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Pin-out and housing (TO 5)

Sensor surface

SMTIR9902 Bottom view
T 1 =det -
2 =dect +
| e | r i o, 3 = NI10DO
== e 4 = NI1OWGND
I~ e S O
——
l SMTIRY901
1 =det -
2 =det +
3=NC.
— | — All sizes in mm. 4 =GND
[ 14 ¥
SMTIR9902 sls asly slaskuin g cyloasbu 12-4 S
) . Ql > &
o] OMT ) Gt LgLQ).'Z.n‘)L’ 9 60,3}5 Slasiie 2'8J5A> B
Specifications
Parameters |typical | units
Number of thermojunctions 100
Active area 0.50 mm?
| Die Size |22722 mm?
Resistance of thermoplie |50£15 K
Sensitvity [110220  |vw 1)
Temp. Coeff.of sensitivity -0.52 £ 0.08 %K
Specific Detectivity [21°10e8  [em.HzAW') |
Noise equivalent power 1035 nw)
Noise voltage |37 nV/Hz%
Time Constant 4010 ms (63%)
Temperature range (sensor) -20 - 100 c
Storage temperature |-40- 100 ‘<
Fiiter (high Pass) |55 pm
") at 500 K.DC
Reference Thermistor (SMTIR9902 only) : 2-8 Jgo
| Resistance 1.000£0.004 |KQ (@ 0C)
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R(T)=R0*(1+A*T+B*T°+C*'T'+D*T°)  tolerance class B

RO= resistance @ 0C = 1000 2
T = Temperature in C

A =5485"10°
B =6.650 " 10°
C =2805"10""_
D =-2.000" 10"

how the sensor works

body black receiver plate

— (sensor)
N

Tsensor & Tbody —

radiation

LINE N R A )

Jgudan 3,5 1S 2-5 Jss

cold junction hot junction

radiation

L

& can be measured with a thermocouple
based on Seebeck effect

< Uoul = f(Tsensor y T body) =f(0)

g O, 1S :Z-GJS..‘L
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(Seebeck efect) s jil

Wwg by 09 p)5 jw SO g Ngh Jog 08 4w 90 50 dlwd CaliSe (I8 g0 Sl aS pw g0 (59

Al (oo jgeion 955 (Slod 5 e Slod Sl (gml jgias (255 55

@ for higher output voltage 100 thermocouples in series

< radiation

@ black body has no spectral bandwith (therefor black)

@ setup is not reliable due to open construction

g 3,5 IS 2-7 S

g (oo dny SISy @ S Sz hsSgey Ve i (295 (W 4 ol Gl

radiation

o 4 & & d

@ filter is protection against dust, etc.
& filter makes the sensor selective

@ sensor is filled with gas(N.)

g 0,55 :2-8 S
55-«-0 ol &.AEBL’?LQ -9 )l.:.é- 9 O; JJLM )Q 39 Jn
S oo et |y (655 ol ol g 10 0550 LS

Sl 0 ).’(u)ﬁ).u.a )lf) N2 )lf L: ) Gt

oA
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out

U, depends on:
filter characteristic
objecttemperature

sensortemperature

angle of view

object

Uout = F(Tobjs Tsens)
Ugur # F(Tobj' sensor)
Uout"o if Tobi - Tsonsor
g (29,5 g s :2-9 IS0
il dinly p5 Jolse 4 jgmnin (29,5 3U5
s Sl
W LQLAO—Y
g 395 (glad-Y

BYSWEORINVINPVPI[ S,

out

b

@  calculation example of averaging

10% of surface = 400 K

90% of surface 300 K

—l measured on sensor = 0.9°300 +0.1°400 =310 K

g 33 (6 A9l 4z b oles Slawle 1 gl a5ges :2-10 JSi
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setup for measuring radiation temperatures

=i
<. ] :

LL

sensor temperature black I)Ody source
[= ] blackbody temperature is controllable
[* ) sensor temperature has to be considered

;gMM" ) LSLQLAQ G)ﬁf o}‘..\.i‘ Lg)'\..\.i‘ o|) g_;i’ji-"Z'll Ji..:
sl o Jyus b6 Black body pes slos

setup for measuring radiation temperatures

Q@ measure outputon various sensortemperatures

o do the same for differentbody temperatures

0 make an array of output-voltages found

Uoutin mv T sensor (°C)
NI EEEEEEESEE
T black body (°C 5% 110,

53| 141
80| 15
65| 1.52].
70
75
80
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setup for measuring radiation temperatures

Topjec: €N be found by
@ sensortemperature

& sensoroutputvoltage

and

some calculations in microcontroller
-two dimensional interpolation

Jﬁio)}a (o LgLoo L) LS:LM_M:.) Lsi’?'i" :2'13 Ji..:

bwg Slaslrs (5,080 bawgs 55 5 o1 (29,5 55 g jgmiw slod lawgs Hla5 3 90 e sloo
Dbl oo (g s BB ST S

