Carnegie Mellon University

ECE Department
Homework 1 — 18-421/623
Fall 2023
Instructions: Due Date(s):
e [Friday, 9-8-2023 — 11:59PM EST via Canvas
e 623 students: Exercises 1& 2 are required. upload
e 421 students: Exercise 1 is required, e Extendible to Monday, 9-11-2023 —
Exercise 2 is optional and counts for 11:59PM EST via Canvas upload*
extra credit

Discussing the homework with other students is authorized but submissions must be individual
* This means you may turn in the homework up to that date with no penalty. Homework will not be
accepted beyond this date.

Exercise 1 (40pts): Simulating Circuits with Virtuoso

For this homework assignment, you have to use Cadence Property Value
Virtuoso. Your submission must include LibraryName  analogLib
1) The schematic drawings (screenshots from Cell Name nmos4
Cadence with legible labels/texts) View Name symbol
1) Plots with white background and thick line T e
widths
Add _\_ Delete |  Modify

iii) Short comments on the plots/results
In this homework, we will use the long channel transistors
given in the model file
/afs/ece/class/ece623/F22/cmosedu_models. The figure on ik el
the right gives an example of how to place an instance of T raibu il
the NMOS to use from the analogLib library. We will use nmos4 cell which will follow the N_1u model from

CDF Parameter Value

Model name N_1u

the model card.

Schematic fo characterze a PMOS Schematic 10 characterize an NMDS
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Change the appropriate fields when you instantiate the PMOS transistor (pnmos4, P_1u).
1) Perform an Ib vs. Vs (or Vsp) sweep for both NMOS and PMOS devices for at least 3 different

values of Vas (Vsa). Set L = 0.5u and W = 10u, for each device.

DC Response

Name

Mo
-pon
Mo

- o

23N

Jads

DC Response
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Name

Moo

i M i i |
00 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34

s

oD

Mo

o

(3 pts)
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VGs = 1V

Vas 5 v

V
S5 s
3 El/

L L L B L [ L
00 02 04 06 08 1.0 12 14 16 18 20 22 24 26 28 3.0 32 34
vsd

2) Perform an Ib vs. Vs (Vsg) sweep for both NMOS and PMOS devices. Assume that Vps extends

the full power supply range (e.g., from Vop to ground, pick Vob = 3.3V).

DC Response

Name Vis

- o

3) Using your curves in 1) and 2), estimate the following:
The resistance of the devices in the triode region for at least three cases

The resistance of the devices in the saturation region for at least three cases
The lambda parameter of the devices for at least three cases

a.
b.
C.
d.

Q.

Wed Sep 20 11:56:25 2023 1

00 02 04 0.

T T T 1
6 08 10 12 14 16 18 20 22 24 26 28 30 32 34

The threshold voltage of each device

When
When

When
When

When
When

Vgs = 1V/2V /3V,
Vsg = 1V/2V /3V,
Vgs = 1IV/2V /3V,
Vsg = 1V/2v /3V,
Vgs = 1V/2V /3V.

Vsg = 1V/2v 73V,

an NMOS fransisfor
an PMOS fransisfor

an NMOS transistor

DC Response

Name

-pon

(3 pts)

Wed Sep 20 12:12:48 2023 1

L L L T T L L
00 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34

(4 pts)
(4 pts)
(4 pts)
(4 pts)

has o resktance 1120 726271590, (estimated N Vdg = 50mV)
has a ressfance 3M60 /7 Nb3 7 454 (),

has o ressfance MA@ 10.1752k0, (esfimared N Vis= 3V)

an PMOS fronsisfor has g ressfance B4.176-64 / 3.2k

an NMQS fransisfor
an PMOS transisfor

d. NMOS : 868 mv, PMOS : -G50 mV

has a
has a

[ambdg 0.081/0.085 7 0.08) (esfimated N Vds= 3V)
lambdo, 0.200 7 0.2267 0.228
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4) Estimate these values (a-d. above) when L. = 1.5u and W = 10u, for each device and for the
same corresponding biases you used in part 3. Present them in a table with the results from 3)
for comparison.

5) Discuss the differences between 3) and 4) if any with possible reasons behind them.

