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Delay is not allowed. (-100pt)

Build two simulation files for AC analysis and transient analysis respectively.
In LTspice AC analysis, you must set

(a) type of sweep = decade,

(b) number of points per decades = 100,

(c) startfrequency =1,

(d) stop frequency = 100meg. (-1pt)

In LTspice transient analysis, you must set

(a) stop time =200u,

(b) maximum timestep = 1n. (-5pt)

The NMOS model is set by the directive: .model NMOS NMOS(level=2 vto=0.5
kp=300u lambda=100m tox= 300n Cgso=50p Cgdo=50p). (-10pt)
You must attach three screenshots in AC analysis including

(a) schematic,

(b) width of NMOS (the channel length is fixed at 1 pm)

(c) bode plot (to display gain and bandwidth). (-10pt)

You must attach four screenshots in transient analysis including
(a) schematic,

(b) waveform 1 (to display saturation),

(c) waveform 2 (to display output amplitude),

(d) waveform 3 (to display drain current). (-10pt)

You must extract the data by cursor, including

(a) small-signal gain,

(b) -3dB bandwidth,

(c) amplitude of output voltage,

(d) DC offset of drain current. (-5pt)

Please check the hand-writing result in your photo is clear. (-5pt)




Fig. 1 shows the common-source amplifier with Vop as 1.8V, Cr. as 0.5 pF, and channel
length as 1 um. In AC analysis, Vin represents a small signal with AC amplitude = 1; in
transient analysis, Vin is a 10 KHz sinusoidal waveform with 0.5-mV amplitude (Vpp =1
mV).

(1) First of all, utilize AC analysis to design your V¢, Rp, and width of NMOS to make
small-signal gain larger than 10 V/V and -3dB bandwidth wider than 30 MHz at the
same time (hint: you need to know the conversion between dB and V/V).

(2) Secondly, utilize transient analysis to display NMOS operating in saturation region
(Vbs > Vs - Vn > 0), and check the ratio of output amplitude to input amplitude is
larger than 10 V/V.

(3) Finally, try to achieve the best figure of merit (FoM) value as “gain (V/V) * bandwidth
(MHz) / drain current of NMOS (mA),” and calculate it (hint: use the DC offset of drain

current in transient analysis to calculate FoM).

(4) If your FoM achieves above 300, 800, you can get 5, 10 bonus points respectively in

this HW.
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Appendix

(1) Setup of AC analysis

y Edit Simulation Command

Transient AC Analysis DC sweep Noise DC Transfer DC op pnt

Compute the small signal AC behavior of the circuit lineanzed about its DC operating

point.

Type of sweep

Number of points per decade

Start frequency
Stop frequency

Syntax: ac <ocl, dec, lin> <Npoints> <StartFreq> <EndFreg>

acdec 100 1 100meg

Cancel

[ ]

(2) Setup of voltage source used in AC analysis

[E¥ Independent Voltage Source - Vin

Funclions
—

l® (none)

(") PULSE(V1 V2 Tdelay Trise Tfall Ton Periad Ncydes)

() SINE{Vaffset Vamp Freq Td Theta Phi Neycles)
(D EXP(V1 V2 Td1 Taul Td2 Tau2)

(") SFFM(Votf Vamp Fcar MDI Fsig)

CIPWLIH v 12v2.)

(JPWLFILE:

Additional PWL Points

Browse

Make this information visible on schematic:

*
DC Value

S

Make this infarmation visible on schematic: [v]

Small signal AC analysis( AC)

ORI
AC Phase: .

Make this information visible on schematic: [+]

Parasitic Properties
Series Resistance{()] |

Parallel Capacitance[F]. |

Make this information wisible on schematic: [+/]




(3) Setup of Transient Analysis

W Edit Simulation Command

Don't reset T=0 when

Stop time:

Time to start saving data:
Maximum Timestep:
Start external DC supply voltages at 0V:
Stop simulating if steady state is detected:
steady state is detected:

Step the load current source:

Skip initial operating point solution:

Transient AC Analysis DC sweep Noise DC Transfer DC op pnt

Perform a non-linear, time-domain simulation.

200u

0

1n|

o g

Syntax: .tran <Tprint> <Tstop= [<Tstart> [<Tmaxstep>]] [<option> [<option=] ._]

tran0200u0 1n

Cancel

(4) Setup of NMOS Schematic

i Select Component Symbol

T

St

-

MOSFETS)

Top Directory:  C:\Users\PC-Lab\Documents\L TspiceXVIl\lib\sym

Open this macromodel’s test fixture

X

~

N-Channel MOSFET transistor with explicit
substrate connection(used for monolithic

nmos4

C:Wsers\PC-Lab\Documents\L Tspice XVINlib\sym\

[ADC] [SpecialFunctions] f load ng
[Comparators] [Switches] FerriteBead load2 pif
[Contrib] bi FerriteBead?2 lpnp pn
[DAC] bi2 g ltline pn
[Digital] bv g2 mesfet pr
[FilterProducts] cap h njf pr
[Misc] csw ind nmos pr
[OpAmps] current ind2 hmos4 [
[Optos] diode 1ISO16750-2 npn re:
[PowerProducts] e 1ISO7637-2 npn2 re:
[References] e2 LED npn3 sc
< >




(5) Setup of NMOS Model

E;" Edit Text on the Schematic: hod
How to netist this text Justification Font Size
() Comment Left ™ 15({default) -~
. Cancel
(#) SPICE directive [ ] ertical Text

wdel NMOS NMOS{level=2 vio=0.5 kp=300u lambda=100m tox= 300n Cgso=50p Cgdo=50p]

Type Cli-M o starl a new line.

vto means Ve, kp means unCox, lambda means A

(6) If you want to know the parasitic capacitance of NMOS, please run operating point
simulation and check the .log file in the same folder. To simplify the model, we
assume gate-source capacitance Cgs = 2/3*W*L*Cox + W*Cgso, and gate-drain
capacitance Cgd = W*Cgdo.

LOG

HW4.log

©

® © ® A4ac.log None
1 Circuit: * /Users/hjchen/Downloads/4ac.asc

Instance "ml": Length shorter than recommended for a level 2 MOSFET.
Direct Newton iteration for .op point succeeded.
Semiconductor Device Operating Points:

—-— MOSFET Transistors —---

Name: ml

Model: nmos

Id: 5.70e-04
Vgs: 6.00e-01
Vds: 1.23e+00
Vbs: 0.00e+00
Vth: 5.00e-01
Vdsat: 1.00e-01
Gm: 1.14e-02
Gds: 6.49e-05
Gmb: 0.00e+00
Chd: 0.00e+00
Cbs: 0.00e+00
Cgsov: 1.67e-14
Cgdov: 1.67e-14
Cgbov: 0.00e+00

Cgs: 2.56e-14

Cgb: 0.00e+00

Date: Thu Jun 17 23:45:35 2021
Total elapsed time: ©.052 seconds.

tnom = 27

Lines: 46 Characters: 1,886 1.89KB Unicode (UTF-8) ¢ LF K




