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ABSTRACT

Electrical insulation within EV chargers is a critical component of the power
supply system; therefore, monitoring insulation degradation is essential to ensure
safety of the equipment. This thesis presents the design of an insulation resistance
testing circuit using leakage current measurement method. The system utilizes a
500V DC power supply to measure the voltage drop across a shunt resistor as a
means of evaluating insulation resistance. When the insulation resistance is high,
reaching several megohms, the resulting current flowing through the shunt resistor
is extremely low. This current is detected by a shunt current sensor and amplified,
with the signal being isolated before being processed by a microcontroller. The
microcontroller then calculates the measured signal into an insulation resistance
value, which is subsequently displayed screen. Experimental results demonstrate
that the proposed insulation resistance testing method achieves accuracy ranging

between 98% and 99%.

(Total 72 Pages)
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2.1  %#ann15va93sn1snadauauIuluii

Tun1599NLUVIITEINS UNAABUAIAINUATUNIUYDIRUIUINH A Tnenaluazede
nannseuvinaunguesteiu (V = IR) nedeunsanulniinssianseliiduauiuiaenis

NAFDULALYINNITIANTZLASI AT IMaK1UAUAIUL LN BUIANN LANIAILIUNIAIAINUATUNIY

'
L% aa =

Y09RUIY UBNNTLTINDNIT U lEnann15A1uU A uluN1TUTEEUATIAINATUNIY

auululi fadl

2.1.1 msiakuunsgatuy (Current Shunt)

ninnsiendonguedeviu Tnsmsfadiunudusiamis (Rsh) wdeeunsudniu
aulwihfidean1snaaeu (Rins) Wosswssiunadou (Vi) Trfuawaulnii azinnszua
Slvarvauulniuazrus s unutuiludumaiiosiu Lﬁaqmﬂﬁjumwiaauﬂiu i
nseualnaN U sdR IR AR U uRE AL iy dosnsansruadaluaanunsaIausasu
ANATOUTIRIEIUNUTUNLE (V') Fen gl 2-1 wavaunsafuImAeuaunisa (2-1) 3933

o 1w & Y & = = ' v @
mﬂa'nsmLﬂuwaﬂmﬁwugmﬂﬁfﬂmmawﬂaaummmmumumammumlﬂ[6]
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o

+ Rsh V’x
Vi

) Rins

o

P % 7 6
AN 2-1 NTIALLUUNTSLETUN

R
Vi=—32 %V, (2-1)
Rsh'*‘Rins

2.1.2 MFIABUULULLSIAU (Resistive Divider)

1ENN159993 50T UNITTRAIANNAIUNILRLILTASDIABIIRTLULTIAU BIAARINNNT
UFIA1UNIUE1989 RL taz R2 AesunsuiukaglUvuiuiudauiuliii (Rins) lladng
w3IPuNAaay (Vi) 1971UTu9959 R AN ISR UILSIP U Y LALIIP U HIUTENIN9AIA1UNIU
D1999ALAIAIUNIURUIWTATINIUY (VX) AININA 2-2

= o A | o P = S P 1Y) = 1Y)

Wesnussungauusanulusauni e (Vx) 390 09anlsany Liahiieas
dunsnindgygruusiiulaeg1slasnns ANUUIBLUILTIAUTO U DY (V'X) lagldda

ANUNIUDNID DI LAZ TANNATOUTA R2 @NUNSOAIUIUAIENNIST (2-3)

VX
o
. R1
Vi § Rins
- R2 V’x
o

dl L 1 U
AN 2-2 NFIALUULLUILLIIAY

Vi - VX (2-2)

X Vg (2-3)
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waesnelainds (Switched Mode Power Supply : SMPS) fiuennialuliia (isolation)
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1nAlAY 150 (7]

wansuunnnauefmeslasiiusuudnnnta-yarsunednesiuunnindesnain
fu Tagfmdyniniuivgn (Lm) azavaumdanuuazaintiinssuatazayaondanuly
Filvanvaziiaintlitinssua M ginehnuwenssazinnsannshnuvessing

P9A9an UL AW lUN[S]

2.2.1 myvihululnunnszuasiaiiias (Continuous-Current Mode : CCM)
P | = ¢ =t Y = =P~ A o
nazwaumanagianasegudniglunisnnu danmil 2-3 nanfewloaniieingany
Fegnifivazaulilundouvaslslgund Tudrameamminszualdansaagloundsaulds

a

Henfegiildvunneunsevaindanluaziudu dwalinssuannd1seglussuunaganan

q

a v

v oA A A a5 i v o a 1w
Uafveslnuanszuasialiiese dnseuagign (peak current) NAnIluszauMasiviniy

HIaNANNAILANTURUNIRlLasand TN SIutgIelksudnelnuE ey

S T
A e

ON—|_tOFF

<—T—>

Ip

AN 2-3 ANWULVDINTEMALULUAN T LA

lunsdinadnduinszua ssdnszualvnaniuveaindgugdvibindinugniivluwny

a

wilidn uslieannudeuUasgnimmusiiuaainugunlivasyReginuegludnyaenduiiaiu

9 Y
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ilvlalenazegludnwuzgnluneanduuazliiinssualvaduludalnan fiansandiuvid,

Y29MIDLUAY HINNT 2-4

N1 N2

O (o)

"ol : |

N\

AT 2-4 WATUANPUUAABUIBSLADIVULUINTEUE

dipm
v, =V, =L 2-4
1 S m ¢ ( )
dipm I, Aiym < Aiym & & (2-5)
dt At DT lrrs

nsiasundasvasnseualuincusanisrdidivanve wmsenlauniiu

(Aipm)closed = VE—T (2-6)
aulranvoILilad
VvV, = Vv (E—j) & VS(E—j (2-7)
vD=-4Q—V4%)<0 (2-8)
iy =0 (2-9)
i, =0 (2-10)

dl' 1o o v - = =< 1 - 1 [y A a s
delalonliinszuainlinssua iz= 0 Gamnsdsinszud i1= 0 wuiu Tuvaznaing
inszua ildnszuaiudwdudaduludivdenihuivan (Lm) wazlidnszualualu
Ypanvemideuvatgaund Tumsfianlioudanseuassiinduludadulurnainugund
a a a
waylifinszualvaluvaainyfegd
lunsauaindildsuaniugaininseuaduliiinssua nszuailraniuimieiiag
lanunsawldsuwdasegraiud iWunavilidensdinssualwanuvaugugvemdowlased

awnuwdvdntundewdasaudwihlifinsndauiiveswsaiuivanfend nlendsegludnume
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gnluseanss nasnuazaunuaugugiiasgnanewludwaniond wazlinsvualanuluds

Funulszednauazivian feanmi 2-5

iLm

+ i
Vs
= (J

Q1

dl [ [ I o
2nAl 2-5 19asiansLuaneunesnesvaz i

N
v, = — ON—: (2-11)
WISINULAENTEMATLEINT LN S LA
VZ - _VO (2-12)
Ny Ny
Vi =Vp—= —Vy— 2-1
1 2 NZ [s) N2 ( 3)
L =v, = -V, — -
dip. Aiy. Aiy, Vo Ny
m £ m — m .y & _0 L1 (2_15)
dt At (1-D)T Ly, N,
nswasunlaseanszuailvasudmioiuwlmanyemisiowlanyingy
i _ =Vo(1-D)T Ny
(Ale)opened — Lm Y N, (2-16)

= a Al ' ) ~ o Y A W ¢ P
LummﬂﬂizLLaLaaﬂwlmamummumm Lm %mmummmuqua NFUNIIN (2—6) 1131+ (2—
16)

(AiLm)closed T+ (AiLm)opened =0 (2-17)
VDT _ (Vo(1-D)T Ny) _
() =0 2-18)

Al ssrueanawiniy

D2 (2-19)

D
V, =V, —
1-D N,
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rdaunnlanAuduiusTEnIBunaLasleAnAveIaIsLUARDULIBIINETITARY

fu Ja-ya reuesines uwiliudiusniadiuvemlaudas

i =y N_; N
ip = llNz_leNz (2-20)

N
sz_Vs_Vl_Vs+VoN_: (2-21)

: \'%

1R=?° (2-22)

. . . . Ny Vg
ic=ip—ilgR=iip——— (2-23)

c=IbTRTmy — R

a1 '

91naNN15A (2-21) FunaladuseiunnasenaindasilA1ganIwiaiuwra Ty

Maslnirilvansifiuniudeawinduiasninanunasaneszdnale

P, =P, (2-20)
2
Vil = 22 (2-25)

v 6 1 v [

Ansziaady (Is) szduiusiumnssiadinieniusiman (Ium) fedl
—— = [}, D (2-26)
WNUANENNTITN (2-26) asluannisn (2-25) e Ium
VZ
VI, D = ?o (2-27)

WUKSIRWDIANG Vo aunis (2-19) adluaunis (2-27) asld

V5D N
L[ .= ——— . (=2)2 2-28
Lm ™ 1-Dp)2R (Nl) (2:28)
AINTEIAAAnLaEgnNHIUAIMTEN L anunsavilanin
Aiy,
ILmmax = ILm + Zm (2-29)
2
VsD N VsDT
I _ _VsD_| (_2) s 5
Lm,max (1-D)?R \N, 2L (2-30)
_ Aipm
ILmmin = ILm — > (2-31)
2
V5D N VsDT
I . — S . (_2) S~ (2-32)
Lm,min (1-D)2R \N, 2L

'
=

ASYNIUIUIRUANSL AR BLT D998 A 099N Immin > 0 WATVBULUATEWINILNLUA

'
=

nseuaraiosaylinaiiosazegteuly
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ILm,min =0 (2-33)

VsD (&)2 _ VsDT _ VsD (2-30)

(1-D)2R \N; 2Ly, 2Lpfs
a' a a a a ! PN ° ' 2 o a v oA
71 fs Ao AudaInd Aranumderdudianaganaglinssualvauuunaiiions
winfu

(1-D)?R N
(Ln)min = T (N_:)Z (2-35)

nsinuadMnRdmsuNaIskuARsUIsne T ounuda-ya AeuIesines
AatiuusenusUlaleinnueisasivaasdsvilounu Falidwiniy

AVo D
Vo  RCfs

(2-36)

2.2.2 Tnuanszualimoiilos (Discontinuous-Current Mode : DCM)

Ao nyzualwihflvarudaniioanivihudinan (Lm)lddodios nssualuiilvanu
Lm azifindududadudloadnduiinssuadaniloununsdluuanssuasnotiios aantudle
aindlaihnszuavihlinssudlihlnaruazros qanasaunseiadugud i 2-6 Tof
vodlnuanseualiisailiosds Aanumleailguginaniluunanseuasieilios ndauuas
YWINLANAL nziudmsumaueanaaaunisnszualninlvanu L vaziiadnd
° P o = =~ Y} - o | o
Unszuavziimuhiuanssualiihigen Fesmileuiuaunsi 2-6 vsewhiu

__Vs'D'T
ILm,max 2 L
m

(2-37)

1 [} I3 ¥ U v 6 o o v o v
AT IANAEINIaNT A IInANLF U s veeMdlnf1lua995 Taadrivuale

qﬂmzﬁﬁmmLﬂuqmmaﬁ]zié’ﬁhﬁﬂé’ﬂﬂﬁﬁﬂu@uwmzwhﬁ’umﬁﬁﬂw%Lmﬁwm

P, =P, (2-38)
V2
VI =-=2 (2-39)
R
AINTEUABUNALRRYIL VLY TINUNVBITUARUANIVREY AININA 2-6 MTAIBATULIAN
aingavgld
1 VgDT 1 _ VsD?T
[(==-—=— -DT-==- (2-40)
2 Lpy T 2Lmy
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o> <_tOFF_:
T

AN 2-6 AnwuzvaINsELalulruANSELa LR aLTa

wnuAadluaunis 2-39 agla

VZD2T V3
: == (2-41)
2L R
Waufaun1si 2-41 agliussiuoidnnwiniu
RT R
V,=V.D 2L = v.D (2-02)
2L 2L fs