Ol ydS 5 08,5 Cagii | jomdn 29,5 55 b Jbo oot Ldl jguin slo S 9 Slasis b
Slebos 0aiS Cosii S 5l ()] g 61y I Wil oo Sy (os v g jgein (29,5 51
b sl Offset a5 ol oo soliulasl o OP90 . T a5 (Op-amp)

o 8l ol ik bl 3l eSSl S5 55 55 s OMAY YL (g5 bz 5 (V0 MV a> 0)

by

u —
Vos NULL[1] @ 8] NC
-IN| 2 = Z V+
#N[3] . 6] ouT
v-[a 5] Vos NULL
NC = NO CONNECT

OP90 . 1 2-14 U

w29y 0 olde aeldl £l 4y Slles lo ouisS Cy g L@L..»T B
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DO- Loop: gews

sl i & )yp0 4 DO- LOOP j5ims S 8
[UNTIL] Loopolrsss

ol s ad oyl ails 900 5 oy o EXIT DO L S ol culys o s 4il> S, DO- LOOP

LS e oy dalol adls Sl as bas o asly
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While L,z
WEND Lo 50
: b

Dim a as byte
A=1

While A<10
PRINT a

INCR a
Wend

|FZ)9;:.~.>
If L,xthen cldee

il oy bd Ojle aS 09 o 12l Sloy Sldes jgiws
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Pl o ) Oyse 4 g S sl Al 4 Jlasl 6l LCD sl 4l

Config LCD Pin = Pin, DB5=PN, DB6 = PN, DB7= PW

E =PN, RS=PN
b oo Jlail 5T 4 LCD (s 4l o5 el 5,80 5l alsds 6 4 PN a5

Config LCD Pin = PIN, DB4 = Port B.4 , SB5 = Port B.5 , DB6= Port B.6
DB7= Port B.7 , E= Port B.3, RS= Port B.2

LS oo 00liiwl ;) Heiwo 5l LCD Kiules g9 cpmns I pILCD go5 s

ConFig LCD =¢4 LCD

Sl 2% 16wl oo Jaw ¥ g ygiw Fo glylol 40X4 il 5 glgl lylo Wil o L LCD g4
el o ¥ g g VP

Config LCD = 40*4

LCD "Hello"

Fonrth Line

LCD "4"

End

Jle slp s o (ales LCD (55, » 1) itie b <ol O )le wiz b G jgiws ! 1 LCD jgs
s 4els 5 as salam  LCD "Salam” 5 aes o Lioles LCD (g, 1y x pize LCDX
o2 18 e Codle sl o b o o Ol i Gioled lp 0es e iales |y conl el
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Dim a as byte

a=255

LCD a

Wait 1

Dis play off

Wait 1

Display on

End

c oS vk |, LCD sl K6 o)lg3 oo ygiws () lawgst CURSOR jgxs
CURSOR on/off BLInu / no Blinu

505 Sezz L(BINK) 5 Sazz 5 (Off) [igals L (ON) 5,1, LCD 5 ailss il o Lo

Sz 9 cpgy Al 50 ld (Ko (B3 S 909 & 0SS pulais ST .S ouass 1,(NO Blink)

Yy

Sl o3

D e

Dim a as byte
az 255

LCD a

Cursor off
Wait 1

Cursor on blink

End

3y o0 LCD amio jo olgsds Ko a1y L (456 5w ol (LOCATE g0
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9 w5 0oiS Latin X a5, op oo LCD olgsds o6 | L 156 gm0 ol :LOCALE X, Y
el LCD 5 (6 00isS oY

1l oo b

6 4l 5L g s SN 5l ol ¢ ps 51T 095 WS Wilgy o g VF S el SO
79,7 JESKew S (o0 LBl S (2o 6 bl I el a5 Gley S u*-’“l’ Tl =55
09555 CPU (ls SIS 00ig), YU (6 adjo (29,5 S 098 (o0 (39,50 CPU 953l (W55 L

:Bas Com L ,o 65/ el o 0,50

Config Timer 1= Timer , PnfscALE= X

o Sl o]y el o Starttimer 1 giuo Lol V- YF V0% $F A ) sue 5l (S Wil oo X aS

Dgd oo LiBgie STOP tIMETr jows b g 04

P95 9,50 (59 2 o edly 4ol y

00 (6 jbw 00ly Pl Lo 43 9 BASIC (4 ay Cowl ous 0859 ool 3] 30 45 (gl 4ol ys
Sregfile = "m32def.dat"

Scrystal = 8000000

Config Lcdpin = Pin, Db4 = Portb.4 , Db5 = Portb.5 , Db6 = Portb.6,
Db7 = Portb.7, E = Portb.3, Rs = Portb.2

Config Lcd =16 * 2

Config TimerO = Timer, Prescale = 1024

YA
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Enable Interrupts

Enable TimerO

On OvfO Temp_sample

Config Adc = Single, Prescaler = Auto

Enable Adc

Config Timerl = Timer, Prescale = 8
Enable Timerl

On Ovf1l Ovflimit

Config Pinc.1 = Output
Portc.1=0

Cls

Config Pind.0 = Output
Config Pind.1 = Input
Portd.1=1

Dim Limitbit As Byte

Dim Datareadtimer As Word

Begining:

