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SU DUNG CONG NGHE CMOS 28NM

DESIGNING LOW-POWER BANDGAP REFERENCE VOLTAGE SUPPLY
USING THE CMOS 28NM TECHNOLOGY
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Toém tat - Khéi tham chiéu Bandgap 1& mét thanh phan co ban,
déng vai trd thiét yéu trong nhiéu thiét ké mach twong tw va mach
s hién nay. Chirc ndng quan trong nhét cia khéi tham chiéu la tao
ra dién ap hodc dong dién mot chiéu co gia tri ¢b dinh, it bi phy
thudc nhat vao sw bién dbi cia mach do nhiéu, sy thay déi vé dién
&p ngudn cap va bién thién cla nhiét do trong cac dleu kién hoat
doéng khac nhau clia mach. Bai bao d& xuat mot cAu tric mach
tham chiéu Bandgap céng suat thap, dwoc thwc hién trén coéng
nghé CMOS 28nm, hoat déng 6n dinh trong mét dai dién ap nguon
tr 1,1 t&1 2V voi hé s khir nhiéu ngudn 54dB. Vi mach tao gia tri
dién ap tham chiéu diu ra 0,6V va dat dwoc hé sb phu thudc nhiét
dé nhé hon 10ppm/°C trong dai nhiét dé hoat dong tlr -40°C toi
105°C. Dwéi dién ap ngudn 1,2V, mach tiéu thu dong chi 2,87pA,
cho ra cong suét tiéu thu 3,46uW.

Tir khéa - CMOS; bandgap; dién ap tham chiéu; céng suét thap

1. Dit van d@é

'Ngay nay, nganh cong nghiép vi mach van dang phat
trién vo cing manh mé&. Xu hudng chung trén thé gidi hién
nay la phat trién tich hop hé thdng phan cimg vdi cac chic
nang khac nhau va céc Ung dung trén mét vi mach (véi
thuat ngir 1 system-on-a-chip va dugc viét tit 1a SoC) co
téc do xu li cao nhung van phai dam bao cong sut va dién
nang tiéu thu cang thap cang t6t [1]. Vi vay, nhing cong ty
di dau trong viéc san xuit vi mach trén thé gi6i nhu:
TSMC, Samsung, Intel, ... ludn tim cach phat trién cac quy
trinh san xudt ngay cang thu nho hon dé co thé tdi uu kich
thudce, hiéu nang cua vi mach [2].

Trén mot hé SoC, cac mach tin hiéu twong ty va mach
s6 dugce sap xép trong cac khdi khac nhau dé thyc hién cac
chirc ning cu thé. Véi cau trac kiéu nay cho phép ching
hoat dong cing nhau dé tao ra nhig chirc ning mong
muén ciia h¢ thong. Véi viée tich hop cac mo-dun chirc
nang khac nhau (vi du nhu mach tan s6 vo tuyén RF, mach
nguodn, cac mach ki thuat sb tan sd cao, ... trén cing mot Vi
mach), hiéu nang cua toan h¢ thong tren vi mach co thé bi
tac dong rat 16n boi nhidu cua dién 4p ngudn cung cép [3].
Vi vay, viéc tao ra mét dién ap tham chiéu 6n dinh 1a mot
nhiém vu thiét yéu trong cac tmg dung SoC hién nay.

Khdi tham chiéu 1a mot trong nhitng khéi quan trong
nhét trong cdc vi mach yéu cau hiéu suat cao. Chtc ning
co ban ctia no 1a tao ra dién 4p hodc dong dién mot chiéu
c6 gia tri ¢b dinh, it bi phu thudc nhit vao sy bién déi cua
mach do nhidu, sy thay d6i vé ngudn cung cip va nhiét do
trong qua trinh hoat dong [4].

bién ap tham chiu dwoc str dung rong rii trong cac hé
thong truyen thong, h¢ thong thu thap dir liéu cing nhu mot
s6 hé thong ki thuat s6. Mot s6 ung dung c6 thé duoc ke
dén nhu cac ngudn dién p phan cyc mot chidu, ngudn

