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In the structure of lock-in amplifiers, the differential voltage extraction
block against large common-mode noise is usually based on the basis of
an instrumentation amplifier chip, using a basic signal subtraction circuit
diagram with operational amplifiers. This approach has the disadvantage
of a low common-mode rejection ratio and a narrow measurement range,
resulting in low resolution of differential voltage signal measurements.
This research aims to overcome these limitations by developing a
theoretical measurement method and improving the circuit structure of
differential voltage measurement using an instrumentation amplifier chip,
applying a dedicated power supply circuit, called a tracking power supply
circuit. With circuit designs utilizing voltage followers with power buffer
stages using transistor pairs and photovoltaic modules, the differential
signal extraction block developed based on the PGA207 can measure AC
voltage signals with amplitudes up to 10V2 V and achieve a common-
mode rejection ratio approaching 180 dB for frequencies up to 1 kHz,
thereby enabling a resolution of 10 uV. The results are significant for the
design and fabrication of a high resolution lock-in amplifier with a
differential input.
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Heé s6 nén tin hiéu dong pha

Trong céu trac cua cac thiét b khuéch dai dong bo, khdi tach dién ap vi
sai trén nén nhiéu déng pha 16n thuong duoc xdy dung trén co s6 chip
khuéch dai do luong, su dung so dd mach trir tin hi€u co ban dung
khuéch dai thuat toan, c6 nhuge diém 1a hé sd nén tin hiéu dong pha
thip, pham vi do hep nén d6 phan giai cia phép do tin hiéu dién ap vi
sai khong cao. Nghién ctru ndy hudng t6i giai quyét cac han ché néu
trén bang cach phat trién 1y thuyét phuong phéap do va cai tién cdu trac
so dd mach do dién ap vi sai sir dung chip khuéch dai do luong, 4p dung
mach ngudn nudi chuyén dung, goi la mach nguf)n bam. Véi cac
phuong an xdy dyng mach nguon bam sir dung khuéch dai lap dién ap
c6 tang dém cong sudt ding cac cdp transistor va cac mo-dun quang
dién, khdi tach tin hiéu vi sai phat trién trén co s& chip khuéch dai do
ludng PGA207 c6 thé so sanh cac tin hiéu dién ap xoay chiéu c6 bién
d6 1én t6i 10V2 V va hé sé nén tin hiéu ddng pha tiém can gia tri 180
dB ¢ dai tin s6 dén 1 kHz, ddng nghia d6 phén gidi dat ngudng 10 pV.
Két qua nghién ctru 6 y nghia quan trong trong thiét ké va ché tao thiét
bi khuéch dai ddng bd d6 phan giai cao c6 dau vao vi sai.
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1. Gi6i thiéu

