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The present invention relates to radio communications. More
particularly, the present invention relates to improving a communication
10 receiver’s immunity to interference.

II. DESCRIPTION OF THE RELATED ART

There are presently multiple types of cellular radiotelephone

15 systems operating. These systems include the advanced mobile phone
system (AMPS) and the two digital cellular systems: time division
multiple access (TDMA) and code division multiple access (CDMA). The
digital cellular systems are being implemented to handle capacity
problems that AMPS is experiencing.

20 All the cellular radiotelephone systems operate by having multlple
antennas covering a geographic area. The antennas radiate into an area
referred to in the art as a cell. The AMPS cells are separate and distinct
from the CDMA cells. This makes it likely that the antenna for one
system’s cell may be located in a cell of another system. Likewise, within a

25 particular system (AMPS, CDMA, and TDMA), there are two service
providers within a given area. These providers often choose to place cells
in different geographical locations from their competitor, hence there are
situations where a radiotelephone on system ‘A’ might be far away from
the nearest system ‘A’ cell while close to a system ‘B’ cell. This situation

30 means that the desired receive signal will be weak in the presence of
strong multi-tone interference. _ _

This intermixing of system antennas can cause 'problems for a
mobile radiotelephone that is registered in one system, such as the CDMA
system, and travels near another system’s antenna, such as an AMPS .

35 antenna. In this case, the signals from the AMPS antenna can interfere
with the CDMA signals being received by the radiotelephone due to the
proximity of the radiotelephone with the AMPS cell or the higher power of
the AMPS forward link signal.

The multi-tone interference encountered by the radiotelephone from

40 the AMPS signals creates distortion products or spurs. If these spurs fall
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situations, is defined in terms of the peak spurious level generated by two

or more tones injected into a receiver. Most frequently, the third-order
distortion level is defined for a receiver in terms of a third-order input
intercept point or IIP3. IIP3 is defined as the input power (in the form of
15 two tones) required to create third order distortion products equal to the
input two tone power. As shown in FIG. 13, IIP3 can only be linearly
extrapolated when a non-linear element, such as an amplifier, is below
saturation.
As shown in FIG. 14, third-order distortion products occur when
20 two tones are injected in a receiver. Tone #1 is at frequency fl at power
level P1 in dBm. Tone #2 is at frequency f2 at power level P2 in dBm.
Typically P2 is set to equal Pl. Third-order distortion products will be
created at frequencies 2xfl - f2 and 2xf2 - fl at power levels P12 and P21 "
respectively. If P2 is set to equal P1, then spurious products should be
25 equal, or P12 and P21 should be equal. Signal fc is injected at power level
Pc to show that the added distortion is equal to a low level signal in this
case. If there is a filter that filters out f1, £2 and £21 after the distortion is
created, the power at f12 will still interfere with the signal power at fc. In
example FIG. 14, for a CDMA application, the goal is that the intermod
30 P12 should be equal to the signal power of -105 dBm for a total two tone
power of -43 dBm, so the IIP3 must be > -9 dBm.
As is well known in the art, IIP3 for a single non-linear element is
defined as the following: '

35 1IP3 = 1_1\;1_3 + Pip (dBm)

If P = P2, then Pinh, =P; + 3dB or P2 + 3 dB (dBm) and
IM3=P; -P12=P2-P21=P2-P12=P; - P21 (dB)
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ElementNF = 131 N—:(dB) ’

S;
where: N_, is the input signal to noise ratio in dB, and

S .
N—: is the output signal to noise ratio in dB:

For elements in cascade in a receiver, the equation is as follows:

1Q(NFel10) _ 1

Cascaded NF = 10%log10 [ 10(NFi"10) 4 1,

where: NFe equals the noise figure of the element, _
NFi equals the cascaded noise figure up to the element, and
Gain equals the running gain up to the element.

25 The ‘best’ cascaded NF can be achieved if the gain up to the element
is maximized, this equation is in contradiction to the requirement for the
‘best’ cascaded ITP3. For a given element by element and receiver NF and
IIP3, there are a limited set of gain values for each element that meet all
of the requirements.

30 Typically, a receiver is designed with NF and IIP3 as predeﬁned

- constants, as both of these quantities set the receiver’s dynamic range of
operation with and without interference. The gain, NF, & IIP3 of each
device are optimized based on size, cost, thermal, quiescent and active
element current consumption. In the case of a dual-mode CDMA/FM

35 portable cellular receiver, the CDMA standard requires a 9 dB NF at
minimum signal. In other words, for CDMA mode, the sensitivity

lolaainllo)
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€ minmmum signal power

N isthe minimum signal to noise ratio,
Niherm is the thermal noise floor (-174 dBm/Hz @ 290_“ K),
and Signal BW (dB/Hz) is the bandwidth of the signal.

Therefore, - -

CDMA NF =-104 dBm - 0 dB - (- 174 dBm/Hz) - 61 dB/Hz = 9dB, '

FM NF =-116 dBm - 4 dB - (- 174 dBm/Hz) - 45 dB/Hz = 9 dB, -

where -61 dBm/Hz is the noise bandwidth for a CDMA channel

-45 dBm/Hz is the noise bandwidth for a FM channel
- However, the receiver’s NF is only reilliired when the signal is near
the minimum level and the IIP3 is only required in the presence of
interference or aurong CDMA signals.

There are only two ways to prov:de coverage in the areas where the
carrier is creating strong interference. One solution is to employ the same
technique; i.e., co-locate their cells along with the competition’s. Another
solution is to improve the immimity of a receiver to interference. One way
to improve the 1mmumty is to increase the recelver current. This is not a
practical solution, however, for a portable radm ‘that rehes on battery
power. Increasing the current would dram the battery more rapidly,
thereby decreasing the talk and standby time of the radiotelephone. There
is a resulting need to minimize multl-tone interference in a
radiotelephone without 1mpact_1ng the _current _consumption.

SUMMA__RY OF THE INVEI_\_ITION

The process of the present invention adjusts attenuatmn in a circuit,
thereby improving a receiver’s immunity to interference. The c1rcu1t has

~an attenuator with attenuation and automatic gain control (AGC) with a~

variable gain. The process varies the attenuatlon by a predetermmed
amount. The gain of the circuit is then detected. If the detected gain

change is greater than a predetermmed threshold, intermodulation

t he
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invention for increasing receiver immunity.

FIG. 2 shows a block dlagram of another alternate embodiment of
the present invention.

10 FIG. 3 shows a block diagram of another alternate embodlment of
the present invention.

FIG. 4 shows a block diagram of another alternate embodiment of
the present invention.

FIG. 5 shows a another plot of received RF input power versus

15  carrier to noisé ratio in accordance with the embodiment of FIG..7.

FIG. 6 shows a plot of receive RF input power versus carrier to noise
ratio in accordance with the embodiment of FIG. 8. _

FIG. 7 shows a block diagram of another alternate embodiment of
the present invention.

20 ~ FIG. 8 shows a plot of interference power vs. signal power without
using the apparatus of the present invention. '

FIG. 9 shows a plot of interference power vs. signal power in
accordance with the alternate embodiments of the apparatus of the
present invention.

25 FIG. 10 shows a block diagram of an alternate embodiment of the
present invention. '
~ FIG. 11 shows a block dlagram of another altemate embodiment of
the present invention. :
FIG. 12 shows a block diagram of another alternate embodiment of
30 the present invention.

FIG. 13 shows a plot of non-linear transfer charactenstlcs and
distortion measurement.

FIG. 14 shows a spectral description of distortion products.

FIG. 15 shows a block diagram of a method for detectmg the power

35 of a received signal in accordance with the present invention.

