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Why, What, How

Simulations support Component Selection, Signal
Conditioner Design, Controls, Worst Case and
Statistical Design

Modeling objectives:
Parameterized =2 Reusable
Datasheet-Based =» Easy to use

Complete, Reliable, Accessible

A piezoelectric pressure sensor model

Equations, Implementation, Some observations,
A (free) copy for you to try
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) Piezo Element
Mechanical Structure
Pressure [EEE standard 176-1557 §
DA+ (e + ks + KX + [, =0
Q=dyy F+CV a

Model Equations
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R leak
Quartz
sE Compliance 9.7e-12 n/m?
dyy Charge Constant 2.3e-12¢/n
£ Permittivity 4.5 * g, = 10°/8n ¢/m?




PSMA Model Equations EHC

) Piezo Element
Mechanical Structure
Pressure [EEE standard 176-1557 g‘”“"
pﬁ+[.mt+k's+kl‘]x+rl’=ﬂ }::::Iu!:'F dyV
Q=dyy F+CV N

MODEL: 113B26

Platinum Stock Products;High frequency ICF* pressure sensor, 500 psi, 10 my/psi, 4
[(0ZTE" dia. diaphragm] accel. comp.

E

» Measurement Range: (for 25V output) 500 psi{3450 kPa)
sensitivity: (£10%) 10 mvifpsi(1.45 mvkFa) Ve
10
» Low Frequency Response: (-5%) 0,01 Hz
10mHz;

» Resonant Frequency: >=500 kHz{>=500 kHz) 1 JZ
& Electrical Connector: 10-32 Coaxial Jack i, b i
s Weight: (with clamp nut) 0.20 oz(6.0 gm) Frequancy

October 18, 2021 Norman Elias Permittivity 4.5 * g, = 10°/8n c¢/m?
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Pressure

\'

Mechanical Structure

Model Equations

L T e TR

Piezo Element
IEEE standard 176-1957

MODEL: 113B26

Platinum Stock Products;High frequency ICP® pressure sensor, 500 psi, 10 mV/psi,

=4
= Measurement Range: (for £5V output) 500 psi{3450 kPa) 1000y

Sensitivity: (£10%) 10 mV/psi(1.45 mV/kPa)
s Low Frequency Response: (-5%) 0.01 Hz
= Resonant Frequency: >=500 kHz(>=500 kHz)

s Electrical Connector 10-32 Coaxial lack

H)D]

107

10mHz,

§ RLeat 1 Hlsanm

SAd33 T
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PA-!-I:HE +k._£'+kF:|x+.rp_n }[:5:}:'“!:+ dyy '
=d + LV
B=duf+G e VA
Usabie Range
¢, g
k, < E Fraquency

bl
"_‘ﬁj

Quartz
sE Compliance 9.7e-12 nfm?
das Charge Constant 2.3e-12¢/n
£ Permittivity 4.5 * g, = 10°/8n c¢/m?
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Low Frequencies |
to

STC [ep)

Model Equations

Mid-Band  NMechanical Structure

High Frequenc, ‘Eﬂ

d33 wy 200

PA+|:||EE+I¢,_£+I: X+ fo=0

E
524 18 d33 2l

MODEL: 113B26

Platinum Stock Products;High frequency ICP® pressure sensor, 500 psi, 10 my/psi,

0.218" dia. diaphragm] accel. comp. -
-]

» Measurement Range: (for £5V output) 500 psi{3450 kPa) 1000 ———

Piezo Element

itivity 3
IEEE standard 176-1987

=gt 24 dpv i33 2

Q=dp b+ 0V

" N Sensitivity: (210%) 10 mV/psi(1.45 mV/kPa)
1-linearity 100
» Low Fregquency Response: (-5%) 0.01 Hz
1=Li i 10mHz,
'=knea "t< = Resonant Freguency: >=500 kHz{>=500 kHz) 104 i

Y

m Electrical Congector: 10-32 Coaxial lac

. S d33 2) v
/ Frequency

\'

SAd33 T

2

Ere24esE d33° d33
(esPms4+es kvs+Cp) 1+st(1—"33 /esE) +Cp | =% | st

SSE
. 1-linearit
Low Frequencies sr(Ad33 ) = i ity
to Cp Wminy/ linearity(2-linearity)
Mid-Band (1 +s7) _ Ad3;
! CP - / sensitivity
C
d _ P
A°33 m=
High Frequenc P o (SSE —d33 2)
8 9 ¥ esE — dap 2 esF — daa 2 2¢C
33 ) 33 {Cp
L |
Quartz
sE Compliance 9.7e-12 n/m? Ly
das Charge Constant 2.3e-12¢/n
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Model Equations

Piezo Element
IEEE standard 176-1957

Mechanical Structure
Pressure
PA+ (me?+ ket k)X + =0 }:==:gulf+ d, ¥

Q=dy f, + L,V

K
b s (5/@0)? + 2/ wo) + 1,

MODEL: 113B26

Platinum Stock Products;High frequency ICP* pressure sensor, S00 psi, 10 my/psi,

0.218" dia. diaphragm) accel. comp.

