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Abstract—n this paper, a compact and highly linear mono- 0005 /
lithic-microwave integrated circuit (MMIC) single balanced P w
mixer based on heterojunction interband tunnel diode (HITD) Id[A] o
technology working at 1.8 GHz is described. The prototype
consists of a pair of HITDs biased at 0 V and a lumped-element —0005
directional coupler with arbitrary impedance terminations. The
HITDs are in the InGaAs/InAlAs material system lattice matched /
to InP. The relevant feature of the mixer is the linearity due to the =001 (Satburoy Z+dviSreyd+R A SrguiBHhv T +vA8 Y9 T}
guasi-square-law dc current—voltage £\V') characteristics exhib- / a=26757e-5  f=-0.17147
ited by the device around zero voltage. A qualitative treatment of —0015 A S e U
the third-order intermodulation product and the conversion loss / d-000208  2.01053
as a function of the HITDs I\V characteristic and the embedding 002 — ! T i
impedance is provided. The design techniques along with a o5 0 05 1 15
detailed experimental validation are also provided. The prototype Vd[V]

working in down-conversion mode, exhibited an third-order

intercept point power level of +17.5 dBm, a conversion loss of Fig. 1. HITD diodel/V characteristictha}tintrinsic behavioris_approximated
11 dB and a 1-dB compression point of+7 dBm at the operative " the voltage range:{0.5 V; 0.5 V] by a ninth degree polynomial.
frequency of 1.8 GHz with a+5-dBm local-oscillator drive level.

Index Terms—tinear mixer, microwave mixer, MMIC, High compactness is another important objective in PCS
guantum-well device. systems. Functional blocks, commonly used in transceiver RF
sections [6]-[9], such as amplifiers, mixers, modulators, and
phase shifters, make use of sub-circuits (power combiners,
filters, matching networks, and directional couplers) designed

HE increasing interest in personal communication systerdg adopting a standard distributed elements approach. The

(PCS), operating in the digital communications systefonolithic implementation of such sub-circuits often results in
(DCS)-1800 MHz and the industrial-scientific—-medical (ISMiarge die area, owing to the dimensions of the transmission lines.
band (2.45 and 5.8 GHz), has stimulated research on low powtgh integration levels and compactness of these sub-circuits
consumption and compact and integrated multifunctional cofldy be achieved by considering new circuit configurations
ponents. Low power consumption becomes an important top@sed on a lumped-element approach [10], [11]. Furthermore,
particularly forwireless applications, in order to conserve battefjfPlementations of these circuits using passive elements would
power, and to improve the talk time [1]. Zero-biased nonlinedP'OV€ the power-hand_lmg_ capability and phase-no!se ch_arac-
elements become relevantin low-power circuit development. istics of the communications system. Active configurations

the other hand, high-capacity microwave and millimeter-wa aﬁ(e generally very compact, and allow wide-band operations, but
' Y \f ese implementations tend to increase the power consumption

data links demand high capabilities in terms of dynamic ranges - cuits
It results in a severe requirement for intermodulation perfor- This péper presents a novel highly linear single balanced

mance associated to the front-end mixer and, conseque xer based on 90lumped element directional couplers
careful control and modeling of the device nonlinearity becom SEDCs) [12] and a pair of HITDs biased at 0 V. The quasi

necessary [2]-[5]. The availability of a novel technology sucfyare-law behavior of theif /V characteristic of HITDs
as heterojunction interband tunneling diodes (HITDs) enablgsy — ¢ v (as seen in Fig. 1) enables the design of an
the implementation of a new class of nonlinear element inficient single balanced mixer. It is well known [13] that a
monolithic-microwave integrated circuits (MMICs). nonlinearity of thenth degree generatesth-order mixing
products. Consequently, the use of electron devices showing
Manuscript received March 30, 2001; revised August 15, 2001. an approximately second degree nonlinearity in the mixer

A. Cidronali, G. Collodi, and G. Manes are with the Department of Ele(,de_Sign aHOWS an inherently good performance in terms of
tronics and Telecommunications, University of Florence, 3 1-50139 Florenddird-order intermodulation (IM3) products. HITDs appear

