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Abstract—The first completely integrated silicon (Si) bipolar
junction transistor (BJT) voltage-controlled oscillators (VCO's),
based on three-dimensional (3-D) monolithic-microwave
integrated-circuit (MMIC) technology are presented in this
paper. The 3-D MMIC technology offers the use of reactive
matching in circuit design as well as GaAs MMIC construction
and expands the operation frequency of Si MMIC’s. Two types
of VCO MMIC’s using 0.5-um Si BJT's are presented and
demonstrated. Both exhibit a very wide frequency tuning range
in the 5- and 6-GHz bands. The former offers the frequency
tuning range of 33% using the base—emitter conductance
operation of the BJT, which works like a varistor with a large
ratio. Furthermore, the oscillation frequency is remarkably
linear against the controlled base bias. To confirm the wide-
tuning ability of the proposed VCO at higher frequencies, a
7-GHz-band VCO is fabricated on the same Si masterslice array
used for the 5-GHz-band VCO. It achieves a 28% tuning range
from 5.53 to 7.09 GHz at the collector bias of 2 V. The latter,
whose frequency is controlled by a varactor diode, also offers

Three-dimensional (3-D) MMIC technology [4]-[7] has the
potential to solve this problem. This is because 3-D MMIC'’s
can provide passive circuits that are shielded from the effects
of the lossy Si substrate. In addition, 3-D MMIC technology
can expand the application region of Si devices to higher
frequencies by using reactive matching, as is possible with
GaAs MMIC’s. Furthermore, by using the 3-D masterslice
MMIC design approach proposed by the authors [8]-[10], we
can greatly reduce development turn around time (TAT) and
fabrication cost.

In this paper, the first monolithic 0.bm Si bipolar VCO'’s
using 3-D MMIC technology are presented. After describing
the structure and fabrication of the typical Si 3-D masterslice
MMIC, we propose two Si VCO’s with a very wide tuning
range: one utilizes the varistor behavior of a transistor for
controlling oscillation frequency; the other one utilizes a

a wide tuning range from 5.15 to 6.75 GHz. The phase noise varactor diode. The former, a 5-GHz-band VCO MMIC [11],

achieved ranges from—95 dBc/Hz to —117 dBc/Hz at 1-MHz

offset frequency over the tuning range of 1.6 GHz (best phase

noise performance is —90.5 dBc/Hz at 100 kHz). Measured
results show that 3-D MMIC Si VCO's can be developed that
yield frequencies above 7 GHz.

Index Terms— Masterslice, microwave bipolar transistor,
MMIC, oscillator, three-dimensional, VCO.

I. INTRODUCTION

achieves the very wide tuning range of more than 33%; the
ratio of the base—emitter conductance of the BJT can range
from one to above eight. In addition, the oscillation frequency
is linear against the base bias within the frequency tuning
range. The measured phase noise-83 dBc/Hz at 100 kHz
and —110 dBc/Hz at 1-MHz offset from the carrier. To
confirm the wide-tuning ability of the proposed VCO at higher
frequencies, a 7-GHz-band VCO is designed and fabricated on
the same Si masterslice array used for the 5-GHz-band unit.

ECENTLY, the demand for millimeter-wave and mono# achieves a 28% tuning range from 5.53 to 7.09 GHz at the
lithic microwave integrated circuits (MMIC’s) has beercollector bias of 2 V. The latter, a 6-GHz-band VCO whose

continuously growing to realize the multimedia era. Cost fsequency is controlled by a varactor diode, also offers a wide
the most important issue in developing MMIC’s. A low-costuning range from 5.15 to 6.75 GHz at the collector bias of
low phase-noise oscillator with wide tuning range is urgently V. The phase noise achieved ranges fre®5 dBc/Hz to
needed as the local oscillators in microwave and millimete~117 dBc/Hz at 1-MHz offset frequency over the tuning range
wave systems. Silicon (Si) bipolar junction transistors (BJT's)f 1.6 GHz (best phase-noise performance 8.5 dBc/Hz at
are considered excellent candidates for cost-effective and @80 kHz). The measured results confirm that the proposed Si
phase-noise voltage-controlled oscillator (VCO) applicationsCO design can be realized at higher frequency. Furthermore,
because they offer lowelr/ f noise than MESFET’s and highSi 3-D MMIC's are suitable for realizing lower cost, small
electron-mobility transistors (HEMT’s). Several monolithic Schip size, and high-density integrated-circuit applications up
VCO’s have been recently reported [1]-[3]. However, fewo 30 GHz because Si BJT's have demonstrated that they can
papers have demonstrated Si VCO MMIC's for frequencieghieve f,,.x values of 70 GHz [12].
above 5 GHz due to the loss of the Si substrate.

