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Tém tit: Bai bao nay trinh bay cac budc chi tiét trong
quy trinh thiét ké b6 MDAC hoan chinh theo cong nghé
65nm. Qua trinh xay dung co s& 1y thuyét, phan tich va tinh
toan dugc thuc hién dé tim ra ciu hinh mach, kich thude
transistor va gia tri linh kién t6i uu nham dat duoc cac yéu
cau vé tdc do cao, cong suét tiéu thu cuc thép va dién ap
cung cp khong qué 16n.

Tir khéa: Operational Transconductance Amplifier
(OTA), Multiplying Digital to Analog Converter,
Pipelined ADC.

l. GIOITHIEU

Bo chuyén dbi trong tu sang s6 (ADC) 1a mot thanh
phan quan trong thiét ké hé thong System on Chip (SOC)
— mot hé théng chira ca mach sd va mach tuong tu dong
mdt vai trd quan trong trong nganh cong nghiép vi mach.
Mot trong cac b ADC dugce Ung dung nhiéu nhat 1a
Pipelined ADC, biné can bang t6t gitta tdc do chuyén 601
d6 phan giai va cong suét tiéu thu [1]. Hién nay, yéu cau
vé hiéu nang cua bo chuyén d6i nay ngay cang cao: toc do,
cong suat, dd phan giai, do chinh xac, kha ning mién
nhidu...cho di cac yéu té nay khé c6 thé Két hop duoc véi
nhau trong qua trinh thiét ké va van hanh.

Déi vai Pipelined ADC, bén canh vai trd quan trong
ciia mach Sample & Hold trong ldy mau tin hiéu, thi mach
MDAC sé& quyet dinh d¢ chinh xéc khi chuyén doi, do phan
gidi ciia mdi tang, ciing nhu do phan giai cta ca pipelined
ADC [9]. Vi vay, MDAC ciing phai théa mén cac thong so
da d¢é ra khi thiét ké ADC, dic biét 1a khi n6 ciing 1a mot
trong nhitng thanh phan tiéu ton nhiéu cong suat nhat trong
cac by ADC toc do cao.

B& MDAC nay s€ chiu anh hudéng manh mé béi cac dac
tinh cdu hinh Operational Transconductance Amplifier
(OTA) cua n6 nhu : bang thong, d6 loi DC, d6 tuyén tinh,
cong suét tiéu thy...Do do, viéc thiét ké ciu hinh OTA
chinh xac s€ bao dam duoc cac dac tinh tde dd cao, cong
sut thip cua pipelined ADC [5].

Do d6, bai bao s¢€ tap trung vao nghién ctru, lya chon
cau hinh OTA va cac khoi thanh phan tot nhat, nham thiét
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ké mot bo MDAC t6i wu hon nita vé céac thong s6 so véi
cac thiét ké da c6, nham cung cap cho cac bd chuyén ddi
c6 do phan giai cao.

Bai bao duoc t6 chirc nhu sau: phén II trinh bay co s
ly thuyét Pipelined ADC, phén tich kién tric va dic diém
cia MDAC 1.5bit. Phan III trinh bay thiét ké OTA va céac
thanh phan khac trong mach. Phan IV trinh bay két qua mo
phong thiét k&, két luan thé hién trong phan V ciia bai béo.

Il. KIEN TRUC

A. Kién tric pipelined ADC

Pipelined ADC (PA) dat dugc d¢ chinh xac cao trong
hoat dong chuyén ddi tin hiéu nho cu trac chuyén doi
nhiéu tang cua nd [6]. Hinh 1 moé ta kién triic Pipelined
ADC 15bit, bao gdbm 10 ting, mdi tang 1.5bit. Tang cudi
cling chira mot bo dém 2 bit, mot thanh ghi dich dé diéu
chinh céc bit ngd ra va mdt mach hiéu chinh s6 dé dua ra
gia tri chuyén ddi cudi ciing. Mdi ting PA thyc hién hai
nhiém vu:

- Chuyén ddi, tao gia tri bit & ngd ra mdi tang.

