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The following pages contain 
hardcopy of the visuals 
presented in the video 

assignments. You may find it 
helpful to ref er to these visuals 

when viewing the video 
segments. 
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Chip 
Flip chip 

), 

on its side 
and enlarge 

MOSFETs are not shown. 

p-substrate 

p-type epi layer (p-) 

p-type substrate (p+) 

Usually, we 
will not show 

the epitaxial 
layer. Many 

processes don't use 
the epi layer. 

Figure 2.1 Illustration of the top and side view of a die. 
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Substrate 
connection 

~------ Resistor leads 

Sho_ws parasitiV .6 ~ 
diode ~ 

p-substrate 

n-well 

Figure 2.2 The n-well can be used as a resistor. 
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ross section 
cut along dotted 

line 
(a) Unprocessed wafer 

A------B 

Oxide 

p-type 

A B 

l p-type l 
(b) Cross-sectional view of (a) 

A-----B 
Photo

•••••••••••• resist Oxide 

p-type 

(c) Grow oxide (glass or SiOi> on wafer. (d) Deposit photoresist 

A-----B 

D Top view 

Side view 
> 

A B 
'llm ...... .---........ Mask 

Photo-
•••••••••••• resist Oxide 

p-type 

( e) Mask made resulting from LASI layout. (f) Placement of the mask over the wafer. 

........ -----.. ...... Mask (reticle) 
Photo••••••••••••K resist ') ~ oxide . 

,> 
? 
) 

? 
p-type ,> 

(g) Exposing photoresist. 

Photo•••111t resist 

Photo•••••L-- -'•••K resist 
oxide 

p-type 

(h) Developing exposed photoresist. 

oxide Oxide 

p-type p-type 

(i) Etching oxide to expose wafer. G) Removal of photoresist. 



l l l l l l l l l l l l l l Diffusion of donor atoms 

Resist 

Start of diffusion into the wafer 

(a) Diffusion of donor atoms 

Resist 
n-well 

p-type 
.._. 

(b) After diffusion 

\._ n-well) 

(d) Angled view of n-well 

( c) After resist removal 

Figure 2.5 Formation of the n-well. 
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Layout view 

Figure 2.8 Calculation of the resistance of a rectangular block of material. 
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Metal Metal 

FOX, FOX 

.J 
p+ field implant 

.. 
n-well 

n+ active implant 

n+ field implant p-substrate 

Figure 2.10 Cross-sectional view of n-well showing field implant. The 
field implantation is sometimes called the "channel stop implant". 

...__ 



1 

-

-
1 

i 

-

-~ 
\ 

' 

