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Electron Temperature & Electronic Noise
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Topics of the day

Passive Filters

e Circuit Schematics, Voltage & Current Divider, Impedance (1)

» Passive Filters, Synthetic Filters, Parasitics

DC Amplifiers

* Operational Amplifier, Generalized Amplifiers

Noise & Ground
* Impedance (2), Ground & Common Problems, Earth

Instrumentation
* Voltmeters, Lock-in amplifiers
* Breakout boxes, Signal Lines
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Passive Filters

Circuit Schematics

Process / Signal / Current

Voltages
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Passive Filters

Voltage & Current Divider

Oy

Voltage Divider:

-

Vo R;

Vi R1+Rz/

Current Divider:

o

The 15t School of Mesoscopic Physics

5/38



Passive Filters

Impedance of Passive Components

D
— 10

Resistor
_ V =V, cos(wt) B _

AAA - IV =1IR Vo = IR Vo = IhR Zr =R
Capacitor [=CV V =V, sin(wt) )
_”_ (Q = CV) VO = ]0 - (_G)C) 0 0 ( ) C 1w
Inductor . _

V=1LI V =V, sin(wt) _ |

: — X =
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Passive Filters

Passive Filters
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Passive Filters

~
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Current
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Passive Filters
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Passive Filters

Synthetic Filters

“Voltage Filters” (Lowpass)

4 )
L-filter
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“Current Filters” (Lowpass)

4 )
C-filter
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MN-filter

5th Order

~

-
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Poor man’s R-based Filters

/Cascaded RC filter \

n-order “V-filter’

- |Z

Asymmetric! |

=~ =

/ Cascaded mt-filter \

(n+1)-order ‘J-filter’

-
Z
::\I/

\_ )
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Passive Filters

Inductors & Ferrites

Inductor @ N \ Ferrite
Model _ . . Model . _
Resistance from wire ohmic Resistance from ferrite loss
W Capacitance from parasitics ‘% Capacitance from parasitics
* 0 _ abs(Z)
e R exaggerated 10 Re(Z)
Re(Z) Im(Z)
1/2 AN - —Im(Z)
I—I100 —_— N\
A
< =
N N 10-1
-1
10 Self-resonant frequency
fit = 2m[1G,
1071 100 1071 10!
f [fsrf]

Low loss but small inductance Large inductance but low SRF
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Passive Filters

Vo/Vil?

Parasitics

RC Filter
— W o .
1 WY SMW— 000 -
i B A b
100 — |
1074 | g
Ideal ;
10-8 |—R(C") i
—C(L) i
10_12 — Realistic : :
103 10° 10° 1012

f [Hz]

Parasitics must be mediated below 100 MHz
e.g. using smaller SMDs, or duplicate parts

Vo/Vil?

LC Filter

10°
10—4— 1 — RC
— LC
10—8 4
10_12 T I T - 1
103 106 10° 1012

f [Hz]

Peaking behavior must be mediated
e.g. damping resistance in serial
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Passive Filters

Frequency Hz kHz MHz GHz THz
Noise Source < > < ? — —
‘Acoustic Range AM/FM Radio Satellite
: ; : -« ; >e>
Hardwgre & P.’eoplc? Television Cellphone
(Servers, walking, ... ) - —m e ; _
(Motors, Pulse Tube, ...) . Critical Region !
10 mK = 0.2 GHz < : >
Filter Method -«— 5 ———T - -t--- >< —>
: Lumped-Element: (SMD) f IC-chip _
' leaded : - < 3 >
(lea e;) _ -~ Powder Filter
«—> 3
Difficult Region Lossy anx

LFCN 80+

TYPICAL FREQUENCY RESPONSE

3

n
=]

ATTENUATION (dB)

- W

DC FiF2 F3 F4 F5 F6
FREQUENCY

225-1550

80 225 1550

630 1020 3500

40dB rejection; often cascaded
for wider band rejection

Attenuation (dB)

10’
Frequency (Hz)
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DC Amplifiers

Operational Amplifier (Op-amp)

V, >0

1> —\W—

R
Vlo_/\/\/\/_:l>—ovo

Vi—V' =IR
V' —V, = IR;

Virtual Ground

V'=v"=0
As a Voltage Amplifier: i _Eop
Vo R¢
As a Current Amplifier: Vo = —IR¢
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Thevenin-Norton Theorem

