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Principle 1. Segmentation Forook

@ Divide an object into independent parts. s SR RN R
s Replace mainframe computer by personal computers. 2l e

= Replace a large truck by a truck and trailer. I c s

n USf; a work bieakdovw});rrudure for a large project. ® T e gt
&® Make an object easy to disassemble. ® 3 e B e R e

m  Modular furniture B

s Quick disconnect joints in plumbing

&® Increase the aegree of fragmentation or

segmentation. e iv | e iE s
n  Replace solid shades with Venetian blinds. AEITE S Vil B
= Use powdered welding metal instead of foil or rod to get N A S st

better penetration of the joint.



1. Segmentation (47&1)

- - - I I
Diraide object Divide object
P T

=
Dlizassemble Dizaz=emble
OO00O00O0O00
OO0000000
Strongly divide SI?EESPDEE.%

¢ divide an object into independent parts

¢ make an object easy to disassemble

¢ Increase the degree of fragmentation {or segmentation)
of an object



HETEROSTHUCTURAL FIELD-EFFECT

Pricr art

Mew art

Gate

Independent gates

Channels

HETEROSTRUCTURAL FIELD-EFFECT

Inan FET with multiple vertically stacked channels,
the surface gate exers a stronger effect on the
clasest channel and a weaker effect on the most
distant one.

It is proposed to form an independent semiconductor
gate for each wertically stacked channel

The resulting structure consists of multiple channels
where the conductivity can be independently
cantrolled by gate electrodes. It provides improved
perfarmance and optimal geometry in a high density
device.

United States Patent 5 221 5849 Date of Patent: Jun.
221993 Motarola Inc., Schaumburg, [, USA



|SECGMENTING A DIPFEE LIF

SEGMENTING A DIPPER LIP

An excavator dipper has a lip formed as one piece of
hard steel. If anly a portion of it has been worn out or
damaged, the entire lip must be replaced. This is a
labor and time consuming job, causing the excavator
to stand idle.

Detachable sections

[SEGMENTING & DIFFERLIE \n=edf to use the segmentation principle to
make the dipper lip more sericeable. Cne can
_ segment the lip by forming it of separate detachahle
View A, enlarged | sections. This allows only the damaged ar warn
Detachable sections sections to be replaced guickly and easily.

;{ _EI -0 SU A.c. N 168 195

$1tl22 2
I s S




e
JITH
T
T
a1
1N
JHY
NG
L}

sHEZGZ I\

PR T BRI T — » B
RS -

Sand Detachahle sections

A I TR N2 T4
S ESE

FeEE > B R DRL DLy sis2 ] - View A, enlarged

Detachable sections

dHE A2 TCA] DA Al B A




Principle 2. Taking out I alafatile

@ Separate an interfering part or property from

- . & 5 — o 8 P b
an object, or single out the only necessary ;‘;ﬁ fi i@ f . ;
part (or property) of an object. o ,j,»;; Ty Y

n Locate a noisy compressor outsiae the building ﬁh Y3 TR R R

where compressed air is Used.

J
n Use fiber optics or a light pjpe to separate the hot ks

light source from the location where light is MELELE N
needed. T 5 AR RS e

= o L = B g2 ¢
n Use the sound of a barking dog, without the dog, ﬁ‘ BN »L j’%?\ :ZJ h
as a burgiar alarm. AL R e



2. Separation (4758)

' 5 '
T ake out 'bad’ part Take out 'bad’ part T ake out 'bad' part
B B —
Single out Single out Single aut
‘good' part 'good' part ‘gond’ part

¢ separate an Interfering’ part {or property) from an object,
or single out the only necessary part (or property) of an
object



DIAPHRAGM TEMPLATES PREVENT IRBRADIATION

F-Tay SOUIce

Barrel

Braces

Ciaphragrs

®

Openings

3

DIAPHRAGM TEMPLATES PREVENT IRRADIATION

During an *-ray examination of the lungs, the rays
narmally caver the entire thorax and wertebral column.
How can unwanted exposure be reduced?

It is proposed to use the taking out and change of
calor (transparency) principles to reduce exposure.
The barrel iz equipped with two diaphragm templates
that isolate only that portion of the ray flow
carresponding to the lung shape. The remainder of
each template is opaque to #-rays. As a result,
harmful radiation exposure to other parts of the body
s reduced.

S A o W 187 933



EMHANCED GAS DETECTOR

ENHANCED GAS DETECTOR

Frior art
- A gas sensor sighal depends an both the gas
(35e+T emperature sensitive element concentration and the measurement temperature.
! This results in poor measurement precision,
“ H It iz proposed to eliminate the temperature
e R dependence of the gas sensor signal.

The gas sensor is held at the temperature

Mew art corresponding to its maximum sensitivity. The

GGas sensitive element temperature is provided by a heater.

United States Patent 5 0159 885 Date of Patent: May

“ jl TLl H 28, 1991 Richon Company, Ltd., Tokyo, Japan

"—\_\_\_ _'_'_,_o—"

Heater
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Principle 3. Local quality AKX

# Change an object's structure from uniform to non-
uniform, change an external environment (or external SR |
influence) from uniform to non-uniform. ® - BriEdipk i

» Use a temperature, density, or pressure gradient instead of ol ’f#ﬁ% g d
constant temperature, density or pressure. 73 R R T T *#

# Make each part of an object function in conditions

. . . -+ 3 s 2 )2 2]
most suitable for its operation. L3 ARFROPE
. /Lc ungh bogl(fwit;z s,qce;c/a/ compartments for hot and cold solid R IRA e i
. . . < B = 5
4 Make each part of an object fulfill a different and . )‘; #; E‘m;fi f’:;*r
useful function. bR
= Pencil with eraser ® G| F WA s g

s Hammer with nail puller

a  Multi-function tool that scales fish, acts as a pliers, a wire
stripper, a flat-blade screwdriver, a Phillips screwdriver,
manicure set, etc.
11



3. Local Quality (4A/&)

i ake object i ak.e object
nion-uniform rion-uniform

¢ change an object's structure from uniform to non-uniform,
change an external environment (ar external influence) from
unifarm ta non-unifarm,

¢ make each part of an object function in conditions most
suitable for its operation,

¢ make each part of an object fultll a different and useful
functian.



