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Tom tit:

Mach xir Iy tin hiéu sir dung k§y thuit Lock-in dwoc phat trién cho thiét bi do tir trwong, giiip xir Iy tin hiéu tir cac
cam bién c¢6 bién dd nhé hon nhiéu nhiéu lan. Mach nay dwgc tich hop véi cam bién tir tré khong 16 (GMR) dé do
cAc nguon tir treong yéu. Thiét bi dé xuét dwoce kiém chirng bang thi nghiém do tir trwdng xoay chiéu trong khoing
0-0,04 G. Ngudn tir trwdomg nay dwogc tao ra béi mét cip cudn diay Helmholtz ché tao bing cong nghé in 3D, cé thé
duy tri tir trwdng déu va diéu chinh dwgce cuong dd, tin sb ciing nhuw huong. Két qua thwe nghiém cho thay, thiét bi
¢6 giéi han phat hién (LOD) 3,81 nT, twong ng véi sy thay ddi 6,5 pV tir ngd ra cam bién. Mach xir 1y tin hi¢u dat
hé s6 khuéch dai thwe nghiém 1386 1in, viing 1am viéc tuyén tinh 0-7 mV diu vao, cho diu ra 0-10 V, véi LOD tin
hiéu diu vao khoing 631 nV. Trong dai tin hiéu nhé, thiét bi dé xuit c6 kha niing phat hién tin hiéu tt hon cac thiét
bi do thwong mai. Hé théng do tir trwdng nay cé thé phat hién tir tinh ciia hat nano siéu thuin tir (SPMNP) lién két
v6i dbi twgng sinh hoc phan tir, hd tro phat trién thiét bi phan tich y sinh.

Tir khéa: cam bién tir tré khf;ng 10, do nhay pha, hat nano siéu thuin tir, hé do, xir ly tin hi¢u.
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Abstract:

The signal processing circuit utilising the Lock-in technique has been developed for a magnetic field measurement
device, enabling the processing of signals from sensors with amplitudes significantly smaller than noise levels. This
circuit is integrated with a giant magnetoresistance (GMR) sensor to measure weak magnetic field sources. The
proposed device was validated through experiments measuring alternating magnetic fields in the range of 0-0.04 G.
The magnetic field source was generated by a Helmholtz coil pair fabricated using 3D printing technology, capable
of producing a uniform magnetic field with adjustable intensity, frequency, and direction. Experimental results
showed that the device has a limit of detection (LOD) of 3.81 nT, corresponding to a change of 6.5 pV at the sensor
output. The signal processing circuit achieves an experimental gain factor of 1386, with a linear operating range
from 0-7 mV input, corresponding to an output range of 0-10 V, with the circuit’s input LOD being approximately
631 nV. In the low-signal range, the proposed device demonstrates a better ability to detect magnetic field and
voltage signals than commercial measurement devices. This magnetic field measurement system can detect the
magnetism of superparamagnetic nanoparticles (SPMNPs) associated with molecular biological targets, supporting
the development of biomedical analysis devices.
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1. it van de

