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1. About This Tool
1-1. Outline

»
muRata P

INNOVATOR IN ELECTRONICS

The SimSurfing NTC Thermistor Performance Simulator (hereafter called “this software”) is software
for simulating the output voltage versus temperature characteristics.
Each graph of the output voltage characteristics of the specified circuit, the output voltage error and

the temperature error are displayed.
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1. About This Tool mulRatla ‘
1_2. Main FunctiOnS (1/2) NNOVATOR IN ELECTRONICS

® Regarding the grounding circuit of the NTC thermistor and that of the resistor, the output voltage
characteristics can be simulated.

<Example of circuit>

SR E
Tt ay

NTC
NTC

NTC

NTC

L

@ In the default simulation, [Output Voltage (output voltage)], [Voltage Error (output voltage error)] and
[Temperature Error (temperature conversion error)] are displayed as graphs.
® In addition to the above 3 graphs, the following graphs can also be displayed.
« Vout Gain (output voltage per unit temperature)
+ Self Heating (self-heating)
« Output Voltage Approximation (approximate value of the output voltage)
* Appropriate Vout Error (error in the approximate value of the voltage)
« Approximate Temp. Error (error in the approximate value of the voltage (temperature conversion ))
+ Temperature Approximation (approximate value of the output temperature)
» Approximate Temp. Error versus Vout (error in the approximate value of the temperature)
« Approximate Temp. Error (error in the approximate value of the temperature (with respect to the
temperature))
® The characteristics data of each graph can be saved as a CSV file. Also, it can be printed out.
® Multiple circuits (Circuit O + Circuit 1 + ...) can be simulated simultaneously, and also the results can
be compared under each set of conditions.

® The recommended value of the voltage dividing resistor can be calculated. 4
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INNOVATOR IN ELECTRONICS

2. Quick Operation Guide
2-1. Simulation Graph Display

® Start the software, then select (1) item No. and (2) circuit diagram, and click (3) [ » smuser |
the screen switches over, and, as shown on the next page, graphs representing the results of

simulation are displayed.

@ | NTC Thermistor Performance Simulator - |

for

(NTCTh

licati \ NTC Thermistors for automotive + high reliability application(Meet AECQ-200)

[FENTTEIM search/view

Window

Preferred Numbers

Murata website

Version  Site Policy

Privacy Policy

" R1 ) Search Function On/Off Stock Check i Contact us it}
(2) - v Select P/N : NCP15XH103F03RC (iWhereliolrr)
Part Number Spec Application @ Size Code[mm/inch] R_25[kohm] R_25 Tolerance [%] B [K] B Tolerance[%]
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(3) NCPO3WBA73FOSRL [Mas) 0603/0201 47 1 4050 1
NCPO3WB473105RL [Mas) 0603/0201 47 B 4050 3
[~ NCPO3WFL04E05RL [Mas) 0603/0201 100 3 4250 1
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NCPO3WF474F0SRL [Mas] 0603/0201 470 1 4250 1
NCPO3WFES3IENSAL [Mas] 0603/0201 &8 3 4250 1
NCPO3WFES3FOSRL [Mas] 0603/0201 &8 1 4250 1
NCPO3WFES3I05RL [Mas] 0603/0201 &8 s 4250 1
NCPO3WL104E05RL [Mas] 0603/0201 100 3 4435 1
NCPO3WL104J05RL [Mas] 0603/0201 100 s 4435 1
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NCPO3WL224J05RL [Mag] 0603/0201 220 s 4435 1
NCPO3WL47IEOSAL [Mag] 0603/0201 47 3 4435 1
NCPO3WL473I05RL [Mas] 0603/0201 47 B 4485 1
NCPO3WLE53E05RL [Mas] 0603/0201 &8 3 4485 1
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NCPO3XH103FO0SRL [Mas] 0603/0201 10 1 3380 1
B L] P an < 2=an B -
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2. Quick Operation Guide muRata
2-2. Overwriting Graphs

® The circuit diagram and the parameters of the NTC thermistor are displayed on [NTC Thermistor
Simulation] (the parameter values can be changed).

® Click +/, then select a different circuit diagram or a product using the same procedure as that
indicated on the previous page and click E] the results of simulation of the different circuit are
added to the existing graphs, enabling a comparison to be made.

Simulation
parameters

NTC Thermistor Simulati
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2. Quick Operation Guide muRata

2-3. Comparison and Output of Simulation

® By changing the conditions of Circuit O, Circuit 1, ..., the results of each simulation can be compared
with each other on the same graph (after changing the conditions, click E] ).

® You can save a curved line on a graph to a text file (CSV format).

® You can print out graphs.

<An example of comparing 2 simulation results>
(&g [ NTCH—= 258z 21—5 -
( NTCH—=AL(BEZHg®) )| NTCY A5 (SEHE1T - EHAR. AECQ-200%H)

NZ17) EiEZ=Ee ] o] BEBE LASHITIGA - Ji—TaARE  Site Policy  Privacy Policy

NTC Thermistor Simulation

circzito circzitl Output Voltage - x R-T Curve of Thermistor(reference) - X
in n
=+ A i —_
E] Vaut Waut 38 = 20000
—
- b |
[
S ™~ = 12000
= < & \ T \
Compare Mode Center || Diff [ center [ Diff g 18 3 3 o000
. s
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vin[v] 3 3 o ‘“\hh\
—— 0.8l e il ~L
Vin Tolerance %] 0 0 -40 0 40 a0 120 160 -40 40 80 120 160
R1 Recommend [kohm] @)  |200.364 42335 Temp.[degC] Ambient temperature[degC]
R1 [kohm] 5.2 6.2 —_— —_—
R1 Tolerance [%] 1 1 | = ” @ ” % ” - ” =] | | = ” @ ” % ” - ” =] |
R1 TCR[ppm/deaC] 200 200
R2 [kohm] Voltage Error “ % Temperature Error e
R2 Tolerance [%4]
— 0.1 — a7
R2 TCRIppm/deat] o — T—T7
R3 [kohm] . i o
- - = 67
R3 Tolerance [%)] %_ -0.3 g
R3 TCR[ppm/degC] th.l -0.5 g a7
Thermal Diss pation Constant C[, ) = 0.7 E o7
[mW/degC] 2 08 a
NTC P/N NCPOZWF4T4FOSRE b [NCPOWF104E05RL » 11 s 7 - —
R_25 [kohm] 470 100 1. . 13
R 25 Tolerance 40 0 4 8 120 180 40 0 a0 80 120 180
You can save the results Temp.[degC] Temp.[degC]
in text format. _ _ : - —
- = 8lx]elg) (=]e%Jela]
= You can print out the simulation

conditions and results.
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3. Details of Operation
3-1. Selecting the Desired Type of NTC Thermistor

INNOVATOR IN ELECTRONICS

® You can select an NTC thermistor for general use or an NTC thermistor for automotive.
By clicking [NTC Thermistors for consumer application] or [NTC Thermistors for Automotive « high

reriability application(Meet AECQ-200)], the type of thermistor is switched over.

