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ABSTRACT

This project empbééized circiut design and planned to make P/I
converter module. The solid state pressure sensors must be transduce
to vdltage by principle of strain gage. .The valtage output from .strain
gage to be amplified by signal amplier circuit, and shown by digitai
display. The voitage~output ffgh émblifier circuiﬂ to"be-"transduced;r

to current by V/1 converter circu;t. The current‘output signal can be.

used for drive load; control fin&i element in process controli """ v
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Gene Swensen, Sensor Engineering
Semiconductor Products Sector

INTRODUCTION

]

The MPX Series of maonolithic, an‘chip compensated,
silicon pressure sensors offer highly stable performance
over the temperature range of —40° to 125°C, providing
an ideal solution for users who choose to achieve tem-
perature compensated performance without the cost and
burden of part-by-part temperature characterization.

The MPX2000 Series of silicon pressure sensors are
temperature compensated, calibrated versions of the
standard MPX10, MPX50, MPX100 and MPX200 uncali-
brated devices. Designated MPX2010 thru MPX2200
these sensors complement the standard line of pressure

ranges of 10 kPa thru 200 kPa. As with their companion:

. devices, the MPX2000 Series sensors are available as un-
ported elements and as ported assemblies suitable for
pressure, vacuum and differential pressure measure-
ments. Refer to MPX2010 thru MPX2200 Data Sheets for
dimensional and port-¢onfiguration suffix information.

PRESSURE
PORT

_ MPX2000 Series calibrated, temperature compensated

" silicon pressure sensors are available as unported elg-
ments, vacuum ported, pressure ported, or supplied with
two ports for differential measurements.

Figure 1.

ilicon Pressure Sensors

Ceries
. i,
SILICONE SILICONE RTV.
DIECOAT OIE (g BOND METAL COVE
WIRE BOND A\

LEAD FRAN IW

\
THERMOPLAST
CASE

METAL BACK PLATE

Figure 2 shows the cross section of the Motorola MF
pressure sensar die in the chip carrier package. A silicor
gel isolates the die surface and wire bonds from har:
environments, while allowing the pressure signal to !
transmitted to the silicon diaphragm.

Figure 2. MPX Differential Pressure Sensor
Element Crass Section

ON CHIP CALIBRATION
AND COMPENSATION

Calibration and temperature compensation ai
achieved on-chip with two diffused thermistors and te
thin-film resistors, all of which are deposited on the p
riphery of the substrate. Five resistors and both thermi
tors are lasar trimmed to ensure compliance with the pu|
lished specifications. Resistors Rqff1 and Roff2 in Figul
4 serve as a voltage divider t0 zero the offset voitags wi
zero pressure applied. Thermistors RTCoffT and RTCof
are selected to stabilize the initial value of offset ov
temperature. Rs1 equals Rg to assure symmetry; the:
values combined with Ry establish span calibration ar

compensation over temparatura,

MOTOROL.



Absolute Sensor
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Pressure or Vacuum Side Ported Pressure and Vacuum Side Ported

Basic Element Pressure or Vacuum (Stovepipe) Port
[consult factory)
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Precision Pressure-to-Voltage Converter using Quad |

Op-Amp.

8

DVM or uP compatible input. Set SPAN with R , then
OFFSET with Rqff. Differential output is = 8 Vdc with
full-scale pressure (vacuum) applied.

SPAN ERROR [% FULL SCALE} OFFSET ERROR (mV)

S e PR T e S
THHON TRAND (TR
: Lo o ek 1 [ il
15
1of—
N 1 SPAN ERROA
q‘s'—---_hhﬂ ...... I.. S g —te
of - TR Pt
=
Ngersi: shaon B =
05 4 |
10 ; :
7} SESSEE, St o l o -...l-
.20 - e g LSS
| Staossawounat |

Temperature Error Band Limit and
Typlcal Span and Offset Errors

9 <] 9 25 % L] 0 12% 1%
TEMPERATURE M)
Curves of span and offset errors indli-
cate the accuracy resulting from on-
chip compensation and laser
trimming.

