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             ABSTRACT 

  This technical report describes the design tradeoffs of low-power CMOS clocked 

comparators with and without hysteresis. Different types of comparators are discussed, in 

particular, the two-stage amplifier with output inverter, the folded-cascode amplifier with 

output inverter and a clocked comparator. In this work, all comparators are optimized for 

high-speed operation, under the constraints of high gain, low power consumption, and 

low input offset voltage. Between the two-stage and folded-cascode comparator with 

hysteresis, the highest operating speed is 1.25MHz. Robust operation of the clocked 

comparator is observed at frequencies up to 6 MHz. This paper also discusses the 

advantages of comparators with programmable hysteresis. To these comparators, 

programmable hysteresis is added using two methods.  The first method uses positive 

feedback to unbalance the input differential pair.  The second method, based on [3], uses 

positive feedback to steer current through a fixed-value resistor. These circuits are 

implemented in a 0.5-μm CMOS technology with ±1.25V power supplies and 2-7μA of 

bias current. A combination of simulation results using Cadence environment and 

experimental measurement verify the functionality of the circuits.  
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1. Introduction 

Comparators are designed to compare the voltages that appear at their inputs and to 

output a binary logic representing the difference between them. Modern integrated circuit 

design almost always involves well defined digital signals; however, incoming data is 

often analog signals or corrupted digital signals. In order to convert the weak corrupted 

signals to full swing digital signals, a comparison with a fixed reference value is 

performed. A comparator outputs a digital 0 if the signal is below the reference or a 

digital 1 if the signal is above the reference. Comparators are generally classified as 

continuous-time and clocked. Clocked comparators only evaluate whenever they are 

triggered by the rising or falling edge of a clock. If the comparator is part of a 

synchronous digital system, clocked comparators are already synchronizing, whereas 

continuous-time comparators would require synchronization [1].  

    Hysteresis is applied by feeding back to the positive input a small portion of the output 

voltage. This voltage adds a polarity-sensitive offset to the input, thereby increasing the 

threshold range. A small amount of hysteresis can be useful in a comparator circuit 

because it reduces the circuit's sensitivity to noise, and helps reduce multiple transitions 

at the output if the input is slowly changing state.  

    The main objective of this technical report is to optimize comparators for high-speed 

operation, under the constraints of high gain, low power consumption, and low input 

offset voltage. Continuous-time comparators with hysteresis have been reported that 

operate at frequencies between 1.02MHz and 1.25MHz [2]. In [2], programmable 

hysteresis is added to comparators by using two methods.  The first method uses positive 
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feedback to unbalance the input differential pair.  The second method, based on [3], uses 

positive feedback to steer current through a fixed-value resistor. In this technical paper, 

we designed robust operation of the clocked comparator is observed at the same as earlier 

described a frequency of 6 MHz.  

Important contributions in this report are: 

• A large number of random offset measurements have been made successfully. 

• Carefully analyzed and designed a non-symmetrical nonoverlapping clock 

generator. 

• The clocked comparator with and without hysteresis were found to operate 

robustly at 6MHz, with low-static power consumption, low systematic offset and 

small chip area. 

    In chapter 2, the background of comparators and hysteresis are explained work 

previously done by Vishnu Kulkarni. A two-stage comparator and a folded-cascode 

comparator are designed to achieve low offset, low delay, high gain and low power 

dissipation. A detailed description and analysis of two methods of programmable 

hysteresis are introduced. 

    In chapter 3, the simulated and experimental results of all comparators with and 

without hysteresis in the AMI 0.5 μm technology are compared and analyzed. 

    In chapter 4, a description of the clocked comparator and the nonoverlapping clock is 

given. Then, the design, architecture and simulation results of the clocked comparator 

with and without hysteresis was executed, are discussed in detail.   
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    In chapter 5, a summary of the results obtained in measurements and simulations are 

provided, along with some applications of the clocked comparator. Further extension of 

this work is also discussed in this chapter. 

    Appendix A shows the individual comparator layouts of the continuous-time 

comparator    chip. 

    Appendix B provides the test procedure for testing and measuring the continuous-time 

comparator.  

Appendix C gives the individual layouts of clocked chip.  

Appendix D provides the test procedure for testing and measuring the clocked 

comparator. 
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2. Comparators and Hysteresis 

  A comparator is a circuit that compares the value of an analog input signal  with a 

reference voltage  and outputs a digital signal based on whether the input signal is 

larger or smaller than the value of the reference voltage. In effect, the comparator can be 

viewed as a one-bit analog-to-digital converter and it serves as the front-end circuit of 

most analog-to-digital converters, as in [4]. Besides being key components of A/D 

converters, comparators are also widely used in level detection, on-off controls, clock-

recovery circuits, window detectors, and Schmitt triggers.  

inV

refV

2.1 Introduction  

  The comparator can be thought of as a decision-making circuit. In a comparator circuit, 

if the input voltage ( ) is higher than the reference voltage ( ), the output swings to a 

voltage representing logic 1, whereas if the input voltage (V ) is less than the reference 

voltage ( ), the output swings to a voltage representing logic 0. The circuit symbol of 

the comparator is shown below in Fig. 2.1.  

IV RV

I

RV

 

Figure 2.1: circuit symbol of the comparator 
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2.2 Characterization of the comparator 

Gain: The gain of the comparator is the derivative of the dc transfer curve at . The 

transfer curve of an ideal comparator with infinite gain is shown below. [5] 

IV ≈ RV

 

 

Figure 2.2: Transfer curve of an ideal comparator with infinite gain 

The output equations for an ideal comparator can be defined as follows. 

                                                    O dV V d=  if                                            (2.1) IV V> R

                                                        ssV=  if  I RV V<  

A comparator with infinite gain is not realizable. Fig.2.3 shows a more realistic piecewise 

linear transfer curve of a comparator. 
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vO

vI

vR-VIL

vR+VIH

vR

Vdd

Vss

 

                             

Figure 2.3: Transfer curve of a comparator with finite gain 

The output equations can be defined as follows  

=OV ddV  if   I R IV  > V  + V H

IL                                                      =  if                                            (2.2) ssV I RV  < V  - V

    =  if  V IA V IL I IHV <V <V

Where  is the non-infinite gain and ,  are the input-voltage difference VA IHV ILV I RV V−  

needed to just saturate the output at its upper and lower limit.  
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  Gain is a very important characteristic for comparator operation, because it defines the 

minimum amount of input change ( - ) necessary to make the output swing between 

the two binary states. 

IHV ILV

Propagation delay: The amount of time it takes between the input crossing the reference 

voltage and the output changing logic state is defined as the propagation delay. [5] 

 

tLH tHL

Vin

Vout

 

Figure2.4: propagation delay definition for a comparator 

LHt  is the delay time between the input crossing , that is, =0V, and the output 
switching levels, that is , = 0V, when the output is changing from low to high. 

RV RV

outV

HLt  is the delay time between the input crossing , that is, =0V, and the output 
switching levels, that is , = 0V, when the output is changing from high to low. 

RV RV

outV
 
  Propagation delay has a direct effect on the conversion rate of an A/D converter. The 

propagation delay time of the comparator generally varies as a function of the amplitude 

of the input. A larger input will result in a smaller delay time. Generally, the delay of a 
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comparator is less than that of an op-amp, because a comparator has no internal 

compensation. The delay of a comparator is reduced by cascading several low-gain stages. 

In other words, the delay of a single high-gain stage is in general longer than the delay of 

several low-gain stages.  

Input offset:  Another important nonideal effect of the practical comparator is the input-

referred dc offset voltage, , which is generally due to the mismatch, process variations , 

in the input and load devices of the differential stage. The difference between the input 

voltages , at the instance where the output voltage  equals 0V is defined as the 

input offset voltage. The input random offset varies from comparator circuit to 

comparator circuit.  [5]  

OSV

IV V− R outV

 

Figure 2.5: Transfer curve of the comparator including input offset voltage 
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The input offset can be defined using the following equation:  

OS I RV V V= −  Such that  = 0 V.              (2.3) OV

2.3 Hysteresis 

  One problem in the design of a high-speed comparator is when the difference between 

the two analog input signals approaches zero. In this case, small amounts of noise on the 

input signals may cause spurious switching of the digital output. Noisy signals can occur 

in any application, and especially in industrial environments. As the signal crosses the 

threshold region, noise is amplified by the open loop gain of the comparator, causing the 

output to briefly bounce back and forth, as shown in Fig.2.6. Additionally, when 

processing slowly varying signals, such that the difference voltage remains near zero for 

a long time, with even small amounts of noise, comparators tend to produce multiple 

output transitions, or bounces. In either case, fast transitions in the digital output may 

occur, consuming unnecessary power and possibly interfering with subsequent stages of 

signal processing. This is unacceptable in many applications, but it can generally be 

cured by adding hysteresis. A small amount of hysteresis can be useful in a comparator 

circuit because it reduces the circuit's sensitivity to noise, and helps reduce multiple 

transitions at the output when changing state. 
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Figure 2.6: Comparator response to a noisy signal without hysteresis 

  The response of the comparator can be improved by adding hysteresis which is equal to 

or larger than the expected noise. The response of this comparator with hysteresis is 

shown in Fig. 2.7. 

    = upper threshold voltage thV

   = lower threshold voltage tlV

 
 
Figure2. 7: Comparator response to a noisy signal after adding hysteresis 
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    Hysteresis is the quality of the comparator in which the input threshold changes 

depending on whether the input is rising or falling. Indeed, hysteresis is defined as the 

difference between the input signal level for which the output switches high and the input 

signal level for which the output switches low. 

    In some circuit applications, accurate hysteresis is required. But some factors that 

variating in cause imprecise hysteresis may be non-ideal process parameters, mismatch in 

transistor dimensions and the supply voltages. In addition, it is often essential that 

hysteresis can be programmable by changing a current or voltage to meet various system 

requirements. The hysteresis method described in [5] is a cross-coupled diode-connected 

load. The designer can specify the amount of hysteresis by the choice of aspect ratios in 

the cross-coupled load.  However, once fabricated, the amount of hysteresis is not 

adjustable. For these reasons, a comparator with programmable hysteresis is what the 

subject of this technical report.  

    First, two types of comparators were chosen: a two-stage amplifier with an output 

inverter and a folded-cascode amplifier with an output inverter. Second, adding 

programmable hysteresis to these two circuits was accomplished using two methods.  The 

first method uses positive feedback to unbalance the input differential pair.  The second 

method, based on [3], uses positive feedback to steer current through a fixed-value 

resistor. In this paper, all comparators were optimized for high-speed operation with high 

gain, low power dissipation, and low input offset voltage.  

2.4 Circuit Description 
 
    Six different types of comparators were designed in AMI 0.5μm technology: two were 

designed without hysteresis and four with hysteresis.  
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2.4.1 Two-Stage and Folded-Cascode Amplifiers with Output Inverters 
 
   

    The first comparator circuit is the two-stage CMOS amplifier with an output inverter 

which has a total of three stages, as shown in Fig. 2.8. The first stage is a differential 

amplifier, the second is a common-source amplifier, and the third is an inverting buffer. 

