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Nghién ctru nay trinh bay thiét ké mdt mach én ap tuyén tinh dién ap roi thp st dung
céng nghé CMOS 90 nm, nham dap (rng nhu ciu vé ngudn cung cap dién 6n dinh trén dai
dién ap dau vao rong cho cac ng dung di dong. Kién tric mach dwoc dé xuat nham tbi
wu hoa cac thong sd dé dat hiéu suét cao, &n dinh dién ap dau ra khi dai dién ap dau vao
thay ddi rong va tiéu thu dién nang thap. Cac két quéd md phéng da chirng minh hiéu qua
ctia mach thiét ké. Cu thé, mach c6 thé duy tri dién ap dau ra dn dinh trong dai dién ap
dau vao tr 1,9 dén 20,5 V. Mach dat dwoc dién ap roi thap chi 300 mV va thé hién kha
néng dap (rng nhanh véi sy thay ddi ctia tai, ddng thdi duy tri dong dién tinh & mac thap.
Nhirng dac tinh nay cho thdy méi duwoc dé xuat nay phu hop cho cac hé théng yéu cau
hiéu qua nang lwong cao va hoat dong tin cay trong cac diéu kién ngudn dau vao bién dbi.

Dién ap dau vao dai rong, mach 6n ap tuyén tinh dién ap roi thp, cong nghé CMOS

This study presents the design of a low-dropout linear voltage regulator using 90nm
CMOS technology. The design addresses the increasing demand for stable and efficient
power supplies capable of operating across a wide input voltage range for mobile
applications. The proposed circuit architecture is optimized to achieve high efficiency,
robust output voltage stability under wide input voltage variation, and low power
consumption. Simulation results validate the effectiveness of the designed circuit.
Specifically, the circuit successfully maintains a stable output voltage over a wide input
voltage range of 1,9 to 20,5 V. It achieves a low dropout voltage of only 300 mV and
demonstrates a fast load transient response while maintaining low quiescent current.
These newly found characteristics are suitable for the high efficiency and reliable operation

Tém tat:
Tir khoéa:
90 nm.
Abstract:
of the system required under variable input conditions.
Keywords: Wide range input voltage, low-dropout linear voltage regulator, 90 nm CMOS technology.

1. PAT VAN DE

Trong ky nguyén cta thiét bi dién tr di dong
va cam tay, nhu cau vé cac thiét bi nho gon,
nhe va hoat dong hi¢u qua cé kha nang cung
cip dién ap on dinh tir cic ngudn dau vao
khong on dinh ngay cang ting. Mach 6n ap
tuyén tinh dién ap roi thap la mot giai phap
quan trong nho thiét ké don gian, chi phi thap
va kha niang cung cap dién 4p dau ra 6n dinh,

it nhiéu. Tuy nhién, cic mach 6n ap tuyén tinh
dién ap roi thap truyén thong véi dai dau vao
han ché khong dap ting dugc yéu cau ciia cac
tmg dung hién dai nhu thiét bi di dong, 6 t6 va
ning luong tai tao, noi ngudn dién ap thuong
xuyén dao dong [1, 2]. Cac nghién ciru gin
day vé mach 6n ap tuyén tinh dién ap roi thap
tap trung vao vi¢c t6i uu hoa hiéu suit, giam
dong dién tinh, nang cao kha nang dap tUng
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qué d6 va cai thién hé s6 loai bo nhiéu ngudn
[3]. Trong bai bao nay, nhom tac gia tiép tuc
sir dung cau tric co ban ciia mach 6n ap tuyén
tinh dién 4p roi thap nhung thay ddi cac thong
s6 k¥ thuat dam bao dong dién tinh thap va
dai dién ap dau vao trd nén rong hon.

2. THIET KE MACH ON AP TUYEN TiNH
DPIEN AP ROl THAP

2.1. C4u trac tong thé va nguyén ly hoat
dong

Nhu Hinh 1 ta thiy, mach 6n ap tuyén tinh
dién ap roi thap gdm cac thanh phan co ban
do la mot mach tao dién ap tham chiéu dé
cung cép dién ap chinh xac, bo khuéch dai 16i
dé diéu khién vong phan hoi am dé so sanh
v6i dién ap tham chiéu, dién tré phan hoi dé
xac dinh dién ap dau ra, va mét tu dién dau ra
dé 6n dinh [3].
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Hinh 1. So’ dd khéi mach én ap tuyén tinh dién ap
roi thap

