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Intrinsic vs extrinsic noise Input

ﬁtrinsic Noise \

05

Vin (mV)

-0.5

* From circuit components R1 1k R2 2k . _
(e.g. resistors and amplifier) I A e
« Specified in data sheet ' Ideal output
« Can be predicted with
calculations or simulations Z ;
Extrinsic Noise v | —
« From man-made sources ‘ . —
(e.g. 60Hz, digital switching)
» Hard to predict Vel 5 Real output
- Depends on interference e il
source, and susceptibility of e e
circuit . ot W

Time (mS)
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Noise: Model for amplifier and resistor

R1 1k RF 100k
N

APy i i
i +‘I_El\f

B '
Rin 10k >—b—( ‘ E .\\ Vout

+ T o

M opaszs i _Rinl0k oA

Vin : t ] OPA828
-TEY
-15v
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Noise analysis for simple op amp circuit

ﬂ)ise sources \

- - Op amp voltage noise sources

R2 1k

« Op amp current noise sources

* Resistor noise

Calculation considerations

INPUT NOISE AND CURRENT NOISE
SPECTRAL DENSITY vs FREQUENCY
1000

= * Noise gain
Eg » T 1 « Noise bandwidth
E; 1 » Convert spectral density to RMS
S5 Iy Voliage Noise
i " i K « Convert RMS /
1

Frequency (Hz) 5
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White noise (broadband noise)

Thermal Noise Measured In Time Domain

0.04

Distribution of Noise

o
o
N

0.04

Voltage (Volts)
o

-0.02 1 1

-0.04

Voltage (Volts)

0.02 T
\\
0.00
/
/
‘ ‘ 0.02 (/
-0.04

0.00E+00

_5.00E-04
Time (sec.)

1.00E-03  Counts Recorded During
Measurement Period.
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1/f, flicker, or low frequency noise

Voltage (V)

0.1
0.08
0.06
0.04

0.02

-0.02 ~
-0.04
-0.06
-0.08

1/f Noise Measured in Time Domain

4 5 6
Time (sec.)

Distribution of Noise

0.1
0.08
0.06
0.04
0.02

0
-0.02
-0.04
-0.06
-0.08

\
\

\/

/

/

° Counts Recorded During

Measurement Period
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Commonly used terms

 Broadband noise — White noise, Johnson noise, Thermal noise, Resistor noise
» 1/f noise — Pink noise, Flicker noise, Low frequency noise, Excess noise
« Burst Noise — Popcorn noise, Red noise random telegraph signals (RTS)

Strictly speaking, these terms are not 100% synonymous!

8
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60 estimate of peak-to-peak

' +30(60total)
' 99.7% probability

6 x RMS = peak-to-peak

99.7% |

0.15%

3.4

‘+30

+30

36

3.8

Tail Continues
on to infinity
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Standard deviation relationship to peak-to-peak

Number of standard Percent chance of
deviations measuring voltage
20 (same as z10) 68.3%
30 (same as +1.50) 86.6%
40 (same as +20) 95.4%
50 (same as +2.50) 98.8%
60 (same as *30) 99.7%
6.60 (same as ¥3.30) |99.9%

Is standard deviation the same as RMS?

10
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RMS vs. standard deviation (STDEV)

RMS = STDEV when the mean is zero (no DC component). Note that the two
formulas are equal to each other if you set y = 0 (zero average).

RMS

1 n
RMS = —Z X!
n i=1

Where:
x; — data samples

n — number of samples

Standard Deviation

n

1
o=Vo?= =) (x—w)’

n i=1

Where:
X, — data samples
M — average of all samples

n — number of samples
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Vector addition of noise sources

Vi Enr = v (En1)? + (Epp)? Uncorrelated noise
Voo Enr = v/ (En1)? + (En2)? + 2CE,Eq;  Noise with correlation
factor
4 )

C = correlation factor from -1.0to +1.0
Assume noise is uncorrelated unless

otherwise known.
Vnz = dSmVpys & J

Va1 = 3mVeys

Vor = \/V,fl + V2 = \/ 3mVppys? + 5mVeys® = 5.83mViys

12
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Rule of 3 for noise

4 )
When a noise source is 3 times [22 1 12 — nv
344+ 14 =3.162—
greater than another source, VHz
the smaller source is negligible
- /
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What is spectral density?

