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Analog Design Automation

1 - Analog Design Automation

@ Analog circuit design is a time consuming task due to the complex relations between
performance and circuit parameters

@ A design have a set of variables W, L and Vs / Ipias for a specific application that need to
be find

@ We can find the value of these variables in two ways:
e Manual design; Optimization design

@ The optimization tools use artificial intelligence to explore the design space in order to find
optimized solutions

@ The inputs of these tools are
o Initial solution for the circuit; Design specifications; Fabrication technology

@ Based in these inputs the optimization methodology provides values for the circuit variables.
These values are design possible solutions
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performance and circuit parameters

@ A design have a set of variables W, L and Vs / Ipias for a specific application that need to
be find

@ We can find the value of these variables in two ways:
e Manual design; Optimization design

@ The optimization tools use artificial intelligence to explore the design space in order to find
optimized solutions

@ The inputs of these tools are
o Initial solution for the circuit; Design specifications; Fabrication technology

@ Based in these inputs the optimization methodology provides values for the circuit variables.
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UCAF Analog Integrated Circuit Sizing Tool
Evaluation Process

2.1 - Evaluation Process

@ In the UCAF tool, the solution evaluation is made by means of a cost
function

fo=> Po.Si+> Pr.f(S)
i=1 j=1

@ The first sum represents the objective part of the cost function and the
second sum is the constraints part

o S; is the it specification of the circuit to be optimized

o 5 is the jth specification of the circuit that is constrained in a maximum or
minimum value

e Po. and PRj are values used as weighting purpose

o f(S;) is the constraint function used to measure the distance between the
required value and the reached value for the specifications

@ The more important part of the solution evaluation is the specification
estimation, because the metric to the heuristic design exploration is the
values of the specifications
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UCAF Analog Integrated Circuit Sizing Tool

Evaluation Process

2.2 - Evaluation Process
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UCAF Analog Integrated Circuit Sizing Tool

Evaluation Process

2.2 - Evaluation Process
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UCAF Analog Integrated Circuit Sizing Tool
Evaluation Process

2.3 - Evaluation Process

It is necessary to perform electrical simulation and specification
extraction for each testbench in order to measure the required
specification

This task is executed several times in the optimization process

o Most execution time is spent in the circuit characterization

All specifications are dependent on the generated solution and
independent on each other

It allows the execution of all circuit simulations in each iteration in
parallel form
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Testbench Implementations and Parallelization

3 - Testbench Implementations and Parallelization

@ In this context, this work proposes a set of standard characterization
testbenches to evaluate circuit specifications in a automatic sizing tool

@ Parallelization of circuit evaluation

@ Time reduction of circuit simulation

w0
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Execution Time - Ser

Results Execution Time - Par

4 - Design Analysis

@ As an example of using the proposed characterization method, the design
of a two-stage CMOS OTA Miller in 0.25 pm TSMC technology

28th South Symposium on Microelectronics Computer Architecture and Microelectronics Group



= ition Time

Results = on Time -

4 - Design Analysis

@ As an example of using the proposed characterization method, the design
of a two-stage CMOS OTA Miller in 0.25 pm TSMC technology

@ Must be matched:

Vbp o differential pair M1-M2
T o current mirror M3-M4 and
M5-M8

@ Free variables:

o Wy, L1, W3, L3, Ws, Ls, W,
Le, We, L7, Ig and Cc
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Execution Time - Serial

Results on Time - Parallel

4.1 - Serial Results

@ The proposed circuit is simulated in
8 core Intel i7 processor

]

e 8GB RAM

e Simulated Annealing Algorithm as optimization heuristic
o Serial
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4.1 - Serial Results

@ The proposed circuit is simulated in
o 8 core Intel i7 processor
e 8GB RAM
e Simulated Annealing Algorithm as optimization heuristic
o Serial

@ The obtained results

Table : Specifications of OTA Miller Design

Specifications Required | Obtained
Value Value
A, (dB) > 70.00 81.62
GBW (MHz) > 2.00 2.67
PM (°) > 50.00 78.01
0OS (V) > 2.00 2.33
CMRR (dB) > 70.00 78.58
PSRR+ (dB) > 70.00 84.61
PSRR- (dB) > 70.00 80.60
SR (V/us) > 1.50 4.35
P aiss (LW) Minimize 744.50
Execution Time (min) - 1194
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Execution Time - Serial
Results Execution Time - Parallel