FIG. 16 shows a flow chart of the attenuation control process of the

present invention.
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10 A block diagram of _t,he- preferred embodiment of the present
invention is illustrated in FIG. 1. This embodiment involves adjusting the .
LNA 115gain on a continuous. basis using adjustable gain control (AGC) '
110 at the receiver front end. The continuous AGC 110 at thefront end also ‘
provides a 'linearity benefit at a minimum RF input level while the AGC
- 15 120 on the transmit side may reduce the IF AGC 125 and 130
" requirements. '
This embodiment detects the power output from the LNA 115. The '
power detector 105 measures both the signal power and the j jammer power
together at RF. Using this embodiment, the power detector 105 can
20 continuously decrease the LNA 115gain at a lower received power than
' the -65 dBm of the subsequent “switched gain” embodiments of FIGs. 7, 10,
11 and 12.
The preferred embodiment operates by the power detector 105
detecting the received signal and jammer power at RF. This detected
25 power goes through a loop filter and is used to adjust the receive AGC 110,
thereby adjusting the intercept point of the receive components. The gain
is decreased as the measured power increases and the gain is increased
as the measured power decreases. This embodiment could also combine
the LNA 115 and the AGC 110 to form a variable gain LNA, thus
30 eliminating the need for the separate AGC 110block. The power of the
transmit AGC 120, located before the power amplifier 150, is adjusted in
the same way as the receive AGC 110in order to maintain the overall TX
power i=vel. ' '
AGC amphﬁers 125 and 130 are also located after the mixers 135
35 and 140 in order to adjust the gain after the j jammers have been filtered out
by the bandpass filter 145. These AGC amplifiers 125 and 130 perform the
normal CDMA AGC function of open loop power control, closed loop power
control, and compensation. These IF AGCs 125 and 130 are required due
to the wide dynamic range requirements for CDMA. Typically, these
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The plot illustrated in FIG. 5 shows the benefit of this AGC
approach. The left hand y-axis shows the carrier over noise ratio versus
receive input power parameterized by the jammer level. The right hand y-

15 axis shows the total jammer power required for a constant C/J as a
function of received input'power. -When the jammer is not present (-100
dBm), the radio operates as though there is no RF AGC. As the jammer is
increased, the C/N is decreased, but the effective linearity is also
increased. In this example, the RF dynamic range -is 30 dB and the

20 threshold, where the RF AGC becomes active, is at the point the jammer |
power is greater than -25 dBm. -

An alternate embodiment of the continuous gain adjustment is
illustrated in FIG. 2. This embodiment first filters out the jammers with
the bandpass filter 205 before the power detector 210 determines the power

25 level of the downconverted signal. A threshold detector 225 determines
when the signal power level reaches a certain point, -105 dBm in this
embodiment, and then adjusts the AGCs 230 and 235 gain down when the
signal pd_wer exceeds that power level. The AGCs 230 and 235 gain is
adjusted upward when the signal power level goes below this threshold.

30 The gain of AGCs 215 and 220 after the mixers 240 and 245 is adjusted
continuously without checking for a predetermined - threshold of power,
performing the normal CDMA AGC power control.

The plot of this embodiment is illustrated in FIG. 6. When the
threshold is set at -105 dBm, the minimum receive RF level, the C/N does

35 not increase as quickly as the case where there is no RF AGC. The
advantage of this erﬁbodiment is that the linearity benefit begins at a very
low RF input power, no receive RF power detector is needed, and the AGC
loop detects signal power only. Hence, the AGC loop is a simpler design
than detecting at RF power. ' :
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embodi me®ICGaf4. This embodiment uses an attenuator 405 between the antenna 410
and the duplexer 415. The attenuation is controlled by the _powei' detector
420 after the LNA 425. The power detector 420 measﬁfes the received
signal and jammer power, filters it, and compares ‘it to a predetermmed
10 threshold. In this embodiment, the threshold is 25 dBm. When the
combined signal and jammer power reaches this threshold, the -
attenuation caused by the attenuator 405 is increased. This adjustment
can be either in digital fixed steps or c‘ontinuousl:'y' adjusted" The AGC 430
and 435 after the mixers 440 and 445 are adJusted in the same manner as
15 the FIG. 1 preferred embodiment. '

_ An alternate embodiment of the apparatus of the present invention
is illustrated in FIG. 7. This embodiment uses switches 701 and 702 to
alter the front end gain. ‘The actual switching level depends on the signal
to noise requirements as a function of the 51gnal level, or noise ﬁgure for

20 a part1cular CDMA radiotelephone design. The present invention can be
used in an AMPS radiotelephone, however the sw1tchmg charactenstxcs'
will be changed to accommodate a different operating point. .

This embodlmen_t is comprised of an antenna 725 that receives and

transmits radio signals. Receive and transmit paths in the radio are
25 coupled to the antenna 725 through a duplexer 720 that separates the
received s1gnals from the transmitted signals.

A received signal is input to an LNA 703 that is co_upl'ed between two
switches 701 and 702. One switch 701 couples the LNA 708 to the duplexer
720 and the second switch 702 couples the LNA 703 toa band-pass filter

30 704.In the preferred embodiment, the switches 701 and 702 are smgle-pole
double-throw gallium arsenide switches.

The LNA 703 is coupled to one pole of each switch such ihat w_hen
both switches 701 and 702 are switched to those poles, the received signal is
coupled to the LNA 708 and the amplified signal from the LNA 703 is

35 output to the band-pass filter 704. The band-pass filter 704 in this
embodiment has a frequency band of 869-894 MHz. Alternate embodiments
use different bands dependmg on the frequencxes of the 51gnals belng
received.
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bl ock 3 agr i By the restipd FGFd’dPe AP CRBVSFHEY y g
received signal with another 51-gnal having a frequency set by a phase
locked loop 707 driving a voltage controlled oscillator 708. This signal is
amplified 750 before being input to the mixer 705.
The downconverted signal from the mixer 705 is 1nput to the back
15 end AGCs 708 and 709. These AGCs 708 and 709 are used by the
radiotelephone for closed loop power control, as is already well known in
the art.

In the process of the present invention, the microcontroller 740
monitors the power of the received signal. When the power exceeds -65

20 dBm, the microcontroller 740 instructs the switches 701 and 702 to switch
to the bypass position, thus coupling the received s1gnal directly to the
bandpass filter 704. By bypassing the LNA 708 gain, the intercept point for
the receiver is increased proportionally by the reduction in gain in dB.
Alternate embodiments use other circuitry and methods to monitor the

25 power of the received signal.

An alternate embodiment of the process .of the present invention
continuously adjusts the front end gain. This embodiment uses a lower
power threshold such as -25 dBm.

The plots of FIGs. 8 and 9 illustrate the benefits of the sw1tchable

30 gain embodiments of the present invention illustrated in FIGs. 7, 10, 11 |
and 12. FIG. 8 illustrates a plot of .interference power versus radio
frequency (RF) signal power for a typical radio that is not using the
switchable gain apparatus. This plot shows that the maximum'
interference level is limited to the receiver input compression pomt at -10.5

35 dBm. Both the single and dual tone power curves are shown.

