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1. Common Instruments
1. Digital Multimeters
2. Power Supplies
3. Source Measure Units

2. Connector Types
1. Banana
2. Alligator
3. Coax/ Triax
4. Phoenix
3. 2-wire vs. 4-wire
1. 4-point Collinear Probes




& Digital Multimeters

3 DMMS HAVE DIFFERENT CLASSES BASED ON THEIR RESOLUTION
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VA > Digits?

0.000 000 00

Y2 123 456 78



VA > Digits?

0.000 000 00 Y2 =0or

» 123 456 78 0-9




VA > Digits?

1.100 000 00
0.000 000 00 2 =0orl
o 123 4586 78 0-9
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/ Power Supplies
4

« SUPPLY POWER
Speed
e Slow
O 1 2 3 4 5 6 7
= « Stable
Source/
Measure 100 mV source
Precision uncertainty = 3 mV
Voltage

Voltage and I
Current 1Tpv  1mv =200V
Resolution Current == 2

- | — |
Quadrant
Operation




é Source Measure Units

b SMU Instrument

Speed
0 1 2 3 4 5 6 7
ms
Source/
Measure 100 mV source
Precision uncertainty = 20 pV
Voltage
Voltage and |
Current 1V =200 V
Resolution Current
I
1 pA 7 A
Source +
4 Quadrant
Operation
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Measure Units

SMU

SMU

®

Source |, Measure V

Source V, Measure |



& Source Measure Units
y

Voltmeter Configuration

O HI

- IIeakage

(1‘) | = 0A @ V meter

o LO

Source | = 0A, Measure V

Ammeter Configuration

Q ) o HI
+
| meter
CV V=0V Vburden
O LO

Source V = 0V, Measure |

Ohmmeter Configuration

S

Source V

« SOURCE CURRENT OR VOLTAGE

« MEASURE CURRENT AND VOLTAGE

« CANACT ASVOLTMETERS, AMMETE
RS, OROHMMETERS

Ohmmeter Configuration

® @ <=

Source |



& Source Measure Units
y

e Source current or voltage

V  Measure current and voltage




& Source Measure Units
y

e Source current or voltage

V  Measure current and voltage

V =I1%R




& Source Measure Units
y

Source current or voltage

V  Measure current and voltage
V=I«R I d
= [ % —_ — or
R




2. Connector Types
1. Banana
2. Alligator
3. Coax/ Triax
4. Phoenix
3. 2-wire vs. 4-wire
1. 4-point Collinear Probes
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é Basic Connectors

Banana Alligator
(Safety)
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é Basic Connectors

Banana
(Safety)

SENSE HI FORCE HI

1100v 5V I 1100V
PE[\K I PEAK . PEAK

250V
SENSE LO FORCE LOPEAK

TE RMINALS .

FRONT/REAR
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é Basic Connectors

Specifications
Working Voltage: 42V peak center conductor to inner shield.
42V peak center conductor and inner shield to outer shell.
Operating Environment: 0°C to 50°C, up to 70% RH at = 35°C.
Contact Resistance: <050
Insulation Resistance: 1015(}, center conductor to inner shield (23°C @ <40% RH).

Alligator



& Coax Connectors / BNC / SMA
y

HI O
LO

Reduces noise and simplifies cabling



VA Triax Connectors

e HI

/ Guard
/ LO

Improves accuracy at low currents




VA Guarding

* |f there is voltage, there is current! /\

Coax

* Prevents leakage current within the co

axial cable Source and Guard at
Source Voltage

 Requiresa triaxial cable

* Theinnershieldisheldat V.. Outer Shield Held
at Qv

» Leakage currentis now between Guard and
Shield and no longer between Source and Sh

ield .
Triax




V Triax Connectors
4 ADAPTING TOOTHER CONNECTORS

/ Guard

Hazardous voltage can be present!



