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A conductor carries 
electricity like a pipe 
carries water. 

A semiconductor 
controls the flow of 
electricity like a faucet 
controls water. 

An insulator stops 
the flow of 
electricity like a 
plug blocks water. 

Insulator        

Conductor        
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Top View 

Isolation 
 (oxide) 

source drain 

Capacitor 
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PMOS 

GND 

VDD 

IN OUT 

NMOS 

Normally ON 

Normally OFF 

V Logic   V Logic 
0V    0  ~Vdd    1 
Vdd     1  0V     0 

IN        OUT 
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Z axis 
Elements 

X axis 
Elements 

Harmems, Interdigitated 
X and XY Sensing 

Poly Silicon, Interdigitated  
X and XY-Axis Sensing 

Poly Silicon, Folded Beam 
Z-Axis Sensing 
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ASIC 
Lead Frame 

g-cell cap 

g-cell device 

ASIC 
Die 

g-Cell  
Die 

6 mm 

1.98mm 
Wire bonds 

Automotive Qualified Package: 
In production since 2006 
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Mold Compound 

ASIC Die 

G-Cell Die 
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MCU 
MPC5xxx / S12x 

ADC PWM Timer 

CAN 

SPI 

System 
Basis Chip 
SBC 

CAN  

CAN  CAN 
Transceiver 

CAN  CAN  
Transeiver 

LIN 

LIN  LIN Transeiver 

LIN  

LIN  

H-bridge Door Lock  

Door Lock  

Door Lock  

Door Lock  

Various sensor inputs  

Various sensor inputs  

Various sensor inputs  

Internal Lighting 
Horn 
External lighting 
LED control 
Seat control 
Various Outputs 

Real 
Time 
Clock 

Warning LEDs  

Antenna 

H-bridge 

H-bridge 

H-bridge 

LIN Transeiver 

LIN Transeiver 

High-side e-switches 

Low-side switches 

LED Drivers COSS 

UHF 
Transceiver 
MC33696 

Amplifier 

Multiplexer 
MSDI 

Multiplexer 
MSDI 

Multiplexer 
MSDI 

Watchdog 
MCU 
S08 
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Mother Nature 

Analog Signal Conditioning 

Compute Engine 

High Voltage 

Power Drivers 

Low Voltage 
Core/NVM 

Protection 

Peripherals interface to the real world 
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Rule Description  Value 

A Active-poly distance >0.05um 

B Active-poly corner >0.1um 

D Active overlap poly >0.16um 

Active 
Poly 
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Raw silicon substrate 

Diffusion grows or deposits a layer of oxide, nitride, poly or similar material.  

 Photo spins on photoresist, aligns reticle and exposes wafer          
with reticle pattern. Develop removes resist from exposed areas. 

 Etch removes film layer that was uncovered 
during develop. Strips resist. 

Metals/Films  
connects devices 
electrically and isolates 
circuit pathways. 

CMP polishing technique 
to keep surfaces flat so 
more layers can be added 

Implant dopants are implanted for 
electrical characteristics. 

E 

Silicon Wafer 
Oxide Growth 

Chemical deposits 

Poly/Nitride/TEOS Coat 

Chemical deposits 

Substrate 

Doped Region 

Probe/Test 
test device  
functions 

IC manufacturing uses a 
recursive deposition and 
masking process to define 
patterns of doped areas, 
isolation films and metal 
conductors to create solid state 
devices. 
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Test and back-end 

Room Temp 
Probe 

Hot Temp 
Probe 

Dicing 
(for KGD) 

Outgoing 
Inspection, 

Pack & Ship 
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Next, the wafers are 
polished in a series of 
combination chemical and 
mechanical polish 
processes. 
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Optical Proximity  
Correction (OPC) 

Mask     Printed 

No OPC With OPC 

Mask        Printed 

Chrome 

Resist 

Quartz 
recess 

Phase Shift Mask 
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Substrate with Thin Film 

Resist Coat and Post Apply Bake (PAB) 

Expose Resist 

Post Exposure Bake (PEB) 