Nhiéu cam bién sinh hoc thuong cd tin hi¢u rat nho va
hoat dong trong moi trudng c6 bién do nhidu 1én hon bién
db tin hiéu rat nhiéu lan. Nguyén nhan gy nhiéu co6 thé dén
tir nhidu ngudn khac nhau nhu: nhidu 50 Hz tir cac thiét bi
tiéu thy dién, nhidu tan sb 1/f tir cac bo tién khuéch dai hay
ngudn nhidu ndi tai bén trong cam bién... Vi vay, rit kho
dé do duogc tin hiéu truc tiép tr cam bién béng cac thiét
bi do tin hi¢u thuong mai thong dung. Dé do duoc cac tin
hiéu nay, cac thiét bi do chuyén dung can phai c6 mot s6 ky
thuat xu 1y tin hiéu tuong tu rt phic tap dé loc ra dugc tin
hiéu muc tiéu. Ky thuat do do nhay pha (ky thuat Lock-in)
dugc st dung trong nhiéu hé théng do luong dé do cac tin
hiéu rat nho trong moi truong c6 do nhiu cao. No ¢é thé
phat hién cac tin hi€u c6 bién dd nho cd vai tram nano von
trong mdi trudng nhiéu cé bién do 16m c& don vi von [1].
Mot s6 hé théng do luong su dung cam bién sinh hoc v&i
k¥ thuat Lock-in da dugc cong bd trong cac bai bio gan day
[2-6]. Cu thé, C.C. Huang va cs (2020) [5] da két hop mot
cam bién tir truong dang van quay (spin-valve) két hop voi
mot thiét bi xur 1y tin hiéu thuong mai (PCle-6361, National
Instruments) dua trén ky thuat Lock-in dé phat hién cac d6i
tugng sinh hoc moé phong. Két qua do dat do chinh xac 1én
dén 95% so voi phuong phép quan sat quang hoc. Trong
nghién ctru cia minh, K. Fodil va cs (2016) [7] d4 phat trién
mot hé théng do néng d0 cac hat nano ¢6 kich thudc 20 nm
sir dung k¥ thuat Lock-in véi mot cam bién tir tré khong 16
(GMI). Két qua bai bao cong bd, ndng d6 230 mmol/l da
duogc phat hién, twong Gng véi tir truong do duge xap xi 6
nT. Mic du k¥ thudt Lock-in khong con xa la véi cac thiét b
do luong nhung viée ap dung ly thuyét vao mdt hé do twong
mg v6i mot cam bién cu thé thi co nhiéu vin dé can giai
quyét moi dap tmg dugc yéu cau chét luong cua thiét bi do.
Trong nghién ctru nay, dic tinh cua cam bién GMR da dugc
khéo sat chi tiét, 1am co s& cho viéc lya chon tan sd diéu
ché tin hiéu tir truong, tan sd cét cua cac bo loc va tinh toan
ddng bo giita tin hiéu ddu vao véi tin hiéu tham chiéu. Két
hop gitra tinh toan 1y thuyét va khao sat thyc nghiém, mot
hé thiét bi do c6 do nhay tir cao dd duoc thiét ké va ché tao
thanh cong. Gidi han phat hién (LOD) tir truong cua thiét bi
dé xuat 1a rat nho (xdp xi 3,81 nT). Ung dung két qua nay
trong cac nghién ciru tiép theo, thiét bi co thé phat hién gian
tiép cac dbi tugng sinh hoc thong qua cip lién két hat nano
siéu thuan tir - ddi twong sinh hoc trong cic mau phan tich.
Viéc dinh lugng dbi tugng sinh hoc trong mau phan tich cé
v nghia g dung quan trong trong cac xét nghiém phan tich
y-sinh [8-12].

2. Nguyén Iy thiét ké
2.1. Co sé' Iy thuyét

KV thuat Lock-in amplifier (hodc Lock-in detector) la
mot ky thudt ing dung trong do luong chinh xac dé phat
hién va do mét tin hi¢u yéu trong méi truong nén nhidu
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manh. V& mit toan hoc, no hoat dong dua trén nguyén 1y
cua phép nhan va tich phan.

Gia sir, tin hiéu dau vao V() c6 dang:

V() = 4 cos(er) )
trong do: A 1a bién do cua tin hi¢u dau vao, o 1a tan sd goc,
t 1a thoi gian.

Tin hiéu dau vao V. (1) duoc nhan véi mot tin hi¢u tham
chiéu sin V. (1) ¢ cong thirc nhu sau:

V. () = B cos(ot + ¢) 2)

trong do: ¢ 1a pha so v&i tin hiéu dau vao, B 1a bién do
cua tin hiéu tham chiéu. Phép nhan duoc thuc hién trong bd
khuéch dai nhan do6i theo cong thirc sau:

V0=V, 0V, 0 3)
Khi nhan V, (t) v6i V_, (1), ta c6:

V_. () = A.B cos(wt) cos(ot + ¢) 4)
Str dung cong thirc nhan hop cia cosine dudi day:
cos(a) - cos(b) = ; [cos(a— B) + cos(a+ b)] (5)
Thu duoc:

Vimix(t) = % A.B [cosQwt + ¢) + cos(d)] (6)

Ham cos(2wt + ¢) 1a ham tuin hoan s¢& bi loai bo sau khi
tin hi€u di qua mot bd loc thong thap nén ta thu duoc tin
hiéu la thanh phan DC c6 gia tri nhu sau:

Vi(t) = 5. A.B cos(9) (7)

Mach loc théng thap co tan s cat nho hon tan sb cua
V. (t) thi tin hi¢u sau cung s& chi con lai 1a tin hi¢u DC. B
16n cia tin hiéu DC sau cuing s& lién quan dén bién do A cua
tin hiéu dau vao va do léch pha ¢ gitra tin hiéu dau vao so
v&i tin hiéu tham chiéu.

