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Abstract: In this paper, a new structure of delta sigma matdulhas been proposed in which a second order fiitone
stage technique has been taken into the accouna @etond order noise shaping method and a thiter @ne have been
designed by the proposed idea. In the proposedtsteuan OPAMP has been saved and since in a coborahdelta sigma
modulator OPAMPs consumes most of the power anestakry large area, the proposed idea causesde&s ponsumption
and also the chip area is minimized.
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1. Introduction

Delta sigma  modulators are categorized imuantization noise is fed back to the input of thedulator
communicational modulators. It has been widely used and being attenuated while passing through lodprél In
Transceivers [1]. It has also many applicationssignal addition, any other noise sources which are locatethe
processing [2]-[3]. In fact these modulators comaralog forward path of the modulator could be attenuatgdtHis
input signal U(z) to a digital representation Y(Z)he technique of fed back the noise signals to the tinpu
difference between output digital signal and inpmialog Attenuating quantization noise causes an incraagaeduracy
signal of modulators is so called quantization er&§z). of the modulator. Concept of a conventional deigms
Quantization error is known as noise which limitelag to modulator is shown in figure 1.
digital modulators accuracy. In this type of modoita, the
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Fig. 1. The conventional delta sigma modulator.

The signal transfer function STF(z) and noise fiems Spe(2) =Y _4q
function NTF(z) of the delta sigma modulator is the l}’,(? @)
following: Nrp(2) = re — 1-z7"YHn
9 E(2)
V@) =0-2")E@) +UQ@) @) In the conventional delta sigma modulators, indreps

forward path filters more than 3 usually leads ristability
[4]. There has been introduced many techniques twhic
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provide the same noise transfer function and si¢paaisfer A B
function as the conventional has for the high ordeise X(2) “a-z12 (2(1 -ZHU@ - Y(Z))) +
shaping by mathematical techniques [5][6][7].

In this paper, a new mathematical technique has bee
introduced in which provides a second order nolsgpmg
and third order noise shaping by a second ordter fih one
stage technique.

The paper has been organized as the followingiddectl Ee2)

=y Jﬁi ~, x I’IZ)

N (U@ -v@) (10)

(1 z71)2

and Ill describe the proposed second order noisgist va|
method and results. It has been followed by thepgsed . + > I—w + )—*
third order noise shaping method and its resultseictions

IV and V. Finally, the paper presents the conclusio |

Fig. 2. The proposed method.

2. Proposed Second Order Noise Shaping
M ethod XD =EZZ (@D -Y@) + 5 V@ - Y (D) (1)

A second order noise shaping is possible even énfitter. Furthermore, digital output signal Y(z) is beindccdated
The proposed method presents a system in whicHibee by:

block can provide a second order noise shaping. The 1

proposed technique is depicted in figure 2. In pheposed Y(2)=U@Z)+EQZ) + - U@ -v@)+
method one OPAMP is enough to provide a secondrorde 1-2

noise shaping. In fact, instead of using two OPAMiRYy

one OPAMP will be used. Since power consumptioraof (1 -z71)2 (U(Z) B Y(Z)) (12)

delta sigma modulator is highly related to power
consumption of its OPAMPs, saving an OPAMP means
saving half of the power approximately. Furthermore

All the Y(z) parameters could be collected in tb# Eide
of the equation and other parameters in the riiglet s

removing an OPAMP means smaller chip area. -1 72
In the figure 2 the signal X(z) is being calculabsd YO\ 1+ —— =+ 73 =
1-Z 1-z7YH
__Z" -1 = _
X(2)=—3 X2+ @2 -zHU@) -Y@))3) 1+, 1)2)U(Z) YEGZ)  (13)

1-z71 " (1-z-
Obviously, this equation could be simplified in thay
that collecting X(z) in left side and the other graeters in

the right side of the equation. A—Z"Y)2+227 "1 -2+ 2772
Y(2) ( )

2y Z; (@-2U@) - Y2)@) (=27

Then, the equation (13) could be simplified as:

X1 -

1-z71
(1-z™H242z7 Y 1-z"YHY+2z72
7 1)_z-1(1_z-1 uiz E(Z 14
x@EELE) - T (- 2@ - Y @) ) ( G-z U@ +ED) a4
(1-2-1)? 41 Y2 1-2Z7Y+772+4+2271-22724+277%) B
XOEEDH =25 (@-Z27HU@D -Y(@) (6) a-z02 =
- — -1 -2 -1_ -2 -2
XD~z =10 D@D -Y@) (@) (2 N + B @)
Then, (1-Z%) could be moved from left side to the right _
side of the equation. Yz) ((1 -z 1)2) - ((1 -z- 1)2) U@)+E@) (16)
. . . L )
X(2) = (1_22_1)2 (2 = 27U @) - Y(2)) ®) Finally the output signal is simplified as:
N : . . Y2)=U@D)+QA-Z"HEQ) 17)
Also (2-Z7) in the right side of the equation could be
rewritten as(2-2'1+z'1-z‘1), so the equation (8) turns to: Obviously, equation (17) shows a second order noise

shaping.

