VOLTAGE SOURCE MEASUREMENT UNNFT WTH M NI M ZED COVMON
MODE ERRORS BACKGROUND [ 0001] The current invention is

wo poopioe72fi el d of vol tage sense neasurenent (VSRT/US2008/055828
circuitry. [0002] Measuring electric current
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[008H] BiicodurfcRN@k ¢ntidNparihedieidofSeith&Ssenkd Mehdueemdit gnSM)
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cipaiteht 7, 098, 648. Thi s nmet hodol ogy, while sinple and
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L Sur F vi i be neasured with an error of 50% [0004]
VO RIBS S50 addr esses this issue for a two-termna
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with an error of 50%.

[0004] The invention addresses this issue for a two-terminal device, primarily when the
DUT is placed in close proximity to the force lines. Furthermore, the solution has

additional benefits compared to conventional VSM circuitry.

SUMMARY
[0005] A particular configuration of voltage source measurement (VSM) circuitry
minimizes common mode errors in measurement of current through a device under test
(DUT), even across a wide range of output voltages. The current IDUT is not affected by
common-mode errors, since the current measurement is based on the output voltage of an
operational amplifier or a differential amplifier, and the circuit configuration is such that
the current measurement is made while the operation amplifier or differential amplifier

has very low common-mode input voltage.



common- node errors, since the current neasurenent is
based on the output voltage of an operational

wappbiosizer or a differential anplifier, and thRCTUS2908/055828
configuration is such that the current neasurenent is

rade while  he g% al AN S UL RET 2L
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schematically illustrates a particular configuration
mesfsukepienbg\eS Mo oraatryreawhick wemmanvsije aiare aietmypinizedvhi ch
common node errors are mnimzed. [0007] Fig. 2
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of. the Fig. 1 configuration. DETAI LED DESCRI PTI ON
Coflf)‘ébrg}lo%he inventor has realized that a particul ar
configuration of voltpggAPHs pERGIIEAONt (VSM
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[0808%i Bre inzeryer o renlizpdithay o bartigelst configesatinp loé Voitags uelhrca
conf i ua;' st cherratlcallcylllustaatedln gr 4
MGERIER %1%[ F’:S?LP AT 2 O R R dE S e FB SO I WICE
raBCHT, oufqhit SoltSge@N Adldkb@plel o QuaPNEdFipuddionns @em¥EMIly illustrated
o] rcwtrﬁ/ where a wi de range of operating voltages is
injiig.|li wligh. ip @pe@iomuRiRimiget eonrngn mpde prOKp sl Ahis it

at%]{[lg% 25% QJO 8 g{ f%? R’@ﬁ\{[} "éllrcu%tgg x@gﬁ?g%\lvvd% l}%‘%éh tf% eI%Hﬁg %lta%es 18

utﬂfzecﬂnthe "1 ow' term nal 108 of the DUT 102 is sunk
ﬁ%ectly to the conmon, ound" 110 duri ng stress
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R4 122 form asur ement . netwark. [0011] The
ooy ER ST § B oSt ATt B iHt Brisr B! e 2
méRORnkdPriode 6PM Rt 0 the "l ow' term nal 108 of the

DUT 102, and the output 128 of the operational
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er atl 126, as well as
RE 8% e ROT2PRGER A RBIR a5 e RHE: oper at onat
[061Q! THd n-iehpHa n% Apua U danfopeedton AV 31ifleg OpABUE26L3doiled to
the differentia lifier DOffAl 136. [0012] Vinis a

they F‘J@w”éﬁlﬁﬁn@lé@fﬂ%lﬂt T 192 odddee ovtgut S ofiepparafipriahpuplifier
OI}I?K;? 19(% istégﬁpled to the inverting input 130 of the operational amplifier OpA3 126, as

well as to the non-inverting input 132 of the operational amplifier OpA2 106 and to a
non-inverting input 134 of the differential amplifier DiffA1 136.

