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PONER CONVERTER Subj ect of the invention The present

i nvention cong ﬁ5¥§bf§§E¥gce such as 5 a power converterpéélﬁhégywﬁ%ifr

nodul e made up o atic switches thenselves conpri

sem conductors. Exanples of power converters are choppers and
i nverters. Technol ogi cal backgPEHER &ONVERTERyention 10 .
I nverters, and nore particularly vol t age i nverters, are intended

to prowde an A volta froma DC vol t age. A particularly
i nportant fiel 1§ oHEventiQn tpe variabl e-speed control  of

synchronous or 15 asmﬁ:msmnst nﬁﬁheﬁeson concerns a |d33\i1ﬁ:i§h5l&ﬂe ?sit IS
necessary or t ented eac ase 0 a
e hranoue " 3 B8R0 canyatfLe | JBY DL LRRLERER! ol ¢ h hadk TaE %
phase vol t age shedtiem weiwdlchesas themeeiigeposscdnhmrimmgma set of

frequency-var yidyg toAIP! | EUdENRLYi nge  RAlNeedconvettaysOl dale
t hr ee- phase systen1 e voltage TAVEr ter
choppers and inverters.

Technological background of the invention
10 Inverters, and more particularly  voltage

inverters, are intended to provide an AC voltage from a

DC voltage.

A particularly important field of application

\— is the wvariable-speed control of synchronous or

15 asynchronous machines.

In this case, it is necessary. for the load,
which may be represented by each phase of a synchronous
or asynchronous motor, to be provided with a three-
phase voltage system which is as close as. possible to a

20 frequency-varying and amplitude-varying balanced
sinusoidal three-phase system. The voltage inverter is
a device which makes it possible to achieve this goal,
and which generally wuses arrangements of power
components such as thyristors, GTOs, etc.

25 Recently, new types of static switches have

. been appearing which may be defined by the term "IGBT"

~ (Insulated Gate Bipolar Transistor). These devices are
controllable components, in the sense that one can at
any moment prescribe the current required in the switch

30 by adjusting the voltage on its control gate, whereas
for the old generation of switches represented for
example by GTOs or the like, it is only possible to
decide the moment at which they turn on and the moment
at which they turn off.

35 This implies, according to the prior art, that
is to say in the «case in which only GTO-type
semiconductors are uéed to produce the inverters, that
they cannot be used without an associated protection
circuit (snubber circuit) which makes it possible to



a devi ce which nmakes it possi ble to achieve this goal, - and which

Yyenerally wuses arrangenents of power conmponents such as thyristors,
GIGCs, etc. 25« Recently, new tyges of static swtches have
been appearing Whl ch may be defi ned by the term"I| GBT" (I'nsul ated Gate

Bi pol ar Transisto These devi ces control |l abl e conponents,. in the
selrcl)se t hat onec‘?fé#%]t en anfﬁ%ﬁ"?é‘ﬁf tageScr iBEAHe chPFéRt rEeRfmIRALen the
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according to the Rrd § t hat is to say in the case in which only
GIO-type sem condu ors are used to produce the inverters, that

they cannot be used wiQ@modheanotbeuscilhard, prin edHeoncase cofcmwit(@hneﬁs)ber
Circuit) whi Chedmies #iomOBEBP! SethPconductors, it will he possible to
- 2- control the overvoltages across their term naﬁ S.
dispense with a~ protection circuit. Indeed, by
switching the current as rapidly as possible so as to
10 reduce losses and by avoiding the creation of
prohibitive overvoltages, it will not be necessary to
add this protection circuit. |
Nevertheless, to be able to reach these limits
N and make the most use of the IGBT component, it is
.15 necessary for the inductances of .the wiring to be
reduced to very low values; this again being difficult
to achieve with conventional housings such as those
used for GTO-type semiconductors.
IGBT semiconductors are usually arranged in
20 module form. In practice, the IGBT .semiconductors and
their anti-parallel diode are placed in the same
housing. The construction of the housing must be such
that it also minimizes the internal parasitic
-inductances within the housing and allows internal
25 connection by busbar, which will minimize the parasitic
inductance of the wiring.
According to the prior art, these modules have
a baseplate which serves for mechanical mounting onto a
heat sink. The baseplate is electrically insulated from
30 the semiconductors, and hence also from the power and
control connecting terminals. Thus, the module can be
fixed to a heat sink Wthh is itself connected to
earth.
The insulation of the modules should be
35 designed to correspond to the voltage of the supply
network for which it was designed. In a particular
example, the 3300 V diodes and IGBT modules currently
possess insulation adapted to the 1500 VDC networks.



