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ZQA

ZENTRUM FUR QUALITATSANALYSE

Herr Prof. Dr. Bartha - Vorlesung “Semiconductor Technology 2": Questionnaire

Dear studacts,

You will be cFiared the possbilty of fesdback on the abcve-mentioned touras

Your teechet and the ZQA kndly sik you te All = the questbannaire

Introdectory guestion:

Haow is the proportion of onlne teaching i this lecture?

{_JThis is & pure online lecture L__Etis a mix of presenca and onlne teachng. [ _Jhis &

Quwstions about the lecturer: The lactsrer ...

1. capresents the goals of the lectare In an (e — -
understandable manner. et e
2. ...organtzes the lecture wall. Thars s a central

theme.

3. scomes acrass as dedocated and enthusiastic n ~ 0O '®

4. .. the k Is (pre -
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6 Bihasas Written exam

DRESDEN

Faculty of Electrical and Computer Engineering

21.06.2021
Examination office

Exams Summer Semester 2021

Master’s Program Nanoelectronic Systems

Preliminary plan

examination period from 26.07.-21.08.2021 Changes are possible

examination subject (Module name) Module duration and kind professor date/time
Compulsory Modules

Lab sessions NES-1106 01 |protocol 2 Bartha on appointment

M1200-50040
Semicond. Techn. Lab

Semiconductor Technology NES-12 1202 |oral exam of 30 min or Prof. Bartha 07.10.
M1212-50080 written exam of 120 min  |(Dr. Wenzel)

(=20 students)
Radio Frequency Integrated Circuits NES-1208 02 |written exam of 120 min  |Prof. Ellinger 27.07.
M1208-11100 (Dr. Schumann)
Hardware/Software Codesign NES-12 10 03  |oral exam of 20 min or Prof. Fettweis 12.08.
M1210-50030 written exam of 120 min |(Dr. Matus)

(> 16 students)

Optional Modules

https://tu-
dresden.de/ing/elektrotechnik/ressourcen/dateien/studium/pruefunge
n/pruefungsplaene/pruefungsplaene-sose2021/2nes.pdf?lang=de
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Review:.

- SCT Basics

- MOS Capacitor
- MOS-Cap-CV

- MOS-FET (N-FET enh.)

- Al-Gate FET

- SRAM product (E/E)
- V1 adjust => Depl.

- E/D Logic

- Si Gate Process

- LOCOS =>STIL

0. Introduction/ Lab organization/DMA /SCT1/Motivation
1. Process integration
1.MOS Structure, MOS Capacitor
2.Structure of a MOSFET
3.I/V behavior
2. Circuits in Metal-Gate FET Technology
1.Process sequence of N-MOSFET in Metal Gate
2.From inverter Yo memory cell
3.SRAM in NMOS Metal Gate
4.The threshold voltage of the MOSFET
1.Parasitic FET
2.Enhancement/Depletion Transistor
3.N-MOS Logic by E/D Transitors

/3. self aligned Process
1.Metal Gate -> Si Gate
2. Channel-Stop & LOCOS Technology

1.Example: Process flow of E/D SiGate LOCOS Inverter

2.LOCOS Variation
3.Shallow Trench Isolation
3.Lightly doped drain
4 SALICIDE
5. Self Aligned Contacts (SAC)
6. Resist trimming
4.Transition to CMOS Technology
1.MOS Transistor Types
2.CMOS Inverter
1.Consideration NMOS E/D Inverter

TOday: Fur'Ther' Self ahgned 2.Comparison CMOS Inverter

3.CMOS Process flow (Example CMOS 180 nm process)

5. Further Considerations
1.5caling
1. Challenges
2.Material Equivalent Scaling
3.Further Concepts

(=

SC-
Basics

4.Process sequence of the N-MOS E/D Process
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1. Process integration

TECHNISCHE .
g'R"EVSEDRES'}TAT OUTI l ne 0. Introduction/ Lab organization/DMA /SCT1/Motivation <: SC-

