US 20120236976A1
a9 United States

a2y Patent Application Publication o) Pub. No.: US 2012/0236976 A1

Smith 43) Pub. Date: Sep. 20, 2012

(54) RADIO RECEIVER (52) US.Cl .ot 375/350
(76) Inventor: Francis J. Smith, Livermore, CA 57 ABSTRACT

US

(Us) Various apparatuses and methods are described to reduce

(21) Appl. No.: 12/037,779 interference in signals subject to intermodulation products

and high power narrow band interfering signals on lower

(22) Filed: Feb. 26, 2008 power wideband signals. Apparatuses and methods described

herein also provide the capability for supporting multi-stan-

Related U.S. Application Data dards, multi-modes and multi-bands in wireless and wired

o o applications with a single receiver or a receiver with minor

(62)  Division of application No. 10/146,358, filed on May variations. The receiver described herein samples the entire
14, 2002, now Pat. No. 7,346,134 band in which there can be signals of interest or signals that

can generate interference. All of these signals are sampled in

Publication Classification one bit stream and the bit stream is processed to isolate signals

(51) Imt.ClL of interest and interfering signals. The isolated interfering
H04B 1/10 (2006.01) signals are then cancelled out of the signals of interest.
\218/
N
IF 202\/‘ Sigma ClOCk
e Ll 210 /o Delta Gen
212 cla A/D 216
L N ——— 232
FIR Filter #1 Down | ! Low pass : Filtered
centereq on —| Sample | Z > Data — l11;gh2p|3§s — 5i§i§[gl
Target Signal tofs ' baseband or <Kz Baseband
2 L2 250
206 ' 226 o~ 228 Zero 240 X
: Correlator forcing X
: algorithm '
: I -+ :
' Control 230 X
294 1 tnvert Phase and i '
24?—» Cancellation Amplitude Signals :
208 ; Signal Adjust 1
e : 5220 :
FIR Filter #2 Down : Generate FIR Filter #1 & 222 :
Reject — Sample | IfP2and 1IP3 centered on 204 :
Target Signal tofs : Products Target Signal '
[ ' Transmit
200 Chain




US 2012/0236976 Al

Sep. 20,2012 Sheet 1 of 16

Patent Application Publication

diyg
105$990.14
puegaseg

(Ly Joud)
| "9

10559901
Jsniwsuelp
ol 24"
0¢l1
01
/201D
0G4
108S3201
19N1929Y
¢l

143

09t

0Ll

0Ll
19x31dnq Iﬁ
00}
19})l4
MYS +——] VN
0pl 0gl



US 2012/0236976 Al

Sep. 20,2012 Sheet 2 of 16

Patent Application Publication

ey  00¢
wwisuey
C o feubis 18be| sponpoid | [ sron [eubis yabie|
! 0¢ 27z s | 119 DABINE [ ed | pue g4t [T didwes 1 108ley e
X L# 19114 HI4 ¢ 9lelausy " umo(Q Z# 191114 Hi4
| 0ce ! ~2
! _.mz._m,q leubis , 80¢
! apny|dury UOIIEI30UBD |+~
_ Sleubls  f pue aseyy T
: 0E¢ |043u0) _
" al :
" wyyiobje “
" Buioioy e 10}B|a.1109)
P L S ol 92z 902
052 o +
puegaseq pueqaseq . S 0] [eubis 1eb1e]
7 .
[enbiq «— wm_.__w_%_m_w . eleq . N —— 9dweg |« uo paisue
PaJalji4 UbIH ssed mo7 " umoq L# 19114 Y14
A, . "
¢te
91¢ an 517 FAVA
. ¥4 ¢le
:m@ mm&me —/ laxajdig
. = ||
13019 200
V¢ 9l £
A TYAN




US 2012/0236976 Al

Sep. 20,2012 Sheet 3 of 16

Patent Application Publication

d¢ 9l

sojepdn ajew)so

edll pue gdi|
IERERIAVENI UOI1B[31102
105592014 sajepdn _QE%MQ%M%; 4 | wnwiuw oy
pueqaseg pue 9Jewl]se gdf| pue Juswisnipe Sjeufis 82InN0g |«
9Aea|a)u| ¢dil wynlobie apnydwe  |__J wou4 s1onpoid
-30 PIOM D | bujolo} osez pue aseyd uonelnpol |,
pue 101g|8li0) uoisiaAu] jeubis -19ju) ayndwon | h
< 48¢c | 480¢
5 ] a2z 15818)u] Jo [eubis ug 9 mgomm
aABDlIAIU}-9(] S
0-1 - —Jad sjdwes ebspy 02 K
J | UONB[8.1100 0¢¢, 90¢
w i wnwiuiw 10} 19npo.d
sajepdn 922 Juawisnipe uonenpow |
81ewWnss £d|| pue spnyjdwe | -19u) ybnouyy |
2d1l wyiobje pueaseyd ® [ |peed Jamwsuely |*
Buiioyolez {----- - e uorsiaau] [eubig laindwoy
ue 1o ; 1
PUE J0JE[81103 |dwy pue aseyy L epez 2302 S

B8¢C

)

salepdn ajewise
gdll pue gdl|

189
ajdiueg
-UmoQ

pue 1syl4

dld




US 2012/0236976 Al

Sep. 20,2012 Sheet 4 of 16

Patent Application Publication

. —— uolesuadwon 0 VdH 00¢
€ 9l 0 uoIL01SIpaId @E_me_\um-% uojSanu02dn d
_ 1eaul|uoN . 4Y Hwsuey
T oce 5t 098
TRICESS
jeubig _mﬂwﬁoo
80IN0S
an
yolesg Usel
UOI1E||30UEY 9|dwes| umoQ K3 [ 1ee
9B Ia)U| PON-181u| M3 | Hid 0ge 0ze
1055990.d n "
pUBqaSEY N39 WIS W dl4 SS eNeq ewbis 3
) 2 cve 8¢t BljaQ 19
‘Bl anespaiul-aq | || . . UBAUOY
2 "vomo < NI9 WIL Hid WIL BWBIS umog
ape Eve 543 L€ 91e e
Gve ove Hl4 10S Gle [ o1e
_ 9¢¢
Buidasy asnoy Sce 34|44 |
SNJeIS |0J3U0) 3444 | F Jaxa|dng
Gee 90¢ 10€
G0g

€0€




US 2012/0236976 Al

Sep. 20,2012 Sheet S of 16

Patent Application Publication

o= > v 94
powa® | ¢
adIN [ gawesun a4dl oay —p 4l "‘ 44l @[
8EvT | oY gv 0t T .@# 85t or
01
-_IF\ Siglawelied 174517
vy 9av 544
— R T o SSI ¢ yselq —| 1dg
- 10ysdeus : 81LY vey ey
2 ovy e
=1 (MH | : :
T S®J ‘AU “B1g
= | Wz . SH SIS0 NI A 93in0§
= GEE . oy [T 1 oy v/d [ jo dwon [ sards €0y
% Lo oD 2ty 0cy vLb
a . .
V47—t AaLBis L oo |, 'sBIS R 4L |,
o /109 | ... 1] ey wid nuLdr | ) SaAde
0 - fogr | | G o AL
L . ” 10S
Tupeq fo— . :
| S ) suee
G LTI T 0Ly
| d4S 19 MYS 44 A 1sxaldng
|| 20b
T 80V 5o vOb Loy

07 Joop »@




US 2012/0236976 Al

Sep. 20,2012 Sheet 6 of 16

Patent Application Publication

Baseband Processor

10SS30014 puegaseq
] woyjsuuepp 006 o1
T / 0i8t
ORI aneayalL| O o}
LopoISp-8id lw_ma%_wowﬁwm a0 Bopeuy Jaly = 0ge
vt 19 0ewL | ANV | —\330ley abewu
TBaUUON DU acuEsdn NDoIo 806w | \J2ofY] ofet A
E_smms cn__g.s_oeoo aepdn s o spow-aul | [SBW00ZSH b
d - I | [pueg ubiS 1oy
PR | Wl pLB LY ﬁ.@sﬁ%mﬂﬁﬁﬁ%@ +{ o uomonpad oy [+f 24 08 Jeperiogfe]  IZHNIOR [+
L JO aperuns3 Jeaur uopy| | fseubiga
S RPN 0 — iseanosal | awuse | | ey sSed pueg
opeel || — AR
Lo i | funojorz - D SN | N f monas L
PUBOIBRLOY | 1 _ob.: OO ] _U< V/d 10 QEOO ) umop C:.mm_m:@_w
oI — 2IN0S SSed PUSS
1055300.d Buidasy asnoH . — — SUqGO1S, ]
puegese] | smeig puejanon | | | BuRo0mz |......0 = R ﬁ @w Eﬂ_“: . m%w_e c\m%_h:ﬁm N
0} PULBLD D) PUBIOJBRLIO) |j0L0D !
: | . [ | pooa sueyt sseq pueg
0 PUE | ofdLUES JoLgo S puooes Jod sapdLLes SIqg
Alaig pue puegaseq [ T e BOON O PUesiq9 | Ojadursumop
le—— 1
10SS3001]
PUBgRSeq Loy
BUUBLD | avigl X J :
e H-<aw ||l () < B, e
eya( ebig /_ NP O/ N_.”____z ’ ZHN O L
s @ g B A o%Eo@m
G 9l 01

RULIBILY



Patent Application Publication  Sep. 20, 2012 Sheet 7 of 16 US 2012/0236976 A1

ADC Makes |.600 FIG. 6
2 Copies
of Signal
610
= 620
Send to Sendto |-
FIR Filter1 FIR Filter2

h 4

Copy! BRF => |82

Y 615 Out of Band
Copyl P~ l
BPF => SOi
>° Expected In-band @0
Interfering Signals
Computed
: 645 640 v
IIEZ\‘[/i?:lT:t% ?/ Estimated | Signal  |.83%
Added Inverted | BPF
\4
Result | 950
Cross
Correlated
Y 655
ZFA
Adjusts
Phase and
Amplitude




Patent Application Publication  Sep. 20, 2012 Sheet 8 of 16 US 2012/0236976 A1

—»  Signals and D/S

Antenna Band 0 - Cellular 824 ViHz to 894 MHz RF Chain] 600 MHz IF
> LNA, SAW Filter, LO, DC Mixer and VGA
1850 to 1990 MHz
Duplexers 140 MHz _
Band 0 and |—{ LNA a T\ VGA 0: 000 Wz IF»
Band 1 RF SAW Filter
A
Band Pass SOI
2 Filters, 1.25 MHz, 6 Bits and 20 Mega
—> 5 MHz Samples Per Second
Down Sample = > —»f
t0 6 Bits 200 YW
Band Pass Trans | | Transmission Phase and Control
|, | Feed Thruand | FeedThru | | Ampltude [
Related Signalis D/S Intermod 1D Adjustment and M
to 6 Bits —J Computation Signal Inversion
| ]
Band Pass Source Computation iﬁsﬁtﬁgg
of Inter-Mod | p

PCS 140 MHz 4 Bits 350 MS/s Inter-Mods

< Gontrol
fo 6 Bits Estimates é%'#:ltmgtéigﬂ
701 J f Control >j
1
Band Pass Filters Flash AD ID Source Signals l '
—»  Gellular60 MHz > Converter 3 for Production of

824|§84?j l(\)/IHz

an I : <> .
</ Image Reject \ / llmage Reject \

‘ Filter "‘ Filter Analog

1850-1910 MHz

Band 1

Fromthe Qutput of the 1 Bit A/D,
Band 0 and Band 1 Will Have

FIG. 7A Separate Chains

Note: Only One Transmit Chain is Shown:

FIG. 7B




Patent Application Publication  Sep. 20, 2012 Sheet 9 of 16 US 2012/0236976 A1

(600 MHz IF
) l
6NI0I-? IF Sigma Delta
- MHz / Image Reject \ igma Ue
——>/ "Hier *" 890 MHz
120 MHz 1BitAD
< { Channel to
< | Baseband Processor
r I——_>
/ Low Pass Filter to
Baseboard and
[ »| Every Other Sample
J i land Q
- |
pRaLs Gorrelators Control and Status Bas.gJ bggg %nr%cteossor
Minimization House Keeping |
J ™| Algorithm Functions >
( f TDMA-AMPS-GSM| g &
J —>» Filterand Down 45— F
< LMol | Correlators Sample N 2
N Minimization |« 703 3
(el
J——>| Algorithm Snap Shlot 01;j lgterieaved - |8
an B
f 20 Mega S/s g
Sampled Trans Signal .
f 6 Bits, 20 Mega Samples Non-linear Control ks
| Channel From
Baseband

Processor

Estimate of AWAM
Per Second —»{ and AM/PM Update ’

ngga?n?le ?quQ[elm -« Nonlinear
I( I lmage Reject\ ulate at 1 Bit per -distorti
Fiter Digita - Sample Pre-distortion

I-Q Interleave |« AMAM and AMPM
T Q Channel from

Baseband
Processor

Note: Only One Transmit Chain is Shown:
FIG. 7A Fromthe Output of the 1 Bit A/D,
- Band 0 and Band 1 Will Have

F IG 7B Separate Chains




US 2012/0236976 Al

Sep. 20,2012 Sheet 10 of 16

Patent Application Publication

diyy
pueqaseq [« ZHA 009
SIAN B¢ punory — w.w_\w__m\%m
3 4] uowwoy a4 i
ud -« — 4304
pueqaseg le— 44 —  NSH
1903 pueqaseg < wwaL
pueqaseq le—
SHdH
diyy diyo
cc_wég%m@m T ienaoay
diuo
pueqaseq fe—|
VWAL puegaseg ZHN 009
diyn [enbiq punoly —
pueqaseq j«—] 4] uowilon 1ay1 Hw:\,_:\wm
LK YAaL
SdAY 1 — SdY
dug - YAdD
PUBQASEY |<€— B
YINdD 01

