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ABSTRACT

This paper presents a design and construction of a non-inverting active
integrator circuit for impulse currents measurement. When integrator circuit was used
with Rogowski coil, measurement system’s gain would be 4 kA / 4 V. Frequency
response of system would be 0.5 Hz to 3.3 MHz. Integrator circuit was tested before
using with Rogowski coil by giving square wave voltage to it. Next, Tested integrator
circuit with Rogowski coil by measuring 2 ms long duration impulse current.
Compared test results with same impulse current measurement results by using RC
integrator, RC compensated integrator and inverting active integrator with Rogowski
coil. Same impulse current measurement by using shunt resistor was used to be the
reference in comparison. From the experimental results, non-inverting active
integrator circuit performance is same as inverting active integrator circuit
performance, and both active integrator circuit performances have been better than
passive integrator circuit performance and compensated @ integrator circuit

performance but still worse than shunt resistor performance.
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INMTOBARUUAIFUT 3.1 813150ANIUNIANNENIRALYBIUNUARIN (/)
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R+r
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3.1.3 8m51981898952 UL TAkaEAMISTma SYasUnaInlsnawan
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lun1seenuuvgunsalianszuaduiad wuln Arweavesnseuaduwadi
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nssuafioenuuuie I, = 48 kA laeivunlvuseiuviosnvesanainlsnawaifidasns
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¥E QI 48x10°

7 d v o I v
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<
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Tt |
L o184
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-] 1 I % 2
WA E 1'1_]LL“UﬁﬂIUﬁﬂJﬂW?BW‘i']‘tlﬂ’lﬁ"ﬂ%‘lﬂ
M=GxRC (3.0)
16
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M = 3
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LAZANI N TUIUTOUTAAINFDLUAT

0.157x10°°
= 7 )
(4rx107)x(10.8x107%)

= 115.6 turns/m
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N=nl
N=115.68%34.56x10" = 40 turns
aglgamumilenilnd
Ly =MN

Ly=0.157x10%%40 = 6.28 uH

3. 1 |Ry*R,
H 2}‘1,' C[;L()RS

1 LRl 3+92
R (0.375xzo‘g)(azgxm‘é)(%)

PWIAIAUDAAUULAR N

fy = 3.3 MHz
ATMUALIAIAIIUA TUNIULIYTS TANMIAY 50 Q

3.1.4 AUAUMUNUISIWINEEN (Optimal damping resistance)
nHeNTuaelauvasunalnlsnawan

616 Veoit sM sM
1) = = =
I [52C0L0+(%” +R0C0)s+(% +1)]  [CoLo(s-5,)(5-52)]
e $12=-wt }wﬁ-wzz fie SINTEBIWDIELINS
azlein

Lo+RyCyR;

= TR
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(3.8)

(3.9)

(3.10)
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Ro+R
iy = [0 (3.11)
RCoLy
wunaensveelaain
MR w
. Ry+Rg
|G, (w)| = 2 (3.12)

[-(&)] +#(2) (&)

ANUNTOLEBNAIAIINATUN UMY ILVLIE AL DA ULAITE NI TUIALAY
Aaudlusialun (Spike) AaRwen13lvil Maximum overshoot laltfiu 3% Fsazlarn (w/w,)

= (IN2)

FIUU AN R, MVIUNZEL A

&5 (3.13)
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{Rnnnauuimdnnneuenindrafy fagui 3.3
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C integrator
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3.2.3 Yaanlsnanansiuiu199s uRnsSRLUULIRe8 U995 URNSPUU lndY

2
d@!

i Vout
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ﬁuag’ﬁ’uﬁﬂ Ry, Ly, Cp uag R, ﬁaummﬁﬁméw%ﬁuaﬁu R, uay C;

Feanansarsnnwens (Gain) vasszuutn Tugaeinsasduiinsauuuiles
Nuimhiunsesdufitnsalean

Vour _ MR,
I (Ry+RR;C

(3.14)

LAZANNIOMITNTIVENY (Gain) Ba95zuLTe Tutnaineesdudiinsawuuidasauyinutinidy
19950 UNNIA AN

Vou  MRy(R;+R,)
I, (Ry+Ry R,C3R;
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Rp=3¢Q

R.=920

Ly=6.28 pH

Cy= 0375 nF
ANI5IRe5 U0 TBUTINSALULLEaEY
Ry =157 kQ

Cq =081 EF
ANEiwesUeNasBuingaLuUleu
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Ly = 6.28 uH
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A5 iesue9RIB LN AU UIEDE Y
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AN DIV 9I995BUNINT AU I
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nszuaBuiadiie12 mslagldananlsnanaisiuiuisessuiitnsauuuhausianduiad
U'szﬂaua%'wﬁmmmaasﬁuﬁmﬁmuuma*]Lﬁ'agﬂixﬁw‘ﬁ‘mwlunﬁi’ﬂﬂisLLaﬁuﬁaﬁmeLrﬁias
AT

4.1 gunsafitlélunisvasou

1) sasduiinsawuuboueialinduinfivhnisusynevatsiu 1 2995
2) 9s8uiinsawunleusislingudh 1 999
3) MATBUAN IRV Y 11999
4) 1ATBUTNIALUUEBE ALY AN 1 2993
5) Lﬂ‘%‘laaﬁ’uﬁmgﬂﬂﬁ'u (Function generator) 1 1A304
6) qmingaq op - amp 1@

7) Adveaveadalaalay 1 1A304
8) aneiavla RGS 2 Wi

4.2 NSNAFDUINITDUNINGA
ﬁqmiwmaamaﬁ%uﬁmsmwiaz‘aﬁmﬁa@mamauaumsiamm?iﬁﬁmmﬁﬂ
nou11995BUALNSALUYINNITMRdBUTANSSLaBNRAad Y9817 Tmamﬁhmmﬁ’ugﬂﬂé"'u
?fm?iEmmnm%"mﬁWLﬁﬂgUﬂﬁu(Function generator) IuasasBuiinsmsneanud 150 Hz
wagvhnsieguamuiildiandy 100 Hz 10 Hz way 1 Hz MntudunauasUisuiiou
waé’ws‘mﬂgﬂﬂﬁ‘uu‘seﬁ’umaaﬂmam%
QU CH 1 fiD WSIHUYNTN
CH 2 A U59uY188N
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3.0V

29

7\

1.0V- M, / \

ov

-1.0V

Os 2ms 4ms 6ms 8ms 10ms 12ms 14ms
FV(Vrec) V(U1:0UT) Time

JUM 4.1 sUAGUY I MarIRenYBnsesBufitnsawuuhnuvilalindus
a o b - 1 = a
Wavininis simulation Tulusunsu PSpice vimInun 150 Hz

