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FIGURE 1 

PUMP CONTROLLER BOX 

Pump Power Supply and Temperature Regulator Block Diagram 

NOTES: 

1 . The heat current is obtained by dividing the voltage by the heater 

resistor value ( i . e . VH ) . 

12Q 
2. The source temperature in °C is obtained by multiplying the temperature 

monitor voltage by 10. 

3. The source current can be obtained (in amps) by subtracting the pump 

voltage from the supply voltage. 

4 . The temperature sensor, pump source, and heater resistor are all 

thermally coupled on the pump source mounting plate. 

5. I f the pump is shut down for more than a few seconds up to 10 minutes 

may be required for temperature restabilization of the pump source. 





I I I . THEORY OF OPERATION 

1. Pump Power Supply 

The power supply portion of the Pump Power Supply and Temperature Regulator 

consists of a Motorola MPC1000 voltage regulator I . e . and related outboard com-

ponents. To allow for component variations, and variations in the voltage 

required by different pump sources, the output of the regulator has been made 

adjustable from a minimum of 5 .1V to a maximum of 8 .4V . This is accomplished 

by varying R_ which, with R makes up a voltage divider. A second voltage 
18 19 

divider ( R R , , ) is connected to the non-inverting input of the I . e . The 
15 16 

minimum output voltage is set by this second voltage divider. The output of 

the regulator will be that voltage required to bring the inverting and non 

inverting inputs to equal potentials. 

V - R,^ R, n + R,rt ref 16 18 19 
v. x 

0 R 15 + R16 R19 

0 66 
Current limiting is accomplished by setting the value of R . I = . 

1 / max R^^ 

The value used for R„_ (.24ft) gives I of 2 .75A. 
17 max 

2. Temperature Controller 

In order to keep the power output from the pump, source constant, it must 

be thermally stabilized. The temperature controller used to accomplish this 

is of the proportional type, that i s , the heater power is automatically adjusted 

to that value that will just replace the heat lost at the stabilized temperature. 

There are three basic elements in the temperature controller; the temperature 

sensor, the temperature sensor amplifier, and the heater amplifier. 

The temperature sensor used is the LX5600A temperature transducer by 

National Semiconductor (see data sheet). This I . C . provides a voltage output 

which changes linearly with temperature at a rate of 10 mV/°C. 

The Temperature Sensor amplifier is an AD506KH op amp connected as a 

gain-of-ten inverting amplifier. An offset circuit is included at the input 

to allow the circuit to give a reading proportional to the temperature in °C . 

This also allows corrections to be made for errors in the sensor output. The 

final output of this amplifier is 100 mV/°C which is fed to the monitor system 

and to the heater amplifier. 
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The heater amplifier consists of an AD741KN op amp (I.C-2) connected 

as a differential amplifier, followed by a Darlington pair emitter follower 

(Q-̂ / Q 2 ) a n d t h e heater resistor • A reference voltage (5V nom) is 

provided to the positive input of IC by voltage divider R , R . The heater 
2 9 8 

circuit will try to raise the temperature of the source-heater-sensor plate 

to 50°C (5V out) in order to reduce the voltage differential between + and -

inputs of IC^ to zero. An extremely large DC gain for the circuit is insured 

by blocking the DC action of C^, resulting in high precision for the temperature 

of the plate. Oscillation of the circuit is prevented by choosing C so that 
1 

the gain of the circuit at frequencies comparable to ~ (T is the thermal time-

constant of the plate) is greatly reduced. 
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IV. TEST AND CALIBRATION 

Initial Test 

Apply power to the unit through the input connector ZDP4/ZDP6 

(see wiring l i s t ) . The following voltages should be measured at the five 

test points on top of the unit; and on the connectors: 

1 . 

2. 

3. 

4 . 

5 . 

TEST POINT COLOR VOLTAGE 

Black 

Brown 

Red 

Orange 

Yellow 

0 .00 

= 14 

= 13 

s 5.1-8.4V 

Same as above 

CONNECTOR ZDP4/ZDP6 

PIN # 

1 

2 

3 

4 

5 

6 

7 

8 

VOLTAGE 

+15 

0 

-15 

=14 

= 13 

5.1-8.4 

5 .1-8.4 

CONNECTOR ZDJ5/ZDJ7 

PIN # VOLTAGE 

- 2 

+15 

5.1-8.4 

= 13 

0 

INDICATED VALUE 

Ground 

Temperature 

Heater Current 

Pump Voltage 

Supply Voltage 

INDICATED VALUE 

+15 Supply 

Ground 

-15 Supply 

Temperature 

Heater Current 

Pump Shut Down 

Pump Voltage 

Supply Voltage 

INDICATED VALUE 

IC 2 Input 

+15 Supply 

Pump Voltage 

Beater Voltage 

Ground 

Turn the regulator voltage adjust pot, R counterclockwise for minimum 
lo 

voltage as monitored at test point 5 , (yellow). This voltage should be 

approximately 5 . 1 volts. 
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Calibration 

Connect an LX5600A temperature sensor to the output connector 

ZDJ5/ZDJ7 (see wiring list) . Thermally couple the sensor to something of 

known temperature ( i . e . a thermometer), and apply power as in the in Initial 

Test section. While monitoring the voltage at the Brown test point, adjust 

the sensor cal pot until ten times this voltage gives the temperature in °C 

( i . e . 2 .4 volts = 24 °C) . Keep the sensor with the unit, as calibration is 

difficult after installation. 
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V. INSTALLATION/REPLACEMENT 

CAUTION 

1. DO NOT PLUG IN PUMP SOURCE CONNECTOR UNTIL THE PUMP SOURCE VOLTAGE HAS 

BEEN REDUCED TO MINIMUM. THIS VOLTAGE IS MONITORED AT TEST POINT 5 , 

(YELLOW), AND IS ADJUSTED BY THE REGULATOR VOLTAGE POT, R18. 

2. Install the temperature sensor for which the unit is calibrated in the 

sensor mount on the pump source. Connect ZDJ8/ZDJ9 to the sensor taking 

care to see that the tabs are aligned. 

3. Install the unit with the adjustment holes facing away from the dewar. 

Use 8-32 x 3 /4 " panhead screws to attach it to the dewar mount plate. 

Connect P5/P7 and J4 / J6 to the unit. 

4 . Apply power and monitor the temperature. The temperature should immediately 

begin increasing. Check the I HTR test point; it should give a reading 

of approximately 13V. I f either of these conditions is not met, remove 

power and find out why. 

5 . While monitoring the pump voltage (V ) , turn the regulator adjust pot 
s 

clockwise until the voltage is correct for the pump source being used. 

Check the pump source current to verify proper operation (Supply V - Pump V) . 

6 . After the temperature has stabilized (=10 minutes) again check the pump 

voltage to insure that it is correct, making whatever minor adjustment 

is needed. 
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DWG C13140P1 - Pump Power Supply and Temperature Regulator Component Layout Diagram 



PC WIRING LIST 

FROM 

ZDP4/ZDP6 

PIN 

1 

2 

3 

4 

5 

6 

7 

8 

ZDJ5/ZDJ7 

1 

2 

3 

4 

5 

FUSE HOLDER 

1 

2 

MPC1000 SOCKET 

1 

2 Red 

3 

4 

5 

6 

7 

8 

9 

D44C5 TRANSISTOR 

Base 

Collector 

Emitter 

COLOR 

Brown 

Red 

Orange 

Yellow 

Green 

Blue 

Violet 

Grey 

Brown 

Red 

Orange 

Yellow 

Green 

White 

Black 

Brown 

& Bare #22 Buswire 

Orange 

#22 Buswire 

Green 

Blue 

Violet 

Grey 

White 

Brown 

Red 

Orange 

TO 

E12 

E13 

E14 

E15 

E16 

E17 

E18 

E19 

E28 

E27 

E26 

E25 

E24 

E10 

Ell 

E5 

E6 Case terminal nearest 

E7 

MPC1000 Socket, Pin 1 

E8 

El 

E2 

E3 

E4 

E23 

E22 

E21 
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FROM COLOR TO 

E20 Insulated #22 Buswire E26 

R22 

1 Violet E20 

2 Blue E9 

TP1 Brown E13 

TP 2 Red E15 

TP3 Orange E16 

TP4 Yellow E18 

TP5 Green E19 

8 - 2 
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DEVICES 
Lowest Cost 

High Accuracy 10 Op Amps 

F E A T U R E S 
Precision Input Characteristics 

Low V o s : 0.5mV max (L) 
Low V o s Drift: 5/iV/°C max (L) 
Low 15: 50nA max (L) 
Low l o s : 5nA max (L) 
HighCMRR: 90dB min (K, L) 