8INj8Nyly Auoydayal prepuels-mniy

ZHIN 0661-ZHIN 0€61
pueg sAi829Y 9|Iq0N
ZHIN 066 1-ZHIN 0581

pueg SJd

ZHN 68-ZHIN 698
pueg 21303y a|Iopy
ZHA ¥68-ZHIN 128
puBg Iejnj199



Patent Application Publication  Sep. 20,2012 Sheet 11 0of 16 US 2012/0236976 A1

Antenna ¢ 906
5 GHz RF Front End for 802.11a with
901 E Down Conversion
902 [24102.485 GHz) 04
903 85 MHz 916
DipKGer | LNA L |VGA Q) 800 MHz IF »j
RF SAW Filter .‘
A r
Prgm1o0f3 4_] , g
| ,.|Band Pass SOland|__ ggg 6 Bits and 88 Mega
Down Sample to 6 Samples Per Second
22 MHz at 6 Bits > Z ’]
: dPassT ; nsSmissj hase an
ee and e ru Amplitude
™ | RelajeerSignals D/S Intgrtdd ID [ Adi nd
to 6 Bits mputati ignal Invers

Band Pass Bluetooth | | | COryputation Phase and Control
=¥ 1 MHz Programmable (1 of InfeMod (> CAmDIItude <
88 at 6 Bits ima orrection By

Freq Inversion |—_ 910

we- b | )f
. lash
y| nabasSHMEr | & || Select Buetooth | | )
Signal el fequencies | o1
//Image Reject \|«(S¢ )/ | Image Reject \|<—] 1 Bit 4_{
2410 2,435‘ Filter &%) Fiter Analog | | AD

FIG. 9B

FIG. 9A —



Patent Application Publication

Sep. 20,2012 Sheet 12 0of 16

US 2012/0236976 Al

(600 MHz IF
2 930
C 905 ¢ 907 \
600 920 ,
MHz IF |/ Image Reject \ Sigma Delta
J:_* Filter —»| 350 MHz
85 MHz 1BitAD
< [ Channel to
< | Baseband Processor
o>’ —
LLow Pass Filter to
Basehoard and
[ »| Every Other Sample
J 419 land Q
C
I
Dielaje Control and Status Basgbgﬁg$nr%czossor
MinimiZation House Keeping |
orit Functions >| T
[ M Bluetooth 8 @
J > Downsample 7>
Gontrol | Gorrelators I T =
“f{["mizﬁ'“o” - Snap Shot of Interleaved g
orit &8
Jorinms - g1t land Q 7 |2
f 88 Mega S/s 2
j G%Qt? pé%dNTleransSSignalll Non-linear ne
its, a Samples NOTE
Per Se%ond P Estimate of AMVAM Control | Channel From
—»=1 and AM/PM Update Baseband
Processor
Unsample and Delta |<— ;
|< /| ;:nll?geDRejelct\ - ModuIaSte at|1 Bit per Prlt\al?(;}g?gr%(r)n
ilter Digita ample
g Q Intereave |« AMAM and AM/PM
Q Channel from
Baseband
Processor
FIG. 9A
-«

FIG. 9B




diy9
pueqaseg

11 ¢08

US 2012/0236976 Al

diy
pueqoseg
qi1"2o8

dy
pueqaseqg
Licojenig

diy
pueqaseg
SIANN B¢

diy
pueqaseg
3903

diyg
pueqaseg

SHd9

Sep. 20,2012 Sheet 13 of 16

d
c:mmmwmm

WSS9

diy
pueqaseg
WNaL

diy
pueqaseg
SdAlY

dy
pueqaseq
YNaD

Patent Application Publication

194
ZHIN 009 1d
punoly
UOLULLIO
A W09
puBgaseq Nﬂ_p,_:wm@
reubig 4] UoWwWon <o >
W YNT |
dyg o1
<—10n808Y
ZHIA 009
punoly <
41 uowuio 1814 <
1 VN1 M
puegsseq <
leubiq 01 )
ZHN 009
punoly <
1) UOWLLIO? sayd <
e YN M
<
01

w

FrTrTTTd

w

P ETT

SIMD3NYAUY PIEpUBIS-NINA

L ey1z08 AU DUBG ZHD G
| yoojenig ZHD C8'e
- 011208 01 7' pUBg WS

1NMY/OE

SYdY) ZHIN 066 1-ZHINl 0S61
3903 pUBg BAI308Y B)IGON
s\_,_mam ZHIN 066 L-ZHIN 0581
L pueg §0d
YAd)

1NMYOE

SHdY ZHIN ¥68-ZHIN 698
_m\,_wma% pueg aA1999Y 3JIqoiN
WD ZHIN ¥68-ZHIN 28
SN pueg :w_:__mo
YNG9



US 2012/0236976 Al

Sep. 20,2012 Sheet 14 of 16

.Y, 9jdwe
JO 8] 9jdwes JeuiBuQ aup is .Y, sjdwies saoejday B, m_%am g
/(8 +VE) =8, Y, WOl Se,g, Wolj 1B} Se Sall] € SI B, 80UIS 2
«8, pue .y, Jo abeiany pajybiap e se paindwoy 189 8, gjdwes |
«B, didwegs Ag paoeday s1a v, ajdwes ) 1 g B Y

90168 Gz2'LL Aq
[eubIS MYS 8seyd anoalqo

Patent Application Publication



Patent Application Publication  Sep. 20,2012 Sheet 15 0f 16 US 2012/0236976 A1

MM
T
Ay

2fs

*fs

g
FIG. 12A
A

FIG 128

" MM
IR g
L\ ] /"\ |




US 2012/0236976 Al

Sep. 20,2012 Sheet 16 of 16

Patent Application Publication

e pue Reaq oo ﬁ ootk fpang | seldwes ebay (8IEl
010eW \IULOB uoistanuj jeubis %] PROON Emm ﬂ_mo_w /S BO3N 08 10 0
tiLoDly DUE JuBLLISNIDY A . Sug ¢ 01 8|dwes
—UOREZRIUIY | ™ POYN-ialu] JO _ umoq pue sjeudis
eze| ~ S101B/aL0) DUR 3Bl 661 uonenduio) 90IN0S SSBd puBg
[01JU0 D
] suofoun4 » fmmr * »
———> Buidaay aSnoy SPON-1a] _
pgel —{SneEs pue jouo) JO LORINPOIJ S/SIN 002 Sud ¥ ZHN Oc}
- 105 sjeudig [ < SI3y
& | 10ss8001d puegeseg 99IN0Q ¢ 18U3AU0J (/Y USEI|  |SSed pueg
@ 0} aUURYY D) L1gL sdl e '
S —1 seoIo) o Siel
o D PUE | 9jdwes | Sig 8 03 9 Sajduwies efapy 02 2
= Jay0 Aang ‘puodag 1ad sajdwes ebap SdAY
@ pue pueqaseg 08 pue (9g) sug g 01 9 vINaL
3 0] 18)J14 SSBd MO 761 K [« WSHY
s ) 000¢ <_>n_wao ¢
10$58901d pueqaseg {103 SIali4 BupeLivag
01 jauueyy |
34 | pue
avIaT %_%ﬂ_m_% L \mvS 24/l <l puk § pre
oHN00Z [« <ldNY 1< gy ZHIN 09 s1axajdng
°q IS MYS 4 goet”/ zHA 066l OV0SRl | A0
TR CLEL cogt
LEL- A 1314
<« \MVS 14/ YN
el ZHN 05 108l
08k goeL/  ZHIN 0661 01 0581
BULBIUY




US 2012/0236976 Al

RADIO RECEIVER

[0001] This is a divisional of application Ser. No. 10/146,
358, filed on May 14, 2002, entitled “A RADIO RECEIVER,”
and assigned to the corporate assignee of the present inven-
tion and incorporated herein by reference.

PRIORITY

[0002] The present patent application claims priority to the
corresponding provisional patent application Ser. No.
60/290,781, titled, “Harmonically Compensated Software
Radio Receiver HCSRR” filed on May 15, 2001, the corre-
sponding provisional patent application Ser. No. 60/309,602,
titled, “Harmonically Compensated Software Radio Receiver
HCSRR with a Low [F” filed on Aug. 3, 2001, the correspond-
ing provisional patent application Ser. No. 60/311,942 titled,
“Harmonically Compensated Software Radio Receiver
HCSRR With a Low IF” filed on Aug. 13, 2001, and the
corresponding provisional patent application Ser. No.
60/328,125, titled, “Harmonically Compensated Software
Radio Receiver HCSRR With a Low IF and Nonlinear Delta
Modulated Transmitter” filed on Oct. 9, 2001.

FIELD OF THE INVENTION

[0003] The field of the invention relates to the field of radio
receivers and nonlinear transmitters. More specifically, the
invention relates to harmonically compensated radio receiv-
ers that demodulate multiple modulations and bandwidth sig-
nals and provide interference compensation.

BACKGROUND OF THE INVENTION

[0004] FIG. 1 illustrates a block diagram of a prior art
wireless transmitter/receiver. Referring to FIG. 1, duplexer
100, in cooperation with an antennae, sends signals to a
receiver 110 and will suffer transmitter feed thru in the
duplexer from signals from a transmitter 120. During recep-
tion, duplexer 100 sends a signal of interest (SOI) (which is
included in the entire receive band of the receiver) through a
low noise amplifier (LNA) 130 and a surface acoustic wave
(SAW) filter 140 to receiver 110. Receiver 110 uses a mixer
112 to mix a timing signal from a local oscillator (LO) 150
with the signal-of-interest (including the entire signal band
pass as passed thru SAW filter 140) and down converting it to
an [F, before demodulating the signal with a receiver proces-
sor 114. The demodulated signal is sent to a baseband pro-
cessor 160 for further processing. During transmission, base-
band processor 160 sends a signal to be transmitted to the
transmitter device 120. Transmitter device 120 processes the
signal with a transmitter processor 122, before using a mixer
124 to mix the signal with a signal from the local oscillator
150. The mixer 124 up converts the transmit signal to the
desired RF transmit frequency. A high power amplifier (HPA)
amplifies the signal, before being sent by duplexer 100 to the
antenna for transmission over the air.

[0005] One of the common problems associated with wire-
less communications is unwanted signals intermixed with the
information signal. These unwanted signals are referred to as
interference. This interference can alter a radio frequency
(RF) reception so that a receiver does not receive the infor-
mation signal as intended.

[0006] To remove interference, filtering is often performed.
The filtering may be performed in the analog or digital

Sep. 20, 2012

domain. In one commonly used technique, digital samples are
low pass filtered to eliminate the higher harmonics above a
baseband signal. However, this technique does not eliminate
the interference due to the tails of the harmonic images that
extend into the baseband signal.

SUMMARY OF THE INVENTION

[0007] A method and apparatus for processing signals is
described. In one embodiment, the method comprises over-
sampling, at a desired frequency, a passband of received
signals to create a bitstream. The received signals include
signals of interest and interference generating signals. The
interference generating signals capable of generating inter-
modulation products inband of the signals of interest. The
method also includes isolating signals of interest in the bit
stream using one or more decimating filters, isolating source
signals that generate one or more intermodulation products
inband of'the signal of interest using one ore more decimating
filters, computing an estimate of each of the one or more
intermodulation products from the source signals that gener-
ate the one or more intermodulation products, and canceling
out one or more inband intermodulation products using the
estimate of the intermodulation products.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention is illustrated by way of
example and is not limited in the figures of the accompanying
drawings in which like references indicate similar elements
and in which:

[0009] FIG. 1 illustrates a block diagram of a prior art
wireless transmitter/receiver.

[0010] FIG. 2A illustrates a block diagram of an embodi-
ment of a radio receiver that includes an intermodulation
compensator.

[0011] FIG. 2B illustrates a block diagram of an alternative
embodiment of an intermodulation compensator.

[0012] FIG. 3 illustrates a block diagram of an alternate
embodiment of the receiver having a sample rate multiplier
and an intermodulation compensator.

[0013] FIG. 4 illustrates a block diagram of an alternate
embodiment of the receiver having a sample rate multiplier
and an intermodulation compensator.

[0014] FIG. 5 illustrates a block diagram of an alternate
embodiment of the receiver having an image reject filter to
limit the sources of interference affecting the signal of inter-
est.

[0015] FIG. 6 illustrates a flow chart of a process for com-
pensating for intermodulation.

[0016] FIG. 7 illustrates a block diagram of one embodi-
ment of a receiver in which multiple mobile telephony stan-
dards supported include CDMA2000, AMPS, TDMA, GSM
and 3G WCDMA.

[0017] FIG. 8 illustrates a block diagram of one embodi-
ment of a receiver showing the relationship with multiple
vendors’ baseband processors for multi-standard mobile tele-
phony.

[0018] FIG. 9 illustrates a block diagram of one embodi-
ment of a receiver that supports WLAN 802.11a and 802.11b
and Bluetooth and provides mitigation of the interference of
Bluetooth on 802.11b.
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[0019] FIG. 10 illustrates a block diagram of one embodi-
ment of a receiver showing the relationship with multiple
baseband processors for multi-standard mobile telephony as
well as the WLAN and PAN.

[0020] FIG. 11 illustrates the phase as adjusted by a desired
increment.
[0021] FIG. 12 illustrates the the sampled images prior to

band pass filtering.

[0022] FIG. 13 is a block diagram of one embodiment of a
receiver having Quad-Mode Dual Band IF Sampling with an
IF Filter.

