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Preface

Read This First

About This Manual

This User’s Guide describes the universal operational amplifier (op amp) eval-
uation module (EVM) that can be used to construct many op amp evaluation
circuits. Schematics of the EVM and several example circuits are included.

How to Use This Manual
This document contains the following chapters:
[ Chapter 1 Introduction
(1 Chapter 2 Schematics
[ Chapter 3 Board Layout
(1 Chapter 4 Example Circuits
The information in a caution or a warning is provided for your protection.
Please read each caution and warning carefully.
FCC Warning

This equipmentis intended for use in alaboratory test environment only. It gen-
erates, uses, and can radiate radio frequency energy and has not been tested
for compliance with the limits of computing devices pursuant to subpart J of
part 15 of FCC rules, which are designed to provide reasonable protection
against radio frequency interference. Operation of this equipment in other en-
vironments may cause interference with radio communications, in which case
the user at his own expense will be required to take whatever measures may
be required to correct this interference.

Trademarks

Tl is a trademark of Texas Instruments Incorporated.



If You Need Assistance

If You Need Assistance . . .

O World-Wide Web Sites
TI Online http://www.ti.com
Semiconductor Product Information Center (PIC)  http://www.ti.com/sc/docs/pic/home.htm
1 North America, South America, Central America
Product Information Center (PIC) (972) 644-5580
Tl Literature Response Center U.S.A. (800) 477-8924
Software Registration/Upgrades (214) 638-0333  Fax: (214) 638-7742
U.S.A. Factory Repair/Hardware Upgrades (281) 274-2285
U.S. Technical Training Organization (972) 644-5580
(O Europe, Middle East, Africa
European Product Information Center (EPIC) Hotlines:
Multi-Language Support +33130701169 Fax: +33130701032
Email: epic@ti.com
Deutsch +49 8161 80 33 11 or +331 30 70 11 68
English +33130701165
Francais +33130701164
Italiano +33130701167
EPIC Modem BBS +3313070 1199
European Factory Repair +334 93 22 25 40
Europe Customer Training Helpline Fax: +49 81 61 80 40 10
O Asia-Pacific
Literature Response Center +852 2956 7288  Fax: +852 2 956 2200
O Japan
Product Information Center +0120-81-0026 (in Japan) Fax: +0120-81-0036 (in Japan)
+03-3457-0972 or (INTL) 813-3457-0972  Fax: +03-3457-1259 or (INTL) 813-3457-1259
(1 Documentation

When making suggestions or reporting errors in documentation, please include the following information that is on the title
page: the full title of the book, the publication date, and the literature number.

Mail: Texas Instruments Incorporated
Technical Documentation Services, MS 702
P.O. Box 1443
Houston, Texas 77251-1443

Note:
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When calling a Literature Response Center to order documentation, please specify the literature number of the
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Chapter 1

Introduction

This User’s Guide describes a universal operational amplifier (op amp) evalu-
ation module (EVM) that simplifies evaluation of surface mount op amps.

Topic Page
1.1 Design Features .. ...ttt 1-2
1.2  Power Requirements . ...t 1-3

1-1



Design Features

1.1 Design Features

1-2

The board design allows many circuits to be constructed easily and quickly.
The board has four circuit development areas that can be snapped apart.
Areas 100 and 200 are for dual op amps in the SOIC and TSSOP/MSOP pack-
ages. Areas 300 and 400 are for SOT23-5 single op amp packages. A few
possible circuits are as follows:

Voltage follower
Noninverting amplifier
Inverting amplifier

Simple or algebraic summing amplifier
Difference amplifier

Current to voltage converter
Voltage to current converter
Integrator/low-pass filter
Differentiator/high-pass filter
Instrumentation amplifier
Sallen-Key filter

UooUououuorouoo

The board construction is two layer with a ground plane on the solder side so
that circuit performance will be on par with final production designs.

Introduction



Power Requirements

1.2 Power Requirements

The devices and designs that are used dictate the input power requirements.
Three input terminals are provided for each area of the board:

Vx+ Positive input power for area x00 i.e., V1+ [0 area 100
GNDx Ground reference for area x00 i.e., GND2 [0 area 200
Vx— Negative input power for area x00 i.e., V4— [0 area 400

Each area has four bypass capacitors, two for the positive supply, and two for
the negative supply. Each supply should have a 1 pyF to 10 pF capacitor for low
frequency bypassing and a 0.01 pF to 0.1 puF capacitor for high frequency
bypassing.

