relationship. QUALCOMM subsequently informed Conexant that it was
using QUALCOMM’s proprietary and trade secret information in violation of the NDA, and
demanded that Conexant cease its unauthorized activities.

27.  Despite being on notice that it was in violation of the NDA, Conexant continued to
manufacture and sell integrated circuits based on QUALCOMM’s proprietary interface design.

28.  On information and belief, Skyworks manufactures and sells integrated circuits based

on QUALCOMM’s proprietary interface design, and has acquired this design information through

2% AMD. COMP. FOR PATENT INFRINGEMENT,
MISAPPROPRIATION OF TRADE SECRETS, & BorK 4 CaseNo. 02 CV 2002 B (JES)
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Conexant. As a successor corporation to Conexant, Skyworks knew or reasonably should have
known that this design information was proprietary and trade secret information owned by
QUALCOMM that should not have been used for commercial purposes under the NDA.
COUNT ONE
(PATENT INFRINGEMENT)

29. QUALCOMM repeats and re-alleges the ailegations of paragraphs 1 through 2§
above as if fully set forth herein.

30.  Inviolation of 35 U.S.C. § 271, Defendants have infringed and are continuing to
infringe, literally and/or under the doctrine of equivalents, the ‘280, *060, *341, *481, ‘473, 408,
‘220, and ‘027 patents by practicing one or more claims of each of the ‘280, *060, *341, *481, *473,
‘408, ‘220, and ‘027 patents in their manufacture, use, offering for sale, sale, and/or importation of
integrated circuits and modules for use in wireless telephones, and/or by inducing or contributing to
the infringement of the ‘280, 060, *341, *481, ‘473, ‘408, ‘220, and ‘027 patents by others.

31. QUALCOMM has been damaged by Defendants’ infringement and, unless
Defendants secure a license to the ‘280, *060, °341, °481, ‘473, *408, ‘220, and ‘027 patents from
QUALCOMM or are enjoined by this Court, Defendants will continue their infringing activity and
QUALCOMM will continue to be damaged.

Count TWO
(MISAPPROPRIATION OF TRADE SECRETS)

32, QUALCOMM repeats and re-alleges the allegations of paragraphs 1 through 28
above as if fully set forth herein.

33, QUALCOMM adopted reasonable measures as described herein to maintain the
secrecy of the interface design at issue.

34. QUALCOMM has invested substantial amounts of money and resources in the
development of the interface design for its integrated circuits. The interface design is of great
commercial importance to QUALCOMM.

35.  Defendants knew or should have known when they manufactured and sold products

incorporating QUALCOMM’s proprietary interface design that they were misusing confidential,

2N AMD, COMP. FOR PATENT INFRINGEMENT,
MISAPPROPRIATION OF TRADE SECRETS, & BOFK 3 Case No. 02 CV 2002 B (JFS)
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proprietary trade secret information belonging to QUALCOMM.

36.  Defendants’ manufacture and sale of products incorporating QUALCOMM’s
proprictary interface design with full knowledge of their duty not to make commercial use of that
informatton constitutes misappropriation of QUALCOMM'’s trade secrets under California Civil
Code § 3426 et seq.

37.  Defendants’ misappropriation of QUALCOMM’s trade secrets was willful and
malicious.

38. QUALCOMM has been damaged by Defendants’ misappropriation of its trade secrets
and, unless Defendants are enjoined by this Court, Defendants will continue their misappropriation
of QUALCOMM’s trade secrets by continuing to manufacture and sell products incorporating
QUALCOMM’s proprietary interface design.

COUNT THREE
(BREACH OF CONTRACT)

39. QUALCOMM repeats and re-alleges the allegations of paragraphs 1 through 28 and
32 through 38 above as if fully set forth herein.

40.  In default of its obligations under the NDA, defendant Conexant has used
confidential, proprietary trade secret information belonging to QUALCOMM and covered by the
NDA for purposes other than evaluating the possibility of a joint business relationship between
QUALCOMM and Conexant.

4l.  QUALCOMM has performed all of its material obligations under the NDA.

42.  QUALCOMM has been damaged as a result of Conexant’s breach of the NDA and,
unless Conexant is enjoined by this Court, Conexant will continue to breach the NDA by continuing
to manufacture and sell products incorporating QUALCOMM’s proprietary interface design.

PRAYER FOR RELIEF

WHEREFORE, plaintiff QUALCOMM prays for the following relief against Defendants:

(a) A preliminary and permanent injunction against Defendants, their officers, agents,
servants, employees, attorneys, all parent and subsidiary corporations, all assignees and successors in

interest, and those persons in active concert or participation with Defendants, including distributors

2" AMD. COMP. FOR PATENT INFRINGEMENT,
MISAPPROPRIATION OF TRADE SECRETS, & BorK 6 CaseNo. 02 CV 2002 B (JFS)
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and customers, enjoining them from continuing acts of infringement of QUALCOMM’s 280, 060,
"341,°481, ‘473, ‘408, ‘220, and ‘027 patents;

(b}  Anaward of damages under 35 U.S.C. § 284 for Defendants’ infringement of
QUALCOMM’s "280, *060, *341, *481, ‘473, “408, ‘220, and ‘027 patents, including damages based
on lost profits, lost royalties, and price erosion, together with pre-judgment and post-judgment
interest;

(¢) A trebling of said damages pursuant to 35 U.S.C. § 284;

(d)  Anaward of attorneys’ fees pursuant to 35 U.S.C. § 285;

(¢)  Aninjunction against Defendants, their officers, agents, servants, employees,
attorneys, all parent and subsidiary corporations, all assignees and successors in interest, and those
persons in active concert or participation with Defendants, enjoining them from manufacturing or
selling products incorporating QUALCOMM'’s proprietary integrated circuit interface design;

(H An award of damages for Defendants’ misappropriation of QUALCOMM’s trade
secrets, together with pre-judgment and post-judgment interest;

(2} A doubling of such damages pursuant to Cal. Civ. Code § 3426.3(c);

(h)  Anaward of recovery of Defendants’ unjust enrichment pursuant to Cal. Civ. Code §
3426.3(a);

(1) An award of attorneys’ fees for Defendants’ misappropriation of QUALCOMM’s
trade secrets pursuant to Cal. Civ. Code § 3426.4;

() An award of damages for defendant Conexant’s breach of the NDA, together with
pre-judgment and post-judgment interest;

"
"
i
"
i
i
I

2% AMD. COMP. FOR PATENT INFRINGEMENT,
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1 (k)  Anaward of attorneys’ fees for defendant Conexant’s breach of the NDA, pursuant to

b

section 12 of the NDA;

3 (I} Any such other relief that this Court deems just and proper.

4 || Dated: J unei, 2004 DAY CASEBEER
MADRID & BATCHELDER LLP

j Byﬁcu U @ﬁ‘

James R. Batchelder

9 Attorneys for Plaintiff and Counterdefendant
QUALCOMM Incorporated
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1 DEMAND FOR JURY TRIAL

(g

Pursuant to Rule 38 of the Federal Rules of Civil Procedure, QUALCOMM demands a trial

(U8}

by jury on all issues triable of right by a jury.

4 || Dated: June 1, 2004 DAY CASEBEER
MADRID & BATCHELDER LLP

7 By: /)/;, 0(

~ / ~ James R. Baichelder

9 Attorneys for Plaintiff and Counterdefendant
QUALCOMM Incorporated
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5,499,280

1
. CLOCh SIGNAL GE‘TERAT]O‘{

BACKGROUND OF THE IN'VENTION
* 1, Field of the Invention

- The present invention relates 1o clock signals. Mare .

2

&

FlG 4 shows 2 black dizgram of the clock generator of

© . the presedt inventioo.

particularly, the preseat invention relates to the wcncmhou of

a clock signal,
2. Description of the R:la{ed Ant
- Cellular radiotelephones are -rapidly’ decrca.smg in size

number of parts contained in ¢ radiotelephone are reduced.

- This reduces the cost of the total number of radiotelepbone
parts, the manufzcturing costs and also reduces the weightof

FIG. 5 shows a table of clock oscillator frcqucncx:s a.‘nd -
divide salios io accordance with the block diagram of FIG.

"q,

' {  'DETAILED-DESCRIPTION OF THE
"+ PREFERRED EMBODIMENT

'I'hc clock generator of the pr:scnt invention divides a -

- -higher frequency clock.signal down to-an uneven multiple;

‘and cost. In order to accomplish these reductions, -the

lower frequency clock signal. In the preferred embodiment, - -

the clack generatdr provides an output to input ratin of .

© 211025, The clock generator thus eliminates the need fos an

the unit. In order to continue these reductions in cost apd *

weight, the ﬁd.lotelcphonc pa.ru count maust be reduccd
further,

.acalog synthcm;r to generate the fower clock frequency.
' The ¢lock generator of iz present inveation is Dusirated . -

in FIG. 4. The clock generator is comprised of a clock

Radiotelephanes r:qm:c umlnplz clack frequencies to

- operate duc to the different requircments ‘of circuits within
 the radiotelephone, For exaruple, 2 mictoprocesor way use’
- u different clotk. than the RF circuits. Some of these clock
‘frequencies are obtained by dividing onc clock signal into
sub-multiples of that frequency. This technique reduces the.
- number of osmllat.ors needed to gcncmc the various clock'
. signals. ‘

In a code division muluplc access radmt:l:phone, _
.master clock fruqucncy of cight times the chip rate of 1.2288

. MHz is used for various digital circuits, For cellular use, this

frequency, 9.8304 MHz, or its double of 19.6608 MHz, are

Umted States,
" In this case, multiple oscillators are nccded. ta gcn:rav: the

"+ different clock signals required by both the digital hardware

and the RF eirauitry, There is a.resulting need for a clock
geoerator that can produce a clock frequency that is an

© iineven multiple of snother frsquency, thus veducing the °

numba of clock synthe.s;z:rs r:qmred.

SUMMARY OF 'I'HE R-WEN'I'ION

The clock geaerator af the present invention generates a
- clock signal having 3 frequency ‘that is.ar uneven sub-
multiple of a higher frequency-input clock signal, The clock

geaezator is comprised of a counter that is clocked by the

input clock signal, The counter gencrates 2 coust overflow

oscillator (405) that gencrates an input clock signal for an -
11-bit counter (410} ard an /. counter (415). The divide -

ratio of the ™/, counter (415) is different for alternate . SR
" embodiments to accommodaty different input elock signal |
-frequencies, The divide rado is changed by Implementig - °

" the ™!, counter (415} in different ways, The 11-bit counter

ey
. mot suitable master frequcnms for the RF components of the ..
radzotclcphauc sinee neither is an aven multiple of the 30+
kHz RF chansel spacing r:quncd for cellular radio in the

indication in response 0 2 predcu:rmmcd sumber of input -

" clock signal pulses. A data latch is coupled to the count
" overflow indication. The input clock signal latches the count
overflow. indication inta the data laich, thus geoerating a.

load signal, A toggle Rip-Bop is coupled to the input clock
signzl and the Joad signal, The toggle Mip-flop divides down

the input clock signal to 2 lower frequency while the load-

signal adjusts this Jower frequency to e frequency that is
2 uneven submuluplc of tke frequency uf e i mput dndr.

- sigual,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a circuit diagram of the preferred c'ml'.l.odi-
et of the clock generator of the present inyeation,
FIG. 2 shows a timing diagram in nccordancc with the

- clock geoematdr of FIG. L

FIG. 3 shows 2 block diagram nf a clock geseration
circuit incorporating the clock gcncrator cf FIG. 1.

(410) cnables and disables the M/N counter {415), thus
aering the average frequency of the clock .ugnal ompuc

_from thie “/,, couater.

In the preferred cmbodiment, the input clock isa mulup]c
of 4.92 MHz. 19.68 MHz (4x4.92 MHz=656x30 kHz} and
24.6 MHz (5x4.92 MHz =§2025. kHz) are particularly
convenient values. In CDMA cellular telephanes with a

spread spectaum chip rate of 1.2288 MHz, this selecion of -
. the input clock Is especially advamagcaus "

An inpu! clock that is aneven multiple of 30 kHz is -
required for the RF phase Jocked loop. symh:slzcr in phones
for U.S. ecllular {or a multiplé of 25 kHz for some cous. -
tries). 4.92 MHz is the closest multiple of 30 kKHz that'is |
greater than 4x1.2288 MHr_ For-this reason, the telephone
can use anzlog to digital converters (ADC) and digital o
analog conyerters (DAC) thar arc clocked hy the gegerator -
of the present invention, without a significant p:xformz.nc: )
penalty dus to the resulting clock jiter. .

For example, for the case of an input clock of 19.68 MH: :

. and:a signal bandwidth-of 614 kHz being clocked owtof 3
DAC the clock jitter results in about ~25dBc of in- -band .

oise being added to the DACs output spectrim. However,
the owt of band noise (ar ‘greatér than'750 kHz) is down -
below ~40 dBe¢. Both'the in-band and.out of band noise is
azceptable for spread spectrum cellulat, If an input clock:

such 25 19.8 MHz, which is farther from a maltiple of 492 -

MHz, was selected to drive the #/, counter for the DAC's, -
the out of band noise that results from thc clack j Jmer would -
be upacesptably large.

The table of FIG. 5 illustrates some pos.nble clock oscil-

lator frequencies and the respective dividing ratios for the .

- M}, counter to generate the desired 9.8304 MHz signal, The

prefemed embodiment of the clock geaerator uses 2 19.68 - -

MHz ctnck frequency with a dividing ratio of Y
The prcfc:rcd embodiment of the clock. generator of the

pr:a:nh'inv:nliun is ustrated in FIG, 1. This embodiment
is comprised of Ave 2-bit counters (105-109) wd 2 1-bit
counter (110) consectzd in a 6 stage configuration. These
counters takea togéther form the 11-bit counter (410) of FIG.
4. In the prefermed embodiment, the l-bll counter. (110} is a:
‘toggle Rip-flop.

*The counters each have count overflow’ outputs that -
become true’ when (he counter overfiows from the logical

Ex. A-3
C Ex. A-5
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Ry .“11" smc lu t.hc pr:f:rrcd :mhodlmcnt. c:.ch caunur. hzs .' ‘clockhavmg a}ngherfrequcncy Lhat is aumtege: mulhp]c' i

-bolhacount ovcrﬁow Outpul a.nd a.mnv:rsccounl ov:rﬁuw . R, of 30°KHz. This' élock; iivthe. prcfcn'cd‘:mbodlmcn
AL ...-.uscdby thnRFrruxcrs of the radio. " Rt o

P D

"Avis cv:dcnr frorn FIG:S, addmonal embodlmcnts Bfth
tlock .generator. of the present invention. can use: chft'crcn
*: inputglock Sigrals to'gentrate the E,SBM'MHz‘del_JLZd,Qck.:
’ 'Th::e. dlternate crabddiments impleméntithe ¥ .’,, colinteri
: f-ﬁ:ﬂ'ercut ways to gencratn e, uutpul clgck: | L
+ A first alternate embodiment. generates the ‘oylput cig
qxgm} usifig-an "input. clock signal of 9:84- MHz"(2x4.9
MHz) In'this’ :mbcduntnl, thc ‘”/’ ’couhtar :s i akynchra

+The fhpltclock.signal’ frum Wi €lick oscillites, is input " i+ mdus clock gadfig Cireuit ot T T LT

ock: Hriver (10.1) it {bereases the déive currentof te - 3 secand, cmb?dgcnf 5;n;ﬁtcs the' Qutput Eldek signal’
Jock: The:clock driver (101} increases the. sumber of gates. g § 4o "input click-sigridl Haviiig. " fréquency of 14,76
.thd the.clock Sigaal'éan‘drive. In the preferred embodimeat, . 48 MHz (3x4.92: NiHz): In  this xcmbqgl]rpg_ v 2-biv.std
-the clock signal iycomprised bf aclock: afd i inveérse oEk. - machine with 35)’“?*“'0’10“3 ClQCk galing H'lﬂﬂd aythe

l:ounu:r RORAA, . e e
:.Th= caum.crs [105—110) arc-cloc.k:d by: thc doqk s:gnal
" from (e clock:driver(101); Tae tlock and theiniversei¢lotk " v A third: =mbod1m=nt smcrms e thul el figaa
f "mput foithe ‘contery. tespective clock.dnd ifiverse clock -‘ using an mpuL ClOCk slgnal having &cquency Qf 24 {6 MHB i

< The qounf. cvcrﬂow uulgur and th: mverse counl nv:rﬂow
tputof one 5ta.gc (10:) amcouplcd 16 lbe count mput and 5
rinyerse | pnunt inputy rcspccuv:ly of, the pext coupter stag:
(106) Tncsc‘;mtpm tause-the “clock. pulsa caunt; to’ nppl:
through, the 5. coybters.. “Thie - coint: averflow. outgit! ‘and..
{niy crse'count 0vcrﬂow Oulpye of the Jast. 3°bit ountér sage.,
0?} i inputtothe: toggle-and inverse: Togele meu ‘ofithe. W‘
,-"ﬂ.lp-ﬂop CIJ.O) conﬁgu.r:d to. pperate as, & 1-bit counter:

4,1y

N \‘umputs In=Lfmpfcfcrtc'd'£nibodlmem, he coumcrs (105—110) “r (5X4 92 MHz). Tlus—cmbadunmr uges'a 3:hit: ;;atc Whiﬂ%'
* "2y the: MY, covinfer..”. DA P

rdgcrement o the' rising. edge  of . the: c]ock pulsr. ‘and lhe ’ R
~alling edg:,uf thpmvcrs:”clock pzﬂsc T.",~ A AR A founh :mboduncnr. gcn:rau:: th:-output clock Slgna] -
e mosts:gmﬁca.uthxtfrom the-fial stage of thc count:r S ysing o inpurcleck signal. biaving.2 frequenty.of, 29.52
- (18 goes et o the: 1024% input clock; cycle.‘l'km Ritgs 55 MH2 (654.92° hﬂf‘ﬁ) “THis L'.mbodlmcn scy'a; 2-Bitstate
~.Qutgut, g2 D mp-ﬂop (nsjvwhgrg it;is; latched: i by, the. ., machmc as ‘the * IN countcrr ST
N'Vfrse tnput dloi:k.sxgnal 10, gcncraf:. al"a;ch:d loaq sxgnal S QI.hcr cmbodxmcms,of the c:lock gcnr.mldr of thik: piesént’
The latched 19ad yignakisused; toloadiog:ca.l,O‘s mrprhc - mvcnﬂm cari. be: implementéd usinig, othes. types. of. £/}
uum:r‘nxu cﬂ'r.cuvclyrcscu the counteroizero’s! that'tha - " cuunL:rs; Th: c.mbodzmcnts prasemcd above are;  onlyw
oisnt” bcgms from thére, Theload occirs o the;1025% mput 30 ﬂm"’-‘“’ sampfmg' of 5“Ch embot:hmq,uu

3 the preferred & Embodiment; the loidmgnal i5"3. L The prefered. :mbod1m=m.uf thie p:cs‘.cnt :m(cnun agp.. ~
- uses ‘both 4 sighial and A ioveric of the Wignal AHERE Y

e ghtait clock signal,.0.8304 Mz fo the: pr:t':rrnd . " embodjmerits:may-use-only the signal;, and not theinvegse 'Y
S gfiodiment, 18" gendtatkd, Sy 2 divide-by-t¥; toggle. flips ,.ng'na.!. gependig on the: tcchnolow i whick: the’preseq
op (120 thatiseives, as ety tounter - (415) from FIG. 4,35 mvcnuon Ls mpl:mcnlzd, ie., CMOS, Hipdlar, ‘etc.’)

Th::‘lnr.: cd'ioad,and inyewe foad signals;are; pput to ghp O As Can be seen abov:,,th; c.lock genm.wr rof the 1 mcsm
3 the ﬂxp-ﬂgp (120) :The cJock and inverse . mvemou- geoerates an wqsven’ mdluple,,clock fr:.qucncy

clockmghnlsﬁm_ input (o the. re§pective clock mpu& dfthe ._ ...\mthuuLa.ddxhonal ana!og fr:qne.ucy symthesizers, tHys savi i
H flip-8op (120} When. the.1atched Toad sigmils. ice falje; the . ig cost'and -Weight d in' & efecironic. device, WitGuit thi i
oggle ﬂ;p;tjg'p £120) ehanges suiz-on ﬂxc.:jsing_edgaof the- 40 - clocK - geairatbr of the “present invenition, addiliomal pha as¢!
clock signal pulses’ 'Ihwmgghng&ndcs th: ocksignalby- -+ “locked loop. sym.ﬁcsxzm.would be rr.quu-cdp :
"h"{-,-a‘-'-',.- R . el PP PR wu dmm-" “. .

“ ’I'h: dmd:-by-two stam mm fm- 10?»1_ p il Adlock gcncramr >for gcnmung mOulpm c]nckﬂgual..
A 'ods produc:pg 517 output “elock- pu-I.scs During: Lﬁg 10259 bavmg a2 ﬁrst frcqucncyimmm mputd’ock s;gnahhahug i
input clock period, th:luad.s:gnal’d;sablcs the mgglc input,; =~ A3 "second free
Orting the’ \ﬂop-ﬂop (120) 1@ Hold 'its: cirrent. staté, The ", - "'.11“1’-11315‘01' the “c‘m'i fr:quenq\ ﬂ'": ¢1°Ck gene;ato rco
 toggle Hip-A6.(120); therefoie, produr:cs 512 cIock _pcnods Pnsms el S
L each: 1075 mput: clock’periodsay = -t T ) countcr hzmng i clock mput cuupicd lo thr. ingut clqck
“The bu':pul “clgek doﬂ 1ot have 4 constant cyd; nm:,“]'hc _50 s:gnal and 2. rcsaunput cuuplsd oy lalch:d Ioad stgngl
ong ferm average frequekey {of e dverage, over 512050 *the countec generating acount averfio, lﬂdﬂamn“l&, X
X} 304 MHz. Theresuihng jitter is ithin tolerable <. i respopse.io a P“dﬁmﬂ‘ﬁ humber of. ifpit.cloek;:

'fcm:d cml;odxmcnt ofa’ ccllular radmt:l:—t«- oo+ signal. pulscs and-resemng in rc.sponu m th latch:

T S

4

odd-dnd: mvcrs: Inad‘sxgnz]

"Pi\

‘5Iumt; for '
:phnn: T'h: dmdcd do\m clock a[so bcn:ﬁts fmm lpw e

a.data latch. h;mng an mpu:coupred to lh; cuunz ov:rﬂu
“indication, the' ddta laich’ gcneraung the Jaiched Joad,_
" sighaf in yesponse. to-the -inpur clock signak and lh.:

,,G Zﬂlus:rms zmmng dzag:am of th:’h:ghcr freququqy- .
mput clock.signaly scompariso. to” the: putput-clock signdl; : X
IV Sag’be séen, Ahat: fhe, dutput cluckmgglcs ori.the fedding.” " 7 eount- oyexfow: ‘nd“‘a“‘m- and st
~-cdgcnc:f cach input clock pulse. . This” centinuzs it the V.58 togglc thp-ﬂog hmug zﬁrstmput:coup‘lcd.to th: inplt
w1023 Clock pti’:scwhen- the, divide- by-lwo u:gglr ﬁxp-ﬂop ;50_-"5  ¢lock signal and a‘second input, coupled to’ th:latchc
S A chsablcd by-Lbe load-signal..~ - . - Joad-signal; the toggle. flip-flop-generating- thc. u;n_put-;
_.::HG ‘3-Dlustates 2. mncal ccllul _ra:hotclcphone gpph. e clock signal’ ivresponse 10 !h:lalr.‘hcd !oacL sxguzl ang”
‘catio for theiclock gcnmtor “of the picseat invention: This "~ -\ - e input clack signal:. ... o
“r¥elock generation circuit uses & 19:68, Mz oselliator (30383 . | 2The Hodk eaczator. of i T i “%d-.c.“t*?“jr
e .gcucrat: r.hrmputctock ~signal, The clock genicrator (100} of 65" f‘"‘h“ CemP“”& ST '[. E L e
i LN e prcsent inveridon. then produccs the.9.8304 MHz clock. . **. " @ pluraluy. of 2% bncnuntr.rs gach havxng tin. inpat coupled:
- A'pha.sc-!uck:d loop synmulzcr- {3101«;::1::&5 anoth:r o oD thc mpul. cIack sngnal th: glur.-.l:ty of 2 bmcounmr& ~.'u
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each generating a 2-hit count overflow mdlcanon, cach’

" 2-bit count averflow indication being coupled to a next
stage 2-bit counter of the plurality of 2-bit counters, 2
fioal stage 2-bit.counter of the plurality of 2-bit
.counters generating a final sug: 2-bit count overflow
" indication; and

a 1-bit counter baving ‘a first :npul: coupicd 10 lhc final

"5,499‘,2;80 |

c 6. .
frequency in 2 circuit having a counter, r.hc fiest frtqucucy
. being an uneven sub-multipte of the secand frequ::ucy, the.

: mcthod compnsmg the steps of: -

5..

X stag: 2-bit count overflow indication and a second -

- inpyt coupled to the input clock signal.

3 The clock generator of claim 2 wherein'said data lntch

is a D fip-flop...

" 4. Aclock generator for gcucmuug an uurpuc clock signal

‘having a first frequency from 2o input clock si ignal baving a

second frequency, the first frequency being an uncven sub-
mu.luplc of the second frcqucncy, the chck generator com-

" prsing:
s plurality of countcm each baving a clock input coupled.-

. to the input clock signal and each having-a reset input

geaeraung by the counter a maximum count mdlcauon
after o predetermined number of clock puls:s of the
. imput clock signal; -
fg:n:ratmg 3 latched load signal in r:spansc 16 tbc maxi-
_murn count indjcation-and the input clock signal;
generating the output clock signal, when the latched load '
signal is false, in respoasc to the input clock signal;’

; d.[sablmg the output clock swna.l wh:n the Jatchcd load .

- signal. is frue; and .
. Teseiting the counter whea the Iatchcd load slg‘n&l is true. -

7. A clock gencraton circuit for geqérating a first clock

_ signa.l having a first frequency and a second clock signal

' having a third frequency, the first frequency being an uneves -

7 ‘coupled to a-laiched load signal; the plurality of -

"\ counters each generating 3 count overflow indication
and cach resetting-in response to the Jatched load

20

-having a second frequency both from an input clock signal

sub-multiple of the third fn:qu:ncy. the clock gcn:rator'.

 comprising:

signal, each count overfiow indication being coupled to” :

a next stage, counter of the plurality of counters, 4 final

. stage counter of the plurality of counters gmcraung 2
predetereined maximum. count indication;

" aD flip-fiop baving a frst input coupled to the predater-
** mmined maximum count indication and a second ioput

~ coupled to the input clock signal, the D flip-flop-geo-
crating the latched load signal in response 1o the
‘predetermined maximum count md.lr.anon andthei mput
- clock signal;-and '

a loggle flip-flop having 2 E.rs:mputcoupl:d tothéingut .

. ‘clock signal end a second fnput coupled to the laiched

" load sigoal, the toggle fip-flop generating the output -

clock signal in responss 1o the Ia:chcd ]oa.d s:gn.al and
the input clock sigeal. |

~

* 5.Aclock generator for geaerating an owtput clock sigoal -

" - having a fint frequency froro an input clock sigual having a

secood frequency, the first frequency being an wosven sub- -

' muluplc of the second frcquwr:y, the clock g:m:ramr com- -
. prisiag:

- a plumh'ly of 2.bit counters each having an input couplsd i

to the input clock signal, the phurality of 2-bif-counters
- each generating a count overow indication, each count
- overflow indication being coupled to a mext stage

couater of the plunhty of 2-bit connters, a final stage -

. 2-bit counter of ths plumhty of counters gen:ran.ug 2
- 2-bit count overflow indication;
b first togg,le ﬂzp-ﬂop having a first input cuupled 10 the
" 2-bit count ovérflow indication and a second input
. coupled to the input clock signal, the' first toggle
Rip-fiop gcncraung a pr:dctermned Maximum coua
indication; -

a D fiip-flop havmg a first input coupled to the pr:dcmr- ;

a0 oscillator for gcnmung thc input clock sngnal having "
the third frequency of Nx4.92 MHz; .~ - ,
2 cleck generator for getierating the first clock signal. the
clock generator having an output to input ratio of -
o (M 0ae)x(*), the clock geerator comprising: -’
“a counter having 2 clock input coupled to Lhc ioput clogk
signal :
.25d a resct input couplcd Wa Iatcbcd load sxgnal the
", counler gr.nu:rau.ug 3 .count overflow " indication in
respanse to 2 prcdclmmncd numbcr of ioput clock” -
signal pulses and rcsctrmg in rr.spouse lo the latched
“load sigeal;
a data latch haviog an mput couplcd to the cmm! uvcrﬁuw ;
indication, the data latch generating the atched Joad

signal in response t0 the input cock s:gnal and the o

count overflow indication; and
a toggle Aip-flop having a first ibput coupled to the input
clock signal and a second input coupled to the jatched.
. Joad signal; the toggle flip-flop gencrating the output
- clock signal in respanse tw the Jalched load signal aod
. the input clock signal; and a phase Jocked loop syn-
. thesizer for generating the secord clock signal. ‘
&, The clock generation cirguit of claim 7 wherein N is an .
intéger and NZ2 '

- 9, The clock generator-of claim 7 wh:r:m :zud counter "

fu.rthcr compnsc.'. . , . .

mined maximum count indication ad a second input °
coupled to the input clock aig;nal. the D flip-flop ged-

~ trating a latched Joad signal in responte 10 the prede-
termined maximum count md:z:aucm and the anul
clack signal;and -

asecond toggie ﬂ1p-ﬁop having a ﬁ:stmput couplcd to the

input clock sigpal and 2 second input covpled 10 e

latched load signal, the sccond toggle fip-Bop gener-

_ating the output clock signal in response g the latched
“load signal and the input clock signal.

6. A method for generating an output clock sigoal having

2 first frequency fromm en input clack signal having a second

Ex. A7

63

-2 plurahty of 2-bit coumm each havmg an :npul coupled

1o the input clock signal, the plurality of 2-bit counters
each geoerating a I-bil count overflow indication, each
2-bit count overflow indication being coupled to a pext

" stage 2-bit counter of the plurality of 2-bit counters, a
final siage -2-bit counter of the plurality of 2-bit

. counters generaling 2 ﬁnal stage 2.5it count overflow .
indicatjor; and A

1-bit counter baving 4 ﬁm input coupled to thc final | -

stage’ 2-hit cout overflow indication and a sepnnd

" input coupled to 'the input clock signal.

—'m

10 The clock geoerator of claim 9 wherein said data lach '

is 2 D fip-Bop. .

11. A clock generator for gcn:rar.mg an outputclock signal
baving a first  frequency from aninput clock signal havinga
second frequency, the first frequency beiog 2n vneven sub-

. mu.lupl: of the secund freque.ncy, the clock generulor comn-
’ pnnng :

Ex. A.7
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st counter ¥aving, » clock fnput coupl:d {o__thc jput -+ "F
clock gna.l and’ &.feset mpm r:oup]:d fatd. count
: dlitét” Fensralifg. lhc Totint each gcncraung 3,2 b“ count e erlow in cakiﬁﬂ-nelc
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sy <ABSTRA(_J’I‘

_ Ag automatic gain control (AGC) and D.C offset correction
method and apparatus for controlling signal power:of o
received RF signal within a dual mode quadrature recejver .
is duc!oscd herein. In a prcfcrrcd implementation the asto- -
matic gain conf.rul apparatuss may be adjusted to provide 2 -

" desized control response to various fading characteristics of
a received FM, FSK, GMSK, QPSK, or BPSK signal, The

"AGC appzratus intludes an adjustable gain amplifier having |

- an input port far receiving an input signal, 2 control port for

"receiving o gain conwol signal, and an output port for

providing an output signal. A quadrsture downconverter

coupled to the output port serves to Uanslate the frequency.

. of the oytput'signal to a basebind frequency, Lhcr:by pro-

" ducing bascband signals. In a preferred 1mplcmcntauon the. o

downcdhaverter is operative to map the carger freguency of
the' output signal 1o a bascband frequency offset by a
_pradzlcmun:d margin from D.C. Two high' gain atlive

lowpass filters provide out-of-band signal rqcctxon for the |

baseband sxgnals A_D.C. feedthrough suppression luop,
‘disposed to reccive said baseband signal, suppresses I, C.
offsets p!roduc:d by the downconverter and lowpass filiers,

heace providing 2 compensated baseband signal. The AGC- ..

apparatus is. further disposed to generale a received power
signal based on the power of the output signal, A saturating
integralor compares the received power signal to a reference
signal and produces the gain control sigual by intsgrating or

by refraining from integration based on values of the refer- ’
ence, received power signal, and gain coutrol mgnals i

'thnr:by extending the usable dynamic range uf lhc receiver
for FM mudc )
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METHOD AND APPARATUS FOR associated with the received FiMl and CDMA signal power. l

. AUTOMATIC GAIN CONTROL AND-DC -
OFFSET CANCELLATION BN QUADRATURE"
: RECEIVER' °

. This is 2 Continuation of apphcauon Sez. No. 08/233,

- 812, filed Apr 28, 1994 now abandoned,

BACKGROUND OF TI'E‘. INV ENTION
L Fi:ld of the Invention

.

. The present invention relates g:nm]ly Ia RF receivers -
- usmg quadratire demodulation, -More particularly, the

present invention relates Lo 2 novel method and apparatss for
providing-antomatic gain control, out-of-band signal rejec-
tion, and D.C. offset cancellstion within a digital :ecc:ver
L. Description of the Related Ant - "
In mlog receivers, 'such-as are: used in narrowband FM
cellular cummumcauon systems, .FM. demodula:un are .
employed to extract information encoded ia the phasc of an-

-

5

" incident waveform, Existing FM demodulators often include -

an analog frequency discriminator preceded by an andlog
limiter, with the limiter serving to constrain the input signal
powe: o a constant level, In this way maximum signal to
noise ratio is maintsined zt the.input to the frequency

" discriminator over the full dynamic range of the FM input
 sigmal. Howeyer, such an analog signal processing technigue’
_gcn:ra.l]y involves extensive signal filtedng, and frcqu:m!y

is implemented using 2 farge number of discrete compo- 4,
nents. Moreaver, it has becn dcmonstratcd that improved

demodulation rather than analog demodulation. “Unfortu-

" nately, codventional demodulation techniques are ofien got

applicable to digital receivers, sioce clipping of the received 38
signal would result in com:punn of th: data derived there. |
from.

A dagxta.l receiver for rec:m.ng a d;g:tally mudulatcd

information signal will - generally include a variable gain | .
amplifier with .a gain adjustcd by ‘a -contral sxgnal. The .4

process of ad_]ustmg the gain of a received signal using 2

control slgnal is called Automatic Gain Control (AGC).

Typically in digital receivers, the AGC process involves |
measurement of an outpet signal power of the variable gain
amplifier. The measured value' is compa:cd with“a, value 45
representing the desired signal power and an contral signal

" for the variable gain amplifier is gcnerat:cL The error value -

is then used to contml amplifier gain so as to adjust the
signal srength to coincide with the desired signal power. To

. effect digital demodulation with en optimal signal to aoise” 5

ratio, eutomatic gain control is used to hold the magritude

" of the baschand waveforms dose to the full dynamic range .

of the baseband anzlog o digital converters, This generally
sequires, howeyer, that automatic gain control be provided

. over the full dyna.rmc range of the received sxgnal power. ss

In the celhilar envirgnment, a digital reeeciver may Tecelve
a signal which expericaces rszd and.wide variations in. .

‘signal power. In digital receivers such as are used in acode

division multiple sccess (CDMA) ad Time Division Mul-

tple Access (TDMA) mobile cellutar telephone, it is nec- 60

essary 10-control the power of the demodulated ngna! for
proper signal processing, Howeves, in digital receivers to be
boty CDMA or TDMA compatible and conveational FM

* compatible, i.e., dual-made digitalFM receiven, it is nec.
-essary to provide power conual of both wideband CDMA 65

{or TDMA) signals and narrowband FM signals. The conuol

_ process iy complicated by the differing dymamic ranges

Thatis, the magnitude of reccived FiM signals may vary over -

4 dynamic range greater than 100 dB, wheteas CDMA

Systems typically result in 2 more limited dynanuc range,’

ie. appm:um.atcly 30 dB.

The provision of separate AGC cm:mtry fer cach mode
increases the hardware complexity and expesse of such

receivers.’ Accordingly, it-would be desirable to provide’ -

AGC circuitry capable of operating both upon narrowband,

- wide-dynamic range FM signals, as well s upogt wnd:band

CDMA signals of more limited dynamic range,

Tt would also be desirable to provide dighal AGC i in
inexpensive receivers,utilizing analog to digital (A/D) can-
verters with limited dynamic range. Agaio, because FM

swnals “Within cellular.3ystems may vary mere thag 100 dB -

and relatively inexpensive 8-bit A/D's are limited to'a

l dynamic range of approximately 48 dB, 4 cost effective -

AGC implementation should be capabfe of controlling the

" gain of the pdrtion .of the receiver preceding the AD

converters 0 as to control thc mgnal s dynamic range at the

" A/D conventer, The altgmative is to employ expensive AD
" converters having greater dynamic range, thereby increasing
the cost of the receiver ar to increase the AGC range of the
analog portion of the radio which is very difficult and costly,

Ttis.therefore 2n object of the present invention to provide
‘2 pavel and improved AGC circuit which incorporates the

dcswab]a features mentoned sbove, and which, as is
described hereinafter, also realizes certain other a.dv:mtagu

" relative tg-conventiona! AGC techniques.
In standard FM cellular telephones, the AGC fq.nctmu is

performed by e circuit called 2 Hmiter, When a limiter is

. tsed, out-of-band signal rejection can only be done usmg

intermediate frequency {TF) filters. Although the requisite

" signal rqecuup capability may be achieved lhmugh the use

of ceramic IF filters, these tend to be relatively large and

‘expensive. Smaller and less expeasive IF filters are gener-
©ally, mcapable of being realized 5o as o possess the desired |
signal refection characteristics, and hence are generally nol

employed in FM cellular telephone receivers.

As is well known, recent advances in integrated circuit
(C) iechnology have made possible the realization of active

“baseband filters 'which are quite small 'and inexpensive
compared to IF filters. It follows that it would be desirable
.io employ active IC -bascband lters to effect’ sigrificant -
out-of-band sigmal suppression,. t.hmby allowing smaller -

and less_expensive IF filters to be uséd to provide any

_additional required signal rejection. In an active filter, the
* higher the gain—the better rejéction that is possible, But the
‘higher the gain, the more susceptible the system to unwanted

D.C. offsets. Suppression of such D.C. offtets is desirable to
maximize the available s:gna] dynamic range, minimize

" offset induced distortion in the baseband demodulated signal |

and minimize uﬁ's:t mducr.d errors in bascband signal
strength estimates. -

In standard dxg;n.al conunumcauons systcms .mch as’

quadrature phase shift keying (QPSK), used in standard

" CDMA communication Systems (and some TDMA sys-

tems), or binary phasa shift keying (BPSK), infgrroation

from the waveform is recovered by downconversion of the ~

signal to baseband frcquency centered about D.C. In this

_case D.C, offsets are easily removed, since for QPSK and

BPSK, the carrier i3 generally suppressed by the tranamitter
anyway. Hence at baseband, & D.C. notch can be used.
However, for constant amplityde modulations such a3 FM
and continuous phase FSK (which are used in FM celtular
telephone systems such as AMPS) and Gaussxa.n Minimum

Ex. B-12
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Shift Keying (GMSK) {used in some TDMA systems), the.
carrier must be preserved [n arder to dcmcdu!ate the-

received signal, .
© The employment of active baseband 1 ﬁIt:rs leads to the

necessity of providing some mechanism for suppression of -

undesired D.C. offsets. The IF processing chain of conven-
tiona! digital ceflular telephone receivers typically inchedes
a Jocal oscillator (L.0.)-having a frequency selected such
that the tarmier frequency is downconvented to D.C., and 2
simple D.C. notch filter is used to remove unwanted D, C
offsets: If an FM, FSK, or GMSK signal 1spmccssedhy such

an IF processing chain, then the D.C. offset suppression will *

not only remove tawanted D.C. components, but also eriti-
cal phasc and amplinde informatien at the carier frequency,
That 1§, in FM cellular lc!cphcme systermns srgmﬁcant ampli-

Case 3:02-c\/-02006-JFS Document 127. Filed OG/‘QA. Page 33 of 152

.

frequency offset -by 2 predetermined m';n'gin from D.C. A
D.C. feedthrough suppression foop, disposed to receive said ~

" baseband signal, suppressés-D.C. feedthrough signals pro-

3

duced by the downgonverter, hence providing & compen-
sated baseband signal,

The AGC ‘apparatus further compmcs medns far gener-
aling a received power signal based on the power of the -

o‘ulput signal. A saturating integrator compares the received

power signal to a reference signal and produces the gain
- control signal by integrating or by refraining from integra-

+ . tion based on values of the :cf:rencr., r:t:.:wcd powcr slgna.l

tude and phase information is preseat at the camier fre.

