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Testing and Tuning of Active Analog Filters Using Their
Oscillations
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Abstract - This paper describes a testing and tuning method for active analog filters using their oscillation. We

have developed four oscillation modes for state variable analog filters, and examined the relationships between

the filter characteristics and four oscillation frequencies using SPICE simulation. It is shown that the filter

performace parameters could be estimated from the four oscillation frequencies.
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Fig.4: Oscillation cicuit with bandpass output feed-
back.
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Fig.5: Oscillation waveform by bandpass output
feedback.

000000000 BPO() O FighOoooono
0,0000000000000000000000
0000000000O0. 000000000000
00000000, 000o0o00iood (we)OO
ooooooooon.

Fig6 0OODODOODO (AGC: Automatic Gain
Contro) 00D O0ODODOOOOODOOOOOODOOO
go.AGCO0OO0ODOOOOOOOOoOoDDODOOO
000000000000000000000000

2/6



output

=
=01

<
=
=

A
A4

) R1
Vim—o H>

R6

A
1

=
=3

<
=
=

0O 6: AGCOOOUOOODOoooooooooDo.
Fig.6: Oscillation by bandpass output feedback with
AGC.

00000.BPO(t)00000000 wesey O BPF
000000 wg00O000,00000 wgO0ODO
oooooo.

Woscl = WRB- (1)

Fig6OOOOOOOOOOODOOOO,000,0O0
000oUoooOoOoooooO. oooooo (LPO)
O0oO0o0oo (HPO)OODOOOOOOODODOO.
gbbooboooobooboooobgocbOO0O
00000ooO0ooooooooOoo (BPO)OOO
ooo0000.00000000000000 Ve
gbooo,00booooooooooboobobon
gbooooboobobo.booboooooboo
gbooooooboboooooboo,boboo
ooo0,00000000000000 V,..,O000
gbobooooooooooon.

Bs
D
o ES*S D
=
G

o 7o0o00booog.

Fig.7: Attenuator circuit.

vasl

FigrooooOoOOoOooDoOOoOoOOoOO.oooO00oo0oo
FETOOO,00000000000.FETODOODO
o-ooooobDobo0mvVvOoOoooooooboo
o0000DO0o0,000-000000 VgsODOO

ECT-06-39

0000-000000 (rgs) 000DD0D0.00 7gs
000000000000.0000 FETOOOOO
0000000000.R600000000000O0
000000000000000000000000
oo.

Fig6 0000000 SPICEDDOOODOOOD
00 (BPO)O Fig8OOO. 00000000000
0000 (15V)00000,00000 weser 000
00000000 wg0OODOOO0OODOOOO

490ms 492ms 494ms 496ms 498ms 500ms

Time

08 AGCOODODOOoOODoDOoooOoooog
(BPO).
Fig.8: Oscillation waveform (BPO) of bandpass
feedback with AGC.

ov

~1evi—
490ms 492ms 494ms 496ms 498ms 500ms

Time

0O 9 0ODU00OUODO0OUO0OOO0OOFig4) OODODOOO
(BPO).
Fig.9: Oscillation waveform (BPO) of bandpass
feedback without AGC.

(4.2) D00DDOO0O0ODOOOO0OODOO (DDOOOO

040 (AGCODO0O0O00OOODODOO0O0OO0
000 SPICEDDOOOOOOOOOO (BPO)O
Fig9 00OOOO0,00000000000000
0.0000000 wesee D, wp 00000 Qp, Ap
000000.00000000000000000
0000000 SPICEDDODOOOOOOONODOO
0.0000 wesee 000000, wp, Qp, Ap 000

3/6



gboooobooooooag.

Wosc2 = fZ(AByQB7WB)- (2)

f2lwp, Ap,Qp)000000000D0O000O0OO
0O SPICEDDOOOOOOOOOD.

(a) 00000 wp 000000 wesee 0000

Ap0000,Qs000000,wp00000000
0000000 wesee 010000000 (Fig.10). 00O
0000000 wg 00000000000 wesee O
000,00 Q=10000 wesee =wp 0000,
Q>10000 weee <wpOOOD0D0O0D0DODO.

6000

5000 [

4000 [

3000 [

2000

1000 [

Oscillation frequency (Hz)

0 1000 2000 3000 4000 5000 600

center frequency (Hz)

J

010 00000 wpOOOOODOOOOOOOO
wose2 000 (Qp 0O 1,3,9000).
Fig.10: wp versus wyse2 for Q= 1, 3 or 9.

(b) DODUOD0OO Ap 000000 wesex D OOO

wp00,Qp000000,A;, 000000000
00000 weee 00000000 (Fig.11). 00O
0000 Ap 000000000000 wesep 000
0oooooooo.

Oscillation frequency (Hz)

011: 00 Ag 0000000000000 weseo d
00 (QeO00O 1,3,9000).
Fig.11: Ap versus wygseo for Q= 1, 3 or 9..

ECT-06-39

() Q0000000 wesep 100D

00000 we0000,000 Ap 000000
0000000000,Qe00000000000
00000000 (Fig12). 00,000000000
00000000000 5,10,15,20[V] 00000
0.Qs00 1110000000 Q00000000
00 Wesee 000000,Qp00 1000000 wesen
O0000000. 00 wesee 00000000 0DO
00o0000O00o00oooO.

<
=)
S)

[
o o
o o

T T T

IS
o
o

—5V

w
1=}
o

— 10V
15V
- 20V

N
=}
5}

-
o
5}

Oscillation frequency (Hz)

o

10 12}

o
N
~ b
o
©

012: Qp 0000000000000 wesee 100
(Ap=3,00000000000 5,10, 15,20[V]O
ono).

