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Chapter 3.2
Semiconductor Basics - Part Il

In: Diodes
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Temperature Dependence of Diodes ﬂ(IT

Tempel’athabhanglgkelt Karlsruhe Institute of Technology
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* The properties of diodes depend on temperature.
Two main effects:

 |ntrinsic charge carrier density - thermal excitation

 Dependence on Ut (IV curve / Shockley equation) 'l‘;]T — UT
. |
. dU Ug—Ug — 3Up dU mV
Forward bias = Uz ~1.12 V (band — oY
dT T ° (bandgap) => 7 =~ L8754
(at 300 K)
3 e Vg
in reverse bias: Ig ~1T'2e 2kT

Current grows with increasing temperature - doubling every ~ 7 K.
Risk of a “thermal run-away”!
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Chapter 3 Overview

1. Basics

Diodes 2. Circuits with R, C, L with Alternating Current
3. Diodes
4. Operational Amplifiers

» Basic Properties 5. Transistors - Basics

- - 6. 2-Transistor Circuits
 Semiconductor Basics
. L /. Field Effect Eransistors

* Diode Circuits - Examples - |

8. Additional Topics

e Filters
* \oltage Regulators
* Noise
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Chapter 3.3
Diode Circuits

In: Diodes
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Karlsruhe Institute of Technology

Diode Circuits: Simple Rectifier

Gleichrichter

= S _ _ _ — —— — = ——— .

* An important application of diodes: rectifying
Input
D 2 5. Output (Uout)

Uout 2 Us :

U [V]

U Ry

t/ms

— — —_— . = = —— — .
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Diode Circuits: Simple Rectifier ﬂ(IT

Improvement Wlth da CapaCItOr Karlsruhe Institute of Technology
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Smoothing of output voltage by capacitor:

2,91
2.

1.91
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What is happening here? 1,51
£ 1

254 : , : : : : , ,
0 S 10 19 20 25 30 30 40

e Capacitor is charged for U > Uc + Us
NB: large charging current! Limited (only) by R;

t/ms

* Below this: Diode in reverse bias, C provides load current

/ [
U-=U &~ U,| 1
o= Uy ( RLC)
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Diode Circuits: Simple Rectifier

Improvement with a Capac:tor
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Karlsruhe Institute of Technology

40

D Ur 22
L
> —s /N /. “r
= A N 7
- Zosi/i  \ e [id T\ T
U @ C == Rr 0 -
Uc T 0.5
1
o 1,5 bt sfrwasc
2 bl(,s Vl/fdlc
Additional considerations R s 1t 58 o 85 o
* Discharging of capacitor for Uc > Ug -Us Vime
__t_ [
Ue = Upe "€ = Uy(l R C) => Works well for T >> 1/f
L
Rippl U a0 _ | [l dt ~ 1 d I :
¢ RNl e. = = — [ — = [, ——
PP R C C |t L' L Cf

 Requirements for diode: minimum sustainable reverse bias: 2 Uo - Us - Ur/2

—
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Diode Circuit: Gratz Rectifier
Full Bridge

- A<

Karlsruhe Institute of Technology
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» Using both positive and negative cycle: “full bridge” instead of “half bridge”

tioV “Vollweggleichrichter” / “Halbweggleichrichter”

How it works
~ 0,4V positive cycle
S w
h I RL - qL g[g V

o/ L |

|
=

—_— —— _—m — .
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Diode Circuit: Gratz Rectifier
Full Bridge

- A<

Karlsruhe Institute of Technology

= S — e ——————— e ——— — e ——— —_ = —= — — — S— = — e Ee———
E— e ——m _— —_— —_— e e — ——————— e __ — — = = — s

= - _— = =— ——

» Using both positive and negative cycle: “full bridge” instead of “half bridge”

-10V
P

How it works

~Ug Y positive cycle

Y

S
1%

vt | —u,
._.‘J’q(/
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Diode Circuit: Gratz Rectifier
Result

- KIT

Karlsruhe Institute of Technology
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» Using both positive and negative cycle: “full bridge” instead of “half bridge”

10,

...........

UL [V]

t [ms]

= —_— - — = - = S —
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Diode Circuit: Gratz Rectifier ﬂ(IT

Wlth “ﬂOatlng VO/tage Source Karlsruhe Institute of Technology
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88V
8,8V
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Protection Circuits with Diodes

- KIT

SChUtZSCha/tungen Karlsruhe Institute of Technology
O O
R R
ND N D
U L U L
' \
O O
| Open switch:
Closed switch: UL rises strongly (UL = L di/dt),

Diode in reverse bias,

| positive potential at the switch
no current through diode, UL = 0V

diode Iimits UL, to ~ 0.7 V

= — = p———— e e = — = —— = = == —— _———————— — w— - = — ————
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Protection Circuit with Diodes

Example: COMPASS GEM Detectors ﬂ (I T

Karlsruhe Institute of Technology

DRIFT
0 oreT
GEM{1 === ZSZSIIZZS2223 Giaaiiiaciiiiiiio -IIIIIIIIIGIIITG 2313311341
ET1 TRANSFER 1 SN TRt R EEERREEEEERRRREE SREREREEREETE
- SEBEEREREREEEEEE FENIEE
GEME o P R R IR T Pyt SENEEENNSENENENA FEDNENE
ET2 TRANSFER 2
GEM 2 YY1 31131%YY1Y1'°Y
Ej INDUCTION

mY
0.)

