EE247
Lecture 6

* Summary last lecture

» Continuous-time filters (continued)
—Opamp MOSFET-RC filters
—Gm-C filters

* Frequency tuning for continuous-time filters
—Trimming via fuses or laser
—Automatic on-chip filter tuning
+ Continuous tuning
—Master-slave tuning
* Periodic off-line tuning

— Systems where filter is followed by ADC & DSP, existing
hardware can be used to periodically update filter freq. response
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Summary
Lecture 5

* Continuous-time filters
—Effect of integrator non-idealities on integrated continuous-time
filter behavior

» Effect of integrator finite DC gain & non-dominant poles on filter
frequency response

* Integrator non-linearities affecting filter maximum signal handling
capability (harmonic distortion and intermodulation distortion)

» Effect of integrator component variations and mismatch on filter
response & need for frequency tuning

* Frequency tuning for continuous-time filters

—Frequency adjustment by making provisions to have variable
RorC

* Various integrator topologies used in filters
—Opamp MOSFET-C filters

—Opamp MOSFET-RC filters
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Integrator Implementation
Opamp-RC & Opamp-MOSFET-C & Opamp-MOSFET-RC

C
Vin
R
hamp G Opamp-MOSFET-C Opamp-MOSFET-RC
Yo_-a where @, -
Vin s Reqc
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Integrator Implementation
Transconductance-C & Opamp-Transconductance-C

VO

GmC Intg. GmC-OTA Intg.

Yo _ =% where abzG—m
Vin s C
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Gm-C Filters
Simplest Form of CMOS Gm-C Integrator

» Use ac half circuit & small signal model
to derive transfer function:

Vo ==8m *xVin X Cintgs v,
Icintg

ﬁ: Em 7
Vin Cintgs GmC Intg.
Yo _ =%
V: s
" Vlg_ gmVin Vo
- @, = _Em__ 1
Cintgs J__ I Cintg
« Issue: Design is parasitic sensitive Small signal model
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Gm-C Filters
Simplest Form of CMOS Gm-C Integrator
» Transconductance element - sy
formed by the source-coupled pair E
MI & M2 @ Q
v,
* All MOSFETSs operating in e A Aty
saturation region Cint g
— M1 M2
» Currentin M1& M2 can be varied _V}”
by Changing Vcontrol
« Find transfer function by drawing Mlj-;l H eonirol
ac half circuit 1

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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Simplest Form of CMOS Gm-C Integrator
AC Half Circuit

Cintg
Vin
——{[p le [i I Cintg
Vin
AC half circuit
trol
|_ Veontrol e I—Vcon 0
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Gm-C Filters
Simplest Form of CMOS Gm-C Integrator
» Use ac half circuit & small signal model v,
to derive transfer function:
2C;
i l| Ml intg
Vo==8m =~ XVinX2Cins g
Vv, g,]ll/” 2 AC halfc;rcuit
Vin 2Cmtg
Yo _ ~®%
Vin s V’ gmYi
Mi2 il _L
Em mtg
w,=—""
2% Cintg I 1 I
Small signal model
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Gm-C Filters

Simplest Form of CMOS Gm-C Integrator

* MOSFET in saturation region:

C
=2 Ox%(Vgs _Vth)2

Iq

2
* Gmis given by:
al w
MIi&M2 _ 94 _ -
8m = =4Cox I(Vgs V’h)
g5
1
N E—
(Ves ~Vin)

W 1/2

1
ZZ[EIUCOX fld

Id varied via Vcontrol

Cintg
+_4 Ml M2|
Vin
MI10 I—Vcontrol

- gm tunable via Vcontrol
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Gm-C Filters

2" Order Gm-C Filter

+ Use the Gm-cell to build a 2" order
bandpass filter

® 5
gl e
Cint g
+—| M1 M2

Vin

MIA0|;I I—Vcontral
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2nd Order Bandpass Filter

2
.00

+ +
VLL Vc

Iin VR R }

T)=R'xC T2=L/R*

Vi Vy, 1 Vo

R* 1 R

R sCR" ;
i v, 1V
‘Vo

>

A

i

k‘/
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2nd Order Integrator-Based Bandpass Filter

VP

_ 728
Vin

T]Tgs2+ﬂ1'2s+]

