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1 Design Summary 

The design requirements are as follows:  

 Supply Voltage: 5V 

 Supply Current: <2mA 

 Input current 0 - 90μA 

 Output: 100mV – 4.9V 

The design goals and performance are summarized in Table 1 

Table 1. Comparison of Design Goals with Simulated and Measured Performance 

 Goal Simulated Measured 

Gain 53.6 kV / A (94.58dB) 53.6 kV / A (94.58dB) 53.48 kV / A (94.56dB) 

Vout (0 μA) 100 mV 100.096 mV 100.256mV 

Vout (90 μA) 4.9 V 4.924 V 4.913 V 

-3dB Bandwidth >1 MHz 1.464 MHz 1.59MHz  

Phase Margin >45 Degrees 68.59° 62.108° 

 

 

Figure 1: Measured Transfer Function 

  

50

55

60

65

70

75

80

85

90

95

100

100 1000 10000 100000 1000000 10000000

G
ai

n
 (

V
/A

, d
B

) 

Frequency (Hz) 

Photodiode Amplifier AC Transfer Function 



 

www.ti.com 

TIDU535-November 2014 1 MHz, Single-Supply, Photodiode Amplifier Reference Design 3 
Copyright © 2014, Texas Instruments Incorporated 

2 Theory of Operation 

Transimpedance amplifiers are commonly used to amplify the light-dependant current of photodiodes. 
These circuits are deceptively simple; the proper design of a single supply photodiode amplifier requires 
the consideration of many factors including stability and input and output voltage range limitations. 
Furthermore, the effects of dc error sources such as input bias current and input offset voltage are often 
ignored and can degrade the transient response of these circuits. This design will examine the proper 
design process for photodiode amplifiers used in single supply applications. 

In its most simple form, a transimpedance amplifier consists of an op amp and a feedback resistor. The 
current to be amplified is applied to the inverting input, causing the output voltage to change according to 
the equation: 

 FINOUT RIV   ( 1 ) 

RF

-

+

IIN

VOUT

 

Figure 2: A basic op amp transimpedance amplifier 

For this design, the photodiode will be operated in photoconductive mode: exposure to light will cause a 
reverse current through the photodiode. The diode is connected such that this current causes the op amp 
output voltage to increase.  

RF

-

+

CF

Photodiode

IPD

VOUT = IPDRF

 

Figure 3: Connection of a photodiode to the transimpedance amplifier (photoconductive mode). 

 For most photodiode amplifiers, a feedback capacitor, CF, is necessary to maintain stability. This capacitor 
compensates for the photodiode capacitance at the inverting input of the op amp.  
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 Finally, in the absence of any photodiode current, the amplifier output will attempt to settle at the voltage 
applied to the non-inverting input. If the non-inverting input is grounded, the output voltage would ideally be 
0V. However, the output voltage can never reach 0V because this is also the value of the negative power 
supply. Therefore, the op amp output will “saturate” near its negative power supply. This condition is 
undesirable and can delay the amplifier’s response to an input signal. In order to avoid saturation, a 
resistor divider from the positive supply is used to bias the amplifier input above ground.  

R1

VOUT

-

+

C1

Photodiode

VCC

VB

R2

R3C2

 

Figure 4: A bias voltage is applied to the op amp’s non-inverting input to prevent saturation at the 
negative power supply 

The output transfer function including the bias voltage is: 

 𝑉𝑂𝑈𝑇 = 𝑖𝑃𝐷𝑅1 + 𝑉𝐵 = 𝑖𝑃𝐷𝑅1 + 𝑉𝐶𝐶
𝑅3

𝑅3 + 𝑅2
 (2) 

2.1 Photodiode Parameters 

An OSRAM SFH213 photodiode was selected for this design. In this design the photodiode is minimally 
reverse biased and therefore the junction capacitance when VR = 0V will be used for stability calculations. 
Also, because of the minimal reverse bias, the effects of dark current on the amplifier output can be 
neglected.  

