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TEMPERATURE CONTROLLER

Somchai Somboonsak
Sorawut Pairojkul
Singthong Pattanasethanon Advisor

1990

Abstract

At the present, production process in industry has been
developed in process and quality contrél. The one of essential
components is controller. This thesis is rearranged from the
temperature controller project, using feedback automatic controi.
Control mode that is used consists of- proportional control mode,
integral control and derivative control mode that all of them are
combined in parallel.This controller can be used like other controller

which based on cheaper price at the same efficiency.
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Rin SP Ry
W AW 1 0 E, Rin

= Rin+ Ry

Loop Gain = A8

: =R 1 £
E. (V) E, S (HU/A..,;»)

. R ‘I__H-n+ Ry
Noise Gain S BiadERn

(A) Inverting configuration.

VWA AV —o0 £,
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Loop Gain = A,of3
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Rin 1+ (1/A08)

Rin + Ry
Rin

Noise Gain =1-
n
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v a ! & 11 Y & o :
WnaeRaTN U 3.5 NN LTI B 8153921 0uAd Rin/(Rin + Rf)Teas
WAINRENBLINAY 1/4 uALilBeanuavasaudumumelupatuanaz i findn
. ” o ] o " & Y [
B wse A7 FRevFAntEuEe i dwlumai safsemsnamseTing. @
o g b 1 U 2 =] c; o
RANAIANAZARAY TNHAIINAIAIEA U UALLDNTAARY TAEaz Dy LAanapuiantitedian
] ar & a g
rin WRZAY rem 89 9 AWTNTRIIEIE L TWIUAINAINABNNITAINNNSDANUULINNEN T

D BB D ﬁﬁﬁﬂm@ﬁﬂﬁtﬁﬁaﬂﬂnwsﬁﬂawuéﬁuﬂﬁueawﬁwmiﬂtﬁuguﬁ (nonzero

output resistance)

) b
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) B,
o AL
Nt R+ Ry
. R ll 1o
B et
(Runll 11n)+R,y
Note: It 1, >Ruan Ry i = i g
ole: " "n /= Rt R

(A) Inverting configuration.

Rin 7 Ry

AA AAA O, “
l H=R.,.+R|

g = Rin Il (T +R,) )( Tn
7 ([a... 1 (Tin +By)J+ Ry /\Tin+ H.)
Note:

>Rl Ryand Ry, 8" =

Rin

R+ Ry

e ((R.,.n 2em I lin)+ (Ry Il 2rcm) ) ( Tin )
T \(Runll 2rem 1)+ (Ry I 2c) + Ry / \fin+(Ry Il 20cm)

=
Ein
Note: If 2rm >>R,, fim Rl Ry, 37" = B3,

(B) Noninverting configuration. s
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A.c = Open-Loop Gain with Etfect of .
= = Ao Avo ‘
e | PLE Pi)
R R,
a
UM 3.6

AN r, ®N LHDAAKATEN NABNIRN VRV BYDN NS

(o]
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V2 = (R4/Rz + 1)V1 '(2)
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8. uaﬂ@waﬁdtanédﬂﬁdmaugqqﬁ 1999 w%aﬁdaanéﬁgm -1999
9. ANNTEUFIWIIFIUAILRY 7 #% IPBUARsFINSUNSLud I IMIe 5-8

us9LARaWIHIN A ASBNLARRIUBNAILAY 7 §21 Juwna 3 I8N

NMSADIATASYNNIUIDN 1C7107 Llﬁﬂ\iﬁ\izﬂﬁ 3.19
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2. qunadﬂ%ﬁduwﬁnw ( timing)

éweawuﬁwunwuua:éwLﬁuﬁQUszgﬁﬁw 39 U1 38 AN ICL 7107 9N

Q'lbﬁv cll c'l (% [ 1 11 a de'g
WUARINANNY ICL7107 1ABNAIMNENAENTHAINL S N 58U I T wiRe

v . 4 L s 4
$ANAINUAINDT L M FNIZRARTAINARIA L ARDUIINFYYN TSN L ARDWININ NT2UaD

1 g,
FAUME  AIMD 48 KHz 3N WEANHA 3 ASY AHLIA) 1 3T RARRNSENUASHY
o ) 2o o S . a oo 2
QIUSUNIUAINUSIAINDUSILARDWININ 50 Hz Tep®l  adnaddugnuwniniaana i
PUIPRINFUNS
¢ = 0L A5/RE