High Output Capability 
A 0 | = 25.000 min, load (J, S) 

^min t o Tmax 

V 0 = ±10V min, 1kl2 load (J, S) 
Low Cost (100 pieces) 

AD741J $1.25 
AD741K $2.25 
AD741L $6.00 
AD741S $3.30 

C E N E R A L DESCRIPTION 

The Analog Devices AD741J , AD741K , A D 7 4 1 L and AD741S 

are specially tested and selected versions of the popular 

AD741 operational amplifier. Improved processing and 

additional electrical testing guarantee the user precision 

performance at a very low cost. The AD741J , K and L 

substantially increase overall accuracy over the standard 

A D 7 4 1 C by providing maximum limits on offset voltage drift, 

and significantly reducing the errors due to offset voltage, bias 

current, offset current, voltage gain, power supply rejection, 

and common mode rejection (see Error Analysis). For 

example, the A D 7 4 1 L features maximum offset voltage drift 

of 5{±V/°C, offset voltage of 0 .5mV max, offset current of 

5nA max, bias current of 50nA max, and a C M R R of 90dB 

min. The AD741S offers guaranteed performance over the 

extended temperature range of —55°C to +125°C, with max 

offset voltage drift of 15{jlV/°C, max offset voltage of 4mV, 

max offset current of 25nA, and a minimum C M R R of 80dB. 

HIGH O U T P U T CAPABILITY 

Both the AD741J and AD741S offer the user the additional 

advantages of high guaranteed output current and gain at low 

values of load impedance. The AD741J guarantees a 

minimum gain of 25,000, swinging ±10V into a lk£2 load 

from 0°C to +70°C. The AD741S guarantees a minimum 

gain of 25,000, swinging ±10V into a lkfi load from —55°C 

to +125°C. 

All devices feature full short circuit protection, high gain, high 

common mode range, and internal compensation. The 

AD741J, K and L are specified for operation from 0°C to 

+70°C, and are available in both the TO-99 and mini-DIP 

packages. The AD741S is specified for operation from 

-55 C to +125 C, and is available in the TO-99 package. 

G U A R A N T E E D A C C U R A C Y 

The vastly improved performance of the AD741J, AD741K , 

A D 7 4 1 L and AD741S provides the user with an ideal choice 

when precision is needed and economy is a necessity. An 

error budget is calculated for all versions of the AD741 (see 

page 3); it is obvious that these selected versions offer 

substantial improvements over the industry-standard AD741C 

and AD741 . A typical circuit configuration (see Figure 1) 

is assumed, and the various errors are computed using 

maximum values over the full operating temperature range 

of the devices. The results indicate a factor of 8 improve-
ment in accuracy of the AD741L over the AD741C, a 
factor of 5 improvement using the AD741K, and a factor 
of 2.5 improvement using the AD741J. The AD741S, 
similarly, achieves a factor of 3.5 improvement over the 
standard AD741. Note that the total error has been 

determined as a sum of component errors, while in actuality, 

the total error will be much less. Also, while the circuit used 

for the error analysis is only one of a multitude of possible 

applications, it effectively demonstrates the great improve-

ment in overall 741 accuracy achievable at relatively low cost 

with the AD741J, K , L or S. 

10ktl% 
-AW 

C5 

r - w . — 
AD741 
+ ERROR 

VOLTAGE 

Figure 1. Error Budget Analysis Circuit 

I n f o r m it ion fu rn ished b y A n a l o g Devices is bel'-eved to be accurate 
and rsWnb'rf. However , n o responsibi l i ty is assumed by A n a l o g Devices 
for us-?; nor fo r any in f r ingements of patents or o :her rights of th i rd 
per ties wh ich m a y result f r o m its use. N o license is granted by implica-
t ion or otherwise under any patent or patent rights a : A n a l o g Devices. 

Route 1 Industrial Park; P.O. Box 280; Norwood, Mass. 02C62 
Tel: 8 1 7 / 3 2 9 - 4 7 G G T W X : 710/394-6577 



SPfcClh&A 1 1 0 iSl S ( t y p i c a l @ + 2 5 ° C and ± 1 5 V D C , unless o t h e r w i s e specified) 

MODEL AD741J A D 7 4 1 K A D 7 4 1 L AD741S 

OPEN LOOP GAIN 
R L = l k f i , V0 = ±10V 50 ,000 min (200 ,000 typ) * 

R l = 2 k f t , V0 = ±10V 50 ,000 min (200 ,000 typ ) 50 ,000 min (200 ,000 typ) 
Over T e m p Range, T m i n t o T m a x , 

50 ,000 min (200 ,000 typ) 

same loads as above 25 ,000 min * * * 

OUTPUT CHARACTERISTICS 
Voltage @ R l = l k f l , T m i n t o T m a x ±10V min (±13V typ) * 

Voltage @ R L = 2 k f t , T m i n t o T m a x ±10V min (±13V t y p ) ±10V min ( ± 1 3 V t y p ) 
Short Circuit Current 2 5 m A » « * 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 1MHz • * * 

Full Power Response 10kHz * * * 

Slew Rate, Unity Gain 0.5V//usec * • » 

INPUT OFFSET VOLTAGE 
Initial, Rs < 10kl2 (adjustable to zero) 3mV max ( l m V typ) 2mV max (0 .5mV typ) 0 .5mV max (0 .2mV typ ) 2mV max ( l m V typ) 
Tmin t 0 ^ max 4 m V max 3mV max l m V max * 

Avg vs Temperature (un t r immed) 20/ iV/°C max 15juV/°C max (6/ iV/°C typ) 5/LtV/°C max (2/uV/°C typ) 15juV/°C max (6juV/°C typ) 
vs Supply, T m j n to T m a x 100AtV/V max (30*/V/V typ) 15pV/V max (5juV/V typ) 15/uV/V max (5juV/V typ ) * 

INPUT OFFSET C U R R E N T 
Initial 50nA max (5nA typ) 10nA max (2nA typ) 5nA max (2nA typ ) lOnA max (2nA typ) 
TMIN t o ^max lOOnA max 15nA max lOnA max 25nA max 
Avg vs Temperature 0 .1nA/°C 0 .2nA/°C max (0 .02nA/°C typ ) 0 .1nA/°C max (0 .02nA/°C typ) 0 .25nA/°C max (0 .1nA/°C typ) 

INPUT BIAS CURRENT 
Initial 200nA max (40nA typ) 75nA max (30nA typ) 50nA max (30nA typ ) 75nA max (30nA typ) 
Tmin t 0 T j m x 4 0 0 n A max l 2 0 n A max lOOnA max 250nA max 
Avg vs Temperature 0 .6nA/°C 1.5nA/°C max (0 .6nA/°C typ ) l n A / ° C max (0 .6nA/°C t y p ) 2nA/°C max (0 .6nA/°C typ) 

INPUT IMPEDANCE 
Differential l M f t 2MQ. 2 M f i 2 M f i 

INPUT VOLTAGE RANGE (Note 1) 
Differential, m a x safe ±30V » • * 

Common Mode, max safe ±15V • • * 

Common Mode Rejection, 
R S < 1 0 k n . T m i n to T m a x , V j n = ±12V 80dB min (90dB typ) 90dB min (lOOdB typ ) 90dB min (lOOdB t y p ) • 

POWER SUPPLY 
Rated Performance ±15V « * * 

Operating ±(5 to 18)V ±(5 to 22)V ±(5 to 22)V ±(5 to 22)V 
Current , Quiescent 3 .3mA max (2 .0mA typ) 2 .8mA max (1 .7mA typ) 2 .8mA max (1 .7mA typ) 2 .8mA max (2 .0mA typ ) 

TEMPERATURE RANGE 
Operating, Rated Performance 0°C to +70°C • * —55°C to +125°C 
Storage —65°C to +150°C » • * 

Note Is For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 
•Specifications same as AD741J. 
Specifications subject to change without notice. 



