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NGHIEN CU'U KY THUAT BU ON DINH CHO LDO KHONG
SU' DUNG TU DIEN NGOAI CHIP TREN CONG NGHE CMOS

COMPENSATION TECHNIQUE FOR CAPACITOR-LESS LDO IN CMOS

TOM TAT

Bai bdo nay trinh bay vé ki thuat bui cho hoat ddng 6n dinh cia mach 6n ap
dién ap roi thap (Low-dropout Regulator: LDO) khdng st dung tu dién ngoai chip
cho cac (ing dung tat ca hé thdng trén mot chip (System-on-Chip: SoC) va cac hé
thdng nhiing. Dua trén phan tich vé phuong phap bu st dung tu dién Miller va bu
st dung tu dién két hgp véi dién tré phan héi, bai bao dé xuat giai phap két hop
hai phuong phap bi nay dé dat dugc do du trt pha (Phase margin: PM) cao va
tang tan s6 tai hé s khuéch dai bang 1 clia vong ldp (Gain-bandwidth: GBW).
Phuong phap bu dé xudt gitp gidm thai gian khdi phuc (Recovery time) ctia LDO
trong diéu kién chuyén tai va cdi thién ty s6 loai bd tap am nguén cung cap
(Power supply rejection ratio: PSRR). Mach LDO vdi ky thuat bu dé xuat dugc
thiét ké trén cong nghé CMOS 180nm. Két qua md phdng thé hién ring mach c6
thai gian khoi phuc khi thay ddi dong tai tir 10uA dén 100mA va nguoc lai lan
lugt Ia 300ns va 500ns. Ty 56 loai b tap dm ngudn cung cdp tai TkHz, 100kHz va
10MHz tuang ting la 58,5dB; 34,2dB va 5,8dB.

Tir khéa: On dp dién dp roi thdp, khong cd tu ngodi chip, bi 6n dinh, thoi gian
khdi phuc.

ABSTRACT

This paper presents a compensation technique for stable operation of
capacitor-less low-dropout Regulator (LDO) circuits for System on Chip (So()
applications and embedded systems. Based on the analysis of compensation
methods using Miller capacitor and using capacitor in combination with
feedback resistors, the paper proposes to combine these two compensation
methods to achieve high phase margin (PM) and expand Gain-bandwidth
(GBW). The combination of these two compensation techniques obtain both fast
recovery time during load step and high Power supply rejection ratio (PSRR). The
proposed LDO is implemented in a 180nm CMOS process. The simulation results
demonstrate that the LDO has a short recovery time of 300ns and 500ns for load
transient from 10pA to 100mA and vice versa, respectively. The PSRR at TkHz,
100kHz and 10MHz are 58.5dB, 34.2dB and 5.8dB, respectively.

Keywords: Low-dropout Regulator (LDO), without external capacitor
(capacitor-less), stability compensation, recovery time.
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Pinh Thi Thuy Duong'”, Nguyén Trung?

