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ABSTRACT

MOSFET (Metal-Oxide Semiconductor Field-Effect Transistor) is a
Transistor with structure and operation different from conventional
Transistors that is based on the principle of operation of magnetic field
effect to generate current. MOSFET is a device with input impedance. The
large input is suitable for amplifying small signal sources.With the ability to
quickly switch large currents and voltages such as oscillators creating
magnetic fields, pulse power supplies and high voltage control circuits. A
metal-oxide semiconductor field-effect transistor, MOSFET (Metal Oxide
Semiconductor Field Effect Transistor), is a type of transistor that uses an
electric field to control and affect the conductivity of a semiconductor
material. With outstanding advantages from the ability to quickly close large
current and voltage, high input impedance, high thermal stability and high
working frequency, MOSFETSs are widely used in control circuits and digital
circuits, especially integrated circuits. Therefore, researching,
manufacturing and gradually mastering MOS technology is essential for
laboratories to manufacturing plants.

In this work, we designed and fabricated a computer-controlled mini
Photolithography Machine with a resolution of less than 50 uM and tested
the fabrication of nMOS electrodes to determine optical parameters. optimal
etching through 18 test samples as follows: irradiation time (tex) 45 giay,
rinsing time (tdev) 55 gidy, distance between emission source and mask (h)
10 cm, intensity for UV LED emission (I) 50 mA and irradiation angle (6)
0o.

Samples performed in our photolithography cabinet were verified by SEM
technology (Semiconductors lab, SHTP labs). They were checked on a high
definition scale down to 8 uM size of nMOS technology. Furthermore, the
photolithography cabinet succeeded in manufacturing and conducted
effective initial experiments on photolithography and the surveying of some
optimal parameters for the study of MEMS, sensors and electronic devices.

29



AGU International Journal of Sciences — 2024, Vol. 33 (3), 29 — 44

TOM TAT

Transistor hi¢u #ng truong kim logi-oxit ban dan, MOSFET (Metal Oxide
Semiconductor Field Effect Transistor), la logi transistor sir dung dién
trieong dé kiém sodt, tac dong dén dg dan cua vat ligu ban dan. Véi wu diém
néi bdt tir kha nang déng nhanh dong dién va dién ap lon, tré khang vao
cao, kha ndng én dinh nhiét cao va tan sé lam viéc lon, MOSFET duwoc sir
dung nhiéu trong cac mach diéu khién va vi mach s, nhat 1a mach tich hop.
Do dé, viéc nghién cizu, ché tqo va timg buréc lam chi cdng nghé MOS 1a
hét sizc can thiét cho cac phong thi nghiém dén cac nha may ché tqo.

Trong bai b4o nay, nhém nghién citu dé thiét ké, ché tao ti quang khdc mini
diéu khién qua may tinh véi dé phan gidgi duwdi 50 uM va thit nghiém ché
tao dién cuc NMOS nham xdc dinh c&c théng so quang khdc téi wu qua 40
mau ther nghiém nhuw sau: thoi gian chiéu xa (te) 45 gidy, thoi gian trang
rira (teey) 55 gidy, khodng cach giiza nguon phat xa va mat na (h) 10 cm,
cuwong dp cho UV LED phét xa (1) 50 mA va géc chiéu xa (6) 0°.

Cac mau thuc hién trong hé quang khdc nay dwroc kiém chiing qua viéc chup
anh SEM (tgi PTN ban ddn, Trung tdm NCTK- SHTP) dat d¢ nét cao khi
kich thuéc bé nhat cua chi tiét nMOS 12 8 uM . Nhém nghién cieu di thanh
cong trong. ché tao ti quang khdc va tién hanh cac thuc nghiém ban dau
hiéu qud vé théng sé quang khdc, dn mon cho cdc cau tric MEMS, cam bién

sau nay.