Il. STRUCTURE AND FABRICATION
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capacitors, are used repeatedly to form a master array, and
the whole wafer surface is passivated. The second-level metal
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Fig. 1. Configuration of Si masterslice 3-D MMIC. (a) Cross-sectional view. (b) Array unit.

(Al), GN D1, covers those elements not used in circuit desigiovide passive circuits whose performance is not affected
to form a ground plane. This metal simultaneously builds they the lossy Si substrate. Accordingly, the 3-D structure
different MIM capacitors such as shunt and series capacitoaiows the use of reactive matching for monolithic Si circuit
The devices and first and second metal are manufactured uglegign which greatly improves the operating frequency of
an ordinary Si integrated-circuit (IC) process. Next, thin-filmhe Si MMIC's [8]. Furthermore, the 3-D masterslice MMIC
polyimide layers and gold metal layers are stacked over ttechnology reduces development TAT and fabrication cost.
wafer andGN D1 to complete the 3-D MMIC design. The

fabrication process of the 3-D interconnection structure uses

the folded metal interconnection technology (FMIT) with a

thick insulator [6], almost the same as GaAs 3-D MMIC's. )

By allowing GND1 to cover a large part of the wafer, the”- Basic Theory
conductive property of the wafer is effectively isolated from The basic configuration of the first type of VCO is shown
the passive structures built on and abavé/ D1, and high in Fig. 2(a). The VCO uses a series feedback topology with
() passive circuits can be realized. In addition, the space fibe BJT in common emitter configuration. The Si BJT is
many miniature passive circuits can be created(dND1. fabricated by 0.5:m Super Self-Align Technology (SST1C's)
GND1 (and/or an additional ground metal (AujyND2, [13]. Transistor size in the VCO is 0,3m x 13.4um x 9.

as occasion demands) and polyimide layers and metal layBesistance?; (1 k?) is inserted between the base and control

I1l. CIrRcUIT DESIGN
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) on the base—emitter conductangg in (2), we obtain
Z =R +jX,
Zo =Ry - an
R a19p, + 6203, + a30be + 4
a X 3
- (gbe + grn) (blgbe + b2.gbe + b3)

1
(b) X, x
bigl +b b
Fig. 2. Basic configuration of an Si BJT VCO. (a) Circuit schematic. (b) L9be T 029be + 03
Equivalent circuit. where,aq, as, as, as, b1, b2, b3, andc; are all constants. The
above expressions show that the reactakigecan be dynami-

bias point so that the base current smoothly increases willy changed by the base—emitter conductance. Therefore, the
control bias. The base is connected to the ground througscillation frequency of the VCO using SST1C transistors is
a 40%) 30-um-wide thin-film microstrip-line (TFMS) short- controlled by the base-—emitter conductance, which depends
circuited stub [14]. The collector is connected to the VC@ON base current. Fig. 3 shows the base resistafigeand
output port via a section of the TFMS line for impedancéhe base—emitter conductangg. of SST1C transistor as a
matching. Fig. 2(b) shows a simplified equivalent circuit fofunction of base current. In Fig. 3, the values are normalized
estimating frequency tuning performance of the proposé®@) the value at the standard current. The base—emitter con-
VCO, whereR;, Che, gve, and g, are the base resistanceductance decreases in inverse proportion to the base current,
the base-collector capacitance, the base—emitter conductadétere the base resistance is fixed. Thus, the base—emitter
and the transconductance of BJT, respectively. Voltadgemd resistance works like a varistor with a ratio of one to more
V, are collector—base and control-base bias. Yhmatrix of than eight. According to expression (3), the VCO can, by

(3)

the BJT (common-emitter BJT) is given below: using the SST1C transistor, achieve a wide frequency tuning
range without additional variable reactance elements such as
Ibe + jwcbc _jwcbc varactors. . i i i . L
1+ Ry(gve + jwCho) 1+ Ry(gve + jwCho) The combination of using low-noise devices and raising the
g = §0Che  jwChell + Rylghe +gm)} |- @ factor is effective for realizing a low phase-noise oscillator.