[0012] Vin is a precision set voltage, provided to the inverting input 138 of the
differential amplifier DiffA1 136. Vmi, the voltage level provided to the non-inverting
input 134 of the differential amplifier DiffA1 136 is proportional to the DUT 102 current.
The relationship between these voltage level magnitudes may be represented through the
following derivation, where Vol is the voltage level at the output 140 of differential

amplifier DiffAl 136 and AV is the voltage level at the low terminal 108 of the DUT 102:

(1) V, = AV_Voff3 _Voffl -V



differential amplifier DiffAl 136. Vm, the voltage

| evel provided to the non-inverting input 134 of the
waledobesemt i al anplifier DIff Al 136 is proport i BCEIS1008/055828

the DUT 102 current. The relationship between these
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sti ( | (2) and rearranging ternms: _ DV
(3§u‘p &’%(/m?ﬁl‘)f"&ﬁ Rm Rm Where, ) [0013] An
advant age of the VSMcircuitry schematically
|IIustrated in Fig. 1 can be seen fromequation (5):
| rent 1DUT is not affected by
(42:— rTSVr%{JIR]er %’Fs since Vm is neasured while OpA3
126 has very | ow common-node i nput voltage (DV is kept
| ow by desi g;n) Voff3 simlar to Voffl and Voff2, my
(5§)e1 very AVow( Ve *dp )< 1.0 nmV) by judicious sel ection of
he?"bperat i ona]RmarrpI ifiers. Furthernore, the offset
error can be reduced al nost to zero by subtracting the
wyaleue of Vm when SW 112 is closed (IDUT flows via SW
112) froma value of Vm acquired when SW112 is open
(1DUT flows viag 114). [0014] In an alternate
(6e>4ﬁ é‘Vﬁtmg#I jon 150 of the Fig. 1 circuit is
itfied. In th®! nodified portion, the operational
I|f| er OpA3 126 is not present but, rather, a high
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Vae quhéaednedrvaﬁle@pfm a6 ha&WeEﬁI@Sxe@diﬁmdﬁrn[ﬁﬂaSm{ﬁE RBIRAg (AV is kept
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neasur enent s, e error can e ce
re&@¥a almost to zero by subtracting the value of Vmi when SW 112 is closed (Iput

flows via SW 112) from a value of Vmi acquired when SW 112 is open (Ipy flows via
Rm 114).

[0014] In an alternate example, the portion 150 of the Fig. 1 circuit is modified. In the
modified portion, the operational amplifier OpA3 126 is not present but, rather, a high
quality differential amplifier (such as like the differential amplifier DiffA1 136) is
provided such that, in operation, a single measurement of Vmi may be acquired, rather
than two consecutive measurements (with switch SW 112 open and closed) and
subsequent subtraction as described above. As a result of operating by acquiring one
measurement rather than two measurements, thermal noise error can be reduced by 50%.
[0015] Fig. 2 schematically illustrates, in accordance with the alternate example, the
portion 150 of the Fig. 1 circuit as modified, including differential amplifier DiffA3 202
in place of operational amplifier OpA3 126 of the Fig. 1 circuit. It is noted that, even with



[0015] Fig. 2 schematically illustrates, in accordance

wth the alternate exanple, the portion 150 of the
wo-@9/0472¢i rcuit as nodified, including differePCT/E52008/055828

anplifier DIff A3 202 in place of operational anplifier
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nunber - of conpone S con 0 pote
conhghed/ol jodgeialip b -y dRhgd dddes RR1 11@ ROpIR? CIb@Q) 1006).Mn particular,
particular, two of the three tiv nents, DiffAl
thgé the e §Vq%np%ﬁaﬁapéff%hé§$ am%ﬁpég n?ég@er%P%d% Lo
gé G Ja'nq}%rﬁgmﬁéaﬂg Qirfdk Qt}ghssﬂgglr)%foﬁ%é ﬁﬂ%l%ﬂmpermrﬁﬁnce (i.e. low
formance (i e. |ow of fset tage” and noise) 1S
ofgsenecrlaﬂgb yndbtw Base)liy gatetaiynelb E&silly agfeinhiele togettec in amive
g{ated circuits.
1ntegrat circuits.
[0019] Also, having no sensitive measurement near the output of Opa2 106 (“high” node
104 of DUT 102) means there may be no need for special protection against leakage due
to high common mode voltage at the measurement circuitry. In contrast, since the voltage
at point AV (low node 108 of DUT 102) is kept low by design, even a long the line
between Rm and the non-inverting input 124 of OpA3 126 (the current measurement

circuitry) will have little or no effect on Vpyr. Furthermore, even if a small portion of