Do

vAa



MeleC_Ir 35l 5 L ¢ 055 Al s ¢ S g I sla 655y 35k
Gosub Ultratest

Waitms 300

Loop

Ultratest:
Limitbit =0
Ultrasonicen =1
Timerl=0
Start Timerl
Waitus 300
Ultrasonicen =0
Waitus 500
While Ultrasonicecho =1
If Limitbit = 1 Then
Stop Timerl
Cls
Locate 1,1
Lcd "Too Far"
Limitbit=0
Gosub Endprg
End If
Wend

Stop Timerl
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Datareadtimer = Timer1l
Datareadtimer = Datareadtimer / 65
Cls
Locatel,1
Lcd Datareadtimer ;" cm"

Gosub Temp_sense
Endprg:

Return
Ovflimit:

Stop Timerl

Limitbit=1

Timerl=0
Return
Temp_sense:
Dim Sample As Byte , Temp As Word , Sum As Word , Vo As Word
Cursor Off
Start Adc
Stop Timer0
Timer0=0
Start TimerO
Cls

Do

Loop

A
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Temp_sample:
Stop Timer0
Timer0=0
Incr Sample
Temp = Getadc()
Sum =Sum + Temp
If Sample =30 Then
Sample =0
Stop Timer0
Vo =Sum /30

Vo =Vo * 4.8875

Sum=0
Gosub Final
End If

Start TimerO

Return

Final:

Dim X As Long, ZAs Long, U As Long, V As Long , Vx As Long
Dim Temp_final As Long

Stop TimerO

Vx=0

AY
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For Temp_final =0 To 100
X =0.85* Temp_final
Z=33.4-X
U = Datareadtimer * Z

V=Vx+U

If V=Vo Then
Locate 1, 2
Lcd Temp_final ;" "; "c"
Gosub Ending

End If

Vx =Vx+45

Next Temp_final

Ending:
Gosub Begining

End

AY

‘end program
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SMTIR9901/02 INFRARED SENSORS

Typical applications

contactless measurement of

surface temperatures or Infrared radiation
temperature measurement on moving objects.
continuous temperature control of manufacturing.
thermal alarm systems

climate control

medical instruments

home appliances.

Features

High accuracy

High sensitivity (110 V/W)

Low resistance (50 KQ) and therefore
Very good signal-to-noise-ratio

Good response time (40 ms)

Low cost thin film technology

Introduction

The Smartec infrared sensor SMTIR9901 and SMTIR9902 are sophisticated full silicon
infrared sensors. The sensors can be used in measuring the radiation temperature without

any contact. For the difierent radiation temperature ranges various filters are available. The
sensor type SMTIR3902 contains a temperature sensor for measuring the temperature of
the sensor itself. The temperature range of the sensor-element is between - 40 to 100 °C.

‘fli';\e sensor is available in a standard TO-05 encapsulation and with a 5.5. ym. high pass
er.

Easy and accurate measuring of the sensors temperature by means of a bullt-in
temperature sensor (only for type SMTIR3902).

Pin-out and housing (TO 5)

Sensor surface
SMTTROMW2 Bottom view

i

LR

r 9 e
L

-l b -

— | de— All sizes In mm.

Ao
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Product description.

Thermopiles are based on the Seebeck effect, which can be considered ever since a long
time as standard for conventional thermocouples. The application of thin film technology
allows the production of miniaturized and low cost sensor elements.

A series connection of thermo junctions deposited on a silicon substrate forms the
thermopile. The hot junctions are thermally isolated from the cold junctions on the substrate
by etching an extremely thin membrane. A black absorbing layer on the hot junctions
transforms the incoming radiation into heat. A voltage proportional to the radiation is
generated by the thermoelectric effect.

The used thermopiles are processed on 400 um silicon substrates using BiSb and NiCr for
the thermo junctions.

For different radiation spectra various filters are available to find the optimal solution.

Specifications

Parameters typical units
Number of thermojunctions 100

Active area 0.50 mny

Die Size 2222 mm?®
Resistance of thermopile 50£15 Ka
Sensitivity 110 £ 20 viw )
Temp. Coefi.of sensitivity -0.52 £ 0.08 %K

Spacific Detectivity 2.1" 108 em.HzVYW ')
Noise equivalent power 0.35 W)
Noise voltage 37 nV/Hz":
Time Constant 4010 ms (63%)
Temperature range {sensor) -20 - 100 ‘C

Storage temperature -40 - 100 ‘C

Filter (high Pass) 5.5 pm

) at 500 K.DC

Reference Thermistor (SMTIR9902 only)

| Resistance

11.000 + 0.004

|Ka (@ 0<) |

AT
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FILTER (characteristic)

4 5 6 7 8 9 10 11 12 13 14 15
wavelength{micrometer)
Understanding the specifications

Sensitive area.

The sensitive area is a square of 0.5 mmé?. By using the distance between the sensor
element and the glass filter and its diameter the field of view can be determined. The field of
view can be changed by using special lenses. In case lenses are used the emissivity and
the spectrum has to be considered.

Filter.

The sensors are standard wise equipped with a high pass filter. From the theory it is well
known that each body has a radiation at a certain temperature. This radiation temperature
has a frequency related to that temperature. For general use the filter used is a high pass
filter with a cut-off wavelength of 5.5 um.

Sensor resistance.
It must be clear that this type of thermopile has a reasonable output resistance. This
resistance has to be considered when designing the input amplifier to prevent off-setts, etc.

