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INTRODUCTION - FACTORY PROCESSES

RIT is supporting three different CMOS process technologies.  The
older p-well CMOS has been phased out.  The SMFL-CMOS process
is used for standard 5 Volt Digital and Analog integrated circuits.
This is the technology of choice for teaching circuit design and
fabricating CMOS circuits at RIT.  The SUB-CMOS and ADV-
CMOS processes are intended to introduce our students to process
technology that is close to industry state-of-the-art.  These processes
are used to build test structures and develop new technologies at RIT.

RIT p-well CMOS (1995) λ = 4 µm Lmin = 8 µm
RIT SMFL-CMOS (2004) λ = 1 µm Lmin = 2 µm
RIT Subµ-CMOS (2000) λ = 0.5 µm Lmin = 1.0 µm
RIT Advanced-CMOS (2003) λ = 0.25 µm Lmin = 0.5 µm

navarro
Realce
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INTRODUCTION

Advanced Processes:
Shallow Trench Etch with Endpoint
Trench PECVD TEOS fill and CMP
Silicide TiSi2, Recipes for Rapid Thermal Processor
Dual Doped Gate, Ion Implant and Mask Details
Anisotropic Poly Etch
100 Å Gate Oxide Recipe with N2O
Nitride Spacer, New Anisotropic Nitride Etch
Aluminum Metal, W Plugs Deposition, CMP of Oxide
New Test Chip
New Masks, Canon and ASML
New Stepper Jobs, Canon and ASML
Create MESA Process, Products, Instructions, Parameters

navarro
Nota
para impedir que impurezas cheguem ao canal

navarro
Nota
para permitir usar o End point

navarro
Nota
não foi aplicado
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RIT ADVANCED CMOS VER 150

RIT Advanced CMOS
150 mm Wafers
Nsub = 1E15 cm-3 or 10 ohm-cm, n or p
Nn-well = 1E17 cm-3
Xj = 2.5 µm
Np-well = 1E17 cm-3
Xj = 2.5 µm
Shallow Trench Isolation
Field Ox = 4000 Å
Dual Doped Gate n+ and p+
Xox = 100 Å
Lmin= 0.5 µm
LDD/Nitride Side Wall Spacers
TiSi2 Silicide
Tungsten Plugs, CMP, 2 Layers Aluminum

L

Long
Channel
Behavior

navarro
Nota
aumenta as dopagens dos poços. A região de depleção em tordo do source ou dreno é de 0,16 um

navarro
Nota
diminuiu (era antes 150 A)
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RIT ADVANCED CMOS

NMOSFET PMOSFET

N-wellP-well

N+ Poly

P+ D/SN+ D/S

LDD
LDD

n+ well
contact

p+ well
contact

P+ Poly

navarro
Nota
múltiplas camadas de metal. Usa CMP

navarro
Nota
usa Trecnch para isolação

navarro
Nota
Usa As no lugar de P. O coeficiente de difusão do As é menor e permite o source/dreno ficarem mais rasos.
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ASML 5500/90 STEPPER

KrF Excimer Laser Stepper 
λ = 248 nm
NA = 0.52, σ = 0.6
Resolution = 0.7 λ / NA = ~0.3 µm
20 x 20 mm Field Size
Depth of Focus = k2 λ/(NA)2

~ 0.64 µm
6”x6” Masks

navarro
Nota
não existe lâmpada para este comprimento. Deep UV

navarro
Nota
pequena, exige CMP
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MULTI- LAYER ALUMINUM, W PLUGS, CMP,
DAMASCENE OF LOCAL W INERCONNECT

Multi-layer aluminum
interconnect with
tungsten plugs, CMP, 
and damascene of local
tungsten interconnect.

navarro
Nota
não usa
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ADVANCED CMOS TEST STRUCTURES



RIT ADVANCED CMOS PROCESS

11 PHOTO
LEVELS

POLY

METAL

N-WELL

P SELECT
CC

ACTIVE

N SELECT

LVL 2 - NWell

LVL 3 - Pwell

LVL 5 - POLY

LVL 7 - NLDD

LVL 10 - CC

LVL 11 - METAL

LVL 8 – N+D/S

LVL 9 – P+D/S

LVL 1 - STI

LVL 6 - PLDD

LVL 4 - VTP

NMOSFET PMOSFET

N-well
P-well

N+ Poly

P+ D/SN+ D/S

LDD
LDD

n+ well
contact

p+ well
contact

P+ Poly

navarro
Nota
o mesmo desenho de layers pode ser usado em outro processo. Veja que quando se faz o projeto não precisa saber como é construido em detalhes.
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MASK ORDER
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ADV-CMOS 150 PROCESS

CMOS Versions 150, one level Metal
1. ID01
2. DE01
3. CL01
4. OX05---  pad oxide 500 A
5. CV02- 1500 Å
6. PH03 –1- STI
7. ET29 etch shallow trench, 4000A
8. ET07-ash
9.  CL01
10. OX05 – pad oxide, 500 A
11. CV03 – CVD oxide trench fill
11.1 OX07 - Anneal
12. CM01 – Trench CMP
13. CL02 - CMP_Clean
14. CL01-rca clean
15. ET19 hot phos
16. PH03-2-n-well
17. IM01 3E13, P31, 180 KeV
18. ET07-ash
19. PH03 – 3 – p-well
20. IM01 – 3E13, B11, 150KeV
21. ET07 -ash

22. CL01
23. OX06 well drive, 6hr 1100C
24. IM01 blanket implant
25. PH03 – 4 - VT adjust
26. IM01 adjust
27. ET07
28. CL01
29. ET06 oxide etch
30. OX06 gate oxide
31. CV01 poly dep
32. PH03 - 5 - poly
33. ET08 poly etch
34. ET07
35 CL01
36 OX05 pad oxide
37. PH03 –6- p LDD
38. IM01 p LDD
39. ET07 
40. PH03 –7- n LDD
41. IM01 n LDD
42. ET07
43. CL01

