ECE 440: Lecture 37
MOSFET Analog Amplifier and Digital Inverter

Analog applications: Small-Signal MOSFET model
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Of all elements in the model…

· CGS (gate-to-channel capacitance ~ Cox) and gm (transconductance dID/dVGS) are essential
· The rest are parasitic elements which must be reduced!
Note that a lot of elements are voltage-dependent, e.g. depletion capacitances vary with depletion widths, which vary with voltage.

Another way to look at it:
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Drain current: 
Conductance parameters:


Cutoff frequency fmax = frequency where MOSFET no longer amplifies input (gate) signal.
Obtained by considering high-frequency small-signal model, with output shorted, finding frequency where |iout/iin| = 1.
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Something we already knew → higher MOSFET operating frequencies achieved by decreasing channel length.

Smaller = faster.
[image: image3.emf]
Logic applications: The Inverter
· The simplest logic operation of all


Key property of ideal inverter: signal regeneration – returns logic outputs (0 or 1=V+=VDD) even in the presence of noise, crosstalk, …
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Complementary MOS (CMOS) inverter:
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Qualitative operation:

· When V​IN = 0 → V​​​OUT = 

NFET is __________ PFET is _________

· When VIN = VDD → VOUT =

NFET is __________ PFET is _________

Important point: is there power consumption while idling in any logic state?
Consider PFET as “load” to NFET:
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Note: “rail-to-rail” logic. Logic levels are 0 and VDD.

Usually want transition voltage = VDD/2, but usually Lp ≈ Ln this means choose Wp/Wn ≈ _______ because μn ≈ 2μp
Last word for CMOS inverter: POWER DISSIPATION.

Energy consumed while charging load → EP = __________
[image: image7.emf]
CL is discharged through NFET → EN = ____________

[image: image8.emf]
Total energy dissipated per clock cycle: E = CLVDD2
But there are f (frequency, in Hz) clock cycles per second!

Active power dissipated by inverter switching: P = f CLVDD2
This is very important: fundamental trade-off between speed and power dissipation. Reducing voltage and parasitic C’s is a must at higher frequencies (high speeds).

In reality, there is also passive power (leakage) dissipated by the FET supposed to be “off”: Pleak = IleakVDD. 
Ileak ~ ION/1000 in typical technology.

This too is becoming a headache for digital circuit designers who have to multiply it by 100s of millions of “sleeping” transistors (“passive power” vs. “active power”)!



Ex: see IBM Journal of Research and Development issue on Advanced Silicon Technology, vol. 50, 2006:

http://www.research.ibm.com/journal/rd/504/tocpdf.html
Where to from 440?
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Spring 2009, � HYPERLINK "http://www.ece.uiuc.edu/courses/description.asp?num=598&sec=EP" �ECE 598EP�: Hot Chips: Atoms to Heat Sinks


Instructor: Eric Pop





This new course pursues a parallel treatment of electrical and thermal issues in modern nanoelectronics, from fundamentals to system-level issues. Topics include energy transfer by electrons and phonons, mobility and thermal conductivity, power dissipation in modern devices (CMOS, nanowires, nanotubes, phase-change memory), circuit leakage, thermal breakdown, system-level issues, thermometry, and heat sinks. Grading is based on homeworks, Wikipedia assignments, a final group paper, and oral presentations.





Pre-requisite: ECE 440, Matlab, basic quantum physics


Co-requisite: Phys 427 (thermal and statistical physics)





More info: � HYPERLINK "http://poplab.ece.illinois.edu/teaching.html" �http://poplab.ece.illinois.edu/teaching.html�


� HYPERLINK "http://www.ece.illinois.edu/courses/description.asp?num=598&sec=EP" �http://www.ece.illinois.edu/courses/description.asp?num=598&sec=EP�
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