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Abstract—This paper reports on a dc—20-GHz InP hetero-
junction bipolar transistor (HBT) active mixer, which obtains
the highest gain-bandwidth product (GBP) thus far reported
for a direct-coupled analog mixer integrated circuit (IC). The
InP HBT active mixer is based on the Gilbert transconductance
multiplier cell and integrates RF, local oscillator, and IF am-
plifiers. High-speed 70-GHz fr and 160-GHz f,ax INP HBT
devices along with microwave matching accounts for its record
performance. Operated as a down-converter mixer, the monolithic
microwave integrated circuit achieves an RF bandwidth (BW)
from dc—20 GHz with 15.3-dB gain and benchmarks a factor of
two improvement in GBP over state-of-the-art analog mixer IC’s
[1]-[9]. Operated as an up-converter, direct-digital modulation
of a 2.4-Gb/s23! — 1 pseudorandom bit sequence (PRBS) onto
a 20-GHz carrier frequency resulted in a carrier rejection of a

I. INTRODUCTION

IDE-BAND direct-coupled differential balanced multi-

pliers are attractive for future communications that in-
volve direct-digital modulation as well as wide-band reception
and processing of high-data-rate digital signals. Fig. 1 illustrates
the wide-band InP heterojunction bipolar transistor (HBT) mul-
tiplier monolithic microwave integrated circuit (MMIC) in these
two applications. Fig. 1(a)shows a multiplier chip for direct
modulation of a high data rate digital signal onto a microwave
or millimeter wave carrier for subsequent line-of-sight transmis-
sion, and Fig. 1(b)shows a variable gain amplifier (VGA) (linear
multiplier) for optimizing the dynamic range of a high- speed

28 dB, clock suppression of 45 dBc, and less than a 50-ps demod-iber-optic receiver.

ulated eye phase jitter. The analog multiplier was also operated
as a variable gain amplifier, which obtained 20-dB gain with a
BW from dc-18 GHz, an third-order intercept of 12 dBm, and
over 25 dB of dynamic range. A single-ended peak-to-peak output
voltage of 600 mV was obtained with a £35-mV 15 Gb/2°% — 1
PRBS input demonstrating feasibility for OC-192 fiber-telecom-
munication data rates. The InP-based analog multiplier IC is an
attractive building block for several wide-band communications
such as those employed in satellites, local multipoint distribution
systems, high-speed local area networks, and fiber-optic links.

Index Terms—Fiber optics, InP HBT, limiter, mixer, multiplier,
VGA.

Manuscript received October 28, 1999.

In the first application, a wide-band multiplier is used for
the direct modulation of high-speed data, which is transmitted
at microwave or millimeter-wave carrier frequencies. Several
broad-band wireless communications systems that transmit
data at millimeter-wave frequencies are already established
and include local multipoint distribution systems (LMDS),
high-speed local area networks (LAN’s), and broad-band satel-
lite systems. In these applications, the modulation format is
typically a form of spectrally shaped QPSK with symbol rates
ranging from 50 Mb/s (LMDS) to several Gb/s (high-speed
LAN’s) with carrier frequencies up througk a-band. This
imposes a desire for wide-band operation on the RF input and
output ports and high speed on the modulafif(n), Q(t)] port
of the multiplier. By exploiting the high speed offered by InP
HBT technology, the employment of a direct modulator can
reduce modulator hardware complexity by eliminating one or
more low-frequency IF stages in addition to the corresponding
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Size, weight, and cost. In the second application, given in
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receiver in order to optimize the receiver's SNR and bit error
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ort, the MMIC can be operated as a linear multiplier or
GA in a feedback loop for automatically adjusting the signal
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gain control port, the VGA can also function as a wide-band

limiter amplifier. In either application, wide bandwidth (BW) is
required for amplifying high data rate 10 Gb/s and above digital
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Fig. 2. Summary of state-of-the-art wide-band analog balanced mixer IC
performance.