= Measurement Range: (for 25V output) 500 psi{3450 kPa)
Sensitivity: (+10%) 10 m\W/psi(1.45 mV/kPa)
]

Low Frequency Response: {-5%) 0.01 Hz
a Resonant Frequency: >=500 kHz{>=500 kHz)

s Electrical Connector: 10-32 Coaxial Jack

=

1000
100+

10+

I . = _ 1-lin=arity

n?:, ”‘L‘MHH;IEE:' ! Wipin, Tineari inea

Ad
lid-Band L+ =7} = =¥ itivity
d _ Cp
A ﬂ‘.‘H m=
% wo (£5f — dgn *

|Fr'EE|ll!I'H:'|I' {{E.E—ﬂ“ :::lmz-l-[El'E— - -— \-- e [—'a;m :I;

s p 226
k, = -{gp
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0.40
- —10% lineari
0.30 =
B 025 , —5% linearity
)tlg 0.20 — 3% linearity
|
% 0.15
0.10 1% linearity
0.05
& @ P
o ¥ M Y Y
| Damping Ratio,
Quartz
sE Compliance 9.7e-12 n/m? |
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X=X, 4 4,V - Tl -ig?)
Q=+ GV . B .G

From Equations ™= kemxen-e, tmaw = & = o Simulations
- em?

VHDL-AMS on Siemens PartQuest'MW




From Equations @ tewne e, _wem =, & to Simulations

X= %X, 2 4 dy,V wonTinearity{Z-Tinearity
Q= dyy f, + 6,V c - Ady e e 2{Cp
P | sengitivity g et — dzz 2]
L]
- ] N

VHDL-AMS on Siemens PartQuest™ Exploreéw

Equivalent Circuit on LTspice

Y

Use voltage, charge and current to represent
mechanical force, Displacement and velocity

Mechanizal Electnicsl

ALroE Faroe Valtsps

Throush Velooty Curmant
pass | Fsm divelocity] /dt v = m difdt |

Damping F= k,*velodty v=k*
Spring displacsment sF/k. i = (176} dvidt I

October 18, 2021 Norman Elias 11




From Equations ™« e __ s to Simulations

minx
Q=d;; IP * E""." c = dyy i . k= E{CP
P - [ sengitivity wglesf—dza )
- ] N
d

VHDL-AMS on Siemens PartQuest™ Explo

Equivalent Circuit on LTspice
Use volta and current to represent
mechanical force, Displacement and velocity

Mechanical
.params kappa_sq={d33/e| | ALToE Force
.params Cp=Area*d33/sen] Through velodty
params mva|=1,|f((ep5*w_| PASEE Fxm ﬂgw I!-'dt
.params Kv=2%zeta*w_0% - -
.params E_V2F=0-(Cp/eps) Damping F=k,*velodity
ﬁﬁﬁﬁﬁﬁ o Y S P l Coelre dinplacsment =5k
B

1, Fle Edit Hierarchy View Simulste Tools Window Help

PMEHETFNRAGR & EBH 4B

1. PiezoPressureSensorasc ¥ PiezoPressureSensor raw 4, piezapressuresensor_subckt.asc - Instance: Sel + [+ ||

Electrical analog equivalent circuit

Pressure

{tscale*C1} okt copy asc ‘(
Ground’
100 :
UJ‘\HZ,LSS 41KHz,1 46
10 ¢
J

10mHz 1Hz 100Hz 10KHz 1MHz

ae — BN e~ .. — DOE 0T

October 18, 2021 Norman Elias
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From Equations =@ e n=e,,

et .= to Simulations

Q=d;; IP * I:P.I': c = lin”v . L= E{CP
P Sengitivity wglesf—dza )
vid

VHDL-AMS on Siemens PartQuest™ Explo

Al

Code equations directly in TR TR

VHDL-AMS o

93 | X == eps*(s_E/Cp)*f_p + d33*%V;
94| Q == d33*f_p + Cp*V;