Mach diéu chinh dién ap roi thap duy tri dién
ap dau ra (Vour) 6n dinh thong qua co ché
phan hdi am. Cu thé, Vour duge giam sat lién
tuc boi mot ciu phan ap Rgj, Rp. Dién 4p
phan hdi nay sau d6 dugc so sanh vo1 mot
dién ap tham chiéu (Vggr) tai bo khuéch dai
16i (EA). Bét ky su sai 1éch nao giira 2 dién ap
nay s€ duoc EA khuéch dai, tao ra mot tin
hiéu diéu khién. Tin hiéu nay tac dong 1én
transistor cong suét, hoat dong nhu mot van
diéu chinh dong dién gitta ngudn dau vao
va tai.

Khi dong dién tai ting, Vour c6 xu hudng
giam. Sy sut giam nay duoc phat hi¢n boi
vong phan hoi, khién EA ting dién ap diéu
khién. Diéu nay lam tang do dan dién cua
transistor cong suét, cho phép dong dién 16n
hon chay dén tai, bu ddp su sut giam va khoi
phuc Vour vé gid tri mong mudn. Nho vy,
vong phan hdi am lién tuc diéu chinh dong
dién dé dam bao Vour ludn 6n dinh.

2.2. Thiét ké mach tao dién ap tham chiéu

Mach tao dién ap tham chiéu (BGR) bao gém
ba thanh phan chinh: mach 15i, mach opamp
va mach khdi dong [4-7].

a, Mach 161 1a thanh phén ¢t 161 ctia mach
BGR, c¢6 chirc ning tao ra dién ap tham chiéu
bang cach két hop hai thanh phan dién ap co
dic tinh bu nhiét do. Cu thé, dién 4p base-
emitter (Vpg) cua transistor ludng cuc c6 hé
s6 nhiét do am (CTAT) trong khi su khéac biét
dién ap base-emitter (AVgg) cua hai transistor
hoat dong & mat do dong dién khac nhau tao
ra thanh phan c6 hé sd nhiét do duong
(PTAT). Thong qua mdt mach hoi tiép am,
thuong 1a mot opamp, cac thanh phan nay
dugc két hop theo mot ty 1& nhat dinh dé triét
tiéu anh hudng ctua nhiét dg, tir d6 tao ra mot
dién ap tham chiéu 6n dinh, it phu thudc vao
su thay d6i cia mi truong.

Vo
M: Ml |é‘Mj
Irer
l]z %
I r.-ul J ] 7
Rz I:l Q. SR:=Ru

Hinh 2. S d6 mach tao dién ap tham chiéu

Dién 4p tham chiéu ¢ dau ra cua mach bang:
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Vv AV
Vrer = Io.Rs = ( BE1 4 i)

Rs (1)

Rq RpraT
R R
= =2 (VBE1+ —— .AVEBE)
R1 RpraT

OVeer _ R3 0VgE Ry
oT R," oT

0AVgE
Rprar 0T

Vrer khong phu thude vao nhiét dd nén suy ra

_Rs 0VBE R; 0AVgg
0= R,” T + Rprar 0T @)
WsE ~ 2,012mV/C; 22YBE ~ 180,97uV/C va
aT aT

AVgg = 53,77 mV

AV 53,77mV
Rprar = —22 = 22— = 26,885k
BIAS u

Thay két qua vao (2) ta cé:
R1 = Rz = R3 = RPTAT- 11,124
=26,885k. 11,124 = 299,07k

M6 phong tinh todn vi phan cua dién ap
Vge va AVgg 13 dai dién cta hai thanh phan
CTAT va PTAT véi diéu kién dong dién I; = 1
=2 uA. Két qua nhu Hinh 3.

et \
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Hinh 3. Két qua mé phéng cho cac gia tri Veg, AVge
va vi phan cua ching

b, Mach opamp

Dé don gian héa, nhém tac gia sir dung mach
khuéch dai hai tang trong phan 1 lam mach
opamp trong mach BGR. Thong sé k¥ thuét
da dugc trinh bay trong phan trén.

