RAF I EBASRIERE S ADIHEMKIF S
MUK 28 =

MACNICA

fEEElukelu
FAESSHEE SR

lukelu@macnica.com

183-2162-9102



mailto:lukelu@macnica.com

Agenda

» Understand the main noise sources of amplifier circuits and how to
find the corresponding noise parameters in an operational amplifier
datasheet

> Understand the definition of each noise source and how to calculate
the noise value in a real circuit

> How to use the simulation tool to quickly obtain the noise index of
the amplifier circuit

> Familiar with ADI's typical low noise amplifier products
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Where does noise come from?
-Extrinsic
-Intrinsic

Confidential



Extrinsic Noise

Noise coupling in from
external sources
Examples

RFI Coupling

Power Supply Noise

Ground loops
Digital circuitry
50/60 Hz
Not focus of this talk

mMACNIcA

RFI
and
50/60 Hz

Switching

Noise

ﬂfUﬂfb Power
Supply

Confidential

Ground
Loop
Moise
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Intrinsic Noise

Intrinsic

Internal noise from components
Iin signal chain

Sensor | |
Resistors | V |
Amplifier I X I
A/D — + I
Specified on the datasheet : Ix1 |
Focus of this talk . — |
| "x2@ |

|

o
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Main Sources of AMP Intrinsic Noise
-Resistor
-Amplifier

Confidential



Resistor noise

mMACNIcA



Thermal noise of an ideal resistor

bandwidth

Af

rms noise Temperature

(in Kelvin)

L]
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Resistor noise shortcut

1 kQ— 4 nV/\(Hz)

Noise scales as square root of resistance
4 kQ— (2)(4) nV/N(Hz) = 8 nVI\(Hz)
9 kQ — (3)(4) nV/V(Hz) = 12 nV/\(Hz)
16 kQ — (4)(4) nV/V(Hz) = 16 nV/\(Hz)
100 kQ — (10)(4) nV/\(Hz) = 40 nV/\(Hz)

o
IMACNICA Confidential © Macnica, Inc. 2023/8/28



Noise Spectral Density vs. Resistance

Noise Spectral Density vs. Resistance

ANALOG Low Power,|1 nV/vHz,|G > 10 Stable, Rail-
DEVICES to-Rail Output Amplifier

ADA4895-1/ADA4895-2

nVi

L ————

Figure 50. Configuring the ADA4895-1/ADA4895-2 for a Gain of +5 Stable
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Amplifier Noise model
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Broadband Noise

MACNICA
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1/f Noise

300

VOLTAGE (nV)

=
=
CEIGEE-043

0 1 2 3 4 5 6 7 8 9
TIME (Seconds)

ADA4610-1Voltage Noise Density 0.1 Hz to 10 Hz

mMACNIcA

A
NOISE 3dB/Octave 1
nV / VHz _epip = kx Fc T
or
pV / YHz 1
—CORNER
S ,,/
"( WHITE NOISE
k "_I}_\_"___ —
Fe LOG f

€ 1/f Corner Frequency is a figure of merit for op amp
noise performance (the lower the better)

€ Typical Ranges: 2Hz to 2kHz

€ Voltage Noise and Current Noise do not necessarily
have the same 1/f corner frequency



Burst Noise

Popcorn Noise (f. = 300Hz)

Vn RTI {uVv)
r——

time (sec)

(]
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Input Voltage Noise

€ Input Voltage Noise is bandwidth dependent and
measured in nV/YHz (noise spectral density)

¢ Normal Ranges are 1nV/ Hz to 20nV/vHz

NOISE PERFORMANCE
Peak-to-Peak Voltage Noise
Voltage Noise Density

mMACNIcA

en p-p

100

10

VOLTAGE NOISE DENSITY (nVivhz)

100

FREQUENCY (Hz)

1k

10k

100k §
E

ADA4610-1Voltage Noise Density vs. Frequency, VSY = £5V

0.1 Hz to 10 Hz bandwidth
f=10Hz
f=100Hz
f=1kHz
f=10kHz

Confidential
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Input Current Noise

* e

Ine

IN+
e’ — 4

Normal Ranges: 0.1fA/N Hz to 10pA/NHz

In Voltage Feedback op amps the current noise in the inverting and
non-inverting inputs is uncorrelated (effectively) but roughly equal in

magnitude.

In simple BJT and JFET input stages, the current noise is the shot
noise of the bias current and may be calculated from the bias current.