44. CV02 nitride spacer dep
45. ET39 spacer etch
46. PH03 – 8 - N+D/S
47. IM01 – N+D/S
48. ET07
49. PH03 – 9- P+ D/S
50. IM01 – P+ D/S
51. ET07
52. CL01
53. OX08 – DS Anneal
54. ME03 HF dip & Co/Ti
55.  RT01
56.  ET11 Ti Etch
57.  RT02
58. CV03 – LTO
59. PH03 – 10 CC
60. ET10
61. ET07
62. CL01
62.1  CV04 W Plugs
63 ME01 Aluminum

64. PH03  -11- metal
65. ET15 plasma Al Etch
66. ET07
67. SI01
68. SEM1
69. TE01
70. TE02
71. TE03
72. TE04

(Revision 9-20-04)
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STARTING WAFER

N-type or P-type Substrate 10 ohm-cm

navarro
Nota
pode iniciar com qualquer tipo de lâmina pois é poço duplo
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SCRIBE WAFERS WITH LOT AND WAFER NUMBER

F040908
D1

Lot Numbers are: XYYMMDD
Where X is

       R for Research
       L for Laboratory
       F for Student Factory
       S for Scrap or Shipped

YY is year
MM is month
DD is day

The wafer number is D1, D2, D3, etc.
for device wafers or C1, C2, C3, etc.
for control wafers, X1,X2 for extra
wafers to replace broken D wafers
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MEASURE WAFER SHEET RESISTANCE

CDE Resistivity Mapper
Rho=Rhos x t

navarro
Nota
medir resistividade para conhecer a dopagem da lâmina
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TENCORE SURF SCAN

Gives total surface particle count and
count in 4 bins <0.5, 0.5 to 2.0, 2.0-
10, >10.  Bin boundary can be
selected.  Edge exclusion eliminated
count from near the edge of the
wafer.

navarro
Nota
Suface scan para contagem de partículas
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EXAMPLE SURFACE PARTICLE COUNT DATA

Before Cleaning (75 mm)
Size Range (µm) Count
0.2 - 0.5 104
0.5 - 2.0 562
2.0 - 10  19
>10    2

After Cleaning (75 mm)
Size Range (µm) Count
0.2 - 0.5 10
0.5 - 2.0   4
2.0 - 10   3
>10   0
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RCA CLEAN

DI water
rinse, 5 min.

H20 - 50
HF - 1
60 sec.

HPM
HCL - 1part
H2O2 - 3parts
H2O - 15parts
70 °C, 15 min.

SPIN/RINSE
DRY

APM
NH4OH - 1part
H2O2 - 3parts
H2O - 15parts
70 °C, 15 min.

DI water
rinse, 5 min.

DI water
rinse, 5 min.

PLAYANSWER

What does RCA
stand for?

Explain the Process

navarro
Nota
tira orgânicos

navarro
Nota
limpa oxido

navarro
Nota
retira metais
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RCA CLEAN AND PAD OXIDE GROWTH

Pad Oxide, 500A
Bruce Furnace 04 Recipe 250
~45 min at 1000 °C

Substrate 10 ohm-cm
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BRUCE FURNACE RECIPE 250 500Å DRY OXIDE

1000°C

800 °C

Boat Out    Boat In Boat Out
Load        Push        Stabilize Ramp-Up Soak     Anneal Ramp-Down     Pull

12 min 15 min 20 min 40min 5min         40 min 12 min
10 lpm 10 lpm 5 lpm 10 lpm 15 lpm     10 lpm 5 lpm
N2 N2 O2 O2 N2     N2  N2

Recipe #250

Interval 0     Interval 1     Interval 2 Interval 3         Interval 4 Interval 5    Interval 6 Interval 7

800 °C

25 °C

Any
0  lpm
none

800 °C

At the end of a run the furnace returns to Interval 0 which is set for
boat out, 25 °C and no gas flow. The furnace waits in that state
until someone aborts the current recipe or loads a new recipe.
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DEPOSIT SILICON NITRIDE

Substrate 10 ohm-cm

Recipe Nitride 810
Nitride, 1500A
LPCVD, 810C, ~30min
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LEVEL 1 PHOTO - STI

Substrate 10 ohm-cm

navarro
Nota
região ativa onde ficarão os transistores
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SSI COAT AND DEVELOP TRACK FOR 6” WAFERS

SSI coat and develop track
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CANON FPA-2000 i1 STEPPER

i-Line Stepper λ = 365 nm
NA = 0.52, σ = 0.6
Resolution = 0.7 λ / NA = ~0.5 µm
20 x 20 mm Field Size
Depth of Focus = k2 λ/(NA)2

 = 0.8 µm

navarro
Nota
usou o stepper antigo pois teve problemas com o novo
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ASML 5500/90 STEPPER

KrF Excimer Laser Stepper 
λ = 248 nm
NA = 0.52, σ = 0.6
Resolution = 0.7 λ / NA = ~0.3 µm
20 x 20 mm Field Size
Depth of Focus = k2 λ/(NA)2

~ 0.64 µm
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PLASMA ETCH NITRIDE/OXIDE/SILICON

STI Etch:  SF6 plasma
LAM 490 Etcher, Etch Rate ~1000 Å/min for Nitride

~ 500 Å/min for Oxide
~ 5000 Å/min for silicon

Substrate 10 ohm-cm

navarro
Nota
End Point

navarro
Nota
End point

navarro
Nota
tem de ser por tempo
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PLASMA ETCH TOOL

Lam 490 Etch Tool
Plasma Etch Nitride (~ 1500 Å/min)
SF6 flow = 200 sccm
Pressure= 260 mTorr
Power = 125 watts
Time=thickness/rate

Use end point detection capability
This system has filters at 520 nm
and 470 nm.  In any case the color
of the plasma goes from pink/blue
to white/blue once the nitride is
removed.
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LAM 490 END POINT

EPD Total Film Etch (1483A Nitride, 460A Pad oxide)

-50
0

50
100
150
200
250
300
350
400

0 50 100 150 200 250 300

Time [sec]

S
ig

n
al

 In
te

n
si

ty

#12

Nitride Pad Oxide Silicon

85%Trigger 520nm
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APPROACH FOR STI END POINT DETECTION

Step 1
Flow Gas

Set Pressure
No RF Power

Step 2
RF Power On

Nitride
Endpoint Step 3

RF Power On
Oxide

Endpoint
Step 3

RF Power On
Timed

Silicon Etch
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SELECTING LAM 490 END POINT PARAMETERS

