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Trong bai bao nay, bo phat song si€u am vi co di¢n dung str dung vat ligu
polyme (CMUT) dugc phét trién dé do d6 nham bé mat vat liéu. BO phat
séng duoc thiét ké c6 thé danh gid duge do nhdm bé mit & nim ché do khac
nhau: toan b phét / toan bo thu, da s6 phét / da so thu, da s phat / thiéu s6
thu, thiéu s6 phat / da s6 thu, thiéu sé phét / thiéu s thu. Cac thi nghiém chi
ra rang ché d6 toan bo phat / toan bo thu c6 dau ra tin hiéu 16n nhat va ché
dd thiéu s phat / da s6 thu co duge tin hiéu tot voi hiéu sudt cao hon. Két
qué cho thiy bo phat séng siéu 4m c6 thé xac dinh d6 nham bé mit cua gidy
nham véi @6 nham bé mat R,s dao dong tr 11,4um dén 179,8pum.

Abstract

Keywords:
Capacitive micromachined;
Polymer-based,; Surface

roughness; Ultrasonic transducer.

In this paper, the polymer-based capacitive micromachined ultrasonic
transducer (CMUT) is developed for measuring the surface roughness of
materials. The transducer is designed to evaluate surface roughness with
five modes: full transmission/ full reception, majority transmission/ majority
reception, majority transmission/ minority reception, minority transmission/
majority reception, minority transmission/ minority reception. Experiments
indicate that the full transmission/ full reception mode has the greatest
signal output and the minority transmission/ majority reception mode can
obtain good signal with better energy efficiency. The result shows the
CMUT can identify the surface roughness of sandpaper with surface
roughness R, ranging from 11.4um to 179.8pm.
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1. PAT VAN PE

D06 nham bé mit 1a mot thong s6 khé nghién clru va van dang dugc quan tdm phat trién.
Kho khéan thuong gap phai nhu hé s6 phan xa, goc phan xa, phép do dinh luong A nham bé mat.
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Pé do d6 nham bé mit, phuong phap ding séng siéu 4m duoc cho 14 phu hop hon so voi cac
phuong phép danh gia do rong, k¥ thuat quang hoc ... Pay la phu:(mg phép do khong tiép xuc
dugc sir dung dé phat hién ¢ nham bé mit trén mat mau vat va thoi gian do ngin so v6i phuong
phép tiép xc.

Céc thong sd didc trung ctia d6 nham bé mit duoc dénh gia bang phuong phap pho siéu am,
tin hiéu phan xa tir bé mat nham dugc do ¢ ty 1€ binh thu:ong va dugc so sanh véi bé mat tham
chiéu c6 @6 min tiéu chuan [1,2]. Mdi quan hé giita cac song siéu 4m phén tan va cac thong sb do
nham bé mit dwoc xac dinh bang trung binh binh phuwong d6 nham va d6 dai twong quan bé mat
da duoc dé xuat [3,4].

Mot sb k¥ thuat khong tiép xic nhu phat xa am thanh va danh gia sy tan xa tia X d6i véi
d6 nham bé mit da duoc Roberts va Briggs su dung [5]. Hilton [6] dé su dung hai chum laser
phan cyc thing dung dé tao ra hai mau doc lap va sy twong quan dugc ghi lai dé suy ra d6 nham
ctia bé mat ciia vat duge chiéu sang. Su dung hiéu ing Doppler dé mo ta cac tham s6 d6 nham s&
giam sy phu thugc cua cam bién vao vén tdc truyén am thanh trong khong khi, didu nay s& cung
cap mot phép do chinh xac hon [7].

Trong tng dung thong thuong, phuong phap do tiép xtic ¢6 thé xac dinh do nham bé mit
nhung phai mat mot thoi gian dai, gdy hai cho bé mit cua san pham. Ky thuét quang hoc 1a ky
thuat khong tiép xtic phd bién nhét. Chung thuong khong nhay cam d6i voi thude tinh vat chat
ctia bé mit nhung lai nhay cam vdi déc tinh cia moi trudng truyen [8]. Mat khac, phuong phap
siéu am sir dung truyén song trong khong khi da duoc dé xuit dé kiém tra d6 nham bé mit trén
dién tich rong, ma k¥ thuat quang hoc khong the dap tng.

~ Muc dich cua nghién ctru nay la phat trién b phat song siéu dm v ndm ché d6 khac nhau
dé do do nham bé mat, st dung k¥ thuat khong tlep xtc. Do nham bé mit duoc quan sat thong
qua sy giam bién do cua tin hi€u phan xa. B phat song siéu &m c6 loi thé thiét ké véi cac thanh
phan duoc chia theo ty 1& mot hai (1:2) giap phat hién do nham chinh xdc trong thoi gian ngan.
Dua trén cac moi quan | h¢ do, h¢ s6 phan xa chira rang b phat song si€u am co6 thé phat hién do
nham bé mat VOl sai s6 nho va tiét kiém ning lugng dé gop phan giam sat truc tuyén trén day
chuyén san xuit lién tuc.