T)=R"xC Z'2=L/R*
B=R /R
ay=1,/\tt=1/JLC
0=1/Bx\71 /72

Frommatching pointof viewdesirable:

T1=172

_1 R
=== = =
a 9 %e*

5

Vin
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2nd Order Integrator-Based Bandpass Filter

,7‘ g
7 V8P,
/ \
/ V=]
First implement this part 1 \
With transfer function: _/Q \ %
| 1
Yo -1 | I
Vin s 1 I
0 \ -
\ /
\ /
\ Vin 4
\
~ /
-~ -
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Terminated Gm-C Integrator

i

Cint g

+
VO

¢

>—| M3 M4
P l |—
Vin

[ Mrzj}—‘

VO
M1
2C;
Viny MsI inig
AC half circuit

M1

Vcontrol
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Terminated Gm-C Integrator

M1
Vo Vl'n Em Vm %

Vo
Ml
2C; 1
Vin _| M3I intg CGI WIZCWg
: &m

Small signal model

AC half circuit

V, -1
Vin s ZCintg gnAf3
Ml M1
Em Em
Vo _ =1
Compare to: Vin L_,.l
ay O
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__Terminated Gm-C Integrator

M1
mn Em Vin'

/ N v,
’ \

/ : S 5 TI4 B a0
e A | 3 ¢

Small signal model

|8

\ Vo 0 =1 / Yo _ 1
‘Bl o Vin  5%2Cimg  gy°
\ a 0 ,m gM! gM!
Se_ -7 M M1
Em Em
—ay= 0=5n_
2Cintg gfn“

Question: How to define Q accurately?
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M1

Em

M3

Em

Let us assume equal channel lengths
for M1, M3 then:

M1
Em

1/2

1/2
1 /4 M3

MI
1g

Terminated Gm-C Integrator

d
Ly

5

5

ox
Lys

+
1/2 V

+
VO

in

War i i

= X
M3 M3
&m 1y

W3

o T e M%%ﬁ
le :

MI

é Vcontrol
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Terminated Gm-C Integrator
Note that:
M1 M10
At i ]
M3 M1l
1y~ I

Assuming equal channel lengths for M10, M11

]| +
1T Vo

ME»

M10 M3
Id = L/M]O 1;;' M2
M~ + l; 1
d M1l Vm
1/2 M1
W W, MI10
N &m___ [ MI10 . "Ml ] Veontrol
gm” Puir Wus - =
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2nd Order Gm-C Filter

» Simple design

e Tunable
+ Q function of device ratios: —L Ve AF
—=
MI12 B\
_&
0= §\n1 34 Vi“)\\/O ®

m
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Continuous-Time Filter Frequency Tuning
Techniques

« Component trimming

» Automatic on-chip filter tuning

—Continuous tuning
» Master-slave tuning

—Periodic off-line tuning

» Systems where filter is followed by ADC & DSP,
existing hardware can be used to periodically
update filter freq. response
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Example: Tunable Opamp-RC Filter

D2 DI DO

Post manufacturing:

* Usually at wafer-sort tuning
performed

* Measure -3dB frequency
« If frequency too high

ol

RI R2 R3 R4

decrement D to D-1 Vi 5 A5
« If frequency too low wm

increment D to D+1 RI R2 R3 R4

« If frequency within 10% of
the desired corner freq. stop

Not practical to require end-user to tune the filter
- Need to fix the adjustment at the factory
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Factory Trimming

 Factory component trimming
—Build fuses on-chip

» Based on measurements @ wafer-
sort blow fuses selectively b
applying high current to the fuse

— Expensive
— Fuse regrowth problems!

— Does not account for temp.
variations & aging

—Laser trimming

» Trim components or cut fuses by
laser

— Even more expensive

— Does not account for temp.
variations & aging

To switch

D1
Fuse

Fuse not blown > D1=1
Fuse blown > D1=0
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Example:Tunable/Trimmable Opamp-RC Filter

D2!D1:!D0! Rnom
1 11111 72K
1 1110 828K
L 1ol 937K

1

RI R2 R3 R4
Il
irs
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Automatic Frequency Tuning

» By adding additional circuitry to the main filter
circuit
— Have the filter critical frequency automatically
tuned
©Expensive trimming avoided
©Accounts for critical frequency variations due to
temperature, supply voltage, and effect of aging
©Additional hardware, increased Si area & power
& reference signal feed-thru
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Master-Slave Automatic Frequency Tuning