REDUCED 51£E SEMICONDUCTOR DEYICE

Friar art

Device

Operation lead

Mew art

Testing lead

i

Heduced testing leads

REDUCED SIZE SEMICONDUCTOR DEVICE

In conventional semiconductor devices, the operation
and testing external leads have the same
configuration. As a result, the device size is larger
than is reguired.

It iz proposed to reconfigure the operation and testing
external leads,

Two sets of contacts are configured differently. The
size of the testing contact is smaller than that of the
operation contact. This results in an overall reduction
of the device size.

United States Patent 5 250 841 Date of Patent: Oct.
5, 1993 Motarala Inc., Schaumburg, L, USA



HETEROGENEOUS LIGHT-SPLITTING 50LAR

Light bearms with different wawve lengths

Solar cell batterny

i)

Incident light beam

|

Prizm

'
L

HETEROGENEOUS LIGHT-SPLITTING 50LAR

molar cells operate effectively at certain light
wavelengths, poarly absorbing at other wavelengths.

It iz proposed to use the local quality principle ta form
a 'heterogeneous’ solar battery. Several cells are
designed for different wavelengths. The incident light
15 split into different wavelength components. Each
cell is positioned to convert the frequencies it was
designed far. This results in a more efficient
conversion of light into electric current.

International Application PCT M &7/01 512
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Principle 4. Asymmetry eae

# Change the shape of an object from symmetrical to asymmetrical.

n Asymmetrical mixing vessels or asymmetrical vanes in symmetrical vessels improve
mixing (cement trucks, cake mixers, blenders).

m Put a flat spot on a cylindrical shaft to attach a knob securely.

# If an object is asymmetrical, increase its degree of asymmetry.

s Change from circular O-rings to oval cross-section to specialized shapes to improve
sealing.

m Use astigmatic optics to merge colors.

@ 13 S A A e A

@ Aok - B S RFE 0 WA H 2 SRR

® G is- G FIW MRt B - g S AR 2 SR iR LY
RA 76\:*
THA

15




4. Symmetry Change (EHHM:08%)

N

/N

I ake object

azymmetrnc

¢ change the shape of an aobject from symmetrical to

asymmetrical,

¢ 1If an object 1s asymmetrical, increase its degree of

asvmimetry.

T
7:

i ak.e object
azymmetrnc




DYE LASER AMPLIFIER

Fricr art
High radiation denszity region
—r
—
lnput || —— =% —— — F
— —
_.. _.‘
Mew art

E qualization of radiation

l
[l
L

—
—
—
—

Cukput

DYE LASER AMPLIFIER

A dye laser amplifier with a uniform cross-section is
characterized by an enhanced output radiation
density. However, high radiation density results in
dye destruction and amplifier gain limitation,

It iz proposed to form the dye laser amplifier with an
asymmetric profile.

The cross section of the amplifier iz made to increase
from input to output. This provides equalization of the
radiation density from input to output despite
increasing the power. As a result, dyve destruction is
prevented, while amplifier gain can be sufficiently
increased.

United States Fatent 5 166 3592 Date of Patent: Dec.
1, 19592 The United states of America as represented
by the Department of Energy, YWashington, D.C.




IMPROYED APPABATUS FOR MATEHRIAL

Corrasive Air - highthaouszing

liquid

fff;"q}

//
o

Load

Specimen under test

Inclined planes

IMPROVED APPARATUS FOR MATERIAL

In testing materials for strength in corrosive media, it
is desirable to record accurately the moment of
failure of the material. To introduce additional means
for this iz complicated and expensive.

It is proposed to uze the asymmetry principle to
make the test chamber itzelf record the moment of
failure of the material without adding mare caostl One
can make the shape of the chamber asymmetric by
intraducing two inclined planes. If the specimen fails,
the chamber tilts under the weight of the load that
fell. Thiz mament is easy to recard visually, or by
using simple sensars. This design is simple, more
accurate and reliable,

s A C N 2B0 243
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Principle 5. Merging

<% Bring closer together (or merge) identical or similar
objects, assemble identical or similar parts to
perform parallel operations.

s Personal computers in a network

s Thousands of microprocessors in a parallel processor
computer

s lanes in a ventilation system

m  FElectronic chips mounted on both sides of a circuit board
or subassemply

# Make operations contiguous or parallel; bring them
together in time.

s Link slats together in Venetian or vertical blinds.

s Medical diagnostic instruments that analyze multiple blood
parameters simultaneously

s Mulching lawnmower

SEARE(EEBE)MPE S
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PrlnC|pIe 6. Universality lalatel
Multifunctionality ( % =4 &t {£)

@ Make a part or object perform multiple & B ¥ 53 ehd

functions; eliminate the need for other parts. ’ %; ;ﬁ L j R

Handle of a toothbrush contains toothpaste ® b i
> .,_ 3] r.a i

Child's car safety seat converts to a stroller T
Mulching lawnmower (Yes, it demonstrates both ¥ 5 Tk m// 7% 4
Principles 5 and 6, Merging and Universality.) VLRl S R
7Team leader acts as recorder and timekeeper. i i ”% 9‘ j‘ f i
CCD (Charge coupled aevice) with micro-lenses g\ Eo RS

formed on the surface
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Principle 7. "Nested doll"

# Place one object inside another; place each object,
In turn, inside the other.
m  Measuring cups or spoons
m  Russian dolls

m  Portable audio system (microphone fits inside transmitter,
which Tits inside amplifier case)

® Make one part pass through a cavity in the other.
Extending radio antenna

Extending pointer

Zoom lens

Seat belt retraction mechanism

Retractable aircraft landing gear stow inside the fuselage
(also demonstrates Principle 15, Dynamism).

29
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Principle 8. Anti-weight

®  To compensate for the weight of an object, merge it with
other objects that provide lift.

o gnjiect foaming agent into a bundle of logs, to make it float
etter.

o Use helium balloon to support advertising signs.
®  To compensate for the weight of an object, make it interact

with the environment (e.q. use aerodynamic, hydrodynamic,
buoyancy and other forces).

o Aircraft Wf};}g shape reduces air density above the wing,
increases density below wing, to create [ift. (This also
demonstrates Principle 4 Asymmetry.)

o Vortex strips improve lift of aircraft wings.
o Hydrofoils lift ship out of the water to reduce drag.

36
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Principle 9. Preliminary anti-action

&

&

If it will be necessary to do an action with both

harmful and useful effects, this action should be

replaced with anti-actions to control harmful effects.
Buffer a solution to prevent harm from extremes of pH.