Italy (e-mail: acidronali@ingfil.ing.unifi.it). i ; i
M. R. Deshpande, N. El-Zein, V. Nair, and H. Goronkin are with the PhysictP be more suitable than SChOttky devices for mixers that

Sciences Research Laboratory, Motorola Laboratories, Tempe, AZ 85284 Uzﬁve the unbiased junction impedance as the most dominant
Publisher Item Identifier S 0018-9480(01)10445-X. element [14]-[16]. In principle, the barrier layer thickness of

I. INTRODUCTION

0018-9480/01$10.00 © 2001 IEEE



2438 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 49, NO. 12, DECEMBER 2001

TABLE | 0.005
HITD L ST
AYER STRUCTURE e
p° -InGaAs |Top contact layer IdIA] o
nid -InAlAs Barrier
i - I=a+bv+cvA2+dvA3H
- 0.005
nf InGaAs | Quantum well / =2 054465
n -InAlAs Bottom contact layer 5=0.02734
n' -InGaAs |Ohmic contact layer -001 c=-0.07784 N
nid - InP Substrate d=-0.01928
—0015 ‘ l
~03 -01 0 01 03
HITDs can be tailored during device design in such a way that Vd[V]

nonlinearities associated with the devices can be controlled to
match the microwave signal pump requirements [15]. It is al$tp. 2. Approximation by a third degree polynomial of the intrinsic diode

possible, in principle, to choose either different layer structuréé’ around zero bias. The fitting standard erroBisse — 5. Symbols: data;
continuous curve: flttlng.

or doping levels for a device of the same size to obtain optimum
reS|st|ye nonllnearltlgs. These are the_maln motivations fqr theIn the description that follows, a further hypothesis is that the
investigation of the single balanced mixer, where the nonlinear . ) o . .
. . nonlinear capacitance variation can be neglected. This realistic
elements are tunnel diodes biased’at= 0 V. C . :
. . . assumption is due to the experimental observation that, for the
The paper is organized as follows. In Section I, the qualj- : Lo . '
, - . T - TD, the main contribution is due to geometrical capacitance,
tative description of a tunnel-diode-based mixer is revisited an

the performance in terms of the IM3 product and conversion log3 discussed in [15], [17], and [18]. Starting from this diode de-

are related to the resistive diode’s nonlinearity. In Section ”?crlptlon, the mixing operation can be analyzed by using the

the design technique of the balanced mixer is then depmt% uivalent circuit shpwn in Fig. 3. The mpedarﬁe(w_) rep .

. . . . : resents the embedding network and includes the series parasitic
with a major emphasis on the design of an arbitrary embedding . . . .
. . : .- resistorRs, while Is represent the equivalent two-tone excita-
impedance value. A discussion of the performance sen5|t|V|tyt}8n
this latter parameter is given. The conversion loss dependence

from the HITDs peak current is then shown with the help of Is(t)=1Is [Sin (wp 4+ wp) t +sin (wp + wo) t] (1)
circuit simulations. The experimental results are presented in
Section IV for prototype circuits fabricated on InP substrate$he qualitative description of the power of the IM3 component

working in the down-conversion mode at 1.8 GHz. and the conversion loss requires the calculation of the conver-
sion matrixY ;. In the case under investigation and considering
Il. ANALYTICAL TREATMENT the LO signal
In this section, the basic conversion mechanism for an HITD Vor(t) = Vp cos(wpt) 2)

based mixer is reviewed. It is based on the large-signal-small-
signal analysis using conversion matrices [13]. The basic 48€ conversion matrix assumes the form

sumption is that the HITD is driven by the local oscillator (LO) 3, 3,

signal without involving the negative dynamic region (NDR). b+ 9 avp Vp 4 avp

This assumption is not strictly regarded as a limitation of the an- 3

alytical treatment, but a limitation in the actual device operation Yy=| ¢Vp bt 3 avp vp |- ()
in order to prevent unstable behavior. The treatment considers 3 3

the unique feature of the HITD associated withfifd’, i.e., its 1 dv3 cVp b+ 5aIVI%

guasi-square-law behavior around zero bias. The device struc-

ture Of the diodes under investigation iS reported in Tab'e . The CirCUit in F|g 3 iS Used fOI’the detel’mination Of the pOtentia|
The tunne| diode is Square Shaped W|th dimensionﬂm& V]., Wh|Ch is the ﬁrst-orderjunction V0|tage, Via the Convel’SiOI’l

