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A 7-GHz 1.8-dB NF CMOS Low-Noise Amplifier
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Abstract—A 7-GHz low-noise amplifier (LNA) was designed
and fabricated using 0.25@m CMOS technology. A cascode
configuration with a dual-gate MOSFET and shielded pads

were adopted to improve the gain and the noise performance. MOSFET Parasiic
The effects of the dual-gate MOSFET and the shielded pads are |:| Capacitance
discussed quantitatively. An associated gain of 8.9 dB, a minimum

noise figure of 1.8 dB, and an input-referred third-order intercept

point of 48.4 dBm were obtained at 7 GHz. The LNA consumes Parasitic

6.9 mA from a 2.0-V supply voltage. These measured results indi- Diodes ~ Si-substrat
cate the feasibility of a CMOS LNA employing these techniques Pocistance
for low-noise and high-linearity applications at over 5 GHz. .
\ / Si-substrate
Index Terms—bual-gate MOSFET, intercept point, low-noise \

amplifier, noise figure, shielded pad, Si substitute.
Fig. 1. Si-substrate resistance in CMOS technology.

|. INTRODUCTION . . o .
with carrier frequency of over 5 GHz, realization of wireless

ECENTLY, wireless communication systems with a canCs operable at over 5 GHz using CMOS technology is desir-
rier frequency of over 5 GHz, such as intelligent transable. In this paper, we describe the performance of a 7-GHz
port system (ITS) and wireless LAN specified by IEEE 802.11&NA with a dual-gate MOSFET, and shielded pads used for its
have attracted considerable attention. Furthermore, a carrier frgput and output ports. Improvements in low noise performance
guency of up to 10 GHz is expected to be used for fourth-geby adopting the dual-gate MOSFET and the shielded pads are
eration (4G) wireless systems. discussed quantitatively.
Thanks to recent advances in CMOS technology, a transition
frequencyfr is competitive with that of silicon bipolar junc- |I. DESIGN CONSIDERATION FORLOW NOISE PERFORMANCE
tion transistor (Si-BJT) technology. The main noise sourcesr&c Si-Substrate Resistance
MOSFETSs at high frequency are the thermal noise of channel
and gate resistance. The gate resistance is reduced using low-rét high frequency, the drain and source of a MOSFET, pads,
sistance salicided gate material and a multifinger gate structiguctors, and other elements on the Si substrate have resis-
to obtain low noise performance [1], [2], and so the domina#ive components due to resistivity of the Si substrate, as shown
noise source of MOSFETSs is the thermal noise of a channel. @nFig. 1. This parasitic resistance consumes signal power and
the other hand, the main noise sources of Si-BJTs are therr@@nerates thermal noise, and thus gain and noise performances
noise of base resistance and shot noise of the collector curr@ftthe LNA are degraded. Therefore, circuit techniques are re-
To reduce base resistance, a large geometry device is nee@giied to reduce the effect of the resistivity due to the Si sub-
but this requires more collector current to keep the same higttate in high-frequency circuit design. Here, two techniques are
fr value, which causes more shot noise. To reduce shot noisg€acribed for reducing the effect of the resistivity due to the Si
small collector currentis needed, but this requires a small geogtibstrate.
etry device to keep the same higih value, which causes alarge 1) Dual-Gate MOSFET:Fig. 2 shows a schematic diagram
base resistor. So, reducing the thermal noise of the base regfsan LNA. A cascode configuration is chosen for improving
tance causes large shot noise, and vice versa. Hence, the nligl-frequency performance. The cascode configuration imple-
performance of MOSFETs is superior to that of Si-BJTs. CMO®ented using a dual-gate MOSFET is shown in Fig. 3. The area
technology is also advantageous for low cost and large-scale@hthe parasitic diodes at M1's drain and M2’s source in Fig. 2
tegration. can be reduced significantly by using the dual-gate MOSFET.
Owing to these merits of the CMOS technology, maniyartof the signal current output from M1 flows into the parasitic
low-noise amplifiers (LNAs) using CMOS technology haveéliodes, and this signal current is consumed by the Si-substrate

been reported [3]-[7]. Considering the demand for systerf@sistance. Using the dual-gate MOSFET, this consumption in
the Si substrate is reduced due to fact that the area of the par-
. . _ asitic diodes is small compared to that in the case using two
Manuscript received November 5, 2001; revised January 28, 2002. . | MOSEETs. | d ith the desi le of
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Fig. 2. Schematic diagram of LNA.