& Phoenix Connectors
y

CHANNEL A

S CATI /I S
LOLO G H G G G HI
-I-H

OO0OO0OO0OO0OO0OO0

Lo

_ Sense Hi
Sense Lo Hi



” Phoenix Connectors
y

CHANNEL A
| S CATI /\ S

LOLO G H G G G HI

BV R LIILIJ
=~ CAT I S

o 00000000

PBEF IT O
g le

Lo

_ Sense Hi
Sense Lo Hi

ERVICE BY QUALIFIED PERSONNEL ONLY.
EPLACE FUSE WITH SAME TYPE AND RATING

|EEE-488 L 1 w
0 \NTERNALOP!‘:{AAE)’ISlShEIglcEAELE“ARTS i : § 3 [ += I & & - = | .-.5

s
MADE IN
KEITHLEY] “cpina 153535




3. 2-wire vs. 4-wire
1. 4-point Collinear Probes




V 2 Wire vs. 4 Wire Measurements
4 LOCAL VS REMOTE SENSE / KELVIN CONNECTIONS

SMU
JForceHIL .\ . \
RLEAD

O W

Force LO Rieap

—AM : )




V 2 Wire vs. 4 Wire Measurements
4 LOCAL VS REMOTE SENSE / KELVIN CONNECTIONS

SMU Force HI | %D . \
OW A
[Force LO | Rieap

Measured Voltage:
VM == VLED + 2 X I X RLead

The voltage drops from the two test leads
will be added to the voltage measurement



'/, 2 Wire vs. & Wire Measurements

4 |LOCAL VSREMOTE SENSE / KELVIN CONNECTIONS

SMU Force HI \
PN O AN ®

O A
tForce LO<= '\R;\L/EAD |
~ /

Measured Voltage:
VM == VLED + 2 X I X RLead

()

The voltage drops from the two test leads
will be added to the voltage measurement

SMU

_

I
Force HI | YYY
RLEAD
Sense HI
o NN
RLEAD
Bense LO =0
|Sense LOL QM’
Force LO HEA
—0 -R/v\/\,
- LEAD




'/, 2 Wire vs. &4 Wire Measurements
4 LOCAL VS REMOTE SENSE / KELVIN CONNECTIONS

|
SMU JorceHIL 00 . \ SMU Force HI [,
[ I?LEAD

Sense HI

_

\ | RLeAD

O AR < ol (L N
|Sense LO| =

Force LO RLeap Force '—g: AN

> 9 - RLEAD /

Measured Voltage:

()

Measured Voltage:
VM - VLED + 2 X1 X RLead VM — VLED
The voltage drops from the two test leads No current flows through the sense leads,
will be added to the voltage measurement so the voltmeter only measures the
voltage drop across LED.



'/, 2 Wire vs. &4 Wire Measurements
4 LOCAL VS REMOTE SENSE / KELVIN CONNECTIONS

| I
SMU JForce HI L . \ SMU Force HI | %N\’ \
LEAD
Rieap Sense HI
o—AW
N RLEAD
OW A ) e \&
[Sense LOJ QM’
LEAD
Force LO
Force LO| Riero A |
. O—AN o ‘ _ RLEAD

Measured Voltage: Hi SenseHi Senselo Lo

VM - VLED +2 XIXRLead

The voltage drops from the two test leads
will be added to the voltage measurement




é 4-pt probe Collinear Probe

RESISTIVITY MEASUREMENTS

Current
Source

Voltmeter ‘

e

Hi  SenseHi SenselLo Lo




& 4-pt probe Collinear Probe
4

RESISTIVITY MEASUREMENTS

® [ |

SMU1 SMU2 SMU3 GNDU

Force HI Force HI Force HI Foil5

Hi  SenseHi SenselLo Lo




' ® °
/ 2 Wire vs. 4 Wire Measurements
4 LOCAL VS REMOTE SENSE / KELVIN CONNECTIONS

SENSE HI FORCE HI

(. .
1100V 5V 1100V

- R PEAK

PEAK PEAK

250V
SENSE LO FORCE LOPEAK

TERMINALS / J 7
FRONT/REAR

SMU

Force HI |

Sense HI

;Sense LOJ

Force LO‘




2 Wire vs. &4 Wire Measurements
4 LOCAL VSREMOTE SENSE / KELVIN CONNECTIONS

SMU Force HI |

SENSE HI f FORCE HI

Sense HI

1100V 1100V
PEAK PEAK
Sense LO|

Force LO‘

250V
SENSE LO FORCE LOPEAK

TERMINALS ./ J /
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2 Wire vs. 4 Wire

FOR LOW RESISTANCE OR HIGH CURRENT

MEASUREMENTS

08/31/2016 13:22.07

o Two Terminal Resistar 12

4-Wire

‘Measurement

B0 o ' 0.11Q
2-Wire
Measurement
2Q0

Guarding

FOR HIGH RESISTANCE OR HIGH
VOLTAGE MEASUREMENTS

08/31/2016 16:32.58 . Two Terminal Resw‘;TOY |44
Guarded
~550GQ

jed
:Q
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Brad Odhner
bradley.odhner@keithley.com
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Aqenda « Key Measurement Terms

- Whatis“Low Level™?