| ndeed, if such were not the case, t hey woul d be destroyed at the
first switching owing to the overvol tages induced by the parasitic
i nduct ances of. 5 the wiring. _ ,0n the other hand, in the case of
switches  fornmed from | GBT semiconductdrs, it will be possible to
dispense with a protection _circuit. | ndeed, by switching the
current as rapidly as Yserphelessas in fhe rqarse ofossbs nre ey a
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modules with insulation provided for that purpose.

15 Objects of the invention

A first object of ti’le present invention aims to
solve this problem of insufficient insulation in the
case of the use of insulated IGBT modules for a power
supply voltage markedly lower than the real power .

20 supply voltage at which the converter operates. More
particularly, the present invention aims to propose a
converter which allows the use of insulated IGBTs for a
voltage of 1500 VDC in the case of a nominal power
supply voltage of 3000 VDC.

25 A second object of the present invention aims
to propose a device which makes it possible to limit
the damage to the converter in the event of an
insulation defect either of the IGBT module, or of the
insulated heat sink unit (cooling block) of the power

30 converter.

A third object of the present invention aims to
propose a process for detecting an insulation defect
either of the IGBT module, or of the insulated heat

_ sink unit of the power converter.

35 Other objects and advantages will become
apparent in the description which follows.
Main characteristic elements of the invention

The present invention is related to a power

converter such as a voltage inverter supplied with a DC



30 the semiconductors, and hence also fromthe power and control

ténnecting termnals. Thus, the nodul e can be fixed to a heat sink

which is itself connected to earth. _ , _ The insulation of the
nmodul es should be 35 designed to correspond to the voltage of the supply
network for which it was_designed. In a particular exanpl e, the 3300 V

di odes and | GEIO¥REUFBBPEHr MeHTage  (UgisksesShi fis fomviesit exlaperei sbinge
1500 VDC net wosKkSstatic switches of the IGBT type exhibitding the form

Neverthel ess, ipn the _case of th se of .honi nal power supply voltage
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modul es. To be, ] _ )
is connected to a potential intermediate between the

potential of the fins and the top point of the power
10 supply voltage (Ucat) of the power converter.

In a particularly simple way, it is possible to
envisage arranging several IGBT modules ~on the same
heat sink unit insulated from the fins.

e According to a preferred embodiment, the
15 setting to the intermediate potential is performed with
the aid of a resistive divider. .

According to a particularly preferred
embodiment, a voltage peak-limiter which makes it
possible to limit the voltage- in the event of an

20 overvoltage for example is associated with the IGBT
modules.

The present invention also relates to a process
for detecting a defect in the insulation either of the
IGBT module or of the heat sink unit, characterized in

25 that the intermediate potential is obtained via a
voltage source in series with an impedance and is
measured and compared with its theoretical wvalue.

Description of the figures

Figure 1 represents a perspective view of an example
30 of a module of a power converter like that
used in the prior art.

Figures 2a and 2b represent a sectional diagrammatic
view of an IGBT module as well as of a module
of a power converter according to the present

35 invention.

Figure 3 represents a perspective view of an exemplary

embodiment of a power converter module

according to the present invention.



abl e:to be used wi thout particular precaution on a 3000 VDC network, it

woul d be necessary to use | GBT nmodul es with insul ation provided for
that purpose. . 15 Objects of the invent ir?on_ _ A first object of
the present invention ains to solve this problem of insufficient

insulationin the case of the use of insulated | GBT nodules for a_ power
supply vol t ageFifitk@dty TOREFSEREA the RaxAPgsiyisre 20iayuppify @ol segendt

whi ch the converter operahBsdimdBEe of Part i | Y cohieRESSeNhoagyent i on
ainms to propose a converter which allows the use of insulated | BTs for

a vol tage of 1500 VOEOTR1RENGaSECOFIBSAORIREF P8We! IGBTSupply vol tage
of 3000 VDC. Z2Bigure 5 repeesantobinet pefintiplpr eFepdimeitin Mhdi ke