- Tao gié tri du sau khi chuyén dbi va giri gia tri nay
dén tang tiep theo.
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Hinh 1. So d6 khéi Pipelined ADC.

Hinh 2 m6 ta so d6 khdi mét tang PA, trong do bg sub-
DAC, bd tru, khoi tao d¢ 19i (gain) két hop vdi nhau tap
thanh b MDAC (Multiplying DAC).
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Hinh 2. So' d6 khéi mét tang Pipelined ADC [10].

Tin hiéu ngd vao Vin dau tién s& dugc chuyén doi boi
bd sub-ADC cho gia tri $6 ngo ra. Gia tri ) nay duoc
chuyén d6i nguoc lai bang bo sub-DAC cho gia tri twong
tu twong Ung ctia gia tri s6 va giri dén bo trir. Ngd ra b trir
(gia tri du) - gid tri sai khdc gilta ngd vao va gia tri chuyen
601 tir bo sub-DAC sau d6 dugc khuéch dai va guri dén tang
tiép theo. Viéc chuyén doi dién ap du sau mdi tang s& giam
tinh phtrc tap khi thiét k& bo so sanh trong khdi sub-ADC.
Hon nira, bang cach giam kich thudc cuia mosfet s& thoa
man dugc yéu cdu cong suét thdp. Tuy nhién, cdu tric nay
s& doi hoi cao vé do chinh xéac cuia bd sub-DAC, cling nhu
bo khuéch dai phai co d6 loi va bang thong cao [4].

B. MDAC 1.5bit stage

Qua trinh chuyén doi dién ap du sau mdi tang s& gilp
Pipelined ADC dat dugc dg chinh xac cao trong hoat dong
chuyén ddi tin hiéu cua nd. Vai kién tric 1.5bit mdi ting,
s bit lugng tir hoa duge tang tir 1 1én 1.5bit. Nhu vdy, ngd
ra s6 s& nhan 3 gia tri: ‘00, ‘01°, “10°.

Luc nay, gia tri thu dugc tai ngd ra cua khéi sub-ADC,
va sub-DAC lan luot 14 [6]:

1

'00’ néuV, < = Vrer
1 1
Dot =< '01" néu — Vref < Vi < 4Vref (D)
10’ néu Vy, > 1Vref

—% ver MU Dy, ='00
néu D,y ='01' (2)

néu Dy, = '10’

Vsupac =13 0
1
E Vref

Khi d6, gid tri du ciia dién 4p dé chuyén dén tang tiép
theo sau khi da khuéch dai:

1 ~ 1
2 (Vin +—Vref) néu Vi < = 2Vrer
Vo =1 2V, néu—- ref < Vin < inef (3)
1 1
2 (Vin ——V,ef) néu Vi > Vyer

Béng cach ting s6 ving luong tir hoa 1én 3 ving trong
kién trac 1.5bit s& lam giam 16i lwong tir clia gia tri s6 ngo
ra. Voi Pipelined ADC k tang, gi4 tri dién ap ngd ra & tang
cubi cung bang:

Vpa == ref 2 y27 (Dout(t) 1) (4)

C. Cau triic chuyén mach tu MDAC

Chu trac chuyén mach tu (Switched-Capacitor) dugc
Umg dung vao thlet ké bd MDAC nham tan dung uu thé
chuyen mach tdc do cao, va cong sudt tiéu thu thap cta n6
[3]. Chu trac chuyén mach tu MDAC (SC-MDAC) dugc
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mo ta ¢ hinh 3.
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Hinh 3. Hoat dong cua SC-MDAC.

Hoat dong cia SC-MDAC duoc chia thanh 2 pha:
- Pha lay mau ®1.
- Pha khuéch dai ®2.