Create beforehand stresses in an object that will

oppose known undesirable working stresses later
on.

Pre-stress rebar before pouring concrete.

Masking anything before harmful exposure: Use a lead
apron on parts of the body not being exposed to X-rays.

Use masking tape to protect the part of an object not
being painted

43
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I ake anti-action
i advance

9. Preliminary counteraction

PRE-STRESSING AGAINST VIBRATION

In machining holes, boring bars are used frequently. However, boring bars (if not rigid enough) tend
to vibrate.

It is proposed to use the principle of preliminary anti-action to reduce the vibration problem. One can
add a pre-stress (a compressed spring) to increase rigidity in the direction of the cutting force. The
properly sized compressed spring will reduce vibration, improving machining precision.

E oring bar Cutking Direction of
reziztance cutting
forces

/ Spring increasing

wrhork piece rigidity

SU A.c. N 663 493




Tk ehi 1%
Principle 10. Preliminary action

N

# Perform, before it is needed, the required change of an
object (either fully or partially).
s Pre-pasted wall paper
o .?ter///'ze all instruments needed for a surgical procedure on a sealed
ray.

# Pre-arrange objects such that they can come into action
from the most convenient place and without losing time for
their delivery.

s Kanban arrangements in a Just-In-Time factory
s Flexible manufacturing cell

46
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Frepare
in advance

10. Preliminary action

PALSTER BANDAGE WITH A SAW INSIDE

It is difficult to remove a plaster bandage from a broken limb, since the patient may be injured
when the bandage is cut with a saw.

It is proposed to use the preliminary action principle to improve safety. A saw blade (in a plastic
tube) is set inside the bandage by applying the bandage over the tube. Using this technique, the
plaster can be removed from the patient by sawing away from the limb. This eliminates the risk of
injury to the patient.

SU A.c. N 162 919
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Principle 11. Beforehand cushioning

®Prepare emergency means beforehand
to compensate for the relatively low
reliability of an object.

m Magnetic strip on photographic film that
directs the developer to compensate for
pPoor exposure

m Back-up parachute

n Alternate air system for aircraft
nstruments

50
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Frepare zafety,
[ESCLIE MEans
it advance

TRIZ - 11 Beforehand Compensation

N

L

PASSENGER CABIN WITH PARACHUTCH

# How can air passengers be rescued in a flight accident or emergency?

# Itis proposed to use the principles of early cushioning, segmentation and
universality to improve air safety. The passenger cabin section is provided
with parachutes. This requires a detachable air-tight cabin equipped with a
bail-out device. In many emergency situations this can ensure a smooth
descent of the cabin with the passengers.

Fazszenager cabin

US Patent N 4

Airplane in emergency




Principle 12. Equipotentiality

N

:b'-lf'gb

@® In a potential field, limit position changes (ée.g.
change operating conditions to efiminate the
need to ralse or lower objects in a gravity
field).

n Spring loaded parts delivery system in a factory

m LOCKS in a channel between 2 bodies of water
(Panama Canal)

n 'SKkiflets” in an automobile plant that bring all tools

to the right position (also demonstrates Principle
10, Preliminary Action)

53
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ol 1] 12. Equipotentiality

Eliminate the need
ta raise object

N

TURNING BENCH FOR A CAR

4 To gain access underneath a car, the car is either placed over an open tunnel, driven
onto a trestle, or secured on a hydraulic platform. While repairing a car, a mechanic
holds the tools over his head which is inconvenient and unsafe.

A possible solution proposes to use the equipotentiality principle.

A car fixed on a ring-shaped turning device is easily turned on its side or upside-down.
Thus, the car repair conditions are improved.

*® @

Old de=ign
T

Fews design

Hudraulic platform

/‘F US Automotive Industry. No. 1-2, 1992,

Turning dewvice




N

Principle 13. 'The other way round'

L

@ _Itlgvert the action(s) used to solve the problem (e.g. instead of cooling an object, heat
It).
m 70 loosen stuck parts, cool the inner part instead of heating the outer part.
» Bring the mountain to Mohammed, instead of bringing Mohammed to the mountain.
# Make movable parts (or the external environment) fixed, and fixed parts movable).
» Rotate the part instead of the tool.
s Moving sidewalk with standing people
w Treadmill (for walking or running in place)
® Turn the object (or process) upside down’,
m Jurn an assembly upside down to insert fasteners (especially screws).
n  Empty grain from containers (ship or railroad) by inverting them.

56
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13. The other way around

UV

Replace achon
with converse aone

lrvert movement, O®LONG-DISTANCE

pozitian SWIMMING WITHOUT
MOVING?
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Principle 14. Spheroidality - Curvature

N

#®  Instead of using rectilinear parts, surfaces, or forms, use
curvilinear ones; move from flat surfaces to spherical ones;
from parts shaped as a cube (parallelepiped) to ball-shaped
structures.

U Use arches and domes for strength in architecture.

#®  Use rollers, balls, spirals, domes.
o ﬁg(ra/ gear (Nautilus) produces continuous resistance for weight
ifting.
o Ball point and roller point pens for smooth ink distribution
#  Go from linear to rotary motion, use centrifugal forces.

=  Produce linear motion of the cursor on the computer screen
using a mouse or a trackball,

U Replace wringing clothes to remove water with spinning clothes
in a washing machine.

o Use spherical casters instead of cylindrical wheels to move
furniture.

59
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14. Curvature increase

0ld dezign
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Principle 15. Dynamics

# Allow (or design) the characteristics of an object, external environment,
or p(;ocess to change to be optimal or to find an optimal operating
condition.

n Adjustable steering wheel (or seat, or back support, or mirror position...)
# Divide an object into parts capable of movement relative to each other.

n The "butterfly” computer keyboard, (also demonstrates Principle 7, "Nested doll".)

# If an object (or process) is rigid or inflexible, make it movable or
adaptive.
n /he flexible boroscope for examining engines
m /he flexible sigmoidoscope, for medical examination

63
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15. Dynamic parts

N

N

Adaptive parts

Heat exchanger fold Coaler

Heat-conducting LCI
Ibricant chip Substrate

# Flexible heat sink
alignments
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Principle 16. Partial or excessive actions

N

@® If 100 percent of an object is hard to achieve
using a given solution method then, by using
Slightly less’ or slightly more’ of the same
method, the problem may be considerably
easiler to solve.

* Over spray when painting, then remove excess. (Or, use
a stencil--this is an application of Principle 3, Local
Quality and Principle 9, Preliminary anti-action).

