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34.1)  We can approach this problem in one of two ways, either by utilizing the equations 
given in the book or using circuit analysis, we’ll do both. 
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8-Bit R-2R DAC                                                     
N X VTAPX 
8 0 .00586 
8 1 .01172 
8 2 .02343 
8 3 .04687 
8 4 .09375 
8 5 .1875 
8 6 .375 
8 7 .75 
 
 
Using circuit analysis will require a little more work but will give more of an 
understanding how the circuit is working. 
 
Schematic of the circuit is shown with just the resistors, Vref+=1.5V and Vref-=0, in the 
circuit. 
 

 
Starting from the left we have the 2R resistors in parallel which gives us an R in series 
with the R between the two Tap voltages and continuing all the way we are left with a 
simple voltage divider. 

 
Vtap7=1.5/2=.75V 

 Vtap6=.75/2=.375V     
 Vtap5=.375/2=.1875V 
 Vtap4=.1875/2=.09375V 
 Vtap3=.09375/2=.04687V 
 Vtap2=.04687/2=.02343V 
 Vtap1=.02343/2=.01172V 

     Vtap0=.01172/2=.00586V 
 
This result agrees with the value for the LSB of the circuit:  1LSB=1.5/28=.00586V 
 







Solution 34.3: 
 
By applying superposition theorem, for fig. 3.2 
Voltage at R-2R tap we can write as, 
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For 8 bit DAC, N=8, and 0VV  1.5V,=V -
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So voltage at V(R-2R) tap would be: 
 
                                   
tap no.   V(R-2R) tap  V(R-2R) tap, if b0, …….,b7 =1  
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4   ………..        181.63mV 
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Solution by: 
Curtis Cahoon 

curtis_cahoon@ieee.org 
 

Problem 34.5 
 
Question: Can the op-amp shown in Fig. 34.36 be used in a fully differential 
implementation of the DACs shown in Figs. 34.1-34.3?  Why or why not? 
 
Answer: No, the op-amp of figure 34.36 cannot be used to implement an R2R DAC, 
because the amplifier does not have an output buffer, and therefore cannot drive a 
reasonable resistive load on an IC.  This is because an op-amp with reasonably high gain 
has a very high output resistance (on the order of mega ohms).  If we add a typical 
resistive load in the feedback path of the op-amp in these topologies, it will load the 
output of the amplifier and it will kill the gain, and thus not operate correctly.  If an 
output buffer is added, the gain will not be reduced, but the output current drive 
capability will be increased, thus enabling the amplifier to drive the resistive loads used 
in the DAC topologies. 
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Problem 34.6 
 
Show the detailed derivation of eqs.(34.12)-(34.14). 
 
For a binary-weighted DAC, the midscale transition has the worst-case DNL condition caused by resistor 
mismatch. In a worst-case scenario, assume the 2R resistor of the MSB input has a maximum mismatch of 
∆R and all other resistors have a maximum mismatch of - ∆R. 
 
 
The equation 34.9 shows the current flowing in the feedback resistor Rf, 
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The step error of this current caused by resistor mismatch at the midscale transition is 
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Assuming Rf= R, the final output error (DNL) is approximately, 
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For the DNL to be less than 1 LSB, the resistor-matching requirement is 
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Solution 34.10: 
 
From fig. 34.34: 
 
When φ1   node is closed: 
 

1. if Vos=0V, in this case 
 
            Aol  ⇒ ∝ 
          If everything is ideal, input terminal of error amplifier  
          would be at same potencial. 
 

2. If things are not ideal, if there is capacitors mismatching and switching 
imperfection, and op-amp gain is Aol is not ∝, offset voltage would store on            
CI, when φ1 closes. And in this case input terminals of the error amplifier could 
be at different potential. 
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Problem 34.12 
 
Question: Determine the output of the cyclic ADC of Fig. 34.38 if the input voltage is 
0.41 Volts. 
 
Answer: We follow the algorithm given in Ex. 34.9, in which we follow the cycle of 
comparing the input to the common-mode voltage, outputting a digital code, multiplying 
the voltage by 2, and feeding the resulting voltage back to the input to repeat the cycle.  
Below is a table showing this process, assuming that the converter is an 8-bit ADC.  This 
process could be expanded or shortened depending on the resolution of the converter. 
 

Cycle Voltage Vin>VCM? Digtal Output Subtract VCM? New Voltage Multiply by 2
0 0.41 no 0 no 0.41 0.82 
1 0.82 yes 1 yes 0.07 0.14 
2 0.14 no 0 no 0.14 0.28 
3 0.28 no 0 no 0.28 0.56 
4 0.56 no 0 no 0.56 1.12 
5 1.12 yes 1 yes 0.37 0.74 
6 0.74 no 0 no 0.74 1.48 
7 1.48 yes 1 yes 0.73 1.46 

 
Thus the 8-bit output word would be 0100 0101 (binary offset) or 6910.  This can be 
verified by finding the LSB (LSB=VDD/2N) which is equal to 1.5V/256=0.005889V.  
We then multiply our digital output by 1 LSB to verify our result.  Doing this we find that 
Vin=.404297.  This is less than 1 LSB below our actual input, so we find that our result is 
correct. 
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Problem 34.13 
 
Is kickback noise from the comparator a concern for the circuit of Fig. 34.39? 
 
