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GRAPHENE AND 2DM VIRTUAL CONFERENCE & EXPO
Development of a graphene based ammonia and NOx gas sensor
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| = Context Il = Experimental set-up & sensor design

\

= New requirements in NO, and NH, detection [1]-[2]-[3]: = (Gas environment: | = TestChamber | S0t
dEteCtlon Ilmlt Up tO 1 ppb and pOrtable 0o O, concentration in September at Paris 18 1 N02 or |\|H3 ﬂOW + N2 purge @ Dy, (L/min) ) ' ]
Roso -7
Application Detection limit ~ Response time  Temperature E§ 2. Vacuum up to 10_ mbar . T
Environnemental 0,1 ppb Minutes RT ém 3. Heated and passwated Dy, (Limin) _
Automotive 1 ppm Up to 1 min Upto 600°C £, chamber PNHL) — P C Dy, Heating resistance "
Chemical 20 ppm Minutes Upto500°C g u |I||H| | | 4. Electrical Measurements B { Electical ] -
Medical 50 ppb 1 min RT o LU UL UL UL LS Measurements
I i 4 = Production using photolithography methods and graphene transfer:
= But usual sensors do not meet these specifications [4] s . ey s ssmeminend 6 Moot
» Conducting polymers and SMO are sensitive - o De)cmﬂr.mt T oo sensor materes ﬁ ) |
to the ppm with high energy consumption :I?i,giﬁf( Q olymers and SMO. ‘ .
* Optical techniques suffer from high operating : T gty | and Photoresit fvoff <58 Transmission Line Method (TLM)
costs and limited portability S Lomos |t T PR structure = graphene resistance
: iﬁiﬁ: variation during gas exposure
z Needhto develop innovative sensors QTR Ry S>R=2XR_ +R .. XL/
Gr_ap ene l?qsed sensor [5]: o | =  “Langmuir’ adsorption-desorption model with 2 distinct adsorption sites [6].
+ Highly sensitive to NH; and NO,, (up to one molecule) with differentiated = Surface diffusion model through crystalline defective sites [7].
response ot t
» Low cost and easy to build =  Conductivity evolution: G(t) = Ge — ¥1N1 (01,0 — 010)e ™t — ¥2Np (0200 — b20)e 2
lll = Sensor performance —
. P . . u 0 n . - o
= Wide sensitivity range: » Response time to 90% = Colmparezl to Ilt_e_rature. . Sensitive to 1 ppb
From 1 ppb to hundreds of ppb of the sensor . L"(;Er()e\ﬁe §egr?§clev$/ne + Repeatable measurement thanks to the
response = 5000 s g P experimental set-up
Sensor response for several NO, concentration exposure Response time over sensitivity for several ¢ Sensor eaSy to prOC@SS and to use
1,2  cr0 Sensor response to 200 ppb of NO2 o sensors from the litterature and ONERA sensor
180 ppb ’ d Pearce et al .
§ - 5,0E-06 ONERA ° ° CO ns.
@ 4508 @ |cnngeca « Low response time, slow and complex kinetic
E g “o=e - R * Poor selectivity, the exposition to diluting
g . o gases (air, H20, etc.) modify the sensor
é 2:5E_06 o Piloto et al reS po n Se
20806 % » Sensor reset and instabilities due the
0 5 10 15 20 25 30 0 20 40 60 80 100 0,001 0,01 0,1 1 10
Time (min) Time (min) Sensitivity (ppm) [8]_[9] SU bStrate

IV — BN substrate V = Graphene fluorination

= To enhance graphene mobility and reduce instabllities: = Graphene functionalization to Improve sensor properties:
=2 BN substrate (graphene structural equivalent, highly insulating) = Fluorination (collaboration with Uppsala University)
" A300K [10]: " Expected [11]. =  Expected [12]: = lonic-fluorination [13]:
* seli-standing Gr : 200 000 cm2/V/s - Sensitivity enhanced » High electron affinity with the + Functionalization as a final step
» Gr/SI02 : 20 000 cm2/V/s « Shorter response time ammonia molecule of the process/before gas
« Gr/BN : 140 000 cm2/V/s * Substrate instabilities reduced . Enhanced sensitivity and experimentation

Issues: few BN sources, no all-CVD devices selectivity « Stable up to 200°C
= " Device fabrication using CVD sp2-hybridized BN = Electronic-fluorination has to be investigated [14]:
prOduced at the ONERA « XPS: Temperature stability and adsorption/desorption mechanism

| 800 nm Ni(111)/120 nm YSZ/Si(111) substrate + Raman spectroscopy: time stability under vacuum and inert atmosphere
- - —— + Continuous multilayers BN films
-~ =+ Regular atomic planes over the entire surface and :
= Perspectives
ey ¢ Sensor production directly on the BN growth substrate » Fluorographene gas sensor with Boron Nitride substrate and
.\ - ® After processing: To do: pbb sensitivity

gas B Sﬁ'd et'ZCt{O‘?'eS f‘t‘a‘bi"ty ' ChhethB'\_' itr_’S“'ating = Device and process adaptable for the production of various
TR not deteriorate characieristes sensors with multilayer BN films on the growth substrate: Hall

L . Graphene integrity  Experiment the device ot t t ectric field t
e preserved after the process Inside the gas chamber enect magnhetometer, electric field sensor, elc.
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