Nhu vay, bién do cta tin hiéu ban dau 1a:

2. Vmin(1)
"B cos(¢)

Trong nghién ciru ndy, tin hiéu dau vao Vin(z) dong pha
v6i tin hiéu tham chiéu sin Vref (t) nén ¢=0, suy ra cos (¢p)=1.
Ta c6 cong thure bién d6 cua tin hiéu dau vao can do la:
2. Vinix(t)

B

Hinh 1 trinh bay céc thanh phin co ban cia ky thuat
Lock-in.

Hih

Tin hiéu dau vao V(1)

®)

A= )

—

—>
Tin hiéu ngd ra V()

Mach loc théng thap

Tin hiéu tham chiéu V.., ()
Hinh 1. So’ d6 nguyén ly cta k§ thuat Lock-in.
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Nguyén 1y ctia b Lock-in bao gom tin hiéu dau vao la
tin hiéu can do, duoc biéu dién nhu cong thic (1). Tin hiéu
tham chiéu cung tan sb voi tin hiéu can do duoc biéu dién
nhu cong thirc (2). Tin hiéu diu vao va tin hiéu tham chiéu
dugc nhan voi nhau bang mot bo tron sau do dugc dua qua
mot mach loc thong thip. Mach loc thong thap nay co tan sb
cét sao cho loai bé dugc toan bd thanh phan AC cua tin hiéu
ngo ra. Tén sb cat duoc lua chon 1a tn s6 nhé hon hai lan
tan so tin hiéu can do.

Hinh 2 thé hién tin hi¢u dau vao, tin hi¢u tham chiéu va
tich cua hai tin hi¢u khi ching dong pha véi nhau khi qua
bo Lock-in.

/\ /yTI’n hiéu dau vao V,,(t)
Tin hiéu tham chiéu V. (t)

//

//"Ia tri DC trung binh V,.(0)

Tin hiéu ngd ra V,, (t)

Hinh 2. Tin hiéu siéu vao, tin hiéu tham chiéu va tich cua hai tin
hiéu khi ching dong pha vé&i nhau.

Khi tin hiéu dau vao va tin hiéu tham chiéu dong pha thi
tich ctia hai tin hiéu ciing 14 tin hiéu dang song sin nhung tan
s6 dugc nhan d6i va truc toa do bi dang 1én br:ing gia tri bién
d6. Hinh 3 thé hién tin hiéu ddu vao, tin hiéu tham chiéu va
tich cua hai tin hi¢u khi chung 1éch pha nhau 90°.

\ /\ /yTl’n hiéu dau vao V(1)

909 Tin hiéu tham chiéu Ve (1)

ANVAd
V4

Tin hléu ngﬁ ra Vmix(t)

_~Gia tri DC trung binh V,,(f)

Hinh 3. Tin hiéu dau vao, tin hiéu tham chiéu va tin hiéu ngé ra la
tich caa hai tin hiéu khi ching Iéch pha nhau 90°.

Khi tin hiéu dau vao va tin hiéu tham chiéu léch pha véi
nhau 90° thi tich cua hai tin hi¢u ciing 1a tin hi¢u dang song
sin, tan sb duoc nhan doi va truc toa do gili nguyén nén gia
tri DC trung binh bang 0.

2.2. Nguyén Iy thiét ké
So db nguyén 1y thiét ké mach xt 1y tin hiéu bao gdbm 9

khdi duge trinh bay trong hinh 4. Chirc ning va nguyén 1y
hoat dong cua cac khoi dugc trinh bay nhu sau:

Tin hiéu dau ra ciia cam bién GMR (AAH002-02E da
sua doi, NVE) dugc diéu ché bang tur truong xoay chicu
dang song sin, tan s6 25 Hz. Tan s0 25 Hz dugc lya chon vi
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Hinh 4. Mach xt Iy tin hiéu. (A) So do khéi; (B) So dd nguyen ly; (C)
Mach in xt ly tin hiéu tuo’ng tw; (D) Mach in giai diéu ché va chuyén
ddi tin hiéu twong tw sang sb; (E) Mach in hién thi va truyén thong. Cac
khéi xt ly tin hiéu dwoc ky hiéu bang s La ma trén so db khéi twong
(rng v&i so dd nguyén ly va mach in.

2 1y do. Thir nhét, tan s6 25 Hz bang 1/2 tan s6 50 Hz ciia
nguon dién ludi. Ngudn dién 50 Hz niy cung cap cho rat
nhleu thiét bi tiéu thu dién, cac thiét bi nay gy ra rat nhiéu
ngudn nhidu dién tir truong xung quanh thiét bi do. Theo
nhu nguyén 1y b Lock-in da trinh bay ¢ phan ly thuyet tan
s6 ngd ra ctia bo Lock-in ting gap d6i so vai tan s6 tin hiéu
dau vao. Vi vay, bo loc thong thap trong khéi Lock-in loai
b6 ca thanh phan nhidu AC tan s 50 Hz dén tir thiét bi dién
va thanh phan AC tan s6 50 Hz ciia khdi Lock-in.