Trong pha lay mau (Hinh 3a), ®1 dong, tin hiéu ngd
vao dugc lay miu boi Cs va Cf, sau do gui dén sub- ADC,
®1a dam bao pha ldy mau thuc hién hoan tat. Gia tri s6 ngd
ra cua pipelined ADC ciling dugc tao ra trong pha nay.
Trong pha khuéch dai @2, tu duge chuyén mach ndi dén bo
MUX (sub-DAC) tao gia tri twong tu ing v6i ngd ra cla
sub-ADC, tao gié tri du giri dén tang chuyén ddi tiép theo.

Gié tri du Vour dugce tinh boi cong thuc:

1

" Vref

(1+ >Vm+ Vieg méuVy < — "

1

Vre f (5)

C C ~ 1
(1 +§> Vin —C—ivref néu Vip > Vrer

Vour= (1 +_) Vin néu-— Vn’f < Vi =
r

V6i Cs = Cr thi (5) twong duong v6i (3). Nhu vay, cong
viéc con lai 1a phai thiet ké cac khoi thanh phén tuong thich
v6i hoat dong cuia cau hinh SC-MDAC.

. THIET KE

A. Thiét ké b OTA

Déi véi tmg dung doi hoi do chinh xac, va toe do cao
nhur pipelined ADC can phai c6 mot bd OTA c6 d6 lgi DC
16n, bang thong rong, toc do dap mg cao. Céu hinh thoa
mén cac yéu to ndy chinh Ia cau hinh hai tang, mot tang cd
d6 19i cao nhung van dam bao cong suit tiéu thu thap, va
mot tang tao dao dong ngd ra 16n dong thoi ting do lgi cho
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tang 1 trong khi van duy tri lugng cong suét tiéu tan tdi
thiéu. Do d06, cau hinh OTA duoc dé xuat st dung la cau
hinh hai tang.

Thong s6 thiét ké:

- Pién 4p cung cép: 1V+40%

- bo lgi DC: >500

- Cong suét tiéu thy: rat thdp (nho hon 1mW)
- Téan s6 hoat dong: 100MHz

- b6 phan giai: 1.5bit/stage (Pipelined ADC)
- Dao ddng ngd ra: 2Vp.p

- Tu tai; CL = 50fF

- Tan s6 don vi: > 500 Mhz

- Cong ngh¢ CMOS: 65nm.

1. Tangl
Déi voi tang dau tién, v6i muc dich tao ra do loi cao,
toc d dap ung nhanh trong khi cong suét tiéu thu thap nhat,
tang nay ciing khong yéu cau phai c6 muc dao dong ngd ra
cao. Do d0, ta c6 thé chon cau hinh cascode vi c4u hinh nay
c6 d6 loi va mirc dao dong ngd ra chap nhan duoc, hoat
dong trong diéu kién dién ap cung cap thap tét hon so véi
telescopic trong khi cong suét tiéu thu ciing khong qua 16n.

Hinh 4 trinh bay so dé nguyén 1y ctia mach cascode Vi
sai dugc st dung trong tang 1.

[=] [=] =] [=]
[=} [=} a [=]
i il T i}
PMOS —1 PMOS —PmoS — Pmos
VDD VDD~ |H>VDD |H>'VDD
M7 — mig — — Mg f M20
, , Vbiasn . .
PMOS —! PMOS | T —PMOS — Pmos
VDD= VDD }=VDD {-VDD
M3 —f mia M15 L
R =
3 My _“ M ‘ | 1 |’_ 12 g
NMOS NMOS' NMDS NMOS

JTMJ;W

Hinh 4. Cdu hinh cascode vi sai tang 1.

Quy tic chung khi thiét ké cac yéu cau cong suat thip
thi kich thude mosfet thuong duge chon véi kich thude nho
nhit. D&i voi cAu hinh cascode vi sai tﬁng 1, cac mosfet
dugce thiét ké sao cho ludn ludn hoat dong trong vung bao
hoa, thiét ké sir dung cong ngh¢ 65nm, do do chidu dai cua
mosfet dugc chon phai t01 thiéu bang 65nm. O day, ta chon
L = 65nm dé mach dat tdc do tdi wu.

