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A Wide-Bandwidth Si/SiGe HBT Direct Conversion
Sub-Harmonic Mixer/Downconverter

Liwei Sheng, Jonathan C. Jens&tudent Member, IEEERNd Lawrence E. Larsoiellow, IEEE

Abstract—A wideband sub-harmonic mixer/direct-conversion direct conversion receivers implemented diode-based sub-har-
downconverter is implemented in a Si/SiGe HBT technology, with  monic mixers as a means to minimize the conversion of the LO
improved rejection of the local oscillator (LO), high input inter- signal to dc [5]. Recently, they have been implemented in sil-

cept point, and low current requirements. The circuit utilizes a . . L .
combination of phase shifters operating at 45 and 9C° to achieve icon bipolar technology for lower frequency applications using

better than 33-dB input-referred rejection of the LO. The mea- 2 “pulse-width modulation” technique [6].
sured third-order input intercept point (IIP3) was approximately In this paper, we present a Si/SiGe HBT direct-downconver-

—3 dBm and the second-order input intercept point (IIP2) was  sjon receiver using a “three-level multiplier” as a sub-harmonic
roughly 35 dBm, with a measured double sideband (DSB) noise v ar (7], multi-tanh input stage, [9] and improved“ghase
figure of 7.8 dB. A comparison was made between devices of dif- | . . . T . .
fering germanium concentration in the base, and the devices with Sifter. Its block diagram is shown in Fig. 1. Section Il contains
higher Ge content exhibited improved noise figure and gain. Each an analysis of theulti-tanhcircuit and the effects of phase error
mixer required approximately 2.8 mA from a 3.3-V supply. on the LO rejection of the sub-harmonic mixer. An improved
Index Terms—Direct conversion mixer, HBT, IP2, IIP3, LOre- 49 Phase shifter is discussed in Section Ill. Ideally, there is
jection, phase shifter, self-mixing, sub-harmonic mixer. no second-order distortion for a fully balanced mixer. In prac-
tice, imperfections in the circuit symmetry and the duty-cycle
of the LO signals result in a small second-order distortion. The
second-order distortion will be addressed in Section IV. The
HE USE of direct-downconversion techniques is #abricated circuit exhibits excellent dynamic range and reduced
promising approach for highly integrated wireless resensitivity to LO injection at the input port. Furthermore, we ex-
ceivers due to their potential for low-power fully monolithicamine the effects of base germanium concentration on the per-
operation and extremely broad bandwidth [1]. Their potentifgrmance of the circuit in Section V, and demonstrate that in-
for broadband operation is especially important for futurereasing germanium concentration inthe base leads to improved
wireless communication applications, where a combinatigiise figure and gain, without having a significant impact on
of digital cellular, GPS, and WLAN applications are requirethtermodulation performance or power dissipation. The experi-
in a single portable device. However, their application hasental results are also discussed in Section V.
been limited by the menagerie of dynamic range limitations
associated with the conversion of an RF signal directly to Il. Two-LEVEL SUB-HARMONIC MIXER DESIGN

baseband. In particulasecond-order distortionl/f noise, The two-level mixer is the key component of the direct

and local oscillator (LO) self-mixingare some of the most ;yersion receiver. Fig. 2 shows the simplified schematic of
important drawbacks [2]. LO self-mixing is a vexing problempe circyit. It is composed of two stages of a double-balanced
with traditional homodyne approaches, becaasgsignal at gyitching cell ('3-710) and amulti-tanh linearized input
the LO frequency—including the LO!—appearing at the inpUiterential pair (1-72). The two stages of double-balanced
terminals downconverts to dc. The magnitude of this signg)iiching provide for an effective doubling of the LO frequency
can be measured and periodically subtracted from the mixgfhe switching phases are offset by°90he multi-tanhinput
output [3], but its value varies with time in an unpredictablgg|| improves the third-order input intercept point (IIP3) of the
manner—limiting the effectiveness of the compensation—angl. it 9], at the expense of a somewhat higher noise figure.

it necessarily subtracts from the available dynamic range of tha next two Sections will analyze the performance of the
circuit. ;
mixer.