Abstract - The Bandgap reference block is a fundamental
component, which plays an essential role in many analog and digital
circuit designs. The most important feature of the reference block is to
generate a constant-value voltage or a direct current which is least
dependent on the variation of the circuit caused by noises, changes
in voltage supply and temperature variation under different operating
conditions of the circuit. This article proposes a low-power Bandgap
reference structure, implemented through the CMOS 28nm
technology, which operates stably in a supply voltage range from 1.1
to 2V with an PSRR of 54dB. This circuit generates an output
reference voltage value of 0.6 V and achieves a temperature
coefficient below 10ppm/°C in the operating temperature range from -
40°C to 105°C. Under the 1.2V supply voltage, the circuit consumes
only 2.87pA, yielding a consumption power of 3.46W.

Key words - CMOS; bandgap; voltage reference; low-power

dong, bd nhé Flash, DRAM, cac bo chuyén doi dién ap, ...
[5], [6]. Ddi véi thiét ké trong bai bao, dién ap tham chiéu
mot chidu tao ra sé& duge Umg dung trong bo chuyén dbi tin
hiu tuong tu sang tin hiéu s6 (ADC), tich hgp trong cac vi
mach cam bién st dung cong nghé CMOS 28nm.
Trong do, dién ap tuong tu dau vao duoc so sanh véi mot
s6 muc dién ap tham chiéu dé xac dinh gia tri chuyén doi
tuong ung.

Muc tiéu cua bai bao nay s€ tap trung trong viéc nghién
clru, tinh toan va md phong chi tiét mot cdu triic hoan chinh
ctia vi mach Bandgap dé c6 thé dap ung duogc cac dic diém
ki thuat nhu sau: Ap dung cong nghé CMOS 28nm, dién
4p ngudn cap 1.1 téi 2V, dién ap tham chiéu dau ra
600mV, hoat dong on dinh trong dai nhiét do tir -40°C t6i
105°C. Mach nay c6 kha ning tao ra dwoc mot gia tri dién
ap tham chiéu 6n dinh va khang nhiéu cao. Ngoai ra, dé vi
mach ¢ thé hoat dong tot trong dai dién ap rong 1én t6i 2V,
thiét ké sur dung loai mosfet “1,8V Underdrive 1,2V” tu
tién trinh CMOS 28nm ctia TSMC. Loai mosfet nay dam
bao cho thiét ké co kha ning van hanh trong dai dién ap
rong, dap tmg dugc yéu cau dit ra.

2. Mach tham chiéu Bandgap trong céng nghé¢ CMOS
2.1. Dién dap Bandgap

Trong vat liéu ban dan s& ton tai 3 dai nang luwong khac
nhau: dai hoa tri, dai dan va dai cam. Moi quan hé gitra
ching dugc trinh bay trong Hinh 1 [7].

bién ap Bandgap la su sai khac vé ning luong gitra dai
hoa tri va dai dan, ki hi€u la Eq va dugc do bang don vieV.
Su phu thugc vao nhiét do ciia Eq dugc bicu dien qua cong
thire sau:
4,73x1074T2

T+636

E,(T) = 1,170 — Q)
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Tir cong thire (1) cho thay, dién ap Bandgap blen thién
rat it theo nhiét d¢ va c6 gia tri gan nhu 1a hing sd.

Thiét k& dién ap tham chiéu Bandgap nghia 1a sir dung
cong nghé ban dan d¢ tao ra dai lugng dién ap mang dic
tinh cua Eg, tir d6 dat dugc muc tiéu tao ra dién ap khong
phu thudc vao sy thay ddi ciia nhiét d6 trong qué trinh hoat
dong [10]. Trong céng nghé CMOS, dién ap tham chiéu
Bandgap dugc tao ra dya trén y tuong két hop hai dai lugng
dién ap c6 dac tinh phu thudc theo nhiét do dbi 1ap nhau:
mot dai lugng ti 1€ thuan véi nhiét 6 (PTAT) va mot dai
luong ti 1¢ nghich v&i nhiét 6 (CTAT) véi muc dich tao ra
dién 4p dau ra c6 hé sé phu thudc vao sy thay doi ciia nhiét
d6 gan nhu bang khong [8].