PARAMETER 
A D 7 4 1 C 

SPEC E R R O R 
(0°C to +70°C) 

ERROR BUDGET A N A L Y S I S 
AD74IJ A D 7 4 1 K A D 7 4 I L 

SPEC ERROR SPEC ERROR SPEC E R R O R 
(0oC to •*•• ' * C ) (O'C to •70°C) (0°C to +70°C) 

A D 7 4 1 
SPEC E R R O R 
( - 5 S ° C to »12S°C) 

A D 7 4 1 S 
SPEC ERROR 
( — 5 5 ° C to » t 2 5 a C ) 

C.ain (Er-or = 10Vi„/G) 15,000 660̂ V 25.000' 400/iV 25,000 400̂ V 25,000 400*tV 25,000 400̂ V 25,000* 400pV 

lb (Error = Ifr X resistor mismatch) 800nA 160/iV 400nA 80jiV 120nA lOOnA 20/iV 1500nA 300;iV 250nA SOfiV 

Ios (Error = tos x lOkD.) 300nA 3000pV lOOnA lOOOpV 15nA 150fxV lOnA 100/xV 500nA sooo^v 25nA 250/iV 

A V O S / A t (Error = &V0S/&T x 25[iV/°C-U25^V 20;iV/°C 900tlV 15̂ V/°C 675MV suvfc 225fjV 25jtV/0C2 2500pV 15pV/°C ISOOjiV 

CMRR (Error •= 10V/CMRR) 70dB 3300/A' 80dB IOOOJIV 90d8 330nV 90dB 330jiV 70dB 3300jiV 80dB lOOOpV 

PSRR (assume at 5% power 
supply variation) ISOpV/V 45 Ôi V 100 / iV/V 300pV 15j:V/V 4SMV 15fiV/V 45 (lV 150/iVAT 450jiV lOOpV/V 3 OÔiV 

TOTAL 8.7mV 3.7mV 1.6mV l.lmV 12.0mV 3.5mV 

PRICE (100 pieces> $1.00 S1.25 $2.25 S6.00 $2.00 $3.30 

1 AD741J and AD741S...Open Loop Gain is guaranteed with a lk£2 load. 
2 AD741C and A D 7 4 1 . . A V o s l ^ T ' s n o t guaranteed (for complete specifications, contact the factory for data sheet). 

INPUT CHARACTERISTICS 
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OUTPUT CHARACTERISTiCS 
The A D 7 4 1 J and A D 7 4 1 S are specially selected for high 

output current capability. High efficiency output transistors, 

thermally balanced chip design and precise short circuit 

current control insure against gain degradation at high 

-urrent levels and temperature extremes. The A D 7 4 1 J 

0uarantees a minimum gain of 25,000, swinging ±10V into a 

l k H load from 0 ° C to +70°C. The A D 7 4 1 S guarantees 

minimum gain of 25,000, swinging ±10V into a lk£2 load 

from —55°C to +125°C . The A D 7 4 1 K and A D 7 4 1 L are 

guaranteed with the standard 2k£2 load. 
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Figure 8. Output Voltage Swing vs. Frequency 
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Figure 10. Open Loop Gain vs. Frequency 

B O N D I N G D I A G R A M 

All versions of the A D 7 4 1 are available in chip or wafer form, 

fully tested at +25 C. Because of the critical nature of using 

unpackaged devices, it is suggested that the factory be 

contacted for specific information regarding price, delivery 

and testing. 
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MIL-STANDARD-SS3 

The A D 7 4 1 S is available with 1 0 0 % screening to 

MIL-STD-8S3, Method 5004 , Class A , B, or C. Consult 

the factory for pricing and delivery. 

O R D E R I N G G U I D E 

O R D E R PRICE PR ICE PRICE 
M O D E L TEMP. RANGE NUMBER (1 -24 ) (25 -99 ) (100-999) 
A D 7 4 1 J 0 °C to + 7 0 ° C A D 7 4 1 J * $1.85 $1-50 $1.25 

A D 7 4 1 K 0 °C to +70 °C A D 7 4 1 K * $3 .40 $2 .70 $2.25 
A D 7 4 1 L 0 °C to +70 °C A D 7 4 1 L * $9 .00 $7 .20 $6.00 
A D 7 4 1 S —55°C to +125 °C A D 7 4 1 S H $4.95 $4 .00 $3.30 

• A d d Package Type Letter; H = TO-99, N = Mini-DlP. 
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PRODUCT DESCRIPTION 

The AD503J/AD506J, AD503K/AD506K, and AD503S/AD506S are IC FET input op 
amps which provide the user with input currents of a few pA, high overall performance, 
low cost, and accurately specified, predictable operation. The devices achieve maximum 
bias currents as low as 10pA, minimum gain of 50,000, CMRR of 80dB, and a minimum 
slew rate of 3V//usec. They are free from latch-up and are short circuit protected. No 
external compensation is required as the internal 6dB/octave rolloff provides stability in 
closed loop applications. 

The AD503 is suggested for all general purpose FET input amplifier requirements where 
low cost is of prime importance. The AD506, with specifications otherwise similar to the 
AD503, offers significant improvement in offset voltage and nulled offset voltage drift 
by supplementing the AD503 configuration with internal laser trimming of thin film 
resistors to provide typical offset voltages below 1mV. 

Both the AD503 and AD506 provide performance comparable to modular FET op amps. 
Because of their monolithic construction, however, their cost is significantly below that 
of modules, and becomes even lower in large quantities. 

All the circuits are supplied in the TO-99 package; the AD503J and AD506J and the 
AD503K and AD506K are specified for 0°C to +70°C temperature range operation; the 
AD503S and AD506S for operation from ^-55° C to +125°C. 

PRODUCT BENEFITS 

1. The AD503 and AD506 op amps meet their published input bias current and offset 
voltage specs after full warmup. Conventional high speed IC testing does not allow 
for self-heating of the chip due to internal power dissipation under operating 
conditions. 

2. The bias currents of the AD503 and AD506 are specified as a maximum for either 
input. Conventional IC FET op amps generally specify bias currents as the average 
of the two input currents. 

3. Offset voltage nulling of the AD503 and AD506 is accomplished without affecting 
the operating current of the FET's and results in relatively small changes in 
temperature drift characteristics. The additional drift induced by nulling is only 
±0.8juV/°C per millivolt of nulled offset for the AD506 and ±2.0/iV/°C per millivolt 
of nulled offset for the AD503, compared to several times this for other IC FET op 
amps. 

4. The gain of the AD503 and AD506 is measured with the offset voltage nulled. 
Nulling a FET input op amp can cause the gain to decrease below its specified 
limit. The gain of the AD503 and AD506 is fully guaranteed with the offset voltage 
both nulled and unnulled. 

5. Bootstrapping of the input FET's achieves a superior CMRR of 80dB, while 
reducing bias currents and maintaining them constant through the CMV range. 

6. To maximize the reliability inherent in IC construction, every AD503/AD506 is 
stored for 48 hours at 200°C, temperature cycled from —65°C to +125°C, and 
receives a high impact shock test. All guaranteed DC parameters are 100% computer 
tested, including offset voltage drift. AC performance and noise parameters are 
continually reviewed. 

APPLYING THE AD503 AND AD506 

The AD503 and AD506 are especially designed for applications involving the measure-
ment of low level currents or small voltages from high impedance sources, in which bias 
current can be a primary source of error. Input bias current contributes to error in two 
ways: (1) in current measuring configurations, the bias current limits the resolution of a 
current signal; (2) the bias current produces a voltage offset which is proportional to the 
value of input resistance (in the case of an inverting configuration) or source impedance 
(when the non-inverting "buffer" connection is used). The AD503 and A D 5 0 6 IC FET 
input amplifiers, therefore, are of use where small currents are to be measured or where 
relatively low voltage drift is necessary despite large values of source resistance. 

C122-20-4/72 PRINTED IN U.S.A. 



trimming is not-' inconvenient; and low : noise is • 

[ I I J I J I I J I I I I I J 
:onsiderabte importance. 