Fig. 4. Structure and measur8d1 of the unshielded conventional pad (100
MHz-10 GHz).
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Fig. 3. Dual-gate MOSFETSs.

available gain) and 0.7 dB lower noise figure (minimum noise
figure) compared to the values in the case of conventional
MOSFETSs for M1 and M2.

2) Shielded PadsFigs. 4 and 5 show structures and mea-
suredS11 characteristics for the unshielded conventional pad
and the shielded pad, respectively. The conventional pad has a
resistive component due to the Si-substrate resistance. There-
fore, the measured result in Fig. 4 shows a capacitive charac-
teristic with the parasitic resistance. The resistance value in the
equivalent circuit shown in Fig. 4 is several tens of ohms, ahd®- 5 Structure and measuréd1 of the shielded pad (100 MHz-10 GHz).
this causes signal power loss and degrades gain and noise char-
acteristics of the LNA. This degradation is particularly marke@n-chip elements with lowy values, the power of the input
at high frequency of over 5 GHz. signal is greatly consumed in the resistive part of the on-chip

To avoid such degradation, the shielded pads are used ifffut matching elements. To avoid such consumption, an
input and output pads of the LNA [6]-[8]. This is because th@xternal input matching circuit is indispensable for achieving
shielded pads ideally have no resistive component, and so tNéyy low noise performance.
consume no signal power and generate no noise. The measurdgenerally, a signal source impedance which achieves input
result in Fig. 5 shows the characteristic to be the same as fdmpedance matching is different from that for the optimum noise
pure capacitance. figure. To achieve these conditions simultaneously, a degenera-

tion inductor L1 should be connected to the source of M1 [9].

B. Other Factors Effective for Low Noise Performance

To reduce gate resistance of dual-gate MOSFET, salicided lll. MEASUREDRESULTS

gate material and multifinger gate structure, shown in Fig. 3 areThe LNA with a dual-gate MOSFET was fabricated using

adopted. 0.25:m CMOS technology. The Si-substrate resistivity is the
An input matching circuit has a large effect on the noismedium value, i.e., 1-2- cm, and so these parasitic resistances

performance. If the input matching circuit is composed usirgffect high-frequency circuit performances. Figs. 2 and 6 show
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Fig. 6. Die photograph of LNA.
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Fig. 7. Gains and noise figures of the LNA.

a circuit diagram and a die photograph of the LNA, respec-
tively. The chip size including the area of the pads is 860x
610.:m. The degeneration inductor L1, and the output matchig%. 9. 522 of the LNA (5-9 GHz).
elements L2 and C1 are integrated on the chip.

Measured results are obtained by using on-wafer probing
technique. The power supply voltage is 2 V and the curre{g
consumption of the LNA is 6.9 mA.

Fig. 7 shows the frequency response of gdifi2{|, Ga,

MAG) and noise figure (NFmin, NF50) for the LNAS21], with two-tone signal inputs { = 7.0 GHz and7.05 GHz).

ﬁ;?;‘gmM:\giggethgeama?;;ged;ifj;’ ﬁisr;)m?tsegwg?;]?ﬁi?:rﬁ very high input-referred third-order intercept point (IIP3) of
' ) 8.4 dBm is obtained without the input matching circuit. A

noise figure and NF50 is the noise figure when a signal sour. e7 dB ain enhancement is achieved by adobting the input
with 502 impedance is connected directly to the LNA. NFmin’ > gan er ) ! eV y pting the inpu
matching circuit which realizes NFmin at 7 GHz. In this case,

of 1.8 dB and Ga of 8.9 dB are obtained at 7 GHz. the IIP3 is expected to be5.7 dBm, and the LNA still attains

Fig. 8 showsS11, S11* from 5 to 9 GHz, and noise circles, .~ . ) o . . .
at 7 GHz.Topt is the signal impedance which realize I\IFminhlgh-lmeanty characteristic. Such a high IIP3 value is achieved

at 7 GHz, andS11* is the optimum signal impedance forguertg trzt:p%Oﬁgqgéelgsgégf:ﬁmpggfﬁ/glfgAS(?ﬁEE_I;b?Q?
impedance matchingl'opt and S11* are close at 7 GHz, ppropriate valu 9 1on Indu ' '

as shown in Fig. 8, owing to the degeneration inductor Lpymmanzes the measured results of the LNA.
This result indicates that both good impedance matching and
low noise characteristic are realized simultaneously. For good
impedance matching, the voltage standing-wave ratio (VSWR)Generally, the? value of a capacitive component is higher
should be less than 2; the input VSWR2 and NF< 2 dB can than that of inductors up to several GHz. At 7 GHz, the induc-
be satisfied by adding an appropriate matching circuit. tors used in the LNA hav€@ values of over 10 owing to low-re-

Fig. 9 showsS22 of the LNA from 5 to 9 GHz.522 is close
502 at 7 GHz owing to the on-chip output matching circuit,
and the output VSWR is 1.3.

