
Feb 20, 2018 

ECEN 474 
Homework #2 Solution 

1.  (50 points) Technology Characterization for Design 
In this problem, we will extract some of the key MOSFET parameters used in circuit design.  For all the 
following, extract the required data and plots for both the NMOS AND the PMOS device.  For the PMOS 
device swap the polarity of the given bias conditions, i.e use VSD for VDS and VSG for VGS. 

a) Threshold Voltage Dependency on Width & Length. 

 

 

 

 

 

 

 

 

 

 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
380

400

420

440

460

480

500

520

NMOS V
TH

 vs L, W=2um, V
DS

=900mV

L (um)

V
T

H
 (

m
V

)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
416

418

420

422

424

426

428

430

PMOS V
TH

 vs L, W=2um, V
SD

=900mV

L (um)

V
T

H
 (

m
V

)

0 1 2 3 4 5 6
360

380

400

420

440

460

480

500

520

NMOS V
TH

 vs W, V
DS

=900mV

Width (um)

V
T

H
 (

m
V

)

 

 

L=180nm

L=360nm
L=720nm

0 1 2 3 4 5 6
410

415

420

425

430

435

PMOS V
TH

 vs W, V
SD

=900mV

Width (um)

V
T

H
 (

m
V

)

 

 

L=180nm

L=360nm
L=720nm



c) Essential Design Plots.  Note, I inverted the PMOS current to more easily compare the NMOS and 
PMOS data. 

  

 

  

    

d) Other Useful Design Plots 
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Problem 2 Final Design 

g ω C 2π 200M 5pF 6.3mA/V 

R
%

. /
 =950Ω 

For output common-mode level, 1.8V I R 0.9V → I 947.4uA 

Therefore, gm / ID =6.65V-1 

From this spec, relatively low gm/ID yields an operation in strong-inversion region. Due to the relaxed dc 
gain, minimum channel length, L=180nm is used. 
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In the strong inversion, low gm/ID is desirable for sufficiently high bandwidth.  

Current Density is 44.16 uA/um for gm/ID = 6.65V-1. Therefore,W
⁄

.

. /
21.45um  

NMOS with 2um x 12 fingers is used.  

 

And for gate biasing 675mV is chosen from the Current Density vs. Vgs curve. 
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With minor adjustment in the gate-bias voltage Av=14.07dB(>5 V/V) and the GBW = 217MHz 
(>200MHz).  

  



  

With the VGS adjustment, the hightlighted dc operating point parameters are close to design chart 
generated from BSIM-4 transistor simulation data. 

 