1. GIOI THIEU

Cac chat ban dan dang dung phd bién nhat l1a
Silicon (Si), Germanium (Ge) cho san xuét linh
kién ban dan. Carbon dugc dung chu yéu trong
san xuat dién tré va cac doéng ho chiét ap. Tay
theo loai ban dan dugc ché tao ma chang dugc
pha tap thém cac nguyén t6 nhom 11l va cac
nguyén té nhém V, hoic ca hai loai cho céc quy
trinh cong nghg, tao cac 16p va cau tric cho cac
linh kién c6 murc ning lwong luong tir da giéng.
Mot s6 cong trinh nghién ctiu va tai lidu bién tap
cho giang day hién nay chua nhiéu nhu Tran Vin
Vii (2003) va Tran Anh Quang (2011).

Céu triic cia nMOS gdm céc 16p tiép giap kim
loai-oxit-ban dan tai kénh dan, tiép giap PN tai
C4C cuc nguon va cuc mang, tiép giap kim loai-
ban dan tai cuc cong. Sau d6 dua trén cac dic
diém cua céc 1op tiép giap nay dé thiét lap cac
cong thic va tién hanh mé phong cho nMOS.
Theo Jaeger, Richard C (2002) thi céng nghé
quang khéc 1a buéc quan trong lién quan dén do
chinh xé&c trong coéng nghé vi mach can niam
vitng.
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Quang khic (Photolithography) la ky thuat dugc
st dung rong réi trong cong nghé ban dan va
cong nghé vat liéu. Nguoi ta sir dung birc xa cuc
tim 1am bién ddi cac chat can quang phu trén bé
mat vat liéu dé chuyén hinh dang chi tiét cia mau
can ché tao 1én dé wafer hoic cac vat liéu khéac
nham tao ra cac chi tiét nhu mong mubn. Cong
nghé quang khic cé thé tao ra nhiing chi tiét vat
liéu c6 kich c& micromet. Ddi vai céc chi tiét vat
liéu ¢6 kich thudc nhé vao khoang nanomet,
ngudi ta khéng ding quang khic dé ché tao (do
su nhidu xa anh sang) ma thay thé bang phuong
phép quang khic chum dién tir (electron beam
lithography).

Nghién ctru cong nghé ché tao ban dan tai phong
thi nghiém 1a rat quan trong cho viéc dao tao
ngudn nhan lyc cho nganh vi mach ban dan hién
nay tir mo phong dén ché tao thyc té. Téc gia
Tran Quéc Thanh (2014) khang dinh viéc md
phong cau tric cho nMOS, thiét ké mat na, phu
dién cuc, thyc hién quy trinh quang khic, n mon
va kiém tra chat luong cac mau dién cuc caa linh
kién nMOS,.. 1a dang lam chu dugc cac budc
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gquan trong trong cua cong nghé vi mach ban dan
da thuc hién. Bén canh do, viéc ché tao thiét bi
quang khac cho cac thuc nghiém pham vi luan
van, luan an nhung chét luogng tt, giam chi phi
nguyén vat liéu va thoi gian vai kinh phi nghién
ctru 14 muc tiéu caa nghién ciu nay. Phat trién
tiép y tuong thiét ké ciia Lé Poan Anh Duy
(2014), nhém nghién ciu tiép tuc thuc hién cac
noi dung:

(1) Thiét ké va ché tao tu quang khic chiéu xa
UV LED diéu khién bang may tinh cho quy mé
phong thi nghiém.

(2) Thiét ké 03 loai mask véi cac kich thudc téi
thiéu tir 48 pM xubng 1 uM cho quy trinh quang
khic dién cuc nMOS.

(3) Thuc hién chiéu xa tir 20 gidy dén 60 giay va
thoi gian trang ria tir 20 gidy dén 70 gidy dé xéac
dinh duoc 2 thoi gian téi wu cho quy trinh quang
khic nMOS.

(4) Két luan va danh gia quy trinh cong nghé cho
ché tao dién cuc nMOS.

