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TOM TAT

Trong bai bao nay, chang téi trinh bay
moét thiét ké mach khuéch dai thudt toan
(OPAMP) dién thé thédp st dung céc
transistor chia do dai két hop ky thuat bé
chinh héi tiép gian tiép - mét ky thuét tién
tién trong viéc én dinh hoat dong clia mot
OPAMP. Cac transistor ghép cascode
thuong duoc tng dung vao hé théng héi tiép
gian tiép. Tuy nhién, céch ghép nay khéng
phu hop cho viéc hoat déng & dién thé thap.
Trong nghién ctru nay, ching t6i da tan dung

céc transistor chia do dai va ky thuat bé
chinh héi tiép gién tiép dé thiét ké mot
OPAMP hiéu suét cao. Két qua la mach
OPAMP duoc thiét ké khéng nhiing hoat
déng dwoc & dién thé thdp ma con & tan sé
cao. Mach OPAMP duoc thiét ké va ché tao
dwa trén céng nghé CMOS 0.18um. Mach
OPAMP nay dat dwoc dé loi 100 dB, tén sb6
do loi don vi 90 MHz va 1é pha 60° tai dién
thé nu6i 2 V.

Twr khoa: c6ng nghé CMOS, opamp, transistor, cascode

MO DAU

Codng nghé CMOS hién dai dang c6 nhiing
budc tién v cung lén trong viéc thu nho kich
thudc linh kién, giam dién thé cung cip trong khi
van dam bao tdc d6 va do 6n dinh cua hé thong.
Tuy nhién nhitng thanh tyu d6 chi dang duoc
phét huy triét dé trong céc thiét ké mach sé. Viéc
giam dién thé cung cép hay kich thuéc linh kién
gay ra nhimng tac dong l6n cho tinh 6n dinh cua
cac thiét ké mach twong tw. Hinh 1 biéu dién xu
huéng giam dién thé cung cap véi sy phat trién
cua cong nghé CMOS.

Nhu ching ta thdy trong Hinh 1, dién thé
ngudng gan nhu khong c6 sy bién dong nhiéu,

diéu d6 lam cho viéc giam dién thé cung cap doi
véi cac thiét ké mach tuong tu tré nén khé khan.
Trong dé tai ndy, ching t6i nghién ctu (ng dung
mé hinh transistor chia do dai vao viéc thiét ké
mach tuong ty su dung cbng nghé CMOS
180nm. Mb hinh nay gitp cho céc thiét ké mach
tuong tu c6 thé hoat dong & dién thé thip trong
khi van dam bao dugc tinh 6n dinh.

Két qua dat duoc 12 mot mach opamp ba tang
sir dung mod hinh transistor chia d6 dai, hoat dong
& dién thé 2V véi I& pha 60°.

Trang 62



TAP CHi PHAT TRIEN KH&CN, TAP 17, $0 T1- 2014

Xu hwong phat trién ctia dién thé ngudn va thé nguwdng
B -
5
4 -
#— Analog VDD
12l
£ 34 A— Digital VDD
> , —+— Digital VTHN
14 —
— —— & & A
0 ’I\vl"l'l' -+
”Z"cg-u‘:car-oomaﬁwmwlnwr—ooma
o o 2 0 O - - T T = — — — =— ©— ®
(&] . (=] (=] Q Qo Q o o (=] (=] (=] (=] (=] Qo Qo Qo )
— o ™~ ™~ ™~ ™~ ™~ ™~ ™~ o™ ™ ™ ™ ™~ ™ ™ ™ ™
9]
-
E .
K#¥ thuit san xuat / Nam
Hinh 1. Xu huéng tién trién cia dién thé cung cép va thé ngudng ciia NMOS
PHUONG PHAP

M6 hinh mach opamp ghép cascode va
transistor chia d§ dai

Trong phuong phéap thiét ké mach opamp
truyén théng, ky thuat ghép cascode cac
transistor thuong dugc st dung rong rdi nham

VDD VDD

-

tang do loi ciing nhu tao cac diém hdi tiép cho
viéc sir dung k¥ thuat bd chinh tan s hoi tiép
gian tiép [1]. Hinh 2 miéu ta mot so dd mach
opamp ghép cascode.
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Hinh 2. Mach opamp 2 ting ghép cascode ngd vao vi sai

Phan tich mién tin hiéu nhé mach trong Hinh 2 cho so d6 twong duong nhu Hinh 3 dudi day.
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Hinh 3. Mach twong dwong tin hiéu nho

Mach cascode opamp cho cuc uwu thé va
khong wu thé nhu sau:

IR S
CC R1R29m2

va pz —_ ngCC 1)
C.(C, +Cc)