Time (s)

100n —

Noise Spectral Density (nV/rtHz)

10n —

In

fA/\Hz, or W //Hz

nv

K’m

/- Noise density given in nV /VHz, )

 Infinite number of sinusoidal
components of equal amplitude

* RMS_Noise = NoiseDensity - \/BW,
Hz = nV (VHz cancels)

/

100

1k

II| T T IIIII|
10k 100k

Frequency (Hz)
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Resistor noise

_ _ Noise spectral density vs Resistance
Voltage noise density:

1000
N
e <
_ = 100
Ndensity=+ 4kTkR z
>
Where: @ o
T Temperature (K) 2
R Resistance (Q) o se
k Boltzmann’s constant (1.381E-23 joule/K) g =
Egensiy Voltage noise spectral density (V /VHz) IIM | |TT|‘|3”|
0.1
10 100 1-10° 1-10° 1-10° 1-10° 1107
Ty=Te +273.15

Resistance (Q)
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Equivalent noise resistance

From a noise perspective
(Rf||R1) act like a s resistor on
non-inverting input.

non-inverting input

o

This equivalent resistor is useful
as amplifier noise defined at the

J

R1 1k Rf 100k
VvV VvV

p— -V

- Vout

4 OPA211

Vin
+V

Req = Rf [| R1 = 0.99kQ = 1kQ

16
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Example: Resistor noise vs. op amp nhoise

Req = Rf || R1 = 0.99kQ = 1kQ Req = Rf || R1=9.9Q =10Q
R1 1k Rf 100k R1 10 Rf 1k
' M ’ AN

VF1 VF1
¢ .
U1 OPAy211 U1 OPAy211
Vin Vin
V+
" enopaztt = 1.1nVIrtHz " enopaznt = 1.1nVirtHz
T e
- Bad design - Good design
100 100
10 ﬂ". 10
— 25C — 25C
1 — 125C 1 — 125C
—_—  .55C B 3 — -55C
[T N Ei [T
10 100 1103 1-10* 1-10° 1-10° 1-107 T 10 100 1103 1-10* 1-10° 1-10° 1-107
1kQ 10Q
4nV/rtHz > 1.1nV/rtHz 1.1nV/rtHz > 0.4nV/rtHz
so Resistor Noise dominates so Op Amp Noise dominates 17
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Op amp noise model

Noise model OPA227 data
(Iy+ and I are uncorrelated) 100K

z)
z)

10k

1k

100

® @ T

| T
; I [T
|N+ |N_ 0.1 10 100 1k 10k
Frequency (Hz)

Input Voltage and Current Noise Spectral Density
vs Frequency

10 ==

Input-Referred Voltage Noise (nVA
Input-Referred Current Noise (fA/

-
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Noise gain for voltage noise source
\ )

Noise gain — Gain seen by the noise source
Example:
R2
Noise Gain=—+1=2
otse Gain R1R+2
Signal Gain = —— = -1 R2 1k
R1 AN
VF1
Signal (
source

Referred to input

19
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Convert spectra

density to peak-to-peak

100

1

0.1 fL 10

Frequency (Hz)

Convert to RMS l

100 f 10k

fH
j e% df = Erms
fL

H

Convert to
peak-to-peak

—)

20

W3 TEXAS INSTRUMENTS



1/f and broadband region

INPUT VOLTAGE NOISE DENSITY vs FREQUENCY

100 L 1] 1 1 1 11
E 1/f region
z | 1
= slope = —
z & i
c
g y
| | i m
% 10 — Broadband region [
S < ul
o X slope =0 n
S A [
o
> .""""--...__ '
5
(=X
1=
1
0.1 1 10 100 1k 10k 100k

Frequency (Hz)
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Noise bandwidth: Brick wall filter