" quency, and pcrfoi'mahcc will be adverszly affected-if such’

infermation is destroyed.
However, there afe two narrow bands of frcquencxcs in
between the carrier frequency F, and F+F, and between F,

and F-F; (where F, is the lowcst frequency expécted in, _thc B
demodulated spectrum, typically F,=300 Hz for Fivl cellu- -
1ar) which can be suppressed without adversely affecting the

demodulated signal. Although minimal voice information is
carried ar intermodulation products at frequencies close to
the carrier frequeacy, such products are pncommon and of

' .I‘r:lauvcly short duration, Accordmg]y, the stppression of

enly the low-frequency. intermodulation products after base-
band downconversion. does not usually result in the loss of

.appreciable voice information. Smularly,mFSK and GMISK

systems, very litde szgnal power is present below F={sym-

- bol raiz)/100, so again the frequency band between F, and

F+F, may bc. suppr:sscd without dzgradnucm of e dx gital
data,

It is therefore a further obp:ct of the prasent invcnuun to

* provide quadranire receiver in which high-gain/highly selec-

1

,'and gam cantrol s:gnals

BRIEF DESCRIFTION OF THE DR.AWINGS

The features, objects and advantages of the prcscnr. -

invention will become more apparent from the detaifed
descripton set forth below whea tzken in conjunction with
the drawings in which like reference characters identify
comespondingly throughout and wherein:.

.. FIG, 1 illuswrates. it block dxagrnm form an exemplary
apphcahon of the automatic nam control apparatus (AGC)

of the preseat invention;

FIG. 2 iilustratively rcprnsr.nu the gain of - AGC..

amplifier as a function of the gain control voltage;
FIG. 3 shows an exemplary embodiment of the automatic

gain contro} apparatus of the invention which includes a .

coauol loop implemented in analog form;

power transfer characteristics, respectively, associated with’
an exemplary implementation of a signal Jimiter included

" within the inventive gain coatrol apparatus;

‘35

tive active bascband Klters may be employed withoul caus- -

ing the Joss of carrier frequency information,

SUMMARY OF THE INVENTION

The present invention is 2 novel astomatic gain control

" method and apparaws for cootrolling signal pqur' of 2

received RF signal over a wide dynamic range. In a pre-

ferred 1mp]:menunnn the automatic gain control apparages.
. may be adjusted to provide a desiced control 1esponst to

various fading charactecistics of the received RF signal, In

. applications where the signal of inlerest is 2 suppressed
_carrier digital format suck as BPSK or QPSK (for CDMA

Digita} Cellular) or a constant eavelope continuous-phase

format such as GMSK, FSK, or FM (used in AMPS cellular -

Phasz system), the apparatus of the present invention is
capabls of providing the neezssary gain control, out-of-band
signal rejection, end dowuconvcrsmn to baseband, with no
D.C. offset:

In accordance with xhc prcscnt inveation on automatic

- gain' contro! (AGC} apparatms for dual mode ceceiver is

disclosed. The AGC apparatus includss an adjustable gain
amplifier having an input port for.receiving an input signal,
2 cooel port for receiving a gain control sigoal, and an
output port for providing 2n outpul signal. A downconverter

60

coupled to the output port serves to translate the frequency- .

of the ‘outpuf signal to a baseband. frequency, thereby pro-
ducing a baseband signal. In a preferred implementation the

- downeonverter i3 operalive to map the carrier frequency of
. the received-signal of the output signal to a bascband

Ex.B-13

" FIG. 5 depiéts an cxcmplaxy xmp]ement'auon of decision . |

logic used 10 govern operauon of &n mtcgrar.mn comml
switch;

FIGS, SA-6C arc ummg dmgrams illusuauu of the

operation of the AGC apparanss of the | inventpn;
FIG. 7 shows a preferred embodiment of the AGC appa-,

ratus of the invention including a rhgltal realization of the - .

contro] loop; .
FIG: § depicts an exemplary mplem:mauun ofa dxgual

sam:aung accumulator included’ mthm the mtzgmor of )

FIG. 7,

"FIG. 9 shows an alternately prefemed cmbed:m:nt of the
- AGC loop of invention which m:ludu 2 D.C. feedithrough. .

supprcssxon loop; and
FIG. 10 provides a block d:aga.m representation uf an
analog D.C. feedthrough suppressicn Joop.

" . DETAILED DESCRIPTION OF THE
" PREFERRED EMBODIMENTS -

a dlgxtal receiver, such as used in 2 code division -

mu]np]e access (CDMA) portable cellular communications
device, it is necessary to set.the power of the processed

sigoal'to a constant level. In the cellular eavironment, a-

receiver may teceive a signal which experiences rapid and
wide variations io signal power. In order tq propedly process

" the digital daw contained within the received signal the

signal pewer must be controlled within the receiver. In a
dual-mode digital receiver, e.g., a digital recever capable of
processing both CDMA (or TDMA) and standard FM sig-
nals, the received signal dynamic range will vary as a
funclion of the selected operative mode. Accardingly, an

automatic gain control apparatus for a digital ‘receiver is

FIGS. 4A and 4B lustratively represent the voliage and
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disclnscd.which is capable, in each of i operative wmodes,
o .of Compensating for variation in receiyed signal powee jn
- tither eavironmant . . ‘
FIG. ¥ illusteatey i block diagramm form ag exemplary
application of e ulgmatic gain contro) apparatus of the
- present inventipn, hh FIG. 1, the automatic gain conirgl
apparatus js implemented in the transceiver of 3 COMA
portable celfufar telephone 10. Teiephone 10-tmay be 5 dua}
mode, i.e. CDMA {or TDMA) and coaventional FM com-

. patible, The lomatic gain congpel 2pparatus of the prasent 10

invention is capable of Providing poiver -coptrg] of both -
wideband COMA (or TDMA) signals and anvwband FM

Cs
. Telephonc 10 includes antennz 12 for receiving RE sig-
- nals, incuding CDMA or FM communication signals, trans.

[itted from 2 base Malion, Antenga 12 couples the received L

the receiver partion of, telzphone 10, Duplexer' 14 also 20
fectives CDMA or Fm Ccommunication Ygnals from a

rasmitier ponign of telephons 18 for <oupling to ansenna - P

12 apd leznsmission 1o a bass station, -

“The received sigaats are output from duplexer 14 1o :5
downcguv_cnqr 16 where the rE signaly are converted 1o 3

lower frequency Tange and are provided ag omrespandipg
intermediate frequency (15) signals. The [& signals from

arly, the ayaﬂhbility of 'a'high-ynltz_gc Power su;;;;]y
may eliminate-the need for a compemsation dreujt,
The gaip controlled IF signals are output from amplifier .
8t 2 second frequieacy downconverer, downconverter 20,

fange and are provided a6 conesponding “in-phase and 50

Detector 25 meagirey the str'zz;gth of the signals outpur by &

. integrator 22, The AGC_REF sigha) comesponds tg a g5
- desireq signal strapgih level for the besebagd signaly. The
Controller 2lso provides AGC limil low (AGC_,LOWJ and

Ex.Bi4

| 6
- AGC limit bigh (AGC_HIGH) refecpnce signals to satyra.

. Ing integrator 22, The AGC__HIGH ang AGC;LOWsigna]s :

corespond 10 fimits on the m2gnitude of a2 gaip contral

sigual (V) provided 1o 4 conuol port of amplificr 13 by

satrating integrajor 23 ; o _ :
FIG. 2 lustratively represants e 82t of amplifier 13 5,
- & function of the gain control ¥oltage, Referting 1o FIG, 2

. the ‘gain of amplifier 18 iy seep, W0 nolitiearly taper gy

selatively constant valyes for control voltages exceeding
AGC_HIGH and |es; than AGC_Law, In genecal, jt i)

be desired to constraip the valueof V, 1o within the Jinear .

| range between AGC_HIGH agq AGC_LOW in orger that
" the co;‘rcspcndg‘ng Ume constant of ghe control Joop remain

. within ap acceptable range, Deviatipn of te loop time
canstant from the Acreplable rnge could resaly iy significan

by saturating integrator 22 iy grde, 10 prevent the perfor.
mance depradatiny introduced by such loop contrp] errors,
As i3 described below, satrating Integrator 22 js opers.

. tivetointegrare the difference betwesn LeRSSTand AGC_
REF 'si'gnaJs_,wh;p' Vage is bctw:cul‘AGC_'H]GI_i and

- Referring again 1 FG. 1, .snm;l'aliug integratgr " 22.
receives the R351 signal from detacror 25, along with tye .

AGC_REF signal front the controller. In order 1p provide

" BCENrRle power control, iy geoeral &t is necessary for the

difference between te RSS! signal ang the AGC_REF

signal to be minimized, Saluraling integrator 22 iy used tp
provide. this funetion i the AGC logp by forcing the

“Giffeeence to 2er0, For example, if the gain of the signal js .

* the integraror. Quipat signal | ace will comipim to ducrease -

. ) “4 .o
It should be understood that the R5St measurement cag be
made at variops points in the processing pf the receivad

- 7. signal. Althaugh FIG. 1 illnstratey Ihat the meavureimeny; 35

made after frequency dowrconiersion by downconverter
20, the measurement can pe madz at any point in the signal
- Progessing chain follawing IF amplifier 18, The RSST mea.

" Suremeat will preferably be made subséquent g completion

of signal filtering, thereby minimizing the measured spuri-
Us interference Power. In wing analog power contrp)
technjgues for both the wideband ang narrowband signals,
e same power control circvitey can be pged for both modes
of operation, '

« of Uanemit power ig CDMA ode. The Yage signal is.
" Provided ta the transmiper -portion 30, along with varipus

other contro) signals from the controlfer (mf! shown), .
Referring now 15 FIG. 3, thers i shown.ag, exemplary

of sanurating integrator 22, 1n HIG. 3, the salurating integry.
tor includes Operational amplifier (op amp) integrator 49

baving 4 capacitive feedback netwprk. In garticolar, inte. -

sr2loe 0 receives the AGC_REF signal through resigtor 42
aljls non-inverting input, to which i alio connected capac;-

. R e =
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7
tor 43, When switch 44 is dosed in response to conwel
information provided by inegrator decision logic 46, an
RSS! sighal output by RSSI detector 48 is received by
integrator 40 through resistor 50, Wheen switch 44 15 held in

an open position in response 10 control information from

" integratar decision logic 46, 2 capacitor 52 serves 10 hold the
- output (Vo) of intcgrator 40 constant &t either AGC_-
_ HIGH or AGC_LOW. This prevents saturation of zmplifier

18 when the masnitude of tbe IF input signal departs from
2 predefined dynamic range. ‘ ‘ )
" Again refering to FIG. 3, an embodiment of a switching

«arrangement is.showa using RF switches 49 and 55. RF -
switches 49 nd 55 couple COMA TF bandpass flter 51 to

IF amplifier 18 during CDMA mode as shown by the setting

of the swilches in F1G. 3. In FM mode, the position of RF ~

" swilches 49 and 55 changes to couple FM IF bandpass filier
53 and Jimiter 54 to IF amplifier 13. FM IF bandpass filter
.53 For. rejecting owt-of-chanoel interdference defines the
. bandwidth of the FM signals provided thiough limiter 54 to
amplifier 18, For example, in FM mode operaton the FM IF
filter 53 is designed to have a passband .spanning approxis

‘mately onc cellular chaznal {e.g., 30 kHz), aod a stopband .
_ extending significantly beyond (e.g., £60 kHz) the IF center .. -
" . frequency. During CDMA mode operation the CDMA IF.

filter 51 §5 designed to reject out-of-channel interference and

{defines the bandwidth of the CDMA sigmals provided to°
amplifier 18.-For exdmple during CDMA mode, CDMAIF .,

" bandpass filter 51 may providc a passband commensurate

5,617,060

" that they are not canverted (o bascband along with the,

s . :
waveforms clipped by limiter 54 creats unwanted harmon-
ics, IF Jowpass flter 56 removes the unwazited harmonics so

desired IF signal information. In an' exemplary embodiment

- the type, order, and passband edge of filter 56 are selected 1o

attequale in the amplified IF signal produced by amplifier

18 L :

" “The filtered IF signal is providedto a st input of a mixer

—

5

with the ¢hip rate of the baseband portion of the receiver '

{e.g 1.26.MHz), and ‘provide a predefined rejection band-
width {2,z 1.8 MHz). In an aliemative embodiment, limiter
59 could be in the common path before [F amplifier 18.
Limiter 54 atteauates high power RF signals, which are
principatly received during FM mode operation, FM signals
may caceed the maximum power of signals encountered
during CDMA mdde operation. In a prefered embodiment
limiter 54 limits the input power to amplifier 18 to wilhin the

dynamic range, ¢.g., 80 dB, charactedistic of CDMA opera-

“tion. Limiter 54 allows the contral range of the automatic
- gain control (AGC) loop of FIG. 3 to bt desigoed on te

basis of the expected CDMA dynamic range, thereby elirmi- -

nating the néed to provide separately calibrated AGC control

loaps for FM and CDMA mode operation.

FIG. 4A and 4B ilustratvely represent the voltage and -,

poter adsfer characteristic, respectively, associated with
an exemplary implementation of Hmiter 54, Referriog to

45

" FIG. 4A and 4B, limiter 54 does not arenuate sigoals baving - -

voltage magnitudes fess then 2 predefined maxitum voltage
Vi The saturaied power may.be quantified as Py,,=Vm®/
2R,, where R, denotes the input load impedance of ampli-
" fier 18, For {nput power in excess 6f Py,p the output signals

50

power produced by limiter 54 is made to remain constant & °

approximately Pe,r by clipping the peak signal vollage to
the voltage Vi The value of P,y will be selected based on
the maximum expected CDMA input power level. Accord-
ingly, for example, high-power sinusoidal IF inpur signals
- (Pin>Pg, ), the output waveform praduced by limiter 54 is
tuncated to a fixed -amplitude but the fundamental fre-
quency znd phase information it not lost. The limiter
induced harmonic distartion is removed by lowpass filter 56,

60

Low-pass filter 56, incloded within the downconvester 20, -

is designed to have a cul-off frequency larger than the
frequency of the IF signal output by amplificr 18 in-cither

CDMA modz or FM mode. As noted above, low-pass filter’

56 is designed to attenuate harmonics of the IF signal output
by amplifier 18 prior to downconversion to baseband in-

phase () and quadrature phase (Q) components. High-power

Ex. B‘-lS

60, while the other input.of mixer 60 receives a locally
generated reference signal from oscillator 64, Mixer 60
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mixes the filteréd IF signal with the reference signal o -

- produce the 1 and Q baseband (quadrarure) components on
output lines 70. and’ 72, respectively. . The mixer 60 is.

designed to map a frequency which is offset from the [F

ceater frequency by a predefined margin, e.3. from 310300

Hz, to the baseband D.C. frequency. Such a-D.C. offset

error., Specifically, mixer §0 will preferably be operative to

-produce an output frequency of approximately 100 Hz in
" .zespouse to’ an input CW signal at the mid-band IF fre- .

quency. In this way input D.C. offset emors tending 1o
corrupt RSS! power measurements are removed by.a D.C,
notch filter 66 withom attenuating CW signal information.

. Referring again to FIG. 3, output lines 70 and 72 are
respectively connected to baseband I and Q-chanae! lowpass

filiers (LPF3) 76 and 78. T and Q-channc] LPFs 76 and 78
will preferably eacH be implementéd.se as o provide

lowpass wansfer functions exhibiting cutoff frequencies of -

13 kHz and 630 kHz, respectively, duting Fvt and CDMA
mode operation. In 2n exemplary embodiment filtzrs 76 and
78 cach include a pair of I znd Q-channel, one of which is
cmployed during CDMA mode operation and the. other

. during FM mode operation. The individual filters included

within 1 and Q-channel LPFs 76 and 78 are switched into the

" bascband | and Q signal paths; respectively, in accordance
with the selectzd mode of operation, In the prefecred

embodiment the system contoller includes means for

_margin allows the muamatic gain-control loop of FIG. 310 .
distinguish between an unmedulated FM sigoal {i.e., a-
-continuous wave (CW) signal) from an input D.C. offset -

switching the filters fncluded within the filter networks in - '

- 2ceordance with the operative mode selected.

In addition to performing an anti-aliasing function for

AJD converters §6 and 83,1 and Q-channel LPFs 7§ and 78 .- .

also provide out-of-band signal rejection. In the prefered

" embodiment, filters 76 and 78 have high gain, and hish

stop-band rejection, As atesult, IF bandpass Glter 51 and 53

can have less stop-band rejection, and therefore can be lzss

expensive.

Ahez filtering by the T and Q-channe! LPFs 76, 78 and by
"D.C. noteh filter 66, the resulting baseband I and Q signals |

are provided to RSSI detector 48. RSSI detector 48 provides
ai gutput RSSI signal indicative of measured signal power
{in dB). The difference between the RSSI signal output by

- RSST detector 48 and AGC_REF is integrated within satu- -

rating imegrator 22 so as 1o produce the control voltage
VAGC' : L . . )

" Again referring ta FIG. 3; the I and Q outputs of the 'and
Q-channel LPFs 76 and 78 are alse provided to ! and. Q
analog to digital (A/D) converters 86 and 88, respectively.
A/D converters.B§ and 88 operate to quantize the baseband
1 and Q signals for digital demodulaton in the selected
operative rode, i.e., either COMA or FM. In the prefemed
embodiment the dynamic range of A/D converters 86 and 38
is selected to be sufficient 1o accommodate signals that
execed the control range of the AGC apparaws of IF
amplifier 18, A's was noted above with reference to F1GS. 2
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of the digiial hlghpnss filter 150 is s:lected to be substan-

.- tially Jess-than the frequency offset inroduced within mixer
§0. In an altemale implementation of r:muval of the D.C.
" offset-may be achieved by: )

(i) sepdrately detenmining averages of the bascbz.nd 1 and
Q signal samples, and”

(ii) subtracting the resultant D.C, cumponcn: from ca:hl
and Q component prior to further processing.

" Digital RSS! detector 154 will typically include a look-up

- table containing values of log power indexed as @ function
" of the magnitudes of the baseband I and Q samples. Digieal

PSI detector 154 approximatés fog pawer, ie, 10 LOG

(+Q%, by determining the value of LOG@AAX(ABS(I)

5,617,060
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7 and § offers several advantages relative 1o comresponding

. analog realizations. For example, the digital componeats

- utilized therein are not susceptible to temperature, drift, and
allow the integration time constant to be adjusted in accor- -

dance with expected signal fading conditions so a5 to

expedite lpop signal acquisition. In addition, a filter and™ .
. mlcgmwr implemented in digital form occupy significantly
1e5s volyme than z corresponding arrangement: of d:scruc_-

, Tesistive and capacitive components,

. detector and- a digital saturating integrator will result in’

Itis also anticipated that the utilization of a- dlgxtal RSSI

improved accuracy. In particular, during the period when the

. valee of V. is required 1o be maintained at either AGC_-

ABS(Q)}) and the value of a corection term. The operation

MAX{ABS(D,ABS(Q)} produces an output value equiva- g

lent to the magnitude of the largest component of a given I/Q

. sample pair, Ina parucu!a.r 1mp1:mcntauun this output value
-serves as an index into-a look-up table of log power, The

output derived from the Jook-up table is then added to a

.comection term approximately equivalent to the difference
between LOG (1'+Q?) and LOG(MAX{ABS(). ABS(Q}.

The received power estimale, i.2,, the RSSI signal, pro-

sublractor 158 aloag with the AGC_REF signal. The r:su]t-
ing error signal is then scaled in accordance with a desired

. loop time constant t, by digital scaliog multiplier 162, The
‘loop time copstant t, is cbosen in accordasce with the

expected fading characteristics of the RF input signal. Rela-
tively short loop time censtants (faster foop responsc) will
generally be selected (o enable tracking of signals exhibiting

" abrupt - fading tharacteristics - while slowing the loop
» , Tesponse 16 & level that does not cause gxcessive overshoot
. or dnging given the delays mr.roduccd in the loop by filers

angd other elements,

" In a preferred embodiment sca.lmg mulupher 162 may be
programmed 1o multiply the emor signal from digital sub-
trecior 158 by a first Joop: time comstant in response 10
decaying RSSI signals, and to multiply by 2 second loop

+ . time constant when the value of the RSS! sigual is increas-
ing. This allows for further fexibility in T.z.tlonng the AGC -

loop réspomise on the basis of the fading charzcteristics of the
op:ranona.l envimnment and-minimizes loop overshool,
Referring again to F1G. 7, scaled error sigoal g generated by
scaling roultiplier 162 is provided to saturating. ‘accamulitor
166, Saturating accumulator 166 operatesto accumulate

- .values’ of the scaled erfor signal into’ an aggfegate ezor

signal until the agaregate error signal reaches either AGC_

"HIGH 'or AGC_LOW. The value of the aggregate error
sigoal is then held at either AGC_HIGH or AGC_LOW
_ until 2'scaled ervor signal is received which, afier combina-

tion with the existing, aggregate emor signal, results in an

‘aggregate error signal within the range defined by AGC._

HIGH and AGC_LOW.
FIG.8 d:ptcu an exemplary discrete timme implementation
of saturating accumulator 166, As is indicated by FIG. 8, the

" scaled error signal is provided to a first input of 2 digitak

adder 170, The scaled trror signal is added within dxgna!
adder 170 (o tke aggregaie emor signal produced in the
previous dme step by saturating accumeulatar 166, where the
aggregate error siznal is stared in register 174, The values of
AGC_HIGH and AGC:_LOW provided by a system coa-

. troller (aot shown) are stored within second register 178.
- Minimum and maximum signal clippers 182 and 184,

coupled to second register 173, constrain the value of the
digital signa! provided tg first register 174 to within the
range defined by AGC_HIGH and AGC_LOW.

" The digital mplememwnn of highpass filter 150, RSS] .

dcmctur 154 and saruraung integrator 22 depicted in FIGS.

—

5

* duced by digital RSSI detector- JSd is supplied to digital -

30

HIGH or AGC_LOW, capacitive discharge and e Jike
awsociated: with analog components will generally result i
the value of Y age “drodping” from the desired Jevel avera

period of time. The digital implementation of the saturating *
integratar shown in FIGS. 7 and & does fiot exhibit the signal

"d.roop" charactcnsu: of analog implementztions.

Refeming again to FIGS. 7 2nd §, the conmol signal stored -

w:r.hm the first register 174 of samrating accumulatar 166 is
provided to 'digital to analog converter, (DAC). 190. In a
preferred embodiment the resolution of DAC 190 will be
sufficient to provide an output analog AGC sicp size of less
thar 1 dB. Alternatively, & pulse width modulated (PWM) or
pulse density modulated (PDM) output pulse sequence of
0,1 logic levels is produced in response 10 the control signal.
PDM swnalmg is explained in U.S, Pat.-No. 5337333,
titled Pulse Density-Modulation Circuit Paraied to Serial)
Comparing in a Non.sequ:nun] ‘Bit Order assigned to the

. Assignee of the present invention. The average value of the

.

40

cutput pulse sequence corrcsponds tu the  desired aualov
output voltage. .
-The apalog output prov:dcd by DAC 190 is pass:d

through lowpass filter 194 prior to being applicd to the gam '

contral port of IF amphﬁcr 18, Lowpass flter 124 is

+ designed to aucnuate any spuricus outpm pmduced by DAC

150,
Rcf:mng now to FIG. 9, there is shown an zhcmnte

'prefc_rred cmbodiment of the- AGC loép of invention opera-
“tive to advantzgeously suppress undesired D.C. offset signal

components without simultancously destroying carrier fre-

quency signal information. The AGC foop of FIG. 9 bears.
+ substantial similarity.to the AGC loop of FIG. 7, and heace
like reference nurnerals are,used in the representation of Like
_circuit clements. Asnoted in the Background of the Inven-

tion, in‘teceivers for digital modulatiqa such as QPSK-or
BPSK. itis common for the frequency of the local oscillator
{L.0.) within the IF processing chain to be selected such that
the rcecived carrier frequency is* downcanveded (ie.,

. mappcd) to D.C. Again, howcver, subsequent baseband

” .

1]

" gx.B-17

processing designed to suppress undesired D.C. feeditizough
passed by mixer 60 also tends to destroy signal mfurmaunn
centered about the received carrier which oceurs for modu-
lation schemes such as FM, and conunuous-phasc FSK.

In accurdanc:: with onz aspect of the invention, the 1.0.

frequency of the oscillator 64 is selected such that the
received carrier is ‘mapped-to a bascband frequency offset - -

from D.C. by a predeiermined margin. A D.C. feedthrocgh

suppression loop 200 (FIG. 9) énables cancellation of undes- * -

ired D,C. feedthrough while simultancously preserving sig-
pal information at the received. carrier frequency. In a
preferred implementation the L.O, frequancy is chosen to be
offset by a small amount (.., 100 Hz) from the carder

frequency nominally resulting in downconversion of the’

received spectrum to baseband. It follows that the I and Q

channc! signal energy oulput by the mixer 60 at the prcdr.-

EX. B"17
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termined offset frequency {c.g.,

100 Hz) comesponds to the

information impressed upon the feceived carier frequency,

The downconverted spectrum, including carrier information,
is passed to A/D converters 86 and 88 while undesired D.C. :
‘feedihrough from mixer 60 is suppressed. Although this

process results in the attennation of energy at the frequecey

: spaccd from the received carrier by the predetermined ofiset,
in many applications (e.g., voice communicatiod) the sup-
pressed low frequency energy carres minimal usable signal
information. Accordingly, the D.C. suppression loop 200

advantageously, ,allows “cancelladon of extraneous D.C..

—

D

feedthrough without destruction of mformauon pr:scnt at

the recejved carrier frequency.

As is indicated by FIG. 9, the D.C. fc:dthrough suppres:

sion loop 200 includes 1 and Q channel digital integrators
204 and 206 baving input ports opcmmcly coupled 10 the

outputs of T and Q-channel LPFs 76 and 73 through AD

converters 86 and 88, respectively. In the embodiment of ..

© FIG.9thei integrators 204 and 206 are respectively disposed
to integrate the digital outputs of A/D cénverters 86 and 38,

k)

. The zesults -of each integration are converted 10 analog -

) ngnals by I and Q channel digital to-analog converters (D/A)
. 208 ‘and 210, which are seen to be respectively interposed
. between the digital integrators 204 and 206 and znalog
subtractors 212 aod. 214. The gain constants of digital
integrators 204 and 206 may be sc[:cted such that integra-
lors 204 and 206 arz unresponsive to signal power at
frequencies at 100 Hz 2nd above, The resuliant D.C. can-

cellatioa signals produced by integrators 204 and 206 are,

. nominally equal (o the wadesired D.C. errors introduced in

30

the signal path by mixer 60,1 and Q-channels LPFs 76-and -

78, and A/D converters 86 and 88, L this way itis easured
 that the power level provided to A/D converters 86 and 83,

and hence also to the RSSE circuit-154, is indicative of the .

power level actally received by saturating integrator 22.

- Hence, the D.C. feedthrough supptession loop 200 functions

1o maintain the integrity of the received power leve] even
during elimination of undesired D.C, feedthrough. .
Tuming. sow to FIG. 10, theré is shown an analog
implementalion of a D.C. feedthrough suppression loop 230
{which can b substituced in FIG. 9 in place of feedthrough
suppression loop 200) operative to elimirate undesired D.C.

40

. feedthrough while sirnultaneously preserviog the level of .

signal power supplied to digital RSSI detector 154. The L.O.
frequency of the osciltatar 64 (FIG. 9) is again selected such
that the carrier frequency is mapped to a baseband frequency

43

_offict from D.C. by a predetermined margin. The D.C..

feedthrough suppression loop 230, in a manner substaatially
© similar to that described above with reference to. the
feedthrough suppression Joop 200, enshles cancellation of

50

- undesired D,C. feedthrough while simultancously presery- -

- ing signal information at the received carrer frequency.

Specifically, by appropriately selecting the gau-u at 1a£=gra-

-tors 234 and 238, the Bownconverted camjer information

mapped to the offset frcqucncy is passed to A/D convertens

" 86 and 88, Ag discussed above, undesired D.C. feedthrough

- - from mizer 60 is then suppr:sa:d by subtracmrs 212. and
214, .

. The D.C. feedrhmugh supprassion loop 230 also operates.

to ersure that the baseband signal power provided to A/D
converters 86 and 88, and hence to R3SI detector 154, is
indicative of the signal powér actually recsived, and is
uricomuptéd by extraneous D.C. signals. ~

In an exemplary embodiment it may be desired to modify
the D.C. feedthrough § suppression technigue described above
in order to accommodate the reception of received FM
signals comesponding 1o “multi-tone”’ analog signals. More
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particularly, in certain applications the réceived FM signal
,may be representative of 'z “multi-tone™ waveform com.

prised of a st of stationary, i.e., fixed-frequency, signal

" components, where each stationary component cortesponds
o the magnitude or pitch of 2 parhcular analog tone, This
may require that the tow-frequency intermodulation prod. - -

ues created by interaction of the multiple FM-signal com-

‘ponents be preserved. Accordingly, if 2. static [requency

offset is inroduced by the L.0O. oscillator 64, it is possible
that partict!ar intermodulation products will be mapped by

mixer 60 to baseband D.C, (i.e., to the lame baseband © -

freqiency at which may be present D.C. feedthrough). In.
this case it- may prove difficult to distnguish between .

undesired D.C. feedthzough and useful signal infopmation .~ -
mapped by mixer 60 to baseband D.C, Since the D.C. - -
_ feedthrough suppression Joops 200 and 230 will generally be
‘designed o cancel. substantially all D.C." sighal £aergy
[produced by mixer 60, it is conceivable that wseful nter- .
_medulation information could be- chnunatcd along with the )

undesired D.C. fccd[hmugh

Referring aga.m 10" FIG. 9 in accordam:e w:th another
aspect of the invention this difficulty is addressed by pro-
viding an_ LO offset modulator 260 operative to introdice:

time varying vadation into the D.C. offset applitd to the ° -
- nomina} LO. frequency. The term “nominal” L.O. frequency '

refers o that frequency at which the received center carrier
f.rcqucncy i3 mapped to-baseband D.C. by mixer 60, Because '

in this case the L.O. offset Trequency supplied to mixer §0
is not static, but instead varies over a predefined range,
received stationary components will ot be continuously
mapped to baseband D.C. ‘but will .instead-be mapped to

- baseband frequencies based on va.qahun in the L.O. offset,
- Hence, useful low:frequency intermodulation products may

be distinguished from undesired D.C. feedthrough, because
D.C. fccdﬂuough remains at baseband D.C. nolwxﬂulandmg

. variation in the frequency offset applied to the L0, escil-

fator signal. Accordingly, the offset modulator 260 allows .
the D.C. feedthrough suppression loop to eliminate undss-
ired I.C. feedthrough while simultaneously prcscmng cer-
tain stationary sigeal information.

. The modulated frequency offset introduced to the nominal
L.0. frequency may be characterized in terms of a mean,
offset frequency, a minimum and a maximum. offset fre-

- queney, and an offset modulation frcqucncy (ie., the rate at

which the offset is varied between the minimum and-roaxi-
mum offset frequencies). For example, in a particylar

_embodiment the mean frequency offsetis selected tobe 100 .

Hz, the minimem aod madmum-offsets are respectively
chosen to be 50 Hz' and 150 Hz, and the offset modulation
ﬁcquancy is ser 8t 10 Hz.

"If the described embodiment is used to build an FM FSK. -

© or GMSK receiver, then the outpat of A/D converters 86 ard
. 88 is fed to an FM demodulator {not shown), The modula-

5

tion signal introduced by L.O. offset ivodulator 260 (10 Hz
in prefemed embodiment) can bé easily removed after the
FM demodulation by a digital high pass filler with a.cutoff

- frequency sotnswhat higher than-L.O. offset modulators

260's maximum offset frequency withoiit affecting auc[xo

- qualiy.

The previous ducnpuon of th: prcfmed cmhodun:n:s is-
provided to enable any persan skilled io the ant o make or

" use the presant inventian. The various modifications to these

embodiments will be readily apparent to those skilled in the -
am, and the generic principles defined herein may be apphcd ’
to other smbodiments without the use of the inventive
faculty, Thus, the present invention is oot intended o be

limited to tie. embodiments shown herein but it to be

Ex. B-18
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accorded the widest s€0p¢ consistent wich (e principles and
novel features disclosed herein. ; - o

We claim: o ‘

1. An autgmatic pain copuol - 3ppasars including a0
adjustable gain arplifier, 11 edjusiable gain amplifier hay-
 ing aninput port fos seeeiving a0 input signal, 3 conurol port

foe receiving a ain caatrol signdl, and an gutput port for
providing an output signal, the zp’tomatic galn €2 r}uol appa-

L rams comprising:

a downconyerer coigpled 1o 3aid output port for dowrr
convesiog {requency of said output signal 10 2 base-
band frequency 80 8319 product 3 ‘baseband signal, said

L - .16 :
cireuil forvarying said frequency of said osciliator circuit so

Y

25 10 vary said prcd:xermin:d margin by whicb said canter

. frequency of azd putput signal s mapped sclatve to DC.

7. The automtic gain control apparates of “¢laim 6

 wherein said downconvener includes 2 mixer, coupied 1o
said outpat port of said adjustebls gain amplifier, said miner
. peiog operative 10 downconvert said output signal to 1 and

(] baseband signal companeats of said baseband signal.
3, The zuomatic gain contol apparatus .of claim 7

“ wherein said D.C. fecdthrough suppression toop includes
. first and sccond 1ow-pass glrecs for fltering said 1 and Q

" paseband signal companents, respectively. .

dowaconvenzr being apecative to m2p- & carier fres.

quency of -3aid putpal signal o # basc_band frequency

cffsel by 3 predetermined maggin froa DL

2 D.C. fezdthrough sup essiop 10up, dispased 10 receive - .
<aid baseband signdl, for suppressing D.C. feedthrough,

signals produced by said fn;qumcj downcohyene and

- for providing 2 compensaed baseband signely

- means for generating 2 seceived powel signal based on
powerof said compemsaied baseband signals and

sanating integratos medns for comparing said received

- powet signel tg 3 reference signal and for generating &n
error signdl in respons® 0 a result of e gompariton,
said saturating integraldl meags.inciuding means for’

providing said gain cqnrol signal bY selectvely intes

. grating $aid error sigaal based on values of said eror

. and gain conwol signals, o

- 2. “Fhe sutomnalic gain :on_uut'appaﬁm of claim 1
. wherein said D.C. feedthrough suppression 1007 fusther
inclades: - ' e

a sithtractor having 3 st {put for receiving, said baser

band signal; and 28 output port opzra&iyely‘cou_p]cd W

an input of 2 low-pass filter; and
an integrator baving &8 integrator inpet part operayvely’
coupies to an output port of said low-pass filier, 20
aving ag inlegraior puiput part npcraﬁve-,\y coupled to-
g yecond ingut of said subtractor. -
-, 3] Thé auiomatic gAE contral appardtus of claim 1
wherein said D.C. feedthrough suppression Joop further.
- inclodes: S ' )
an analog to digial convener coupled t said output port

of said low-pass figry and . T .

. a diginel to 2nalog. converieT interpased beiween said
integrator outgul’ post and said cecond input of said
© subtracior . ’ IR
4, The auiornatic &8 control apparati of clam 1

 wherein said samradng integrator eaA includes fisst
means for selectvely epabling sad eror signal lo be inter

graied only while magnitode of said gain conteel sigual 38

Tess than & first predefined threshotd, and second means for”

selectively enabling said error sigpdl be intcgrated onty

while magritade of said gain control signal eaceeds 2

. second prr'.dcﬁncd threshold. N

8, The automatc pain coftrol appasaus of claim 1

wherein stid downconverter includes: ’

.

o mixec having & frst ioput £O0 for receiving said outpat
. signal; and - \ .
. .2 local ostillaos gonnected 10 2 second input port of §aid

- mixer whtesein frequency of said local osciliawat B

‘selected such that said centex frequency of said output
signal- mapped 0 sai baseband frequency offset by
" sad pr:dmnnin:d magin from DG
6. The automatic g#n control ppparaws of claim 3
. whesein said downconverter includes 20, affset moduolator

>

10
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9. A meined for automatic gain contsol using an adjustable -

gain amplifier, the adjustable gzia anuplifier having a0 input

a gain. control signal, and an outpot port far peoviding an
output signal, the method comprisiag the 3teps of: .

. port far reieiving 80 {nput signala congol pert {or geceiving

Jowgconverting frequency of seid outjul signal 10 3. -

_baschand frequency 5023 © praduce 2 baseband signal

“wheeein 3 carrier frequency of said ouput signal i
mapped 10 8 baseband frequency offset by a predeses-
mined masgin from DCs I

. suppressing D.C. feedthrough signals sccompanying said
baseband signal 50 33 0 pravide 3 compensated base-;

band signdl; - )
generauug seceived power signal based on power of said
campensaled baseband signal; and . ’
integraling selectively a difference peiween said received

power sigpal and 2 reference signal based on values of

said exvor and gain contro} signals.
10, An sutomatic gain contral apparanss for compensating

for variatioos in received signal powen. the zutometc gain
control apparamns comprising: '
an adjustable gain amplifier having an input post coupled -

t0 1 received sigaal, 3¢ quiput port for geatrating a0
output signal having a frequensy, and 2 coatrot port of
recelviag & gain conteot signal; .

- 3 downconveriel coupled to the qutput post for di:w-ncca-'

verting the frequenty of the output signal to preduce 8
. basgband signal. baving 3 ‘hasehand frequeacy the
downconvestet mapping & camtt frequeacy of the

putput signdl o 3 hasepand frequency offset by 8

predmmin:d margin from D.C3

2 fiter, conpléd ta e downtonyerter, far removing BC.-

v

offset erars and sigoal in the ‘baseband signal i@

gengrate 2 filterzd signals

. " a power detsclon coupled (o the filtér, for generating 3.
powes Jevel signal in response 10 2 POWET, of the filtered

. signah 2nd

an integrator having @ Gt jnput conpled to the power

. defectar and 2 sccond input zoupled 10 2 refesente’

signat, the inregrato?d generating e gain control signal
by selectively iptegrating & diference belween the
refercace signal and the power level signal.

11, The ainomasic g0 control apparatus of claim 10 and

fucther including-centml togic for selectively enabling the -

gifference 10 be integrated “while 2 magnitude of the gain
contsih signal is less than 2 first predetermised threshold and
greates than 2 second pr:df.tcmﬁned threstold. )

12. The autormiic gain‘conuol ;Ppmtus of claim 10

* wherein the downeanvestsr is comprised of:
an intesmediate £equeney ijrer coupled (o the ouIpEt port

of the 2djustable g0 amplifier; A
an oscillator for generating  freguency seference signal;
4 moixer, coupled 10 e oscillaior and the intermediate

", frequency filics, for generating 2t least 00 bascband

e T
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component in rcspunsc 1o the frequency r:f:rch'

signal and the ouiput signal; and

at least ons low pass filier, coupled to the mixer, for
generating at least one Jowpass transfer fimction from
* the at least one baseband component,

13. The automatic gain control appararus of claira.12

wherein, the apparatus operates in either a code division
wultiple access mode (COMA) or a fr:qucncy modulited

(FM) mode and the at least one low pass filter is comprised |

of a first filter for opcmnon inthe CDMA modc and a.sccond

" filter for operation in the FM mode.

14, The automatic -gain control apparatus of claim 1

‘whcrcm the mtcgrator includes a switch conlrolled by the

control Jogic, in 2 closed position the switch couplmg the

"pawer level signal to an input of the integrator and, in an
open position, a capacuorholdmg the integrator input at one

of a plurality of pradelenmncd voliage Jevels.

15. An automalic gain control apparatus for compcnsaung“.

for variations io reczived signal power, Lhc automauc gain
coatrol.apparatus comprising:

an adjustable gain amplifier having a5 mput port coupled )

_'to 2 received sigoal, 2n oulput port for gebersting an

) oulput sigeal having afrcqucncy, and a control part for -

" receiving an analog gam contro} signal;
a downconverter, coupled to te output port, for down-

_copverting the frequency of the quiput signal 1o pro-
duce al Jeast one baseband signal baving a baseband

frequency, the downcooverter mapping @ carier fre- -

quency of the output signal to a baseband frequency
offset by 2 predetermiced margin from D.C;

" at lcast one analog to digital converter, each coupledto a

ey
T

13

W -

30

different baseband signal of the at least one bascband -.

