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Understanding voltage reference specifications
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Voltage referencein data converter applications
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Voltage referencein data converter applications

1= REF54

« Many data converters require or have an option for il
an external voltage reference.

* Precision voltage references are designed to be =
stable over: I

— Variation in input voltage

AN AN
— Temperature L o R e AVDD
- Aglng @Am weom ADC AVDDI%
AVSS
— Other factors '\N\,T A\ AININ Avss

» Low flicker noise is very important for high precision
applications.

Voltage reference gain error = \/(Long termdrift)?+(Temp drift)? + (Noise)?+ -
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Temperature drift

« Temperature drift impacts the gain error of data converter thus impacting
system accuracy.

* REF54 provides a very low temperature drift calculated using the box
method.

100
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Flicker and broadband noise

* The internal noise of a voltage reference causes a dynamic error that degrades
the signal-to-noise ratio (SNR) of a data converter and its ENOB.

 REF54 has exceptionally low noise and also offers a noise reduction (NR) pin

to further minimize the flicker noise. 100
— 1uF
" —
Vref ;g »
SNR ,~~=20l0 z
ADC g(2\/§*TotalADC noise) g
z o
o [ d “ ™.
\. L
i M

10' 102 108 10* 105
Frequency (Hz)

Total ADC noise = /(Inherent ADC noise)2+(Buf fer noise)? + (Voltage Reference Noise)?
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Long-term stability

* Long-term stability (or drift) describes the shift in VREF after 1000 hours (6 weeks) of
continuous operation under nominal conditions.

 REF54 provides an excellent long-term stability that can help to double time between

necessary calibrations.

Long term stability (ppm)
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Introducing REF54
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REF54

Next Generation Precision Voltage Reference

Best 1/f Noise
Low Long-term drift 0.11ppmy.,

25ppm Improves system

Low drift with time performance
reduces system down
time and need for
calibration

Wide Vin
18V (Max)

Supports direct
connection to battery or
field power supply

Low Temp Co
0.8 ppm/°C

Helps to ensure proper
system operation over
temperature

Low IQ
380uA

Helps increase battery
powered system
operational time
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REF54 : Next Generation Precision reference
25PPMLTD, 0.8 ppm/°C, 0.11ppm,_, Flicker Noise

Benefits

Long term drift: 25 ppm @1000hr for SOIC Package - Bestin class 1/f noise performance improves system

Temp Drift (max): 0.8 ppm/°C (0°C to 70°C) performanc_e _ o N
1.5 ppm/°C (-40°C to 125°C) - Low drift with time enables use in high precision systems

_ _ Low IQ helps increase battery powered system
Ultra-low noise 0.1Hz to 10Hz (2.5V variant) : operational time

0.45ppmj., (w/o filtering) - Companion device for high-resolution data converters
0.11ppm,., (NR = 100 pF ) such as ADS1285, ADS8900B, ADS127L11, and
Quiescent current: 380uA (max) DAC11001B
Initial accuracy: +0.02% R
Dropout : 250mV EN| 1 8 | DNC
Supply voltage range : 2.75V to 18V wls 1 onc
Output Voltage: 2.5V, 3.0V, 4.096 V,4.5V,5V
Cap-load stability : 1 — 100 pF nel 2 o _JVREF
Output current Drive:£10mA GND | 4 5 | nR
—
Not to scale
8-Pin SOIC
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REF54 + ADS1285 Attach

ADS1285 Input =0V
REF54500 VREF =5V

ADS1285 Input = 2.08 V (FSR)
REF54500 VREF = 5 V

Measurements Unit
Binning Rule Max (V) Min (V)
Scott's Rule ~ -43.58124u -47.145877u o
Number of Bins Mean (V) Do ®
90 : 35 -45.465374u 475.582987n

Histogram o™

Measurements

Scott's Rule ~

144

Ma

Number

2.079665
of Bins

30

Min

Mear

2.07966

2.079662

Unit

STgT—
764.135959n

Histogram |w™e

V,pp Scales by less than a factor of 1.5 once an input voltage is applied
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REF54 — Flicker Noise

* REF54 offers 0.11 ppm, , flicker noise with filtering and 0.45 ppm,,_, flicker noise
without filtering, while still keeping the quiescent current below 380pA.