[0019] Also, having no sensitive neasurenent near the

out put of Qpa2 106 ("high" node 104 of DUT 102) neans
W@ b@peontaly be no need for special protection ap@i/nS1008/055828

| eakage due to hi gh conmon node voltage at the

measurenent circuitry. |In contrast i nce the voltage . .
Iogie 131 @ P15 thisdlbe RSEPTEFIOBISE sy 4 RUBESTeghyARpe similar
t0A&Rh AL inOWATS -2a kRAME KRR chil BErUIRLABS A PoRBElIRated.

non-inverting input 124 of OpA3 126 (the current
[0f2@ISKindiye it vodtage wérifiqayiomior mohieréng is dediredor simpledtfeppator

RARRERRY G ol DG R0 po B2g2r by BEGRIRG R gl 1. wie

nd¥ffect bi$ IRRlapd &f heafuréhbdt dbeurgdyri | ar to a change in
Voff3 - a change that can be fully accounted for or

elimnated. [0020] Finally, if voltage verification or
nonitoring is desired, a sinple attenuator

[R4/ (R3+R4)] (i.e., using resistors R3 120 and R4 122)
may be easily used (Fig. 1), with no effect on | DUt
and its neasurenent accuracy. CLAIMS What is cl ai ned
is: 1. Voltage source neasurenent unit (VSMJ)
circuitry configured to nmeasure current across a

devi ce under test (DUT 202), the DUT having a first
termnal (high termnal 104) and a second term na
(low term nal 108), the VSMJ circuitry conprising: a
precision resistor Rm114; and a first operationa
amplifier (OpA2 106) configured with an output (107)
to drive the high termnal 104 of the DUT 102; wherein
the VSMJ circuitry is configurable to cause current to
be sunk fromthe low term nal 108 of the DUT 102 to a
conmmon sink via the precision resistor (Rm114); the
VSMJ circuitry further conprising: a second
operational anplifier (OpA3 126) having a
non-inverting input (124) configured to be connected
to the low termnal (108) of the DUT (102), having an
inverting input (130) configured to be connected to an
out put (128) of the second operational anplifier (OpA3
126) and to a non-inverting input (132) of the first
operational anplifier (OpA2 106); and a differentia
anplifier (DffAl 136) having a non-inverting input
(134) connected to the output 128 of the second
operational anplifier (OpA3 126), an inverting input
(138) connected to receive a precision set voltage
(Vin), and an output coupled to an



inverting input (131) of the first operational
anplifier (OpA2 106). 2. The VSMJ circuitry of claim
wambesein: the VSMJ circuitry is configured tBCT/US2008/055828
selectably switch the non-inerting termnal (124) of
the second operational anplifier (OpA3 126) to be
directly connected to the co@mnIMS$ nk and not via the
precision resistor (Rm114). 3. The VSMJ circuitry of
claim1 or 2, further conprising: attenuation
Weatrig alaimed isonnect ed bet ween the output of the first
operational anplifier and the comon sink. 4. A nethod

of uring current thro evi ce under test (DUT
1.5 02 VR sPiher Mo S Rt aft S SR s Een e 30 elstie
cUlRABA SRIMev B uhddr SV LTI 102?') thé DUT &idd N fiR@wrcha® (high
first termnal (high termnal 104) and a second

texreingd K4 agd poecoad trrmanal log)terming NISMthe VeIV eirquitry comprising:
conpri si.ng; rechsiQn. resistor Rm114; a first
operaa?rf%%lﬁ% %ﬁ%&%@eﬁﬂ(%ﬁz 106) configured with an
out puitirs( dfEfatidnal ghplvieert OpARI10B) t@ifigureal wiltDdn edtphthe0DWS drive
102; wherein the VSMJ circuitry is further

the Bighitejiariay| 104106 theddSd 108 rent to be sunk fromthe | ow

ter g nalin iP8veh Qﬁcﬁv%}r? i%%_fi&?ﬁgle%g%%g chB ¥ b8 shllefrom the

preci sion resistor ircuitry
lofwtetnhieal 1O8mbthesDDF: 108 ts @ comthampsdrlatin dregpreasiph irdsisesr (Rm 114);