* Fill, then "top off" when filling the gas tank of your car.

/1
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16.Partial or excessive actions

N

=e mare ar less
ot an achian # On pulling stumps
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Principle 17. Another dimension

N

#  To move an object in two- or three-dimensional space.

» Infrared computer mouse moves in space, instead of on a
surface, for presentations.

o Five-axis cutting tool can be positioned where needed.

#®  Use a multi-story arrangement of objects instead of a single-
story arrangement.

o Cassette with 6 CD's to increase music time and variety
o Electronic chips on both sides of a printed circuit board

o Employees "disappear” from the customers in a theme park,
descend into a tunnel, and walk to their next assignment, where
they return to the surface and magically reappear.

#®  Tilt or re-orient the object, lay it on its side.
g Dump truck

#  Use 'another side' of a given area.
m Stack microelectronic hybrid circuits to improve density.

17. dimensionality change
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Hybrld microcircuit

Old design

Chip

Fesistar apacitor

Hybnd integrated circuit
Mew design

Capacito

Resistor————

# Application of Japan (NEC) 1 283 896 HO5R1/16 HO1L 27/04 Review
Magazine "Radiotechnika”, 1991




Silicon wafers with feedthroughs

Prior art

N

Feedthrough

Substrate

e art

#elike feedthroughs

# United States Patent 5 166 097 Date of Patent: Nov. 24, 1992 The
Boeing Company, Seattle, Wash., USA




Submicron film elements

A Prior art
NI
_ 1000 rirm
Filrn )
M ask, elernent

Flat filrn

After etching
Mew art

100 rir
R elief filrm E
Spacer After etching

# United States Patent 5 202 272 Date of Patent: Apr. 13, 1993
International Business Machines Corporation, Armonk, N.Y.




Vertical field-effect transistor

Priar art

N

Fate
Source Source

Substrate

Mew art _
Wertical gates

Source /\ \ S oLrCe
™ s

I

Drain

# United States Patent 5 164 325 Date of Patent: Nov. 17, 1992
Siliconix Incorporated, Santa Clara, Calif.




Vertical trench inductor

Priar art

N

Surface inductor

77777

Mew art

Yertical trench inductor

i

# United States Patent 5 372 967 Date of Patent: Dec. 13, 1994
Motorola Inc, Schaumburg, Ill.,, USA
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Gripper for lifting cars
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Incident ray

Feflected ray

~olar cell
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Principle 18. Mechanical vibration

N

@® (Cause an object to oscillate or vibrate.
n FElectric carving knife with vibrating blades
&® Increase its frequency (even up to the ultrasonic).
n Distribute powder with vibration.
&® Use an object’s resonant frequency.
n Destroy gall stones or kidney stones using uftrasonic resonance.
&® Use piezoelectric vibrators instead of mechanical ones.
s Quartz crystal osciflations drive high accuracy clocks.
@® Use combined ultrasonic and electromagnetic field oscillations.
s  Mixing alloys in an induction furnace
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Apparatus for counting articles

A Priar art
N
techanical counter
Faper zheet
Mew art
| Ar Floney
Microphone /&
Yibration of sheet — M
a. 1 I 1T ] ———1 n

# United States Patent 5 031 156 Date of Patent: Jul. 9, 1991
EDS Technologies, Inc., Hialeah, Fla., USA
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Ice removal from radioelectronic

Priar art

Heating and
melting ice

Fower
—voltage
sUpply
_ Fiezoelectnc
wibrator

{%h:e [EMOYing

f:;-? 0,
Yoltage
zupply e

# United States Patent 5 172 024 Date of Patent: Dec. 15, 1992
Thomson-CSF, Puteaux, France

Mew art
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Megasonic cleaning

Priar art

U=zual liquid cleaning

>

Mew art Farticle
M eqazonic
n wibrations

—_ __.-""-l-.-

. —_—

Hezervor — /

—_— i
—_— T

# United States Patent 5 339 842 Date of Patent: Aug. 23, 1994
Specialty Coating Systems, Inc., Indianapolis, Ind.




Principle 19. Periodic action

N
\J

# Instead of continuous action, use periodic or
pulsating actions.
m  Hitting something repeatedly with a hammer
s Replace a continuous siren with a pulsed sound.

# If an action is already periodic, change the periodic
magnitude or frequency.

s Use Freguency Modulation to convey information, instead
of Morse code.

m  Replace a continuous siren with sound that changes
amplitude and frequency.
# Use pauses between impulses to perform a
different action.

» In cardio-pulmonary respiration (CPR) breathe after every
5 chest compressions.
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Doped poly-si film deposition

Priar art

N

- Depozition and doping

Monurifarm doped poly-5i

silane, arsine

Mew art

Urifarm doped paolp-5i

-—

# United States Patent 5 332 689 Date of Patent: Jul. 26, 1994
Micron Technology, Inc., Boise, USA




Pulsed chemical vapor deposition

/ Fricr art Cort heat
d- ontinuaus heating
Heating
Mew art
Pulze heating

':I'—F
io—
o—

7%

Conling Heating

# United States Patent 5 227 331 Date of Patent: Jul. 13, 1993
Micron Technology, Inc., Boice. Id.
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Principle 20. Continuity of useful action

# Carry on work continuously; make all prts of
an object work at full load, all the time.
s Flywheel (or hydraulic system) stores energy when

a vehicle stops, so the motor can keep running at
optimum power.

s Run the bottleneck operations in a factory
continuously, to reach the optimum pace. (From
theory of constraints, or takt time operations)

# Eliminate all idle or intermittent actions or
work.

s Print during the return of a printer carriage--dot
matrix printer, aaisy wheel printers, inkjet printers.

94
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Layer cross-flow gas system

Prior art

N

Contarmination Active metalvapor

Lazer chamber

MHew art

# United States Patent 5 166 947 Date of Patent: Nov. 24,
1992 The United States of America as represented by the
United States Department of Energy, Washington, D.C.




