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Design-less system of Analog integrated circuits - Learning of topology
selection satisfying required specifications -

Takai, Nobukazu
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Society5.0 loT CPS

In this study, we have proposed a method to automatically design analog

integrated circuits, an important element supporting loT and CPS, one of Society5.0, by computer.
A skilled circuit designer can appropriately select a circuit topology that satisfies the
specifications from the required specifications of the circuit. To realize this conventional process
by computer, we have proposed a method using neural networks and decision trees.

The proposed method learns the relationship between specifications and circuit topologies for an
operational amplifier, one of the basic circuits of an analog integrated circuit, and can select an
appropriate circuit that satisfies the specifications when 13 required specifications are applied.
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% 1: Simulation results using Neural Network spec. & 2: Simulation results using Neural Network spec.

No.1 No.2
l performance items “ goal spec. [ simulation results ‘ l performance items H goal spec. [ simulation results ‘
Tais[A] 5.00E-04 5.07E-04 Tais[A] 5.00E-04 5.075-04

Puis[W] 1.50B-03 1.52E-03 Pis[W] 1.50E-03 1.52E-03
DC gain [dB] DC gain [dB] 5.00E4-01 5.01E+01
PM [degree] 6.00E+01 5.93E+01 PM [degree] 6.00E+01 5.95E+01

GBP [Hz] 1.08E+4-06 1.03E+06 GBP [Hz] 1.08E+08 9.82E+07
SR [V/us] 1.00E4-06 1.00E+06 SR [V/us]

THD [%] 1.00E+00 4.82E-01 THD [%] 1.00E+00 1.825-01
CMRR [dB] CMRR [dB] 5.00E+01 5.04E4-01
PSRR [dB] PSRR [dB] 5.00E+01 5.00E4-01

OVR [%] 1.00E+02 1.00E+02 OVR [%] 5.00E+4-01 3.87TE401
CMIR [%] 1.00E+4-02 1.00E+4-02 CMIR [%] 7.5E401 7.47E4-01

OR [©] 1.00E+4-05 1.30E+05 OR [Q] 1.00E+4-02 9.76E4-01
IRN [nV/+v/Hz] 2.00E-03 2.09E-03 IRN [nV/v/Hz] 2.00E-02 1.78E-02
Area [mm?] 1.00E-02 1.41E-02 Area [mm?] 5.00E-04 4.98E-04
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% 3: Simulation results using Decision Tree Algorithm

l performance items H goal spec.

[ simulation results ‘

Tais[A] 5.00E-04 7.27E-04
Pais[W] 1.50E-03 2.18E-03
DC gain [dB] 8.00E+01 7.62E+01
PM [degree] 5.00E+4-01 7.57E401
GBP [H] 1.08E+07 1.00E+07
SR [V/us] 1.00E+07 1.00E+07
THD [%] 5.00E-01 4.82E-01
CMRR [dB] 8.00E-+01 8.97E+01
PSRR [dB] 8.00E+01 7.23E+01
OVR [%)] 1.00E+02 1.00E+02
CMIR [%)] 1.00E+02 1.00E+02
OR [©] 1.00E+04 1.13E+04
IRN [nV/v/Hz] 5.00E-02 3.05E-03
Area [mm?] 1.00E-02 5.04E-03
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