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User Guide 

• View in presentation mode for interactive experience 

• Use embedded hyperlinks throughout guide to navigate between: 

– Sector home pages 

– Corresponding XY part-selection charts 

– Design parameter information pages 
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To view… Click on… 

Market Sector Menu 

TI.com sector home page to view end equipment block 

diagrams 

Application-specific parameters: higher priority 

Application-specific parameters: lower priority 

Parts to consider 

Product page on ti.com 

SBD 

LM4132-Q1 
20 ppm/oC, 100 µA (7 µA),  

0.05 %, 95ppmp-p 
1.8, 2.048, 2.5, 3.0, 3.3, 4.1 

http://www.ti.com/product/lm4132-q1?keyMatch=lm4132-q1&tisearch=Search-EN


Introduction to Voltage References 
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Series References Shunt References 

Diagram 

Number of 
Terminals  

At least 3 At least 2 

Advantages • Significantly lower power 

dissipation 

• Generally higher precision 

• Lower dropout 
• Lower Iq 

• No limit on maximum VIN 

• VREF not changing over VIN  

• Can be used to create negative 

or floating reference voltages 

• Inherent current sourcing and 
sinking 



Common Vref Applications 

Comparators 

OR ≥ 8 

bits 

MCUs or ASICs 

w/ integrated 

Data Converter 

Flyback Opto-

Isolator Circuit  



Voltage Reference Parameters 
and Care-Abouts 
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Shutdown Iq 

Temperature 
drift 

Initial 
accuracy 



Initial Accuracy 

• How close to stated nominal voltage the reference voltage is guaranteed 

to be at room temperature 

• Typically specified as percentage between 0.01-2.0% (100-20,000 ppm) 
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Return Menu 

Home T&M Factory 

Automation 

Medical Building 

Automation 

Motor 

Drives 

Space Automotive 

Is data conversion 

system internally 

calibrated? 
Initial accuracy 

important 

Initial accuracy 

parameter not 

as important 

Accuracy Range 

Higher <0.1% 

Medium ~0.1-1.0% 

Lower >1.0% 

Yes 

No 



Temperature Coefficient/Drift (Tempco) 
• Variation in Vref over temperature 

• Specified in ppm/oC or can be calculated using Vdev (Vmax-Vmin) specification 

 

𝑉𝑟𝑒𝑓 
𝑝𝑝𝑚

℃
=  ±

𝑉𝑚𝑎𝑥 − 𝑉𝑚𝑖𝑛
𝑉𝑟𝑒𝑓 (𝑎𝑡 25℃)

× 106

𝑇2 − 𝑇1 (𝑓𝑢𝑙𝑙 𝑡𝑒𝑚𝑝 𝑟𝑎𝑛𝑔𝑒)
 

• Consider application’s use case environment and practical user situations 
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Tempco Est. range Example applications 

Very low <10 ppm/C Automotive, space/avionics/defense, building 

automation, factory automation, lab test 

equipment 

Low ~10-50 ppm/C Portable or hand-held equipment  

Medium ~50-100 ppm/C Portable or hand-held equipment  

High >100 ppm/C Power supply 

Return Menu 

Home T&M Factory 

Automation 

Medical Building 

Automation 

Motor 

Drives 

Space Automotive 



Noise 

• Internal noise (flicker noise 1/f) of voltage reference IC causes error 

 

 

 

 

• Applications such as medical and lab instrumentation require low noise 

(<0.5uVp-p) 

• Some series references (REF50xx) have additional trim/noise reduction 

pin to further adjust output voltage or create low-pass filter 
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Noise type Frequency 

range 

Typical specification Easy to filter out? 

Low-Frequency Noise (LFN) 0.1Hz – 10Hz Vp-p No 

Wide-Band Noise (WBN; 

broadband noise) 

10Hz – 1kHz Vrms Yes 

Return Menu 

Home T&M Factory 

Automation 

Medical Building 

Automation 

Motor 

Drives 

Space Automotive 



Stability Concerns 
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Return Menu 

Home T&M Factory 

Automation 

Medical Building 

Automation 

Motor 

Drives 

Space Automotive 

• Long-Term Stability 

– Shift in Vref after certain amount of continuous operation 

– Typically expressed in PPM after 1000hrs 

– Typically package dependent 

 

• Thermal Hysteresis 

– Shift in Vref due to thermal cycles 

– Typically expressed in PPM  

– Typically dependent on package, material, IC layout 

 
Thermal cycle 



Power Consumption 
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Shunt references Series references 

Designed for maximum (peak) current 

in system. If system does not need 

current, reference shunts this current 

towards ground. 

