SBFS009

BURR - BROWN®

==

PRECISION SWITCHED INTEGRATOR
TRANSIMPEDANCE AMPLIFIER

APPLICATIONS

PHOTODIODE MEASUREMENTS

LEAKAGE CURRENT MEASUREMENT

FEATURES

e ON-CHIP INTEGRATING CAPACITORS
o GAIN PROGRAMMED BY TIMING

o LOW INPUT BIAS CURRENT: 750fA max

e LOW NOISE

e LOW SWITCH CHARGE INJECTION

e FAST PULSE INTEGRATION

e LOW NONLINEARITY: 0.005% typ

e 14-PIN DIP, SO-14 SURFACE MOUNT

IONIZATION CHAMBER MEASUREMENTS
CURRENT/CHARGE-OUTPUT SENSORS

PRECISION LOW CURRENT MEASUREMENT
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IVC102

DESCRIPTION

The IVC102 is a precision integrating amplifier with
FET op amp, integrating capacitors, and low leakage
FET switches. It integrates low-level input current for
a user-determined period, storing the resulting voltage
on the integrating capacitor. The output voltage can be
held for accurate measurement. The IVC102 provides
a precision, lower noise alternative to conventional
transimpedance op amp circuits that require a very|
high value feedback resistor.

The IVC102 is ideal for amplifying low-level sensor
currents from photodiodes and ionization chambers.
The input signal current can be positive or negative.

TTL/CMOS-compatible timing inputs control the inte-
gration period, hold and reset functions to set the
effective transimpedance gain and to reset (discharge
the integrator capacitor.

Package options include 14-Pin plastic DIP and SO-14
surface-mount packages. Both are specified for theg
—4(°C to 85C industrial temperature range.
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SPECIFICATIONS

At Tp = +25°C, Vg = £15V, R, = 2kQ, Cjyy = C; + C, + C3, 1ms integration period®, unless otherwise specified.

IVC102P, U
PARAMETER CONDITIONS MIN TYP MAX UNITS
TRANSFER FUNCTION vo' = —(|,N)(T,NT)/<:'INT
Gain Error Cnr=C+C, +Cy 15 +25/-17 %
vs Temperature +25 ppm/°C
Nonlinearity Vo = £10V +0.005 %
Input Current Range +100 HA
Offset Voltage® Iiv =0, Cjy = 50pF -5 +20 mv
vs Temperature +30 uv/°C
vs Power Supply Vg = +4.75/-10 to +18/-18V 150 750 uvIv
Droop Rate, Hold Mode -1 nV/us
OP AMP
Input Bias Current S;, S, Open -100 +750 fA
vs Temperature See Typical Curve
Offset Voltage (Op Amp Vqs) +0.5 +5 mV
vs Temperature 5 uv/ec
vs Power Supply Vg = +4.75/-10 to +18/-18V 10 100 uviv
Noise Voltage f = 1kHz 10 nVAHz
INTEGRATION CAPACITORS
C;+C,+Cy 80 100 120 pF
vs Temperature +25 ppm/°C
c, 10 pF
C, 30 pF
Cs 60 pF
OUTPUT
Voltage Range, Positive R, = 2kQ (V+)-3 (V+)-1.3 \%
Negative R, = 2kQ (V-)+3 (V-)+2.6 \%
Short-Circuit Current +20 mA
Capacitive Load Drive 500 pF
Noise Voltage See Typical Curve
DYNAMIC CHARACTERISTIC
Op Amp Gain-Bandwidth 2 MHz
Op Amp Slew Rate 3 Vius
Reset
Slew Rate 3 Vius
Settling Time, 0.01% 10V Step 6 us
DIGITAL INPUTS (TTL/CMOS Compatible)
V|4 (referred to digital ground) (Logic High) 2 55 \%
V,_ (referred to digital ground) (Logic Low) -0.5 0.8 \%
I Vi = 5V 2 uA
I V, =0V 0 HA
Switching Time 100 ns
POWER SUPPLY
Voltage Range: Positive +4.75 +15 +18 \%
Negative -10 -15 -18 \Y
Current: Positive 4.1 5.5 mA
Negative -1.6 2.2 mA
Analog Ground -0.2 mA
Digital Ground -2.3 mA
TEMPERATURE RANGE
Operating Range -40 85 °C
Storage -55 125 °C
Thermal Resistance, 635
DIP 100 °C/W
SO-14 150 °C/W

