- STACKED DOUBLE BALANCED M XER CIRCUIT Field of the Invention 5 Thi s
winvention relates in general to circuits for converting a received radio

. ~frequéncy signal and in particular to circuits for converting a received
radi o frequency signal by mxing the received radio frequency signal with
two | ocal escillator signals. 10 1 BACKGROUND OF THE
uPVENTICN Frequency conversion of an intercepted radi o frequency signal by

Xing with one or nor 0G5l [ Wl ' own techni que
used in radio recei vergmgﬁéﬁu#ﬂt%r%ﬁI?Mé&Whe i ntercepted
15 radio frequency signal to a lower, internedi ate frequency (IF) signal.

The | F signal is then denodul at ed ¥ r&%‘éﬁ'i-.léeﬂh% mati on whi ch has been
included in the intercepted si gnaF. fln one cl'ass of receivers, sonetines

referred to as "zero IF" receivers, the intercepted signal is mxed with
the one orsnore |pr@lin9ehtibh %ﬁ"tessirﬂgéﬁéral % Riredits ?oﬁ@oﬁferﬁh?r@&eé&)’édlg no

20 carrier freguency. In such zero YF receivers, .dual conversion is often
used, wherei nr%&f’&?%‘i/qu&‘g‘&gaﬁar%B? o ?150%%@6 oY Qi ntercept ed
si gnal, ther ebsceprertitaziiodretjuency sigrial byognixing the eéiceived ratiofreqeineyt h a
second | ocal Q ia“%ﬁl‘??wgilg&qlo&ﬁla%lp& g1s2 second | F signal having no
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carrier freque onversi-on receivers are also used in receivers
which are not zero IF 25 receivers, that is, the denodul ation is perforned
using a s#ond | F signal haBAGKGROWNDR:OR THEUNVENTIONN neans of
perform ng the mxing in dual .conversion receivers are to use a first
transistor circuif coommonly identified as a Glbert cell to generate the
first |F signal, Hrequency corversianoof ap intgreepted radiofrequancy figmalibyert . cel |

transi stor ci psikirdg WatlPbAE ve anbRelozar 68dWllator siPhidle is & Welb kaowretdchfliqiecer
Chr ULt 2P ogheT, 1D Bsphits § LSSy i) LAl BRI iR e
comon pollr sadlipl frequentytdignalitoer lower, intermediate frequency (IF) signal. The IF
: signal is then demodulated to recover information which has been
included in the intercepted signal. In one class of receivers, sometimes
referred to as “"zero IF" receivers, the intercepted signal is mixed with the
one or more local oscillator signals to produce an IF signal having no
20  carrier frequency. In such zero IF receivers, dual conversion is often used,
wherein a first local oscillator signal is mixed with the intercepted signal,
thereby producing a first IF signal, which is then mixed with a second local
oscillator signal to produce a second IF signal having no carrier frequency.
Dual conversion receivers are also used in receivers which are not zero IF
~ 25  receivers, that is, the demodulation is performed using a second IF signal
having a carrier frequency.
Known means of performing the mixing in dual conversion
receivers are to use a first transistor circuit commonly identified as a
Gilbert cell to generate the first IF signal, which is fed into the inputs of a
30 second Gilbert cell transistor circuit to produce the second IF. While series
connected mixer circuit approaches such as the Gilbert cell approach
described above have worked well, each mixer circuit is typically
independently powered from a common power supply, and the mixer
circuits must be carefully matched to each other to reduce the generation
35 of undesirable distortions of the signal, such as intermodulation
distortion. In radio receivers which are portable and competitively priced,
such as pagers, minimal circuitry, low power consumption, receiver
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~circuits nust be carefully matched to each other to reduce the generation

=35 .of uhdesirable distortions of the signal, such as internodul ation

“distortion. In radio receivers which are portable and conpetitively priced,
such as pagers, mnimal circuitry, |ow power consunption, receiver 2
sensitivity performance, and receiver intermodul ation performance are
extrenely inportant characteristics. Thus, what is needed is a m xer

circuit for perform.ng dyal conversion which has I power consur{}%tion,
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Accordi ngl y, extremfely impastant ichafadtérstipsesent i nvention, a stacked double

bal anced m xer in |.ane ) LSt oss coupl ed
Fhil 1onds QR4 8 AN IO e KrRorniihg dulll

differential mxer. ) al’ance (

transistors, fenyewsiasswhichupaedower powerconsumpsion, fewer partsi apdidessoupl ed
to a radiosfrgsdtepgon(RF) differential signal having an RF carrier
frequency, 15 and a second.input coupled to a first |ocal oscillator (LO
differential signal having a first LO frequency. The first cross coupl ed
differential mxer includes four cross coupled input/output transistors; a

second LO i nput coupled to a SYMMARYOF THEEINVENTIONO differenti al
si gnal having a second LO frequency and a second m xer output. The four
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transistors, four cross coupled output transistors, a first input coupled to a
radio frequency (RF) differential signal having an RF carrier frequency,

15 and a second input coupled to a first local oscillator (LO) differential signal
having a first LO frequency. The first cross coupled differential mixer
includes four cross coupled input/output transistors, a second LO input
coupled to a second local oscillator (LO) differential signal having a second
LO freqﬁency and a second mixer output. The four cross coupled

20 input/output transistors have first output terminal pairs DC coupled in
series to second output terminal pairs of includes four cross coupled
output transistors of includes double balanced mixer. The stacked double
balanced mixer generates, at the second mixer output, a second IF
differential output signal having a second IF frequency at a difference of

25 the RF frequency and a sum of the first and the second LO frequencies.

Accordingly, in a second aspect of the present invention, a receiving
device is for processing a frequency modulated (FM) radio signal having a
carrier frequency. The FM radio signal includes a selective call address.
The receiving device includes an antenna, a receiver section, a controller,

30 and a sensible alert. The antenna is for intercepting the FM signal. The
receiver section, which is coupled to the antenna, is for filtering,
converting, and demodulating the intercepted FM signal, including the
selective call address. The controller, which is coupled to the receiver
section, decodes the demodulated selective call address. The controller

35 also generates an alert signal when the selective call address substantially
matches an address stored in the portable receiving device. The sensible
alert, which is coupled to the controller, is responsive to the alert signal for
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25 the RF frequency and a sumof the first and the second LO frequencies.
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The receiving device includes an antenna, agreceiver section, a controller,
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oscillator (L erent| naI aving a eco guency an
ave first output termma pairs DC coupled in series to second output

15 terminal pairs of includes four cross coupled output transistors of includes
double balanced mixer. The stacked double balanced mixer generates, at
the second mixer output, a second IF differential output signal having a
second IF frequency at a difference of the RF frequency and a sum of the
first and the second LO frequencies. -

20 Accordingly, in a third aspect of the present invention, a stacked
double balanced mixer includes a double balanced mixer and a cross
coupled differential mixer. The double balanced mixer includes two NPN
input transistors, four cross coupled output transistors, a first input, and a
second input. Each of the two input transistors has a collector which is

25 direct current (DC) coupled to one of two emitter pairs of the four cross

- coupled output transistors. The first input includes two bases. Each of the
two bases is a base of one of the two input transistors. The first input is
coupled to a radio frequency (RF) differential signal having an RF carrier -
frequency. The second input includes two emitter pairs of the four cross

30 coupled output transistors. The second input is coupled to a first local
oscillator (LO) differential signal having a first LO frequency.

