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Abstract : The incubation layer with amorphous st ructure between the subst rate and crystalline layer may obviously

affect the performance for a microcrystalline Si thin film transistor (μc2Si TFT) ,especially for the bottom gate TF T

(B G2TF T) . It is found that decreasing the ratio of Si H4 / ( H2 + Si H4 ) is an effective way to decrease the incubation

layer thickness ofμc2Si directly deposited by V HF PECVD without any further thermal or laser t reatment . Based on

theμc2Si with a thin incubation layer ,the B G2TFT with Al/ SiN x /μc2Si/ n + 2μc2Si/ Al st ructure is fabricated. The ra2
tio of on2state current to off2state current is up to 106 , the mobility is around 017cm2 / ( V ·s) ,and the threshold

voltage is about 5V.
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1 　Introduction

Wit h t he develop ment of new panel display

technology ,such as AMOL ED ,t hin film t ransistors

with good performance and low cost are required.

Recently ,int rinsic μc2Si ( microcrystalline silicon)

without any f urt her t reat ment by t hermal or laser

annealing is ext remely appealing due to it s higher

mobility and bet ter stability than amorp hous sili2

con (a2Si) TF T and lower cost than polycrystalline

(poly2Si) TF T[ 1 ,2 ] . Compared wit h t he mat ure a2Si

TF T technology ,μc2Si TF T could be used in high2
er2resolution displays ,or it would allow t he use of

smaller size TF T to increase optical apert ure. Fur2
t hermore , t he fabrication process of bot tom2gate

(B G) μc2Si TF Ts is almost compatible with that of

t he a2Si TF Ts ,t hat is to say ,t he same product line

with which today produce a2Si TF T could easily be

switched to B Gμc2Si TF T production. Generally



半 　导 　体 　学 　报 第 26 卷

speaking ,technology of a2Si TF Ts is relatively ma2
t ure and t he research for poly2Si TF Ts also has

been developed widely and much novel technolo2
gies[3 ] have been applied. However ,research forμc2
Si TF T is still in t he beginning step s ,it s perform2
ance is far f rom perfect and t he factors t hat affect

it s characteristics are complex. One of t hem is t hat

an incubation layer wit h amorp hous st ruct ure

clings on top of t he subst rate t hough the rest of the

film may exhibit a high crystallinity[4～6 ] . The incu2
bation layer may obviously affect t he performance

for TF T ,especially for B Gμc2Si TF T. In t his pa2
per ,t he st udies on t he incubation layer are p resen2
ted and the performance of a B Gμc2Si TF T wit h a

t hin incubation layer is shown.

2 　Experimental details

μc2Si t hin films were deposited by V HF2
PECVD wit h t he active f requency of 60M Hz , the

silicon concent ration diluted by hydrogen ( Sc =

Si H4 / ( Si H4 + H2 ) ) was varied f rom 0167 % to

8 % ,film t hickness changed f rom 10nm to 1000nm

and the pressure and subst rate temperat ure were

fixed at 120Pa and 220 ℃, respectively. The same

excited power , 25W , was applied for all samples.

The crystallinity of μc2Si is measured by Raman

scattering using a 63218nm He2Ne laser . Here ,t he

crystalline volume f raction ( Xc ) was used to de2
scribe the crystalline degree of t he films. As well

known ,t he Xc of t he sample can be deduced f rom

it s Raman scat tering spect ra by t he ratio of Xc =

Ic / ( Ic + Ia ) = ( I520 + I510 ) / ( I520 + I510 + I480 ) ,where

Ic is t he crystalline intensity peak at 520 and 510 ,

and Ia is t he amorp hous intensity at 480cm - 1 . Con2
duction activation energy ( Ea ) was measured utili2
zing t he equip ment designed by ourselves. The film

t hickness is measured by an AMBIOS Technology

Inc. XP22TM Profilometer wit h an ability to measure

p recision step height s f rom under 10nm to as large

as 100μm and to measure micro2roughness , wit h

011nm resolution over short distance , as well as

waviness.

