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J ABSTRACT

Generally, 8 sensor elements have been dpplicated
differently depending on application's significant. It is
used in widely sapplication and can detect ¢gases,vapor and
smoke . Sensors ere heated in at least +two ‘tempersture
cycles Spntinuosly from a starting temperature value acocord-
ing to their various kinds and a with a8 predetermined
pattern which is optimized for selective gases. When, it
is leskaged,gas sensor can convert to pulse signal with
different gquantity of gases and this will show to you
when it has been 1leakaged in e&any ares. Therefor s WEe can
divide recsll in 3 way ¢ sound signal s érinter and
monitor. Furthermore the responding can be sent to control

the velve element follow is set progrem.
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A.C. Timing Diagram
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Timing measurements are made a1 the following
voltages, unless otherwise specified:
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SCLA4016AB CMOS QUAD ANALOG SWITCH*®
FEATURES 3
¢ Wide Rangs of Digital and Anslog Signat Levals- CONNECTION DIAGRAM ';
Digita! or Analog Signals to 18 Volts pesk {all packages) =
4 Low ON Resistance — ) -
200 §2 typ. over 15Vp-p Signs! Inpui Range, € SWITCH SWgCH swngcu z
"15Vde —~ — e i ' i
¢ Mstched Switch Characteristics - 1052 typ. Dif- Vpp € € IN OUTOUT IN
ference betwesn Roy Values at & Fixed Bias B T I N N N S
Point over 15Vp-p Signa! Input Rangs @ 15Vdc 14 13 12 11 10 9 8
High On/OH Output Voltage Rstio - 65 dB typ.
€ f;; = 10kHz, Ry = 10KS2 1 2 53(:“216‘\? 6 7
High degres of Linearity - & 0.4% Distortion T T T T T T }
typ. @ 5= TkHz, Viy= 5Vpo, VDD-Vss2 10V, INOUTOUT IN € C Vgg H
RL = 10(9 T —— g S
¢ Extremsly Low OFF Switch Leakage Resulting SWITCH SWITCH SWITCH o
in Very Low Offset Current and High Effective A 8 c ',’
OFF resistance - 10pA typ. €@ Vpp-Vss = 10V, i
Ta=25° Add sutfix for package: 4
¢ Extremely High Control Input Impedance (Con- C  14.pin Cerdip
.trol Circuit lsolated from Signal Circuit) - D  14-pin Ceramic \
10282 typ. E  14pin Epoxy )
Low Crosstalk between Switches - -50dB typ. F  12pin Fiat j‘
@ iy = 0.8MHz, Ry = k2 H Chip 3
¢ Matched Control-Input to Signal-Output Capec- -
#tances - Reduces Output Signal Transients =
¢ Transmits Fraquencies up to 40MHz %
. Y RECOMMENDED OPERATING CONDITIONS s
DESCRIPTION . o’ For maximum reli. bility: z
The SCLAOIEGAB is s singlechlp monolithic DC Supply Voltage  Vpp-Vss 3t015 Vde,
siticon {nteprated circuit conteining eight N- " -~
chenne! and eight Pchennel enhancement-mode Ogegu:gges:siecr:ture Ta 5510 4126 °C;~
MOS trensistors connected to form four indepen- E Device 40 10 485 OC-
dent bilsters! signa! switches. Each switch consists -
of both P- and N-chsnnel devices with common <
source and drain connections. A single control sig- <
nal is required per switch, Both P and N devices in —:
8 given switch sre biesed ON or OFF by the contro! K
signal. The CMOS switch permits peek inputsignal M
voltage swings equa! 10 the full supply voltage, 8 4
considerable advantage over single<channel! types. H
T ) ) i
SCHEMATIC DIAGRAM 1 OGIC DIAGRAM
i
»y i
v 1 - 3
5.’.'\'.3--‘- J J conree & : oty & :
e » . L4 L4 SuTRST -
T T TR || e |
- cowvao, § o 3
k ﬁn i- j- 3 outmY _g
-yt pkasl 1egt . otuld g
TEREMA, B 08 - . }. . e contats s@ m‘ f;
sy | e o [l l;@ e B
< =H. " % - comteaL 6 I 3
2 -ARNS S L |3
e LY {:
"rte 8 L R fortn g LY <
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SCLBO16AB
' |
ELECTRICAL CHARACTERISTICS k
STATIC CHARACTERISTICS ' ’
| Vos {Voo| Tiow’ »’c Twon' Juam | | -
PARAMETER CONDITIONS .
{Véel | (Vie) Min. | Max. | Min, | Typ. | Max. | Mia. | Mex
QUIESCENT DEVICE loo . .
CURRENT VeV o Voo | © 8] - [0os| - foooos oos| - |18 } e
. AT valid input o] 1wl - Jor | -~ fooor]or | - |so
mbingtions 0 1% - 02 - 00021 02 - [ 14
MINIMUM INPUT HIGH Vin .
VOLTASE Ve *Vaa 0 sl - {20 ) ~ Jss lao }o |24 ]ve
(Controt Ingut) Vos = Voo o | ] - 20 - is Jar |- |24
Iog = WOuA o} ] - 20 - s 127 |- |24
MAXIMUM INPUT LOW Vo k
VOLTAGE Vg * Ve 0 losf- forfis | - |oa | - |ve
{Comtrol Ingast) Vo, « Voo of wlos]- [a7f1s | - los | -
- Dhagtt of wjos{- {or{1s | - |oa |-
SVEVITCH INPUT/OUTPUT fore | Ve = Vg Vg
LEAXAGE
276 285[+26] ~ 2280 - (201 |2250] - [:2500| nAdc
(Swich o) Ixs % | o6 | - [1125] ~ [s001]2128] — {r32501
ON-RESISTANCE Row Vg
C.0.F. Hdovice Voo Vpp  (Vdd) .
P18 el asters] - [ as0] - | 200 a00l = | s0in
18 - 13| - | 20 ao| - | &2
2025 - {s] - | 7e0] 8s0] - |1
6 | & [+6 | - o] - | 2s0] se0f - | se0|n
s - | en] - | 250} ss0| - | we0
2026 - {3870) =~ &80 | 2000 ~ 2800
. as | o [ss] - [ 360] - | 200] a0} - [ e
“0.25 - 13| - | 200] a0] - | woo
-93 ~{s) - | 0] ol - Jizx
+10 | 0 fe0} - [eo0| - | 20 seo] - | se0} @
. «0.2% - {em] - | 250] e50| — | ve0
. ey - 11930} - | 60| 2000| — {2600
£ device Row Ve
Ve Voo (Ve
Ro=100roet asias] - Lam] - | 200] a0f - | s20fn .
i3 - |30 - | 20| e0] - | 820
2028 - o) - | 2o} so] - |10
% | % |+6 ) - |®w0] - | 250] es0] - | eao| 0
-8 - |ewi - | 250} es0} - | 8s0]
2025 ] - [woo] - | ss0]2000] - |zae0
16 | 0 les]| - | 3r0| - | 200] s00| - [sn|n
“0.25 - | 30| - | 200] e00| - |82
-3 - {70] - | 30| #s0] - {080
10 [ o {+0] - [ew] - | 260 es0] - | s0|n
+0.26 - w0l - [ 2s0] eso] - | saof
Yy - fwoo] - | seo]z000] - |20m0
ON-RESISTANCE MATCH ARow Ve
{Serme peck sge} VeeoVpp ([Vdcd
Roeairgs] asloas] - | -} - 0l -1 -1-4n .
Jes $ {6 - -] - wl - - -

