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A 60-GHz-Band Monolithic HIFET LNA
Incorporating a Diode-Regulated
Self-Bias Circuit
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Abstract—This paper presents a 60-GHz-band GaAs hetero-  This paper describes a small-size 60-GHz-band MMIC
junction FET (HJFET) low-noise amplifier (LNA) operating with | NA operating with a single bias supply, based on Q18-
a single bias supply. A diode-regulated self-bias circuit was z\Gaas/InGaAs HIFET technologies. A simple self-bias cir-
incorporated for suppressing the FET drain—current variations cuit is considered for a millimeter-wave monolithic LNA in
due to threshold voltage nonuniformities. The effect of the bias ; . ; . il
circuit on the drain—current distribution is carefully discussed Section Il. Incorporating a diode-regulated self-bias circuit, the
based on the FET dc characteristics. A developed three-stage drain—current variation mainly due to the FET threshold volt-
monolithic microwave integrated circuit (MMIC) LNA exhibited  age %) nonuniformities is reduced to 58% compared to that
an average noise figure of 3.3 dB with 18-dB gain from 58 10 ¢4, 5 conventional gate-grounded bias circuit. In Sections |1l
62 GHz. The LNA could operate over 2-5 V with a constant L h S .
noise figure. The LNA chip size is 1.85 mmx 1.07 mm. and 1V, L_NA circuit design, fabrlca_uon process, and device

characteristics are presented. Section V demonstrates the de-

veloped LNA noise performance as a function of supply
voltage and temperature, and Section VI presents a conclusion.

Index Terms— Amplifier noise, millimeter-wave amplifiers,
millimeter-wave integrated circuits, MMIC's, MODFET
amplifiers.

[I. SELF-BIAS CIRCUIT CONSIDERATION FORLNA
|. INTRODUCTION . _ N . .
There are two kinds of self-bias circuits: active and passive.

T O DATE, several applications such as wireless local-ar@@, active self-bias circuit can regulate the current more

amplifiers (LAN's), cordless cameras, and contactless Iﬂecisely incorporating active elements [3], such as HEMT's.
card systems [1] have been proposed and tested for 60- ever, it requires relatively large area, needs biasing itself,

frequency band. A monolithic microwave integrated circUiemands a higher voltage than that for the FET in the

(MMIC) low-noise amplifier (LNA) is a key element for ympjifier circuit, and causes yield problems especially for
low-costRXmodules in the above-mentioned systems. A selfsijimeter-wave MMIC’s. This paper, therefore, applies a

biased LNA is useful because it requires only one pos““f?assive self-bias circuit.

voltage source and simplifies bias networks for MMIC design. practical passive networks including a diode-regulated self-
Recently, self-biased MMIC LNA's have been reportedat pjas circuit proposed here, a gate-grounded circuit, and a
and X-bands [2]-{4]. However, to our knowledge, there havggistive self-bias circuit are shown in Fig. 1(a)—(c), respec-
been no reports for single-bias monolithic LNA’s operatingyely Al circuits incorporate resistorsR) between source

at higher freg_uency bands. In acjqun, for a high transcofsyminals and the ground, which cause the FET’s under-
ductance millimeter-wave heterojunction FET (HIFET), th§epletion mode. These resistors act as feedback elements
drain current is sensitive to threshold voltage variations dueg|ing regulate the drain current. In the diode-regulated self-
nonunlformmes_ in the wafers and the gate recess process. INRAY circuit [Fig. 1(a)], a current limiting resistor and the diode
example of a single-stagé-band LNA when the drain current 5re connected in series between the source terminal of the FET
is changed over a range of5 2 mA for a 60um gatewidth  4ng the ground. As an alternative configuration, a set of these
HJFET, noise figure and gain deviate by 0.3 and 1.3 dBjements can be connected between the drain voltdgeagd
respectively. For a self-biased LNA, a current regulation isige ground. However, we did not employ the latter because
first step approaching to high manufacturability and low-COgf ay0ut complexity due to the connection between gate- and
production. As a technique to reduce the threshold voltagesin_pias circuits. A Schottky diode forward turn-on voltage
variations, a selective gate recess process is used. HoWeyel is applied to the gate voltagd/{ = V;), while V, = 0

for a short gate-length low-noise device it is not mature so fg§, e gate-grounded self-bias circuit [Fig. 1(b)]. For these
because qf_ the damage b)_/ dry etching or the less recess Wil cases, the drain curreni,) weakly depends oW, due
controllability by wet etching. to the constant/;. In other words, a designed amplifier can
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Fig. 1. Practical passive self-bias circuits for a depletion-mode FET. (a) -1.2 -1 -0.8 0.6
Diode-regulated, (b) gate-grounded, and (c) resistive circuits. Vih (V)

