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trocatalytic properties of electrodes Copolymers of Zn- 
( l , lo-~hen)(TMHPP)~ and Zn(p-NH2)TTPP show sig- 
nificant enhancement of catalytic process Over their con- 
stituents. This is especially true for electrocatalytic oxi- 
dation Of hydrazine and reduction Of Oxygen 
water* Gener&, electrocatalflic reduction of Oxygen is to 141526-73-0; Zn(p-NH2)TMHPP (homopolymer), 141526-74-1; 

Ni(p-NH2)TMHPP (homopolymer), 141526-76-3; Zn(p-NH2)- enhanced for studied* One Of the Other 
important conclusion of these studies is the fact that 
porphyrinic polymeric and copolymeric materials show 
high catalytic activity in oxygen reduction even in the 
absence of coordinated metal. 
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The linear poly(hydr0xyamines) (PHA) and poly(hydroxyamino esters (PHAE) of various structures 
have been synthesized. PHA and PHAE exhibit peculiar photochemical and physicochemical properties 
which make them suitable for producing new high-sensitivity photoresists. The influence of chemical 
structure and molecular weight of the polymers on the photochemical characteristics and on the development 
kinetics of photoresists based on PHA and PHAE has been investigated. 

Introduction 
Linear poly(hydroxyamin0 ethers) (PHAE) synthesized 

by step growth addition reactions of secondary diamines 
or primary monoamines to bisphenol diglycidyl ethers 1-3 
are under intensive investigation due to the opportunity 
of application in ele~trophotography.~~ In the presence 
of halogen-containing acceptors, for example, CBr,, PHAE 
are oxidized under the action of light. The mechanism of 
photochemical transformation, in which a charge-transfer 
complex (CTC) plays the main role, was studied in detail 
in papers's The CTC is formed between the acceptor and 
an electron-donor amino group in polymer chain. The 
main product of photooxidation in such systems is a 
polycation with the structure dependent on the structure 
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of the amine fragment. With the transition from nonpolar 
polymer to ionic polymeric photoproduct, the solubility 
changes resulting in selective dissolution between exposed 
and unexposed area making the films based on PHAE 
useful as photoresists."" It is important to note that the 
regarded systems possess some advantages in comparison 
with the known resists based on CBr412-14 as the former 
ones have higher sensitivity due to the optical amplifica- 
tion. The optical amplification of the latent image is re- 
alized by the flood irradiation of the exposed sample with 
red and near IR light, h 1 650 nm. The light is absorbed 
only by the polycations (the latent image centers) that acts 
as an autosensitizer. 

Many monoamines as well as diamines were used for the 
synthesis of PHAE described in the recent ~ o r k s . ' * ~ J ~ J ~  

(9) Kryukov, A. Yu.; Tkachev, V. A,; Vannikov, A. V.; Markiewitz, N. 
N.; Post, M.; Horhold, H.-H. Vysokomolek. Soed. 1990, 32 (B), 548. 
(10) Kryukow, A. Yu.; Post, M.; Wannikow, A.; Markiewitz, N.; 

Pietach, H.; Horhold, H.-H. GDR Patent 250388, 1987. 
(11) Markiewitz, N.; Post, M.; Abraham, H. W.; Mhelii, G.; Rabe, C.; 

Horhold, H.-H.; Kryukow, A.; Wannikow, A. W.; Tkachew, W. GDR 
Patent 277537, 1990. 

(12) Moreau, M. Semiconductor Lithography; Plenum Press: New . . .  
York, 1988; Chapter 5. 

(13) Hiraoka, H.; Chiong, K. N. J. Vac. Sci.  Technol. E 1987,5,386. 
(14) Vannikov, A. V.; Griahina, A. D. Polym. Sci. USSR 1990,32,1725. 
(15) Klee. J.: Horhold. H.-H.: Tonzer. W.: Fedtke, M. Acta Polrm. 

1986, 37, 272. 

0897-4756/92/2804-0803$03.00/0 0 1992 American Chemical Society 



804 Chem. Mater., Vol. 4, No. 4, 1992 Kryukou et al. 

Table I: Synthesis Conditions and Some Characteristics of PHA and PHA 

synth conditions T,, O C  

oligomer tamp, O C  time, h M, n bemnning end 
I 110 f 2 
I1 110 f 5 
I11 130 f 2 
I11 110 f 2 
I11 110 f 5 
I11 110 f 5 
IV 1 6 0 f 2  
V 160 f 3 
VI 120 f 2 

7.5 
10.5 

115 
115 

17 
17 

19 
133 

3.5 

At the same time in these reports only the 2,2-bis(4-[(ep- 
oxypropy1)oxyl pheny1)propane was usually used as an 
electrophilic reagent. That limited the search of a PHAE 
structure with optimum physicochemical and photochem- 
ical properties. 