A
Cac miic . x
chua 18p / Viing dan
Néng . VEIng tréng
lugng nang lugng
\V‘
Cac mifc néuan !zri
da 1dp .

Hinh 1. Cdu triic ndng liwong dién tir trong chat ban dén
2.2. Mach tham chiéu Bandgap co bin

Cau tric clia mach tham chiéu Bandgap dugc dé xuét boi
Kujik [9] co ban s& bao gom: OP-AMP, 2 transistor BJT va
3 dién trg. Trong d6, cac transistor BJT dugc méac noi dé hoat

dong nhu cac diode va dugc trinh bay nhu trong Hinh 2.

VDD
T

VREF
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Hinh 2. Mach Bandgap dwoc dé xudt boi Kujik

Hai BJT Qi va Q2 dugc chon sao cho BJT Q2 c6 dién
tich cuc phat 16n gap N lan BJT Q1. Ta cd:

Vegr = Vrln (IRI) Vegz = VrIn (IRZ) (2)

Isz

Pién ap dau vao ciia OP-AMP la V va Vy dugc duy tri
cung muc dién ap. Vay, dién ap qua dién tré Rz duogc xéc
dinh nhu sau:

Ipy Is;
AVgg = |Vgp1 — Vgga| = VrIn (__>
Iy I,

AVgp =V In N% ®3)

Trong d6, Ves1, Ves la gid tri dién &p gitta 2 cuc E va
B cua BJT Q1 va Q2 I5;va Ig, 12 dong dién bao hoa ctia BJT
Q1va Q2 (Isz = Nlsy).

Suy ra gia trj dién ép tham chiéu:

N R2

Veer = Vip1 + AVEB = Vip1 + VT ln( ) (4)

Trong mach nay, dlem Y dugc néi véi V.n. cua
OP-AMP, nén khi dién ap tai Y ting cao hon dién ap tai X
s& lam cho Vrer giam, dan téi lam giam dong dién qua hai
nhanh. Dién tré Rs s€ lam cho dién 4p tai Y giam nhanh
hon tai X. Cubi cling, két qua 1a hai diém dién &p X va Y
14 trg vé gié tri bang nhau.

Vay, OP-AMP duoc st dung dé duy tri muc dién &p bang
nhau gitra cac diém dién ap can thiét va cung cap su phan
hoi dé duy tri dong dién cd dinh va it bi bién thién theo su
thay ddi cia dién 4p ngudn cung. Mot OP-AMP ¢6 hé s6
khuéch dai tt s& gilp cho viéc dam bao gid tri dién ap roi
trén dién tr chinh xac bang AV giita 2 BJT Qy va Q..

Gié tri dién ap dong pha dau vao déng vai tro quan trong
trong viéc thiét ké ciu trdc va thong sé mach OP-AMP.
Trong mach Bandgap, gia tri nay dugc xac dinh béi Ves
ctia BJT, ¢6 gia tri khoang 650 dén 700 mV.

Tuy nhién, cau tric mach nay ton tai hai nhuoc diém do
1a: (1) dau vao ciaa OP-AMP s& ton tai dién &p b (Vofrset)
khac 0, gia tri ndy s& tao ra sai léch ¢ dién ap dau ra;
(2) Pau ra cia OP-AMP s ton tai mot gia tri tré khang.
2.3. Géc thiét ké (Design corner)

Céc tac dong trong qua trinh san xuét cling nhu sy thay
ddi cua cac diéu kién méi truong tao nén cac vung hoat
dong khac nhau cua transistor, gdom c6: Ving dién hinh
(typical), viing nhanh (fast), ving cham (slow) [7].

Thuét ngit “goc thiét ké” ¥ mubn noi dén nhing goc
hoat dong trong mot khong gian thiét ké tuéng twong bao
guanh céc vung hoat dong ctia mach (Hinh 3).

