EE247
Lecture 8

« Summary of various continuous-time filter frequency
tuning techniques

» Continuous-time filter design considerations
—Monolithic highpass filters
—Active bandpass filter design
* Lowpass to bandpass transformation
« Example: 6" order bandpass filter
* Gm-C bandpass filter using simple diff. pair
—Various Gm-C filter implementations

+ Performance comparison of various continuous-time
filter topologies
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Summary: Continuous-Time Filter Frequency Tuning
* Trimming
aExpensive & does not account for temperature and supply etc... variations
 Automatic frequency tuning
— Continuous tuning
aMaster VCF used in tuning loop, same tuning signal used to tune the slave (main) filter
— Tuning quite accurate
— Issue > reference signal feedthrough to the filter output
aMaster VCO used in tuning loop
— Design of reliable & stable VCO challenging
— Issue - reference signal feedthrough

a Single integrator in negative feedback loop forces time-constant to be a function of
accurate clock frequency

— More flexibility in choice of reference frequency > less feedthrough issues
aDC locking of a replica of the integrator to an external resistor
— DC offset issues & does not account for integrating capacitor variations
— Periodic digitally assisted tuning
— Requires digital capability + minimal additional hardware
— Advantage of no reference signal feedthrough since tuning performed off-line
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RLC Highpass Filters

* Any RLC lowpass can be converted to highpass by:

—Replacing all Cs by Ls and L, /F = 1/ C,,,,r*
—Replacing all Ls by Cs and C,,,,F = 1/ L, r*

—LAP=L [ Cyppu?, CHP=C /L, LP where L =R /@w.and C,=1/(R.a))

L4
i
c4
Rs L2 Rs
Vin =i Tc3 Vin LI L3
Lowpass Highpass
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Integrator Based High-Pass Filters
1st Order

» Conversion of simple high-pass RC filter to

integrator-based type by using signal flowgraph
technique
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1st Order Integrator Based High-Pass Filter

Signal Flowgraph . Lo
C o

VR=Vin-VC + Ve + 'k
1 V;
Vo=IcX——— "
c=lex s >
Vo=VR i l i
_ 1
Ic=IR in 1
Ve -1 Nx1 ¥,
i !
sC R
Ic 1 IR
EECS 247 Lecture 8: Filters: Continuous-Time © 2008 H.K. Page 5

1st Order Integrator Based High-Pass Filter

SGF
SGF
C v, hL T
+ VC- +
Vi R VR _ CJR
- S
. /
Vin F Vo

Note: Addition of an integrator in the feedback path - High pass frequency shaping
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Addition of Integrator in Feedback Path

Let us assume flat gain in forward path (a)

Effect of addition of an integrator in the +
feedback path: Vin Vy
Vo _ @
Vin  1+af
|2 ST
Yo_ 4 _ 15T
Vin 1+a/st 1+57/a

—zero@DC & pole@ a)pole=—g=—a><a£ntg
T

Note: For large forward path gain, a, can implement high pass function with high
corner frequency

Addition of an integrator in the feedback path = zero @ DC + pole @ ax w,™
This technique used for offset cancellation in systems where the low frequency
content is not important and thus disposable
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Bandpass Filters

» Bandpass filters > two cases:
1- Low Q or wideband (Q < 5)
- Combination of lowpass & highpass

Lowpass Highpass Bandpass

[t o) 1o |z o) 0<5
} + h = h

[ 0] @ :

| H(jw)Pandgass

0>5

2- High Q or narrow-band (Q > 5) -
e , e

- Direct implementation o
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Narrow-Band Bandpass Filters

Direct Implementation
» Narrow-band BP filters - Design based on lowpass prototype

» Same tables used for LPFs are also used for BPFs

Lowpass Freq. Mask A, dB Bandpass Freq. Mask
A, dB

i J

Amnf————————
N
% E §
A max Amax . i
Q.
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Lowpass to Bandpass Transformation

Lowpass pole/zero (s-plane) Bandpass pole/zero (s-plane)
| o
: i et
Iv_';‘=|”"“’| 155
o) 1
_____ o —_—————————
1+ e,
o Lotm_ N
S 2 2

From: Zverev, Handbook of filter synthesis, Wiley, 1967- p.156.