Sub-harmonic mixers have historically been implemented in
millimeter-wave technology as a means of performing dowm., Analysis of the Multi-Tanh Differential Input Cell
conversion of the received signal with an LO operating at a
fraction of the frequency of the input signal [4]. Several earl\\//O

. INTRODUCTION

By using amulti-tanh differential pair, we can extend the
ltage capacity of the mixer input at the expense of a small
increase in noise and input capacitance, thereby increasing the
dynamic range at the input [9]. Thaulti-tanhlinearized dif-
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Fig. 1. Si/SiGe HBT direct-downconversion receiver implemented with a
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Fig. 2. Simplified schematic of the sub-harmonic mixer.

emitter areas of'1b andT2¢c. The bias current of the center
transistorsl'la and12a are optimized to bé( times the outer

{ BUFFZ 1' Q -out

HMIX

sub-harmonic mixer. The mixers are dnakgiradraturewith respect to each

where
Vos = Vir In(A). 3)

For a small-signal input, the transconductance ohtlgti-tanh
input is

_Ipe K(1+A)P*+84
- 2Vp (14 A)?

To minimize distortion, we need to optimize the current ratio
K and the transistor size ratid. The composite,,, of the
muti-tanh circuit with A = 13 and X' = 0.75, along with
the G,,, of a simple differential pair, is shown in Fig. 3. The
peak composité&7,, is 2.19 times smaller than th@,,, of a
single pair with the same total current. The voltage capacity
of the multi-tanhinput is approximately 120 mV peak-to-peak,
instead of approximately 8 mV if a single differential pair is
used, where the voltage capacity is defined as the input voltage
range in which the gain variation of a simple differential pair or
muti-tanhcircuit is less than 0.05 dB.

The use of thenulti-tanhapproach also has an impact on the
noise performance of the mixer. For simplicity, we assume that

Grmo = G (0) 4)

bias current to obtain the best linearization. The overall emitter

areas are then optimized to obtain the best noise performantfee
The transconductance of a single bipolar differential pair b+

ased at tail currenfgg is

dIout IEE 2 ‘/1
Grn ‘/1 = = 575 h 1
Vi) = T = 39 5 <2VT> @

and the composit&',,, of themulti-tanhinput circuit in Fig. 2 is

_ ek 2 Vin 2 Vi + Vi
Gon(Vin) = Wy <Ksech Y + sech —v

‘/in - ‘/os
+sech2 W) (2)

the dominant noise is the shot noise currgfiyl- at the col-
Ctor operating on the incremental emitter resistavigé!/ .
he total input-referred noise of tlmaulti-tanhdifferential pair
can then be shown to be

Vnoise = 2‘/T ﬁ L+d . (5)
Viee /K(1+ A)2 +8A

The relative noise amplitude for varying area radiovith op-
timized K, is shown in Fig. 4. With the parametefs = 0.75
and A = 13, the noise amplitude is approximately 1.46 times
larger than that of a single differential pair with the same total
current, or the noise power of thaulti-tanhinput is 3.3 dB
higher. WithA = 13 and K = 0.75, V; 4 increases by ap-
proximately 10 dB [9]. As a result, the dynamic range of the



SHENGet al: DIRECT CONVERSION MIXER/DOWNCONVERTER 1331

Differential pair Gm A

B c D
2
—a{ At
+ l‘_ i
15 Yoo : :
. -1 1 1
multi-tayh Gm ° T o1
At
¢ a +1 H 'S
Hi i1
VLOI | I ]
-1 i Ll
[} T 2T
-0.1 -0.05 0.05 0.1 —a{At
Vin(V) +1 — —
iR
Fig. 3. Normalized>,,, of multi-tanhdifferential pair of Fig. 2, compared to 1 ! 1 1 !
a traditional differential pair operated at the same total current. “To T 5T t
1.6 Fig. 5. Phase of LO signals, showing duty-cycle errafst)(and phase
mismatch betweei and Q phases of the mixeA().
% 1.5
E ’ dc offset problem. In this harmonic downconverter, the LO fre-
@ quency is one-half the desired RF frequency. If the phases of
g 14 the two LO signals are matched ideally, the reception of the LO
B radiation will not cause a dc offset. However, imperfections in
% 1.3 the circuit and signal matching can also cause the LO signal (at
£ half of the RF frequency) to be downconverted to dc. The LO
2 rejection reflects the immunity to this problem, and is defined
5 10 15 20 25 30 by
Area Ratio-A
Conversion Gain at RF Frequenc
Fig. 4. Normalized noise voltage ofulti-tanhdifferential pair of Fig. 2 with LOR = - - g . 4 @)
optimumX compared to a traditional differential pair operated at the same total Conversion Gain at LO Frequency

