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1.0 INTRODUCTION
This technical manual was prepared to encompass operation, 

theory of operation and maintenance viewpoints of the WCC Pressure 
Sensing System. This system, a one-of-a-kind device, essentially 
monitors the pressurization of the three waveguides and acts as a 
DCS system interface in making this pressure information available to 
the Monitor and Control System, and, hence, the computer overlays 
for monitoring.

The WCC Pressure Sensing System is a part of the Antenna Zero 
System and, hence, a part of the Monitor and Control System. Upon 
initial installation it also became a part of the Waveguide Pressuriza
tion and Charging System in a passive role, as it offers no control 
functions over the charging system. Hence, it also is a responsibility 
of the Waveguide Group. It is for the latter that this documentation 
was specially prepared.
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2.0 GENERAL DESCRIPTION
2.1 Waveguide Pressurization/Charging System

"The VLA waveguide system is pressurized with dry nitro
gen gas supplied from a tank of liquid nitrogen (LN 2). The 
pressurization with nitrogen is required in order to provide a 
low-loss transmission medium in the bandwith 27 to 52 GHz. 
Nitrogen does not have any natural resonant frequencies in this 
bandwidth."1 This pressurization of the waveguide system also 
tends to protect the waveguide from water in the event of rup
ture or poor seal.

The charging system consists of a 1500 gallon tank of LN2, 
heat exchangers to insure a d ry gaseous state, the various con
trol, vent and relief valves required, and the pressure regula
tors to keep this nitrogenated pressure at the desired pressure. 
The charging system has the capability to pressurize the system 
at any level from 1 to 22 psi. Currently, 2.0±0.1 psi is used 
for the system pressure.

This pressure is maintained by the actions of two series 
regulators. A nominal pressure of 15 psig (above atmosphere) is 
reduced to 5 psig by the first regulator. This 5 psig will, of 
course, vary  with the atmospheric pressure. The waveguide 
pressure is to be maintained at a constant pressure, isolated 
from atmospheric pressure variations. This is accomplished by 
*ttie 2 psia regulator, which is referenced to a vacuum. it 
maintains an output of 2 psi above the normalized atmospheric 
pressure of 780 mb, or nearly 13 psi absolute. Thus, the 
pressurization is maintained at this level and independent of 
atmospheric pressure fluctuations.

Because each waveguide arm is an independent subsystem 
(separate regulators, e tc .), it is a mandate to monitor each arm 
as a separate entity. This is illustrated by the fact that a leak

lMWaveguide Pressurization System and Procedures", Bill delGiudice, 
VLA
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in the waveguide (or intentional venting), will only effect one 
waveguide and not influence the other two waveguide pressures.

Figure 1 shows the piping arrangement of this charging 
system and is included herein for reference purposes only. The 
charging station is located about 50 metres north of the Control 
Building.

CAUTION: Waveguide pressurization should be controlled, 
adjusted or modified by authorized personnel only.
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2.2 LX1703A Pressure Tranducers
"The (LX1700) series of pressure transducers (National 

Semiconductor Corporation) are hybrid IC devices with internal 
operational amplifiers, temperature compensation, signal condi
tioning and voltage regulation to provide a linear and accurate 
voltage output corresponding to the applied pressure."2

The LX1703A is a 0-30 psia (absolute) pressure transducer 
mounted in a rugged die cast zinc housing with a 1/8" NPT 
fitting. This meets both the electrical and physical requirements 
of the WCC Pressure Sensing System. There is a LX1703A 
transducer for each of the three waveguide arms mounted on the 
20-mm waveguide sections immediately after the 60 mm-to-20 mm 
waveguide transition. An isolation valve separates the trans
ducer from the pressurized waveguide.

An electronic pressure transducer was chosen due to the 
requirement of providing the waveguide pressures as a moni
toring point through the Monitor and Control System. These 
pressures are thus available on the "MW1 Overlay" (MW1 DCS-0 
Data Set 5) and to the computerized monitor logging features of 
MONTY. Local gauge readings are also provided on the amplifier 
and control unit at the waveguide station.

These transducers require +12 V excitation.
Refer to the LX1703A data sheets in the Appendix for 

ladditiorral irrformation.

2,,Pressure Transducer Handbook", National Semiconductor, 1977.
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2.3 Amplifier and Control Unit
The output of the pressure transducers must supply this 

pressure information to local gauges (meters) and to the Monitor 
and Control System. Also, the voltage outputs of the trans
ducers, though linear, contain voltage offsets (b ias) that render 
the output voltages difficult to implement for direct monitoring of 
volts-to-pounds of pressure. Hence, the amplifier and control 
unit conditions the transducer output voltage (V x ), provides the 
"scaling factor" necessary for volts-to-pounds conversion, and
makes this pressure output voltage (V  ) available to the localP
pressure meters and to the Monitor and Control System as a Data 
Set analog input.

Additionally, the control unit provides the +12 V excitation 
to the transducers, provides internal monitoring (power supply 
voltages, d tc.) and alarm circu itry. The alarm circu itry consists 
of voltage comparators that sense when the three waveguide 
pressures exceed their respective HI- and LO-PRESSURE limits, 
and when activated provides a visual alarm of the condition. 
The alarm condition is also "latched", that is "stored" until 
manually cleared, to indicate that an alarm condition had occur
red. The alarm set points (H I- and LO-PRESSURE) are adjust
able and may be changed at any time. They are currently set 
at 1.8 psi (LO ) and 2.2 psi (H I) .

Refer to -Figure 2, Overall -Block Diagram.
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2.4 DCS Interface
The three pressure outputs of the three waveguide pres

sures are sent to DCS-0 (Antenna Zero) Data Set 5 as analog 
inputs. These analog signals are routed through DCS-0 cable 
"W105B".

These analog signals (V P g, VPn , VPe) are buffered by 
unity gain op-amps as a cable driver to prevent any loading 
effects to the scaling amplifiers. Empirical measurements show a 
nominal 5 mV voltage loss in this drive scheme, which relates to 
a ±2 bit error in the Data Set analog-digital converter, (includ
ing the ±1 bit analog-digital accuracy), or in terms of pressure, 
a ±0.010 psi error.

To eliminate lengthy cable runs of analog lines and Data Set 
sub-MUX address lines (SM A ), the analog multiplexer that se
quentially selects the proper waveguide pressure (under Data 
Set 5 control) is actually located in module M9 of the Antenna 
Zero System.

