S B IN THE NAME OF GOD
' -

Solid State Physics

Chapter 6: p-n Junctions Diodes

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

May, 2018
1397




K RPPH | JEIPH:

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




i)
’ Mt

P-N gxigw srogs

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



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




LAkl

LKV

(SN S LSl (o )10 (S g 5 SN o ol 31 (> 9wy
(Slwgwsy (oot ¢ Wgn SleF pg (wlwl S B (wy
39 RS g i () P ¢ o ud yb

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



sy bals

o gl s

G 990 7.\

ouSS g glrogs £.1.Y

(S Sg90 £.).Y

()95 39) yuiito Candybb L 0guo 7.1.¥
he ogo .Y

(y54e) 0 9590 Ll y dous £..)

higi 0g10 0 Slos £.Y.Y

Syloo o, 7YY

Gr¥ oy 7Y
ouuliyoi wigm SO yo SWg g b > 7.V

SO )95 sl L ZYLY

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



d&)‘drf'g” —

LY 6[@}L~a)&&T AR

S¢Sl Lol Wil gLy 9 298 7.V.F
L, 5d g yLisl,e slrogs £.F

obadl yoi olgo £.¥.)

Sy9 )b Ol plo £.F.Y

LLED Sl Y s &910.@[3 6&439.@ 7.¥.0

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



[3

»
d(.’/’hul.‘/oﬂ’:
il

‘5.).:9» S0 7.\

40 A0

SleaS g 4 a5 Sladad (Suomdaw 9 $ilogns emed 0920 Jolote los p)lS° 1 ogdle b ol o

(Rectifiers) a;luguss £

Unilateral) p-n weo 48,55 ol
( P-N wgu

JToasl 0gs0
95 9 e Rl )S )0 0920
Piecewise — linear equivalents _s — ¢l a5 sla Joles

T oo 00D Sy w5 g

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




»
d(:/’hut‘/oﬂ')
il

Figure 6-1
Piecewise-linear
approximations of
junction diode
characteristics:

(a) the ideal diode;
(b) ideal diode with
an offset voltage;
(c) ideal diode with
an offset voltage
and a resistance to
account for slope
in the forward
characteristic.
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Figure 6-2 Beveled edge and guard ring to prevent edge breakdown under reverse bias:
(a) diode with beveled edge; (b) closeup view of edge, showing reduction of
depletion region near the bevel; (c) guard ring.
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Figure 6-3

A p'-n-n" junction
diode: (a) device
configuration;

(b) zero-bias +
condition;

(c) reverse-biased
to punch-through.

(a) (b) ()
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Figure 6-4

Rectifier
mountings:

(a) power rectifier;
(b) low-current
diodes. The power
rectifier is rated at
250 A, with 2800 V
maximum reverse
voltage; the small
diodes are rated at
less than 1 A, with
several hundred
volts reverse-bias
breakdown.
(Photograph
courtesy of Delco
Electronics Corp.)



[3 [ Switching Diodes cus gigw clasgs £0.Y

d(/hul/’oﬂ’:
il

55 96l el & Jad s )bl ols az g T S8 ol il 9320 Ko g Sinise 5l
Q] Sl y,b yee Job b 0)S 0,58 it Sl Gldl > lp (5 (Al o) o5 (LS L Ll a e
ool g3 a Ly g ail o5 L

AU a3l ST sledss (sl el (T 4 oS 53k cemslie 35100 (535381 G50lS e s 0500 5 g o s,
w31 101 fag38l Jle olyin ~‘~5 & e S 5k Sy rv5‘f oS bl bl yee Jsbo sl ol
ik oles 5 0.1ps & 1ps 511, Ty wlys (oo Slggi DT — Moo o 4 e e (Lo y2 03

5 0.01 S 4wy aly polie ol S w31 1012 5580 5 ams 2als 0.01us a4 0.1US 511, osSas
Sls syt zals 1 ns

SelBl 25k 3585 Jgb ol S oSl b (s Al A St Ol ogne 1 S0 0%,
Narrow <L EYERLTVIC) Y PRR VA PEIN. S UUNEIPOU SN0 S t] INSRCREN WO SUE R S PRGN | E ey BN Vo PR N G
(Base Diode

