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United States Patent [ (1] Patent Number: 6,049,706
Cook et al. [45] Date of Patent: Apr. 11, 2000
[54] INTEGRATED FREQUENCY TRANSLATION 0632288 A3 7/1996 European Pat. Off. ........ GO1S 13/75
AND SELECTIVITY 0486 095 B1  2/1997 European Pat. Off. ........ HO3D 3/00
0782275 A2 7/1997 European Pat. Off. ......... HO4B 7/02
[75] Inventors: Robert W. Cook, Switzerland; Michael 8 ;gg 832 2; ;ﬁgg; European ga? 8§~ - Hﬁﬁf%g
. . 0 uropean rat. .
{Ogﬁltnffgisiiﬁiﬁ ?Vgllleérﬁwl};‘rd C. 0837565 Al 4/1998 European Pat. Off. ......... HM4B 1/69
’ P y. . 0862 274 A1  9/1998 European Pat. Off. ........ HO3M 1/06
Moses, Jr., Jacksonville; David F. 0874 499 A2 10/1998 European Pat. Off. ....... HOAL 25/64
Sorrells, Jacksonville, all of Fla. 0512 748 Bl 11/1998 European Pat. Off. ........ HOAN 9/64
. . 2 743 231 A1 7/1997 France ... ... HO4B 7/12
[73] Assignee: ParkerVision, Inc., Jacksonville, Fla. 239632 2/1990 Japan .. ... HO4B 7/12
2-131629  5/1990 Japan .. ... HO4B 7/12
[21] Appl. No.: 09/175,966 2-276351 11/1990 Jap.an e . HO4L 27/22
2161 344  1/1986 United Kingdom ............ HO4B 7/12
[22] Filed: Oct. 21, 1998 2215945 9/1989 United Kingdom ............ HO4L 27/00
5 WO 80/01633  8/1980 WIPO ................ ... HO4J 1/08
[51] Imt. CL7 e eeecieeeenne HO04B 1/26 WO 94/05087 3/1994 WIPO ... .. HO3M 1/00
[52] US.Cl .. 455/313; 455/296, 307/497 WO 96/02977  2/1996 WIPO ..... ... HO4B 1/26
[58] Field of Search .........occorercen 455/131, 150.1, ~ WO 96/39750 12/1996  WIPO ... - HO4B 1/26
455/179.1, 180.1, 182.3, 192.3, 230, 266, VO ggggggi éﬁggg o : H}?g};%g
206, 306, 307: 307/203, 204, 215, 277, WO 9824201 6/1998  WIPO oo
295, 480, 487, 497 OTHER PUBLICATIONS
[56] References Cited Aghvami, H. et al., “Land Mobile Satellites Using the
Highly Elliptic Orbits— The UK T-SAT Mobile Payload,”
U.S. PATENT DOCUMENTS 4™ International Conf. On Satellite Systems for Mobile
Re. 35,494  4/1997 NicOIi .oorvvvveronrrreeensrrsennnn. 327/554  Communications and Navigation, Oct. 17-19, 1988, pp.
Re. 35,829  6/1998 Sanderford, Jr. ... 375/200 147-153.
2,057,613 10/1936 Gardner ........ ... 250/8
2,241,078  5/1941 Vreeland ......cccccoocvcvciveincunecnnee 179/15 (List continued on next page.)
(List continued on next page.) Primary Examiner—Reinhard J. Eisenzopf
Assistant Examiner—Sam Bhattacharya
FOREIGN PATENT DOCUMENTS
Attorney, Agent, or Firm—Sterne, Kessler, Goldstein & Fox
0035166 A1  2/1981 European Pat. Off. .......... HO4B 1/26 PL.L.C.
0193 899 B1  9/1986 European Pat. Off. ........ GO1S 7/52
0380351 A2 8/1990 European Pat. Off. ....... HO3H 17/04  [57] ABSTRACT
0380 351 A3 2/1991 European Pat. Off. ....... HO3H 17/04 .
