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2 %-33yH SRAM 2:3lell 1481 &-& st AMEElE ofdA et AelE = x|~ e (Polycrystalline
Silicon Thin Film Transistor : Poly-Si TFT) 2} AZ-F Aol thale] odF3leich TFT Aol glojAl & s} o]5x,
W A "WF, & On AF, @*& subthreshold swing 5o A7]H EA& wEA)7)7] $iste] &a) e dApr}
ol Fo|z]x QI channel polyWlel trap density& #%7) 1% 247145 & e 2A4HEA AAH(solid phase
growth . SPG), Si ©]-2 4], laser annealing, hydrogenation % channel poly 34 -Z& ol s =2 &t} TFTY
gate oxideZ. A2 o2 CVD oxided] A4 EA-E v 28l9] ov) =& source-drain 3 ALA = o]-&33] dose,
drain offset length, dopant2] lateral diffusion®} TFT2] A7H BEAls}e] fAle] thale] =31}

Abstract—To use polycrystalline Si Thin Film Transistor {(poly-Si TFT) in high density SRAM instead of High
Load Resistor (HLR), TFT is needed to show good electrical characteristics such as large carrier mobility, low
leakage current, fligh driver current and low subthreshold swing. To satisfy these electrical characteristcs, the
trap state density must be reduced in the channel poly. Technological issues pertinent to the channel poly fabrica-
tion process are investigated and discussed. They are solid phase growth (SPG), Si-ion implantation, laser annealing

and hydrogenation. The electrical properties of several CVD oxides used as the gate oxide of TFT are
compared. The dependence of the electrical characteristics of TFT on source-drain ion-implantation dose, drain
offset length and dopant lateral diffusion are also described.
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Fig. 1. Cross sectional view of a bottom-gate polysili-
con PMOS cell.

Fig. 2. Cross sectional view of the memory cell with
top-gate PMOS load.

diode7} & = glo] FAsA =o) Ut wea
PMOS TFT#9] on current& diode”} | 3H-& 7}3log
F2 549 TFT #2849 o1z} P-N diode 4%
dotabA] wkEool s FA7|go]l HaEA Hch
=3} source-drain °39-& ¥AFr] 9% BF, ol&
4] A Al mask stepel F7}2 Hsaslcl ey
bottom gate TFT-E SRAM cellel]l Hgx]olls= Al
Ho g FAr)go] huksl 22 cell sizes} 2t
layouto 2 AAY £ Qlek =¥ FH7)E4 34H
o= 7t & ol 4 9la BPSG Huh3l 3A4&
TFT ¥4 518 5 9le] SRAM A 34| thermal
budget& U4 Uchs FHe] Ut

Fig. 2= top gate® A3t SRAM cell®] ©al%
o|t}[7]. o] 7% channel poly $1¢ gate oxides}
gate electrode & a8 0 8 Aol 23] Fxoln] S/D
49 A& self-align WHo 2 ¥AL 5 U&=
Aol gl 714 P-N diode ¥4E =37 sl
TFT2 S/D3} node contact?] TiSi, 2 silicide®
TAE A 5 gk 2o B3 cell layout

Journal of the Korean Vacuum Society Vol, 1, No. 1, 1992



214

Vo

?
[ wen ]

T Tbox
] Bollonm Gale _] 1
o

Vb
Fig. 3. Basic structure of double-gate TFT.
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Fig. 4. )Potential barriers resulting from grain bounda-
ries.
(a) Grain boundary in polysilicon
(b) Depletion regions forming to compensate
the charge trapped at grain boundary (c) Pote-
ntial barriers resulting from the charged deple-
tion regions
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Fig. 8. Grain size as a function of deposition tempera-
ture (thickness=100 nm).

Table 1. Properties of amorphous silicon films deposi-
ted by LPCVD using Si;Hs; source gas

Deposition  Nucleation Growth Maximum
temperature rate rate grain size
© (/cm? sec) (nm/sec) (um)
455 280 0.13 7
485 810 0.14 5
515 1100 0.13 35
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Fig. 6. Grain size change with anneal ambients (thick-
ness= 100 nm).
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Fig. 10. Characteristics of I and transcoductance vs.
V; of implanted and non-implanted TFTs
(W/L=50/20 uym).
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Fig. 12. Grain boundary passivation (a) before passi-
vation and (b) after passivation.
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of 10M A= F7isle], HF 2= oEAo] Ho
A5 ¥ 4 2lvt Hydrogenation2 on-current %7},
off-current 7}4:, subthreshold sloped 74, 2%
9j&22] 7k, mobilitys] 27} £ TFTe) #7]3
EAE AubH o2 A F gl Ao 7
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Fig. 13. TET characteristics (a) before and (b) after
passivation.
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2.3. Gate Oxide ®HAI|E

Si 71#¢el Ax¥ MOSFET-2 gate oxideE the-
rmal oxidations] ©ls) A== 100 Aol wi¢
skomi F2 EAL A gate oxide Ax27} 7
3}c}. Top gate TFT®] 75 channel polyE oxida-
tion*]# gate oxideE A z3= 79+ grain boun-
dary 2 Qlsle] <fale] oxided |7] &%, bottom
gate®] 79 HA] gate electrodeq! poly& oxida-
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Fig. 14. Temperature dependence of TFT characteris-
tics with and without passivation.