Trong do luong dién ap vi sai, vi€c tach tin hi€u can do trén nén nhiéu tap 1on 1a bai toan kho.
Viéc tim 10i giai cho van dé nay co y nghia thuc tién rat cao trong dam bao do ludng cho cac
phuong tién do nhu bo chia dién ap, shunt dong..., trong do luong cac dao dong cua con quay hoi
chuyén va cam bién gia toc dang vi co, cac cam blen do dang mach cau [1] - [3]. Trong cac ung
dung ndy, viéc do hi¢u dién ap rat nho ciia hai tin hiéu xoay chiéu trong dai tan s0 va bién do dién
ap (nhleu) dong pha rong duoc thuc hién bang thiét bi khuéch dai dong bo Lock-in Amplifier
(LIA) voi dau vao vi sai, dong vai tro nhu thiét bi so sanh [4], [5]. Trong cAu tao cua mot LIA co
ban, khdi tach tin hiéu vi sai 1a chia khéa quyét dinh pham vi do va do phan giai cta thiét bj va
khoi nay cé thé dugc xay dung trén co s& mach khuéch dai cong, mach khuéch dai trir dién ap
(dung khuéch dai thuét toan) va mach khuéch dai do luong dang chip Instrumentation Amplifier
(INA). O mach khuéch dai cong va trir tin hiéu, hé sd nén tin hi¢u dong pha Common-mode
rejection ratio (CMRR) phu thuge vao d6 chinh xac cua cac dién tro thanh phan va tro khang dau
ra ctia cac nguon tin hiéu so sanh, trong khi d6 ¢ INA, sy phu thudc nay da dugc tdi wu hoa vé
mat cong nghé nho dugce tich hop bd khuéch dai dém & dau vao va cac dién trd thanh phan dat do
tuong dong va do chinh x4c rit cao nho dwoc hiéu chinh gia trj bing cong ngh¢ laser, vi viy
trong cac LIA hién c6 trén thi truong, khdi tach tin hiéu dién ap vi sai vé& co ban dugc xay dung
trén INA [6]. Cac INA tdt nhét cia cac hing nhu Texas Instruments, Maxim, Intersel, Analog
Devices déu c6 hé sb nén tin hiéu dong pha nam trong khoang (100 dén 120) dB trong dai tin s6
dén 1 kHz va bat dau giam véi toc d6 20 dB/decade sau tan sd cit 1...10 kHz. Két qua so sanh
cac INA noi bat nhu AD8428, MAX4197, PGA207, ISL28633, AD620 cho thdy PGA207 cia
Texas Instruments c6 sai sé hé sé khuéch dai rit nho (0,1 %), do Kkhong tuyén tinh thap (0,003
%), dong dién dau vao rat nho (1 pA), pham vi so sanh dién ap ddng pha rong (£ 12,5 V), déc
biét hé s6 khuéch dai duoc thiét 1ap boi cac tin hiéu dang s0, gilip giam thiéu t6i da cac anh
huodng cla cac nhiéu tap, vi vay PGA207 dugc lya chon dé xay dung khdi tach tin hiéu vi sai [4].
Tuy nhién, PGA207 c6 hé sb nén tin hiéu ddng pha t6i da chi bang 100 dB, tuong duong voi do
phan giai 100 pV cta LIA khi so sanh cac dién ap xoay chleu co bién do 10\/2 V ¢ dai tan s6 dén
1 kHz, khong dap mg du yéu cau trong mot sb trudng hop can so sanh cac tin hiéu xoay chiéu c6
bién d¢ dién ap dong pha rong va d6 phan giai cao, ¢ nV [7], [8]. Két qua danh gia thuc nghiém
hé s6 nén tin hi¢u dong pha dugc tién hanh trén 08 mau INA PGA207 sir dung ngudn nudi tiéu
chuan + 15 VDC duoc trinh bay trong Bang 1.

Bang 1. Két qua nghién civu thiee nghiém hé sé nén tin hiéu dong pha ciia INA PGA207