2.5um. The intrinsic/\V characteristic for one device is showrnatrix technique discussed in [13]. In this cabd, takes the

in Fig. 1. Itis obtained from the measured one after the contribigym

tion of a series parasitic resistange of 1.3(2 is extracted. The 1 & 2

value of s is calculated using the procedure reported in [17], V1(¢) = 3 Z Z Vin, g €Xp [j (mwP + wq)t] 4)

which is based on the assumption that diodes having different m=—1 g=—2

cross sections should have the same peak voltage. It is possible 770

to approximate thé /v characteristics around zero with a polyUsing the Taylor series expansion, the didii¥ characteristic

nomial expression. A minimum square-curve-fitting procedutakes the form

shows that a polynomial equation up to the third degree fits the ) 2

I/V curve (reported in Fig. 1) in the rangg =[—0.2V; 0.2 V] IV)=a+bV+cVo+dV ®)

with a standard error d3.18¢ — 5. It is worth noting that this \yhere the coefficients are defined in the inset of Fig. 2; retaining

range has been selected because it is symmetric with reSpe?ﬁB)small-signal current up to the third degree, we have
zero and, on the right axis, is bound by the peak voltage. The

result of the approximation is reported in Fig. 2. i(t) ~ gi(t)w(t) + ga()v*(t) + ga(t)v3(t) (6)
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Fig. 3. Time-varying nonlinear equivalent mixer circuit. A — Lo c3 — 72
i palt ol T Ops
whereg, andgs are, respectively, ; ls ;
d d L1 L2
ga(t) = o G Vyexpliwyt) + SV exp(—dwyt)  (7)

gg(t) = d (8)

. . . Fig. 4. LEDC topology.
The calculation of the IM3 component requires the evaluation pelogy

of the third- and the second-order components of the current
source generatafs(t), as indicated in Fig. 3. Once these cur-
rents components are determined, the linear conversion mat
analysis can be used to find the voltage across and the curr
in the embedding impedance at the IM3 frequency. N L
LT

The second-order current source is expressed as a colu E \L 71

L1 L2

uud—"Hl

vector whose elements are the phasors at the frequency- a2 ca o
w1 — we andkw, + 2wy, respectivelyls o, andIs o, which
have the form 0

|

RF

T
IS,2a=[If172a 1o, 24 Il,2a:| 9

IR ™~
" Cc2 ELZ HITD2 I

the components are defined by

1 1 1
Ik,2a = Z Z Z GQ,han,IVn,—Q (10)

h=—1m=—1ln=-—1

m+n+h=k whereZ g s(w) is the diagonal matrix of the embedding imped-
ances at the third-order mixing frequency. The power dissipated
in the embedding impedance at the IM3 component is

Fig. 5. Single balanced mixer circuit topology.

whereds, ;, are the Fourier coefficienis (t). The second-order
voltages are then defined by

—1
V2a = _ZE, 2a |:1 + YJZE7 2a:| IS, 2a (11) P_173 = 0.5|IE;_173|2Re{ZE;—1,3}- (14)

whereZ ;,2,(w) is the diagonal embedding matrix at the frepyom (14), it is straightforward to see that the power content at
quencykw, + wi — wy. Similar equations hold fofs2, and 3 depends upon thA\V characteristics of the diode. In other