NOTES: (1) Standard test timing: 1ms integration, 200us hold, 100us reset. (2) Hold mode output voltage after 1ms integration of zero input current. Includes op
amp offset voltage, integration of input error current and switch charge injection effects.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage, V+ 10 V= ..o 36V
Logic Input Voltage............... V—to V+
Output Short Circuit to Ground ..........cccveevveriencriicniiiesceene Continuous
Operating TEMPETALUIE .....coevvviieriieiesieeieseeieesieere e —40°C to +125°C
Storage Temperature ..........cccccceeieieriieiieese s —55°C to +125°C
Lead Temperature (soldering, 10S) .........cccceovvevriiiniiniiciiiiieieins 300°C
PIN CONNECTIONS
Top View 14-Pin DIP/

SO-14 Surface Mount

Analog Ground | 1 14 | v+

13 | Digital Ground

H
B
—In E 12|s,
[«
=
e

NC | 7 8 | NC

NC = No Internal Connection
Connect to Analog Ground for Lowest Noise

PACKAGE INFORMATION

PACKAGE DRAWING
PRODUCT PACKAGE NUMBER @)
IVC102P 14-Pin DIP 010
IvC102U SO-14 Surface Mount 235

NOTE: (1) For detailed drawing and dimension table, please see end of data

sheet, or Appendix D of Burr-Brown IC Data Book.

ELECTROSTATIC
DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling
and installation procedures can cause damage.

ESD damage can range from subtle performance degrada-
tion to complete device failure. Precision integrated circuits
may be more susceptible to damage because very small
parametric changes could cause the device not to meet its
published specifications.
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TYPICAL PERFORMANCE CURVES

At Tp = +25°C, Vg = #15V, R = 2kQ, C\\r = C; + C, + C3, 1ms integration period, unless otherwise specified.
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APPLICATION INFORMATION BASIC RESET-AND-INTEGRATE MEASUREMENT

Figure 1 shows the circuit and timing for a simple reset-and-

Figure 1 shows the basi_c circuit connections to operate thqntegrate measurement. The input current is connected di-
IVC102. Bypass capacitors are shown connected to therectly to the inverting input of the IVC102, pin 3. Input

power supply pins. Noisy power supplies should be avoided, et is shown flowing out of pin 3, which produces a
or decoupled and carefully bypassed. positive-going ramp at . Current flowing into pin 3 would
The Analog Ground terminal, pin 1, is shown internally produce a negative-going ramp.

connected to the non-inverting input of the op amp. This
terminal connects to other internal circuitry and should be
connected to ground. Approximately 200 flows out of
this terminal.

A measurement cycle starts by resetting the integrator output
voltage to OV by closingSor 1Qus. Integration of the input
current begins when,®pens and the input current begins to
charge Gy7. Vo is measured with a sampling a/d converter
Digital Ground, pin 13, should be at the same voltage at the end of an integration period, just prior to the next reset
potential as analog ground (within 100mV). Analog and period. The ideal result is proportional to the average input
Digital grounds should be connected at some point in thecurrent (or total accumulated charge).

system, usually at the power supply connections to theg, iip 5 is again closed to reset the integrator output to OV
circuit board. A separate Digital Ground is provided so that before the next integration period.

noisy logic signals can be referenced to separate circuit ] .
board traces. This simple measurement arrangement is suited to many

applications. There are, however, limitations to this basic
approach. Input current continues to flow througti&ing
the reset period. This leaves a small voltage g €qual

