Announcements

e HW 4 posted, due Friday (May 2)
e Exams returned later this week.
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MQOS Capacitor

MO > e Built-in voltage just
like pn junction ---
o o electrons shift to
Metal Metal material with lower
contact back contact €nergy until
(e.g. Al) balance reached.
o + VG _ o

e When external voltage is applied, electrons are
attracted to higher voltage (+) and holes are
attracted to lower voltage (-)

e Oxide layer blocks electrons or holes (isolation)

EE 331 Spr 2014 Microelectronic Circuit Design © UW EE Chen/Dunham



MOS Capacitor Physics (p-Si)

p-type
O‘O’O‘O’O‘O’ Do =2NA Flat Band (VFB= d)Bl)
V6= Ves ‘os’se’s e Bo=" /Na When V=V, hole
o 0,0,0,0,0.0 concentration in Si equals
o’o’o’o’o’o° - doping (no net charg(l)
Gate OIGIOIOION0

0.0,.0.0.0 Vs < Vi holes attracted to

Vo<V, ’o’o’o‘o’o’ the gate side, but blocked

o ’o’o’o‘o’o’ by the oxide layer =>
OOOOOOOOOOO — accumulation of holes in
000000 semiconductor near

accumulation layer of holes interface with oxide.
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MOS Capacitor Physics (p-Si)

lonized acceptors p-type
Vi > Vg, holes repelled from
0,0.0
% Q 0000 the O-S interface =>
V> Vi 0a,0,0_0 : :
o -1 Q 0000 Depletion of holes in
0,0,0.0 .
(-] Q Q Q Q S p— semiconductor near the
Y Q Q Q Q © interface with oxide.
< . .
fe'o'et'on region Further increasing V to V. >
0,0.0
’ 000060 V., electrons ger.1erated and
Ve >V, ’ ® ’0’0’0’ attracted to the interface
° 0,_0_0 become the majority carrier =>
peccece | — JoTty

electron inversion layer

,Q 0,0 0 0 © : : .

. . formed in semiconductor just
N _ : :

electron inversion layer (n-channel)  beneath the interface w/ oxide
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MOS Capacitor Physics

p-type semiconductor substrate (as in n-channel MOSFET)

Vs V;
. . > VsV
Accumulation | Depletion A Inversion
Flat Band Threshold NMOS

n-type semiconductor substrate (as in p-channel MOSFET)

Vi Vg
. . —> Vs [V
Inversion A Depletion » Accumulation
Threshold Flatband PMQOS
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n-MOSFET

/'I Metal m .
: s " (or polysilicon) Silicon dioxide

“_. = - (8i0,)
,,.f.# 5 = -
; s : — = === D=
O : - ~5n o “Nney rep; ,,‘- A
/ n- channel LIA giop ~— L iil f} ' ;;_r - &w‘;:""“m
: .
Depletion region o r%fn e
B .(_'l:'!*_f".ﬂr
p-type substrate (body), N ~
l 4 device terminals:
B (bod .
(body) Gate(G), Drain(D), Source(S) and
When V. > V;, an n- Body(B).
channel is formed between Source and drain regions form p-n
source (D) and drain (S). junctions with substrate (Vz> 0)
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n-MOSFET

iG’iBzO:iDziS

+
G (Gate)
N _ Ves T
S (Source) [ = D (Drain)
A n-channel /\ o -I- - o
+ pgp — © B(body) ‘P
p-type substrate (body), N,

- Ups +
iBﬂ B (body)

VB Vs: Transfer characteristics

Device state: (UGS» Vps, vSB) Vps: Output characteristics
V¢p: body-effect (higher order effect)

Want to describe: ip = f(v¢s, Vps, Vsg)
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n-MOSFET Analysis (Triode)

Ups ® Goal: Find iD — f(sz, UDS)
Vés ~ 0 whenvpsissmalland vgg = 0
ic ~ ‘ol * Inversion charge per area at any
m point in the channel:
+ [ —4—> [ I r
i by v('x) i(x " No Q" = —Cox(vgec — Vry) =
— Cox(Vgs — v(x) — Vry) @
/\ /\
o-type | > e Current in the channel:
substrate L* i(x) = WQ" () (—itnEx) D)
I e Electric field:
— _dv(x)
(0) = 0, v(L) = Vps * dx @
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n-MOSFET Analysis (Triode)
e Combining @@@
dv(x)

i(x) = —upCoxW (vgs — v(x) — Vry) dx
* Integrate between 0 and L: v(0) = 0,v(L) = vps

[ i()dx = [P — unca;wwas—v(x) VTN>dv<x>

* We get the triode region formula:

[ iD = Ké%(vas — VTN vlz)S) UDS] where K, ,LlnC(’);(
e The channel exists as long as v = vgs — v(x) > Vo forall 0 <
x < L. This requires vgg = v(X) max + Vrny = Vps + Von

* Thus the condition for triode region operation is:{vss — Vps = Vry
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Important Parameters

* K,: Process transconductance parameter
— K, = u,Coy [A/V?] (fixed for a given technology)

K, : Device transconductance parameter
— K, = K,Q% [A/V?] (related to device dimensions)
* U,: electron mobility in the channel [cm?/V-s],
generally lower than in bulk (surface scattering).
o (. :oxide capacitance per unit area [F/cm?]

— Cox = €ox/Tox

— €% OXide permittivity [F/cm]

— €ox = €4€9 = 3.9¢, (€, = 11.7 for Si, 3.9 for SiO,)
— Tox: oxide thickness [cm]
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Triode Region |-V Characteristics

w vV
4 — / DS
lp = Kn?(v(;s — Vry — ER )VDS

* When v is small, ignore 2"? order terms

: w
ip = Kp T (Ves — Vrn)Vps
e [y proportional to vy =>the MOSFET is like a
resistor (resistor value controlled by v.)
* On-resistance:

R, = (aiD )—1 _ 1

%
Ips Kn7(vGs=VTN—VDs)
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