Fig.12: @Qp versus wyse2 for Ap = 3 at 5, 10, 15 or
20V of OPAMP power-supply voltage.

(4.3) 00000O0O0OOOOOO
Fig130 000000000000 0000000
goboooo.oooboobooooobooo.

2
ALwL

Hi(s)= — L0
L(S) SQ—I—%S—I—W%

(3)

gogboobobooboobooboobobooboon.

" Ri+Rs

0, - 1"'%; [ RsCy
L R% + R% + R%) RyR4R5C5

oy — Ro(R1 + R5)
L RiR3R4R5C1Co

(3)000000000000000O0000 Fig.14
0000000, Qr=c0000000000000
00000DD0O0O000000. Figlb0DOOOOO

Ar

4/6



=

5
A
v

\
R2 R3 R4 Cc2

0 13:00000000000000. 000000
goooo.

Fig.13: Trial circuit with lowpass output feedback

(but this circuit does not oscillate).

Re

014 0000000000000000000.
Fig.14: Pole positions of the lowpass output feedback

circuit.

000 R,000000O0O0DDOODOOQOODOOO
gooo.

Ri+R
QL= L+ s [ RG
R%—FR%—FR%) RoR4R5C5
RsO0O0O0OOOO0OOOO. OOOOO0OOoOooOoO
DDDDDDDDDDDDDDRS—)WDDDQlLa

o JO00000000000.000000 weseg O
gbooooooooboooboooog.

Wosc3 = f3(AL7wL7 ‘/cc) (4)

00 00000000 SPICEDDOOOOOOO
0000. 0000000000 w,p 000000
Weses 10000 Fig.16000. w, D wp 00000
00000 weses 0000000000 V,,0ODODO
0w, 00000000000,w,0ws00000
00000000000 O00O000O00n.

ECT-06-39

Vim—o

O ls:00000000000000D00.

Fig.15: Oscillation circuit with lowpass output feed-
back.

N}
o

S}
o

[
o
T

.
o

u

Oscillation frequency (kHz)

o
o
oL
o

40 60 80)
Wre (kHz)

O 16: wr OOO000DO weses DOODO.

Fig.16: wrp versus wyscs.

(44)000D0000ODOOOOOO

C1
VW VW 1
) R1
Vin

R6

017 000000000000 0000.0o00gg
ooooooog
Fig.17: Trial circuit with highpass output feedback

(but this circuit does not oscillate).

Figl7OOOOOOOODODOOODOOO,000
gboooooo.oboooobobooog.

AH82

H = — .
H(S) 32"_6_1;3"_“}121[

5/6



gbooooboooooboobooooobo.

Ry

Ag = ———
7RI+ R,

+ ﬁ—; (R1 + R2)R3C

1
Qu =
R% + R% + R%—, RiRyR4R5C>

e R Ry
i (R1 + R2)R3R4R5C1Co

000 Qyg - 000000000 DODODODDOOOO.

R5
AN
VW

>0
>N

=
=
=3

3 Cl R4 c2
W 1
%

O 18 00o0ooooboooooboon.

Fig.18: Oscillation circuit with highpass output feed-
back.

R1

R6

Fig180OODO R,O000OCOOODDODDODO QO
gooooooo.

1+ }273;6}25 (Rl + R2)R3Cl

Ry R2R4R5 CQ

!/

H=

2 1 1
Wt R TR
RsO00ODDOOOOOOOOOOODOOOODN
0000000000000 Ry —o 000 Qi —oo

UobooboobDOobD. D00D000 wesea O OO
gogboooooooooobon.

Wosca = f4 (AHa WH chc) (5)

00 f00000000SPICEODOOOOOOOO
Ud0. 0000000000 wg 000000 wesea
obooo0 Fig190ODO. O0O0OD0OOO0DODOO
wgOwpOOODODOOODOODO weses DODOODOO
oo0oov 000wy OOOO0OO0O0O0O00O0O0O,
wgODwpOODODOOOOOODOODOODOODODOO
gooo.

5.000000000

ECT-06-39

Oscillation frequency (kHz)

Wrp (kHz)

019 wy 000000 wesea 000D

Fig.19: wyp versus wyscq-

gooooooooboooooboooooo, ™
doooooooooooooooo,QOo,oono
goooo0oooooobooboo.oooooooa
gdoooooooooooooooooooooa
000000000000 SPICE0DO0OOOoOoOoag
goo,ogoobdooooboooooooooo
go0o0ooOo.oooooboooooooon.
(1) 00000 Wosel, Wose2s Woseds Wosea 1000 D
000 (1), (2),4), (5) 000 Ap, Qp, wp, 100
gooooono.
(2) 0000000000000 O0 MHzOOOOO
godoooooooooooooooooooooa
gooooooooooooooooon.
(3)DDDDDDDDDDDDDDDDDDDDDD
goooooooobbooo,ouobobobobood
goooooooooboooooooon.

goobn

[1] T. Komuro, N. Hayasaka, H. Kobayashi, H.
Sakayori," A Practical Analog BIST Cooperated
with an LSI Tester” , IEICE Trans. Fundamen-
tals, E89-A, no.2, pp.465-468 (Feb. 2006).

[2] M. Burns, G. W. Roberts, An Introduction to
Mized-Signal IC Test and Measurement, Oxford
University Press (2001).

[3] K. Arabi, B. Kaminska, “ Oscillation-test
methodology for low-cost testing of active ana-
log filters”, IEEE Trans. on Instrumentation and
Measurement, vol.48, no.8, pp.798-806 (Aug.
1999)

[4] K. Arabi, B. Kaminska,“ Design for testability
of embedded integrated operational amplifiers”
IEEE Journal of Solid-State Clircuits, vol.33,
no.4, pp.573-581 (Apr. 1998).

6/6




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


