Elektronik 2017 — EITA35

e OP-Amp — Komplex Aterkoppling.

* Klippning. Maximal
spanning/strom. Gain-bandwidth-
product. Offset. Slewrate

* Avkopplingskondensator

e Transistorer - MOSFETs
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Lab 4

Anmalan pa hemsidan

Projektnummer du far vid anmalan

For att bli godkand
* Du ska demonstrera en fungerande krets - se till att ha kopplat upp den innan!

* Du ska presentera vad du gjort — 7-10 minuters presentation. (Powerpoint)

Lab 2 — godkdnd pa rapporten innan
julupphallet.
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Icke-ideal operationsforstarkare

v,/v, maste vara lite stérre (0.7-3V) an V. * Sma V.

Klipping / Distortion:

Maximal utspanning: Lite mindre an +/- V. * Stora spanningar

Maximal utstrom: * Stora strommar

Slew rate:  Hoga frekvenser (MHz)

Offset Voltage: *  Smaé signaler (mV)

Frekvensberoende forstarkning: A; = A‘?% * Hoga ftekvfense.r (kHz-MHz)
% * Stora forstarkningar

Bias in/ip>0
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Avkoppling - Biasering
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dc-simulering

D1

transientsimulering

TR

Type=lin 7
Start=0

Elektriska ledare & sladdar
* |nduktans
* Resistans

Da i, 6kar drar OP-ampen mer
strom genom biaseringen!

Spanningsforlusteri L, och R
gor att V. andras!

Op-ampens forstarkning
andras da V. andras.

Kan ge upphov till ’konstiga’
fel, speciellt vid hoga
frekvenser (10+ kHz pa
breadboarden..)



Avkoppling - Biasering
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Op-ampens forstarkning varierar lite

Utan avkoppling: V.- andras +/- 2V!!
PPINE: Ve / med V.
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Avkoppling - Biasering
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U=10V I nara +/-V. och jord pa OP-
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Avkoppling - Biasering
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Minimal variation i forstarkning
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Avkoppling - Biasering

Moderkort — gott om
Dedicated avkopplingskondensatorer..

heat- detectmn area

* Bygger du analoga kretsar
vid hoga frekvenser —
avkopplingskondensatorer!

* Digitala kretsar —i princip
alltid avkoppling!

4 & 3-pin(PWM/DC)
case fan suppurt

.

it
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MOSFET — Metal Oxide Semiconductor Field Effect Transistor

Drain

} ios

vV
GS A
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Ga_'ce> E
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Source

}ios

i\ ’
Vps ‘liten

»

= Vbs  Strombrytare av om
Vas<Vro
V;,: tréskelspdnning

ips = f(vgs, vps) A

iGS ~ 0A

2017-11-24

Spanningsstyrd stromkalla!

{ ’
Vps ‘stor
& Ve Vo

Vs

ips = K(vgs — Vro)? Ves Lt

Gate Drain
]
iR Vps ==
) § Source
l Ips
. GE - Vbs
} ios

Forelasning 4, Elektronik 2017



MOSFET — Metal Oxide Semiconductor Field Effect Transistor

Source Drain

%

DS

H H iDS ~ 0A

Mindre anvandbar
component...

1
LB
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MOSFET — Metal Oxide Semiconductor Field Effect Transistor

Source Drain
Oxid - Isolator
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MOSFET — Metal Oxide Semiconductor Field Effect Transistor

Gate

Oxid - .<olator

Metall-Isolator-Halvledare: Plattkondensator!

< g
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MOSFET — Metal Oxide Semiconductor Field Effect Transistor

Gate
Oxid - Isolator
“Vanlig”
VGS<VTO kondensator
O ——
Q=CV

Metall-Isolator-Halvledare struktur:
Kraver att v ska vara 6ver troskelspanningen Vq,

Annars:  Q = 0: vgzs < Vpo

K D
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MOSFET — Metal Oxide Semiconductor Field Effect Transistor

Gate

“Vanlig”
kondensator

i

Q=CV

Metall-Isolator-Halvledare struktur:
Kraver att v ska vara 6ver troskelspanningen Vq,

Annars:  Q = 0: vgzs < Vpo

«—00e.

Laddningen 6kar sedan enligt:

Q = C(vgs—Vro) om vgg > Vg
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MOSFET — Metal Oxide Semiconductor Field Effect Transistor

Gate

* Ho6g koncentration av elektroner under gaten
e Skapar ledanade kanal
e ‘Kortsluter’- pn-6vergangen

i N Q =C(Ves—Vr)

— R 1 1
3 o — —
Q CWVes—Vr)
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MOSFET — Metal Oxide Semiconductor Field Effect Transistor

*  Vg<V;, ->Inga elektroner mellan

source/drain
* Ingen strdm — strypt mod. ‘Oppen
strombrytare’

Q - OIVGS <VT

Ves>Vro

x i
Vs

Vs> Voo -> Ledanade kanal med elektroner
mellan source/drain

Q = C(vgs—Vro)

R 1 1
(— =
Q CWes—Vr)
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Linjara omradet: vy << vV,

g ]
v ~ —  Vbs
, — DS N VGS . -
Vas == - %
ips = 2K(vgs — Vo) Vps _ 1 1
A < R X —
Q (UGS - VTO)
IDS * . vDS
l T —
o o DS R
K — matt pa hur bra
transistorn leder
strom
, Vbs Laga v
ips =0
Transistorn fungerar som
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“Stora” vy, : Triod/Mattnad

Gate

R 1 1
(0'¢ =
. ¥ Qx  C(ugs — Vro — vy)
R 1 1
5 X o= =
e R1_ RZ R3 R4 RS Qs C(vgs — Vo — Vps)
3 R,<R,<R;<R,<R. R, 6kar da vs dkar! Vps = Vs — Vg 277
- 1|
= Vbs
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Triod/Méttnad

1 Vps=Ves-Vio
. 2
; Ips=KVps

/
’ X
e
-
’ B

I > Vbs

ips = K(vgs — VTO)2

ips = K[2(vgs — Vro)vps — ULZ)S)

2017-11-24

Forelasning 4,

Upssat = Vgs — Vro
1 1

Qs B C(vgs — Vro — Vps)

Rs — o () 7

Rs

Véar enkla modell (gradual channel
approximation) ger felaktigt svar!

e Istadllet: Pinch-off

* Mattnadsomradet — v,
oberoende av iy

Elektronik 2017



Triod / Méttnadomradet: v > v,-Vy,

; i
L [
L —
E T1 N l 1L
+ — DS ~
Vas ==
VoS>V
VDS<VDS,sat DS~ Y DS,sat
; 2
ips = K|2(vgs — Vpo)Vps — v . 2
DS [2(vgs 70)VDs bs) ips = K(Wes — Vo)
4V .. .
Spanningsstyrd
stromkalla!
3V
V=2V Analog Elektronik
VDS
i 6
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Gate-langd
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FinFETs
14-22 nm node, Ivy Bridge+
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How small can a transistor be?

The evolution of microprocessor manufacturing processes
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“You can
see that we're
approaching
the size of
atoms...

- Gordon Moore
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Nanoelektronik

Hur liten kan transistor bli? Dvs
hur fa atomer behover vi
anvanda?

TiN gate

Hur far vi ett sa stort K som : .« 1eling " n-InGaAs

Kan vi bygga transistorer som
arbetar 6ver 1 THz?

Kvantmekaniska
tunneltransistorer?

Hur effektiv kan en solcell bli?

Hur omvandlar vi varme till
elektrisk energy?

Kvantdatorer?
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