In this circuit, the input bias current is designed for 1μA. This current is mirrored to the 

first two gain stages, so the total amount of bias current is 3μA. The two analog input 

voltages, and , are attached to the differential pair. Vim is set as the reference 

voltage in this circuit. Since speed is more important than gain in this circuit design, the 

length of the transistors was chosen to be 1.2 m

ipV imV

μ . An NMOS differential pair is used 

because NMOS transistors have higher mobility than PMOS transistors. In order to 

improve the gain of the first stage and get better matching, that is, lower the input offset 

voltage, the widths of the input differential pair, M1-M2, were increased. A common-

source amplifier is used to contribute to the overall gain of the amplifier. With the goal of 

reducing the large gate-to-source capacitance of M7, which causes a delay in there first 

input stage, the area of the common-source transistor, M7, was reduced. The effect was a 

reduced propagation delay. The third stage, which consists of a CMOS inverter, adds 

modest gain and greatly enhances the slew-rate of the comparator.  
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Figure2.8: First Comparator: A Two-stage CMOS Amplifier with Output Inverter 
 

  All of the MOS transistor dimensions of the two-stage CMOS amplifier with output 

inverter are given in Table 2.1    

Component Value [µm/µm] Multiplier 
M1,M2,M3,M4 5.4/1.2 4 

M5,M6,M8 5.4/1.2 2 
M7 5.4/0.9 4 
M9 5.4/0.6 2 
M10 5.4/0.6 1 

 

Table: 2.1. Transistor dimensions used in Figure.2.8 

 

  The second comparator is the folded-cascode amplifier with an output inverter, as 

shown in Fig. 2.9.  This comparator has two stages.  The first is an NMOS differential 

amplifier with a folded-cascode load stage.  The second is an output buffer stage. The 

differential pair converts the differential input voltage, Vip–Vim, to a differential current. 
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This differential current is then passed to the folded-cascode load, which is characterized 

by low input impedance and very-high output impedance. Therefore, the high output 

impedance results a very high gain in one stage. The size of the cascoding transistors, 

M15-M18, was decreased in order to reduce the propagation delay, and the widths of the 

input differential pair, M11-M12, were increased to get more gain and to decrease the input 

offset voltage.  As mentioned in the last circuit, the inverter stage is primarily used to 

improve the comparator’s slew-rate and gain.  The input bias current of this amplifier is 

set to 1μA.  This current is mirrored several times in order to bias the PMOS and NMOS 

cascode mirrors.  In all, 3μA of current is used in the bias circuitry, 2μA in the amplifier 

itself, plus 1μA at the input, for a total bias current of 6μA.  

Figure 2.9    Second Comparator: A Folded-Cascode Amplifier with Output Inverter. 
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  All MOS transistor dimensions of folded-cascode amplifier with output inverter are 
given in Table 2.2 
 
 
    
 

Component Value [µm/µm] Multiplier 
M1,M2,M3,M9,M19,M20 5.4/1.2 2 

M4,M10 3.6/3.6 2 
M5,M6,M11,M12,M13,M14 5.4/1.2 4 
M7,M8,M15,M16,M17,M18 5.4/0.9 2 

M21 5.4/0.6 2 
M22 5.4/0.6 1 

 

Table: 2.2. Transistor dimensions used in Figure.2.9 

 

2.4.2 Two-Stage and Folded-Cascode Amplifier with Unbalanced Differential Pair 

 

  Hysteresis can be achieved by adding positive feedback to the comparator. In Fig. 

2.10, programmable hysteresis using an unbalanced differential pair is added to a CMOS 

two-stage amplifier with an output inverter which is implemented in Fig.2.8. A second 

differential pair, M11-M12, unbalances the input differential pair.  The gates of the second 

differential pair are tied to the output signals which establish positive feedback, or 

hysteresis. Transistors M13- M14 form a current mirror that provides a hysteresis bias 

current for the second differential pair. Note that device sizes of the second differential 

pair are kept small, so as to introduce only a little parasitic capacitance to the input 

differential amplifier. The amount of hysteresis can be programmed by varying this 

hysteresis current.  

   An explanation of the operation of this circuit follows.  Let the output node, Vout, be 

initially at VSS.  When the input voltage Vip increases above Vim, the voltages at nodes VO1 
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and Vout begin to increase, whereas the voltage at node VO2 decreases. As VO2 moves 

toward VSS and Vout moves toward VDD, transistor M11 is turned on and transistor M12 is 

turned off. And then the hysteresis bias current flows into node VO1, resulting in a still 

further increase in the voltage at that node. The increase in VO1 gives rise to a similar 

increase in Vout.  This regenerative process continues until the output saturates at VDD. In 

this state, the input differential pair becomes unbalanced by the hysteresis bias current.  In 

order for the output to move back toward VSS, Vip must drop below Vim by an amount large 

enough to overcome this unbalance.  

 

 

Figure 2.10 Two-Stage Amplifiers with an Unbalanced Differential Pair. 

 
  All MOS transistor dimensions of the unbalanced differential pair are given in Table 2.3. 

The rest of the transistor sizes of this circuit are the same as those mentioned earlier. 
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Component Value [µm/µm] Multiplier 

M11,M12 3.6/0.9 2 

M13,M14 5.4/1.2 2 
 

Table: 2.3. Transistor dimensions used in unbalanced differential pair 
 
   Fig. 2.11 shows the simulation result of the DC voltage transfer characteristic of the 

two-stage amplifier plus output inverter comparator with an unbalanced differential pair.  

The hysteresis bias current is 47nA and the input bias current is 1μA. The output high-to-

low threshold, VTL, is measured as -5.16mV when Vip is varied from 20mV to -20mV.     

The output low-to-high threshold, VTH, is measured as 4.96mV when Vip is varied from  

 -20mV to 20mV. The amount of hysteresis is computed as VTH – VTL, which is 10.1mV. 

 

 
 
Figure 2.11 DC Sweep of the Two-Stage Amp plus Output Inverter with an Unbalanced 
Differential Pair, VDD = 1.25V, VSS = -1.25V, IBIAS = 1μA, IHYST = 47nA. 
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  Hysteresis is added to the folded cascode comparator in a manner similar to that of two 

stage comparator, as shown in Fig. 2.12 

 

 
 
 

Figure 2.12 Folded- Cascode Amplifier with Unbalanced Differential Pair 
 
  All MOS transistor dimensions of the unbalanced differential pair are given in Table 2.4. 

The rest of the transistor sizes of this circuit are the same as those mentioned earlier. 

Component Value [µm/µm] Multiplier 

M23,M24 3.6/0.9 2 

M25,M26 5.4/1.2 2 

 

Table: 2.4. Transistor dimensions used in unbalanced differential pair 
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2.4.3 Two-Stage Comparator and Folded-Cascode Comparator with a Resistor and     
Current Steering Circuit 
 

  In this circuit, hysteresis is added to the two-stage amplifier plus output inverter 

comparator using a fixed-value resistor and a current steering circuit, as shown in the Fig. 

2.13.  The circuit uses a current source, a differential amplifier and a fixed-value resistor 

to obtain hysteresis. It has an inverting hysteresis characteristic with equal positive and 

negative thresholds, VTH   and VTL. The effect is to move the negative input terminal by an 

amount equal to the hysteresis bias current multiplied by the fixed-value resistor, which 

can be expressed as VTH = –VTL =R IHYST .  

  Once again, hysteresis is still programmable by changing the hysteresis bias current.  

Moreover, the amount of hysteresis is linear in the bias current, since it is based on Ohm’s 

Law.  This method of programmable hysteresis is based on [3]. Transistors M15-M16 mirror 

the hysteresis bias current to a secondary differential pair, M11-M12. Transistors, M13-M14, 

are the active load of the secondary differential pair. The polarity of the current leaving the 

differential amplifier at the drains of M11 and M13 is controlled by the digital output 

voltage Vout. For example, if Vout is VSS, then the hysteresis bias current is leaving the 

differential amplifier.  The current gets multiplied by the fixed-value resistor to determine 

the output high-to-low threshold voltage, VTL.  And if Vout is VDD, the current across the 

resistor is reversed in polarity which means the hysteresis bias current would be IHYST, so 

that VTH = –VTL. This method of hysteresis requires that the reference voltage attached to 

Vim be able to comfortably sink and source the hysteresis bias current.  Ideally, a larger 
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resistor value would allow smaller hysteresis bias currents, but it would suffer a large area 

penalty, as well. For this reason, a relatively low fixed-value resistor of 10k  was 

selected in this circuit.   

Ω

 

Figure 2.13    Two Stage Amplifier with a resister and current steering circuit 

  All MOS transistor dimensions of the resistor and the current-steering circuit are given 

in Table 2.5. The rest transistor sizes of this circuit are the same as those in the original 

setup used earlier. 

Component Value [µm/µm] Multiplier 

M11,M12 3.6/0.9 2 

M13,M14,M15,M16 5.4/1.2 2 

 

Table: 2.5 Transistor dimensions used in the resistor and current steering circuit 
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  Hysteresis can be added to the folded cascode comparator in the same way as it was 

added to the two-stage comparator. The schematic of the folded cascode comparator with 

a resistor and a current steering circuit is shown in the Fig. 2.14. 

 

Figure 2.14    Folded Cascode Amplifier with a resistor and current steering circuit 

  All MOS transistor dimensions of the resistor and current steering circuit are given in 

Table 2.6. The rest transistor sizes of this circuit are the same as those in the original 

setup used earlier. 

Component Value [µm/µm] Multiplier 

M23,M24 3.6/0.9 2 

M25,M26,M27,M28 5.4/1.2 2 

Table: 2.6 Transistor dimensions used in the resistor and current steering circuit 
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3. Simulation and Experimental results 

3.1 Simulation Results  

  The circuits have been simulated in Cadence SpectreS using +/- 1.25V power supplies.  

The negative input, Vim was attached to 0V as a reference voltage. Measurements of all 

comparators’ gain, offset, propagation delay, and power consumption are done in 

simulations. In the DC response, the gain is defined as the slope of Vout versus Vip when 

Vout = 0V. The offset is computed as the middle, or average value, of VTL and VTH, as 

shown in Fig. 2.11. the static power consumption of the comparators is calculated by 

multiplying the total bias current by total power supply voltage.  

   Fig. 3.1 shows how propagation delay is measured. The input Vim is attached to ground. 

The circuit is operated at a frequency of 100 kHz. The input Vip switches from VSS to a 

voltage that is equal to VTH + 10mV. The propagation delay when the output is rising, 

tPLH, is the time from when Vip crosses VTH to the time when the output voltage crosses 

0V.  Some time later, the input switches from VDD to a voltage equal to VTL – 10mV. The 

propagation delay when the output is falling, tPHL, is the time from when Vip crosses VTL 

to the time when the output voltage crosses 0V.  
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PLHT PHLT

 
 

Figure3.1 Transient simulation of Folded-Cascode plus Output Inverter Comparator with 

an Unbalanced Differential Pair, VDD = 1.25V, VSS = -1.25V, Vim = 0V, IBIAS = 1μA, IHYST 

= 52nA. 

  Table 3.1 presents the simulation results for two-Stage comparator and folded-Cascode 

comparator with and without programmable hysteresis. The amplifiers all have IBIAS = 1μA.  