V. words, a low degree of nonlinearity results in a small conversion
Analogously are found the third-order current sources COfpatrix, i.e., 3x 3 in the present case; hence, there are few con-
ponents, which are defined by tributions to the dissipated power in the embedding impedance.
L L1 Moreover, from it is seen that the first term is directly domi-
Lis= Z Z Z G, 0V, 1V 1V, 2 qated by_the thlrd-orde_r nonlmeant_?g,o = _d. A minimiza- _
] et e tion of this parameter is possible, in principle, through semi-
m4n+p=k conductor bandgap engineering during the HITD development,

1 1 1 leading to an effective reduction of the power at the IM3 fre-
+ 3 Y > Gon(Vin2aVai1 + Vin, 2V, —2)  quency. This is possible by adjusting the voltage—current pair
h=—1m=—1n=—1 (VPrak, Irrak). On the circuit design side, from (11)—(14),

hmtntp=k it is also possible to observe that a reduction of the embed-
(12) ding impedance is required to minimize the IM3 component. We
show below how IM3 depends upon the embedding impedance
in a particular case of an HITD-based balanced mixer. The mixer
uses the LEDC represented in Fig. 4, where the ports 2 and 3
are connected to the diodes; these are then terminated with an
arbitrary characteristic impedane, which can be selected to
-1 reduce the intermodulation (IM) product. The complete mixer
Igs=— [1 +Y;Zg, 3} Is,s (13)  schematic is reported in Fig. 5.

where(s; o is the Fourier coefficient of3(¢), Vi, 24, @andV,,, o,
are the second-order voltage coefficients atdhe w, and2w;
frequencies, respectively.

In conclusion, the third-order current Hie(w) is
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The same treatment allows an estimation of the transduce 10 7
conversion losd..- for the HITD-based mixer. Considering the
conversion matrix in (3)L¢ is

1 L
c= 3 (15) 20221 s ~
4|Y}170| RE{ZE(WRF)}RQ{ZE(WIF)} 7/‘/7)7
307 7
whereY;, , from results equal toV». Equation (15) shows that 0 P
L¢ depends only on the second degree nonlinearity and that (B} /:
increases ag'p(w) reduces. A tradeoff between IM3 adg- -50~Zzz=10rT /;{
is, therefore, required. It is worth noting thais proportional to 0 gl
the peak current. F/Z'
70 // A
[1l. DESIGN TECHNIQUE 80 ] 7/2
42=10£)
The LEDC circuit is designed considering as characteristic S0-4—of
impedance for two out of the four ports, a value that arises frorr 1P3414dBm (1P3=264Bm

the tradeoff between the IM3 level, the conversion loss, and th -100~F
RF/LO isolation. In the particular case of tunnel diodes, the 20 15 105 0 5 10 15 20 25 30

device impedance at zero bias ranges from few tens of ohms P"f [dBm)

to 100€2. It depends on the parasitic resistance, the react?ﬁéng-le)'}'(')T?Obazse?_;’%z”;egFT')fr 1‘?&%“&&?"%%;""2 (lfg‘;grgHit‘d IF
component, and thé/V characteristic around zero. The othefr — 25 MHz, IM3 = 15 MHz, P.o = 5 dBm, as a function of 2, ranging
ports, i.e., the RF and LO ports, maintain the @@&haracter- from 10 to 702, step 1002.

istic impedance of the system. This technique allows tailoring
the_circuit to the specific impedance re_quirements of the termi-to singly balanced mixer shown in Fig. 5 represents the test
nating elements. The LEDC topology is based on two couplggdy,re employed for this investigation. It is composed of, other

7=LC cells topology [10]-[12], as shown in Fig. 4, WheZd  {han the quadrature directional coupler, a couple of identical
and Z2 are the characteristic impedances at ports 1 and 4 aifrps and a low-pass IF filter. The latter is a quite simpie

ports 2 and 3, respectively. Introducing the parameters cell, although a proper design should ensure a better RF—LO
71 rejection and a general performance improvement. The compo-
=5 (16) nent dimensioning is obtained with the intention to fill up the