Develop Resist 

Etch 
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Lo
ad

in
g 

Hot plate 

U
nloading 

Dispenses 

Control keyboard 

Wafers receivers 

Track 1 

Track 2 
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Mercury Lamp 

Shutter 

Reticle 

Lens 

Wafer Stage 

Wafer 
Loading /Unloading 

Reticles 
Storage 
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Lo
ad

in
g 

Hot plates 

U
n loading 

Dispense 

Control panel 

Wafers receivers 

Track 1 

Track 2 
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QDR 

QDR 

 Exhaust management 

45:00 45:00 45:00 45:00 

Rinse 

Acid Acid 

Process control 

Acid waste  Drain 

Heating 
element QDR 

Vacuum system 
Wafers with resist  

Radio frequency 
 

power supply 

Ionized  
Gas ETCH 

Process gases 
Process 
chamber 
under 
vacuum 
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Ion Accelerator 

Source 

Gas 
box 

Machine Management 

Too heavy ions 

Too light ions 

Loading 

Ion Accelerator 
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oxidation 

photoresist 
removal (ashing) 

process 
step 

spin, rinse, dry 
acid etch 

 photoresist 
development 

photoresist coating 

stepper exposure 

optical 
 mask 
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 1 Organics 2 Oxides 3 Particles 4 Metals 5 Dry 
  H2SO4 +  HF +  NH4OH +  HCl +  H2O or IPA + 
  H2O2  H2O  H2O2 + H2O  H2O2 + H2O  N2 
  H2O Rinse   H2O Rinse   H2O Rinse   H2O Rinse 
 
 

Contact locations  

n-w ell
p-channel transistor

p-w ell
n-channel transistor

p+ substrate

RCA Clean 
 SC1 Clean  (H2O + NH4OH + H2O2)  
 SC2 Clean  (H2O + HCl + H2O2)  
Piranha Strip 
 H2SO4 + H2O2  

Nitride Strip 
    H3PO4  
Oxide Strip 
    HF + H2O  

Solvent Cleans 
    NMP 
    Proprietary Amines (liquid) 
Dry Cleans 
    HF 
    O2 Plasma 
    Alcohol + O3 

Dry Strip 
    N2O 
    O2 
    CF4 + O2 
    O3 

Process Conditions 
    Temperature: Piranha Strip 
is 180 degrees C. 
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A B 

1 

2 

3 

4 

Process Chamber 

Gas:  
Argon 

Aluminium 
Target 

Al Sputerred 
C 

Load-lock 

EtchChamber 

Heating 
Chamber 

Vacuum Pump 
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This process requires 
more than 190 
stages. Each stage 
contains multiple 
substeps. 

 

P  +  S ub st ra te 

Epi   2.0 µ m 

P-Well 
N-Well 

n+ P+ n+ n+ P+ 

SION 

E SL 

BP TEOS 
LI B AR LI LI 

TEOS+ SION 
LI 

Via 1 Via 1 

METAL 1 METAL 1 

METAL 2 METAL 2 

Via 2 Via 2 

METAL 3 METAL 3 

METAL 4 METAL 4 

PET EOS 

Via 3 Via 3 

150 PEN 

POLY IMI DE POLY IMI DE 

MHAT  Fus e 

4500 SION 

SION exposed 
to Pad  Clear 

Etch 
150 PEN 

Cleared Bond 
Pad Opening 

PEN ESL 

PEN ESL 

PEN ESL 
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1. Silicon substrate 

2. Oxide growth 

3. Oxide etching 

4. Deposition of 
structural layer 

5. Structural layer 
etching 

6. Oxide removal 
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HPM Rooms 

Center 
Corridor 

Raised Floor 

Process 
Tool 

Ele
c. 

Piping 

Process 
Tool 

Piping 

Air 

Recirc 
Air 

Recirc 

Air 

Recirc 
Air 

Recirc 

Air 
Recirc 

Ele
c. 

