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RF and IF Ports Matching Circuit Synthesis
for a Simultaneous Conjugate-Matched
Mixer Using Quasi-Linear Analysis
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Abstract—A quasi-linear two-port approach between RF and
IF ports to design a simultaneous conjugate-matched mixer is pre-
sented in this paper. Conventionally, mixer design is treated as a
nonlinear three-port device problem. Nonetheless, with the excep-
tion of the large-signal local oscillator (LO) that exists at the LO
port, the input RF and output IF signals that exist at the RF and
IF ports, respectively, are small signals. Consequently, mixers can
be approximated as bilateral quasi-linear two-port circuits with
a time-variant transfer function between the RF and IF ports, in
which the LO port of the mixer is treated as part of the two-port

network. W@th this approximation, it can b_e shown matheme_ltically Vi p{ TwoPort Vz<t)|
that the optimum source and load matching networks required for o, Network o,

attaining simultaneous conjugate match at the RF and IF ports are
actually time invariant, thus implying that it is possible to synthe-
size these optimum impedance values. This proposed mixer design
technique, together with the equations derived, are verified with
block-diagram simulation and experimental measurements of two for the mixer RF and IF ports can be designed by treating the
2.4-GHz RF/420'MHZ I double-ba}lanc.ed d'Ode.m').(ers' . mixer as a unilateral two-port device [13] or via harmonic-bal-
Index Terms—Circuit synthesis, linear circuits, mixers, gnce large-signal-small-signal analysis, which allows simulta-
honlinear circuits, time-varying Gircuits. neous conjugate match of the mixer RF and IF ports [11].
Designing the matching circuits for the mixer RF and IF ports
|. INTRODUCTION can be significantly simplified relative to the design method ar-
. . ticulated in [11] and yet avoiding the oversimplifying unilat-
N MIXER design, much effort has heretofore been directed [. ] yeta 9 : plifying .
. . . ; eral assumption proposed in [13] when mixers are approximated
to quantify the theoretical minimum loss of mixers [1], [2] - . : L :
. . X as quasi-linear time-variant two-port circuits in which the local
and there is certainly no lack of papers on experimental re-

sults showing mixers with low conversion loss [3]5]. Manfscnlator (LO) port of the original three-port mixer circuit is

authors have also suggested ways to minimize mixer conv ymped as an integral part of the two-port network [3], [11],

. . oo ) : 3], as illustrated in Fig. 1. As a result, simultaneous conju-
sion loss using combinations of linear and nonlinear analy I3te match for the resultant bilateral two-port mixer network is
methods [6], [7] and through proper termination of the idle%1

frequencies at the RF and IF ports [8], [9] or via combinea;hlevable and it will be shown mathematically in this paper

source—/load—pull techniques [10]. However, there is a deay at the optimum source and load matching networks required

. he RF IF Ily time invariant. Itis, theref
of papers on methods to properly terminate the RF and IF porst e RF and IF ports are actually time invariant. Itis, therefore,

at the RF and IF frequencies, respectively, in order to achieegsSi.ble to synt'hesiz'e these optimum matching networks using
simultaneous conjugate match; a factor that is rather crucPa{FlCtlcal matching circuits.
in minimizing reflection losses at the RF and IF ports, which
will, in turn, minimize the conversion loss of mixers. This is
logical since mixers are inherently large-signal devices, which,When modeling a mixer as a quasi-linear time-variant
by definition, are not possible to conjugate match [11]. In adwo-port network, the only difference with the more familiar
dition, being frequency-translating devices, the input RF afidear time-invariant (LTI) two-port network is that the two
output IF signals of mixers are operating at different frequeports are operating at different frequencies. The benefit of
cies, which give rise to a time-dependent input—output relatiomodeling the mixer as a quasi-linear two-port network is
ship and, hence, make phase measurements using practicaghat it allows the application of the well-developed two-port
struments impossible [12]. Nonetheless, the matching circuitstwork theory in its analysis. In Fig. 1, althoughandw- are
Manuscript received March 15, 2001. This work was supported in part by tﬁtgmvalem towrr andwrr, resDeCtively’ there is a distinction
Center for Wireless Communications. betweenw; () andurr(t) or vo(t) andurr (). The differences
56;-0'32-3 Liew is with the Singapore Design Center, Motorola PCS, Singapofgetween these quantities is due to the inherent nonlinear nature
J. Joé is with Cellonics Inc. Pte. Ltd., Singapore 117674. of mixer circuits. When a signal is applied to the RF port of a
Publisher Item Identifier 10.1109/TMTT.2002.802316. mixer, a host of mixing sidebands are generated at both the RF

Fig. 1. Mixer as a quasi-linear time-variant two-port network.