0411840 A2 2/1991 FEuropean Pat. Off. ...... GOIR 3336  Methods and apparatuses for frequency selectivity and fre-
0411 840 A3 2/1991 FEuropean Pat. Off. ........ GO1R 33/36 quency translation, and applications for such methods and
0423 718 A2 4/1991 FEuropean Pat. Off. ......... HO4N 7/01 apparatuses, are described herein. The method includes steps
0423 718 A3 4/1991 FEuropean Pat. Off. ......... HO4N 7/01 of filtering an input signal, and down-converting the filtered
0486 095 A1 5/1992  European Pat. Off. ........ HO3D 3/00 input signal. The filtering and the down-conversion opera-
8 gg ;32 g ﬂ; }gg% E“mpeﬁn g‘% 8g """"" ggjﬁ g;gj tions are performed in an integrated, unified manner. The
uropean rat. v eeeeaees . . . . _
0548542 Al  6/1993 European Pat. Off. ... HO3B 19/14 appta?m.s d‘“ﬁfcrllged herein can be implemented as an inte
0632288 A2 171995 European Pat. Off. ........ Gois 13775 srated circuit (IC).
0 411 840 B1 10/1995 European Pat. Off. ........ GO1R 33/36
0696 854 Al  2/1996 FEuropean Pat. Off. .......... HO4B 1/26 194 Claims, 55 Drawing Sheets
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U.S. PATENT DOCUMENTS 4,392,255  7/1983 Del Giudice .....ccocevereveueenennnne 455/328

. 4.430,629  2/1984 Betzl et al. woooooreoooeeeeeeeereeen, 333/165

2,270,385 1/1942 Sklllman ................................... 179/15 4,446,438 5/1984 Chang et al. ........................... 328/127
2,283,575 571942 RODEIS ovneeeeereeeieeneieeeeeeeeenenne 250/6 4,456,990 6/1984 Tisher et al. . 370/119
2,358,152 9/1944 Farp ....... 179/171.5 4,472,785  9/1984 Kasuga ..... . 364/718
2,410,350 10/1946 Labin et al. - 179715 4,479,226 10/1984 Prabhtt et al. «eovoeoreeeeeeereererernn. 37511
2,451,430 10/1948 Barone ........... - 250/8 4,481,490 1171984 HUDLEY ovooovevvorseeseereeeereersesse 332/41
2,462,069  2/1949 Chatterjea et al. ..coovvninnncs. 250/17 4,481,642 11/1984 HANSON ..ovvoerrvervoeerrenerereeneians 375/9
2,462,181  2/1949 Grosselfinger .......ccoceveviininnne 250/17 4,485,488 11/1984 Houdart ... . 455/327
2,472,798 6/1949 Fredendall ........ . 178/44 4,504,803  3/1985 Lee et al. .ecoveevrvvereruennvennennes 332/31 R
2,497,859  2/1950 Boughtwood et al. .. 250/8 4,517,519  5/1985 Mukaiyama .......cceeveinnnne 329/126
2,499,279  2/1950 Peterson ......... . 332/41 4,517,520  5/1985 Ogawa . 329/145
2,802,208  8/1957 HODLDS ..oocvevrereieieieierinrirennans 343/176 4,518,935  5/1985 wvan Roermund ........cc.cceeeueeee 333/173
2,985,875  5/1961 Grisdale et al. ......ccoceeeruevenene 343/100 4,521,892  6/1985 Vance et al. ....ccccceeveeecnennennnne 375/88
3,023,309 2/1962 Foulkes o 250717 4,563,773 1/1986 Dixon, Jr. et al. . 455/327
3,069,679 12/1962 Sweeney et al. .....ccccooveueunene. 343/200 4,577,157  3/1986 Reed ...covvvvveveevcrennnececcenennee 329/50
3,104,393  9/1963 Vogelman 343/200 4,583,239 4/1986 VANCE ...covvvrvveeeerrenreiececneenennen 375/94
3,114,106 12/1963 McManus .. ... 325/56 4,591,736 5/1986 Hirao et al. . 307/267
3,118,117  1/1964 King et al. ..coevvviivviiiiirinnnns 332/22 4,602,220  7/1986 Kurihara ......c.ceccecceevenreeveruennens 331/19
