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ABSTRACT
In the industrial supervision , humidity is an important variable and necessary for
processing control. However, there is rather difficult to take the signal of humidity, so
transforming the humidity signal to the electric signal is easier to control and more appropriate.
The main accessory. also well-known , for transforming the humidity signal to the electric signal
is “transmitter”. This thesis present the general data and action about the “transmitter” that is used

to the processing of transforming the humidity signal to the clectric signal.



naanssudszme

a a J W d”o < ' vy = Yo aa v d
ﬂjmuﬂgﬁuwu‘ﬁﬂﬂﬂuﬂnﬁi]qa'Nllﬂﬂ?ﬂﬂl‘Wﬁ181@5‘Uﬂ31%1u@]@1%1ﬂ IM.3388 NDITAY

a o a

=0 Yq Yo o ' 9. a oo A 4 2 A A °
N ]ﬂ“l'ﬁmmwumnm%@m@ﬂm @ﬂ‘ﬂQUQL@@LW\I@QﬂﬂijLazlﬂﬁ@QN@G]']QG]1uﬂ']§‘ﬂ'n_‘§ﬂ!ilﬂ

oo

I Yao y 2 o3| '
VIUBY 03 Anaudiag vensuveunsznaniluoiage

o a a @ ' =g Yo o v g
"UEJGUGU‘W5$QQA 81%]§Uﬂ1ﬂ3%13ﬁ3ﬂ333Jﬂ133ﬂﬂ1ﬁ}ﬂ'ﬂ"l‘” %1Wﬂ1LLu$u1@uLﬂu
v

J ° a a J
Uiz TenidonsinlSyaidnusniudl

AA A ap ya Vo g A A A I~
Llﬁz‘ﬂamﬁ&mqﬂﬂ@ m@ﬂﬁ?ﬂﬂjﬂaWizﬂmﬂmLm EJuLﬂu‘V]iﬂEN “Vlﬁuﬂﬁ‘lguuazlﬂuuiﬂ

E4
a =

vumalalumsinlSyaniwusarivd
E4

1 L5 =) a a d v A Ya 1Yt ]
Auawazlse lewiouisdinndTauaninusniiudl é’awmammmauwn@mnﬂmu

[11



b2
an
UNAALDATHVINE oo 1
UNAABDNTHIOIIGH.oooeeeee e i
AN TTHU TN 1l
VTIR .t v
T 12T T T VI
CUE 11T 0L O o oo, VIl
1 .
IR T (1Y) P o SO N WSN\\WWH.Z727 e N S 1
< av
L1 AU e e ARl 8008MT AT oo 1
Y J a a o
12 An0U s 2R Vo Saatinm s il e e e I
a a o
& AT G 120 P GRVAGERY A TAN, I " T NS | S I
v
| BTN C2E i s of BIPA A AN Sl 0T A S VSl 1 W !
dv s > &I
TVTIA U Gl e me g o073 ML T G2 ane NI )| N, oo Sl S 3
¥
AR gk ol n s || WIS N | S et S 3
AN\ Y,
2.1.1 RSN g AT RS 3
2 LAY
202 Ay B . o BT e N ML, 3
;7
L3 DT UTMTENS AN Nl 3
¥
2.2 NANMITIAANIFULUD VAR ..o et ottt emtteee oo 4
:; 13 &: U Y
VNN 3 WD TA M ULUUAIADTHA TN I oo eeeeeseeeseeees e seeesesee e eneee 5
unh 4 3905050 wtasdaynam N F U RNIHTN . e, 7
Al AT Yoo 7
B N T R Lo Ee LR A s VI 7
4 [ 4 | @
4.3 7099msoautlasdaanannuduludayana Wi 9
[l [ 9 Y] s d’l
431 dm luoanseualiun@ W aO S AU F U, 9
432 AU U DB AU A VOO T QR IN L 10

v



a3 1iy(eo)

Y

i

unn S MINAADIUAZHAMITNIAND . .eceoeeerreenereereene oo eeeseseess s s eeoeeeeese 13
DITMUIYNTU. et eee et etree s e e s e e e een . 17
DA et ee s re s s e s s e st e 18



MUY

a
131N

¥V '
5.1 HAAIHANINARDIIANNUFLVDUATDY Humidity Transmitier. ..o 15

dgj 1 dl Y o U ¥ tﬂl = 1 3 1 Y o 14 6 v 1%
nansiiluenasanulidmsumsldnuienisdnwivingu leygalmhluldusylesiaunism

' = O L A Oy agve & Y Y a = v & Ao ° v
lﬂﬁqﬂiﬂﬂ@‘] NG @ﬂm\iﬁqmlﬂﬁﬂfﬂLLU@QLU@V']LL@%WE]\TE]']Q@QQQLQ'WJENL@ﬂaqinﬂﬂﬁﬁwmﬂqiuqiﬂisﬁ

VI



aIVYNW

o v
NN gy
g o A
2.1 uden 10N uvoIN S IOA WA 4
3.1 A79Y19U0 Resistive Humidity Sensors...........cooooiiiioioiooooeoeeee 5
3.2 NTINHAADUAUDIVDY Resistive Humidity Sensors........c.coooooooooioioieoiooooo 5
=1 v A o ﬁa’ < @
4.1 naaﬂlmmmatueummsaauﬂamqmymmmmmﬂuﬁf,yiym"1‘1/4‘1?11 .................................... 7
4.2 1AAINIABIITABMT LTI IO EANITRYDS Base-Emitter Junction Transistor..... . 8
y v g IS @
4.3 uannasinTesnlasdyananmdududyepaliit. oo 9
v
[l [ (- o
4.4 1ARINTAIU LUBANT LU AUAA WSO T AT U 10
45 A2 107 LYGHI0 .. eI A e NN 10
o 1 @ ' @ =) J
4.6 UARIAMNUINTYYIUANVOIAD TOFIVOT LOGIOO oo 11
4.7 185 1A VeI USUE A UIAS VO TYRID ot 11
o 1 J 1
4.8 naasnnueamsNgdnsainielundod HMIDITY TRANSMITTER ... 12
4.9 HUMIDITY TRANSMITTER fssgaslunaesiSeudoo. oo 12
5.1 nmmanaaouaiowasdyyimnnuduiudogabi 13
& Jq y Y = A A @
5.2 narasgunsain i wluiosowiiownsosdiofa. . 14
= sAq Y q Vv = A A o '
5.3 vanaginsailymesluiesmeuifiennToaiosa o). .o 14
54 N9 MANTEMEes o AN B\ =2 S A SO Ry 16
" ¥V o 2
5.5 vewtlnsdymivaswiudludaena it o o 16

VII



L1 anuiusnuazimagalovesnsidy

nIzUIUMIKaAveszUgam AT U Tulszmailegtiu Tnsminudiueen
Y sy dy = ~TI=} @ & Ao o @ '
Tunszaums  Idegluvenaiidesnis anuuniluandulsniisntanudinyse

321N uazzdedinisauguldogameluvoumaidmua

[ d a d
1.2 TnguszasnvesifSayaniinus

a a 2+ =t & & ] A o
Ysyaniwusiozdumsnyl HATWAIUIRDNL UV 1 AT o uUasduana

g o

[

.é? <3| A 1 @
nwsuiudgaa IMEUMIDITY  TRANSMITTER)  ifipsnindiugivesdyana

g o

E4 v
@ o

Y
anufuiuinniguldon  Suieshimaudasgddyyaldeglugiiaunsonunyld
' a @ ~ ° o ' < A a @ < @
nudnou dyyiidunsaninmnniunu i heneniuido ¥ o fto dyaa
o 4 o § g % < 5 '
malilihiues  @endasgldyanamnudulfdudyanaivfiugs Sasoildge

1

' @ ad SN A = a S A o ! & ]
FIUNVNATDLANNIDUN Wﬁ@@‘ﬂﬂﬁﬂlllll l‘ﬂiﬂ@iﬂ/\l3&@]E]ﬁLW@cannﬁﬂﬂnJﬂl‘ﬂWﬂ'ﬂN“ﬁui‘H@ﬂ

U

Tuvoualunszuaunisae lal

a a ¢
1.3 vourunva S ayantiwus

a a Jd qy ' =< @ A @ A’(’
USyaptiwusiauiiognands  msannuazesnuuuinioalasdyainninuiy

Vv
ludayana T Tagldanaseinudunuuminaudiumy IWf(RESISTIVE
o o 4
RELATIVE  HUMIDITY . SENSORS) 1ag92#1113nAanInINaAoU a1 o3ue @ uauisos
& Y & o &g Yt Y
ANy sonuuua un o wasdaguanusuiudyana Wi ldianuaeande i

V
o ¢ &
AAADUTHDIVOIA YUY D IA NNV

1.4 YUABUMIANHN

t4 Y

o ao a a 4 v A =] a
M3 Insanddvlulsyaninusauil HUUADUMIANHUTUINNAITANE
1 4 o 4 14 = [ 4 = [l
NANDUEUDIADANUFUVDIAUFUITDT AT NiWanaUaUInon UL 1da 1y
6 s A o o g ] P,
lathe  M51E535098V IS IT U0 s ANUFULUDA A LA N1 A (RESISTIVE

RELATIVE HUMIDITY SENSORS) aziimanavauodludnyas lufhufudy oy

aR a = ' @ (=] a Y
ADMINNUONNANAIW(LOGRALITHMIC AMPLIFIER) #9vae1Sunn g aduaos



o 3 & Yt G a oy 2 4
mmum@imm‘lﬁu1WMﬂ31MLﬂuL%QLﬁu111ﬂUaﬂJu

[}

ﬁﬂmﬁamwmumsmqmmmuﬁiazmﬂ

y o ' ' @ v Ao ' y @ § I
TGETVITRE e AT “ﬂﬂﬁmmwaﬂiwmmai)am"?amﬂamtymmmam%umu

dayayras Invh



UNAN 2

HaAnMIIAANNT U U NI

V E4
sruunglulsugammnssy amsnauguaniiy Tuenszuaumisdio i

o g ' z:y ) a @ @ @ g d" Y o '
i]WL‘]_J‘LI?JUNiJ”Iﬂ 1HUWMﬂgu”Ilﬁu@Lﬂﬂ?ﬂﬂﬁﬁﬂﬂ?ﬁ'}@ﬂ'ﬂu‘ﬁuiu@7ﬂ1ﬁ1ULUQQQUﬂuﬂ@u

o X
2.1 ﬂqygmmﬂnﬁlumsmmﬂ

mm%ummmmﬂ FURTIGN! ﬂimm”laumﬂ ziuoglueinia ”1mnmmmmmmm
Al 31U fig
- mm%uau‘gmf (Absolute Humidity )
. ﬂﬂm%uﬁ'llﬁﬂﬁ’ (Relative Humidity )
F mm%ﬂuﬂ"uww (Specific Humidity )

2.1.1 ANMYUAUYS0S ( Absolute Humidity )

¥ Y=
o o o ' ' o A a @ a
mm%uamysm ‘Hlﬂﬂﬁﬁ amwmmzmwmamm”laumuaa%ﬁﬂummﬁ f‘l‘U‘ﬂ‘iiJ'l@]i

u

v
VOIDIN A U

v b
~

winvedlethiieges dluoinie

Il

g03 MmuFuysal o
Usuesvosernia

~ = ' [~ @ ' J
lasimgialu AfuAegmN LAY

X o v ek
2.1.2 ANUFUTUWNS ( Absolute Humidity )

Y v
0 Ao

j) @ o W =3 w ' ) ' o o
ﬂ'J"IiJ%‘HﬁMWWﬁT@Q@WﬂWﬁHJH@@ﬁWﬁ'ﬁﬁJU\iﬂﬂJ”J‘LJUIG‘NH’IJJ@Muﬁﬂﬂ"lﬁ mammullam

A apy A o g oA 4w Al 2 o 4 a4y v
no1 Idsudududuiluemmso sy ANUIUFIIM S IS uaduSouon Iagly

I
=

5 4 Al o Ny : o g Y vy ¢ =2 o
VTHUIUANUYUY @N@:]L@‘]‘UV]UJH 100 ﬁ’gucleger]ﬁ'lWEJﬁ\?@Ucl‘UﬂJ@?7“1ﬂalﬁ1iﬁuﬂﬁﬂ3ﬂ\ﬂJ

9 r::} = =3
jmWﬁwmmeawmnm’)mJ n:mummnwmaammVlﬂﬂwwummaucmhﬂmwulﬂ

@

mnmiﬁuwmﬂzﬂmammﬂvmmm]umn £193 0 Taomwizngiouazugei
mmmuﬁw‘ﬁmmmma@imamJ luSnadnandmmiudimingniemaeni) 72-74
nlosiHud uazazanaunio 62-69 wosidudlurggdeufoaiu

Absolute Humidity X 100

Relative Humidity =

F ' i
mm%umﬂ‘mq@mmmmﬁu“lﬁhqﬂzmgﬁ
2.1.3 ANUTUTUWZ (Specific Humidity)
< o : 2y & 5 & g TN
wudandwvonivninanlot Tuemisluvaz) whunsudeimminenia