The hysteresis bias current was adjusted to obtain a hysteresis voltage of 10mV. The 

systemic offset voltages are all below 1mV, which is well below the expected random 

offset voltage. Two-Stage comparator and folded-Cascode comparator have low-

frequency gain of 19.2kV/V, 33.9kV/V, respectively. Between these two comparators, the 

two-stage amplifier with an output inverter has the advantage of higher gain, lower offset, 

shorter propagation delay, and lower power consumption. Adding programmable 

hysteresis to these two comparators makes the gain rise to approximately 60kV/V.  For the 
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two-stage amplifier plus output inverter comparator, adding hysteresis increased the 

propagation delay slightly, whereas adding hysteresis to the folded-cascode plus output 

inverter comparator had little effect on the delay. 

 

Type of 
Comparator 

Performance Characteristics of Comparators 
Total Bias 
Current 

[uA] 

Offset 
[mV] 

Gain 
[kV/V] tPLH [ns] tPHL [ns] Hysteresis 

[mV] 

Power 
Consumption

[uW] 

2-Stage with 
no hysteresis 3 0.14 33.9 889 659 -- 7.61 

2-Stage with 
Unbalanced 

Diff. Pair 
3.1 -0.1 61.8 1220 748 10.1 7.75 

2-Stage with 
Current and 

Resistor 
4 0.15 62 905 698 10.1 8.52 

Folded with 
no hysteresis 6 -0.36 19.2 853 812 -- 13.95 

Folded with 
Unbalanced 

Diff. Pair 
6.1 -0.8 61 712 884 10.4 16.40 

Folded with 
Current and 

Resistor 
7 0.8 60 935 897 10.4 18.69 

 
Table 3.1 Simulation results of Gain, Offset, Propagation delay, Hysteresis and Power 
Consumption 
 

   It can be seen in Table 3.2 that the amount of hysteresis can be programmed by 

changing the hysteresis current. From the table, the hysteresis method using a fixed-value 

resistor is linear with respect to the hysteresis bias current, whereas the hysteresis method 

using an unbalanced differential pair is less linear but requires less total bias current. 
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Type of comparator 
Hysteresis 

Bias Current 
[nA] 

Amount of hysteresis [mV] 

Two-stage comparator  with 
Unbalanced Differential Pair 

47 10.4 
90 20 
136 30.4 
181 40.3 

Folded-cascode comparator  with 
Unbalanced Differential Pair 

52 10.04 
90 20 
138 30.4 
183 40.3 

Two-stage comparator  with a 
resistor and current steering 

circuit 

500 10.4 
1000 20.08 
1500 30.00 
2000 40.1 

Folded-cascode comparator  with 
a resistor and current steering 

circuit 

500 10.39 
1000 20.02 
1500 30.4 
2000 40.03 

Table 3.2 Simulated Programmable Hyteresis 

3.2 Experiment Results 
     

  Offsets can be classified into systematic and random offsets. Systematic offsets can be 

minimized by symmetric design and careful layout. Random offsets are caused by device 

mismatches in layout, and the variance of mismatch is inversely proportional to the area of 

devices size (W×L) [6]. All six types of comparators were laid out using the common-

centroid technique for all differential pairs, current mirrors, and cascoding transistors, so 

as to achieve low random input offset voltage. Common-centroid is one of the commonly 

used analog layout techniques for avoiding mismatch between devices on a chip. For 

getting more samples of random input offset voltage, two of each type of comparator were 

placed on each chip. The layouts of the six individual comparators are shown in Appendix 

A.   
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A microphotograph of the chip is shown in Fig. 3.2.  

Figure 3.2 Microphotograph of comparator chip   

  The chips were tested for hysteresis and offset using a slow DC sweep.  The method 

described in Section I was used to test for propagation delay. The test procedure was listed 

in Appendix B. Table 3.3 shows the chip measurement results and comparison to the 

simulated values.   

Type of Comparator 

Simulation 
results Test results % 

change 
[TLH] 

% 
change
[THL] TLH 

(ns) 
THL 
(ns) 

TLH 
(ns) 

THL 
(ns) 

2-Stage with no 
hysteresis 890 660 743 565 -16.52 -14.39 

Folded with no 
hysteresis 853 812 663 639 -22.27 -20.9 

2-Stage with 
Unbalanced Diff. Pair 1224 748 1247 647 1.88 -21.31 

Folded with 
Unbalanced Diff. Pair 712 884 835 875 17.28 -1.02 

2-Stage with Current 
and Resistor 905 698 748 608 -17.35 -12.89 

Folded with Current 
and Resistor 956 897 852 1028 -10.88 11.75 

 

Table 3.3 Comparison of Simulated and Measured Delays, VDD = 1.25V, VSS = -1.25V, 
IBIAS = 1μ A. 
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  Since there is a large difference between random offset voltages of two types of 

comparators, it is necessary to take as many measurements as possible to precisely 

characterize the offset voltage for the various comparator types, as shown in  Table 3.4. 

 

Type of 
comparator 

Chip1 Chip2 Chip3 Chip4 Chip5 

Mean 
Stand
ard 

deviat
ion 

Range 
[mV] 

Offset 
[mV] 

Offset 
[mV] 

Offset 
[mV] 

Offset
[mV] 

Offset 
[mV] 

2-Stage 
with no 

hysteresis 
-4.4 -6.8 -2.8 4.4 10.1 10.1 9.1 0.6 1.9 7.7 2.97 5.95 -6.8~10.1

Folded 
with no 

hysteresis 
-37.5 -23.7 -2.3 -11.3 12.9 -11.3 -7 -11.1 0.4 -5.9 -9.66 12.90 -37.5~12.9

2-Stage 
with 

Unbalance
d Diff. 
Pair 

0.4 3.8 5.7 4.0 -1.6 4.0 -8.4 -2.4 2.7 5.1 1.32 4.15 -8.4~5.7 

Folded 
with 

Unbalance
d Diff. 
Pair 

11.3 -2.3 4.2 -3.0 -12.9 -8.5 -2.8 -4.0 -1.8 -9.0 -2.85 6.50 -12.9~11.3

2-Stage 
with 

Current 
and 

Resistor 

1.5 -2.6 -6.3 1.5 2.8 -1.2 3.2 -6.6 0.2 -7.0 -1.45 3.74 -7.0~3.2 

Folded 
with 

Current 
and 

Resistor 

-1.6 7.4 -5.9 1.5 -8.0 16.2 4 3.9 -0.9 -2.0 1.47 6.58 -8.0~16.2

 

Table 3.4 10 random offsets for each comparator  
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Type of Comparator 
Input Offset Voltage 

Mean [mV] Min [mV] Max [mV] Range 
[mV] 

2-Stage with no hysteresis 1.8 10.1 -6.8 16.9 
2-Stage with Unbalanced 

Diff. Pair 1.4 5.7 -8.4 14.1 

2-Stage with Current and 
Resistor -1.1 5.0 -7.0 12.0 

Folded with no hysteresisa -5.5 12.9 -23.7 36.6 
Folded with Unbalanced 

Diff. Pair -3.29 15.5 -19.5 35 

Folded with Current and 
Resistor 4.01 16.2 -8 24.2 

a. N = 12 for this comparator 

Table 3.5 Statistics of Measured Offset Voltages, N = 13 

  From Table 3.5, it can be observed that in the same area devices and similar layout 

technique, the random offset voltage range of the folded-cascode amplifier is 

approximately two times that of the two-stage amplifier.  

  The performance of the comparator plays a critical role in the design of high-speed data 

conversion systems. A high-speed comparator should have a propagation delay time that 

is as small as possible. Low-power comparators plus programmable hysteresis were 

designed with high gain, low input offset, short propagation delay and low power 

dissipation. Among these comparators with hysteresis, the highest operating speed is 1.47 

MHz. This speed is quite good speed at such low bias current. However, if under similar 

circumstances, these circuits operate at higher speeds, is it  worth a try?  The basic 

principle of high-speed comparator design is to use a preamplifier to create a large 

differential voltage and then apply it to a latch.  A new circuit, a clocked comparator, 

which based on [7], will be discussed in the next chapter. 
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4. Clocked Comparators 

4.1 Introduction  

  Clocked comparators are circuits which make their output decision on the rising or 

falling edge of a clock signal. Comparators are usually classified into two categories, 

continuous-time and clocked. Continuous-time comparators sense the input signal and 

update the output logic value continuously or asynchronously.  This continuous decision 

making may not be required in systems running under the control of a clock.  

  Comparators are commonly found in modern IC design. Since most IC designs are 

synchronous system, comparators are usually triggered by a clock. Clocked comparators 

are commonly found in Analog-to-Digital Converters (ADC) and based band receivers. 

In addition, since comparators have large voltage gain, they are often used as sense 

amplifiers in SRAM and DRAM [5].  

  As synchronous systems are running faster and faster, clocked comparators must run at 

a higher speed, as well. A common clocked architecture that can achieve a high rate of 

operation has two phases of operation: evaluation phase and reset phase. In evaluation 

phase, positive feedback is enabled to achieve high gain, whereas positive feedback is 

disabled in reset phase and the comparator clears its previous state. For fast operation, 

reset must be completed quickly and the positive feedback should be enabled quickly and 

have a short regeneration time constant [8].  
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  In this project, clocked comparators with and without hysteresis were found to operate 

robustly at 6MHz, with very low static power consumption, low systematic offset and 

small chip area.  

4.2 Clocked Comparator 

  The clocked comparator consists of three stages, as shown in Fig. 4.1. The first stage is 

the input stage with a bias current mirror and a differential input pair. The second is a 

latch circuit, and the third is an S-R latch composed of two NOR gates. Two input signals, 

Vip and Vim, are attached to the differential pair, M3 and M4. In [7], the input stage was 

formed by PMOS transistors. However, since NMOS transistors have higher mobility 

than PMOS transistors and provide better current switching speed, an NMOS differential 

pair is used in this work. Since the channel-length modulation has less effect on longer 

devices, the length of the transistors is generally chosen longer than minimum size in 

analog circuit. Moreover, longer length device will get larger output resistance, that is, 

higher open-circuit gain. However, the larger devices can result in larger parasitic 

capacitances which cause the lower speed. This is a trade-off between speed and gain. In 

comparator design, speed is more important than gain. The length of the transistors is 

chosen as 1.2μm which is equal to twice minimum length in AMI 0.5μ m technology. 

Generally, the small current charging transistors’ capacitances limit the speed of circuit. 

But with the need for lower power, the circuit has to design operating in low bias currents. 

Hence, the input bias current is designed for 1μA in this circuit. The sizes of the 

transistors M1 and M2 can be using the equation  

                       21 (
2BIAS n ox GS T

W )I C V V
L

μ= −                                                                   (4.1) 
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The following assumptions are made in this comparator design: 

          V V  0.2GS T DSsatV V− = =

             2110n ox
AC

V
μμ =  

After calculation, we get W=0.54μm and L= 1.2μm. 