# In bias-compensated input stages and in current feedback op amps,

the current noise cannot be calculated.

# The current noise in the two inputs of a current feedback op amp may
be quite different. They may not even have the same 1/f corner.
NOISE PERFORMANCE
Voltage Noise €n pp 0.1Hzto 10 Hz 175 nV p-p
Voltage Noise Density €en f=10Hz 10 nV/vHz
f=1kHz ADA4~| 7? DatESheet 8 I"'IV.,"'\I’HZ
| Current Noise Density in f=1kHz 0.2 pA/vHz |
mACI\IiCA Confidential © Macnica, Inc. 2023/8/28 1 6



1/f Noise How to calculate ?

100 :VSY = 15V
p— 1 -
N T =
=
= N
[ ~
7] mal
= —
a
S 10
(]
o
=
w
2
5 oy =
=3 ADU622
1
1 10 100 1k 10k 100k
FREQUENCY (Hz) 2
— Noise = en / h
m TH=

f‘ i = l ni—

o
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How to deal with 1/f Noise

100

1 Ay=100 —5V
1 1 e JOV
C1 — —— 55V
CHOPyy ]
+INx s
o— EMI + :
Filter = :
-INx | and G"_’l_-"> 3 e
O—1 Clamp - ouT & il
Offset S
and Ripple w1 -~ ADA4522
Correction Thermal 2 | T
Loop Shutdown o
) g
a Glorélé i
enerator | | | | 4.8 MHz CLOCKS
| | | | 800 kHz CLOCKS 0'110 100 1k 10k 100k ™
FREQUENCY (Hz)
MOISE PERFORMAMNCE
Total Harmanic Distortion Plus Noise THD + N Ay=1f=1kHz, Vg =06V rms

Bandwidth (BW) = 80 kHz 0.001 %%

BW = 500 kH= Q.02 %
Peak-to-Peak Voltage Noise BN pp Ay =100,f=0.1Hzto 10 Hz 117 nY p-p
Voltage MNotse Density ey Ay =100, f=1kHz 58 n¥hHz
Peak-to-Peak Current Moise I g Ay=100,f=0.1Hzto 10 Hz 16 pA p-p
Current Notse Density iy A, =100, f=1kHz 08 pAfHz

mACI\IiCA Confidential © Macnica, Inc. 2023/8/28
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RTI RTO

Options
Referred to Input (RTI)
Referred to Output (RTO)

If not stated, referred to Input

G
Y

o
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Noise Gain

—\VVV —9 AVAYAY.
AC )
I~
_T_ | \x l /
/ A
SN EE — -~
318 18 SR
E R S
19 4 A
RS E R A —
MBS, 127 % 12 %)

NACE PN
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Total noise

Vi, ToTAL V., (Rey)
n

V:;f,TDTAL :\/(6’”)2 + (Rs X 1.”)2 + E:(REXJE

mMACNIcA



Main noise

Voltage Noise = 3nV /v Hz GGNL:'EHHTIGN
Current Noise = 1pA /v Hz
T=25°C
AMPLIFIER
VOLTAGE NOISE
" AMPLIFIER
OP27 o CURRENT NOISE
R FLOWING IN R
< JOHNSON
AVAY, NOISE OF R
§ R2
R1
RTI NOISE (nV / ¥ Hz)
Neglect R1 and R2 Dominant Noise Source is Highlighted

N Noise Contribution

Confidential © Macnica, Inc. 2023/8/28
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Amplifier noise model for monopole point system

Vg2 R2 GAIN FROM
@ N\/\,/— "A"TO OUTPUT
VNRT  R1 | \(akTR2 NOISE GAIN =
B N- ", NG 14+ R2
| Vk":/ ) R1
V4KTR1 N (o0 BW ,
\'J
A VNRZ R3 | = foL ouTt
Q_Q_Q_/\/\/ N+— GAINFROM . _ R2
. "B" TO OUTPUT R1
\| 4kTR3
.II || Rz 2
Vi2 + 4kTR3 + 4kTR1[ ]
— || N R1+R2
0 RTI NDISE - IIII Bw . III |
|I I|
|