As Si BJT's have lower noise than MESFET’s and HEMT's
(1) atlow frequencies, an Si BJT can be used to create a negative-
From theY-matrix (1), input impedancé, at the base [as resistance generator. However, this initial design does not
shown in Fig. 2(a)] is obtained, as shown in (2), at the bottooonsider the? factor for estimating the original performance
of the page, where we can ignore capacitafigeIf we focus of Si 3-D MMIC VCO'’s, and uses the low-loss 40-TFMS

14+ Rb(gbe + jwcbc) 1+ Rb(gbe + jwcbc)

_grn{gbe + wcchL(gbe + grn)} + WQCgc{RL(gbe + grn) - 1} - {1 + Rb(gbe + grn)}6

Zy =
(gbe + grn)6

;wcbc(grnRL - wcchL - 1)
6
6= {gbe + wcchL(gbe + grn)}2 + WQCLQ,C{RL(gbe + grn) - 1}2 (2)
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Fig. 4. Photograph of the fabricated 5-GHz-band Si bipolar VCO. Base bias, V,, (V)
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line as a resonator. Therefore, the loadgdfactor [15] of _ T e 10
the 5-GHz-band VCO is only 0.58 and 0.59 at collector-bias 140F
levels of 1 V and 3 V, respectively. Raising tlig factor is 1202
a future technical subject. < : w
= : %
_, 100} ®
- L o
B. Measured Performance = : =
[ 80F @
A microphotograph of the fabricated 5-GHz-band VCO 3 r E
MMIC chip is shown in Fig. 4. The total chip size prototype 3 60p -
design is 1.3x 0.9 mn¥; however, some of this area is 2 4of s
consumed by unnecessary transistors, capacitors, and groum?zl -
and RF probe pads because the VCO was manufactured on 20t V, =3V
a masterslice Si substrate [8], [10]. The integrated VCO ..\ ittt ]
can be optimized to consume an area of less thanx0.8 2 3 4 5 6 7
0.6 mn?. The transistor's electrode and MIM capagitanqe Base bias, V,, (V)
bottom electrodes are connected to TFMS lines using via-
holes. The 402 30-um-wide TFMS line is formed in a ®)
spiral-like configuration, and its length is 3.66 mm for 5-GHzEig- 5. Performance of the 5-GHz-band VCO versus base bias(a)
band operation. Frequency tuning range and output power. (b) Collector and base current.

The oscillation frequency and output power as a function | .
of base biag; are plotted in Fig. 5(a). The VCO achieves Qoise is—83 dBc/Hz and-112 dB_c/Hz at _offset frequencies
very wide frequency tuning range from 4.02 to 5.35 GHz witR’ 100 kHz and 1 MHz, respectively. Within the frequency
output powers ranging from 2.3 to 8.5 dBm at the collectdPNing range, phase noise levels as low-d93 dBc at 1-MHz
bias of 3 V. In addition, the linearity of oscillation frequencyPTSet can be obtained, as shown in Fig. 6. As expected, phase
versus the controlled base bias is excellent within the tuniﬁg'_se increases with increasing base current (base s
range. The high linearity of the proposed VCO is due thNiS behavior corresponds to the increaselgf noise of
the linearity of base current versus control bias, as shownBJT'S With increasing base current.
Fig. 5(b). Utilizing the voltage dropping effect of resistBf, )
the VCO offers fine adjustment of the base voltage at the bdseRedesign of a 7-GHz-Band VCO
of the BJT. We measured the tuning range versus base biasfter measuring the 5-GHz-band VCO, we designed and
V,, for three different collector—bias values. The collector bidabricated a 7-GHz-band VCO to challenge higher frequency
enhances the frequency tuning range and output power. dplications of the Si BJT oscillator. By utilizing the stock of
V. =2V, a 30% tuning range is obtained; the output powehe Si master array used for the 5-GHz-band VCO, we could
ranges from—0.3 to 6.3 dBm. Even with the low dc-biassave the Si IC process to complete the 7-GHz-band VCO. It
voltage ofV, = 1V, it achieves 20% tuning range from 4.05%akes only one month to manufacture the 7-GHz VCO after
to 4.9 GHz and the frequency sensitivity of 820 MHz/V.  design. The prototype VCO also consists of a series feedback

