
ELEN 607 ADVANCED ANALOG DESIGN    Homework#3 
Chun-Hsiang Chang (417007902) 
 
Problem 1: NGCC Amplifier 
1. Specifications 

Design a NGCC Amplifier with a differential input in 0.5� m CMOS technology 
for the following specifications. 

Table 1-1. NGCC Required Specification 
Parameters Spec. 

Power Supply ±1.0V or 2V 
Load 10K� /6pF 
Gain Bandwidth Product >195MHz 
DC Gain >60dB 
Phase Margin >50o  
Settling Time <900ns 
Power Consumption <20mW 
Slew Rate >170V/� s  

 
 

Figure 1-1. Three-Stage NGCC Operational Amplifier Schematic 
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2. Design NGCC Amplifier By MATLAB 
 From the results of Matlab plotted in figure 1-2 and 1-3, we can observe that 
when f2 must be over 2GBW and f3 must be over 2.5GBW, we could get settling time 
<90ns and phase margin >50°. 
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Figure 1-2. Settling Time vs. f3/GBW 
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Figure 1-3. Phase Margin vs. f3/GBW 

 



3. Design Methodology 
Step 1��� �  Choose Number of Stages 

For satisfying the required DC gain, we need a three-stage amplifier to achieve 
60dB.  
 
Step 2��� �  Choose the cutoff frequency of every stage (f1, f2 and f3) 
 
From the specification, we can get 
 MHzGBf 1951 ³=  
We choose MHzGBf 2001 == for leaving some margin, 
The phase margin (mf ) is approximated by 
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For the close-loop transfer function 
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Applying the Routh Stability criterion, we get 
 

13 ff >  
Therefore, choose f3=4GBW=800MHz.  
According to above these assumptions, we can define 

MHzf 2001 = , GHzf 12 = , MHzf 8003 =  
 
Step 3��� �  Choose suitable a  values (� 1 and � 2) 
� 1=0.5 and � 2=0.25 
 
Step 4��� �  Obtain the compensation capacitor of every stage (Cm1 and Cm2 ) 
According to [1], the compensation capacitors could be found as following:  

Limi CC ´= a  
Therefore, we have:  

pFCm 31 =  and pFCm 5.12 =  
 
Step 5��� �  Obtain the transconductance of every stage (gm1, gm2 and gm3) 
According to [1], the transconductances could be found as following:  

Liimi Cfg ´´´= ap2  
Hence, we can get  
 msgm 7699.31 = , msgm 4248.92 = , msgm 14.303 =   
 



Step 6��� �  Select bias current of every stage (ID1, ID2 and ID3) 
The current IDi of the ith stage can be obtained from the following expression, 
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For ID1, we get its value by the three restraints, 
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From the three restraints, we can get 
AIuA D m870255 1 <<  

 
For ID2, we get its value by the two restraints, 
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For ID3, we get its value by the two restraints, 
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From the two restraints, we can get 
mAImA D 957.65.1 3 <<  

To summarize the bias current of every stage, we can get 
AIuA D m870255 1 << , AIuA D m2200471 2 << , mAImA D 957.65.1 3 <<  

To obtain the maximum the total bias current, 
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To choose the bias current of every stage, 
AI D m3601 = , mAI D 6.12 =  and mAI D 2.33 =  



Step 7��� �  Calculate gm/ID of every stage (
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Step 8��� �  Decide DC gain of every stage 
1. For the first stage, 
(gm/ID)1=10.5 and L=0.75um, DC gain will be about 31.82dB 
 
2. For the second stage, 
(gm/ID)2=5.89, L=0.6um, DC gain will be about 29.06dB; 
 
3. For the third stage, 
(gm/ID)3=9.4187, L=0.6um, DC gain will be around 29.5dB. 
 
Therefore, the total gain we are expecting to have for the amplifier is: 
 

AVo =(31.82+29.06+29.5)dB=90.38dB 
 
Step 9�  Decide channel width of every stage 
1. For the first stage, 
(gm/ID)1=10.5 and AI D m3601 = , we get W=500um. 
  