R1-R2
I',l + IN+2R32 + IN—2 |i
|

2 R1 |?
R1+R2] + 4kTR2[ ]

R1+R2

4 RTO NOISE = NG * RTI NOISE

® BW=157fg
IMACNICA



Noise bandwidth

DR Y —
— MEemE — |

1

: <

fEix g
o = B o B PEEN
for = 7 15 IR B8 25 2 ¥n %=

e o 4R =5 R R
AR B L i

o I
= | s
z :
I N = S R
40 —_— : &5 [ K 11
: 7\ ‘\\
I N\ \
80 : N\
! | | N
L T T B o
0.1 fiy [ 10 fyy
fy BW,,
IR B ( BEL) K. AC IZEFEREE
1 1.57
2 1.22
3 1.16
4 1.13
b 1.12
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Noise gain determines stability

[ c2
OPEN-LOOP C1 ! R2
GAIN Q H ‘M—e
/ B O M -
P m !
O N *

1+ C1liC2

NOISE
1+ R2/IR1 GAIN

fe = CLOSED-LOOP BANDWIDTH

foL LOG f

o
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Why so many units?
-nV/AHz, uyVrms, pV p-p
-converting between units

Confidential



Noise depends on

+ Bandwidth
Dependent

 RMS
o Peak to Peak

Voltage (0.5 i /DIV)

+ Bandwidth
Independent

e spectral density
(nVI(Hz))

MACNICA

bandwidth

AD8222 Noise (G=100)

" Time (1s/DIV)

Confidential © Macnica, Inc. 2023/8/28
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What's quick to measure?

Peak to peak AD8222 G=100, BW=10 Hz

noise

Can see on A
oscilloscope

RMS noise

. . 1V YO |
Sometimes with
oscilloscope h J' “”

nﬂ ‘.
Donasrin TN
Spectral Density -
!
8

bl

Voltage (0.5 i /DIV)
=

(nV/VHz)

Spectrum
Analyzer

9 10
Time (1 s/DIV)
o
IMACNICA Confidential © Macnica, Inc. 2023/8/28 28



What's accurate?

Peak to peak noise “ I‘ u
Depe:nds on two points | ~
(outliers) .lu | "]Mulmﬁ !I 'l’ 1 H H mi rms

RMS noise M ’ Hw N W f H %ak to
!Jepends on all points “ IJ peak
in waveform | N |

Spectral Density
(nV/\VHz)
Depends on all points
in waveform

Sorts information by
frequency band

NOISE (nVA/Hz)

FREQUENCY ({Hz)

© Macnica, Inc. 2023/8/28

o
MACNICA Confidential



How to convert

Conversion process
nV/\V(Hz) — uVrms
HVrms — pVp-p

L]
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nV/Vv(Hz) --> p Vrms

+ Equation
» spectral density * V(bandwidth) = RMS noise
+ when 1/f corner << bandwidth
+ Note: Use equivalent noise bandwidth of filter
o Noise BW of a filter is always greater than the 3dB BW
e Brick wall: 1

o Equivalent Noise bandwidth for Butterworth filters
+ 1 pole: x1.57

NUMBER OF POLES NOISE BW / 3dB BW
e 2 pole: x 1.11 ; P
+ 3 pole: x 1.05
+ Example: z -
e Given: 3 108
e 40 nV/rt(Hz) 4 1.03
+ 1 kHz 1 pole filter 5 1.02

o Answer:
e 40 nV/rt(Hz) * sqrt(1000 Hz * 1.57) = 1600 nVrms = 1.6 pVrms

(]
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uVrms -> uVp-p

+ To get peak to peak noise
e In theory: peak to peak noise infinite

e In practice: multiply rms by 6
« Multiplier of ‘6’ is rule of thumb: 99.73% of points

+ Example
o1 puVrms * 6 =6 uVp-p

- 6 standard deviations covers 99.7% <
o 6.6 standard deviations covers 99.9% <

] 34.1% 34.1%

00 01 02 03 04

—3a —-20a —1la L lo 20 3c

graph from Wikipedia: original by Jeremy Kemp

(]
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Noise Tip #1: Apply Gain Early

Noise adds as sum of squares poor noise performance
Apply all the gain in the 15t stage
Example: Assuming the noise of
amplifier is 1
Noise for the circuit above:
J(Ix2)> +1> x5=545 =11.180
Noise for the circuit below: — la=10 .
J1x10)> +1% x1 =101 =10.049

— G=2 G=5

good noise performance

mMACNIcA



Noise Tip #2: Watch out for source impedance

Source Resistance adds noise
Current noise calculation

1 nVAlHz
2.4 pAAlHz
Sensor
|+
Example 9kQ A_DSSQQ L RT nozise 2 2
Given the following sensor Li; = (1274 17 + (2.479))
W 10 =25 nV/WHz
Sensor 12 nVAIHz v
9 k(2
2.8 nVAlHz
0.3 pA~Hz
- . Sensor
Which op amp is the best? [ + :
| . ok 2 ADE6TS R'I'II nozlse i ,
1 nVAHz 2.8 nVAHZz @ $1kn = (127+2.87+ (0.3 7 9))
=13 nV/WHz
10

+ +
AD8599 ADBE75 12 nVAHz

o
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Noise Tip #3:CMOS JFET or Bipolar ?