Only draws current needed by system 

(plus current needed to operate 

reference). This results in lower 

average current consumption 

Some series references (LM41xx) have 

additional enable pin capability to 

shutdown reference when not in use 

Lower Iq results in lower average 

current consumption 

Return Menu 

Home T&M Factory 

Automation 

Medical Building 

Automation 

Motor 

Drives 

Space Automotive 

For the same performance, a series reference would consume less 

power than a shunt reference: 



ADC Resolution 
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Resolution Bits Example applications 

Higher >16 bits Lab-grade test instruments 

Medium 12-16 bits Precision instruments, factory 

automation, automotive, motor drives, 

medical instruments 

Lower <12 bits Power supplies 

Return Menu 

Home T&M Factory 

Automation 

Medical Building 

Automation 

Motor 

Drives 

Space Automotive 

• External Vrefs are often used to achieve accurate data conversion 

measurements because internal ADC references may not offer the required 

precision 

• ADC datasheets will specify voltage reference input (VREF output) if external 

Vref option is supported 

 

Example configuration of external Vref 

as input to ADC 



Market Sectors Menu 
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Test &  

Measurement 

Factory Automation  

& Control 

Medical/Healthcare/ 

Fitness 

Building Automation 

Motor Drives 

Space/Avionics/ 

Defense 

Automotive 

Resources 



Test and Measurement 

• Specific system care-abouts will depend on type of test and 

measurement equipment 

• For example, lab bench equipment will have higher emphasis on low 

temperature drift and long-term stability, while portable instruments will 

have higher emphasis on low power consumption 
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SBD 

http://www.ti.com/lsds/ti/apps/test/applications.page


Lab Equipment 

• Example equipment 

– Vector signal analyzer 

– Spectrometer 

– Wireless communications tester 

– Bench digital multimeter 

– Oscilloscope weigh scale 

– Signal and waveform generator 
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• System care-abouts 

Back to Test and 

Measurement 
Portable Equipment 

ADC res  

[MED-HIGH] 

Temp drift  

[LOW] 

Initial acc  

[HIGH] 
Power consumption 

Noise  

[LOW] 
Long-term stability 

Parts to consider 



References for Lab Equipment 
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T
e
m

p
e
ra

tu
re

 D
ri

ft
 (

m
a
x
, 
p

p
m

/o
C

) 

REF20xx 
8 ppm/oC, 430 µA,  

0.05 %, 12 ppmp-p 

2.5, 3.0, 3.3, 4.096 

30 

10 

50 

REF33xx 
30 ppm/oC, 5 µA,  

0.15 %, 28 ppmp-p 

1.2, 1.8, 2.5, 3, 3.3 

Dual Outputs 

LM4132 
10 ppm/oC, 100 µA (7µA),  

0.05 %, 170 µVpp 
1.8, 2.048, 2.5, 3.0, 3.3, 4.096 

LM4140 
3 ppm/oC, 320 µA (1 µA),  

0.1 %, 2.2 µVpp 
1.024, 1.25, 2.048, 2.5, 4.096 

REF50xx 
3 ppm/oC, 1000 µA,  

0.05 %, 3 ppmp-p 

2.048, 2.5, 3, 4.096, 4.5, 5, 10 

Multiple Grades Available Enable Feature 

Q-100 

Q-100 

Q-100 Automotive Qualified HiRel High Reliability 

HiRel 

Q-100 

Back to Lab 

Equipment 

0.05 0.5 

Initial Accuracy (%) 

0.1 0.2 

5 
Low noise 

LM4040/1 
100ppm/°C, 0.1%, 80uA, 80uA to 15mA 

Adj, 1.225, 2.048, 2.5, 3.0, 4.096 ,5.0,8.2,10 

100 

Series Shunt 

LM4128 
75 ppm/oC, 100 µA (7 µA),  

0.1 %, 170 µVpp 
1.8, 2.048, 2.5, 3.0, 3.3 

Q-100 

LM4120/1 
50 ppm/oC, 275 µA (2 µA),  

0.2 %, 20 µVpp 
Adj, 1.25, 3.0, 3.3, 4.096, 5.0  

(shutdown Iq) 

http://www.ti.com/product/REF2033?keyMatch=REF2033&tisearch=Search-EN
http://www.ti.com/product/ref3312?keyMatch=REF3312&tisearch=Search-EN-Everything
http://www.ti.com/product/lm4132/description?keyMatch=lm4132&tisearch=Search-EN-Everything
http://www.ti.com/product/lm4140?keyMatch=lm4140&tisearch=Search-EN
http://www.ti.com/product/ref5050?keyMatch=REF5050&tisearch=Search-EN
http://www.ti.com/product/LM4040A25?keyMatch=lm4040&tisearch=Search-EN-Everything
http://www.ti.com/product/LM4128?keyMatch=lm4128&tisearch=Search-EN-Everything
http://www.ti.com/product/lm4120?keyMatch=lm4120&tisearch=Search-EN


Portable Equipment 

• For lower power and higher accuracy, 

consider series references. However, 

LM4040/1 C-D grades also work for medium-

accuracy applications such as LCR testers 

• Example equipment 

– Hand-held digital multimeter 

– Wireless communications tester  

– LCR tester 
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• System care-abouts 

Back to Test and 

Measurement 

ADC res  

[MED-HIGH] 

Temp drift  

[MED] 
Initial accuracy  

[MED-HIGH] 

Noise 

Long-term stability 

Power consumption 

[LOW] 

Parts to consider 

Lab Equipment 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://mwrf.com/test-measurement-analyzers/portable-pim-analyzers-run-swept-frequency-tests&ei=yV41VZjDI8K8sAXE8YGICw&bvm=bv.91071109,d.b2w&psig=AFQjCNGK_NzzDn-GcB_hRacPq0zV1rhK5Q&ust=1429647390388118
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.dx.com/p/2-8-lcd-handheld-digital-multimeter-voltage-current-resistance-capacitance-1-6f22-48194&ei=Y141VZ2CH8vZtQWfm4DgCQ&bvm=bv.91071109,d.b2w&psig=AFQjCNFVQ2AXAnseuUfg0k6_r2ZbLh4LtA&ust=1429647312248330


