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ABSTRACT

The purpose of this thesis was to design, build, and test a device capable of
simulating the acoustic pulse expected from the interaction between an Ultra-High
Energy (UHE) neutrino and seawater. When a neutrino interacts with seawater, the
reaction creates a long, narrow shower of sub-atomic particles. The energy from this
reaction causes nearly instantaneous heating of the seawater on an acoustic timescale.
The acoustic pulse created by the resulting thermal expansion of the water is predicted to
be bipolar in shape. This work was undertaken to support a Stanford experiment, the
Study of Acoustic Ultra-high energy Neutrino Detection (SAUND), that uses existing
hydrophone arrays to detect UHE neutrinos from the acoustic pulse generated by their
rare interactions with seawater.

The device fabricated for this thesis uses the discharge current from a 4uF
capacitor charged to 2.5kV to heat the seawater between two copper plates. The anode
and cathode plates of this “zapper” design were 6 cm in diameter and 20 cm apart. The
acoustic pulse generated by the zapper was measured both in a small test tank at NPS and
at the Acoustic Test Facility located at NUWC Keyport. Bipolar pulses observed at NPS
on two separate test dates had average pulse lengths of 110us +/- 10us and 160 +/- 20us
and average amplitudes at 1m of 1.9 +/- 0.3Pa and 4.7 +/- 0.6Pa. The average pulse
length recorded at Keyport was 49 +/- 6us and the average amplitude at 1m was 6.4 +/-
0.9Pa. The pulse lengths recorded at NPS were reasonably consistent with theory,
however all pressure amplitudes were about 100 times lower than predicted. The cause

of the amplitude discrepancy is not completely understood at this time.
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l. INTRODUCTION

The purpose of this thesis was to simulate the acoustic pulse created by the
interaction between an Ultra-High Energy (UHE) neutrino and seawater. The interaction
between a neutrino and seawater forms a shower of subatomic particles. The energy
from this shower results in near instantaneous heating of the seawater. An acoustic pulse
is formed from the resultant expansion of the seawater as it heats up. The pulse formed is
expected to be a bipolar pulse that goes positive first. The pulse length and amplitude

depend on the properties of the seawater in addition to the dimensions of the shower.

In 2001, Giorgio Gratta of Stanford University began an experiment to detect
UHE neutrinos acoustically using a matched filter to detect the acoustic pulse received by
existing hydrophone arrays. This project is referred to as the Study of Acoustic Ultra-
high Neutrino Detection (SAUND) and is currently based on a large hydrophone array
that the US Navy operates for naval exercises at the Atlantic Undersea Test and
Evaluation Center (AUTEC).

In order to examine the possibility of detecting the acoustic pulse from a neutrino-
seawater interaction, a decision was made in collaboration with Stanford to build a device
to simulate the acoustic signature at AUTEC. This device, or "zapper", would test
SAUND's ability to pick up the desired signal as well as to determine the ability of
SAUND to correlate signals from different hydrophones. The zapper would be deployed
underwater and attempt to simulate the neutrino's reaction by discharging a capacitor

through the seawater.

The design of the zapper went through many iterations and a working prototype
was constructed and tested in January 2006. The zapper prototype was tested twice in a
saltwater tank at the Naval Postgraduate School (NPS) and then tested underwater at the
Acoustic Test Facility (ATF) at the Naval Undersea Warfare Center (NUWC) located in
Keyport, WA. Initial testing revealed the expected bipolar pulse. The pulse durations
measured at NPS were in reasonable agreement with established theory, however, all

amplitudes were two orders of magnitude lower than anticipated.
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II. BACKGROUND

A. NEUTRINO INTERACTIONS WITH SEA WATER

A neutrino with an energy greater than 10" eV is considered to be UHE. Cosmic
rays from beyond our galaxy are one source of these UHE neutrinos. When a neutrino
reacts with a water molecule, it creates a hadronic shower. Dolgoshien and Askaryan
first proposed in 1957 that a high-energy charged particle in water would create a thermal
shock resulting in the emission of an acoustic pulse. According to Lehtinen et. al. [2002],
the particle shower created by the reaction is elongated into a long, thin vertical column
approximately 20m long. The mechanism that creates the acoustic pulse is the near
instantaneous heating of the water in the vertical column of the shower. The resultant
pulse is created by the summation of the expansion of infinitesimal volumes in the

column.

