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A CMOS METHOD OF FABRICATING A COMBINATION OF AN ION SENSITIVE FIELD
EFFECT TRANSISTOR (ISFET) AND MOSFET DEVICE

FIELD OF INVENTION

The present invention relates to a method of fabricating lon-sensitive field-effect transistor

{ISFET) device by using Complementary metal-oxide~semiconductor {(CMOS) compatible.
¢ y y } f

BACKGROUND OF INVENTION

Chemical sensors are micro devices that connect chemical and electrical domains (ie
fransduction of the chemical information into electde signal). The response of the sensors
should he fast and selective and sensitive for the analyte. The construction of chemical
sensors requires the integration of a sensing receptor and a transducing element into a
defined chemical system. Field effsct transistors (FETs) are very inferesting because they
can be made very small with current planar 1C technology and have the advantage of a fast

response time,

IBFET was first explored by P. Bergveld in 1872 {Bergveld, 1972). In recent years, many
researchers have done {o characterize ISFET based on MOSFET technology up until now,
ISFET is an integrated device that is similar to Mefal-Oxide-Semiconductor Fisld Effect
Transistor (MOSFET) sxcept the galte pant. Uniike MOSFET, metal gate of MOSFET is
replaced by a pH sensing membrane which is Silicon Nitride (8i:Nu) in ISFET design. SN,
as a sensing membrane is use {o detect ion respanse in pH buffer solution by sxposing the

membrane layer to the solution,
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The pH sensitivity is one of the most important characteristic parameters of ISFET devices.
The respanse of an ISFET is generaily determined by the type of the sensing membrane

used. Therefore the sensing membrane material plays a significant role.

The pH sensitivity can be determined by extracting the threshold voltage (VTH) of ISFET
device in various pH solutions. The VTH of MOSFET is usually definad as the gate voltage
where an inversion layer forms at the interface between the insulating layer {oxide) and the
substrate (body) of the transistor. As for ISFET device, VTH refer to the minimum gate

voliage reguired to induce a conducting channeal at the surface of ISFET,

The standard fabricgtion process produces an unstable threshold voltage that can affect
yiaid of wafer fabrication. There is also a large metal etch process varigtion hetween center
and edge of wafer that would also affect the yield of fabrication. it is also not possibls to

determine performance at wafer level testing.

US 7,018,343 B2 describes an ISFET device, manufacturing method. However, this solution

is only partislly CMOS compatible.

Therefore, there i3 a need for an improvement over the existing fabrication process of
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SUMMARY OF INVENTION

Accardingly, there s provided a method of fabricating ion-sensitive field-effect transistor
{SFET) device by using Complementary metal-oxide-semiconductor (CMOY) compatitie,
the method includes the steps of marking and siching a silicon layer, depositing an oxide
layer, implanting a p-well pattern on the silicon and oxide layers, implanting & channel
patemn onto the silicon and oxide layers, implanting N+ source and drain paltern onte the
siticon and oxide layers, implanting P+ diffusion pastern onto the siicon and oxide layers,
remaving the oxide layer, adding a bottom oxidation fayer, depositing & silicon nitride laysr,
adding a contact hole pattern, sputtering metal 1 onto comtact hole patiern, silicon nitride
layer and {he botlom oxidation layer and etching a metal 1 pattern on the sputtered metal
such that the method forms a mask design includes a combination of ISFET and metal-~

oxide~-semiconductar fisid-effect transistor (MOSFET) dice on a single sits.

The present invention consists of several novel features and a combination of parts
hereinafter fully described and lustrated in the accompanying description and drawings, it
being understood that various changes in the datails may be made without departing from

& scope of the invention or sacrificing any of the advantages of the present invention
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be fully understood from the detailed desoription given herein
below and the accompanying drawings which are given by way of iustration only, and thus

are not limitative of the present invention, wherein:

Figure 1 shows a block diagram of a method of method of fabricating ion-sensiive field-
effect transistor {(ISFET) device by using Complementary metab-oxide~semiconductor

o

CMOS) compatible in the present embodiment of the invention;

poa

gure 2 shows a cross section of a device fabricated using the method in the present

embodiment of the invention:

