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/// Diode Sensors Theory \\
UNIFORMLY DOPED PN JUNCTION

® |
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UNIFORMLY DOPED pn JUNCTION

From Physical Fundamentals:

Potential Barrier - Carrier Concentration: W/ o =KT/q In (N5 Np/ni?)

From Electric and Magnetic Fields :
Gauss’s Law, Maxwells Isteqn: P =V *D

Relationship between electric flux D and electric field E : D=€ E
Poisson’s Equation: vV 2W = -p/€

Definition of Electric Field: E = -V v

\
AN
3 Rochester Institute of Technology
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¥, FROM PHYSICS (FERMI STATISTICS)

q(Vbi) = (Ei1 - Ef)p-side + (Ef-Ei) n-side

p= ni e EEN/KTA n= ni e E-ED/KT/q
In(p/ni) = In eE-ENKTAq In(n/ni) = In eE-EV/KTq
KT/q In(p/ni) = (Ei-Ef),_g4e KT/q In(n/n1) = (Ef-E1), gqc

¥ =KT/q In (N,Np/ni2)

ni = 1.45E10 ¢cm?3 for silicon

Where N,=~p in p-type silicon and Ny=~n 1n n-type silicon /
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UNIFORMLY DOPED PN JUNCTION

Built in Voltage:
° Y, =KT/q In (N4 Np/ni2)

ni = 1.45E10 cm-3
Width of Space Charge Layer, W: with reverse bias of Vy volts

W= (W, +W,) =[Qe/q) (¥,+Vr) I/N,+ 1/Np)]2
W; width on p-side W, width on n-side
W; =W [Np/(NAo+ Np)l W; =W [N4/(Ns+ Np)]
Maximum Electric Field:
E, = - [2q/e) (¥, +Vr) NANp/(Ns+ Np))]*2

Junction Capacitance per unit area:

C =€,6/W =£,€/[e/ q) (Wy+VR) (I/Ns+ 1/Np)]"2

_— £ = £,e,=8.85E12 (11.7) F/m

N Rochesterlnst.itute ofTecl.mology —_ 8.85E-14 (11.7) F/cm /
Microelectronic Engineering /
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TEMPERATURE DEPENCENCE OF BUILT-IN VOLTAGE

Built in Voltage:

ni’ (T) = A T3 exp 4 KT Where A =3.977E31

ni = 1.45E10 cm™3 at 300 °K

Eg=Ego —aT?/ (T+B) Where a =0.000702
B= 1110
Ego=1.12eV

\
AN
3 Rochester Institute of Technology
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EXAMPLE CALCULATIONS

Width of space
charge layer depends

ROCHESTER INSTITUTE OF TECHMOLOGY
MICROELECTROMIC EMGIMNEERIMG

CaLCULATIONS FOR FM JUNMCTION [ELECTROSTATICS)

Touze this spreadsheed change the values in the white boges, The rest of the sheet j=

FMLsLS

OF. LYMM FULLER

41e/20M

protected and should not be changed unless you are sure of the consequences. The
calculated results are shown in the purple boges.

on the doping on CONSTANTS Y ARIAELES
. E 138E-23 JIK
both sides and the 1G0E19 Coul  Temp{ 30| K
. . Ego 112 el
apphed reverse bias = 2.85E-14 Flom Md= [ 1LODE+IE| om-3
zr ny PMa= | 5O0E+14|cm-3
Voltage and ni 145E+10 om-3
Breakdown E J.00E+05 wicm Wr = El'l.l‘nlm Fieverse Biaz Waoltage
temperature.
CALCULATIOMS:
Eq= Ego - [aT 2i[T+E] 1075] e
Ri2 = & T3 e [-EgikTiq) 3.84E+20| cm-§
ETiq= 00253 | Walts
Whi = (KToq) In [Mahdiniz] 0.58| Valts
W= [[2ehq)[Whi+ VT[N a +1IRd]]0G 125 pm
W = WM AN a+d]] 193] pm
mamay W2 = W[Nal[Mashd]] 0.06|
/ \ Rochester Institute. Eo = -[[2qfener|[VbisVa)[Mahdi[Mashd]] 0.5 -9 23E+05| Wicm
Microelectronic Eng Cf' = eoertif 8.26E-09] Flemz /
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EXAMPLE

Example: If the doping concentrations are Na=1E15 and Nd=3E15
cm and the reverse bias voltage is 0, then find the built in voltage,
width of the space charge layer, width on the n-side, width on the p-

side, electric field maximum and junction capacitance. Repeat for
reverse bias of 10, 40, and 100 volts.