3,226,643 12/1965 MENGIL «oooveovoeeeeeeeerrrorsrrerrro. 325/40 4603300 771986 Welles, IT et al. woooovoevrerrereernn. 329/50
3,258,694 6/1966 Shepherd . 4,612,464  9/1986 Ishikawa et al. . 307/496
3,383,598  5/1968 Sanders .......o.ccevveverenienneenne 4,612,518  9/1986 Gans et al. ..cocoveeeerereecencnnennnne 332/21
3,384,822 5/1968 MIYAZL cooooooroereerorersesersrssorsrene 4,616,191 1071986 Galani et al. wooooveoveveereererrerreeree 331/4
3,454,718  7/1969 Perreault . 4,621,217 11/1986 Saxe et al. ...... . 31511
3,523,291 8/1970 Pierret ..ccoveevevevveneveeveeeneenenans 4,628,517 12/1986 Schwarz et al. .....cccceevcueunennee 375/40
3,548,342 12/1970 MAXEY ovrorrrrererrrrererersssesereereron 4,634,998 171987 Crawford .eoovoesosvesoossccrecnce 33171 A
3,555,428 1/1971 Perreault ... . 4,648,021  3/1987 Alberkrack . 363/157
3,617,802 11/1971 Hawley et al. wooevrrrovererrcrnen 325/145 4,651,034 371987 SO eoreereeseererrerresre s s 307/556
3,621,402 11/1971 GArdner oeeemeeeeeeeeevcerrrssreessen. 328/37 4675882 671987 Lillie et al. wooovvoeveeeeereereeeeerseree 375/80
3,623,160 11/1971 Giles et al. 4,688,253  8/1987 Gumm 38177
3,626,417 12/1971 GIIDert ..c..oocvevevvenevveveeeneenenans 4,716,376  12/1987 Daudelin ......coceevveveerveveruennnene 329/107
3,629,696 12/1971 Bartelink ......ccceveevvenveerveuenens 4,716,388 12/1987 JaCODS ....oovevrevevevereererrrevennens 333/173
3,662,268 5/1972 Gans et al. .. 4,718,113  1/1988 Rother et al. ... . 455/209
3,689,841  9/1972 Bello et al. ..cooveeeeeereererareeenenn 325/39 4,726,041  2/1988 Prohaska et al. ....c.cccevcueunnenee 375/91
3,714,577 1/1973 HAYES oo 325/145 4733403 371988 SHNONE .ererrerrererresresrcercerecrne 375/103
3,717,844  2/1973 Barret et al. ... 340/5 R 4,734,591  3/1988 Ichitsubo .. . 307/219.1
3,735,048 5/1973 Tomsa et al. .....ceeeerrenvenenes 179/15 BM 4,737,969  4/1988 Steel et al. ..coueeveveereieceinnn. 375/67
3,806,811  4/1974 Thompson ... 325/146 4,743,858  5/1988 Everard .....c.cccccovemennecneecenenne. 330/10
3,868,601 2/1975 MacAfee ... o 332/45 47745463  5/1988 .. 358/23
3,949300  4/1976 SAAIET ooooeoeoeeeeeeeeeeesee e 325131 4751468 671988 AOSLON ovevreverererrrrererssreseren 328/133
3,967,202 6/1976 BALZ ooooooooeeeeeeeeeeeeeeeeesee e 325/31 47757538 T/1988  ZHNK eooeoreeereeeeseeeeeeseeseseesee s s 381/7
3,080,945 9/1976 Bickford . e 325730 4,768,187 8/1988 Marshall ..... 370/69.1
3,987,280 10/1976 Bauer ...... 235/150.53 4,769,612  9/1988 Tamakoshi et al. . 328/167
3,991,277 11/1976 Hirata ......... o 333770 47785463 1171988 Janc et al. wooweoeeeeeeeeeeereereeeeereereene 375/1
4,003,002 1/1977 Snijders et al. ... 332/10 4,791,584 12/1988 Greivenkamp, Jr. et al. . 364/525
4,013,966 3/1977 Campbell ... .. 325/363 4,801,823  1/1989 Yokoyama ............. . 307/353
4,019,140  4/1977 Swerdlow .. o 322/65 4,806,790 2/1989 Sone ....... . 307/353
4,035,732 7/1977 Lohrmann .. .. 325/446 4,810,904 3/1989 Crawford .... ... 307/353
4,047,121  9/1977 Campbell ... ... 331/76 4,810,976  3/1989 Cowley et al. . 331/117 R
4,066,841 1/1978 Young ........ 178/66 R 4,811,362 3/1989 Yester, Jr. et al. «occoeveeecvvecnnennne 375/75
4,066,919  1/1978 Huntington .. 307/353 4,819,252 4/1989 Christopher ..... . 375/122