OUTPUT (mVec)
¥ ¥ 5§ ¥ 8 838 88

g

c 3

23

Fully compensated pressure sensor
chlp adds two dliffused thermistors
and ten thin-fllm resistors to the basl
chip. Differences In performance are
given In the graph below.

] 31 |
Compenseted 3 Voo we 4
uncompenseied 10 voc 1 5C P
P‘
e T 125 €=
e
Uncompensated P I
r——' |
e 1o O R B
! | .
[ [ S R
0 \ l 2 ll . l s ]s ]
0] 10 2 0 “ 2

PAESSURE DIFFERENTAL

Qutput voltage versus pressure differ-
ential as a function of temperature
for compensated and uncompensated
pressure sensors, above. Schematlc
dlagram of compensated device,
below.
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HHH ‘ll’illﬂ'l IC-L7106'7107
3@7 .Jf. % ';"5( =y ._
Ummﬁe P> i U.-,nﬂ“l%wg1_/2_Imgjit s o tte

- AlID Converter
. VI NAd, <

- s 1 5‘.3 11070 -
FEATURES ; ‘ . GENERAL DFSCRIPTlON
¢ Guaranteed zero reading for O volits Input on 4l! The Intersit ICL7106 and 7107 are high performance, low
ecales. ,  power 3%-dIQit A/D converters containing all the necessary .
* Tiue polarity at zero for precise null detection. active devices on a single CMOS I.C. Included are saven- '
« 1 pA typlcal Input current. . segment decoders, display drivers, referance, and a clock.

The 7106 is designed to interface with a liquid crystal display

¢ True dilférential Input and reference. _(LEO) and includes a backplane drive; the 7107 will directly
¢ Direct display drive - na extemal components drive an instrument-size light emitting diode (LED) display.
required. — LCD ICL7108 : :
— LED ICLT107 ! The 7108 and ‘1107 bring* together an unprecedented
e Low nolse - less tan 154V p-p. : combination of high accuracy, versatility, and true economy.

High accuracy like auto-zero to less than 10uV, zero drift of

® On-chip clock and referenca. less than 1uV/°C, input bias current of 10 pA max., and roll-

e Low power dissipailon - typlcaily less than 10mW. . _aver error of lessthan one count. The versatility of true ditter-
e No additional active circults required. : “°." ential input and reference is useful in all systems, but gives

y the designer an uncommon advantage when measuring load
* Evaluation Kit avsiiable.

cells, strain gauges and other bridge-type transducers. And
finally the true economy of single power supply operation
(7106), enabling a high performance panel meter to be built
with the addition of only 7 passive components and adisplay.

ICLT108 with Liquid Crystal Dispiay ICLT107 with LED Display e
OROERING INFORMATION PiN CONFIGURATION
h S i
Part Packags Tamp. Raivge Order Part # s i
7108 40 pin coramic DIP | 0°C 1o +70°C | ICL7106C0L i ;
7106 40 pin plastic DIP 0*Cto +70°C ICL7106CPL |
7108 40 pin CERDIP 0°Cto +70°C ICL7106CJL
o7 40 pin CERDIP 0°Cto +70°C  [ICLT107CIL H : i
1107 .| 40 pin ceramic DIP 0*°Cto +70°C [ICL7107CNL H
707 40 pin piastic DIP 0*Cto +70°C ICL7107CPL
7108 Kit | Evaluation «lis conwain (C, display, clrcuit | ICL7106EV!Kit s
7107 Kit DOerd, passive companents and hardware. | !CL7107EVIKIL . g.
% 9 () ABaClire ™ : {
. ] -
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K 1.7106/1CL7107
‘ABSOLUTE MAXIMUM RATINGS

,--.