to propose.a device which kes it possible to Iimt . the danage to the
converter Pn the event o?pgﬁlcatl?ﬂsﬁ%t i"tﬂﬁiu&ﬁsecf’”%}"t héPSBfaFﬁ I

nodul e, or of the | nsibes ed heat sink unit (cooling block) of the power

30 converter.g. e@f | obj ect the present .invention ai.ms to
propose a proc}?els%uﬁeor6 det¢ él%%ﬁg% i nsul a(?l%lnc%ef elcrfltendecgl t He?* of a‘i}h‘*e | GBT
modul e, or of the insul detetiebon of gnnknenlatoént heephdewnconverter. 35
Qher  obj ect g POAYAGESENi 14 DECHIECE i ve APPALENGED ANGeq
description whi ¢h tol l ows, | I\/a%mn char act TSt C g‘f)errentos_of t%eé
i nventi ont® limiter module which can be associated with
the converter module as represented in
Figures 3 and 4.

Description of several preferred embodiments of the

N~ invention

15 As already mentioned, the power converters
customarily consisting of choppers and. of inverters are
devices which use static switches. These switches are
themselves made up of a set of semiconductors such as
thyristors, GTOs, IGBTs, etc. -

20 Conventionally, these power converters require
the use of a heat sink unit so as to remove the heat
generated by the converter when operating. This heat
sink unit is itself connected in a conventional manner,
possibly by insulated tubes, to fins or to any other

25 system having the same function. Examples of such heat
sink units are described in Figures 4 and 5.

According to the prior art and as represented
in Figure 1, a converter is made with the aid of
several conventional switches 52, preferably of GTO

30 type, cooled by insulated heat pipes. The insulated
heat pipes consist of an evaporator unit 54 acting as a
heat sink unit, each connected by a tube 51 to the fins
unit 0. '

Depicted is a stack of the various switches 52

35 and of the evaporator units 54 of the successive heat
pipes. This stack is held under pressure by means of a
suitable device 53 (clamp).



The ﬁresent invention is related to a power converter such as a voltage

i iverter supplied with a DC : o -4
power supply vqltage (Ucat), this converteg _consisting of static
switches of the I GBT type exhibiting the form of at |east one | GBT

nmodul e fixed directl si_nk _unit itself_connected to flns or
the like, 5 charactgriggdopﬁthEPdlﬁ§m9§ﬁ(ﬁ? T hssbi : pRiRRRENS L l?the
heat sink unitcandettedfites anding thaltt hiepresanted &iadramnatioadbich

t he | GBT nodul g0 I xed Is connected to a potentia
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| GBBT nodul es on the sane un
According to s@lvereher pagblerbedfi e lnshbausogetﬁtnggtdQﬁma power

i nter medi at e p@&ﬁﬁiyalvdlscagfe’f%%%w hhlgheichecl?éﬁ @hed '{r‘é?ita Veror
di vi der . Acc I n particularly prefe
which the 1insulation of the IGBT module is de81gned
For the moment, IGBT components possess insulation

10 adapted to the 1500 VDC network whereas in some
applications, a power supply network voltage (Ucat) of
3000 VDC is used.

Figure 2a represents a basic diagram of an IGBT
N module. An IGBT module wusually compriges several

15 semiconductors 21 arranged on a baseplate 11. Usually,
insulation 12 is provided so as to insulate the various
semiconductors 21 and the control and connecting
terminals 4 of the baseplate 11.

Figure 2b represents, 'in  the form of a

20 diagrammatic section, a converter module according to
the present invention comprising one or more IGBT

~modules or housings 10 fixed to the hgeat sink unit 14,
itself connected to the fins 0 so as to remove the heat
generated by the IGBT housings while operating.

25 According to a first important characteristic
of the present invention, additional insulation 13
outside the IGBT module 10 is provided between the
fins 0 and the heat sink unit 14.

According to another important characteristic

30 of the present invention, the heat sink unit 14 to
which the IGBT module or modules 10 are fixed is
connected to a potential intermediate between the
potential of the fins 0, generally earth (0 V), and the
top potential of the power supply of the power

35 converter (+Ucat).

This advantageously makes it possible to
guarantee insulation of the IGBT modules without their

own insulation being overly stressed.
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IGBT modules.