EECS 247 Lecture 8: Filters: Continuous-Time © 2008 H.K. Page 10




Lowpass to Bandpass Transformation Table

Lowpass RLC filter LP BP BP Values
structures & tables
used to derive c C =0C x 1
bandpass filters C’ R,
it 1 R
L =——xX _r
L oC o
0=0 filter
L :Q[ xX—=
L C )
L
C =—=xX
From: 0oC Ro
Zverev,
Handbook of filter synthesis, ' ' .
Wiley, 1967- p.157. C &L are normilzed LP values
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Lowpass to Bandpass Transformation
Example: 3" Order LPF - 6t Order BPF

Lowpass Bandpass

» Each capacitor replaced by parallel L& C
» Each inductor replaced by series L&C
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Lowpass to Bandpass Transformation
Example: 3 Order LPF - 6t Order BPF

C=0Ci -1
Ray
L2, v,
L= 1 . £ o fYW\_"
aw ¥ =
cdw L1 I
QL2 R% = = — == =
L, =QL, x R
Cy=0C,x -
3=0 3><R% Where:
L L R C,/ ,L,,C; - Normalized lowpass values
= X— .
3 oC, 0 -> Bandpass filter quality factor
), -> Filter center frequency
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Lowpass to Bandpass Transformation
Signal Flowgraph

L2 v,
Rs 3
Vin Ic1 Ll o I RL

1- Voltages & currents named for all components
2- Use KCL & KVL to derive state space description
3- To have BMFs in the integrator form

Cap. voltage expressed as function of its current V=f(1,)
Ind. current as a function of its voltage I, =f(V,)

4- Use state space description to draw SFG

5- Convert all current nodes to voltage
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Signal Flowgraph
6t Order BPF versus 3 Order LPF

BPF
V[n -] V[ 1 V_? -1 V3 1 out
* * — 1 *
_Ri ! 5 i SCQR>x< ! - R
Rs sCiR sLy sC3R" Rp
v, -1 v, 1 v,
Vin 1V /e —1 Vo
LR Ly e
Rs SC]R* SLy SC3R R
v, -1 vy 1 2%
LPF i
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Signal Flowgraph
6! Order Bandpass Filter
Vm —] V[ 1 V2 -1 V? / Vout
* * — ! 1 *
R - R Ysor K| R
Rs sCiR sLy —g SC3R Ry
v, -1 v, 1 v,

Note: each C & L in the original lowpass prototype = replaced by a resonator
Substituting the bandpass L1, C1,..... by their normalized lowpass equivalent from
page 13

The resulting SFG is:
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Signal Flowgraph
6t Order Bandpass Filter

Vin —1 Vl 1 VZ Voul
o
* *
R @ @ , _R
Rs 50C) soL, |_QL:w Ry
s
v, -1 vy

* Note the integrators - different time constants
* Ratio of time constants for two integrator in each resonator ~ Q?
-> Typically, requires high component ratios
-> Poor matching
* Desirable to modify SFG so that all integrators have equal time constants for

optimum matching.
* To obtain equal integrator time constant = use node scaling
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Signal Flowgraph
6! Order Bandpass Filter

i , 1y
_J V1 /QL2 V2 /(QLZ ) /QL2 V3 ] ‘,lel

@ @ 19 @
K N J s R 1
Rs oC) RS
o¢ L QG

» ) -1 ' ’ ) ’
V] /(QC] ) /QCI VZ /QC3 Vj ’/(QC? ,)

* All integrator time-constants = equal
 To simplify implementation = choose RL=Rs=R*
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Signal Flowgraph
6t Order Bandpass Filter

1 _1
V. _p /QLz /QL2 I Vou

1
- o ay (2} @ ap - 1,
0 s R s T 0Cs

_/QC} /QC}

Let us try to build this bandpass filter using the simple Gm-C structure
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Second Order Gm-C Filter
Using Simple Source-Couple Pair Gm-Cell