The resulting monitor points are:

WCC Pressure, S Arm MUX 020 DCS-0 DS 5
N Arm MUX 021 
E Arm MUX 022

The Data -Set -5 PROM selects “this "data, -and xonsequently is 
part of the monitor word one (MW1) overlay.

Refer to Figure 3, MW1 Overlay Presentation.
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3.0 DETAILED C IRCU IT  ANALYSIS
3.1 Transducer Scaling Amplifiers

(Refer to Schematic Diagram, sheet 1 .) There are three 
separate scaling amplifier channels that are exactly identical 
except for component location. The following discussion and 
references are based on "Channel 1 - SW Arm ."

The input voltage from the transducer may be expressed
as:

Vx = Vo + (S  • Pa>

where; Vx = transducer output voltage 
VQ = offset calibration voltage 
S = sensitivity (mV/psi)
P = applied pressure (psia).

For the LX1703A transducer and the VLA application, these 
parameters are:

V = +2.5±0.5 V bias offseto
S = 333±3 mV/psia 
P = 11-12 psia (ty p ).3

This yields a typical input voltage of: (at 13 psia)*

V = V + (S  • P ) x o a
= 2.5 V + (333 mV/psia • 13 psia)
= 2.5 V + 4.33

V = 6.83 V x

The waveguide pressurization is currently specified for 
"2 p s i", which in reality means "2 psi above the normalized

*The normal, average atmospheric (barometric) pressure at the VLA 
Site is 780 mb (~11.4 psi) + 2.0 psi WCC pressure ~ 13 psia.
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atmospheric pressure". Since this 2 psi is the pressure of 
interest, all other pressures and offset voltages from the trans
ducer must be eliminated. This is performed primarily by 
TRANSDUCER OFFSET AMPL, U1 A. Resistors Z4R1 and Z4R5 
form a summing junction. Of the +6.83 V (nom.) transducer 
input, about +6.2 V is attributable to the offset bias and atmos
pheric pressure of the transducer, and, hence, "subtracted"’ by 
inserting -6.2 V from Z4R5, the OFFSET B IA S  adjustment. The 
resulting output of amplifier U1A is zero volts with the trans
ducer exposed to an atmospheric pressure of 780 mb. A 100 k 
ohm pot was chosen for Z4R5 to provide a wide range of offset 
bias (0 to -15 V ) should future requirements call for a higher 
waveguide pressure or for a true absolute pressure reading.

The output of amplifier U1A now represents only the sensi
tiv ity  of the transducer: 333 mV/psi above atmosphere. The 
WCC Pressure Sensing output was specified to be scaled such 
that 2.00 V = 2.00 psi to simplify "software" requirements of 
MONTY in developing the pressure "overlays". SCALING AMPL, 
U1B, provides a gain of ~3.33 (adjustable) to convert the 333 m 
V/psi sensitivity of the transducer (and offset amplifier) to
1.000 V/psi. The output of SCALING AMPL, U1B, therefore, is 
scaled volts-per-pound of pressure.

MONITOR DATA BU FFER , U4A, is a noninverting, unity 
-gain buffer -amplifier providing the scaled transducer output to 
the Monitor and Control System.
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3.2 Alarm C ircu itry
(Refer to Schematic Diagram, sheet 4 .) Since the purpose 

of the WCC Pressure Sensing System is to monitor for the proper 
pressurization of the three waveguides, the means of detecting a 
pressure abnormalty is also essential.

The alarm circu itry constantly monitors the three waveguide 
pressures and if any of these pressures should exceed a preset 
H I-PRESSURE point, or fall below the LO-PRESSURE point, an 
alarm condition is considered to be present. When this alarm 
state occurs, an alarm LED indicator on the control unit is 
illuminated to indicate which one of the three waveguides ex
hibits improper pressure. In addition, an alarm latch is set to 
store the alarm indication until manually reset. In the event the 
alarm condition is temporary and restores to normal pressure, 
the alarm latch will continue to indicate that an alarm condition 
had occurred, and to indicate which of the three waveguides was 
affected.

The basic alarm detecting element is the LM319 voltage 
comparator, U10 (south arm channel). Resistor U14-2 estab
lishes the H I-PRESSURE threshold and U15-2 the LO-PRESSURE 
threshold. The pressure input (2 psi nom.) is constantly com
pared to these two thresholds, and when either threshold is 
reached, or exceeded, the comparator output will go from HI 
(+12 V CMOS) to LO (O V ). Inverter U16 -will illuminate the SVV 
ARM ALARM LED for the duration of the alarm condition.

When the comparator goes LO (alarm ), the input logic is 
satisfied to set alarm latch U19A, CD4044 R-S LATCH. This 
latch will illuminate the SW ARM LATCH LED until manually reset 
(application of logic LO on the R inputs).

Note that the HI- and LO-PRESSURE threshold voltages are 
adjustable and may be set to any desired "pressure" within the 
range of the transducers. These voltages are also made avail
able to the metering/select circu itry.
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3.3 Metering/Select C ircu itry
(Refer to Schematic Diagram, sheet 5 .) Local indication of 

the waveguide pressures is desired for regular operation and 
maintenance purposes. The front panel thumbwheel switch 
METER CHAN SELEC T , selects the parameter to be displayed on 
the three meters. The parameters and select numbers are:

Select Meter M1 Meter M2 Meter M3
0 PSIA-S PSIA-N PSIA-E
1 +15 V Monitor +5 V Monitor +12 V Excitation
2 HI -PRESS-S HI-PRESS-N HI-PRESS-E
3 LO-PRESS-S LO-PRESS-N LO-PRESS-E
4 VX-S VX-N VX-E

where,
PSIA  = scaled pressure output, 2 psi nom.
+15 V Monitor = +15 V t 2, +7.5 V nom.
+5 V Monitor = +5 V power supply
+12 V Excitation = +12 V CMOS and transducer

drive -r 2, +6 V nom.
HI-PRESS = alarm H I-PRESSURE set points 
LO-PRESS = alarm LO-PRESSURE set points 
VX = actual transducer output voltage; +6.8 V nom. 
-S, -N, -E — south, north, -east arms, respectively.