1.MOS Structure, MOS Capacitor BGS I CS

2.Structure of a MOSFET

Review: 3T/V behavior

2. Circuits in Metal-Gate FET Technology

- SCT BGSICS 1.Process sequence of N-MOSFET in Metal Gate

2.From inverter fo memory cell
- MOS Capacitor AT threthold voltose of fhe MOSFET
1P itic FET
M O S = CGP - C V 2.Eaan?asli|c'eCmenT/ Depletion Transistor
3.N-MOS Logicby E/D T i
MOS- FET (N- FET enh\ ) 4 Process szgl‘.uinZe of Thganlflljls\rgs E/D Process

/3. self aligned Process

A I_Ga"‘e FET 1.Metal Gate -> Si Gate

2. Channel-Stop & LOCOS Technology

SRA M pr‘OdUCT (E/E) 1.Example: Process flow of E/D SiGate LOCOS Inverter

2.LOCOS Variation

- Vyadjust => Depl. 3Lightly doped draim
. 4.SALICIDE
- E/D LOQIC 5. Self Aligned Contacts (SAC)
. 6. Resist trimmi
- S' GGT@ PI"OCCSS 4.Tr'ansi’riois11§ Cl\r/‘\ig')ng“'ln'gchnology

1.MOS Transistor Types

- LOCOS => STI 2.CMOS Inverter

1.Consideration NMOS E/D Inverter

TOday: Fur'Ther‘ Self ahgned 2.Comparison CMOS Inverter

3.CMOS Process flow (Example CMOS 180 nm process)
5. Further Considerations

o 1.Scaling
i 4 VIDEO I 1. Challenges
Continue CAMPUS < 2.Material Equivalent Scaling
"SCT_S520_11.2" 25:10 IEASEs 3.Further Concepts

http://www.computerhistory.org/siliconengine/timeline/
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() URmenes 3.3 Lightly Doped Drain LDD
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Where do we find the highest
fieldstrength? ( E=-d&/dx )

LS

SOURCE

/

Ve
// e
--,‘-—'-
i
C

.

—/—'--

e

<

5
4
3
2
1
]

DRAIN CURRENT {mA)

Lt

2 y 6

DRAIN VOLTAGE (V)

S
S = o & O
DRAIN CURRENT (mA)

0 5
GATE VOLTAGE (V)

(O 3D (reset)

1 el —

Azimuth=15 deq.

1 —— -

Elevation=13 deg.

2D
(O x -y diagram
(O E -y (lateral)
(O E - x (vertical)

DEMO ROTATIONS
3D-=x-y |

3D->E-y (lateral)
3D->E-x (vertical) |

CLOSE
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DRESDEN Lightly Doped Drain, LDD

High electric field strength
at the channel/drain edge!

0= Vg <V,

Bereich hoher Feldstarke

Kanal

Verarmungsschicht
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TECHNISCHE Double Diffused Dr'ain, DDD and

UNIVERSITAT

DRESDEN Lightly Doped Drain, LDD

High electric field strength
at the channel/drain edge!

Durch-
brur:hs A V gp ©hne Gate

L Y e R ot A B S SR S
Vap {v] Veo mit Gate auf
Potential Vg~

t,, =500 A

0= Vg <V

®  Bereich hoher Feldstarke

Kana! 0 A
27 Verarmungsschicht '::'E s: ',r'g:::ig }E"
HHHHHNHM
10 4 ’—elektnsches Feld
p—
) T T —
10 20 30 40 A

Abb. 36 Einfluss eines Gates (tber einem pn-Ubergang auf die
Durchbruchsspannung VBD
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P-TYPE DOPING

J

6532056978299900

N-TYPE DOPING

1.255937120500431e+1

() 20 x - v diagram
() 2D E - x diagram
® 3D
4

»
Azimuth=-8 deg.
Elevation=20 deg.