W, =Vbi =KT/q In (NsANp/ni2) =

W= (W, +W,) =[@Qe/q) (¥ +Vr) (I/Ns+ 1/Np)]2 =
W1 =

W2 =

Emax =

C=

Ay

Rochester Institute of Technology
Microelectronic Engineering /
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REAL JUNCTION

Real pn junctions: The uniformly doped abrupt junction
is rarely obtained in integrated circuit devices. (epi layer
growth is close).

Diffused pn junction:

Npc =Np (%)

Rochester Institute of Technology
Microelectronic Engineering

~
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REAL pn JUNCTION

Given, Xj, Na (X), Np (X) Calculate potential V1 from
‘ [ 1 physical fundamentals:
Pick an X to the left of Xj. V1=KT/q In (NANp/ni?) + VR
Calculate the total charge per |
unit area in the region Calculate potential V2 from
Between X, and Xj. This E & M fields fundamentals:
charge is Q1. V¥, =-p/E
v i*
Pick an X, to the right of Xj. No
Calculate the total charge per
unit area in the region between
X, and Xj. This charge is Q2. | Yes
No

Calculate W1 = X1, W2 =X2
L=WI1 + W2, Cj, other

R, »< Q1=0Q2 >

3 Rochester Institute of Technology YeS
Microelectronic Engineering /
| -
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CURRENTS IN PN JUNCTIONS

Id
Vygp =reverse |
breakdown voltage Forward Bias
N\ 1 / v
SRR
Reverse Bias Vbi = turn on voltage
~ 0.7 volts for S1
| Id
— —
—Ip [ n]—
Id = Is [EXP @VDKD _1]
+ VD -

Rochester Institute of Technology

Microelectronic Engineering

Ideal diode equation

/
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// Diode Sensors Theory \\
INTEGRATED DIODES

L | p-wafer

p+ means heavily doped p-type

n+ means heavily doped n-type

n-well 1s an n-region at slightly higher
doping than the p-wafer

Note: there are actually two pn junctions, the well-wafer pn
junction should always be reverse biased

\
N\
3 Rochester Institute of Technology
Microelectronic Engineering /
| -
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// Diode Sensors Theory \\
REAL DIODES

Series Resistance =1/4.82m=207 - oooom MEMS DIODE Condifons:
. . Swp:.SMU1
Junction Capacitance ~ 2 pF .- Stop: 200V
Step: 8.00m V
— Pts: 501
Is = 3.02E-9 amps ol e
BV => 100 volts
. <C 00000 ‘ O L
Size 80u x 160u
-1.0000m [
-2.0000m [
-3.0000m I 1 1
-2.000 -1.000 0.000 1.000 2.000
VA
Fit #1: Fit #2: Cursors: X
Type: Cursor None []| 0.60
® Slp:4.82m <152
Yint-4 79m | 0.00
Xint:0.99 =|153
Ics 10:11:40 b 132
03/05/2009 AN
MEMS DIODE

7.5000m

5.0000m [

Val: 0.00 V

IA

2.5000m [

:
| AN

0.0000

5 5 # .
; [0 e sa. | A :
: ;P Hibk . ; : )
-2.5000m L 1 1 1 1
-100.000 -80.000 -60.000 -40.000 -20.000 0.000 20.000
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DIODE SPICE MODEL
MEMS Diode

Model Parameter Default Value Extracted Value
Is reverse saturation current le-14 A 3.02E-9 A
N emission coefficient 1 1
RS series resistance 0 207 ohms
VJ built-in voltage 1V 0.6
CJO zero bias junction capacitance 0 2pF
M grading coefficient 0.5 0.5
BV Breakdown voltage infinite 400
IBV Reverse current at breakdown 1E-10 A -

DXXX N(anode) N(cathode) Modelname

.model Modelname D Is=le-14 Cjo=.1pF Rs=.1
.model RITMEMS D IS=3.02E-9 N=1 RS=207

+VJ=0.6 CJ0=2e-12 M-0.5 BV=400

AN
3 Rochester Institute of Technology

Microelectronic Engineering
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DIODE TEMPERATURE DEPENDENCE