When using single supply circuits, the negative supply is shorted to ground by
bridging Cx02 or Cx06, and power input is between Vx+ and GNDx. The
voltage reference circuitry is provided for single supply applications that
require a reference voltage to be generated.

Introduction 1-3



Power Requirements
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Chapter 2

Schematics

This chapter contains schematics and pin-outs for each of the four areas.

Topic Page

2.1 Area SchematiCs ...... ...t 2-1
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Area Schematics

2.1 Area Schematics

Figures 2—1 through 2—4 are the schematics for each of the areas, showing
all components that the board layout will accommodate. These should only be
used as reference, as not all components will be used at any one time.

2-2 Schematics



Area Schematics

Figure 2-1. Area 100 Schematic — SOIC
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Area Schematics

Figure 2-2. Area 200 Schematic — TSSOP and MSOP
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Figure 2-3. Area 300 Schematic — SOT23-5A
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Area Schematics

Figure 2—4. Area 400 Schematic — SOT23-5B
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Chapter 3

Board Layout

This chapter describes and shows the universal op amp EVM board layout and
the relationships between the four areas.

Topic Page
3.1 Physical Consideration ............ ... i 3-2
3.2 Areal00 — SOIC ... 3-3
3.3 Area200—TSSOP OorMSOP .. ... ... .. e 34
3.4 Area 300 — SOT23-5A .. . 3-5
3.5 Aread00 —SOT23-5B ...ttt 3-6
3.6 Component Placement ........... ...t 3-7
3.7 Board Layout . ... 3-8
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Physical Considerations

3.1 Physical Considerations

3-2

The EVM board has four circuit development areas. If a specific area is
desired, it can be separated from the others by breaking along the score lines.
The circuit layout in each area supports an op amp package, voltage
reference, and ancillary devices. The op amp package is unique to each area
as described in the following paragraphs. The voltage reference and
supporting devices are the same for all areas. Surface mount or through-hole
devices can be used for all capacitors and resistors on the board.

The voltage reference can be either surface mount or through hole. If surface
mount is desired, the TLV431ACDBVS5 or TLV431AIDBV5S adjustable shunt
regulators can be used. If through hole is desired, then the TLV431ACLP,
TLV431AILP, TL4A31CLP, TL431ACLP, TL431ILP or TL431AILP adjustable
shunt regulators can be used. Refer to Texas Instruments’ Power Supply
Circuits Data Book (literature number SLVDO002) for details on usage of these
shunt regulators.

Each passive component, resistor and capacitor, has a surface mount 1206
foot print with through holes at 0.2" spacing on the outside of the 1206 pads.
Therefore, either surface mount or through hole parts can be used.

Board Layout



Area 100 - SOIC
3.2 Area 100 - SOIC

Area 100 uses 1xx reference designators, and is compatible with dual op amps
packaged as an 8-pin SOIC. Most dual op amps are available in this package.
This surface mount package is designated by a D suffix in Tl part numbers as
in TLV2422CD, TLV2342ID, TLV2252ID, etc. Refer to Figure 2—1 for a sche-
matic.

Board Layout 3-3



Area 200 — TSSOP or MSOP

3.3 Area 200 — TSSOP or MSOP

3-4

Area 200 uses 2xx reference designators, and is compatible with dual op amps
packaged as an 8-pin TSSOP or MSOP. The TSSOP package is designated
by a PW suffix in Tl part numbers as in TLV2422CPWLE, TLV2342IPWLE,
TLV2252AIPWLE, etc. The MSOP package is designated by a DGK suffix in
Tl part numbers as in TLV2462CDGK. Refer to Figure 2-2 for a schematic.

Board Layout



Area 300 — SOT23-5A

3.4 Area 300 — SOT23-5A

Area 300 uses 3xx reference designators, and is compatible with single op
amps packaged in the 5-pin SOT-23 package with the pinout used for the
TLV22X1 as shown in Figure 3—1. This surface mount package is designated
by a DBV suffix in Tl part numbers as in TLV2211CDBYV, TLV2221CDBYV,
TLV2361CDBYV, TLV2231IDBYV, etc. Note: other parts like TLV2771CDBYV,
TLV2711CDBYV, TLV2461CDBYV, etc., follow different pin-out schemes, which
are not compatible with this layout. Refer to Figure 2—3 for a schematic.