.signal, each analog to digital converter penerating 2
- digital representation of the respective baseband signal;
a filter, coupled to the af least one -analog to dxgna.l
coaverter, for generating at least one fltered sigral,
2 power detectar coupled to, the filter, the power ‘detector
generating a power Jevel signal m rr.sponsc to the at
least coe filtered signal;y :

33

m

ar integrater, coupled ta the power detector, for compar- -

. ing the power level signal to 2 predeteruined reference
signal to generate an coror signal, the integrator gen-

ualmg a digital gain cantrol agna! by selectively.
xmcgraung the error signal n respoass (o Yalues of the.

erfor signal and the digital gain control signal; and

a digital to analog comverter coup]cd between the inte-
grator and the adjustable gain amplifier, the digital to
analog converter gcnmung the analog gaio control
"signal from the digital gain contral signal.

#

18

digital gain control signal at 2 minmum predetermined

threshold: when the accurmulated scaled error signal
-decreases to the minimum predetermined threshold and
- the accumulator holding the digilal gain control signal
&t a raximum pr:d:t:nuinéd threshold when the accu-
mulated scaled eror signal increases to the maximisa'n

{ predzternined threshold:,

17. The apparatus of claitn 15 and firther mcludmg 1
lowpass filter coupling the digital to a.nalog converter 10 the
adjustable gain amplifier.

18, A method for cumpcnsaung for variations in rc:ewcd
signal. powcr in an automatic gain control appa.rarus baving
an adjuslabl: gain amplifier, the adjustable gain amplifier

having an input port coupled to & received signal, an output
~ port for generating an output signd having 8 frequency, and

8 control ped for receiving 2 gain control signal, the mcthod
compnsmg the steps of: -

dawnccnv:mng the frequency, of the output ‘signal lu -

produce 2 "baschand ngnal havu:g a basehand fre-
‘quency; i

- generating a filiered mgnnl by removmg D.C. oﬂ's:t mors .

and ngnnl in the bascband signal; ..

generating a power level signal in r:sponsc Lc 2 power of
. the filtered signal; and
genesating 2 gain control signal by selectively i mtcg'raung
" a difference between the power. lovel signal and 2
r;fercnc:_ signal. -
" 19. The method of c]m’.mlB wherein the step of geoerating
a gain control signal further inclndes integrating the differ-

“-ence only when the value of the gain controf signal {3 greater -

than 2 minimum predetermined threshold and less Lhan a,
maximum predetermined threshold.

20. A method for, compensahng for variations in rcccwcd
_signal pawer in an automatic gain control apparaus having
&n 2djustable gain amplifier, the adjustable gain amplifier
having an input port coupled 1o a received signal, an output

port for generating an output slgn.al hnvmg a frequency, and -
a control port for receiving 2n snalog gain control signal, the

method comprising the steps of:

downconverting the frequency of the output sxgnal tu “

. produce at keast one bascband mgnal havmg a baseband -
. frequency; -

e gcncmung a digital’ rapr:scntauon of cach mspccuve

baschand signal,

. . gcncraung 2% least one filkered ngna} by fhtering r.hc

w

0

16. The apparatus of claim 15.wherein the integrator

comprises:

2 subtractor Couplcd to the power dctcctor. the subtractor

generating the error signal-in response o 2 difference

between the power l:v:! sigoal and {he prcdctmmncd
_reference signal;. |

2 scaling multiplier, couplcd to the subtractor that gen-

¢rates 2 scaled error signal by multiplying the emor .

signal by a first constant when the power level signal is

decreasiog in value and muluplymg by a second con- |

. stant when the powcr level signal is increasing in valuc
aad .

an accumulator, coupled to the scaling multiplier, that
generates the digital gain control signal by accumulat-
ing the scaled error signal, the accumutator holding the

digital sepresentations of the at least oac baseband E

T signal;
generating a power Jevel signal in rasponsc to th:. at: lcast
-one filtered signal;
compering the power level a:gna! twa refercncn s1gna] to
geperats an emor signal;
generating -a dw:tal gain control signal by scl:cuv:ly
integrating the error signal in response to values of the
error signal and the digital gain control signal; and
cunvcrtmg the dlgua.! gain control sxgnal to the analog
" gain control signal.
21. The method of claim 20 whcrcm lh: step of gencrating
a digital gain control signal further includes intégrating the

" error signal only when the value of the digital pain control

Ex. B-20
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and less than a maximum ‘predetermine thr:shold.
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1 .
METHOD AND APPARATUS FOR
R’{CREASE{G RECEIVER IMMUNITY TO
IN'I'ERFERENCE '

. - This apph:auaﬁ is a CIP of U.5. applichnon Sa. No. .

08/357 951 filed Dcc. 16 1994 wh.xch is, now U.S. Pat. No.
5,722,063.

BACKGROUND OF THE II‘TVENTION

1 Field of the Invcnuun
The present mvcnhou relates to radio corn:numcahon.s

© 10t

* More particularly, the prcscnt invention relates to improving

2 comraugication receiver’s mmumry to mtcxfcrance
2 Dcsmphon of the Rclatcd Art
. There are presently multiple types of ccllular radiotele-

2. .
only be lincarly cxtmpolatcd when a non- ].u:cnr clemert,

_such as an amph.ﬁcr, is below saturation.

As showr in FIG. 14, third-order, distortion pruducts
pccur when two tones are injected in @ recciver. Tone #1 s
at frequency £l .at power level P1 in dBm Tone #2 is at
frequency f2 at power level P2 in dBm. Typically P2 is set
to cqual P, Third-erder distortion products will be ereated
at freducncies 231 - £2 and IxF2 - £1 at power levels P12

- and P21'respectively. If P2 is sct to equal PY, then spurfous

15

prodacts should be cqual, or P12 and P21 should be equal,
Signal fois injected at power level P to show thatthe added
distartion iy equal to a low level sigpal in this case. If there

is a fitter that filters out £, 2 and f21 after the distortion js

acated, the power at £12 will still interfere with the signal
powa at fc. In example FIG. 14, for 8 CDMA application,

" the goal is that the' intermod: P12 should. be requal 1o the

phone systems operatings These systems .include the -

- advanced mobile phone system (AMPS) and the twa digital

- eslular systems: time division multiple access (TDMA) and

code division multiple access (CDMA). The digital celiular
systers are being u'nplcmcnted to luudlc capamty problems
that AMPS is expericacing,

n

All the cellular rad;otclcphon: systers upant.: by baving

multiplc antennas covering a gcograplnc area The apteanas
Tadiyts into an area referred to in theart as a cell. The AMPS

" cells aré separate and distinet from the CDMA cells. This”

‘ruakes 1tLBcc1y that the anteapa for oné systerm's cell may be
located i a cell of apother system Likewise, within a
pam.cuiar system (AMPS, CDMA, and TDMA), thac ac
two scrvice providers within a given area. These providers
often choose to place cclls in different geographical loca-

" tions from their competitor, hence there are simations where

aradiotelephope on system ‘A’ might be far dway from the

| -nearest system *A"ccll while close to a system ‘B cell. This
| . situation means that the desired receive signal will be weak

in the presence of strong, molti-tone fnrerference.
- This intermixing of system antgnnas can cause problcms

* for a mobile radiotclephonc that is registered in one system,

such as the CDMA system, and travels acar another System's
antenna, such as an AMFS antenna In this case, the signals
. from ‘the AMPS antenpa can interfere with the CDMA

signals beinp reccived by the radlotclephonc due ta the

)
“

proximity of the radmlclcphonc “with the AMPS ccll arthe .

.~ higher power of the AMPS forward link signal. )
"The multi-toze interference encountered by the radiotele-

" ..phome from the AMES signals creates distartion praducts or

spurs. If these spurs fall-in the COMA "band used by the
radiotelephone, they can degrads rca:w:r and dernodulator
. 'pedformance., - -

I is fequently the case in an AMPS. systcm for’ the
camiers (A and B bands) to ‘jam' the competitor system
uninteptionally. The goal of the cellular camizr is to provide

45

whcr:

signa! power of —105 dBm for a total two tone power of 43
dBm, 50 the IIP3 must be 9 dBm.,

As ir well known in the art, IIF3 for a single non-hncar
clement i3 defined as'thc_followmg

tpym B2 3 py (dBa)

I B,=P,, then P,=P,+3 dB or P,#3 dB (dB7m) aad.

DM3=F,-P,;=P3-Psy,=F3-P;=F;-Py; (IB) ‘

Far cascaded IIP3, where more pon-linear elements are - -

used, the equation is as follows:

R R L T L P

whete:

G'am=ga.m to dmn:nlf mpuL ,
Therefore, one way to improve the cdscaded TIP3 of 2

1eceiver is to lower the -gain before the first noo-linesr -

clement In this casc, the LNA aod mixer Hmit TIP3
However, another quanh.ty needs to be dafined that scts the

sensitivity or lowest receive sxgnal level without Entedfer-

coce. This qumuty is referred to in the art as the noise ﬂgurc
{(NF). If the gain of the recedver is reduced to improve IF3 -

{acd interference unmumry) the NF (andscmuwty to smll '

desired signals) is degraded *
‘The Element NF is defined-as the following:

Ekuxn: HF:F T (dB), -

SNi is.the m_put signal to neise ratio in dB, and
SN, is the oui;)ul signal to aoise ratio {n dB.
For elemneats in cascad.: in a receiver, th: equmun sas

: folluws

"a high signal to noisc ratio for all the users of their system -

by placing cells close to the ground, or near their users, and.

nadiating the FCC power limit for cach AMPS channcl.
Um.'urmna.tdy, this t=chriqué provides for better signal gual-
ity for the carmir’s system at the cxpcnsc of interfering with
the commpetitor's systeca

o Intermodulation distortion, such as that caused by the

above situations, is-defined in terms of the peak spunous
Ievel generated by two or mare tones injected Into azeceiver
Most frequently, the third-order distortion level is dafined
for a reeciver in terms of a third-order input intercept point
or IF3, HP3 is defined as the input power {in the form of two

@

Cchiudm-"smtb;m[ldﬂmmlwﬂ - | ],

Ty

w'heu
* NF¢ equals the noise figure of the clement,
and

Gadn- cquals the running gnn up to the clement.
The ‘best’ cascaded NF can be achicved if the gain up to

" the clement is maximized, this equation s in contradiction

[+]

topes) required to ereate third arder distortion prodicts cqual "
-, tothe input Two tone pawez. As shows is FIG. 13, I3 caz

Ex. D-16

to the requirement for the ‘best” cascaded P3, Far a given -

clement by element and receiver NF apd IIP3, there are a
limited sct of gam “values for cach =Icm=nt that meet all of

- the reguirements,

Ex. C-16

NFi equals the cascad:d noisc figure up to the elcm:nt, .
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. Typically. a receiver is designed with NF agd IIF3 as’

pr:déﬁncd constants, ay both of thése quantities set the

- 7 feceiver's dynarmie ragge of opoation with aad without
" interference. The gaia. NF, & IP3 of cach device are
optimized bascd on size. cost; thermal, quicseent and active 5
element carrent copsurnption. Io the case of @' dual-ode
. CDMA/FM portable ceular receiver. the CDMA standard
. Tequires a 9 dB NF at'minimurs sigoal. In other-words, for
CDMA mode, the sensitivity requirement s a 0 4B §/N ratio

at -104 dBm. Far FM mode, the requirerncat is a 4.4 /N 10

ratio at ~116.dBm, In both cases, the ::qr.urcmcnts can be.
translated toa. NF as foliows . '

NF= smam_) - idm-n.\.‘..,(dam.m_)-sipal BW (dHz),

-B-JFS Dacument 127 Filed 06/

5,732,341

4 . :
HG 4 shows a block dmgrm of another a!ta.‘nalc"

. .cmbodimeat of the present fnvention. -

FIG. 5 shows a another plot of recsived RP input powa
versus caoier {o noise ratio in accordance wmh thc embadi-
ment of FIG,7. :

" FIG. 6 shows a plot of reeeive RF input powt.t versus.

* cfier to peise ratio in accordance wnh the cmboduu:m of
.FIG. 8.

FIG. 7 shows a block magram of anothc:c aItr,matc' B
embodiment of the present invention., ;' :

FIG. 8 shows a plot of interference puwcrv: sxgnal paw:r :

" without using thie spparatus of the pr:scnt invention.

FIG. 9 shows & plot of mlcrfmce power vs. signal p power
iz accordance with the alt€roats combodiments of lh: appa- '

.- ratus of the present mvcnuon

where :

S is the minimum signal power, °

S/ is the mimmum sigoal to poisc. ratm :

N,,,,,,, is the thermal noise ﬁoor (-174 dBm!Hz@290°
)

.and Signal BW (dB/Hz) is'the bandwidth of the s:gnal
'I‘hcr:fure

CDMA NFa-104 dBn-0 dB~(-174 dBr/Ha)-461 d/Hz=0.dB, -
" FM NFe-116 @B ds-(-m cmm-:sz dB/Hz= B,

~61 dBro/Hz is th: noise bandwidth for a CDMA channel
=45 dBro/Hz'is the noisc bandwidth for 2 FM channel
n 'H'ow:vc{.' the receiver’s NF is cnly required when the
sigoal is pear the roinimum level 2nd the TIP3 is only
required in the preseace.of mtcrfmncc or strong ‘CDMA
. sigmals.”
There are ooly two ways t provide coverage in thc areas
where the camier is qeating strong interference. One solus
© tion is to employ the same technique; i.e., co-locate their
- &clls along with the competition’s. Asother sclution is to
LmProv: the i mﬂmty of a receiver to interference, One way
to improve the immunity is to incroase the receiver cumrent
This is not a practical solution, bowever, for a portable radio
that rclies on battery power. Iocreasing the current would

35

draip the battary rmore rapidly, therehy decreasing the talk - -

and standby time of the radiotelephone. There is & resulting’
need to minimize malti-tone ioterference in aradictelephone
- without impacting the quent ¢opsumption. -
SUMMARY OF THE INVENTION
“The process of the present inveation adjusts atteguation iz -
a circuit, thereby improviag a receiver’s immunity to inter-
ference. The circuit has o atteouator with attenvation-and
" autdmatic gafn cootrol (AGC) with & variable gain. The -
process varizs the attenvation by a predetsrmined armount
_ The gaiz of the creuwt is then detected. If the datected gain
change is greater thao.z predetermiped threshold, inter
modulation products have been detzcted and the font cad
attzpuation is inceased to rcduc: the mt:modulahna prod- -
nct power. .

BRIEF DESCRIPTION OF THE DRAWE\TGS

FIG. 1 shows a block dmgnm of the npparams .of the
preseat invention for inareasing réceiver mmmunity. . -
. FIG. 2 shows a block disgram of anol.hcr a.lt:matc‘
. embodiment of the present invention, .
FIG. 3 shows a block diagram of another altcrnatc .
I:mbodxmcnt of the p::sr.nt inveoton. . .

43
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FIG. 10 shows a block diagram of u altzmata ernbodi-
meat of the present inventios,

FIG. 11 shows a block diagram of another altermate
embodiment of the prcscnl invention. .

FIG. 12 shows -2. block diagram of ancther alternate -

embodiment of the present {nvention.

FIG. 13 shows a piot of nun-linear transfcr c.hmd:nst\cs

"and distortion measurcmeant,

FIG. 14 shows 2 spcctml dcscnptxon of dutoruon prod- .
uets,

PIG 15 shows a block dugram ofa mcthc-d for dct:ctmg
the power of arceeived sigoal in accordancs with the pmcnt
inveoton.

.FIG. 16 shows a “fow chart of the - Attequation control

process of the p:csent mvcnnon.

DESCR.U?TION OFTHEPR.E!-BLRED
EMBODIMENT = -

It is an objcctiv: of the present ipventin to vary the

‘receiver INF and ITF3 for enhancing the IF3 (or inteference

immunity) sitbout compromuising NF when necessary. This
performance ‘enhancement’ is accomplished by varying the
gain.of the first active clement in the receiver, The gain can

. be varied by varying the gain of the LNA over a continuous

range or switching out the low noisc amphﬁcr with bypass
switches.

A block dlngram of the prcfcrrcd r,m.bodunzul of the
preseet invention is.illustrated in FIG. 1. This embodiment

. involves adjusting the LNA115. gain ¢n'a continuous-basis
- using adjustable gain control (AGC.') 110 at thereceiver front
¢nd. The continuous AGC 110 at the front cod also provides -

2 lin=arjty bepzfit at a minimum RF input level whils the
AGC 120 on the transmit side my reducc the IFAGC 125

. and 130 requirements.

This embodiment detects the power aotput from the LNA )
115.The power detector 105 measures both the signal power
and the jammer power together al RF. Usipg this
embodiment, the power detector 105 can coptipuously
decreasc the LNA 115 gain at a Jower rectived power than
the 65 dBm of the subsequent “switched gain” cmbod.l

.ments of FIGS. 7,10, 11 and 12.’

Toe prefemred cmbodiment cparales by the powcr dct:cwr .
105 detecting the reecived signal and jammer power at RE
This detected power goes through a loop filter and Is used to
adjust the reccive AGC 110, thereby adjusting the intercept
point of the receive components. The gain is decreased-as the
measured power increases and the gain is increased as the
meastred power decreases. This embodiment conid also
cumbinc thc LNA 115 and the AGC 110 to form 4 variable

7/04 Page 57 of 152
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ga.m LNA, thus climinating the need for the separate AGC

110 block The power of the tosmit AGC 120, Jocated

before the power amplifier 150, s adjusted in the same way

" a5 the reccive AGC 110 in ord.c: to mmnta.u: thc overall TX
power level:

" AGC armplifiers 125 and 130 are also located after the
mixers 135 and 340 in order t6 adjust the gain after the
jarmmers have beca filtered out by the bandpass filter 145.
These AGC aplifirs 125 and 130 perform the pormal
CDMA AGC function of open loop power conirol, closed:
loop power, control, and compensation. These IFAGCs 125
and 130 are Tequired due to ‘the wide dynamic range require-
ments for CDMA. Typxczl.ty, these AGCs 125 apd 130 have
greater thag 80 dB of gain mg: The receive and wagsmit
AGC 125 and 130 after the mixers are adjusted by pother

: power detector 150 that measures the total power after the

received signal is downconvertzd, The power detector 150

ndjusts the AGCs 125 and. 130 gain downward as the °.
downcopverizd sigoal’s power increases and adjusts the -
AGCs 125 and 130 gain upward as the downcoavertsd 20-

signal's power decreases,

In the prefemed cmbndune.nt, the received signals are in
the frequency ‘band of 865894 MHz. The transmittzd
signals are in the frequedcy band of §24-849 MH1. Alter-
" malc cmbddiments use different ﬁ:cquc.nc:es.

The, plot lustrated in FIG. 5 shows the benefit of this

AGC approach. The left hand y-axis shows the carrier over
Baise ratic versas receive input power pa.ramctmz:d by the
'jamm:: Jevel. The xight hand y-axis.sbows the total jammer .
power required for 2 constant CfJ as a function of reccived
input power. When the jammer is not present (~100 dBm),-
‘the radio operates as though there is no RF AGC. As the
jammmer 18 increased, the O/N is du:rcascd, but the effective
Lipcarity is also mcrmcd. In this exaraple, the RF dyoamic
" roge is 30 dB 2nd the threshold, where the RF AGC
becomes active, is at the pomt the jarnmer pow is g:ca!:::

than =25 dBm. . . -
An alterpatz r:mbodamcnl of the contmuous gain adjust-

” ment is iflustrated in FIG.2. This embodiment first filters out

the jarataers with the bandpass fiter 205 before the power
detector.210 detarmines the power level of the downcon-
. verted signal A threshold detector 225 determnines when the
" signal power level reaches a certain point, —105 dBrmin this

tmbodiment, and then adjusts the AGCs 230 and 235 gain
. down when the signal power excecds that power level The |
- "AGCs 230 and 235 gain if adjusted upward when the sigaal
. power level goes belofy this threshold The gam of AGCs

215 and 220 after the mixers 240 and 245 is adjusted

contindously without checking for a predetamined thresh- s

. old of power, pc:fonmng the nomnl CDMA AGC power’
control. ©

. Theplot of this ernbodiment is ﬂlustrau:rl inFIG. 6. W'bc.n

_ the threshold is set at ~105 dBm, the minimum receive RF-

- level, the C/N docs notinerease as quickly s the case where
_ there is no RF AGC. 'The advantage of this embodimeat is

that the linearity bencfit begins at a very low RF, input-’

. 'pawer, no receive RF power detector is nesded. and e AGC
loop- dstects signal power only. Hence, the AGC loop I3 2
simpler design than detecting it RF power.

Stll dnother embodiment of the prescnt inveption is
lustrated in FIG. 3. This =m]:;odi.mcnt operates siilarly to
the ermbodiment of FIG. 1. The ooly difference being the
placement of the AGC 301 ma: 1o the LNA 305 in the
receive path.

Yet anothes emhod.\mcnt of the prcs:n: mv:nnon is dus-
trated in FIG. 4. This cmbodiment uscs an attzauator 405

a3

1
’ 6

between the antenpa 410 and the duplexer 415, The attenu-
atiot is controlled by the power detector 420 after the LNA

425. The power detector 420 measures the reccived signal |
- and jammer power, filters it, aod compares it to a predeter-' ]

mined threshold. In this embediment, the threshaold is -25

dBm. When the cSrobined signal and jarumer power reaches

this threshold. the attenuation caused by the attconatar 405

is increased. This' adjustment can be sither in digital fixed -
steps or continuously adjusted. The AGU 430 and 435 after .
the mixers 440 and 445 are adjusted in the same manncr as '

the FIG. 1 preferred embodiment ;
An alternate embodiment of the apparatas of t.he peesent

Invention iz illustrated i FiG. 7. This embodiment uses’
switches 701 and 702 to alter the front end gun. The actual ©

-switching level depends oo the signal to nojse requicements

" .as a function of the sigadl level, or noise figurz, for a
particular CDMA radiotzlephone design. The presentinven- -
tion can be used'in an AMPS radiotelephone, however the -
switching characterjstics will be changcd lo accomumodate 2

different cpmtmg point.

This ‘embodiment is comprised of ag acteana 725 that
receives and transmits. radio signals. Receive and transmit
paths in the radio are coupled to the antznna 725 through a

duplzxer 720"that separates the r:::c:vcd ngnals fom the |

transmitted sigpals,

Areceived sigral is input to an LNA 703 that is couplcd "
between two switches 701 and 702. Quoc switeh 701 couples,
tho LINA 702 to the duplexer 720 and the sccond switch 702.

couples the LNA 703 to a band-pass filter 704. In the

prefared cmbodiment, the switches 701 and 702 are single- -
_pols double-throw gallium arsenide switches,

The LNA 703 is coupled to one pole of each switch such '

thit when bath switches 701 and 702 are switched to those
poles, the received signal is coupled to the LNA‘TOB and the

amplified signal from the LNA 703 iy oukput to the band-
pass filter 704. The band-pass filter 704 in this embodiment - .

has & frequency-band of 869-894 MHEz. Alternate embodi-

meats use differcat bands dcpcadmg on the frzqncnc;:s of

'(h: signals being reccived
A bypass path 730 is coupled to the other pole of cach

switch. Whez the switches 701 aud 702 are switched to their .
 other poles; the reccived ngnal fram the duplexer 720
. bypasses the IINA 703 apd i conducted directly o the
bapd-pass filter 704, In this erobodiment, these switches 701 -

,and 702 are controlled by the radictelcphons’s microcon-
trotler 740. In ag altcrpate embodiment, a separatz cogtroller
is used to control the positions of these switches, ..
After the band-pass filter 704 bas filtered the received
signal, the filterad signal is downconverted to a lowa
intzrmediate frequency (IF) for use by the rest of the radio.

The down-conversion is dons by mixing 705 the received .

sigoal with another signal having a frequency set by 2 phase
locked loop 707 driving a voltage conkolled osclllator 706,
This ‘sigoal is amphﬁcd 750 bcforc being, ,u:put to Lh: m:r
705,. .

The downcooverted signal from the mixer 765 i3 input to

the back end AGCs 708 and 709. These AGCs 708 and 709 ...

arc wed by the radiotclcphone for closed. Jovp power
conirol, as is alrcady well known in the art
In the procsss of the preseat invention, the microcantrol-

. ler 740 monitors the power of the reccived signal, When the
power exceeds —65 dBm, the microcoptroller 740 istructs .

the switchcs 701 and 702 to swilch to the bypass positicn,
thus coupling the reccived signal direetly to the bandpass
filter 704, By bypassmg the LNA 703 gain, the intercept

".point. for the Teceiver is increased propaxtana.l])r by the °
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reduction in gain in dB. Alternate erobodirents use other
circuitry and methods to monitor the power of the reccived

- sigaal. ' : ' .
An aliernate embodiment of the process of the preseot
. inventon cootinuously adjusts the front ecd gain. This
exmbodiment uses a Jower power threshold such as =23 dBm.
Tbe plots of FIGS. §'and 9 illustrate the benefits of the
 switchable gain embodiments of the present invention illus-
" trated in FIGS. 7,10, 11 aod 32. FIG. 8 illustrates a plot of

: intaference’ power versus Tadio frequency (RF) sigoal.

power for a typical radio that is not using the switchable gain
appacarus; This plot shows that the maximum interference

level is Limited to the receiver input compression point 2

. =10.5dBm. Both the single and dual toe power carves are
shown. L s Lo
The plot of FIG. 9 shows the interfaeace power received

by the radio versus the radio -frequeacy sigoal power

received by the radio using the switchable gain rethod and

apparatus of thé prescot jnveation. It can be seea that 2f the

bypass the LNA gain thus alloiviag a greater interference.

5,132,341

8

Thesc xatios are quality measurerneats for digital com-

. munications system pecformance. The E /T, ratio expresses .
' the energy pex bit to the total mterfercnce spectral density of

“the channel while the BJI, ratio expresses the energy per

CDMA chip Eclau'v;: tothe total interfereacs spectral density.

. BJI, ‘can be considered 2 metric that tharacterizes the

power to be tolerated without affecting the RF signal power. -

Both the single tope and two tone power CUIVEs are shown
_Another alternate embodiment of the apparatus of the
present invention is iMustrated in FXG. 10. This embodiment
uscs 2 single-pole single-throw switch 1001 In this

- embodiment. the switch 1001 is switched to the bypass path
1010 by the controller 1020 whean the reccived signal power
" reaches =65 dBm. This effectively shorts out the LNA 1002

gain, thus coupling the received siggal dircctly to the baad- '

pass flter 1003, - o

" Yet another altgroate ersbodiment of the apparatus of the -

present invention is illustrated in FIQ. 11. This embodiment

performance of oae communiczation system over another; the
sroaller the required E, /], the more efficizat is the systém
roedulation and-detection process for & given probability of
eor. Giveo that EJfI, and received signal streagth are’
seadily available, the microcontroller can detect the presence

- of strong interfercoce as a drop in EJI, while the AGC

detector: detects the increased interference. The microcen-
troller can lower the front end gain to improve interferecce -
immunity which would imptove E /I, and lower the distor-
tion products falling within the sigeal bandwidth,

When the signal quality goes above the EJIL, or EJI,

. threshold, the front end gain is reduced. The gain adjustment -

65 dBm pouit of the giaph,-the switéhes are swilched 0+ -._;c:q._bc'n:.fcompli.sh:dhsing' cither the contineous adjustrment

method or the amplifier switching method, both described
above, , ‘ o

_ $till another crbodimeot, Mlustrated in FIG. 15, would be
to detect the signal power at IF or bascband instead of the

.combination of the signal and jammer power at RF. This

spmoach is simpler in that there {s only one povwer detector |
and AGC tookzol loop. i S ‘

FIG. 15 llustrates a block dizgram of the alternate method
of detecting the power of the received sigoal. The signal is
first downeonverted to bascband frequency 1501. This apa--
log signal is then convarted to a digital signal 1505 for

- further -bascband processing including determining the

uses # single-palc single-throw switch 1105 that, whea

closed, shorts the input of the LNA 1110 o ground through -

. ‘aresistor 1197, This creates an impedagce mismiatch’at the
input causing the signal to attconate, thus reducing the gain

. causad by the LA 1110. As in the above cmbodimezts, the .

switch 1105 is closed when the input signal power reaches

—65 dBm. The resistance reqtired for the resistor 1101 is .

‘dependent on.the zmount of atteouation desived, This resis-
tance will bé different for .different LNA's-in altemate

. " erobodiments. . .

reesived signal streogth The chip. corelator 1510 deter-
mines the energy per chip with respect to the soergy-of all -
the nop-coherent compopents. This information, along with

the received signal swrength indicator (RSSD) is used by the™

* procsssor 1515 to detarmine the ajnount of gain adjustneat

Still another trabodiment of the spparatus of the present '

" invention is iLlustrated in FIG. 12, This cmbodiment uses a

single-pale doable-throw switch 1201 at the oitput-of the

LNA 1705. The LNA 1205 is connectzd 1o one pole of thie
switch 1201 and a bypass path 1210 s connected to the other
pole. The input to the bypass path 1210 is conaccted to the
~input of the LNA 1205, When the power level of the
* received RF signal reaches 65 dBm. the switch 1201 is
thrown from the position coupling the LNA 1205 to the

bandpass filter 1220 to the bypass path 1210. This coupies .

the signal directly to the band-pass filter 1220, bypassing the
gain of the LNA 1205, - - o
In all of the above embadirizots, the LNA can be pawered

down at the samé time that it is bypassed by the switch o

for both the reecive, 1520 aod tragsmit 1530 power.

Since the reccived signal power measwrement includes.
both the signal and jaramer power, the receive gain is
increased only when both the signal level and the coergy per

chip drops. Since the RSSI is being changed, the rapsmit - .

power must 2lso be changed to compensate, thus enabling.
the open loop, power control to opaate properly. Thus, the
processor adjusts the transmit gain whezever the receive
gain is adjusted. . ' ) :
Other embodiments B3¢ efasures orsignal power to con-

trok the variable gain AGC. Additional embodiments, instead *

of controiling both transmit and reeeive powar, only control |
recciver power. S . - .
- A process for controlling the gain of the sbove embodi-
ments is illustrated in FIG. 16. This process is based op the
relationship illustrated in-the graph of FIG. 13, In FIG. 13,

* onc can 'ses that as the interference ioput power inorcases

a3

- switches. This can be accornplished by coanecting the -

1NA’s power pib to a switch that iy also conlrolied by the

coalroller. Onee the LNAis bypassed and is oo Jonger used,
power can be rmoved. This reduces the power consumption
of the racio, thus increasing the talk and standby dme far
which the battery can be-used.- . o
In another-embodiment of the present invention, B/,

 detection is used to determine when to adjust the froot end &5 ucts are of

&

along the X axis, the intermodulation products (the Jower
curve) iocrease faster than the interfercnce power.
Therifore, X dB of attencation applicd at the imput will -
resultin 2 decrease of the IM3 intermodulation products by |

3*X dB if interference is present at the receiver fnput

Typically, intermodulation products dop't fall iato the IF .

.. section of the radio due to their low power. Intermodulation -

products ovtside of the IF section oft he rdio do not cause

" réceiver poformancs problems.. Taus, adjustment of the -

gain. Additional cmbodimepts usc other quality .

measurements, such as E/L,.

Ex.D-19

recciver gain is only necessary if the intzmodulation prod-
sufficient power to affect the IF signal.

_ Refeming to FIG. 16, the procsss of the preseat invention
first adjusts the input gain 160L In the prefemed

—-
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embodiment, this gain adjustment is 3 ¢B. However, othet

5732341

crabodiraents can use other values of gain adjustmest, such
as the range of { dB~6 dB..The receiver processing is thea "

used to measure the chasge in the power of the received

~_ signal 1605, In the prefeed erbodiment, the autoratic

gair contro processing detects the IF sigual,powc: change.

- Itis understood that measurement of the change fn recaved

sigodd power may be accomplished at the RF o bzscband

stages of the receiver as well

If the sigpal power changes by ipproumately 3dB, the’

CDMA signal is greater than the noise floar and therz arc o
intermodulation products that.inight cause problems. Addi-
tional g:un 'ad_)ustmmt i{s not.peeded in this case, but

10

increasing the gain will improve receiver sensitvity, IF

signal power changes of approzimately (340.5) dB are still

» considered to be 3 dB.
HthelF s:gnal power changes by less thau 3 4B 1610, the
" CDMA signal'is less thag the noise floor or lhere are no

intermodulation products that might causs prablems. o this,

cse, the AGC is only secing a- small COMA sigoal-and

mojse. Therefore, it {8 pecessary to increase the receiver |

elreuit gaia 1615 acd thus inercase th: scnsm\uty of the

. TeCEiven

I the IF sxgnal power ch:mges by more than 3 dB the
interrmodulation products.arc czusing <nough of 4 problem
tht additional gain adjustment is necessary 1620. In the

10

. Teceiving the receiyed signal at a radio frequency;
convcrtmg the reccived signal from the radio f:cqucncy to -
‘an mrcrm;dlatc frequency; .
+ filtering the recsived signal;
varying the gain of the dircnit by a predetermined a.mount -
delermining a rhagnitude of a ehange in the| powst of the
received signal in response to varying the gain; and © .
adjusting the gain of the circuit in response to the mng- :
nitude of the changs in the power of the received signal,
- said step of adjusting camprising the steps of:
decreasing the gmn of the cireuit when the magnitude
of the change in the power of the received signal js
.greater than a predetermioed threshold; and |
" increasing the gain of the circuit when the roagnitude of
the change in the power of the reeeived signalis less
than or equal to the predetermined threshold
4. The method of claim -3, wherein the predetmmned
amount is about 3 dB and the prcdctmnmcd threshold is.

- about 9 dB.

prefared embodiment, if the input-gain was changed by 3

. dB the intermoduylation products will change by § dB when
-Jurge interference is present. In this case, the average gain™

may be decreased by a small amount (e.g., 3 dB) untdl the
' process of the present invention determines that the inter-
medulation prodicts are reduced to an acceplable level.
The process of the present invention can be .used
continuously, l:hcchng for intermodulation products at a
low rdtc. This rate. is ten times per second in the prefemed
crmbodiment. Othar embodiments wse the process once per

frame cycle, 31l other embodiments use the procéss at other
. Tates, such ay upon detection of 2 ngmﬁcant azror oa the

forward hnk.

Ip summary, the method of the preseot mvcntmn caables

a mobile radic to travel near antenpas of different systems

. while inerzasing the radio’s resistance to radio frequency -

. interference from the other systern By decreasing the front
- end gain, the intercept paint of the radio’s reecive circuitry
. inarases so that the spirs from the other systcm's sigoals
-+ will not capsé pcrfqrma.ncc d:md.anon of t.'hc seceiver and
dzmodulator. -
_ Iclaim:
. LAmethod for cireuit Zain ad;ustmcm the dreuit havmg
a signal with power, the method comprising the steps of:

verying the circuit gain a predetermined amougt;
determining a magpitude of a change in the power of the

signal in responss to the varyicg of the dreuit gain; and.

adjusting the cireuit gain in response to the magnimdz of

_..the change'in the power of the signal, the stzp*of
- adjusting comprising the steps of:

'decxcasing the cireuit gain when the magaitude of the

_chapge i the powar of the signal is greater than a
predetenined threshold; and -

iﬂﬁ’casing the circuit gain when the magnitude of the

change in the power of the signal islcss than oc cqual

to the predetermined threshald | - -
2. The method of claim 1 Wherein the prodetenmined

, amount is about 3 dB and thc prcdclcrm.mcd thréshold is.

about'9 dB. -

"3. A method for adjusting the power of a received signal
hamg # plurality of frames in a circuit haying a.varable
gain, the method comprsing the slcps of:

v

30

5.The method of dlaim 3 whr.-mn said su:_p of dctt:'rm.ning ‘
magnitude of a change in the power of the received signdlis
paformed before said step of converting thereceived signal
from the radie frequency to an intemmediats frequency.,

6, The method of claim 3 whereln said step of determining -« - "

2 magnitude of a change in the power of the received signal
is performed after said step of converting the received signal
from the radio frequency to an intermediate frequency. .
7.The method of claim 3 wherein said stcp of determining
2 magnitude of a change in the power of the reecived signal
is pérformed after said step of fltcring the received-signal
8. The methed of claim 3 further comprising the step of

- repeating said varyiog, d.ctmmng, and adjusting steps aa -

4_»5

35

&

predetermined rate.

9. The method of claim 8 wh:mn said prcd.eu:rmmcd mc T
¢ Is about 10 times per sceopd.

10. The method of claim 8 wherein sa.ld gcd:t:nmned
rate is once per frame.

.11. Amethod for inereasing. unmumly of uadmtelcphoac-
to radio frequéncy interfercoce, said radiotelephone having
a8 antcona for receiving madie sigoals havmg a reccived

powea Jevel, an attenvator, 2 variable galo recoive amplifier,”

"a gain contraller, azd a receive power de.tu:tur the method
comprising the steps af: -
said gain controller varymg said reedived power lcvcl of
said rcc:wcd._ndm sa.gna.}s by a predetermined amount; -
said recelye power detectar detecting a magnitede of 2
" change in said reccived power level of said received
* fadio sigaals in responss to said gain costroller Vam.ng .
said received power level; and
said gaiz cootraller adjusting 2 gain of said vmablc gam'
reqeive amphﬁcr in responsc 10 said magnitude of said
detected reczived power lcw:l changc, said ad_]us;.mg .
compnmg the steps of:-
said gain codtroller dccmsmg said gain of said var-
able ‘gain rcceive amplifier when said detected
reccived power level change iy grcztc: theo 2 pre-
"datermined threshold; and
said gain coptroller increasing said gain of safd variable
gain receive amplificr when said detected roesived
power level change is less than or egual to a prede-.
tarmined threshold .
12, ‘The mcthod of claim 11 whardn, said v:.rymg step”
Compnscs altenuating said race.md. radio .ngmls with said
variable afteguator ’
-13. The method of claim 11 wherein said varying step
coluprises adjusting wd gait of said variable gain receive
amgplifier.

o -
e e T

Ex. D-20 Ex. C-20
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11
14, A&y.stcm for adjusdng the pav.:r afa nc:md siganl
h:vmg ¢ plurality of frames. fe 3 cireuit hamg g v.mah!c
gm. the system comprising: -
smeans for reeeiving the received sxgnai- at a radio ‘f:c-
quency; -
micaas-for converting the rcccxvcd slgn.al from the radio
frequency to an intermediats ﬁcqumcy, )
means for fltscing the seceived signal;
means, for varying the galn of the cireuit by 2 pfcdet:r-
- mgned amouat;
' mcfms Jor determining 2 . magaitude 6f 2 change in 'th

10

powey of the received hgnal i response to the vancd B

gain; and

Taeans for adjusting the gaia of the circuit in rcsponsc -

the magnitude of the changs in the power of -the

reeeived signal, the means for adjusting inciuding:

mazans for decrrasing the gain of tae eirevit when the
magsitude of the change in the power of the recaived

sigaal is greater than a predetermiced threshold: and”

means for iperessing the gals ‘of the circuit whes the

!mgmmdc fthe change i the power of the received.

sigoal is less thaa or equal to the pu'ud:!cnmncd
" reshold.

15, The system of claim 18, whr.ram (14 ;n'udctsm:mcd
amount-is about 3.4B and the prcdctmncd threshold is
about 9 £B.

- 16 The system of dwn 14; whezedn the neans far

’ ,-dctcnmmng & mgmtudc of a ¢hasge in the power of the
" received sigoal determines the magsitade of the chapgs
befors the oeans for converting converts the received sigsal

- from the radio frequancy o an atermpediate frequency.
. 17 T sysiem of clim 14, wherein the meavs for
- “determining = magoitude of 3'change io the power of e
- reczivad signal determines the magminde of the change aftar

m“\ .

19
a.u amizpna for receiving Tadio sigpals:

a varizhie gain reéelys amglifier fox amphrymg sadd
received signals;

a gain controlier for varying artoeived power}:vcl of said
received siguals by & gxc:dct:nmn:d amoant by adjust:
ing » gain of said variable gain teceive amplifier; and

2 receive power dettctos for detecting 2 magnitide of 3
" change in said received power level of said received
. signals In response to sald gain adjustment;

| whertin sald gain contraller adjum said gain of said
vaiable - galy receive amglifier. in respoase to said

gm.m;ic of said change in sald recaived power JchL

* said gain controller dedreasing said gatn of said vag-

able gain;receive amplifier whea 'said changs in said

Teceived power Jevel is greater than a predetermined
threshoid, apd said g:nu controller itereasing said gain.
of said vadable gain recrive m.phﬁcr when said .