-we/S
®
Voo \Y/ P Vout
Vin —> « o 1t
EY -/Q M3l ma
wo/S 1 [ M1 m2 |}
 Center frequency:
M12
o = 8n
7 2XCipyg
L] i .
Q function of:
M2 — =
0= &m Y
gM3,4 A 1
m
Vin/\\/o ®
Use this structure for the 15t and the 3" resonator

Use similar structure w/o M3, M4 for the 24 resonator
How to couple the resonators?
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Coupling of the Resonators
1- Additional Set of Input Devices

A I
| oL, oL, 1 v,

in

- @’
o i
S

~Joc; /QCé

Coupling of resonators:

Use additional input source coupled pairs for the highlighted integrators
For example, the middle integrator requires 3 sets of inputs
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Example: Coupling of the Resonators
1- Additional Set of Input Devices

=Add one source couple pair for each

additional input !- -g
, : : D €
=Coupling level - ratio of device 't +
widths R v,
Disadvantage = ext i —
=Disadvantage > extra power ycoupling
dissipation ik —[M3 M4 I—J
+ —|l_7;41 ) Mrzj
Vi;lnaln

Coupling Main; ™
Input 7 Inputi _|
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Coupling of the Resonators
2- Modify SFG - Bidirectional Coupling Paths

1 -1
Vi Joldh ol

Vv
° U Lut
! 1
“oc “@ S B -
oG P S s o 0Cs

7 - o
/Q\/CILZ \/T

Modified signal flowgraph to have equal coupling between resonators
* In most filter cases C," = C;’
» Example: For a butterworth lowpass filter C,” = C;" =/ & L,’=2
» Assume desired overall bandpass filter =10

0C3 L
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Sixth Order Bandpass Filter Signal Flowgraph

V;'n -1 Y -7 N 1 ‘I,/out
] ]
L @ @ @ @ -
0 s s s T 0
-y h y
Where for a Butterworth sh y !
+ Where for a Butterworth shape =—F
o2
1
« Since in this example Q=10 then: 7 zﬁ

EECS 247 Lecture 8: Filters: Continuous-Time © 2008 H.K. Page 24




Sixth Order Bandpass Filter Signal Flowgraph
SFG Modification

2
yx L‘”j
S
“‘-lll llll.... Ji out

Vin 1
1
o

..'lll--*nnnl“‘
ay
|
S
Filters: Continuous-Time © 2008 H.K. Page 25

EECS 247 Lecture 8:

Sixth Order Bandpass Filter Signal Flowgraph
SFG Modification

For narrow band filters (high Q) where frequencies within the passband are
close to w, narrow-band approximation can be used:

Within filter passband: ((q) jZ
~1
®

The resulting SFG:
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Sixth Order Bandpass Filter Signal Flowgraph
SFG Modification

Bidirectional coupling paths, can easily be implemented with coupling
capacitors = no extra power dissipation
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Sixth Order Gm-C Bandpass Filter
Utilizing Simple Source-Coupled Pair Gm-Cell

Ck
V=5~
2XCipg g+C ® Do w® @ ®
2xC: 11 I I -—V°UT
Cp=—r it h - s

I_ B St S, T
4 : 4 I ' + ] %"]

J
=1/14 il 1 )
g 5 Vel | ?-% F<
=G :ECi”’g R ik it
Parasitic cap. at 4 n l—l I L[ H

integrator output, ! T J .y 1t
if unaccounted

— N i
for, will result in Vin ‘—_/C ® ¢ Q a o« @® a

inaccuracy in 7y
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Sixth Order Gm-C Bandpass Filter
Narrow-Band versus Exact

Frequency Response Simulation

-6~
— [ — a
T -2 A g8
gy e aaﬂd
”
3 -8 Regular = oy,
= L Filter
Q
E 24 Response
I e S e GO :
090 095 1.00 1.05 110
w/wg
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Simplest Form of CMOS Gm-Cell
Nonidealities