' k% d' =J 2 k% L 13 2 ' G.
AIAHATUMIUNLEDNLE 2ADINMUA AL BIZHN TAHILADNNTIVILIS L ARDY

TWHN@NASHH LED AwIALNTS 89L8ANTMIAUDNAINAI UM WL

3.6 WAITMIAIVAN
3.6.1 @UEAAMNIRIANANA

LSIAMNDENS L NAADYI BRANE 1A TARINENNTS

E =SP - PV
LIBNANS AN AINANHUS T1NPURL 1A qvnidﬁawwﬁ3nuﬁu11§uﬁaﬂﬁhaLﬁuiu
2 v o 2 ar é d' 1 1 o a ¢ o
ANANNIS T A UAD 6 @mwmtawwgwntﬁuwaumnﬁquxWQWQSwmwmaugm UNTOAY

[ &
N8N2NAREBLLDNT (Operational Amplifier)

o s é Lo
?ﬂﬂﬂ’ﬂNﬂNW%S‘UB\?NNﬂTﬁN’]N'}ﬁﬂﬂBﬂLLUU?\iQi1ﬂﬂQ§U 32

3.6.2 §WNTAIWANMVLFANIY (proportional)
Lﬁaq31nﬁawuﬁmﬁuévaqéwﬁawawaﬁﬂﬁ@mwmtawﬁwmtﬁuéﬁaunws
Vout = Kp.Verror
éwnwsuawﬂuvuﬁhﬁauaﬂuwsnaﬂuuulﬁawnaqasﬁlﬁaanuuuﬂuguﬁ 3922 e
NS 0ATNAR NN ST IS

(0 - Vout)/Rz = Verror / R4
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Vout = (-Rz/Rl)Verror
Vout = -Kp Verror
1620 Kp = RZ/R].
R
| —WWVV
8% R
o —AAW +
o F1BV —3
1 A
| Verror
& R comp
5P
o l 7777 7
U 3.21
R2 - R . R
Ve o— 2 \/\}i;‘ = R
E
R] §: L-_-W OVom
+
&L 777777
s i /
Summing amplifier o
o
gﬂﬂ 3.22
3.6.3 nwsaauauuvuﬁuﬁn%& (Integral)
ﬁiﬂﬂﬁﬂﬁuélﬁu1ﬂﬂﬁﬂﬁﬂﬂﬁi
dVout/dt = Ki.Verror

Q’lﬂﬁuﬂ']‘iﬂ”m’]‘iﬂﬂaﬂl,w‘l}’l\iQi‘laﬁ\i?"u 3.23

o %: a U
muuwmsma'mgu 3.23 310N



Verror / Ri = C.dVout/dt
by take Laplace Transform
Verror(S)/Ri = C.Vout(S)
Vout(S)/Verror(S) = 1/RCS
tilD Ki = 1/RC
c =R,
=l VW
V‘ O \ — e
y “‘,; . W
+ R,
+
777777 Inverter
Inteégrator 7Z$zz
SUfl 3.23

3.6.4 MIA\VUBUHLS (Derivative)
@ P~ ar -s'
N3N NATNAL L WIBUADNI TALAMLLLDY

wuwBuHIS Iz L TWiumuaans

dVerror/dt = Kd.

