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st Outline

DRESDEN

Review:
- SCT Basics
- MOS Capacitor
MOS-Cap-CV
- MOS-FET
Triode- Saturation-
Subthreshold range
- Al-Gate FET
- Inverter to SRAM

Today:
SRAM fabrication + V+
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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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st Outline

DRESDEN 0. Introduction/ Lab organization/DMA /SCT1/Motivation

1. Process integration

Review: 3/V behavior

- SCT BGS|CS 1.Process sequence of N-MOSFET in Metal Gate
. 3.SRAM in NMOS Metal Gate

- MOS CGPGC ' TO r 4.The threshold voltage of the MOSFET

1.MOS Structure, MOS Capacitor
2.Structure of a MOSFET

2. Circuits in Metal-Gate FET Technology

2.From inverter Yo memory cell

1.Parasitic FET
M O S - CGP - C V 2.Eaan?asl;z'eCmenT/ Depletion Transistor

3.N-MOS Logic by E/D Transitors

(=

SC-
Basics

- MOS' FET 4 Process sequence of the N-MOS E/D Process

Subthreshold range

- Al-Gate FET sLihtiy dopec "
4 SALICIDE
- II’\VCFTCI" TO SRAM 5.SSeII—f Alil;ned Contacts (SAC)

TOdC(yl 2.CMOS Inverter
SRA M fabr'lcaf|on + VT 2.Comparison CMOS Inverter
— 5. Further ansiderc‘rions
Continue |:> VIDEO P 1.5C0|m1£? Challenges
“SCT 5520 08.2" 15:35 CA.I.\/EPxUS 2.Material Equivalent Scaling

T . d S 1' 1' . 3. Self aligned Process
| - | - 1.Metal Gate -> Si Gate
riode arurarion 2. Channel-Stop & LOCOS Technology
1.Example: Process flow of E/D SiGate LOCOS Inverter
2.LOCOS Variation

6. Resist trimming
4.Transition to CMOS Technology
1.MOS Transistor Types

1.Consideration NMOS E/D Inverter

3.Further Concepts

3.CMOS Process flow (Example CMOS 180 nm process)
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D) ismecs 2.3 SRAM Cell

DRESDEN

Two Inverters make a Flip-Flop

%

——
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D) ismecs 2.3 SRAM Cell

DRESDEN

Two Inverters make a Flip-Flop

With two stable
states like this one:

Page: 6 LO8©J.W.Bartha2021 TUD INTERNAL USE ONLY!



D) ismecs 2.3 SRAM Cell

DRESDEN

Two Inverters make a Flip-Flop

Or this one:
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D) ismecs 2.3 SRAM Cell

DRESDEN

Using two additional Transistors a SRAM cell is created

Bikline v
( H—L
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Gunestc 2 3 SRAM in metal gate enhancement NMOS

The layout consist of the 4 mask levels.

¥
Ll N
f \ Wordline r
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TECHNISCHE

Gunestc 2 3 SRAM in metal gate enhancement NMOS

The layout consist of the 4 mask levels. n* diffusion / p substrate

it
1 N N
{ \ Wordline r
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Gunestc 2 3 SRAM in metal gate enhancement NMOS

DRESDEN

Gate Oxide

The layout consist of the 4 mask levels.
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Gunestc 2 3 SRAM in metal gate enhancement NMOS

The layout consist of the 4 mask levels. Contact open

i
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Gunestc 2 3 SRAM in metal gate enhancement NMOS

The layout consist of the 4 mask levels.
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Gunestc 2 3 SRAM in metal gate enhancement NMOS

The layout consist of the 4 mask levels. Metal Lines
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(L) onnversivar SRAM in metal gate enhancement NMOS
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(L) onnversivar SRAM in metal gate enhancement NMOS

Notice the W/L Ratio of the different Transistors!
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(L) onnversivar SRAM in metal gate enhancement NMOS

Notice the W/L Ratio of the different Transistors!
n* Diffusion not only used for Source/Drain but also as conductor line!
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(L) iniversirar SRAM in metal gate enhancement NMOS

DRESDEN

Notice the W/L Ratio of the different Transistors!
n* Diffusion not only used for Source/Drain but also as conductor line!
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Bitleitung

Lastelement

Eingangs-/Ausgangs-

L — Element
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Loﬂ
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Reinigung
Source-Drain-Diffusion
a) Belegung {POCI, - Quelle}

b) Eindiffusion und
Reoxidation

ProzeRschritt A

Die folgenden Querschnitte sind
Schnitte AB durch die Speicherzelle

1. o xvdation -_—..-_-..-_-_-_-...-_‘_-_-_-..-_-...-.-_-_-_-_-..-_-..-_-:.-_-_-_3 . . Mmz.. (M.*. 2,
E 1 Oxid (510} Gate- und Kontaktlochmaske
— nt-Si {Phosphor)
— p — Si (Bor)
Oxid
Reinigung
Gateoxydation S (P —" pu— £
PhotoprozeB (Maske 1) e Ml ey B e Si 0,
Source-Drain-Diffusionsmaske MHIHH

pitidn®

Page: 21 LO8 © J. W. Bartha 2021 TUD INTERNAL USE ONLY!