2014/03,20 10:01:42 [=——=——=——————i« Normal
YOKOGAWA 4 37 50kSss  2nsAdiv

D€ Mainrlk 3>

CH1 1:1
5.00 Usdiv
nc 1.28MHZ
CHZ 1:1
5.00 Usdiv
nc 1.28MHz

Edge CH1 £
Single
1.15 v

Hax i .1|‘| = v
Min(C1) -5.83333V Freq(C2) 149.7006Hz
Freq(C1) 150.1562Hz

Max(C2) 12.e833V

JUT 4.2 guadurtuagyisenvessasBuiiinsauuulinuiialindutn
A o ] ) P I = =
Wovihnsieussiuguaiudmisuiienud 150 Hz

16ms



4.0V

3.0v

30

2.0V

1.0V

/ N Y/ \

ov

\/ LY

-1.0V:

Os 2ms 4ms
= V(Vrec)s V(U1:0UT)

6ms 8ms 10ms 12ms 14ms 16ms 18ms 20ms
Time

=

JUNM 4.3 jUmduvilasYIoenvensasduiitnsawuu b uialindudn
L2 : ; I =
Wavinng simulation Tulusunsy PSpice 1R mA 100 Hz

2014-03,20 09:58:18 [m——————=————yix  Normal
YOKOGAWA 4 3?7 50kS/s  2nsidiv

CH1 1:1
5.00 Ursdiv
) ¢ : : z o W : : DC_ 1.28MH7
..... < iz 11

A i 3 : t 3 3 H k 10.0 Usdiv
OC  1.28MHz

L &K Maindlk »>

Edge CH1 4
single
.15 v

Hax(CI)  5.83333U  HNin(CZ) -1.250800
Min(C1) -5.83333V Freq(C2) 99.80040Hz
Freq(C1l) 102.8807Hz

Hax(C2) 17.5600V

JUN 4.4 JUrfuv I uazIeENYRINRTBuinInuuuhurialindutn
Wevhnisinsussuguaduamasuiaud 100 Hz

22ms



2

SUN

U

A o 5 2 o o =
Wevinns simulation Tulusunsu PSpice inanud 10 Hz

2014/03,20 13:51:15 e

YO

Normal

KOGAWA ¢ 4 2

P& Maini 1k 3>

SkS/s  20msiiv

CH1 1:1
50.0mV div
DC  1.28MHz

CHZ 11
1.00 VUsdiv
DC  1.28MHZ

Max(C1)  101.563A0

Min(C1) -103.906nV
Freq(C1) 16.12146Hz
Max(C2) Z.82552V

U

Freq(C2)

Hin(CZ) 684 .896M0
9.469697Hz

4 o i Y a4 o o 4 =
LllaVI']ﬂ’ﬁ’iﬂEJLL‘i\‘]ﬂUEUﬂaUﬁmﬁEﬂJVIﬂ'J’ﬂJﬂ 10 Hz

Edge CH1 £
single
14.5nu

4.0\,
3.0\ 4
T \\ / / |
- \_f~ \
-1.0V:
Os 20ms. 40ms 60ms 80ms 100ms 120ms 140ms 160ms 180ms 200ms 220ms
“ V(Vrec) * V(U1:0UT) Time

4.5 yuraurniuasaeenvenesduitnsauuuhawdalinduds

q. d b = = = 1 ar 3
U 4.6 gﬂﬂaum LU EVIDBNVDINVTBUNILATH LQUUI’N'I‘L!‘UUWIJJ AGUUI



1100mV 7

50mV 1

oV 1

-50mV 1

-100mv -

e

€Nl

2014/03/20 14:55:22 ===
vcﬁggymmn'o' |

32

o4 , : ey X
Wo¥1n13 simulation Tulusunsu PSpiceiaud 1 Hz

Normal

=1}

50058 200m54iv

4K Mains ik »)>

Max(C1i) : :
Freq(C1) | 1.344086Hz |

Max(C2): 172.5000U

CHI 1:1
0.100 Udiv

DC  1.28MH7

Min(C2) -14.6094V Freq(C2)  soeeex

Wievihmsineussiuguadudindeuianud 1 Hz

CHZ 1:1
10.0 Ursdiv
DC  1.28MHz

Edge CH1 4
Single
0.030 V

2 20V
10V ’,/;’,’ ”;/”’R\
ov \ / \
-10v / N
>>
-20Vv
Os 0.2s 0.4s 0.6s 0.8s 1.0s 1.2s 1.4s 1.6s 1.8s 20s 2.2s
3 o V(Vrec) [ + V(U1:0UT) A
ime

Uil 4.7 supduvdiuazyioenvesastuiinsauuuhausdalindutn

U 4.8 Juriuninuaresnvensestuiinsauuulhnudnlindud

U 4.1 - 4.8 wudn AesBuiinsnuulnuivseneuaiistuannsa
BuinsngunauAvALLItaERas 10 Hz ~150 Hz 18R wsifinaud 1 Hz wuinaes
§uﬁmimﬁﬁ1rmU‘isnaua%’w%ulﬂmmaaﬁﬁmiﬁuﬁLﬂimgﬂﬂﬁué’{mﬁaﬂﬁﬂugﬂﬂﬁu
auvdtunumguildlaseswuinfinnd 1 Hz Uauimdsuildanmsuinsmesdidiu
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1.0V f

0.5V

| \

N

e

-1.0V05 2ms 4ms Bms 8ms 10ms 12ms 14ms 16ms
= V(Vrec) « V(C6:2) i
Time
SUN 4.9 SUARUY N IWALY198NUBII9SDUMNTALUUIRDBIIY

U G

1ilavn3 simulation Tulusunss PSpicefinaad 150 Hz

CH1 1:1
2.00 Usdiv
DC  1.28MHZ
CHZ 1:1
2.00 Usdiv
DC  1.28MHz

2014.03,20 10:39:29 [=—————————-——i« Normal
50kS/s  Zmsidiv

YOKOGAWA 4 20 7

4K Mainilk 3>

Edge CH1 £
single
4.80 V

Hax(C1) 5.83333U Hin(C2) -5.75000V
Hin(C1) -5.75000V Freq(C2) 149.7006Hz
Freq(C1) 149.7006Hz

