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Fig. S1 Schematic structure diagrams of the optimized monochromatic OLEDs, corresponding to device B,

device Y, device O, and device R, respectively.




—
L]
~
_
=5
~—"

e
by 4 B e
'{"‘lolr ;AYC.:fO'O""]U _AIU 1s é
B " Z s} g
« 10§ 1o = E | 46 g
£ s o e e ]
T 0F @& 1 % = e 14 &
= B ; = 5 % E
Z10'f 100 2 5 4] o, =
5 CIE (0.15,0.09) = E 42 g
-
= 102} E B o = &
g ‘ {10' 3 s, —o—PE o =
B -ar =
= 10°f [ - g Device B g
@) Wavelength (nm) A 4} 42 ;
10-4 i 1 i 1 i i 109 - 1 - ! - L - |4 =
2 4 6 8 10 10 10 10 10
% -2
Voltage (V) d Luminance (cd m 7)

(©) - @ -
—_ g 10 =
2100k — o 0 sl - ‘; 420 9:
;" e :
< 10} S 410° € E eof e {15 £
E b ol - B2 = N £
el /’A—ﬁ' T So {10 g
g o ] j/ : 1100 2 g m%. E
800 J N\ = S = ) e E
a /’ \ CIE {0.49,0.49) = E {7% 15 g
= 10°F ] , {10 E 40 al o
=} \ = Rt e
3 o 5 ° 0F —C P G 7‘;
E ] e e # N —— = i T
==- lﬂ ] gt S0 ﬁlI!O 7l‘l0 1 g 2" Dev.ce Y }0:
&} Wavelength (nm) 110 =V =1

104 1 1 1 1 1 L l -5 =
2 4 6 8 10' 10° 10° 10° 10°
Voltage (V) Luminance (cd m )
(e) , : M %5 =
ooy 10° ~ g
— 3 ; P ,Ya,o-r‘)‘o o -
".*E 10°f D e = 80F 120 %

S sl e <" g
< 10 R it 3 =) E 6ok 'E
£ = = T 155 8
T 100 r / . 3 £ 3’ She =
z o 10° & o 40 =N
7 oS- o . {0 E
2 108 =] ‘D %\1. 2
B ] / CIE0.51046 102 g E 20} Q‘)‘faa% . E
510} = 5 n =] o
B : . Jiw = 2 sl o 2
;. 107 F ] 500 S00 T00 =] Device O s
o Wavelength (nm) =5 20 :

]0_4 L 1 i lOll 1 L Il ] J 5 =
2 4 6 8 10 10° 10° 10! 10°
B 2
Voltage (V) h Luminance (cd m )

(g) 1 10° (h) 5~
= 3 — &
10tk ' n =
£ i z wl 14 2
< 10} B E -2
g o = {15 &
=0k 2zt =
£ {100 ¢ £
£ 5 5 {10 E
£ 10 ] s =z g
o 7 CIE (0.66,0.33) ] g B =
(= 2 ‘= = 0F 45 =
=10cF o/ qu0° § M —=—EQE 2 s
5 5 g —o—PE =
ju- 3 : ; 7 40 =
; 107 / 500 600 700 . no_ =20 Device R §
U = ‘Wavclength (nm) 110 <]

]0—1 i i i 3 i 1 i M B =
2 4 6 8 10' 10 10° 10

Voltage (V) Luminance (cd m'z)
Fig. S2 Current density-luminance-voltage and external quantum efficiency and power efficiency versus

luminance characteristics of the optimized monochromatic devices B, Y, O, and R. The insets give the EL

spectra and image photographs of the devices at 1000 cd m2, respectively.
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Fig. S3 (a) Schematic diagram for the exploration on exciton density distribution in EML. (b) Normalized
emission spectra after inserting ultra-thin phosphor sensing layer at different positions. (c) Ratios of yellow
emission peak intensity to blue intensity as a function of the position of yellow ultra-thin sensing layer in

EML at different voltages.



Fig. S4 Diagram of Commission International de L’Eclairage (CIE) chromaticity and photographs of device

W2 at different luminance.
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Fig. SS Current density-voltage characteristics of a) the hole-only devices of ITO/HATCN (15 nm)/TAPC
(50 nm)/EML (15 nm)/TAPC (50 nm)/HATCN (15 nm)/Al, where EML is H1: PBI-PPI-TPA, H2: PBI-
PPI-TPA:3%lr(tptpy).(acac), H3: PBI-PPI-TPA:3%YDDO001, H4: PBI-PPI-TPA:2%RDO071, and b) the
electron-only devices of ITO/LiF (1 nm)/TPBi (40 nm)/EML (15 nm)/TPBi (40 nm)/LiF (1 nm)/Al, where
EML is E1: PBI-PPI-TPA, E2: PBI-PPI-TPA:3%Ilr(tptpy).(acac), E3: PBI-PPI-TPA:3%YDDO001, E4: PBI-

PPI-TPA:2%RDO071.
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Fig. S6 Time-resolved transient EL decay characteristics of devices BY and W2 recorded at 560 nm at 5
V. The structure of device BY is ITO/HATCN (15 nm)/TAPC (65 nm)/TCTA (5 nm)/PBI-PPI-

TPA:Ir(tptpy).(acac) (3%, 7 nm)/PBI-PPI-TPA (10 nm)/TPBi (40 nm)/LiF (1 nm)/Al.
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Fig. S7 EL performances of the resulting two-color white device W1 and the reference devices W1-1, W1-2

and W1-3): (a) J-V—L, (b) CE-L—PE, and (c) EQE—L characteristics.



Normalized Intensity (a.u.

Normalized Intensity (a.

u )/-\
- &
T

R Luminance
—500cdm”
| 1000 cdm*
08} 5000 cd m”
— 10000 cd m”

=
=

=
=

0.2 Wi-1

0.0 i L L L L
400 500 600 700 800
Wavelength (nm)

Lof Luminance
—500cdm’

0.8} )
— 1000 ¢d m

el 5000 cdm”
— 10000 ed m™

04}

0.2} W1-3

0.0

400 500 600 700 800

Wavelength (nm)

(b)

)

Normalized Intensity (a

Normalized Intensity (a.u.)

1o} .
i Luminance
08k — 500 cdm™
—— 1000 cd m™
0.6 F 5000 cd m”
: — 10000 cd m”
04}
0.2 W1-2
-0 L/ L i L i 1 1
400 500 600 700 800
Wavelength (nm)
2
@1000 cd m
15F
— WiI-1
ol — W12
Wi
— W13
5 L
0 i 1 - [l
400 500 600 700 800

of device W1 and the reference devices measured at 1000 cd m=2.

Wavelength (nm)

Fig. S8 EL spectral characteristics of devices (a) W1-1, (b) W1-2, and (c) W1-3. (d) Normalized EL spectra
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Fig. S9 Capacitance—V characteristics of devices W1-1, W1-2, W1 and W1-3, and J-V characteristic of

device W1.

Table S1. Summary of EL performances of the optimized monochromatic OLEDs.

Device Ve Max EQE? Max PE? CIE¢ EQE* PE¢
V] [e] [Im W] x,y) [e] [lm W-1]

B 2.8 6.9 5.8 (0.15,0.09) 6.3 32

Y 2.6 21.1 78.9 (0.49,0.49) 17.7 50.6

(0] 2.6 21.7 76.2 (0.51,0.46) 19.7 515

R 2.6 21.6 31.1 (0.66,0.33) 17.1 17.6

@ At a luminance of 1 cd m 2, ? The maximum efficiencies, ¢ Measured at 1000 cd m™2.