 Sensitive instruments

« Optimizing Low Current Measurements
« Optimizing Low Voltage Measurements
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Key
Measurement
Terms

Resolution vs Accuracy
Instrumentation Error
Repeatability and Reproducibility
NPLCs




” Resolution vs Accuracy
4

« Resolution: The smallest portion of a signal that can be observed

* The sensitivity of an instrument is the resolution with respect to the measured value
 Forab6.5digit DMM on the 10 V range, the resolutionis 10 pV
« This DMM has a 6.5 digit resolution and a sensitivity of 10 yV on the 10 V range

« Accuracy: A measure of how close a measured valued is to an accepted value

» Absolute accuracy: the accepted value is a primary standard value, like a calibration standard

* Relative accuracy: the accepted value is a locally established reference value, like a golden sa
mple

« Calibrationis important, this adjusts the instruments ABSOLUTE accuracy




0 Instrument Accuracy

* Instruments have inherent errors to them
« Atypical expression of accuracy is +/-(gain error + offset error).
« At the low end of full scale, the offset term dominates the error.
« At the high end of full scale, the gain term dominates the error.

Error vs. Percent of Measurement Range

Offset <
Error

0% 50% 100%
Reading % of Full Scale




& Repeatability and Reproducibility
4

« A measurementisrepeatableif...
 The same setup can get the same measurement over and over again

« A measurementisreproducible if...
* Equivalent setups can get the same measurement over and over again

So why optimize your measurements?

« Resolution is determined by your instrument
« Accuracy is limited by your instrument

« But repeatability and reproducibility can be improved by optimizing your test setu
p!




& Power Line Cycle Integration
4

« NPLC: Number of Power Line Cycles

TmSec
116mV 60Hz noise
r
/7 I 7/ \
114mV
TmSec 1mSec

DCV level
(eg.115.5mV)

Line cycle
integration

60Hz noise
Average = 0 /
7~ \\ DCV Level
4 | v v \_/ (eg.115.5mV)
~— 1 PLC —
1/60 sec
16.667 mSec

This ability to reject 60Hz noise at the input is called
Normal Mode Rejection Ratio (NMRR).
1Vpp noise @ 60dB NMRR = 1mV error.

Tradeoff: Higher speed means less accuracy

Q@
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What is
aLow Level
Measurement?  Low Current/High Resistance

« Low Voltage/Low Resistance




& Low Current or High Resistance
4

. Examples: . Examples:
« Gate leakage current of FETSs, o Resistivity of insulators such as paper,
- Testing sensitive nano-electronic DUT rubber, and plastics
S o |nsulation resistance testing of devices

connectors, and printed circuit boards

o Measuring the resistance of high mega-
ohm resistors

 |on beam current

« Light measurements with photomultipl
ler tubes

 Photodiode current




” Low Voltage or Low Resistance
4

. Examples: . Examples:

« Measuring differences between voltag o Contact resistance

e standards o Resistance of superconductors

* Microcalorimetry measurements - Resistivity of conductors

* High resolution temperature measure
ments

« Hall Voltage and resistivity




Sensitive Instruments




& What instrument should | use?
4

- Electrometer: Precision DC multimet = Nanovoltmeter: Measures only low

er voltage. Pair with a current source
» Picoammeter: Measures only low ¢ for low resistance

urrent. Pair with a voltage source fo * Micro-ohmmeter: Ohmmeter that

r high resistance specializes in measuring very small
b Source Measure Unit (SMU): sourc resistances

es current or voltage while measuri

ng current and voltage




é What about a DMM?