Low defect polysilicon layer

Prior art

N

HF zalution At Hydrogen and zilane

e DN s s

Oxide removal M ative oxide Paly-Si grovith

Mew art

Continuous technalogical process

.
i ™

wide remoyal Faly-51 grionth

e

# United States Patent 4 981 811 Date of Patent: Jan. 1,
1991 AT&T Bell Laboratories, Murray Hill, N. J.




Suppression of graphite formation

Prior art

N

Lazer etching Graphite remowal

UL

Ciamaond

Mew art Graphite removal
durinig etching

# United States Patent 5 334 280Date of Patent: Aug. 2, 1994General
Electric Company, Schenectady, N.Y. US




Suppression of water vapor absorption

N

~ Priar art
Depasition Whater vapors
Glazs 4 ‘
I T ] IZ:} #
Mew art Diefect formation

Continuous techhological process

-,

e
0

# United States Patent 5 094 984 Date of Patent: Mar. 10, 1992
Hewlett-Packard Company, Palo Alto, Calif.

Pratectree film
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Principle 21. Skipping

®Conduct a process , or certain stages
(e.qg. destructible, harmful or hazardous
operations) at high speed.

n Use a high speed dentists drill to avoid
heating tissue.

m Cut plastic faster than heat can propagate
in the material, to avord deforming the
shape.
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21. HURRYING
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¢ conduct a process, or certain stages (e.q. destructive,
harmful ar hazardous operations) at high speed.

m e w4

Skip 'bad' action




DISINFECTING POTATOES

How might one increase the starage time of a potata,
if traditional methods were not adequate?

It 1z proposed to expose potatoes to a flame (900
deq.C) for no more than 8 seconds.

Potat Flarme—— : ‘L
thalnes The result i1s a completely disinfected potato surface

?_@C:\) and a longer shelf life.
Z -
B e el e W
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A luminunm

Copper
Heating
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Hapid cooling
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ELIMINATION OF METAL VOID FORMATION

The undesirable ALCU compound in the
aluminum/copper alloy causes a spontaneous
electrochemical reaction. This results the Al
etching and the farmation of vaids.

It iz proposzed to heat the alloy to the compound
disintegration temperature, and then to quickly
coal it thereby avoiding secondary chemical
interactions between alloy components.

Heating the alloy results in ALCu disintegration.
During quenching down to room temperature, the
undesirable chemical compound has no time to be
formed. This process prevents the future formatiaon
of voids.

Linited States Fatent 5 245 3584 Date of Patent:
Sep. 29, 19593 Tamvan Semiconductor
hanufacturing Company, Hsin-Chu, Tabwan
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armal metal structure

GLASS-LIKE METAL

Ordinary metals at room temperature have a
crystalline structure. If a metal melt s cooled at a
high rate (about 10 k/s), there is no time for crystals
to farm and the resulting metal 1s anamarphous
substance like glass.

hletallic glass made in this way features high
strength combined with plasticty and resistance to
corrosion stability.

Physical Encyclopedic Dictionary. Moscow,
sovetskaya Entsiklopedia Publishers, 1933
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HIGH-SPEED DISSECTION OF PIPES

Conventional toals used to cut thin-walled, large-
diameter plastic pipes have a signficant disadvantage
in that the pipe is deformed and aver stressed.

A similar device 15 proposed using the skip principle.
The knife iz designed to slice so quickly that the pipe
(having a certain mass ineria) has no time to defarm.

DE Patent M 1 134 521
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Principle 22. “Blessing in disguise” or “turn
Lemons into Lemonade”

N

# Use harmful factors (particularly, harmful effects of
the environment or surroundings) to achieve a
positive effect.

s Use waste heat to generate electric power.
s Recycle waste (scrap) material from one process as raw
materials for another.

#  Eliminate the primary harmful action by adding it to
another harmful action to resolve the problem.

s Add a buffering material to a corrosive solution.

s Use a helium-oxygen mix for diving, to eliminate both
nitrogen narcosis and oxygen poisoning from air and other
nitrox mixes.

# Amplify a harmful factor to such a degree that it is
no longer harmful.

- Use a backfire to eliminate the fuel from a forest fire.
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22.Blessing in disguise

(ZERIRE)

Convert Harm into Benefit
HHSER S I PRl ik
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7 uze harmful factors (particularly, effects harmful to the
ervironment or surroundings) a different way to achieve a
positive effect,
T T ¢ eliminate the primary harmful action by adding it to
anather harmful action to resalve the problem,
¢ amplify a harmful factor to such a degree that it 1s no
longer harmful.

Arrange 'bad' action
to get good




How can friction of
B/skm againzst ar be reduced?
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AlR LUBRICANT PARADODX

In aerodynamics, the phenomena known as skin
friction drag 1= caused by air flow touching' the
skin of the aircraft. How can one reduce the
friction of an airplane skin against air?

It iz proposed to use the blessing in disguize
principle to reduce skin friction. One can intensity
the touching' to the extent that the air flow enters
the skin (a condition that would seem to increase
the friction). Far this to occur, the straight-line
motion of the air along the =kin must be changed
inta a rotary motion in the skin. Lateral cylindrical
slots are formed in the skin that communicate with
the atmosphere via narrow slits. Upon entering
theze, air is forced to rotate at a high speed
forming vortex rings. These rings force
approaching aiflow avway fram the skin thereby
serving as a kind of air lubricant, the blessing in
disguise. The fabrication of this skin design,



Reflector
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LAMPS-HEATERS
Madern incandescent lamps transform S to b percent

of electric energy into wvisible light, while the
remaining energy 15 lost in the form of heat radiation.

It is proposed to use incandescent lamps for heating
and illuminating cages of young stock,

The parameter of the lamps can be selected so that
the highest intensity of the light radiation 12 produced.
such lamps not only illuminate but also generate a
ot of heat.

Agncultural Encyclopedia. Moscow, 1991



Fricor art
Serlmzur
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Gaz+temperature+hurmidity measurements
Mew art

E qual thermo-and bumidity zensitivity
Gaz measurements

I
AR

COMBINED SEMICONDUCTOR GAS SENMSOR

(5as sensors based on one gas-sensitive material
have poar thermal and humidity stability.

It iz proposed to form a gas sensar element from two
materials with different gas sensitivities but the same
thermal and humidity sensitivity.

(5as concentrations in this sensar are measured by
the difference in resistance of two materials.
Therefore, equal increments in the absolute value of
resistance that are caused by temperature and
humidity are mutually destroyed.

United States Fatent 5 2598 783 Date of Patent: Mar.
2915994 Yunnan University, China
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Principle 23. Feedback

Introduce feedback (referring back, cross-checking) to
Improve a process or action.

Automatic volume control in audio circuits

Signal from gyrocompass is used to control simple aircraft
autopilots.

