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University of Notre Dame
Instructor: Debdeep Jena (djena@nd.edu, x8835)

7.
0)

18

o Jf-'j.-. Cox —

Assignment 10
SOLUTIONS

Ghiim) = GrclE Yo - Vgl FROBLZ’N J—

Mo fevg - =3 % 0] k<<on 10 -guin by K Ulaug.

2 Ve .
= W G.ey) Un 9(.;:;_{]- = W Cor U V- V3-Viys ] pa a—;g
[ Ve, - -)'1'1—""_ Ve = L EVE — VL’,) —-;J_\_}i

¢ 4
J (Vg - V- 'L"f':)‘fp HJ'F £ N i( V5 -4 “V"‘;))D( [/(’)

Vity=s) = o

(.

i
A\ (Vg-v- - 2Vo)Vo Y = L Ve Vr )Viy) - "ILV"JJL
4 "/-'-al' - - (Vg- ) %)*f(”’fﬂ— Vi- 3 Vo)Vy % =0
Uf‘j) = L\}{;‘U'[)i w,ﬁ_\h]*_.‘%w&_ﬁ_i,,o%g
By - ij‘—ld—f U i _____21-'_-&‘/'-"?' Vit = “;r,V_o)V_r)

o ¥ T -
Y S 2 z
2 ((Vf; Vi -Z_(.\fr-,-\f-‘ - Vs )Vy "J)-“—
(.J S V 2 . 50 'F‘E’ tle pfpmf,, 2 '["{‘.fclf -t',S = 1(:}' f.'{,:‘rat,@;'u.

e e Y
d

Eil)= < Ve -1y, Vo
I;I L [( Ve, Jl-i.f Vi, vy - = V) }c‘,_l')’lf

U\ 1(])

il

Wehdie W e
J = I-(IJG_V-'_;'-%)VDU

M the  edoe of  Sedwetom

VD,M:. \fG. - Vr’\

r‘r-'(“]-_ =

Wi vy = 1 BV 1) (- Y )

LT \ & by R 1 T et
LI cve- hox = VE- Vs - =5 lg-) }JIIJ:._ vy )};'

Veyr= (U6 V) - [tV va)' - 2 (g th= 3 ke Kby



(Ve - vq) Vigiois
e .

= - e o
z j_L W 2 ﬂL;_.a_L F 4 '-7"_.'\.3
Vi) = We-ta > U=JT-9)0 ) = Vol s Ji 0
Q)
g

Electric Field
&

bs we <ee near +he draia /(fu\nna( ?n‘fefvfclce, +la e{ed-r:;_

{-"eft-l g Ve”a, (wgﬁ Lefo._,u se '{L\.z. Corrie G(_ﬂ,h%lrtﬂa s

U‘f‘“allu"\-’. W ith LDD ,{{AGWQ Wt he e (\‘:N Ctﬁpow‘f

gmc[.e»ﬁ So el elech —{’-HJ\ (s Neduce o minimiye

'4 veede donin omd  dat - electron Q{P—u{“




916 | PROBLEM 2. ,hssen 10
Sofu_by K-wHG 456

M Viem Vbo 223 V. Nmeg
E (Vo-vr) = wy4V,)
L B = Ty T SRR Vap = §T W it
0.4  mvfem . Yol 34y beaas
0,587  mMV/icm. Vop -5 V pmos
3. 84px8 o
W [ i; . C""’l/""s- Vob=23v  nmog
o M
Poff = U CEeffgy” o . - Upo=5 'V - [ibDy
1.0 18 xip* cw*/v g Voo =Ly Sms,
I VR s
. 4
Vet = jamé emfe elections,
émo-6 cmfs Lm[es
i _ U'J:d
L-Sﬂt"‘ = Peﬂ == S‘l‘ ?”Uq v/CM UDD = K U NMﬂS
. ' [.179 X105 Vfcm Voo =35/  Pmos
(.28 X1oS Vflca Vog = sV PMS
Esat L+ (Vo- V1) A s xi0~7 =2

Tocod = W Cox (Ve - V1= Vp e ) Veou

| NMos

“

/.
w .‘}m C!}x (VC-,-VT ).'V(‘,-U, 4.')[—_‘}
\Ve-vy 4 6 )?