4.2 - Parallel Results

@ To analyze the influence of parallel execution in the optimization process,
the previous design was repeated using parallel simulations

@ The number of cores was set in 1, 2, 3, 4 and 6

@ As the design needs a maximum of 6 testbenches to evaluate the solution
the maximum number of cores is 6
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4.2 - Parallel Results

To analyze the influence of parallel execution in the optimization process,
the previous design was repeated using parallel simulations

@ The number of cores was set in 1, 2, 3, 4 and 6

@ As the design needs a maximum of 6 testbenches to evaluate the solution
the maximum number of cores is 6

The obtained results

Table : Execution time and Speedup of the parallel simulations

Cores | Execution Time(min) | Speed up
1 1194 -

2 616 1.94

3 539 2.22

4 447 2.67

6 308 3.88
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Conclusions

5 - Conclusions and Future Work

@ The proposed method for operational amplifier automatic characterization
presented good results when included in an automatic sizing tool.

@ As the electrical simulations in each optimization iteration are
independent, they can be executed in parallel

@ The execution time is reduced up to 3.88 times in relation to the
sequential version

@ Saving more than 14 hours in the optimization design space exploration
time
@ As future work we intent

o Insert new testbenches in the simulation environment
o Expand the methodology to other analog circuits
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UCA?
fabricag

* Dados da tecnologia de fabricacdo:
* Parametros do modelo elétrico
* Dimensdes minimas e méximas dos
transistores
* Ferramenta é capaz de trabalhar com qualquer
modelo de tecnologia, desde que o simulador
Fungdo custo elétrico seja compativel.

Biblioteca de

* Dados:
Diretério com os arquivos de parametros.

Simulagio
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Tecnologia de | UCAF

* Topologias de circuitos que sera projetado coma
ferramenta:
* Inser¢do de novas topologias
* Nivel elétrico (Netlist)

Biblioteca de

topologias

In+ Out+
In . QOut .
— 1¢do custo Netlist In- " Netlist | Out Netlist | out-
—¥
| LIS s Vss Vs Vss

Simulagio
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UCAF

* Técnicas de inteligéncia artificial de otimiza¢do
para exploracdo do espaco de projeto
* Técnicas aplicadas na ferramenta:
* Algoritmos Genéticos
*  GAOT (Genetic Algorithms Optimization
Toolbox)?
* Simulate Annealing
» Matlab Optimization Toolbox®
* fmincon (Busca Local)
» Matlab Optimization Toolbox®
*+ Método de Pontos Interiores?

THQUCK, C.; JOINES, J.; KAY, M. A genetic algorithm for function optimization:
A matlab implementation. NCSU-IE TR 95-09, 1995.

2 PRESS, W. et al. Numerical recipes: The art of scientific computing. In:. 3. ed.
New York: Cambridge University Press, 2007. cap. Section 10.11. Linear
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+ Avaliagdo da solugdo
+ Alvo de otimizagdo

Biblioteca de

Otimizacdo Fc = E_Otimizacdo + E_Restrigdes

S0 =X By, S,(X)+ X Py R(S,(X).S,)
i =1
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Tecnologia de UCAF

* As especificagdes da ferramenta dividem-se em
dois tipos:
* Restrigbes:
* Valor minimo ou maximo
* Objetivos do projeto:
* Minimizar ou maximizar.

Biblioteca de

* Valores para as especificagcdes sdo obtidos com

R simulagdo SPICE
Especificagdes

Simulagio
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Simulagio
elétrica

References

UCAF

Interface com os simuladores elétricos comerciais:
+ AnaliseDC
+ Analise AC
+ Analise TRAN
Escolha do simulador:
* Modelo de tecnologia disponivel
+ Técnica de convergéncia de simulagado
Neste ferramenta foi utilizado o simulador elétrico
Synopsys HSPICE®,
Testbenches de simulagéo.
+  Avo, GBW, PM (AC em malha aberta)
+ Slew rate (TRAN)
+ ICMR (DC)
+ 05(DQ)
* Poténcia (OP)
+ Area de gate (diretamente com as varidveis)
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T'ecnologia de
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