EPD Total Film Etch (1483A Nitride, 460A Pad oxide)

-50
0

50
100
150
200
250
300
350
400

0 50 100 150 200 250 300

Time [sec]

S
ig

n
al

 In
te

n
si

ty

#12

Nitride Pad Oxide Silicon

85%Trigger
520nm

Sampling A only [520nm ch 12]
Active during Step 2
Delay 50 sec before normalizing
Normalize for 10 sec
Trigger @ 85% of normalized value

Nitride Etch (Step 2)
If no Endpoint is found then
Max Etch Time 100 sec

Sampling A only [520nm ch 12]
Active during Step 3
Delay 30 sec before normalizing
Normalize for 10 sec
Trigger @ 115% of normalized value

115% Trigger

Oxide Etch (Step 3)
If no Endpoint is found then
Max Etch Time 50 sec

navarro
Nota
filtro usado
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FINALIZE STI ETCH RECIPE

Process:  Step 1 –  
260mTorr; 0 watts
200sccm SF6,
Max Time = 2 min
Time Only

Process:  Step 2 –  
260mTorr; 125 watts,
200sccm SF6,
Max Time = 1min 40sec
Endpoint and Time
Sampling A (ch12 @ 520nm)
Active during step 02
Delay 50sec before normalizing
Normalize for 10sec
Trigger at 85%

Process:  Step 3 –  
260mTorr; 125 watts,
200sccm SF6,
Max Time = 50sec
Endpoint and Time
Sampling A (ch12 @ 520nm)
Active during step 03
Delay 30sec before normalizing
Normalize for 10sec
Trigger at 115%

Process: Step 4 –   
260mTorr; 125W,
200sccm SF6,
Time Only,
Max Time = 50 sec
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CONTINUE THE ETCH THRU PAD OXIDE AND INTO
THE SILICON

Substrate 10 ohm-cm
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MEGASONIC RCA CLEAN, SRD & ASHER

Asher
RCA Clean Bench
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STRIP RESIST AND RCA CLEAN

Substrate 10 ohm-cm

navarro
Nota
Há duas opções de sequencia:1. preencher o trench e depois implantar o poço (será visto a seguir)2. implantar os poços e depois preencher o trench
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GROW TRENCH LINER OXIDE

Substrate 10 ohm-cm

Pad Oxide, 500A
Bruce Furnace 04 Recipe 250

navarro
Nota
óxido de alta qualidade feito com oxidação (50 nm)
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DEPOSIT LTO TRENCH FILL

Substrate 10 ohm-cm
Fill 4000 Å trench
Deposit 6000 Å LTO

navarro
Nota
Low Temperature

navarro
Nota
o excesso será retirado por CMP
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PECVD OXIDE FROM TEOS

TEOS Program: (Chamber A)
Step 1
   Setup Time = 15 sec
   Pressure = 9 Torr
   Susceptor Temperature= 390 C
   Susceptor Spacing= 220 mils
   RF Power = 0 watts
   TEOS Flow = 400 scc
   O2 Flow = 285 scc
Step 2 – Deposition
  Dep Time = 55 sec (5000 Å)
  Pressure = 9 Torr
  Susceptor Temperature= 390 C
  Susceptor Spacing= 220 mils
  RF Power = 205 watts
  TEOS Flow = 400 scc
  O2 Flow = 285 scc
Step 3 – Clean
  Time = 10 sec
  Pressure = Fully Open
  Susceptor Temperature= 390 C
  Susceptor Spacing= 999 mils
  RF Power = 50 watts
  TEOS Flow = 0 scc
  O2 Flow = 285 scc

navarro
Nota
tetraetilortosilicato

navarro
Nota
com plasma para baixar a temperatura

navarro
Realce
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CMP

Substrate 10 ohm-cm

navarro
Nota
Dificuldades: 1. difícil implantar abaixo dos trenchs (tem 0,5 um de profundidade)2. quando for corroer o óxido abaixo do nitreto, corrói também, e mais rápido, o óxido do trench

navarro
Nota
menos denso
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CMP TOOL
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CMP CLEAN

Substrate 10 ohm-cm

navarro
Nota
o nitreto é mais duro que o óxido e indica quando parar de planarizar

navarro
Nota
a substância, slurry, usada para polir deve ser tal que tire fácil o SiO2 mas não muito o nitreto
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HOT PHOSPHORIC ACID NITRIDE ETCH

Substrate 10 ohm-cm

30 Dip in BHF, Rinse
Hot Phosphoric Acid
Wet Nitride Etch.  
Etch Rate ~80 Å/min
Etch 45 min.

navarro
Realce
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HOT PHOSPHORIC ACID ETCH BENCH

• Include D1-D3
• Warm up Hot Phos pot to 175º
• Use Teflon boat to place wafers in acid bath

• 3500Å +/-500 à 90 minutes
• 1500Å +/- 500 à 45 minutes
• Etch rate of ~80 Å/min

• Rinse for 5 minutes in Cascade Rinse
• SRD wafers
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PHOTO 2  N-WELL

Need thicker resist 
Use COATMTL.RCP (2000rpm, 30 sec gives 1.3µm)
and DEVMTL.RCP (~75 seconds)

navarro
Realce

navarro
Realce
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ALIGNMENT VERNIERS
CRITICAL DIMENSION (CD) STRUCTURES

-     X +

-
    

Y
+

12 3 4 5  6  7   8

2 µm CD

PLAY
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N-WELL IMPLANT

3e13, 180keV, P31

Substrate 10 ohm-cm

navarro
Nota
alta energia

navarro
Nota
espesso para impedir que penetre no foto resist

navarro
Nota
quase não chega aqui. Dificuldade de ter primeiro preenchido o trench



 © 10 March, 2005 Dr. Lynn Fuller, Motorola Professor

RIT’s Advanced CMOS Process

Page 46

Rochester Institute of Technology
Microelectronic Engineering

VARIAN 350 D ION IMPLANTER (4” AND 6” WAFERS)
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ION IMPLANT RANGE CHART

10 100 1,000
10-2
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1
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~3500 Å

~2000 Å
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IMPLANT MASKING THICKNESS CALCULATOR

Rochester Institute of Technology Lance Barron
Microelectronic Engineering Dr. Lynn Fuller