2. For the second stage, 
(gm/ID)2=5.89 and mAI D 6.12 = , we get W=240um. 
 
3. For the third stage, 
(gm/ID)3=6.7 and mAI D 2.33 = , we get W=1.2mm 
 
Step 10��� �  Choose gmf1 and gmf2  
 

The gmf1 and gmf2 will affect the zeros and the poles of the transfer function. By 
making gmf1=gm1 and gmf1=gm2, the zero will be cancelled. 
 
 
 
 
 
 
 
 
 
 
 



4. Design Parameters of 3-Stage NGCC OPAMP 
The various transistor sizes and components values are shown in table-1-2. 

Table 1-2. NGCC Design Parameters 

 
 
 
 
 
5. Summary of Performance and Comparison with Specification 

The final results are summarized in Table 1-3 and the figures with snap shots of 
various measurements are included in the Appendix A. All specifications were met.  

Table 1-3. Summary of performance and comparison with specification 
Parameters Spec. Simulation Unit 

Gain Bandwidth Product >195M 197.78M Hz 
DC Gain >60 85.85 dB 
Phase Margin >50 51.66 o 
Settling Time <900n 19.25n s 
Power Consumption <20m 17.26m W 
Slew Rate+ >170 170.004 V/� s 
Slew Rate- >170 300.1 V/� s 
CMR  0.825 V 
CMRR  97.14 dB 
PSRR+  59.29 dB 
PSRR-  75.21 dB 
Active Area  9494.64 um2 

 
 
 
 



6. Robustness to process variation 
We also use process parameter from the last three runs posted by MOSIS, indicate 

the difference (in %) from the run1. This can help us understand the robustness of our 
design to possible process variations shown in table 1-4. 

 
Table 1-4. Robustness of the 3-stage NGCC OPAMP to process variation 

   Run 2 
variation 

 Run 3 
variation 

Parameters Run1 Run2  Run3  
Gain Bandwidth 
Product  (MHz) 

197.78 195.31 -1.25% 193.84 -1.99% 

DC Gain  (dB) 85.85 86.25 0.47% 86.23 0.44% 
Phase Margin (o)  51.66 52.84 2.28% 50.1 -3.02% 
Settling Time (ns) 19.25 26.7 38.70% 27.16 41.09% 
Power Consumption 
(mW) 

17.26 17.38 0.70% 17.3 0.23% 

Slew Rate+ (V/� s) 170.004 170.18 0.10% 172.71 1.59% 
Slew Rate- (V/� s) 300.1 306.96 2.29% 298.7 -0.47% 
CMR (V) 0.825 0.843 2.18% 0.853 3.39% 
CMRR (dB) 97.14 97.76 0.64% 98.89 1.80% 
PSRR+ (dB) 59.29 59.05 -0.40% 58.97 -0.54% 
PSRR- (dB) 75.21 69.17 -8.03% 76.95 2.31% 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Prob. 2  DFCFC1 Amplifier 
1. Specifications 

Design a DFCFC1 Amplifier with a differential input in 0.5� m CMOS technology 
for the following specifications. 
 

Table 2-1. DFCFC Required Specification 
Spec. Value 

Power Supply ±1.0V or 2V 
Load 10K� /6pF 
Gain Bandwidth Product >195MHz 
DC Gain >60dB 
Phase Margin >50o  
Settling Time <900ns 
Power Consumption <12mW 
Slew Rate >170V/� s  

 

 
Fig 2-1. DFCFC1 Topology 
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Fig 2-2. DFCFC1 Operational Amplifier Schematic 



2. Design Methodology 
Step 1��� �  Assume �  
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Step 2��� �  Decide Transconductnaces ( 9mg , 10mg , 5mg , 8mg and 1mg ) and 

Compensation Capacitors ( 1mC  and 2mC ) 

For 9mg and 10mg , 
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Step 3��� �  Select Bias Currents for M 1 (M2), M5, M8 and M9  
 