It should be emphasized that the local meters are for local 
monitoring only, i .e . ,  as a quick check for proper operation. 
These meters are simple vane-movement types with a 15% accur
acy. The TEST  POINTS should be used in conjunction with an 
external VOM or DVM for precise measurements of the selected 
parameter, or for driving a chart recorder.

The analog selection is performed by two analog multi
plexers, U17 and U18, an HI-1828A CMOS multiplexer. The 
input channel to be selected as the output is controlled by the

16



digital inputs, A0 and A1, a 0 V to +12 V CMOS LO-HI input 
from the thumbwheel SELECT  switch.

As these multiplexers are 4-channel switches, and five 
parameters are selectable, further multiplexing is accomplished 
by analog switches U22 and U23, an AD7512 SPST  switch. 
These switches are used to select either the TRANSDUCER 
PRESSURE (Select 4) or the PSI A scaled pressure (Select 0). 
Consequently, the PRES MON input to the HI-1828A MUX's may 
be either the XDUCER or PSIA  values, depending upon the state 
of the AD7512 switches. The PRES MON inputs are displayed on 
the meters when the SELEC T  switch is selected to 0 or 4. The 
"4 bit" on the select switch further selects the AD7512 switches 
to the proper pressure desired.

The outputs of U17 and U18 MUX‘s are buffered by U24, an 
RC4558 quad op-amp, to form a noninverting, unity gain buffer, 
to drive the front panel meters and the TEST  POINTS.

17



3.4 Power Supplies
(Refer to Schematic Diagram, sheet 6 .) The amplifier and 

control unit requires -15 V, +5 V, +12 V, and +15 V. Trans
ducer excitation requires +12 V. Input voltage, ±15 V, is de
rived from the ±15 V power supply in Rack MC, a part of the 
DCS-0 System. This ±15 V is made available to the amplifier and 
control unit circu itry. Device VR-1, LM7812, is a positive 12 V 
regulator IC , which forms the regulated +12 V CMOS logic drive 
and the transducers +12 V input excitation. VR-2, LM7805, is a 
positive 5 V regulator IC, which forms the regulated +5 V logic 
and LED drive.

Resistors Z5R1 and Z5R2 form a voltage divider network to 
divide the +15 V to +7.5 V for monitoring.
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4.0 OPERATION
Operation of the amplifier and control unit is very straight

forward. Since input power is derived from the Antenna Zero 
System, input and derived voltages should be occasionally checked by 
SELECT  CHAN I and insuring the meter readings are in the "green" 
areas.

Waveguide pressure is monitored by SELEC T  0. The scaled 
pressure is sent to DCS-0 Data Set 5 continuously, regardless of 
what select channel is being displayed.

In event of alarm condition, the actual pressure should be de
termined by observing the proper computer overlay or by using an 
external DVM applied to the meter channel in question. If the 
latched alarm needs to be cleared, simply depress the RESET push 
button. If the alarm immediately returns, the alarm condition still 
exists. Meter Select 4 will verify  the proper output of the trans
ducer (+6.8 V±0.4 V nom.). Select channels 2 and 3 will show the 
pressure limit set points, and if the alarm is justified (V  LO-PRESS < 
VP < V H I-PRESS).
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5.0 MAINTENANCE
The circuit descriptions given in Sections 2.0 and 3.0 in con

junction with the schematic diagrams (Figure 4, sheets 1-6) should be 
sufficient to perform any required maintenance. The logic board 
layout, dip header details and special device data sheets are also 
provided in the Appendix.

In the event that replacement of the LX1703 transducer(s) is 
required, see Section 6.0, INSTALLATION/REPLACEMENT, for proper 
mechanical and electrical procedures.

Input/output cabling details are presented in Figure 6.
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6.0 INSTALLATION/REPLACEMENT
Initial installation was performed in June 1979.
In the event of removal of a transducer requiring reinstallation, 

or replacement of same, the following guidelines are provided.

6.1 Removal of Transducer
1. Disconnect connectors P1, P2, P3 from J1 , J2 , J3 

on the ribbon cable from the transducer.
2. Do not exert any force (pulling) on the ribbon cable.
3. Close isolation valve to remove transducer pressure.
4. Remove transducer housing from the waveguide and 

valve assembly.
5. Do not let d irt or grease enter the pressure access 

fitting. Do not blow into fitting, as moisture can 
cause damage to pressure sensor.

27



6.2 Installation of Transducers (and Alignment)
1. Install transducer pressure fitting into waveguide 

valve access and tighten firmly with wrench. Apply 
Teflon tape to insure good pressure seal.

2. Connect ribbon cable connector P1, P2, P3 to re
spective J1 , J2 , J3 , without stressing cable. Insure 
sufficient flex (loop) in the cable.

3. Refer to Figure 5 for proper orientation and installa
tion scheme.

4. With power applied, take transducer reading in volts 
and record. With external DVM, measure output 
pressure (Select 1). Adjust appropriate OFFSET B IA S 
ADJ for zero volts (0 psi atmospheric). Every trans
ducer exhibits a different offset value, making this 
adjustment necessary upon replacement.

5. Open isolation valve to transducer.
6. Measure transducer output voltage with applied pres

sure. Subtract to find difference voltage from atmos
pheric pressure obtained in step 4. Divide difference 
by 0.333 V to verify  applied pressure is producing 
correct output.

VX with pressure = VX (step 4)
-VX -atmospheric -VX (step 6)

= AVX = AVX

_ AVX 
pSI ”  0.333 V

for 2 psi AVX ~ 666 mV = 0.666 V

Adjust appropriate GAIN control for an output pres
sure reading equal to the psi calculated in step 6,
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6.3 Interconnecting Wiring
The transducers are connected to the amplifier and control 

unit via TB1, TB2 and TB3. Refer to Figure 4 for color coding 
of wires to proper TB  terminals.

The voltage inputs and analog outputs to Antenna Zero are 
done through DCS-0 cable "W105B". Refer to Figure 6 for 
proper color coding and connections to TB4 and TB5 on the 
amplifier and control unit. Alterations to the wiring at the 
Antenna Zero end-of-things should be performed by the DCS Lab 
only.

