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3.2.7 T-match Circuit

Another method to match the impedance is T-match circuit, as shown in Figure 3-11
(a). It shares the same concept of connecting two L-match circuits back to back. The
capacitor C can be viewed as two parallel capacitors, C; and C,, as shown in Figure 3-11
(b). The fundamental formula of Q, C, and L for T-match circuit can be derived from the

n-match circuit, as shown in Equations 3.27, 3.28, 3.29, and 3.30 [6].
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Figure 3-11 Transformation from (a) T-match circuit to (b) two back to back L-match
circuits. Adapted from [6]

R R
Qov = Qap + Qcp = WoR;(C1 + C3) =\]_,I—1+\/—1—1 (3.27)

Rm RS
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Ci+C, =
1+ C; woR,
L= QupRin (3.29)
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T-match circuits are used mainly when the voltage source and the load are inductive.

The matching circuit can absorb the parasitic inductors to the matching network.
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3.3 Summary

Understanding the characteristics of RLC circuits is vital to calculating the input and
output impedance of the network. In LNA design, input and output matching networks
are essential for transferring data. In order to obtain the maximum power transfer,
constructing a matching network is neccesary, since it leads to minimum loss allowing for

more efficiency.
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transistors (CS and CG) that need to be biased. The current mirror is implemented to

constrain the current flow to fix the total current close to 1 mA, as shown in Figure 6-9.

Figure 6-9 The biasing circuit for the LNA design

The M3 and M1 transistors form a current mirror. The Ip;, 1s the reference current
for Ipg which is the current flow through cascode transistors M1 and M2. The ratio of the
current flow depending on the transistor’s width of M2 and M1. In order to constrain the
power to 1 mW, the I;,s must be properly designed so that M1, M2, and M3 can both
operate in saturation mode. The current equation for I;,;, when M3 operates in saturation

mode is shown in Equation 6.6 [25].
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1 Wy
Ipias = Eﬂncox - (VgSS - Vth3)2 (6.6)
In Equation 6.6, the V33 must be greater than not only Vi3 but also Vip, to drive the

M3 and M1 both in saturation mode. In order to find the best biasing point, the W5 was
swept from 1 um to 10 um. The I,;,s was applied from 20 uA to 200 uA to observe the
V4s3 which is greater than V5 and Vipq, as shown in Figure 6-10. The corresponding

value is shown in Table 3.
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Figure 6-10 The V43 with I, varying from 20 uA to 200 uA and W5 varying from 1 um
to 10 um
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Table 3 The Corresponding Values for Vg3 with Varied Ip,;45 and W5

Ibias Vgs3 (V), W3 (um)

UA) [ Wy=1  We=2  Wo=3 | Wi=4 | W=5  W5=6 | Ws=7 | W,=8  W,=9 | W,=10
20 0.52 0.47 0.45 0.43 0.42 0.41 0.4 0.39 0.39 0.38
40 0.57 0.52 0.49 0.47 0.46 0.45 0.44 0.43 0.43 0.42
60 0.61 0.55 0.52 0.5 0.49 0.48 0.47 0.46 0.45 0.44
80 0.64 0.57 0.54 0.52 0.51 0.49 0.48 0.48 0.47 0.46

100 066 = 059 056 | 054 052 051 0.5 049 @ 048 0.48
120 068 061 058 | 055 054 @ 052 | 0.1 0.5 0.5 0.49
140 071 A 063 059 | 057 055 H 053 | 052 051 0.1 0.5
160 0.73 = 0.64 0.6 058 056 | 054 | 053 | 052 | 0.52 0.51
180 075 065 | 061 059 057 055 054 053 0.52 0.52
200 0.76 = 0.67 | 0.62 0.6 058 056 | 055 054 0.53 0.52

DC analysis in Cadence ADE is used to find V3, which varies from 0.51 V to 0.519
V. Additionally, the same method can be applied to find V;p, which varies from 0.498 V
to 0.501 V. Therefore, the Vg3 must be greater than 0.52 V in Table 3, the shaded areas of
the table represent the values that do not satisfy the conditions.

