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( Third order Sigma-Delta Modulator with Delayed Feed-forward Path
for Low-power Operation )
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Abstract

This paper proposes an architecture of 3 order SDM(Sigma-Delta Modulator) with delayed feed—forward path in order
to reduce the power consumption and area. The proposed SDM improve the architecture of conventional 39 order SDM
which consists of two integrators. The proposed architecture can increase the coefficient values of first stage doubly by
inserting the delayed feed—forward path. Accordingly, compared with the conventional architecture, the capacitor value(Cp
of first integrator is reduced by half. Thus, because the load capacitance of first integrator became the half of original
value, the output current of first op—amp is reduced as 51% and the capacitance area of first integrator is reduced as 48%.
Therefore, the proposed method can optimize the power and the area. The proposed architecture in this paper is simulated
under conditions which are supply voltage of 1.8V, input signal 1Vpp/1KHz, signal bandwidth of 24KHz and sampling
frequency of 2.8224MHz in the 0.18um CMOS process. The simulation results are SNR(Signal to Noise Ratio) of 88.9dB
and ENOB(Effective Number of Bits) of 14-bits. The total power consumption of the proposed SDM is 180uW.
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Table 1. Specifications of modeling.
Sampling Frequency[MIHz] 2.8224
OverSampling Ratio 64
Input[Vpp,KHz] 11
Signal Bandwidth[KHz] 0.02-24
Op-amp DC gain[dB] = 60
GBW[MHZ] > 15
Slew rate[V/us] 5
KT/C Capacitance[pF] 0.3
DACIbit] 1
¥ 2. SDM F=xo| A= @
Table 2. Coefficients of SDM architecture.
Coefficient | AO | A1 | BO | Bl | B2 | B3 | B4 | CO
Value 011015101 1 1 (0150101
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Table 3. Summary of op-amp performance. CJ/2 », §= Cy/2 +
1% op—amp ™ op-amp Vdoac_éf%{h ) = %I_Ll_l_n ﬂ
DC gain[dB] 73 I8 _l_ o,
GB[MHz] 15 (¢,=1.5p) 16 (¢,=2p) o)
Phase Margin[°] 71 66 o
Output swing[Vool . ) a3 7. ()2)5%7'?'_*2—1‘&' SC M&7| 3|2 (b) M SC
HE7| 32
Slew ratelV/us] 20 18 Fig. 7. (a) Circuit of traditional SC integrator (b) Circuit
Power[uW] 65 % of low-power SC integrator.
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Table 4. Comparison about conventional and proposed
SC SDM.
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Table 5. Performance summary of proposed low-power
SC SDM.

Value
0.18
1.8
1,1
24
2.8224
64
889
180

Parameter
Process[um)
Supply voltage[V]
Input signall Vep KHZ]
Bandwidth[kHz]
Sampling frequency[MHz]
OSR
SNR[dB]

Power consumption[yW]
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