95 |tau*tscale*Q'dot + Cp*V¥==0.0;
96
97 |[f_mass == mval*tscale*tscale*X'dot'dot;
o8
99 |f_v == k_v¥tscale*X'dot;

100 |flow == 0.0;

F‘ARTQUEST Designs Groups Discuss Learn

F 90 — X
F 2.0 — -
] -
| | 555
z : = 50— 37656
Coderaft v I 2 1o / L%
g
= 30—
2 ~
)( Rexperia - = 20 —
. 1.0 =
NMOS 10 —
o ON semiconductor ¥ 1.0 100.0 10.0k 1.0M
/ 500.0000m )Auency 120.0000k

ROHM -
Semiconductor

VR Thesmistors

Component marketing,
product selection,
Collaborative Design

Equivalent Circuit on LTspice
Use voltage,"ehagge and current to represent
mechanical force, Displacement and velocity

Mechanical
.params kappa_sq={d33/e| | ALToE Force
.params Cp=Area*d33/sen] Through velodty
params mva|=1,|f((ep5*w_| PASEE Fxm ﬂgw I!-'dt
.params Kv=2%zeta*w_0% - - -
.params E_V2F=0-(Cp/eps) Damping F=k,*velodity

ﬁﬁﬁﬁﬁﬁ Fh—nncf e Elral ol dizolacenent =5k
[F L Tepice Xl - [piezopressuresensor_subckt.asc -- Instance: Sensor] -

1, Fle Edit Hierarchy View Simulste Tools Window Help

PMEHETFNRAGR & EBH 4B

1. PiezoPressureSensorasc ¥ PiezoPressureSensor raw 1, piezapressuresensor_subckt.asc ~ Instance: Sel + [ ¥ |

O

Electrical analog equivalent circuit

Pressure

{tscale*C1} okt copy asc ‘(
Ground
I
100 :J[\HZ.LSS A1KHz,1,46
10 \L
J
" 10mHz 1Hz 100Hz 10KHz 1MH
Free download miz 1hz B

ae — BN e~ .. — DOE 0T

Runs on your desktop
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From Equations ™= kemxen-e, tmaw = & = o Simulations

K=", 24 dy,V 10 i TNy 2-Tineari " tag?(est - dgy 2)
=ty &V Gzt g KO
P Isensitivity PRPEY ]

jerarchy ew  Senulste Jools Wimdew Help 8 x
FAORAGKR(RIOESE &I
] 1

bkt aac - natance: Ses 1 [0

Electrical analog equivalent circuit

o o p |

- | = 0 [
T ~

. » |

L R
AR
Crmvalisesie)  (0:95%w0} 5
TTyYTEe v pES101adds_5 ¥ x :m-}. -
1 p : = = = = = : o > o i
4 1 1 €1 -3
S | < m
J i | e & {aleak}
le & | | fe——" i
Y wsd | '
= ) P et | [
pcb102a44x/f/dbMag: pcb102ad4x/f_p/dbMag; peh102a44w/f mass/d.. B X 3 _\ : 1 | fll , pcb113026_out; pcb102a44x_out ; x
400 = 2 ‘ i | 3 % | L]
] | e I~ - 12 ol
30.0 | | aim | 1.0 — =
200 — L_| ] __,-/ | | = [

5 100 1 : 2 1 ; : 06
i \ / i PR N Ny
= | Comparison of forces: F g 00 ‘ :
= ;10-07 | . o] o gi_ _/‘ _//
el / dominates below Fr, Py ‘
£0.0 — 08 / | :
70.0 -1.0 —
N iﬂlﬂf 1.0k 100k 100 0k 10M BOM 12 T T T T
/ ) Frequency P:‘ ) / 05m  1.0m  15m T'Z-l]m() 25m  30m  35m  40m
- ime (8]
Displacement magnified to show - . .
low freauency pole-zero bair Time domain responses to pulse train
quencyp par. (20s at 50% duty cycle) scaled to
. 1ms:10s.
*  Register free at https://explore.partquest.com/
*  Open a copy of my test bench at * Download and install free copy of LTspice from
*  https://explore.partquest.com/groups/norms- https://www.filehorse.com/download-Itspice/
workspace/designs/piezo-demo * Email me at normelias@outlook.com to request copies
*  Follow instructions to run simulations, save your own of the LTspice schematic.

copy of the model.
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Hardware Emulator Based on the V/P Transfer Function ?