¢, Mach khéi dong

Mach BGR c¢6 hai diém hoat dong: diém “0”
khong mong mudn, noi cac dong dién bang
khong, va mot diém hoat dong chinh xac khac
khong, noi cac dong dién PTAT va CTAT

s00 250 [ 50 sa0 w0 1000 1250

béng nhau. D& dam bao mach BGR hoat dong
ding cach, mot mach khoi dong duoce st dung
dé dua mach tir diém “0” dén diém hoat dong
mong mudbn. Mach khéi dong nay rit quan
trong vi nd thiét lap diéu kién hoat dong ban
dau ma khong gdy anh huéng dén hoat dong
on dinh ciia mach 16i BGR sau khi da khdi
dong thanh cong [8-10].

A | I

biém lam viéc
khong mong muon
/ biém lam viéc mong
muon

.
»

VBEl
Hinh 4. Hai diém hoat déng trong cau tric
mach BGR
O, Vnn
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Hinh 5. So’ d6 mach khé&i déng
va mach BGR téng quat

Bang 1. Téng hop cac tham sé cho mach BGR

Tham sb Gia tri

Vee ~ -2,012 mV/C
aT

98Vee ~ 180,97 uV/C
aT

AVBg ~ 53,77 mV

Rprar Rprar = 26,885 k
R, R, =299,07 k
R, R, =299,07 k
R; R; = 299,07k
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d, Két qua mé phong

Két qua mo6 phong mach BGR duogc thé hién
trén hinh 6 cho thiy dién ap tham chiéu dau
ra dat gia tri cao nhét 12 1,154 V, va thép nhét
14 1,151 V véi dién ap cung cép cho mach 13 2
V. Nhu vay d6 chénh 1€ch gitra dién ap cuc
dai va cuc tiéu trong dai nhiét d6 —40°C dén
125°C chi x4p xi khoang 2,1 mV.

T T T T T 1
0.0 5.0 [N 5.0 50.0 7 100.0 125.0
g (G

Hinh 6. Két qua md phéng mach
tao dién ap tham chiéu

Tong hop két qua cho mach BGR duoc trinh
bay trong Bang 2.

Bing 2. Tong hop két qud mé phong mach BGR

Tham sé Két qua dat dwoc
Khoang nhiét do —40+125°C
Dién ap tham chiéu (25°C) Vger = 1,154 V
Dién &p tham chiéu nho nhét Voin = 1,151 V
Do léch dién &p AV =2,098 mV

2.3. Thiét ké mach khuéch dai 16i

Hinh 7 cho thiy mach khuéch dai 16i (EA)
dugc thiét ké v6i cau trac hai tang chinh [1].
Tﬁng dau tién 1a mot cap vi sai méc theo kiéu
cascode (gém cac transistor M, M,, M3, va
M,). nham ting tré khang d4u ra va ning cao
hé s6 khuéch dai dién ap. Pé khic phuc han
ché vé& bién do dao dong dién 4p cua tﬁng
cascode, mot tﬁng thtr hai duwoc thém vao.
Tang nay sir dung cdu triic common-source,
mot cdu trac phd bién co kha ning cung cip
bién d6 dau ra 16n. Ngoai ra, mot tu bu Miller

(Cc) dugce tich hop dé dam bao tinh 6n dinh
cuia hé théng phan hdi, dic biét & cac tan sb
khac nhau [4-7].

Gia sir Ry, Cp lan luot 1a dién tro va dién dung
tai ngo ra cua tﬁng thir nhat va Ry, Cu lan luot
la dién tro va dién dung tai ngd ra cua tang
thr hai. MO hinh tin hiéu nhé cia mach
khuéch dai 16i duoc thé hién trong Hinh 8.

Vop

M; \’—\:-] =+ E‘ll M,
: |l M
|_.

Vour

Hinh 7. So’ d6 nguyén ly mach khuéch dai 16i

o—

e
VIN gle'N T Ydﬂ”fdm% gmﬁVZ@ Tasel| Fas7 C”T VOUT

Hinh 8. M hinh tin hiéu nhé mach khuéch dai 16i

Bang 3 trinh bay cic yéu cau thiét ké cho
mach EA hai tang.