4,081,748 3/1978 Batz ... o 325/56 4833445 5/1989 Buchele ... . 3417118
4,130,765 12/1978 Arakelian et al. .... . 307/220 R 4,862,121  8/1989 Hochschild et al. . 333/173
4,130,806 12/1978 Van Gerwen et al. . 325/487 4,868,654  9/1989 Juri et al. ........ . 358/133
4,142,155  2/1979 Adachi .......... .o 325/47 4,870,659  9/1989 Oishi et al. . .. 375/82
4,170,764 10/1979 Salz et al. .. 332/17 4,871,987 10/1989 Kawase ....... . 332/100
4,204,171  5/1980 Sutphin, Jr. 328/167 4,885,587 12/1989 Wiegand et al. .....ccocovivvvvrnnnnnenn 42/14
4,210,872 7/1980 Gregorian .. ... 330/9 4,885,756 12/1989 Fontanes et al. ..... .. 375/82
4,245,355  1/1981 Pascoe et al. .. 455/326 4,888,557 12/1989 Puckette, IV et al. . 329/341
4,253,066 2/1981 Fisher et al. ... .o 329/50 4,890,302 12/1989 Muilwijk ............ ... 375/80
4253069 2/1981 Nossek ....... . 330/107 4893316 171990 Janc et al. . 375/44
4,308,614 12/1981 Fisher et al. .. 370/119 4,893,341 1/1990 Gehring ......oovvvivivvviiniininnns 381/7
4,320,361 3/1982 Kikkert ...... 332/16 R 4,894,766  1/1990 De Agro .. . 363/159
4,320,536  3/1982 Dietrich .. .. 455/325 4,896,152  1/1990 Tiemann ... . 340/853
4,346,477 8/1982 Gordy ....... . 455257 4902,979  2/1990 Puckette, IV . 329343
4355401 10/1982 TKOMA et al. woovooreereerereerreeresrrsree 375/5 4908579 3/1990 Tawfik et al. ... . 328/167
4,356,558 10/1982 Owen et al. .. 364/724 4,910,752 3/1990 Yester, JIr. et al. ... 375/75
4,360,867 11/1982 Gonda ..... . 363/158 4914405 471990 Well§ .ververserne. .. 331/25
4,363,132 12/1982 Collin ..... ... 455/52 4,920,510  4/1990 Senderowicz et al. . 364/825
4,365,217 12/1982 Berger et al. .. .. 333/165 4,922,452 5/1990 Larsen et al. ... 365/45
4,370,572  1/1983 Cosand et al. . .. 307/353 4,931,921  6/1990 Anderson .... . 363/163
4,380,579 6/1983  SLEIN weorerrrrrreeeoreeeeeeeeereeerrsssen 307/353 4,944,025 771990 Gehring et al. coooovcoeerererrerenns 4550207
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4,955,079  9/1990 Connerney et al. .........cc........ 455/325 5,412,352 5/1995 Graham .......ccccceeevcueeerenuencnne 332/103
4,965,467 10/1990 BAIECIESt oeovrererverererrerererssinen 307/352 5416,803 571995 JANET rovrooseeserressessessessoeroerecre 3751324
4,967,160 10/1990 Quievy et al. ...covvevviivininnnne 328/16 5,422,913 6/1995 WIilKINSon .......ccccecceueveevenuencene 375/347
4,970,703 11/1990 Hariharan et al. .. 367/138 5,423,082  6/1995 Cygan et al. . 455/126
4,982,353  1/1991 Jacob et al. .... . 364/724.1 5,428,638  6/1995 Cioffi et al. . . 375/224
4,984,077 1/1991 Uchida ........... . 358/140 5428,640 671995 Townley ... . 375257
4,995,055  2/1991 Weinberger et al. .....cccoeveuienee 375/5 5,434,546 7/1995 Palmer ......oooeeveveerrennncnne 332/151
5,005,169  4/1991 Bronder et al. .....cccoevevverreveeenenn 370/76 5,438,692 8/1995 Mohindra ......ccceeeeveveervenuencene 455/324
5,006,810  4/1991 Popescu 5,444,415  8/1995 Dent et al. .. . 329/302
5,010,585  4/1991 Garcia ......ceceeceveevevevevenvennennns 5,444,416  8/1995 Ishikawa et al. .....ccccecceeunnene 329/341
5,014,304  5/1991 Nicollini et al. .ccccceeeercverunuenne 379/399 5,444,865  8/1995 Heck et al. ..covveeeecevvncrcncenncee. 455/86