[0023] While the invention is subject to various modifica-
tions and alternative forms, specific embodiments thereof
have been shown by way of example in the drawings and will
herein be described in detail. The invention should be under-
stood to not be limited to the particular forms disclosed, but
on the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and
scope of the invention.

DETAILED DESCRIPTION

[0024] This invention uses an over sampling technique
known as a Sigma Delta Modulator, but uses it in a non-
conventional way to achieve several benefits to be covered
herein. (Note that in one embodiment a Flash A/D converter
with sufficient resolution can be used, but will require a large
dynamic range to accommodate very large jamming signals
in the receive pass band and very high sampling speed to
prevent aliasing). The full receive band, with the signal of
interest (SOI) and all of the interfering signals and sources of
intermodulation products, is processed by over-sampling the
entire band at very low quantization, 1 or 2 bits. In one
embodiment the transmitter feed thru is included in the band
pass of the signal to be sampled by the Sigma Delta Modula-
tor. In other embodiments, only the receive band is included.
In the Sigma Delta Modulator, the sampling is done at a rate
high enough to preclude aliasing of the signal (at a rate above
the Nyquist rate). This provides a very low resolution digital
sample of the passband. The 1 or 2 bit samples are input to
several decimating filters associated with the Sigma Delta
A/D converters simultaneously. These filters provide digital
filtering for different signals of the receive band as well as
performing the down sampling function in which the high
sample rate of the Sigma Delta A/D is traded for a higher
signal to noise ratio and greater quantization of a much more
narrow band signal.

[0025] The high speed over sampling with the Sigma Delta
Modulator followed by the use of decimating filters two to
produce two results. First, the filtering is done at a high
sampling rate (see FIGS. 12 A and B for example) and thus the
images are farther apart and the power in the tails that is
aliased in is much lower. Second, use of the Sigma Delta
modulators followed by decimating filters allows for using
the Sigma Delta A/D converter to process multiple different
signals in the passband simultaneously. This keeps the signal
synchronized and allows for the interference cancellations
described in more detail below. It also provides for selectively
using different decimating filters to process different types
and modes of signals in the same band, such as, for example,
CDMA, TDMA, AMP, GSM, WCDMA, etc. In one embodi-
ment, using a single Sigma Delta or flash A/D converter to
sample the entire passband and then following this with
selectable decimating filters provides the capability to pro-
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cess multiple signals within the passband simultaneously
allowing a single receiver to receive multiple signals simul-
taneously.

[0026] In FIG. 12, the sampled images prior to band pass
filtering are shown. The sampling can be an exact harmonic of
the final sampled carrier frequency (prior to output to a base-
band processor or it can be selected to accommodate a near
zero IF). If the sampling is not a even harmonic, the images
will appear in different locations. In FIG. 12, the images are
shown after band pass filtering. If the sampling rate fs is
higher, the images are farther apart and the energy available to
alias in to the desired image is less. The high rate, but low
resolution sampling, of the Sigma Delta Modulator places
these images at multiples of the high sampling rate fs. When
these signals are bandpass filtered, there is little aliasing
energy.

[0027] Inthe embodiment where in a flash A/D converter is
used, the sampling rate required in the same as that of the
Sigma Delta A/D only many bits are required for each sample
instead of only 1 or 2. This may not be practical in cases where
there are large interfering signals because the entire pass band
is sampled and the sampling is done to a level of detail
(number of bits) so that the signal of interest (SOI) can be
distinguished from the interfering signals in the time domain.
In cases where there are not large interfering signals and a
large dynamic range is not required, a flash A/D converter
may be used in place of the Sigma Delta. In this case, the A/D
converter is followed by conventional digital filters to isolate
the SOI and the interfering and source signals. Other
attributes of this invention are the same for both of these
embodiments (using a sigma delta and for using a flash A/D).
[0028] As is discussed below in one embodiment, a low
resolution flash A/D may be used in conjunction with the
sigma delta, but the low resolution flash A/D samples are only
used for the energy search function and not the signal pro-
cessing function. In another embodiment, the low resolution
flash A/D converter samples are used to generate estimates of
the intermodulation products that fall inband of the signal of
interest.

[0029] The Harmonically Compensated Multi-Mode
Radio Receiver uses a Sigma Delta over-sampling A/D con-
verter in a non-traditional way. Note this is referred to herein
as a Sigma Delta Modulator. The use of a Sigma Delta Modu-
lar is independent of the target RF (radio frequency) because
for all applications, the desired receive passband is down
converted to the same convenient intermediate frequency
(IF). In different embodiments of this invention, some LO
mixing frequencies and some of the filters are different to
accommodate different RF frequencies and bands of interest.
In one embodiment, this invention, a low resolution (1 or 2
bits; 1 bit will be used for discussion) Sigma Delta A/D
converter in used to sample the entire receive pass band (to
include relevant interfering signals and signals which can mix
with other signals to produce intermodulation signals in the
signal of interest (SOI) band). In alternative embodiments of
this invention, the transmit feed thru band may also be
included in the processed band to cancel interference in the
receive band from the transmitter feed thru in full duplex
operation.) This low resolution sampling is done at a suffi-
ciently high enough rate to preclude aliasing (i.e. at a rate
above the Nyquist rate for the entire receive band and transmit
band if required).

[0030] In applications where a device is designed to pro-
cess, “to be selected”, bands within a receive band, the entire



US 2012/0236976 Al

receive band is processed. Some examples include mobile
telephony, CDMA, TDMA. AMPS, GSM and wireless LAN
and PAN applications such at 802.11a and 802.11b and Blue-
tooth and others.

[0031] The high rate, low resolution, sampled passband
digital signal is duplicated and input to several digital filters
(of the Sigma Delta A/D Converter) simultaneously. In a prior
art application of a Sigma Delta Converter, there is only one
filter for the signal of interest (SOI). In the present invention,
there are multiple filters that process the same high rate, low
resolution samples. This provides for high resolution samples
of'narrow band selectable signals within the passband. There-
after these narrow band signals are narrow band filtered and
high resolution quantization is applied after the sigma delta
decimating filters.

[0032] This selectivity of various signals with various
bandwidths provides a number of benefits. First, the signal of
interest (SOI) can be isolated from the interfering signals and
the interfering signals and sources of interfering signals can
be isolated from the SOL With this isolation, the interfering
signals can be processed and digitally subtracted from the
SOI. If the interfering signals are narrowband and high power
with respect to the SOI and inband, narrow filters can be
placed around the interfering signals and the interfering sig-
nals can then be subtracted from the SOI. As described in
more detail below, this is one solution for mitigating the
Bluetooth interference on 802.11b. If the interfering signals
are produced by the generation of intermodulation products
that fall in band of the SOI the source signals can be isolated
and used to generate a copy of the SOI inband interfering
intermodulation product and then it can be cancelled out. This
is one solution for mitigating 3" order inter-mods in CDMA
telephony and other applications.

[0033] Another key feature is that the digital filters used as
the decimating filters in the Sigma Delta A/D converter can be
programmed to isolate any signal in the passband. Since the
passband may contain many signals for different standards
and modes, the present invention can be implemented to
select any mode or band desired within the passband thereby
yielding a multi-mode multi-standard receiver with interfer-
ence mitigation. Frequency hopped signals are accommo-
dated by using programmable digital filters to pass the
hopped signals in different portions of the receive pass band.
This provides for a single receiver to process many telephony
signals to include CDMA, TDMA, AMPS, GSM and 3G and
others. The same receiver can process wireless LAN and
802.11a and 802.11b with Bluetooth. Note that all RF signals
are down converted to a common IF. This invention will be
able to process any signals in the passband. It will then sup-
port any standard baseband processor. Subject to the particu-
lar implementation, some or all of these and other standards
may be supported.

[0034] While the description herein uses certain band-
widths and sampling rates, this invention may be used at any
frequency and band pass required by implementing it in dif-
ferent technologies such as CMOS, BiCMOS, SiGe, GaAs
and others.

[0035] The architecture described can support any signal-
ing scheme. Based on the use of clocking speeds required,
different technologies with different frequencies responses
may be used. It is envisioned that as semiconductor technolo-
gies advance, the present invention may be used for higher
frequencies and wider band widths.
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[0036] The present invention provides for multi-band,
multi-mode, multi-standard receivers with interference miti-
gation from intermodulation products and from high ampli-
tude narrowband in-band interfering signals. This invention
assumes that all signals in a given RF band are received from
the same antenna and are processed in the same receive chain.
No independent received chains or directional antennas are
required, while these may provide some additional benefit.
[0037] The passband can be made wide enough to include
the feed thru from the transmitter in the duplexer, and the
transmit feed thru can be treated just like any other jamming
or intermodulation source signal. In one embodiment, the
receiver has a copy of the transmit signal after it has gone thru
the transmitter high power amplifier (HPA) and this signal can
be sent to the transmitter for calibrating at the non-linear
pre-distortion in the transmitter. This pre-distortion pre-com-
pensates for the amplitude to amplitude (AM/AM) and the
amplitude to phase (AM/PM) non-linear distortion in the
HPA. This is described in FIG. 3.

[0038] This invention is applicable to many communica-
tions systems to include wired and wireless. It can be used for
satellite communications, fixed wireless, cable modems,
DSL and many others.

[0039] The following are definitions of some of the terms
used herein.
[0040] Signal of Interest (SOI)—with respect to the

receiver, a signal that the receiver is trying to receive and send,
in digital form, to the baseband processor.

[0041] Jammer Signal—any signal in the receive pass band
that is not the intended signal of interest (SOI).

[0042] Interfering Signal—any unwanted signal that falls
inband of the signal of interest (SOI)

[0043] Intermodulation or Intermodulation product—the
signal that results from mixing of jammer signals in the non-
linearities of the system that result in generating interfering
signals in the pass band of the signal of interest (SOI).
[0044] Source Signals—Signals that mix in the non-lin-
earities to produce intermodulation products that fall inband
of the signal of interest (SOI).

[0045] IIP2 and IIP3—Input intercept points for 2/ and 3¢
order products produced by mixing of jamming signals. The
1IP2 and the IIP3 are measurements that predict the magni-
tude of the interfering signals.

[0046] Sigma Delta Modulator—A circuit that generates a
low resolution high rate digital sample of a wave form
[0047] Decimating Filter—A filter associated with the
Sigma Delta Modulator or any digital down sampling filter. It
provides narrow band filtering of the high speed, wide band,
low resolution digital signal out of the sigma delta modulator
and outputs a narrow band high resolution digital signal with
many more bits of quantization. It may be a combination of
multiple filters, but can be implemented as a FIR filter. It may
be a multi-stage structure that filters and down samples in
multiple steps. Decimating filters are used with conventional
A/D converters, as well as sigma delta converters.

[0048] The receiver is not a classical direct conversion
receiver, but it does have the advantages of direct conversion
without the disadvantages. In one embodiment, there is only
one LO and mixer and there is no IF SAW filter. The receiver
takes in analog RF and outputs digital I and Q samples to the
baseband processor for multiple standards. In other embodi-
ments requiring extremely high dynamic range, the IF SAW
filter may be included.
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[0049] In the following description, numerous specific
details are set forth, such as examples of specific signals,
named components, connections, circuit layouts of inter-
modulation compensation components, etc., in order to pro-
vide athorough understanding of the present invention. It will
be apparent, however, to one skilled in the art that the present
invention may be practiced without these specific details. In
other instances, well known components or methods have not
been described in detail but rather in a block diagram in order
to avoid unnecessarily obscuring the present invention. The
specific details set forth are merely exemplary. The specific
details may be varied from and still be contemplated to be
within the spirit and scope of the present invention.

[0050] In general, various apparatuses and methods are
described to reduce interference in a signal of interest that is
going to be subsequently digitally down-converted. In an
embodiment, a radio receiver includes a sampling rate mul-
tiplier coupled to one or more decimating filters (e.g., impulse
response filters). In an embodiment in which a flash A/D
converter is used instead of a sigma delta A/D converter, these
filters are conventional digital filters and may or may not be
FIR filters. The sampling rate multiplier samples a signal atan
intermediate frequency (IF) that is to be demodulated at a
sampling rate that is significantly greater than the sampling
rate of a subsequent digital down conversion. The over sam-
pling ratio will be between 10 and 100 normally. The filters
associated with the sigma delta converter are rather complex
and there may be a number of filters embodied in the deci-
mating filters. The filters are decimating filters (e.g., FIR
filters) that provide both the narrowband filtering and the
down sampling functions. Each impulse response filter filters
digitally a signal of interest and down-samples the signal at
the second sampling rate in order to reduce interference in a
signal of interest prior to the final digital down conversion.
The decimating filters also increase the SNR in the narrow
band signal by trading the wideband high sample rate for a
narrow band lower sample rate at a greater number of bits of
quantization.

[0051] The radio receiver may also include intermodula-
tion compensator to compensate for interference from non-
linearities present in the system. The radio receiver may also
include the capability to cancel high amplitude narrow band
interfering signals from wideband low amplitude signals of
interest.