Clock Clock Output

Recovery |——————p combination of gain (15.3 dB) and BW (>20 GHz) performance
for the applications described above.
The following sections will describe the production InP HBT
(b) technology, detailed analog multiplier design, measured mixer
] ) o o _and variable gain multiplier characteristics, and modulation—de-
Fig. 1. Two wide-band InP HBT analog multiplier applications. (a) Direc

modulation of high-speed data onto a microwave carrier. (b) Linear variaHLIre‘OdUIatlon performance.
gain multiplier for high-speed fiber-optic receivers.

II. InAlAs/InGaAs-InP HBT TECHNOLOGY

data streams such as those found in fiber-optic applications likeThe MMIC reported in this paper is based on an InAIAs/In-
SONET OC-192. GaAs-InP HBT device technology. Fig. 3 shows a cross sec-
In both of these applications, the availability of a manufadion of TRW's InAlAs/InGaAs HBT device structure. The In-
turable InP HBT technology with higfir and f,,.... enables the AlAs/InGaAs HBT device epitaxy structure is grown by molec-
use of the traditional low-frequency analog design topologieswar beam epitaxy (MBE) on a semiinsulating 3-in InP substrate.
microwave frequencies. More specifically, an InP HBT-basdge and Si are used as p- and n-type dopants for the base and
Gilbert transconductance multiplier can provide dc couplingmitter/collector, respectively. The emitter incorporates a 750-A
differential balance, and high conversion gain performanteGaAs cap, which is highly doped to obtain low emitter con-
over a multidecade microwave BW, which is preferred over thact resistance. The intrinsic emitter region is 1900-A thick and
Schottky diode balanced mixer for wide-band digital commutoped to 5x 10'” cm3. The base—emitter junction is com-
nications operating in the microwave regime. In comparisopgsitionally graded to form manufacturable HBT’s with very
the Schottky diode balanced mixers used for microwave applepeatable beta and,. characteristics. The HBT dc current
cations are typically limited to an octave in BW, operate singfgain is typically >35 at a current density df = 40 kA/cm2,
ended, and have substantial conversion losses. Fig. 4(a) illustrate the process uniformity of the intrinsic HBT
Fig. 2 gives a summary of state-of-the-art wide-band analdg. turn-on voltage for 100 3-in InP HBT wafers. More impor-
balanced mixer integrated circuit (IC) gain-BW performanctntly for analog and digital circuit designs is thg. matching
demonstrated with Si bipolar junction transistor (BJT), Si Geharacteristics illustrated in Fig. 4(b), which indicate excellent
BJT, CMOS, MESFET, InP high electron-mobility transisto#},. match of 1.1 mV over several sampled wafers. The HBT de-
(HEMT), GaAs HBT, and InP HBT technologies [1]-[9]. Whilevice structure also incorporates a base—collector epitaxial with
high conversion gain can be achieved by Si CMOS and Si Béilbase thickness of 800 A uniformly doped t&3L0'°cm-3, a
technologies, they fall short of providing mixer BW’s above&000-A thick n-type collector lightly doped to st 10'cm3,
10 GHz. Also, although a record mixer RF BW was demorand an N+ sub-collector doped to510 ¢cm3. The intrinsic
strated by 0.J@am InP HEMT technology [10], it fall short of mobility of the electrons in the InGaAs collector material al-
providing the gain and GBP of the bipolar technologies. Conpws the use of thick collector HBT's that can achieve practical
pared to a fully self-aligned 0.@m silicon BJT-based analog breakdown voltages without significantly compromising the de-
mixer, which represents the previous best GBP of 60 GHz [8fice fr and f,..x- A high break down voltagBV .., of 8 V and
the InP HBT-based analog mixer of this work obtains a GBP &V, of 13 V is obtained, which is suitable for most IC appli-
116.4 GHz, a factor of two improvement, and provides the besdtions including cellular power amplifiers.
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Fig. 5 illustrates the HBT device cutoff frequency performance
for 100 3-in InP HBT wafers. The average of a four-finger
HBT is 65 GHz +6%. The manufacturable high... and fr

of these InP HBT’s make them well suited for most RF and
opto-electronic applications.