126). having a nan-inverting input (124)
thémgﬁgaalfféf%P%léﬂ%lCBWPP@Pﬁi nal (108) of the DUT (102),
havi Ng.&f 6&Yﬁ[&nhpﬁnﬁlﬁ&lﬂgog/1§ Qb6 PRIk GHAGHinkv Bt input (124)
connected to an output (1238) of the second operational
coafigiuiefl ite@be ¢@madted Bothe dowd tarmirzal AHI8) iof therRUh g1 02N phaving an

. (132) . of first ti i f] 106) ;
infis Bt | AP SR oF e FToRIe 1389 OHiRDT (g SO nd Sebina
opeitoh AV1IfRY (DPRY Y 26)ladd o & ABAEHEREhd Bpht@ 3 DU fik? 8

of the second operational anplifier (OpA3 126), an
opierpriensl aneplifiep (PpA2 389); evhnect ed to receive a precision

isﬁf/eér/ @%%%%ﬁﬁlé%%ﬁ%ﬂfé ﬁl?ﬁ%@p %%th?%v‘llﬁng { on%?lliggerﬁgg ﬁl%ut (134) connected
to the output 128 of the second operational amplifier (OpA3 126), an inverting input
(138) connected to receive a precision set voltage (Vin), and an output coupled to an
inverting input (131) of the first operational amplifier (OpA2 100).
2. The VSMU circuitry of claim 1,wherein:

the VSMU circuitry is configured to selectably switch the non-inerting terminal
(124) of the second operational amplifier (OpA3 126) to be directly connected to the
common sink and not via the precision resistor (Rm 114).
3. The VSMU circuitry of claim 1 or 2, further comprising:

attenuation circuitry connected between the output of the first operational
amplifier and the common sink.
4. A method of measuring current through a device under test (DUT 102),
comprising:

connecting the DUT to voltage sense measurement unit (VSMU) circuitry, the

DUT having a first terminal (high terminal 104) and a second terminal (low terminal

108), the VSMU circuitry comprising:



operational anplifier (OpA2 106); the nethod further
conprising: taking a first voltage neasurenent at the

woeip672(1L28) of the second operational anplifPEF/USIDNNEBES828
126); and processing the first voltage neasurenent to
determ ne the current s the DUT. 5. The nethod of
clai m 4, IWHEFSIOR ey ‘inr];.l >vol tage neasurenent is

Vi, t he ¥akHEpRhtidnaPaRpIEtdr3OBA2ME8 &r@igufdd Wil 4 ohtput (107)
Rm and an of fset voltage between the non-inverting

ter niorgaive (hicddgh Mtﬂaél@‘éeﬁhdﬂiﬁéﬂ@ll onal anplifier

(OpA3 12 and fnverti.ng.termnal (13 of the

Sebond optharnaiaF s FIEY iy BhR Pamb bl ppdsR tupment o be
pr ocRSRiffogh the&ow itdrilinal D 3P e MR UDR R DEorhM o &InRVAA the

the current |IDUT across the DUT is consistent with the

equa&rp@ﬁonwnst%ellfme met hod of claim4 or 5,

further c [ vol t age nmeasur enment

at the ou put W%gfﬁlﬂgfﬁlﬁ%qué%gg%q%per ati onal

anmplifier (OpABsetadf) opﬁrith)nhhz&npl(f[brI(OpABtlQGthvﬁ[gﬁ na@l-inverting
124 of the second operational anpl

sel ect ed PBUHE>4iG0BRIASH Lohiot téamtnal Ay %}WQ 1QR), having
and not Valnﬁin%}ﬁng [@‘ﬁt {51'3@2&1&@11%(1% bk BHMe%éeh 't ‘ﬁﬁ %ﬁﬁ;‘)h{‘(l%) of