Bang 3. Yéu cau thiét ké cua mach khuéch dai 16i

Tham s6 Yéu ciu thiét ké
Dién ap cung cap 2V
Thu vién cdng nghé gpdk90
Cong suit tiéu thy <200 pW
Do khuéch dai mot chiéu AV > 35 dB
Bing thong khuéch dai GBW >4 MHz
Tbc @6 chuyén mach tin SR >3 V/us

hiéu

Dai dién ap ché do chung
dau vao

0,85V <ICMR< 1,9V

Dai dién ap ché d6 chung | 0,3V<OCMR<1,9V

daura

Phase Margin PM > 60°
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* Qua trinh tinh toan duoc thuc hién dua trén
mo hinh tin hiéu nho ctia mach, xac dinh cac
diém cuc (p1,p>) va diém khong (w,) nhu sau
[8-10]:

-1 -1
e e ————— 3
P1 RiCr  RiCc.8meRnn )
_ —1  —8me
P2 = RuCy  Cp )
g
w, =B 5)

Do khuéceh dai toan mach (Ay) duoc tinh béng
tich ctia do xuyén dan twong duong (g,) cua
céc transistor va tro khang dau ra cia cac tang
(Ry, Ryp).
Ay = (8m1RD- (8meR1D) (6)
» Bing thong khuéch dai (GBW) duoc xéc
dinh 1a tich caa do khuéch dai va bang thong
cta bo khuéch dai, 1a mot gia tri héng sb trén
biéu dd Bode.

GBW = Ay.|f,, | = Ex ()

- 2nCc

» Thiét ké dam bao PM > 60°:

A w A
180° — tan™?! (—) —tan~! (—) —tan~! (—)
|p1] [p2| Z
> 60°

DPé » = GBW va gia s z > 8.GBW, khi d6 ta
co:

GBW GBW
180° — tan™?! ( ) —tan~! ( )
Ip1l |p2|

GBW
—tan‘l( . ) > 60°

= Thiét ké téc d6 chuyén mach (SR) phu
thudc vao toc do bién thién dién 4p trén tu
Miller.

I
SR == 8)

SR>3 V/us = Ips >Cc. 3 V/ius =9 UA.
— Chon Ips = 10uA
» Thiét ké M;, M,

Yéu ciu GBW = Z%C > 4 MHz

Suy ra g > 4.10°.21.Cc = 75,4uS
— Chon g, = 82uS

A ’ W.
Tu cong thirc 8m1 = \/ZIDl- P-ncox(f)l (9)

(8m1)? _ _(82u)?
2Ip1unCox 10u.140u

suy ra (V_]_\‘])l,z = =48

Chon (%)1,2 =7

= Thiét ké cho dai dién ap dau vao ché do
chung ICMR(+)

2Ip3
ICMR("‘) < VDD - T - |VT3|max + VTlmin

2Ips3 )
T = [Vpp — ICMR("‘)maX — |Vr3|max ]

21
K 1\3/3 = [VDD - ICMR("’)maX - |VT3|max +
p-(f)3
(10)

VTlmin]2

(W) _ 2Ip
L/3 K]J'[VDD — ICMR(+) = |[VT3|max + VT1min]2

(11)

\ 10u
(1), = _ =258
L/3  80u(2-1,9-0,41+0,53)

chon (), =5, (%), =

= Thiét ké cho dai dién 4p dau vao ché do
chung ICMR(-)

ICMR(-) = VGsimax + Vpsars (12)
ICMR(-) = ( 21[];1 + |VT1|> + VpsaTs
max
21
Vbsats = ICMR(—) - gl — |Vr1Imax
=0,85— |— 0,56 =0,2
140u.7
w\ 2Ips _210u
(I)s " Kn.(Vpsars)?  140u.(02)% 3,57

Chon ()5 =3

w
8ms = \/ZIDS- UnCox(T)s = 91,65uS
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» Thiét ké cho M,

Pé dam bao cong suét tiéu thy mach, yéu cau
dong dién trong mach thap hon 100 uA, trong
khi d6 dong di¢n Ips = 10 uA. Nhu vay ta
chon dong dién cung cép cho tang thtr hai Ipg
= ID7 =50 uA.

w W Ip,

(r)7 = (r)SE =35=15

= Thiét ké cho Ms
Vi g6 =8,2.8n1 ma gy, = 82uS nén suy ra
gm1 = 672,4uS

w (8me)? 672,47
(Do = =

= = 56,5
2Kp.Ips 2.80u.50u

W
Chon (T)(’ =60

= Thiét ké cho dai dién ap ché d6 chung dau ra

217 2.50u
Vo,min = Vpsar? = W =
g Kn.C), \/ 140u.15

~ 0,22<0,3
20,
Vo.max = Vop — Vpsare = 1,8 —  [——wv—
Kp.(Te
2.50u
=2 ~1,86<1,9
80u.60

= Xaic dinh cong suét tiéu thu cta mach
khuéch dai 16i nhu sau:

Pdis: VDD-(IDS + ID6) = 2(1011 + 5011) =120uW
Tong hop céc thong sd cho mach khuéch dai
16i duoc cho trong Bang 4.

