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Design of Reconfigurable Sigma-Delta Modulator
for Bio-Signal Applications

Student: Jing-Ying Hsu Advisor: Dr. Chin-Teng Lin

Industrial Technology R & D Master Program of

Electrical and Computer Engineering College

National Chiao Tung University

Abstract

Due to low-amplitude and non-stationary properties of biomedical signals, high
resolution and low-power consumption are necessary for the analog-to-digital (A/D)
convector. Based on the above reason, the sigma-delta modulator (SDM) which has
well performance in the resolution and power consumption is chosen. To deal with
different biomedical signals and offering different resolution, this thesis proposes a
reconfigurable sigma-delta modulator. The advantage of design is to use three built-in
modulators to implement hardware reconfiguration and to achieve transformation of
high resolution via digital switching control. Compared with the traditional method,
the proposed design has higher efficiency and saves chip area. There are two kinds of
operating modes. One is two first-order SDMs used to low resolution. The other is the
second-order SDM which is reconfigured by two first-order SDMs, and it is suitable
for higher resolution.

The proposed sigma-delta modulator fabricated in TSMC 0.35um 2P 4M CMOS
technology consumes 3 mW at 256 KHz. The SNR of the first-order and the
second-order modulator can reach 66 dB and 86 dB, respectively, within 1 kHz of
signal bandwidth and 128 times sampling rate. The resolutions are 10 bits and 14 bits
with the respective to the first-order and the second-order modulator. Most
importantly, the core area of the proposed one can be saved around 30% compared
with area of two first-order and one second-order sigma-delta modulators without
reconfigurability.
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&

pe

W AR PR S > D] - B AR Bl e blde 0~ LF ¥ 2 £ 48 A ADC Bk

# & 5 SMHz > @ 7 £_54000GHz -

25-NZ4HFLAARE

v

Bl 2-9 5 - Fe2 3t # F sl [7][10] 0 £ ¢ & 7 - BT R A

Bofe- B liAmBit B> B - il U THREERIT .
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Q(z)

X(z) — - > S > > Y(2)

B 2-9: — P& 8 BRMHEA

BRI ARIL S E L Ny (2) BB P 2 F 0 v ARz =]

BN (2)F - BRE Ft @ % - BT R A B4 H)

-1

1 Z
H == ’ 2.14
(@) z—-1 1-27" @14
b
R .o Y(z) _ H(@) z-1 1
Bl ELig 4 Sl r 52 ¢ S = = = = ) 2.15
|20 5L A5 S e 1 (2) X(2) 15 H ) - 1 z (2.15)
z-1
- X z Yo . Y(Z) 1 1 -1
e s Sgkp 2 N = = = =1- ’ 2.16
M AR A S B 1 (2) 02 1+HQ) - 1 Z ( )
z-1

HR- R AFAARE ATT R

Y(2) =S5 (D)X (@) + Nip (DQ(2) =27 X(2) + (1- 27)Q(2) (2.17)

ﬁ%@%’%%ﬁ»aﬁxwag’ﬁﬁﬁﬁﬁ@’ﬁié—%ﬁ@ﬁ@ﬁ
CofRER g e Qz) G- BRIFRES T AE A - B UL pAE

AP R A Slen s ) REP SRR RS T RO o - A

_ jof
FRE.H S > z=¢e!"=¢ % » M (2.16)58 0 F A S
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-2 —jaf
N (2)=1-z"=1-¢e A:sin(i)-Zj-e i’ (2.18)

MR S B

2s1n(—) » Pl AUELAE BN R T e g

TF

LR, —j S ()N ()" df = ZLSfBj [2s1n(—s)} (2.19)

. . f
FIB~ AT iR K Y IMBLE (FAE T ;'fc(f—) <<l A

S

sin(’;f—)ﬁf.m?’fzf » R~ (2.19)5% > TR F]