The plot of FIG. 9 shows the interference power received by the radio
versus the radio frequency signal power received by the radio using the
switchable gain method and apparatus of the present invention. It can be
seen that at the -65 dBm point of the graph, the switches are switched to



35 of a received signal in accordance with the present invention,
FIG 16 shows a flow chart of the attenuation control process of the

present invention. WO 96/ 19048 -
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DESCRI PTI ON OF THE PREFERRED EMBCODI MEQr It is an objective of.
the present invention to vary the.receiver NF and |1 P3  for enhancing

t he || PbyjpassithiecLN& gaie thusuallowingi akgneatexs interfepencd SpongerNFo been
necessaryje fr%&v@@;@@rm&e&g RIS t%dv?er Bom%ﬁg%%l tﬁgﬁ g,gﬁxvary' ng

the gain o activ enment n can be
vari ed Byvo,/tna RGWen EURiS argss WLNA over a . continuous range or

0L AR OuaReS SElGSsRL b tppiae EECRd
1 B udnvaRben i whustrarkd o E16 B0 s Shodiment sipea srslernole” LA
115gai n single- thmw switoh 19803, Inuthis enhjdimienb, Ehe(ﬁ:ntc}c 2001 i S\(rmd 110
o e 5 o140 B 08 RN 1 i She BELORR. L2
. power reaches -65 dBm. This effectively shorts out the LNA 1002 gain, thus
coupling the received signal directly to the band-pass filter 1003.

10 Yet another alternate embodiment of the apparatus of the present
1nventlon is illustrated in FIG. 11. This embodiment uses -a single-pole
.smgle-throw switch 1105that, when closed; shorts the input of the LNA ‘
1110 to ground through a resistor 1101. This creates an impedance
mismatch at the input causing the signal to attenuate, thus reducing the

15 gain caused by the LNA 1110.As in the above embodiments, the switch
1105 is closed when the input signal power reaches -65 dBm. The
resistance required for the resistor 1101is dependent on the amount of |
attenuation desired. This resistance will be dlﬁ'erent for different LNA’s in
alternate embodlments : -

20 Still another embodiment of the apparatus: 6f the present inventicn
is illustrated in FIG. 12. This embodiment uses a single-pole double-throw
switch 1201at the output of the LNA 1205. The LNA 1205 is connected to
one pole of the switch 1201 and a bypass path 1210is ‘connectéd to the other
pole. The mput to the bypass path 1210 is connected to the input ofthe LNA

25 1205. When the power level of the received RF signal reaches -65 dBm, the
switch 1201 is thrown from the position coupling the LNA 1205 t6 theband-
pass filter 1220 to the bypass path 1210.This couples the signal directly to '
the band-pass filter 1220, bypassing the gain of the LNA 1205.

In: all of the above embodiments, the LNA can be powered down at

30 the same time that it is bypassed by the switch or switches. This can be
accomplished by connecting the LNA's power pin to a switch that is also
controlled by the controller. Once the LNA is bypassed and is no longer
used, power can be removed. This reduces the power consumption of the
radio, thus increasing the talk and standby time for whlch the battery can

35 be used. : -

In another embodunent of the present invention, E/I, detection is
used to determine when to adJust the front end gain. Additional
embodlments use other quahty measurements, such as E,/1,. '




15 120 on the transnit side may reduce the I.F AGC 125 and 130

requi renents. Thi s enbodi nent detects the power output fromthe
LNA 115. The power detector 105 measures both the si I and the
L

Y ammer povep6/19048 t oget her at RF. Using t|ili s enbodi nent,
105 can 20 continuously decrease the LﬂIA 115 gai n at a Iower recei ved
power than the -65 dBm of the subsequent "sw tched gain" enbodi nents
of FIGs. 7, 10,These ratiosaarg gaality measuremembﬁe for digitalecbremunications

oper at es bé’yét@ﬁ m&n&%ectm ratxo ssésnghé féﬁe by St iu?&pe' and
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bef ore the
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ot helg ot sfeing hiderence SrﬁedggpAe@iﬁpﬁ"hqggﬁ A0E" Geelol aretE e, The
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to the wde urrene
the 1stortlon products alling within the signal bandwidth.

When the signal quality goes above the E/I, or E/I, threshold, the

15 front end gain is reduced. The gain adjustment can be accomplished
using either the continuous adjustment method or the amplifier
switching method, both described above. ' '

Still another embodiment, illustrated in FIG. 15, would be to detect _
the signal power at IF or baseband instead of the combination of the signal

.20 and jammer power at RF. This approach is simpler in that there is only
one power detector and AGC control loop.

FIG. 15 illustrates a block diagram of the alternate method of
detecting the power of the received signal. The signal is first
downconverted to baseband frequency 1501. This analog signal is then

25 converted to a digital signal 1505 for further baseband proceséing
including determining the received signal strength. The chip correlator
1510determines the energy per chip with respect to the energy of all the
non-coherent components. This information, along with the received
signal strength indicator (RSSI) is used by the processor 1515to determine

30 the amount of gain adjustment for both the receive 1520 and transmit 1530
power. : )

Since the received signal power measurement includes both the
signal and jammer power, the receive gain is increased only when both
the signal level and the energy per chip drops. Since the RSSI is being

35 changed, the transmit power must also be changed to compensate, thus
enabling the open loop power control to operate properly. Thus, the
processor adjusts the transmit gain whenever the receive gain is adjusted.



WO 96/ 19048 PCT/ US95/ 16002

7 AGCs 125 and 130 have greater than 80 dB of gain range. The receive
and transmt AGC 125 and 130 after the m xers are ad&l_steg 1%’ anot her »
power woodasaastor 150 that nmeasures the total power aft IR0 6 ved
signal is downconverted. The powkr2 detector 150 ‘adjusts the AGCs 125

and 130 gain 5 downward as the downconverted signal's power increases and
adj usts the OthexGembodiments 13@ erdsuresver dignalt powdnitocconteok ¢hesi gnal ' s

power x sgs I . er: q l%@;.la . ecei ved
signal s X?’é‘qls% ?ﬁg?%c}cf‘?%%ﬁléﬁ?}, atn)g&g?é bSQ@SQQﬁIZBPQ e P}%yﬁﬂ?ted :

si gnal s Eransmitiand receive QQWGFIC@IHMWI RePeIvVEIPOWEr. Al ternate enbodi nents
use different A procéddscBicesntrdlling the gain :dfehe! sove! émbbamhésts fsF1 G 5

o AT 1, A s e o Y e
the j ammin the\graphTofEFIGgA8. ImitIG;-13, onecoars sebotlmttdsetheointerferemes pover
e kgl BRaDSh ARl o ho X gl B b SARY 88"
t hough t lewer curve) insrease fagterthan; theninterference powereTheteforieXaB\ i s
decr easegf a?wn&a.lﬂfone_ﬁf)ﬁﬁéﬁ‘éﬁ thie"Rphit! will Se8LRCin a decrease of the IM3
10 intermodulation products by 3*X dB if interference is present at the
receiver input. _ S '
- Typically, intermodulation products don’t fall into the IF section of {
the radio due to their low power. Intermodulation products outside of the '
IF section of the radio do not cause receiver performance problems, Thus,
15 adjustment of the receiver gain ‘is only necessary if the intermodulation
products are of sufficient power to affect the IF signal. | _

Referring to FIG. 16, the process of the present invention first
adjusts the input gain 1601. In the preferred embodiment, this gain
adjustment is 3 dB. However, other embodiments can use other values of

20 gain adjﬁs_tment, such as the range of 1 dB - 6 dB. The receiver processing
is then used to measure the change in the power of the received signal
1605. In the preferred embodiment, the automatic gain control processing
detects the IF signal power change. It is understood that measurement of
the change in received signal power may be accomplished at the RF or

25 baseband stages of the receiver as well. |

If t.hé_signal power changes by approximately 3 dB, the CDMA

 signal is greater than the noise floor and theré are no intermodulation
products _t.ha't'might cause problems. Additional gain adjustment is i;ot
needed in this case, but increasing the gain will improve receiver

30 sensitivity. IF signal power changes of approximately (3 + 0.5) dB are still
considered to be 3 dB.