[ll. WIDE-BAND ANALOG-MIXER DESIGN
A block diagram schematic of the dc—20-GHz Gilbert analog

3-in InP HBT wafers. (b) HBT devick},. matching characteristics for severalMixer/VGA integrated circuit is shown in Fig. 6. The mixer inte-

sampled wafers.

grates RF, LO, and IF amplifiers at each port of the Gilbert cell,

which is differentially balanced and directly coupled at each

The manufacturable HBT fabrication technology employs gort. The RF and LO amplifiers have dc to above 20-GHz 3-dB
self-aligned base ohmic metal process, which is used to pBW capability, while the IF output amplifier has a dc—18-GHz
duce relaxed 1#m emitter-width fingers. Due to the inherent3-dB BW. Compact microstrip matching networks comprised
device properties, the InP HBT’s achieve pgaks andf,...x's of a series microstrip line and shunt capacitor-series resistor
of 80 GHz and 200 GHz (from unilateral gain), respectivelyare employed at each port to ensure flat broad-band gain and
These numbers are obtained from & 110 um2 quad-emitter good return-loss response atthe upper band edges of each ampli-
HBT biased at a current density df. = 50-60 kA/cm2 and fier. Throughout most of the design, <10 un?® single-emitter
aV. = 2.0V. Since the device frequency performance iBIBT's are used, except for the output IF differential amplifier
controlled by a precision MBE growth technology high yieldshat employs 1x 10 un® quad-emitter HBT’s. All devices are
and uniform millimeter-wave device performance are obtainediased at or near its optimal current density of 50-60 KA&lcm
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Fig. 6. Schematic of the dc—20-GHz InP HBT analog mixer/VGA circuit.
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Fig. 7. Detailed schematic of the RF amplifier. Fig. 9. Detailed schematic of the Gilbert cell multiplier core.

Fig. 7 shows the detailed schematics of the RF input amplifieperates from dc to 20 GHz and can accommodate a directly ap-
stage, which is comprised of two successive emitter followerdjed high-speed digital data stream for direct modulation appli-
an emitter degenerated differential amplifier, and two outpaations. Since the input of the LO amplifier is directly coupled,
followers, which feed into the bottom differential stage of tha dc voltage can also be applied to either or both LO inputs in
Gilbert cell mixer. The input follower has 5Q-shunt resistors to order to steer current in the Gilbert cell to obtain variable gain
match to the 532 source. The series microstrip-line—shunt—caontrol from the RF input to IF output. Since the LO differen-
pacitor input network is used to match to the capacitive lookingal amplifier has gain, the input gain control range is only linear
impedance of the input followers at the upper band edge. T an appliedt75-mV dc control signal. In order to widen the
microstrip transmission ling&'L; is 10 umx 250 um, while the linear gain control voltage characteristics for linear multiplier
input capacitorC; is 0.3 pF. A 15%2 resistor in series with the applications, a diode predistortion circuit can also be integrated
shunt capacitor is included to damp out any potential resonaneéth only a slight compromise of the LO BW response.
that could result in excessive ringing or overshoot responsesThe mixer is comprised of the conventional Gilbert cell
when a digital signal is applied at the input. The matching circuivpology given in Fig. 9 and employs 3@4oad resistors and
results in excellent return loss >15 dB up through 20 GHz ardd Qof emitter( R.., = 30 §2) degeneration resistance. A linear
flat broad-band gain performance beyond 20 GHz. Without timeultiplier can easily be implemented by employing heavy
matching circuitry, the return loss becomes poorer than 10 dBeahitter degeneration on the bottom differential pair instead of
the upper band edge. The RF differential amplifier has an emitfmeceding the upper pair with a predistortion network; however,
degeneration of 52 (R.. = 10 2) and a load resistance of 120the lower pair is typically reserved as the unmodulated port
Q. in high-frequency design due to reduced Miller effect, which