\& 8 V2 '’ 1
P _LSB "~ LSB ) 3 220
° T2t j { ( )} 36 OR (220
'F:\vk%)‘ %’é{ﬁ‘ 2ok 0 NPT L E T A & %’é{f@%“‘; :

SNR__=10- log[ =6.02N +1.76=5.17+30-1ogOSR) dB 5,

dQ2NETF A e B2 EEARREY S F APk - BB

¥ 4 SNROAB > Ap g #0415 i AT A

26 -z AHANRE

Q(2)
-1 -1
o z ) . z o r o
X(Z) V\J - 3 V\J L = Lt L Y(Z)
-A 1-2 -A 1-z

Bl 2-10: = P = & fF 34 % BAEHCD]
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o) 2-10 #7775 FFZ A S ¥ BAREHT

S, (2) = Y(2) _ (1— 2'1) _ 72 (2.22)
CHNEE

STES PG N bl S NP (2.23)
Q@) 1477+ &

GRUECE SRR R A1 A

Y(z) =77 X(z) +(1- 2_1)2 'Q(z) (2.24)

dofe 2 G ey AP LR Sk ] S

N (2)] = {2snm-%io} (2.25)

S

AR N 2 B LG

fe 2 Vi 1
Py =" Sq(f):[NTF(f)" -df =18, :
2 =[5, Sa(F)-INTF(T) 2 (o)) 226
Bfd > T E DA S BRI S
P
SNR,,,, =10-log = =6.02N +1.76-12.9+50-10gOSR) dB (557
Q

BQANAT eI 2 A AR RE - H - BT . 7 R4 SNR
15dB > AP & ¥ 4e 2.5 (A fRAT R o AP - FE K KL T PR EORRIUAS AT P AR Y
— P T T RS PR VA D AT @RIRE 2R R 4T

B 2-11 77 o
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[y F N
= d order @ g 20 d‘Jy 2nd order @
£ £
% & 1nd order @
=] =z
= 1nd order @ S 048

0 05 T 0 10 107

Frequency S Frequency (log)
2

Bl 2-11: - Fp 22 = pEfeiu s

2ITRE=Z&FAARE

d 26 &0 AP TR NZ AHARRE e F 212 w0 b

A2 > 0 PURE ARG EPN  FIEZEVEL S

=8 [

P~ A (1 )T (2.28)
12 2.N+1{OSR '

TP R MELFEAUL S OC

2N

SNR__=6.02N +1.76—1010g(;[N+1j+10(2N +1)-10gOSR) dB (.29)

Q(2)

-1 -1
Z
] =< z 1 > Y(2)
1-2 -1 1-2-

X(z) ;(

\V
Y

Y

NV

oD

U
\J

W 2-12: % FF= & 464 3 % BALCT)
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RIS REAL 2 UBHCE G4 0 L g X BT LR o0
TEOREQLPH AT G LR 0 A RT UG AR 2 (7]
A SLZEHEF e~ feedforward £ feedback » 2 3 4c [2 & (damping)
2. i % ep fp(multistage cascade)ZEHE 0 R F - [FE R R E

FE T R o

1%:,‘:}: o %ﬁﬁ_{ﬁ»ﬁbilﬁj 4@\_;@;&0!}‘]&—»(—,/ %%’y‘f{?g
5 fAEH it j(single-loop)#? % ¢ dp(multistage cascade)7¥ -
Q(z)
X0 ! e SN S o 7 oD
L | - [ T e [T e [ Y

I
_I_>+

B 2-13::Interpolative ¥ H5U 1+ 13

B (single-loop) 7 #[11][12]€.4p = & * H i3 A/D & D/A 2 fAw > 4
PR RPARE AR 212 0F A RES LR R B 2-13
A7t — 48 Interpolative 3 %% > v Ak ¥ LenH w B dok - Bipd A