Table 2: Selected photodiode parameters 

Parameter Condition Symbol Min Typ Max Unit 

Diode Capacitance VR = 0V CJ  
11 

 
pF 

Reverse Light Current Ee = 1mW/cm
2
 IPD 

 
90 

 
μA 

2.2 Gain Calculation 

The reverse light current specification in Table 2 will be used as the maximum input current to the 
amplifier. The value of the feedback resistor can be calculated by dividing the maximum output voltage 
(limited by the amplifier’s power supply) by the maximum input current:  
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2.3 Feedback Capacitor Calculation 

The feedback capacitor, in combination with the feedback resistor, forms a pole in the frequency response 
of the amplifier:  

 𝑓𝑃 =
1

2𝜋𝐶1𝑅1
 (4) 

Above this pole frequency, the amplification of the circuit will decline. The maximum feedback capacitor 
value can be determined from the feedback resistor value and the desired bandwidth: 

 𝐶1 ≤
1

2𝜋𝑅1𝑓𝑃
≤

1

2𝜋(53.6𝑘Ω)(1𝑀𝐻𝑧)
≤ 2.97𝑝𝐹 → 2.7𝑝𝐹 (5) 

By keeping the feedback capacitor at or below the value calculated in equation 3, we ensure that our 
circuit will meet the stated bandwidth requirements.  

2.4 Amplifier Gain Bandwidth Calculation 

Having calculated the maximum feedback capacitor value allowable to meet the design requirement for 
bandwidth, it is necessary to calculate the necessary op amp gain bandwidth for the circuit to be stable.  

In Figure 5, the circuit in Figure 4 has been redrawn to show the junction capacitance of the photodiode 
(CJ) and the differential (CD) and common-mode (CCM1, CCM2) input capacitances of the amplifier. The bias 
voltage applied to the non-inverting input is considered an ac ground.  

R1

VOUT

-

+

C1

Photodiode

CJ

CD

CCM1

CCM2

 

Figure 5: Transimpedance amplifier circuit showing capacitances at the inverting node. 

From this illustration it is apparent that CJ, CD, and CCM2 are in parallel and the capacitance at the inverting 
input is: 

 𝐶𝐼𝑁 = 𝐶𝐽 + 𝐶𝐷 + 𝐶𝐶𝑀2 (6) 

CCM1 is shorted by the ac ground at the non-inverting input and does not contribute to the input 
capacitance calculation.  
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Figure 6 shows the open loop gain (AOL) and inverse feedback factor (1/β) curves for a typical 
transimpedance amplifier. A rate-of-closure (ROC) analysis is one method to infer the stability of a system 
by graphically observing the rate of closure between the AOL and 1/β where they intersect. For a stable 
system these curves should intersect with a rate-of-closure of 20dB/decade. For example, if the AOL curve 
of an amplifier decreases at 20dB/decade and the 1/β curve is increasing at 20dB per decade at the point 
of intersection, the rate of closure is 40dB/decade and the system is potentially unstable.  

The capacitance at the inverting input of the op amp produces a zero in the 1/β curve at: 

 𝑓𝑍 =
1

2𝜋(𝐶1+𝐶𝐼𝑁)𝑅1
 (7) 

Above this zero, the 1/β curve will rise at 20dB/decade. If the AOL curve intersects the 1/β curve in this 
rising portion (as illustrated by the dashed line in Figure 6) the system will potentially be unstable.  
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Figure 6: The open loop gain (red) and inverse feedback factor (blue) curves of a typical transimpedance 
amplifier. 