If the IF signal power changes by less than 3 dB 1610, the CDMA
signal is less than the noise floor or there are no intermodulation products
that might cause problems. In this case, the AGC is only seeing a small

35 CDMA signal and noise. Therefore, it is necessary to increase the receiver
circuit gain 1615 and thus increase the sensitivity of the receiver. =

If the IF signal power changes by more than 3 dB, the
intermodulation products are causing enough of a problem that additional
gain adjustment is necessary 1620. In the preferred embodiment, if the




‘increased. In this exanple, the RF dynam'c range -i s 30 dB and the 20
t hreshol d, where the RF AGC becones actlve i's at the point the jamer

power is greater than -25 dBm ' - An alternate e n%da t he
cont i nuoWOGE4&dj ust nent i s il uqt ated in FIG 2. iIs e i ment
first filters out the jarmers with e bandpass filter 205 before the

power detector, 210 det e of _t owngonvert ed
signal . A T4 éﬁ}f‘d”%se?'é @2?%&% ﬁaé'gnocfu\ia BnP¥ gﬁ gq}?db%er | evel
reaches a byi9tdB wheni large -mw'fetamcenstpnesent Ire thisdcasen the aneh'ageeganﬂj usts
the AGCs 2 So power
| evel . The%wi%géagga%ggg?%b%ﬁm d ds?%u&my\gﬁvﬁn&%ﬁe ftspge;al
pover | evePrefsdd Bevenkiamidetermingso|that sthe Timéexyapdulstioncerodusts nare 20
after the %mea%g%gpggﬁlellgvadj ust ed conti nuously w thout checking

for a predeter ed thresh 0 r erformn he. normal . CDVA AGC
power control . "'rhe process-lq? &Lﬂ ?ﬁ\,\‘ﬁt I'\‘i“ée‘e%?{go‘?%rhe eél‘?‘\i’éﬂ%‘bﬂﬂ n FIG
6. Wen t heheckingtftr trstepinddubatier p&bdudt@&tdeBlaw rate. "This rate iﬁhaﬁi ﬁmé%c
| evel , the o] n a se ere ere S
o RE AGS, PRRACTORd oy the BrckliEpd: ?@@fﬁ%ﬂf 7 SRR Bg ) 1
benefit begrmsatomevpmyframe cyde. Bl other quobedimentsreseithe pmqss\mtr
detect 99 i stHGOARE ?ﬁk{h a3 giCdetect 4fifa £ P8t Jpo Hence,
the AGC Io?p IS a gl npl er desi gﬁe ee 1Oht an% tectgflng&gt RF ggerwfe‘&w*d
In summary, the method of the present invention enables a mobile
radio to travel near antennas of different systems while increasing the
radio’s resistance to radio frequency interference from the other system.
. 15 By decreasing the front end gain, the intercept point of the radio’s receive
circuitry increases so that the spurs from the other system’s signals will
not cause performance degradation of the receiver and demodulator.

I CLAIM:
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nisillustrated in

the bypass path; and

a controller coupled to the first switch and the second sthch the
controller switching the first and second sw_xtches to the second positions in
response to the received signal exceeding a ptédetgfmined power level.

2. The apparatus of claim 1 wherein the predetermined power
level is -65 dBm. |

3. The apparatus of claim 1 wherein the amplifier is a low noise
amplifier.
4. An apparatus to increase a radio receiver’s immunity to radio

frequency interference, the radxo receiver recewmg a sxgnal the apparatus
comprising:

a switch coupled to the received 51gnal the switch having an open
position and a closed position, the closed position being coupled to a bypass
path; _
a first amplifier having an input coupled to the first position of the
switch and an output coupled to the bypass path; and -

a controller coupled to the first switch, for switching the switch to the
closed position in response to the received signal exceeding a predetermined
power level. |

(



‘Thi s enbodi nent is co I“ mﬁ“‘enna 725 that receives and
transmts radio S|gnaml‘l ua ransmt paths in the radio are 25
coupled to the antenna*725 thrdugh a*dupl exer 720 that sepa %g ?if %?Bg
Yrecei ved WD@##048f rom t he transmtted signals. 1 si gnal
702 'ne swi tch 701 coupl os the LNAID3 (o the duplexer - 720 and the

e switc coupl es e o] e dupl exer an e
second switch 702 coupl es the LNA 703 to a band-pass filter 30 704. In the
preferred errbodllslrrentrhéh SWtﬁ@M%lam&ﬂﬁhé’ﬂeommsmhgiwe pol e ' ed
doubl e-throw gal_| i ar.seni The oupl e
to one pole 019 (?aéﬁ{ngvxf?'ﬁﬂ gué‘ﬁ %\iﬂ‘éﬁ of th%o{“r"?t pb#@eg é’f Z‘ng 782 are
swi t ched toutpmgagmﬁhe:edtﬂeeeivedealm atiagfilér owtput; coupled to the LNA 703
and the arrpllfl frg S{Z\lﬁm p Pand-pass
filter 704 Theglg dsgpass fi ﬁ} %Pen %Otﬁ 35'11115{#% tigﬁé Eg‘é frequency
band of 869@3’@%3 Arequeneye enbodi ments  use di fferent bands

dependi B3 on t hg rhix@fURehea first ifpuBasdal secBRd eput, tHeeﬁ@t
VIO 96/19048

9 upledyt, the, ftarhowtRpt and gl seFond iNRutoPRING SOHE
swi tch. 8\/\hesmllator, tHeenixert glwerafig addwitdnuerted viignaleih respomse rtoothieer

poles, the tafigio¥Sknal and the filtered received signal;
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10 - a second amplifier coupled to the downconverted signal; -

' a third amplifier coupled to the downconverted signal;
12 a first surface acoustical wave filter, coupled to the second amphfxer,
~ for generating a signal for use in a digital radiotelephone system; and |
14 a second surface acoustical wave filter, coupled to the third amplifier,

for generating a signal for use in an analog radiotelephone system.

6. An apparatus to increase a radio receiver’s immunity to radio
2 frequency interference, the radio receiver receiving a signal, the apparatus
comprising:
4 a switch coupled to the received signal, the switch having an open
posmon and a closed position;
6 a resistance, a first end of the resistance being coupled to the closed
position of the sthch and a second end of the resistance bemg coupled to a
8 ground potential;
an amplifier having an input coupled to the open position of the
10 switch, for generating an amplified received signal at an output; and
a controller coupled to the switch, for switching the switch to
12 the closed position in response to the received signal exceeding a
predetermined power level.

7.  An apparatus to increase a radio receiver’s immunity to radio
2 frequency interference, the radio receiver receiving a signal, the apparatus
comprising:
4 an amplifier, having an input coupled to the received s:gnal for
generating an amplified received signal at an output;
6 - a bypass path coupled to the input of the amplifier;



signal fromthe du es the LNA 703 and is conducted
directly to the ba ﬂm Ill " mn In this enbodi nent, these swtches
701 5 and 702 are*contrell*d sby*t he radi ot el ephone' s nt%g% |l er 740. =

I n an W096éll9'!4§r nat e enmbodi nent, 513 rate controller contr ol

t he positions of these switches® After the band-pass
filter 704 has fil.t d the received, signal, the filtere nal is
downconver t ed & §Watc o Y‘qgntaeﬁ‘r’fétdlpé’ﬁﬁlq“} b peeend  position, fhe k)‘ tt he rest

of the8r prsihoﬂ' reoupdedh -to othec amiplifiersodtpet pdnthe sgeofd pdisition beihgcei ved
si gnal aying a frequency set by a phase ocked

| oop 707 éPPﬁzﬁg‘% %{R%ggé @‘0 ?ol | ed oscillator 706. This signal is

anmpl i 10 ed 750 abegrdraelldretoupled patthe switeh, fox ethﬁhsng the switch fronﬂthe
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708 and %5??:@@3% &@”3%&&‘@%3‘%‘?3%3% tcé’ lthlé g rgﬁe ephone for
cl osell | Sxcesstingra prasdetermingd powe leé‘ﬁ’dy wel | known in _ the art.

