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| ntroduction

Introduction

« Example of the analog section of areceiver IC:

Low Noise Variable Gain Analog to Digita

\‘j Amplifier Filter Mixer Amplifier Filter Converter
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VCO

Oscillator

Use building blocks

Linear blocks important: visible: amplifiers, filters
“Invisible” (subblocks): V-1, I-V, buffers.

At lowest level: Transistor level
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| ntroduction

How to design transistor level building blocks?

o Literature: fragmentary, many circuit topologies!

 Questions: Variations on afew themes? Relative merits?

 CAD: analysis and optimisation of GIVEN topology
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| ntroduction

Transistor level topology design??
 Huge number of possibilities!! => use heuristics, intuitions

Difficult to teach
to students!

Teach intuition
to a computer??

AlIM: systematic methods:
* Lesschance of overlooking possibilities => better designs
e Basisfor education and CAD
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A Design Philosophy for Linear MOS Circuits

A Design Philosophy for Linear MOS Circuits
L ook at how most MOST Circuits are constructed:

e Combine ssmple basic circuits (differential pair, mirror) few
components <=> HF, low noise, low current

 Usemainly saturated MOST s (current output)
e Transconductance g, of MOST iscrucial:
« Good model up to high frequencies
e Matching of transconductance is good (< 1%)
o Electronic variability
=> Self-correction

=> Adaptive signal processing
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A Design Philosophy for Linear MOS Circuits

PhD Thesis: Transconductance Based CMOS Circuits

Model components as Voltage Controlled Current Sources

g

_E_ + Arbitrary

vV ell(V) @— Transconductor
| mplementation

Aim: Design linear circuit building blocksusing VCCSs
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A Design Philosophy for Linear MOS Circuits

Four main Questions:

What isneeded for linear circuits?
=> REQUIREMENTS
What is possible with using VCCSs?
=> CIRCUIT GENERATION
Which are essentially different?
=> CLASSIFICATION
What aretheir properties?
=> ANALY SIS OF CLASSES
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Requirements for linear circuit building blocks

Requirements for linear circuit building blocks

Model building block aslinear two-port
¥ |

in out
> >
—|— 1+ T — MO
Zs VI n At Vout Z I
- Zin Zout -
source . . load

"useful linear transactor"
Adapt to source/load [Nordholt, Huijsing]

=> Zin and Zoy: © 0 0 Zeyaet - => 3 X 3 “Transactors”

Transfer function known or electronically controllable

=> Two-port parameters: accurate or controllable

V-V and |-, apart from V-l and |-V Transfers=> 2VCCSs
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Generation of 2V CCS Circuits

Generation of 2VCCS Circuits

o All two-portswith 2 VCCSs generated using linear graphs
« Symbolic Analysis program to select useful ones:

=> 145 topologies with non-zero transfer function
 Each VCCStopology has several implementations

o All 3x3 transactors possible, directly or approximated

Application example:
e |nput Impedance matching Amplifier
 Implement al VCCS by differential pairs (smplicity)
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Generation of 2V CCS Circuits

Example: Voltage Amplifiers with Zin=Rin
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Hard to find by in non-systematic way!
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Classification of 2V CCS Circuits

Classification of 2VCCS Circuits

2 Kirchhoff 1 Kirchhoff - : .
rlaions . relation Analyse electrical behaviour:
Input —> | nterna_l —»  Output
variables VCCS variables varisbles ® 1 WO-port parameters
o hout » Different possible solutions
R £ I .
v, (D | Vaella(va) :: for the VCCSvariables?
I | « 4 egns needed (linear VCCS)
I | —
o T4 o * 1,=0.Vaand 1,=g,V}, available
V. (V)] ' —
'inT@ T _1° lb T o 2 additional topology related
— -l KVIL/KCL relations needed!
| VCCS Circuit :

Non-linear case: square-law and exponential 1(V): also 2 egns.