current.
In a conventional homodyne mixer, self-mixing is unavoid-

S o ) ‘able and thecOR = 0 dB. In this design, if the transistors and
circuit is increased by roughly 7 dB. This noise versus lineariphases o¥/,_ andVio_q are perfectly matched, the LO re-
tradeoff is acceptable for a downconversion mixer applicatiofction will be infinity and no LO signal will be downconverted.

where input linearity is especially important. However, the phase error of the LO signal causes an LO signal
at the RF input port to be downconverted to dc.
B. Analysis of Phase Error and Duty-Cycle Error of the The RF conversion gain is defined as
Sub-Harmonic Mixer
The sub-harmonic mixing is realized with two stages of a G.= Vou(wo) (8)
Gilbert switching cell, as shown in Fig. 2. The upper stage is Vin(wo)

composed of7—1"10, the lower stage is composed58-1'6. whereV,(wo) is the amplitude of the output signal at dc with
Both stages are driven by an LO signal whose frequency is hglf input frequency oo, Vin(wo) the amplitude of the input
that of the frequency driving the conventional downconversicg?gnm at frequency,. The quantityV,. is given by

mixer. As a result, the output voltage can be expressed as

T ar

1 2T
Vvou 4 ‘/in i i t) - an -V dt 9
Vol = V) Vi a8 Vio s)) @ V) = gp [ Vasnont-mB Viodr ()

whereVio_ and Vio_; are the voltages driving the uppetheréVio = Vio-r - Vio-q. Substitutingurr = wro and
and lower switching cells respectiveljio_o andVio_; are  WRF = 2wLo mtq (9), the ampllt_udes of the output signal at dc
ideally 9¢° out of phase.Vi.o—the product ofVio_¢ and due to the two signals (the desired and LO) are

V1L.o_—is the same square wave used in a conventional mixer,

: . . . . 2 At A
with amplitude of unity and period df’ as shown as a solid Vout(wrLo) = — sin <— 7r) <1 + sin <—T w))
. T T T
line in Fig. 5.

In a homodyne receiver, the RF signal is directly downcon- - gm B Vin(wro) (10a)
verted to baseband. Since the LO signal has the same frequency 9 At Ar
as the RF signal in a conventional homodyne mixer design, the V,.:(2wro) = — cos <— 27r> cos® <— 7r>

aw

LO signal is spectrally indistinguishable from the RF signal. The
LO signal is also downconverted to dc, which causes a serious - gm R - Vin(2wro) (10b)
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W T T T T broadband 4% phase shifter [8]. If the parameters of the°45
FooaN Fo b : S S phase shifter are chosen as
aor + Calcfulatioil 1 Rl :8R.27 R4 = 8R3 (14a)
oo SPICE Simulation - |- 1
§30' . . L RlCl IRQCQ = 1/(27Tf1) (14b)
£ R3C3 =RyCy = 1/(2n f) (14c)
2
¢ 201 where f; and f, are approximately the lower and higher fre-
S guency limits of operation, respectively.
10 _ Then
Vil = Vol = 51Vl (15)
ol ST, S
10 10 10 where

10
Duty Cycle Error(%)

. . . - VI = Vout<o — Vout<1so
Fig. 6. Comparison of simulated and calculated LO rejection versus

duty-cycle error. VQ = Vour<—45 — Vour<135-
The phases of the output voltages are

L 12F(1 - F?)

