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TRANSLINEAR ELEMENTS

* A translinear element is a physical
device whose transconductance and
current are linearly related i.e. the
current is exponentially dependent on
the controlling voltage

« Two terminal: pn junctions (diodes)

« Three terminal: the controlling voltage
must exhibit true diode behavior.

— Bipolar junction transistors: YES

— MOS transistors in subthreshold:
YES ...BUT ....

10°

Bipolar

§ NMOS: Vas=-2V

/ NMOS: Ves= 0V

Wi
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TRANSLINEAR PRINCIPLE

“In a closed loop containing an equal
number of oppositely connected
Tranlinear elements, the product of the
current densities in the clockwise (CW)
direction is equal to the product for
elements in the counter-clockwise (CCW)
direction.”

Conservation of energy or (KVL)

i=N/2 i=N/2

Z DQi-1) Z D(Q2i) —

Turns into this in the special
case of loops with diode-like
elements

Barrie Gilbert, Translinear circuits: a proposed classification,
Electronics Letters, vol. 11, no. 1, pp. 14-16, 1975
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MOS GILBERT GAIN CELL

L-1, IL+],
From algebra: =
1 12 11 + 12
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V,ias Must be such
that Ig statys in
saturation i.e.
Vaa-Ve > 4 Vi



1Q LOG-ANTILOG MOS MULTIPLIER

All transistors have
source connected
to local substrate -
well devices- and
therefore

ln(]] )_m(”) I, = Il 1,
S/ S1 ]
3

]1 [2 — [3 [4 Or we can derive the
above by inspection
using the translinear

principle
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ABSOLUTE VALUE CIRCUIT

Loop: Vdd-A-B-C-Vdd [, =1, I, =1, (]1 — [BD)

Loop: Vdd-C-Vdd L=1I-1,

Solving for I, and |,

1
125 ]BD+1/4[§+I;D) Ly >0

1 2 2
2=E _]BD+'\/4[B+]BD] Ipp <0

— ~ I, >1
]T_]1+[2—‘]BD‘ o h
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1Q CURRENT
MULTIPLIER/DIVIDER

M1, M3, M4: Saturation
M2: Ohmic

Loop1; GND-A-GND
Loop2; GND-A-B-C-GND [, Iy =1, 1,

Currentin M3 and M2: [ = I g3 = I, =1, — 1,

d

Solving the above we get |; as a function of I, and I,
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l// Psi-currents

%

Dimensioneless currents

Lp

_ (1K)
[,=581, 1.1,

Psi currents are hypothetical currents in the
device if the gate and backgate could control
the current without the capacitive potential
divider i.e. have access to the surface
potential v directly.
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1Q MOS Backgate Multiplier
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From psi-current definitions:
_ _ K (1-K))
]1 T ]DSI _ SInO lGll lBl 1
_ _ Ky (1-K3)
]2 — ]DS2 — SInO Lo Ugy

_ _ K3 (1-K3)
]3 — ]DS3 — S]n() lG3 lB3

— _ Ky (1-K34)
]4 _ ]DS4 _ S]n() lG4 lB4

Solving the eight equations:
1, I
1,

LI,=LI1—1I =
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From loops:
Vdd-A-Vdd
Vdd-C-Vdd
Vdd-B-Vdd
Vdd-D-Vdd

All gates and
substrate voltages
must be at about the
same voltage so that
kappa is the same for
all transistors
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FGMOS POWER LAW CIRCUIT

From three translinear loops

b
B Ly = Uy
a

3
'L jl From psi-current definitions

— _ 3x,/4 _K,/4
M2 E M3 L= I = SQI Lol 1,
o —— K
L, =1Ips = SSQZ I,L.
£ a e -t _ _ K./4 3K./4
—— GND b Iy =15 = 8803 Lo by by’

Solving the above

i I’

Sy = exp(%] ] 3 2

Assuming X1 =K =K,
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TRANSLINEAR NETWORKS

Translinear Networks: |2.lr H
Extension/special case

where the loops include
voltage sources

LI,1 -1,

_ 1-~eXpV/Vt
[1]3 [5"'[N—1
N—>246--.
M4 3
v 1 d
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