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MO HINH HOA TRANSISTOR MANG MONG HU'U CO
PIEN AP THAP TREN PE PLASTIC

Pham Thanh Huyénl’z*, Pao Thanh Toan*"

Tom tit: Pién tir hitu co dat dwoc nhiéu thanh tuu trong nhitng nam gan ddy
nhung viéc thiét ké mach tich hop hitu co van chua duoc thuc hién ph(f bién véi do
chinh xac cao vi cac linh kién co ban con chwa cé mé hinh ddac trung. Ly do la linh
viee ndy con khd méi trong khi cau triic va vt liéu hitu co sir dung cho qud trinh
ché tao lai rat da dang. Trong nghién ciru ndy, ching téi ché tao transistor mang
mong hitu co - OTFT (Organic Thin-Film Transistor) kénh P sir dung vdt liéu ban
dan pentacene va vit liéu cach dién PVC (poly (vinyl cinnamate)). Cac OTFT ndy
sau do dwoc do cac dac tinh dién nho hé do SCS 4200 va Agilent 42844 LCR. Bcing
viéc két hop céng cu todn hoc va cong cu thiét ké mé phong mach tich hop, cdc
tham sé ciia mé hinh OTFT dwoc phdn tich va xdc dinh dé két qua mé ) phong lap lai
két qua thwc nghiém & cd dwong dic tuyén truyen dat va ho ddc tuyén dau ra. Mo
hinh sau do dwoc dwa vao thw vién cua phan mém phuc vu cho viéc thiét ké mach
tich hop hitu co.

Tir khéa: Ban dn hitu co, Transistor mang méng hitu co, M6 hinh hoa, TFT dién ap thip, PVC OTFT.
1. DAT VAN DE

Linh vuc dién tir hitu co da dugc nghién clru tir cach day gén hai chuc nam
[1, 2] va thoi gian gén day da dat duoc nhiéu thanh tyu noi bat. Dién hinh 1a céc
man hinh cong OLED (Organic Light Emitting Diode), th¢ RFID (Radio
Frequency Identification tag), tam pin mat troi ¢d 16n va cam bién dién tich rong
[3-5]. Tuy nhién, xét & mirc mach dién, hién van dang thiéu cac mo hinh dic trung
cho linh kién co ban 1a cac OTFT. Diéu nay din dén viéc thiét ké hay mo phong vi
mach hitu co ciing chua thé thuc hién dugc rong rai. Hon ntra, mo hinh (néu c0)
phai dat dugc do chinh xac can thiét véi linh kién san xudt that dé dam bao céc
thiét ké mach dya trén mo hinh dé xuat 6 tinh thuc tién.

Mot s nghién ciru trude day tao mo hinh cho OTFT bang cach tim ham toan
hoc cho dic tuyén cé tir thue nghiém [6-8]. Mic du do chinh xac kha cao nhung
cac mo hinh d6 khong dugc chimg minh 14 co thé sir dung duoc trong qua trinh
thiét ké mach. Bai toan chiing t6i dit ra 1a xdy dung duoc mé hinh twong tng véi
cac linh kién d3 duoc ché tao trong thuc nghiém va mé hinh nay phai st dung dugc
dé thiét ké va mo phong mach tich hop hitu co. Bén canh do6, hudng nghién ciru mé
hinh hoéa linh kién co ban ¢ Viét Nam ciing budc dau c6 két qua [9-11]. Cong bd
[9] st dung md hinh EKV 2.6 level-55 ap dung thuat toan gen cho MOSFET
(Metal-Oxide—Semiconductor Field-Effect Transistor) voi bo dit li€u la cac ho dac
tuyén dau ra ctia cac transistor ¢ kich thudc khac nhau. Tuy nhién, do dic tuyén
truyén dat 1a dac tuyén thé hién hoat dong cua linh kién tdt hon dic tuyén dau ra
nén can dya trén dir liéu cua ca hai loai dic tuyén dé mo hinh sau khi xay dung c6
thé dic trung cho linh kién. Céc tac gia cua [10, 11] déu chon mé hinh a-Si TFT
level-61 [12] dé lam cin c@r phat trién mo hinh cho OTFT nhung st dung phuong
phap tring khép diém nén thoi gian mé phong 1au va d6 chinh xac thip. Piém
manh cda nghién ctru [11] 1a str dung linh kién dugc md hinh hoa dé thiét ké va mo
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phong nhiéu mach, trong d6 c6 mach chuyén d6i twong tu/sd phirc tap, tuy nhién,
md hinh méi chi &p dung cho dién 4p lam viéc cao ¢d hang chuc von.