11/20/04

IMPLANT MASK CALCULATOR Enter 1 - Yes    0 - No in white boxes

DOPANT SPECIES MASK TYPE ENERGY
B11 0 Resist 0 180 KeV
BF2 0 Poly 0
P31 1 Oxide 1

Nitride 0

Thickness to Mask >1E15/cm3 Surface Concentration 5396.537 Angstroms



 © 10 March, 2005 Dr. Lynn Fuller, Motorola Professor

RIT’s Advanced CMOS Process

Page 49

Rochester Institute of Technology
Microelectronic Engineering

STRIP RESIST

Substrate 10 ohm-cm

N-well
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PHOTO 3 P-WELL

N-well

Need thicker resist 
Use COATMTL.RCP (2000rpm, 30 sec gives 1.3µm)
and DEVMTL.RCP (~75 seconds)

navarro
Realce

navarro
Realce
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ION IMPLANT P-WELL

Substrate 10 ohm-cm

3e13, 125keV, B11

P-well N-well

navarro
Realce

navarro
Nota
energia mais baixa
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B11   IMPLANT FOR BORON THRESHOLD ADJUSTS,
STOP, P-WELL

I µA

50

40

30

10

20

ION MASS (AMU)

30191110 4948

B10

B11

BF2

BF+

USE THIS PEAK

PLAY
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IMPLANT MASKING THICKNESS CALCULATOR

Rochester Institute of Technology Lance Barron
Microelectronic Engineering Dr. Lynn Fuller

11/20/04

IMPLANT MASK CALCULATOR Enter 1 - Yes    0 - No in white boxes

DOPANT SPECIES MASK TYPE ENERGY
B11 1 Resist 0 125 KeV
BF2 0 Poly 0
P31 0 Oxide 1

Nitride 0

Thickness to Mask >1E15/cm3 Surface Concentration 5371.71 Angstroms



 © 10 March, 2005 Dr. Lynn Fuller, Motorola Professor

RIT’s Advanced CMOS Process

Page 54

Rochester Institute of Technology
Microelectronic Engineering

STRIP RESIST AND RCA CLEAN

Substrate 10 ohm-cm

3e13, 150keV, B11

P-well N-well
P-well
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ALTERNATIVE APPROACH FOR WELL FORMATION
IN ADVANCED CMOS PROCESS

The current Adv-CMOS process calls for ion implanting the well
through the filled trenches.  This requires exact trench depths, exact
CMP stop, and high energy implants.  The normal photoresist is not
thick enough to block these high energy implans, 180KeV for P31 and
150KeV for B11.  This project investigated implanting the wells prior
to trench fill and CMP.  Using SILVACO ATHENA simulations a set
of implant conditions was determined to give a well with the correct
surface concentration, well junction depth and sheet resistance.  The
wells also need to be continuous under the trench isolation so that
several devices can be placed in a single well with a single well
potential.  In addition our ion implanter has difficulty at high energy so
lower energy implants would be useful.

Jonathan Reese
February 22, 2005
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ORIGINAL ADV-CMOS PROCESS FLOW

500Å Pad Ox.

    -Bruce Tube 4

1500Å CVD Nitride

       -LPCVD

STI Litho- level 1 4000Å Plasma etch

        -Lam 490

PR Ash

RCA Clean
500Å Pad Oxide

       -Bruce Tube 1

CVD Trench fill-  P-5000

Anneal –Bruce Tube 1

Trench CMP

CMP Clean

RCA Clean

Hot Phos. Nitirde strip

N-well Litho

     -Level 2

N-well implant

  -P31, 3E13 cm- 2  E=180KeV

Ash

P-well Litho - level 3

P-well implant

  -B11, 3E13 cm-2  E=150KeV

Ash, RCA clean

Drive in- 6hr 1100C-Tube 1

P-well N-well

Xj approx. 3 µm
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PROPOSED ADV-CMOS PROCESS FLOW

500Å Pad Ox.

    -Bruce Tube 4

1500Å CVD Nitride

       -LPCVD

STI Litho- level 1 4000Å Plasma etch

        -Lam 490

PR Ash

RCA Clean
500Å Pad Oxide

       -Bruce Tube 1

N-well Litho

     -Level 2

N-well implant

  -P31, 8e13 cm-2  E=80 KeV

P-well Litho

     -Level 3

P-well implant

  -B11, 3e13 cm -2  E=170 KeV

PR Ash

RCA Clean

P-well N-well

Drive in- 6hr 1100°C-Tube 1

Xj approx. 3 µm

CVD Trench fill-  P-5000

Anneal –Bruce Tube 1

Trench CMP

CMP Clean

P-well N-well P-well N-well

RCA Clean

Hot Phos. Nitirde strip

P-well N-well

navarro
Realce

navarro
Nota
errado, é 80 keV

navarro
Nota
difícil para litografia

navarro
Nota
aqui esta indicado que o well drive é feito antes do preenchimento do trench. Não é. Primeiro é preenchido o trench, depois feito o well drive. Com isso o óxido do trench densifica e, na retirada do óxido de Pad, a corrosão do trench não será mais rápida.
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SIMULATION: ORIGINAL PROCESS WELL PROFILES

Current Process Proposed Process

Problems with Boron
Penetration of Masking

Resist
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WELL PARAMETERS

Lower170180Energy

Lower80150Energy
8E133E133E13Dose

3E133E133E13Dose

Better

Better

Better

Better

N well

P well

3.13.3~3.0P well Xj

1.0E173.6E16~1E17Surface Conc.

3.54.0#~3.0N well Xj

1.08E172.4E17~1E17Surface Conc.

New Process
Simulation

Old Process
Simulation

Design
Parameters

# If Boron penetration into N-well can be eliminated
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SIMULATION: PROCESS CROSS-SECTION

Current Process Proposed Process
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WELL DRIVE

Substrate 10 ohm-cm

P-well N-well

6 hrs, 1100 °C
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BRUCE FURNACE RECIPE 11 ADV-CMOS WELL DRIVE

1100°C

800 °C

Boat Out Boat In Boat Out
Load        Push        Stabilize Ramp-Up Soak            Anneal       Ramp-Down    Pull

12 min 15 min 30 min 360 min 5 min      60 min                     12 min
10 lmp 10 lpm 10 lpm 10 lpm 10 lpm    10 lpm 5 lpm
N2 N2 N2 N2      N2       N2  N2

Recipe #11 

Interval 0     Interval 1     Interval 2 Interval 3    Interval 4    Interval 5   Interval 6           Interval 7

800 °C

25 °C

Any
0  lpm
none

800 °C

At the end of a run the furnace returns to Interval 0 which is set for
boat out, 25 °C and no gas flow. The furnace waits in that state
until someone aborts the current recipe or loads a new recipe.