AD503K AD503S AD503J PARAMETER 

OPEN LOOP GAIN (Note 1) 
Vo u t = ±10V. RL>2kfl 
T A = min to max 

20,000 min (50,000 typ) 50,000 min (120,000 typ) 50,000 min (120,000 typ) 
15,000 min 40,000 min 25,000 min 

OUTPUT CHARACTERISTICS 
Voltage @ R|_ = 2kI2, Ta = min to max 

@ R|_ = 10kft,TA = min to max 
Load Capacitance (Norte 2) 
Short Circuit Current 

±10V min (±13V typ) 
±12V min (±14V typ) 

750pF 
25mA 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate, Unity Gain 
Settling Time, Unity Gain (to 0.1%) 

1.0MHz 
100kHz 

3.0V//isec min (6.0V/̂ sec typ) 
10/isec 

INPUT OFFSET VOLTAGE (Note 3) 
vs. Temperature, TA = min to max 
vs. Supply, TA = min to max 

5 0 M V max ( 20MV typ) 2 0 M V max (8MV typ) 2 0 M V max (8MV typ) 
75JUV/°C max ( 3 0 ^ V / ° C typ) 2 5 / I V / ° C max ( 1 0 ^ V / ° C typ) 50JAV/°C max (20/NV^C ty^r 

400JUV/V max (200JUV/V typ) 200/ZV/V max (IOO/UVA/ typ) 200/XV/V max (100JIV/V ty f l 

INPUT BIAS CURRENT 
Either Input (Note 4) 15pA max (5pA typ) 10pA max (2.5pA typ) 10pA max (2.5pAtyp) 

INPUT IMPEDANCE 
Differential 
Common Mode 

10 £2||2pF 
10l2ni|2pF 

INPUT NOISE 
Voltage, 0.1 Hz to 10Hz 

5Hz to 50kHz 
f = 1kHz (spot noise) 

15juV(p-p) 
5.0/LtV (rms) 
30.0nV/VHz 

INPUT VOLTAGE RANGE 
Differential (Note 5) 
Common Mode, TA = min to max 
Common Mode Rejection, Vjn = ±10V 

±3.0V 
±10V min (±12V typ) 
70dB min (90dB typ) 80dB min (90dB typ) 80dB min (90dB typ) 

POWER SUPPLY 
Rated Performance 
Operating 
Quiescent Current 

±15V 
±(5 to 18)V 

7mA max (3mA typ) 
±(5 to 22)V 

TEMPERATURE 
Operating, Rated Performance 
Storage 

0 ° C to + 7 0 ° C 
—65°C to +150°C 

-55 C to +125 C 



USE THE AD505 for low- untrimmed initial 'offset .voltageor for the lowest trimmed Vos drift, 

high cspacitive drive, and higher differential voltage cspabnsty. 

PARAMETER 

iwiiii iiairiiw l̂i iiMft RRI' INIMIMNN 

AD506J AD506K AD506S 

OPEN LOOP GAIN (Note 1) 
V0ut = ±10V, R L >2kf i 
T/\ 53 min to max 

20,000 min (50,000 typ) 
15,000 min 

50,000 min (120,000 typ) 50,000 min (120,000 typ) 
40,000 min 25,000 min 

OUTPUT CHARACTERISTICS 
Voltage @ Rj_ = 2kl2, T/\ = min to max 

@ R|_ = 10k£2, Ta ~ min to max 
Load Capacitance (Note 2) 
Short Circuit Current 

±10V min (±13V typ) 
±12V min (±14V typ) 

1000pF 
25mA 

* * 
* * 
* * 
* * 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 
Full Power Response 
Slew Rate, Unity Gain 
Settling Time, Unity Gain 

1.0MHz 
100kHz 

3.0V/usee min {6.0V//Ltsec typ) 
10/isec 

* * 
* * 
* * 
* » 

INPUT OFFSET VOLTAGE (Note 3) 
vs. Temperature, T/\ = min to max 
vs. Supply, Ta ~ min to max 

3.5mV max (1 .OmV typ) 1.5mV max (0.5mV typ) 1.5mV max (0.5mV typ) 
75juV/̂ C max (30juV/°C typ) 25/lA//°C max (10juV/°C typ) 50fiV/°C max (20/iV/°C typ) 
200/iV/V max (100fiV/V typ) 100juV/V max (50/uV/V typ) 100juV/V max (50^V/V typ) 

INPUT BIAS CURRENT 
Either Input (Note 4) 15pA max (5pA typ) 10pA max (2.5pA typ) 10pA max (2.5pA typ) 

INPUT IMPEDANCE 
Differential 
Common Mode 

10llH||2pF 
10l2n||2pF 

* * » * 

INPUT NOISE 
Voltage, 0.1Hz to 10Hz 

5Hz to 50kHz 
f = 1kHz (spot noise) 

40ptV(p-p) 
8jLiV(rms) 
80nV/VHz 

* * 
* . * * • 

INPUT VOLTAGE RANGE 
Differential (Note 5) 
Common Mode, T/\ = min to max 
Common Mode Rejection, Vjn = ±10V 

±4V 
±10V min (±12V typ) 
70dB min (90dB typ) 

* * 
* • 

80dB min (90dB typ) 80dB min (90dB typ) 

POWER SUPPLY 
Rated Performance 
Operating 
Quiescent Current 

±15V 
±(5 to 18)V 

7mA max (5mA typ) 

* » 

±(5 to 22)V * * 

TEMPERATURE 
Operating, Rated Performance 0°Cto+70°C * -55Cto+125C 
Storage -65°C to+150°C 



APPLICATIONS CONSIDERATIONS 

Bias Current 

Most IC FET op amp manufacturers specify maximum bias 
currents as the value immediately after turn-on. Since FET bias 
currents double every 10°C and since most FET op amps have 
case temperature increases of 15°C to 20°C above ambient, 
initial "maximum" readings may be only % of the true warmed 
up value. Furthermore, most IC FET op amp manufacturers 
specify lb as the average of both input currents, sometimes 
resulting in twice the "maximum" bias current appearing at 
the input being used. The total result is that 8X the expected 
bias current may appear at either input terminal in a warmed 
up operating unit. 

The AD503 and AD506 specify maximum bias currents at 
either input after warmup, thus giving the user the values he 
expected. 

Improving Bias Current Beyond Guaranteed Values 

Bias currents can be substantially reduced in the AD503 and 
AD506 by decreasing the junction temperature of the device. 
One technique to accomplish this is to reduce the operating 
supply voltage. This procedure will decrease the power 
dissipation of the device, which will in turn result in a lower 
junction temperature and lower bias currents. The supply 
voltage effect on bias current is shown in Figure 1. 
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Figure 1. Normalized Bias Current vs. Supply Voltage 

Operation of the AD503K and AD506K at ±5V reduces the 
warmed up bias current by 70% to a typical value of 0.75pA. 

A second technique is the use of a suitable heat sink. 
Wakefield Engineering Series 200 heat sinks were selected to 
demonstrate this effect. The characteristic bias current vs. case 
temperature above ambient is shown in Figure 2. Bias current 
has been normalized with unity representing the 25 C free air 
reading. Note that the use of the Model 209 heat sink reduces 
warmed up bias current by 60% to 1 .OpA in the AD503/506K. 
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Figure 2. Normalized Bias Current vs. Case Temperature 

Both of these techniques may be used together for obtaining 
lower bias currents. Remember that loading the output can 
also affect the power dissipation. 

Vs •15V 

Figure 3. Input Bias Current vs. Temperature 

Input Considerations 

The common mode input characteristic is shown in Figure 4. 
Note that positive common mode inputs up to +13.5 volts 
and negative common mode inputs to —Vs are permissible, 
without incurring excessive bias currents. To prevent possible 
damage to the unit, do not exceed VQM = Vs* 
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Figure 4. Input Bias Current vs. Common Mode Voltage 

Like most other FET input op amps, the AD503 and AD506 
display a degraded bias current specification when operated at 
moderate differential input voltages. The AD503 maintains its 
specified bias current up to a differential irtput voltage of 
±3V typically, while the AD506's bias current performance is 
not significantly degraded for Vdjff < 4V typically. Above 
Vdiff = ±3V in the AD503 and Vdiff = ±4V in the AD506, 
the bias current will increase to approximately 400/iA. This is 
not a failure mode. Above ±10V differential input voltage, the 
bias current will increase 100juAA/diff (in volts), and other 
parameters may suffer degradation. If these effects are 
undesirable, the user should investigate the AD513 or AD516 
as a possible alternative. 



Jffset Voltage Drift 

Most commercially available IC FET op amps are nulled by 
•djusting the FET operating currents, causing the offset voltage 
^mperature coefficients to vary 3 to 6/iV/°C per millivolt of 
offset nulled. Thus a FET op amp with a 20mV initial offset, 

I'hen nulled may display an additional offset drift of 60 to 
20/iV/°C, in addition to its unnulled value. 