I nlansy



v
o @

4, s &
ANUBUIUNIE = u']ﬁUﬂvl@u11u@h|ﬂ']ﬂsUm$uuLﬂu

Wninvese1niain e 1 a.n.)

a A

¥ ' i
ANLFUTUNIZYDIIN AT AL udgamgiiniedsuinswosememasuly $ai

U

Y v
< Jd a @ 1
152 Towd 1umm'ﬁmaaﬂum:mm%u“lummﬁsummammﬂuuﬁuiaﬂ U DINFLIDY

b
@

Y
U2 [anzmtiorginnuasus uwz 0.2 nSusoo1ne | Alansy

A & = ~ o o oYy & g
LiJ@ﬂ?WllcﬁucluEnﬂ1ﬁ3ﬂﬂ HUYO Iu@']ﬂ']ﬁﬂb],@unJWﬂ ﬁ?lﬂiﬂﬁﬂllﬂu'lulﬂﬂﬂlﬁﬂuaﬂ
v

A o 2 o a 9o o vy o o v A o q v
MUY 91MIANIZ DAY cmi]wﬂwmmﬂmmmwmﬂllﬂuaa FIUNIAUTINWY(ANID) W1

YR R o )= v g Yy 9 E2 v Y
JANDADALALIVUYIND WU Iﬂﬂﬂgﬁiq‘lnllﬂﬂ@']ﬂ’lﬁuﬂﬁ

w w ‘&,
2.2 HanmsInANuF Ul ue e

msiannudulueime gﬂumﬁaﬂmﬂamm”laumﬂuag“lummﬁ FINGNNS
oo Taz)senoudoduein wail

Y
o @ %
LIYUIHDIATIVVUA NN ( Humidity Sensor)

o

| dauﬂ%umiaﬁa;aym (Humidity Transmitter)

(O8]

. AIAAHA (Display)

Humidity Humidity
Output

Sensor

Transmitter

Display

" Y
< o
fﬂ‘Wﬁ 2.1 ‘Ua@ﬂUlﬂ@&miiﬂl@ﬁﬂﬁ’m%]’ﬂiﬁfu

= o v

¢ o 4 2 - o !y
YUADIATIVVUANNTY  (Humidity Sensor) Dudiunhntifnes s uanuduuda

@

uﬂm%ma?mﬂmm ANMUAUINIY K50 A Il m@ammmﬂmﬂamL‘wmwwm

g g Qq

4
=1

mjrumlmmum 15 lumsnuqusalyl TulSyaninusaiiuiee 19durumeiasioiy
ﬂmmuwnJm#mmm“lwaa“lmﬂmammmmm‘mm”M"Ww (Resistive Humidity Sensor)
muﬂammaammm (Humidity Transmitter) Lﬂumuwmwumuﬂm“rzumwmcluﬂlsuad
A TWoglugivesdayara 1w m“luﬂﬁtyiymwuﬁﬂuuu%zﬂanmmuﬁzﬂu
Wan

TIuAAINA  (Display) Lﬂuﬁauﬁﬁmﬁwﬁuamwamiﬁwm WU LED  wie

a o
VDNDUNIAIND T



UNN 3

wuwa‘gmm“ﬁmmudmam(?ﬁu‘mu

y
o 1 ) L4 [
mfumfaimm%mmummmgﬁumu (Resistive Humidity Scnsors)L’iJUL"HuL"Hf‘Jiﬁi'Ji]'Jﬂ

f = wa @ § = ' J < !
iy lasesiigumudialumsesviunanusy vazldsumanuiuosnuuiuainiy

Al (9vesmanudmmuszegludeszniiik 7 100 Ml4sulideg

wnsvain ud fidediiisidoudiagn)

PINA 3.1 A10819U 049 Resistive Humidity Sensors

O | P Y s oy < <o

WOADUTUDIVDY Resistive Humidity Sensor ﬂz”lmﬂwmmu Tﬂawamwﬁuawxmuﬂaﬂ%u
a R (2

Y03 ADMANN Az

| e —

N
™ 7.

w T = o~

£ N Y ANL P

- . .

i

o M :

i¥s} 1“

LiJ

oo

I —

10k

G 10 20 30 40 50 GO 70 80 90 100
RELATIVE HUMIDITY (%)

MWN 3.2 ATIWHIAD U AU DIVD Resistive Humidity Sensors



6

Taodmlnauds wanoUALDIUDY Resistive Humidity Sensors Aora1ezaglugag 10

=< a A A a | @ o dy
03 30 JUIN LN@@HV‘!V}LﬁJuﬁﬂJQﬂm Step NANANULU 63%

' < s ] Y ~ '

0t lifnm Resistive Humidity Sensors i 18 T¥wanouauasiiodsilvo s
9 (=1 1 = o 1 ()
MUMULATEIIURI uddsiinaves Anuy Tiih sauegdae

1 [ . . V. 9! [ d‘d

muimy“lums“l%’am Resistive Humidity Sensors i]ﬂ‘lf"lW“ﬁmizﬁaﬂﬂuﬂ’Jm’cTiJiJW]3
v A 4 ~ (= 4 @ a . . @
a0 Toad Taoi lifinavedlwihnszuanss iotlosiunaife Polarization U8 Sensor

{ v o o
Taganudn 1 lumstuiamuses 321945210 30 Hz 69 10 kidz

' )y ¢ o = 4
uagavhoudrdyyrandiymesdeshliinluihnszuanss  Wonnuazaanlums

o a' =% I~ aa y 1 @
i luaaema, voeduaia vie wasunneudenduninea tonerisy Microcontroller

[T

Wudu



UNN 4

Nmm?aauﬂmé’ﬁyﬁgmﬂ31u°’§uzﬂu€r’@ﬁy1m‘1v\|ﬂ1

4.1 PN

v .
Mmmﬂaagﬂfc?tgtymmﬂﬂ3131%u11?@g1ugﬂmoaﬁ’igtywmll‘vMuﬁaW“lumimuqu

v

v oA o @ <
HU MﬂWﬁW'N']u@QLLﬁﬂﬂuUﬁ@ﬂulﬁaguﬂﬁn

waswiuy
- >

dayayins vl

)
-

= < 4 v -
MNN 4.1 "ummllﬂammsmmm5amﬂmaaﬁymmnﬁmﬂuﬂiyfgmg"l,vhih
< | ' @ Jd o Yo o dy ~ L '
vaenusn - iludauvesn s s vuanusuiedaouoglugiannwy
v
AN
< 4 ] ' A < @ S V| o o
vdonfaog Whidwuosmsnfasuiludyaiama i lagla Ifhnszuaaduniinng
v oA D e uoq Y < & = ! ' =
sunasnuh <o daad dludainlddraumes  Fuyn W iIe nd e
a g
G
< a < ' o v 1. .Y I = Y
vaennan  iluaauveansidraa i iad

< d'd' I 1 @ Yt =} ~ o Iq Y
vaenna  iiludauvesmsvee yanu il afivaefisnir lihlszynd 19,

4.2 2905VENLTIa0NS N

a a < A o ~q @ o S a = [
IVTVPIYAIADNT nJuNﬂjmmammfiﬁm114m'iﬁuaf,ytymmNﬁﬂmumﬁmgiu

U do a =t o Y 1 ) e
adguaomInuiitinuazhnisve lavvgliidiyneoninoglugdyam i

aa I @ ' @ a & A q v G = o
nwanes  uaswsilullawdadiuvosdyanutunn  Faiionldnluawdeasy

a a s 2 ° Y A% o o oq Yo a "a =
Gm@uﬂ@imummzmﬂmmwm IﬂUﬂgVHW‘U.TVWIJUWTV]Wr],WﬁﬂuJiy?ﬂi@HT!‘VHLﬂ'N UNMITUI
4

VOITYYI LNV



HANNIINNUVDIDIVEN T @O MS Ty

[

@ o a, ) I wa
NanNMININUI09993 Wiy ItmsiuegUnsaifezmmsonaasnuauialy

I a X (] 1 v W J] £ o Y a
Handunonsiy  indedludwfleundudaymvosestuond  Sszannsaiildidams
Y ¢ -

o @ a R 9y o Y @ < v ]
nouauodluilanduaem3iu g Tavagyh I dyanadninnieonininiseseifiudada

w w a ~ 10 Y Jd @ aX 2
nudymounniegluilsdduaenis iyl
o wva Y a v ' ¢ o o
lavgunsaifinzaunsauansdsguanidluilesFuaenisinld 18unasmeiam px

. U o . . " Ia =T
Junction Nogluddlaloauas Base-Emitter Junction ¥09'luTwainsudamnesiudu

1
W
b 3 3

{
.’L—{E_—, M

e'l'v'h'
=

1

AT 4.2 1ARINITRB1I95A 0T MR ITeAMANTTR U0 Base-Emitter Junction Transistor

105V FIAeMS 1L TAge FoannI13 MIUY0 Base-Emitter Tunction Transistor
“ 7 -
Vbe = VtIn (Ie/ls) 9D Vi = KT/q (1)
K = ﬂlmdﬁ‘UOQ Boltzman =1.381x10723
T = QU1 I DIAUAAIY
1 ]
q= Mvo1izy 1.602x10%19 aaowil
4
Ic = NTZUE ADAAAINDS

h v o N W
Is = nyzua lMadounaudua)

1IN995A931 WU Vout'= Vbel - Vbed (2)
unuamaumsa (1) luaunisn Q) a'ld
Vout = Vtl In (I1/Is1) - V2 In (11/Is2) (3)

. 5 ~ &
5[“1’1‘55!?] W'ﬁ"Iﬁ('{ﬁﬂ'lﬂagilﬂﬁﬁ‘llﬁiﬂ$ﬁfﬂﬂu HaE Vtl = V2 @9UUaUNITN (3) @gﬂfﬂﬂﬂju
Vout™ = Vt {In(11/Is)-In(12/1s)} (4)

Vout” = VtIn(I1/12) - 1agan (5)



9

Inx=2.3Logl0x (6)

Vout’ =n Vt Log (11/12) Lf'l@ n=23 (7)
F1u Vout - Vout” (R1+R2)/R (8)

= (R1+R2)/R1 n VtLog (11/12) 9)
130 Vout =K Log (11/12) (10)
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LOG100

Precision
LOGARITHMIC AND LOG RATIO AMPLIFIER

FEATURES

® ACCURACY
0.37% FSO max Total Error
Over 5 Decades

©® LINEARITY
0.1% max Log Conformity
Over 5 Decades

® EASY TO USE
Pin-selectable Gains
Internal Laser-trimmed Resistors

® WIDE INPUT DYNAMIC RANGE
6 Decades, 1nA to 1mA

® HERMETIC CERAMIC DIP

DESCRIPTION

The LOG100 uses advanced integrated circuit tech-
nologies to achieve high accuracy, ease of use, low
cost, and small size. It is the logical choice for your
logarithmic-type computations. The amplifier has guar-
anteed maximum error specifications over the full six-
decade input range (InA to ImA) and for all possible
combinations of I, and 1,. Total error is guaranteed so
that involved error computations are not necessary.

The circuit uses a specially designed compatible thin-
film monolithic integrated circuit which contains am-
plifiers, logging transistors, and low drift thin-film

Niki

APPLICATIONS

@ LOG, LOG RATIO AND ANTILOG
COMPUTATIONS

® ABSORBANCE MEASUREMENTS

® DATA COMPRESSION

® OPTICAL DENSITY MEASUREMENTS
® DATA LINEARIZATION

® CURRENT AND VOLTAGE INPUTS

resistors. The resistors are laser-trimmed for maxi-
mum precision. FET input transistors are used for the
amplifiers whose low bias currents (1pA typical) per-
mit signal currents as low as InA while maintaining
guaranteed total crrors of 0.37% FSO maximum.
Because scaling resistors are self-contained, scale
factors of 1V, 3V or 5V per decade arc obtained
simply by pin sclections. No other resistors are re-
quired for log ratio applications. The LOG100 will
meet its guaranteed accuracy with no user trimming.
Provisions are made for simple adjustments of scale
factor, offset voltage, and bias current if enhanced
performance is desired.