2.2.3 nspenwuuvsanlad

n1seanwuURY auUaslauni1sa el owlasdaes wamuﬁiw;ﬁ;uqﬁ (Primary
Parallel) wazeynsuilanisgdl (Secondary Series) Ingsinaannasuniesinesinluildniio
waaiiessaiien dreenuuunansuuareunesneslrdi&sluiinmiadust 2 wuu faauns
7i (2-43)

1 . 1 , .
ELm_Alzfsw =3 2 (Lm_B11% + Lm_leg)fsw (2-43)

Lm.a Ao AAnuwtehwdmanuuuI Y

Lmpi A9 manumdenniudmanyasniseaniuusii 1

b

Lmpz  #9 manumdenniudimianyasniseaniuusig 2

fsw fio AuDEINY
= ] wa A ) ° v . . .
WoIInvNBULUaIAMENURLRLBUNY A19UALA Lm B1 = Lm B2 = Lm pwae i1 = iz = is

al@daaunsi (2-a4)

Lma =2Lns (2-44)
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Pnaunsi (2-44) nifowlassdivundnas diuunanaliisauseutosaazali
Anuiientir$ilva (Leakage inductance) fAntasas wazainnisesnuuusl oA eaih
$lvadiddevas dwwalirnudeinismAuE 9] Raamp 4103UMUIRARINaNNS
7i (2-45) du Cclamp%ﬁaaaqmﬂammiﬁ (2-66) LATNITOONLUUNITNALLUAADULIDS
wesienionUasassia annsaanmdsnisgadsainaiuvesadefinnseanuuuli

Velamp WNAUAZAILIMINNEUNITA (2-47)

\ ZVclamp (Vclamp —NV,)

R = (2-45)

clamp fsleeakllzgeak

5
C = (2-46)
-~ - Rclampfsw
1 2 Vclamp
P 2/ A\ A (2-47)
loss_clamp 5 “leak'peak SW(Vclamp_NVo)

2.2.4 S3uUUUNAU

1Y

Tusguutloundu (Feedback System) 989935 a18LUAABULIBSIABSHUNUINE Aty

o

lun1sAIuAuEiesnIMYBILTIAUDIANA 3ashuLRLdnlgeaUlnAliUassauiufInIuAY
wssrulninnld TLA32 vihwmthfianuauksenueneds ssdlnddilasimiiuennsinsening

aosile Ingdlfauaauas (LED) uazdisuuas (Phototransistor) sauaglusaduie iy Lile

o

nazuabnadngfmsunas LED Naslanaslunsdumsuuasillinasiseniinnu dwed

[ v Y

InAuosvihnuiiodsdyaaussiuiunfsniiludwiiniuauued1easaulgugll Aenmdg

A

2-7

Vo

y

Controller i

o
u

TL432

2NN 2-7 19951a8WUARABLNBSINBSNITNITUBUNAULUULAL
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¢ a

wananin1snevauesvesesulndlivesnildnuurdnsinisatglounszial 10]
(Current Transfer Ratio : CTR) lallawduinsizdnmsivdsuwdasvesgamaivasnszualunoa
n34 (Forword Current) finasiadnsinisanglounseual1l] enadealiussiueidnainnig

nIzLiveNas fanIni 2-8

Vep=5V I_ I __\
450 T,=25°C S o I=1mA, V=5V

=5mA, Vep=5V

100 [— S /

Current transfer ratio CTR (%)
o
QU
(=]
AN
=
Relative current transfer ratio (%)
’
ra

0 0
0.1 1 10 100 =40 -30 -20 0 20 40 60 80 100

Forward current Iy (mA) Ambient temperature T, ("C)

(M) nyzwaluneanss (¥) goumadl

a

i 2-8° dnsaelounseua (n) nszualuleans (1) gl

Y

3
av A

MATedlednauensesntuussuutaunausuulug fan1nd 2-9 Taald isolation

amplifier 207U instrumentation amplifier unun1steunautuulNfltoeulaAUlesiu

a a  al

AIAIUANKIIY 89 isolation amplifier \uueundvansioasnilamuwiuguazidnsveny
ATl ufiinuazaeiedgyaiaussturuiadn tneltswesdyaadunn + 250 fadliad

LAzUE Y IUIEENTIAINN 8 dIuBunAves instrumentation amplifier Sudeysyadun

ALY}

[

311 isolation amplifier SawseAuIUY differential AdANLLUEIgazdsdyyIUUUY

[ e

single-end nauluiipoulynsalaes instrumentation amplifier UUGITAILTIAUDOVLGRAM

WNgAUNIRdMTABINSANNNABILAYATILLTE N 0EY
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+5V sy SLIO

+Vo

+ ]
Controller < Isolation
__|Instrumentation Amp ;‘7

AN 2-9 NseenkuutaunauwuU Tl

2.2.5 asatulUes

295afuiued (Snubber Circuit) 1wasasiasuiildluaeuiesines enunumuie
Friaussiusarnszuativasiifatulurainisaindwosean lnsnngluiasais
LUARBUIBSIMeS AilussfunszIN (Voltage Spike) SMLAnarnndssuiiavaneeluriaany
wilgnhilnavesvisiondas WoaintUnngiiuy ndsnusinanazgniantdeseenunlugy
yeausITUgITIvay Fioraiuiidavesgunsaluazieliianaudemels Fatfunsasaddy
\esignesnuuuiiegadundsuduifulazann1sdu (Ringing)

yasatuvasdasiunsenuiy Unansnadenisvasuediinvazyinaudndane
vdnInanmsvhauiuiidn 2sesafuiuestesfunsssuAuidlnihitesfudusetualudn

e ululmAuAIfng 1nen15692995 RCD @duluasaaning 2-10

" NS ._I N N
s i

vsO

o
[ Control [ 2H]

o o 3 ¢ s
AINN 2-10 NTEUVLUDIVBNNATNALUAABULIDILADT

nyhnuvensasatuiveideiuussiuiuee Tuvagnueams (Q) Suveatinsvua

AaAusey (O) aggnusarulalen (D) anussiualud AraudunIuazyiliusaiunn
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[

AseufNUUsZRNAIRINITIAUElUA Auswiugegaiineamnvuziingluadsgninlinae

Y

LseRupnATaNmLiuYsEy esnusaiualudialugisiaidug deduvaeiiusaluadan
anadfaAuYIaEAEUTZRRONNINILAIFUNIY uSIAUANATONTINaAWRILNUGAMT I

ANUNNSYINNUUNR A9UUI9RTATUDSTBINULSIAWLAY YIulaensaemnasnuiasauly

o w

[
WNUUTEq Laznag

Y

swmlleaiudsiviliAnussiualualyliluiufussgunm anunsameianuduniu A
ydelaainaunisn (2-45) 3 (2-47)



uni 3

N159NLUUINITNAFUAIAMUAUNIUVBIRUIUTNAY

UNLAZNAININITORNLUUNITNAFDUAIAUALNIUTBIRWIULINTN Lazirasdiel
LIIAUNTZUANTS 500 1286 1aN 9 V898U NTINITODNUUUNITNAADUAIANATUNIY
wo9auulvi 1esa1nn1siaAIANA U IudAE A YN sUTTId UAN N YD IR WY

= 1 di/ a a fw % 1 1 % a ¥ ‘Q‘ 1 U ﬂl
TARUTEANSUeUN Il InENMY uasuNAIIElNLIIUNSTLAN SIMINNTILLTIAULINE
nagevawIulnihmuunsgu esuislassaiuaznannsilandunsviuresawsasgunsal

ad v 1

gunsainaaauiiisinarnuduniureauInlii 2 wuu fie nsianssuatun uay
ATUUALTIAY LNBLUT B UBUAIAINLL UL (Accuracy) LARZIDIAAIAMUATUNIUVDY
UL WsZhENIDENNNTDVRLAT Rl NLARIAN IR LA LnALAseTUANRS NNl

FailnasianuunTeTaInToyaninta

3.1 1AS985719999299590A1IAUAIUNIUVDIRUAIULHAN

n1seenkuUUgUnIainedauAIALmUIIUYsRLIUlnihazUssnaulumeuesh 2 67
= [ o 1 oV [ 1 1 v 2
A9 UBTAINAIAINATUNILT AU LazUoIALAIT LA UNTZIERNTY 500 Taad 1ns

aaa U gj aay v 1

N1990NLUVNITILINIDINTIANIUNA 3 T5 bALA

1. MfuuguiALagl (Single Shunt)

2. Masunutuyiialea (Multiple Shunt)

3. N1TLUILTIAY (Resistive Divider)
1R8NNI 3-1 LaAEIUUTENOUNANLAZNITYINIUYINITINAIANNATUNIUTDIaUIULNTHY
neluvaineiadl

1. fnsr93unIzuadin (Current Shunt Monitor)

2. fveedygan3odindn (Instrumentation Amplifier)
3. fmagedygraluuuennaliia (solation Amplifier)
4 il

. fhvenedygruesiuont (Op-Amp)
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DC source

Measurement Board

| |
| |
| |
| |
: Resistive Divider Current Shunt Sense 500V :
| |
| + |
| |
| ; |
| Instrumentation . Multiple |
: Amplifier Analog Switch :
| |
I ¢ Single I
| |
: Current Shunt :
: Monitor :
| |
I \ J \ J I
| |
: Isolation Amplifier Isolation Amplifier |«¢—| Isolation Amplifier :
| |
| |
| Y |
| |
| |
| |
| |
| |
: MCU & OLED :
| |
| |

[

o ! Y s o
AN 3-1 @UUTLNOUNANVDIUDINLN EUEYEY

NN 3-1 uanesIeazidendIuUTENaULAaYNTYINNUYRIUeIATAAIAIUA UMY
vosuIuliin Bunnsuusaiunszuanse 500 1ad Ailuussiumedeunay Iausaiunnasey
WU udus laeld current shunt monitor 1 ufans193 Uy auavaINITAV Y

(%

darala 919Nzl Is AR UNIUTUINaNER1E@INITAVIENWIE current shunt monitor

€

a s <

Argadntoutden nndudyyiuvzgnienainiunigliingle isolation amplifier wagds

[

dyalun op amp Aewdnlulasreulnsaass (MCU) F5uUa596U (Resistive Divider) 2

Tausarunnasendanunu Ingld instrumentation amplifier \usnvenedyarauinsele

Tawazuandgyyraunisininaae isolation amplifier dedya1aulus op amp AouLY"
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lulasmoulnsaiass wazdrugavinaidudinsainuseiuduns 500 1ad uazuansnadune

YUN199 OLED

Rlimit
Instrumentation Am Isolation Amp
u i

A P ™~

/

e \
Analo MCU &

n Isense S || > Op Amp |-

500V Switch OLED

) 2 L~

Current shunt A
Hq monitor
Digital

|solators

Rins Isolation

Rins = Insulation resistance

Rcal = Calibration resistance

1Y

a s o
AN 3-2 NAIVDIUDTAIN EUEYEY

PNNNT 3-2 LEPITIBAZLIIANTVBIUDTA IR QY10 TI9FUIEII9ILANALIIN AN

ad v [

7 3-1 MENITHRNAINNUNIUYDILAFLITIA ANFIAIUNIUATA (RUmit) LANBIINANTEWEVD

[

Bunm nfaunIuvesauIuliiNdeIn sy (Rins) liuaLendygaflnea lawdl

o

a

JuUNRIIN DIP Switch MMNAFMATAIVANNITINNUTDIINDT kaztdnasianuLeamniy

q q
dindounaen
3.1.1 @IR5199uUNTELaTUI (Current Shunt Monitor)
Jumesdyarunsiadunszualiiiaindadiunudun lnensiaiaussiuanaseu
Yo uUTuY wavanansaveneduanald nesnsvenedliidonvansvuiadnnsiad
3-1 shegunsaiiloanidnsinfifawenefiusiugr viliannsaiaussfuanasonvesiadiumuy