Téc do dap g (slew rate) ctia mach bang 500mV/ns.
Luc nay, dap ung mach tng véi Vpp = 1V s€ 1a 2ns. Véi
yéu ciu cong suét tiéu thu thap, dong phéan cyc Itil phai co
gid tri cang bé cang tot, ddng thoi mosfet phai hoat dong
trong vung b&o hoa, di nhién 1a né phai dam bao dugc cac
thong sb d6 lgi DC, d6 loi bang thong. .. O thiét ké nay, C;
va C, dugc chon bang 50fF thoa cac yéu t trén, dong thoi
dam bao dong phan cyc co6 gia tri vira du nho.

pé dat duoc tbc do déap ung & trén thi:

ltait > SR.C2 = 25pA.
Chon dong phan cyc Il = 26puA dé trir ton that trén
duong truyén tin hiéu, Ung v6i dong tai mdi nhanh la
26pA/2 = 13pA. Trén thyc té thi gia trj dong phan cuc I
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anh huong toi cong suat tiéu thy cta thiét ké, tang dong
phan cyec thi ciing lam ting cong suit tiéu thy. Tuy nhién,
voi gia tri dong phén cuc tang 1pA thi khong anh huong
dang ké toi cong suét tiéu thu nén c6 thé chap nhan dugc.

Vi cong ngh¢ 65nm, mosfet hoat dong & ché d6 kénh
ngan, khi d6 dong dién Ip cua cac mosfet s€ dugc xac dinh
boi cong thirc:

w
X T (Vgs - VT
Bing cong cu mo phong, tinh toan ta xac dinh dugc cac
thong s6 mosfet nhu sau:

Ip = Vg Co H VDS,sat)

*Vov =100mV
* Vps =100mV
* V1 =380mV
* Vs = 400mV
* Vpssat = 50mV

Tur @6 kich thuéec NMOS, PMOS duoc xac dinh:

~(NMOS) ~ 10, - (PMOS) ~ 20
Khi d6, d6 loi tang 1 dat duoc 12 41V/V.

2. Tang?2
Dbi véi tang thir hai, véi muc dich tao dao dong ngd ra
16n nén phai lya chon mach c¢6 cang it mosfet cang tét. Do
d6, mach dém class AB 1a cu truc dién hinh dugc chon
(hinh 5).

—
}.L‘:S] \‘

NMOS DD
M23 M24

NMOS NMOS

Ms3 1
NMOS C{ VCMFB2

Hinh 5. Cdu triic mach class-AB tang 2.

Do 1oi cia bd OTA duoc tinh:
A=ALA; = 41.A; > 500
Véi A =41 : d6 loi tang 1
Az : d6 loi tang 2
Nhu vay d6 loi cta ting 2 phai dugc thiét ké sao cho
Az >500/41 = 12.

B. Thiét ké sub-ADC

Khéi sub-ADC hay bo so sanh 1a thanh phin chinh
trong qua trinh chuyén ddi tin hiéu cta Pipelined ADC.
Nhiém vu chinh cua n6 la luvgng tir hoa tin hi€u tuong tu
ngd vao va chuyén ddi thanh tin hiéu sé tvong ing voi gia
tri cda tin hi¢u twong ty do.

Hinh 6 mo ta so' d6 khdi b sub-ADC, gid tri ngudng so
sanh Vyer dung trong khoi sub-ADC 1a 250mV, khi d6 gia
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tri hai ngd vao vi sai nho nhét dé tao ra mac chénh léch
250mV la 625mV va 375mV. Nhu vdy, ta s€ lay gia tri
375mV nay lam dién ap tham chiéu so sanh cho sub-ADC.

=]
a
>
Vinc Vopel
¥
Ideal comp. N
Clk Voncl
=
=
Vref
=]
a
>
Vopc2
VDD
Ideal comp. Vonc?
Vipe + Clk?

Hinh 6. So dé khéi sub-ADC.

