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°This is a project class!
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Today’s Lecture

EE B
. Semiconductor Material types
. Packaging and Dies

. Basic steps of semiconductor processing
- Photolithography
- Oxidation/Etching/Implantation/Deposition
- Planarization




Skywater 130nm

(Diagram not to scale!)
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A “Modern” CMOS Process

gate-oxide

Tungsten
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Dual-Well Trench-Isolated CMOS Process




The Wafer

* 450mm wafer size (18 in)
» P-type Silicon



N and P-type Silicon

B B 000 |
. Silicon has 4 electrons in outer shell

. N-type has “extra” electrons
- E.g. Phosphorous, group V atom

. P-type has “extra” holes
- E.g. Boron, group Il atom
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Wafer Yield

Def. Density 0.1 #/sq.cm M Wasted Dies #0 O Defective Dies #120
Fab. Yield = 80.19 % 7 Good Dies #488 Partial Dies #16

15mm X 15mm
18in wafer
Loss

» Scribe lines
* Edges

» Defects

Max Dies Per Wafer (without defect) #608




Skywater 130nm Wafer




Clean Rooms
B

« Class 100, 1000, ...
— 0.5um per ft*3

« Often "hoods” for very
clean areas

 Particles cause
defects...
* Bunny suits
B 4




ackage Types

84-pin PLCC 14-pin DIP 44-pin PLCC 387-pin PGA Multichip Module

84-pin PGA
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40-pin DIP

560-pin BGA

296-pin PGA




Pin Grid Array (PGA) Package

Pad Ring

Bond Wires
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Bond Wires

» Connect pads to chip with Au or Al

wires
Wedge Bond Ball Bond

90%
From klabs.org
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Flip Chip
N B
Flip-chip places connections across surface of die
rather than around periphery (allows 300-400 10)
— Top level metal pads covered with solder balls
— Chip flips upside down
— Carefully aligned to package (done blind!)
— Heated to melt balls

— Also called C4 (Controlled Collapse Chip Connection)

] Standard and backside
metal layers

M Device layer
[ SiP substrate

] Chip substrate

M Circuit board
Silicon [ l : '
Solder o, | ISR
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Bumps




OpenRAM MPW?2 Test Chip

Bumps Redistribution Layer
(RDL)
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Photolithographic Process

optical

mask
oxidation
i RN

stepper
exposure

photoresist photoresist
removal (ashing) coating

photoresist
s evelopment

process
step




Photolithography

e UV is 192nm, but
our dimensions are
less than this

« Samsung/TSMC
EUV (13.5nm) for
onm




Sky130 MPW-1 Metal 1 Mask




Skywater 130nm Wafer

B I
~8 inch wafer (200mm
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Oxidation

* Mix oxygen and hydrogen
* 1000C

* Turns Si to SI02
» Slower growth yields finer/better oxide

(e.g. gate)
End plate Quartz
(seal) | | tube
1
k —J- —> v }‘
Gases f rases
outlet SiCrod : | inlet

Heating coils

K. 2



Patterning of SIO,

N B
Chemical or plasma
L1008 1 e
:"SUbStrat ==} - .. === Hardened resist

SiQ,
(a) Silicon base material Si-substrat

e

Photoresist

SIOZ (d) After development and etching of resist,
Si-substrat chemical or plasma etch of
i-substra Si02
e
(b) After oxidation and deposition Hardened resist
of negative photoresist Sio,
Si-substrat
|J1 1111111 ] Uvlight e
vTVYyYVYTVVYVYTYYY
— | atterned (e) After etching
—— T
| | | R mask
vwywe vvy
4-Exposed .
. SiO
resist 2
Si-substrat | Si-substrat
e e

(f) Final result after removal of
resist
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(c) Stepper exposure



Etching

EE B
» Used to form patterns

* Wet Etching
— Acid or base solution B ]
— Isotropic (all directions) etch

* Dry (Plasma) Etching

— Negative charge wafer, 100C,
vacuum

— Fill with positive plasma (Nitrogen,
Chlorine, Boron trichloride)

— Anisotropic “sandblasting” in one
direction

B, B

K. 2



Implantation

B -
« Change dopant concentration

— P-type or n-type or p+-type or n+-type
« Diffusion (slow)

— High temp 900-1100C

— Greatest concentration at surface
* |lon (fast)

— Shoots beam at surface

— Depth depends on speed

— Must anneal the material to fix damage
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Deposition

* Chemical Vapor Deposition (CVD)
— Silicon Nitride (Si3N4)
— Gas-phase reaction at 850C
— Polysilicon

* Sputtering
— Aluminum

* Physical Vapor Deposition (PVD)
— Copper

., <2



Planarization

* Chemical Mechanical Polishing (CMP)

— Slurry liquid with abrasive like silica
— Flexible pad grinds a layer off
— Electro CMP

e/ Chuck

<




Typical CMOS Process

.
1. Grow neld oxide 7. Etch polysilicon and oxide
x o] == | | == [
p-type substrate piype subsirate \Lj
é_EtCh adde for leOSFEI' - 8. Implant sources and drains
ox

ptype substrate %
3. Diffuse n-well ype
ox ] ] 9. Grow nitride
T = =
4. Etch oxide for nMOSFET e
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Sky130 Layers

(Diagram not to scale!) Layers
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Sky130 Layers vs Masks

Table 1 Table - Masks

Metal 1 MM1
Acronym Used in

SKAE0 Via VIM

Field Oxide Capacitor MiM CAPM

prBoundary.boundary - 235/4
pwell.pin - 122/16 S
pwell.label - 64/59 G L iock Mask Via 2-TNV VM2
nwell.drawing - 64/20 P-Well Drain Extended Via 2-S8TM viM2
nwell.pin - 64/16
nwell.label - 64/5
dnwell.drawing - 64/18
d]llffdl"anng - 65/20 Low Vt Neh* Metal 3-58TM MM3
tapd rawing - 65/44 HLow VT PCh Radio* Metal 3-PLM MM3
psdm.drawing - 94/20 N ore Implan Pad Via viPoM
nsdm.drawing - 93/44

poly.drawing - 66/20
poly.pin - 66/16 ONO Mask

pﬂly’.lﬂh9| - 66/5 Low Voltage Oxide LG MM4
poly.model - 66/83 e Pt viat viws
hvtp.drawing - 78/44 euls s
liconl.drawing - 66/44 =
npc.drawing - 95/20 S
IIII.d]raWIng - 67/20 High Volt. N-tip
mcon.drawing - 67/44 N
metl.drawing - 68/20 - Polyimide P
met1.pin - 68/5 -
metl.label - 68/16 P+ Implant
via.drawing - 68/44 [P—
met2.drawing - 69/20 oo i oot
metlpln - 65.’116 Cu Inductor/Redist. CuUIM

Local Intrenct 1

met2.label - 69/5 Polyimide 2 (2) PMM2

Contact

N-Well* Via 2-PLM ViM2

High Vt PCh* Metal 3-TLM MM3

RTINS Via3-PLM VIM3

Inductor-TLM INDM

Nitride Seal Mask NSM

Pad (scribe protect) PDM

Pad (scribe unprotect) PDM

Pad&Polyimide_ExtFab PDMMIE]

DECA PBO PBO

Under Bump Metal uBMm

Open Frame Mask

Bumps BUMP



Next Time

 Layout (for HW1!)