.-change in said recaived power level i less Ihm: vz sqal

to-3aid prcdcrmmncd threshold. |

20, An appacatus for incceasiog imrauaity of & radmtdlc-

* phoge to 7adio frequency isterlereace, comprising:

3.

3

the means for converting conveits the received sigaal from

the tadio freqoency to W integnediaty frequescy.

" I8 The system of ‘claim 34, wherein the means for )

dotermining 2 magnitude of 2 chenge in the power of the
received signal deterrnines the magnituds of the change afier
Jhe means for filtzring Gltess the tecsived fignal,

19. An apparatos for increasing Immunity of 8 redictele.

© phone to radio frequency imterference, comprising:

Ex.‘ b-Zl .

2o aateana for receiving radio sigoals;. .
a varfablé attenuator fos afteonating said rcmvcd s:gnals

a gaiacontrollar for varying & seceived pow:r level af said
seceived signals by o predetesmined amovat by adjust-
ing an attepuation of said virfable attcovator, and

" 2 receive power detector for detecting o magnitnde of 2

. change in said recelyed power level of said recoived

signals in response 1o said ancovabion adjustment,

. wherein said gain controtier adjusts said attemation of *
« said varfahjc afteouator in response to said Tasgnitede
. of said chaops ip said recaived power jevel, sald gain
. coptroller increasing said anenvatiop of said vasiable

attenuator when said chasge in said toesived power”
level is greater than a predctcmncd threshold, 2od said

gain controller decreasing sald atepustion of said vad- -

abie avepuator when said chapge o said received -
powez Jevel s Jess than ar equa.l to said prcdcu:rmmct
thresheld. .

Ex. C-21
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: 1
“EF FICIENT PARALLEL' S’IAGI-, Powr,n
AMPLIFIER-

BACKGROUND OF THE lNVENTION

L Relalcd Applicitions

This applicalion is a Condinuation-In-Part of U s. patcul
apphcauou Ser, No. 08/579 169, filed D:c 27, 1995 which
is currently pending. .

1. Field of the Irwenlwn

The peesent {oveation celates to signal smplifiers. More *
‘ spcclﬁcally, the present invention reletes- to- methods and

5,'872,481 |

2

-,

- compared with a desired- power level: Based on this com-

circuit arrangements for providing highly efficient, linear

slgml amplification over 2 wide dynamic range by employ-
ing ‘multiple paralle! ampiifying devices.

I}, Description-of the Related An

The use of code division multiple access (CDMA) modu-

lation t:chmqucs is one of several techniques for facilitatiog

communications in which a Iarge number of syslem users are

. presenl. Although'other techaiques such as time division

multipte access (TDMA), frequency-division mulliple

]

access (FDMAY), and amplitude modulation (AM) modula-

. lion schemes such as amplitude companded single sidebind
- (ACSSB) are known, CDMA has significant advastages

over these plher techaigues. The use of CDMA techniques id

2 multiple access communicalion system isdisclosed in US. .

- Pat.No. 4,901,307 cntitled *SPREAD SPECTRUM MUL-,
" TIPLE "ACCESS COMMUNICATION SYSTEM USING

SATELLITE OR TERRESTRIA.L REPEATERS", assigned

;1o the assignes ‘of the present invention, the disclosure

thereof incorporated by reference,

* In the just meationed patent,.a muluplz access tcchmque-

" is disclosed where a large pumber of mabile lelephone
", sysiem users cach baving 2 lransceiver commusicale :
- through satellite repesters or lerrestrial base stativns (also

known as cell-sile statjons, or for short cell-sites) usiog

" CDMA spread spectrum communicatios signdls. la usiog’

- | parisoo the cell-site determines the devialion in the received

power level from bat which is necessary 1o maintain the

desired commuuications. Prefecably the desired power level
‘is 2 minimum power level necessary to maiolaia qualily

" communications 50 us lo result i na reduclion in Syslem
_interference. .

_The cell site station thea lrmstmLs a power control comﬁ

" "mand signal to cach system user so asto adjusi or “fine une”

the transmit power of the poctable unil, This command . ‘
'stgnal is used by the portable uoil io change the transmit
-power level closer to alevel required to sustain communi-

cation on the reverse link betweén the portable ugit and the

- cellsite. As chanpel conditions change, typically due 10

LTS

motion of the partable unit, both the portable upil receiver

power measurement and the power control feedback from

" the cell-site station oouunually readjust the transmit power
. level 50 35 to maintain a proper powec level.

The utitizalion of thess types of poW:r control lachmqucs

requires that’ the portable ‘unil {ransmiller be capable’ of-

Linear operation over a-telzlively wide dypamic range. Since

existing portable units operate. oo ballery power, it is also’

necessary that the transmitter pasver amplifier be capable of

efficizat, lincar’ opcrat;on over the dynamic range typical of.

CDMA communication sysiems. Sioce conventional power

'~amphﬁcr desigas, ‘both variable gain 2nd fixed gain, have

been found to lack the requisite efficiency and Linearity over
s wid¢ dynamic raoge, there exists-a need for 2 power
amplifier capable of providing this type of performance.”

SUMMARY OF THE INVENTION _

Bro'adly, the invention takes the form of ao ;mpliﬁer -

circuit for‘p‘roviding an amplified signal in respoase to an

mput signal in a.manaer which improves efficiency while ~

maintaining linearity. The amplifier circuit includes an joput
switch for applmng the inpul signal to 2 sclected one of first

- and sccond parzllel-cannccted amplifier stages, where the

CDMA commumications, the frequency. spectrum cap be

" reused mul lxpi: times thus permitling an increase in system

user capacily. The use of CDMA results in 2 much higher

access techaiques, 1o a CDMA system, increases @ system
capacily may. be realized by ‘conirolling the traosmitter
power of the portable units associated wilh each user so 2

* lo reduce interference 1o otber system users.

. specical eficiency than cau be acbicved using other multiple

Ta a lerrestrial CDMA cellular mmmunma!:ousystcm itis -

extremely desirable to maximize the capacity in terms of the *

" oumber of simultageous:communication links capable of
" being supported by a. given system bandwidth. System

. eapacity can be maximized if the transmitter power of each
. portable unil is coatrolled such that the transmilted signal-

amives at the cell-site receiver with the minimal signal to
noise interference ratio which allows acceptable date recov-

“ery. If 2 signal transmitted by a portable unit amrives at the

cell-site ‘receiver a1 a-power level that is too low, lhe
bit-error-rate may be Loo high 1o permit high quality com-

munications. If, on the olher hand, 2cceptable communica- -
tion' is established by setling the mobile wail. transmitted-

signal at & power level thal is too high wheo received at.the
cell site receiver, interfercnce will-occur with other mobile
unit transmitted signals that are sharing the same chanael,
i.c. bapdwidth, This interfersnce. may adversely affect com-

- munications with other portable units unless the total oum-

ber of communicatiog pertable unils is reduced.

5

[3

The sigaals rectived from cach portable unit at the .

_cell-sits station are measured, and the measurcment results

‘Ex. E-15

4 -

0

first amplifier stage is biased to provide constagt gain over
a fiest input signal dynamic range and the second smplifisr
slage is biased lo-provide constant gain over 2 secend iopul
signal dynamic-range. An output network is provided for
coupling the amphﬁed signal from lhc selecied amplifier
sltage. ‘

~In o preferred cmbodmcnl the uulpulnelwork includesan.. - -
outpul swilch for connection to an oulpul nede of the -

selected amplifier stage, and*further mcludes n power mea-

sucement circuit for measuring pawer of the smplified -

signal: A swilch control circuit may be provided for con-

trolling the conntction of the input switch and the outpul |

swiich'to the other one of the amplifier stages when mea-
sured power of the amplified output signal departs from a

- predetermined oulpul rangs. In a particular implernentation

(v

~of the invention within z digital trznsmitter, the switch

conlrol circuit ooly, allows the input switch matrix end the

‘outpul petwork to select ‘2 diferent one of the amplifier

stages during transilions bctw:en the digital v words or sym-
bols within the input signal.

In one embodimeat the input signal is pmvxdcd dxrcctly 1o

"¢ plurality of different final stage transistor devices. The
respeclive gales 6f the devices aze isolated at'DC by block-
ing capacitors, bul are tied together.at the RF frequency of -

.the inpul signal. Switch logic szlectively provides 2 DC bias -
current only to the devices which are required for amplifi-
calion of the input signal. Thbus, by biasing oo only the - -

devices that are required for the present implifition of the

icput signal, DC efficiency is improved significantly.

——
e

—_—
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. _ 3. .
BRIEF DESCRIPTION: OF THE DRAWINGS
" The features afxd advantages of the presant invention will
" become more spparent from the detailed description set
forth below when taken in conjunction with the drawings ia
. which like. esference characters comespond lhroughoul a0d
wherein: .
FIG: 1is a: ‘schematic overview of an exemplary cellular

telephonc syster which includes at least one cell- sue and 2’

“plurality of porlable units; g
". FIG. 2 shows aLstphﬁcd block dtagfam of 2 pmlle!
stag: amplifier of the presant igvention;

5872481

o

trofler 10 controls the -routing of telephone calls from the

_public switched telephone network {PSTN) to ihe appropri-
“ate cell-site for transmission to the appropriaic portable unil,
‘Controller 10 also controls the rouling of calls from the

poctable units'via at leasl ooe cell-site 10 the PSTN, Con-
toller 10 may direcl calls belweén porlable users via the

‘appropriale cell-site stations since Lhe portable units do not -

tvpically communicate directiy with one another.

- Controller 10 may be coupled to the cell-siles by various
- means such as dedicated u:lcpbonc lines, optica! fiber links

or by radio frcqucncy communications. la.FIG. 1, two

. excmplary cell-sites, 12 and 14, are shown along with two .

FIG. 3 illustratively represents 20 exemplary scheme for
biasiog the amplifier stages Al-Ad wubm the paraliel slage -

" amplifier of FIG. 2;-

FIG. 4 is a block disgram of an altermate embodizical of

2 parallel-stage amplifier of the present invention.
FI1G. 5A depicts ag alternate embodiment of thie present

invention wherein the inpul and outpul smlchmg functions
! 20

- are inberent to'the amplifier stages themselves.

13

FIG. 5B depicts yet another cmbodiment of the presealr -

. invention wherein the ioput ‘and outpu! switching funcuons
are mhcrcnl to the amplifier stages themselves.
. EG. '6 provides » block disgrammatic repr:smla.hnu of a
porlable uoil spread spectrum transwitter in which may be
incorporated an cfficient paralld stage ampl:ﬁer of the
prescol invention. -
FIG, 7 shows an cxemplary lmplcmemauon of an'RF

ransmitter included wnbm the spread spectrum lrmsm:llcr'

of FIG. 6.
FIG. 8 is a block fiagram of an embodxmcnl of the

inventive parallel-stage amplifier deslgnc.d for low-no:sc'

"signal amplification. -
* FIG. 9 is.a schematic rcprcscnlauou of a*dual-transistor

" teceived signal power typically will be dominated by the -

3

exemplary portable units 16 and 18. Arrows 20a-20b and

-22a-22b° respcclwcly define the possible’ communication ° _': -

liks between ¢ell-site 12 and portable units 16 and 18.

Similarly, eerows 24a-24b and arrows 26a-265 respeclively

define the pussxblc communication links between cell-site 14
snd portable units 18 and 16. Cellsiles 12 and 14  normally
traosmit using cqual power, - - -

‘Portable unit 16 messures the lotal power ruccwcd from -
cell-sites 12 and 14 upon paths 20a and 26a. Similarly,”
portable unit 18 measures the power received from cellsites ™ -

12 and 14 upoc palbs 22a and 24e. In cach of ponable uails

16°and 18, sxgnal poiver is measured in the receiver where' |
the signa) is a wideband signal, Accordingly, this power’

measurement is made prior to corrclanou of the received

stgnal with'a pscudo-ao:sc (PN’) spectrum spreading signal.

Wheo portable unit 16 is closer to cell-sitc: 12, the

signal traveling path 20a. When portable unit 16 is oearer to
cellsite 14, tbe received power lypically will b dominated

. bythe stgna] traveling on path 26a. Similarly, when pariable

amplifier suilable for use as a-single stage of the parallc[ .

, Stage amphfxer of the invention.

FIG. 10 illustratively represeats the lransfer characlensuc
of a paraliel stage amplifier of the inveation in which the
constituént amplifier stages are offset in gain.

FIG, 11 depicts yet another embodiment-of the preszol
inveation wherein the input and cutput switching functions
‘arc inberent to the amplifier stages themselves. .

DE‘TAILED DESCRIPTION OF THE-
N " PREFERRED EMBODIMENTS
I Inlmducuon to COMA Csllular Communicalions
An exemp[ary terrestrial cellular telephone communica-

45

-lion sysiem is illusteated in FIG. 1. The sysiern illusteated ip -

* FIG. 1 wilizes CDMA modulation lechniques in communi-
cations between the system portable user, 2nd the eell-siles.

Each portable user communicates with one or more cell-sites -

by way of a portable transceiver (e.g., por'table telephones),
cach of which iocludes 2 tramsmitter in which may be
incorporated an efficicnt parallel power amplifier of the

unit 18 is closer o cell-site 14, the received power typicelly . ‘
will be dominated by the signal oa path 24a, "When'partable .

unit 18 is closér lo cell-site 12, the received power typically

. will'be dominated by the sigoal faveling on path 222,
Each "of portable units 16 and 18 uses the resultant °

rotasurement to estimate the path loss to.the closest cell-site,

The estimated path logs, together wilh knowiedge of the
_portable antenna gain and the cellsile G/T is used Ip

determine the nominal transmitter power required to obtain
lhe desired carrier-lo-poise ratio in the celi-site recziver. The
koowledge by the portable uaits of the cell-sile paramestets
may be either fixed'in memory or transmitled in cell-sits
information broadcast signals, setup channel,” 16" indicate

-other-than nominal conditions for-a particuler cell-site.

- As lhe porlab]a units 16 and 18 move ‘throughout the
cell-sites; it becomes necessary 10 regulate the tracsmit

power of each over a wide dynamic range. Although power
saplifiees exist which are capable of signal amplification . -
over z.wide dynamic rapge, the associated gain variation

tends ‘to complicate (be design of the remainder of the

. portable unirtrapsmitler. In addition to exhibiting. constant
- gain, It is also desired that the partable unit transmit ampli-

preseat invention. In this discussion the term “portable unit” -

is used o refer generally to the remote subscriber slation for

. the purposes of this description. Note, bawever, that the

portable unit may be fixed in location. The poctzble unit may
be part of a multiple user conczatrated subseriber sysiean,
The portable unit may be used to carry voice, dala, or a
. combination of signal types. The (erm “portable unit” is a

6.

fier conserve battery power by operaling eficiently over the .

entire dyoamic range of interest. I accordance with- the

"inveation, a highly effi¢ical, linear gain power amplifier is

provided which meels these and other objectives,
11, Overview of Efficient Parallel Power Amplifier
Tuming row to FIG. 2, there is shown 2 simplificd block

. diagram of a pacallcl-stage smpiifier. 40 of the present

term of art and is not meant to limit the scope or function of' ‘

the unit,

lo FIG. 1, system controller and switch 10 typically
_includes appropriate interface and processing hardware: for
* providing systém codlrol informalicn to the celf-sites. Con-

Ex. E-16
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invention. An inpul signal, %yp:cn!ljr a digitatly-modulated -

RF commuaication sigoal, is received by an input oetwork
44 from an RE transmit modulator {not shown). The ioput

network 44 relays the input signal to-at least one of an

exemplary set of four paralle] amplifier stages Al-Ad. [n the

" simplest embodimeant, input network 44 is 2 switch matrix

Ex. D-16
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Whicb'sclccti;rciy; provides the input signal lo ene of the

pacallel emplifier Slages A3~Ad, However, other impiemen- -

tations of the input network 44 {see FIG. 4) may cfect input

Swilching in 2 manaer which mininizes dislottion 3nd sigaal

Al-Ad each intlude 3 high-frequency fieid-efect 1eansistor
or bipolar junclion teansistor

(BIT) powet amplificy, -

5,872,481

SUlput range. This. characieristic of (e invention advypty. - .
geously simplifies the design associated RF transmit

. tirculley, since jt obviales the need o accommodage gain

£ 0ulpuls from the amplifier Stages A1-Ad are provided .

Sutput network 43, which

seleet the amplifier slage AL-Ad designed to prm"ide"ou';put
POWEr over a range in which'is included the monitored

Sulput signal level, Iy ag allernate cmbodiment, switeh-logie’

36 may monitor & recsived power level or power coatzo]
- Sommands from an assaciated base station,

. In o preferred embodiment usteated iy FIG. 3, the
- amplifier stages A1-A4 576 cach biased (0 provide identical

B3R over a diffaren; Qutput signal range. In-ag exemplary .
embodiment, the armplifier stage Al is bigsed S0 as o
.: provide approximately 28 dB of Yinear gain for outpui power

livear gain' as stage A1 over
Specifically, in the Sxemplary
amplifier stage. A2 produces
dBm in response

biased lo produce the same
* differeqt Qutpul signal ranges.
‘eabodiment of FIG, 3 the

* 1o input signals between -23 (o
" s13ges A3 aad Ad provide output 'signal esergy of betweey

15-24 dBm and 24-28 dBm for jgpur signals between -13-
m and 4 1p 4} 4B, respectively. Waen the . -
i w

o -4 dB

couples the amplified RF .
&mplifier stage, or slages,

~ switeh Jogic 56 from (he

m-

2

that the g3io values and ringes of F1G. 3 are intended 1g. -

Serve a3 2 specific example, and that quite difereat input apd’

., output power ranges
- Menlations, -

" Cousidering 1gzin
the inpuy signal lovel
dBm. In this instance
applied i

May be associaled Wilh-.al!cmite lirr_;pl_e-
the s;am_“ﬁc case of FIG. 3, assume that
the input sigm'I.\_w'H continug g e
kevel of the RF qutput signal bas risen to approxi.
mately 5 9Bm, At this juncture switch logic 56 tommands

" 1bz input petwork 44 to apply the input signal o amplifier
stage A2, and instructs the oulpel actwork 48 (o begin

caupling the resuliant ampiified RF output signal from A2 1o -

output node $2, Asimilar Iransition between impiiﬁcrs!gges
A2 and A3, and between stages A3 agg A4, is contralled by
switch logic 5§ upoa-the RF output signal feve] approachiog
15 and 24 4By, rcspcctively.'ﬂp(ionaﬂy,
- may provide for hysteresis o prevent excessive swilching
* between adjacen; amplifier stages Al-Ad whag the foput

signal leve] varjes while gear 2 transitiona) bavediry, Sipee
- %ach of the amplifier Slages A1-Ad is cealized 1o exhibi; 4

ideatical gain over specified RE Oulput signal range, the

Paealle] amplificr 49 APPears Lo summouading circuit elemenss

8 2 unilary acplifer baving constagt g0 over the eatire

switch logic '56

Is increasing and is approaching ~23 .

50

‘obtain ibe desired RF output. -

* fixed Buin amplifiers F1-F4 are

amplifier stapes

Al-Ad described by FIG. 3 may be Wned ON a1 ne time,
gther embodiments, deseribeg below, may uen ON/OFF
varying combinations of amplifier stages 3t oqe tme 1o
As is indicated by FIG. 2, timiog informatipy relating to -
bouadaries between tke digita) WoIds or symbots inherent -
within the-digitally-modu]ated input signal js provided 19 -
local control processgr 1a aecor-.

_ earried by the-
amplified RF outpy signal. Far example, in the exsmplary

MA moduiation formal deseribed below, a digrai input . |,

data stream s £0coded _
codes, or "symbols®, I this embodiment, switeh logic 56 is

- Pbase dividers 98 a0d 107, The second divider 98 provides .
Quadatice-phase outputs to gaip 1 .
-aod G2, and the Wird divider 102'pryvides Quadrature-phage -

qc‘ljusﬁmlcnt clements G1

gan adjustmeat elements G3 &nd G4, The gain
n t2ch serfally. conaceteq (o
& corresponding one of fixed-gaip amplifiers E1-F4, with
€ach serial connection of 5 &2in adjusiment elemen; and ¥
fixad-gain aplifier formiag ag adjustable-gain amplifier
Stage, . . - o O
The outputs of the adjustable-gaig amplifiée stages are
combined using au arrangement of first, second ind third
110 and 114, The resultan;

fier stages, and by setting the gaig of each djustable-gain
slage, I the exemplary embodimen; pf FIG. 4, each of the
e biased to provide an fden.
aud each gein-adjustmen -
1L 3 gain/atteaualiog of .3 dB, .

Ucal nominal gain of N dB,
element G1.-G4 may be sey

~ ©ral 0 dB. This aliows 4 desied level of RF output power

L1}

o be produced by setting ihe gain of selcglcd ones of the

'adjuslablc-gain taplifier stages ag indigated befow o

TABLE 1,

Ex.E<17
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. gain-adjustment elements G1-G4 are set to -3 dB, 20 RF .
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~ TABLE{"
Gnin-.Adjustmenl

RF Cutput  Amplifiers Settings
Powit | Sdeed . G101 G G
NdB. FI,FLF3,F4 -3¢p --3¢B  -3dB  -}dB
(N-3dB . .FiF1 Dd8 048 = T —
. {N-6)dB F1 S DEB T - -
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adesired numbes of stages is achieved by. selectively lurning

ON/OFF \he FET devices for each slage Al-A4. [o cdnteast .

:lo the embodiment of FIG. 2, both the inpul switching
function and-the outpul switching function are ioherent to-

the FET devices therpselves. Thus, swilch logic 36 controls

. amplifiee stages Al1-A4 direcily.

10

. ' ﬁcfam'ng to the first tow of entries Within TABLE I, when :
cach of the amplifiers F1-F4 are actuated, and each of the -

output power of N dB is produced. Jf the level of the inpul
signal decredses such that the RF output power approaches

{N-3) dB, then fixed-gain amplifiers F3 and F4 are turned-

off and gain-adjustment clements G1 and G2 arc 2t 1o 0 6B,
As Is indicated by TABLE I; wheo fixed-gaia amplifisrs FJ
and F4 ace tirned off the setting of gain-adjustment elements

G3 and G4 beconies irrclevant. If it is then subséquently :
- desired 10 reduce the RF output power

tevel 1o (N-4) dB,

" .. The oulput netwurk 48 includes matching elements §6-69

connected respectively between tbe amplifier stages Al-A4
and. the outpu! pode 52. The matching elements 8669 serve
to provide an optimum power match between the oulputsof -
tbe amplificr slages Al-A4 and the sotenna (not shown).
coupled to oistpint node 52. Each combination of en amplifier
stage Al-A4 aad an associated matching element 66-69

- provides oearly equivalent signal gain, end each such com-

20-

bination is turned ON/OFF by switch logic 56 a8 necessary
to achieve a desired level ofoulgut power. Accordingly, 6nly
the aumber of amplifier stages Al-A4 raquired to’produce
the desired level of oulpul power are tumed ON al any given
instagt of. time, Lheteby conserving DC.power-and main-
taining nearly constant ¢tficiency. Furthermore, by using the

. individual stages Al1-A4 ta accomplish the output switehing

" fixed-gain amplifier F2 is turned off and the gain-sdjustment -

_elements G1 is returped to & séttiog of 0 dB, Agais, timing

information from the contrdl piocessor allows! gain control
logic 118 10 swiich the fixed-gain amplifiers F1-F4 ON/OFF
only during transitions between the digital words or symbols
inhereat within the input sighal, sad gain conurol logic 118

" may provide for hysteresis lo avoid cxcessive switching of

- gein-adjusiment elements G1-G4 and fixed-gain amplifiers

FI-F4 when the’ cutput powér varies pear a switching

‘bousdary. . L el
The output impedance of the ampifier slages is unimpor-

\ant whea they are lurned OFF due 1o first, second and third |

quadrature-phase .combiness 106, 110 and 114. However,
DC eficiency is maintained by turning on only Hose ampli-

function, and an oulput network 48 which comprises match.
iog elements 66~69, one may avoid power loss and signal

distartion theough a-switeh,

F1G. 5B shows yet anather eabodiment of the pf:s}:}u
jovention, in which one or more amplifier gaia cclls or
transistors are ioterposed between the outpul of each ampli-

- fier stage Al-Ad intermediate node 72. FIG. 5B is similar to
" FIG. 3A. However, instead of individual matchiag aetwacks |

35

fier stages F1-F4 which are peeded to produce the desired .

RF output power. :

It should be poled that sltbough FIG. 4 represeals 3~
prefered embodiment, other embodiments using phase -
. shifting and combining are also possible. For example, the

pain-adjustment clements G1-G4 covld be rephaced by only

* two gain-adjustment elements, eack positioned immediately

before quadrature-phasé dividers 98 and 102, respectively.
Alteriatively, 2 single gain-adjustmeat elemeol could be

. positioned immediately before quadrature-phase-divider 94,

“

#

In the extreme, the gain-adjusiment clemenis G1-G4 could |

be eliminated allogether, with the resutting change in overall
gain of the amplifier 90 being compensated for by other
circuitry ‘in the system cmploying the present invention.

- Furthermore, quadraturs-phase dividers 94, 98, and 102,25

wall a5 quadrature-phasc combiners 106, 110, and 114 could -

be replaced by ady type of phasc shiftez ]t is also noteworthy

that the qumber of quadrature-pbase dividers and combigers

is driven anly by the number of parallel amplificatioa stages.
- Referring now o FIG. 5A, yet anotlier embodiment of the

* prascal iovention is depicted i which selection between

amglifier stages is accomplished by turniog ON/OFF the

- transistor amplifier(s) comprising cach stage. lo the embodi-

‘ment of FIG. 5A, each amplifiér stage Al-A4 is assumed to

'be comprised of ane or moré field-cffect transisior (FET)

devices. However, it is understood that each of these ampli-
fier stages could be a BIT or other active device. A given
stage is selected by activating the FET devices comprisiog
the,_stage, and is deselected by turning OFF the givea FET
devices and ensuriog that, the outpw impedsnce of the
powered-off FETs is high 1o minimize adverse loading by
the powered-off FETs. In this way, additive combination of

CExEAS

5669 for cach amplifier device, a final amplifier device 83,
comprising multiple gain cells 74-84 within the: Goal amphi--
fier device §5, js coupled to a single malching network 86.
fn the exemplery smbodiment of FIG. 5B, & single gaia cell
\rznsistor 74 is connected between stage Al and the inter-

‘mediate node 72. Similarly, single gain cell Lransistor 76 is’

conaected between stage A2 and the inlermediate zode 72,
Adpeir of gain cell transistors 78, 80 amw conaected betwecn -
stage A3 and the intermediate node 72, and another peir of |
gain cell transisiors 82, 84 arc connccted between stage A4
and the intermediate node 72. lo contrast to the odtput

nevwork depicted in FIG. SA, the implementation of FIG. 58

uses a single final amplification device 85 in which cach of .
the individual gain cells 74—84 witbin the final amplificatios -
device 85 may bave a separate ioput. This: allows for 2

-reduction in physical size and cost, aod peemits fabrication
-of the final amplification device 85 upoa a single die. Asin - *

lhe embodiment of FIG. 5A, no outpul swilch is required®

. because if gain cell 74-34 are either BITs or FETS, biasing

50

them off puts their respective oulputs in a high impedance
state, with minimal real loading. I
.Each gain cel} 74~84 is murned ON/OFF via 1 bias current

provided by its preceding amplificr stage Al-A4. By turning

" ONJOFF a patticulas st of the gain cell transistors, 3 desired

ievel of outpul power is accommodaled, It is noted in. this
exemplary embodiment that when stage A3 or A4 is
activated, sufSicieat bias current is produced to tura ON both”
gain cell traosistors (78,80) or (82,84}, respectively. It

" should alsa be noled that although amplifier stages A3 and

50

[1]

Ad each drive two scparale cell transistors (78,80} and
{82,84), respeclively, allemale embodiments may use mare -~
or fewer gain cell Uransistors in each stage.

Consider oow aa exemplary implementatica of the ampli-
fer of FIG. 5B in which each gain cell transistor 7434 is

designed to provide approximaiely 1 Watt of power whea

biased ON by its preceding amplifier stape Al-A4. TABLE
11 lists the different levels of output power produced by this

exemplary implementation when various.combinalions of

Ex. D-18
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. gan ol irsaslslore e based ON by ihelc wspective .

smpiifier stages Al-A4. Examiniog TABLE 1}, one can 5oe °
that by tuening QNN either ampifiee stage Al.or A2, the total -,

tueniog op gither amplifier m%e A3 ¢ Ad, the wtal RF

‘RE outpil power may be ingréascd by une Walk, whily

y two wails. Thus, woeond- -

ing to the metbed of TABLE I, the specific eaibodiment of -

Tovels foom ot to $ix walls, using four amplilier stgss

. Al-A#, and maiotaining DO ellicacy by biasing ON.ealy

those stages (st ace necessiry to gensrate the desired onput
powar, Nots that TABLE I} ¢cepresents soerely en exemplery

impiemezatation, and that gain celt yamsisiors T4-8¢ each

could be designed lo provide mars of fess fhag on¢ walk.

However, eleatiop each gaio sell 7894 io be he sanie shze

simplifivs manufacturiag of the finel amplification device

»ss.\- N

" fn the specific implewmentation of FIG. 35 rypm&md by
the first row of TABLE i, if only ons amplifiér stage and its
axsocialed gain cell transistog, for sxample Al and Lrausistor

.

74, is biased ON,.wilh ali uihers AZ-As biased off, the

FIG. 5B cyb be used 3o grotrate vorying RF oviput pover ‘

it

P
[

reactive loaging of the off-state. transisiors {76, 78, 88, 82,

- 84) may st provide pptimuw galo matehiog when uslag -

agly a single oatput mewching circuit B6. However, improved -

DT efcisncy t the iw output lavel, fof srample 5 wall s
indicated by TABLE H, is achieved, Furthermose, say .?_,zt'm

olsmatch may be sdjusted for dn W2 individusl ampiifier -
stages sefected, in this case Al, or in the associated system
“where the ipvention is evoployed. : :

TABLER

- o S ot RF

-, amplifice Stge 438 Goly Celin) izt

Al Al . A3 Y Pawer

L (Y4} (36 (B 5m - (354 £Wasts)
oN  ofF  COFF pEF .. 1
CosF. cosF . oW o QfF . o
oN OFF on ok .3
‘OFF - OFF oM oN 4
T aN OFF a8 . oN 3
ON QN o oN 8

Yit agother smbodiment; similar to at of FIG. SB is

" contfolied through &)

1 |
jeandt, 2 faal stape smplification schems siratlar i thavof
TABLE I} above may be implemented. An input maiehing -
petwork {not showa), preferably aplimized fur best perior-
mance with all devices 11023308 active, may alse by
included, - R ’

H. Dugl-Transisior Amplifiec Stage - o

"R, § &5 & sehematic repressniation of a dualdrapsistos .
amplifier 400 seitable for yse 255 single Stage (.., 35 0n8 -

" of the stages Al-A4 ) within the paraliel stage amplifir of + '

ibé invention, The amplifier stsge 400 includes 2o fuput
deiver FET (G1) and sa cutput FET {Q2), Altbeugh in FiG.
9 3 palr of dual-gate field-cfecs Lsnsistors {Q1, G2 com-
ptise the amplifie slage 400, it i undecsivad that in alternate '
erabodiments single-gate field sfect Lransisiors (FET), ot
wipalar juaction tasiswrs (BT} of tragsistors realized
using ather devies ecbnclogies may e cmploysd, i
The smell signel input o the amplifier 400 s applied to
e gate of FET Q1 though an input matching astwork 404,
which is designied (o oplimize power traasfer oo FET QL. -

‘Similany, a6 intec-dreice malching network 448 sorves @

miximize pawer transfes from the putput of FET Q1 tothe

foput of FET Q2. In ke manner &5 ouiputzatching setwork Lo
412 pravides ¢ Dptimtum power natch betwaen Lhs outpil

impedance of FET (2 aud the toad {pot showa) driven by
{he amplifier 409, o o

. The guiesce biag currants thevagh FEYs Q1 20d Q2 are

ustenem of the DC gate potentials ¥,
ind V 5, respectively. Typgicaily, the DC gats potentials V.,
and ¥ ; af2 set such that e amplific 400 exhibits copstant
gain over fow and high ouiput powee lovals, In the sbodi-

ment of FIG. 2, the dimensions.of fnput FET Q1 ace wlvcted
1 be saaliet hao We comesponding dimensions of output ‘

" PETG2by a0 sxemplary mjnof approvimately §:1, it bring

k3

pndorstood thal other- atios may be mor swinable for
afterpile implementations. This design teads to enbeassd

¢ ficieacy by soabling the bits cuent supplicd to cutpat

" FET 61 to be substeatinlly reiuced whed auly low [evels of

shown ia FIG. 11 The embodimsal of 714, 11 differs from

thas of F1G. 5B i ibat the ioput sigaal does nol pass tough

four individualty switched drives smplifiecs, but ‘ratfier i3 -

provided directly to four Siferemt fins} sitge ansistor

devices, 1102, 1104, 1106, sad 1308, ft should be soted fhal

10y gos or ail of e devices 11(2-1108 oy e either siagle

or multiple-gate devices aBd (oo (he configurativn shawn is

meeely. exemplary. Additionally, although the devices
11621108 are Gustrated in B30, W as FET devices sharing
) tommen gile sad comman drain, = was proviously
mentioned with respest L the provious Figures, they way

also be BIT devices shating a comdan zrpitier and commine §
. base, or 2 combipation of diffsrent device lypés 25 may be

pecmitted 1o be maoufsciursd op 2 single din, Additionally,
‘each of the' devices 1107~1308 may be of difereat gaio
values. ’

The fespective wlgalcs'of {he devives 1102~1108 are i50-.
haed & DOy blocking capecilors 1312, 1118, 1116, and

1118, bt wee tied agethes ot the RF frequeney of the inpat
sigal. Switch Jogic 1120 selectively provides 2 DC biss

5

SulpUL powey BE required fzou the. amplifier 400, When
oty & low teval of tatpul power i requised, e biss quoeat
theough FET Q2 15 reduged relative 15 the bias cumenl.

requized for an {atermediate level of ortgut pawer, 3nd the |
biss curcent through FET Q1 s sumewhat inereascd. Sioce
e saaller input FET QU is capabie of pprraiing tiore
eficically than the lurger ¢utput FET Q2 for Jow outgut
‘pawer {pwals, the sficiency oF the amplifier 490 is foctased
by sibslantially reducing the bias aurrent theough FET Q2

during low-power ppesation. Changes in bias surrent myybe
eifected by controlling the DC gate potentials ¥, and ¥y

in a analog Fashion, or theough sdfustment in discrets siegs, -
(V. Bfficiem Power Amplifier within & DA Portable Uit

Raferring to FIG, 8, thers is shown 4 block didgrammatic

reprasentation of 2 gortbie uait spread spectrum Fansmitler
in which gy be incarporated an sficient paralie] suge
amplifiee of the praseat {rvention. In 3o sxemypbary CDMA
systetn, onthogonal signaling is- employed o provide 2
suitable ratin of siganl 0 noise on the portable upittobese
slation Link, i, on 1he “reverse” ik, :

_1n the tranemittes of FICH §, data bits 200 consisting of, fat

" exapls, voice cooveried to data by 3 vocodzs aie supplizd

&

current oaly 16 the devices 1102-1108 which arz tequired for

ampiification of the inpul signal. Thus, by bissing on oaly
the devices that ane geqquized for the preseat umplifition of the

CEsED

85

,. foput sigaal, DO eficieocy i improved significantly. AS 8

1 an encoder 202 wherd the bils are convolutionally.

encoded. Whén the dala bit rate is less than the bil process-
fiug ate of the sncoder 202, cods symbol tapetition may be, -
wsad such (bat eneoder 2112 repeats (ke ingut dala bils 0D i
grdee 1o Create 4 ropelitive data Sotarm ot 3 Dit aale which
waiches the specative raie of encoder 202, Tn an sxecnplary
sivbodiment the encoder 202 meutives dats bits 200 at 2
goming bis ate (R,) of 116 kbjtgsecond, and pmdures

e st S T
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R Jr=34.8 sym.boisfsccr‘mﬁ, where “¢" denotes he code rite

(eg. ) of the cacoder 402, The

* provided 10 block imecieaves 204 wheee it is block iner-
" leaved. :

are groupet into characten containing l0g64=5 symbols al
g orae ol (]!r)(RJ]og,ﬁQ)-S,&(!O characters/seoond, with -

- thefe being 64 possidle charaelers.
ment each character is encoded into & walsh sequence of

. biis o “chips”, there being 2 setof 6

“64. The 64 onhogonal codes correspond to Walsh codes -
from 3 64 by 64 Hadamard maitix whiersia 2 Walsh code is
3 single row or colima of the matix. S

‘2-II3-JFIS Document-lZ_Y Filed

5872481

epcoded daa is then -

1p a preferred embodi-

4 Walsh codes of length -

12
amplification 3t28es Tepresented By fow-power amplifier .
{LPAY 313 acd bigh power amplifier (HPA) 31§, an qutplt
‘switch malrix epresenied by frstaod second switches (318, - &
. ‘ 322, first and ezcand dummy loads (320, 324), and switch -
Within the 64-ary otibogosal modulator 206, the symbols § logic 334, Bricfty; anplifier 310 yields improved DC el
* ciency hy saclusively utitizing LPA 313, which drgwialow
tovel of DC current, when only low levels of culput power
ate required acd exclusively utiliziog HPA 316 wheo bigh
: : levels of outpul power are required. This efficiency is
Jength 64. Toat is, each Walsh sequenze includes 64 binary 10 sccomplished by the aperation of swilch logic 334, aliema:
ively disecting the Tespeclive oUlputs of LPA313 a0d HPA
316 between first and second dumany loads (320, 324) and
an aoleomd (a0t shown). During low-powet operation,
switch logic 339 directs fiest-

17/04 Page 81 of 152 ,
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switch 315 to provide the

* “The Walsh sequece produced BY e modulator 206.is 15 outpt of HPA 316 o first dummy load 320, and directs

seeqs to be provided -3t exclus

where it is theo “egvered” Of multiplied at 8 combiner with -
a PN code specific 10 3 patticular portable, uoil. Suth a =
- “long” PN code is geacrated at rate Re by a PN long code

‘ve-DR combiner 208,

- iagsmitied by ‘LPA 313, the

secnnd switch 322 to provide \he output of LPA313 0 an”
antenna (a0t shown).As more \ransmit power is required,
HPA 316 begins. 10 poduce: the same power a5 is being

output of HPA 316 being

generator 211 in accordance with a user PN long code mask. 20 dumped into furst dummy load 318 At the proper swilchiog,

In an exemplary ebodiment the fong code generalar 210

" operates at an excmplary chip rate, R,y of 17283 Mhz s 25 -
1o produce fout PN chips per Walsh chip. 1n accordinee with .~

the investion, an efficient pasalicl slage arpplifier within the ~ to second dummy load 324,

* partable unit tragsmitler s permitted 10 change state ooly 5 " Intbe peaferred embodim

. Between those PN chips at1he noundary of each Watsh code’
- symbot (i, afies tbe last, and prior to the first PN chip of

successive code symibels).

Referring to F1G. 7, there 38 shown an exempiery imple- .
- meptation of the RF transmitier )
mulliple access (CDMAY sproad speelnid ipplications, 2
pair of shont PN sequences, PN, and PNg; are respectively-
<2 and by 1 PNg generaiof
254 to exclusive-OR combiners 236 and 258. The PN, and

provided by 2 PN, generatar 1

quadrature phase; {Q

generally of 3 leagih (32,788 £0ips) much shorter than the
leagth of cach user joog PN code. The resultiog {-chanpel
code spresd sequence 260 and Q-chanael code spread
sequence 262 are theo passed theough baseband Biters 264 40

and 266, respectively.