. . . . . . FLiﬂ. 3. Thep parameters for HIFET’s with different threshold voltages.
gate-bias circuits across an RF signal line in a compact layo

for MMIC design, which causes layout complexity. Thus, in

the following we focus on the diode-regulated self-bias circuit oy

: oo S 20 [ . I 40
with the gate-grounded sv_elffblas cwcwt_as a referenc_e. _Bas_ed P - g
on the FET dc characteristics, the drain—current variation is £ ¢ 150 8
described. c @

The drain current for a low noise current condition (near > N, Ve V=Vt 1 =
pinchoff region) is approximately described as *C;’ 1oF { 720 £

Io= B(Ve=Va = Vin)* ~ B(Ve = B-La = Va)* (1) =R 110 &

o [e]

whereV; is the source voltage and is a fitting factor. The 3 <_] %
curves /14, Vys) for the HIFET's with differently,’s are T 90 ' 015 11 o ©°

plotted in Fig. 2. At a range from 2.5 to 7.5 mA for a @@ 0
HJFET, each curve is well fitted with a linear plot, which Gate Voltage, Vg (V)

implies that (1) is appropriate. It should be noted ti#at Fig. 4. Drain—current sensitivity to threshold voltage variation, and dc power
(derived from slopes) is independentiaf, over the threshold consumption as a function of gate voltage for a self-biased single-stage
voltage variation of 0.5 V, as shown in Fig. 3, in which th&MPlfer:

#'s for different HIFET’s are plotted.

The drain current is deduced as factor to determine the drain—current sensitivity. For a set drain

Ve — Vi 1 current (5¥T), R is represented from (1) as
I, =-% 1—4/14+473 — .
TR T um { VI8RO, Vth)} _
1 1
We define a drain—current sensitivity to the FET threshold R= —Tf?ﬁ Ve — Vin — ‘lﬁ . (4)

voltage as follows:

1 From (3) and (4), the drain—current sensitivity as a function of
- v ) (3) V., can be calculated as shown in Fig. 4, with dc consumption
1+ 48R(Vs — Vin) g 9. 4, p

power for one stage. The employed parametersfate 28.8
Since the transconductance including the resistfX*) is mA/NV?2, ISET = 5 mA, andVy, (typical)= —0.9 V for the 60-
equal to—(01,)/(0Vin) [2], the drain—current sensitivity is zm HIFET andV; = 0.65 V for the diode. The drain—current
also expressed asG,,,/(1 + R - G,,), whereG,,, is an FET sensitivity to the threshold voltage for the diode-regulated
transconductance without the resistor. Thids an important circuit (V; = 0.65 V and R = 227 2) corresponds ta-15%

01y 1
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¢ =0.7mA i
. ¢ Contributed by Parameter
< 1 Parameter Value
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10f b
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m Vih | 090 (=017)V — — 064mA | 1.24mA
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Fig. 5. Drain—current distributions over a wafer for (a) the diode-regulatddd- 6- Circuit topology for the designed self-biased three-stage monolithic
and (b) the gate—grounded self-bias circuits. LNA.

current variation over at0.2-V threshold voltage deviation, lll.- AMPLIFIER CIRCUIT DESIGN
and is 52% of that for the gate—grounded circuif, (= 0 A circuit topology for the designed monolithic three-
and R = 97 Q), while dc consumption power is acceptablgtage LNA is shown in Fig. 6. In the circuit, 0.36n
increased by 26%. From (2), the drain current sensitivities /dGaAs/InGaAs HIFET's were employed. The Pospieszalski
3 and R are calculated as noise model [5] was used for the HIFET with = 300 K
and Ty = 2500 K. The model predicted a minimum noise
figure of 1.5 dB with an associated gain of 7.8 dB at 60 GHz.
The amplifier consists of three noise-matched identical stages.
The matching circuits composed of short-circuited lines were
optimized to be a compact layout area by choosing a gatewidth
of 60 um. Each stage was designed to be unconditionally stable
(6) by incorporating series feedback lines for the source terminal
and RC bias networks for the drain terminal of the FET. At
The drain—current distributions evaluated on a 3-in wafetl frequencies, a stability factdk” > 2 for the overall three-
are shown in Fig. 5(@) and (b). The standard deviation sfage amplifier was realized. In order to keep HIFET layout
the drain currentd) for the diode-regulated self-bias circuitsymmetry with the series feedback lines, the source terminal
was reduced to 58% compared to that for the gate—groundgdhe HIJFET was divided into two. Bypass capacitors were
circuit. For the reduction, the current criterion 62 mA was incorporated between the end of series feedback lines and
satisfied with 2.8. The measured and calculated drain—currethe ground.
distributions are summarized in Table I. The standard devia-For the gate-bias network, the diode-regulated self-bias
tions of oy;,, 03, ando g contributed byV,;,, 3, and R are circuit discussed in Section Il has been incorporated. A cur-
calculated using (3), (5), and (6). Total is derived from rent limiting resistor and the diode were connected in series
o3, + 0%+ 0% for the calculation sincg? is independent between the end of series feedback lines and the ground. The