2. MO TA THUC NGHIEM

Thay cho nguédn sang dung dén thay ngan cong
Suit cao véi hé thau kinh phic tap tir may Mask
Aligner (hdng SUSS Micro TEC) tur Trung tdm
Nghién cttu Trién khai thuoc Khu Cong nghé cao
TP. HCM, ching t6i str dung nguén phét 18 UV
LED (UV LED 3W) ¢6 cung budc séng 365 nM.
Nhimg UV LED nay dugc sap xép sat nhau va
theo mét trat ty nhat dinh sao cho cudng do sang
dugc phan bd dong déu khi chiéu xa. Tu chiéu
xa ndy gom phan co khi, mé to budc cho phan di
chuyén cua b deén theo khoang céch voi mau
chiéu (wafer), bo den, nguon cip va sir dung vi
xtr Iy cho diéu khién thoi gian chiéu UV LED,
giao dién két ndi véi PC qua cong COM dé nhap
cac dir liéu dau vao.

Str dung phan mém Layout Editor dé thiét ké 3
dang mask véi cac kich thuéc (a,b,c) khac nhau
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cho ciu tric nMOS don gian. Sau d6, cac mask
duoc in trén cac tim plastic va st dung chiéu xa
bing tu dwoc ché tao theo cac tham s thoi gian
khac nhau.

Bing cach chup SEM (may S4800, 10kV) tai
Trung tdm NCKT Khu Céng nghé cao (SHT
Labs) dé so sanh chat lwong mau quang khic, an
mon cua ti quang khic nay véi mau duoc thuc
hién tir Mask Aligner chuyén dung. Két qua, cho
thiy ti quang khic mini nay dat chit luong
tuong duong khi tiém can kich thudc caa chi tiét
dién cuc ¢& 8 pM . Tu mini nay rat hiéu qua cho
cac nghién ciru vé MEMS va cam bién sau nay.
Chi tiét viéc thiét ké, ché tao va nguyén Iy hoat
dong, kiém tra hoat dong duoc trinh bay chi tiét
& phan duéi.

3. KET QUA THUC NGHIEM

3.1 Ta quang khdc chiéu xg UV LED diéu

khién bang may tinh

Giao tiép giira vi diéu khién Atmega32 véi mach
diéu khién cong suit dang MOSFET (IRF520):
Mach diéu khién cong suat duoc két ndi véi vi
diéu khién qua chan PB5 (OCRA).Tuy theo dén
LED ching ta sir dung ma cung cip ngudn vao
1 24 V hoic 3,3 V. Cudng do sang duoc diéu
khién qua cuong do xung PWM tir 0 dén 100%.

Giao tiép gitta vi didu khién Atmega32 Vi
TB6600 Stepper Motor Driver: BPong co budc
1.8 do STP-43D3014 dugc didu khién boi
Atmega32 thong qua Stepper Motor Driver.
Driver két ndi véi vi diéu khién qua 3 chan,
PORTB 2 la chan ENABLE, PORTB 6 la chan
DIR, PORTB 7 1a chan STEP. Vi diéu khién cho
phép dong co hoat dong twong tng véi chan
ENABLE ¢ mic thap. Khi da dugc khai tao hoat
dong thi DIR bang 1 dong co s& quay thuan, DIR
bang 0 dong co s& quay nghich. Gia tri cia STEP
bang 1 va 0 thi dong co s& xoay mot bude twong
ung véi 1,8 do.
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Hinh 1.So db khdi diéu khién caa vi xir ly trong ti quang khic mini sir dung UV LED.

Giao tiép gitra vi diéu khién Atmega32 voi cam
bién khoang cach ToF Laser Radar VL53L0X:
Vi diéu khién két néi voi cam bién khoang théng
qua giao tiép 12C qua céac chan cap ngudn, SDA
va SCD tuong tng véi chan PD1 va PDO cua vi
diéu khién. Vi diéu khién dong vai trd 1a Master
va Cam bién khoang cach dong vai tro 1a Slave,
Slave duoc goi béi Master va phuc vu theo yéu
cau tir Master.

Ngudn chiéu xa dung trong hé quang khic mini
gom 18 UV LED loai 365 nM, cong suit 3W mdi
bong (18 UVLED dugc mic song song 3 hang,
mdi hang gom 6 UVLED mic ndi tiép.. Hé thiét
bi quang khac gom khdi nguon (24 V, 5 V) cap

.......