*anything linear

N and time-invariant

R
@W@

is equivalent to

| Vih  Zefr

and

INo
Zoff

DC Amplifiers

Generalized Amplifiers
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Input Impedance

Output Impedance
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DC Amplifiers

Generalized Amplifiers

i

o
—

Voltage

Current

Voltage Amplifier (VA)

Transimpedance Amplifier (TIA)

/ (Non-inverting) \

Voltage Amp

Ax 4
~ g

Q

Q0

(L]

et

©)]
O O <€ O
Transconductance Amplifier (TCA) Current Amplifier (CA)

)

C

| -

| -

-}

U
o < < <

A

-

R¢

(Inverting)
“Current” Amp

~

Input Referred Noise

Voltage Amplifier (VA)

4

v=Aey

“Current” Amplifier (actually TIA)

L

v = Rfe
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DC Amplifiers

Amplifier Noise Model

_OVO

Shot Noise

Thermal Noise
L ey =0 Flicker Noise
- e2 = v? Burst Noise

Avalanche noise

(ey — V) smaller for larger R

Noise PSD

"

S‘Our problem

\ 4

>

*Bode Plot &
;:r

___red
pink
__white
___ blue

violet

.‘,'4“4' PPN

~1/f2 ~1/f i e

Frequency

White: Thermal, Shot
Pink: Flicker

P Texas
INSTRUMENTS

Op Amps For Everyone

Ron Mancini, Editor in Chief
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Noise & Ground

Noise & Interference

“Intrinsic” Noise

Thermal
(Nyquist
-Johnson)

Burst
(telegraph,
popcorn)

Noise Voltage

Flicker (1/f)

Frequency [Hz)

“Extrinsic” Noise

i.e. EMI
Radiative
—p
— —
Source—é Victim
l
4 B llnductive — ‘ Capacitive

— ﬁ-
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Noise & Ground

3 The Gr ds for Gi \dir 137
31 Grounding an Inroduction 137 3.1.4.1 Myth - Current Goes to Ground 147
SECOND EDITION 311  “Grounding” One Term, Many Imports 137

312 The Grounding Symbol - Adding to the Confsion 141 3.1.42 Myth - Grounding Brings Everything to Zero Potential, Reducing Touch and Step Voltage to a Safe Value 148

313 Grounding—A Historical Perspective and the Evolution of the Term 144

GROUNDS S TG = TREDCICTIDERS 17 3.1.43 Myth - To Be Safe, Add More Earth Electrodes 148

3141 Myth - Current Goes to Ground 147

FOR 3143 Meh o B St Ada o Bt B 1 S Volage o Sl Ve 14 3.1.44 Myth - Earth Electrodes Keep Us from Getting Shocked 149
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Fundamentals of Grounding Design 171
Ground-Coupled Interference and Its Preclusion 171

Grounding May Not Be the Solution; Rather, it is Part of the Problem 171
The Good Earth 174

Controlling Common-Impedance Interference Coupling 176

Ground: A generic term to be avoided, unless used in conjunction with another term, such as “safety ground.”
Contollng Common mpedancs [neteeace Coupling 17 Reference: A system of conductive paths among interconnected equipment that reduces noise-induced voltages to levels that
Desning Nowe Tolerm chs 186 minimize improper operation [1].
o e D e 150 Signal Return: A current-carrying path between a load and the signal source. It is the low side of the closed-loop energy-
e e s 1) transfer circuit between a source-load pair [2].

Fundamental Grounding Schemes 189
Multipoint Grounding (MPG) Scheme 197 . N . . . . .
§f$§vé’§“;$ﬁ’§:’£fiﬁ:ﬁiﬁisi"&“ o o Earth: The conductive mass of earth, whose electric potential at any point is conventionally taken as equal to zero [3].
Emrmis st G S T 21

Distributed Single-Point Grounding 208
it Grounding. 209 > 150 p
e Grounding 212
“Nested” Grounding 212
Grounding Trees 213

Objectives and Basic Design Considerations 213 * * ry ry 3 I - *
Ground s Desn Nethodoloy 214 fog and to demystify its concepts. Experience plays a prime role in the final choice of the system’s grounding topology. This
Step 1: Identify System Architecture 214 X X = . - .