LﬁﬂﬂﬂﬂuUULﬁ%ﬁﬁZU 3.24 uﬁdﬂﬁuﬁiﬂﬁﬂéﬁéﬂﬁ %)
C.dVerror/dt =

by take Laplace Transform

CS.Verror(S)

Vout(S)/Verror(S)
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VWA
R, Ajf R
Vg O VN/VA I = gﬂ/\ﬁ ‘*L*
Vow
+
. f7/77/'.7/ 77777,
Differentiator Inverter
UMl 3.24

3.6.5 MImuAMULFARL, §uﬁn§hua:agﬁu§ (P-1-D)
&9.: U 2 2L o d‘i’
. LU T3 8795 T AR UYL RN US£NBUL TN ENMUUINS . HaTTIRRE L1
a2 Y [ Y ol do a_ oW (7 a:ll
FUNISHIAINNNITUILDIFNNITIN. 3 SN AL TUAIHFUAUS AN TANAN LA 2 WunT
o~ 7
2 AD I 1AFHUNNS

Vout = Kp.Verror. + Ki|Verror + Kd.dVerror/dt

) L @ 5
aqQsﬁiéﬂﬁﬂwﬁau@aﬁuiﬁsuﬁwuﬁazLﬂuﬂagﬂ 3,25
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ICL7106/ICL7107

3Y2-Digit LCD/LED
single=Chip A/D Converter

GENERAL DESCRIPTION |

The Intersil ICL7106 and 7107 are high performance, low

wer 3 Y2-digit A/D converters containing all the necessary
sctive devices on a single CMOS I.C. Included are seven-
ssgment decoders, display drivers, ‘a reference, and a
dock. The 7106 is designed to interface with a liquid crystal
gsplay (LCD) and includes a backplane drive; the 7107 will
dgrectly drive an instrument-size light emitting diode (LED)
dsplay.

The 7106 and 7107 bring together an unprecedented
gombination of high accuracy, versatility, and true economy.
t features auto-zero to less than 10uV, zero drift of less
han 1uV/°C, input bias current of 10 pA max., and rollover
gror of less than one count. True differential inputs and
rference are useful in all systems, but give the designer an
mcommon advantage when measuring load cells, strain
jauges and other bridge-type transducers. Finally, the true
sconomy of single power supply operation (7106), enables
ahigh performance panel meter to be built with the addition
of only 10 passive components and a display.

BINTERSIL

FEATURES

® Guaranteed Zero Reading for 0 Volts Input on
All Scales
True Polarity at Zero for Prectse Null Detectnon
1pA Typical Input Current
True Differential Input and Reference -
Direct Display Drive — No External Components
Required —LCD ICL7106
— LED ICL7107
Low Noise~Less Than 15uV p-p
On-Chip Clock and Reference
® Low Power Dlssnpatlon Typically Less Than
10mwW
® No Additional Active Clrcunts Required
@ New Small Outline Surface Mount _Package
Available
® Evaluation Kit Available

ORDERING INFORMATION

TEMPERATURE
PART NUMBER RANGE PACKAGE
ICL71086CCL 0°C to +70°C 40 pin ceramic DIP
ICL7108CPL 0°C to +70°C 40 pin plastic DIP
ICL7306CJL 0°C to +70°C 40 pin CERDIP
ICL7106CM44 0°C to +70°C 44 pin Surface Mount
ICL7107CJL 0°C to +70°C 40 pin CERDIP
ICL7107CDL 0°C to +70°C 40 pin ceramic DIP
ICL7107CPL 0°C to +7G°C 40 pin plastic DIF -
ICL7106E V/Kit Evaluation kits contain IC, dispiay, circuit
ICL7107EV/Kit board, passive components and hardware.




ICL7106/ICL7107
ABSOLUTE MAXIMUM RATINGS

v

Supply Voltage \
ICL71068Valt fol Vi i m S, secin U,
ICL7107, V* to GND........ b ceveeees FBVE
ICL7107, V- to GND ......... OIAIO0OGO00 03000 -9V

Analog Input Voltage (either input)(Note 1)...V* to v~

Reference Input Voltage (either input) ......... V* tov-

Clock Input
ICL7106........ T LN TES T 0 VAt
ICE71 072 PR GND to V*

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage 1o the device. These are siress ratings only, and funq.&i,.

ZINTERS]L

Power Dissipation *(Note 2)
Ceramic Package
Plastic Package .......

Operating Temperature ..............