Il. MATHEMATICAL DERIVATION
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and IF ports, albeit the original excitation signal consist of onlyvhich are no more than a pair of complex numbers similar to
a single sinusoid. In this paperrr(t) and vir(t) represent the time-invariant case. On the contrary, the forward and reverse
the total voltage that exist at the RF and IF ports, respectivelsgansmission coefficient§,; and.S;» are ratios of two waves
whereasu; (t) represents the original single frequency excitaperating at different frequencies and, hence, are time depen-
tion andw,(t) represents the desired mixing sideband, eithdent. Consequently, these two quantities take the form of (4)
up- or down-converted. The resultant unwanted mixing prodnd can be written as

ucts that are generated in the frequency-translation process,

especially the more important idler frequencies [8], [9], must So1 =|Sa1| L8991 - 1L Awt (10)

be properly termlr!a.ted. .IdeaIIy, the impedances presented to Sip =|S1a| L012 - 1/ — Awt (12)
these unwanted mixing sidebands at the RF and IF ports should

remain unchanged before and after the mixer is matched. |\ hare the quantitw is as defined in (5).

Referring to Fig. 1, let the input RF and output IF signals at gom [15], the source and load match required to simulta-

ports 1 and 2 be neous conjugate match a linear two-port network is
U1 (t) =Vi/ (wlt + 291) Q) " 5
and L BikyBE-4ic )
s 20,

v2 (t) I‘/QZ (CUQt + 192) (2)
 By:\/B} —4]C)? 13

respectively. To show that the input—output transfer function is I = 2C,
indeed that of a linear time-variant two-port network, (2) can be

rewritten as where
v (£) = h(t) - vy (F) () By =1+ |511)° — |S22]? — |A)? (14)
where By =1+ |So9)* — [S11|” — A (15)
C; =51, — ASS 16
h(t) :Ez(ﬁg—ﬁl)-lewt () Lo 22 (16)
Vi Cy =S50 — ASE, (17)
Aw =wz — w1. ®) A =511592 — 521512 (18)

Equgtl_ons (3)-(5) shoyv that _the |npl_1t output transfer functlt?rq which S3; andS;, exist only in multiplied pair where their
h(t) isindeed that of a linear time-variant system [14]. Itis com)- o .
. ime-dependent phase terms cancel each other. This, in turn, in-

posed of two parts, the former is merely that of the transfer func- . o
ers that botl"s andI' are not time-dependent quantities. As

tion for an LTI system, while the latter has a time-depende L o . .
. ! . a result, when a mixer is modeled as a quasi-linear time-variant
phase with constant unity magnitude. Had the two ports been %R/
)

erating at the same frequency, then this latter part of the tran p-port network, the optimum matching networks required to

<imultaneous conjugate match its RF and IF ports are time in-
function would not have existed, thus relegating the system batk. 1ug P

variant.
to an LTI two-port network.

Having shown that the mixer transfer function is linear time Ingeneral, mixers are divided into three categories depending

variant, the next step is to use linear two-port network theory ) the relationship between the signals at the RF, IF, and LO

show that the optimum impedances required at the RF andqgrts [16]. The equations that describe the frequency relation-

ports for attaining simultaneous conjugate match at both po?t@p for the three classes of mixers are

of the mixer are time invariant. The equations governing the re-

lationship between th&§-parameters and incident and reflected Jir =frr — Jro (19)
waves at ports 1 and 2 are shown as follows [15]: fir =fro — frr (20)
Jir =frr + fLO. (21)
b1 =S11a1 + S1202 (6)
bo =S21a1 + Saas (7) Equations (19) and (20) represent difference mixer with a low-

