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Abstract—We have developed a novel current-reuse configura- <7 Anntena
tion of a front-end integrated circuit (IC), where the current can
be reused in the whole circuit blocks that are a low-noise amplifier,
local amplifier, and mixer. The power dissipation of the front-end
IC is reduced by the factor of three as compared to conventional
front-end IC’s. Excellent RF performance such as conversion gain 0 —-[> -o—
of 30 dB and noise figure of 1.6 dB at 1.5 GHz is attained under the LNA  Mixer Baseband
conditions of the supply voltage and current of 3.6 V and 3 mA, Block
respectively.
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I. INTRODUCTION

aAs FRONT-END integrated circuits (IC’'s) have coméig. 1. Block diagram of the front-end IC in mobile communication sets.

to be widely used for mobile communication sets due to
their excellent RF performance. The essential characteristicofmponent is explained. Finally, the total RF performance of
those front-end IC’s are low noise, high gain, and low consumghe fabricated front-end IC with a current-reuse configuration
tion power [1]-[3], which have been attained by shortening thie described. The performance of the fabricated IC showed
gate length of GaAs FET’s. Although this shortening of the gatmnversion gain of 30 dB, a noise figure (NF) of 1.6 dB, and
length improves RF performance, supply voltage to FET’s must output third-order intercept point (IP3) of 9 dBm at the
be reduced due to the low breakdown voltage. It is noted thfeéquency of 1.5 GHz with a supply voltage and current of 3.6
the typical operation voltage of a GaAs FET with O/ABrgate V and 3 mA, respectively. This power dissipation of 11 mW is
length is less than 2.0 V. Therefore, the FET’s cannot be usi lowest value among those ever reported.
for the application sets like personal handy phone sets where the
voltages of 3 or 3.6 V from one Li battery cell or three NiMH II. CIRCUIT DESIGN

battery cells are commonly used. . . .
Based on these inherent characteristics of the deep su Fig. 1 shows the block diagram of the front-end IC, which

. consists of an LNA, local amplifier, and mixer. The LNA and
micrometer GaAs FET, we proposed a novel current-reulse e . . . :
ocal amplifier are designed by using a single-gate FET, while

configuration of a _ffom'e”d IC.’ where a low-noise amplifie{he mixer is designed by using a dual-gate FET. A design goal
(LNA), local amplifier, and mixer can reuse the same dfcs to minimize the power dissipation of the front-end IC.

current. This circuit configuration is expected to reduce the Fig. 2 shows the concept of the current-reuse configuration.

consumption power by the factor of three. . . . .
) ) . In a conventional configuration, the voltagé,() from batteries
Several studies on the current-reuse configuration have been ~ . !
. L . is'applied to each component independently. When all compo-
reported for the digital application field. However, few studies LT
nents consume the same currehf)( the power dissipation is

for analog application have be_en reported [1]. In partlc,ular,3a_ Vaa - 4. On the contrary, the dc current is reused by three
three-stage current-reuse configuration of front-end IC’'s have

not been reported thus far. components in the current-reuse configuration. The power dis-

In this paper, we have demonstrated a low-power Ga&gpatlon of the front-end IC with the current-reuse configura-

fontend 1C win a tee-stage curencreuse confgurandf” 120020 00 Ly Haever e suppluotege i sach
using 0.15zm-gate MODFET’s, which can be used at P y : ’

iguration requires low voltage operation of less than 1.2 V to

low operation vpltagg. A.t first th.e design concept-of the CUEET’S because the battery used in mobile communication sets is
rent-reuse configuration is described. After the device structure

. . . Sually 3.6 V. The 0.15g#m-gate MODFET's was chosen due
of the IC is explained briefly, the RF performance of eacﬁu) their low voltage operation. It is noted that the 0;1f&-gate

MODFET’s cannot be used in the conventional configuration

Manuscript received October 8, 1997. __because the operation voltagé) is as high as 3.0 or 3.6 Vin
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tronics Corporation, Osaka 570-8501, Japan. which the s cannot be operated due to their low breakdown
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Fig. 3. Schematic circuit of the present IC with the current-reuse

LNA
|
A configuration.
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The RF signal is amplified by the LNA and introduced to the

[
A dual gate mixer through coupling capacitors. RF signals are iso-
Vaa/3 lated to LO and mixer blocks by coke coils and a bypass capac-
WL

itor. The LO signal is also introduced to the dual gate mixer as
the same manner. The input RF signal with high frequency is
converted to IF in the mixer block.