» Following facts used in this scheme:

— Use a replica of the main filter or its main building block
in the tuning circuitry

— The replica is called the master and the main filter is
named the slave

— Place the replica in close proximity of the main filter to
ensure good matching between master & slave

— Use the tuning signal generated to tune the replica, to
also tune the main filter

— In the literature, this scheme is called master-slave
tuning!
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Master-Slave Frequency Tuning
1-Reference Filter (VCF)
» Use a biquad built with replica of main filter integrator for master
filter (VCF)

« Utilize the fact that @ the frequency f , the lowpass (or highpass)
outputs signal should be 90 degree out of phase wrt to input

Vip_ 1| -0 = p=—90°
Vi SZ N

R

wOZ Qa)o a):wo

« Apply a sinusoid at the desired f, desired
» Compare the phase of LP output versus input
» Based on the phase difference:

—Increase or decrease filter critical freq.
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Master-Slave Frequency Tuning

1-Reference Filter (VCF)

Vief = Asin(er)
Vip=Asin(axt+9¢)
Veep XVp =42 sin(a)sin(ar+9)

A4 A4
Veef XVLp 2760S¢ - 7cos(2a)t+¢)
S~

Note that Filter Out

this term
is=0 only
when the
incoming
signal is at
exactly the
filter -3dB
frequency
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Vtune

Master-Slave Frequency Tuning

1-Reference Filter (VCF)

Viune :—KxV[e’:‘foLrgsx(:osgy

A Viune

Amp.+
Filter

i

} |
| |
I
! |
|
| |
| |
| | !
-------------- T A it 0
l i
| |
| |
| |
I
1 |
T I

fo

Phase
Comparator

Input Signal Frequency
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Master-Slave Frequency Tuning
1-Reference Filter (VCF)

* By closing the loop, feedback
tends to drive the error voltage

(V7une) to zero.
- Locks f; to f,desired | the
critical frequency of the Vrine
filter to the accurate —T
reference frequency
Amp.+
Filter
. i
 Typically the reference -\ =
frequency is provided by a o/

. . Phase
crystal oscillator with Comparator
accuracies in the order of few :
ppm Vief =ASi”(2”fodeSlredt)
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Master-Slave Frequency Tuning
1-Reference Filter (VCF)

Replica Filter
(Master)

Main Filter (Slave)

1
[/Q] T

Amp.H

Filter|

@
Phase
Comparator
}rej

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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Master-Slave Frequency Tuning
1- Reference Filter (VCF)

* Issues to be aware of:

— Input reference tuning signal needs to be sinusoid >
Disadvantage since clocks are usually available as square
waveform

— Reference signal feed-through to the output of the filter can
limit filter dynamic range (reported levels of about 100uVrms)

— Ref. signal feed-through is a function of:

» Reference signal frequency with respect to filter passband
* Filter topology

* Care in the layout

* Fully differential topologies beneficial
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Master-Slave Frequency Tuning
2- Reference Voltage-Controlled-Oscillator (VCO)

*Instead of VCF a :
voltage-controlled- !
oscillator (VCO) is I
1

|

1

|

VOLTAGE
CONTROLLED
OSCILLATOR

used o PHASE
s

COMPARATOR

*VCO made of
replica integrator
used in main filter
* Tuning circuit I8

|
operates exactly as | ;
a conventional } A &= N - :
| |
| 1
1

phase-locked loop

(PLL) LT l VOLTAGE CONTROLLED FILTER
* Tuning signal used

to tune main filter

Ref: K.S. Tan and P.R. Gray, “Fully integrated analog filters using bipolar FET technology,” IEEE, J.
Solid-State Circuits, vol. SC-13, no.6, pp. 814-821, December 1978..
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Master-Slave Frequency Tuning
2- Reference Voltage-Controlled-Oscillator (VCO)

* Issues to be aware of:

— Design of stable & repeatable oscillator challenging

— VCO operation should be limited to the linear region of the
integrator or else the operation loses accuracy (e.g. large
signal transconductance versus small signal in a gm-C filter)

— Limiting the VCO signal range to the linear region not a trivial
design issue

— In the case of VCF based tuning ckt, there was only ref. signal
feedthrough. In this case, there is also the feedthrough of the
VCO signal!!