Time constant.

The time constant is the time needed to reach an output voltage of 63 % of the final signal
level This time constant only depends on the physical construction.

AY



IMEIEC.IT ol sta s 03550405 G € S 55 sl 0350500

Temperature reference resistor (SMTIR9902).

It is well known that for application on an infrared sensor the temperature of the sensor
must be considered in the calculation of the radiation temperature. The used resistor

Is a standard Ni resistor with a value of 1000 Q @ 0 °C.

The relation between the resistance value of the temperature sensor and the
temperature is given below:

R(T)=R0*(1+A*T+B*T°+C*T'+D*T°)  tolerance class B

RO= resistance @ 0 <C = 1000 2
T = Temperature in C

A =5485*10°
B =6.650*10°
C =2.805*10"
D =-2.000"10"

Ordering information

SMTIR9901 Infrared sensor without Ni temperature sensor
SMTIR9902 Infrared sensor with Ni temperature sensor

AA
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Ultralow Offset Voltage
Operational Amplifiers

0P07

FEATURES

Low Vps: 75 pV Max

Low Vg Drift: 1.3 pV/°C Max
Ultra-Stable vs. Time: 1.5 pV/Month Max
Low Noise: 0.6 pV p-p Max

Wide Input Voltage Range: 14 V

Wide Supply Voltage Range: 3V to 18V
Fits 725,108A/308A, 741, AD510 Sockets
125°C Temperature-Tested Dice

APPLICATIONS
Wireless Base Station Control Circuits
Optical Network Control Circuits
Instrumentation
Sensors and Controls

Thermocouples

RTDs

Strain Bridges

Shunt Current Measurements
Precision Filters

GENERAL DESCRIPTION

The OP07 has very low input offset voltage (75 pV max for
OPO7E) which is obtained by trimming at the wafer stage. These
low offset voltages generally eliminate any need for external null-
ing. The OPO7 also features low input bias current (+4 nA for
QPO7E) and high open-loop gain (200 V/mV for OPO7E). The
low offsets and high open-loop gain make the OP07 particularly
useful for high-gain instrumentation applications.

The wide input voltage range of + 13 V minimum combined with

high CMRR of 106 dB (OP07E) and high input impedace pro-
vides high accuracy in the noninverting circuit configuration.
Excellent linearity and gain accuracy can be maintained even at

PIN CONNECTIONS

Epoxy Mini-Dip (P-Suffix)
8-Pin SO (S-Suffix)

vosTRM[T] ® 5] vog TR
—m% 0 7] ve
N 16| ouT
v-[4] (3] ne

NC = NO CONNECT

high closed-loop gains. Stability of offsets and gain with time or
variations in temperature is excellent. The accuracy and stability
of the OP07, even at high gain, combined with the freedom
from external nulling have made the OP07 an industry standard
for instrumentation applications.

The OPO07 is available in two standard performance grades. The
OPO7E is specified for operation over the 0°C to 70°C range, and
OPO7C over the -40°C to +85°C temperature range.

The OPO07 1s available in epoxy 8-lead Mini-DIP and 8-lead SOIC.
It 1s a direct replacement for 725,108A, and OP05 amplifiers;
741-types may be directly replaced by removing the 741's nulling
potentiometer. For improved specifications, see the OP177 or
OP1177. For ceramic DIP and TO-99 packages and standard
micro circuit (SMD) versions, see the OP77.
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Figure 1. Simplified Schematic
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0P07-SPECIFICATIONS
OPO7E ELECTRICAL CHARACTERISTICS (v;= =15v, 7, = 25°C. unless otherwise noted,)

Parameter Symbol Conditions Min Typ Max Unit
INPUT CHARACTERISTICS
Input Offset Voltage' Vos 30 75 uv
Long-Term Vs Stability” Vos/Time 0.3 1.5 uV/Mo
Input Offset Current los 0.5 3.8 nA
Input Bias Current Iy +1.2 4.0 nA
Input Noise Voltage €, P-p 0.1 Hz to 10 HZ 0.35 0.6 WV p-p
Input Noise Voltage Density ey fo=10Hz 10.3 18.0 nV\E
fo = 100 HZ? 10.0 13.0 nVvHz
fo=1kHz 9.6 11.0 nVvHz
Input Noise Current Lpp 14 30 pApp
Input Noise Current Density I fo=10Hz 0.32 0.80 pAvHz
fo = 100 HZ 0.14 0.23 pAvHz
fo=1kHz 012 017 pAVHz
Input Resistance—Differential Mode!| Ryy 15 50 mQ
Input Resistance—Common-Mode | Rpyeu 160 GQ
Input Voltage Range IVR +13 +14 \Y
Common-Mode Rejection Ratio CMRR Veu=#13V 106 123 dB
Power Supply Rejection Ratio PSRR Vs=+3Vto 18V 5 20 AY
Large-Signal Voltage Gain Avo R 22kQ, Vo=210V 200 500 VimV
R 25000, Vo=+05V,
Vs=#3 V¢ 150 400 VimV
OUTPUT CHARACTERISTICS
Output Voltage Swing Vo Ry 210k +125 130 A\
Ry 22kQ +120 +128 Y
R z21kQ +105 120 \Y
DYNAMIC PERFORMANCE
Slew Rate SR Ry = 2 k0’ 0.1 0.3 Vs
Closed-Loop Bandwidth BW Avor =13 0.4 0.6 MHz
Closed-Loop Output Resistance Ro Vo=0,I5=0 60 Q
Power Consumption P, Vs =%15V, No Load 73 120 mW
Vs=2%13V, No Load 4 6 mW
Offset Adjustment Range Rp=20kQ 14 mV
NOTES

'Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after apphication of power.