Figure 3-1. TLV22X1 Device Pinout

IN+ [ ]2 5[] Vpp+
Vpp—/GND [_|2

IN- []3 4] ] out
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Area 400 — SOT23-5B

3.5 Area 400 - SOT23-5B

Area 400 uses 4xx reference designators, and is compatible with single op
amps packaged in the 5-pin SOT-23 package with the pinout used for the
TLV2271CDBV and TLV2461CDBV as shown in Figure 3-2. This surface
mount package is designated by a DBV suffix in Tl part numbers as in
TLV2771CDBV and TLV2461CDBV. Note: earlier parts like TLV2221CDBYV,
TLV2231IDBV, TLV2361CDB, and TLV2711CDBYV, etc., follow a different
pin-out scheme, which is not compatible with this layout. Refer to Figure 2—4
for a schematic.

Figure 3-2. TLV2771 and TLV2461 Device Pinout

3-6

out [|1 5] Vbp+

Vpp-/GND [ |2

IN+ [ |3 417 IN-

Board Layout



Component Placement

3.6 Component Placement

Figure 3—-3 shows component placement for the EVM board.

Figure 3-3. Universal Operational Amplifier EVM Board Component Placement
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3.7 Board Layout
Figures 3-4 and 3-5 show the EVM to
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Board Layout

Figure 3-5. Universal Operational Amplifier EVM Board Layout Bottom
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Chapter 4

Example Circuits

This chapter shows and discusses several example circuits that can be
constructed using the universal operational amplifier EVM. The circuits are all
classic designs that can be found in most operational amplifier design books.

Topic Page
4.1 Schematic CONVENtIONS ... ...t 4-2
4.2 Sallen-Key Low-Pass Filter ... .. 4-3
4.3 Sallen-Key High-Pass Filter ......... ... .. . i, 4-5
4.4 Inverting Amplifier ... 4-7
4.5 Non-Inverting Amplifier ... ... A —8
4.6 Two Operational Amplifier Instrumentation Amplifiers ~ ....... 4-9.

4.7 Differential AMplifier ... .. 4-11
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Schematic Conventions

4.1 Schematic Conventions

4-2

Figures 4—1 through 4—-6 show schematics for a sampling of circuits that can
be constructed using the universal operational amplifier EVM. The
components that are placed on the board are shown in bold and unused
components are blanked out. Jumpers and other changes are noted. These
examples are only a few of the many circuits that can be built.

Example Circuits



Sallen-Key Low-Pass Filter

4.2 Sallen-Key Low-Pass Filter

Figure 4-1 shows area 100 equipped with a dual operational amplifier
configured as a second-order Sallen-Key low-pass filter using dual-power
supplies.

Basic set up is done by proper choice of resistors R and mR, and capacitors
C and nC. The transfer function is:

Vout _ 1
V 2
IN" 1 —(f/f0) + (/Q)(f/fo)
Where:
(- 1
0=
2n /m nRC
And

J/mn

m+1

Q =

Figure 4-1. Sallen-Key Low-Pass Filter with Dual Supply Using Area 100
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© c1o1
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Sallen-Key High-Pass Filter

4.3 Sallen-Key High-Pass Filter

4-4

Figure 4-2 shows area 200 equipped with a dual operational amplifier config-
ured as a second-order Sallen-Key high-pass filter using single-supply power
input.

Basic setup is done by proper choice of resistors R and mR, and capacitors
C and nC. Note that capacitors should be used for components R210 and
R211, and a resistor for C201. The transfer function for the circuit as shown
is:

2
— (f/f
x (f/fo) + VREF2

1+ (i/Q)(f/fo)- (f/fo)2

=V

ouT IN

Where:

1
fo=—2
° " 27 /m nRC

And
Jmn

Q= n+1

The TL431 adjustable precision shunt regulator, configured as shown,
provides a low impedance reference for the circuit at about 1/2 V2+ina 5V
system. Another option is to adjust resistors R215 and R216 for the desired
VREF2 voltage. The formula for calculating VREF2 is:

VREF2 = 2.50 v(—R215 + RZlG)

R216

Example Circuits



Sallen-Key High-Pass Filter

Figure 4-2. Sallen-Key High-Pass Filter with Single Supply Using Area 200
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Inverting Amplifier

4.4 Inverting Amplifier

Figure 4-3 shows area 300 equipped with a single operational amplifier con-
figured as an inverting amplifier using dual power supplies. Note the pinout for
the operational amplifier in area 300 follows the TLV2211 type pinout.

Basic setup is done by choice of input and feedback resistors. The transfer
function for the circuit as shown is:

R305

v IN R307

out =V

To cancel the effects of input bias current, set R317 = R305 || R307, or use a
0 Q jumper for R317 if the operational amplifier is a low input bias operational
amplifier.