Integrator capacitors,CC, and G are shown connected in
parallel for a total (g = 100pF. The IVC102 can be used
foraw_lde variety of _|ntegrat|ng curren_t measurements. The o the input current times g3 the on-resistance of,S
input signal connections and control timing angrGralue approximately 1.5
will depend on the sensor or signal type and other applica- "

tion details.
V+
+15V
0.1pF
. 6 Cy || BOpF 14
Figure la 1
5 C, | 30pF ==
I -
4 C, 11 10pF
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FIGURE 1. Reset-and Integrate Connections and Timing.
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In addition, the offset voltage of the internal op amp and measurement from the final sample gt Dp amp offset

charge injection of Scontribute to the voltage ony at the
start of integration.

voltage, charge injection effects and dsRffset voltage on
S, are removed with this two-point measurement. The effec-

Performance of this basic approach can be improved bytive integration period is the time between the two measure-

sampling \§ after the reset period at @nd subtracting this

ments, T-T,.

With the conventional transimpedance amplifier circuit
of Figure 2a, input current flows through the feedback
resistor, R, to create a proportional output voltage.

Vo =-In Re
The transimpedance gain is determined py\Rry large
values of R are required to measure very small signal

current. Feedback resistor values exceeding IDGivk
common.

The 1VC102 (Figure 2b) provides a similar function,
converting an input current to an output voltage. The
input current flows through the feedback capacitgg;,C
charging it at a rate that is proportional to the input
current. With a constant input current, the IVC102's
output voltage is

Vo =—In Tint/Cinr

after an integration time of .

Conventional Transimpedance Amplifier
Figure 2a

O Vo

Provides time-continuous output
voltage proportional to Iy.

COMPARISON TO CONVENTIONAL TRANSIMPEDANCE AMPLIFIERS

Vg is proportional to the integration time,\F, and
inversely proportional to the feedback capacitog;C
The effective transimpedance gain igtVCynt. EX-
tremely high gain that would be impractical to achig
with a conventional transimpedance amplifier can
achieved with small integration capacitor values an
long integration times. For example the IVC102 w
Cnt = 100pF and |t = 100ms provides an effectiy
transimpedance of & A 10nA input current woulg
produce a 10V output after 100ms integration.

The integrating behavior of the IVC102 reduces noisg
averaging the input noise of the sensor, amplifier,
external sources.

Integrating Transimpedance Amplifier
Figure 2b

VO - _llN

Output voltage after integration period is
proportional to average |y throughout
the period.

ve
be
i/or
ith

[}

h by
and

FIGURE 2. Comparison to a Conventional Transimpedance Amplifier.

CURRENT-OUTPUT SENSORS

Figure 3 shows a model for many current-output sensorsso that the terminal voltage is kept very low. Typical sensor
such as photodiodes and ionization chambers. Sensor outpuapacitance values range from 10pF to over 100pF. This
is a signal-dependent current with a very high source resiscapacitance plays a key role in operation of the switched-
tance. The output is generally loaded into a low impedanceinput measurement technique (see next section).

BURR - BROWN®
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FIGURE 3. Switched-Input Measurement Technique.
SWITCHED-INPUT MEASUREMENT TECHNIQUE Input connections and timing are shown in Figure 3.

While the basic reset-and-integrate measurement arrangérhe timing diagram, Figure 3b, shows thatisSclosed only
ment in Figure 1 is satisfactory for many applications, thewhen S is open. During the short period that iS open
switched-input timing technique shown in Figure 3 has (30us in this timing example), any signal current produced
important advantages. This method can provide continuousy the sensor will charge the sensor’s source capacitance.
integration of the input signal. Furthermore, it can hold the This charge is then transferred tg£when $ is closed. As
output voltage constant after integration for stable conver-a result, no charge produced by the sensor is lost and the
sion (desirable for a/d converter without a sample/hold).input signal is continuously integrated. Even fast input
pulses are accurately integrated.

