










TABLE II.    SIMULATION RESULTS AND COMPARISON 

 
 

Figure 6: Comparison between different methodologies 
 
     Fig. 7 illustrates the 0.1% settling time distribution 
for 1000 iterations, with 5σ = 1% (σ is the standard 
deviation) capacitor mismatch and available models 
device mismatches. For the optimized point, the mean 
values  of  positive  and   negative  settling   times  are 
0.94μs and 0.96μs with standard deviations of 0.005μs 
and 0.009μs, respectively. The total harmonic 
distortion (THD) for a 100 kHz sinusoidal input is       
-92dB, -72dB, and -66dB for 0.2Vp-p, 0.6Vp-p and 
1Vp-p amplitude respectively.  

   Corner simulations were also executed. For the 
worst temperature case namely 85°C, the nominal 
positive settling time is decreased to 0.91μs with drop 
in DC gain to 103dB. At speed worst-case corner, the 
settling time is increased to 0.98μs.  
   The opamp can be designed using the proposed 
equations but with the procedures of [1] and [2] for the 
same CC1, CC2, tS and VSwing. With [1], calculations 
show  that  there  would  be   20%  increase  in   power  
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 Figure 7: Statistical distribution of 0.1% settling time 
resulting from 1000 Monte Carlo simulations due to local 

mismatches 

 
consumption and about 16.2% increase in active area 
occupied by transistors. The approach in [2], on the 
other hand, leads to respectively 28% and 15.6% 
increase in these two parameters (the increase in area 
is due to larger bias currents and larger aspect ratios 
for the same overdrive voltages). 
    The proposed design flow is especially helpful for 
the design and optimization of switched-capacitor 
circuits. The efficiency of the algorithm has been 
verified in design and optimization of a 100kS/s 
switched-capacitor unity-gain sampler. The sampler is 
shown in Fig. 8. In this architecture, CS is sampling 
capacitor which is charged with input voltage during 
the sampling phase (p1). In feedback phase (p2), the 
output settles to the sampled value when CS is 
disconnected from the input and connected to VO. The 
feedback factor is equal to unity during the sampling 
phase. In amplification phase, the actual value is                                              

Parameter As in 
[1] 

As in 
[2] 

This 
work 

Load Capacitor (pF) 100 
Power (μW) 700 

DC Gain (dB) 108 
CC1,CC2 (pF) 27,13.6 40,13.6 30,10 
GBW (MHz) 1.41 1.10 1.40 
SR+ (V/ μs)  
SR- (V/ μs) 

1.20, 
0.90 

0.82, 
0.70 

1.16, 
     1.24 

Damping Factor 0.73 0.68 0.62 
Phase margin (deg.) 58 70 71 

Expected tS  (μs) 
+0.1% tS (μs) 
-0.1% tS (μs) 

--- 
1.05 
1.24 

--- 
1.26 
1.27 

1 
0.94 
0.93 
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Figure 8: Simulated unity-gain sampler 
 

     ,S

S in

C
C C

β =
+

                     (18) 

which is close to unity. With VDD = 3V, a unity-gain 
sampler is designed for CS = 20pF. The three-stage 
NMC opamp used in this architecture is shown in    
Fig. 1. The load capacitance seen at the output 
including parasitic capacitances, the input capacitance 
of next stage and the series combination of CS and Cin 
is roughly equal to 60pF. The required peak-to-peak 
voltage swing is 0.4Vp-p. Based on the required 
accuracy and sampling frequency, the small-signal 
settling error is calculated to be less than 0.05% in 4μs 
settling time. The opamp is designed, using the 
proposed algorithm. Before beginning simulations, the 
optimized phase margin and damping factor are 
determined. According to the noise and settling 
considerations, CC1 and CC2 were set to 20pF and 10pF 
respectively. Table III compares between simulation 
and calculated results. Fig. 9 depicts the loop-gain 
frequency response of the sampler. Fig 10 shows the 
settling response of the circuit.  
 