Néu chi thiét ké mach cho cac MOSFET hoat dong &
ving dién hinh, thi khi san xuét ra mach thuc té, hiéu suét
ctia mach c6 thé bi glam di rat nhiéu & cac goc con lai cua
khong gian thiét ké. Vi véy, khi thiét ké vi mach ban dan,

can phai mé phong ¢ tat ca cac goc thiét ké dé dam bao
mach hoat dong 6n dinh trong tit ca cac truong hop.

4
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Hinh 3. Géc thiét ké cia MOSFET

3. P& xuit thiét ké mach tham chiéu Bandgap

i Bai bao dé xuit m@t cAu triic mach tham chiéu Bandgap
gom c6 4 thanh phéan chinh duoc trinh bay trong Hinh 4,
gom: Mach 161 tao dién 4p tham chicu (Bandgap core),
mach OP AMP, mach Start-up va mach Trimming.
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tac dung chinh trong vi€c tao ra gia tri dién ap tham chiéu [ VEBL | AVEB 5)
dau ra bang cach ket hop 2 gia tri dién ap PTAT va CTAT SUM ™ g, Ry

(nhu trinh bay & Muc 2.1).

Trong céu trac mach Bandgap, st dung Vi dong vai
tro la dién ap CTAT va gia tri AVgg 1a dién ap PTAT.
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Hinh 5. Cdu triic mach 16i Bandgap dé xudt béi Leung [11]

Co thé nhéan théy & mach tham chiéu Bandgap co ban,
dién ap dong pha dau vao cua OP AMP dugc xéac dinh boi
gia tri Veg ctia BJT Q1 (khoang 650 dén 700 mV), diéu ndy
khong phi hop véi muc dich giam dién ap nguon tiéu thy
cho mach. Vivay, ¢ cau trac mach dé xuat, bai bao str dung
céau chia dién ap bao gdm 2 dién tré Roa1 va Roaz thay cho
dién tr¢ Roa (twong tu doi véi dién tro Rogs), tir d6 gidm
duogc gia tri dién ap dau vao cia OP AMP.

V6iR, = Ry, = Ry

=>R; = Ryp1 + Ropz = Ropy + Rapo

Vay, cn phai chon céc gid tri dién tro Ry41 = Rapy va
Ry42 = Ry, dé dam bao dién ap dong pha dau vao cua
OP AMP Viy = Vi

D4i v6i chu triic mach tham chiéu duge dé xudt, ta lay
tong 2 dong dién thay vi tong 2 dién ap PTAT va CTAT
nhu mach tham chiéu Bandgap thong thuong. Trong do,
mot dong dién ti 1€ véi dién ap PTAT (4Vgg) va dong con
lai ti 1€ v&i dién ap CTAT (Vgg).

Tt mach nguyén li, ta tinh ra dugc:

Cac PMOS Ms, My, M3 duoc chon dé dam béao hoat
dong trong vung bdo hoa, kich thude cua cdc PMOS béng
nhau dam bao cho dong qua 3 nhanh ctia mach bang nhau.

v av
=> Vgpr = R3 ( EB1 4 ﬂ) (6)

Rz Ry

Dé c6 thé lua chon cac tham s thiét ké cho mach 151,
déu tién ta can tinh toan cac gia tri Ves cla transistor BIT
trong tién trinh 28nm voi dong qua BJT mong mudn la
200nA (dong dién phu hop véi thiét ké cong suat thap, ma
van dam bao phan cuc dang cho cac transistor BJT), tir d6
suy ra hé s6 nhiét o cua cac dién ap PTAT va CTAT.

Nhu vay, sau khi tinh toan duogc gia tri Vgz va AVg,
thay vao cong thirc (6) va két hop v6i m6 phong dé chon
dugc gia tri R va Rz sao cho hé s6 phu thudc nhiét do cua
dién ap dau ra Vrer bang 0 (zero TC), gia tri Rs quyét dinh
bién do dién 4p tham chiéu dau ra mong muédn.