RO L PR E

B g s T B

. @M 2T RaFn i o

2. VLAY IOz AFLALE -

3. WMEMSER P G R i< tone °

4. FUPRA G fRYT R UG 0 T LT IXB 2 f345 & (24-bit) o
5. $F FARTAONI . T mEp bR o
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6. FhorETHPELE TR

Qll(Z)
77!
X(2) = :,j >
1-z
) Y1(z)
> Digital
igita > Y(z
Q2(z) > Cancel @
- | Y2(z)
77! \
1-z" :I: > ;
—» -l |
- ’ v
7%1
. 271 A :

B 2-14 :MASH 2 404 $3)

5 B¢ fr(multistage cascade)7# #[13][14]* # 5 MASH (Multi-stAge noise
SHaping), v @& * — [# %2 - (FAREI B E B RF 3y 4 & R8BS ik &

2L T E - 2 A/D 2 DA #F =

<
C
(ﬂ
e
=1
:afl
H
=3
N
e
~'
<ol
;,Z‘{;
3
“
ﬂm
|
E-)
“\-\-

C BREL S AN F *m&&?&%ﬁ%?*iﬂﬁio

SRl AL A SEENE R R ?;mﬁi%] EHPAR ST

-1 -1
Yl(z) =7 - X(z) +(1-z )'Ql(z) (2.30)

-1 -1
Yz(z) =7 - Ql(z) +(1-27)- Q2(z) (2.31)

- 'ﬁ% »|§+3§__E'$ mgt]"" X "_’_I'J’Tg'__’fq :
772 -152

Yo =2 Vi ==, =27X,, =(1-27)"-Q,,, (32

g
(e
(w
=|
‘ﬂa\r

\_.

BtV UF I f{%ﬁm%] CRE S S % R N IR U i 2 5]
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B AR ERR fE4 B 2 i o (digital cance) P ik A B AL R D Ap ke o 2

» R E LB 2 E R P el AL TR  F 5 W AR R A
M A B IE gl 0 BTy d A e TR g R L % A (leak)
4@1:. CIPFE o SE ) | o kR EL Frre s 2R EAERKS 0 AT
MASH 28 H + R4 K (& * 3t 3.5 prerid % kbt f37 R - F]M X 910] -

MASH 7 #33 10 T chB o ffd

. FR*»-PE2-_BARE LAEIAR -

2. TEERRGE RPRE L

3. %2 DAMBAEG RE] > JES fi;uﬁig?Jﬂ'. o

4 RF AT G o

5. MEHER P G RF Htone ©

6. mEFEEEF B IEHAE -

7. F A %:fii}i"‘,f Tk
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F ¢ > A g * Matlab Simulink

Fabrication

Measurement & Analysis

B 3-1: E3ir42H

21

T2+ = = N\ 2%
kiE> = % ?J:‘/” (z%%‘ﬁ—
2 44 Ja—1eo £ ., s 4% % B R pz S L a7 [
AR E A 2 SR Y R T R R B B
2, s 4% SR opk o 2L Rl
i 2 fe WESK IS ©
o ;‘K 21
WL o P
. ¥
Application
Matlab
Specification *——— — — — — Simulink
0
N
. 5 . Hspice
Circuit architecture and Hand calculation -+ P —
0
Parameter adjustment |
& Circuit simulation
Does the circuit meet the
spec. ?
Floor Planning
Laker or
Layout -+ — — — — — —1— ™| Cadence-virtuoso
l @
Verification — — — — — — = Calibre DRC,LVS
l w
Post-simulation with parasites |«— — — — - — | Calibre LPE
.
Does the circuit meet the



Bl 3.1[32] % R K2 AR e FA O W T RBF AR RTIAFM AR £
i * Matlab 1 Simulink = % venT 5 i (behavioral simulation) » 12 F% T_,%