2.COSO LY THUYET

Ly thuyét vé tinh toan thong s6 do nham bé mit Ryps dugc trinh bay trong tai liéu tham
khao [1]. Thong s6 dd nham bé mat duoc tinh todn theo can bac hai cua trung binh binh phuong
cua cac thong so:

1 L 1/2
ers = [E fo y2 (X)dX] . (1)
Hay duoc thé hién dudi biéu thirc:

Rims = (ersf1 + Rf‘msfz + - +R§msfn)/n]1/2' ()

Mot biéu thirc chung cho bi€n d6 song ddi nhu 1a mot ham cua tan s6 siéu Am f va do nham
bé mat ¢ ty I¢ thong thuong c6 theé dugc viet theo [4] nhu sau:

a 2 2 np2
R = Ry.exp (w (cosB, + cosez)z). 3)



HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

Trong do, Ry la h¢ sb phan xa cua bé mit tiéu chuén, ¢ 1a van toc cua song am, 0; 1a goc téi
va 0, 13 goc phan xa. Hé sé phan xa dugc do bang siéu am truyén trong khong khi sir dung ty 18
bién dd ctia bé mit nhn va bé mit nham khac. PO nham co thé duge quan sat qua su suy giam
bién dd cua tin hi¢u phan xa.

3. THUC NGHIEM

 Cac thiét‘ bi cuia thi nghiém bao gdm bd do ludng tin hiéu truyén trong khong khi chuén,
ngudn mot chiu (Agilent Technologies N5751A DC POWER), thiét bi thu / phat song si€u am
(may thu / phat xung JSSR-Ultrasonics DPR 300) va may hién song luu trir s6 (Tektronix TDS
2014 digital oscilloscope), dugc the hién trong hinh 1.

TRIG/'SYNC
T/R

| Receiver output

Pulse/Receiver Oscilloscope
Chl | EXT/TRIG
Bias tee <MUT
DC Power Supply (T/R)
= e
mem  wew Ultrasound
e -—

Hinh 1. So d sip dat cac thiét bj do d6 nham bang song siéu 4m.

Céc phép do dugc thuc hién bang mot bd phat song siéu am vi co dién dung st dung vat
liéu polime dé phat va thu céc tin hi¢u am thanh. Cam bién duge diéu khién béng dién ap DC
100V va AC 300V. Khoang cach lam viéc giira cam bién va bé mit vat mau 1a 10mm. Goc tiép
xuc giita song siéu 4m va bé mit gidy nham véi mot goc toi va goc tan xa 0°. Hinh 2 13 cam bién
song siéu 4m c6 tan s6 cong huong 880 kHz dung dé do d6 nham.

TN e W

Hinh 2. Hinh anh ctia cam bién séng si€u am lam bang polyme.
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11 mau giéy nham c6 do nhan khac nhau duoc lva chon 1a P100, P120, P150, P180, P240,
P320, P400, P600, P1000, P1500 va P2000 tir Cong ty 3M vdi tiéu chuan FEPA ctia Chau Au.
D06 nham trung binh ciia cdc mau nam trong khoang tir 11,4um dén 179,8um. Dé chuyén d6i do
nham trung binh R, sang d6 nham binh phuong trung binh R, ta nhan R, v6i hé s6 chdp nhan
duoc 1,11. Mot tim bang thép khong gi danh bong nhin duoc sir dung lam bé mat min so sanh.
Theo cong thirc & trén, mbi quan hé gira hé s6 phan xa va d6 nham ciia bé mat mau trong 1y
thuyét dugc thé hién nhu trong hinh 3.
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Hinh 3. Méi quan h¢ gitra h¢ ) phéan xa va d¢ nham bé mat vat mau

4. KET QUA VA THAO LUAN

Phuong phap thyc nghi€ém dung dé xac dinh d6 nham dua trén nhiing phat hién vé su thay
d6i gia tri dién ap theo tham s6 Ryys. Cac gia tri bién do twong d6i duge tinh bang cach sir dung
d6 nham mau co gia tri béng khong. Tin hi¢u song siéu am phan hdi s& duoc nhan vé bo thu, tin
hi¢u nay ty 1¢ v6i d6 nham bé miit.

Mbi loai gidy nham c¢6 mdt Rems khac nhau. Do d6 cac hé s6 nham thu dugc théng qua nim
vi tri do khac nhau, mdi lan do 1ap lai ba lan dé thu duge tin hiéu doi lai. Hinh 4 va Hinh 5 cho
théy mdi quan h¢ gilra cac tin hi¢u ddi lai va do nham trong mién thoi gian va trong mién tan sd
ctia nim ché do do.