[BAVES gl
Cw y '\\ 'v \
T | ne Jl
GEM readout Protection Charge 50ns CR-RC 192-cell analogue
strips circuit preamplifier shaper pipeline
Electronlcs for Phys:c:sts W823/24 Analog Chapter 3 J D = e roces

Frank Simon (frank. S|mon@k|t edu) J = Dta Processing 30

I ond Electronics


mailto:frank.simon@kit.edu

- I

Karlsruhe Institute of Technology

Zener Diodes

Zener-Dioden

s ——— I — — a—— e — — = —

e Special type of diodes: Allows reverse current above a particular voltage
(“Zener voltage”) without damaging the diode.

Mechanism: Zener effect - tunneling of electrons at the pn junction from valence to conduction band
for higher voltages: In addition an avalanche breakdown - per design also possible continuously.

T T ol [ i I,I
20 T,=25°C C2V7VC3V9 C5V6
: C3V3| C4v7 C6V8
. . 40 I |
10, T C8V2
}_
Z
w30
e
' £
B -4 1 2 O
E L 20
— prd
L
N
_N l
10} Test Current I,
5.-(1r-nA
e [}
25, o] S /

0 1 2 3 4 OS5 6 7 8 9 10
uN V5, ZENER VOLTAGE (V)

e = == —_ = - S —
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Circuits with Zener dioden
Voltage Stabilization
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Karlsruhe Institute of Technology

* \/oltage stabilization o |
For sufficiently high voltage Uein:

oo Uaus = Uz; independen of Usin.
Remains stable also for fluctuating load
currents due to the very steep |V curve: und
R‘ U‘ Uz (almost) independent on ..
DT('?i‘I‘I -
AUqus Rz || Ry Rz
§ dUein (RZ || RL) T RV RV
RL U aus
(good approximation: Rz << RL)

—— ——— = —_mm— — — ——
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Circuits with Zener Diodes ﬂ(IT

PI’OteCtIOn CII’CUITS Karlsruhe Institute of Technology

 Protection circuit

u R
v

¥
For é/pﬂ/ay' Va%‘{p:
pe«és,
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Schottky Diodes ﬂ(IT

AnOtheI’ Examp/e Karlsruhe Institute of Technology
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* Metal-semiconductor transition: Metal-n instead of pn for “classical” diodes

S
metal n-type semiconductor 4
Schetty - = - 3
—€
«th\"rv e(I)SB \\\ b EL ?
\\\~ ___________ — 1
PR | D = 5, ,
Grenzflachen- b, = 0 —
zustande 0,005 '
-0.01 v &
| AAS-PN
E, 0.015 [__Jchgttk +
50 -40 -30 -20 -10 O 02 04 06 08 10 1.2 14 16 1.8
U[V]
X
very fast (up to several 10 GHz), small
by Othmar Marti, Uni Ulm threshold voltage, but higher leakage current

E—— — = —_——— e = —_— - — = = R
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Voltage Doubler ﬂ(IT

VI//aI‘d CII’CUIT Karlsruhe Institute of Technology

C

>, 15
-
(") kD |u. T R SO S P D T P
5 ".. :
. ] S— <
oV
-5
Diode and capacitor switches with respect 0O 10 20 30 40 50 60 70 80 90
to rectifier. t [us]
How does this circuit work?
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Greinacher Circuit
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 The combination of a voltage doubler and rectifier

Cl D2

”

N

e

—_————
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0 10 20 30 40 20 60 70 80 90
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Cockroft-Walton Generator ﬂ(IT

Genel‘athn Of ngh VOItage Karlsruhe Institute of Technology

S— I . — —_— = — S - — — e — —_—

. Cascade of Gremacher cwcmts

% Yo

CERN 600 kV Generator for pre- |njector of a LINAC | the
~ PS south hall (1964 - today an exhibit)

7l - Institute for
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Voltage as a discovery tool