5,015,963 5/1991 Sutton . 5,446,421  8/1995 Kechkaylo .. . 332/100
5,017,924  5/1991 Guiberteau et al. .......oceeveenenne 342/195 5,446,422 8/1995 Mattila et al. .....ccccceveecencnnenene 332/103
5,020,149  5/1991 Hemmi€ .......ccocevevrcueuererrernnne 455/325 5,448,602  9/1995 Ohmori et al. .c..cceeveecencnnenene 375/347
5,020,154 5/1991 Zierhut . 5451,899  9/1995 Lawton ... . 329/302
5,052,050  9/1991 Collier et al. .cccoveereerercverunnenne 455/296 5,454,007 9/1995 DUtta c..cecoeeeveeercreeeencrcenenereneen 375/322
5,065,409 11/1991 Hughes et al. .....cccevveuvvvunnnnne. 375/91 5,454,009  9/1995 Fruit et al. .cccoccveevereneccnenne 372/202
5,001,921 2/1992 Minami o 375/88 5,463,356 10/1995 Palmer . 3321117
5,095,533 3/1992 Loper et al. .....cccooecviencnnnnne. 455/245 5,463,357 10/1995 Hobden .... 332/151
5,095,536 3/1992 LOPEr .ccocceivuevivveiinicienenennnnns 455/324 5,465,071 11/1995 Kobayashi et al. .......ccceennne. 329/315
5111,152  5/1992 Makino ... 5465410 1171995 Hiben et al. ... . 4551266
5,113,094 5/1992 Grace et al. coeeeeeeevecvnennenne 307/529 5,465,415 11/1995 BIEN .ceoveveeeneeercrnecenerceneneeeneen 455/326
5,013,129 5/1992 HUZRES wooovvverrrrererrsoeserereeoere 323/316 5471,162 1171995

5,122,765  6/1992 5,479,120 12/1995

5,124,592 6/1992 5,479,447 12/1995

5,136,267  8/1992 5483,193 171996 Kennedy et al. ...oevvevevreenn. 329/300
5,140,705  8/1992 ) 5,483,549  1/1996 Weinberg ct al. . o 375/200
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5,220,680 6/1993 LEE weoorrrrrrreeeeeeeeeeeeeeeere s 4557102 5,523,719 671996 Longo et al. .vcooeeerererrerern 327/557
5,222,144 6/1993 Whikehart .. . 381715 5523726 6/1996 . 332/103
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5,260,970 11/1993 Henry et al. 375/10 5,584,068 12/1996 Mohindra .... . 455/324
5,263,194 11/1993 Ragan ..... 455/316 5,592,131  1/1997 Labreche et al. . 332/103
5,263,196 11/1993 Jasper ...... 455/324 5,602,847  2/1997 Pagano et al. .. . 370/484
5,267,023 11/1993 Kawasaki 358/23 5,602,868 2/1997 Wilson ... . 375/219
5,278,826  1/1994 Murphy et al. 370176 5,604,732 2/1997 Kim et al. . 3701342
5,282,023  1/1994 Scarpa ........ 358/36 5,608,531  3/1997 Honda et al. ...cccevvveecncnrneennnee 386/1
5,287,516  2/1994 Schaub . . 375/88 5610946 3/1997 Tanaka et al. .. . 3751269
5,293,398 3/1994 Hamao et al. . 375/1 5,617,451  4/1997 Mimura et al. . . 375/340
5303417 4/1994 Laws ......... 455/314 5,619,538 471997 Sempel et al. .. . 375/328
5,307,517 4/1994 Rich ........... 455/306 5,621,455  4/1997 Rogers et al. .. . 348/6
5,315,583  5/1994 Murphy et al. . 370/18 5,630,227  5/1997 Bella et al. . . 455/324
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5,388,063  2/1995 Takatori et al. .. 364/724.17 5,689,413 11/1997 Jaramillo et al. . 363/146
5,390,364  2/1995 Webster et al. ... 455/52.3 5,699,006 12/1997 Zele et al. ....... . 327/341
5,400,084  3/1995 Scarpa ... 348/624 5,705,955  1/1998 Freeburg et al. ... 331/14
5,404,127  4/1995 Lee et al. 340/310.02 5,710,998  1/1998 Opas ... . 455/324
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