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Two Main Issues in Analog Design TUT
 Circuit simulation is extremely expensive

« Several minutes for one simulation, e.g., ~5 min per simulation -
~80 hours per 1000 simulations

« Design knowledge is ubiquitous (physics!) and implicit
« Symmetry, matching, transistor operating region, alignment, common
centroid, ...

 How many simulations does a design tool need?

« How comprehensively and fast are constraints set up?



Analog EDA Types of Focus TUT

» Statistical focus (,machine learning®)
* Learning inherent in algorithm
« Learned knowledge stays hidden (brain -> neural net)

lllllll

« Huge simulation cost (natural evolution)
* Module focus
« ,Silicon compiler®
« Implementation slow, execution fast e
* Does not scale, low reusability (just one circuit)
* Deterministic focus
»  White-box knowledge in analog cell library e R

« Automatic set-up of design objectives/constraints
« Guided/bounded optimization/construction/enumeration B
« Low simulation cost



Two Deterministic-Focus Approaches

 Statistical design
* Functional building block library



Statistical Design
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pdf (Xs) = \/Qanslx/detC eXp(_é/GQ(XS)) ﬁQ(XS) = (Xs — XS,O)TC_l(XS — XS,O)
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Yield Y: percentage of circuits satisfying performance spec
Integral of probability density pdf over acceptance region A
Statistical approach: Monte Carlo analysis

Huge number of simulations (rare event analysis task)
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Deterministic characterization of rare event  TUTI
problem

o p = const @
- q f=1g
As @ }f = fB
© [/<fs
Ls 1 |

pdf (Xs) = \/27rnx81\/detC eXp(_é/@Q(XS)) ﬁQ(XS) = (Xs — XS,O)TC_l(Xs — XS,O)

« Point of highest probabillity (density) to violate the spec
* Nonlinear optimization problem
« Immediate yield value: Y’ = /_i”:(l/\/%)exp(_ﬁ/z)dt
« Gradient for optimization, tool
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Design Centering TUT

Worst-case distance Yield
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Two Deterministic-Focus Approaches

* Functional building block library



Structural Block Library TUT

« Basic current mirrors, differential stage, sizing constraints
« Automatic netlist analysis (subgraph isomorphism search)
« Automatic sizing
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Deterministic Placement Approach
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Automatic placement constraints and placement plan
Placement enumeration of small transistor groups
Constraint-compliant vertical and horizontal merging of B*-
trees bottom-up according to hierarchical placement plan
B*-tree - horizontal/vertical constraint graph = ILP - X-/y-

coordinates
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Functional Block Library for Opamp Design  TUTI

2 s
TLoad partl ~ .‘ _oz27 <+—— , consists of“
\E]_j : :]F—ﬁ[z: - i L__::»;;:,'_— // [] Basic op-amp path
| Neti A—Mt,’ N 7T — SV = Common-
Net — Necz HL4 ‘ S|mplel Folded- . | Telescopic. [ Symmetrical* i“off g Slmple Cascodei
E] h ’E] F‘ﬁ E First ste& i stage Second stage
Transcondugtor . L ne > Dut v /

Bias Inp o—-{ Ny N, |~—OInn
Netl

[—N. [:‘1
Ny i h * { Ns
First stage = Slmplel Cascode ™

HL3

Two i [ \ @ | Comple- * Slmplel Cascode Simple m
Net8 load parts Ioad part Slmplel mentary Feedback
_fsta eblas - pverti oG
] Load Non-inverting transconductance £ . / Erting tropsecnductance
& 4
’

. s i 4
Load part _________ el L . /
\ ~.¢__~\~ ::V~“~\ /
L s R " ’
“aac” TE= — Differential
Voltage bias Current bias. -~

Op-amp type:

Single-output M
Fully-differential |l
Complementary g

HL1 Diode transisto Normal transistor

* Functional block €= structural block == one €<-> many
« Initial sizing by interlinkable hierarchical equations
« Structural synthesis
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Conclusion: Do‘s and Don‘ts for Analog EDA TUTI

« Don't hide analog design knowledge in (human or machine)
neural networks

« Don't code the design of every analog circuit type from
scratch

« Do capture the design knowledge of small building blocks
with disseminator capacity in analog cell libraries

« Do tools for library- and netlist-driven automatic set up of
constraints and objectives

* Do design tools based on guided optimization, construction
and bounded enumeration
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Structural Synthesis

[ Specs # It T 23 4] 5 [ 6 7 ]
Op-amp type Single-output Fully-differential || Complementary
Bias current~ (uA) 10 100 10 100 100 100 100
Specification of |y || 5 | 5 | s || 5 |5 |5 |*
. Gate-area (10%ym?) <15 | <5 | <5 |[<50| <20 <15 | <5
performance constraintS  [Quiescent power @mw) <15 <8 | <5 [=25] <15 |[s10] =5
Phase Margin (°) >60 | =60 | >80 || >60 > 60 >60 | >60
and opamp type |G 25 1555|1855 23 | 23 | - |
Open-loop gain (dB) >80 | 270 | 245 || =270 > 60 >70 | =270
Unity-gain bandwidth (MHz) || >25 | 210 | > 10 |[>25 > 10 >225| 21
Slew rate (”ls) >35|>20 | =220 |[=35] =15 >35| 21
Output voltage swing (V) 1.5-3.5|1.5-3.5| 1-4 2-3 1.5-3.5 |[15-3.5| 1-4
Topology type # Topologies
First stage type | simple a5 || folded-cascode af. || telescopic a;; || symmetrical asym || # topologies fulfilling
# stages 1 | 2 1 | 2 | 2 - Specs / all topologies)
Specs 1 0 40 30 68 30 0 60 228 / 2940
Specs 2 0 5 18 0 20 0 28 71 /2940
Specs 3 24 0 0 0 3 0 27 54 /2940
Specs 4 0 0 11 22 1 0 - 34 /936
Specs 5 0 0 2 0 0 0 - f 2/936 4
Specs 6 - - 10 - - 0 - [ 10/36 |
Specs 7 - - 6 - - - - / 6/36 |
e.g., more stages only considered if Specs Search
these* performances good enough fulfilled space