NOTES: * Remaining Static Electrica! Choracteristcs sre fisted under “SCLEDOOR Ssries Family Specifi.a.ons®,
¥ Tiow* -55°Ctor €, D, F, H device.
= «40°C for E device,
Trrgn * +31258°C fo1 C, D, F, H drvicr.
=+ B5°C for E device. . .
? This devics has been dusigned for balsnced output drive curren specifications. Consult Family Specifications.

DYKAMIC CHARACTERISTICS (C, = 50 pF, T, = 25°C} . . .o
o Ve | Voo | g © H
PARAMETER CORDITIONS tvect | (vee) Min, | Typ. | Mea | UNIT g
SIGNAL INPUTS (Vi) AND OUTPUTS (Vor) ey T
PROPAGATIONDELAY TIME ° e w )
Siors! innst 10 e | Ve * Voo . 0 ). _s]l-|2] ol n
sigrw output - Vi * 0usre wave 0 4 W - 0 0
. LR ¥+) ' "w ] - 78]
:sm:mpm(.xn - ™ v v LY ‘ - - - - U :
ine Wove} . - - - - - T )
Ve = o 5
- contersd 1 - w1 -
80.0vde ™ 1-- -] -
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ELECTRICAL CHARACTERISTICS (Contmued)
DYNAMIC CHARACTERISTICS (C, « 60 pF, Ty = 25°F) (Co'mmnd)

L
.

.
V.| Voos
PARAMETER couom?ns . vee | WS { Y | Yoo tax | Uarm
SIGNAL INPUTS Vgl AND OUTPUTE (Vg iContinued) - .
INSERTION LOSS n e
Ty b
(* 2040 1o 00 v
v Ve * Voo nal 4§ - 1231 -| e
Vg * 10.5Y - 021 - .
,, o). = JE z
oentered ™ . - [ -
$0.0Vde "
SIGNAL DISTOATION -
{Sine Wave) Ve * Voo £ % 4 - 0¢ - L ]
Va * 5V,
a:m-d id
®00vac
ty = LOVM2
LRI ¥ ]
FEEDTHADUGH (-5008) . .
R Ve * Vg R, -
Vg = BY, al - . - | - |
Pl :; 1 & - it LLH
®0.0voe ‘T’ou—-‘ - '_T‘l' -
ALY - % -
CROSSTALX (-60d8) X
(Between two switched Ve tA) e Voo 5 5 - o0 - MH2
Ve (8] = V,
- - VgalA)* BV,
w:uvﬁ - b
@0 Ovdc
n- 10k
CAPACITANCE
Input Cs - - of
. Ovtpant Cos Voo Vg - 'y 5 2 Py - of
Feadthrough Cuoe - 02 - pf
CONTAOL INPUT (V) *
PROPAGATION DELAY TIME o w |
Yae | Vas € Vg € Vpp 4] s - «© 0 ~
Turnon LT <) 0 10f-]2{ @
] % - 13 E o
MAXIMUM INPUT FxEQUENCY [ Vi € Vg € Vg, ] s [ - [3 - MMz
R, = 1D (] W0l -1} -
° " - 12 -
CROSSTALK
(To signs’ pon) 4 Ve ® Squire wove ¢ [ ] $ - x - mv
A, =R - [} 10 o [7] -
R, v 1. [} 1] - [wo

TYPICAL ON-RESISTANCE CHARACTERISTICS

CHARAL. LY LOAD
TERSTIC| CONDITIONS COMDITIONS
LG = [ &, > vooudy |
Voo [ Vs (VALUE[V, Vy [VALOTT Vg
miwmio [fm|lom|iwm|ow]|mwm
GL] <15 | 0 | o
13 ]
*on b 200 © | 200 o | 200 )
Rowtmexdl +38 | © 30 Tevt | 300 |03 | 20 | 02
0 ]+ | 70 | <0 | 300 | 10
0] o0 .
Ron 2 0 | om0 | olsm | o
Rowimezdl oo | 0 Jo0 |+74 [ 680 | w8 | 610 | w58
0 {+® (40 [<§ | @0 |5
«8 | @
fon 0 o | se0 0 | o0 []
Pontressf+8 | © i w2 s |am [
20 [+78 [ 200 | 478 | 10 | i3
BIRES]
Pon 4 18 120 [-18] 1m0 {38
LRI 5 ) 3 gpa EE IR L)
X ) X ) .
B -
fon D -8 {0 [-8 |20 [-»
Rogimaad] o8 | -6 [0 [02¢] as0 | so2s] 780 | 2028
v23 | 25 | |28 | &0 |38 1
*on "o a5 [ a0 |38 | s® |23
Rontmeatl 028 | 251 3xn [eonn| 20 | o8] o7n | 08