the step of proc fIrst neasurenent
det er m neth¢ kexoad Dpaamormd: piop B¢ ©pAITI Z6M aﬂldjdaeesncaj geerting input

processi h ond neasurenent t term ne the

current a@?%) %tﬁ%grsbﬁﬁeraﬁfma ﬁré‘plrﬁ]‘é‘?ri@é?ggfl%égnai m 6,

wher ei n:  pr ocesgtRgntiMeanhpIfRt (WRTA RO5H) HRARY fa@ﬁ%ﬂhvéﬂﬁ’g input
t he second voltage neasurenent to determ ne the

current tHPOwPnedied PUTE eetipl | 28 tg@@ppm@pqn@thnhbamphﬁer

second v e asureng volt.a

neasur erredqp%% ! aélrlﬂYeﬁén%m\?gfwgéECO\%CCtC ey g%p gision set
the preciwl@pe Neis),sh@hn cRPulddbplddso RMinich lﬁp@tf(fISE)tof the first
vol t age between the non-inverting term nal (124) of

t he secorfPesbiepaltangmiidier {Aph? AP@% (OpA3 126) and the
|nvet51 h{%gm%ig%%&%l nghg(ﬁ)g of the second operati onal

amplifier Vof f3; and
taking a first voltage measurement at the output (128) of the second

operational amplifier (OpA3 126); and
processing the first voltage measurement to determine the current across

the DUT.
5. The method of claim 4, wherein:

the first voltage measurement is Vmi, the value of the precision resistor (Rm 114)
is Rm, and an offset voltage between the non-inverting terminal (124) of the second
operational amplifier (OpA3 126) and the inverting terminal (130) of the second
operational amplifier (OpA3 126) is Voff3; and

processing the first voltage measurement to determine the current Ipyr across the

DUT is consistent with the equation:

(le + Voff3 )
o =R
6. The method of claim 4 or 5, further comprising:



processing the first voltage neasurenent to determ ne

the current | DUT across the DUT is consistent with the
wegwavenm Rm 8. A vol tage source nmeasurenment REI/US2008/055828

(VSMJ) configured to maasure current through a devi ce

under test termn

02), the S
(hi gAKIPEASF Vféﬁg‘g laﬁ%WEFf%ﬁél& Bl ge PBﬁ%m H& ) ?ﬁ[tBWecond operational
arhS[TT8: (@hA 3 Q%) with e \Vol¥LIn 6QARE [eSinfi 124 QFtﬁG 's&!oﬁﬂ' E)}()qejritéonal

resistor Rm 114; a first operational anmplifier
anlrﬂﬁ‘yer é@pAB g%)e&@lweriho aa dedthutond@a) totthe dormen tsind anid ght via
th al t g{ ?Durloz wherein the VSMJ i s
?Bretcﬁérn S%anf JP&LI) @ to cause current to be sunk from

t he Jaeiheneitenbe Ji08esoingtiefiitthedfdZerhént @ GQBMMIAe Blelthrrent
via the &recr sr on resistor (Rm 114); the VSMJ further

acgsinpira 3P A gncluddsialsorpragasyiag ﬁmsreacpndarﬁﬁasurer@m otqrpyigsathe
ué%ﬁgagilgs\élt gnon-inverting input (204) configured to
e

connec to the low termnal (108) of the DUT
7(1021fherhahbdirgfamm6v\ehdremg i nput (130) connected to
the commuon sink, and an output (208) connected to a

non-RTAGRSTINE Y firpyRitage gler%rmrrﬁénrl .ﬂres&e%};sier%rag%ﬁlgrsurement to

defiRliAd the Eu&@%@ro&%@?he sU$ %Gﬁgﬂse‘g's{lﬁt‘?&%ﬂ% i seBdd \hflﬂagé
(Dift Al 136) havi a non-inverting I nput (134)