DEMO ROTATIONS

xy->3 |

WEX |

CLOSE
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Relaxation of the field strength by lowering n-doping

P-TYPE DOPING P-TYPE DOPING
6532056973299900 6532056973299900
EC N-TYPE DOPING EC N-TYPE DOPING
[ —)) (3 B b fls— ]
1.255937120500431e+1 6647345834796965
Eg () 2D x - v diagram E, () 2D x - y diagram
() 2D E - x diagram () 2D E - x diagram
@ 3D @®@ 3D
p ‘ » ‘ »
Azimuth=-8 deg. ) Azimuth=-8 deg.

Elevation=20 deg. - . Elevation=20 deg.

' DEMO ROTATIONS - : DEMO ROTATIONS

e x-y-=30 xy->3D
3D->E-x 30-=E-x
CLOSE CLOSE
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P-TYPE DOPING

6532056978299900

C N-TYPE DOPING

1.255937120500431e+1

Eg () 2D x - v diagram
() 2D E - x diagram
@ 3D
4 »
Azimuth=-8 deg.
Elevation=20 deg.

DEMO ROTATIONS
x-y -= 3D
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Relaxation of the field strength by lowering n-doping

P-TYPE DOPING

6532056978299900
C N-TYPE DOPING

6647345834796965

E;, () 2D x - y diagram
() 2D E - x diagram
@®@ 3D
4 »
Azimuth=-8 deg.
Elevation=20 deg.
DEMO ROTATIONS
*xy->30
30-=E-x

CLOSE

Compare the edge in &(x) for strong
and lightly doped n at the junction

L
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TECHNISCHE Double Diffused Dr'ain, DDD and
DRESDEN Lightly Doped Drain, LDD

High electric field strength
at the channel/drain edge!

Durch-
bfur:hs A V gp ©ohne Gate
YL UL i e e Rt e e e o e U e
Vap (v] Vgp mit Gate auf
Potential Vo\
4071 -s500A o< Vg <V,

30+ v, >>o
Kanal T :: ,,,,
20 + Verarmungsschicht
10 - l elektrisches Feld
,“.__
T T T T -
10 20 30 40 Vg

Abb. 36 Einfluss eines Gates ttber einem pn-Ubergang auf die
Durchbruchsspannung VBD
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TECHNISCHE Double Diffused Dr'ain, DDD and
DRESDEN Lightly Doped Drain, LDD

2z

High electric field strength DDD: P\_/%T?Asm
at the channel/drain edge!

[
L D D . '!‘:P(n' n~ nt
Durch- : | ‘
bfurc‘::hs- A__ o L"’._of"ffa'i L b p_.! A
spannung ]
Vap (V] Vgp mit Gate auf 04-02um
Potential Vg~ -
40

= 0=V, <V
X g = SO0 A 8. © Bereich hoher Feldstirke

LDD CONVENTIONAL

V., >>o aATE l _:J

Kanal NN R 7 | - )
A 04 03
20 Verarmungsschicht H ;""!"+-: .Ei:y n+
'.l.:‘l’l.lll b
elektrisches Feld < \
> 5 \ _____
l“— 9% " Vp=10V N Lod
. r S r — = L=12um Il \
10 20 30 40 Vg tw 3| Vg=Vy /1
&2 /’ “
Abb.36 Einfluss eines Gates Uber einem pn-Ubergang auf die = 4 .o i
Durchbruchsspannung Vo = (W sl N O OO O U0
- 0.1020304050607 08
S POSITION ALONG SURFACE (um)
»

(c)
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Lightly Doped Drain, LDD
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Lightly doped drain

MOS (8.6]) a fiir einen N-Kanal-Transistor mit 1,2 um-Kanalliinge; b fiir die gleiche

Abb. 8.1.4. Verteilung des elektrischen Feldes im MOS-Transistor ( Simulation mit MINI-
Transistorstruktur, jedoch mit LDD ( Lightly Doped Drain) [8.7]
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(L) universimar Lightly Doped Drain LDD