Mit khac, theo tai liéu k¥ thuat cta nha san xuit cong
b, cam bién GMR (AAH002-02) c6 do tré tir lon [13](15%
Vv6i tir truong khong dao chiéu, tur truong dao chiéu do tré
con cao hon), nén tan sb 25 Hz ciing 1a tan sb tinh toan phu
hop v6i cam bién. Pau ra ctia cam bién chira nhidu tan s6
cao tir ndi tai cam bién va moi truong xung quanh. Vi vay,
tin hiéu ngod ra ctia cam bién duge dua qua bd loc thong
thap thy dong (LPF) (hinh 4II) dé loai b nhidu tan s cao.
Bo loc LPF dugc thiét ké dé c6 tan sb cit 1a 500 Hz. Tan
sO cat nay di dé loai bo nhiéu tan s cao ma khong lam suy
giam tin hiéu ciia cam bién vi né cao gap 20 lan tan s tin
hiéu. Tin hiéu tir sau bo loc thong thap dugc tién khuéch dai
bang bo khuéch dai do luong (AD620, Analog Device) véi
hé s6 khuéch dai 100 1an (hinh 4I11). Tin hiéu sau khi tién
khuéch dai duge cho qua bo loc thong dai (BPF) (hinh 41V)
dé loai bo nhilu tan s cao tir bo tién khuéch dai. Bo BPF
ciing loai bo nhidu tir truong tan sb thap va thanh phan DC



cta tin hiéu thién ap dé tranh bdo hoa cia bd khuéch dai
téng sau. Bo loc BPF c¢6 céu tric Multiple feedback Band-
pass Filter, sir dung khuéch dai thuét toan (OPA1310, Texas
Instruments). Tan sb loc trung tam cua by BPF dugc thiét
ké 14 25 Hz. D6 tré pha tong cong do bo loc thong thap LPF,
b6 loc thong dai BPF va do tré ctia cam bién c6 gid tri xap
xi 360°. Nho viéc tinh toan nay ma tin hiéu ngd ra sau khoi
loc trung pha véi tin hiéu didu ché tir truong. Bo khuéch dai
dém khong dao (hinh 4V) sit dung khuéch dai thuét toan
(OPA1310, Texas Instruments) dé dém tin hiéu ngo vao cho
tang sau va khuéch dai tin hiéu 1én 11 lan trude khi chuyén
dén bd khuéch dai Lock-in (hinh 4VI). Bo khuéch dai
Lock-in (AD620, Analog Device) lay tin hiéu dau vao tir bo
khuéch dai dém ddo va tin hiéu tham chiéu tan s6 25 Hz. Bo
loc thong thap tich cyc (hinh 4VII) ¢6 cau truc Sallen-Key
béac bdn véi tan s cit xap xi 50 Hz dé loai bo thanh phan
AC va giit lai thanh phan DC chtra tin hidu tir cam bién. Tin
hiéu twong tu sau khi dugc xir Iy dugc chuyén doi thanh tin
hiéu sb boi bd ADC (ADS1211U, Texas Instruments) (hinh
4VIII) va sau d6 duoc giai md boi vi didu khién (Atxmega
128A, Microchip). Tin hiéu sé dugc hién thi 1én man hinh
LCD (hinh 4IX) va truyén thong khong day vé may tinh
theo duong truyén Wifi.

3. Thuc nghiém, két qua va ban luan

Thuc nghiém dau tién (hinh 5) duoc thiét 1ap dé danh gia
vung lam viéc tuyén tinh, hé s6 khuéch dai ciia mach xir ly
tin hiéu twong tu. Thyc nghiém cling xac dinh tin hi¢u nho
nhat ma mach xu ly tin hiéu phan biét duogc. Két qua sau
d6 dugce so sanh vai két qua do trén thiét bi do thuong mai.
Trong thuc nghiém nay, thiét bi phat tin hiéu AC (33250A,
Agilent) tan s6 25 Hz 1am tin hiéu dau vao va tin hiéu tham
chiéu cho mach xir Iy tin hiéu. B6 ngudn (HM8142, Hameg)
cung cip ngudn £16 V cho mach xu 1y tin hiéu twrong tw. Tin
hiéu trudce va sau khi xtr Iy bodi mach xur ly tin hiéu tuong tu
duoc két ndi véi may phan tich tin hiéu da kénh (Infiniium
DSO08064A, Agilent) phuc vu cho viéc phan tich va danh
gia. Két qua danh gia vaung lam viéc tuyén tinh va duong
chuan thé hién quan hé giita tin hiéu ngd vao va ngd ra ciia
mach xt 1y tin hi¢u tuong tu thé hién trén hinh 5B, 5C. Hiéu
suét cta cac khoi xtr 1y tin hidu da dwoc chung t6i cong bd &
cac bai bao trudc day [2, 4].