The next step would be the power consumption of the circuit which is set as | mW. As
shown in Table 4, the power consumption is greater than 1.1 mW and is presented in the
shaded parts of the table. The shaded area shown in the table will not be considered as

operation points.
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Table 4 The Corresponding Values for Power Consumption of the Circuit with Varied
Ipiqs and W3

Ibias P (mW), W3 (um)

UA) [Wo=1 | W,=2 | Ws=3 | Wo=4 | W,=5  W,=6 | Wo=7 | W,=8  W,=9  W,=10
20 1.01 0.61 0.45 0.36 0.31 0.27 0.24 0.22 0.20 0.19
40 1.77 1.07 0.79 0.64 0.54 0.47 0.42 0.39 0.35 0.33
60 2.46 1.49 1.10 0.89 0.76 0.66 0.59 0.54 0.50 0.46
80 3.11 1.88 1.39 1.13 0.96 0.84 0.75 0.69 0.63 0.59

100 3.72 2.25 1.67 1.36 1.16 1.01 0.91 0.83 0.76 0.71
120 4.31 2.61 1.94 1.58 1.35 1.18 1.06 0.96 0.89 0.83
140 4.87 2.96 2.21 1.79 1.53 1.34 1.20 1.10 1.01 0.94
160 5.41 3.30 2.46 2.00 1.71 1.50 1.35 1.23 1.13 1.05
180 5.93 3.63 2.71 2.21 1.88 1.66 1.49 1.36 1.25 1.16
200 6.42 3.95 2.95 241 2.05 1.81 1.62 1.48 1.37 1.27

Finally, according to Table 3 and Table 4, one must choose a biasing point among all
the eligible points, which are labeled in yellow. The point (I;,s = 20 ud, W3 = lum ) is
chosen since it is closest to the 1 mW power dissipation. In this case, the width of M1 and

M2 were estimated using Equation 6.7. The W; and W, are given the value of 37.5 um.

1 wy
Ips = E.uncox_(vgsl — Vin1)? (6.7)
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6.7 Simulation Results

The final schematic is presented, in which the input matching network, source
degeneration feedback, output matching network, and the biasing network are put
together to complete the entire LNA design, as shown in Figure 6-11. The LNA’s
performance is provided in Table 5. Four factors determine the performance, which are

power consumption, gain, NF, and linearity.
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Figure 6-11 The schematic of the LNA design
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Table 5 LNA Design Performance

Parameters Specifications
Power Supply (V) 1
Power Dissipation (mW) 1.01
Gain (dB) 14.53
NF/NF min 0.98/0.56
P1dB (dBm) -17.32
11P3 (dBm) -10.67

The Gain, NF, P1dB, and IIP3 are shown in Figure 6-12, Figure 6-13, Figure 6-14, and

Figure 6-15.
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Figure 6-12 The maximum gain of the LNA at 2.44 GHz is 14.53 dB
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Figure 6-13 The NF and NF minimum of the LNA
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Figure 6-14 The P1dB of the LNA is -17.3181 dB
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Figure 6-15 The IIP3 of the LNA is -10.6657 dB

6.8 Performance Summary
The comparison of LNA performance is shown in Table 6.

Table 6 LNA Comparison to Other Works

[Ref] Gain NF I1P3 Power Frequency Technology
(dB) (dB) (dBm) (mW) (GHz)

[17] 22 2.5 -10 12 2.5 0.35 um
[18] 19.8 3 4.5 22.4 24 0.35 um
[19] 15 2.2 1.3 7.2 2.4 0.25 um
[20] 13.4 3 0 4.5 2.5 0.25 um
[21] 20.343 1.98 5 7.33 2.4-2.5 0.13 um
[22] 22.1 1.47 -8.1 11.1 2.4 0.18 um
This 453 098 1067 101 2.44 45nm

Work

Even though the IIP3 value was relatively lower than other works, the NF was the
lowest. By using the 45 nm technology, the smallest technology was implemented.

Moreover, the power consumption was extremely low among all the applications.
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