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Abstract-Pb(Zi~Ti~_,)% thin films were etched in an inductively coupled plasma by using various etch gases such as 
ClJAr, C2F6/Ar, CI2/C2F6/Ar and HBr/Ar. The etch rates and etch profiles for each etch gas were investigated. Fast 
etch rates were obtained m ct~orine-colataillilag etch gases (e.g., C1JAr and CI2/C~F~/AI:), mad clean and steep etch pro- 
files were achieved in CI2/C~F6/AI or HBr/Ar gases. The gas mixture of CI2 mad C2F6 was proposed to give a fast etch 
rate and a steep sidewall angle of etched patterns. The opffmttm gas mixture of CI2/C2Fa/Ar was found by varying the gas 
ratio of Cl~ to C2F6. On the other hand, HBr/Ar gas as an alternative for etching of the Pb(Zr~Til_~)O3 films was examined. 
CI~/C~FJAr and HBr/Ar etch gases were compared with respect to etch rate, etch profile and electncaI propeNes. 
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INTRODUCTION 

lVlany studies of PZT and PLZT (La-dol:ed PZT) ferroelectric 
films as a dielec~ic material for storage capacitors of highly inte- 
grated memoly devices (e.g., DRAM and FeRAIvl) have been con- 
ducted since these films have high dielectric constant and high re- 
manent polarization [Jeon and Yoo, 1ff:38]. The process develop- 
ment for etching of the PZT thin films is prerequisite for the inte- 
gration of these memory devices. Various etching l:~ocesses includ- 
ing ion beam etching (]BE), reactive ion beam etching (RIBE) mad 
reactive ion etching (RIE) have been employed to define the pat- 
teiI~s on fezToele~-ic mateiials [Vijay et al., 1993; Bale and Palmer, 
1999]. In order to overcome the poor selectivity to photoresist mask 
in a conventional RIE, high density plasma systems such as elec- 
U-on cycloU-on resonance (ECR) [CharIet mad Davies, 1 ~ ]  and in- 
ductively coupIed plasma (ICP) [Chung et aI., 1995] were applied. 
Recently, inductively coupled plasma etching using CIJCF4 gas was 
reported [fang and Lee, 2001]. As the critical dimension of the de- 
vices stinks, a high degree of anisotropic etching is required. The 
etch studies ofPZT f~ns by using a hard mask are under develop- 
ment for this purpose. 

In this study, C2FJAr, CIJAr and CI2/C2F6/Ar were investigated 
and HBr/Ar as an alternative was explored by using a photoresist 
mask for the aniso~xopic aching of PZT thin films. The etch dam- 
age to the etched fezToelecUic capacitoi~ as well as the etch rate and 
etch profile becomes a key factor in developing the etch process. 
One of the crucial damages to ferroelectric capacitors was found to 
be the degraclation by hydrogei1 For this purpose, the elec~ical pro- 
perties of etched feiToelectiic capacitors were examined 

EXPERIMENTAL 

Pb(Zr~Til_~)Q thin films of 2,000 A in thickness were depos- 
ited on Pt coated Ti/SiQ/Si subs~ates by a chemical solution deposi- 
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tion process. The deposited PZT films were examined by an x-ray 
diffi-actometer (N_q~) for the atlalysis of crystal s~ucture and by 
field emission scanning elec~ron microscopy (FESEM) for surface 
morphology, grain shape and grain size. The deposited PZT films 
were spin-coated with coiIvei~onal positive photoresist with a thick- 
ness of 1.2 ].tm and patterned by photolithography for aching. The 
etch equipment used in this study was a high-density inductively 
coupled plasma reactive ion etch syste~n (ICPRIE) which has a load- 
lock chamber and a He backside cooling system to wafer platen 
[Chang, 1998]. The coil, which was connected to 13.56 MHz RF 
power supply, was wound around the ceramic chamber to generate 
a high-density plasma. An RF bias voltage induced by RF power 
at 13.56 IviHz was capacitively coupled to the substrate susceptor 
to control ion energy. 