 Since good matching is needed and the variance of mismatch is inversely proportional to 

the area of devices size (W×L). Therefore, width of transistors is increased in order to get 

better the device matching. Common centroid layout technique is splitting the devices 

into parallel devices and interdigitizing them to distribute process gradients across both 

devices and thus improve matching [5].  The sizes of the transistor M1 and M2 are chosen 

as: W = 5.4μm and L = 1.2μm with a multiplier m=2 instead of just simply increase to 

tenfold width. The bias current flowing each transistor in through the differential pair, 

M3and M4, is 0.5µA. In order to increase the gain of first stage and get lower input offset 

voltage, the sizes are increased as W = 5.4μm and L = 1.2μm with multiplier m = 4. In the 

latch stage, M6 and M7 are the latch transistors which are tied to the S-R latch stage. 

Clocks, 1φ  and 2φ , are the two nonverlapping clocks. M11 is a PMOS transistor used for 

resetting the previous latch. Since transistors M11, M9, M10, M5 and M8 are all used for 

switches; minimum sizes are chosen for them. So as to make the balance the third stage 

during latching, the widths of NMOS transistors are increased to that of the PMOS 

transistors in the S-R latch stage.  

 31



 

Figure 4.1 Schematic of CMOS Clocked Comparator without hysteresis  

All MOS transistor dimensions of the clocked comparator are given in Table 4.1. 

Component Value [µm/µm] Multiplier 

M1,M2,M6,M7 5.4/1.2 2 

M3,M4,M12,M13 5.4/1.2 4 

M5,M8,M9,M10,M11 5.4/0.6 1 

M14,M15,M16,M17 

M18,M19,M20,M21 
5.4/0.6 2 

 

Table: 4.1 Transistor dimensions used in Figure 4.1 
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4.2.1 Operation of the Clocked Comparator  

  The dynamic operation of this circuit is separated into two intervals regeneration time 

and reset time, as shown in Fig.4.2. There is a first reset mode (T0), which comes before 

the second reset time. Transistors, M9 and M10, isolate the upper PMOS transistors from 

the lower NMOS transistors of the latch circuit stage when 1φ  goes high. When 1φ  is high, 

which forces M5 and M8 to turn on. Therefore, M6 and M7 are reset by these two 

precharged transistors which discharges nodes c and d to the negative power supply 

voltage ( ). DuringSSV 2φ  low, the comparator is in the second reset mode (T1). The input 

stage attempts to establishes a differential input voltage between nodes a and b, but since 

transistor M11 is on when 2φ is low, it will cause the voltage at nodes a and b equalization. 

Regeneration or evaluation starts at when M11 is off which means 2φ  goes high. Because 

of the switching transistors M9 and M10, the regeneration time is a total of two intervals. 

The first interval (T2) is when 1φ  and 2φ  are both high, as to a differential input voltage 

between Vip and Vim, resulting the voltage differences between nodes a and b make M12 

and M13 start to become unbalanced. The second regeneration step (T3) starts when 1φ  is 

low and M9 and M10 turn on. The upper PMOS transistors of the latch circuit, together 

with the lower NMOS transistors, that is, nodes a, b shorted to c, d forms a DRAM sense 

amplifier. The imbalance between nodes a and b causes the circuit to latch high or low 

depending on the state of the inputs. For example, if a > b, the node c soon amplifies 

nearly equal to Vss and the node d to Vdd, whereas if a < b, the node c pull to Vdd and 

node d to Vss. The following S-R latch will store the output levels of nodes c and d at the 
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end of the second regenerative mode and keep the logic state until the 1φ  goes low during 

the next clock period.  

 

Figure4.2: The simulated result of Nonoverlapping clock generator shows time 
relationship between 1φ  and 2φ  

Summary of the operational time of the clocked comparator is shown in Table 4.2 

Reset Time Regeneration Time 

T0 T1 T2 T3 

Nodes c & d 
are both low 

Equalize nodes a & 
b, c & d are still low

Nodes a & b are 
unbalanced in response to 

the inputs 

Nodes c & d shorted to 
a & b , S-R latch stores 

new output value 

 

Table: 4.2 Operation of the clocked comparator 
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4.2.2 Nonoverlapping Clock Generators 

  The method described in [5] is the basic architecture of the nonoverlapping clock 

generator, as shown in Fig. 4.3. Fig. 4.4 shows the simulated result of this circuit. From 

the plot, clocks 1φ  and 2φ have the same duty cycle and little delay time as well. For high 

speed operation, the reset time of the clocked comparator must be completed quickly and 

the circuit must have short regeneration time constant. A circuit has been designed to 

meet those requirements. The circuit is shown in Fig.4.5. 

 

Figure 4.3 Nonoverlapping clock generation circuit in [5] 

 

Figure 4.4 Simulated result of Nonoverlapping clock generation circuit in [5] 
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Figure 4.5 Schematic of Nonoverlapping Clock Generator 

 

  A transmission gate is added for matching the delay of I1. Since the first regeneration 

step can be reduced to raise the regeneration speed, I2 and I3 are added to provide a 

larger duty cycle of clock 1φ  and a shorter regeneration time (T1). So as to get large duty 

cycle difference between 1φ  and 2φ , a delay inverter is created in this circuit, as shown in 

Fig.4.6.  The reset time ( 2φ ) is needed to be short, so only two delay inverters are used. 

However, the second regeneration time (T2) is when the clocked comparator evaluates; 

hence, more delay inverters are needed.  
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Figure 4.6 Schematic of Delay Inverter 

  The delay cell is implemented as two back-to-back long length inverters. Since the 

lengths of all MOS transistors are increase to 3µm, the larger devices result in larger 

parasitic capacitances which get longer delay time. Instead of the original VDD, another 

positive power supply (DVDD) is attached to the delay inverter. By changing the value of 

DVDD, the propagation delay between input clock to 1φ  and 2φ can be adjusted. This extra 

positive power supply provides a very flexible way to adjust the timing of the 

nonverlapping clocks, even after fabrication. DVDD is tied to pad protect in layout, and 

pad protect will make positive power supply voltage swing ± 0.5V (for diode voltage). So 

DVDD  is set swing ranges to VDD ± 0.5V. Table 4.3 and 4.4 show the results simulated in 

Cadence. From the tables, it can be observed that propagation delay gets longer when 

DVDD is smaller. Since 1φ  has a larger numbers of delay inverters than 2φ , 1φ  is more 

sensitive to changes in DVDD.  
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DVDD 

[V] 

Input Clock to 1φ  

tPLH [ns] tPHL[ns] 

VDD-0.5 150.27 168.44 

VDD-0.4 143.79 160.33 

VDD-0.3 138.60 153.77 

VDD-0.2 134.34 148.38 

VDD-0.1 130.78 143.91 

VDD =1.25 127.8 140.09 

VDD+0.1 125.25 136.86 

VDD+0.2 123.06 134.08 

VDD+0.3 121.16 131.67 

VDD+0.4 119.50 129.57 

VDD+0.5 118.05 127.70 

Table 4.3 the simulated propagation delay of delay inverter between input clock to 1φ   

DVDD 

[V] 

Input Clock to 2φ  

tPLH [ns] tPHL[ns] 

VDD-0.5 19.91 86.51 

VDD-0.4 18.58 78.17 

VDD-0.3 17.53 71.46 

VDD-0.2 16.67 65.96 

VDD-0.1 15.97 61.37 

VDD =1.25 15.40 57.48 

VDD+0.1 14.92 54.17 

VDD+0.2 14.51 51.34 

VDD+0.3 14.17 48.86 

VDD+0.4 13.88 46.71 

VDD+0.5 13.63 44.80 

Table 4.4 the simulated propagation delay of delay inverter between input clock to 2φ  
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  All MOS transistor dimensions of the nonverlapping clock generation circuit are given 

in Table 4.5. 

Component 
 Value [µm/µm] Multiplier

Transmission Gate
P:1.5/0.6 

1 
N:1.5/0.6 

Inverterx1 
P:3.0/0.6 

1 
N:1.5/0.6 

Nand 
P:3.0/0.6 

1 
N:1.5/0.6 

 

Table: 4.5 Transistor dimensions used in Figure 4.5 

4.3 Simulation Results for Clocked Comparator  

4.3.1 Robust Design for the Clocked Comparator 

   

Although the clocked comparator is mainly designed to have an optimum comparison 

speed in this project, accuracy is an important requirement as well. In the simulation 

work, the clocked comparator was found to operate up to 10MHz. However, it was also 

found that if the devices have a little bit of mismatch from the original design values, the 

results won’t be correct. Fig.4.7 shows that changing the width of transistor M6 from 

m=2 to m=1, the simulated result of the operation at 10MHz is not working properly.  
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 Figure 4.7 Transient simulation of the Clocked Comparator with added mismatch, Vdd 
= 1.25V, Vss = -1.25V, IBIAS = 1μA, FCLK=10MHz. 
 
   

    Because of non-ideal process parameters, mismatch in transistor dimensions will occur 

in fabricated chip; thus, a robust design must be considered. The robust design of this 

circuit is focused on obtaining a differential voltage between nodes a and b is above 

100mV, as shown in Fig. 4.8. When the system operates at 6MHz, the differential voltage 

between a and b right before 1φ  going low, that is, the beginning of T3, is -101.6mV. 

Therefore, robust operation of this circuit is demonstrated at 6MHz. 
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Figure 4.8 Transient simulation of the Clocked Comparator, Vdd = 1.25V, Vss = -1.25V, 
IBIAS = 1μA, FCLK=6MHz. 

 

4.3.2 Low Frequency Transient Analysis 

  The reference voltage, , is connected to ground. The input noninverting terminal,  , 

is fed a triangle pulse varying from -500μV to 500μV. The circuit uses ± 1.25V power 

supplies. An external capacitive load of 33fF is connected to the output. The plots of 

input and output are observed and shown in Fig. 4.9. In this transient response simulation, 

the systemic offset is measured from the plot as 200.04μV. The system clock is set at 15 

kHz. runs at a very low frequency, about 100Hz. Ideally, when the ramp of the input 

voltage intersects the reference voltage, = 0, the clocked comparator changes its output 

state. However, before this circuit starts the comparison, it has to overcome the input 

imV ipV

ipV

imV
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offset voltage. Since the system clock is around 150 times faster than , the output 

responds very quickly and precisely. 

ipV

200.04VIP OSy V VμΔ = =

 

Figure 4.9 Slow Transient simulation of the Clocked Comparator, Vdd = 1.25V, Vss = -

1.25V, IBIAS = 1μA, FCLK=15 kHz. 

 

4.3.3 Transient analysis 

   The reference voltage,  , is connected to ground. A square wave is applied to .  

The square wave is varied from Vss to 10mV and from Vdd to -10mV. The output plots 

are observed and shown in Fig. 4.10. In this transient response simulation, the system 

imV ipV

 42



clock is set at 6 MHz. The input, , is running at a frequency of 3MHz. Since the input 

signal operates at 3MHz, the time period is set to 0.333

ipV

μ sec. From the waveform, the 

clocked comparator evaluates at when 1φ  is low.    