4)

5)

DC Response

Name

™o,
-mon
mom.
=0

DC Response

Name

Mo
- pop
Mo
-

L=z05u

L=1L5um

1(uA)

Wed Sep 20 11:40:34 2023 1

1000 —

950.0 2 DC Response

Home Vs

(12 pts)

(6 pts)

Wed Sep 20 11:47:08 2023 1

850.0 =

-0

750.0 =

650.0 =

550.0 =

450.0 3

350.0 3

250.0 =

150.0 =

50.0 =

-50.0 =

[ (| (R | T T 1
00 02 04 06 08 1.0 12 14 16 18 20 22 24 26 28 3.0 32 34

‘Wed Sep 20 12:14:02 2023 1

DC Response
Name vis

- o

T T L L L L L
00 02 04 06 08 10 12 14 16 18 20 22 24 26 28 3.0 32 34
vsd

Riiode (4f2) Rsot ( kdb)
NMOS
PMOS

NMDS
PMOS

1120 7262 7159
3M60 / N63 7454

nqg /10.1 762
84.1/1 6.4 /3.2
110071080 /63

36200/ 3300 / 1030

5000/ 1683 7 59.0
30.8k /257 /Nan

1(mA)

i i s i i
00 04 08 12 16 20 24 28 3234
vgs

Wed Sep 20 12:13:24 2023 1

L M
00 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34
vsg

lombda Vv

0.081 1 0.085 /1 0.08) 0.81
0.200 7/ 0.22670.2283 (O8b

0.010 /0015 70.01N
0.013 70.204 1 0.341

I.O
[

Longer-channel transistors have larger resisfance and smaller lambda due fo €8s shorf-channel effect,
PMOS hos o higher resistance In friode freglon
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Exercise 2 (20pts): Process Parameter Estimation from Simulation

Assume that you know the transistor’s aspect ratio, and further assume that the foundry has provided you with a
model for simulating this transistor but that you cannot view the contents of the model card. We want to derive
some simulation parameters: the process transconductance (k = unCox), the threshold voltage (Vtn), and the

short-channel parameter (1), from our simulation results.

Hint: Building up for Cadence GPDK 45nm process is in Cadence lab 1

1) Write down the equation set you want to evaluate the process (e.g. square law model)

2) Describe your method to derive the process transconductance (k = unCox) from your simulation.

3) Describe your method to derive the threshold voltage (Vrr) from your simulation.

4) Describe your method to derive the short-channel parameter (1) from your simulation.
5) Evaluate Cadence GPDK 45nm process and finish the table below for NMOS and PMOS

Exercise 2

General :

Vth ¢

MnCox -

Length | Width PMOS NMOS

(um) (um) unCox VtH A unCox V1H A
LAV) | (V) vVhH [ wavy | V) (Vh

2.0 20.0 215 .305 b 353 332 .105
10.0 204 . 304 b 353 .38 . 104

5.0 213 .302 120 352 -3N% .103

1.0 20.0 212 .32 A8 342 .404 . 138
10.0 212 22 143 343 L403 138

5.0 212 3 140 343 400 126

2.0 209 318 146 341 .303 135

0.5 10.0 230 .343 .185 303 433 .13
5.0 230 .34% 18t 304 A -183

2.0 228 .34% 80 3065 .42Q 18N

1.0 225 .34b 185 206 AN .184

0.2 10.0 211 . 405 . 266 252 49D .249
5.0 210 .ADS 26N 254 484 .29

2.0 209 . 4D5 268 258 436 203

1.0 201 .AD3 265 262 480 .235

0.5 204 .400 25 2617 .4no 210

L= 20um and L=1.0um are implemenfed with finger =2
L= 0Sum and L=o2um ore implemented with finger =1

Vgs. Vds Should nut affect Vi fop much ¢ <5%)

The values are obtained from Vos= 0.5V,

VdS = 0.1V

Multi-finger transistors make threshold lower o littie bif ¢ <1omv)

A is esfimgted by A = Qqgg/Ip in Saturation region

The values are obtained fiom Vgs= 06V,

A has @& large varlance wrth vgag (Vgg= OBV : L.5x

VdS = O.S \%

Vds = IV: 0.8 )

Vgs (Vgs = 0.5V : 1.2%x, Vgs = 0.8V 0.0x)

Muiti-finger transistors doesnt make a large difference

UnCox 15 estimated by Io/{(W/L) Vps (Vgs- Vi~ T Vos)1 in friode region (This assumes

The values are obfained from Vas = 08V, V4g = O.f V

MnCox has a small varlance writh Vgg (< 3%) and Vgs (<10%)

Muifl-finger fransistors make a lower UnCox (~ 20MA N
UnCox in PMOS has lower value due to  smaller Io (2 smaller Vi

A (Vps - Vpsat) << 1}
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