— Advantage over VCF based tuning > Reference input signal
square wave (not sin.)
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Master-Slave Frequency Tuning
Choice of Ref. Frequency wrt Feedthrough Immunity

Immunity to

Choice reference freq.
Matching feedthrough
fr
(a) o Worst Best

\ Unity gain frequencies of
the integrators in the slave

(b) Best Worst

frel
(c) Aj\vv\ Medium Medium

Ref: V. Gopinathan, et. al, “Design Considerations for High-Frequency Continuous-Time Filters and
Implementation of an Antialiasing Filter for Digital Video,” I[EEE JSSC, Vol. SC-25, no. 6 pp. 1368-

1378i Dec. 1990.

EECS 247 Lecture 6: Filters © 2009 H.K. Page 34




Master-Slave Frequency Tuning
3-Reference Integrator Locked to Reference Frequency

* Replica of main filter integrator e.g. Gm-C building block used

« Utilizes the fact that a DC voltage source connected to the input of the
Gm cell generates a constant current at the output proportional to the
transconductance and the voltage reference

I=Gm.Vref
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Reference Integrator Locked to Reference Frequency

*Consider the following sequence:
= Integrating capacitor is fully

discharged @ ¢ =0 Vin I=Gm*Vref
VC1
= At =0 the capacitor is Vref —_ \
connected to the output of the I I
Gm cell then: = Viune =

QC]:VC]XC]:GmXVrefXT

N =Gm><Vref><T/C1
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Reference Integrator Locked to Reference Frequency

Since at the end of the period T:

Vin I=Gm*Vref
*—O
Ver=GmxV,, xT /oy ° I em J_VC’
ref;
f/
If V, is forced to be equal to _|:_ Vigne L
Vo then:
Cl_p_ N
Gm Jelk

How do we manage to force

VC] = Vr(ff?

- Use feedback!!
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Reference Integrator Locked to Reference Frequency

Replica of main filter Gm

» Three clock phase operation

T
o T > P2M
o analyze -> study one phase :

at atime

Ref: A. Durham, J. Hughes, and W. Redman- White, “Circuit Architectures for High Linearity Monolithic
Continuous-Time Filterin&” IEEE Transactions on Circuits and Systems, pp. 651-657, Sept. 1992.
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Reference Integrator Locked to Reference Frequency
P1 high-> S1 closed

+
S3 A

1
L

C1 >discharged 2 V=0

Vref J_

S1

“\\
‘\
G

|
P1 A | o AT .
: |f—\'l 1 C2 > retains its previous charge
g
| [P V| I
P3| N\ | !
Tl |<—>f.|_3
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Reference Integrator Locked to Reference Frequency
P2 high - S2 closed

S2 S3 A

T I= Gm*Vre/:r—|—C1 ?CZ

C1 -2 charged with constant current: I=Gm*Vref
C2 2 retains its previous charge

Ver=GmxV,, . xT2 /0,
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Reference Integrator Locked to Reference Frequency
P3 high = S3 closed

S2 S3 AV | A

Vref; N Cz_
T T T

C1 %garge ggares with C2 3
Ve Cl+Vp;C2=(CI+CDVg; ,
T3 _, T2 Cl T2 C2
Vei2="ci eri ezt er ez
Few cycles following startup

r3s _ T2 _ T2
VC],Z_VCI _VCZ
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Reference Integrator Locked to Reference Frequency
P3 high = S3 closed

+
S2 S3 av| A

Vref

- C1I Icz
I I T

P3; s ; C1 charge shares with C2
Few cycles following startup
Assuming A is large, feedback
forces:

AV 20

> VC2: Vref
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Reference Integrator Locked to Reference Frequency
P3 high = S3 closed

+.
S2 S3 A

Vref; N 02_
T I T

P3. VAN ) Vei=Vea=Vref
since. VC]ZGmXVrefXTZ/Cj

then: Vies :Gm><Vref><T2/C1

or: C%m =T2=N/ felk

qe==d-c
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Summary
Replica Integrator Locked to Reference Frequency
4_
S2 S3 A

Vref I I ~
—— C1 c2

T T T Tuning Signal

y To Main Filter

Feedback forces Gm to
assume a value so that :