and high-side LO, respectively, while (21) represents the sum
where, for frequency translating devices, the incident and figiixer. It should be noted that the RF port is considered the
flected waves at port 1, i.ez; andb,, are operating at angularinput port, whereas the IF port is the output port irrespective
frequencyw:, while the incident and reflected waves at port Zf the mixer type even for the case of the sum mixer where the
i.e., a2 andb,, are operating at angular frequengy. Hence, input RF frequency is lower than the output IF frequency; this is
the input and output reflection coefficienfs; andS2; are not  consistent with the definition used in [16]. Equations (8)—(11),
time dependent since they are ratios of two waves operatingi@ugh general they may seem, cannot be substituted directly

the same frequency and, thus, can be written as into (12)—(18) for a difference mixer with a high-side LO. Sec-
tions IlI-V of this paper will detail this fact more thoroughly
S =151 £01 (8)  and subsequently derive an alternative set of equations that is

So9 = |S22| L0922 (9) applicable to this category of mixers.
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Il. DIFFERENCEMIXER WITH LOwW-SIDE LO
When an RF voltage wave

v (t) = Vil (wit +91) (22)

is incident on the RF port of the mixer that has an applied LO
voltage

vro (t) = VioZ (wrot + 91o) (23)

then the transmitted IF voltage wave that emanates from the IF
port [1] is

2y (t) = K1 Vi / ((wl — wLo) t+91 — ﬁLO) (24)
Fig. 2. (a) Forward and (b) reverseparameters extraction.

and the forward transmission coefficient [15] is

So1 = Ko/ (—wrot — Y1.0) - (25)

The quantityk(»; is the proportionality constant, which is equiv-
alent to the conversion gain/loss of the mixer, and the term B _@
—wr,o in (25) is the angular frequency difference between the t
output and input ports (refer to (19)), which is equivalenttothe ~ w________ T oS i
term Aw in (10). Similarly, it can be shown thé , is

Fig. 3. Basic two-port quasi-linear mixer.

S1o = K12/ (UJLot + 19LO) . (26)
Multiplying (25) and (26) together yields

591512 = K91 K12/0° (27)

which evidently does not consist of any time-dependent term;
this serves to reinforce the argument made in the previous sec-
tion thatl's andI';, are not time-dependent quantities.

Having all the necessary equations derived, the succeeding
step is to validate these equations with computer-aided desigf 4. Simulated: (a) input and (b) output reflection coefficients before
(CAD) simulation using ideal blocks; the simulator used for thigatching. (@)511 - --. T5 —. (0) S35 - --. T’} —.
purpose is HP-MDS. A hard fact pointed out by (10) and (11) is
that S>; and S;» are time-dependent quantities and, therefore, Fig. 4 depicts the simulated input and output reflection
must be extracted at a similar instant of time. This, of coursegefficients of the mixer for a 400-MHz bandwidth centered
precludes the use of any practical measurement equipment, thug.4-GHz RF and 420-MHz IF with the LO signal fixed at
making simulation the only design option available. Through98 GHz. The traces fa$;; (or S22) andl' (or I'}) do not
the use of a simulator, a snapshot of time can be taken, as illogerlap; the simple reason being mixers, similar to small-signal
trated in Fig. 2, where, in the harmonic-balance simulation, tlanplifiers, are bilateral devices. If the mixer is treated as a uni-
phase of the LO signal must be set to similar values for the fdateral device when designing the RF and IF matching circuits,
ward and reversg-parameters extraction. This is to ensure thaélhen the final designed circuit would have been nonoptimal
the contribution offy¢ in the extracteds;; andsS,, is of equal with power being reflected at the input RF and output IF ports,
value, thereby resulting in exact cancellation of the, term thereby resulting in higher insertion loss.
when these two quantities are multiplied together, as dictatedThe extracteds-parameters can be substituted directly into
by (25)—(27). For convenience, they can simply be set to zgt2)—(18) to obtaii's andI';; the matching circuits are then
during the simulation. Post-processing is then used to select thalized using two-pors-parameter networks available in the
appropriate mixing sidebands for calculating fyparameters, simulator. These ideal matching networks are subsequently
where the simulated>; and S;» are merely a set of complex cascaded to the RF and IF ports of the basic mixer circuit
numbers with no time dependence because they are extracted &ig. 3 and the entire circuit is resimulated to verify its
a particular instant of time. The basic mixer topology used in therformance, which is tabulated in Table I. Input and output
simulation in Fig. 2 is a 2.4-GHz RF/420-MHz IF double-balreturn losses are better than 70 dB, while the conversion gain,
ance diode mixer with a low-side LO diagrammed in Fig. 3. Alheglecting mathematical truncation, is virtually equivalent to
the component models used in the simulation are ideal, excédpt maximum transducer gain (Gmax) [15] predicted before the
the diode ring, which is from Agilent Technologies, Palo Altornixer was matched. In the simulation, the matching circuits are
CA (P/N 5082-2830). implemented using mathematic&tparameter blocks, which