Furilamuagiaiugnasisning 3-3



1517 3-1 1Wunisidendnsivene
AU uTuif douiaanunn fonsnveiedagiad 4 a1 laun 25V/V 50V/V 100V/V way

200V/V Taguasruudyan GSO uay GS1 dmslivisliass (Vs) Wiens1ad (GND) Lite

IN+

Vs

[
L
VWAoo
o —NN—0
-
/ !
L SRRETTA A A
.
(e P e

] ouT

Gain Select

¢

] REF

GS0 GS1

dl U L2 U 3
AN 3-3 AIRNTIIIUNTELLATUN

[ ]

GND

oo

o

'
U =

AEULUNUN
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A DINITVYIY LTI UANATOUYDIA

Muuesnsveedynn Ineillndyaandenazgnasaiamdmsunisldnudiulng

2rUUINUITUT LN OUARNIE NIV LT YYIULTIAUANATONVDIA A IUNIUT U T41

asan

[y o Aa 1@ v [y o Aa
2NIN1VYIY 25 GU‘EJ’]‘EJﬁQJJQJﬂmVliJ‘Uu'vaMLaﬂMWﬂ LaEanINvEY 200 VYUY YL IIAUNY

PUABNNINIINNNTNAFBUAIANNA UM LRI TYen e

A519% 3-1 9RIIVIUFYYIUVDIRINTITUNTZUATUN

GSO GS1 Gain

GND GND 25V

GND Vs 50V/V
Vs GND 100V/V
Vs Vs 200V/V
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o

3.1.1 fveedygraniodindn (Instrumentation Amplifier)

A

Juivenedygauuunansiosnwuuniiovsnedyyiueous Adanuwiuggs

o o

Ae3UN 3-4 Myeenwuuldeauuwend 3 67 wagldndanuai mMsdsadnsvereaiunsaviale

[ (%
Y v aa

Aae 1891000 laglddaduniuniguaniasifed (RG) aunsalildAuisuu sy
(Resistive Divider) i TALSIAUANATONYDIA IR 1UNTUNAL V18T Y IUTA TUUIALE NA 28

instrumentation amplifier ﬁﬁmmuﬂus‘hqq

V+

it

2
Vin. © RFI Filtered Inputs 150kQ 150kQ
o RFI Filtered Inputs
50k
VWA 6
Ra A, Vour
50k€2 +
8 YW
‘— RFI Filtered Inputs 150KQ 150kQ 5
3 O REF
Vine © RFI Filtered Inputs

<
1

2NN 3-4 FveudyYIATIND IR

3.1.2 @ndaurdsn

AnTaUNaeN TN UIENIAFINTIATUNTELATUY L1975 TPl UUAIAIUNIUTUNa86?
TALTIAUANATDUVDIAIRIUNIUTUNLINNINID AR UNIUTUNF ALY FIFIUITOUILNE F

Y o & lo & ¥ Ao ) ~ QY a ¢ = ) a & a ¢
ns1vdunszuatun ludndunesddivenedygia Jslvaintourden asnani 3-5 Wuaing
puAeNLUUABes (Dual Single-Pole Double-Throw, SPDT) tagw1 NO1 fiu NO2 Lieuse

AULDIANAVDIAINTIFIUNTELATUNUATYT NC1 WAz NC2 fonUulalIInunnAs ouuadny

o

ALY B9085enI907 ISENSE wag MID nsidenldeuseninaivassdesdyayiamning

[

wansinavesaindounden gnatuaulaedyyinel MUX Jeanaindiuendyyiufinea

L e ]

(Digital Isolator)
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Nt D> - 10 com1
No1[2}—» o] NCT
GND [3] B

NO2[4}—» 7] NC2

N2[ s> -+  ©—{6] com2

=] a s =3
AN 3-5 d@IRLauUIasn

Y o

3.1.3 msua'laaﬁy,mmuaﬂmﬂw% (Signal Isolator Ampilifier)

o

Wufveedygrmniuniswuuuenalu (Fully Differential Isolation Amplifier) v
mihuendeyeiameliill d6nsvenedyansiviifiu 8 faa1mN 3-6 Bunm VINP way

VINN 5udyag1aana1nfan 3299 udyqyiad wendygyiaudutendng VOUTP VOUTN 7ty

g ] o

dyanuanuaensunlulasreulnsaaes

VDD1 VI?DE
VINP VOUTP
S o7 |
VINN VOUTN
GND1 GND2

AN 3-6 Mveedeygaenniginil

3.1.4 fmagedygiaealieul (Op-Amp)
Wueavuaud (Op-Amp) Aluduiieatwaud 4 &3 (Quad Op-Amp) fidmsuldauy
Walufannd 3-7 lursasvhmiinf wlasdyaiaainus1eain isolation amplifier LUy

Fyaanduneiaidlulasaoulnsaiass Fa8UNAYY Via, Viva » Vines Ve » Vines sVine.

(3

all

Udtyey10uan isolator amplifier 119 3 N wi 3-1 wazierdnaluiinlulasaeulnsaiaes
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Vouta[1] / 14 Voutn
Vina- & 13 Vino-

Vinat[3] 12 Vinp*
Vop [4] [11] Vss

Ving* [5] 0] Vine+
Ving- E@ @E Vine-
Voute [7] 18] Voure

AN 3-7 aaUwaud

3.2 ANSIALUUNTZHETUN (Current Shunt)

17
% U % 1 ¥ U (3

A157AAIAINNATUNIUVDIRUIULNHANITL A18n15TALSIAUNNATDUVDIAIAIUNIUTUA

£
1 aadaa

niAvwaanaesynsuiusiauulii laessuniuduifiaiaian n1sin3sUl 2 wuy

v % L3

TALA FIAUNIUTUNG ARG BAZAIAUNIUTUNNANYAINTAIULANAIITURR IR UNIUTUN

YU U UlU995e9dl

3.2.1 MsInfAunIutuiffag (Single Shunt)

a

A157AANAINUATUNIUVDIRUIULWA R8T

Y

Siadunuturidien Wuisianssua
$alvasenslddafunutuiifiissdnfsleynsuduimdiuniuvesauiulni Tunis
M319TUNTLUAT aN ULAAILNUAINUE 0nbABIATH WARIFININT 3-8 Tasi5 uan
uwnasiglilusadunseuanss 500 aad Sdumu 499 ke WWushddansyuaiiaglnasiuly
2estitelinszuasglugufitddunn current shunt monitor Ifeg1suasads Taglden
Frumutuiiiesifiende R31 Sawiiu 22 @ Wesandaueawn Q, was Q, vilknszua

Talluiaeinu R29 tag R30 9701l current shunt monitor 92 VEMdE Y IALIIRUANATONTDA

'
Y

famumuduindauadniie e udygraladaiaudady donsvensdyaravaisaiie
se95unTIRTunsEualiimatsvwin Wasandimmud I uvesauIulni1fTada1a
nyzualniilwaruaziiaides Jenedldonsivensnalsvun laemuuasnI1vE18INY
GSO wag GS1
3 a o 1 a s <3 1 v o [ P
PNUUNSTLENATITInITRuadntauaen wavruluSmnendygramsini adu
LX) L 1 a v dl 1 al dl o 1 a
ATy IHan1s 18ns1ve18aei 8 it waziinisuennieliiiiiousniuseninadune
LazLeinm 1leLenAves isolation amplifier W udyaiaumanig (differential) Aaans
I3 . =~ q v & o o 1 v ¢ | Ao
LIMNALUY single-end Fslgpavuonddmsudsandlulasnoulnsaaosiazuanianfin

N1UALNAD OLED



32

499 kQ
[solation
rR2g  Current Shunt
lsense  Monitor Amplifier
+  R29ZR30 Analo MCU &
R31§ : Op Amp >
500 Vv ; Displa
Switch play
5% 8%
MID T
RINSULATIO G50 G MUX

AN 3-8 LAUNINIATAITIARIAUNIUTUNG AL
499k

o/ 22§ i V'x 61> GQ> G3 Xs

500V

| Rins ?

a v v v Y U v a
AN 3-9  BATIVYIYNITINAINTUNIUTUNEIAL]

NAMNT 3-9 L TURNUNTNLEAD S AU USRSV 889NIT S ARAFUN LT UL A7
AIULSNYP TS THIULS I UNSELERSS 500 1ad Sauseiunnasousadumu 22 Q antu
PHIUTNT VY VRIRUNTAILAATAY Tw3aiifansaasunsyuadun NIV F Y UNATE
A1 Laln 25V/V 50V/V 100V/V tag 200V/V wé’qmﬂﬁgua]zmumﬂmaﬁzyliy,m%qqﬂmzﬁ
ynia Sadutewineianineasdnglulasaeulnsames Xs Fauansiiiundauntsi 3-1
&9 aunns? 3-5 azAeuuulunii

22
e — 5 (3-1)
499K+22+Rins

DRNI1VLY 25V/V
Vg1 = 25V (3-2)
DRI1VLNY 50V/V

Vg1 = 50V (3-3)
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99510818 100V/V

Vg, = 50V (3-8)
991319818 200V/V
Vg, = 200V, (3-5)
991319818910 current shunt monitor
Vg, = 8Ve, (3-6)
Vos = Vo (3-7)
Xs = —Vgs (3-8)

naunsi wiusdunisdrnanuuluniy Akansaowdwagavieidu Xs 9
lulasreulnsaiaesainnnseuAn 9t uasuand aund UM evA1A LA VUV
aulndln (Rins) Aivielunsasuansdsannisl 3-6 Felivaneaunismusnnvensidenld
VYUY Y IUR AN ALY

D188 25 VAV

Ry = % — 499k — 22 (3-9)
90310818 50 V/V

Ry = w — 499k — 22 (3-10)
80519878 100 V/V

Ry = w — 499k — 22 (3-11)
80519878 200 V/V

Rins = = — 499k — 22 (3-12)

S

3.2.2 mMFiafduuduyiviaissi (Multiple Shunt)

NMTIAAIANNATUNIUYDIRLININAA 83T F AU UTUYIianef Ad1eAUID Single

L3

Shunt tunisvensgrutanausaiansenasilualanataszeu ngldsauniuturivane

[y

FHIVUNUAUNIUA 3 2 bokn R29 R30 wag R31 uaaze uinldAIAINuaIUNI Ut unm19iy
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oghavu Tamauiuliiihfidmegldmumuduyiatiam uaziefarauuliiniddgs
ldrnmnuiunuturige Feeanudumuauiy wsiumssiumanusumdu 113
fagldueamin Q, uay Q, lunsaduAAuFIuUTuY Yedufazeuin Fapnsed 3-2
MnduLsuinnasouveiImIunIuTY (Wsaudl ISENSE way MID) axlainiy
current shunt monitor #L8ufivenedyaiaunsgiussiuiinnaseuveaiifunuduiil
PRI NOFNAITAIMSUNITATIATULTIAuANAToula eludnududesld current shunt
monitor ilauAuiuls Single Shunt lagld@aldendyyias MUX Unewia current shunt
monitorkagzdaiu isolation amplifier 7 1dufave1edyyrauennslufiivsousnnsiig
serinsBumatue i Weannansenudygusunurdonssiuiuliams anudedy
povuauy i olilordinad idunas 19y Single-end wazd sdgygyaniusanuidn

lulaspaulnsalaashasianInan1y OLED WanIsan wd 3-10

499 kQ

Isense Isolation Amp

+  R29 RBO%% ]§ L Analog > Op Amp |-»| MCU &
i J?Ql ‘??QZ
MID T

RINSULATION MUX

AN 3-10 LHUNINITATINAIAUNUTUNAALA?
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499k
o—ANN
T 26122.7kS 220k | Vix Gl> Cﬁ> G3 X
500 V
i Q2
Q1
Rins

AT 3-11 DRNSIVYIBVBINITIARIAIUNUTUNA8F

NAMNN 3-11 1N UNINLEA T AIUINEAIIVB8URIID Multiple Shunt Taei3u

NWITALSIAUNTEUANTI 500 1286 TALSIAUANATOUVDIANUAIUNIUTUNLALA 261 Q 2.7

kQ Uay 220 kQ FIAUAUMIUTUING 3 Adlazgnldnuldviloudy mszlinisuddiuin
ANUAIAIUAIUNIY LaednSasUM TR 0T Q1 989 261 Q way Q2 U4 2.7 kQ 1A DIP

