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( Wideband Multi-bit Continuous-Time > A Modulator with Adaptive
Quantization Level )
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Abstract

A wideband continuous-time sigma delta modulator for wireless application is implemented in 130nm CMOS. The SNR
for small input signal is improved using a proposed adaptive quantizer which can effectively scale the quantization level.
The modulator comprises a second-order loop filter for low power consumption, 4-bit quantizer and DAC for low jitter

sensitivity and high linearity. Designed circuit achieves peak SNR of 51.36B with 10MHz signal Bandwidth and 320MHz

sampling frequency dissipating 30mW.

Keywords : sigma-delta modulator, continuous-time, adaptive quantizer, multi-bit

I.M B

IEEE 802.11& ¥F22 3 FXd(wireless-LAN)&
ye Ad d9E(channel bandwidth)S F& =& o
ole] W¥FE(data rate)& L73ch 53] 80211 ab/g
o] B¢, 10MHz9] #2 54t % (dynamic range)S &
T ol AY Zolxd 2% AFdar}
g £ A9 He 4 d9s AE A8
o]7| 2E &(nyquist-rate) ADCe| 3% A
Z A 8271 Foh i) Ye 2}
g olg3td A &

LY

=
ARE

b4
Y
X

g A
H
o

AR
=

H o ¢
itz
I

=

(over-sampled) A e

o

=2

TEAYY, T B, Medsta A7 AFH TR
(School of Electrical Engineering and Computer
Science, Seoul National University)

AaedA: 2007359224, 3SR Y 2007d10€918¢

(905)

o] Jth.

2YQs} Fo] Y £5 8 JXE 4L AFUY
o Hla] vl-$ 2 AMEY F34(sampling frequency)E
722 @ B E(single-bit) AlZzntdEl ADC/F &
o] AbgEojAt W Ad G Fo] 10MHzY =&
80211 a/b/g WLAN 41719 734 &4 HE Aawt
dELE o] &3l + GHze ¥E% &(sampling rate)&
&7 &4 9t} o] £x&= A CMOS FHE A3}
of T olE UF we SrolBg HstA] Pt
At 29X = ARAE (switched capacitor) S o] &
3t o] AFA| ZH(discrete-time) Al 1R}EEF ADCS] -9 A
£y Fuged vls) 2 ey & Opamp o]5-H=Z
F(gain-bandwidth product)& £7844 Bt

80211741 A4 & 9l Aavkdel ADCE A7)

o
=



2 HEY Yxtst YU E JIX =

371 YA 71RH FRe F /MR WIE Fm
I AR AF ASHE 9Y HE IR
(quantizer) A ©%F Y E(multi-bit) FAH3}7]1E AL
712 &k oA W @& OSR(Over Sampling
Ratio)| A= Age +F9 A% dl 381 (Signal-to-
Noise Ratio, SNR)Z °1 T Aok F2= FE(loop
filter)®] 2trE wole W o} QH A (stability)
A AFH g ‘i’lﬂfé} g 5 o
T AR ADCY = %14 A) ZHcontinuous—

time) 322 FAII)Z 3 7+ sz =x
g8& #A48 4% H]J"J’-’ﬂ n—S— Y FH5 oM
R E} AH2To] E Afo] FojEH?

2 FAdANE EFF2(bluetooth) T 2-& &89A
HH 54 dl9ge] W& IEEE 80211 ab/g T
A HEE & AE AEAT Aav D Wz
(modulator)& A= A& EJ2 3} Zgws
F217)(direct conversion receiver) &S E HeA w9}
wHo] zZn F7+ X9 A E(resolution)E 7HRA =
low-pass ¥t %(wideband) Al2vldel Wz715 A
A gy, A (linearity)®] Gm-C &7
(integrator)E ©|-&3h 23t 2% 4 H|E MZ7)E A

Adtd A2 HYALRE F730

=9
s 2 B

o =

=
1. 283 0lgf X

7t NTF M4
22 OSR(=16)9lA H3l= A5 of FLHE A7)
At 23k, 4 H|E quantizer, zero & 3tE 2Ed o]
B 72E A9 g NE dge 10MHz7HR ojlnz
AEY F34= 320MHz7F 9t
RA o] AN AlantdEl R oE 2] NTF(Noise
Transfer Function)& 243 & A&AI7 ZEY oY
°] NTFZ H#3tr}h low-pass Al1vtdEl 2E# olE
olBE Z EWQA o]AA 7 NTFY zerod x|

e 2ol
23 W £A719 S 57 DCY FAL Fu
JOBZE F zeroE B4 conjugate°]t} 23} FX L

€ A3 W HA3E NTFE b $47% 2gl

NTF(2) = (1= Wgz )1 —Wgz!) (1)

Y CE-HE AENZ 2 A 2880/

(906)

0/3|Y

2|

3

Inband

NTF2l Pole®t Zero2| £l
Pole, zero location of NTF.

