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Design Tips of OP Amplifier and  
TINA Simulation Tool 
運算放大器設計小技巧 + TINA教學 

Ting Ye 

Field Application Engineer 



Agenda 

• Op Amp in Over Current Protection Circuit 

– Output swing limitation 

– Input ESD steering diodes 

• Improve Thermal Performance Op Amp Circuit 

– Power Dissipation Calculation 

– Thermal Impedance and Junction Temperature  

– Consider Protection Response Time, Signal Latency, Spike Signal Rise Time 

• Amplifier Major Parameters in Current Sensing Application 

– High Side Current Sensing Circuit Specifications 

– Rshunt Calculation 

– Offset Voltage and Drift 

– Slew Rate and Bandwidth 

– CMRR AC 

• TINA Tutorial 
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Op Amp in Over Current Protection Circuit (OCP) 
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Op Amp for OCP - Vout_swing Limitation  

4 

Reference Design of Output Short-Circuit Protection for TPS61088 10A Boost Converter 

(PMP9779) 

Vsense = I x Rs 

VO is high, when Vsense > Vref.  

Q2 turns on 

Q1 turns off • I’ve got a extra, not used 

channel of LM324 or 

TL074.  

• Can I use it as the OCP 

comparator? 

 I  



Problems and Why 
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• Problem: 

When set the load current within 

the normal operating range, the 

OCP circuit is false triggered, 

Q1 is off and no path for current 

to flow. 

 

 I  

VCC = +15V 

VEE = 0V 



Problems and Why 
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• Root cause: 

A. Op Amp output swing limitation. 

Output swing range from -40C 

to +85C with Rload >= 2k-ohm 

is VEE + 5V  and VCC -5V. 

 

B. Output swing shrinks with load 

current increase. In Figure 6, 

with 2k-ohm load at TA 25C, 

output swing is +/-11.75V. 0.6k-

ohm load shows VOM of +/-10V. 

 

 

VCC = +15V 

VEE = 0V 

+/-11.75 



TI Precision Labs –  
Op Amps: Input and Output Limitations 

• https://training.ti.com/ti-precision-labs-op-amps 
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Op Amp for OCP– Input Clamping Diode 
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VCC = +15V 

VEE = 0V 

• Problems: 

Op Amp IC has high failure rate and is 

damaged after turning on power for a 

while.  

 

• Root cause: 

Input clamping diode is conducting and 

could be damaged without external 

current limiting resistor. 

 

 

VSENSE 

VO 

(V) 

Time(s) 

+/-0.7V VREF 

0V 

HOT! 



TI Precision Labs –  
Op Amps: Electrical Overstress (EOS) 

• https://training.ti.com/ti-precision-labs-op-amps 
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Improve Thermal Performance of  
Wide Voltage/ Dual Supply Op Amp 
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+/-15V Op Amp Gain of 10 Circuit 
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Power Dissipation  
Calculation 
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Analog Engineer’s Pocket Reference 

https://www.ti.com/seclit/ml/slyw038c/slyw038c.pdf 

https://www.ti.com/seclit/ml/slyw038c/slyw038c.pdf
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Junction Temperature Calculation 
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SPICE-based Sumulator 

http://www.ti.com/tool/TINA-TI 
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Reduce Heat,  
Reduce Power,  
Decrease Output Current 
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Reduce Heat,  
Reduce Power,  
Decrease Current Consumption 
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What else needs to be considered? 
SR, BW, Spike Signal Capture 
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TL07x 13V/us 

TLV930x 3V/us 



Op Amp Selection Tips 
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• Considering circuit function and important specs of it: 

• Process sine wave/ care synchronization => Small signal latency => GBW 

• Use as OCP/ OVP protection function => Large signal response time => Slew Rate 

• Light load current monitoring/precision current sensing  

Accuracy: Offset, drift, PSRR, CMRR, noise, potential external noise etc. 