[0052] FIG. 2A illustrates a block diagram of one embodi-
ment of a radio receiver. Referring to FIG. 2A, the receiver
200 includes sampling rate multiplier 202, intermodulation
compensator 204, a finite impulse response (FIR) filter 206
and a second FIR filter 208, a low noise amplifier (LNA) 210,
aduplexer 212, a surface acoustic wave (SAW) filter 214, and
a clock generator 216. In one embodiment, clock generator
function 216 is a dual function element in that it generates the
mixing signal for a down conversion mixer and the sampling
clock for sampling rate multiplier 202. In one embodiment,
sampling rate multiplier 202 may comprise a Sigma Delta
A/D converter or other similar device. A Sigma Delta A/D
converter has a high bandwidth and samples at a rate greater
than the final digital down conversion. The filtering and the
down-sampling are done in the decimating filters of the sigma
delta converter. The decimating filters may be FIR filters or a
combination of digital filters. In the sigma delta terminology,
the function is called the decimating filters. In an embodi-
ment, FIR filters 206 and 208 comprise other filters such as
decimating filters. In an embodiment, clock generator 216 is

Sep. 20, 2012

alocal oscillator and generates the sampling clock fora sigma
delta modulator. In one embodiment, a high bandwidth signal
consists of a input frequency bandwidth of 60 to 140 mega-
herz or greater. The LO for down convertion to the IF is
selected based on the RF band of interest (example around
1300 MHz for PSC band 1900 MHz down converted to 600
MHz IF). In one embodiment, the clock signal for the sigma
delta A/D converter is at least 2.5 times the bandwidth of the
fitter 214. For a band width of 120 MHz, the sampling rate is
around 350 MHz. Two factors contribute greatly to determin-
ing the sigma delta sampling rate. First, the sampling rate is
high enough to preclude aliasing and second. the over sam-
pling ratio (OSR) is high enough to yield adequate signal to
noise ratio (SNR) after the decimating filters. The OSR is the
ratio of the sigma delta 1 bit sampling rate to the nyquist
sampling rate of the signal after the decimating filter. In one
embodiment, the OSR is at least between 8 and 16 for 27 or
3" order sigma delta loop. This yields a SNR of around 40 dB,
which, in turn, yields 6 bits of resolution.

[0053] Note that in alternative embodiments the oversam-
pling may be performed at baseband, RF, medium IF (e.g., at
a frequency that is 1, 14, %4 the difference between RF and
baseband), or low IF (e.g., at a frequency that is less than five
times the data bandwidth), as well as at IF.

[0054] In one embodiment, radio reciever 200 processes
radio frequency (RF) signals received through antenna 218
with a convenient intermediate frequency. Receiver 200
samples the intermediate frequency with the low resolution (1
bit) sampling rate multiplier 202 and filters the digital
samples with the one or more (decimating filters) FIR filters
206 and 208 as part of a subsequent digital down-conversion.

[0055] Radio receiver 200 also uses intermodulation com-
pensator 204 to compensate for intermodulation products
produced by the system non-linearities. Intermodulation
compensator 204 estimates the non-linearities and inter-
modulation products prior to final digital conversion at base-
band and output to the digital baseband processor(s) and uses
these estimates to cancel out interference due to the non-
linearities in the signal of interest (SOI).

[0056] Radio receiver 200 has two parts: 1) sampling rate
multiplier 202 coupled one or more FIR filters 206 and 208
and 2) intermodulation compensator 204. In the first part,
radio receiver 200 significantly reduces the interfering signals
and noise in the signal receive band via the RF SAW filter.
Demodulation at an intermediate frequency (IF) via a sub-
sampling technique (subsampling downconversion and deci-
mation filtering) provides close-in rejection of unwanted sig-
nals. The IF analog waveform is sampled at a high rate
relative to the bandwidth of the SOI and then the SOI is
filtered by the decimating filter which then yields a narrow-
band signal with a high SNR and greater quantization from 1
bit to 6 or 8 bits. The harmonics of the sampling function are
spaced a multiples of the sampling rate and thus a high sam-
pling rate places the harmonics far apart. When the decimat-
ing filter performs the filtering on these harmonics, the tails
from undesired harmonics and close in interfering signals are
eliminated or greatly reduced. This steep filtering is possible
in the digital domain, but is not as easily done in the analog
domain. If the image filtering were performed after the down
sampling as in a conventional A/D converter, the images
would be closer together and there would be a greater aliasing
problem. The steep filtering of close in signals would most
likely still be achievable given sufficient quantization.
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[0057] In one embodiment, sampling rate multiplexer 202
comprises a Sigma Delta analog to digital (A/D) converter
that takes digital samples of the waveform at the IF. Each of
FIR filters 206 and 208 filters the digital data samples from
the Sigma Delta A/D converter prior to a subsequent (and
first) digital down-conversion. In one embodiment, down-
sampling the Sigma Delta samples occurs at, typically at least
4 to 8 times the symbol rate of this subsequent digital down-
conversion. Since each of FIR filters 206 and 208 may be a
fractionally spaced FIR, the band-shape around the desired
signal can be controlled very accurately. In one embodiment,
Sigma Delta A/D converter 202 samples at a rate 5 to 10 or
more times the rate of the final digital down sampling rate and
with an OSR of 10 to 20 or more. Thus, the sampling images
are 5 to 10 times or more times farther apart in the frequency
domain. Since each of FIR filters 206 and 208 filters at the
Sigma Delta rate, the aliasing tails are significantly reduced
when aliased into the baseband as a result of the final digital
down-sampling. FIR filters 206 and 208 provide an “effec-
tive” sharp filter on the radio-frequency signal, and each
harmonic, that assists in reducing close-in jamming signals.
Aliasing tails from the harmonics appear as unwanted high-
frequency signals and if not for FIR filters 206 and 208 could
appear as undesired components in the digital signal after
conversion into a digital value. In an embodiment, each FIR
filter has programmable tap weights. The tap weights can be
selected to compensate for either alpha band limiting or jam-
mer rejection as described in more detail below. Alpha is the
expansion over the Nyquist bandwidth .i.e. 0.1 to 0.25 typi-
cally; this band limits the signal by introducing controlled
inter-symbol interference.

[0058] Intermodulation compensator 204 provides com-
pensation for intermodulation products produced by the non-
linearities in the system, such as those produced by the non-
linearities reflected in the input intercept points 2 and 3 (IIP2
and IIP3) measurements. The 1IP2 and IIP3 are measure-
ments that predict the magnitude of intermodulation products
as a function of the input power level and non-linearities of
the system.

[0059] In one embodiment, intermodulation compensator
204 receives two or more bit streams from Sigma Delta A/D
converter 202 (based on the implementation and how many
interfering signals are to be compensated), because Sigma
Delta A/D converter 202 outputs two or more copies of the
digital samples at a sampling rate greater than the sampling
rate of the fmal digital down conversion. One output from
Sigma Delta A/C converter 202 is sent to FIR filter 206, while
the other copy is sent to FIR filter 208. FIR filter 206 operates
as a band pass filter and filters one bit stream from Sigma
Delta A/C converter 202 for the signal of interest, (such as the
desired digital information signal at the IF), thereby produc-
ing the signal-of-interest that includes the in-band interfer-
ence signal, but not the source signals if the interference
signal was a product of intermodulation mixing.

[0060] In one embodiment, FIR filter 208 operates as a
band reject digital filter at the passband of interest for the
signal of interest and produces a copy of the out-of-band
signals that are the source of the in-band interference inter-
modulation products. The out-of-band signals are used to
compute estimates of the in-band intermodulation products,
which are then used to cancel the interference. A processor
220 computes the expected in-band interfering signals based
on the 1IP2, TIP3, and other attributes of the system such as
phase and amplitude offsets.
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[0061] FIR filter 222 is a band pass filter that passes the
intermodulation products that fall in band of the SOI. The
estimate of the interfering signal is inverted to produce a
cancellation signal 224. An adder 226 adds the inverted can-
cellation signal 224 into the original desired signal from FIR
filter 206 to cancel interference signals within the original
Signal of Interest (SOI).

[0062] The output of adder 226 is input to correlator 228. In
one embodiment, correlator 228 cross correlates the inverted
estimate of the interfering signals with the SOI after the
addition of the estimate of the intermodulation interference
and uses a zero forcing (or other adaptive algorithm that
reduces, and potentially minimizes, the interference such as,
for example, a dither algorithm) algorithm 230 to force the
cross correlation to approach a minimum (e.g., until the cross
correlation is at a minimum). More specifically, correlator
228 adjusts the phase and amplitude of the estimated inter-
ference signals with a zero forcing (or other adaptive) algo-
rithm 230 to create control signals that are fed into and control
the invert cancellation signal 224. This control loop may run
continuously to adaptively cancel the in-band interfering sig-
nals.

[0063] The output of adder 226 is also fed into low pass
filter 232. Low pass filter 232 performs data band pass filter-
ing to remove any remaining harmonics above the baseband
signal. The output of low pass filter 232 is filtered by high pass
filter 240 to eliminate any DC offset and to create filtered
digital baseband signal 250.

[0064] FIG. 2B illustrates a block diagram of a more
detailed alternate embodiment of an intermodulation com-
pensator. Referring to FIG. 2B, intermodulation compensator
204 operates similarly to the operation of the receiver in FIG.
2 A described above. Intermodulation compensator 204 com-
prises a FIR filter and down sample cell that generates signals
206, 208A and 208B. In one embodiment, signal 206 is a 20
Mega sample per second, 6 bit signal of interest. Signals
208A and 208B represent the out of band signals are pro-
cessed by processors 220A and 220B and they are also at 20
mega samples per second and 6 bits. Processor 220A and
processor 220B are used to compute the estimate of the in
band interference signals which will be used to cancel the
interference signal inband of the SOI. Processor 220A and its
associated components 224A and 228 A phase adjust, ampli-
tude adjust, and perform signal inversion on the computed
transmitter feed through intermodulation products. Processor
220B and its associated components 224B and 228B phase
adjust, amplitude adjust, and perform signal inversion on the
computed intermodulation product from the source signals.
The phase and amplitude adjusted inverted signals from pro-
cessors 220A and 220B are added to signal 206 via adder 226.
Theresulting signal is output to correlators 228 A and 228B as
well as 1-Q de-interleaver and baseband processor interface
cell.

[0065] Note that the clocking and sampling rates specified
herein are for one embodiment. In alternative embodiments,
different clocking and sampling rates, may be for different
applications and signals of interest.

[0066] FIG. 3 illustrates a block diagram of an alternate
embodiment of the receiver and a high level embodiment of
the companion non-linear transmitter. Different embodi-
ments may have the receiver and/or the transmitter.

[0067] Referring to FIG. 3, the receiver 300 includes a
duplexer 301, an antenna 303, an RF front end cell 305, a
down converter cell 310, a Sigma Delta cell 315, a flash A/D
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cell 320, a FIR filter and down sample cell 325 (also known a
decimating filters), a search cell 330, a control and status/
house-keeping cell 335, an intermodulation cancellation cell
340, a baseband processor interface 345. In the receiver, the
Sigma Delta cell 315 and flash A/D cell 320 are sampling rate
multipliers, but are used to two very different purposes. In the
transmitter, there exists a non-linear pre-distortion compen-
sation module 350, an up-sampling and delta modulator mod-
ule 355, and a high power amplifier 360.

[0068] Antenna 303 is connected to duplexer 301. While in
receiver mode, duplexer 301 feeds incoming signals into a RF
front end (RFFE) cell 305. A RFFE, module 306 in the cell
receives the signal, amplifies the signal with a LNA, and
filters the signal with a SAW filter. The amplified and filtered
signal is passed to the IF down converter (D/C) cell 310. D/C
cell 310 uses a down converter module 311 to down convert
the signal. D/C cell 310 passes copies of the down converted
analog signal to Sigma Delta cell 315 and flash A/D cell 320.
Sigma Delta cell 325 uses a Sigma Delta A/D converter mod-
ule 316 to produce multiple copies of samples of the signal to
be sent to FIR filter and down sample cell 325 (decimating
filters).

[0069] Inoneembodiment, FIR filter and down sample cell
325 contains three modules: a signal-of-interest FIR module
(decimating filter) 326 to filter and down sample the signal-
of-interest, a transmitter feed thru FIR module (decimating
filters) 327 to filter and down sample the transmitter feed thru
and the “half way signal”, which is a signal half way between
the transmit and receive band, and a source signal FIR module
(decimating filters) 328 to filter and down sample other
source signals. These signals are the signals in the receive
band that create the intermodulation products that produce an
interfering signal(s) in the SOI pass band. The transmitter
feed thru path 327 can be used to cancel a close in jammer
(close to the receive SOI) that can be modulated by the trans-
mit signal feed thru. In one embodiment, the transmitter feed
thru appears as a modulation on a high amplitude close-in
blocking signal. The techniques described herein are intended
to include the mitigation of this interference by the computa-
tion of the resultant interference in the band of the signal of
interest. The blocking signal is isolated and it is used, along
with the transmitter feed thru, to compute the estimate of the
interference signal for cancellation of the inband interfer-
ence.

[0070] The flash A/D cell 320 uses a flash A/D module to
sample the receive band to a medium resolution (approxi-
mately 4 bits) at a high enough rate to avoid aliasing. This
digital sample is sent to the source signal search cell 330.
Source signal search cell 330 uses a search module 331 to
search for intermodulation source signals. This may be done
by a multi step process in which the discrete Fourier trans-
form (or a Fast Fourier Transform) is computed for a spectral
resolution of 3 MHz to look for significant energy (high
energy relative to other components) components in 3 MHz
bands. For those bands with significant energy, a second set of
discrete Fourier transforms (or a Fast Fourier Transforms) are
computed for bands with 300 kHz pass bands. This process is
continued until the band pass of the source signals have been
isolated. This can be done to any frequency resolution
desired. In one embodiment, the search is only carried to the
second level. The source signal search function does not
isolate and band pass the source signals, but simply identifies
the bands where they are located. The decimating filters iso-
late the source signals.
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[0071] Inoneembodiment, the low resolution 4 bit samples
from the Flash A/D converter are narrow band filtered, around
the source signals, to yield a 6 to 8 bit sample and these
samples are used to generate the estimate of the intermodu-
lation products for the cancellation process.