In the process of the present invention, the mcrocontroller 740

nonitors the wer of t recei ved si naI When .t he power exceeds.-65 20
QB the m or Bbont (omethod 46T THUERSRIER TREIC FRIRIHERs FOIRURE 167985 cui ¢ ch
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andpass gi Ntercept point for
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Al ternhte enbdﬁtﬁmnsamvertlnw th«hemewyedrmdmsm andnonitor the 25
pover of the riggkd pewes Idelis equal to orgreaf&ﬁiér?é gefuritide@ent of the

proces sent Jnventiqn cont i nuo ad usts the front end
e G nithreshl: fiaeesingy FERAf the recgb‘we?mmi#i@m d such as -25 dBm
. 9. The method of claim 8 wherein the step of decreasing the gain
2 of the receive amplifier includes bypassing the receive amplifier.

10. The method of claim 8 wherein the step of decreasing the gain
2 of the receive amplifier includes generating an impedance mismatch '
between the received radio signal and the receive amplifier.

11. An apparatus to increase a radio receiver’s immunity to

2 radio frequency interference, the radio receiver receiving a s1gnal the
apparatus comprising: '

4 an amplifier coupled to the recelved signal for amphfylng the

- received signal;

6 a receive automatic gain control having an input coupled to the
amphﬁed signal and an output;

8 a power detector coupled to the receive automatic gain control
output, the power detector adjusting the receive automatic gain control in

10 response to a detected power of the received signal.

12 An apparatus to increase a radio receiver’s immuhi'ty to
2 radio frequency interference, the radio receiver receiving a szgnal on an
antenna, the apparatus comprising: S

4 a duplexer for separating a transmit path from a receive path, the
duplexer coupled to the antenna; -
6 a receive amplifier, in the receive path, coupled to the duplexer for

amplifying the received signal;



The plots of FIGs. 8 the benefits of the switchable 30
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In this 16 nbé)adllnngor}}ti‘olt Qx?d %ﬁme ttgara]nslmgt atlx ommuc gam control in response to a

detected power of the received signal.

13.  An apparatus to increase a radio receiver’s immunity to
2 radio frequency interference, the radio receiver receiving a signal on an
antenna, the apparatus comprising:

4 a duplexer for separating a transmit path from a receive path, the
duplexer coupled to the antenna;
6 a variable gain receive amplifier, in the receive path, coupled to the
duplexer for amplifying the received signal;
8 a variable gain transmit amplifier, in the transmit path, having an

input coupled to a signal to be transmitted and an output coupled to the
10 duplexer; and _ ' |
a power detector coupled to and adjusting the variable gain receive
12 amplifier and the variable gain transmit amplifier in response to a
detected power of the received signal.

14. An apparatus to increase a radio receiver’s immunity to
2 radio frequency interference, the radio receiver receiving a signal on an
antenna, the apparatus compnsmg
4 a variable attenuator coupled to the antenna;
a duplexer for separating a transmit path from a receive path, the
6 duplexer coupled to the variable attenuator;
a receive amplifier, in the receive path, coupled to the duplexer for
8 amphfymg the received signal;
a transmit amplifier, in the transmit path, having an input coupled
10 to a signal to be transmitted and an output coupled to the duplexer; and
a power detector coupled to and adjusting the variable attenuator in
12 response to a detected power of the received signal.



to the bypass path ol l er 1020 when the received signal
power reaches -65 @“ 'mmﬂm“[/ely shorts out the LNA 1002 gain, thus
coupling the receiv gi gnal vdifectly to the band-pass filter 1003. 10

Yet a”%ﬁ%ﬂﬁh ernat e enbodi nent ‘of the apparatus of the REGE816002

invention s illustrated in FIG 11. I s enbodi nent uses a-single-pole
single-throw switch 1105 that, when closed, shorts the input of the LNA
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1105 is CE e&‘aﬂ\é}ﬁgh?%f BU§1 éEné’ﬁd % 1&8%51%@?85‘@?15@&) gﬁﬂ‘t dt&%na tpe

resi stance require |stor nt on e anoln
at t envt i 6icakgomprising: s reS| stance will be di ffer ent for different LNA' s

mpara o o R eRHPOCURAR. g amplifler™ MdplBi T claid s ‘é‘%‘%t Brs
e hbod BroneMAFg alﬁgqeeewsﬂeradmt@%rw Variab mamtﬁee& avigoAt put
(ifZOtLhe Ial\lﬁecb% aﬁhﬁdhi‘d&n Qt’mpﬁt Qﬁan?gb@dpd ; ﬁ?h' t ‘one pol e of th_el_hsvm tcht
a bypass conpected to the,o e, npu
o heB by mact 3 RrBs Rt defechiy BRYHES @ Seiraaitsh ket RSl 1o When
the power récerwd gintddjustment ctpiff andnhivingaaheinpt; sidiibretéive oweSWl tch
1201 t [f NOSI t MeTa n L '
pass ?I tg ng@i‘o f&m‘{%gu ﬁ)asf f‘ﬁqgﬁo%ft%s‘é‘ g%ﬁéfe(e&g %ﬁlé ?%%Q? W9 ect | y
to t Adjustimg- p gadn fof |saut vaaable gabueswiplifiarhin gesponse tohsaid Nteteded.
I'n al jg of pBQFe Q QUE enbodi nents, the LNA can be powered down at 30 the '
sanme ti1nme that I'S bypassed by the switch or switches. This can be

acconpl i shed by connect| ng the LNA's power pin to a switch that is al so
control l ed by i6e Thencirenit of claime &5 tfuethensomprisipgssed and is no | onger

2 a downconverter, coupled to said receive variable gain amplifier
output, for downconverting said received radio signals from a radio
4 frequency to an intermediate frequency; ' '
a receive intermediate frequency variable gain amplifier, having an
6 input coupled to said downconverter and having an output, said receive
intermediate = frequency variable gain amplifier for amplifying said
8 downconverted radio signals for use in said radiotelephone;
a transmit intermediate frequency variable gain amplifier, for
10 amplifyihg an intermediate frequency signal to be transmitted, said transmit
intermediate frequency variable gain amplifier having an output;
12 an upconverter, coupled to said output of said transmit intermediate
frequency variable gain amplifier, for upconverting said signal to be
14 transmitted from an mtermedlate frequency to a radio frequency; and
a transmit variable gain amplifier, having an output coupled to said
16 duplexer, an input coupled to said upconverter, and a transmit gain
adjustment input coupled to said receive power detector gain adjust output,
18 said transmit variable gain amplifier for amplifying said upconverted signal
to be transmitted, said transmit variable gain amplifiei' having a gain which
20 is adjusted by saxd receive power detector in response to said detected power
level. |

17. The circuit of claun 16 wherem :
2 said receive power detector input. is coupled to said receive
intermediate frequency variable gain amplifier output, said receive power



sused, power can be re s t he power consunption of the |
radi o, thus increasi nalm “ m\ ndby time for which the battery can
erse

35 be used. odi nent of the present invention,
*E[err]/l[ é\%ﬁ%ectlon is. - used to determ ne. whentoP&dYWﬁll@ﬂéfront
end gai n. d' T onal . enbodi ments u§eGot her qual ity measurements, such
as E[err]/I[err]. WO 96/ 19048

