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Fluoroalkyl Side—chain Ratio Dependent Charge-Transfer via DPP-BTZ Copolymer films

Do Hyeon Jeong

Dept. of Graphic Arts Engineering, Graduate school,

Pukyong National University

Abstract

Recently, donor—acceptor (D-A) type semiconducting copolymers are receiving a lot of
interests because of their high field-effect mobility as well as ambipolar characteristics
wherein both p— and n-type charge transport can occur. From a circuit design point of view,
the ambipolar semiconducting polymer is preferable for facilitating fabrication of such

circuits using complementary-like inverters with high gain.

In this thesis, a newly-synthesized novel D-A type semiconducting polymers obtained by
copolymerization with the electron—deficient diketopyrrolopyrrole (DPP) monomer and
benzotriazole (BTZ) monomer are investigated. In particular, the effects of fluorine in the
side—-chains on the charge transports via the DPP-BTZ semiconducting copolymer films as a
active layer of organic field-effect transistors (OFETs) are studied. For this purpose, we
prepared four kinds of DPP-BTZ semiconducting copolymers with different ratios of alkyl
side-chain to fluoroalkyl side-chain (i.e. alkyl chains : fluoroalkyl chains = 3:7, 5:5, 7:3 and

10:0, respectively).

The band gap energies of the four ratios measured by UV-visible simulation were 1.32 eV
and were all the same. However, as the ratio of the fluoroalkyl side-chain increases, the
peak of the absorption wavelength changes from the red-shift to the blue-shift, which is

considered to decrease the planarity of the polymer backbone. From the two-dimensional
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grazing incident X-ray diffraction (2D-GIXD) results, it was found that the phases in the
DPP-BTZ polymer films are changed from face—on to edge-on, as increasing the ratio of
fluoroalkyl side-chain. According to the crystallographic parameter data, as increasing the
ratio of fluoroalkyl side-chain, the m— n distance between the molecules was shortened and
the polymer backbone torsional angle was increased, in order for fluorine groups in polymer
to exist in the most stable state. In contrast, as decreasing the ratio of fluoroalkyl side—chain,
the m— m distance was increased, however, the torsional angle of the copolymer backbone

was decreased and the coherence length of the copolymer backbone was increased.

On the other hand, the measured electrical properties of the DPP-BTZ based OFETs
showed the ambipolar characteristics for all ratios of fluoroalkyl side-chain and the reduction
of currents at the same bias conditions, as increasing the ratio of fluoroalkyl side—chain. We
also performed the temperature—-dependent electrical measurement to extract the activation
energy of the hopping charge transport in the copolymer films. It was found that the more
activated energy was required as increasing the ratio of the fluoroalkyl side-chain. In
addition, the density of states (DOS) of each fluoroalkyl chain ratios of the DPP-BTZ
copolymers was extracted by using the temperature—-dependent results. The number of
states per unit volume and energy and the width of the energy distribution become larger for
hole and electron accumulated regions, respectively, as increasing the ratio of the fluoroalkyl
side—chain. From the above results, it was concluded that the effect of the torsional angle of
the DPP-BTZ based D-A type semiconducting copolymer backbone on the charge

transporting properties is greater than the distance between the molecules.
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- 11 -

7:

o
3



1. PMMA

2 AFdAE f71 dA &3 EWX2EH (OFETD)E] ACE HAAZ F7] dAA
Poly(methyl methacrylate) (PMMA)E A}-8-3lth. PMMA & 5% f2l& HASAY dEHES}
Ze o8 JleE, dey 2 w4y fEERLE F2E AR QAN BEA AT 2 A

ol A R dAA =

N
fu

AbeE ok e PMMA = AAE JFFE trapping
group ©] Hom &7 AA &7 ENA2~E (OFED)AA %34 HalolES #A#3 4 9=
HAAZ AFEold g webd B AFoMiE Ambipolar 549 1EA WMEAS
AHE3L7] wEell, AlolE HAAE PMMA 2 A® gt} Figure 7> PMMA ¢ #4325 YERd

ol

Figure 7. Molecular structure of Poly(metyl methacrylate) (PMMA)
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2. A% Wy
7}. Sonication ¥ Spin-coating

2e9h ARE Jlw mwel P8 4 WA welE A= AgEL A4 ads
Ao WA sl ® 2 G Wl W, 214F A% Aol /1w Aol AXRF Bast