Assuming that the energy deposition can be expressed in terms of a delta function
in both space and time, Learned [1979] solves for the pressure as a function of distance
and time as:

EK o'(r/ic-t),
47C r

p

Eql p(r.t)=

where K is the thermal expansion coefficient, C_ is the specific heat, E, is the total

energy deposited and c is the speed of sound. Using the more realistic Gaussian heat

distribution, the equation becomes:

_ EK t nd 21
Eq 2 p(r,t)= 4C, M(O'/C)S exp[-(t)/2(c/c)’]

where t’ is the retarded time, t—r/c, and o is the standard deviation of the heat
deposition in time. This is a bipolar pulse which swings positive first. An example of the

expected pulse is shown in Figure 1.



(o} r

3.0+

| P 0™ dynsemE)
*
-
-
£

i ;
-2.0 - 1.0

Figure 1.  Calculated acoustic pulse from neutrino interactions. From Learned [1979]

The pressure amplitude is calculated assuming that the shower column is
uniformly heated and the length is much larger than the diameter. This equation is given
by Sulak et. al. [1979] as:

_ K E, ¢ sinx,
C. r 8d% x

Where x:(%l‘jsine, L is the length of the column, and d is the diameter of the

column, and @ is the angle to the measurement point relative to the acoustic axis. The
pulse length is dependent on the geometry of the shower’s vertical column as well as the
time period over which the energy is deposited. It is calculated as the summation of the
time period over which the energy is deposited plus twice the time that it takes sound to

travel from one side of the column to the other.

B. STUDY OF ACOUSTIC HIGH-ENERGY NEUTRINO DETECTION
(SAUND)

During the 1970’s, the Deep Underwater Muon And Neutrino Detection
(DUMAND) project was designed to detect UHE neutrinos from Cerenkov radiation.
Although acoustic detection was considered, it was not accomplished before the project
was discontinued in 1996. The idea of the acoustic detection of neutrinos was resurrected
around 2001 and is being pursued by a number of groups. Giorgio Gratta of the Stanford
High Energy Physics group has established the Study of Acoustic Ultra-high energy

4



Neutrino Detection (SAUND) to use pre-existing hydrophone arrays to detect neutrinos
acoustically.  The hydrophone arrays currently being used are the new AUTEC
Hydrophone Replacement Program (AHRP) arrays located in the Tongue of the Ocean in
the Bahamas. These bottom mounted hydrophone arrays are approximately 2km in depth
and cover an area of approximately 250km*. A conceptual picture of an AHRP

hydrophone detecting the acoustic pulse from a hadronic shower is shown in Figure 2.

surface 1-9%m M

=AW

ocean water

Figure 2.  Example of acoustic detection of pulse created from hadronic shower. From
Lehtinen et. al. [2002]

SAUND computers receive the raw hydrophone data from the AHRP arrays. A
master computer controls the timing and the noise thresholds that are applied to the data.
A matched filter using the bipolar pulse shown in Figure 1 attempts to detect the rarely

occurring neutrino signature amidst the voluminous data acquired.

