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General Updates:
EPS/EDS events

Next GBM: Lithography GBM by Evan!
« Next Monday, 9/28/26 @ 6:30pm
PCB Workshop(s)!

« Sponsored by IEEE EPS/EDS, RPI
EHC, and Rensselaer Spaceflight
Society

« Multiple-day workshop
« PCB Design basics: 9/25
« Soldering Workshop: 10/7
- PCB Manufacturing: 10/8-9
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stacking

O CNC miilling

O View and verify your designs

o Surface finishes and final
inspections

Check out the rest of our workshops!  [E]#&

PCB Design Basics
Soldering Workshop
PCB Manufacturing

10.8.26 /10.9.26
mercer-x lab kingd7@rpi.edu



« Semiconductor Careers Summit
occurring on September 30th, 2026.

» Great opportunity for high-level
semiconductor industry awareness,
workforce development, and career
guidance

» Last year featured 10 companies:
» Apple, Applied Materials, ASML, EMD
Electronics, Entegris, GlobalFoundries,
IBM, Marvell, Rapidus, Tokyo Electron

REGISTER TO ATTEND ON
HANDSHAKE!
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General Updates:
Tours

 Albany Nanotech Complex
(tentatively Oct 21st 1pm-3pm)

* Collaboration with the Center for
Materials, Devices, and Integrated
Systems (CMDIS)

A cutting-edge research center that
brings together industry leaders to
develop next-generation chips.

* Major Companies: IBM, Applied
Materials, Tokyo Electron,
Wolfspeed

®NYCREATES

-y CENTER FOR RESEARCH,
Y . Q= CONOMIC ADVANCEMENT, TECHNOLOGY,
I ENGINEERING AND SCIENCE

Albany Nanotech Complex Tour
Interest Form - Fall 2026




General Updates: Industry News

« South Korean memory manufacturer SK
Hynix looking to pursue US options

 In talks with Intel about leasing Ohio
facility to manufacture DRAM and
NAND technology

» South Korea potentially opposing
this move

« SK Hynix subsidiary Solidigm also
looking to construct new foundry,
with upstate NY as potential
candidate




General Updates: Membership

=

»  Get a discounted student membership E
for IEEE, EPS, and EDS

* Multiple perks
Access to publications
Newsletters

Webinars
Conference discounts . . =
And more EPS EDS
- Purchase alongside IEEE membership for membership membership
bundle

page page
« NOTE: Not necessary to come to club
meetings and events. Just a good resource



What is a GBM Attendance
transistor?

*https://voutu.be/Bfvyi88Hs 07si
=pmCoD15TxR33IPaB&t=68



https://youtu.be/Bfvyj88Hs_o?si=pmCoD15TxR33lPaB&t=68
https://youtu.be/Bfvyj88Hs_o?si=pmCoD15TxR33lPaB&t=68



http://www.youtube.com/watch?v=Bfvyj88Hs_o&t=68

How many processing steps
does it take to make...

-A transistor?
-A full die (E.g. CPU)



The Transistor: How does this compute

anything?

Basic Flow:

- Transistors -> Logic Gates
- Logic Gates -> Discrete Math
- Discrete Math -> Computing
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Fig. 5. By integrating the separate buffer
circuits in a configuration like this, a
straightforward OR gate can be created.
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Figure 7 illustrates how the fundamental digital-logic circuits AND, NAND, OR,
NOR, and inverter may be joined to create more intricate circuits that are able
to carry out more complex operations. In this case, a triad of inverters and two
NAND gates work together to create a 1-of-2 demuitiplexer circuit.