For t he fabrication of the B Gμc2Si TF T , a

four2mask process with specially designed layout

was used. First , we t hermally evaporated Al , and

pat terned it using reactive ion etching to form t he

gate elect rode. Then , depo sited 200nm SiN x as t he

gate insulator . Next ,160nm of int rinsicμc2Si as t he

channel layer and 50～ 100nm of n + μc2Si as t he

contact layer were grown on t he SiN x subst rate or2
derly wit hout breaking vacuum. Afterwards , t he

channel was defined by p hotolit hograp hy and wet

etching ,t hen Al was thermally evaporated and pat2
terned by wet etching to form the source and drain

elect rodes. The active channel was configurated by

conventional back2channel etching. Finally , we

opened t he contact holes to t he TF T gate elec2
t rode.

3 　Results and discussion

3. 1 　Incubation layer

To achieve a goodμc2Si TF T ,crystallinity of

t heμc2Si film is an essential factor . Figure 1 shows

t he Raman spect ra of t he 1000nm t hickμc2Si film

with increasing hydrogen dilution under ot her iden2
tical deposition conditions. It can be observed t hat

t he Raman spect ra peak gradually changes f rom an

amorp hous band at 480cm - 1 to t he crystal band at

520cm - 1 above a certain t hreshold dilution ratio a2
round t he Sc of 6 %. However ,it is different when a

t hinner ( < 012μm) μc2Si is used as t he TF T chan2

Fig. 1 　Raman spect ra of the 1000nmμc2Si film
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nel as shown in Fig. 2. For t he thinnerμc2Si film ,

t he p hase t ransition point is around 4 % of Sc . This

could be at t ributed to t he effect of the initial amor2
p hous layer that is called t he incubation layer ,ex2
isting between t he subst rate and t he crystalline

layer . Apparently ,t he t hinner t heμc2Si film is ,t he

more obvious t he effect of t he incubation layer is ,

which will make t heμc2Si TF T ,especially t he bot2
tom gate TF T ,show characteristics of an a2Si TF T

instead of t he advantages of aμc2Si TF T. Accord2
ing to our experiment result s , decreasing Sc is an

effective way to t hin t he incubation layer .

Fig. 2 　Raman spect ra of the 160nm μc2Si film with

variable Sc

When Sc = 4 % ,the t hickness of t he incubation

layer is above 200nm , which is t hicker than the

channel t hickness ofμc2Si TF T ,while it is down to

60～70nm for Sc = 2 % and becomes thinner (about

20nm) for Sc = 0167 % as shown in Figs. 3 (a) and

(b) , respectively. From Fig. 4 , it is important to

note t hat for μc2Si film deposited at Sc = 0167 % ,

t he Xc of it s 20nm incubation layer is nearly 50 % ,

which can be seen in Fig. 5. Increasing t he film

t hickness , Xc tends to rise slowly. Xc of t he μc2Si

film deposited at Sc = 2 % wit h 60nm incubation2
layer is nearly 20 % and shows t he same t rendency.

Thus far ,we have effectively t hinned t he ini2
tial amorp hous incubation layer in t heμc2Si film by

simply using high H dilution of Si H4 . However ,t he

drawback of too high an H dilution is t hat it re2
sult s in a lower depo sition rate and lower activation

energy ( Ea ) . The deposition rate of aμc2Si film de2
posited at Sc = 0167 % , 25W , and 120Pa is only

01968nm/ s and the Ea is about 011eV. The film

Fig. 3 　Raman spect ra forμc2Si film deposited at Sc =

2 % (a) and 0167 % (b) with variable film thickness

Fig. 4 　Variation of Xc with the thickness ofμc2Si thin

film at different silicon concentration

Fig. 5 　Analysis of Raman for 22nm at Sc = 0167 %

with so low an Ea can not be used to make a TF T.