» 2

SuiE iTene = :k}_}'. ,J— ’JJ:;’-"T% ,;"‘. tuem

\\\?{r

S R AT o
Beng B ¢ R et £ 0 @ % Hspice ik B2 B B -
WEDTE TR o Aot i =T BB R LT BRCER 0 R A AT AR o

BRUCEFHMTIBG > THRET HE S DI EE(DRC -~ LVS) > S &%

—n

SOV EPRGRY TAAZEFLTE R BEFH A {8 HE (Post Layout

Simulation) » 4t ¥ {§ PR FITE F &H P& TR > 12 TSMC 0.35um CMOS %

32 Z &fANRELH

4@ 3-2 % @ * Matlab Simulink 2 = c- FF= & ff 4~ 3 % B o952 o
FESGEAPT L fRE NSV (@) =27 X(2)+(1-Z7)Q(2) > i T 1
PO BB SRS e & B FET S 0 AR 8 R 5
BRI o ANHREARY T R AP M R F - w g fdic(al ~ bl) o B E R

mﬁi%l % o s ESE LB 33577 0 7P &+ 9 SNR=70.5dB > % T Hicde

F 2 BT e

J | pl
Scoped Scoped

oooo =1

e — L L ¥

1.z

Signal 3ain Discrete Filter Sign To Wakspace
Geanerator

>ainZ

B 3-2: mE- = EfA DR ERD
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PSD of a 1st-Order Sigma-Delta Modulator

t . e Ty . M

..................

PSD [dB]

R i =
o IR - Dok
B0 f-- -

180 -~

G b iy b 5 h G
~200 3 4 5

Frequency [Hz]

B 3-3: JLiE- FE= & A DR RN

% 20 - EBRE ARG

B % i al w3 4 dc bl

20 iﬁ ZFF R EGCR 3-4 0 R AR ENE S AP T g gtk é‘ﬂi;'l 4
SY(2)=Z7X (@) +(1-Z7)Q(2) » & Matlab ¥4t 15 » 7 17 Pl 4p B e s dicho & 3

1’5’%] > S FFTE 5 67 (¥ 35+ SNR=100dB > 4@ 3-5 -

] 1 1 pl ]
Soopez Scoped
nooo =1 =1
o0 — e L ¥
ezl 1-z-1
Signal Gain Discrete Filter  @aint Discrete Filterd Sign To Wohspace
Generator

FainZ2 Gainz
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PED of a 2nd-Order Sigma-Delta Modulator

)
ol
1 S AT L AN Luﬁu

175 I A

PSD [dB]

A20 oo bbb
140
160

-180

-200

Frequency [Hz]

%36:ﬂﬁ:wg&ﬁ¢ﬁ%$ﬁmﬁﬁ

£ 3 S HNEE Narn

al b2 bl b2

0.5 0.5 1 1

33 FRATERAES T

3317 e

~ i AT BT 380 MOSFET § B~ R M > d W 18(G)® B 4 5241k

P

18(8)% i 18(D) L3 H1L © 4ol 3-6 #T% o ¥ 5~ 5 Vdd T Clock ON p > g p
C, W

T fe 18 Vgs _Vdd B A~ - ?_,/ﬁld lunzox'T'(Vgs th)2 RETFTR

¥

CARNIP U

?@ff&?iﬂivdd _Vth [15] -



Clock

; Clock
Vino O Vout Vdd-Vth

Vin=Vdd ;

——Cs !

B 3-6: TR

§ B - 30K > TRPF 0 MOSFET gtz 8% » Fl0 7 i sl :

I /un Ngs Vth) Vds (31)

W@MﬁWTLMB%H?ﬁ?@?EéI

R = Vds — Vds =4 1
=7 7 (3.2)
d zunCox T (Vgs _Vth ) 'Vds /un (Vgs Vth )

w%mﬁﬁ%ﬁﬂ*@ﬂkmm%’fgwﬁRCQywwl Pk B oo i
BFFEFRmAENT R 2T EFRFER > PR 4B HT HHW2 LT o
T NMOS B @ et Vou <Vgo Vi & Ry e8] - e 1y
i * NMOS £ PMOS 3= 13 48 ;% B B (transmission gate)+r 72 iz L > 4o @] 3-7