_ . . MMIC area left available by the circuit core.
representing the ratio between the systemimpedZn@ndthe  |n order to investigate the effects of the terminating

impedance associated to the terminatifihand the mean value impedanceZ2 on the diode performance, a nonlinear analysis
of the balanced mixer has been conducted considefib@s
Z=VvZ1-22. (17) " a simulation parameter ranging from 10 to ¥ step 102
the results are reported in Fig. 6). In this set of simulations,
He HITD is modeled with the intrinsid\V characteristics
reported in Fig. 1 in parallel with an 80-fF constant capacitor
and a 1.32 series resistor. These parameter values result from
the HITD characterization of a sample fabricated in the same
wafer used for the prototype introduced below.
In the analysis, the parasitic components of the LEDC were
neglected and the frequencies of interestlate = 1.8 GHz,
Oy = V7 RF1 = 1.825 GHz, RF2 = 1.835 GHz, while the LO power
wo - is PLo = 5 dBm and the signal powePgrr spans from—20
L, = Z to 12 dBm. The tone reported in the figure is the intermediate
o 1 ) frequency IF at 25 MHz and the IM3 product at 15 MHz. The
n

The LEDC design formulas can be expressed in the followiri
form [19]:

[y

C, =

43
R

Cy =

€
S
N

N

wo - NG simulation confirms the theoretical behavior showing a signifi-
cant reduction of the IM3 level faZ2 = 10 €2, while a weaker
Ly = _z (18) reduction is observed also fdic. This is due to the more in-
wo - (\/§+ \/ﬁ) volved second-order IM and IM3 products dependence from
72, (11)—(14) than the inverse proportionality b from 72
wherewy is the design angular frequency. expressed by (15).

The matching problem between the LEDC and nonlinear el- For the case under investigation, it is straightforward to see
ements is solved considering tha2 is usually selected to havethat the third-order intercept point (1IP3) ranges from 14 to
a value close to the real part of the impedance of the diode B6 dBm depending on the selected embedding impedance.
ased at’d = 0 V and the residual capacitive part of the diode’Selecting impedance values in the range of 10Q5@sults in
impedance is absorbed by the inducferin the LEDC. rather high values for 1IP3, making the mixer highly linear. For

TN
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Ipeak [mA] Fig. 8. Prototype chip photograph of the single balanced mixer prototype
implemented by LEDC and HITD.
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Fig. 7. Conversion loss versus HITD peak current for different LO values.
IV. EXPERIMENTAL RESULTS

values ofZ2 higher than 3(, the insertion loss is less than The simulation data in this section is obtained considering,
10 dB. for the HITD model, the description given in Section IIl.
The dependence of the conversion loss versus the diotige small-signal mixer performance in terms of impedance
peak current is reported in Fig. 7. For different LO levels anghatching, isolation between the RF and LO to IF, and the
Z2 = 50 , the peak current spans from 0.36 to 7.5 mAsolation between the RF and LO are reported in Fig. 9. In
which is an experimentally determined range. Either scalinge same figure, for the sake of comparison, the simulated
the size or changing the doping level can obtain the increaggfformance are also reported. Concerning the RF and LO ports
of such a value. In the second case, there is a reduction of fhgtching [see Fig. 9(a)], a slight frequency shift is observed,
peak-valley current ratio, while the junction capacitance ighich is mainly due to an incorrect guess of the reactive
any case remains within a level that can be easily compensagg¢hponents associated to the actual HITDs. The RF and LO to
by L2 [20]-[22]. The curves exhibit maximums, which movaFr jsolation [see Fig. 9(b)] is obtained due to the output IF filter,
slightly toward higher current values, as the peak curregherwise this feature would be unachievable. The LO to RF
increases. An increase in the peak current corresponds Bofts isolation [see Fig. 9(c)] is arourdl5 dB at the design
proportional increase of the second degree nonlinearity. Thigquency, which is a common value for mixers implemented
results in a reduction of the conversion loss, as indicated Q¥ing 90 coupler. A close investigation of the mixer operation
(15). A further increase results in a mismatch between t)gsirates that the optimization of the linearity performance
LEDC and the HITD pair, _whlch leads to. the red.uct|on through a proper choice a2 may lead to, as a drawback, a
the LO and RF power dissipated on the diode. This explaif§ismatch between the LEDC and HITD pair. This results in
qualitatively the origin of an optimum value of the peak current gjgna| reflection that reach the input ports, reducing the LO
for a given LO level. Itis believed that the unavoidable loss i) RE isolation. In any case, this feature can be improved by
the LEDC will degrade the conversion mechanism, while ﬂ]ﬁmlementing a 180coupler.
rgdqqtion of the series parasitic in the _diodes may contribute-l-he large-signal performance of the prototype has been tested
significantly to a copversmn-loss reduction. using an LO frequency of 1.8 GHz and an RF frequency of 1.83
Therefore, to design a prototype, the values of the LEDC ©EHz with different levels of LO and RF power. Fig. 10 shows