(b)
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TABLE | == T
SIMULATED MIXER PERFORMANCEAFTER MATCHING - = e
% 10 ; @ 10 .

RE/GHz | IF/MHz | S,/dB | S,/dB | S,/dB | Gmax 20 /! ™ |

2.20 220 | -76.58 | -79.69 | -4.06 | -4.06 g ! g

2.30 320 | -88.44 | -83.73 | -4.03 | -4.03 g ] y & 9

2.40 420 -79.43 | -7856 | -4.02 -4.03 © , : , © i , .

- . - - 220 230 2.40 2.50 2.60 220 320 420 520 620
2.50 520 82,75 | -81.32 4,03 4.03 B e GH e (M
2.60 620 -76.99 | -72.80 | -4.04 -4.05

@) (b)

Fig. 7. Simulated and measured: (a) input and (b) output return losses after
matching. (a) Simulated; - - -. MeasuredS;; —. (b) SimulatedSz; - - -.
MeasuredSz; —.
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Fig. 5. Photograph of actual mixer circuit. 20 320 420 520 60
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Fig. 8. Simulated and measured conversion losses after matching. Simulated
So1 - - -. MeasuredSz; —.

TABLE 1l
SIMULATED AND MEASURED PERFORMANCEAFTER MATCHING

Simulated / £, Measured / fog
Sy -39.07dB / 2.40GHz | -22.21dB/2.39GHz
@ b) S22 -22.04dB / 420MHz -35.08dB / 416MHz
Sy -6.29dB / 420MHz -6.37dB / 418MHz

Fig. 6. Simulated: (a) input and (b) output reflection coefficients before
matching. (a)511 - - -. ].—% —. (0) S22 - --. Iy —.
the measured performance is slightly offset from the designed

means that they are not bounded by the bandwidth-limitirgrequency' Nevertheless, the frequency offset is relatively

7 . . : . %?nall and the—6.29 dB simulated and-6.37 dB measured
Bode—Fano criteria applicable when physical matching circuits : . : : .
. . conversion gain of this mixer at the design frequency of
are used [15]. This is the reason why the input and output retLgr}1 :
. : .4-GHz RF/420-MHz IF are close to the5.05 dB maximum
losses are excellent over the entire 400-MHz bandwidth. transducer gain predicted before the circuit was matched
To further verify that the equations and design methodolo- gainp '
gies described above are applicable to practical mixer circuits, a
2.4-GHz RF/420-MHz IF double-balanced diode ring mixer is IV. DIFFERENCEMIXER WITH HIGH-SIDE LO
designed following the above-mentioned design procedure. TheBy following the argument used in Section ll1, it can be shown
nonlinear element employed is the HP ring diode used in the pthat when a voltage wave that takes the form of (22) is incident
vious example, while the rest of the circuit is implemented usiran the RF port of a difference mixer with a high-side LO that
microstrip technigues fabricated on an RO4003 substrate. Fidhds an LO voltage of the form of (23), the transmitted IF voltage
shows a photograph of the actual mixer circuit. The RF and Wave that emanates from the IF port is
ports are at the left- and right-hand sides of the printed circuit B
board (PCB), respectively, while the LO port is at the top side;  “2 (t) = KnVi/((wro — wi)t + Yo — 1) (28)
matching for all the ports are accomplished via narrow-ba q] ;
. . . L . dSQl IS
single-stub match using the design and optimization procedure
articulated in [17]. The two circular structures on the PCB are So1 = Ko Z((wro — 2wi) t + P10 — 201). (29)
rat-race hybrids functioning as the 2.4-GHz RF and 1.98-GHz
LO balun. Likewise, it can be shown that; is
The simulated input and output reflection coefficients of
this mixer without the matching circuits are depicted in Fig. 6 Si2 = Kiz/((wro — 2w2) t 910 = 202).  (30)
and the predicted maximum transducer gair-&05 dB. The \yitiplying (29) and (30) together and with the help of (20)
simulated and measured return losses of this mixer and /it its in
conversion losses with the RF and IF matching circuits in place
are diagrammed in Figs. 7 and 8. As tabulated in Table II, 521512 = K01 K12/2 (V1.0 — 91 — ¥2) (31)
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which is independent of time, but a function of the RF, IF, and
LO phase; this, in turn, implies that the optimum source and load
match that need to be presented to the RF and IF ports of the
mixer are dependent on these three quantities. If this statement
is true, then it would be impossible to simultaneous conjugate
match this type of mixers. Fortunately, this is not the case and it
can be proven that a solution comparable to that of (27), which
is applicable to a difference mixer with a low-side LO, also exist
for a difference mixer with a high-side LO.

