PART IIA 2005

> Micylrora 12 @
3B5: Semiconductor engineeri Cr‘k P 9

ring — v Zf
Principal Assessoy: Prof. p Migliorato )( A : -{P‘/

Datasheet: None

as & il
Q%Fmﬁgelamz 57%[2&f e wave f//L/
: ' . ' -;(/1 2 Wéti-/ regu
L(Eétf_ /W/Q/hj/cfj M
i“ ex Tra cliou 0/ elecirons . |
ewefﬁt/ o,L Flee electrous | Yicree §¢§
/l’m,uw&/ o 1T, Tle %ﬁéfujzua/ /0%«[3.2
Cinlt  bul <5 a«;o(éﬁwwf of 7
/‘J'{% ’ *@mf/'@/. Tl eﬁ'/c&?" Ca owéfx
\_/(,3 Lot ' -
ined by assom </ -
? mw.(po/fwa bLZuwe =3 ,pf(;f:/ €L
”péwfpms "/ ﬁw Mﬁéz/ s
‘ £ = , W
éo ZLDM é?@f% m
I/j (s [l Frepuensy a
E.m. arl .

Eleclrou J,'Aﬁmc&‘a@ s s
Pux Gicle ¢ beﬁzwwrﬂ

by 4 //f’qf/l/
e i CL’V%LM@ 704'%’&05;,@
e atity 0% L epre oy
FM(M’M §&O§%7 Er%7 ip
Qdsiub=mA M= 2
(atlice planes LisTauce

o ol
/? = ‘"[j"“'____ e/(c/fau %/&/&;gy@'/)

v omeulom




1k @
r, (9’/¢ At e /90/” caorcﬁ'(/w/fc.f/ s
TLLL Jt%’fw./,é véfow ﬂ\.é &n@/@ y ( ﬂuir cd <
tle cocdre of 7he nwclevs [ colacl 18
7 Sl’ojo& /9,/07‘9(4; (}/ A'S e dAAjO/ZC befcc et
(O /)ro/gc&:pz,( @71 ﬂ#ﬁoci&bm Lo c]or
aed ou Tl Xy oz el and Tt
X — X S ?/ (o Tl Mﬁ @é/éuzou 7l
POQ‘?‘/:S’&/ veclir ﬂ//lc(’ 7///@ 2—Wl T . K(ry
43‘ﬂﬁpqﬁa%ﬁk WM@ﬁwﬁﬂa
[l eleFroce @ud"72%_4u4wawg'iﬂ%g;
45 Tlw perl ole @“‘Lﬁ oree [Tz

émﬁé@ ,

e per) cc s
JdK :‘——(’o(é—“}n
e r
_4._2._@_.: Ca%@-%
ot 2
§ués‘77'7‘h7/tug Tl tloove Lt ecou,o/?f{oq 2 1y
Hustioy Teal.

;
P %-—/%(%-Q—g—i—f/
—ot”
+ 2__"_’."__@220//: D

(8 4Tre,r



Er Hooe @M@C/é&r > be ;&C'g%aﬁ/.' @

<u OI[ Term( Sou 721'(/:4'% ,/é - O
amd -
Com 07[ fél’mf mpf@m%uﬁ_%_: 2,

«’Z:/’QM %/fr\@moz,ﬁd&{ ..

N—- me=
2
, /&
From Zud conditob 752 ¢
Fo_me®* __ m&e
5 2,2 o 2 2 :
A RS TT F 2

)

/jmb(,L,{(f« (){ CQMS;'ILQ /[k/ 2: 626—200/‘

Probah/'ltfﬁ pg)/&é//g beru)
w it v aud Fredr

- o
Ferldr = 47?1(26/‘ “l el

/30190(/)(%/&1[7 /)M&‘Q/e é&mjo Lolowesn O aud 0o
s eyl =1 There for <

0%
04T7C2/ Fgﬁﬂzxr&r -1
19,

nteqrabiou by /ywﬁ Aives;
B2 2
© 2/%
Heuce o =
T




Q ¢ Meful lasulator @

(a) <& -

— EF CR R
\E_ﬁ>ge’v EJI-—‘Z

f
(/s __@‘___%v@ W Ve
— Tz

Ll s s ¢ _L—Z___-_‘C’—-
for au e/ecTrou ~/‘o éé A/L/ﬁ 740 e/ HA'
A W«&r@tﬂ}/@, p (.7L Mugr ﬁgl'u gu&rj7, Siuece