Fig. 10 shows intermodulation characteristics for the LNA

IV. DISCUSSION
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TABLE | fe =

SUMMARY OF MEASURED RESULTS (WITHOUT INPUT MATCHING CIRCUIT)
Frequency[GHz] - 7.0 Fig. 11. LNA with shielded pads.
Gain(]S21})[dB] 6.2
Associated Gain(Ga)[dB] 8.9 y Pad,Shield . Pad,Shield
MAG[dB] 103 Y
NF50[dB] 33
NFmin[dB]| 1.8 Cshield Cshield
ITP3[dBm] +8.4
Output VSWR 1.3 — — — —
Supply Voltage[V] 2.0 - - B B
Current Consumption[mA] | 6.9 Fig. 12. Two-port representation of the shielded pads.

sistivity thick top-layer metal for the spiral and high operating Fig. 12 shows two-port representation of the shielded pads
frequency. But the) value of the conventional pads is about 59Nly. Y _parameters J(Pad Stield) ‘and the correction matrix
and this indicates signal power consumption due to the convény . are clearly written as

tional pads is very significant at 7 GHz.

The effect of the shielded pads is evaluated by comparing the
measured results of the LNA with the shielded pads and esti-
mated results of the LNA with conventional pads. The correla- (Pad, Shield _ [0 0} @
tion matrix [10] is used to calculatg parameters and noise pa- Y 0 0]°
rameters of the LNA with th_e convent_|onal pads from the megy . .. is easily extracted for the measurgarameters of the
sured results of the LNA with the sh|elde_d pads and the met@\io—port network in Fig. 12. SaY parameters (LN Core)
surgd results of the shielded and conyentlonal pads. _ and the correction matri>C(§NA’ Core) for the LNA without any

Fig. 11 shows two-port representation of the LNA with thfoads are
shielded pads. FirstS parameters and noise parameters of
the two-port network in Fig. 11 are measured using on-wafer
probing techniques. The measurédparameters are trans- (LNA, Core _ HLNA, Shield _ ~Pad, Shield (6)
formed toY parameters }(-NV4,Shield) “and the correlation Y Y Y :
matrix in chain representatiof;N* 5" of the LNA with ~ The Norton’s equivalent circuit of the conventional pads,

Pad, Shield _ | JWCshield 0
Y B [ 0 jwcshield:| )

YLNA, Core — YLNA, Shield YPad, Shield (5)

the shielded pads is written as shown in Fig. 13, can be extracted from the measused
(LNA, Shicld parg&neters, anil parameterX’P_ad) and the correction matrix
A (CY*9) of the two-port network in Fig. 13 are written as
Fmin—1
Rn % —RTLYOpt YPad, Conv __ Y;q 0 (7)
=2kT F g1 Q) 10 Y
min—
———— — RnYopt* Rn|Yopt|? — 0

2 CPad, Conv _ LeqLe“l (8)

using the measured noise parametErsin, Kn, and Yopt Y 0 leqity ’

(=Gopt + jBopt). So, the correlation matrix in admittance LNA. Conv )
representatiorC:™ Sl s transformed fromo,¥4-Shield  From (5)—(8),Y’ parameters)(*= =) and the correction
using transform matrif” and its Hermitian conjugaIfEJr g]raetr/lvxrit(tiﬁ as ) for the LNA with the conventional pads

C}I}NA’ Shield — TO[IiNA, ShleldT'|' . (2) YLNA, Conv _ YLNA, Core + YPad, Conv (9)
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Fig. 13. Two-port representation of the unshielded conventional pads.

Pad,Conv

TABLE I
GaAND NFmin FOR THELNA

Ga [dB] | NFmin [dB]
with shielded pads 8.9 1.8
with unshielded conventional pads 4.9 2.6
LNA, Conv _ ~LNA, Core Pad, Conv
oL =L +Cb . (10)

Then, we can transforifi parameters and the noise parameterd10l

of the LNA with the conventional pads frofilNA:Conv gnd
CLNA, Conv
i :
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