The AD503 and AD506 achieve nulling without disturbing the 

(>erating currents of the FET's, which reduces the additional 
ift substantially. In addition, the AD506 includes a 
mperature compensated current source for the differential 

input stage, further reducing the offset voltage drift over 

Iimperature. In Figure 5, data is displayed to demonstrate the 
ffset drift performance of the AD503 and AD506 when 

nulled. The AD503 and AD506 nulled drift contributions 

Iiffer since the AD506 is constructed with low temperature 
aefficient (200ppm/°C) thin film resistors, and the AD503 

uses a diffusion process resulting in 2000ppm/°C resistors. It 

(n be shown that the additional drift induced by nulling a 
in film amplifier with an industrial potentiometer is 
nsiderably less than that induced by nulling a diffused 

amplifier. There are two curves each for the AD503 and »D506 to account for both positive and negative offset drifts. 

rom the curves in Figure 5 it is possible to determine 
AVos/ATfor both the AD503 and AD506. The AD503 has an 

Iiitial offset of 20mV and initial offset drift of -20AZV/°C. 
he AD506 has an initial offset voltage of 1mV and initial off-

set drift of —20juV/°C. It can be determined that the 

IJditional drift induced by nulling the AD506 is only 
0.8/nV/°C per millivolt of offset voltage, and ±2.0/iV/°C per 

millivolt for the AD503. Both of these Gurves indicate 

(jrformance considerably better than many other IC FET op 
nps which null Vos by varying the operating currents of the 
ET's. 
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Noise Performance 

The noise spectral density vs. frequency for the AD503 and 
AD506 is given in Figure 6. The curve for the AD503 shows 
approximately 300nV/>/Hz at 10Hz, declining in a l/f fashion 
(l/f for power, 1/\/f for voltage) to approximately 12nV/\/Hz 
at higher frequencies. 
Current noise in the AD503 and AD506 is approximately 
0.001 pAA/Hz at low frequencies. Above 300Hz, the current 
noise generated by the op amp increases at a 3dB/octave rate, 
determined by coenCjn, where en = spectral noise density and 
Cjn = input capacitance. In most practical applications, the 
current noise from source or feedback resistors will be larger 
than the low frequency current noise from the amplifier. 

At high frequencies, the total circuit current noise is equal to 
ojenC, where C is the sum of all input and feedback capacitors. 
In well-shielded circuits, C is usually 10 to 100pF, so that the 
coenC can be a significant factor. Thus the user should attempt 
to minimize C. 
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Figure 6. Noise Spectral Density vs. Frequency 

Dynamic Performance 

The AD503 and AD506 are internally compensated to achieve 
a —3dB bandwidth of 1MHz (see Figure 7). At unity gain the 
full power bandwidth is 50kHz minimum, and typically 
100kHz. Slew rates are 3V/̂ sec minimum and 6V/jUsec 
typical (see Figure 8 and Figure 9). 
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Figure 7. Small Signal Gain vs. Frequency 
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Figure 9. P-P Output vs. Frequency 

Common Mode Rejection Ratio 

The high CMRR of both the AD503 and AD506 
(see Figure 10) minimizes common mode error. For example, 
when either is connected as a unity gain non-inverting 
amplifier with a ±10V input signal, the resultant common 
mode error referred to the input is only 0.01% (1mV). 
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L X 5 6 0 0 / L X 5 6 0 0 A , L X 5 7 0 0 / L X 5 7 0 0 A temperature transducers 

general description 

The LX5600/LX5700 series temperature transducers are 
highly accurate temperature measurement or control 
systems for use over a -55°C to +125°C temperature 
range. Fabricated on a single monolithic chip they in-
clude a temperature sensor, stable voltage reference and 
operational amplifier. 

The output of the LX5600/LX5700 is directly pro-
portional to temperature in degrees Kelvin at 10 mV/°K. 
Using the internal op amp with external resistors any 
temperature scale factor is easily obtained. By con-
necting the op amp as a comparator, the output will 
switch as the temperature transverses the set-point 
making the device useful as an on-off temperature con-
troller. 

An active shunt regulator is connected across the power 
leads to the LX5600/LX5700 to provide a stable voltage 
reference. In addition to providing a reference, it 
regulates the operating voltage to 6.8V. This allows the 
use of any power supply voltage with suitable external 
resistors. 

The op amp can amplify the 10 mV/°K from the sensor 
to almost any desired output. The input bias current is 
low and relatively constant with temperature, ensuring 
high accuracy when high source impedance is used. 
Further, the output collector can be returned to a 
voltage higher than 6.8V allowing the LX5600/LX5700 
to drive lamps and relays from a 28V supply. 

The LX5600 uses the difference in emitter-base voltage 
of transistors operating at different current densities as 
the basic temperature sensitive element. Since this out-
put depends only on transistor matching the same 
reliability and stability as present op amps can be 
expected. 

The LX5600 and LX5600A operate over a -55°C to 
+125°C range and are available in 4 lead TO-5 package. 
The LX5700 and LX5700A also operate over the -55°C 
to +125°C range and are available in the 4 lead TO-46 
package. 

features 

• Calibration accuracy of ±4°C over -55° C to +125°C 

• Internal op amp with frequency compensation 

• Linear output of 10 mV/° K (10 mV/°C) 

• Directly calibrated in degrees Kelvin 

• Output can drive loads up to 35V 

• Internal stable voltage reference 

• Four lead device—minimizing wiring 

block and connection diagrams 

V* 

TO-5 Metal Can Package 

OUTPUT 

TOP VIEW 

NOTE: PIN 4 CONNECTED TO CASE 

TO-46 Metal Can Package 

OUTPUT 

TOP VIEW 

NOTE: PIN 4 C0NNECTE0 TO CASE 

1 9 7 4 Nat ional Semiconductor Corp. B 2 5 M 8 4 / P r i n t e d in U .S .A. 



absolute maximum ratings 
Supply Voltage Internally Regulated Output Short Circuit Duration Indefinite 
Supply Current (Externally Set) 10 mA Operating Temperature Range -55° C to +125°C 
Output Collector Voltage 3 6 V Storage Temperature Range -65°Cto+150°C 
Input Voltage Range 0V to +7.0V Lead Temperature (Soldering, 10 seconds) 300°C 

electrical characteristics (Note 1) 

LX5600A/LX5700A LX5600/LX5700 

PARAMETER CONDITIONS TYP ERROR 
ERROR 
± % OF 
SPAN 

TYP ERROR 
ERROR 
± % OF 
SPAN 

UNITS 

VOLTS ±mV 

ERROR 
± % OF 
SPAN VOLTS ± m V 

ERROR 
± % OF 
SPAN 

Output Voltage (Note 2) T a = +25°C 2.98 40 2.22 2.98 80 4.44 
Output Voltage (Note 2) T a = - 5 5 ° C 2.18 40 2.22 2.18 80 4.44 
Output Voltage (Note 2) T A = +125°C 3.98 40 2.22 3.98 80 4.44 

Linearity A T ^ + 1 8 0 ° C 0.018 0.018 

Long Term Stability T a = 125° C ±0.002 ±0.002 

Repeatability T a = 125°C ±0.002 ±0.002 

VOLTAGE REFERENCE MIN TYP MAX MIN TYP MAX UNITS 

Reverse Breakdown Voltage 1 m A ^ I ^ 5 m A 6.68 6.85 7.12 6.55 6.85 7.25 V 

Reverse Breakdown Voltage 
1 mA ^ l 2 ^ 5 mA 10 25 10 35 mV Change With Current 
1 mA ^ l 2 ^ 5 mA 10 25 10 35 mV 

Temperature Stability 20 60 20 85 mV 

Dynamic Impedance l z = 1 mA 3.0 3.0 a 
RMS Noise Voltage 10 Hz ^ f ^ 10 kHz 30 30 MV 

Long Term Stability T a = +125°C 6.0 6.0 mV 

OP AMP 

Input Bias Current T a = +25°C 35 75 35 150 nA 

Input Bias Current 45 150 45 250 nA 

Voltage Gain R L = 36k, V + + = 36V 2000 15000 1500 15000 V / V 

Output Leakage Current T A = 25°C (Note 3) 0.2 1.0 2.0 0.2 MA 

Output Leakage Current (Note 3) 1.0 5.0 8.0 1.0 MA 

Output Source Current VOUT^4.05 10 10 JIA 

Output Sink Current 1 V £ V Q U T ^ 3 6 V 2.0 2.0 mA 

Note 1: These specifications apply for —55°C < T/^ < +125°C and 0.9 mA < 'SUPPLY f : * un!ess otherwise specified. 
Note 2: The output voltage applies to the basic thermometer configuration with the output and feedback terminals shorted and a load resistance 
of > 1.0 MJi . This is the feedback sense voltage and includes errors in both the sensor and op amp. This voltage is specified for the sensor in a 
rapidly stirred oil bath. 
Note 2: The output leakage current is specified with > 100 MV overdrive. Since this voltage changes with temperature, the voltage drive for 
turn-off changes and is defined as V Q U T (with output and input shorted) - 1 0 0 MV. This specification applies for V Q U T = 3 6 V . 