The phase noise of the VCO was directly measured usingtapology with the BJT in common emitter configuration to
HP8566B spectrum analyzer. The collector bias also basicatignfirm the wide-tuning ability of the proposed VCO at higher
enhances phase-noise characteristics because the collectorfoegquencies. Fig. 7(a) shows photograph of the fabricated
rent, whose standard value is 36 mA, increases. Fig. 6 show&Hz-band Si VCO. Difference between the 5- and 7-GHz-
the phase noise as a function of the offset frequency frdmand VCO's is just TFMS line length. The 4D-TFMS line
center frequency. AV, = 3 V and V, = 2.2 V, the phase for a resonator is 1.61 mm long for the 7-GHz-band VCO.
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Fig. 8. (a) Circuit schematic and (b) photograph of a 6-GHz-band VCO
using a varactor diode.

obtained; the output power ranges from 1.5 to 6 dBm. Even
with the low dc-bias voltage of, = 1 V, the VCO achieves

a 20% tuning range with control bias range between 1.9 and
2.7 V. Accordingly, the VCO achieves the high-frequency
sensitivity of 1 GHz/V atlV, = 1 V. At V. =3V, a 28%
tuning range from 5.59 to 7.17 GHz is obtained; the output
power ranges from 6 to 11.2 dBm. The measured phase-noise
performance of the 7-GHz-band VCO is of the same order
as that of 5-GHz-band device. At collector bias of 3 V, the
7-GHz-band VCO holds the phase noise ungdd02 dBc/Hz
within the tuning range. The best phase noise86.5 dBc/Hz

at 100-kHz offset and-113 dBc/Hz at 1-MHz offset from

the carrier. The measured results confirm that the proposed Si
VCO is suitable for realizing microwave oscillators with wide
tuning range.

IV. VCO wWITH A VARACTOR
We also designed another VCO with a varactor diode

Fig. 7. A 7-GHz-band VCO fabricated on the same Si masterslice array ud@f €evaluating varactor-diode application to Si 3-D MMIC
in constructing the 5-GHz-band one. (a) Photograph and (b) frequency tuniggcillators. Fig. 8(a) shows a circuit schematic of this VCO,

performance versus base bidg at V. = 1, 2, and3 V.

Fig. 7(b) shows the tuning range versus base biador

where V., V,1, and V> are collector bias, base bias of
the transistor generating negative resistance, and control bias
of the varactor diode, respectively. A varactor utilizing the

three different collector—bias values. The 7-GHz-band VCRase—collector junction, i.e., the base—collector capacitance
also achieves a wide tuning range because of varistor behavidg, of a transistor is inserted in the resonant tank connected
At V. = 2.0V, a 28% tuning range from 5.53 to 7.09 GHz ido the base of the BJT. The base—collector capacitance tuning
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Fig. 9. (a) Frequency tuning performance and (b) output power of tiFg. 10. Collector current (aj., base currenf,;, and (b) varactor current
6-GHz-band VCO as a function of varactor bigg atVe. =1, 2, and3 V. I, of the VCO as a function of the varactor bi&g,.