mesnrechefiomaht fiest aultzrgatmaaz&enfent ﬂweie&mmuwoh upegaivinonal

2grn)| b gléeg A?é&%:%g? i @%}S}o&,ﬁ(ert | ?%e]? aéb%}sewﬂ age between
th& Rén-A e AHABEMIAAURD S iR @@oﬂl@&ﬁ&dﬁ% érﬁ%liﬁer((éﬁzn% 1‘26) and the

the first operational anplifier

invghng tsirmenad £ 3)) of thelse¢amd @paratipredl amplifer QQSMU £ ¢uVoffy; and

: ?] p&?rg{elﬁ% Gf‘lbeffli h\%ﬂage tg{%g%%?rflé\f}tég petgrmlg ?J?r\érrel{ fDUT gcross the
DUDIi§ em&nzqaal th®edtidhr ectly connected to the common
sink and not via the precision resistor (Rm114). 10.

The YSMJ N ¢Motdy of claim8 or 9, further
conprii¥$i ng: mht enuation circuitry connected between
the output of the first operational anplifier and the

8.COMRBR ofhd¥sourd me%sﬁr%hlla@rdl&a‘ VEMIEY EbrTRufddl tb @itlas il cOHEIR

a device under test (DUT 1 , _conpri sing:
through a device under test (DUT 202), the DUT having a first terminal (high terminal
104) and a second terminal (low terminal 108), the VSMU comprising:

a precision resistor Rm 114;

a first operational amplifier (OpA2 106) configured with an output (107) to drive
the high terminal 104 of the DUT 102;

wherein the VSMU is further configurable to cause current to be sunk from the
low terminal 108 of the DUT 102 to a common sink via the precision resistor (Rm 114);
the VSMU further comprising:

a first differential amplifier (DiffAmp3 202) having a non-inverting input (204)
configured to be connected to the low terminal (108) of the DUT (102), having an
inverting input (130) connected to the common sink, and an output (208) connected to a
non-inverting input (132) of the first operational amplifier (OpA2 106);

a second differential amplifier (DiffA1 136) having a non-inverting input (134)
connected to the output 128 of the second operational amplifier (OpA3 126), an inverting



connecting the DUT to voltage sense neasurenent unit
(VSMJ) circuitry, the DUT having a first term nal

w@ khoglae2er m nal 104) and a second term nal (| ORCT/US2008/055828
term nal 108), the VSMJ ci rcuitry conprising: a

resjstor. Rm 114 t rational
iR P i@ o3 TSR T g e e NG - U8 BapPtbegppled toan
mfﬁgﬂ%%tmm) Bm@ fﬁﬁro%ﬁabnalg nghelt (esp A6} 02; wherein

further configurable to cause current to
9.be sUikVSMbheirdvetry ollaior Siwhateit08 of t he DUT 102 to a
rec on resij.stor

VDT WP ey PTG PSRl T g ShieiE inpu

(2empdfithé BFst ai?fefrérmpﬁmﬁﬂ@t&)r (bayAng3 aonpﬂc HerWREly BehnebRd to the
(204) connected to the low termnal (108) of the DUT

coppg) sink agq ARY Vamthie yRSAtiPmEpsistos (R m( ) connected to

he ected to a
(%wn fnver ﬁél%&tﬁﬂpﬁil%?%?%ﬁe i rgggﬂl erational
anpl dtfehedtiohQaRitAoh hecteSetweash ttle bhu@uedst thafiraopdrhfiore

(DIffAl  136) hawgl%fa non-inverting input (134)
a%ﬁ%?éé?‘eﬁlet%nw put 128 of the second operati onal

1127P! A Tl o d SthSs iy @ curfiht IVt Mldc%ﬁgr t@gt?(ﬁbT 1Q2),

connected to recei a precision set voltage (Vin
coanutisang: out put coupl ed to an inverting input (131) of

the first. oper naI I|f|er A2 06 t he.