P, =

Ca cuc uu thé va khong wu thé déu chiju tac
dong cua tu bé chinh C. nén ching c6 thé di
chuyén nguoc chiéu nhau. Diéu nay gilp cho
mach dat duoc 18 pha I6n va tan sé do loi don vi
cao chi véi gia tri nho tu bo chinh C. . Bé phan
cuc cho céc transistor hoat dong bdo hoa, ngudn

cung cap cho mach phai c6 gia tri toi thiéu theo
cdng thuc:

VDDMIN :VTP +VSDsat + 3VDSsat' )

Véi xu thé phat trién caa cong nghé CMOS,
dién thé ngudn nudi ngay cang giam trong khi thé
ngudng gan nhu khong ddi, md hinh ghép
cascode khong thé hién tinh téi wu trong viéc
thiét ké cac mach tuong ty. Mot giai phéap thay
thé 12 si dung mo hinh transistor chia do dai
(transistor ghép gia cascode) [2, 3]. Hinh 4 dién
giai mo hinh transistor chia d6 dai.

Tuyén tinh Béo hoa
W=W,,W, w,; W=W,.W, W,
w, W,
Béo hoa Tuyén tinh

Hinh 4. M hinh transistor chia do dai

Trong md hinh transistor ¢ Hinh 4, mdi
transistor c6 kich thuéc W s& duogc cét thanh mot
cap transistor ghép cascode nhau. O day, khac
Véi cach ghép cascode truyén théng, trong cach
ghép nay tao ra hai transistor hoat dong & hai ché
d6 khac nhau, mot & mién bdo hoa va mot & mién
tuyén tinh. Bang viéc dua mot transistor vé hoat
dong ¢ mién tuyén tinh, gia tri toi thiéu cua dién
&p cung cip cho mach cascode s& giam bét.

Thiét ké opamp ba tang sir dung transistor
chia d¢ dai

M6 hinh mach opamp ba tang tng dung
transistor chia d6 dai dugc miéu ta nhu trong
Hinh 5. Mach opamp duoc thiét ké ngoai viéc sur
dung céc transistor chia d6 dai, ky thuat ghép
long dao Miller ciing dwoc &p dung nham téi wu
cac duong hdi tiép trong mach [4-6]. Hinh 6 la
moé hinh mach tuong duong mién tin hiéu nho
cua mach & Hinh 5.
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Hinh 5. Opamp ba ting dung transistor chia d6 dai
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Hinh 6. So db twong dwong mién tin hiéu nho
Ham truyén cua mach c6 dang sau:
A(5)= A ( b,s® +b,s* +bs+b, @)
- 5 4 3 2
a8’ +a,s" +a,8° +a,8" +a,5+4,
Ham truyén cho cac diém khong (zero) nhu sau:
Z,=— 1 7.~ 7 ~_C2Rzgm6+CClegm6+CClRBgm6+CClR29m29m7RB ()
J 2 ¥ 837
CcoRa 2C,Cc19m6Rs

Cuc wu thé c6 dang:
1

P~
' CC2R1R3(9m6+R29m2gm7)

®)

Béng viéc sir dung transistor chia do dai, gid tri t6i thiéu dién thé ngudn nudi cho mach la:

VDDMIN =VTP +VSDsat +VDs + Z\/DSsat (6)
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KET QUA
Két qua md phong va layout

Mach opamp dugc md phong va thiét ké
layout dua trén cdng nghé CMOS 0,18um. Tham
s6 cua linh kién trong mach & Hinh 5 duoc liét ké

trong Bang 1. Tham s6 nay duoc tinh nham thoa
yéu cau thiét ké duoc liét ké trong Bang 2. Bang
2 ciing ddng thoi trinh bay cac két qua mé phong
ciia mach opamp ba tang.

Bang 1. Tham s6 linh kién

Transistor Wi/L

M3, M4 5um/0,5um

M1, M2 10um/0,5um

Mc1l, Mc2 3um/0,5um

M5 5um/0,5um

M3a, M4a 5um/05um

M1a, M2a 20um/ 0,5 um

Mb5a 20um/ 0,5 um

M6 40um/0,5um

M7 20um/0,5um

Bang 2. Két qua md phong
Yéu ciu Mo phéng mirc mach | Mo phéng mirc layout

Do 1gi DC vong hé (Av) 100dB 106.04dB 88.73dB
Tan s6 d6 loi don vi (fu) 100MHz 90.363MHz 77.31MHz
L& pha (PM) >600 64.7350° 58.401°
f 348 (Gain=1) 30MHz 35.29MHz 34.578MHz
Tu tai 5pF 5pF SpF
Dién thé cung cép 2V 2V 2V
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Mach opamp duoc thiét ké c6 dong tiéu tan
chi 303.5uA véi cong suét tong cong 1a 607 uw.
Hinh 7 trinh bay vi anh ctia mach opamp ba tang
da duoc ché tao va déng goi dua trén cong nghé
CMOS 0,18 pum. Kich thuéc caa mach opamp
trong chip 12 97 um x 49 pym.