[0072] The identified frequencies of the intermodulation
source signals are sent to source signal module 328. In one
embodiment, a control and status/house-keeping cell 335
controls search module 331, the signal-of-interest FIR mod-
ule 326, and the transmitter feed FIR module 327. In one
embodiment, the control and status function provides infor-
mation to the others cells as to the location of known signals
such as the transmitter, so the search algorithm does not
confuse it for another signal.

[0073] All three of the filtered signals sets are passed from
FIR filter and down sample cell (decimating filters associated
with the sigma delta A/D) 325 to intermodulation cancella-
tion cell 340. In intermodulation cancellation cell 340, a
transmitter feed thru intermodulation products generation
module 341 uses the filtered transmitter feed thru and asso-
ciated interference source signal half way between the trans-
mitter and the receiver signal to compute the intermodulation
interference produced by the transmitter feed thru and other
mixing signal(s). A Source Signal Intermod (SIM) generation
(SIM GEN) module 342 uses the filtered source signals from
decimating filters 328 to compute the estimate of the inter-
modulation interfering signals. A cancellation summing cell
343 inverts and combines both of these signals with the fil-
tered signal-of-interest to produce a signal-of-interest with
the intermodulation interference canceled. The resulting sig-
nal-of-interest is sent to a baseband processor interface 345.
In one embodiment, cancellation summing cell 340 includes
a control loop that adjusts the phase and amplitude of the
canceling signals to reduce, and potentially minimize, inter-
ference, as described in more detail below.

[0074] In one embodiment, transmitter feed thru module
327 receives a signal from search cell 330 that identifies the
location of a close-in blocking signal and then transmitter
feed thru module 327 isolates the blocking signal and uses it
along with the transmitter feed thru to generate an estimate of
the interference generated by the transmitter feed thru ampli-
tude modulating the blocking signal.

[0075] Baseband processor interface 345 uses a digital
word de-interleaving module 346 to separate the signal into
in-phase and quadrature signals to be sent by baseband pro-
cessor. In on embodiment, the baseband processor may per-
form a final digital down conversion. This may be done by
taking four time samples and using the first two as [and Q and
dropping the next two. In one embodiment, the first and the
third samples are averaged to get the I value and the second
and the fourth are averaged to get the Q sample. In some
cases, this improves the SNR by 3 dB. Ifthe sample rate is not
high enough after this is performed, then the intermediate
values are achieved by interpolation. This process guarantees
the I and Q signals are in perfect quadrature. If the I and Q
signals are required to be coherent, a phase lock loop can be
used to determine the time offset and the samples can be
shifted achieve coherence.

[0076] In one embodiment, the receiver may digitally
down-convert the signal of interest independent of the type of
modulation associated with the signal because the interfer-
ence is being removed from the signal without foreknowledge
of the type of modulation associated with the signal of inter-
est. The type of modulation could be, for example, amplitude
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modulation, frequency modulation, or pulse modulation,
amplitude phase modulation, phase keyed modulation,
TDMA, FDMA, CDMA or any other type of modulation. The
present invention does not require a unique modulation for
either the signal of interest (SOI) or the interfering and can-
cellation signals.

[0077] In one embodiment, the non-linear transmitter pro-
cessor chain uses a similar architecture to transmit signals, a
sigma delta D/A converter. In another embodiment, a conven-
tional D/A converter with a conventional up conversion
scheme may be used in conjunction with the non-linear pre-
distortion. The I and Q digitally sampled signals are sentto a
non-linear pre-distortion compensation module 350, which
provides pre-distortion and combines the I and Q signals. In
one embodiment, samples from the transmitter feed thru from
the receiver are used to update the pre-distortion compensa-
tion. The update to the non-linear pre-distortion may be per-
formed by comparing a copy of the transmitter feed thru
signal (which is a copy of the transmitter signal after the high
power amplifier (HPA) non-linearity) to a non-pre-distorted
copy, or the original signal. If the non-linear pre-distortion in
the transmitter has been done perfectly, the difference in these
two signals is zero. Any variation indicates a need to update
the non-linear pre-distortion corrections for the AM/AM and
the AM/PM. In one embodiment, the copy of the transmitted
signal is received from the receiver, and in another embodi-
ment, the transmitter has a signal path used to down convert
and demodulate a copy of the signal after it has gone thru the
HPA. In either way, the non-distorted transmit signal is com-
pared to the transmitted signal to update the pre-distortion
function. This provides a continual update to the pre-distor-
tion function over time and temperature which can be critical
in devices without temperature compensation such as, for
example, mobile devices. The combined signal is sent to
up-sampling and delta modulator module 355 for up-sam-
pling and delta modulation. Thereafter, the signal is up con-
verted and amplified by transmit RF conversion and high
power amplifier (HPA) 360. The amplified signal from HPA
360 is sent to duplexer 301 to be transmitted from antenna
303.

[0078] Thebaseband processor may beimplemented as one
or more integrated circuit (IC) chips. The receiver supports a
very large number of different vendors’ baseband chips. The
only changes that might be useful would be minor changes for
each unique control and status interface for different vendors.
In alternative embodiments some or all portions of the trans-
mitter and receiver may be incorporated on the same inte-
grated circuit as the baseband processor.

[0079] FIG. 4 illustrates a block diagram of another alter-
nate embodiment of a wireless communication receiver and
transmitter. As above, the transmitter and receiver may be
implemented as multiple ICs or as a single IC. Referring to
FIG. 4, receiver 400 comprises an RF front end includes
similar components as above including LNA 404, a RF SAW
filter 406, local oscillator 400 and down-conversion mixer
402. In one embodiment, the receiver chip may or may not
include the down conversion local oscillator 400 and mixer
402. In another embodiment, the LNA may be on or off chip.
[0080] Antenna 403 is coupled to a duplexer 401. Receiver
400 receives its input from an output of duplexer 401 and
outputs 6 bit in-phase (I) and quadrature (Q) data streams to
baseband processor 160. In other embodiments, the number
of bits output to the baseband processor may be increased or
decreased as required. In one embodiment, SAW filter 406
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has a bandwidth of 140 MHz connected to LNA 404. In
alternative embodiments, the function performed by the SAW
filter may be more narrow or wider depending on the signal
space of interest and the sources of interfering signals. The
140 MHz SAW filter 406 passes the signal of interest, i.e. the
desired signal, as well as all of the signals that produce inter-
modulation products. In one embodiment, duplexer 401 pro-
vides reasonable attenuation beyond the receive band of 1930
to 1990 MHz. The RF front end accommodates the entire
bandwidth of the receive band because any designated fre-
quency between 1930 and 1990 MHz may be assigned on a
quasi-random basis. The out-of-band signals such as the
transmit bands from 1850 to 1910 MHz are attenuated by
approximately 50 dB. In alternative embodiments, the RF
frequency band may be difterent, such as for telephony bands
in other parts of the world, Cellular bands in the U.S. (800
MHz), wireless LAN in the ISM band and 5 GHz band.
Satellite applications will have other RF bands for which this
invention will be applicable. Fixed wireless could be any
frequency from 1 to 60 GHz and wired applications, such as,
for example, cable modems, DSL and others, can have a wide
range of frequencies. The present is applicable to wired as
well as wireless applications.

[0081] Inone embodiment, the transmitter signal can be as
high as +30 dBm with the receiver as low as =119 dBm.
Duplexer 401 attenuates the transmit signal by approximately
50 dB, leaving the transmitter feed through at -20 dBm.
Duplexer 401 feed thru of the transmitter signal could be one
of the largest jammer source signals in the receive path and
result in intermodulation products by mixing with other
extraneous signals and generating inter-modulation products
in LNA 404, down converting mixer 402 and associated
amplifiers in the receive chain. A jammer source signal is a
signal present in receiver 400 that has the potential to produce
mixing intermodulation products, which can interfere with
the signal-of-interest.

[0082] After the down conversion to IF, receiver 400 passes
the 140 MHz (which may be a different bandwidth in other
embodiments) to capture the signal-of-interest and the poten-
tial source signals for intermodulation generation.

[0083] FIG. 5 illustrates a block diagram of an alternate
embodiment of the receiver having an image reject filter to
limit the sources of interference affecting the signal of inter-
est. Receiver 500 contains an image reject filter 504 to per-
form image rejection on the signal of interest before applying
Sigma Delta A/D converter 506. Image reject filter 504 will
filter out all undesirable mixing products from the down
conversion mixing process. The passband of the front of the
system including SAW filter 508 and the band pass of image
reject filter 504 is matched to the range of bandwidths that
may contain the signal of interest and interference source
signals. In one embodiment, image reject filter 504 is an
off-chip filter. In another embodiment, image reject filter 504
is an on-chip filter. Image reject filter 504 may be either part
of the sampling, filtering and processing (SFP) unit 408 or a
down conversion unit. In an embodiment, due to the fast
sampling rate of the sampling process, image reject filter 504
has only a few poles with a pass band of 140 MHz to avoid
aliasing with a nominal 350 mega sample per second sampler.
In one embodiment, image reject filter 504 is a reasonably
benign filter and, in combination with the out of band rejec-
tion features of the subsequent decimating filter, provides
adequate filtering, thus eliminating the need for an interme-
diate frequency SAW filter (which is not shown in this figure).
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[0084] Referring back to FIG. 4, after the sampling has
been accomplished, the sampled 140 MHz wide signal is sent
to the bank of digital band pass filters, namely BPFs 410, 412,
414, which are decimating filters. The analog signal is tapped
off prior to the sampling function and sent to an analog filter
422 which supports the flash A/D and the search function
discussed herein. This bank of band pass filters includes a
BPF for the signal-of-interest (BPF 410), a BPF for the trans-
mitter feed through and associated signals (BPF 412), and a
BPF for source jammer signals (BPF 414). These are the
sigma delta related decimating filters. Source jammer signals
produce in band inter-modulation products. In one embodi-
ment, all of these signals are down sampled and processed at
6 bits and 20 mega samples per second. The exact sampling
rate may vary in different embodiments of the invention
depending on the requirements of resolution and bandwidth.

[0085] In one embodiment, BPF 410 is a programmable
digital filter used to band pass the signal-of-interest and sub-
sequently down sample to yield a high signal noise, narrow
band, high bit resolution digital signal. In alternative embodi-
ments, BPF filter 410 for the SOI is fixed and the LO is
adjustable to place the signal of interest in the same place
when the down conversion is performed. In one embodiment,
this filter is a FIR filter with 90 to 128 taps. In another
embodiment, the filter is a complex set of filters with inter-
mediate down-sampling. In one embodiment, the FIR filter
has programmable tap weights and the tap weights are
selected for jammer rejection to reject jammer signals close to
the signal-of-interest. In one embodiment, the jammer signals
are as close as 900 kHz and 1700 kHz off center band ofa 1.23
MHz wide signal. In alternative embodiments, the jammer
source signals can be any where in the receive band. In one
embodiment, the jammer signals are as high as —=30 dBm with
the signal-of-interest at =116 dBm. The output of BPF 410 is
sent to cancellation unit 428 (e.g., signal adder, summation
unit, etc.) where the interference intermodulation product
signals are cancelled.

[0086] Inoneembodiment, the intermodulation compensa-
tor 403 may operate as follows. BPF 412 band pass filters the
transmit signal and any signal that falls “half way” between
the transmitter and the receive signal. These half way signals,
when mixed with the transmit feed through signal, can drop
an intermodulation product in band of the signal-of-interest.
Since the location of these signals is known, no search algo-
rithm is required. In one embodiment, BPF 412 is a program-
mable FIR filters programmed to filter the transmitter signal
and the other mixing signals. In alternative embodiments,
BPF 412 may be a fixed set of filters. The output signals from
BPF 412 are sent to a processing block 416 that generates an
estimate of the intermodulation product(s). In one embodi-
ment, these signals are 6 bits and 20 mega samples per sec-
ond. The output of BPF 412 and the output of 410 are at the
same quantization (number of bits) and clock rate. The source
signals, and thus the estimate of the intermodulation prod-
ucts, are generated from the same bit stream as the SOI and
this makes keeping the signals coherent much easier, which,
in turn, makes generating accurate and timely interference
cancellation signals possible. It is also easier to cancel the
interference signals if all the signals have seen similar transfer
functions.

[0087] Analog bandpass filter 422 is an anti-aliasing filter
prior to the flash A/D converter 424. In one embodiment, flash
A/D converter 424 is a low to medium resolution A/D con-
verter (around 4 bits) that samples the entire band in which
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source signals can exist and which have the potential to pro-
duce intermodulation products inband of the SOI. A search
unit 418 detects the presence of the energy of source jamming
signals that have the potential to generate in-band intermodu-
lation products. When signals of sufficient energy are
detected with the correct relationship to generate in band
intermodulation products, the frequencies are passed to BPF
414, which filters the signals of interest and passes them to
processing unit 420 where an estimate of the intermodulation
product(s) is generated. These signals are 6 bits and 20 mega
samples per second.

[0088] In one embodiment, filters 412 and 414 are only a
few poles and fairly benign in that the out of band roll off
characteristics can provide shallow shirts. Steep filters are not
desired here, as the source signals passed are used to generate
the estimate of the intermodulation products in the time
domain. Further, the actual signal should be filtered as little as
possible, such that the time domain representation of the
signal is as accurate as possible without passing unwanted
signals and noise. The side lobes are desired for signal accu-
racy in the time domain. A copy of the transmitter feed thru
signal is also sent to parameters 444 on the transmitter portion
to update a non-linear pre-distortion algorithm.

