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General Description

The CS2001 isa CMOS circuit designed to interface with itive-type sensors, such as
pressure sensors, accel erometers, capacitive microphones and humidity sensors. The interface
dreuit is compact and easy-to-use Snce no externa components are needed for adefault setting
of phaetrzf(rnaas The low-noise low-drift desgn enables high precision messurements from DC up
to the kHz range.

A high maximum sengtivity of 200 mV/pF can be obtained using a sensor with two nomind
cgpacitances of 25 pF. The arcuit is based on acharge compensation feedback loop. This
gpproach guarantees a linear and low-drift trandfer between a differentid capacitance a the input
and the andog output voltage.

For sensors with only one varying cgpacitance, an additiond fixed cgpacitance with an equa
nomind vaue can bgusedto orr]% aquas-differentid sensor. =

The gain and offset adjustment can be used for adjusment of the sensors sengtivity and offset.

Key Product Features

Maximum sengtivity of 200 mV/pF

Linear response to differentia capacitances
Designed for low drift & low noise

Gain and offset adjustment possbility

Dud £25 Voltsor angle 5 Voltwcwer su%ply
Low power consumption ( 17 mW max a 5 Valts)
Frequency bandwidth DC to 17 kHz

Output load on andlog output: 50 pF and/or 10kW
Avalablein SO16 or dice
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Typical Applications
A typicd gpplication of the CS2001 dircuit isinterfacing a sensor which is composed of two
active cgpaditances which vary in adifferentid way.

Electrical Characteristics .
(VSS=VSSA=VSSD, VDD-VSS=5V, Temperaure=-40. 85(_, Cl = C2 =50 pF unless
otherwise sated)

Characterigtic Min Typ M ax Unit
Sensor capacitances totd vaue (CI+C2) 24 110 pF
Maximum cgpacitances rdaive difference +15 %
(CIC2)/(C1 +C2)
VOUT output dynamic range, measured with 15 %
respect to AGND
Gan(without timming) -3.75 | -4 -4.25
Offset voltage In VOUT, measured with 50 mv
respect to GND. (without trimming)
Offsat dnft a VOUT output +100 +150 w/C
White noise spectrd density a VOUT, -133 -110 dBV/.” " Hz
(decoupled supplies)
Hicker noise spectrd dengty at VOUT, -125 dBV.."Hz
measure a 1kHz (decoupled supplies)
Sope of flicker noise -0.69
THD measured a VOUT (VOUT=2Vp, -57 dB
f<10kH2z)
Externd Cfext capacitance vaue 0 3 pF
Externd ressiveload on VOUT 10 kKW
Externa capacitiveload on VOUT 50 Pt
Satup time 50 70 ms

Operating Information

Voltage output

The CS2001 interface circuit is a stand-alone IC, and converts the difference of two capacitances,
relative to their sum, into an andog voltage. Theided DC rdaionship between the input and

output varidblesis:

C1-C2
VOUT=-4V0---------
C1+C2
where,
VOUT isthe output voltage, measured reaive to AGND,
C1,C2 are the associated capacitances of the connected sensor.
Vo is haf the supply voltage: 0.5(VDD-VSSA), typicdly 25V.
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Bandwidth control

The trandfer function of the circuit can be characterised as afirst order low passfilter. The
bandwidth of the equivadent filter may be programmed by inserting an optiond externd
cgpacitance Cfext between pin VM and pin CF.

100000 _ _ CO=50pF

- CO0=35pF

_ C0=25pF

Bandwidth fc (Hz)

0 50 150 250 500 750 1000 1500 2000 2500 3000
Cfext(pF)

Fig.2. Bandwidth in function of externd capacitance

An exact vaue for the bandwidth fc (Hz) can be cdculated from the following eqution:

fc=fs/{3.14* 2.77*[(37+Cfext/C0)-1]}
where:

fs istheinternd loop dock frequency. Typicdly, fs=57 KHz a 25C and VDD-VSSA=5
Volts

Cfext isthe optiond externd capacitance between pin CF and VM. Thevaueisto be givenin
pF.