H¢ s6 nén tin hiéu dong pha, dB

Tanso, kHz =77 INA2  INA3  INA4  INAS INA6 _INA7 _ INAS
0.1 101,83 9800 9444 10231 9835 8567 8429 9331

0,5 101,60 9826 9452 101,43 9851 8577 8450  93.40

1 99.44 9820 94,19 9855 9848 8580 8447 9341

5 9835 98,07 93,55 96,80 98,63 8592 8443 93,56

10 9738 9723 9292 8992 9843 8557 82,00 93,53

50 9636 89,09 88,92 8527 9689 8346 79,66 9244

100 8429 80,84 8257 7827 9267 7930 7675 89,51

Béng 1 cho thay hé s nén tin hi¢u dong pha ciia cac mau PGA207 c6 gia trj twong dong véi
cong bd ctia nha san xuit va co sy phan tan dang ké. Nhu vdy, viée tim kiém cac phuong an mach
dé nang cao hé sb nén tin hiéu ddng pha cua INA trong cdu trac ctia khéi tach tin hiéu dién ap vi
sai, gop phan ning cao do phén giai cua LIA la yéu cau c6 tinh thyc tién cao. Muc tiéu cua bai
bao nay la trinh bay chi tlet vé qua trinh nghién ctru nguyén 1y hoat dong cta INA va mach ngudn
bam, trén co s& d6 dé xuét cac cai tién cau trac so dd mach, mé phong, ché tao mach in va danh
gi4 thuc nghiém cac phuong 4n mach ngudn bam, giup nang cao hé sb nén tin hiéu déng pha cua
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INA, tiém can gia tri 180 dB trong dai tan sé dén 1 kHz, gbp phan nang cao d6 phan giai cia LIA
dén 10 nV khi so sanh cac dién ap xoay chidu c6 bién do t6i 10V2 V.

2. Phuong phap nghién ciru

Phuong phap nghién ctru dya trén ly thuyét co ban vé do luong dién ap vi sai trén nén nhiéu
dong pha 16n két hop véi phan tich tai liéu vé cac mach khuéch dai do luong va mach nguon
chuyén dung trong nhimg nam gan day. Tir d6 dua ra giai phap thiét ké, x@y dung mach nguén
bam dap (mg yéu cau bai toan dat ra. Thuc hién mo phong trong phan mém NI Multisim, tinh
toan va do kiém, danh gia thyc nghiém giai phap thiét ké dé xuét trén mau thu.

2.1. Nguyén Iy lam vigc mach khuéch dai do lwong va mach nguon bam

Khuéch dai do luong 1a mach khuéch dai do chinh xéc cao v6i mach hdi tiép kin, c6 kha nang
khqéch dai hiéu (jién ap cua hai tin hiéu & dau vao va khir céc tin hi¢u dién ap dong pha. Dién ap
0 dau ra cia khuéch dai do luong dugc xac dinh theo cong thure [9], [10]:

) T A e (. U
Uoor =G U, +G U, =Gy [UD+UC G—zszD [UD+CM§€RJ (1)
trong d6: Up, Uc - dién ap vi sai va dién 4p ddng pha ¢ dau vao cua INA, V; Gp, Ga - hé
s6 khuéch dai tin hiéu vi sai va tin hiéu dong pha ctua INA; CMRR - hé sé nén tin hiéu dong
pha ctia INA.

Tir biéu thire (1) ta thiy, thanh phan (U</CMRR) 14 sai s6 hé théng cua phép do, 1a mirc dién
ap nho nhit ma INA c6 thé phan biét dwoc, ddy chinh 1a do phan giai cua phép do. Ta co,
(Uc/CMRR)—0 khi Uc—0 hogc CMRR—, nhung khi so sanh hai tin hi¢u di¢n ap thi Uc# 0, vi
véy phai nang cao h¢ s& CMRR. Gia tri ctia hé sd nen tin hiéu dong pha la co6 gidi han va ¢b dinh
tai mot tan s6 lam viéc cu thé nén chi c6 thé gian tiép nang cao gia tri cua hé s6 nay. Qua nghién
clru, ta thdy hé sé nén tin hi¢u ddng pha c6 thé dugc nang cao bang cach tich hop tin hiéu dién ap
ddng pha vao dién ap nguon nuoi cua INA, day l1a y tuong cdt 161 cta so d6 mach ngudn bam
[11]. Hinh 1a trinh bay so d6 nguyén Iy mach ngudn nudi danh cho INA c6 tich hop thanh phan
xoay chiéu, dao dong ddng bd véi tin hiéu dong pha Uc & dau vao biang cach st dung khuéch dai
lap dién ap Voltage Follower. Vi Up rat nhé, nén coi nhu U, = Uy va khi d6 Uc = Us.