performance depends on collector-base bigs The tuning begins to flow from base to collector, as shown in Fig. 9(b),
capacitance ratio is 1.7:1 from 0 te2 V for the 0.3um x  resulting in an increase in the base currgnt Therefore, the
13.4um x 9 unit transistor. The loaded factor of the 6-GHz- base voltage at the base of the transistor decreases due to the
band VCO is 0.63 at the collector bias of 1 V, as low as thaicrease in voltage drop caused By. The collector current
of the 5-GHz-band VCO shown in Fig. 2(a). Fig. 8(b) shows laehavior, shown in Fig. 9(a), corresponds to this decrease in
microphotograph of the fabricated 6-GHz-band MMIC VCObase voltage. According to the results in Fig. 5, the oscillation
The intrinsic chip size is 1x 0.65 mn?, and the varactor frequency goes up as the collector current falls. However, the
is used by connecting two unit transistors. The(4@0-um- frequency of the 6-GHz-band VCO becomes low because of
wide TFMS line is formed in a spiral-like configuration, andhe varactor behavior. This shows that the varistor and varactor
its length is 4.18 mm for a 6-GHz-band. effect have opposite tuning effects. Turning over the varactor
Fig. 9 shows frequency tuning range and output power efectrode is one of the most simple and effective solutions to
the 6-GHz-band VCO as a function of control bitg for this problem. In addition, it is possible to achieve much wider
Vi1 values of 2.8, 3.8, 4.5, 5.3, and 6.3 V. Tuning range arickquency tuning range.
frequency sensitivity greatly depend on the base bias At Fig. 11 shows the phase noise of the VCO as a function
Vi1 = 3.8 'V, the VCO exhibits the widest tuning range (33%pf varactor bias at the collector bias of 3 V. The measured
from 4.93 to 6.55 GHz. While the tuning range is only 8% gthase noise level is as low as105 dBc/Hz at 1-MHz
V1 = 6.3 V. In addition, we can obtain variable frequencyffset frequency with varactor bias levels from0.25 V
sensitivity from 130 to 870 MHz/V by the base bias. Thiso 8 V. Below Vo, = 1.5 V, the phase noise increases
is because the varistor and varactor have opposite effectwith increasing capacitance nonlinearity of the varactor diode.
oscillation frequency tuning. We explain this using Fig. 10Jsing a pair of varactors antidirectionally coupled in series
which plots the different current values versus the varactetll solve this problem because each varactor cancels the
bias V2. At V;; = 1.2 V, the varactor diode currenf,, capacitance nonlinearity of the other [15]. Fig. 12 shows the
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performance.

V.=3V, V,; =28V, andV,; =2 V. The VCO oscillates

at 6.47 GHz with the output power of 9.7 dBm. The phase
noise is—90.5 dBc/Hz at 100-kHz offset and116.4 dBc/Hz

at 1-MHz offset from the center carrier.

V. CONCLUSION

The first prototype VCO's based on 3-D MMIC’s have been
constructed using 0.pm Si BJT technology. The fabricated
5-GHz-band VCO’ offers a very wide tuning range (33%)
and highly linear oscillation frequency. We also demonstrated
a 7-GHz-band VCO to show the wide tuning ability of the
proposed VCO at higher frequencies. That VCO, constructed
on a master array, also achieves a 28% tuning range. The phase
noise offered by a 6-GHz-band VCO that uses a varactor diode
is —90.5 dBc/Hz at 100 kHz ané-116.4 dBc/Hz at 1-MHz
offset from the carrier. The measured results described herein

Oscillation output spectrum and phase noise versus offset frequemagke Si 3-D MMIC VCOQO'’s attractive candidates for low-cost

low phase noise, and wide tuning oscillators for microwave
frequency applications.

ACKNOWLEDGMENT

The authors would like to thank Dr. S. Samejima,
Dr. M. Aikawa, and Dr. M. Tanaka of NTT Wireless
Systems Laboratories, Yokosuka-shi, Kanagawa, Japan,
and Dr. K. Izumi and Dr. K. Yamasaki of NTT System
Electronics Laboratories, Atsugi-shi, Kanagawa, Japan, for
their continuous support and encouragement. They are also
grateful to Dr. T. Ohira, Dr. T. Hirota, and Dr. T. Nakagawa
for technical discussions.

REFERENCES

[1] N. M. Nguyen and R. G. Meyer, “A 1.8 GHz monolithic LC voltage-
controlled oscillator,"EEE ISSCC Dig. Tech. Papengp. 158-159, Feb.
1992.

[2] J. Craninchx and M. Steyaert, “A 1.8-GHz low-phase-noise spiral-LC
CMOS VCO,” in VLSI Circuits Symp.Honolulu, HI, June 1996, pp.
30-31.

[3] “Silicon RF technologies,” presented at th895 Int. Microwave Symp.
Orlando, FL, Workshop WFFA, May 19, 1995.

[4] T. Tokumitsu, T. Hiraoka, H. Nakamoto, and M. Aikawa, “Multilayer
MMIC using a 3um x 3-layer dielectric film structure,” inEEE Int.
Microwave Symp. Dig.May 1990, pp. 831-834.

[5] I. Toyoda, M. Hirano, and T. Tokumitsu, “Three-dimensional MMIC
and its application: An ultra-wideband miniature balutgICE Trans.
Electron, vol. E78-C, no. 8, pp. 919-924, Aug. 1995.