8 mSeut =

e 0S |
Vo033 Tvew=ev [\ -33V [ Vgisu
L=o05spm |Va”‘* SLUSE VI Vosas = 420 V] Vosu=2.3V | Vosag = 3 3¢ v
7 =
1 psat = l{{;mﬁl Tosod = 9. A5 Psad =22 2541 A Tons 35 6156 i
st =8 9( '
g = 1418 gr Dmsat = 6.8 4, K Geut = 960 ™A,
Latmpm . |V =008 V' Ny s 0P v Voo = 10397 1| Vosm =7 2456 ¥
' Tosos =443%
i@ i 2 Toced = ?),’;J“l-y.\J Tpeod =42.1713 g Tosat = 13.F
rad 1§ 2
- A s %,b% Jmsas = 19.%06 | Imcat = I?—",“,'M‘ Gsad = 2. 78 Ay
g w:}/‘,_
éi{. i An ARb  or whaen /. 4 I Y3




The 'ogns-ignf—-{fefw( g(\C\.{_-‘uz“ 4 1o aeduce le

c-é M clovices ovel To-s'a-'me elenments . L vnoann

cuch thed Anternel elesfric »{:dcf AA  neenan €

-i



i .
(HGQZ-/BE)'L__QQ,@M Josra_ !

22-141 50 SHEETS

22-142 100 SHEETS
224144 200 SHEETS

5!@31.%0 ;

Assionnentd0, Prosien 3 @ . (S is givew iw ddeil 1) '.

9 dﬁAD, 1ue -".ML olrtainel Mo ExdcT %fvﬂsmff#n,.(u.nﬁ%.
eledric ﬁu'v( ” aiw,w f;?

¢ | g = [am - i
<} ; qkr]- Jf—% |.Sl —é—s—"' fe Kl ‘ig;rs )+ |!,
ox

) /_, ”. ‘LEF hi"l ‘%5 i ) 2.
k= JI| —‘\7:'(@ . q?_l.i‘ ,.-l |
Undor  Swb hvakold  tovdition (wu—h, iwwersiov) ,
0 Xgﬂ,_l
A4 .
@ 4<% <24g > 355,
"?' KT !f
o B :>1.;|;«,F[ « "
W [3 LET N 14 A
é.S i -FFS * 'ﬁ:—;cn
I B folltel Coopi + Runv
st cunden ‘HwealuMJ H"Sh 2:#8\4.4 1+3 g & ‘tﬁ < 2'4) :
Mo nst Mot o _ - 42 i
N'}
! C‘xt;;\s) b
S 9 & |
Qs or = J2ZekTNg 3':—?}‘ A J :
s T
F:_'/ o= 31 z< | /
- qlb—24) 772
= \"2‘1%”&‘#’5 [H— e & ]
197 |
( < |
& et 14180
L T qes

ET

| (¢, —
q?[,hﬂ' = ?Tfsh'#% ef £9Na (kj‘) QL':T" 2
- et i G
\_‘r‘"'___"“/_“-_"/

q*‘*" Qinv




R 10, probde- cobd -

50 SHEETS

22-142 100 Sne€TS
22-144 200 SHEETS

22-141
PALT

BT

&N

Q‘*L does kot ccondiduts fp OubMouckeld  Connevt- |

MU oustioeohold ceonent is due o Qiny . |
We oo derived Mﬂ?&“l

v
Fa;_: Fewp ¥ f rsq‘.wc\m dv } -0

906 - 245)

in = \/%L—Ef (%TJ e KT fov Hos (_q;,m;i‘ml

Wit & Dvain- couce biao i ¢S =2 d?;“’V((ﬁ) =(¢;—V) '

9(b-245—V)
5> QW= [iqra (=) Wi~ =
\;T@ ¥
Fron @,
2 -2¢s gd¢ -4 Vs
=2 IDS G }"%g /fﬂyﬁ (g_‘f‘) C%'? efT (l—e ﬁ;}
e G )
Q‘;—‘F(Vs)-dp I’G = "/FE 1'4’5 + _1&?1?5

Uoing el approrimebion

P Udgwm V=V n(Ve-Vr)

(O e
v
Ly T J— % - 4,'- iz
@ i L ubthrelold) = igy w (35 ) (KT) (1-¢ ‘#‘)el%?
W |
Lo ;
T i
Foe (Voo b Vge) o I Cl=ve £ )e Fr

Sibth e kald

Nﬂfe-: IDS ( Vos=ajvgsj O,
V%W&f@d -




'Psfﬁykﬁen Vg 4.VH‘ +fle

MOSFET 8 Aifee .Ch - P n BIT
n ¢ x {GAWB 7 S&!&"'ﬂk
n P s F 1 LB _! L f-KP % )
= _ b= Do - JQFT
N‘. S 1'%#6

;ﬂdw e gode  mefad
f
\\_ Y N the depletin. layer m cmiinde
h/’/‘“"ﬁ GS o (‘afaac

a'f[&-f‘_
> CD oy VQ% S ﬁﬂ#@iﬁﬁ&gﬁ
ar=US Caenr, \/
et Caiap . e s
=5 T R

€ga,
)

=== |
1998 2000 2002 2004

—— 1 A 1 i
2008 2008 2010 2012 2014
Year

2016




S deccribes how the dork cwarent
Ouppl-'ul 86&2 Eios .. At Sub-threshatd

changes With

J‘.‘?g,-\,d‘n ., Bl

Sounrce - CLJ'LM Lt SL‘-OLMLU'. L& as Smoell o Pa‘-‘alﬁtﬂ..

