Lecture #25

Midterm #2 Information
« Date: Monday November 3
* Topics to be covered:
— capacitors and inductors
— 1st-order circuits (transient response)
— semiconductor material properties
pn junctions & their applications
— MOSFETSs; common-source amplifier
* Review session: Friday October 31st 2-4 PM

OUTLINE

— The transconductance amplifier
(from Howe & Sodini Chapter 8.1)

— Summary of MOSFET
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Amplifier Types
1. Voltage amplifier +® e,
input & output signals are voltages V"l. amplifier .‘i°“‘
2. Current amplifier P g
input and output signals are currents sl
° °
3. Transconductance amplifier
input signal is voltage; . g lout
output signal is current Vin o amplifier .
4. Transresistance amplifier I .
input signal is current; amplifier ;om
° °-

output signal is voltage
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Two-Port Amplifier Model

for a transconductance amplifier

<oy
(o,
+
. \Z
Vin § Rm <+> EmVin § Rout
(o & ® & O
EECS40, Fall 2003 Lecture 25, Slide 3 Prof. King

Effect of Source and Load Resistances

_/\A;\/_O_ ' <_éout
:
O LIROTE I 2h,

» Overall transconductance is degraded by the
source resistance R, and load resistance R,

iout —_ Rin Rout
Vs Rin + Rs gm RL + Rout
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NMOSFET Summary: Current Flow

NMOSFET Structure NMOSFET Circuit Symbol
i
GH , G
'n+ poly-S I - VGS I
4 D ~
—1 [—
— Vps T

If Vgg <V, ip = 0
glvaS>vT, ip>0

Gate current ig =0

Current is limited by either

Body current ig =0 + the resistance of the
inversion-charge layer, or
2 ig=-ip + velocity saturation
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NMOSFET Summary: Modes of Operation

* When V¢ < Vi, an n-type channel is not formed.
-> No electrons flow from SOURCE to DRAIN
‘CUTOFF mode”

* When Vg > V4, an n-type channel (“inversion” layer of
electrons at the surface of the semiconductor) is formed.

-> Electrons may flow from SOURCE to DRAIN (ip > 0)

If Vps < Vgs—Vr, the inversion layer exists across the
entire channel length, and current ij increases with Vg

“LINEAR mode” or “TRIODE mode”

If Vps = Vgs—V7, the inversion layer is pinched off at the
drain end, and current ip does not increase with Vg

“SATURATION mode”
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NMOSFET Summary: /-V Characteristics

,,,,,,,, ,,,,,,,,
ﬂ ﬂ

i
1
1

Ves = Ve3> Vaz

!
!

Ip

“‘LINEAR” /
or %/%“SATU RATION’
“TRIODE” 7
//e Vps = Ves—V7= Vpsar
Ves = V2> Vi

Ves=Ve1> Vi
Vbs

‘cUTOFF—”" [
(vessV7) [
Prof. King
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NMOSFET Summary: I-V Equations
‘LINEAR” or “TRIODE” ‘SATURATION"
/4 4 k., W
I, =k—| Vs ~Vp =25 o Ipgy =2 Ve =V, ]
D n Ll: GS T 2 DS / DSAT 2L ( G T)
ip /e Vps = Ves=V7= Vpsar
7 . Ves> Vr
o Vbs
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PMOSFET /-V Equations

IVasl > [Vl

‘LINEAR” or “TRIODE”

“‘SATURATION”
k, w ) W v
DSAT =_7pT(VGS _VTp) I :_kpf VGS—VTp _% Vs
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NMOSFET Summary: Non-ldeal Behavior

Channel-length modulation:
The length of the pinch-off region, AL, increases with

increasing Vpg above Vgs—V;. It reduces the length of
the inversion layer and hence the resistance of this layer.
Vpsat Fp

L

S |

cross-sectional
view of channel: !
v - ~
inversion layer e
E

ip increases noticeably with Vg, if L is small
< — \is the slope
(channel-length
modulation parameter)

ID /
i Vps
Prof. King

1
O vDSAT
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(continued)

Velocity Saturation:

. In a very-short-channel MOSFET, i, saturates because
the carrier velocity is limited to ~107 cm/sec

- ip reaches a limit before pinch-off occurs

2
Veg= 2.0V 3
1.5 ] :j
: >z
T Ves= 15V | ; v
z — _ _ " DSAT
= 1 DSAT — Wcox VGS VT 2 Vsat
05 Vag= LOV 1)
h _ L
0 where Vg =—v,, < sz—v'r
0 05 1 15 2 25 ,U
Ve (W0 n
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(continued)

Subthreshold Leakage:
* For Vgs < V5, ip is exponentially dependent on Vgg:

log ips

J«— 1/S is the slope

leakage current, loeg —>

V,
1] Vr GS

* The leakage current specification sets the lower limit for
the threshold voltage V;
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NMOSFET Summary: Circuit Models

» For analog circuit applications (where we are concerned
only with changes in current and voltage signals, rather
than their total values), the small-signal model is used:

G O— $—©°OD
+ iy
Vgs <+>gmvgs § ]/go

S o— o —o0 S

/8
transconductance 4, [] f k,, (VG - VT)

output conductance g, 1A, where Vg4 & Iyare the
DC bias (Q point) values

EECS40, Fall 2003 Lecture 25, Slide 13 Prof. King

NMOSFET Summary: Circuit Models

 For digital circuit applications, the MOSFET is modeled
as a resistive switch:

Vps (Vop—Vpp/2) I
a—)‘ Y
v D_| l; S _IM.Q D
h .
3V 5
- eq O=—22- 1__/]nVDD
As the load capacitor discharges, 41 DSATn 6
i V.. decreases to0V ,
Ip G kW )
psim == —Vop =V,
— DSATn L ( DD Tn)

i -
: \j
- // - :Q/\Joo\ Yosk . | MOSFET is turned on
& /)\/ ?’\09 ' (Vigs = Vpp) When Vs =V,
Z a :

f Vps

vDDI 2 vDD

slope OV, /2 Ipgar
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