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Abstract—Both p- and n-channel poly-Si/Sj_,Ge,/Si sand- pared to that of the poly-Si counterpart due to the fact that the
wiched conductivity modulated thin-film transistors (CMTFTs)  poly-Si,_,Ge, active layer used has a smaller band gap [8].
are demonstrated and experimentally characterized. The transis- In this paper, both p- and n-channel poly-Si/SiGe,/Si
tors use a poly-SifSj - Ge,/Si sandwiched structure as the active sandwicherz)dp cc’)nducti\F/)it modulated tEinYﬁIm transistors
layer to avoid the poor interface between the gate oxide and the y .
poly-Si, _.Ge, material. Also an offset region placed between (CMTFTs) [10]-[12] are demonstrated and characterized. The
the channel and the drain is used to reduce the leakage current. transistors use a poly-Si/iSi, Ge,/Si sandwiched structure as
Fur_ther_more, the COI’]Cth of CO_I’ldUCtiVity modulation in the offset the active layer to avoid the poor interface between the gate
region is used to provide a high on-state current. Results show oxide and the poly-Si_,Ge, material. Also, an offset region

that the transistors provide a high on-state current as well as a low | d bet the ch | and the drain i dt d
leakage current compared to those of conventional offset drain placed between the channel an € drain 1S used to reduce

TFTs. The p- and n-channel CMTFTs can be combined to form the leakage current. Furthermore, to provide a high on-state
CMOS drivers, which are very suitable for use in low temperature  current, the concept of conductivity modulation in the offset

large area electronic systems on glass applications. region is used. The fabrication process, the on-state/off-state
Index Terms—CMOS, CMTFT, conductivity modulation, poly ~ current-voltage I¢V) characteristics, and the breakdown
SiGe, thin-film transistor. performance of these devices will also be discussed.
I. INTRODUCTION [I. DEVICE STRUCTURE AND OPERATION

OW TEMPERATURE polysilicon TFT (thin-flm  TO demonstrgte_ the sup.erior pe.rformance of the p- and n-

transistor) appears to be one of the most promising tec@l@nnel poly-Si/Si_,Ge,/Si sandwiched CMTFTs, both the
nologies for the ultimate goal of building large area electronR @nd n-channel conventional offset drain TFTs and CMTFTs
systems on glass substrates [1]. In flat panel liquid crystal¥ere fabricated on the same substrate for comparison using a
electroluminescent, and plasma displays as well as oth@y temperature process.600°C). Schematic cross sections
applications such as high speed printers and page width optighithe p- and n-channel poly-Si/Si,Ge,/Si conventional
scanners, etc., poly-Si TFT can be used to integrate periph&$et drain TFT and CMTFT are shown in Fig. 1(a) and (b).
driver circuits on glass for system integration [2]. This inte?ll devices used a poly-Si/Si.Ge,/Si sandwiched structure
gration greatly reduces the number of external connectionsassthe active layer. The poly-Si layer at the bottom was used
well as the number of driver chips, resulting in a lower cost arifl 2v0id the problem of poor nucleation of the SiGe, film
improved reliability [3]. placed dlrectl_y onto the Sp The top poly-Si film was intro-

Due to the lower thermal budget and higher mobility, polyduced to avoid the poor interface between the poly-36e,

crystalline silicon-germanium (poly-Si, Ge,) has been inves- and the S@ gate dlglegtr|c. For the p-channel devices, dug to
tigated recently as an alternative to polysilicon for TFT applic4l€ band discontinuity in the valence band, holes are confined
tions [4][6]. However, due to the poor interface between tHB the poly-Si_.Ge, film. Thus, the devices provide high hole
poly-Si,_,Ge, channel and the SiDgate dielectric, devices Mobility in the poI_y-_Si_,/,(_Seﬁ film. Furthermore,_ introduction
with relatively poor on-state and leakage performance compafédthe top poly-Si film will reduce the scattering due to the
to polysilicon devices were obtained. To alleviate this problerd00d interface between the poly-Si and poly-SiGe; layers,
a top thin layer of poly-Si is introduced to avoid the poor inWhich enhances the mobility further. However, in the case of
terface between the poly-Si,Ge, and the gate oxide [7], [8]. the n-channel devices, due to the very small conduction band

However, the leakage current of the devices was still high coifffset, the channel will be formed at the top (50 A) of the
poly-Si film (the order of the thickness of the inversion charge).