_Digital 1o aattag (DIA) converers 270 and 272 are

provided for converting the digital }

jnformation, respectivelys into analog form: TBS. wnalog
" waveforms p

soduced by D/A coo¥

provided along wilh 1ocal pasillslor

The quadrsture phass CImel signals

These mixed IF signals’ arc suoHD
provided (0 miver 294,

Mixer 284 mixes the sumoed sigm} Wil 24 RF [rer -
quency signal -from frequency syathesizer 296 50 23°%0 .

provide frequency upconversiod 10

The RF may then be bandpass Fliered 298 and provided 1o '
a0 cHicient panalle] stage RF amplifier 299 of the inveation, -
Again, the portable it controlles ensues proper phase is
maintained by allowing the selecled combinatios of 2eupli-
fier stages withio the amplifier 299 to be changed onfy &0 Since the gale voltage of o
petween the PN chips defining Ihe transitions betwesn each

Walsh code symbol.
V. Dual-Stzge Parallel Amplifier in

F1Q. 8 i 2 block diagram 3 paraliel-stage amplifier 30

" desigoed for signal amplificatioa ovor 8 Wi
in 2 CDMA portable oail such 25 bat described above aod
illustrated in F10S, 6 e 7. Amplifier 310 iochudes parailed

boundsry, swilch logic 34-¢irects fiest switch 318 to pro~"-
ide the outptn of HPA 314 to aa 20ledns (n01 shown), sod
directs second swiich 124 1o provide (he outpul of LFA 313

: ect ihe LPA 313 fuactions 8s &
cliss A amplifier during Your-powar mode operation. That 15,
{pe LPA 312 provides power gain jodependent of (be Tevel
-of the RF input sign3! provided thereto while the LPA 313
is ot io coMmpressios. Furthermore, 35 a class A amplifier,’ .

250, o code division 3¢ LPA 313 consumes nizacly constant DC power regardless of

apptaring ot the gutput of the

hapne! aad Q-c_hanuel

 its RF output power level, again as long s LPA A3isoot
io compression. Durig§ opecation in Jow-power mode the -
jevel of owtput power provided to\be tntenna is essentiatly
controlled by adjusting the level oF RF input power provided -
ciively -to, in-phase {1) and 35 © the LPA 313. Because LPA 113 provides uniform gain
during Jow-powes mode operaiion, ligearly tracking the
" input power with minicug distortion, the RF output power
Jcvel proguced by ipAdld is eFectively controlied by AGC -
arophifier (a0t shown) preceding LNA3LZ, . ‘
In accordaace 'WiLh the iqvemtion,” the oulpui powes

HBA 316 is matched 10 the

output pawer produced by be LNA 313 during 2 trapsition, .
period i;n’medimly pg:c;ding. apy swilch between low-
pawer and high-power modes af operation. 13 particulas, |

cpters 270 and 272 are 43 during lbe transilion period the powsT produced by HPA k31
(L) camier feequency: - - is_monitored by 8 gain control loop %76, The gain convol

~ ame peovided from sujtable frequency sources {pot stown)- ‘¢u the HPA 31610 this way 2 “seamles
from \gw-power to high-power mode, and vice-versa. Io a8

ed in summer 292 and -

.

code symbol boundaries.

the RE frequeacy band.” 5% ’
Hally a5 2 eithier-a €iass ABor

2 CDMA Poriable Unit

) | Ex _E;ZO‘
Ex.

highee DC efficiency can be’
minimum FET gustent required for 8 certain Jevel of dpeca-

ity =

. sigmals Cos(2al) and Sin(ank), respectively, 1 ixers 288" * loop 326 sels (he gain ‘of the HPA 316 during the ‘Leansilion

" agd 290 where they a2 mixed snd peovided to sumtet 292, periodto be cquivalent (o tbe gaia of awplifier 313, thereby

Sin{2udt) aod Cos{2rft} = equalizing tbe power level at the oulpuis of the LNA313 and

fess” Lrensition is effecied

excmplary COMA jroplementation, switch logic 334 caly
permits the cwilches 318 and 322 W be toggled &t Walsh_

" During bigh-power mode % HPA 316 epeqates és;cn-

a class B amplifiet That is,

lbe power gait and DC pows! consumption of the amplifier
.316 ace ¢ fuaction of the RE input power level. o the
© prefarred s mbodimeat, HPA 316 comprises 3t least oae FET.

FET amplifier afects the

armount of suereat deawn by \he FET and the FET gain, -

abtaiged by matching 1he

lion w the desired RF output power level. Sigce HPA 316
ide dynamic't20ge g5 gain is pon-lipear oves the desired operating rznge, the level |
of the RF signat produced by the smplifier 310 may not be
contrelled exclusively bY adjustiag tbe signal level provided

P b
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) lhe HPA316 Ralhcr, gain control loop 326 opcmlcs o set,

the gam of the HPA 316 in order that 2 desired lcv;l of AF -

.- power is delivered to the antenna,

As is indicaled-by FIG, B, the gain' conlrol loop 326
includes a detecior/buffer 340 conaecled lo the output of
HPA 316, The detector/bulfer 340 drives 2 laop integrator

comprised of operationat amplifice 344 and capacitor 346,

Since HPA-316 typically lucludes one or more FET

nmp!lﬁcrs. a cucrent amplifier 348 may bc foncluded within-

the control loop 326 for praviding the requisite FET amplic
fier bias currenl. Power contrv] loop 326 sets the RF ouiput

power of HPA 316, as measured by detector/buffer 340, by |
coatrolling the gate and drain voliages of HPA 316. {n this,

manaer, the non-linearity of HPA 316 can be overcome
because the input power to HPA 316, is set by the AGC
amplifiers (not shown), may continue to jocrease as the
output requirement increases, but the HPA 3146 oulpul power

| coatinues lo be set by gain control loop 326,

.In a0 exceplary implementaliva of the amphﬁcr 30
suitable for inclusion within a CDMA traosmitter, the gam
control loop 326 may also include #-switch 352, which is
opcn:d For the duration of “blank” [rumes during which

signal power-is not pravided to the anténna by the amplifier-

310, Such blaok frames are interposed between aclive

frames of actual data when the overall data transmission rale -
is less thao full-rate, The switch 352 opens the'integration .

14

The previous description of the prefrred embodiments *

- ace provided to enable any person skilled in the art to make

- or use the'present inveotion. Various modifications to these
. embodiments wﬂl be readily appareat to those skilled ig the

3

art, and the generic principles defioed berein may be applied
to other embodiments without the use of the inventive
facully, Thus, -the present invention’ is nol intended Lo be
limited o the embodiments shown herein, but {s to be

. aceorded the widestscope consistent with the principles and

10

navel fealures disclosed h:rcm
We claim: ' ‘
" 1. An ampiifier cireuil Iur pmwdmg an nmphﬁcd blgﬂ.'.l] in .
response; lo a radio frequency (RF) input signal having
successive portions scparaled by, sagnal boundanes said -

- amplifier circuit compnsmg

.15

loop just prior o commencemeént. of cach blank Frame, sud 25

closes (he Joop immedialely after commencement of lhe
- following active frame.

V1. Gaig-Offsel Paralle] Slagcs

" FIG. 10:illusiratively represents the lransfer characlerlsl:c

ofa parallc] stage amplifier of the invention jo which the

constituent amplifier stages are offsel ‘in gain. For

0

.copvenience, the biasing lechaique of FIG. 10 will be

~ described with -reference lo the parallel-siage amptificr
shown in F1G. 2. 1o the biasing approach exemphﬁcd by -

 FIG. 10, cach of the smplifir stages Al-Ad is realized to be

‘of different gain. Swilching between slages occlirs in the

35

manner described previously, but the gajn offset ‘between

stages tesulls in discontinuous variation of the power of the
ampliied RF output signal. As described previously, the
switch logic 56 (FIG, 2) mouitors the'level of the amplified
RF sxgnai a1 output node 52, Switch logic 52 then instructs
the input switch matrix and output network 48 to select the
appropriale stage Al-Ad’ designed for opcranou at the

.. mosilored gulpul sigoal level,

" Referriag to FIG. 10, the amphﬁcr slagesAl—Aé ace cach
.biased to provide linear gain in responss to input sigals

‘within predefined rapges. In paiticular, the amplifier stage
Al is biased 1o produce linear gain over tbe output sigaal -

" range Poyrg 10 Poyry 0 response 1o jnput signals bétween
Py 20d Py . Similaely, the amphﬁ:r stages A2, A3, 10d
A4 ree biased to provide linear gain over the outpul signal
ranges Popry 30 Poriror Poura 10 Pours, 80d Poyry to
Payr,, respectively. Whea the amplifier stages are mple-

" mented 25 FET or BIT devices, 2 biss setwork (not shown)

may be employed to supply the level of bias current to each

amplifier stage rcqmr:d for operstion over-the sp:caﬂed

output range.
The gain-offset between stages comcmp!alad by FiG. 10

5 timing information ioput line receivieg ummg mforma-
ticn represcntative of the boundarics bclwecn the por-
» tions of the RF inpul signal; -

2 plurality of amplifier stages for amplifying said RF wpul
signal, cach of said plucality of ampl:ﬁ:r stages havmg )
ao amplifier stage inpul for reeiving said RF ipput -
signal and 3 amplifisr ‘siage output for providing an

~amplified RF signal, cach of said amplifier stages -

operalive to 2mplify the RF dnput signal oaly while 1
diree! current (DC) bias is applied fo.the rcspcchve
aanplifiec slage input thergof; -
2 control circuit, coupled 10 cach amplifier stage faput of
said plurality of amplifier stages and to the timing
_informalion ioput line, for selecting particular amplifier
stages to be activaled and for providing a DCbias to the -
amplifier input stages of eack of the sclected amplifier
* slages, said control circuit opsrative to vary the selec-
- tion of particular amplifier slages oaly during a bopnd.
ary between portions of the RF input signal; and
means, coupled to each of said amplifier stags mpuls for

isolating said DC bias from tbe amplifier input stagesof

- other ones of said plurality.of amplifier stages.
2: The amplifier cireuil of claim 1 Further comprising an -

. ioput netwark, having 2n input coupled-to said input signal

i

50" said plurality of amplifier stages is a field-effect ttanseswr

55

‘may be-of uility when, for example, it is desired to reduce
the dynamic range required of aulomalic gain contral (AGC) -

circuilry used in conjunction with the paralle! stage power

amplificr. It may also be of s:gmﬁcanc: that the reduced gain-

exhibited al low-power levels results in leSs noise amphﬁ
cation at low mpul signal levels, where signal to noise ratio
is often at 2 minimum. Accordingly, the gaig-offset tech-
nique of FIG. 10 may advantageously be employed lo
‘improve noise performance at low input signal levels, a5
well a5 to improve the overall noise pcrformance of a
complele a.mphfier cba.lu

“Ex.

" aad a plurality of outpuls, cach cutput coupled 1o one of said

amplifier slage inpuls, said input petwork for providing said
input signal to each of szid plurality of amplifier stages; and
- ap output network, coupled 1o each of said amplifier stage
- outputs, for providing said amplificd signal from s
selecied atJeast ooe of said plurality of amplificr slagcs
1B outplt nelwork oulput node, "
3. The amplifier ¢ircuit of claim 2 whereis sid means for

. isolating compnscs a plurality of capicitors, each capacitor
" having ao ioput coupled Io said input signal, sod an oulput
.coupled to a respective one of said amplifier stage inputs.

4. The amplifier circuil of claim 3 wherein st least oae of

devite, :
5. The amplifier circuit of claun 3 whereiz at leasl oae'of
said plurality of amplifiec stages isa blpolar juoction tran-
51slor device. .
6. A method for providing an amphﬁ:d signalin raspousc
to a radio frequency (RF) inpul signal bavmg successive

‘poruons scparated by signal boundaries in an amplifier -

circuil comprising a plurality of amplifier stages each opera-
tive o amplify a sigoal only hile simultaneously receiving
adirect currenl (DC) bias signal, said method compnsmg the

_ steps of:

65

E-21

recewmg liming mfonmnon reprssenlauve of lhe bound-
arics between the portioas of the RF input signal;

applying said input sigoal ta cach of said pluralily of
amplifier slages;

selecling an amplxﬁcr stage for'u.sc in unphfymg the
signal; .

Ex.D-21
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- 15 o 16.

applying a DC bias signal to the sclected amplificr stage, prowdmg said amplified signal at a0 output nude

- with said DC bias signal being 'initiated during 2 © . 7, The amphﬁer circuit of claim 1 wherein said pomoas

.- boundaty beiween portions of the RF input signal; ~  of the input RF signals are words,

isolating said DC bias signal from all but said sclecied one 8. The method of claim § wherein said portions of the.

. .0f said plurality of other amplifier stages; 3 mpul RF srgnals are words.

. amphfymg said input signal in said selected amplifier _

: stagc 1o gunmle said amplified 51gnal and . : A A

Ex. D-22
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' - : . .90 d B, such that the transmitted ou:put power is Iu:n:ly‘ ’
REYERSE LINK, TRANSMIT POWER " rehated 10 the received input power.

CORRECTION AND LIMITATION IN A Clased loop and open |oop power control mge!.h:r

RADIOTELEPHONE SYSTEM - . defermine the returs Yok Hansmit cergy, us diaclosed

' 5 ia US. Pat. No. $.056,109 to Gilbousen et al, and 13-
BACKGROUND QF THE INVEN'HON sigred 10 Qualcomm, Incorporated. Therelore, the lig-

. L Field of the Inventica  * - . ear aad nonlincar erors produced in both the resciver

The present invention relates to rdio communica-  {103) and transmitter (102) RF scctions can catise tnace
. tions, More particularly, the preseat invastion relaes to 10 " ¢cptable power control performance, Also, both the
power soatrol kn a radiotelephone system. FDMA 18d CDMA based radios must openate oa dif-
IL Description of the Relsted Art ’ fesent channels while maintaining acceptable cutput
The Fiderad, Communications Commission {'FCC} power levels Variation in output pawer Jeve] and i input
goverm the use of the radio frequeacy (BF) spectim. * power detcetion versus Boqoancy can cause an wpag. |
. The FCC allocates cettain Diadwidths withia the RF |, ceptable-amount of error in the amotms of ‘return Link
' spmwmforspeclﬁnusa:\umofmﬂomwdbnd» . tranamitted earTgy. .
wmufmnkfspcctummmmemmutomm These issues prescat sighificant problems ta the des -
that the radisted emissions lnside and'outlde of il yigner of both FDMA and CDMA based radiotele-
bandwidd are maintaied withiz '“‘P“b!‘ levels to phoncs There b a mulung nevd for an effective, coat

avoid interfering with other wsers operating in the 1ame :ﬂici: t g
- and or other baadwidtha, These leveld are governed by 10' g of co § thee problems,

both the FCC and the particalar user groups of id _ SUMMARY OFTKEINVEN'I'ION

bazdwidth. ¢ inveatioa cables 3  radion
" The 800 MHzx celloisr teicphone system operalss jis M:T::m of e p:s::nmd} risa Gver & wide
forwxrd link, the cel} to radiotelepboni transmission, in gy dynamiz ms:":m': zalataizing soceptable trantmit
 the bundwidth of 569.00 Mz’ to 49197 MRz and e output power levels inside and ounide of the retarn link .
m::uhnk.lhandmt:lcphonemczﬂmmmm.m. bendwidth, The forward aad retuim Lok power e’ -
the bandwidth of 324.01. MHz to 34897 MHz The o I.ud:;m' nt.ﬂ.‘to.l.nmlo " ’
forward and severse llak Sundwidths aze rpht up.inho ﬁmrjx um’blc?: bo:pcontml hard\fue'
chmdsmho!whidmpcnpiaa!okﬂzbapdmﬂlkm“g oware. The atoted Y ool vt
A particular wer of the ectiuler system mey operatz oo or software. The loop powes conl g
ane o¢ severa] of these chanoels at a time, All wsery'of | h:hommwrnd.Th.:ndmmlepbmcmﬂwdmwd
the system must ensure that they arc complisnt with the | power Icvels and, elosed loop power control setting ta
_ Jovel of radiated emissions allowable inside and outside  index a set'of convzotion tables that indicais the revene
" < of the channel or chuznels that they bave been assigned, ‘g, Jink moosmit power esor wnd desired power ammplifier
" There are several different téchniques of medulation — biasiag for the particulay operating point. Thie radiotcle.
mumbeuedmthumuuh:ulephmuynm‘rwo phene to determines if the transmitter I operating -
exmpluofmduﬂmum:hmquumﬁaqmcydm- sbove & marimum set point. The tragunit gain and
sign multiplé access (FOMA) and cade division mulb- power amplifier bissing of the padiotelephons are ad-
.Ple eceess (COMA) 40 justed o correch the undesired ervor eod maintein the e
" The FDMA modulation m:hxuqu: genenites a;nah desired output powg ’ o -~
that eecupy one oel at & time while the COMA - . -
modustion mhm%m?; gonemates sigoals that ccupy.  BRIEF DESCRIPTION OF THE DRAWINGS,
. savenl chanzels, Both of these technigues must control — FIG, 1 shows » block diagram of & typical prior art’
+ their return ik radiated emissions to within scoepiable 44 radiotelephone frequency sucuou!oxmclundmtdn-
Lmits inside gnd outdde of the asdgned channel or phone system. . .
channels, For maximem systea perfi » oy of FlG. IthIblo:kdhyzmdthcprdmd -
) " the CDMA techaique must carfully control ‘th level - bodiment pawer control correction inglementation.
- of radiated pow:rmldclkcchmd: mwlnch\‘.hqrue FIG. 3 thows & block disgram of the power Lmitag
eperating. 30 control tection as related to FIG. 2

FIG. 1showsa mnal prier c:lh:lu ndmld:phou
FIG. ‘:.hnmablnckdimmoflhcdawdloop
- In both ag FDMA and & CDMA tased radiptelephons, pawuwntml Hon 23 related to F1G. 2.

there exiaty the poreibility of drivisg the power ampli- Fl
b A h thow:blockdummoftbe?;\ilmnh:nh-
fier (101) in"the transmitter beyond a point where ace “old 1 2 as rel FiG.

ceptable out of chrons) radinted emissions are main- 33 . :
tained This is primacily due to the Increased distortion , F10- 6 iBaws an allernate “ﬁm‘ “‘b‘lm‘
output levels of the power amplifier (101) et high otput. Inveation that employs a pawer liiting control systzm
powers. Alsc, driving the power amplibcr (101) beyond . 2364 08 accamulator feedback coatrol, .
a certain point ein eause interference latermal o the FIG. 7 liaws a altemiate cmbodiment of the present
radio. For example, PA puncturing in COMA, affects ¢o Invention that employs s power limiting costrol iysten ~
synibesizer phase poise due to large cusrent bransidons,  ba3¢d on the closed loop power control acoumulator.
Bcl'.h of thee bssues cause unaceeptable radia p:rfm' F1Q. § shows an alternate cmbodiment of the proent
‘mmmee. - invention that employs s power limiting coptrel lysl.:m
: Maiguining the propcr an<chrnme) outpm powerm . based ca integral feedback control
" Ve difficnlt due to several undesirable-effzets in the 65 FIG. ¥ shows an aliernale embodiment of the present
radiotelephone hardware. For mmpl:, the COMA  invention that eaploys a power limiting control system
based radic must implement & power control sysiems  based on & mezsars of receive powir wnd’ the elossd
- that operetes over a very wide dynamic range, B0dB to  loop power control setting to estimate output pawer,

—— e e i i
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o , without control input from the cells, As the powsr of
DETAILED DESCRIPTION OF THE the jignal rec:l'v:g from the ecl) ncrenses, the tadio
. PREFERRED EMBOD * deareases lts bransmit powez, This cutpat power canteal
“The peacess of the preseat inveatioa provides power s accomplished by the AGC setpaiat that Is fltered by
control correction for # mabile radigtelephons a8 well 3 xlow paas flter (217). .o

23 maiptaifting acceptable in and out of pand maximum.  Ths traosgyt section includes 2 digiual summer (110),
eission Jevele. This b sceomplished by real-doe com- tint combises the AGC sstpoint and a closed oop
. ptomtion udliziap o set of corpeciion tables that U power contro] setting (206). Ths outpdt of the summer-
generated during the production tastizg of esch ndie-  (210) & fed into & power control limiting section (205}
telephone. 10 The operation of the powe contzal Hmiting section
" FIG. 2 shas a block diagram of s COMA ndiatde (308 und the closed loop power contral section (206),
phong with the preferned embodimant RoWe control  {uistrated in FIGS. 3 a0d 4 respestively, will be dis-

_ correvtion implementatian, FIGS. 3 4, and 5 detail  cussed ubsequently ia greabe dewail, - .
specific Blocks of FIG. L The radioislcphone 35 com- The output ‘of the power eontrol Umlting secrion
prised of s reccive linearization scetion, (ransest Yinkar- 33 205), long wilh s transmmit Erequency indeX, e wsed
- Lzation section, pawer smplifier bas “eaiiol sestiony gy address values pored in 8 transmittey linearizing table

2nd power limiling control sestion,
The teceive lneasization scotion
matic pain cantrol (AGC) section.

inclades an w810~

The sigeal input 10y iephone. The selested

(204). The trasumittar linensizing table (204) eontaing
values determined from production testing of e ndio-
value is input to » digitd 10

. the AGC seetion s reccived on the forwad link and 20 L, 00 :
) . § convericr (203} whose output, an ansleg Fepre
amplificd by 3 lo% sabe a{n;_'hﬁa LA (.111}. The  onration of the digind value iuput, controls 2 varisble,
output of the LNA (211} is input t0 2 vuriable QAR o aeplifier (202} o o
’ myllﬂal(zn); ‘n'.‘ wsiable pis m’pl.iﬁc:_(lu) PP 7 Tye bimsing of- the varlable gan anplificy (zuzj s
duces 2 signal x_'.h_uu convencd o digital ._ng;ml using adjusted by the ?salog calibration valiz 10 x poirt o
. s analog 1o digital converter (ADO (313 . - 23 oot the igput 10 thé trapsmitter peasizing Gble (304) -

received 3igmal is mest
{T14). Tha pawer
¢ integrates the

The power of the digitized
computed by & digitad power deiecior
detzcior [214) nchudes sn fategracdr tha!

. detected power wi
the greferred embod

th respect to a referencs volage [ A A
- v .. with" variations versus
. b _
iment, this pefercace YOIage 18 R, oobined with the previo

straight line with rospest
This lizearizition re.
pan-lipear errocs along
o the teasmitter,
utly méntined yeseive

* tgllgws & predetermized
trinsmitied RF outpul powen
ove the undesied linear and

. orovided by the radio’s demodulsiar 10 indicate the ORI

Zroz‘niml va!yuc a which the demodutatar vequires the tneasizstion, graatly ‘:ﬂWR?‘ opesy ud dﬁ;:dﬂflaup
oop 1o Yock i ordes to hotd the power levdl cansiank W::f cogtyal errors dus to RF performance mperies:
The demedulater requlses this value for optioua per- . i . L
formance since & poa:cr level oo far otit of the optimuz 33 The power splificr (PA) bias control pection (218)
sange will degrade the, peiformance of the demodules | CORIOM the bias paint of the transmjt PA (201) based on *
tor, The powes detector {244) performs th integtation, the transtmit gain sciting mcy that the txg.nmit wide-
thus generating an AGS wetpalnt. The sctpoint and & bands for the given galn sefting LT optimized versas

 geceive frequency index are Input 1o 8 receiver laeariz-

PA {201) curmment copsumphion. “This allows 3 battery .

" jng able G160 . . . 4 powered telephone B3 mmnm:ulx time by redocing
he AGC setpaist $0d the frequeacy indes are used PA (201) curreat consumpdian Mt lowee wotpat powen
o address the lineasiser {236), s scocasing the propes whils still maintaug scoepable’ Wdebend levels at
. ealibration valse. This calibration value is then output higher output powez Jevels. - e
s s digitd to aaalog conventct (215) that generaics the The powes cootro] limitiog scction (205 s ilustrated
analog, sepresentstion of the teccive AGCutiog . H T FIG. 3. The power control Liitleg section (205)
The analog valoe adjusts the Yinsing of the variable w?kob the closed loop pawer comtrol and tratudil .
pam wnplfier Q10 The control of the variahle qain PO settinga when the output ofthe transroit gaie-2ume
amplifies (212) forces the recsive AGC loop ta close - met {110) corrmpoads to 2 toandmit ontpus pawes level
such that the Input to the receiver lineartzing table (216) which is equal teaf greates thaz the ing.:ndn\ mudmum
+ follows » predetermined straight line with Teapest ta 3 OUTPUE power. The maximum pan u:u?.:h determined
RF input power. This linearization semavet the unde- by the PA limit threshald contyl pecton £208)

lincar errors in addition © varia- -
that would otherwise be appur-
lincagizing table (216} 1

the feceiver. These errors and ¥

s§=:d {inear and not
tous varsus frequency
ent 1t {he input o the recaver

aiations Would confrib- 35 GUTPUE paWeT. The meas

_uts 10 crrors in the trapsmittes. oo aralog powes detoctor (207) whese outpét tnsformed - -
Tn wrder to reduce the eeror in the receive and trafiy  into & digitsl signal by a0 analog. 18 digiul couverter

. mit chales versus fzequancy; therecsve aod tansmit (300 The digitzed power valuz Is then ioput to the
linearizens utilize the frequency indes that specifies the  thrahold control sectios (209).
current cgntee frequency oo whith the recaive and & The threkold sootrol section, detailed in F1Q. §,
\rinTmit chaing ace gperating During factory callbes- . Opersies by the high power & Uneari
tion- of the radiotelephone, the linearizers are loadet - (301} scaling tho inpet digitized power value in ordes to
~#ilh values, in addition 1o the previousty. Demicned  matsh the numerclogy of the digital tranemlt giin con.
calibration values, thst arc indexcd by frequeacy to- teol section. The scaled ootput tsom the lncarizer {501 -

. gorrect the errors related 10 opevating ceuter fraquency. §'Is ‘sublracted (502) from the pomica] mazimum gan’
The AGC setpoint is the apen loop power coatral  aetting. This murimum gAin serting can bo hard Eoded
signal far the radio. Io the preferred embodiment, thisis  into the adin during assembly of input during madufac.” -
the pawer control performed by the radio by isclf  uring and tsting of the udio, '
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The diffsrence of the masimum-gain seiting and the
sealed output power is then added, by the adder (503),
10 the maximvm galn setting, The sum of these sigrals i
then nsed as the correctsd maatmum gain setting. This
real-time modification of the dezected power halps mid- §
gale the crvors introduced by temperatare variatons

- and aging of the transmitter PAs. In other words, if the

difference between the maximum gain setting asd the

. real-time meatored powes value i3 0, thes no correction

“ 6 .
similar to the tables in the preferred embodieny, are
added into the tansmit gain :antrol wing » summer

(606),
In a.nothcr alternate. mbodmt. [Hustrated td FIG.
7, & power Limiting contro! system is employed that b

‘based 6a the closd loop powa control accamalator
" {707). The syptem operates by firet messuring the ouzput

power of tha ‘power amplifier (705) using & power de-

. tector {70€). The detected power s digitized (107) and

is necessary, If theré is & difference berwicen the two, 19, compared 10 a mazimem allowable setting by the com-

the difference is uscd 1o eovtect the maximum gzin

© seting.
* Referring to Fic. 3z dlgml comparator. (301) de-
- tests when the gutput of the transit gala sammer (210)

equals or exceeds the maximum gais setting, The com- 15,
parator (301) controbs a 2:1 multplexer (302) that gut-
puts the maximurg allowsble satting whea'the cutputof
the summer {210) excecds the mazimunt allowsble set-

-l:ng.whcntheautpu:ofth:mm(nﬂ)mlmthn

the maximu sllgwable setting, the multiplaxer (302) 20
outputs the direet output of the summer (210). This
pmhihlb the transmitter from exceeding its maximum
operting polat )

" The tlowed loop power contral section (206), Mlus-

tated b FIG, 4, scoumulates the. power control come 13
minds seat on the forward link by the controlling radio- -
telephone cell site and ourputs a gain adjust sippal. The
power centrol comimands ace collected in an sccumuls-"

© -tor (402). The operation of the accumulator (401} is-

- . controlled by the power control limiting section (205) 30 )

. -when the Uransmit power amphﬁer (201) bs outpotting -
. the maximum tllgwable pow

parstor (J03). If the optput power is grester than the
maximim seiting, thie closed loop power contral accu-

milator (702) is modificd to tun the amplifier (704) -

-power down by one step cach 125 ms until the output
power ia o than the maximuzm senting. I the output
power it les than the maximum setting, the closed loop
" power control accnmnlator is ot modified. The linear-
" izlng compensation tables, similar to the preferred em:
bodmmgmuddcdm:nthcumnpmmmlmr'
a sumioer (T03).
Iny:tannth:r:mboﬁm:nt,mmtnmd is F16. 8,2
. power limiting contral sysiem is employed that s based
on Istegral feedback comtrol. The system oporates by
st measuring \be output pawer of the power smplifier”

(308)nsing s power detector (309). The detectad power-" . .
b digitized (810) and loput to o mu:mor {801) that.

l'ol.lcnﬂ thg =qun&.nn.

rmmm-w=

“The integrator {301), gcn:nmu a gxin mntml signal,

ka&:curpmcfzhemmcr(nu)chuzufmm “saturates 4t 0 dB xnd —63 4B of comection, The gain

‘ befng fess than to eqoal or greater than the waximum wnzniﬂpﬂhmmhmimdﬂdminamge.h’m:om-

allowable setring, the output of the cloced loop power 33 put power Is greater than the setpaint, the btegralor
cantro} sccomulator (403) is latched into.a fipflop | turns down the output power of the amplifier (307) ats.
{402). While the output of the summer (210) i3 equal to
ar greater than the maxicum sllowable setting, as da- point is reached The integrator is allowed to tun

ined by tha e (403) spd NAND gate  power dows by a3 moch as 63 dB, If the output power

- (404) circuit, an AND gate (405) masks off any closed 40 hlr.uthmtheutpom:.lh:autputnﬂhs Iowegrator

logp power temtrol vp commands that would foree the (lm)wﬂlbetomni 10 zero, thus not adjusting output .

rate based on the integration constast K until the sebe .

- aceumulator {401) above the fip-flop's (40Z) latched .
- value, This prevests the accumnlator from satursting

during powet lmiting yot allows the clossd loop power

"' coatrol setting t-u change anywhere below the !zh:hui 43

wlte.

An altzroate egbodiment of the proczas of the pres-
eat invention i Hlustrated in FIG. 6 In this embodi-
ment, 4 power limiting comtrel system b exployed

© 7 based on accwmulalor feedhack comtrol The system 50

operated by First measuring the output powes of the
power amplifier (609) uring » power detector (§10). The .
detected power {s then digitized by an ADC (611) and
compared to s Mazimwm allowable a;m.ns by the com-
passtor (m). I the ourpu: power is greater than the 53
maximom setding, the power limiting scenmulator (§02)
begins tuming power down by reducing the gain of the
varlable quin amplifier (609). If the cutput power is less
than the maximuzs setting the power limiting sccumuls-
tor ($02) retwns to a-0 AB correction value. 0
In this smbodiment, s closcd loop power eontrol
limiting function (604 and 605), simflar to the preferred
embodiment, is employcd. However, the tnggur ‘for the
closed loop power conbrol Lmiting function is a com-
parator (603) that detects whén the power limiting sc- 65
cumulator (602} is limiting the output power by com-
paring the eccumolatar {602) output to 0 dB with the °
compantor (603), The lincarizing compensation tahles,

[ P

power.

In this embodicent, a closed loop r control .
hmnnghmm{m!mdsm}.mﬂnh:hpur:mﬁ
rmbodiment, {5 employed, The trigger for the closed
loop power contrel limiting functon, howeves, is =
mm'pl.mnt {802) that detacts ‘when the power limiting

integrator (801) s limiting the tutput power, Tho lnear-
in'n;mymaﬁnuublu.,limﬂumthgpmfuredcm-
bedimént, are added into the transmit gais coatrol using
1 summer (B0S), ' ' .

. Inuﬂlmnlh;r.mbndmmimmhdmﬁc'} %

. power limiting control system is employed that is based
ozly o 2 meniee of réczive power, 1 determined by

thel:pow:rloukuphh!a@ﬁl}udth:dmdlwp )
‘power control -setting a3 opposed to actual outpmt

power, The wansmit powsr lilting &nd closed ldop
power contro] limiting function’ (901} can be imple-
mented with either the preferred embodiment viing the
saturating sccumulstar (%03) or one of the alternais
embbdiments. However, only the receive power and
closed loop power contrel selting are used to estimate

transmit output powes.

In summary, the procoss of the pmcnt invention
easures that the tansmitted Sdebands and yymthesizer
phase noise of & radio transmitter revabes within 8 pre-
determined specification by Emiting the mazimum out-
put powee. This power Emitation is accomplished by 2
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cr.-mrol loop ;nr.ludmz z calibration lnok-up uble,

Therefore, 3 nadiotelcphane wsing. the proces of the,

present favention would nat excced it's nomined mazi-

mum powet level due to the cell issuing too many

“power tum-up commands, The rediotelephonc limits

the power output’ even when the cell erroncously de-

cides'the radiotelephone power should be increased,

We clam:

1, A metbod for correcting transmit power of a radio

" device baving » plurality of predetermined calibration

. values and 2 refcrence voltage signal, the nadio dovice

tracsimitting and receiviog on o plurality of frequencies, -
each fzaqu:ncy having & frequency index, the method -

comprising the steps of:’

receiving a Arst signal having a fist gun. t first fre- 15
quescy of the phurality of frequancics, and the Bt -

frequency- blvmg + first frequency index;
delu-mmmg 1 receive power value af the first s&gnﬂ
generating an automatie gain control setpoint in're-

8

. to the first frequency, the reccive culibration value

" being coupled 1o the receive amplifier control
. input for adjusting the gain of the reccive azplifien;
" n sccond power detector, coupled to the tramsmit

amplifier, for generating a second power value
frum 8 transmitted signal having » lcr:ond fre-
quency; and

1 transmilt finearizer for gcnmung a ransmit ca.hbn-

" ton valug In response 1o the sutomatic gain control . )

actpaint, the sccond power value, ind & frequency
iodex corresponding o the 4 &
transmit calibration valoe bedzg caupled to the
¢ontrol input of the transmit :mpluﬁer for adjnsu.ng

the gain of the bransmit mpﬂ.ﬁ.cr .
4. Andio pcrfnrmmz transmit power aﬂbmwn. the
radie texnsmittiog and receiving gnals having a pharel-

04 - Pa‘gq 98 of 152

Yy, the .

- ity of frequencies, e3ch frequency having a frequancy

index, the radio transmitting a n'puL hwinz. a first -

frequency, through s yariable gun transmit amplifier

sponsz to the tecgive power valug and the refer- 20 baving a control input knd receiving s signal, having 4

ente voluge signal; -

' sciecting o first pradcunmaed uhbnnod value in -

response to the automatis gain mtro!utpoml and -
the first Ezquency mdu.

ad,]u.shnz the first gain in response to the ﬁm cah'hn-

tion valve;

transwitting 3 second slpnl having mond gain md_

a second frequency of the plunlity of frequencies,
th: second [requency having 4 secard frequeacy
index;
determining a tansmit power value of the mnd
. sigmal;.
gederating & secund ca):br:non valug In respanse to
the automatic gain control setpoint, the second

frequency index, and the transmit pmvgr'va.luc; and 33

" adjusting the second gain In rsponse ko the second
.+ calibration valve. . -

. 2. The method of claim 1 and Tarther including the
" ateps’ ‘of digitiing the reczive power value before geners

unug “the automatic gain tontrul setpoint xad convert- 40 -

ing the first predetermined calibration valus to sa ana.
log value before adjusting the first gain.

‘3.A ndioberfnmﬁnx transmit power calibration, the

radio transmitting ang receiving signals having a plurals

ity of frequendes, each frequency having s frequmcy 43

index, the radio transmitting signals through a varisble
nin, transmit amplifier having 3 control I.npul and te-
eziving sigoals thmugh a variable gain, receive amplic
fier kaving a control input, the radia compmmg

8 power desector, coupled to the reczive amplifier, 30.°

for generating  first power value from a secaived
. sigmal having 1 first frequency; .
an ml:gntor. .coupled to. the power d:t:clar, for:
geaerating an lutom.m: pm ccntrnl mpqun from
the s pawer valuz;
a receive linearizer, coupled 1o the | intcgratar and the
" reestve smplifier, for generating a receive ealibra.
- ton value in respansz to the autometic gain control
setpoint and i first frequency index comreaponding

Ex.F-14

sccend frequeacy, tbron;h a variable gaia receive am-
phﬁuhﬁns 1 conirol-input, the radie comprising:

.'a first analog to digitl converter, doupled ta the’

- recelve amplificr, for geoerating’ s digital tignal
from the reecived signal;
3 pewer detector, coupled to the first snaleg to digi-

til converter, for 3cnerar.1n3 3 power value from -

the digital signal;

n mtcp-unr coupled to t.h: power detector, for .

genenating an :ummnc gun cootrol utpom from
Be pawes valug

a receive lipearizer, coupled o the mt:;ntat {for
‘generating 3 recrive calibratioa valus bn' response

to the automatic gain control set polat and » first.

.

frequency index corresponding to the mond fre- -

quancy;

a first digital 10 :nxin; converter, mplcd to the
receive linzusirer, for generating an analog, receive
calibrstion valoe from the rveeive caliraton

valee, the analog calibration value toupled to th: .

" receive amplifier control inpit for vu'yi.n; the gain -

of the recave amplifier; -
2 second power detector, cnupled o0 the transmit

- amplifier, for generating au amlag po\v:r value .

from the transmitted Sgmal;

a second amlog to digital converter, coupled to the
sccond power ditectsr, for geacrating a digital
power value from the aualog power valuz;

# transamit linesriza, coupled to the Intczrater. for -

gensrating a trassmit calibration value ia response

to the autorpatic gain control sctpoint, the digital

power valug, and 3 second (requency index corre.
* sponding 2 the first frequency; and

a seeand digital to analog converter, coupled o the’

. sccond control input, for generating =n l.ulog, .

_ trapmit ealiboation value from the gransmit,cati-

bration value, the analog, trensmit calibration value

adfusting the gain of the transmit amplifier.
A & % & » .
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- N j o with the radiplelephons fs acading power turm-up commands
US.PATENTDOCUMENTS "' 1 the radiotelephone. This process {nchides dynumeaily

ATNS065] WI9N PrtnlsM .. 433177y COTECHDY the quiput lovel of the tanaminer dus to gain -
C4JT0N S99 Katuymu ¢ al. 457 . vahadons in the tacamitter ftages or galn coatro? elementy,
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" REVERSE me. TRANSMIT POWER

- CORRECTION AND LIMITATION IN A
. RADIOTELEFHONE SYSTEM

N

" Théx is a Divisional of application Ser, No, 08203,131,

" filed Feb. 28, 1994, U.S. Pat. No. 5432473

BACKGROUND OF THE I.NVENHON .
L Field of the Invention

-JFS .Document 127 Filed 06/

5

The present {nventon relates to radio mmmmcauum. :

‘More prrticalady, the prescnt investion relates to pom
cantral L3 & radlo-telepbons aystem, -

IL Deseription of the Related Art

" The Federal Communicztions Commission. (FCCJ ;cv

specific uzes. A user of an allocaled beodwidth of the RF
spectrum must take roeasurss 0 casore that the radiaed
cmlasions nside and ovtslde of thet bandwidth are maln-
pined within accepiable Jevels (o avoid' iotecforing with

- eons the use of the radio frequency (RF) spectrum, Tes FCC
- allocates certzin band-widths within the RF spectrum for |

n

- otser wsers operating In the same and o other bandwidihs, -

m:hm-m;ovmedbybuhﬂazfmmdlh:pﬂm- :

Iar user-groups of sald bandwidh,”
" The 300 MHz- cellular telephone system operaics i

forward Mok, the cell to ndiolslephane transmision, o the ©

bindwidth of 869.01 MHz to 893.97 MHz and the revensc
llnhth:ﬂd!n!dspbmmcdlmnmﬂulon.lnmcbud
width of 33401 MHz 1o B4297 MHz The forward and
reverss Jink bandwidtha wre plit up into channcls cach of
which occuples 2 30 iHz bandwidth. Apmluﬂnrus:r aof the
ecllular systern may opaale on oac of scveral of these
:hmn:haubmc.a\ilumaf:huymmmmmmn
*they are compliant with the level of radiaed: emisions
allowable inside and outside of the channel or channels that

, they have boon. assigncd,

There arc sevéral differeat la:.hmquu of madulation that
can be paed in the celulir trlcphooe pysicm, Two camples
of modalation technigues are frequincy division mulupla
access (FOMA) and code division multiple aceess (COMA),

“The FOMA modulatog techaique peasratey signals rlnl

..2_

'widcdynmmg:,BDdBmSDdB ruchthulhnmmmil
ted ourput powes is lineady refuted to the reecived fnput

powes, . .