PCT/ US95/416 e t

di gi tal como‘r%ﬁecmlt- detectmg SJB é?wr%\?plg{r? o;%?r:sr?%%&l%%{%?ﬁ /es F?(Hrlg];tr aat

expr esses tﬁétﬂiﬁéﬂdj?tepf#qllﬁftc}'i andhe total interference spectral

S N N i b e R e
density. [ SRPHF I FutAled éansaué RIS oty detRefdre Sehadived, GRS 38¢ Ane
performaigce thireshodd coupuit ed\tmsaicbnecmae gahotaddfustnidnt Bt andt sudd

d E[rg
Getect ton S%P%Gééb %@ﬁsﬁ%&ix&%ﬁ? SR thieshofly Yot V%d%éﬁfs Jifg, S
E[ err]/130er rgainraf said secaive stagiable gain ampleﬁne;t andrsaid gain lof saidhittarsmit t he
m crocontroly Eﬁi Hién rg?ﬁ% eéx?\g!h'i’ﬁr PRERECEaid0 detbeted " ér“tléi}éleré‘ik‘éSds"‘S a

drop in ]g]err AGC detector detec B ncreased
i nterferencePt fmrm@ﬁéc@ﬁ?shﬂ er can |lower the f_ront end gai n

_)

18. The circuit of claim 16 wherein said receive power detector input
2  is coupled to said receive variable gain amplifier output, said receive power
detector detecting said power level of said received radio signals at said radio

4 frequency. | | '

19. The circuit of claim 17 further comprising a low-noise amplifier,
2 coupled to said duplexer and said receive variable gain amplifier and
interposed therebetween, for amplifying said received radio signals.

20. The circuit of claim 18 further comprising a low-noise amplifief,
2 coupled to said duplexer and said receive variable gain amplifier and
~ interposed therebetween, for amplifying said received radio signals.

21. The circuit of claim 18 further comprising a low-noise amplifier,
2  coupled to said receive variable gain amplifier and said downconverter and
interposed therebetween, for amplifying said received radio signals.

22. A receiver circuit for increasing immunity of a radiotelephone to

2 radio frequency interference, said radiotelephone having an antenna for
receiving and transinitting radio signals, a duplexer coupled to said antenna,

4 and a signal processing circuit coupled to said duplexer, the receiver circuit

comprising: : :

6 a receive amphﬁer, having an input and an output, said receive
amplifier for amplifying said received radio signals;

8 a bypass path, switchably coupled to said receive amplifier, sald bypass

path for attenuating a gain of said receive amplifier when in a shunt
10 position; and :
a controller, coupled to said bypass path, for switching said bypass path
12 to said shunt position when a detected power level of said received radio
signals exceeds a predetermined threshold. |
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the open | oop power control to operate groperly Thus, the
adj ugd.s Thee cincuitsof clajmi 22vivbeteinr saide

. switch having an input coupled to said-duplexer and having an output
coupled to said receive amplifier output when said. bypass path is in said
shunt posxtlon

25. The circuit of claim 22 wherein said bypass path comprises a
switch having an output coupled to said signal processing circuit, and
having an input coupled to said receive. amplifier mput when saxd bypass
path is in said shunt position.

26. The circuit of claim 22 wherein said bypass path comprises a
switchable load having an output coupled to a ground potential and having

35

|pa=,thgeompnsea@ ust ed.

an input coupled to said receive amplifier input when said bypass path isin

said shunt position.

' 27. A method for increasing immunity of a' radiotelephone to radio
frequency interference, said radiotelephone having an antenna for receiving
radio 51gnals having a received power level, an attenuator, a variable gain
receive amplifier, a gain controller, and a receive power detector, the
method comprising the steps of: ' '

said gain controller varying said recexved power level of sald recexved -
radio signals by a predetermined amount; ,

said receive power detector detecting a change in said received power
level of said received radio signals; and ' |

said gain. controller adjusting a gain of said vanable gain receive
amplifier in response to said detected received power level change.

(

L4
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12 G h r“wﬂllma“gmm erasures or signal power to control
t he vari abl e gai b I 8i onal enbodi nments, -instead of controlling

*bot h é )t and receive power, only control receiVvetTeYR16002
A process tor “controlling the gain of 9hq above enbodinents is 5
illustrated in FIG 16. This process is based on the relationship

illustrated 28] MThéanett@Rh off cliin® 27 vhérisl! Gid WhryRRE s 'cé:ﬁxgrfsﬁé‘t as
the interference ﬁggut powey, | pcr asea}al, n? U@ XTaxis, t

i nt er modul AHeBHHRg $aid teceryed radio s wi %‘% 3HdFug aftePYatOEr t han t he
I nterference power. Therefore, X dB of attenuation applied at the

input will resulh iThé HetPod QhichNE7 Wierbih daid Srarpiig §¥élp080n?1b?i§k!§t s by
3*X dB terfer enﬁe L S receiyer input.

fi Pre@Snt '%%l t he .
Typi cal By, aGStMEsAie 2in Af sridayasiablg gain receive AmBlifih | F section of
the radio due to their | ow power. Internodul ati on products outside of the

| F section of ti30. r THeOméthabtofalaih 28 Cwhepdinp8hido adRBtMgD SRl ¢dFthef NUS,
15 adj ystnent of the receiver gain is only necessary if the -

I nt er moQul g‘ﬁmxses products are of sufficient power to affect the IF
signal .’ decrdasingrsaid gairoof-sail vasiablé gajn ceeedwe ainplifierpwhen rdaid

inventign fdeiédted received power level change is greater than a predetermined
threshold; and ' _ '
6 increasing said gain of said variable gain receive amplifier when said
detected received power level change is less than or equal to a
8 predetermined threshold. '

31. The method of claim 29 wherein said adjusting step further
_ 2 comprises:

' decreasing said gain of said variable gain receive amplifier when said
4 detected received power level change is greater than a predetermined

threshold; and .
6 increasing said gain of said variable gain receive amplifier when said
detected received power level change is less than or equal to a

8 predetermined threshold.



-adj usts the input gain 1601. In the preferred enbodi nent, this gain
adjustnent is 3 dB. However, other enbodi nents can use other val ues of 20
gain adjustnment, such as the range of 1 dB - 6 dB. The recgl essi ng
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i nput gain was changed by 3 dB the internodul ati on products w |l change

by 9 dB when large interference is present. In this case, the average gain
may be decVOEHM4By a small amount (e.g., 3 dB) until the RERESISIENO2the
present invention determ nes that the internodul ation products are 5

reduced to an acceptable |evel. The process of the present
i nvention can be used conti nuously, 2714 checki ng for internodul ation
products at a lowrate. This rate is ten tines per second in the
preferred enbodi nept. O her enbodi nents use the © process once per frane

cycle. Still other jenbodi nents use the process at 10 othfr rates, such as
upon detection of 4 significant error on the forward i nk.

In summary, the nmefhod of the present _invention enables ajnobile radi o
to travel near anténnas of differenS e B ile i‘ncreasging the

radi o' s resistancefjto radi o frequen tniepdfE8ience fromthe other system
15 By decreasing fhe front end gain, Onh¢tept—pot of the radio's
receive circuftry increases so th&tQde: purs fromthphe other systems
signals will & receiver and
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3. The apparatus of claim 1l wherein the anplifier is a |low noise 2
anplifier. 4, An apparatus to increase a radio receiver's

iymunity to radio 2 frequency interference, the radi o receiver receiving a
signal, thWOH6(8M8tus = conprising: 4. a sw tch colRCRAISISH6U0RE
received signal, the switch having an open position and a closed -
position, the closed position being coupled to a bypass 6 path;

a first anplifier having an input couplgﬂgtO'the first position of the 8

switch and an output coupled to the bypdssS path; and a controller
coupled to the first, swtch, for switching the switch to the 10 closed

position in responsgq to the received signal exceeding a prfdeterm' ned

power |evel. WO 96/ 19048 15
5. The apparatus Jof claim4 further conprising:
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2 a filter coupled to the output of the first anplifier;, the filter
outputting a filtered received signal at a filter output; 4 an
Qscillator for generating an oscillator signal having a