Controller and Processor

Block (b)

Source
Block
(24V,5V)

nguodn cho khéi diéu khién va ddi tugng diéu
khién. Déi tugng diéu khién (UV LED, dong co
budc, cam bién khoang céch) nhan tin hiéu diéu
khién tir vi xtr Iy va hoat dong. Khéi diéu khién
va xtr ly thyc hién céc thuat toan, nhan va truyén
tin hiéu va xir Iy diéu khién toan bo hé thdng.
Sau cing la khéi giao tiép may tinh, nhan tin hiéu
da qua xu ly tir khéi didu khién va guoi vé may
tinh nhu hinh 1. Phan diéu chuyén mau chiéu xa
trén mat phiang XY duogc ké thira cua bé co khi
béanh rang chinh xac cta thiét bi SEM cii va duoc
thiét ké thém phan may bom hit giir dé (wafer),
dong co bude diéu khién khoang cach chiéu xa
Vi cam bién hong ngoai nhu hinh 3.

Control Object (c)
(UV LED, Stepper
motor, Proximity

Sensor)

a

4%

Hinh 2. Cé4c khéi chire ning mach thuc té cia ti quang khac mini.
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Tu dugc thiét ké phan co ¢ dinh va vé hop véi
nguyén liéu 1a mica den, c6 chirc nang che chén,
bao vé hé trong qua trinh sir dung. Hop dugc

thiét ké mau téi dé khdng anh huong dén két qua
thi nghiém do c6 sir dung cac hoa chét nhay véi
anh sang.

Hinh 3. Ta quang khic mini cong ngh¢ UV LED dwgc thiét ké va ché tao.

Viéc ndi két ta quang khic qua may tinh duoc
mé ta nhu hinh 4 vé&i thoi gian xac dinh va
khoang cach véi mau can chiéu UV. Mau wafer
sau khi duoc 1am sach s& dugc dwa vao dé giir
wafer trong thiét bi quang khic. Khoang cach
nguon sang duoc thiét 1ap ¢ dinh ban dau cach
mit na quang khic 10 cm. Quy trinh quang khic
sau d6 dugc diéu khién qua may tinh (vi diéu
khién Atmega32 giao tiép UART qua cdng
COM- RS232) gém viéc diéu chinh khoang céch
nguon sang chiéu xa dén mask, thoi gian chiéu
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Xa va cuong do chiéu xa. Céc thong s duoc giri
dén bo vi diéu khién bén dudi cho viéc didu
khién chum séng va hé dong co cua thiét bi
quang khic, di liéu sau d6 duoc gui nguoc di
lai trén may tinh.

Phan giao dién duoc lap trinh giao dién C# trén
window véi cac thong sé dau vao la cong nbi két
(port), khoang cach chiéu (dist), di chuyén Ién
(up), di chuyén xudng (down), cong xuét chiéu
(PWM), thoi gian chiéu (gidy), trang thai (khéng
ndi két, bat dau, két thic) nhu hinh 5.
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Bat dau

v
Nhap: thoi gian
chiéu Tuv

Chiéu UVLED

Két thic ]

Hinh 4. So' @ thuat toan cho vi diéu khién
phan co khi va dén chiéu UV trong ti quang
khéic mini.

Tu quang khic mini duge diéu khién cac thdng
s6 co ban nhu thiét bi chuy@n dung Mask Aligner
(gia tri hang trdm ngan USD) nhung duoc thu
nho, diéu khién sb va sir dung UV LED c¢6 budc
song dinh nhon hiéu qua cho viéc quang khic.
Ta dugc ché tao va kiém tra hoat dong 6n dinh
va chiéu xa chinh xac, thao tac don gian, chi phi
thap.

34

a5 UV Irradiation System - O 5w
Port | COM4 v
Disconnect
Dist |10 (mm) Up Down
PWM [100 Start | Stop
Time |40
Display

-
)
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Current Distance:

Hinh 5. Giao dién nhép thdng sé dau vao
cho diéu khién hoat déng cua ti quang khic
ndi két PC qua cong COM4.