Closed loop and epen Toop powsr contol together deter
rminG the return link trensosil energy, pa disclosed in UK, Pat,
No. 5,056.109 to Gbousen ef al, n2d asaigred to Quul-

comm, Incorparated. Therefore, the llnear and nanlinesr

ervon produced in botb the recriver (103) and tnumitter -
-002) RF tections eas canse unscoeplabls power cootrol’
‘pecforrrance, Also, both the FDMA snd COMA based rudlos -

must operals oo dfcrent chanech while malznicing

acceptable Gotput power levels, Varlation In cutput power

Jevel and ot power dctection verays Seqency £4g calss

-mmmpublzmumo!mm!hsmumotr:mhnk

transmitted energy.

Mhswpucmdmiﬂunlpmhlmhmd:ﬂm
of botts FDMA a5d COMA bastd ndiselephones, There 1t
umu!ﬂn;udtmn:ﬂxdve,mlcﬁmwof

eomrecting these problems.
SUMMARY OF THE INVENTION

Thmmndhmhvuﬁmuuﬂaandim'
phuuwmhtlhwruh!mmumd:dymmk-
rarige while malntaining aeoeptable Kacsmit putput power

levels Ingda and ontalde of the return Nink bandwidth. The

" Jurward aod retorm Uok power ar measured by power

driectors and {gpat to en azalog to digital cooverter scecs-

-aihle by both coniro} hardware and/or softerare. The. closed

Joop power contrel seting 1 lao manftorsd, The ndlotele-

phone uses the detocted power levels md dosed loop power

contro) sétting to index 2 st of correetion tibles that indleace
the. reverse link el power aror and dexired power
amplifer biuing for the particulaw operating poist, The
raiotelephonz abso determines if the trmamitter 1t operating

- above s maximum set polnt, The tracmil gedn sod power

amplifier blaslng of the radiotclepbone xe adjusted
:nmmhcmd.uuadmmdmmmntbedednduum
_pava . .

- BRIEF DESCRIPTION OF THE DRAWINGS .

H&l:hnmaﬂockdilmmo{lwalwm .

omwm:hmdulﬁm:whﬂ:&z@m dulat
;mmnsipﬂamnmpymnﬂdnnndn.
Bolhofﬂmcmdmlquummm!mmrzmunk

4

radiated emissions to witkin acecptabls Timits inside wnd -

outrids of the assigoed channe! or channels, For maximum
system perforcunce, user of ths COMA techrique must
arefully edntrel the leve! of rafiawd power fnside the
 channely in which they arc opoting.

F1G. 1 shows 2 typical cellular rdictelephoce. In 'both w
" FDMA and 2 COMA based radiotelephanc, there exista the

. poudbility of difving the power amplife, (101) in the:

tramamitter beyond #-poinl where accepisble oiit of chxane)
radiated exlasions am maintained. This iy primarily dus to

the neteased distertoa oatpat levels of the power amptifer -

{102) ot igh citput powers. Also, deiving the power empli-

* fier (101) beyond a certain point caq canse {nterfonce
Internal o the radlo, For example, PA puncturing in COMA
affects symtherizey phase noise due to large current bransi-
tions. Both of these lanues cause macceptable radio peefor-

. lance

Maintaining the proper on-channel output power can be
difficult dus to soveral undesimble effects in the radiotle.
phonc hardware, For caample, ths CDMA based radtio mast
mpl::nmupwa':onwl lyn:mlhu operates over 3 very

“

diotelephons freg w:ﬁonfnruulnnnd{oml:phm

lyl!m
FIG. thnwuhlo:kdupmdthcpdcuxdmbodi-
ment power coatra! corection implemantatien,

FIG. 3 shows » block diagram of the pe'w=' l.imi:l.n; .

coutral sertion &3 related 1o FIG. 1

RG. hhunlbloc‘tdsmmo!!hac!owdlmp pawer

coatral section & relaled o FIQ, 2.

: ‘HGSlhowublockdlmmnﬂbsPMlmluhmhnld- '
" contml section a3 relatzd 10 FIG. 1. '

Flﬂ.élham.unn::mmbudmmunham- L
inveation that employs 8 Power imiting control aystem -
baser] ooy aecyrmilatny fecdback conmrol,

FIQ.T!hcmlnnJmnl.eembodm:nioflhem

jovention that coploys 8 power Hmiting comrol system |

bused on the dosed loop powrr contral accumsdator

FIG, 8 shows an afteraate pmbodiment of the present -
{nvention that exzploys s power limiting contral systzm

based oo {ztegnl feedinck control,
-FIG, ¥ shows =i pitzmate embodiment of the' present

fnvention that employs 3 power Bmiting control system

based po 0 measare of recedve power and the clased loop

- power control séting 1o estimate Cutput powes,

: 2 e
—_
—

' ‘:. Ex. G-11 . Ex. F-11
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" DETAILED DESCRIFYION OF THE
' PREFERRED EMBODIMENT

'Ih’e process of the present fnvention provides power

. contrel comection for 8 moblls r:dmlc.lcphm as well s

taintaiaing scceptable i and out of bapd maximum cmis- |

" sion levels, This is accomplished by read-time compensation

wilizing » scl of correction tables thal are genaaled dunn;
the production testing of cach radiotelzphone. * +

F1G. 2 shows a block diagram afa CIJMA.ndmulcphnn:

" with the prefermed. epbodiment power control correction

. - tmplementation. FIGS, 3, 4, wnd 5 detad) spesific blocks of
- FIG. Zmnd:oeclsphcuummadohmdvchn-

5390408
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. S 4 . )
from the cell ingreases, the adiy decteases it wamsmit |
power. This output power coamrol {5 sccompiivhed by the
AGC setpoint that s flizred by a Jow pass fllter (217},

The vensmit section tnchudes 5 digind summer (210} that

3 combiocs the AGC scipoint and & closed loop power costrol

10

" earbzstion sectlon, transmit bineariraion secon, power

unphﬁz bias contm} scetiva, znd power limiipg control
section

The feceive Hincarization section inclodes an :ulm:m:
ein control (AGC) section. The sigeal lopet o the AGC
section i3 recedved on the forward Jink and amplificd by a
low nolse mplificr (LNA) (711). The output of the LNA

. {211) i fuput 10 & varfable galo arplifier (111). The varisble

gain amplifier (111) produces a signal chzt is converted o w
digital signal wing an mﬂog o d!pu] coRvErsr (ADC')

. @),

Tha power of the chpu:d recelved’ npu.l . next m—
yub:d by a digital power detectar (214). The power detectar

~ (214) includes 1 imiegrator that fntegrates the detected

power with reapect 10 1 reference vaitagz In the prefared

" embodimest, this reference voltage is provided by the

7

1adio’s demodulelor to indieats the nominal value st which

[iN

setting (206), The cutput of the summer (210) is fod into s
power control limidng sectlon (205). The operation of the
power eoptrol limiting section {205) aod the clowed loop
power contral section (208), Mleatratzed In FIGS. 3 and 4
reapeetively, will he dlscuased subsequently In grester denll,
The output of the power contrd Licmiting section (205),
aloay with the tranpmi frequency fndex, re tued to'sddreas
welues stored {0 a tranwitiee Imepdricg whble (204), The |
tragamitter Uncarizing table {204) contddna yalusa deter-
nilsed from production testing of the radintalephone. The
sedected value D input 10 a digital lo analog comvexter (203)
whose output, an acalog representudod of the digital value

* inpol, control & varlable pain amplifier (202), .

Tbnb:un;o!:h:vuhblephmphnuﬂmh -
adjmted by the ataloy calibeation vakue to 3 paint wuch thit
the input to the tacymitter Linearizing table (304} follows 2
predetermined sinlght loe with respect'to tranumilted RP

. oulput power This Lnearization removes ths undeaired

-]

p!]

the demodulator requircs mslooptulockword:noholdl}n i

. power lzvel constant. The desmodulaior requires this value

far optimum perfarmance since 1 powsr levedtog far outof
the optimum range will degrds the performance of the
demodulatoes. The power detector (214) pecorma the inie-

U

gration, thus generating an AGC sctpolot The sttpoint and .

& reeelve ﬂn:qmymd:xn:mpumlmmliumn;

table (216). .
ThuAGCu:potmlndmkmcywdn lﬂ:usdta

addreas the lincastzer (116), llnum:amgthepmpdull-

* bratios value. This calibration value is then output to &

digital 1o azulog converter (215) that genersies the soalog
representation of the. receive AGC sctting.

The azalog valie adjusts the Xasing of the varable gain
unplifier (212), The control of the varisble gain amplificr
(212) forcea the receive AGC lpop to close such thar the
input to the recziver Liocarizing table (216) follows a gro-
determined sraighs [ne with respect (o RF input power This

linexr and ponclinesr emors along with variations vemos | -
. frequency in the ansmittzr, This, combined with the pre-
Yiouly mautined reccdve tinewrizaton, greally reducesthe
opmu;ddmdhoppcwmmdmmwﬂ.
'pcn‘urman::lmpufmnm

The powar mplifer (PA} bas contral section (218)
mmhthnbmpmmnﬂb:ummumml)bmdm:h .
tranamit gain betting pach that the tmamit ddchands for the
ﬂvmplnum:mupumlwdmmm(lﬂ)m
todsamplion. This allows & battery poweed telaphons to
man{mize talk thme by reducing PA (201) pumrent conaumy-
ticn at lower output poweny while sill maintsining acezpt-
ble sideband tevely b higher output powex levels,

- ‘The powes cantrof [imiting secticn (205) is Duatretzd

" F1G, 3. The powet cantrod limiting section (205) controly the

¢ thes the intended masizuem outpul pow

linearization removes the undeaired linsar 208 noselipsar o

; eirors 1n addizion to varixdons verzus frequency that would
othizwlsa be Apparent at the |opul to the recefver Lineariring

tabla (216} i the reeziver, Theae exoes 10d variations would
coptributa 1o emron in th trsnamitter,

In ordey to redues the error in the receive and tranamit
chalns versus frequency, the receive and tansadt [incadzes
utiiirs the {requcacy index thal specifics the current ceoter
frequency on which the medve 2nd tansinit chaing are

duadbopwwmudmdmdzzmmnwhm
Lhcmmoﬂhchnm:pmnmmumnjmpmdnm

& tansmit output power Jevel which s equal w o greater
e The maxipmm
;ﬁns:&in;hdﬂanﬂudhythnmﬂmuhmholdmd .
section (209),

Tha threshold coatrol section {209) determings the maxi-
tnur gain sciting based on 2 pomigal value that & modifed
by 2 redl time measirement of the ransitted outpt power.
The mexswrenent ls accompllthed by at eatlog power
detector (Z07) whose output tranaformed Latn s dighial signat
by a2 walog to digital couverter (208), The digitized power
valua 13 thea doput to the threahold control section (208), .
* Tho thresbold conerol section, detadled (n FIG. 8, operates -
by the high power detectee (HDET) libearizer (S01) aealing
the fnput digltized power valus fn arder 1o mach - the
nuerclogy of the dipita) tansmit paln contrel settion, The -

. acaled outpt froen the Lineasizar (501} s mubtnacied (303} ©

operating, During factory calibmdon of the radiotelephoae,

the Unearizers are Joaded with valuzy, in sdditino 1o e

frtquency to comect the eors celeied 1o operating conter
Irequency,

Toe AGC sorpoin is the open loop power cogirol signdl
for the radin. 1o the preferred embodiment, this ks the power
control performed by the radlo by felf without costrol
inputhnducdh.m the pawer of the sigoal recgived

«©

. pmnmnly meztioned calibration vaies, that are indexed by -,

fom the pominal maximum gain selting. Thiy maxmum
pain seiting can be hard coded [atn the radio during nsem-
bly or lnpz during ganufacmring and teating of the radis,
‘The differencs of the mux{mum gain sering and the seled -
-output power.in then midded, by the adder (503) 1o the
maximum gain sctting, The sum of theaa aignals Is then naed

.w bt comected maximum galn atdng. This roal-time

modlficarion of the detected power helps nitipns e coron
{otroducsd by temperatre varfaoos sad aging of the tas-

. mister PA3, In other words, if the differencs betweza the

EX- G-lz EX. F'12
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‘madmuc gain seding and the reabtie memsured power

value 53 @, then no correction s neeessuy, I there i3 8
differencs betweea he two, the diforeace iy us:d lo corzect
the maxigwm gain wtting,

Referricg o FIG. 3, & d:pu.l comparator !301) detects
when the output of the transmit gain summer (210) equals.or,

-+ exceety the maximum gain sctting, The comparator (301)
. cootrals 2 2:1 multiplexcy (302) that outputs the maximum
- allowable setting whe the cutpet of tha summer (210)

ummmmwwumbwmwmmd
the summer (210). & lesa theo the maximum atlowahle

s xmn;.mnm!npluamz)outpuumdm:tompum!lhc

summez {218), Mp:ohlhuth:mwﬁnmumﬂn;

5 ity maximem operating point *

The closed lotp powst tontiol section (106) illustrated in
FiQ, 4, accumulates the power control commands senl on
the forward ink by the cocolling radiowtephone cofl alte
and cutputs a galn adjust signal. The power control com-
mands are collested in an secumulator (401). The operation
of the accammlunr (4071) [y coolralled by the power eontnl

5,590,408

§ -

“amplifies (704) pawer.dowa by oue stop cach 1.25 ms undd

the output power is Jexs than the maxizmm setting. If the

. output power is less than the maxizyam setting, tha-closed

" timiting cwotrol aystem iy emmplayed thint §s based omfaegral -
Teedback coezral, The system oporates by frat meaxring the

0

ts

i

limitng section (205) when the tranymit power ampiifier -

(201) i outpuning the maximum diowable power.
When the output of the fumzer (210} changes from belng

l:uﬂ:mmequalorm!hmlhemmmdhwb!:-

sening, the Gutput of the.closed doop power costral ascu-

loop power control sccumulutnt is sot todificd. The linzar, | -

Iring compensation mbles, similar 15 the preforred cmbodi-

may, ae added fnto e trmrm:;uu contre] ngog 1

summer (703),
hyummwmm £, » power

nulpmpowonh:powamphﬁn-(mm;apnm

detectar (309), Tha detoctzd power i3 digitized (810) agd .
‘_mpmmnml:m(lﬂl)mufoﬂmlh:aqmnmr

k:qnlu-w

The [otsgrati (B01), geocnating a puin comrol dygoal,
syturatza at O dB and —63 dB of correction. The gafy control

tigoad i thws limited withio a nmge. If the outpol power is

greater ban the setpolat, the imegrater turms down tis

cutput power of the amplifier (807) ut & rate hased on ths -

integration constant K untl the setpoint is reached The

. mmmhdhwndwmmwudnwbyumud:uﬁ_

roulator (401) i3 Laiched inth 3 Bip-op (402), Whilk tbe |

output of the summer (210} I equal 1o o grester than the

" mixdmum allowable actting, 23 detormined by the compara.

. tor {403) znd NAND gate (404), an AND gate (405) masks
.. ol any clased loap pawer contral up commands that would
force the sccumulator (401) abave the Dip-fop's (402)

Iatched valng, This provents the sccumulator (o samrating
eonlrof setting to change anywhere below the latched value,

- .durinp power Umiting yet allows the clased loop pawer .

A altesate embodiment of the process of the preacy

.iovention s illustrated in FIQ, 6, In this embodiment, a -,

"B, [ the output powes s lew than the setpoln?, the qurput

of e integrator (801) will be forced to-zero, !hunol
adjusting output powet,

1z this embodiment, s closed loop powmnr.rﬂ lmlting
fnncﬁw(mmmj,simﬂumlhem
Is ermployed, The trigger for the closed loop power toawrol
limiting Aanctlon, however, .13 & compamtor (802) thar
deterts when the power limiting Integratnr (301) 1 Limitiag
the output: powee Tha

transmit galn coctro! uslpg 2 yummer (308},
1n 31l anther embodiment, Mlnsirated 4o FIG. 5, lpowu-

. Hrgiting enatrol :ynmhmp]oy:dthnilhmdmlyml

" - power imitizg control systet i exmployed based oo accn-

muleior fecdback conzol. The system operatey by first
power of B power mphﬂu (609)
wlng 2 power d {610). Ths & d powrx i3 then
disxdw!hymADC(GIl]mdmpmdlo:mnimum

Jl]omhlawﬂ:lngbylhempm:nf(ﬁﬂ]).l!lh&num R
pawes s preater than the mudmum seling, the power’

Bmiting accumatutor (602) begins turairg power down by

. x::duu.n],lb.epmnﬂhemzh]cmmphﬁu(&ﬂ!}mhc

OUPIE power s Jesa than the muximum scoing e power
limiting accumulsior (§02) retrms to & OB camection vabue,

I i embodinirnt, 2 doscd loop power tootrol Umiting
function(604 and 60), similar to the prefecred embodiment,

* dx cmployed. However, the trigger for the closed Joop power

congol limiting Anetion is & comparator (600) that detects
when the power limitng accymulator (602) §s limiting the

mumbympm;hmmﬂm(M)wtp\nm
043 with tho comparatar (603), Tha livearizing compensa-
tion gables, simitar 1o the tabies in the prefermed embodiment.

" mre added into the transmit gein control using 3 sumemer

(608).

[n another alternare emboﬁimcm. Mustrated fn FIG. 7, &
power limiting contro] system is employed that is based oo
the closed loop pewer eomtrol accumirlatce {702). The ays-
tom operates by Airyt meanuring the output power of the

power amplifter (705) malng a power. detector (706), The

detected power is digiized (707) and compared to 2 magi-

. mum allowabls sctting by the companalar (701). Uf the

Cutput pawer i3 greater tan the maximum sctting, the clnsed
loop power control acoumulator (T02} is modified totura the

lockrp table {902), and the closed loop power contral ketting

nomdtnnﬂoszmmmkpcwu
Limiting and closed loop power contio) Umiiting function

“{301) emm bo drpilemestrd sth elther Tho preforred embodi

- o=t uslng the saturting accemulator (03], or.gos of the

~

4

L

L4

®

 altcrnatz embodiments. However, ooly the recrive power

m.ddm:dlooppumwmllddn;u:mndwclﬂmn:
tranumil outpit power.

. In umtmary, the process of the prscal nvention ensires

that the trenamiticd sidebandy and 1ynthesiver phase polsc ol

2 radio trazamitter remuiny within o predetermined specifl.

extion by limidng the maximum output powez, Thls power*

the proccu of the present bvention would pot exceed it's

oominal maximum power leved due to the cell laning toe

many powver toneiip commands, The rtlotelephome B
the power outpul even whea the ol croneoualy decldesths

nidipielephoas power sbotld ba increased.
. We claine

lkudhodfnrhmida;mmdtpwadlndm--

openuting in & mdic communications system, the radio
cammwnications system comprising at least one base iation
that sranamits sigeals {rctuding power control commacds o

* the radia, the radis comprlzing 2 variahls yaln wrplifer and

(1]

- amuzimnm gain seidng, the method comprixng the deps of
Satermiring z opes oo power control value lo response -

. mldgnﬂncdvedhmlhenlunmhauamnn,

d:t:mhm;uﬂnldjuudmdhmpmuludum_

mncdpowamnlmmﬁ.

liveardzing compensation tables,’ ’
nmﬂarlomep:dmudunbod:mmt.maddsdm&r

of reecive power as detomined by the R power

Ex. F-13
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* cornbizing the uﬁ:n loop power contral valus and he gain

adfust signal 1o produce a summation signal;

compmn;thcmnnnaﬂunsignﬂ!nlhcma.xinmmgﬁn.

sehing;
if e sumation signal is gm:crlhanoraquﬂlad:e
" maimum gain seting, edjusting the variable gain
. - woplifier in responss o the maximam gain setting; and
if the summation signal iy less.thay the maximom gais
. scming, adjusting the vadable galn amplifier in
response to the summation aigmal, .
2. The method of claim 1 mdﬁ:.n.hct:nclud.ln; l.h:sl:po!

idfusting the maximum ;::n acting in responss [0 2 lerm-. ‘

perature of the varable gain amplifier,
3, The method of claim 2 wherein the step ol ad]uslmg the
maximem pain seufng further {ncludes the teps of:
tbe variatle gain amplifics transmitting a signal;
dztecting a powes value of the trammined signal;
scaling the power valus 10 produce a scaled power signsl;
subtracting the maximnm gain sciling from the sealed
pawer gipngl 10 producs 8 difference signal; and

. 1dding the diffezence signal to the maximum gain detting,

4, A method for limitiop tmowmil power of 3 ndio

" "operating in u cellular environmant, the cellular enviranment.
comprising a plurality of cells that trasumit power contrel -~

commuaads 1o the radin, the radlo comgrising 2 varishls gain
aplifier xod & quaximuns gaia sciiag, the method campris-.
ing the sieps oft :

datermining aa opea loap puw:r com:ul viluels mporue
to o siyoal mecived Emmulmtcn:c:liufth:

planality of ecly;

- detzrmining a gain adjust s{xnn]mmponsewlh:tnm
- mited power tootrol comumends; -,
" combining the bpen loop power ramtrol value and the pain

adjust signal to producs & summation signd;
. djusting the maxiwm guin ecting in response 1o 3
lesmpecatuce o7 the varishls gain amplifier;

7 “ comparing the adjusted maximum gein uu.u:; lo the

summition sigoal

lflhcmm&ﬂﬂuﬂ;nﬂhmwmmotqualmmc

_ edjusted maximum gain setting, prokibiting the grin
" adjuost slgnal from increasing in response to r.h:. trams.
mitted pow:r eoatrol commands;

‘thgmmmmmﬁgnﬂupmmmmnqual o the
sdjusted maximnm gzin setting, adjusting the variable
pin unpllﬂn' in respomse to the adjusted mkunm
gadn‘scting; and

iftbummm.onn;uﬂhlmnhm:hud;nﬂndmhmm n -
- -Mmdn;dnd&ﬂ’mto;mm&:uﬂnmoldpnl
: !hegmmwdd;ndbduuml:dhlw:dnnmnd

grlo sening, ediusting the vaduble gaic mphﬂzr i
respoise to the summation sigoal.
"5, A method for limitlng transmi power of 2 mdio
openating in a cellula; exvirpnment, the celiolar environment
comprising a plurlity of cclls thet transmit power cootrol

‘comaands to the radio, the rdio comprisiag a variable gin

ampliter, & suaximum gain setting, and & power limiling
tccumilator, the mathod comprisiag the seps of:
the varlable pain amplifier tmnsmiting & signal;
deiermizing & gain adjust sigeal in reapogsc la the trans-
mlm power conlml commueds; .

16

L

. g -
d:u:cﬁn: 1 power value of the trmrnln:d u;nal.
digﬂi:ing the powe valuz; -

-JFS  Document 127  Filed 06/1204 Page 113 of 152

.'cumpmugthe digiized power value to the mﬂzmm» .

~ gaid actting; .

ff the digitaed pow:vﬂuzhgmmthmtbcmmmnm .

;msdﬂa&dnuumghp!ndhrmg]ﬂn
amplifer; wad
thcd:gtuz:dpw:rvnluoia ;m.l.::lhnlhumn’imm

gain sening, prohibitieg the gein adjust sigasl from -

lweuin; In reapansa to the ransmitted power cootrol

€ A method for Umidsy tamscit power of & midio

upmﬁn; fa s cellular environment, the celivlar environent

comprising a plurlity of telly thar wansemlt powsr contrel
commandi to the radin, the radio comprlsing s vasiable gain

u.npl.:.ﬁ:r ‘3 maximum geig sefting, zed 8 power conrel
mmdmmhmlhnxmm L pln adjuat elgaal,
the mithod comprising the stepa of

the viriable gain amplifer tacamiting » dhgnal; -

detesmining the giln’ ld}u.uupdinmpmu m mg

. tnasmitted powsr coatro) comumands;
deualng 2 power value of the mm.:mued fgmal;
digltzing the power value;
:ompu-lng the digitized power valye lo the masimum
giln sciting;

ﬂlhndiﬁﬂzﬂpowdﬂmhpnu&mmmmm ’

[tin sciting, decreasing the gain adjust signal by 1

mum gain scitiag: and

- nmmmadpawuvﬂuhlmmnrmwm

b1

.V mmmmmng.vmuhcmna;umbh
. iy smplifier b espogse to tha grin adjust dgnal.

predetermined amount for every preditermined unltof .
dmwﬂthaxdnldjunnpdhlm thmlhnmx( -

7. A method for limiing trosmit power of 3 nla

opetating in a cellular environment, tho coluler environment |

: cnmpd:ln;nplmmyofuﬂnhnmmupowamml

Q0

i

‘@

coounands 1o the madip, the radio comprising » yarisblc gain

amplifier, a maximun galn sctting, aad & powsr Himiting

accyrowlater, the method tomprising the steps of:,
the varishle galn wmplifier transcdidng & signal
determirdog u gadn adfost li;nzlinmp-unxr.ntheﬁua-
mitted power coniral comzands;
* detecting s power valva of the tapumited :I;nll.
digltizing the power vauz;

vihsz and the pacdoarm galn acding

age

Ld;usdn,thnmhbkmmpllﬂnwhthuﬂnmnml

tpal; ad
ﬂtln;ﬁnmnuoln;nduleulhma

wlyz, prokibising the gain adjust algnal from incross-

'damnm;ldlﬂmbctwmlhedi;lﬂmdpaw'

inlthovui:blcmmpuﬂuhmpommm:. :
commands, . .

Inmm!ned  pover m:rul

.l".
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. 1
REVERSE LINK, TRANSMIT POWER -

CORRECTION AND LIVITATION IN A
' RADICTELEPEONE SYSTEM

Thitia contiruation of appilcalion Ser. No. 01406432,

filed Mar, 20, 1995 oow abandoned, which {s a Dividosal of

application Ser. No, 08/203.151, filed Feb. 28, 1994 sow

US. Pat. No.5.452,473,

BACKGROUND OF THE [NVENTION

L Field of the Toveation -

‘The present- fpvestion reates to radio communieations.
More particulady, the present iovention relates to power
- control [ 2 radiotelcphone system.

I Descripdos of the Related An
The Fedzal Compunications Commission (FCC) gov-

" . s the use af the radio frequen:y (RF) spectrum. The FCC

allocates certain bandwidths within the RF spectum for
‘spetifie uset, A user of az illocated bandwldth of the RP
spectrum ranst take mocasures 10 cosure that the radiated
cmistions Intide acd outaside of that bagdwidth are main-
tained within acc'cpubis levels to ‘avoid interfedng with
olber users operating ia the sarne and or other bandwidths.
Thesé lovels are governed by both the FCC and lhc partieu-
Iar user groups-of sald. bugdwidth, -

5,655720°
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2

- implement a power cogtrol sysiern that oparales over & vary

H

a

wide dynsmic range, 80 B to 90 dB, such thal the ans-

“mitted output power is lineurly relatad to uu rezccived inpat

powsz:

Closed loop and opea loop power costml to;udler deer.

mine the retrn Hak transdt coargy, as disclosed in U.S. Pat
No. 5,056,109 to Gllthousen et al. and asnigoed to

-Qualcomm, In:orpoﬂwd. Therafore, the linexr aad noglln-

car crors produced in bothy the reeelver (103) 2nd bansmil-

1ér (102) RF sections can cavse upaceeptable power control |

perfermance. Alto, both the FOMA a2d CDMA based radics

must operats oz differcnt chasnels while malntaining .

- acceptable output powes levels. VariaHon in outpot powe

-level and lapnt power detzction versns frequency can canse

an upaceeptable amount of gror in the amouat of sebig ok

. tmotmilted coergy. . .

n

B

The 300 MHz cellular telephooe I)‘ll:m openl.cs It

forward link, the cel] to radiotelephone transralssion. in the

bandwidth of §69.05 MHz to 893.97 MHz and the roversc |

Iak. the radjotzlephone to ool transmiston, in the band-
width of 824.01 MHz to 843.97 MHz The forward and
reverse Enk bandwidths ae splll up it chagnels each of

which occupies £ 30 kHz bandwidth, A particular vser of the

cellular syster’ may dparale on one of sovail of these

+ . chinpels at a time., All uscrs of the syslem must easize that
» they are compliant with the level of radigted cmlissions’
~ allowsble laelde acd cutside of the chanoel or channels that

- they have beeo astigned.

Thare arc several different techniques of modilation that

can be used in the cellolar telepbose system, Two cxaraples
of modulation teshalques are Gequency division roultiple

access (FDMA) and code divisian multipls access (CDMA). -

The FDMA modulation tzchalque geserates sigoals that

- occupy one chanpel at & tirge while the CDMA roodulation
techrique geotrates signals thal occupy scyeral ehanaels.
Both of these techniques muwst control their roturn link
radisied embisions 1o within acocptable Limits foside and
ourside of the assigocd chaspel or chanocls. Por maximum
system performance, usead. of the COMA iechoique mest

‘Thess Lasues prescot s!xm.ﬁcul ;loblarm o ths designer
of bath FDMA and CDMA based dlotelzpbonss. There s
s resultivg peed for an effective, :a:l efficlent means of
comestisg Giese problems,

) SUMMARY OF THE INVENTION

The process of the present lovention eaables a fudiotels-
phooe 1o operate in a lincar fasidon over a wide dynamie

. rapge while malniaicing arceptabls transrll output power
lovels inside and outsidz of the return link baadwidth The -
forward and yeturn link power are measured by power -

detectors and input ta an anlog to digital cooverter acces-
sible by both control hardware and/ar software. The clased

-loop power contre] setting {5 also mondtercd, The radiotele-

phote uses the detected power levels and dosed loog power

- control setting to index a serof carrection tables thatindicate

43

the reverse lnk transmit power eqor and desired power

amplifier blaslng for the particule operating polnt, The '

radictclepbone also determines If the tranomitter (s operating

,lbcvc:mximnnsﬂpoinlnnmlgnnmdpuwm
are

aplifir blazing of e radioteleph

correct tha uzd.::f.md ror and mn!nui.n the dnked outpcx

powa.
- BRIEP DF.':‘CREF‘HDN OF THE DRAWINGS _ -

. FIG."1 shows  bloek disgram of o typleal prior-ant -
radicgelzphone frequency section for usz in ludlot:l:yhun: )

system

. Hﬂ.lshowublockdhymofthe;x:fmﬂmboﬂ ]

" mest power contral cameetion implementation,

carzfully costrol the level of ndiated power Ipdde the .

channels {n which they are operating. :

" FIG. 1 shaws x typical ecliular radiotelepbone. In bolh s
FDMA and a CDMA based radiotelephone, there exists the
poasihiliey of deiving the power amplifier (101). in the
trapsmitter beyond a point where acceptable ant of chanacl

LY

radlaed emissions are madntained. This {s primarily duc o

the increaied dislartios output levels of the power amplifir

(101) at high output powers. Alsa. driving the power ampli-

“fier (101} beyood 2 cortain poist can causs loterferencs

interual to the radio. Por example, PA puncturing in CDMA

- affects systhesizer phase paise due o [arge curcat ansl-

tionzs. Bodh of these issucs cause unaceeptable radlo perfor-
masce, ’ ’

Maiataining the proper oa-chasnel output power ean be

, difficult due to several vadasirable effecs In the radiocele-

&

[1]

- phooe hardwaze. Por example. the CDMA bascd radio most

Ex. H-11

FIG. 3 ahows lblockdjnmo{mcpuvrcrlhmdng
coztrel section as related L FIG2. - -

F13. 4 shows s block diagram of the closcd Joop powe
conirol scetfon as related to FIG2

FIG. ¥ shows a block diagram of the FA limit r.ht:sbnld
cozirol sectfon as telated to FIO2, o

FIG. § sbows an slteroate smbodimeant of e preseat
inventon that empleys a powsr lhniﬁn; :nnn'ol sysl:m

‘based on accumutater feedback control.
-FIG. 7 thows an aleamate cxmbodiment of the preseat

invention that prploys a power Emltng control system
binsed oo the dosed loop power contral scoumulator,
FIG. 8 shows an alternatc cocbodlment of the prescot

ioveation that employs a power Limltng costol lystam .

based on Iniegral feedback cootrol

FIG: Bmuw:ul!mm;mqu.lmmlollhc;mmt i

loveoticn that employs 3 power limitiag cootrol systzm

based on & measure of racefve powdr asd the cloked locp -
pawer cobtro] scting to cstimate catput powee.
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.3 :
- DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT
The procets of the prescal lavendos provides power
control comeeton for a mobile radiotelepbone a3 well a5
roaiptzining scecplable 1o 2nd cot of bund waxirmom et
siog levels. This is accomplished by realtime compensation
wilizing a st of corrzetion tables that arc geserated during
the production testing of each radiotelepkone.

FIG, 2 shows a block diagram of 3 CDMA radiotelephone,

with the ‘prefened cmbodiment power coptrol carrectios

Implementitian, FIGS, 3, 4, and 5 detadl specific blocks of  *

FIG. 2, The radiotlzphone is comprised of a receive lin-
earfzation section. fransmit Mscarization section, powo
wmplificr blas cootro] seciicn, l.ad pow:r hru.fhng conrol
waion.
The reccive lincarization sectico loclodes an lur.um.ulc
gule control {AGC) szction. The sigoal i.npul 16 the AGC
" section Is received on the forward Lnk and ampliftcd by 2
Jow poise amplifier (LNA) (211). The output of the LNA
{213} is isputtoa vaziable gain amplifier (212). The varable
gals asplifier (212) produces & signal that is convated b a
digital signal usu:g an analog (o digital convarter {(ADO)
(@13).
‘The power of the digitdzed received vigsal s ncx: come
puted by 7 digitad power detector 214), The power detictor”
{214) includes an integriter- that ‘integratzs the. detciiéd.

. power with respect to 8 teferenee volrage, In the prefered

embodiment, this referencs voltage i provided by the
radio's demodulater 1o indicate the comioal value ar which
the demodulator requires the Joop to Jock in arder to hold the
power Jevel coostaal, The desodulator requires this value
for optimurn paforrmance since 2 pawer Jovel too fir out of
the optimum nnge will degrade the performance of the
demodulator, The power ‘detector (214) performs the

5655220

T 4 . -
from the ‘eell Incrrases, the radip deeases It tansinit

* powe. This output power control is accomplished by the

- AGC sclpoint tht 3 fltered by a Jow pass fllter (217),

The Fansmit sccrfon includes o digital summer (210) that
combinzs the AGC setpoint and » dlosed loop power contrel

seadug (206). The ougps of the summer (210) 15 fed o a .

power control limiting section (205), The operation of the
power controi limidng aection (205) and e doswd loop
powa cetrol sectlon (206), iBustrated in FIGS. 3 azd 4
c:pc:dvd)', will be diseuissed subsoqueatly In preater detall

The cutput of the powar coutrol imiting sectian (205), ~ -
- along with the transmit frequeacy Index, ars used o address -
values siored 3 & anmmitter Hncarizing table {204). The’

taosmlfter Moeardzing bic {204) contxips values deter-
mined from production tasting of the mdioelephons, The

" selected yalue s input to 2 digital @ amlog converter (203)
whose output, an asalog representation of the digial valee

0

input. controls a variable gain amplificr {202).

The blasing of the varable galn amplifier (202) 5
adjusted by the asalog ealibration value 10 a point such thas
the mpm 0 the transrmilrer linearizing table {204} follows 8
predetermilned strafght line with reipect 1o trasemized RF

outpat power ‘This lineadzatlon removes the usdesired

lzcar a3d peg-lipear crers along with vadations versus
frequency io the tranzmirter. Thls, combined with the pre-

viously mentioned recelve lincarizatlon, greatly reduces the

open and closed Joop powar cootrol arars due to RF

- perforrmapes imperfections.

s

{ntcgration, thws geacrating 20 AGC setpoint, The sdpolnt. '

and 2 reccive frr.qucnqr mdcx we iopat B a recei¥er
lincariring tabls (218). .
. Thbe AGC. sttpoiot and the froquency fodex acs tsed to
address the Hnearizer (216), thus accessing the proper calic
bration value, This calibeation value is then outpul.io 3
digital 10 analog converter (215) that geacrates the aoalog
representation of the receive AGC seRing. - .
The analog value adjusts the blaslag of the variable gais
argplifier (212). The control of the variable gaie, amplifa
(212) forges the receive AGC loop 10 dose such that the laput
"t the-rectiver libewrfaing uble (216) follows a predeter-
mined straight lise with respect to RF inpwt powen-This
Enearization removes the vadesired linear aod poo-lincar
errars in addition to varfations varsus frcqumcy that would
otherwise be appatenl at the loput to the receliver lincariring
- table (216) in the seelver, Thess errors asd variations would
cootribute to eors In the transmifter.

In erdzz to teduce the ermor 4o the receive and h-mmu'

chaios versus frequency, the receive and transmit Bxearizers

The power woplific (PA) bias cootrol section (218)
coatrols the biay point of the ranszill PA (201) based o the

transmit galn s:l:ing such that ths tranamit sidzbands fer the

givea gain setting are optimized vorsus PA (201) aurest

'

consumption. This dllows a balcry poweed telephone fo

spaximize talk Hrne by tedueing PA (201) current consump-
tion st lower outptt powers while sl minumn; u:u:p:-
abla sideband Tevels at higher output petver levels

‘The power control Umiting section (205) &s lustrated in

" FiG.3.Tht power control limiting section (205) coptrols tic
4 €losed locp power control and trapymit guin settings when

the outpot of the ransmit gain surmmer (210) coareapands 1o

2 transmit output power level which is oqual to ar greater

thax the iatended maximum output powar. Tha raximizn
gan seiting by determined by the PA limi? threshald contrel
section {209). -

The theshold controf seeton (209) determines the gzl -

ToitrD galn 1e4ing based oo & norpipal value that Is modificd
by arcal-time messurement of the tranamitted outpat powet

. The measurement 1s accomplithed by an analog powe

15

utilize the frequency fndex that specifles the curent cecter -

" frequzocy on.which the recelve, a0d transmlt culng e
opratiag. During factary caliteation of the radiotelephone,
We Uocarizers are loaded: with valucs, i addition to the

detector {207) whose outpst tnasformed futo a digitad sigoal
by a0 walog to digital converter (208) The digitized power
value & theo fnput to the threchald coatrol section (209).

- The threghold contro! section, detailed In FIG. 5, operates
by the high pewer detacter (HDET) lincarizer (581) scaling
the {nput digitized power value [z order to match the
pumerology of the digital raasmit galn cootral section, The

scaled output from the Hnearizer (507 Is suberacted (362

" "fom the pomlnal muimimn geln setting. This marimic

&

previously raeationsd ealibratlon ¥alues, thal are indexed by

frequeacy to comreet the emons rehu:d o upcntmg ceater
. requeacy.
The AGC sctpoiat is the opcn luop power congol si;nl
far Ui radio. In the preferred embodiment, this is the power
control performed by the radio by itself without coatral

&

input from the celis. As the povwer of the slgoal received

 Ex B2

gmuﬂhgmbehudcodadhmmndinming asseme

bly er ioput during mapufacturing asd ioting of the radio..

The differcues of the manimura guin serting and the sealed
cutpat power s then added, by-the sdder (503}, Io the
maximum gals sezing, The sum of these sgnals Is then used
s the comected maximim gain seiting. This red-time

e

modification of the detected power helps mitigate the eors

{ntroduced by tomperature varlations aad aging of the tans
rmitter PAs, In otber words, if the differenca between the

Ex. G-12
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maximum gals seiting and e real-dme measured power
‘valite it 0, theo po correction Is necessary, If thare Is 2 -
" diffrence betwoen the twe, the difference is nzed to :ncmz )

E the maximum gxin scming.

Refeming to FIG. 3, a digital comparalor {301) detects
whea the output of the transait gain summer (219} cqoals &

- exceeds the muaximtm galp setting. The comparatar (301)

controls a 2:1 multiplexer (302) thet outputs the maximum
allowable settizg wheo the output of the.summer (210)

exceeds the maximum allowsble setting, Wheo the cutpat of

" the summer (210) {s less an the maximem allowable
. senting. the multiplexer {302) outpats the direet output of the
summer (210} This prokibits the trm:mn:rfmm exuu!-u:;
its maximum operating polnt :

‘The closed loop pawer control section (208), :].lusl:rzled in
FIG. 4, sccumulales the power contol commands scat 08

H

_ izing compensition tabics, similar to the prefeored | .
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: 6
{oop power contro! accumulator (T97) s modified 16 furn the
azsplifier (704) power down by one step cach 1,25 m uatll
the sutpt power £y less thaz the maximum settlng, If the
output power s lexs than the roaxireum setifag, the closed
loop powar control acatnulator is oot modifled The Hnexr-

embodimeat, wre sddod dsto the transmit glin con.tml m!nz'
& suznmer (703).