eners) g beudc reswll ql—rom .oLl‘sore/—Z gy
OV very close %ﬁem [t ererdy i d

77,/\—& OCCufaa.fmbu a% 7luse &«/Z/K (S oﬁzZiﬁJ\@J
19"7 Pawli /«'M&%& — wvol” Tewd eleciron;
Co lrece Tl _Yauwcz{z.?z/ua,«/t?‘uuu
Mmé&g_) sen e lecArin can Wﬂy
M(Jméxfjff 57 Vwou."uj %—rou——g
3 ébu&g éa WW w ‘5&‘

lu mednls  the %W”“wd;&WJ
< ‘9% WW&‘&/{‘/ Fll, so elreArous
uwmﬂa.ﬁiwxzémaa7 Er are gl

fa 2 /% &(/é{f
Co pove l*'u/(“buz;o %& Wa/o/e @@Pé

[a M;tgu,éﬁ/far’s [m&&“ Bﬁz@w;@
bwicwﬁWW¢ aﬁmecw¢& ,



e kogg;b& 6\/\/&( &/{LUMAA/L &&07}(&6
fiobd (F > 107-10°V cwt ) . W hew Thece
C{/J S gxe Wuf T caselator brealss

wie  geed  Losec TS i sudt b

Ffo({q&v’ Coe S . | M/a
coi ZLD 5Y E 45 S!
" . jzgifm:(s ZLJ? é{ WVMM;/

oY Z( r .

0{(,4%;& Q[roa/ow ’flzké l// ngﬁ fj:'z://
@obuimyﬁ’ot« gWQ/ (C.g/' So

oo coudacd pliclvicdy

2b. In sodium the 3s orbital has only one electron. So the band originating from
this level contains N level and N electrons. Since the electrons occupie the
lowest energy level compatible with Pauli Exclusion Principle, they will end up
two per level filling the lower half of the uppermost band. In the case of Mg the
band originating from the 3s atomic states is completely full (2 electrons per
energy level), so one would expect it to be an insulator. However the 3s and 3p
bands overlap, so the 3s band is full but the empty 3p band levels are available
for conduction.
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2c

n-type Silicon

Each Group V atom will replace a silicon atom

—This is known as substitutional doping

—In doing so, the Gp. V atom will use 4 of its 5 valence electrons to form covalent bonds
with 4 neighbouring Si atoms

—There will now be one spare electron on the Gp. V atom

—The electron is only weakly bound

—In energy terms, it will form an energy level Ep only ~0.03eV below EC which will be
occupied at 0°K

—Electrons may be easily excited into the CB from the energy level £D as temperature
rises

—So, the addition of each Gp. V impurity leads to an extra available conduction electron
without the creation of a hole in the VB to produce a n-type semiconductor. The Gp. V
impurity is called a ‘donor’-In a n-type semiconductor conduction is predominantly due
to electrons in the conduction band which have been excited from the donor levels.

p-type Silicon
To dope a Group 1V semiconductor p-type, we add a Group III element to the material,

such as Boron

—Boron 1522522p  has only 3 valence electrons, but the surrounding silicon atoms
provide 4 bonds

-3 of these form covalent bonds with the 3 electrons of the Boron

—The 4th has only 1 electron, while we know it can take 2 electrons with opposite spin.
—The associated energy level EA is located ~0.030 eV above EV

—At 0°K this level is empty

—At higher temperatures (300°K) an electron can jump into the empty space from other
bonds; another electron can jump into the newly vacated place and so on*This is can be
viewed more easily in terms of hole rather than electron:

—a hole is bound to the Boron atom at 0°K , but can move about at higher temperature—
Now there is an excess —ve charge —e on the Boron site due to the captured electron
—The captured electron stays on the Boron site while the hole moves about