* DC gain (integrator Q) VOUT
M12
&m
a=——"—
MI2 M ra 2C
8o *&load v ! lnfg
n
2L = e = =
a=—F
H(Vgs ~Vin )MI,Z Small Signal Differential Mode Half-Circuit

*  Where a denotes DC gain & @is related to channel

length modulation by:
P
L

* Seems no extra poles!
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CMOS Gm-Cell High-Frequency Poles

Cross section view of a MOS transistor operating in saturation

Distributed channel resistance & gate capacitance

» Distributed nature of gate capacitance & channel resistance results in
infinite no. of high-frequency poles
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CMOS Gm-Cell High-Frequency Poles

ig(w)

Vigw) L ww) ,si?ple model
— |
I T

Vi(w)

Pcf[fecti ve _ 1
) ~

b

25f, |

'

1
P High frequency behavior of an MOS
transistor operating in saturation region

P;ﬁective - 2.560?/”’2

Vs =V,
M12 _ g2 _3 ,u( 8s th)MI,Z
! 2/3C, WL 2 I

« Distributed nature of gate capacitance & channel resistance results in an
effective pole at 2.5 times input device cut-off frequency
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Simple Gm-Cell Quality Factor

2L

“ H(Vgs ¥y, )Mu

Voo =V,
Pejj’ective _ g'u( & th )M],Z
2 - 4 L2

intg. 1

real ~ =g
a2
] ~0(Vgs_Vth)M1’2 4 a)OL2
intg. 2L VE _
one /U(Vgs Vth)MI,Z

» Note that phase lead associated with DC gain is inversely prop. to L
» Phase lag due to high-freq. poles directly prop. to L

- For a given @, there exists an optimum L which cancel the lead/lag
phase error resulting in high integrator Q
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Simple Gm-Cell Channel Length for Optimum
Integrator Quality Factor

Lopq[N]
40 T T

30

Rz
|15 0ulVes—Vin) M1z
Lopt. = 7 @

1 1
I00KHz IMHz I0MHz 100MHz
o

» Optimum channel length computed based on process parameters (could
vary from process to process)

EECS 247 Lecture 8: Filters: Continuous-Time © 2008 H.K. Page 34




Source-Coupled Pair CMOS Gm-Cell
Transconductance

For a source-coupled pair the differential output current (A7)
as a function of the input voltage(4v,):

N1/2
AVi ] Av}.
Al =1, (V _ ) -2
gs "thly,, 4 (Vgs_Vth)Ml,2
Av;
Note:Forsmall Vo v - %Zgﬁ:”’Mz
gs thly,, Vi
. . Al
Note: As Av; increases Ay 0" the
i
effective transconductance decreases
Aly =114
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Source-Coupled Pair CMOS Gm-Cell

Linearity
Ko}
0.99
Ideal G, =g,
grﬂo.sw
mo 95
0.93
0.91 | | |
06 08
(VGS-V”‘)MI, 2

+ Large signal G, drops as input voltage increases
- Gives rise to nonlinearity
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Measure of Linearity

amplitude3rd harmonicdist. comp.

HD3=
amplitude fundamental

amplitude3rd order IM comp.

IM, =
: amplitude fundamental Vout
3By DBy wla)z Sl

4q 8 o Zml—mz 2(02—0)1
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Source-Coupled Pair Gm-Cell Linearity

172
~ _Av 1 A 1)
Ald_ls{(Vgs_Vlh)MLj 1_4{(Vg5_ ’h)Mlj (

Al =a1><Avi+a2><Av52+a3><Av,-3+ .............

Series expansion used in (1)

a,:# & a,=0
(Vgs _Vth)Mu
032—#3 &  a;=0
8(Vgs _Vth) M1z
as = Ls 3 & ag=0

]28(VgS—Vth)

MI12
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Linearity of the Source-Coupled Pair CMOS Gm-Cell

< 38352, 29a5 s
IM3= 4a1 Vi + 8a1 Viioeeeeiiiiii
Substituting for aj,a;z,....