The etch rates were measured by a st~ace profiler and the etch 
profiles were observed by the FESEM. By using C12/Ar , C2F6/Ar, 
CIJC~JAr  and HBr/Ar discharges, the dry etching of PZT films 
was s~iied varying the concen~-ation of etch gas at fixed etching 
conditions which included coil RF power, dc-bias voltage to sub- 
s~-ate and gas pressure. The ClJC2F6/Ar etch gas was optimized to 
give a fast etch rate and a clean mad steep etch profile. As an alter- 
native etch gas, HBr/Ar was tried despite the possibility of hydro- 
gen damage to the fezToelec~-ic capacitor. After etching of PZT films, 
platinum (Pt) thin films were deposited as an upper electrode for 
the electrical properties of  Pt/PZT/Pt capacitors. 

RESULTS AND DISCUSSION 

The etch rates of PZT films with C2FJAr and C1JAr gases are 
shown in Fig. 1. The etching condition used in this experiment was 
coil power of 600 W, gas pressure of 5 mTon; and 300 V dc-blas 
to the wafer susceptor. This condition was fixed as a standard etch 
condition throt~h the entire experiments. As the concenIxafion of 
each gas increases, the etch rates increase but decrease with fiai~er 
increasing concenlratiorL It indicates that the etching of PZT films 
with these gases basically exhibits a characteristic of reactive ion 
etching mechanism. The reason for decreasing etch rate with fur- 
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Fig. 1. Etch rates of PZT rams a., a flmolion of gas concmtration. 

ther increasing of the gas concentration is explahed by the fact that 
the excess etch gas inh~its the sputtering of  ions to the film sur- 
face by forming athin 1Wer composed of C1 or F components, re- 
sulling in a slow" etch rate [Hahn and Pear~L 2000]. It is observed 
that the maximum etch rate with C2FdAr gas reaches earlier than 
that with ClJAt: It means that the fonnation of  inhibiting layer in 
C2F6/Ar takes place more easily and faster than in ClJAt: How- 

ever, the etch rates were faster in ClJAr than in C~FJAr. 
Fig. 2 shows the SEM photographs of  the PZT films etched by 

C-~FJAr and ClJAr gases. In the case of C2FJ,~a-, thick polymer- 
like fdms along the pattern were observed at 40 and 60~ C ~  This 
is because the fluorine in C~Fe gas fonns the etch l~x)ducts of metal 
fluorides with PZT fihns, but the volatility of  these etch woducts is 
relatively low, resulting in thick etch residues. It implies that these 
polymer layem m ~  be utilized as a passivation for an misotropic 
etching. On the other hand, the etch pattm3s by ClJAr gas dis- 
played clean etch Wofde, but the seleetivity to photoresist mask was 
pooh One can see the etched edge regions of the p ~ e m  due to the 
lateral erosion ofphotoresi~ mask [Fig. 2(c)]. As the C1 concentra- 
tion increases, this phenomenon becomes sevaer It indicates that 
any sort of passivation layer along the sidewall is necessay for the 
ClJAr chemi~y. 

Therefore, the use of  a gas mixture of  Ch and C~'6 was attempted 
for utilizing the respective advantages of Cl2 and G, F6 gases To ob- 
tain an optimum gas mlio of  C12 to C~6, the etch t~es of  PZT films 
were examinedvaTing the gas mlio fi'om 1/1 to 911 at constant 30~ 
(C12+C~6)/70~ -. As can be seen in Fig. 3, as the chlorine con- 
cenlmtion increases, the enhancements of  the etch rate are observed. 
The corresponding SEN[ photo~'aphs at x,~-ious gas ratios ave given 
in Fig. 4. The etch residues along the etched patterns took place at 
the gas ratios of ClJC~6=1/1, 3/1 and 6/1 [Figs. 4(a)-4(c)], where- 
as a clean etch profile was obtained at the gas ratio of  ClJC_~Pe-~:)/1 
[Fig. 4(d)]. As a nex~t step, the ova'all gas concenlration at the fixed 
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F i g  2. Etch profiles of PZT films etched in (a) 40% C_~FdAr gas, (b) 60% C2FdAr gas, (c) 40% CIJAr gas, (d) 60% ClJAr  gas. 
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Fig, 5. Etch rates of PZT Y~-ns as a function of gas concenWation. 