B Do Gl Come e e QDo oo experience is typically system-specific and is thus not generally transferable to the grounding methodology of another system,
Step 4: Identify Chassis Isolation/Connection Requirements in Subassemblies 216 & P ¥ & 5 &
Step 5 Define Common Grounding Poin (CGP) Locaton 216 even if they employ similar electronic technologies and applications.
75 e e oo Conpcti e e s 0 0O 21

Step 8: Consider “Special Cass” Potentialy Leading to Violaion ofthe Grounding Scheme 220 " " = = = = " =
SR e T UL ] D increased, leading to one of the greatest myths associated with grounding, namely the belief that a “good ground” was syn-
Seb 12 Dol th Powr Supply O Specihcaon. 223 onymous with good EMI control measures. It was assumed that a good earth connection is mandatory for achieving reliable
il of wich e Power Supl Opertion 224 ' : ' : _ — E—
T T e e e s 227 exists and a sufficient path exists, current will ultimately flow. Furthermore, ground connections are bidirectional and as cur-
Tsolation Requirements and Testing 232

Smni oo 31 rent flows into it, it is expected to emerge from it elsewhere; similarly, noise generated somewhere else in the system could
Definition of a “Ground Loop” . . . . ) . . =
S T e - oS 59 emerge from this ground connection. AC currents of course flow back and forth in their path; Ampere’s law implies that in a
When Are Ground Loops Not a Problem? 240
Ground Loop Interference Coupling Mechanisms 240

Cromn Looy Tatmimenon D o ot Tmbelance 243 Obviously, what the system designer had in mind was that the equipment installed in the rack would benefit from isolation of a
Application of the Transfer Impedance Concept to Ground Loop Interference Coupling 245 * . . . . . . .
gffun:f;nlnp“r'ngn-f-mné Fr.f‘?\,m;cmf&.m i CA 0 DM Inerfernce Convesion 250 grounded bus bar from the “noisy” rack, believing that in this manner a “quiet,” interference-free grounding system would be
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Resolving Ground Loop Problems 255
Commn e s (s i Chk) 9 A single point ground that is effective over a large area is not possible.
ptocoupesand Optalolatars. 263 . : : - : -
Capociive Couplnoltors 264 A common mistake by designers and installers is to have the bonding network connected to the facility steel at few (e.g. two
el ook g Sposd ifrentl Tumsoas 268 or three) points only. The connection should be made to an earth return either at a single point, or at as many points as possible.
S::;‘ny)ﬁsxi;‘fmc‘: Teolion Techniques 270
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Instrumentation

¥ Chapter 8 Grounding for
Lightning Protection Systems

H Chapter 9 Integrated Facility and
Mobile/Transportable Vehide
Grounding Systems
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;’rozfleshootmg Grounding o D surges propagating down the electrical power distribution network away from the building. With the nonzero impedance (ran-
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Noise & Ground

Impedance in Distributed Circuits

NI KX KRR X R 02 =11 () = 0

{ k =\/(r+iwl) (g +iwc)

XX R E XXX R Y XXX 2=V +ioh/(g+iwc)

vV, e Return current minimizes (RF)-impedance

I"=§dll‘l, Vl:jdlE, ZRF:I_" . ‘/llzfdz)(pj))lsNOTzero

The 15t School of Mesoscopic Physics 20/38



Noise & Ground

Ground = Current Return Path

"U-Shaped" Function PCB simulation

semi-rigid generator Spectrum
coaxial jig analyzer
el
i *
: RF current
: Wide bonding probe
strap
{Jjumper) -
" + Coaxial
fressecncenanenen 1 load
40
35
<
30 [
: \ Low-f High-f
g PN
2 b N
2
5 15 \“*\
ER) B S
= l--l-.-.--'-"'-"'--—-_.
5
0 |||||||||

0o 1 2 3 4 5 6 7T 88 9 10
Frequency (MHz) (a) (b}
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Noise & Ground

RF-PCB examples

Optional “selective stitches” to
the shunt metal plane

Digital

Digital

DiA

(Recommended in lower-frequency
analog circuils) SEizeeen

Solid and massive metal

Analog plane underneath the PCB .
connections %

AGND Planelet 1

AGND Planelet 3

Analog (]

Capacitors or 0 ()

a 4

(a)

Digital

Digital

D/A

Resistors
(Package 0402 or less)