Uoé T . u(t) A £y
GND  _ _\N_ L X _
VF GND,y
U » !
gy 1 p o U Y

. = Ey
U,° T 7\ /¢

2

a) b)

Hinh 1. Hinh minh hoa: (a) so do khuéch dai do luwong INA tich hop mach nguén bam, sir dung mach lap
dién ap VF véi Uy, Uy la cde tin hiéu so sanh va (b) cdc dién ap tai dau ra E.t, Ey, GNDyy
Khuech dai lap dién ap, xay dung trén co s6 khuéch dai thuat toan 1y tuong c6 mo-dun hé sb
truyen bang 1 va véi ting dém cong suit & dau ra, ta co cac tin hiéu dién 4p & diu ra ciia mach
ngudn bam nhu minh hoa & Hinh 1b. Biéu thie dién ap & ngd vao ciia INA c6 dang [4]:
Un=U,~ UOG\’f vaU, =U, - Uonf 2)
trong d6: G,y - hé sb truyén cia bo 1ap dién ap.
Thay Up = Uan - U va Uc = (UHN + U.IN)/Z vao cong thirc (1) va voi Uc = Uy, ta c6 biéu
thirc dién ap & dau ra cta INA so véi cuc chung GND,sc6 dang [4]:
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Khi so sanh hai tin hiéu gidng hét nhau, dién 4p ¢ dau ra ctia khuéch dai do ludng c6 dang:
Uour =G, % “4)

Khi d6 hé sb nén tin hiéu déng pha ctia INA c6 tich hop mach ngudn bam tinh theo cong thirc:
CMRR,, = UZZT ICMSR (5)

Ta thay, khi hé s6 Gvr —1 thi hé s CMRR,; —. Theo cong thirc Euler, Gvf = Gyrel® =
Gy(cosg + jsing), thay vao cong thirc (5) ta co biéu thirc xac dinh mo-dun hé s nén tin hiéu
ddng pha:

CMRR
\/1 —-2G, cosp+ Gvf2

Theo biéu thirc (6), mé-dun hé s6 nén tin hiéu dong pha cua khéi tach tin hiéu vi sai s& phu
thudc vao cd mo-dun hé so khuéch dai G,y va do 1éch pha ¢ cia mach khuéch dai lap dién ap.

CMRR,,,dB = \CMRR 20lg (6)

Vf‘:

2.2. Mach lgp di¢n dp véi ting dém cong suit siv dung transistor

Bang 2. Mé-dun hé sé khuéch dai, dé léch pha
cua mach ngué‘n bam s dung b¢ lap dién ap
Véi tang dém cong sudt ding transistor va hé

$6 nén tin hiéu dong pha tiong dirong, tinh
theo dB ciia khoi tach tin hiéu vi sai

fkH: Gy 0° CMRR

0,1 1,000003 - 0,00033 > 180
1 1,000003 - 0,00333 > 180
10 1,000009 - 0,03330 155,09
20 1,000028 - 0,06661 143,42
30 1,000059 - 0,09990 136,45
40 1,000103 -0,13323 131,47
50 1,000160 - 0,16654 127,60

R2|:| 35V R7R9 CZTRM 60  1,000228 -0,19985 124,43

RI

uo(t)