7

A, —O V¢
+ 3

ﬁof\':‘]
4

K=3

|
Vour = K LOG l—‘

International Airport Industrial Park
Tel: (520) 746-1111 Twx: 910-952-1111

Mailing Address: PO Box 11400
Cable: BBRCORP

Tucson, AZ 85734
Telex: 066-6491

§ 7.5k 5
24k K=5
2700 3K o e

—O Factor
2 Trim

2200 Resistor values nominal only;
laser-trimmed for precision gain

Street Address: 6730 S. Tucson Blvd.
FAX: (520) 889-1510

Tucson, AZ 85706
Immediate Product Info: (800) 548-6132

G 1981 Burr-Brown Corporation

PDS-437E

Printed in U.S.A. January. 1995




SPECIFICATIONS

ELECTRICAL
A= +25°Cand £V = +15V, after 15 minute warm-up, unless otherwise specified.
LOG100JP
PARAMETER CONDITIONS MIN TYP MAX UNITS
TRANSFER FUNCTION Veour = K Log (1,/1,)
Log Conformity Error! Either 1, or I,
Initial 1nA to 100uA (5 decades) 0.04 0.1 %
1nA to 1mA (6 decades) 0.15 0.25 %
Over Temperature 1nA to 100pA (5 decades) 0.002 %l°C
1nA to 1mA (6 decades) 0.001 %l°C
K Range®@ 1:3+5 V/decade
Accuracy 0.3 %
Temperature Coefficient 0.03 %I°C
ACCURACY
Total Error® K = 1,% Current Input Operation
Initial Iy, I, = 1mA 55 mvV
I, 1; = 100uA +30 mV
I, I, = 10uA +25 mV
I, 1, = 1A +20 mV
I, 1, = 100nA 25 mVv
I, 1, = 10nA +30 mvV
Ly l, = 1nA +37 mV
vs Temperature = AmA +0.20 mv/°C
I, 1, = 100pA +0.37 mV/°C
Iy, I, = 10uA +0.28 mV/°C
I, = TuA +0.033 mv/°C
Iy, 1, = 100nA +0.28 mv/°C
I, 1, = 10nA £0.51 mvV/°C
I, 1, = 1nA +1.26 mvV/°C
vs Supply I s = 1mA +4.3 mV/V
Iy, I, = 100uA 15 mvV/v
Iy I, = 10uA +0.37 mV/V
I, 1, = 1uA +0.11 mV/V
I, 1, = 100nA 10.61 mV/v
I, 1, = 10nA +0.91 mV/V
l,. 15 = 1nA +2.6 mVIV
INPUT CHARACTERISTICS (of Amplifiers A. and A))
Offset Vollage
Initial 0.7 9 mvV
vs Temperature +80 uvreC
Bias Current
Initial 1 o pA
vs Temperature Doubles Every 10°C
Voltage Noise 10Hz to 10kHz, RTI 3 uvrms
Current Noise 10Hz to 10kHz, RTI 0.5 pArms
AC PERFORMANCE
3dB Response®, I, = 10uA
1nA C. = 4500pF 0.11 kHz
TuA C. = 150pF 38 kHz
10uA C. = 150pF 27 kHz
1mA C. = 50pF 45 kHz
Step Response®!
Increasing C. = 150pF
TuA to 1TmA M us
100nA to 1uA 7 us
10nA to 100nA 1C us
Decreasing C. = 150pF
TmA to 1uA 45 us
TuA to 100nA 20 us
100nA to 10nA 550 us
OUTPUT CHARACTERISTICS
Full Scale Output (FSO) +10 \
Rated Output
Voltage lour = £5MA +10 \Y
Current Vour = 10V +5 mA
Current Limit
Positive 12.5 mA
Negative 15 mA
Impedance 0.05 Q

BURR-BROWNE¢
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SPECIFICATIONS (conm)

ELECTRICAL

T,=+25C and +V . = +15V, after 15 minute warm-up, unless otherwise specified

LOG100JP

PARAMETER CONDITIONS MIN TYP MAX UNITS
POWER SUPPLY REQUIREMENTS

Rated Voltage +15 VvDC
Operating Range Derated Performance 12 +18 VvDC
Quiescent Current +7 +9 mA
AMBIENT TEMPERATURE RANGE

Specification 0 +70 °C
Operating Range Derated Performance -25 +85 °C
Storage -40 +85 °C

NOTES: (1) Log Conformity Error is the peak deviation from the best-fit straight line of the Vour Vs Log I, curve expressed as a percent of peak-to-peak full scale
output. (2) May be trimmed to other values. See Applications section. (3) The worst-case Total Error for any ratio of I,/l, is the largest of the two errors when
Iy and I, are considered separately. (4) Total Error at other values of K is K times Total Error for K = 1. (5) Guaranteed by design. Not directly measurable due to
amplifier's committed configuration. (6) 3dB and transient response are a function of both the compensation capacitor and the level of input current. See Typical
Performance Curves.

ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION
1Vl ]| SN 4 A .s TN Jhs +18V Bottom View
Internal Power Dissipation .
Input Current ...............
Input Voltage Range I Input E I| 4 Input
Storage Temperature Range .............. - 4078 tapB86°T A
Lead Temperature (soldering, 10S) .......cocooooo o +300°C LELT™ 2 | Beale Fector Tiim
Output Short-circuit Duration .-...... Continuous to ground NC |12 3|k=
Junction Temperature ... ... i 75°Q@ —=
NC | 11 4 |K=3
Common E 5 |K=5
SCALE FACTOR PIN CONNECTIONS %
—Vee [—i E +Vee
K, VIDECADE CONNECTIONS
NC | 8 7 | Output
5 Sto7 E
3 4107
19 4 and51to7 NC = No Connection
1 3to7
0.85 3and5to7
0.77 3and4to7
0.68 3and 4and 5to 7 ELECTROSTATIC

FREQUENCY COMPENSATION DISCHARGE SENSITIVITY

Any integral circuit can be damaged by ESD. Burr-Brown

?9 recommends that all integrated circuits be handled with

oY & appropriate precautions. Failure to observe proper handling
Iy LOG100 o and installation procedures can cause damage.

ESD damage can range from subtle performance degrada-

éﬁ (Ls (1)4 é3 tion to complete device failure. Precision integrated circuits

—— may be more susceptible to damage because very small

Cs parametric changes could cause the device not to meet

published specifications.

ORDERING INFORMATION PACKAGE INFORMATION
PACKAGE DRAWING
SPECIFIED
(1)
TEMPERATURE MODEL PACKAGE NUMBER
MODEL PACKAGE RANGE LOG100JP | 14-Pin Hermetic Ceramic DIP 148
LOG100JP | 14-Pin Hermetic Ceramic DIP 0°Cto +70°C NOTES: (1) For detailed drawing and dimension table, please see end of data

sheet, or Appendix D of Burr-Brown IC Data Book. (2) During 1994, the package
was changed from plastic to hermetic ceramic. Pinout, model number, and
specifications remained unchanged. The metal lid of the new package is
internally connected to common, pin 10.

BURR - BROWN®
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TYPICAL PERFORMANCE CURVES

T,=+25°C, V. = £15VDC, unless otherwise noted.

NORMALIZED TRANSFER FUNCTION

s 3(K)
2 v L I
© =Klog —
g 2 (K) out 9 I
S 1K
2
5 0(K)
]
B -1(K)
N
£ 2(K)
o
Z -3 (K)
0.001 0.01 041 1 10 100 1000
|
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Input Current, I,

LOG100

3dB Frequency Response (Hz)

ONE CYCLE OF NORMALIZED TRANSFER FUNCTION
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THEORY OF OPERATION

The base-emitter voltage of a bipolar transistor is
l KT

Ve =V, In —  where: V,=——
: L q

K = Boltzman’s constant = 1.381 x 10~
T = Absolute temperature in degrees Kelvin
q = Electron charge = 1.602 x 10" Coulombs
I = Collector current
Iy = Reverse saturation current
From the circuit in Figure 1, we see that
Vour = Vg, = Vg
Substituting (1) into (2) yields
I 1

1 I

Vll (n I— = VTj /'l]l—

Sy S

-
Vom .

If the transistors are matched and isothermal and Vg =¥

then (3) becomes:

[, 1
Vo = Vi [ T #/n

S

o

Gur = Ve and since

o

nx =23 log,, X

oy
Vour' =n V, log

where n = 2.3

also
RAR,
Vour = Vour T]
R]w‘— R,
=——— n V, g2
Rl 2
or
ll
Vi = Klog

[

(2)

(3)

T2

(9)

(10)

(rn

A

I,0 _ Vee, Vee, =

|
Vour = K LOG I—‘
2

It should be noted that the temperature dependance associ-
ated with V, = KT/q is compensated by making R, a
temperature sensitive resistor with the required positive
temperature cocfficient.

DEFINITION OF TERMS

TRANSFER FUNCTION [

The ideal transfer function is V,, , = K log TI

where: .
K = the scale factor with units of volts/decade
I, = numerator input current

[, = denominator input current.

ACCURACY

Accuracy considerations for a log ratio amplifier are some-
what more complicated than for other amplifiers. The reason
is that the transfer function is nonlinear and has two inputs,
each of which can vary over a wide dynamic range. The
accuracy for any combination of inputs is determined from
the total error specification.

10
8
6
4
res o P4 1
5 nA 10nA  100nA I,
8 * 2 g © 2 g g
b z, PA 10pA  100pA  1mA
-4 |
Vour = KLOG -+
6 I
I, =1pA
-8 £
Fixed value of I,
-10

FIGURE 2. Transfer Function with Varying K and I

10 I, = 10nA I, = 1pA
8
6
4 I, = 100pA
s 2 A 10nA_~1000A 1pa _~"T0pA 100%/\ P
5 0 o ° ° e
O
> /
-4 h
= VOUT:KLOGT
K=3
-8
Fixed value of K.
-10

FIGURE 1. Simplified Model of Log Amplifier.

FIGURE 3. Transfer Function with Varying [, and i.
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TOTAL ERROR

The total error is the deviation (expressed in mV) of the
actual output from the ideal output of V,, P = Kilog (1/1,).

Thus,
v

="\ 4 Total Bevne
out et an = Vouraoean, * Total Error,

It represents the sum of all the individual components of

crror normally associated with the log amp when operated in
the current input mode. The worst-case error for any given
ratio of 1)/1, is the largest of the two errors when I, and 1, arce
considered separately.

Example:

I, varies over a range of 10nA to 1uA and I, varics from
100nA to 10HA. What is the maximum error?

Table I shows the maximum errors for cach decade combi-
nation of I, and [,.

I, (maximum error)

10nA 100nA 1uA
= (30mV) (25mv) (20mVv)
e 100nA 0.1 1 10
g (25mV) (30mV) (25mV) (25mV)
g 1HA 0.01 01 1
E (20mV) (30mV) (25mV) (20mv)
EN 10uA 0.001 0.01 0.1
- (25mV) (30mV) (25mVv) (25mV)

NOTE: (1) Maximum errors are in parenthesis.

TABLE L. | /L, and Maximum Errors.

Since the largest value of 1,/1, is 10 and the smallest is0.001.
Kiis set at 3V per decade so the output will range from +3V
to =9V The maximum total crror occurs when I, = 10nA and
18 equal to K x 30mV. This represents a 0.75% of° peak-to-
peak FSO error 3 x 0.030/ 12 x 100% = 0.75%0 where the {ull
scale output is 12V (from +3V (0 9V,

ERRORS RTO AND RTI

As with any transfer function. errors gencrated by the
function itself may be Referred-to-Output (RTO) or Re-
ferred-to-Input (RTI). In this respect, log amps have a
unique property:

Given some crror voltage at the log amp’s output. that
error corresponds to a constant percent of the input
regardless of the actual input level.
Refer to: Yu Jen Wong and William E. Ott. “Function
Circuits: Design & Applications™, McGraw-Hill Book, 1976.

LOG CONFORMITY

Log conformity corresponds to linearity when Vour s plot-
ted versus [,/1, on a semilog scale. In many applications, log
conformity is the most important specification. This is truc
because bias current errors are negligible (I1pA compared to
mput currents of InA and above) and the scale factor and
offset errors may be trimmed to zero or removed by system
calibration. This leaves log conformity as the major source
of error.

BURR -BROWN ¢

LOG100

Log conformity is defined as the peak deviation from the
best-fit straight line of the V,,, versus log (1,/1,) curve. This
1s expressed as a percent of peak-to-peak full scale output.
Thus. the nonlinearity error expressed in volts over m
decades 1s

\'HITI.\U'\II'\}: K‘?'Nn] V (1’))

where N is the log conformity error, in percent.

INDIVIDUAL ERROR COMPONENTS
The ideal transfer function with current input is
I

Vour =K Log _l‘ (13)

The actual transfer function with the major components of
error is

TK 2Nm + Vi our (14)

The individual component of error is
AK = scale factor error (0.3%, typ)
[, = bias current of A (1pA, typ)
ly» = bias current of A, (1pA, typ)
N = log conformity error ( 0.05%, 0.1%. typ)
Visour = output offset voltage (ImV. typ)
m = number of decades over which N is specified:
0.05% for m =5, 0.1% form = 6
Example: what is the error with K = 3 when

I, = TuA and I, = 100nA

6 12

10 .
Vo = 301 £ .0.003) log e £3(2)(0.0003)5£Im\

-
) (15)
. 1t _
=3.009 log —— -~ 0.015 = 0.001 (16)
10
=3.009 (1) + 0.015 - 0.001 (17)
= 3.025V (18)

Since the ideal output is 3.000V. the error as a percent of
reading is

0.025

Y% crror = X 100% = 0.83% (19)

For the case of voltage inputs. the actual transter tunction is

V, E().\,
S
R, R,
Vour = K(1 £ AK) log K 2Nm +V
V: E()S-|
= =%
R, - R,
(20)

FREQUENCY RESPONSE

The 3dB frequency response of the LOG100 is a function of
the magnitude of the input current levels and of the value of
the frequency compensation capacitor. See Typical Perfor-
mance Curves for details.