CO isthe nomina capacitance vaue of the connected sensor. We suppose that CO=C1=C2.
Thevdueisto begivenin pF.
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Pin Description S016 package

Pin Name Description

1 VSSD Digitd negative supply voltage

4 VOUT Output of the interface circuit after gain Sage

5 VM Unbuffered output of the charge compensation loop

6 GAIN Galn adjusment

7 CF A capacitance Cfext for bandwidth adjustment may be connected
between pins CF and VM

8 OFADJ | Offsat adjustment or connected to AGND

9 AGND | Interndly generated GROUND sgnd (Rint = 3kQ).
Itsvaueis0.5(VDD+VSSA)

10 VSSA Andog negetive supply voltage

11 Cc2 To be connected to the lower sensor dectrode

12 CM To be connected to the common sensor eectrode

13 C1l To be connected to the upper sensor eectrode

16 VDD Pogtive supply voltage

231415 | NC Not connected

Operating conditions

VSS=VSSA=VSSD

Par ameter Min | Typ Max | Unit
Supply Voltage (VDD - VS9) 45 |50 55 |V
Operating temperature -40 27 85 L)
Power supply current 2.8 35 mA

Typical Application

A typical gpplication of the CS2001 dircuit is interfacing a sensor which is composed of two
active cgpaditances which vary in adifferentid way.

The figure shows the Smple connection of the dircuit, with the optional Cfext. The supply

voltages can be taken from asingle 5 Volt source or two 2.5 Volt sources. OFADJ must be
connected to AGND when the offset adjustiment option is not used. VOUT must be measured

with respect to AGND.
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Fig. 3: Typicd Connectionsof CS2001 drcuit without adjusment

Gain and Offser Adjustment

Offst adjustment

The offset of sensor and dircuit can be adjugted by applying a voltageto pin“ OFADJ . The
voltage can typicaly take vaues between 0 and +1 Volt (with respect to VGND). Thegain
VOFFSET/VOFADJvaiesfrom 1 (C1 and C2 min) to 0.5 (Cl and C2 max).A smpleway to
generate this voltage isusng a variable resstor connected between VDD and VSS, During
testing, a programmable voltage source referenced to VGND can be used. if the offset correction
isnot used, pin* OFADJ must be connected to VGND.

Gain adjugment
Thepin VM givesthe unbuffer ed output voltage of the charge compensation loop:
Ci1-c2
VM =0.5.(VDD-VSS). ------------
Cl1+C2
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The default gain factor of -4 (inverting amplifier) between the output VM and VOUT can be.
modified by connecting resstors R1 and R2 in pardld with integrated resstors 4*Rint and Rirt,

r ivel_yr/]éRimz 14 kQ), seel;ig 4 beow. N _
if the nomind gain factor is denoted by GNOM, then the modified gain, GMOD factor can be

found as

T+ aq ,H+‘]+rz1
G =G
MOD ™~ “NOM 1+fz1 ,ﬁ+1+f12

[ij fi
G e iy — e
NOM 5 5025

where:

al istherdaivechangein Rl R1=4R(1+a1),

a2 istherdaive changein R2, P2 = R(1+ ay),

R isthe nomind vaue of the externd resgtor R2,

b istheratio between the internd resstor vaue Rint (14 kQ) and the nomind externd resstor

vaueR.

The precision obtained depends on the precison of tuning R1 and/or P2. The maximum vaues
foralanda2. are+10% . Typica vaue could be 5.6 KW+ 10% for R1 and 1.4 kW+ 10% for
R2 (b= 10). Thisfeatureis manly usad for adjusment of the gain of amodule containing a
sensor and the CS2001 circuit.

o5y L I > VDD _L I vbb
_-|_ ) +

sy T o veND OR 9V = —I— T veno
L I O VSS : SRVES

2 /DD

VSS 1 |vasp VDD[1_5;

VOUT g——[3 Jvour _ © 14%1-:

-

—{a | vm %I CMEH__"._C1I capacitive
& ; ;t sensor
CFloptional) —— GAIN i CQE: chl
2 T
—‘E_ICF o) vssal -—6 WSS
7 me NCE

OFADJ AGH —— ShND

Fg. 4: Connection of CS2001 with gain and offset adjustment
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