® Vo mmms by § portert avash. Ao, * 90,




SPRT VLTS woe o, g0 0 =
SEINT TENPTRATURE (1,) ¢ £3°T =
s
- Tt
3 3 T ..7‘ =
Z E P =
§ ES e "“Emi:lzéi: T el ,p::x.‘b
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g ’ A [N
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= 2]
= St
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. t X ] ? 1 © as )
YT SaAl VLTS (Vi)

SCL4016AB l

BIPLY VLTS Ve o 0,
ANIET TT AFIDY o

SEmE

Typ. ON characteristics for 1 of 4 switches
with Vpp=+15V, Vgg=0V

°
BT BAL VLTS tvy)

Typ. ON characteristics for 1 of 4 switches

GUPPLY VDLTS 'nc"'- v”.o
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QUTPUT MRERAL YOLTY (W)
-
= 1

AP‘
S A1
o abi .A‘-ﬂkoQJ
l::u Foananss : % %o
) PRRRS .k
L 10T

137

L4 ¢ L L s -
OUT SCNAL VLTS tVyg)

with Vpp=+10V, Vgg=0V
BFEY VALTS W > T Yy *-T8 EE;r“
SaRTNT TEWSOMRE (T, 29%C A
3

Typ. ON characteristics for 1 of 4 switches
. with Vpp=+5V, Vgg~0V

SIPLY VIRT Wppoof, vgge b E:
ST TEWPLRATIRL (T, 1220°C E:-::—*-‘,_.,._-:m st
Peeve srevrearh, 4 I3

- -8 ] .
NSVT SRl VLTS (Vyg)

Typ. ON characteristics for 1 of & switches
with Vpp=+7.5V, Vgg=-7.5V :

MENY VOLYS Vgt ¢ BBV, gy v ~28YV R
SEONT TCMPFCRATVAE (1,)° 29°C

11
1T

P +o-
QVn
.1
-t E:E "
+ o -l
- HH h g
H A
]]]% ﬁ
R R R I ]

Typ.ON characteristics for 1 of 4 switches
withVpp=+5V, Vss- -5V

Typ. ON cheracteristics for 1 of 4 switches
with Vpp=+2.5V, Vgg=-25V.




SCL4D16AB

By VOLTS Vooe S, vpyt-d Cos X w.'l-n(-]
INyY SCadlL VOLTS tyy) S vp.p PR TR ol
PN AL L 7T ey H 1 oe toum
CONTEN, VOL T3 (g 1eed H _?_ H
i Vou

o LOAD CamCTIANCL (s ~Couran) T
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T e
""M
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WPUT SIChAL FRIOUINCY (1, | e

Typ. switch frequency response - switch ON

Jsrny vouts vopees wge-s T h
JIWRUY SORAL VLTS (vg)- § Ve p SAM WAVE 17T NS
T 90, FITURL A MIVER MALLO OUT e yeyey —rpi)98
s T
2 Yoo oy ST .] H
4 ot d L Y s | s
. 3 Tl ey Fae
g ..;Lv.m.}—;h g ]~L )
a lo‘l NS !l\ «-_" +H -ln_
i . el ] omen ) L 3
§ 3 <R 1yt !:x ! %
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I - ]. ~ '«,Lx o5 Loy ;! re
» - o
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H o -..-c._] LY i
AR NP~ (
} 707 ¢ yurcmy “M !
o' [ © o? 0" ° Tl

MYl Sonat FRLOANCY I|.'I— "y

Typ. crosstalk between switch circuits in the
same package

TROL YOLTS (vebe
nrul SCRAL VOLYS (V.18 vp o St mAVE UITT RS}
30 LoD CAMS ITANKCE 1L, Cr g VoL *CaTER
xrval sal BLTIR mutD OUY

MO THE TR |

§ o 3 ”
f wiod:) A 44ein &
i T £
ML Y -~e§
g )
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H - *
!
w0 ¢ 0%

WPUT $16ha, FRTOUINCY (T ivmg

Typ. fesdthru vs. freq. - switch OF F

10V, v
o= \=
" rts 20wy
ALL (LD TrOWWALS
ARE CONWECTLS TO Y
i

Crosstalkcontro! input 3o signal output

APPLICATIONS INFORMATION

LOGIC FUNCTIONS USING THE SCL4016AB
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SCL4016A8 '

i APPLICATIONS INFORMATION {Continued) . - S :
LATCHING DPDT SWITCH

The [atch feature insures positive switching ection in response to non-.repetitive of
erratic commands. A HIGH input to A4 turns S3 and S4 ON, 8 HIGH to Az turns S end
Sz ON. Desirable for use with limit detectors, pesk detectors, or mechanical contact

closures, '
—0 5
Aq ]
oo
) S3
1/2 SCL4011B @
Fowr
\
i . TRUTH TABLE
State of Switches
Command After Command
Ag Aq 83 &S, Sy1&Sy
0 ] Same Ssms
0 1 On Oft
1 0 Off On
k) 1 INDETERMINATE
SELECT INPUTS 0 0 0 D 1 Q 0
¢ 3 ] e “a ‘
50Dt o aor6as we-@scLaoreas) |_
[ SCLADIGAS ] %0-® - vor G Zour
- hlaCe “ L] L]
® 0 ® 0 ®
- NP 2 12 Xk c AN e o
3
-

" Digitally-controtied capacitor network, ——-
——— e - ---+ = - (Vg = Vg7 ars Salect Inputs)
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OPERATIONAL AMPLIFIERS

- MCBC1741
MCB1741F

Advance Information

il

MONOLITHIC OPERATIONAL AMPLIFIER

Beam.fead sealed-junction technology and fabrication make the

No Frequency Compensation Required
Short-Circuit Protection
Offset Voliage Null Capability

MCBC1741 and MCB1741F devices excellent choices for military,
acrospace, and commercial applications; usages requiring a high degree
of reliability under environmental conditions of severe temperature
exiremes, mechanica! shock, and high humidity. Beam-lead products
employ a sticon-nitride dielectric that hermetically seals the chip,
eliminating the need for 3 hermetic package. The bearn leads are gold
cantilevered structures extending from the chip. These beams bond
readily 10 » goid metalized substrate providing one of the most reliable
interconnection systems known for semiconductor devices.

