V.

Thiét k& bd diéu bién vi tich phan bac 3, ty so tin hiéu trén nhiéu dat 110 dB
va ty 1& qua Iay mau 512 cho chip ADC 24-bit 6 cong nghé CMOS 130 nm
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Bai bio nay trinh bay mot thiét ké bd diéu bién vi tich phan bac 3 (3 order delta-sigma modulator) c6
ty so tin hiéu trén nhiéu (Signal to noise ratio - SNR) dat 110 dB, ty 1é qua ldy miu (Oversampling rate -
OSR) 512 va s6 bit hi¢u dung (Effective number of bits - ENOB) 16m hon 18 bit v6i tin s6 tin hiéu ngé vao
8 KHz. B di¢u bién vi tich phan 13 thanh phin quan trong dwoc sir dung trong thiét ké chip chuyén déi
tin hiéu twong tu sang tin hiéu sé (Analog to digital converter - ADC) c6 dd phén giai 24 bit. Thiét ké nay
di dworc tich hop thanh cong vao chip ADC 24-bit trén nén cong nghé 130 nm véi cong suit tiéu thu gan

4 mW va nguon cip 3,3 V.

Tir khéa: ADC 24-bit, diéu bién vi tich phén, diéu bién vi tich phén béc 3, ty s6 qud ldy mdu ADC 24-bit, ty sé

tin hiéu trén nhiéu ciia ADC 24-bit.

Chi s6 phin loai 1.2

A 110 DB SNR, 512 OSR,
THIRD ORDER DELTA-SIGMA
MODULATOR FOR 24-BIT ADC

IN 130 NM CMOS PROCESS

Summary

In this paper, a design with simulation results
of the 3" order delta-sigma modulator will be
presented. The post-layout simulations show
that the modulator achieves SNR of 110 dB, OSR
of 512 and more than 18 effective bits ENOBat
with 8 KHz input frequency. This modulator is
a significant part of the 24-bit Analog-to-digital
converter (ADC) chip. Furthermore, this delta-
sigma modulator is successfully integrated into
a complete 4 mW power consumption 24-bit
resolution ADC chip in 130 nm TSMC technology.

Keywords: delta-sigma modulator, OSR of 24-bit
ADC, SNR of 24-bit ADC, third order delta-sigma
modulator, 24-bit ADC.
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pat van de

Ngay nay, ADC duoc sir dung trong hau hét cac
thiét bi dién tir hodc trong cac thiét bi do luong céc
dai lugng dién hay phi dién néi chung. ADC la thanh
phan c6 vai tro cuc ky quan trong trong hau hét cac
thiét bi nay. Do da dang trong kién tréc thiét ké [1],
ADC c6 thé dugc thiét ké ¢ nhirng kién trac khac nhau
tly thudc vao yéu ciu cua tng dung thuc té. Hinh
1 1a so dd phan loai mot sb kién truc thiét ké ADC
co ban theo tan s6 1dy mau (sampling frequency) va
sO bit hiéu dung (Effective number of bits - ENOB)
[2]. Mbi loai klen triic phu hop voi nhung linh vyc
g dung thuc té riéng, trong d6 kiéu kién trac delta-
sigma phu hop cho nhiéu Gmg dung nhit nhu linh

A50 bit hiéu dung

:g Vi tich phin
17 Thiét b do luding

164

15+

14+ Xir ly dm thanh,
134 tiéng noi

Vi tich phan
Pwirmg ong,
gap noi suy

Chuyén doi

Giii diéu ché =1
trirc tiép

trung tin

Thiét bi y sinh, cim bién

Ung dung cao tin

Giai thuidt, vi tich phan,
ulp xi lién tlep

100 1k 10k 100k 1M 10M  100M 16 Tin s6

Hinh 1: mé hinh phén logi kién triic ADC theo tan s6 ldy méu
va so bit hi¢u dung [2]



vuc y sinh, thiét bi di dong va cac phuong tién nghe
nhin. Do nhu cdu g dung rong ri nén kiéu kién trac
thiét ké nay thu hat duoc sy quan tdm nghién ctru cia
nhiéu nha khoa hoc [3-6] cung nhiéu hing san xut
nhu Analog Devices [7], Texas Instruments [8]. Tuy
nhién, tai Viét Nam, thiét ké chip ADC c6 do phan giai
cao 24 bit va sb bit hiéu dung 16n chi thuc sy duoc
quan tdm trong mot dé tai cdp nha nudc tir nam 2011
tai Trung tim Nghién ciru va Dao tao thiét ké vi mach
(ICDREC) [9]. Vi thé, nhitng nghién ctru vé thiét ké
lién quan dén chip ADC rat cép thiét ddi v6i sy phat
trién cta nganh dién tir Viét Nam néi chung va nganh
thiét ké vi mach twong ty ndi riéng.