10mV

-10mV

Vdd

Vss

 

Figure 4.10 Transient simulation of the Clocked Comparator, Vdd = 1.25V, Vss = -1.25V, 
IBIAS = 1μA, FCLK=6MHz. 
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4.4  Clocked Comparator with Unbalanced Differential Pair 

  In Fig.4.11, programmable hysteresis using an unbalanced differential pair is added to 

the clocked comparator. In Chapter 2, this method was described to provide positive 

feedback. The amount of hysteresis can be programmable by varying the hysteresis bias 

current, Ihyst.  

 

Figure 4.11 Schematic of CMOS Clocked Comparator with Unbalanced differential Pair 

  Device sizes of the second differential pair are kept small; in that way only a little 

parasitic capacitance add to the input differential pair. As 1φ  is low, the previous 
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unbalanced input voltage between a and b, together with c and d, soon amplifies to close 

to rails of power supply voltage. After S-R latch, Vout   and VO2   logic states are stored to 

the second differential pair. As the input voltage Vip increases above Vim, the current flow 

into node a begin to increase. The current, Ia, flows into two different transistors M3 and 

M24. As Vip saturates at Vdd, Ia is dominated by the current, Ip, which is the current 

flowing into M3. In this state, the input differential pair becomes unbalanced by the 

hysteresis bias current. In order for the output to move back toward Vdd, Vip must drop 

below Vim by an amount large enough to overcome this unbalance. All MOS transistor 

dimensions of the unbalanced differential pair are given in Table 4.6. As to the rest of the 

transistor sizes of this circuit, they are the same as mentioned earlier. 

Component Value [µm/µm] Multiplier 

M24,M25 3.6/0.9 2 

M22,M23 5.4/1.2 2 

 

Table: 4.6. Transistor dimensions used in the unbalanced differential pair 

4.4.1 Low Frequency Transient Analysis 

  Fig. 4.12 and 4.13 show the voltage transfer characteristic of the clocked comparator 

with an unbalanced differential pair. The hysteresis bias current is 50nA. The system clock 

is set at 15 kHz. is running at about 100Hz, and the input voltage is varied first from -

30mV to 30mV, then from 30mV down to -30mV.  The output high-to-low threshold, VTL, 

is measured as -4.99mV. The output low-to-high threshold, VTH, is measured as 5mV. The 

ipV

 of hysteresis is comamount puted as VTH – VTL, which, in this case, is 9.99mV. The input 

offset voltage can also be computed as ( )
2

TH TLV V+
, which is 5 μ V. 
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VIPyΔ

 

Figure 4.12 Slow transient simulation of Clocked Comparator with Unbalanced 
differential Pair, Vdd = 1.25V, Vss = -1.25V, I  = 1μA, I  =50nA, F =15 kHz. BIAS HYST CLK

VIPyΔ

 

Figure 4.13 Slow transient simulation of Clocked Comparator with Unbalanced 
Differential Pair, Vdd = 1.25V, Vss = -1.25V, IBIAS = 1μA, IHYST =50nA, FCLK=15 kHz. 
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4.4.2  Transient Analysis 

  The reference voltage, , is connected to ground. A square wave is applied to  The 

square wave is varied from Vss to 15mV (VOS + VTH + 10mV) and from Vdd V 

(VOS + VTL -10mV). The output plots are observed and shown in Fig.4.14. In this transient 

response simulation, the system clock is set at 6 MHz. is running at a 

3MHz. From the wave s, we see that the clocked comparator evaluates when 

imV  

 

form

ipV .

 to -15m

frequency of ipV

1φ  is 

low.    

15mV

Vss

Vdd

-15mV

 

Figure 4.14 Transient simulation of the Clocked Comparator with Unbalanced 

differential Pair, Vdd = 1.25V, Vss = -1.25V, IBIAS = 1μA, IHYST =50nA, FCLK=6MHz. 
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4.5 Clocked Comparator with a Resister and Current Steering Circuit 

  In this circuit, hysteresis is added to the clocked comparator using a fixed-value resistor 

and a current steering circuit, as shown in the Fig. 4.15.  

 

Figure 4.15 Schematic of CMOS Clocked Comparator with a Resister and Current 

   

  In Chapter 2, this method was described. The circuit uses a current source, a differential 

amplifier and a fixed-value resistor to obtain hysteresis. Hysteresis is programmable by 

changing the hysteresis bias current and the amount of hysteresis is linear in the bias 

current. The polarity of the current leaving the differential amplifier at the drains of M24 

Steering Circuit 
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and M26 is controlled by the digital output voltage Vout. For example, if Vout is VSS, then the 

hysteresis bias current leaves from the differential amplifier.  The current gets multiplied 

by the fixed-value resistor to determine the output high-to-low threshold voltage, VTL.  

And if Vout is VDD, the current across the resistor is reversed in polarity which means 

output low-to high threshold voltage is  VTH = –VTL.  

  All MOS transistor dimensions of the resistor and current steering circuit are given in 

Table 4.7. The rest transistor sizes of this circuit are the same as mentioned before. 

Component Value [µm/µm] Multiplier 

M24,M25 3.6/0.9 2 

M22,M23,M26,M27 5.4/1.2 2 

 

Table: 4.7. Transistor dimensions used in the Resistor and Current Steering Circuit 

 

4.5.1 Low Frequency Transient Analysis 

d 4.17 show the voltage transfer characteristic of the clocked comparator 

th the resistor and current steering circuit. The hysteresis bias current is 415nA. The 

TL TH

TH TL

case, is 9.99mV. The input offset voltage can also be computed as

  Figs. 4.16 an

wi

system clock is set at 15 kHz. ipV is running at about 100 Hz, and the input voltage is 

varied first from -30mV to 30mV, then from 30mV down to -30mV.  The output high-to-

low threshold, V , is measured as -5.0mV. The output low-to-high threshold, V , is 

measured as 4.99mV. The amount of hysteresis is computed as V  – V , which, in this 

( )
2

V V+TH TL , which is - 5 

μ V. 
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VIPyΔ

 

f Clocked Comparator with a Resistor and 
Current Steering Circuit, Vdd = 1.25V, Vss = -1.25V, IBIAS = 1μA, IHYST =415nA, 
FC
 

Figure 4.16 Slow transient simulation o

LK=15 kHz. 

VIPyΔ

 

Figure 4.17 Slow transient simulation of Clocked Comparator with a Resistor and 
Current Steering Circuit, Vdd = 1.25V, Vss = -1.25V, IBIAS = 1μA, IHYST =415nA,FCLK=15 
kHz. 

 50



 
4.5.2 Transient Analysis 

   The reference voltage, , is connected to ground. A square wave is applied to  The 

square wave is varied from Vss to 15mV (VOS + VTH + 10mV) and from Vdd V 

(VOS + VTL - 10mV). The output plots are observed and shown in Fig. 4.18. In this 

transient response simulation, the system clock is set at 6 MHz. 

frequency of 3MHz.  

imV

 

ipV .

 to -15m

is running at a ipV

15mV

Vdd

Vss

-15mV

 

Figure 4.18  Transient simulation of the Clocked Comparator with a Resistor and 
Current Steering Circuit, Vdd = 1.25V, Vss = -1.25V, I  = 1μA, I  =430nA, F = BIAS HYST CLK
6MHz. 
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The following table 4.8 shows the summary of all comparators.  

Types of Systematic 
] 

Hysteresis 
Total 
Bias 

[μA] 

Static Power Dynamic 
Power 

[μW] 

Total 
Power 

[μW] 

 

Comparator Offset [μV [mV] Current dissipation 
[μW] dissipation dissipation 

Clocked 200.04 - 2 5 6.88 11.88 Comparator 

C d wi h 
 

locke t
Unbalanced 

Diff. Pair 
5 9.99 2.1 5.25 7.32 12.57 

Clocked with 
a Resistor -5
Current  

 9.99 2.83 7.075 8.52 15.59 

Table 4.8 Summary of Comparators 
Types of Comparator Hysteresis Bias Current [nA] Amount of Hysteresis [mV]

Clocked Comparator with 
Unbalanced Differential Pair 

50 9.99 

90 19.98 

133 30.05 

180 40.02 

Clocked Comparator with a 
Resistor and Current 

Steering Circuit 

415 9.99 

860 20.25 

1320 30.04 

1800 40 

Table 4.9 Simulated Programmable Hyteresis 

 

  Table 4.9 shows how the amount of hysteresis is programmable. The hysteresis method 

using a fixed-value resistor is approximately linear with the variation in hysteresis bias 

eeds less total bias current, hence, it has less power consumption.  

current. But from Table4.6, the hysteresis method using an unbalanced differential pair 

n
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   Table 4.10 shows the comparison of all comparators’ performance. The operation 

equency for continuous-time comparators is computed as 2
( )PLHt PHLt

. fr
+

 

Type of 
or 

Performance Characteristics of Comparators 

Comparat
Random 

Offset 
[mV] 

Total 
Bias 
rrent 

[uA] 

Max 
Operation 
Frequen

[MHz] 

Power 
Consumption 

[uW] 

Layout 
 
] Cu cy Area

[μm2

2-Stage with no 
hysteresis -2.8 3 1.29 7.61 1540 

Folded wi
hystere

th no 
sis -2.3 6 1.20 13.95 3762 

Clocked with no 6 
82.83 

3097 hysteresis -- 2 21.69 (1.29M) 
2-Stage with 
nbalanced Diff. 5.U

Pair 
7 3.1 1.02 7.75 2153 

Folded with 
Unbalanced Diff.  6.1 1.25 16.40 4224 

Pair 
4.2  

Clocked with 
Unbalanced Diff. 

Pair 
-- 2.1 6 

84.38
3432 

 

21.59 (1.25M) 
2-Stage with 
Current and -6.3 4 1.25 8.52 2453 

Resistor 
Folded with 
Current and 

esistor 
-5

R
.9 7 1.09 18.69 4623  

Clocked with  
Current and 

Resistor 
-- 2.83 6 

92.08 
3691 

23.63 (1.25M) 
 

Table 4.10 the comparison of all comparators 
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Table 4.11 shows the programmable hysteresis on all comparators 

Hysteresis Bias Curren

Amount of 
Hysteresis 

t [nA] 

2-Stage 
with 

Unbalanced 
Diff. Pair 

Folded with 
Unbalanced 
D

Clocked with 
Unbalanced 

2-Stage 
with 

Current 

Folded 
with 

Current 

Clocked 
with  

Current 
and 

Resistor
iff. Pair Diff. Pair and 

Resistor 
and 

Resistor 

10mV 47 52 50 50 0 500 415 

20mV 90 90 1000 0  90 100 860 

30mV 136 138 133 1500 00  15 1320 

40mV 181 183 180 2000 00  20 1800 

 

Table 4.11 simulated programmable hysteresis 
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4.6 Layout  

   

 mparators and the nonoverlapping clock generator were designed and laid 

o MI

 All three co

ut in the A  mμ5.

easureme

0  tech  c  s ab In  

obtain more m nt of the random input offset voltage, four of each type of 

com r were p d on the c . The chip u  fifteen d  buffe rive e al 

load capacitances. In the layout, the metal3 layer is not used; only metal1, metal2 and 

poly layers were used for interconnection. T

terconnects, as it has high sheet resistance.  