RESET
PCETT Fleck | A_DATA
u - r ﬁQUODDUO o
EPck A :
b l Lg5005009
B B_DATA
MAR} . . i ] 7 : - i
| g x B m|
24 . 2
_ L] Eih H >
: ]
: H
s
F |
o FROG_RAM -
_Jcomm 1
T T Tsrer BhH : :
i e
(Gxx000d |- _LrS]-
BUS_DATA — e i 1 5
= ] EY:
3 IR BCD_IN SEG_OUT.
—‘ TR ¢ z
. @® 555 W SEe_ouT
@ 7 oF L — BCD_IN SEG_OUT.
3 (5| B — ——
; g |
! 8 hl
——l i L commor ZiStdsitis
[ i BIEE
s H
et tH LI |
t
: =




MOSFET Fabrication Tools/Processes

Oxide Growth
Lithography

Etching
Implantation/Doping
Deposition
Secret?7??

O Ok 0N~



Oxide Growth

Purpose: Create the gate insulator
Process:

. Oxide growth is the process of growing a thin layer of
silicon dioxide (SiO:) on the surface of a silicon wafer.

. This layer is typically created by exposing the silicon to
oxygen or steam at high temperatures in a furnace.

. Silicon dioxide acts as an insulator between the gate
and the semiconductor, preventing current leakage and
controlling the electrical behavior of the transistor.

Types of Oxide Growth:

. Thermal Oxidation: Direct oxidation in a furnace by
reacting silicon with dry or wet oxygen.

« Chemical Vapor Deposition (CVD): A method where
oxide is deposited onto the wafer surface using a
chemical reaction.

| Onidaion aven

Hydrogen . 1
Oxygen K ! | {
] Oxidation oven

Thickness X Y Z R G B Color
d=200nm 0.035 0.037 0.015 | 159 162 128
d=300nm 0.014 0.014 0.024 | 87 100 186

200 400 600 800 1000
Film Thickness, h (nm)

Fig. 6. Apparent color of a SiO; film on silicon as a function of thickness.



Lithography
Purpose: Define patterns on the wafer for circuit elements.

Process:

. Lithography is a method used to transfer patterns from a mask to

a wafer.
. Itinvolves applying a photoresist layer on the wafer, which is S =
sensitive to light. -‘;.:1*:7‘:1;;; o~ 2 '. P
. The wafer is then exposed to ultraviolet (UV) light through a N\ ey
photomask, which defines the pattern of the circuit. e ‘\ | A \ i
ypes of Lithography: ’ .
. Photolithography: Uses UV light to transfer the mask pattern. %,wﬂ‘ | }\_\_ -y
. E-Beam Lithography: Uses a focused beam of electrons to . = Q
write custom patterns, often used in research or prototype o o " EuV Source
production. o mm o

. Extreme Ultraviolet (EUV) Lithography: A cutting-edge
technology for producing smaller features in advanced
semiconductor manufacturing.



Lithography - Photoresists

Photoresist: A chemical that becomes stronger or weaker when exposed to light.

Positive Negative
Long Polymer Chains Small Molecules
Light Breaks Molecular Bonds Light Forms Molecular Bonds

Becomes Weaker When Exposed Becomes Stronger When Exposed






Etching

Purpose: Remove material to define specific structures on the wafer.

Process:

Isotropic Etching Anisotropic Etching

« Etching is used to remove layers of material from the wafer to create the

desired patterns defined by lithography.

o It can be used to selectively remove exposed areas of the wafer or thin films
after the photoresist has been patterned.

o The etching process needs to be precise to ensure that only specific areas are
removed while maintaining the integrity of other regions.

Types of Etching:

 Wet Etching:
o Uses liquid chemicals (acids or bases) to dissolve materials.

o Offers good selectivity but may lack precision for small-scale features.
o Dry Etching:
o Uses gases or plasmas (ionized gases) to etch materials.
o More precise and widely used in advanced semiconductor manufacturing.
o Examples include Reactive lon Etching (RIE), which combines chemical
and physical processes for better control.