Gidi thiéu chung vé thiét k& ADC va bd diéu bién
delta-sigma

Mb hinh thiét ké co ban cia mét bd chuyén doi
ADC theo kién tric delta-sigma duogc trinh bay trong
hinh 2, v6i céc thanh phan chinh gém: bo tién khuéch
dai, bo loc chéng chéng phé, bo chuyén ddi delta-
sigma va b loc $0.

input

o> m A o]

| ]
Biiloc 56 ngé ra
decimation

Bfi chuyén di
delta sigma

Tién khuéch dai Ching
chiing phé

Hinh 2: cdu triic thiét ké co ban ciia bé chuyén doi delta-sigma ADC

Nhu mo ta trong hé théng & hinh 2, sau khi duoc
xtr 1y & bo tién khuéch dai, tin hiéu s& di qua mot bo
loc thong th'flp hoat dong nhu mot bo loc chéng chéng
phé). Sau do, tin hi¢u s€ dugc ma hoda tir dang tuong tur
sang dang s6 boi bo chuyén ddi delta-sigma trudce khi
duoc dua qua bo loc s6 dé tao thanh chudi bit ngo ra.
Thanh phan chuyén ddi co ban va quan trong nhét cia
hé théng 1a mot bo chuyén ddi delta-sigma. Do vay,
viéc thiét ké thanh cong bo chuyén doi delta-sigma cho
chip ADC 24-bit di tr¢ thanh d6i trong va muyc tiéu
nghién ctru cua nhom tac gia, va s€ dugc trinh bay chi
tiét trong phan tiép theo cua bai bao. Hudng tiép can
cho thiét k& bit dau tir xdy dung va mé phong hé thong
bang chuong trinh Matlab; xdy dung va mé phéng
mach trén cong cu thiét ké vi mach chuyén dung; thuc
hién thiét ké layout va mo phong sau layout; cubi ciing
1a tich hop thiét ké vao hé thong chip ADC.

Thiét ké bo dieu bién delta-sigma
Thiét ké bo diéu bién delta-sigma bac 3 duoc

nghién ctru va dé xuat cho thiét ké ADC 24-bit nhu
trinh bay trong hinh 3 thiét ké hé thng bao gdm céc
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thanh phan chinh: chudi ndi tiép cic mach tich phan
(integrator) kiéu switched-capacitor (SC), bd so sanh,
bd chuyén d6i DAC (Digital to analog converter) 1 bit,
mach DFF va b§ dém ngo ra. Trong pham vi bai bao
nay xin dugc trinh bay chi tiét thiét ké bo tich phan va
b0 so sanh. C4c thiét ké co ban ciia bd DAC 1 bit, DFF
va bo dém ngd ra c6 thé tham khao trong thiét ké cua

Schreier [10].
<"
N
T2 B
ﬁ

DAL 1BIT

INTEGRATOR 1

= L

i,
L_-I
i

Hinh 3: cdu tric b diéu bién delta-sigma bdc 3

Thiét ké mach SC integrator

Muc tiéu ctia mach tich phan la: 1dy tich phéan voi
tin hiéu ngd vao 16n nhit 1a 8 KHz, tan s6 xung nhip
8,192 MHz, dién 4p lam viéc 3,3 V. Thiét ké sir dung
mach tich phéan c6 cdu trac Non-Inverting SC véi so d6
mach dugc mé ta trong hinh 4.

| C:
'd}1 C1 ':D?
Il'ﬂﬂo—ffj—IIT/—. —ﬂ‘ﬂll’.‘l
L @, —o Vop
;4
WVhackm Vrefin
Q, Gy ¢'2 C“E

Vhackp Virelp

Hinh 4: so @6 mach bg tich phan integrator

Mach SC integrator gém: 2tuCl,2tuC2,1bod
op-amp va 8 switched capacitor. Ty 1¢ tu C1 va C2 cua
integrator 1, integrator 2 va integrator 3 dugc xac dinh
thong qua mo phong hé thong trén Toolbox Matlab.
Ngoai ra, cdu trac ndy ciing di duoc dé cap nhiéu trong
sach tham khdo cua Schreier [10]. Trong hinh 4, xung
nhip cua @, va @, c6 dang nhu dugc mo ta trong hinh
5.

