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‘Transconductance-C Filters
A Prototype Filter Implementation

Talk Outline

.Introduction |

- Transconductance Elements
-Filter Topologies
.Simulation Results
-Layout of Prototype Filter
.Conclusions




' 1. Intreduction

Why monolithic contilious-time filters?

« Pre- and post filters for sampled-data systems
» Mixed analog digital systems
« Wide frequency range (<100MHz)

 « Area and power efficient solution

Continuous-Time Filter Implementation Techniques

. RC-Active Circuits
« MOSFET-C Circuits
« Transconductance-C (Ota-C) Circuits




'RC-active Filters

Example: 2nd Order Bandpass
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" MOSFET-C Filters

Example: Integrator

RC-active Implementation

C
|
R
o—AW
+ T(S)= — ——
V + s RC
1 V2
o 2
MOSFET-C implementation
T(s)= — dds
s C
where:

~ W
Jds=H Cox"f [Vgs“ VT - Vs
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RC-Active Filters

Pfoperties

- Many filter topologies available

» Few active elements (op-amps)

« Excellent linearity and dynamic range (90dB)

- Frequency limited by op-amps (low MHz range)

- Passive elements require significant chlp area (Rg: 10 100 C’
0.25-1fF/um?)

. Poor control over RC product (20%»60% Vanatmn)
. Discrete tuning possible (e.g. by employing C-arrays)

MOSFET-C Filters

Properties
« Few op-amps required
« Area efficient implementation of resistors
- Filter topologies limited (due to tuning) |
. Frequency limited by op-amps (low MHz range)
~« Poor linearity (due to nonlinearity of MOSFET resistors)
« MOSFET resistors require tuning
-« Additional circuitry for automatic tuning

is]




Transconductance-C (Ota-C) Filters

Properties

« Well-suited for high—frequencyappﬁcations (<100MHz)
. Filter topologies limited (due to tuning)

« Many transconductance elements réquired |

o Limited dynamic range (due to Ota nonlinearities)

. Transconductance elements require tuning

- Additional circuitry for automatic tuning

Comparison
o Dynamic Frequency
Filter Type Accuracy Range Impl. Cost Range
RC-Active 20%-60% 90dB low < IMHz
MOSFET-C approx. 1% 60dB medium < 1MHz
Transcond.-C ‘apprbx. 1% - 60dB ‘medium < IOOMHZ




2. Transéohducmme Elements

Voltage Controlled Current Source

Spec1a1 Requl:fements
. Hzgh input nnpedance (>MQ.)
- High output impedance (>M£2)
~« Large input voltage swing (e.g. 1V, )
« Good linearity over entire range |
 Wide bandwidth (<100MHz)
» Transconductance electrically tunable
. Wide tuning range |

Basic Implementétion
MOS Transistor
. Major Dréwback -
Poor Linearity
| Remedies
Fully-differential implementation

Additional compensating circuitry
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Fully-differential transconductance element
~ Symbol

+Vi O——

Implementation by CS Pair |

Vdd
CM Feedback
. |
Active Load |
"Iout +I(}llt
o iod

Ibias

Vss




Eully-Differential Transconductance Amplifier

Version 0: Simple Source-Coupled Differential Pair
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 Fully-Differential Transconductance Amplifier

Versioni: Differential Pair with Cross-Coupled Input's'
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Fully-Differential Transconductance Amplifier

Version2: Differential Pair with Source Degeneration Devices

Mc4 Mc3 | —

M7 M8 ] I

M5 M6 "

J
l =
o
o

_ 9m1
M~ 249, 1/(9g3+ 9qa)




j¥ =20

0971 - (NIT] SLI0A 01 69°1-
NI B T T LTSt _:::%.:; ...... jereengeeeny ng-oz-
- : no-8i-
SN UUYUUSOUOS R UUUUURUUTISPTOUIO SRPTORSSS SO 1o 91-
w. .................... no - h1-
o no-21-
c no-gi-
= no" 8-
RSUUUUUURUURURUUE SRS O RO TUURUTUR ne-s-
OO OO RS SOV URUUURRUUR SOURON -4t/ SRR TIUPUI SUPIURRPT ne - 4-
il ng-ea-
w \
wrt ................................................................................................ 0 3
m.! ................................................... :m-m &
3 no" !
SNNUUOUUUUNONS SRRSO N/ JOSN SURURRSTRSOSUSI ORI PRRO SORS S no-9
W ............................................................ no- s
TR ST O O A (OO T O UN SO UNUU U PSS URUUONE SUTOPPRPRRR no-o1
. o no-at
w5 T THANT E :
......... o = S, . 11 #ro 7
wely wtm EAID ¢ : )
SRS .y Rpat ag " 91
w's =4/ 2AI1 E
- 7 . no- 8t
wT =Ea AV ;. . :
i TYUdSISNUYL g SO e _ ng-oe
. 91iB1:iSI €6130-02
MITAITdHY IJINYLINANOISNYEL 1YILINIYIA410-AT1103



1.8

— —rte
> o

—
N

e
oo

‘Transconductance [ANV] -

o
o

T

Differential Pair with Source Degeneration [Ibias=20uA]

o X2l

T

i

0
Input Voltage V]

0.5

- 1.5




Fully-Differential Transconductance Amplifier

Version3: Folded Cascode with Cross-Coupled Inputs
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Fully-Differential Transconductance Amplifier

Version4: Folded Cascode with Source Degeneration Devices
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3. Filter Topologies
Basic building block

 Ota-C Integrator

Aviﬂ Gm AVom

State-variable filter topologies
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Filter Tuning -

Direct Tuning
— ' R eguoires  Ceperale
— Q Cntl. fe—- ?gﬂ,i-,a'/~’ ({?c‘/é /
(‘C"ﬂ.r‘ae,/’ ée Ao
l “An. ()/13 f'
In » Filter ~ Out
. Freq. C. la—-
Master-Slave Tuning
In ——— Slave F. > Out
Q Cntl. l«—{ Master F.—> Freq. C.
A * i

Vref
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4. Simulation Results

Test Circuit
2nd Order Bandpass
— SpF |
Lspr
O ™. -T- |~
+ p T g i R
Vin Gm_l_ | GIIL_'Z' Gmi} . Gmﬁt
é - - - -
o | e T
Vo Vo Vo = VY,
== 5pF
L

nominal bias: Gp=16pA/V  i=1,2,34

@,=2IT*1MHz
Qp=1

O+c<'o
B
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Output in dB

@
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T

Filter Tuning Range

Ibl=4pm, Ib2=16pm, Ib3=24um,

10

i 1 i
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5. Layout of Prototype Filter
Transconductance Element
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6. Conclusions -

. Slmple des:tgn procedure (for state variable
topologies) |

. Power and area efﬁc1ent filter 1mplemen-
tation -

- Well suited for h1gh frequency applications
(@2,=Gp/C)

« Dynamic range limited by transconductors
(Large input swing ---> THD < 60dB)
« Transconductors require tuning

- Accuracy depending on device ,matching
(for on-line master-slave tuning)

. Additional circuitry for automatic tuning
required