2
3 v, 25 (v
IM3= L + i
32((VGS‘Vth)] 1024\ (Vos=Vin
0 ~ |12
Vimax = 4(VGS_Vth)>< }X]Mj’

IM;=1% & (Vgs—Viy)=1V =V =230mV

* Note that max. signal handling capability function of gate-overdrive voltage
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Simplest Form of CMOS Gm Cell
Disadvantages

*Max. signal handling capability function of gate-overdrive

-2
IMze (Vos =Van)
«Critical freq. is also a function of gate-overdrive G> D
.’—_.—.f\—-—— -—
vOUT
e — ——+
7 2XCipg Cintg
_ c " oy + —{ Ml M2
smcee g, =u oxz( gS_ th) V|N

then @, o< (Vgs - Vth)

Mo l_vcomrol

-> Filter tuning affects max. signal handling capability!
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Simplest Form of CMOS Gm Cell
Removing Dependence of Maximum Signal Handling
Capability on Tuning
» Can overcome problem of
max. signal handling

capability being a function i
oul

of tuning by providing s B
tuning through : Vinp s
— Coarse tuning via o ‘l I' g
switching in/out binary-

weighted cross-coupled

. Transconductor Size Adjusting
palrsé Tl’y to keep gate t --j r =—0

overdrive Voltage Cut Off programmation DAC
constant

— Fine tuning through
varying current sources

Fine Current Tuning

- Dynamic range dependence on tuning removed (to 1st order)

Ref: R.Castello ,I.Bietti, F. Svelto , “High-Frequency Analog Filters in Deep Submicron Technology ,
“International Solid State Circuits Conference, pp 74-75, 1999.
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Dynamic Range for Source-Coupled Pair Based Filter

IM, =1% & (Vs =V, ) =1V = V™ ~230mV

« Minimum detectable signal determined by total noise voltage

« It can be shown for the 6 order Butterworth bandpass filter
fundamental noise contribution is given by:

2 kT
W2 =3
Yo QCintg

Assuming  0=10 Ciprg=5pF

rms

Vnoise =160V

since Vs =230mV

230x1073

= 63dB
160x10

Dynamic Range=20log
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Simplest Form of CMOS Gm-Cell

* Pros
— Capable of very high frequency
performance (highest?) ® )
— Simple design — *__._YW
Cimg

+ Cons Q;[EW—JZ:]W
— Tuning affects max. signal handling -
capability (can overcome)

— Limited linearity (possible to improve)

— Tuning affects power dissipation

Ref: H. Khorramabadi and P.R. Gray, “High Frequency CMOS continuous-time filters,” IEEE Journal of
Solid-State Circuits, Vol.-SC-19, No. 6, pp.939-948, Dec. 1984.
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Gm-Cell
Source-Coupled Pair with Degeneration

_HCu W _ 2
1g=" T 2Ves =V Vas -V
a[d w Ve
gds:aV ";#Coxf(VgS_Vlh) MSJ—
ds Vs small L
1 i Yo
8eff =77 2 DY |
+
M3 M2
ds m

. MI12 M3
Jor gt 5> g

M3
Seff = 8s

M3 operating in triode mode - source degeneration-> determines overall gm
Provides tuning through varing Vc (DC voltage source)
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Gm-Cell
Source-Coupled Pair with Degeneration

l 1 1
. Prol\j derate li it " Cons
—vo t.ara © |near| y ) —Extra poles associated
— Continuous tuning provided with the source of M1.2.3
by varying Vc - Low frequency
—Tuning does not affect power applications only
dissipation

Ref: Y. Tsividis, Z. Czarnul and S.C. Fang, “MOS transconductors and integrators with high linearity,”
Electronics Letters, vol. 22, pp. 245-246, Feb. 27, 1986
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BiCMOS Gm-Cell

Example
MOSFET in triode mode (M1):
_H Cox w 2 Is
la= f[z(Vgs’Vth)Vds*VdJ
um1 ol w lout
Em :an =H onVds V.
8s B1