Bdng 1. Tham s6 thiét ké mach 16i Bandgap

Device Value
M1 1um/2um
M2 1um/2pum
M3 lum/2pum
R1 592,9KQ
R2a1 = Ras1 2,4AMQ
R2g1 = R2g2 1,2MQ
Rs3 1,75MQ
Q1 Emitter area=5x5
Q2 Emitter area=5x5, N=41

3.2. Mach OP AMP

OP AMP la mdt mo-dun dong vai trd quan trong trong
chu trac mach tham chiéu Bandgap. V6i muc dich thiét ké
mot ciu trac mach tham chiéu cong suit thap, bai bao chon
su dung chu tric OP AMP ty phan cyc, ciu trac nhu vay
s€ gitp giam bot viée phai thém vao cac khéi ngoai vi dé
tao ngudn dong cho mach.
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Céu tric OP AMP duoc chon 1a ciu tric OTA ddi xtng
(Symmetrical operational transconductance amp), bao gom
mot cip dau vao vi sai va ba guong dong dién (current
mirror). O cau trac OTA nay, viéc ty phan cuc duge thuc
hién boi mot vong phan hdi, OP AMP s& dugc phan cuc
bai chinh dién 4p dau ra (Vo), cho khd nang khéng nhiéu
dién ap ngudn cao. Hon nita, vi ¢ cau trac ddi xing nén
hai dién ap vi sai dau vao s& duoc ti qua hai transistor
gidng hét nhau va 2 cap guong dong dién MN1-MN3/
MN2-MN4 bang nhau, nhd d6 gitp giam thiéu téi da dién
ap bu (offset voltage) ciia mach.

Vdd

e

cﬂ[:l MP5

MP4 EL;"}‘,-]
Vin- m,—_‘.%ﬂpl M:dej Vint "

MNSE]H__—.,’E:-] MN1 MN2 m__ﬂE MN4

—J

Hinh 6. Cdu triic mach OTA déi ximg
CA4c transistor trong mach dugc chon sao cho dam bao
luén hoat dong trong ving bio hoa dé c6 thé sao chép chinh
xac dong dién gitra hai ting cia OP AMP. Tir d6, cu tric
OTA dbi xung cho cong thirc tinh d6 loi:
G =K * gmp1 * (Tomups ||7o,mn4) )
Trong d6: K 14 ti 1¢ dong dién gitra hai ting vao va ra
"/ /mns
cia OP AMP, K = T s
Dién ap dau ra caa OP AMP Vo duoc két néi vai cuc
cdng G cua céc transistor PMOS. Nén dé PMOS c6 thé hoat
dong, gia tri cia Vo phai nho hon (Vyy — Vrg). Vai dién
ap nguodn 1,2V, Vyy ~ 0,5V, suy ra OP AMP phai dugc
thiét ké sao cho gi4 tri dau ra phai nam trong khoang
0,6 — 0,7V. Dé cai thién d6 du trit pha cia OP AMP, bai
bao sir dung phuwong phap bu Miller: Gan thém 1 tu bu
(Mcap) vio giita d4u ra tang 1 va ting 2 cia OP AMP.
Bing 2. Tham sé thiét ké mach OP AMP

Device WI/L (m)
MP1 1/0,5u
MP2 1/0,5u
MP3 3u/2p
MP4 1p/2p
MP5 1/2u
MN1 1/2u
MN2 1u/2u
MN3 1u/2u
MN4 1/2u

3.3. Mach Start-up

Céu trac mach tham chiéu Bandgap ton tai hai diém
hoat dong: Diém hoat dong thong thuong s€ tao ra duoc gia
trj dién ap tham chiéu déu ra mong mudn; Piém “0” co gla
tri dau vao 4m va duong cia OP AMP bang 0V, din dén
khong c6 dong dién chay trong 161 Bandgap va vi thé khong
tao ra gia tri dién 4p tham chiéu.