ot o ineRts DL ReuRH et Rrg et g (SR giretiuy. the
DU aRUMS RNt @Emih hfgl'lttQHﬁlnﬁlzﬂ)a) af a §8nd tei®ilnal (low terminal

differential anplifier (D ffA3 202); andprocessing the

108).rthe VoMY syevitrggompepegat to determine the current
across the thod of claim 11, wherein:

the fi rstaQ/rSflflgﬁéesﬁ%%rggl?ﬂﬁé iIs Vm, the val ue of the

preci si om fi@6bsdrionaRithalider (O§ABHD6ﬁétﬂ1f1%ﬂreﬂf\fllﬂﬁﬁn output (107)
vol t age between the non-inverti nthQterm nal (204) of

t he tpudpgte thei gl feamina 1 0hadthe QEF 10 ff A3 202) and the
Inverti ”gwﬂe%ﬁ‘tﬂé‘{/sfvﬁﬁ’%)fu%e}&%ﬁ@hﬁaﬁfe G ehdEEREAR) be sunk

from the low terminal 108 of the DUT 102 to a common sink via the precision
resistor (Rm 114);
the VSMU further comprising:

a first differential amplifier (DiffAmp3 202) having a non-inverting
input (204) connected to the low terminal (108) of the DUT (102), having
an inverting input (206) connected to the common sink, and an output
(208) connected to a non-inverting input (132) of the first operational
amplifier (OpA2 106);

a second differential amplifier (DiffA1 136) having a non-inverting
input (134) connected to the output 128 of the second operational amplifier
(OpA3 126), an inverting input (138) connected to receive a precision set
voltage (Vin), and an output coupled to an inverting input (131) of the first
operational amplifier (OpA2 106); and

the method further comprising:
taking a first voltage measurement at the output (208) of the first

differential amplifier (DiffA3 202); and

9



amplifier (Dff A3 202) is VOf3; and processing the
first voltage neasurenent to determ ne the current

WO Dig%oe2ross the DUT is consistent with the eqeel/U82908/055828
13. The nmethod of claim 11 or 12, further conprising:
taking a second voltgra‘?e measur ement _at .t he ou

ut
(128) of RGO G BT ToUPERTITASHBY 7 (S IBF fIF Gigrent across

202)ipwwitthr t he non-inverting termnal 124 of the first
differential anplifier (Diff A3 126) selected to be
12di r ethd pethohnbdrigd | .ovhdigncomon sink and not via the

pre si.on resi stor 1

P o8 ER o e ub RS i e b SR B hsistor R 114)
is R, '2@8an JERQSHIthFebdhder tRE YAl @Sy eatirflte HIALINSOM NG thé’lﬁrst

second measurenent to deternmine the current across

Bt AT (L) 264 HlerhatingifenEih 2061 obs Ersigifterentia

ne renment and the second vol tage
arﬁnggéefrlfﬁﬁm%@(?%q%gf’f&%%Jne the current through the DUT

conprb&ssing i firacidlnge tresisaaeido detkinrige tiaasighelentcross the

fromthe first voltage neasurenent to deterni ne a
Dy dig 8‘@‘@19%%“’"“111??%69‘&13 8%of the precision resistor (Rm

114) is ‘ an of fset voltage between the
non- I pyes i nal (204) of the first differential
anplifier (DR A3 202) and the inverting term nal

(206) of the first differential anplifier (Dff A3
13202) Thesmettrpd of claigmdil pr b%églsﬂimgommelsmgr st vol tage

IR TR N T
differential amplifier (DiffA3 202) with the non-inverting terminal 124 of the first
differential amplifier (DiffA3 126) selected to be directly connected to the
common sink and not via the precision resistor (Rm 114),

wherein the step of processing the first measurement to determine the

current across the DUT includes also processing the second measurement to

determine the current across the DUT.
14. The method of claim 13, wherein:

processing the first voltage measurement and the second voltage measurement to
determine the current through the DUT comprises subtracting the second voltage
measurement from the first voltage measurement to determine a voltage Vmi;

the value of the precision resistor (Rm 114) is Rm, and an offset voltage between
the non-inverting terminal (204) of the first differential amplifier (DiffA3 202) and the
inverting terminal (206) of the first differential amplifier (DiffA3 202) is V35 and

processing the first voltage measurement to determine the current Ipyr across the
DUT is consistent with the equation:

bV + Vi)
DUT Rm
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