Ammeter Type m Typical Sensitivity Typical Voltage Burden

Shunt DMMs HA to nA
Feedback Electrometers pA to fA <1lmV
Picoammeters
SMUs
SourceMeters
DMM (Shunt) Ammeter
Feedback Ammeter
putr _ _If__ _I,'N I | Vin R
iVDUT - : IIN [
I RsHunt >
i Rout : § Vour :> Co:\:eDrter ° 4 +
|
i____ ___: VinEOV A
‘ ' o .. : ) — A/D
[ To minimize loading errors, Vour =5 - onverter
\
Vourt = IINRsHunt(1+RA/RE) RSHUNT << RDUT © °
>>
VDUT VlN VOUT =- ||NRF




v Keithley’s Sensitive Instrument Offerings
4

- Electrometer: Keithley 6514/6517/64 = Nanovoltmeter: Keithley 2182A

* Low Resistance Configuration:
Keithley 2182A paired with 6200

b Source Measure Unit (SMU): 2400 Series Low Current Source
Series, 2600B Series e




/71777777777

Optimizing - Device Connections
Low C[“'rent « Measuring Offset Current

« Settling Time
Measurements el

- Shielding

 Guarding

Generated Currents
Noise and Source Impedance




& Connecting to the Device
‘ g

Coaxial Cable

Outer

Insulation

Center Conductor (HI)

C O a X I a | jacket Center
i Shield conductor
Cables
— Outer Shield
% (LO or ground)
Center Conductor:
Triaxial Cable Outer = ot e far HI terminal for both Electrometer/Picoammeter and SMU
M M jacket
T rl a XI a | i Outer Inner Center
l shield shield conductor
Inner Shield: LO terminal for Electrometer/Picoammeter
C d b | esS - :;:_,:: i l Guard terminal for SMU

Use low noise cable to minimize offsets
The insulation resistance of all connectors, internal wiring, terminals, and sockets shou

Outer Shield:
Ground for Electrometer Ammeter/Picoammeter
Ground for SMU

|d be as high as possible to avoid errors due to leakage current

Keep connections short and simple
Use shielded cables and test fixtures to prevent electrostatic pick-up
When testing light sensitive components, use a light-tight test fixture




& Connecting to the Device
4

4




” Measuring offset current
4

Current Source Ammeter

1 [ Procedure for Measuring Offset Current of Bench Instrument:
H— HIT 1. Allow instrument to warm up for 1hour.
F 2. Place metal cap on the input terminal.
Rsource (‘) Infess 3. Select the lowest current range.
4. Allow about five minutes.

lotsat

b. Take a measurement by observing the reading on the front panel.
6. Verify the reading is within the instrument’s specifications.

7. Press the REL function to subtract the offset from subsequent
readings.

Procedure for Measuring Offset Current of the Entire System:

1. Measure the current of the ammeter with a metal cap over the HI
terminal.

2. Add cables/adaptors one at atime and repeat the test after each
new piece.

3. Connect to the test fixture or probe station with the probes up and
repeat the test.

4. In addition to measuring the current offset, apply voltage and
measure leakage current.




VA Settling time

S [ The settling time is the result of the RC time
! " T constant, or 1.
R —— Counr Vi A_)'s T =RsCspunt
* ) Example:
e of sl If Copunt =10 pF
of DUT T= Ry Copqunr
Rs=1TQ (or1e12 Q)

Then, t=10pF x1TQ =10 seconds.

i ] Therefore, a settling time of b0 seconds
| B would be required for the reading to settle
= Ry Cor with 1% of final value!




/, Electrostatic Interference and Shielding

i Ground
“ e Referenced
Signal
Conductor
E
- : dv dC
Coupling i=C— 4+ V—
capacitance dt dt
V| Electrostatic
voltage source
as/ane 10 Shielded and Unshielded Measuremenits
: of 100 Gohm Resistor with 1V Bias. : :
i JO0SEATT

| Unshielded

VN

RN ETE SRR 8

Shielh Shieh il
O

g A2y
3
i E
ﬂT LO & 1002E121
O : : ! V
Shield-to-cable / : ADOAEAZ b P e
: Noise ! lelde
capacitance : ” : - -
current : :
Source-to-shield 7 T : : : :
capacitance —I e
. v —_1 E
Electrostatic —7 :
voltage source ek ;
g 2 2 ? 2 k4 g 3 2 g g g 2
& i i & 4 & & L & u i e &
= — Tima (z#conds)



//fortive.sharepoint.com/upload.wikimedia.org/wikipedia/en/2/27/Aluminumfoil.jpg

” Leakage Current and Guarding
4

Metal Shielded Test Fixture

lpur —> Im=lpur + It
) AVAYAY v
Standoff ——= Rpur
| R, Ry ui
vV = ) hy
ol Metal Mounting Plate I L0