References for Portable Equipment 

18 Back to Portable 

Test Equipment 

Quiescent Current (max, μA) 

T
e
m

p
e
ra

tu
re

 D
ri

ft
 (

m
a
x
, 
p

p
m

/o
C

) 

5 50 100 1000 400 

20 

30 

10 

50 

LM4120/1 
50 ppm/oC, 275 µA (2 µA),  

0.2 %, 20 µVpp 
Adj, 1.25, 3.0, 3.3, 4.096, 5.0  

100 

300 250 

LM4128 
75 ppm/oC, 100 µA (7 µA),  

0.1 %, 170 µVpp 
1.8, 2.048, 2.5, 3.0, 3.3 

LM4132 
10 ppm/oC, 100 µA (7µA),  

0.05 %, 170 µVpp 
1.8, 2.048, 2.5, 3.0, 3.3, 4.096 

LM4140 
3 ppm/oC, 320 µA (1 µA),  

0.1 %, 2.2 µVpp 
1.024, 1.25, 2.048, 2.5, 4.096 

Q-100 

Q-100 

Multiple Grades Available Enable Feature 

Q-100 Automotive Qualified 

LM4050/1 
50ppm/°C, 0.1%, 65uA, 60uA to 15mA 

Adj, 1.225, 2.0,2.5,4.096, 5.0, 8.2, 10   

LM4040/1-N 
100ppm/°C, 0.1%, 65uA, 60uA to 15mA 

Adj, 1.225, 2.048, 2.5, 3.0, 4.096 ,5.0,8.2,10 

LM431 
50ppm/°C, 1mA,  -10mA to +150mA 

0.4%, Adj, 2.5 

Series Shunt 

REF33xx 
30 ppm/oC, 5 µA,  

0.15 %, 28 ppmp-p 

1.2, 1.8, 2.5, 3, 3.3 

REF31xx 
15 ppm/oC, 115 µA,  

0.2 %, 13 ppmp-p 

1.25, 2.048, 2.5, 3, 3.3, 4.096 

(shutdown Iq) 

http://www.ti.com/product/lm4120?keyMatch=lm4120&tisearch=Search-EN
http://www.ti.com/product/lm4128/description?keyMatch=lm4128&tisearch=Search-EN-Everything
http://www.ti.com/product/lm4132/description?keyMatch=lm4132&tisearch=Search-EN-Everything
http://www.ti.com/product/lm4140?keyMatch=lm4140&tisearch=Search-EN
http://www.ti.com/product/lm4050-n/description?keyMatch=LM4050-N&tisearch=Search-EN
http://www.ti.com/product/LM4040-N?keyMatch=lm4040-n&tisearch=Search-EN-Everything
http://www.ti.com/product/lm431?keyMatch=lm431&tisearch=Search-EN
http://www.ti.com/product/ref3312?keyMatch=REF3312&tisearch=Search-EN
http://www.ti.com/product/ref3125?keyMatch=REF3125&tisearch=Search-EN


Factory Automation & Control 
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• System care-abouts 
SBD 

ADC res  

[MED-HIGH] 

Temp drift  

[LOW] 

Initial acc  

[HIGH] 

Power consumption 

[LOW] 

Noise  

[LOW] 
Long-term stability 

Series to consider 

Shunts to consider 

Examples of end equipment Additional considerations 

PLC: Analog I/O modules Typ output voltages between 0-10V 

(consider adj Vout references); smaller 

packaging 

PLC: Digital input modules Typically have input voltages between 

0-24V; need smaller packaging; 

consider shunt references for wide Vin 

requirements 

Sensor transmitters Low 1/f noise; low power consumption 

http://www.ti.com/lsds/ti/apps/automation/applications.page


High accuracy 

 

 

 

Smallest footprint 

 

 

 

Shunt References for Factory Automation 
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Initial Accuracy (%) 

T
e
m

p
e
ra

tu
re

 D
ri

ft
 (

m
a
x
, 
p

p
m

/o
C

) 