Figire 3 shows a cross section of a MOSFET device 10 be used as test shructure in the

mathod

Figure 4 shows a cross section of a die including 14 ISFET devices and 1 MOSFET device;

Figure & shows contact points of ISFET and MOSFET devicss;,

Figure 6 shows a fayout design of an IBFET device with 3 window opening for sansing ares;

"

Figure 7 shows an enlargsd view of an ISFET sensing area; and

Figure 8 shows g wafer map with 128 dic
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention relates 10 a method of falricating lon-sensitive fisld-effsct transistor
(ISFET) device by using Complementary metal~oxide-semicendustor {CMOS) compatible.
Harsinafter, this specification will describe the present invention according to the preferred
gmbodimeant of the present invention. Mowsver, it is 1o be understood that fimiting the
description to the preferred embodiment of the inveniion is merely io facilitate discussion of
the present invention and i s envisioned that those skilled in the art may devise various
modifications and equivalents without departing from the scope of the appended claims.

The following detailed description of the preferred smbodiment will now be described in

acceordance with the attached drawings, either individually or in combination,

Figure 1 dlustrates a method of fabricating lon-sensitive fisld-effect transistor (1ISFET) device
by using Complementary melal-oxide~semiconducior (CMOS) compatible. The mesthod
includses the sleps of marking and etching a sifcon laysr (101), depositing an oxide layer
{102}, implanting a p-well pattern on the silicon and oxide layers (101, 102), implanting a
channe! pattern onto the silican and oxide layers (101, 102), implanting N+ source and drain
pattemn onto the silicon and oxide layers {101, 102), implanting P+ diffusion pattern onto the
sticen and oxide layers (101, 102), removing the oxide layer {102}, adding a bottom
oxidation layer (103}, depositing a silfcon nitride layer {104}, adding a contact hole pattern
{1085}, sputiering metal 1 ante contact hole patisra {(105). silicon nitride layer {104) and the
tottom oxidation layer (103) and etching & metal 1 pattern on the sputfered metal such that
the method forms a mask design includes a combination of ISFET and metal-oxide~

semiconducior fisld-effect transistor (MOSFET) dice on a single site. .
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The fabrication method uses 8§ lithography mask layers which include silicon mark etch
pattern, P-well implant pattern, N+ source and drain pattern, P+ diffusion pattern, contact

hole pattern and Matal 1 pattern,

¢

The methed as described above uses a CMOS compatible process flow, The additional
steps of iow pressure chemical vapor depoesition (LPCVD) bottom oxidation and LPFCVD
sificon nitride deposition {ogether with post nitride deposition with nitrogen annealing ensures

that the fabrication is CMOS compatible.

An ISFET sensing membvane includes a thin layer fiim isss than 1000 Angstron depoaited
by low prassure chemical vapour deposition (LPCVDY) high temperature silicon nifnde and a
thin fayer flim less than 1000 Angsirom depaosited by LPCOVD high temperature bottom silicon

oxide,

The metal elching process is dane on the siicon nitride sensing membrane which is done in
a raactive ion eicher. The matal is efched at a pressure between 8 and 18 mT in a plasma
containing Cl; gas at a flow rate about 80 and 120 scam, BCL, gas at flow rate about 30 and

&0 sceny, GHF, gas at flow rale about B scom and Argon gas at flow rate about 50 scem.

The method as describad above uses MOSFET as a test structiire in sach imags lithography
g g ¥

shat,

In ISFET devices, electric current (Id) flows from source o drain via channel Like in
MOSFET, channed resistance depends on electric field perpendicular to the direction of the
current. Channet resistance also depsnds on poteniial difference over silicon nitride gate.
Thereforas, source-~drain current, id, is influenced by the interface potential at the silicon
nitride/aqueocus solution. Aithough the slectric resistance of the channe! provides a measure
for the silicon nitride potential, the direct measuremant of this resistance gives no indication

of the absclute value of this pofential However at a fixed source-drain potential (Vds),
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changes in the gate polential can be compsnsated by modulation of the ¥Vgs. This

adjustment should be cared out in such a way that the changes in Vags applied to the
reference electrode are exactly opposite o the changss in the gate oxide potential. This is
automatically performed by ISFET amplifier with feedback which allows ablaining constant
source-drain current. In this particular case, the gate-source potential is determined by the
surface potential al the insulator/elecirolyte intorface. The salectivity and chemical sensitivity

of the ISFET are completely controlied by the properties of the slectrol yladinsulator interfacs,

