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Summary of pn Junction

NAND)

Anode Cathode Built-in potential : Vo=Vr ln(

Under forward bias :

!
-V curve : [I = ;S (eV/VT —1)Jé:—

Is=16" A
g =
Diffusion capacitance : C, = (;—T)I V=26V
T 100
Under revserse bias : I;Ili f;so
. Negligible current, I=-I
e 0 — v : : C.
I T—: Foviuowol Depletion capacitance : C = JIOV \ Forwourd]
RenensX_ 1+-£ V>0
Ve V - Vo Revearsz,
=Tk Other important parameter : /%f =0

Depletion Width: W = \/
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4 7% Many Applications of Diodes

Photodiode
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How Many Diodes are in a Smart Phone?




How Many Diodes are in a Smart Phone?

UNLOCKING THE NEXT DECADE

» 1.4Mp IR Camera
» ToF Proximity sensor
» Flood IR llluminator

Beginning of the
3D imaging era

N\YOLE Yole’s expectations

» DOT IR Projector

FRONT sice

Structured Light approach has been chosen as a
starting point for the 3D imaging era.The front 3D module
could evolve toward ToF technology in the future, showing
more reliability in direct sunlight and lower computation
need.

REAR sice FRONT sice
Dual camera 3D Camera
x2 AF-OIS +2D Camera

@2017 | www.yolefr | iPhone X Analysis

http://image-sensors-world.blogspot.com/2017/09/yole-on-iphone-x-3d-innovations.html



How Many Diodes are in a Smart Phone?
IPHONE X —TRUEDEPTH MODULE ANALYSIS —WORKFLOW HYPOTHESIS

a.

I- ToF Proximity sensor (+ Inertial sensor ?)
Activity/Human detection

3 Steps B 2- Flood illuminator + IR camera:

Face + Eyes detection (day and night conditions)

for unlocking

3- DOT projector + IR camera:

facelRecognitioni(ER)
== Proximity sensor

VCSEL #+ ToF detector

~85°"”“ Flood illuminator Front camera T
VCSEL + Diffuser =mp_RGB CIS camera .
Dot projector

nfr red camera
"1.4Mp IR CIS camera R High-contrast IR do¢ projector
K density (200x150) (Min. for FR 160x120)
(UCSEL 850 m'S
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http://image-sensors-world.blogspot.com/2017/09/yole-on-iphone-x-3d-innovations.html
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Diode |-V Curve (Forward)
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* |-V curve at high current

« Approximate "turn-on” voltage at
0.7V)for Si

— There is no exact turn-on
voltage

— Current keeps increasing

Qf exponentially
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* |-V curve at low current
« Soft increase at forward bias

 Can see reverse saturation
current, Ig




Reverse Breakdown

Ai

» At sufficiently large reverse bias voltage, current starts to
increase dramatically
— Due to avalanche breakdown or quantum mechanical tunneling
— Breakdown voltage can be designed
— Sometimes used as a voltage limiter A\
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Ideal Diode Model

iA i A IA’
mo Example:
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» An ideal diode only allows current to flow in one direction
— Short circuit for V > Vyy (~ 0.7V for Si)
— Open circuit for V < V), (as well as reverse bias)
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Exact Solution with Real Diode I-V

Vop T
.l.

ol model ® V=07V D
g(vt'\f me I, = Voo - 0. Lood, ltve Ve To >\\é"\'{>
2 B ) =0 =2Vp— Vop
%D*‘_%.K * -4-/'3- Vo=0>Tp= Vor/R
Pecise. oo Vo S & “
L=k -1)2LE" D fuapue: 297 _ | 3mA

: O =07V, = =Ty
[(\/L \E’D: ID’R"[‘ \/'DJ @ @F\'ﬂd \/D 50 Ipsl,’;mA

gl o2V, T=10A RIS ooy bt = 0,72V
S>Fd o B ® 1, = 22912 - .23 mA
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Half-Wave Rectifier
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Full-Wave Bridge Rectifier

Transformer
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Filter to Remove Ripples