Sub-CMOS Well Drive, No Oxide Growth, Tube 1

Verified:12-8-04
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BLANKET PMOS & NMOS VT ADJUST IMPLANT

7e11, 60keV, B11

Note:  This implant may be omitted

Substrate 10 ohm-cm

P-well N-well

navarro
Realce
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PHOTO 4 PMOS VT

Substrate 10 ohm-cm

P-well N-well
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PMOS VT IMPLANT

2.6E12, 60keV, B11

Substrate 10 ohm-cm

P-well N-well
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STRIP RESIST AND RCA CLEAN

Substrate 10 ohm-cm

P-well N-well
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OXIDE ETCH

Substrate 10 ohm-cm

P-well N-well
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GROW GATE OXIDE

Oxide, 100A, Dry O2
Bruce Furnace04 Recipe 214

Substrate 10 ohm-cm

P-well N-well

navarro
Nota
óxido de excelente qualidade
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INCORPORATING NITROGEN IN THIN GATE OXIDES

In todays deep sub-micron transistors the pMOSFET normally has
p+Poly for the gate material.  The gate oxide is 100Å or less.  The p+
dopant is normally Boron and Boron diffuses quickly (compared to
Phosphorous) through oxides.  Since the gate oxides are thin this
could allow Boron to diffuse through the gate oxide and dope the
channel causing the transistors to not function correctly.  If some
nitrogen is incorporated in the gate oxide the diffusion of Boron is
much lower.  This project involved developing a gate oxide recipe that
will result in nitrogen incorporation in the gate oxide.  The recipe
included 30 min anneal in N2, 30 min oxynitride growth in N2O and
30 min oxide growth in O2, all at 900 °C.  The gate oxides were
evaluated at RIT using the ellipsometer (looking for index of
refraction in between 1.45 (oxide) and 2.00 (nitride) and thickness
near 100Å.  The same wafers were also sent to Kodak for XPS
analysis to give information on nitrogen content in the oxide.

navarro
Realce
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BRUCE FURNACE RECIPE 213

900°C

800 °C

Boat Out    Boat In Boat Out
Load        Push        Stabilize Ramp-Up Soak       Soak Ramp-Down     Pull

12 min 30 min 30 min   30min 30 min         30 min 15 min
5 lpm 5 lmp 10 lpm   10 lpm 10 lpm         10 lpm 5 lpm
N2 N2 O2   N2O O2          N2   N2

Recipe #213

Interval 0     Interval 1     Interval 2 Interval 3    Interval 4   Interval 5           Interval 6 Interval 7

Dry Oxide Growth with N2O, Target 100 Å

800 °C

25 °C

Any
0  lpm
none

800 °C

At the end of a run the furnace returns to Interval 0 which is set for
boat out, 25 °C and no gas flow. The furnace waits in that state
until someone aborts the current recipe or loads a new recipe.

Verified:2-24-04
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INCORPORATING NITROGEN IN THIN GATE OXIDES

XPS Compositional Depth Profiles of SiOXNY

0

20

40

60

80

100

0 50 100 150 200

Sputter time (S)

A
to

m
 %

 S
i, 

O
, C

0

0.2

0.4

0.6

0.8

1

A
to

m
 %

 N

%Si

%O

%C

%N

Si

O
N

0 100 Å

navarro
Nota
Si

navarro
Nota
interface

navarro
Nota
SiO2
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LOCATION FOR MEASUREMENT OF GATE OXIDE

Measure gate oxide thickness (~100A) in any white active area
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Login: FACTORY
Password: OPER
<F1> Operate
<F1> Test Center the wafer on the stage
Select (use arrow keys on the numeric pad (far right on the keyboard)

space bar, page up, etc)
PROGRAM = FAC-P or FAC-N
LOT ID = HAWAII
WAFER NO. = C1
TOX = 250 (from nanospec)

<F12> start test and wait for measurement
<Print Screen> print results
<F8> exit and log off
<ESC> can be used anytime, but wait for

current test to be completed

MEASURE C1 AND C2 ON SCA-2500
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SCA MEASUREMENT OF GATE OXIDE
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LPCVD POLY

Polysilicon, 4000A
LPCVD, 610C, ~53min

Substrate 10 ohm-cm

P-well N-well

navarro
Realce

navarro
Realce
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LOCATION FOR POLY THICKNESS MEASUREMENT

Measure poly thickness within any active area using thin film
stack #4 on nanospec at 40X magnification
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PHOTO 5 POLY GATE

Substrate 10 ohm-cm

P-well N-well
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POLY ETCH

Substrate 10 ohm-cm

P-well N-well

old

navarro
Nota
plasma etch
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POLY ETCH WITH END POINT

Process:  Step 1 –  325mTorr; 0 watts
Gap = 1.5 cm

                                  140sccm SF6, 15 sccm O2
                                  Max Time = 2 min.
                                  Time Only

Process:  Step 2 –  325mTorr; 140 watts,
Gap = 1.5 cm

                                  140sccm SF6, 15 sccm O2
                                  Max Time = 1 min. 15 sec
                                  Time or Endpoint

Endpoint and Time
Sampling A (ch12 @ 520nm)
Active during step 02
Delay 15sec before normalizing
Normalize for 10sec
Trigger at 90%

Process: Step 3 –   325mTorr; 140W,
Gap = 1.5 cm

                                  140sccm SF6, 15 sccm O2
                                  Overetch – 10%
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VERIFICATION

Resist

Poly

Oxide

200nm

500 Å250 Å 3000 Å

6000 Å
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STRIP RESIST

P-well N-well

Include D1-D3
Strip Photresist in Branson Asher
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RCA CLEAN