Wide Common-Mode and Differential Voltage Ranges

Low-Power Consumpton
No Latch Up

OPERATIONAL AMPLIFIER
INTEGRATED CIRCUIT

MONOLITHIC SILICON

MAXIMUM RATINGS 7, * »259C uniess otherwne noted)

BEAM.LEAD CHIP
McBC1741

Rating Symbot Vatue Unit

Power Supply Vottage v .22 Vdc
v -22
Differential Input Ssgna! Vin +30 Volts
Common Mode tnput Swing {Note 1) VMV, 115 Volts MCB1741F
Output Short Cucust Durateon (Note 2) 15 Continuous CASE 665
Power Dusipation fp 500 W CERAWIC PACKAGE
o+ 259,
Decate sbove Ty, = +257C (Fiat Packaget 33 Wb SCHEMATIC PIN CONNECTIONS
Opersting Temperoture Range Ta -5510+125] ©C Chip A B CDECFG
“FPachege 2 3 4 6 6 ) B

Storage Termperature Range Tsg | -6510 4150 o¢

10 the suopiy vOitepe

Note 2 Suppty voltsge eque! to o7 lem then 15 V.

Note 1 Forsupply vollages tass than ¢ 15 V. the sbaolute mesimum input vollsge % aqusl

FIGURE 1 - CIRCUIT SCHEMATIC

—ov

: .
3 J_{i [} .J
WO RV BT
ooyt WA
"
t
1 _( i
nevisting . e Tue b
weul 14 ouTeyl
—ArA i 2’4
' 1
,_K v
T 3w
: H N ‘
orsts
il O !r B
¢ ".; $wn " e ?‘bﬂ ] t .

AN o

FIGURE 2 - OFFSET ADJUST CIRCUIT
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ELECTRICAL CHARACTERISTICS (V* = <15 Vdc, V™ » =15 Vde, Ta = +259C unless otherwise noted)
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MCBC1741, MCB1741F

Characteristic Symbot Min Typ Max Unit
Open Loop Voltage Gan (R * 2.0k!1) AvoL -
(Vos 210V, Ty = +259C) 50.000 200,000
(Vg*3 10V, Ty = -55104125°C) 25.000 - -
Output Impedance Z, ! 1
(f = 20 H2) 75 -
Input Impedance Zin Megs2
= 20 Kz} 03 1.0 .
Output Voliage Swing Vo Vorak
(R = 10k} B 414 -
(R =20k s 213
(R =20k, Tp®-5510+125°C) 110 -
tnput Common-Mode Vollage Swing CMV,, 112 213 Vieal
Common-Mods Rejection Rano CM,e, 70 90 - [:1:}
(= 20 Hz} N
tnput Bias Current (1 pA
(Tq° +25°C) - 02 0s
(Tp = -55°C) - 05 1%
tnput Oftset Current’ thol A
(Ta=4+25°C) - 003 02
TA " -5510 +125°C) i - 05
Input Offset Voliage Vool mv
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MCBC1741, MCB1741F (continued)

TYPICAL CHARACTERISTICS tcontinued)
(V* * <15 Vde, V™= =15 Vdc, T - +25°C unless otherwise noted )

FIGURE 3 - POWER BANDWIDTH

(LARGE SIGNAL SWING versus F REQUENCY) FIGURE 4 - OPEN LOOP FREOUENCY RESPONSE
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MCBC1741, MCB1741F (continued)

Py, POWE R DISSIPATION (mW)

TYPICAL CHARACTERISTICS (contnued)

(V* = 415 Vdc, V™ = =15 Vde, Ta = +25°C unless otherwise noted.)

FIGURE 9 — POWER DISSIPATION versus
POWER SUPPLY VOLTAGE
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FIGURE 10 — OUTPUT NOISE versus SOURCE RESISTANCE
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FIGURE 11 - BONDING DIAGRAM
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PACKAGING AND HANDLING

The MCBC1741 bearnlsad sasied junction linesr inte
greted circuit Is sveiladle in chip torm (non encapsuleted)
83 shown in the outling dimenslonal drewing. The shipping
corerer 10r chipe is ¢ 27 squere glass plate on which the
chips sre placed. A thin layer of polymer him covers the
piste and retsing the chips in place. The chips do not sdhere
1o the him when It is liftad to remove them from the

carrar,

Care must De essrcimd when remaoving the chigs

from the carrler 1o snsure thet the beems e not bent.
A vecuum pich up is usetul for this purpos.
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5432/7432 Quedruple 2-Input Positive-

OR Gate

eloctrical charactaristics over recommended operating
free-sir temperature range
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54125,/74125 Quadruple Bus Buffer Gate with Three-State Output
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54393/74393  Dual 4-8it Binary Counter *
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4,567,475

1

. GAS OR VAPOR ALARM SYSTEM INCLUDING
SCANNING GAS SENSORS

BACKGROUND OF THE INVENTION

The invention relates to a new and improved gus or
vapor alarm sysiem containing at least one heatable and
Bas-sensitive sensor clement and an evaluation or pro.
cessing circuit.