10



/¢1\ CI)2 ’¢1\ 2 ®, ',Cbzi"._

Hinh 5: dang séng ciia 2-phase clock ciia @, va @,

Thanh phan quan trong ciia bo integrator 13 mach
khuéch dai. Dé st dung cho b¢ integrator, myc tiéu ctia
b6 khuéch dai 1a: d6 loi (gain) dat 70 dB, tan s6 do loi
don vi (unity gain frequency) la 200 MHz va d¢ du trix
pha (phase margin) 1a 60°. Mach khuéch dai dugc thiét
ké theo kién truc fully differential two-stage nhu so d6
trong hinh 6.

vdd

=
J MP7 b"";32v::rnfbMP:'%I

E E

Met2 (o M 1
P7 ne P ES =
| MNO MN1

R | Vinp Vimﬂ MNd
[

A

R2 Gnd

Hinh 6: so' dé mach fully differential two-stage op-amp

Két qua mo phong trén phin mém phan tich thiét
ké vi mach chuyén dung duoc trinh bay trong hinh 7
cho thiy, mach khuéch dai da dat dugc do lgi khoang
75 dB, tan s6 do loi don vi 1a 222 MHz va bién pha la
60°. Két qua nay pht hop vé6i yéu cau thiét ké cac bd
integrator.

Vilg)

100 10! 10® 107 104 105 107 107

Hinh 7: két qui mé phong gain va phase margin ciia op-amp

Thiét ké bo so sanh

Bo so sanh (comparator) dugc st dung dé chuyén
d6i gia tri dién ap dwoc ldy miu ¢ mach tich phan
thanh céc gia tri logic bang cach so sanh gia tri dién ap
nay v6i mot tin hiéu dién ap tham chiéu.

Pé sir dung cho bo diéu bién delta-sigma trong chip
ADC 24-bit, muc tiéu ctia bd so sanh 1a: tn sb ngo vao
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16n nhat 8 KHz, tan s6 xung nhip 8,192 MHz, ngd ra
dugc chuyén d6i vé dang logic voi cac gia tri bién do
1a +3,3 V. BO so sanh duoc thiét ké theo mé hinh fully
differential two-stage, nhu so @6 hinh 8.

wiL wiL WL Q.L Lﬂ:‘ WL WiL WL WiL
4.645/0.3 4645/03 18.110.3 M_<j1B 1/03 18.1/0.3 ‘ ‘131/03 18. II(IJ.!ML 13 1103 4.645/0.3 | 4.645/0.3
g, |-vag

il Lo |

WIL wiL wiL WL
[/035 m 35 7/0 35 710 35
o

Flrefp Vlnm_‘ Vrefm T 2‘,’:" '3'5
T wiL WiL
wiL i
20.5
bias1

WiL
2/0.5

outm

Gnd

Hinh 8: so dé mach so sanh fully differential two-stage

Két qua md phong hoat dong ciia mach so sanh trén
phan mém thiét ké vi mach chuyén dung & tan sb xung
nhip 8,192 MHz (hinh 9) cho théy, mach hoat dong on
dinh, ngd ra dugc chuyén doi vé dang logic véi cac gia
tri bién d6 la +3,3 V.

- VopVim  mm Vop-Vom s Vrelp-Vrefn

r T T T T
0,0 1,0 20 3.0 40
time {us)

Hinh 9: két qua mé phéng dang séng ngd ra ciia mach so sanh

Két qua md phong hé thong va thiét ké layout
hoan chinh

Nhu d3 d& cép trong phan dau cta bai bao, ngd ra
ciia bo diéu bién 1a mot chudi bit (bit stream) dudi
dang logic. M6 phong hé thong trén phan mém cho két
qua ctia chudi bit ngd ra nhu trong hinh 10. M6 phong
duoc thyc hién trong mién thoi gian tu 0 dén 200 us
v6i tan s6 tin hidu ngd vao 1a 8 KHz va tdc do xung
nhip 14 8,192 MHz. Viéc danh gia két qua chudi bit 1a
khong thé thuc hién béng quan sat ma phai thong qua
vi€c tinh toan cac thong sb vé d6 chinh xac cua tin hiéu
trén két qua ngd ra nhu ty sd tin hiéu trén nhiéu (Signal
to Noise Ratio - SNR) va s6 bit hiéu dung (ENOB).
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Hinh 10: két qua mé phong dang song trong mién thoi gian
cua bg delta-sigma modulator

Ty s6 SNR tuong (mg véi mot bd ADC m bit (tin
hi¢u ngd vao dang séng sine) dugc xac dinh nhu sau:

SNR = 6,02m + 1,76 (1)

Trong do, SNR (don vi dB) 1a ty 1€ tin hi¢u trén
nhidu cua hé thong, m 1a do phan giai cua hé thong.
Két qua tinh toan SNR cua hé thong dua trén két qua
chudi bit ngd ra duogc trinh bay trong hinh 11. Cin ct
vao cac gia tri tao hinh nhiéu trong hinh 11, ta c6 thé
xac dinh ty s6 SNR 14 110 dB.