* Integrator time constant locked to an
accurate frequency

1
Tintg = C/szzv/fczk
» Tuning signal used to adjust the time or

constant of the main filter integrators Cd(')nlg _ G%lzfclk/N
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Issues
1- Loop Stability

£
S2 S3 A

Vref I I ~
T T 7"

L :'JTuning Signal
s To Main Filter

* Note: Need to pay attention to loop stability
v'C1 chosen to be smaller than C2 — tradeoff between
stability and speed of lock acquisition
v’ Lowpass filter at the output of amplifier (A) helps stabilize
the loop
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Issues
2- GM-Cell DC Offset Induced Error

Problems to be aware of:

+
S3 A

C1I I Cc2
-|_ -|_ To Main

Filter

a'€= M/ = feik/N

- Tuning error due to master integrator DC offset
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Issues
Gm Cell DC Offset

What is DC offset?
Simple example:

For the differential pair shown here,
mismatch in input device or load Vos
characteristics would cause DC offset: . —||—| M1 M2 }—‘

Vo = 0 requires a non-zero input ¥,

voltage -

DC voltage source at the input for

Offset could be modeled as a small AE“Z’””@
which with shorted inputs—> Vo =0 =

Example: Differential Pair
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Simple Gm-Cell DC Offset

Mismatch associated with M1 & M2

- DC offset

VO
W +

_ 1 A( A ) M2 Vos

Vos = (Vint =Vin2) =5 Vov1 2 W) +—| M1 M2
( Lipiz Vi,

Assuming offset due to load device |Ktune
mismatch is negligible

Ref: Gray, Hurst, Lewis, Meyer, Analysis & Design of Analog Integrated Circuits, Wiley 2001, page 335
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Gm-CeII Offset Induced Error

i /// S

Voltage source
representing A
DC offset Vref = J_ J_ _
Gm(Vref-‘ Vos), -|— _|_ c2

*Effect of Gm-cell DC offset:

Ver=Vea=Vref
Ideal: Ver=GmxV,  xT2 /0y

with offset: VC,:Gmx(Vref—Vos)xTz/Cl

or: CIG —T2[1 VOSJ
\ ]

ref,
LY
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Gm-Cell Offset Induced Error

wefE }—@_ﬁ J_ 2

I Gm(Vref-Vos) C1 -|— c2

* Example:

Cl Vos G

/Gm:TZ 1-—08 Jeritical *= %1
Vref

Jos _1/10

Vref

10% errorintuning!

for
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Gm-Cell Offset Induced Error
Solution

» Assume differential integrator

* Add a pair of auxiliary inputs to the g) (g
input stage of the master Gm-cell for | } +
offset cancellation purposes Yo

- (| [P
e o

Aux. Main;"
Inpu?‘; Inputi | _
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Simple Gm-Cell
AC Small Signal Model

o Vini iV ind Vo
Ml
2 Cint %
Vin1_| I & C G SZ[ "o I 2 Cmtg
AC ha_lf ci;cuit ! - Small si:gnal model

V,= (grAr:IIVinJ )(1‘0 [l %X 2Cintg) 1, is parallel combination of 1, of M1 & load

Ml
V,= MVM} & gy =al — ntegrator finite DC gain
145X 2Cp g7y
M1

—al -g
Vo= ——————Vins Note: al — oo, V,= n__y.
o ]+a1><s><2C,',,t%M] in 77 sX2Cyyg "

Em
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Simple Gm-Cell + Auxiliary Inputs
AC Small Signal Model

VO Vinl zn2 M M VO
M R s T 578
2 Cintg J— J_ _L 2
C:
ratly vl T CoT CoiT o
Aé‘ half ci;cuit_ A Sr;all szgnal model :

v, (gm Vipl + gf‘n/BVinZ)(ro Il %X Zcintg) 1, parallel combination of v, of M1, M3, & current source

M[ M3
—8m o V. Em o .
Yin2

mn
145X 2C; g1y 1+5%2Ciyy gy

V,=

al a3

V, =— V: V;
° alxsx2Cy L35 s X 2Ciny in2
1+ g ul 1+ g M3
Em Em
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EECS 247
Gm-Cell
DC Model
i S — 23 e Cg
Aux. | Main" ™ 11 7
Inpuf";hlnput’ih 3 Vs 2 4 ey | Ifo
ph (M3 M4 |—J
ey Vos l:];ﬂ MFZj
Vmam il
VO = al(Vm1 +V05)+a3 VlI12
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Reference Integrator Locked to Reference Frequency
Offset Cancellation Incorporated