i _r —
cuit element have been calculated usin= 50 £ and 22 = the mixer performance in terms of IF output power with re-

35 Q. The diodes used in the circuit realization have shown ve . .
) " . he LO level ff RF .F
high current densities (50-60 KA/@nand peak—valley ratios Qbect to the LO level depending upon different power. From

tl’l\e figures, it is possible to observe that a value of 5 dBm is

between 10-15, [17]-[22]; the selected peak currentis 1.8 m : .
and the LO level is 5 dBrm. an acceptable tradeoff between the IF power, linearity, and LO

L level. In the same figure are also reported the results of a set
The prototype photograph, which is implemented on an In . . . X )
) S . . of harmonic-balance simulation curried out by using the small-
substrate, is represented in Fig. 8. The entire design, whic T . Lo
. signal electromagnetic simulation for the LEDC description, in
makes use of the coplanar technology, has been carried out using : . . !
corjunction with the HITD nonlinear model. The comparison

the Momentum tool available within the Agilent ADS package. .
u val with! g P 9 ows a fairly good match between curvesFpi- = 10 and5

This approach allows careful design of the dimensions of ag hile th fthe simulati d -~
element, and enables the consideration of any electromagn B’ w |e_t (Ia alccfurac?/ 0 Eoel S|m|u_?;]|_on re Ecedsﬁh@ _I
coupling between different parts of the circuit, giving furtheff 48M, particularly for a low evel. This may be due to aless

compact arrangement [19]. The overall dimension, includiﬁ”lgccurate pplynomial dgspription of the)’ afo““f’ Zero bias._
the ground—signal-ground (G-S—G) pads are 1.1xninmm, The main characteristic of the proposed mixer is the linear

this can be reduced for higher operative frequency, no mdfesPonse, which results in a high value for both the 1-dB com-

compact solutions are foreseen. The output IF low-pags Pression point gnd the IIP3 parameters. Fig. 11 reports the IF

filter introduced on-chip is easily identifiable in Fig. 8. level as a function of the RF power for 5-dBm LO; this figure
permits to evaluate a 1-dB input power compression point of

1ADS, EEsof EDA release 1.3, Agilent Technologies, Palo Alto, CA, 2000. 7 dBm.



2442 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 49, NO. 12, DECEMBER 2001

N -10 —
\ /(7 simulation ————
/ 4 -20 measurement e-s-s-s-s-ssae |
dB \\ / dB
-20 —

simulation —— / ﬁ?‘“ ooy
MEASUrEMENt S--8-6-8-5-R--5 ~40
—25 |
|
0.6 0.8 1.0 1.2 1.4 16 18 20 2.2 2.4 2.6 2.8 30 6.6 0.8 1.0 1.2 1.4 1 & 1B 20 2.2 2.4 2.6 2.8 30
freq [GHz] freq [GHz]
@ (b)
[¢]
-e“k- /—‘ —
e B
b o-a—ere-8-2-5
dB _1s / | o]
LA
/ simulation
—25 J
measurement a-a-a-a-i--a-a-u
-30 T T T T
0.6 0.8 1.0 1.2 1.4 16 18 20 2.2 2.4 2.6 2.8 340
freq [GHz]
(©

Fig. 9. Small-signal mixer characteristics. (a) RF and LO matching. (b) RF and LO to IF isolation. (c) RF to LO isolation.
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Fig. 10. IF power as a function of LO power at different RF power levels. Prf [dBm]

Squares: measured data, continuous curves: simulations.