Due to uncertainties in both how the AUTEC environment and the AHRP
electronics would affect the neutrino’s acoustic signature, a calibration was proposed to
characterize the AHRP system. In addition, it was necessary to ensure that the signal
expected from a UHE neutrino could in fact be detected by the AHRP hydrophones. The
calibration required designing and building a device which could mimic the acoustic
pulse described in Chapter 11 by using an electric discharge to quickly heat the water in a
column of seawater. Since this device would in effect “zap” the water with electricity,

this device was dubbed the “zapper”.
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I11. DESIGN

A. INITIAL DESIGN

As described in the previous chapter, the goal of the zapper was to simulate the
acoustic signature expected from the reaction between a neutrino and seawater. Because
of the expected length of the hadronic shower, the initial zapper design involved
discharging a capacitor through seawater between an anode and a cathode placed 10m
apart from each other. To contain the path of the resulting current to a small cross-
sectional area, the design called for a 2 cm diameter helical strip of plastic insulation to
be wrapped around the axis from the anode to the cathode. A rough initial sketch of this
design is shown in Figure 3. In order to verify the expected acoustic signature which
would be detected by the AUTEC hydrophones from neutrino interactions at various
depths and from various directions, preliminary designs called for having the “zapper”
discharge periodically while spiraling down through the water column. Since the water
depth near the AUTEC AHARP arrays extends to 1.6km, the pressure vessel for the
supporting electronics had to have a depth tolerance of about 160atm. The plans also

included a float and detachable anchor to recover the device after its descent.

Figure 3. Sketch for zapper original design. From Gratta [2005]



The electronics portion of this initial design called for a capacitor to hold and
discharge the electricity. The seawater serves as the load, and a spark gap switch controls
the capacitor discharge. The initial design also called for a pressure sensor to "turn on™
the zapper at a depth of 30m. A trigger circuit was envisioned as a means to turn the
spark gap switch on periodically after the capacitor was fully charged.. To mimic the
neutrino signature, the energy to be discharged was 1J or about 10*° eV. The resistance

of the water column between the anode and cathode can be found using the equation:

L
Eq4 R=—p ,
q G

where L is the length of the cylinder of water between the anode and cathode, A is the

cross-sectional area, and p is the resistivity of sea water. Using the accepted value of
0.2 Q—-m as the resistivity of seawater (Boyd [2006]), and inserting the values for L
(10m) and A (z(1cm)?), the resistance of the cylinder of seawater is calculated to be
6.4kQ. To create the thermal heating on a sufficiently small time scale, the time
constant for the discharge was set at 5 #s. Using the relationship between the discharge

time constant, the capacitance, and the resistance:

T
Eq5C=—,
a R

the desired capacitor value is found to be 833pF. This value was rounded up to 1nF to
get a standard value. The voltage needed to dump 1J of energy into the water is then
found using the equation:

[2E
Eq6V =,|—,
a C

where E is total energy. This resulted in a voltage of 45 kV. Unfortunately, this value
was too high for the available high voltage components as the highest value of spark gap
switch readily available was rated at 30kV. Because higher voltages require larger
capacitors to avoid dielectric breakdown, 45kV also drove the design to a larger capacitor
which would, in turn, require a larger pressure vessel.. By doubling the capacitance to
2nF, the voltage required could be dropped to 30kV enabling the use of smaller and more

readily available components. The higher capacitance doubled the time constant from
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5us to 10 us. While any increase in the pulse length is undesirable from the point of

view of simulating the near instantaneous heating of seawater due to a neutrino
interaction, the trade-off was deemed acceptable since the simulated pulse — although
longer — could still be used to validate the ability of SAUND Il to detect neutrino-like

acoustic signatures.

B. REFINING THE INITIAL DESIGN

With the assistance of Don Snyder, a technician in the Rail Gun Group at NPS, a
rudimentary desktop model was constructed to test the electronic design. A schematic of
this design is shown on Figure 4, and a picture of the desktop model is shown on Figure
5. Four mica 500pF capacitors were put in parallel to provide the 2nF of capacitance.
The power source was a variable 0-30kV DC voltage supply. The spark gap switch
chosen was a gas-filled switch using sulfur hexafluoride. This was chosen as it was

readily available and could withstand at least 30kV.

"Pulse

Spark Gap
Switch

3EIk‘v“JI~ w2 % 2n 0 Seavwater Bk
Figure 4.  Schematic of zapper initial design

The desktop model provided many lessons towards making a working prototype.