Max(C2) 5.75008V

o i v a a =
EUVI 4.10 EUﬂau*‘U’lL‘U’]LLﬁ%WE]E]ﬂ‘U@Q’N%’iEJUVILﬂi@lLLU'ULQEJEJG’]‘LJ
a o i ) P = — al a
LwﬂﬂqﬂqiﬂqﬂLLﬁﬁﬂuzﬂﬂauaLﬁaﬂﬂJﬂﬂ?’]ﬁﬂ 150 Hz
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100mV ﬁ /7
50mv /
ov

-50mvV \ \

-100mV
Os 2ms 4ms 6ms 8ms 10ms 12ms 14ms 16ms 18ms 20ms 22ms
o V(Vrec) - V(C6:2) i

ime

o =) & a A 4
UM 4.11 UAAUILTILAEUDAYBIINRTOUNNTALUURBEIU
4o ! : g N ©
W¥i1n15 simulation lulusunsu PSpice #imnud 100 Hz

2014,03,20 13:57:54 ¢ MLk Normal
YOKOGAWA 49 T 8 S0kS/s  2nsiliv
: 3 P << Mainz 1k > : ] CH1 1:1
: : : : : 0.200 Urdiv
] : | ; 5 3 5 : . DC  1.28MH
......... [ T Ny R T Nl Pmeeml | \apdid
: : . : : : . . . 0.200 Usdiy
..................... nc 1 2 ZBHHZ
T, o B-a NG o\ i : ; : /f 1N Rage om
: ; : : : ' : : : Single
.................................................................................... a & eza U
Hax(C1) 50Z.604mU Min(CZ) -497.396mU
Min(C1) -503.125my Freq(C2) 100.4016Hz

Freq(C1) 100.4016Hz
Max(C2) 498 .958nU

JUN 4.12 JUPAUR I UALY108N2019sBUTIINSALULUAREY
WovhnsinenswiuUuaRuamasLAILa 100 Hz
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100mV q, H{
50m\-
ov
-50mV:
-100mV- - l
Os 20ms 40ms 60ms 80ms 100ms 120ms 140ms 160ms 180ms 200ms  220ms
= V(Vrec) » V(C6:2) s
ime

o =l ) a a =
JUN 4.13 5URAUIINYILEZY1DNYBITRIBUMATALUURDEI Y
4 e g . . = al
Wovin1s simulation luldsunsu PSpice Ainanud 10 Hz

2014-03/20 14:04:33 [=———————=—=——xix  Normal
YOKOGAWA® 4§ 2 S5kS/s _ 20nsAiv

T Mainz 1k 33 ¢ CH1 1:1
; : : 9.200 VUsdiv
DC  1.Z2BMHZ
{ 3 CHZ 1:1
i e 0.500 Udiv

DC  1.28MHZ

; , g ; : : Edge CH1 4
B N N T i : Single

0.160 V

Max(C1) 500.000nU Hin(C2) -490.885nU
Min(C1) -5060.000mY Freq(C2) 10.18336Hz
Freq(C1) 10.18338Hz

Max(C2)  490.885mU

JU¥ 4.14 sURRunIUAEIIRENYRMRSBUNSAL U@
Weavihnsingusiugundudvaeuiniug 10 Hz
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100mV-

oV

-50mVv

-100mv

05 Vvrec 0.%9(Ce:2 0s 0.6s 0.8s 1.0 12s 1.4s 16s 185 20s  22s

) Time
JUi 4.15 UmduvduazeenvenwIBuinsauUUdosny
Wievians simulation lulusunsy PSpice 7innud 1 Hz

2014-03,20 11:11:05 = —— =1k Normal
YOKOGAWA 4 | 5005/s 200msiiv
<< Mainilk >» CH1 1:1
, : : ; : : 1.80 Ursdiv
DC  1.28MH:
CHZ 1:1
2.00 Usdiy
DC  1.28MHz

Edge CH1
Single
1.76 v

Max(C1)  1.76833V Hin(CZ) -1.750000
Min(C1) -1.75000U Freq(C2) 1.259446Hz
Freq(C1) 1.259446Hz

Hax(C2)  1.75000V

Uil 4.16 JUrAuTiLazERnTenRsBUINIILUUEBBY
LﬁaﬁﬁmﬁdwLmﬁugﬂﬂﬁuﬁ'm?{auﬁmmﬁ 1 Hz

mﬂﬁﬁﬁ 4.9- 4.16 WU ’msaumnsmLL:U‘ULaam'}ulummmawmsm
's‘tJﬂauamammmmmmmaLLm 1 Hz -150 Hz ’Lmﬂusﬂammaauquwglﬂ %ﬂWU’J’TﬁUﬂau
wau’maaﬂwlmmmaaiauwLn'mwmaaamummmm'um 1 Hz - 150 Hz ddnwazlndifss
ﬂusUﬂauamamﬂ,ma 71 150 Hz 'iﬂﬂaumeﬂu'*maaﬂwlmuuaﬂw“Lﬂuﬁﬂamaawmﬂauu
aﬂwv‘[muauﬂ'am‘lmuﬁ]umeumaq ieanAnudias aunsyiefinud 1 Hz wmwaﬂﬂau
LL‘i\‘iﬂ‘L!‘U']@’e]ﬂmﬂ’lﬂﬂ‘iaumﬂiG]LLUULQE]EN'IUiJﬁﬂ‘l%M“’IﬂﬁLﬂENﬂ‘lJ‘i‘LJF‘!ﬁUE'{LﬁaEJJJE]EJNEJ’]ﬂ
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1.0V
0.5\
oV
-0.5V-
-1.0V:
Os 2ms 4ms 6ms 8ms 10ms 12ms 14ms 16ms
a V(Vrec). V(Vrec)
Time

FUN 4.17 UABUIIEILALIN9NYBITBUTINSIRUULROEIUYALYAT
Weviin1s simulation Tuluswnss PSpice fimnud 150 Hz

2014-03,20 11:51:31 [=————————oix  Normal

YOKOGAWA 9 22 ] 50kS/s 2nM5/div
r“p= : : : : AT 111
2.00 Usdiv

L &< Mainz ik 3>

DC  1.28MHZ
CHZ 1:1

5.00 Usdiv
DC  1.28MHz

: : : : : Edge CH1 £
bt : [T TP TR Single
. ' : : : 1.70 0

Max(C1) 5.16662U  Hin(C2) -5.20833V
Min(C1) -5.16667V Freq(C2) 145.7726Hz
Freq(C1) 146.1988Hz

Max(C2) 5.20833V

JUN 4.18 JUARUI I ILAZYBBNYBINATBUMNINUUUIRBEIUYALTEA
4 o | ) A & A o o
Wevhnsdneuswiuguaduivaeunaug 150 Hz
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1.0¢

0.5\

oV

-0.5V.