1. GIGI THIEU

Mach 8n ap dién ap roi thap (LDO) Ia mét thanh phén
quan trong trong cac hé théng quén ly nguén [1]. Mach LDO
thich hgp cho cac thiét ké tich hgp trén chip va cung cap
mot nguodn dién ap sach cho cac mach tai. Diéu nay la boi
LDO c6 kich thudc nhd, cong suat tiéu thu thap va tap am
thap [2]. Mach LDO truyén théng yéu cau thém mét tu dién
I6n [3, 4] tai dau ra dé giam su thay d6i cGa dién 4p dau ra
trong dap ung chuyén dé&i tai va dé duy tri su 6n dinh cta
LDO, ciing nhu dat dugc kha nang loai bo tap am nguén
cung cap tot. Tuy nhién, viéc thém mot tu dién 16n tai dau ra
dan dén khé tich hgp vao hé théng tat ca trén mot chip
(SoC) béi vi gidi han vé dién tich. Ngoai ra, viéc thém mét tu
dién 16n ngoai chip cling cé thé lam tang gia cda san pham.
Trong khi d6, su tich hgp hoan toan trén mét chip cé thé cuc
ti€u cac thanh phan ky sinh cda cic két ndi bén ngoai, tu
dién, dién trd va cudn cdm. D€ vugt qua han ché clia mach
LDO truyén théng, mach LDO khong st dung tu dién ngoai
chip (Output capacitor-less LDO: OCL-LDO) da tr& thanh xu
thé nghién ctu va phat trién trong nhiing nam gan day [5, 6].
Mach OCL-LDO rat thich hgp cho SoC va cac thiét bi dién ti
mang xach nhu dién thoai di dong, mdy tinh ca nhan vi kich
thudc nhdé gon va gia thanh gidm. Tuy nhién, khong cé tu
dién 1én tai dau ra dong nghia vdi viéc khdng c6 mot diém
cuc trdi tai dau ra d€ ddm bao én dinh cho OCL-LDO, trong
khi cac diém cuc bén trong mach lai thay déi theo dong tai.
Diéu nay dan dén thach thuc trong thiét k€ OCL-LDO dé
cung cap dién ap dau ra n dinh vSi mét khodng rong dong
tai, dac biét tai cac dong tai thap. DE giai quyét van dé nay,
cac ky thuat bu 8n dinh khac nhau da dugc dé xuat. Trong
dé, hai ky thuat bu dugc sir dung phé bién 1a bu sir dung tu
Miller [7 - 11] va bu st dung tu dién két hgp véi dién tré phan
héi [12, 13]. Phuong phap bu st dung tu Miller dat dugc do
du trt pha (Phase margin: PM) I6n nhung c6 tan sé tai hé sé
khuéch dai bang 1 clia vong lap (Gain-bandwidth: GBW)
khéng 16n. Trong khi d6, phuong phap bu st dung tu dién
két hgp vai dién tré phan hoi dat dugc GBW réng nhung
khéng c6 PM I6n.

Bai bao nay dé xuat mach OCL-LDO cho hé théng quan
ly nguon trong SoC va cac thiét bi dién tir di dong véi do du
trt pha cao va GBW dugc cai thién trong diéu kién dong tai
thap. Diéu nay dat dugc bang cach két hgp phuong phéap
bu st dung tu Miller va bl st dung tu dién két hop véi dién
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trd phan hoi. Ngoai ra cac ky thuat bu ciing dugc phan tich
bang giai tich va m6 phong. Bai bdo gébm c6 nam phan,
phan tiép theo sé trinh bay vé cau tric tng quat ctia mach
OCL-LDO, bao gém cac thanh phan, nguyén ly hoat déng
va phan tich. Phan tha 3 sé trinh bay vé cac ky thuat bu 6n
dinh cho mach OCL-LDO, két qua moé phéong mach dugc
gidi thiéu trong muc 4 va cudi cung la két luan.
2. CAU TRUC VA PAP UNG TAN SO CUA OCL-LDO

Mach LDO |a mach 6n &p tuyén tinh c6 dién ap roi thap,
mach diéu chinh dién ap dau ra 6n dinh ngay ca khi dién ap
dau vao thay ddi va cé gia tri gan bang vdi dién ap dau ra.
C4u tric t8ng quat clia mach OCL-LDO dugc thé hién nhu
trén hinh 1.

VI N
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. : O Vour
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Piém cuc troi

Hinh 1. Cau tric tong qua ctia mach OCL-LDO

Mach bao gbm mot dién ap tham chiéu (Vgg), moét bod
khuéch dai 16i (EA), mot bédng ban dan cong suat (M;), mot
mang phan héi dién trd (R;,, R,), dong tai (1) va tu dién ky
sinh (C)) vdi gia tri dién hinh dudi 100pF. B6 khuéch dai 16i
sé so sanh dién ap tham chiéu vai dién ap dugc trich ra tu
mang phan hoi dé tao ra tin hiéu diéu khién dua dén bong
ban dan cong suat dé diéu khién tang hodc gidm dong cuda
béng bén dan cung cap ra tai, lam én dinh dién 4p dau ra.
Tu d6 ta c6 dién ap dau ra ctia mach LDO nhu thé hién
trong biéu thic (1). Bi€u thic nay cho thay dién ap dau ra
khong phu thudc vao dién ap dau vao.

Vour = Veer '(1_"&] )
RFZ

LDO st dung phan hoi dm dé diéu chinh dong dién nén
dé 6n dinh cla vong phén héi trd thanh tham sé quan
trong can xem xét trong thiét ké. Vi vay trudc tién bai bao
sé tap trung vao trinh bay vé dap ting tan sé ciia OCL-LDO.
V&i mach EA mét tang, OCL-LDO sé c6 hai diém cuc: mot
diém cuc troi tai dau ra ctia mach EA (w,,;) va mét diém cuc
tai dau ra ca mach (w,). Hai diém cuc nay dudc xac dinh
theo biéu thuc (2) va (3) [14].

