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Figure 1: This is the schematic for the AC analysis. I designed the gate voltage and the drain
resistor to be Vg = 0.7V and Rp = 10k2 respectively.
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Model Marme: | NMOS aK.
LengthiL): | Tu I_Eame|
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NMOS =10 w=20u

Figure 2: I designed the width of the NMOS to be W = 20um.
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Figure 3: Cursor 1 and 2 in the bode plot are placed at 1Hz and 34.35MHz respectively.
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Cursor 1
W _out]
Freq; 1Hz Mag | 209575020 @&
Phase: 120" ]
Group Delay: | 4.6622245ns |
Cursor 2
W[ _out]
Freq| 34.350473MHz | Mag | 17.06840208 @
Phase: | 134.56892° O
GroupDelay: | 23577915ns |
R atio [Curgor / Curzorl |
Freq:| 34.350472MHz | Mag | -29991001d8 |
Phaze: -45,.433008°
Group Delay: 23044330

Figure 4: The data extracted by cursor 1 show that the small-signal gain at low frequency is larger
than 20dB. The ratio shows that the -3dB-bandwidth is wider than 30MHz.

20.967592dB
B

small-signal gain (V/V)=10" 204 =11.178 > 10




2 Transient Analysis
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Figure 5: This is the schematic for the transient analysis. The only differences from Figure 1 are
the voltage source syntax SINE(O .5m 10k) and the simulation command .tran 0 200u O 1n set.
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Figure 6: Cursor 1 and 2 are placed at the wave trough and the wave crest respectively.

=

Curzor 1

Wlwe_in]
Horz | 74,055031ps Werk | 699,50002rm
Curgor 2

Wlwe_in]

Horz | 125028630 Werk | 700,50001m
Dviff [Curgor? - Curzor ]
Hoz | 50.0736ps Wert | 009,98713p0

Freq| 19.970603KHz  Slope:| 19,9703

Figure 7: Vj, is a sine wave with frequency f = 10kHz and peak-to-peak amplitude V,_, = 1mV.
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Figure 8: Cursor 1 and 2 are placed at the wave crest and the wave trough respectively.
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Curzor 1

W _out]
Horz | 74,055031ps Werk | 538,09035m
Curgor 2

W _out]

Horz | 125028630 Werk | 526,91197mi

Dviff [Curgor? - Curzor ]
Hoz | 50.0736ps Vet | -11,178374my

Freq| 19.970603KHz  Slope:|  -223.239

Figure 9: The diff shows that the small-signal voltage gain is larger than 10V/V.

The SPICE directive in Figure 5 sets Vg = vto = 500.0mV. The data extracted by cursor 1 in
Figure 7 show that min(Vgg) = 699.5mV. The gate voltage exceeds the threshold voltage so

Vas > Vrr

holds. The data extracted by cursor 2 in Figure 7 show that maxz(Vgs) = 700.5mV. The data
extracted by cursor 2 in Figure 9 show that min(Vps) = 526.9mV. In the worse case scenario,
max(Vov) = max(Vas) — Vg = 200.5mV . The drain voltage exceeds the overdrive voltage so

Vbs > Vov

holds. Hence the NMOS operates in saturation region.
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Figure 10: Cursor 1 and 2 are placed at the wave trough and the wave crest respectively.

Curzar 1

Id(h1)
Horz | 74,055031ps Wert | 126,10096p8
Curzar 2

Id(h1)

Horz | 125028630 ert | 127.3088p4

Dviff [Curgor? - Curzor ]
Horz | S0.0736ps Vet | 1,1178345p4

Freq| 19.970603kHz  Slops|  0.02232383

Figure 11: The data extracted by cursor 1 and 2 show that min(Ip) = 126.2uA and max(Ip) =
127.3u A respectively. The DC offset of the drain current is [min(Ip) + max(Ip)]/2 = 126.75uA.



3 Figure of Merit

The figure of merit of the common-source amplifier with gate voltage Vg = 0.7V, drain resistor
Rp = 10k, and NMOS width W = 20um is

_ gain(V/V) x bandwidth(M H z)

FoM
° drain-current(mA)

11178 x 34.35

012675 ~ 3029 > 800.

Appendix

For the interested reader, I provide here a brief introduction to my attempt to maximize the figure
of merit, although these are not referred to elsewhere in the homework assignment. Through some
tedious fine-tuning, I found a local maximum for the function

FOM(VG, Rp, W)

at
Ve =~ 0.5135V
Rp =~ 7.2863k)
W = 282.5um

subject to the specifications
gain(Vg, Rp, W) > 20dB

bandwidth(Ve, Rp, W) > 30M H .

The figure of merit of the common-source amplifier with gate voltage Vi = 0.5135V, drain resistor
Rp = 7.2863k$2, and NMOS width W = 282.5um is

_ gain(V/V) x bandwidth(M Hz)

FoM
° drain-current(mA)

~10.000" x 30.000%*
B 0.0093528
where the data were extracted by the cursors as shown in Figure 12 and Figure 13.

~ 32076 > 800,
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Cursor 1
W[v_out)

Freq: Mag: 20,000225d8 @
Phase: 1807 O

Graup Delay: 5.6464313ns O

Wv_out)

Freq:| 30.00001MHz M ag: 16.9902dE ®

Cursor 2

Phaze: W O

Group Delay: 301613380 |

Ratio [Cursor2 # Cursorl)

Freq:| 30.000003MHz | Mag -3.0101346dB

Phase: -48.806248°
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Editing component: k1 4

Figure 12: After fine-tuning, the data extracted by cursors show that the small-signal gain is a
little bit larger than 20dB and the -3dB-bandwidth is a little bit wider than 30MHz. Note that the
exact value of the half-power bandwidth is 20logm% ~ —3.0103.
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Cursor 1
Id[k1]

Hoz| 749550315 Ver:| 8666849504

Cursor 2

Id[M1]

Hoz| 125.02863ps  Wer:| 10.039107pa
Diiff [Curgor2 - Cursorl)

Hoz | 50.0736ps Vert:| 1.3724575pA
Feq| 19.970603KHz  Slope:|  0.0274088

Figure 13: The data extracted by cursor 1 and 2 show that min(Ip) = 8.6666uA and maxz(Ip) =
10.039uA respectively. The DC offset of the drain current is [min(Ip) + maz(Ip)]/2 = 9.3528uA.
Note that 1726mV > 514mV — 500mV and 513mV > 500mV so the threshold voltage, the gate

voltage, and the drain voltage satisty Vps > Voy and Vigg > Vg in the worse case scenario. Hence
the NMOS operates in saturation region.