[0089] Theinterference compensation functions associated
with filter 414, filter 420, intermodulation product signal
generator (phase and amplitude adjuster) 432, cancellation
unit428, 434, filter 422, flash A/D converter 424 and jamming
signal search unit 418 can be readily expanded to filter and
process, for cancellation of intermodulation products, as
many signals as desired. In one embodiment, this application
is restricted to the [S-95 number of jammers to save power.
[0090] Bandpass filter 422 and flash A/D converter 424
provide the digital samples required by the jamming signal
search unit 418. At the output of the IF amplifier, the analog
signal is sent to the anti-aliasing band pass filter 422 and flash
A/D converter 424. In one embodiment, the analog signal is a
140 MHz signal that is filtered with a bandpass filter 422 with
a band pass of 60 or 120 MHz corresponding to the receive
band of the Code Division Multiple Access (CDMA) signals.
In alternative embodiments, the band pass of anti-aliasing
band pass filter 422 is determined by the requirements of the
specific application, wired or wireless. After the filtering, the
signal is sampled with flash A/D converter 424 at 200 to 350
MS/s at 4 bit resolution. The sample rate is determined by the
bandwidth of the anti-aliasing filter and the number of bits
may vary in various embodiments. Search unit 418 uses the
digital samples to fmd the location of signals with energy
beyond a selected threshold which could generate SOI inband
intermodulation products. The threshold may be determined
by the particular application. For each application, there are
levels below which the source signals do not generate inter-
modulation products large enough to be of a concern. When
source signals are present, which can produce intermodula-
tion products, inband of the SOI, the strongest interferers are
processed. Search unit 418 passes the frequencies to BPF 414
for filtering the high fidelity 6 bit copies of the source signals
at20 MS/s. Actual rates and quantization levels are dependent
on the particular application and embodiment.

[0091] Inoneembodiment, if there is the potential for more
than one intermodulation product to fall inband of the SOI
and in this case, the processes may select the largest. Search
unit 418 is designed to find the signal energies and pass the
frequencies to BPF 414 within 10 msec or less. In some
embodiments, the timing requirements may be different and
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is an implementation issue that may be resolved by parallel
processing if required. CDMA specification allows for a
frame error rate of 0.01 frames when the jammer signals are
present. Each frame is 20 msec. This frame hit is only taken
once. In one embodiment, search unit 418 searches for as
many jammer signals as desired. In theory, any number of
jammers can be managed depending on the complexity of the
implementation.

[0092] In one embodiment, when the transmitter and the
“half way” signal are received by the transmitter feed-through
intermodulation products generator 416, the samples are mul-
tiplied in the time domain to generate the estimate of the
intermodulation product. When a source signal is no longer
present, the estimate of the intermodulation goes to zero
because one of the signals is either multiplied by zero or a
very small signal. The estimate of the intermodulation prod-
uct is sent to the intermodulation cancellation signal genera-
tor 426 where the signal is adjusted for phase and amplitude
by phase/amplitude adjuster functionality therein and
inverted by inverter functionality to cancel the inter-mod in
the band of the SOI.

[0093] The amplitude of the intermodulation product is
estimated by the knowledge of the estimated IIP3 and some-
times the [1P2. The estimates of the IIP2 and IIP3 are updated
as the corrections are made to the phase and amplitude of the
estimated intermodulation product to reduce, and potentially
minimize, the interference. The estimate of the intermodula-
tion product is sent to cancellation unit 428 for cancellation of
the intermodulation product(s) as well as to the correlation
and correction unit 430 where the corrections to the phase and
amplitude of the estimate are computed via an adaptive algo-
rithm, such as a zero forcing algorithm. In one embodiment,
the algorithm is a dither algorithm which uses two correlators,
one is used to correct the phase and one is used to correct the
amplitude. Other algorithms can be used and may be based on
least squares of estimates and errors and like algorithms.
[0094] The transmitter feed thru can appear as an amplitude
modulation on a high power close in jammer as is possible in
an embodiment of the invention for CDMA 18-95/98 and
CDMA 2000. In this case, the transmitter feed thru filtered in
filter 412 and a second signal from the close in jammer may be
used to generate a canceling signal for this interference.
[0095] In one embodiment, with respect to the correlation
and correction function 430 and 434, a copy of the estimate of
the intermodulation product is received from intermodulation
cancellation signal generator 426 or from intermodulation
cancellation signal generator 432. This function also receives
a copy of the SOI after cancellation of the intermodulation
products in cancellation unit 428. The signal received from
intermodulation cancellation signal generator 426 or inter-
modulation cancellation signal generator 432 (depending on
which intermodulation product is being talking about), is fed
to two internal correlators. In the first correlator, the signal
from intermodulation cancellation unit 426 for intermodula-
tion cancellation signal generator 432 is phase shifted by 90
degrees and the cross correlation between this signal and the
output of cancellation unit 428 is computed. The second
correlator correlates the signal from intermodulation cancel-
lation signal generator 426 or intermodulation cancellation
signal generator 432 with the output of cancellation unit 428.
By using a dither algorithm to reduce, and potentially mini-
mize these correlations and alternately adjusting the phase
and amplitude of the estimate of the intermodulation product,
the interference is reduced (and potentially minimized). This
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technique provides for control on the adjustment of the phase
and amplitude of the intermodulation product estimate to
reduce (and potentially minimize) the interference.

[0096] In intermodulation cancellation signal generator
426 and intermodulation cancellation signal generator 432,
the phase and amplitude of the estimate of the intermodula-
tion product is adjusted with sufficient granularity so as to
closely match the phase and amplitude of the intermodulation
product generated in the non-linearities. When the number of
samples is low relative to the carrier frequency, a simple delay
of'digital samples does not provide sufficient resolution of the
phase adjustment. As an example, when the sample rate is 20
mega samples per second, and the IF is around 5 MHz (as can
happen with the down sampling), each sample is only about
90 degrees. F1G. 11 shows how, in one embodiment, the phase
is adjusted by any desired increment, even when the sample
rate is low. In this embodiment, the original samples A, B, and
C, are converted to samples a, b, ¢ by weighted interpolation.
The new samples a, b, and ¢ are mapped into the time slots of
A, B, C. In one embodiment, the phase shifting function is
performed using a FIR filter with only a few taps. By properly
selecting the weighting of values A, B, and C in the interpo-
lation process, any arbitrary phase shift can be achieved. The
amplitude may be adjusting by simple scaling.

[0097] When the intermodulation products generator 420
receives the jammer (source) signals, the samples are multi-
plied in the time domain to generate an estimate of the inter-
modulation product. When a source signal is no longer
present, the estimate of the intermodulation goes to zero
because either one of the signals is multiplied by zero or a
very small signal. The intermodulation estimate is sent to the
intermodulation cancellation unit 432.

[0098] The amplitude of the intermodulation product is
estimated by the knowledge of the estimated IIP3 and some-
times the IIP2. These estimate IIP2 and IIP3 are updated as
the corrections are made to the phase and amplitude of the
estimated intermodulation to reduce, and potentially mini-
mize, the interference. The estimate of the intermodulation is
sent to the canceling unit 428 for cancellation of the inter-
modulation product(s) as well as to the correlation and cor-
rection unit 434 where the corrections to the phase and ampli-
tude of the estimate are computed via an algorithm, such as a
zero forcing algorithm or dither algorithm or other as
described above. The generation of jammer signal intermodu-
lation products and cancellation signals is expanded to com-
pute as many signals as desired. In an embodiment, restricting
this application to the IS-95 number of jammer signals saves
power. Prior to the cancellation process, the estimates of the
intermodulation products are filtered to only pass those which
fall inband of the signal of interest.

[0099] Inone embodiment, the estimates of the intermodu-
lation products from the jammer signals and the transmitter
feed through related intermodulation products are inverted
and added at 6 bits and 20 mega samples per second to the
signal-of-interest. The output of cancellation unit 428 is sent
to the de-interleaver 436 and the correlation units 430 and
434. With the output of the cancellation unit and the copy of
the estimate of the intermodulation products, correlation
units compute the cross correlation between the estimate of
the intermodulation products and the signal-of-interest after
the cancellation process. In one embodiment, the correlation
unit sends control signals, such as phase and amplitude cor-
rections based on a zero forcing algorithm (or some similar
function to reduce or minimize the interference) to the phase
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and amplitude adjustment and signal inversion units 426 and
432. In one embodiment, this is done for the minimal set of
signals (2 signals) as specified by IS95 but can be expanded to
any number of signals based on the application.

[0100] The estimate of the intermodulation products is
inverted and added using adder 428 to the signal-of-interestto
cancel the intermodulation products. The parameters of the
intermodulation generation process change as a function of
time and temperature. This architecture maintains continuous
estimates of the IIP3 and the IIP2 and continuously updates
the estimates by the phase and amplitude corrections sent
from the correlation process. The corrections are determined
by the zero forcing (or functionally equivalent such as, for
example, a dither) units 430 and 434, which forces the cross
correlation between the signal-of-interest and the estimate of
the intermodulation products to be substantially kept at a
minimum.

[0101] In one embodiment, the 20 Mega samples per sec-
ond at 6 bits per sample output of the cancellation units are
input to the de-interleaver 436 where the samples are low pass
filtered to baseband signals and the bit stream is word de-
interleaved to produce the in-phase and quadrature words at 6
bits and 10 Mega samples per second. (Note that the clock
frequencies may vary in different embodiments for different
target signals.) The word de-interleaving process produces a
complex baseband signal with perfect quadrature. In one
embodiment of this invention, the 20 mega samples per sec-
ond are taken after the interference cancellation unit 428 and
consecutive sets of four samples are taken. The first and
second are the I and Q samples and the 3"? and 4% are dropped
in that they are just copies of the 1°* and 2" only 180 degrees
shifted in time. The samples 1** and 3"/ can be averaged to
improve SNR by 3 db. The same is true for the 2”7 and 4
samples. The samples are now at approximately 5 mega
samples per second and it is desired to have them at 10 mega
samples per second. The samples are interpolated and up
sampled at Ms/s the desired sample rate. In another embodi-
ment of the invention, the sample rate out of the decimating
filter is 40 mega samples per second and the rate of 10 mega
samples per second is achieved with the 4 sample de-inter-
leaving described above. These clock rates may vary in dif-
ferent embodiments as function of the signals being pro-
cessed.

[0102] Thephase de-rotation is performed in baseband pro-
cessor 160. Since the phase de-rotation is done in baseband
processor 160, phasing of the word de-interleaver 436 is not
critical because the information is fully contained in the base-
band complex signal. That is, what is not in the in-phase
signal is in the quadrature signal, and what is not in the
quadrature is in the in-phase signal. If a coherent de-rotated
signal is required, the coherent detection may be performed
using standard phase lock techniques.

[0103] The architecture also includes a transmit path that
provides for a non-linear processing of the transmitter sig-
nals. In one embodiment, the transmit path receives the 10 bit
in-phase signal and quadrature samples at 10 Mega Samples
per second. The signals are sent to non-linear pre-distortion
(NLPD) unit 438 and snap shot sampler 440. The I and Q
samples are input to pre-distortion unit 438, which performs
pre-distortion with the opposite amplitude modulation/am-
plitude modulation (AM/AM) and amplitude modulation/
pulse modulation (AM/PM) distortions induced by the non-
linear elements in the transmit chain. Snap shot sampler 440
captures samples of the I and Q signals prior to pre-distortion.
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These represent an ideal signal at the output of the high power
amplifier (HPA) 442. These signals are compared to the trans-
mitted signal and the result is used to update parameters 444
which stores the amplitude modulation/amplitude modula-
tion and amplitude modulation/pulse modulation pre-distor-
tion parameters. In one embodiment, the transmitter feed thru
signal from the function 412 is used as the post non-linearity
sample which is compared to the non-pre-distorted sample of
the transmit signal. In another embodiment, the transmitter
has its own down conversion and sampling function to get the
post non-linearity signal sample for comparison.

[0104] The I and Q signals are orthogonal and the vector
sum of the two represents the power of the composite signal.
The amplitude modulation/amplitude modulation and ampli-
tude modulation/pulse modulation distortions can be inverted
and the pre-distorted I and Q signals are corrected by non-
linear pre-distortion unit 438 by non-linear distortions of the
transmit chain to produce a pristine non-distorted signal at the
output of the HPA 442. The initial values of the amplitude
modulation/amplitude modulation and amplitude modula-
tion/pulse modulation distortions can be pre-determined at
manufacture or can be determined by the built in process
described herein. Receiver 400 processes a copy of the trans-
mit signal as part of the intermodulation compensation
scheme 416 and this signal is available for calibration of the
amplitude modulation/amplitude modulation and amplitude
modulation/pulse modulation parameters. All values of the
amplitude modulation/amplitude modulation and amplitude
modulation/pulse modulation parameters for all transmit
power levels do not need to be stored. A simple 3 or 5 order
fit to the amplitude modulation/amplitude modulation and
amplitude modulation/pulse modulation curves will provide
the required fidelity. The amplitude modulation/amplitude
modulation and amplitude modulation/pulse modulation cor-
rections can be made via a look up table implementation or
some other mechanism.

[0105] Inone embodiment, after the I and Q samples have
been pre-distorted to compensate for the non-linearities in the
transmit chain, the I and Q samples are processed and inter-
leaved by unit 438 to produce the composite digital transmit
signal at 10 bits per sample at 20 Mega samples per second.
[0106] As part of the receiver intermodulation cancellation
unit 412, a copy of the transmit signal is demodulated. A 6 bit
20 Mega sample per second copy of the transmit signal is
available from receiver 400. A snap shot sample of the non-
pre-distorted I and Q samples are available from snap shot
sampler 440. The snap shot [ and Q samples are word inter-
leaved to produce a composite signal. In the amplitude modu-
lation/amplitude modulation and amplitude modulation/
pulse modulation correction calibration process 444, the
interleaved snap shot samples are correlated with the receiver
400 provided copy of the transmit signal and these two signals
are word (bit wise) shifted to achieve an optimum correlation.
Any difference in the amplitude of the time-aligned samples
indicates the need to update the pre-distortion parameters.
The amplitude modulation/amplitude modulation and ampli-
tude modulation/pulse modulation correction parameters
may be continuously updated. This update process 444 need
not be a real time process, but faster than the anticipated
changes in the non-linear components, which are a function
of time and temperature.