For clarity and easy explanation, (28) is rewritten as

(@) (b)

Fig. 9. Simulated: (a) input and (b) output reflection coefficients before
matching. (@)511 ---. Ty —. (0) Szz ---. 'y —.

112_ (t) = Kgll (CULOt + Q?Lo) . ‘/1[ —_ (wlt + 191) (32) TABLE Il
SIMULATED MIXER PERFORMANCEAFTER MATCHING
which shows that when the input RF signal is down-converted

to the IF signal, it experiences amplification or attenuation de-  RE/GHz | IF/MHz | S./dB | Sp/dB | SvdB | Gmax

pending on the ternk(»;, a time-dependent phase shift intro- 2.60 220 63.90 | -64.15 | -3.36 -3.35
duced bywiot+91.0 and a phase inversion duet@w, t+41 ). 2.50 320 -82.67 | -69.17 | -3.41 -3.40
With this in mind, (29) and (32) can be further rewritten as 240 420 -72.46 | -65.51 | -3.45 -3.45
2.30 520 -70.65 | -68.31 | -3.49 | -3.49
vy (1) =S5 v (1) (33) 2.20 620 | -69.41 | -65.60 | -3.53 | -3.53

Sop =S5, -1/ — 29 (34)

whereS}, andS;, exist only in (44) in mutually multiplied pairs
where with 5%, in complex conjugate form, thus resulting in
Sy =Ko1/ (wrot +7Lo) (35) S5,%S7, = K21 K12/0° (45)
W) =wit + V1. (36)

which is basically a direct equivalent of (27) for a difference
mixer with a low-side LO.

Correspondingly, thé&, in (30) can also be rewritten as o . )
To attest the validity of the equations derived, CAD tools are

Sig=81,-14 — 20, (37) utilized to simulate a 2.4-GHz RF/420-MHz IF double-balanced
difference mixer with a high-side LO using ideal blocks. The
where harmonic-balance simulation setup for extracting$hparam-
eters of the mixer circuit is analogous to that for the difference
Stz =K12/ (wrot +VLo) (38) mixer with a low-side LO, as illustrated in Fig. 2. A funda-
¥ =wat + V. (39) mental aspect like setting the phase of the LO signal to similar

values during the forward and reverSeparameters extraction
With this, the RF input impedance of the mixer when the Ifs still necessary since the forward and reverse transmission co-
port is terminated with';, at the IF frequency and the IF outputefficients S5, and S7, are still dependent on the phase of the
impedance of the mixer when the RF port is terminated Wgh LO signal. For convenience, the phase of the incident signals at
at the RF frequency are the RF or IF ports were set to zero. By doing so, the extracted
forward and reverse transmission coefficients directly yild

Ti =511 + Sl?lL{iF*e (40) and Sy, in (35) an.d (39), parametgrs which are devoid .of the
1= 59", phase angle contributed by the incident waves, inste&d;oh
I =S, + 55,512"T% (41) (34) andS:» in (37). As such, the simulategt-parameters can
ou TR 8Ty be substituted into (12)—(15) and (42)—(44) directly to obtain the

) ) ) ] _necessary source and load match needed to simultaneous con-
where both the input and output impedances are time mvanrméate match the mixer.

since the time-dependent phase of bthands, cancel each * "rig g shows the simulated input and output reflection coeffi-

other due to the complex conjugate function performed on eith§&nis of the mixer diagrammed in Fig. 3 for a 400-MHz band-

one of these quantities. On top of thkf, andl'ou are notde- yigih centered at 2.4-GHz RF and 420-MHz IF with the LO
pendent on the phase of the input RF, output IF, and LO S|gna§§3na| fixed at 2.82 GHz. Neither the traces £ andI'%, nor
contrary to what had been demonstrated earlier in (31). Sa» andI; overlap.

