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What Is the analog circuit design?
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Digital VS. Analog
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Two-transistor circuits
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What are needed?

Basic building block have been developed

U

Don’t need whole new circuit
But need some variation

U

Reuse parts of circuit topologies



Analog Circuit Synthesis

= Component Level Synthesis
= Difficulties on implementations on a real chip
= Difficulties on reuse of human-designed circuits

= Traditional Sub-circuit Level Synthesis

= EX. Combinations of input stage and output
stage of OPA’s

= Sub-circuits are designed by human
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our target

= Online evolution
Evolvable hardware ( Analog FPGA
= Suppression of process variation
= Minimum hardware

— > = Offline evolution
Circuit Design
= Component values
> = Circuit structure

= Robustness
:> = Automated design

Automated design of analog circuits



ProEosed method

Reuse & Topological constrains

Prototype circuits

= Difficulties on reuse of human-designed circuits
? Learning from prototype circuits

= Sub-circuits are designed by human

? Automatic decomposition of
prototype circuits



2—steE sxnthesis

15t step: Learning step

Automatic Decomposition of Prototype circuit
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\— Prototype Circuits ——— - Sub-circuits /

2"d step: Reuse step

Search the optimum combination of the sub-
circuits




1%t Step: Circuit Decomposition

1-node Sub-circuits
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2nd Step: Circuit Synthesis Scheme

Circuit <= |ist of sub-circuits

C=T(--(C,*C,)*C,)*--)*C,)

C . Abstracted circuit

C. : Sub-circuit

* 1 Superimposing operator
T : Extraction operator



¥ Sugerimposing H#1

J T

< 10k genn m, m; Mo

1 Ngg M = C M,y My, My My +

k .
8 m31 m32 m33

My, g
Nao - NB1 i #5 04 05 0.59
<210k =1k :gl.O 04 05 05-
r § ey 0.4 05 09 05;
(A) (B) = | | | e
m,, = 2Te w, max{0, L} = 21 0.2 0=0.5

T + Ty 2+2



*: Superimposing #2
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2nd Steg: OEtimization

Genetic Algorithm

Initialization

Evaluation
Regeneration

Selection

Evaluation Phase

List of Sub-circuits
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Gene expression and operations

1. Crossover

2. Parameter mutation

3. Self crossover

2. Exchange a gene for a gene in gene pool
5. Inversion

Best circuit is decomposed and stored in gene pool
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Cubing Circuit: Evaluation

Definition
.3 Connection for Eval.
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Cublng Circult: Fitness Transition

Fitness
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Cubing Circult: Parameters

Minimum node size 1
Maximum node size 3
Minimum gene length 2
Maximum gene length 15
Population 500
Threshold of matching 0.6
Coeff. of multiple circuits 0.7
Coeff. of parameter 0.2




Cubing Circuit: Synthesized Circuits
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Cubing Circuits: Characteristics
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Conclusions

= 2-step synthesis composed of learning
and reuse was proposed.

= Moderate constrains on configuration
were introduced.

= Future works:
= Applications on more complex circuits
= Analysis of synthesis procedures
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T : Circult Extraction
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Logic Gates: Evaluation
Vpp
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Logic Gates: Prototype Circuits
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Reversed Inputs version is also usec




Logic Gates: Parameters

Minimum node size 1
Maximum node size 3
Minimum gene length 2
Maximum gene length 10
Population 1000
Threshold of matching 0.7
Coeff. of multiple circuits 0.2
Coeff. of parameter 0.1




Logic Gates: Results

Gate ©U™UT  Time Gen. Gate °YT"YT  Time Gen.
[min] [min]
0000 0| O NOR | 1000 1 0
AND | 0001 19| 6 /Ex-OR | 1001 66 20
0010 3| O 1010 0 0
0011 0| O 1011 22 I
0100 41 13 1100 0 0
0101 11 O 1101 17 S)
Ex-OR | 0110 297| 68 | NAND | 1110 6 2
OR | 0111 2| 0 1111 0 0




Logic: Synthesized OR gate

NOR gate NOT ¢
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Logic: OR Waveform
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Loglc Synthesized Ex-OR gate
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Transistor size is 50/10 in case not specified.

13 transistors (Prototype Ex-OR requires 16 transistors)



Logic: Ex-OR Waveform
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Logic Gates: Conclusions

= All types of 2-IN 1-OUT type logic cell
are synthesized.

= Synthesized circuits are based on
prototype configurations.

= Meaningless connections exist.