application hints 
Although the LX5600/LX5700 were designed to be as media will conduct the heat from the sensor. Also, there 
trouble-free as possible, certain precautions should be are many small heat sinks designed for transistors which 
taken to insure the best possible performance. will improve heat transfer to the sensor from the sur-

rounding medium. A small finned clip-on heat sink is 
Like any temperature sensor, internal power dissipation quite effective in free-air. It should be mentioned that 
will raise the sensor temperature above ambient. Nomi- the LX5600 die is on the base of the package and there-
nal operating current for the shunt regulator is 1.0 mA fore coupling to the base is preferrable. 
and causes 7.0 mW of power dissipation. In free, still, air 
this raises the package temperature by about 1.2°K. 
Although the regulator will operate at higher reverse cur-
rents and the output will drive loads up to 5.0 mA, these 
higher currents can raise the sensor temperature over 
19°K above ambient—degrading accuracy. Therefore, the 

The internal reference regulator provides a temperature 
stable voltage for offsetting the temperature output or 
setting a comparison point in temperature controllers. 
However, since this reference is at the same temperature 

sensor should be operated at the lowest possible power as the sensor temperature changes will also cause refer-
level. ence drift. For application where maximum accuracy is 

needed an external reference should be used. Of course. 
With moving air, liquid or surface temperature sensing, for fixed temperature controllers the internal reference 
self heating is not as great a problem since the measured is adequate. 

o 



typical applications (con't) 

Input Current Start-Up Output Saturation Voltage 

- 5 5 - 3 5 - 1 5 5.0 25 45 65 85 105 125 

TEMPERATURE (SC) 

0.7 

0.6 
< 
c 0.5 
1-
Z 
K 0.4 
e 
O 0.3 
>-
CU a. 0.2 
VI 

0.1 

i I t 

i 

= - 5 

i 
c r 1,-'' i = - 5 

" T A = +25 // ^ 
tY 
/ T a = + u 5 C -

| / l 1 
1 

1 / 1 1 
J 

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

SUPPLY VOLTAGE(V) 

20 

< 16 
E 

12 

8.0 

4.0 

•A *» 

/ T a ^ 2 5 * C / / r 
a ^ 2 5 * C 

> * / 1 i / / / ' T » = +125 °C 

/ / Y 
1.0 2.0 3.0 4.0 5.0 

SATURATION VOLTAGE (V) 

Thermal Time Constant 
in Stirred Oil Bath 

£ 100 
Ul 

i 80 > 

< 60 
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o 

§ 20 
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£ 0 
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/ / 
f TO- 5 

/ 

0 2.0 4.0 6.0 8.0 10 12 14 

TIME (SECONDS) 

Thermal Time Constant in 
Still Air 

100 

80 

60 

40 

20 

0 

1 1 
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\f t 
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CURRENT (mA) 

Temperature Rise Temperature Rise Reference Regulation 

— 24 a 
5 20 

• 
—i 

P 16 M 
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UJ 
j§ 8.0 »-
< 
£ 4.0 a. 
S uj 
»- 0 

TO 4 6 , 

' T 

0 2.0 4.0 C.0 8.0 10 

SHUNT REGULATOR CURRENT (mA) 

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

OUTPUT SINK CURRENT (mA) 

50 

^ 40 

(9 30 

20 

10 -55°C T * = -55°C 

0 2.0 4.0 6.0 8.0 10 

SUPPLY CURRENT (mA) 

12 

Turn On Response 

100 200 300 400 

TIME U ) 

Amplifier Output Impedance 

100 1.0k 10k 
FREQUENCY (Hz) 

100k 

Temperature Conversion 

T C E N T ( G R A D E = T " c 

t f a r e n h e i t = t > 
t K E L V I N = t K 

T K = T C + 2 7 3 

5 
T c = (40 + Tp) 40 9 

9 
T f = (40 + T C ) - - 40 

5 
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schematic diagram 

typical applications 

Basic Thermometer for Negative Supply Basic Thermometer for Positive Supply Increasing Gain and Output Drive 

3 1 + 

OUTPUT 
LX5600/ 
LX5700 

INPUT r -

OUTPUT 
10 mV/°K 

< Rs 
> 7.5k NOTE: LOAD CURRENT TO GNO 

y - I IS SUPPLIED THROUGH R^ 
15V 

Rs = (V"-6.8V)X103n 

,Hs 
• 7.5k 

31 + 

INPUT 
LXS600/ 
LX5700 

OUTPUT r 

OUTPUT 
10 mV,"K 

Rs « (V+ - 6.8V) X 103S1 

OUTPUT ] 2i 

T 1 

Rs - (V+ - 6.8V) x io3a 



typical applications (con't) 

External Frequency Compensation 
for Greater Stability 

Operating With External Zener for 
Lower Power Dissipation and Better 

Reference Stability 

* Depends on Ztntr ctwent. 

Ground Referred 
Centigrade Thermometer 

Rl = 1000 (V*-3 0V) 
R2 = 500!V"-4 0V) 

•TRIMS OUT INITIAL 
ZENER TOLERANCE. 
SET OUTPUT TO 
READ C 

Basic Temperature Controller 

15V 

•OUTPUT GOES NEGATIVE ON 
TEMPERATURE INCREASE 

Rs = {V* - 6.8V) kf> 

Temperature Controller With Hysteresis 

•OUTPUT COES POSITIVE ON TEMPERATURE INCREASE 
tSET TEMPERATURE 

Kelvin Thermometer With 
Ground Referred Output 

vs* - s.«v x ia3u 
-

Two Terminal Temperature to Current Transducer* 

0 - r R2(U) = 

R3(Q) S 

[T„ (Vz - 0.01 TL) - T l (V2 - 0.01 T„) | 

•fir") 

1 

R4 i\lz - 0 01 TL)(R2) 

(B2K0 01 

R1 

Zvz-MIT, \ 
T l) \ R2 ' 7 1 

_L _L 
R2 + R3 

R2 

T l = TEMPERATURE FOR lL ( K) 

T„ = TEMPERATURE FOR l„ f K) 
V2 = ZENER VOLTAGE (VOLTS)̂  
lL = LOW TEMPERATURE OUTPUT CURRENT (mA) 
l„ = HIGH TEMPERATURE OUTPUT CURRENT (mA) 

•VALUES SHOWN FOR IOUT = 1 mA TO 10 mA FOR NTF TO IQO'F 
tSET TEMPERATURE 

5 



typical applications (con't) 

Thermometer With Meter Output Meter Thermometer With Trimmed Output 

0.001 A • l„ • lQ 

•VALUES SHOWN FOR: 
T0 = 300 K. .\T = 100 K. 
I„ = 10 mA, 1Q = 100M A 

(V7)(10mV) (AT) 
l„ (V2 - 0.01 T0) 

0.01 T0 - l 0 R1 

£ 

Vz =• SHUNT REGULATOR VOLTAGE (USE 6.85) 
AT = METER TEMPERATURE SPAN TK) 
lM = METER FULL SCALE CURRENT (A) 
T0 * METER ZERO TEMPERATURE (5K) 
lQ = CURRENT THROUGH Rt R2 R3 AT ZERO 

METER CURRENT (IOjiA TO 1.0 mA) (A) 

•SELECTED AS FOR METER THERMOMETER EXCEPT T0 

SHOULD BE S°K MORE THAN DESIREO AND lQ - 1Q0-A. 
TCALIBRATES Ta. 