Puong bac thang trén hinh 5B 1a két qua thé hién tin
hiéu ngd ra twong tmg véi 10 mirc tin hi¢u dau vao c6 bién
do trong dai tir 0 dén 9 mV, v6i mdi mirc tin hidu vao dugc
lay mau trong thoi gian 5 gidy. Hinh 5C la ket qua gia tri
trung binh ctia mdi diém 1dy mau, sai s6 trén m01 dlem dola
gié trj trung binh so véi dao dong dir liéu ctia méi mau. Két
qua cho thay ving hoat dong tuyén tinh trong dai dau vao tir
0 dén 7 mV. Ving hoat dong nay rong hon so v6i cong bd
truge ddy cia chung t6i (0 dén 5 mV) [2]. Hé s khuéch dai
thuc t& dwoc danh gia x4p xi 1386 1an, thap hon so véi tinh
toan 1y thuyét xap xi 1400 lan. Su suy giam nay do sai sd
cua linh kién thy dong va mtc d9 suy hao cua cac mach loc.
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©
Ving tuyen tinh

8 { Ha sé khuéch dai= 1386,
R*=0,9973 ._,"

Gia tri trung binh cta
mot mire, 1ay mau .
trong th&i gian 5 giay

o

Tin hiéu DC ngd ra sau xtr Iy (V) Tin hiéu DC ngd ra sau xi ly (V)

01 2 3 45 6 7 8 9 10

Bién do tin hiéu ngd vao AC (mV)

Hinh 5. Danh gia mach x@ Iy tin hiéu. (A) Thiét Iap thwc nghiém; (B)
Tin hiéu ngd ra twong trng v&i tin hiéu ngd vao theo thoi gian; (C) Gia
tri trung binh cGa mdi diém 14y mau tai ngd ra twong (ng véi ngd vao
trong thoi gian 5 giay.

Ciing trong thuc nghiém nay, gidi han phat hién cua
mach do dugc danh gid bang cach lay 5 mau muc tin hiéu
nho nhat, moi mau lay trong 5 gidy (hinh 6) sau do, két hop
v6i duong chuan (hinh 5C) dé tinh LOD.

3 ) 190

n
&)

140

[+

Tin hiéu DC ngé ra (V)
-

o
o
Bién do tin hiéu ngd vao (mV)

0 10 20 30 40 50
Théi gian ldy mau (s)

Hinh 6. So sanh két qua do tin hiéu ngé vao bién do 1 mV tir may
phat va tin hiéu da qua mach xt ly tin hiéu dé xuat (dwdng mau do).

Tin hiéu dugc do ddng thoi boi 2 kénh ciia may phan
tich tin hiéu. Trong d6, mdt kénh tin hi¢u dugc noi tryc tiep
v6i ngd vao cua mach xt 1y tin hi¢u (dau ra cua may phat



Khoa hoc Ky thuat va Céng nghé | Ky thuét dién, ky thudt dién ti, ky thudt théng tin

sine) (1 mV) (duong mau den bén dudi hinh 6), kénh con lai
n6i v6i tin hiéu ngd ra cia mach xi 1y tin hiéu (duong mau
d6 bén trén hinh 6). Vi tin hiéu tryuc tiép, thiét bi phan tich
thwong mai khong c6 kha ning phat hién ra tin hiéu dau vao
¢ mirc 1 mV. O kénh con lai, khi tin hiéu da qua mach xu
ly, tin hiéu thay doi rat 5 dang véi bién do dau vao 1 mV
va co do lap lai kha cao véi do léch chuin theo trung binh
ctia mau xap xi 0,29. Phuong phap xéac dinh gidi han phat
hién tin hi€u ctia mach ciing nhu gidi han phat hién trong tat
ca cac thyc nghiém tiép theo ciia nghién ciru nay duoc xac
dinh nhu sau:

Gia sir rang duong chuan quan hé giira tin hiéu ngd vao
va ngd ra tuong tmng trén hinh 5C la duong tuyén tinh trong
mot dai do da khao sat. Puong tuyén tinh duoc xap xi dang
y=a+bx. Khi d6, LOD dugc tinh theo cong thirc (10) [14]:

3.5

LOD === (10)
trong d6: S1a do léch ch~u§n duqc tinh’trén Kkét qua do cﬁaVS
lan do cung trén mét mau do thap nhat hinh 6; b 1a do doc
cua duong tuyén tinh thyc nghiém.