TR o g Vout >Vdd _Vth E%«” PMOS %g;i ’ Vout <Vth H“’:«” NMOS %;'i ’

f.:'ﬁﬁ,aafﬁ‘l"% §/E—(‘—Ron

7L
B ©
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C

. ; B Clock
VinO o]
y

lock
Clock 1

Vin=Vdd

NMOS t
— Cs

Bl 3-7: Transmission Gate P~k 7 B

RonA RonA RonA \ /
\ /
\ /
AN /
N - /
- ~ ~ ,
- -
-V -V >
NMOS PMOS Transmission Gate
(a) (b) (©)

B 3-8: (a)NMOS B4 7 [ (b)PMOS B4 7 o

(¢) Transmission Gate P~k 7 FE

3.3.2 B g2t

WP PREARY ool R MR R S UL TR A AL PR
Fe o bldoid 3 T 4L ~ 4 (charge-injection error) ~ ¥ #% 4k » (clock feedthrough)

5 pEeg B § R [15] -
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Clock

1

VinO 4_/I Q\_> OVout

— Co

B 3-9: NMOS BB B2 g 7 7L »

i if § j7i2 » (charge-injection) &, 45 § MOSFET B fap » & F & § i K -#

oot B R Vi mVou 0 T i a0 23T R G
Qch :WLCOX (Vgs _Vth) :WLCOX (Vdd _Vin _Vth) 3.3)

4el 3-9 S0 o A LRSS A EEA 0 LI~ 2 TR~ AR

o

feo 2 g E4E A r+ BT e nCl b SHEEN IR hTR

AdEAG
Qch
AV = — WLCox (Vdd —Vin _Vth) (3.4)
C, 2-C, '
PRBERFEAF AR TR L A T L2

EFAAREORE > A& LW F A (gain error) ~ 45 354 (offset error) £ 2E4

1435 4 (nonlinearity)» 22538 4L & A R TP € 3 4 T e E (distortion)d *F i<

%Lt
>

MEFEMIL o AR R IF R IR IR AR EL D B T

B ? o - AT S B PEIR a B k s M T L A o

9% 4%~ (clock feedthrough) & 43 % 2% % % ¢ J54 MOS £ 4% % (Cys -
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Coa)m @ x B s o] 4-5 i o poefs 8 Cp Fammeig 4 34 B

EdT LA TR ELT AT b

AV feed — V WLOV COX

clock WLOV Cox N CS (35)

Vdd—0

11 L
:

Vino oVout

Cs

Bl 3-10 :NMOS FF B B~ % & B 2 PFAR AF

Lov 5 € dpiege s ¥ £ BBREREE 2 BFLLE > LEM T P

PEFTFPRTF M LFL DL REIREE R g i F LDk
A0 P E B USLE M T T S L8 TR R R L
3.3.3 # e

e 2 A i SRR A A 2 B TR o 4o 3-11() T 0 A

- BEETRY PTG B BT AMEN ST Ry PR
§

F_&
5
ey
3
Y
([
i
Sy
kg
b
'F_k

EER ) s A

§ EEATI B AU RAL G T PR T B R @ AR 4Bl 3-11(b) T [16]
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Clock

r- Ron Vn’
Vino O Vout — > Vino—’W\,—@—o—o Vout
—— Cs
1 — Cs
(a) (b)
B 3-11:(a)P 4 T B (b)# ey
— e AT b
V, =4KTR,, (3.6)
EEPE TR E e RC M R B » 7 # e ff 4o
» 4KTR 4KTR
Vnz :I on2 df = onﬂfo 18 KT fo _ 1 37
0 2 C, 2mR,C, 37