+Vref/2= Pz;‘ C3arl_

Vem »
L,

. 4L 7T
Vref/2 P28 | C3b™

ol
P2

Vtune

Gm-cell = two sets of input pairs p2!T! N\ / \
[

Aux. input pair + C3a,b > Offset cancellation P3|
Same clock timing I
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Reference Integrator Locked to Reference Frequency
P3 High (Update & Store offset)

1 C3al
+Vref/2 = Vosm"':l L3
1 +
Vem - - Vour =Vos
- N
-Vref/2 — L[>
Cc3b| \
1
<
Vtune |
Py N
Gm-cell > Unity gain configuration via aux. inputs 577 b | i
L P2
Main inputs shorted W
C1, C2 > Charge sharing P3| ! YA I
| ] | 1 1
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Reference Integrator During Offset Cancellation Phase

0
V,= a](V;-A‘+V0s)+a3 Vinz
Vina==Vo

Vo, =alxV,s —a3xV,
al
MGG O S i M
Assuming al=a3>>1 Vos Wout =Vos
5N N
C3bé|‘—’

Vo =Vos & Vipo=—Vys

C3a,b - Store main Gm-cell offset
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Reference Integrator Locked to Reference Frequency
P3 High (Update & Store offset)

Vesap="Vos
C3a
+Vref/2— v, QJ" LS
R LT I
Vem - ;/— Vout =Vos
L NG
-Vref/2 — L1
C3bT \

I

¢
Vtune - S .
T N
Gm-cell = Unity gain configuration via aux. inputs Pzw
Main input shorted [ R N |
C3a,b > Store Gm-cell offset P3| | }ﬂ i i
ol I !

C1, C2 - Charge sharing
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Reference Integrator Locked to Reference Frequency
P1 High (Reset)

Vesap=""os
+Vref/l2— v, 533£L 3 o1
ot
It
Vem - . :%_‘.Il:

=Vref/2 - C3b:r—|> \
I
3
Vtune
Gm-cell > Reset. Ty Y |
C1 > Discharge P1 | :’r—\"r l
c2 > Hold Charge pa! T/~ | 1\
C3a,b > Hold Charge s
. I 7 T2 (o |
- Offset previously stored on C3a,b P3 | A [
cancels gm-cell offset ity T3 '
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Reference Integrator Locked to Reference Frequency
P2 High (Charge)

V =V,
1 C3ab o8 I=gml(V, -V, )-(-gm3V,)
+Vref/2— C3aT 3 > [=gmixVref
i
b I
vom At
-Vref/2 — C3b ¥ \
I
<

Vtune

Gm-cell > Charging C1
C3a,b - Store/hold Gm-cell offset
c2 > Hold charge
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Summary
Reference Integrator Locked to Reference Frequency

+Vref/2

N _
Vem » Vout =Vos
- +\

=Vref/2 — LT
Cc3b| \

Y

Vtune

Key point: Tuning error due to Gm-cell offset cancelled
*Note: Same offset compensation technique can be used in many
other applications

EECS 247 Lecture 6: Filters © 2009 H.K. Page 61

Summary
Reference Integrator Locked to Reference Frequency

Tuning error due to gm-cell
offset voltage resolved

+
A

S2 S3
Advantage over previous Vref I I
—— C1 _I_

schemes: —|— c2

- f.;; can be chosen to be

at much higher frequencies
compared to filter
bandwidth (N >1)

Feedback forces Gm to vary so that :

Tintg = C%mzN/fclk
- Feedthrough of clock or

falls out of band and thus w(f')ntg - G%Ichlk/N
attenuated by filter
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DC Tuning of Resistive Timing Element

Tuning circuit Gm = replica Vtune
of Gm used in filter Q@

Rext used to lock Gm to
accurate off-chip R

Feedback forces: }
Gm=1/Rext 4

Issues with DC offset

Account for capacitor %Rext

variations in this gm-C
implementation by trimming
in the factory

i m

Ref: C. Laber and P.R. Gray, “A 20MHz 6th Order BICMOS Parasitic Insensitive Continuous-time Filter
and 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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