For the amplifier to be stable, the AOL curve should intersect the 1/β curve after the pole created by the 
feedback capacitor: 

 𝑓𝑃 =
1

2𝜋𝐶1𝑅1
 (8) 

In the region above the pole, the frequency of intersection is: 

 𝑓𝐼 =
𝐶1

𝐶𝐼𝑁 + 𝐶1
𝑓𝐺𝐵𝑊 (9) 

where fGBW is the unity gain bandwidth of the op amp. Therefore, in order to ensure stability, the unity 
bandwidth of the op amp must obey the rule: 

 𝑓𝐼 > 𝑓𝑃 (10) 

Inserting the equations for fI and fp into this rule and solving for unity gain bandwidth, we arrive at a useful 
equation: 

Dennis
Textfeld
= 1 / (2π⋅(2.7pF+11pF)⋅53.6kΩ) = 216kHz 

Dennis
Textfeld
= 1 / (2π⋅(2.7pF)⋅53.6kΩ) = 1.1MHz 

Dennis
Textfeld
= 2.7pF/13.7pF⋅fGBW = 0.19⋅fGBW
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𝐶1

𝐶𝐼𝑁 + 𝐶1
𝑓𝐺𝐵𝑊 >

1

2𝜋𝑅1𝐶1
 (11) 

 
𝑓𝐺𝐵𝑊 >

𝐶𝐼𝑁 + 𝐶1

2𝜋𝑅1𝐶1
2 (12) 

To calculate the unity gain bandwidth requirement for this design, CIN must first be determined. CD and 
CCM2 are not known at this time since we haven’t selected a specific op amp. 10pF can be used as a 
reasonable guess for the sum of these values. The exact value can be substituted later to confirm the 
appropriateness of an op amp. 

 𝐶𝐼𝑁 = 𝐶𝐽 + 𝐶𝐷 + 𝐶𝐶𝑀2 = 11𝑝𝐹 + 10𝑝𝐹 = 21𝑝𝐹 (13) 

Now, the values for C1, R1 and CIN can be inserted into equation 13: 

 
𝑓𝐺𝐵𝑊 >

21𝑝𝐹 + 2.7𝑝𝐹

2𝜋(53.6𝑘Ω)(2.7𝑝𝐹)2
> 9.653𝑀𝐻𝑧 

(14) 

2.5 Bias Network 

The photodiode acts as a reverse biased diode at dc, so the gain from the non-inverting terminal of the op 
amp is 1. Therefore when the photodiode current is 0A, VOUT = VB. A bias voltage of 100mV is derived from 
the positive supply and applied to the non-inverting input to prevent the amplifier output from saturating at 
the negative power supply rail. The bias at the non-inverting input is given by the equation: 

 𝑉𝐵 = 𝑉𝐶𝐶
𝑅3

𝑅2 + 𝑅3
 (15) 

For a 100mV bias voltage: 

 

. 1 = 5
𝑅3

𝑅2 + 𝑅3
 

. 02 =
𝑅3

𝑅2 + 𝑅3
 

𝑅2 = 49𝑅3 

(16) 

The closest 1% resistor values which conform to this ratio is R2: 13.7kΩ, R3: 280Ω. 

Capacitor C2 is placed in parallel with resistor R3 to reduce the noise contribution of the resistor divider 
and prevent power supply noise from affecting the amplifier output. Selecting a value of 1μF for C2 
produces a corner frequency of: 

 𝑓𝑝 =
1

2𝜋𝐶2(𝑅2||𝑅3)
=

1

2𝜋 ∗ 1𝜇𝐹 ∗ (13.7𝑘||280)
= 580.028𝐻𝑧 (17) 

This corner frequency should be low enough to prevent power supply noise from passing to the output.  
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3 Component Selection 

3.1 Amplifier 

The basic requirements for the op amp used in this application are outlined in Table 3.  

Table 3: Basic op amp requirements 

Parameter Value 

Minimum Supply Voltage <5V 

Quiescent Current <2mA 

Input Voltage Range (V-)+0.1 

Output Voltage Range (V-)+0.1, (V+)-0.1 

Gain Bandwidth Product >9.653 MHz 

The requirements for supply voltage and current were given in Table 1. The input and output voltage range 
requirements are selected to ensure linear operation over the desired signal amplitudes. Finally, the gain 
bandwidth requirement was calculated in section 2.   

