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Device fabrication on full wafer
completed

device platform on full scale wafer to form a fully packaged sensor device
platform for nanomaterials forming process (10) which comprises the steps
of protecting the wire bond with epoxy while leaving the sensing area ex-
posed for receiving coating of catalyst precursor for the nanomaterial
growth, nucleating (1.6) the coated catalyst precursor at low temperature for

T forming an active nanoparticle, and providing the active nanoparticle nucle-

12 l Water probing l

Saw the wafer inte dies

:
i3 ——-{ Packaging l

Selective nancmaterial
synthesis on packaged sensar

*

l Froish I

Hipere 3

ation with nutrient solution for turning them into solid and forming nano-
structures for integration of readout circuit for sensing.
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Method of Forming Nanocmaterials on Fackaged Device Platform

Fislid of Invention

The present invention relates generally toe a method of
forming nanomaterials on - packaged davice, and-  mors

parficuliarly, te a method to form nanomatsrials on packaged

device at low temperaturs and the forming process is
separated from wafer fabrication menufacturing line,

Background of the Invention

attracted
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The use of nmanomaterial 3s & ensing

413

vast attention since it can remarkably enhance the sensor

performance aspecially ire torm of sensitivity and

resolution. This 1is becauwse of the guaiity of maeterial
properties at nancggale size as well as the factor of high

surface area to veiume ratio. Due to ths
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The nancmaterial synthesis method generally grouped into wet

P

g

chemical based and gasecus-vapor based. The web chemical
methaod such as hydrothermal asynthesis is considered a ¢

efficient procgess since it reguires a very low synthesis



i

2

L8

0

5

WO 2015/080550 PCT/MY2014/000118

SO
temperature and a simpls synthesis set-up. However, the main

challenge arises when using hydrothermal method iz the
accumulated residue in the growth sclution during growbh
procass in the form of particiss, dust or flakes. Thess
residues are not allowed to emist in wafer fab provcess in

1

and vyield loss., Another problem arises in hydrotherms

,,3

method 15 the selsctive growth process,

In comparison to the gasepus-vaper wmethod, the thickoness of

$ B RS i N 5 e " = o 7 ¥ 3 N 53 -
cataiyst required for the gaseous-vapour method is only s

§2]

W nanometer while for hydrothermal is in a few microns.

X

Such thick catalyst is hard to be removed via typical 1ift-

s

«ff process. Az a e

(;}

sult, the nanomaterisl will grow at

>

senaing areas and st other device areas as wel

Yooct

3
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Fooo B8R0 88

elsctrical contact pads which will affect the wire bonding

»

The gassous-vapor synthesis nethod can be done via Chemical
Vapor Deposition [OVDF. In CQVD process, ssveral gaseous
precurscrs will emplioved such as Ar, D:, H:, ¥H;y and
nanomaterial gas  presursor.  However, with VD, & high

synthesls temperature is required which is typically above
400°% in vacuum condition with  high precizion gas flow

o

ratios. Such high temperature will limit the type of metal

o
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alsctrode that can be uged in the zensor element whils hi
&g flow rate is very hard to control and this

3

will affesct the uniformdity of nanomatevial on full wafer.

Besides, some type of metal catalyst used to  assist
nanomaterial growth in OVD provess such as oold is not
compatible with  integrated circouit walsy fabrication

@
!
o
v
ot

processes. It is known din wafer fabrication dindustrle:

% e 5 3 Y e e RN it < p? i 2 £
the heavy metal such gold will introducse electri statss
inte silicon wafer which act ss tzap for charge oarrisr

i:}.,

which in return will degrade the performancs of integrate

circuil condoctivity.

Therefore the pressnt invention discloses a methed of

formang nanomaterial on packaged devices at low temperaturs

#

and the nancmaterial will be formed at separate prucess fronm

walisy fabrigcation manufacturing Line. Thus, the

wire bonding and packaging problem can bs avoeidsed, In the

present invention, the daevice piatform such as

«

interdigitared slentrodes {IDEs) and fiald eftect

trangistars {FETs) will be  packagsd first  and  the

<

nanomaterial  such 88 nancowirss  or nanoplatlets will be

ey
{&

formed on it thereafter. Thes gprocess allows the use of

R

printed circuit board (PCB} as the packaging materials as it

s
e
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iz typically not able to withstand temperatures of above

3 {-‘} f‘\\’/"\

PPN

Summary of Invention

>

in visw of foregoing, embodimsnts herein provide a nmethod of

forming nanomaterials on packaged device gplatform.

¥

A method of forming nanomaterials on pachkaged sensor device
platform comprisss the steps of fabricating a gensor device

vlatform on full scale wafer, sawing the wafer fo individual

zensor die element, bonding of conductive wires faor

,
=

element to the sensor deviee packays,

< 3

connecting the senso
protecting the wire bond with epozy while leaving the
sensing arsa sxposed for receiving coating of catalyst
precursor for the nanomaterial growth, nucleating the coated
catalyst precursor at low tenmperaturs for forming an active
nanoparticle, and providing the active nancparticle
nucleation with nuotrient solution for furning them iato

solid and forming nanostructures for integration of readout

th
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Preferably the wmethod further comprises the step nf testing

a

and gualifying the device senscr platform at full scale
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wafer by charactering the device electrical propsriies after

the step of fabricabting.

Preferably the step of nucleating comprises the step of
heating the coated cabtalyst precursor die on hotplate for
surfacs treatment and annealing the die for activabting it to

5

form the active nanoparticle.

Preferably the packaged device gsensor platform  includes
interdigitated electrode (IDE} or field effect transistor

{FET).

Preferably the readout circuit includes anaslogue or Gigital

civouit.