3.2 Thiét ké céc loai mask cho quy trinh ché
tao di¢n cuc nMOS

Tiép theo 1a ché tao ba loai mat na (mask) cho
quy trinh ché tao voi kich thude da thiét ké va
mo phong theo cau tric nMOS (ma nhém nghién
chu da lam tir truéc bang phan mém Layout
Editor gido duc. Hinh dang va théng sé cac kich
thudc cia cac mask nhu Hinh 6 va Bang 1.
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(a)
Hinh 6. Hinh dang ciia 03 mask cho quy trinh ché tao dién cuc nNMOS:(a) Mask 1, (b) Mask 2
va (c) Mask 3.

Biang 1. Thong sb cac kich thwéc (a,b,c) cia 03 loai mask ciia dién cuc nMOS.

(b) (©

Logi mdt ng (mask) Kich thuéc a (UM ) Kich thuéc b (UM ) Kich thuéc ¢ (UM )
48 40
24 20
Khéng

Mask 1 12 10

6 5

16 48 8

8 24 4
Mask 2 4 12 5

2 6 1

1 5 0.5

8

4 . .
Mask 3 ) Khoéng Khong

1

Dbi vai Mask 1 véi cac cap kich thudce dai (a) va
rong (b) lan lugt nhu bang 1: (48,40), (24,20),
(12,10) va (6,5) vdi don vi la M . Tuong tu cho
Mask 2 véi 03 théng sb (a,b,c) va mak 3 chi c6
théng sb a.
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3.3 Thuc nghiém xdc dinh théi gian chiéu xa
va thoi gian trang ria téi wu quy trinh
nMOS

a. Khao sat theo thoi gian chiéu xa miu (doi

véi Mask 2)
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Thoi gian chiéu xa 1én mau 1am anh huéng t6i
ning luong birc xa chiéu 18n mau. Trong bai béo,
ching t6i thyc hién khao séat quy trinh chiéu xa
Vvé6i cac mau dé silic 1 cm x 1 cm da duoc phi
vat liéu dong, va da phu l6p can quang duong
Vvéi tée do quay phu high speed 4000 rpm/50
gidy tir may quay phu spincoating cling nhu quy
trinh soft bake mau trong 60 giay & nhiét do 100
°C. Vi cuing diéu kién chiéu caa ngudn phat xa,
nang

luong buc xa chiéu 1én mau ty 1¢ thuan véi thoi
gian chiéu xa. Thtr vai thoi gian trang ria 1a 60
gidy, cho thong s dau vao cho thoi gian chiéu
xa UV LED tir 20 gidy ting dén 60 gidy (nhu
Bang 2) dé khao sat chat lwong quang khic cua

8 mau ddi voi Mask 2. Ly do khong chon Mask
1 1a kich thu6c I6n, Mask 3 1a kich thudc bé va
€4 2 ¢6 hinh vudng don gian. Mask 2 ¢6 03 thong
s6 kich thudc quan trong can khao sat dé chon
diéu kién t6i uu khi ché tao. Didu kién khao sat
thoi gian chiéu xa cua c4c mau nhu sau:

. Khoang cach giita nguon UV va mau dé: h = 10
cm.

. G6c t6i cua tia chiéu xa téi mau: theta = 0°.

. Dong dién qua bd phat xa UV: | =50 mA.
V6i cac diéu kién nhu quy trinh da xac dinh,
chung ta thay d6i chiéu xa UV (tex) va sau in
mon chup anh qua kinh hién vi @& quan st hinh
dang cia 08 mau caa Mask 2 nhu Bang 2.

Bing 2. Bang thir nghiém thoi gian chiéu xa mau bang UV LED tir 20 gidy dén 60 giay

Ky hiéu mdu

Thoi gian chiéu xa, tex (gidy)

Mau T01 20
Mau T02 30
Mau T03 35
Mau T04 40
Mau T05 45
Mau T06 50
Mau T07 55
Mau T08 60

Tién hanh chiéu xa lan lugt voi 08 mau twong
{tng véi 05 bo thdng sb (a,b,c nhu bang 1) cua
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Mask 2 thu dugce 40 truong hop (nhu Bang 3).
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Bang 3. Hinh dang ciia dién cwe nMOS dwoc quang khie, in mon véi 08 miu chiéu xa tia UV
véi thoi gian khac nhau (20 gidy dén 60 gidy) va 05 loai b kich thwéc khac nhau.

