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A 6.8 ppm/°C BANDGAP VOLTAGE REFERENCE IN 180 nm CMOS PROCESS
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This paper presents the design of a bandgap voltage reference (BGR)
circuit independent on process, temperature and voltage (PVT) for
electronic circuits that require a high precision reference voltage
integrated on the chip. The proposed BGR circuit achieves low
temperature coefficient (TC) by combining an operational amplifier
(OPA) with high gain and output voltage trimming technique. In
addition, the OPA circuit is designed including inside bias circuit, thus
increasing the ability to integrate on the chip. The proposed BGR
circuit is implemented in a 180 nm CMOS process. The simulation
results illustrate that the BGR generates a stable reference voltage of
0.6 V and a power consumption of 54.36 uW with a supply voltage of
1.8 V. The average temperature coefficient achieved is 6.8 ppm/°C for
the wide temperature range from -40°C to 125°C and the line regulation
performance is 0.12 %/V. The power supply rejection ratio at 1 kHz,
100 kHz and 10 MHz are 51.3 dB, 32.4 dB and 20.1 dB, respectively.
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TU KHOA

Tham chiéu dién ap 6n dinh
(BGR)

Hé sb nhiét do thap

Sy diéu chinh tuyén tinh

Loai bo tap 4m ngudn cung cap
Diéu chinh dién ap dau ra

Bai bao nay trinh bay vé thiét ké mach tao dién ap tham chiéu 6n dinh
(Bandgap Voltage Reference: BGR) khong phu thudc vao su thay doi cua
quy trinh cong ngh¢, nhiét do va dién ap ngudn cung cip (Process,
Temperature, VVoltage: PVT) tng dung cho cac mach dién tir yéu cau dién
ap tham chiéu c6 do chinh xéc cao tich hop trén chip. Mach BGR dé xuat
dat dugc hé s6 nhiét do (Temperature Coefficient: TC) thap bang cach két
hop sir dung mach khuéch dai thuat toan (Operational Amplifier: OPA)
c6 hé s6 khuéch dai cao va ki thuat diéu chinh dién 4p dau ra. Ngoai ra,
mach OPA duoc thiét ké v6i mach phan 4p cho cac bong ban dan nim
bén trong mach nén tang kha nang tich hop trén chip. Mach BGR véi k¥
thuat diéu chinh dién 4p dau ra dé& xuit duoc thiét ké trén cong nghé
CMOS 180 nm. Két qua mo6 phong thé hién mach tao ra dién ap tham
chiéu 6n dinh 0,6 V va tiéu thu cong sudt 54,36 pW véi dién ap ngudn
cung cap 1,8 V. H¢ s nhiét do trung binh dat dugc 1a 6,8 ppm/°C cho
khoang nhiét do rong tir -40°C dén 125°C va chét lugng diéu chinh tuyén
tinh 13 0,12 %/V. Ty s6 loai bo tap am nguon cung cap tai 1 kHz, 100
kHz va 1 MHz tuong ung la 51,3 dB, 32,4 dB va 20,1 dB.
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1. Gioi thigu

Mach tao dién ap tham chiéu (Bandgap voltage reference: BGR) c6 pham vi tng dung rong
rdi trong cdc mach tich hop tin hiéu hén hop (twong tu két hop véi s6) va tin hiéu tuong tu, mach
quan 1y ngudn va cac mach tan sé vo tuyén. Mach BGR tao ra dién ap tham chiéu chinh xac, on
dinh, khong phu thudc vao sy thay doi cia quy trinh cong nghé, nhiét do va dién ap ngudn cung
cip (Process, Temperature, Voltage: PVT). Do chinh xac va 6n dinh cia dién ap tham chiéu dat
dugc bang cach bu dién ap hé s6 nhiét do am cua tiép giap B-E trong bong ban dan ludng cuc
(BJT) v&i mot dién ap hé sb nhiét d6 dwong. Tham sé quan trong dé danh gia chit lugng cua dién
ap tham chiéu 1a h¢ s6 nhiét do (Temperature Coefficient: TC) véi TC cang nho thi chat luong
mach BGR cang t6t. TC dugc dinh nghia nhu su thay ddi cia dién ap dau ra do sy thay doi cua
nhiét 6 va thuong duoc biéu dién bang ppm/°C.