— gOUt q:I
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Wy =————————
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Trong dé, g, la dién dan tuong duang dau ra ctia mach
LDO va dugc xac dinh nhu g, = gy, + g, + g, Vi B la hé 56
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phén hoi dugc xac dinh bai R.,/(R, + Rg,), A, la hé s6 khuéch
dai dién ap clia bdng ban dan céng suat, g, la d6 dan dau
ra clia b khuéch dai 16i. Cac dién dung C, = C;, + Cy,va G, =
Cya VGi Cyyy Cyp Cyq la céc dién dung ky sinh clia bong béan dan
cong suat. Cac biéu thuc (2) va (3) cho thdy w,, la mét ham
cla I, va w,; nhu moét ham cla \/[ . Thanh ra, khi |, thay ddi
thi vi tri clia w,, va w,, cling thay doi, wy, sé thay déi nhanh
hon so véi w,,; va dé di trir pha clia mach sé giam theo su
gidm cla I,. Hinh 2 thé hién két qua mé phdng dap ting tan
s6 vong hé ctia OCL-LDO trong diéu kién dong tai nhé 10 pA.
Mé phéng mach dugc thuc hién trén phan mém thiét ké
chip chuyén dung Cadence [15]. Mach thé hién su khéng én
dinh khi c6 d6 dy trir pha PM la 7,2°.

1 —
= Av=92.4dB
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5. GBW = 14.8 MHz
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Hinh 2. Két qua md phdng dap ting tan s6 cta OCL-LDO
3.KY THUATBU ON DINH CHO OCL-LDO

Nhu da dugc chi ra trong phan 2, OCL-LDO sé khéng 6n
dinh trong diéu kién dong tai nho. Vi vay, can cac ky thuat
bu dé tang PM, ddm bdo mach lam viéc 6n dinh v&i mot
khodng réng ctia dong tai. Hinh 3 thé hién ky thuat bu én
dinh cho OCL-LDO dé xuat. Trong do, C. la tu bu Miller va
C; la tu bu két hgp vai dién tré phan héi.
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Hinh 3. Ky thuat ba 6n dinh cho OCL-LDO dé xudt
Trong truong hgp mach OCL-LDO chi st dung tu bu
Miller Cc thi dudng tin hiéu thong qua Cc tU dau ra cla EA
dén dau ra cta LDO sé tao thanh mét diém khong véi tan
s6 bang g,,,/Cc [16]. Trong d9, g,,, la d6 h6 dan cta bong

ban dan cong suat, phu thudéc vao dong tai (I)) va kich
thudc clia bong ban dan cong suat. Diéu nay sé gilp tang
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PM ctia OCL-LDO. Tuy nhién trong trudng hop nay, GBW
ctia mach dugc xac dinh theo biéu thuic (4) [14].

Bgm,EA

C

GBW = (4)

Trong d6, g,z 1@ d0 hd dan ctia mach khuéch dai 16i.
Biéu thuic (4) cho thdy GBW cda LDO ty I& nghich véi gia tri
ctia Cc. Trong khi d6 mot gia tri Cc I6n sé giup ddm bao
mach LDO lam viéc 6n dinh. Thanh ra, phuong phap bu su
dung tu Miller c6 GBW nhd. Nghién ctu trong [17] da chira
rang, GBW ty & nghich v&i thai gian khéi phuc (T) khi
chuyén tai nhu dugc chi ra trén hinh 4. Vi vay, mach OCL-
LDO muén dat dugc thai gian khéi phuc nhanh thi can
GBW rong.

Vour 1 Ts ' GBW, > GBW,
i 4§"\GBW2 $CC
ILoad i BWl TS
: I
I
' t

Hinh 4. M6i quan hé giiia thoi gian khéi phuc va GBW trong 0CL-LDO

Nhu mét két qua, mach OCL-LDO véi chi thuc hién bu
bang tu Miller C. sé& c6 thai gian khéi phuc dai. Hinh 5(a)
thé hién két quad mé phdng dap Ung tan sé ctia OCL-LDO
v3i tu bu Miller. Mach ddm béo 6n dinh véi PM bang 61,8°,
hé s6 khuéch dai mét chiéu bang 89,5dB va GBW la 3,5MHz.