Bo kich thuoc

(ab,c) 1

Bo kich thuoc

(a,b,c) 2

B¢ kich thuoc

(a,b,c) 3

B¢ kich thuoc

(a,b,c) 4

B¢ kich thuoc

(a,b,c) 5

MZRIU TO1 véi tex =20 glé.y

. -~ ""

Chua hién mau

Mau TO02 véi tex = 30 gidy

M3iu T03 véi tex = 35 gidy

Mau TO04 véi tex = 40 gidy

=

37
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Mau TO05 véi tex = 45 gidy

Mau TO06 véi tex = 50 gidy

M4au TO7 véi tex = 55 gidy

Mau TO08 véi tex = 60 gidy

Trong bang 3, quan séat kinh hién vi cho thdy,  T07 va T08 cac céu trlic bj chiéu quéa gisi han
mau TO1 van con chit cam quang, ca&c mau T02  nén bj dn khuyét sdu vao cau triic. Trong khi do,
dén T04 duong vién khdng sic nét chimg to c6  mau TO5 l1a c6 chit lugng sic nét nhat khi sir
d6 déc giira chat cam quang va wafer, mau T06,  dung tu quang khac mini nay. Thuc nghiém véi

Pién cuc
bién mat
hoan toan

38
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5 b thdng sb kich thuéc khac nhau tir cac mask
2 trong bang 1, mdi bo thdng s6 gom 8 mau nhu
nhau va dugc danh s6 thi tu tor mau TO1 dén mau
T08. Thuc hién téng cong 40 mau thanh cong dé
danh gi4, ching t6i da xac dinh thoi gian chiéu
xa la 45 gidy la t6t cho quang khéc véi tinh chat
mau va diéu kién cua ta nay. Tir ¢ dinh théng
sb tex NAy, chling toi tiép tuc khao sat cac thdng
sb khac dé tim ra sy ti wu.

b. Khio sat theo thoi gian trang rira mau
Chung tdi tiép tuc thuc nghiém khi chiéu xa UV
LED trong 45 gidy thi thoi gian trang rira sé bao
lau 14 t6i wu cho cac kich thudc mau dién cuc
nMOS quang khic. Khi ngdm mau vao trong
dung dich trang rira thi s& ¢6 phan tng xay ra

giita dung dich trang rira va phan chat cam quang
da bi quang hoéa. Chinh cac phan ung nay gita
phan quang héa va khéng quang héa sé& tao nén
hinh dang cua chi tiét. Phan bi quang héa va
khong quang hoéa chi khac nhau vé téc d6 phan
g, nén thoi gian trang rira 1a yéu t6 rit quan
trong. Viéc tim ra thoi gian trang rua thich hep
véi tirng mau ¢6 do day khac nhau va thoi gian
chiéu xa khac nhau c6 vai tro rat lén d6i vai két
qua cia mau quang khic. Thong sé nay thuong
thu dugc trén mot lwong 16n mau quang khic
bang thuc nghiém. Tiép tuc tién hanh khao séat
thoi gian trang rira mau cho cac mask mau 2 véi
thoi gian chiéu xa UV 1a 45 gidy nhu Bang 4.

Bing 4. Bang tong két khao sat thoi gian trang rira ciia cac mau.