Id = I [EXP @ VDKD _1]
Neglect the —1 in forward bias, Solve for VD

VD = (KT/q) In (Id/Is) = (KT/q) (In(Id) — In(Is)) |

Take dVD/dT: note Id 1s not a function of T but Is is

dVD/dT = (KT/q) (d\lw@/dT — din(Is)/dT) + K/q{n(Id) — In(Is))

Ze10 VD/T from eq 1
Rewritten

dVD/dT = VD/T - (KT/q) ((1/Is) dIs/dT) eq 2

Now evaluate the second term, recall

Is = gA (Dp/(LpNd) +Dn/(LLnNa))ni?

Rochester Institute of Technology

Mieroclocironie Enanearing Note: Dn and Dp are proportional to 1/y

: © April 16,2011 Dr. Lynn Fuller, Motorola Professor M  Pagel6
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DIODE TEMPERATURE DEPENDENCE

and niXT)= AT3 e -9EKT
This gives the temperature dependence of Is
Is= CT? e-9EgKT eq 3

Now take the natural log
Inls= In (CT ? e-9EgKD
Take derivative with respectto T

(1/Is)d (Is)/dT=d [In (C T ? e -9EZKD]/dT = (1/Is) d (CT?e9EgKDJT
= (1/1s) [CT? e"9EZKT(qEg/KT?) + (CeaEgKT)2T]

= (1/Is) [IK(QBg/KT?) + (2J4/T)]

dVD/dT = VD/T - (KT/q) [(qEZ/KT?) + (2/T)])

= dVD/dT = VD/T - Eg/T - 2K/q)

Back to eq 2

AN
3 Rochester Institute of Technology
Microelectronic Engineering /
| -
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Diode Sensors Theory \\
EXAMPLE: DIODE TEMPERATURE DEPENDENCE \

dVD/dT = VD/T - E¢/T - 2K/q

Siliconwith Eg ~ 1.2 eV, VD = 0.6 volts, T=300 °K

dVD/dT = .6/300 — 1.2/300) - (2(1.38E-23)/1.6E-19
= -2.2 mV/°

T2

I T1
]}L TI<T2

\%

\
AN
3 Rochester Institute of Technology
Microelectronic Engineering /
| -
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DIODE AS A TEMPERATURE SENSOR

Diode Temperature Sensor
1 OO00E- D4

el s

S SN
SEart -2 D000E+D
Seop: 2 D00E +N
Step: 4 00D0E.-02
Frs: 101

Con: Shili2
Val 00000 V

-1 D000E-04
| S2O00E+D0 -1 000E+00 0,000

: VA
POly Heater Fit #1 Fit#2
Buried pn Diode,

1.000E +00 2 GD0E +(0)

Type: Cursor | Note 01 4 8000E-01 _|5:1tr35E-u5
. Sip: 1000000020041 | 6.4D00E-D1 | 53145605
Yint.108456-08 | [ [C| 00000 |-10845E08
N+ Poly to Aluminum b2 _t Ofooer |
Thermoc ouple = Ua ST

Ar3 2008 Fay |

\ Compare with theoretical -2.2mV/°C
3 Rochester Institute of Technology

Microelectronic Engineering
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SPICE FOR DIODE TEMPERATURE SENSOR

0 L1 L]

o
@ o wioury [ - p{UCOUT)) 7 D(TEWP)
TEHF

R1
Ay
20K Out
v D1
Dbreak
——
-0
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PHOTODIODE
space charge layer
\ ( ( ll
) ) )
> > p- type(] |
Ny LR i
f:)@ 6){0 @ CD@) 8‘ @fQ.
electron @ ntype
and hole
pair @  Phosphrous donor atom and electron

Ionized Immobile Phosphrous donor atom
@) lonized Immobile Boron acceptor atom
&) Boron acceptor atom and hole

Rochester Institute of Technology
Microelectronic Engineering
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E=hv=hc/A

h =6.625 e-34 j/s
= (6.625 e-34/1.6e-19) eV/s

/ CHARGE GENERATION vs WAVELENGTH

E=1.55eV (red) 7(“ 1 7‘(3 Ad
E =2.50 eV (green) @4 p-t ﬁ@
E =4.14 eV (blue) @ ) 2 To g) @/A @
'[qu@,f@ ‘ @fS@@
n-type g o o ©
&) ‘ @)

