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Figure S1.EDS data of 2DNP substrat@s) as a functiorof AUNP LPDrepetitionand @) atomic

% changes in Au and Si as a function of AUNP Liepetition.
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Figure S2 EDS datameasured from the tagf 3DNP substrate§A) as a functiorof AUNP LPD

repetitionand @) atomic % changes in Au, Si, and Zn as a function of AUNP tdp@tition.

S3



A

2.5x107
E —_
e LITTITIT]
R Somm £2.0x10 " 4
° : TILIIIT]1
100 nm %
Electric field 150 nm  ©1.5x10
intensity |E[2 200nm =B
(a.u.) c
1 250 nm X -
58 S w1:0x10 "1
©
0.6 350 nm £
0.4 s 6
65 400 nm 35.0x10 L X 100000
0 450 nm £ .
500 nm
550 nm 0 100 200 300 400 500 600
800/ Thickness (nm)

Thickness

Figure S3 (A) Numericaly simulatd distributionsof the electric fieldintensity (|E) inside the
3D stacks as a function of the layer deptth differentgap sizes(B) integrated |Elenhancement
vs.thelayer depth for different gap sizes. Raman enhancement maximizes when the gap size is 15

nm° standard deviation (7 nm)
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Figure S4. (A) Photograph of 3DNR substrate synthesized on #ndh Si wafer (B, D) 2D
Raman mapping and (C, E) statistidatributions of Raman intensity at 999 ¢and 1022 cm,
respectively, measured on ainth wafersized 3DNP38 substrate incubated in aniM
benzenethiol solutior(f) 2D Ramammapping and®) statistical distribution of Ramantensity
measured at 107%2n™ on a 4x 4 mn¥ 3DNP-8 substrate incubated 1amM benzenethiatolution;
(H) 2D Ramanmapping andlI] statistical distribution of Ramantensitymeasured on a 2DN®

substratencubated inl-mM benzenethio$olution.
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Figure S5 Uniformity and mapping areaomparison with previous large and uniform SERS

substrates
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Table S1.SERS performanceomparison with previous large and uniform SERS substrates

Fabrication method Material Mapping | Enhancemen| Relative | Ref.
area factor standard
deviation
This Hydrothermal synthesis and liquid| Au 100 x 100 | 8.73x 1 12.2%
work phase deposition mn? 6.8%
4 x 4 mnd
Previous | X-ray interference lithography and Au 5x5mm | 1.2x 10 20% 1
works electronbeam vapor deposition
Micro-contactprinting Au 0.05 x 8.6 x 16 10% 2
0.05 mnd
Laser interference lithography and Au 0.1x0.1 |10 20% 3
electronbeam evaporation mn?
Laser interference lithography and Ag 10 x 10 4.81x10° 15% 4
electronbeam evaporation mn?
Selective electrodepositian PS Ag 0.06 x 1.4 x 16 7.2% 5
bead and AAO template 0.06 mn3
Liquid phase deposition Au 10 x 10 45 x 16 7.52% 6
mn?
Liquid phase deposition Au 0.1 mm 2.2 x 106 7% 7
line
Liquid phase deposition Au-Ag 0.02x 267x 10 8.2% 8
0.02 mn?
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Two-stepsolvothermal method Ag-TiO.-rGO | 0.05x% 3.46x% 10 9.84% |°
0.05 mn?

Chemical vapor depositioand Ag-Ge 0.1x0.1 |10 7% 10

liquid phase deposition mn?

Nanoimprint PdioNigod1o | 0.1 x0.1 | 1.2x 10 8.74% |11
mn?

Seedmediated growth Au-Ag 0.01 x 1.6x 10 7.8% 12
0.01 mn?

Seedmediated growth Au 0.03x 1.2x 10 10.9% |13
0.03 mn?

Photocatalyticdepositon Ag 0.04 x 10 10% 14
0.04 mn?

Sputtering Au 0.00001 8.2 x 16 16.5% 15
mm?

Nanoimprintandelectrorbeam Au 1.6x1.6 |3.1x1C 15% 16

vapor deposition mn?
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Enhancement factor calculation The enhancement factor (EF) was calculated using the
following relation:

we O Y
°* 0

where kersis the intensity of the SERS spectrum of benzene{l@d®) obtained from AuNP
cluster anddui is the intensity the Raman spectrum of BT solution measured in the cuvette. The
intensities at 1072 ciwere used to calculate the EF valug.iNs the molecule number of the
BT in the laser focal volume. Thader focal volume can be determined by the focal area and focal
depth of the laser spot and is calculated to be 1®1% Thus the Nuk of 1 mM BT solution in
the focal spot is calculated to be AP, Nag is the number of moleculesisorbed on thBERS
substrate within thiaser spotdefinedasthe following expressian

0 0O d®» I
where N is thepacking densityf BT (6.8x10* cm?), Aspotis the area of the focal spot of the
laser (1.23um?), anda is the ratio between the suréaof nanoparticle cluster and a flat surface of
the same horizontal dimensions. The nanoparticle cluster height is approxarid the diameter
of the AuNPs are about 20 nm, thus 50 layers of nanoparticlesheoeetically stacked.
Considering sphericathape of nanoparticles, connection area between nanoparticles, laser
penetration depttand the porosity of nanoparticle clustex,is calculated Therefore, Ms is
calculated to be aboBt56x1(P. As shown in SEM image of 3D stacked AublBster (Figure 3D)
and simulation results (Figure S3a,b), intensity of electric field was exponentially decreased as
laser light travelingoward the bottom layeand thisscreening effectvas considered for EF
calculation. he EF valuesf overall 3DNPsubstrate can bestimated to beé.73<10°. The

substrate is composition of connected nanoparticles and properly separated nanoparticles. High
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electromagnetic enhancemegenerates gaps between nanoparticles. The EF values at the gaps

were calculated to b@31x10°.
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