In addition to these basic requirements, the op amp should contribute negligible errors from voltage offsets 
and noise. Op amps with JFET or CMOS inputs are the most commonly selected type because these op 
amps typically have much lower bias current than those with BJT input devices. This results in reduced dc 
error voltages and lower noise due to reduced input current noise. A complete noise analysis of this 
amplifier is beyond the scope of this document, please see reference [1] for more information on noise in 
photodiode amplifiers.  

The OPA320 was selected for this design because of its excellent combination of low bias current, offset 
voltage, power consumption and wide bandwidth. Relevant OPA320 specifications are given in Table 4. 

Table 4: Relevant OPA320 specifications 

Parameter Required OPA320 

Minimum Supply Voltage <5V 1.8V 

Quiescent Current <2mA 1.5mA 

Input Voltage Range (V-)+0.1 (V-)-0.1 

Ouput Voltage Range 
(V-)+0.1, (V+)-

0.1 
(V-)+0.01, (V+)-

0.01 

Gain Bandwidth Product >9.653 MHz 20 MHz 

Input Bias Current - 0.2pA 

Input Offset Voltage - 40μV 

Input Capacitance (CM || DM) - 4 pF || 5 pF 

Slew Rate - 10 V/μs 

The OPA320 meets or exceeds all required specifications for the design. Also, the parallel combination of 
the differential and common mode input capacitances is 9pF, slightly less than the estimated value used to 
calculate the required gain bandwidth product. The gain bandwidth requirement previously calculated is 
still adequate to achieve a stable design.  

The slew rate of the OPA320 does impose a limitation to the full power bandwidth of the circuit. The full 
power bandwidth is the highest frequency sinusoid that can be reproduced at the full output swing of the 
amplifier. The full power bandwidth can be calculated using the equation: 

 𝑓𝐹𝑃 =
𝑆𝑅

2𝜋𝐴
 (18) 

SR is the slew rate of the op amp in Volts per second, and A is the amplitude of the sinusoid. The full 
output swing of this amplifier is from .1V to 4.9V, or a swing of 4.8V. Therefore the amplitude of the 
sinusoid would be 4.8V/2 = 2.4V.  The resulting full power bandwidth is: 
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 𝑓𝐹𝑃 =
10 × 106

2𝜋(2.4)
= 663.146𝑘𝐻𝑧 (19) 

Above this frequency the amplifier will produce a distorted output for full-scale signals.  

3.2 Passive Components 

Resistors 

1% resistors were used throughout the design. If greater precision is required higher tolerance resistors 
may be used. 

Capacitors 

The compensation capacitor, C1, should be a NP0/C0G type ceramic capacitor to avoid affecting the 
frequency response or output distortion of the amplifier. Capacitor C2 can be a high-k dielectric type with a 
suitable voltage rating. The decoupling capacitors used on the PCB were also high-k ceramic capacitors.  
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4 Simulation 

Figure 7 is the TINA-TI™ simulation schematic of the photodiode amplifier. Current source IPD and 11pF 
capacitor CJ form a simple simulation model for the photodiode. 

 

Figure 7: TINA-TI™ simulation schematic used to verify photodiode amplifier performance 

4.1 DC Transfer Function 

A dc transfer characteristic analysis is used to verify the gain and output voltages of the circuit. The output 
current of IG1 is swept from 0 to 90μA and the output voltage is plotted.  

 

Figure 8: Simulated output voltage of photodiode amplifier for 0 to 90uA input current. 

For zero input current, the simulated output voltage is 100.096mV. At 90μA input current, the simulated 
output voltage is 4.924V and the gain is 53.6 kV / A. 
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4.2 AC Transfer Function 

The ac transfer function was measured using an ac transfer characteristic analysis in TINA-TI™. The 
simulated -3dB point was 1.464MHz.  

 

Figure 9: AC transfer function of the photodiode amplifier. The -3dB point is 1.464 MHz. 