whereAt is the time error due to the duty-cycle errorngfo_
andVio_o, andAr is the time error caused by the phase dif-

ference betweeh and() not being exactly equal to 90where o = tan” FF—38F2+1 (162)
A 12F»(1 — F3)
Ar=—""7T 11 — tap~! 2P\ T Fa)

T=— (11) R ey (16b)
whereAd is phase difference error betweémnd (. Refer to whereFy = f/f, andF, = f/f, are normalized frequencies.
Fig. 5 for an illustration of these timing errors. In this case, we chosg = 400 MHz andf, = 1230 MHz

Substituting (10) into (7), the LO rejection is to achieve operation in the 1-2-GHz frequency range, and the
At Ar calculated phase difference between thand @ channels is
cos <7 27r> cos? <— 7r> T shown in Fig. 8. Further optimization to decrease the phase error
LOR = =

N A = (12) ispossible atthe expense of greater LO power loss. The curve of
sin <_t W) <1 +sin <_T W)) tm the phase difference betweéand( output has a relatively flat
T T bottom at 700 MHz. This implies the element sensitivity is very
Therefore, the LO rejection is relatively insensitive to th&W around the minimum point. If we assume that all resistors
phase difference error betweéfio_; and Vio_o; it is pri-  OF capacitors in the phase shifter change by the same ratio, then
marily a function of the duty-cycle error 8f o_; andVj.o_. e phase difference change at frequeficy

Fig. 6 is a plot of the SPICE simulated and calculated LO rejec- 128 (f2 + £2) 12f>(f2 + £2)
tion versus duty-cycle error, where AR(f) = {f‘* 3422 1 iz 347272 1 [
At
Duty Cycle Error= —. (13) (AR |AC| 17
T r t o (17)

The agreement between the two is excellent, demonstrating o _ ; — @, is the phase difference betweérand
the accuracy of (12).

. . signal. Atf =700 MHz andf = 500 MHz, a 10% change
_There are some potential drawbacks to this sub-_harmorgﬁp resistors in the phase shifter network causes a phase error of
mixer approach compared to a standard mixer. In particular, 06 and P respectively. The downconverter works in the RF
power required for the LO is roughly double what is requireg’ ' Y
f tandard double-bal d mi In addition. th -frequency range from 1-2 GHz. So, the parameters were chosen
or a standard double-baianced mixer. In addition, the NOIZE 1 ¢ the maximum phase difference error was less than 2
distortion contribution of the upper switching pair is also in-

. over the whole LO input frequency range. In this downconverter,
creased, although the effect is usually small [11]. The two-ley, g,g phase shifters were also used to generate the LO voltage,

mixer design is also limited to approximately 2.5-V POWEY, hich is required in the process of sub-harmonic mixing. These

supply V((letage or %re%tt(ajr, dbtfe éolthe ZX”"’.‘ dewcef; N Sergs phase shifters add shuntimpedance to tifeptase shifters
compared to a standard double-balanced mixer con |gurat|orgl.nd cause the LO signal to be further attenuated and the phase
deviated from the ideal. This effect was compensated by final
parameter optimization through SPICE simulation. Although the
The realization of a broadband 4phase shift circuit repre- conventionaRCnetworks were used heretorealize the pase
sents similar challenges to that encountered with the realizatinift, by choosing propef; andfs in (14), 90 and 135 can also
of a broadband 90phase shift in traditional quadrature downbe realized with a broadband phase shift network to alleviate LO
conversion circuits. Fig. 7 shows a simplified schematic of thatenuation and achieve near-zero amplitude distortion.

I1l. B ROADBAND PHASE SHIFTER DESIGN
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Fig. 7. Broadband 45phase shifter.
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Fig. 8. Simulated phase difference of the LO signal applied to the phase-shift
circuit of Fig. 7.