1+ A
(fOJ

H ¢ K % Boltzmann’s constant = 1.38x107% ‘%< T 28%ER C, %

R E T F ke L Ry sadan e L R, aHoanC X

E oo
fS
F ARG IR R T 0~7 s Ty pl ey o
FMT LT &
© 2 KT KT f KT 1
v | 2.2 df=p. . b
n —sw 1[0 fs CS CS fs CS OSR (3.8)
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ABRERTASOTRA & BEH L PHT FEH D ot Plig Sz
i“a’%c;f; :

KT 1

VAR AL
C. OSR (3.9)

n —sw

Yo B BRI AR 0 PRAKRT F P B S Z MBI G

~ 7

Vrﬁf
P 2 OSR-C, -V2Z
SNR o ZIOIOan:lOlog KT =10log KT (3.10)
C,-OSR

2o Vi 58 r U 4Rt o

d (3.10)58 # %E'ﬁrrgigécigpsg—‘f?:(os}{) BET ;(Cs) Eﬁ;‘i x 2B h L
g (Vi ) BF o 7 00§ 23 Sl ARUELR UL (SNR) > 219 OSR £ 10 sk

2 Vg Bl 2% ﬁiﬁ»ﬁﬁﬂ:%@*%d vmeh Cp 0 BB L B

H

PorUE G A B PP R e

334 F Bk B2 210 I

O B SRR R R A B R AR

= &

&3
"
‘ﬂ-
o
(&
o
A
ﬁ
.

Bt A B 3 AR EaeIR G o FMFEE S

|
et
il
\\\&;
bt
e

I RRAT o A W@ Bk F oy A [17][18][10] [19]
1. E /i Z(DC gain)

2. 2t& 4 (nonlinearity)

[98)

#& T pF ¥ (settling time)

PR GLFRE - B EDTFHL BB 3-12)P TR 2

i
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PTG BEZ AN R BRI AL R R o d N ABADR

A SRMAAT K 0 @ FF - B A BEE 2T R i 4 o

Ci
ol O @
Vin—"o o a.7"!
Ay Vout e=p Vin - Vout
+ 1-4-Z
2 D1
(a) (b)

W 3-12:(2)SC 4~ TE (b)F i ¥ 292 18 3

- B Bt f S HF T 5 -

o = 4
Hm=E;d_ZA=91_Z4 Ideal (3.11)

N - R N A T s s A
: E‘nﬁﬂ.{;n#&“\"“"i‘f’"’:?‘f—%

| -—
\f
,dm
Z
|
=
i
)
(5
Yo
N
H
A
IR
-
(%
ﬁ

N

TRZEMHMFLFTUE T ale e T B % B2 B F A

Rl + g2l 5 [20][21]
Ho - a-Z™! '
(2) 1— ,B-Z__l Non-ideal (3.12)
1+'Al\0
ge 07 1g ==
+—({+9) I+—(1+09)

@ LA (nonlinearity) » 1 & & 7 R RAP R T FE MM E B F o

C.) =Co(l+kyVv+kv*) (3.13)
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% OP @ r 352 eps BB ES AL RN VRS RS
2 3
V, =V, +a,v; +a,v; (3.14)
ok bREFLATRF Y REEFLA OV ERFL SN KR AR 2 R
4ot i E A S B2 2B o - L KRE DD R F BRI A T R

G- R 2R MR o

“,f gz otk s A By (UM R S ¢ 8 4R T 7 (settling
time) ° d *?ﬁﬁﬂ!?@{“ﬁﬁgﬁ“'[&'[&i A, HNG ey Lo
—t%
V,(n)=V,(n-1)+V,,(n=1-(1-e 77) (3.15)

1+&

f

BW

He 1 i PR ¥ #(time constant) =

t, s fEme
ek PR R SR SRR g T AR SRR RS
BApL S % o dopt € LR BRITA TS > ST AT BW) L] o - L@k