Terminal board details of TB1 and TB5 are given in the 
Appendix.
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7.0 APPENDIX
This Section contains miscellaneous data and drawings useful for 

maintenance and troubleshooting. Special device data sheets are also 
included for reference.
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National 
Semiconductor

Backward Gage Pressure Transducers
LX16XXGB, LX17XXGB SER IES  
DESCRIPTION
The LX 1 6 X X G B  and LX1 7 XXG B  Series are backward 
gage pressure transducers with operating pressure ranges 
of ±5 psig to 0—300 psig. These units provide superior 
protection against corrosive and conductive working 
fluids by applying the pressure to the back side of the 
sensor diaphragm. For each operating pressure range, 
the transducer is available either in the basic PX6B 
hybrid 1C package for easy PC board mounting or in 
the compact, rugged PX7B zinc alloy housing with 
1/8" NPT fitting for systems requiring mechanical isola
tion from extraneous forces.

Like other National 1C pressure transducers, these units 
are designed to provide high accuracy and excellent 
stability. They are field interchangeable and can be 
easily interfaced with auto-reference, control and display 
systems. Each device includes internal temperature com
pensation, voltage regulation and full signal conditioning 
by an operational amplifier with a low-impedance 10V 
output.

FEATURES
■ ±5 psig to 0—300 psig
■ Backward gage construction
■ Hostile working fluid protection
■ Hybrid 1C package for PC board mounting
■ Ruggedly housed versions
■ Temperature sensor
* High accuracy
■ Easy auto-reference interface
■ Temperature compensation
■ Excellent stability
■ Field interchangeability
■ Available from National distributors

BLOCK DIAGRAM
—O  V ( (GREEN)

3 VT (ORANGE) 
—O  (POSITIVE MAS 

ONLY)

(YE I  LOW)
« FOR FACTORY 

USE ONLY 
(00 NOT CONNECT)

O  Vp (BROWN)

^OGNO(REO)

2 6

TEMPERATURE 
SENSOR 

(SEE SECTION SI

National patents 3836796. 3886799, 3899695

LX17XXGB (LX16XXGB Inset)

APPLICATIONS
■ Saline solutions
■ Sewage
■ Petro chemical systems
■ Aqueous solutions
■ Process fluids
■ Medical dialysis
■ Water management 
• Cooling systems
■ Fuel management
■ Liquid head

F|G. 9  -  LXI703 DATA SHEETS
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u>cr>

MAXIMUM RATINGS

Excitation Voltage 30V 
Output Current

Source 20 mA
Sink 10 mA

Transducer Bias Current 20 mA
Operating Temperature Range 0 °C  to 85°C 
Storage Temperature Range -40°C to +105°C
Lead Soldering Temperature (10 seconds) 260°C

TYPICAL CHARACTERISTICS

Output Voltage Sensitivity to Excitation Voltage 0.5%
Output Impedance <5012
Electrical Noise Equivalent (0 < f < 1 kHz) 0 04% Span
Natural Frequency of Sensor Diaphragm > 50 kHz
Transducer Bias Current 11—15 mA

BACKWARD GAGE PRESSURE D EV ICES-GUARAN TEED  SPECIFICATIONS*

D EV IC E
T YPE

O PERA T IN G
PR ESSU R E

RAN GE

M AXIM UM
O V ER

P R ESSU R E

R EF E R E N C E  T EM PER A T U R E  = 25" C 
R E F E R E N C E  P R ESSU R E  = 0 psi

EXC IT A T IO N  V O LT AG E , Vg * 15 V DC (NOTE 2) 
O PERA T IN G  T EM PER A T U R E  = 0 C to 85 C

O FFSET  SPEC IF ICAT IO NS SPAN SPEC IF ICAT IO N S

O FFSET
C A L IB R A T IO N

V

TEMP. 
C O EFF IC IEN T  

! psi/C

R E P E A T A B IL IT Y  
♦ psi

S T A B IL IT Y
.*. psi

S EN S IT IV IT Y
C A L IB R A T IO N

mV/psi

TEMP. 
C O EFF IC IEN T  

1 psi/C

L H R  
(NOTE 1) 

* psi

S T A B IL IT Y  
* psi

LX1601GB. LX1701GB -5 to *5 psig 40 psig 7 5 *0 5 0 0054 005 0 3 1.000 120 0 0054 0 05 0 05
LX1611GB. LX1711GB -5 to *5 psig 100 psig 7 5 '0  5 0.0054 005 03 1.000 120 0 0054 005 0 05
IX1602GB. LX1702GB 0 to 15 osiq 40 osiq 2 5 * 0 3 00072 006 03 670 * 13 0 0072 0 07 0 06
IX1603GB. LX1703GB 0 io 30 psig 60 psig 2 5 >0 25 0 009 0 1 03 333 *6 0 009 0 16 0 10
LX1604GB. LX  1704GB -15 to +15 psig 40 psig 7 5 *025 0009 0 1 03 333 * 6 0 009 0 16 0 10
LX1610GB. LX  1 710GB 0 to 60 psig 100 psig 2 5 ?0 25 0.018 02 0 6 167 13 3 0018 0 36 0 24
LX  1620GB. LX1 720GB 0 to 100 psig 150 psig 25  *02 00216 04 10 100 *2 00216 0 60 0 40
LX1730GB 0 to 300 psig 450 psig 2 5 ?0 2 0 063 10 20 33 3 *0 67 0 063 20 1 0

Note 1: L H R combines linearity, hysteresis and repeatability of span.
Note 2.  Operation is possible with excitation voltage as low as 10V. Output voltage will saturate at excitation voltage less 2V 

*See Section 3 for definition of specifications



PX7 S E R IE S  HOUSINGS PX7 S E R IE S  “ DO'S AND D O N 'T 'S "

The LX 1 7 XX  series transducer is provided in a rugged 
outer housing with 1/8" NPT fitting(s) and a 10-inch 
ribbon cable with a connector for use with a zero- 
insertion-force mating connector. This connector can be 
used for incoming inspection, calibration and testing bi' 
should be cut off for permanent installation (since thee 
is no mating connector suitable for field installation!.

PX7 S E R IE S  M EC H A N IC A L IN T ER FA C E

Single-Port: The single port housings (PX7. PX7F, PX7N, 
PX7FN ) each have a single 1/8" NPT male fitting. The 
housing must be anchored by this fitting and the con
nection sealed with teflon tape as shown in Figure 9. 
It is especially important to use teflon tape between the 
two fittings when the zinc housing (PX7) is fit to a 
dissimilar metal. The nylon NPTS fitting (PX7N ) should 
be used for a gasket or O-ring seal when it is inserted in 
a metallic female fitting and the system must work over 
a large temperature range. In either case, the female 
fitting must be rigidly held to minimize vibration. A 
typical PX7 installation is shown in Figure 10.