Statistical Process Control (SPC) -- Measurements are used to
decide when to modify a process. (Not all feedback systems are
automated!)

Budgets --Measurements are used to decide when to modify a
Drocess.

If feedback is already used, change its magnitude or influence.

Change sensitivity of an autopilot when within 5 miles of an
airport.

Change sensitivity of a thermostat when cooling vs. heating,
since It uses energy less efficiently when cooling.

Change a management measure from budget variance to
customer satisfaction.
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;3.Feed back(

& HEA—EE

ze feedback
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Regulate feedback.

%)

% (referring back,cross-checking),
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¢ Iintroduce feedback (referring back, cross-checking) to
improve a process or action,

¢ If feedback 1z already used, change it magnitude or
influence.




Feed back

Dietector

W

Urnifarm pulzes

LASER OUTPUT STABILIZATION

Laser light polarization changes randamly from pulse
to pulse. It results in undesirable variations in laser
heam energy.

It iz proposed to use feedback to control the output
energy of the laser radiation.

Folarized laser radiation is divided into two arthogonal
components. The energy of each compaonent is
measured, and their sum is compared to a certain
value. The energy of the output beam is then
controlled based an the result of the comparisan.

United States Fatent 4 949 345 Date of Patent: Aug.
14,1990 Microelectranics and Computer Technalogy

Corporation, Austin, Tex., USA




Electron gun

Band being rolled

Sensar

Feedback

ROLLING MILL THICKMESS CONTROLLER

To control the thickness of a rolled metal band, it
15 Important to control it's temperature. The final
thickness abtained is a function of both the
temperature and the thickness of sheet
approaching the raller.

It iz proposed to use the feedback principle to
contral output thickness., One can couple the
thickness of sheet approaching the rollers to the
feed velocity under the heater (electron gun) and
thereby, the input band temperature. Electrons
passing through the band are monitared by
sensars. The thicker the band, the lower the
intensity of radiation received. Thiz signals a
slower feed velocity under the electron beam,
causing mare intense heating of the band. This
feedback contral improves the dimensional
precision of the thickness of rolled sheet at the
output.
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ADAPTIVE GREENHOUSE FRAMES

Can one design a greenhouse that adapts to abrupt
changes of temperature? This requires an automatic
opening and closing roof section.

Counter-
weight _ _ It is proposed to use the principles of phase

R e i N transitions, feedback, selt-service and change of
parameters to design the adaptive greenhouse. The
roof section frames are made from hollow pipes with
an evaporating liquid inside. The section center of
gravity changes with termperature, causing the frame
to rotate up or down automatically. VWater callection
pans act as weights at the lip to make sure the frame
closes during rain or hail storms. The greenhouse
thereby responds automatically to changes of

weather.

Sl A M dbS 423
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Principle 24. ‘Intermediary’

m Use an intermediary carrier article or
intermediary process.

» Carpenter’s nailset, used between the hammer
and the nail

n Merge one object temporarily with another
(which can be easily removed).

» Pot holder to carry hot dishes to the table

119
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24. Intermediary (Mediator) Z£ 1}
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termediate carrer article ar intermediary

Y merge one object tempoararly with another fwhich can be
easily removed).




Step 1.

Step 2,

Step 3.

Eazily rermnovved matenal
Diglectric laper
]

W aler

A

A

CAVITY FORMATION IN A WAFER

A thin film overlying a cavity cannaot be farmed by film
deposition on a wafer surface with a hollow.

It iz proposed to fill the hallow with easily removed
material befare thin film depasition, and then to
remave this material through an apening in the
hackside of the wafer.

Hallowe filling provides a planar wafer surface and the
possibility far thin film deposition. Using an easily
remaved material fwhich differs from the wafer
material) allows selective remaoval withaut any
damage to the wafer.

United States Fatent 5 344 523 Date of Patent: Sep.
b, 1994 The Foxbaro Company, Foxbaro, Mass.
LI=A,



Frior art

Solar cel—

Owide layer—

Silver layer
e art

=

Pratective layer

IMPROVED S0LAR CELL

The interaction of oxide and silver inside a light
reflector results in solar cell degradation.

It iz proposed to insert a protective layer between the
silver and oxide pars.

The continuous or discontinuous protective layer
prevents undesirable interactions, and allows an
unimpeded electrical flow inside the solar cell.

United States Patent 5 221 854 Date of Patent: Jun.
22 1993 United Solar Systems Corporation, Troy,
bich, LISA




0ld dezign

Arrhwthirmia and
ceszation of breath

Mew dezign

"BREATHING" TOY

Mew-barn children may sometimes start breathing
imprapetly which may cause dizability or even death.

A proposed salution to improve breathing requires the
use of a toy-bear that "breathes” with a preset
thythm. The propetly "breathing” toy tunes the child
to the correct rhythm.

LIz, California University. Institute of Medical
Technology. Mauka | Technika Mo.G, 1983
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Principle 25. Self-service

Make an object serve itself by performing auxiliary helpful
functions

A soda fountain pump that runs on the pressure of the carbon
dioxide that is used to "fizz" the drinks. This assures that drinks
will not be flat, and eliminates the need for sensors.

Halogen lamps regenerate the filament during use--evaporated
material Iis redeposited.

7o weld steel to aluminum, create an interface from alternating
thin strips of the 2 materials. Cold weld the surface into a single
unit with steel on one face and copper on the other, then use
normal welding techniques to attach the steel olg'ect to the
interface, and the interface to the aluminum. (This concept also
has elements of Principle 24, Intermediary, and Principle 4,

Asymmetry.)

Use waste resources, energy, or substances.

7

Use heat from a process to generate electricity: "Co-generation”.
Use animal waste as fertilizer.
Use food and lawn waste to create compost.
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25 Self-service

- ¢ make an object
serve itself by
performing

e auxiliary helpful
functions.

Create

zelf-mantenance
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Conserving tap water

The tap design
comprises an
iInfrared radiator.
Radiation is

0ld desgign

reflected off a
handontoa
receiving device .
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Cross country vehicle self-pulling out

Device for zelf-pulling

When the
wheels are
rotated
synchronously,
the device lifts
the vehicle and
pushes it
forward.
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Principle 26. Copying

N
\J
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&

&

Instead of an unavailable, expensive, fragile object,
use simpler and mexpenswe copies.

Virtual reality via computer instead of an expensive
vacation

Listen to an audio tape instead of attending a seminar.

Replace an object, or process with optical copies.