Implantation/Doping

Purpose: Modify the electrical properties of the semiconductor by introducing s -
impurities (dopants). Maze ot Seaming,

Process: g ] 0

» Doping introduces atoms of elements such as boron (for p-type) or

NMagnatic

Quadrupcie " EndStaten
Lanses

phosphorus (for n-type) into the silicon wafer to alter its conductivity.
o This is done by ion implantation, where ions are accelerated and R
embedded into the silicon surface at high velocities.
« After implantation, the wafer is usually heated (annealed) to repair the
crystal structure and activate the dopants, allowing them to take their
places in the lattice. (hnve)

Magnat

Filarmeat (Cathede)

Elemental Scurce

Types of Dopants:

@

® ® &

 N-type Doping: Adds electrons to the material by introducing elements ! I¢ :‘I {
like phosphorus or arsenic, which have more electrons than silicon. 00000000 O 000
« P-type Doping: Creates holes (positive charge carriers) by adding Saessene %
elements like boron, which have fewer electrons than silicon. Sastsace sesesaas
20000000 00060600
200020600 ©O0EGROO
00000000 00000000
implantation process after implantation



Material Deposition

Purpose: Place down new material to enable creation of complex structures Power source +
Process:
« Metal deposition involves placing a thin layer of metal onto the surface of the
wafer to create conductive connections. — R
. Metals like allurmnum, copper, or tungsten are commonly used because of the Plating solution
high conductivity. HS0y + CuSOy, + Hy0
« After deposition, the metal is patterned using lithography and etching to form t .. =
desired circuit interconnects. Giisoud  —
Types of Metal Deposition:
« Physical Vapor Deposition (PVD):
o Metals are vaporized in a vacuum and deposited as a thin film on the wafer.
o Common methods include Sputtering and Evaporation. bsad il i Sparm

o Chemical Vapor Deposition (CVD): o
o A chemical reaction is used to deposit metal onto the wafer, often resulting in e
more uniform layers.
« Electroplating:
o Alayer of metal, commonly copper, is deposited on the wafer through an
electrochemical process.




Secret! (Planarization)

Chemical Mechanical Planarization: Method of smoothing out surface to enable higher quality
lithography in subsequent steps. Think of sanding a surface until smooth
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Secret! (Cleaning)

Piranha Clean: Called “Piranha” because of how violently it reacts with organic material. Just try
putting a slice of meat in it and see what happens

RCA/SC: Industry workhorse: Two step remove organics, then metals in succession
“RCA" is Radio Corporation of America, the organization who created the method in 1965
“SC” is standard clean, the company-agnostic name for the process

Main control parameters are temperature, process time, agitation, and concentration

Cleaning Process Name Chemical List Ratio Used Purpose

Piranha Clean (SPM) Sulfuric Acid, Hydrogen 3:1 Aggressive organic clean
Peroxide

RCA1/SC1 Water, Hydrogen Peroxide, 5:1:1 Organic/particle clean
Nitric Acid

RCA 2/SC2 Water, Hydrogen Peroxide, 6:1:1 lon/metal clean

Hydrochloric Acid



Make sense?

Let’'s make a transistor



Final Goal




0) Silicon Wafer arrives in fab




Field Oxide Formation



Goal:




1) Thermal Oxide Growth




2) Spin-coat Photoresist




3) Photoresist exposed to light through
mask, developed




4) Uncured photoresist washed away




5) SIO2 is etched to substrate below




6) Photoresist is removed via acid
solution




/) Thin layer of SIO2 is deposited
(Thermal Oxide Growth)




Gate Creation



Goal:




8) Polysilicon is grown on wafer (LPCVD)




9) Photoresist is spun on surface




10) Exposed to light, developed




11) Photoresist is developed, uncured
resist washed off




12) Polysilicon is etched, leaving SiO2
below




13) Acid wash removes Photoresist




Source/Drain Doping



Goal:




14) More photoresist spun on

SERRIRRIERE.




15) Photoresist developed, cleaned




16) SI02 layer is etched, revealing bare
silicon below




17) Photoresist is acid washed




18) Phosphorous is used to dope
SUbStrate ooooooooooooooo

RERRIIAIAEE




Metal Insulation Layer
Creation



Goal:




19) Insulating Oxide is deposited on
surface




20) Photoresist spun on again




21) Exposed Again

RERREIRSERE.