Hién nay, di c6 nhiéu nghién ctru dwoc thuc hién vé mach BGR [1] — [8]. Tuy nhién, mach
BGR trong cic nghién ciru nay co gia tri TC twong d6i lon: 114 ppm/°C trong [1], 102 ppm/°C
trong [2], 53 ppm/°C trong [3], 78 ppm/°C trong [4], 99 ppm/°C trong [5], 104 ppm/°C trong [6],
89,8 ppm/°C trong [7] va 65 ppm/°C trong [8]. Pé dat dwoc TC nho, cic nghién ciru trong [9],
[10] d3 thyuc hién hai buéc diéu chinh dién ap ddu ra: bu cho nhiét d6 va bu cho quy trinh cong
nghé. Tuy nhién, [9] va [10] tao ra dién ap tham chiéu Ion hon 1V (1,285 trong [9] va 1,1419
trong [10]), dan den khong thich hop véi cac tng dung yéu cau dién ap tham chiéu nho, dac bigt
trong cac mach 6n ap dién ap roi thip co dién 4p ngudn cung cip nhoé hon 1 V. Hon nira, viéc
diéu chinh hai lan dién ap du ra 1am cho mach thyc hién trd nén phic tap hon. Bé khac phuc van
dé nay, cac nghién ciru trong [11] — [13] chi thuc hién mot lan diéu chinh dién ap dau ra ma van
dam bao dugc gia tri TC nho, ciing nhu tao ra dién 4p tham chiéu nho. Tuy nhién, mach khuéch
dai thuat toan (Operational Amplifier: OPA) trong [11] va [12] yéu cau mot dong dién phéan ap
bén ngoai nén giam kha ning tich hop cho chip. Trong khi mach BGR trong [13] ¢ cong suat
tiéu thu twong dbi 16n (77 pW).

Bai bao nay dé xuit mach BGR cho cac mach tich hop tin hiéu twrong tu va tin hiéu hdn hop véi
hé sb nhiét do thap dat duoc chi bang mot lan didu chinh dién ap dau ra. Diéu nay dat duoc bang
cach két hop sir dung mach OPA c6 hé s6 khuéch dai cao va ky thuat diéu chinh dién ap tham chiéu
du ra dé bu cho sy thay ddi cua PVT. Ngoai ra mach OPA duoc thiét ké bao gdbm mach phan ap
bén trong dé dam bao kha ning tich hop cho chip. Bai bao gdm c6 nam phan, phan tiép theo s&
trinh bay vé mach BGR co ban, bao gém céc thanh phan, nguyén 1y hoat dong va phan tich. Phan
thir 3 s& trinh bay vé mach BGR d& xuit véi mach OPA va mach diéu chinh dién ap tham chiéu dau
ra, két qua mé phong mach duoc gigi thidu trong phan 4 va cubi cung 1a két luan.

2. Tong quan vé mach BGR

s \/Rer
)
R1 OPA R2
Vin- Vin+
\A V2
R3
D1
D2, k

<

Hinh 1. Kién triic mach BGR théng thwong

Mach BGR thong thuong duoc thé hién nhu trén Hinh 1 [14]. Mach OPA dugc su dung déf:
dam bao su can bang veé dién ap tai hai diém V1 va V2. Bong ban dan PNP duoc noi dat cuc B dé
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hoat dong nhu mot di-6t tiép giap pn phan cuc thuan va tao ra ngudn dién ap CTAT
(complementary proportional to absolute temperature). Trong khi do, dién ap twong duong cua
nhiét do (V) thé hién dic tinh cua nguon PTAT (proportional to absolute temperature).

Khi Vger tang theo nhiét do thi dién ap tham chiéu ty 1€ thuan véi PTAT va khi Vggr giam
theo nhiét d6 thi khi d6 dién ap tham chiéu ty 1¢ nghich voi CTAT. Tir d6, PTAT va CTAT duoc
sir dung dé mach BGR tao ra dién ap tham chiéu khong phu thude vao nhiét d9. Theo nguyén ly
hoat dong cua di- ot, cac di-6t c6 cung dong cuc C nhung c6 dién tich cuc E khac nhau cling tao
ra nguon dién ap CTAT nhung v&i bién d6 khac nhau. Sy khac nhau vé dién ap giita cac di-6t nay
dugc tim thdy 1a PTAT [14].