Note that if ¥, is kept constant = g, stays constant X

e . Vem-+Vin— M1
Linearity performance > keep gm constant as Vin

varies~> function of how constant ¥,/ can be held
— Need to minimize Gain @ Node X
4 Ve _ M]/ BI Varying V, changes ¥, M!
*oy S/ &m - adjustable overall stage g,,

Since for a given current, g, of BJT is larger
compared to MOS- preferable to use BIT

Extra pole at node X could limit max. freq.
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Alternative Fully CMOS Gm-Cell

Example
» BJT replaced by a
MOS transistor with Voo
boosted g,
L@ DL
s ad
io1 io1
* Lower frequency of Ve H L Ve
operation compared to —I—_D Q, Q, ' SE
the BiCMOS version 1A N B1
due to more parasitic EQ Q,
capacitance at nodes L (;) Vos (;) /2
A&B Vewm I - I Vem
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BiCMOS Gm-C Integrator

« Differential- needs common-mode

feedback ckt L
VP
* Freq.tuned by varying Vb
Cintg/2 _
« Design tradeoffs: +—I— vou
— Extra poles at the input device drain ) '_“ O+
junctions C.a
intg/2

— Input devices have to be small to vb
minimize parasitic poles
— Results in high input-referred offset
voltage - could drive ckt into non- |‘|
linear region
GND
- va+

— Small devices > high 1/f noise — bt
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7t Order Elliptic Gm-C LPF
For CDMA RX Baseband Application

Vin
[ I
FA-+C-+ A+ +B- A+ +B-
- E - P
HH I aly ala

8 Vout

* Gm-Cell in previous page used to build a 7th order elliptic filter for
CDMA baseband applications (650kHz corner frequency)

* In-band dynamic range of <50dB achieved

EECS 247 Lecture 8: Filters: Continuous-Time © 2008 H.K. Page 49

Comparison of 7t Order Gm-C versus Opamp-RC LPF

%-_i,ﬂ:|

HH

* Gm-C filter requires 4
times less intg. cap. area
compared to Opamp-RC

->For low-noise
applications where
filter area is dominated
by Cs, could make a
significant difference
in the total area

* Opamp-RC linearity Opamp-RC Filter
superior compared to in 1
Gm-C

—
. . . - J /- J -
» Power dissipation tends ’%, P T 17 | [

Gm-C Filter

I = [ =
%ﬁ% w

—
H H

HH

gVout

to be lower for Gm-C W
since OTA load is C and
thus no need for

buffering 3 — —

o

EECS 247 Lecture 8: Filters: Continuous-Time © 2008 H.K. Page 50




BiCMOS Gm-OTA-C Integrator

yVce

+ Used to build filter 73 Ig Ia L7
for disk-drive thv2 | |cir
applications | I

+ Since high S P
frequency of | e ~Sefm<remo
operation, time- vit o =
constant sensitivity L
to parasitic caps ;M3 Ci2
significant. Vb

- Opamp used

* M2 & M3 added to

compensate for r

phase lag (provides
phase lead)

Ref: C. Laber and P.Gray, “A 20MHz 6th Order BICMOS Parasitic Insensitive Continuous-time Filter
& Second Order Equalizer Optimized for Disk Drive Read Channels,” IEEE Journal of Solid State
Circuits, Vol. 28, pp. 462-470, April 1993.
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6th Order BiCMOS Continuous-time Filter &
Second Order Equalizer for Disk Drive Read Channels

DIGITAL

(14 bies) SERIAL INTERFACE

Ll i o,

+ Gm-C-opamp of the previous page used to build a 6t order filter for Disk
Drive
* Filter consists of cascade of 3 biquads with max. Q of 2 each

» Performance in the order of 40dB SNDR achieved for up to 20MHz
corner frequency