Dual-Port: The dual-port housings (PX7D and PX7D F) 
each have 2 in-line 1/8" NPT female fittings for pipe 
mounting and 2 1/4-20 threaded female screw holes for 
optional panel mounting. The housing is made of brass 
for extra strength and can be mounted either in line as 
shown in Figure 11 or on a panel as shown in Figure 12. 
As with the single-port versions, it is good practice to seal 
the PX7D pressure connections with teflon tape and use 
a rigidly held mount to minimize vibration.

Cable Support: The cable is connected directly to the 
transducer pins and must be secured near the transducer 
to minimize stress on the pins (Figures 9 through 12). 
The section of cable between the cable support and the 
transducer should be short and firm.

Moisture Protection: The PX7 housing is environmental, 
not hermetic, and must be protected from moisture 
seepage into the cable-transducer interface. Moisture on 
the leads causes metallic plating while power is applied 
to the transducer. Do not po t the transducer. For opera
tion in humid environments a separate hermetic outer 
enclosure should be used.

PX7 E L E C T R IC A L  IN T ER FA C E

Pins 3 and 4 should never be grounded, and no 
connection at all should be made to pin 4. Pin 3 is the 
temperature sensor output and, if used, should only be 
connected to a high impedance amplifier (see temperature 
sensor discussion). The transducer output signal (pin 1) 
should be connected only to an impedance of not less 
than Ik. A VE-toground bypass capacitor (0.22 pF 
ceramic or 1 pF tantalum) must be connected on the 
cable to prevent oscillation in noisy electrical environ
ments. As shown in Figure 13. the capacitor is con
nected between the green (Vg ) and red (ground) wires 
no more than 4 inches from the transducer. The power 
supply leads must never be reversed, and the operating 
voltage Vg should always be at least 10V. With this 
voltage the maximum output signal is 8V. The recom
mended minimum normal operating voltage V£ is 15V. 
This provides the full signal output of up to 13V.

FIGURE 9. PX7 Housing Interface

FIGURE 10. Typical Single-Port PX7 Installation

DO

• Anchor by pipe threads into a rigid fitting.
• Use teflon tape to seal connection.

• Use NPTS thread on nylon PX7N package to make 
gasket or O-ring seal when metal fitting is used and 
system has wide temperature range.

• Use threaded holes for optional panel mounting of 
PX7D or PX7DF.

• Use separate outer hermetic enclosure in humid 
environments.

• Anchor cable close to transducer for stress relief.
• Use cable end connector with zero-insertion-force 

connector for incoming inspection and other testing.
• Cut off end connector for permanent installation.
• Install VE-to-ground bypass capacitor (0.22 pF 

ceramic or 1 f j F tantalum) in noisy electrical 
environments.

DON'T

• Screw zinc housing into dissimilar metal fitting unless 
teflon tape is used for chemical isolation.

• Allow catenary loop in cable.

• Seek mating connector for permanent installatior 
(doesn't exist).

• Allow moisture to enter cable-transducer interface 
(seal is environmental, not hermetic).

• Submerge transducer in water.
• Pot the cable-transducer interface.

• Attempt to measure water or other corrosive fluid 
without backward gage or fluidic isolation.

• Connect pin 3 and 4 to ground.
• Make connection to pin 4.

• Connect signal output to less than Ik  impedance.
• Reverse power supply leads or allow Vg below 10V.

• Operate with V£ higher than 30V.

PX4 S E R IE S  HO USINGS

The LX14XX  Series transducer is provided in a concentric 
brass (PX4) or stainless steel (PX4S) housing with a 
1/4" NPTS male fitting (female on PX4F or PX4FS) and 
three flying leads. The lead-transducer interface is epoxy
sealed for hermetic protection, which allows the PX4 
to be used in extremely humid environments. With 
fluidic isolation (PX4F or PX4FS) the LX14XX  Series 
transducer can be submerged in water without damage, 
but an outer hermetic enclosure is recommended if it is 
to be submerged in a saline solution or in water for an 
extended period (see next section). The PX4 series 
housing is ruggedly built for easy interfacing in any 
pressure-flow system, and it will provide high perform
ance and reliable, trouble-free service if the following 
simple rules are adhered to in its electromechanical 
interface.

f i g . io  L X I7 0 3  a p p l i c a t i o n  n o t e s
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Ib./in7* o*./in.2 lb./ft.2 ton/in.2 ton/ft.2 in. H*0 ft. h 2o in. Hg.
ENGLISH

1 Pound/sq. in. - 1.0000 16 000 144.00

X — 
O

S
8

* 
0 7 2000

x10-2
27 680 2.3067 2.0360 6.8045

x10“ *
1 Ounce/sq. in. - 0.0625 1.0000 9.0000 3.1250

xIO-6
4.5000xio-3 1.7300 0.1442 0.1272 4 2528

xio-3
1 Pound/$q. ft. - 6.9445

xIO-3
0.11111 1.0000 3.4723

xIO-®
5.0000
x10“ 5

0.19223 1.6019
x10“ *

1.4139
x10“ 2

4 7254 
xIO-4

1 Ton/sq. in. - 2000.0 32000. 2.8800
xIO®

1.000 144.00 55361. 4613.4 4072 0 136.09

1 Ton/sq. ft. • 13.889 222.22 2000.0 6.9445
x10~3

1.0000 384.45 32.038 28.278 09451

1 Inch water 39°F. ■ 3 6127
x10-2

0.5780 5 2022 1.8063 
x10-5

2 6011 
xlO-3

1 0000 8.3333
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7.3554
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2 4582 
xlO‘ 3

1 Foot water 39° F. ■ 0.43352 6.9363 62.427 2.1676
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3.1213
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12 000 1.0000 08826 29499
xlO ‘3
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x10~*

3 5363
x10-2

13.596 1.1330 1 0000 33421
x10~2

dyne/cm.*** g/cm.2 kgVcm.2 cm. H jO  m. H2O mm. Hg.*** u Hg.

68947.

4309.2

478.80

1.3789
x10°

9.5760x105
2490.8

29890.

33864.