O khia canh khac, dé giam dién ap 1am viéc ctia OTET xudng con vai von c6 thé
thuc hién bang cach dung thém 16p SAM [13,14], ALL,Os [15] hay HfO, [16] & 16p
dién moi cuc ctra. Tuy nhién, SAM OTFT c6 dong do 16n do hat dan dé dang di
chuyén qua l6p mang mong SAM con linh kién ALOs va HfO; lai khong phu hop
v6i san xudt trén dé déo. Thoi gian gan day, PVC duoc str dung nhu 1a giai phap
cho OTFT dién ap thap trén dé déo [17,18] nhung md hinh ciia loai OTFT nay hién
van chua c6 nghién ctru nao dé cap téi.

Trong bai bao nay, chiing toi két hop ca phan tich dic tinh vé dién cua PVC
OTFT dién ap thip, cong cu toan hoc OriginPro va cong cu mé phong OPDK
(Organic Process Design Kit) dé tim ra bd tham s6 ctia mo hinh. OriginPro 1a cong
cu hd tro xur 1y dit liéu va do thi con OPDK la cong cu thiét ké mach tich hop hiru
co [19]. V&i phuong phap tiép cin méi nay cua ching t6i, qua trinh mdé phong
dugc thyc hién nhanh hon va két qua thé hién dédc tinh cua OTFT toan dién hon.
Thém nita, md hinh dugc phat trién trén nén tang tir chuong trinh thiét ké mach
tich hgp nén hoan toan c6 thé str dung cho qua trinh thiét ké va mé phong mach.

2. CHE TAO OTFT KENH P VOI CHAT PIEN MOI PVC

Chung t6i str dung kién tric “cuc cira bén dudi, cuc ngudn va mang bén trén”
(bottom-gate top-contact) vi khi nay dién cuc ngudn/méang s& dugc ling dong bén
trén 16p ban dan lam cho phan tiép xtc hiéu dung gilia dién cyc va ban dan 16n
hon cac kiéu cdu truc khac, qua d6 lam giam dién trg tiép xtic cia dién cuc va ban
dan [20].

bién cwc clra G

Hinh 1. M6 ta qud trinh san xudt OTFT kénh P trén tam nén plastic.

Qua trinh san xuat dugc mo ta & hinh 1. TAm nén plastic duoc rira bang dung dich
trong phong sach va lam kho dé dam béo loai bé O, va H,O trén bé mat. Sau do, tim
nén duoc dura vao may bdc bay chan khong voi ap suét thap 107 Torr va toe d6 boc
bay khoang 0,3 nm/s dé tao 16p dién cuc ctra bang Al véi do day 1a 30 nm. Lép
mang mong dién mdi PVC c6 d6 day khoang 3+4 nm dugc tao ra bén trén dién cuc
ctra bang phuong phap quay phu sau khi polyme PVC dugc hoa tan vao dung dich
DMF (dimethyl formamide) voi ti 1€ 5 mg/ml. De giam dong 1o, tia cyc tim UV
dugc chiéu khoang 1 gid vao mau trén nham gia c6 lién két bén trong 16p dién moi.
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Tiép theo, 16p mang mong ban dan kénh P 1a pentacene véi d6 day 30 nm duoc tao
ra sau khi dua miu vao may bbc bay chan khong tai ap suat thdp 10 Torr, téc do
bbc bay khoang 0,03 nm/s. Sau d6, mau tiép tuc dugc gitt lai ¢ ddy dé tao 16p dién
cuc ngudn/mang bang kim loai Cu véi do day 50 nm tai 4p suét thip 10~ Torr, toc
do boe bay khoang 0,1 nm/s. Kénh dan co d6 dai L= 50 um va do rong W = 2000
pm. Cudi cing, OTFT duoc dong gbi nhd st dung keo dong goi dé tranh tac dong
ctia O,, H,0, ciing nhu cac tac dong co Iy hoa khong mong mudn khac.