DRESDEN

The junction at the Drain side creates a peak in the electric field strength,
creating "hot electrons”, which may gain enough energy to penetrate into the
gate oxide and degrade the device. A smooth junction relaxes this effect.
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(L) universimar Lightly Doped Drain LDD

DRESDEN

To create this smooth junction (LDD) with the required accuracy, no photo
alignment is necessary. It is done in a self aligned way utilizing the
anisotropic behavior of reactive ion etching.
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(L) universimar Lightly Doped Drain LDD

DRESDEN

To create this smooth junction (LDD) with the required accuracy, no photo
alignment is necessary. It is done in a self aligned way utilizing the
anisotropic behavior of reactive ion etching.

D - Si -Subst
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(L) universimar Lightly Doped Drain LDD

DRESDEN

To create this smooth junction (LDD) with the required accuracy, no photo
alignment is necessary. It is done in a self aligned way utilizing the
anisotropic behavior of reactive ion etching.

D - SC -Subst
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(L) universimar Lightly Doped Drain LDD

DRESDEN

To create this smooth junction (LDD) with the required accuracy, no photo
alignment is necessary. It is done in a self aligned way utilizing the
anisotropic behavior of reactive ion etching.

D - S -Subst:
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(L) universimar Lightly Doped Drain LDD

DRESDEN

To create this smooth junction (LDD) with the required accuracy, no photo
alignment is necessary. It is done in a self aligned way utilizing the
anisotropic behavior of reactive ion etching.

D - S -Subst:
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(L) universimar Lightly Doped Drain LDD

DRESDEN

To create this smooth junction (LDD) with the required accuracy, no photo
alignment is necessary. It is done in a self aligned way utilizing the
anisotropic behavior of reactive ion etching.

IR IR AR A R 2R
% L

D - S -Subst:
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(L) universimar Lightly Doped Drain LDD

DRESDEN

To create this smooth junction (LDD) with the required accuracy, no photo
alignment is necessary. It is done in a self aligned way utilizing the
anisotropic behavior of reactive ion etching.
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(L) universimar Lightly Doped Drain LDD

DRESDEN

To create this smooth junction (LDD) with the required accuracy, no photo
alignment is necessary. It is done in a self aligned way utilizing the
anisotropic behavior of reactive ion etching.

D - S -Subst:
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(L) universimar Lightly Doped Drain LDD

DRESDEN

To create this smooth junction (LDD) with the required accuracy, no photo
alignment is necessary. It is done in a self aligned way utilizing the
anisotropic behavior of reactive ion etching.

D - St -Subst
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(L) universimar Lightly Doped Drain LDD

DRESDEN

To create this smooth junction (LDD) with the required accuracy, no photo
alignment is necessary. It is done in a self aligned way utilizing the
anisotropic behavior of reactive ion etching.

D - St -Subst

——
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(L) universimar Lightly Doped Drain LDD

DRESDEN

To create this smooth junction (LDD) with the required accuracy, no photo
alignment is necessary. It is done in a self aligned way utilizing the
anisotropic behavior of reactive ion etching.

E}‘TE"&"@!W _

AT SN

D - S -Subst
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(L) universimar Lightly Doped Drain LDD

DRESDEN

To create this smooth junction (LDD) with the required accuracy, no photo
alignment is necessary. It is done in a self aligned way utilizing the
anisotropic behavior of reactive ion etching.

rainspannung g

108 ‘
: [
: / / Lebensdouer-
7 — Kriterium: jee ot
. / A/l =10%
Ups= 3V ‘37

/ (Substratstrom-Moximum)

P - gL "SUAS'L ; Goteoxiddicke 20 nm
- — 10 / geom. Gateltinge 0,7 pm  —
/ / StreB-Temperatur 85°C
| |
0,10 0,15 0,20 0,25 030 V' 035
reziproke Drainspannung ({ys) ™

Source: Wimann, Mader, Friedrich
Technologie hochintegrierter Schaltungen; Springer 1996

Lebensdaouer
=) =

Page: 30 L11©J. W.Bartha2021 TUD INTERNAL USE ONLY!