At 259 AlHLE Figure 8 ()¢ (b)ok o] probe o 2% 23 AH3} 7]d3 water

(b)

oty Wt uil, v iy WATER
ULTRASCHAC GENERATOR e i, [ e sl .
- ® TIMER
ULTRASONIC WATER BATH
PROBE TYPE SONICATOR

(c)

Figure 8. Schematic representation of sonicator (a) Probe type sonicator (b) Ultrasonic water bath

and (c) sonicator in our lab
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Ao A AF&E Spin-coater & Ho]F I 9t}
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Solidified region

‘ -y ‘\._
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-

Figure 9. (a) Spin-coating process and (b) Spin-coating in our lab
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1}. Annealing

Spin-coating &2 FAH 3EA BvFERe 2} oajdoe] n2X gt mElA dolde o

8ulE AASGUA A& AN 7] A9 Annealing FAo] 7T LER ekl &

o =
Aol £ (Ty olde] Sx& 7slFd, olo 93] oJuxE B& Akzo]l AR FA g™

Figure 10 (a)¥= Annealing 34& 7% 1&2 2 ¥jd AeE Jebd ado|th. A4 o]

)
s

ggoms wiA Ao e Eojdy] wpel, o) weh Aek olF Tl 27

AL B F At} Figure 10 (b)E ¥ Ao AF8-3F Hot plate ©]t}.

Annealed

Pristine

Inefficient Transponrt Efficient Transport

Figure 10. (a) Charge transport according to annealing process and (b) Hot plate in our lab
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t}. Thermal evaporation

.. Substrates
- F“’
Metal vapour-.__ — ) Vacuum
P " chamber

------------------------ Hot resistance (W)

Power Vacuum system
supply

Figure 11. Simple schematic of thermal evaporator
Thermal evaporation < Physical Vapor Deposition (PVD) 7)< =oA 7}& tg3sk =32t
719 o]t} Figure 11 2 Thermal evaporation & 52 X 2ZA~E5 yepdl 1ot} Hd A
72 (mean free path)©= 99X & FA7F & Akt SE317] del 13 W oA ols&
T U= H Aolth wEbA, H A AR Ao 7|F Alole] AgHth Zojof &7

die], mmel dEe W@ A AZ Agdurt we Ade e el @k A
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Substrate zig

Thickness
monitor

Hot resistance

Boat

Figure 12. Thermal evaporator in our lab.
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7}. UV-visible spectroscopy2°26!

Excited electronic state

Ground state

Energy

Vibrational energy levels
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Interatomic distance

Figure 13. Excitation state and Ground state of electron
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Figure 14. Excitation energy for electron transitions
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2}. Vacuum probe station

Probe station

Figure 17. Vacuum probe station in our lab
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Iv. 2843

1. OFET &# A&#4A

W = 1000pm

lL = 50pm

Figure 18. (a) Top-Gate / Bottom-Contact Device structure (b) optical image of channel

WA 19.56 < 19.5 mm =719 Fel7|® 919 HA welE AlH57] $18] Acetone ¥ IPA o
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10 4 =53 AlHsith 183 Au g 52 HS o]gs 1.0A/s 9] X2 40nm
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fNS w2 Ha, 1 v 1500rpm &2 30 ZFeF A~ FYste] vhuks AT 1w o]
W FAl= oF 20~30nm vk Rl Z2A F4 % BwlE SEA717] 918 annealing
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2. 43 2 3%

7}. DPP-BTZ W=7 oy XA

DPP-BTZ 2¥## ®F=A o] Fluoroalkyl Side-chain & #H713S wj, mEXx} wi=740] ojH
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Figure 19. UV-visible absorption data of solution and film with ratio of (a) 10:0, (b) 7:3, (c) 5:5, (d)
37
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1}, H]&38 DPP-BTZ wute] RZ 2 X
Atomic Force Microscopy(AFM)S ©]&&te] DPP-BTZ Huhe] AR = 54
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Figure 20. AFM images according to DPP-BTZ ratio (a, b) 3:7, (c, d) 5:5, (e, f) 7:3, (g, h) 10:0
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t}. 2D Grazing Incidence X-ray Diffraction (2D GIXD)
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Figure 21. 2D GIXD pattern for (a) 3:7, (b) 5:5, (c) 7:3 and (d) 10:0. The corresponding 2D GIXD

profiles along the (e) In-plane and (f) Out-of plane directions.
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Figure 22. Crystallographic parameter (a) mt-distance, (b) coherence length and (c) d-spacing. (d)

