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1. Device fabrication and performance testing of OLEDs

MoO;,  N,N'-bis-(1-naphthyl)-N,N'-diphenyl-1,1'-biphenyl-4,4'-iamine ~ (NPB),
1,3,5-tris(2-N-phenylbenzimidazolyl) benzene (TPBi), N,N'-Dicarbazolyl-3,5-benzene
(mCP), 1,3,5-Tris(carbazol-9-ylphenyl)amine (TCTA) and Lithium fluoride (LiF) were
purchased from Xi’an Polymer Light Technology Corp. Aluminum (Al, 99.999%) was
obtained from Energy Chemical Technology Co. Ltd. Pentafluorobenzyl phosphonic
acid (FsBnPA) was purchased from Sigma-Aldrich. Other reagents were obtained from
Tianjin Concord Technology Co. Ltd. Indium tin oxide (ITO) substrates (8 {)/sq) were
obtained from Advanced Election Tech.

ITO substrates were sonicated in detergent solution, deionized water, toluene,
acetone and ethanol for 15 min, followed by boiling in ethanol. After drying with
nitrogen, ITO substrates were treated with oxygen plasma cleaner at 80 W for 5 min to
obtain cleaned ITO.

ITO substrates were immersed into 1 mM FsBnPA/ethanol solution at 25+5 °C for
24 h to obtain FsBnPA-ITO, which needs rinsing with ethanol and drying with nitrogen
before use.

ITO substrates were placed in a common rotating sample holder in a vacuum
chamber (5 x 107 Pa) for device fabrication. All the organic layers were deposited at a
rate of 1-2 A/s while the deposition rates for LiF, MoOs and aluminum were 0.1, 0.3
and 10 A/s, respectively. The film thickness was monitored by a quartz thickness
monitor.

The current—voltage characteristics of the devices were measured with a computer-
controlled Keithley 2400 source meter. The brightness of the OLEDs was measured

with a CS2000 Luminance Meter, together with color coordinates and emission spectra.
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2. Device schematic and energy band diagram
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Fig. S1 (a) Device schematic and energy band diagram of NPB-OLED. (b) UV-vis
absorption spectrum and (c) cyclic voltammetry curve of F-2CzB.

The optical band gap (E,) of F-2CzB was 3.16 eV, determined by the onset
absorption wavelength in CH,Cl, solution (Figure S1d). Employing cyclic voltammetry
(CV), the highest occupied molecular orbital (HOMO) energy level of F-2CzB was
estimated to be -5.66 eV, according to the onset potential of oxidation (Figure Sle).

Thus, the lowest unoccupied molecular orbital (LUMO) energy level of F-2CzB was -

2.50 eV, calculated with HOMO energy level and E,.
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3. EL spectra and J-V characteristics of OLEDs
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Fig. S2 (a) the EL spectra and (c) the current density-voltage (J-V) characteristics of
FsBPA -OLED and NPB-OLED.

4. Performance of deep-blue OLEDs ever reported

Performance of the FsBnPA-OLED in this work and the deep-blue OLEDs ever
reported with a CIEy not higher than 0.05 was summarized in Table S1.
Table S1 Performance of FsBnPA-OLED and the deep-blue OLEDs ever reported.

Emitters V2 (V) CIE® FWHM ¢(nm) EQE..x4(%) Ref®
This work 3.2 (0.162, 0.028) 38 4.43
DBI1 3.9 (0.16, 0.04) 1.65 1
DB2 3.9 (0.16, 0.04) 2.48 1
mTPA-PPI 3.2 (0.161, 0.049) 47 3.33 2
DFPBI 3.0 (0.154, 0.042) 61 4.18 3
TPA-PIM (0.161, 0.046) 35 3.28 4
TP-C-TP 6.76 (0.158, 0.045) 64 2.44 5
TP-C-TPB 6.56 (0.154, 0.042) 60 4.02 5
DIP 3.2 (0.158, 0.040) 44 3.27 6
TPAXAN 34 (0.154, 0.049) 49 4.62 7
DPACPhTP 3.0 (0.156, 0.047) 3.50 8
I

aVoltage at 1 cd m2. ® CIE coordinates of EL spectra. ¢ Full width at half maximum.