4.3 Stability Analysis 

For simulation of the loop stability, the feedback path of the amplifier is broken at the output using a large 
inductor (L1). This inductor allows the circuit to converge to the proper dc bias point but acts as an open 
circuit in an ac transfer characteristic simulation. Voltage source VG1 is ac coupled into the feedback loop 
by capacitor C4 and the loop gain is measured by voltage probe VOUT.  

 

Figure 10: TINA-TI™ simulation schematic for measuring loop gain. 
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Figure 11: Bode plot of the photodiode amplifier loop gain. 

The loop gain plot shows the loop closure point (loop gain is 0dB) at 2.92MHz with 68.59 degrees of phase 
margin   
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5 PCB Design 

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

5.1 PCB Layout 

Special care must be taken in the PCB layout of photodiode amplifiers because additional parasitic 
capacitance added to the inverting input of the amplifier can make the circuit unstable. For this reason, the 
ground pour of the PCB is removed in the areas around the inverting input of the op amp on both layers.  

An output resistor, R4, is added for two reasons. First, this resistor isolates the capacitance of the output 
connector and any attached cables from the amplifier output to avoid stability issues. Second, by choosing 
a value of 49.9 ohms for R4, the output impedance of the amplifier is matched to the characteristic 
impedance of typical coaxial cables and the input impedance of wide bandwidth lab equipment. The trace 
between the output resistor R4 and output connector J4 is a microstrip transmission line with a 50 ohm 
impedance. Matching of the output impedance to coaxial cables and measurement equipment prevents 
ringing in the transient response of wide-bandwidth systems.  

 

 

Figure 12: PCB layout of the photodiode amplifier. The top layer is shown in red and the bottom layer is 
shown in blue.  
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6 Verification & Measured Performance 

6.1 DC Transfer Function 

A precision current source was used to measure the dc transfer function. The measured gain of the circuit 
was 53.479kV/A and the offset was 100.256mV.  

 

Figure 13: Measured DC transfer function of the photodiode amplifier 

6.2 AC Transfer Function 

An RC circuit was added to the output of a network analyzer to convert it from a voltage source to a 
current source, mimicking a photodiode. In Figure 14, resistor R5 was selected to produce an output 
current of approximately 1μA at the network analyzer’s reference output level. Capacitor C4 is a standard 
value C0G capacitor chosen to be very close to the photodiode junction capacitance used in the design.  

 

Figure 14: Schematic of test configuration for ac performance measurement 
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The AC transfer characteristic was measured from 100Hz to 40MHz and is shown in Figure 15. The 
measured -3dB point was 1.59MHz. 

 

Figure 15: Plot of the ac transfer function from 100Hz to 40MHz 

Figure 16 is a high resolution plot of the AC transfer characteristic below the roll-off. The peaking in this 
point of the curve can be used to estimate the phase margin of the system. 

 

 

Figure 16: High resolution plot of the ac transfer function below roll-off. 
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The amplifier transfer function shows 0.12dB of peaking. This amount of peaking can be related to the 
damping factor of the system using the equation: 

 
 𝑃𝑒𝑎𝑘(𝑑𝐵) = −10log(4𝜁2(1 − 𝜁2)) (20) 

Inserting a value of 0.12dB and solving for the damping ratio ζ gives 4 possible solutions. However, the 
only valid solutions for the damping ratio are: 0< ζ <1/√2. With this criteria, 3 solutions are eliminated and ζ 
= .646111. 

The value for damping ratio can determine the phase margin of the system using the equation: 

 𝜙𝑀 = tan
−1

(

 
 

√

2

√1 +
1
4𝜁4

− 1
)

 
 

 (21) 

Inserting the previously determined value for damping ratio, results in a phase margin of 62.108°. 

The slightly higher bandwidth and reduced phase margin are most likely due to the actual value of the 
compensation capacitor, C1. Decreasing the compensation capacitor will increase the bandwidth and 
decrease the phase margin.  Although the nominal value for this capacitor is 2.7pF, it has a tolerance of 
+/-.25pF.  