The frequency response curves are shown for constant DC I,
and I, with a small signal AC current on one of them.

The transient response of the LOG100 is different for in-
creasing and decreasing signals. This is due to the fact that
a log amp is a nonlinear gain clement and has different gains
at different levels of input signals. Frequency response
decreases as the gain increases.

GENERAL INFORMATION

INPUT CURRENT RANGE

The stated input range of InA to 1mA is the range for
specified accuracy. Smaller or larger input currents may be
applied with decreased accuracy. Currents larger than 1mA
result in increased nonlinearity. The 10mA absolute maxi-
mum is a conservative value to limit the power dissipation
in the output stage of A, and the logging transistor. Currents
below InA will result in increased errors due to the input
bias currents of A and A, (1pA typical). These errors may
be nulled. See Optional Adjustments section.

FREQUENCY COMPENSATION

Frequency compensation for the' LOG100 is obtained by
connecting a capacitor between pins 7 and 14. The size of
the capacitor is a function of the input currents as shown in
the Typical Performance Curves. For any given application,
the smallest value of the capacitor which may be used is
determined by the maximum value at 1, and the minimum
value of 1. Larger values of C, will make the LOG100 more
stable. but will reduce the frequency response.

SETTING THE REFERENCE CURRENT
When the LOG100 is used as a straight log amplifier I, 1s
constant and becomes the reference current in the expression

Voo .18 oG (21)

REL
lpyy can be derived from an external current source (such as
shown in Figure 4), or it may be derived from a voltage
source with one or more resistors.
When a single resistor is used, the value may be quite large
when l,ois small. 1 1, is 10nA and +15V is used

Y ]
Ry = —— = 1500MQ.
10nA
lrer
o 2N2905 =
I v
= fer 3.6k
i BKQ
oy o B | -
6V E
IN834 | - 6V
ReF RREF

FIGURE 4. Temperature-Compensated Current Reference.

A voltage divider may be used to reduce the value of the
resistor. When this is done, one must be aware of possible
errors caused by the amplifier’s input offset voltage. This is
shown in Figure 3.

In this case the voltage at pin 14 is not exactly zero, but is
equal to the value of the input offset voltage of A,, which
ranges from zero to £5mV. V, must be kept much larger
than SmV in order to make this effect negligible. This
concept also applies to pin 1.

FIGURE 5. “T” Network for Reference Current.

OPTIONAL ADJUSTMENTS

The LOG100 will meet its specified accuracy with no user
adjustments. If improved performance is desired. the follow-
ing optional adjustments may be made.

INPUT BIAS CURRENT

The circuit in Figure 6 may be used to compensate for the
input bias currents of A and A,. Since the amplifiers have
FET inputs with the characteristic bias current doubling
every 10°C, this nulling technique is practical only where
the temperature is fairly stable.

Z —0
:
|1
LOG100 Vour
14 10 T
Ry 6 4)5 $4 3 {7
l2 1kMQ |
~VCC RZ‘ ﬁli‘
10kQ
+Vee

FIGURE 6. Bias Current Nulling.

OUTPUT OFFSET

The output offset may be nulled with the circuit in Figure 7.
I, and 1, are set equal at some convenient valuc in the range
of 100nA to 100uA. R, is then adjusted for zero output
voltage.

BURR-BROWN®

LOG100



~Vee 10kQ +Vee
—Vee
R1
100kQ2
9 2
1 7
-
l‘
LOG100 Wi
14 10 = .
6 5 4 3 %
I,
Ce
=1 |
1 2 A
+Vee

_VCC

LOG100

*6
+Vee

FIGURE 7. Output Offset Nulling.

ADJUSTMENTS OF SCALE FACTOR K

The value of K may be changed by increasing or decreasing
the voltage divider resistor normally connected to the out-
put, pin 7. To increase K put resistance in series between pin
7 and the appropriate scaling resistor pin (3, 4 or 5). To
decrease K place a parallel resistor between pin 2 and either
pin 3.4 or 5.

APPLICATION INFORMATION

WIRING PRECAUTIONS

In-order to prevent frequency instability duc to lead induc-
tance of the power supply lines, cach power supply should
be bypassed. This should be done by connecting a |0uF
tantalum capacitor in parallel with a 1000pF ceramic capaci-
tor from the +V . and —V . pins to the power supply
common. The connection of these capacitors should be as
close to the LOG100 as practical.

CAPACITIVE LOADS

Stable operation is maintained with capacitive loads ofup to
100pF, typically. Higher capacitive loads can be driven if a
22€) carbon resistor is connected in series with the LOG100’s
output. This resistor will, of course, form a voltage divider
with other resistive loads.

CIRCUIT PROTECTION

The LOGIOO can be protected against accidental power
supply reversal by putting a diode (1N4001 type) in series
with cach power supply line as shown in Figure 8. This
precaution is necessary only in power systems that momen-
tarily reverse polarity during turn-on or turmn-off. If this
protection circuit is used, the accuracy of the LOG100 will
be degraded slightly by the voltage drops across the diodes
as determined by the power supply sensitivity specification.
The LOGI00 uses small geometry FET transistors to achieve
the lTow input bias currents. Normal FET handling

BURR - BROWN @

LOG100

FIGURE 8. Reverse Polarity Protection.

techniques should be used to avoid damage caused by low
energy electrostatic discharge (ESD).

LOG RATIO

One of the more common uses of log ratio amplifiers is to
measure absorbance. A typical application is shown in
Figure 9.

A

Absorbance of the sample is A = log

.
1

[(f X, = %, and D, and D, arc matched A o K log L (23)

Ve
9

LOG100

l 1

Light 4,
Source \ D, 2 (LS (L4 ’
Ce
| |—
1
+Vee

FIGURE 9. Absorbance Mecasurement.

DATA COMPRESSION

In many applications the compressive effects of the logarith-
mic transfer function is useful. For example, a LOGI100
preceding an 8-bit analog-to-digital converter can produce
equivalent 20-bit converter operation.

SELECTING OPTIMUM VALUES OF I, AND K

In straight log applications (as opposed to log ratio), both K
and 1, are selected by the designer. In order to minimize
errors due to output offset and noise, it is normally best to



scale the log amp to use as much of the 10V output range
as possible. Thus, with the range of 1, from I, . to

[ maxs
Foi 1) wns 10V =K log I, /1, (24)
FOF Ly e =10V =K log I, yyu/ls (25)

Addition of these two equations and solving for I, shows that
its optimum value. 1, ., is the geometric mean of I, 41y and

ll MIN-
|
Ly o Laax X 1 MIN (206) our
10
K()I’T = (27) )
| ) FIGURE 10. Current Inverter.
1 MAX
log ——
l?.()l’T

ANTILOG CONFIGURATION (an implicit technique)

Since K is selectable in discrete steps, use the largest value

of K available which does not exceed K. Ve

NEGATIVE INPUT CURRENTS 2

The LOG100 will function only with positive input currents
(conventional current flow into pins 1 and 14). Some current Iner
e . : 0G100
sources (such as photomultiplier tubes) provide negative LoeR Vour
input currents. In such situations, the circuit in Figure 10
6 J}s y

may be used." E
VOLTAGE INPUTS N

The LOGI00 gives the best performance with current in-
puts. Voltage inputs may be handled directly with series =Yec CC:IOI'm“F
resistors. but the dynamic input range is limited to approxi- Vin © I
mately three decades of input voltage by voltage noise and >, R = 1 when V, connected o pin3.
offsets. The transfer function of equation (20) applies to this Vour = lrer R Antilog {A — K = 3 when V,,, connected lo pind

w

K
configuration. K = 5 when V,, connected to pin5

NOTE: (1) More delailed information may be found in “Properly Designed Log FIGURE 11. Conncctions for Anti log Function.
Amplifiers Process Bipolar Input Signals” by Larry McDonald, EDN, 5 Oct. 80,
pp 99-102.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility forinaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.
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Circuitry for Inexpensive
Relative Humidity
Measurement

Of all common environmental parameters, humidity is per-
haps the least understood and most difficult to measure. The
most common electronic humidity detection methods, albeit
highly accurate, are not obvious and tend to be expensive
and complex (See Box). Accurate humidity measurement is
vital to a number of diverse areas, including food processing,
paper and lumber production, poliution monitoring and
chemical manufacturing. Despite these and other applica-
tions, little design oriented material has appeared on circuitry
to measure humidity. This is primarily due to the small num-
ber of transducers available and a generally accepted notion
that they are difficult and expensive to signal condition.

Although not as accurate as other methods, the sensor
described by the response curve (Figure 1) is inexpensive
and provides a direct readout of relative humidity. The curve
reveals a close exponential relationship between the sensor
and relative humidity spanning almost 4 decades of resis-
tance. Linearization of this curve may be accomplished by
taking the logarithm of the resistance value and utilizing
breakpoint approximation techniques to minimize the re-
sidual non-linearities. A further consideration in signal condi-
tioning is that the manufacturer specifies that no significant
DC current component may pass through the sensor. This
device must be excited with an unbiased AC waveform to
preclude detrimental electrochemical migration. In addition,
it has a 0.36 RH unit/"C positive temperature coefficient. The
sensor is a chemically treated styrene copolymer which has
a surface layer whose resistivity varies with relative humidity.
Because the humidity sensitive portion of the sensor is at its
surface, time response is reasonably rapid and is on the
order of seconds.

National Semiconductor
Application Note 256
August 1981

100M
3
\
SERLLY
[*%} ‘\
(X} . W
=
<<
& Im =
7] = N
]
= . ~
100k == AN =
“
10k

0 10 20 30 40 50 60 70 80 90 100
RELATIVE HUMIDITY (%)
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FIGURE 1. Phys-Chemical Research Corp. Model
PCRC-55 Humidity Sensor

A block diagram of the concept chosen to instrument the
sensor appears in Figure 2. An amplitude stabilized square
wave which is symmetrical about zero volts is used to pro-
vide a precision alternating current through the sensor, sat-
isfying the requirement for a zero DC component drive. The
current through the sensor is fed into a current sensitive (e.g.
the input is at virtual ground) logarithmic amplifier, which
linearizes sensor response. The output of the logarithmic
amplifier is scaled, rectified and filtered to provide a DC
output which represents relative humidity. Residual
non-linearity due to the sensors non-logarithmic response
below RH = 40% is compensated by breakpoint techniques
in this final stage.

RH
PRECISE SENSOR Lo AL SEALING
SENSITIVE > RECTIFIER -O ) outpPuT
SYMMETRICAL —O—AAM—O— o<
LOGARITHMIC AND FILTER
SQUARE WAVE AMPLIFIER
ADDITIONAL
LINEARIZING
CIRCUITRY
00871302
FIGURE 2.

The detailed circuitry appears in Figure 3. Itis worth noting
that the entire function described in Figure 2 requires a small
number of inexpensive ICs. This is accomplished by novel
circuitry approaches. especially in the design of the logarith-
mic amplifier. The stabilized symmetrical square wave is
generated by A1, Vi of an LF347 quad amplifier. A1 is set up
in a positive feedback configuration, causing it to oscillate.
The output of A1 is current limited and clamped to ground for
either polarity output by the LM334 current source diode
bridge combination. The LM334 is programmed by the 15Q
resistor to current limit at about 5 mA. This forces the voltage

across the 120Q-1.5 kQ resistor string to stabilize at about
=8V. Each time A1's output changes state the charging
current into the 0.002 pF capacitor reverses, causing the
amplifier to switch again when the capacitor reaches a
threshold established by the 1200-1.5 kQ divider (wave-
forms. Figure 4). This circuit’s output is buffered by the Al
follower. The amplitude stability of the waveform is depen-
dent upon the +0.33%/°C temperature coefficient of the
LM334. This T.C. has been intentionally designed into the
LM334 so that it may be used in temperature sensing and
compensation applications. Here, the negative 0.3%/°C tem-

© 2002 National Semiconductor Corporation ANO008713
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perature dependence of the humidity sensor is reduced by
more than an order of magnitude by the LM334's T.C. and
thermally induced inaccuracy in the humidity sensor’s re-
sponse drops out as an error term. In practice, the LM334
should be mounted in proximity to the humidity sensor. The
residual -0.03%/'C temperature coefficient is negligibly
small compared to the sensors =1% accuracy specification.

The output square wave is used to drive current through the
sensor and into the summing junction of another Vi of A1,
which is connected as a logarithmic amplifier. On negative
cycles of the input waveform the transistor (Q1) in the feed-

1/4 A1

back loop provides logarithmic response, due to the well
known relationship between Ve and collector current in
transistors. During positive excursions of the input waveform
the diode provides feedback to the amplifier’s summing junc-
tion. In this manner the summing junction always remains at
virtual ground while the input current is expressed in loga-
rithmic form by the negative going square wave at the tran-
sistor emitter. Since the summing junction is always at
ground potential the sensor sees the required symmetrical
drive (waveforms, Figure 5).