Optional pairs of pads for bridging
the gap in the return plane

Digital
device

Solid “Stitches™ to the shunt metal plane
(recommended in HF and digital
circuits)

(a)

®©
(1) Very bad

(b} (7) Good

gl g

Mounting pads protrude
Bt into gap
Innnnnmnmn

80 to 120 mil

o ADC
Partitioning gap
" in the return plane
Digital
device TOOO0O00
09 Resistor
(Package 0402 or smaller)
Digital DGND planelet
connections
ﬁ {.:| l.?
=~ =
? [ -
(2) Poor (3) Good (4) Even better (5) Better still (6) Best

Standard MLCC chip design

G-

(8) Better (9) Better still (10) Best

Low-ESL (LICC) (“Reverse Geometry™) MLCC Chip Design
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Noise & Ground

Problem 1: Ground Loops

Sysiem#1  Nom-isolated  gysgemgz  DCHsolaled  gysiem #3 K Solution 1: find the loops \
| interface interface o ‘

| ", | |

it | =

| —_ i| |l. i

ST /L *:f 77 .
D,

Ground loop

e

ESGC
N - (safety ground) e Solution 2: use isolators for comms
% S:ign:ﬁ reference : : S
ﬁm \\ %%%%%%%%%%%%% SUUCHE e N s B = = 6

e o L
USB Isolator: Ethernet Isolator: GPIB Isolator:
Vi ot v, LTP2834 EverStar MI-300 GPIB 120-A

Shielded
Cable

e Solution 3: make loops small

Re<> Vg
L

EMF has to drop *somewhere*

AC loop is still a loop
Also, hot loops too

The 15t School of Mesoscopic Physics 23/38



Noise & Ground

Problem 2: Bad Cabling

Common impedance coupling * Solution 1: One Star ground for one system \
Power supply Daisy Chain Star Ground

Signal reference
structure

o o e [
Inevitable in BLDG GNDs Prone to larger loops
Single-point (series) sm————— e e e | ! ! !
Single-point (star) : : emeean . | | |
Multi point ======= -:r ------- E ------ 3 + : ' '
0.01 0.1 1 10 100 1000 10000  Frequency,
MHz
Electrical safety | — ' : .
' salety e Solution 2: Just... clean up
SPG I
GND
Power
source V4 7
——
Reference
structure

Figure 4.30 Commonimpedance coupling is not eliminated in the
“daisy chain” (series connection) single-point grounding scheme.

/
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Anodized areas = bad conduction Not enough

mm

e IO 1y BN
S e

T

h

Too thick

™

e
|

7

Alligators and bananas are weak

4 Azlg

Ideally, a crocodile (alligator) clip should have a very
low electrical resistance of under 0.1 £ . However,
typical budget test leads often range from 0.5 Q to :
1.5 Q due to thin wires and poor a eSS
Crimping. @ EEVbiog +1

Resistance between grounds are
competitions in mQ ranges!!!

e

Noise & Ground

Problem 3: Bad Connections

Figure 2F Bonding conductors
Only use bonding conductors where direct metal-to-metal bonding is not practical

Long wire is OK for DC-60Hz
but poor for higher frequency EMC

Minimum wire length is better for
control of higher frequencies

Solution 1: Sand away anodizations

X

Short, wide braid strap on its own is
good up to approximately 3MHz

Short wide metal plates (with multiple O

bonds) are better for controlling high
frequencies, but direct metal-metal

bonds are the best O

The 15t School of Mesoscopic Physics
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e/ .
50 cells

Figure 13.170 |llustration of the manner of peak noise voltage
distribution throughout the 2500 meshed circuit nodes across the
power and return planes.

Noise & Ground

Problem 4: Antenna

Shortest Antenna
= Quarter-wave

1GHz=30cm
Lumped if <3 cm

Equipotentials in
‘Perfect’ Grounds
extend < 1/10

K Solution: Compactify your setup (short cables)

ame o8 08000048

sséoase.
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Noise & Ground

Problem 5: Bad Neighbors

* Solution 1: Find the perpetrator

ST HN A [T Do you have any of the following?
vgiU@_ﬂ“E A@MENT |

Pumps with faulty insulation; computers connected
to the clean ground; fans that are not grounded;
incredibly huge ground loops by freshman who is
powering their system using outlets across the
room; sentient outlets that spark when no one’s
looking; personal elevators; personal satellite dishes
and satellite systems; anything that gives off a lot of
EM waves; an idiot who mixed neutral and ground;
ninjas touching my experimental setup; Zeus
shooting thunder...

