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In this paper the contrast and sensitivity characteristics are investigated concerning the negative 
tone electron beam resist HSQ (hydrogen silsesquioxane) and the positive tone SML300 electron beam 
organic resist, designed for a high-aspect ratio. Different developers were used for the HSQ resist – 
various concentrations of the tetramethyl ammonium hydroxide (TMAH) solutions and TMAH 
solutions with adding different concentration of NaCl. For the SML300 resist the development was 
performed for 30 sec in IPA:H2O (7:3), MIBK:IPA (1:3) and xylene. The addition of different 
concentration of NaCl to TMAH has different influence on the contrast characteristic of the HSQ in 
comparison with the case of using a mixture of NaOH and NaCl as a developer. The observed contrast 
value decreases with adding NaCl solutions to TMAH, while the addition of NaCl to NaOH improves 
the contrast. In the case of SML300 using the xylene as a developer, the sensitivity of SML resist is 
improved considerably and found to be comparable to benchmark poly(methyl methacrylate) (PMMA) 
resist. 

Изследване на електронни резисти: негативен HSQ  и позитивен SML300 (И. Костич, 
А. Бенкурова, А. Конечникова, П. Немек, А. Ритомски, Е. Колева, К. Вутова, Г. Младенов). В 
тази работа са изучени контрастните характеристики и чувствителността на негативния 
електронен резист HSQ (хидроген силсескюиоксан) и на позитивния електронно-чувствителен 
органичен резист SML300, който е направен за получаване на високи отношения на височина 
към ширина на проявения релеф. Като проявител за HSQ бе използван TMAH с различна 
концентрация и смес на TMAH с NaCl c променяща се концентрация. За SML300 като 
проявител бе използвана смес IPA:H2O в съотношение 7:3; MIBK:IPA 1:3 и Ксилен. Добавката 
на NaCl към TMAH има различно действие върху контрастната характеристика на HSQ 
проявяван със смес от NaOH и сол. Наблюдаваният контраст се влошава вместо да се 
подобри. В случая на SML300, използвайки Ксилен като проявител, чувствителността на SML 
бе подобрена значително и бе сравнима с използвания като образец за подражаване резист 
полиметил метакрилат (ПММА). 

 

Introduction 
Electron beam lithography is a promising 

technique, since an e-beam can easily be focused on a 
spot of 4 nm or less [1]. The second element in 
nanostructures fabrication is the so-called resist, the 
medium onto which the desired pattern is written by 
the electron beam. This electron-sensitive resist must 
be altered by the beam in such a way that, after 
development the portion exposed to the beam is 

removed (positive tone resist) or remains on the 
substrate after the unexposed portion is removed 
(negative tone resist). The properties of the resist 
material used in the lithographic process are an 
important factor governing the resolution. In e-beam 
lithography, the resolution is not limited by the probe 
size but rather by electron scattering, both in the 
resist and in the substrate. Other factors, controlling 
resolution, sensitivity and contrast of the developed 
relief, are the length of the initial polymer resist 
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molecules and the strength of solution of the 
developer mixture, which determines the speed of 
development of the respective areas of the exposed 
resist layer.  

The investigated electron beam sensitive resists: 
HSQ (negative tone) and SML300 (positive tone) 
were studied due to their application in nano-
dimensional lithography. In the last decade, hydrogen 
silsesquioxane (HSQ, Flowable Oxide, FOx-12 from 
Dow Corning) became a serious candidate as high-
resolution electron beam resist because of its small 
line edge roughness, high etching resistance and 
small molecular size [2]. HSQ’s main attraction is its 
extremely high resolution (<10 nm); however, its 
sensitivity is usually an order lower than that of 
PMMA [3]. After the electron exposure the samples 
covered by HSQ are developed by the conventional 
tetra methyl ammonium hydroxide (TMAH) and 
recently  using a KOH based developer (AZ 400K 
from Clariant) or NaOH hydro-solutions. 

The EBL resist ‘SML’ [4] has been introduced by 
EM Resist Ltd. (Macclesfield, UK) in thicknesses 
ranging from 50 to 2000 nm. SML is a positive-tone, 
organic resist that has been designed for high-aspect 
ratio patterning. The resist is anticipated to yield 
aspect ratios of up to 10:1 at 30 keV and exceeding 
50:1 at 100 keV [5]. This represents a greater than 
two times improvement over benchmark PMMA 
resist; however, its sensitivity and resolution are 
lower than those of PMMA using supplier-
recommended conditions. Similar to other positive-
tone resists such as PMMA [5], and ZEP [6], SML 
may be developed in methyl isobutyl ketone 

(MIBK)/isopropyl alcohol (IPA) (1:3) solution and 
rinsed in IPA [7]. 

This paper studies the effect of adding NaCl to 
TMAH on contrast curves because in [8,9] is shown, 
that development in a salty developer (NaOH + 
NaCl) enhances the contrast of HSQ. The explanation 
was, that during the development process, salt seems 
to have the role of modifying HSQ by breaking 
network bonds preferentially, leading to a continuous 
development rate. In the case of SML300 the tests 
were directed to search more sensitivity by using 
developer, other than IPA/water developer [3]. 