According to this embodiment, it is observed
that the two pairs of IGBT modules 101, 102 on the one
hand and 103, 104 on the other hand, face one another
and are fixed to the same evaporator unit 14 of a heat
pipe which is itself insulated from the set of fins 0.
This arrangement allows easy and simple mounting which
limits the space used as far as possible. This module
forms a branch of a three-level inverter. _

Figure 4 represents a perspective wview of a
module forming two branches of a three-level inverter
comprising two times three (2x3) IGBT modules.

According to this preferredhembodiment, three
modules such as described in Figure 4 are associated
with a rheostatic braking chopper module (not
represented) . In the case where the rheostatic braking
function is not necessary, the braking chopper module
can be replaced with a peak-limiter module such as
represented in Figure 7.

Figure 5 describes the principle of operation
of the device according to the present invention in a
particular case of an application in respect of a
converter module with insulated heat pipes, as
represented in Figure 3.

The heat sink is of the heat-pipe type, its
condenser, represented by a series of fins 0, is set to
earth potential whilst the IGBT modules are fixed to
the evaporator wunit 14. According to the present
invention, insulation 13 is provided between the
condenser 0 and the evaporator 14. The evaporator unit
14 will be brought to a voltage which is half the input

OfbrahcHOBEl a C@Hif@éf-ﬁéveﬂ‘oq_'ﬂv%rter comprisiB§CY NGihdst he



-5- Figure 4 represents a perspective view of a second

erbodi nent of a power converter nodule conprising two
times three (2x3) | GBTs. Figure 5 represents the principle of
operation and the 5 appl i cafi 8n~to nodules with insulated heat
pi pes. ‘Figure 6 represents a device intended for the _ _
det ection of areltage atofon theeakdomerter, Fbgu[eeansepoéseant scespetspecti ve
view of a peakyjle l'imter nmodul e which can be associated with
the converter —nodule as represented in Fi gures 3 and 4.

Descri ption of several The ePetpell ¥abbagaehtemotheheonventaritdnies 5as

As already rentusnetbn dPEtREVBEatEOBYCLHE! StaticC YR ®dd Yo£ORs{Shi NY
of choppers and of inverters are devi ces i ch use_static swtches.
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and 5. 10 Ucat and 0. On the other hand, the voltage applied to

the insulation 13 of the IGBT modules will lie between

[-Ucat/2] and [+Ucat/2] and, in absolute value, will

lie between 0 and Ucat/2.

~ Figure 6 shows how the detection of a breakdown

15 in insulation may be performed. In the event of a
breakdown in the insulatioﬁ of an IGBT.-module or even
of a heat pipe, the potential of the evaporator of the
heat pipe will no 1longer be fixed =solely by the
resistive divider (R1, R2). ft will .a priori be

20 different from the potential obtained by the resistive
divider before the insulation breakdown. For this, it
is sufficient to measure the value of the potential of
the evaporator and to compare it with its theoretical
value, which will be obtained for example via a

25 resistive divider (R3, R4) with the same
characteristics but which is not connected to the
evaporator of the heat pipe, as represented in details
in Figure 5. This will make it possible to detect the
insulation defect easily.

30 Figure 7 represents a peak-limiter module which
can be associated with one or more modules such as
represented in Figures 3 and 4 so as to 1limit the
voltage on the input capacitor. It should be noted that
this peak-limiter possesses no heat sink. The latter is

35 replaced with a straightforward plate to which are
fixed the various IGBT modules. This plate is
advantageously connected to a device for setting to

potential according to the present invention.



Accor di ng to the prior art and as represented in Figure 1, a converter
is made with the aid of several conventional switches 52, preferably of

GTO 30 type, I bgsul ated heat pi_pgs.. The insul at 8bo ipes
consi st of an&gﬁ%%r%%ﬁ—rﬁ acting a?sa heat SI]EQT{J%EI:???EEIC

connected b I ns uni t 0. Depicted is a
stack of thg az“mﬂlmﬂmﬂm'ggmiz 35 andClAIMBe evaporator units 54 of the
successive heat* ¢ pipes.slThts stack is held under pressure by neans of a

itabl e device 53 (cl : . ) - 6-
isl'ﬁla gt hgr g\rllld f thfa i’ﬁ%‘%’ét eTONBET E B peSUBPLisd Witdhnett dF t SWPPINs