2 d 2
(ssEmsz+ssEkvs+Cp) <1+sr(1— d33 /ssE)) V+Cp< 33E >er= sPAd33t
€s
2
E..2..E _ds3? _ _ . (d33
(ss ms“+es kvs+Cp) <1+sr(1 /ssE)> V =sPAd33t Cp< o<E >er
dz3 2 i
sPAd3zT  — cp< SSE >srv The extra term in

red represents...

(esEms2+esEkys+Cp) <1+ se(l- d332/£SE) ) ...negative FEEDBACK!!

2
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L Tspice Equivalent Circuit Viewed as
A Generalized Butterworth - van Dyke Resonator

.params epsrel=4.52 5_E=9.7e-12

.params d33=2.3e-12 diameter=0.218 .ac dec 100 Zm 10Meg

.params  eps=epsrel*1e-9/(26%pi) Area=pi*(0.5% diameter®0.0254)%*2

.params f_min=0.01 f_res=500K sensitivity=1.45e-6 LIB b

.params  w_min=2*pi*f_min w_0=2%pi*f_res . opamp.su

.params linearity=0.05 zeta=0.02 tscale=1.0

.params  kmin=sqrt{((1-linearity)/linearity)* [(1-linearity)/(2-linearity)))

.params kappa_sq=(d22/eps)*(d22/s_E) tau=kminfw_min

.params Cp=Area*d33/sensitivity Rleak=tau/Cp

.params mvalilft(eps*w 0"ll)’(s_E.pr)-(d33’w_l}“Z)’(dSﬂCp))

params Kv=2"zeta™w_0"mwva - = - -
Parame E V2F0-(Coleps)*(d33/5_E) E Fav-0-d23/Cp Electrical analog equivalent circuit
.params Cb=eps*(s_E/Cp)+d33 Cc=(Cp+d232)

.params C_sop=Cb*Cc-d33*(Cb+Cc) C1=0-C_sop/d33

.params C2=C_sop/Ch ‘.............B-—-E'._snnf&.... 'TETTTTR
*
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.
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Summary

Express model equations in terms of datasheet specs

o Start with Mechanical structure + IEEE std
o Solve for V/Pressure
o Match Low Freq, mid-band, High Freq to datasheet

Three ways to implement the equations

o Direct in VHDL-AMS (PartQuest Explore online)
o Analog equivalent circuit (Download LTspice)
o Active filter stages (Potential Hardware Emulator)

Models Voltage, Current, Displacement, Forces

Generalizes Butterworth-van Dyke Resonator Model

Thanks for listening
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The remainder of this powerpoint presents details of the

model derivation and outlines key observations that do not
fit well within the body of the slide show.




Addendum

Model Derivation:

On the mechanical side, the structure includes the piezoelectric element, a diaphragm to deliver the pressure
uniformly to this piezoelectric element, and an inertial mass to stabilize the structure. There is also a spring
structure to absorb the applied force, however the derivation is greatly simplified by subsuming that spring
into the mechanical resistance of the piezoelectric element. Under that assumption, I'll introduce the following
Laplace-transformed equation for the mechanical front end

PA+ (ms® +k,s)X + f, =0 [2]
where X is the displacement caused by the applied pressure and f; is the resistive force of the piezoelectric
element.

The remainder of the model 15 a two-port linking the mechanical side to the electrical output of the pressure sensor. IEEE
standard 176-1987 (See Standards Commuttee of the IEEE Ultrasonics, Ferroelectrics, and Frequency Control Society,

1987) provides a linearized model of the two-port model for small signal. In terms of Figures 3 and Figure 4, the two-port
equations are

X =sEX, fzp + dasV {Converse Piezoelectric Effect) [34]

Q = dss fy + C,V (Direct Piezoelectric Effect) [3B]
where V is the voltage difference between the metal plates at either side of the piezoelectric element, Q is the
net charge on those plates, and C, = Exi,, is the formula for a parallel plate capacitance (neglecting fringing

effects). The other terms in these equations are physical characteristics of the piezoelectric crystal, viz.,

s* : Compliance in meter” newton = 9.7e-12 for quartz
dys : piezoelectric charge constant in coulombs/newton = 2.3e-12 for quartz

£ : Permittivity (in coulombs/meter?) = 4.5 * £, = 1E-9/8m, where £; is the permittivity of free space

October 18, 2021 Norman Elias
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Model Derivation: (Continued)