For ID1 (M1), we get its value by the two constraints, 
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For ID3 (M9),  
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To obtain the maximum the total bias current, 
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To choose the bias current of every stage, 
AI D m3701 = , AI D m2402 = , AI D m9003 = , AI D m6004 =  

 

Step 4��� �  Calculate gm/ID of every stage (
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Step 5��� �  Decide channel length and intrinsic gain for M1 (M2), M5, M8 and M9 
According to spec., AVo>60dB 
We set our DC gain to be over 60dB for enough margins. 
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AVo =(29.39+31.48+29.83)dB=90.07dB 
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Step 6�  Decide channel width for M1 (M2), M5, M8 and M9 
From (2/gm/ID) VS. ID/W plot,  
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3. Design Parameters of DFCFC1 OPAMP 

The various transistor sizes and components values are shown in table 2-2. 
Table 2-2. DFCFC1 Design Parameters 

 
 
4. Summary of Performance and Comparison with Specification 

The final results are summarized in Table 2-3 and the figures with snap shots of 
various measurements are included in the Appendix B. All specifications were met.  

Table 2-3. Summary of performance and comparison with specification 
Parameters Spec. Simulation Unit 

Gain Bandwidth Product >195M 198.85M Hz 
DC Gain >60 78.19 dB 
Phase Margin >50 59.92 o 
Settling Time <900n 7.46n s 
Power Consumption <12m 11.33m W 
Slew Rate+ >170 194.52 V/� s 
Slew Rate- >170 277.29 V/� s 
CMR  0.942 V 
CMRR  87.73 dB 
PSRR+  24.56 dB 
PSRR-  28.96 dB 
Active Area  3345 um2 

 
 
 
 



5. Comparison of NGCC and DFCFC1 Amplifiers 
In table 2-4, we summarize the performances of NGCC and DFCFC1 amplifiers.    

 
Table 2-4. Summary of performance and comparison with specification 

Parameters NGCC DFCFC1 Unit 
Gain Bandwidth Product 197.78 198.85M Hz 
DC Gain 85.85 78.19 dB 
Phase Margin 51.66 59.92 o 
Settling Time 19.25n 7.46 s 
Power Consumption 17.26m 11.33m W 
Slew Rate+ 170.004 194.52 V/� s 
Slew Rate- 300.1 277.29 V/� s 
CMR 0.825 0.942 V 
CMRR 97.14 87.73 dB 
PSRR+ 59.29 24.56 dB 
PSRR- 75.21 28.96 dB 
Active Area 9494.64 3345 um2 

 
6. Conclusion 

For this homework, we successfully designed NGCC and DFCFC1 3-stage 
OPAMPs.  From table 2-4, we can observe that NGCC have better performances in 
CMRR and PSRR than DFCFC1.  However, the approach of DFCFC is in the high 

frequency for driving large capacitor loads, because  ��
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Therefore, it is difficult for us to compare between the performances of NGCC and 
DFCFC1. 
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Prob. 4  NGCC Amplifier With 65nm Technology 
1. Specifications 

Design a NGCC Amplifier with a differential input in 65nm CMOS technology 
for the following specifications. 

Table 4-1. NGCC Required Specification 
Parameters Spec. 

Power Supply 1V 
Load 10K� /6pF 
Gain Bandwidth Product >950MHz 
DC Gain >55dB 
Phase Margin >50o  
Settling Time <900ns 
Power Consumption <20mW 
Slew Rate >170V/� s  
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Figure 4-1. Three-Stage NGCC Operational Amplifier Schematic 

 
2. Design Methodology 
Step 1��� �  Choose Number of Stages 

For satisfying the required DC gain, we need a three-stage amplifier to achieve 
55dB.  
 
Step 2��� �  Choose the cutoff frequency of every stage (f1, f2 and f3) 
From the specification, we can get 
 MHzGBWf 9501 ³=  
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For the transconductances of the second and the third stages, 
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3. Design Parameters of 3-Stage NGCC OPAMP 
The various transistor sizes and components values are shown in table 4-2. 