Storage Temperature.....................

operation of the device at these or any other conditions above those indiczted in the operational sections of the specifications is not implied. Exposire ©
absolute maximum rating conditions for extended periods may affect device reliability. .
Note 1: Input voltages may exceed the supply voltages provided the input current is limited to 2100uA.

Note 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board.

ELECTRICAL CHARACTERISTICS (Note 3)

—

CHARACTERISTICS TEST CONDITIONS MIN TYP MAX UNIT
: ViN = 0.0V 7 % 7S S

Zero Input Reading Eull Scale = 200.0mV 000.0 =000.0 +000.0 Digital Reading
Ratiometric Reading xg*E; e 999 999/1000 | 1000 Digital Reaging
Rollover Error (Difference in
reading for equal positive and -VIN= +V|N=200.0mV -1 *.2 +1 Counts
negative inputs near Full Scale) -
Linearity (Max. deviation from Full scale = 200.0mV 4
best straight line fit) or ullscale = 2.000V' (Note 6) B ) 4 he: Counts
Common Mode Fejection Ratio VoM =21V, VN =0V 50 VIV
(Note 4) Full Scale = 200.0mV, ”
Noise (Pk-Pk value not exceeded VIN = OV 15 v
95% of time) Full Scale = 200.0mV ¥
Leakage Current Input Vin = 0 (Note 6) 1 10 pPA

N ) Vin=0 ¢
Zero Reading Drift 0°< Ta < 70°C (Note 6) 0.2 1 pV/C

ViN = 199.0mV
(S:gzl;faicfi-':r::‘xor Temperature 0% < Tp < 70°C 1 5 ppm/C
. (Ext. Ref. Oppm/°C) (Note 6)

V* Supply Current (Does not 2
include LED current for 7107) Vin =0 0.8 iS5 )
V™ Supply Current (7107 only) < 0.6 e mA
Analog Common Voliage (With 25kQ between Common & 24 28 3.2 v
respect 10 Pos. Supply) Pos. Supply g s &
Temp. Coeff. of Analog Common 25kQ between Ccmmon & 80 mreC
(With respect to Pos. Supply) Pos. Supply PP
7106 ONLY
Pk-Pk Segment Diive Voltage + S
Pk-Pk -Backplane Drive Voltage Vi 10V B 4 5 ) v/
(Note 5)
7107 ONLY b V* =50V
Segment Sinking Current - T A 5 8.0 mA
(Except Pin 19 & 20) Segment volizge = 3V
(Pin 19 only) 10 16 mA
(Pin 20 only) 4 7

NOTES: 3. Unless otherwise noted, specifications apply 1o both the 7106 and 7107 at Tp = 25°C, felock = 4BKkHz. 7106 is tested in the circ#t

of Figure 4. 7107 is tested in the circuit of Figure 5.
. Refer to "Ditlerential Input" discussion.

4
5. Back plane drive is in phase with segment drive for ‘off' segment, 180° out of phase for ‘on’ segment. Frequency is 20 times

conversion rate. Average DC component is less than 50mV.,

6. Not tested, guaranteed by design.
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In fact, in selected applications no negative supply is SR

required. The conditions to use a single +5V supply are:

1. The input signal can be referenced to the center of
the common mode range of the converer.

2. The signal is less than £1.5 volts.
3. An external reference is used.

TYPICAL APPLICATIONS

The 7106 and 7107 may be used in a wide variety of
configurations. The circuits which follow show some of the
possibilities, and serve to illustrate the exceptional versatili-
ty of these A/D converters.

Figure 13: 7107 using the internal reference,
Values shown are for 200.0mV full scale, 3
readings per second. IN LO may be tied to
either COMMON for inputs floating with
respect to supplies, or GND for single ended
inputs. (See discussion under Anaiog
COMMON.)

S0t Vags = 100.0mV
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Figure 12: 7106 using the internal reference.
Values shown are for 200.0 mV full scale, 3
readings per second, floating supply voltage
(9V battery).
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National
Semiconductor
Corporation

LM221/LM321/LM321A Precision Preamplifiers

General Description

The LM121 series are precision preamplifiers designed to
operate with general purpose operational amplifiers to dras-
tically decrease dc errors. Drift, bias current, common mode
and supply rejection are more than a factor of 50 better than
standard op amps alone. Further, the added dc gain of the
LM121 decreases the closed loop gain error.

