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Abstract

This thesis presents the continuous-time analog filtering based on the differential current
mode wave active filter. This filter uses the currents as wave signals for L and C in LC filter
circuit. The presented circuit is compatible with a standard digital VLS process and can operate
at a low supply voltage of 3V. A 10MHz fifth-order Chebychev filter using the“,two-pairs was
designed. The simulation results show that the filter is highly linear‘as the total harmonics
distortion is less than -40dB for peak input bias currents up to 98% of the bias current. In

addition, the filter cutoff frequency and quality factor can be easily tuned by voltage.
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sree1aT1)5unsu Hspice 7195109901591 Uv997995A50IKIUA1INDEM

CMOS two-pair circuit

.global mm1 vdd vbl vb2 vm2 vgp
.options post probe unwrap

1ib ‘c:\meta\modelp~1\batmos.lib' typical

.param al=1u a2=0u freq=1meg
+ vdd=3.0 vbn=1.5 vbp=1.5 vres=2.7 vadj=1.75 vo=1
+ In1=3u In2=3u Im=3u

+wl=14u w2=20u wm=100u

Bk R R R Rk KR KRR X for a0 sweep unmark * those following lines
* print ac i1(xcl.xcll.m61) il1(xc3.xcl1.m61) 11{(xc5.xcll.m61)

i1 (x12.xcll.m61) i1(x14.xcll.m61)

* print ac I0=par(‘idb(v_b2)) Ip=par('ip(v_b2)")

*+Imd=par(‘im(v_b2)-im(v_-b2)" lid=par(‘ii(v_b2)-ii(v_-b2)"
*+10d=par(20*log10(i(v_b2)-i(v_-b2)))

* print ac idb(v_b1) idb(v_-b1) idb(v_b2) idb(v_-b2} i1(xcl.x11.m61)$shoud be xcll not x11
*+ip(v_bl1) ip(v_-b1) ip(v_b2) ip(v_-b2)

* print ac ip(v_b1) ip(v_-b1) ip(v_b2) ip(v_-b2)

_print ac 10=par(idb(v_b2)") Ipp=par(‘ip(v_b2)")
*+]gd=par(iT(v_-b2))

.ac dec 100 10k 100meg

+sweep data=var

* data var vres 2.68 2.69 2.70 2.71

.data var vadj 1.4 1.55 1.65

.cnddata

72



73
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.op
.probe
*#*t#************************for dc SWCCp Unmark * thOSe fouow 1in€s

* measure tran

* tran 0.05u 30u 10u 0.05u

* print Ipt=par('i(v_b2)") Int=par('i(v_-b2)) Idt=par('i(v_b2)-i(v_-b2)"
* disto RL 2 0.99

* fft 'i(v_b2)-i(v_-b2)'

* four Imeg

*4i(v_b2)

*+i(xc1.VsnCM)

*+i(v_-b2)

*+ v(b2pc5) - v(b2nc5) '

o s ok ok S o o o e s ok o s o ok o ok ok ok o ok ok ok st s ok o o s sk ok o ok ok o ook o sk ok ok o e ok ok ok ok ok sk ok ok ok ok sk ok ok ok ok
*connections in out

.macro ccmrl 2 6

m! 2vbl 4 0 mnch =2u w=30u

m2 4 2 0 0 mnch =luw=20u

m3 6vb2 5 0 mnch I=2u w=30u

m4 5 2 0 0 mnch I=luw=20u

m5 2vm2 9vdd mpch I=luw=150u
m61 9 vgp vdd vdd mpch 1=3u w=100u
m62 9 vgp vdd vdd mpch I=3u w=100u
mé63 9 vgp vdd vdd mpch 1=3u w=100u
m64 9 vgp vdd vdd mpch 1=3u w=100u
mé65 9 vgp vdd vdd mpch 1=3u w=100u
m? 6vm2 10vdd mpch I=lu w=150u
m81 10 vgp vdd vdd mpch =3u w=100u
m82 10 vgp vdd vdd mpch i=3u w=100u
m83 10 vgp vdd vdd mpch =3u w=100u



m84 10 vgp vdd vdd mpch 1=3u w=100u
m85 10 vgp vdd vdd mpch 1=3u w=100u

.eom ccmrl

*connections in 0x1 0x.5 ox.5
.macroccmr2 2 6 12 14

m! 2vbl 4 0 mnch I=2uw=30u
m2 4 2 0 0 mnch I=luw=20u+lu'
m31 6vbl 5 0 mnch 1=2uw=30u

m32 12 vbl 13 0 mnch =2u w=15u
m33 14 vbl 15 0 mnch =2uw=I5u

m4l 5 2 0 0 mnch I=luw=10u
m42 5 2 0 0 mnch I=Fluw=10u
m43 13 2 0 0 mnch I=luw=10u
m44 15 2 0 0 mnch I=luw=10u

m5 2vm2 9vdd mpch I=luw=60u
m61 9 vgp vdd vdd mpch I=3uw=100u
mé62 9 vgp vdd vdd mpch 1=3u w=100u
m7 6vm2 10 vdd mpch I=lu w=60u
m81 10 vgp vdd vdd mpch 1=3u w=100u
m82 10 vgp vdd vdd mpch 1=3u w=100u

