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Project 1: MOSFET Characterization & Differential Amplifier

Project General Rules:

e This project is out of 15 points.
e You work individually.
e Due Date is end of week 9.
e You are required to deliver a soft copy report that contains:
0 Schematic diagrams (snapshots from Multisim showing dimensions and
values)
0 Design procedure (hand calculations)
0 Simulation results (snapshots from Multisim)
0 Discussion of your results and conclusions
e Any missing item from the 4 items above will be penalized in the report grading.
e Bad presentation (report document, figures, etc.) of your work is going to affect
your grade.
e Any duplicated or late projects will take 0 out of 10.
e The setup of the NMOS and PMOS transistors and their models are given at the
end of the document.

Problem (1): Transistor Characterization (4.5 points)
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Fig. 1 Transistor Characterization

(a) For the schematic shown in Fig. 1 with W=10pum, L=1pm:
Perform DC sweep for Vou (from 0 to 3V) while V=2V and plot Ip vs. Vou.
Perform DC sweep for Vi, (from 0 to 3V) while Vou=2V and plot Ip vs. Vix.
From the above curves determine the value of Vru, unCox, and A.
e Repeat the above for W=20um, L=2um.
e Discuss your results
(b)Repeat (a) for a PMOS device with the same dimensions.
(c) Compare between NMOS and PMOS devices.
(d) Discuss your results



Problem (2): Differential Amplifier (8 points)

(a) Design the differential amplifier shown in Fig. 2 with the following specifications:
e Apm=>5
¢ Input linear range > 0.2V
e Differential output swing > 2.4V, (peak to peak)
(b) Calculate the common-mode input range for your design.
(c) Document the design procedure and the results of the following simulations:
e DC analysis and show the Q-point (Ip, Vbs, Vesr) of all transistors.
e DC sweep for Viq from -1.8V to 1.8V and plot ip1, ip2, and iop.
e AC analysis and show the small-signal differential gain Apm, conversion gain Acm-pm
(due to for 5% mismatch in the two resistors R), and CMRR vs. frequency.
e Transient analysis with
Vini=VbpctA.sin(2znft)+B.sin(4xnft), Vino= Vpc—A.sin(2nft)+B.sin(4nft).
PlOt Vinl, Vin2, VP, Voutl, Vout2, Voutd. Where A=10mV, B=lOmV, leMHZ, VDC iS a
proper DC voltage of your choice.
e Perform Fourier analysis for the case B=0 and plot Vouwd in the frequency domain.
Calculate HD», HD3, and THD.
(d) Discuss your results.

Note: The differential inputs Vini and Vinz can be generated using an ideal transformer or
ideal voltage-controlled voltage source (VCVS).
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Fig. 2 Differential Amplifier
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Setup of the NMOS and PMOS transistors:

Choose an NMOS 4T from the menu of Place = Component (as shown below) and place
it in your schematic.

o Component: Symbol (ANSI ¥32.2) oK
| Master Datat v| [Mosn_ar =] Cose
Group: BIT_LPNP
| = Transistors W | BIT_NPN _@
Family: BIT_NPN_4T JM Detail report
Bl <21 forles > ~ | [BITPNP Hl View model
B ansisTors viRTUAL BIT_PRP_AT
= GaAsFET_N [ hep |

% BTN GaAsFET P

£ BIT_PNP FETN

% BIT_COMP JFET P o

Fully configurable n-channel MOSFET with a

q DARLINGTON_NPN M_N sub:haheﬁ%erminal

+J DARLINGTON_PNP PIER T

S oor_Res MOS5_N_4T_DEP

- MOS_N_DEP
—vﬁ’] BIT PRES Model manufacturer/ID:
- MOs_P - -
- Mational Instruments / NMOS

Kifiemr_cres MOS_P_4T

15 18T MOS_P_4T_DEP

1[5 MOS_DEPLETION MOS_P_DEP

1% MOS_ENH_N Footprint manufacturer ftype:

15 MoS_ENH_P

18 mos_ENH_comp

J: JFET_N Hyperlink:

L rFET P v

Components: 17 Searching: Filter: off

Double click on the transistor and chosse the tab of “Value”. This is where you can
change the dimensions (W,L) of the transistor.

| Label | Dizplay | Value |Fault | Pins | Variant | User ﬁelds|

Instance parameters: Toolz Views *

t

Mame Description Value Units  Use default  Show on schematic
L Length 2u 0 m O Mone

w Width 20u m O Mone

M Multiplicity 1 [} None

AD Drain area 0 m2 [} Mone

AS Source area 1] m? =] Mone

PD Drain perimeter 0 m [} Mone

PS Source perimeter a m [} Mone

MNRD Drain squares 1 [} Mone

MRS Source squares 1 [} Mone

TEMP  Tnetance anaratinn te 77 o A e M
L4

Device model level: MOS 3 (Level 3) Edit component in DB

Save component to DB

Edit footprint
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Edit model

o] Coms ] v |

Click on the “Edit model” button.
Copy and paste the model of the NMOS (as shown) in the “SPICE view”
Make sure to click on the “Change componnet” button to save changes.



Edit Model

Model

.model MMOS__ TRANSISTORS _VIRTUAL__ 1 2 nmos Tools ~ Views ™
+(

+LEVEL =3

+TOX = 200E-10 MSUB = 1E17 GAMMA =0.5

+PHI =0.7 VTO =08 DELTA =3.0

+U0 =650 ETA =3.0E5 THETA =0.1

+KP  =120E6 VMAX = 1ES KAPPA =0.3

+R5H =0 NFS =1E12 TPG =1

+X] =G500E-9 LD = 100E-9

+CGDO = 200E-12 CEs0 = 200E-12 CGBO = 1E-10
+C]  =400E-6 PE =1 Ml =0.5

+CIsW = 300E-12 MISW =0.5

+)

Reset to default Cancel Help

If you need to place another transistor in a schematic, copy the transistor that you have
just created to get the correct model and you can then change the dimensions.
Repeat the same for the PMOS transistor (MOS_P_4T).

Minimum length of any transistor is 1pum. The bulk of an NMOS device should be
connected to lowest voltage (ground) and that of a PMOS device should be
connected to the highest voltage (Vpp).

NMOS:

+(

+ LEVEL =3

+TOX =200E-10 NSUB = 1E17 GAMMA =0.5
+PHI =0.7 VTO =0.7 DELTA =3.0

+UO =650 ETA =3.0E-6 THETA =0.1

+KP =120E-6 VMAX =1E5 KAPPA =0.3
+RSH =0 NFS =1EI2 TPG =1

+XJ =500E-9 LD =100E-9
+ CGDO =200E-12 CGSO =200E-12 CGBO =1E-10

+CJ =400E-6 PB =1 MJ =05

+ CJSW =300E-12 MJSW =0.5

+)

PMOS:

+(

+ LEVEL =3

+TOX =200E-10 NSUB =1E17 GAMMA =0.6
+PHI =0.7 VTO =-0.8 DELTA =0.1
+UO =250 ETA =0 THETA =0.1
+KP =40E-6 VMAX =5E4 KAPPA =1
+RSH =0 NFS =1EI2 TPG =-1

+XJ =500E-9 LD =100E-9

+ CGDO =200E-12 CGSO =200E-12 CGBO =1E-10
+CJ =400E-6 PB =1 MJ =05

+ CJSW =300E-12 MISW =0.5

+)