70.306

4.3941

0 4882

1.4061
x106

976 48 

2 6399 

30.479 

34.532

7.0306
x10~3

4.3941
xIO-J

4.8824
xIO^4
140 61 

0.9765

2 5399 
10-3«io-

3.0479xlO'5
3453
x10‘

3453|

70.308

4.3942
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0.7031
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x10“ 3

0 53525 4.4605
xIO"*

3 9370
x10'2

1.3158
xlO '3

1333 2 1 3595 1 3595 
xIO-3

1 3595 1 3595 
x10~2

1 0000 1000 0

1 Micron Hg. 0°C. • 1 9337 
x10-5

30939
x10~4

2.7845
xIO"*

9.6684
x10-9

1.3922 
x10 ■«

5.3525
xIO -4

4 4605 
x10-5

39370
xIO-6

1.3158
. xIO 6

1 3332 1.3595
xlO ‘3

1 3595 
x10~6

1.3595
xlO‘ 3

1.3595 
x IO ’5

00010 1.0000

’ 1 lb./in. - 1 p«i 
*1 dyne/cm,^ « 1 microbar < 
*1 mm. Hg. * 1 lorr

10 K Pa - 0.1 Pa (Pascal)
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8 Channel Analog Multipexers

FEATURES

•  SIGNAL RANGE
•  "O N" RESISTANCE
•  INPUT LEAKAGE AT+125°C
•  ACCESS TIME
•  POWER CONSUMPTION
•  DTL/TTL COMPATIBLE ADDRESS
•  -55°C TO +125°C OPERATION

115V 
250 n  TYP. 

20nA TYP. 
350ns TYP. 
5mW TYP.

GENERAL DESCRIPTION

The Harris HI-1818A and HI-1828A Analog Multiplexers represent a 
significant breakthrough in analog switch performance. Vastly superior 
characteristics are obtained through the unique process of forming com
plementary MOS transistors in a dielectrically isolated substrate. These 
devices are useful as multiplexers, signal selectors, and choppers over a 
wide range of signal levels and switching frequencies. The HI-1818A is 
a single 8 channel multiplexer while the HI-1828A is a differential
4 channel version. The devices are packaged in a standard 16 pin dual 
in-line hermetic case and are available in the full military or commercial 
temperature ranges.

PACKAGE

CODE 1W 16 LEAD CERAMIC D.l.P.

E, A  A  A  A  A  A 4
8 7 6 5 4 3 2 1

9 10 11 12 13 14 15 16

INDEX a h . DIMENSIONS IN INCHES 
NOTCH ALL DIMENSIONS i  .010

UNLESS OTHERWISE SHOWN.

PIN OUT/TRUTH TABLE PIN OUT/TRUTH TABLE

HI-1818A
ADDRESS A! 1 

+5.0V SUPPLY 2 
ENABLE 3 

ADDRESS A , 4

HI-1828A
16 AOORESSAq 
15-15V SUPPLY  
14+15V SUPPLY 
13 IN 1

ADORESS 
Aj Ao EN

"ON"
CHANNELS

L L L 1 and 5
L H L 2 and 6
H L L 3 and 7
H H L 4 and 8
X X H NONE

ADDRESS "ON"
a 2 A 1 a Q EN CHANNEL
L L L L 1
L L H L 2
L H L L 3
L H H L 4
H L L L 5
H L H L 6
H H L L 7
H H H L 8
X X X H NONE

ADORESSAj 1 
♦5.0V SUPPLY 2 

ENABLE 3 

OUT 5THRU 8 4
IN 8 5 
IN 7 6

IN 6 7
IN 5 8

16 AOORESSAq

15-15V SUPPLY 
14+15V SUPPLY 
13 IN 1
12 OUT 1 THROUGH 4 
11 IN 2 
■10 IN 3 
.9 IN 4

FIG . \'L~  HI- I820A DATASHEET



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS {NOTE 1}
Supply Voltage Between Pins 14 and 15 40.0V
Logic Supply Voltage, Pin 2 30.0V 
Analog Input Voltage: Vgupp|y +2V

VSupply ' 2V

Digital Input Voltage
Total Power Dissipation (Note 2)
Storage Temperature Range

V-Supply to V+ Supply 
780mW
-65°C to +150°C

1

ELECTRICAL CHARACTERISTICS

Supplies * +15V,-15V, +5V HI-1818A-2/1828A-2 

-55°C to +125°C

H1-1818A-5/1828 A-5 

0°C to +75°C
PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. UNITS

ANALOG CHANNEL CHARACTERISTICS 
*  V||\|, Analog Signal Range Full -15 + 15 -15 + 15 V

* RON* ON Resistance (Note 3) +25°C
Full

250
300

400
500

250
300

400
500

n
n

* Ig(OFF), Input Leakage Current Full 20 50 20 50 nA

* Iq (0N), On Channel Leakage (HI-1818A) 
Current (HI-1828A)

Full
Full

100
50

250
125

100
50

250
125

nA
nA

* Iq (OFF) Output Leakage Current (HI-1818A)
(HI-1828A)

Full
Full

100
50

250
125

100
50

250
125

nA
nA

DIGITAL INPUT CHARACTERISTICS 
V||_, Input Low Threshold Full 0.4 0.4 V

V|h , Input High Threshold (Note 4) Full 4.0 4.0 V

*I|N, Input Leakage Current Full .01 1 .01 1 pA

SWITCHING CHARACTERISTICS 
T5 Access Time (Note 5) +25°C 350 350 ns

Break-Before-Make Delay +25°C 100 100 ns

C||\| Channel Input Capacitance +25°C 4 4 pF

Cq u t  Channel Output Capacitance
(HI-1818A)
(HI-1828A)

+25°C
+25°C

20
10

20
10

pF
pF

Cq , Digital Input Capacitance +25°C 5 5 pF

POWER REQUIREMENTS 
Pp. Power Dissipation Full 5 5 mW

Pq<j, Standby Power (Note 6) Full 5 5 mW

* l+. Current Pin 14 Full 0.1 0.5 0.1 1 mA

* l_. Current Pin 15 Full 0.3 1 0.3 2 mA

* I I ,  Current Pin 2 Full 0.3 1 0.3 2 mA

Li-150

N O T E S : 1. Voltage ratings apply when voltages at all o ther pines 
are w ith in  their nom inal operating ranges.