Table 4-2. NGCC Design Parameters 

 



4. 0.3Vpp 1MHz sin wave Test 
We test the output transient response with output DC voltage {0, -0.3V and 0.3V}plotted 
in figure 4-2.  From the simulation results, we can see that the performances of the three 
output DC voltages seem to be the same.  

 
Figure 4-2. Output transient response with an 0.3Vpp 1MHz sin wave input 

(Vout,DC=-0.3V, 0V and 0.3V ) 
 
5. Summary of Performance and Comparison with Specification 
The final results are summarized in Table 4-3 and the figures with snap shots of various 
measurements are included in the Appendix C. All specifications were met.  

Table 4-3. Summary of performance and comparison with specification 
Simulation for Output Voltage Unit Parameters Spec. 

0 -0.3 0.3 V 
Gain Bandwidth 
Product 

>950M 958.12M 927.9M 986.86M Hz 

DC Gain >55 56.16 55.28 54.86 dB 
Phase Margin >50 56.55 57.24 53.49 o 
Settling Time <900n 2.52n 2.46n 4.5n s 
Power 
Consumption 

<20m 16.29m 17.14m 15.44m W 

Slew Rate+ >170 729.39 653.79 1203.37 V/� s 
Slew Rate- >170 795.12 791.53 707.75 V/� s 
Active Area  205.68 205.68 205.68 um2 

 



Appendix A- 3-Stage NGCC OPAMP Performance Measurement 
 
1. DC Gain 

 
Figure A-1. DC Gain=85.85dB 

2. GBW and Phase Margin 

 

 
Figure A-2. GBW = 197.8MHz and Phase Margin =51.66° 

 



3. Settling Time 

 
Figure A-3. Settling Time =19.25nS 

4. Slew Rate 

 
Figure A-4. Slew Rate+ = 170.004V/us 



 
Figure A-5. Slew Rate- = 300.1V/us 

5. CMR 

 
Figure A-6. CMR=0.825V 

 



 
6. CMRR 

 
Figure A-7. CMRR=97.14dB 

7. PSRR 

 
Figure A-8. PSRR+ = 59.59dB 

 



 
Figure A-9. PSRR- = 75.21dB 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Appendix B- DFCFC OPAMP Performance Measurement 
1. DC Gain 

 
Figure B-1. DC Gain= 78.19dB 

2. GBW and Phase Margin 

 

 
Figure B-2. GBW = 198.85MHz and PM =58.92° 

 



3. Settling Time 

 
Figure B-3. Settling Time = 7.46ns 

4. Slew Rate 

 
Figure B-4. SR+ =194V/us 

 



 
Figure B-5. SR- = 277.29V/us 

5. CMR 

 
Figure B-6. CMR =0.942V 

 



6. CMRR 

 
Figure B-7. CMRR = 87.73dB 

7. PSRR 

 
Figure B-8. PSRR+ = 24.46dB 

 



 
Figure B-9. PSRR- = 28.96dB 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Appendix C- NGCC OPAMP with 65nm Performance Measurement 
1. Output DC Voltage = 0V 

 
Figure C-1. DC Gain = 56.16dB 

 

 
Figure C-2. GBW = 958.12MHz and PM =56.45° 

 



 
Figure C-3. Settling Time = 2.52ns 

 
Figure C-4. SR+ = 729.39V/us 



 
Figure C-5. SR- = 795.12V/us 

2. Output DC Voltage = -0.3V 

 
Figure C-6. DC Gain = 55.28dB 



 

 
Figure C-7. GBW = 927.9MHz and PM =57.24° 

 
Figure C-8. Settling Time = 2.46ns 



 
Figure C-9. SR+ = 653.79V/us 

 
Figure C-10. SR- = 791.53V/us 



2. Output DC Voltage = 0.3V 

 
Figure C-11. DC Gain = 54.86dB 

 

 
Figure C-12. GBW= 986.89MHz and 53.49° 



 
Figure C-13. Settling Time = 4.5ns 

 
Figure C-14. SR+ = 1203V/us 



 
Figure C-15. SR- = 707.75V/us 

 