Dir liéu 5 1an 14y mau tin hiéu thdp nhét c6 cac gia tri
trung binh lan luot 1a: 1328,84; 1328,54; 1329,15; 1328,62.
Nhu véy, do 1éch chuin dwoc tinh toan 1a xap xi 0,292 va
gi6i han phat hién 1a xap xi 631 nV.

Dit liéu s6 thu dugc tir kénh do tryc tiép tir may phat sin
(déu vao cua mach do) duge dua vao may phan tich tin hiéu
s0 (Infiniium DSO8064A, Agilent). Két qua phén tich tin
hiéu thé hién trén hinh 7. St dung chtrc ning loc s6 ciia may
phén tich thuong mai, bién do nhiéu cua tin hiéu do da suy
giam xudng khoang 10 1an tin hi€u da co su khac biét gitra
mirc cao va thap nhung gan nhu van bi chim trong nhiéu.

[e°]
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Hinh 7. Két qua dir liéu dau vao khi dwoc xt ly tin higéu trén may
phan tich thwong mai.

Trong thuc nghiém tiép theo, dudong chuan thé hién méi
quan hé giita dong dién va tir trudng phat xa ciia ngudn
phét tir co cau triic Helmholtz duoc xay dung dé 1am cong
cu cho thue nghiém cu01 cung - thye nghiém danh gia hiéu
nang cta thiét bj dé xut. Trong nghién ctru nay, moi cuén
cua cap Helmbholtz dugc ché tao v&i 868 vong day, vung tur
truong déu duoc tinh toan 14 23,5 mm tai tim cua hai cudn.
Thiét 1ap thuc nghiém thé hién trén hinh 8A. Trong thuc
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nghiém nay, thiét bi phat sin (33250A, Agilent) duoc trién
khai dé cung cap dong dién tan sd 25Hz cho cip Helmholtz.
Thiét bi phat sin cip cho cip Helmholtz nbi tiép qua dong
hd do dong dién (Fluke88, Fluke) dé xac dinh dong dién
AC chay qua cudn. Thiét bi phat dong DC (CC-421, Lutron
Electronics) dugc trién khai dé cap dong dién DC cho cap
Helmholtz phuc vu cho viéc danh gia quan hé gilta dong
dién AC/DC véi tir truong phat xa boi Helmholtz. May do
tir trudong (F71 Teslarmeter, Lake shore) duoc thiét lap voi
mot dau do nhay tir duoc dat tai ving tir trudng déu cua cip
Helmbholtz. May do nay c6 kha nang do ca tu truong xoay
chiéu va mot chiéu.

Thyc nghiém dugc tién hanh & 2 dai do (dai cao va dai
thip) dé tim ra giéi han phat tir truong cta bo Helmholtz
cling nhu kha nang phat hién cia may do thuong mai. Dai
do dau tién dugc thuc hién khi 1an luot cap dong dién AC
va DC trong dai tir 0 dén 3,25 mA dén cuén Helmholtz. Két
qué do thé hién trén hinh 8.

Két qua do trén hinh 8B cho thay, khi cap dong dién DC,
tir truong do duogc 14 tuyén tinh trong dai tir 0 dén 0,43 G,
tuong tng v6i dong dién tir 0 dén 3,25 mA chay qua cip
Helmholtz.

Ciing trong thuc nghiém nay, kich ban do tir truong dugce
thuc hién ¢ dai do nho hon 10 lan so véi kich ban do trude.
Két qua do thé hién trén hinh 8C c6 su khac biét rd rang
vé gi6i han phat hién ctia méay do tir thuong mai, giira tir
truong xoay chiéu va mot chidu. Khi cdp dong dién AC cho

04 | BT trrdng AC .
: y = 0,1325x -~
& R® = 0,9997 ""'-C
Pt 0,3 e T trvongDC B (©)
= 0.0212€2 575
£ y=0,1335x Y riZ0iss07, g
5924 R2=09999 & 0.04 e
B .t
£ et
0.1 - R
0 0;4