(NTC Thermistors for

r appllcatlﬂn

NTC Thermistors for automotive + high reliability application(Meet AECQ-200)

[CETITET M search/view

NTC Thermistor Simulation

hm\ Murata website Version Site Policy Privacy Policy

id
*

*

HH

E circuitd
Win
Ri
Waut

MNTC

Compare Mode

Center Diff

»
muRata P

( NTC Thermistors for consumer application | NTC Thermistors for automofive « high reliability application(Meet AECQ-200)
CETTEIM Search/View  Window  Preferred Numbers  Muratawebste  Version  Sie Paliy

Privacy Policy

Approximation on foff
Vin[Vv] 3

Vin Tolerance[ %] 0

R1 Recommend [kohm] g |4.643

R1 [kohm] 6.2

R1 Tolerance [%) 1

R1 TCR[ppm/degC) 200

R2 [kohrm)

R2 Tolerance [Y%]

R2 TCR[ppm/degC]
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8




3. Details of Operation muRata

3_2. SeIeCtIng a SImUIation CirCUIt INNOVATOR IN ELECTRONICS

® Select the item No. and the circuit diagram.
You can select up to 10 circuits (a resistance grounding circuit, 2 NTC thermistor grounding circuits,
and 5 circuits at the resistor insertion positions).
After making a selection, click . The simulation results will be displayed on a graph.

(HTC Thermistors for consumer application\] NTC Thermistors for automotive + high reliability application(Meet AECQ-200)

Manual Search,View Window Preferred Mumbers Murata website Version =0 O O O O O
v'| Search Function On/Off o o
(]
Vout o £ = =
Select P/N : NCP15XH103F03RC Items 216 E Z o o
Part Number Spec Application @ Sigs” % =
Part Number Search (/| (seject A U
el
v Consume % =
Clear 7
Conditions O e — 0 —0
3| nces 0402/01005 L L 1 % i 1
NTPOZW F474F05RH 0402/01005
NCPOZWFES3FOSRH 0402/01005 o Q
NCPOZXH103FO5RH 0402/01005
NCPO3WB473E0SAL MAB| 0603/0201 %
NCPO3WB473F0SRL MAB| 0603/0201 o
P> Simulation ‘ NCPO3WB473105RL mas] 0603/0201 o
9 NCPOZWF104E05RL MAB| 0603/0201
NCPOSWF104FOSRL : 0603/0201 O
as) / 5 0
1 = el
NCPOIWF104105RL MAB| 0603/0201 £ o
NCPO3WF333E05RL m 0603/0201 =
NCPO3WF333J05RL MAB| 0603/0201
NCPOZWF474F05RL MAB| 0603/0201
NCPOZWFEE3EQSRL MAB| 0603/0201 1 1 1
NCPO3WFE83FOSRL MAB| 0603/0201
NCPOZWFE33I05RL MAB| 0603/0201 68 5
nnnnnnnnnnnnnnnnnn o P ] 4o -

9
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3. Details of Operation

3-3. Changing/Setting the Simulation Conditions (1/7)

»
muRata P

NNOVATOR IN ELECTRONICS

® You can freely change each item in the [NTC Thermistor Simulation] window.

NTC Thermistor Simulation

[ circuito
Win
> + .
Vaut
‘ } ‘ ‘ ‘: J WTC
Compare Mode Center | | Diff /
Approximation an foff /
vin[v] 3 /
Vin Tolerance[ %) 0 /
R1 Recommend [kohm] @)  [4.643 [
R1 [kohm) 6.2
R1 Tolerance [%] 1
R1 TCR[ppm/degC) 200

R2 [kohm)

R2 Tolerance [%]

R2 TCR[ppm/degC)

R3 [kohm]

R3 Tolerance [%]

R3 TCR[ppm/degC)

Thermal Dissipation Constant C
[mw/degC]

2.5

NTC B/ MCP15XH103F03RC
R_25 [kohim] 10
R_25 Tolerance [%] 1
B 25/50 [K] 3380
B_25/50 Tolerance [%] 1
- < ] = |
| = | | | [ data sheet |

<About the voltage parameters>

Compare Mode (comparison mode)

If you click %

, and then select [Voltage Error] followed by [Diff], the following items will be

displayed (this function can be used only when multiple circuits are selected).
When you remove the Compare Mode check, all of the circuits change to Center (the mode
ceases to be the comparison mode), and the values of each circuit are displayed.

* Vout Error H
*Vout Error L

* Vout Difference+
* Vout Difference

+ Vout Difference-

Approximation

: Difference between the upper limit value of the output and the output

voltage of Circuit 0 to Circuit n

: Difference between the lower limit value of the output and the output

voltage of Circuit 0 to Circuit n

: Difference between the upper limit value of the output voltage of

Circuit n and the output voltage of Circuit (n-1)

: Difference between the output voltage of Circuit n and the output

voltage of Circuit (n-1)

: Difference between the lower limit value of the output voltage of

Circuit n and the output voltage of Circuit (n-1)

Display/non-display of error graph
(Refer to [3-3 Changing/Setting the Simulation Conditions (6/6)].)

Vin (V)

Input voltage (The initial value is 3 [V]).

Vin Tolerance

Used to enter the input voltage tolerance (the initial value is 0.0 [%)]).