In present times the environment is endangered and
contaminated 10 a progressively incressing eatent, und
thus, organic hiving things or life must be increasingly
protected from toxic ‘and explosive gases or chemical
vapors. Such protection is of particular importance and
urgency in the chemical industry, traffic installations,
such as garages or tunnels and in heating installations.
Such protection, however, is not feasible without a
preceaing warning. Meual oxide scmivonauciors ha.c
become fairly. well accepted as sensors suitable for such
warning purposes. The metal oxide semiconductors

s

(MOS's)-react in their heated state, by virtue of a con- .

ductivity change’ thereof, to toxic and/or reducing
gases Or vapors as well 1o water present in their
environment. The change in conductivity is utilized as
an indication of the integral 8as or vapor concentration
which is present.

Also, metal oxide beads impregnated with a catalyst
have been used for the detection of -explosive vapors or
gases. The temperature increase, generaied by combus-
tion in the environmental air, at the heated surface of
the bead is measured and thus serves to establish the
presence of combustible gases. .

It can be further.recognized from rescarch reports
that gas scnsor elements, like the so-culicd GAS FETs
or CHEMFETs, are being developed on the basis.of
silicon technology and are supposed 10 be partjcularly
suited for detecting explosive guses, such as hydrogen,
or toxic gases like carbon'monoxide, sce NTG Fach-
berichte, Volume 79, 1982. e :

It has also been mentioned that pyroclectric elements
fabricated, for example, of LiTaO 3are sufficiently sensi-
live 10 be able to detect temperature variations gener-
ated by the desorption of gases from the surface of such
sensor clement (Chemically Sensitive Devices, El-
sevier, 1980). S

The senvor clements given here as cxumples are oper-
ated at a constant elevated temperature which is detsr-
mined by the response time and the cooling time, on the
one hand, and by the gas to be measured, on the other
hand. While already by virtue of the.sclection of the
value of the coustant temperature some prefercnce may
be obtained for the detection of individual gases, the
scnsor elements operated in such manner do not give
any information as to the nature of the gas component
or the chemical vapor. In such case the sensor element
is considered to have a wide or broad band response
behavior. For example, certain harmless concentrations
of hydrogen prodiice a change in the ‘electrical copduc-
tivity of a metal oxide semiconductor gas sensor ele-
ment which is of the same magnitudc as that which
would be produced by s high and dangerous concentra-
tion of methane gas. A result thereof is undesirably
signalling or indicating a false state-of-danger which
frequently entails rather high consequentizal costs due
to,- for instance, unnecessary evacustion of an area,
production interruption and so forth. There is therefore
the desire to selectively detect individual dangerous
gascs. In practice this requirement has been fulfilled by
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stant temperaturé which is about

2

manwlaetyring specific gas sensor elements for a certun
gase hike, for cxample. a selective -sensor clement for
hydrogen sulphide or for a certain vapor or by equip.
ping 8 mcial-onde semiconducior with preceding or
upstream arranged filters for blocking the access of
undesired gases. It 1s a disadvantage of these techniques
that by virtue of such absolute s¢lecuvity other compo-
nents are not detecied which are simultancously present
in the environment. Heretofore there thus prevailed the
limitation that there was carried out detection of only a
single individua) gus or vapaor component in the envi-
ronment. Other possibly occurring components were
totally neglected. Thus, poisoning phenomena or explo-
sions unfortunately have been known to occur without
any response from the alarm system.

In a method for determining the content of a carbon
monoxide component in a gas mixture as known, for
exauple, tom  Gesman  Fatens  Publication  No.
2,313,413, published Mar. 2, 1978, a metal-oxide semi-
conductor is heated 10 a predetermined temperature by
means of a heating wire. After an uncontrolled cooling
10 room or ambient temperature there is accomplished
the carbon monoxide measurement which is differenti-
ated and integrated in a subsequently ‘connected elec-
tronic eveldation or processing circuit. The evaluation
or processing only occurs in time intervals during
which no measurement is accomplished. In this method
it is a disadvantage that during the cooling perioc: vari-
ous gases can settle at the surface of the semiconductor
sensor element.which then generate a signal similar 10
that generated by carbon monoxide. Also, at the most
only one gas can be sclectively detecied using this
method according o which the gas is detected at con.
room temperature.
Consequently, as stated hercinbefore, the required de-
giec of selectivity is not ensured.

SUMMARY OF THE INVENTION

Therefore, with the foregoing in mind it is a primary
object of the present invention 10 provide a new and
improved gas or vapor alarm system which is not asso-
ciated with the aforementioned limitations and draw-
backs of the prior aft systems. ’

Another and more specific object of the present in-
veution aims at muking full use of the wide or broad
band sensitivity range particularly of gas sensor ele.
ments formed on the basis of metal oxides.

Still a further significant object of the present inven.
tion Is dirccted 10 a new wid unproved 883 Or vapor
alarm system using sensor elements having a wide or
broad band sensitivity range in order to sclectively and
simultancously detect individual Bascs, Vapars or types
of gases. . T

Another significant object of the present invention is
directed to a new ind improved construction of a gas or
vapor alarm system comprising one or more gas scasor
clements formed, for example, by metal-oxide semicon-
ductors and an electronic evaluation or processing cir-
cuit, which alarm system is composed of relatively sim-
ple components, is quite economical 1o manufacture,
extremely easy 10 use, not readily subject 1o breakdown
or malfunction, and affords the high degree of selective
scnsitivity required in such type of apparatus.