70 1,000310 -0,23318 121,75
80 1,000404 - 0,26652 119,42
Hinh 2. So do mach nguén bam sit dung khuéch dai 90  1,000511 -0,29987 119,37
lap dién dp va tang dém cong sudt ding transistor 100 1,000630 - 0,33330 115,53
Dé giai quyét dong thoi bai toan nang cao hé sd nén tin hidu dong pha va md rong pham vi so
sanh tin hiéu cua khdi tach tin hiéu vi sai ding chip khuéch dai do luong thi phai xay dung mach
lap dién ap stir dung khuéch dai thuat toan c6 dién ap nguén nuoi cao hon bién do dién ap can so
sanh, bén canh d6 khuéch dai thuat toan cling phai c6 hé s khuéch dai tin hiéu vi sai va hé sb
nén tin hiéu dong pha tuong ddi cao. Qua danh gia cac khuéch dai thuat toan phd bién, OP285
cua Analog Devices c6 dién ap ngudn nudi + 18 V, hé s khuéch dai tin hiéu vi sai bang 85 dB va
h¢ s6 nén tin hi¢u ddng pha bing 106 dB da duoc lya chon su dung [5]. So d6 mach ngudn bam
dung OP285 co tang dém cong sudt str dung cap transistor VT1-VT4 (BD139, BD140) duogc trinh
bay & Hinh 2. D¢ truyén tin hi¢u dién ap xoay chiéu téi cac dau ra ciia mach ngudn bam, cac
mach 1ap emitter (VT3, VT4) dugc st dung voi dong dién ¢ cac cuc base cua VT3, VT4 dugc
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cap bai cac nguf)n 6n dong trén VT1, VT2. Thanh phan dién 4p mét chidu cua E,/, E, duoc thiét
1ap boi cac di-6t 6n ap VD1-VD3 va dién tré R3. Nhur vdy, O cac cuc Ev , Eyy ngoai thanh phén
dién ap xoay chiéu, dao dong dong bod véi tin hicu dién ap d6ng pha & dau vao, con c6 thanh phan
dién ap mot chiéu bang + 5,6 V dong vai tro 1a ngudn nudi cho INA [12] - [14].

Tién hanh mé phong so d6 mach ¢ Hinh 2 trong phan mém thiét ké, mé phong mach dién NI
Multisim cta National Instruments, ta nhan dugc cac gia tri mo-dun hé s6 khuéch dai G.s, 46 1éch
pha ¢ ctia mach ngudn bam va tinh toan hé sb nén tin hiéu dong pha twong duong ctia khi tach
tin hiéu vi sai, sir dung khuéch dai do ludng PGA207 theo cong thic (6), két qua nhan dugc trinh
bay trong Bang 2. Ta thiy, hé s6 nén tin hiéu ddng pha ctia khoi tach tin hiéu vi sai (ct 4) c6 thé
dat dén gia tri 180 dB & dai tan s dén 1 kHz.

2.3. Mach lgp di¢n dp véi ting dém cong sudt siv dung mé-dun quang dién

Mot phuong an khac dé xdy dyng ting dém cong sudt cua mach ngubn bam, do la sir dung cac
moé-dun quang dién Photovoltaic modules (PV) [15], day la t6 hop cac té bao quang dién, khi co
anh sang chiéu vao, 0 dau ra s& xuat dong dién mot chiéu. Hinh 3 trinh bay so d6 mach khuéch dai
lap dién ap voi ting dém cong sudt sir dung cac mo-dun quang dién. Cac mo-dun nay duoc ddu ndi
tiép v6i nhau, khi duogc chiéu sang boi cac bong led, ¢ d4u ra s& xuat hién cac dién ap mot chiéu d6i
xung E,, E,;- Mach khuéch dai lap dién 4p, co nhiém vy truyén tin hiéu dién ap xoay chiéu t6i cac
du ra cia mach nguén bam van duoc xay dung trén co s& OP285, cac mo-dun quang dién co dién
4p mot chiéu danh dinh 13 5,6 V dong vai tro 1a ngudn nudi cho khuéch dai do ludng.

3 Ey Bing 3. M6-dun hé s6 khuéch dai, dg léch

T pha ciia mach nguon bam sur dung bo lap

}S - ,€9 dién ap voi tang dém cong suat ding cdc

il GND,; mé-dun quang dién va hé so nén tin hiéu

dong pha tiwong dwong, tinh theo dB ciia

leg ;G) khoi tach tin hiéu vi sai

f, kHz Gy 0,° CMRR

?1 VP 0,0 1,000003 -0,00033 > 180

L k4 1 1,000003 - 0,00330 > 180

Hinh 3. So dé mach nguén bam sit dung khuéch dai lip 10 1,000005 -0,03300 155,17
dién ap va tang dém cong sudt ding cdc mé-dun quang 20 1,000011 -0,06599 143,50
dién 30 1,000020 -0,09897 136,53