Mach Start-up c6 vai tro hoat dong & giai doan ban dau,
dua mach tham chiéu tir diém “0” dén diém van hanh thong
thuong bang cach tao ra dién p V, cung cép cho cac PMOS
trong 151 Bandgap hoat dong. Mach duoc thiét ké sao cho it
tac dong nhit dén viéc tao ra dién ap tham chiéu cua 15i va
dam bao tat hoan toan sau khi diém lam viéc da dugc thiét
lap bang chinh dién ap tham chiéu Vrer phan hoi ve.

vad Bing 3. Tham s6 thiét ké
"ﬂ mach Start-up
Mcap

N e Vo Device WI/L (m)
M11 2u/0,5
M12 2u/0,8u

Mcapl 5,835u/0,21
—, wvn
i
—-|V“’ | :lmu
1

Hinh 7. Cdu triic mach Start-up

3.4. Mach Trimming

Bién do cua dién 4p tham chiéu dau ra phu thudc vao
gia tri dién trd' Ra. Trong qué trinh san xuat vi mach hay
qua trinh van hanh, gia tri dién trd ¢ thé bi bién dbi theo
su bién thién cua nhiét do hay su thay ddi cac goc thiét ké
khac nhau. Vi vay, bai bao dé xuét sir dung mot cau tric
mach Trimming dé tao ra dugc gia tri dién tro chinh xac
theo mong mudn. Cac dién tr¢ trong mach dugc sip xép
theo céu truc thang va dugc két ndi véi 4 cong tic NMOS
chuyén mach. Trong d6, tin hiéu dau vao cho cac NMOS
chuyén mach dugc gidi ma tir tin hiéu s6 4 bit. Nhu vay sé&
tao ra dugc dai 16 gié tri dién tréd Rz khac nhau dé chon lya
sir dung phu hop véi timg diéu kién véan hanh.

R30

FBG<0> .—-—| L

R31

FBG<1> D—-—H:_”

R32

FBG<2> [ &

FBG<3> .——|

Hinh 8. Cdu triic mach Trimming 4 bits
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Bing 4. Tham s6 thiét ké mach Trimming

Device| W/L (m) Resistor | Value (Q)
M30 | 2u/0,8p R30 20K
M31 | 2u/0,8u R31 40K
M32 | 2u/0,8u R32 80K
M33 | 2u/0,8u R33 160K

R34 1,5944M

4. Két qua md phéng

Layout mach tham chiéu Bandgap duoc trinh bay ¢
Hinh 9. Vi mach Bandgap c6 kich thudc tong the la
162,52um x 71,74pm trén nén cong nghé CMOS 28nm.

Hinh 9. Layout mach tham chiéu Bandgap

Két qua mé phong & Hinh 10 cho thdy, sy bién thién
ctia dién ap tham chiéu (Vrer) theo dién ap ngudn cip. Hinh
11 chi rd trong dai dién ap tir 1,1 dén 2V, gia tri dién ap
tham chiéu gan nhu 13 hang sd, chi thay déi tir 599,15 dén
601mV == AVREF/supply voltage = 1,85mV, ChO hé Sé khfI
nhiéu ngudn PSRR = 20log (%) ~ —54dB.

AVsupplyvaltage

Hinh 12 chi ra sy phu thudc ciia dién 4p tham chiéu theo
nhiét do tir -40°C t6i 105°C tai gia tri dién 4p ngudn cép
dién hinh 1,2V, gia tri Vrer bién thién tir 600,26 dén
600,65mV, cho hé sé phu thudc nhiét do:

1 Vyax—Vumiv 1 600,65 — 600,26

TC = _— =~ 45
Vegr Tuax — Ty 600 125 — (—40) ppm

Mb phong tuong tur voi cac gia tri dién ap ngudn con lai
trong dai dién ap tir 1,152V, két qua tinh toan dugc cta gia
tri TC dugc trinh bay trong Bang 5. T4t ca gié tri TC déu nho
hon 10ppm, c6 thé két luan ring, mach tham chiéu Bandgap
hoat dong 6n dinh trong dai dién ap ngudn tir 1,1 dén 2V,

Hinh 13 va 14 cho két qua mé phong sy phu thudc nhiét
d6 cua dién ap tham chiéu tai 5 goc thiét ké khac nhau cua
Mosfet (TT, SS, FF, SF, FS) lan luot tai hai gia tri dién ap
nguon cap 1,2V va 2V. C6 thé thiy khi dién ap nguon cap
tang, su bién thién cua dién ap tham chiéu theo goc thiét ké
tang, nhung trong dai dién 4p hoat ddng cua mach,
Vrer chi thay déi tir 6,3 dén 6,5mV, dap tmg dugc yéu cau
ki thuat dit ra (khoang 1%/goc thiét ké).