REF54 100 L I L I I I ! L I 100 \ ! \ L !
EN " o NR Pin
Input Output
VIN VREF _ Cyr=100 pyF | - Open
10wF £ 60 £ 60
1 uF 5 5
p— GND NR - 5
2 40 2 40
a o
‘ Optional GND
W GND 20 20
GND GND 0 T | — ! \ T T 0 T T T T
0 004 008 012 016 02 024 028 032 04 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Flicker Noise (ppmp.p) Flicker Noise (ppmy,.;)
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REF54 — best-in-class performance

Key Spec REF54 Competitor #1 Competitor #2

Supply current 380 pA 950 uA 725 UA
Temperature drift 0.8 ppm/°C (0°C to 0.8 ppm/°C (0°C to 3 ppm/°C
70°C) 70°C)
1.5 ppm/°C (-40°C to | 2 ppm/°C (-40°C to
125°C) 125°C)
Noise 0.45 ppm,, or 0.11 | 0.5 ppm,, 0.58 ppm,,
ppm,., with Cyg
Long-term drift 25 ppm SOIC 25 ppm SOIC 20 ppm SOIC

14
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REF54 Device List

Samples
available now.

Find online at ti.com/product/REF54

REF54 VREF Temp. Range

REF54250Q
REF54250C
REF54300Q
REF54300C
REF54410Q
REF54410C
REF54450Q
REF54450C
REF54500Q

REF54500C

2.5V
2.5V
3.0V
3.0V
4.096V
4.096V
4.5V
4.5V
5.0V

5.0V

-40°C to 125°C
0°C to 70°C
-40°C to 125°C
0°C to 70°C
-40°C to 125°C
0°C to 70°C
-40°C to 125°C
0°C to 70°C
-40°C to 125°C

0°C to 70°C
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Application examples
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REF54 — Target Applications

Medical

+ X-rays

« CT

» Ultrasound
* MRI

Grid

+ Fault indicators
* Smart meter
 String inverter
« EV charging

Factory automation & control

+ Battery test equipment
» Seismic/geothermal sensors
* Field transmitters

Automotive

* Traction inverter
« 48V to 12V DC/DC
Converter

17
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Battery Test Equipment

Low long-termdrift

8-32 channel per AC/DC power supply

DeS|gn Cha”en ges Bi-Directional Isolated ACDC Bi-Directional Battery DC-DC Stage
Minimize the number of essential ac o ) T ,J W — W ]
calibrations. 400 15V ] : ' :
* Maintain system accuracy over @ be be JEL .
wide temperature range. h ———
i
Solution !
* Low long-term drift can nearly €2000 : :
double time between calibrations (6 et rendiee omre B
months to approximately 1 year). - X: v resdback comv_JoHtp— == voageseme | E
* Avoid large DC error that affects ne |
ADC gain and DAC output because m (L |
of low temperature drift and low ; -
long-term drift. > Conire 0o
Companion ADCs
+ ADS131M08, ADS9817, ADS8668
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Field Transmitters

Low quiescentcurrent for 4-20mA loops

Design Challenges

« Maintain accurate measurement over a large range
of temperatures.

* Increase battery life without sacrificing accuracy.

*  Minimize the number of calibrations.

Solution

* Low quiescent current being paired with high
accuracy allows for precise battery powered devices
while possibly increasing battery life by 20%.

« Ultra low temperature coefficient helps ensure
accurate measurements in large temperature
ranges.

* Low long-term drift can decrease the number of
calibrations.

Companion ADCs
- ADS1220, ADS1120

_I__

—
T

S

| Signal Input!
ignal Inpul
T output
Protection
{Input)

Analog ani-Eni

Protection

4-20mA
HART

Data MCU

Isolation MPU
SI0 10-Link Protection

- - - -
Signal Input/
Oufput

Signal Digital
Isolation Processing

Protection
{Output)

¢ ProfibusPA
F

Fi
WHART | ISA100 Wired Inferface

Wireless Interface
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DC/DC power topologies
- Uni-directi Bi : Uni-directional Bi-directional
EV < h ar I n 2L PFC 3L T-type PFC / inverter | Conventional PSFB Dual active bridge Digital
» 3-L Vienna PFC  3-L ANPC PFC [inverter ¢ Resonant LLC DAB in CLLLC mode isolator

Weld
Current Power Current Power Current

Low temperaturedrift requirement@ - ol I R4 Rl e el

AC/DC power topologies
e R o et

Solid state
relay

. Digital Digital =
Design Challenges o rof ol 0

«  Accurate measurements over a wide Reay

control

tem perature range Voltage Current = AC/DCpower = Voltage Curent  DC/DC power — Voltage Current power
Input current stage Bus current stage Output current stage Insulation
* Charge the consumer an accurate amount for & voltags sense $ & voltage sense I & votage sanse T T

|
.. |
amount of electricity used. HEDIRCHE £ 6753 T §2888 H:,r .