30 

50 

20 

100 

Multiple Grades Available 
150 

LM4030 
20ppm/°C, 0.05%, 120uA, 120uA to 30mA 

2.5, 4.096 

LM4040/1-N 
100ppm/°C, 0.1%, 65uA, 60uA to 15mA 

Adj, 1.225, 2.048, 2.5, 3.0,  

4.096, 5.0, 8.2, 10 

LM4050/1 
50ppm/°C, 0.1%, 65uA, 60uA to 15mA 

Adj, 1.225, 2.0,2.5,4.096, 5.0, 8.2, 10   

TL4050/1 
50ppm/°C, 0.1%, 65uA, 60uA to 15mA 

Adj, 1.225, 2.5, 4.096, 5.0  
REF1112 

50ppm/°C, 0.2%, 1.2uA, 1uA to 5mA 

1.25 

125 

Automotive Qualified  

Version Available 

Back to Factory 

Automation 

0.05 0.1 0.2 2.0 1.5 1.0 0.5 

ATL431/2 
100ppm/°C, 40uA, 40uA to 150mA 

0.5%, Adj, 2.5 

Adjustable Vout 

LM1/2/385 
30ppm/°C, 20uA, 10uA to 20mA 

0.5%, Adj, 1.235, 2.5 

LM431 
50ppm/°C, 1mA,  -10mA to +150mA 

0.4%, Adj, 2.5 

TLV431/2 
150ppm/°C,  80uA, 0.1mA to 15mA 

0.5%, Adj, 1.24 

TL431/2 
100ppm/°C, 1mA, -100mA to +150mA 

0.5%, Adj, 2.5 

LMV431 
129ppm/°C, 80uA, -30mA to +30mA 

0.5%, Adj, 1.24 

Series References 

http://www.ti.com/product/lm4030/description?keyMatch=lm4030&tisearch=Search-EN
http://www.ti.com/product/LM4040-N?keyMatch=lm4040-n&tisearch=Search-EN-Everything
http://www.ti.com/product/lm4050-n/description?keyMatch=LM4050-N&tisearch=Search-EN
http://www.ti.com/product/TL4050A10?keyMatch=TL4050&tisearch=Search-EN
http://www.ti.com/product/ref1112?keyMatch=REF1112&tisearch=Search-EN
http://www.ti.com/product/ATL431?keyMatch=ATL431&tisearch=Search-EN-Everything
http://www.ti.com/product/LM185-1.2-N?keyMatch=lm185&tisearch=Search-EN
http://www.ti.com/product/lm431?keyMatch=lm431&tisearch=Search-EN
http://www.ti.com/product/tlv431?keyMatch=tlv431&tisearch=Search-EN
http://www.ti.com/product/TL431?keyMatch=TL431&tisearch=Search-EN
http://www.ti.com/product/lmv431?keyMatch=lmv431&tisearch=Search-EN


Series References for Factory Automation 

Quiescent Current (max, μA) 

T
e
m

p
e
ra

tu
re

 D
ri

ft
 (

m
a
x
, 
p

p
m

/o
C

) 

5 50 100 1000 400 

REF30xx 
50 ppm/oC, 50 µA,  

0.2 %, 11 ppmp-p 
1.25, 2.048, 2.5, 3.0, 3.3, 4.096 

20 

30 

10 

50 

REF33xx 
30 ppm/oC, 5 µA,  

0.15 %, 28 ppmp-p 

1.2, 1.8, 2.5, 3, 3.3 

REF31xx 
15 ppm/oC, 115 µA,  

0.2 %, 13 ppmp-p 

1.25, 2.048, 2.5, 3, 3.3, 4.096 

LM4120/1 
50 ppm/oC, 275 µA (2 µA),  

0.2 %, 20 µVpp 
Adj, 1.25, 3.0, 3.3, 4.096, 5.0  

100 

LM4125 
50 ppm/oC, 290 µA,  

0.2 %, 20 µVpp 
2.048, 2.5, 4.096  

300 250 

LM4132 
10 ppm/oC, 100 µA (7µA),  

0.05 %, 170 µVpp 
1.8, 2.048, 2.5, 3.0, 3.3, 4.096 

LM4140 
3 ppm/oC, 320 µA (1 µA),  

0.1 %, 2.2 µVpp 
1.024, 1.25, 2.048, 2.5, 4.096 

REF50xx 
3 ppm/oC, 1000 µA,  

0.05 %, 3 ppmp-p 

2.048, 2.5, 3, 4.096, 4.5, 5, 10 

REF32xx 
7 ppm/oC, 120 µA (1 µA),  

0.2 %, 13.5 ppmp-p 
1.25, 2.048, 2.5, 3, 3.3, 4.096 

Multiple Grades Available Enable Feature 

Q-100 

Q-100 

Q-100 Automotive Qualified 

HiRel High Reliability 

HiRel 
HiRel 

Q-100 

Back to Factory 

Automation 

Low-noise parts suitable for sensor transmitters 

Suitable for PLC 

Suitable for analog I/O modules 

REF20xx 
8 ppm/oC, 430 µA,  

0.05 %, 12 ppmp-p 

2.5, 3.0, 3.3, 4.096 

Shunt References 

(shutdown Iq) 

http://www.ti.com/product/ref3333/description?keyMatch=REF3333&tisearch=Search-EN
http://www.ti.com/product/ref3125?keyMatch=REF3125&tisearch=Search-EN
http://www.ti.com/product/lm4121/description?keyMatch=LM4121&tisearch=Search-EN
http://www.ti.com/product/lm4125/description?keyMatch=lm4125&tisearch=Search-EN
http://www.ti.com/product/lm4132/description?keyMatch=lm4132&tisearch=Search-EN-Everything
http://www.ti.com/product/lm4140?keyMatch=LM4140&tisearch=Search-EN
http://www.ti.com/product/ref5045?keyMatch=REF5045&tisearch=Search-EN
http://www.ti.com/product/ref3220/description?keyMatch=REF3220&tisearch=Search-EN
http://www.ti.com/product/REF2025?keyMatch=REF2025&tisearch=Search-EN


Medical Instrumentation 
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• System care-abouts SBD 

Examples of end equipment Additional considerations 

Portable Patient monitoring, pulse 

oximeter, blood glucose  

Low power consumption; 

medium accuracy 

Hospital/lab CT scanner, ultrasound 

equipment 

Low noise, high accuracy 

ADC res  

[MED-HIGH] 

Temp drift  

[LOW] 

Initial accuracy 

[MED-HIGH] 

Noise  

[LOW] 
Long-term stability 

Power consumption 

[LOW] 

Parts to consider 

http://www.ti.com/lsds/ti/apps/medical/applications.page


References for Medical Equipment 
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Quiescent Current (max, μA) 