DRESDEN

(L) universimar Lightly Doped Drain LDD

To create this smooth junction (LDD) with the required accuracy, no photo
alignment is necessary. It is done in a self aligned way utilizing the
anisotropic behavior of reactive ion etching.

rainspannung g

| |
Lebensdouer-

— Kriterium: g
A/l =10%

/Unﬁxw “7

(Substratstrom-Moximum)
Goteoxiddicke 20 nm
/ geom. Gatelange 0.7 pm
Ter.m Used TOde: / / StreB-Temperatur 85°C
. . | |
Source Drain Extensions 000 015 020 025 030 V' 035

reziproke Drainspannung ({ys) ™

Source: Wimann, Mader, Friedrich
Technologie hochintegrierter Schaltungen; Springer 1996

Lebensdaouer

D - S -Subst
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DRESDEN

(L) universimar Lightly Doped Drain LDD

To create this smooth junction (LDD) with the required accuracy, no photo
alignment is necessary. It is done in a self aligned way utilizing the
anisotropic behavior of reactive ion etching.

rainspannung g

| |
Lebensdouer-

— Kriterium: g
A/l =10%

/Unﬁxw “7

(Substratstrom-Moximum)
Goteoxiddicke 20 nm
/ geom. Gatelange 0.7 pm
Ter.m Used TOde: / / StreB-Temperatur 85°C
. . | |
Source Drain Extensions 000 015 020 025 030 V' 035

reziproke Drainspannung ({ys) ™

Source: Wimann, Mader, Friedrich
Technologie hochintegrierter Schaltungen; Springer 1996

Lebensdaouer

D - S -Subst

Continue E=) RlBiel 2
"SCT_5520_11.03" 19:38 |ISERENN
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(L) universimar 3.4. Self aligned Silicide = SALICIDE

DRESDEN

Poly Si Gate Process boosted scaling but the decreasing
dimensions generated new problems associated with

a) the line resistance of the poly Si gate
b) the contact resistance to S/D
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(L) universimar 3.4. Self aligned Silicide = SALICIDE

DRESDEN

Poly Si Gate Process boosted scaling but the decreasing
dimensions generated new problems associated with

a) the line resistance of the poly Si gate
b) the contact resistance to S/D

A class of materials
combining low resistance and
thermal stability are
“silicides”, which are binary
compounds of metals and
silicide.
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(L) universimar 3.4. Self aligned Silicide = SALICIDE

DRESDEN

To optimize the performance of the MOSFET the resistivity of the gate
line, as well as the resistivity of the source/drain contact should be as low
as possible. This is obtained by using silicides (WSi,, TiSi,, CoSi,).
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(L) universimar 3.4. Self aligned Silicide = SALICIDE

DRESDEN

Again this is done in a self aligned way utilizing the selective wet etch
behavior between the refractive metal and the silicide.
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(L) universimar 3.4. Self aligned Silicide = SALICIDE

DRESDEN

Again this is done in a self aligned way utilizing the selective wet etch
behavior between the refractive metal and the silicide.
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(L) universimar 3.4. Self aligned Silicide = SALICIDE

DRESDEN

Again this is done in a self aligned way utilizing the selective wet etch
behavior between the refractive metal and the silicide.
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(L) universimar 3.4. Self aligned Silicide = SALICIDE

DRESDEN

Again this is done in a self aligned way utilizing the selective wet etch
behavior between the refractive metal and the silicide.
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(L) universimar 3.4. Self aligned Silicide = SALICIDE

DRESDEN

Again this is done in a self aligned way utilizing the selective wet etch
behavior between the refractive metal and the silicide.

Page: 40 L11©J. W.Bartha2021 TUD INTERNAL USE ONLY!