Now in order to implement these and still further
objects of the invention, Wwhich will become more
readily apparent as the description proceeds, the gasor -
vapor alarm system of the present development is mani. .=

B
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fested by the features that, the temperature of the sensor
is increased in at least two cycles continuously from a
starting value 1o an upper threshold value accordirg to
hpredetegpeined pattern which is optimized for individ-
unl gases and subseqO@ndy decreuscd 1o the starting
value according to. the same or to a different patiern,
and the signal indicated by the sensor element during
the temperature cycles and depending upon the compo-
sition of the gas atmosphere is compared in a subse-
guently connected electronie circuit with stored values
which are characteristic for the presence of predeter-
mined or sclective gas and/0r vapor components,

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood and objects
other than those set forth above, will become apparent
whe~ cansideration is given 10 the fo'lowing detailed
description. thereof. Such description makes reference
to the annexed drawings wherein:

FIG. 1is a graphic representation of the change in the
electric properties of a metal-oxide semiconductor used
as a sensor element in a gas or vapor alarm system ac-
cording to the invention under the action of selective
temperature cycles in the presence of different gases
and vapors; ' '

FIG. 2 is a block diagram of the electronic circuit in
the gas or vapor alarm system according to the inven-
tion for controlling the heating of the metal-oxide semi-
conductor and for evaluation or processing the output
signals thereof which indicate the electric properties of
the metal-oxide semiconductor;

20
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change in the clectrical conductince or conductivity.
The evaluation process -will be discussed hereinafier
with reference to FI1G. 2. )

The curve A in F1G. 1 rclates to stundard air. The
incrcasc in the output signal at a heating voltage Vo
the range of 4-5 volts depends upon the air humidity,
and thus, can be processed to determine the wir humid-
ity, The temperature cycle of the metal-oxide semicon-
ductor, as controlled by the heating voltage, undergoes
un excursion 1o the upper threshold value and then back
10 the swarting value of O volis. A temperature cycle
having u eycle iime of 60 seconds and of FIG. 1 indi-
cated in FIG. 3a was used for recording the curve A,
The curves B, C and D indicate the presence of carbon
monoxide in an amount of 400 ppm in the environmen-
tal or ambient air. The different shapes or envelopes of
the curves result from different patterns of the tempera-
ture cycles. 1hus, theie wiii be cvident the eminent
significance of the temperature cycle during heating
and cooling of the meial-oxide semiconductor. It has
been found that by appropriately selecting the tempera-
ture cycle the response characteristic can be optimized
for individual gases. This will be particularly evident
upon comparing the curve C in FIG. 1 to the curve B.
The peak * ulue in the curve C is substantially more

* distinctly expressed or accentuated than in the curve B,

FIGS. 3a to 3e show different patterns of the changes :

in the heating, voltage during a number of heating and
cooling cycles of the metal-oxijde semiconductor; and

F1G. 4 is & graphic representation of different output
signals obtained for different gases and shows the corre-
sponding response curves.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Describing now the drawings, it is to be understord
that only enough of the structure and characteristics of
the gas or vapor alarm system according to the inven-
tion have been shown as needed for those skilled in the
_ art to readily understand the underlying principles and
concepts of the present development, while simplifying
the showing of the drawings. Turning attention Low
specifically to FIG. 1, there is plotted along the abscissa
of the depicted graph the heating ‘voltage Vg in volts
used for heating-up the metal-oxide semiconductor 1
including the reluted hoating resistor 3 as shown in J710,
2. The heating voltage V i produces a temperature lying
in the range from room or ambient temperature to 500°
C. in the metal-oxide semiconductor 1. By virtue of
such temperature range the entire sensitivity range is
covered. Along the ordinate of the graph depicted in
FIG. 1 the voltage signals Vg are indicated in mV and
which are generated as output signals by the metal-
oxide semiconductor 1. These signals are proportional
to the electrical conductivity of the metal-oxide semi-
conductor sensor element which changes under the
action of the gases or vapors present in its environment
and in correspondence with the temperature state
" thereof. The signals are evaluated or processed in the
electronic circuit shown in the block circuit diagram of
FIG. 2. In a similar way temperature changes due to the
gas atmosphere can be evaluated in the case of a sensor
element which detects heat of combustion instead of &

Avea(7) | sl
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although both curves indicate the same concentration of
carbon monoxide, narnely 400 ppm in the air. The curve -
B has been generated using the same temperature cycle
as shown in FIG. 3a and which was used for recording
the background as represented by curve A. The curve
C generated using a temperature cycle whose heating
voltage follows the path or pattern shown in FIG. 3b.
60 seconds were selected for each of the ascending and
descending branches of the heating cycle. The curve D
was generated using a heating voltage following the
path or pattern shown in FI1G. 3d with a cycle time of
60 seconds.

The shape or configuration of the curves shown in
FIG. 1 furthermore depend very strongly upon the
cycle times for the ascending and descending heating
voltage slopes or ramps. The cycle time, in tum, is
determined by the geometric structure and propertics of
the sensor element. For the sensors used in the embodi-
ment discussed herein a cycle time of 60 seconds ap-
pearcd to be optimul. When using miniaturized scusor
clements which have an improved thermal coupling
between the heating resistor 3 and the sensor element or
mizterial it is then possible to emr lvy more rapid cycle
times.

110, 2 shows b block clrcult disgram of an saciplary

_embodiment of electronic circuit which can be used for

operating, for example, four sensor elements a, b, ¢ and
d. It is to be expressly understood, however, that any
desired number of sensor elements a, b, ¢, d can be
readily used. The sensor elementi.or sensors &, b, ¢, d
may cither be arranged at different places in one room
or arca or in different rooms or arcas. The sensor ele-
ments &, b, ¢, d may be constituted by metal-oxide semi-
conductors in the presence or in the absence of cata-
lysts, by beads of ceramic metal oxides preferably con-
taining at least one céatalyst, where there is used the
effect ‘of generated hest, by MOS-transistors, MIS-
diodes or by pyroelectric clements containing a gas
absorbing layer. .
The metal-oxide sg¢miconductors which form the
sensor elements a, b, ¢, d in the embodiment shown in
FIG. 2, for example, may be madé of tin dioxide includ-
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g catalyst additives like, for example. platinum or
paliadium. Each sensor clement a. b, ¢, d may be consid-
cted to comprisc a respective heating resistor 3 and one
of the metal-oxide semiconductors, generally indicaigd

by reference charucter 100, or & ceramic metal-oxidd §

represented as 4 resistor 1 in the drawing. Each one of
the resistors 1 is'connected 1o a temperature measuring
device 40. A microcomputer 2 constitutes an electronic
circut which controls the heating power or output at

each of the sensor elements 4, b, ¢, d via a data bus 21, 10

a digital-to-analog converter 4 and an amplifier 5. The
heaung voltage Vy is varied according to a pattern or
course as programmed in the microcompuier 2. Exam-
ples of such patterns have been showrn in FIGS. 3a to
3e. *

In the embodiment shown in FIG. 2 all four of the
srcnr elements » b, ¢, d are sunpl'=d -rith the same
heating power according 10 the same temperature pat-
tern or course. 1t will be understood that each heating

15

6
signals of the sensor elements . b, ¢, d. This voliage. of
course, also can be increased. Such voliage increase will

*sugment or enhance the selecuve detection gaswor of the

vapors. A change in such measuring vollage for the
sensor elements or sensors 4, b, ¢, & will huve to be
stored 1n the microcomputer 2 which, then, will have 10
take such into account during the various comparison
operations. A voltage converter 81 supplies the voltage
of —3 volts required for operating the amplifier 8.