Thoi gian trang rua (s)

Ky hiéu mdu .
T11 20
T12 30
T13 35
T14 40
T15 45
T16 50
T17 55
T18 60
T19 65
T20 70

Sau day 1a két qua ctia cac mau dugc ché tao véi
thoi gian chiéu xa (tex) 12 45 gidy va thoi gian
trang rira (tgev) tr20s, 305,355,405, 455, 50
5,555, 60s,65s, 70 s dugc thuc hién bai Tran
Quédc Thanh (2014).
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Bang 5. Hinh dang cia dién cuc nMOS duoc
quang khéc, an mon v6i 10 mau chiéu xa tia UV
trong 45 gidy va thoi gian rira thay doi (tir 20
giay dén 70 gidy) cho 05 loai bo kich thudc khac
nhau. Trong d6, hinh thir 5 cia mau T20 bj ria
tréi hoan toan.
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Mau T11 Véi tgev = 20 gidy
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Msu T16 véi tdev =50 g|é.y
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Tur két qua thuc nghiém caa Tran Quéc Thanh
(2014), chling t6i tiép tuc khao sat 50 hinh cho
10 mau (T11 dén T20) cho thay: (1) Ung véi cac
mau c6 thoi gian trang rira tir 20 - 70 gidy ¢6 su
bién chuyén rd rét. Cac mau cang vé sau cang
sach chit cam quang hon. CAu tric cua cac chi
tiét cang rd rang hon; (2) Cac chi tiét can ché tao
¢6 kich thuéc va hinh dang khac nhau thi thoi
gian trang rira ciing khac nhau. D4i véi céc chi
tiét Ion nhu cac mau a (v6i bo kich thuéc 16 uM;
48 uM; 8 uM) va mau b (vé&i bo kich thusc 8 pM;
24 uM; 4 uM), néu thoi gian ngdm 1au hon mot
chat thi phan bi an mon bai chat trang rira khdng
dang ké, khoang thoi gian cho anh rd nét tir 40 -
65 gidy. Nhung dbi véi cac chi tiét nho, cac mau
b, ¢, d, thi ¢é thé dan dén céu tric bi rua trdi hoan
toan, dac biét voi mau ¢ (voi bo kich thugc 4
uM;12 uM;2 uM) vaéi thoi gian trang rira tir 55 -
60 gidy cho anh rd nét, nhung cac mau c, d, e bi
an mon nhanh chong sau 50 gidy. Do do, khi ciu
tric cang nho thi thoi gian trang rira cang chinh
Xéc cang tot.

Qua anh chyp trén kinh hién vi va quan sét,
chung t61 xac dinh dugc diéu kién cho théng sb

S-4800 10.0kV 8.0mm x1.20k SE(M)

Mask 2a

thoi gian toi wu: mau sach chat cam quang, ciu
trdc ché tao phai hién rd rang, sic nét va xét cac
cau trac c6 kich thugce tir I6n dén nho dan. Doi
v6i mau mask 2, thoi gian chiéu xa UV LED cho
mau la 45 gidy va thoi gian trang ria (tdev ) ti
uwu 1a 55 giay.

4. THAO LUAN

4.1. Kiém ching

Qua cac mau thuc nghiém, xac dinh thoi gian
thuc hién quy trinh quang khéc va dn mon cua
mau trong ta quang khic ndy (te=45 gidy va
tae=>55 gidy). Dé danh gia chat luong sau quang
khic, an mon va kich thudc nho nhét c6 thé ché
tao, cac mau dugc ché tao trong thoi gian tdi wu
va quan sat anh SEM (S-4800, 10kV, d6 phdng
dai 20.000 l4n) tai Phong thi nghiém céng nghé
ban dan, Trung tam NCTK cia Khu Cong nghé
cao (SHTP). Mask 2a cho dién cuc nMOS duogc
kiém tra | hinh bua voi 3 thong sb (a = 16 pM
b =48 uM vac =8 uM ) va Mask 2b véi thong
s6(@=8uM ,b=24uM vac=4uM) nhu
hinh 7.

Mask 2b

Hinh 7. Anh chup SEM ciia Mask 2a va Mask 2b dé so sanh d¢ nét
va chat lwgng cia thong sé quang khic caa ti quang khic.

