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The ldealMultiple-Input TranslinearElement

> A K-input multiple-input translinear element
(MITE) produces an output current that is
exponential in a weighted sum of Kanput
voltages. |
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| is the MITE’s output current
Vi is the MITE'skth input voltage

W, is a dimensionless positive weight that
scalesV, proportionally.

| is a pre-exponential scaling current

A is a dimensionless factor that scdles
proportionally (e.g., a geometric factor)

Us is the thrermal voltage

» \We assume that the voltage inputs draw a negligi-
ble amount of current at DC.

» We assume that we have the ability to control the
values of the input weights proportionally, so we
can make accurate weight ratios.

» If we have an integral number of inputs, each with
the same weighty, then we omit thev associated
with each symbol in the schematic for clarity.

» The MITE ha transconductances, each of which
is linear in the output current;
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» Using MITESs, we can construct both low-voltage
translinear circuits and log-domain filters.



MITE Implementations

» \We can implement the weighted voltage summa- ®» We can implement the exponential current-voltage
tion either with a resistive voltage divider or with relationship either with a bipolar transistor or with
a capacitive voltage divider. a subthreshold MOS transistor.

e For resistive voltage dividers, the weights are . £ aach FGMOS MITE shown, the floating-gate
proportional to the coupling conductance. charge provides a nonvolatile, weight on the outpt

e For capacitive voltage dividers, the weights current that we can use either to compensate for
are proportional to the coupling capacitances. mismatch or to implement adaptive circuits.



Three BasidVlITE Circuit Configurations
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MITE Networks Low-Voltage Translinear Circuits

Product-of-Power-Law Circuits Quotient-of-Power-Law Circuits
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ABCs of MITE Network Synthesis

1. Acquirea set of Translinear-Loop Equations

> Begin with a suitable relationship to implement using MITE networks.
> Represent the variables in terms of the ratio of positive signal currents to a unit ¢urrent,
» From the original relationship and the signal representations, derive a set of TL loop equations.

2. Beginthe Network

» Begin with a TL loop equation: |_| NE |_| |

nO“Cw” nO“CCwW’

> Pick a current from each set (elgfrom “CW” and|; from “CCW"’), make a new MITE for each,
make a new node in the circuit, and couple it into M Ehroughk; unit inputs and into MITE),
throughk; unit inputs. Ik andk; have a factor in common, they can both be divided by that factor
in determining the number of unit inputs.
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ABCs of MITE Network Synthesis
3. Build the Network

> For each additional current (e.g.from “CW”), make a new MITE and connect it to an existing
MITE whose current is from theppositeset (e.g.|; from “CCW"), by making a new node and
coupling it into MITEQ, throughk; unit inputs and into MITE); throughk, unit inputs. Ifk; andk
have a factor in common, they can both be divided by that factor in determining the number of unit
inputs.
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4. Balancethe Network

B Suppose that the largest MITE fan-irkKis Add a sufficient number of grounded inputs to all
MITES, so they each have a fan-inkaf

. 'J' kT
jé‘k‘ |, l;tiok"kko'“'k‘o

K
1L




ABCs of MITE Network Synthesis
5. Biasthe Network

» Bias the MITE network by diode connecting those MITEs whose currents are inputs.
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6. Completethe Network

= Complete the MITE network by connecting all of the grounded inputs to the collector of one of the
diode-connected MITESs, avoiding the creation of feedback loops.

Qk K Q K K Qi W
L= ol L
— = "




Synthesis of dwo-LayerMITE Network

2. Beginningthe network 3Building the network
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Synthesis of dwo-LayerMITE Network

3. Building the network (con't.) 3. Building the network (con't.)
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Synthesis of dwo-LayerMITE Network

3. Building the network (con't.) 4Balancingthe network
%L LD = 151202 ?L LD1s = 151212
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Synthesis of dwo-LayerMITE Network

5. Biasingthe network 6Completingthe network
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Synthesis of &ascaddMITE Network

3. Building the network (con't.)
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2. Beginningthe network
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3. Building the network 3. Building the network (con’t.)
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Synthesis of &ascaddMITE Network

3. Building the network (con't.)
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4. Balancingthe network
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MITE Log-Domain Filter? Come to paper 83.7..
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