As already mentioned, FIGS. 3a 10 3¢ show examples
of various patterns of temperature cycles.

F1G. 3a shows a continuous increase or ascent of the
heating voltage Vy 10 5 volis. Thereafier the heatng
voliage is reduced 10 0 volis. The temperature of the
sensor clement or sensor a. b, ¢, d changes depending
upon the heating voliage. This 1s a function of.the ther-
mal coupling berrveer the heating reustor or resistance
3 and the matenal o1 the sensor €1EMeNt-Or Sehsor a, b,
¢, d. The time is plotted in F1G. 3a along'the abscissa in

resistor or resistance 3 of the four sensors a. b, ¢, d may 20 .seconds. As also already mentioned with reference to

be individually connected to an amplifier, like the am-
plifier 5, so that each sensor element or sensor a, b, ¢, d
may have applied thereto an individual temperature
pattern programmed by the microcomputer 2. The digi-

tal-to-analog converter 4 is powered with current by 25

the voltage regulator 6 which is connscied 10 a suitable

power supply 10.-The power supply 10 may be, for -

cxample, a transformer transforming the siandard mains
voltage of, for example, 220 volts to the required voli-

age of. for instance, 24 volts, The sensar elements or ‘30

sensors a, b, ¢, d are exposed 10 environmentul or ambi-
ent air. During the entire temperature cycle the electri-
cal conductance or conductivity of each sensor ¢lement
or sensor a, b, ¢, d is determined by continuously mea-

suring their electrical resistance. In the case of the pref- 35

erably catalyst-containing ceramic metal-oxides repre-
sented by the resistors 1, the temperature measuring
devices 40 render an output signal indicative of the
temperature of each sensor element or sensor a, b. ¢, d.

The outpul signals ger = ated by the senpar ciements 4

a, b, ¢, d are sequzntially sampled or scanned by an
analog switch 7 and are furnished to the microcomputer
2 via an amplifier. 8, an analog-10-digital converter 9 and
o data bus 91. The sumpling or scunning operation is

controlled by the microcomputer 2 via the data bus 22, 45

The output signals of the sensor elements a, b, ¢, d are
processed in the microcomputer 2 in such a way that
curves are obtained as shown, for example, in FIG. 1.
The measured curves are compared to preprogrammed

response cycle patterns which are stored in the mi- 50

crocomputer 2. During such comparison also the tem-
perature cycle is taken into account which results from
heating the corresponding sensor element or sensor a, b,
¢, d. In the event that'the comparison results in ambigui-

ties, then the microcomputer 2 will activate the heating 58

resistors 3 via the data bus 21, the digitai-fo-analog
converter 4 and the amplifier § in such & manner that'a
different temperatpre cycle is obtained. This operation
is repeated until the comparison operation performed in

the microcomputer 2 renders an unambiguous, result. 60

Such result is then, for example, supplied to the ampli-
fier 11 by means of a line 11 and then to a suitable indi-
cating dcvice or printer 12, as the case may be. There
the detected gas or the vapors are indicated and danger-

ous concentrations thereof rendered discernible by the 65

alarm giving or sounding stage 13. In the embodiment
shown in FIG. 2 a measuning voltage of 5 volts is indi- -
cated at the power supply 10 for generating the output

.t

FIG. 1, the time for the increase and for the decréase of
the heating voltage'in each case is'60 seconds. Accord-
ing to FIG. 34, the heating voliage is again immediately
thereafter increased 10 the same maximum value of §
volts. Th..reafter, the heating voltage drops again 10 0
volts. The sensor element or sensor a, b, ¢, d is hegted-
up and cooled in a number of temperature cycles™ As
already mentioned with reference 10 FIG. 2 the temper-
ature cycles are controlled by the microcomputer 2.
This microcomputer 2 also may vary the ascending or
descending slope of the heating voltage V. As desired,
greater or smaller voltage values as well as times can be
cmployed. The selection of these parameters will de-
pend upon the evaluation of the output signals delivered
by the sensor elements a, b, ¢, d in the evaluation or
processing circuit shown in FIG. 2. .
FIG. 3b illustrates that the ascending and the de-
scending branch or leg of the heating voliage Vg have
equal lengths and elso the same slope In this example,
the time for heating-up the heating resisior 3 of the
sensor element a, b, ¢, d and the tinre for reducing the
heating voltage are 60 seconds. The next heating step
follows immediately. Also in this case, the microcom-
puter 2 may induce changes in the voltuge values us
well us in the shape of the heating and cooling curves

"and also in the time t.

According to FIG. 3¢ the heating voliage Vy is
swilched-on and switched-ofT similar to the patiern or
cyclic course shown in FIG. 3~ (o. seconds), however,
with the difference that, here, a time interval of, for
example, 60 seconds elapses between the turn-off and
the next following turn-on of the heating voltage. Also
in this case, the microcomputer 2 may induce changes in
the voltage values as well as in the shape of the voliage
curve and in the time t. This will depend, as already
previously mentioned 8 number of times, in accordance
with the evaluation of the output signals furnished by
the sensor clements a,'b, ¢, d.