~ Bipolar TZ&EEA:
B9 OP27, OPO7D, OP177, AD797,
AD706
<7 ADS672, ADA4075, ADA4004
ADA4077, ADA4177
- JFET L2 EEhT:
ADS549, ADS823, AD795
- BIFETRIZRRS, SHiEm:
BEFRI ADT12, AD744
ISHT ADA4610, ADA4622, ADA4625
- CMOSTERHREEFME, Sz

B8 E{RiF

Bipolar

\ o [EERBE;
| o {EENEBEES;
|« (ERETRE;

« BCMRR;

o EEHET,

AD8662, AD8602 CMOS
- COMSERIZero-Drift £ Hizm Mosfet z:-:gfm
AD8629, AD8628, AD8639, AD8638 . BIESA R - gﬁiggﬁﬁ [ . mEarEm
- BERSABR E TR | am
ADA4522(BA55VitES), ADA4528 B L R . o

LTC2057/58HV(fA{HEB60V)
~ MOSFETEUR EEHT: :
ADAA4530-1 (lbias<1fA) , LTC6268-10 ‘

- EBAEREE: ) B

L]
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Noise Tip #4:Noise measurement
« Do not use 10x probes for low noise
measurements

« Use direct BNC cable connection (10x better
noise floor)

» Use male BNC shorting cap to measure noise
floor of oscilloscope

« Use bandwidth limiting (if appropriate)

+ Use digital scope in dc coupling mode for 1/f
noise measurements (ac coupling has a 60Hz
high pass filter)

« Use ac coupling for broadband measurements
(if necessary)

L]
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Noise Tip #5:How to Reduce Noise ?

« Select a low noise amplifier
— Consider both current and voltage noise
— Consider low and high frequency noise

« Select the appropriate feedback resistors
— Low resistance for low noise

* Limit the system bandwidth

o
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LTSpice LTspice Simulator | FEEFS4K (analog.com

Confidential © Macnica, Inc. 2023/8/28 38


https://www.analog.com/cn/design-center/design-tools-and-calculators/ltspice-simulator.html

240nV/Hz'%

220nV/Hz"z=

200nV/Hz"=

180nV/HzYz=

160nV/HzZ =

140nV/Hz "=

120nV/Hz 2=

100nV/Hz "=

80nViHz" =

60nV/iHz" =

A0nViHz "=

20nViHz" =

OnViHz':

Interval Start:

Interval End:

100mHz

100mHz 1Hz 10Hz 100Hz

100KHz



https://www.analog.com/cn/design-center/design-tools-and-calculators/ltspice-simulator.html

ADI Typical Low Noise Amplifier

ANALOG Q

DEVICES SRR ST

E—taaE™

AN MYANALOG I Nz FH R =]
kg >
REFIGE E5 ADC IEENSE =R VE 3 = IEEASE
B SMEMS
R £=58E B oI EIGASHIASE(VGA) B JFET®AEERA S

SCEEHD SRR

s N e s

kLA R

HH=BE A

EHES

N

Erigiiass (DAC)

MACNICA

BE BREESHAR
EE RFBIAES

FH RFEImIC

EE FHE MIMO 2l 2580 1C

EH BiEEFRFATRIC (LNA,
PA, 7T

EE RFEc-SEmEEHEE
R RIEFHE

ER mEiER e

EE ERAEEVCAERSE

FE #==FIVGA

FE SRS =2
(VGA)

B ESTHIAEE

BH ==0mA=E

(=== -—FC oo SRAR o g

Confidential

B EHFEEERE (S TmA/R
=)

B EIESIZERCEE (S 10nV/
3 “Hz)

H A RERREERAEE
(2100 pA)

E BEREEEEE

B EEEEREE (Vos<1imVE
TCVos<2uV/C)

B 3hWEsEERcEE

© Macnica, Inc. 2023/8/28
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ADA4510: 40V, 70 nV/°C, Low VOS, Low IB, Low Noise RRIO Op Amp

Key Features
Vs drift (TCVe): 70 nV/°C typ., 0.5 pV/°C max at 0°C to 85°C
Vos: £20 pV max at 25°C
1/f noise: 1 pV p-p typ. from 0.1 Hz to 10 Hz
Noise density: 5 nV/VHz typ. at 1 kHz
Gain Bandwidth Product (GBP): 10.4 MHz typ.