[0107] After the digital baseband signals have been pre-
distorted 438 to compensate for the transmitter non-lineari-
ties an up-sampling and delta modulation process is per-
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formed by unit 446 where up sampling values are determined
by linear interpolation between the 20 mega sample per sec-
ond samples. This process produces a 1 bit per sample bit
stream at a sample rate of approximately 100 to 200 MHz.
[0108] Thereafter, this bit stream is filtered by an image
reject digital filter 448 then put through a one bit A/D con-
verter (ADC) 450. In one embodiment, when the 1 bit A/D
converter 450 processes the 100 to 200 MHz bit stream,
images of the analog signal will be produced at every har-
monic of the sampling rate. An image rejected analog filter
452 is place at the desired IF and the image reject filter 452
rejects these images. Since the sampling rate is rather high,
the images will be spaced by multiples of the sampling rate.
This should allow for an on chip image reject filter of only a
few poles.

[0109] The signals are then up converted to RF using a local
oscillator 454, mixer 456 and an image reject filter 458.
Assuming an IF on the order of 200 to 600 MHz (TBR), mixer
456 and potentially the local oscillator 454 and image reject
filter 458 can be on chip components.

[0110] HPA 442 is alarge source of non-linear distortion in
the transmit chain. Since this is not a classical direct conver-
sion architecture, the residual carrier problem is not a critical
concern since there is no carrier signal at the radio-frequency
transmit frequency or any harmonic of it.

[0111] With the non-linear pre-distortion, HPA 442 can be
operated much closer to saturation without clipping the signal
and causing the re-growth of side lobes. In one embodiment,
aroot raised cosine (RRC) type filter in the baseband proces-
sor controls the transmit spectrum, allowing the overshoot
between symbols can be on the order of 3 to 4 dB depending
on the alpha selected. Alpha determines the excess bandwidth
over that of a perfect Nyquist brick wall filter. In an embodi-
ment, the raised cosine filters introduce controlled Inter-sym-
bol Interference (ISI) which controls the spectrum, but also
makes the signal non-constant envelop even if it stared out as
a constant envelop signal such as QPSK or 8PSK. The inter-
symbol interference of a raised cosine filter is zero at the
center of each adjacent symbol period, but can cause signal
over shoots of 3 to 4 dB depending on the alpha selected. The
smaller the alpha, the more narrow the bandwidth and the
greater the over shoot. This over shoot determines how close
to saturation the amplifier may be operated without causing
clipping of the signal and re-growth of side lobes in the
transmit spectrum.

[0112] Inanalternate embodiment of the receiver, the pass-
band of the front of the system is much wider than the desired
signal and the potential source signals come from a much
wider passband. The second digital filter, which rejects the
desired signal and passes the source signal, must cover up to
6010 120 or more MHz. To avoid aliasing images in band, the
sampling rate of the A/D converter should be at least 2.5 times
the Nyquist rate. In one embodiment, the Sigma Delta 1 bit
sampling rate is 300 to 350 MHz, with the same sampling rate
being used for the desired signal bandwidth. The front end
SAW filter as radio-frequency is 140 MHz wide to allow
passage of all of the potential intermodulation source signals
to include feed of the transmitter through the diplexer. The
LNA receives this feed through. While the transmitter feed
thru is not within the receiver passband, it can mix with other
signals half way between the receiver and transmit bands and
produce intermodulation products in the receive passband.
For this reason, this signal is passed into the sampler to be
included in the interference set of source signals.
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[0113] In one embodiment, at the intermediate frequency,
the passband only needs to be 80 MHz since the transmit and
receive bands are paired and are 80 MHz apart. The interme-
diate frequency conversion local oscillator (local oscillator) is
adjusted to center the down-converted signal on the selected
intermediate frequency. The passband filter can be 80 MHz.
The selected Sigma Delta 1 bit A/D sampling rate has been
selected to capture the entire 80 MHz without producing
aliasing of images. The image reject filter may be able to be an
on chip filter with only a few poles due to the wideband of the
sampling.

[0114] Two copies of the 1 bit A/D Sigma Delta bit steam
are created and one is filtered with a passband for the signal of
interest. In one embodiment, the filter skirts are made very
steep and the close-in interfering signals are filtered out at this
point, reducing the dynamic range that must be carried
through the system and reduces the required resolution in the
desired pass band from 14 bits to approximately 6 or 7. With
this embodiment, the in-phase & quadrature channel orthogo-
nality is guaranteed because the 20 mega samples are 6 or
7-bit word de-interleaved to get the in-phase and quadrature
samples. This is done after the intermodulation products can-
cellation, which is done on the in-phase-quadrature compos-
ite signal instead of being done on in-phase and quadrature
separately.

[0115] In one embodiment, the second copy of the Sigma
Delta 1 bit A/D bit steam is input to a band reject digital filter
at the passband of interest. The down-sampling is done such
that the retained passband is 80 to 90 MHz with 3 to 6 bits of
resolution per sample. This is adequate because only the very
large signals are of interest and cancellation with a resolution
of 3 to 6 bits is an enormous benefit.

[0116] As in the general case, the high level out-of-band
signals are used to compute estimates of the in-band inter-
modulation products and are then used to cancel the interfer-
ence.

[0117] This compensation architecture is applicable to
many other communications systems and this example is not
intended to preclude other applications such as Edge, 802.11,
Bluetooth, satellite systems and others in this patent. In the
CDMA telephony applications, the baseband processor sends
8 or 10 bit words at approximately 10 mega samples per
second to the transmitter module. In this architecture, the
transmitter has determined the amplitude modulation/ampli-
tude modulation and amplitude modulation/pulse modulation
distortion characteristics of the High Power Amplifier (HPA).
The nonlinear pre-distortion pre-distorts the in-phase and
quadrature vectors such that when the amplifier induces
amplitude modulation/amplitude modulation and amplitude
modulation/pulse modulation distortions, the result is a cor-
rected signal at the output of the amplifiers. The pre-distortion
module adjusts the amount of amplitude modulation/ampli-
tude modulation and amplitude modulation/pulse modulation
pre-distortion based on the drive level of the amplifier.
[0118] After the pre-distortion is completed, the words are
up-sampled by a factor of 10 to a 100:1 by interpolation
between the original values. The samples are delta modulated
and band passed and then input to a 1 bit D/A converter. The
analog signal is now up converted to the transmit frequency.
This provides a system with little or no residual carrier at
radio-frequency.

[0119] FIG. 6 illustrates a flow diagram of one an embodi-
ment of processing performed by a receiver to reduce har-
monic interference and intermodulation interference from a
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signal of interest prior to the final digital down conversion of
that signal. This flow diagram is applicable to the source
signal intermodulation products as well as the transmitter
feed thru related intermodulation products.

[0120] Referring to FIG. 6, in processing block 600, a
Sigma Delta A/D converter 602 outputs two copies of a source
signal as digital samples at a sampling rate greater than the
sampling rate of the final digital down conversion.

[0121] In processing block 605, each copy of the signal is
sent to a separate FIR filter in an intermodulation compensa-
tor. Note in alternative embodiments, there may be any num-
ber of copies of the signal processed to manage multiple
intermodulation products. Each FIR filter filters its output
signal at the Sigma Delta A/D converter sampling rate to
reduce the interference from aliasing tails.

[0122] Inprocessing block 610, one FIR filter operates as a
band pass filter to pass the signal of interest at an intermediate
frequency and produces the signal-of-interest with in-band
interference (processing block 615).

[0123] Inprocessing block 620, another FIR filter operates
as a band reject filter for the signal of interest and produces
out of band signals that are the source of the in-band interfer-
ence intermodulation products.

[0124] In processing block 630, an intermodulation com-
pensator computes the expected in-band interference signals
based on the IIP2, IIP3 and other non-linear attributes of the
system.

[0125] In another embodiment, with respect to processing
block 620, two filters are used to band pass the source signals
and these are then used in processing block 630 to compute
the intermodulation products estimate.

[0126] In processing block 635, the intermodulation com-
pensator applies a band pass filter to the signal estimates of
the in-band interference to produce an estimate of the in-band
interfering signals (by passing an interfering signal having
the same frequency band pass as the desired signal).

[0127] In processing block 640, the intermodulation com-
pensator inverts the estimate of the interfering signal set (pro-
cessing block 640) and adds the inverted interfering signal set
to the original desired signal to cancel the interfering signals
(processing block 645).

[0128] Also, in processing block 650, the intermodulation
compensator cross correlates the inverted estimate of the
interfering signal added to the desired signal with a zero
forcing (or other adaptive) algorithm until the cross correla-
tion is reduced, and potentially reaches a minimum. Also in
processing block 650 determines the phase and amplitude
offsets and passes them to processing block 655.

[0129] In processing block 655, the intermodulation com-
pensator adjusts the phase and/or amplitude of the estimated
interference signals with a zero forcing (or other adaptive)
algorithm and generates a signal to control generation of the
invert cancellation signal. The control loop may run continu-
ously to adaptively cancel the in-band interfering signals.
[0130] This system may be applicable to any communica-
tions system including those with close in-interfering signals
and in-band intermodulation products. The technique
described above may be implemented as a set of instructions
to be executed and stored in the memory of a computer system
(e.g., set top box, video recorders, etc.).

[0131] Alternatively, the logic to perform the methods as
discussed above, could be implemented by additional com-
puter and/or machine readable media, such as discrete hard-
ware components as large-scale integrated circuits (LSI’s),
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application-specific integrated circuits (ASIC’s), firmware
such as electrically erasable programmable read-only
memory (EEPROM’s); and electrical, optical, acoustical and
other forms of propagated signals (e.g., carrier waves, infra-
red signals, digital signals, etc.); etc.

[0132] Although the present invention has been described
with reference to specific exemplary embodiments, it will be
evident that various modifications and changes may be made
to these embodiments without departing from the broader
spirit and scope of the invention. Accordingly, the specifica-
tion and drawings are to be regarded in an illustrative rather
than a restrictive sense.

[0133] FIG. 7 is a block diagram of another embodiment of
the receiver which is a variation on the embodiment shown in
FIG. 5. Referring to FIG. 7, the architecture is capable of
processing several different modes or standards in the North
American telephony bands to include future growth to the 3G
standard. This is done while maintaining backward compat-
ibility between 3G and the other standards. This embodiment
makes a single chip viable for all of the following in the two
North American Telephony Bands: CDMA 1S-95/98, CMDA
2000,3G, TDMA, AMPS, GSM, GPRS, EDGE and others. In
another embodiment, the telephony standards of other coun-
tries can be supported by changing the RF to IF down con-
version components. In an alternative embodiment, a flash
A/D converter may be used in place of the Sigma Delta
Modulator and Decimating filters if the dynamic range
required by CMDA and the high power jammers is not
required. In either case, the entire passband of the receiver is
sampled and programmable or fixed digital filters are used to
isolate desired signals, and interfering signals in the CDMA,
AMPS, TDMA GSM etc signal bands. The sigma delta
approach affords greater resolution and dynamic range.
[0134] In FIG. 7, filter block 702 has two filters instead of
one, one for the 1.25 MHz CDMA 2000 and a 5 MHz filter for
the 3G. The decimating filters output 6 bits at approximately
20 Mega Samples per second for CDMA 2000 and 6 bits at
approximately 80 Mega Samples per second for 3G. 3G is a
CDMA signal that is 4 times the rate of CDMA 2000 and is 4
times the bandwidth.

[0135] The Sigma Delta A/D converter has a sufficiently
high over sampling ratio (OSR) to provide adequate SNR for
both CDMA 2000 and 3G. The Sigma Delta A/D converter
has an OSR of 140 for and achieves a SNR of about of over 85
dB fora 2"?or 3" order sigma delta loop. This can yield up to
14 bits if required and this is true for the source signals as
well. The OSR for 3G Wideband CDMA (WCDMA) is 35
which will yield a SNR of better than 80 dB for the 3’7 order
loop and better than 60 dB for the 2"¢ order loop. This will
yield 10 to 13 bits. In one embodiment 6 bits are used to keep
computational complexity down. If more bits are required,
this can be achieved in the decimating filters.

[0136] InFIG.7, filter block 701, the decimating program-
mable filter that in the receiver of FIG. 5 previously used for
the source interfering signals is used for TDMA or AMPS
signals. The frequency of the AMPS and or TDMA can be any
where in the receive band of the telephony channels. The
frequency is known by the control and status function and is
passed to the source signal search block 704 which passes the
frequency assignment to decimation filter block 701. The
filters in decimation filter block 701 are nominally 300 kHz
wide. Filter block 701 outputs the signal to the AMPS/
TDMA/GSM down sample and filter block 703 that com-
prises digital filters to filter out the narrow AMPS or TDMA
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signals normally 10 or 30 kHz wide. These signal are very
narrow band and the sigma delta A/D converter results in a
very high SNR and the number of bits output can be 10to 14
bits if required. In one embodiment, the OSR provides
adequate SNR for 14 bits, but less may be used to eliminate
complexity. The previous description of the non-linear trans-
mitter are also applicable here as shown in the FIG. 7.
[0137] Inone embodiment, with respect to filter block 701,
the output of the decimating filter can be a GSM signal pro-
cessed in the same manner as described for the TDMA and
AMPS. The GSM is 200 kHz wide and can be frequency
hopped. This is readily handled by filter block 701 because it
has two programmable filters (nominally 300 kHz wide) for
the two source signals used to generate the intermodulation
product estimate. When the receiver is used in the GSM
mode, the two source signal decimating filters are used to
filter the GSM signal. While one filter is being used, the other
is being set to the next GSM hop frequency and is switched in
at the appropriate time and then the other is set for the next
frequency. The output of filter block 701 goes to filter and
downsample block 703 where the final down conversion and
filtering are performed for the GSM signal. Since the GSM
waveform is the same for GSM, GPRS, EDGE and any other
variations on GSM. The previous description of the non-
linear transmitter are also applicable here as shown in the
FIG. 7.