The LO amplifier given in Fig. 8 is similar to the RF ampli-is a result of the low-impedance load provided by the Gilbert
fier design, except the differential amplifier is followed by onlftransistor quad);—4 The output of the Gilbert cell is directly
one emitter follower level-shifting stage, which is fed into théed into the IF output differential amplifier. Fig. 10 gives a
top transistor quad of the Gilbert cell mixer. In addition, onlyletailed schematic of the IF output buffer stage. This stage is
one input follower stage precedes the differential amplifier, baomprised of three successive emitter followers, which provide
has a similar passive-C input matching network. The LO dif- mixer output buffering as well as a three diode level shift re-
ferential amplifier has a load resistor of ®0and an emitter de- quired to provide the proper dc voltage headroom for the output
generation resistance of(d (R.. = 10 Q). This LO amplifier differential pair. Since the output differential amplifier must
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drive external 502 loads and provide moderate voltage swings, 5 10 15

large quad-emitter HBT's with a total periphery of gth2 are RF+LO Frequency (GHz)

used in order to allow high current swings (20—30 mA). The

capacitance due to this larger device periphery degrades fige 13. Measured wide-band up-conversion mixer performance.

BW response of the IF output amplifier (and the RF path of the

complete mixer MMIC) and, therefore, resistive feedback is IV. MEASURED PERFORMANCE

employed in order to widen the gain response. The additional ) .

feedback follower transistor§g_10 help preserve the large” General RF Mixer Characteristics

signal BW as the IF amplifier goes into saturation. In addition, The InP HBT analog multiplier was measured as both a

an output matching network comprised of a series transmissidown-converter (fixed IF) and up-converter. Fig. 12 shows the

line TL, and shunt output capacitan€g is employed in order measured down-conversion mixer performance. With both RF

to improve the gain flathess and output return loss at the uperd LO ports swept in frequency with a fixed IF frequency of

band edge. The values of these matching components are500 MHz, the mixer achieved 15.3-dB gain, and a 3-dB BW

the order of the RF and LO input matching network valuefrom dc to 20 GHz. With an input power near the mixer's 1-dB

The resulting IF output stage is capable of dc—18-GHz BWbmpression, a minimum 2-2 spur suppression of 20 dBc was

response. obtained across the band. The LO-IF isolation is >17 dB with
Fig. 11 shows a microphotograph of the InP HBT analatpe integrated LO and IF amplifiers, which comprise over 20

mixer/VGA MMIC. The complete MMIC contains 32 HBT de-dB of combined gain. The back-calculated LO-IF isolation of

vices, which are bias operated near their optimfym, current the Gilbert cell core is >32 dB up to 20 GHz and is indicative

density of 50-60 KA/crA All HBT's are 1 x 10 um2 single of good differential balanced operation that is dependent on

emitter devices, except for two quad-emitter devices that cothe HBT's threshold matching performance. The up-conversion

prise the IF output differential amplifier. The MMIC is 3-milresponse in which both RF and LO are swept simultaneously is

thick and incorporates small reactive ion etch (RIE) vias to sugiven in Fig. 13. This figures illustrates an up-conversion gain

port a microstrip matching medium and compact layout. The# 15 dB and a 3-dB BW of 16 GHz. The BW of the IF output

chip measures 1.4 0.9 mn? and is self-biased from a6-V  amplifier determines the upper limit of the upconversion BW

supply while consuming 190-240 mA. performance since the BW capability of both RF and LO ports

o
n
o
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extend beyond 20 GHz. Again, an LO-IF isolation on the orde [ !
. . 761V L L :
of 18 dB is achieved through most of the band. 24.71ns 28psdtu 24.91ns
B. General VGA Characteristics Fig. 17. Single-ended driven VGA eye diagram response th3&-mV