 
Yes, the comparator used in Fig. 34.39 has significant kickback noise resulting from the latch 
positive feedback.  The decision circuit of a voltage comparator uses positive feedback to 
increase the gain of the decision element. The switch noise coming from the positive feedback 
stage will corrupt the input of the comparator and often limit its performance in the actual circuit.  
 
In the sample-and-hold implementation of Fig. 34.39, if the kickback noise is not isolated, it will 
feed directly into the input voltage of the op-amp in S/H circuit through the input capacitor CI, 
and drastically affect the output of the sample-and-hold. In the Fig. 34.39, the switch φ2 is added 
in series with the comparator input to disconnect the comparator when comparator is clocked.  
Since the φ2 and φ3 are nonoverlapping, ideally, kickback noise will have very little effect to the 
input of the op-amp in the S/H. 
 
 







Ben Rivera 
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34.15) Repeat Ex. 34.16 for Vin=.41V.  We begin by following the algorithm given in 
the example.   

 
Refer to Fig 34.50 
Input value below Vcm/2 (=0.375V) our comparator outputs, ab, are 00 respectively. 
Input value between Vcm/2 (=.375V) and 3Vcm/2 (=1.125V) comparator outputs, ab, are             
01 respectively. 
Input value above 3Vcm/2 (=1.125V) comparator outputs, ab, are 11 respectively. 
 
From the book, Eq(34.59) or Eq(34.60), we can find the value for Vout.  Note from the 
equations that we can never get a 00 followed by a 00, because we add Vcm, or a 11 
followed by a 11, because we subtract Vcm, we can however, get repeated values for ab 
of 01. 
For the digital outputs we follow Eq (34.67) to Eq (34.72). 
 
              
                        
                                   
              
              
           
               
                                 

 
Our digital output word is 0 1100 0101 (197dec) 
We subtract Vcm-.5LSB from the output word to maintain accuracy 0 0111 1111 (127dec) 
                        
                            Digital Output                                             Vcm-.5LSB 
                     0 1100 0101 (binary offset)                          0 0111 1111 (binary offset) 
                      
                           0 1100 0101 
                           1 1000 0000  
                       +                   1                                                       
                       1| 0 0100 0110  
 
The 10th bit is a don’t care condition and we can throw it out so we are left with the 
digital output equal to 70(dec). 
To verify, we multiply the digital output (70dec) by 1LSB, 70 * 1.5/256= .41V.  This is 
the original input so the digital output is correct. 
 
 

Vin 
Comparator
Outputs, ab Vout 

  Digital  
  Output 

.41   (n-1) a=0 b=1 .07 b7=1 c7=0 b8=0 MSB  

.07   (n-2) a=0 b=0 .89 b6=1 c6=0 

.89   (n-3) a=0 b=1 1.03 b5=0 c5=1 
1.03 (n-4) a=0 b=1 1.31 b4=0 c4=1 
1.31  (n-5) a=1 b=1 .37 b3=0 c3=0 
.37     (b2) a=0 b=0 1.49 b2=1 c2=0 
1.49   (b1) a=1 b=1 .73 b1=0 c1=0 
.73     (b0) a=0 b=1 .71 b0=1 c0=0  LSB 



34.16  solution. 
Jake Anderson, janderson@boisestate.edu 
 
Determine the output of the Cyclic ADC if the input voltage is 0.41v. The comparators 
switch at 0.4( a 25mV offset) and 1.05 V (a 75mV offset). 
 
The Digital output is calculated as shown below… 

Vin 
Comparator 
outputs, ab Vout Digital Out 

0.41 a7= 0 b7= 1 (0.41-0.375)*2 = 0.07 Bit7= 1 c7= 0 Bit8=0 
0.07 a6= 0 b6= 0 (0.07*2)+0.75 = 0.89 Bit6= 1 c6= 0   
0.89 a5= 0 b5= 1 (0.89-0.375)*2 = 1.03 Bit5= 0 c5= 1   
1.03 a4= 0 b4= 1 (1.03-0.375)*2 = 1.31 Bit4= 0 c4= 1   
1.31 a3= 1 b3= 1 (1.31-1.125)*2 = 0.37 Bit3= 0 c3= 0   
0.37 a2= 0 b2= 0 (0.37*2) + 0.75 =1.49 Bit2= 1 c2= 0   
1.49 a1= 1 b1= 1 (1.49-1.125)*2 = 0.73 Bit1= 0 c1= 0   
0.73 a0= 0 b0= 1 (0.73-0.375)*2 = 0.71 Bit0= 1 c0= 0   