0

g * Noise bandwidth accounts for all area
£ 2 under the gain curve.
* The equation below is used to develop
a set of correction factors K, for
P o e ook different filter orders (see next page).
Frequency (Hz) \ /
< Noise .E
Bandwidth '
)
0 andwidt I ( 1 - \
B, == | G(Pdf
3 - 070
:Sj‘?‘* BW,, = Kyf.
\For 1st order K, = 1.57 )
-40 T T T TTTT T T T T o1 T TTTTT T
10 100 1k * 10k 100k
Frequency (Hz) 22
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Noise bandwidth: Brick wall factor

Noise bandwidth:

3 BW, = f,*K,,
Bandwidth :
0 1% order filter
BW, = 1.57 x f.
2* order filter
BW, = 1.22 xf.
_207
@ 3" order filter 1 1.57
< BW, = 1.16 x f.
‘®
8 2 1.22
40—
3 1.16
: 4 1.13
-60 T \HHH‘ T Hlll\i I \\\HHl I \IH\H‘ I \\HH\I
10 100 1k 10k 100k ™
Frequency (Hz) 5 1.12

23
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Noise bandwidth example

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

OPA387 | OFFSET VOLTAGE

GBW Gain-bandwidth product 5.7 MHz
R1 1k Rf 100k

Req = (Rf||R1) = v _ GBW 5.7MHz B
Equivalent noise c — Gain — 101 = 56.4kHz
resistor TR N Vout

0.99kQ

: OPA387

BW,, = 88.6kHz

BW, =K, - f. = (1.57) - (56.4kHz)

J

24

W3 TEXAS INSTRUMENTS



Broadband noise equations

BW, =

Where:
BW,

\

Kl‘l *fH

Noise bandwidth (bandwidth of brick wall filter)
Brick wall correction factor, includes the “skirt” of the low pass filter

/
—
D §
©
vs)

0.1 1 10 100 1k 10k 100k
Frequency (Hz)

-3dB upper cutoff frequency

J
= epg/ BW, \

Total RMS broadband noise
Broadband voltage noise spectral density
Noise bandwidth

25
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Example: Calculating RMS broadband noise

R1 1k Rf 100k T
l A AN z

c 10

= —-——'—_W

Req = (Rf|IR1) = 7 7

Equivalent noise S s

resistor R N Vout 5 4

} 0.99kQ ! >—<»—( B 3

—AAN— L OPA3S7 g 2
+ Lecccccaaal o
Vin 1 £

v 11DDm 1 10 100 1k 10k 100k
— Frequency (Hz)
/BWn = 88.6kHz (from previous example) )

2 2
e, = \/(enOPA)Z + (enReq)z = \/(9 nV/\/Hz) + (4 nV/\/HZ) =9.8nV/VHz
Enrrr = eny/BW, = (9.8nV/VHz) V88.6kHz = 2.92uV RMS
EnRTO - ETLRTIGTL ES (292#11)(101) - 295#]/ RMS
kEnRTO(PP) = 6Eurro = 1.77mVpp /
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1/f noise equations

Where:

e
Npormal

€nf
fo

ennormal = enf \} fo

1/f voltage noise spectral density normalized to 1Hz

Noise at lowest given frequency on the 1/f curve
Lowest given frequency on the 1/f curve

€nf

10

1

0.1

1

10 100 1k 10k 100k
Frequency (Hz)

-
s

o

Nflicker

Where:
Nfljcker

Npormal

fi
f,

=e
Npormal

Total RMS 1/f noise

1/f voltage noise spectral density normalized to 1Hz
Upper cutoff frequency

Lower cutoff frequency (typically set to 0.1Hz)

VAN
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When does the flat 1/f noise matter

OPA336 Spectral Density vs Frequency

\ __ 10000
T
If the closed loop =
bandwidth is one decade <
beyond the noise corner, S 1000 I
1/f noise can be ignored ;T S= Noise corner - If BW >400:,Z it
' h S o i 1/f 1
and broadband will E 0 40Hz usnore /
dominate. 2 N l
\ / @ 100
A
[
3]
o
2 10
0.01 0.1 1 10 100 1000 10000

Frequency (Hz)

28

W3 TEXAS INSTRUMENTS



1/f noise on a linear axis

Logarithmic x-axis

Linear x-axis

1/f is not defined at zero

Asf = OHz
Noise oo

100N+ 50n-]
N =
s s
% 10n-| 3 26n-|
c 9 £
3 o
N+ n T
1 10 100 1k 10k 100k 0 21
Frequency (Hz) T
Remember