0 1 2 3 4
Dong cép cho Helmholtz (mA-DC/mA-AC-Rms)
Hinh 8. (A) Thiét lap thwc nghiém danh gia méi quan hé giira tiv trwdrng

phat xa b&i Helmholtz va dong dién (AC/DC) chay qua cuén Helmholtz
(B) trong dai tir 0 dén 3,25 mA va (C) trong dai tir 0 dén 0,33 mA.

a1



Helmholtz trong khoang tir 0,03 dén 0,13 mA, tir truong
xoay chiéu gan nhu di ngang trong khi cép dong dién DC
trong khoang nay tir trudng mét chidu do dugc van tuyén
tinh. Piéu nay ching t6 may do thuong mai khong ¢ kha
ning phat hién tir truong xoay chiéu voi cudng do nho. Tir
truong gan nhu phi tuyén trong toan dai khi cap dong dién
tir 0 dén 0,33 mA.

O thyc nghiém cudi cung hé do tir truong dé xuat bao
gd6m mach xir 1y tin hiéu dé xuét két hop vdi mot cam bién tir
tr& khong 16 GMR thuong mai di duoc sira di thé hién trén
hinh 9. Thyc nghiém dugc tién hanh do tir truong trong dai
c6 cuong do rat nho duoc phéat ra bdi cdp Helmholtz da duoc
chuan héa & thuc nghiém trudc. Cam bién GMR thuong mai
sira d6i di duoc chung t6i cong bd trong cac bai bao trude
day [2, 4]. Trong thuc nghiém nay, cam bién GMR duoc dat
tai ving tir truong déu ctia mot cap Helmholtz. O day, ¢6 hai
cap Helmholtz c6 kha nang phat tir truong theo hai phuong
vudng goc voi nhau. Tuy nhién, trong thuc nghi¢ém nay chi
dung 1 cip phat theo phuong nhay tir cia cam bién nhu so
d6 nguyén 1y hinh 9A. Tin hiéu ngd ra clia cam bién dugc
két nbi truc tiép véi ngd vao cia mach xir 1y tin hiéu. Thiét
bi phat dong DC (CC-421, Lutron Electronics) cap dong 4,2
mA cho cam bién. Thiét bi phat sin (33250A, Agilent) dugc
trién khai dé cip dong dién 25 Hz cho cip Helmholtz dong
thoi lam tin hiéu tham chiéu cho mach Lock-in. Bo nguén
thé (HM8142, Hameg) cung cip ngudn +16 V cho mach xtr

ﬂ 7. May phan tich tich hiéu

1. B phat tir trudng

4. Ngudn dong DC H

6. Phat sine

Hinh 9. Thiét lap thwc nghiém do tir triwdng phat ra tir Helmholtz
béng thiét bi do str dung mach xtr ly tin hiéu dé xuéat tich hop cam
bién tir GMR. (A) So dd nguyén ly; (B) Thiét lap thwc nghiém, cac thiét
bi dwoc danh sb tring vai ky hiéu trén so dd nguyén ly.
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1y tin hi¢u tuwong tu. Tin hiéu tor mach xr Iy tin hiéu tuong tu
duogc két ndi véi may phan tich tin hiéu da kénh (Infiniium
DSO8064A, Agilent) phuc vu cho viéc thu thap tin hiéu,
phan tich va danh gia. Tin hi¢u ngd ra cua mach xu 1y tin
hiéu tuong tu ciing dugc két ndi v6i bd ADC va mach hién
thi dé hién thi dt li¢u do.

Két qua phép do dau tién trong thyc nghiém nay dugc st
dung dé xay dung duong chuan thé hién mbi quan hé giita
dong dién cp cho bo phat tir truong Helmholtz va dién ap
ngd ra clia mach xir 1y tin hiéu. Két qua do tai 10 mirc thé
hién trén hinh 10A. Két qua cho thiy, dai do twong tmg véi
dong dién AC tir 0 dén 0,29 mA, tin hiéu ngd ra tuyén tinh
trong toan dai trong khi van trong dai do ndy may do tir
truong thuong mai phi tuyén toan dai, tham chi khong thé
phan biét rd rang tir trudng & 4 mirc thap nhat ctia dai do.

O phép do tiép theo hinh 10B, miu do thip nhét dwoc
thuc hién 5 14n, mdi 1an kéo dai 5 gidy trong cung didu kién
do. Két qua thuc nghiém va két qua tinh toan cho thay, gioi
han phat hién dugc tinh 1a xép xi 6,5 uV, cao hon nhiéu so
v6i giéi han phat hién cua mach do. Két qua nay chung to
rang, cac thanh phan khac ciia hé do con c¢6 nhitng thanh
phan chua dap tng duoc kha ning phat hién ctia mach xir
1y tin hi¢u. Gidi han phat hién cua hé do con phu thudc vao
kha ning phat hién ctia mdi loai cam bién.