uni t representwsl igEyr §Uoat) cady compd@syedheéfr %ﬁtﬁl@?sﬁi}:ch_?snsdfu the The
Bhi st makeng 18 postPe o PHTSRELR B R CEaPRn Y BF (HRAT s OBt | BREF at i ng
for a power modiulepl 100! tiipeedrmdiediorllyi gher & hhrathesidtt aga tf o¢14)
whi ch the insul@ddgn Lnddeed o ™PaHLe (b§ gﬁskgﬁg%ike, characterized
in that insulation (13) is provided between the heat
gsink unit (14) and the fins (0) and in that the heat
10 sink unit (14) to which the IGBT module or modules (10)
are fixed is connected to a potential intermediate
between the potential of the fins (0) and the top point
of the power supply voltage (+Ucat) of the power
N converter.
15 2. Power converter .according to Claim 1,
characterized in that the sétting of the heat sink unit
(14) to the intermediate potential is performed at the
average of the potentials of the fins (0) and of the
top point of the supply voltage of the power converter
20 (+Ucat) . S
3. Power converter according to Claim 1 or 2,
characterized in that the fins (0) are earthed.
4. Power converter according to any one of the
preceding claims, characterized in that the setting of
25 the heat sink unit (14) to the intermediate potential
is carried out by means of a resistive divider
(R1, R2).
5. Power converter according to any one of the
preceding claimsg, characterized in that several IGBT
30 modules (10) constituting the static switches of the
converter are arranged on the same heat sink unit (14).
6. Power converter according to Claim 5,
characterized in that two pairs of IGBT modules (101,
102 and 103, 104) facing one another two by two, are
35 arranged on the same heat sink unit (14), the heat sink
unit (14) being a heat-pipe evaporator unit.
7. Power converter according to Claim 5,
characterized in that a voltage peak-limiter (20) is
associated with the IGBT modules (10).



For the nmonent, | GBT conponents possess insulation 10 to the 1500
VDC net work whereas in sone applications, a power mgﬁn’ﬂ ﬂﬂi“"l
vol tage (Ucat). of 3000 VDC is used. _ _ Fi 2a Sanlls a
basi c di agram of an | GBT nodul e. An IJG%T nodul e ‘usual Iy conpri ses
several 15 sem conductors 21 arranged_on a baseplate 11. Usually,
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fins O and the heat sink unit cording to anot her inportant

characteristic 30 of the present invention, the heat sink unit 14 to

whi ch the | GBT nodul e or nodules 10 are fixed is connected to a

potential internedi ate between the potential of the fins 0, generally

earth (0 V), and the top potential of the power supply of the power 35

converter (+Ucat). This advantageously makes it possible to
o



guarantee insulation of the | GBT nodul es without their : own insul ation

. being overly stressed. -7-

Furthernore, this additional insulation does not have to be di nensi oned
so as to withstand the entire voltage of the power supply network, but
only to “ withstand the potential ;,gi fference between the 5
internmedi ate potential and earth (0 V). ; Figure 3 represents a
per spective view of a branch of a three-level inverter conprising two
tinmes two | GBT nodul es. According to this enbodinment, it is
observed 10 that the two pairs of | GBT nodul es 101, 102 on the one hand
and 103, 104 on the other hand, face one anot her and are fixed to the
same evaporator unit 14 of a heat pi pe which is itself insulated from
the set of fins O. Thi s arrangenent allows easy and sinple nmounting
which 15 limts the space used as far as possible. This nodul e forms a
branch of a three-level inverter. Figure 4 represents a

per spective view of a
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nodul e form ng two branches of a three-level inverter - conprising two

.tinmes three (2x3) | GBT nodul es. 20 According to this preferred
embodi ment, three nodul es such as described in Figure 4 are associ at ed
with a rheOStatlc braki ng chopper nodul e (not repr esent ed)

In the case where the rheostatic braking function is not necessary, the
br aki ng chopper nodule 25 can be replaged w tth a peak-limter nodule such
as represented in Figure 7. Figure 5 describes the
principle of operation of the device according to the present invention
in a particul ar case of an appl.ication in respect of a 30 converter
nodule wth insulated heat pipes, as represented in Figure 3.
The heat sink is of the heat-pipe type, its condenser, representiset by a
series of fins 0, is set tolQ earth potential whi | st the | GBT nodul es are
fixed to 35 thetsevaporator \gnit iarding to the pr
i nvention, insul@kion 13 is prdvided betme t he condenser t he
evapor at or 14. Thg\qgaporaqor uni t l will be brought to a t age
which is hdlf the ingut_C £
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-8 + voltage of the converter, by neans of a .resistive

divi der . . The output voltage fromthe converter varies as a
function of the state of the static switches of which 5 it is composed,
and |lies between 0, which is the bottom potential of the converter, and
U catenary, which is t he power supﬁl%-voltage of the converter.

