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Window Comparator Reference Design 

 
TI Designs – Precision Circuit Description

TI Designs – Precision are analog solutions created 
by TI’s analog experts.  Verified Designs offer the 
theory, component selection, simulation, complete 
PCB schematic & layout, bill of materials, and 
measured performance of useful circuits.  Circuit 
modifications that help to meet alternate design goals 
are also discussed. 

This 5V single-supply window comparator utilizes a 
dual open-collector comparator and three resistors to 
set the window voltage.  The TLV1702 was used in 
this design due to its low power consumption and 
open collector output, which allows the output to be 
pulled up as high as 36 V.

Design Resources 

TIPD178 All Design files 
TINA-TI™ SPICE Simulator 
TLV1702 Product Folder 

 Ask The Analog Experts 
 WEBENCH® Design Center 
 TI Designs – Precision Library 
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http://www.ti.com/precisiondesigns
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1 Design Summary  

The design requirements are as follows: 

 Supply Voltage:  5 V 

 Input Range: 0 V – 5 V  

 Window Range: 1.66 V – 3.33 V 

 Output: 0 V to 10 V (36 V maximum) 

The design goals and performance are summarized in Table 1.  Figure 1 depicts the measured transfer 
function of the design. 

Table 1. Comparison of Design Goals, Simulation, and Measured Performance 

 Goal Simulated Measured 

VH  

(Upper Window Voltage) 

3.33 V 3.33V ± 819 µV 3.329 V 

VL  

(Lower Window Voltage) 

1.66 V 1.66V ± 818 µV 1.659 V 

 

Figure 1: Measured Transfer Function 
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2 Theory of Operation 

Figure 2 depicts a more detailed schematic for this reference design. 
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Figure 2: Detailed Window Comparator Schematic 

A reference voltage, VCC, is divided down by resistors R1-R3.  The two node voltages, VH and VL, define the 
upper window voltage and lower window voltage, respectively.  When the input voltage is between VH and 
VL, the output is ‘high’, or VP.  When outside the window voltage, the output is pulled down to 0 V. 

Equations ( 1 ) and ( 2 ) define VH and VL, respectively.   

 

321

21
CCH

RRR

RR
VV




  ( 1 ) 

 

 

321

1
CCL

RRR

R
VV


  ( 2 ) 

Capacitors C8-C10 are included in order to both reduce noise and improve start up time.  If only C8 were 
installed to reduce noise, the VL node would have to charge based on the time constant associated with 
R2, R3, and C3.  Placing equal capacitors across all three resistors allows for equal, cross-charging of the 
capacitors thereby quickening start up time.  
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3 Component Selection 

3.1 Window Voltage Resistors (R1-R3) 

Solving Equations ( 1 ) and ( 2 ) for VCC, setting them equal to each other, then simplifying yields Equation 
( 3).   
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 ( 3 ) 

Given VH=3.33 V and VL=1.66 V, the ratio of R1 and R2 is calculated in Equation ( 4 ).   
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  ( 4 ) 

To limit the current drawn from the reference voltage source, R1 and R2 were selected to be 10 kΩ.  
Please note, however, that the value of the resistors and the amount of noise they generate are directly 
related.  For more information about resistor noise, please refer to TI Precision Labs. 

While the values of R1 and R2 are related to the ratio of the window voltages, R3 determines the voltage 
value.  R3 is calculated in Equation ( 5 ). 
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In summary, R1=R2=R3=10 kΩ.  In order to obtain precise window voltages, 0.1% tolerance resistors were 
selected. 

3.2 Comparator 

For this design, the TLV1702 was selected because it features a wide supply voltage range, low power 
consumption, rail-to-rail inputs, and an open-collector output stage.  Given a single 5 V supply, the input 
voltage range is 0 V to 5 V.  The open-collector output stage allows for output voltages up to 36 V.  The 
dual device also comes in a small 8 pin VSSOP package.  

3.2.1 Pull-up Resistor (RP) 

The output swing of the TLV1702 depends on current, as shown by Figure 3 below (Figure 4 in the 
TLV1702 data sheet).    

 

Figure 3: TLV1702 Output Voltage vs. Output Current 

http://www.ti.com/precision-labs
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In order for the output voltage to swing close to the rail, the current should be limited to less than ~4 mA.  
Given a pull-up voltage of 10 V, RP should be 2.5 kΩ or greater.  Therefore, RP was selected to be 5.1 kΩ 
since this value was used when characterizing the device as shown in the TLV1702 data sheet.  If the pull-
up voltage is increased, RP may have to be increased in order to obtain good output swing to the negative 
rail.  The tolerance of this resistor is not critical in this design, so a 5% resistor was selected.     

4 Simulation 

4.1 Functionality 

Figure 4 depicts the TINA-TI™ schematic used to verify the functionality of this design. 

 

Figure 4: TINA-TI™ Functionality Schematic 

Figure 5 depicts the proper operation of the window comparator.  Notice that when the input, VIN, is 
between VH and VL, the output goes to the pull-up voltage, VP. 
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Figure 5: Window Comparator Functionality 
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4.2 Performance 

TINA-TI™ can be used to determine the tolerance of the window comparator voltage thresholds.  
Performing a worst-case analysis after adjusting each input voltage divider resistor tolerance from 0.1% to 
0.033% yields the typical performance.  This represents ~67%, or ±1σ, of the distribution.  The results for 
VH and VL are shown in Figure 6 and Figure 7 below. 

 

Figure 6: VH Tolerance (Typical) 

 

Figure 7: VL Tolerance (Typical) 
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5 PCB Design 

The PCB schematic and bill of materials can be found in the Appendix. 

5.1 PCB Layout 

Figure 8 depicts the PCB layout for this design.  Note that there are two designs on this board.  The design 
that utilizes U1 corresponds to TIPD178.  General PCB layout guidelines were followed, including proper 
power supply decoupling and the use of short, wide traces when possible.  A solid ground plane was 
poured on the top and bottom of the PCB to minimize return current paths. 

 

Figure 8: PCB Layout for TIPD178 
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6 Verification & Measured Performance 

6.1 Transfer Function 

Figure 9 depicts the functionality of this reference design. 

 

Figure 9: Functionality of Window Comparator 

Notice that the output (yellow trace) is 10 Vpp.  The input thresholds were measured using a precision 
sourcemeter.  The upper window voltage was measured to be 3.329 V and the upper window voltage was 
measured to be 1.659 V.  These values agree with the simulation results.  
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7 Modifications 

Using resistors with greater precision will yield a better-defined window, but at the expense of component 
cost.  Increasing the resistor values will lower the power consumption, but introduce more noise. 

The topology presented in this design can be used for a vast array of comparators with different supply 
voltages and output topologies.   
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Appendix A.  

A.1 Electrical Schematic  

 

Figure A-1: Electrical Schematic 

 

A.2 Bill of Materials 

 

Figure A-2: Bill of Materials 
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