           
The resulting Digital output from MSB to LSB is: 0 1100 0101 

 
The Details for calculating the digital output are shown below, which are from equations 
34.67-34.72. Equations 34.67-34.72 for an 8-bit ADC are: 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Bit 8 is not used. So the output is 1100 01012 (which is19710). 
If you subtract Vcm-½LSB (12710) from the Digital output the result is: 
 0100 01102 (7010) 
To check that the Digital output is correct, the Digital Output- Vcm multiplied by 
1LSB[Volts] should give the same, or at least ½ LSB difference from the original input, 
which was 0.41 volts. 

V1LSB = 1.5V/28 = 5.86mV 
70*5.86mV =  0.4102 Volts which is only 0.0002 greater than the input. 

This results even with the comparator offsets not ideal. The ideal comparator for the same 
input voltage (0.41V) is analyzed in the previous problem. 
 

000 == ac

00111 =⊕= cbaBit

111222 =⊕⊕= cabaBit

022333 =⊕⊕= cabaBit

033444 =⊕⊕= cabaBit

044555 =⊕⊕= cabaBit

155666 =⊕⊕= cabaBit

166777 =⊕⊕= cabaBit

1000 == baBit

0778 =⊕= caBit

00111 == cbac

0)( 12211222 =++= abacabac

0)( 23322333 =++= abacabac

1)( 34433444 =++= abacabac

1)( 45544555 =++= abacabac

0)( 56655666 =++= abacabac

0)( 67766777 =++= abacabac
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Chapter 34.21.  Sketch a circuit to provide the inputs for the four-phase, non-overlapping 

clock generator shown in Figure. 34.81 
 
[Solution]:  Based on state diagram / truth table as following, one of the possible solution 

circuits can be designed as indicated: (attached simulation results). Note: this circuit 
can be triggered on both clock rising and falling edges in real design to improve 
speed. For demo purpose, we only use rising-edge triggering scheme. 

 

 
 

Circuit Simulation for Four-Phase, non-overlapping clock Generator Inputs: 
 (First line: system input clock) 
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Chapter 34.22.  What is the main advantage of using dynamic CMFB over other CMFB 

circuits? What is the main disadvantage? 
 
[Answer]:   Generally speaking, CMFB circuit is required to precisely balance the outputs of 

differential amplifier. In the meantime, issues associated with CMFB would be 
problems if a. CMFB doesn’t affect each output the same  causing a difference 
mode signal; b. circuit becomes complex, CMFB circuit CMR would impose some 
limitation on initial Op-Amp design if not careful. 

 
Main advantage of dynamic CMFB:  It allows a lower CMFB loop gain thus making it easier 

to stabilize, without degrading common-mode voltage accuracy theoretically. It does 
not employ an amplifier. Unlike other CMFB circuits, dynamic CMFB makes it 
feasible op-amp’s outputs not necessarily to settle down to the final accuracy of ADC 
by the falling edge of all three clock-phases. More exactly, during sampling phase 
settling time is meaningless since Op-Amp operates in open loop; inputs of Op-Amp 
are shorted to common-mode voltage, instead. 

 
 
Main disadvantage of dynamic CMFB: 
 Dynamic CMFB would require to be compensated depending on the design 

parameters. It practically limits the gain of first stage otherwise would saturate 
outputs, causing offset storage mechanism fail. 
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Problem 34.23 
 
Can MOSFETs be used to implement the on-chip decoupling capacitors in Fig 34.77? 
 
 
        MOSEFTs can be used as the on-chip decoupling capacitors for the power and ground 
supplies.  MOSFETs usually make a very good capacitor when VGS > VTHN + a few hundred mV. 
In Fig 34.77, the gate of decoupling MOSEFT capacitor is connected to the VDD and 
source/drain connected to the ground. So, VGS (=VDD) is sufficient large to have MOSFET 
working in the strong inversion region (good cap area). 
 
        The figure below shows the CV curve for an NMOS transistor with source, drain and body 
connected to ground. The capacitance between the gate and source/drain is  
 
 

LWCC oxtot ⋅⋅=  
 
 
 

 
 
       The following figure gives the CV curve for an NMOS with an n-well placed below. This 
MOSFET capacitor has a very low VTHN. To behave as a capacitor, MOSFET required operating 
in the strong inversion region.  If VGS is close to the VTHN, then the capacitance can become 
nonlinear and distortion can happen in the circuit.   
 
 

 
 
 



  
 
 

 
 
 
        The layout and cross-section of the n-well NMOS capacitor shows above.  This type of 
capacitor is widely used as decoupling capacitor when two layers of poly (like a Flash memory 
process) are not available in the process. 
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