TECHNISCHE
@ UNIVERSITAT
DRESDEN

BEOL.:

Stabilisierung des
Gateoxids mit PSG

a) Belegung (POCI; -Quelle)
b} Eindiffusion und
Temperung

PhotoprozeB {Maske 3)
Kontaktlochmaske

,.Back door*-Atzung
Al/Cu-Bedampfung

Photoproze (Maske 4)
Alu-sub-etch”-Maske

Temperung nach Aluminium

Elektrischer Test
{In Line Test post Aluminum,
Post Aluminium Probe, PAP)
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Quarz Aufstauben
{Sputtern)

Quarz Temperung

PhotoprozeB ( Maske 5)
Maske fur Kontaktiocher
im Quarz

Chrom-Kupfer-Gold-
Bedampfung

Blei/Zinn-Bedampfung

Pad Reflow

In Line Test
post Pad Reflow

Prozelischritt

Pb/Sn

Au
Cu Cr/Cu
/

Quarz
Al/Cu

Si 0,

Kontaktloch

}"50“.’| im Quarz

Die folgenden Querschnitie sing
Schnitte AB durch die Speicherzelle

Cr
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{,gfyg,gggg; Prozess - Integration

DRESDEN

Metal Gate N-MOS Enhancement Process:

© simple (only 4 Mask Levels)
© conductor level in the substrate (through n* region)
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{,ﬁygggﬁg; Prozess - Integration

DRESDEN

Metal Gate N-MOS Enhancement Process:

© simple (only 4 Mask Levels)
© conductor level in the substrate (through n* region)

® requires much space
® limitations of the transfer curve
® slow
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{,ﬁygggﬁg; Prozess - Integration

DRESDEN

Metal Gate N-MOS Enhancement Process:

© simple (only 4 Mask Levels)
© conductor level in the substrate (through n* region)

® requires much space
® limitations of the transfer curve
® slow

Continue @M The threshold voltage
"SCT_S5520_08.04" 36:10
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() IhiversiTiT 2.4 The threshold voltage at MOSFET

DRESDEN

Parameters to turn knobs:

- Oxide Thickness

- Substrate Doping

- Oxide Charges

- Work function difference
- Substrate Bias
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Meaning of the Threshold Voltage V+

brighthess

CAPACITANCE {mFimm?)
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S
o

—

GATE VOLTAGE (V)

{ S5 e HF

HF AC SIGNAL

START

] ]

4 J&v A
Vg=
SUBSTRATE DOPING Te r' ms )
£ B - accumulation
Na=1.0000002+017 cm-3 _ d ep I e-‘- ' on
OXIDE THICKNESS . .
| 2 - Inversion
Tox=10nm
GATE MATERIAL
™ N+ poly " P+ paly
o Metal
Rl L
Work function=5 eV
OXIDE CHARGE
RIN o
Nox=0
CLOSE ‘

Try also pdf file "MOScapAnim" in OPAL folder
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() st Situation at band diagrams
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M 0 S
Evax = Evax ()
ELO
Wem Wes
ELS (ELaItunusband)
v e |\ Eg Eya ()
Epp e - . — — ] ¢ — a— ¢ o e E g
ELMI EVS (EVnItnzband)
EVO
Bidndermodell einer idealisierten MOS-Struktur im thermodynamischen Eis
Gleichgewicht ———F
P — .\E Fs
E Evs
E
E

Idealisierte MOS-Struktur bei 0< VG < VT
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Threshold voltage at MOS-FET /1

Idealized!

Relation between El. Potential ®(V) and
carrier density p — Poisson equation

2
P __P  Consist of 2 parts:

ox? €

/ g(X) < SurfaceCharge ’E _ B und 8(1) __E
QG Qg =—eNx Xy OoX & 6x .
X x L Integration delivers E( ) I dx
Pox =0= X4

Eox (X) = const.AE(X) Vv
m

on = (UGS B (DS)/ dox
= on/dox Q
—>

E.-Field

Eox€ox = Esi€si = = c
LO8 Si oxX

on Esi

p=—eNp Eg(X)=Eg(0) _e'\'_AX Boundary cond.
e

E(x,)=0
N ()

Esi(0) = TA X4

SywacYmmm T




TECHNISCHE Threshold vol’rage at MOS-FET /2
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2.Integration delivers (V) = I—de

D(x) __&N, (de—%x2)+ D, Boundary cond.
¢ D(xy4)=0

eNA( 1.2 102

2
e (x2 —2xx, +x2):eN—AXOI 1-2 2 4 %2
2¢ 2¢& X4

B ZSCDS eN X2 X 2
Xy —'\/; (I)(X) — %d(l_x_
d

e
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g,gnymscus Threshold voltage at MOS-FET /2
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2.Integration delivers (V) = I—de
d(X) = 2 (x,x—1x2)+ @, Boundary cond.
e
V] D, = EA%XE
N
@(X)z—e—A(—%X§+XdX—%X2)
e
X eN eN X2
- A(x(f—2xx(],+x2) —d(l 2—+xd]
— 2¢ 2¢& X4
X
_ | 2e9s eN 5 X x )’
T en, D00 =A% d(l Zj

I High potential means high binding energy !
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Threshold voltage at MOS-FET /3

QG = (UGS — D )Cox = _Qd

Qs =—¢eN, X, =—eN, A

eN ,

4 = —\/ZENA€°(DS

Condition for threshold: U;s=U; when

anC
edq T
er WF
K ___________ v+
K/—\D
ed =Fermi -
PQtentiaI
W(x) [eV]
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Threshold voltage at MOS-FET /3

QG - (UGS — Dy )Cox - _Qd
Qs =—€eN,-Xx;, =—eN

>
4]
Z

>

Qd = —\/ZENAE-CDS\

Condition for threshold: Ugs=U; when ~ ®¢ =2,

edg

ey,

LO8

anc _Qdmax = \/2eNAg(2CDF ) — (U GS CI)S )Cox
T Ugs =Ug
We Og = 2D
f
ed =Fermi -

PQtentiaI

W(x) [eV]



(L) oniversivar Threshold voltage at MOS-FET /3
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Try also pdf file "MOScapAnim" in OPAL folder 0
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