P Bl ] T~ BB ot T R hiEs R o

Vout

Slew rate Limitation

>

Bl 3-13 :1 #& 5 (SR)z *L4]
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T- %G ek F(SR)F L R D e TR R 7R M
NERACE 3-13 HFF 0 AR T fenw A 4 R4 JERPER S 2APIEL

PEEB=Z &5~ % Eaikl 2 2 (harmonic distortion) > "% X T B2 247 R o

‘,\F

3.4 % SR 2

b fEd %5 Bl H P iR g S g R Fl 2 AP emk gt ehg B AL
Ro® 04 FATR - AL TR R 0 L § R R AT fa
OOkt 2R o Ao B 3-14 At 0 ¥ Roend BB e ¢k # B (EOG,
electrooculogram) ~ "% & B (EEG, electroencephalogram) ~ = 7 Bl (ECG,
electrocardiogram) ~ % Bl(EMG, electromyogram) ~ $ih % # ¥ F = (AAP, axon
action potential) % % - gt L2 F o) o S B A R (Micro-volt) Pl #cp B £ R

#(Milli-volt) » #F & € 3515 7 =08 =5 % kHz ) [22]

10—
—de potential
10_2_ T E=S
=
o
g
=
e EMG I
107 l
ECG
AAP
10— | I B EEG
EOG
107 | I | | | |
0.1 I 10 100 1000 10000

Frequency, Hz

B 3-14:% Lz 4 BAETREMF L G
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AR gy AR W S B o R FR SR W U T

XAt IkHz o 245 33 & 404F3 s BT B2 - Tl 37 ORI

BB (SNR)WE B o - & > @ 57 e A FsLenfic [ #1 0 BIF
& R4y e jk 45 Fl(dynamic range) > #7074 T L& E P PR R 5 10 (- [F)E

14 =7 (2 FF) o & 4 5 VI3 2an k SLa4E o

L4z AN RERE

Parameter Specification
Technology 0.35um CMOS
Power Supply 3.0V
Sample Frequency 256 kHz
Bandwidth 1 kHz
OSR 128

Mode 1 : Two Channel 10-bit A/D Converters

Order 1st

SNR > 60 dB

Reconfigurable Mode 2 : One Channel 14-bit A/D Converter

Order 2nd

SNR >80 dB
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Frg vEEZARAARELRY
& H05

AR ER A PRRF R R BT R A FRARERL T L A4 D
RE DA B FF AR R T E LR R R PR RIET R - R

o TR TR MR L lkHz ARBPHRBEF 1288 T > VEIZ R R

e

EofEAR 4o @ - ERF 10 i o

A SR S A S TR B~ - S SR EHR Y

@@ﬁﬂ%&&”ﬁ’?§ﬁﬁﬂéﬁﬁ—%§{;?ﬁﬁ%’ﬁﬁ%&%@

4-1 #177 ©
‘ on N
v 3
P Integrator Comparator ——pm 10bit
D/A
; 7y
Sugnal —» Controller Integrator [—mel Comparator ———= 10bit

Input

4

Ly

o4

Integrator | —l[ntegrator2 —w Comparator ——Jm-14bit

W 4-1: 7oz &FADE L5 HE

PSP R S P 0 ol 41 ¢ 0 Y RAA A S BB~ A0
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e FESEAE  EPEE A B Rl B4R L 10bit AR ¢ R G S B -1
EHtlen Ao B R £ RERwR 420 EREET- BoEE

4o 4-2(b) 0 f25 R L 14bit o

—————— - D/A
| | I
I
| |
P»-| Integrator —1  Comparator :— ==
|
L _ |
Signal
g —{ Controller
Input
L — Integrator [ — ! Comparator ~|———
? v
D/A

(2)

D/A

v i

Integratorl | Integrator2

Y

Signal
Input

A

 —— 14bit

—» Controller

-

(b)