I
r

Connection for
Electrostatic Shielding

Metal Shielded Test Fixture

lpur —> Im = lpur
i & I
Standoff — ¢
HI oV HI
v = i W)
ol Metal Mounting Plate LO

Shield Connection
(LO Terminal to
Metal Shield of

Test Fixture)

f

Guard Connection
(LO Terminal to
Metal Mounting

Plate)

b) Guarded Circuit

_ Force/Output HI _

Metal Shielded Test Fixture

lour —> I = lpur

A ———
Rour
Ry R

||_ =0
—
Metal Mounting Plate

]
—




7

Iyt
_Furcejouipm HI 13 i —+
‘ I R Coax
Cable
I Guard :
z | O ] g Ropur
v
T Force/Outputilo _
O o

R, = Coax Cable Leakage Resistance

Rpyr = Resistance of Device Under Test

lpyr

Rour

AA"A"

SMU
I, = Leakage Current
Iy =lpur + 1
Force/Output HI

I ] Guard

v

T Force/Output LO

O .
sSMu

R, ; = Triax Cable Inside Shield Leakage Resistance

R_; = Leakage Resistance Between Shields

Rpyr = Resistance of Device Under Test

hy =lpur

1042672006 18:35:
102.2E-12

102.0E-12

101.8E-12

101.6E-12

101 4E-12

101 2E-12

T 101.0E-12

1000.8E-12

100 6E-12

100.4E-12

100.2E-12

100.0E-12

99.6E-12

26

Leakage Current and Guarding

Current vs. Time
of 10V step applied to 100Gohm

KEITHLEY

____________ CoaxCabIe (unguarded)“"“'@

= [l [} [l = [l [} [l = [l
+ + + + + + + + + +
w w L L w w L L w w
=) =] =] =] =) =] =] =] =) =]
o o o [l o o [} o ) o
-— (%] () =+ u (=] - w2 o

Time




é Triboelectric Effects
c

urrent caused by friction between i
nsulators and conductors

- Reduce the effect by: Fricoral moton

cable motion

* Use the low noise cables that are supp
lied with the sensitive ammeter.

« Keep all connections away from tempe
rature changes. /

 Remove or mechanically decouple vibr
ation sources such as motors, pumps,
and other electromechanical devices.

Outer Outer
jacket shield

Conductive
cable lubricant in
low noise cable

« Securely mount or tie down electronic
components, wires, and cables.

 Mount the ammeter or preamps as clo
se as possible to the DUT.




& Piezoelectric Effect and Stored Charge
y

Applied Metal

orce terminal |
+ —2

Piezoelectric ——»

insulator Conductive plate




” Contamination and Humidity
4

Printed
Wiring

Flux or

other chemical
— “track” and

t““"

Epoxy Printed

Circuit Board

Use insulators that resist water
absorption

Reduce humidity

Clean components and fixturing
with a proper solution

Avoid touching the circuitry with
anything that may deposit
contaminants




& Generated Currents
y

Current-Generating Phenomena

Typical
Current
Generated

1077
108
10-°
10-10
10-M
10-12
10-13
1014
10-15

Standard
cable

Low noise
cable

Triboelectric
Effects

Dirty
surface

Epoxy
board

Clean
surface

Contamination
Effects

Ceramics

Mechanical
Stress Effects

10° 0

1012

Resistor noise
In 1Hz
Bandwidth




” Noise and Source Resistance

4 Z;
Ce| | Minimum Recommended Source Resistance Values for a Typical
Z | Feedback Ammeter
Minimum Recommended

= Range Source Resistance

R

s pA 1 GQ

l A [ Vo nA 1 MQ

Vs ) Vnoise M A 1 kQ
5 mA 1 Q

Current Source Feedback Ammeter

The noise gain of the circuit can be given by
the following equation:

Output Vyoise = Input Vyoise (1 + Re/Rg)




4 Noise and Source Capacitance

i = V/R(1- eVRC)

/V

HI

Vv

LO

Capacitor

HI

IMeas

No series resistance. Measurements

may be noisy.

\

"‘ﬁwn ”H‘,”l*' 'th'g J\t!