[

Switch 1899 MNUWITAIUIUAZAAIEAUIDNDUNLNT TILAAINISANUIUAIFUNTN 3-7

A5199 3-2 WU LLAS AR UM UTUNIA8F

YAUEW AR IUNIUVDY AIAAGIUTIUTUN R,
3ol auuln
1 0-3MQ R29 || R30 || R31 || Ramp ~ 235.735206776
2 3.1 MQ - 39 MQ R30 || R31 || Ramp 2435281714888
3 40 MQ - 100 MQ R31 || Ramp 24838.709677419

NN 3-2 WU uTRveIauIulidln Tn159UIUAIRTUNIUT U IiaeR2 Taedl
Ramp 7uduiinauddunnnigluves current shunt monitor vunususeiy fawviiu

28 kQ LAZAIUINAIAUAUINUTUAIUIUAY (Rp)

! RD

X " 499k+Rp+Rins (3-13)

Va1 = 8V (3-14)
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k
Vo2 = —Vo1 (3-15)
Xy = Vg2 (3-16)

9naun1si 3-16 Wunsiuanuulundianawd 3-11 LAAIALIANAGAYINE AL
Wlulaspeulnsatass Xum azdaunalainnisaiuin Vel dnasuinisauiaazaaienuld
Single Shunt e hdausdrugunsnl current shunt monitor Lusuan Megunsafluisas
wiSloufuilinsAunadutiumiiouiy avturssnaiounduiionAranudumiues
awnlwih (Rins) Fawansaunisi 3-17

_ 8192RpV;

Rins = —5 2~ = 499k — Rp (3-17)

3.3 NISIALUULLUSLSIAU (Resistive Divider)

¥
aa a

nMsinAIANNAIUNILYBsRLINlNA R8T NS TRl UL LIS IAU FFTILURNA1AUTD
SANTEUALUUTUN FanInd 3-12 Imsisé?ﬁaéfmmummmmﬂmiﬂﬁmﬁaamzﬁuLLiqﬁuQ]q a9
unlvegluseiuiismerdidunmues instrumentation amplifier IdagsUasnsts azdanniy
wpawe Q; uaz Q, Waansinde WasusdLnL R31 10U 00 aynuindawauliihauiy
FuFmuMIUTL e IuU ss ey Fesasunuiuiiliussiuasinfy dausiduniugesnis

1 YR (% 1 PN A % U a a [
WUILSIRUTALTIRUANATONT 6.8 kQ Fziudelssiunaniaalian (mV)

499 kQ
—A\W
R28 %22.5 MO Isolation
Amplifier
* R292R30 .
500 V 002 268 ke > op Amp >
Display
- Q1 2
Instrumentation
RINSULATION Amplifier

AN 3-12 WHUNTNINATATIAUULUILLS I
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499k

225 M

+
500V Rins§6.8 k§¢vy 9 Cﬁ> G3 X

AN 3-13 DRSIVYIIVDINITIABUULUILTIN Y

a I3 aa ° o ac f ) a |
INAINA 3-13 LTULHUNINITANTATUIUDASIVYIEVDIIDUILTIAY LAELSUINNEIY
299THSIAUNTERENTS 500 1387 TALSIAURNATEN (V' X) UBIFIAIUNIY 6.8 KQ NUUILHIU
instrumentation amplifier #gns1venWiiu 1 MaaouRslulsaTAa 18 UIsAountnll uag
3 L% v v 1 & dl' 1 1 d'q./ q! o a
1AnAiIaaTY Xx inglulasreulnianesine oA in FaanINsAuIMLUUAnly
PUIAIFUNITNA 3-18

Rins(22.5M+6.8K)

Zx = Rins+22.5M+6.8k (3-18)
Zx fiD AIAIIUATUNILT N
- = _
X Z,+499k Vi (3-19)
r— _~ Sk
NS 22.5M+6.8k X (3-20)
Vo1 = Vx (3-21)
Va2 = 8Var (3-22)
2k
Vs = 135 Ve2 (3-23)
1024
Xp == Vo3 (3-24)

d' & ° Y A ' ¢ v v
1NFAUNITN 3-18 LﬂUﬂqiﬁ"IUUm%qﬂQQQiLLUUlﬂVUW 'V]LLa@ﬂﬂqLaqmwmﬁﬂquLLaSLGU']

J =

lulaspoulnsataas (Xr) 9swui1929991A1 Vez dnasun 35auiamiioududs Single

Shunt way Multiple Shunt LWS122995ANLIAMKALAN DU 28T UILRIAIAIINATUNIUTD
auUlnin (Rins) IneAunumdounau Jauansssaunisn 3-25

33692679600000XRg
55705600V;—69017400XR

Rins = (3-25)
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3.4 293IRTIIVUTIAUBUNA

yhnthiinsaduussiunszuansa 500 Tad sensliisutsusedu (Resistive Divider)
ileansziunssiufigeain 500 Taadl Tegluseduiuiledoutdunnves isolation
amplifier un1suennalaiilviaonde LLazLﬁaiﬁLawﬁmeﬂué’igigwm Single end 3363
THoeuuont uasuanwmarumiiige OLED minsraduussduiiiiorlvuilodiussiudunni

FarauiunuvenwIulili Wusssiunszuwanssegluszdu 500 Taad wansiagui 3-14

Isolation
+ M Amplifier
500V

- 3k OpAmp —P WA\
T Display

A il 3-14 WNUATNINDTATITIULTIAUIUN

oM

.I_
500V

§3k §28k i\/’x G> G2 XsS
0—

AT 3-15 BRI IVEIYVDIINATATIATURTIAUBUNG

INFUTN 3-15 UAAITIEAZIBEANITAINIUENTIVEIVBINAINTIVTULTIAUBUNR 1ag

SUINLIIPUNTERENTI 500 1188 TALSIAUANASDUVDIAIAUNIUAVUIUNY 3 Alalaviy hay

28 Alaleviu nasndunisileuselulasmieuduisneuning uaziordnmndlazidng

‘liﬂﬂﬁﬂ'@iﬂV]iaLﬁ@%LﬁaﬁifléWUﬁf]ﬁf@ Xss ‘%!QLLﬁ@QﬂWﬁﬁWUUWLLUUaﬂlﬂﬁﬁfl ﬁﬂaﬂﬂ']ﬁﬁ 3-26
Rp = 3k || 28k = 2709.67741935484 ©

R
Vy = —2—V; (3-26)
9M+R,,

Vg, = 8V (3-27)
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2k

VGZ = EVGl (3-28)
1024

Xgs = TVGZ (3-29)

naumsi 3-11 Wumsiuaeniasesadunssiudunauuuluvi fuansan
Xss Alalasneulnsamedeiu axnuiigaamednsveedas isolation amplifier gy
1 wfnmiousuisnounind azdursmAusafunssnanssdune 500 Tad ieas
AvadeuABuNATIald nsafuAusIFuBuNATidvun Tngdnaurdoundudannisi
3-30

1.42790122Xss
Vi o——ia—

= (3-30)
0.82188875093

3.5  729958519L59AUNSTHENSY 500 1980

naseankuuLrasIgllussiunszuanss 500 Taas TanannisuesnalsluanauLes
a3 (Flyback Converter) 10129950 UaUSIAUNTEULANTY (DC-DC) nifulasusany
nzwansBunn 24 Liad lulsiunszuansaendng 500 186 waninangui 3-16 wagnis

DONLUVIITVBY PCB MINIWA 3-17 F905U18918aztdunnudunansadiunsdl

) 5V.1SO +24 i D1 +HV
T ucci12051 —
QDVERQ1 S
L] Y §J : *
5V150, ¢ jﬁoz
12 D3
+HY 3 j
AMC1200 UC3843
Qt
ADTR
HV_EN
Q3
SN74LVC1G17DCKR -

AT 3-16 9asuurasaneliuseiunseilanse 500 Tan
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g g S e E R B E a kst e g -

Ilrl'x.ntlrxr-xlrrx:-:rrxr-.:xlt&&rr A
PN g‘uﬁ laae ok o 3 o N o B
A W A HNNTE
| | |t 2 g2
®

l;n EEH e 2 |k

- FEXKFFRX

REp gttt xRy

f p |EEREEEF
L4 KNEFEREN
w

e B

e

reaxnmen
wwwe 2w/ $un
F RS T 4 pr
< ‘g > J i

B i aiet]

FFEPEKNKFRF?P

NP PP
£

AR

0 M
|vx‘£'\,"' 17 oM

AN 3-17 99nNkUU PCB 9993995wa991e

3.5.1 N1309NLUUNITAIUAL

2vastuneaalylod UC3843ADTR §aidun1smunu PWM faenszua (Current-
Mode PWM Controller) ﬁﬁﬂizﬁm%quﬂumﬁmuquLLﬁqé’uLLagﬂizLLﬂWWW AwAlunns
aAng7 300 AlatBsnd aunsaUsuAuAlEaIn Ry Waz Cs @21 Rys Cg WaT Ry, a11150U5U
UFIBNNIAIVANUUY Pl flazfunszuantuoamnnazidnluiledian sense aggaelsr
novauasiansiasuuadlyanlsognsmniuazannsadesiunsiianseuaAuls fdanm
7l 3-18
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ZSRFBCQLAMZSTR

" e e v seaw
L2
fsw NN
Lrso [y CS|| Ra1 ) ?I |
b3 PGND | AW [B:eS
=10k | 11 11k [ I
______ +H0p=_=— e == 0.1u
|
c1o Rz % rp LI Rmer  veEF | 0 | )
i .—l—MAy—r' : vee 1 I||.pG1\D
10k — |y = | comp T 0.1u
2R > IFS:EE‘JSE OUTPE% 10 A !
10k | Pl control B e g ~5
LR26
|__8 PGND __I:_ 2k ™
T = =— TUC3843ADTR PGND
D PGND PGND w27 N, Sy
vy
GND 33k

RA7

AN 3-18 995AIUAY

3.5.2 A50BNKUVNITHINNTIIN (Isolation)

-
-
-

1
1
1
L L -

L R28LRIQLR30
=0.5%05%05 |

[sense

PGNPGNDPGND

nsuennInadanudAylueesl eauvasadevesldukazdesiuaiy

= ¢ A ) ¢
LﬁEJVI']EJ‘UENQ‘Uﬂﬁm bUBNIINLLIIAULD TR N

UAgNa
Y

1 =

3 500 Thad 398NN NIATENINGEILSIRUY

geiueasmuay aviudsiesinisleunduiianunsadedyginaniaussiuganaduundasas

auauldogisdanade 2sasliidssuuuuennse 19189 UCC12051QDVERQT Fa1du

Isolated DC-DC Converter ¥MAHNTILENNI160 LA EILTIAUNTZUANTI +5V AU 5V_ISO 14/

dmsusglwlsiiu AMC1200BDWY. sannii 3-19

U7
+5—e % EN GNDS_3 ﬁ
< cnop GNDS 2 7
VINP VISO .
il ‘; SYNC SEL % |
—{ syNC oK NC_ 6
0.1u 6 - - [ C12
— NC_I NC 5 [—= e
= NC_2 NC 4 3 '
NC_3 GNDS_1
r 1 UCC12051QDVERQI 17
GND GND HV_GNHV_GND

AN 3-19 2995 MLALLENNTING

|5v_1s0
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nsteundusuunennsag Tled AMC1200 Fudusvensdyaiauuusenmslng
vt ipussfuednnnsegs (+HY) uazdsdya unduiniignuennsmdeenainiy diled
diodnmdunuunarisuagdesnislfiednanuuiduier vdanduandousedy
INA823DGKR L unoundlnionsiasosdoTauwiugn (Precision Instrumentation Amplifier)
vimrifivensuarusvannliudugineuasdoundudyalusun Feedback (FB) vas