Dong cuc C cuia bong ban dan ludng cuc duoc xéac dinh nhu:

Ve

lo=le" 1)

. |
Khi d6: Vg =V, In(l—C
S
theo [14] thi dién 4p dau ra mach BGR tré thanh:

J véi | 1a dong bio hoa, V, 1a dién 4p nhiét bang KT /q. Tur d6

R2
VREF = VEB + R_3 AVEB 2

voi AV, 1a su khac nhau giita dién 4p thuan caa D1 va D2 va bang V; Ink . Thanh phan dau
tién cta biéu thire (2) c6 hé s6 TC am x4p xi bang -2 mV/°C va thanh phan thir hai c6 hé s6 TC
duong xap xi bang +0,085 mV/°C. Nhu vy, bing cach lya chon phu hop hé s6 k va cac gia tri
dién tré R2, R3, su phu thudc vao nhiét d6 cia CTAT va PTAT duoc triét tiéu (TC xap xi bang
0), ddn dén dién ap tham chiéu gan nhu khong phu thudc vao nhiét do.

Tuy nhién, tai nhiét do phong (27°C) thi Vrer S& Xap xi bang 1.25 V [14]. Gia tri dién ap tham
chiéu nay khong phu hop véi cac cong nghé ¢ dién ap nguon cung Cap thap. Hon nita, v6i kich
thudc bong ban dan nho thi dién ap di qua di-ot khong chi ¢6 thanh phan TC 4m ma con c6 thanh
phan TC dwong (ngudn PTAT). Diéu nay din dén hé sé TC 16n trong kién trac BGR thong thuong.

3. Mach BGR d¢é xuit

Mach khéi djng Mach 15i BGR - Mach trimming
| ) VDD value
M1B | L
M7B _|I>—l 1—4 M8B M9B
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Hinh 2. Kién triic mach BGR ché dg dong dé xuat

Nhu da dugc chi ra trong phan 2, Kién triic mach BGR thong thuong c6 TC 16n va khong phu
hop Vvéi cac tng dung yéu cau dién ap tham chiéu thap (nho hon 1V). Vi vdy, bai bao nay dé xuit
thuc hién mach BGR cai tién dwa trén mach BGR ché do dong trong [15]. Kién trac mach BGR
dé xuét duoc thé hién nhu trén Hinh 2. Mach BGR gdém ba thanh phan 13 mach khoi dong, mach
16i BGR va mach diéu chinh dién 4p tham chiéu dau ra (trimming value) dé bu lai anh huong cua
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sy thay doi PVT. Mach BGR dugc thiét ké dé tao ra dién 4p dau ra 600 mV, cung cip dién ap
tham chiéu cho cac mach tich hop hoat dong voi nguon cung cap thap.

Mach khoi dong dong vai tro quan trong trong kién trac mach BGR, n6 bao gom céc bong ban
dan tir M1B dén M6B [13], dam bao cho mach BGR khong roi vao trang thai khoa khi mai bat
ngudn. Diéu nay 13 bai, khi bat ngudn, dong cung cap cho mach ban dau bang 0 A va dién ap trén
hai ddu vao (Vin- va Vin+) cuia mach OPA bing 0 V, din dén mach OPA roi vao trang thai on
dinh va mach BGR khong lam viéc. Ngugc lai, voi mach khoi dong trong mach BGR, khi méi
bat ngudn, dién ap trén cuc D ciia M3B miic cao, dién ap trén cuc G cia M6B mirc thap, M6B
m& dé dua BGR vé trang thai lam viée théng thuong. Mach khai dong khong anh huong téi hoat
dong thong thuong cia BGR vi khi mach BGR 1am viée, dién ap trén cuc G cua M6B ¢ muc cao,
dan dén ngat M6B.

Mach 161 BGR bao gom céc bong ban dan M7B, M8B, D1, D2, dién trd Rprar, Rerar va mach
OPA. M7B va M8B c¢6 kich thudc gidng nhau va dugc két néi theo kiéu guong dong dién dé dam
bao dong dién chay qua chiing I nhu nhau. D1, D2 duoc sir dung dé tao ra dong PTAT trong khi
dé bu cho dong PTAT thi dong CTAT duoc tao ra bang cach st dung dién tré Rerar. Khi nhiét
d6 tang thi dién ap qua D1, D2 s& lam cho dong CTAT qua Rcrar giam. Dong dién dau ra duoc
xac dinh nhu [15]:

IOUT(T):VT(T)Ink+VEB(T) 3
RPTAT RCTAT

Biéu thiic (3) cho thay, dong TC bang 0 co thé dat dwoc bang cach diéu chinh thich hop ty sé
gitta Rerar va Rerar.

