INEL 4201 — PN Junction 1/31/2017
Last Lecture — Doped Semiconductor
* Antimony (Sb) — 5 Valence Electrons  Boron (B) — 3 Valence Electrons
* n-type: electrons >> holes * p-type: holes >> electrons
— Majority carriers — electrons — Majority carriers — holes
— Minority carriers - holes — Minority carriers - electrons
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Semiconductor Characteristics
 Ohm’s Law [ A/cm?]

J = oE
* Conductivity [ 1/ Q-cm ]

Last Lecture — Current Flow

. there are two distinctly different mechanisms for the
movement of charge carriers and hence for current flow in
semiconductors: drift and diffusion

o = q(puy + npy)

Drift current ° Resistivity [ Q-cm ]
When and electrical field E is established in a semiconductor crystal...
* Holes are accelerated in the direction of E!

* Free electrons are accelerated in the direction opposite of E! Sy SRR R SR S

4
+

£ i Hole S,
' injection ST PP
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Diffusion Current

When the density of charge carrier in a piece of semiconductor is not uniform...

* Charge carriers will diffuse from the region of high concentration to the
region of low concentration!

— <———FElectrons

.

<
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Problem 3.6

A young designer, aiming to develop intuition concerning conducting paths within an integrated circuit,
examines the end-to-end resistance of a connecting bar 10um long, 3um wide, and 1um thick, made of
various materials. The designer considers:

a) intrinsic silicon Find the resistance in each case. For intrinsic silicon
b) n-doped silicon with N,=10%6/cm3 use the data in Table 3.1. For doped silicon, assume
c) n-doped silicon with N,=1018/cm3 M,=2.5-1,=1200cm?/V-s. (Recall that R=pL/A)

d) p-doped silicon with N,=10®/cm?3
e) Aluminum with resistivity of 2.8 uQ-cm.
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pn junction

The PN Junction p region /o

e p-type semiconductor
* n-type semiconductor
* metal contact for connection

Metal contact Metal contact
\ / N Depletion region
Idiff e p region ,/ n region

p-type n-type S

Kol silicon silicon Cathode
diffusion current e—B
e—®
symbol L -—
+ _ S—P
S—®

0
Y =
O
;'.‘:

! uncovered bound charges!
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The Equilibrium PN Junction

Energy
A

Conduction
band

Valence
band

Minority carriers

Majority carriers

Majority carriers

Minority carriers

p region pn junction n region

Conduction
. band
Energy levels are aligned.
Free electrons can easily diffuse
. . alence
across the junction. band

Energy
A

Diffusion

voltage potential

Depletion region

p region / n region

barrier voltage
(Vo)

Bamer
| potential

location (x)

Idifussion

@ equilibrium net flow is zero!

* The energy level of the n region
decreases.

p region pn junction n region

and depletion

region

* The depletion region acts like
an “energy hill”.
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crep - . W =x, + xp
The Equilibrium PN Junction — N, > N Xn _Na
X N
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 The depletion region will extend further in to
region with “less” doping. i s—
V= Vpin (AN
= n
* However, the “number” of uncovered charges N v ! n;2
is the same. dv/dx is

Voltage
5 '

dependent of Q/W
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Reverse-Biased PN Junction

p region Depletion region n region

p region Depletion region n region

* Widening of the depletion
region until V, =V
* Depletion of majority carriers

* The transition current essentially ceases
* A extremely small current exists do minority carries produced thermally
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Forward-Biased PN Junction

Depletion region
[ .

p region n region

—\

| VBARRIER |
Once on p region they become — Free electrons have enough energy to
minority carries Barrier is reduced diffuse across the barrier

.

Hole current will move the minority

. L. . ——————— H 1
carries towards the positive terminal Thus a steady state current will be established
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Qualitative PN Junction Operation

Reverse biased case (TV)

— barrier voltage increases (TV,)
* Diffusion decreases... -~ ||,
* @Vy>1V,I;=0A

— the drift current I is unaffected

— 1,, = Is(small non-zero current)

Forward biased case case (T sz

— barrier voltage decreases (1V,)
* Diffusion increases ... - Tl

— the drift current [ is unaffected

— |, = Ip-l5(a significant current)
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Isquni2< Dp + D >
L,Np, L,N,

R 2 .
O

I=1Ig(e"/V1 —1)

Reverse Biased

saturation current (/) — is the maximum reverse current
which will flow through pn-junction (typical value is 10-18A)
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Problem 3.13

If, for a particular junction, the acceptor concentration is 10/cm3 and the donor concentration is
1015/cm3, find the junction built-in voltage. Assume n, = 1.5x101%/cm3. Also, find the width of the
depletion region (W) and its extent in each of the p and n regions when the junction terminals are left
open. Calculate the magnitude of the charge stored on either side of the junction. Assume that the

junction area is 400um?.
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) .. i * |.— saturation current
Cut-in Volt S
Terminal Characteristics of Diodes utin Voltage + V. — thermal voltage
i A
Metal contact Metal contact l
e - Zener-Knee Voltage (V,)
Anode i, e Cathode \ r
\ » orward I
N y Compressed \Ji
=¥z scale |
+ il - T jO : 0.7V :
— fl " 0.5V
i | s . v/V. _
Breakdown >|¢ Reverse L + - 1=1Ig (8 ' 1)
| “| o
h . . . | g % ‘ u O ~ ISe'U/VT
Characteristic Reqgions & -
 Forward Bias: v>0
* Reverse Bias: v<0 Fully Conducting
* Breakdown: v<<O Region

i=—Ige Vl/V; 0.6V < v < 0.8V
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