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Effect of different nitrogen ion implantation parameters on surface
charge accumulation and dissipation characteristics
of polytetrafluoroethene

He Youhui'?,  Chen Hongbin?,  LiFei*,  Song Falun’
(1. Graduate School of China Academy of Engineering Physics, Mianyang 621900, China;
2. Institute of Applied Electronics, CAEP, Mianyang 621900, China)

Abstract: To suppress the surface charge accumulation and improve the surface pressure resistance of
polytetrafluoroethene (PTFE), the plasma immersion ion implantation was carried out on the surface of PTFE by radio
frequency (RF) generation nitrogen plasma. The modification effect of PTFE sample surface was realized by changing
RF power, pulse width and pulse amplitude during injection. X-ray photoelectron spectroscopy, surface morphology,
surface resistivity, surface potential attenuation characteristics, surface trap energy level and density distribution were
measured before and after injection. The effects of different injection parameters on surface composition, surface
charge accumulation and dissipation characteristics of PTFE samples were systematically studied. The results show
that nitrogen ions can achieve surface modification mainly through their own kinetic energy, rather than introducing
new components through chemical reaction. The kinetic energy and quantity of nitrogen ions are the main factors

determining the surface modification effect. With the increase of RF source power, nitrogen utilization efficiency of
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RF source is improved, the saturation point of treatment effect increases from 20 cm’/min at 100 W RF power to
30 cm’/min at 400 W RF power. The corresponding surface resistivity decreases from the maximum value
3.3x10' Q/mm? at 100 W-10 cm*/min to the minimum value 1x 10" Q/mm? at 400 W-30 cm*/min, the surface
charge dissipation rate increases from 6% to 68%. At the same time,the accumulation decreases by 18.6% at most. In
addition, when the applied pulse voltage increases from 3 kV-25 pus to 7 kV-75 us, The surface resistivity decreased by
up to 89%, the surface charge dissipation rate increases from 4% to 58%, and the accumulation decreases by 23.7% at
most. Further analysis shows that the trap energy level becomes shallow, which accelerates the surface charge
debonding, and the reduced surface resistivity promotes the surface charge conduction along the surface of the
debonding, and finally accelerates the surface charge dissipation.
Key words:  polytetrafluoroethene, nitrogen ion implantation, surface charge, accumulate and dissipate, surface

resistivity, surface trap characteristic
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Table 1 Treatment conditions of experimental samples

No. voltage/kV pulse width/ps power/W processed time/h nitrogen flow/(cm® min™")
1~5 3 50 200 1 10~40
6~10 5 50 200 1 10~40
11~15 7 50 200 1 10~40
16~17 3 25,75 200 1 20
18~9 5 25,75 200 1 20
20 7 25 200 1 20
21~25 5 50 100 1 10~30
26~29 5 50 400 1 10~40
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Fig. 1 Full spectrum of XPS on PTFE surface under different treatment conditions
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Table 2 Radicals and proportion of C elements in PTFE sample surface before and after ion implantation

proportion of C element/%

sample number processing parameters

CF3 CF2 CF C=0 Cc—0 CF;
1 3 kV-50 ps, 10 cm*/min, 200 W, 1 h 0.00 44.02 1.29 8.62 7.44 37.45
2 3 kV-50 ps, 20 cm*/min, 200 W, 1 h 1.36 25.90 1.05 11.65 14.17 42.38
3 3 kV-50 ps, 40 cm’/min, 200 W, 1 h 5.31 61.34 1.50 2.51 3.48 23.41
4 5 kV-50 ps, 10 cm*/min, 200 W, 1 h 0.85 26.14 0.40 8.09 9.00 53.73
5 5 kV-50 us, 20 cm*/min, 200 W, 1 h 0.33 43.08 0.44 9.72 8.27 37.78
6 5 kV-50 ps, 40 cm*/min, 200 W, 1 h 1.32 23.05 0.13 8.81 9.06 62.07
7 7 kV-50 ps, 40 cm*/min, 200 W, 1 h 2.19 67.94 3.44 2.79 7.46 21.13
8 7 kV-50 ps, 20 cm*/min, 200 W, 1 h 1.61 63.03 2.68 4.75 5.01 21.69
9 7 kV-50 ps, 10 cm*/min’, 100 W, 1 h 2.17 57.36 5.34 7.60 6.55 25.69
10 3 kV-25 ps, 20 cm*/min, 100 W, 1 h 1.03 41.13 1.80 11.19 8.81 37.74
11 3 kV-50 ps, 20 cm*/min, 100 W, 1 h 2.10 59.95 1.94 9.26 8.62 16.33
12 5 kV-50 us, 10 cm*/min, 100 W, 1 h 1.08 19.59 2.01 5.76 10.72 64.25
13 5 kV-50 ps, 20 cm*/min®, 100 W, 1 h 0 20.68 0.14 9.87 5.86 61.92
14 5 kV-50 ps, 40 cm*/min’, 100 W, 1 h 0.00 10.84 1.18 4.78 10.12 72.34
15 5 kV-50 ps, 10 cm*/min®, 400 W, 1 h 3.34 66.43 3.01 5.65 4.98 9.53
16 5 kV-50 ps, 20 cm*/min’, 400 W, 1 h 3.69 50.59 3.67 10.84 10.70 17.97
17 5 kV-50 ps, 40 cm*/min, 400 W, 1 h 4.97 61.31 232 7.93 3.93 19.92