Experiment and discussions 

Study of exposure and development of HSQ 
XR1541 with various concentrations 

Silicon wafers were diced and cleaned with 100% 
fuming nitric acid, demineralized water and 
isopropanol for 2 min and finally blown dry with 
nitrogen gas. Next, the samples were baked at 200 °C 
for 2 min to remove residual moisture. For high 
resolution patterning, the silicon wafers were spin 
coated with a solution of 1:5 HSQ XR1541-006 
(Dow Corning) in Methyl Isobutyl Ketone (MIBK). 
After spinning, the HSQ layer was prebaked on a 
hotplate for 2 min at 150 °C in order to get a high 
contrast and a good reproducibility, and the resulted 
thickness of the dry resist was 150 nm. The exposure 
was with 40 keV electrons using ZBA23 e-beam 
lithography system [10].  

 

 
Fig.1. Contrast curves for the HSQ negative tone resist, developed in TMAH with different concentrations, for various 

times at 21oC. 
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The contrast curves are executed using exposure 
of small rectangular pads with doses changing with a 
constant increment from the minimal to the maximal 
irradiation doses. These pads were separated on small 
distance. Development were executed for 30 sec and 
120 sec in case of using developer TMAH of 
concentration 2.38% (in H2O), and 10 s, 20 s, 30 s 
and 120 s in case of TMAH of 25% concentration 
(solution in H2O). The development temperature was 
21oC. The thicknesses of the resist in various pads 
after development were measured using alpha step 
profilometer. Rinsing of the developed structures 
took place with deionized water and lasted 10 s.  

 Fig.1 shows the contrast curves (normalized 
resist thickness vs. exposure doses) for HSQ 
XR1541-006 after development in TMAH. The 
obtained sensitivity is better at utilization as 
developer of TMAH 2.38 % concentration for 30 sec. 

An application of HSQ resist structure, developed 
by TMAH and etched using reactive ion etching 
(RIE) is shown in Fig.2. 

Study of HSQ developed in mixture of TMAH 
+NaCl 

As mentioned earlier, the addition of salt (NaCl) 
in alkali developer NaOH improves the contrast. The 
developer TMAH is aqueous solution of tetra methyl 
ammonium hydroxide. The effect of adding NaCl on 
the contrast characteristics could be similar to the one 

of using a mixture of NaON + NaCl, if the 
explanation in [8,9] is right. 

 

 
Fig.2. Hetero-structure on GaAs etched (RIE) using 
HSQ XR1541 as masking layer.  Tip diameter 360 

nm [11]. 

In Fig. 3 the results of studied changes in contrast 
curves of HSQ XR1541-006 (Dow Corning) using 
TMAH 2.38% concentration in H2O and developing 
in mixtures of TMAH and NaCl of various 
concentrations, are shown. All other processing 
parameters are as already described in the previous 
test. 

 
 

 
Fig.3. Contrast curves: dependences on NaCl concentrations in TMAH. 
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From curves, shown in fig.3 is seen, that just like 
contrast, sensitivity of the resist development is lower 
when the concentration of NaCl in TMAH is 
increased, which is contrary to the observation in 
[8,9]. From this it is possible to conclude that the 
explanation in [8,9] of observed increase of 
development rate and contrast needs improvement. 
Solubility rate at the use of NaON +NaCl must be 
increased selectively: only for initial changes of 
structure of oligomer, composed of a caged 
silsesquioxane along with a linear Si-O network. It 
seems that at the radiative reorganization of cages in 
highly cross-linked network, the scission of a last 
portion of Si-H parts of the chains is converted in 
silanol (Si-OH) in the beginning of the development 
process. Due to NaCl presence in the case of NaON 
the resist solution rate increases at the beginning of 
the development process (for example due to the 
delay of this transformation) and not in the case of 
use of aqueous solution of TMAH at the beginning of 
the development process (as a result of a quick 
conversion of Si-H in Si-OH).  

 

Study of the contrast curves in the case of  
SML300 positive tone electron beam resist  

The resist SML300 of thickness 350 nm deposited 
on Si substrate was irradiated with 40 keV electrons 
using ZBA21 Tool. The temperature of the developer 
was 21oC and the development time was 30 sec. The 
thicknesses were measured using alpha step 
profilometer. Rinse of developed structures was by 
IPA for 15 sec. The SML contrast curves in three 
used developers (MIBK+IPA 1:3; IPA+H2O 7:3; and 
Xylene) are shown in Fig.4.  

The best result for sensitivity is observed when 
Xylene is used as a developer. This result is different 
from the investigation in [3] where the best result is 
achieved when the mixture IPA+H2O 7:3 as a 
developer is used. 

From curves, shown in fig.4, can be concluded 
that the use of Xylene as a developer of SML300 
resist structure relief (deposited on Si wafer) for 30 
sec, after 40 keV electron exposure, provides a 
relatively high sensitivity and the contrast is 
compared to the other developers. The contrast 
curves of the supplier-recommended MIBK/IPA 
(1:3), and recommended by ref. [3] developer IPA: 
H2O 7:3 for 30 sec retreat from the point of view of 
sensitivity and have similar contrasts.  

 
             Fig.4. Contrast curves of SML300 using three developers. 
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Conclusions 
In this paper contrast characteristics of two 

electron beam resists: the positive tone SML300 and 
negative tone HSQ are studied. It was shown that the 
best sensitivity and contrast are observed using HSQ 
developed in TMAH 2.38 % developer. Addition of 
NaCl in the TMAH does not improve the contrast of 
the developed structure. A new proposal of the role 
of NaCl changing the transformation of Si-H parts of 
the chains in silanol (Si-OH) in the beginning of the 
development process is made. This plays a different 
role in the case of base developers NaOH and 
TMAH. In the case of study of contrast curves of 
positive tone resist SML300 the use of Xylene as a 
developer shows better sensitivity at the same 
contrast, in comparison with the supplier 
recommended developer or with the one discussed in 
the studies of the other authors. 
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