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Tl Designs — Precision Circuit Description
TI Designs — Precision are analog solutions created This 5V single-supply window comparator utilizes a
by TI's analog experts. Verified Designs offer the dual open-collector comparator and three resistors to
theory, component selection, simulation, complete set the window voltage. The TLV1702 was used in
PCB schematic & layout, bill of materials, and this design due to its low power consumption and
measured performance of useful circuits. Circuit open collector output, which allows the output to be
modifications that help to meet alternate design goals pulled up as high as 36 V.
are also discussed.
Design Resources

o “ Ask The Analog Experts
TIPD178 All Design files v Il WEBENCH® Design Center
TINA-TI™ SPICE Simulator TI E2E™ Tl Designs — Precision Library
TLV1702 Product Folder Community
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An IMPORTANT NOTICE at the end of this Tl reference design addresses authorized use, intellectual property matters and
other important disclaimers and information.

TINA-TI is a trademark of Texas Instruments
WEBENCH is a registered trademark of Texas Instruments
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http://www.ti.com/tool/tipd178
http://www.ti.com/tina-ti
http://www.ti.com/product/tlv1702
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Design Summary

The design requirements are as follows:
e  Supply Voltage: 5V

. Input Range: 0V -5V

e Window Range: 1.66 V —3.33V

e  Output: 0 Vto 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 3.33V 3.33V £ 819 pv 3.329V
(Upper Window Voltage)
VL 1.66 V 1.66V + 818 pv 1.659 V
(Lower Window Voltage)
Window Comparator Functionality
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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 R;-Rs;. The two node voltages, Vy and V|, define the
upper window voltage and lower window voltage, respectively. When the input voltage is between V4 and
V|, the output is ‘high’, or Vp. When outside the window voltage, the output is pulled down to 0 V.

Equations (1) and ( 2 ) define V4 and V, respectively.
R, +R,

V =V X— 1

H=YCC R 4R, +R, ()

V, ZVCCXL (2)
R; +R, +R5

Capacitors Cg-Cyj are included in order to both reduce noise and improve start up time. If only Cg were
installed to reduce noise, the V| node would have to charge based on the time constant associated with
R», Rs, 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 (R;-R3)
Solving Equations (1) and ( 2) for Vcc, setting them equal to each other, then simplifying yields Equation
(3).
VH(R1+R2+R3J:VL(R1+R2+R3J_>£:R1+R2 )
R;+R, R, \A R,
Given V,=3.33 V and V_ =1.66 V, the ratio of R; and R; is calculated in Equation (4 ).
Vy, R;+R 3.33 R R
A1 2., =2=1+-2>51=-2 (4)
Vv, R, 1.66 R, R,
To limit the current drawn from the reference voltage source, R; and R, were selected to be 10 kQ.
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 Tl Precision Labs.
While the values of R; and R, are related to the ratio of the window voltages, R; determines the voltage
value. Rjis calculated in Equation ( 5).
R R, xV
V, =Veex——2t—— 3Ry =—1" "€ _(R, +R,)=10kQ (5)
R;+R, +R; A
In summary, R;=R,=R3=10 kQ. 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).
2 |—— Vg=z11V /
-4
s /
2 /
s -8
/
2
5 12
(@]
14 /
16 [ Vg=#18V
—18 .
0 5 10 15 20
Output Current (mA)
Figure 3: TLV1702 Output Voltage vs. Output Current
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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 kQ or greater. Therefore, Rp was selected to be 5.1 kQ
since this value was used when characterizing the device as shown in the TLV1702 data sheet. If the pull-
up voltage is increased, R 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.
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Figure 4: TINA-TI™ Functionality Schematic
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Figure 5 depicts the proper operation of the window comparator. Notice that when the input, V\y, is

between Vy and V|, the output goes to the pull-up voltage, Vp.
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Figure 5: Window Comparator Functionality
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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% vyields the typical performance. This represents ~67%, or 10, of the distribution. The results for
Vy and V| are shown in Figure 6 and Figure 7 below.
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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.
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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.
Window Comparator Functionality
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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.

8 Window Comparator Reference Design TIDUBO1-December 2015
Copyright © 2015, Texas Instruments Incorporated



13 TEXAS

INSTRUMENTS
WwWWw.ti.com
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
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Figure A-1: Electrical Schematic
A.2 Bill of Materials
Quantity Designator Value Description Manufacturer Manufacturer Part Mumber Supplier Supplier Part Number
1 1 T0uF CAP TANT 10UF 50% 107 2917 AWK TPSEI0EK050R0500 Digikey 478-2424-1-ND
1 c2 TuF CAP CER 1JF 560 X7R 0603 Taiyo Yuden UhRIO7ABZ10EKA-T Digikey GE7-3247-1-MD
5 C3. 05 C8 Ca.C10 0IuF CAP CER DUF 60Y X7R 0603 AWK OE03ECI04AT2A Digikey 478-6052-1-MD
1 C4 00pF CAP CER 00PF 50 NP0 0603 AWK OB035A10TJAT24A Digikey 478-1175-1-MND
1 VCE A JACK MOMNAMSULATED . 218" Feystone 576-4 Digikey 36-575-4-KDr
1 GHD MA JACK MOMAMSULATED . 218" Keystone 676-4 Digikey I6-E75-4-KND
1 J3 Ma CORN HE ADER .00 SINGL 5TR 3P0S Sullins Connector Solutions PECO3SAAMN Digikey SIZE-03-MD
3 Ri.R2 R 0.0k RES SMD 10K OHR 0,172 10w 0603 Susurmu Co Lid RE1E08P-103-B-TS Digikey RG1EPI0.0KBCT-ND
1 RE 0 RES SMD 0.00HM JUMPER 110 0603 Panasonic ERJ-3GEYORDODY Digikey POOGCT-HD
1 &=l 51k FES ShD 5.1 OHM 522 12/ 2010 Rohm MCRS0J2HIST2 Digikey RHMEIKBGCT-ND
1 WCE Red TEST POINT PC MINI . 040°D RED Keustone 5000 Digikey 36-5000-MD
3 GHD Black TEST POINT PC MINI . 040°D BLACK Keystone 500 Digikey 36-5001-MD
1 Pull-up “rellow TEST POINT PC MINI.040"D YELLOW Keystone 5004 Digikey 36-5004-HD
1 Win “ellow TEST POINT PC MINIL 040D YELLOW Keustone 5004 Digikey 36-5004-MD
1 Woutl wihite TEST POINT PC MINI . 040°D WHITE Keystone G002 Digikey 36-6002-MD
1 L1 Ma IC COMPARATOR DUAL 8YSSOP Texas Instruments TLVI0ZAIDGE Digikey 296-37236-1-ND
4 A W HEX STANDOFF 4-40 ALUMIMUR 1 Keustone 2205 Digikey 36-2205-ND
4 A MA MACHINE SCREW PAM PHILLIPS 4-40 BE&F Fastener Supply PMSESS 440 0025 PH Digikey HFOZ-HD
Figure A-2: Bill of Materials
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right,
or other intellectual property right relating to any combination, machine, or process in which TI components or services are used.
Information published by TI regarding third-party products or services does not constitute a license to use such products or services, or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent Tl
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for
such altered documentation. Information of third parties may be subject to additional restrictions.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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