Fig. 3. Effect of gas ratio of C12/~F6 on etch rate. 

gas ratio of  C12/C_~)/1 was changed to see the effect o f  gas con- 
cenlration on the etch rate (Fig. 5). Wilh increasing the gas con- 
cenlration the etch rote shows a maximum point and then starts to 
decrease by simile" roamer  to C|JAr and C_+Fe/Ar gases The ova'- 

all etch rate was somewhat faster in ClgC_~JAr thai in C1JAr and 
C_+F6/Ar. Fig. 6 ahows file SEM photographs of  F-gI" films etched at 
the gas concentmtic~ls of 10, 30 and 60% (Ch+C~6)/Ar. The etch 
profile for 10% (CI2+C-+Fe) was steep but had a tittle etch residue 
along the etched sidewall At 30 and 60~ (C12+C:Fe) gas conce11- 
Irafions, clean etch profiles w a e  achieved without any t~idues. How- 
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Fig.  4. Effect  o f  gas rat io  of C12/C2F6 on etch profile.  
(a) C1/C~F6=1/1, Co) CI/C~F~=3/1, (c) CI/C~F~=6/1, (d) C12/C~F~=9/1 
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Fig .  7. E f f e c t  o f  g a s  c o n c e n t r a t i o n  o f  H B r / A r  o n  e t c h  pro f i l e .  

(a) 10% HBz; (b) 30% HB1; (c) 60% HBr 

ever, as the gas concentration inaeased, the slope of etched side- 
wail became shallow because of the increased chlodne content. As 
a result, a high degree of anlsotropic profile could be achieved at 
30% (C12+C2Fe)/AI: 

HBr/Ar gas was also fm~estigated as an altemalive gas, as shown 
in Fig. 5. It was expected that HBr gas could make volatile etch prod- 
ucts and give high selectivity to photoresist mask The cbmge of 
etch rate as a fimction of gas concentration (I~r/Ar) showed the 
same trend as the CI2/C2F~/Ar gas mix,re. The etch rate with CIJ  
C2F6/Ar was faster than that with HBr/Az The etch profiles by HBr/ 
Ar gas are shown in Fig. 7. The profile at 10% HBr/Ar shows a later- 
ally eroded etch profile, which is a~-ibuted to the conosive n a ~ e  
of B~ As the addition of HBr gas increased, the slope of etched side- 

wall became steeper with the help of passivation layer by hy&o- 
gen in I-IBI: Finally, the electrical properties of fen-oelectric capaci- 
toi~ etched with CIJCzFJAr and HBr/Pa- gases are compared in 
Fig. 8. The etch conditions used here were optimized for each etch 
gas, respectively. Hysteresis loop and Q to V cm~e were almost 
identical for both gases. AnI-V curve aIso exhibited a similar trend, 
but the heakdown in the case of HBr/Ar seemed to happen at some- 
what lower voltage than m CI2/C2FJAr. 

C O N C L U S I O N S  

Reactive ion etching of PZT tt~n fzhns masked with a photore- 
sist was performed in high density mductively coupled plasma. The 

K o r e a n  J. C h e m .  E n g . ( V o l .  19, N o .  3) 
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Fig. 8. Electrical properties of ferroelectric capacitors etched by 
CIJC2F6/Ar and HBr/Ar gases. 
(a) hysteresis loop, (b) Q to v curve, (c) I-V curve 

C1JAr, C2F6/AI; C1JC2FJAr mad HBr/Ar gases were examined 
for fast etch rate and high degree of amso~ropic etching without etch 
residues. The ClJAr gas for etching of the PZT films gave rise to 
faster etching than C2FJAr and HBr/Ar gases. The clean mad steep 
etch profiles were obtained in CIJAr and HBr/Ar chemis~es. By 
employing CIJC2FJAr among the various etch gases, the etching 
process for PZT thin films was developed to obtain a high etch rate 
(1,000-1,500_~'k/min) and a clean etch profile without redeposits and 
residues. The sidewall angle of etched PZT films was in the range 
of 50-80 ~ Under the op~mum etch condition, the etch rate of 1,300 
/k/rain mad the etched sidewall angle of 80 o were achieved with a 
photoresist mask The electrical properties (hysteresis loop, Q to V, 
I-V curves) of PZT capacitors etched by ClJC~]Ar  mad HBr/Ar 
gases showed similar bet~do~ and the etch gas combination seemed 
to have little effect on electrical properties. These etch chemistries 
were proposed as a basis for the etct~ng ofPZT fN-ns using a hard 
mask 
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