.... 
' 
~ 

• ... - ------ - .._ ' 
F/_~ 

( n-w~ _l_ ; =-
~~~~~~~~~~- ~ 

Bottom capac~ T Sidewall capacitance 

p-substrate 

Figure 2.12 A pn junction on the bottom and sides of the j unction. 
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Cj , diode depletion capacitance 
CJJ, zero-bias depletion capacitance 

I 
1.12 pF 

Vd, diode voltage 

Figure 2.13 Sketch of diode depletion capacitance against diode reverse voltage. 
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(a) Pulse in e out 

_/ R determined by the sheet resistance 
of the n-well 

e 

Substrate tied to the lowest potential in the circuit, in this case ground 

R 

(b) Input ~ Output 

Tc 
Substrate connection 

C determined by the 
depletion capacitance 

of the n-well 

Figure 2.17 (a) Parasitic resistance and capacitance of then-well and (b) schematic symbol. 
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Layout~~ 

Met~~ ... -- ,-

Cross-sectional view ~ IOOµm 

IOOµm 

Top of the wafer I ordie 

Insulator 
Insulator 
Insulator 
FOX 

p-substrate 

Figure -J.1 Layout of metal2 us~ J bonding pad with associated cross-sectional view. 
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Spacing between 
OVGL layer and meta12 
exactly 5 µm 

Layout or top view 

Cross-sectional view 

\ 

' 

Overglass layer 

lOOµm 

Top of the wafer 
/ ordie 

100 µm J 
Overglass opening ~---------

/ Insulator 

Insulator 
/ Insulator 

Figure 3.2 Layout of a metal2 pad with pad opening for bonding connection. 
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Pad layer 

lOOµm 
11,. "'6 I I 
t:N'I ..... .,,,.. 

100 µm Metal2 "4 I 

Overglass opening e ""'I, Insulator 

•--.. _ft I Insulator 
Insulator 

FOX 

Figure 3.3 A bonding pad using metall and metal2. 
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Metal2 is the top 

Plate of the capacitor 
and metal I is bottom. 
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Figure 3.12 Equivalent circuit used to calculate the change in metal! voltage. 
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Figure 3.13 Layouts used in Example 3.7. 
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Layout view Angled view 

Figure 3.14 Conductors used to illustrate crosstalk. 
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FOX 

p-sub 

Figure 3.15 Conductors used in calculation of inductance. 
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I Ideally VDD 

10 mm of metall 3 wide 
A/ 

VDD Circuit 

10 mm of metal 1 3 wide 
"--. 
B Ideally ground(= 0 V) 

I 
Figure 3.16 Block diagram used to illustrate ground bounce. 
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Figure 4.1 Layout of an n-well resistor with active contacts to metall (a) Actual 
layout using LAS!, (b) cross-sectional view across the contacts. 
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Figure 4.3 Layout of a 10 um by 10 um diode using then-well as the cathode. 
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Figure 4.5 Two methods of protecting against ESD damage. 
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Cross section 
shown below 

n+ 

• 

Drawn length -
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•• 

po ~ 

Gate oxide 
I 

n + 

_ _ _ n!~'. _ ____:::::;C __ F-""O=X 

P:substrate 

Polyl 

n+ 

p-sub 

Angled view without other insulating layers. 

Figure 4.8 Layout of a MOSFET, cross-sectional and angled view. 
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Figure 4.9 Standard cell frame. 
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(a) Wafer with n-well defined 

A B 
ed by n+ and p+ active areas 

p-type 

(c) Define n+ and n-well areas and 
grow thin/stress relief oxide 

(e) Implant of p+ in field region 

(g) Remove nitride and stress relief oxide 

fl p 

n+ active areas 
source and drain areas p-type 

(b) Cross-sectional view of (a) 

l p-type 

(d) Deposit nitride over stress relief oxide 

(f) Growth of the field oxide 

(h) Deposit gate oxide and poly 

Resist 

(i) Implant n+ source and drain regions G) Implant p+ source and drain regions 

Figure 4.10 Sequence of events used in MOSFET formation. 
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(c) 

Cross section 
shown below 

FOX 

••••••••••••••••••••••••••••••••••••••••••••••••••• 

DW/2 

I I 

Surface of the wafer before oxidation 

FOX 

Angled view 

Figure 4.11 Layout used to illustrate oxide encroachment. 
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cross section 
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p-substrate LD 
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Figure 4.12 Layout used to illustrate lateral diffusion. 
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Figure 4.13 Layout of a 2 µm (= L) by 3 µm (= W) n-channel MOSFET with metall wire 
connections. Substrate connection not shown. 
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Drain 

~~Iv ----'+'J Substrate (bulk) 

VGs_ 

Source 

Drain 

G~~'Iv Symbol used 
---;;JI ~hen substrate is 

v GS tied to VSS - ....-
Source 6Nf) 

n-channel 

Source 

VsG +~ -~___J Well (bulk) 

Gare! tiv 
Drain 

Source Vt.(, = 
~~ Symbol used Vs -~ 
Galel ' when well is 

tied toVDD 
Iv 

Drain 

p-channel 

Figure 5.1 Symbols used for n- and p-channel MOSFETs. 
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Substrate Source 
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Gate 
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LD 

DL =2·LD 

Drain 

1 1 
LD 
-substrate 

Figure 5.2 Cross-sectional view of MOSFET used to calculate capacitances. 
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Firure 5.3 MOSFET in accumulation. 
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Source 

Depletion layer 

= i 
J: 
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VGs 

! 
Depletion layer 
thickness, Xd 

Gate 

Attracted electrons, Q Drain 

-r\ 
Depletion capacitance 
in series with oxide C 

n+ 

p-sub 

Figure 5.4 MOSFET in depeletion. 
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Figure 5.6 MOSFET capacitances. 
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Figure 5.7 Calculation of the threshold voltage. 
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Metal! Metal! 

Bulle (substrate connection) Gate . 
Poly silicon Q)G 

Si02 Q>ox 

p-substrate 
Q)F 

Figure 5.8 Detennining the contact potential between poly and substrate. 
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Figure 5.9 Calculation of the large-signal behavior of the MOSFET 
in the triode (ohmic) region. 
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Figure 5.10 The MOSFET in saturation (pinched off). 
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Figure 5.15 Parallel connection of MOSFETs used for layout of a large device. 
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Figure 5.16 Layout of a large (width) MOSFET. 
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Figure 6.6 LOO MOSFET. 
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Figure 6.7 Trends in MOS device scaling. 
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CLM - Channel length modulation 
dominates output resistance. 

DIBL - Drain-induced barrier 
lowering dominates output resistance. 

SCBE - Substrate current -induced 
body effect dominates output resistance. 

Figure 6.9 Characteristics of a MOSFET with W/L = 10 µm I 0.43 µm and TOX = 75 A [8]. 
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Figure C.1 Curves for a 0.9/0.6 n-channel MOSFET fabricated in CMOS14TB. 
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Figure C.2 Curves for a 0.9/0.6 p-channel MOSFET fabricated in CMOS14TB. 
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