Supply Voltage

4 ICLT108,V *toV™......... R i 15V
Y+ JCLT107,V *toGND ..... e RN +6V
_tr ACLTI0T,V."1aGND . . ;. s ceacsssa My T -9V
fmtoqlnputVoltaqe(eltheflnpul)(Nola l) ...... V*toV~
+ Peference Input Vonaqe(anher mpul) .......... V*toV~™
{'Ciock Input Tk 1

EIELIE . s :-:. SR ey S ATESTIO VS
t‘:’*“ICLnO?........'.............' .......... GNDtoV’

i sunutwonmouIondnmo«Absolut-Maumumﬁannqumc-u-pomummd‘m-qolom-dtv-u.‘nuumnm--

Power Dissipation (Nats 2)
CoramiCPackagl ', bsiens saosiuanonsy
Plagtic Package ...... NS e R D, 800mV
Operating Temperaturs ... c..ocvvvennnans
Storage Temperature ....... tereress. =B85Tto +160°C
Lead Temperature(Soldaring,60sec) ........ citees JOGE

ty, and lunctonal of

.\m GeviCe al (Nese OF any OMer CONAITIONS ADOVE (hOke INAICAted iN the OPAIIONM 34CD0NS Of T4 PECIICAGNS & NAL Implied. EXposune () aDeuRITE Maxivean

k .nnq conaIons 10f axtended periods may aflect deyicu rellatility.

lo\o 1: Input voftages mly exceed the supply voltages pravided the Input current (s limited ta = 100zA.
"m z Dlsslpnoon rating assumes device Is mounted with all leads soldered 10 printed clicuit Docru

Tl

ELECTRICAL CHARACTERISTICS (Note 3)

CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS :
-1 Zero Input Reading Vin = 0.0V -000.0 £0000 | +000.0 | Digital Reading
a4 " Full Scale = 200.0mV PR
|/ Ratiometric Aeading Vin = VReF 999 | 999/1000 | 1000 | Digital Reading,
4 ; | VRerF = 100mV . .
. Rollover Error (Diffterence in =Vin = +ViN = 200.0mV -1 *2 +1 Counts
- reading for equal positive and
. negative reading near Full Scale) \
‘1 Unearity (Max. deviation trom Full scale = 200mV -1 2 L 1. Counts
‘§ best straight line fiL . or full scale = 2,000V
-} Common Mode Rejection Ratio Vom = =1V, Vin = OV, 50 mal
{ (Note 4) Full Scale = 200.0mV
+1 - Noise (Pk-Pk value not exceeded Vin = 0V I 15 v
i} 95% of time) Full Scale = 200.0mV
'é\ - Leakaga Cusrent | Input Vin =0 L 16 pA
:§. Zero Reading Drift Vin=0 < 024. 1 wvrc
g 0°<Ta<70°C :
i} Scale Factor Temperature Vin = 199.0mV 1 5 5 ppa~C
i Coetficient 7 0° <TA<70°C - :
28 (Ext. Ref. Oppm/*C)
£-.V* Supply Current (Does not Vin=0, 0.8 18 mA
2 lncludo LED current for 7107)
»c V= Supply Current (7107 anly) 0.8 18 mA
;“° Analog Common Voltage (With 25k(1 batween Common & 24 28 32 e
respect to Pos. Supply) Pos. Supply . . .
£ Temp. Coeft. of Analog Common | 25k between Common & 80 ppav*C
_(With respect to Pos. Supolyﬁ Pos. Supply
&: 7106 ONLY v |V tovT=av 4 5 8 PR
i~ Pk-Pk Segment Drive Voluoo. 3 e N
R4 Pk-Px Backplane Drive Voltage | o o : : fss
¥ (Note 5 . : .
- o7 ONLY | V" =50V ; . & 8.0 4 - mA
£~ Sagment Siaking Current Segment voltage = 3V oo ‘ i o e
3 (Except Pin 19) ;
£ Pin 19 only) 10 18 mA

rate. A ge OC P

t

; aUnbumnoud.:poculauom :pmymbomlhohoamd T107atTa=25°C,|
U4 . 1. 7107 is testsd in the circuid of Figwe 2. o .
t: Reter to ~“Differentiat Input™ discussion. .* L) <

S Back plane drive (s in phasse with segment drive for otfsogmont. !ao‘outolmuolu ‘o’ Ww.wmmm
3 Is less than S50mV.