One challenge was that the gas spark gap switch was unreliable. During testing, it would
discharge the capacitor about half the time. This was attributed to the fact that the
particular spark gap switch that was being used was made to work at 50kV, and 30kV
was towards the bottom of its operating range. Another challenge while working with

this design was the difficulty in measuring data. Many commercial devices such as an

9



oscilloscope or a voltmeter could not function at 30kV. The solution was to use a
commercial voltage divider to track the charging of the zapper, and a Pearson current
monitor to indirectly measure the current as the capacitor discharged. The final
significant challenge that was observed was the need to place components at least an inch
from each other. This is due to the fact that dielectric breakdown of air occurs at
approximately 25kV per inch. Since the components need to be in close proximity in the
pressure vessel, this limitation posed a challenge for the prototype. A possible solution

might be to cover the components in an insulating material at the final construction.

Figure 5.  Desktop model of initial design

After consulting with the Stanford High Energy Physics (HEP) group, a decision
was made to scale back the design of the zapper to create a simpler version for the first
stage of testing. One of the main concerns was to "shrink™ the conducting path to a more
manageable size for fabrication and testing purposes. The dimensions chosen were a
length of 20cm and a diameter of 10cm. This shorter length was also expected to
produce the additional advantage of a more omni-directional pulse. Another way in
which the design was simplified was by removing the requirement for continuous
operation during its descent to the bottom. Instead, the simplified version was envisioned

as operating while suspended from a boat. Its depth was intended to be sufficiently far

10



beneath the surface to avoid having surface reflections interfere with the pulse received
from the direct path. Given the shorter length and larger diameter of the new design, the
conducting cylinder's resistance was expected to decrease from 6kQ to 5Q using Eq 4.
Also, in order to increase the likelihood of detecting the acoustic signal, the total energy
to be released into the water was increased from 1J to at least 10J. For the purpose of

using readily available parts, a 4 uF capacitor was chosen, and the voltage was raised

slightly to 2.5kV (the upper limit of the capacitor.) At this voltage there are alternatives
to a spark gap switch such as high power transistors. At 2.5kV, the 4 uF capacitor

delivers 12.5J of energy to the seawater with a time constant of 20 zs. The parameters

chosen for the simplified zapper design were therefore:

e C=4uF
o V=25kV
e L =20cm
e d=10cm

C. FINAL DESIGN

1. Selecting the Main Components

As noted above, the decision to lower the voltage made acquiring parts easier,
however, the components still need to tolerate fairly high currents. This made finding a
suitable switching mechanism challenging. The expected peak current was calculated to
be 490A. The original plan was to use a vacuum spark gap for the switching mechanism.
However, there was a minimum wait of four weeks for that part so a replacement part
was sought. After consulting with Professor Alex Julian of the Electrical Engineering
Department at NPS, a suitable alternative was identified, an Insulated Gate Bipolar
Junction Transistor (IGBT). The IGBT chosen was a Powerex CM400-90H rated at
4.5kV and 400A. Typical commercial uses would be switching applications where high
switching speed and high power were needed, such as in subways. The selection of the
IGBT necessitated small changes to the circuit design. To protect the IGBT it was placed
between the load and ground instead of between the capacitor and the load as was

initially intended. This change is illustrated in Figure 6.

11



* OceanWater

DC-OC Valiage . o . o . o 76055V Valtage
f 2| Comerter . DJ] Regulatar .

; - R o lr . IGBT‘Z— .

Sensor.

e R _‘ e 1
T4 L e 4}7500130. . .
. o o . . acba I - | Micracartraller . . | Pressure

.F.i.gu.r.e 6 | .Sch.éma.tic of za.pper.finél de.sigr.l.

