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Research activity
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S. Vollebregt et al.: Proceedings MEMS 2016
TUDelft F. Ricciardella et al.: Proceedings IEEE Sens. 2016



Research activity

-« Wafer scale production

response and
recovery
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Why graphene in gas sensing?

CANDIDATE FOR GAS-SENSORS

» Highest surface volume ratio (2600 m2g1)

2D MATERIAL e Surface atoms interaction, no bulk

e Strong stability @ RT

IDEAL CANDIDATE FOR GAS-SENSORS IN ENVIRONMENTAL CONDITIONS

TUDelft



Transfer process after CVD growth

Carrier film Self-releasa

olf-release layer

Growth substrate Growth substrate .

1]

Metal etching and deliver to device substrate

Stamp
Self-release layer

=
==
=

a*_

Target substrate Target substrate Target substrate
Chemical dissolution Mechanical Mechanical
or thermal detachment detachment detachment

Target substrate .
Chemical
. m dissolution

* Target substrate ‘

]
TUDelft J.-Y. Choi: Nat. Nanotechnol., 8, 311 (2013)



Transfer-free process

.=->=->_

Mo/SiO,/Si Graphene/Mo/S|O /Si Graphene/SiO,/Si

Contacts/Graphene/SiO,/Si

© Growth substrate = target substrate
© No damages

© No polymer residues at interface

© Wafer scale process with high yield (>97%)

<]
TUDelft S. Vollebregt et al.. Proc. of 29th Intern. Conf. MEMS 2016
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Graphene characterizations

Raman (50X, N.A. 0.50)
100 spectra, area=100 um x 100 pm

Intensity (a.u.)

T 1500 2000 2500 3000
Raman Shift (cm'l)

03 06 09 12 15 18 21 24 40 45 50 55 60 65
I(2D)/I(G) FWHM(2D)



Graphene characterizations

Raman (50X, N.A. 0.50)

74 nm
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Metal contacts

]
TUDelft

Devices

Packaging

N\

Bonding

Graphene bar
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-V measurements

Graphene bar

Metal contacts
20

o Graphene bar
ez =) RS
0l | ® 10umwidth o 4K T Width

g Device 1A 206 10
E Device 1B 206 10
° Device 2A 206 5
Device 2B 206 5

“Sh Wb w2 @0 G604 o2 0@ D Device 3A 206 2
Potential difference (V) Device 3B 206 2

%
TUDelft 12



Experimental set-up

- 4 ’ y T

TEST CHAMBER T =l T
|t =T <5hl

«Stainless steel testing chamber =
*Enviromental conditions =
(RT=25" C, RH=50%, p=p.m)

«Carrier: N,

Current
RH (%)

{ <
TUDelft

10 min Time

13



Experimental set-up

-

TEST CHAMBER .ﬁl_;_n
I ST S

-r
i

«Stainless steel testing chamber

*Enviromental conditions -2
(RT=25" C, RH=50%, p=p.m)
«Carrier: N,

\ Current

Baseline:
carrier gas

(‘ >
TUDelft _

Time

Recovery:
carrier gas
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RH test

/ 21.2 \
—— DEVICE 2B (5 um) ||

H Set i 70
21.0 W‘m‘\“‘ 60 &
— 0 >
: T =
- T =
é i F 777777 I
S 208 | | <
© . RH: 35%-> 6 ©
,,,,,,,,, \\‘* Dq:)

30

20.6 -

0 20 40 60 80 100 120 140 160
\ Time (min) /

Drift of base conductance
Slow kinetics

RH: 30% ->70%  |Al/ly|~1.3%

]
TUDelft



RH tests

25.2
| R EHm 0 118 R @ 70
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RH tests

25.2
e B N
250F\ " R read F q _ . — RH_read Q\oz
(=)
60 S 60 2
@ 248 > —~ 'g
z 2 Tunp :
S 26 Sl = 03
g 6 + s | e 2
5 ) 5 y T
O o4l 0 2 Oueuf 0 g
D RH: 35% -> 65%
- ¥ I Abs(AI9)=0.9%
24.2 - 30 30
115u ................
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
Time (min) Time (min)

Graphene bar (um) | RH: 30% ->
70%

Slow kinetics

Drift of base conductance Length Width |AI/l,| (%)
Repeata bi|ity Device 1A 206 10 0.08
Current variation <2% Device 1B 206 10 0.1
Real environment: RH slower Device 2A 206 5 1.8
variations Device 2B 206 5 1.3
Device 3A 206 2 0.9
Device 3B 206 2 0.5

]
TUDelft 17



Tests towards NO,

——Device 1A (10 pm)
——Device 1B (10 pm)
—— Device 2A (5 um)
—— Device 2B (5 um) 115 TeSt p rOtOCOI
——— Device 3A (2 um) ]

—— Device 3B (2 um)

41.2
é 1.05 | ’h’k “ . Baseline: 20 min N2
3 104} VA A 19° € . -
% vy /{ M\ “"‘ | | g . Exposure: 4 min NO, @ 0.1-1.5 ppm
8 \‘.\,“ - ~J%¢ 5 . Recovery phase: 10 min N,
< 1.02 | 3 1 =z
g 1.01 v, =1V 103
1.00 é Carlrier:_N2
|| analyte=NO, 0.0
%0 50 100 150 200 250 300 4.5 - = Dovice 14 (10 pm)
. . T Bl “
Time (min) 4.0 —e— Device 1B (10 um)
- —A— Device 2A (5 um)
3.5 —w— Device 2B (5 um)
. ~ ¢ Device 3A (2 um)
3.0 < Device 3B (2 um)

Real environment: no drastic RH
variation

AL (%)

@RH=50%: separated contributions
LOD~ 100 ppb

NO, concentration (ppm)

&
TUDelft F Ricciardella et al., in preparation 18



Conclusions

FABRICATION PROCESS

* Transfer-free graphene-based gas sensors

« Wafer scale production (>700 devices/wafer)
* High yield of working devices (>97%)
SENSORS

 Distinguishible RH effects on NO, sensing
 Repeatability on 2-5-10 um devices

* High sensitivity in 0.1-1.5 ppm

5 » LOD ~ 100 ppb @ RT
TUDelft

From LAB.
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