Not being crazy, just wondering...

Flocra+1

e Solution 2: Isolate & Filter power & use Earth

T KRN EL

= | |llISCHAFFNer
FNI24E-10.06 P

250V s0m0H
TAGAD'C 2508521 avon

UK
(=]

Basement
IDC retur

A

— Moy v
Tel cahles ‘lt:':l“:"_—ff t — yzxx—  Inizrcom
Banding ring conductar and build

‘l. e ) J.Jj
- N P

e ..
¢ A ; i ik : Isolator AVR : Power Filter: New Earth
Tocwbdemie o fomndaton s Powertek IT-3000 FN9246-10-06

reinforcementring condector

Figure 417 Mesh-bonding network installation inside a telecommunication building [3, 4]. Sowrce: ITU-T
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Noise & Ground

Earth ”Ground”

* App note: How to check Earth isolation \

NEW

If Vdc #0, then these two should different

Earth is a VERY bad conductor \ You can get “negative” resistance readings... /
Soil : Copper = Glass : Soil
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Example: Before & After

Noise & Ground

= Anplication case to Gated device
with 2-port current readout

= Assumes all COMMs are isolated
to BLDG ground from single
source
+ Power Ground: preferably
wi power filter & cut from
BLDG
“Main” Ground: preferably
EARTH for ELDG noise

return
Voltage filter: FB-, R-, T-, ...

i

Current filter: input C-, -,

Device: integrable w/f
\ — via appropriate coldfinger

LIA

A
\

N
\

UA0L

DF

4K

Still

Cold

= our |
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Noise & Ground

Example: Before & After

= 1 MHz

1
y

_>

Note: the pre-amp is’
always most
susceptible to noise
pick-up!

(d'_

= Application case to Gated device
with 2-port current readout

= Assumes all COMMs are isolated
to BLDG ground from single
source
+ Power Ground: preferably

return

Voltage filter: FB-, R-, T-, .
Current filter: input C-, m-,

Device: integrable w/

\

WA=y
=1 | P Tfi
k) b T Jo-silter 3-filte
~ 3 MHz o M
I__ H L- La —
ik H: DF
- 50K
o T
T 4K
i
T Still
i
wi power filter & cut fri T
- Cold
i
LIA Tl
= s MXC
E % For Thermals
@ W FPC = TWP = Coax
For Shielding,
o FPC > Coax > TWP
via appropriate coldfinger 5 For OOL
TWP > Coax=FPC
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-3dB  S21

Lowpass-filtering

Frequency Domain

n
—p

fags Freg

Time Domain

A

Instrumentation

Using Voltmeters

Lowpass-filtering Waitless Measure

Uniform
a1 .
<
(NN
=
Time
K2000 response delay [ 2 ms Bin Count of 10001 ] Jitterin g
| | | —K2000—1 | 4
[ K2000-2 %) r [ —
= —
| = ]
.
20 40 60 80 100 Time

Delay [ms]

Clock: 1 NPLC = 17 ms T is for ENTIRE system

Fridge LPF, DUT, BOB, Ithaco 1201, K2000...
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Itj (nA)

Using Voltmeters

Measuring a Tunnel Junction

bl , early ]
gl Smoothing by 10/800
6f O |
4l
2 -
O _____________ ___...H.__/7_l€_—_{_'/_' __________ ;____
2L / %
y ",
-4 My /Mt r"“ﬂ M“m ~
ww'*“”“wvwww hw"nq f,v* O i
6 f - LL‘\ J'F O ot
. 1 \ )\4 "&; 9
© / Probably ‘real” -\ /
-10 1 ! ! \R__l__'— 1 ! !
06 04 0.2 0 0.2 0.4 0.6
Vitj (mV)

60

50

140

30

120

di/dV (uS)

1tj (nA)

1tj (nA)

Instrumentation

SNR vs. Measurement time

(pro 90): JJ1-j 1(9-6gbnc)V(9-11) N(5)
0 wait

44 s/Iine/

-0.6 -04 -0.2 0 0.2 04 0.6 0.8
Vi (mV)
(pro 89): JJ1-j 1(9-6gbnc)V(9-11) N(5)

0.1 wait
125 s/li

06 04 -02 0 02 04 06 08
Vij (mV)

diidV (uS)

diidv (us)

Data Vi = Yo + X;
Mean y=N"1Yy,
‘Error’ E=YV;—Y

Noise €rms = /N‘l > €?