The LM121 series operates with supply voltages from +3V
to £20V and has sufficient supply rejection to operate from
unregulated supplies. The operating current is programma-
ble from 5 pA to 200 pA so bias current, offset current, gain
and noise can be optimized for the particular application
while still realizing very low drift. Super-gain transistors are
used for the input stage so input error currents are lower
than conventional amplifiers at the same operating current.
Further, the initial offset voltage is easily nulled to zero.

The extremely low drift of the LM121 will improve accuracy
on almost any precision dc circuit. For example, instrumen-
tation amplifier, strain gauge amplifiers and thermocouple
amplifiers now using chopper amplifiers can be made with

the LM121. The full differential input and high common-
mode rejection are another advantage over choppers. For
applications where low bias current is more important than
drift, the operating current can be reduced to low values.
High operating currents can be used for low voltage noise
with low source resistance. The programmable operating
current of the LM121 allows tailoring the input characteris-
tics to match those of specialized op amps.

The LM221 is specified over a —25°C to +85°C range and
the LM321 over a 0°C to +70°C temperature range.

Features

B Guaranteed drift of LM321A—0.2 nV/°C

| Guaranteed drift of LM221 series—1 pV/°C

m Offset voltage less than 0.4 mV

m Bias current less than 10 nA at 10 pA operating current
m CMRR 126 dB minimum

m 120 dB supply rejection

B Easily nulled offset voltage

Typical Applications

Thermocouple Amplifier with Cold Junction Compensation

+15v
R11
10k
R8 RS
T . 365k 996k
WA v
%
50 pF
M113 =70 11
4.99k +15V 34|
1% I»
1 2N
6 OUTPUT
2 (10mV/e)
6
CHAROMEL- A1 R2
ALUMEL 50k R3° 25k 50 pF 100 pF
10k I I

*Set for 2.98V at output with LM113
shorted. Output should equal ambi-
ent temperature at 10 mV/°K.

tAdjust for output reading in °C. TL/H/7769-1



Absolute Maximum Ratings

Supply Voltage +20V Operating Temperature Range
Power Dissipation (Note 1) 500 mW LM321A 0°Cto +70°C
Differential Input Voltage (Notes 2 and 3) +15V Storage Temperature Range —65°Cto +150°C
Input Voltage (Note 3) +15V Lead Temperature (Soldering, 10 sec.) 300°C
ESD rating to be determined.
Electrical Characteristics (Note 4) LM321A
LM321A
Parameter Conditions Units
Min Typ Max
Input Offset Voltage Tp = 25°C, 6.4k < Rggt < 70k 0.2 0.4 mV
Input Offset Current Ta = 25°C,
RseT = 70k 0.3 0.5 nA
RggT = 6.4k 5 nA
Input Bias Current Ta = 25°C,
RseT = 70k 5 15 nA
RgeT = 6.4k 50 150 nA
Input Resistance Ta = 25°C, :
RseT = 70k 2 8 MQ
RgeT = 6.4K 0.2 MO
Supply Current Ta = 25°C, Rggt = 70k 0.8 2.2 mA
Input Offset Voltage 6.4k < RgeT < 70k 0.5 0.65 mv
Input Bias Current RseT = 70k 15 25 nA
RseT = 6.4k 150 250 nA
Input Offset Current RseT = 70K 0.5 1 nA
Rset = 6.4k 10 nA
Input Offset Current Drift RseT = 70k pA/°C
Average Temperature Rg < 2000, 6.4k < Rset < 70k
Coefficient of Input Offset Offset Voltage Nulled
Voltage 0.07 0.2 pvrc
Long Term Stability 3 pV/yr
Supply Current 1 3:5 mA
Input Voltage Range Vg = £15V, (Note 5)
RseT = 70k +13 v
RoeT = 6.4k =Z4—13 v
Common-Mode Rejection RseT = 70k 126 140 dB
Ratio RgeT = 6.4K 120 130 a8
Supply Voltage Rejection RggT = 70k 118 126 dB
Ratio RggT = 6.4k 114 120 dB
Voltage Gain Ta = 25°C, RggT = 70K,
RL>3MAQ 12 20 VIV
Noise Rset = 70k, Rsource = 0 8 nVARz