Fortunately, the electron mobility in the poly-Si is very close to
Manuscript received June 29, 1999; revised April 14, 2000. This work WaRat in the poly-Sli,,;Geﬁ [9]
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Fig. 1. Schematic cross section of the p- and n-channel poly;Si/&e./Si
(a) conventional offset drain TFTs, (b) CMTFTs, and (c) the equivalent circuit bt Lt |
model for Fig. 1(b). OXIDE
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an nt drain region is incorporated instead of & gdrain region

used in the p-channel conventional offset drain TFT. The offset SOURC  GATE DRAIN
and drain regions can be viewed as a series combination of a
diode and a drift resistance as shown in Fig. 1(c). When the gate P+

voltage is above the threshold voltage and the drain voltage is

high enough, the drain diode is turned on, and electrons are in-

jected into the offset region from the'mlrain. The injected elec-

trons recombine with the traps associated with the grain bound-

aries and facilitate the flow of holes in the offset region. The (d)

high concentration of injected electrons conductivity modulates

the resistivity of the offset region and reduces the on-state redi§- 2. Major fabrication steps of the p-channel poly-Si/SiGe./Si

tance dramatically compared to that of the conventional offsel TF T

drain TFT, resulting in a high on-state current. In order to pre-

vent minority carrier accumulation in the channel region, a segf amorphous Si¢-Si) was deposited as seeding layer. Then

mented source structure with a 10 : 1 segmentation ratio (a ra&i@000 A thick layer ofv-Si; . Ge, was deposited at 500C

of the |ayout dimensions of thef'p'egion ton region) is used with a 150 sccm flow rate of SLHand an 8 sccm flow rate of

as shown in Fig. 1(b). For the n-channel devices, all the p-tyfe€Hs. The composition of Ge is 10%. A higher concentration

regions are replaced by n-type regions and vice versa. of Ge will cause the leakage current to be higher. Finally, a 50
In contrast to the conventional offset drain TFT in which & of -Si was deposited on theSiGey 1 . All the layers were

lightly doped offset region is used, the CMTFT uses an undopé@posited with LPCVD. The sandwiched structure was then

offset region. The breakdown voltage of the CMTFT is therdecrystallized to polycrystalline form by furnace annealing at

fore dependent on the channel length and offset region leng®R0 °C in nitrogen ambient for 20 h. Afterward, the device

At zero gate voltage, the large drain voltage is blocked by ti@ands were defined by plasma dry etching. In the case of the
intrinsic region between the source and drain regions. p-channel conventional offset drain TFT, a boron implant with a

dose ofl x 10'2 cm~2 was used to dope the offset region. After
that, a 1000 A layer of oxide was deposited as the gate oxide
using APCVD. The gate polysilicon layer was then deposited
The major fabrication steps of the p-channel polyat 600°C using LPCVD with a target thickness of 2500 A. It
Si/Si,_,.Ge,/Si CMTFT are shown in Fig. 2. The fabri-was then implanted with boron at a dosetof 10> cm=2 and
cation process for the n-channel devices is the same as #wergy of 33 keV and patterned. The source was doped by a 33
for the p-channel but with the p-type and n-type dopant intekeV boron implant with a dose of x 10** cm~2. The drain
changed. Silicon wafers with a thermally grown oxide layeras doped by a 40 keV phosphorus implant with a dose of
of 5000 A were used as starting substrate. First, a thin layex 10> cm—2. After the source and drain implantation, 3500