3.1. Mgch khuéch dai thudt todn

Mach khuéch dai thuat toan dong vai tro quan trong trong mach 15i cia BGR, n6 dam bao
dién ap tai Vln va Vint+ (Hinh 2) bang nhau dé duy tri TC thap va quyét dinh dén Chat luong loai
bo tap 4m ngudn cung cap va do on dinh cia mach BGR. Vi vay, mach OPA ¢6 h¢ s6 khuéch dai
cao va do dy trir pha (Phase Margin: PM) Ién dugc yéu cau. Dé dat duoc diéu nay, bai bao dé
xuat thuc hién kién trac mach OPA vi sai ndi tang [11], [12] nhung v&i mach tu phan ap bén
trong dé ting kha ning tich hop trén chip nhu dwgc thé hién trén Hinh 3.
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GND
MACH PHAN AP DAU VAO VI SAI DPAU RA NOI TANG

Hinh 3. Mgch OPA vi sai néi tang

Mach OPA dé xuat bao gém mach phan ap, ting dau vao vi sai va tang dau ra ndi tang. Boi vi
dién ap dau vao cua OPA thap nén bong ban dan kiéu P dugc sir dung trong tang vi sai dau vao.
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Tang dﬁq ra néi tang bao gom tang D chung va S chung dé ting dién tro qﬁu ra cua mach, dam
bao hé so khuéch dai cao cho mach. Cac tu C1, C2 dugc sur dung dé bu 6n dinh, taing PM cho
OPA. Hé s6 khuéch dai cua OPA duoc xac dinh theo biéu thuc:

A\/ = 0Om2o ((gm26 * Moo * r028) / /(gm24 * M2 * r022)) (4)

trong d6, A, 1a h¢ sb khuéch dai ciia OPA ndi ting, 0,0, Umos» Omos 120 luot 13 &6 hd dan

cla cic bong ban dan M20, M24, M26, Va T,,, [, I, I,1an lugt 1a dién tré mo cia cac

bong ban dan M22, M24, M26, M28. Nhu vay, dé ting A, ching ta c6 thé tang d6 hd dan cia

cdc bong ban din voi trd gia vé cong sudt tiéu thy. Hinh 4 thé hign két qua md phong hé s

khuéch dai va do dy trir pha cia OPA trén phan mém thiét ké chip chuyén dung Cadence [16].
Mach OPA dat duoc hé s6 khuéch dai cao (A, = 60,4 dB) va do du trir pha Isn (PM = 84°).
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e
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3
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4
I
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e
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Hinh 4. Két qua mé phong ddp img tan sé ciia OPA vi sai néi tang

3.2. Mgch trimming value

601.0
599.0 FF
597.0
595.0
593.0 =
591.0 -
E E
< E
> 589.0-
E TT, FS, SF
587.0 =
5850 A dx:08.0C dy:20.7827mV 5:212.069uV/C
583.0
581.0 SS
P S 0 1O 00
579.0
I | | | I I I | | | LR R A | L I
400 200 00 200 400  60.0 800 1000 130.0

temp (C)
Hinh 5. Két qua mé phong dién dp dau ra BGR theo cdc corner khi chua 6 mach trimming value

Hinh 5 thé hién két qua mo phong dién 4p dau ra cia mach BGR theo cac corner quy trinh
cong ngh¢ (TT, SS, FF, SF, FS) khi chua c6 mach diéu chinh dién ap dau ra. Két qua moé phong
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cho thdy mach ¢6 TC nho tai timg corner nhung ¢6 su khac nhau 16n vé gia trj dién 4p ra giita cac
corner (Vger xap xi 600 mV tai corner FF; 586 mV tai TT, FS, SF va 579 mV tai SS). Nhu vay,
can mot mach trimming value dé diéu chinh dién 4p dau ra va bu lai anh huong cia sy thay doi
quy trinh cong ngh¢.

Hinh 6 thé hién kién truc thuc hién cua mach trimming value dé& xuat. Mach trimming bao
gom cac dién tro diéu chinh dién 4p dau ra va cac mach ghép kénh. Ba bit diéu khién B0, B1, B2
dugc sir dung dé lya chon 8 gié tri dién tro cho tang dau ra, dam bao khoang trimming rong cho
gia tri dién ap dau ra (Vger). MGi quan hé giita cac bit diéu khién va dau ra ciia mach duoc thé
hién nhu trén Bang 1.