'5'3’: we considen o os & npn B3IT,

eh mi%.‘(-.\a lae

grfle Uoiiﬁf}e A Similen Lo Cfﬂ.amje <the bom.-ﬁax aé

emitlen o ol 170‘ se Sv by
4 Ve \_/
4 ot e Uoge)

Ta this case, The Miniwwes S <8 =]

F

g = Ln10 -i%r = bo wmel /o(ecou.{g_
For Smallen S , we can "Tuwa on" oumel " Twanm of

MOS FEN hote %‘L‘Wk"r’”& , 50 Aoocl {*’u ﬁz'lér"!'ﬂ{ A{),Pi:t‘c-ffb,l

U the Gocte «(enaﬂ.. i decreased, tw  Subthrecho (o ht?/(:vr\.

the MOSFET < Aika  BIT, gate lenghls ic Like

Base width . The cuwest 4 Mﬂ«cw tenet S0 Wit

Cmedlen Sectn femﬁ;u\, 4le Ccurrted A F"N..'I.Qc-»wd_‘

id) ‘Tur\nﬂvu':._,a, c(-aif_ can I‘»\\Psaue S
[n e ’fuhw.\e,f,b‘na« c‘lich{, wihan e -[ng-,.Le\_d

“ —*——ru&*«:‘\—\ Dutsicle 4le  Glaium well wb‘(rfs'«ei thie

Came with  €igen Stecls ineiele 4he well, £lu

k || III \L\““‘m___ Curie~d wald ‘f’l.tr‘neft fL'”L‘d/(\, O’f{m&}_ Wrye
1L -

“lgre T4 wno  Cuanent,

14 geE Jg‘f"ez. =




d) LW&MWS /£Mb MMMMMMM
dor S o Mso, IR um;..wﬂ kh,?{txf&rwﬁ:)e Sudmichon
- MOSFETg tn 2 Sep osods agens of SOL doarice tolamds
Y M-Uh-ﬂ MLLQE;-&_QPJ’AH:J %*{Ou)‘d\. a~d

Lpd—aua.ﬂ_Mai Overapvourth, o Si' produes o MosFET
with, Sa dew as 6S’Wac [IQ&&Wij

MMMMML PETe aloo scom b promice (ans S
RS ———
'[Pmumh - &ES(GNHEM | D —doln BK




/

(| Dhm -gaduadf Baamz, o{om,,‘j (DIBL) 3'&;4 i
Lﬁ(m‘ basnash fo & ‘ffﬁﬁwﬂ_
mew m o »waﬁacg- at: a.a _cm) |

LON& :szMar_sm qtgqu_—»e—-@ té,s :

| M Shart M &l&ﬂ‘?d.@bm@_ugf._b
va»&‘ﬂ?( (t@ N -

We cam nte , from B obove comdinetiom band .

fat wher A/ s«s‘{aa ‘:\MMM
shoe_schsnnel MaghET

Jho  Subthreshald _CAL?»ZM} b r Ay DIBL,
A e ling - RasnalMosfels, ‘e mmm
cussond 1 andependet _ﬂf Vb yJIn S-C MOSFET &
Vesuts e Vp o

_?4. . Wl Jhves, n}_ggm Vq_lzﬂvb?
4 - e iy __ID_L, R
T 9‘*‘*““:1?" SN




“CM&%@%MmW& ;_;-n;mu

_ka ﬁd»ﬂﬂc@ﬁﬁu{bmff\/pm mMﬂp

r..@oljn Josvaa , ) the 2ubolial, aven —
| :Iru ausf :

  mLmHmmeﬁ%“M?”m£“wm%

OFF Dunm B -

Qv)'_ Mgfwbﬁ ng,, St /_ = e}
M&{,LL,!E ab_avml.a.ﬁn c.a.m.t"-'-& ﬁ.xM ﬁa,UZL fvuﬂwvh?ﬂ-%fd;h

Wj%f;m____

j;,w:p A ConCesum L 69!‘&, b A ﬂﬂ"d"ﬂ‘
Clanred MoQFETs naoie {o 5‘5‘" Sf-.uvt'
Cluswel MOSFETs becauie Mo powor




v

Esak

?Iram [TV

In (ﬁ, Chorsel MOSFEL: , we Julre

Io = flod W Avave) Ve va=] &l Vs < Vaskh il
4 L L Y S

Dpsak o L Cox W [y_yp)*
2 . H X

e ! —— — — e Charsel ‘&:; 7W,
balz ) ] 8 g /i |
A3 //'—_ - 7L,JL_ . S O 10 o
Z - g
e D by et ol
" Y 7 . M.‘ i A




MDST
mMm Mms)wtq! FETe

Il =Y P—
ak = lo
3 ol I 2 _
L ()

._"'_'_______jff _ —