Power=Vudld
I1l. DEVICE STRUCTURE AND FABRICATION PROCESS

(b) ) ) ) .
_ , , _ The schematic cross-sectional view of the present IC is
Fig. 2. Concept of the current-reuse configuration. (a) Conventional

configuration. (b) Current-reuse configuration. Shown in Fig. 4. The FET's are 0.}&m-gate FET's, which
are fabricated by using the phase-shifter—edge-line (PEL)
method, which is one of the phase-shift lithography [4],
Fig. 3 shows the schematic circuit of the present IC using tftg]. This technique can fabricate deep-submicrometer FET's
current-reuse configuration. The function of eachblockisalsoday utilizing interference of an i-line light of a conventional
scribed. The LNA, local amplifier, and mixer blocks are stackedtepper. The gate and ohmic metal are Ti/Al and AuGeNi,
Basically the same dc current] flows through each FET viaex- respectively. The details of the fabrication process is de-
ternal choke coils. However, a bias circuit is required for the deeribed elsewhere [5].
sirable operation current. Gate bias resists ( 42, 153) are The present IC employs SrTiESTO) capacitor technology
designed to be the same value of IDlxecause the sam§, to [6] because the STO capacitor saves the area consumption
each FET is available. Specifically, the voltages at source terrowing to its high permittivity. The STO film is fabricated by
nals are determined so that the same dc curiefidws through using a low-temperature sputtering process in order to avoid the
each FET. The total consumption current of the IC is determinddterioration of impurity profile in the epitaxial structure [6].
by the source bias resistdk() of the mixer block. We desigR, Thus, the obtained STO capacitor has a dielectric constant of
tobe 10d2forthe operation currentof 3mA. 100, which is over 15 times higher than that of a conventional
Large on-chip bypass capacitors and coupling capacitors &i& one. The STO film keeps a high dielectric constant from
required in the circuit. The bypass capacitor is designed to te to over 10 GHz.
200 pF to reduce the impedance of the bypass capacitors suffiFig. 5 depicts a chip photograph of the present IC. The top
ciently. block is an LNA, the middle block is a local amplifier, and the
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Fig. 4. Schematic cross section of the present IC with a prhsgate MODFET and STO capacitor.
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Fig.f_ 5. Chip photograph of the fabricated IC with the current-reusgig 6. f_  of the 0.15xm-gate MODFET as a function of drain voltage.
configuration.

bottom block is a mixer. The ground of the IC is arranged pe- 20 8
ripherally along the chip to reduce ground impedance. Pads for
connecting to the external component are also arranged periph- Lg=015um  Lg=0.5um
erally along the chip. The chip size is 1 mml mm. Owing to 15 /——X/_-x Lgeroum | @
the STO capacitor technology, bypass capacitors and coupling —~ Z 7 ®
. . . o - =
capacitors are integrated in such a small area. Z 10 | 4 2
5 ! Q
IV. RESULTS AND DISCUSSION © wrogm ~L0T 2
. 5 ﬁmnt\;_x — 2
A. MODFET Lootomm |
Fig. 6 shows the measured gate-length dependence of 0 :‘ : 0
0 2 4 6 8 10

Sfmax (Maximum oscillation frequency) as a function of the
drain voltage. Thef,,.x was calculated from the-parameter
measured by an on-wafer technique. The measured condition
is not for the bias point, which gives a maximufq., of the Fig.7. Gainand NF of the fabricated LNA as a function of the supply voltage
device, but for the bias point at the operation condition. THé1.5 GHz.
0.154:m gate MODFET shows highef,,... compared to the
0.6m one. The 0.15:m-gate MODFET has sufficiently high at an operation current of 3 mA. The input and output ports
fimax even for the drain voltage of 1 V. were matched to the chip externally by stab tuners. The drain
The measured drain breakdown voltage of the Qursgate yojtage was applied up to the condition where punch through
MODFET was lower than 2.5 V. The drain conductance is dragt the FET’s was occurred. Namely, the maximum supply volt-
tically increased for the drain voltage over 2.5 V due to thgges in Fig. 7 indicate the breakdown voltages of FET’s with
punch through. This fact indicates that MODFET's with 0/15-yaripus gate lengths. The FET with a gate length of Qub%
m gate length are suitable to the current-reuse configuration giows lower breakdown voltage as compared to the FET’s with
which the supply voltage to FET's is reduced down to 1.2 V. g gate length of 1.gum. The LNA with an 0.15«m-gate FET
exhibits higher gain and lower NF than those LNA's with 0.6-
B. LNA or 1.0.um gate length at a supply voltage of 1 V. More specifi-
Fig. 7 shows the measured gain and NF of the fabricatedlly, the 0.15:zm-gate MODFET is needed to operate the LNA
LNA as a function of the supply voltage. These are measured &tya supply voltage of less than 1 V. This is because the Qi 5-
using an NF meter (HP8970A). The supply voltage was vari¢dET has smalle€,, and larger transconductance.

Supply Voltage (V)
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20 V. CONCLUSION
We have developed a low-power GaAs front-end IC with a

) 15 current-reuse configuration using 0.kH-gate MODFET's
E é fabricated by using phase-shift lithography. The current-reuse
3 10 - configuration using 0.1pm-gate MODFET'’s reduced the
5 o power consumption of a front-end IC by the factor of three.
% g Sufficient RF performance such as conversion gain of 30 dB,
g 53 NF of 1.6 dB, and output IP3 of 9 dBm at 1.5 GHz was
© obtained at a supply voltage of 3.6 V and operation current of

o 0 3 mA. The present GaAs front-end IC is suited to recent mobile

0 1 2 3 4 communication systems, which require low dissipation power.
Supply Voltage (V)
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