- 15-Gb/s23 — 1 PRBS input signal.
The analog multiplier was also operated as a VGA by ap-

plying a dc voltage control signal to the LO port. Fig. 14 gives
the dc—20-GHz variable gain response for various dc control _ Tektronix

e . . Anritsu MP1652 11801 Digitizing Scope
voltages. The amplifier obtains flat gain control response from bATA T | vth SD-22 Sampiing Head
dc to 16 GHz with a 3-dB BW of 18 GHz. Over this BW a
maximum gain of 20 dB and a dynamic range of 27 dB is ob-
tained. The corresponding linear input control voltage-ig6
mV. Since the variable gain port is high speed with a BW from s A A
dc to 20 GHz, this port can be used as a linear control port
of a high speed complex modulator applications. With the em- | S5
ployment of a predistortion circuit on this port, the linear gain A ; Dosine) gic%*;tffy",fﬂ‘{:;“"e
control voltage can be extended 4600 mV. Fig. 15 shows
the broad-band input return-loss performance over gain con- Shitter
trol. This figures shows the effectiveness of using microwave
microstrip matching at the input port of the mixer. Greater than
15-dB return loss is achieved from dc to 20 GHz and is not seflg. 18. Block diagram of the modulator—demodulator test measurement
sitive to gain control. Without the input matching network, theystem used to evaluate the InP HBT multiplier.
return loss becomes poorer than 10 dB at the upper band edge.
Fig. 16 gives the broad-band output characteristics of the VGATo demonstrate its feasibility for high data rate limiting and
at maximum gain setting. The VGA obtains 20-dB associatetecting applications, the eye diagrams of the single-ended
gain from dc to 16 GHz, an third-order intercept (IP3) as higthriven VGA at maximum gain setting was obtained (see
as 12 dBm/F,,; of 3.5 dBm, andP; 4g of > -1 dBm. Fig. 17). This figure illustrates good eye opening in response

~— D(1)Sin(¢); Set ¢ =0 for eye pattern

Sin(wt + ¢)
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to a £35-mV 15-Gb/s pseudorandom bit sequence (PRBS) TABLE |
input signal. The singled ended output signal was 600 mV 2-4'6?:/:A§“2$ED;§’;TIES Eve
peak-to-peak with a gain of 18.7 dB.

Carrier Frequency (GHz) Phase Jitter (pS) DC Output
Offset Voltage (mV)
C. High-Speed Direct Digital-Modulator—-Demodulator 10 30 0

Demonstration at Microwave Frequencies ® ® 0
20 50 12

In order to demonstrate the analog mixer's direct-modulatiol
capability, the MMIC was measured in a modulator—-demodu-
lator test measurement system, shown in Fig. 18. The devisgnal before being displayed. A variable phase shifter is em-
under-test (DUT) is the InP HBT analog multiplier, which is feghloyed on the LO port of the demodulator mixer and is adjusted
differentially into the IF (labeled LO on the MMIC schematics}o maximize the amplitude of the demodulated eye response.
modulating port by an Anritsu MP1652 signal generator. THeig. 19 illustrates the demodulated eye diagrams for 10-, 16-,
Anritsu produced 23! — 1 PRBS, which was fixed at a data rateand 20-GHz carrier frequencies. Each of the eye diagrams have
of 2.4 Gb/s to demonstrate the high-speed direct-modulation eary well-defined eye diagrams, indicative of excellent modu-
pability. This modulation was superimposed onto 10-, 16-, afator performance. The observable overshoot is believed to be
20-GHz carriers provided by the LO signal source generatdue to the pattern generator's interaction with the RF cables at
fed into the LO port (labeled RF on the MMIC schematicsthe harmonic frequencies. This was verified by connecting the
This modulated carrier is then demodulated using a high-pémritsu directly to the Tektronics scope through an RF cable
formance Schottky diode mixer, low-pass filtered, and then diand observing the ringing response. The overshoot ringing was
played on a Tektronix 11801 Digitizing Scope with a SD-28ubdued by employing the low-pass filter, but did not com-
sampling head. A low-pass filter is used to filter out the carrigrietely eliminate the subtle overshoot characteristics. Table |
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-20 — T T T ital modulation—demodulation, and fiber-optic communication
links for satellite, millimeter-wave digital radio, and fiber-optic
telecommunications.

