Solution

Find - EE 5340/001& 051 (print last name) (print first name)
Tuesday, December 9, 2003, 8:00 AM, 206 Activities Building
2-% hours allowed (last four digits of your student #) (e-mail if new)
Seat Number Enrolled in (circle one) 8:00 AM or 9:30 AM class
Instructions:

1. Do your own work. DO NOT REMOVE THE STAPLE ON THIS EXAM.

2. You may use either alega copy of the text OR reference text. You may NOT pass a book or note sheet
to another student. You may NOT use class notes. Do not use previously solved problems.

3. Caculator allowed. You may NOT share a calculator with another student.

4. Use vaues given on this cover sheet. If avalueis not given, explicitly state definitions and assumptions
that you use.

5. Where possible, calculate parameters rather than read them from a graph.

6. Do al work in the spaces provided on this exam paper. If you write on the back of a sheet, make the no-
tation "PTQO" in your solution in order to assure that material written on the back of the page is evaluated
for agrade. AN EXTRA BLANK SHEET ISATTACHED AT THE BACK OF THE EXAM.

7. Show all calculations, making numerical substitutions and giving numerical results where possible.

8. Write answers in space given.

9. Unless stated otherwise,

T = 300K, Vi = 25.843 mV (to agree with M&K k and g values)
10. Unless otherwise stated, the material is silicon (300K) with

n = 1.45E10 cm?® N = 2.8E19 cm? qcg = 4.05eV

Eys = 1.124eV. Ny = 1.04E19 ¢

11. For the work function of poly silicon, use
fne=Cg=4.05V
fpr=Cg+Eys/q=5174V.
12. For minority carrier (either electrons or holes) lifetime in silicon, use the relationship
t min = (4.5E-5 sec)/(1 + Ni/1E17 + (Ni/5E17)?),
where N; = the total impurity concentrationin cmi>
13. For holesin silicon doped primarily with boron, assume
my = {470.5, [1+(N;, 2.23E17)° "1} +44.9, in cnf/V-sec.
14. For electronsin silicon doped primarily with phosphorous, assume
my = {1414, [1+(N;, 9.2E16)*"*!1}+68.5, in cnf/V-sec.
15. For electrons in silicon doped primarily with arsenic, assume
my = {1417, [1+(N;, 9.68E16)>%8]}+52.2, in cnf/V-sec.
(In 12 through 16, N; = the total impurity concentration in n- or p-type material, compensated or not).
16. Meta gate work functions should be assumed to be

fma =4.1V for duminum, fmp =53V for platinum, fuau=4.75V for gold
17. The electron affinity of SO is Cso2=100V.
18. Planck constant h=6.625E34 Js= 4.135E-15¢€eV-s, (1 eV = 1.602E-19 Joule).
19. free electron mass my = 9.11E-28g.
20. Boltzmann constant, k =1.38E-23 JK
21. Electron charge, g = 1.602E-19 Coulomb
22. Permittivity of free space, & = 8.854E-14 Fd/cm
23. Relative permittivity of silicon, e =117

24. Relative permittivity of silicon dioxide, erox =3.9

25. The breakdown voltage of an abrupt (step) junction (asymmetrical or one-sided) diode with doping on
the lightly doped side of Ng is Vg = 60(Eg/1.1)¥? (10%/Ng)¥ V. The critical field for breakdown is
modeled as Egir = (120V-gNg/(ereo))¥?-(Eg/1.1)¥* (10 /Ng)¥®

26. Each part is worth [X] points, as given in the problem.
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3A p-type wafer with ¢p =- 123 mV hasa planar diode constructed with Vi = 678 mV in the nrregion.

a What is the depletmn width whenV,=-10V for thls device? .

CPF" - -‘Pn = ‘Na::
(b""% h"ﬁ' \/bn"'d)p“‘
= Na>> Na W=
a[5]W= ?0%4%(0 i cm

12- 3mV/-

|45 R0 xe»XFC 25,345,,,\,

BT

2) =

fyf”V = Nul“l“»‘?'x“’ XWF (gmg) —508)<to7

’7125 CVlm Mx)
& N

ié‘(?- xo'

X 17X 8854x00” "X roNX
1-bo2xio”’ x,,&izx:o

=.9.034 o(,uf3 om \

b If the minority carrier lifetime is 356 sec, calculate the minority carrier diffusion length for the p-reglon
ot P,- t"ejwv' she electron is -t-ke mmorl'y WHW » \

{

: 44 :
e = W%HH”I? (for. P doped ) o
{ 2k o' for f v‘f’]"/”“ |
‘ M = 47 ‘—'—+521-‘ ,4@34‘ cpr
" T+ (kblzve obé 383 omSsec (P oopeet)
ZX At =
96310 Pw= VyMn {57;_5;—041’/’&/&- ( As &0(:“()
‘ -2, : i 3B3Y DK — OTRIOT " Chm .
B[5] Luin=___1\0] ¥ om = Lla= [DaTe = i ,
’ : | T Ll o it

¢ Assuming a “long diode”,

p-side (kg W

*10 /
VE% x (I #5x10'°) "

— 2 125X 10
LoTX10™ 5 1. 677.xw‘ T

ooz xeo™ x 3745 % (1 45 x10" >

Ton = 300 N (-boTX 3
sn = 2t
Ln Na
oY
-8 70-6)«0’?'
c[5]Jg=_Juazre o ) Alent.

d Calculate the small-signal diffusionc
to the heavily doped side is negligible.

l~D7XL° I hé‘fzxw“ ,

o 02584'3

- Tobxo

»_ calculate the saturationk current density for the lightly doped side.