By Central Limit Theorem,

€rms/¥ = 1/VN ~ 1/\T

101 -
';:‘ 100 J
©
3
2 101

1072 : : ,

0 50 100 150
Time perline [s]
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Instrumentation

Using Lock-in Amplifiers

s )
FREQ Low Noise  50/60Hz  100/120 Hz
Differential Notch Notch
PH AS A Amp Filter Filter Gain
Voltage
AMPL e Y'Y
S we—
warrent | DC Gain
Offset
Expand
a90° Low
Phase Pass | Y Out
Shift Filter
Phase
Sensitive L
Detector R and —O R
@ Calc—o @
I —
Reference In Phase Low
Sine or TTL PLL /\j Shifter [ — Pass X Out
Filter
Discriminator Phase Internal Phase DC Gain
Locked  Oscillator Sensitive Offset
Loop Detector Expand
>—€) Sine Out
>—e TTL Out
SR830 FUNCTIONAL BLOCK DIAGRAM Discriminator
A

The 15t School of Mesoscopic Physics 33/38



Instrumentation

18 dBloct DC gain (dB)  min time constant
<62 10 ps
<92 30ps
<122 100 ps
<2 N0} Rule of thumb per frequency f<< f; s
< ms
E%{El % w 24 dBloct DC gain (dB)  min time constant
OCl <
2 dBloct (8T T <112 30 ps n - . . ’
1 n wp TCON t>max(3/f, 10 ms
o y Th
18 dBloct 31(32T) 9T <152 100 s e traditional definition of dynamic reserve is the
24 dBfoct 5/(64T) 10T <182 300 ps ratio of the largest tolerable noise signal to the full SLOP 24 d B
scale signal, expressed in dB. For example, if full SYNC W.r.t. 200 Hz
Syncl'ronuus ﬂueﬂ“g eﬂeﬂtlll'ely I'Emﬂl\.‘es OUIPUt Sensitivity Low Noise Normal  High Reserve E3 . *
components at multiples of the detection frequen- T =5 5 o WAIT T>3*t
cy. At low frequencies, this filter is a very effective 20my 4 24 34
way to remove 2f without using extremely long om ’ 2 hre
lime constants. 2my 4 34 54 COuP AC
AC coupling removes the DC component of the 1my 10 40 60
signal without any sacrifice in signal as long as the g% w ;f gﬁ gi GRND test
frequency is above 160 mHz. 100 pv 30 60 80
SENS > 3* max signal
the user. Float uses 10 k& and Ground uses 10€2. E SRB30 Lock-In
This avoids ground loop problems between the 2‘3:;' A
experiment and the lock-in due to differing ground . . . . .
pofentials. The lock-in lets the shield 'quasgi-goat' in a The notch filters are simple single stage, inverting RSRV as low as possible
order to sense the experiment ground. However, band pass filters summing with their inputs to
noise pickup on the shield will appear as noise to I T remove 60 Hz or 120 Hz. Each filter has a depth
the lock-in. This is bad since the lock-in cannot . iy ey el e FILT BOTH
SNR(FREQ) ROOT-AUTOCORRELATION
: - 800 | 123
12 50 f
700 \
= | 122p R
e ;— . N : N P
1 g DAAAA L MU M ASOAAA T s A L
600 . 5 4 : BT/t .‘-“\‘-"“v‘*‘T,;\V N SR A YR £ 1oq I
i o '
=08 500 3 a - 221Hz e -~ 221Hz
2 @3 Sl y. 211H o - 211H
e -G — MEAN ; Z 3 Btz x ' _ Btz
= % SDEV*100 | 400 5 = S e — — —
ZOG‘ 5 SNR = O 84 Hz O G d F . 84 Hz
o) = Q2 38 Hz < 119F (0]0) requencie 38 Hz
O 300 ¢ O 36 Hz ! 36 Hz
z 3 | 37, 87, 220
E L TalB |p—————— - - — [
200 =1
¥ 5
0.2 ‘Xxxx-x_x-xx-xxx)(@ 100 = 147 F
~— A
0 — — — —[= —
0 O 1 1 1 1 1 1 1 -1 6 1 1 1 1 1 1 1
0 0.5 1 1.5 2 225 &) 15 -3 -2 - -1 0 1 2 .3 .
FREQ [Hz] TIME [s] 10 The 15% SchpelafiMesoscopic Physics 34/38



