IN THE NAME OF GOD

Solid State Physics
Chapter 5: Junctions

Lecturers:
a Dr. M. A. Mansouri Birjandi
O Hossein Teymoori

lectrical and Computer Engineering
of Sistan and Baluchestan (USB)

h.teymoori@pgs.usb.ac.ir
hn.teymoori@gmail.com

April, 2017
1396




K RPPH | JEIPH:

N ¥
S g A G 38
Ben G. Streetman
O (e gy DI S0 1dan
Glad i (udiga g




[3

»
dl’/hut‘/oﬂ';
il

8 Juad

F-X¢

o 0’0

3 USB: Dr. M. A. Mansouri Birjandi, H. Teymoori



d(}hut‘/vﬂ':

4 USB: Dr. M. A. Mansouri Birjandi, H. Teymoori



UJD"‘C) Caly

Il g

P-N sbaigy clw d.)
o 0015 Wy g O.).)
GWT slasign 8.0.Y
SOsd sLigw 8.).Y
o9 Cubls B.).F

Jols byl 8.Y
JLai! il 6.7
Joly cdl> 5o (o058 slajl 5 8.Y.Y
Wgwy Jxo yoLas )L AYY

Sosl byl pd cdign weSmo g podiowms S!S O.Y
Ngn 9 3l Ol > Heee (RS ogi BT
b @&,y oexy

USB: Dr. M. A. Mansouri Birjandi, H. Teymoori



sy bals

o g s

Co 51 g caddl gbd oL 4L > OYLY
Vo (g ] 55 Cansl O.F
G ¥ ) Sl 0.F )
(ot Sl O.F.Y
ac g 1,08 bal,is 0.0
0uls 0 33 (5L (Sloj Ol i 0.0.)
o Sl 6l)as Il 08.08.Y
P-N sbwign cud,b d.0.Y
Mg ool ay,ka5 31 Lol =il B8
51,0 35 69y v Juemily 51479
)5 Al jo udgi g S 5L A2Y
ol olads b.7.Y

USB: Dr. M. A. Mansouri Birjandi, H. Teymoori



d&)’drf'gb —

ol gbaign b.7.F
Glwy dous — 38 sldnigu O.Y

SOl sbaw 8.V

Hwgmss YL A.VY

ol OYLlail b.YY

digod SOl gldaw O.V.F
950l gldvigu &.A

7 USB: Dr. M. A. Mansouri Birjandi, H. Teymoori



d(}:“.‘df/-d':

)oangL:w.,y., wpéygn&yoouww%&bplwglobb WUL’JGSM

8—

USB: Dr. M. A. Mansouri Birjandi, H. Teymoori



B P-N Wgw coln skt

Al oy glaism 8.).)

B9 (o0 P9e SUSL Ojgar Slie oole jo LalBU £oi job 0l (e g, cnl o

ACCEPTOR
IMPURITY PELLET

(B) FUSED SPECIMEN d 0 o Il Eo0 S )51.3

: — 14 . .

(A) GROWN INGOT 7 : Na =6 x10 L’ (B) PY \"’"‘
CUT BAR

— 14 .- .

Ng—Ng =5X%10 o 0ds ppdy IS @515

Ol gd (g0 dbml el ol Sl ae Wig il )0 4T (655 0y Bllasil Sledy, b plaul S, ]

9 USB: Dr. M. A. Mansouri Birjandi, H. Teymoori



& P-N wig cslu glog

ST sdign .Y

Do oo ST alliee LallBb b Sl das (25, s oallEb (leadl (gol 516 Sy gy 53l 5

oa 0315 )13 o (59, (IN) poaanl 51 (Szs8 (o8 &5 N g5 psiile)s opols @)l b oJlie lgins
Gls a5 Sglas pl b sl oo BB (65 JLsle ylan (sl ls sl o, obgo amb ol o 0,
(LPE) ale 5B (otig; anl s alie (g) cnal il (oo P g 3l 5 ol IN sloast 51 s0b 5 o515

Molten In + Ge p-Ge precipitate

p-Ge regrown region

(a) (b) (c)

The alloying process: (a) pellet of In in contact with n-type Ge; (b) molten Figure 5-°
phase of In and Ge mixture during heating; (c) cross-sectional view of an alloyed
junction, showing p-type regrown region and precipitation of Ge in the In.