of Vi, as previously mentioned. The contribution by tte Vi is gppli(_ad t_o th_e gate tgrminal of the FET through the
variation too is negligible because it is one order lower thaFEatCh'ng circuit. With a dra|r_1 current Of.5 mA/stage at 3 V,

that by thely, variation. It is clearly confirmed that the maint"® total dc power consumption was estimated to be 45 mW.
parameter contributing to thé; distribution is theV;,. The

calculateds for the diode-regulated circuit is 55% compared!V: FABRICATION PROCESS ANDDEVICE CHARACTERISTICS

to that for the gate—grounded circuit, which agrees well with The cross-sectional view of an AlGaAs/InGaAs HIFET used
the measured data. in the monolithic LNA is shown in Fig. 7. The epitaxial layer

oa 1
98— 202R?

_ 14+ 2/3R(Vg - Vth)
V1+48R(Vy — Vi)

Oy Ve=Vu 1 | 1438R(Vy—Vy)

OR R? BR3 V1+4BR(Vy — Vin)
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Fig. 9. Measured noise figure and gain of ten monolithic LNA's at 3 V.

Fig. 7. Cross-sectional view for the AlGaAs/InGaAs HJIFET.
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Fig. 10. Measured noise figure and gain at 60 GHz as a function of supply
voltage.

Fig. 8. Chip photograph for the single-bias three-stage monolithic LNA.
Chip size is 1.85x 1.07 mn¥.
Ten MMIC chips were tested by on-wafer RF probes. Drain

) currents were at a range from 3.5 to 5.1 mA/stage for a supply
structure for the HIFET consists of AlGaAs and GaAs bUﬁ‘%ltage ) of 3 V. The measured noise figure and gain as a
layers, a 13-nm “”deedd@GaQ&SAffh?n”e' layer, a 33-nm nction of frequency are represented in Fig. 9. Noise-figure
Alo.2Ga sAs layer with 5x 102 cm™2 Si-planar doping, and \ariation at 60 GHz was from 3.2 to 3.7 dB and gain variation
an 80-nm rf-GaAs cap layer. was from 17.2 to 18.3 dB. For the best chip, the average noise

In FET fabrication, mesa-isolation, wet recess etchinggure from 58 to 62 GHz was 3.3 dB with 18-dB gain.
electron-beam evaporation, and lift-off techniques were The measured noise figure and gain of the LNA as a

employed. Details were reported elsewhere [6], [7]._A Sc_hottIanction of supply voltage are shown in Fig. 10. The LNA

gate of the HJFET was used as a current regulating diode gflerated with a constant noise figure over 2-5 V. When the
metal-insulator-metal (MIM) structure with an SiN film as gpply voltage was increased from 3 to 5 V, the drain current
dielectric layer was applied for fabricating both dc bIock|nngade"y increased only by 10%, with remaining 16-dB gain
and bypass capacitorsV ™ bulk resisters were used in thez; g0 GHz.

bias networks. _ SinceV; is affected by temperature, its dependence of LNA

The HIFET has a T-shaped gate with O;iB-length. The ygise characteristics is interesting. The measured noise figure,
device exhibited a typical transconductance of 510 mS/mm aggin  and bias current for the ambient temperature range of
an fumax Of 200 GHz atVys = 2 V with a reverse gate—drain 20 °c 4+ 50 °C are shown in Fig. 11. The noise figure and
breakdown voltage of 10 V. The measured minimum noiggyin variations were-0.5 dB andF 1.6 dB, respectively. The
f|gyre for the device was 0.4 dB at 12 GHz with an associat@fl,rent deviation over a 100C temperature range for this
gain of 13 dB. circuit was 9%, which is the same level as a resistive self-bias

network for aC-band LNA [3].
V. LNA PERFORMANCES

The chip photograph for the three-stage MMIC LNA is vi.
shown in Fig. 8. The chip size is 1.85 mm 1.07 mm x Design and performance of a single-bias 60-GHz-band
0.04 mm. It corresponds to a chip size per stage of 0.@@onolithic HIFET LNA were described. A diode-regulated
mm?/number, which is much smaller than that of our previouself-bias circuit was incorporated to reduce the drain—current
two-stage LNA (1.19 minumber) [8], due to the matchingsensitivity to FET threshold voltage variations. The effect of
circuit optimization and the self-bias circuit incorporation. the bias circuit on the drain—current distribution was analyzed

CONCLUSIONS
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