   All three types of comparators and nonoverlapping clock generator were laid out using 

the common-centroid technique for all differential pairs, current mirrors and cascoding 

ansistors, so as to achieve low random input offset voltage. The common-centroid 

ethod is one of the commonly used analog layout techniques for reducing mismatch 

etween devices on a chip.  

The area occupied by the clocked comparator, clocked comparator with unbalanced 

ifferential pair, clocked comparator with a resistor and current steering circuit, and 

onoverlapping clock generator are 3097 μm2, 3432 μm2, 3691 μm2 and 10417 μm2, 

spectively. As to the nonoverlapping clock generator, it occupied too much chip area 

0417 μm2) and power consumption (384.2uW). However, in the whole layout there is 

nly one nonoverlapping clock generator used to support 12 comparators. It is like 10417 

m2  and 384.2 uW divided by 12, that is  868.1 μm2and  32 uW , and then those values 

em reasonable. The layouts of the three individual comparators and nonoverlapping 

lock generator are shown in Appendix C.  The chip layout is shown in Fig. 4.19.  

nology. The hip has been ent for f rication.  order to

parato lace hip ses igital rs to d xtern

he poly layer was not used for long 

in

tr

m

b

  

d

n

re

(1

o

μ

se

c
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  A design rule check (DRC) and layout versus schematic (LVS) were performed on the 

out of each comparator, nonoverlapping clock generator, and the final chip before lay

submitted for fabrication. 

 

 

Figure 4.19 Layout of Chip 
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5. CONCLUSIONS  
 

 This report has dealt with the optimization of low voltage comparators with and without 

rogrammable hysteresis. The comparators were fabricated and measurement results 

were compared with simulations. Between the two-stage and folded-cascode comparator 

with hysteresis, the highest operating speed is 1.25MHz. Robust operation of the clocked 

comparator is observed at frequencies up to 6 MHz.  

    The comparators were designed with low delay, low offset, high gain and low power 

dissipation. Different types of comparators are discussed, in particular, the two-stage 

amplifier with output inverter, the folded-cascode amplifier with output inverter and a 

clocked comparator. It can be observed that all comparator output voltages are very close 

to the power supply rails.  

    Among the comparators without hysteresis, the clocked comparator has the highest 

operation frequency, 6MHz, and lowest total bias current, 2

p

Aμ . But the two-stage 

amplifier plus output inverter comparator is also superior in several way: low systematic 

offset, lower power consumption, and less area.  

For the comparators with hysteresis, it can be observed that by adjusting the hysteresis 

current, the amount of hysteresis can be varied. As to methods of hysteresis, the 

unbalanced differential pair is simple, occupies a small amount of area, and adds very 

little power consumption.  On the other hand, if linearity in the amount of hysteresis is of 

primary concern, hysteresis with a resistor and current steering circuit is the best because 

the variation of hysteresis current with the amount of hysteresis is linear.   
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The layout area and pow rator is not the best of all 

e comparators; however, among the comparators with hysteresis, the clocked 

uits, such as temperature protection 

eed, power consumption and the amount 

of

 

er dissipation of the clocked compa

th

comparator indeed improves operating frequency by roughly four times.   

 

5.1 Applications 

  Comparators are generally used in analog computation and signal generation. they are 

also widely used in decision-making and control circ

and power management circuits. Flash ADC or two-step ADCs usually requires a large 

number of comparators in parallel in the first stage. Thus, the comparators should have 

small input capacitance, low power consumption, and high speed. For ADC design, the 

comparator must fulfill the accuracy requirement, as well. 

 

 

5.2 Future Work 

  Because the chip is still in fabrication, the measurements of the comparators need to 

follow up. The random offsets, max operating sp

 hysteresis of the clocked comparators need to measure in this chip. Since the results of 

random offset may be awful than expected, introducing an offset cancellation technique 

in this clocked comparator could design in future work. 
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APPENDIX A 
 

Layouts for the Continuous-time Comparator Chip 
 

  The figures shown below are the layouts of two-stage comparator with output inverter, 

lanced differential pair, two-stage comparator with a two-stage comparator with unba

resistor and current steering circuit, folded-cascode comparator with output inverter, 

folded-cascode comparator with unbalanced differential pair and folded-cascode 

comparator with a resistor and current steering circuit. 

 

 
 
Figure A.1 Layout of the two-stage comparator with output inverter from [2] 
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Figure A.2 Layout of the two-stage comparator with unbalanced differential pair from [2] 
 

 
 
 
Figure A.3 Layout of the two-stage comparator with a resistor and current steering circuit 
from [2] 
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Figure A.4 Layout of the folded-cascode comparator with output inverter from [2] 

 
 
Figure A.5 Layout of the folded-cascode comparator with unbalanced differential pair 
from [2] 
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Figure A.6 Layout of the folded-cascode comparator with external hysteresis from [2] 
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Appendix B 
 

MOSIS Files and Test Procedure 
 
 
Project Name:    Low voltage CMOS comparator with programmable hysteresis 
Project Author:    Yen-Chun Tsen 
Submitted        :    May 1st 2006. 
Fabrication      :     0.5 μm AMI double-poly n-well with 3 metal layers. 
Apparatus        :     Signal Generator, Oscilloscope, DMM and a breadboard. 
Description      :    Comparators with and without hysteresis. 
 
Your "NEW-PROJECT" request was executed. 
 
Project Status: 
 
   Design 75468 status: WAITING FOR LAYOUT 
   Design name: comparator_yct 
   E-mail address: ytsen@nmsu.edu,pfurth@nmsu.edu 
 Phone number: 505-646-1659 

   Fill to be added: by MOSIS 
   This project can be fabricated on a AMI_C5F run. 
   Run date requested: 01-MAY-2006 
   Layout file: not present 
   Intended disposition: RESEARCH 
   Requested quantity: 5 
   Requested packaging: DIP40 [MOSIS to generate bonding diagram] 
      (5 parts) 
   Maximum die size: 7366 x 7366 
 
Mosis-Reply-Id: 00237924-001-001 
 
 
myIPaddress.com     
 
Your computer's IP address is:* 
 
128.123.131.172  
 
crcchecksum 1500465229 276480  
 
 
 

  
   Technology: SCN3ME_SUBM, lambda = 0.3 
   Fabrication restricted to AMI only. 
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Your "FABRICATE" request was e
 
 
Request Notes: 

 For help with the Design File FTP Server, see 

xecuted. 

 
  
      http://www.mosis.org/Faqs/faq-ftp_server.html 
 
   Waiting for ftp transfer of your design file.  Please ftp to 
      ftp.design.mosis.org from host "128.123.131.172", login as 
      user "75468" and put your file under name 
      "comparator_yct.gds".  Transfer authorization will expire 
    in 8 h 0 min 0 s. 

------------------------------------------------ 

roject Status: 

SIT 

  
 
--
 
P
 
   Design 75468 status: IN TRAN
   Design name: comparator_yct 
   E-mail address: ytsen@nmsu.edu,pfurth@nmsu.edu 
   Phone number: 505-646-1659 
   Technology: SCN3ME_SUBM, lam
   Fabrication restricted to AM
   Fill to be added: by MOSIS 
   This project can be fabricated on a AMI_C5F run. 
   Run date requested: 01-M
   Layout format: GDS 
   Top or root structure is
   Layout file: waiting for your ftp 
   Waiting for ftp transfer of design file from host 
      "128.123.131.172" into file "com
  
   Intended disposition: RESEARCH 
 Requested quantity: 5 

bda = 0.3 
I only. 

AY-2006 

 "frame". 

parator_yct.gds" within 7 h 
    59 min 59 s 

 Requested packaging: DIP40 [MOSIS to generate bonding diagram] 

 Maximum die size: 7366 x 7366 

001 
                   

turned these results: 

roject Warnings: 

  
  
      (5 parts) 
  
 

osis-Reply-Id: 00237925-001-M
                              
 
Design Check has completed and re
 
 
P
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      affect the fun
  

 You have authorized MOSIS to add fill to your project to meet 
    minimum layer density requirements. Adding fill could 

ctioning of your design (see 
    http://www.mosis.org/Faqs/faq-design.html#7.0) 

su.edu

 
Project Status: 
 
   Design 75468 status: QUEUED FOR FAB 
   Design name: comparator_yct 
   E-mail address: ytsen@nmsu.edu,pfurth@nm  

ME_SUBM, lambda = 0.3 
 Fabrication restricted to AMI only. 

 This project can be fabricated on a AMI_C5F run using C5N. 
rawn density (1.7%) plus estimated fill (13.4%) 

    meets the AMI_C5F minimum required (12.0%). 
) plus estimated fill (33.6%) 

 fill (33.6%) 

e". 
465229, 276480 

s; area: 2.244 sq millimeters 
NTACT, PADS, HI_RES_IMPLANT, 

LUS_SELECT, POLY (1.7%), 
, VIA2, 

IP40 [MOSIS generated bonding diagram] 

ie size: 7366 x 7366 

 with 5 to be packaged in DIP40 
P Circuit Unit(s). 

: 
    Paul Furth 

    Electrical & Computer Engineering Dept 
    Thomas and Brown Rm. 106 

C. 3-0 

   Phone number: 505-646-1659 
   Technology: SCN3
  
   Fill to be added: by MOSIS 
  
   POLY layer d
  
   METAL1 layer drawn density (21.0%
      meets the AMI_C5F minimum required (30.0%). 
   METAL2 layer drawn density (15.1%) plus estimated
      meets the AMI_C5F minimum required (30.0%). 
   Run date requested: 01-MAY-2006 
   Layout format: GDS 
   Top or root structure is "fram
   Layout file: complete; Binary CRC checksum: 1500
   Intended disposition: RESEARCH 
   Bonding pads: 40 
   Layout size: 1498 x 1498 micron
   Layers found (and densities): CO
      N_WELL, ACTIVE, P_PLUS_SELECT, N_P
      METAL1 (21.0%), VIA, METAL2 (15.1%), GLASS, POLY2
      METAL3 
   Requested quantity: 5 
   Requested packaging: D
      (5 parts) 
   Maximum d
   A total of 5 parts are ordered 
  
   This project's fabrication uses 1 ME
   The project will be shipped to
  
      New Mexico State University 
  
  
      Box 30001, MS
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   Routing-label: 
      <not yet specified> 
 
Mosis-Reply-Id: 00237925-001-005 
 

Two stage comparator with 
Folded cascode co

 
Pin 
no Name Pad type 

    Las Cruces, NM 88003-8001 

TABLE B.1: 
 
output inverter       -      tsc 

mparator  with output inverter      -      fcc 

Description 

1 voutfc1 Dig buffer Output of the folded cascade comparator 
2 vout3st3 Dig buffer Output of the tsc with current and resistor 
3 vout3st2 Dig buffer Output of the tsc with unbalanced differential pair 
4 vout3st1 Dig buffer Output of the tsc without hysteresis 