Céac dic tinh vé dién cia moét OTFT g6m dac tuyén truyén dat, dac tuyén ra va
cac gia tri dién dung duoc do theo chuin IEEE Std 1620™-2008 [21], st dung hé
do SCS 4200 va Agilent 4284A LCR (Hoa Ky). Cac thong sb ciu tric va vat ly
trich xuét truc tiép tir dit liéu do dugc thé hién trong bang 1.

Bdng 1. Cac tham s6 trich xudt tir dir lidu do ddc tinh dién ciia OTFT.

L(um) | W/L u(m*V's™ | tw(mm) | EPS EPSi Vru (V)

50 40 3,75E7 3,80 3,40 17,90 -1,23

V6i p, tox 1a d6 linh dong cua hat dan, do day cua 16p dién mo6i PVC; EPS la
hang s dién moi cua chat nén PET plastic; EPSi 1a hang s6 dién méi cua 16p dién
mdi cyc cira PVC va Vg 1a dién 4p ngudng.

3. MO HINH HOA OTFT

Mo hinh twong duong dugc chon cho OTFT 1a m6 hinh level-61 trong cong cu
mo phong ciia Synopsys von 1a mé hinh AIM-SPICE MOS15 danh cho a-Si TET
(amorphous-silicon TFT) nhung dugc ching minh 1a mé hinh ¢6 tinh tuong dong
nhat v6i TFT hitu co [8,11,18]. Véi mé hinh nay, dong cuc mang I cia OTFT
duogc xac dinh bang biéu thic (1), theo [12].

Ly =140 + 1y )

Vo1 g0 va Ik 1a dong hat dan chay khi transistor dan va dong ro khi transistor ngét.
Dong 1450 dugc tinh theo cong thuc duoi day:

[ds() :gchl/dse(l—i_ﬂl/ds) (2)

trong do, gen, 4 1a dién dan cua kenh va hé sb do6 dan dau ra. Biéu thuce tinh geh kha
phtre tap v61 muoi ba tham sO vé kich thudc, do linh dong ciia hat dan, hang sO
dién moi va cac tham sé diéu chinh. Vg 1a dién 4p giita cuc mang va cuc ngudn,
dugc thiét lap trong qué trinh do con Vg duoc tinh theo cong thire (3):

Vds

V
1+ ds ml/m
[ (TV )"

gte

Vie = 3)

v6i m 1a tham so thé hién vi tri di€ém udn cua duong dac tuyén truyén dat tir giai
doan bao hoa sang ngat, a 1a hé so dieu che bao hoa va V. dugc tinh theo biéu

thirc sau:
V. -V V -V
Vo= N ]y e +\/52 p (e gy 4)
2 VMIN VMIN
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v6i VMIN, Vi va & lan lugt 1a tham s6 hoi tu, dién p ngudng va hé sb do rong
vung chuyén tiép.

Néu nhiét d¢ 1am viéc bang nhiét d6 danh dinh thi dong ro Iy duge tinh theo
biéu thirc (5):

I, =10Lx [exp(i) —1]xexp(— Ve )+ V, SIGMAO (5)
VDSL VGSL
v6i IOL, Vpsi, Vast, SIGMAO lan luot 1a tham sé dong ro khi khong phan cuec,
tham s6 anh huong cua dién ap cuc mang, cuc ngudn t6i dong ro, va tham sd biéu
thi gi4 tri dong ro nhé nhat.