*Long-term input offsct voltage stability refers to the averaged trend time of VOS vs. Time over extended periods after the first 30 days of operation. Excluding the ini-
tzal hour of operation, changes in VOS during the first 30 operating dsys are typically 2.5 uV refer to the typical performance curves. Parameter is sample tested.
*Sample tested.

‘Guaranteed by design.

*Guaranteed but not tested.

Specifications subject to change without notice.
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'Input offsct voltage measurements arc performed by automated test equipment approximately 0.5 scconds after application of power.

*Guaranteed by design.
*Sample tested.
Specifications subject to change without notice.

1)

0P07
OPO7C ELECTRICAL CHARACTERISTICS (vs= =15V, 7,=25°C. unless otherwise noted.)
Parameter Symbeol Conditions Min Typ Max Unit
INPUT CHARACTERISTICS
Input Offset Voltage' Vos 60 150 pv
Long-Term V¢ Stability® Vos/Time 0.4 2.0 VMo
Input Offset Current Ios 0.8 6.0 nA
Input Bias Current Iy +1.8 7.0 nA
Input Noise Voltage e, PP 0.1 Hz to 10 HZ’ 0.38 0.65 uWpp
Input Noise Voltage Density €, fo=10Hz 105 20.0 nVvHz
fo = 100 Hz® 10.2 13.5 nVVHz
fo=1kHz 9.8 115 nVvHz
Input Noise Current IL.pp 15 35 PAp-p
Input Noise Current Density L, fo =10 Hz 0.35 0.90 pAVHz
fo = 100 Hz' 015 027 pAVHz
fo=1kHz 0.13 0.18 pAvHz
Input Resistance- Differential Mode® | Rpy 8 33 mQ
Input Resistance- Common-Mode Rvem 120 GQ
Input Voltage Range IVR +13 +14 v
Common-Mode Rejection Ratio CMRR Ve =213V 100 120 dB
Power Supply Rejection Ratio PSRR V=3Vt I8V 7 32 uviv
Large-Signal Voltage Gain Avo R 22kQ, Vo=10V 120 400 VimV
R 25000,Vo=205V,
Vs=+3 V¢ 100 400 V/mV
OUTPUT CHARACTERISTICS
Qutput Voltage Swing Vo Ry 2 10k +12. +13.0 v
R 22kQ =115 +12.8 \'
R 21kQ +12.0 \'4
DYNAMIC PERFORMANCE
Slew Rate SR Ry 2 2 k0)? 0.1 0.3 Vips
Closed-Loop Bandwidth BW AvoL=13 0.4 0.6 MHz
Closed-Loop Output Resistance Ro Vo=0,I=0 60 Q
Power Consumption Py Vs=+£15V, No Load 80 150 mW
Vs=%13V, No Load 4 8 mW
Offset Adjustment Range Rp=20kQ2 +4 mV
OPO7C ELECTRICAL CHARACTERISTICS s cheeneeds
Parameter Symbol | Conditions Min Typ Max Unit
INPUT CHARACTERISTICS
Input Offset Voltage® Vos 85 250 uv
Voltage Drift without External Trim? | TCVqs 0.5 1.8 uveC
Voltage Drift with External Trim® TCVosx | Rp=20kQ2 0.4 1.8 uv/eC
Input Offset Current Ios 1.6 8.0 nA
Input Offset Current Drift TClgs 12 50 pA~C
Input Bias Current Iy +2.2 +9.0 nA
Input Bias Current Drift TCIy 18 50 pAr°C
Input Voltage Range IVR =13 +13.5 \'
Common-Moede Rejection Ratio CMRR Vem =13V 97 120 dB
Power Supply Rejection Ratio PSRR Vs=+3Viwo+I8V 10 51 uvrv
Large-Signal Voltage Gain Avo Ry 22k, Vo=210V 100 400 V/mV
OUTPUT CHARACTERISTICS
Output Voltage Swing Vo Ry 2 10kQ *+11 +12.6 \Y
NOTES
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ABSOLUTE MAXIMUM RATINGS* - 2
SUDDIY VOHEZE (V5) -+« s e enesuee e ssaiessamess nee sapy  Package Type b . | Units
T VOIREE® . 23 e iiis s oris. o siae, o e s diers i wi +22V  8-Lead Plastc DIP (P} 103 43 ‘CwW
Differential Input Voltage ............eounienessn +30v  8-Lead SOIC (S) 158 43 “CW
Output Short-Circuit Duration .. .............. Indefinite

*#,, is specified for worst case conditions, i.c., #,, is specified for device in socket

Stgl;ageP::kl:g::‘lf\?e. R:mge ............. _65°C to $125°C 5:: :bbgii:c;gc iy, 1s specified for device soldered to printed circuit board
Operating Temperature Range
OPOTE v connrvaans sasica s saesisssis 0°C 1o 70°C
IR T crporeoncamuarszaca onenssncatonvngncatersp:acaten —40°C 1o +85°C
Junction Temperature Range . .................... 150°C
Lead Temperature Range (Soldering, 60 sec) ........ 300°C

*For supply voltages less than + 22V, the absolute maximum input voltage is equal
to the supply voltage.