Vref
07

: [

03 ‘

02 /
01
0

vdd s 11 15 2

04
|

Hinh 10. Dién dp tham chiéu theo sw thay déi dién dp nguon
vref o : i 3 :

601 601mV

600+ \

599+ 599 limV
vdd 11 12 13 14 15 16 17 18 19 2

Hinh 11. Bién dp tham chiéu theo si thay déi dién dp nguon
tr 1,1V t6i 2V
Vref 3 ¥ .

600.7%
500.65mv

600,50

600,30
600.26mV
6002
Temp 40 20 0 20 a0 60 80 100

Hinh 12. bi¢n dp tham chiéu theo nhiét dé tai 1,2V Vdd

600

599
Temp  -40 -20 0 20 40 60 80 100

Hinh 13. Dién dp tham chiéu theo nhiét dg tai
cdc goc thiét ké khdc nhau (@1 2V dién ap nguon cdp)

Vref

88 —

FS — FF —
Hinh 14. Di¢n dp tham chiéu theo nhiét do tai
cac goc thiet ké khdac nhau (@2V dién ap nguon cap)
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Bdng 5. H¢ $6 nhiét @ cia dién ap tham chiéu tai
cdc gia tri dién ap nguon cap khdc nhau

VDD (V) VRrer (MV) AVrer (MV) | TC (ppm)
11 600,44 + 601,16 0,72 8,3
1,2 600,26 + 600,65 0,39 45

13 599,88 + 600,38 0,5 5,7

14 599,53 + 600,15 0,62 7,1
15 599,25 + 599,94 0,69 79
1,6 599,00 + 599,76 0,76 8,7
1,7 598,82 + 599,60 0,78 9

18 598,65 + 599,46 0,81 9,3
1,9 598,50 + 599,33 0,83 9,5
2 598,37 + 599,22 0,85 9,8

Béng 6 trinh bay két qua so sénh vé hiéu sudt dat duoc
cua bai bao voi nhitng nghién ctru da cé trén the gidi.

Bing 6. Tong hop va so sanh cdc két qud nghién ciru

Tham khio [12] | [13] | [14] |Baibao
Nim 2014 | 2015 | 2017 | 2020
Tién trinh 28nm | 28nm |0,18um| 28nm
Vrer (MV) 500 | 600 | 893 600
Dién ap ngudn (V) 1,1 |14+5(11+2|11+2
Dong tidu thu (A) N/A | 25u | N/A | 2,87u
Cong suét tiéu thu (W) | 500 | 3,54 | 0,55u | 3,46p
Nhiét 6 min (°C) -40 -40 -30 -40
Nhiét 6 max (°C) 125 | 105 80 105
TC (ppm) <10 33 19 <10
PSRR (dB) N/A | -57 -50 54
Dién tich vi mach (mm?) | 0,086 | 0,125 | 0,018 | 0,012

5. Két luan

V6i nhitng yéu cau dat ra va nhimng thach thic trong ap
dung tién trinh san xuét nho (28nm), két qua dat dugc cia
bai béo nay da dap ung duoc cac dic diém ki thuat can thiét
ctia mot vi mach tham chiéu Bandgap. Bai bao da thuc hién
day du cac budc can thiét tir nghién ctru, thiét ké mach
nguyén li, mé phong va vé layout cho vi mach, gop phan
vao su on dinh trong hi¢u nang ctia mach, gia tri tham chiéu

dau ra chi bién thién khoang 1% trén toan bo goc thiét ké,
dat cong suat tiéu thu thap 3,46puW.
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