T
e
m

p
e
ra

tu
re

 D
ri

ft
 (

m
a
x
, 
p

p
m

/o
C

) 

5 50 100 1000 

Series Shunt 

400 

20 

30 

10 

50 

REF33xx 
30 ppm/oC, 5 µA,  

0.15 %, 28 ppmp-p 

1.2, 1.8, 2.5, 3, 3.3 

LM4120/1 
50 ppm/oC, 275 µA (2 µA),  

0.2 %, 20 µVpp 
Adj, 1.25, 3.0, 3.3, 4.096, 5.0  

Dual Outputs 
100 

300 250 

LM4132 
10 ppm/oC, 100 µA (7µA),  

0.05 %, 170 µVpp 
1.8, 2.048, 2.5, 3.0, 3.3, 4.096 

LM4140 
3 ppm/oC, 320 µA (1 µA),  

0.1 %, 2.2 µVpp 
1.024, 1.25, 2.048, 2.5, 4.096 

REF50xx 
3 ppm/oC, 1000 µA,  

0.05 %, 3 ppmp-p 

2.048, 2.5, 3, 4.096, 4.5, 5, 10 

REF19xx 
30 ppm/oC, 430 µA,  

0.05 %, 12 ppmp-p 

2.5, 3.0, 3.3, 4.096 

Multiple Grades Available Enable Feature 

Q-100 

Q-100 

Q-100 Automotive Qualified HiRel High Reliability 

HiRel 

Q-100 

REF20xx 
8 ppm/oC, 430 µA,  

0.05 %, 12 ppmp-p 

2.5, 3.0, 3.3, 4.096 

REF30xx 
50 ppm/oC, 50 µA,  

0.2 %, 11 ppmp-p 
1.25, 2.048, 2.5, 3.0, 3.3, 4.096 

Ultra-low noise 

High initial accuracy 

Back to Medical 

Equipment 

LM4040/1-N 
100ppm/°C, 0.1%, 65uA, 60uA to 15mA 

Adj, 1.225, 2.048, 2.5, 3.0,  

4.096, 5.0, 8.2, 10 

(shutdown Iq) 

http://www.ti.com/product/ref3325?keyMatch=REF3325&tisearch=Search-EN
http://www.ti.com/product/lm4120?keyMatch=lm4120&tisearch=Search-EN
http://www.ti.com/product/lm4132/description?keyMatch=lm4132&tisearch=Search-EN-Everything
http://www.ti.com/product/lm4140?keyMatch=lm4140&tisearch=Search-EN
http://www.ti.com/product/ref5010?keyMatch=REF5010&tisearch=Search-EN
http://www.ti.com/product/ref1933?keyMatch=ref1933&tisearch=Search-EN
http://www.ti.com/product/REF2025?keyMatch=ref2025&tisearch=Search-EN
http://www.ti.com/product/ref3040/description&lpos=Middle_Container&lid=Alternative_Devices?keyMatch=REF3040&tisearch=Search-EN
http://www.ti.com/product/LM4040-N?keyMatch=lm4040-n&tisearch=Search-EN-Everything


Building Automation 

• Example applications 

– Access control & security 

– HVAC 

– Video surveillance 

– Elevators/escalators 

– Building energy management 

24 

• System care-abouts SBD 

Temp drift  

[LOW] 

Initial accuracy 

[MED] 

Packaging 

[SMALL] 
Long-term stability 

Power consumption 

[LOW] 
ADC res 

Parts to consider 

http://www.ti.com/lsds/ti/apps/building/applications.page


References for Building Automation 
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Quiescent Current (max, μA) 

T
e
m

p
e
ra

tu
re

 D
ri

ft
 (

m
a
x
, 
p

p
m

/o
C

) 

5 50 100 1000 400 

20 

30 

10 

50 

LM4120/1 
50 ppm/oC, 275 µA (2 µA),  

0.2 %, 20 µVpp 
Adj, 1.25, 3.0, 3.3, 4.096, 5.0  

100 

300 250 

LM4128 
75 ppm/oC, 100 µA (7 µA),  

0.1 %, 170 µVpp 
1.8, 2.048, 2.5, 3.0, 3.3 

LM4132 
10 ppm/oC, 100 µA (7µA),  

0.05 %, 170 µVpp 
1.8, 2.048, 2.5, 3.0, 3.3, 4.096 

LM4140 
3 ppm/oC, 320 µA (1 µA),  

0.1 %, 2.2 µVpp 
1.024, 1.25, 2.048, 2.5, 4.096 

Multiple Grades Available Enable Feature 

Q-100 

Q-100 Automotive Qualified 

Q-100 

Back to Building 

Automation 

Highest initial accuracy 

LM4050/1 
50ppm/°C, 0.1%, 65uA, 60uA to 15mA 

Adj, 1.225, 2.0,2.5,4.096, 5.0, 8.2, 10   

LMV431 
129ppm/°C, 80uA, -30mA to +30mA 

0.5%, Adj, 1.24 

150 

Series Shunt 

Lowest shutdown Iq 

LM4040/1-N 
100ppm/°C, 0.1%, 65uA, 60uA to 15mA 

Adj, 1.225, 2.048, 2.5, 3.0,  

4.096, 5.0, 8.2, 10 

REF33xx 
30 ppm/oC, 5 µA,  

0.15 %, 28 ppmp-p 

1.2, 1.8, 2.5, 3, 3.3 

LM1/2/385 
30ppm/°C, 20uA, 10uA to 20mA 

0.5%, Adj, 1.235, 2.5 

(shutdown Iq) 