P-well N-well
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GROW OXIDE

P-well N-well

Oxide, 500A
Bruce Furnace 04 Recipe 250
~45 min at 1000 °C

navarro
Nota
Vantagens:1. protege contra impurezas2. reduz a sobreposição entre gate e source/dreno
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PHOTO 6 LDD P-TYPE IMPLANT

Substrate 10 ohm-cm

P-well N-well
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IMPLANT P-LDD

Substrate 10 ohm-cm

P-well N-well

B11, Dose = 4E13, E = 50 KeV

navarro
Nota
reduz a sobreposição

navarro
Nota
0,35 um é suficiente para servir de máscara
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IMPLANT MASKING THICKNESS CALCULATOR

Rochester Institute of Technology Lance Barron
Microelectronic Engineering Dr. Lynn Fuller

11/20/04

IMPLANT MASK CALCULATOR Enter 1 - Yes    0 - No in white boxes

DOPANT SPECIES MASK TYPE ENERGY
B11 1 Resist 0 50 KeV
BF2 0 Poly 1
P31 0 Oxide 0

Nitride 0

Thickness to Mask >1E15/cm3 Surface Concentration 3529.481 Angstroms
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STRIP RESIST

P-well N-well

Include D1-D3
Strip Photresist in Branson Asher
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PHOTO 7 LDD N-TYPE IMPLANT

Substrate 10 ohm-cm

P-well N-well
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IMPLANT N-LDD

Substrate 10 ohm-cm

P-well N-well

P31, Dose = 4E13, E = 60 KeV

navarro
Nota
0,3 um de poli serve de máscara
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IMPLANT MASKING THICKNESS CALCULATOR

Rochester Institute of Technology Lance Barron
Microelectronic Engineering Dr. Lynn Fuller

11/20/04

IMPLANT MASK CALCULATOR Enter 1 - Yes    0 - No in white boxes

DOPANT SPECIES MASK TYPE ENERGY
B11 0 Resist 0 60 KeV
BF2 0 Poly 1
P31 1 Oxide 0

Nitride 0

Thickness to Mask >1E15/cm3 Surface Concentration 2798.861 Angstroms
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STRIP RESIST

P-well N-well

Include D1-D3
Strip Photresist in Branson Asher
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RCA CLEAN AND LPCVD NITRIDE

ASM 6” LPCVD Tool

Target 4000 Å

P-well N-well
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NITRIDE SIDE WALL SPACERS

1.3:1Selectivity Nitride:Oxide

~ 10%  *Oxide Etch %NU

~ 950 A/min  *Oxide Etch Rate

~ 4%  *Nitride Etch %NU

1250 A/minNitride Etch Rate

30 sccmCHF3

30 sccmSF6

40 mTorrPressure

250 WattsPower

Nitride as a side wall spacer in deep sub
micron transistor fabrication has some
advantages over oxide side wall spacers.
Nitride LPCVD is a more uniform and
more conformal film than LTO.  Nitride
offers the possibility of end-point detection
and higher selectivity during the plasma
etch, while an oxide spacer does not.

Side Wall Spacer

Ion Implant

D
rytek Q

uad

navarro
Realce

navarro
Realce
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NITRIDE SIDE WALL SPACERS

Poly thickness = 2300 A
Oxide thickness = 1000A
Spacer Height = 2300 A
Spacer Width = 0.3 um

Special thanks to
Dr. Sean Rommel for
help in using the new
LEO SEM



 © 10 March, 2005 Dr. Lynn Fuller, Motorola Professor

RIT’s Advanced CMOS Process

Page 95

Rochester Institute of Technology
Microelectronic Engineering

SIDE WALL SPACER ETCH IN DRYTEK QUAD

Anisotropic Nitride Etch
Drytek Quad
Recipe FACSPCR
30 sccm SF6
30 sccm CHF3
Power = 250 watts
Pressure = 40 mTorr
Etch Rate = 125 nm/min
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ETCH NITRIDE TO FORM SIDE WALL SPACERS

P-well N-well
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PHOTO 8 N+ D/S

P-well N-well

P31, Dose = 2 E15, E = 60 KeV

navarro
Nota
poli é também dopado

navarro
Realce

navarro
Nota
Dose maior
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IMPLANT MASKING THICKNESS CALCULATOR

Rochester Institute of Technology Lance Barron
Microelectronic Engineering Dr. Lynn Fuller

11/20/04

IMPLANT MASK CALCULATOR Enter 1 - Yes    0 - No in white boxes

DOPANT SPECIES MASK TYPE ENERGY
B11 0 Resist 0 60 KeV
BF2 0 Poly 1
P31 1 Oxide 0

Nitride 0

Thickness to Mask >1E15/cm3 Surface Concentration 2798.861 Angstroms
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STRIP RESIST

P-well N-well

Include D1-D3
Strip Photresist in Branson Asher
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PHOTO 9 P+ D/S

P-well N-well

navarro
Nota
A ordem, N ou P, não importa
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IMPLANT P+ D/S

B11, Dose = 2 E15, E = 50 KeV

P-well N-well

navarro
Realce

navarro
Nota
Poli é dopado N
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IMPLANT MASKING THICKNESS CALCULATOR

Rochester Institute of Technology Lance Barron
Microelectronic Engineering Dr. Lynn Fuller

11/20/04

IMPLANT MASK CALCULATOR Enter 1 - Yes    0 - No in white boxes

DOPANT SPECIES MASK TYPE ENERGY
B11 1 Resist 0 40 KeV
BF2 0 Poly 1
P31 0 Oxide 0

Nitride 0

Thickness to Mask >1E15/cm3 Surface Concentration 2961.954 Angstroms
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STRIP RESIST, RCA CLEAN

P-well N-well

Include D1-D3
Strip Photresist in Branson Asher
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ETCH OXIDE

P-well N-well

navarro
Nota
deixa exposto o silício para formarr o siliceto
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TiSi SALACIDE PROCESS