Instrumentation

Using Lock-in Amplifiers

TIME CONSTANT SENSITIVITY
W COVLD méde W OVLD
u 128 Frequency

. B maoiy o f < faas
I1Z1 Hms i Ex Hnv Time Constant
(2] e (2] « Kinda like averagin _ ,
— &g Lock-ins are NOISY machines
I~ [ * t.>max(3/f,10 ms)

Sine-out is connected to power!
Couple, Ground

W oD B HIGH RESERVE o Try a”
- B ok R
mA-B eserve H
=i Wi mowuo  As low as possible GaIva.nlc
P Isolation
() () o]
M B H WAIT 1:1 Rpc
o © S>3t
10MWi250pF 10MWI25pF _T_ Raiv
o
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Instrumentation

Breakout Box Switches

@ v v E e @
mwwmwa

Non-capacitive leaks in most SPDT switches!

Common-Impedance Coupling

-

DUT
S1[ D1 S2 [ D2
G1 H1 G2 H2
R e g
Earth ﬁﬁ Ri2|— Ry3i—
................................ <
— /777 Chassis
Solution 1 e Solution 2
Switchless BOB Good Rotary switches

~
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Instrumentation

Signal Line Crosstalk

Raw 14: LI-BOB(Pin01)||BOBconn(Pin11)-LI

10

Signal line leakage
Twisted-pair Wiring Crosstalk V2V g g

] measured w/ TIA

Coeigh T @ 1kHz w/ 1Vrms
/N\ Cpair } : N xiv X: o7 Raw 13: LI-BOB(Pin01)||Fischer(Pin11)-LI
N -~ Y BOB ’ S >

Distributed Capacitance

Vout/ Vin
S
£

Freq [Hz] §
. Signal Line Crosstalk @ SL
In Bluefors wiring, ) N .

Cheioch ~ 20 pF
nelgh p Raw 12: L-BOB(Pin01)]|uDsub(Pin11)woQDevil-LI

Fridge T
Cpair ~ 220 pF ridse 'op .

S
S

In Belden 9993 Qdevil
Cneigh ~ 3 pF/m < > {
Cpair ~82pF/m il

Coldfinger wik

10? 10° 10 10°
Freq [Hz]

Vout/ Vin

Raw 10: LI-BOB(Pin01)||Socket(Pin11)-LI

)
&

=]
]
>

d [
< »

All adds up to ~ nF Crosstalk returns @ CF .. #
Mixed noise path 100nF T X
! 1 s

Freq [Hz]
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Take home messages for ‘fastest’ route

1. Start by planning out local grounding/filtering scheme
2. Make good BOB, SL, CF, & cryo-cabling

:: strong GND connection with low res. & imp. paths
:: good HOT-GND isolation (10 GQ) & low crosstalk
:: small SMDs (R, C, ) and thick & tight shields

> Extra avoidance of low-frequency noise pick-up by
:: strong GND for electrics (low cap., GND res. & imp.)
:: mu-metal for magnetics (low mutual ind., add cond.)

> Extra avoidance of high-frequency noise pick-up by
:: good shielding with quick GND returns

> Keep things perfectly fixed from vibration (tribo. & pick-up)
> Keep things perfectly thermalized for more than 10 cm
Strong wideband filters, appropriate cascading & positions
4. Optimize GND network

> Short noise return path (low res. & imp.)

> Try ALL COMBINATIONS of GNDs, EARTH, & FLT
:: Local GNDing should start with the Star scheme

5. Optimize measurement protocol for reliable testing
6. Most corrections seem to be done in reverse order

w

[Sherz & Monk] “Practical Electronics for Engineers” [Pozar] “Microwave Engineering”

[Horowitz & Hill] “The Art of Electronics” [Sedra & Smith] “Microelectronic Circuits”

[Joffe & Lock] “Grounds for Grounding”

[Williams & Armstrong] "EMC for Systems and Installations” [Ott] “Electromagnetic Compatibility Engineering”
[Park] “Coherent transport of 2D electron waves: ...”, Ch. 3
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