OHz is o= time

1/f Voltage Noise Component:

T T
41 60
Frequency (Hz)

100

29
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Combining 1/f and broadband

INPUT VOLTAGE NOISE DENSITY vs FREQUENCY
100

— 2 2
. EnTotal - \/EnFlicker + EnBB

K i

Input Voltage Noise Density (nV/VHZ)

S L~
b Af

1 ut
LY L Y

0.1 1 10 100 1k 10k 100k™

Frequency (Hz)
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Calculation exercise

1. Find the total noise due to:

a.
b. Op amp broadband voltage noise
c. Op amp 1/f voltage noise

d.

e. Compute the total combined noise

Resistance

Op amp current noise

R2 200 R1 10k

AN AN
L

V-

oy

VOUT
(

3 6
7 UL OPAS827
+

VIN:2 0
V+

= V118 V218,

V_I—|[I\T|[I[Tl

31
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Solutions

R2 200 R1 10k
a. Resistance il e e
V-
k, =1.38-10"23 , T
T, = 273.15 + 25 = 298.15 | veuT
7 _ ReRi _ 10k0-2000 o : %(Ulopm
Rf + R1 10k.Q + 2000 VIN:2 0
6= g 210K g )
n R_1+ _ZOO.Q+ - — V|118 v|21
GBW 22MHz '_”FT_'”
F. = — — 431kHz
G, 51

BW, = K, - f. = (1.57) - 431kHz = 677kHz
Epy = /4 K T,R,BW, = \/4-(1.38-10-23) - (298.15) - (196) - (677 - 103) = 1.48uV

32
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Solutions

b. Op amp broadband voltage noise

Engs = (enps)y/BW, = (3.8nV/VHz)y/(677kHz) = 3.13uV rms

c. Op amp 1/f voltage noise

Chnormal enf\/ﬁ = (60 nV/\/I'E)VO.].HZ = 19nV
Ly 677kHz
Nflicker = ennormal lniffgg) = (19HV) 1n( 01Hz ) = 75.4nV rms

Voltage Noise Density (nV/VHz)

100

—_
o

INPUT VOLTAGE NOISE DENSITY

vs FREQUENCY
= 1 4 I I [[I-
E‘ r enf Vg =+18V
N
€neB -
b Il
i#
0.1 1 10 100 1k 10k
f Frequency (Hz)
fo

33
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Solutions

OPA827 Test condition Typical
Input current noise density F=1 kHz, Vs = £18V, Vcm = 0V 2.2 fAVHz

d. Op amp current noise

eni = Req * 1n = (196Q)(2.2fA/vVHz) = 0.00043 nV/vHz
En = en+/BW, = (0.00043nV/vHz)V677kHz = 0.353nV rms

e. Total combined noise

2 2 2 2
En_total = \/Enr + EnBB + Enﬂicker + Eni

En toral in = + (1.48uV)2 + (3.13uV)? + (75.4nV)? + (0.353nV)? = 3.48uV rms
En_total out = Gn En_total in = (51)(348|JV) = 177MV rms
En_total _out_pp — 6En total_out = 6(177uV) = 1.07mVpp

34
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Pros and cons of noise simulation

Simulation Hand-calculation

Simple — seconds to complete « Can be complex with many individual

Requires an accurate simulation model steps

* Provides intuition as to the dominate
error source: resistor noise, amp
current noise, amp voltage noise, 1/f
noise

Simple wiring errors can produce
incorrect results, but the simulator may
not provide any errors or warnings

Lacks intuition as regarding dominant
source of error

Best solution: do both and
make sure results compare well

36
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Verify the circuit before noise simulation

& opa205 - Schematic Editor

File Edit Insert View Analysis T&M Tools T Utilities Help
= a Bl=E B ERC...
J TR @ Mode... Ctrl+ Alt=M
= = | T &
Select Control Object
Basic | Switches | Meters 1
- Set Analysis Parameters... Ctrl+Alt+P
DC Analxsis >
I AC Analysis )I
Transient... Ctrl+Alt+T
Steady State Solver...
Fourier Analysis >
Moise Analysis... Ctrl+Alt+N
Options... Ctrl+ Alt+0

R2

99k

|-~

=

Calculate nodal voltages

Table of AC results

‘lelelel®| | |

AC Transfer Characteristic...