The first cross coupled differential mixer includes four cross coupled
input/output transistors having emitter pairs DC coupled in series to
collector pairs of the four cross coupled output transistors, a second LO

35 input, and a second mixer output. The second LO input includes two
base pairs of the four cross coupled input/output transistors and is coupled
to a second local oscillator (LO) differential signal having a second LO



second m xer output. The four cross coupled input/output transistors have
first output termnal pairs DC coupled in series to second output 15
“termnal pairs of includes four cross coupled output transistors of

i ncl udes doubl e bal anced m xer. The stacked doubl e bal anced m xer
generates, :at the second mi xer output, a segond |F differential output
signal having a second I|IF frequency at a difference of the RF frequency and

a sum of theflrst and ly, in
athird aspectfr %@Rgnven?()hﬁgyﬁﬁﬁ&%eﬁ %‘fdoi)é\?g%%g m xer

i ncl udes a dodbuecnzﬁsmp&dﬁnwt/autpla tcmﬁoza) ganeratess 2k the secomdy

The doubl e bal AReedytbi€ia éé&ShHCiFSdﬁféPeﬂﬂ%m dtﬂpui sitghapﬁhﬁfh@’@ sedodidr IFCT o5

Feo Ut p”trfséé?%ség s Tittedende st the W FrendPegend ocptim of B rer ey Blg | "°
two input tra

tCOUp| egt t o50n _EI_SﬁQénd\M@ ﬁféqhéﬁdfleﬂaﬁhe dolubldbalanoed aune:samd)mlpé ﬁtbtcoro$bwt

ransi stors. e np. |s a
base of one of“Y ie‘i% "’;‘)‘Ut flﬁl‘gﬁ’gg& @@ﬁﬁ%&%@lor{ |npu g&:-%g%fjilée}§ )

radi o frequencsubsiaye.di fferential signal having an RF carrl er frequency
The second input includes two emtter pairs of the four cross 30 coupled

out put transistors. The se »mgq& ' | ocal oscillator
(LO differential signal hg\%li"lg I'rst lf%df requency. ‘?ﬂ irst cross
coupl ed difdferential mxer includes four cross coupled input/output

tLa”fS' stors havi ”&ngnltlkﬁh élédtﬁéal%@l@uﬁ& i 6f & Portablé feceivihg devicepiirs of
Shcong i xer caeBHRanG BitCthe e 550 °rb¢4m§e°3%ﬁs§€rg' l&&%&%?dt he
four cross coupl ecFIGmLiB/amelpmmca}bhskshagmnﬂ aidual copversioro receivararsed
local oscillat or y{ OArfbib RESHHPHevicd B adtBYadittedw R ARB preférred 4
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FIG. 3 is an electrical schematic diagram of the stacked, double
balanced mixer used in the dual conversion receiver, in accordance with
the preferred embodiment of the present invention.

FIG. 4 is an electrical schematic diagram of the stacked, double

20 balanced mixer used in the dual conversion receiver, in accordance with
an alternative embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

25 Referring to FIG. 1, an electrical block diagram is shown of a portable
receiving device 100, in accordance with the preferred embodiment of the
present invention. The portable receiving device 100 operates to intercept
a radio signal via a conventional antenna 113, which is coupled to a dual
conversion receiver 103. The dual conversion receiver 103 operates to

30 filter, convert, and demodulate the received digital radio signal and
couples a demodulated radio signal 104 to a controller 106, the controller
106 comprising conventional control logic for decoding and recovering a
selective call message contained within the radio signal, in a manner well

- known in the art. The selective call message includes an address and may

35 include other information such as a telephone number, alplianumeric
data, or graphics. A conventional address memory 120 which stores a
predetermined address is coupled to the controller 106. The controller 106



frequency. The second m xer output includes two collector pairs of the four
_cross coupled input/output transistors and generates, at the second nixer

~ out put, a second IF differential output signal having a second IF frequency
at a difference of the RF frequency and a sumof the first and the 5
second LO frequenci es. The doubl e bal anced 8n xer and the first cross

coupl ed di fferential m xer are inplenented on the sane integrated circuit
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15  selective call message, using the display 152, and by signaling the user via
the sensible alerting device 118 that a selective call message has been
received. The information which is displayed can include a short message
such as a phone number or a longer message such as a alphanumeric
inquiry or a small map, any of which can be presented on the display 152
20 by manipulation of the operator controls 116 on the portable receiving
device 100. It will be appreciated that the portable receiving device 100
could be of the type which also transmits messages and/or
acknowledgments by means of radio signals.
The portable receiving device 100 is preferably similar to a Memo
25 Express ® model pager, manufactured by Motorola, Inc., of Schaumburg,
Illinois, modified to use the dual conversion receiver 103, but may
alternatively may be another portable receiving device radio, similarly
modified. The controller 106 in the Memo Express ® model pager is a
microprocessor of the model 68HCO5 family of microprocessors
30 manufactured by Motorola, Inc. of Schaumburg, IL. This is the preferred
implementation of the controller 106, but alternative microprocessors or
integrated logic circuits may also be used.
The portable receiving device 100 is representahve of many other
receiving devices which include dual conversion receivers that can benefit
35 from the present invention. Examples of such other receiving devices are
cellular telephones, television receivers, and broadcast communication




sel ective call nessage contained wthin the radio signal, in a manner well
known in the art. The selective call nessage includes an address and may 35
*include other information such as a tel ephone nunber, al phanuneric data, or
graphics. A conventional address nmenory 120 which stores a predeterm ned
address is*coupled to the controller 106. Bhe controller 106 5is
coupled to a battery 115, for distributing power fromthe battery 115 to

ot her CI rcuit I al
conver si on reieed.ef"é’*‘%‘%“‘%ﬂ%?én’?ro ‘E?QP"?%"E% Ot £ OHQF@%G"@%%';& or
controls 116, and 3l commugyication eeceivars, suchy as Hpsgdisedcimmpdems:
controls 5 116, Heféﬁ' to FIC. 3) & eleetricid block dib rﬂheoioahet-‘dlml%hvefb%n

desi gn. The contr gt apré(%e}_i béhe addr es recgéfre fromthe

sel et ve cal re°ﬁ~d 'fsgp mﬁi Al g s Wk o e agar eos
menory 1206 andcaovdanceiedtipthec preferrgd tem €0 rpresentcimventiono ets
P opar | son doltetcepted ridlo HgRAIEE %@%‘Hé&"%*ﬁl? é‘ﬁ‘%‘?%&“m?‘?’o*ﬁ@? 2
stops the pr o@ésgnvg\tmnatlmﬁ@w rthedntprcepted yadio signaliapg t he
contents of tgenéﬁeésvaﬁ amﬂﬂi@pwalﬁ&bhuapﬁ 8E Thé iffR], IRFgs of