Note 1: The maximurn junction temperature of the LM321A is 85
a thermal resistance of 150°C/W, junction to ambient, or 45*C/W, junction 1o case.
when mounted on a Y inch thick epoxy glass board with ten, 0.03 inch wide, 2 ounce copper con

100°C/W junction to ambient.

Note 2: The inputs are shunted with back-to-back diodes in series with & 5000 resistor f

ditferential input voltage in excess of 1V is applied between the inputs.
Note 3: For supply voliages less than =15V, the absolute maximum input voltage is equal 10 the supply voltage.

Note 4; These specifications apply for =5 < Vg < =20V and -55°C < Ta < +125°C, unless otherwise specified. With 1
specifications are limited 10 —25°C < Ta < +85°C, and for the LM321A the specifications apply over a 0°C to +70°C temperature range.

* Note 5: External precision resistor —0.1%— can be placed from pins 1 and 8 to 7 increase positive common-mode range.

C. For operating at elevated temperature, devices in teh TO-5 package must be derated based 0
For the fiat package, the derating is based on a thermal resistance of 185° cw

ductors. The thermal resistance of the dual

-in-line package 8

or overvoltage protection. Therefore, excessive current will fiow i 8

he LM221A, however all temperatir?



Absolute Maximum Ratings

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

Supply Voltage +20V

Operating Temperature Range

LM221

LM321, LM321A
Storage Temperature Range

—25°Cto-+85°C

0°Cto +70°C
—65°Cto +150°C

Power Dissipation (Note 1) 500 mW Lead Temperature (Soldering, 10 sec.) 260°C
Differential Input Voltage (Notes 2 and 3) ESD rating to be determined.
Input Voltage (Note 3) :
Electrical Characteristics (Note 4) LM221, LM321
Parameter Conditions Enizat M2 Units
Min Typ | Max Min Typ | Max
Input Offset Voltage Ta = 25°C, 6.4k < RggT < 70k 0.7 1.5 mV
Input Offset Current Ta = 25°C,
RseT = 70k 1 2 nA
RseT = 6.4k 10 20 nA
Input Bias Current Ta = 25°C,
RsgT = 70k 10 18 nA
RseT = 6.4k 100 180 nA
Input Resistance Ta = 25°C,
Rsgr = 70k 4 2 MQ
RseT = 6.4k 0.4 0.2 MQ
Supply Current Ta = 25°C, RgeT = 70k 1.5 2.2 mA
Input Offset Voltage 6.4k < Rggt < 70k 1.0 2.5 mV
Input Bias Current Rser = 70k’ 30 28 nA
RsgT = 6.4k 300 280 nA
Input Offset Current RsgT = 70k 3 4 nA
Rser = 6.4k 30 40 nA
Input Offset Current Drift RseT = 70k 3 3 pA/°C
Average Temperature Rs < 2000, 6.4k < RgeT < 70k
Coefficient of Input Offset Voltage Nulled 1 1 pVv/Cc
Offset Voltage
Long Term Stability 5 5 rViyr
Supply Current 25 3.5 mA
Input Voltage Range Vs = £15V, (Note 5)
RseT = 70k +13 +13 \'
RseT = 6.4k +7, =13 +7,-13 \'
Common-Mode Rejection | RseT = 70k 120 114 dB
Ratio RseT = 6.4k 114 114 ds
Supply Voltage Rejection | Rggt = 70k 120 114 dB
Ratio RseT = 6.4k 114 114 dB
Voltage Gain Ta = 25°C, RggT = 70k,
RL> 3MQ 16 12 VIV
Noise RseT = 70k, Rsource = 0 8 8 nVv/{Az

Note 1: The maximum junction temperature of the LM221 is 100°C. The maximum junction temperature of the LM321 is 85°C. For operating at elevated
temperature, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. For the
flat package, the derating is based on a thermal resistance of 185° C/W when mounted on a % inch thick epoxy glass board with ten, 0.03 inch wide, 2 ounce
copper conductors. The thermal resistance of the dual-in-line package is 100°C/W junction to ambient.