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



[3 Breakdown Diode _u.sli sg98 £.).%

»
d(:/’hut‘/oﬂ')
il

Non AL o515 Sl b g go |y Sgm SO usSre Siul 5 cuSl 5l o 8 slpion 30l
Sl s

s lglate CnSl g ol (5 Big) 535 1 58 5l dend oallE L 53 slasiney > s
el Yot by calbl b slanigy jo Jalaieo CanSll a5 0,5 0 O g0 Loy D jge0
Lol Sy do wixr B ady S5l cass g b oloogs (lgiwe pallBl ol s b

) M oSy ys.o.!.«o c\.iu‘ )‘ ).E.d).«a cdus.w s OML ).u ).a) Sg « M LgL:ao%o

Figure 6-5 Vs Vo
A breakdown
diode: (a) I-V 17¥ = 15V
characteristic; T T .
(b) application as a ! !
voltage regulator.
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Figure 6-6
Graded junction
profiles: linearly
graded, abrupt,

hyperabrupt.
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Figure 6-7 (2) (b)
Tunnel diode band
diagrams and /-V
characteristics for
various biasing i !
conditions:
{a) equilibrium
izero bias)
condition, no net
tunneling; (b) small
reverse bias,
electron tunneling
from p to n;
ic) small forward
bias, electron
tunneling from n to
p; (d) increased
forward bias,
electron tunneling
from nto p p n p o
decreases as bands
pass by each other. (c) (d)
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(a) (b)

Band diagram (a) and I-V characteristic (b) for the tunnel diode beyond the Figure 6-8
tunnel current region. In (b) the tunneling component of current is shown by
the solid curve and the diffusion current component is dashed.
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Optical generation
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junction:

Eop = 0 (a) absorption of
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g3 diffusion length of
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(a) junction at v x
equilibrium;
(b) appearance of a p
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Operation of an ’
illuminated !

junction in the
various quadrants
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characteristic; in (a)
and (b) power is
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Figure 6-13

Solar cell arrays
attached to the
Mars fly-by satellite
Mariner. (Provided
through the
courtesy of the
Mational
Aeronautics and
Space
Administration,
California Institute
of Technology, jet
Propulsion
Laboratory.)
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Figure 6-14
Configuration of a
solar cell:

(a) enlarged view of
the planar junction;
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showing metal
contact “fingers.” (a) (b)
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representation of a
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Figure 6-18
A multilayer
structure for an

avalanche
photodicde, which
E. is designed to

E; selectively enhance
impact ionization
i) GaAs AlGans by electrons:
{a) variation of the
E, compaosition in the
e [ ALGa..Asregions;
(b) the resulting
p n band diagram
shows ramps in the
AlGaAs conduction
bands, with much
o smaller variations in
the valence bands:
—_— (c) the conduction
bands under strong
reverse bias
resemble
successive steps
over which
electrons are swept
at high energy,
resulting in
successive regions
g, of avalanche
multiplication. The
multiplication by
holes (swept in the
opposite direction)
is much less in this
example.
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Conduction band
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Ix) = Le™

Figure 6-20

Two examples of
multimode fibers:
(a) step-index,
having a core with
slightly larger
refractive index n;
(b) graded-index,
having in this case
a parabolic grading
of n in the core.
The figure
illustrates the cross
section (left) of the
fiber, its index of
refraction profile
(center), and typical
mode patterns
(right).
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Figure 6-21

Typical plot of
attenuation
coefficient a vs.
wavelength A for a
fused silica optical
fiber. Peaks are due
primarily to OH™
impurities.

GaAs, AlGaAs : 0.9 um

InGaAs, InGaAsP : 1.3.
1.55 um
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Light ,—Fiber
A \ Epoxy resin
Metal
—l_ |' GaAs
~ 50 um Figure 6-22
——— Cross section of a
f Metal heat sink GaAs-AlGaAs LED
for fiber—optic
n E?GA:AS applications. [After
/ Ne—" C. A. Burrus and
f 1"::"':_[) A:Gﬂis B.I. Mi”EI’, OPHCS
‘_‘__\___h_‘l? AlGaAs Communications,
p' GaAs vol. 4, p. 307
Metallization (1971).]
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