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Development of aromatic functional materials_by "precursor method”, control of
thin film structure and development to organic devices
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The pi-conjugated extended aromatic compounds are expected as organic
semiconductors and dyes, but they become difficult to dissolve In solvents as the aromatics are
extended. We have developed precursor approach to synthesize such extended aromatic compounds and
were successful to prepare heptacene and nonacene on Au(11l) substrate under ultra high vacuum using

photoprecursors and clarify the electronic structure of nonacene for the first time in the world.
We found a method to realize high charge mobility by using organic semiconductor materials as
crystalline thin films in a simple coating process.We were also successful to prepare porphyrin(2.1.
2.1) cyclic trimer, porphyrion nanobelt. These are the results that lead to the development of new
functional materials including organic electronic materials.
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Table 1. AFHSLOMFH IV THERL L 7245 KB OPERED HLi

Entry Active layer structure®  Jsc? (mA cm™?) Voc® (V) FF? (%) PCE? (%) PCEq” (%) R{ (Q cm?) Ry (Q cm?)

1 p-i-n 10.6 0.89 49.8 4.7 43403 16 424
2 BH] 1.6 0.83 23.5 0.30 0.29 + 0.02 433 465
3 p-i 2.8 0.92 24.6 0.63 0.58 % 0.09 213 307
4 i-n 9.7 0.89 481 4.1 3.9+ 0.4 21 423
5 p-i-n (with SVAY 12.7 0.88 52.6 5.9 5.5+ 0.3 1 411

@ Measured under simulated AM1.5G illumination at 100 mW em 2. ? General device structure: [ITO/PEDOT:PSS (30 nm)/active layer/ETL-1/Al (80
nm)]. ¢ Concentrations of cast solutions: PABADTDK for p-layer, 1 mg mL™'; AtDDK: PC71BM (1 : 1) for i-layer, 9 mg mL™"; PC,,BM for n-layer, 7 mg
mL~ . All these solutions are in chloroform. ¢ Parameters of the best- performlng cells. ¢ Averages and standard dev1at10ns calculated from at least
four devices.”/ Rg, series resistance; Rp, parallel resistance. ¥ Annealed with THF vapor for 120 s.
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Table 2. BP & PCBM O 7 L REIZE1F % BP-PCBM & R—/,3 &R

w/107 em?* vV tsTt /10 em? vits Tt

i-layer Jsc'l RS/ Ra”?  (active-layer (active-layer
BP-Cgo/wt% thickness/nm  PCE?/% (PCE,.‘/%) mAcm™2 Voc’/V. FF? Qcm? Qcem?  thickness/nm) thickness/nm)
0 65 1.58 (1.4 + 0.1) 5.93 050 053 7 383 1.0 (109) 0.9 (103)
3 63 2.10 (2.02 £ 0.06)  6.29 056 060 10 795 2.0 (145) 2.1 (140)
5 67 2.38(2.30 £ 0.08)  6.76 058 061 9 795 2.3 (138) 2.9 (129)
7 60 2.22 (2.12 £0.08)  6.91 056 058 9 600 1.6 (140) 2.7 (138)
10 64 2.18 (2.10 £ 0.06)  6.65 057 058 9 769 2.0 (130) 1.4 (148)

Obtalned under AM1.5G illumination at 100 mW cm 2. ? Parameters of the best-performing cells. ¢ Averages and standard deviations of four
devices. ¢ Ry: series resistance; Rqn: shunt resistance.
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