12 yet another erobodiment, ilustrated in FIG. 8, a power
limiting coatrol system i3 croployed that s based on {nl.:gnI,
fecdback control. The syster operates by firat m:unnng the |
output power of the powe amplificy (333) using 4 powe
detecior (809). The detected power it digiized (816) and

| leputtoan lnl.:mr.or (801) that follows the cquation:

the forward link by the coatrolling radiotelephons ccll site

agd outputs 2 gaib adjust sgral. The power cootrol com-
reands are collected in ap accurgulator {401} The optration
" - of the sccumulator (401} is controlled by the powa contrd

{iraiting section (205) when the tansmit power amplific
_ (281} s outputiing the maalmum allowable pawer,

- When the cutput of the suramer (210} du.ngu from lxin;
less than to equal of grestar thas the muximum allowsbls
scolng, the ourpat of the closed Joop power cootrol acci-
roulater {401) Is latched into s Rip-Bop (402), While the

m&wmw e

The integnmr (890),. g:nmh.ng gzln mnh'ol .dgml,
suturates at 0 4B and 63 dB of eamreedon The gudn control
stigral is thes Emlted within & range. If the cutput power iy
peatey tun the setpolnt, the lotegrator turs down the
output power of the amplifler (807) at a rlz bused on the

" integration constant K untl tho setpolnt 1 rrached, The

" oytput of the summer (210) is cqual to or graater thay the.

maximum allowable settiag as desamived by the compara-
“lor (403) 20d NAND gue (404) an AND gatc (495) masks

‘eff any closed loop powes control up cormmapds that would ®
force the accumulabor {(401) above the Qip-Sop's (d07) -

Latched value This preyeats the secumulator from saturating

+ . daring power limiting yer allows the closed loop power

control settizg to change anywhers below mew:h,:dmug
"An allomate cmbodiment of the process of the prescat
[aventen s ithestrated in FIG. &, In this embodiment, 2
power Bmiting controd system is erployed based on sccu-

" ratator feedback control. The system operates by first
measuring the cutput power of the powa amplifics (605)
using o power detector (610), The delected power is then
digitized by an ADC (611) and compar:d to a maximum
lowable scmg by the comparater (601), If the cutput
power [s greater thas the madimum sctling, the power
" limldng sceumuslater (602) begins tumlag power dowp by
reducing the gain of the vasable pain amplifice (608). If the
‘ouipst power is lsss thad the maximum sweidng the power

Umlting accumulator (m) peturps to a 0 dB :crm:lmn‘

vtlu:..
o this ezsbodimeat, a :.losed. loop power control lmiting
functlon (604 and 645), slmilar to the prefemsd embodiment,
" Iscmployed However, the trigger far the closed loop pawer
control midng function is o' comparater (603) that detects
when the power limiting acourmulater (692) s limitiog the
output pawer by eormparing the accomulate (#2) outpe to

Integrater iy allowed wm;:owcrd.wnbyumxhuﬁ

dB. If Gic satput powey 3 fess than.the setpoint, tié owput -

ofm:tn:zmmmnwplbcl’on:dmm thus ot
adjusting output powe, .

I this embodiment, a closed loop power contrel Emiting
fusction (303 and 80d), cimilar o the prefaged embediment,
13 employed. The trigger for the closed loop powa evatrol
limiting function, howeve, Is a'comparater (302) that
detects whea the power limiting integraior (801) is limiting
the output power. The lincerizing compensation txbles,
sirpilar to the prefeoed embodlmest, are added fto the
transmit gxin cootrol usng & sumroer (385),

In still anoiher embodiment, Mustrated in FIQ, 9, & power
limiting coatrol sy3ictn s employed that [s based only ot a
measuse of reerive power, a3 determined by the Rx power
luoknpubh(wn,mdmedowd!wppmamutnl:dﬁng :
a1 opposcd to actual output power Tho trawrmit power

Limitioy s0d losed Joop power contral lnalng funcion

" {991) can be Implemeanted with cither e prefemed embodi:

ment using the satmating accurenlator (903} or cae of the .
Altroate embodimeats, However, only the yecelye power
and closed loop power control s:u:l.ng are wwed b estimate |
ransmit output power

In ummary, the prece of the preszat Invention easares

that the trznamittcd rdchands and synthesizer phase nolse of

. 2 radio baunsitter remalns within 8 predetermined spocifi-

£l

limitation is accomplished by a con

catlon by limiting the maximnm outp:}rowa:m power
loop incinding a

" ealibeating Jook-up table, Therelire, » radiotelephoss Bilag

0 4B with the compantor {#43). The lincarizlng tompen- -

satlon tables, simflar 1o the wbles o the preferred
embodiment, are added [ato the transmlt gain conlrol usiag
b summer (506). .

Ia another alterate embodlment, illvsrated in FG. 7.3
power limitlag coatrol system s employed that Is based o3
the closed loop power contral accurmulater (702). The sys-
lem aperates by fizsy meanging the ougut power of the

- powex unpliﬁ:x (705) using a power detestar (706). The
detacted power is digitized (707) aod compared to » maxl-
mum allowable setting by .the esmparslor (701) Y the

&

[4]

the process of the prescot iaveation would not execed '
sosminal maxlmirm power lovel due t the cell yulag o
many power turp-up-corumandi, The mdiotelephons Limits

“the power outpat even whea the c2ll aroscovaly decides the .

nidictdcpbane powa should be Inessed
We claim:

LAmhod!wumw.n;xnnzmupuwudando -

operating In 3 cellular eovironment, the exllular covironment
camprising a plurality of eclls that ranamit power control
cammands to the radio, the radio comprisiag & vartabls galn
mphh::udnpowe:bmmngmm the methid
compeising the stepy of:

rcc;l]vj:.ng & aignal ﬁ'um a h:.ul ao¢ of the pllmﬂry uf

output power Is greater thas themx.umunumnx the:iuud determinlng 3 powr: level of the teedved ngnal,

Ex. H-13
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delermining 2 dosed lpop power control valuz is response

to the feceived iipoal;

geaenting 3 limitibg gaie caool setting in mpoue_ oo
o -

the closed loop powe costrol yalue and ‘the
level, the limiling galn control scmng beipg within 2
predetamioed rage;

carchining the clased loop power coul::ul vilue, ficpowar

level and the Hmidag galn cootrol ::I:Lug to gcu:m:
a gais cootrol slgaal and -
sdjusting the varfable gain unpli.ﬁ:r in sesponse Lo the

g:in control sigoat. -
" 2.°A method for lmiisg wacsmil power of 3 radio

operating ke 2 rdio comumunications systom, the radio”

commurteations sysiem corpriatag a plurality of bise sta.
" tiozs that transtalt powd coolro] corusmands 1o the radio, the
radlo comprising a varisble gain araplificy asd a mazimum
o gun setting, the method comprising the stcps of:. .
r::dvmg a sigoal from at lcast ooe of the p!ur:.llty of base
stations; -
geocratlhy a reecived powar Level sigaalin respanse tothe 2
geceived signal; -
" generating a closed Joap pawer coatrol sigaal in yespense
to the received sigaal;

combining the reeelved power level sigeal acd the closad

. loop power contral signal to produce a sommatiog

slgu.l

compirig the summation slgnal 19 the maifium gm
© o sening:

adjusﬂng the variable glln woplifier in sesponise 10 the

maxioug gain whing I the symmation slgpal is
greater thas or equal o the maximwn gala setting; and
sdjusting the varable gals amplifier in sesponsc to the
- summation gnzl if the suinrnatioo sigodl is less than
the maxirom gais setting.

A Thbe mcthod of daim 3 further including the step of
adjusing the maximum gafo setilog in [espoess tc A tem-
peruu.re of the variable gals amplifier,

. A method for limiting traasmit power-of & nd.io
opmnng in a cellular eoviroament, the cellulas cavironmest
comprisiog a plurality of cxDs that tragsmit power control
cammands o the radlo, the radio comprising a vaziable galn
amplifier, 3 mazimws gain ;:m.ng, and 2 powa limiting
sccumulator, the method comprising the steps of:

H

13

3

»n

3

rcccmng 1 signz) from " least one of the p!mluy of

calls;
A:cnmung arcerived power level signal in responseta the
Teczived signal;. -

43

8 ‘.

g:n:rui.ng ] re.mv:d power level nguallnrcspom to me
recelved Signal;

geacrating 5 closed loop power cuntml signal {n response
10 the power oqntrui commands;

digitizing the recdved power level sigoal;

mmpmglb: dmtiz:.d r:nc;v:dpawc: level .dgu.l to the
maximum gain seting;

' decreasing the closed loop power control slgaad by a

. predstarmined amount for every predetamined unltof .
time until the closed l.oop power contrel slgnal Is less
than the maximum gain settlny if the digitized rocefved -

pawer level sigoal Is greater than. the mu.hmm gala
sd:uag. ad

warying the gain of the vadable g:ln unpbjia’in response
to the closed loop power coatrol signal If the digitized
secelved power lovel signal fa Jess than or equal o the
manirsam gain setiing,

6. A method for limiting transmit power of @ radio
optraticgin a czlluler epvironment, the cellular environment
comprising 4 plurality of cells that transmit power control
eammands to the radio, the radio comprising 2 variable gain
amplifisr, 2 maximum gain scting, l.ndlpowulim!h'.ng_ s
acoumudstor, the methed compdsing the stps off -

recciviag a signal from at least one of the pluralily of
c‘u’a

gcnmlingarwdved power level signal [o resposse to e
received signal;

g:nmhng a closed loop pewer control ngnl inx:qmuc
to the power contral coromands; ,

digitizing the reecived power Jevel signaly .

", dacrmining & diffence botwezp the digitized recelved

" power Joved sigonl apd the maximun galn serdng;

integrating the diffarence to generate a galn contro] sigmal,
“the galn control signal beisg Umited o a predetermined
| nage;

m;wlng the yarlable gdn am,pl!ﬁn with r.h: gain conlrel
signal; 2nd
protdhitisg the dosed loop powe, esctrel sigoal from
changing the variable guin amplificz i response 1o G
pawer control corarmands if the gain coatrol signal is
less thag 2 predetermined value

i 7, A ndio performipg transmit power celibration, oper- -

ating fn a cellulas epvironment comprising & plurality of
cells that tranxmit power contro] commands to the radio, the
radio receiving sigrals through a vidable p.[n meelve

" gencratiag a clased loap power contrel ngnﬂ inzesponse amplifier the radio comprising:

to the recaved slgaal; .
diphz!.ng the reecived powar level signal;
comparing the digitired recelved power level slgnal 1o the
gulb setleg: .

50

decreasing the galp of the variable gunamph.ﬁr.nfm: :

dlgxuud received power Jevel slgul is p-uu:r thag the
. maximum gaia scttiog; and - -

_prohibiting the etascd loop power coptrol slgnal from’

changing is respoase to the power control commacds if
the digitized reccived pawer lavel signad &y yuﬁu than
the maximum guia scring.

+ 5. A method of Limiling hnmit power of & radlo cper-

.

®

stlng in a cslfelar eavizoamest the cellular covironment .

comprisizg a pluratity of cells that transroit power eontral
commands to the radlo, the radlo comprising a variable gain
amplific, & maximum galn setting, and a power control
command sccurnulater. the method compriking the staps of:

1]

reeeiving a signal Gem ar least cne of the plurallty of

celis;

arceebve power delsctor, coupled to the x:cd.vn mpl.ﬂ'xq-,
[foe generating & reszived power level slgal;

a sahurating accurpulater muplcd to the reczive mp]l&n‘. :
_for genarating a closod loop power costrel aignal in.

. . Tesponsc to the powar control communds;

» power Limitlng eireult, coupled to the receive power -
delcetor and the saturating acournulater, for peasrating -
 limitiag gafa coatrol sciing In responss to the cloged
1eap pawer coatral sigeal and the reezived pawer level
slgnal, the Uimfiipng gain control sctting being withina
predetermined range;

. algeal combine, coupled to the recelve powu deteeter,
the sstratleg aceumulstor and the powa hm.ldn;

cirouyit, for combining the roceived power lovel sigodd,

the clesed loop power coarol sipaal, and the limiting
pain coztrol sclting to geperate & tansmit gxln contro]
sigoal; and

_a transmi? amplifier havinp a verlable glln—lnd » control
Input coupled to the signal cormbing, the vartible gain

-Ex. H-14
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. 9 ‘ ’ 10
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summstios sighal to 3 maximum galn sciting o geor : - :
: aral:fh:hmhu gain :nnm:lsdhng . LI
1
Ex.H-15 .

Ex. G-135 i



r

Case 3:02-cv-0200263FS Document 127 Filed 06/134 Page 130 of 152

-




Case 3:02-cv-02002-B-JFS - Document127.. F|Ied 06/17 04 Page 131 of 152

)

Umted States Patent

IWWMWWM

WWWMMWM

(12) - (10) Patent No US 6, 615 027 B1
Sahota et al. _ (45) Drate of Patent:  Sep.2,2003 -
* (54) METHOD AND CIRCUIT FOR PROVIDING SBBS A 31999 Sehota’ | y
*  INTERFACE SIGNALS BETWEEN : _ o E
INTEGRATED CIRCUITS - - _ , FOREIGN PATENT DOCUMENTS .
- "~ EP o 0STAT - 194 ... HOOM/L00 -
- (75)' Inveumrs Gurkanwal Sahota, San Diego, CA . . ’ o
. . -(US); Mehdi H. Sani, San Dicgo, CA . - OTHER PUBLICATIONS
 (US), Sassan Shahrokhinia, San " Digital M ot Asslog, Chij ter 9, pp. 612621,
Dicgo, CA (US) Hgial Me ai0g, Lhapler 7, pp. | .
(73} Assignee:- Qualcomm Incorporated, Saa Diego, " cited by examioer
. -CA(US) . annry Emmmer—Quochlcu Vuong
oy L Lo g - (14 Attorney, Agent, or Firm—Philip R Wadsworlh
(*) Notice:  Subject to any disclaimer, the terio of this a
- patent is cxtended or adjusted under 35 Charles D. Brown; Gcctrgq _C. Pappes
U.S.C. 154(b) by O.days. (57, _ " ABSTRACT |
" ', " . a1 - ' Clrcuitry that gencra_tcs‘ an interface signal between a first
(21) - Apgl. No: 09/485,231 and a sccond integrated-cireuit (IC). The circuitry-includes -
(22) Filed: Jan, 21, 2000 2 reference circuit that provides a reference signal, an-
’ i interface circuit, and a circuit clement. The interface circuit
(51) Int. Cl‘r R L TT PTP PRI PRI HMB 1]02 . l-s implﬂncﬂlcd on lhe ﬁrSI lC Opcraﬁ\rcly GOll]J]f.s ‘0 the
(52) Us. CI --------------------- 455/91; 455/93; 341/126; . reference circuit, receives the reference sngpa] and 2 data
o 341135, 341/144 ,mpul and geoerales the interface signal, The circuitelement -
(58) Field O SEAICH oo 45591, 93,95, is implemented on the sccond IC, operatively couples o the
. 4555575, 379!399 01; 341/154, 155, 144, control circuit, receives the interface signal, and provides zn
. . 135,126 output signal. The reference signal can be 3. voltage ora
current signal, and can be generated in the first or second IC.
{58) References Cited - _The interface circuit can be. implemented with a current
' ’ U 5. PA’IENI' DOCUMENTS wirror coupled to a switch arvay, and can be oversampled to,
: - tase the filtering requirement: The interface s:gual canbea |
4573153 A 21986 Nakamura ot al. voocons 37122 differential current signal having multiple {e.g,, four, cight,
g'g:;’s:ggj '2 71,3' igg? gfi;k """"""""""""" 3769 or more) bils of resolutioa. The circuit element can be, for
5:200,655 A 41993 Feldt cxample, 2 VQA. 2 modu_latot_’, or other t:ucux!s
5274702 A * 12/1993 Roschelal ........ 379/399.01 E _ S
5371500 A * 12/1994 - Lippmuon et al. ... 341/155 8% Chims, 6 Drawing Sheets
P e
/614, 612 o
CONTROL | CONTROL {, | geme | REF -| REFERENCE'
"INPUT - CIRCUIT" ] CIRC_UIT
_ 2 /526
ICONTROL ‘ | cweurr
. M| BUFFER F mreveNT
Ex. I-1

; Ex. H-1



4

. Case 3:02-cv-02002-B-JFS" Document 127  Filed 06/1

.Page 1_32 of 152 .

)'.

!

| US 6,615,027 B1

Sep.2?2003

" U.S. Patent .

Q9T

.Sh%tlofﬁ

- .. LNDYD TOMINOD NIVD . -

- LINDYID
L TOYLNOD
Svid -

g1 -

[~asz

o YBZI~]

91

VDA .

YOLVINAOW

. .‘1lu||....|.f lllll .|l|...Ju....|.lI1lI1lll
- TIOUINOD NIVD.

P |

e e

ver

LINDMIO TOUINOD SVIE

voor-/.

WOSSED0Ed

IVLIOIA

o011~

Ex. H-2

Ex.1-2



Case 3:02-cv-020025JF_S- Document 127 Filed 06/1764 Page 133 of 152 .

} |

U.S. Patent . _ | VS@ep_.JZ; 2003 Sheet 20f6 - U8 6;615,027 Bl .

: f22 4 -
MODULATOR

F2020 0

2124

CIRCUIT -
f?l_ZA
INTERFACE
 CIRCUIT -

| INTERFACE

0

'LDATA

Q.DATA

'kZlO'_.

DIGITAL
{PROCESSOR

[

B3 ‘Ex. H3



~ Case 3-:Q2-cv-02002-B-_‘JFS Document 127  Filed 06/_17i04 Page 134 of 152

U.S. Patent Sep.2,3003°  Sheet3of¢ - US 661502781

IDATA =

314
316
IREF

.I.‘

314A

314B -
B

312

14C

}31_8‘

FIG. 3

14N
|
i

 SWITCH ARRAY .

g

INPUT

DATA

1 Ex. H-4



-Case 3:02-cv-02002-i-JFS Document 127  Filed 06/134 Page 135 of.152

/ N

. US.Patent = $ep.3,2003 . Sheetdofé < . US 6,615,027 B

(422
('424 ;
+

REFERENCE | |
1 cwecurr. | |-
. . r . .
]
|
|
y
Iy
MODULATOR

402

;

(412B

INTERFACE

CIRCUIT
FIG. 4 e

r'c_u__zA'

- CIRCUIT .

.(4i)0 "

" I.DATA . {.

Q_DATA

410
~ DIGITAL
PROCESSOR




Page 136 of 152

4

)

" US 6,615,027 B1

o

Sheet 5 of 6

\

. ‘I'l'

US. Patent

Sep. 2, 2003

Case 3:02-cv-02002-B-JFS  Document 127 . Filed 06/1

¢'OId

00s

. © L Esss V85§
| a(t) ~  alt)

R o 1nan
.rg{mﬂgm.. Aﬂ.ﬂl

s |,

: E :

A B e e e o o T W e e e ey W Ak e TP W Y P W Y S AR o e . e -

veps  gevs” |- owss | News”

Uy iy oy USSR NP N QU SN

ws . TALT : . s

Ex. H-6

CEx. 16




Case-3:02-cv-02002-B-JFS  Document 127 Filed 06/17i04 . Page 137 of 152

| .
(/ ’ :

~ U.S. Patent sep.2,2003 -  Sheet 6 of-6 . US6615027BL

626
" CIRCUTT
ELEMENT

64
BUFFER |——» -

602

’ (62;2

REFERENCE
CIRCUIT

REF
ICONTROL. |-

- 'HG.6.

.
-

(612
BUFFER |«

-]
-~

614

' CONTROL
CIRCUIT

CONTROL
- TINPUT




Case 3:02-cv-02002-

-JFS Document 127 Filed 06/17

\
!

US 6,615,027 Bll

1

METHOD AND CIRCUIT FOR."PI.lOVIDING' :
 INTERFACE SIGNALS BETWEEN
INTEGRATED CIRCUITS -

~ BACKGROUND OF THE INVENTION

I Field of the lovention

The present invention relates to eleclronics-circuils, More:

¢ particularly, the present invention rclates-to novel and
" improved method and circuit for pm\ndmg mlerface signals
between integrated cireuits.

11,-Description of the Relaled An-
. Many; clectronits. systems are implemented using mulupIc
. integrated circuils (1Cs) that interface together to provide the

required system functicoality. In many instances, circuit'
interfaces are provided by digital signals having two logic:

levels (¢.g., high and low) to express digital values. Digital
- 5ignals are popular for interfacc becauss of their easc of
: lmplcmentanon and robust immunity to noise.

. Special challenges arise when interfacing a digital IC with
an analog IC, Digital ICs are more efficient and cost effective
for implemcnling digital functions such as digital signal
processing and the like. Acalog ICs are used 1o provide
linear functions such as mgnal amplification, bufferdog,

. filtering, modulation, mixing, and so oz. In many desigos, |

" the interface between the digital and analog ICs is imple-
meated: usiog digital sigoals, Within the analog IC, the
-digital signals are buffered, converted 1o analog sxgna](s) if
necessary, and provided to the analog circuil(s).

The use of dlgual s:gua]s to interface digital and znalog
ICs is undesirable in some applications for several reasons, -
First, digital signals 1ypically bave large signal swing and .

sharp trasition edges, thereby gonerating large switching
noise. This noise can degrade the performance of the agalog

-circuits, which lyplcally operate oo smaller sigoal swmg .

- generale an interface signal between a first and a second
- integrated circuit, The circuitry includes a reference circuit,

an interface circul, and a circuit clement The rcfc.rcncc

_ elrcuit provides a rcfcrencc signal. The interface circuit is

2

An embodiment of the invention pmndes c1rcu:try o

- implemented on the first mlegrated circuil, operatively

couples to the reference cireuit, reccives the reference signal
and a data mpul and generales the interface sigoal. The

4 Page 138 of 152

- cireuit clement is implemented oo the second mtegm:d .

circuit, operalively couples to the control circuil, receives -

the interface signal, and provides an. oitput signal,
Io an crmbodiment, the joterface circuil includes & current

miror coupled to & switch array. The curent mirror reckives -

*  the reference signal and iccludes two or more mirror paths;

The switch array receives and decodes the data fnput ind

directs current from 2 selec!cd set of mzrmr palhs oan -

output of the switch array.

The reference signal can be a voltage signal or a curreat -
sigaal (ie...gentrated based on a VOllage reference), and can -
be geoerated with 2.reference circuil implemented on the -
irst or (prcfcrably for some applications) the second inte-

- grated circuit. In an embodiment, the interface signal is a

0

The amoust of noise can be reduced, to ao extent, by using

scparate power supplies and circuit grounds for aualog and

digital circuits within the analog 1C. However, the reduction
may not be adequate for some applicetions. Second, because
each digital signal typically provides one bit of data, mul-

liple {¢.g., vight) digital signals are necessary to concum:nlly '

provide multiple (z.g., ¢ight) bits of data, In addition, one or
tnore cleck sigoals [may also bc] are lypically provided to
‘Tatch the data bils al the receiving IC. A large oumber of
 signa) lines, and 2 corresponding number of device pins,

oy thus be requmd to inlerface the ICs. Moreover, switch--

ing noise typically increases with more digital sigoal lines.
. Accordingly, techniques for providing an improved inter-

face between ICs using fewer sigoal Lines that generate a
reduced amount of noise are highly desirable. 1t is also

i

4!

-, desirable that the interface does not require complcx cir-

cuitry to 1mplcmcnl

. SUMMARY OF'IHEINVENTION '

535

The present invention prowdes 1echmqucs to interface a

_' digital §C and 20 analog IC. In accordance with ope aspect
‘of the {nvention, one or more interface circuils implemented
on the digital IC receive data inpuls and, in response,

provide interface signals that are provided to the analog IC.

For some. interfaces (e.g., baseband signals), differential

current signals havmg muitiple bits of resolution are used. .

These signals require fewer &gnal lines to implement and
peoerate a reduced amount of noise, a5 compared to dLgllal
signals. A reference signal can be pmv:dcd for usz in
generaling the interface signals.

Ex.1-8

60

4]

differcntial current signal having multiple (¢.g., four, eipht, -

or mare) bits of resolution and filtered with a RC network, -

The inlerface circuit may be oversampled (o ease the filter- -

ing requircment. It a0 exemplary embodiment, the interface -

signal represents an inphase {I) or  quadratuce (Q) baseband

signal in a quadrature Wransmilier, or # control signal. The

circuit elemeat can be, for cxamp[e a VGA, a modulator, or .

other circuits.

‘Anolher embodiment of the | mveuuon provides cu’cmhy ‘

in 2 transmitter that include a first interface circuit (and. for ‘

some embodiments, a second interface circuil) operatively

coup]ed to a modulator. The first.(and' second) interface:

circuil is implemented on a first mtegraled cirewit, receives

a first (or second) data input, and provides a first (bt ccond) -
differential current signal. The modulator is implemented oo’

a second integrated circuit, receives, the, first (and second)
differential current signal and a carrier signal, and generates
2 ouiput signal io response. Each data input represents a

digital baseband signal and can have four, eight, or more bits -
of resolution. A reference ciréuit may be :mplcmen:cd onthe ©

second (or possibly first) integrated circuit to provide a
reference signal, The inlerface circuits generate the differ-

catial current signals based, in pan, on the reference signal,
Yet another.embodiment of ths invention prcmdcs 2 lrags-

mitler in 2 (c.g, CDMA) celluler telephone that includes a
digital processar, first and second interface circuits, and a

wodulator. The digital processor is implemented on # first
integrated circuit and provides the digital inphase (I) and -
quadrature (Q) baseband sigaals. The frst end second jnter- -

face circuits are implemented on the first integrated circuit
aad couple to the digital processor, Each interface cireuit
Teceives a respective digital baseband signal and provides an
analeg baseband signal, Each anzlog tassband signaj has at

least four bits of resolution and is implemented a5 a differ-.

eatial current signal. The modulator is implemented om a
second intégrated cjrcuit, operatively couples lo the first and

second jnterface circuits, and reczives aod modulates the .
anzlog bascband signals with 2 carier signal to provide a

modulaled output signal. The transmilter can also include § -

reference circuit that provides & reference sigal. The inter-
face circuils thep receive the reference signa! and generate
the anslog baseband sxgnals based, in part, op the reference
signal,

Yet another. embodiment of 1he iovention prrmdcs a,

method for providing an interface signal from & first to a

Ex. H-8
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provided for the baseband signals from the digital processor
. and the {¢.g., gain and bias) control signals from e coatrel
circuits, . . . T
In FIG. 1, the I and Q bascband signals may each

¢omprise multiple bits of resolution. This can resull from,

for example, fillering a two-level digital signal wilh a digital
" filter, Thus, wuhtipic signa! lines may be sequired to interface
the digital processor o the snalog circuitry. .

1 one conventional design, cach of the 1-and Q bascband
signals has eight bits of resolution, and the inlerface com-

US 6615027 B1
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K .
data lines and two clock lines are tequired by one conven-
tional design. ‘Fewer number of sigoal lines reduces the

 pumber of device pins.required to interface the ICs,’

Second, the differential current sigoally,r, generslly has

'low jmpedance and limited {or reduced) sigual swing. In

contrast, the digital signals of the aforementioned conven-
tional design bave large signal-swing and sharp transition

edges. The differential current signals thus generate much

. ‘prises eight data lines 2od two clocks tines. The data lines

ate time sbared between the I'and Q sigoals. The clock lines
" provide two clock signals that are (c.g., 180 degrees) out-
- of-phase with respect to cach

other, The daia lines arc used
- lo provide the 1 signal op ope phase of the clock and the Q°

- signal on the otber phase of the clock. In this design, the data .

-and clock lines generate noise that can degrade the peifor-

fess noise than the digital signals. i i
Third, the differential current sigusls can reduee circuit

complexity al the source and destination ICs. For improved:

performance (¢.g., Wide. bandwidlh, linearity, and 50 on}

* raany high-speed analog ciscuits arc designed to operate oo

mance of the agalog circuits in the transmit signal path.-’

- Morcover, the {ten) data and clock lints requize a corre-

" sponding number of (ten) device pins on both the digilat and

analog 1Cs. - :

_FIG, 2 shows a block diagram of 20 embodiment of an

interface between & digital 1C 200 aod ap analog 1C 202 for
. the | and Q baseband siguals. As shown in FIG. 2, 2 digital
processor 218 within IC 200 provides the | and Q dala fo
interface circuits 2122 and 2124, respectively. 1o an

embodiment, cach of the 1 and Q data comprises multiple -

- simplifying its desigb.

. different curteat signals. By providing a differential current
15,

signal to the analog 1C (i.¢., a5 opposed to voltage signals or

digital signals), buffering and vollage-lo-current conversion

circuilry may not be required within the analog IC, thus’

“For a CDMA sysiem that conforms to 15-95-A

 specifications, ‘each of the 1 sad Q data has & bit rate of

1.2288 Mbps. Io an cmbodiment, the’ I and Q data are -
oversampled and fltered (e.g., wilkin the digilal processor)
to provide filtered 1 and Q data, respecrively. It is known that
gentration of an analog signal from sampled data produces .
images at the sample rate. By oversampling the I 20d Q data '

(¢.g. by a factor of 16 ), the images are pushed bigher in |

" frequency by the oversampling factor {(which is 16 fn this

bits of data. Bach interface circuit 212 receives the respec-

" ftive data ioput, coaveris the data to an analog baseband

* signal, and provides the analog baseband signal.to 1C 202.
Within IC 202, the 1 apd T bascband signals are provided to
buffers 222a and 222b, respectively, and the buffered signals
arc provided ta 2 modulator 224, :

FIG. 3 shows a schematic diagram of 20 embodiment of 3

.. an interface circuit 312. Onc interface cirenit 312 can be

" used 1o implement eack of intetfice circuits 212z and 2126
_* in FIG. 2. In this embodiment, interface circuit 312 includes
. - g 56! of P~channe! tracsistors 314a through 314 configired
as & current mirsor 314. The gates. of transistors 3144
through 314n couple togsther and the sources also couple
" together and to 2 power supply Ve The drain of transistor

example) and the filteriog of the images is simplified. With
oversampling, the images can be filtered by a simple RC
network, as described below. . . ‘ T
For many integrated circuits; varistiops in the manufac-
turing process make it difficult to geacrals accurate compo-
nent values (e.g. accurate resistor and capacitor values),
However, component matching is typically quite good since

the eatire 1C typically experiences similar process condi-

tions. Thus, while it may be challepging la fabricats 2
tesistor having a value thal is accurate to within =30 percent’
of a targeted value, it is often Feasible to malch two resistors

" o within 2 few percent. ,

3144 cauples to the gate of transistor 314a and 10 a current

" source 316 that provides'a reference current lpzp. Bach of
transistors 314b through 314n is configured to provide 2
particular “mirror™ current that is proporiiogal to the refer-

a particular mirror path is depeadent oo the ratio of the size
of the trapsistor in hat path to the size of trapsistor 314z, Far
example, if transistor 314% is twice the: size of traosistor
314a, then the amount of current through Lragsistor 314b is
approximaltely twice the reference curtent Yrer, :

A switch array 318 couples to trensistors 3146 through-

114n. Switch array 318 also receives and decodes the datz
input and activates a set of switches within -the array that
sclectively steer the current from transistors 3145 through
_ 314n 1o the output of the array. The data ingut can be the 1

“data or the Q dats shows in FIG. 2. In 2o embodiment,

swilch array 318 includes circuitry that generates a differ-
ential current sigaal 1,7, 28 the output of interface circujt
32 : : S '
The use of interface circuits 312 to provide the 1 and Q
baseband signals to the- apalog IC provides many advaa-
tages. Some of these advaplages are described below.

Evep with the mapufaciuring process variztioss, circuits
withia the analog IC are required to perform to specifica-

tions. To provide consistent performance fromICI0IC, the ~ .

circuits can'be designed to operate in conjunction with

- reference sigoal (o a reference yalue) that can be accurately

45

generated on the IC. For electropic ciréuits, a bapdgsp -

; . " referegee circuit can be designed to provide a (Felatively)
ence current Ipge. The proportionality (or scaling) factor for -

55

First, only two scts of different signal lines {i.c., four lines 65

g all) are required to provide the diffcrential current signals
_ for the I and Q baseband signals. In contrast, cight digital

Ex.110

sccurate reference voltage (€ven over process variations).
Moreover, the bandgap reference voltage is typically stable . '

over time, power supply, a0d temperature variations. The
50

bepdgap reference voltage can be used lo generate other

reference voltages and currcots used by various sircuils

within the 1C, : oo .
F1G. 4 shows a block diagram of another embodiment of

' an interface between a digital IC 400 and an analog FC 402

for the | and Q bascband sigoals. As shown in FIG. 4, 2
digita} processor 410 Within 1C 400 pravides the [ and Q data
to interface circuits 412a and. 4125, respectively. Each
interfacs circuil 412 receives the réspective data input and 2

. reference signal RER from a reference circuit 422 within IC

402, converts the data fo an analog signal (i.c., using, in part,

" the reference signal REF), and provides the analog signal to .

2 buffer and modulator 424 within IC 402. A replica of, or

-2 signal related to, the refercnee signal REF can also be

provided from reference cireull 422 to buffer znd modulator -

424, ns indicated by the dasbed line. R
The reference signal REF cap generally be a reference

veltage (c.g., 2 bandgap rcference valtage) or a reference

Ex. H-10
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{ cureent, By oprating the interface dircuil and the modulates

based op 2 comimad cefotence signal, these wircuits can be

designed to track gach othes over progess variations o their

respective ICs, as described below. ,

FIG. § shaws 3 schemalic diapram of 2 specific erabodi-
oot of the interface and ciecuitey showva o FIG. 4 As
shown ia. FIG.'5, #
" circuil 512 that couples fo a referencs cireuit 522 a0d a
‘modulator 524 within ag smalog IC 502 fefereace cireuit
522, intectace circuit $12, agd modulator 524 casespood to
. reforence cirouit 432, ipterface cisuit 412, and modeletor

- 424, respectively, io FIG. 4, S

fn ap smbodiment, ceferesice circuil 522 inclsdes a cusreat
 source 333 coupled to @ curren! wirrer 534, 1o 30

pmbodiment, cumsat SUrCE $32 provides 2 eference cut-
rent §_REF generaled

voltage acToss 3 Tosisior, The seststor cab be an ¢xierdal (s,

by providing 2 bapdgap referenet

" §

digitat 1C 500 includes a0 imeclace
10

15

discrele) cesister or an ipternal resis(ot fabricsted on IC502,

 with the chuite beidg degendent on the desired clecut

characteristics apd fupclivoality, as deseribed below, The
- reference current §_REF is pravided to the reference path

(ie,vizt N-chapae] trapsistor 5340q) of current airror 534,
Toe custent through the minor path (& via 8 Nechanpe}
trspsistar 5345) comprises the seference cumeat gy A1 is
provided to 1€ 50, Generally, Ingr B progostional fo

thie ratio of the size of trausistal 534b lo e sizs of trausistor
533 oL K
Within IC 590, the reference cutrent Ipgy is provided Lo
 interfacs circuit 512, In an embodiment, interface circuit 512
comptises 3 cuint mirwor 542 coupled lo a swilch ey
© 544, Specifically, the referonce curment Lype i provided lo 2

"ditferential amplifers,

8

554 gan be external (ie, discrele) components of internal
componems-imp!cmmled \within the 1Cs (L2, 1C 500 of 502,
of both). Tn ag embadiment, capscitor 352 is an extemnal
compoasul (1.6 having a value that s Jarger than that which
¢an be practically implementcd williie an IC) and eesistors ‘
554 are intetnal componests implementad wifhin IC 502.

“The other eads of tosistors 5542 and’ 554b-confile 1

‘current sourges 558z and 548h, respectively, of modulator ;

574. in an smbodiment, ench currant source 558 provides &
bias curvent 1ythat is related 10 the refesence current I_REF,”
25 described below, Modulatos 524 fusther frcludes a pair of
The Brst-differential amplifier cowm-
prises {ransisioss %624 aod 5620 baving their emitiess
coupled togsther and to curent source 558a. The seeond”

differcntial amplifies comprises Arassistors s62¢ and 5624
- paving lheir ewitlers coupled togethes ang D curtept sQUICE

Negh The bises of ragsislors 3624’ sod 5624 woupls | :

“togetber 20d receive a positive casriet signal Vyor, 308108 | °
coupls togelber and -

buses of Iransistors 3625 204 582
receive a pegative carder-sigpal Vypg-. The collectors. of

rangisiors $62a apd 562¢ couple togeiber and 0 a tesistor” i

. 584 that furber couples 1o e supply volizge Voo The -

factor being determined by

referzpee path (e, vin 2 P-channel transistor 5424) of’

cutrest miror 542, Since the gate-saurte woltage of tran-

sistors 5420 through 4470 are approxdimately neual, the

curpent through esch mirrored patn (ie., via \rapsistecs 5425

. -through 542n) is relaled. to the cursal laee through. the

. reference path (e, via iransistor 5422). The proportiopality
factpt s deiermined BY he ratic of the size of the. transistor
in (he- particular minror palb 10 the size of transistor 5424.
Transisioss 5420 threugh 542n can be dimepsioned 1o po-
vide approximately equal curent through tach miror peth
 (eg. L1 1,d 0.01), sxpanentially iptreasing currenls
* (eg, L, 2,4, a0d s0 0n), & piber séts of curiznt values.

Switch array 544 couples o \rausisiors 5425 throvgh 5420

and also receives the data faput. 5
the date impl and, hased oo the decoded data, selecively
sleers curreal from the wiTOr paths o the output of the
switch array. The surrent sigoal [ papy from switch aray 544
 is provided to 1C 502. In 20 epbodiment and a5 shown i
. FIG.5,1bs current output i providedasa Jiffgrential cumrent
" signal for improved oise jmmounity. :
. Taterface circuit 512 performs. in similar mapoe: 35 2
digitalto-2aalop, copverst {DAL). Thus, the reconstraeted
-qutput from interface it 512 ncludes images at af,
_ whese £, iy the sample frequency
“inpul} avd o2, 2 3, .. .. lowhae circuit 512 caa be
oversampled (6.2, bY
oversamyliog r2tios) 1o push the images in the recoastrucied
signal o higher frequencivs for £ass of flieriag.
 Assbownio FIGL S, e current Signal Inag is Gliered by
2 RC network lo temove
mally associated with a2 putput from o digital aualog
convatsion. Specifically, 2 capacitor 552 is coupled between
e difsrsutial cusvent signal 1 that fusther couples to one
2od of resisiors 554a aod 554b, Capacitor 552 and resistors

undesired paise and images not- -

Switch iy 544 decodes - -
.and cap b expressed A

i

55

{i.c., ihe rale of the data

2 factor of 2, 4, 8, 16, or otber.

“@

“collectors of irapsistors

- switched for each current paib.

s62b sad 562d couple together and
10 2 resistor 5940 thal also couples 1o the supply voltsge
Vo The diffesentisl voltages 2t resistors 5644 and 5640
form the output vohage signal Vo rom moduodator 324,

1p an embodiment, the teference current I REF is depen-
dént on & bandgap refersnce voltage from # basdgap refes-
pnce circuit (gt showa iz F1G. 5), Ip an embodiment, the
bandgap volage teference i3 provided across ‘aa exieroal.
resistor (Lo, 2 discrele zesistor exterpal to- 1C se2) o
generale the reference cunest 1_RER, which can - be .
expressed a8t . SR T

Ve

e,

Razr

Eq. (1)

whete Viep is 10 bandgap reference vollage apd Rpepisthe
value of the exteroal refeence resistor. The use of an -
external resistar cnables the gevération of a1 accurte ref

erence current I_REF, sines discrete resistors with 1.9 for .
. 01) percsnt taleraace a7F readily available. The refereace .
" curront Tagy 35 proporiicoal o the refocznce current 1_REF,

25 determined by the particulas design of curtent mitror 534,

% @

o ¥,
Iﬂ;,( L Gj'wﬁlﬁl'ﬁé.
~wher g, 15 the scaling facto? associpted with current (miITor

Interface cireuit 512 generates e differcntial current
signal Tpazas which 2 scaled version of the refersace |
current Jgzp. The scaling factor is detarmiped by the data
inpwt and the pasticular design of current misror 542 (e, tBe
sizes of tapsistors 542¢ {trough 5424). Specifeally, the
ratio in Sizes of cach of \ransistars 5925 through $42a to
wansisior 5422 determipes the amouat of cument 1o B
The dala input determiacs

which ones of the switches withig switch arrsy 544 are

63

-~ cally be cxpressed as:

activated and thus the curment path{s) 1o be Hrected ta the
switch array output. The cunvent sigoal lpaga €28 theoreti-

e e i it

CEx L — :
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Eq. (3)
fmra(l) T T .