Ground Referred Thermometer Ground Referred Centigrade Thermometer 

v* 

(VzMOmVHtf) 

(Vz - 0.01 T0) 

R1 

Rl 

0.01 To -

R3 = Vz - Rl - R2 

V2 = SHUNT REGULATOR VOLTAGE 

AT = TEMPERATURE SPAN ( K) 

T0 = TEMPERATURE FOR ZERO OUTPUT ( K) 

V0 = FULL SCALE OUTPUT VOLTAGE < 10V 

lQ = CURRENT THROUGH Rl, R2, R3. AT ZERO 
OUTPUT VOLTAGE (TVPICALLY 100̂ A TO 
1.0 mA} 

30 pF 

Three Wire Electronic Thermostat 

c 



typical applications (con't) 

Over Temperature Detectors With Common Output 

15V 

Temperature Controller Driving TRIAC 

BLACK 

Low Duty Cycle Thermometer 



typical applications (con't) 

Differential Thermometer 

v + 

IN 

LX5600 
=1 

V" OUT 

100k 
ZERO 
TRIM 

-15V 

/R, + R 2 \ 
c , h d 

wOUT " <10mVfC)l-V̂ J (T2 - Tj) 

OUTPUT CAN SWING t3V AT ±50f A WITH LOW OUTPUT IMPEDANCE. 

IN V + 

LX5600 
=2 

OUT v~ 

definition of terms 
Output Voltage: The voltage referred to the V+ 

terminal from the output terminal with the input and 
output connected. (This voltage is the temperature out-
put of the LX5600 and so includes errors in the sensor 
section and op amp section.) 

Linearity: The deviation in output voltage from a 
straight line output over a specified temperature 
excursion. 

Reverse Breakdown Voltage: The voltage appearing 
between the V+ and V - terminals at a specified current. 

physical dimensions 

Temperature Stability: The percentage in output 
voltage for a thermal variation from room temperature 
to either temperature extreme. 

Output Source Current: The current available to flow 
into a load from the output to V~ over a specified 
output voltage range. 

Output Sink Current: The current available to flow into 
a load from a positive supply over a specified output 
voltage range. 

~rr 

•3100 
j 0 240 
— 0760 

1 SEATING 

!~F 

TO-5 Metal Can Package (H) 

Order Number LX5600AH or LX5600H 

NOTES: All DIMENSIONS IN INCHES. " 
LEADS ARE GCID HATED K0VAR. 
MN 4 INTERNALIV CONNECTED TO CASS. 
PACKAGE WEIGHT IS 0 36 GRAM. 

TO-46 Metal Can Package (H) 

Order Number LX5700AH or LX5700H 

M a n u f a c t u r e d u n d e r o n e or m o r e of t h e f o l l o w i n g U.S. p a r e n t s : 3083262 . 3139753 , 3231797. 3303356 . 3 3 1 7 6 7 ! . 3323071, 3331071. 3403542, 3421025 . 3426423, 3440498. 3518750 . 3519897 3557431 356076S 
3566219. 3571630, 3S75609, 3579059, 3593069, 3597640 . 3607469 . 3617853 . 3631312 , 3633052, 3638131. 3648071. 3551565 . 3 6 9 3 3 4 8 . 

National Semiconductor Corporation 
2S00 Semiconductor Drive, Santa Clara, California 95051, (4C8) 732-5000/TWX (910) 339-9240 
National Semiconductor GmbH 
808 Fuerstenfeldbruck, Industriestrasse 10. West Germany, Tele. (08141) 1371/Telex 05-27649 
National Semiconductor (UK) Ltd. 
Larkfield Industrial Estate, Greenock, Scotland, Tele. (0475) 33251/Telex 778-632 



vanan SOLID STATE OSCILLATOR 

OPERATING INSTRUCTIONS 

SOLID STATE 
CW 

GUNN EFFECT 
OSCILLATOR 

INTRODUCTION 
These instructions provide basic information for installing 

and operating the standard Varian solid state C W Gunn 

Effect oscillator. Following is a brief discussion of some 

of the general characteristics of this type of device. The 

specific characteristics of your solid state oscillator are 

given in the Test Performance Sheet enclosed in the ship-

ping package. 

PROTECTIVE MEASURES 
The operating simplicity of this device ensures satisfactory 

performance and maximum life with a minimum amount of 

protective circuitry. A simple low voltage dc bias potential 

is all that is necessary to create oscillations within the speci-

fied frequency range. However, the following precautions 

must be observed in order to protect the oscillator from 

possible damage. 

In attaching the bias voltage to the oscillator the proper 

direction of polarity must be observed. The white lead or 

solder pin must be positive with respect to the ground lug. 

Reversing the polarity can permanently damage the oscil-

lator. 

Large voltage transients, such as those which might occur 

during bias voltage turn-on, or an accidental shorting of 

the positive bias lead to the oscillator body, can be dam-

aging. A voltage-limiting zener diode has been placed in the 

oscillator to help reduce these transients, but if the bias 

voltage maximum rating is exceeded, the protective diode 

may be destroyed. Additional protective circuitry is ad-

visable to restrict the applied voltage to the maximum 

value specified on the Test Performance Sheet. Proper 

voltage clamping of the zener diode requires a minimum of 

one ohm of series resistance in the external power supply-

. zener diode circuit. If a lower series resistance is used, 

adequate transient protection is not guaranteed. Consistent 

with the requirements of the foregoing, the oscillator may 

be turned on at any speed. 

The oscillator is conduction cooled through the output 

flange. Under normal operating conditions adequate heat 

sinking is provided by the system waveguide. If, in certain 

restrictive environments, the waveguide flange temperature 

should approach or exceed approximately 85°C (185°F) 

additional cooling methods will be required. 

OPERATING CHARACTERISTICS 
A typical current vs voltage curve is shown below. As you 

will note, the bias voltage for operation is between two and 

three times higher than the threshold voltage, and the peak 

current drawn at the threshold point is higher than the 

operating current. Because of this, the bias power supply 

must be capable of supplying not only the operating volt-

age and current but also the peak current required at 

threshold. 

BIAS CHARACTERISTICS 

Bias Voltagt Increase 

Figure 1 

Since this type of solid state oscillator exhibits a negative 

differential resistance, certain bias circuit impedances can 

cause low frequency spurious oscillations. A filter network 

has been built into the oscillator to eliminate these spurious 

oscillations at the rated bias voltage. 

All the tests indicated on the Test Performance Sheet have 

been made with the oscillator operating into a load V S W R 

of 1.1:1, or less. A greater V S W R will not damage the 

device but performance will deviate from that indi-

cated. 

Pub. No . 2326 2 /7 O Printed in U.S.A. 

varian • solid state west • 611 hansen way • palo alto, California 94303 



INSTALLATION AND OPERATION 
Remove the protective cover from the output flange and 

bolt the oscillator to the mating waveguide. Any mounting 

position can be used. Connect the white lead to the positive 

side and the ground lug to the negative side of the bias 

supply (see Figure 2). Apply the specified voltage as indi-

cated on the Test Performance Sheet 

1 0.003 - 0.1 nid 

10 - 50 ft 

x y 

Supply 

Figure 2 

After applying the proper voltage, the oscillator will operate 

within the specified frequency range. Frequency changes 

can be accomplished by adjusting the tuning screw. A clock-

wise rotation will lower the frequency and a counterclock-

wise rotation will increase the frequency. Although the oscil-

lator normally will tune beyond the specified frequency 

range, the performance characteristics will change from 

those specified. 

Should any difficulties or questions arise while installing or 

operating the Varian C W solid state oscillator, please con-

tact: 

Varian Associates 

Solid State West 

Application Engineering 

611 Hansen Way 

Palo Alto, California 94303 

SPECIAL INSTRUCTIONS FOR VOLTAGE TUNABLE OSCILLATORS 

For oscillators with provisions for voltage tuning, the following additional instructions 
must be complied with. 

a. The Gunn oscillator should be operated as described above. 
b. Voltage tuning is accomplished by applying a POSITIVE bias voltage of the 

specified amplitude to the center conductor of the coaxial lead. Unless specifically 
noted on the Test Performance Sheet provided with the oscillator, never apply 
a negative bias or exceed the specified value. 

c. If the voltage tuner is not used, it is recommended that the center conductor be 
short circuited to the outer (shield braid) conductor. This procedure will pre-
vent FM modulation which could be caused by ac pickup on the lead. 



HIGH POWER POSITIVE VOLTAGE REGULATOR 

The MPC1000 is a positive voltage regulator designed to deliver 
load current to- 10 Adc. Output current capability can be in-
creased further through use of one- or more external pass tran-
sistors. The MPC1000 is specified for operation over the junction 
temperature range { -5Sto -H75°C) 

• 100 Watt Power Capability 
• Output Voltage Adjustable — 2 to 35 Vdc 
• Output Current to 10 Adc Without External Pass Transistors 
• 0.1% Line and Load Regulation 
• Temperature Stability 0.005%/°C Typ 
• Adjustable Overload Protection 

MAXIMUM RATINGS (Tc - +25°C. u n l « o t h e r W » noted.) 