X(2) = 5= (@ =227 +27H(U @) = Y(2)) (9)

(1Z



Journal of Electrical and Electronic Engineerifid.2; 2(6): 82-88 84

Scope

15t Integrator

P IHMDSMZ . mat

Fig. 3. Ideal implementation of the proposed method.
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Fig. 4. Actual implementation of the proposed method.
3. Simulation Results of the Proposed ;I‘able j imuollgtting_paramerlstarc)a used to simulate the proposed idea
. secona order asigma ulator).
Second Order Delta Sigma Modulator
Parameter Value
MATLAB implementation of the proposed method is Signal bandwidth faw=100Hz
shown in figure 3. Obviously only one integratorsHaeen gigzgﬁpﬁ:]zqf;irry (F)Sgéf;'s"oz
Iocate_d in the forward path and a second ordeerfilt \,mper of Samples N=65536
technique has been taken into the account to perfar |geal Delta-Sigma Coefficient b=2,b2=b3=1
second order noise shaping. Actual Delta-Sigma Coefficient b=0.5,b2=0.25,b3=b4=1

Considering actual effects in implementation ofsthi
method leads to the MATLAB circuit diagram is shown
figure 4. In this figure, sampling jitter, thermabise of
switched capacitors and OPAMP noise have been taiten
the account as presented in [5].

To simulate MATLAB models presented in Figure 3 @nd
all the parameters are considered as the paranpetsnted
in table 1.

The Power Spectral Density (PSD) of the proposedrsd
order noise shaping method is shown in figure S0Athe
comparison between the actual implementation aedddbal
implementation method has been shown in the fi§ure

Another simulation result in which Signal to Noised
Distortion Ratio (SNDR) has been plotted versusuinp
analog signal amplitude has been depicted in figurend
figure 7. In figure 6, variation of SNDR versus utp
amplitude has been studied by different samplittgrg. And
in figure 7, variation of this parameter has betmied by
different OPAMP saturation levels.

Obviously, maximum SNDR has been reached in -8db fo
the input analog signal amplitude. Also, sampliiigefj has
not a considerable effect on the SNDR in the pregos
method.
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Comparison between the result obtained from thpgeed been saved and power consumption and chip areabwill

method and ideas presented in [5], [6], [7] andH8% been minimized.

presented in table 2.

Table 2. Comparison between related works and the proposed idea.

Parameters [5] [6] [7] [8] ThisWork
few(Hz) 100 256 10k 500 100

Order 2 2 2 2 2
SNDR(dB) 90.2 72 87.8 76 91.6
ENOB'(bit) 14.7 11.7 14.3 12.3 14.9

1 Effective number of bits [4]

2nd Order Proposed Delta-Sigma Modulator
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Fig. 5. The PSD diagram of the proposed second order noise shaping
method.

4. Proposed Third Order Noise Shaping
M ethod

It is also possible to extend this idea for thindler noise
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Fig. 6. SNDR versus analog input amplitude per different sampling jitters.
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shaping. The proposed technique for third orderseoi rig. 7. SNDR versusanalog input amplitude per different OPAMP saturation

shaping is shown in figure 8. In this idea alsdC#AMP has

levels.
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Fig. 9. MATLAB implementation of the proposed third order noise shaping method.
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In the figure 8 the signal X(z) is being calculatsd

X(2) =

L -zx@ + (1-227) (v - v (@) (18)

1-z71

Collecting all X(z) in the left side of equatiorvgs:

X2 -

S < 2 (12 0 Y) 9

1-z71

(1-z7YH-z"1(1-z7Y)
T ) =

X(2)( L (-2zHw@ -v@) (20)

X))y -

1-z71

(@ —-Z HU@ -Y@) (21)

121

Simplifying equation (21) gives:

X2 -2 =222 W@ - Y@)(22)

T1-z1

Moving (1-Z%) from left side of the equation 22 leads to:

X(2) =2 (-22HU@ - @) (23)

(1 -z71)?