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 2019
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3. Details of Operation
3-3. Changing/Setting the Simulation Conditions (2/7)

NNOVATOR IN ELECTRONICS

NTC Thermistor Simulation

»
muRata P

Ecircuito
Win
> + -
Waut
‘ ’ j ‘ ‘: J NTC
Compare Mode Canter Dif
Approximation an/aff
Vin[v] 3
Vin Tolerance[%:] 0 /
R1 Recommend [kohm] )  [4.643 /
R1 [kohm] 5.2 /

R1 Tolerance [%]

R1 TCR[ppm,/deg)

R2 [kohm]

R2

Tolerance [%]

R2 TCR[ppm/degC)

R3 [kohm]

R3 Tolerance [%]

R3 TCR[ppm/degC)

Thermal Dissipation Constant C
[ fdegC]

2.5

<About the fixed resistor parameters>

R1 Recommend (kohm)

Recommended resistance value of R1

If the lower limit temperature is T1, the upper limit temperature is Th, the output voltage at
temperature T1 is Vout (T1), and the output voltage at temperature Th is Vout (Th), the value of
R1 in the case where the following formula holds will be the recommended value.

R1 (kohm)

Resistance value (R)

The number of resistors selected differs according to the selected simulation circuit (R1 to R3).
The initial value differs according to the selected simulation circuit.

R1 Tolerance (%)

Resistance tolerance (R Tolerance)

The number of resistances differs according to the selected simulation circuit (R1 to R3).
The initial value is 1 (%).

R1 TCR (ppm/deg.C)

Resistor temperature coefficient (R TCR)

The number of resistors differs according to the selected simulation circuit (R1 to R3).
The initial value is 200 [ppm/°C].

J

NTC P/N MNCP15XH103F 2R
R_25 [kohim) 10
R_25 Tolerance [%)] 1
B_25/50 [K] 3380
B_25/50 Tolerance [%c] 1
- = =
| J | = J % data ];;rheet

J

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 2019
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3. Details of Operation
3-3. Changing/Setting the Simulation Conditions (3/7)

»
muRata P

INNOVATOR IN ELECTRONICS

NTC Thermistor Simulation

Fcircuitd
DI
A1
Vaut
‘ ‘: NTG
%] 9]

Compare Mode Center Diff
Approximation anfoff
Vin[v] 3
Vin Tolerance]%o) Li]
R1 Recommend [kehm] @)  [4.643
R1 [kohm] 5.2
R1 Tolerance [%] 1
R1 TCR[ppm/degC] 200
R2 [kohm]
R2 Tolerance [%a]
R2 TCR[ppm,/degC]
R3 [kohm)
R3 Tolerance [%a]
R3 TCR[ppm,/degC]

Thermal Dissipation Constant C
[ deqC]

2.5

=

NTC P/ N-C.F'15>CH1E-3FD3H-*
R 25 [kohm] 10 \
R_25 Tolerance [%)] 1 \
B_25/50 [K] 3380
B_25/50 Tolerance [%a] 1
- < =
| } | - ] { data :Lheet

<Setting the parameters>

+ Thermal Dissipation Constant

Heat dissipation constant. The initial value is calculated based on the assumption of 3 mw/°C
(assuming surface mounting of the NCP15 Series).

Heat dissipation constant depends on the size of the NTC element.

Please change the heat dissipation constant as follows depending on the element size.

Series Heat dissipation
constant [mW/°C]

NCPO2 Series 2
NCPO03 Series 2
NCP15,NCU15 Series 25
NCP18,NCU18 Series 3

)

12
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3. Detalls of Operation muRata P
3-3. Changing/Setting the Simulation Conditions (4/7) ="

NTC Thermistor Simulation
Fcircuitd

>+

Vaut
‘ ‘: WTC
% |9
Compare Mode Center Diff
Approximation anfoff
Vin[v] 3
Vin Tolerance]%o) Li]

R1 Recommend [kehm] @)  [4.643

R1 [kohm] 5.2
R1 Tolerance [%] 1
R1 TCR[ppm/degC] 200
R2 [kohm]

R2 Tolerance [%a]

R2 TCR[ppm,/degC]

R3 [kohm)

R3 Tolerance [%]

R3 TCR[ppm,/degC]

Thermal Dissipation Constant C

[mW/deaC] 2.5
NTC P/ MCPISXHIDIFIIRC b | | «Pgrameters of the selected thermistor>
R_25 [kohm] 10
R_25 Tolerance [Y] 1 \\ . NTCPIN
— = Item No. selected from the item No. list
B_25/50 Tolerance [%)] 1 Below this item No., R25 (kohm), the resistance tolerance, B (25/50) (K), and the B
| J | - ] [ = | = ] constant coefficient tolerance (%) of the selected item No. are displayed.
= | data sheet |

13
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3. Details of Operation

3-3. Changing/Setting the Simulation Conditions (4/6)

»
muRata P

INNOVATOR IN ELECTRONICS

® You can change the settings of the graph parameters and the displayed graph by clicking @

NTC Thermistor Sim
>| [ +]
9

Setting

Parameter

Temp_L[degC]
Temp_H[degC)

Grapih
Output Voltage
Voltage Error
Temperature Error
[] Seif Heating
[ voltage Gain
R-T Curve of Thermistor(ref)
[J Wout Approximation
Degree [ 1 2
|:| Temperature Approximation

Degres | 1 w |

<Setting the parameters>

* Temp L[deg.C]

Lower limit temperature (Temp L).

« Temp H[deg. C]

Upper limit temperature (Temp H).

14
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»
3. Detalls of Operation muRata P
3-3. Changing/Setting the Simulation Conditions (5/6) ™"

<Graph parameters (1/2)>

» Outline Voltage

. ) Output voltage. When this item is selected, the following items are displayed.
NTC Thermistor Simi

* Vout_typ : Output voltage at Circuit 0 to Circuit n
p ] ‘ -+ } * Vout_max : Upper limit value of the output voltage at Circuit 0 to Circuit n
*Vout_min : Lower limit value of the output voltage at Circuit O to Circuit n
\a | » Voltage Error
Output voltage error graph. When you select [Diff] in the [NTC Thermistor Simulation] window

and then select this item, the following items are displayed.

Setting X *Vout Error H : Upper limit value of the output at Circuit O to Circuit n
Parameter *Vout Error L : Lower limit value of the output at Circuit O to Circuit n
* Vout Difference+ : Difference between the upper limit value of the output voltage at
Eme-HeE Circuit n and the output v?)ﬁage at Circuit (n-1) P ’
Temp_H[degC] - Vout Difference  :Difference between the output voltage at Circuit n and the output
Graph voltage at Circuit (n-1)
Output Voltage * Vout Difference- : Difference between the lower limit value of the output voltage at

Voltage Error Circuit n and the output voltage at Circuit (n-1)

Temperature Error

* Temperature Error

[] self Heating
Temperature conversion error graph. When you select this item, the following items are displayed.

