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A Design of Low Noise RF Front-End by Improvement Q—factor of On—Chip
Spiral Inductor
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Abstract - In the paper, we confirmed improvement Noise figure of the entire RF front-end using spiral inductor with
PGS(Patterned Ground Shield) and current bleeding techniques. LNA design is to achieve simultaneous noise and input
matching. Spiral inductor in input circuit of LNA inserted PGS for betterment of Q-factor. we modeling inductor using
EM simulator, so compared with inductor of TSMC 0.18um. We designed and simulation the optimum structure of PGS
using Taguchi’s method. We confirmed enhancement of noise figure at LNA after substituted for inductor with PGS.
Mixer designed using current bleeding techniques for reduced noise. We designed LNA using inductor with PGS and
Mixer using current bleeding techniques, so confirmed improvement of noise figure.
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3% 1 SNIM 28 A28 INA E 2,
Fig. 1 Schematic of LNA using SNIM Method.
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Fig. 2 Equivalence Circuit of small signal.
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Fig. 3 Simulation of S-Parameter.
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Fig. 4 Simulation of NF and NFmin.
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Fig. 5 P1dB of LNA designed.
x 1 245GHz LNA A|EE(old H=}
Table 1 Simulation of 2.45GHz LNA
g =5 @9 ANEFelH A
Gain dB 14
S11 dB -15.15
S22 dB -14.84
NF dB 1.67
P1dB dBm -9.84
Power consumption mW 8.77
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a8 6 MASE LNAY Layout.
Fig. 6 Layout of LNA designed.
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Fig. 7 Design parameter of PGS.
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Table 2 Defined design parameter and fevel (unit um)

Factor | Variable A | Variable B | Variable C Variable D
level | PGS 9% | Slot 7+ | Strip Wol | 5% Stip ¥
1 Layer 1 12 2 2
2 Layer 2 15 4 4
3 Layer 3 18 6 6
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Fig. 8 Sensitivity of Q- factor
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Fig. 9 Percentage contribution of Q-factor.
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Fig. 10 NF of the LNA with NGS.
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Fig. 11 NF of the LNA with PGS.
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Fig. 12 Layout of the LNA with PGS.
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Fig. 13 Schematic of Mixer using current bleeding.
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Fig. 15 Power IF signal of Mixer.
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Fig. 16 Linearity of Mixer.
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Fig. 17 Layout of Mixer designed.
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Table 3 Simulation of Mixer designed.
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RF Frequency MHz 2450
LO Freguency MHz 2440
IF Frequency MHz 10
RF Power dBm -40
LO Power dBm 0
Conversioin Gain dB 1545
1IP3 dBm -3.3
Noise Figure dB 7.71(at 510KHz)
P1dB dBm -18.531
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24 PGS +x HES RF A MA MA

] A

Mixer?} LNAE Z47} A% % % 1‘»“ Bahm% &
&to] LNA-Mixer® Aol sdt M o=
A . Balung <dEst9 wde LONEZ} BalunE =3
Balanced® o] Mixerz 9% HEE FASYc, B AF
8] AAg LNA-Mixer®] S 2% 189 ey
Kk

AAT LNA-Mixer®] A E#HeolH Z3 RF Power’t
-40dBm, LO Power’} 0dBm, RF 37 245GHzY o
o] 5-& 2233dBol™ NFE 248dB7F vrgoh 281 2 =%
Aol A PGSTE7 2E D LNA -Mixerd] A Edold 23
Gain& 2047dBe] ZA#E 29e9 NF 23 2423dBE
0064 =e F4E AHE B & Uit 29 199 ¥ g8

4

Schematic &

AF

On-Chip LtAg ol

J

ol BRAS ¢

o

ST MEF RF MR 4A

jut
o

Trans. KIEE. Vol. 58, Mo. 2, FEB, 2009

9] DSB Noise figureE4 < vl st

% 18 RF MR 32X,
Fig. 18 RF Front-end Circuit.
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Fig. 19 DSB NF of NGS and PGS circuit.
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Table 4 Result of Simulation.
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Fig. 20 Evaluation Environment.
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