Classification criterium: set of 2 independent Kirchhoff relations!
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Classification of 2V CCS Circuits

All classes of 2VCCS Circuits
 Typesof Kirchhoff relations:

primary Vp
voltage <: Sum VvV

>
. secondary <:
Kirchhoff Difference VA
rel ations
primary I
current <: Sum |

secondary <: z
Difference | A

e ALL Setsof 2relations: 3 main classes and 14 subclasses:

{Ve.l,}

{Ve,Vs} Vel

{V,V} {Vp,V,} {V,.lp}
{VZ’VA} {V’I } {VA’I P}

{Vz’lz}

{Ip,1 } {Val}

{Ivl} {IPalA} {VA’IZ}
{IZ’IA} { A? A}

Design of Transconductance Based CMOS Circuits: An Overview ProRISC '97

SId.13



Application Examples of the Classification

Application Examples of the Classification
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{VV} Class

{VZ’VA} Sub-class

e Recognise circuits as variations on atheme:
e 50 Published V-l Kernelsin 4 classes!
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Application Examples of the Classification

Analyse DR/

SS of the 4 Classes of V-l Kernels

I(V)l

G

)+VDS —>

+ VCCS

V@lI(V)

Strong Inversion  Weak Inversion
Non-Saturation /o =tion ¢

| T ~Linear VCCS"

Assume mobility reduction:

“

~Square-law

VCCS

IISII

N\

I T ~Exponential
VCCS

nn Ell

U

—>
Vv

Use MOST-VCCS:

« CompareDR/ISS
« Compare3regions
« Mode for MOST:

1. 1(V) needed: I,
Gm, Non-
linearity

2. Noise

K,

1+ 8(Ves - Vs)
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Application Examples of the Classification

Compare 4 Classes of Circuits in 3 regions
« NDR/ISS: Normalised to 100% HD3 (1P3), 1Hz NBW

1e+021 1e+023 E
i i o L1
. 5 s R 2 ’,0‘
1e+020 F — b 1e+022 o
< F < i
:| é L4“¢ . o®
= _ = _ g
? 1e+019F B 1er021f 37
& : z 5
o
> : S —
1e+018 | 1e+020 F
le+0]7 bl e, A —
1e-009 1e-008 1e-007 1e-006 1e+019 0.0001 0.001
Transconductance Gm [S] Transconductance Gm [S]
Exponential cases Square-law and Linear cases; 6=0.1

 Weak inversion case much worse than strong inversion
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Application Examples of the Classification

Design Clues: compare 1uCMOS with deep submicron

1e+023 F 1e+023 F
1e+022 F 1e+022 E
< f < :
= i = I
B le+021f B 1e+021f
z 5 T :
a [a)
Z i > [
1e+020F 1e+020 3
I S [ [
1e+019 1 1 | | 1 1 1 1 | I | 1e+019
0.0001 0.001
Transconductance Gm [S] Transconductance Gm [S]
_ -1 _ -1 .
0=.1V (luCMQYS) 0=.5V"" (deep sub-micron)

« =>worsened NDR/ISS, except differential pair (S3)
« MOST + Sourceresistance: maintains good NDR/ISS

« However: hardly any electronic variability
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Transconductor with " Soft-Switched" Resistors

Transconductor with "Soft-Switched" Resistors
PhD Mensink: Resistors+ MOST Switches

| | * Body effect:
Vi nf UHl l Ou\lii n- different
—| |— switching-level
v * i e “gradually
Gpy-control mil | switched”
1§ e Careful
dimensioning

23
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Conclusions

Conclusions

Systematic approach to transistor level circuit design:
Systematic Generation of circuits
e Hundreds of circuits based on only 2 VCCS
Classification of ALL 2VCCS Circuits
o Compact overview: 3 main classes and 14 subclasses
e Recognise variations on atheme
Analysis of classes of circuits

e General design clues, e.g. use strong inversion if
“square-law conformance”, rely on resistors if not.

Many transistor level circuit topologies are yet to be explored!

Design of Transconductance Based CMOS Circuits: An Overview ProRISC '97

Sid.19