VI.     CONCLUSION 

    In this work, a design methodology based on settling 
time is presented for three-stage nested-Miller-
compensated opamps. To include settling time into the 
analysis, the relationship between bandwidth, voltage 
swing, and settling time is presented. Based on the 
derived equations, optimization of the circuit based on 
settling time is preformed to minimize power 
consumption. Simulation results confirm the efficiency 
of the proposed approach in meeting all the given 
specifications. The most important advantage of this 
methodology is the possibility to design the amplifier 
based on settling time. 

TABLE III.    SIMULATED AND CALCULATED RESULTS OF THE 
SWITCHED-CAPACITOR SAMPLER (FIG. 9) 
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Figure 9: Loop-gain frequency response of the sampler 
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  Figure 10: Settling response of the sampler 
 

Appendix A 
      The equivalent definition of time-constant 
coefficient as (4), will be derived here for the third 
order systems. The goal is to obtain a relationship 
between n and open-loop specifications. In contrast 

Parameter  Simulation  Calculation 
Voltage Swing (Vp-p) 0.4 

CC1,CC2 (pF) 20,10 
Feedback Factor 0.999 1 
DC Gain (dB) 109 --- 

Damping Factor 0.57 0.60 
Phase margin (deg.) 72 70 

GBW (kHz) 425 386 
SR (V/ μs) 0.27 0.24 

0.05% TS (μs) 3.86 4.00 
Power (μW) 120 >95 
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with (4) which is for a first-order system, the 
relationship between time-constant coefficient, small-
signal settling error and open-loop parameters is non-
linear and complicated here. The required analysis has 
been undertaken in [19]. In particular, the relation 
between open-loop and closed-loop parameters has 
been extracted. The settling error is obtained from [19] 

2 2 2

2
2 2 2

2 2 2
2

2

1 exp( . . )
1 2

exp( . )       [( 2 )cos( 1 )
1 2
1 2       sin( 1 )],

1

SSe W

W W

W

α ξ
αξ α ξ

αξ ξ
ξ αξ ξ

αξ α ξ

αξ α ξ
ξ

ξ

= −
− +

−
+ − + −

− +

− +
+ −

−

                         

(A.1) 
where W  is 

                          n SSW tω=                     (A.2) 

Denoting ωd as the closed-loop dominant pole, α is 
obtained from 

.                        (A.3) 
d

n

ω
α

ξω
=  

In the above equations, ξ and ωn are the closed-loop 
damping factor and closed-loop natural frequency 
respectively. The relation between these parameters 
and open-loop specifications is [19]  

0 2

0.5
1 2

ξ αξ
ξ

αξ

+
=

+
,                 (A.4)  

             (A.5) 
2

0 1 2n nω ω αξ= +  

The open-loop gain-bandwidth product is derived as 
[17] 

2
1

1
1 2

mi n

C

gGBW
C

αξω
β αξ

= =
+

              (A.6) 

                                     
Combining (10) with (A.5) and (A.6) yields 
 

2 1.5
2 2

0 0
(1 2 )tan( ) 1 tan ( )PM PM αξ

ξ ξ
αξ

+
+ + = .                             

(A.7) 
 

As it is seen in (A.1), (A.4) and (A.7), when phase 
margin, damping factor and small-signal settling error 

are specified, α, ξ and W=ωn.tSS can numerically be 
obtained. Hence, (A.6) can be used to obtain the time-
constant coefficient according to  

02 ( , , )
1 / ( ) 1 2

SS
SS

t Wn f e PM
G BW

αξ
ξ

β αξ
= = =

+
.                           

(A.8) 
 
     To obtain α, ξ and W, at first, (A.4) and (A.7) 
should be combined to find two single variable (but 
non-linear) equations for α and ξ. These equations 
might then be solved by a computational program. 
After solution of these equations are α and ξ for 
particular ξ0 and PM. Hence, (A.1) can be simplified 
into a single variable relationship between eSS and W. 
This equation can be solved numerically. The key 
point to solve this equation for W is the fact that eSS is 
the maximum allowable error. Hence, it may become 
smaller than eSS in a particular W. However, when W 
increases, it may eventually become bigger. Therefore, 
if the result is smaller than eSS, then several points with 
bigger W are to be checked. The solution will be found 
when a point which satisfies this condition is achieved. 
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