P+ | | N+
OXIDE
SILICON

I1l. DEVICE FABRICATION
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A of LTO was deposited and densified at 600 for 12 h. The
dopants were activated during the LTO densification. Contamt. 4. Forward conduction characteristics of the (a) p- channel
holes were opened using dry etching of the LTO layer. A lay@ply-Si/Sk_.Ge./Si CMTFT and conventional offset drain TFT, and

. . . ..+ () n-channel poly-Si/Si_ . Ge,/Si CMTFT and conventional offset drain
of Al was then deposited using the sputtering method withg+
target thickness of Lm. After metal patterning, forming gas
annealing was performed at 35C for 30 min. Finally, the

devices were hydrogenated in r.f. hydrogen plasma for 2 h. Fig. 4 shows the forward conduction characteristics of the p-

and n-channel poly-Si/si,Ge,/Si sandwiched conventional
offset drain TFT's and CMTFTs. All devices have the same
offset length of 3um and WI/L ratio of 200um/5 pm. It is
shown that the on-state current of the p-channel CMTFT is 1.3
Fig. 3 shows the typical experimentalV characteristics of to 3 orders of magnitude higher than that of the conventional
both the p- and n-channel sandwiched CMTFTs. IFhéchar- offset drain TFT at a gate voltage e24 V and drain voltages
acteristics of both devices exhibit a low bias region and a higahnging from—15 V to —5 V. While for the n-channel counter-
bias region. A transition voltage between the two regions is opart, 1.3 to 3.2 orders of magnitude higher on-state current is
served, which is in fact the turn-on voltage of the drain-diodachieved at a gate voltage of 24 V and drain voltages ranging
The transition voltage for the p- and n-channel devices are dmm 15 V to 5 V. The low on-state current of the p-channel
proximately—0.5 V and 0.5 V, respectively. At a drain voltaggand n-channel) conventional offset drain TFT is due to the high
less than the turn-on voltage, the drain diode is off, and the desistance in the lightly doped offset region. When the drain
vice is basically off. As the drain voltage is increased beyonaltage is low, most of the voltage is dropped across the offset
the diode turn-on voltage, the drain diode is turned on, and thegion and the holes (electrons for the n-channel offset drain
device is operated in the high bias region. In this region of op+T) from the channel fill the traps at the grain boundaries in
eration, minority carriers are injected into the offset region ante offset region, resulting in a small drain current. Therefore,
modulate the offset region resistance for a significant increagdigher drain voltage is needed to overcome the potential bar-
in drain current. rier caused by the grain boundary for higher drain current. In

IV. RESULTS AND DISCUSSION
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the case of the p-channel (and n-channel) CMTFT (also shov

in Fig. 4), a significantly higher on-state current is achieved ~ -10°E AFTER HYDROGENATION CMTFT
and the current pinching problem is minimized. This can be e R Conv
plained as follows. As the gate voltage is above the thresho -0
voltage and the drain voltage is below the turn-on voltage ¢

o P ; -10%
the drain diode, the drain diode is off and no electrons (hole BEFORE HYDROGENATION

for the n-channel) are injected from the drain. The device is of
When the drain voltage is increased beyond the turn-on voltag
the drain diode is turned on, electrons (holes for the n-channe
are injected into the offset region and lower the barrier heigt
formed between the grain boundaries in the offset region. Sut
a reduction in the barrier height enhances the flow of both th
holes and electrons. Thus, the conductivity in the offset region

-10%

-107

-10°

SOURCE-DRAIN CURRENT (Amp.)