Ctrl+

Alt+A l

;ﬁm’ MNoname - AC Ampli2

File Edit View Process Help

40—

2 B eg T#%ﬁ\olﬁﬂ%&
[3

-

Verify circuit
Run a simulation other than
noise
AC gain and bandwidth are a
good verification
Check DC gain and -3dB

bandwidth vs hand-calculation /

N

Vuul207

{37 dB, 36KHz)

LRELL) m i
100k
Frequency (Hz)

AL e
1MEG

|
10MEG

4 Example
. G = 20l0g(100) = 40dB
s BW=GBW/G

_ 3.6MHz/100 = 36kHz

~N

J

37
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Verify the circuit before noise simulation

=matic Editor

w | Analysis  T&M Tools Tl Utilities Help

L Y

-

e BG el [TlLa~ Ol 3

v Process Help

A
xfaztk Ty

\_

Verify circuit \
Run a simulation other than
noise
AC gain and bandwidth are a
good verification
Check DC gain and -3dB
bandwidth vs hand-calculation /

——

g

T T T T T T T d
10 100 1k 10k 100k TMEG 10MES  100M

Freguency (Hz)

ERC... AR
Mode... Ctrl+Alt+ M * +
~Istl-lelelel®] | | |
Select Control Object =
Set Analysis Parameters... Ctrl+Alt+P
DC Analysis 5 File Edit View
AC Analysis Calculate nodal voltages
Transient... Ctrl+Alt+T Table of AC results 24,15
Steady State Solver... AC Transfer Characteristic... Ctrl+Alt+A
Fourier Analysis >
Moise Analysis... Ctrl+Alt+N 2
= 17.08
Options... Ctrl+Alt+0
0.00-
o
T -45]
R2 200 R1 10k @ 90
r—’\/\/\, +——"V 1351
Vee -180-
— 1
> 4
U1 OPA82T
+
([ ]
Vin e Vee
([ ]

Example

G = 20log(51) = 34.15dB

BW=GBW/G

. 22MHz/51 = 431kHz

) 38
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Is noise included in the SPICE model?

_'_E*J <0pa2188 bandwidth sim:U1 [MACRO]> - Netlist Viewer
File Edit Analysis Help

3| 2|6 g

*Notes:

E - R . . R R R R R S S N I

1. This macromodel has been optimized to model the AC, DC, noise, a
response performance within the device data sheet specified 1i

. This macromodel is based on the Green-Lis Macro-model Architect
Green-Lis Macro-Model Simulated Features: o
OPEN LOCP GAIN AND PHASE VS FREQUENCY WITH RL AND CL EFFECTS
INPUT COMMON MODE REJECTION WITH FREQUENCY

POWEE SUPPLY EEJECTICON WITH FEEQUENCY

INPUT IMPEDANCE VS5 FREQUENCY °

INPUT VOLTAGE NOISE VS FREQUENCY
INPUT CURRENT NOISE VS FREQUENCY
VOULTAGE SWING Vo U ENT °

SHORT-CIRCUIT OUTPUT CURRENT
QUIESCENT CURRENT V3 SUPPLY VOLTAGE
SETTLING TIME VS CAPRACITIVE LORD
SLEW RATE

%)

SMALL SIGNAL OVERSHOOT VS CAPACITIVE LORD ¢
LARGE SIGNAL RESPONSE

OVERLOAD RECOVERY TIME

INPUT BIAS CURRENT

INPUT VOLTAGE OFFSET

Open the net list
Double click on TINA symbol and
select “enter macro”.
Right click on PSPICE symbol
and select “View Pspice Model”
The model header lists
parameters covered by the model
The Green-Williams-Lis
architecture covers noise and

many other parameters /

39
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Running a noise analysis simulation

Schematic Editor
View Analysis  T&M Tools T Utilities Help

[ @lfore=] &d-L7] gt 2%l

|5
Q@

3 | Meters

Tl

ERC...