C. Thiét ké sub-DAC , o
B6 sub-DAC nhén ng6 ra s6 tir sub-ADC va chuyén doi
tro lai gia tri twong tu ung voi gia tri so do.
Tt cong thite (2) véi Vet = Vop = 2Vem ta co:
0 néu D, ='00’
néu Dy, ='01'
néu D,y =10’

VCM
ZVCM

Nhu vay, thyc chat by sub-DAC chi 1a mot b gidi ma
2-4 chon mot trong ba gia tri 0, Vem, 2Vem. So d6 khoi va
mach nguyén ly ctia bd sub-DAC dugc mo ta trong hinh 7
va 8.

Vsu-pAc =

——— Vmuxp
3
a o
S1 =]
b S0 ; g VDD
2N 2
5 5
NPT
oNE=2
an
so x 0
D -
bn s1 s g vDD
3
Q
L Vmuxn

Hinh 7. So dé khéi bé sub-DAC.

Chu trac bén trong ciia bo sub-DAC
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Hinh 8. Mach nguyén Iy bé sub-DAC.

Nhu vay, Gng véi:

- SIS0 = ‘00" thi D3D2D1D0 = “0001°, Vmuxp = 0.

- SIS0 = ‘01" thi D3D2D1D0 = ‘0010°, Viuxp = Vem =
500mV.

- S1S0 = ‘10’ thi D3D2D1DO0 = ‘0100°, Vimuxp = 2Vem
=1V.

D. Thiét ké MDAC

Vi viée lya chon ciu trﬁ‘c chuyén mach tu dé thiét lfé
bo MDAC (SC-MDAC) nham tin dung wu th¢ chuyén
mach toc do cao, va cong suat tiéu thu th?\p cﬁa no. Do do,
b MDAC sur dung trong mach dugc thiét ké dya trén cau
hinh nay, trong d6 cac NMOS doéng vai tro la cac khoa
chuyén mach. So d0 nguyén Iy b MDAC dugc thé hién
trong hinh 9, trong do:

+  Vipsn VA Vins & 12 mau tin hiéu duoc iy tir mach
Sample & Hold.
+ Vi, Vine : tin hiéu giri dén bo sub-ADC.

+  Vip, Vin, Voup, Vounn : NGO Va0 va ngd ra vi sai cua

bo OTA.
ETSL
ETST
. -
gE-——= £2 i al
. 22717 " T Trowe zea]
Vmuxo Vin ﬁéﬁ?h
i
S

Hinh 9. So dé nguyén Iy MDAC.
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+ Céc khoa chuyén mach NMOS va céc tu C7, C8,
C9, C10, C11, C12 déng vai tro nhu bo trir thuc
hién viéc giit, trir va khuéch dai cac tin hiéu.

IV. KET QUA

Két qua mo phong cua thiét ké dugc xac dinh ¢ diéu
kién nhiét d6 phong va duoc thue hién bang Spice. Két qua
dap ting tan so cua bd OTA dugc thé hién ¢ hinh 10.

V{voutp)-¥{voutn)

Hinh 10. Pdp img tan s6 bé OTA.

Két qua md phong cho thay bd OTA duogc thiét ké c¢6
cac thong s0 nhu sau:

- D6 dao dong ngd ra : 2Vp.p.

- B0 loi cia bo OTA : 640 tuong duong 56dB.

- Tan sb cit don vi: 600MHz.

- Bién pha: 62.8° nam trong gi6i han 6n dinh cua bién
pha (60 -90°).

Pap tng cua bd sub-DAC:

0.5V
0.4v
0.3v
0.2v
01V
0.0V
500mV
400mV
300mV -
200mV
100mV

omv
100mV
~200mV
-300mV
-400mV
-500mV

00ys  02us  Odps  OBps  OBus  10us  12us  1dus  16us  18us  20us

Hinh 11. Ddp vmg ciia sub-DAC.

Tir két qua mo phong dap (mg b sub-DAC trong hinh
11, ta thay rang:

-Khi dién ap vi sai ngd vao b so sanh nho hon -250mV:
ab =00, Vimuxp = OV, Vinuxn = 2Vem = 1V.