Table 2. Electrical properties of LPCVD oxide films
(tox=40 nm, HTO 905C tox=15nm)

Items |[L.CD.at5V B.F. MV/cm)
Materials (fA/um® |at —100nA | at —10 pA
HTO(850T) 2.11 8.90 9.97
TEOS 2.00 8.72 9.51
LTO 1.93 8.00 9.22
HTO(905C) 0.07 10.15 12.38
MTO(850C) 0.18 8.24 9.05

*L.C.D. means leakage current density and B.F. means
breakdown field.

tionA]A gate oxidedE ¥eo#e AlxErF ddevt
heavily-doped ¥ poly2} oxidation& X <] # 3 7|2}
dopant segregationo @ qlsl S <fHe] gate
oxide® 7] Y&} AF CVD whes F2 &
A9} oxide® Z3}A1A gate oxideZ AE-dfof 3w,
o Mg 0 2= low temperature CVD oxide(LTO) 3
TEOS CVD oxide(TEOS), medium temperature
oxide(MTO) ¢} high temperature CVD oxide(HTO)
Zo] glrh Table 2004 2+ CVD oxide®] 7|3 &
Aol sl g8 Egtch. TEOSH] wls) MTOY
HTO7} leakage 51} breakdown voltages %714
EXo] ok5g AunlE dglod), HTOY 7% dep.
rate’} W]¢ wom %7} 900CeH A Fatslok 714
F& EAE B Erhe Ao ok weid AA
deviceo H-&317] s 850C o)3te] FAxA
o4 7]& HTO(900T FA) ) W3k CVD oxide
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Fig. 15. Gate oxide thickness dependence of TFT on-
and off-currents with and without offset stru-
cture.

Table 3. Lateral diffusion in polysilicon

Aneal | 9007 30 min | 950C 20 min | 1000 10 min
implant cycle
Dose(/cm?) AL(um) AL(um) AL(um)
3E14 0.3 04 0.9
1E15 04 0.5 1.0

qrbe] Ag-alc). =3 oxide™te] M)A 54 wut
olujz} gate oxide2®] F77} TFT9) turn-off Aredol
*1¢] leakage current ‘H3}ol| F2F JFL Fr})
Fig. 1504 =A% 235 29 60 mm o] 3}l 4 &3}
leakage current’} ZA F713H-& B 5 Qo) ol
gate®?} drain® H$|Ape 23 ubske] fieldell
2§t o33 o 2 Z7}5F band-band tunnelingdl] 2|%
e 24 oxide xpA 9] 4714 A ¥qt o}e} cha-
nnel poly9) trap density EA 7% Z2& FHalo] ik
Fig. 150 4] R.o]%o] drain-offset-& F%)3}o] gateo}
drainAle] AA-g Zo)H oxide FHA &AM Ak}
AL B 5 o Yoz F& HU|H EA, e
2= A oxide ®Fate] F3t3) oiEo] TFT F24 Q)
ZHoll A leakage HF FHAE % A77) Al ol
FolHor & Aol

2.4. Source Drain ®§M7|&

2.4.1. Source-drain dopant®] lateral diffusion

TFTe| A+ channel®] polyo]=2 S/D 349<
Ajt & 34 dFA6d A impurity?] diffusione]

oo

g, A1d A1z, 1992
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Fig. 16. On- and off-current as a function of impurity
dose in the source and drain regions of TFT.

AA Sivch A =) 22 o]f+ poly?] grain boun-
dary”} impurity®] diffusion path’} 7] wj&o)c}
2%]% SRAMel| A 2] TFT9] channel length+ 1 pm
Zajelm 2 & 432 AA o lateral diffusionS
Al 8o} &kr}. Table 394 boron$] implant dose$}
F& AF A mel S/D 23 9] sheet *13}3} lateral
diffsion® <kl AL e vrdslelei21]. 1X10%/cm?
o] horon dose®] 7% 900C 30%<9 7-$-2} 1000T
1082 %% 04ume}t 10pm FHE 7HHE 753
B diffusivitys %4 ®3d o] (D
e VT Q= FA3] energy) ¥4 4FH L&+ 850
T o]8}2 3o} channel Zo] 1pyme] TFTE A%
T UE AHelth

2.4.2. Source Drainel] 7]*}+= implant dose®] <38

Fig. 1621 4] poly®] %77} 20 nm% =}2] TFT on-
off current-Z source/drain <3<l impurity implan-
tation dose H3}el| wa} =x|§ A}o|c} 7], Impu-
rity dose] Z}Aol we} Vp=—1VY o9 off-cur-
rent®} Vp= —5 Vol A 9] off-currentx}7} 714 8& o
<+ olch =3 impurity dose®] Ztarol whel Vp=-—5
d o Vo=-5Y w(on-current) 2} Vs=0 V(off-cur-
rent)el| ¢ FAHAAFr} 25 2pas o £ ok
o]+ dose 7tAo| wle}l source/draine 419 poly A
o] F71sl7) wFEolr). w3] dose WERte 2

on-current& 0] i off-current & ¥3&7| ojej o2
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Fig. 17. TFT 1[,—V; characteristics with and without
offset structures.
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Fig. 18. Offset length dependence of TFT on- and off-
currents.
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on-current #5E #A#3lHA off-current HAE
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QA HAF offset Zolo] W] HF-o st
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TFT2 7|4 A2 channel poly?) trap den-
sity7} A }=], poly-Si W trap site®] A& $13te]
wHA Si 23 9 AeaAA AR, T A,
Si ol&FYF AeaAZEA AA, laser annealing
E FA7IE JWie] #is] o) Feix|a glch vl
Ae] ExE F& AslelFx, ¥ on AR, W
off AF-2} =2 subthreshold swingelt) e A
AFE 7P 2AIA ) gate oxide FAE W% F
83}, S/D 8AA A=A dose?] 4147} short chan-
nel TFTo|A] dopant9) lateral diffusion =¥k ¥
#flo} gt} TFTY leakage AFE 107 2(A) o|3l=
zA4317] e e offset 2ol E AAsHA sk
A& Gt

AA TFTE SRAMe AH4-37] 913t H7H &
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