An interface for capacitive sensors based on the SC
charge amplifier

Charge amplifier

1%
Invented by Walter Kistler in 1950 out (IZ) N _E.“ Idt+V,, (tl) Thi ue |
: : ! IS vailue IS an
It is based on the Miller Integrator A \1_'_;

AR Charge fed to the uncertainty and
may also cause

amplifier from ¢, to &, saturation of the

S y =AQ(1,,1) amplifier
T T out
J: + The classical solution consists in placing

a resistor of very high resistance (R,,)
in parallel with the capacitor

Unfortunately, this resistor also discharge the charge
accumulated across C, imposing condition: t,-t, << R,.C

P. Bruschi — Microelectronic System Design 1



A Switched Capacitor (SC) charge amplifier

|
|
| : &
| Note: v,(f) includes
i | AQ1) “°—1  the offset voltage,
: which can be quite
! large in CMQOS circuits
b : £,
|
|
Vo =0 : V. (1,)=- AQ(éZ’tl) ] |deal case
|
| —A
==V (1) ! V. (1,)= ng’tl) —v (1) ] Real case
|
|
|

P. Bruschi — Microelectronic System Design 2



SC charge amplifier with offset cancellation

Two noise samples
are subtracted:

I U . W This is the
correlated double
J: T et ’J; t sampling (CDS)

t>t,
AQ(t,,1,)

V = _Vn (t) Vout (tZ) = _vn (t2) +VC (tZ) = _\vn (tZ) + vn (tl )}_

out —

V. =0—(-v, (1) =v ()

C

o All v, components (offset, low freq. noise)
The feedback capacitor is that do not change across the t,,t, interval
pre-charged with v,(1) are cancelled
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SC interface for capacitive sensors
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Phase 1: Capacitor voltages
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Transition to phase 2

In SC circuits, timing of the switches is critical,
due to the risk to alter the charge stored into
the capacitors

If S, is still closed in the
previous position (phase
1), when S, closes to

Sp opens and | phase 2 position, C, is
C, samples V o .
2 L short circuited
Cz 82 1 C2 1
| I
o L i)
* e, ! * * o—0O ! * 1 20_
S1 [ O—0O *
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The intermediate phase "/"

In order to avoid the occurrence of unwanted temporary short-circuits the
transition from phase 1 to phase 2 occurs according the following steps:

dl To—
Switches are closed l 1 °’2’o— ohase 1
In position 1 o—o] .
VC2
All switches opens R |
(capacitors sample l "o phase "" VC<’2) — v 4 v,
their voltages) ol "
“2) oo~ KT/C noise
Switches close 1 o”/ . 2> phase?
o '

In position 2
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Phase 1 to phase 2 transition

-

(i) _ (1)
VCX — _Vn _VR + VEX m77—o-—2’ —_ +
@) _— D 1 C
N VCR — _Vn + VER VRO_]2 C);
@) _ ,(D) i
Ver =V, Ve el T +
o, [
o | AQ, =C, (VS -V
e | o AQ, X x \Vex cX
v, >
— (2) (i)
RN e A =G (Ve Ve
el A
AQp _© AQQ — AQX +AQR
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Phase 2 voltages

Vi
N VD =y
TN ) Ver =—v, = V4
G V=V

¢,

2 _ 2 O
V== + V] <:

Cy (V& =V )+ G (ViR -V&R)

Fol < +4¢

AQ, =AQ, +AQ,

V2 = 4V 40, (V) -V )+ (V) V)]

|~

2
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Phase 2 output voltage

ve - v<z>+vc<g+CL[cX (V& V&) +Co (V2 =)

2

(VO = _ (V) — p
VCX =V, VR VCX — V T Vey V(z) :_v(z)
: CX n
M _ 0 Iy = _v(l) +y
{ Ver =, CR 1n eR Ve =, _y
Vélz) = V,g) + Ve, CR n R

n

M _— ,d

1
2 __ @ 4 M 2 , O (2) (1)
V. v +v +V€2+C |:CX(—Vn +v, +VR—v€X)+CR(—vn -V.+v, —VgR)]
2

AR Cx CRV +( v(2)+v(1)) 1+CX +CR +v€2—&vgx —&ng
2 C2 C2 C2 C2
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Output voltage components

AC=C, -C,
v +(—v22) +v£l)) 1+ Cx + Cr +v,, —&vgx —&ng
C2 C2 C2 C2
l J
/ \ Y J Y
useful signal _
J Vp Amplifier noise (CDS) KT/C noise
sensitivity: —
C
| | | A \
Referred to @ M
the input diff. -~ AC = L) (C,+C, +C, )+ S2¥er = CxVex ~CVes
capacitance Vi V.
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Example: DR of the SC interface considering only kT/C noise

AC :C2v£2_CXv£X_CRv€R DR: ACFS — ACFS ACrms — <AC,12>
. v AC, , 4AC,.

R
<(AC,F > = o (C3 < () >+ € <) >4 Ci < ) )

R
<(AC,) > = : (C M e M e k—Tj_kT(c +C, +C,)

VR C2 CX CR VR

DR = ACss
4\/kT(C +C, +Cp)
VR
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Example: DR of the SC interface considering only kT/C noise

DR = AC s DR=——— :
kT
4\/VR2(C2+CX+CR) AC.. \/V;(C2+CX+CR)
_ ! _1 1
4| KT (C,+C, +Cp) 4 | kr (C,+C,+C,)
AC'FS‘/RZ A(jFS ______ \ AC’FS‘/RZ A(’wFS
o T RN
DR Ve ‘\\/ AC “~rms value of the kT/C
— I . .
( noise associated to
4{kT/AcFSE (C,+Cy+Cr) Co
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