[ voltage Gain

R-T Curve of Thermistor(ref.) * Temperature Error L at Circuit 0ton : temperature conversion graph of Vout Error L
O Vout Approximation * Temperature Error H at Circuit 0 ton : temperature conversion graph of Vout Error H
Degres(1 v * Temp Difference+ : Value resulting from the conversion of [Vout
(0 Temperature Approximation Difference+] into the temperature at Circuit (n-1)
Degree(1 v/ * Temp difference : Value resulting from the conversion of [Vout
Difference] into the temperature at Circuit (n-1)
* Temp Difference- : Value resulting from the conversion of [Vout
Difference-] into the temperature at Circuit (n-1) 15
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»
3. Detalls of Operation muRata P
3-3. Changing/Setting the Simulation Conditions (6/6) """

<Graph parameters (2/2)>

» Self Heating
Self-heating graph. When you select this item, self-heating (Self Heating [°C]) at Circuit 0 to n is

displayed.
h ] ‘ + } * Voltage Gain

Graph of output voltage per unit temperature. When you select this item, the output voltage per
unit temperature (Vout Gain [mV/°C]) at Circuit O to n is displayed.

NTC Thermistor Sim

N

* Vout Approximation
Graph indicating approximate value of the output voltage. When you select [Approximation] in the

Setting X [NTC Thermistor Simulation] window and then select this item, the following items are displayed.

Parameter

Temp_L[degC]
Temp_H[degC)

Graph

Output Voltage

[ oltage E i [
9 Voltage Error + Temperature Approximation

TEmperature Srrer Graph indicating the approximate value of the temperature versus the output voltage. When you
() Seff Heating select [Approximation] in the [NTC Thermistor Simulation] window and then select this item, the
[ Voltage Gain following items are displayed.

R-T Curve of Thermistor(ref)
[J Wout Approximation
Degree |‘1 w |

|:| Temperature Approximation

Degres | 1 w |

16
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3. Details of Operation
3-4. Saving a Text File

»
muRata P

NNOVATOR IN ELECTRONICS

You can save data in the CSV format.

(Bing ) [NTCH—= 258 =21 —5 v

(NTCH—SZS(BEMR) ) NTCH—= 245 (Sitt - S

N1 7). B RS L P ] BT ASEIT
NTC Thermistor Simulation
Facircuito
Compare Mode Center Diff [ Center Diff
Approximation [ on/off [Don/off 40 |Result
Vin[v] 3 3 41 | Termplde g.CVout_minly Vo ut_typlv Vo ut_ma[y Vo ut_Ermor-Vout_Error Temp Error Temp ErrorSe FHeating Vo utGainln Output Vol Approximat Approximat Temperatu Approximate Temp, Error
- 42 —-20 1577058 14628314 1679724 -005175 00509 0102822 1217465 -0M135 -391082 -19.1082
Vin Tole 1 0 0 4 -19 1532335 1591357 1642126 -005152 0050763 -1.35746 1377617 0103302 3730076 1203838 -038747 103602 -367222 -177:222
k1 Becommend [Tkohm] 0 200364 42 335 44 -18 1502788 1554015 1604579 -005123 0050865 -1.35715 17374875 0103552 3725813 1190312 -03637 9761687 -343433 -16.3433
_ _ 435 —17 1465866 1516841 1587128 -005088 0050288 -1.35648 1372332 0103674 37072 1176736 -034011 9174183 -3189753 145753
R1 [kohm] 6.2 6.2 46 —16 142841 1479871 152983 -005046 004896 -1.35582 1369522 0103660 3654558 1163158 -031671 08585633 -296202 —13.6202
R1 Tolerance 1 1 47 -15 1383155 14435 149272 -004888 004857 -1.35345 1365023 0103538 3662515 11406583 -028357 BO1544 27281 12281
RLTCRID 200 200 48 -14 1357155 140662 1455742 -004947 0040122 -135085 1360282 0103235 3636379 1136007 -027061 7441833 -249539 -109530
= 49 -13 1321544 1370422 1419088 -004838 0048636 -1.35064 1357385 0102013 36000923 1122431 -024795 6586854 -22648 -964804
R2 [kohm] 50 —12 1288338 1334602 1382684 -004826 0048082 -1.34981 13548684 0102426 3562126 1108854 -022575 6337437 -203662 -0.36619
R2 Tolerance [! 51 —11 12515986 129918 1346666 -004758 0047486 -1.34925 1352026 0101828 3519443 1095278 -0203% 5783581 181087 710872
R2 TCRID 52 -10 1217328 1264213 1311042 -004688 0046828 —1.34671 1348305 0101125 3477306 1081702 -018251 5248639 -158822 -588224
— 53 -0 1183485 1223634 1275774 —004615 004614 -1.34414 1344374 0100318 3432700 1068125 -016151 4704979 -136735 -467%44
R3 [kohm] 54 -6 1150194 1195559 1240071 -004537 0045412 -134288 1341515 Q08945 338164 1054545 -014101 4168855 -115088 -35088
55 =7 1117455 1162001 1206656 -004455 0044655 -134218 1338878 0088422 3327071 1040873 -012103 3637674 -837108 -237108
56 —6 1085318 1128017 1172881 —00437 0043864 —1.34103 1335988 0087344 327089 1027387 -010162 3106823 -7.26985 —126385
57 -5 1053748 1086583 1.13%632 -004284 0043048 —1.338 1332423 0086187 3214891  1.01382 -008276 2574277 52038 -02038
2 2 ~ 58 -4 1022765 1064713 1106019 -004185 0042202 -1.33606 1328065 0094855 315653 1000244 -006447 2042543 -317389 082611
59 -3 08924 1033452 1.074734 —-004105 0041331 -1.33533 1326325 0093656 3085213 0936668 -004673 1511518 118223 1517772
MCPO2WF4T4FO5RE & 60 —2 0862687 1002813 1.043261 -004013 0040447 -1.33366 1323069 0082285 3032811 0873091 -002972 0980008 0769566 2769566
R_25 [kohm] 470 61 -1 0833615 0872786 1.012356 -003818 003856 -1.33285 1320203 0080878 2967857 0858515 -001328 0447487 2681724 3681724
- 62 0 0805208 0943456 08982081 -003825 0038634 -1.33086 13174198 0089413 2303408 08545338 0002483 -008551 4550763 45507463
25 Tolerance [%] 1 63 10877408 0914723 08952429 -003732 0037701 -1.3274 1313857 0087001 2840214 08532363 0017635 -06208% 633081 538081
4 2 0850303 0886652 0923444 -003635 0036792 -1.326692 1310606 003635 2773211 0818786 0032134 -115875 8169337 6169337
65 3 0823872 0858264 0885132 -003539 0035868 -1.32588 1308275 0084768 27056253 0850621 0045846 -1 69841 95914018 6914018
66 4 0788087 0832547 0867459 —003446 0034813 —1.32336 1306188 0083157 2638178 08591634 0058087 —22386% 1161586 7615564
= l = ] 67 5 0772893 08065 0840481 003351 0033881 -1.3208 1302376 0081523 257276 0878057 0071557 -278134 1327519 B275180
data sheet ] 68 6 0748525 0781082 0814148 —003257 0033057 —1.31856 128802 007087 2507016 0864481 008335 -3.32625 1489370 8053786
69 7 0724743 (75636 0788506 —-003162 0032146 -13181 1206433 0075203 2438792 0850305 0004545 -387671 1646025 946325
70 8 07015058 0732316 0763516 -003072 00312 -1.31503 128475 0076528 2372552 0837328 0105013 -442608 1300093 1000093