UC3843ADTR Lﬁammmmﬁumaaﬂ fan il 3-20

CcoMP

ISENSE  OUTPUT
=51

PGND
—  UCISADIK

PGND o,

] iR
pruaarnce
19

PGND

AN 3-20 2995UUNGU

3.5.3 1995AUaNMsUaLEe (Logic Enable Control)
N5 Ualduuwvaangliuseiugagly SN74LVC1G1DCKR da.du Schmitt Trigeer
buffer n3o31ae3ninn Wiesudmain HY_EN 91nlilasaeulnsaiaes uazilaldaussuy

W $978usInug s uLRaLR Q3 73 oustafiurn COMP (Comparator) 184 UC3843ADTR

'
[

HaADINIS19995 DC source ¥9NU Aa9lAN&991n enable Nau aztu193sklau1svinau

Ialaenliflifds enable fan1nd 3-21

V rHV Sense N 2 ) C5
R0 penp || & 4
INA823DGKR | 4 - 10k [ il i
| 470p U6
- =3 4 . 14
GNDGN c10 R23 ci R22 RT/CT VREF (>
== vee
1n 1
O 20i—e—— COMP N
| B Ve 5
ISENSE OUTPUT |—
GND
£ _l_i PGND _—|:—
= = — UC3B43ADIR PGND
PGND PGND - PGND
[m—————— frpepDm = = = = = — - b =
l |'; Q58040ATTCL ¢
| HLEn R46,,, 10 ol AT I 1
| SN74LVC1G17DCKR ~
I RAT I
P L ) o A A A o L =
PGND
—L— — —
PGND PGND PGND

AA 3-21 1935AIUANN TR



uni 4

NAN1ISNAFIUNITINRUIU NN

unilagesunglazuaninisnadauaInuf U uYeRuIulnih nsegeuaruunlu

do9dufe diunsnidunisnageuA1AuLf U INUeIRuIUlNi1anAIAIUAUNIUR

U 2 ! 1 o ! d‘ 3 1 I %
NANRANYATINIDULFANIATIAINULLNUYN LLaSﬂ’J‘L!‘Vlﬁ’eNL‘UULL‘VIaﬂ‘U’]EJIV\ILLﬁW]‘L!ﬂﬁSLLﬁWiQ 500

Tad Aduwsssuneaaulinuauiulia

4.1 aunsalnlglunismagaunazisnismagay

NswWisEaUNTalLAZIATEN B N TNAABUNITVINIUVBIVBIATNAIAUATUN I LaRS

aan i 4-1 Tegagldgunsallunisnaasusiail

1.

2
3
a.
5
6
7

& o

waeelinsuansa (Switching Power Supply) 24 Thad $1u3n 1 1a3eq
uwnasIelinszuansa (Switching Power Supply) 12 Taad $1u3u 1 1a3eq
wiasa1elnnsziansa (Switching Power Supply) 5 19ad $1uau 1 1A30q

Y

aRtiwes (Multimeter) U YX-360TRF §1u2u 1 La3os

. Uasauvasnelnnszlanse 500 Thad 911U 1 Uasa
. UBSABIUAIALAIUNIUYDIRUIUINAT T 1 VDA

. fdumudmsunagsy (Through Hole Resistor)

ANSVAFBUAIAIUATUNIUVDIAIATUNULAELEASNAUUNT19D OLED FIN1SNAZUNA

9IUAKIUNTINFLAZIUS s UL I UAIAUF AU ULT UAIAIT LHDIATIANURANAIALALAN

ANMULLUSTLAAINININT 4-2 18UTNBLANINARIT

1.
2.
3.

ANAITUATUNIUAIBATLUIFIF1UNIY (RDM)
ANAIUATUNIUAIBATIANTEALUUTUN (CSM)

AL IIAUNTELENTIBUNATNTIFTULA (SENSE)
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7 et o 7 amsrownserny W . .
— o ——= Switching

Measurement

board

el |

1| < - 7 y ;
4 LN\ Sy O
I_dwsi%ﬁpe__

ANA 4-2 LaEnINaniinae OLED
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a6

9107 4-3 1 TUN15TARSIR LA NATDII95TIBUIIU 500 1986 NoUTIBIIY
Tfuauin 910 N9 4-4 1Jun1sTRauIuNin15918wsea Y 500 1ad laenaasdnudi

Fumungaumgiivesnszinduiagvaaeuiianunsoniuaula

ad v Y v ¢

4.2  NISNAFIUAIAIUATUNIUAITAINIUNIUTUNAILRE?

[

U5 AUAINANISNAZDUAIANNATUNIUNAINNATUAT AIAUAAIAINUATLNIUTUY L

al' i Y] a Y - a | Ao Yye 1 a a
N 22Q I@IEJQ'WEJLL?QWUT"I?%LL?{GWQ 1 UM LLa'J@']‘UNaV]@a@‘UIﬂEJL‘U?EJ‘ULVIEJ‘UW’W]'J@VL@ﬂ‘Uﬂ']‘Uiﬂ‘Vl

[
Y o

v a = = 1 Y = ] )
ADINTILNYU YIUAIVINNANIYNTIIFDULNYUATAITNULLU UL (Accuracy)

A9 4-1 HANAEBUVDIAIAMUAIUNNIURUIULNANS 83T FIA UNIUT U ALREN

5@1‘5’1‘08'1&] AR549 (MQ) m’mu&iu&h (%)
0.59 95.783
2.23 98.522
25 3.01 98.857
5.67 99.247
6.67 99.064
9.38 99.311
14.8 97.179
22.2 98.229
30.3 98.499
40.9 98.636
200 52.0 99.464
63.0 98.972
73.0 99.813
84.0 99.517
93.0 98.442
105.0 99.689

™~ i v Ao A = =
PMNATNT 4-1 LARIHANISNAFDUAIAIINAIUNIUYRRUIUINTN ATl aIUS suLiay

AUAID39 LALLAAIAIAINURANAIALALAINUBUUENVDITEUUTNONTIVENY 2 29U AB 25 way



ar

200 1 WUINASATIvEIE 25 1 ArAmiugeglutag 95.783% - 99.311% lavdldn
Aananngeandl 4.217% Arranaduniu 0.59 wnzlevia uazanauflerauduny
s

dmsudns1veny 200 wih Aaukiug1agluYie 97.179% - 99.813% lavild1Ady
Anmannsigail 0.187% fienaudunu 73 wnglesiu delaesaniinnuuiugigsndn 95%

Tuyngansin uansliiiuineesiesnwuuliuszansam

100
99
98

97

Accuracy (%)

96

95
0 10 20 30 40 50 60 70 80 90 100 110

Insualtion Resistance (MQ)

2N 4-5 ANULLUEIVDIIDHIAUNIUTUNFLAYD

IINAMNT 4-5 BANIANUFURUSTENTNAIAIILA TUNIURUIUTUAINLL US04
SUUTARnaonYIe 0.59-105 MQ WU lUEI9AIAIEIUNILAT (0-18 MQ) Aamusiueniinng
Wavuudasegaiulddn Tnaisuduiiaidgausyanal 95.8% fiA1Audiuniu 0.59 MQ
mﬂﬁ?ul,ﬁm%uasm'utmﬁmuﬁmmqaqﬂﬂszmm 99.3% ISl 7-10 MQ Aauazanasundi
Uszanes 97.0% Ushied 15-18 MQ %aﬂu@mﬁwqmaqé’mwma 200 i

Tugasamufiuyuiunasivgs (202105 M) Armutiugrfiuuldufiadosunnty
Tnooglurag 98.5-99.9% naonraansin Insilrngegaussanas 99.8% fusia 75-80 Mo
welaefinnsiumudntiosiusion 90-95 Mo udauwiugAnduiiududnafeivanedas
n157m e?faimiwLLamiﬁLﬁmﬁizw:ﬁmmLL:u'uETWQQLLazmmzauﬁm%“umﬁmﬂ'wmm
FuUNIURLINLYIRINa T

nslsnsuenedyaas 25 war 200 Wi Wunisasadenldmdnsvensfidnatu lne
gUnsalnadunsruaduifidnsvenodyyamatssnsildun 25 50 100 200 Wi Fauiu

ANl AUAIAINUA U U A AN AN el lalun1SIEeNons1veN8uINTY AL
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LAAIISARAIBNITENFIDENT ANAIUAIUNIUYDIRUIUINAN L aLEAINITNTIVTUNTLLATUN

LAV YYIUNTELATUY AIANAITN 3-2 LATUAAIAIDNTIVYILAINITINN 4-2

A5197 4-2 LEARINISANUINYDIONT VLY INA225

o . g AINVYY

A19%9 (MQ)  UIIAUANAIBNYUN (V'X) 200
0.59 0.010101 0.2525 2.0202
2.23 0.004026 0.1007 0.8053
3.01 0.003133 0.0783 0.6266
5.67 0.001783 0.0446 0.3566
6.67 0.001534 0.0384 0.3069
9.38 0.001113 0.0278 0.2227
14.8 0.000719 0.0180 0.1438
22.2 0.000485 0.0121 0.0969
30.3 0.000357 0.0089 0.0714
40.9 0.000266 0.0066 0.0531
52.0 0.000210 0.0052 0.0419
63.0 0.000173 0.0043 0.0346
73.0 0.000150 0.0037 0.0299
84.0 0.000130 0.0033 0.0260
93.0 0.000118 0.0029 0.0235
105.0 0.000104 0.0026 0.0209

dl o v L3 ! U |
NANTNN 4-2 LFAINITANUIUDATIVEE YY1 25 Wag 200 LN VBSLINRUANATDL

FHAANUNIUTUN (V' X) WU DAIAUATUNIUNLTY BIIFUANATDNIANANAIDE19% DL B4

Tnganasain 0.010101 Thad 7 0.59 MQ wide 0.000104 Thad 7 105 MQ Tsapnadaaiy

wannsng e inseualvaiuduianaslonuaiTuIuEITy

A1MTULTIRUNHIUNITVBFYYINTY WUTIM ORIV 25 117 wseaueylugaa

0.0026 - 0.2525 Thad uazdnIweed 200 i1 oglug19 0.0209 - 2.0202 Taad Tae
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9n31818 200 11 TLTANgINIenT1veIe 25 i1 Usean 8 winluyaenisin Feiediy

AMUAILNSOLUNITHTIVTUNTELATUN AR BITY

ad v v

43  NSNAEBUAIAMNAIUNIUARYITAIR UM UTUITIANBA2

a v Y (% 13

NINAABUAIAMNATUNIUTBIRWIUINH1A283TFad1unIuTuivateda (Multiple
Shunt) mum15197 4-3 frepudrunuiTadidaening Fadsddrmamuiummdui 3 &
funnsnafy fdumiusl R29 R30 uas R31 azgnadunisidaiudioueaia Q1 uay Q2 1
Fsmsuvataslunsadaauiavian 3 gaaail

1. Arpudunuvesauuliind 0 - 3 Mo Mdeanuduniudud de 220 ko ||
2.7 k9| 261 Q || 28 kQ

2. Aanuinunesauuliding 3.1 - 39 MQ laanusumudunt fis 220 ka ||
2.7k || 28 k

3, gAnuiunIuYeRIuliing 40 - 105 M Mreuduniutiu fie 220 ko ||

28 kQ

a

A1568 DALY AIAIIUA 1UNTUTUN T LANA 1T UTULAAZY 29 13 BAIAIUATUNIUY DY

'
o ¥ 1

awulniiagldiuddunutunnasn arnnuiunuvemIulnihguagldiui

AUNUTUITU LAY BAEAUINANANNMUNIUTUTITININNISTIUIUAIENNN SN 4-1

1
Riatal = 7= T (4-1)
R R "R TRn
¥4l 1 220 kQ || 2.7 k || 261 Q || 28 kQ Ru = 235.735206
¥4 2 220 kQ || 2.7 k2 || 28 k&2 R = 2435.281714 Q
¥l 3 220 k2 || 28 ke Ri, = 24838.709677