22) Developed, washed




23) Etched




24) Photoresist Acidwashed




Metallization



Goal:




25) Metal (Ti) Deposited on surface




26) Resist spun on




27) Resist exposed




28) Resist developed, washed




29) Ti etched away




30) Photoresist washed off, revealing
“finished” MOSFET




How do we control the gate?

Source

Bl Substrate WMl Contact
~ Insulator ®8 Metall
W8 Active arca I Poly
M AIL1 M CIL

B AIL2




The end!



Unless...



Dual Damascene-The real
metallization



31) Grow Electrical Insulator (SiO2)




32) Spin on Photoresist




33) Pattern Vias




34) Develop Photoresist




35) Anisotropic Etch of Vias




36) Remove Photoresist




37) Put even more photoresist




38) Pattern next metal layer




39) Pattern next metal layer




40) Etch metal layer/Via (again)




41) Remove Photoresist




42) Electroplate with Copper




43) CMP to remove excess copper




(Repeat)’™



Legend:
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Questions?



Final Packaging

Molding Compound
Die

Die Attach Substrate

Trace

Solder Mask Solder Ball Plated Through Hole




Which Techniques?

1. Wirebond (Simple)

1. Solder (Hard)

a. \Wave solder
b. Solder Balls

1. Wafer bonding (Insane)
b. W2W
c. C2W/C2C



Overview
Wirebond
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3D view in ADS



Overview
Wafer Bond

Wafer to wafer bonding

Bonding D|c|ng pr—
Pre-process wafers — g =

Chip to wafer bonding

Q Dicing g

Chip to chip bonding
&

Dicing & Bonding
I 7 —— g
&/

Bonding

Dicing




Wire bonding

Pros:
Cheap
Common

Bonding Wire

L-:-adframe/

Cons:
Low density (~1-5mm)
(Often) Poor Thermal Performance



Wire bonding

Materials:
-Gold
-Copper *
Cost:
<$1/Chip
Used in >80% of chips!




Wedge bonding

- 74

Approach for the 1* bond

Ultrasonic
i  Energy
e P

1% bond creation

= 9

Rise to loop height position

(a) (b) (c)
Ultrasonic
Energy :
= 7 | & 7 e
Formation of the loop 2" bhond creation Wire termination

(d)

(e)
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Ball bonding
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- a new bond

cycle



Wire bonding

Wire Bonding | Operating Wire Pad Note

Method Temperature |Materials |Materials

Thermo-compr |300-500°C Au Al, Au High pressure, no

ession ultrasonic energy

Ultrasonic 25°C Au, Al Al, Au Low pressure in
ultrasonic energy

Thermo-sonic | 100-240°C Au, Cu Al, Au Low pressure in

ultrasonic energy




Solder Techniques

Solder Reflow
-Surface Packaging
-Cheap
-Reliable

makeagif.com



Solder Techniques

()
Solder Balls/Microbumps -
“Flip Chip” (7 : : : : : :.

Alignment Requirement?

Improved Thermal Pathways
(b)

C4 Solder Cu Pillar Cu pPillar Cu uPillar Cu pPillar Cu pPillar
150 um 150 pm 50 um 30 um 20 um 10 um
501/0 100 1/0 4001/0 1,000 1/0 2,5001/0 10,000 I/0O



Solder Techniques




Solder Techniques

Solder Balls/Microbumps




Hybrid Bonding

High Price
Tight interconnects (400nm?)




AMD 3D V-CACHE"™
HYBRID BONDING
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Direct Copper -Copper Bonding

analysis



hitps://youtu.be/2ACiuKgYUKkI?si=JdFd24_P_okyt6ix&t=864



https://youtu.be/2ACiuKgYUkI?si=JdFd24_P_okyt6ix&t=864