We can assign values to the coefficients in Equations [2] and [3] by deriving the transfer function and comparing it to
Equation [1]. This 1= done by using Equations [3] to express X and f; as functions of V. Taking the derivative on both
sides of [3B] and invoking Laplace transforms.

sQ = dgzsF, + CsV = R
LE
where Ry ¢ 1s the leakage resistance that terminates the electrical side. Solving for sF,.
sFp= —;—Et{l-l'ST]V

sV

[4]
where T 2R C,
If we differentiate [3A] we can substitute [4] to get
Xo/ C
X=— E—(—P 1+ v)+ dasV
5 Sy Tyt (1+sT) 33
and by recognizing C,, = Exiu we get
3
s¥= - % (1+sT,)V
; [5]

where T; 27T ('l— d—yE:]
ES
Next, we substitute [4] and [5] into Equation [2] and rearrange to get the transfer function.
v _ Adgg T
P esf(me thys)(1l+sry)+C(1451)

October 18, 2021 Norman Elias 21



Model Derivation: (Continued)

Table 1 compares Equations [6] and [1] over two frequency ranges to assign numerical values to the physical parameters

in [6]
Frequency Eange | From Equation [1] From Equation [6] Parameter Assignments
_ 5 I:k-=-i=';'ru_.,m_"} sensitivity Erlﬂn'_i_l § oy T= k.:.i:.;."m. [74]
Low to Mid-Band T L e g o
1 + 5 [Henin —_ _ Ady,
l'- P 'I] LT s G = ! sensitivity  [78]
Iy C
- o P o
High (5 ) sensitioie e " arE g U
12 N (eef —d, 7} (e —dy; 7} o 2ZC
(1%, ) + 2[5 ) 1] ( 2 mst 4= 8 ks + 1)1+ 21} o P -
A ! C t ! ky Wies® —dys 7 70l

Table 1 Datasheet Parameter Assignments

To summarize, the equations that define the piezoelectric pressure sensor are as follows (expressed in the time domain)
for an applied pressure P, a displacement X, an output voltage V, and a leakage resistance terminating the electrical

output.
d*X dx
Pﬂ+lnﬁ+kva + fP:D [BA]
est
X= C—fp + dasV [8B]
P
dQ Cp .
Q=dsz f; +C;V, Fri —TIr [8C,D]

where the parameters are defined by Equations [7].
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Equivalent Circuits and SPICE-Compatible Structural Models:

In the absence of a hardware description language, the pressure sensor must be modeled as an equivalent circuit. The
most direct approach is to base the model on the structure of the device'. For SPICE and SPICE-compatible circuit
simulators, this means realizing Equations [8A-D] as R-L-C circuits including electrical analogs for the mechanical portions
of the model’. For this purpose, I've chosen voltage (the "across” quantity) as the analog of force and current (the
“through” quantity) as the analog of velocity so that Table 2 governs the mechanical portions of the model.

Mechanical Electrical
Across Force Voltage
Through Velocity Current
Mass F = m d(velocity) /dt V= mdi/dt
Viscous Damping F= k, *velocity V=K%
Spring displacement =F/k, i=[1/k) dv/dt

Table 2 Electricol Analog for the Mechonical Portion of the Mode!

Equation [8A] defines the mechanical front end in terms of the piezoelectric sensor's displacement. Using Laplace
transform notation, Equation [9] expresses the same relation in terms of velocity.

Pressure + Area + s mvelocity + k, velocity + f, =0 [9]
For the conventions in Table 2, Equation [3] represents the series R-L circuit shown in Figure 7A.

Equations [8B-D] define the two-port in terms of displacement and stored charge. Equation [10a and b] expresses these
relations in terms of velocity and current.

o
T '.“h' = —_ o— — —
M ticals] LT T o+ + + +
= +
Fifersn (hrus}
Pt @ S F. v
. o F, v i
¢, = ] ] .
A) Mechanical Front End B) I1 section C) Equivalent T

Place holder for Figure 7 caption

Meeds a block to represent the two-port.

23
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velocity = s (:L:]—ZJ F, + sd3sV [104]

8 = sdya f, +5C.V [10B]
These equations define the capacitive N section shown in Figure 7B. The capacitances are as follows®
CA=-d33
c
CB=(Z%)+d33 [11]
CC=C,+d33

Figure 7C shows an equivalent capacitive T section from which the displacement can be extracted from the voltage
across C1. As discussed in the Observations to follow, the T section quantifies the decision to neglect physical springs in

the mechanical structure. Clearly, that assumption is valid provided the spring constant (stiffness) is significantly less
than 1/C3. The T-section capacitances are as follows.