301 Carrier Rejection (dB) b
/\
-40 T LSB Clock Suppression (dBc) ] ACKNOWLEDGMENT

The authors would like to recognize the technical support of
USB Clock Suppression (dBc) T. Naeole for InP HBT processing and the InP backside pro-
cessing team.

-50

Clock Suppression & Carrier Rejection

10 12 14 16 18 20

LO Carrier Frequency (GHz) REFERENCES

[1] J. Wholey, I. Kipnis, and C. Snapp, “Silicon bipolar double balanced

. . — . . active mixer MMIC's for RF and microwave applications up to 6 GHz,”
Fig. 20. Carrier rejection and clock suppression performance as a functionof ;' |eeg MMWMC Symp. DigLong Beach, CA, 1989, pp. 133-137.

carrier frequency. [2] A.Y.Umeda, C.T. Matsuno, A. K. Oki, G. S. Dow, K. W. Kobayashi, D.
K. Umemoto, and M. E. Kim, “A monolithic GaAs HBT upconverter,”

. . in IEEE MMWMC Symp. DigDallas, TX, 1990, pp. 77-80.
summarizes the demodulated eye phase jitter and dc offset gB] s. Fujita, Y. Imai, Y. Yamane, and H. Fushimi, “DC-10 GHz mixer and

the multiplier as a function of carrier frequency. A demodu- amplifier GaAs IC's for coherent optical heterodyne receiver|/EBE

. . . ISSCC Dig. San Francisco, CA, 1991, pp. 122-123.
Iate_d phase jitter of 3_0 ps was obtained for a 10 G_HZ CaImer ) k. osafune and Y. Yamauchi, “20-GHz 5-dB-gain analog multipliers
while 50 ps was obtained for 16- and 20-GHz carrier perfor- ~ with AIGaAs/GaAs HBTs,” iNEEE MTT-S Symp. DigBoston, MA,
mance. The corresponding dc offset voltage is immeasurable 1991, pp. 1258-1288.

. ] L. M. Burns, J. F. Jensen, W. E. Stanchina, R. A. Metzger, and Y.
for the 10- and 16-GHz carriers, and only 12 mV was mea- K. Allen, “DC-to-Ku-band MMIC InP HBT double-balanced active

sured for the 20-GHz carrier. Note that the demodulated eye di-  mixer,” in IEEE ISSCC Dig.San Francisco, CA, 1991, pp. 124-125.
agram characteristics reflect both modulator DUT and demod-6] K. W. Kobayashi, L. T. Tran, S. Bui, A. K. Oki, D. C. Streit, and M.

. - R n, “InAlAs/In HBTX -ban le-balan nverter,”
ulator characteristics. Thus, these measured characteristics may |E0ES|§ 5 Solid—giatee?:?'iuityol Z%a p?) df;?f’g‘if;‘g %ecdt “1%0904 verter,

be interpreted as the conservative performance of the InP HBT[7] H. wang, “A 1-V multi-gigahertz RF mixer core in 08m CMOS,” in
direct-modulator DUT. Finally, carrier rejection and clock sup- . :DEEVE 'Sscg %ghs?t” FfﬁnCT'SQ?g CA, 1E§’9§v ptp- 37(|)|'_371d < En
. . . . eger, . ochultes, L. Ireiunger, £. bertagnolil, an . inger,

pression were directly measured at Fhe PUtpm of the DUT usmg[ “Gilbert multiplier as an active mixer with conversion gain bandwidth of
a spectrum analyzer and is shown in Fig. 20. For the 2.4-Gb/s  upto 17 GHz,"Electron. Lett, vol. 27, no. 7, pp. 570-571, Mar. 1998.
modulated 20-GHz carrier, a carrier rejection of 28 dB was ob- (€] é-ﬁ,le?n' M. Case, D. Hafamf& tB- M;yesfi%f]’ gﬂd R_-tPQ'SISgn' “1§'GIHZ