Also the output signal Y(z) could be calculated as:

Y(2) =UZ) + EQZ) +

(@) - YD) +X(@)) (24)

121

Replacing X(z) from (24) by equation (23) gives:

Y(Z)—U(Z)+E(Z)+ 32 ((U(Z) Y(2)) +

@ —§z-1>(U(Z) -Y(2))) (25)

Replacing (1-2/32) by (1-Z2*+1/3Z%) gives:

-1

3Z
Y(Z)=U@)+EQ2) + =71 (U@ -Y@D)+

i (=27 +327)(UQ@) - Y(2)) (26)

(1z

-1

71

3Z
Y(Z)=U@Z)+E@Z) + = V@) -Y©2))+

(U(Z) -Y(2)) +

@) -v(2)) (27)

(1 z71)2 (1 z71)3

Collecting all Y(z) to the left side and the otheaesthe

right side gives:
Z—3
Ta- z—1)3> -

W(Z) + E(Z)(28)

327 | 327
A—-z1)2

Y(2) (1 +

3z71 3272
a+ 1-z71 + (1-z71)2 +

(1 z71)3
Simplifying equation (28) leads to:

Y(z 1-327143272-77343271-6272+327343272-32"3+2~
( ) ( (1_Z—1)3

1-327143272-2734327 6272432343272 32734273
( (1-z~1)3

3) _
) U2 +
(29)

E(2)

V@) (i=5) = (=) VO +E@) (30)
Finally moving (1-Z%)3 from left side of the equation to
the right side gives:

Y(2) =U@) + (1 -ZYH)EQ2) (31)

The equation (31) is output signal of a third ordeise
shaping delta sigma modulator.

5. Simulation Resultsthe Proposed Third
Order Delta Sigma Modulator

Ideal MATLAB model of the proposed third order reis
shaping method has been shown in the figure 9.ol§en
sources such as thermal noise from switched capscit
sampling jitter and OPAMP noise being considerethoalel
such as what is shown in figure 10 will be reached.

To simulate MATLAB models presented in Figure 9 and
10 all the parameters are considered as the pagesnet
presented in table 3.

Fig. 10. The actual MATLAB model of the proposed third order noise shaping method.
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Table 3. Smulating parameters are used to simulate the proposed idea (third

3rd Order Proposed Delta-Sigma Modulator

100 T T T
order delta sigma modulator). [deal ﬁ/
— — Vmax=1V ' ! ! ! ! !

Parameter Value SO T VmarL 8V |2 | | | ; T
Signal bandwidth faw=300 ; ; ; : : : : ; :
Sampling Frequency Fs= 50kHz B0 oo oo b DT -
Oversampling ratio OSR=83.3 =
Number of Samples N=65536 ?.} 40 4
Ideal Delta-Sigma Coefficient b=b4=0.33,b2=b3=1,b5=3 2
Actual Delta-Sigma b=3/7,b2=2/7,b3=b4=b5=b7=1,b6=0.5,b ) .
Coefficient 8=1.5 - I

The PSD diagram of the proposed third order noise ” """" """" """" """" """" vi
shaping method and comparison between the actue : : : : : : : : :
. . . . . 20 | | 1 i | H | | |
implementation and the ideal implementation methaste o0 s0 80 70 0 S0 4 30 a0 10 0

been shown in figure 11.
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Fig. 11. The PSD diagram of the proposed third order noise shaping method.

Same as simulation results for the proposed seoouer
noise shaping, simulation results in which SNDRsuer
analog input signal amplitude has been depictefigure12
and figure 13. In figure 12, variation of SNDR tsidied by
different input sampling jitters. And figure 13 st® this
parameter versus different OPAMP saturation levels.

3rd Order Delta-Sigma Modulator

100 T

AT=3ps

.-\T=20p5
------ Ar=30ps

Ar=100ps

SNDR{B]

40 30 20 10 0
Signal Amplitude[dB]

60 -0

-100 -90 -80 -To

Fig. 12. S\NDR versus analog input amplitude per different sampling jitters.

Signal Amplitude[dB]

Fig. 13. S\DR versus analog input amplitude per different sampling jitters.

Obviously, same as the results obtained from tbhegsed
second order noise shaping idea, maximum SNDR &as b
reached in -8db for the input analog signal amgétu

Comparison between the result obtained from thpgsed
method and ideas presented in [9], [10] and [1H been
presented in table 4.

Table 4. Comparison between related works and the proposed idea.

Parameters [9] [9] [10] [11] ThisWork
few(Hz) 120 20k 20k 100k 300

Order 3 3 3 3 3
SNDR(dB) 65 81 614 84 91.5
ENOB(bit) 105 132 9.9 13.7 14.9

6. Conclusion

In this paper a method has been proposed in which a
OPAMP has been saved compared with conventionah del
sigma modulator and still the functionality of ttelta sigma
modulator is correct. Removing one OPAMP leaded to
smaller chip area and less power consumption. Toeosed
idea has been studied in second order noise shapth¢hird
order noise shaping delta sigma modulator. Also the
comparison between the proposed idea and othenitpas
shows better SNDR and effective number of bits.
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