Slew rate: 19 V/ps typ.

ANALOG INPUTS

Input bias current: 10 pA max 25°C
Low THD: -134 dB at 1 kHz e
Capacitive load drive capability: 1 nF THERMO. C
COUPLE
Integrated EMI
BRIDGE
Key Applications e
’ SR (13
Automated test and measurements

____________

9

] ]

' |
ﬂ\ !

[} I

| VYADA4510-2]

N = 240 AMPLIFIERS
MEAN =-0.02uV
SD = 0.07pV

3

3

w & o @
3

s

NUMBER OF AMPLIFIERS

N
S

10

0
-0.5 -0.4 -03 0.2 -0.1 0 01 02 03 04 05
OFFSET VOLTAGE DRIFT (uV/°C)

[ ]

Sample Date: Now (SOIC)
Release Date: Aug 2023 (SOIC)

Feb 2024 (MSOP)

Figure 6. Input Offset Voltage Drift (TCVys) Distribution from 0°C to +85°C

Data acquisition systems

TCV,s (-40°C to +125°C,
Max)

Offset Voltage (Max)

Multiplexed-input signal chains

Electronics test and measurements

1/f Noise

mMACNIcA

Voltage Noise Density

5 nV/VHz

Y REFDRIVER
| | ‘
. = |
i | | ADA4510-2 |
o |, : ————————
E i ! - N REF
e || I pa AD4008
2 : 1 REF DRIVER —IN
I | i q i
[} [} ] [}
| —
o _______i  |ADA4s102]
L ] ADA4510 Competitor
0.7 pVv/°C 0.8 pv/°c
20 pv 25 pv
1.0 pV p-p 1.3 pVp-p

5.5nV// Hz
41



ADA4510: Portfolio Positioning
ADA4622

lg
Offset
Offset drift

Noise

ADA4610

lg
Offset
Offset drift

ADA4625

Noise
Slew rate and GBW

lg
Quiescent current
No MSOP package

ADA4522

Offset/offset drift
Noise

Supply voltage range
Quiescent current

Iy

Settling time

Slew rate and GBW

The ADA4510 is Analog Devices' latest high input
swing CMOS op amp part with the best overall
precision

ADA4510

Oftset

Offset drift

Ig

Small package (on list)
Competitive price
Derivatives

Good noise, slew rate, and

b

Flagship precision amplifier product

Stable process and reusable IP for future derivatives
Latest technology with the top reliability, durability,
and accuracy

Outstanding platform amplifier

© Macnica, Inc. 42



ADA4510: 40V, £70 nV/°C, Low VOS, Low Noise RRIO Op Amp
| Features | Bemefi, |

Excellent DC operational range
= Supply voltage range: £3 V to £20V

= Rail to rail inputs and outputs
=  -40°Cto +125°C operation

Low offset voltage
= 20 yV max at 25°C

Low offset voltage drift
= 70 nV/°C, typ., 0.5 yV/°C max at 0°C
to 85°C

Low input bias current
= 10 pA max at 25°C

Low noise
= 1V p-ptypical at 0.1 Hz to 10 Hz
» 5nV/VHztypical atf=1kHz

High slew rate and fast settling time
= 19V/us

Low THD, high cap load drive capability, and fast
settling

Integrated EMI filter

MACNICA

Easily allows user to upgrade performance and accuracy to any system
architecture by offering an extensive operating range in supply voltage,
input/output voltage, and temperature range
Wide applicability
Improves system DC accuracy; also improves system dynamic range by
allowing smaller signals to be sensed at the input

Enables stability and precision at temperature, eliminating need for
calibration

Suitable as a sensor interface amplifier for high impedance sensors such as
photodiodes, piezoelectric, pH cell, etc.