[6] M. Hirano, K. Nishikawa, I. Toyoda, S. Aoyama, S. Sugitani, and
K. Yamasaki, “Three-dimensional passive circuit technology for ultra-
compact MMIC'’s,” IEEE Trans. Microwave Theory Techvol. 43, pp.
2845-2850, Dec. 1995.

[7]1 S. Banba and H. Ogawa, “Small-sized MMIC amplifiers using thin
dielectric layers,”IEEE Trans. Microwave Theory Techeol. 43, pp.
485-492, Mar. 1995.

[8] I. Toyoda, K. Nishikawa, T. Tokumitsu, K. Kamogawa, C. Yamaguchi,
M. Hirano, and M. Aikawa, “Three-dimensional masterslice MMIC
on Si substrate,” presented at ti€97 IEEE Int. Radio Frequency
Integrated Circuit Symp. Dig.Denver, CO,June 1997.

[9] T. Tokumitsu, M. Aikawa, and K. Kohiyama, “Three-dimensional

MMIC technology: A possible solution to masterslice MMIC'’s on GaAs

and Si,”|IEEE Microwave Guided Wave Lettol. 5, pp. 411-413, Nov.

1995.

T. Tokumitsu, M. Hirano, K. Yamasaki, C. Yamaguchi, and M. Aikawa,

“Highly integrated 3-D MMIC technology being applied to novel

masterslice GaAs- and Si-MMIC'’s,” irGaAs IC Symp. Tech. Dig.

Orlando, FL, Oct. 1996, pp. 151-154.

output spectrum and phase-noise characteristic versus ofﬁ@lt K. Kamogawa, K. Nishikawa, C. Yamaguchi, M. Hirano, I. Toyoda,

frequency of one measured oscillator. Bias conditions are

and T. Tokumitsu, “A very wide-tuning range 5-GHz-band Si bipolar



KAMOGAWA et al: WIDE-TUNING RANGE Si BIPOLAR VCO’S BASED ON 3-D MMIC TECHNOLOGY

VCO using three-dimensional MMIC technology,” 997 IEEE Int.
Microwave Symp. Dig.Denver, CO, June 1997, pp. 1221-1224.
M. Ugajin, J. Kodate, Y. Kobayashi, S. Konaka, and T. Saka
“Very-high f; and fiax silicon bipolar transistors using ultra-high-
performance super self-aligned process technology for low-energy a
ultra-high-speed LSI’s,” inEEE IEDM Tech. Dig. Washington, DC,
Dec. 1995, pp. 735-738.

C. Yamaguchi, Y. Kobayashi, M. Miyake, K. Ishii, and H. Ichino, “0.5-

[12]

[13]

2443

Makoto Hirano (M'92) was born in Tokyo, Japan,
in 1952. He received the B.E., M.S. and D.E.
degrees from Waseda University, Tokyo, Japan, in
1977, 1979, and 1992, respectively.

From 1979 to 1983, he worked in the Musasino
Electrical Communication Laboratory, Nippon Tele-
graph and Telephone Public Corporation, Tokyo,
Japan, where he was engaged in research and de-

nm bipolar technology using a new base formation method: SST1
IEEE Bipolar Circuits Technol. Meeting 4. Minneapolis, MN, 1993 joined the Atsugi Electrical Communication Labora-
pp. 63-66. tory, Kanagawa, Japan, where he has been engaged
T. Hiraoka, T. Tokumitsu, and M. Aikawa, “Very small wide-bandin researching heterostructure FET’s and 3-D interconnection technology
MMIC magic T's using microstrip lines on a thin dielectric ilMEEE  for 3.D MMIC’s. He is currently a Senior Research Engineer, Supervisor,
Trans. Microwave Theory Techvol. 37, pp. 1569-1575, Oct. 1989.  and an Advanced Interconnection Research Group Member, at NTT System
B. T. Debney and J. S. Joshi, “A theory of noise in GaAs FEFE|ectronics Laboratories, Kanagawa, Japan.

microwave ogcillators and its experimental verificatiolFEE Trans., Dr. Hirano is a member of the Japan Society of Applied Physics, and the
Electron Devicesvol. 30, pp. 769-776, July 1983. Institute of Electronics Information and Communication Engineers (IEICE),

T. Ohira, “Spectral purification in GaAs MMIC voltage controlled j553n He was the recipient of the Japan Microwave Prize in 1994.
oscillators by integrated anti-series coupled varactor,” presented at théj

5th Asia—Pacific Microwave Conf. PrgcTaiwan, R.O.C., Oct. 1993.

velopment of magnetic-bubble devices. In 1983, he
[14]
[15]

[16]

Ichihiko Toyoda (M'91) was born in Osaka, Japan,
in 1962. He received the B.E., M.E. and Dr. Eng.
degrees in communication engineering from Osaka
University, Osaka, Japan, in 1985, 1987 and 1990,
respectively.