- KIT

Karlsruhe Institute of Technology
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lonenquelle
 The first artificial nuclear transmutation: q
3. Stufe
Splitting the Atom N o w7 ;' 7,
0+7Li->2a+17 MeV 400 kV voltage — R
‘ : : g ?/r('i?\?e
L mm
Cockroft & Walton, 1932 = LB (I ==
/\ i
Also the demonstration of a mass deficit: == E E/
. - A 1y A
Experimental proof of E = mc2 1 e P i I
Q | LJ:I-tLJ
Nobel Prize in physics for Cockroft & Walton 1951 T SR
‘ L1 L
| C . J—
1 Beschleuniger- =
+V =  Rohre |

Y
E i
lonenstrahl

Bild: s _p_ektrum de

—_— —— = ——
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1. Basics
Operational Amplifiers >

3. Diodes

4. Operational Amplifiers
» OpAmp Basics 5. Transistors - Basics
« Simple Circuits: Feedback etc. 6. 2-Transistor Circuits

- 7. Field Effect Eransistors

e OpAmp Circuits |

8. Additional Topics

* Realistic OpAmps * Filters

* OpAmp Circuits |I * \oltage Regulators

e Noise
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OpAmp Basics

In: Operational Amplifiers
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Operational Amplifier (OpAmp) ﬂ(IT

Opel’athnSVGI’STal’kel’ Karlsruhe Institute of Technology
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* |ntegrated circuit (IC) consisting of several transistors aTransistoren
und anderen Komponenten.

* Wide range of applications:
* Flexible amplifier for currents and voltages
* Charge sensitive preamplifiers
* Regqulators
« Comparators

e Buffers

Bild Olli Niemitalo - Own work, CCO

* Active filters
e As part of ADCs and DACs

= == e Jp———— p— _— — S—
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Operational Amplifiers

- KIT

aSICS . e - o - o - Karlsruhe Institute of Technology
* Active component: Needs a voltage supply!
UCC
+U.,., * Two inputs: Why?
o * non-inverting U, Differential input
e inverting U. (‘differentieller Eingang”):
e One output Uout e Suppression of noise
U_o ) (“single-ended output”) e Maximum flexibility (no
U+ . out predefined reference
potential, ...)
—Uec Amplification behavior:
o MPHHCALON LENAVIOT. Ap : Gain (“Verstarkung”)
Uyw=Ap (U, —U_) - typically very large, ~ 105

or even more

—_—-— =——
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Behavior

Ampl/f/cat/on Frequency Dependence
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- KIT

Karlsruhe Institute of Technology

 Amplification of input signal - limited by voltage supply / saturation of amplifier

Uaus é Safualdoa,

100
—_— 80
/lm?au MJI&« 93
— 60
— <
Up —U- — 40
20
0
101 102 10% 10* 10° 10° 107 10% 10Y 10
* |deal behavior: Large and constant amplification .
In reality: dependence on input voltage, frequency f [Hz]
temperature, ... low pass behavior of typical op amps

= —_— - — = - = S —
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Simplified Circuit Diagram
The Op Amp as “Black Box”

- KIT

Karlsruhe Institute of Technology
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* (Very) large input resistor Rg,
Resistor between both inputs Rp
(min MQ, oft GQ)):

Current at input negligible

Re  Small output resistance Ra:
U o— R  Output current / voltage does not depend on
circuitry behind the op amp. Can be used as
Rp — ol qus y P P
voltage or current source.
. O
R¢

NB: Supply voltage not shown

e e  _ —  —————————— ——————_____ S =— = = —
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Under the Hood

An Example

SXIT

Karlsruhe Institute of Technology

S T —— — —————— —

. - . INPUT STAGE SETTING STAGE OUTPUT STAGE
» Circuit diagram of a typical op amp:

ICL7621 =X
1012 Q) input impedance,
e 200 UW power,
« +1V to £8 V supply voltage,
e 75 db voltage gain,
e 2 Us rise time, i
e 0.48 us GBP (gain bandwidth product), > OUTRUT
* low-noise
-INPUT
TABLE OF JUMPERS
ICL7621 C,E '

S = p———— p— ——
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Next Lectures:

Digital - Tuesday, November 28, Thursday Nov. 30
& Tuesday, Dec. 5

Analog 07 - Chapter 04 - Thursday, Dec. 7




Time Plan for Next Lectures

A feW Changes com/ng up/

— - _ _ — — = —_— e e — ——————— e P — =

- KIT

Karlsruhe Institute of Technology
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Calender Week Tuesday Thursday
45 07.11. Analog 09.11. Digital
46 14.11. Analog 16.11. Digital
47 21.11. Digital 23.11. Analog
48 28.11. Digital 30.11. Digital
49 05.12. Digital 07.12. Analog
50 12.12. Digital 14.12. Analog
51 19.12. Analog 21.12. Digital
2 09.01. Analog 11.01. Analog
3 16.01. Digital 18.01. Digital
4 23.01. Analog 25.01. Digital
S 30.01. Analog 01.02. Digital
6 06.02. Analog 08.02. Digital
14 13.02. Analog 15.02. Digital

_— — — = _— — = = — _
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