8 mfoar. Cp doped)

"8 gfom (b WZ’”J)

apacitance for the dlode at Vo =30 Vi Assume the contribution due
Assume the diode junction area is 1E-4 cnt.

w%w“ﬂcfwd

v 1/_‘5_ _ Vr _ o
I J;5-exp (yy'}r) 7.415'%10"’xlx|0 X exp (35) i
or = 0~ 025843 -5 a2bxw JL (As vauf
' 7~oéx«o‘3 x lxto'qxwf’( ’6)
' 3x 0 3T
L Chipp e T"”‘ = gt = g-239 xo F.ooo(P doped )
AxX 10~ -3
v e oo T F (b dped)

d[5] Car= ¥

8-&5?)(10'5 or ,,p_75~8xw'l"
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4 a Calculate the neutral base w1dth sensitivity to changes in base-collector voltage, ‘7xB/‘7VCB, (VCB 0, and
constant Vgg) 1 for a prototype transistor (like the ideal BJT in the lectures) with Np = 1E17 cmil 3 boron and

Nc=1El6cm phosphorous Assume the neutral base width is 2.5 pm at Vea=0. _
ﬂ,P yal b Chy +Veg) N j/z‘ . &7&& g 9"1? ‘ ln“
| "\/Na\, C/No\;['NoL) B 2Ver i

25 (& N4 /]"z |
Ve ;' Naroy LNMNA)UPL”’”VOB

n |
L o =112 e-b
fep =0 -
a [5] [?x0/?Venlvbe=const = ~1A\2E-b em/V.

b Calculate the output conductance VIC/?VCB, at Ic=1 mA, assuming the device is “short” base with con-

stantVpe. T _ ANy D'r\ VBb
&= "\5 Na 6/7\)? T’L’/)
DI(L ;E¢ | mA
_ g " o
BT 5E6-4
8L, AL k) S . .|,2;\3z.(;«&f - 3.b5RE-3 ™Yy

'o"wca' ‘;"‘L_B New = ?EE-&

b[5] vlc/')vCB¥ ++ b52 B"—g _mAW.

5 An mos structure is fabricated Wlth an n+ poly-Sl gate on 2.5E15 cm® boron doped silicon. The gate ox-
ide is 40 nm thick.

aCalculate the oxide capacitance per unit area. 4
T - =
t‘m 4 o€ "1' (7%

= g33355 % 'F"\/W‘Z

a[5]Cox=_8:b233A b5 -8 Fd/cent.

b Calculate the flat-band capacitance per unit area. o . ¥ - .
oo A E gg33E-b O
F L oy YN~

d[5]Cm=_5 1235 E -8 Faent.
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6 a The structure in problem 5 has an ox1de-s111con mterface charge denmty of 1. 5"‘:1"‘1011 Ccul/cm2 Calcu-

et bl fa o Mg = Goyste Conly, e
| | E -t
e}’ms )fb“l Sbﬁ s + tf Nep
¢5 %9( e 'C”E;,-‘—g[r) e aVoan | il T —
Ve vk I\
z 405 +] \;2.,{. -~ D83 | | 9.2153
d)v\: By =405 | | ” |

2[5 ous=_~ D:90%b v.

b Calculate the flat-band voltage.

, \ ’ | ' - , =2 s §
< OVN_F Cﬁ’ﬂ) = g.b32bSE

VFB = VFB ;:o//m

., C o0
- ¢MS ") S%WNYD
8532658
= )2 )18bAbV

bis]vis=_ 1 18bAb v
¢ Calculate the maximum deplgﬁoh width foMcturé when VSB—T- 0. N
P - 'q%mm%—) Jif) = Ve,
| NN A | s 03 YV
: 5. bFEE-5 o |

N

¢ [5) %amer = 5+ bFCOE-G cm
d Calculate the threshold voltage for this structure.
V= VTcn s No
e Ver Ty 4 2

= -0-2p02V

d[s)vr=_— 03002 v,
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* 4

7-a An nmos structure has Xox = 30.nm and Vy =-237mV, H’O‘W much implanted charge (assuming all of
the charge is at the oxide-silicon interface) is required to adjust the Vr to +1.0 V? ;

Q!/V\'Mf = ONp Y‘Lcm, S Cm’ = %@_
= R3F A NISIEE ] :;;qg\e;jf ),
= I"4= 37E-F Cm\{/mq_ =) o

a [5] Q’imp1 = s A‘RB 1E -+ Coﬁl/cmz.

8a An n-channel mosfet has W/L = 5, xc,x = 20 nm and an effective channel mobility of 600 co?/V-sec. Us-
ing the long-channel theory developed in class, calculate Vg —"Vr in'the low field ohmic region of operation
for a total drain to source resistance qf 500 Ohms. ‘ ‘

‘ R ) B
LY — 0 =7 Ny V= =
M= T . , =T , | -
| B 24 Con Ver-VT7) 5 #bpo 0 500 X MR
= 23:.8baaV \ Ly = |- FHFE]

elony

alIVe-Vr=__ > 8bAM

b A device with the same oxide, but unknown W/L has an ip = (2.589795E-04 ANZ)*(\}GS -1V, (in satura-
tion, and for Vgg = 0). What is the W/L value for this device?

bSjWL= 5

¢ Assume that the same device has a bulk doping of 1E15 cnr®. What is the threshold voltage at Vg =2 V?

M- Unsvaned [ P Anbreteatt ) = VAN = V- Ogg=2) — Vg

Vaypz |V Voot
= O,OQO\%'\/ !
Ny (Neg=2) | 30 0892b = 108A2HV = D.2839\
¢ [5] Vrss=2v) = P0892b .
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