Fig. 9. Simplified schematic of bipolar double-balanced mixer, showing error

IV. ANALYSIS OF MIXER SECOND-ORDER INTERCEPTPOINT  ¢irces for second-order intermodulation.

PERFORMANCE

One of the classic limitations on the use of direct convel¥Nere Z is the shunt impedance to ground of the current
sion techniques for wireless communications is the necessigHrce—ideally infinite andAw;, is the differential input
for an extremely high second-order input intercept point (11P2Y0!tage. _ _ _

This requirement results from the observation tikinterferers ~ Similarly, the effects of device mismatch—emitter area for
downconvert to dc—the IF—through a second-order distorti§i¥@mple—generate a significant second-orgr component
mechanism. As an example, the minimum sensitivity for tHiven by

GSM system is-102 dBm, but the maximuraut-of-bandin- L AIpAWE

terferer can be as large as 0 dBm and the maxinmsvand fam =~ (19)
interferer can be as large a20 dBm [12]. If limited by the T

in-band interferer, the resulting receiver IIP2 requirement eythereAly is the difference in the dc bias of the emitter currents
ceeds+60 dBm; accounting for the gain of the preceding lowof the two input transistors.

noise amplifier (LNA), the resulting 1IP2 requirements on the Now, these two second-order distortion products are applied
mixer can exceed-70 dBm! Any ideal fully balanced structureto the switching core, which can be viewed in the simplest
generates no second-order distortion and has an infinite [IR2s€ as two single-pole double-throw switches, operating with
but various mismatch effects throughout the circuit compromiééfferent duty cyclesd; and d,.. A harmonic mixer employs
the resulting performance. A simplified analysis of the effect gf second pair of these switches to double the effective LO
various mismatches on the 1IP2 of a canonical doubly balancgquency. The duty cycle of each pair differs from 0.5 due
mixer is a useful step to assess the effects of this issue. ~ to duty-cycle errors in the LO generator, as well as device

In a bipolar circuit, the input differential pair can generatglismatch effects, and both effects can be described; land
second-order distortion through the finite impedance of ttie- The resultingow-frequencyportion of the output current
current source and mismatch between the devices, as showH@f the switching core applied to the load resistors can be
Fig. 9. This second-order current consists of a common-mo@@proximated by
portion—:..,,—and a differential portion-&,. Although the P p g p
portion of iy, due to finite current-source impedance is very i 2 di(iom +iam) + (1= dn)(iom — lam)  (208)
small, the portion of.,,, due to finite current-source impedence tr Z (1 — di)(em + tam) + dr(lcm — tam)  (20b)
is not negligible, and is given by

The error in the duty cycle can be expressed with respect to
the mean duty cycld and a duty cycle mismatch between the
Av2 Avd left and right branchesXd), i.e.,d; = d+Ad andd, = d— Ad.

bem = 4Vr Z + 16V3iZ (18) The resulting output voltage results from the application of these
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currents to load resistors, which themselves may be mismatched
due to inevitable process variations, each being modeléthas
AR andR — AR. The resulting output voltage is

Vout = Gem(2AR + ARA) +ign2R(1 — 2d).  (21)

This equation illustrates three of the most important sources
of second-order distortion in the classic integrated circuit
double-balanced mixer: resistor mismatch in the load and
duty cycle mismatch in the switching core (both associated
with i.,,), and overall duty-cycle errors (associated wiit}).
Inserting (18) and (19) into (21) yields

v QAU?HR i ﬁ + &
eutend =y, 127 \| R d

I Al
—|——(1 - 2d) < TQ )} . (22) Fig. 10. Die photograph of the sub-harmonic direct conversion receiver.
T
This expression can be simplified further if the primary con- TABLE |
tributor to the nonzero output conductance of the current source SUMMARY OF DEVICE ELECTRICAL CHARACTERISTICS[13]
is the Early voltage (i.eZ ~ V,/I). In this case

Performance Si (BJT) | SiGe Control | 14% Peak | 18% Peak
1 /IAR Ad B at Vpg=0.72V 67 114 350 261
Vouty,q = AVE G, [— <‘— + ‘— ) Va(V) 19 60 58 113
Va\| R d BVego(V) 3.5 3.2 2.7 2.7
Rui(k$/0 12.8 9.8 10.3 10.7
+2(1 — 2d) <‘ Alq D} (23) Peak (fT (/G})Iz) 38 52 52 57
Vi I Peak firax (GHz) | 57 64 63 67

whereG,; is the small-signal gain of the basic differential pair
without the intervening switching core. V. EXPERIMENTAL RESULTS