2. Derate 9.25 m W / °C  above ? 5 °C

3 V OU T  = - 10 v  'O U T  “ -100/U A 

*100%  Tested For DASH  8

4. To drive from  D T L / T T L  circuits. IK H p u l lu p  resistors 
to + 5 .0V  supply are recommended.

5. T im e measured to 9 0 %  of final output level;
V q u j  = - 5 .0 V to  +5.0V, Digital Inputs =
OV to +4 0 V .

6. Vo ltage at P in  3, E N A B L E  = +4.0V.

40



PERFORMANCE CHARACTER/ST/S

ON RESISTANCE vs 
ANALOG SIGNAL LEVEL

^ __100 n A

U L T  "
v 2

IN

OUT

f - v ’

ON '  100 M A
Test Circuit

350

300

250

200

150

’ 00

+125*

•C^ 5

3Q-55*

-10 -8 -6 -4 -2 0 + 2 + 4  
V | - S IG N A L L E V E L  (VO LTS)

+6 +8 +10

ON CHANNEL CURRENT 
vs VOLTAGE

OUT v

Test Circuit
♦60

< *40 
S

2  +20 
UiCC
OC
3 0
z
5 -20
^  -40 

-60

-55°C

 ̂ +125°C
+25°C

+125°
+25°C

C L ^

-55°C
-10 -8 -6 -4 2 0 +2 +4 +6 +8 +10 

VO LTAG E ACROSS SWITCH

ON/OFF LEAKAGE CURRENTS 
vs TEMPERATURE

ACCESS TIME

Off Leakage On Leakage
Ig(OFF) 

± 10V O—(3
<0(0FF) IN 
—0 —0 
OUT ±10V

OUT

+5V0C O- 
-5V0C O-

( | )  ‘D(ON) 

+ 10V

SCOPE

lOOnA

10nA

InA

100pA

lOpA

♦4V
OV_J L

A0 INPUT
^V/l; iv .

\ i: 0 JT P l
V/DI

JT /
\ i

5 V.
1

100ns/DIV.

50 75 100
TEMPERATURE- <>c

125

41 Li-151



Li-152 42



ANALOG
DEVICES

Dl CMOS 
Protected Analog Switches

FEATURES
Latch-Proof
Overvoltage-Proof: ±25V
Low R0N : 75£2
Low Dissipation: 3mW
TTL/CMOS Direct Interface
Siiicon-Nitride Passivated
Monolithic Dielectrically-Isolated CMOS

GENERAL DESCRIPTION

The AD7510DI, AD7511DI and AD7512DI are a family of 

latch proof dielectrically isolated CMOS switches featuring 

overvoltage protection up to ±25V above the power supplies. 

These benefits are obtained without sacrificing the low “ON” 

resistance (75f2) or low leakage current (400pA), the main 

features of an analog switch.

The AD7510DI and AD7511DI consist of four independent 

SPST analog switches packaged in a 16-pin DIP. They differ 

only in that the digital control logic is inverted. The AD7512DI 

has two independent SPDT switches packaged in a 14-pin DIP.

Very low power dissipation, overvoltage protection and TTL/ 

CMOS direct interfacing are achieved by combining a unique 

circuit design and a dielectrically isolated CMOS process. 

Silicon nitride passivation ensures long term stability while 

monolithic construction provides reliability.

PIN CONFIGURATIONS

ORDERING INFORMATION

Plastic 
(Suffix N)

AD7510DIJN 
AD7510DIKN 
AD7511DIJN 
AD7S11DIKN 
AD7512D1JN 
AD7512D1KN

Ceramic 
(Suffix D)

AD7510DIJD 
AD7510D1KD 
AD7511DIJD 
AD7511DIKD 
AD7512DIJD 
AD7512D1KD
AD7510D1SD 
AD7511DISD 
AD7511DITD 
AD7512DISD 
AD7512DITD

Operating
Temperature

Range

0 to +70 C

-25 C to +85 C

-55 Cto + 125 C

CONTROL LOGIC

AD7510DI: Switch “ON” for Address “HIGH”

AD7511DI: Switch “ON” for Address “ LOW”

AD7512DI: Address “HIGH” makes SI to Out 1 and S3 to 

Out 2

FIG. \*> -AD7512 DATA SH&6T „ . SWITCHES AND MUL TIPLEXERS 545



(Vq D = +15V, Vss = -15V unless otherwise noted)

COMMERCIAL VERSIONS 0 ,  K)

PARAM ETER M ODEL VERSION +25°C 0 to +70°C (N) 
-25°C to +85°C (D)

TEST CONDITIONS

ANALOG SWITCH 
r o n '
R on vs v d <v s>

All
All

J . K  
J. K

75fl typ, 100f2 max 
20% typ

175f2 max -10V < VD < +10V 
!DS = 1 OmA

**ON Drift 
R qn  Match 
Rq N Drift 
Match

All
All

All

J . K
J . K

J, K

+0.5%/°C typ 
1% typ

0.01%/°C typ
VD = 0. IDS = 1.0mA

1D (% ) O F F 1 All J . K 0.5nA typ, 5nA max 500nA max VD = -10V, vs = +10V and 
vD = +10V, vs = -10V

*D ns)ON2 All J . K lOnA max v s = v D = + 10V 
vs = v D = -10V

•o u t ’ AD7512DI J. K 15nA max ISOOnA max VS1 = vOUT= ±iov. vs2 = +iov
and Vs2 = VOUT = ±10V, VS1 =+ 10V

D IG ITAL CONTROL

W
V INH

ClN
I *MNH,
W

All
All
All
All
All
All

J . K
J
K
J . K  
J . K  
J. K

3pF typ 
lOnA max 
lOnA max

0.8V max 
3.0V min 
2.4V min

V IN = V DD
V j n = °

DYNAMIC
CHARACTERISTICS

X0N

*OFF

‘t r a n s it io n

AD7510DI
AD7511DI
AD7510DI
AD7511D!
AD7512DI

J. K 
J. K 
J. K 
J. K 
J. K

180ns typ 
350ns typ 
350ns typ 
180ns typ 
300ns typ

V ^  = 0 to +3.0V

Cg (CD)OFF 
Cs (Cd )ON 
^DS ^S-O UT) 
^DD ^ S S ) 
COUT

All
All
All
All
AD7512DI

J. K 
J. K 
J. K 
J. K
J . K

8pF typ 
17pF typ 
IpF typ 
0.5pF t)’p 
17pF typ

vD (Vs ) = OV

QflsIJ All J . K 30pC typ Measured at S or D terminal.
= lOOOpF, Vw  = 0 to 3V, 

VD (Vs) = +10V to -10V

POWER SUPPLY 
D̂D*

«ss'
All
Ail

J . K
J . K

500pA max 
100/i A max

All digital inputs = Vp^,

i 1DI^
*SS

All
All

J. K 
J. K

100/i A max 
100/i A max

All digital inputs =

NOT MS .
1 100% tested.