Y v

VDD »
GND B

IN B
BO »

B1L @
B2 »

Y v

Yy

Hinh 6. Mach trimming value dé xudt

Bang 1. Méi quan hé giita cdc bit diéu khién va dién tré dau ra

BOB1B2 000 001 010 011 100 101 110 111
Pau ra dugc ndi véi IN7 IN6 IN5 IN4 IN3 IN2 IN1 IN
Rout Rf Rf+R Rf+2R Rf+3R Rf+4R Rf+5R Rf+6R Rf+7R

Qua trinh trimming mach dugc thyuc hién theo cac bude nhu sau:

Budc 1: Thiét lap 3 bit diéu khién BOB1B2 = 000, mo phong mach tai corner FF (corner c6
dién ap dau ra 16n nhét). Biéu chinh Rf dé dat duoc Vrer = 600 mV, ¢cb dinh gia tri cua Rf.

Budc 2: Chay mé phong véi tat ca cac corner (FF, TT, SS, SF, FS) véi gia tri Rf d4 xéac dinh
dugc. Do sai léch dién ap dau ra Ion nhét giita cac corner, goi gia tri nay 1 AV, gy

Bude 3: Xac dinh budc trimming (A,;,) va gia tri cla dién tré trimming (R) theo cac biéu
thace (5) va (6):

(mV)

Atrim - male (5)
trlm (mV )
out (/J A) (k2 (6)

Budc 4: Xac dinh céc bit diéu khién BOB1B2 twong (ing Véi cac corner.
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Trong thiét ké nay, gia tri dong dién dau ra 1, = 1,92 pA, sai léch dién ap dau ra I6n nhat
gitra cac corner AV, = 20,78 mV (Hinh 5), nén gid tri cua dién trg trimming mach duogc xac

dinh 1a R = 1,54 kQ. Dya trén céc phén tich da thyc hién, cac gia tri linh kién thiét ké cho mach
BGR duoc tong két nhu trong Bang 2.

Bing 2. Cdc gid tri tham sé thiét ké cho mach BGR

M1B, M2B (W/L) 270n/2p D2 (WIL), k Sp/5u, 8
M3B, M5B (W/L) 270n/150n Rerar (kQ) 1546,5
M4B, M6B (W/L) 2u/150n Rerar (KQ) 141,1
M7B, M8B, M9B (W/L) Sp/2p Rf (kQ) 364,6
D1 (WIL) S5p/5u R (kQ) 1,54

4. Két qua mé phong va thao luan

Mach BGR véi mach khuéch dai thuat toan va mach trimming value dé xuét duoc thiét ké trén
cong nghé CMOS 180 nm, tao ra dién ap tham chiéu 600 mV. Mach tiéu thu dong 30,2 pA va
54.,36 uW cong suét véi dién ap ngudn cung cip 1,8 V.

Hinh 7 thé hién két qua mo phong dién 4p dau ra cia mach BGR d& xuit theo cac corner sau
khi trimming. Két qua thé hién rang, dién ap dau ra caa mach hoi tu & 600 mV tai tat ca cac
corner va mach BGR c6 kha ning bu tét voi su thay d6i cua PVT. Gié trj TC trung binh 13 6,8
ppm/°C qua mot khoang rong cua nhiét dé 165°C (tir -40°C dén +125°C). Gia tri TC t6t nhat dat
duge 1a 5,6 ppm/°C. Chénh 1éch dién ap dau ra Ion nhét gita cac corner 1a 2,1 mV. Piéu nay 1a
boi mach BGR duoc thiét ké véi mach trimming value dé xuat dé bu lai anh huong cia PVT.