In 1990, he joined NTT Radio Communication
Systems Laboratories, Kanagawa, Japan. From 1994
to 1996, he was with NTT Electronics Technology
Corporation, Kanagawa, Japan, on leave from NTT,
1992, respectively. where he was engaged in development of wireless

In 1992, he joined NTT Radio Communication communication equipments and MMIC's. He is
Systems Laboratories, Yokosuka, Kanagawa, Japagurrently with NTT Wireless Systems Laboratories, Kanagawa, Japan. His
Since 1994, he has been with NTT Wireless System@irrent interests are 3-D and uniplanar MMIC’s, and their applications based
Laboratories, Kanagawa, Japan, where he has be€R electromagnetic analysis.

l engaged in research on GaAs MMIC's and their Dr. Toyoda is a member of the Institute of Electronics Information and
expansions to antenna-MMIC integration and 3-DCommunication Engineers (IEICE). He was the recipient of the IEICE Young
integration. Engineer Award in 1993, and the Japan Microwave Prize in 1994.

Mr. Kamogawa is a member of the Institute of Electronics, Information

and Communication Engineering (IEICE), Japan.

-
Kenji Kamogawa (M'93) was born in Ehime,

Japan, in 1967. He received the B.E. and M.E
degrees in electrical engineering from the University
of Osaka Prefecture, Osaka, Japan, in 1990 ar

Tsuneo Tokumitsu (M’88) was born in Hiroshima,
Japan, in 1952. He received the B.S. and M.S.
degrees in electronics engineering from Hiroshima
University, Hiroshima, Japan, in 1974 and 1976,
respectively.

In 1976, he joined the Yokosuka Electrical Com-
munication Laboratories, Nippon Telegraph and
Telephone Public Corporation (NTT), Yokosuka,
Japan, where he had been involved in developmental

Kenijiro Nishikawa (A'93), for a photograph and biography, see this issue

p. 2315. 3
=
‘Q research on microwave and millimeter-wave

. GaAs FET circuits and GaAs MMIC's for space

applications. In 1986, he joined ATR Optical and Radio Communications
Research Laboratories, Osaka (now Kyoto), Japan, on leave from NTT,
where his primary interests were in achieving FET-sized wide-band circuit
function modules (LUFET’s), 3-D or multilayer MMIC'’s, and active inductors
Chikara Yamaguchi was born in Yamanashi, for highly integrated MMIC's. In 1990, he joined NTT Radio Communication
Japan, on May 24, 1955. He received the B.SSystems Laboratories, Yokosuka, Japan. In 1993, when he achieved high-
degree in electrical engineering from Yamanashiinearity MMIC T/R modules for 16-QAM digital-radio trunk transmission
University, Kofu, Japan, in 1978. systems. Since then, he has been engaged in developmental research on
In 1978, he joined NTT Musashino Electrical novel MMIC technology including 3-D and advanced uniplanar MMIC's.
Communication Laboratories, Tokyo, working onHe is currently with NTT Wireless Systems Laboratories, Yokosuka, Japan.
reliability of semiconductor devices. During the He has authored or co-authored approximately 60 journal and international
past few years, he has been engaged in researchiognference papers.
and developing process technology for very high- Mr. Tokumitsu is a member of the Institute of Electronics, Information and
speed bipolar devices at NTT System Electronic€ommunication Engineering (IEICE), Japan. Since 1995, he has served on
Laboratories, Atsugi, Kanagawa. the IEEE Microwave and Millimeter-Wave Monolithic Circuits Symposium
Mr. Yamaguchi is a member of the Institute of Electronics, Informatiofnow RFIC Symposium). He was the recipient of the 1991 IEEE MTT-S
and Communication Engineers (IEICE), Japan, and the Japan SocietyMifrowave Prize, and the 1994 New Technology Development Foundation
Applied Physics. Ichimura Prizes in Technology Meritorious Achievement Prize.