Enables high resolution sensor interface solution

Dynamic specs enable higher measurement throughput for increased
sample rate in data acquisition systems

Enable driving the ADC directly without ADC driver
Minimized distortion

Makes the end solution more robust in harsh RF environments by
rejecting high frequency signals before they reach the amplifier's sensitive
inputs

43



Typical Applications

MUXED INPUT
DAQ

SENSIClRI_I:!TERFACE : I— -;
] 7 -
ey U g

|
g ' & High Slew Rate 1
Low TCV s RRIO Low Noise
Low Ig

o Alo
%i%

''''' PRECISION REFERENCE BUFFER

High Bandwidth
ADA4510
ACTIVE FILTERS
i i SR BT

ssssss

Vin - -
T 1

r-t v r_l

VOLTAGE I T I Veer P ] 'n '
Low IB REFERENCE )?7 s ' ‘ ‘
High Bandwidth L - .. High Linearity
Low Vs and TCV

Low Vs
Low TCV

(]
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ADA4077-1/ADA4077-2/ADA4077-4: 36 V, 4 MHz, 7 nV/\NHz,
Low Offset and Drift, High Precision Amplifier

Bandwi
Part a:thWI Slew Vioise Vos Vos Vos
5th generation of the successful OP77 and OPx177 Number GBp  hate Density 4 Tempco Tempco
wp &P (P (typ)  (max)
family amplifiers ADA4077-2 100 250
y amp BGrader 39MHZ 1V/is 7nV/tHz 250V Goc  Lloc
PR - - 0.700 7.9 200 700
Beduced offset and drift with a low noise system provide OP2177 1.3 MHz Viis  nV/rHz 75 pv WPC nveC
improved system accuracy as well as bandwidth B Grade
Improvem
. . . 200% 43% 11% 67% 50% 64%
BiPolar® technology to improve power efficiency and ent over
OoP2177

increase the system bandwidth for higher speed applications

1k

= Vgy=#15V|
—Vgy =5V
Ay=+1

Key Benefits

100

10y ‘ | | | ,,J 7
‘

Rated for the highest industrial environmental and manufacturing e 1

specifications required for demanding applications FREQUENCY ()
Voltage Noise Density vs. Frequency, Vsy=+5Vand Vsy=%15V

Low noise improves precision in high resolution systems

Combination of precision specifications eliminates the need for
design trade-offs

VOLTAGE NOISE DENSITY (nV/\Hz)

o
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ADA4523-1: 36V Single Op-Amp, The Lowest Noise Zero-Drift Amp

Key Features:

ANALOG
DDEVIGES

ADA%5231 New
>  No other Zero-Drift Amplifier can provide the ultra-low Product
noise performance of the ADA4523-1 at 4.2nV/VHz @ 1kHz - ' ‘
typ
> Integrated voltage noise over the entire bandwidth is Voltage Noise Density (nV/SqrtHz)
reduced 25%, while still increasing the usable bandwidth Gain=100, Vs=+/-15V

-
o

Key Benefits:

> Improves system dynamic range at lower frequencies,
allowing smaller signals to be sensed at the input

>  Eliminates the need for expensive temperature calibrations
by self-correcting offset errors

A U N 0 ©
=

—ADA452
3-1
10 100 1K 10K 100K
Frequency (Hz)

>  Allows lower noise at total power consumption with the
shutdown feature

Voltage Noise- Input Referred (nV/Sqrt Hz)

(]
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LTC6226/LTC6227: Single and Dual, Low Noise, High Speed, (420MHz)
High Slew Rate Low Distortion Rail-to-Rail Output Op Amps with Shutdown

A Transparent ADC Driver:

> ADC Drivers should be “transparent” in the signal chain their

presence should not influence the signal being digitized

> The LTC6226/6227 are transparent ADC drivers minimizing their
footprint within the signal path by offering low noise, low distortion

and high speeds complementing the faster LTC6228/6229 offering

Key Specs: 16-Bit ADC Driver Performance
y TYPICAL APPLICATION it St «-0 SBF
> Ultra Low Voltage Noise: 1.0nV/VHz High Peformance Tansparent LTCG227 Based Drivet fr the 16-Bit AD7360  lowp = s, y =Sz
0 g?g\'p_z SgKHZ INPUT SIGNAL
. . . - NR =91 d
> Low Distortion at High Speeds: s [l ] « To--ioish

ar

> HD2/HD3 < -90dBc (Av = +1, 4VP-P. 2MHz, RL = 1kQ) 0110027
> High Speed: 420MHz GBW, 180V/us Slew Rate L |