601.3 — ﬁDZ.O—E
6012 3 G 3
= T 60183 198V
w0104 - SF i \ RN
3 s 6016
6008 T / « 3 .
3 / o014
600.6 P 6012
§ et 3 18V
0044 - 6010
Seoad FS Bo0sd i e e e
E = e
~ 600,03 600.6 - \
= 600.4 — N
599.8 R B
3 : Y 6002 ~ 162V
599‘6i FF ) " N 600.0% N
5994: 5998_’; ‘
59922 §§ 599.6;; \
59,0 599.4 -2
LN L L L B B B | I i i I i I i I i i I I I i i i I I
400 200 00 200 400 600 800 1000 1300 400 200 00 200 400 600 800 1000 130.0
temp (C) temp (C)
Hinh 7. Két quda mé phong dién ap dau ra Hinh 8. Ket qua mé phong ddc tinh nhiét do
cua Mach BGR dé xuat cua BGR tai cdc dién ap nguon cung cap khac nhau

Hinh 8 thé hién két qua mo6 phong ddc tinh nhiét d6 cua dién ap dau ra tai ba gia tri nguon
cung cap khac nhau. Két qua cho thiy, dac tinh nhiét d6 cia mach BGR dé xuat it bi anh huong
boi dién ap ngudn cung cap. Hinh 9 the hién két qua mo phong su thay d6i cua dién ap ra cua
mach BGR theo dién 4p ngudn cung cap (VDD). N6 thé hién rang, mach BGR d& xuit c6 chat
luong diéu chinh tuyén tinh cao nhu 0,12%/V. Dién ap dau ra cua mach tai VDD 1,24 Vva2 V
lan luogt 1a 600,4 mV va 601,3 mV, né tang chdm theo di¢n ap ngudn cung cap. Két qua mo
phong ty s6 loai bo tap am nguon cung cap (PSRR) duoc thé hién trén Hinh 10. PSRR duoc md
phong trong mot khodng tan sb rong tur 0 Hz dén hon 100 MHz. PSRR dat dugc 51,3 dB tai cac
tan s6 thap (nho hon 1 kHz) va giam xuéng 32,4 dB va 20,1 dB khi tan so tang 1én 100 kHz va 1
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MHz. K&t qua the hién ring mach BGR c¢6 chét lugng PSRR t6t. Diéu nay dat duoc dya trén viéc
thiét ké mach OPA c6 hé s6 khuéch dai cao.
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250.0 = | 40.0
00,02 | 3502
350. UE A

= 30.0 = A

= = N\
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100.0 5 | :
50.0 ) g

0.0

-50.0

0 7 5
10 w10 1wt w10 w0 w10t 1 10

VDD freq (Hz)
Hinh 9. Két qud mé phong diéu chinh tuyén tinh Hinh 10. Két qua mé phong PSRR

Bang 3 téng két va so sanh ché‘g lwong ctia mach BGR dé xuét véi cac nghién ciru truéc. Mach
BGR d€ xuat ¢o gia tri TC nho nhat trong khoang nhiét do rong nhat véi tra gia vé cong suat tiéu
thy. Bong thoi, mach BGR cling tao ra dién ap tham chiéu nho.

Bang 3. Tong két va so sanh chat lwong cia mach OCL-LDO

[2] [3] [8] [11] Pé xuat

(Mé phéng) (Do) (Do) (Do) (Mé phéng)
Cong nghé (nm) 180 90 350 180 180
Ngudn cap (V) 0,9 1,15 2,8 0,9 1,8
Vrer (MV) 551,78 720 1170 403,73 600
Cong suét tiéu thu (LW) 96,67 0,58 0,054 0,066 54,36
TC (ppm/°C) 102 53,1 65 22,7 6,8
Khoang nhiét d¢ (°C) 0+100 0+100 0+ 80 -40 + 125 -40 + 125
Do diéu chinh tuyén tinh (%/V) N/A 0,3 0,112 0,059 0,12
PSRR (dB) N/A 52@100Hz  N/A 46@100Hz  51,3@1kHz

5. Két luan

Bai b4o nay trinh bay vé thiét ké mach BGR dé tao ra dién 4p tham chiéu 6n dinh cho cac
mach dién tich hop trén chip. K§ thuat trimming dién ap dau ra dé bu cho anh huong cua sy thay
doi quy trinh cong nghé, nhiét do va dién ap nguon cung cap dugc dé xuat. Cing véi do, thiét ké
mach khuéch dai thuat toan tich hop hoan toan trén chip duoc thuc hién va phan tich chi tiét cac
budc thuc hién trimming mach ciing dwoc gidi thiéu. Mach BGR dé xuit dat duoc gia tri TC thip
trong khoang rong cua nhiét do va co chat luong diéu chinh tuyén tinh va PSRR tt. Huéng phat
trién tiép theo ciia nghién ctru 1 giam cong suét tiéu thu ciia mach BGR va ché tao chip dé dat

dugc cac két qua do.
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