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Abstract

In the present study, a low-power power function generator circuit is
proposed for fuzzy applications. The proposed power function generator
circuit consists of squaring, square root, and analog multiplier circuits. All
the circuits are designed in the subthreshold region to achieve minimum
power consumption. The proposed power generator module is based on a
fuzzifier circuit, and the analog multiplier circuits are used to adjust the
slopes of the fuzzy functions. Besides performing the mentioned
adjustments, the proposed circuit can adjust the rising and falling slopes
quite separately. Analog multipliers are used in the power generator part to
generate desired powers continuously with minimum number of control
inputs. The proposed structure is presented in 0.35 pum technology, and the
simulation results show that at a supply voltage of 1.3V, the values of power
consumption and error are respectively equal to 0.0036 pw and 0.8%,
indicating the improvement of the proposed structure in terms of error and
power consumption compared to the best relevant structures in the

literature.

Keywords: Fuzzy controller - Integrated circuits - Power function generating
circuit - Subthreshold.

Highlights

e  The operation range of proposed circuit is in subthreshold region, which can be very efficient in improving power

consumption.

e  Besides performing basic adjustments, the proposed circuit can adjust the rising and falling slopes.
e This circuit can be used as a function generator, including triangular, trapezoidal, S-shaped, and Z-shaped

functions.

e The proposed circuit provides the controllability of all parameters including the maximum fuzzifier current and

the lateral shift of the function.
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Figure 1. A Gaussian membership function [2]
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Figure 9. Enabling the rectifier circuit to generate different functions
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Figure 13. Enabling the proposed circuit for full programmability
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Figure 18. Process of realizing the multiplier circuit to generate a coefficient for slope adjustment or power approximation coefficients



e YY-FENEY Lo (S5 g ol o,leds [p20 s Jloo [ ogi Dl plore cwdigs dlo

oSS 2 o Hlow 214k —F-Y
aln] ) sl o Wk ol loe ol sl w2 se 0 e translinear ol s 5l zul) Jly, Gub caisS x50 Hlaw 1k (sl
Dlce o) aaly G oled Ohgo 4 FET la,gins 535 Laly) asb opl )0 a5 1> sl sl

Vs Vs Vgs.

lg =15\ [1-e ™ +\\//_dES S Ig=lsle™ M)

9 Uy )U9 w).’ LY ).o.sVE 9VD5 9 w)}w—ﬁa.:f )U3 VGS VT:kT/q 9 .))‘.) Cul) )|J.£Lc c_ia Is AJG.JJ U"‘ 3o as
e a Jsb Cand o WIL oS Jl> 0 wylo V5l piis (5,l0de 9 0,00 b cods o po N alal) ool jo o Y J,1 50y
Ivol el jens 5l 5

D o oddline VA S 0 Soly pl (gl oads aid I L5 o o

lin lout
(00 g 70) (oot @5 g e 1A S0
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Figure 22. Changes in the input and output of the squaring circuit to realize the square root circuit

Wb 59,8l 4 G 0,0 slo Jol> uS e 4 a5 Cewl PMOS slo s 5l 5 51 sslawl jlaw oyl J.cl., S oS
Bis LSy O jgo s b el )l oled by 4 5l Laulgy 5o B ey 20 Sl ;0 NMOS (sla jgis 3515 ol a1, lagyl il
g g0 0ddline YV S j0 ouds (3lwancd 5 G0l o g

1 IOUT

R (_g)L..:w W ;J&ob )LM RANN\
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Figure 28. Proposed fuzzifier circuit
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Figure 30. Proposed block diagram using simulated squaring and square root circuits
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Figure 31. Proposed circuit using simulated squaring and square root circuits
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Figure 32. Circuit output for a power of 0.1
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Figure 33. Circuit output for a power of 0.1836
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Figure 34. Circuit output for a power of 0.4
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Figure 36. Circuit output for a power of 0.9
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Figure 39. Circuit output for a power of 1.5
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Table 1. Comparison with designs in the literature
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