http://www.ti.com/product/lm4121/description?keyMatch=lm4121&tisearch=Search-EN
http://www.ti.com/product/lm4128/description?keyMatch=lm4128&tisearch=Search-EN
http://www.ti.com/product/lm4132/description?keyMatch=lm4132&tisearch=Search-EN-Everything
http://www.ti.com/product/lm4140?keyMatch=lm4140&tisearch=Search-EN
http://www.ti.com/product/lm4050-n/description?keyMatch=LM4050-N&tisearch=Search-EN
http://www.ti.com/product/lmv431?keyMatch=lmv431&tisearch=Search-EN
http://www.ti.com/product/LM4040-N?keyMatch=lm4040-n&tisearch=Search-EN-Everything
http://www.ti.com/product/ref3312?keyMatch=REF3312&tisearch=Search-EN
http://www.ti.com/product/LM185-1.2-N?keyMatch=lm185&tisearch=Search-EN


Motor Drives 

• Example equipment 

– Programmable logic controllers 

– Loop protection 

– Stepper motor 

26 

• System care-abouts SBD 

Temp drift  

[LOW] 

Initial accuracy 

[MED-HIGH] 
Packaging 

Long-term stability 

Power consumption 

[LOW] 

ADC res 

[MED] 

Parts to consider 

http://www.ti.com/lsds/ti/apps/motor/applications.page


References for Motor Drives 
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Quiescent Current (max, μA) 
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REF31xx 
15 ppm/oC, 115 µA,  

0.2 %, 13 ppmp-p 

1.25, 2.048, 2.5, 3, 3.3, 4.096 

LM4120/1 
50 ppm/oC, 275 µA (2 µA),  

0.2 %, 20 µVpp 
Adj, 1.25, 3.0, 3.3, 4.096, 5.0  

100 

300 250 

LM4132 
10 ppm/oC, 100 µA (7µA),  

0.05 %, 170 µVpp 
1.8, 2.048, 2.5, 3.0, 3.3, 4.096 

LM4140 
3 ppm/oC, 320 µA (1 µA),  

0.1 %, 2.2 µVpp 
1.024, 1.25, 2.048, 2.5, 4.096 

Multiple Grades Available Enable Feature 

Q-100 Automotive Qualified 

HiRel High Reliability 

Q-100 

Back to Motor 

Drives 

Highest initial accuracy 
REF50xx 

3 ppm/oC, 1000 µA,  

0.05 %, 3 ppmp-p 

2.048, 2.5, 3, 4.096, 4.5, 5, 10 

Q-100 HiRel 

LM1/2/385 
30ppm/°C, 20uA, 10uA to 20mA 

0.5%, Adj, 1.235, 2.5 

REF33xx 
30 ppm/oC, 5 µA,  

0.15 %, 28 ppmp-p 

1.2, 1.8, 2.5, 3, 3.3 

LM4050/1 
50ppm/°C, 0.1%, 65uA, 60uA to 15mA 

Adj, 1.225, 2.0,2.5,4.096, 5.0, 8.2, 10   

LM4040/1-N 
100ppm/°C, 0.1%, 65uA, 60uA to 15mA 

Adj, 1.225, 2.048, 2.5, 3.0,  

4.096, 5.0, 8.2, 10 

LM4128 
75 ppm/oC, 100 µA (7 µA),  

0.1 %, 170 µVpp 
1.8, 2.048, 2.5, 3.0, 3.3 

Q-100 

Series Shunt 

Lowest noise 

(shutdown Iq) 

http://www.ti.com/product/ref3125?keyMatch=ref3125&tisearch=Search-EN-Everything
http://www.ti.com/product/lm4120?keyMatch=lm4120&tisearch=Search-EN-Everything
http://www.ti.com/product/lm4132/description?keyMatch=lm4132&tisearch=Search-EN-Everything
http://www.ti.com/product/lm4140?keyMatch=lm4140&tisearch=Search-EN
http://www.ti.com/product/ref5020?keyMatch=ref5020&tisearch=Search-EN-Everything
http://www.ti.com/product/LM185-1.2-N?keyMatch=lm185&tisearch=Search-EN
http://www.ti.com/product/ref3318/description?keyMatch=ref3318&tisearch=Search-EN-Everything
http://www.ti.com/product/lm4050-n/description?keyMatch=LM4050-N&tisearch=Search-EN
http://www.ti.com/product/LM4040-N?keyMatch=lm4040-n&tisearch=Search-EN-Everything
http://www.ti.com/product/lm4128/description?keyMatch=lm4128&tisearch=Search-EN-Everything


Space/Avionics/Defense 

• Example equipment 

– Aircraft 

– Land defense 

– Satellite payload sensors 

– Military and avionics imaging 

– Munitions targeting 
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• System care-abouts SBD 

ADC res 
Temp drift  

[LOW] 

Noise  

[LOW] 

Long-term stability 

Power consumption 

[LOW] 

Packaging 

[SMALL] 