L

- m MCU
'
Solution — =3 — === M. - N
Logic

H optional ‘oltage translator 4—1 Flug locx
© LOW tem perature dl‘lft a"OWS fOI’ accurate Residual current monitor Ana[IUI;tfrUm”end 4 dtl il 5 driver
. ower digital processing
measurements desplte outdoor temperature

. . Digital
DC rail IS0 rail (gate drivers) f \_$ iso?atur

C hanges . Isolated Isolated Temp Fm— PR [EaFT
«  High accuracy leads to fair price calculation i Lo oo [
g y p ] Isolated AC/IDC Isolated DC/DC ~ Power board self I
for consumer. power supply power supply diagnostics/monitoring Power board fan
DC rail CAN
Low noise
Companion ADCs | o RS
p AC&DC _—» BEEEE ;5;;, -
E-Meter - ilelnlol —> 3. Power board
. AD8131M08’ AMC 130M03 EE Power board VIT : 1.8V signal input/
input power Power board non-isolated -12V Power board output
charger output profection DC/DC power supply wired interface protection

A
Control
module
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Seismic Data Acquisition
Low quiescentcurrent

DeSign Cha”enges Data Collection @(ilb
* Maintain system accuracy while increasing Center —_ Wireless Geophone
pettery 6 e

« Maintain quality signal at low frequencies.

Solution

* Low quiescent current with high accuracy can
help provide for accurate measurements while
potentially increasing battery life by 20%.

* Low flicker noise helps maintain low
frequency signal integrity.

Companion ADCs
- ADS1285

21
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https://faculty.kfupm.edu.sa/EE/hattia/Senior%20projects.htm

X-Ray Imaging

Low noiseforincreased imageresolution

Design Challenges
* Improve final image resolution.
* Increase battery life for mobile systems.

Solution

* Low flicker noise to increase the SNR of the
ADC will lead to increased image resolution.

» Low quiescent current for less power
consumption in mobile systems.

Companion dataconverters
- AFE2256, AFE3256, ADS9218, ADS8861

Custom

AFES .....................................

—_ FPGA
e interface Dlgrtal
translation
,—
Erxa
=
il MPU /
Wired interface DSP /MCU
Digital
processing
_,— BT/ELE ‘
Wi-Fi
[ oor || Fiesh |
Sub
1-GHz DDR
Wirgless termination
interface Memory

Row drivers (

‘M

REF54

Analog front end
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Electronic Lab and Field Test Equipment

High accuracy for good measurements

Design Challenges

* Accurate and precise measurements across a
wide temperature range.

» Decrease the number of calibrations.

Hi sense |

Hi amps Lo amps
%

Key care-about specifications

* Low flicker noise improves the SNR of the ADC.

* Low temperature coefficient can keep stable
measurements in a variety of temperature

conditions. ww
* Low long-term drift can increase time between || Curent
calibrations.
Comparator

Companion ADCs
- ADS1675, ADS8910B, ADS1259

Lo sense COM

Input waming

Bl Temp
Bl sensor

Precision current source

&)

Current || Precision
control resistor | Poweramp :

Analog front end

Prec.
ADC
Precision

- ADC  Precision
Signal path  puffer  driver ADC
control

Cn-board calibration

System

i temperature  Calibration

monitor DAC

Low power conditioning

=
=
=]
w
™
=
=
O

User interface (HMI)

LVDS - —
a +0.91694 V [l
==

Backlight | Touch screen controller

REGW Input interface

LED driver Speaker amp Iﬂ

Processor
interface
e —

Clocking ;| E=TRTTY ' :
Ay cock [ CMemory )
RS generator | sﬁg:):ly
= { ower |
BN Ciock bufier pLuad
= || ISR | votage [| o0 |
§ rucessur switch _|f
W ArmE : :

FPGP\ $
Digital P
procassing Wireless = l
interface =

Level

shifter

ed interface

Wired MCU
: Signal conditioner PHY

Controller/
2
. RS-232 W - ccoiver [l REdMvVEr

Serial USB Ethernet

Interface proteciion
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TI’s voltage references portfolio
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TI's series voltage referen

Flicker noise

<30 pVPP/V

<3 pVPP/V

<0.5 pVPP/V

REF62
80-ppm long-term stability
REF50

High & standard grade
50-ppm long-term stability

35-ppm long-term stability

REF54

25-ppm long-term stability

REF20

AEC-Q100 qualified
25-ppm long-term stability

ce portfolio

REF4132

AEC-Q100 qualified
25-ppm long-term stability

REF34

AEC-Q100 qualified
25-ppm long-term stability

40-ppm leng-term stability

REF50xxA-Q1

AEC-Q100 qualified
50-ppm long-term stability

\

<4-mA 1Q

<1-mA 1Q

100-pA 1Q

<1-pA1Q

<3 ppm/°C

<8 ppm/°C

Temperature coefficient

=12 ppm/°C
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Getting started

Learn more at
ti.,com/product/REF54

Find the REF54 evaluation module at
www.ti.com/lit/ug/snau289/snau289.pdf
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Visit www.tl.com/npu

For more information on the New Product Update
series, calendar and archived recordings
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