1 0 USB: Dr. M. A. Mansouri Birjandi, H. Teymoori



»
dL’/’huL‘/vﬂ':
i

11

P-N wigw colu sl

SO sbuigm 8.).Y

Sy cslis (Mask) sloalss 5o 5LIT g, cpiiols VA8 aas o o AL 3985 gy 4o
JrsS ol oo pol8 1) raione Oljlaw cole (Gl 5 dles co colaiul Wgn  cwase ol S
asly SOy |y PN W b oaskd e el Gl by, ol G pdy Blasil o C8 (g
WS e dg88 allBl W1 ol alS 4z 5 Gl g 00g Lol Bolal S > doeis Sk
) ol s el YL Lo astol K cnl dgume licd dul> G jo aBU slpod! Solad 5 >
Slle g ool z )5 Al j0 093 sl 5l ble, des gl a5 N v e °C sg0> slalos yo ol
AL L G55 Lo ;0 9 Voo v OC slao b sl oysS 0 N gy pornlon STy S5 ST Jlo lgin
Lo I (omb & jgm S5i oy WIS (o8 S9i 4 £9, blo) doss gl 50 90 95 )13 (B) 90 0L
9 358 dlolre Jo b dgds ainlys b Iy aiged o @Bl ajei ol polre calids slonallbl (ol
S 25e S il oguome e lpedl Slaws S0, aculre ole s (g0 Ll 5l cola]
.05.3

USB: Dr. M. A. Mansouri Birjandi, H. Teymoori



d"}’l"u)f/'é"

o985 slanigw

CBs 4 plg oo 1y s iy 50 Jlal Bee U
2,5 JFaS 5 sles 9 ol B2k

:SJASLS\J;@ABU?S\JS‘;'AJA

(log scale)

N (cm ?)

Figure 5.2

Impurity concentration profile for fabricating a p-n junction by diffusion.
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Figure 5.1

(a) Silicon wafers being loaded into a furnace. For 8-inch and larger wafers, this type of horizontal

loading is often replaced by a vertical furnace. (b) Vertical furnace for large 5i wafers. The silica wafer

holder is loaded with 8-inch Si wafers and moved into the furnace above for oxidation, diffusion, or deposition
ﬁpt[‘iliiﬂrl!i. (Photograph courtesy of Tokyo Electron Lid. )
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Figure 5-17
Electron and hole components of current in a forward-biased p-n junction. in this example, we have a
higher injected minority hole current on the n-side than electron current on the p side because we have a
lower n doping than p doping.
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current in the n
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Find an expression for the electron current in the n-type material of a forward- EXAMPLE 5-4
biased p-n junction.

SOLUTION The total current is
D,

I "p) (EquT =1

D
I=gAl =L£p, +
q (Lppn

The hole current on the n side is

D
fp(x") - qAL_PPnE"xnpr (Eqvfﬂ' _ l)
P

Thus the electron current in the n material is

L) =1 _Ip(xn) = qA[%(l _E—.r,,ﬂ_,,)p” g I_z,’_’_np](eqwfﬂ 1)

fo n
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%15 z;l;'.}rupt Si p-n junction (A = 10~ cm?) has the following properties at  EXAMPLE 5-4 _2 JL~0
h ‘ p side n side

N, = 107 cm™® N; = 107

7, = 0.1 ps T, = 10 ps

M, = 200 cm*V-s  p, = 1300

B, = 700 Hp = 450

The junction is forward biased by 0.5 V. What is the forward current?
What is the current at a reverse bias of —0.5V?

D, D, e e SOLUTION
I= q;-'l(‘z; Pat E’;Hp)(eq — 1) = I(e? =319
2 (1.5 x 10'%?
S U108, JhaSe s
Ry 109
2 (1.5 % 10"
np = = % =225 x 103 em™
Pp 10

For minority carriers,

kT :
Dp = = tp= 00259 X 450, =11 66 cm?/s on the n side

D= %p,, = 0.0259 X 700 = 18.13 cm?s on the p side
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L,= VD,,= V1166 X 10 X 107° = 1.08 X 102 cm

L,=VD7,= V1813 X 0.1 X 10 = 1.35 X 10> cm

I = A(& +ﬂ" )
D=4 Lpp" L”Hp

11.66 18.13
s i (U
AR LR AL L e rr SRS SnyeeETs

= 4370 x 10°P A
I = Ij(e""">? — 1) =~ 1,058 X 10 A in forward bias.
I =-I,= —437 ¥ 107"° A in reverse bias.
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(a) copper PCE  (b) apply photoresist (c) place artwork (d) expose

— . o

(e} remove artwork () develop resist | etch copper h) strip resist

Pracessing of copper printed civcuit boards is similar to the photo lithographic steps of semiconductor pracessing.
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current directions
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(b} forward bias,
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