Preferably the nanomaterials include nanotubss, nanowires,
nancreods, or nancplatiets,

These and cother obiects and features of the present
vention will be more fully understood from the following

detailed desnripticon which should be read in laight of the

accompanying drawings in  which corresponding referencs

D

numerals refer to corrssponding parts throughout the several

:
FARWR
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Brief Description of the Drawings

Filgure 1

Lo integrate nanona

residus

contamination  in  manufac

synthesis or forning metho

Pigure 3¢

,

contact pad with

method;

Pigure 3  is a3
on packaged
synthesis

from
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obf uniformesd with

an example of

Shows an exampls

ather typical

flowchart showing a
enser devices at low
process  is

oation
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platform;

the nancnatsrial synthesis

othey tyopisal

the nanomaterial

particies that will lesad 1o

turing line with other typical

3

of the pancaatasrial grovih on

synthesis ar forming

X

method toy  ftorm

tomperatuzre

carried out in  separate

manufacturing line of
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3
Figure 4 is a process flow zhowing the diagrams of the
pragzent method to form nanomaterisl on packaged device.

...... atures of the dnvention, it is szplained hersinafter with
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reference to its implementatior

Mo a e ORGSR s ¥ -~ i ~ . NS 2 3 a N g o
in more detail, the present inventicn is dirscted to a

temperature in which the nanomaterial forming procass is
separated from wafer fabrication mnanutacturing line. By
using this  method, it can eliminate the zisks of
contamination, non~uniformity; inconsistenay, peal off
problem, wire bonding and packaging problem, and defscts on

wafer fabrication equipment.

igure 1 shows a typical asynthesis or forming metbod (100

Lo integrate nanomaterials on device platform in which the

nanomaterials could be the nanctubgs, nanowirss, nangrods,

nanoplatists and nanoparticles. The device platform such as

the interdigitated =electrode {IDES and field sffect

{110} wherse all the fabrication process has boen carried out

in wafer fabricvation manufacturing line as shown in Figure
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1. The device will be checksd for its gualification by using
a standard integrated circuit  {IC} test sush as wafsr
probing {120} to measure the resistance, capacitance and IV
characteristics. The nancmaterial will then be synthesizaed

Pt e R £ 3 SR Ry 4 Sy et A T T
on full wafer {(130) either by using wet chemical based or
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gas based method in which the web chemics
introduce contamination during synthesis process that is not

allcwed in wafer fabrication manufacturing line.

Whereas in the gas  based method, the catalyst in
hydrothermal method is very difficult to remove by using

typical 1ift off proceess hence will affect the wire bonding

b

and packaging process. Besides that, the gassous-vaponr

method requires very high temperature synthesis tempsrature

3

of typically above 400°C, which in turns limits the type of
matal that can be used 3s electrodes in the device platform
and the examples of such high temperature metals are gold
and piatinom which 1is very expensive. Morsover, the gas
pased method needs a very high precision gas flow rats into

the chamber in vacuum state, therwise it will affect the

uniformity of nanomaterial svntheszsis on full wafer., Figure
Y
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Za to Jc show the examples of

integrating nanomaterials at wafer level in which Figure Za

*

showing the nancomaterial synthesis on full wafer that is not

uniform, Figure 2b showing the residue particles that will
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devices at low temperatu

AT

manufacturing lins shown

in

nanomaterials
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manufacturing line and Figur
growth on

lovice contact pads

o
X

aged ss=nsor
where the forming process

is
from water fab

in Figure 3.

The nanomaterial is
& sensing slements to deteoct different type of ilons.
The low svnthesis temperaturs could ke below 208°C. Tthe

16 nanomaterials could bhe the

nanotubes, nangwires, orods,
and nanoplatlets. Preferably, the n
presant

invention is congh
formed at temperature a
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not  limited to the overall resistance, capacitance and

5

current-vaeitage oharacteristios, The passed wafer will be

153

231

ent for wafer sawing process (i3} where the wafer will be

aw

req
el

w

into dies where sach die represzents an  individusl
senaor platform for subssguent device packaging. The dies

then sent

4+
Loc Bt S0

or wire bonding {14} and pre-packaged {ibh}

comprising of printed circuit bLoards or ceramic boards to

X

i
s

N3 expose NoE
IZQEPBOsed L

protected with spozy while sensing arsa rema

for nanomalerial growth as sensing elsmant as  shown an

After that, the nanomaterial is formed on dise {18} at ths

final stags where the forming process will bhe carried ocutb at

geparate process from wafer fabrication manufactunring iine
as shown in Figure 4. The exposed senscr area will then be
coated with a catalyst precursor as a sesd for nanomat - rial
growth., FPreferably, the spinner iz rotated st 3000rpm for 38
second for the catalyst precursor ooating. The coated pre-
packaged diez will then be heated up on hotplate at about
20°C  for surface treatment. After thalt, the pre-packaged

diss will anneal at about 180°C for approximatsly 1 hour to
activate the nucleation sites of catalyst to form the agrive

nanoparticle seed. The asmnealed pre-packaged dies will then

1A8

yop

De immerssd on nanomaterial nubtrition in solution thax

3
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to 9 hours. During the

nucliesation sites wiltl
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be integrated
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as shown in Figure ¢,
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the flexibility of process
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iow volume
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nanomaterial peeling off during

SAaWing process,

While the discloses

2 described with respect to the

i

by those askilles

poed

e . .
mudrfications in form

departing from the scope of

moditications such ags those

10 theret are - tu be oo

invention, which is to be

appended claims.

system has

ana detarl
the dnvention.
suguested
sidered

detarmined by
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the wafer back-grinding and

been particularly shown and

vieferred embodiments, 1t is

in the that  wvarious

n without
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e made therel

e

may

3

above bul not limited

within the scope of the

reference o the
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{101 on packaged sensor
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Figure 2b (Prior Axt)
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