In the present work the new poly(hydroxyamino ethers) 
and poly(hydroxyamino esters), marked also as PHAE, 
were synthesized. The structure of these PHAE changed 
not only at  the amino fragment but at the ester or ether 
fragment as well. Furthermore the polyhydroxyamines 
(PHA) of various structures were syntheaized. This article 
describes the results of an investigation of the influence 
of chemical structure and molecular weight of the polymers 
on the photochemical characteristics and kinetics of the 
development of the photoresists based on PHAE and PHA. 

Experimental Section 
PHAE based on the N,Nf-dibenzyl-4,4'-diaminodiphenyl- 

methane or N,"-dibenzyl-4,4'-dphenylmethane and the 
diglycidyl ethers of the bisphenols, ethylene glycol, or the di- 
glycidyl esters of the cyclic dicarboxilic acids were synthesized 
using the known method 

+ 
I 

1 

3100 f 800 
5430 f 1070 
5300 f 900 
3100 f 400 
1600 f 200 
1400 f 200 
1200 f 200 
1900 f 400 
1900 h 500 

5.5 f 1.5 
8.6 f 1.7 
7.6 f 1.3 
4.5 f 0.6 
2.3 f 0.4 
1.9 f 0.6 
1.7 f 0.2 
2.2 f 0.4 
1.9 f 0.5 

58 
67 
80 
80 
83 
82 
55 
77 
85 

63 
77 
95 
95 
89 
87 
58 
81 
95 

In the present paper we deal only with the polymers having the 
structures 

R1 = H; R2 = -0CH2CH20- (I) 

Rl  =a; R2 = -OCH2CH20- (11) 

0 I I  /""'l$ 

R1 = H; R2 = -0CC-C-CHCO- (111) 
/ \  / 

H3C' H;CCH2 

A new methcd of synthesis of PHAE and PHA has been worked 
out. It is based on the reactions of the NJV-dibenzyl-N,N'- 

(16) Opfermann, J.; Horhold, H.-H.; Klee, J.; Wondraczek, R. Acta 
Polym. 1986, 36, 561. 

bis(2,3-epoxypropyl)-4,4'-diaminodi- or triphenylmethane with 
dicarboxylic acids, primary monoamines, secondary diamines, 
ethylene glycol, and also bisphenols: 

n [ CH2 - CHCHzN-&H O N C H , C H  - CHz 
'0' I R. I '0' 

+ 
nHR2H 

1 

PHAE based on lower dicarboxylic acids and PHA as well were 
produced according to the reaction 2. The following polymers 
are discussed below: 

R~ = H; R~ = - N ~ c H , ~ , -  (v) 
I 

Reactions 1 and 2 were held in the melt of the equimolecular 
amounta of the reagents. A differential scanning calorimeter was 
used to determine the glass transition temperatures (TJ. The 
conditions of syntheses as well as the values of number-average 
molecular weight (M,,), the degree of polymerization (n), and Tg 
of PHA and PHAE are given in Table I. Molecular weighta were 
measured using the vapor pressure osmometry method. 

Samples were prepared by dissolving appropriate mixtures of 
the acceptor and PHAE or PHA in chloroform. CBr, was used 
as an acceptor. The mixtures were then solvent coated on 
polyethylene terephthalate substrata AU coatings were prepared 
under the inactive red light. The thickness of the molecularly 
doped polymer films was about 4-5 elm. In spite of the low values 
of M,,, all synthesized oligomers possess good film-forming 
properties. 

Illumination from 150-W xenon lamp was passed through violet 
filter (spectral diapason 320-420 nm, incident power 6.5 X lo-' 
W cm-2). The visible and IR absorption spectra were recorded 
on Beckman DU-7 and Specord IR spectrophotometers, respec- 
tively. 

The PHA and PHAE "e can be used as negative and positive 
photoresists. In the first case the exposed films are developed 
by a mixture of CHC13/CC14 ( l : l ) ,  in consequence of which the 
unilluminated part of the films is dissolved. In the second case 
the exposed films are developed by a mixture of (CH3)2SO/ 
CH30H (1:3) and the illuminated part of film is dissolved. The 
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Figure 1. Optical absorption spectra of fiis I (1 ,2)  and I1 (3, 
4) containing 50 wt % of CBr, before (1, 3) and after (2, 4) 
illumination The illumination time was 16 (2) and 20 (4) minutes. 
OD is the optical density. 

dissolution (development) occurred at room temperature. The 
mean development rate (R) has been determined as the reciprocal 
time of total dissolution of resist. 