pr edet er mMw@gs/foo¢gjuency; 6 a m xer, having a first PCEUSIS/I60R2 a
second input, the first input being coupled to the filter output and
the second input being coupled to tdgqy 8 oscillator, the m xer generating
a downconverted signal in response to the oscillator signal and the
filtered received signal; 10 a secgp% agpl hf i er coupl ed%to t he
downconverted signal; athird a |f-ber-cco

downconvert signal; 12 a first surfQac® | cal @la\@ filter,
coupled to second anplifier, for ger]erﬂtl qg is:ﬁnall for use in a
digital radgQ el ephone system and 14 — =Secon coustical
wave filter oupled to the third anmplifier; or’ genera asignal
for use in E anal og radi ot el ephone system ' appar at us

to increase radl to ;ad 2 freq ency I nterference,
the radi o receiver %ﬁﬁyﬁvﬁy‘ﬁt he appar afus - iJcorrprl sing: 4

a switch coupled to th;e rec%ved sg_:]nal he s ch h%l ng am open
position and a™®l osedZpositidn; 6 o res},\g ance,oa fi r§ end of the
resi stance bei coupfed tohe clmsed < posiij on ofgthe swtch and a
second end of the resi stance- bei ngTcoupl éd to a8 gr dind pof'-entlal

an anplifier h e—t—tue—-e-perl mc'f{ a-cf It hes #Bm
switch, for generati§g an anplifjed rdgceiveq signl at pgn outlput; and

a controller c upl‘ed \{) the switch, fdr switichingjthe smitch jto
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12 the closed position in response to the received signal exceeding a

predeterm ned power |evel. 7. An apparatus to increase a
radio receiver's immunity to radio 2 frequency interference, the radio
recei ver widsRbd4gng a signal, the apparatus conpri si ngPCHUS9S/16002 gn

anplifier, having an input coupled tﬁéwe received signal, for
generating an anplified received sig at an out put 6 a bypass

path coupled to the input of the &mp f%Fr = 9 19048
16 PCT/ USQS@lGé) & having a first
position and a second position, tie g Bsi |@1;_;9 led to the
anplifier output and the second p86| ROQ béﬁ’ngo —C e o the bypass
path; and 10 & a controller goup]ed td; thdl swilt dh= flop swi tching the
switch fromthe e first positiomtesthke seco B ™ $n response to
t he received siﬁﬁhl 12 exceedi ng predgt erym ned power | evel. 8.
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2 frequency interference, the radio receiver having a receive anplifier

and receiving a radio signal, the nethod conprising the steps of: 4
detecting a power |evel of the received radio signal; and if the
power | evaWo9@i9esial to or greater than a predeterm ned 6 POTAISHSHGA02
decreasing the gain of the receive anplifier: 9. The net hod of

claim8 wherein the step of decreasing the gain 2 of t he receive anplifier
i ncl udes bypassing the receive anplifi 10. The net hod of

cl ai m 8 whe he step of decreasinéﬁphe gain 2 of the receive
“anplifier |!§ enerating an i npedance m snatch bet ween t he

recei ved radi o S|gnal and the receive anplifier. 11. An
apparatus to | ncr ez ; ecel VerSIGNHE“N)tB(Et o 2 radio frequency

interfer ; rece t he appar at us
conpr i s£nff. b coup o e recelved signal for
anplif" 3 i ved : g 7Hei ve aut omat i,c70%i n
control ﬂ20nput coupled to the angkk5|ed S|gnal NG an dut put ;
8 P ct or coupled to the |reee - roI
out put, ect or adjustlng t he keEatvg—auls nctic g-'- antirol in
10 response_ta a detected power of the r éceig gnal. — — T 12. An
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antenna, the apparatus conprising: 4 a dupl exer for separating a

transmt path froma receive path, the dupl exer coupled to the antenna;
6 a receive anplifier, in the receive path, coupled to the duplexer
for agq) defybad9 the received signal; WO 96/ 19&41%395,16002

PCT/ US95/ 16002 17 a receive
automatic gain control, in the recelvg/pﬁth, havi ng an out put and an

i nput coupled to the anplified signal; 10 a transmt automatic gain
control, in the transmt path, having an out put and input coupled to a
signal to be transmtted; g a transmt power anplifier, in he
transmt path, having an i ngut coupled to the output of the tr

automatic gain control and gnh out put% 14 coupl ed to the dupl exer;
a power detector coupled togapd adj uSting the receive automatic 16&5% n
control and the_transnit augommtic digy control in fesponse to a

det ect ed power g t he recel%ﬁ si gndP.3 13.  An appar at uEI(o
increase a radigzreceiver'sg @mnit tg 2 radi o frequency interference,

the radi o recei ver receivi n;a Si gna+ on an
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‘ant enna, the apparatus conprising: 4 a dupl exer for separating a
transmt path froma receive path, the dupl exer coupled to the
antenna; 6 a variable gain receive anplifier, in the receive path,
toupl ed tg,ot 3 dupl exer for anplifying the received sp@E§gdos 6692

a vari abl R ansmi t anplifier, in the transmt path, having an

i nput coupled to a signal to be transngjqged and an output coupled to the 10

dupl exer; and a power detector coupled to and adjusting the
variable gain receive 12 anplifier and the variable gain transmt

anplifier in response to a detected power of the received signal =)

14. An apparatus to increaséa radio receiver's immunity to 2 radio .
frequency interference, theQadio r i ver receiving a signal on an
antenna, the apgratus corrpﬁ | ng: a variabl e attenuator cowsi ed
to the antenna; @« aag.upl exekrr ﬁor separating a transmt path ﬁpm a

recei ve path, thm.e 6 dupl exed Zoupl e@ Bo the variabl e attenuator;

a receive anpliiﬁer, in the ei ve Eagh, coupled to the duplexer for 8

anplifying the r®ceived signal; : atransmt anplifier, in the
transmt path, HMaving an in;$t coupl*i 10 to a signal to be transmtted
and an output cqdpled to thel dupl exen; and a power detector
coupled to and justgng the variable attenuator in 12 response to a
det ect ed power cﬁ_-_ themregei ved signal. -25.0
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WO 96/ 19048

radio 2 frequency interference,

. PCT/ US95/ 16002
18 15. Acircuit for increasing inmunity of a radiotel ephone to

a receive varl abl e

Yeceivin d transmtting radio signals and a duple to
SHRQ?“P%Q PRIT/USH oS

sai d ant

4 circuit conprising:
gain anplifier, coupled to said duplexer,

radi o signals, said variable gain anplifier
adj ust ment i nput and an out put;
a gain adjust output coupled to said

havi ng an input, said receive power
| evel of said received radio signals and
in response to said
16. The circuit of claim 15 further co
coupl ed to salLNABOWNCONVBRTERIASICanp! ifid
downconverting sai d (egEpINAJARYdI O siglals fro
an-internedi ate_frequency:

variable gain anplifier

8

10 det

for

havi ng a

| S+ Ny —

receive gain
10/14a recei ve power detector, having
recei ve gain adjustnent input

output, fo

sai d radi ot el ephone havi ng an antenna for

6 anplifying said received

and
ecti ng
g} OfPI A
power || evel .
—_ - = — a=d converter,

4 fréquency to

a receive\ nyernediate fr¢q§§@§

variable gain anplifier, having.an 6 I nput coup/ed to said downc 2r
and havi ng 89-out put, sai d ncglﬁﬂ : : 1" 30k Hz
894MHz .
_ AMD CDMA
| 1105 |
: 1101 |
TBD Q | {-30kHz
R il e (| saw ™
CONTROLLER 1 BPF . | | (AMPS)
: — — — — —1 85.38MHz
869-804MHz M
VCO + — PLL
LOOP FILTER
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Fm—————= == ! | 85.38MHz
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ps oAl
| 1201
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- 7 1220 AMP > "saw [
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- b — - o 8538MHz
869-894MHz M
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Pntermediate frequency variable gain anplifier for anplifying said 8