'

ag 1.
Fig. 1

wy|

ud =

Lt. 5 Co[o{O#

258069 EE tholojal(block diagram)
g 29} 2t} ASE NTFE 95412 BEeolgd 2
A wisg o= ZAAgr: Half-Return-toZero
(HRZ) 9|=¥ DACE AH&-3t3l7] W&ol o]& 283t
o Ass BRI

W ADCE Z8(clock)®] falling edged Wl UL
f?_ﬁ} 13y HRZ DACE AHEsH7] W& &9

9 rising edge7t ¥7] 742 €7} glck o
S 3 UiF ADCE HF 89 NS
ZEA "k o]l2 s ADCY &
(metastablility)ol 2] dFe] EAEA #rh DACE
oj Ato]Emity AX 1 AXA =He w2 deolg
7tA+ HRZ 213& A|F3th HRZE ©|48 EEd ]
He A7 £9 dol87 A dolHd 33¢& FX

()

-0.015

<1
T~
Integratort Integrator2 - ADC
S N KR 0 JJ_r Out
N/ sTs sT,
Z&z 3.5
HRZ
DAC

a3 2 zZs#olee £5 clojojay
Fig. 2. Block diagram of modulator.



2007 118 MASes| =X A 4 B SDEA 11 2 3

Continuous- Discrete-
Time Time

HRZ

/ Fiash Digital

O N S (zHE

T {LT; —

Multibit  Vn]

HRZ

O)

a3 3 GmC HE7|E& 0|83 AH 2Ea ol
Fig. 3. Practical modulator using Gm-C integrator.

X322 DACTH AX L AXE F2dAd 23 A%
Za7t 4 gyl Yl

39 29 AFEL NIFE ul=4 Fasgey, A
3 B4 U999 FFgE AT E F=T wdA
NTFel 4%& A FA &&= oA HE7)e A
THE 2t AFeE 2AYYE AL HeE @
o

A& AEE EWAAAYEH(transconductor)
535 AN E(capaciton 2 FA3} ol AL =3}
39 19 379 2ok a¥e 99 d=(single-ended)
322 veht 9oy AA2E A5 (differential) 33
E EF 7YY ¥A371E flash ADCE A 3it)

a9 394 B F gRe], AEYE TFL oF
flash ADC AT dojvtnz A&AI+ "7} =}
AH o2 Ao} (aliasing)& AANFE IS 3t
19 29 DACE F/h9 #7%¥ DACE A%
o] DACE thermometer =2 F338lE S98tn ~
A s AFAh2EY WdR FAHNYH OF
HE W&7]E DACY ¥4 34 (non-linearity)d] w7
3ot o] #AE FoV] HdAM BH 82 WA
(Dynamic Element Matching, DEM) 71§& AH&-3}7]
2 3t $4 84 vlH L Data Weighted Averaging
Algorithm (DWA)E AHg-8te] 7@3g

2. 3|12 7

7l. Gm—C HE7|

AR7le EX2AYEHY AYAHGM-C)E o438}
o T¥ 35k o FR9 BFHL 32Ul Pusin
Op-ampE °|&% UE 325 HsiH HAP4mr)
Ade Helth. £ Aavtdell N 73 HAeet
AEAgo] olF 5& Fo] ol BZ Gm-CE 43 3
718 A8k Rol AFsig! Ae® Ed gl

| T
| ' '
:::I i Mnl:. Biast ,:l M1a
= i

J8 4 Gm-C HE7|

Fig. 4. Gm-C integrator.

¥ 1. EHAAHEHAGM)Q HTAIEA
Table 1. Transconductances and capacitances.
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Fig. 5. Input voltage vs. transconductances.
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Table 2. Summary of results.

Signal Bandwidth 10MHz
Sampling Frequency 320MHz

OSR 16

Power Supply 1.2V

Power Consumption 30mW

Process 0.13um CMOS
Area(with PADs) 14mm x 1.1mm
peak SNR 51.36dB
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