The drastic decreasing of Ea may be caused by t he
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oxygen contamination. For the growt h of μc2Si ,a2
tomic hydrogen reaching t he film2growing surface

breaks weak Si —Si bonds in t he amorp hous net2
work st ructure , leading to a removal of Si atoms

weakly bonded to anot her Si. This site is replaced

with a new film precursor Si H3 ,creating rigid and

st rong Si —Si bonds , giving rise to an ordered

st ruct ure[ 6 ] . U nder too high an H dilution condi2
tion ,t he role of the atomic hydrogen etching is too

great ,which leads to much void in t he μc2Si film

between the columnar grains ,and t hen oxygen pen2
et ration into it [7 ] . St rong oxygen contamination

makes t he t hreshold voltage of the TF T negative

and gives rise to a large leakage current as well as

t he deterioration of gate modulation effect . In addi2
tion ,Schropp et al . has found t hat oxygen incorpo2
ration increases linearly with decreasing deposition

rate[ 8 ] . Therefore ,f rom t he view of an oxygen con2
tamination point ,t he Sc should not be too low.

Considering t he incubation layer t hickness and

t he oxygen contamination ,we t ry to choose t he Sc

for t heμc2Si film used as t he TF T channel as 2 %.

In t his case ,it s Ea is 0145eV and t he t hickness of

t he incubation layer is about 60nm ( Xc of the incu2
bation layer is about 30 %) ,which may be relative2
ly suitable for t he B Gμc2Si TF T. The optimum

st ruct ure has to be st udied f urther in t he f ut ure.

3. 2 　BGμc2Si TFT

Bottom gate TF Ts were fabricated wit h the

μc2Si deposited at an Sc of 2 %. The almost same

fabrication processes as t hose for making a2Si TF T

were employed to fabricate a μc2Si TF T. The

t ransfer characteristic curve of the resulted TF T

without any other t reat ment and LDD st ruct ure is

shown in Fig. 6. The ratio of on2state current to the

off2state current ( Ion / Ioff ) is up to 106 ,t he mobility

is around 017cm2 / (V ·s) ,and the t hreshold volt2
age is about 5V. The TF T characteristics are com2
parable to t hose of t heμc2Si TF T reported by oth2
er research group s. Furt her optimization , such as

t heμc2Si grain size , t he film density ,and interface

t reatment ,is still required to make t he B Gμc2Si

TF T show more obvious advantages t han a2Si

TF T.

Fig. 6 　Transfer characteristics ofμc2Si TFT

4 　Conclusion

Decreasing the silicon concent ration is an ef2
fective way to achieve a μc2Si film wit h an ult ra2
t hin ( < 20nm) incubation layer or much less by

V H F2PECVD. However , too high an H dilution

leads to too a low depo sition rate and serious oxy2
gen contamination. From t he view of t he above two

point s ,aμc2Si film deposited at Sc of 2 % is suitable

for t he application of the bot tom gate TF T and this

TF T wit hout any ot her t reat ment and LDD st ruc2
t ure shows relatively good performances. Nevert he2
less ,f urt her optimization of the μc2Si film is still

required to achieve a bet ter bot tom gate μc2Si

TF T.
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薄起始层的 VHF PECVD 底栅微晶硅薄膜晶体管 3
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赵 　颖1 　熊绍珍1 　张丽珠2 　张 　震3

(1 南开大学光电子研究所 , 天津市光电子薄膜器件与技术重点实验室 , 天津　300071)
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摘要 : 对微晶硅薄膜晶体管 ,尤其对底栅型晶体管 ,在衬底和晶化层间存在一层非晶相起始层 ,这将严重影响器件

性能. 文中采用降低硅烷浓度的方法简便有效地减薄了用超高频化学气相法直接沉积的微晶硅薄膜起始层的厚

度 ,得到起始层厚度小于 20nm 的微晶硅薄膜. 在硅烷浓度为 2 %的条件下采用四版工艺制备了具有 Al/ SiN x /μc2
Si/ n + 2μc2Si/ Al 结构的底栅微晶硅 TFT ,其开关比 ( Ion / Ioff ) 达到 106 ,场效应迁移率为 017cm2 / (V ·s) ,阈值电压

为 5V 左右.

关键词 : 微晶硅 ; 起始层 ; 硅烷浓度 ; 底栅薄膜晶体管
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