_To simultaneous conjugate match a difference mixer with @1phg gsimulated performance of this mixer with the matching
high-side LO, the following modifications will have to be madejcits in place is listed in Table Iil. Input and output return
to €, O, andA in (16)—(18) losses are better that 60 dB, while the conversion gain, ne-
O =S _ AS (42) glecting_mathematical trunc_ation, _is virtually equiva!ent to

L—on 2 the maximum transducer gain predicted before the mixer was
Cy =S92 — A™S11 (43) matched. At first sight, the better thand dB Gmax listed
A =511555 — S5,%51, (44) may seem contrary to what is theoretically achievable with a
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Conversion Loss (dB)

220 320 420 520 620
Frequency (MHz)

) ) o Fig.13. Simulated and measured conversion losses after matching. Simulated
Fig. 10. Photograph of actual mixer circuit. Ss1 - - - MeasuredSy; - - -

TABLE IV
SIMULATED AND MEASURED PERFORMANCEAFTER MATCHING

Sy | -32.53dB/2.40GHz | -17.30dB/2.39GHz
S | -25.32dB/420MHz | -34.17dB/418MHz
St -6.62dB/420MHz | -6.36dB/418MHz

(b)

Simulated: (a) input and (b) output reflection coefficients before

Fig. 11 while Fig. 13 shows the mixer conversion loss. As tabulated in

matching. (a)S11 - - Table 1V, the measured performance is slightly offset from the

designed frequency and, in Fig. 13, the measured conversion

< Th —. (b) San ---. T —.

0 —— — bl Eg— loss data is only plotted up to 540 MHz because, toward the

& 10 g 10 V\/\ higher end of the IF frequency range, the insertion loss is very
2 Vi P 1 high (predicted by the simulated results) and since the HP8753E
E » S : network analyzer used to make this measurement has limited dy-
5 30 4 g 10 namic range at its R channel input, it is unable to phase lock to
the weak IF signal present at its R channel input. Consequently,
“°2,20 s a0 2e 260 “°m o en w0 o that part of the measurement results are not valid and, therefore,
Frequency (GHz) Frequency (MHz) not shown. Excluding these anomalies, the simulated and mea-

@) (b) sured traces have almost identical profile, though not entirely
Fig. 12. Simulated and measured: (a) input and (b) output return losses aﬂ(\a/rerlapplng each other. Addltlona"y' the_6'62 d_B SImUIated
matching. (a) Simulated; - - -. MeasuredS; —. (b) SimulatedS,. - - -. and—6.36 dB measured conversion gain of this mixer at the
MeasuredSz; —. design frequency of 2.4-GHz RF/420-MHz IF are close to the

—6.45 dB maximum transducer gain that was predicted before

double-balanced diode mixer [1]. However, this should ndhhe mixer was matched.
be surprising since the authors of [8] and [9] were able to
obtain simulated conversion loss as low as 3.6 and 3.9 dB,
respectlv_ely, b_y optimally terminating t_he _lmporta_lnt idler The last type of mixers are the sum mixers with their fre-
frequencies. It is, nonetheless, not the objective of this paper to . .
. . . - . uency relationship governed by (21). If the RF and IF sub-
illustrate this concept. The exceptionally promising attainab

i . . . . ... scripts in this equation are interchanged, the result will be (19).
conversion loss is obtained as a matter of coincidence; thqre ; L . .
. This, in turn, implies that, mathematically, sum mixers are anal-

noqgous to difference mixers with a low-side LO with their input
8nd output ports interchanged. As a result, the source and load
match for sum mixers can be found using (12)—(18), similar to
8a|fference mixers with a low-side LO.