You can also do this by using the icons in each graph. mmp | = || & | %

(e

) 9]
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»
3. Details of Operation muRata
3_5. Printing INNOVATOR IN ELECTRONICS

You can print out displayed graphs.

i . -
i) wicy 2287221 5 _ <Example of printout screen>
[ NTCH—= XS (BE i) ) NTCH—=A4(SEEM - £5HA Murata Chip Thermistor Output Voltage Simulator Murata Manufactruing Co., Ltd 1 _—=
Y37 ) B =R ) BRBE LS5O
Gron > et
NTC Thermistor Simulation E
Ecircuito Ecircuitl D‘
+ Vin Vin hd
o
A1 At e o
Vaut Vaout e
Rifiaheny
- NTG NTG R Toterance(oe]
% 4: S Tcrtzemiane ) |1
Ratvoten]
2 Toranain
4 < 2 TeRtopmiden €1
Woikohn
Compare Mode Center || Diff [ Center [ Diff .
| Approximation on/off |:| on/off
Win[v] 3 3
Win Tolerance %) 0 0 Out Voltaga
N N cronxnozeosRL reuna vouy L min Clmyp Claeag
R1 Recommend [kohm] @)  [200.364 42335 1
R1 [kohm)] 5.2 5.2 g
3 h,
R1 Tolerance [%) 1 1 =0
. b
R1 TCR[ppm/deaC] 200 200 I
- - kD 20 a0 o
R2 [kohm) Temp.[degC]
R2 Tolerance [%] Voltage Error
- — o 0205 it Vet Ereed Lo [ i)
R2 TCR[ppm/deg _
z o <
R3 [kohm] E -1 |
e & —
R3 Tolerance [%) 5 —
2 poaf—t—
R3 TCR[ppm/deaC] [
000
S FITL o A <! - -20 [ E 100
Whl‘_'m. a.l .L)!sa\patlun Constant C| 5 / Temp.(degC]
[mw/deqC] Temperature Error
NTC P/N NCF‘OEWF474F35R/ 5 2 —T I\CPOTXMIOZEOSRL cround Temmpertuee Ermont [ ] Low [ bighy
Y I I
R_25 [kohm] 470 g i
=
R_25 Tolerance [%] 1 u% 2
B_25/50 [K] 4250 i g —1
= o
B 25/50 Tolerance [%] 1 255 20 30 B0 8 w0
Temp.[deaC]
==
|[ data sheet ][ data sheet ]
htps://ds murata.co.jp/simsurfing/ntcthermistor print html 2018/04/27

You can also do this by using the icons ineachgraph. =y [ = | @ | % | & || 2 | 9

18
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»
3. Details of Operation muRata
3_6. Maklng a Mark On a Graph INNOVATOR IN ELECTRONICS

® By clicking a desired point on the graph, you can mark a point you want to measure. The marked
position can be canceled by clicking again.

Qut Voltage |
008
009 You can move the marking
point by inputting any
number.
(5
= m
‘5 004 Sﬁﬁgﬁﬂﬁ MR 0ECCRD
g Temp.: <10 [der ]
wiout s 00 [
PI:Gircuitd NCP15XGE20E03RG
Wout_rmax
002 ¥Termp. = 18[dez 5]
Yiiout = 0.01[v]
\ N
H 4
click _
Circuit0_ MNP SxCe 2 0ETRG
0 -z0 0 20 40 Gl viout mae a0 100
Temp. [degC] Teme.: &0 [deg 5]
) iout 0004 [4]

19
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This is the end of the operation
manual. To enable maximum usage
of the software, techniques and
detailed descriptions of operation
procedures will be introduced from
the next page on.

INNOVATOR IN ELECTRONICS
Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 23 August 2023



»
muRata P

CO nte ntS INNOVATOR IN ELECTROMICS
page
1. About This Tool
1-1. Outline 3
1-2. Main Functions 4

2. Quick Operation Guide

2-1. Simulation Graph Display 5
2-2. Overwriting Graphs 6
2-3. Comparison and Output of Simulation 7
3. Details of Operation
3-1. Selecting the Desired Type of NTC Thermistor 8
3-2. Selecting a Simulation Circuit 9
3-3. Changing/Setting the Simulation Conditions 10
3-4. Saving a Text File 17
3-5. Printing 18
3-6. Making a Mark on a Graph 19
4. About Circuit Patterns 22
5. Software Use Examples
5-1. circuit that achieves your desired output 28
5-2. Circuit Design That Maximizes Output Voltage Gain Through Arbitrary
Temperature 33
6. Version Confirmation and Contact Method 38
Appendix Preferred Numbers 39 21
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»
4. About Circuit Patterns muRata P
4-1. NTC Thermistor Positions and Output Voltage

There are 10 types of circuit patterns on Simsurfing that are classified under 2 groups
depending on the NTC thermistor position. Furthermore, you can change the output
voltage by adding fixed resistors and changing the resistance value.