L s

-1,

]

coN.

Cfciocs = 48kHZ. 7108 istssied in thecircust of Figum

~d



ICL7106/ICL7107 - _ - HINTERS

TEST CIRCUITS
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Figure 1: 7106 Figure 2: 7107 =
BETAILED DESCRIPTION
MALOG SECTION : S5t
Figure 3 shows the Block Diagram of the Analog Section for into three phases. Thay are (1) auto-zero (A-2), (2) signal lntr
e KCL7106 and 7107. Each measurement cycla is' divided Qrate (INT) and (3) de-integrate (DE. : i
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Figure 3 Analog Section of 7106/7107
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LINEAR TYPES LM158, LM258, LM358
INTEGRATED - DUAL OPERATIONAL AMPLIFIERS

CIRCUITS R BULLETIN NO. OL-S 12413, JUNE 1976 - REVISED OCTOBER 1979
Wide Range of Supply Voltages A : ) « Low Input Bias and Offset Parameters
Single Supply ... 3V t0 30V X o Input Oftset Voltage ...2mV Typ !
or Dual Supplies Vo Input Offset Current . .. 3 nA Typ (LM158)
Low Supply Current Drain ' Input Bias Current .. .45 nA Typ !
Independent of Supply Voltage e Differential Input Voltage Range s !
...0.5mA Typ : : Equal to Maximum-Rated \ b
Common-Mode input Voltage Supply Voltage ... =32V
Range Includes Ground Allowing e Open-Loop Differential Voltage
Direct Sensing near Ground Amplification ... 100 V/mV Typ
e Internal Frequency Compensation
schematic teach amplifier) Y JG,OR® u
DUAL-IN-LINE FLAT PACKAGE
e PACKAGE (TOP VIEW) (TOP VIEW)
R P o) b o
- s —
By T < e B Sh
e lis L ® 00 ®
? 1 — P e
" P—ﬁ 1 . : ' 2 !

description o Y NC—No internsl connection

1O
@.

o 1

=L i (e ,
| ngdj s W ’

OUT iny  wON G
PUT INPUT NV
I

A@-J
IO

@

— A

These devices consist of two independent, high-gain, frequency-compensated operational amplifiers that were designed '
specifically to operate from a single supply over a wide range of voltages. Operation from split supplies is also possible
so long as the difference between the two supplies is 3 volts to 30 volts and Pin 4 is at least 1.5 volts more positive than
the input common-mode voltage. The low supply current drain is independent of the magnitude of the supply voltage.

‘Applications include transducer -amplifiers, d-c amplification blocks, and all the conventional operational amplifier
circuits that now can be more easily implemented in single-supply-voltage systems.

ab:olute maximum ratings over operating free-air temperature range (unless otherwise noted)

NOTES:

...................... Sareet

Supply voltage, VoC (see Note 1) ov oo v v v e Gra vie g ol s Do oD y
Differential input voltage {see'Note 2) . ..... e ol - SRS e R T 232V
Input voltage range (either input) e . .. .ovvineune. B 5 Rt ST A S A -0.3Vwo32V
Duration of output short-circuit (one amplifier) to ground at (or below) 25°C

free-air temperature (VCC < 15V) (seeNote3)  ..........ioiieitecreeernnoneonns unlimited

Continuous total dissipation at (or below) 25°C. free-air temperature (see Note 4): LM258JG, LM358JG .. B25mW
LM158JG, LM258P, LM358P . . 900 mW
LM158U, LM258U, LM358U .. 675 mW

Operating free-air temperature range: LM158 ................. e e e s ek e e -55°C 1o 125°C
LM258 ...... S s s BT P —-25°C to 85°C
; 7 R T e S s S e PR e s S e Ty [ o
S10rage 1EMPErature range .. .......coueessss o e ke . —65°Cto 150°C |
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG or U package ............ I (ol
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds:” P package ............... S i e . e
All voltuge velues, sxcept differential voltages, are with respect 1o the network ground rminal,

1.