T T T T TV ¥ T VT T T T A T

modulated, and the on-state resistance is reduced dramatica -10°E  vds=20V

Hence, the on-state current is much increased.The threshe T S S
voltage and drive current capability of both the p- and n-chann -30 -20 -10 0 10
poly-Si/Si .. Ge,/Si sandwiched CMTFTs are listed in Table I. GATE VOLTAGE (Volts)

The poly-Si CMTFTs [10], [11] are also included for compar- ’ (@)

ison. The threshold voltage of the p-channel devices is measur 109

atadrain currgnt of-100x (W/L) nA (100x (WI/L) nA for the CMTFT  AFTER HYDROGENATION
n-channel devices). Results show that both the p- and n-chani 1ot L ————— Conv.

sandwiched CMTFTs have a higher threshold voltage than tho
of the poly-Si CMTFTs, indicating a higher trap density in the
poly-Si;_, Ge, film [5]. Since the threshold voltage is also a
function of the current level (as defined above), the on-resis
tance in the offset region which determines the current level wi
also affect the threshold voltage. For the sandwiched CMTFT
the n-channel device has a lower threshold voltage. This is di
to the higher minority carrier (hole) mobility in the n-channel
device compared to that of the minority carrier (electron) mo
bility in the p-channel device. The higher minority carrier mo-

Vds=20 V
10% |

100 |

107 &

SOURCE-DRAIN CURRENT (Amp.)

bility will make the resistance in the offset region lower, anc BEFORE HYDROGENATION
in turn reduces the threshold voltage. In the case of the poly- qoro Ll o o v e
CMTFTs, the n- channel device has a higher threshold voltag -10 0 10 20 30

which is also due to the lower minority carrier (hole) mobility
in the poly-Si film.

Fig. 5 shows the gate transfer characteristics of the p- ar...
n-channel poly-Si/Si . Ge,/Si sandwiched CMTFT and the _ - _ _

. . . Fig.5. Gate transfer characteristics of the (a) p-channel poly-Si/&e./Si
conventional offset drain TFT before and after hydrogenatioBy et “and  conventional offset drain~ TFT, and (b) n-channel
The devices have the same dimensions as in Fig. 4. Thuy-Si/Si_.Ge,/Si CMTFT and conventional offset drain TFT.
threshold voltage, subthreshold slope, and leakage current are
all improved after hydrogenation for both devices. The leakage
currents_ of the CMTF.TS are comparable with those of the COMPARISON OFBOTH THE P-TAANBDLE-CLANNEL PoLy-Si/Si _..Ge, /Si
conventional offset drain TFT's. The p-channel (and n-channel) CMTFT’S WITH THE PoLy-Si CMTFTs [10], [11]

CMTFT has a six times (five timé¥higher on/off current ratio
than that of the conventional offset drain TFT at a drain volta¢

GATE VOLTAGE (Volts)
(b)

of —20 V (20 V*) and a gate voltage 6f24 V (24 V). Parameters Polv-g':ﬁiﬁ_erex/Si Poly-Si CMTFT
To compare the drive current capability of the various d¢
vices, the on-current (measuredgl, =30 V andVy, =20 n-channel | p-channel | n-channel | p-channel
V for the n-channel},, = —30 V andVy, = —20 V for the
p-channel) normalized to the threshold voltage of the devic V.. (V) 115 -13 10 -8

(V4s—Vin) is obtained. It can be seen that the p-channel sar
wiched CMTFT has a 60% higher current drive capability tha 1,/(v_-v,)
that of the poly-Si CMTFT, which is due to the higher hole mg (HAV)
bility in the poly-Si _,Ge, film. However, for the n-channel de-
vices, the poly-Si CMTFT has a 3.3 times higher drive current
capability than that of the sandwiched n-channel CMTFT. This
Ivalues within the parentheses are for the n-channel devices. is due to the lower trap density in the poly-Si film, which has

5.4 7.0 18.0 4.4
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19. . reakdown voltage versus offset length of the (a -channe
S ( ) Fig. 7. Breakd ltag fiset length of th p-channel
(b) poly-Si/Si,_,Ge,/Si CMTFT and (b) n-channel poly-Si/Si,Ge,/Si