F5n191AaeUlTAIMINUAUNIUTUN BAZAIAIUAIUNIU 28 kQ MTuAIAINNAIUNIY
neluwes isolation amplifier lagnaaauIBLTIAUNTELENTS 500 Taasd A9ld 1wl
) & | A o Y o ' P ~ | I a v 1 Ao
PAINNTUDUAMLEAINAUUNLNDD OLED a1t 1u1Au b USeuiguseminaaAnasanuaIingg

TR NDAILIUNMIAIAINLLLIUEN
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A5199 4-3 HANAADUVBIAIAUANUNIUAUIULNHIAEATFIPT U LT U aes

ANATUAIUNIUTUA A1939 (MQ) AU (%)
220kQ || 2.7kQ || 261€ 0.59 98.908
28k 2.23 97.890

3.01 98.780
220k || 2.7kQ || 28kQ 5.67 99.578
6.67 99.899
9.38 99.945
14.8 99.744
22.2 99.945
30.3 99.773
220kQ || 28kQ 40.9 97.883
52.0 99.780
63.0 99.647
540 99.732
84.0 99.567
93.0 98.518
105.0 99.836

N394 4-3 wansHaNTIABUANLLUE1 IS IRAIAIF U LauIL Tl
Tngl#38Miumutusivarss Ssutsdramsineeniiu 3 $rammanams Ut usinld
wudlugiwsn dwmsunisindianuiuniy 0.59-3.01 MQ lauusiugrogluiig 97.890-
98.908% IneilAnuiinnaingean 2.110% dudurrsidmnuinnainuniigailefisudu
$298U

Tuthsiians dwmsumsiariaudumy 5.67-30.3 M szuulinnausiudigeaaly
nnv29 Ingaglurae 99.578-99.945% uaziiAranuianaiasigaiies 0.055% Ad1Al7u
UMY 9.38 uay 22.2 MQ wazdasiiany dmiunisiaAinudiumiy 40.9-105.0 Mo
Arsiug1eglutag 97.883-99.836% lnefia1mnuinnaingaludntosd 40.9 MQ wa
93.0 MQ Tngsauszuuianuuiugigeni 97% Tunnyaan1sin wandliiiuinnisidenldsm

v v ea | ' | v ~ a a o aa
Aumutunnzauluwsazd9elisuutUsEans A NS In A
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NN 4-6 ANULUUEIVBIITFIFIUNUTUN AL

NN 4-6 LARIAINULNUETIVDINITIAAIANUFIIUNILAUIULASTEITFIA1UNIUTUN
AeAIUYI 0-105 MQ wudtauuiuglaesinegluyie 97.890-99.945% §4g4ni135H

Yo Y Y fw A 1 =3 P N o 1 ¥ a 1 1
Tgsmunutunsifglegraiuladn lnonsmiianwusAsutiaddesiugiening lnganig

439 5-35 MQ fieuudugiaglnaiaes 99.500-99.945% aemiaiilod NeuUILANAININLA

'
o

AanUsTaN 97.883% U3vias 40-42 MQ FaluusiiasessoseningtienisaauiasnunIu

3
UN

e

MAIINNIUYARIEANINETD ANRL UGN U NTURE1NTIAL S IazaIR g lug

99.000-99.500% maoAY3s 50-95 MQ dau%aﬂaué‘ﬂﬁaaﬁﬁnm 90-95 MQ LLﬁ%L‘ﬁIQJ‘ﬁ‘u

o

dnaseauiiniou 99.836% fivatevain1sin laesaunsmuansliiiuindsdaduniudun
waemansasnwanuiuglvegluseivadlanaanyianisin warlimuiuniulesnin

AFTUNFLAL FPUTUUTLANTNINYDINITDBNRUUSLUUIANU AU

4.4 NISNAFIUAIAIUAIUNIUAILITIUILTIAU

NANISNAABUAIAIUAIUNIUYDIRUIU WA IEITHUILSIAU F97995WANAI99INITIA

a &

Y { Y] o v v ¢ = ' 1%
NSLETUN (Current Shunt) MUUNNTIANTELEVDIFINUNIUTUN LALURIUAIAINUATUNIY

o o Y a

R31 101 0 Q warlifin1sveedua s asi 19991nLsIsURNAToUVRIF I 1UNIUD 198 9T

A

VUIALTIAULNENDANITIAA YY) AIUITOATUIUIINENNTITA 3-7 FNTIAMlouiuIsAou

PUIRNTNYBTIAUNTEBENTS 1 UITBAIDIUNANAFBULAELUSEUNEUNUANDSY LREWEAINANTS

PNAFDUMIYANAIULLUGT LLAAINANAADUANINIT NN 4-4



52

A5199 4-4 HANAADUVBIAIAUAUNIURUIUIHNHNA8AT LU LTI

A1339 (MQ) AUWIUET (%)
0.59 99.306
2.23 98.099
3.01 99.837
5.67 99.834
6.67 99.304
9.38 99.191
14.8 99.171
22.2 96.928
30.3 95.541
40.9 95.023
52.0 93.527
63.0 91.940
73.0 90.800
84.0 88.770
93.0 85.693
105.0 83.979

AT 4-6 LARIHANITNAADUAILLLUSILAZAINAANEIATEIANT T AR AN
Frunmuauulii s uU st wusilugasAauiunIue (0.59-14.8 MQ) suUll
Anusiugraglund Tngegluaig 99.171-99.837% uazliArAmuranainliiv 0.829%
sniufien 2.23 Mo Afianufianain 1.901% egslsinuidioranuiunuiingduou
222 MQ Wuguld anuusdugrvesssuvanaseteseiiosuazdaiay

Taedl A1Aud1unIY 22.2 MQ mwmm’ueﬁamaqmagjﬁ 96.928% Wazanatoay s
foLilosaufernnngail 83.979% fA1ANNAILUNIY 105.0 M@ FedArauAanaingads

Y o w

16.021% azviouliiiuinisuumssiuddedndnlunsinainnudiiuniugs Wewnusay

v
ad A

ANATAUAIATUNIUD DI AL DEUINAUAINAF DANULLUITUNITIA AItUITRI MUzl

AMSUNMTINANAINUATUNIURUIUIUTI LYY
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AN 4-7 AUV IVDIIOUILTINU

1NN 4-7 uansmnaiugeenITinA e IE U uauIU i F AT U sy
Tutias 0-105 Mo wuIlugasdrAud LM (0-15 MQ) ssuufiauusiugrgaaglugig
98.000-99.837% lagnsmiiidnuwardeutiinsiiwaziaios egslsAnmuiloAranudumiu
getusiaud 15 MQ Wuduly arausiusfuuiltuanasesaeiiowuarasiiane 1nglad
nsiusnduiuanmiionisnounthi

ANNIsILIARAIIINYSEANM 99.000% TIUsEaNA) 15 MQ anegiiustana 95.000% 71
10 M@ uazanassoiilesauisAiigaiiuszanas 83.979% AAANLALYINL 105 MQ Fauang
Tiruddedninre i uuusiuag13daiau LﬁaﬂmﬂLﬁammméfmmuqﬁu L3sFuTinN
Asouffuus1Beesdnesatiazusiunnaseuasuulastes vilrnisindinany
AamLAdeuge WelUSsuisuiuimdumutwinatsd Buda suiamnzaudmsiu
nstaenanuiuuauadlutsivinty wazlimnedmiunstalugasemaiudun

(G
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105
Multiple Shunt
100 I
~ WAA — /'v 7\_/
o\o I \/
=~ 95 I
>
O
©
2 9% Single Shunt
g Resistive Divider
85
80

0 10 20 30 40 50 60 70 80 90 100 110

Insualtion Resistance (MQ)

AN 4-8 NS UTYUMBUAINLWI UGG 3 357A

'
=

AMIUN 4-8 uanimstUSeuLiisupauuaiugIveisn1sina1nus unIuau Il

ad v Y U (3

4 3 35 laun AdaumutuidaLie (Single Shunt) 38ARunIuTuYIiaIuda (Multiple
Shunt) WaASHUILTIAL (Resistive Divider) #asnv13n13in 0-105 MQ wuinlugaeAIA1w

Funudn (0-15 MQ) 913 3 alsmnuusuglnaids siulutae 95.000-99.900% agdlsf

£ '
=

AULilEAIANAUN UL ToUULTIAUTANULIuEanaIeE1BIoIudd 83.979%

‘:4' Y B = Y o o a6 Py v @
N 105 MQ LLﬁ@\‘ilVTLV‘UQQGUE]"G’]ﬂﬂﬁuaﬂﬁﬁ‘fﬂUﬂq5’39]?’1’]@'3']&]@’]14‘1/]'11@@@8’](160@L"\]u

ad v v % (3

oS eULIBUSENINNID AR UNIUTUNAAYD BAaLITHIAUNIUTUNNAIYFHI WU
Meaeglvinnuulugguaziafosnaenyen1sin neagluyig 97.000-99.900% 3561

AUNIUTUY VAR AN UR UKL B8N ILaE S NEIsEAUAM UL UE LR NI TugI9na19D

'
aAaa o

Ua18989924n1590 Tuvaueigdsumutuisid asinsduniudndosluuisge lavasy

Y

W umuiuIaeflinan15InNANannaenYNTIATMLR waswgaungadmsu

s lUTguaseluszuuinaianua uniIuauiwln

4.5 nsnagauwnasanglnnszianse 500 1aad

nInaaau9asIglnnszuanss 500 1ad dusuilunsssunaasuluiudiauiuli

vy & [ A = s s a Ay w
lﬂmﬂ'ﬁ@@ﬂLL‘U‘Uj\Tﬂﬁvm 2 hUU "LﬂLLﬂ 1ATNNUBUUIITNAYUUAABULIDTLADTLUULAN ‘Vﬂﬂf

nlnladald waznsasnasadursasnatswuaraunosimasuuuludfwmuduunlvg ey
19958 uses U NAvEIn 500 1aad Feusaslisuiladseiign Feindynineiieood
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RIGOL STOF

Llzualll = 439l LUrr(l1= 32.8l1

AN 4-9 usaiuednpveaTHatesuAkuuANlulrue DC coupling

RIGOL =TOF

Llaualll =" 127wl Urrill= 12,411

ANA 4-10 LSIRULIANATEIITNABLUAL U UL IUlNA AC coupling

NNAMIA -9 wazn il 4-10 uansfegUnAULIIT U TNATENIRTANELUARBULIDS
WweskUURNSEWIaMuA DC coupling waz AC coupling Tuniwdl 4-9 Tulwum DC coupling
flussfuiadn 489 Taadl Jaupnsreandnfitmua ussiufinfeiingeis 32 Toad Tdnwaizaau
laiiSeu fiseemdnasinane Tunmil 4-10 Tulyun AC coupling Wioveneg  Uilafideusy
Tu DC Fegunduunds fdnvarduiiudosasiane uansfinsusasequasaoyszqued

FuUszglunees wssdunde 127 fadlhad uazuswiuiindeiin 18.4 Toad
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RIGOL STOF i
v

RIGOL

AN 4-12 Ui IfnAversatenuakuUlnilulnun AC coupling

NN 4-11 UAZAING 4-12 UaRFUATULIIIUBIANAVBIINITHANLUUAABULID
wosuuuludseningdnun DC coupling hag AC coupling Tun1wy 4-11 Tulwua DC
coupling JUAdUTidnwazAUTINTEU Tusesuade 500 Liad lunmnd 4-12 Tulnun AC

. =~ Y @ a a A Ao 1 al = o = 1 & [y
coupling tevengliiiusuila surduddnuwarliisou Iseendn In15Un3aU19ATe WSy

1Ay 12.8 188 LSIAUNADINA 416 aatian
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RIGOL STOF

MWN 4-13 MsUFeuisuLsiuenRveIRsHatewuanaswuululuin AC coupling

1INNINT 4-13 UaRINITUTEULTHULTIAUDIANAVBIITHABLUAABULIDIA DT
aoanuundouiululuun AC coupling Taedygiadsnuuisasiulasdya udinaoiuny
29swuulng wuinesiulidnsusdyaiadusuiiudesvualng Inedyaaveans
Wufinsunisinegetnaunaontiwaifiin asvieuliautinisysalsyguasaelszgues
LY~ Aa % 3 I 1 =
MiuUsEniaTudn 9 egmaiiies