40 1,000034 -0,13199 131,56
50 1,000051 -0,16466 127,71
60 1,000073 -0,19800 124,53
70 1,000098 -0,23106 121,85
80 1,000127 -0,26413 119,53
90 1,000160 -0,29710 117,49
100 1,000197 -0,33038 115,65

Tién hanh mé phong tuong ty nhu véi so dd trong muc 2.2, ta nhan dugc cac gia tri mo-dun
hé sb khuéch dai G, d9 1éch pha ¢ ctia mach ngudn bam va tinh toan hé sb nén tin hi¢u dong pha
tuong duong ctia khdi tich tin hiéu vi sai, sir dung PGA207 theo cong thirc (6), két qua nhan
dugc trinh bay trong Bang 3. Ta thy, hé sé nén tin hiéu ddng pha cua khéi tach tin hi¢u vi sai
(cot4) co the dat dén gia tri 180 dB & dai tan s6 dén 1 kHz. Nhu vy, cé hai phuong an trién khai
mach nguon bam nhu trinh bay trong muc 2.2 va 2.3 déu gitip nang cao hé s nén tin hiéu dong
pha ctia khéi tach tin hiéu vi sai st dung khuéch dai do ludng PGA207.

Tuy nhién, vi ham truyén hé s nén tin hiéu ddng pha coa PGA207 duge Xap xi bang khau
quan tinh bac mt, nén bién do cua hé s s& giam tur 100 dB xudng ngudng 70 dB sau tan sb cat
Je=35kHz[7], dong thoi khi tan sd tang, sai s6 cua mo6-dun hé so khuéch dai va do léch pha
ctia mach nguon bam s& ting 1én (nhu két qua mé phong trong cot 2 va cot 3 clia Bang 2, 3), khi
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do theo cong thirc (6), ta c6 bién do cua hé s6 nén tin hiéu dong pha tuong duong cua kh01 tach
tin hiéu vi sai khi tich hgp mach ngudn bam cling s& giam xudng, tuy vy gia tri van xap xi
ngudng 100 dB trong dai tan s6 dén 100 kHz theo két qua tinh toan trong Bang 2, 3 (cot 4).

3. Két qua nghién ciru thye nghiém va danh gia

Dé nghién ctru va danh gia thyc nghiém, mach in khéi tach tin hiéu vi sai str dung PGA207 tich
hop mach ngudn bam, xay dung theo hai so d6 mach trong muc 2.2 va 2.3 da dugc ché tao, minh
hoa trong Hinh 4. bdi voi téng dém cong suét st dung céac té bao quang dién, mo-dun pin mat troi
Sunpower C60 (cong suat toi da danh dinh bang 1 W) cta hing ANGUI da dugc lwa chon.

3.1. Xdc dinh hé sé nén tin hiéu dong pha ciia khoi tach tin hig¢u vi sai

Heé sb nén tin hiéu ddng pha ctia khdi tach tin hiéu vi sai duge xac dinh thuc nghiém theo so d6
Hinh 5. Cép ddng thoi tin higu dién ap xoay chiéu dang sin v6i bién d6 1an luot 1a 1V2 V, 5¥2 V va
10V2 V & cac tan sb 20, 40, 80, 400 Hz va 1, 10, 20, 40, 80, 100 kHz tir ngudn chuén do luong
Fluke 5522A t6i hai dau do ctia khdi tach tin h1eu vi sai, tic 1a u(t) = uo(t) = uc(t) = Um\/251n(03t)
vo1 Un= (1, 5, 10) V, déy chinh la tin hiéu dién ap dong pha uc(t). Gia tri dién ap 6 dau ra ctia khdi
tach tin hiéu vi sai Uour dugce xac dinh bang thiét bi khuéch dai dong bd SR830 cua hang Stanford
Research Systems véi d6 phan giai 2 nV, dai dién ap 1am viéc 16n nhit bang 1 V.