Do surveying from space photographs instead of on the
ground,

Measure an object by measuring the photograph.
Make sonograms to evaluate the health of a fetus, instead
of risking damage by direct testing.
If visible optical copies are already used, move to
infrared or ultraviolet copies.

Make images in infrared to detect heat sources, such as
diseases In crops, or intruders in a security system

131




26. f2%5 Yootk

N

®r GH  Qra EERAgER S R 7 2
s 4 R4k 1T

@© LR RELGF AT - B AR - BR
Boav ARt REE 2 i

LSRRG Sl AR GE b R DR Y R

SHlFRENFRT I RIET P AIEE G LT




N

26.Copy

Uze object's copy

1

Uptical copies

e instead of an
unavailable,
expensive, fragile
object; use
simpler and
Inexpensive
copies.




Implanted Ion Measurement

N

Prior art

Expensive abds wafers

X ., S S

For device fabrication Faor measurements

MNew art

Expensive Gads walers Cheap 5i wafer

I

s A

y
Far device fabrication Far measurements

It is proposed to use
less expensive silicon
wafers for measuring
the number of
Implanted ions.




Plasma process control

N

The reflected
light Intensity
Thin i distribution
depends on the
flm thickness,
and Is due to
Thick film Interference.

Incident light Reflected ight interference
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Principle 27. Cheap short-living objects

N

#Replace an inexpensive object with a
multiple of inexpensive objects,
comprising certain qualities (such as
service life, for instance).

n Use disposable paper objects to avord the
cost of cleaning and storing durable
objects. Plastic cups in motels, disposable
diapers, many kinds of medical supplies.

136
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Uze cheap
dizpozable
objects

27. Cheap disposables

4 replace an
expensive object
with a multitude
of inexpensive
objects.
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Starting buttan

Disposable Camera

The most important
parts of the camera is
made of plastic while
the case Is made of
cardboard.




Protection with Paint

N

Old dezign Shield of concete The palnt |S made Of

— gadolinium(fﬁL) and

[ g s applied to the

neutron (F7-1)

radiation source. It

New desian forms a shield with a
._ . I ar g e neutron ca ptu re
. section.

Shield of paint
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Principle 28 Mechanics substitution

Replace a mechanical means with a sensory (optical, acoustic, taste or smell)
means.

Replace a physical fence to confine a dog or cat with an acoustic “fence” (signal
audible to the animal).

» Use a bad smelling compound in natural gas to alert users to leakage, instead of a
mechanical or electrical sensor.

« Use electric, magnetic and electromagnetic fields to interact with the object.

= 70 mix 2 powders, electrostatically charge one positive and the other negative. Either
use fields to direct them, or mix them mechanically and let their acquired fields cause
the grains of powder to pair up.

C har??e from static to movable fields, from unstructured fields to those having
structure.

= Farly communications used omnidirectional broadcasting. WWe now use antennas with
very detailed structure of the pattern of radiation.

Use fields in conjunction with field-activated (e g. ferromagnetic) particles.

» Heat a substance containing .f‘éﬁ‘omacgnet;t matenal by using varying magnetic field.
When the temperature exceeds the Curie point, the maternal becomes paramagnetic,
and no longer absorbs heat.
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28. Mechanical Interaction Substitution

N

& use electric,

magnetic, and
= electromagnetic
fields to interact
Fhyszical fields with the object.
I place aof

mechanical devices
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Frozen wood

Cutter

Microwave
azcillatar

Heating
areais =mall

Heating area
Iz large

Cutting with microwave heating

This defrosts
the wood and
reduces the
hardness of the
cutting zone by

microwave
oscillator.




N

SUspEnEIon

Mirror plates

Bright rays are
reflected, flashing
and changing
direction
repeatedly, thereby
scaring away the
birds.
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Principle 29. Pneumatics and hydraulics

N

L

#Use gas and liquid

narts of an object

instead of solid par
filled with liquids, a

s (e.qg. inflatable,
ir cushion,

hydrostatic, hydro-reactive).

n Comfiortable shoe sole inserts filled with ge/
m Store energy from decelerating a vehicle in

a hydraulic system,

then use the stored

energy to accelerate later.
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Principle 30. Flexible shells and thin films

L

m Use flexible shells and thin films instead of
three dimensional structures

» Use inflatable (thin film) structures as winter
COVErs on tennis courts.

n [solate the object from the external

environment using flexible shells and thin
films.
* Float a film of bipolar material (one end
hydrophilic, one end hydrophobic) on a
reservoir to limit evaporation.
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Principle 31. Porous materials

® Make an object porous or add porous
elements (inserts, coatings, etc.).

* Drifl holes in a structure to reduce the weight.

@® I an object Is already porous, use the pores
to introduce a useful substance or function.

+ Use a porous metal mesh to wick excess solder away
from a joint.

+ Store hydrogen in the pores of a palladium sponge. (Fuel
"tank" for the hydrogen car--much safer than storing
hydrogen gas)
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Principle 32. Color changes

# Change the color of an object or its external
environment.

n Use safe lights in a photographic darkroom.

# Change the transparency of an object or its
external environment.

n Use photolithography to change transparent
material to a solid mask for semiconductor
processing. Similarly, change mask material from
transparent to opague for silk screen processing.
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Principle 33. Homogeneity

®Make objects interacting with a given
object of the same material (or material
with identical properties).
m Make the container out of the same

material as the contents, to reduce
chemical reactions.

n Make a diamond cutting tool out of
diamonds.
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33. Homogenelity

# Make objects that interact with a given
out of the same materials.
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Principle 34. Discarding and recovering

N

L

# Make portions of an object that have fulfilled their
functions go away (discard by dissolving,
evaporating, etc.) or modify these directly during
operation.

n  Use a dissolving capsule for medicine.

s Sprinkle water on cornstarch-based packaging and watch
It reduce its volume by more than 1000X!

m  Jce structures: use water ice or carbon dioxide (dry ice) to
make a template for a rammed earth structure, such as a
temporary dam. Fill with earth, then, let the ice melt or
sublime to leave the final structure.