CMTFT.
Fig. 6. On-state and off-state current versus offset length of the (a) p-channel

g?\I/IyT'ﬂS'“IGe”/S' CMTFT and (b) n-channel poly-SiiSi.Ce./Si 1angih a relatively constant on/off current ratio is obtained. The
on/off current ratio as a function of the offset length is also
shown in Fig. 6.
a lower on-state resistance in the offset region. To improve therig. 7 shows the breakdown voltage of the p- and n-channel
performance of both the p- and n-channel poly-SiGe CMTFT'&MTFTs as a function of the offset length. The devices are
higher quality poly-SiGe film obtained using laser recrystallizagith a WiL ratio of 200um/5 um. The breakdown voltage of
tion or lateral recrystallization will be needed. the p- and n-channel devices is measured at a drain current of
The on-state and off-state currents of the p-channel (and theoo nA/j:m and 100 nA4m, respectively. It is shown that the
n-channel) CMTFTs as a function of the offset length are showfeakdown voltage increases fairly linearly with an increase of
in Fig. 6 with W/L of 200m/5 um. The on-state currentis meathe offset length. This is due to a reduction of electric field
sured at a drain voltage ef20 V (20 V*) and a gate voltage of at the drain junction as the offset length is increased, which
—24V (24 V). As expected, the on-state current of the devicégwers the impact ionization and in turn causes the breakdown
decreases with an increase in the offset lehgts the offset to occur at a higher voltage. The breakdown voltages of the p-
length increases, the on-state resistance increases, which leg@dsn-channel conventional offset drain TFTs as a function of
to areduction on the on-state current of the devices. The Oﬁ:-Stmg offset |ength are also shown in F|g 7 for Comparison_ Forthe
current is measured at a drain voltage-&0 V (20 V") and a p-channel (and the n-channel) CMTFT, the large drain voltage
zero gate voltage. The off-state current also decreases withi@8upported by a parallel combination of @/gn* (n*/ilp*+
increase in the offset length. As the offset length increases, 8¢ the n-channel) diode structure and ah-segmented/ifh
lateral electric field at the drain region decreases, resulting (i - segmented/i/p for the n-channel) resistor structure. How-
a corresponding reduction on the off-state current. Since bedffer, in the case of the p-channel (and the n-channel) conven-
the on-state and off-state currents are reduced at a longer offfgiial offset drain TFT, the breakdown voltage is determined by
a ptlilp~Ipt (nt/iln=/nt for the n-channel) resistor structure.
_ “There is a discrepancy(10%) in the current values compared with thoserhe results, shown in Figs. 6 and 7, also demonstrate that a high
in Fig. 4. The discrepancy is mainly due to the offset rehion variation whi eakdown voltage p- and n-channel CMTFT with a high on/off

arises form the nisalignment when doping the drain region. Non-uniformity ) X
the grain size in the poly-SiGe film also causes the current to be different. current ratio can be obtained.
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Although both the p- and n-channel poly-SiSjGe,/Si
sandwiched CMTFTs have involved minority carriers (elec-
trons for the p-channel and holes for the n-channel) in the[alz]
conduction mechanism, no degradation in the switching speed
of the devices was observed. This agrees with the switching
performance of the poly-Si CMTFTs reported earlier [10],
[11]. In fact, the lifetimes for the minority carriers in the
poly-Si; _, Ge, material are even shorter compared to those |
the poly-Si material. This is expected since the poly-SGe,
has a higher trap-state density than that in the poly-Si mater

[5].

V. CONCLUSION £

Both the p- and n-channel poly-Si{Si.Ge./Si sandwiched j | sHr]
CMTFTs were demonstrated and analyzed. The conductiv‘ e S
modulation effect observed in the poly;Si.Ge, material
is as effective as that in the poly-Si material. Results show
that the transistors provide a high on- state current as well .
as a low leakage current compared to those of the conwve
tional offset drain structures. CMOS CMTFTs fabricated o
the poly-Si_,Ge, material can be designed for use in low
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