Volt °~CS€—

~Y

Conduction
interval At

What is the RC time constant

in forward bias? R.
hat is RC in reverse bias?
In poSWV@ Oy(/& : Tp=0 E
&:(03@,0\ ‘o D
.
\Ve= ¢
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Full-Wave Bridge Rectifier with Smoo\thingt/ 5
Capacitor  RC 459" &7

Where do you add capacitor? ,—Iow doesg output waveform change?
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DC Power Supply Y?s?;ﬂ
Power -
transformer L>_
- . ® —0O— —O— l—0—]
o Diode Voltage :
120 V (rms) - Filter & Vo Load
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— —O— —O— —O0—
P e e~ and E—————
., 2. 2= )
t t t I ﬁ]ﬁ
5V« Loy 5vV+ fTPPU_ il
Cay 1o s {iieys BSAC




Taecl T
ZP*‘T Peak Detector
X () (o) fﬂd‘/)
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717 ~0,1V
/s
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@1@>U0,Dzo&mr\f,w,=o.%=v;~v; S
® V<V, Piods 0FF rm
Us<Uo’_% ;

* The capacitor is charged to the peak voltage and the output is
held at the peak

— When input > output, diode is ON, charge capacitor to new peak
— When input < output, diode is OFF. Capacitor holds output at peak

 If you flip the direction of the diode, you get a negative peak
detector.
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Filter to Remove Rlpples Midnout R.
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Full-Wave Bridge Rectifier with Smoothing

Where do you add capacitor?
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voltage
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* ac line

120 V (rms)
_ 60 Hz

Capacitor

How does output waveform change?
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Ldeal disce- Level Restorers Level shiteer

Deode oN '\fc:Ug '
. ’(&/’j&_‘l& - Diode turns on initially and
O STZ PR charges the capacitor to the
5 S 5 AC voltage.

= — Note that once the voltage
starts to drop, the diode
turns off

’U; S0 = N == %: 0
2vp |-
The output voltage is therefore
V= level shifted by the DC voltage
held on the capacitor

N
I
S
~
’S

@ Uz <V
Ve =V (=C~@>> * In this case the voltage
U, = Vs -\Ve excursions are now negative
=3 ,\/f and never rise above zero!

®> Vo <0 Dwde 0FF — If a load is connected, then

v, =1.-Ue =Us-Vp  the capacitor should be
large enough to minimize
droop
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Level Restorers

n * If we now flip the direction
) " L of the diode, the current will
= T\ﬁg - only flow during the
) = negative half cycle,

= charging the capacitor now
— U’o Us+\V% in the opposite direction.

* Then output is now lifted by
the DC voltage stored on
the capacitor. The voltage
will now always remain
positive and never go
below zero!

Y% OMF—F =Us ~Ue = Us
. C tho/?x\o\fﬁe& >Ie,t Ue=0

€y Pcoou ON, Vp="Us . Up=Uz-U =0
® Drode OFF. Ve=—Vp
Qf 19 %2&—1&_: U2+VP m




Voltage Doubler

A

* If we rectify the above voltages, we can generate
positive or negative DC voltages of twice the
magnitude. This is a voltage doubler!
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___ “Superdiode”
“Superdiode” glg—‘;e, =

UO

(b)
Use an op-amp to make circuit precise

U >0, Ug= AW-U)Z, -U.) — la,rﬁe_ Vositave UO!’(@&Q
Diode N, = U_=Uz by feodbouck

%:—_——_ U—_:l& ! v,g.: 1};_"—% -
Uz <©, VU= Aopen CUx-V2) = leie. e gain = \/ol(/&ﬁe’ Y
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Tho - Viceo .
No Closs Photodiodes

current {ma) 1 "'
. voltage (V) ) 0 .
-2 -1.5 -1 -0.5 o 0 1
2 mw g .
ar R = 1 KOhm
4 mW
-2 F
6 mwW
8 mwW -3 r
10 mw )
= - =
reverse-biased mode™ - e
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Solar (Photovoltaic, or PV) Cells

a

/Illuminated Rs A

Iy,

Isy

« Operating in the 4t" quadrant of the I-V curve
-> It generates power !

« Key parameters:
— Open circuit voltage, Voc
— Short-circuit current, Iy,
— Fill factor A
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