Results and Discussion 
The exposure response curves that were obtained in the 

regime of direct coloration were analyzed to investigate the 
influence of the PHAE and PHA structure on the photo- 
oxidation efficiency. The colored photoproduct acts as an 
effective autosensitizer that permits the realization of 
optical amplification with an amplification coefficient > 100 
and to reach a sensitivity equal 0.1 mJ cm-2. However the 
optical amplification process is not considered in this re- 
port. The structure of colored photoproduct is closely 
associated with the structure of amine fragment of PHA 
or PHAE. Oligomers which have a diaminodiphenyl- 
methane fragment in their structure give a polycation like 
Michler's hydro1 blue at the photo o~idat ion:~~~J '  

Upon illumination of PHA or PHAE containing a di- 
aminotriphenylmethane fragment in the presence of an 
acceptor, the malachite green fragment is formed:' 

Figure 1 shows the absorption spectrum of films I and 
11 before and after illumination. The broad band over the 
range 330-480 nm belongs to the CTC.'s8 It  is seen in 
Figure 1 that the MHB has absorption band at A- = 630 
nm and MG has two absorption bands at  A, = 440 and 
640 nm. Figure 1 also shows that the colored product 

(17) Horhold, H.-H.; Klee, J.; Opfermann, J. GDR Patent 232289, 
1986. 
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Figure 2. Plots of a colored product optical density at A, = 
63Onm (1,3) and X, = 640 nm (2,4) as afunction of the e.poeure 
for films I (l),II (21, V (31, and VI (4) containing 50 wt % of CBr4 

Table 11. Quantum Yield (9) of the Polycation Formation 
oligomer M, v oligomer M. rg 

I 3100 0.030 111 1400 0.010 
I1 5430 0.006 V 1900 0.010 
I11 5300 0.025 VI 1900 0.001 
I11 1600 0.018 

formation is not accompanied by the essential change of 
absorption in spectral region of illuminating light. 

MHB is not stable under the action of light, apparently 
due to the oxidative destruction that leads to the formation 
of a structure like the Michler's ketone: 

HOO OH O 

This reaction causes the change of absorption spectrum 
in visible region. The intensity of absorption band of MHB 
(A- = 630 nm) decreases and simultaneously the ab- 
sorption in the region 3OC-450 nm increases. The reaction 
occurs only under the action of light; in the darkness the 
shape of absorption spectrum is not changed for several 
years. The substitution of the phenyl substitute for the 
H atom of methine group excludes the possibility of re- 
action 3. Really, the illumination by visible light and/or 
UV irradiation of MG did not lead to the changes of ab- 
sorption spectra. 

Figure 2 illustrates the exposure dependences of the 
optical density (OD) for PHA and PHAE of various 
structures. The OD values are given for the maximum of 
the absorption bands of the appropriate polycations. At  
the transition from diaminodiphenylmethane (films I, V) 
to diaminotriphenylmethane fragments (films 11, VI) the 
decrease of the sensitivity is observed that is associated 
with the decrease of the quantum yield (cp)  of polycation 
formation (Table 11) and partly with the decrease of light 
absorption in CTC band (Figure 1). It is obvious in Figure 
2 and Table I1 that the decrease of light sensitivity and 
cp takes place for the PHAE (I, 11) as well as for the PHA 
(V, VI). To calculate cp the extinction coefficient values 
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Figure 3. Infrared spectra of film IV at 24 (1) and 100 (2) O C .  

The film thickness was 12 * 2 Mm. 
1.47 X 104 and 1.04 X 105 M-' cm-' for MHB and MG were 
used, respectively.'* 