—

AV =89.5 dB
PM=61.8°
GBW = 3.5 Mz

LOOPGAIN (deg)

LOOPGAIN (dB)

freq (Hz)

(@)

AV =89.5dB ~eED
PM =22.2°
GBW =122 MHz

LOOPGAIN (deg)

IO

LOOPGAIN (dB)

freq (Hz)

(b)
Hinh 5. Dap ting tan s6 cta OCL-LDO khi st dung phuang phap bi: (a) tu
Miller CC, (b) tu bu két hgp véi dién tré phan hoi
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Trong truong hgp OCL-LDO chi sit dung phuong phap
bu véi tu bu két hgp véi dién trd phan hoi thi mét tu dién
(C;) dugc néi gilia tin hiéu dau ra va tin hiéu phan héi dé
tao ra cap diém cuc, diém khéng trong vong phéan héi dé
bu pha. Cac diém cuc (w,) va diém khong (w,) lan lugt duoc
xac dinh theo biéu thuic (5) va (6) [12].

w,=—— (6)
C Ry //R;;)

Trong d6 diém khong luén luén nhé hon diém cuc va
pha dugc bu t6t nhat khi hai diém nay cach xa nhau. Diéu
nay dat dugc bang cach chon ty s6 Ry,/R:, I6n. Tuy nhién,
theo biéu thuic (1), khi Re,/R;, 16n thi Vgee s€ nhd hon nhiéu
Vour dan dén kho khan trong viéc thiét ké mach tao dién ap
tham chiéu trong cac c6ng nghé mdi c6 dién ap dau ra LDO
duéi 1V. Thanh ra, phuang phap bu nay bi han ché trong
viéc tdng PM. Két qua mo phdng dap Uing tan sé cilia mach
OCL-LDO stt dung phuong phap bu nay dugc thé hién trén
hinh 5(b). PM cai thién dugc 15° so véi khéng bu, trong khi
hé s& khuéch dai mét chiéu va GBW dat dugc lan luot 1a
89,5dB va 12,2MHz.

~auED

AV=924dB
PM=61.8°
GBW = 5.8 MHz

LOOPGAIN (deg)
E
B

LOOPGAIN (dB)

G
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Hinh 6. Dap ting tan s6 ctia OCL-LDO vdi phuang phap bu dé xudt

Két qua phan tich va m6é phong d6i véi hai phuong
phép bu trén cho thay phuong phap st dung tu bu Miller
dat dugc PM hon 60° nhung c6 GBW hep (3,5MHz), trong
khi phuong phép s dung tu bu két hop véi tré phan héi
dat dugc GBW rong (12,2MHz) nhung c6 PM thap (22,2°). Vi
vay bai bao dé xuat két hgp hai phuong phap bu nay trong
mach OCL-LDO dé vira dat dugc PM cao, vira cai thién dugc
GBW. Hinh 6 thé hién két qud mé phdéng dap Ung tan s6
cGa mach OCL-LDO dé xuat. Phuong phéap bu dé xuat dat
dugc PM va hé sé khuéch dai mét chiéu tuong duong véi
phuong phap bu st dung tu Miller C. (61,8° va 92,4dB),
trong khi cdi thién dugc 2,3MHz clia GBW.

4, KET QUA MO PHONG VA THAO LUAN

Mach OCL-LDO vai phuong phap bu dé xuat dugc thiét
k& trén cong nghé CMOS 180nm. Mach tiéu thu 86pA va
154,8uW cOng suat trong diéu khién khong tai vai dién ap
nguén cung cap 1,8V.
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Pé thdy dugc uu diém ctia mach OCL-LDO dé xuét, bai
bdo thuc hién mé phdng trén phan mém Cadence véi
phuong phap bu st dung chi tu Miller va phuong phap bu
két hop dé xuat. Hinh 7 thé hién két qud mé phdng thai
gian khéi phuc dién 4p dau ra cta LDO khi thay d6i dong
tai. Dong tai c6 khoang thay d&i rong tir 10uA dén 100mA
vGi thai gian thay déi dugc thiét 1ap 1a 100ns. Mach OCL-
LDO dugc thiét ké dé cung cap dién ap dau ra én dinh tao
0,9V cho céac tng dung SoC véi mat dé tich hgp cao. Thoi
gian khéi phuc trong trudng hgp st dung tu bu Miller khi
dong tai tdng va giam lan lugt la 380ns va 560ns (hinh 7(a)).
Trong khi d6, thai gian khoi phuc khi st dung phuong phép
bu dé xuat lan lugt 1a 300ns va 500ns (hinh 7(b)).