Note 2: The inputs are shunted with back-to-back diodes in series with a 5000 resistor for overvoltage protection. Therefore, excessive current will fiow if a

ditferential input voltage in excess of 1V is applied between the inputs.

Note 3: For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.

Note 4: These specifications apply for +5 < Vg < £20V and —55°C < Tp < +125°C, unless otherwise specified. With the LM221, however all temperature
specifications are limited to —25'C < Tp < +85'C, and for the LM321 the specifications apply over a 0°C to +70°C temperature range.

Note 5: External precision resistor —0.1%— can be placed from pins 1 and 8 to 7 increase positive common-mode range.



Frequency Compensation
UNIVERSAL COMPENSATION

The additional gain of the LM321 preamplifier when used
with an operational amplifier usually necessitates additional
frequency compensation. When the closed loop gain of the
op amp with the LM321 is less than the gain of the LM321
alone, more compensation is needed. The worst case situa-
tion is when there is 100% feedback—such as a voltage
follower or integrator—and the gain of the LM321 is high.
When high closed loop gains are used—for example Ay =
1000—and only an addition gain of 200 is inserted by the
LM321, the frequency compensation of the op amp will usu-
ally suffice.

The frequency compensation shown here is designed to op-
erate with any unity-gain stable op amp. Figure 7 shows the
basic configuration of frequency stabilizing network. in oper-
ation the output of the LM321 is rendered single ended by a
0.01 uF bypass capacitor to ground. Overall frequency com-
pensation then is achieved by an integrating capacitor
around the op amp.

1

Bandwidth at unity-gain = -2—_@—
4

for 0.5 MHz bandwidth C = ———

108RseT

For use with higher frequency op amps such as the LM118
the bandwidth may be increased to about 2 MHz.

Table | shows typical values for the two compensating ca-
pacitors for various gains and operating currents.

TABLE |
Closed Current Set Resistor
Loop
Gain 120k | 60k | 30k | 12k | 6ka
Ay =1 68 130 270 680 1300
Ay=5 15 27 56 130 270
Ay =10 10 15 27 68 130
Ay = 50 1 3 5 15 | 27
Ay = 100 - 1 3 5 10
Ay = 500 = = 1 1 3
Ay=1000 | - - i = -

This table applies for the LM108, LM101A, LM741, LM118,
Capacitance is in pF.
DESIGN EQUATIONS FOR THE LM321 SERIES

1.2 x 106
Gain A1

RseT

Null Pot Value should be 10% of RgeT
2 x 065V

Operating Current =
RseT

If the closed loop gain is greater than unity, “C" may be 0.65V X 50k
w1 N 4 Positive Common-Mode Limit = V+ — | 0.6 — —————
decreased to: RseT
% 4
108 Acy RgeT
ALTERNATE COMPENSATION
The two compensation capacitors can be made equal for
improved power supply rejection. In this case the formula for
the compensation capscitor is:
8
C =R
106 Aci RseT
Typical Applications
b
Rs 2 1
INPUT —AAA,
LM321A )— OUTPUT
3
5 6
R1 R2
— 50:( R3 5?k
1% 10k 1%
*Offset adjust. ; |
tSee table for frequency compensation.
TL/H/7768-2

FIGURE 1. Low Drift Op Amp Using the LM321A as a Preamp



National
Semiconductor
Corporation

LM108/LM208/LM308 Operational Amplifiers

General Description

The LM108 series are precision operational amplifiers hav-
ing specifications a factor of ten better than FET amplifiers
over a —55°C to + 125°C temperature range.