– AC-coupling cap may be required; differential cap may degrade performance since forming low 

impedance path for interference 

– Surrounding circuits are noisy => EMIRR may help to suppress high frequency noise hence 

improving accuracy 

– Power sources are from DC-DC with switching noise => High PSRR and wide bandwidth may be 

needed 

 

 

 



High Side Current Sensing Considerations 
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High Side and Low Side Current Sensing 

M

+-

+

-

+

-

+

-

+

-

Vsupply

Low side current sensing: 

 LV op amp, potential lower cost 

 Ground Noise, Inaccuracy at light load  

 Not able to detect load short 

circuit/leakage 

■工業應用技術專題: 精密電流量測 

https://www.ti.com/seclit/ml/sszp076/sszp076.pdf 

High side current sensing: 

 HV op amp, potential higher cost 

 Able to detect load short circuit/leakage 

https://www.ti.com/seclit/ml/sszp076/sszp076.pdf


High Side Current Sensing Example 
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High Side Current Sensing Circuit Specifications 

21 

Light Load Accuracy  

@1.5A +/-10% 

OCP response time  

10us 

Input signal max frequency sine 

10kHz 

Analog Engineer‘s Circuit: Amplifiers 

High Side Current Sensing and OCP 

https://www.ti.com/seclit/sl/slyy137a/slyy137a.pdf 

https://www.ti.com/seclit/sl/slyy137a/slyy137a.pdf


INA381 Current Shut Monitor Overview 
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運算放大器+ 比較器 

Analog Engineer‘s Circuit: Amplifiers 

High Side Current Sensing and OCP 

https://www.ti.com/seclit/sl/slyy137a/slyy137a.pdf 

訊號經過放大器後, 

SNR增加, 再連接到
比較器輸入. 

https://www.ti.com/seclit/sl/slyy137a/slyy137a.pdf


System Specs and INA381 Parameter 
Rshunt Calculation 
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Considering power loss: 

12V x 40A = 480W 

480W x 0.1% = 0.48W 

0.48W = I2R 

R = 0.48/1600 = 0.3m-ohm  

Rmax 

Rshunt Calculation: Highest SNR 

Vout_max = Imax x Rshunt x Gain 

Analog Engineer‘s Circuit: Amplifiers 

High Side Current Sensing and OCP 

https://www.ti.com/seclit/sl/slyy137a/slyy137a.pdf 

https://www.ti.com/seclit/sl/slyy137a/slyy137a.pdf


System Specs and INA381 Parameter 
Offset Voltage and Drift 

Light Load Accuracy @1.5A +/-10%:  

 

Vsense = Imin x Rsense 

Vsense = 1.5A x 4m-ohm  

Vsense = 6mV 

Allowable Error  = 6m-ohm x +/-10%  

= +/-600uV 

Drift calculation 

Max ambient temperature 45C 

Vos_Drift  

= 1uV/C x (delta T)  

= 1uV/C x (45-25)  

= 20uV 
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System Specs and INA381 Parameter 
Slew Rate and Bandwidth 
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Slew Rate Requirement: 

Analog Engineer‘s Circuit: Amplifiers 

High Side Current Sensing and OCP 

https://www.ti.com/seclit/sl/slyy137a/slyy137a.pdf 

OCP response time  

10us 

 

Slew Rate  

= Vout_max/ time 

= 2.8V/ 10us  

= 0.28V/us 

Fin max 

10kHz  

https://www.ti.com/seclit/sl/slyy137a/slyy137a.pdf


High Side Current Sensing Circuit Specifications 
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Light Load Accuracy  

@1.5A +/-10% 

 

Allowable Error : 

4m-ohm x 1.5A x  

+/-10% = +/-600uV 

 

0.25m-ohm x 1.5A x 

+/-10% = +/-37.5uV 

OCP response time  

10us 

 

Slew Rate  

= Vout_max/ time 

= 2.8V/ 10us  

= 0.28V/us 

Input Signal max frequency sine 

10kHz 

 

Slew Rate (SR) 

Full power Bandwidth 

SR = 2 x pi x F x Vpp 

SR = 2 x 3.14 x 10kHz x 2.8  

SR = 0.176V/us 

 

Analog Engineer‘s Circuit: Amplifiers 

High Side Current Sensing and OCP 

https://www.ti.com/seclit/sl/slyy137a/slyy137a.pdf 

https://www.ti.com/seclit/sl/slyy137a/slyy137a.pdf
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■工業應用技術專題: 精密電流量測 

https://www.ti.com/seclit/ml/sszp076/sszp076.pdf 

Current Sensing Error Sources 

https://www.ti.com/seclit/ml/sszp076/sszp076.pdf


VCM 12V Ripple and FFT 
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~13mV 

970kHz 

~4.1mV 

100kHz 

~4.1mV 

460kHz 

~4.1mV 

280kHz 

~7.3mV 

50kHz 

~4.1mV 

520kHz 

~0.13mV 

570kHz 

~4.1mV 

920kHz 

~0.13mV 

860kHz 

12V supply 

AC coupling 

mode 



System Specs and INA381 Parameter 
CMRR AC 
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Analog Engineer‘s Circuit: Amplifiers 

High Side Current Sensing and OCP 

https://www.ti.com/seclit/sl/slyy137a/slyy137a.pdf 

• A1 CMRR is ~55dB@1MHz 

at 25-C. 

