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a) Unguarded Circuit

Force/Output HI _

3 ¢

Force/Output LO
U

SMU R, = Coax Cable Leakage Resistance
I, = Leakage Current

Rput = Resistance of Device Under Test

Im =lpur + I

=N JEPA-&jEEEEgEEmqu
tEBiRsESIEEIPE

24 H bR R R RAY

b) Guarded Circuit

Force/Output HI

f@

Force/Output LO

SMU R, ; = Triax Cable Inside Shield Leakage Resistance
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Cu-Cu <0.2 pv/°C Vever  Vewm
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Cu- Pb/Sn 1-3 pV/°C VU
Cu-Si 400 pv/eC — Vg “‘
Cu - Kovar ~40-75 wv/°C v v
Cu-Cuo ~1000 pv/°C T Y |
*Ag=siver Au=gold Cu=copper CuO = copper oxide ¥ L ¢
Pb=lead Si=silicon Sn=tin Voltage Source Voltmeter
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R4}.53 =V,/1, R32.4} =V, /I R34.zr =V, /1

f_ HI /. O\ LO
\'“"'/I f:g;rﬁetgu;rent Ryyps = Vs /Iy Ryspi=Vie/ L Ryp=V,/l,
HI LO Measure voltage 1
betwesn 2 and 3 . @

3

4-Point
cpllineﬂr Probe

11 zl f f «— —
RA = (R_U._Lf + R}2.43 + Rﬂ.n + R};.zz)/‘q'
Semiconductor Wafer
\ / RE = (R_?z.u + st.u + RH._’! + R”__‘,_,)/é]-
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OUR UNIQUE HALL EFFECT SWITCHING CARD FOR TESTING MATERIALS WITH A
WIDE RANGES OF RESISTANCES

« ASTM Standard xq.tgl:!.—y INTERNATIONAL

Longitudinal resistance of graphene on silicon
substrate with sweep of substrate voltage
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DAQ6510 Switch Mainframe Hella1l

7709 6 x 8 matrix switch card E“,I,I‘g%
bias current is less than 100 pA RS 7

'_%, Matrix Crosspaint

3706A Switch Mainframe

3760 10-channel High Current Multiplexer 7053 High Current Scanner Card, 10Ch

Card

3761 10-channel Low Current Multiplexer Replacing 7158 Low Current Scanner Card, 10Ch
Card

3762 10-channel High Voltage Multiplexer 7154 High Voltage Scanner Card, 10Ch
Card

3765 Hall Effect Card 7065 Hall Effect Card

bias current is less than 50 fA

7001/7002 Switch Mainframe
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Improved Delta Mode Is EASY to USE!
pUHRYDeltatRIVAFE % T !

6220 or 6221 & 2182A

DUT

Voltage 8V = linearly changing

thermoelectric
voltages

"-"'Erw!L |

|

First Press DELTA to arm
Then Press TRIG to execute Current

Test

6220 or 6221& 2182A also
can be used with free
software Time —

delta mode i RIE
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The BEST Low Resistance Solution EVER!
BHeu A L= RN R !

6220 or 6221/ 2182A Delta Mode
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Quantum Design; Oxford; Janis
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Electrical Transport (ETO) Specifications (ior zero-field)
(Values refer to the standard 4-probe configuration unless otherwise noted)

Resistance [R]
Excitation Mode:
Range:

Accuracy*:

Sensitivity:

Drive Parameters
Frequency Range:
Current Amplitude
Range*®*:

Current Amplitude
Accuracy:

Violtage Amplitude
Range:

AC

10 w2 to 10 MO

2 M) to 5 GO (high-impedance 2-probe)

+ 0.1% typical, = 0.2% maximum; R < 200 kO
+ 0.2% typical; R = 1 M

+ 2.0% typical; R = 1 GC (high-impedance +
2.0% typical; R = 5 GO (high-impedance 2-probe)
10 nC2 RMSS typical

0.1 to 200 Hz (nominal)

10 nA to 100 mA

=+ 0.4%, 100 nA drive; improves for larger
amplitudes

10 mV to 10V (high-impedance 2-probe)
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Figure 1 simplified measurement system diagram
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=t =l
BN RS EImHIB D
AC 5 DC i&3dtb SR -
Regr sin2n- f, - 1) <
AN\ l Low s
~ : >% Poss [ Real :
~ U =
Asin(2m - f, - 1) T P Low oltage %
1 i
cos(2m- f,- ) —
« BIGRIES 100mQ ~1MQ SEEIRYNIE
» SRR SUIERN
o QKPR
. Delta EXFEAET100mQ ABILERATF 1IMQ iz,

Delta &=z AR B(RFEFRIES
BBz, PSR

TERY

Lock-in amplifier
I E_B _\k_-
Model 6220/2182A
1E-9 | T 1
1 10 100 1000
Frequency (Hz)
MINIMUMm measurement power needed
to maintain <1% noise and error
T +
1RV -
Lock-in amplifier
1pWV
6220/2182A
g -
¥~ Measurement power needed to 6220/2182A
—_ reduce thermal noise to <1% Guarded
| .~ DUT thermal noise power at room temperature . ___
TuQ 1mQ 19 1kQ MO 160

DUT Resistance
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RS-232

Trigger Link

patent ™ SRS

Low Leakage Solid State Switch

[Source Weasuro Unt Curron Proamptiier LX)

Glitchless SMU Range Changing using Secondary Feedback 6.262,6?0
{Source Measure Unit Having Secondary Feedback for