V. SuM MIXER

conditions for the various idler frequencies.
To further validate the applicability of the equations an
design methodologies on a practical difference mixer with
high-side LO, a 2.4-GHz RF/420-MHz IF double-balance
diode ring mixer is designed following the aforementioned
design procedure. Fig. 10 shows a photograph of this mixer
circuit. It is very similar to the difference mixer with a low-side It has been shown that, by modeling mixers as quasi-linear
LO depicted in Fig. 5, except that the LO frequency is dime-variant two-port networks, in which the LO port is in-
2.82 GHz instead of 1.98 GHz. cluded as part of the two-port network, it is mathematically pos-
The simulated input and output reflection coefficients of thisible to synthesize the matching circuits to simultaneous con-
mixer without the matching circuits are depicted in Fig. 1jugate match the mixer input RF and output IF ports. In ad-
which has a maximum transducer gain-66.45 dB when it is dition, mathematical derivation reveals that these required op-
simultaneous conjugate matched at 2.4-GHz RF/420-MHz tiinum source and load impedances are time invariant, which
The simulated and measured return losses of this mixer with thgplies that it is possible to realize these optimum impedance
RF and IF matching circuits in place are diagrammed in Fig. 12alues using practical matching circuits. With the newly derived

VI. CONCLUSION



2062 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 50, NO. 9, SEPTEMBER 2002

equations, a synthesis instead of analysis approach is feasiblg] A. Madjar, “A novel general approach for the optimum design of mi-
when designing matching circuits for mixers. The design tech- ~ crowave and millimeter wave subharmonic mixet&EE Trans. Mi-
. . ved d lentlv in linear circuit desian and crowave Theory Techvol. 44, pp. 1997-2000, Nov. 1996.
niques 'r!VO Ved are used prevalen Y'n ' ircut g [9] H. F. Gu and K. Wu, “A generic approach for the optimum design of
are readily amenable to CAD techniques. microwave and millimeter wave balanced subharmonically pumped
Had it been achievable to realize frequency translation _ mixers,” inProc. Asia—Pacific Microwave Confl999, pp. 504-507.
ith . l . . he derived . 410] D.-L. Lé and F. M. Ghannouchi, “Multitone characterization and design
without resorting to non mear_ circutts, the derive equatlon_ of FET resistive mixers based on combined active source-pull/load-pull
would have been mathematically exact. Nevertheless, this techniques,”IEEE Trans. Microwave Theory Techvol. 46, pp.
is not the case and, therefore, the other unwanted mixing _ 1201-1208, Sept. 1998. R
. . 1] S. A. Maas,Nonlinear Microwave Circuits Piscataway, NJ: |IEEE
products that are generated in the frequency-mixing process,” prass 1997,
especially the more important idler frequencies [8], [9], must bg12] ——, “AN1287-7: Improving network analyzer measurements of fre-
properly terminated; ideally, the impedances presented to thesg duency-translating devices,” Agilent Technol., Palo Alto, CA, 2000.
d mixi d he RE and IF hould .HS] E. Klein, “AN238: Transistor mixer design using 2-port parameters,”
unwanted mixing products at the Fan ports should remai Motorola, Chicago, IL, 1994.
unchanged before and after the mixer is matched. Nonethelegs4] R. J. Schwarz and B. Friedlantlinear Systemsser. Elect. Electron.
a combination of the design methods articulated in [8] and __ Eng. New York: McGraw-Hill, 1965. . .
9 b di . . ith th . d ib 5] G. GonzalezMicrowave Transistor Amplifiers: Analysis and Desjgn
[ ] C"_;m € used In conjuncthn with t e equations e.SC” e 2nd ed. Englewood Cliffs, NJ: Prentice-Hall, 1997.
in this paper, whereby the important idler frequencies argié] U.L.Rohdeand T.T.N.BucheGommunications Receivers: Principles
optimally terminated to obtain the highest possible maximum__ @and Design New York: McGraw-Hill, 1994. o
d in bef h . . . | . 1jél?] Y. H. Liew and J. Joe, “Design of small-signal amplifier using HP MDS:
transducer gain be ore the mixer is simu ta_neous conjuga Part 1" Microwave J, vol. 42, pp. 7290, Nov. 1999.
matched, thus ensuring the final mixer circuit has the lowest
conversion loss/highest conversion gain while its RF and IF
ports are simultaneous conjugate matched. However, using this
combined design technique, the matching circuits required are
rather difficult, though not impossible, to realize using practic
circuits and, hence, are neither considered, nor implemente

this paper.
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