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4. 2EEEER ( Voltage Reference) ? At

BEREERE—TUTERE. FREREENEET, —#&BATADC. DACHE
RIABEIBRINZSZBEIRE,

&
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2. REEEER ( Voltage Reference) ? AS

AHEAD OF WHAT'S POSSIBLE™
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Voltage Power Voltage
Reference Management Reference

Output
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NA J\ =& - ANALOG
S EEERNDE (RMNAWAIN)
Shunt Reference Series Reference
FEX AU J_ﬁ/&/)? RPFEAEBEEER
| é
Voo - : r:?ﬂﬂraﬂf:a : I ] refarlgn:a VBEF
l M1 : o Vee ——{Vin  Vout Vout
a1 .:;:;* | W= Vo Gnd
voul =1 T Load CIH:: EHEE':: Laad l
YREF

............

*A two-terminal Device
*Need for an extraresistance

Need more board space

*Usually smaller packages

*Tends to be cheaper

« (Lower Precision)

*A three-terminal device

*Typically lower Vin range
Might be in a larger package

More accuracy

*No need for an extra resistance

©2019 Analog Devices, Inc. All rights reserved.
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e L ( Applications
> |§_| ”H JE | . Converter reference

. Sensor bias
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#IBFEE (Initial Accuracy) B #1381=Z= ( Initial Error)

mEER (Temperature Drift) 30mER# (Temperature Coefficient)

Output Voltage vs. Temperature
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KHIRE M Long Term Stability
= Long-Term Drift (LTD)
= Early-Life Drift (ELD)

BBRIEZEZE (Line Regulation) ...
MEIFEZER (Load Regulation)
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2.5V Reference Voltage
vs Temperature
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2.5V Output Voltage
Temperature Drift
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BEZRHHE = 75 ,%: Box Method

2.5V QOutput Voltage
Temperature Drift
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Box Method
The box method is represented by the following equation:

rcv,,, =| Max{V oy, (T, Ty, T3} —mindV o o (T, T, T )}| —
I Vour (T2)%(T; = T)) |

where:

TCVour is expressed in ppm/°C.

Vour(Tx) is the output voltage at Temperature Tx.
Tz = —-40°C.

T,= +25°C.

T5=+125°C.

This box method ensures that TCVour accurately portrays the
maximum difference between any of the three temperatures at
which the output voltage of the device is measured.

11// ©2019 Analog Devices, Inc. All rights reserved.

T 2 HUNZ 7% Box Method vs Bow-tie Method D&

AHEAD OF WHAT'S POSSIBLE

Bowtie Method
The bowtie method is represented by the following equation:

TC VOUT =|max{TCVOUTI ’ TCVOUTI }

where:
IV =|max{VOUT(TI:TQ)}"mm{VOUI'(TJ-.T.’ )} <108
SR Vour(T)  (To = T) |
| Max{lV e (I5. 13} —min{l o5 (15 .15 )}| <106

ICVour: =
| VOUT(T.’)X(T3—T2) |

TCVour 1s expressed in ppm/°C.
Vour(Tx) is the output voltage at Temperature Tx.

T,=0°C.
T>=+25°C.
T3 = +70°C.
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Y& RSIEEE KT mAVRZEEEE
- REfE
Total Error

— Initial Accuracy
+ TC * (Total Specified Temp Range)

+ Line Regulation * (Application Vin —
Specified Vin)

+ Load Regulation * (lout)

+ Long Term Drift * VkHr

+ Thermal Hysteresis

+ Noise

+ Humidity Drift

= X S iEEADC/DACHIIX & 14 BE



Highest
Precision and

Stability/Lowest
Noise

ADR4550 — 2 ppm/°C
LTC6655 -2 ppm/°C

HEEERERNAFEREE

LTC6657 — 1.5 ppm/°C

LT6654 - “Go
To” Vref

10 ppm/°C
38V Supply Range
+10 mA lout
Low Noise

SOT23

LTZ1000 — 1 ppm/°C

Automotive (RTA
qualified)

ADR4550 ADR3550
ADR365 LT6657
LT6654 LT1461
ADRS5045

14 // ©2019 Analog Devices, Inc. All rights reserved.

