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Two quadrant synaptic multiplier (1)
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Two quadrant synaptic multiplier(2)
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Two quadrant synaptic multiplier(3)
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= the one-quadrant multiplier;

= a current copier cell for the dynamic storage of the weight current (with a 1pF,

30pumx30pm MOS capacitor);

= the circuit for the weight sign value management and storage (a simple DRAM cell);

= the control logic for the read/write (R/W) access operation.
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Two quadrant synaptic multiplier(4)
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Analog four quadrant multiplier

differential coding of information = high noise and interference immunity;

current mode of operation which = : i) high robustness with respect to spread
of the technological parameters; ii) wide dynamic range of signals; iii) easy
implementation of sums;

weak inversion region of operation of transistors = low power / low voltage
operation;

translinear circuits = versatility and efficiency (i.e. small power consumption)
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Analog four quadrant multiplier: basic circuit
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Analog four quadrant multiplier: coding of information
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Analog four quadrant multiplier: the overall circuit (1)
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Analog four quadrant multiplier: the overall circuit (2)
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Results (simulations)
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»Technology: AMS CMOS 0.8 um .
»Power supply voltage: +1.25 V
»Iy =250 nA

'
Pasman ¢

DC transfer characteristic: I,/ Ip=xxw vs x
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Results (simulations)

sult flin)

Fre:

Nosmalized cuerent
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Frequency log) HERT2)

Simulated small signal frequency response of the

multiplier: w=1, the ac input is applied to x. f 345 = 1 MHz

Total Harmonic Distortion (THD) is about 3%
w was set to 1 (the bias current for I, is I;) and a sinusoid was
applied to the x input: with o = 2n 10° rad/sec. This implies I = I, sin(ot) where
I,, =100 nA and o = 2r 10° rad/sec.
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Results (measurements)
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Derivative of |_out

Results (measurements) Results (measurements)
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Results (measurements) Results (measurements)
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Results (measurements)

Mismatch modeling
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(1-x) (1+x)

nrﬁz(x): 2+(1/;/1—1)(1+ X) * 2+(7172 _1)(1_ X)

Low Power Design Techniques and Neural Applications

M. Valle M. VaWercelona, Feb. 23-27 2004

! ~ (1-x) ~ +x)
M (00 = 2+ y, -1)1+%x) 2+ 4y, -1)1-x)

Translinear primitive cells

23




Mismatch modeling

" £=1lgyr = lour = L= n(X) = n'(X)w — xw]l,
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The Neuron Circuit (block N) (1)

¢ The neuron transfer function slope control block (A)
e The neuron transfer function block (B)

i \st \L syn
| TLL

| M2 M

: M1 M4

M. Va | | e Low Power Design Techniques and Neural Applications

M. VaWarcelona, Feb. 23-27 2004 Translinear primitive cells

25

The Neuron Circuit (block N) (1)

From the TL1 translinear loop equations

Im2-lsyn =Im3-lsynt
M2 'Syn =IM3"'Syn
Im2+1m3 = lsiope =2Klp

We can obtain I,,, and I3, so:

X-w-K-1
|1:|P2_|M2:KIB_IM2: .

w-—2
Lol o1 =Kl — 1, =X WK e
2 P1 M3 B M3 W—Z

I, and I, are the single output current components in output from the neuron transfer
function slope control block
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The Neuron Circuit (block N) (3)

From the TL3 and TL4 translinear loops equations:
(Ims—11) Ime=1g° (TL3)
(Img—12)-Img =182 (TL4)

and From the TL2 translinear loop equations:

IMme® Tgy+ =M’ Ty  (TL2)
lout © * 1o~ = '8 (KCL)

We can express |,,," and I, as function of the parameters x and w

(and Ig too)
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The Neuron Circuit (block N) (4) Results (measurements)
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