[0138] The embodiment shown in FIG. 7, a variation on
FIG. 5 provides a fully programmable receiver that can
demodulate known wireless telephony standards. A minor
difference exists at the RF front end where all bands (Europe,
Asia, Japan, China, Korea, North America etc.) are down
converted to one convenient IF and then they are all processed
by the architecture described herein. The upper path is just an
example for the North American cellular band.

[0139] FIG. 8 shows the topology of the multi-standard
architecture for the North American Telephony bands. In
other embodiments, various RF bands can be processed.
CMDA, AMPS, GSM, TDMA, and 3G/UMTS with forward
and backward compatibility are provided with this embodi-
ment.

[0140] Note that the analog BNA, mixer and LO may be
integrated on the same integrated circuit as the receiver.
[0141] FIG. 9 shows another embodiment of the receiver in
which wireless LAN 802.11b and Bluetooth are processing
simultaneously while mitigating the interference of Blue-
tooth on 802.11b. This embodiment also supports 802.11a.
[0142] The embodiment shown in FIG. 9 is a reduced ver-
sion of FIG. 7 and FIG. 5 with a few changes to accommodate
the 22 MHz wide 802.11b signals. The x-ed out boxes show
which boxes in FIG. 7 are not required for this application,
showing the multi-mode capability of architecture.

[0143] Thus, FIG. 9 becomes a functional subset of FIG. 7.
The ISM band is 85 MHz wide and it contains both the
802.11b and the Bluetooth signals. The operation of the func-
tional block here are the same as discussed above. The 802.
11b signal of interest (SOI) is processed in filter block 908 as
discussed above only with a different bandpass filter in the
decimating filter. The Bluetooth signal is a frequency hopped
signal and is 1 MHz wide and is used directly (i.e. intermodu-
lation products are not computed) to cancel out the Bluetooth
interference in the 802.11b signal. The Bluetooth signal is
narrowband filtered in the decimating filter 909 and is sent to
phase and amplitude correction unit 910 for interference can-
cellation support and to Bluetooth downsample unit 913 for
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final down conversion and processing by the Bluetooth base-
band processor. When 802.11a is being processed, the can-
cellation path is dormant and 802.11ais processed via filter in
filter unit 908. FIG. 9 is a subset of FIG. 7 with a few minor
modifications. This embodiment allows for the embodiment
shown in FIG. 7 to include the WL AN and PAN for a single
receiver that can process all of the telephony standards as well
as the WLAN and PAN (802.11a, b and Bluetooth). This is
shown in FIG. 10.

[0144] InFIG.9,the antenna 901 receives the RF signal for
the band of interest. While not shown in the diagram, one or
more antennas may be present for the two bands at 2.4 GHz
(ISM band for 802.11b and Bluetooth) and the 5 GHz for the
802.11a. In one embodiment, duplexer 902 is not required
since these standards are not full duplex. It would be included
for embodiments where in the systems are full duplex. The
output of antenna 901 or duplexer 902 is sent to LNA 903 and
SAW filter 904 and then to down converting mixer 916. The
output of down converting mixer 916 is then filtered by image
reject filter 905 to reject unwanted mixing products from the
down conversion process. Down conversion unit 906 per-
forms the equivalent functions as LNA, SAW filter 904, the
VGA, 903 thru down converting mixer 916 only forthe S GHz
band. The output of down converter 906 is at the same IF as
that for the other band and it is filtered by image reject filter
905 to eliminate unwanted mixing products.

[0145] The output of image reject filter 905 is amplified by
an amplifier 920 and forwarded to Sigma Delta Modulator
907. The output of Sigma Delta Modulator 907 is sent to
filters 908 and 909, which are the decimating filters. If higher
bit resolution is required, the sigma delta sampling can be
increased to a higher rate. In another embodiment, Sigma
Delta Modulator 907 and decimating filters 908 and 909 may
be replaced by a high speed flash A/D converter followed by
programmable or fixed digital filters in filters 908 and 909
Either way, the entire receive band is digitized and high
resolution samples of the 802.11b and the Bluetooth signals
result (probably 4 to 6 bits). Other embodiments may have
greater resolution. The Bluetooth signal is frequency hopped
and the two source signal filters in filter 909 are alternately
used and programmed for the next frequency hop.

[0146] InFIG.9,the 802.11b and the Bluetooth signals are
derived from same digital samples and this aids greatly in
keeping the signals aligned for the cancellation functions.
The Bluetooth signal is 1 MHz wide and the 802.11b is 22
MHz wide. If the signal in the 1 MHz passband of the Blue-
tooth signal is cancelled out, the 802.11b signal suffers a 0.2
dB loss in signal strength. The Bluetooth signal, in 1 MHz,
can have a power level comparable to that of the 802.11b in 22
MHz, which means without the Bluetooth mitigation the 802.
11b will see around a O to 5 dB SNR after dispreading. The
Bluetooth cancellation will result in a 0.2 dB reduction in the
SNR of the 802.11b which is a very manageable reduction
yielding an 802.11b SNR that is only 0.2 dB less than that
which would be seen in the absence of Bluetooth.

[0147] The output of 909 is sent to phase and amplitude
correctionunit 910 and downsample unit 913. In downsample
913, the Bluetooth signal is down converted and filtered for
output to and processing in the Bluetooth baseband processor
930. The signal sent to correction unit 910 is corrected for
phase and amplitude for the given hop frequency such that the
correlation in 911 is reduce, and potentially minimized, as
discussed above. This embodiment does not require any spe-
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cial interfaces and or coordination with the Bluetooth and
802.11b baseband processors, so this will work with any
vendor’s processor.

[0148] Correlation unit 911 receives a copy of the 802.11b
signal after the Bluetooth cancellation has taken place. Cor-
relation unit 911 also receives copy of the Bluetooth signal
and computes the cross correlation of this signal and 90
degree shifted version and using a dither algorithm deter-
mines phase and amplitude adjustment to be made in phase
and amplitude correction unit 910 such that the residual Blue-
tooth signal in the 802.11b is reduced, and potentially mini-
mized. The Bluetooth signal used up to 79 frequencies in the
ISM band and it is reasonable to assume that each frequency
might require a different phase and amplitude adjustment to
optimize the cancellation of the Bluetooth signal in the 802.
11b signal. To accommodate this, phase and amplitude 910
maintains a continuously updated table of the phase and
amplitude adjustments required to reduce the residual Blue-
tooth signal. These table values are constantly updated by
inputs from correlation unit 911.

[0149] In one embodiment, a SAW IF filter is used to
increase the dynamic range of the receiver is the presence of
high power blocking signals.

[0150] One embodiment of a receiver, with an IF filter to
improve dynamic range, is shown in FIG. 13. This receiver is
3G compatible. When the jammer signals are high amplitude
relative to the signal of interest, the amplitude of the jammer
(blocking signals) is reduced prior to the sigma delta con-
verter if the sampling is to be done at an IF frequency. The
maximum dynamic range could be limited to around 50 to 55
dB. The reason for this is that it is difficult to get a SNR greater
than 50 or 55 dB at IF. When the signal of interest is as low as
-116 dm and the blocking tone is at =30 dBm, the A/D
conversion process requires a SNR of around 86 to 90 dB to
be able to filter out the blocking signal and retain the signal of
interest. When this is the case, an IF filter (in one embodiment
a SAW filter) can reduce the blocking signal by 35 to 40 dB.
Atthis point, the sigma delta can be used to sample the filtered
signal and get the 50 to 55 dB or about 9 bits.

[0151] Referring to FIG. 13, the source signals are no
longer available in the digital sample from the sigma delta and
is derived from another source.

[0152] Antenna 1101 receives a signal that is sent to
duplexers 1102 that separates the received signal into two
bands, band 0 and band 1. Each band is sent to a separate
LNA, LNA 1103 or LNA 1104. In one embodiment, LNAs
1103 and 1104 amplify their respective signals to a range of
1050-1990 MHz. The amplified signals are then filtered with
RF SAW filters 1105 and 1106. In one embodiment, RF SAW
filter 1105 has a passband of 50 MHz, while RF SAW filter
1106 has a passband of 60 MHz. The filtered signals output
from RF SAW filters 1105 and 1106 are amplified by VGAs
1107 and 1108, respectively. The amplified signals output
from VGAs 1107 and 1108 are mixed with a local oscillator
using mixers 1109 and 1110 to bring the signals to an IF. In
one embodiment, the output of mixers 1109 and 1110 are at a
400 MHz IF.

[0153] The outputs of mixers 1109 and 1110 are output to
IF SAW filter 1111, the output of which is amplified by
amplifier 1112. The output of amplifier 1112 is sent to Sigma
Delta A/D 1113. In one embodiment, Sigma Delta A/D com-
prises a 200 MHz 1-bit A/D.

[0154] The output of Sigma Delta A/D 1113 is input to
decimating filters 1114. Decimating filters 1114 operate as
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described above. In one embodiment, the output of decimat-
ing filters 1114 are 6 to 8 bits (for 3G) and 80 Mega samples
per second, while in an alternative embodiments, the output is
20 Mega samples and 6 to 8 bits for others. The output of
decimating filters 1114 is sent to summation block (cancel-
lation block) 1122 to cancel the in-bound interference as
described above. The output of summation block 1122 is
output to filter 1125, which low pass filters the signals to
baseband and output I and Q channels to a baseband proces-
sor.

[0155] More specifically, in FIG. 11, the analog signal is
split after the down converting mixer 1110 and sent to IF filter
1111 and to flash A/D converter 1116 (e.g., a 4 bit 200 MS/s
flash A/D converter). In one embodiment, bandpass filter
1115 may be included (but is not necessary). In one embodi-
ment, bandpass filter 1115 has a 60 MHz passband. Flash A/D
converter 1116 over samples the entire receive passband at 3
or 4 bits at arate higher than the Nyquist rate to avoid aliasing.
The output of flash A/D converter 1116 is sent to two cells
1117 and 1118.

[0156] In one embodiment, intermods source signal iden-
tification block 1117 breaks the receive pass band into fre-
quency blocks and computes the DFT (or the FFT) to identify
the blocks in which there is sufficiently high enough energy to
create intermods. This function also determines which source
signals are at the required frequency spacing to create inter-
mods which will produce intermods in the pass band of the
signal of interest. Only those that can produce intermods in
the passband of the signal of interests are identified for filter-
ing.

[0157] Inoneembodiment, the first blocks are 3 MHz wide
and those of interest are broken into 300 kHz blocks. Deci-
mating filters 1114 that follow are nominally 300 to 400 kHz.
Source signals are multiplied in the time domain to produce
an estimate of the inband intermods. The estimate is filtered to
the passband of the signal of interest to isolate those signals
that need to be cancelled in the passband of the signal of
interest.

[0158] In one embodiment, flash A/D converter 1116
receives the frequencies of the source signals and uses pro-
grammable decimating filters to isolate the source signals and
increase the SNR by narrow band filtering. These signal sets
are sent to intermod computation block 1119 where an esti-
mate of the intermods is computed.

[0159] In one embodiment, Macro Delay Buffer 1120 pro-
vides for delays of up to some number of samples to perform
an approximate phase shift to account for any differences in
the delay between the signal of interest path and the intermod
generate path. The micro delay is done at the sub-sample level
in phase and amplitude adjustment block 1121.

[0160] Inone embodiment, a calibration pulse is generated
when the receiver is powered up to set the macro delay and
then a phase adjustment is controlled by the correlators 1123.
In one embodiment, correlators 1123 use a minimization
algorithm in a manner well-known in the art. After this point,
the processing is in the receiver embodiments described
above without the IF filters.

What is claimed is:

1. A method comprising:

subjecting a wideband low amplitude signal to interference
from a high amplitude narrow band signal; and

isolating the narrow band signal by digital filters and using
the isolated narrow band to cancel the interference in the
low amplitude wideband signal.
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2. The method of claim 1 wherein the narrow band signal is
a frequency hopped signal and the phase and amplitude of
each hopped frequency are stored and used when said each
hopped frequency is used.

3. The method of claim 2 further comprising adjusting the
phase and amplitude of the narrowband signal to cause the
interference to be reduced and storing the values for each
frequency hop for use when said each frequency hop is used.

4. The method of claim 2 a transmitter baseband processor
providing the sequence of frequency hops, and a receiver
using programmable digital decimating filters to isolate the
wideband low amplitude signal and the narrow band high
amplitude frequency hopped signals from the same over
sampled bit stream of the receive band.
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5. The method of claim 4 further comprising using the
isolated narrowband signal to process one service and using
the signal to cancel the interference of the narrowband signal
in the wideband signal.

6. The method of claim 1 further comprising processing
802.11b/g and Bluetooth simultaneously and canceling the
interference of the Bluetooth signal on the 802.11b/g.

7. An apparatus comprising:

means for subjecting a wideband low amplitude signal to

interference from a high amplitude narrow band signal;
and

means for isolating the narrow band signal by digital filters

and using the isolated narrow band to cancel the inter-
ference in the low amplitude wideband signal.
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