Bl 42: vER- A fARRFL e @QEen L

ERS
I
—
e

N
S
&

T A GBS N A RE B R R IR IR AR o



BABI Lz AFARRE LAY RER P HTR-UPHA BT

FREONEHEA ST UL ZRIEF AR ER I EF AR SE S HHT

i

Behj oo K RS 0 TROBERREBI AT FHT RSN - P
+ 2 oo ka AR EEUARRN > RO TF ROFE LD WA R PR
B ARHEE A FRTFINE GRS DF TRE o n BAEF A BB
TR F AR RO FI AT R RAIER AR
(Switched Capacitor, SC));% T Fo© Ap % &3 » fru AN i@ * I3 2 AR F R
A E[7] 0 4 2 SC R B IP FFE G B4R 27 i%4%(S/H, sample and hold) s 5t >

i RAE T SH - MR R T R R B pd o b -

4217 £ F 2 TR BHA B

o B 43 T oo B R - BEEFLTFRAMZEF 2 HF AR
(parasitic-insensitive integrator) > L3F B * T F fEIT R 2 BB R L * T2 b Ff
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Gain Output Speed Power Noise
Swing dissipation
Telescopic Medium Medium High Low Low
Folded-cascode | Medium Medium High Medium Medium
Two-stage High Highest Low Medium Low
Gain-boosting High Medium Medium High Medium
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.
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(b)
Bl 4-9: ErxxF2 @QFEFR OFF TR
% 6: 3 FIRARZEL N BRY
Temperature T=-25 T=50 T=85
DC gain 65 dB 68 dB 64 dB
Phase Margin 72° 71° 70°
Unity-gain Freq. 55MHz 61 MHz 62 MHz
Slew Rate 25.5V/us 26V/us 26.5V/us
Input Range 0oV ~22V 0V ~22V 0V ~22V
Output Swing 0.2V ~2.8V 0.2V ~2.8V 0.2V ~2.8V
Power 0.78 mW 0.91 mW I mW
Load 2 pF 2 pF 2 pF
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PSD [dB]

PSD [dB]

PED of a 1st-Order Sigma-Delta Modulator

PSD [dB]

P30 of a 2nd-Order Sigma-Delta Modulator
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PSD [dB]

PSD of a 2nd-Order Sigma-Delta Modulator

PSD of a 2nd-Order Sigrma-Delta Modulator
0 T ool T IR ERER R 1] H R R R i T od ol

PSD [dB]

Frequency [Hz]

Frequency [Hz]

(a) 2.7V:SNR=85dB (b) 3.3V:SNR=82dB

Bl 4-17:(2) 2.7V (b) 3.3V = F§ = & 45 4 33 % By 10

27 ZABLDRBERRL

Process TSMC 0.35um 2P4M
Supply Voltage 3V
Temperature range .25 ~ 85’
Order - F e 3
Signal Bandwidth 1kHz
Sampling Frequency 256kHz
SNR 66 dB 86 dB
Resolution 10 bit 14 bit
Power Dissipation 2.1 mW 3mw
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Z 8 BH B AT 2R
Parameter 2001[26] 2002[27] 2002[28] This work
Technology |0.6um CMOS |0.35um CMOQSJ0.18um CMOS| 0.35um CMOS
Topology SC SC SC SC
VDD 3.3V 1V 18V 3V
Order 2nd 2nd 2nd 1st 2nd
Sampling 1 MHz 10.24 MHz 53 MHz 256 kHz
Frequency
Bandwidth 8 kHz 20 kHz 300 kHz 1 kHz
OSR 64 256 96 128
SNR 49.7 dB 78.6 dB 82 dB 66 dB 86dB
Resolution 7.96 bit 12.76 bit 13.3 bit 10 bit 14 bit
Power 6.996 mW 5.6 mW 9 mw 2.1 mW | 3mw
dissipation
Reconfigurability No No No Yes
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