operator contr .t he, por recei yin deVLce uct her
process the s8 gé é@l sgnal ﬁe@o Z‘Jéf Pé’\sé%wgpﬁgﬁaé‘f C?’@HQ{ Hgéﬁ:ércf"ﬁ}ﬁ JP the
15 sel ecl0 veof abhverdiorm} eesign argl tmﬁrstl differentiah inpats®11y 232 gfialstacketlhe
user via the sage has
been recei vedasﬁlﬁgeb#aﬁﬁﬂ{d % é? ﬂ?&ui&%&@ f‘ouggl!egt S ortg
message such strengtihohthenamplified; RE @Iﬂugﬁfn@!@fﬂaaéppﬁahunerl C
inquiry or a g al vﬂﬁ@h isddu fedV‘d&Jﬂ{éRP'%nﬁﬂlﬁE@m‘fdi%ﬁﬁlt&%g'tﬁ@' ay 152 20

by mani pul att o lnibe ot Whe dnplified, RF difrerential Signal withircan® ' €¢©' V! N
15 predetermined range, in a manner well known to one of ordinary skill in
the art. The stacked double balanced mixer 220, which is of unique design,
mixes the amplified, RF differential signal with a first local oscillator (LO)
differential signal, and two second LO differential signals. The first LO
differential signal comprises plus and minus first LO differential signals
20 coupled to second differential inputs 221, 222 of the stacked double
balanced mixer 220. The two second local oscillator differential signals are
an in-phase second local oscillator differential (I) signal and a quadrature
phase second local oscillator differential (Q) signal. The I signal has plus
and minus components which are coupled to second differential inputs
25 223,224 of the stacked double balanced mixer 220. The Q signal has plus
and minus components which are coupled to third differential inputs 225,
226 of the stacked double balanced mixer 220. The I and Q signals are at the-
same frequency, but the Q signal is 90° out of phase with the I signal. The
stacked double balanced mixer 220 according to the preferred embodiment
30 of the present invention generates I and Q baseband output differential
signals (that is, I and Q signals having no carrier frequency), at differential
outputs 227, 228, 229, and 230 of the stacked double balanced mixer 220.
The I and Q baseband output differential signals include undesirable
frequency components. The I and Q baseband output differential signals
35 are coupled to a low pass filter 235. The low pass filter 235, which is of
conventional design, removes the undesirable frequency components
from the baseband output differential signals, passing filtered I and Q
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device 100. It will be appreciated that the portable receiving device 100
.could be of the type which also transmts nessages and/or acknow edgnents
* by ‘'neans of radio signals. The portable receiving device 100 is preferably
simlar to a Meno 25 Express [err] nodel pager, manufactured by Mdtorol a,
Inc., of Schaunmburg, Illinois, nodified to mse the dual conversion receiver
103, but nmay alternatively nay be another portable receiving device radio,
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therefrom in series through the double balanced mixer 320, as will be
15 described more fully below.
The double balanced mixer 320 comprises two input transistors 321,
322, four output transistors 323, 324, 325, 326, and four bias resistors 370,
371, 372, 373. The transistors 321, 322, 323, 324, 325, 326 are preferably NPN
transistors each having a control terminal (the base terminal of the NPN
20 transistor), a first output terminal (the emitter terminal of the NPN
transistor), and a second output terminal (the collector terminal of the
NPN transistor). The first output terminals of the two input transistors
321, 322 are direct current (DC) coupled together and to a first reference
voltage 301, which is preferably a ground reference. The control terminals
25 of the two input transistors 321, 322 form the first differential inputs 211,
212 of the stacked, double balanced mixer 220. Each of these is DC coupled
to first terminals of the resistors 370, 371, which are bias resistors. The
second terminals of the resistors 370, 371 are DC coupled to a bias voltage
304. The first output terminals of the two output transistors 323, 324 are
30 DC coupled to each other and to the second output terminal of the input
transistor 321. The first output terminals of the two output transistors 325,
326 are DC coupled to each other and to the second output terminal of the
input transistor 322. The control terminals of the two output transistors
323, 326 are DC coupled together, forming a plus node 221 of the second
35 differential inputs 221, 222. The control terminals of the two output
 transistors 324, 325 are DC coupled together, forming a minus node 222 of
the second differential inputs 221, 222. The second differential inputs 221,




10 of conventional design and to first differential inputs 211, 212 of a
~stacked doubl e bal anced m xer 220. The AGC circuit 215 operates to detect
‘the strength of the anplified, RF differential signal and generate a
control signal which is coupled to the RF anplifier 210 for maintaining the
anplitude of the anplified, RF differentiag signal within an 15
predeterm ned range, in a manner mell known to one of ordinary skill in the
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which is 186 MHz in this example.
In summary, the double balanced mixer 320 comprises two input
transistors 321, 322 having second output terminals DC coupled to first
20 output terminal pairs of four cross coupled output transistors 323, 324, 325,
326. The RF differential input signal having the RF carrier frequency and
the first LO signal having the LO frequency are inputs to the double
balanced mixer 320. The first IF differential output signal is generated by
the double balanced mixer 320, having a first IF frequency at the difference
25  of the RF carrier and first LO frequencies '
The cross coupled interconnection of the four output transistors 323,
324, 325, 326 is defined hereinafter as four cross coupled transistors, which
refers to the coupling arrangement described above wherein each of three
types (control, first output, and second output) of the terminals of the four
30 cross coupled transistors 323, 324, 325, 326 are DC coupled in differing sets
of pairs, that is, the control terminals of the transistors 323, 326 are DC
coupled together in a pair, forming a first node for a first differential input
signal of the cross coﬁpled transistors 323, 324, 325, 326, and the control
terminals of the transistors 324, 325 are DC coupled together in a pair,
35 forming a second node for a first differential input signal of the cross
coupled transistors 323, 324, 325, 326, the first output terminals of the
transistors 323, 324 are DC coupled together in a pair, forming a first node




7 baseband output differential signals which are coupled to a denodul at or
240 of tconventional design. The denodul at or 240 generates the denodul at ed
*radio signal 104 fromthe filtered | and Q baseband output differential
signals in a manner well known to one of ordinary skill in the 5 art.
Referring to FIG 3, an electrical schematfc di agram of the stacked, double
bal anced m xer 220 used in the dual conversion receiver 103 |s shomn, I n
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370, 371, 372Crosygoupled transisiprs 323; 32413253326, Atk thessacond outpyp @rmleals
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form the fi rs8as)idsberRel fish oubpht ferpildal paie of thd Bﬁ)s§fcaﬁiskéa irgitPbatpl anced
m xer 220. Eagransmtotrg 931, 332 ana e’ ﬁrsFI" output terminal pair of the cross coupled
15 input/output transistors 333, 334 form a second mixer differential input of
the first cross coupled differential mixer 330. The second output terminal
pair of the cross coupled output transistors 323, 325 is DC coupled to the
first output terminal pair of the cross coupled input/output transistors 333,
334. The second output terminal pair of the cross coupled output
20 transistors 324, 326 is DC coupled to the first output terminal pair of the
cross coupled input/output transistors 331, 332. The first IF differential
output signal 350, 351 is thereby DC coupled from the double balanced
mixer 320 to the first cross coupled differential mixer 330. The control
terminal pair of the cross coupled input/output transistors 331, 334 and the
25 control terminal pair of the cross coupled input/output transistors 332, 333
form second IF differential inputs 223, 224 of the stacked double balanced
mixer 220, to which the I signal is coupled. A DC control bias voltage is
established at the control terminal pairs of the cross coupled input/output
transistors 331, 334 by the bias resistor 335, which is DC coupled to a third
30 reference voltage 310, and a DC control bias voltage is established at the
control terminal pairs of the cross coupled input/output transistors 332,
333 by the bias resistor 336, which is DC coupled to the third reference
voltage 310. The I signal has a second LO frequency, which is 186 MHz in
the example used herein. The first cross coupled differential mixer 330
35 generates a second IF in-phase differential output (SIFI) signal having a
second IF frequency at the difference of the first IF and second LO
frequencies, which is baseband (zero MHz) in this example. A plus portion