’ C uuintccd. not production tested.
*A pullup resistor, typically l-2kil is required to make versions TTL compatible.

Specifications subject to change without notice.

546 SWITCHES AND  MULTIPLEXERS
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M ILITA R Y  VERSIONS (S. T) 

+25°c

lOOH max

“55 C lo C I I S !  tO S IM  1 lo s s

1750 max ->0V <  V„ v  • JOV

■ __________ *DS “ ln>A

' S'OFF All 3nA max 200nA max VD \s « *10V anj 
v D » ♦lOV. Vs « -10V

*D ( ‘s^ON2

t 1
'OUT

All

AD7512DI

S, T 

S, T

10

9nA max 600nA max

V S = VD = +>0V and 
V S  = VD " ->0V 

V S1 = VOUT - *10V 
^ S2  = +10V and
V S2 = VOUT = ±10V 
VS1 = + 10V

D IG ITAL CONTROL
V *INL All S, T 0.8V max

V *>3 DMH AD7510DI
AD7511DI
AD7512DI
AD7511DI
AD7512DI

S
T
T
S
S

2.4V min 
2.4V min 
2.4V min 
3.0V min 
3.0V min

*1NH1
*INL

All
All

S, T 
S. T

lOnA max 
lOnA max

VDM = VDD 
VIN = °

DYNAMIC
CHARACTERISTICS

k w *

Vj f f 2

. J 
TRANSITION

AD7510DI
AD7511DI
AD7510DI
AD7511DI
AD7512DI

S, T 
S, T 
S, T 
S, T 
S, T

l.Ops max 
1 0/is max 
1 .Opes max 
l.Ops max 
l.Opts max

Vin = 0 to +3V

POWER SUPPLY
•d d *

*SS
All
All

S, T 
S, T

800/xA max 
800/iA max

All digital inputs = V(NH

lDD,
I 1‘ss

All
All

S, T 
S, T

500/iA max 
500/1A max

All digiul inputs ■= VW L

NOTES:

' 100% tested.
1 Guaranteed, not production tested.
* A pullup resistor, typically l-2kft is required to make AD7511DISD and AD7512DISD TTL compatible. 

Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS

VDD to G N D ......................................................................... +17V

Vss to G N D ............................................................................-17V

Overvoltage at VD (Vs)

(1 second surge).................................................... VDD +25 V

° rvss-25v
(Continuous)......................................................... ^DD +20V

or Vss -20V

Switch Current 0Ds, Continuous)..................................50mA

Switch Current (I^g, Surge)

lms Duration, 10% Duty Cycle.................................. 150mA

DigitaJ Input Voltage R a n g e ....................................... 0V to VDD

Power Dissipation (Package)

14 & 16 pin Ceramic Dip

Up to +75°C.................................................................  450mW

Derates above +75°C b y ............................................... 6mW/°C

14 & 16 pin Plastic Dip

Up to +70°C.................................................................  670mW

Derates above +75°C b y ..........................................8,3mW/°C

Storage Temperature....................................... -65°C to +150°C

Operating Temperature

Plastic (J, K Versions)..........................................0 to +70°C

Ceramic (J, K Versions)............................... -25°C to +85°C

Ceramic (S, T Versions).............................-55°C to +125°C

CAUTION: The digital control inputs are zener protected;

however, permanent damage may occur on unconnected units 

under high electrostatic fields. Keep unused units in conductive 

foam at all times. Prior to pulling the devices from the conduc

tive foam, ground the foam to deplete any accumulated charge.

45
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T E R M IN O L O G Y

Rq n : Ohmic resistance between terminals D and S.

Rq n  Drift Difference between the Ro n  drift ° f  anY

Match: two switches.

R q n  Match: Difference between the Ro n  ° f  any two 
switches.

ID (Is )OFF: Current at terminals D or S. This is a leakage 

current when the switch is “OFF.”

ID 0 s )ON: Leakage current that flows from the closed 

switch into the body. (This leakage will 

show up as the difference between the 

current Id  going into the switch and the 

outgoing current lg.)

Vd  (V$): Analog voltage on terminal D (S).

C§ (CD): Capacitance between terminal S (D) and

ground. (This capacitance is specified 

for the switch open and closed.)

Cd S: Capacitance between terminals D and S.

(This will determine the switch isolation 

over frequency.)

CDD (Cs s ): Capacitance between terminals D (S) of any 

two switches. (This will determine the cross 

coupling between switches vs. frequency.)

tON : Delay time between the 50% points of the

digital input and switch “ON” condition.

tOFF : Delay time between the 50% points of the

digital input and switch “OFF” condition.

^transition: Delay time when switching from one address 

state to another.

V j n l : Threshold voltage for the low state.

V j n h : Threshold voltage for the high state.

llN L 0 i NH): Input current of the digital input.

C i n = Input capacitance to ground of the digital

input.

V d D : Most positive voltage supply.

Vss; Most negative voltage supply.

ID D : Positive supply current.

ISS: Negative supply current.

BONDING DIAGRAMS (TOP VIEW)

AD 7512D!

AD75 10DI, A D 7511D!

□ □□ □ □ □ □ □  I l| 1* 14 1J »2 II IQ

□
□

□

OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm).

14-PIN CERAMIC DIP

T
1

LEAD NO 1 lOtWTIMCO BY DOT Oft NOTCH

AD7512DI

14-PIN PLASTIC DIP

AD 7512D I 

16-PIN CERAMIC DIP

on i4 i? i[~ □

OttlOMD OOni2 42| 
l£AO NO 1 tOCMTtflCO CV OOT OH NOTCH

AD7510D1, AD7511DI 

16-PIN PLASTIC DIP

--------1
J ♦

0 013 to 30$)

 ̂0 30* n TV) 
0 2H (7«7|

m 0 008 10 2031

AD7510D!, AD751 ID !

552 SWt TCHES AND MUL TIPLEXERS
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