Tr1 =380 ns

%
/

VOUT (V)

Tr2= 560 ns

[LoAD (mA)

"time (us)

(@)

Tr3 =300 ns

Trs =500 ns

1LOAD (mA)

VOUT (V)

time (us)

(b)

Hinh 7. Két qua mé phdng thai gian khoi phuc cda OCL-LDO: (a) st dung tu
bu Miller, (b) st dung phuang thic bu két hgp dé xuat

K&t qua mo phdng ty sé loai bo tap am nguén cung cap
(PSRR) dugc thé hién trén hinh 8. PSRR dugc mé phdng
trong mot khoang tan sé réng ti OHz dén hon 100MHz.
PSRR dat dugc khi st dung chi tu bu Miller tai tan s6 1kHz,
100kHz va 10MHz lan luot la 57,5dB, 29,8dB va 3,9dB. Trong
khi v6i phuong phép bu dé xuat, PSRR ctia OCL-LDO dat
dugc tuong Ung la 58,5dB, 34,2dB va 5,8dB.

Cac két qud m6 phoéng trén hinh 7 va 8 thé hién rang,
vGi phuong phap bu dé xudt mach OCL-LDO giam dugc
thai gian khoéi phuc va cai thién dugc chat lugng PSRR. Diéu
nay la bai GBW dugc ma réng trong phuong phap bu dé
xudt so véi phuong phap bu chi st dung tu bu Miller. Bang |
téng két va so sanh chat lugng clia mach OCL-LDO dé xuat
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véi cac nghién ctiu trudc. Mach OCL-LDO dé xuat co thai
gian khoéi phuc ngan nhat va PSRR cao nhat véi tra gia vé
dong tiéu thu.

=

PSRR = 57.5 dB tai 1 kHz
PSRR = 29.8 dB tai 100 kHz
PSRR = 3.9 dB tai 10 MHz

PSRR (dB)

freq (Hz)

PSRR (dB)

PSRR = 58.5 dB tai 1 kHz
PSRR = 34.2 dB tai 100 kHz
PSRR = 5.8 dB tai 10 MHz

‘frcq (Hz)
b)
Hinh 8. K&t qua mo phong PSRR clia OCL-LDO: (a) st dung tu bu Miller,
(b) st dung phuang thic bu két hgp dé xuat
Bang 1. Tong két va so sanh chét luong ctia mach 0CL-LDO

[7] [9] [10] [17] Pé xuat
(Do) (Do) (Mo (Do) (Mo
phéng) phéng)
Cong nghé (nm)| 350 65 180 350 180
Nguon cap (V) 33 1,2 33 5 1,8
Vour (V) 3,1 0,8 18 2,5 0.9
Dong tiéu thu 36,1 14 100 66 86
khi khong tai
(HA)
|l (MA) 100 100 50 100 100
I, i (1A) 0 0 0 10 10
Tu dién trén chip 7 pF 6 pF 5pF 14pF 7pF
| T (9) 01 022 N/A 04 01
Te (ps) <9 3,2 21,85 0,7 <05
PSRR (dB) | 40@10kHz | 33@10kHz N/A 41@10kHz |58,5@1kHz
2.5@10MHz 2@2MHz |5,8@10MHz

Tegqe: thei gian chuyén ti tir thap lén cao hodc tif cao xudng thap
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5. KET LUAN

Bai bao nay trinh bay vé ky thuat bu 6n dinh cho mach
LDO khoéng st dung tu dién ngoai chip ting dung cho céc
hé théng tich hgp hoan toan trén mét chip. Ky thuat bu én
dinh két hgp gitta phuong phap bu st dung tu Miller va
phuong phép bu st dung tu bu két hgp véi dién tré phan
héi dugc dé xuat. Cung véi dd, phan tich chi tiét vé cac
phuong phéap bl ciing dugc gidi thiéu. Mach OCL-LDO dé
xudt dat dugc thoi gian khéi phuc dién dp dau ra trong diéu
kién chuyén tai nhanh va chat lugng PSRR dugc céi thién.
Huéng phat trién ti€p theo clia nghién ctiu va gidm khoang
thay déi dién 4p dau ra khi chuyén tai va gidm céng suat
tiéu thu ctia mach. Bong thai ché tao chip dé dat dugc cac
két qua do.
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