Without Series Resistance

HI

Resistor Capl)ai:itor

VW— |

LO

HI

IMeas

LO

Series resistance added to

reduce noise.

With Series Resistance
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Device Connections

Optimizing Lo - Offset Voltage and Zero Drift
W voltage Me - Thermal EMFs

« RFI/EMI
asurements Noi

- Noise

Magnetic Fields
Ground Loops




é & Wire Method to Measure Low

Resistance
2-wire: Source V, Measure | 4-wire: Source |, Measure V
R HI LO

H| { @O Measure
Hl Source Current BZt?/\I/fgr? 2
- From1To4 And 3

IMeas

LO 4-P_oint

LO EEEIS

Wafer
Useful for Insulators Useful for Semiconductors and
Conductors




0 Other Connection Considerations
&

ommon-Mode Current
 Don't swap leads

Low voltage source
using resistive divider Voltmeter

« Thermal EMFs
e Don't use dissimilar metals
« Non-ohmic contacts — in
. Lo

« Use quality contact metal such as ind
ium or gold

N30
7y
—e

* Reduce effects with RFI shielding an

d appropriate grounding ( lew




? Offset Voltage and Zero Drift
4

suring Voltmeter Offset Voltage: Reducing Zero Drift and Transient

1. Turnon the power and allow the inst Temperature Effect:
rument to warm up for the time spe * Reduce temperature gradients in the
cified in the service manual. environment

2. Place an appropriate short onthein * Insulate the test circuit to slow down
put of the voltmeter as suggested in temperature changes so they don't
the manual of the instrument. cause a large transient effect

3. Setthe voltmeter to the most sensit
ive voltage range and zero or REL th
e meter.

4. Verify the voltage is within specifica
tion.

Q@



” Thermoelectric EMFs
y

TABLE 3-1: Seebeck Coefficients

Paired Materials* Seebeck Coefficient, Qg
Cu-Cu =0.2 pV/°C
Cu - Ag 0.3 pv/°C
Cu - Au 0.3 pv/°C
MNanovoltmeter Cu - Pb/Sn 1=3 V/°C
Cu-Si 400 pv/°C
Cu - Kovar ~40-75 pV/°C
Cu - CuD ~ 1000 pv/°C

The thermoelectric voltage developed by dissimilar - -

e g el S i * Ag = silver Au = g_n:uld Cu = copper  CuO = copper oxide
Pb=lead Si=silicon Sn=tin

Epg = Qag (Ty - T3)

A ; " Reduce Thermal EMFs:
Temperature of the Ato B o o . . o o .
junction in “C * Avoid dissimilar metals in the circuit
Tmpierne of the B io A  Keep temperature constant and allow
junction in °C ) . - ]
Seebeck coefficient of circuit to reach thermal equilibrium

ial A with . .

OB WS « Insulate circuit to prevent temperature

fluctuations
e Use currentreversal or delta method




& Current Reversal and Delta Method
y

a. Mea_s.urement'wiﬂ'l b. Measn.!rement I!.«ril:‘l'l
2. Measwre Vi b. Measure \2 Positive Polarity Negative Polarity
v v L -

E"|1f en|1f — Vemr — Vewr
I | —_

I | ' ""'M-) )'

| | D ORI SN
R
v, S — i
“) o,
W ™ e v, - e Vpe = Vemp + IR Vi = Vene - IR
Vi, = Vi
i = e 5 M- = IR
Vs
“Ir]. o L"ml' + vﬂ. - “Irh vz o 'ilr'_nml' + “Irh B vu put e 8V = linearly changing
Voltage thermoelectric
VEMII 1 voltages
L
vl_vl - 1|Irlrf:mf-|'_ 1IIrIr:1_l"'lrh-_1||"r{:mf_1||"'rh + ."’Ir:]
= orV, -V,
2 2 Test
Current I—l m I—
| [
Time —=




VA RFI/EMI

FIGURE 3-6: Shielding to Attenuate RFI/EMI Interference

Shielded
Metal : :  Cable FIGURE 3-7: Shielded Connections to Reduce RFI/EMI
Noise Shield ; ; /
: e e
Metal — cBERPOOEE . . Metal :
. d B, i s it P o . ¥ U
Safet',r Shield E — LO "'5_ e | Shield E oUT R HI E-
Measuring : T s Seesepss
, : Instrument ! HEN \ [ L0 BT
- TN
__________ : N J\ Decouple RFI
Connectin CunnectinF | to earth ground
safety shield to noise shield to
earth ground LO

WARNING

Safety shield is required when
the noise shield is more than
30V DC or rms off earth ground.