BURR - BROWN©®
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The input current, , is shown as a conventional current OFFSET ERRORS

flowing into pin 2 in this diagram but the input current could Figyre 3¢ shows the effect o,\ue to op amp input offset

be bipolar (positive or negative). Current flowing out of pin yoltage, input bias current and switch charge injection. It

2 would produce a positive-ramping,V assumes zero input current from the sensor. The various

The timing sequence proceeds as follows: offsets and charge injectioA®) jumps shown are typical of
that seen with a 50pF source capacitance. The specified
“transfer function offset voltage” is the voltage measured

Wduring the hold period at B. Transfer function offset voltage
is dominated by the charge injection of &ening and op
amp Vg The opening and closing charge injections pf S

Pre-Integration Hold _ . are very nearly equal and opposite and are not significant
S, is opened, holding ¥ constant for 1@s prior to integra-  gntributors.

tion. This pre-integration hold period assures thas 8ully
open before Sis closed so that no input signal is lost. A
minimum of Jus is recommended to avoid switching over- L oe o . -

S, charge injection. The remaining offset with this B-A

lap. The 1@is hold period shown in Figure 3b also allows an . . ; .
ald converter measurement to be made at point A, Themeasurement is due to op amp input bias current charging

purpose of this measurement at A is discussed in the “OffsettCHNT];_ This error is usually very small and is exaggerated in
Errors” section. e figure.

Reset Period

The integrator is reset by closing switcjv@th S, open. A
10us reset time is recommended to allow the op amp to sle
to OV and settle to its final value.

Note that using a two-point difference measurement at A
and B can dramatically reduce offset due to op agyavid

Integration on C |\t
Integration of the input current onyg begins when Sis DIGITAL SWITCH INPUTS

closed. An immediate step output voltage change occurs ad he digital control inputs to;Sand § are compatible with

the charge that was stored on the input sensor capacitance gandard CMOS or TTL logic. Logic input pins 11 and 12
transferred to (g7. Although this period of charging,&G are high impedance and the threshold is approximately 1.4V
occurs only while Sis closed, the charge transferred as S relative to Digital Ground, pin 13. A logic “low” closes the

is closed causes tldfectiveintegration time to be equal to switch.

the complete conversion period—see Figure 3b. Use care in routing these logic signals to their respective
The integration period could range from f80to many  input pins. Capacitive coupling of logic transitions to sensi-
minutes, depending on the input current ang; @alue. tive input nodes (pins 2 through 6) and to the positive power

While S is closed, |\ charges {7, producing a negative- ~ supply (pin 14) will dramatically increase charge injection
going ramp at the integrator output voltagg, Vhe output and produce errors. Route these circuit board traces over a
voltage at the end of integration is proportional to the ground plane (digital ground) and route digital ground traces
average input current throughout the complete Conversionbetween logic traces and other critical traces for lowest
cycle, including the integration period, reset and both hold charge injection. See Figure 4.

periods. 5V logic levels are generally satisfactory. Lower voltage
Hold Period logic levels may help reduce charge injection errors, de-
Opening $ halts integration on Gr. Approximately is pending on circuit layout. Logic high voltages greater than

after § is opened, the output voltage is stable and can bed-5V, or higher than the V+ supply are not recommended.
measured (at point B). The hold period isud0n this

example. G remains charged until g & again closed, to Analog
. V-
reset for the next conversion cycle. !;r’t”;e“v”;;‘j guarded Ground * Switch logic inputs
L . guarded by digital
In this timing example, Ss open for a total of 3. During —— ground.
this time, signal current from the sensor charges the sensqr ‘o N ..
source capacitance. Care should be used to assure that the Digita
voltage developed on the sensor does not exceed approx|- © © ) Ground
mately 200mv during this time. The, Iterminal, pin 2, is. ° ° s,
internally clamped with diodes. If these diodes forward bias,
signal current will flow to ground and will not be accurately / °© °© S1
integrated. o o
. i Input nodes
A maximum of 333nA signal current could be accurately guarded by o o
integrated on a 50pF sensor capacitance fqis 3gefore analog ground. - o
200mV would be developed on the sensor. 7f 8 Vo
IMAX = (SOpF) (200mV)/3ps = 333nA Pins 7 and 8 have no internal l_. V-
connection but are connected to
ground for lowest noise pickup.