Faufts enabled

||

ectronic | Spice Macros | Gates | Flip-flops | LogicICs-MCUs

Stress Analysis Enabled

Enable MCU Code debugger
Select Optimization Target
Select Control Object

Set Analysis Parameters...

DC Analysis y
AC Analysis »
Transient...

Steady State Solver...

Fourier Analysis y

Digital Step-by-Step
Digital Timing Analysis...

Digital VHDL Simulation...
Mixed VHDL Simulation...

Symbolic Analysis »

Noise Analysis...
Optimization »

Options...

Startfrequency
End frequency
MNumber of points

SN Signal Amplitude

[foom— [Ha

[e
100
—

Diagrams
[ Dutput Moise
[ Input Moise

[¥ Total Noise
[ Signalto Moise

X Cancel

7 e |

7 Heln

K Select Analysis > Noise

, )
Analysis

Enter frequency range, number
of points per decade, and
diagrams

Output Noise = Noise spectral
density

Total Noise = RMS integrated
noise

40
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Simulation results

% Noname - Qutput noise3 - O X

File Edit View Process

2d BEvalg

4

Qutput noise (WiHzY2)

Help

T A~

10u—
E 1/t
T / Broadband
100n—
fony fc bandwidth filter
in )
10m  100m 1 10 100 1k 10k 100k 1MEG 1OMEGT0OMEG
Frequency (Hz)

O s 28l [~ | 4 2D
-

4

Output noisel ] Total noisel ] AC Bodel ] AL Bode2] Olutput no\se2] Total noise2  Output noize3 |E 4 |T

ﬁ% Moname - Total noise3

- [m} =

~

Make sure final RMS

value converges or

File Edit View Process Help
2d| BIG[v &g [T/l E~ Ol s A | 2]
176.9u—
final RMS value
=
@
2 88.5u—
=
had
0.0 LI R S h B S Rt s e e
10m  100m 1 10 100 1k 10k 100k
Frequency (Hz)

Total noisel ] AL Bodel ] AL Bode2] Olutput noise2] Total no\se2] Olutput n

flattens out at high

Spectral density

Integrated RMS noise

frequency.
If not, increase frequency

\range and re-simulate /

41
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Another simulation example: Filtering

Cf 1n

40

Fregeuncy response
with Cf filter

-40—4
100 1k 10k 100k

Vout:
S

Ul OPAX192

Fregeuency response
without filter

1IMEG 10MEG 100MEG
Frequency (Hz)

100u—
10u—
'
1lu—
Vout
100n—
b e, with Cf filter
10n—
in LB B S L I B B R LA |
100m 1 10 100 1k 10k 100k 1MEG 10MEG 100MEG
Frequency (Hz)
277u— =
Y }
E, = 277uV RMS
208u— without filter
Vout139u_
E, = 50uV RMS
with filter
69u—]
0T
100m 1 10 100 1k 10k 100k 1MEG 10MEG 100MEG

Frequency (Hz) 42
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Ce is less effective in low gain

Cf 1n

20—

Vout:

Ul OPAX192

Fregeuncy response
without filter

Vout 0

1k

Fregeuncy response

with Cf filter

10k

100k 1IMEG 10MEG 100MEG
Frequency (Hz)

1u

100n

Vout 10n

1n

e, - without filter

Y

e, — without Cf filter

100p~T

100m 1 10 100 1k 10k 100k 1M 10M 100M

38.9u—

Vouty g 4y,

0.0

Frequency (Hz)

En = 24.7uV RMS
without filter

En =24.7uV RMS
with filter

100m

1 10 100 1k 10k 100k 1M 10M 100M

Frequency (Hz) 43
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556n

Ce vs. external filter

Rg 1k Rf 1k 18n

e, - without filter

[V A ]
) Vout 601p -

R1 1k Vout: E I e, — without Cf filter l

i e, — without Cf filter ]