d Maximum external quantum efficiency. ¢ References.
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5. Carrier mobility of F-2CzB
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Fig. S3 The current density-voltage (J-V) characteristics of hole-only device and
electron-only device with the configuration of ITO/NPB(15 nm)/F-2CzB(30
nm)/NPB(15 nm)/Al(100 nm) (hole-only device) and ITO/TPBi(15 nm)/F-2CzB(30
nm)/TPBi(15 nm)/LiF(1 nm)/Al(100 nm) (electron-only device)

6. Properties of ITO and FsBnPA-ITO
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Fig. S4 Photographs of water contact angle for (a) ITO treated with oxygen plasma and
(b) FsBnPA-ITO. The work function of (c¢) ITO treated with oxygen plasma and (d)
FsBnPA-ITO.
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7. Investigation on doped OLEDs

Doped OLEDs based on F-2CzB were fabricated, and the performance was
investigated and compared with non-doped OLEDs (FsBnPA-OLED and NPB-OLED
with NPB layer of 5 nm). The device structures of the OLEDs are as follow:

Device A: FsBnPA-ITO/F-2CzB(30 nm)/TPBi(15 nm)/LiF(1 nm)/Al(100 nm)
(FsBnPA-OLED)

Device B: FsBnPA-ITO/F-2CzB: mCP(10 wt%, 30 nm)/TPBi(15 nm)/LiF(1
nm)/Al(100 nm)

Device C: ITO/NPB(5 nm)/F-2CzB(30 nm)/TPBi(15 nm)/LiF(1 nm)/Al(100 nm)
(NPB-OLED with NPB film of 5 nm)

Device D: ITO/NPB(5 nm)/TCTA(5 nm)/F-2CzB: mCP(10 wt%, 30 nm)/TPBi(15
nm)/LiF(1 nm)/Al(100 nm)

Device schematic and energy band diagram of the doped OLEDs are shown in Fig.
S5a and S5b, mCP (Fig. S5c) was adopted as host material. From the
electroluminescence (EL) spectra in Fig. S5d and the EQE-current density
characteristics in Fig. S5e, Device B obtained more excimer emission and lower EQE
than Device A, Device D also showed more excimer emission and lower EQE than
Device C. To investigate the reason for the poor performance of the doped OLED:s,
doped films of F-2CzB: mCP (5, 10 and 15 wt%, 30 nm) and pure F-2CzB film (30 nm)
were prepared, and the photoluminescence (PL) spectra were measured. As shown in
Fig. S5f, regrettably, excimer in doped film was not intensively suppressed, which
means that the doped emitting layers (EMLs) cannot make a great contribution to the
suppression of excimer emission in the doped OLEDs. Additionally, compared with the
highest occupied molecular orbital (HOMO) energy level F-2CzB (5.66 eV), the deeper
HOMO energy level of mCP (5.8 eV) tends to bring about lower hole injection into the
doped EMLs, which resulted in poor carrier balance in doped OLEDs and thus

increased excimer emission and aggravated efficiency.

6/8



(a) 230V (b) (c)
il 2.7eV
LiF/AI LAl O O
SO
FsBnPA-ITO TPBi \©/
S0 ey 530eV 5.3eV
mCP
5.8 eV
6.2eV 6.2eV
(d) (e) (f)
=1 1 _.5'53’5 (pucr;)ﬁs 85)
N i 14 —F-2Czb: m o
3 T 5 = — F-2Czb: mCP (10: 90)
s — Device B 2 1 | = ——F-2Czb: mCP (5: 95)
2 — Device C A oy
2 — Device D i 2
<
2 o ——Device A -g
5 0.1 ——Device B |
- . =
w —o—DeviceC |
——Device D
01— T — v 0.01- T T 0 v v v v
400 450 500 550 0 400 800 400 450 500 550
Wavelength (nm) Current Density (mA cm?) Wavelength (nm)

Fig. SS Device schematic and energy band diagram of (a) Device B and (b) Device D.
(¢) Molecular structure of mCP. (d) EL spectra at 10 mA ¢m? and (e) EQE-current
density characteristics of the devices. (f) PL spectra of pure F-2CzB film and doped
film of F-2CzB: mCP (5, 10 and 15 wt%, 30 nm).
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