2. Differential voltsges are at the noninverting Input terminal with respect to the Invertng input terminal.

3. Short clrcults from outPUTS to Ve Can Cause excesslve hasting and sventual destruction. . ;

4. For operstion sbove 25°C tree-sir rtamperature, refer to Dissipation Darating Table. In mp.JG package, LM158 chips are slioy-
mounted; LM258 sna LM358 chips are glass-mounted. A .



TYPES LM158, LM258, LM358
DUAL OPERATIONAL AMPLIFIERS

60

electrical characteristics at specified free-air temperature, VCC = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS' LTS Liass A UNIT
MIN TYP MAX MIN TYP MAX
] 3
Vg =14V, 25°C 2 5 2 7
v ] ff mvV
10 nput offser voltage Ve =5 V1o 30 V| Full range 7 )
A fi
S verage temperature coefficient Fulrnae = 7 7 Wvre
of input offset voltage
: | = & e 25°C < 30 5 50 A
10 nout offset current o=1. Eollnoe 100 150
s Average temperature coefficient Fantaaags 10 10 - pA/SC
of input offset current
| : e Vg =14V, 25°C -35 -150 —5 -250| 1
t b n
18 ngut bias current Sée Note S Full range ~300 -500
Ot Qrto
Co T2 s Vee=15
‘ ~ -1.3
e nmon-made input Vee =30V (T cc v
voltage range Oto Q0w
Fuil range
Vcer2 Vee-2
Vee =30V,
= ce Fuil range 26 26
i AL=2kQ
VOH High-level output voltage v
Veg +30 v,
Full range 27 28 22 28
R > 10k
VoL Low-icvel output voltage Ry S 10 k02 Fuil range 3 20 S 20| mv
Maximum peak-to peak g
Vopp : A e RL =2k 253C - |Vee-15 Vee-1.5 v
ouIpUT voltage swing
Ve =15V, o
Large-signal differential b 25°C 50 100 25 100
Avp g Vo=iVewily, Vimv
voitaye amplification AL > 2kA Full range 25 15
CMRR Common-mode rejection ratio | Rg <10 k2 25°C 70 85 70 85 a8
KsvR” Supply voitage rejection ratio) | Ag < 10 kN 5°C 65 100 65 100 d8
Vo1/Va2 Channel separation = 1. kHz'to 20 kHz [ /25°C 120 120 dB
VeC2ISY, 25°C .| ~20 —40 -20 —30
Vip=1tVv,
Vo =0V Fult range | —10 =20 -10 -20
v =5 mA
~ W,
10 Qutput current €6 25°C 10 20 10 20
Vip*~-=1V,
Vo =5V Full range ] 8 S 8
Vip=*—=1lV
i 25°C. 12 50 12 50 BA
Vo = 200 mV
Supply current No load, 25°C 0.7 0.7
Icc 3 mA
(two amplifiers) No signal Full range 1.2 >

*kSVR = 4Vcce/avig

TAIl charectsristics are specified under open-locp conditions, Full range is ~55°C 10 125°C tor LM188, ~25°C 10 85°C for LM258, and o°C o
70°C for LM3S8,

NOTE 5: The direction of the bias current is’out of the devica due to the P-N-P Input stage. This current is essentisily constant, regardiess of

the state of the cutput, 0 na |

dlng changae is p

1o the input lines,

DISSIPATION DERATING TABLE

sabiing POWER DERATING ABOVE
RATING FACTOR Ta
JG [Alloy-Mounted Chip) 900 mw 8.4 mw/C a3’c
JG (Glass-Mounted Chip) 825 mw 6.6 MW/ C. 25°C
P 900 mw 8.0 mw/C 37°c
U 675 mwW 5.4 mw/C 25.C

Also swe Dlwipasion Oerating Curves, Sectlon 2.