. . . . lbert mixers using a manufacturable si/sl—Ge epitaxial-base bipolar
ta'”e‘{'- while lower side-band and up_per side-band clock _sup- technology,” inProc. IEEE Bipolar/BiCMOS Circuits Technol. Meeting
pressions of 45 and 56 dBc, respectively, were also obtained. Dig., Minneapolis, MN, 1998, pp. 186-189.
These measurements indicate that excellent direct-modulatid#] Y. 'Ta'v S. 'ﬁ!”}ufa, Y. UTegaHérl\]/?TT' EE”EO'EQI\;‘IPC to 38'%H_de'§t\fl'\?lﬂ9d
performance can be achieved up to the mixer's conversion-gain o 03 MUHPLET using > icrowave Buided Wave

Lett, vol. 4, pp. 399-401, Dec. 1994.
band edge of 20 GHz.

V. CONCLUSION

Kevin W. Kobayashi (M'93) was born in San Diego,
CA, in 1963. He received the B.S.E.E. from the Uni-
versity of California at San Diego, in 1986, and the
M.S.E.E. degree from the University of Southern Cal-
ifornia, Los Angeles, in 1991.

In 1986, he joined the TRW Electronics and Tech-
nology Division, Redondo Beach CA, where he has
focused on the development of HBT MMIC design
technology for military and commercial applications.

This paper demonstrates an InP HBT analog Gilbert c¢
mixer/VGA, which achieves the widest conversion-gain—-B
product reported for an analog IC mixer. The availabilit
of the high-speed InP HBT technology enabled the anal
multiplier to demonstrate 2.4-Gb/s direct modulation at 20 GH
and 15-Gb/s VGA-limiter amplifier performance for high _ ary .

—data-rate wide-band digital communications systems. SH:a'rSCf]“;L%”ggvzzgrrfgf;ﬂ‘;jeeﬁgaatﬁ; é’é Z?Vrﬁéﬂ-rpeér-
order to pursue higher output voltage limiter amplifier, opticabrmance MMIC's for next-generation high-data-rate communication systems.
mod-driver, and power amplifier applications for wide-bante is also responsible for the design of several standard and custom GaAs

T g ; : BT commercial radio-frequency integrated-circuit (RFIC) products currently
millimeter-wave frequency operation, InP_collector epltaxgl high-volume production. He has written over 100 IEEE journal and refereed

double heterojunction bipolar transistors (DHBT's) are beingnference papers relating to HBT MMIC design and device technology. He

developed for the next iteration of these circuit designs. Coriso holds 14 U.S. patents with ten pending, which relate to HBT device and
: : : ircuit structures.
bined with a manufacturable high-speed InP HBT teChnOIOdy’Mr. Kobayashi is a TRW Technical Fellow. He is an associate editor for the

the analog mixer/VGA MMIC can become an enabling building:eg burnaL of SoLip-State CircuiTs and an executive committee member
block for future high-data-rate systems employing direct-digf the IEEE GaAs IC Symposium.



202

IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 48, NO. 2, FEBRUARY 2000

Ryan M. Desrosiers(M’96) received the B.S.E.E.
degree from the University of Washington,
Pullman, in 1994, and the M.S.E.E. degree fro
Carnegie-Mellon University, Pittsburgh, PA, in 1996.

In 1996, he joined TRW, Redondo Beach, CA,
where he was involved in the development of severe
wide-band RF modulator and demodulator system:
Specializing in BW efficient modulation techniques,
he designed several custom GaAs HBT circuits
that enabled modulation rates in excess of 3 Gb/s
In 1999, he joined Maxim Integrated Products,

Benjamim Tang (M'96) was born in Sao Paulo,
Brazil, in 1964. He received the B.S., M.S., and
Ph.D. degrees in electrical engineering from the
University of California at Los Angeles in 1985,
1986, and 1995, respectively.