Ngoai ra, voi tin hi¢u ngd vao c6 dang song sine,
ty s6 SNR c6 thé dugc biéu dién boi sd lugng bit hicu
dung theo cong thuc sau:

N = (SNR - 1,76)/6,02 (2)

Trong do, N dugc goi la s6 bit hiéu dung (ENOB)
cua hé thong. Thay gia tri thuc do cia SNR vao phuong

trinh (2), ta ¢6 thé xac dinh duoc sd bit hiéu dung cua
thiét ké 1a 19 bit.
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Hinh 11: két qua mé phong hé s6 SNR ciia bé diéu bién delta-sigma

Thiét ké bo diéu bién delta-sigma sau khi duoc
md phong danh gia hoat dong day dii trén so ¢ mach
theo nhiét d¢ 14n sai s6 ché tao da duoc thuc hién thiét
ké layout hoan chinh va thuc hién cac mé phong sau
layout dé danh gia két qua thiét ké. Cung véi bd loc
s0 (decimation filter) va bo khuéch dai lap trinh (pro-
grammable gain amplifier), bo diéu bién ciing da duoc
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tich hop vao chip ADC 24-bit hoan chinh nhu két qua
trong hinh 12. Bang 1 trinh bay chi tiét cac két qua dat
duge khi mé phong chip ADC & cac diéu kién hoat
dong khac nhau nhu di¢n ap, nhiét do va cong nghé.

Hinh 12: két qua tich hop thiét ké layout b diéu bién delta-sigma
vao chip ADC 24-bit

Bdng 1: két qua mé phéng sau layout ciia bg diéu bién delta-sigma

STT Théng s6 Két qua

1 | Tysd SNR 110 dB

2 | Ty 18 qua iy miu - OSR 512

3 Tan s6 ngd vao 8 KHz

4 | Sé bit hidu dung 18 bit

5 | Téc d6 xung nhip 8,192 MHz

6 Dién 4p ngudn 33V

7 | Nhiét d hoat dong 0-80°C

8 | Cong nghé thiét ké 130 nm
Két luan

Két qua dugc trinh bay & trén cho thdy, tai tan sd
xung nhip 13 8,192 MHz, b diéu bién duoc thiét ké da
dat dugc cac tinh nang va hoat dong on dinh véi ty sb
SNR 1a 110 dB va ENOB 16n hon 18 bit véi tin hi¢u
ngd vao tan s6 8 KHz va tim dién ap ngd vao 1a 2,5
V. Dic biét, OSR cua thiét ké 1én dén 512 da gitip cho
thiét ké dat duoc ty $6 SNR cao chi voi kién tric bac 3.

Viéc tich hop thanh cong b diéu bién delta-sigma
vao thiét ké chip ADC 24-bit hoan chinh 1a thanh cong
dat biét ciia nghién ctru. Pay c6 thé duoc danh gia la
mot trong nhitng thanh cong dau tién trong phat trién
thiét ké vi mach tuong tu trén nén cong nghé 130 nm
tai Viét Nam.

Mot nghién ciru thiét ké bo diéu bién delta-sigma
hoan chinh cho chip chuyén ddi tin hiéu ADC c6 do
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phan giai 24 bit da duoc trinh bay mot cach ngin gon
va chi tiét. Cong trinh nghién ctru nay c6 thé dugc ding
nhu mot tai liéu co gid tri tham khao mang tinh thuc té
cao trong linh vuc vi mach tuong tu tai Viét Nam.

Bén canh d6, viéc xay dung cac hé théng mo phong
trén Matlab, cac thiét ké mach Integrator, mach Opamp
cling c6 nhiéu diém cai tién c6 the ti€p tuc phat trién
trong tuong lai.
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chii nhiém Chirong trinh KH&CN trong diém cdp nha
nwée KCO1/11-15 da cho trién khai thuc hién dé tai
KC01.13/11-15. Xin chdn thanh cam on Ban gidm doc
va tap thé ky sw tai Trung tam ICDREC da hé tro thuc
hién cong trinh nghién ciru nay.
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