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The translinear principle
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The translinear principle

Translinear element G =Ki (V)

G:%:Klw):w):e”

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

I1J=111J
cw
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The translinear principle: example

I, = AE[e % —1]JES =AJ e
I,

Vee
Al
ar

A = emitter area,
Jes = reverse saturation current density
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Loop: ABC GND A (same geometry)
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If we set: Fol oL we can derive. Al = (J -Al
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MOS translinear circuits

I =(le 'expw 1—expvﬁ
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MOS drain current in weak inversion

né,

Vi Ves Ves.
[vaj,M.eXp(ves—vM):vz,M-e R

Vs Vi

W
where 1 = 3 l,e *

A MOS transistor in weak inversion is a

translinear element
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MOS translinear circuits
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loop Vdd-A-B-C-Vss
from KVL: V,+V,-V;-V,=0
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MOS translinear circuits

l'W loop 1:
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loop 2: Iplp; =

Ioo=lpz  (current mirror)
Tos Tos
2 2

Ipp =1y +1py =ly-lpg
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MOS translinear circuits
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MOS translinear circuits

MOS translinear circuits
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MOS translinear circuits MOS translinear circuits
type A multiplier cell
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Fig. 2 Calcwlation of vector length by MOS translinear circuit.
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MOS translinear circuits

type B multiplier cell

Iy

N1

Device Mismatch

Device Mismatch

The device mismatch is due to the

random variations of:

e Vo, N )
o “body effect” parameter y Typical values:
o K :WTMCDX'. TECHNOLOGY| _ TYPE Avio A (Ves-V)y
| | [mVyum] [Yopm] ™M
2.5um [Pel 89] nMOS 30 23 26
I I L>2pm pMOS 35 32 2.2
I I . N N N 1.2pm [Bas 95] nMOS 21 18 2.3
2 3 random variations have Gaussian distribution with zero mean value and pMOS 25 4.2 12
I I = I I variance which depends on W,L and D (distance between devices) 0.7um nMOS 13 1.9 14
1'3 2'4 A o e pMOS 22 28 16
*(AVyo )= Wit Se D?
A? TECHNOLOGY TYPE Svio Sk
o*(Ay)=—t—+S,°D* [wV/um] [ppm/pm]
e 2.5um [Pel 89] MOS i 2
oA _AC g e pMOS 4 2
K Twe K 1.2um [Bas 95] nMOS 0.3 3
pMOS 0.6 5
0.7 MOS 0.4 2
AvroAAk,Svro,S,,Sk technology parameters um :MOS - 2
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When taking account the absolute values : same Vos Same Ip:
o |tz |
M M
olvr,)=VEo(av,o) M
olr)=2o(7) .
a(K) _ 2l o(AK)
K K Ves C) Ves1! 2
L<lpum Ip l l Io
L<luym
A Ay Ay Vss
2(av. )= Pvio Ao Asto g 22
Y wLoowe owee Ip= f (Vbs, Vs, Vro,K)
AwvroAovto € Asyvro technology parameters. Al =20 a4 Aos g output variable Vos:
oK v,
) e lo-f(VesVos Vio K)=0
Typical values. . . .
One can demonstrate that (both in weak and strong inversion):
PARAMETER nMOS pMOS a a % =0
dp __dlp 0
At 20 23 mV un;2 N~ N On Ao A New g
Aovt 19 20 mV um Ay _lp K g oK
Aavr 18 12 mV um*? ® K
then:
Note: AV+1o,Ay,AK statistically indipendent.
Alp _AK _Gn,,
b K 15 °
Note: in the following Vsg=
ote: in the following Vsg=0 o81o))" (@K (8] p(av,.y)
1o K [ o
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Device Mismatch

then (both in weak and in strong inversion):
| AK
AVgs = AVyg—| 2| —
o vy 2]

02(AVgs)= 02 (AV;) + [GIT:]Z( J(AK)jZ

Strong inversion

9n___2 then :
o Ves—Vr
.[MT ,[MT PEECAUTI
o ) UK ) W wy
_ (U(AK)]Z L4010
K Gvo?

toincrease precision one has to increase the GVO

w000 o ) Mo Ve P )Y

D =0(i.e.close devices) :

b ) WL

Gvo? ) WLGvo?
1 GVOAZ) 1
'UZ(AVGS):M[A/YUQ*f EwNuQ
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Weak inversion

n_ 1 then :

Iy nVq

NEOS) 7[0(AK)JZ+ oAy
Io K ("VT )2

00 (AVgs ) = 0% (AVro )+ (Vr ){#T

D=0:

o)V 1, A1 AL
I we| ¢ 7 )

vy )~ WL (nvy )2
2
.UZ(AVGS):ﬁ(A/WZ*(nVT)ZAKZ); A\Al}ln_

Note: the V1o mismatch term is dominant on the K one
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Device Mismatch

Aoy, (mV]

-—lm =1
10 @ D2
Ty pre=5SmV
VT
5
| ID
0 | T T T T T - K ] T T T T
0.01 1 100 : 0.01 100
weak strong inversion weak strong inversion
Note: 8 corresponds K and Is to I
Note: in general \ AK, |< \ AKp| nMOS matching is better than pMOS one.
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