CACBE+CECC+CCCA

Cl=
CA
CACB+CBCC+CCCA
C2= = [12]
CACB+CBCC+CCCA
C3i= o

Figure 8 shows the completed model as implemented in LTspice. It includes the amplifier typically added to buffer the
output voltage. The text added to the schematic defines the model parameters and incorporates Equations [7a-d] as

well as the above capacitance expressions into the model. Appendix B contains a spreadsheet calculator that computes
model components from the data sheet parameters.

Electrical analog equivalent circuit

e dec 100 2m 10Meg LIB opampsub

params epsrel=4.52 s_E=59.7e-12 i

params d33=2.3e-12 diameter=0.218 Lomsss  R_vdamping

params  eps=epsrel®1e-9/{36%pi) Area=pi® (0.5 dlameter® 0.0254)**2 AT AN,

params f_min=0.01 f_res=500K sensitivity=1.45e-6 {Mvaltiscats} (0950w}

params _ w_min=2*pi*f_min w_0=2"pi*f_res o - -

.params linearity= l:ll.lillﬁ zeta=0.03 tscale=1.0 = -} _| i

params  kmin=sqrt(((1-linearity}/linearity)* ({1-linearity)/(2-linearity }}) |Pfar:

params kappa_sq={ BIaps}'[dE.'!-.fs E} tau—lumnhr min Erassure - = €1

params Ep—ﬁna'd&&fﬂrﬁ ivity eak=ta {Area)

params nwa[—:lf[[m w_0**2)*(s_EfCp)- [dES*w U"!]*{d&aff.'p]‘i T

params Kv=2*zeta*w_0%mval Tt -

params E_V2F=0-{Cpleps)*(d33/s_E) E_F2V=0-d33/Cp o

params Ch=aps* [hs E-'Cp}*:i:"-!ci ) &-[Cp*dz.?-}ﬂ

Jparams C_sop=Ch*Cc-d33 +Cc C1=0-C_sop/d23 L\_t“": —F {escale®C1} Cdinplanmes

params C2=C_sop/Ch C2=C_sop/Cc L T;.'-" R s TEP’ .Y L o .
E_Fm E F1

# Megative valued capacitances are acceptable except for Cp because none of the other capacitances represent physical capacitors.

Referring to the mechanical analog, a8 negative capacitance models a spring under tension rather than compression.

24



Test Results and Confirmation of the LI spice Model:

To confirm the LTspice model, AC simulations were run for two significantly different sets of parameters, both
selected from the PCB Piezotronics web site. Figures 9 and 10 confirm that the model successfully reproduces
the frequency responses specified for these two pressure sensors.

MODEL: 113B26

Flatinum Stock Products;High frequency ICP® pressure sensor, 500 psi, 10 mv/psi,
b agm) accel. comp,

- PigzoP ressureSensonass

w Measurement Range: (for £5V output) 500 psi(3450 kPa) 1000 ————
Sensitivity: (£10%) 10 mv/psi(1.45 mv/kPa) ] ! 3
 Low Frequency Response: (-5%) 0.01 Hz 100!
Resonant Frequency: >=500 kHz{>=500 kHz) 101' -
 Electrical Connector: 10-32 Coaxial Jack ]
 Weight: (with clamp nut) 0.20 02(6.0 gm)

e

(MR i

1Hz 10Hz 100HZ 1KHz 1EI'U-II'IHKH!1HIIZ 10MHzZ

. I I
B il ™
10mHz

I -

Figure 9 LTspice Simulation of PCB Piezotronics 113626 Pressure Sensor Freguency Response
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http: / /www.pcb.com/nx/search-results?q=105C02

MODEL: 105C02

subminiature ICP® pressure sensor, 100 psi, 50 mv/psi, (0,099 dia. d 0-32
mitg thd

- PiezoF ressurebensor.asg

» Measurement Range: (for £5Y owtput) 100 psi(630 kPa)
= Sensitivity: (-40 to +20%) 50 mV/psi(7.3 mV/kPa

= Low Frequency Response: (-5%) 0.5 Hz

» Resonant Frequency: >=250 kHz{>=250 kHz)

= Electrical Connector: 5-44 Coaxial

= Weight: 0,055 02(1.56 grm)
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Figure 10 | Jspice Simulation of PCB Piezotronics 105002 Pressure Sensor Frequency Response