Tunenssdudny dygruvessasuuulnd @wdes) Ianvuzidudunssiifiauils
ARBAYIINITIN sl DU YU IAD AN INTBUAY HANULANFAIIVRIANAINT Y10

LBIANATENTINNNAIERITAY FrasHaewuareuesinesuuulnisUlantosunn
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NUIT8ULEYINI99DNRUVININAFBUAIAILAUNIUaUI LAY TnevinnsAnyLay

I ad v a v

WisuileuiannsTana 3 38 taud S3fdunmuduvidaien (Single Shunt) 3adadumiu
Fusivanas (Multiple Shunt) wagSutaussdu (Resistive Divider) AsaungumaamsiafiLs
0.59 14 105.0 MQ 1ngi19a3T 18U MUY A8 MITNANLUUAABULIDILADT WAIIITUEY
danandudiulsenaunanaessyuy Lﬁwﬁﬁmﬁmﬁmmzamﬁqﬂ dwsunsilulaau
939

HANTISNAABUNITINBUIIAUNTEUANTS 500 12ad N1590NkUUMeIRTNatgkunney
nedined uansliiuinnesuuul fleoniuuiesainsadioussiuenaldd 500 Tad
wazilussueimmUilaanasedddedfqilofisuiuisas arsuuaiuifisudagds
18.4 Taad lngnsasuuulmlanunsaansuilaaslauinnit 97% wideies 416 Tadlias dawa
Tiusssulevimmiianuiaiosgs wangandmiunsldmluszuuinmarusumiauiud
Fesnsmnuwiugige uaziimsesnuuumiamiiondasdn 1 i aunsaifiumdaweaendye
N

SlaSeuisuisns i 3 38 wuli3Sutausesiu (Resistive Divider) faviuusiuggs
lannglugasAInuF UL (0-15 Me) Tngeglugag 98.099-99.837% wimdmusiug
anasegerailondomauiumuiiugsd osnusstuanaseuesiadunudiedad
Afosuazeliaseiinmaudsumiaslugasmnuimumiugaililidiunuuenddlunsio
TR %qﬁﬂﬁ‘iﬁﬂﬁmmzamﬁm%’umi"’g’mluﬁdfmmﬂmméﬁumuqﬂ UANTINAADUAUIUTDY
gunsaiTell BV Mvuad1Anuf unIuYes class | > IMQ uag class Il > TMQ Fariuls

[y (%

T AL ATt G GO MUV T Pt (T S MRTRIER oY

e unutuianagl auusduglugie 95.783-99.689% naanyen13in uilve
fasusiudideutnagusdstimstiunvluuiseesnsta TuvagiiBidumudusivas
i1 (Multiple Shunt) Tnan1siafiAlunngaenisin Tnedanuuwsiugiegluyas 97.883-
99.945% nasnv1d 0.59-105.0 Mo wazfiaudumudesdign 1iesa1nnisidenldn

Aunutuinminzauluwdazy v ldyarundaladanudaauuasiiugiamnasny
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5.2  UoLdUBBUSHUINIINITHAIUIIFY

ANVSUYDLEUDLULNITHAIUINIUITY 21NNITVIITENITODNLUUINISNAGDUAIAINY
Aruniuvedauulniinie3snisinainsewaslva WenauIkars oo lusuIng A3S
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INA225
SBOS612A —FEBRUARY 2014 -REVISED MARCH 2014

INA225 36-V, Programmable-Gain, Voltage-Output, Bidirectional, Zero-Drift Series,
Current-Shunt Monitor

1 Features

+ Wide Common-Mode Range: 0 V
+ Offset Voltage: £150 pV (Max, All
+ Offset Voltage Drift: 0.5 pV/°C (M

to 36 V
Gains)
ax)

+ Gain Accuracy, Over Temperature (Max):

- 25V/NV, 50 V/V: £0.15%
— 100 VN: £0.2%

— 200VN: 0.3%

— 10-ppm/°C Gain Drift

+ 250-kHz Bandwidth (Gain = 25 V/V)

» Programmable Gains:

- G1=25VN

- G2=50VN

- G3 =100 VNV

— G4 =200VNV
* Quiescent Current: 350 pA (Max)
+ Package: MSOP-8

2 Applications

+ Power Supplies

* Motor Control

«  Computers

« Telecom Equipment

+ Power Management

+ Test and Measurement

Rsrunt

O 2'A%%

‘ILoadI
" Y[~

3 Description

The INA225 is a voltage-output, current-sense
amplifier that senses drops across current-sensing
resistors at common-mode voltages that can vary
from 0 V to 36 V, independent of the supply voltage.
The device is a bidirectional, current-shunt monitor
that allows an external reference to be used to
measure current flowing in both directions across a
current-sensing resistor.

Four discrete gain levels are selectable using the two
gain-select terminals (GSO and GS1) to program
gains of 25 V/V, 50 V/V, 100 VA, and 200 V/V. The
low-offset, zero-drift architecture and precision gain
values enable current-sensing with maximum drops
across the shunt as low as 10 mV of full-scale while
maintaining very high accuracy measurements over
the entire operating temperature range.

The device operates from a single +2.7-V to +36-V
power supply, drawing a maximum of 350 pA of
supply current. The device is specified over the
extended operating temperature range (—40°C to
+125°C), and is offered in an MSOP-8 package.

Device Information

INA225

IN-

No——AAA GPIO

ORDER NUMBER | ~ PACKAGE | BODYSIZE |
INA225AIDGK MSOP (8) 3,0mm x 3,0 mm
5-V Supply
Coass
Vs T oM

out
ADC
Microcontroller

REF
GS0 Gs1 GNDh

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA

AN N-1 Uanstayaved INA225
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INA333
SBOS445C —JULY 2008—REVISED DECEMBER 2015

INA333 Micro-Power (50pA), Zerg-Drift, Rail-to-Rail Out Instrumentation Amplifier

1 Features

» Low Offset Voltage: 25 pV (Maximum), G = 100
* Low Drift: 0.1 pV/°C, G 2 100

+  Low Noise: 50 nV/vHz, G = 100

+ High CMRR: 100 dB (Minimum), G 2 10

* Low Input Bias Current: 200 pA (Maximum)
+ Supply Range: 1.8 Vto 55V

+ Input Voltage: (V-) +0.1 V to (V+) =0.1 V

+ Output Range: (V-) +0.05V to (V+) -0.05 V
» Low Quiescent Current: 50 pA

+ Operating Temperature: -40°C to +125°C

* RFI Filtered Inputs

+ 8-Pin VSSOP and 8-Pin WSON Packages

2 Applications

+ Bridge Amplifiers

+  ECG Amplifiers

* Pressure Sensors

+ Medical Instrumentation
+ Portable Instrumentation
*  Weigh Scales

* Thermocouple Amplifiers
» RTD Sensor Amplifiers

+ Data Acquisition

3 Description

The INA333 device is a low-power, precision
instrumentation amplifier offering excellent accuracy.
The versatile 3-operational amplifier design, small
size, and low power make it ideal for a wide range of
portable applications.

A single external resistor sets any gain from 1 to
1000. The INA333 is designed to use an industry-
standard gain equation: G =1 + (100 kQ / Rg).

The INA333 device provides very low offset voltage
(25 pV, G 2 100), excellent offset voltage drift
(0.1 pv/°C, G 2 100), and high common-mode
rejection (100 dB at G 2 10). It operates with power
supplies as low as 1.8 V (0.9 V) and quiescent
current is only 50 pA, making it ideal for battery-
operated systems. Using autocalibration techniques
to ensure excellent precision over the extended
industrial temperature range, the INA333 device also
offers exceptionally low noise density (50 nV/VHz)
that extends down to DC.

The INA333 device is available in both 8-pin VSSOP
and WSON surface-mount packages and is specified
over the Ty = —40°C to +125°C temperature range.

Device Information!

PART NUMBER PACKAGE BODY SIZE (NOM) ]
VSSOP (8) 3.00 mm x 3.00 mm
INA333
WSON (8) 3.00 mm x 3.00 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Simplified Schematic

V+
I

150kQ 150kQ

185 Vour

RFI Fitered Inputs -

RFI Fitered Inputs +

150kQ 150kQ

O REF

INA333
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- Tﬁ’s‘?ﬁumems AMC1200, AMC1200B
SBAS542D —APRIL 2011-REVISED JULY 2015
AMC1200/B Fully-Differential Isolation Amplifier
1 Features 3 Description

+250-mV Input Voltage Range Optimized for
Shunt Resistors

Very Low Nonlinearity: 0.075% Maximum at 5 V

Low Offset Error: 1.5 mV Maximum
Low Noise: 3.1 mVgys Typical

Low High-Side Supply Current:
8 mA Maximum at 5 V

Input Bandwidth: 60 kHz Minimum

Fixed Gain: 8 (0.5% accuracy)

High Common Mode Rejection Ratio: 108 dB
3.3-V Operation on Low-Side

Certified Galvanic Isolation:

UL1577 and VDE V 0884-10 Approved
Isolation Voltage: 4250 Vpeak (AMC1200B)
Working Voltage: 1200 Vpgak

Transient Immunity: 10 kV/us Minimum

Typical 10-Year Lifespan at Rated Working
Voltage (see Application Report SLLA197)
Fully Specified Over the Extended Industrial
Temperature Range

Applications
Shunt Resistor Based Current Sensing in:

ov

Motor Control

Green Energy

Frequency Inverters
Uninterruptible Power Supplies

The AMC1200 and AMC1200B are precision isolation
amplifiers with an output separated from the input
circuitry by a silicon dioxide (SiO,) barrier that is
highly resistant to magnetic interference. This barrier
has been certified to provide galvanic isolation of up
to 4250 Vpgak (AMC1200B) or 4000 Vpeax
(AMC1200) according to UL1577 and VDE V 0884-
10. Used in conjunction with isolated power supplies,
these devices prevent noise currents on a high
common mode voltage line from entering the local
ground and interfering with or damaging sensitive
circuitry.

The input of the AMC1200 or AMC1200B is optimized
for direct connection to shunt resistors or other low
voltage level signal sources. The excellent
performance of the device supports accurate current
control resulting in system-level power saving and,
especially in motor-control applications, lower torque
ripple. The common mode voltage of the output
signal is automatically adjusted to either the 3-V or
5-V low-side supply.

The AMC1200 and AMC1200B are fully specified
over the extended industrial temperature range of
—40°C to 105°C and are available in a wide-body
SOIC-8 package (DWV) and a gullwing-8 package
(DUB).

Device Information(!)

PART NUMBER PACKAGE BODY SIZE (NOM) ]
AMC1200, SOP (8) 9.50 mm x 6.57 mm
AMC1200B SOIC (8) 5.85 mm x 7.50 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Simplified Schematic

VDD1
—O—————O0—

VINP

250 mv %

VINN

GND1

VDD2
5V
255V 2v
VOUTP
33V
VOUTN
129V 2v

GND2
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I TEXAS INA823
INSTRUMENTS SBOSAT5B — JULY 2021 - REVISED NOVEMBER 2021

INA823 Precision, Low-Power, Wide-Supply (2.7-V to 36-V) Instrumentation Amplifier

1 Features

DR

.