10k
40% RH TRIM
A

0002 I

I

100k

SENSOR

1/4 A1
= L0GAMp 40k

I t - QUTPUT

p ov-10v =
a 0%-100%
’_\It S 190k RH TRIM

A A I ‘ zug

Y TN 1 9

150k
100%
RHTRIM

1/4 Al
OFFSET

— AND GAIN

1N703

1/2 A2

E BREAKPOINT AMP

2N222A

The output of this stage is fed to another 4 of A1. This
amplifier is used to sum in the 40% RH tim and provide
adjustable gain to set the 100% RH trim. The output is
filtered to DC and routed to one half of A2, an LF353, which
unloads the filter and provides additional gain and the final
output.

The other v» of A2 is used to compensate the sensor depar-
ture from logarithmic conformity below 40% RH (Figure 1).
This is accomplished by changing the gain of the output
amplifier for RH readings below 40%. The input to the output
amplifier is sensed by the breakpoint amplifier. When this
input goes below RH = 40% (about 0.36V at the output

L N~ S~ AN W\ |
100k 5.6k —
i =
LF347 and LF353 runon =15V supply. Sensor = PCRC-55 - Phys-Chemical Research Corporation
Q1. Q2, Q3 are on LM389 chip. A1=LF347
*  =1% Metal Film A2=LF353
P =1N4148
00871303
FIGURE 3.

amplifiers “+" terminal) the breakpoint amplifier swings posi-
tive. This turns on the 2N2222A, causing the required gain
change to occur at the output amplifier. For RH values above
40% the transistor is off and the circuits linearizing function is
determined solely by the logarithmic amplifier.

In logarithmic configurations such as this, Q1's DC operating
point will vary wildly with temperature and the circuit nor-
mally requires careful attention to temperature compensa-
tion, resulting in the expense associated with logarithmic
amplifiers. Here, A3, an LM389 audio amplifier |C which also
contains three discrete transistors, is used in an unorthodox
configuration to eliminate all temperature compensation re-

www.national.com




quirements. In addition, the cost of the log function is re-
duced by an order of magnitude compared to available ICs
and modules. Q3 functions as a chip temperature sensor
while Q2 serves as a heater. The amplifier senses the tem-
perature dependent Vge of Q3 and drives Q2 to servo the
chip temperature to the set-point established by the
10 kQ-1 kQ divider string. The LM329 reference ensures
power supply independence of the temperature control. Q1
operates in this tightly controlled thermal environment (typi-
cally 50 C) and is immune to ambient temperature shifts.
The LM340L 12V regulator ensures safe operation of the
LM389, a 12V device. The zener at the base of Q2 prevents
servo lock-up during circuit start-up. Because of the small
size of the chip. warm-up is quick and power consumption
low. Figure 6 shows the thermal servo's performance for a
step function of 7°C change in set-point. The step is shown in
trace A while the LM389 output appears in trace B. The
output responds almost instantaneously and complete set-
tling to the new set-point occurs within 100 ms.

To adjust this circuit, ground the base of Q2, apply circuit
power and measure the collector potential of Q3, at known
room temperature. Next, calculate what Q3's collector po-
tential will be at 50°C, allowing -2.2 mV/°C. Select the 1k
value to yield a voltage close to the calculated 50°C potential
at the LM389's negative input. This can be a fairly loose trim,
as the exact chip temperature is unimportant so long as it is
stable. Finally, unground Q2’s base and the circuit will servo.
This may be functionally checked by reading Q8's collector
voltage and noting stability within 100 pV (0.05°C) while
blowing on A3.

To calibrate the circuit for RH, place a 35 kQ resistor in the
sensor position and trim the 150 k(2 pot for an output of 10V.
Next, substitute an 8 MQ resistor for the sensor and trim the
10k potentiometer for an output of 4V. Repeat this procedure
until the adjustments do not interfere with each other. Finally,
substitute a 60 MQ resistor for the sensor and select the
nominal 40 kQ value in the breakpoint amplifier for a reading
of RH = 24%. It may be necessary to select the 1.5 MQ
value to minimize “hop” at the circuit output when the break-
point is activated. The circuit is now calibrated and will read
ambient relative humidity when the PCRC-55 sensor is con-
nected.
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Humidity Measurement
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FIGURE 6.

Humidity

Humidity is simply water gas. In air the humidity may vary
from zero percent for 90°F dry air to as much as 4.5 percent
for heavily water laden air at 90°F. The amount of water air
will hold is dependent upon temperature. Relative humidity is
an expression denoting the ratio of water vapor in the air to

the amount possible in saturated air at the same tempera-
ture.

LIFE SUPPORT POLICY

Some of the more common ways of expressing humidity
related information include wet bulb temperature, dew point
and frost point. Wet bulb temperature refers to the minimum
temperature reached by a wetted thermometer bulb in a
stream of air. The dew point is the point at which water
saturation occurs in air. It is evidenced by water condensa-
tion. When temperatures below 0'C are required to produce
this phenomenon it is called the frost point.

Other measurements and ways of expressing humidity exist
and are useful in a variety of applications. For additional
information consult the bibliography.
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LM134/LM234/LM334
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3-Terminal Adjustable Current Sources

General Description

The LM134/LM234/LM334 are 3-terminal adjustable current
sources featuring 10.000:1 range in operating current, excel-
lent current regulation and a wide dynamic voltage range of
1V to 40V. Current is established with one external resistor
and no other parts are required. Initial current accuracy is
+3%. The LM134/LM234/LM334 are true floating current
sources with no separate power supply connections. In ad-
dition, reverse applied voltages of up to 20V will draw only a
few dozen microamperes of current, allowing the devices to
act as both a rectifier and current source in AC applications.

The sense voltage used to establish operating current in the
LM134 is 64mV at 25 C and is directly proportional to-abso-
lute temperature ( K). The simplest one external resistor
connection, then, generates a current with =+0.33%/'C tem-
perature dependence. Zero drift operation can be obtained
by adding one extra resistor and a diode.

Applications for the current sources include bias networks,
surge protection. low power reference. ramp generation.

LED driver, and temperature sensing. The LM234-3 and
LM234-6 are specified as true temperature sensors with
guaranteed initial accuracy of #3'C and +6 C, respectively.
These devices are ideal in remote sense applications be-
cause series resistance in long wire runs does not affect
accuracy. In addition, only 2 wires are required.

The LM134 is guaranteed over a temperature range of
-55C to +125°C, the LM234 from -25°C to +100°C and the
LM334 from 0°C to +70'C. These devices are available in
TO-46 hermetic, TO-92 and SO-8 plastic packages.

Features

Operates from 1V to 40V

0.02%/V current regulation

Programmable from 1uA to 10mA

True 2-terminal operation

Available as fully specified temperature sensor
+3% initial accuracy

Connection Diagrams

SO-8
Surface Mount Package

S0O-8 Alternative Pinout

NC v NC
7 ! I [ Sl{:face Moun:(ﬂPackNe:ge TO-46
,{8 ‘[le ‘I»: Metal Can Package
v+
R Ve
[Tz 5 [ 7 gl
- VQ NG DS005697-12

Order Number LM334M or
LM334MX
See NS Package Number MO8A

DSCO5697-25 o
V" Pin is electrically connected to case.

Order Number LM334SM or
LM334SMX
See NS Package Number M0O8A

Bottom View
Order Number LM134H,
LM234H or LM334H
See NS Package
Number HO3H

$92.N0S JUBLINY 3|qeISNIpY |eulwIdl-¢ FEEINTFETINT/VELINT

TO-92 Plastic Package
vt R V™

DS005697-10
Bottom View

Order Number LM334Z, LM234Z-3 or LM234Z-6
See NS Package Number Z03A
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LM134/LM234/LM334

Absolute Maximum Ratings (note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

V' to V' Forward Voltage

LM134/LM234/LM334 40V

LM234-3/LM234-6 30V
V' io V Reverse Voltage 20V
R Pinto V Voltage 5V
Set Current 10 mA
Power Dissipation 400 mW
ESD Susceptibility (Note 6) 2000V

Operating Temperature Range (Note 5)
LM134

Electrical Characteristics ote 2)

-55'C to +125 C

LM234/LM234-3/LM234-6
LM334
Soldering Information
TO-92 Package (10 sec.)
TO-46 Package (10 sec.)
SO Package
Vapor Phase (60 sec.)
Infrared (15 sec.)

~-25°C to +100°C
0°'Cto+70°C

260 C
300 C

215°C
220 C

See AN-450 “Surface Mounting Methods and Their Effect on
Product Reliability” (Appendix D) for other methods of sol-

dering surface mount devices.

Parameter Conditions LM134/LM234 LM334 Units
Min Typ Max Min Typ Max

Set Current Error, V' =2.5V, 10pA £ lger < IMA 6 Y%

(Note 3) TMA < lggy € 5MA 8 %
2uA <lger < 10pA 8 12 %

Ratio of Set Current to 100pA < lger < TMA 14 18 23 14 18 26

Bias Current TMA < lger £ 5MA 14 14
2 PASlge£100 pA 18 2, 18 26

Minimum Operating Voltage 2pA < e 1 00UA 0.8 0.8 V
100UA < gy 0.9 @9 vV
TmA
TMA < lgpr < 5MA 1.0 1.0 \

Average Change in Set Current 2dA 5] s 1A

with Input Voltage T84 MR SV 0.02 0.05 0.02 0.1 VIAY
5V VT < 40V 0.01 0.03 0.01 0.05 oIV
TMA < lgg = SmA
1.5V YsBY 0.03 3 %IV
5V <V <40V 0.02 VA

Temperature Dependence of 25PA < lgpr £ TMA 0.96T T 1.04T 0.96T 1.04T

Set Current (Note 4)

Effective Shunt Capacitance 15 15 pF

Note 1: "Absolute Maximum Ratings™ indicate limits b
functional. but do not guarantee specific performance limits
Note 2: L 1, tests are performed at 7

current flowing into the V7 pin

ned

deler! fo a = 67.7 mV/Rggy
0.336%/ C « C (227 puVvi C)
Note 4: Ige is directly proportional to absolute temperature { Kj. lgz
(K}
Note 5: For elevated lemperature operation, T; max is
LM134 150 C
LM234 125 C
LM334 100 C

Thermal Resistance TO-92 TO-46 SO-8
8, (Junction to Ambient) 180 C/W (0.4" leads) 440 C/W 165C/W
160°C/W (0.125" leads)
e (Junction 1o Case) N/A 32 O/W 80 C/wW

Note 6: Human body model, 100pF. discharged through a 1.5k resistor

+ at any temperature can be calculated from: Iggy = 1, (T/T,) where Ly is

ond which damage (o the device may oceur. Operating Ratings indicate condilions for which the device is

measured at T

www.national.com




Electrical Characteristics (note 2)

Parameter Conditions LM234-3 LM234-6 Units
Min Typ Max Min Typ Max
Set Current Error. V' =2 5V T00pA < lgpy < 2| &2 %
TmA
(Note 3) T,=25
Equivalent Temperature Error +3 +6 Cc
Ratio of Set Current to T00pA < gy & 14 18 26 14 18 26
TmA
Bias Current
Minimum Operating Voltage T00pA lger < TmA 0.9 0.9 \Y
Average Change in Set Current T00pA < lgpy <
TmA
with Input Voltage 1.5<V <5V 0.02 0.05 0.02 0.01 Yl
5V € V" <30V 0.01 0.03 0.01 0.05 %IV
Temperature Dependence of T00pA < gt < 0.98T T 1.027 0.97T T 1.03T
TmA
Set Current (Note 4) and
Equivalent Slope Error +2 +3 %
Effective Shunt Capacitance 15 15 pF
3
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LM134/LM234/LM334

Typical Performance Characteristics

Output Impedance

109

108

IMPEDANCE (¢2)

107

106

Start-Up

Voltage Across
86
82
78
74
70
66
62
58
54
50
46

VOLTAGE (mV)

([

| il N
10 100 1k 10k

FREQUENCY (Hz)
DS005697-30

— ]“‘5HS|
T T

|
o] |
]

[ weur | Tj

TIME (Note scale changes at each current level)
D

57.39

-50 -26 0 25 50 75 100 125

TEMPERATURE (°C)

DS005697-34

Maximum Slew Rate

Linear Operation

10 T T
1 g -
1 |
|
= T d
g 10 b | Z
= i I
= s
= 1
s 01
=
w
=4 3
w
0.01
0.001
1 uA 10 LA 100 uA TmA 10mA
ISET

DS005697-31

Transient Response

-
1 0 il 1]
ISET = 1mA
0 e ALSET- "
1 vtToV-= SVJL
F~>y i V=04V -z
= 5 ' tr § = 500ns h
AN 1S AL——|
L g 10 s—— ISETE= 100 A
- | o
10| A— !
0 L !
IgeT = 10 LA
-10 T
e CC T
TIME (Note scale changes for each current)
DS005697-33
Current Noise
10k = T
EEEE i
~ 1k !
=S
> i IggT = SmA
< sty = mA]
= g s
= N SET=m
= 100 -t
= T 1 I
g IggT =100 WA C
o T e 1 1 T
o T T
- - =10 pA
10 : IsgT =101 =
] ; J \\ 1
[ I
- 4
. 1 O T T M
10 100 1k 10k 100k
FREQUENCY (Hz)
DS005697-35
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Typical Performance Characteristics (continued)