Po kiém thwe nghiém
Céc thiét lap thiét bi do kiém duoc trinh bay
trong Hinh 8.

Thiét bi cap
nguonya
song

Mach

N

Hinh 7. Vi anh mach opamp ba ting ding transistor
chia d6 dai

 Tek
Cprobe = 8pF %A

|
{

o

AZY,

Hinh 8. Hé théng do kiém linh kién

Céc day do cua may do séng c6 dién dung ky
sinh 8pF dugc két ndi vao ngd ra cua mach nén
day cling chinh la gia tri tai dién dung cia mach.
Hinh 9 trinh bay két qua do kiém mach opamp va
so dd mach do kiém & ché d6 mach so sanh.
Trong ché d¢ do nay, dién thé cung cip 1a 1,8V,

mot séng tam gidc c6 tan s6 1MHz dugc dua vao
ngd vao V- va duoc so sénh véi dién thé Vp=1V
tai ngd V+ ciia opamp, két qua dat dugc ¢ ngd ra
Ia mot xung vudng tan s6 1MHz trong d6 pha ciia
xung phu thudc vao két qua so sanh 2 ngd vao
opamp.
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Hinh 10. Két qua do mach opamp & ché d6 hdi tiép am (Load Cap = 8pF, VDD=1,8V, f=2MHz)

Hinh 10 trinh bay két qua do va so 6 mach
do kiém & ché do hdi tiép am. O ché do do nay,
mach opamp duoc méic nhu mot bo dém véi do
loi 1a 1 (ngd ra duoc hoi tiép vé ngd vao V-),
song vao ngd V+ cua opamp la mot xung vubng
c6 tin sb 2MHz, dién thé cung cap la 1,8V. Két
qua do dugc la mot séng vudng cling tan so, diéu

nay thé hién mach hoat dong dugc & ché do hoi
tiép am.

Céc két qua mo phong va do kiém cho thay
thiét k& mach opamp ba tang c6 thé hoat dong &
dién thé thap. Tuy nhién, do anh huong cua cac
ky sinh trong hé thong do, cac dac tinh ¢ tan s6
cao con sai biét so voi két qua md phong sau
layout.
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KET LUAN

Nghién cttu nay cta chang t6i d3 (ing dung
thanh céng moé hinh transistor chia d6 dai vao
viéc thiét ké va ché tao mot opamp ba ting dua
trén cong nghé CMOS 0,18um. MO hinh
transistor chia d6 dai gitp cho cac thiét ké opamp
ghép cascode c6 thé hoat dong & dién thé thap.
Diéu nay dua cho cac thiét ké mach tuong ty mot
co hoi dé cd thé bat kip v6i xu huéng phét trién
cua cdng nghé CMQOS hién dai.

LO1 CAM ON: Thiét ké nay la két qua hep tac nghién
cuu giga Truong PH Dién tur - Théng tin Tokyo (UEC, Nhat
Bdn) va Trwong PH Khoa hoc Tu nhién, PHOG-HCM. Thiét
ké layout dwoC san xudt va dong goi theo chwong trinh ché
tgo chip cia Trung thm Thiét ké va Gido duc VLSI (VDEC),
Pai hoc Tokyo Nhat Bdn. Két qua nghién cizu la mét phan
Cla dé tai T2013-17, duwoc hé tro boi Trueong BH Khoa hoc
Ty nhién, PHOG-HCM.
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ABSTRACT

In the paper, we present a design of
a low voltage Operation Amplifier (OPAMP)
circuit using split-length transistors. Indirect
feedback compensation is an advanced
technigue used to stabilize the operation of
an OPAMP. Cascode transistors are usually
implemented for indirect feedback systems.
However, these transistors are not suitable
for low voltage design. In this study, we have
taken advantage of split-length transistors

and indirect feedback compensation
techniqgue to design a high performance
OPAMP. As a result, the OPAMP
operates not only at low supply voltage but
also at high frequency. The OPAMP has
been designed and fabricated in a 0.18um
CMOS technology. This OPAMP achieves
100 dB gain, 90 MHz unity gain frequency
and 60 degrees phase margin at 2 V supply
voltage.

Key words: CMOS technology, opamp, transistor, cascode
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