Forming a metal silicide helps reduce the resistance of the
polysilicon interconnects and reduces the sheet resistance of the
drain/source areas of the transistor.  In deep sub-micron CMOS the
nMOSFET transistor has n+ poly and the pMOSFET has p+ poly.
Normally the poly is doped by ion implantation at the same time the
drain and sources is implanted.  In this case it is essential to form a
silicide to reduce the sheet resistance of the poly and to connect n+
and p+ poly where ever they meet.  SALICIDE is an acronym for
self-aligned silicide and can be achieved with the following process.
Ti (or some other metal) is sputtered on the wafer.  It is heated in
vacuum or N2 atmosphere to form TiSi where ever the Ti metal is in
contact with silicon but not where it is in contact with silicon
dioxide.  The wafer is etched in sulfuric acid and hydrogen peroxide
mixture which removes the metal from the oxide regions leaving
TiSi self aligned on the silicon areas.  Further heat treating at a
higher temperature can convert TiSi to TiSi2 which is lower sheet
resistance.

navarro
Nota
1. deposita Ti sobre o Si2. aquece para formar o TiSi3. retira o Ti que não reagiu com o Si4. aquece para formar o TiSi2

navarro
Realce

navarro
Realce
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TiSi SALACIDE PROCESS

Sputtering of Titanium:

4” Target, 350 watts, 5 mTorr,
10 min pre-sputter, 10 min
sputter, Rate = 100Å/min

8” Target, 750 watts, 5 mTorr,
10 min pre-sputter, 10 min
sputter, Rate = 176 Å/min

navarro
Realce
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SPUTTER OF Co AND Ti FOR CoSi2 SALACIDE

Total Thickness = 700 Å
Dilute HF dip (50:1) 30 sec
Spin Rinse Dry
Sputter in CVC601
Heater time, 20 min., 300 C
Base Pressure <5E-6 Torr
Presputter Co 5 min at 250 watts
Sputter Co at 5 mTorr of Ar
Time = 6 min.
Presputter Ti 5 min at 1000 watts
Sputter Ti at 5 mTorr of Ar
Time = 17 min

CVC 601 Sputter Tool
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SPUTTER Co AND/OR Ti

P-well N-well
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RTP TO FORM SILICIDE

P-well N-well

AG Associates 610
N2
Recipe TISI1.RCP
Temp = ~350 C
Time = 1 min.

navarro
Nota
Rapid Thermal Processing

navarro
Realce

navarro
Nota
temperatura baixa

navarro
Nota
Forma, onde o Ti tem contato com o Si, o TiSi
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ETCH REMOVE Co/Ti

P-well N-well

Mix new chemicals in 9”x9” Pyrex Dish
H2S04:H2O2 (1:2), Temp ~90C (self heating)
Etch Time = 2 min
Rinse, 5 min., Spin-Rinse Dry

navarro
Nota
H2SO4 + H2O2 para o wet etching
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TiSi SALACIDE PROCESS

Courtesy of SMFL

Etching of Ti Metal:

Heat the Sulfuric Acid:Hydrogen
Peroxide (1:2) mixture on a
hotplate to 100°C (set plate
temperature to 150°C)

Etch for 1 min 30 sec.  This
should remove the Ti that is on
top of the silicon dioxide but not
remove TiSi that was formed on
the polysilicon and D/S regions.
It also removes unreacted Ti
metal over the TiSi on the poly
and D/S regions.

navarro
Realce
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RTP TO FORM SILICIDE (CoSi2)

P-well N-well

AG Associates 610
N2
Recipe TiSi2.RCP
Temp = ~750 C
Time = 1 min.

navarro
Nota
TiSi2 tem menor resistividade
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RCA CLEAN AND DEPOSIT LPCVD OXIDE

Target 4000 Å

P-well N-well
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PECVD OXIDE FROM TEOS

TEOS Program: (Chamber A)
Step 1
   Setup Time = 15 sec
   Pressure = 9 Torr
   Susceptor Temperature= 390 C
   Susceptor Spacing= 220 mils
   RF Power = 0 watts
   TEOS Flow = 400 scc
   O2 Flow = 285 scc
Step 2 – Deposition
  Dep Time = 55 sec (5000 Å)
  Pressure = 9 Torr
  Susceptor Temperature= 390 C
  Susceptor Spacing= 220 mils
  RF Power = 205 watts
  TEOS Flow = 400 scc
  O2 Flow = 285 scc
Step 3 – Clean
  Time = 10 sec
  Pressure = Fully Open
  Susceptor Temperature= 390 C
  Susceptor Spacing= 999 mils
  RF Power = 50 watts
  TEOS Flow = 0 scc
  O2 Flow = 285 scc
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PHOTO 10 CONTACT CUTS

P-well N-well

Increase Dose and Develop Time
Exposure Dose 185 mj/cm2
Use DEVFAC.RCP

navarro
Nota
feito ainda aqui com wet etch
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ETCH CONTACT CUTS

P-well N-well

Wet Etch in BHF, 5 min,
SRD 
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MAKING SMALL (2µm x 2µm) CONTACT CUT BY WET ETCH

Contact Cut Lithography is difficult because of the complicated film
stack.  The contacts are through 4000Å TEOS oxide on thermal oxide
on poly on gate oxide.  The poly has a silicide layer in the Advanced
CMOS process.  The poly thickness might be 4000Å or 6000Å.  The
TEOS may be annealed.  Other contacts are to drain and source
through 4000Å TEOS on thermally grown oxide of ~500Å (from poly
reox step) plus gate oxide.  The gate oxides are 330Å, 150Å, or 100Å
depending on the exact process.

Contact cut etch is also difficult.  Plasma etch is difficult because of
the different oxide layers and thickness and the poor selectivity
between etching oxide and the underlying poly or drain/source silicon.
Wet etch has problems with blocking.  That is where the BOE can not
get into the small contact cut openings.  Blocking depends on surface
tension as measured by the wetting angle which depends on the type
of photoresist used.
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MAKING SMALL (2µm x 2µm) CONTACT CUT BY WET ETCH

To ensure that the photoresist is cleared in the bottom of all the contact
cuts the exposure dose is increased to 285 mj/cm2 and track develop
time is increased to 3 min.  This makes the 2µm x 2µm contacts a little
larger ~2.2µm by ~2.2µm but they are clear regardless of the
underlying film stack.