Z st} K - AT} = K 500,

where x{n]is the value of the data input, b(t)is the zeo order
hold response of the DAC, N is the oumber of bils for the

" data input, o is the scalmg factor assocmtcd wnh currcnll

mitror 542
s "’m ) Eg. @)
= ""2'?. R . .
© Eq. (%)
Ane Z ;(n).h(J-u_T)._ T :
. n-o

10.

Thus, the rcference resistor Rz can be mlcrnal or
external, depending on the desired characteristics of the
circuil, The voltage signal Vpr of he current signal 1o,

[can be designed to be dcpcndent mostly oo faclors that can

be accurately set and which is, to a large extent, indifferent

- to process variations. To generate a voliage sngnal Yy that

10

*is accurale over process variations an exlemal reference

resistor is used, and Lo generate 8 current signal Ly that is
sccurate over pmcess vanauons 20 mtemal reference resis-

" for is used,

Ia the specific’ cmbodlmen! of mod'ulalor 524 in FIG. 5,

" current source 558a provides the cumrent “sink” for. the

differential mixer (cornprised of transistors 562z and 562b)

- and the current signal 1., vis resistor 554, As noted -
- above, the curreat signal 1,7, is related 1o the reference

B

Foram e1ght bit data mpul x{n} rnngcs from Ot 255 and ¥

. is equal to 256.
Modulator 524 generates the voltage mgnal Vow based
on the currenl signal I, 7., the carrer SLgml V. o the-load
. resislor Ry ; and'n modulator gain or conversion faclor B The
) volugc signal Vo c2o be cxprcsscd as: -

20

-current Igep. Lf the currcal signal 1,7, increases because of

&0 increase in the reference current lpep, thea the amouat of
current through the differential mixer decreases correspond-
ingly if the bias current I is fixed, msulamg in the mixer
culling off on posilive 15,5, excursions. The performance
{c. B bandwidth; linearity, and- sq- on) of the differential
mixer can degradc dus 1o the smallce bias curreat. :
- In an embodiment, to reduce performance degradation
due 1o chaoges in the reference current 1., the bias current:
15is designed to be proportional to the referencs current Ty
(c.g., Lyw2leer, Or some other values) This can be achieved'
through: the use of 2 -current mirror, with the reference

- clurent Im being provided to the referegce path of the

: Vou:(')-ﬂ'l& Toaralt) =P IR K- . Eq.(8),
By lumpiog the conslanrs togclhcr, :qualmn {6) can be.
expressed’ as

Vwr(')"f‘\&"{f)-' Q.

It can be noted fm:n_equalion.(’fj that the vollzge Signal

Vouris a function of the ratio of R, to Rpep, the data input .

30

x[n), the bacdgap voltage-reference Vper, and a scaling .

“factor A that takes into account various factors. The scaling -

factor A includes the scaling factors o and o associated with
current mirross 534 end 542, respectively. These scabing
factors can be accurately set because they are based on the

" Thus, fewer number of device pins isrequired to interface .- -

35

eurreot mirror and the bias current I,bemg provided fmm
the mirvor path.

The specific cmbodlmcnt shown in FIG. 5 provides many
advantages. First, only five signal lipes arc required ‘to
provide interface for the I and Q baseband signals (i'c., four
lines for the I and Q signais and one for the reference signal).

the 1Cs than for the conventional design that uses ten signal

* lines. Fewer devics pins result in a smaller package, thus

ratios of the sizes of transistors, which cap be matchéd
(typically to within a few percents) by exercisiog good -

circuil Jayout. techniques, Typically, the bandgap reference
voltage Vaer 20d the exterval reference resistor RM,- can
also be accurately set.

As noted above, the value of mlcma! resistor R, canoot
typically be sei with a high degree of accuracy, aod caz vary

by 30 pereents or more from IC o IC due to process
.variations. Thus, the voltage signal V,r can vary widely .
from IC to IC. However, the vollage signal Vg r-is typically,

converied to & current signat Io,,,- for use by a subsequent

- cireuit, and the V-to-] conversion is achieved by providing.

Vo7 26T0sS anotber internal resistor R The current signal
“lour €80 be expressed as:

" lourld= ...m

A—.f[r).

Eq, )

reducing the size. Second, the differential current signal
lmn drives a low impedance rcsultmg in reduced signal
swings at the inlerfacs, thus resulting in less ooisc being
geacrated by this signal. The low impedance also reduces -
interference. Third, the differeatial current signal can reduce

circuit complexity in the digital and analog ICs. As shown

in FIG. 5, interface circuit 512 (by its nature) generales a

cusrent signal that can be provided directly, without a sigoal .
conversion, to the analog IC. Modulator 5§24 receives and
can directly operate on the differential-curcent signal. Thus,
I-t0-V a0d V-to-] conversion circuils are avoided by pro-

" viding curreat interfaces. Fourth, the sharing of the reference

50

-

From equation (8), it can be noted that 'the current signal

Ioun is a function of Lhe ratio of internal resistors R, 1o Ry,

which can typically be sel to an accuracy of within one’.

percent by following good.circuit layout guidelines.:

For implementations in which the voltage signal V- is
used directly. (i.c., without 8 V-to-I conversion), an sccurate
Vour 0ver process varations can be geacrated by using an

interpal reference resistor Reep. Refeming-to equation (7),
the vollage signal V. is dependent on the ratjo of resistors.

Ry to Rpgp, which can be accurately set to within a few
_ percent if both resistors are lntemal]y implemented on the
same 1C.

Ex. I-12

65

" signal Tpe, between the. digital and analog ICs allows for

tracking between the two ICs. As shown'in FIG, 5, the
current signal 1,7, from interface circuit 512 is dependent -
on the reference current Ipgep The bias curent Iz¢an also be

-designed lo track the reference cument Ioe,, 2s described

above, thus allowing the modulalor lo track the interface
cirguit, This intérface can also allow the correal (o be shared
between the DAC aod the mixer, if Ly, 7, is geoerated Erom
2n (NMOS) current source, - o
Various modifications can be made lo the specific embodi-
ment shown in FIG. 5. For example, reference cireuit 522
can be implemented in digital IC. 500, jo which case the

‘teference signal Ipgp is provided from IC 500 to 1C 502.

Implementation of the refersnce circuit- in 2 digital IC is -
typically more challenging because of the.large amounts of

‘switching noise on the digital IC, altbough this is feasible’

apd may be advaotageous for some applications. )
Reference circuit 522 can also be designed as a program-

" mable reference source. For example, current source 532 can

Ex. H-12
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cnmpnse a DAC that provxdcs different reference currents
depending on the value of a contrpl 1npul “The use of a
_programmab[e reference source is particularly
advantageous, ‘for - example, to allow for adjustment of |

circuit charac:enst;cs (¢.g., outpul signallevel, to account

. for process vanauons) or to vary :he ioput sxgual Icvcl lo.

pravide variable gain,
The invention has been described for the mterfacn of 1h=

© 1and Q basebaad signals from the digital IC to the analog
{C. The jnvention can-also be used for control signals such

as the bias and gam control signals shewn in FIG. 1. The bias
current and gain of the circuit elements in the transmit signal
path are typically. cootrolled, if at all, in increments. For

12

whcrcm yn] is the control input and K is the uvcrall scahng :

-, factor that takes inlo account the scaling faclors for the -
- reference and centrol circuils (c.g., the current mirrors -

5

example, the 15-95-A standard requires adjustment of the |

traasmitter output power level in 0.5 dB increments. A

15

multi-level control signal is typicaily used to provide gain .

sdjusiment in 0.5 dB increments, as required by IS-95-A
specifications.

As with tbe bascband sxgnnls a mulll-levc! control sagnal ’

van be provided by usiog mulliple digital signal lines,
However, this is generally not desired because of the large

" oumber of required device pins, large 2mounts of geoerated |

ooise, and other reasons. An analog control signal generates
less noise and can provide wulliplé levels of control usmg
fewer device pips, -

" The gain of a gain element (eAg a VGA) is dcpendcul on

various faclors such as the design of the gain ¢lement, the

componenl values, the characteristics of the active devices,

* and others. Many of these factors are dependent on the

process used to manufzcture Lhe IC, and process variations

lypically cause component values 1o differ widely. For

" example, resistor values can vary by 30 percent or more

from IC 1o IC. Similarly, the beta of transistors cag vary by -

" a factor of two from one IC (o the pext, To provide a level

of tracking between the control circuit and the elemeant to be
controlled, a refercnce sigoal can be provided and shar:d by
the circuits.

- FIG. 6 shows » block dlagram of ao cmbodxmeul of

circuits used to geperats 4 conirol sxgna.l in accordance with -

the invention. The control circuit is 1mplcmcnled on 20 IC

" 600 aad the circuit element to be controlled is implemented

on an IC 602. IC 502 includes a reference circuit 622 thal

geacrates a reference sigoal REF. The reference signal can

- be a'bandgap voltage reference or a reference curreni based

an, for example, a bandgep vollage. The reference s:gnzl
REF is provided from 1C 602 to IC 600.

. Within IC 600, the referénce signal REF is buffered by a
buffer 612 and provided to a ‘control circuit §14. Control

circuit 614 also recsives a1 control inpul and generates o .

- control signal based on (be buffercd reference signal and the
" . cootrol input. In an embodiment, the control signal is a
- current signal Ioparaoy - The controlsxgual is provided from

1C 600 to IC 602.
Within §C 602, tbe conirol signal is buffered by a buffer
624 and provided to a circuit element 626. Buffer 624 can,

if necessary, geocrale a control voltage from a received -

currenl signal by passing the current sigpal throegh a
resistor. This resistor can be =n external resistor or an

* internal resistor fabricated op IC 602. )
In & specific embodiment, reference circuit 622.generates |

a refereoce curent lpg, based on @ bandgap reference
voltape and a resistor. [nterface circuit 614 then' ‘geaerates
the control signal 1.puwrme, that is a scaled version of the
reference current. The scaling is determined, in part, by the
contro! input., The cootrol curreul szgnal can be cxpresscd
as: -

‘fcmmm"x_"fu.')’["] ] 7 . Eq (%)

Ex.1-13 .|

withifi the reference 2nd conlrol dircuits). The contegl cur-
rent signal is buffered by buffer 624, and the buffered signal -
is provided to eircuit ‘element 626, Circuit element 626 can
be, forexample, a VGA, amixer, a PA dnver, or other circuit
elemenls :

FIG. 6 shows 2 spcc1ﬁc e.mboduneul for lhc mlerface of
a coptrol signal between'ICs. The invention can be applied
to the generation .of contral signals for cellular lclcphone E
transmitter and receivers, -and for other circuits. For

sxample, analog contro} sxgnals can be generaled in accor |

dance with the present invention to control, for cxample,
allenuators, mixers, power amplifiers, oscillators in phase
lock loops, adjustable filters, dnd other circuits. The i inven.
tion is patticular advantageous whea the circuit to be con-
trolled is fabricated on a first mlcgmnd circuit having a first, -
sct of characteristics and the contro! circuit is fabricated op - -
1 second integrated circuit baving a second set of charac-
teristics that can vary mdcpcndcnﬂy with rcspcc1 to those of
the first integrated circuit. -

Some embodimenis of the invention have bueu descril)cd .
with circuitry implemented using BITs and MOSFETs. The
invention cap also be implemented with olher cirenits
including FETs, MESFETs, HBT;, P-HEMT, and others.

" Also, P-MOS and N-MOS cao be used to implement the
" ipvention. As used berein, “Iransistor” generically refees to -

any active circuit, and is not limited to a-BIT or MOSEET.
The foregoing description of the prcfcrrcd embodiments
Is provided lo enable any person skilled in the art o make
or use the presént invenlion, Various modifications to these
embodiments will be readily apparent to those skilled in the
art, and the geaeric principles defined hércin may be applied
1o other embodiments without the use of the inventive
faculty. Thus, the present igvention is oot intended 1o be
Bmited to the embodiments showo herein but is to-be

accorded the widest ‘scope consistent thh the prmc:ples and .
- povel features dmcloscd herein. L

What is claimed is:-
1. Cixcuitry to generate an intérface sxgna.l belwccn afimst
integrated circuit and a- second integrated circuit comprising:
a refereoce circuit couﬁgured to provide a rcferencc
" signai; :
an interface circuit lmplcmenled on (he first mlegnled
. circuit and. opcrauvcly coupled to the reference circuit,
the interface cireuit conﬁgurcd lo receive the reference
signal and -a data input and generate thc interface
sigoal in respoase thereto; and '
a ¢ircuit element implemented on the second infegraled
circuit and operatively coupled to the interface circuit, -
. the circuit element configured 1o receive the interface
signal and provide an output signal in response,
whereio the interface signal is a differential current signal.
2, The circuitry of claim 1, wherein the reference cirenit”
is implemented on the second integrated circuil.
" 3. The cireuitry of claim 1, further comprising:
. at least onc capacilor coupled between the differential
current signal,
4. The circuitry of chaim 1, wherein thc mlcrface signal

‘Tepresents an analog inpbase (I) or guadrature {Q) bascba nd.

signal in a quadrature transmitter,

5. The circuitry of claim 1, wherein the reference signal
is a voltage related 10 a baudgap voltage.

6. The circuitry of claim 1, wherein the refereace signal
isa cunreat generated from a reference voltage and a resxsl:or

Ex. H-13
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7. 'I‘hc circuitry of claim 6, wherein the oulput slgnal fsa

voltage signal, and wherein the resistor is exterual (o the first-

and second mlcgraled circuils.

-JFS Document 127 . Filed 06/17

8. The circuitry-of claim 6, wherein the oulpul signalisa

curren! signal, and wherein the resistor is 1mpl=memed on
the second mtegralcd circuit,
9. The cu-cuury of claim 6, whcrcm the mlerfac: clreuit
includes .
a current mirror conﬁgured 1o receive Lhe refcrc.ncc mgnal
" and to provide two or moré mimor paths, and

5

a switch array coupled 10 the current mirror, the swnchmg .
array configured 10 receive and decode the data input -

and lo direcl current from a set of sclected mirror paths,

lo a5 output of the switch array.
. 10, The cireuitry of claim 1, wherin lhc .dala mput
comprises at least four bils of resolution. -
1. The circuitry of claim 10, wherem the data u:lpul

comprises at Jeast eight bits of resolution, : 5
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24. The circuitry of claim 21, wherein each of the first and *
second data joputs-has ¢ight or roore bits of reschution,
25.The cm:uxlry of claim 21, wherein the first and second
interface circuits are operated al an oversampled rate relative
to a rate of the frst and second data inputs.
26. The circuilry of claim 25, wherein' the ovcrsamplcd :
-rale is sixteen or greater.
27. The circuilry of claim 20, Further comprising: | ,
a reference circuit implemented or the second integrated
circuit and configured to provide a reference sighal,
wherein the firsl interface circuit couples to the refercnce
- eircuit and is further configured to receive the reference
sigoal and to generate the first differential curreuts:gnal -
based, in part, on the reference sigoal, )
28. The circuitry of claim 27, wherein the reference signal

" is a current generated based on a reference voll:agc

12. The circuitry of claim 1, Wherein the interface circuit
2

is oversampled by an' oversamplmg ratio of two or grealer.

13. The circuitry. of claim 12, wherein the ovcrsamplmg _

ratio is 16 or greater.
- 14. The cnrcu:lry of claim 1, wherein the cucuu element
is a variable g2in amplifier (VGA),

15. The circuitry of claim 1, wherein the czrcult clcment
is a modulator.

16, The circuitry of c!um 15, whcrcm the modulator

" includes

a pair of current sources ooupled o Lbc intesface signal,
and

a pair'of cross-couplcd differential amplifiers, each dif-

" ferential amphifier coitpled 1o a respective cugent
* sotirce, the differegtial amplifiers configured to receive
- acarrier signal and to generate the output signal based,
" in part, on the carrier sigual and the interface sigoal.
* 7. The circuitry of claim 16, wherein each curreat source

in the modulator provides a bias current that is related to the’

reference signal.
18. A transmitter compnmng tbc circuitry of claim 1.
.19, A transmitter in 2 COMA cc]lular lelephone compris-
ing the cu-mulry of claim 1. -
20, Circuitry in a trzpsmilter comprising:
a first intetface cireuit implemented oo 2 first mt:graled
circuit, the first interface circuit configured 1o reccive a

first data input and provide a first differential currenl -

signal; and -

a modulator implemented on a stcond integrated circuit
and operatively coupled to the first interface circuil, the

. modulator configured 1o receive (be first d:ﬂ‘mnlul
curren! signal and a carrier sigoal and lo generale an
oulput signal in response thereto:

21. The dircuitry of claim 20, further comprising:

& second interface circuit implemented on the first inte-
Brated circuit, the second interface circuit configured to
receive a second data joput and provxdc ] sccond
differential current signal,

wherein the modulator is further conﬁgured o receive the
second differential current signal and to geaente the
output signal in respogse to the second: differential
current signal. *

45 .
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29. A transmitter in a ceflular telephone comprising:
a digital processor implemenied oo a first integrated -
" - circuit and configured to provide digital inphase (T) and
quadrature (Q) bascband signals; )
frst and second interface circuits implemented opthe firsi-'
integrated circuit and coupled to the digital processor,
. cach interface ‘circuit configured to receive a respeclive
(digital baseband signal and provide a0 analog baseband.
signal, wherein each quanlized analog basebpod signal
. - compriscs at least four bils of résolution 2nd is imple-
. mented as a differential current signal; and -
a2 modulator implemented on a second integrated circuit
‘and operatively cotipled to the first and second interface
circuits, the modulator configured io receive and modu.-
Tate the analog baseband sighals Wwith a carrier s:gnal to
“pravide a modulated output signal, .
'30. The transmitter of claim. 29, furiber comprising:
a reference circeit implemented on the second intégrated
circuit and configured ta provide a reference signal;

" wherein each interface circuit couples to the reference -

_circuit and is further configured to receive the reference
. ' sigosl, and whereia the apalog baschand signals are
further gcncratcd based, in part, on the rcfcrcnce signal.
--31. A device comprising: T
an interface circuit formed on 2 first integrated clreuit (IC)
for generating a differential current sxgnll responsive o
a reference sigoal and to a digital dats input; and
2 cireuil element formed on a second IC for generaling an
output signal op the basis of the dxﬁcrcnlul current
signal .
. 32. The deviee of r:lauu 31 wherein (be dcwce isa’
lransmlllnr '
33. The device of claim 32, wherein lhe trensmitter is a
quadratur: transmiiter,

34. The device of claim 31, whemn the dcvmc is2 CDMA
lclephouc

35. The device of claims 31 32, or 34, wherein lhr.

" reference signal is geoeraled by # reference. circuit on the

second IC. :
© 36, The device ofdau:ns?nl 32,0534, furth:rmmpnsmg -

& reference circuit for generating the reference signal.

37. The device of claims 31, 32, or 34, further comprising .

" at least one capacrlor coupled between (he diffecential cur-

22, The circuitry of claim 21, whercin the first a0d second -

- data inputs correspond lo”inphase (f) aod quadrature (Q)
. baseband signals in & quadrature trapsmitter. :

23, The circuitry of claim 21, further ‘comprising:
& capacilor coupled between each of lhc first and second
differential cumrent mgna]s .

Ex.1-14
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rent signal.

38. The device of claims 31 32, 6r 34, wherein the digital
data input is at least one of an analog mphasc (I) and &
quadrature (Q) baseband signal.

39. The device. of claims 31, 32, or 34, wherein thc,
referencé signal is a voltage rcfcn'.ncc signal. :

40. The device of claim 39, wherein the voltage reforence
signal is generated oo lhe bas of 2 bandgap reference
volugc

Ex. H-14
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41; The device of cliims- 31, 32,-or 34, wherein the

US 6,615,027 BY

" reference sigoal is 2 current gcncrated from a reference

voltage and 2 resistor,

. 42. The device of claim 41, wherein the oulpul signal is
2 voliage signal and the resistor is external to the ﬁrsl and
second 1Cs.

43, The device of claim 41, whsrem the output s:gnal is

& current signal and the rcs1slor 15 1mplemcnted oo the

second 1C.
* 44, The device of claims 31 32, or M4, wherein’ the
ioterface circuit includes a current mirror for generatiag at

least two mirror paths using the reference signal and a switch -

" amay for decodiag the digital data input and for directing

" cureent from selected ones of the mirror palhs to gencrale the

differeptial current signal.
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ﬁmpliﬁe;s, each differential amplifier coupled to a respective

-current sourse, 'Ihe differcntial amplifiers operating to

receive a carrier signal and lo generaie the output signak
based, in patt, on the camier signal and lhe differential
curreat signal.

61. The device of claim 50 whercm each cutrent source

" in the modulator provides a blas current that is related o the - .

reference signal. .

62. The device of chaim 60 wherem the modulator
performs direct up conversion.

63. An analog integrated circuit (IC) adapted foruscina -
tragsmit s:gun! path of s communicatiop device, and respon- |

. sive to an input differential current signal generated exters |

15

45, The device of claims 31, 32, or 34, wherein the digital ™ -

' data input is at least a four bit digital data inpus.

" generating the tefercnce signal; and & circuil clement for |

46. The device of claims 31, 32, or34, wherein the digital .

dutz {oput is ae oversampled digital data sigoal.
47. The device of claits 31, 32, or 34, Whercip the cireuit

nally as a function of & reference signal and a digital data
input, the analog IC comprising: a reference circuit for’

gencrating an output signal oo the basis of lhe differential

* cuwerent sigaal.

clement is any of a variable gain amplifier (VGA) mixer, ’

- apd power amplificr (PA) driver. .
48. The device of claims 31, 32, or 34, wherein the c:rcuu
element is 2 modulater, - -
49. The device of claim 48, whcrcm the modulator
 includes a pair of current sources coup]ed to the differential
cumrent sigoal, and. a .pair of cross-coupled differential

amplifiers, cach differential amplificr coupled lo a respective” -

- current soutce, the differeatial amplifiers operating ta’

receive @ carrjer signal and to geperaie the output signal
based, in par, on the camier signal and lhe. dx&'erenual
"current s:gual

50. The deviee of cIum 49, wheicin cach current source

in the modulator providesa bns cuxrcm that is related to the -

‘reference signal,

64. The analog mtegratzd cxrcmtof claim 63, wherein the
teference signal is a voltage reference signal.
§5. The apalog mlegratcd circuit of claim §4, wherein the

voltage reference signal is generated on the basis of a

bandgap reference voltage. - .

66. The analog mtegratcd circuit of claim 63, whcrcm the
reference signal is a current gcucraled from ‘2 ‘refercoce
voltage and a resistor.

67. The analog integrated circuit of claim 66 whierein the

" oulpul signal-is a volfage sxgnal and the resistor is cxtcma]

30

to the apalog integrated circuit,
68. The nnnlog integrated circuit of claim 66, wherein the
oulput signal is'a current signal ‘and the resistor is unp]e- :

* meuted on the anslog integrated circuit

3

51, The device of Slaim 48 wherein the modulator :

petforms direct up copversion.
52, A device comprising:

" 4 interface circuit for genzmmg 2 dlﬁcmnuﬂ cimrent - -

signal, responsive 10-2 reference signal and 10 & digital
data input and adapted for external capacitive filtering
* between the differential current sigoal; and
2 circuit element for generating an output signal on the
" ‘basis of the differcolial coment signal.
53. The device of claim 52, wherein the devu:e is a
transmitier. )
54; The device of claim 53, wherein the iransmmer isa
quadrature transmitter.
55.The device of claxm 52, wherein the device isa CDMA
~ telephone.

69, The. analog integrated circuit of claim 63, whemm the
circuit element is any of a variable gain amplifier (VGA)
mixer, 20d power amplifier (FA) driver..

* 70.The analog integrated circuit of claim 63' wherein 1he
circuit element is a modulator.

71, The analog mlcgratcd circuit of claim 70, wherein the |
modulator includes a pair of current sources coupled othe
diffcrential current signal, and a pair of crosscoupled dif-
ferential amplifiers, each differential awplifier coupled to 2,

. rgspecuvc current source, the differential amplifiers operat--

43
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56.The d.cvwc ‘of ¢laims 52, 53, or 55, wherein the digital

data inpul is at least one of an analog inphase (I) and a

. quadrature (Q) baseband signal,

57. The deviee of claims 52, 53, or 55, vfhcrcm die
interface circuit jochudes a cement mimor for generating at
least two mirror patbs usiog the reference signal znd a switch
army for decoding the digital data input and for directing
current from selected ones of the mirror paths to generate the
_diferential current sigoal. .

* 58.The device of claims 52, 53 or 55, whercin the circuit
element is aoy of a variable gain amphﬁcr (VGA) mixer,
and. power amplifier (PA) driver.

59. The device of claims 52, 53, or 55, wherein Lhe circuit
clement is a medulator.

- 60. The device of claim 54, whercio the modulator
Lm:ludcs a pair of currenl sources coupled to the differential

curent signal, and 8 pair of cross-coupled differcatisl

Ex. I-15 '

55

ing to'reecive a carrier signal and lo generate the output

" sigeal based, in part, on thc carrier signa) and the diffecatial
- current signal.

72. The analog mlcgra!ed cireuil of claim 71, wherein
each current source in the modulator provides a bias cdrrent
that is rclated to the reference signal. :

74, An integrated circuit (1C) comprisiog: .

» digital processor generating a digital data input; a0d

a1 least oot juterface circuit responsive to 2 reference
signal  for geocrating a differcntial current signal
Tesponsive 10 a.reference signal and to the digital data
input, .

75, 'Ighc mtegraied' circuit of clax.m 74, wherein the al least

" one interface circuit inchudes 2 current mirror for generating

60

65

at least two mirror paths usieg the reference signal and a
switch array for decoding the digital data input and for
directing current from selected ones of the mirror paths to -
gencrate the differential current signal. ’

76. The integrated cireult of claim 75, wherein the digital
data input is at least 2 four bit digital data inpit, ’

77. The integrated circuit of élaim 76, wherein the digital’
data input is 20 ovérsampled digital data signal,

————

e e -1
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73. The analog integrated circuit of claim 70, wherein the
_modulator performs direcl up conversion.
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78. A method comprising:
generaling: a reference signal; _

‘providing the reference signal to a first circuil;
) receiving o digital data inpul at the first circiil;
: _gr.nci'almg a differential current signal in the first-circuit

. based, in part, on the digital data input and lh= rcfcrcnce'

sigoal;

*_providing Lhe differéntial: current sxgnal from lbe ﬁxsl ‘

circuit to a second circuit;

 fecsiving the diffesential- curreal SJgual al the second |

circuit; and

* generating an outpul signal from a Cll'Cl.lll c]cmcuf io the.
second circuil, the cutput signal being based at least in
parl on the differeptial current signal,

10

15

79, The method of claim 78, wherein the refcreuue signal . .

is a current generaled from a reference voltage.

- 80, The melhod of claim 78, further’ ncmpnsmg ﬁlu:nng
the differential cusmreot sigoal.

. .81. The method of claim 78, furtber compn.smg prov:dmg

a sigmel related to the reference signal to the circuit elemeat,

20

wherein the output signal is furiber gencrated based, in part, -

on the signai related te the refereace signal.
82. A system comprising: -
- means, formed on ‘a- first integrated c1rcu1t (iC), for

generaling a differential current sigoal responsive (o 2 -

. reference sigoal 2pd to 2 digital data in;'rull; apd . |

Ex 16
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- means, formed on a second [G; for' generating an outpul

sigaal en the basis of the dlﬁ'crenhal current signal.

83. A-syslem comprising!

racans for generating a differential curren! signal, r:.spon-
sive to a reference signal and lo a digital data input and
adapted for external capacitive fltering between the
differential current signal; aod :

means for gencraung an putpul signal on ke basié of the
differential current signal.

. B4.An znalog mtegrated circuit (1C) adapted for usc e
transmil signal patb of 1 communication device, and Tespon-

sive o an input differential current signal generated exter-
nally as a function of a reference signal and a chgual dala
input, the analog IC comprisiag:
meaps for generaling tbe refecence signal;. and
means for geperating an outpm signal on the bas:s of lhe
+  differential signal. '
~ 85. An inlegrated circuil (IC) compnsug
- means for geoerating a digilal data input; and
at leasl one interface circuit means responsive 10 a refer-
ence s:gual for generating a differential current signal
responsive to a reference s:gnal and to the digila] data
input,

Ex. H-16
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: " MUTUAL |
NON-DISCLOSURE AGREEMENT

This Mutual Non- Dlsclosure Agreement {the "Agreement® ) is made and etered mto effective
July 14, 2000, by and between QUALCOMM Incorporated, a Delaware corporation, with offices located
at 5775 Morehouse Drive, San Diego, California 92121, and Conexant -Systems, Inc., -2 Deiaware
corporation, with offices located at 311 Jamboree Road Newport Beach, California 92660 with regard to

the touowmg facts:

WH'EREAS each party to this Agreement possesses confidential and/or proprietary. information

- related to technology and business activities, including, but not Limited. to, process technologies and
capacities, wireless communications systems, business outlocks, revenue, pricing, product cost models
_and historical cost structures related thereto, trade secrets, computer programs and software (including, -

- but not Limited to, code, software output; screen displays, file hierarchies, graphics and user interfaces),
- formulas, data, inventions, techniques, product designs, tool kits, marketing roadmaps, ‘strategies and
&urd party confidential m.formanon (the” H\T'POR.NLATION ) and :

T WHEREAS, each- party-in’ possessmn :of INFORMATION (the’ "D:sclosmg Party) desires to .
disclose some of its INFORMATION 1o the other party (the “Receiving Party ) sub]ect to the- terms and-
: condzhons of this Agreement r o

' NOW .THEREFORE, in consideration of the prouuses made herem the receipt of certain
"INPORMATION and good and other .valuable cons:derat'zon, the recetpt of wh:ch is hereby .,

| acknowledged the pames hereto agree ‘as fo]lows

S T ;:_mtted Use. The Recewmg Party shall handle, use, t:eat and utxhze such DJFORMATION as
-follows (2) hold all INFORMATION received from the Disclosing Party in strict confidence using the

©'same standard of care it uses to protect its own highly sensitive informalion, but in no event less than a -

- reasonable degree of care; (b) use such INFORMATION only for the purpose of (i) evaluating the .-

possft::.hty of forming a joint business relationship or other commercial arrangement, between the parties

concerning such INFORMATION, and (i) if and when such relationship is formed by a written

. agreement, furthering the purpose and intent expressly stated in such written agreement; (c) repm_du__e, .
such INFORMATION only to the extent necessary for such purpose; (d) restrict disclosure of such
INFORMATION to its employees with a need to know (and advise such employees of the obligations
dssumed herein) and to affiliates and independent contractars as set forth in Section 3 herein; and (e) not
disclose such INFORMATION to any third party, mctudmg, but not limited to, any manufacturer
(including, but not limited to, RF Micro Devices, Inc.) without prior written approval of such Disclosing

- Party. In addition, with respect to any equipment, component, software, or other itéms delivered to the °
- Receiving Party by the Disclosing Party, the Receiving Party shall not feverse engineer, d.tsassemble

decompile, or otherwise analyze the physical construction of, any such items.

The rest:nctxons on the Recewmg Partys use and dl.sclosu:e of INFORMATION as set forth above shall
not appiy to any H\IPOR.M.ATION which the Receiving Party can demonstrate ' ‘

' i s wholly and independently develoPed by the Receiving Party wnhout the use.of
H\JFORMATION of the-Disclosing Party; or - .
‘4. is or has become generally’ ava:.lab!e to the pubhc w1t.hout breach of thxs Agreement by

the Recewmg Party; or

i,  at the time of d:sclosure to the Recewmg Party was known to such Receiving Party free
of restriction and evidenced by documentanon in the Recewmg Party's possession; or o

ExJd T T
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, iv. is approved for release by written authorization of the stclosmg Party, but only to the
‘ exrent of and subject to such conditions as may be imposed in such written authorization; or .

R - 1% disclosed in response to a valid order of a coust or other govemmental body in lhe
United States or any pohncal subdivision theréof, but only to the extent of and for the purposes of such -
order; provided, however, that the ReCewmg Party shall first notify the Disclosing Party in writing of the
‘order and perm.lt the stclosmg Parry a reasonable opportunity to seek an appmpnate protechve order.

S ' Q_eggu_gg@_ INFORMATION shall be subject to the restrictions of Section 1 if it is in thng or
- other tangible form and cleariy marked as proprietary or confidential when disclosed to the Receiving
Party or, if not disclosed in tangible form, if clearly identified as confidential or proprietary at the time of
disclosure. The parties agree. to use reasonable efforts to sumumarize the contént of oral disclosures which -

are proprietary or confidential but failure to provide such summary shall not affect the natire of the
INFORMATION disclosed if such H\JFORMATION was ldenn.ﬁed as conﬁdenha] or propnetary when

. orally dxsclosed

3 osure to A iliat s and Third Partjes.. This Agreement does not pen-mt exther' pany lo.
disclose INFORMATION to any third party, except the Receiving Party may disclose INFORMATION
to it$ affiliates and Independent contractors provided that (i) INFORMATION shall be disclosed to any )

. such affiliates and mdepende:nt contractors on a need-to-know basis only and (i) said affiliates and
independent contractors are under contractual duty to hold INFORMATION disclosed by the Receiving
Party to them confidential, at least to the same extent as the Receiving Party is-obligated to keep -
INFORMATION confidental under this Agreement The. Recewmg Party shall be responsible for any.
improper disclosure of INFORMATION made by any such affiliates and independent contractors to the
same extenit as if the Receiving Party itself had made such u'nproper disclosurs. Furthermore the

" - Receiving Party agrees, at its sole expense, to take all reasonable measures (mcludmg but not limited to

© court’ proceedings) to restrain such affiliates and mdependent contractors from prolub:ted or-
unauthorized disclosure or use of the INFORMATION.. "o .

- 4, ﬂo [;jcen.ée or Rep';esegrah‘ons. No‘h‘censé to a party of any-trademark, pétent, cop}m‘ght, mask

- work protection right or any other intellectual property right is either granted or implied by this -

- Agreement or any disclosure hereunder, including, but not limited to, any license to make, use or sell any .
product embodying any INFORMATION. No representation, warranty or assurance is made by either
party with respect to the non-infringement of trademarks, patents, copyrights, mask protechon rights or

| ; any other intellectual proper'ty rights or other nghts of third persons.

5, No Obhgagoﬂ Neither this. Agreement nor the dxsdosure or receipt of INFORMATION shalibe -
construed as creating any obligation of a party to fumnish INFORMATION to the other party or to enter
into any agreement or relat\onsl'up with the other party with respect to mutual busmess

S 3 Return_of Information. All INFORMATION shall remain the sole property of the stclosmg'
‘“Party which originally disclosed such INFORMATION, and -all materials containing any such

* INFORMATION (including all copies made by the Receiving Party) shall, within thirty (30) days of -
written fequest receipt, be returned to the Disclosing Party. Upon request of the Disclosing Party, the

" Receiving Party shall certify in writing that all materials contauu.ng such INFORMATION (mcludmg all

copies thereof) have been fetumed to Lhe Dlsdosmg Party:

7. . Written gsgurang To enable the Disclosing Party to disclose restricted technology and/or, -
- computer software to the Receiving Party in compliance with the requiréments of the U.S. Department of -
Commerce Export Administration Regulations, the Receiving Party hereby gives its assurance to the
Disclosing Party that the Receiving ‘Party will not knowingly, unless prior written authorization is
~obtained from the Disclosing Party and the appropriate governmental body, reexport, directly or
indirectly, restricted technology and/or computer software which is not otherwise available to the
general publ.xc nor al.low the direct product thereof to be sh.lpped duectly or mdu‘ectly to any of the

2

—— e - .
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fol!owmg cou.ntnes or any successor thereof (as t!'us list of countries may be. amended from time to- tune
by t.he U S. Department of Comerce/ and or US. Treasury Department)

, Afghamstan . g -Georgxa ' North Korea
Albania . " Iran. - - . People’s Repubhc of
“Armenia ' Iraq L  China
Azerbajan . © -] Kazakhstan - -+ Romania
Belarus - . Kyrgystan - Russia
Bulgaria o Laos .. Sudan
" Cambodia . . _Latvia.- -+ .., ... Syra
Cubas . - Libya - . . Tajikistan
Estonia - _ ~ Lithuania= . - Turkmenistan_
Fed Rep of Yugoslav:a Macau ' : - Uknaine |
" (Serbiabutnot © Moldova - ° - Uzbekistan

" Montenegro or, - Mongolia - Viemam
Kosovo) - ' e

Not‘wzthstandmg a.ny other prov151on of this Agreement thxs Sect:on? shall su.rvxve a:ny
g temunauon or expu-abon ofttusAgreement. _ :

8. Tem a:nd Termination. This Agreement shall become effecuve on the date fu-st set forth above - .

_“and shall terminate upon the happenmg of the earher of:
(a) - The written notice of either party to the other of its elechon with or: thhout cause to
. terminate this Agreement or . - ‘ _
"(b) *  The expiration of twelve (12) months from the date fu-st set forth above

9. Notice. Any not:lce or other communication’ made or g:ve.n by exther party in ccm.nechon w:th
© this Agreement shall be sent via facsimile (with confirmatien) or by registered or certified mail, postage
prepaid, return-receipt requested or by courier service addressed to the ot.her party at its address set

* forth below:
QUALCOMM lnéorp'o_mted = . ' Cone:xant Systems, Inc.
5775 Morehouse Drive . © = -431fTJamboree Road
~ San Diego, California 92121 o Newport Beach, Cah.forma 92660
Attn: Legal Department =~ © Attm:StewartDavis =
Fax: (858) 8452250 . Fax: (949) 483-4176

10 . | Survivability. Ear_h party agrees that aJI of its obligations undertaken herem asa Recewmg Parly .
sha].l survive and contmue for a penod of five (5) years after any termination or ‘expiration of -this

Agreement.

1. ;gcgvg Relief. The pames agree that any unaut.honzed use of any of the INFORMATION in.
violation of this Agreement disclosed by a Disclosing Party will cause such Disclosing Party irreparable.

- injury for which it would have no adequate remedy at law. " Accordingly, the Disclosing Party shall be-
entitled to immediate injunctive relief prohibiting any violation of this Agreement, in ‘addition to any
other rights and remedles available to such Disclosing Party. i .

. QUALCOMM Proprz:etary o o ' .)__ﬁ;ﬁ);'
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712. . Abtorneys' Feg In the event either party shal] bn.ng any action to- enforce or protect any of its

its reasonable attorneys’ fees and costs incurred in connect:on therew:th

13 Govemmg Law and Forum This. Agreement shall be govemed in all respects solely and
exclusively by the Jaws of the State of Ca.h.forma U S A. w:thour regard to con.fhct of laws principles.

' 14, Miscellaneous. This Agreement constitutes the entire understa.ndmg among the pames hereto is

'to the INFORMATION and supersedes (i) all prior discussions between them relating thereto and, (i) -

" that certain' Non Disclosure Agreement between the parties entered into effective July 13, 2000. No
amendment or modification of this' Agreement shall be valid or binding on the parties unless made in-

writing and signed on behalf of each of the parties by its authorized officer or representative. No party -
may assign or transfer, in whole or in part, any of its rights, obligations or duties under this Agreement. |

_The failure or delay of any party to enforce at any time any provision of this Agreement shall not |

. constitute a waiver of such party's right thereafter to enforce each and every provision of this Agreement.

In the event that any of the terms, conditions or provisions of this Agreement are held to be xllegal
" unenforceable or invalid- by any, court of competént ;un.sdxchon the remanung terms, cond;hons or o

prowsmns hereof shaI] remain in fu.!l force a.nd effect.

18. gglgg g_x_-gartg and Eagsgggg Dg]we;z T.'rus Agreement may be executed in two or more 1denhcal

counterparts, each of which shall be deemed to be an original and all of which taken.together shall be
deemed to constitute the Agreement when a duly authorized representative of each party has signed a -
counterpart. The parties intend to sign and deliver this Agreement by facsimile transmission.” Each party
agrees that the delivery of the Agreement by facsimile shall have the same force and effect as delivery of
original signatures and that each party may use such facsimile signatures as evidence of the execuhon
-and delivery of the Agreement by all parties to the same extent that an original signature could be used.

© IN WITNESS WHEREQF, the parties have executed this Agreement on the date set forth above. - -

. QUALCOMM Incatporated,

Conexant SYstem5, Inc., -
“a Delaware cosporation

-a Delaware corporation.

sy Mok E piddyr S
" Print Name MoheF Abde]ganp oo PnntNameL]_pa—téan Weiser -
:Tzﬂe VP ~ Wireless Commumcahens Div, Title: V.P. - D;vmlon Counsel

QUALCOMM Proprigtary -~
Ex- J‘4 Ex. 1_4

rights under this Agreement, the prevailing party shall be entitled to recover, in addxlwn to its dMages, | .
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