Rochester Institute of Technology
Microelectronic Engineering
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Diode Sensors Theory

ADSORPTION VERSUS DISTANCE

Absorption Coefficient of Silicon

e | M.A.Green and Keevers

v TEob
NO nght 250 450 650 anEleSnSQOt'h{nm}mSO 1250 1450
More Light
= 0(x) = 0(0) exprax
Most Light

Find % adsorbed for Green light at

x=5 um and Red light at 5 um

Rochester Institute of Technology

Microelectronic Engineering

/
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PN JUNCTION DESIGN FOR PHOTO DIODE

1 OO 5 0 Data fom deckbl BILET

9

[
=
=

@550nm

]

Oum i lum 2um 3pn‘:1 4u'm

A : Space Charge Layer

vowvrvaewur v ngueeruny
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// Diode Sensors Theory \\
LARGE 5mm X 5mm PHOTODIODE

P+/N Photodiode Smmx5mm Conditions:
0.5000m
Swp: ShIU1
0.4000m Start: -2.00000 ¥
Stop: 2.00000
(0.3000m Step: 0.02000 %
Pts: 201
0.2000m
Con: ShL2
0.1000m “al: 0.00000
i: 0.0000
.0.1000m
.0.2000m
0.3000m B2
.0.4000m
05000m b . o
-2.000 -1.000 0.000 1.000 2.000
VA
Smm |Hﬂ““ Fit #1: Fit #2: Cursors: ¥ i
|mmmm Mane Mone [ 0.00000 -0.14080m
X Immmm e e <>| 0.00000 0.01383m
3331’D1’Il R R R - == =
TR R R e IS 13:46:58 b
o sm -
R R A . .
. DORIADRC AR, Isc = 0.15mA (short circuit current)

7 N . or 9.09 A/m2

Rochester Institute of Technology
Microelectronic Engineering

~ o ] /
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~ Diode Sensors Theory N
SINGLE AND DUAL PHOTO CELL

Single 600x300 Photo Cell

— Conditions,
F Swp: SMUT
[ Stop: 2.00000 v .
1.0000u L Step: 0.04000 v
E Pts: 101
[ Con: SHIL2 Or 6 A/m2
< omm r “al 0.00000 Y
-1.0000u [
=
200000 [ I I !
2,000 -1.000 0.000 1.000 2.000
Fit #1 Fit #2 Cursors: X ¥
Mane Hone J]0.00000 1.08800u
s e <[ 0.36000 0.041350
— — <[ 0.32000 090854y
i = = | 0.40000 -0.26045u
s 104812 [-| 0.00000 0.04408u
104272009 iy
Isc = 0.585 vA
Dual Photo Cell (left) Ganditions
2.0000u
Swp: SMUT
Start: -2.00000 v Or
Stop: 2.00000 v °
1.0000u [ Step: 0.04000 ¥
= Pts: 101
3 -
Con: SMUZ
< oo ‘al: 0.00000 ¥
-1.0000u [
-2.0000u I 1 1
2 -1.000 0.000 1.000 2.000
— Fit #1: Fit #2. Curgors: X Y
500’ 3 Hone None ][ 0.00000 0585800
= = <>|0.00000 7.96990n
= = )
nology = = =4
1c5 11:29:09 <1
4 10/27/2009 AN
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SOLAR CELL TUTORIAL

SOME TERMS AND DEFINITIONS:

Air Mass — amount of air between sun and solar cell. In space AM=0 at the
equator at noon AM=1, if the sun is arriving at an angle 6 , AM=1/cos 6. AMI.5
1s the standard for most solar cell work in USA and gives a sum total of 1000w/m?2
over the entire spectrum of wavelengths from 0.2um to 2.0um

Efficiency is the ratio of the power out of a solar cell to the power falling on the
solar cell (normally 1000w/m2 with the AMI1.5 spectrum) Since Si solar cells can
not absorb much of the infrared spectrum from the sun, and other factors, typical
efficiencies are limited to 26-29% for basic silicon solar cells.

Quantum Efficiency — normalized ratio of electrons and holes collected to
photons incident on the cell at a single wavelength, given in %.