 

• It has 1.78mV/V attenuation 

capability to the common 

mode noise. 

 

• VOS_CMRR_AC  

= 13mV x 1.78mV = 23.14uV 

https://www.ti.com/seclit/sl/slyy137a/slyy137a.pdf


To see more circuit detail analysis: 
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https://www.ti.com/seclit/sl/zhcy082a/zhcy082a.pdf 

https://www.ti.com/seclit/sl/slyy137a/slyy137a.pdf 

類比工程師 電路設計指導手冊 

https://www.ti.com/seclit/sl/zhcy082a/zhcy082a.pdf
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Introduction to TINA-TI Simulations 
OPA189 Circuit 



TINA-TI Editor/Tool Bar 

點選物件 

連線 

地 DC電源 Function 

Gen 
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Single-ended probe (V) 

Differential-probe (V) 

Current probe (I) 



DC, Transient, and AC Simulation 
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Performing Analysis with TINA-TI 

Case Study: OPA189 Circuit from TINA Reference Design  

 

• Running DC Analysis 

• Running AC Analysis 

• Running Transient Analysis 
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Simulate OPA189 with a 1 uF load 
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TINA Model 模擬參數 
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TINA-TI Schematic Editor Tour 

建議電路完成後先
Run DC節點分析. 
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DC Nodal Analysis 
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Transient Analysis 
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AC Analysis With 1uF cap load  

W/o 1uF cap load  
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Parameter-stepping 



Parameter-stepping – Transient Analysis 
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0.1nF 

 

 

 

1nF 

 

 

10nF 

 

 

100nF 

 

 

1uF 



Parameter-stepping – AC Analysis 
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TINA Tips 
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Supply Noise and Decoupling Cap 
PSRR at high frequency: 

assume 10mVpp ripple: 

40dB=> 10mV/V => 0.1mV (Vos_PSRR) 

20dB => 100mV/V = 1mV 

10dB=> 316mV/V => 3.16mV 
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Put Real Capacitor in TINA 

Input and Output Capacitor Selection  

http://www.ti.com/lit/an/slta055/slta055.pdf 
How to Choose a TPS7B67xx-Q1 Output Capacitor 

http://www.ti.com/lit/an/slva759/slva759.pdf 

460kHz 
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Function Generator 

產生自訂波形 

重複波形 

時間1ms時,  電壓為1V 



Error – Irregular Circuit 
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Error – Convergence Problem 
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TINA-TI Training Videos 
Right-Click the desired line and select Open Hyperlink. 

• Introduction to TINA-TI 

• Using the TINA-TI simulator – ERC and Analysis types  

• Configuring Sources in TINA-TI simulator 

• TINA-TI Waveform Viewer, Part 1 

• TINA-TI Waveform Viewer, Part 2 

• Sweeping parameters in TINA-TI simulator 

• Noise, Fourier analysis and Signal Chain content in TINA-TI  

• Power product simulation in TINA-TI simulator 

• Importing SPICE models into TINA-TI  

• Tips and Tricks for TINA-TI simulator 

• How to use the Controlled Source Wizard in the TINA-TI simulator 

• Using WEBENCH® simulation export to create files for TINA-TI simulator 

• https://training.ti.com/tina-ti-video-training-series 
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• Tips and Tricks for TINA-TI simulator 
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Summary 

• Op Amp in Over Current Protection Circuit 

– Output swing limitation 

– Input ESD steering diodes 

• Improve Thermal Performance Op Amp Circuit 

– Power Dissipation Calculation 

– Thermal Impedance and Junction Temperature  

– Consider Protection Response Time, Signal Latency, Spike Signal Rise Time 

• Amplifier Major Parameters in Current Sensing Application 

– High Side Current Sensing Circuit Specifications 

– Rshunt Calculation 

– Offset Voltage and Drift 

– Slew Rate and Bandwidth 

– CMRR AC 

• TINA Tutorial 
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Thank you. 
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