Rating Symbol Value Unit 

Pulse Voltage I rom V j „ 2 to V g g ( 5 0 ms) vin2(p) 50 Vpeak 

Vir.2 4 0 vdc 

Input-Output Voltage Differential Vin1-V0 6 0 Vdc 

Output Current »L 10 Adc 

Current from V r e f »ref 15 mA 

Internal Power Dissipation & T c " 2 5 ° C 
Derate above T c - 2 5 ° C 

PD 
1/R0JC 

100 
0.G67 

Watts 
W / ° C 

Operatino JunctionTennperature Range Tj - 5 5 to + 1 7 5 ° C 

Storage-Temperature Range - 6 5 t o + 1 7 5 ° C 

Operating Case Temperature Range TC - 5 5 to + 1 5 0 ° C 

F I G U R E 1 - C I R C U I T S C H E M A T I C 

3*00 vQ 

° Compensation 

Nan VfE Inverting 
Inverting Input 
Input 

VOLTAGE REGULATOR 

HIGH-CURRENT 
10 AMPERE 

E 
SEATING 

PlANt 7 
t—o 

DIM 
MILLIMETERS I.KCHE5 

DIM MIN MAX Ml» MAX 

A j. 38 Rl 1 570 
B — 71.03 - 0 330 
C 6 35 8.13 o?;o 0 370 
0 0 9» 1.C9 0 033 0.C-3 
E — 3 43 - 013S 
F 73 93 ?n v) it?; 1.197 
G 11.94 BSC 0 #70 BSC 
X 7 11 1 S13 0 750 I 0 370 
M 3S-» fSC 35° BSC 
N IS-1 BSC 13* BSC 
Q 3M «ca 0.151 0161 
R - 26 C7 -

NOTE: 
1.1E AOS Vi IT HI N 0.13 mm (0.GQS) 

DIA OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION. 

CASE G62-01 

SOCKET/WASH EH NOTE: 
Mice Insulating Washer: Electronic 

Essentials Pa*t NOk MI9-1000 
Socktt: Electronic Essential* 

Pert No..MS 9-1000 
Electronic Essentia^ Inc. 
49 Qleehe* Street 
New York, New York 10012 

The Case 66? 01 pin coMiguWica is 
compatible with 9 j>m.m<n«eiu»e vecuum 
tube sockets. 

( , > M O I O H O L T INC . I » M DS 32i»9 HI 



ELECTRICAL CHARACTERISTICS (Tc - 2S°C. V,n1 - V,n2 = 12 Vdc. VCE » 0. VQ = 5 0 Vdc. lL = 10 mAdc. unless otherwise noted I 
Chjractetistic Figure No. Note Symbol M.n Unit 

Input V o i t n y Rang* 2 1 V , „2 9.5 40 V.fc 

Output Voiuge Ranyo 2 - v o 2 0 35 VlfC 

Input-Output Voltj;)? Differential 
U L - 10 mAdc) 2 2 v i r t i - v o - - 6 0 V d c 

V , n 2 V 0 - 3 3 
( l L > 4 . 0 Adc) 2 2 V , „ v V o 3 . 0 -( l L > 4 . 0 Adc) 

\ / , „ 2 - V o 5 . 0 -

Reference Voltuge 2 3 V , e f 6 .8 7 . 5 Vdc 

Standby Current Oravn 2 8 ' IB - 5 . 0 mAdc 
( l L - 0 . V i r i l - V , n 2 3 0 Vdc. V 0 » 5 . 0 Vdc) 

Line Regulation 
» V i o 2 * 12 Vdc to 15 VtJc> 2 2 . 6 - 0 . 1 % v 0 

<V,ni - V j n 2 =• 1 2 Vdc t o 4 0 Vdc) 2 2 . 6 - 0 . 5 % V 0 

Load Regulation 2 2.4,7 R e 9load - 0 J % V Q 

U l * 100 mAdc to 1 l " 4 . 0 Adc. pulsed) 

TEMPERATURE PERFORMANCE (lL « 10 mAdc. Vp « 5.0 Vdc. VEe * 0- " n l e » otherwise noted.) 

Characteristic Figure No. Note Symbol Max Unit 

Line Regulation 
I V j n i * V i n 2 =» 12 Vdc t o 15 Vdc) 

T C - - 5 5 ° C * 
T C - + 1 2 5 ° C 

2 2.6 R e9»n 

0 .5 
0 .5 

% v 0 

% V 0 

Lead Regulation 
( l L - 100 mAdc t o 4 . 0 Adc. V i n 1 V ^ - 12 Vcte) 

T C - - 5 5 ° C 
T C » + 1 2 5 ° C 

2 2.4.7 R e9load 

0.5 
0 .6 . 

% v Q 

* v Q 

Temperature Coefficient o f Output Vol tag* 
( V i n t » V i n 2 =» 12 Vdc. I L - 1.0 Adc. A T c - 180°C . 

T C « - 5 5 ° C to +125°C) 

2 2.4.5 T C v O 0.015 % v 0 

° c 

T Y P I C A L C I R C U I T C O N N E C T I O N S 

F I G U R E 2 - V 0 < V r s f 

VjnlO-

0.1 |»F 

V.nSO 

© V 0 

SOOliF 

0.1 nf 

Parameter Values 'o* Best Results 

R1 
_ R2<V r e l - Vq) 

R? 10 H < R 1 • .BJ<t00k 

R3 
i~R1 R*"] 

" |R1 • R2J 

'«c 

•To Allow For Variations In V f e | 
M . n ^ <Vf,»min) ~ vO> 111 R,a w" ' Vq 

I2><R,A • R,E» > — *2n - Vp' 
vO 

v i n l O -

0.1 It? 

vio2C>-

0.1 uF 

F I G U R E 3 - V 0 > V r e f 

~OV0 

:SOO*P 

Paramcier Value* for Best Rrtults 

R1 
R4 H5 

"r4 r«5 

R4 
^ R5 tV 0 - V,.,) 

v f e , 

10k -<R5<100 l i . „ 
— - — Tj - 25 C 

vc 
' To Allow For Variations In V r c f 

"» "4A ^ -

I2)IR4A • B4B1> 

^ n t l m i n ) 

IV 0 -
vi>llm»l 

In most applications V j n i «nrl V , „ 2 can tx» conn«;t*ii liiyctlior to 
eliminate oris of Iht- two Cd|)3. 'ton sliuvvn in tlio abOv« connrction 
diagram. I" ritlf siiuilion all cai»ac<tc>'» UiouJd Iw as clot* as 
posiitjle to tl»e il'ivco to imnimut lc-.id nnlucljoco. 

FVtOTOFtOL./\ Sc.~*r»ic;oiicfttctor F*roit*tcts trtc. 



1. "iV'inimum Input Voltage" is the minimum "total instantaneous 
input voltage" required to properly bias the internal zener 
reference diode. 

2. Set Rsc = 0 (short circuit) 
3. V r9f volt3ge is measured from Pin 2 to Pin 3. 

4. Pulse test conditions: Load current must be switched from 
minimum to maximum value at a repetition rate of 10 pps or 
less with a duty cycle of 1% or less in order to minimize heating 
effects. 

5. The temperature coefficient of output voltage is defined as-
±<Vq max-V0 min> H00) Tcvo *• (ATC) ( V 0 @ T C = 25°C) 

6. The input line regulation is defined as: 

± ( V 0 © V i n h i g h - V 0 @ V i n , o v v ) 
Regin = X 100 

v O v in low 

7. Load regulation is defined as: 

± IVQ @ ' Llow - Vp © ' Lhigh) (100) 
e 9 l o a d (V 0 @ >Llow) 

8. Standby current drain is defined as that value of current meas-
ured at Pins 6 and Case when R|_ is open circuited. 

FIGURE 3 - ACTIVE-REGION SAFE OPERATING AREA 
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FIGURE 6 - LINE REGULATION AS A FUNCTION OF 
INPUT-OUTPUT VOLTAGE DIFFERENTIAL 

FIGURE 7 - STANDBY CURRENT DRAIN AS 
A FUNCTION OF INPUT VOLTAGE 
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FIGURE 8 - LOAD TRANSIENT RESPONSE 
FIGURE 9 - LOAD REGULATION CHARACTERISTICS 
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FIGURE 1 0 - 5 VOLT 10 AMPERE HIGH 
EFFICIENCY REGULATOR 
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