5 vip3st1 pad 
protect Positive input for the tsc without hysteresis 

6 vdd_pad pad vdd +1.25V to pad frame for output buffers and protection

7 vout3st1’ pad 
protect Output of the nd 2  tsc without hysteresis 

8 ibias3st1 pad 
protect Bias current for the tsc without hysteresis 

9 vim3st1 pad 
protect Negative input for the tsc without hysteresis 

10 Vip3st2 pad 
protect 

Pos
pair 

itive input for the tsc with unbalanced differential 

11 ibias3st2 pad 
protect 

Bias current for the tsc with unbalanced
pair 

 differential 

12 ihyst3st2 pad bare input hysteresis current for the tsc with unbalan
differential pair 

ced 

13 vim3st2 pad 
protect pair 

negative input for the tsc with unbalanced differential 

14 vd pad 
protect d +1.25V to power all the comparators 

15 vip3st3 pad 
protect positive input of the tsc with current and resistor 

16 ihyst3st3 pad bare input hysteresis current for the tsc with current and 
resistor 

17 ibias3s pad 
protect t3 input bias current for the tsc with current and resistor 

18 vim3st3 pad 
protect negative input for the tsc with current and resistor 

19 vimfc1 pad 
protect negative input for the fcc without hysteresis 
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20 ibiasfc1 pad 
protect input bias current for the fcc without hysteresis 

21 vipfc1 pad 
protect positive input for the fcc without hysteresis 

22 vimfc2 pad neg
protect 

ative input for the fcc with unbalanced differential 
pair 

23 ibiasfc2 pad 
protect 

ent for the fcc with unbalanced 
differential pair 

input bias curr

24 ihystf unbalanced c2 pad bare differential pair 
input hysteresis current for fcc with 

25 vipfc2 pad positive input for fcc with unbalanced differential pairprotect 

26 NC pad 
protect No connection 

27 vipfc3 pad 
protect Positive input for fcc with current and resistor 

28 inhystfc3 Input hysteresis current for fcc with current and pad e bar resistor 

29 vimfc3 pad 
protect Negative input for the fcc with current and resistor 

30 ibiasfc3 pad 
protect input b sistor ias current for the fcc with current and re

31 vss pad 
protect -1.25V to power all the comparators 

32 voutfc3’ Dig buffer Output of the 2nd fcc with current and resistor 
33 Dig buffer Output of the 2voutfc2’ nd fcc with unbalanced differential pair
34 voutfc1’ Dig buffer Output of the 2nd fcc 
35 vss_pad pad vss -1.25 V to power all the pads 

36 NC pad 
protect no connection 

37 vout3st3’ D  ig buffer Output of the 2nd tsc with current and resistor 
38 vout3st2’ Dig buffer Output of the 2nd tsc with unbalanced differential pair 
39 voutfc3 Dig buffer output of the fcc with current and resistor 
40 voutfc2 Dig buffer output of the fcc with unbalanced differential pair 

 
 
 

ure Suggested Test proced

Apparatus Required  
 

Function ge , os pe, dig
 

Power supply:     vdd = +1.25 V (logic 1)       
 
1. tach the v  (pin 6), 

 

nerator cillosco ital multimeter 

 AGnd = 0 V,          vss = -1.25 V (logic 0)  

 At  vdd to dd_pad and vdd (pin14).  
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2. tac e v in 35 
 
3. ell h c e if on fir
 
4. the e co r with output inverter (witho steresis), supply 

ib t1  cur  resis

 

 

 At h vss to th ss_pad(p ), and vss (pin31). 

 Sm and touc hip to se e. 

 For  two stag mparato ut hy

ias3s  (pin 8), a rent of 1uA (1.745Mohm tor from vdd) 

 
 
It can be observed that Vo = V

e found that  

gs of transisto  M1. r

From the figure it can b

 

Iin = ( ) /gsvdd V vss R− −  
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 Since the bias current is 1uA, vdd = 1.25V and vss=-1.25V, so R = (2.5 – Vgs) / 1uA 

gs was found to be 755mV (from the simulations). 

 = (2.5-0.755) / 1uA   =   1.745M ohms.  

  Since in this project, six comparators were doubled to twelve comparators which are 

shared by same bias and hysteresis currents. In order to maintain those currents needed, 

we have to divide resistors by two which means can increase currents twice. Then R will 

turn into be 872.5k 

Testing for offset: 
 

V

R

  

5. Attach vim3st1 (pin 9) to AGnd (0V). Vary the DC supply from -50mV to 50mV. A 

voltage divider circuit is shown below. Attach the DC supply to the input of the voltage 

divider circuit. Connect the output of the voltage divider circuit to the positive input 

(vip3st1, pin5) of the two stage comparator. By using DMM (Digital multimeter) to 

measure the output voltage of the tsc (without hysteresis) which is vout3st1 (pin 4). 

Measure the input voltage at which output voltage of the comparator goes to 0V. The 

measured voltage is the offset voltage. 
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n 9 to the signal ground. Test the comparator output through the 

he peak to peak amplitude of the output should be 2.5V. Observe 

 

Testing for propagation delay: 

6.1  Test the digital pad (pin 4). Apply an input signal, square wave to vip3st1 (pin 5). 

First, set up a square wave of frequency start at 1k Hz whose amplitude will be from  

-1.25 to [10mV + VTH + Offset (1mV)]. And then gradually increase frequency up to 

100 kHz. Attach pi

digital buffer at pin 4. T

the output signal (square wave) and input signal (square wave) on the oscilloscope. 

Measure the low to high (TPLH) propagation delays.  

 
 
6.2 Apply an input signal, square wave to vip3st1 (pin 5) First, set up a square wave of 

frequency start at 1 kHz whose amplitude will be 1.25 to [VTL - 10mV - Offset(1mV)]. 

And then gradually increase frequency up to 100 kHz. Attach pin 9 to signal ground. Test 

the comparator output through the digital buffer at pin 4. The peak to peak amplitude of 

the output should be 2.5V. Measure the low to high (TPHL) propagation delays. 
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7.  For the two stage comparator with unbalanced differential pair, follow the same 

procedure (steps1 to 6) except that also supply a current of 46nA---ihyst3st2 (pin 12). For 

generating this current, follow the procedure shown in step 4.  

 
 
Calculating the amount of hysteresis:  
 
8. Follow the set up shown in step 5. Instead vary the DC supply from -150mV to 150mV. 

At certain input voltage, the output suddenly goes high. Let it be VTH. Note down the 

voltage. Now vary the DC supply from 150mV to -150mV. Note down the voltage at 

which the output suddenly goes low. Let it be VTL. The amount of hysteresis is the

n 24). For 

 

difference between VTH and VTL. 

9.  For the folded cascode comparator, follow the same procedure (steps1 to 6).  

For finding the delay; follow the procedure shown in step 6.  

10.  For the folded cascode comparator with unbalanced differential pair, follow the same 

procedure (steps1 to 6) except that also supply a current of 47nA---ihystfc2 (pi
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generating this current, follow the procedure shown in step 4. For finding the delay; 

follow the procedure shown in step 6.  

 

11.  For the two stage comparator with a resistor and current steering circuit, follow the 

same procedure except that supply a current of 500nA---ihyst3st3 (pin 16).  For 

generating this current, follow the procedure shown in step 4. For finding the delay; 

follow the procedure shown in step 6.  

 

12. For the folded cascode comparator with a resistor and current steering circuit, follow 

the same procedure except that supply a current of 500nA---ihystfc3 (pin 28). For 

generating this current, follow the procedure shown in step 4. For finding the delay; 

follow the procedure shown in step 6.  
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Appendix C 

Layouts for the Clocked Comparator Chip  

 

The figures shown below are the layouts of the clocked comparator, clocked comparator 

with unbalanced differential pair, clocked comparator with a resistor and current steering 

circuit, and nonoverlapping clock generator. 

 

 

 

 

Figure C.1 Layout of the clocked comparator (33.3 µm X 93 µm) 
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Figure C.2 Layout of the clocked comparator with Unbalanced Differential Pair (33.3 
µm X 103.05 µm) 
 

 

Figure C.3 Layout of the clocked comparator with a Resistor and Current Steering 
Circuit (33.3 µm X 110.85 µm) 
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Figure C.4 Layout of Nonoverlapping Clock Generator (80.1 µm X 130.05 µm) 
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Appendix D 
 

MOSIS Files and Test Procedures 
 
Project Name:    Low-power CMOS clocked comparator with programmable    
                             hysteresis 
Project Author:    Yen-Chun Tsen 
Submitted        :    Jan 8th 2007. 
Fabrication      :     0.5 μm AMI double-poly n-well with 3 metal layers. 
Apparatus        :     Signal Generator, Oscilloscope, DMM and a breadboard. 
Description      :    Comparators with and without hysteresis. 
Your "NEW-PROJECT" request was executed. 
 
 
Project Status: 
 
   Design 76972 status: WAITING FOR LAYOUT 
   Design name: ClkComp_yct 
   E-mail address: ytsen@nmsu.edu,pfurth@nmsu.edu 
   Phone number: 505-646-1659 
   Technology: SCN3ME_SUBM, lambda = 0.3 
   Fabrication restricted to AMI only. 

 Run date requested: 08-JAN-2007 
   Layout file: not present 
 Intended disposition: RESEARCH 
 Requested packaging: DIP40 [MOSIS to generate bonding diagram] 

      (5 parts) 
 Maximum die size: 7366 x 7366 

 
Mosis-Reply-Id: 00266345-001-001 
 
 
The MOSIS Service                   Support   support@mosis.com 
Information Sciences Institute      Web       http://www.mosis.com

   Fill to be added: by MOSIS 
   This project can be fabricated on a AMI_C5F run. 
  

  
  

  

 
University of Southern California   Phone     310.448.9400 
4676 Admiralty Way, Suite 700       Fax       310.823.5624 
Marina del Rey, CA 90292 
 
 
Your "FABRICATE" request was executed. 
 
 

equest Notes: R
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   For help with the Design File FTP
      http://www.mosis.com/Faqs/faq-ftp_server.html

 Server, s e e
 

 
 Waiting for ftp transfer of your design file.  Please ftp to 

 file under name 
 authorization will expire in 8 

 Design 76972 status: IN TRANSIT 

 E-mail address: ytsen@nmsu.edu,pfurth@nmsu.edu 

, lambda = 0.3 

un. 

f design file from host 
mpChip.gds" within 7 h 59 

] 
    (5 parts) 

osis-Reply-Id: 00266348-001-001 

m 
is.com

  
      ftp.design.mosis.com from host "128.123.132.27", login as 
      user "76972" and put your
      "ClkCompChip.gds".  Transfer
      h 0 min 0 s. 
 
-------------------------------------------------- 
 
Project Status: 
 
  
   Design name: ClkComp_yct 
  
   Phone number: 505-646-1659 
   Technology: SCN3ME_SUBM
   Fabrication restricted to AMI only. 
   Fill to be added: by MOSIS 
   This project can be fabricated on a AMI_C5F r
   Run date requested: 08-JAN-2007 
   Layout format: GDS 
   Top or root structure is "ClkCompChip". 
   Layout file: waiting for your ftp 
   Waiting for ftp transfer o
      "128.123.132.27" into file "ClkCo
      min 57 s 
   Intended disposition: RESEARCH 
   Requested packaging: DIP40 [MOSIS to generate bonding diagram
  
   Maximum die size: 7366 x 7366 
 
M
 
 
The MOSIS Service                   Support   support@mosis.co
Information Sciences Institute      Web       http://www.mos  

arina del Rey, CA 90292 

esign Check has completed and returned these results: 

University of Southern California   Phone     310.448.9400 
4676 Admiralty Way, Suite 700       Fax       310.823.5624 
M
 
D
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http://www.mosis.com/
http://www.mosis.com/
http://www.mosis.com/


P
 
   You have authorized MOSIS to add fill to your pro
  
      already meets density requirements. Adding fill could 
      affect the functioning of your design (see 
      

roject Warnings: 

ject to meet 
    minimum layer density requirements, but your project 

l#7.0)http://www.mosis.com/Faqs/faq-design.htm . If you no 

fying FILL-AUTHORIZED: No. 

ng "Chip" instead. 