-1.0V-
Os 2ms 4
o V(Vrec)r V(Vrec)

ms 6ms 8ms 10ms 12ms 14ms 16ms 18ms 20ms

Time
o o o a a a '
JUN 4.19 3UAHUI LI 4aE 100N YBINTTBUTNIAUUURDBIIUIALYE A
Wavin1s simulation lulusunsu PSpice MiAaud 100 Hz

2014,03,20 11:56:51 = — 0tk Normal
YOKOGAWA ¢ 2 50kS/s  2msAliv
i : : 1 << Maini 1k 3> : : : CH1 1:1
: : : 2.00 Usdiv
; i : i ; ; 1 : ! nc 1.28MHZ
,,,,,,,, P BN B NG (DA ———— )\ ST
: : ‘ A " : : frmrwvemeeerereeermd | 5,00 Usd iy
........................................................................ ... LDc__ 1.28MH
N DA i NG S S\ Edge CH1 £
e i LA : Single
o NN N G I NN, RN 170V
Hax(C1)  5.16667V Ain(C2) -5.26833

: I U
Min(C1) -5.68333V Freq(CZ2) 99.40358Hz
Freq(C1) 63.69427Hz
Max(C2) 5.20833V

= o i = = < 4
JUT 4.20 JUPAUIUILALYIBONYBIINRTBUTNTHUUULADEIUYALYLA
ievimsineuswugUaiudvieuiinaiud 100 Hz

22ms
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100mV-

50mv

ov

-50mv

-100mV-

Os 20ms
a V(Vrec)e V(Vrec)

Time
JUN 4.21 JUARUILTUALUIRDNYBINRTBUTLNIALUULADEIUTALLEAY
Wievinnis simulation Tulusunsu PSpice finmd 10 Hz

2014,03,20 11:59:38 = 01k Normal
YOKOGAWA 4 12 5kS/s  20nsAliv
: " d D Maim Tk 3> ' : : CH1 1:1
: ; i ; : : 4 : 2.00 Ursdiv
: L : : : i 1 1 i DC  1.2BMHz
B P N, P NG D) o — 1R ST
: : s - 3 : ottt (5, 00 'Y/ {1
........................................................ O T8 B ~ONE, DC__ 1.28MHZ
o T i r
gl . L, A
N O P S RN P e >\ 9 Ja T gy Edge CH1 &
; ; : - D g s, : Single
AN S o NN Y 1.726 v
Max(Ci) 5.16667U Hin(C2) -5.20833V

Hin(C1) -5.16662V Freq(CZ) 8 :655511Hz

Freq(C1) 8.726003Hz
Max(C2) 5.20833V

UM 4.22 SUPRUUMIILALU19DNTDIINRTDUNLNTALUULADEIUSALYE AT

Y U

4 o i Y 4 o o A =
LM@‘/]’]ﬂ'ﬁ"iﬂﬂLLiﬁﬂUEUﬂﬁUﬂmaﬂu'ﬂﬂ'ﬂuﬂ 10 Hz

40ms 60ms 80ms 100ms 120ms 140ms 160ms 180ms 200ms

220ms
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100mV

50mV

ov

-50mV-

-100m\V-
0

s 0.2s 0.4s 0.6s 08s  10s 1.2s 1.4s 16s 1.8s 2.0s 2.25
a V(Vrec) » V(Vrec)

Time
ﬂ. d £ =y =3 d. ;
JUN 4.23 JURAUUILILAEYI0DNTBINTIBUTNTALUUIR DB U TALTEA
a4 o ) : = = =
Wovin1g simulation Tulusunsu PSpice iaud 1 Hz

2014,03/20 12:05:48 |—F——-————=———xik  Normal
YOKOGAWA 4 3 5005/s 200nsidiv

CH1 1:1
Z2.00 Ursdiv
DC  1.Z28MHz
CHZ 1:1
5.00 Usdiv
DC  1.28MHZ

L &< Mainz 1k 3>

Edge CH1 §
single

APV : f 1.76 U

Max(C1)  5.66667U Min(CZ) -5.62500U
Hin(C1) -5.66662V Freq(C2) 1.2626Z6Hz
Freq(Cl) 1.2626Z6Hz

Hax(C2) 5.62500U

JUN 4.24 UAdurIduAzYI88NYERsBUTNSALULIRBE UL ALY
ilovinsdnguswiuguadudviaeunaiud 1 Hz

o ] a a o [ i a a
NFUN 4.17- 4.24 WUI1 29TBUANTALUURDEUIALYE AT IAINISABUTILNTA
4 4 4 oo | & | o av v o ] J
JUPAUAWALLTTIAIMDRA 1 Hz —150 Hz Tiduguanumdsumunguild damuiigundy
Y 1 a a = & ' = o v oo
wseunesndildnmeasduiinsauuuidosnuduianud 1 Hz - 150 Hz Sdnuarlndifos
w 4 a 4 = < ) My aw & 4 4 A 4 o
fugurdudivaeulag 71 150 Hz JUrduussiuvieenildvelidnualugudmisuiindud
dnwzlAwazaulAsdagiiuduizes Weanauias wnsensiamud 1 Hz wuiigumdu
WseAUYIBENIIMNITBURINIALUUReUiaN v IndlAssTugUPALAMAENBE 19N



4. 2.4 nsvnaauigassurnsawuuliaustiandudd

a1

4.0V
3.0V J/ﬁ\\ ’/,//\\\\\
2.0V \ / \
1.0V \ / \
oV
-1.0V-
0Os 2ms 4ms 6ms 8ms 10ms 12ms 14ms
2 V(Vrec)-V(U4:0UT) Tim
e

= a 17 = G a v o
JUN 4.25 EUﬂaumeLa:smaan‘uaaawsawmimumuhmuwcﬂﬂaum
a e | @ A A H = |
Luamm'ﬁmLLsaﬂugﬂﬂauamﬁawmmﬁ 150 Hz

2014,03,20 12:18:46 == — pi - Normal
YOKOGAWA 9 v ] 50kS/s  2msiliv
") A 7 : < Mains 1k 3> : ; CH1 1:1
: : : 0.500 Usdiv
DC  1.28BMHz

CHZ 1:1
10.0 VUsdiv
IC  1.28MHZ

Edge CH1 £
Single
0.400 V

Max(C1) 729.167nU Min(CZ) -9.166672V
Min(C1) -770.833mU Freq(C2) 143.6782Hz
Freq(C1) 147.9290Hz

Max(C2) 17 .5000V

JUN 4.26 gﬂﬂﬁumvﬁ’mamﬂaaﬂmaafmiﬁuﬁmimwubmwﬁﬂnﬁuﬁ'fa
s o | @ o | | =
dlevihnsineussiuguadudmvasuinug 150 Hz