R



{mi01

NN

LM101 operational amplifiar
goneral description
The LMIOY 15 & gencrel-purpose opirationyl amplic

fier built an & ungle ulicon chip, The resulting Close -

maich and Lignt thermal coupling gsvas tow, otisens
G TMperature dnit os well 35 fast recovery from
Wietmal t is. In ion, the devics |

8 Frequency compemation wah a singie 30 pF
CapecItor

Oparation Irom 15V to 520V
Low cursent arein’ 1.8 mA at 220V

Contiwious Ehart Curcurt protection

[o] ion 46 & coMparatos with dilf n
puts as hugh as 130V

Operatibnél Amplifiers ®

® No leichup when common mode ranye is ¥a
Ceved

® Sams pmn conliguration as the LM?703:

The unity gain compensauion sprcified makes the.

citcut stable for all leeddack configurations, sven
will capacitive taads. Hawaver, it is posuble 10
optunize 10N (or best high K ¥ pes
formance at any gain, Al 3 COMPAUAtY, the dutput
can be clamped 31" any desired levet to make it
compatible with loge Cucuits, Further, the iow
POwer C1ssipation permits high-vollage operation
ind umptifies packaging in futl-temperatusetange
systems.

schematic’® and connsction diagrams
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absolute maximum ratings . -
Supply Voilage 122v
Power Orsupation (Note 1) - 500 mw
Dittwenuial tngnat Vollage 130V
¢ inpus Volitage (Note 2) L5V
Output Short-Circust Duration (Note 3) Indetimia ‘
Qperating Tempaature Rangs -66°C 10 #125°C

Stosage Temperature Range

-65°C 10 +150°C

Lasd Temperature {Soldenng, 60 sec) 300°C ) .
sloctrical characteristics. (new q)
PARAMETER . CONDITIONS. MIN 147 MAX unITS
Input Oflsat Voltaye N Ta® 25°C. RS 10K . 1.0 5.0 mv
1nput Offsat Current Ta.emc 40 200 nA
Input Bras Currunt Ta+26°C 120 500, " ua
Input Resistance Tas26°C 300 | wo XY}
Suppiy Current . Va=25°G. Vg 120V is 3.0 mA
Lacge Signet Vaitage Gain = Ta«125°C, Vgo t16Y X
Vour ® 110V, R > 2a8) 80 | 180 Vimy
input Otlat Voitige Re< 10801 6.0 mv
Average Temperature Rg < 6012 10 wvi’c
Coatticient ol Iépu( Oftwat ) .
Voltage As< 10k12 6.0 wi'c
Input Otfyet Current Tas+125°C 10 200 nA
Tae=68'C 100 800 nA
Iiput thes Custens Tae-68"C 028 1.5 bA
Supply Cursent T.- +125°C, Vy - 120V 1.2 s mA
Large Smml Vol;aot Gan V3 215V, Vg = 110V
f Ay 2 26 25 Vimv
Oulput Voltage Swing Vg~ 215V, A = 10s12 112 t14 v
A, it o | 03 .V
Input Voitege Renge Vg 315V "? v
Common Mode Hejection Ratia - Ry 108D - - 10 %0 a8
Supply Volnge Rejsction Rano | A< 10k42 0| @ I

oot

Lo
+

Mot ) P vy ot evaten brmyet o I moe e B e S Bperd s ¢
190 € enoasmums pnboums lovmias shute ornd @ Iromes trwston @ ul 150 € W pon touss o
oot @ 4V €I 0n tt 49 Cone s Iy aetel Com putD ogn $ur 00 ol et g, B
Ut dienyg mrbsoyned 6ot IE0nal 1PMalenct ol 1US € W aion mussiog it o | 16 smt By
iy Wk ot oot e 000 wgh weir J Gunn ¢ Cunest s Ivabt e g Cusvwl,
Nt 3 s ity suttouns cew e ¢ IRV 1N lenisbu i g WTmem it suli gt 1 piud

B A el )

|
Bote 3 Coavrnpamon vhert 1 stund o uth, o &ow tevmper 0 2173 C ottt .
e L 4 : . -
Noww s nnramidacmon andy te n 0 1, IBC s
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guaranteud perfarmance characteristics
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typical performance charscteristics
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