to first termnals of the resistors 370, 371, which are bias resistors. The
second termnals of the resistors 370, 371 are DC coupled to a bias voltage
‘304. The first output terminals of the two output transi stors 323, 324 are
30 DC coupled to each other and to the second output termnal. of the input
transistor 321. The first output termnals gf the two output-transistors
325, 326 are DC coupled to each other and to the second out put term nal of
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- 15  the I signal coupled to the second IF differential input 223, 224,
The second cross coupled differential mixer 340 comprises four cross
coupled input/output transistors 341, 342, 343, 344 and two bias resistors
345, 346. The first output terminal pair of the cross coupled input/output
transistors 341, 342 and the first output terminal pair of the cross coupled
20  input/output transistors 343, 344 form a third mixer differential input of
the second cross coupled differential mixer 340. The second output
terminal pair of the cross coupled output transistors 323, 325 is DC coupled
to the first output terminal pair of the cross coupled input/output
transistors 343, 344. The second output terminal pair of the cross coupled
25 output transistors 324, 326 is DC coupled to the first output terminal pair of
the cross coupled input/output transistors 341, 342. The first IF differential
output signal 350, 351 is thereby DC coupled from the double balanced
mixer 320 to the second cross coupled differential mixer 340. 'The control
terminal pair of the cross coupled input/output transistors 341, 344 and the
30  control terminal pair of the cross coupled input/output transistors 342, 343
form third IF differential inputs 225, 226 of the stacked double balanced
mixer 220, to which the Q signal is coupled. A DC control bias voltage is
established at the DC coupled control terminal pairs of the cross coupled
input/output transistors 341, 344 by the bias resistor 345, which is DC
35 coupled to the third reference voltagé 310, and a DC control bias voltage is
established at the DC coupled control terminal pairs of the cross coupled
input/output transistors 342, 343 by the bias resistor 346, which is DC




15 first internediate frequency (IF) differential output signal 350, 351
having a first IF frequency at the difference of the RF carrier and first
“ LO frequencies, which is 186 MHz in this exanple. In summary, the double
bal anced m xer 320 conprises two input transistors 321, 322 having second
output term nals DC coupled to first 20 ut put termnal pairs of four
cross coupled output transistors 323, 324, 325, 326. The RF differenti al
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15  terminal pairs of the cross coupled output transistors 323, 324, 325, 326 of
the double balanced mixer 320, and generates an SIFQ signal at the third
mixer outputs 229, 230 having a frequency at the difference of the first IF
frequency and the second IF frequency in response to the first IF
differential output signal coupled from the double balance mixer 320 and
20 the Q signal coupled to the third differential inputs 225, 226.
It will be appreciated that the second differential inputs 223, 224 of the
first cross coupled differential mixer 330 can alternatively be coupled to a
second LO differential signal having a second LO frequency, while the
third differential inputs 225, 226 of the first cross coupled differential mixer
25 330 can alternatively be coupled to a third LO differential signal having a
third LO frequency, resulting in the simultaneous generation of a second
mixer output signal having a second IF frequency and a third mixer output
signal having a third IF frequency, respectively, at the second and third
mixer outputs 227, 228, 229, 230 of the first and second cross coupled
30 differential mixers 330, 340. _
The power supply 360 comprises four power supply resistors 361, 362,
363, 364. A first terminal of each the four power supply resistors 361, 362,
363, 364 is DC coupled to the second reference voltage 305. A second
terminal of each of the four power supply resistors 361, 362, 363, 364 is DC
35 coupled, respectively, to the second output terminals of the four cross
coupled input/output transistors 331, 334, 341, 344. It will be appreciated
that because of the unique coupling of the power supply 360, the first cross




DC coupl ed together in a pair formng a second node for a second

di fferential input signal of the cross coupled transistors 323, 324, 325,
*326, 5 and the second output terminals of the transistors 323, 325 are DC -
coupl ed together in a pair formng a first node for a differential output

signal of the cross coupled transistors 3232 324, 325, 326, and the second
output termnals of the transistors 324, 326 are DC coupled together in a
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I s established at t e con
i nput / out put t third referensce yoltage 310 is 1.25 volts DC, the bias resistors 370-373, 335,

336, 345, 346 have a value of 10 K Ohms, and the power supply resistors
361-364 have a value of 1.6 K Ohms. The geometries of the transistors 321-

20 326, 331-334, 341-344 are designed so that the transistors provide optimum
gain and noise figure at the highest operating frequencies, which in this
example are 930 MHz for the transistors 321-326 in the double balanced
mixer 320 and 186 MHz for the transistors 331-334, 341-344 in the cross
coupled differential mixers 330, 340. The values of resistors, reference

25 voltages, and transistor geometries are further chosen to establish a
collector to emitter DC voltage of the transistors 321-326 of approximately
250 millivolts, a collector to emitter DC voltage of the transistors 331-334,
341-344 of approximately 300 millivolts, and a DC voltage drop across each
of the power supply resistors 361-364 of approximately 200 millivolts,

30 without significant degradation of gain and noise performance of the
transistors 321-326, 331-334, 341-344. . Accordingly, the current drain from
the second reference voltage 305 of the power supply 360 is approximately
125 microamps through each power supply resistor 361-364. The design of
the geometries of the transistors 321-326, 331-334, 341-344 to optimize the

35 gain, noise, and operating voltage is well known to one of ordinary skill in
the art. It will be appreciated that the second reference voltage 305 value is
the sum of the collector-emitter voltage drops of, for example, transistor




333 by the bias resistor 336, which is DC coupled to the third reference
vol tage 310. The | signal has a second LO frequency, which is 186 MHz in
*the exanple used herein. The first cross coupled differential mxer 330 35
generates a second |F in-phase differential output (SIFl) signal having a
second I F frequency at the difference of t first IF and second LO
frequencies, which is baseband (zero MHz) 1 n this exanple. A plus portion
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currents for the tran51stors 331-334 341-344 and is approxmately 6

15 microamps. The third reference is at a slightly higher value of
approximately 1.25 volts, which, because of the extremely small current
requirement, can be easily obtained by use of a simple charge pump circuit,
well known in the art, or derived from a voltage reference source (not
shown) supplying other higher voltage circuits, such as for example the

20 controller 106. It will be appreciated that the reference voltage coupled to
resistors 372, 373, which is used to bias the control terminals of the
transistors 323-326, can be a reference voltage having a alternative value ,
such as the 1.25 volts DC of reference voltage 310, or, for example, 1.10
volts DC.