16ms
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6.0V
20V ‘,’/’ \\\\\\\\ l//”//’ \\\\\\\\
\|/] N\
-2.0V-
0Os 2ms 4ms 6ms 8ms 10ms 12ms 14ms 16ms 18ms 20ms 22ms
oV(Vrec) =V(U4:0UT)
Time

= < & = = = @ 5
SUN 4.27 5UARUYNILAZ189NYD9293sBUTIINTALUU LI uinnauen

u U

2014,03,20 12:48:02 |k

Normal

d o | Y 4 & 4 o &
LmammimﬂLLiqﬂugﬂﬂauamaamwmmm 100 Hz

YOKOGAWA #® 50 1

L &< Maindlk 3>

-283.333mV

P

11.6667V

Min(C1)
Freq(c1)
Max(C2)

Freq(C2)

50kS/S  2nsidiv

CHI 1:1
0.200 Usdiv

DC  1.28MHZ

Hax(CD 255'.65%0‘ ﬂ.in(CZ)' —3.5'.155.30‘

91.57509Hz

CHZ 1:1
10.0 Usdiv
DC  1.2BMHz

Edge CH1 4
Single
8.190 U

JUT 4.28 gumRuIuazY1BENTeTIATBUnTaLUU LT IuETiang U
iovimsteuseiuguadudimaeunaed 100 Hz
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5.0\

-5.0V
0s 20ms 40ms 60ms 80ms 100ms 120ms 140ms 160ms 180ms 200ms
a V(Vrec) « V(U4:0UT) £y
ime

P> A o a =a a v &
sUN 4.29 sURAUYITLaEI08NYD s ButnaLuU e linnautn

U U

4 o i 1Y 4 o 4 = =
Llj@‘VI'Wﬂ’l'i‘iﬂHLLiﬁﬂUEﬂﬂﬂuamﬂﬁJuﬂﬂﬁﬁuﬂ 10 Hz

2014,03/20 13:33:04 [=—————————==—n« Normal
YOKOGAWA 9 1 3 S5kS/s  20nsAliv

CH1 1:1
10.0mV div
nc 1.28MHz
CHZ 1:1
5.00 Usdiv
DC  1.28MHZ

© << Mainzlk »» @

i B

......... ". Edge CHL &

; i : : Single
o : B il 2.0my

fax(C1)  25.4167nV Min(CZ) -4.58333V
Min(C1) -28.3333nV Freq(C2) 8.787346Hz
Freq(C1) 10.24590Hz

Max(C2) 10.6250V

5U# 4.30 gﬂﬂﬁuﬂmL%HLLazmaaﬂ‘umawaﬁuﬁmimLLUU‘hmu‘uﬁ@né“u%”a
dievhnsineuseiuguadiudvienninnud 10 Hz

220ms
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4 100my; 5 20V

50m\A 10V /

0V ov

-50mvq 10V \ \
\_ \.—-"

6s 0.8s 1.0s 1.2s 1.4s 1.6s 1.8s 2.0s 2.2s

>>
-1l:JlZJmVJ -20V
Os 0.2s 0.4s 0.

O o V(Vrec) 2 - V(U4:0UT)
Time

P o & a = = a 5
JUT 4.31 surduvduazuieentenasBuinsanuubinuedandut
A o ' ) a4 o 4 P =l
L3J@‘VI']ﬂ']'iﬁ]']SLLiﬁﬂugﬂﬂﬁUﬂLWﬁauﬂﬂiqﬂﬂ 1Hz

2014,03,20 13:40:23 = 01k Normal
YOKOGAWA 9 5005/s5 200ns/div
3 - ] << Mains 1k > . ; : CH1 1:1
: : : 5.00mUdiv
: . 1 : : : ] : : DC  1.2BMH
......... [ Pommmsl NG T\ e o | (e s]
: : : g p ; : : \ 5.00 Usdiv
DC  1.28MHz
Edge CH1
Single
.................................. 3-39“0
Max(C1)  9.72656mU Hin(CZ) -15.3385V
Min(C1) -9.80469mV Freq(C2) 1.010101Hz

Freq(C1) 1.028807Hz
Max(C2) 12.7344V

SUN 4.32 SUARLYNNLELY199NYB919e5UNSaALUU I wriandut

Y U

4 o ' @ T N =
Ll.lﬂ‘ﬂ’]ﬂ'ﬁﬁ]']EJLLNF’\HEUF’]ﬁUﬁL%ﬁElll‘lflﬂ’ﬂllﬂ 1 Hz

NNJUT 4.25 - 4.32 wud esBuiitnsmuuulhnusiianduihannsaduiings
sUmAuAWRBTTiAwERILS 10 Hz ~150 Hz 183 wiflanad 1 Hz wuinsesduiinsauuy
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Abstract

This paper presents a design and construction of a non-
inverting active integrator circuit for impulse currents measurement.
When integrator circuit was used with Rogowski coil, measurement
system’s gain would be 4 kA / 4 V. Frequency response of system

would be 0.5 Hz to 3.3 MHz. Integrator circuit was tested before using

with Rogowski coil by giving square wave voltage to it. Next, Tested
integrator circuit with Rogowski coil by measuring 2 ms long duration
impulse current. Compared test results with same impulse current
measurement results by using RC integrator, RC compensated integra-
tor and inverting active integrator with Rogowski coil. Same impulse
current measurement by using shunt resistor was used to be the
reference in comparison. From the experimental results, non-inverting
active integrator circuit performance is same as inverting active
integrator circuit performance, and both active integrator circuit
performances have been betlter than passive integrator circuit
performance and compensated integrator circuit performance but still
worse than shunt resistor performance,

Keywords : Rogowski coil, non-inverting integrator circuit, impulse

current measurement
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National
Semiconductor

LF411

August 2000

Low Offset, Low Drift JFET Input Operational Amplifier

General Description

These devices are low cost, high speed, JFET input opera-
tional amplifiers with very low input offset voltage and guar-
anteed input offset voltage drift. They require low supply
current yet maintain a large gain bandwidth product and fast
slew rate. In addition, well matched high voltage JFET input
devices provide very low input bias and offset currents. The
LF411 is pin compatible with the standard LM741 allowing
designers to immediately upgrade the overall performance of
existing designs.

These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hold
circuits and many other circuits requiring low input offset
voltage and drift, low input bias current, high input imped-
ance, high slew rate and wide bandwidth.