ORDERING GUIDE

Temperature Package Package | Branding
Model Range Description Option Information
OPO7EP 0°C to 70°C 8-Lead Epoxy DIP P-8
OPO7CP —-40°C to 85°C 8-Lead Epoxy DIP P-8
OPD7CS -40°C to 85°C 8-Lead SOIC S-8

CAUTION.
ESD (clectrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection, Although
the OP07 features proprictary ESD protection circuitry, permancnt damage may occur on devices
subjected to high-energy clectrostatic discharges. Thercfore, proper ESD precautions are recom-
mended to avoid performance degradation or loss of functionality.

OPO7-SPECIFICATIONS
OPOTE ELECTRICAL CHARACTERISTICS = 15v,vc <1< 10, unss therisente)

Parameter Symbol | Conditions Min Typ Max Unit

INPUT CHARACTERISTICS
Input Offset Voltage' Vos 45 130 MY
Voltage Drift without External Trim? | TCV 0.3 1.3 uveC
Voltage Dnift with External Tnm’® TCVosx | Rp=20kQ 0.3 1.3 uv/eC
Input Offset Current los 0.9 5.3 nA
Input Offset Current Dnift TClos 8 35 pArC
Input Bias Current B 15 355 nA
Input Bias Current Drift TClg 13 35 pArC
Input Voltage Range IVR +13 +135 Vv
Common-Mode Rejection Ratio CMRR Veu =213V 103 123 dB
Power Supply Rejection Ratio PSRR Vs=#3Viwo I8V 7 32 uvv
Large-Signal Voltage Gain Avo Ry 22k, Vo=£10V 180 450 V/mV

OUTPUT CHARACTERISTICS
Output Voltage Swing Vo R 2 10kQ +12 +12.6 \Y

ay
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ANALOG
DEVICES

Precision Low-Voltage Micropower
Operational Amplifier

0P30

FEATURES

Single/Dual Supply Operation: 1.6 Vto 36 V,
+08Vto 18V

True Single-Supply Operation; Input and Output
Voltage Ranges Include Ground

Low Supply Current: 20 pA Max

High Output Drive: 5 mA Min

Low Input Offset Voltage: 150 pV Max

High Open-Loop Gain: 700 V/mV Min

Outstanding PSRR: 5.6 pV/V Max

Standard 741 Pinout with Nulling to V-

GENERAL DESCRIPTION

The OP90 is a high performance, micropower op amp that
operates from a single supply of 1.6 V to 36 V or from dual
supplies of £0.8 V to £18 V. The input voltage range includes
the negative rail allowing the OP90 to accommodate input
signals down to ground in a single-supply operation. The OP90’s
output swing also includes a ground when operating from a
single-supply, enabling “zero-in, zero-out” operation.

The OP90 draws less than 20 yA of quiescent supply current,
while able to deliver over 5 mA of output current to a load. The
mput offset voltage is below 150 V eliminating the need for

ay

PIN CONNECTIONS

8-Lead Epoxy Mini-DIP
(P-Suffix)

8-Lead SO
(S-Suffix)

vt[e [
i
v[3 ] Vs Mt

NC = NO CONMNECT

external nulling. Gain exceeds 700,000 and common-mode
rejection is better than 100 dB. The power supply rejection
ratio of under 5.6 V/V minimuzes offset voltage changes expen-
enced in battery-powered systems,

The low offset voltage and high gain offered by the OP90 bring
precision performance to micropower applications. The minimal
voltage and current requirements of the OP90 suit it for battery
and solar powered applications, such as portable instruments,
remote sensors, and satellites,
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ELECTRICAL CHARACTERISTICS
(Vi= 215V to 215V, Ta=25C, unless otherwise noted.)
OP9aG
Parameter Symbol | Conditions Min Typ  Max | Unit
INPUT OFFSET VOLTAGE Vos 195 450 |uV
INPUT OFFSET CURRENT Lim Veu =0V 04 5 nA
INPUT BIAS CURRENT Iy Veu=0V 40 25 |nA
LARGESIGNAL Va= 215V, Vo~ 210V
VOLTAGE GAIN y R, - 100 kO 400 #00 VimV
Avis R~ 10k0 200 400 VimV
A |Re-2K0 100 200 VimV
Vee S5V, V=0V,
1VaeV,<4V
M R, - 100 kQ 100 250 VimV
Avo B, - 10kQ 70 140 VimV
INPUT VOLTAGE RANGE' IVR ViaSV,V_u DV 04 v
Vi= 215V -15/155 v
OUTPUT VOLTAGE SWING |V, V- £15V
Ry - 10kQ 214 2142 v
Ry - 2k0 1 12 \Y
Van Vie3V, V=00V
R, - 2k0 40 42 v
Vi Via5V,VouOV
R, - 10 kD 100 500 |pv
COMMON-MODE CMR Ve =53V, V=0V,
HEJECTION OVa<Vey =4V 80 100 dn
CMR  |v,. 215V,
A5V < Veu <135V %0 120 an
POWER SUPPLY
REJECTION RATIO PSHR 32 10 |pviv
SLEW RATE SR Ve= 215V 5 12 Vims
SUPPLY CURRENT Isy Vee 215V 9 15 |pA
Isy Vy= 215V 14 20 |(pA
CAPACITIVE LOAD Av=-1
STABILITY? No Oscillations 250 630 pE
INPUT NOISE VOLTAGE eupp | fo= 01 Hzto 10 Hz
Vy= 215V 3 ¥Wpp
INPUT RESISTANCE
DIFFERENTIAL MODE Rox Vi 215V % MO
INPUT RESISTANCE
COMMON.MODE Bose | Va= 215V 20 GO