Pé dién 4 ap tham chiéu uer(t) co bién do phu hop voi dai dién ap lam viée cia SR830, b chia
dién ap chuin DI-3m d3 duoc sir dung. Bién ap 601 xtng cach ly chuan duoc ding dé chuyén déi
cuc chung ctia khoi tach tin hiéu vi sai tir GND,své cuc chung GND cua toan bd mach do.

a) b)
Hinh 4: Anh chup khéi tcjch tin hiéu vi sai sir dung PGA207 tich hop mach ngu&n bam
voi tang dém cong suat: (a) sir dung transistor va (b) s dung mo-dun quang dién
Hg s0 nén tin hi€u dong pha duoc cua khoi tach tin hiéu vi sai dugc xac dinh theo cong thirc:

Um GD GT j

CMRR,dB =201 { 7
OuT

trong d6: Un - gia tri dién 4p dong pha, V; Gp - hé s6 khuéch dai tin hiéu vi sai cia PGA207,
bang 10; Gr - hé s6 truyén ctia bién ap dbi xtng cach ly chuan, bang 2.

uo(t) X oz Z .
» Khoi tach Bién ap

Fluke P O o
5520A (®) tin hiéu ¥ do6ixing —» Uo

L= visai cach ly U,T

SR830
\ 4 ©
Upef
DI-3m LN

Hinh 5. So do nghién ciru thue nghiém hé sé nén tin hiéu dong pha ciia khéi tach dién dp vi sai tich
hop mach nguon bam, voi uo(t), ux(t) la cac dién dp so sanh, u.(t) la dién ap tham chieu

Két qua nghién ctru thuc nghiém hé s6 nén tin hi¢u dong pha ciia khéi tach tin higu vi sai sir
dung khuéch dai do luong PGA207 tich hop mach nguon bam vai hai phuong an thiét ké tang
dém cong suat & dau ra ctiia khuéch dai lap dién ap duogc trinh bay trong Bang 4. Ta thay, voi viéc
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tich hop mach ngudn bam, hé sé nén tin hiéu dong pha cua khdi tach tin hiéu vi sai, st dung
khuéch dai do luong PGA207 da dugc nang 1én dang ké, tiém can gié tri khoang 100 dén 180 dB
trong dai tan so t6i 100 kHz.
Bang 4. Két qua nghién ctru thue nghiém hé $6 nén tin hiéu dong pha cua khéi tach tin hiéu vi sai
su dung khuéch dai do lwong PGA207 tich hop mach nguon bam
H¢ s6 nén tin hi¢u déng pha, dB

f, kHz Transistor Mo-dun quang dién
Uc=12V  Uc=512V Uc=102V  Uc=112V  Uc=5V2V Uc=10\2V

0,02 179,17 183,50 182,44 175,92 176,77 184,08
0,04 175,92 180,93 179,79 175,92 176,42 182,56
0,08 174,66 178,86 178,42 172,04 171,80 176,17
0,4 165,19 162,51 165,64 164,81 163,92 166,83
1 156,22 157,48 157,85 159,79 157,75 158,53
10 134,35 135,26 133,77 133,91 133,80 133,88
20 124,92 125,74 123,41 123,05 122,99 123,07

40 113,67 114,38 111,81 111,38 111,40 111,55

80 101,58 102,08 99,88 99,52 99,51 99,73

100 97,49 97,79 95,36 95,67 95,67 95,81

Thong qua Bang 2, 3 va 4 ta thay, c6 su chénh léch nhat dinh giira két qua mo phong tinh toan
va két qua do thuc nghiém. Nguyén nhan cia nhimg sai léch do co thé xudt phat tir sy khac biét
gitta m6 hinh toan hoc cua cac linh kién dién tir trong phan mém md phong so voi thuc té, sai s6
vé gi4 tri ctia cac linh kién dién tir sir dung trong so do mach do, sai s6 cta cac phuong tién do,
sir dung trong qué trinh nghién ctru thie nghiém va cac sai s6 ngau nhién khac.