Li kew se, the voltage on the term R4Ps of tthe sem conductors al so

| i es between the power supply voltage of the converter 10 Ucat and 0. On

t he other hand, the voltage applied to the insulation 13 of the |1 GBT
nodules wll |ie between [-Ucat/2] and [+Ucat/2] and, in absolute

val ue, wll lie between 0 and Ucat/ 2. Figure 6 shows how
the detection of a breakdown 15 in insulation may be perforned. In the
event of a breakdown in the insulation of an | GBT nodul e or even of
a heat pipe, the potential of the evaporator of the heat pipe wll

no longer be fixed solely by the _, r§§istive divider (RlL, R2).
It wll a priogd, be 20 different fr t h® potenti al obtained by the
resistive di vider before the insul atTon Bf eakdown. For this, it is
sufficient to neasufe the value of the p enqial of t he evaporator and
to conpare it with {ts theoretical val ue,j which will be obtained for
exanple via a 25 resistive di vi der ({R3, R4) W th t he same
characteristics but {ch is not connected to\the '

FIG.3
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evapor ator of the heat pipe, as represented in details . in Figure 5.

This will make it possible to detect the i nsul ati on defect easily. 30
Figure 7 represents a peak-limter nodule which ‘can be associated with
one or nore nodul es such as represented in Figures 3 and 4 so as to
limt the vol tage on the input capagtgr. It should be noted that

this peak-limter possesses no heat sink. The Latter is 35 replaced with a
straightforward plate to which are fixed the wvarious |GBT nodules.
This plate is advant ageously connected to a device for setting to
potential according to the present invention CLAI M5

C L MS 1. Power convert wth a DC supply
vol tage (Ucat) and conposed of s 7C b 5 | GBT type,

exhibiting the form of at
_—~ 0

FIG. 4



modul>e (10) fixed directly to a heat sink unit (14) itself connected to
fi-ns (0) or the like, characterized in that insulation (13) is provided
bet ween t he heat o sink unit (14) and the fins (0) and in that the heat
10 sink unit (14) to which the | GBT nodule or nodul'es (10) are fixed
is connected to a potential internediate bet ween the potential of the
fins (0) and the top point of the Boger supply vol tage (+Ucat) of the
power converter. 15 2. Power converter accordi ng to Claim
1, characterized in that the setting of the heat sink unit (14) to
the internmedi ate potential is perforned at the average of the
potentials of the fins ( andg—ef—t he top point of the supply voltage
of the power converter 20! (+4Ucat)|. 3. Power converter according
to daim1l (br_,2, charactem—=zed in that the fins (0) are eart hed.

4. Power converter—j +Ng to any one of the yq preceding clains,
characterized in that _the setting of 25 the heat sink unit (14) to the
resistive divider

i nternedi ate potenti al is carried out by neans of @
(R, R2). 5. —_Eﬁjj%;conuerter according to a de of the

precedi ng claL,ns, chars rized in that several 1GBJ 30 nodules (10)
constitutin ¢ SVitches of the convert are arranged on the
sanme heat sink unit ([L4) 6- Pewer converter accordi ng to
Cl.aim5, characteri zed that two pairs of |G jnodul es (101
umw —— 10
U 2 -
FIG. 5
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R
102 and 103, 104) facing one another two by two, are 35 - arranged on the

Sane heat sink unit (14), the heat sink unit (14) being a heat-pipe
evaporat or unigt. 7. Power converter accordi ng to Claimb5,
characterized in that a voltage peak-limter (20) is associated with
the | GBT nodul es (10). - 10 - 8.
Process for detecting a defect in the , insulation of a power
converter according to any one of t RE6 precedlng cl ai s,

characterized in that the internediate potential obtained
preferably by a 5 resisii N (Rl, R2) is qﬁpsured and

conpar ed wWth its theoretf
resistive divider (R3, R4).t

ahned prefe abl'y” by anot her