q¢
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ELECTRICAL CHARACTERISTICS (v;= 1.5t 157,55 = 1, = +125°C, unless otherwise noted)

Parameter Symbol Conditions Min Typ Max Unit
INPUT OFFSET VOLTAGE | Vg 80 400 Y
AVERAGE INPUT OFFSET
VOLTAGE DRIFT TCVqs 0.3 23 pviec
INPUT OFFSET CURRENT | Ipg Vou=0V 13 5 nA
INPUT BIAS CURRENT Iy Vou=0v 4.0 20 nA
LARGE-SIGNAL
VOLTAGE GAIN Avo Ve=215V, Vo=210V
Ry =100 kQ 225 400 VimV
Ry =10k 125 240 VimV
Ry =2k0 50 110 V/mV
Avo V+=5V,V-=0V,
1VeVa<4V
Ry = 100 kQ 100 200 V/mV
Re=10kQ 50 110 VimV
INPUT VOLTAGE RANGE" | IVR V+#=35V,V-=0V 0/3.5 \Y
Vi=215V -15/135 \'
OUTPUT VOLTAGE SWING | Vp Vg=215V
Ry = 10k +135 +137 v
R =2k +103 115 v
Vou V+#=5V,V-=0V
Ry =2kQ 3.0 41 v
Vou V+#=5V,V-=0V
Ry =10k) 100 500 W
COMMON-MODE
REJECTION CMR V+#=5V,V-=0V,
OV<Vey<3sy 85 105 dB
Vi=$15V,
15V<Ven <135V 95 115 dB
POWER SUPPLY
REJECTION RATIO PSRR 32 10 Y
SUPPLY CURRENT Iy V=215V 15 25 JIA
Vg=+15V 19 30 JA

q0
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9.5<max>
13.5¢max 8.0 2.54%15=38.1 i — 051
=~ 24 16-0] A a-g25 AB el o] 3.00
| }‘&. v 1 14 |16 : —] I—ﬂ
| 0 Elddidldledlllllolelel—- ® ; e . 0.56 A
el . —. || ¢ :
| ol ey f oyl 1) | o %
| e i o I T ol S| & | o DB 0
| H| | o | | 1 +|t \ vl SlS 0
9 2 L L o L L L — < 3 0]
o o e O —|: ™| & 0
iy , | % e T omooo O
Q O | Eruz
= vt O
— L6 55,65 16 | .
LED BKL f;“;‘f?g Display Pattern
= bito EL BKL/ or
80,0£0.5 without BKL
.
Feature Mechanical Data
1. 5X8 dots with cursor Ttem Standard Unit
2. Built-in controller (KS0066U or Equivalent) ;
3. +5V power supply(Also available for +3.0V) MOd‘.”e Ll 80.0x36.0 il
4.1/16 duty Viewing area 64.5x16.4 mm
5. BKL to be driven by pini. pin2,or pin15,pin16,or A,K Dot size 0.56x0.61 mm
6. N.V.optional Character size 3.00x5.23 mm
PINNO Euction Absolute Maximum Rating
2 VDD +5Y Power supply | VDD-VSS | -0.3 —meen 55 v
- Input voltage vi 03 —— VDD
3 Vo Contrast adjustment
- - Electronical characteristics
4 RS H/L Register select signal —
Item Symbol | Condition ¢ Unit
5 rR/WwW | H/L Read/Write signal Min | Typ | Max
- 5V 47 50 55 V
6 E H/L Enable signal Input voltage VDD i
+33V | 27 3.0 53 V
7 DBO H/L Data bus line Supply current loo VDD=5Y| —— | 15 4 mA
. 206 | — | — | —
8 DB1 HIL Data bus line Recommended
HIL Data bus line LCD rifing vottage | ypypyio |t T 1 20 | 55
9 DB2 for normal temp 25°C 43 | 45 | 47 \%
10 DB3 H/L Data bus line version module 50°C 41 43 45
- 70°C NI | (VDR |
11 DB4 il Datetals e LED forward voltage VF 25°C J— 42 46 \
12 DB5 H/L Data bus line LED forward current| IF 25°C | ——- | 120 | 160 | mA
i / E=
13 DB6 H/L Data bus line fjrg:;'efsuppy e Xcaéﬂ NN P S mA
14 DB7 HUL. it bus e Display character address code:
Display position
15 A £4.2¥ 1or LED 2 34567809 1011 12 13 14 15 16
16 K Power supply for BKL(0V) DDRAM address 00 01 02 — — — — — OFH
DDRAM address 40 41 42 — — — — — 4FH