? ? Q 0 Q 0 ) 0 0

NTC
NTC
NTC

NTC

O

(1) Position the thermistor between (2) Position the NTC thermistor

=
=
=

NTC | |
o

L
{NTC |

NTE
[WTE |

Vout-GND between Vin-Vout
=Vout-Temp tilt is positive =Vout-Temp tilt is negative
Fcircuit0 Output Voltage
> "t 1
o ) | circuitl
NTC

T
Compare Mode Center Diff E‘ /’
i:}i:xunancn 3 on/off :g? L //
Vin Tolerance] %) 0 . .
R1 Recommend [kohm) ﬂ 12.259 7 ..-"""-" CerU|tO
RI ol 52 -20 0 20 40 &0 80 100
R1 Tolerance [%] 1 TEITIFI [dE‘gC]

22
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4. About Circuit Patterns

4-2. Effects of Voltage Dividing Resistance Value R1

By changing the voltage dividing resistance R1 parameter, the
entire output voltage graph can be moved in the parallel
direction.

NTC Thermistor Simulation

[mw/deaC]

[ circuit [ circuitl [ circuit2
b‘ + Vin Vin Vin
NTC NTC NTC
% ‘j Vaut Vaut Vaut
A A A

Compare Mode []Center Diff Center Diff []Center Diff
Approximation [Jon/off [Jon/off [Jon/off
vin[v] 3 3 3
Vin Tolerance[ %) 0 0 0
R1 Recommend [kohm]@f)  |4.643 4643 4643
R1 [kohim] | IEE | I3 I IM15 I
R1 Tolerance [%a) 1 1 1
R1 TCR[ppm/deqC] 200 200 200
R2 [kohim)
R2 Tolerance [%)
R2 TCR[ppm,/degC)
R3 [kohim)
R3 Tolerance [%a)
R3 TCR[ppm/degC]
Thermal Dissipation Constant C 5t 5t 5t

NTC P/N

NCU1SEXH103FG0RC »

NCU1SEXH103FG0RC »

NCU1SEXH103FG0RC »

Output Voltage

Wout[V)

3

[

P

==

. Ve

1 _R1DC

DWN

N

=20

0

20
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NNOVATOR IN ELECTRONICS
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»
4. About Circuit Patterns
4-3. Effects of Parallel Resistance Value R2 nmRata ‘

By changing the parallel resistance R2 parameter, the tilting of the
output voltage graph can be changed. The higher the R2 value, the
output voltage of the lower temperature side becomes smaller.

NTC Thermistor Simulation
[ circuit0 [ circuitl [ circuit2

\in Win Win
E] MTC R2 MNTC Rz NTC Rz
Vaut Vaut Vaut UUtPUt UE“:EQE
R1 Ri1 R

- — — 3

Compare Mode [ Center Diff Center Diff [Jcenter Diff

Approximation [Jon/off [ on/aff [Jon/aff F#.__"__,
[ 3 3 3

vin[v] _ - - - 2 __ - '__._...--"‘""

vin Tolarancel %]

R1 Recommend [kehm) )  [5.886 5586 5.586 =

R1 [kohm] 6.2 6.2 6.2 [

R1 Tolerance [%4) 1 1 1 } "I

k1 TCR[ppm/degt) 200 200 200

R2 [kohm] 22 22 22 '.-.-_‘_.o" RZ U I:)

R2 Tolerance [44] [l B2 nzz | 51 0

R2 TCR[ppm/degC) 200 200 200
TCR{ppm/degC] /1 -20 i 20 40 &0 80 100

R3 [kohin)

R3 Tolerance [%a) / Temp'[degt:]

R3 TCR[ppm/degC] /

/

*If “0” is input in R2, the resistance value becomes «.

24
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4. About Circuit Patterns
4-4. Effects of Series Resistance Value R3

By changing the series resistance R3 parameter, the tilting of the
output voltage graph can be changed. The higher the R3 value, the
wre AUERUE. V@ltage of the higher temperature side becomes smaller.

Facircuito Facircuitl Fa circuit2
+ Vin in Vin
NTC MTC NTG
R3 R3 R3
% ‘j Vaut Vaut Vaut
R Fil Fil
Compare Mode [Jcenter Diff Center Diff [ Center Diff ﬂutput 'H"DH:EIgE
Approximation [Jen/aff [Jon/off [ on/off
win[V] 3 3 3 9
vin Tolerance[ %) 0 0 0
R1 Recommend [kohm] 9 4.643 .,..--l"""'.-'d
R1 [kohm] 51 51 5.1 - -"""'...
R1 Tolerance [%) 1 1 1 E = /#!
R1 TCR[ppm,/degC] 200 200 200 '5' -_‘__‘J_‘___________
R2 Tkohm) = - =
R2 Tolerance [%) } 1 .-____;.-'""""
R2 TCR[ppm/degC]
R3 [kohm) 0 X 22 5.1
R3 Tolerance [%) 1 1 H R3UF
R3 TCR[ppm/degC) / 200 200 200 _Eﬂ |:| E|:| 4|:| E;D ED -‘I.:.:.
Thermal Dissipation Constagt C
2 2 2
A = Temp [degC]

NTC B/M

MNCUTSXH10IFG0RC »

MCUTSXH103FG0RC »

NCU1SXH103FE0RC » |

*If “0” is input in R3, the resistance value becomes 0.
(Short circuit state)

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 2019
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4. About Circuit Patterns muRata P

4-5. Circuit Pattern Summary ~ oseimons

You can change the outline of the output voltage graph by using the
voltage dividing resistance R1, parallel resistance R2, and series
resistance R3. CP Parallel resistance R2

=Related to the Vout size on
the low temperature side

E 2—-—-“""""—-—__-.'.‘ =
B O| R2 R
Series resistance R3 - i ﬁ P
=Related to the Vout size = o
on the high temperature P empless)

side

Vout[V]

Yout[V]

i Voltage dividing resistance R1

, g —Related to the Vout size

| B . : Rlué/ T

. R3UP AN

=20 a 20 40 &0 a0 100 1

Temp_[degC] L~ | RIDOWN
=1
EE] 0 20 40 &0 a0 100
Temp.[degC]

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 2019
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»
muRata P

CO nte ntS INNOVATOR IN ELECTROMICS
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5. Software Use Examples

5-1-1. Circuit Design Using Series Resistance and
Parallel Resistance

NNOVATOR IN ELECTRONICS

Design a circuit that achieves your desired output using this

software.