Johnson Noise AKA Thermal Nois | 1/f Noise Line Cycle Interference
e or White Noise

Noise due to motion of electronsd Varies inversely with frequency, m Noise picked up from the 50 or 60

ue to thermal energy ost often associated with carbonc Hzlines powering surrounding elec
omposition resistors and semicond trical devices
uctors
* Reduce temperature of the sour « Useline cycle integration(NPLC
ce resistance )

* Decrease bandwidth of measure
ment by increasing filtering or in
tegrate over more line cycles




VA Magnetic Fields

Area A
(enclosed)

The voltage developed due to a field passing
through a circuit enclosing a prescribed area is:

_d¢p d(BA) .dA dB
=% " &  "& """

Ve
where: Vp = induced voltage
A = loop area

B = magnetic flux density

® = BA = magnetic flux

Reduce effects from magnetic

fields by...

 Keepingleads short andloopsin
the circuit small

 Twist wirestogether

* Avoid significant magnetic fields

* Tiethe circuit down to avoid
movement

« Magnetically shield wires (Mu-
metal)

* |solate circuit from other circuits
carrying large currents that may
generate magnetic fields




VA Ground Loops

+ Hi
Exsu:llrr::'l:}nt UIS ) Ui” rﬂanumltmeter .
AVAVAY * Ex(peﬁment f f Nanovoltmeter
: source) "-"Is - ’“’||N o
Ground 1 —> Ground bus <«—— Ground 2 W\J *

< Vo /J7 [ \V

Input voltage to the nanovoltmeter is: Zem
Vin=Vs + Vg Ground bus
®
where Vi = IR < Ve |
R = Resistance of input LO connection (typically

around 100m<2)

| = Current passing through input LO connection
due to ground voltages (V) in the ground bus Z¢ey = Common mode impedance of nanovoltmeter
(magnitude may be amperes)

V¢ = Source voltage (desired signal)
V. may exceed V¢ by orders of magnitude.

Vi = Vs, since V; is now insignificant compared to Vs.




/) Device Heating

o I’-‘or temperature sensitive devices
* Keep currentslow
« Use pulsing features to reduce power delivered to the device




& Low Level Measurements Summary
4

* Choose an instrument sensitive enough to measure either low current or |
ow voltage

 Make good connections to the device and use high quality connectors, ca
bles and test fixtures

 Verify the capabilities of the test system. Check for errors in instruments,
as well as incorrect setups (swapped leads, ground loops, freely moving ¢
ables). Check the environment for sources of errors

* Apply the proper measurement techniques to avoid measurement errors c
aused by environmental factors and noise




Additional
Resources

o | ow Level Measurements Hand

00k
« Sensitive Instruments Product P

ades

« Optimizing Low Current Measurements

« L ow Current Measurements Application Note
« Capacitor | eakage Current Measurements

« Resistivity of Insulating Materials

« L ow Voltage Measurement Techniques

« Delta Mode White Paper

 Differential Conductance White Paper

« Understanding L ow Voltage Measurements

—


https://download.tek.com/document/LowLevelHandbook_7Ed.pdf
https://download.tek.com/document/LowLevelHandbook_7Ed.pdf
https://www.tek.com/keithley-low-level-sensitive-and-specialty-instruments
https://www.tek.com/keithley-low-level-sensitive-and-specialty-instruments
https://download.tek.com/document/OptimizingLowCurrent_WP.pdf
https://download.tek.com/document/LowCurtMsmntsAppNote.pdf
https://www.tek.com/document/application-note/315-capacitor-leakage-measurements-using-model-6517a-electrometer
https://www.tek.com/document/application-note/measuring-electrical-resistivity-insulating-materials
https://download.tek.com/document/2636%20Low%20Level.pdf
https://download.tek.com/document/Delta_Mode_WP.pdf
https://download.tek.com/document/2610%20Diff%20Conductance_WP.pdf
https://download.tek.com/document/1132_Low_Voltage_AN.pdf

Thank you

- Elizabeth Makley, Elizabeth.Makley@keithley.com
« Product Applications Engineer
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