3.2. Ddnh gid khd ndng chiu tdi ciia mach nguon bam

Kha nang chiu tai cua mach nguén bam dugc xéac dinh thyc nghiém theo so dd Hinh 6. Véi
dong dién tiéu thy danh dinh cuia PGA207 1a 10 mA [7] va dién 4p mot chiéu cua mach ngudn
bam la 5,6 V thi gia tri dién tré' Ry tuong duong, mo phdng tai ti€u thu cuia PGA207 tinh theo
dinh luat Om sé& bﬁng 560 Q. Bé xac dinh dong dién 16n nhit ma mach nguén bam c6 thé cép cho
INA, cac dién trd tai Ry s& duoc mic song song va ting dan vé sb luong. Dong dién duoc do
bang thiét bi do dién van ning chuin Keysight 34410A. Két qua thuc nghiém dugc trinh bay
trong Bang 6.

= Bang 6. Két qua nghién civu thie nghiém kha ndang
? chiu tai cua mach nguén bam
Transistor PV module
Mach Rui, Q L, Ly, L, L,
wg(t) o—> ngﬁ on mA mA mA mA
, Ro 10,1 10,0 10,0 10,2
= bam Ro/2 20,1 19,8 19,5 20,1
Ro/3 29,9 29,9 29,9 30,0
—Ub Ro/4 39,5 39,9 40,0 39,9
= Ro/5 49,0 49,7 498 497
Hinh 6. So do nghién ciru thuc nghiém kha Ro/6 59,3 59,3 - -
nang chiu tdi cua mach nguén bam Ro/7 69,7 69,9 - -
Ro/8 79,9 79,6 - -
Ro/9 - - - -

Tir Bang 6, ta thiy kha nang chiu tai ctia mach ngudn bam c6 tang dém cong suat st dung cac
transistor tot hon so vdi cac mo-dun quang dién, tuy nhi€n ca hai phuong an déu dap Gng tot yéu
cau cap nguon cho mét chip khuéch dai do luong PGA207.
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4. Két ludn

Véi viée trinh bay chi tiét qua trinh nghién ctru phuong phap do dién ap vi sai st dung khuéch
dai do luong, dé xuit céc phuong an mach nguén bam mdi, mo6 phong, tinh todn, do kiém thuc
nghiém va so sanh cic két qua nhan dugc, nghién cru nay da chiing minh dugc hi¢u quéa nang
cao hé s nén tin hiéu ddng pha cua khéi tach tin hiéu vi sai ciia khuéch dai do ludong théng qua
tich hop cac phwong 4n mach ngudn bam khac nhau. Cac két qua nhan duoc trong qua trinh
nghién ctru thuc nghiém trén PGA207 cho thay, ca hai phuong 4n mach ngudn bam trinh bay
trong nghién ctru nay déu nang cao hé sd nén tin hiéu dong pha ctia khdi tach tin hiéu vi sai tiém
can gia tri 180 dB & dai tan s6 dén 1 kHz va 100 dB & dai tan s6 dén 100 kHz, tirc 1a d phéan giai
cua phep do hiu dién dp dat tir 10 nV dén 100 pV khi so sanh cac dién ap dong pha c6 bién do
10V2 V. Ngoai ra, mach ngudn bam cé ting dém cong suit str dung cac mo-dun quang dién don
gian, d& ché tao nhung c6 kha nang chiu tai kém hon so véi cac transistor. Huéng phat trién tiép
theo cua nghién curu 1a tap trung vao nang cao do chinh xéac hé ) truyen cua mach lap di¢én ap va
tich hop cac mach hiéu chinh két qua do dé nang cao hon nita hé sé nén tin hiéu dong pha cua
khéi tach tin hiéu vi sai va cai thién d6 phan giai cua phép do.
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