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Abstract

Design of complex analog integrated circuits requires the appropriate choice of various design
parameters such as MOSFET’s aspect ratio, compensation capacitance and load capacitance in a way
that improves user’s desired parameters like gain, bandwidth, power dissipation and phase margin.
Considering previous works, in this paper, a two-stage miller compensated operational amplifier with
PMOS input pair is designed using artificial neural network. The inputs of the neural network are design
parameters including DC gain, bandwidth, power dissipation and phase margin and in its output, the
sizing of transistors and the amounts of reference current supply, compensation capacitance and load
capacitance are acquired. In this design method, a sampling method based on parallel HSPICE
simulations is employed for data acquisition from the 15-dimensional design space which results in
simplicity and automation of the dataset collecting procedure and reduces the total sampling time and
then this data is used for training the neural network model. In the next stage, a range sampling method
is applied for making new designs from the trained model which has facilitated the design procedure
and made the user-desired tradeoffs between different performance parameters of the operational
amplifier possible. Moreover, if the amplifier performance figure of merit (FOM) is defined as the result
of the multiplication of unity gain bandwidth and load capacitance divided by power consumption, the
comparison between obtained designs of this paper’s proposed method and the results of some other
methods applied for designing operational amplifiers with relatively similar topologies in previous
works, indicates that this parameter has increased by 154% at the minimum.
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Figure (1): Complicated and nonlinear relation of analog cicuit’s performane parameters
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Figure (2): Application of artificial neural network in learning the performance function of analog circuit
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Figure (3): Miller compensated two-stage operational amplifier
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Figure (4): The process of sampling from the operational amplifier design sapce
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Table (2): Performance parameters and their acceptable ranges for training dataset
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Table (3): Model hyper-parameters
wmas Jao gyl pl () Jgax

e Folly !
(05,9 V9 aY) 9955 Y
(009 ¥ gAs FOL s sa) 4y Y e slaay
(095 VO) ¥ o aY
Poslin O [PEPH
Levenberg-Marquardt U9l a5l
Al Ohigel 590 ol
i SRSl gy
Qo ,0 AD Soigel slaosls
RWSCRTA e liel slaools
o O] sosls

Best Validation Performance is 0.023023 at epoch 29

100 L
Train
Validation
Best
°
7]
E
.
o
=
w
° 401
o 10
=
©
3
o
(]
c
©
Q
= yaay
o2
102t . . . . . . . .
0 5 10 15 20 25 30 35 40

42 Epochs
igel Wil Job o (i sluiel g bjgal slias :(B) S
Figure (5): Train and validation error during training
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Figure (6): Range samplig from the trained model for prediction of new designs
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Table (4): Performance of sampled designs from the trained ANN
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Table (5): Corresponding design parameters of the ANN predicted designs for reaching best DC gain
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Table (6): Corresponding design parameters of the ANN predicted designs for reaching best gain-bandwidth product
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Figure (7): The gain and phase frequency response plots of the predicted designs for reaching best DC gain
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Table (7): Corresponding design parameters of the ANN predicted designs for reaching best power dissipation
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Figure (8): The gain and phase frequency response plots of the predicted designs for reaching best gain-bandwidth product

X:16.92meq | Y:55.744

(\0Y)



VEV-A0 N F-Y bl fowie g ol oleds [o0 3l Jlo /(30 Caio ;0 diedigr slo g, 4y pid

Table (8): Comparing results with other methods
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Figure (9): The gain and phase frequency response plots of the predicted designs for reaching best power dissipation
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