Bang 4. Thong s4 mach khuéch dai 16i

Tham s Gia tri
M, 150u/10u
Cc 3p

Tham s Gia tri
M; 40u/6u
M, 40u/6u
M; 30u/10u
My 30u/10u
M; 30u/10u
Mg 120u/2u

Pua cac théng sé vao md phong trén phan
mém Cadence, két qua cho thiy mach dd hoan
toan 6n dinh va dat két qua nhu yéu cau.

Bang 5: Tong hop két qua mdé phéng mach khuéch
dai 16i trén phan mém Cadence

Tham s Két qua dat duoe
Dién ap cung cap 2V
Thu vién cong nghé gpdk90
Cong suit tiéu thy 120 uW

Do khuéch dai mot chiéu A, =~ 100,08 dB

Bing thong khuéch dai GBW = 5,123 MHz

Tbe 46 chuyén mach tin hiéu SR = 3,3 V/ps

0,77 <ICMRZ 1,86 (V)

Dai dién ap ché do chung
dau vao

Dai dién ap ché d6 chung
dau ra

0,16 <OCMR <1,9 (V)

Phase Margin PM =~ 71°

1P 10! 10° 1° 10* 1 b w 10 g 10°
freq (Hz)

Hinh 9. Két qua mé phéng cho dd 6n dinh
cua hé théong
Trén biéu d Bode (hinh 9) ta thdy trong mach
khuéch dai 13i nay, co hé s6 khuéch dai mot
chiéu dat xap xi 100 dB va do du trir pha dat
khoéang 71°.

2.4. Tich hop toan mach va phan tich hiéu
suét

So d6 mach 6n 4p tuyén tinh déu vao dai rong
duoc thé hién trong Hinh 1. Cong suét tiéu thu

TAP CHi KHOA HOC & CONG NGHE . SO 51 - 2025

43



KHOA HOC & CONG NGHE

cua mach LDO dugc tinh toan dya theo cong
thure sau [4-7]:

Pp=(Vin— Vour) % Iour + (Vin % 1) (13)

Hai thanh phan anh huéng dén cong suit tiéu
thu ciia mach c6 thé diéu chinh 1a dién ap roi
trén transistor cong suat, duge xac dinh 1a do
chénh 1éch giira dién ap dau vao va dién ap
dau ra, va dong dién tinh I;. Cong suit tiéu
thu thap khi dién 4p roi va dong dién tinh déu
dat gia tri nho. Thong thuong dién &p roi chi
khoang 0,1 dén 0,5 V va dong dién tinh khi c6
tai chi roi vao khoang microampere. Ngoai ra
hiéu suat niang luong duoc dua ra dé danh gia
do hi€u qua cua viéc chuyén doi nang lugng
tir ngudn cung cap sang tai, xac dinh boi cong
thtrc:
‘A A o« I \%
Hiéu suat ning lugng = % X 100%
(14)

Pé c6 hiéu suét cao, dién ap roi va dong dién
tinh phai dugc gidam thiéu. Thém vao do, su
khac biét dién ap gitta ddu vao va dau ra phai
duoc ti thiéu hoa, vi su tiéu tan cong suit cta
mach anh huong dén hiéu suét. Sy khac biét
dién 4p dau vao/dau ra 1a mot yéu td noi tai
quyét dinh hiéu suat, bat ké diéu kién tai.

Néu dién ap dau vao va dién ap dau ra duoc
xac dinh trudc trong hé¢ théng, hiéu suét dong
dién s& duoc tinh theo, hiéu suit dong di¢n
duoc xac dinh nhu sau:

(15)

o a ]
Hiéu suat dong dién = —2- x 100%
) ) I]N+Iq

Pé dat dugc hiéu suét dong dién cao nhét, viée
co gia tri Ig thdp nhat c6 thé 1a cuc ky quan
trong dé ti uu hoa muc tiéu thu dién ning.
Trén co s& do, bai bdo nay dé xuat dién ap roi
trén transistor cong suat dat khoang 300 mV va
dong dién tinh nhd hon 20 uA.