downconverted radio signals for use in said radiotel ephone; a
transmt intermedi ate frequency variable gain anplifier, for 10 anplifying
an inter i equency signal to be transmtted, said trfﬁ¥%giy 002

i nternedi ate &g%gency vari abl e gain anplifier having an output; fg

an upconverter, coupled to said output of said transmt internediate
frequency variable gain anplifier, for upconverting said signal to be 14
transmtted froman intermedi ate frigjdency to a radi o frequency; and

a transmt variable gain anplifier, having an output coupled to said 16
dupl exer, an input coupled to said upconverter, and a transmt gain

adj ust ment i nput coupled to said receive power detector gain adjust output,
18 said transmt variable gain anplifier for anplifying said upconverted

si gnal to be transmtted, said transmt variable gain anplifier having
a gain which 20 isgadjusted by said receive power detector in response to
sai d detected pover® | evel .- _ 17. The circuit of claim 16
wherein: 2 . &ai d receive power detector input is coupled to said
receive i nt er nBdi UETICY var ragte—garmanpHeF out put, said
recei ve power n '
& =
- =
: %2527
< e ESa8| T
2 2 s agl
= g 2 wem
- o 5 S.8a
= p—J I =N
=] -
e ' E-
. <, X T+°
g \ ' 3
2 \ 5
= % H
2 " 3
g ) 17 £
- b g
] 14 g
& .
a \‘\ T o
E P __E;E A
- & ! [ ]
H \ &
- ' o
S |
=] X h
« T3
<4
\
L i \‘ °
: | N 4 : : : : ; o~
S 28 8% 8% 3R g°

b
(wgp) samod nding



PCT/ US95/ 16002 WO 96/ 19048 4 detector detecting said power |evel of
said received radio signals at said i nternedi ate frequency; and 6
sald circuit further conprises a threshold detector, having a t hr eshol d
i‘nput CoURVEGsiogassai d recei ve power detector gain adj ust opEpRsesHsdo2 8
threshol d output coupled to said receive gain adjustment input and said
transmt gain adjustnent input, said tﬁlg hol d detector for adjusting said
10 gain of said receive variable gal lifier and said gain of said

transmt variable gain anplifier when said detected power |evel -
exceeds a 12 pr edet erm ned t hreshol d. 18. The circuit of
claim 16 wherein said receive power detector input 2 is coupled to said
receive variable gain anplifier output, said receive power det ector
detecting said power level of said received radio signals at said radio 4
frequency. 19. The circuit of claim17 further conprising a
| ow noi se anpllfler 2 coupl ed to said duplexer and said receive
vari able gain anplifier and i nt erposed t herebetween, for anplifying
said received radio_signals 20. The circuitgof claim18
further conprising & | ow noi e applifier,] 2| codpl ed| t*® said dupl exer and
said receive variable gain applifier|and E?terposad t her ebet ween, for
anplifying said rec¢i ved rad| o s|gnalls.
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21. The circuit of claim 18 further conprising a | ownoise anplifier, 2
coupled to said receive variable gain anplifier and said downconverter and
Enterposed t herebet ween, for -anplifying said received radi o signals.

2. A recej i rcuit for increasing imunity of a radi ot RF 2
radi o freéﬁéﬁé@ﬁ¥%terference, sai d radi ot el ephone havi ng a%kgn gﬂﬁga or
receiving and transmtting radio signals, a duplexer coupled to said
antenna, 4 and a signal processing circuit coupled to said duplexer, the

receiver circuit conprising: 6 . 14 3 receive anplifier, having an
i nput and al—oTt put™ said TeCeiVe — —ampltfter for—amphi fyimg—sard—
recei ved rafii_o 8 gnakg.. 8 o & pypass path, gw ed t'o said
receive anplifiet, SEE bypass @-“path for at® ain of said
receive arrplifiz whinashunt—lo posi tion; 2Ane = h a congrpller,
coupled to sdsd:bypa;‘ﬁxuh,'for swi tching sai d\p path #2 tols F
- shunt positfqz fhen &ldet ect ed power ¢Q | ofr—9e & Befei ved %?dio 7
signal s exceggf prefeterm ned threRHEE4. 96/199?8 A1
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23. The receiver circuit of claim 22 wherein said bypass path 2
conprises a first switch having an input coupled to said duplexer, and
having a series position, a shunt position, and an output, said first
switch 4 o genbodsei ng coupl ed to said receive anplifier i m%ﬁ? gal d
first swtchis in said series position and said first” SW o(?tput
being coupled to an input 6 of a second switch when said first switch is
in said shunt position, said second swi tch having an output coupled to
sai d signal processing circuit, 8 and havi4higt a series position and a shunt
position, said second switch input bei ng coupled to said receive
anplifier output when said second Wleééﬁh i's in 10 said series position and
i i Wale to said first swi t ch out put
when said second switch isfin saDfusfunt position. 24. The _
circuit of claim 22 wherei|n saiGIRQWATFSS p# agnprises a 2 swtch having -
an input coupled to said upI(MfNB&nﬁdBaV ng an out put coupledjto said
receive anplifier output path is in said 4 shunt

posi ti on. 25. The CI rguit of claim 22 wherein said bypags path
conprises a 2 switch having an odtput coupled to said signal procepsing
circuit, and havi ng an i nput {cou deds said receive anplifierfinput
when sai d bypass 4 path is_in sakd unt position. 26.| The
circuit of claim22 whereiln saifgaRymass ppth conprises a 2 swtchgble |oad
having an output coupl ed §oSIGNRQWOWER €ptial and having an ifnput
coupled to said receive afplifCHANGPUL en said bypass path is in

16
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(57) Abstract

The method and apparatus of the present invention improve the immunity to interference of a radio receiver. The power level of a
received signal is detected. If the power level meets or exceeds a predetermined power threshold, the low noise amplifier (703) is by-passed
(730), thus increasing the intercept point of the receiver components. Alternative embodiments include the use of an RF power detector
(105) to control the front-end gain (110) as a function of jammer power. In lieu of a switchable RF gain block (730), several methods
of continuous gain control are proposed. Continuous gain control allows the interference suppression and sensitivity. of the receiver to be
adjusted at lower signal levels than the switchable gain block. A method of the present invention adjusts the input gain by a predetermined
amount (1601). The receiver processing measures the gain change in the IF signal power (1605). If the change is less than the predetermined
amount (1610), the CDMA signal and jammers are below the noise floor and, therefore, the gain is increased (1615). If the IF signal power
change is greater than the predetermined amount, the interference is evident and the gain is reduced to reduce the intermodulation products
(1620). This process is used until the receiver is operating at the best compromise between- interference and noise figure.
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2 adjusting said gain of said variable gain receive anplifier.
30. The nethod of claim 28 wherein said adjusting step further 2

conpri ses: decreasing said gain of said variable.gain receive s
anplifier when said 4 detected received power |evel change is greater than
a predeterm ned t hreshol d; and 6 i ncreasing said gain of said
vari able gain receive anplifier when said detected received power | eve

change is less than or equal to a 8 predet erm ned -t hreshol d. .
31. The nmethod of claim29 wherein said adjusting step further 2

conpri ses: ‘decreasing said gain of said variable gain receive
anplifier when said 4  detected received power |evel change is greater
than a predetermined  threshold; and 6 i ncreasi-ng said gain of
said variabl e gain receive anpllfler when said detected recei ved power

| evel change is less than or equal to a 8 predetern1ned threshold
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