25 The fourteen transistors 321-326, 331-334, 341-344 and the twelve
resistors 370-373, 335, 336, 345, 346, 361-364 are preferably implemented on
the same substrate, which results in very uniform DC values of the
parallel supply currents flowing through the transistors 321-326, 331-334,
341-344, and very uniform values of DC voltages at the terminals of the

30 transistors 321-326, 331-334, 341-344. The uniform supply currents and DC
voltages reduce the generation of distortion products in the stacked double
balanced mixer 220. It will be further appreciated that the unique stacked
arrangement of the double balanced mixer 320 and cross coupled
differential mixers 330, 340 allows the stacked double balanced mixer 220 to

35 be operated with very low power (approximately 0.5 milliwatts) because
the supply current is shared by the double balanced mixer 320 and the first
and second cross coupled differential mixers 330, 340. It will be appreciated




20 input/output transistors 343, 344 forma third mxer differential input
~of the second cross coupled differential mxer 340. The second out put
“termnal pair of the cross coupled output transistors 323, 325 is DC
coupled to the first output termnal pair of the cross coupled input/output
transistors 343, 344. The second output tefnqinal pair of the cross coupled
25 out put transistors 324, 326 is DC coupled to the first output term nal
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transi st 01§ 34uppb#Besistors 868; I6drdeletedathetéfeom. The alternative embodiment
of the present invention is useful in receivers operating in
communication systems wherein in-phase and quadrature IF signals are
not needed to be recovered, such as in a non-coherent frequency
' modulation system. :

20 In the alternative embodiment of the present invention, the
reference voltages 301, 304, 305, 310, the bias resistors 370-373, 335, 336 and
the geometries of the transistors 321-326, 331-334 are the same as in the
preferred embodiment of the present invention. The values of the power
supply resistors are designed to be 0.8 KOhms. As result, the collector-

25 emitter voltages across the transistors 321-326, 331-334, the total power
requirements, and the performance advantages are the same as for the
preferred embodiment of the present invention.

It will be appreciated that the second IF signal may be generated in the
preferred and alternative embodiments having a frequency which is a

30 combination of sums or differences of the RF carrier frequency, the first LO
frequency, and the second LO frequency, as is well known to one of
ordinary skill in the art.

It will be further appreciated that, for both the preferred and
alternative embodiments of the present invention, in situations where

35 lower gain is acceptable, the input transistors 321 and 322 may alternatively
be field effect transistors (FETs). Similarly, cross coupled transistors 323-
326, 331-334, 341-344 may alternatively be FETs where lower gain is




SIFQ signal is generated at a second node 230 of the third m xer output 10
formed by the second output termnal pair of the cross coupl ed input/out put
“transistors 342, 344. In sunmmary, the second cross coupled differential

m xer 340 conprises four cross coupled input/output transistors 341, 342,
343, 344 having first output termnal pair$DC coupled in series to second
output 15 termnal pairs of the cross coupled output transistors 323, 324,
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coupling of tBe RPYWEHSHRUAHSR O diftbrtion ThmPoRitits in the signal. It will be
appreciated that the preferred and alternative embodiments of the present
invention avoid the generation of such distortion components in the
manners described. |
20 By now it should be appreciated that the stacked double balanced
mixer described in the preferred and alternative embodiments of the
present invention, performs the dual conversion of an RF signal with
fewer transistors and reduced power compared to circuits performing the
same function in prior art dual conversion receivers. Furthermore, the
25 second IF signal is generated with reduced distortion products, such as
intermodulation distortion, due to the sharing of the supply current and
DC coupling of the first IF signal.
I claim:
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12 coupled differential m xer 330, the second cross coupl ed differential
m xer 340, and the doubl e bal anced m xer 320, the suppty—tcdur+rent—s—bBc—

‘coupled fromthe second voltage reference 305 in parall our
power supply resistors 361, 362, 363, 364, wherefromt glﬂh Mim !Li 'ﬂ
DC 5 coupled in series to the eight crossjgoupled |np ors
331- 334, 341- ‘344, wherein the supply current is DC coupled in parallel,
and wherefromthe supply current is DC d in series to the four cross
coupl ed output transistors 323-326, wherein the supply current is DC
coupled in parallel, and wherefromthe supply current is DC coupled in 10

series to theltwh stagked double balanced 22iker, 3dMpridingei n t he supply current is
DC coupl ed in paraly gl b@%lﬂl{é e&ﬁ)&mm _S#ﬁgj y current is DC coupled in

series to the first VoI tage rererence T eby powering the fourteen
transi storg 321- 326, 331W9314‘Pu34'11a1'§!§$°rs|rn the preferred enbodi ment of the

present invention, the fblBErosd coly Iﬂ@@@t\fg&rtﬁm@@m S ground t he bi as
ref erence voltage 304 i O 78 ol&?dt he se reference v ta agﬁOS i's
et

| ess than or equal to 1 ttWé)m Wfsé??nsg Pl
1. 25 vol ts DCfrequeniy {BF) dsﬁfemnhal ﬁgﬁaBﬁSVmg:ﬁ) REXfarriéel freqaénicyhand a vaI ue

of 10 K Chns, and the 1.6 K
Chns. The geonetries o?g%ﬁ;emf SI s g?isdsf‘é{fscré%l @%ée@%&?p@%%%%ﬁ?‘i%Mf are
desi gned & tWQPPiQ‘th@&ﬁ%ﬁl@Fdr@C Ysignalhaving adimst k6t e at
t he hi ghest opggg agﬁs &quenci es, V\:hl ch |n th| S exarrpl e are 930 MHz for

the transistors in the do al.anced m xer an or
h h 41 b g d 320 d 186 MHz f

the transistors 33f cr%sglcogr "t?'Fan AOEUXYPPRESH& f er enti al i xers
330, 340. The val ues of foesixisscenplest mpmtqfeuﬁﬁt trandistoes;, and transi stor

geonetries are further CR&?&%&@ FFSa P b rBss coupled input/output
15 transistors coupled to a second local oscillator (LO) differential signal
having a second LO frequency; and
first cross coupled differential mixer outputs of said four
cross coupled input/output transistors; and
wherein said four cross coupled input/output transistors have first
20 output terminal pairs DC coupled in series to second output terminal pairs -
of said four cross coupled output transistors; and
wherein the stacked double balanced mixer generates, at the first
cross coupled differential mixer outputs, an IF differential output signal
having an IF frequency equal to a difference of the RF carrier frequency
25 and the sum of the first and the second LO frequencies.