FF — Fill Factor, a figure of merit, the “squareness * of the diode I-V characteristic
in 4" quadrant with light falling on the cell. /

. i v

{ © April 16,2011 Dr. Lynn Fuller, Motorola Professor Page 27




Diode Sensors Theory \\
SOLAR CELL TUTORIAL \

Fnergy distribution (KW/m < jum]

From: Solar Cells, M artin A. Green, Prentice Hall

- -

o 22 o8 0B 08 -0 1.2 14 16 1.8
Waelongth {wm)

Figure 1.3, Epectral distribution of sunlight. Shown are
the cases of AMO and AMI1.b radiation logether with the
radiation Jlistribution expected from the sun i7 it were a
black body at 6000 K,

: © April 16, 2011 Dr. Lynn Fuller, Motorola Professor = /
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~ Diode Sensors Theory
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PHOTOCELI-ELLEN SEDILACK SENIOR PROJECT

16000um x 16000um

Ellen Sedlack 2011

| ——— ]
Rochester Institute of Technology [
Microelectronic Engineering /
| .
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I-V CHARACTERISTICS OF PHOTO CELL

~

Ellen’s Photo Diode

0.1000 Conditions:
[ Swp: SMU1
0.0800 [ Start; -2.00000V
[ ] Stop: 2.00000 V
0.0600 [ 25 Step: 8.00000m V
[ 4 Pts: 501
<  0.0400 [
[ Con: SMU2
0.0200 [ Val: 0.00000V
0.000 |
-0.0200f . . .
-2.000 -1.000 2.000
Fit #1: Fit #2: Cursors: X Y
Type: Cursor Type: Cursor (1| 8.00000m | 1.48400u
Slp:0.08492m Slp:0.17331 <> -0.47200 -0.03928m
Yint:0.80462u Yint-0.12898 1] 1.09600 0.06096 VOIl = 06 VOltS
Xint-9.47468m Xint:0.74425 > | 0.95200 0.03601 .
ICS 10:39:05 [><1/0.00000 | -0.12275u Rseries = 1/ SlOp€ =1/ 0129
04/05/2011 JaN
=7."750hms
A Rochester Institute of Technology IS _ 1.4811A (ln room llght)
Microelectronic Engineering /
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// Diode Sensors Theory \\
PHOTOCELL - QUANTUM EFFICIENCY

93% between 550nm and 650nm

1.00E+00

9.00E-01

8.00E-01

7.00E-01

6.00E-01

! 5.00E-01

400801 1

3.00E-01

2.008-01

1.008-01 +

0.00E+00 +
300 400 500 500 700 800 200 1000 1100 1200

i

Ellen S'Igc.i-lack 2011 1‘ ‘

Ay

Rochester Institute of Technology
Microelectronic Engineering

u.. . oA \ |
e -E i
\4- KR .EUel |
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// Diode Sensors Theory

SOLAR CELL TUTORIAL

Voc - open circuit voltage I3
Isc — short circuit voltage

Vmp — Voltage at maximum power
Imp — Current at maximum power

Rochester Institute of Technology
Microelectronic Engineering

Vmp Voc
FF — FF = VmpImp/Voclsc /
No Light
B Diode I vs V Max P
B Power=1xV  FTOVEL +
Imp Vv
Most Light
N Isc

: © April 16,2011 Dr. Lynn Fuller, Motorola Professor M  Page32




Diode Sensors Theory \\
PHOTOCELL - POWER EFFICIENCY \

AN
\

Ivan Puchades

Rochester Institute of Tec : - — . = : /
[ |= /

{ © April 16,2011 Dr. Lynn Fuller, Motorola Professor Page 33




4

Diode Sensors Theory

POWER, EFFICIENCY, Isc, Voc

Rochester Institute of Technology

0.6

0.00E+00
7

- -1.00E-04

- -2.00E-04

- -3.00E-04

- -4.00E-04

- -5.00E-04

Setting Spot size (Cell size (ol Current  [J (AScm2) [Irradiance (mWicmd)
228y Ema 1.267 0.25| 2.77E-04( 1.11E-03 2.39 |
Columni P4 G5 P4 G4 0.00E+00 3 .
Prmax -5.06E-04| -4 65E-04 ) 01 0.2 0.3 0.4 05
Jrmax -1.21E-03|-1.160E-03
YImax 0.42 0.380 -2.00E-04
Jsc -1.30E-03| -1.30E-03
o 5.60E-01 0.540 4.00E.04
FF BS.8% GZ.8% '
efficiency -15% -1 4%
-6.00E-04
-8.00E-04
-1.00E-03
-1.20E-03
-1.40E-03