Figure 2 shows a complete 1SFET device as fabricated by the method descrbed above in

comparison o Figure 3 that shows a complete MOSFEET davice.

Figure 4 shows a mask design which is a combination of ISFET and mstal-oxide—
semiconductor fisid-effect transistor (MOSFET) dice on a single site. in this example in
Figure 4, there are 14 ISFET and 1 MOSFET die on a single site. Figure & shows contast

points of ISFET and MOSFET devices.

Figure 6 shows a layout design of ISFET which has a window opening for sensing area after
encapsuiation to facilifate sensing process. Figure 7 specifically paints to an ISFET senaing

area. Figure B shows an example of & wafer map that includss 125 dice,

s to be appreciated that the method as decribed herein improves existing fabrication
process flow of ISFET devices by using CMOS compatible by optimizing mstal etch recipe

and including MOSFET test structures.
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CLAIMS
1. & method of fabricating lon-sensitive field-effect transistor (ISFET) device by using
Complementary metalt-oxide~semiconductor {CMQOS) compatible, the msthod inciudes
the steps of
5 i marking and etching a siticon tayer (101);
i depositing an oxide layer (102),
fii. implanting a p-well pattern on the sificon and oxide taysrs {101, 102y,
fv. implanting a channel pattern onto the silicon and oxide layers (101, 102);
v. implanting N+ source and drain patiern onto the siticon and oxide layers (101,
10 103,
vi, implanting P+ diffusion pattern onto the silicon and oxide layers (101, 102}
vil. removing the oxide layer (102);
vill.  adding a bottom oxidation layer (103);

x. depuositing g silicon nitride fayer {104};

15 X, adding a contact hole paitern (105,
xi. spuftering metal 1 onto contact hole pattern (108), silicon nitride layer (104) and
the hattom oxidation fayer {103); and
xit.  etching a metal 1 pattern on the sputiered metal,
such that the method forms a mask design includes 2 combination of ISFET and
20 metat-oxide-semiconductor fisid-effect transistor (MQIFET) dice on a single site.
2. The method as claimed in claim 1, whereln the method uses 8 lithography mask javers
which include sificon mark efch pattern, P-wall implant pattern, N+ source and drain
pattern, P+ diffusion pattern, contact hole paitern and Metal 1 pattern.
25

o

The method as claimed in claim 1, wherein the method further includes steps of low

pressure chemical vapor deposition (LPCVD) battom oxidation and LPCVD silicon nitride
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deposition togsther with post nitride deposition with nitrogen annealing ensures that

fabrication is CMOS compatible,

The method as claimed in claim 1, wherein the metal stching step is done on the silicon

nitride sensing membrane which is done in a reactive ion etcher,

The method as claimsd in claim 1, whereln MOSFET s used as a test strusture in each

image ithography shot.

The method as olaimed o claim 1, wherein selectivity and chemical sensitivity of the

ISFET ars compisiely controlled by propertiss of slsctrolyte/ingulator interface.
¥

The method as daimed in claim 1, whersin the mathod further includes adding a window

opening for sensing area after encapsulation,
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ISFET gate Is sensing membrane
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cortact pad  contact pad cortact pad

Figure 2, ISFET complets device

MOSFET gate is mstal on silicon nitride
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Figure 3: MOSFET conmplate device
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Figure 4: Die comyise of 14 ISFET and 1 MOSFET

{a} {6}
Figire §: (2} ISFET pH sensor; Bebulk {ground}, S=source and D=drain
(b} MOSFET pH sensor; Brbulk {ground), S=source, G=gate, D=drain
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