ULOPAX192  § 20p A
- J
. N ]
Vin 1 O il

+15V I
648E-15 LB LR LB LR LR R LR LA |

- ’ 100m 1 10 100 1k 10k 100k 1M 10M 100M

20 38.9u— Frequency (Hz)
Frequency Response —
Without filter B = 38.91V RMS
] / without filter
Vout g | Vout
19.4u—
E, =24.7uV RMS
Freqc‘/eir;‘cycffeizltsgronse with Cf filter
] Frequency Response , =
With external filter E." =21V RMS
with external filter
K
-20 — —_—
100 1K 10k 100k M 10M 100M 0.0 L B B L ALS. N e S s |
100m 1 10 100 1k 10k 100k 1M 10M 100M
Frequency (Hz) Frequency (Hz) 44
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Oscilloscope noise floor

BEST OK WORST

Noise floor = 0.2mVpp Noise floor = 0.8mVpp Noise floor = 8mV;p
BW limit = 20MHz BW = 400MHz BW = 400MHz

BNC connection BNC connection 10x scope probe

Tek 50.0 S/s[ 1 Acgs 5 Tek 50.0 S/sr 1 Acgs R Tek HIIE 50.0 SISE 1 Acgs
T T
5 5 1 3

AoV 5§ W T.00s ChiF 0V 1 i T.00mvV ] W 1.00s Chis 0V
< 5 1 ’v

M T.005 ChiF (Y

1
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Best practices for measuring intrinsic noise

» Configure equipment for lowest
bandwidth possible
*  Where Equipment(BW) =
System(BW)
» Use bandwidth limit feature on
scope
» Eliminate extrinsic noise sources
« Use battery or liner supply
» Use shielded enclosure
» Use shielded cables

« This may be a temporary chang
\ for troubleshooting

/Check your test equipment noise floo\
« BNC shorting cap for scope

~/

noise supply

[Battery power for low

4 )

Steel paint can as
RFI / EMI shield.
This also minimizes
thermal drift.

J
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Thank you
Extra Slides cover PSPICE for Tl no




PSPICE: AC sweep and noise analysis

R1
out1
H -
General alysis Type: AC Sweep Type
s i Linear Start Frequency:
Options: Logarithmic End Fi d
V1 1 Configuration Files P ogarm feateny
1Vac e - ¢ R2 - General Sattings Decade Points/Decade:
Options
0Vde 1in 1000k L Monte Carlo/Worst Case Naise Analysis
Data Collection . i
J Parametric Sweep Enabled Qutput Voltage: V(outl)
oV Probe Window Temperature (Sweep) ce:
= —?—0 Save Bias Point erval: 100

Load Bias Point Output File Options

Include detailed bias point information for nonlinear controlled s surces and
semiconductors (.OP)

Where output voltage: V(net_name) is used to plot voltage noise
for net_name. In this case the net name is outl
V/I Source: source_name — In this example the source name is V1

48
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Noise analysis

Add Traces

Analog

4 vanables listed

Full List

Trace Express TISNTOT[ONOISE]])

FERLEE] Analog
) fnalog

MIN( ) Alias Mames

6 vanables listed

Full List

Cancel Help Trace Express Cancel Help

\_

ﬂntegrated Total RMS noise

“S” is the integral function

SQRT is the square root function

Voltage Noise Spectral Density
* V(ONOISE) is the noise density in V/rtHz at the output

NTOT(ONOISE) = Noise power in V2/Hz * V(INOISE) is the input noise density

* Note: the “Noise” check box will give noise power in V2/Hz

) 49
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Noise analysis

R1 1k VF1
AN {
2
+ 5 s
var (2) 5T 8%
@

This slide shows the two traces
for noise density and integrated
noise match TINA. By default
PSPICE plots noise power
which isn’t very useful

~N

1.22u —
S .
3 Integrated noise
2 607.97n —
s
S
0.00 — : ————
10.00 1.00k 100.00k &
Frequency (Hz)
4.07n
N
N
<
S .
FP. Voltage Noise
o 7 .
< density
3
3.45n — : ———————
10.00 1.00k 100.00k
Frequency (Hz)

PSpice for Tl - [noise.dat (active]] o B 5

mulation Trace Plot Tools Window Help cadence®
N

=8

1.8KHz 188KHZz

Frequency

INFRIT
4

Simulation Status | Output Window  Command Window

Freq=
=A%
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