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Introduction: Problem and Aim
Analog Computer Aided Design:

 Analysiswell developed, e.g. smulation, symbolic analysis

e Synthesislargely intuitive, especially for transistor topology

Teach intuition
to a computer ??
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AIM:. Systematic approach

« Literature: fragmentary, many circuit topologies!

 Questions. Variationson atheme? Relative merits?
=> Aim: 1) Create overview of different possible topologies

2) Predict and compare circuit performance
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A Design Philosophy for MOST Circuits

Classify on what? What isimportant during design?

MOST design experience:

« Combinesmplebasic circuits (differential pair, mirror)
few components <=> HF, low noise, low current

« Mainly MOSTSs, saturated region (current output)
 Transconductance g, of MOST iscrucial:
« (Good model up to high frequencies
« Matching of transconductanceisgood (< 1%)
 Electronic variability (self-correction/adaptivity)

e Largegn-range nS...S
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PhD Thesis: Transconductance Based CMOS Circuits
« MOST =Voltage Controlled Current Source (VCCYS)
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e Synthesizelinear two-portswith only VCCSs
o All two-portswith 2 VCCSs (Circuit Generation)
=> 145 topologies, covering most needs => 2VCCS circuits
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Classification of 2VCCS Circuits

2 Kirchhoff 1 Kirchhoff
relations vinterngl” relation
P VCCS varibles ouPe . Analyse ectrical behaviour:
o I « Analyse two-port parameters
T |
Vin D i | _VaGlla(va) ::  VCCSvariablesarecrucial!
— | » 4 egnsneeded (4 VCCSvars)
o — ' or:
— + ' o | = = '
) T@ | Vbellb(vb) i, | .=0.Vaand l,=g,V available
" LT T — ' Vou * 2additional topology related
o V/CCS Circuiit :_ KVL/KCL relations needed!

Non-linear case: sgquare-law and exponential 1(V) also 2 egns.
Set of 2 independent Kirchhoff relations needed!
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All classes of 2VCCS Circuits
 Typesof Kirchhoff relations:

primary Vp
voltage <: sum Vs

. secondar <:
Kirchhoff y Difference V A
relations
primary I
current <: Sum |

secondary <: 2
Difference | A

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

{Ve,l}

{Ve,V;} {Ve,l,}

{V,V} {Vp,V,} {V,Ip}
{VZ’VA} {V’I } {VA’I P}

{VZ’IZ}

{Ip,1 } {Val}

{11} {Ip,l } {Vuls}
{IZ’IA} { A? A}
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Application Examples

Recognise variations on atheme: 50 V-1 Kernelsin 4 classes
lout/2,

lout’2 lout/?

{VP,VZ}, .\ _| Mb H "'outlz {VP,VA} I\l/IaJ i:i | ¢
constant V,  Vso(D) v +<>_‘ Ma constant V,, V,n<>| \}J | LMP

- in +Vp -
(> 25 refs) VszZ D (10 refs) qu() "

lout !

Vls) {Vs,Ia}, . —‘db O\
constant |, constant I, vin(]) (=0
(numerous (10 refs) Iy
rEfS) VZOC) —||£/|‘a
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Generating all Classes of V-l kernels with 2 VCCSs

Required: = 1 KVL relation. Result: 4 realy different classes

Class Vin 1% order coeff.la,Ib | 2nd order coeff.lalb | 3rd order coeff.lalb
{VeVs} |Vp O1as -O1b O2a, O2b O3as ~O3p

V., 0, 01 0, U2 0, 03
{VeVa} |Vp O1a) O1b O2a, O2b O3a, J3b

V, 0, 01 0, U2 0, 03
{VsVa} | Vs 014/2, J10/2 Ooal 4, Qon/4 034/8, 030/8

Vo 014/ 2,-01n/ 2 Ooal 4, Qon/4 O34/ 8,-0an/8
{V..lp} V. 0, O 0, Oz 0, O3
{V,le} V, 0, -Ow 0, -02 0, -03
{VP,lz} VP gla,'gla 92a, 'QZa 93a, 'QBa
{Vpl } Vp O1a O1a O2a) O2b O3a, Jab
{V,1.} V. no solution no solution no solution
{Vs.la}@ [Vs  194/2,9i/2 02/4, 9ol4 04/8, g4/8
{Vals}@ [Va | G)/2,-0y/2 0,0 05/8-(97/401)
{V,l} V, no solution no solution no solution

@= equal g-coefficients for VCCSa and VCCEBOL D=different from 1VCCS
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Comparison of V-l Kernels: Figure of Merit NDR/ISS

« DR=S/N dependson distortion and noise bandwidth NBW!
Assume dominant HD3:

. ov. O
HD3= 222 = [1-in ]
4g1 |:|V|P3 |:|

+ Normalise: HD3 = 100% and NBW =1Hz (NDR=1-2DR)

 Figureof Merit independent of scaling:
NDR S %G Vi
1SS NOSSJHos=100% 4 [k [T INEF O

NBW=1Hz

Model 1(V) and noise of VCCS and analyse NDR/I SS! !
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Compare MOST V-I Kernels: 3 Operating regions

I(V)l VCCS
T s R

Strong Inversion  Weak Inversion

Non-Saturation Saturation ¢ \

L I A|~Square-law ~Exponential
IT LmearVCC/S', T V?:qCS . IT VCCS

11 SII

11 EII

' >
V. ? Y,

= Ho
1+0(Vgs — Vi)

Assume mobility reduction: H
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NDR/ISS [1/A]
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Draw General Conclusions on Relative Merits

1e+021E 1e+023
1e+020 F 1e+022
- g -
i = i
(7))
1e+019F ) 1le+021F
B E E
| o
O i
le+018F 1e+020 F
' S
1e+017 L L . OS> L
1e-009 1e-008 1e-007 1e-006 1e+019 0.0001 5.001

Transconductance Gm [S] Transconductance Gm [S]

Exponential cases Square-law and Linear cases; 6=0.1

 Exponential VCCS: worst result (different scales!)
o {Vs,l,} Square-law or Linear VCCSs (4 and L4) best!
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Assess Feasibility: e.g. effect of increased 0

 Resultsarereferencefor circuitsdesign (best achievable)

1le+023 F
F o L1
| P\ g \d "0
S4 — " 'I “‘
le+022 F o d
< :
= L4
¥
£ le+021 F L3
P -
a)
= I
1e+020
1e+019 : :

0.0001 0.001
Transconductance Gm [S]

0=.1Vv1

NDR/ISS [1/A]

le+023

1le+022 3

le+021 3

1e+020 [, *

1e+019

Transconductance Gm [S]

6=5Vv*

 Assessfeasbility, e.g. in newer technology: higher 0
=> worse NDR/ISS, except differential pair (S3)
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Conclusions

Classification system proposed based on sets of 2 Kirchhoff
relations establishing a solution for the variables of the VCCSs.

Usefulness shown:

e Overview of all possibilitieswith 2 VCCSs

e Recognisevariationson atheme: 50 Kernels, 4 classes

e Analyseclasses of circuitsin onerun: general conclusions

e Guidedesignersin choosing and optimising cir cuits
e Seect classwith best DR/ISS
e Usebest achievable NDR/ISS as land-mark during design
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