ELpARSR UL, 7838 A [F] 3 i 0 AU, PTFE 26 i eSO R A BT TR], G 2 B, 24N Ry 5 kv B, 4b 2
FORTEF T 20 em’/min B35 B 000 R0, 107 5 Bl 20D R IO R TTAT B R B, R, PTFE 26 1 CF2 4544 L 441
M 43.1%. TR LK 40 em®/min A% L BE 23.1%, 5 10 em’/min 2544 F 19 26.1% #HIE, X B N & F it i A, &
FYCH T 2 1T 0 W SRV P R 1 L4 s 2R 1o e VR

T3 Ab, 3K — A 32 3 K r e R A S 0, A0 kb R RS R R 7 KV B, R TR U B A A BRSO FE AR — 3,
5 At R AL R BRI o BT, CF2 25 R AE X 55t AR R T 33% BT84 3 1 T 31 63% Mtif, C—C & it
I HL R R 14 45% S 3(E K 2= 20% 2247, TRl BF C—0 55 C=0 25 3E P & Bt i R K R 19 20% % 2 10% 247, 914
NN R AR FT K G T B0 T HE B4R 7™ B A 8 T 3

i EL, B SRR L, N OB Sl A8 KRG i, Heah PRk SRt i 25 15, i 3(d),(e) (D) iR . 7E 400 W it
SRR ZAE T, A 100 W DR &4, CF2 SF3 H Al B 17% B2 60% £ 47, C—C LBl i P-4 66% [ 2 16%.

34, B DK SR Im, AU A BT, WiE 3(a), (b), (o) iR, £ 3kV-75 ps MALFRZ51F R AHEL 3 kV-25 ps,

125001-4



T RNESE . IR R T EEN S H0ns 58 DU S 2 07 4 THT VR 5 SR HORS: 28 19 2 o
=S =S s
< < <
> > cC E
é 2 ]
Q Q Q
£ £ £
CF2
c-C
< —O
. . < CF . , CF , co,
296 292 288 284 280 2958 2924 289.0 285.6 2822 296 294 292 290 288 286 284 282
binding energy/eV binding energy/eV binding energy/eV
(a) 3 kV-50 ps, 10 cm*/min, 200 W (b) 3 kV-50 ps, 20 cm*/min, 200 W (¢) 3 kV-50 ps, 40 cm*/min, 200 W
= = =S
g g 8
2 = 2
) =] g
Q Q Q
296 294 292 290 288 286 284 282 294.0 291.2 22884 2856 282.8 296 294 292 290 288 286 284 282 280
binding energy/eV binding energy/eV binding energy/eV
(d) 5 kV-50 ps, 10 cm*/min, 200 W (e) 5 kV-50 ps, 20 cm*/min, 200 W (f) 5 kV-50 ps, 40 cm*/min, 200 W
3 3 5
< < <
E E E
= B 7
) =) &
Q Q Q
g £ g
c-0 P k\ 4.101 - N
S S . LCF C0 . (CF3G02 GF 0 "7
296 294 292 290 288 286 284 282 296.0 292.8 289.6 2864 2832 296 294 292 290 288 286 284 282
binding energy/eV binding energy/eV binding energy/eV

(g) 7 kV-50 ps, 10 cm?/min, 200 W (h) 7 kV-50 ps, 20 cm*/min, 200 W (1) 7 kV-50 ps, 40 cm*/min, 200 W

Fig.2 XPS C spectra of PTFE surface under different pulse voltage and nitrogen flow
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Fig.3 XPS C spectra of PTFE surface treated with different RF source power and pulse voltage widths
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Fig.4 XPS N spectra of PTFE surface under different treatment conditions
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Fig. 5 Surface morphology of PTFE under different nitrogen flow treatments
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Fig. 6 Effect of different treatment conditions on the surface resistivity of PTFE samples
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Fig. 7 Attenuation characteristics of central potential on PTFE surface under different treatment conditions
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Fig.8 Distribution characteristics of traps on PTFE surface under different treatment conditions
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