Electric 
Rooms Exhaust Exhaust 

Work 
Zone 

Class 1 

Utility Zone 
Class 100 

Work 
Zone 

Class 1 

Work 
Zone 

Class 1 

Work 
Zone 

Class 1 

Utility Zone 
Class 100 

Process 
Tool 

Process 
Tool 

Support 
Tools 

Support 
Tools 

Crawl Space 

SEM,  
Computer Center, 

Smock Rooms 

Maintenance Shops 
Parts, Quartz,  
Wafer Storage 

ULPA  Ceiling 

Fan Deck 

Process Level 

Subfab 

Interstitial 
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Equipment Number Price ($M) Total ($M)
Chemical Vapor Deposition 24          3            60            
Physical Vapor Deposition 23          4            81            
Steppers 54          8            432          
Photoresist Processing 54          2            108          
Etch 55          3            187          
Cleaning- Strip 30          1            18            
CMP 20          1            24            
Diffusion - RTP 32          1            32            
Ion Implant 13          3            43            
Process Control -         -         60            
Automation/Handling -         -         15            
Miscellaneous -         -         67            

Total 1,126        

200MM Equipment List for .18 Micron Facility
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Low Power 
CMOS 

High 
Performance 

SOI 

CMOS 
LP / GP 

RF 
CMOS 

Packaging 
e-Non 
Volatile 
Memory 

Sensors 

GaAs 
RF 

SmartMOS 
Power & 
Analog 

Increase differentiation 

Increase partnership 

GaN 

 
 
 
 
 
 
 
 
 
 
 
 
 

Research 

HPSOI LP-Bulk 

TM 

TM 

TM 
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Wafer Mount Process Description 
Wafers are mounted on UV tape and carefully 
placed on the metal frame to ensure correct 
rotational alignment. 

 

Wafer Saw Process Description 
A mounted wafer is placed on a metal 
supporting plate under the mounting tape. 
Process parameters are set and the diamond 
blade cuts through the silicon wafer targeting 
100% of the wafer depth. 
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Process Description 
Epoxy is dispensed in the die flag area of the 
substrate in a specified pattern (usually star) 
followed by a pick and place process that 
removes the die from the tape carrier and 
places it over the dispensed epoxy. 
 
Die Bond Cure Process 
Substrates are placed in a nitrogen purged 
oven. During the cure time, the epoxy resin 
completes the cross linking process to form a 
rigid material. Nitrogen is used to replace the 
trapped air/moisture that may interfere with the 
cross linking process. 

 



90 TM 

Plasma Clean Process Description 
Plasma clean is then used to remove contaminants from the die 
bond pad surface to improve wire bondability and adhesion.    
He/O2 and Ar/H2 are two common gas mixtures that are used. Ar 
plasma treatments used to bombard loose contaminants from the 
surface. Oxygen-based plasma is used to react with carbon to 
form gaseous CO & CO2. 

 
Wire Bond Process Description 
The substrate panel is fed from a carrier into the wirebond 
machine for setup where each bond pad location is loaded.  
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Transfer Mold Process Description 
Substrate panels are loaded from a carrier into 
the heated mold tool. Mold pellets are loaded into 
the mold gate where clamp pressure is used to 
create a seal between top and bottom die around 
the substrate. Mold compound is transferred 
through the gate runners into the mold cavity. 

 

Transfer Mold Cure Process 
Description 
Molded substrate panel is then placed into a 
curing oven to complete the carbon cross linking 
process and to relieve internal mold stresses.  
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Laser/Pad Marking Process Description 
Molded substrate panels are then loaded into the 
laser marking machine from a carrier and marked to 
a defined set of criteria. 

 

Solder Ball Attach Process Description 
Molded substrate panels are loaded into the ball 
attach machine where pins in the exact ball array 
pattern are dipped into solder flux and placed on the 
substrate panel. A ball tool places the solder balls on 
the substrate panel. Substrate panels with solder 
balls then proceed through a multi-stage convection 
reflow oven. Each stage is set to defined 
temperature in order to meet a target reflow profile.  
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Solder Flux Clean Process Description 
A flux clean step follows the reflow process utilizing heated de-ionized water. 

 

Saw Singulation Process Description 
Completed panels are then singulated by sawing the panel into individual units. 
High-pressure water is sprayed on the panel to help reduce the saw cut friction 
while also providing a final flux wash to remove any leftover residue. 
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Plasma Clean & Wire Bond 
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