'Cong thire sur dung dé xac dinh bo tham s6 ciia mo hinh la cong thie coi /g 1a
bién phu thudc, Vg va Vds la bién ddc lap va cac hé s con lai 1a tham sb ctia mo
hinh. Khi Vys duoc glu co dinh, dd thi thé hién gia tr1 cua Ids phu thudc vao Vi
duoc goi 1a dic tuyén truyén dat. Khi Vs duge gitr c¢d dinh, d thi thé hién gié tri
cua Iy theo Vys duoc g01 la dac tuyen dau ra. Bang viéc str dung céc duong thuce
nghiém nay cac tham so cua ham /45 s€ duoc xac dinh theo tung budc do so lugng
ctia chiing qua nhiéu nén khong thé xac dinh cing ltc tit ca cac gia tri. Dau tién,
cac tham sb vat 1y nhu hang sé dién moi twong d6i EPS cua dé va EPSi cua 16p
dién moi cuc cira, kich thudc kénh dan W va L, do day 16p dién moi fox va do linh
dong u cua hat dan duoc do. Pién 4p ngudng Vry duge xac dinh tir duong dac
tuyen truyen dat theo phuong phap tuyen tinh héa [22]. Cac gia tri ndy coi nhu la
hang sb va duoc thé hién ¢ bang 1. O céac bude tiép theo, chiing t61 s dung cong
cu toan hoc va mé phong dé tim céc tham sb con lai nhu mé ta chi tiét & phan 3.

4. KET QUA TINH TOAN VA MO PHONG

Vi mdi thong s6 c6 muc dd anh huong khac nhau t6i hai loai duong dic tuyén
trén nén cac thong s6 c6 mirc anh huodng manh mé t6i ca hai loai dic tuyén sé duoc
wu tién tim ra trude, vi du nhu y, a, m va V. RS rang theo cac biéu thirc (2) va (3)
cac tham sb ndy xuat hién theo dang ham mii nén mirc d6 anh hudng 16n. Cac gia
tri khac nhau cua y tac dong chu yéu 1én duong truyén dat ¢ diém c6 gia trj 16n
nhat, xem hinh 2 (a) va « tic dong déu 1én toan bd doan dic tuyén trén dién ap
ngudng, xem hinh 2 (c). Trong khi d6, cac tham s nay lam hinh dang, d6 doc va
khoang cach giita cac duong dic tuyén dau ra thay do6i rat nhiéu nhu minh hoa &
cac hinh 2 (b), (d). Tuong tw, m va V,, tac dong & doan gia tri 16n nhiéu hon doan
gia tri gid tri nho cia dic tuyén truyén dat va 1am dic tuyén ra thay doi rat 16n.

C6 mot s6 tham s6 gan nhu khong tac dong t6i dic tuyén dau ra ma chi tac dong
1én dic tuyén truyén dat, vi du nhu Vig va o trong hinh 3. Theo cac biéu thuc Iy
thuyét (2) va (4) thi cic tham sd ndy xuat hién v&i hé sé nho nén mic do anh
huong khong 16n.

Ngoéi ra, mot s6 tham sd nhu IOL, VosL, VgsL, SIGMAQ chi 1lam thay doi doan
dac tuyen dudi dién ap ngudng. Diéu nay hoan toan phu hop voi ly thuyét khi tinh
dong ro bang biéu thuc (5), biéu thirc duy nhit chira bon tham sé do.

Tir nhitng phan tich toan hoc va mé phéng & trén, biéu thuc (1) tinh /i duoc
khai bado nhu ham goi y, cac tham so dugc gidi han gia tri dya trén cac nghién clru
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tuong tu [6,7,11]. Ho dic tuyén dau ra s& dugc str dung dé tim tham sb trude va
cac vi tri quan trong 1a y, a, m va Vi, s€ duge gilr nguyén gia tri cho budc tim cac
tham s6 khac tir dic tuyén truyén dat. Bang cach st dung cong cu OPDK cac tham
s6 diéu chinh con lai nhu Veg, Vost, VasL, def0, o ... s& dugc xéac dinh dé co duong
dic tuyén mo phong bam sat dudng thuc nghiém.