—_ LOD ~ 6 523 uv
(A) 510 u P
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£ 4 et
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2
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Thei gian lay mau (s)
Hinh 10. Tin hiéu ngd ra cia mach xt ly tin hiéu tich hop cam bién
tir GMR trong tir trwrng cua Helmholt. (A) Mbi quan hé gitra dong
dién (AC/DC) chay qua cudn Helmholtz va tin hiéu ngd ra ciia mach
x@ ly tin hiéu; (B) K&t qua 5 Ian do tin hiéu ngd ra ctia mach xd ly tin
hiéu khi cap dong dién co bién dé nhé nhat (0,03 mA-Rms) cho cuén
Helmholtz v&i thoi gian phat la 5 giay/Ian.

Tu truong do duoc bé'mg thiét bi dé xuat phu thudc vao
dong dién chay qua cudn Helmholtz (hinh 11) dugc tinh dya
vao két qua do trén hinh 10A két hop voi hé sé khuéch dai
thuc té cua mach xu 1y tin hiéu hinh 5 va duong dac trung
cua cam bién voi tur truong xoay chiéu (da dugc cong bo
trong bai bao trude day [2]).
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Hinh 11. Sw phu thudc cla tir trwdng do dwoc bang thiét ké dé
xuét vao dong dién (AC/DC) chay qua cuén Helmholtz trong dai
ttr 0 dén 0,29 mA.

Két qua trén hinh 10A va hinh 11 cho phép xé4c dinh tir
truong can do khi biét dién ap ngd ra cua mach thé hién trén
cong thuc:

out
H =
237.28

(11)

trong do: H 14 tir trudng can do, don vi G; Out 1a dién 4p ngd
ra cua mach, don vi la V.

Két qua tinh toan thuc nghiém cho thy, giéi han tir
truong ma hé do dé xuat co thé phat hién 1a rat nho, xap xi
3,81 nT. Két qua trong nghién ciru nay c6 giéi han phat hién
t6t hon so véi cong bd trude cia chung toi 1a 4,85 nT [2].
Ciing véi ky thuat Lock-in, K. Fodil va cs (2016) [7] ciling
st dung mot cam bién tir tro khéng 16 dang s¢i day do duoc
tir truong & xap xi 6 nT.

4. Két luan

Mot mach xir 1y tin hiéu két hop gitra cac k¥ thuat loc,
diéu ché, giai diéu ché, Lock-in tuong thich vai dac tinh cua
cam bién tir tro khong 16 da dugc sira doi dé nang cao kha
ning do tlr trudng siéu nho trong mdi trudng nhidu 16n co
y nghia quan trong trong cac nghién ctru phat hién va dinh
luwong cac hat nano siéu thuan tor dugc lién két vai cac dbi
tugng sinh hoc phan tir. Vi kha nang phat hién tr truong
nho ¢d 3,81 nT, h¢ do c¢6 kha nang dinh lugng duoc té bao
vi mot sd loai hat nano thuong mai dung dé tach loc té bao
cling c6 tu tinh trong vung phat hién ctia hé do. Mach xtr ly
tin hiéu da dugc thay doi véi nhiéu phién ban khac nhau dé
nang cao hi¢u suit ciia hé théng, bao gém giam nhiéu, mo
rong dai do, cai thién gidi han phat hi¢n, tang d6 lap lai...
Trong nghién ctru nay, mach xir 1y tin hi¢u cling nhu h¢ do
siéu nhay tu cling dugc do dac, phan tich danh gia mét cach
chi tiét vé cac thong sd dé lam co s& cho nhiing phét trién
ung dung sau nay. H¢ do tur truong véi d§ nhay cao va phu
hop dé phat hién cac ddi twong sinh hoc phan tir dugce danh
du bang cac hat nano siéu thuén tir vi ndng do rt thap.
Cong viéc nay xac minh tinh hi¢u qud cua ky thuat xur Iy tin
hiéu Lock-in cho cac cam bién c6 bién do tin hiéu nho, trong
mdi truong nhidu 16n va tao nén tang tét cho cac ung dung
do luong tin hiéu nho.
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Nghién ctru nay dugc tai trg bdi d8 tai khoa hoc va cong
nghé cip bo do Vién Ung dung Cong nghé chii tri, ma s6 dé
tai: 03/2022/HD-DTCB-IMET ngay 22/01/2022, nhém tac
gia xin tran trong cam on.
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