Eliminating Transient During Range Changing)

Instrument

Automatic Ranging Current Shunt 7,276,893
(Self Config Cumment Sense)

Source Measure Circuit 7,202 676
{Impedance Hider)

Dielectric Absorption Compensation for a Measurement

{Dynamic TSP-Link Network Subdivizion (DTNS))

Interface™

Mext Previous Channel Widget (Dezign)

GPIB or
Ethernet

‘“Measurement Device Display Screen with a Graphical User JRUizlizel]

KEITHLEY

6221 DC AND AC CURRENT SOURCE

=0 QQOO OO @@

—® —ﬁ =
2'Q ﬁ- iv)

=)

= I ke Cont o crmen

=

5430
2400, 2410, 6430

26xxA, 26:¢B (all of them)
26xxA, 26:¢B (all of them)

26368
Circuit in 28xxAMR26:xB

All TSPLink products: 3706, 37064, all
26x0ch (incl 2651A/26574), all 26:xB
(minus 26x4B), TOTB/T0SE, 2450, 2460,
2461, 7510, 6500, 6510, 2470, 7512,
(** Alzo on 5530's and 588x's that
include any of these instruments._)
Possible future use on 42004,

6510, 6500
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R nEn S =S

FE458H(He3 0.4K, He3/Hed 50mK) IR EZE RIS MER

> Quantum Design PPMS 12 R4, SIURE—ERE, 8/\IR&%E—E6221/2182

- HEAEIRER, 4B8MFHRARI2EIMES

- Oxford BEZMZ (51~200)

- MELRSHBER, F—ZiELEZAREAR

MNRAFERFTUAZEE

—
AR

o —F 6221/2182+24XX(26XX)

. FEFFREIES (S5 (FEFSSEIER) )

EBEII—aERH (RS

AFG30K RT3z ehmh

- AJiHc4200 WA Gt AT EEZRNFSIFIED T

EFEIAECE)

Keithley 6221/2182A
Keithley 6514
Keithley 6430
Keithley 2636B
Keithley 2400
Keithley 2410
Keithley 26048
Keithley DMM6500
Keithley 2002
Keithley 4200A-SCS
Keithley 4200-SMU
Keithley 4200-PA
Keithley 4200A-CVIV
Keithley 4200-CVU
Keithley 8101-PIV
AFG31102
AFG31152

N3 mE+HARE

KEER, B

BEHERE, SH MER

NRESWERE, W AN

Bx, 200V 1
=EREE, 1100V

IRl E e E 40V

#HFERAE 1
SHENFERIAE

FSHENMENREN

IViRiR

A DR AS

I-V/C-V ZFEARIR

CVigip

*AEZ

(EEL54E, 100MHz, 288

FeRESE, 160MHZ, 288

ItREFPricE

b a a W a0 ONONN e
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10 Gsamples/s sample rate

16 bit vertical resolution

2 GHz (-3 db) bandwidth, usable to 8 GHz

2 GSamples/channel memory

-70 dBc SFDR (In-band, 10 GS/s, DC-1.25 GHz)
1.5 Vp-p Diff @ 2 GHz

-85t0 +10 dBm @ 10 MHz to 2 GHz
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WEMEIERE PLD INH (PULSE LD)

Combinatorial laser molecular beam
epitaxy system integrated with specialized
low-temperature scanning tunneling
microscopy
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{F_a‘*+ RZEAF

EE=E RIS — TSP LINK®

GPIB < Windows PC

L' ACS Software

GROUP 1
TSP-Link

(zp;,lélp ::.xmecnttu)' S L LAN crossover cables i T T

Type: Category 5e or higher.
Length: 3 meters maximum between nodes.

Instruments

Cabling

PC Adapter

NOTE The PC Is not needed for

RS-232 stand-alone systems.

Probe Card

o ZEEFIAYTSP (Embedded Test Script Processor)

° =& (100+ Mb/s) B{T/EE, AJiERz 32 5 TSP-Link {488, BFUIRENES
- TSP-Link REEHEBENEREIS E—/\fr—ﬁa’m%s Master | SMU1 Ll - ToPC
Ffr TSP-Link T5 /i1 TSP-Link 155155 Rl M < TSPLink Out
ERPimin T R AN SMU 1 GPIB
EAIFIZE SMU, DMM, FFXERE TSP (Y28 ( smartinstruments) . Gmupfzgze": CEM  TSP-Link In
FLARRSEREE) TSP-Link R45H [T 26028 TSPLinkOut gy

© FAFBILIEESZ TSP-Link 548, SHERERNETHERS ARG  Nodes m TP Lk i
BHAILIBEZA TSP-Link TR, STREBEK

2601B TSP-Link Outlat

. Seag. GPIB

© TSP'Llnk IX—Xlgng-ljm\j:Iﬂ%Jé“B-Dm\ GNode g zxﬁ; TSP-Link In
rou f

o 38 TSP-Link {Y28£BE ISR FIFO Data Queue. el 26028 TSP-Link Out

Data Queue E'I-L\/U_i TSP-Link iﬂ;‘gﬂj’ﬁ{%—, #15-@1? GmupT_Zi:esr ::3: TSP—Lﬁ:IIﬁ

o T RIEMLA - A 26028 TSP-Link Out

GPIB

¢ 'ﬁt%’ gzﬂﬁg TSP-Link In
o WNEEZMERINEE, BUSE, HEZAINIKMLEE
o FTHRFKRMEET, EER

2601B TSP-Link Out