Features

B |nternally timmed offset voltage: 0.5 mV(max)
® |nput offset voltage drift: 10 pV/'C(max)
B Low input bias current: 50 pA
® Low input noise current: 0.01 pA/NHz
® Wide gain bandwidth: 3 MHz(min)
= High slew rate: 10V/ps(min)
B Low supply current: 1.8 mA
® High input impedance: 10'2Q
m [ow total harmonic distortion: <0.02%
® Low 1/f noise corner: 50 Hz
m Fast settling time to 0.01%: 2 s

Typical Connection

00565501

Ordering Information
LF411XYZ
X indicates electrical grade
Y indicates temperature range
“M” for military
“C” for commercial
Z indicates package type
“H" or “N”

BI-FET II™ is a trademark of National Semiconductor Corporation.

Connection Diagrams
Metal Can Package

NON-INVERTING
INPUT

V-

00565505
Note: Pin 4 connected to case.
Top View
Order Number LF411ACH
or LF411MH/883 (Note 11)
See NS Package Number HO8A

Dual-In-Line Package
L

1
BALANCE ——
2
INPUT = p—v*
INPUT —3:1 LL ouTPuT

4 5
Vo — = BALANCE

00565507
Top View
Order Number LF411ACN, LF411CN
See NS Package Number NOSE

sy dwy jeuonesado induj 134r BUA MO 98SHO MO LLp4T
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Absolute Maximum Ratings (note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

LF411A LF411
Supply Voltage 22V +18V
Differential Input Voltage +38V +30V
Input Voltage Range
(Note 2) +19V 15V
Output Short Circuit
Duration Continuous Continuous
H Package N Package
Power Dissipation
(Notes 3, 10) 670 mW 670 mW

DC Electrical Characteristics (Note 5)

Tjmax
oA

6,C

Operating Temp.
Range

Storage Temp.
Range

Lead Temp.
(Soldering,
10 sec.)

ESD Tolerance

H Package
150°C
162°C/W (Still Air)
65°C/W (400
LF/min
Air Flow)
20°C/w

(Note 4)

N Package
115'C
120°C/W

(Note 4)

~65'C<To<150°C —65°C<T,<150°C

260°C

260°C

Rating to be determined.

Symbol Parameter Conditions LF411A LF411 Units
Min | Typ | Max | Min | Typ Max
Vos Input Offset Voltage Rs=10 kQ, T,=25°C 0.3 0.5 0.8 2.0 mV
AVg/AT | Average TC of Input Rg=10 kQ (Note 6) 7 10 7 20 pv/I'Cc
Offset Voltage (Note 6)
los Input Offset Current Vg=x15V T=25°C 25 100 25 100 pA
(Notes 5, 7) T=70°C 2 2 nA
T=125'C 25 25 nA
I Input Bias Current Ve=£15V T=25'C 50 | 200 50 200 pA
(Notes 5, 7) T;=70°C 4 4 nA
T=125'C 50 50 nA
Rin Input Resistance T=25°C 1012 1012 Q
AvoL Large Signal Voltage Vg=£15V, Vo=£10V, 50 200 25 200 VimV
Gain Ry =2k, T,=25°C
Over Temperature 25 200 15 200 VimV
Vo Output Voltage Swing Vg=x15V, R =10k =12 135 12 | £13.5 \
Vem Input Common-Mode +16 | +19.5 11| +14.5 \
Voltage Range -16.5 -11.5 vV
CMRR Common-Mode Rg<10k 80 100 70 100 dB
Rejection Ratio
PSRR Supply Voltage (Note 8) 80 100 70 100 dB
Rejection Ratio
Is Supply Current 1.8 2.8 1.8 3.4 mA
AC Electrical Characteristic (ote 5)
Symbol Parameter Conditions LF411A LF411 Units
Min | Typ | Max | Min | Typ | Max
SR Slew Rate Vg=£15V, To=25'C 10 15 8 15 V/us
GBW Gain-Bandwidth Product Vg=£15V, T,=25C 3 4 2.7 4 MHz
en Equivalent Input Noise Voltage ;I',;:if{“c, Rg=10002, o5 o5 VIR
= z
in Equivalent Input Noise Current Ta=25°C, f=1 kHz 0.01 0.01 pA/FZ
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AC Electrical Characteristic (Note 5) (Continued)

Symbol Parameter Conditions LF411A LF411 Units
Min | Typ | Max | Min | Typ | Max
THD Total Harmonic Distortion Ay=+10, R =10k, <0.02 <0.02 Yo
V=20 Vp-p,
BW=20 Hz-20 kHz

Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of BA.

Note 4: These devices are available in both the commercial temperature range 0°C<T,<70°C and the military temperature range -55'C<Tx<125°C. The
temperature range is designated by the position just before the package type in the device number, A “C” indicates the commercial temperature range and an “M”
indicates the military temperature range. The military temperature range is available in “H” package only.

Note 5: Unless otherwise specified, the specifications apply over the full temperature range and for Vg=%20V for the LF411A and for Vg=£15V for the LF411. Vgg,
I, and Ipg are measured at Vgy=0.

Note B: The LF411A is 100% tested to this specification. The LF411 is sample tested to insure at least 90% of the units meet this specification.

Note 7: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient
temperature as a result of internal power dissipation, Pp. Ti=Ta+Hja Pp where 0), is the thermal resistance from junction to ambient. Use of a heat sink is
recommended if input bias current is to be kept to a minimum.

Note 8: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice, from
+15V to 5V for the LF411 and from £20V to +5V for the LF411A.

Note 9: RETS 411X for LF411MH and LF411MJ military specifications.

Note 10: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate
outside guaranteed limits,

Typical Performance Characteristics

Input Bias Current Input Bias Current
100

-
=]
e

Vs =+15V ) Vem =0V
=25°C Vs = +15V

g
=X
=
N

g

5

N

ny
=

INPUT BIAS CURRENT (pA)
INPUT BIAS CURRENT (pA)
N

0 1
=10 -5 0 5 10 —-50-25 0 25 50 75 100 125

COMMON-MODE VOLTAGE (V) TEMPERATURE (°C)

00565511 00565512

Hpd
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Typical Performance Characteristics (continued)

SUPPLY CURRENT (mA)

NEGATIVE OUTPUT VOLTAGE

NEGATIVE COMMON-MODE
INPUT VOLTAGE LIMIT (V)

2.4
2.2

2.0 —T'HE—:
18 /1/25.,.:

16

14

SWING (V)

Supply Current

0 5 10 15 20 25
SUPPLY VOLTAGE (£ V)