The RC photodiode simulator was also used with a standard function generator to inject a small-signal 
square wave into the amplifier in order to obverse the system step response.  Figure 18 shows the output 
of the amplifier for a small-signal step. The response is completely devoid of ringing which indicates a 
stable system.  

 

Figure 17: Small signal step response produced using the RC photodiode simulator. 

A final test of the system ac performance was performed by installing the SFH213 photodiode onto the 
PCB and illuminating the photodiode with a light source. For this test, a blue LED and 162 ohm resistor 
were installed onto the output of TIPD108 , the output light signal is a square wave at 500kHz. The 
amplifier output is shown in Figure 18 and is devoid of ringing. 

http://www.ti.com/tool/TIPD108


 

www.ti.com 

TIDU535-November 2014 1 MHz, Single-Supply, Photodiode Amplifier Reference Design 17 
Copyright © 2014, Texas Instruments Incorporated 

 

Figure 18: Photodiode amplifier output with SFH213 photodiode illuminated by a blue LED flashing at 500 
kHz.   
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7 Modifications 

Several alternate op amps are available which may be used to increase the bandwidth or reduce the 
power consumption of the system. For example, the OPA354 is a CMOS amplifier with a gain bandwidth 
product of 250MHz. The wider bandwidth of the OPA354 would allow for the compensation capacitor value 
to be reduced, achieving greater overall system bandwidth. Alternatively, a decompensated op amp such 
as the LMP7717 may provide both wider bandwidth and lower power consumption but will require a 
different compensation scheme. 
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Appendix A.  

A.1 Electrical Schematic 

 

Figure A-1: Electrical Schematic 
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A.2 Bill of Materials 

Item Qty Value 
REF 
DES Description Manufacturer Part Number 

1 1 2.7pF C1 
CAP, CERM, 2.7pF, 50V, +/-9%, 
C0G/NP0, 0603 AVX  06035A2R7CAT2A 

2 1 1uF C2 
CAP, CERM, 1uF, 16V, +/-10%, 
X5R, 0603 Kemet C0603C105K4PACTU 

3 1 0.1uF C3 
CAP, CERM, 0.1uF, 16V, +/-5%, 
X7R, 0603 AVX  0603YC104JAT2A 

4 1 10uF C4 
CAP, CERM, 10uF, 10V, +/-10%, 
X5R, 1210 Kemet C1210C106K8PACTU 

5 2   J1, J3 
Standard Banana Jack, Uninsulated, 
5.5mm Keystone 575-4 

6 1   J2 Header, 100mil, 2x1, Gold, TH 
TE 
Connectivity 5-146261-1 

7 1   J4 
Connector, SMT, End launch SMA 
50 ohm 

Emerson 
Network 
Power 142-0701-851 

8 1   PD1 Silicon PIN Photodiode Osram SFH213 

9 1 53.6k R1 RES, 53.6k ohm, 1%, 0.1W, 0603 Vishay-Dale CRCW060353K6FKEA 

10 1 13.7k R2 RES, 13.7k ohm, 1%, 0.1W, 0603 Vishay-Dale CRCW060313K7FKEA 

11 1 280 R3 RES, 280 ohm, 1%, 0.1W, 0603 Vishay-Dale CRCW0603280RFKEA 

12 1 49.9 R4 RES, 49.9 ohm, 1%, 0.1W, 0603 Vishay-Dale CRCW060349R9FKEA 

13 1   U1 
Precision, 20 MHz, 0.9 pA Ib, RRIO, 
CMOS Operational Amplifier 

Texas 
Instruments OPA320AIDBVR 

 

Figure A-2: Bill of Materials 



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 TI 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.
TI reference designs have been created using standard laboratory conditions and engineering practices. TI has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. TI may make
corrections, enhancements, improvements and other changes to its reference designs.
Buyers are authorized to use TI reference designs with the TI 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 TI 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.
TI reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESD46, 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.
TI 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 TI
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.
TI 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 TI information in TI 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. TI 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 TI 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 TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.
Only those TI components that TI 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.
TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.
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