FIGURE 4. Circuit Board Layout Techniques.

BURR - BROWN®
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INPUT BIAS CURRENT ERRORS CHOOSING Ct

Careful circuit board layout and assembly techniques arelnternal capacitors £ C, and G are high quality metal/
required to achieve the very low input bias current capability oxide types with low leakage and excellent dielectric char-
of the IVC102. The critical input connections are at ground acteristics. Temperature stability is excellent—see typical
potential, so analog ground should be used as a circuit boardurve. They can be connected fqg{£= 10pF, 30pF, 40pF,
guard trace surrounding all critical nodes. These include60pF, 70pF, 90pF or 100pF. Connect unused internal ca-
pins 2, 3, 4, 5 and 6. See Figure 4. pacitor pins to analog ground. Accuracy80%, which

Input bias current increases with temperature—see typica@irectly influences the gain of the transfer function.
performance curve Input Bias Current vs Temperature. A larger value external (gr can be connected between pins

3 and 10 for slower/longer integration. Select a capacitor
HOLD MODE DROOP type with low leakage and good temperature stability.
Teflon®, polystyrene or polypropylene capacitors generally
provide excellent leakage, temperature drift and voltage
coefficient characteristics. Lower cost types such as NPO
ceramic, mica or glass may be adequate for many applica-
tions. Larger values for,(g require a longer reset time—see
typical curves.

Hold-mode droop is a slow change in output voltage prima-
rily due to op amp input bias current. Droop is specified
using the internal (g = 100pF and is based on a —100fA

typical input bias current. Current flows out of the inverting

input of the internal op amp.

—100fA

INT

Droop Rate =

FREQUENCY RESPONSE

Integration of the input signal for a fixed period produces a
With Cnt = 100pF, the droop rate is typically only deep null (zero response) at the frequencyyd/and its
1nV/us—slow enough that it rarely contributes significant harmonics. An ac input current at this frequency (or its
error at moderate temperatures. harmonics) has zero average value and therefore produces

Since the input bias current increases with temperature, thé'© output.. .Th|s propert.y can be used to position rgsponse
droop rate will also increase with temperature. The droopr,'u"S at pr|t|cal frequencies. For example, a 16.67ms integra-
rate will approximately double for each °@increase in tion period produces response nulls at 60Hz, 120Hz, 180Hz,
junction temperature—see typical curves. etc., which will reject ac line frequency noise and its har-

o ] monics. Response nulls can be positioned to reduce interfer-
Droop rate is inversely proportional tgu& If an external ence from system clocks or other periodic noise.

integrator capacitor is used, a low leakage capacitor ShOUIq?esponse to all frequencies above f =}/ Talls at —20dB/
be selected to preserve the low droop performance of thgjecade. The effective corner frequency of this single-pole

IvC102. response is approximately 1/2,87.

For the simple reset-and-integrate measurement technique,
INPUT CURRENT RANGE TNt IS equal to the to the time thatiS open. The switched-
Extremely low input currents can be measured by integrat-input technique, however, effectively integrates the input
ing for long periods and/or using a small value fqgC signal throughout the full measurement cycle, including the
Input bias current of the internal op amp is the primary reset period and both hold periods. Using the timing shown
source of error. in Figure 3, theeffectiveintegration time is 1/Ts, where Ts
Larger input currents can be measured by increasing thdS the repetition rate of the sampling.
value of Gyr and/or using a shorter integration time. Input
currents greater than 20@ should not be applied to the pin  INPUT IMPEDANCE
2 input, however. The approximately I(bkeries resistance  the jnput impedance of a perfect transimpedance circuit is
of S; will create an input voltage at pin 2 that will begin t©0 g ohms. The input voltage ideally would be zero for any
forward-bias internal protection clamp diodes. Any current j5 ¢ current. The actual input voltage when directly driving
that flqws through these protection diodes will pot be accu-hea integrator input (pin 3) is proportional to the output slew
rately integrated. See “Input Impedance” section for more 1546 of the integrator. A 1y slew rate produces approxi-
information on input current-induced voltage. mately 100mV at pin 3. The input of the integrator can be
Input current greater than 20@ can, however, be con- modeled as a resistance:

nected directly to pin 3, using the simple reset-integrate Ry = 107/Cinr 2)
technique shown in Figure 1. Current applied at this input . . .
can be externally switched to avoid excessive I*R voltage with Ryy in Q and Gyr in Farads.

across $during reset. Inputs up to 5mA at pin 3 can be

accurately integrated if (¢ is made large enough to limit

slew rate to less than 1M. A 5SmA input current would  Using the internal 1 = G, + C, + C; = 100pF 3
require Gyt = 5nF to produce a 1M slew rate. The input
current appears as load current to the internal op amp, Ry = 1077/100pF = 1K
reducing its ability to drive an external load.

Teflon® E. I. Du Pont de Nemours & Co.
BURR - BROWN®
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FIGURE 5. Frequency Response of Integrating Converter.

Slew rate limit of the internal op amp is approximately
3V/us. For most applications, the slew rate gf;¥ should

be limited to 1V{is or less. The rate of change is propor-
tional to |y and inversely proportional to,G:

Slew Rate = I
INT

This can be important in some applications since the slew-
induced input voltage is applied to the sensor or signal
source. The slew-induced input voltage can be reduced by
increasing Gyt, which reduces the output slew rate.

NONLINEARITY

Careful nonlinearity measurements of the IVC102 yield
typical results of approximatel0.005% using the internal
input capacitors (fgr = 100pF). Nonlinearity will be de-
graded by using an external integrator capacitor with poor

The input resistance seen at pin 2 includes an additionalo'tage coefficient. Performance with the internal capacitors
1.5kQ, the on-resistance of, SThe total input resistance is

the sum of the switch resistance ang,Rr 2.5K2 in this

example.

BURR - BROWN®
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is typically equal or better than the sensors it is used to
measure. Actual application circuits with sensors such as a
photodiode may have other sources of nonlinearity.



i3 Texas PACKAGE OPTION ADDENDUM

INSTRUMENTS
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PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
IVC102P OBSOLETE PDIP N 14 TBD Call TI Call Tl

IVC102U ACTIVE SOIC D 14 50 Green(RoHS & CU NIPDAU Level-3-260C-168 HR
no Sh/Br)

IVC102U/2K5 ACTIVE SOIC D 14 2500 Green (RoHS & CU NIPDAU Level-3-260C-168 HR
no Sh/Br)

IVC102U/2K5G4 ACTIVE SOIC D 14 2500 Green (RoHS & CU NIPDAU Level-3-260C-168 HR
no Sb/Br)

O The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

®) MsL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annual basis.

Addendum-Page 1
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

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

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI 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.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers pmplifier.ti.com Audio [vww.1r.com/audid

Data Converters Automotive [vww Tr.com/automofiv
DLP® Products [vww .dIp.comn] Broadband [pww i.com/broadband
DSP Fspicom Digital Control [pww ir-com/digitalcontrol
Clocks and Timers [yww Ti.com/cloc Medical [pww Ti.com/medical
Interface [nferfacedico Military [pww ir-com/military
Logic [oaicTiconi Optical Networking [xww Ti.com/opficalnetwor
Power Mgmt powerfr.com Security vww Tr.com/securt
Microcontrollers nicrocontroller.fi.conj Telephony lvww.tr.com/telephony
RFID [wWwiiirfid-co Video & Imaging [pww i-com/vided

RF/IF and ZigBee® Solutions | {r.com/prl Wireless [vww fi.com/wirelesy

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2009, Texas Instruments Incorporated
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