Contact Cut After Photo
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MAKING SMALL (2µm x 2µm) CONTACT CUT BY WET ETCH

Wet etch has problems with blocking.  That is where the BOE can not
get into the small contact cut openings.  Blocking depends on surface
wetting angle.  If blocking occurs some contact cuts will etch and
clear while others will not etch as illustrated in the pictures above.
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MAKING SMALL (2µm x 2µm) CONTACT CUT BY WET ETCH

To overcome the blocking problem we raised the boat completely out
of the BOE every 15 seconds throughout the entire etch.  To be sure to
clear all the contacts the etch time was extended to 5 minutes
(approximately twice the expected etch time based on etch rates and
approximate film thicknesses)  This approach gave excellent results
for all the various film stacks as shown in the pictures above.
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STRIP RESIST

P-well N-well

Include D1-D3
Strip Photresist in Branson Asher
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RCA CLEAN

DI water
rinse, 5 min.

H20 - 50
HF - 1
60 sec.

HPM
HCL - 1part
H2O2 - 3parts
H2O - 15parts
70 °C, 15 min.

APM
NH4OH - 1part
H2O2 - 3parts
H2O - 15parts
70 °C, 15 min.

DI water
rinse, 5 min.

DI water
rinse, 5 min.

H20 - 50
HF - 1
60 sec.

Clean includes 50:1 HF Dip twice once after each bath
to remove chemically grown oxide

SPIN/RINSE
DRY

DI water
rinse, 5 min.

navarro
Nota
não há necessidade de tirar o óxido pois vai crescer na próxima etapa óxido
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LPCVD TUNGSTEN PLUGS

P-well N-well

navarro
Nota
não foi usado ainda tungstenio
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DEPOSIT ALUMINUM

0.75 µm Aluminum

CVC 601 Sputter Tool

P-well N-well
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PHOTO 11 METAL ONE

P-well N-well

§ Coat (Recipe: COATMTL.RCP)
§ 400RPM for 2 seconds
§ 2000RPM for 30 seconds
§ Thickness of 13127A

§ Exposure
§ Energy: 140mJ/cm2
§ Focus: 0.24um

§ Develop (Recipe: DEVMTL.RCP)
§ Dispense 7 seconds
§ Wait 68 seconds
§ Hard Bake 2 min.
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ALUMINUM ETCH

LAM 4600 Aluminum Etch Tool

Step 1 2 3 4 5
Pressure (mtorr) 300 300 300 300 0
RF Top (W) 0 0 0 0 0
RF Bottom (W) 0 250 125 125 0
Gap (cm) 3 3 3 3 5.3
N2 25 25 40 50 50
BCl3 100 100 50 50 0
Cl2 10 10 60 45 0
Ar 0 0 0 0 0
CFORM 15 15 15 15 15
Complete Stabl Time endpoint Oetch time
time (s) 15 8 120 25% 15
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ALUMINUM ETCH

P-well N-well
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RESIST STRIP

P-well N-well
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LTO

P-well N-well
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PECVD OXIDE FROM TEOS

TEOS Program: (Chamber A)
Step 1
   Setup Time = 15 sec
   Pressure = 9 Torr
   Susceptor Temperature= 390 C
   Susceptor Spacing= 220 mils
   RF Power = 0 watts
   TEOS Flow = 400 scc
   O2 Flow = 285 scc
Step 2 – Deposition
  Dep Time = 55 sec (5000 Å)
  Pressure = 9 Torr
  Susceptor Temperature= 390 C
  Susceptor Spacing= 220 mils
  RF Power = 205 watts
  TEOS Flow = 400 scc
  O2 Flow = 285 scc
Step 3 – Clean
  Time = 10 sec
  Pressure = Fully Open
  Susceptor Temperature= 390 C
  Susceptor Spacing= 999 mils
  RF Power = 50 watts
  TEOS Flow = 0 scc
  O2 Flow = 285 scc
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CMP

P-well N-well

navarro
Nota
planarização
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VIA, TUNGSTEN PLUGS, ALUMINUM, AL ETCH

P-well N-well
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SINTER

Bruce Furnace 02 
Recipe 101:  450C, H2N2, 30min

P-well N-well

navarro
Nota
qdo é colocado  segundo óxido não há necessidade do sinter. Na colocação do óxido a temperatura já é elevada.
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BRUCE FURNACE RECIPE 101 SINTER

450°C
Warm       Push Stabilize      Soak    Anneal      Pull

Any`   90       12          15               30       5           15     min
0 lmp   10       10          10                 5            10             5     lpm
None     N2      N2/H2   N2/H2   N2/H2       N2          N2

SINTER Recipe #101

Interval 0    1          2      3   4   5    6
25 °C 25 °C

At the end of a run the furnace returns to Interval 0 which is set for
boat out, 25 °C and no gas flow. The furnace waits in that state
until someone aborts the current recipe or loads a new recipe.

Verified:2-24-04

Sinter, Tube 2
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SINTER

Native Oxide

Before Sinter After Sinter

Reduce Surface States

Reduce Contact 
Resistance

Oxygen
Hydrogen, neutral region

Silicon Crystal 

+ charge region Silicon DiOxide
Interfacesilicon

atom that lost
an electron
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TAKE SEM PICTURES OF RING OSCILLATOR
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ADV-CMOS 150

NMOSFET PMOSFET

N-wellP-well

N+ Poly

P+ D/SN+ D/S

LDD
LDD

n+ well
contact

p+ well
contact

P+ Poly
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MESA WIPTRACKING SYSTEM

The process is long and complicated and will take many months to
complete each lot.  A computerized record keeping system is
required to provide instructions and collect data.  MESA
(Manufacturing Execution System Application) from Camstar, Inc.
runs on our AS/400 computer.
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SUB MICRON CMOS PROCESS
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INSTRUCTIONS
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IMAGE DOCUMENTS
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WIPTRACKING
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SPC CHARTS
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SUMMARY

The process described can be used down to ~0.5 µm gate length.
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HOMEWORK – RIT ADVCMOS2003

1. Why do we want the surface concentration under the shallow
trench in the p-well to be above some given value?

2. Why are the well implant energies greater than 150 KeV?
3. When checking material thickness for the ability to block D/S

implant, which implant type and which material is the most
critical.

4. Why is a nitride spacer (instead of oxide) used.
5. What are the two main purposes of the silicide in this process?
6. Why is the gate doped N-type on the NMOS and P-type on the

PMOS devices?
7. What is the poly sheet resistance?
8. What is the purpose of the N2O in the gate oxide growth

recipe?