-Design Example 1-
Thermistor used :NCP15XH103F

Circuit : right diagram (voltage dividing
resistance R1 + parallel resistance R2)

Operating temperature range:0°C~100°C

Input voltage Vin :1V(assuming there are no
voltage fluctuation)

Output voltage Vout :0.4v@10°C, 0.7v@60°C

Copyright © Murata Manufactur

28
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v
5. Software Use Examples muRata P

5-1-2. Selection of Circuit, Thermistor used

Thermistor used :NCU15XH103F

Circuit :Bottom diagram (voltage dividing resistance
R1, parallel resistance R2)

Operating temperature range :0°C~100°C

Input voltage Vin :1V(assuming there are no voltage fluctuation)

Output voltage Vout :0.4v@10°C, 0.7V@60°C

L » v'| Search Function On/Off [ saveascsv & | Product Detail O
ot
o Select P/N : NCP15XH103F03RC Ttems 1
Part Mumber Spec Application i@ Size Code[mm/inch] F_25[kohm]
Part Number Search [/ (Select All) “ 0 (select AID -~ = 470 kohm
[rx.r_'uu.m|1|_'-_:r| ] ¥ Consumer Electranics ¥ | 0402701005 = kohm
Clear o - .
Conditions ¥ Industrial Equipment ¥ | 0603/0201 = [0.022 | kohm
1 Medcial equipment[GI ¥'| 1005/0402 -
(1)
i # é % MCU15XH103FE0RC E 1005,/0402 10
%I (1) Select a thermistor

(2) Select a circuit
TR 1 (3) Perform simulation

(7

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 2019
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»
5. Software Use Examples
5-1-3. Setting the Operating Temperature, mnRata ‘
Input Vo tage R

Thermistor used :NCU15XH103F

Circuit :Bottom diagram (voltage dividing resistance
R1, parallel resistance R2)

Operating temperature range :0°C~100°C

Input voltage Vin :1V(assuming there are no voltage fluctuation)

Output voltage Vout :0.4v@10°C, 0.7Vv@60°C

NTC Therr _cor Simulation Setting x

Facircuitd Output Voltage
) + Vin Parameter
NTG 2 0.82 —
% Yaut 073 _5_.-: 5
Ri Temp_H[degC] -:-?
Compare Mode Center Diff GI“EIP"I E ,--"Ff
o
Approximation [ on/off 5 053 ;__.,;f”
- Output Voltage B =
Vin[v] 1 ( 1 ) = m_#:-*"
Vin Tolerance[ %) L] Yl 0.42 —=
] \Violtage Error
R1 Recommend [kohm] i)  |5.886 \\M
— Temperature Error 0.33 —=
R1 [kohm] 9.1 ~__ ﬁ_.,_-p\""&bv

RI Tolerance [9a] T eating D.23=
R1 TCR[ppm/degC] 200 ( ( 2) 0 20 40 a0 20 100
R2 [kohm] 22 42 Gain Temp.[degC]

ij :?::I:::LLL ;uu R-T Curve of Thermistor(ref.)

S ema 51 e " (1) Set the operating temperature
['r']‘\f"':’;‘.;ﬂi]"'b'“ﬁt'”” Constant Cl, o ] Te*r.lperature Ap::-r.-;:uximati:u" ra nge

NTC B/N MCUTSXH102FE0RC b Degree | 1 v) (2) Set the |nput VOItage

T — [OK]| (Cancel) (3) Pressing [*] displays the

E jt [1':|].:r.2|‘ut [%] 3330 simulation result .

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 2019



»
5. Software Use Examples
5-1-4. Displaying Multiple Circuits nmRata ‘

Thermistor used :NCU15XH103F

Circuit :Bottom diagram (voltage dividing resistance
R1, parallel resistance R2)

Operating temperature range :0°C~100°C

Input voltage Vin :1V(assuming there are no voltage fluctuation)

Output voltage Vout :0.4v@10°C, 0.7v@60°C

The current R1, R2 does not match your desired Vout.
Press + to display multiple circuits and se2'- 2t 2

NTC Thermistor Simulation

until you find your desired Vout. Garcuitd [ X Gcircuitt
’ + in Win
NTC Thermistor Simulation Win NTC *:F|.2 NTC EEFL?
circuitl [FEY MTC Rz
" ‘ + I > Vaut Waut
JTC A2 R1V'0UI % ‘: B1 =31
% ‘ ‘: ‘ =.'V”“r Compare Mode Center [ | Diff []Center [ Diff
— i? ?__E gq Approximation I onfoft [ on/off
Win[v] 1 3
Vin Tolerance%o) 0 0
R1 Recommend [kohm] ﬂ 5.006 5.006
ot 9.1
; . R1 Tolerance [%u] 1 1
11 R1 TCR[ppm,/degC] 200 200
R2 [kohm] 22 22
R2 Tolerance [%a] 1 1
[ " ] ‘ ‘3 ‘ R2 TCR[ppm/deal] 200 200

31
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5. Software Use Examples
5-1-5. Correlation Between R1 and Output Voltage

Thermistor used :NCU15XH103F
Circuit :Bottom diagram (voltage dividing resistance
R1, parallel resistance R2)
Operating temperature range :0°C~100°C
Input voltage Vin :1V(assuming there are no voltage fluctuation)
Output voltage Vout :0.4v@10°C, 0.7Vv@60°C
Adjust the R1, R2 value referring to the page 25.

In this case, setting to R1=6.2kQ, R2=22kQ will achieve your desired Vout.