> -3dB Frequency (AV = +1): 330MHz oA % % M

L i 0 400 BDO 1200 1600 2000
FREQUENCY (i¢2)
» Supply Range: 2.8V to 11.75V o
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LTC6228/LTC6229: £5V Low Noise, High Speed, (890MHz)
High Slew Rate, Low Distortion, Rail-to-Rail Output Amps

A Transparent ADC Driver:

> ADC Drivers should be “transparent” in the signal chain their presence
should not influence the signal being digitized
> The LTC6228/6229 are transparent ADC drivers minimizing their footprint
within the signal path by offering low noise, low distortion and high speeds
Key Specs:
LTCG228 Based Driver forthe LTC2387-18 SAR ADC  system Perfornance: 2.x TCG228 Drving LTC2387-18
> Ultra Low Voltage Noise: 0.88nV/vVHz | e ot
4090 —— ——] '
> Low Distortion at High Speeds: M N 5 MR
HD2/HD3 < -100dBc (Av = +1, 4VP-P, 2MHz, RL = 1kQ) LTC2387-18 *ﬂ
N "
> High Speed: 890MHz GBW, 500V/us Slew Rate TP e
ow N -120 I
> —3dB Frequency (AV = +1): 730MHz ’ s
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ADA4610-1/-2/-4 Low Noise, Precision, Rail-to-Rail Output,
JFET Op Amps

Features and specifications Portfolio Positioning

ADA4610-1: single-channel in SOIC and 5-lead SOT-23 ADA4610-1 replaces AD8510 pin-compatible

ADA4610-2: dual-channel in 8-lead MSOP and 8-lead LFCSP

ADA4610-2 replaces AD8512 pin-compatible
ADA4610-4: quad-channel in 14-lead SOIC and 16-lead LFCSP

Low offset voltage ADA4610-4 replaces AD8513 pin-compatible

= B grade: 0.4 mV maximum (ADA4610-2 only)

- Agrade 1 mV maximum The ADA4610-x is significantly better in more than seven key specifications,

including input bias current, voltage noise, noise density, distortions, rail-to-rail
Low offset voltage drift output, and is less expensive

= B grade: 4 uV/°C maximum (ADA4610-2 only)
= Agrade: 8 pV/°C maximum . e s

? : Competitive Positioning
Low input bias current: 5 pA typical

Dual-supply operation: 5 V to £15 V Provides as much as 2X higher bandwidth and 25% better slew rate than the
competition while consuming 2.6 X less current

Low voltage noise: 0.45 pV p-p at 0.1 Hz to 10 Hz

Voltage noise density: 7.3 nV/vHz at f = 1 kHz
Low distortion (THD + noise): 0.00006%
No phase reversal

Rail-to-rail output unity-gain stable

o
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ADA4625: 36 V, 18 MHz, low noise, fast stable single power supply,
RRO, JFET operational amplifier

Features and specifications 100 g
sy =
—Vgy =118V
Wide gain bandwidth product: 18 MHz (typical value) :E
High voltage swing rate: 48 V/us (typical value) i‘;"
12}
z
Low voltage noise density: 3.3nV /VHz at 1 kHz (typical value) § 10
7}
Low peak noise: 0.15 pV p-p, 0.1 Hz to 10 Hz e
o
Low input bias current: 15 pA at TA = 25°C (typical value) E il
(o]
Low offset voltage: £80 uV at TA = 25°C (Max) *
. (o) — _ o o _
Offset voltage drift: £ 1.2uV /°C at TA = -40°C to 85°C (Max) - - 100 - o soo: §
FREQUENCY (Hz) E

(]
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MAX40078: wide band, low-noise, low-input bias current operationa

amplifier
VOLTAGENOISE DENSITY vs. FREQUENCY
Features and specifications

120 preeperen ——
| | E 110
Low Input Voltage Noise Density: 4.2nV/VHz at 30KHz = 100 i
Low Input Current Noise Density: 0.5fA/VHz E 90 \
Low Input Bias Current: 0.3pA (typ) % gg
Low Distortion: 0.00035% or -109dB THD+N (1kQ g 60 \
Load) g 50 N i
Single-Supply Operation from +2.7V to +5.5V % gg
Input Common-Mode Voltage Range Includes Ground & 2 i :
Rail-to-Rail Output Swings with a 1kQ Load g 10 \ || SR T
: 1 10 100 1000 10000 100000

FREQUENCY(Hz)

(]
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