Yéu cau thiét ké mach 6n 4p tuyén tinh dau
vao dai rong nhu bang sau:

Bang 6. Yéu cau thiét ké mach 6n ap tuyén tinh
dién ap roi thap

Tham sb Yéu cau thiét ké
Dién ap dau ra Vour=1,7V
Dién ap roi Virop = 300 mV
Dong tai lioad = 10 MA
Dong qua hé thdng hoi tiép leg = 3UA
bién dung tai 200 pF
Sai s6 dién ap dau ra <1,5%
ESR 100 mQ
Nhiét do 25°C
Irs 3 UuA

» Xac dinh dién tr¢ hoi tieép Rp; va Ry, dua
vao Moi lién h¢ gitra dién 4p dau ra Vour va
dién ap tham chi€u Vggr nhu sau:

RF1+RF2:%:% ~ 566,67kQ  (16)
R
Vour = Vrer.(1 + R_E: (17)

Suy ra Rg; = 182,147 kQ va Ry, = 384,52 kQ.
3. KET QUA - THAO LUAN

Hinh 10 trinh bay d6 thi Bode thu duoc tir két
qua md phong mach 6n 4p tuyén tinh dién ap
roi thap duoc dé xuat trong nghién ctru nay.

225

20 + = /
L7s : - =

your

Lo

..........................

Hinh 10. Két qua mé phéng mach 6n ap tuyén tinh
dién ap roi thap
Trong do6 dién ap dau ra Vour = 1,7 V tuong
Gmg v6i dai dién dp dau vao 1,9V <V <
20,5 V, tirc mach hoat dong 6n dinh & dai dién
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ap dau vao dat 19,6 V. Khi Viy > 20,5 V,
transistor cong suat di vao ving danh thing,
khién mach mét kha ning 6n ap va Vour
tang vot.

Bang 7. So sanh két qua mach mach 6n ap tuyén
tinh dién ap roi thap trong bai bao véi mach

trwdre day [1]
ngljlﬂiré()l:1 %l'ru Tr?ng ?ﬁi
trudc day bao nay
Cong nghé 180 nm 90 nm
Dai dién ap dau vao | 3,6=13,6 V | 1,9+20,5V
Dién ap ddu ra 33V 1,7V
bién 4p roi 300 mV 300 mV
Cong suat tiduthu | 472 pW | 3,048 mW

Tom lai, cac két qua thuc nghiém da chimg
minh hiéu suét vuot trdi cia mach. Véi dién
ap roi chi khoang 300 mV va dong dién tinh
tiéu thu rat nho, xap xi 19,49 pA, mach van
duy tri dong dién dau vao va dau ra gan
nhu tuong duong, lan luot 1a 10,02 mA va
9,997 mA. Piéu nay din dén cong suit tiéu
thu cua mach chi khoang 3,048 mW, mot con
s rat thap.

Péng cht ¥ hon, hiéu suat ning luong dat dén
84,81% va hiéu suat dong dién dat muc an

trong 99,77%. Nhing sb liéu nay cho thiy
mach hoat dong hi¢u qua, tdn hao nang luong
thip va kha ning duy tri dong dién 6n dinh
giita dAu vao va dau ra.

4. KET LUAN

Bai bao nay da trinh bay chi tiét qua trinh thiét
ké mach 6n 4p tuyén tinh dién 4p roi thap sir
dung cong nghé¢ CMOS 90 nm, dac biét tap
trung vao viéc dat dugc dai dién ap dau vao
rong va cong suat tiéu thy thip. Két qua mo
phong di chimg minh ring mach LDO duogc
dé xuét hoat dong on dinh trong toan bo dai
dién ap dau vao 1,9 dén 20,5 V va duy tri dién
ap dau ra 6n dinh & mirc 1,7 V véi dong dién
tai 10 mA. Huéng nghién ctru tiép theo cia dé
tai s& tap trung cai thién cac chi s6 hiéu suét
quan trong. Cu thé, s& uu tién giai quyét van
dé cong suét tiéu thu cao (3,048 mW) bang
cach &p dung k¥ thuat phan cuc thich nghi.
Pong thoi, dé tai sé tap trung phén tich va cai
thién hai thong sd quan trong chua duoc danh
gia 1a hé s6 loai bo nhiéu ngudn (PSRR) va
dap ung qua do cua tai, nham nang cao do on
dinh va hi€u qua nang luong ctia mach cho
cac tng dung thuc té.
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