Since joining the TRW Digital Products Center,
Redondo Beach, CA, in 1985, he has been involved
in the design of high-speed digital, mixed-signal,
analog, Si CMOS and bipolar, GaAs CHFET and
HBT, and InP HBT integrated circuits for a variety
of applications, including data formatters, switches,

Beaverton, OR, where he is currently develops high-speed analog circuits docoders/decoders, multiplexers/demultiplexers, analog-to-digital converters,

fiber communications applications.

semiconductors. He is currently the HBT Section Manager, Microelectronics
Products and Technology Development Department, TRW. He has co-authg

over 60 publications.

digital-to-analog converters, frequency synthesizers, clock and data recovery,

laser and mod drivers, amplifiers, and interface circuits. His current interests
include architecture and hardware development of multigigabit per second
serial data buses, fiber-optic, and RF communication systems.

Augusto Gutierrez-Aitken received the B.S.E. and
Licentiature degrees in electrical engineering from
EMI University, La Paz, Bolivia, in 1985 and 1987,

respectively, and the M.S.E. and Ph.D. degrees

L. T. Tran, photograph and biography not available at the time of publication.

in electrical engineering from The University of Thomas Ray Blockwas born in St. Louis, MO, in 1962. He received the B.S.
Michigan at Ann Arbor, in 1991 and 1994, respec-degree in electrical engineering, and the M.S. and Ph.D. degrees in engineering
tively. His doctoral research focused on InP-baseffom The University of Texas at Austin, in 1984, 1986, and 1991, respectively.

high-performance
applications in optical communication systems.

integrated photoreceivers for In 1991, he joined the TRW Electronics and Technology Division, Redondo
Beach, CA, as a Senior Member of Technical Staff where he was engaged in

From 1994 to 1996, he was a Post-Doctoral Remolecular-beam-epitaxy growth of compound semiconductors for both research
search Fellow in the Solid-State Electronics Laboraand production. He is involved in the growth of GaAs-based HBT’s, HEMT's,
tory, The University of Michigan at Ann Arbor, where he was involved withand MESFET's and InP-based HBT’s, and HEMT's. In 1995, he became the
high-speed and low-crosstalk photoreceiver arrays and high-speed InP-badadager of the TRW Advanced Materials Section, Redondo Beach, CA.
lasers. In 1996, he joined the TRW Space and Electronics Group, Redondo
Beach, CA, where he is involved with high-performance HBT's in compound

John C. Cowles(S'88-M'88) was born in Sao Paulo,
Brazil, in 1965. He received the B.S. degrsarima
cum laudg in electrical engineering from the Uni-
versity of Pennsylvania, Philadelphia, in 1987, an
the M.S. and Ph.D. degrees in electrical engineeri qjondo Beach, CA.
from The University of Michigan at Ann Arbor, in
1989 and 1994, respectively.

In 1994, he joined the TRW RF Product Center,

Aaron K. Oki (M'86) was born in Honolulu, HI. He
received the B.S.E.E. degree from the University of
Hawaii Honolulu, in 1983, and the M.S.E.E. degree
from the University of California at Berkeley, in
1985.

Since 1985, he has been involved in the research,
development, and production of advanced GaAs and
InP HBT technology for commercial and high-relia-
bility space applications. In 1997, he became the As-
sistant Manager of the TRW Microelectronic Prod-
ucts and Technology Development Department, Re-

N3 Mr. Oki is a TRW Technical Fellow.

Redondo Beach, CA, where he was involved with théwight C. Streit (S'81-M'85-SM'92-F'99) received the Ph.D. degree in elec-
development of GaAs and InP HBT technologies fottrical engineering from the University of California at Los Angeles, in 1986.

high-speed monolithic microwave, opto-electronic,

He is currently Director of TRW Telecom Products, Redondo Beach, CA.

and mixed-mode integrated circuits. In 1998, he joined Analog Devicede was previously Manager of the Microelectronic Products and Technology
Northwest Laboratories, Beaverton, OR, as a Principal IC Design Engind2evelopment Department, TRW, and Principal Investigator for several research
involved with novel RF/IF products in silicon bipolar and CMOS technologiesand development projects related to compound semiconductor materials and de-
He has authored or co-authored 50 IEEE journal and conference publicatisit®s. He has published over 300 technical papers and possesses over 20 patents
in the area of high-speed devices and IC’s. issued or pending.