.eom ccmr2

* two-pair subcircuit
* connections al -al a2-a2 bl -bl b2 -b2
onmacro tp 3 2 1 4 dl6dr5dr6dl5

+ cintg=0p

* Schematic netlist

mLl  vdd mml gi2 0 mnch ='nl'w='wl' §

mL2 gl2gl200 mnch I=Inl'w='w2' §



mL3
mL4
mLS5
mL6

mR1
mR2
mR3
mR4
mRS
mR6

di3gl200 mnch =inl'w='w2' $ LP circuit
di4gl200 mnch I=1nl'w='w2' § 'Left
di5gl200 mnch [=Inl w='w2' §

dl6 gl200 mnch 1='Inl'w='w2" §

vdd mml gr2 0 mnch 1=inl'w='wl' §

gr2 gr200 mnch =Inl'w='w2' §
dr3gr200 mnch 1=Tnl'w='w2' § LP circuit
dr4 gr200 mnch [='Inl'w='w2' § 'right
dr5gr200 mnch =Inl'w='w2' §

dr6 gr2 00 mnch 1=hnl'w='w2' §

mBMM1 vdp vgp vdd vdd mpch =lm' w='wm' $ wm=200u

mBMM2 vdp vgp vdd vdd mpch [='lm' w='wm' § Im=3u

mBMM3 vgp vm2 vdp vdd mpch I=lu w=60u §

mBM1 vdd mml gmm2 0 mnch =inl'w='wl' §

mBM2 gmm2 gmm200 mnch ='nl'w='w2' $§

mBM3 vgp gmm2 00 mnch ='nl'w='w2' $ Biasing circuit

xcll
xcl2
xcrl

xcr2

1 gl2 dI5dI3 comr2 § a2
2 gl2dl6 dl4 ccmr2 § -al
3 gr2sen dr3 dr5 ccmr2 § al

4 gr2 drd dr6 comr2 § -a2

VsnCM gr2 gr2sen 0

xcull di4 dr5 cemrl

xcul2 di3 dr6 cemrl

xcurl dr4 diS ccmrl

xcur?2 dr3 dl6 comrl

cil

gl2 0 ‘cintg'

ci2 gr2 0 ‘cintg'
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.eom tp

*#+%x 5th order LPF circuit ****

sk ok e ok 2k ok ok ok ok ok ok ok % ok ok ok Tcst add ICM for al prot % ok ok ok ok 3k ok ok 6 ok o ok A o ok ok ok ok o ok ok ok ok ok
*ICM_al 0alpCl ac 'a2' sin 0 'al' 'freq'

*ICM_-al 0alnCl ac 'a2' sin 0 'al' 'freq'

2o s o afe o ok e ok ok o 3 ok ok ok o ok ke ok o S o ke ok ke ok ok 3k o sk ok ok 3k ok ke ok sk ok ok sk ok ke ok ok k3 ok ok ok ok 3k ok ok sk ok ek ok sk ok ok ok ok ke sk ek ok
ial 0alpCl ac 1 sin0Q 'al' 'freq'

i-al alnCl0 ac 1 sin0 'al' 'freq'

*%%% Terminate bl & b2 ***¥*xskkskkx

* no * before modifi Vblncl to a2n¢5 (feed back)
v_bl bInCl0dc'vo' $ Terminate reflection wave at C1, i/p portl.

v_-bl blpCl 0dc'vo' $ Terminate reflection wave at Cl, i/p portl.

v_b2 b2pC50dc'vo' § o/pnode+b2atCs
v_-b2 b2nC50dc'vo' § o/pnode-b2atC5

* control voltages

vvres mml O dc 'vres'
vvdd vdd 0 dc 'vdd’
vvbn vbl 0 dc 'vbn'
vvadj vb2 0 dc 'vadj'

vvbp vm2 0 dc 'vbp'

* Current-mode wave active lowpass filter

sk 3k 3 o o ok ek o sk o ok ok ke 3 o 3 3K sk ok ok 3k e 3k sk 3¢ ol ok ok ok 3k ok ok ok sk ok ok ok ok ok ok ok o o ok ok ok ok sk ok 8 o o o ok ok ok ok sk ok ok ok ok ok ok ook ok K
xC1 alpC! alnC! a2nCl a2pCl $ before modifi Vblpcl to a2pc5

+ blnCl blpCl b2pCl b2nCl $ before modifi Vbincl to a2nc5

+ tp

+ cintg=



+ 4.431p $ This is lit's value, taken the cgs =1.04p out

xL2 b2pC1 b2nC1 a2pl2 a2nlL2
+ a2pCl a2nCl b2pL2 b2nl.2
+ tp .

+ cintg=

+ 1.7564p

xC3 b2pL2 b2nL2 a2nC3 a2pC3
+ a2nl2 a2pL2 b2pC3 b2nC3
+ tp

+ cintg=

+ 6.6525p

xL4 b2pC3 b2nC3 a2pl4 a2nl4
+ a2pC3 a2nC3 b2pL4 b2nl4
+ tp

+ cintg=

+ 1.7564p

xC5 b2pL4 b2nL4 a2nC5 a2pC5
+ a2nl4 a2plL4 b2pCS b2nCS
+ tp

+ cintg=

+ 4.431p

* alter
* param al=25.0u a2=0u freq=lmeg
* alter

* param al=30u

.end
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