—— Full transmission/ Full

~ 500 3 TR reception

g ’ Majority transmission/
§ Majority reception

:‘:E. —— Mi1'101“ity transn}ission/
i Majority reception

Majority transmission/
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——Minority transmission/
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Hinh 4. Mdi quan hé giira dién ap va do nham bé mat vat mau.
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Hinh 5. Mdi quan hé giita tin s6 va do nham bé mat vat mau

Tir d6 thi ciia Hinh 4 va Hinh 5 cho thay khi d6 nham bé mit ting, 6 1on tin hiéu doi lai
tuong ung s€ giam. Ly do d6 1on cua tin hiu phdn xa cua song si€u am giam la do sw anh hudng
ctia d6 nham bé miat mau thir. Do d6, t6n that ning luong ting do su gia ting tan xa clia song
siéu am trong qua trinh truyén dan, vi vay, dan dén bién d6 tin hiéu doi lai bi sut giam. Chung ta
c6 thé thiy ring tin hiéu ra ctia ché do thiéu sé phat / da s6 thu cao hon ché d6 da sé phat / thiéu
sO thu. Nguyén nhan ton that 1a do nhidu gay nén. Bang cach thiét ké té bao cam bién theo ty mot
hai, ché d¢ thiéu s6 phat song / da sé thu song lam giam ton that niang luong ty 18 véi sd té bao
cam bién,

Str dung cac Kkét qua do va tinh toan h¢ s6 nham cua bé mit mau, bién dd do duoc dugce so
sanh v6i bién do can tinh toan. Bién do cta mdi tin hiéu phan xa nhan duogc tur bé mat mau thu
duoc bﬁng thuc nghiém dugc chuin tic hoa béng cach chia cho bién dd cua tin hi¢u phan xa
nhan dugc tur bé mat tham chiéu. Hinh 6 chi ra mdi quan h¢ do dugc gilra tin hi¢u phan xa cua
song siéu 4m va bé mit nham.
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Hinh 6. Quan h¢ gitra tin hi¢u phan xa va d nham bé mit
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Hinh 7 cho thiy d nhay ciia bd phat song siéu 4m trong ché do toan bo phat / toan bo thu
va ché do thiéu s phat / da s thu tach riéng voi cac ché do khac. Trong cé hai trudng hop, do
nhay cua tin hi¢u thu dugc c6 sai s6 nho hon vi hiéu qua truyén dan va hiéu qua nhan. Cac tin
hiéu du ra cao hon c6 thé dat dwoc nhu thiét ké bo phat song siéu 4m véi ty 18 sb lugng cac té
bao cam bién.

——Theory
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Hinh 7. So sanh d¢ nhay cua céc tin hi¢u phan xa khac nhau

Dé danh gia d6 nhay ciia bo phat song siéu am cho phép do d6 nham bé mit, tinh toan 1y
thuyét va cac gia tri thuc nghiém cho thiy rang bd phat song hoat dong tét voi dai Ryms = 50pum.
Bién d6 do khong dung véi 1y thuyét khi d6 nham trén 50pum. Cac két qua ciing chi ra ring anh
hudng cia tin hi€u tan xa 1a ro rang hon khi gia tri d0 nhdm lén hon. Ché d6 toan bo phat / toan
bo thu hoat dong voi do chinh xéc cao hon céc ché do khac va ché do thiéu s6 phit / da sb thu
lam viéc v6i mirc ndng luong hiéu qua hon. Nhiing két qua dat duoc chung to rang CMUT sur
dung vat lidu polime c6 tiém niang dé tmg dung phan biét chat lugng ciia gidy rap.

5. KET LUAN

Bo phat song vi co dién dung st dung vat liéu polime dugc tmg dung dé phat hién do nham
bé mit. Bo phat song siéu am co thé xac dinh cac bat thuong bé mat bﬁng cach su dung ché do
tan xa song phan theo nam cach. Hé sd phan xa c6 thé duwoc mo ta va ude lwong mirc do d6 nham
bé mat v6i d§ chinh xac hon. N6 cho thiy rang cam bién song siéu 4m song phan cho ra mot két
qua tot thong qua do luong ciing nhu 13 1y thuyét voi thoi gian kiém nghiém nhanh. Diéu nay s&
cho phep bd phat song si€u am vi co dién dung sur dung vat liéu polime dat duoc d6 chinh xac va
tiét kiém nang luong trong cung mot thoi diém trén day chuyén san xuit, trong d6 k¥ thuat
khong tiép xuc s& thich hop hon dé kiém tra bé mit mém va mong. Trong tuong lai, cai thién
tudi tho va ning suit cua bo phat song co thé dat dugc thong qua qua trinh san xuat nhu lya chon
vt liéu khac nhau hoic cac thong s6 toi vu. Didu niy s& lam cho n6 c6 thé ciing dé phat hién do
nhdm v6i gid tri nho hon dya vao tan s cao hon.
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