Turn-On Voltage

10mA T T
Tj= 25°C !
/ RgeT = MQ_
'mA f/ R —iaa“‘
- ‘ 7 ] SET : ]
< / RgeT = 68002
100 A y
17
1/
RggT = 6.8k
10 uA f——
S 8V
ﬁl
1 uA ’
04 0.6 0.8 1.0 1.2 1.4

V¥ TO V- VOLTAGE

DS005697-29

Application Hints

The LM134 has been designed for ease of application, but a
general discussion of design features is presented here to
familiarize the designer with device characteristics which
may not be immediately obvious. These inciude the effects
of slewing. power dissipation, capacitance. noise, and con-
tact resistance

CALCULATING Rgey
The total current through the LM134 (I5e+) is the sum of the
current going through the SET resistor(l,) and the LM134's

bias current (I ). as shown in Figure |

A

"R

lsrt |
SET v

DS005697-27

FIGURE 1. Basic Current Source

A graph showing the ratio of these two currents is supplied
under Ratio of lggq to lgag in the Typical Performance
Characteristics section. The current flowing through Rger is
determined by V., which is approximately 214pV/i K (64

mV/298 K - 214pV/ K)

VR
IseT = Ir * Igias = Reer + Igias

Since (for a given set current) Igas is simply a percentage of
Iser. the equation can be rewritten

Ratio of Iggt to Igjas

20

18

16

RATIO

12

10mA

10 pA 100 wA TmA

ISET

DS005697-3

At ) (N
LT Rset/ \n{- W\l

where n is the ratio of lggr to Igas as specified in the
Electrical Characteristics Section and shown in the graph.
Since nis typically 18 for 2uA < Iger < TmMA. the equation can
be further simplified to

227 uV/°K
Rser

VR
IsEr #i{l=—=41-G1.059) =
RseT

for most set currents.

SLEW RATE

At slew rates above a given threshold (see curve), the
LM134 may exhibit non-linear current shifts. The slewing
rate at which this occurs is directly proportional to Iggr. At
Iser = 10pA, maximum dV/dtis 0.01V/us; at Isgr = TmA, the
limit is 1V/us. Slew rates above the limit do not harm the
LM134, or cause large currents to flow.

THERMAL EFFECTS

Internal heating can have a significant effect on current
regulation for lggr greater than 100pA. For example, each
1V increase across the LM134 at Iggr = 1 mA will increase
junction temperature by =0.4°C in still air. Output current
(Iset) has a temperature coefficient of =0.33%/°C, so the
change in current due to temperature rise will be (0.4)
(0.33) = 0.132%. This is a 10:1 degradation in regulation
compared to true electrical effects. Thermal effects, there-
fore, must be taken into account when DC regulation is
critical and Igg exceeds 100pA. Heat sinking of the TO-46
package or the TO-92 leads can reduce this effect by more
than 3:1.

SHUNT CAPACITANCE

In certain applications, the 15 pF shunt capacitance of the
LM134 may have to be reduced, either because of loading
problems or because it limits the AC output impedance of the
current source. This can be easily accomplished by buffering
the LM134 with an FET as shown in the applications. This
can reduce capacitance to less than 3 pF and improve

5 www.national.com
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LM134/LM234/LM334

Application Hints (continued)

regulation by at least an order of magnitude. DC character-
istics (with the exception of minimum input voltage), are not
affected.

NOISE

Current noise generated by the LM134 is approximately 4
umes the shot noise of a transistor. If the LM134 is used as
an active load for a transistor amplifier. input referred noise
will be increased by about 12dB. In many cases, this is
acceptable and a single stage amplifier can be built with a
voltage gain exceeding 2000.

LEAD RESISTANCE

The sense voltage which determines operating current of the
LIM134 s less than 100mV. At this level, thermocouple or
‘ead resistance effects should be minimized by locating the
current setting resistor physically close to the device. Sock-
ets should be avoided if possible. It takes only 0.7Q contact
resistance to reduce output current by 1% at the 1 mA level.

SENSING TEMPERATURE

The LM134 makes an ideal remote temperature sensor be-
cause its current mode operation does not lose accuracy
over long wire runs. Output currentis directly proportional to
absolute temperature in degrees Kelvin, according to the
following formula:

(227 wV/°K) (T)

IseT =
Rser

Calibration of the LM134 is greatly simplified because of the
fact that most of the initial inaccuracy is due to a gain term
(slope error) and not an offset. This means that a calibration
consisting of a gain adjustment only will trim both slope and
zero at the same time. In addition, gain adjustment is a one
point trim because the output of the LM134 extrapolates to
zero at 0 K. independent of R or any initial inaccuracy.

c

e | INITIAL QUTPUT /]
SET

A b
| DESIRED
| s ouTPUT
/" NI
| L }
|
| |
7

I |

i | |

| | |

| I

0K T T2 T3
DS005697-4

FIGURE 2. Gain Adjustment

This property of the LM 134 is illustrated in the accompanying
graph. Line abc is the sensor current before trimming. Line
a'b'c' is the desired output. A gain trim done at T2 will move
the output from b to b' and will simultaneously correct the
slope so that the output at T1 and T3 will be correct. This
gain trim can be done on Rger or on the load resistor used
to terminate the LM134. Slope error after trim will normally
be less than £1%. To maintain this accuracy, however, a low
temperature coefficient resistor must be used for Rggr.

A 33 ppm/ C drift of Rger will give a 1% slope error because
the resistor will normally see about the same temperature
variations as the LM134. Separating Rge+ from the LM134

requires 3 wires and has lead resistance problems, sois not
normally recommended. Metal film resistors with less than
20 ppm/°C drift are readily available. Wire wound resistors
may also be used where best stability is required.

APPLICATION AS A ZERO TEMPERATURE
COEFFICENT CURRENT SOURCE

Adding a diode and a resistor to the standard LM134 con-
figuration can cancel the temperature-dependent character-
istic of the LM134. The circuit shown in Figure 3 balances
the positive tempco of the LM134 (about +0.23 mV/“C) with
the negative tempco of a forward-biased silicon diode (about
-2.5 mV/'C).

Vi

v?ﬂ Iset

d R o
\' +
= VR R1
‘BIAS‘ l
< & ng
e +
¥ |
1nas7 § VD
|
v

DS005697-28

FIGURE 3. Zero Tempco Current Source

The set current (Isg7) is the sum of |, and I, each contrib-
uting approximately 50% of the set current, and Igjas. lgias is
usually included in the I, term by increasing the Vg value
used for calculations by 5.9%. (See CALCULATING Rggr.)

IseT = I3 + Ip + Igjas, where
Vg VR +Vp

i == and I, =
' Ry 2 Ra2

The first step is to minimize the tempco of the circuit, using
the following equations. An example is given using a value of
+227uV/°C as the tempco of the LM134 (which includes the
lsias cOmponent), and -2.5 mV/'C as the tempco of the
diode (for best results, this value should be directly mea-
sured or obtained from the manufacturer of the diode).

lseT =1 + 12
diger _ Gh , dig
dT dT  dT
- 227 u\V/°C N 227 p\V/°C — 2.5mV/°C
R1 Ry
= 0 (solve for tempco = 0)

Rp _ 25mV/°C — 227 pVIC
Ry 227 uV/°C i

www.national.com




Application Hints (continueq)

With the R, to R, ratio determined, values for R, and R,
should be determined to give the desired set current. The
formula for calculating the set current at T = 25°C is shown
below. followed by an example that assumes the forward
voltage drop across the diode (V) is 0.6V, the voltage
across R, is 67.7mV (64 mV + 5.9% to account for lgias),
and R,/R, = 10 (from the previous calculations).

IseT = 4 + 12 + Igjas
VR VR + Vp
TR ' Rz
- 67.7 mV . 67.7mV + 0.6V
R1 10.0 Ry
_ 0.134V
IseT = R,

This circuit will eliminate most of the LM134’s temperature
coefficient, and it does a good job even if the estimates of the
diode's characteristics are not accurate (as the following
example will show). For lowest tempco with a specific diode
at the desired Igg+. however, the circuit should be built and
tested over temperature. If the measured tempco of Igg; is
positive, R, should be reduced. If the resulting tempco is
negative, R, should be increased. The recommended diode
for use in this circuit is the 1N457 because its tempco is
centered at 11 times the tempco of the LM134, allowing R, =
10 R4. You can also use this circuit to create a current source
with non-zero tempcos by setting the tempco component of
the tempco equation to the desired value instead of 0.

EXAMPLE: A 1mA, Zero-Tempco Current Source
First. solve for R, and R.:

L o L e
SET ~ m“"T
Ry = 1340 =10%,
R, =1340Q

The values of R, and R, can be changed to standard 1%
resistor values (R, = 1330 and R, = 1.33k2) with less than
a 0.75% error.

If the forward voltage drop of the diode was 0.65V instead of
the estimate of 0.6V (an error of 8%), the actual set current
will be

67.7mV " 67.7mV + 0.65V

ISeT R, Ra
~ 67.7mV L 67.7mV + 0.65V
133 1330
= 1.049 mA

an error of less than 5%.

If the estimate for the tempco of the diode’s forward voltage
drop was off, the tempco cancellation is still reasonably
effective. Assume the tempco of the diode is 2.6mV/'C in-
stead of 2.5mV/°C (an error of 4%). The tempco of the circuit
is now:

diser _ diy | dl

dT  dT = dT
227 WV/°C 227 uV/°C — 2.6 mV/°C
T 1330 13300
= —77nA/C

A 1TmA LM134 current source with no temperature compen-
sation would have a set resistor of 680 and a resulting
tempco of

27 uV/°C
271V _ 55 uar0
6801

So even if the diode's tempco varies as much as +4% from
its estimated value, the circuit still eliminates 98% of the
LM134’s inherent tempco.

Typical Applications

Ground Referred Fahrenheit Thermometer

R4
56k

VN =3V

2N4250

*ViN

LM3362
2.5v*

DS005697-15

"Select R3 = Vggr/583pA. Vreg may be any stable positive voltage > 2V
Trim R3 to calibrate

www.national.com
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LM134/LM234/LM334

Typical Applications (continued)

Terminating Remote Sensor for Voltage Output

*VIN
v
R
RSET
=
[
Vout = (seT)(Ry)
= 10mV/°KFOR
RgeT = 2302
Ry R = 10k

DS005697-14

Low Output Impedance Thermometer

VIN
R1 R2
15k 300
vt j
o —— —d- Vgyr = 10 mV/ K
0.0022 i Zour<2s)
R3
= 100
v
R4
4.5k
N DS005697-16

Low Output Impedance Thermometer
Viy > 4.8V

vt

R3*
R 600

Voyr = 10mV/'K
ZgyT < 1002

DS005697-6
*Output impedance of the LM134 at the "R" pin is approximately
—_ R2
16
where R, is the equivalent external resistance connected from the V™ pin
to ground. This negative resistance can be reduced by a factor of 5 or

more by inserting an equivalent resistor Ry = (R,/16) in series with the
output

Higher Output Current

*ViN

2N2905

RSET

-Vin
DS005697-5

*Select R1 and C1 for optimum stability

Basic 2-Terminal Current Source

VIN
lSETl vt
R
y
Vg & RseT
'sias |V~
J L
lseT |
“VIN

DS005697-1
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PR

Typical Applications (continued)

Micropower Bias Low Input Voltage Reference Driver
h\\\\:jN Vi > VREF +200 mV
LM4250 >
‘ a1
2N4250
1 LA
[ " K VouTt=Vz+64mV @25°C
\ lgyT <3 mA
D1
A RgeT LM129
LM136
68k LM113
ETC.
Ve
‘ e
=Vin
DS005697-17

DS005697-18

Ramp Generator

VN

V*

Vout

RESET —J_L

DS005697-19

9 www.national.com
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LM134/LM234/LM334

1.2V Reference Operates on 10 pA and 2V

Typical Applications (continued)

1.2V Regulator with 1.8V Minimum Input

= e Viy 2 1.8V
V+
R3
3.6k
R Vouyr =12V 2N4250
lout = 1uA
R2* _
6.8k Voyr=12V
1% louT < 200 4A
0.001 1N457
4
Cl —d—m Vv R1*
0.001 = ~6k
r 1%
R2*
—:— 680
DS005697-20 lv— 1%
*Select ratio of R1 to R2 to obtain zero temperature drift
DS005697-7

*Select ratio of R1 to R2 for zero temperature drift

Zener Biasing Alternate Trimming Technique Buffer for Photoconductive Cell

Vin *ViN

é‘7 R ) R IV
<
1.5 Ve — T

RSET
§RSET
9 Vout

vt
' "
- 4 A
Vz T pe
DS005697-51

— -Vin

DS005697-50
DS005697-49

“For £10% adjustment, select Rget
10% high, and make R1 = 3 RggeT

FET Cascoding for Low Capacitance and/or Ultra High Output Impedance
“VIN

+ViN
ISET +
—| ar* .
Y
V+
R
RseT
s
-VIN
DS005697-21

-VIN

“Select Q1 or Q2 to ensure at least 1V across the LM134 Vpo(1 -

IseT/lpss) 2 1.2V DS005697 22

www.national.com 10



Typical Applications (continueq)

Generating Negative Output Impedance
*ViN

R1*

-ViN
DS005697-23

“Zoyt = =16 + R1(R1/Vy must not exceed IgeT)

Schematic Diagram

*Use minimum value required to ensure stability of protected device. This

In-Line Current Limiter

RSET

\ 4

=

0P AMP

minimizes inrush current to a direct short

v+

L

DSO0!