- Khi ngd vao vi sai nhé hon 250mV:

ab = ‘01", Viuxp = Vem = 500mV, Vi = Vem = 500mV.
- Khi ngd vao vi sai 16n hon 250mV:

ab = ‘10", Viuxp = 2Vem = 1V, Vinun = 0V.
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bap tng B6 MDAC dugc mo ta trong hinh 12:

WVIpIVIvVIng

Vivoutp] Vivoutn

Hinh 12. Pdap ing ciia b6 MDAC.

Bang 1. Hiéu nang cua thiét ké.

Théng sb Gia tri
Ngudn cung cip (V) 1
D lgi DC (dB) 56
Tan s6 don vi (MHz) 600
Bién pha (d9) 62.8
Tu tai (pF) 0.25
Thoi gian 6n dinh (ns) 2
Mic dao dong ngo ra 2
(Vp-p)
Cdng suat tiéu thu (mW) 0.67
Cbng nghé (CMOS) 65nm

Tir bang danh gia hiéu ning thiét ké (bang 1) ta co thé
théy duogc bo MDAC dat duoc cac thong s6 thiét ké dat ra.
Uu diém chinh cua thiét ké hién tai 13 tbc do cao, mirc dao
d6ng ngd ra 16n va cong sudt tiéu thu nho, tuy nhién do loi
lai thap 1a do ta phai danh doi thong s nay dé téi uu cac
thong s6 con lai. Tuy nhién d¢ loi nay la dat yéu cau i
v6i cdc ng dung cong suét thap va khong gy anh hudng
nhiéu dén hiéu ning cta hé thong.

V. KETLUAN

Bai bao da trinh bay cac budc chi tiét trong quy trinh
thiét ké bd MDAC hoan chinh theo cong nghé 65nm. Qué
trinh xdy dung co so ly thuyet phén tich va tinh toan da
dugc thuc hién dé tim ra cau hinh mach, kich thuée mosfet
va gia tri linh kién tdi wu nham dat duoc cac yéu cau vé toe
d6 cao, cong suét tiéu thy cuc thap va dién 4p cung cép
khong qué 16n.

B& MDAC nay duoc thiét ké theo cu tric 1.5bit duoc
sir dung trong mach chuyén déi c6 do phan giai va dg chinh
Xac cao nhu Plpelmed ADC. Do do, két ‘qua nay co thé
dugc van dung dé thiét ké mot ting trong cu tric pipelined
ADC, cong viéc phai thyc hién 1a thiét ké thém mot bo
Sample & Hold c6 cung thong sO. Tir d6, c6 thé tién hanh
thiét ke hoan chinh mot bd chuyén doi _pipelined ADC
nhiéu ting c6 do phan giai va cac thong sd theo yéu cau.

Bai bao chi nhdm dén thiét ké 1 thanh phan quan trong
trong kién trc Pipelined ADC 1a MDAC dap tmg theo ngd
ra ciia mdi tang chuyén ddi ADC. Do d6, két qua cua bai
béo chi danh gia cac thong sb thiét ké dit ra cho bo MDAC.
Céc ti€u chi danh gia cho bd ADC nhu: INL, DNL, SNR,
ENOB,... s& dugc thuc hién trong tuong lai khi thiét ké
mot bd Pipelined ADC hoan chinh.
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A NOVEL DESIGN OF HIGH SPEED, LOW
POWER MDAC IN 65NM CMOS TECHNOLOGY

Abstract: This paper presents fully design steps for
Multiplying Digital to Analog Converter (MDAC) with
65nm CMOS technology. Basic theories, architecture
design, design analysis and calculation are given to get
circuit topology, transistor dimention and capacitance load
values for optimization. The results obtained show our
design optimization of high speed, low power and high
accuracy with low voltage supply.

Keywords: Operational Transconductance Amplifier
(OTA), Multiplying Digital to Analog Converter,
Pipelined ADC.
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