The devices operate with supply voltages from £2V to
+20V and have sufficient supply rejection to use unregulat-
ed supplies. Although the circuit is interchangeable with and
uses the same compensation as the LM101A, an alternate
compensation scheme can be used to make it particularly
insensitive to power supply noise and to make supply by-
pass capacitors unnecessary.

Thé low current error of the LM108 series makes possible
many designs that are not practical with conventional ampli-
fiers. In fact, it operates from 10 MQ source resistances,

introducing less error than devices like the 709 with 10 k2
sources. Integrators with drifts less than 500 uV/sec and
analog time delays in excess of one hour can be made us-
ing capacitors no larger than 1 uF.

The LM108 is guaranteed from —55°C to +125°C, the
LM208 from —25°C to +85°C, and the LM308 from 0°C to
+70°C.

Features

B Maximum input bias current of 3.0 nA over temperature
m Offset current less than 400 pA over tempcrature

m Supply current of only 300 A, even in saturation

m Guaranteed drift characteristics

Compensation Circuits

Standard Compensation Circuit

R1 R2
M

-Vin

*Vin

Co = 30 pF

(R

TL/H/7758-1
**Bandwidth and slew rate are proportional to 1/Cy

Alternate® Frequency Compensation

R1 R2
VA~

-Vin

Vour

Vin

TL/H/7758-2
*Improves rejection of power supply noise by a factor of ten.
**Bandwidth and slew rate are proportional to 1/Cg

Feedforward Compensation

INPUT

500 pF

c2
S pF

QUTPUT

TL/H/7758-3



Absolute Maximum Ratings
If Military/Aerospace specified devices are re

availability and specifications.
(Note 5)

Supply Voltage
Power Dissipation (Note 1)

Differential Input Current (Note 2)

Input Voltage (Note 3)
Output Short-Circuit Duration

Operating Temperature Range (LM108)

Storage Temperature Range

quired, contact the National Semiconductor Sales Office/Distributors for

LM108/LM208

20V
500 mW
10 mA

15V
Indefinite

—55°Cto +125°C
—25°Cto + 85°C
—65°Cto +150°C

LM308

18V

500 mW
+10mA

In

+15V
definite

0°Cto +70°C

—65°Cto +150°C

Lead Temperature (Soldering, 10 sec) 260°C 260°C
DIP 300°C 300°C
H Package Lead Temp
(Soldering 10 seconds)
Soldering Information
Dual-In-Line Package g
Soldering (10 seconds) 260°C
Small Outline Package
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C
See AN-450 “Surface Mounting Methods and Their Effect on Product
Reliability” for other methods of soldering surface mount devices.
ESD rating to be determined.
Electrical Characteristics (note 4)
Parameter Condition EMIQF/ISMNEDY CM30P Units
Min Typ Max Min Typ Max
Input Offset Voltage Ta = 25°C 0.7 2.0 2.0 7.5 mV
Input Offset Current Ta = 25°C 0.05 0.2 0.2 1 nA
Input Bias Current Ta = 25°C 0.8 2.0 1.5 7 nA
Input Resistance Ta = 25°C 30 70 10 40 M
Supply Current Ta = 25°C 0.3 0.6 0.3 0.8 mA
Large Signal Voltage Ta = 25°C, Vg = =15V
Gain Vour= z10V,R > 10k | 50 [ 300 o | R iy
Input Offset Voltage 3.0 10 mV
Average Temperature
Coefficient of Input 3.0 15 6.0 30 pVv/eC
Offset Voltage
Input Offset Current 0.4 115 nA
Average Temperature
Coefficient of Input 0.5 25 2.0 10 pA/°C
Offset Current
Input Bias Current 3.0 10 nA
Supply Current Ta = +125°C 0.15 0.4 mA
Large Signal Voltage Vg = 15V, Voyr = 210V V
Gain RL > 10kQ & 13 ym
Output Voltage Swing Vg = £15V,R| = 10kQ +13 14 +13 +14 \
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Walter G.Jung, "IC OP-AMP COOKBOOK", Howard W.Sams & Col.y Inc.
first edition/fourth printing, 1977
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John Wiley & sons,Inc., Third edition, 1988
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International,Inc., 1989





