EE 140: Analog Integrated Circuits CTN 2/19/09
Lecture 10: Current Sources

Today: [Transche Currest Sourees |
- Current Source Vg, Generators How o a 'fvammv‘t)r implement a cunond souve?
* Problem 4 moved to HW#4: replace the HW#4
problem 4 with the HW#3 problem 4 (i.e., no Ww
need to do Razavi problem 5.2) — b
last Tira - for wawn o ke discuwal
eo%" node woit rwe Tde,d a,,,?,;{— =  Roz02 - ided
R e “Sana Achusf Cunost
1+ (Gn3tGnt3)T: Bipdew  Soure
V ro.‘s’{ I3 nt0) 0") Forvinel Aot
M & Cole +Ci3 Xsiehac Cumedd
— Sove  larye.
Ny —F— I To‘Ic‘I;e:go(vﬁ%(hVCf)

Cﬁda
*F (1 o)) R gDy T A
C}rz Vagas Vary stb% of Vgzp; - Comst
W% ! chan Cau +Gsla Hos N L & Un-loge
2 :
2 | Cedl Nk Fa Vgsyr mur-ke ve
%d;[- 7" 0!«Vm'bo(b¢+oezpwonb'o0 7

. rogo*@mmm«)u ol et ™) el
- Ve o Scduroded MS Xsickn €.9, VBTns 0TSV

Cumed Stvre
= ° Ro
(«)( Wﬂm&)ﬁ TH T T pon 2 () (0105)

Gt dombont pole: (wse 0T ambyei) Vams oAy N ey skl i Vo= amt
=(% ,+Cg,.)?s Vs e § Xe mall
; )5 o T
1+ Caee t Cay) ¥ Cobo 14 1,2> 0 Vegas aay
" (2t G T Gt & Prblo: el o goroish o okl Vs

Copyright © 2009 Regents of the University of California



EE 140: Analog Integrated Circuits CTN 2/19/09
Lecture 10: Current Sources

We naw focus on metuils o gehem%ng Vetps . E)c Stmple M05 Comend Souns \
Rt how JDZ:?#%N dtdw oJFpaecme vUﬁ; a V” (e4,0 b h‘-ﬂﬂu)
Soludom: 9
lR—@Prm B)'au'kvs ‘ (a f'hp,e # @F(@c.”)'ve ﬂ}ﬁ)m&l) U!IHS 3
O Gereple He desed curenf. 1,10 ,
O Puch 4o cvnest -%rm(;' a Xsrstoe and allav o +o #
rorh ¢ steble bias P, H \ b l
@ Use this cfeble bias pf. & lgms e
s conbe very precha!
\/bsl ; Bot Vo: % I Tn gerawd,
1.« Vos £V,
ot m+ Dluae Hois b bias 4 Diede- camodied Xsistor = N—lurah'm\ p;:'ca ;:Zét‘i&
Toy ) QJ'J"W‘ curosf sove ! Tors ?-/lﬂcf@é)(vgm ) (“‘?\Voﬂ) M:He diffeese
" 1, T 4 o) o T
=" VG$I
) @ Cose: matbed ﬂ:iﬂ =m Jo% Tief
A dioke- comacke] X sishn i alukrys i Sohudion, el ol o *
bq.ﬂeAQ-o) bias ifrelf o Supnt Ho m,}qlmmg"}{ @ Caser M, % Hy scrded wiv b each ofen
wit),
Teep= Tor = S Gy (), (\;g.—vefa F M) = k T Gt
Veras = we L=l $n hefh acrum;_,‘ﬂen
CHow C‘andﬁnw"ﬂ.w\ﬁw l%{’ _t’_,z'_L
4o Ho gades of mos
-hwns)g: cvm;aﬂ;m! Nole: Ry et decurocy, tho e e MHiple Copie A

e devia ~ reolyces
™ Mnm(b cumets eﬂ&ﬁ"

Copyright © 2009 Regents of the University of California



EE 140: Analog Integrated Circuits CTN 2/19/09
Lecture 10: Current Sources

\Ef—{" Loyod dfor & Dbl Cument JZ/mJ Auwe G ¥ 82 ore mebtlel. )i.e.,%'”
Voo _ Vesi> Ve — T Lez* T (neah!ﬁo’ Ua'r)
e>21, 2
A, v Ile'f }/EIAS é’}:g "'-F EE Illf. IC( fIB‘_rI‘z s Ic‘(’-"?)
I == A Ic‘=Icz‘—‘11“= ‘—i.'—d—-— —_ Icf"-’Im,F
(RJ ] JM* 2= 7 ) \dy-\
e (e, o(¥) o [ ] (o] T
A silo Vups Gevenfin can o serve smennac cutont Adalh, G single Vggas goreartn can S2ne mony cumait
el .
“Vo‘; Voo Vop Sovros Hmghpd He IC chip:
. Vee Ve Vee Voo
| e | el
VRias b 2Lpef Lok ef 1 u
Ml ‘-—'L‘O — O—— L Ml {l_) H3 - - I . AJJI" T2 . L:I,
TRBRERA 410 T i o
'Z(WIL), (W/(’ ][ EKI g2 j R Iy thi Ton n
Maltwi‘bfpa?ar? Ilef"':[q"'Isl‘l’Ipf'Iggf'“--fIh
S.(.V"'P‘Q &rolw CVM Souuz] [[ qﬂ xﬂ:shm-% I%: IGI[H"B!')
Toet Prebem: .
kcLhere fo get =2 |I°Ta= (""‘” %‘\"’1 e~ g~ (hcweaues ach
le,? -F(I""F) _ (T, doridler Higom J#,ﬂd*
deviohm dayondr on 1)
S s was Vo
How con rg mduce e evvor? ﬁcﬁgsg