(a) (b)
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Hinh 3. Anh hieong cdc tham sé Vigva 0.

Céc tham s6 chinh ctia mo hinh t6t nhat ching t6i xac dinh dugc tir thong s6
thuc nghiém cua linh kién OTFT loai P dugc thé hién & bang 2 va duong dac tuyén
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mo phong khi d6 rat sat véi két qua thuc nghiém nhu biéu dién & hinh 4. Piéu nay
c6 nghia la linh kién dugc mo hinh hda c6é cac dudong dic tuyén tuong dong véi
linh kién thuc t€. Ho duong dac tuyén dau ra cling lap lai gia tri thuc nghiém tuong
ung v6oi nhiéu Vs khéace nhau.

Bing 2. Cdc tham s6 chinh ciia mé hinh cho P-OTFT véi chat dién méi PVC.

¥ o m 5 VEB def0 N Viaa Vbs Vas SIGOMA
\Y eV Vv L L
® |V Miw|lwm| @
1E- | 13,6 -
2,30 | 0,34 | 1,40 | 8,00 | 0,01 | 1,15 4 s 1,40 5,00 1E-11
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1E9 _8 |
2¢ o 25V
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VDS V)
Hinh 4. So sanh két qua mo phong (nét lién) va thyc nghiém (6 vuong).
5.KET LUAN

Trong bai bio nay ching t6i da dé xuit cach thirc mo hinh hoéa linh kién OTET
dua trén dir li€u la céac gia tri do thuc nghiém cua transistor duogc ché tao voi vat
liéu ban dan hitu co pentacene va vat li¢u cach dién 1a PVC. Két qua thu duogc dac
trung cho OTFT toan dién hon va cé dd tin cdy cao hon so véi két qua dat duoc
trong cac nghién ctru truge d6. Mo hinh nay dugc dua vao thu vién cia cong cu
OPDK dé thiét ké va mo6 phong mach tich hop hiru co kiéu PMOS. Trong thoi gian
t1ep theo chung toi t1ep tuc ché tao va xay dung mé hinh cho OTFT kénh N dé co
thé thiét ké mach kiéu CMOS, kiéu mach cé chét luong tdt hon trong khi lai dé
thiét ké va ché tao hon nhiéu so véi kiéu PMOS.

Loi cam on: Nhom tac gia cam on sw tdi tro' vé kinh phi cia Quy Phdt trién Khoa hoc va Cong
nghé Quoc gia (NAFOSTED) trong dé tai ma so “103.99-2013.13" va givip do vé thi nghi¢m trong
qua trinh che tgo OTFT cua GS. H. Sakai, tai Vién JAIST, Nhdt Ban.
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ABSTRACT

MODELING OF LOW-VOLTAGE ORGANIC THIN-FILM TRANSISTOR
ON PLASTIC SUBSTRATE

Organic electronics has reached many achievements recently; However,
processes of design and simulation integrated circuits have not been
implemented precisely because of lacking of models for basic elements. In
this work, P-channel organic thin-film transistors (OTFT) are fabricated
with pentacene as organic semiconductor, and PVC (poly (vinyl cinnamate))
as gate dielectric. Physical specifications and electrical characteristics of the
OTFTs are measured with SCS 4200 and Agilent 42884 LCR systems.
Parameters of the model are extracted by analyzing theory and using
simulation tools. The results prove that our model replicates the
experimental data of both the transfer and output characteristics. Then the
modeled device is added in simulation tools to design integrated circuits.

Keywords: Organic semiconductor, Organic thin-film transistor, Modeling, Low-voltage, PVC OTFT.
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