—Such Gp Il impurity is called an ‘acceptor

To dope I1I-V semiconductors such as GaAs which already contains atoms from Groups
III and V we use Group II elements (e.g. Zn) as acceptors and Group VI elements (e.g. S)
as donors. Group IV elements can act as p-type or n-type dopants depending on their
chemical preference for substituting for the Ga or the As

C acceptor

*Si donor

*Ge  amphoteric

*Sn  usually a donor, but occasionally acts as an acceptor
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3 (a) The High Electron Mobility Transistor (HEMT) is a variant on the
MESFET. If we wish to increase conductivity of a MESFET. we could consider raising
the doping level, but the increased number of impurity atoms causes more electron
scattering and reduces mobility. Therefore, we use a wide bandgap doped semiconductor
with a thin, low doped semiconductor to form a heterojunction with an accumulation of
electrons in a thin layer. The doped, wide bandgap material provides a source of
electrons which accumulate in a two dimensional layer in the GaAs. We therefore have a
large carrier density in a region of low doping density. These carriers therefore have a
high mobility, and a very high speed device is the result.

n GaAlAs GaAs metal

E

"4

(b) (i) Calculating the work function of the GaAs assuming that all
donors are ionized:

N
E,. —E. =kT m[lj

I

23

=0-862x107%.2981n
4.0x10"

3~3x1020]
E, -E.=-0-18¢eV

The work function is then



¢Guu\s = XGaas t E(' - EI*
=4-07+0-18
Bans =425V

Calculating the work function of GaAlAs:

N
E; ~E, =kTIn —
N,
3-3x10% )
=0-862x107.208 In{ 22710
8-0x10%

E, —E.=-0-20eV
The work function is then
Pantas = XGaalas T E¢ — E;.

=3-75+0-20
¢GaA|As =3-95eV

(ii)  The band bending is the difference between the two work
functions, which is 0.30 eV. Therefore, assuming band bending is equally distributed
between the two sides, then 0.15 eV is taken up on each side of the junction, and so the
conduction band in the GaAs at the interface is 0.15 eV closer to the Fermi level, so
Er - Eris reduced by this amount to —0.03 eV. Hence,

n=N exp( Ev—Ec j
=N, = ¢
kT

=4.0x10% exp(—i034 j
0-862x107*.298

n=1-24x10" m™

(i)  The width of the depleted region is

112
2
e o€V,
eN,
1/2
(2.8-854x1077.12.2.0-15 )
1-602x107%.3-3x10%

w=7-83x10"" m

The amount of charge in the depleted region is then



o=eN,w
=1-602x10723.3x10%".7-83x107’

2

c=4-14x107 Cm™2

Assuming that the charge density calculated in part (ii) is uniformly distributed across a
thickness 7 in the GaAs, then

- 4.14x107°
1.24x107.1.602x 107"
t=2-08nm




4 (a) ¢n and ¢ are the work functions of the metal and semiconductor
respectively, and arise from the filling of the electron density of states for each material.
Given that the vacuum level must be continuous, the difference between the two gives the
energy difference between the vacuum levels on either side of the MOS structure. C; is
the capacitance per unit area of the gate insulator. (), is the charge per unit area
introduced into the system by the oxide, and most notably the oxide-semiconductor
interface, and is made up from interface trapped charges. fixed oxide charges, oxide
trapped charges and mobile ionic charges. Oy is the charge per unit area in the depleted
region of the semiconductor. eV is the energy difference between the Fermi level in the
bulk of the semiconductor and the middle of the band gap.

(b) (i) Rearranging the equation given to make (), the subject gives

Qi
Q= _C{Vm‘ - [V/»B ‘?’I -V, ﬂ

However, it is only the first two terms from the equation in part (a) that contribute to the
flat band voltage,

Hence, substituting the flat band voltage gives
Qf = -Cl lV(;.s' - (VT + 2V/ - V_\ )J

The surface potential V; difference causing band bending is therefore the voltage required
to induce strong inversion, 2V less the potential in the channel. so

Ve=2V, - V(x)
and hence,

Q_/ =-C, [V(;.s' -V - V(x ]

(i) The resistance of a small length of the channel &x is

SR = P
N 4

mv

where #;,, is the thickness of the inversion layer and if the density of holes in the
inversion layer is pjp,, then



	
	
	
	
	
	
	
	
	
	
	
	

