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Abstract

THz circuitry design techniques in the frequency re-
gions close to Maximum Oscillation Frequency (Fmax) of
transistor are discussed. To realize the amplifiersin such
high frequency regions, positive feedback architectures
of a transistor to neutralize a negative feedback due to
Cg, and a precise device de-embedding method ar e nec-
essary. Neutralization techniques and On-wafer calibra-
tion method for those purposes are adopted in THz am-
plifier designs. The amplifiers based on both technolo-
giesof InP and CM OS ar e also demonstr ated.

1. Introduction
Recent sub-millimeter wave monolithic integratettuwits

(MMICs) based on both of compound semiconductoh higsemi-insulating substrate,

electron mobility transistor (HEMT) and CMOS aresojng

INP-HEMT.
Transistors

Fig.1 shows the cross-sectional views of the tsémis and
the equivalent circuits of (a) CMOS and (b) InP-HEM
Since the CMOS transistor has a silicide gate mldet the
gate series resistance becomes higher than thatheof
INP-HEMT. The output capacitance at drain termigallso
large because of large PN junction capacitancesdsst the
drain/source and substrate. Those result in thgelargnal
loss in sub-millimeter wave band. To reduce thgdagate
resistance and output capacitance, the multi-firmgerfigu-
ration with short gate width of unit transistor (i) and
small area for drain electrode are used for CM@8ua On
the other hand, thanks to Au gate electrode and
INP-HEMT has small gede
sistance and output capacitance compared with tlobse

attractive applications for wireless communicatioasd CMOS. Therefore, the gate width of unit transis®guite

sensors [1-4]. As well-known,
sub-millimeter waveband MMICs is an amplifier.

a key component ifarger than that of CMOS by several ten times. Tkatlts

in the large capability of the output power for difigrs.

In this paper, we describe the RF circuitry desigased on Fig.2 shows the measured unilateral gains of InRARENd
InP HEMT and CMOS. The operational frequency o€MOS which have relatively same gate length. Asaghim
300GHz on InP HEMT and 270GHz on CMOS are demorthe results, the Jfx of INP-HEMT is so much higher than

strated in fabricated amplifier MMICs.

2. Technology comparisons
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Fig.1 A cross-sectional views of transistors and equiv-
alent circuitry of (a) CMOS and (b) InP.
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Fig.2 Measured unilateral gains.

First, we discuss the differences of RF charesties of
transistors and passive elements between CMOS and

that of CMOS.
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Fig.3 A cross-sectional views of transmission lines.
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Fig.3 shows the cross-sectional views of the trassion
lines in (a) CMOS, and (b) InP-HEMT, respectivels
well known, since CMOS has the lossy substrate,Mie
cro-Strip Line (MSL) comprised of top and bottom tale
layers is chosen to shield the signal leakage tistsate.
Therefore, the narrow signal line is needed to inbthe
characteristic impedance of 50 ohm, and causee kigmal
loss due to the series resistance of the signal [@n the
other hand, in INP-HEMT with semi-insulating subgt; the
backside metal of the MMIC can be employed for GND
metal, and the wider signal line for 50 ohm is kalde. That
is a great advantage to obtain the low loss impeglan
matching networks.

3. Design techniques
To realize the THz amplifiers, two design technigjaee
necessary. One is the unilateralization of thesistor. As
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Fig.4 Small signal equivalent circuit and gain curves.
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Fig.5 On-wafer calibration.
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Fig.6 MMICs in (a) CMOS and (b) InP.

shown in Fig.4, the transistor has the feedbaclactmce
(Cqa), and it causes the negative feedback in commarceo
topology. To enhance the gain, the positive feekilfac
canceling out the negative feedback is employed.4Fb)
shows the gain curves of transistor. When we sstais
obtain the unilateralization of the transistor, thaximum
achievable gain £, given by the equation in the graph cz
be expected. Therefore, the unilateralization teples are
required to realize the amplifier in the frequermagion
close to k.

260

The other technique is precise de-embedding method,

because the PADs and lead lines included in thdéceev
TEST patterns has a serious impact on the highuénecy
characteristics of the devices. The de-embeddiny ef 1
fF of the capacitance and 10n of the line cannot be ig-
nored in sub-millimeter waveband. For the precisgae-
tion of the devices from the TEST patterns, we eyphe
On-wafer TRL (Through/Reflect/Line) calibration rhed.
In On-wafer TRL, the calibration standard pattears
formed on the same wafer for the DUT (Device Uribest),
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as shown in Fig.5, and the reference planes caetat the
input/output of the DUT. Therefore, after the caditon
process, the de-embedding for the PADs and the imeot
needed. This is the great advantage for the sub¥rater
waveband amplifier designs. However, in On-waferLTR
the port isolation between port 1 and 2 are necgsyée
design the ground shielded co-planer line for ti&GTto
avoid the signal leakage through the substrateshasn in
Fig.5 (b). In the electro-magnetic simulation, thelation of
less than 40dB can be obtained.

3. Measurement results

Finally, we describe the measurement results ohthpli-
fier MMIC in both of CMOS and InP-HEMT. Fig.6 shows
the circuit schematics, chip photos, and S-paraméte(a)
CMOS and (b) InP-HEMT, respectively. As we know,
CMOS is normally ON device, and the gate bias for t
peak transconductance is close to the power supptsge
(0.8V). Therefore, the gate terminals can be dyesupled
to drain through the transmission line designedctmcel-
ling out the negative feedback [5]. The small sigyen of
10.5dB at 265GHz can be successfully obtained inm65
CMOS [2]. On the other hand, INP-HEMT uses the comm
gate topology to enhance the gain. By tuning tmgtle of
the gate and drain bias feed line, the extremelyeéand
amplifier can be realized. Those results demorestitat ef-
fectiveness of our design techniques. Finally, wso a
demonstrated the On/Off keying wireless transmissiith
data rate of 20Gbps in InP-HEMT [1]. Fig.7 showe th
schematic diagram and photo of receiver MMIC, at¥d i
measurement results. The high sensitivity of theeirer
with broadband can be obtained. It results in tlearceye
opening waveforms with data rate of 20GBps. Theiwer
module using flip-chip assembly technique was aso
ployed for KIOSK downloader system, and succesgfull
demonstrated the video file downloading of 2GBjs [4
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Fig.7 Receiver MMIC.
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