Highest Output Power

LT1460 — 20 mA
REF195 - 30 mA
LT1461 — 50 mA
LT6658 — 50 mA/150 mA

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

Lowest Input Power

ADR3550 — 100 pA
ADR3450 — 100 pA
LT1790 — 70 pA
LT1461 — 60 pA
REF195 — 45 pA
ADR5045 — 10 pA
LT6656 — 1 pA
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Precision Voltage
References

v Ultra-low Noise ' ™' > P -
v High Accuracy ': — :

Voltage
1@ Reference r®1

v Excellent Value

LEADING EDGE
DRIFT PERFORMANCE
/0 PPM to 10 PPM




ADR430/ADR431/ADR433/ADR434/ADR435 SRS
- EBIEER, RIKEEEEEETR

Features and Specifications Portfolio Positioning
- VoIta_g(_a_drift: 3 ppm/°C max (B grade) Low TC (temperature B Grade: 3 ppm/°C max B Grade: 3 ppm/°C max
= Low initial output voltage error: 0.05% max (B grade) coefficient) at —40°C to +125°C at —40°C to +125°C
= Long term drift: <40 ppm/first 1 kHr typical Output Drive +30/—20 MA +10/=50 MA
= 1/f noise: 1.5 ppm, p-p (0.1 Hz to 10 Hz) typical
Strong OUtpUt Load Regulation 15 ppm/mA max 50 ppm/mA max
= Output drive: +30/-20 mA Supply Current 800 PA max 3750 pA max
= Load regulation: 15 ppm/mA max
Versatility Competitive Positioning
= Comp pin for adjustment when driving cap loads
= |nput voltage range: up to 18 V Low TC (Temperature B Grade: 3 ppm/°C max 3 ppm/°C max
- Quiescent current: 800 UA max Coefficient) at —40°C to +125°C at —40°C to +85°C
= —40°C to +125°C operation Output Drive +30/-20 mA +10 mA
= 2.048V,25V, 3V, 4.096V, and 5 V outputs available
AppliC&tiOﬂS Load Regulation 15 ppm/mA max 10 ppm/mA max

= Precision data acquisition systems

= Medical, industrial, and test instrumentation Supply Current 950 uA max 725 pA max
= Automotive HEV and EV battery

= Weigh scales and scientific equipment

16 // ©2019 Analog Devices, Inc. All rights reserved.



ADR4550/ADR4540/ ADR4533/ADR4530/ ADR4525/ADR4520: ANALOG
BIERR. ERE. BENREERLR e

Features and Specifications

Portfolio Positioning

= \oltage drift: 2 ppm/°C max (B grade) Low TC (temperature B Grade: 2 ppm/°C max B Grade: 3 ppm/°C max
= Low initial output voltage error: 0.02% max (B grade) coefficient) at—40°Cto +125°C =P 2T

= Long term drift; <25 ppm/first 1 kHr typical LoniNose 3 (g, (R BN 1.0 ppm, p-p typical
Excellent noise performance Supply Current 950 pA max 3750 pA max

" linoise: 0.5 ppm, p-p (O'l Hz to 10 HZ) typical Initial Voltage Output Error B Grade: 0.02% max B Grade: 0.05% max

Versatility

Input voltage range: 3V to 15 V Competitive Positioning

cupudrve 10 mA. e e ot | e | e
Output drive: 10 mA Features

Low TC B Grade: 2 ppm/°C max 3 ppm/°C max

- QUiescent current: 950 HA max (temperature 2 ppm/°C max at —40°C to +125°C at —40°C to +85°C
= —40°C to +125°C operation coefficient) at—40°C to +125°C

= 2.048V,2.5V,3V,3.3V,4.096V, and 5 V outputs available golelz/ftglggz , 0.5ppm, p-p typical  0.25 ppm, p-p typical 0.6 ppm, p-p typical
Applications Supply Current 950 uA max 7500 uA max 725 uA max

= Medical, industrial, and test instrumentation Initial Voltage B: 0.02% max 0.025% max 0.02% max

= Automotive HEV and EV battery Output Error

17//

Weigh scales and scientific equipment

©2019 Analog Devices, Inc. All rights reserved.



ADRA5xx#h dt: CZRFNDZN ™ an

Key Features

Ultra-High Accuracy

= Voltage Drift: 2ppm/°C, max. (B Grade)

= Low initial output voltage error: £0.02% max. (B Grade)
= Long Term Drift Grade A/B/C: < 25ppm/1st 1kHr. typ.

= Long Term Drift Grade D: < 15ppm/1st 1kHr. typ.

Excellent Noise Performance
= 1/f noise: 0.5ppm,p-p (0.1Hz to 10Hz) typ.)