Input overvoltage protection up to +60 V
Input voltage extends 150 mV below negative
supply
Low power supply current: 180 pA (typ)
Precision performance:
— Low offset voltage: 20 pV (typ), 100 pV (max)
— Low input bias current: 8nA (max)
— Common-mode rejection:

+ 84dB, G=1(min)

+ 104 dB, G =10 (min)

+ 120dB, G 2 100 (min)
— Power supply rejection: 100 dB, G = 1 (min)
Input voltage noise: 21 nVAHz
Bandwidth: 1.9 MHz (G = 1), 60 kHz (G = 100)
Stable with 1-nF capacitive loads
Supply range:
— Single-supply: 2.7 Vto 36 V
— Dual-supply: #1.35V to 18 V
Specified temperature range: —40°C to +125°C
Packages: 8-pin SOIC and 8-pin VSSOP

2 Applications

Flow transmitter

Wearable fitness and activity monitor
Infusion pump

Blood glucose monitor
Electrocardiogram (ECG)

Surgical equipment

Weigh scale

Analog input module

Process analytics (pH, gas, concentration, force
and humidity)

Battery test

o |=

INA823 Simplified Internal Schematic

3 Description

The INA823 is an integrated instrumentation amplifier
that offers low power consumption and operates
over a wide, single-supply or dual-supply range.
A single external resistor sets any gain from 1
to 10,000. The device provides low input offset
voltage, low offset voltage drift, low input bias
current, and low current noise while remaining
cost-effective. Additional circuitry protects the inputs
against overvoltage up to +60 V.

The INA823 is optimized to provide a high common-
mode rejection ratio. At G = 1, the common-mode
rejection ratio exceeds 84 dB across the full input
common-mode range. The INA823 has a wide
common-mode voltage range as low as 150-mV
below negative supply. The device is designed for
low-voltage operation from a 2.7-V single supply, and
dual supplies up to +18 V. The low power and single
supply operation enable hand-held, battery-operated
systems.

Device Information

PART NUMBER PACKAGE!") BODY SIZE (NOM)
SOIC (8) 490 mm x 3.91 mm

INA823
VSSOP (8) 3.00 mm x 3.00 mm

(1) For all available packages, see the package option
addendum at the end of the data sheet.

8 g

Amplifiers (%)

3

-1 08 -06 -04 02 0 02 04 06 08 i |
Input Offset Voltage Drift (1V/°C)

Typical Distribution of
Input Stage Offset Voltage Drift
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s N— ISO7640FM, ISO7641FM
SLLSE89G —SEPTEMBER 2011-REVISED JANUARY 2015
1SO764xFM Low-Power Quad-Channel Digital Isolators
1 Features 3 Description

Signaling Rate: 150 Mbps

Low Power Consumption, Typical Icc per Channel
(3.3-V Supplies):

— 1SO7640FM: 2 mA at 25 Mbps

— 1SO7641FM: 2.4 mA at 25 Mbps

Low Propagation Delay: 7-ns Typical

Output Defaults to Low-State in Fail-Safe Mode
Wide Temperature Range: —40°C to 125°C
50-KV/us Transient Immunity, Typical

Long Life With SiO, Isolation Barrier

Operates From 2.7-V, 3.3-V, and 5-V Supply and
Logic Levels

Wide Body SOIC-16 Package
Safety and Regulatory Approvals

— 6000 Vpg / 4243 Vgys for 1 Minute per UL
1877

— VDE 6000 Vpk Transient Overvoltage, 1414
Vpk Working Voltage per DIN V VDE V 0884-
10 (VDE V 0884-10):2006-12

— CSA Component Acceptance Notice 5A, IEC
60950-1, IEC 61010-1, and IEC 60601-1 End
Equipment Standards

— TUV 5 KVgys Reinforced Insulation per
EN/UL/CSA 60950-1 and EN/UL/CSA 61010-1

— CQC Reinforced Insulation per GB4943.1-
2011

Applications
Optocoupler Replacement in:
— Industrial Fieldbus
— Profibus
— Modbus
— DeviceNet™ Data Buses
— Servo Control Interface
— Motor Control
— Power Supplies
— Battery Packs

ISO7640FM and [SO7641FM provide galvanic
isolation up to 6 KVpg for 1 minute per UL and VDE.
These devices are also certified up to 5-KVgus
Reinforced isolation at a working voltage of 400 Vgus
per end equipment standards EN/UL/CSA 60950-1
and 61010-1. ISO7640F and ISO7641F are quad-
channel isolators; 1ISO7640F has four forward and
ISO7641F has three forward and one reverse-
direction channels. Suffix F indicates that output
defaults to Low-state in fail-safe conditions (see
Table 4). M-Grade devices are high-speed isolators
capable of 150-Mbps data rate with fast propagation
delays.

Each isolation channel has a logic input and output
buffer separated by a silicon dioxide (SiO;) insulation
barrier. Used in conjunction with isolated power
supplies, these devices prevent noise currents on a
data bus or other circuits from entering the local
ground and interfering with or damaging sensitive
circuitry. The devices have TTL input thresholds and
can operate from 2.7-V, 3.3-V, and 5-V supplies. All
inputs are 5-V tolerant when supplied from 3.3-V or
2.7-V supplies.

Device Information(!)

[PARTNUMBER | PACKAGE | BODY SIZE (NOM) |
L bd SOIC (16) 10,30 mm x 7.50
P i x 7.50 mm
ISO7641FM N ¥

(1) For all available packages, see the orderable addendum at
the end of the data sheet

Simplified Schematic
Veer Veco
Isolation
Capacitor

INx OUTx

GND1 GND2

A DA
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13 TEXAS
INSTRUMENTS TS5A23157
SCDS165F ~MAY 2004 -REVISED JANUARY 2019
TS5A23157 Dual 10-Q SPDT Analog Switch
Features 3 Description

Low ON-State Resistance (15 Q at 125°C)
125°C Operation

Control Inputs are 5-V Tolerant

Specified Break-Before-Make Switching
Low Charge Injection

Excellent ON-Resistance Matching

Low Total Harmonic Distortion

1.8-V to 5.5-V Single-Supply Operation

Latch-Up Performance Exceeds 100 mA Per
JESD 78, Class Il

ESD Performance Tested Per JESD 22

— 2000-V Human-Body Model
(A114-B, Class Il)
— 1000-V Charged-Device Model (C101)

Applications
Sample-and-Hold Circuits
Battery-Powered Equipment
Audio and Video Signal Routing
Communication Circuits

The TS5A23157 device is a dual single-pole double-
throw (SPDT) analog switch designed to operate from
1.65 V to 5.5 V. This device can handle both digital
and analog signals. Signals up to 5.5 V (peak) can be
transmitted in either direction.

Device Information"

PART NUMBER PACKAGE BODY SIZE (NOM) ]
TS5A23157DGS VSSOP (10) 3.00 mm x 3.00 mm
TS5A23157RSE UQFN (10) 2.00 mm x 1.50 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Block Diagram

IN1
CoMm1 NC1
a NO1

IN2
com2 NC2
r NO2
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ucc12051-Q1
SNVSBY2A — JANUARY 2021 — REVISED JUNE 2021

UCC12051-Q1 High-Efficiency, Low-EMI, 5-kVgys Isolation DC/DC Converter

1 Features

« High-efficiency DC/DC converter with integrated
transformer technology
« AEC-Q100 qualified with the following results:
— Device temperature Grade 1: 40°C to 125°C
ambient operating Temperature
« Functional Safety-Capable
— Documentation available to aid functional safety
system design
« Output power (typical): 500 mW
* Regulated 5V or 3.3 V output with selectable 400
mV headroom voltage to power an LDO
* Input voltage: 4.5V to 55 V
* Robust isolation barrier:
— Isolation rating: 5 kVgus
— Surge capability: 10 kVpg
— Working voltage: 1.2 kVrys
— Minimum CMTI: 100 V/ns
« Short circuit recovery
+ Themnal shutdown
+ 16-pin wide-body SOIC package with > 8-mm
creepage and clearance
« Safety-related certifications (planned):
— 7071-Vpk reinforced isolation per DIN V VDE V
0884-11:2017-01
— 5000-VRus isolation for 1 minute per UL 1577
— UL certification per IEC 60950-1 and IEC
62368-1 end equipment standards
— CQC approval per GB4943.1-2011

VINP

T T

|

|

ON '

Ci

N or EN ]
GNDP LE GNDS %

e SYNC B

SYNC_OK 3? SEL
i

Simplified Application

2 Applications

* On-board charger

« Battery management system

+ Traction inverter

+ DC/DC converter for HEV/EVs

3 Description

UCC12051-Q1 is an automotive qualified DC/DC
power module with 5-kVRys isolation rating designed
to provide efficient, isolated power to isolated circuits
that require a bias supply with a well-regulated output
voltage. The device integrates a transformer and
DC/DC controller with a proprietary architecture to
provide 500 mW (typical) of isolated power with low
EMLI.

The UCC12051-Q1 integrates protection features for
increased system robustness. The device also has an
enable pin, synchronization capability, and regulated
5-V or 3.3-V output options with headroom. The
UCC12051-Q1 is a low-profile, miniaturized solution
offered in a wide-body SOIC package with 2.65-mm
height (typical).

Device Information(!)
PACKAGE BODY SIZE (NOM)
DVE SOIC (16) 10.30 mm x 7.50 mm

PART NUMBER
UCC12051-Q1

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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Typical Efficiency vs. Load
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MICROCHIP

MCP6001/1R/1U/2/4

1 MHz, Low-Power Op Amp

Features

Available in 5-Lead SC-70 and 5-Lead SOT-23
Packages

Gain Bandwidth Product: 1 MHz (typical)
Rail-to-Rail Input/Output

Supply Voltage: 1.8V to 6.0V

Supply Current: Ig = 100 pA (typical)

Phase Margin: 90° (typical)

Temperature Range:

- Industrial: -40°C to +85°C

- Extended: -40°C to +125°C

Available in Single, Dual and Quad Packages

Applications

.

Automotive

Portable Equipment
Photodiode Amplifier
Analog Filters

Notebooks and PDAs
Battery-Powered Systems

Design Aids

SPICE Macro Models

FilterLab® Software

Mindi™ Circuit Designer and Analog Simulator
Microchip Advanced Part Selector (MAPS)
Analog Demonstration and Evaluation Boards
Application Notes

Typical Application

Gain = 1 o1
am = + —
R

O VRer
Noninverting Amplifier

Description

The Microchip Technology Inc. MCP6001/2/4 family of
operational amplifiers (op amps) is specifically
designed for general purpose applications. This family
has a 1 MHz Gain Bandwidth Product (GBWP) and 90°
phase margin (typical). It also maintains a 45° phase
margin (typical) with a 500 pF capacitive load. This
family operates from a single-supply voltage as low as
1.8V, while drawing 100 pA (typical) quiescent current.
Additionally, the MCP6001/2/4 supports rail-to-rail input
and output swing, with a Common-mode input voltage
range of Vpp + 300 mV to Vgg =300 mV. This family of
op amps is designed with Microchip’s advanced CMOS
process.

The MCP6001/2/4 family is available in the industrial

and extended temperature ranges, with a power supply
range of 1.8V to 6.0V.

Package Types
MCP6001 MCP6001R
5-Lead SC70, SOT-23 5-Lead SOT-23
Vour [T} [5]Voo  Vour[T] [5]Vss
Fo EA s
Vint [3] 4]Vin- Vint[3] [4]Vine
MCP6002 MCP6001U

8-Lead PDIP, SOIC, MSOP 5-Lead SOT-23

Vo[~ [BVoo -~ Vit [[] Voo
Vina- % [7]Voure Vss j:j>—L
Vina+[3] 16]Ving  Vin[3} 4]Vour

Vss[4] (5] Ving*

MCP6002 MCP6004

8-Lead 2x3 DFN* 14-Lead PDIP, SOIC, TSSOP

Voura[1:© .. . 78]Vop - Voura[if— "~ (i Vouro
2! 117 | Vours V"M‘[z%.\ 13| Vino-

Vist[3:: 9 6 Vine- Vina* 3] 12 Vino*
Vss{4:' "~ " "i5|Vpg+ Voo[d] [T1] Vss

Vgt (5] 0] Vi +

Ving- [5% 9] Vine-

Vours 7] 18] Vourc

*Includes Exposed Thermal Pad (EP); see Table 3-1.

® 2002-2020 Microchip Technology Inc.

DS20001733L-page 1

ﬂ’l‘W‘Ia/‘i -8 LLﬁﬂQ%@Mﬂﬁ‘U@ﬂ MCP6004
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