This last expression can be used to estimate the second—ordelrh K ; : for the direct .
input intercept point of the mixer as a result of all of the var- € Key periormance ISSues for he direct conversion re-

ious sources of mismatch error. If the nonlinear transfer fungE'Ver aré the gain, double-sideband (DSB) noise figure, inter-

tion of the mixer—defined as the IF output in response to an FE'&pdu_Iation distortion, 2« L,O leakage tg the ir_1put pprt, and
input—is given by rejection of the LO at the input port. Fig. 10 is a die photo-

graph of the balanced sub-harmonic downconverter, and the

Vout = (Glys/2) Avin + Gy measurement setup is shown in Fig. 11. Each downconverter
was evaluated at a dc voltage of 3.3 and 2.5 V and an LO
. [i <‘ﬁ + ﬁ ) power of approximately 10 dBm, and was tuned to achieve
Va R d optimum double-sideband noise figure and gain at a given bias
2(1 —2d) (| Al ) point and input frequency. The IIP2 and IIP3 were measured
Vi <‘ 7 D} Avjy, (24)  with a two-tone test, where the two input tones were offset by
50 kHz and 59 kHz fron2f,,.
then the IIP2 (in volts) of the mixer is The performance of the downconverter was evaluated in a
0.5-+:m Si/SiGe heterojunction bipolar transistor (HBT) process
P2 = [2 [i <‘ﬁ + ‘ﬁ ) with differing peak alloy concentrations of germanium in the
Va R d base, which varied from a peak of 18% to 0% in the homo-
2(1—2d) (| Al -1 jupctipn case. This .allowed us to examﬁne .the effects of opti-
Ve <‘ 7 D” (25) mization of the device technology on circuit performance for

this small-signal RF application. A summary of the differing

As a typical example, assuming fractional matching of aflevice characteristics is shown in Table I [13]. As described
components of approximately 1%, an Early voltage of 100 W [13], the effective strain in the three HBT cases was limited
and a duty cycle of 0.49, the resulting IIP2 amplitude is approie 0.1%, while the peak germanium concentration was progres-
imately 30 V—or 38 dBm in a 5@ system, well short of the sively moved away from the neutral collector region and toward
most aggressive wireless system specifications. This resulttile emitter—base junction. This is intended to improve the cur-
lustrates the great importance of nearly perfect device matchitegt gain at low collector current densities, which is desirable for
and a high current-source impedance to achieve the best possibtall-signal RF as opposed to high-speed digital applications.
[IP2 from a traditional double-balanced mixer design. Thegeis resulted in some improvement of single-device minimum
considerations also apply to the sub-harmonic mixer of Fig. Zoise figure in the 1-2-GHz frequency range.
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Fig. 11. Measurement setup.
TABLE I
MEASURED DOWNCONVERTERSUMMARY . T4 = 25 °C
Profile | Vee(V) | Iniz(mA) | frr(GHz) | Gain(dB) [ NF(dB) | I7P;(dBm) [ ITP;(dBm)
Std. 3.3 2.77 1.0 19.2 7.3 35.0 -7.5
2.5 1.76 1.0 14.8 9.0 35.7 -7.8
3.3 2.77 2.0 17.2 9.8 31.7 -5.1
2.5 1.76 2.0 13.5 10.4 29.7 -3.5
14% 3.3 2.95 1.0 20.6 7.2 34.7 -4.9
2.5 1.89 1.0 15.8 9.8 37.2 -1.1
3.3 2.95 2.0 18.9 9.0 31.0 -3.9
2.5 1.89 2.0 14.2 10.6 29.7 -3.9
18% 3.3 2.83 1.0 19.5 7.0 33.6 -8.7
2.5 1.80 1.0 15.1 8.4 34.0 -5.4
3.3 2.83 2.0 17.0 9.7 29.9 -5.7
2.5 1.80 2.0 13.0 10.5 27.0 -4.6
Si 3.3 2.55 1.0 17.4 8.3 31.0 -8.3
2.5 1.64 1.0 13.5 9.6 34.3 -6.4
3.3 2.55 2.0 13.6 11.9 44.7 -5.6
2.5 1.64 2.0 10.9 12.6 36.6 -4.6