D) ismecs 3.4. Self aligned Silicide = SALICIDE

DRESDEN

Again this is done in a self aligned way utilizing the selective wet etch
behavior between the refractive metal and the silicide. 20

NON-SILICIDED S/D

DRAIN CURRENT (mA)
=)

0 2 4 6 8 10
DRAIN VOLTAGE (V)

n
o

I T T | I | 1 | |

TiSip SILICIDED S/D

DRAIN CURRENT (mA)
3

O
0 2 4 6 8

Taken from S. M. Sze, VLSI Technology McGraw-Hill 1988 — DRAIN VOLTAGE (V)
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f— L i S -

1\ ™ ‘-\-. oy ,.;;;;.:. A
Kontakt [ .
Fenster b ac: R(Accumulation layer)

ﬁ\ Rp: R(spreading Resistance)
\\ = Ryirf:  R(Diffusion well)
I - ~—Metallurgischer o R(COHTOCT)

\m\l
Reo AMA

l |R°c| Ubergang ‘

Ropirs R‘P ‘

| = |

[ NON-SILICIDED S/D

20— 20
— L. TiSiz SILICIDED S/D =
E } E |}
= [ = [
w (FY]) -
4 [
x x 10
3 3 |
z z |
< << "
5 & L
0
o 2 4 6 8 o 2 4

DRAIN VOLTAGE (V)

srwaws
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Flowchart - Salizidprozef
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Flowchart - Salizidprozef
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https://videocampus.sachsen.de/m/30a6cc97f1e6dcd14d7e7a37404ad1baed16c41ca4f20aeacb43793b532460f4e9cb7550f4a55068f7a674281d371cdd5b45e1fd8e8e7b5deded73b766db99a9

I,ﬁ?&'s".z'éﬁ% 3.5. Self aligned contacts (SAC)
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Contact to doped silicon

SEM cross-section micrograph of a self-aligned contact (SAC
struclure,

(C) |BM
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e “Infinite” CTG window demonstrated

https://nanohub.org/resources/20935/download/2014.04.08-Mistry-NEEDS. pdf
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(D) i 3.6. Resist trimming
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Shrinking (Trimming) of a structure:

|sotropic etch!

\

Figure 10-17

Resist trimming: resist lines made narrower by isotropic etching of the resist in
oxygen plasma. In both cases the resolution (line + space) remains constant.

Page: 48 L11 ©J. W.Bartha2021 TUD INTERNAL USE ONLY!



TECHNISCHE .
g'R"EVSEDRES'}TAT OUTI l ne 0. Introduction/ Lab organization/DMA /SCT1/Motivation <: SC-

1. Process integration

1.MOS Structure, MOS Capacitor BGS I CS

2.Structure of a MOSFET
3.I/V behavior
2. Circuits in Metal-Gate FET Technology
1.Process sequence of N-MOSFET in Metal Gate
2.From inverter Yo memory cell
3.SRAM in NMOS Metal Gate
4.The threshold voltage of the MOSFET
1.Parasitic FET
2.Enhancement/Depletion Transistor
3.N-MOS Logic by E/D Transitors
4.Process sequence of the N-MOS E/D Process
3. Self aligned Process
1.Metal Gate -> Si Gate
2. Channel-Stop & LOCOS Technology
1.Example: Process flow of E/D SiGate LOCOS Inverter
2.LOCOS Variation
3.Shallow Trench Isolation
3.Lightly doped drain
4.SALICIDE
5. Self Aligned Contacts (SAC)
6. Resist trimming
4.Transition to CMOS Technology
1.MOS Transistor Types
2.CMOS Inverter
1.Consideration NMOS E/D Inverter
2.Comparison CMOS Inverter
3.CMOS Process flow (Example CMOS 180 nm process)
5. Further Considerations
1.5caling
1. Challenges
2.Material Equivalent Scaling
3.Further Concepts

http://www.computerhistory.org/siliconengine/timeline/
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http://www.computerhistory.org/siliconengine/timeline/
https://bildungsportal.sachsen.de/opal/auth/RepositoryEntry/5690753028/CourseNode/101358303504339/Lab%20task
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