00565513

Negative Common-Mode
Input Voltage Limit

=B Crc=Th=125C
-20
-15 ,/
L/
—-10 /|
/
s va
/]
0
0 -5 —-10 -15 -20 -25
NEGATIVE SUPPLY
VOLTAGE (V)
00565515
Negative Current Limit
- Vs= +15V
\ =
\\ —— ;
\'\ \— 55°C
—-10 \
125°C| | 25°C
-5
0
0 10 20 30 40
OUTPUT SINK CURRENT (mA)

00565517

Positive Common-Mode
Input Voltage Limit

2% —55°C=<Ta<125°C
=]
7
Z= /
3 15
= w /
E
85 /
£ 8 v
= -
8E s /
0
0 5 10 15 20 25
POSITIVE SUPPLY
VOLTAGE (V)
00565514
Positive Current Limit
15
Vg= 15V
[¥¥)
2
5
£ Syl I
- >
3 e
5=
o= 25°C
w @« |
= 5 i
> 125°C —55°C
g
0
0 10 20 30 40
OUTPUT SOURCE
CURRENT (mA)
00565516
Qutput Voltage Swing
50
RL=2k
Ta=25°C
40
8
=3 5 /
o= e
> = A
b= = /
ES 2 A
S @ "4
=) //
Z
10 e
0
0 5 10 15 20 25

SUPPLY VOLTAGE (£V)

00565518
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Typical Performance Characteristics (continued)

Output Voltage Swing

30
25 /,
g2 A
=2 /
o= /
> 8
=2 "[7
E3 10
(=]
5
0
0.1 1 10
R —OUTPUT LOAD (k2)
00565519
Bode Plot
30 150
\\ Vg=+£15
L Ci=100 pF
™ N
i \ Ll 6o 2
_ NN L =
g N (NIl | PHASE m
=z J m
s GAIN "-.\ 2
-10 \ -50 f
-20 ‘ -100
-30 —150
0.1 1 10 100
FREQUENCY (MHz)
00565521
Distortion vs Frequency
o Vs= +15V
Ta=25°C
015 | Av=100
3 L
3 o Vp=20 Vp-p
g T 10k ”
g L
a - -
0.05 ——
Au=1ﬂ|\
0 i
10 100 1k 10k 100k

FREQUENCY (Hz)

00565523

5.5

4.5

4

UNITY GAIN
BANDWIDTH (MHz)

3.5

3

2.5

Gain Bandwidth

Vs= £15v
N RL=2k
\\ CL=1DBDF
N
™
\\
-
T
-50-25 0 25 50 75 100 125
TEMPERATURE (<€)
00565520
Slew Rate
Vg =+15V
RL=2k
Ay =1
=
| 1

SLEW RATE (V/pus)
=

14
12
10

30

N
=]

SWING (Vp-p)

—
=

OUTPUT VOLTAGE

_ FALLING
s
RISING —
N,‘
N
]
50-25 0 25 50 75 100 125

TEMPERATURE (°C)

00365522

Undistorted Output
Voltage Swing

™S
N

Vg= 15V A
R{_:Zk

| Ta=25°C
Ay=1

< 1% DIST

10k 100k ™
FREQUENCY (Hz)

00565524
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Typical Performance Characteristics (continued)

OPEN LOOP VOLTAGE
GAIN (dB)

POWER SUPPLY REJECTION
RATIO (dB)

OPEN LOOP VOLTAGE
GAIN (V/V)

Open Loop Frequency

Response
160
140
120
100 g
80 N
N
60 AN
40 AN
N
20 AN
N
3 N
1 10 100 1k 10k 100k 1M 10M
FREQUENCY (Hz)
00565525
Power Supply
Rejection Ratio
140
Vs= 115V
120 pres Ta=25°C
100 P ‘\
80 \\ N
60 \\ \\
40 —sumv\\ \
20 \
N
0

10 100 1k 10k 100k 1M
FREQUENCY (Hz)

00565527

Open Loop Voltage Gain

™
RL=2k
—55°C<Ta=<125°C
|t
{ e
//
100k
10k
5 10 15 20

SUPPLY VOLTAGE (£ V)

00565529

COMMON-MODE
REJECTION RATIO (dB)

EQUIVALENT INPUT NOISE
VOLTAGE (nV/ Hz)

OUTPUT IMPEDANCE (©)

Common-Mode Rejection

Ratio
160 Vs= 15V
140 RL=2k
Ta=25°C
12 CMRR =20 106 “EM
100 Vo
80 N opeN Loop
' Vo\ VOLTAGE
60 —\ GAIN
40 — Vou 2k
2 1L i
i L f ]

10 100 1k 10k 100k 1M 10M
FREQUENCY (Hz)

00565526

Equivalent Input Noise

Voltage
70
60
50
40
30 N
20
10
0
10 100 1k 10k 100k
FREQUENCY (Hz)
00565528
Output Impedance
19 Vs= +15V § }
Ta=25°C n——
[1]
I
10 Ay=100 /
A
L Ay=10
- P Pl 7
! Av=13H
01 l

0 1k 10k 100k 1M
FREQUENCY (Hz)

00565530




64

Typical Performance Characteristics (continued)

Inverter Settling Time

10
vz
o 10mV, 1mV
F3 5 +
z_
wZ
=3 o
E s }
3 10 mv \1mv
Y AN
0.1 1 10

SETTLING TIME (us)

00565531

Pulse Response r.-2kq, ¢ 10 pF
Small Signal Inverting

DUTPUT VOLTAGE SWING
(50 m¥/ DIV)

TIME (0.2 45/ 0IV)

00565539

Small Signal Non-Inverting

OUTPUT VOLTAGE SWING
(50 mV/DivV)

TIME (0.2 us/DIV)

00565540

Large Signal Inverting

OUTPUT VOLTAGE SWING
(5¥/DIV)

TIME (2 z/DIV)

00565541

Large Signal Non-Inverting

OUTPUT VOLTAGE SWING
(5V/0IV)

TIME (2 xs/0IV)

00565542

LipdT



LF411

65

Pulse Response r.-=2 ko, ¢, 10 pF (Continued)

OUTPUT VOLTAGE SWING
(1v/DIv)

Current Limit (R_=100Q)

TIME (5 as/DIV)

Application Hints

The LF411 series of internally trimmed JFET input op amps
( BI-FET II™ ) provide very low input offset voltage and
guaranteed input offset voltage drift. These JFETs have
large reverse breakdown voltages from gate to source and
drain eliminating the need for clamps across the inputs.
Therefore, large differential input voltages can easily be
accommodated without a large increase in input current. The
maximum differential input voltage is independent of the
supply voltages. However, neither of the input voltages
should be allowed to exceed the negative supply as this will
cause large currents to flow which can result in a destroyed
unit.