Change of polymer backbone morphology according to ratio
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Figure 23. Transfer curves according to annealing temperature (a) 100°C, (b) 200°C, (c) 300°C and

(d) comparison of saturation mobility
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Figure 24. (a) Transfer curve and (b) Output curves of ratio 3:7
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Figure 25. (a) Transfer curve and (b) Output curves of ratio 5:5
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Figure 26. (a) Transfer curve and (b) Output curves of ratio 7:3
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Figure 27. (a) Transfer curve and (b) Output curves of ratio 10:0
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Havg S.S
(em2/Vs) (V/decade) On/Off
Electron Hole Electron Hole
3:7(BTMB) 0.104 0099 1.64 1.76 104 ~ 105
(£0.07) (£0.03)
5:5(BTMB) 0.239 e 1.92 2.02 103 ~ 10°
(£0.1) (£0.04)
7:3(CB) R y 1.87 2.00 103 ~ 10°
(£0.1) (+0.06)
10:0(CB) P-248 % 1.96 219 103 ~ 10°
(£0.3) (2£0.2)

Table 1. Summary of electrical properties according to DPP-BTZ ratio
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Figure 29. temperature experiment transfer curves in electron region according to DPP-BTZ ratio

(@) 3:7, (b) 5:5, (c) 7:3 and (d) 10:0
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Figure 30. Arrhenius plot in electron region according to DPP-BTZ ratio (a) 3:7, (b) 5:5, (c) 7:3 and

(d) 10:0
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Figure 31. temperature experiment transfer curves in hole region according to DPP-BTZ ratio (a)

3:7, (b) 5:5, (c) 7:3 and (d) 10:0



Figure 32. Arrhenius plot in hole region according to DPP-BTZ ratio (a) 3:7, (b) 5:5, (c) 7:3 and (d)
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Figure 33. Trap DOS extraction value of ratio 3:7 in hole region. (a) drain current according to
temperature and gate voltage (b) activation energy according to gate voltage (c) hole density

according to energy above valence band energy value
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Figure 34. Trap DOS extraction value of ratio 5:5 in hole region. (a) drain current according to
temperature and gate voltage (b) activation energy according to gate voltage (c) hole density

according to energy above valence band energy value
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Figure 35. Trap DOS extraction value of ratio 7:3 in hole region. (a) drain current according to
temperature and gate voltage (b) activation energy according to gate voltage (c) hole density

according to energy above valence band energy value
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Figure 37. Trap DOS distribution in hole region according to DPP-BTZ ratio

N(#/cm3) a(meV)
3:7(BTMB) 3.00 x 10%° 287
5:5(BTMB) 1.62 x 10%° 159
7:3(CB) 1.44 x 10%° 146
10:0(CB) 435 x 10%° 67.0

Table 2. Summary of key parameters for Trap DOS in hole region according to DPP-BTZ ratio
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Figure 38. Trap DOS extraction value of ratio 3:7 in electron region. (a) drain current according to
temperature and gate voltage (b) activation energy according to gate voltage (c) electron density

according to energy below conduction band energy value
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Figure 39. Trap DOS extraction value of ratio 5:5 in electron region. (a) drain current according to
temperature and gate voltage (b) activation energy according to gate voltage (c) electron density

according to energy below conduction band energy value
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Figure 40. Trap DOS extraction value of ratio 7:3 in electron region. (a) drain current according to
temperature and gate voltage (b) activation energy according to gate voltage (c) electron density

according to energy below conduction band energy value
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Figure 41. Trap DOS extraction value of ratio 10:0 in electron region. (a) drain current according
to temperature and gate voltage (b) activation energy according to gate voltage (c) electron

density according to energy below conduction band energy value
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Figure 42. Trap DOS distribution in hole region according to DPP-BTZ ratio

N(#/cm?3) a(meV)
3:7(BTMB) 9.26 x 10% 514
5:5(BTMB) 8.75 x 10% 375
7:3(CB) 8.32 x 10/ 32.2
10:0(CB) 6.07 x 10/ 223

Table 3. Summary of key parameters for Trap DOS in electron region according to DPP-BTZ ratio
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