5697-9

04 a5 Q6
Q3
—d_c1 Q2 Q1
=1 50 pF
o—n
< v
DS005697-11
1 www.national.com
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LM134/LM234/LM334

Physical Dimensions inches (millimeters) unless otherwise noted

0.209-0.219
(5.308-5.563)

0.178-0.195 I
(4.521-4.953) i
SEATING

0.025 PLANE‘l J 1 :}—w
A

(2.032 - 2.667)

k o= |

MAX
(0.635) I L U [ 0.500
UNCONTROLLED — 02700
LEAD DIA [ ﬂ [ y
0.016—0.019 0.030
(0.406—0,483) (0.762)
DIA TYP MAX
0.100 vp
— D Ty
0.050 (2.540)
(1.270)
0.036-0.046 .028—0.048
(0.914-1.168)\// >\//(0.711—1.219)
HO3H (REV.C)

Order Number LM134H, LM234H or LM334H
NS Package Number HO3H

www.national.com 12




Physi

ical Dimensions inches (millimeters)

unless

otherwise noted (Continued)

0.189 - 0.197
(4.800—5.004) |

8 7 6 5

(0.203) 203)

A
0.228 - 0.244
(5.781 6198 | _
[ 0.010 yax
\/ (0.254)
v =i’
LEADNO 17 1 34 SU
IDENT »
0.150-0.157
(3.810—3.988) ‘[
0.010-0.020 . ‘ 0.053 - 0.069
(0.254 0.508) ‘ (1:346—1.753)
| 8° MAX TYP | 0.004-0.010
ALLLEADS Y {0.102—-0.254)
o A=—h =R
r _Y _H | gEATING
# 0004 A } | % A T LANE
(0.102) ‘ 0.014
0.008 - 0.010 ‘ o -
O7mozgy LU TIeS | 0.016=0.050 (0.356) ?‘2—33—* = < g.mg 0.020 1yp
TYP ALL LEADS {0.406 — 1.270) ( 2 ) 0008 7p (0.356 - 0.508)
TYP ALL LEADS —>i

VEEWT/PETNT/PELINT

SO Package (M)
Order Number LM334M, LM334MX,
LM334SM or LM334SMX
NS Package Number M0SA

—|\[*~'50 2 pLcs
—v e ) —— ‘i
. g _1; ?00;22'825]5 BEFORE LEAD FINISH
0:500. :
[12.70]
SEATING PLANE 5 0
[3.43-3.68]
0.080°, o
[2.29] | 0.045-0.055
(UNCONTROLLED [1.14-1.40]
T —— = LEAD DIA) 0.045-0.055 TYP
| | [1.14-1.40]
| =
1 1
0.175-0.185 t
1 " —3 1
O [eas-470] |} T | ;
: ! e e i \
]
b oo o 4 J —
0.016-0.021 / _—
2l rve
EJECTION MARK (0.41-0.53] 5 2080 /
5 0.085 [2.29] 10° 2 PLCS
[1.65]
T[Ddo3]g5] MAX Z03A (REV F)

Order Number LM334Z, LM234Z-3 or LM234Z-6
NS Package Number Z03A
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LM134/LM234/LM334 3-Terminal Adjustable Current Sources

Notes

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN

COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION.

1. Life support devices or systems are devices or 2.
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

AS CRITICAL COMPONENTS IN LIFE SUPPORT
APPROVAL OF THE PRESIDENT AND GENERAL
As used herein:

A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.

National Semiconductor National Semiconductor

Corporation Europe

Americas Fax: +49 (0) 180-530 85 86
Email: support@nsc.com Email: europe.support@nsc.com

Deutsch Tel: +49(0) 69 9508 6208
English  Tel: +44 (0) 870 24 0 2171
www.national.com Frangais Tel: +33 (0) 1 41 91 8790

National Semiconductor National Semiconductor
Asia Pacific Customer Japan Ltd.

Response Group Tel: 81-3-5639-7560
Tel: 65-2544466 Fax: 81-3-5639-7507

Fax: 65-2504466
Email: ap.support@nsc.com

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.




LF411
JFET-INPUT OPERATIONAL AMPLIFIER

SLOS011C ~ MARCH 1987 —~ REVISED OCTOBER 1997

® Low Input Bias Current, 50 pA Typ D OR P PACKAGE
. — TOP VIEW

® Low Input Noise Current, 0.01 pA/Hz Typ ( :
® Low Supply Current, 2 mA Typ BAL1T [] 1 U 8] NC
@ High Input impedance, 1012 ) Typ IN-[] 2 70 Vee s
® | ow Total Harmonic Distortion IN+ [] 3 6] oUT
@ Low 1/f Noise Corner, 50 Hz Typ Vee- [f 4 5[] BAL2
® Package Options Include Plastic

Small-Outline (D) and Standard (P) DIPs NC - No internal connection

description

This device is a low-cost, high-speed, JFET-input operational amplifier with very low input offset voltage and
amaximum input offset voltage drift. It requires low supply current, yet maintains a large gain-bandwidth product
and a fast slew rate. In addition, the matched high-voltage JFET input provides very low input bias and offset
currents.

The LF411 can be used in applications such as high-speed integrators, digital-to-analog converters,
sample-and-hold circuits, and many other circuits.

The LF411C is characterized for operation from 0°C to 70°C. The LF4111is characterized for operation from

-40°C to 85°C.
symbol
IN — 6
WU = OuUf
IN +
BALA1
BAL2
AVAILABLE OPTIONS
PACKAGE
T Vipmax
A AT 25°C SMALL OUTLINE | PLASTIC DIP
(D) (P)
0°C to 70°C 2mv LF411CD LF411CP
—40°C to 85°C 2mV LF4111D LF4111P

The D packages are available taped and reeled. Add the suffix R to the
device type (i.e., LF411CDR).

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.

Products conform to specifications per the terms of Texas Instruments i
standard warranty. Production processing does not necessarily include
testing of all parameters. EXAS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1

Copyright © 1997, Texas Instruments Incorporated



LF411

JFET-INPUT OPERATIONAL AMPLIFIER

SLOS011C - MARCH 1987 — REVISED OCTOBER 1997

absolute maximum ratings over operating free-air temperature

range (unless otherwise noted)

SUPPIY VOUAGE: YOGl o+ v es bt s coms 605 45 £ 2 < memrm e 5 30 2« e e e 18 Vv
Supply voltage, VECa e iiii it i i -18V
Differential input voltage, VID «oo 30V
Input voltage, V, (see Note ot o902 3o s 497 D B mon <5 SEE ER Ear e oo meen cmean g 15V
Duration of output short cireuit ... T Unlimited
Continuous total power dissipation ............ i 500 mw
Package thermal impedance, O)a (seeNote 2): D package ............... ... ... 197°C/w

Ppackage .......... ... .. . . . . .. .. 104°C/w

Storage temperature range, Tstg
Lead temperature 1,6 mm (

NOTES:

length of zero.

recommended operating conditions

gative input voltage is equal to the negative power supply voltage.
accordance with JESD 51, except for through-hole pack

................................................... -65°C to 150°C

1/16 inch) from case for 10 seconds
1. Unless otherwise specified, the absolute maximum ne
2. The package thermal impedance is calculatedin

260°C

ages, which use a trace

C SUFFIX | SUFFIX
UNIT
MIN  MAX MIN  MAX
Supply voltage, Ve + 3 18 3.5 18 \
Supply voltage, Vo - =35, -18] -35 -18 \
Operating free-air temperature, Ta 0 70 -40 -85 °C

electrical characteristics overo

peratingfree-airtemperature range,Vec+=+15V (unless otherwise

specified)
Ta
PARAMETER TEST CONDITIONS MIN TYP  MAX | UNIT
LF411C LF411]
Vio Input offset voltage Vig =0, Rg= 10 k& 25°C 25°C 0.8 2 mvV
Average temperature coeffi- J 2 + 15
IO cient of input offset voltage Vicg P [R5 R Fq i T
| . D -0 25°C 250C 25 100 pA
10 Input offset current? IC = 20C 85°C > ey
) 2550 % [ 50 200 pA
liB Input bias currentd Vig=0 o~ 85°C r o
Common-mode input voltage =:d
VicR e §e £ 11 to v
range
14.5
Mayi Al N P
e u/;gmum peak output-voltage RL = 10 kO £12 135 v
swing
S T ; 25°C 25°C 25 200
AVD Large-signal differential Vo=410V, R_=2kQ Vimy
voltage 0°Cto 70°C | —40°C to 85°C 15 200
r Input resistance Ty=25°C 1012 Q
EMR Common-mode rejection ratio Rg <10 kQ 70 100 dB
KSVR  Supply-voltage rejection ratio | See Note 3 70 100 dB
lce Supply current 2 34 mA

T Atleast 90% of the devices meet this limit for OVIO-

Finputbias currents of an FET-in
must be used that

NOTE 3:

putoperational amplifier are normal junction reverse currents, which are tem
will maintain the junction temperatures as clos

Supply-voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously.

perature sensitive. Pulse techniques
e to the ambient temperature as possible.

‘t’r‘ TExAS
INSTRUMENTS
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LF411
JFET-INPUT OPERATIONAL AMPLIFIER

SLOS011C - MARCH 1987 - REVISED OCTOBER 1997

operating characteristics, Voo = +15V, Tp = 25°C

PARAMETER TEST CONDITIONS MIN TYP  MAX | UNIT
SR Slew rate 8 13 Vius
B1 Unity-gain bandwidth 2.7 3 MHz
Vi Equivalent input noise voltage f=1kHz, Rg=20Q 18 nViHz
In Equivalent input noise current =1kHz 0.01 pANHZ
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Choosing a

Humidity Sensor:

A Review of Three Technologies

This discussion of the operating principles of capacitive, resisitive,
and thermal conductivity humidity sensors also addresses their
advantages, disadvantages, and applications.

Denes K. Roveti, Ohmic Instruments Co.

The most important specifications to keep in mind when
selecting a humidity sensor are:
o Accuracy
o Repeatability
Interchangeability
Long-term stability
Ability to recover from condensation
Resistance to chemical and physical contaminants
o Size
 Packaging
o Cost effectiveness

Additional significant long-term factors are the costs
associated with sensor replacement, field and in-house
calibrations, and the complexity and reliability of the
signal conditioning and data acquisition (DA) circuitry.
For all these considerations to make sense, the
prospective user needs an understanding of the most
widely used types of humidity sensors and the general
trend of their expected performance. Definitions of
absolute humidity, dew point, and relative humidity are
provided in the sidebar, “Humidity Basics”).

Capacitive Humidity Sensors

Relative Humidity. Capacitive relative humidity (RH)
sensors (see Photo 1) are widely used in industrial,
commercial, and weather telemetry applications.
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Photo 1. Capacitive RH sensors are produced in a wide range
of specifications, sizes, and shapes including integrated
monolithic electronics. The sensors shown here are from
various manufacturers.

They consist of a substrate on which a thin film of
polymer or metal oxide is deposited between two
conductive electrodes. The sensing surface is coated
with a porous metal electrode to protect it from
contamination and exposure to condensation. The
substrate is typically glass, ceramic, or silicon. The
incremental change in the dielectric constant of a
Capacitive humidity sensor is nearly directly proportional
to the relative humidity of the surrounding environment.
The change in capacitance is typically 0.2-0.5 pF for a
1% RH change, while the bulk capacitance is between
100 and 500 pF at 50% RH at 255C. Capacitive sensors
are characterized by low temperature coefficient, ability
to function at high temperatures (up to 2005C), full
recovery from condensation, and reasonable resistance
to chemical vapors. The response time ranges from 30
to 60 s for a 63% RH step change.

State-of-the-art techniques for producing capacitive
sensors take advantage of many of the principles used
in semiconductor manufacturing to yield sensors with
minimal long-term drift and hysteresis. Thin film
Capacitive sensors may include monolithic signal
conditioning circuitry integrated onto the substrate. The
most widely used signal conditioner incorporates a
CMOS timer to pulse the sensor and to produce a near-
linear voltage output (see Figure 1).
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Figure 1. A near-linear response is seen in this plot of capacitance changes vs.
applied humidity at 255C. The term "bulk capacitance" refers to the base
value at 0% RH.

