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Abstract

In this paper, a fourth-order single-bit delta-sigma modulator is presented and implemented. The loop-filter is
composed of both feedback and feedforward paths. Measurement results show that maximum 99dB dynamic range is
achievable at a clock rate of 3.2M for 20idk baseband. The proposed modulator has been fabricated in a 0.18m standard

CMOS process.
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Capacitances.

Capacitor Integratorl Integrator2 Integrator3 Integratord

Cs
C)
Coi
Cis
Cei

5.00pF
15.00pF

0.30pF
2.50pF

0.60pF
6.00pF

0.20pF
2.00pF
0.24pF
0.20pF

0.10pF
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Fig. 1.1. Single-bit 4th-order delta—sigma modulator block
diagram.
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Fig. 1.3. PSDs of 4th~order delta-sigma modulator output
with and without the thermal noise & op-amp
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g3 2dE BT 32M9  non-overlapping o, (2) Operational transconductance amplifier(OTA)
289 93 o &= #@A de Add 28 9q| FE71EE AAT 9 F9F¥ 84282 J-FE
det, A" FHE AE3E olfe 29XE A (open-loop) DC-°}5 3} dynamic requirement, —L¥1
BAHE A3 FY TS HAgs] Aot B Z8 2Yolt}. 19 22% folded cascode OTAS] 32
EEdolEHe ¥ 409 AEVE FAHILH, A A9 Solt}y. 1/f wol]2E Hadlelz] {3 whyoez 9¥
gl (delay-free) ©JAHAZE AETIE AMESIIHEES Al ol Afo}l=7t & PMOS ERAXHE A3 ©]
WA 4= 9l double-settling FAE 1#Ee] HE o} e HhE L 1/f wolz7t J¥ EWAX2H Y length
7188 ¥ H] vbA X <D(non-inverting delaying) ©| o} width®] Fo ¥lesides Jdg o83 Zoz
AN ABIZ ool i mwal o] HRI|E ~ [BLI6LITIeN A1) A E itk 3 948 ERA
AAEZ & WA= 7| AEENE AgsA] & B¢l M13} M29 Vth(threshold voltage)E Z°]7] $
g= e 2w old 52 219 A WM A9 d 94Y EAA2EES HAbukE MY =<
dl Ha A E7)= double reference A4S 2t HE ) (drain)ol AZstFTE 23 232 A HA FJE7|d A}
2 FEHYen  reference Ao ZE  +VREFS £33 folded-cascode OTAS] F35o]| wWZ DC-ol&
~VREF #¢ 7Fz At o wia) H87)= £ ) 9 phase SA g A Eeo]A(AC AlEH M) 2

o J2E T3 YHEE W2 glon,
L 3~ F reference AAZHE 9 Hw PAE A9
atd, A dEEd disiie A HARH A WA
A BE7) EHES 4 Gy, G 283 CuZE @

29 vexfe d2E T v ok o HA A2
N9 29X-ARAE 2E BE o1 0ld7t BF
high§l &7l Cop, Cs 28132 Cyyell o1 HE719) &
g gtEol MEY Ho Add a8 929 o247t
B hightl &3te] ¥ AFAH AZ= UH A
5ol FHARA HE FHo] o|FofA A et E3
dl A AR7leE 3709 ot Zhzbe] 4914

THYLE Q3 HY A% € HYE 29 + ¢

0.

Ye pobgo)

E.90
==
AEE

(117)

3 sgolm, oW AEE B8 AMAHE 15l

llMll)

I

1% 22 Folded cascode OTA
Fig. 22. Folded cascode OTA.



20074 28 X353

*15t OTA

56

Tnity Gain Frequency: 22.7 MHz
- DC Gain: 73.6 4B
! Load Capacitor; 15 pF

Valts dB ¢lin)

-389 dadtans

N A L e L
10thn 1 10 100 1k 10k 100K
Frequency (log) (HERTZ)
*1st OTA

L B N R R R I e e i

W T

1x 10x  100x

Volts Phase (liny

L —
Phase Margiu: 89 deg -0

T T
100 ik 10k 100k
Frequency (log) (HERTZ)

160m 10

R R e

ix 10x  i00x

38 23 A #H OTAS AC Algello|M Za mhy
Fig. 23. AC simulation wave of 1st OTA.
*nd OTA
B[ Crre——
4
. 8
3 3 Unity Gais Frequency: 15.6 MHz
4 [ DC Gain: 73.54B
f_:: ;‘ Load Capacitor: 6 pF
_1| LLILLEL L.} IIIPTYII»K’W‘I TTITT 111 T T r\r‘q—| Hmnl T T lvlnl \lIIH[F{ T i
100m 1 10 100 1k 10k 180k lx  10x  100x
Frequency (log) (HERTZ)
*2nd OTA
180 pree———
160
T Mo
T a1
3 w00 Phase Margin: 88.7 deg aniraso
= 80
= 60
[T
ST AL L B
0om 1 10 100 Ik 10k 180k 1x  10x  180x
Frequency (log) (HERTZ)
a7 24. 5 #W OTAS| AC Algaio|M Zap mhg
Fig. 24. AC simulation wave of 2nd OTA.
E 21, OTAES AlZo|d Hugt
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Load capacitance [pF] 15 6
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samples).

E 31 5% #n

ar = o

Table 3.1. Measured Result.

Dynamic Range
T

1:; o oow I I I ( e - gsl.s;;n ) ;o o Specification Value
50 SWDRp = 897808 OSR = 80 2% Number of orders 4
aok Oversampling ratio 80
20k Signal bandwidth 20 iz
ok Sampling frequency 3.2 Miz
50 Peak SNDR 88.7dB
'é: a0r Peak SNR 96.9 dB
% %f ENOB 15.8 bits
g 2or Dynamic range 99dB
1o Supply voltage 3V
Ao w0 w0 e 0 w0 0 e 0 20 a9 o Core area 0.89 mm x 1.38 um
Input Level (dBFS)
a2 33 &%= DR Power dissipation 5.6 mW
Fig. 33. Measured DR. Technology 0.18um CMOS 1P6M
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Table 4.1. A comparison of FOM.

Architecture BW(liz)| DR(@@B) | VCC(V)] P(i¥) | FOM(dB)
AY:2(32-b) SC [11] 20 102 33 70.4 156.5
AT:6(1-b) SC[12) 48 113 5 190 167
AY: 2 (4b) Hybrid [13] 20 106 3.3 18 166.5
A5 4(1-b) SC [This work] [ 20 99 3 56 | 1645
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