2. The stacked double balanced mixer according to claim 1,
wherein said first inputs comprise two control terminals,
and wherein each of the two control terminals is a control terminal of one
30 . of said two input transistors; and
wherein said second inputs comprise two first output terminal
pairs of said four cross coupled output transistors; and
wherein said two inputs comprise two pairs of control terminals of
said four cross coupled input/output transistors; and
35 wherein said first cross coupled differential mixer outputs comprise
two second output terminal pairs of said four cross coupled input/output
transistors.



collector to emtter DC voltage of the transistors 321-326 of approxi mately
250 mllivolts, a collector to emtter DC voltage of the transistors
~331:-334, 341-344 of approximately 300 mllivolts, and a DC voltage droﬁl

across each of the power supply resistors 361-364 of apﬂ“ﬂl““ﬂfllmumﬁ
mllivolts,» 30 w thout significant degrad?bf on of gain

performance of the transistors 321-326, 3317334, 341-344" ¢ Adcor'di ngly
the current drain fromthe second reference voltage 305 of the power supply
360 is approximately 125 m croanps through each power supply resistor

ggi ggj The desiThe stickeﬂed@.ﬁﬂeﬁfalamdofmdehacwrdmmohkn%hﬁﬂét 331- 334,
t t

known to gngpoéo%o‘é%&ge@%g@%@emld% wgt %e{e?&%éﬂa%pr el?:ilggtr %szstﬁﬁat t he’

second refer emp&m@ digect3nsTent| frem thet teéelsme yoltage thrguglsesondnouiput

vol tage dreps ¢ rﬁﬁi&%ﬁa@d b BsS '<Blp &%&géuép%ﬁocrm toyl s) and

t ransi st or 323 Lvol t's), Si S it and
“supply resist d?a'-'S el, WW@%%"W&? F‘fﬂsﬁéﬁpﬁ tsingl e

cell battery, tpamdistoss in Pafalleldxid eherefront h@uénégﬁubughgsawm@mi on of

t he single cel olta i gher voltage. In other words, 5 "the second
ref erence vol ttéﬁtéﬂ?tgr%%‘ E%Fegd t hrough four bias resistors, each bias

resistor (e.g., resistor 361) coupling current fromthe second reference

Vo g W ”K oeHe sgd(é&(ﬁ’%% lé%&l‘i?&’ed’ﬂhﬂé&t ﬁE&?ﬁﬁ?er e?r 0 |1 Tubthel N°

| nput / out put transistors I n paral min series
through first SOMPEEMERd output ternminals of the four output transistors in

10 paral l el (323-Bgégondotrdss beupledadifferertidlimixek Rbmpgisifgr st and second
oupul L arrinal ¢ ey Ly 109 Sk GSRPR ot o oSl
i s appr oxi mat ewhefinsaid secondsset Dfidouhcrass meﬂpl@nu‘@utbbu@gé tersistorspl i es
only the bgse have first output terminal pairs DC coupled in series to said second output
terminal pairs of said four cross coupled output transistors;
two inputs of said second set of four cross coupled
input/output transistors coupled to a third local oscillator (LO) differential
signal having a third LO frequency; and
20 second cross coupled differential mixer outputs; and
wherein the stacked double balanced mixer generates, at the second
cross coupled differential mixer outputs, a second IF differential output
signal having a second IF frequency equal to a difference of the RF carrier
frequency and the sum of the first and the third LO frequencies.

5. The stacked double balanced mixer according to claim 7,
wherein said two inputs of said second set of four cross coupled
input/output transistors comprise two pairs of control terminals; and
wherein said second cross coupled differential mixer outputs
30 comprises two pairs of second output terminals of said second set of four
cross coupled input/output transistors.

6. A receiving device for processing a frequency modulated (FM) radio
signal having a carrier frequency, the FM radio signal including a selective
35 call address, the receiving device comprising:
an antenna for intercepting the FM signal;



currents for the transistors 331-334, 341-344, and-is_approximately 6 15
m croanps. The third reference is at a slightly higher val ue of

“approxi mately 1.25 volts, which, because of the exmetmmuﬂlmmﬂﬂm
requi renent, can be eaS|Iy obt ai ned by use of a si rcwt
wel | known:in the art, or derived froma vpdtage ref et ence “sofir c®. (hot

shown) suppl ying- other hlgher voltage circuits, such as for exanple the 20
controller 106. It _wll ecl at th t e oupl ed
cont o er 108, 1 g kg P B 80 ket AP BRSr, MR o
transi stors 3asdz3esodulating theintezcepted FM | signad, hmhahg\gatmlaehawlemaﬂ val ue,
such as the 1 3&re\é9|t5 DC of reference voltage 310, or, for exarrpl e, 1.10

volts DC. 25 "The fourtepggéranmstors 321- 326, 331 334, %1-344 and -
the twel ve resi st dreondralleszepupled to saisl resaiyer seetionyfor degodi eferably

i npl enent esl oaeﬁmatﬁaea seldetive ThH addiess) ahdswhidil% er&tey ahrhléﬁrsi'%xm val ues
of the parall e u&ﬁ El.\)'renil O§Vf\ﬁ%§h hr.o &ttrans%‘iteg%gm[l_g r’ﬁ‘
331-334, 341-% , d%%f& Niimi i&:‘“% naI S
of the 30 tr tesreceiving3Ewi@2@and331- 334, 341 344. The uniform supply
currents and DC vo %?gﬁnﬁ' ts in

t he stacked daubl eLba a%}:e(ragl@ﬁc%oﬁﬁ eaédrﬁblgetr ?jﬁ?ﬁgfég) pﬁgeglggtsed t hat
the uni que st Healerisigaalfongenerting,a sensiblealset; anded ni xer 320 and cross
coupl ed digferenti a}he?émeﬁh& rédéives $&Ltiin @MipFibes & bhicked dbubié bahaledced

m xer 220 to 35 be operated  w th very Iow r oxi jrat
1wt o) oot SopREE B St deirbnatan fr SOURERHE i PRERHRER EsiBtRk o
m xer 320 andande first and second cross coupl ed di fferentlal m xers 330,

340. It will be apgs &ﬁ%ﬁt stacl&ﬁﬁ &ge%letﬂb‘faﬂéh%ﬁcé}fcoﬁﬁn%rts descri bed

herein can be varied sign]
a double balanced mixer comprising:

15 two input transistors;
four cross coupled output transistors;
first inputs of said two input transistors coupled to a
" radio frequency (RF) differential signal having an RF carrier frequency;
and

20 second inputs of said four cross coupled output
transistors coupled to a first local oscillator (LO) differential signal having
a first LO frequency; and

a first cross coupled dlfferentlal mixer comprising:
four cross coupled input/output transistors;

25 two inputs of said four cross coupled input/output
transistors coupled to a second local oscillator (LO) differential signal
having a second LO frequency; and

first cross coupled differential mixer outputs of said
four cross coupled input/output transistors; and

30 wherein said four cross coupled input/output transistors
have first output terminal pairs DC coupled in series to second output
terminal pairs of said four cross coupled output transistors; and

wherein the stacked double balanced mixer generates, at the
first cross coupled differential mixer outputs, an IF differential output

35 signal having an IF frequency equal to a difference of the RF carrier
frequency and the sum of the first and the second LO frequencies.




the circuit will still provide the benefits described herein. In sumary,
t he stacked, doubl e bal anced m xer 220 perforns a duafl-—eenvefﬁ—m'rvf"t’ﬁé '