Figure 4-3. Inverting Amplifier with Dual Supply Using Area 300
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Non-Inverting Amplifier

4.5 Non-Inverting Amplifier

Figure 4-4 shows area 400 equipped with a single operational amplifier
configured as a non-inverting amplifier with single supply power input. Note
the pinout for the operational amplifier in area 400 follows the TLV2771 type
pinout.

Basic setup is done by choice of input and feedback resistors. The transfer
function for the circuit as shown is:
R405

1+ —) + VREF4

Vout = ViN ( R407

Note that the input signal must be referenced to VREF4.

To cancel the effects of input bias current, set R409 = R405 || R407, or use a
0 Q jumper for R409 if the operational amplifier is a low input bias operational
amplifier.

The TL431 adjustable precision shunt regulator, configured as shown,
provides a low impedance reference for the circuit at about 1/2 V4+ina 3V
system. Another option is to adjust resistors R415 and R416 for the desired
VREF4 voltage. The formula for calculating VREF4 is:

R416

VREF4 = 1.24 v(—R415 + R416)

Figure 4—-4. Non-Inverting Amplifier with Single Supply Using Area 400
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Two Operational Amplifier Instrumentation Amplifier

4.6 Two Operational Amplifier Instrumentation Amplifier

4-8

Figure 4-5 shows area 200 equipped with a dual operational amplifier config-
ured as a two-operational-amplifier instrumentation amplifier using a voltage
reference and single power supply.

Basic setup is done by choice of input and feedback resistors. The transfer
function for the circuit as shown is:

Vout = Vin (1 + 2;‘220075 + %82) + VREF2
Where
R205 = R202
and
R206 = R204

To cancel the effects of input bias current, set R209 = R205 || R207 and set
R210=R202||R204, or use a 0 Q jumper for R209 and R210 if the operational
amplifier is a low input bias operational amplifier.

The TLV431 adjustable precision shunt regulator, configured as shown,
provides a low impedance reference for the circuit at about 1/2 V2+ina 3V
system. Another option is to adjust resistors R215 and R216 for the desired
VREF2 voltage. The formula for calculating VREF?2 is:

— R215 + R216
VREF2 = 1.24 V( R216 )

Example Circuits



Two Operational Amplifier Instrumentation Amplifier

Figure 4-5. Two Operational Amplifier Instrumentation Amplifier with Single Supply Using
Area 200

Jumper A201 — to B20OUT

R209 = R205- Il R207
or Short if Using Low Input

2R205 R205
VouT =Vin\1*'r207 *R206 J* VREF2]

Bias Op Amp
V2+ D—é A20UT
1/2 Dual OP Amp
V2+
R205 = R202
R206 = R204
GND2 Cc211 R217
Jumper
A202- to B201— i_T
Vi- L
- C206
+
V2— -—_— |
Power Supply Bypass C) Vin
R212 C202
JR— —_
V2% jumper VREF2 to B202— J_
= c207 R204
R214 R203 y . )
22ka B201 p
! VREF2=1.24V Jumper Jumper
5 R202
é 1 B202- _14\,\,\, A 7
S c R201 R211 B20UT
=] B203+ —— —— 5 + U201b
L
U202 1/2 Dual OP Amp
A| TL431ACDBV5 | R210
R216 B204+
f *
_l R210 = R202 Il R204 R213
= Voltage Reference or Short if Using Low Input c208 _
Bias Op Amp
- C201
I — u—
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4.7 Differential Amplifier

Figure 4—-6 shows area 300 equipped with a single operational amplifier

configured as a differential amplifier using a voltage reference and single
power supply.

Basic setup is done by choice of input and feedback resistors. The transfer
function for the circuit as shown is:

_ R305
VOUT = VIN <—R307) + VREF3
Where
R305 _ R309
R307 R308

The TLV431 adjustable precision shunt regulator, configured as shown,
provides a low impedance reference for the circuit at about 1/2 V3+ina 3V
system. Another option is to adjust resistors R315 and R316 for the desired
VREF3 voltage. The formula for calculating VREF3 is:

_ R315 + R316
VREF3 = 1.24 V( R316 )

Figure 4-6. Single Operational Amplifier Differential Amplifier with Single Supply Using
Area 300

. (R305 )
=Vin\'Rzo7 / *VREF3

30UT
| '—l R305 _ R309
Power Supply Bypass Va - R307 ~ R308

V3+

R314 l
2.2kQ =
S —"

VREF3 =124V

Jumper 304+ to VREF3

R

A | TL431ACDBV5

R316
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