F1G. 3d shows an immediate increase of the heating
‘voltage Vy to the maximum value at the moment the
heating is turned on and a slow decrease of the heating
voltage. This again occurs within a time span or interval
of 60 seconds. Thereafter the heating voliage Vi is
again switched 10 the maximurh value of, for example, 4
volts and again slowly decreased. Also, in this example,
the microcomputer 2 may induce changes depending

.

upon the evaluation of the output signals from the sen-

sor element or sensor &, b, ¢, d as, for example, in the

t
.
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voltage values, in the shape of lhc heating or cooling
curve and in the time t. N

F1G. 3¢ shows an instantancous increase of the heat-
ing voltage to 8 value of 3 volis. The heating voltage
remains constant for a ume period of 60 seconds and,
then, decreases again. Thereafter the sensor element a,
b, ¢, d is not heated for approximaicly the same time.

8 .

at least one catalyst provided for sdid sensor element
optimizing the detection. of, prcdclcrmlncd ones of
said gases or vapors.

4. The alarm. system as defined in claim 1, further

g including:

The next following heating-up phase occurs in the same .

pattern but to a higher voltage value, such as for exam-
ple, 6 volis. With this procedure there is intended 1o be
illustrated that the microcomputer 2 alrcady has
changed the voltage value.

Since FIGS.: 34 to 3¢ only illustrate examples it will
be understood that the heating voltage also may be
increased or decreased in other wave-like shapes and
also the time t can be chanved.

MG 4 shows respanse curves toe th puses hydn,
gen, carbon monoxide, ammonia and methane which
individually have bgen mixed with air at a volume con-
centration of 0.0l percent by volume which corre-
sponds 10 100 ppm, The profiles or envelopes have been
recorded using the temperature cycle indicated in F1G.
3a. The different shupes of the response curves are
clearly recognized and they are characteristic for the
selective gases. In particular the response maxima are
located at different heating voltages. The exact shape of
the curves therein depends upon the thermal coupling
between the heating resistor 3 and the material of the
sensor clement a, b, ¢, d. Also, the shape of the curves
is strongly affected by the addition of suitable catalysts.

While there are shown and described present pre-
ferred embodiments of the invention, it is to be dis-
tinctly understood that the invention is not limited
thereto, but may be otherwise variously embodied and
practiced within the scope of the following claims.’

Accordingly, what we claim is:

1. A gas or vapor alarm system comprising:

at least one heatable sensor element for génerating an

output signal in dependency upon the presence of a
gas or vapor;

heating means for continuously changing the temper-

ature of said sensor element through at least two
temperature cycles from a starting value to an
upper threshold value in accordance with a prede-
termined pattern and thereafter back to said start-
ing value according 10 a preselected pattern, which
patterns arc optimized with respect to selective
oncs of said gases or vapors;

said output signal of said sensor element varying

during said temperature cycles as a function of the

composition of said gas or vapor;
an electronic circuit for receiving the output signals
of the sensor element; and
said electronic circuit comparing the variation of said
output signal during said temperature cycle of said
scnsor clement with stored ones of such variations
which are characteristic for the presence of prede-
termined components of said gas or' vapor.
2. The alarm system as defined in claim 1, wherein:
said sensor element comprises a heatable semiconduc-
tor clement on the basis of a ceramic metal-oxide;
said semiconductor element having a conductance
which changes as a function of the environmental
gas atmosphere and thus serves to generate said
output signal.
3. The alarm system ‘as defined in claim 2, further
including:

u(9)
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a tempetature messuring device:

a heatable ceramic metal-oxide forming said sensor
clement;

at least one cataly-t provided for said ceramic meual-
oxide; and

suid ceramic metr!-oxide being attsched to said tem-
perature measu ing device by means of which the
temperature xm rease generated by the interaction
of said sensor ¢’ ‘ment with said gas or vapor forms
said outpui sig:.al.

§. The alarm systcm as defined in claim 1, wherein:

said sensor element comprises a modified hcaiable
senleonduciog sutpLnent having h pas ur yapin
depindent Lnalrecienste ans used for geperating
said output signal. '

6. The alarm system as defined in claim 5, wherein:

rsm:!ii semiconductor, component compnses a MJ]S.
ode.

7. The alarm system as defined in claim &, wherein:

said semiconductor component comprises a MOS-
transistor.

8. The alarm system as defined in claim 1, wherein: -

said sensor element comprises a heatable pyroelectric
r.lement provided with a gas or vapor absorbmg
ayer;

said gas or vapor is absorbed at said heatable pyro-
electric element during a cooling phase of said
temperature cycles; and

a pyroclectric current of said heatable pyroelectric
clement is modified by desorbing said gas or vapor
from said heatable pyroclectric element and uti-
lized as said output signal.

9. The alarm system as defined in claim 1, wherein:

said electronic circuit contains means enabling pro-
viding different temperature cycles for individual
ones of said sensor elements.

10. The alarm system as defined in claim 1, wherein:

said electronic circuit contains means for varying said
temperature cycles in correspondence 1o said out-
put signal received by said electronic circuit in
order to optimize the indication of detected ones of
said components in said gas or vapor.

11, The alarm system as defined in claim 1, wherein:

a plurality of said.sensor clements are.pravided;
suid temperature cycles have starting times, cycle
periods and temperature patterns; and

‘said starting times, said cycl. g viods and said tem-

perature patterns are different ior individual ones
of said plurality of scnsor clements.
12. The alarm system as defined in claim 1, wherein:
said heating mecans continuously change the tempera-
ture of said sensor element through at least two
temperature cycles” fronf a starting value to an
upper threshold value in accordance with said
predetermined pattern and thereafier back to said
starting value according to said presclected pattern
which corresponds to said predetermined pattern.
13. The alarm-system as defined in claim 1, wherein:
said heating means continuously change the temperas
ture of said sensor element through at least two
temperature cycles from a starting value 10 an
upper threshold valuc in sccordance with said
predetermined pattern and thereafter back to said
starting value according 1o said preselected pattern
which is different from and does not corrcspond to.
said preds tcrmmed pnttcm
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