> frequency of the int ercepted RF signal, generating SIFl 5 an naI
each having a frequency equivalent to the di fference (m“ l ‘ T‘!
t

frequency of the RF differential signal coygled from
the first and second LO frequencies. In the preferred enbodl rrent of the

present inventdy S @) encies are generated at
frequenci es clos ek%}c%h‘;lk\g 49‘/?%%@!8&&&%% g‘ﬁ'—%‘ig gnals are 10 at baseband.
Referring to FI G 4yhernein saiscfiest inputs comprisedwe conteol teeminalsshown in
accor dance wi téﬁ@%h@i-éxﬁré&@h dﬁh@rmﬂﬁeml f&n'ﬁxg R 3S&IHtrdl EARINAbE Y Ch

is identi cal t erre present 1 nvention except

for having thé sséf‘;‘gﬁ‘ﬁf"dF‘B%“@Bﬁﬁ?FQia'%ﬂ ferential mixer 340 and the 15
supply resbstors 363herdir saiel sécedidtinpues compribbawdl fisstraitpue terimiadl ment  of

Syst o wher e.”ﬂﬁ#bté%%aﬁoﬁﬁ? é%géﬁa(e (Pt raBRERRLAM 0, P Codod to be
recovered, such as whereimsaidctme inputsfoomprise: twopadtseef comteolseeminalg of

In the altern ggglg fs t t he reference
vol t ages 301, asr:511(5)4?0 4 EBipledlin Pgls%%a:gftmg 3 Oh@‘gs 335, 336 and the

g 310, h
geonetries of the tWhersinsaidstirss crassc ergntial ﬁ@xslaﬁﬂfmtsmnmrése

pref err ed 1@mbasvorssdondf outpat pérninal paits of tsaithfoukh@osatogsiediinpte/

supply resist r%nsg%@ gem gned to be 0.8 KOhns. As result, the coll ector- 25
emtter voItaS‘é $%s the transistors 321- 326, 331-334, the total power
requirenents, and the performance advantages are the sane as for the

Pt erred el Sﬁgf’e@“’*{?ﬂa’lﬁéﬁ%fﬁmﬁm falin 10 St 2‘2‘3@"?%5? .ei'et !
enbodi nent s hJefergnee V?%%ﬁﬁah'é‘; S resisfors) ea@b&lﬂsﬁﬁﬁsﬁ coupd
di fferences ofcurfentrofinthid fifefenedudrge thbsugh sédoridbutput terminal pau's
- of said four cross coupled input/output transistors in parallel, therefrom
in series through said four cross coupled output transistors in parallel, and

therefrom in series through said two input transistors in parallel.

20 9. The receiving device according to claim 10, further comprising:
a second cross coupled differential mixer comprising:

a second set of four cross coupled input/output transistors,
wherein said second set of four cross coupled input/output transistors
have first output terminal pairs DC coupled in series to said second output

25 terminal pairs of said four cross coupled output transistors;

two inputs of said second set of four cross coupled
input/output transistors coupled to a third local oscillator (LO) differential
signal having a third LO frequency; and

second cross coupled differential mixer outputs; and

30 wherein the stacked double balanced mixer generates, at the second
cross coupled differential mixer outputs, a second IF differential output
signal having a second IF frequency equal to a difference of the RF carrier
frequency and the sum of the first and the third LO frequencies.

35 10. The receiving device according to claim 16,
wherein said two inputs of said second set of four cross coupled
input/output transistors comprise two pairs of control terminals; and



frequency, and the second LO frequency, as is well known to one of ordinary

skitl in the art. It will be further appreciated that, for both the
“preferred and alternative enbodi ments of the present I"

situations where 35 |ower gain is acceptable, the |nu m mm" ﬂ’

and 322 may alternatively be field effect ppansistors {FETs)t

cross coupled transistors 323- 326, 331-334, 341-344 may alternatlvely be
FETs where | ower g ﬁﬁﬁ%ed for the
NPN transistors i nWHérér%lnsald %éf:fkﬁt@ms@ plﬁ?ﬁlf?&&h%ﬁlﬁ%{?{g&

modi 11 cat | on_ SPMPRiSeh SVOERIEF Ok I¢EORE DB terminalsof sagtsecoyd@etsﬁéouezxa
361-364. The efyskcdl: pl&l i éﬁx’t/oﬁ{-plﬂﬂ%hdfﬁ&ss the gate, the first output
termnal is the source an he second 5 output termnal is the drain. The
use of FETs reduces internodul ation distortions in the double bal anced

m xer 320. In prior art dual conversion receivers, a first |IF output of a
first double balanced m xer simlar to the doubl e bal anced m xer 320

descri bed above is typically converted froma current signal and coupl ed,
as a voltage 10 signal, to a first input of a second doubl e bal anced m xer
simlar to the double balanced m xer 320, wherein the signal is reconverted
to a current signal and mxed with the second LO In such desi.gns the two
doubl e bal anced mi xers operate from i ndependent power supplies. The result
of independently powering the doubl e bal anced™m xers and converting the 15
signal froma current signal to a voltage signal and then back to a current
signal is the generation of distortion conponents in the signal. It wll be
appreci ated that the preferred and al ternative enbodi nents of the present

i nvention avoid the generation of such distortion conponents in the



~

hY

manners descri bed. 20 By now it should be appreciated t
doubl e bal anced ni xer described in the preferred and altern SHEET HAS BEEN
enbodi nents of the present invention, perforns the dual con ﬁﬁﬁﬁﬁ§ﬁﬂRF

signal with fewer transistors and reduced power conpared to circults
perform ng the same function in prior art dual conversion receivers.
Furthernore, the 25 second IF signal is generated with reduced distortion

products, such as interm) Eﬁh?i riﬁlq gigq%ﬁ of the
supply current and DC cou ng OP‘? ﬁb@ Sl gnﬂl{ﬁ&"‘iz
CLAIMS 1. A stacked doubl e bal anced m xer, conprising: a double bal anced

m xer conprising: 5 t wo inpnggt{.ﬁpsi stors; four cross coupled
output transistors; first inputs of said two input transistors coupled to a
radi o frequency (RF) differential signal having an RF carrier frequency;

and second i nputs Afstacked d@ubledfamedqnbdeemtmdndés amﬁixﬂﬂ@balaheed;oum ed

freauency: andai (200 Bha it oross s oRpRRL HiterBfialiny a3, "t HRbvtes,

" cross coupl ed bahmced onixer (32(hrm¢ludes twotinput transistars (321, 322pamd fowrs s
COLP! 5, R ot P kit TR Rt i | 2t
eren mlxer (33 %) mcﬁug our cross coupled input/output

transistors (331-334) and a second mixer output (227, 228). The four cross
coupled input/output transistors (331-334) have first output terminal pairs
DC coupled in series to second output terminal pairs of the four cross
coupled output transistors (323-326). The stacked double balanced mixer
(220) generates, at the second mixer output (227,228), a second IF
differential output signal having a second IF frequency at a difference of a
radio frequency of a differential input signal and the sum of first and
second LO frequencies, respectively, of first and second LO signals.

