MOSFET small-signal equivalent circuits

LECTURE 16

» Short explanation of MOSFET I-V

» More MOSFET capacitance

* MOSFET small-signal equivalent circuits
 2-port parameters

« y for intrinsic

» z for extrinsic

* s for HF

» power gains: MAG, MSG, U



Sec. 10.1

Si MOSFET features
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Sec. 10.1

MOSFET surface potential
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Figure 10.3 Representation of the oxide and the electrons and ions in the semiconductor as
capacitors, for the purpose of determining the surface potential.
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Sec. 10.1

MOSFET gate characteristic

Figure 10.2 Transtfer (or gate) characteristic at Vpg = 0.1 V for a CMOS90 NFET with the
properties listed in Appendix C. The threshold voltage is 0.24 V. MEDICI (Synopsys) simulation
using the DDE version of (5.24).



Sec. 10.1

MOSFET drain characteristic:
above threshold
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Figure 10.10 MOSFET drain characteristic from the surface potential model. Note: Vg = 0, so
that Vs = Veg and Vps = Vpg. Model parameters as given in Appendix C for a CMOS90
N-FET.



Sec. 12.2 MOSFET capacitance




Sec. 12.2.1

Intrinsic capacitances and C_,
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Sec. 12.3.1 Extrinsic MOSFET capacitance

Are the extrinsic capacitances reciprocal?




Sec. 14.2

MOSFET small-signal conductance
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Sec. 14.2 MOSFET conductance equivalent

circuit

Why can g3, be ignored for MOSFETs?
When is it OK to ignore ggg ?

What are the other conductances called?
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Sec. 14.2

Linearized, hybrid-Tr circuit
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Can you see a 11 in the equivalent circuit?

Parasitic R's have been added

What is missing from this circuit?
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MOSFETSs with “no” substrates
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FIGURE i. (a) Nanowire array with the bottom source ochmic contact,
consisting of Al and W, wrapping around the NWs. (b) Schematic
cross-section of the device, showing the thickness of the different
layers and illustrating the device input capacitances. The gate length
is about 100 nm. (c) Optical image of a completed device. The
enlarged portion of the picture shows what is defined as the
transistor cell.
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Vertical InAs Nanowire Wrap Gate Transistors
with fi > 7 GHz and f.x > 20 GHz
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o) MOSFET Intrinsic y-parameters
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Y22 = gdad + jw(Csa + Cya)
Y23 = gm — Jw(Chr + Cya)
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Y3z = jw(Cys + Cya)
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Intrinsic f; from y-parameters

1. t; is related to the short-circuit current gain
2. |id/ig|2= \y23/y33|2

3. Extrapolated f is projection at -20dB/decade to gain = 1
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Extrinsic z-parameters

1. Change INTRINSIC circuit to one using z-parameters
It’s now easy to add in the parasitic R’s

t; is related to the short-circuit current gain

lid/ig|2 = |-223/233|2

oroH> b

Extrapolated f is projection at -20dB/decade to gain = 1

For an analytical expression, it’s again necessary to selectively remove terms
to get the required roll-off with frequency. the result is:

T
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Sec. 14.8 y- z- and s-parameters

y-parameters are measured from currents under various short-circuit conditions
z-parameters are measured from voltages under various open-circuit conditions

s-parameters are measured from powers under various matched conditions

s-parameter set-up

Why are s-parameters used in practice for HF measurements?
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Another extrapolated frequency, this time referring to
particular power gains.

We’ll derive the one associated with MAG, the maximum
available power gain.

Another one follows from U, Mason’s Unilateral Power Gain,
the expression for which is
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