 FAB 

sing C5N or 

8-JAN-2007 

92357157, 321536 

ds: 40 
rea: 2.244 sq millimeters 

T, 
, ACTIVE, P_PLUS_SELECT, N_PLUS_SELECT, POLY (33.5%), 

L2 (47.0%), GLASS, POLY2, VIA2, 
    METAL3 

IS generated bonding diagram] 
    (5 parts) 
 Maximum die size: 7366 x 7366 

    New Mexico State University 

    Thomas and Brown Rm. 106 
    Box 30001, MSC. 3-0 

      longer want MOSIS to fill your project, send an Update 
      request speci
 
   Structure "ClkCompChip" not found; usi
 
Project Status: 
 
   Design 76972 status: QUEUED FOR
   Design name: ClkComp_yct 
   E-mail address: ytsen@nmsu.edu,pfurth@nmsu.edu 
   Phone number: 505-646-1659 
   Technology: SCN3ME_SUBM, lambda = 0.3 
   Fabrication restricted to AMI only. 
   Fill to be added: by MOSIS 
   This project can be fabricated on a AMI_C5F run u
      C5F. 
   Run date requested: 0
   Layout format: GDS 
   Top or root structure is "Chip". 
   Layout file: complete; Binary CRC checksum: 1
   Intended disposition: RESEARCH 
   Bonding pa
   Layout size: 1498 x 1498 microns; a
   Layers found (and densities): CONTACT, PADS, HI_RES_IMPLAN
      N_WELL
      METAL1 (53.4%), VIA, META
  
   Requested packaging: DIP40 [MOS
  
  
   A total of 5 parts are ordered 
   with 5 to be packaged in DIP40 
   This project's fabrication uses 1 MEP Circuit Unit(s). 
   The project will be shipped to: 
      Paul Furth 
  
      Electrical & Computer Engineering Dept 
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      Las Cruces, NM
  
   Routing-label: 
      <not yet specified> 
 
Mosis-Reply-Id: 00266348-001-006 
 
 
The MOSIS Service                   Support   support@
In

  88003-8001 
     

mosis.com 
formation Sciences Institute      Web       http://www.mosis.com 

676 Admiralty Way, Suite 700       Fax       310.823.5624 
, CA 90292 

76972 are now available for download  
ent_access.html

University of Southern California   Phone     310.448.9400 
4
Marina del Rey
 
 
The final bonding diagrams for 
from https://www.mosis.com/Webforms/project_docum . 

l bonding diagram will be  
 used to plan for testing before  

er-supplied bonding diagrams, this diagram does not have the  
agram, edit the PDF file to add  

port@mosis.com or fax it to 310 823 5624. Email  

ssembly/#diagrams

 
For MOSIS-generated bonding diagrams, the fina
used to package your parts, and can be
the parts are shipped. 
 
For custom
wires drawn.  Please download the di
wires and send it to sup
is preferred over faxing. 
 
See http://www.mosis.com/products/a  for additional  

ciences Institute      Web       http://www.mosis.com

information. 
 
 
Mosis-Reply-Id: 00266348-001-007 
 
 
The MOSIS Service                   Support   support@mosis.com 
Information S  

Phone     310.448.9400 
       Fax       310.823.5624 

 

 
 

University of Southern California   
4676 Admiralty Way, Suite 700
Marina del Rey, CA 90292 
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TABLE D.1: 
 
 

The clocked comparator - cc 

 with current steering and resistor – ccr 
The nonoverlapping clock generator- ncg 

 

The clocked comparator with unbalanced differential pair - ccu 
The clocked comparator

 
Pin 
no Name Pad type Description

1 voutccu1 Dig buffer Output of the 1st ccu 
2 voutcc4 Dig buffer Output of the 4th cc 
3 voutcc3 Dig buffer Output of the 3rd cc 
4 voutcc2 Dig buffer Output of the 2nd cc 
5 vdd pad protect +1.25V to power all the comparators 
6 pad vdd pad vdd +1.25V to pad frame for output buffers and protection 
7 ibiascc pad protect Bias current for cc 
8 voutcc1 Dig buffer st ccOutput of the 1  
9 vipcc pad protect Positive input for cc 
10 vimcc pad protect Negative input for cc 
11 vipccu pad protect Positive input for ccu 
12 ibiasccu pad protect Bias current for ccu 
13 vimccu pad protect Negative input for ccu 
14 dvdd pad protect The power for the delay cell 
15 Clkin pad protect Input clock for ncg 
16 pad vdd pad protect +1.25V to pad frame for output buffers and protection 
17 Clkinout pad protect The check point of input clock for ncg 
18 Phi1out pad protect The output clock phi1 of ncg 
19 Phi2out pad protect The output clock phi2 of ncg 
20 pad vss pad protect -1.25 V to power all the pads 
21 NC pad protect No connection 
22 NC pad protect No connection 
23 NC pad protect No connection 
24 NC pad protect No connection 
25 NC pad protect No connection 
26 vimccr pad protect Negative input for ccr 
27 vipccr pad protect Positive input for ccr 
28 ibiasccr pad protect Bias current for ccr 
29 ihystccr pad bare Input hysteresis current for ccr 
30 ihystccu pad bare Input hysteresis current for ccu 
31 vss pad protect -1.25V to power all the comparators 
32 voutccr4 Dig buffer Output of the 4th ccr 
33 voutccr3 Dig buffer Output of the 3rd ccr 
34 voutccr2 Dig buffer Output of the 2nd ccr 
35 pad vss pad vss -1.25 V to power all the pads 
36 NC pad protect No connection 
37 voutccr1 Dig buffer Output of the 1st ccr 
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38 voutccu4 Dig buffer ut of the 4th ccu Outp
39 voutccu3 Dig buffer ut of the 3rd ccu Outp
40 voutccu2 Dig buffer Output of the 2nd ccu 

 
 
 

Suggested Test procedure 
 

Apparatus Required  

Fu ion , o ital multimeter

Power supply:     vdd = +1.25 V (logic 1)        AGnd = 0 V,          vss = -1.25 V (logic 0)  
 
4. ttach the in 6 and pi
 
5. ttach he in20 and pin 35), an
 
6. ell h if on fire. 
 
4.  the  co ithout hysteresis) ), a current of 

1u .74 re  

 

 
nct  generator scilloscope, dig  

 

A  o vdd t  pad_vdd (p n 16), and vdd (pin 5).  

A  vss to t  pad_vss (p d vss (pin31). 

Sm a cnd tou chip to see 

 For clocked mparator (w , supply ibiascc (pin 7

A (1 5Mohm sistor from vdd)

 
 
It be th s of transistor M1. can observed at Vo = Vg
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Fr

 

Iin = ( ) /gsvdd vss R

om the figure it can be found that  

V− −  

 Since the bias current is 1uA,  so R = (2.5 – Vgs) / 1uA 

5mV (from the simulations). 

 

aintain those currents 

ase currents four times. 

0V). Vipcc (pin 9) is fed a 100 Hz triangle pulse 

arying from -5mV to 5mV. Attach the output voltage of the cc which is voutcc1 (pin 8) 

and also the clock phi1 which is the output clock of the nonoverlapping clock generator 

running at 15 kHz (pin 18) to oscilloscope (may need two oscilloscope). Measure the 

input voltage start at the ramp of the input voltage intersects the reference voltage, = 0, 

and end up at the output voltage of the comparator goes to vdd. The measured voltage is 

the offset voltage. 

Testing for the maximum operating speed: 
 
6.1 Apply an input signal, square wave to vipcc (pin 9). First, set up a square wave of 

frequency start at 1k Hz whose amplitude will be from -1.25 to [10mV + VTH + Offset 

(1mV)] and then gradually increase frequency up to 3MHz. Attach pin 10 to the signal 

round. Test the comparator output through the digital buffer at pin 8. The peak to peak 

vdd = 1.25V a d vss=-1.25V,n

Vgs was found to be 75

R = (2.5-0.755) / 1uA   =   1.745M ohms.  

  Since in this project, each type of comparators was duplicated to total four comparators

which are shared by same bias and hysteresis currents. In order to m

needed, we have to divide resistors by four which means can incre

Then R will turn into be 436.3k 

Testing for offset: 
 
5. Attach vimcc (pin 10) to AGnd (

v

imV

g
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amplitude of the output should be 2.5V. Apply a square wave of system clock at 6MHz 

hose amplitude will be from -1.25V to 1.25V to the input clock of the nonoverlapping 

clock generator (pin 15) and attach the output clock, Phi1out (pin 18), to the oscilloscope.   

pe, 

 vipcc (pin 9). First, set up a square wave of 

 of system clock at 6MHz 

ll be from -1.25V to 1.25V to the input clock of the nonoverlapping 

 

) except that also supply a current of 50nA---ihystccu (pin 30). For 

step 4. For finding the maximum 

w

Verify the output signal (square wave) and input signal (square wave) on the oscillosco

when clock phi1 goes low.  

6.2 Apply an input signal, square wave to

frequency start at 1k Hz whose amplitude will be from 1.25 to [VTL - 10mV - Offset 

(1mV)] and then gradually increase frequency up to 3MHz. Attach pin 10 to the signal 

ground. Test the comparator output through the digital buffer at pin 8. The peak to peak 

amplitude of the output should be 2.5V. Apply a square wave

whose amplitude wi

clock generator (pin 15) and attach the output clock, Phi1out (pin 18), to the oscilloscope.  

Verify the output signal (square wave) and input signal (square wave) on the oscilloscope, 

when clock phi1 goes low. If the comparator at 6MHz is not working properly, find the 

maximum operating speed of the comparator.  

 

7. For the clocked comparator with unbalanced differential pair, follow the same 

procedures (steps1 to 6

generating this current, follow the procedure shown in 

operating speed, follow the procedure shown in step 6. 

 
 
Calculating the amount of hysteresis:  
 

 83



8. Follow the set up shown in step 5. Instead vary the DC supply from -50mV to 50mV. 

At certain input voltage, the output suddenly goes high. Let it be VTH. Note down the 

voltage. Now vary the DC supply from 50mV to -50mV. Note down the voltage at which 

the output suddenly goes low. Let it be VTL. The amount of hysteresis is the difference 

between VTH and VTL. 

 9.  For the clocked comparator with a resistor and current steering circuit, follow the 

same procedures except that supply a current of 415nA---ihystccr (pin 29).  For 

generating this current, follow the procedure shown in step 4.  For finding the maximum 

operating speed, follow the procedure shown in step 6.  
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