'\
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first cross coupled differential -m xer outputs of said four cross coupl ed

i nput/output transistors; and wherein said four cross coupl ed input/out put

: transistors have first 20 output termnal pairs DC coupled in series to
second output term nal pairs of said four cross coupled output transistors;
and wherein the stacked doubl e bal ancedyg xer generates, at the first cross
coupled differential m xer outputs, an IF differential output signal having
an | F frequency equal to a difference of the RF carrier frequency 25 and
the sumof the first and the second LO frequencies. 2. The stacked doubl e
bal anced m xer according to claim1, wherein said first inputs conprise two
control termnals, and wherein each of the two control termnals is a
control term nal of one 30 of said two, I&put transistors; and wherein
said second inputs conprise two first ogtput term nal pairs of said four
cross coupl ed out put transistors;anmdwierern said two i nputs conprise two
pairs of control terninals of Said1MEMORVOSJ coupl ed i nput/ out put

transistors; and 35 118  wher e-h—sakd—+i+8t cross _coupl ed differenti al
m xer outputs conprise two sgcond outpyt term nal rs of said four cross
coupl ed i nput/output tr 14 3. The. s cked doubl e bal anced
m xer according to clailmALERTINGer| corpridin 6 § L nce vol tage and two
bi as resistors, each .bilas DEYI8Eor |couplind d I E urrent fromthe
reference voltage thro tputf 5 tedmnal pairs of said four
cross coupl ed inputfjgut put trarfsistors|in paralllel, therefg in series
t hrough said fouy/bross cgggle output& - \
ANTENNA \\ CONTROLLER <——— CONTROLS
103\\ - 104 l T J//115
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transistors in parallel, and therefro
transistors in parallel. 10 4. The
caccording to claim1, further conpris
differential mxer conprising: a seco
i nput/out put transistors, wherein sai
i nput/out put transistors 15 have fi
in series to said second out put terg
out put transistors; two inputs of g;
i nput/output transistors coupled to a

el O

min series through said two input
stacked doubl e bal anced m xer

ing: a second cross coupled

nd of four cross coupled

d s€cond set of four cross coupled
rst output termnal pairs DC coupl ed
nal pairs of said four cross coupl ed
d

ird | ocal

f daocianoe:

oscillator (LO
and 20

\$qecond set of four cross coupl ed

differential signal having a thi
second cross coupled differentigl mx
doubl e bal anced m xer generates,| at t
m xer outputs, a second IF gffqrenti
frequency equal to a differeérncejof th
the first and the third LO fragyencie
m xer according to claim?7, wherlein s
four cross coupl ed input/output |trans
~termnals; and wherein said secdnd cr
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and wherein the stacked
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a receiver section, coupled to said antenna, for filtering, converting, and
denodul ating the intercepted FM signal, including the selective cal
.address; a controller, coupled to said receiver section, for decoding the 5
denodul ated sel ective call address, and yhich generates an alert signal _
when the selective call address substant®& |y matches an address stored in
the receiving device; and a sensible alert, coupled to the controller,

which is responsive to the alert signal for generating a sensible alert;

and 10° wherei.n the receiver section conprises a stackeg, oubl e

bal anced m xer, coupled to said antenna, for converting the ing$ ed FM
signal ; and mher |n t he acked doubl e bal anced m xer conprlses ubIe
bal anced m xer /¢®npri si 15 two i nput tran5|

four cross goupled outpgut_ltrapsisfars..fitst.inputs of said two i
transistors) coupled to a radio fre &Y (RF) differential signal |ng an
RF carrier frequengcly; and 2. N ! second inputs of d four
cross coupl gd | QL to a flirst | ocal oscillat (LO
differentia] pignaj} having a f|irst frequencw; and a first cross coupl ed
d|fferent|a5 @gker:ponprising f our osls lled i nput/output transistors;
25 ‘! t wo |nquts of ﬁ%id f*our\lcross coupl ed i nput/ out put
tran3|stors.coupleh'to a seco dnloqéT scilTatdr] (LO differential signal
having a second LQ frequency; [ahdN_- Ml e
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first cross coupled di.fferential m xer outputs of said four cross coupled
i nput/output transistors; and 30 wherein said four cross
‘coupl ed i nput/output transistors have first output terninal pairs DC
coupled in series to second output termnal pairs of said four cross
coupl ed output transistors; and wherein ?ﬁp stacked doubl e bal anced m xer
generates, at the-first cross coupled differential m xer outputs, an IF
differential output 35 signal having an | F frequency equal to a difference
of the RF carrier frequency and the sumof the first and the second LO .
frequenci es. 7. The receiving device according to claim10, wherein said
first inputs conprise two control termnals, and wherein each of the two
.control termnals is a control termnal of one of said two input
transistors; and 5 wherein said second inputs conprise two first
output termnal pairs of said four cross coupl ed output transistors; and
wherein said two inputs conprise two pairs of contr termnals of said
""""""""""" in said first cross
I Xer ourpurs conmprisSe] 10 4w second out put ternina
Iss coupl ed i nput A pdt transistors. 8. The receiving
b claim10, further conprbsingja ref erence vol tage and
——eachBras-yBsksII-Cauplidig-direct 15 current fromthe
reference doltage hrough second out put terfinal jpairs of said four cross
coupl ed i nput/ out put tranéTSTBTs in paralle|l, therefromin series through
sai d four daross coupl ed 3l put t gggsi stors | n padalﬁ@@, and therefromin

series thraugh saild two i nput gcansistors ih paral Lel.
s put BeX bar | L4
{

device accarding t
two bias reskstor
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20 9..The receiving device according to claimi10, further Icaepltﬁxs&"mngSHEET
second cross coupled differential jixer conprising: a secofild set gfef
cross coupl ed i'nput/output transistors, wherein said second Batk ofﬁm ......... ;
cross coupl ed i nput/output transistors have fjrst output t ;. '
coupled in series to said second output 25 termnal pairs of said four
cross coupl ed output transistors; two inputs of said second set of four
cross coupl ed i nput/ out pu - ' ' scillator
(LO differential signal #ﬁéﬁ@?%‘?ﬁ@ﬁ%ﬁ%‘gd&g@rﬂom 0SS
coupled differential m xer outputs; and 30 - wherein the stacked
doubl e bal anced m xer generates, at the segpgga®r 0Ss coupled differential
m xer outputs, a second IF differential output signal having a second IF
frequency equal to a difference of the RF carrier frequency and the sum of
the first and the Ahstackdddbdublelbaianced maer (220). intheles acdowble baltaicede

oot ol ou R 120y SHE € B3Rtk (b RilsencRlial Bifer ORI THE b1l O
p
termnal s; andbalarmedunixesi(32Qdnclusles dwe inpus sransistorsd321,f322) endi falur ni xer

out puts compri %ﬁ&steggf@a bayﬁ&tém&wgz@m%zﬁmm&&%s Buplegecond set

of.four cross %%gl!'enti rr]nigjczer_ 3308 %clhagg ogxE grross coupled input/output
transistors (331-334) and a second mixer output (227, 228). The four cross
coupled input/output transistors (331-334) have first output terminal pairs
DC coupled in series to second output terminal pairs of the four cross
coupled output transistors (323-326). The stacked double balanced mixer
(220) generates, at the second mixer output (227,228), a second IF
differential output signal having a second IF frequency at a difference of a
radio frequency of a differential input signal and the sum of first and

“second LO frequencies, respectively, of first and second LO signals.

_Figure 2