NTC Thermistor Simulation Dul:put "u"ultage

Mcircuito
+
ol 2ro 0.27
4: Walt __,.-'J..
A1 0.77 =
= : M2

Compare Mode Center Diff 11 1)

o AR RO E 1 TR "
Approximation [ on/off 0.67— PFYNNCPLSXH10ZFI3IRC
vin[v] 1 circuitd Vout ___,.--'""
Vin Tolerance[%) 0 E ¥H ;.__..-'
R1 Recommend [kohm] 9 5.886 o} o

=] Vout-0.39V A
R1 [kohm)] | 52| - o A2 .
R1 Tolerance [%] 1 yd P/N:NCP15XH103FO3RC
R1 TCR[ppm/degC] 200 0.47 JE CircuwitD Waut
R2 [kohin] |22 | mn ,-”f Twp
R2 Tolerance [%] 1 - _L""'_..L'i_.l:
R2 TCR[ppm/degt) 200 0.37 = e
~ 1 ] [¥uudL 0.7V
R3 [kohm] A4
."-J
R3 Tolerance [%) e
R3 TCR[ppm/degt) 027 ="
- ————— -20 0 20 40 80 B0 100

Thermal Dissipation Constant C 5t
[mW/deaC] : Temp.[degC]
NTC F/N NCU1SXH103FS0RC b 32

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 2019



5. Software Use Examples
5-2-1. Circuit Desi%n That Maximizes Output
Voltage Gain Through Arbitrary Temperature

NNOVATOR IN ELECTRONICS

Next, design a circuit that raises the Vout gain
through arbitrary temperatures.
-Design Example2-

Thermistor used:NCPO3WF104F
Circuit : right diagram
Operating temperature range:0°C~60°C

Input voltage Vin :3V(assuming there are no
voltage fluctuation)

Circuit Design Condition: Design a circuit in which
the output voltage fluctuation rises the most in

the 50°C range

NTC

33
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5. Software Use Examples
5-2-2. Selection of Circuit, Thermistor used ’m‘Rata '

Thermistor used :NCPO3WF104F

Circuit : Bottom diagram

Operating temperature range :0°C~60°C

Input voltage Vin :3V(assuming there are no voltage fluctuation)
Circuit Design Condition :Circuit in which the output voltage
fluctuation rises the most in the 50°C range

v'|Search Function On/Off [ saveascsv & | Product Detail O

Select P/N : NCP15XH103F03RC Items 1
Part Number Spec Application @ Size Code[mm/inch] R 2!
Part Number Search | [/ (saiect Al ~ | [/ (Select Al - =
MCPOINFLOH 'l Consumer Electranics ¥ | 0402/010085 =
cl‘:af" 'l Industrial Equipment ¥ | 0603/0201 -
Conditions =

v | [EF1:] Medcial equipment[GI ¥ | 1005/0402
(1)

NCPOZWF104F05RL MAB 060370201 100

(1) Select a thermistor
(2) Select a circuit
(3) Perform simulation

P Simulation “
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5. Software Use Examples muRata P

5-2-3. Optimizing Fixed Resistance Values

Thermistor used :NCPO3WF104F

Circuit : Bottom diagram

Operating temperature range :0°C~60°C

Input voltage Vin :3V(assuming there are no voltage fluctuation)
Circuit Design Condition :Circuit in which the output voltage
fluctuation rises the most in the 50°C range

Seek the R1 in which the voltage fluctuation rises the most in the 50°C range.

NTC Thermistor Simulation Setting oy
T T Harelt® = Parameter (1)
. — mi“ﬂut Temp_L[degC]

% ‘: o Temp_H[degC]

A compare Mode center DT 1(1) Set the temperature so the center value of
Approximation &4 on/oft Temp_L, Temp_H becomes 50C.
Vin[V] 3 (2) Set R1 to the same value as R1_Recommend.

\\I'I Tolerance] %) |0

|”\' Recommend [kohm) @) [42.335 ‘R_1Recommend indicates the R1 value when the
R1 [kohm] 22335 'oltage fluctuation of the central value of the

R1 Tolerance (% ! elected temperature range rises the most

R1 oA pom/det] —— .becomes Vout = 1/2 Vin).

35
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5. Software Use Examples
5-2-4. Changing the Operating Temperature Range mnata ‘

Thermistor used :NCPO3WF104F

Circuit : Bottom diagram

Operating temperature range :0°C~60°C

Input voltage Vin :3V(assuming there are no voltage fluctuation)
Circuit Design Condition :Circuit in which the output voltage
fluctuation rises the most in the 50°C range

Setting « | Change the temperature area again to 0°C - 60°C.
Parameter 20 Vol
utput Voltage

Temp_L[degC] D p g

Temp_H[degC) 23
Graph E.E-L-u-.m

Dutput Voltage 24

Voltage Error E 29

Temperature Error ‘g 2

[] Seif Heating =

[] woltage Gain 18

: . 16
R-T Curve of Thermistor{ref.)
Vout Appreximation 1.4 N

U “C“l_-—f*pm mil 0 10 20 30 40 50 60

pearesll___ Y Temp [degC]

|:| Temperature Approximation . . . .

vegres[1 ) Using the value set previously for R1, a circuit

design with a large voltage fluctuation in 50°C is

aCh Ieved - Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 2019
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CO nte ntS INNOVATOR IN ELECTROMICS
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6. Version Confirmation and Contact Method muRata -

INNOVATOR IN ELECTRONICS

® Access the contact form on our website from the following link.

(E%g NTC Thermistor Performance Simulator -

(HTC Thermistors for consumerapplication\ NTC Thermistors for automotive + high reliability application(Meet AECQ-200)

EGIEI M Search/view  Windew Preferred Numbers Murata website Versicn  Site Policy  Privacy Policy

" R | Search Function Gn/Off Stock Check i Contact us ]
- o Select P/N : NCP15XH103F03RC Ttems 216 (Where fo buy)
Part Number Spec Application @ Size Code[mmy/inch]  |R_25[kohm] R_25 Tolerance [%] | B [K] B Tolerance| %]
1 Part Number Search (/) (select Al * [V (Select A 4 (g la0 kohm [/ (selectAny A S [ason (K /| (Select al) 4
v Consumer Electronics ¥'| 0402/01005 = kohm ¥ 05 = K v 0.5
G:? cﬂ:g:;;ﬁ v Industrial Equipment v| 060370201 2 ooz |kohm M1 2 K V|07
Ldl MAB| MEdciaquui:mentjEI' | 1005/0402 - ¥ 3 - 1 v
I 1 1 1
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Appendix muRata P

Preferred Numbers
ES E24 E96 E& E24 ES6 E& E24 E9S
10 10 100 22 22 215 47 47 464

102 221 475

105 226 487

107 232 495

11 110 24 237 51 511
113 243 523

115 249 5386

118 255 545

12 121 27 261 36 S62
124 267 576

127 274 590

130 280 604

13 133 30 287 62 619
137 204 a34

140 301 45

143 309 665

15 15 147 33 33 316 63 68 681
150 324 698

154 332 715

158 340 732

16 162 36 348 75 750
165 357 768

165 365 87

174 374 808

18 178 39 383 82 825
182 392 845

187 402 865

191 412 887

20 196 43 422 91 905
200 432 931

205 442 953

210 453 976

39
Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 2019