Fig. 12. IF and IM3 output power fdRF1 = 1.825 GHz, RF2 = 1.835
GHz,LLO = 1.8 GHz, 5 dBm. The calculated 1IP3 is 17.5 dBm. Squares:

measured data, continuous curves: simulations.
-5
10 = The linearity of the mixer has been tested using two RF sig-
s Jzﬂzzu nals at 1.825 and 1.835 GHz, respectively. Fig. 12 plots the
e IF and IM3 versus the RF input power. The 1IP3 is measured
"Bl 20 rznﬁzz and determined as 17.5 dBm under the LO level of 5 dBm. It
25 o7 is worth observing that this performance is usually obtained in
2222)4 double-balanced diode mixers. The same graph reports the sim-
= SBm o] ulated data; in this case, the simulation result shows an evalua-
-35 tion of the IIP3 less then the actual value and, again, this could
0 be an effect of the inaccurate description of the odd-order non-
20 18 -10 '5RF [dBm]O 5 10 ' linearities due to the difference in the HITD during the prototype

and fabrication and a series resistance underestimation.
Fig. 11. Output IF power for an input RF frequency of 1.83 GHz Bl = In Fig. 13, the rejection behavior concerning the spurious re-
1.8 GHz. Power level: 5 dBm. sponse€-RF+2-1.0O for RF = 1.83 GHz and.O = 1.8 GHz
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development. A prototype working in the 1.8-GHz band has
been realized on an InP substrate. Large-signal measurements
describe the linear response in terms of both the 1-dB compres-
sion point and the IIP3, showing an IIP3 of 17.5 dBm and a
1-dB input power compression point of 7 dB. A series of com-

. parison between measured and simulated data is also reported.
In particular, for the small-signal operation, the measured isola-
- tion between the input/output ports and matching are compared
with simulation carried out with the help of electromagnetic
simulation of the passive structure. Large-signal operation mea-
sured/simulated data have also been compared, showing a good

e

10 dBm RF
3dBmRF

g
T

2nd Order Spurious (dBm)

~yg |

“86
-1e

-5 ° H in 1 20
LO Power (Bm)

Fig. 13. Spurious responge, 2) as a function of LO power at different RF
power levelsRF = 1.83 GHz,.O = 1.8 GHz.
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Fig. 14. Conversion loss as a function of the RF power at different LO power [7]
levels.RF = 1.83 GHz,LO = 1.8 GHz.

) i ) (8]
is reported as a function of the LO power for different RF levels.
They appear to be more than 20 dB below the IF output level,
at the same conditions for the LO and RF input powers, particu-[g;
larly in the case of+-5-dBm LO and-15 dBm RF; this spurious
contribution is 40 dB lower than the respective IF level.

Finally, the mixer conversion loss, shown in Fig. 14, is arouno[lol
11 dB inthe linear behavior range. It varies proportionally to the
LO level and remain approximately constant as a function of RELL]
up to—5 dBm. This performance, which is slightly higher than
the conversion loss of typical Schottky diode mixers, constitute§l2]
the main drawback of the proposed mixer and is due to the low
degree of nonlinearity presented by the HITDs. However, as rgy3)
ported in the Fig. 7, this result is very close to the optimum value
for the technology. As discussed in [15], the conversion loss14]
being strongly related to the peak voltage and current presented
by the diode, can be further improved by engineering the HITD$15]
I\V shape.

[16]
V. CONCLUSION

A compact single balanced mixer for ISM applications con-[17]
sisting of a tunnel diode biased at 0 V has been described. The

diode shows a quasi-second-degree nonlinearity around zero
bias. This appears to be an interesting feature for linear mixer

prevision of the IIP3 and the RF/IF. This study is part of a project
aimed to investigate the potential applications of quantum func-
tional devices for MMICs. The extension of such an investiga-
tion to higher frequency and the characterization of the noise
feature are scheduled future tasks.
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