#  Conversely, restore consumable parts of an object
directly in operation.

m  Self-sharpening lawn mower blades

s Automobile engines that give themselves a "tune up”
while running (the ones that say "100,000 miles between

tune ups"”)
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34. Discarding and recovering

# Make portion of object that have fulfilled
their function go away or modify these
directly during operation.

# Conversely, restore consumable parts of an
object directly during operation.

Eject uzed parts

[

FHenowvate object
during action
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Principle 35. Parameter changes

g il VOROON

g
NN
# Change an object's physical state (e.g. to a gas, liquid, or solid. Use el
s Freeze the liquid centers of filled candies, then dip in melted chocolate, statesz of object
instead of handling the messy, gooey, hot liquid.
m Jransport oxygen or nitrogen or petroleum gas as a liquid, instead of a gas,
to reduce volume. | Temperature
# Change the concentration or consistency. s
» Liguid hand soap is concentrated and more viscous than bar soap at the [ 1 Flexibity
point of use, making it easiler to dispense in the correct amount and more
sanitary when shared by several people.
# Change the degree of flexibility. o
. E/.z\'/ B X > BE N R ~
n Use adjustable dampers to reduce the noise of parts falling into a conta/ner@b I T %ﬁf& BB
by restricting the motion of the walls of the container. ) DA X -]
w Wulcanize rubber to change its flexibility and durability. oy , Y ”
# Change the temperature. ¢ L;;J i i‘ - 'f % E‘m’,}Lﬁ E‘j a
n Raise the temperature above the Curie point to change a ferromagnetic YRS Rk L &
substance to a paramagnetic substance. :%5 {F A 4}3 B erde §8 0 1L
n Raise the temperature of food to cook it. (Changes taste, aroma, texture, THE 3 1 s o
chemical properties, etc.) il 4R g i AR

Lower the temperature of medical specimens to preserve them for later
analysis.
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Principle 36. Phase transitions

@ Use phenomena occurring during phase transitions A4 ’f-j;*” T eodp el
(e.g. volume changes, loss or absorption of heat, REALY IR

etc.). B3 s £ oo
w Water expands when frozen, unilike most other liquids. e f‘—*—g ﬁ? 2
Hannibal is reputed to have used this when marching on WwAL T T O A
Rome a few thousand years ago. Large rocks blocked R 1
passages in the Alps. He poured water on them at night. P PR TETeD

The overnight cold froze the water, and the expansion split N A ,
the rocks into small pieces which could be pushed aside. i B e T ko K-

m Heat pumps use the heat of vaporization and heat of H gk 3 s 7
condensation of a closed thermodynamic cycle to do useful 4912
Work.
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36. Phase transitions o

# Use phenomena occurring during phase transitions.

Usze phaze
tranzitions
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Principle 37. Thermal expansion

n Use thermal expansion (or contraction) of @ GEF AR PR R
materials. 1<
* Fit a tight joint together by cooling the inner part to ® @ L3 7 FAWE
contract, heating the outer part to expand, putting the % Bt R

oint together, and returning to eqguilibrium.
/ g g 7 & 5| B4 %*}f'fr}ﬂ_

n [ thermal expansion is being used, use multiple s EET BRI
materials with different coefficients of thermal ptnn D ;
; #lH B R o § R ET
* The basic leaf spring thermostat: (2 metals with different B E AN

coefficients of expansion are linked so that it bends one
way when warmer than nominal and the opposite way
when cooler.)
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37. Thermal expansion ke

# What is thermal expansion?

# What is its applications?
Current-adjusted diaphragm.

lze ternperature (:::::) (iiji}
to change sizes \
N

Uze poly-

E=parnEian ! =I ! _.H_.}_

Low current - big diameter High current - small
diameter
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Principle 38. Strong oxidants

#® Replace common air with oxygen-enriched air.

s Scuba diving with Nitrox or other non-air mixtures for
extended endurance

# Replace enriched air with pure oxygen.
m  Cut at a higher temperature using an oxy-acetylene torch.

o Treat wounds in a high pressure oxygen environment to
kill anaerobic bacteria and aid healing.

®  Expose air or oxygen to ionizing radiation.
# Use ionized oxygen.
m  Jonize air to trap pollutants in an air cleaner.

# Replace ozonized (or ionized) oxygen with ozone.

s Speed up chemical reactions by ionizing the gas before
use.
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38. Strong Oxidants

N

# What is Strong Oxidants?

Usze more strong
oRidants

# What is its applications?
= Obtaining nano tubes
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= Ozone-aerated cleaning solution = Reduced of hot electron-induced

Prior art
Hydrogen removal

HF solution

Electron & ;

Strong molecular bonds

Silicon wafer
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Principle 39. Inert atmosphere oo«

N
\J

# Replace a normal environment with an inert one.

s Prevent degradation of a hot metal filament by using an argon
atmosphere.

# Add neutral parts, or inert additives to an object.

s [ncrease the volume of powdered detergent by adding inert
Ingredients. This makes it easier to measure with conventional tools.

®UZEIMEREPRADT ¥TIRE
@"&_f’—m‘l m*@ﬁ.r.
&
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39. Inert atmosphere

@ What is inert atmosphere? ¢ What is its applications?
High vacuum curing of a spin glass

Prior art

(m Treatment in gas phase Contamination

=e inert medium

o= 0 0 l:l|:| New art
a %20 a

Uze inert part

Treatment in vacuum Clean interface




Protecting pig iron from oxidation

N

Protecting with inert gas

0ld design Exhaust

Umbrella

acuum

] How can the seal be
—t—protected against
— oxidation?

= Mifrogen

jets
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Principle 40. Composite materials ey

N

L

#Change from uniform to composite (multiple)
materials.
s Composite epoxy resin/carbon fiber golf club shafts are

lighter, stronger, and more flexible than metal. Same for
airplane parts.

n Fiberglass surfboards are lighter and more controllable and
easier to form into a variety of shapes than wooden ones.
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40. Composite (multiple) materials

N

What is Composite (multiple) materials?

@10 L BN e fgrﬁﬂu
&nﬁﬁwﬁéi*ﬂgﬁaﬁgu

R

Ve E e R

Uze a protective
laner




#®What is its applications?

Aircraft stabilizer

A
F
Bearing Skin panels

Fastening :
assembly Epoxyboroplastic  pawer set

Composite rope

Old design Hoisting equipment

New design

S
m

‘!g;;:’}rl'———m‘__....
N ———————————————————————————— ——

Composite rope

Superfly-wheel

(Glass composite rim

Aluminium spider
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* Contradiction Matrix and the 40 Principles for Innovative Problem Solving

* 40 Inventive Principles With Examples
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https://the-trizjournal.com/contradiction-matrix-and-the-40-principles-for-innovative-problem-solving/
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