-6.00E-04

Microelectronic Engineering

{ © April 16,2011 Dr. Lynn Fuller, Motorola Professor
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// Diode Sensors Theory

BANDGAP OF VARIOUS SEMICONDUCTORS

Sembrondecior | Bandgap (e%) 360 K Bamdgap (eV} 0K A jem) MHF K T
E - hV - hC / }\4 Zns .= m: .: Kl l:-;T
.r::u :1:1541 :1 .d:u 0.570
. Alpha-SiC 2,996 1,063 0414
What wavelengths will not o = g oo
generate e-h pairs in silicon. “" ' = — =
Thus silicon is transparent or — - = = “
light of this wavelength or == = —_ ==
longer 18 not adsorbed? o i = o
Gash .7 20 LR |1 .52
e 1, 6] 0, 74 1879
P 0410 0. 284 3024
Itz 03640 420 5,844
PETe FETT 1. 1540 4,000
InSb .70 0.230 7.204 ||
- \ %n 0,082 15122 @ 0K |
N Rochester Institute of Technology
Microelectronic Engineering Table of various semiconductors in order of increasing A_ . Frow Sze (1981

: © April 16,2011 Dr. Lynn Fuller, Motorola Professor
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Diode Sensors Theory

TYPES OF PHOTODETECTORS

, _ - - Typical
Device Type Gain | Response Time (5) Tempersture
Photomultiplicr > 1P 107 1o 10 S0 (someunes
Conded )
Photoconductor I 1o 1008 107% 1o 1002 4.7 1o 300
mfmlﬂf”""“”"‘*‘““" 1 or less 10- 10 1012 300
p-n Photodiode 1 or less 10-8 to 1010 300 (sometimes
- coled to 77 KD
pei-n Photodiode 1 or less 10-% po 10 300
Metal-Semiconductor Diode | 1 or less 1079 1 1=12 300
Avalanche Diode 102 1 e Q10 ET1L1]
Bipolar Phototransistor e 108 po (08 300
Bipolar Photo-Darlington I 10-3 1o 10k5 300
Field-Effect Photodransistor {1} 1 ELI]
CCD Cell (Metal-Insulator- A " 00 (sometimes
Semiconductor Capacitor) { oc leas Hrio 10 cooled)

Gains and response times of some typical photodetectors (some are optimistic!).
After Sze (1981). Note that the CCD cell, and some extrinsic photoconductors, are
infegraling detectors, and thus the response fime figures can be somewhat misle ading.

: © April 16, 2011 Dr. Lynn Fuller, Motorola Professor =
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LIGHT EMITTING DIODES (LEDs)

~

Electron concentration vs distance

Hole concentration vs distnace

Rochester Institute of Technology

Microelectronic Engineering

Light “ Light
Space ﬁf//
charge
Layer

X X

P-side N-side

In the forward biased diode current flows and as holes
recombine on the n-side or electrons recombine on the p-side,
energy 1s given off as light, with wavelength appropriate for the
energy gap for that material. A=hc/E

h = Plank’s constant

¢ = speed of light /
H /
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Relatrve misnsity
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ELECTRICAL CHARACTERISTICS (2670 unless atherwise nolad) 2plc decimals +0.02000.51)
PARAMETER SYMBOL [ MIN _ TYP MAX UMITS TEST COMDITIONS
Irradiance '™ H lutii=ug Ir=20 mA
SEPBT36-001 0.5
SEFET3G-002 12 3.0
SEPETIE=003 1.7
Forward Viokage V= .7 v I=20 mA
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Faak Output Wavelzngth Ao BED T
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B=am Angle 12 a i0 deqr. Ir=Constant
Radiabion Risae And Fall Timae . b 0.7 i
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1, Maasured in mWcm? into a 0,104 (2,64 diameiar apariura placed 0,50
2. Bearn angls s defined as the iolallinduded angle between the half infar
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HOMEWORK - DIODE SENSORS THEORY

~

Calculate the temperature change if a diodes forward voltage
increases from 0.65 volts to 0.69 volts. Repeat for a change from

0.65 volts to 0.55 volts.

Calculate the change in capacitance expected for a diode heated

from room temperature 300°K to 400°K.

Rochester Institute of Technology
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