Versatility Temp Co
= Input voltage range: 3V-15V (Box)
= Low dropout: 300mV for +2mA at +125°C Temp Co
= 1V for ADR4520, 0.5V for ADR4525 (BOV\?Tie)
= Qutput drive: £ 10mA
= Quiescent current: 950pA max. Initial
Wide Temperature Range ARSI
= Grade A/B -40°C to +125°C operation Operating
Applications Ve REMEE
: : : LTD m/1st
Medical/Industrial/Test Instrumentation 1kHr(tF;/ F;)
Automotive HEV & EV battery monitoring Package

Weigh scales & Scientific Equipment

18// ©2019 Analog Devices, Inc. All rights reserved.
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X

New

Release J Sampling

4 ppm/°C

8 ppm/°C

0.04%

-40C to 125C

<25

SOIC-8

I o o o

2 ppm/°C 1 ppm/°C 0.5 ppm/°C
4 ppm/°C 2 ppm/°C 1 ppm/°C
0.02% 0.02% 0.01%
-40C to 125C 0C to 70C 0C to 70C
<25 <25 <15
SOIC-8 SOIC-8 LS-8



ADRA45xx LTD: SOIC vs. LS8
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CHANGE IN OUTPUT VOLTAGE (ppm)

ANALOG

DEVICES
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LT6657: B8 [ {EFEBE ~ KL=

Features and Specifications
Low drift

A-Grade: 1.5 ppm/°C maximum
B-Grade: 3 ppm/°C maximum

High accuracy

A-Grade: £0.10% maximum
B-Grade: £0.10% maximum

Low noise: 0.5 ppm p-p (0.1 Hz to 10 Hz)
Fully specified from —40°C to +125°C
Applications

20//

High temperature industrial

High resolution data acquisition systems
Instrumentation and process control
Automotive control and monitoring
Medical equipment

Shunt and negative voltage references

©2019 Analog Devices, Inc. All rights reserved.
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Portfolio Positioning

Temperature Coefficient 1.5 ppm/°C max 2 ppm/°C max

Supply Voltage 50 mV dropout to 40 V 500 mV dropout to 13.2 V
Load Regulation 6 ppm/mA maximum 30 ppm/mA maximum
Line Regulation 4 ppm/V maximum 40 ppm/V maximum

Competitive Positioning

Product Features LT6657 Competitor

Temperature Coefficient 1.5 ppm/°C maximum 1.5 ppm/°C maximum

Supply Voltage 50 mV dropout to 40 V 8V minimum supply for all
voltage options

Load Regulation 6 ppm/mA maximum 7 ppm/mA maximum

Line Regulation 4 ppm/V maximum 35 ppm/V



LT6658: $§Z B ER L. BIXMEE NEEREE ER ANNS

AHEAD OF WHAT'S POSSIBLE™

Features and Specifications Portfolio Positioning
Cow drf
= A-Grade: 10 ppm/°C Max Output Current —20 mA to +150 mA/50 mA +10 mA
- B_Grade: 20 ppm/°C Max Supply Voltage 2.5V dropout to 36 V 100 mV dropout to 36 V
High accuracy , |
Load Regulation 1.67 ppm/mA maximum 30 ppm/mA
= A-Grade: £0.215% Max (150 mA output)
= B-Grade: £0.43% Max Line Regulation 5 ppm/V maximum 10 ppm/V maximum
Low noise: 2.2 ppm p-p (0.1 Hzto 10 Hz, 5V
output)
Tl L7uw .
Fully specified from —40°C to +125°C Reference & Regulator Combined
= Microcontroller or FPGA with ADC/DAC applications The Refulator

= Data acquisition systems
Automotive control and monitoring
Precision low noise regulators
Instrumentation and process control

High Accwracy. =0 05N Mas

Low Deift YWppm/C Max

Dea! Tracking Outputs

N %
S, .‘-‘
» :
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LTC6655LN: I/ 57 (R IEH)FPREB R E AR
0.25 ppm Noise, 2 ppm/°C Reference with Noise Reduction Pin

Portfolio Positioning

Features and Specifications

Low noise
= 0.21 ppmgys Noise, 10 Hz to 1 kHz with Cyg = 100 pF

High accuracy

= B-grade: 0.025% initial accuracy, 2 ppm/°C temp
coefficient

= C-grade: 0.05% initial accuracy, 5 ppm/°C
temp coefficient

Fully specified from —40°C to +125°C

Applications

* |nstrumentation and test equipment

= High resolution data acquisition systems
= Weigh scales and electric balance

= Precision battery monitors

= Precision regulators

= Medical equipment

22// ©2019 Analog Devices, Inc. All rights reserved.

RMS Noise
(ppm RMS 10 Hz to 1 kHz)

Load Regulation
Noise Reduction Pin

Package

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

0.21 0.67

35 ppm/mAmax 30 ppm/mA max
Yes No

MSOP MSOP, LS8

Competitive Positioning

Product Features LTC6655LN Competitor

RMS Noise
(ppm RMS 10 Hz to 1 kHz)

Load Regulation
Noise Reduction Pin

Package

0.21 2

35 ppm/mA max 50 ppm/mA max
Yes Yes

MSOP MSOP
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