Véi anh SEM cho mau Mask 2a véi kich thuéc
phan dudi 12 8 pM (20 x 4 M ) thi cac dudng
nét van rd thé hién chi tiét ciu trac dugc ché tao
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thanh c6ng nhu ban mask thiét ké. Nhung hinh
ctia Mask 2b (dau trén) véi kich thude 4 uM (26
X 2 uM) thi céc dudng chi tiét nMOS bi nhoe thé
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hién cu trac khéng nguyén ven. Viéc khao sat
cac kich thuéce khac dugc trinh bay trong cac
cong b tiép theo cho céu tric cu thé. Do dé, tu
quang khic mini nay da thuc hién thanh cong
viéc quang khic, an mon cac chi tiét c6 kich
thudc dén 8 uM.

4.2. Két lugn

Qua két qua chup SEM, cac maks da dugc thé
hién qua hinh dang cac mau thuc nghiém. Qua
cac budc thuc nghiém, thoi lugng chiéu xa va
thoi lwong trang rira da duoc xac dinh t6i uu cho
cac chi tiét ciu trac nMOS thi diém va cac linh
kién sau nay. Cac canh goc vudng cua mau do bi
anh hudng cua qua trinh trang rira nén khéng gitr
dugc g6c canh sic nét nhu trong thiét ké. Céc
thdng s, diéu kién cho hé quang khéc tbi uu cho
viéc ché tao cac mau da duoc xac dinh: khoang
céch gitra nguon phat xa va mit na: h = 10 cm,
cuong d6 dong dién qua bo phat xa: 1 = 50 mA,
géc chiéu xa: 0=0°, te,=45 gidy Va tee,=55 gidy
va kich thuéc téi han 13 8 M.

5. KHUYEN NGHI

Béo c4o khang dinh thanh cong trong ché tao tu
quang khac mini st dung UV LED két ndi va
diéu khién qua may tinh va thuc nghiém ché tao
cac mau quang khic véi cac mit na da thiét ké.
Ké hoach sép téi 1a phdi hop véi nhom tac gia
Yo-Sheng Lin, Guo-Hao Li, Nguyén Van Hiéu
(2015) thuc hién mot sé cong doan ché tao chip
Down-conversion mixer (75-85 GHZ, cb6ng
nghé 90 nm CMOS). Ching t6i cling dang hop
tac voi nhom Nguyén Vin Toan, Truong Thi
Kim Tuoi, Nguyén Van Hiéu and Takahito Ono
(2021) trong viéc dao tao ngudn nhan lyc vé
MEMS, cam bién theo hinh thirc chuyén gia qua
lai va ti quang khac mini nay sé 1a phuong tién
thuc nghiém véi quy mé nho va kiém chiing cho
cac khoa luan va dé tai nghién ctu cia don vi.

Nhém nghién ctru dé xuat Trudng Pai hoc Khoa
hoc Ty nhién tiép tuc dau tu viéc xay dung
phong thi nghiém vé céng ngh¢ MEMS, cam
bién, linh kién dién tir d& day manh hop tac voi
c4c nhém nghién ciru trong nudce, qudc té hién
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¢6 va tham gia vao chuong trinh phat trién vi
mach ban dan ctia UBND TP. HCM hién nay.
Rat mong duoc sw hop tac cua cac nha khoa hoc,
chuyén gia linh vuc nay.

LOI CAM ON

Nghién ctu nay thudc d& tai cap trudong “Thiét
ké thiét b quang khcc mini cho phong thi nghiém
MEMS”, duoc tai tro ctia Truong Pai hoc Khoa
hoc Ty nhién, PHQG-HCM (M4 s6 T-2019-10).

Téc gia xin cam on sy hd tro nhiét tinh cua cac
gido su cuia Ono and Toda lab (Tohoku
University, Japan) da gop ¥ va chia sé nhiéu kinh
nghiém vé céng nghé MEMS. Ghi nhan dong
g6p cua nghién cuiu vién, sinh vién tai SEE lab
va cac nha khoa hoc ctia SHTP labs da hd tro
thiét bi ché tao, quang khic va do kiém. Téc gia
Xin tran trong ghi nhan y kién cua cac nha khoa
hoc di trao ddi, phan bién gilp nang cao chét
lugng cua bai bao cdo nay. Xin tran trong cam
on cac tac gia ma ching toi da tham khao va trich
dan.
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