The general performance of the direct sub-harmonic mixers @ 94
fabricated with different germanium concentration is listed in g o3 E
Table 1l. The best circuit performance was measured with the 8 a2 )
peak concentration of the germanium in the base of 14%—the ‘g
gain at both 1 GHz and 2 GHz was slightly higher than that c 9
of the other profiles. This was consistent with the single-de- g 9%
vice performance comparison for these same devices reported  § 89
in [13]. As expected, the Si homojunction profile exhibited the 4 88
worst performance, with nearly 2 dB lower gain and approx- 5 »
imately 1 dB higher noise figure. However, the homojunction o 8 w0 700 a0 900 1000

devices exhibited intermodulation performance—both IIP2 and
[IP3—comparable to the heterojunction devices, indicating that
the presence of germanium in the base had little effect on distpfy. 12. Measured phase difference betw@eandQ channels on standard
tion. Once again, this is consistent with the single-device resultsfile devices.

reported in [13].

LO Frequency(MHz)

The circuit requires a relatively high LO power of approxi- TABLE 11l
mately 10 dBm due to the losses inherent in the phase shifting MEASUREDLO REJECTION
network. Fig. 12 plots the phase difference between the Profile | fzo = 500MHz | fro = 1GHz
and @ channels, which is double the phase difference of the Std. 36.8 35.0
45° phase shift network, as a function of LO frequency. The 14% 39.8 30.8
measured worst-case phase error is approximately @vér lg.l% g;'i ggg

an entire octave frequency range as the LO frequency changes
from 500 MHz to 1 GHz, corresponding to an RF frequency
of 1-2 GHz. Although larger than desired, this error can dmalance within the circuit. Therefore, it is expected to degrade
reduced through subsequent adaptive equalization—unlg@mewhat at higher frequencies. The LO rejection is measured
quadrature errors in image-rejection mixers [14]. with a 10-dBm input LO power at 500 MHZ and30 dBm RF

Table 1l summarizes the measured variation in the LO r@ower (at the LO frequency). The maximum LO rejection was
jection (the IF output in response to an input at the LO freshserved to be 39 dB at an LO frequency of 500 MHz, drop-
quency) of each of the different base profiles. As was demoping to slightly better than 30 dB at 1 GHz. These results are a
strated in (12), the LO rejection depends on the duty-cycle ermramatic improvement over traditional homodyne architectures,
of VLos, andViog, and it will also depend on the degree ofvhich have an LO rejection of 0 dB by definition.
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TABLE IV

for broadband downconversion of signals in the 1-2-GHz
2 X LO LEAKTHROUGH TO RF INPUT PORT

frequency range. An improved 45phase shifting network

Prolio) | 1L7dBm(500M 02) 3.8dBm(1CH7) was presented that produce_d a highly accurate phase shift over
Tsolation at 1GHz(dB) | Isolation at 2GHz(dB) a broad range of frequencies. The effect of phase error and
Std. 714 75.6 duty-cycle error on the performance and LO rejection of the
14% 66.9 75.1 downconverter were evaluated, and the effect of device mis-
12;% %g ;j:; match on mixer second-order intermodulation was discussed.

The effect of varying the Ge concentration in the base at a
constant strain level was evaluated, and it was demonstrated
that a modest improvement in performance could be achieved
through increasing the concentration of germanium at the
emitter—base junction. The circuit demonstrated outstanding
performance at a relatively low dc power consumption of 5-9

TRACE A: Chi+jCh2 aPSK Mgas Tiue
1.5

Const %‘ _P' mW per mixer. A DSB noise figure of approximately 7 dB, an
[IP2 of +35 dBm, an IIP3 of-5 dBm, and a LO rejection of
35 dB were achieved.
3004
™
Fdiv
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