Parts to consider 

http://www.ti.com/lsds/ti/apps/space/applications.page


Back to 

Space/Avionics/Defense 

LM136/A 
26 ppm/°C, 1%, 400uA -10mA,  

dyn 0.2Ω, 2.5V, 5V 

Pkgs: Die/wafer, TO 

Initial Accuracy (%) 
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LM185QML 
20 ppm/°C, 0.8%, 10uA-20mA,  

dyn 0.6Ω (A), adj 1.24-5.3V,  

1.2V, 2.5V 

Pkgs: CFP, TO 

Hi-rel Enhanced Product Military Space 

REF32xx-EP 
4 ppm/°C, 0.2%, +/-10mA,  

1.2V, 2V, 2.5V, 3V, 3.3V, 4V 

Pkg: SOT-23 

LT1009M 
20 ppm/°C, 0.2%, 10uA-20mA,  

dyn 0.6Ω, 2.5V 

Pkg: 0XCEPT 

REF50xx-EP 
5 ppm/°C, 0.08%, +/-10mA,  

1.2V, 2V, 2.5V, 4V, 5V 

Pkg: SOIC 

REF5025 
3 ppm/°C, 0.05%, +/-10mA,  

2.5V 

Pkg: SOIC 

LM4040-EP 
20 ppm/°C, 0.5%, +/-10mA,  

dyn 0.3 Ω, 2.5V 

Pkg: SOT-23 

TL1431 
23 ppm/°C, 0.4%, +/-10mA,  

dyn 0.2 Ω, Adj 2.5-36V 

Pkg: SOIC, LCCC, CDIP, CFP 

25 

LM113QML-SP 
100 ppm/°C, 1%, 500uA-20mA,  

dyn 0.3Ω, 1.22V 

Pkg: TO, CFP 

LM4050QML-SP 
15ppm/°C, 0.1%, 60uA -15mA 

dyn 0.3Ω,  2.5, 5.0 V  

Pkg: 10CFP 

References for Space/Avionics/Defense 

Devices available in non-RoHS versions for most packages 

Reference http://www.ti.com/lsds/ti/power-management/voltage-

reference-products.page for full list of material options 

http://www.ti.com/product/lm136a-5.0qml?keyMatch=lm136a-5.0qml&tisearch=Search-EN-Everything
http://www.ti.com/product/lm185qml?keyMatch=lm185qml&tisearch=Search-EN-Everything
http://www.ti.com/product/ref3225-ep?keyMatch=REF3225-Ep&tisearch=Search-EN-Everything
http://www.ti.com/product/lt1009m?keyMatch=lt1009m&tisearch=Search-EN-Everything
http://www.ti.com/product/ref5020-ep/description?keyMatch=REF5020-EP&tisearch=Search-EN-Everything
http://www.ti.com/product/ref5025?keyMatch=REF5025&tisearch=Search-EN-Everything
http://www.ti.com/product/lm4040c25-ep/description?keyMatch=LM4040C25-EP&tisearch=Search-EN-Everything
http://www.ti.com/product/TL1431-EP?keyMatch=TL1431&tisearch=Search-EN-Everything
http://www.ti.com/product/lm113qml-sp?keyMatch=lm113qml-sp&tisearch=Search-EN-Everything
http://www.ti.com/product/LM4050QML-SP?keyMatch=lm4050qml-sp&tisearch=Search-EN-Everything
http://www.ti.com/lsds/ti/power-management/voltage-reference-products.page
http://www.ti.com/lsds/ti/power-management/voltage-reference-products.page
http://www.ti.com/lsds/ti/power-management/voltage-reference-products.page
http://www.ti.com/lsds/ti/power-management/voltage-reference-products.page
http://www.ti.com/lsds/ti/power-management/voltage-reference-products.page
http://www.ti.com/lsds/ti/power-management/voltage-reference-products.page
http://www.ti.com/lsds/ti/power-management/voltage-reference-products.page


Automotive 

30 

• System care-abouts 
SBD 

Application Examples of end equipment Considerations 

ADAS Camera modules (front, rear, surround), radar 

systems, ultrasonic park assist, LIDAR 

Adjustable Vout, medium-high 

initial accuracy, small packaging 

Infotainment/ 

cluster 

Instrument cluster and LCD displays, touchpad, 

telematics, USB hub/charger, audio system, head 

unit, MCU attach 

Medium initial accuracy, small 

packaging 

HEV/EV Start-stop voltage conditioning, fuel pump and 

injection, emission control/sensors, steering, 

inverters, engine and battery management 

Medium initial accuracy, battery 

life and monitoring 

Body LED headlamps/lighting, HVAC controls, door 

sensors/locking 

Low power consumption 

Passive safety Braking system, airbags Medium-high initial accuracy 

Wide Vin 

Temp drift  

[LOW] 

Wide Vin 

Temp drift  

[LOW] 

Initial accuracy 

[MED-HIGH] 

Packaging 

[SMALL] 
Long-term stability 

[HIGH] 

Power consumption 

[LOW] 
XY Chart 

Selection 

Grid 

http://www.ti.com/lsds/ti/apps/automotive/applications.page


AEC-Q100 References by Voltage & Accuracy 

31 Back to Automotive XY Chart 

  

Part number Voltage options [V] Initial accuracy grades [+/- %] 