91
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KA78XX/KA78XXA

3-Terminal 1A Positive Voltage Regulator

Features

= Output Current uwp to 1.4

= Output Voltages of 5, . 8. 9. 10, 12, 13, 18, 24V
* Thermal Overload Protection

= Short Circuit Protection

Output Transistor Safe Operating Area Protection

Internal Block Digram

Description

The KATSXN/EKATEIRKA series of tlwee-ternunal positive
regulator are available in the TO-220/D-PAK package and
with several fixed cutput voltages., making them useful in a
wide range of applications. Each type employs internal
cuwrrent limiting, thermal shut down and safe operating area
protection, malking it essentially indestructible. If adequate
heat sinlking is provided. they can deliver ower 1A output
current. Although designed primarily as fixed voltage
regulators, these devices can be nsed with external
components to obtain adjustable voltages and currents.

TO-220

1. Input 2. GHD 3. Output
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STARTING. FREF E FoE ST E ERmTR
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=2001 Fairchild Semiconductor Corporation
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KATEXKATAXXA

Absolute Maximum Ratings

Parameter Symboaol Value Unit
Input Voltage (for Vo = 5V to 18V) Vi 35 W
(for Vg = 24V) V) 40 W
Thermal Resistance Junction-Cases (TO-220) ReJc B T
Thermal Resistance Junction-Air (TO-220) RaJa 65 T
Operating Temperature Range (KATEXX/AR) Topr 0~+125 C
Storage Temperature Range Tsta -5~ +150 T

Electrical Characteristics (KA7805/KA7805R)
(Refer to test circuit 0°C < Ty < 125°C, I = 500mA, V) =10V, Cj= 0.33uF, Co=0.1uF, unless otherwise specified)

Parameter Symbol Conditions , KA7805 Unit
Min. | Typ. | Max.
Ty=425°C 48 [ 50 | b2
Qutput Voltage Vo [50mA<lo<10A Po = 15W ] 1oy
Vi=TWio 20V 475150 |52
Line Regulation (Mote1) Regline | Ty=+25°C Vo= o 2oV el mV
V=8V 1o 12V 16 | 50
. . lo =5.0mA tol.5A 100
Load Regulation (Note1) | Regload | T)=+25°C o =250mA 1o T50mA W mY
Quiescent Current la T)=425°C 50 | 80| mA
. lo =5mAto 1.0A 003] 05 ,
Quiescent Current Change Alg Ve TV o 25 313 mA
Output Voltage Dnft MolAT | lp=5mA -0.8 mV/°C
Qutput Noise Voltage Vi f=10Hz to 100KHz, Ta=+25°C 42 1 - | w¥No
Ripple Rejection R |\ iav 2 [73| - | B
Dropout Yoltage Vorop | lo=1A, Ty=+25°C 2 - YV
Cutput Resistance ro f=1KHz 15 mil
Short Circuit Current l=c Vi=35Y, Ta=425°C 230 | - mA
Peak Current lpk | Ty=+25°C 22 | - A
Note:

1. Load and line regulation are zpecified at constant junction temperature. Changes in V5 due to heating effects must be taken
intz account separately. Pulze testing with low duty is used.
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KATEXX/KATEXXA

Electrical Characteristics (KA7805A)

(Refer {0 the test cirowts, 0°C < Ty < #125°C, b =1A_ V1= 10V, C =0.33yF, C 0=0.1sF, unless otherwise speci-
fied)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
T.=¢25°C 49 z 5.1
Output Voltage Yo |lo=5mAto 1A Pos 15W 48 c £ v
Vi= 75V 1020V ) )
Vi=75V0 25V
| | lo = 500mA | &1 3
Line Regulation (Note1) Regline | Vi=8Vto 12V - 3 50 mV
5 Vi= 7.3V 10 20V - 5 | %0
=BT Nowve v o T
| - | 9| w0
lo = 5mA to 1.54
Load Reguiaton (Notel)
Regload o TmA o 1A =1 91w ]|™
lo = 250mA to 750mA 5 4 50
Queescent Current la Ty=+26°C . 50 60 mA,
_ : lp = SmA to 1A - - 05
CUSCHL Ok Al [Vi=8Vio25Y, o = 500mA : - | 08 | mA
Vi=7.5V 1o 20V, Ty =#25°C - - 0.8
Output Vioktage Drift AVIAT | lo=5mA - 08 - mV/<C
Output Nose Voltage Vi iri ok - w | - |
: f=120Hz, lo = 500mA
Ripple Rejecton RR | \vi=8vio o : 68 . @3
Dropout Voltage VOrop lo=1A, Ty =225°C . 2 . v
Output Resistancs e f=1KHz - 17 - ms2
Short Crcut Current Isc Vi= 35V, Ta =425°C - 250 - mA
Peak Current lpk | Tu=426°C . 22 - A

Note:
1. Load and Ine regulation are specified at constant juncton temperature. Change in Vo due to heating effects must be taken
Inta account separataly. Pulse testing with low duty is used.
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