Copyright © 2009 Regents of the University of California



EE 140: Analog Integrated Circuits CTN 2/19/09
Lecture 10: Current Sources

To redine Hlo erﬂl‘fPrM, use a B Ve 1 emitie. )
' -~ Z (X devig
Buered Venr-Cometn. Pt o bisde. Xeleha T |5 Ruef }
Vee atemdli bose cuntwly 11s U .
fom Xsishr cument I | " er[‘k
I L Sources, Q| Qg olloe';‘ﬂ‘i
4] g bhie
Tedd y <« Thir caw :::d:’? Yo pa e Iq'?\ eolifin arey : J”-iq;:;f lite Hhis
@ BRs  base cu oy g
| % Tt +Tgn  bipslr ewirter i %ﬁ&z' Oecy e who
= cuned” soueer (e, + Igtlode P T % Inf/lo
g s ec” Vi
gty i) e i
) = TeirTgat - Jon nla. T e l‘}rtfs v, Rief:
B4 © N = 1(7) Bx. I,:5m, Vas.‘s’ov but i 1f eneygh?
Ao dil) Xeioe Ret = 2o 2. 600k <~ Thats oy foo bip!
[ﬁ-mnﬁg ’ —1 (Yes, ¥ere's omly are ofYom aa He
Tref Zy((1 * ggam) Chip bt fala up 2?’“?’3
Tt Tre Low Cumovit Soledion:, | Whdlor Crrend Sturee
gl I AL PR +_?l;;,5 “I,.f(l- ] = xale Lez=lo Ly reclsciry Vggo (Cieldiveh Veg,):
¢ . Vec Do Hhis by @i iter
- decarawting @, v1q Re
,.'."_‘b;'. New, \Elq“ ",‘c'&‘—%—\:‘;@- I"[—L Riof GG G
B’_‘&m for pawe Sovikgs g, o Trfures very Sinaly
biar cunentr gre veodsd, om Ho order of Suhi. Th's wyght L m VnR ~
fora Tt (ovge an ﬁye‘: m e abve bipdor Vemgs 90&“?*'\ YBEI Vh Rg

Copyright © 2009 Regents of the University of California



EE 140: Analog Integrated Circuits CTN 2/19/09
Lecture 10: Current Sources

Vgsr = Veez + Vo, < Viee + TczRe & Vgpo+ Lok | T Ot Sl (H"‘"’(””J

e Voo
Teoks® UBF(—VBQ = Urin 'f’u - Vrln Iﬁti -

Vo o
. M \,
ICZE}_R VTH-\&' (A!.NMI &“')‘szemku.] {Vﬁe_.\g 2 \_ _ .
fo (o . /M

—
rd

Lef
p"&a b 1T et 5 €
e = Vazas ‘_",_l M, Vo 'i\ m/%l'mm‘ﬂom?'f‘by?
fule of Thumb : Voo Ie2le _If-_h_ Vs 4 WMI Shil
o Lw 5 womf squke.
Y2mv '.é"erF IN “Mm- L%NJ q QW cu
comv 75 Dnef
{20 pmV TgFIfEF
A S emple again ,
Bx. Sale by 100X wirg Widbr sowcee Shae” 13 Voy = Vo
Ion-Vase 1ol — Ro S = 20 G Ry kbl e v o avoid fle fioar regin
Tupr Soph = B T = S0L2 U Vs Ve = Vo™ &7 = Vo
More reryymale Thow (B0 Lefoe, ovverdn‘ve
wm%,h[m‘yb‘\\’fw. I‘ =) G w\( 2
: g Vg1~ V.
AW%Gde‘bjﬂa'(,ﬂe Widlar: la'r\Roaynml‘JO'ﬂ D2 Mn "X(’C ()l f)/zro_
Qurvonf-soViC2 /] o 5BV = Vou = VeV 3 | —
ba MnCor(¥)
ﬁo’ for-(”’ﬁmzﬁz_)
/ (o ling —chond, devics)
s = Vetav ( For et dnand, it
~ d/fleroet

Copyright © 2009 Regents of the University of California



EE 140: Analog Integrated Circuits

Lecture 10: Current Sources

s, Ho mhslmmn Vo (Yhat still kegps a god M, ciment
J'Wlte) Voh,m VDJ‘GI‘ Vv AV

/

Qbat o clf. ushng 4 Ld‘t. curesd- Joyree’

Qg a CGJCW‘
Vop

V!Sl‘ﬁsz“—l Uy
j Curedt SMrQ
— l_ln, (locd)
AV
& H‘WJ can (MR M Her?
So#d ove gof

maximym hacd am!

CTN 2/19/09

Copyright © 2009 Regents of the University of California

MDS Canpdle Cuned fqu Voo

e ””’r‘?' i Eﬂﬁj

d—ﬂio (a4 (Omit ) &)

Tief & z\/lc xon

o /b Qt:’:f% Vé-ulsv
 ALk—e oyp )

Vehsvmm 1
Vs Ve +4V

+
1] Vgd 4v
-

Ve + BV

7\
dr mud | %

(aga\'ﬂan &Vv!





<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