Ref: C. Laber and P.Gray, “A 20MHz 6th Order BICMOS Parasitic Insensitive Continuous-time Filter
& Second Order Equalizer Optimized for Disk Drive Read Channels,” IEEE Journal of Solid State
Circuits, Vol. 28, pp. 462-470, April 1993.
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Gm-Cell
Source-Coupled Pair with Degeneration

vdd

D ws D DO | =D
i oy e

Tout+

Vbias
o—I M11
k*12/0.6
k
™Mo }
k*12/1.2

D

Iout-

I_:/bias

M10
k*12/1.2

*  Gm-cell intended for low Q disk drive filter
* M7,8 operating in triode mode provide source degeneration for M1,2
- determine the overall g, of the cell

Ref: I.Mehr and D.R.Welland, "A CMOS Continuous-Time Gm-C Filter for PRML Read Channel
Applications at 150 Mb/s and Beyond", IEEE Journal of Solid-State Circuits, April 1997, Vol.32,
No.4, pp. 499-513.
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Gm-Cell
Source-Coupled Pair with Degeneration

vdd

D ws D DO | =D
i oy e

Tout+

Vbias
o—I M11
k*12/0.6
k
™Mo }
k*12/1.2

D

— Feedback provided by M5,6 maintains the gate-source voltage of M1,2 constant
by forcing their current to be constant-> helps deliver Vin across M7,8 with good
linearity

Iout-

I_:/bias

M10
k*12/1.2

— Current mirrored to the output via M9,10 with a factor of k¥ = overall gm scaled
by k
— Performance level of about 50dB SNDR at f,

corner

of 25MH?z achieved
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BiCMOS Gm-C Integrator

* Needs higher supply voltage compared
to the previous design since quite a few
devices are stacked vertically

e M1,2 - triode mode

* Q1,2 = hold V, of M1,2 constant

* Current ID used to tune filter critical
frequency by varying V,, of M1,2 and
thus controlling gm of M1,2

* M3, M4 operate in triode mode and
added to provide common-mode
feedback

Ref: R. Alini, A. Baschirotto, and R. Castello, “Tunable BICMOS Continuous-Time Filter for High-
Frequency Applications,” IEEE Journal of Solid State Circuits, Vol. 27, No. 12, pp. 1905-
1915, Dec. 1992.
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BiCMOS Gm-C Integrator

* M5 & M6 configured as
capacitors- added to
compensate for RHP
zero due to Cgd of M1,2
(moves it to LHP) size
of M5,6 > 1/3 of M1,2

Ref: R. Alini, A. Baschirotto, and R. Castello, “Tunable BICMOS Continuous-Time Filter for High-
Frequency Applications,” IEEE Journal of Solid State Circuits, Vol. 27, No. 12, pp. 1905-
1915, Dec. 1992.
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BiCMOS Gm-C Filter For Disk-Drive Application

AN fE Vo +
==ci8 ==
Vit + @ + - @ + +

==cip =

» Using the integrators shown in the previous page
« Biquad filter for disk drives
o gml=gm2=gm4=2gm3
. 0=2
* Tunable from 8MHz to 32MHz
Ref: R. Alini, A. Baschirotto, and R. Castello, “Tunable BICMOS Continuous-Time Filter for High-

Frequency Applications,” IEEE Journal of Solid State Circuits, Vol. 27, No. 12, pp. 1905-1915,
Dec. 1992.
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Summary
Continuous-Time Filters

» Opamp RC filters
— Good linearity = High dynamic range (60-90dB)
— Only discrete tuning possible
— Medium usable signal bandwidth (</0MHz)
* Opamp MOSFET-C
— Linearity compromised (typical dynamic range 40-60dB)
— Continuous tuning possible
— Low usable signal bandwidth (<5MHz)
* Opamp MOSFET-RC
— Improved linearity compared to Opamp MOSFET-C (D.R. 50-90dB)
— Continuous tuning possible
— Low usable signal bandwidth (<5MHz)
* Gm-C
— Highest frequency performance -at least an order of magnitude higher
compared to other integrator-based active filters (<700MHz)

— Dynamic range not as high as Opamp RC but better than Opamp
MOSFET-C (40-70dB)
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