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output. Exceeding the negative
common-mode limit on both inputs will force the amplifier
output to a high state. In neither case does a latch occur
since raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a normal
operating mode.

Exceeding the positive common-mode limit on a single input
will not change the phase of the output; however, if both
inputs exceed the limit, the output of the amplifier may be
forced to a high state.

The amplifier will operate with a common-mode input voltage
equal to the positive supply; however, the gain bandwidth
and slew rate may be decreased in this condition. When the
negative common-mode voltage swings to within 3V of the
negative supply, an increase in input offset voltage may
oceur.

The LF411 is biased by a zener reference which allows
normal circuit operation on *4.5V power supplies. Supply
voltages less than these may result in lower gain bandwidth
and slew rate.

00565543

The LF411 will drive a 2 kQ load resistance to =10V over the
full temperature range. If the amplifier is forced to drive
heavier load currents, however, an increase in input offset
voltage may occur on the negative voltage swing and finally
reach an active current limit on both positive and negative
swings.

Precautions should be taken to ensure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
socket as an unlimited current surge through the resulting
forward diode within the IC could cause fusing of the internal
conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in order
to ensure stability. For example, resistors from the output to
an input should be placed with the body close to the input to
minimize “pick-up” and maximize the frequency of the feed-
back pole by minimizing the capacitance from the input to
ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capacitance
from the input of the device (usually the inverting input) to AC
ground set the frequency of the pole. In many instances the
frequency of this pole is much greater than the expected
3 dB frequency of the closed loop gain and consequently
there is negligible effect on stability margin. However, if the
feedback pole is less than approximately 6 times the ex-
pected 3 dB frequency, a lead capacitor should be placed
from the output to the input of the op amp. The value of the
added capacitor should be such that the RC time constant of
this capacitor and the resistance it parallels is greater than or
equal to the original feedback pole time constant.
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Typical Applications

INPUT m

PNP=2N2905
NPN=2N2219 unless noted
TO-5 heat sinks for Q6-Q7

High Speed Current Booster

15V

10k

15 pF

-15V

Qs
2N5486

0.01

0.01

3.9k

15 pF

8.2
soLID
TANTALUM

i

-15v

ouTPUT
AL
50
8.250LID
TANTALUM
+
00565509

HydT
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Typical Applications (continued)

10-Bit Linear DAC with No Vg Adjust

MSB LsB
A1 A2 A3 A4 A5 AG A7 AB A9 A1D
REEEDBACK
4 s s |7 |8 |9 Jrof1i |2
15V 01
DAC1020
15

+10V

(SINGLE POINT GND) "=

Vour

00565532

Al A2 A3 A10
Vour = ~Vner (34 ¢ 4 )
—10V < Vger s 10V

1023
Vout = =——V,
0 < Vour To24 VAEF

where An=1 if the Ay digital input is high
An=0 if the Ay digital input is low

Single Supply Analog Switch with Buffered Output

3.3k
AAA,

Ve
1=SWITCH OFF O
0= SWITCH ON

10k

00565533
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Simplified Schematic

Vec O

INTERNALLY

INTERNALLY TRIMMED

TRIMMED

Vg ©

Note 11: Available per JM38510/11904

Detailed Schematic

Vee O-

00565506

Vos
ADJUST

00565534

LipdT
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Physical Dimensions inches (milimeters) unless otherwise noted

0.350-0.370 | _
(8.800-9.398) | o
oI P 1| 0.315-0.335
0.165-0.185 “' [T 8.001—8.509)
{4.197—4.699) DIA
A
+ 0.015—0.040
(0.381—1.016)
REFERENCE PLANE —1— —Lr
A K~ SEATING PLANE
0.500 j T
270 0.025
MIN (0.635)
MAX UNCONTROLLED
* 0. 015 0.019 LEAD DIA
(0.406—0.483)
DIA TYP
0.225-0.235
(5.715-5.969)
DIA PC
0.115-0.145

0.029—0.045
{0.737-1.143)

0.028—0.034

" (2.921-3.683)
l DIA

HO8A (REV C)

Metal Can Package (H)
Order Number LF411MH/883 or LF411ACH
NS Package Number HO8A

0.373-0.400
{8.474—10.16)
0.090
] {2.286)
oom 8 (7] [5] (5 0032 +0.005
{2.337) It {0813 £0.127)
PIN NO. 1 IDENT @ 0.25040.005 RAD
: (6.3510.127) PIN NO. 1 IDENT
oPTION 1 [®
e O [2] 3T [
D280 -— 0.040
7.1z "N 000 mm’—*‘ | OPTION 2
0.300-0.320 (0.762) rq—-ﬂ- 0.145-0.200
{T62-8.128) | & 2“"11"—"'! /"— 0.581 3.663—5.080)
H I ‘ S A 0.130:+0.005 [
KN Y (3.302£0.127) ‘L Y
95° +5° L/ T—' 4 pazs-o.as0 1‘
085 Y  (3.175-3.556)
0.009-0.015 0.125 (1.651) ot 9'_.'l 1 0.020
0.009-0.015_ | 3475 S x4 (0.508)
{0229-0381) AL TYP MIN
+0.040 NOM 0.018:0.003
o35 g = as0.076)
1016 0.100:0.010
(“55 u:m) (2.54070.254)
0.045+0.015
(1.14320.381) 0.060
i {1.528)
(1.270) ) NOBE (REV F)

Molded Dual-In-Line Package (N)
Order Number LF411ACN or LF411CN
NS Package Number NO8SE
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Notes

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT

DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN

COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION.

1. Life support devices or systems are devices or 2.
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

APPROVAL OF THE PRESIDENT AND GENERAL
As used herein:

A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor certifies that the products and packing materials meet the provisions of the Customer Products
Stewardship Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification
(CSP-9-11182) and contain no “Banned Substances™” as defined in CSP-9-111S2.

National Semiconductor National Semiconductor

Americas Customer Europe Customer Support Center
Support Center Fax: +49 (0) 180-530 85 86
Email: new.feedback@nsc.com Email: europe.support@nsc.com
Tel: 1-800-272-9959 Deutsch Tel: +49 (0) 69 9508 6208

English Tel: +44 (0) 870 24 0 2171
www.national.com Frangais Tel: +33 (0) 1 41 91 8790

National Semiconductor National Semiconductor

Asia Pacific Customer Japan Customer Support Center
Support Center Fax: 81-3-5639-7507

Email: ap.support@nsc.com Email: jpn.feedback @nsc.com

Tel: 81-3-5639-7560
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