A B C D E 

Shunt 

references 

LM4040-N-Q1   2.5 3.0          0.1 0.2 0.5 1.0 2.0 

LM4041-N-Q1 1.2 Adj 0.1 0.2 0.5 1.0 2.0 

LM4050-N-Q1 2.048 2.5 4.1 5.0 8.192 10.0 0.1 0.2 0.5 

TL431/2-Q1 2.5 Adj 1.0 0.5 

TLVH431/2-Q1 1.2   Adj 1.0 0.5 

Series 

references 

LM4128-Q1 1.8 2.048 2.5 3.0 3.3 4.1  0.1 0.2 0.5 1.0 

LM4132-Q1 2.5 3.0 0.05 0.1 0.2 0.4 

REF50xxA-Q1 2.048 2.5 3.0 4.096 4.5 5.0 0.05* 0.1** 

Notes 

*  high grade (REF50xx) 

** standard grade (REF50xx) 



Quiescent/ Min Regulation Current (max, μA) 
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REF50xx-Q1 
8 ppm/oC, 1000 µA,  

0.1%, 3 ppmp-p 

2.048, 2.5, 3, 4.096, 4.5, 5 

Multiple Grades Available 

LM4128-Q1 
75 ppm/oC, 100 µA (7 µA),  

0.1 %, 95ppmp-p 
1.8, 2.048, 2.5, 3.0, 3.3 

Enable Feature 

LM4050-Q1 
50ppm/ºC, 65uA , Tj=150C 

 0.1%, 17ppmrms 

2.0,2.5,4.096, 5.0, 8.2, 10   

LM4040/1-Q1 
100ppm/ºC , 65uA,  

0.1%, 12ppmrms 
2.5, 3 

TL4050-Q1 
50ppm/ºC, 65uA , 

0.1%, 17ppmrms 
2.5, 4.096, 5.0  

TL431/2-Q1 
80ppm/ºC, 1000uA, 

0.5%, 3.4 ppmp-p 
Adj, 2.5 

TLV431/2-Q1 
150ppm/ºC , 80uA,  

0.5%, 8 ppmp-p 
Adj, 1.24 

SERIES 

Qualification 

Possible 

LM4132-Q1 
20 ppm/oC, 100 µA (7 µA),  

0.05 %, 95ppmp-p 
2.5, 3 

LM4030 
20ppm/ºC  , 120uA , 

 0.05%, 45ppmp-p 

2.5, 4.096  

NEW in 2015 

References for Automotive 

Back to Automotive Selection Grid 

(shutdown Iq) 

http://www.ti.com/product/REF5025A-Q1?keyMatch=ref5025&tisearch=Search-EN
http://www.ti.com/product/lm4128-q1/description?keyMatch=lm4128-q1&tisearch=Search-EN
http://www.ti.com/product/lm4050-n-q1/description?keyMatch=lm4050-n-q1&tisearch=Search-EN
http://www.ti.com/product/lm4040-n-q1?keyMatch=lm4040-n-q1&tisearch=Search-EN
http://www.ti.com/product/tl4050c50-q1/description?keyMatch=tl4050-q1&tisearch=Search-EN
http://www.ti.com/product/TL431A-Q1?keyMatch=tl431&tisearch=Search-EN
http://www.ti.com/product/TLV431A-Q1?keyMatch=tlv431&tisearch=Search-EN-Everything
http://www.ti.com/product/lm4132-q1?keyMatch=lm4132-q1&tisearch=Search-EN
http://www.ti.com/product/lm4030/description?keyMatch=lm4030&tisearch=Search-EN


Packaging 

Return Menu 

Home T&M Factory 

Automation 

Medical Building 

Automation 

Motor Drives Space Automotive 



Voltage Reference Resources 

34 

• Voltage Reference Selection Basics white paper 

• Shunt vs. Series: How to Select a Voltage Reference Topology article 

• Vref trick circuit blogs on Precision Hub and Power House 
Learn 

• Vref reference design library 

• Webench ADC selector for series Vrefs 

• Quick-start calculator for shunt Vref external resistor 
Design 

• Interactive application-based selection guides (industrial and automotive) 

• Selection wheel (online & paper, LIT#: SLYW017) 

• Vref overview brochure (LIT#: SLPT030) 

• TI components for aerospace and defense brochure (LIT#: SLYC143) 

Select 

Find it all on the Vref landing page: www.ti.com/vref  

http://www.ti.com/lit/wp/slpy003/slpy003.pdf
http://embedded-computing.com/articles/shunt-versus-series-how-to-select-a-voltage-reference-topology/
https://e2e.ti.com/tags/voltage+reference+series?DCMP=vref&HQS=hpa-pa-opamp-vref-thehub-20150515-blog-series-en
http://e2e.ti.com/tags/power+Vref+designs+blog?DCMP=vrefblog15&HQS=hval-sll-lin-vrefblog15-powerhouse-20150829-blog-powervoltage-wwe
http://www.ti.com/lsds/ti/power-management/voltage-reference-tool-software.page
http://www.ti.com/lsds/ti/power-management/voltage-reference-tool-software.page
http://www.ti.com/tool/shunt_voltage_reference_resistor_calculator
http://www.ti.com/tool/shunt_voltage_reference_resistor_calculator
http://www.ti.com/tool/shunt_voltage_reference_resistor_calculator
http://www.ti.com/lsds/ti/power-management/voltage-reference-tool-software.page
http://www.ti.com/lsds/ti/power-management/voltage-reference-tool-software.page
http://www.ti.com/lit/sg/slpt030/slpt030.pdf
https://www.ti.com/seclit/sg/slyc143/slyc143.pdf
http://www.ti.com/vref
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