The cp values are essentially smaller for PHA than for 
PHAE at the same M,, (Figure 2, Table II). Consideration 
of IR spectra of oligomer films has shown that the ab- 
sorption band of the OH valence vibrations has the com- 
plex shape (Figure 3). The comparative analysis of pos- 
ition of components of the considered complex absorption 
band in the obtained IR spectra testifies that the high- 
frequency component (3535 cm-') belongs to the valence 
vibration of the spare OH group at the secondary C atoms 
of macrochain. But the low-frequency component one is 
caused by the presence of hydrogen bond complexes of 
- O H - N t  type in PHA and in addition of -OH-O< type 
in PHAE. It is obvious, that the hydrogen bond between 
H atom of hydroxyl group and N blocks amine group and 
prevents the phototransfer of electron to amptor following 
the photolysis reaction. The competition of ester or ether 
groups with amine groups in reaction of formation of hy- 
drogen bond can provide the increase cp in PHAE in com- 
parison with PHA. The additional proof of hydrogen bond 
formation is the shape change of IR absorption band of 
OH groups upon heating. The increase of temperature 
leads to a decrease in the intensity of the band component 
associated with H complexes, which testifies to its tem- 
perature dissociation. 

We have found, that an increase of M,, of oligomers leads 
to a increase of the light sensitivity of layers based on PHA 
and PHAE (Figure 4). The displacement of the exposure 
response curves to the region of smaller expositions at the 
increase of M, is accompanied by the increase of cp (Table 
11). An especially strong dependence of cp on M, is ob- 
served at  small M,, (1000-2000). This regularity can be 
explained if we assume that intramolecular transfer of 
positive charge between neighboring amine fragments of 
the macrochain can occur after the phototransfer of elec- 
tron from the amine group to acceptor. Under these 
conditions considerable thermalisation distance between 
the radical cation and electron is realized and the reaction 
of back transfer of charge becomes hindered. It is obvious 
that the probability of the radical cation motion will be 

(18) Gordon, P. F.; Gregory, P. Organic Chemistry in Colour; 
Springer-Verlag: Berlin, 1983. 
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Figure 4. Exposure response curves for films I11 containing 50 
wt % CBrl at M,, = 5300 (11, 1600 (21, and 1400 (3). 
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Figure 5. Effect of M,, on dissolution rate of unexposed films 
I11 containing 50 wt % CBr,, 4.5-pm thickness. 

increased at the increase of the macrochain length and M,,. 
At the change of M, the kinetics of the dissolution 

(development) process changed essentially. The R of un- 
illuminated films decreased with an increase in values of 
M, in the region 1600-5300 according to the well-known 
equation12 

R = kM,,-" (4) 
where k = 16.5 s-' and a = 1.0 are parameters depending 
on polymer and developer. 

At low concentrations of photoproduct or a t  small op- 
tical density (OD) the R of illuminated films also decreased 
with the increase of M,. At the same time at  large OD 
P0.8) R weakly depends on M ,  (Figure 6). The transfer 
to the larger M,, at constant OD or at constant conversion 
degree leads to the decrease of the development selectivity 
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Figure 6. Dependences of dissolution rates on colored product 
optical density at A- = 630 nm for f i  111 with M, = 5300 (l), 
3100 (21, and 1400 (3). 
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Figure 7. Dissolution characteristics vs the colored product 
optical density at A, = 630 nm for f i  111 with M. = 1400 (l), 
1600 (2), 3100 (3), and 5300 (4). 

(V; Figure 7). U is determined as the ratio of R of un- 
illuminated film to R of illuminated one. It can be as- 
sumed that the values of parameters a and k in eq 4 de- 
crease with an increase in the unsoluble polycation pho- 

0.8 

0.4 

J- 1)/U 

+ - 5  

0 0.5 1 1.5 2 

OD 
Figure 8. Dissolution characteristics vs the colored product 
optical density at A,- = 630 nm for films I (l), I11 with M, = 
5300 (2), IV (3), and V (4), and at A, = 640 nm for film VI (5). 

toproduct concentration. Figure 8 illustrates the variation 
of U with OD at the maximum of the absorption band of 
photoproduct and shows that the structure of PHA or 
PHAE does not affect the development kinetics. To make 
it clear, the values (U - 1)/ U are given on the ordinate axis 
in Figures 7 and 8. The experimental data in Figure 8 for 
oligomers with various structures but with equal M, may 
be approximated by one curve. At  the same time for 
constant OD U is decreased with an increase in M, (Figure 
8) independently on the structure. 

Conclusions 
The comparative analysis of characteristics of photore- 

sists based on PHA and PHAE of various structure enablea 
us to determine the direction of the synthesis of optimal 
structures. It has been shown that PHAE powam greater 
sensitivity than PHA. The use of PHAE with diamino- 
diphenylmethane fragments is more preferable than PHAE 
with diaminotriphenylmethane fragments. Apparently, 
PHAE with M, < iWOM000 must be used for the negative 
process due to the decrease of U at the increase of M,. 
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