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The translinear principle

Translinear element

Translinear principle
In a closed loop containing an even number of ideal junctions, arranged so that 

there are an equal number of clockwise-facing and counter-clockwise-facing 
polarities,with no further voltage generators inside this loop, the product of the 
current densities in the clockwise direction is equal to the product of the 
current densities in the counter-clockwise direction

KVeVIVKI
dV

VdIG =⇒== )()()(

)(VKIG =

JJ
CCWCW
Π=Π

3
Low Power Design Techniques and Neural Applications

Barcelona, Feb. 23-27 2004M. Valle MOS translinear
circuits

The translinear principle: example
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AE = emitter area,
JES = reverse saturation current density

Loop: ABC GND A (same geometry)
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MOS translinear circuits
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MOS drain current in weak inversion

t

D
m n

Ig
φ

=

A MOS transistor in weak inversion is a 
translinear element

    VVexp'I
L
WI 'MGS

MD
t

GS

t

GS

t

M
n
V

S
n
VV

M
t

eIeeI
L

W
n

φφφ

φ
==⎟⎟

⎠

⎞
⎜⎜
⎝

⎛ −
⎟
⎠
⎞

⎜
⎝
⎛≅

−
t

nV

MS eI
L

WI φ
−

= '     where

5
Low Power Design Techniques and Neural Applications

Barcelona, Feb. 23-27 2004M. Valle MOS translinear
circuits

MOS translinear circuits
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loop Vdd-A-B-C-Vss

from KVL: V1+V2-V3-V4=0

0lnlnlnln 4321 =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛

SSSS I
I

I
I

I
I

I
I

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛

SS I
II

I
II 3421 lnln

3

21
44321 I

IIIIIII =⇒=

6
Low Power Design Techniques and Neural Applications

Barcelona, Feb. 23-27 2004M. Valle MOS translinear
circuits

MOS translinear circuits

loop 1:  ID2=ID3 (current mirror) 

loop 2:  22
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MOS translinear circuits
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MOS translinear circuits
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MOS translinear circuits
•loop1: ID3= ID2
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MOS translinear circuits
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MOS translinear circuits
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MOS translinear circuits
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Device Mismatch

Device Mismatch

The device mismatch is due to the random variations of:

• VT0,
• “body effect” parameter γ
• '

OXnCL
WK µ= .

L > 2 µm

random variations have Gaussian distribution with zero mean value and
variance which depends on W,L and D (distance between devices)
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AVTO,Aγ,AK,SVTO,Sγ,SK technology parameters

Typical values:

TECHNOLOGY TYPE AVTO AK (VGS-VT)m

[mVµm] [%µm] [V]
2.5µm [Pel 89] nMOS

pMOS
30
35

2.3
3.2

2.6
2.2

1.2µm [Bas 95] nMOS
pMOS

21
25

1.8
4.2

2.3
1.2

0.7µm nMOS
pMOS

13
22

1.9
2.8

1.4
1.6

TECHNOLOGY TYPE SVTO SK

[µV/µm] [ppm/µm]
2.5µm [Pel 89] nMOS

pMOS
4
4

2
2

1.2µm [Bas 95] nMOS
pMOS

0.3
0.6

3
5

0.7µm nMOS
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Device Mismatch
When taking account the absolute values :
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A1VTO,A2VTO e A3VTO technology parameters.

Typical values.

PARAMETER nMOS pMOS
A1VT 20 23 mV µm
A2VT 19 20 mV µm3/2

A3VT 18 12 mV µm3/2

Note: ∆VTO,∆γ,∆K statistically indipendent.

Note: in the following VSB=0
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Device Mismatch
same Vgs
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One can demonstrate that (both in weak and strong inversion):
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Device Mismatch

then (both in weak and in strong inversion):
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Note: the VT0 mismatch term is dominant on the K one
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Device Mismatch

Note: β corresponds K and IS to IZ

Note: in general ⏐∆Kn⏐<⏐∆Kp⏐ nMOS matching is better than pMOS one.