The typical uncertainty of capacitive sensors is 112% RH
from 5% to 95% RH with two-point calibration.
Capacitive sensors are limited by the distance the
sensing element can be located from the signal
conditioning circuitry, due to the capacitive effect of the
connecting cable with respect to the relatively small
capacitance changes of the sensor. A practical limit is
<10 ft.

Direct field interchangeability can be a problem unless
the sensor is laser trimmed to reduce variance to %12%
or a computer-based recalibration method is provided.
These calibration programs can compensate sensor
Capacitance from 100 to 500 pF.

Dew Point. Thin film capacitance-based sensors
provide discrete signal changes at low RH, remain stable
in long-term use, and have minimal drift, but they are
not linear below a few percent RH. These characteristics
led to the development of a dew point measuring
system incorporating a capacitive sensor and
microprocessor-based circuitry that stores calibration
data in nonvolatile memory. This approach has
significantly reduced the cost of the dew point
hygrometers and transmitters used in industrial HVAC
and weather telemetry applications.

The sensor is bonded to a monoalithic circuit that
provides a voltage output as a function of RH. A
computer-based system records the voltage output at
20 dew point values over a range of —405C to 275C.
The reference dew points are confirmed with a NIST-
traceable chilled mirror hygrometer. The voltage vs.
dew/frost point values acquired for the sensor are then
stored in the EPROM of the instrument. The



microprocessor uses these values in a linear regression
algorithm along with simultaneous dry-bulb temperature
measurement to compute the water vapor pressure.

Once the water vapor pressure is determined, the dew
point temperature is calculated from thermodynamic
equations stored in EPROM. Correlation to the chilled
mirrors is better than %125C dew point from —405C to —7
§C and v115C from —75C to 275C. The sensor provides
long-term stability of better than 1.55C dew point
drift/yr. Dew point meters using this methodology have
been field tested extensively and are used for a wide
range of applications at a fraction of the cost of chilled
mirror dew point meters.

Resistive Humidity Sensors

Resistive humidity sensors (see Photo 2) measure the
change in electrical impedance of a hygroscopic medium
such as a conductive polymer, salt, or treated substrate.
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Photo 2. Resistive sensors are based on an interdigitated or
bifilar winding. After deposition of a hydroscopic polymer
coating, their resistance changes inversely with humidity.
The Dunmore sensor (far right) is shown 1/3 size.
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The impedance change is typically an inverse
exponential relationship to humidity (see Figure 2).
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Figure 2. The exponential response of the resistive sensor,
plotted here at 255C, is linearized by a signal conditioner for



airect niewer reauiny or process conuul.

Resistive sensors usually consist of noble metal
electrodes either deposited on a substrate by
photoresist techniques or wire-wound electrodes on a
plastic or glass cylinder. The substrate is coated with a
salt or conductive polymer. When it is dissolved or
suspended in a liquid binder it functions as a vehicle to
evenly coat the sensor. Alternatively, the substrate may
be treated with activating chemicals such as acid. The
sensor absorbs the water vapor and ionic functional
groups are dissociated, resulting in an increase in
electrical conductivity. The response time for most
resistive sensors ranges from 10 to 30 s for a 63% step
change. The impedance range of typical resistive
elements varies from 1 ko to 100 Mg,

Most resistive sensors use symmetrical AC excitation
voltage with no DC bias to prevent polarization of the
sensor. The resulting current flow is converted and
rectified to a DC voltage signal for additional scaling,
amplification, linearization, or A/DRconversion (see
Figure 3).
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Figure 3. Resistive sensors exhibit a nonlinear response to
changes in humidity. This response may be linearized by

analog or digital methods. Typical variable resistance
extends from a few kilohms to 100 MV.

Nominal excitation frequency is from 30 Hz to 10 kHz.

The “resistive” sensor is not purely resistive in that
capacitive effects >10-100 Mg makes the response an
impedance measurement. A distinct advantage of
resistive RH sensors is their interchangeability, usually



within ©12% RH, which allows the electronic signal
conditioning circuitry to be calibrated by a resistor at a
fixed RH point. This eliminates the need for humidity
calibration standards, so resistive humidity sensors are
generally field replaceable. The accuracy of individual
resistive humidity sensors may be confirmed by testing
in an RH calibration chamber or by a computer-based
DA system referenced to standardized humidity-
controlled environment. Nominal operating temperature
of resistive sensors ranges from —405C to 100sC.

In residential and commercial environments, the life
expectancy of these sensors is >>5 yr., but exposure to
chemical vapors and other contaminants such as oil mist
may lead to premature failure. Another drawback of
some resistive sensors is their tendency to shift values
when exposed to condensation if a water-soluble
coating is used. Resistive humidity sensors have
significant temperature dependencies when installed in
an environment with large (>105F) temperature
fluctuations. Simultaneous temperature compensation is
incorporated for accuracy. The small Size, low cost,
interchangeability, and long-term stability make these
resistive sensors suitable for use in control and display
products for industrial, commercial, and residential
applications.

One of the first mass-produced humidity sensors was
the Dunmore type, developed by NIST in the 1940s and
still in use today. It consists of a dual winding of
palladium wire on a plastic cylinder that is then coated
with a mixture of polyvinyl alcohol (binder) and either
lithium bromide or lithium chloride. Varying the
concentration of LiBr or LiCl results in very high
resolution sensors that cover humidity spans of 20%-—
40% RH. For very low RH control function in the 1%-—
2% RH range, accuracies of 0.1% can be achieved.
Dunmore sensors are widely used in precision air
conditioning controls to maintain the environment of
computer rooms and as monitors for pressurized
transmission lines, antennas, and waveguides used in
telecommunications.



The latest development in resistive humidity sensors
uses a ceramic coating to overcome limitations in
environments where condensation occurs. The sensors
consist of a ceramic substrate with noble metal
electrodes deposited by a photoresist process. The
substrate surface is coated with a conductive
polymer/ceramic binder mixture, and the sensor is
installed in a protective plastic housing with a dust filter.

The binding material is a ceramic powder suspended in
liquid form. After the surface is coated and air dried, the
sensors are heat treated. The process results in a clear
non-water-soluble thick film coating that fully recovers
from exposure to condensation (see Figure 4).
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Figure 4. After water immersion, the typical recovery time of
a ceramic-coated resistive sensor to its pre-immersion, 30%
value is 5-15 min., depending on air velocity.

The manufacturing process yields sensors with an
interchangeability of better than 3% RH over the 15%—
95% RH range. The precision of these sensors is
confirmed to ©12% RH by a computer-based DA system.
The recovery time from full condensation to 30% is a
few minutes. When used with a signal conditioner, the
sensor voltage output is directly proportional to the
ambient relative humidity.

Thermal Conductivity Humidity Sensors

These sensors (see Photo 3) measure the absolute
humidity by quantifying the difference between the
thermal conductivity of dry air and that of air containing
water vapor.
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Photo 3. For measuring absolute humidity at hig
temperatures, thermal conductivity sensors are often used.
They differ in operating principle from resistive and
capacitive sensors. Avbsolute humidity sensors are left and
center; thermistor chambers are on the right.

When air or gas is dry, it has a greater capacity to “sink”
heat, as in the example of a desert climate. A desert can
be extremely hot in the day but at night the
temperature rapidly drops due to the dry atmospheric
conditions. By comparison, humid climates do not cool
down so rapidly at night because heat is retained by
water vapor in the atmosphere.

Thermal conductivity humidity sensors (or absolute
humidity sensors) consist of two matched negative
temperature coefficient (NTC) thermistor elements in 3
bridge circuit; one is hermetically encapsulated in dry
nitrogen and the other is exposed to the environment
(see Figure 5).
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Figure 5. In thermal conductivity sensors, two matched
thermistors are used in a DC bridge circuit. One sensor is
sealed in dry nitrogen and the other is exposed to ambient.
The bridge output voltage is directly proportional to absolute
humidity.

When current is passed through the thermistors,
resistive heating increases their temperature to >2005C.
The heat dissipated from the sealed thermistor is



greater than the exposed thermistor due to the
difference in the thermal conductively of the water
vapor as compared to dry nitrogen. Since the heat
dissipated yields different operating temperatures, the
difference in resistance of the thermistors is proportional
to the absolute humidity (see Figure 6).

14

12 — . . : . S S— : 80°C R
- i i 100°C

0 : D RO RS O Bt T L NS WSO U SR S SPIEN 3 e . ERRTEL 1Y |
Q 16 20 30 40 S50 60 70 &0 90 100 110 120 130
Absolute Humidity (g/M?)

Figure 6. The output signal of the thermal conductivity sensor is affected by
the operating temperature. Maximum outputis at 6005C; output at 2005C
drops by 70%.

A simple resistor network provides a voltage output

equal to the range of 0-130 g/m3 at 605C. Calibration is
performed by placing the sensor in moisture-free air or
nitrogen and adjusting the output to zero. Absolute
humidity sensors are very durable, operate at
temperatures up to 5755F (3005C) and are resistant to
chemical vapors by virtue of the inert materials used for
their construction, i.e., glass, semiconductor material for
the thermistors, high-temperature plastics, or aluminum.

An interesting feature of thermal conductivity sensors is
that they respond to any gas that has thermal properties
different from those of dry nitrogen: this will affect the
measurements. Absolute humidity sensors are
commonly used in appliances such as clothes dryers and
both microwave and steam-injected ovens. Industrial
applications include kilns for drying wood; machinery for
drying textiles, paper, and chemical solids;
pharmaceutical production; cooking; and food
dehydration. Since one of the by-products of
combustion and fuel cell operation is water vapor,



particular interest has been shown in using absolute
humidity sensors to monitor the efficiency of those
reactions.

In general, absolute humidity sensors provide greater
resolution at temperatures >2005F than do capacitive
and resistive sensors, and may be used in applications
where these sensors would not survive. The typical

accuracy of an absolute humidity sensor is +3 g/m3;
this converts to about 5% RH at 405C and #10.5% RH
at 1005C.

Summary

Rapid advancements in semiconductor technology, such
as thin film deposition, ion sputtering, and
ceramic/silicon coatings, have made possible highly
accurate humidity sensors with resistance to chemicals
and physical contaminants—at economical prices. No
single sensor, however, can satisfy every application.
Resistive, capacitive, and thermal conductivity sensing
technologies each offer distinct advantages. Resistive
sensors are interchangeable, usable for remote
locations, and cost effective. Capacitive sensors provide
wide RH range and condensation tolerance, and, if laser
trimmed, are also interchangeable. Thermal conductivity
sensors perform well in corrosive environments and at
high temperatures. For most applications, therefore, the
environmental conditions dictate the sensor choice.

SIDEBAR:

Humidity. Humidity Refers to the water vapor content in air or
other gases. Humidity measurements can be stated in a variety
of terms and units. The three commonly used terms are absolute
humidity, dew point, and relative humidity (RH).

Absolute Humidity. Absolute humidity is the ratio of the mass
of water vapor to the volume of air or gas. It is commonly
expressed in grams per cubic meter or grains per cubic foot (1

grain = 1/,0.0 Ib.). It can be calculated from known RH,

temperature, or wet bulb, or it can be measured directly.
Refinements in thermistor technology in the 1960s led to the
development in the 1980s of a thermal conductivity principle
that permits absolute humidity ?easurements at elevated

&



systém uses tv\vo the?m}stors in a Bridge configufation.

Dew Point. Dew point, expressed in 5C or sF, is the
temperature and pressure at which a gas begins to condense
into a liquid. Chilled mirror hygrometers have reliably made dew
point measurements since the early 1960s, but the development
of stable thin film capacitive sensors in the 19805 now allows
measurement of dew points as low as —40sF at a fraction of the
chilled mirror cost. Calibration data for each specific sensor are
stored in nonvolatile memory for improved accuracy. In contrast,
chilled mirrors measure dew point in real time and do not
require stored data for measurements.

Relative Humidity. Abbreviated as RH, relative humidity refers
to the ratio (stated as a percent) of the moisture content of air
compared to the saturated moisture level at the same
temperature and pressure. In the early 1900s, RH was derived
from measuring a physical change that moisture absorption
caused in certain natural materials such as silk or human hair.
Nylon and other synthetics were subsequently used. Since the
1940s, most mechanical methods have been replaced by
electronic RH sensors due to their greater accuracy and
dependability and their lower cost. In the fairly recent past,
specialized polymer-based resistive and laser-trimmed capacitive
sensors with monolithic signal conditioners have been
introduced.

For further reading on this and related topics, see these Sensors
articles.

"A 1-Wire Humidity Sensor," August 2000

"Monitoring, Analyzing, and Improving the Indoor Scene with
Environmental Data Loggers," February 2001

"1-Wire Addressable Digital Instruments for Environmental
Monitoring," May 2001
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