The power was supplied by a 12V battery. The type of battery chosen was a 7.5
Amp hour Solid Lead Acid (SLA) battery. The SLA battery was chosen because of its
relatively high energy density, its availability, and its reliability. 12V was chosen
because it could power most types of anticipated circuitry and is the voltage required by
most types of commercial DC-DC voltage converters. A DC-DC voltage converter was
chosen to amplify the 12V to the required 2.5kV. The voltage converter chosen was an
EMCO DX100, which is a variable 1.5-10kV converter. It has three inputs, a ground, an
input for 12V, and a third input that controls the voltage output by acting as a
potentiometer. Through testing, it was found that a 650 resistor between the third

input and ground provided the required 2.5kV output.

The circuit requires two diodes to provide protection. One diode is connected to
the output of the DC-DC voltage converter. This is done to prevent potentially damaging
feedback to the voltage converter. The second diode is placed between the capacitor and
the collector of the IGBT. This is done to provide an alternative path for the current in

case the IGBT unexpectedly turns off. These diodes are shown in Figure 6.

A magnetic proximity switch is placed in series with the 12V battery and the
power lead of the DC-DC converter as shown in Figure 6. This provides a mechanical
safety for the zapper. The magnetic switch has options for both normally open and
normally closed (with no magnet applied). The option chosen for the zapper was to use

the normally open option. In this configuration no power goes to the DC-DC voltage

12



converter unless the magnet is applied. Once the magnet is applied, the battery powers
the voltage converter, and the capacitor starts to charge. The magnetic switch is affixed
to the inside of the pressure vessel. When ready to commence charging the capacitor, the
magnet is attached to the outside of the pressure vessel directly over the switch. A
magnet strong enough to activate the switch through the pressure vessel wall was found
from an old 3.5" floppy drive. This arrangement provides another type of safety measure
as well. When the magnet is detached from the outside of the pressure vessel, the
capacitor can no longer be charged up. However, it can still have a residual charge.
Since the power to the rest of the circuit is still on, the triggering mechanism remains
active. Therefore, the zapper will discharge any remaining charge on the capacitor after a
short wait and is then safe to retrieve from the water. And finally, for the 4uF capacitor,
a doorknob mica capacitor was chosen both for its availability, its size (9cm diameter, 5

cm thick), and its low inductance (~20uH ).

2. Trigger Circuit and Pressure Sensor

Originally it was thought that the DC-DC power converter needed a resistor in
series to limit the current to 5mA. The value of the charging resistor needed was
determined to be approximately 1MQ. This value results in a time constant of four
seconds for charging the capacitor. The discharge time constant was determined to be

20 us. Thus, a pulse was needed to "turn on" the IGBT for 200ms and "turn off" the

IGBT for four seconds. The off time was extended to five seconds to add a buffer to
allow the capacitor to charge fully. After reviewing the spec sheet and testing the IGBT,
the voltage required to turn on the IGBT was 6V, and the current required was
approximately 50mA. Preliminary attempts to accomplish this with an LM555 timer
integrated circuit (IC) chip were unsuccessful due to the low duty cycle, so the next step
was to try two LM555's in parallel. This attempt was also unsuccessful. Although the
use of a microprocessor had initially been rejected as too space consuming, it presented
itself at this point as the only option. The microprocessor chosen was a Z-World
BL2000. This microprocessor was already available and had the advantage of being
familiar. It uses the Dynamic C programming language which is very similar to C.

Producing the pulse with the BL2000 proved to be quite simple. The BL2000 was
13



programmed to output a TTL "high" (5V), wait for 200ms, output a TTL "low" signal

(0V), and wait for 5000ms (five seconds) while in an infinite loop.

As it turned out, the program had to be modified slightly due to the DC-DC
voltage converter. The converter could only output a maximum current of 100 uA.
After reviewing the specs and noting that the voltage converter had short circuit
protection, the charging resistor was removed. Testing the charge time without the

charging resistor, the capacitor required two minutes to become fully charged.

SR apprerpulse. o ———creadtes pulse for Zapping

wroid maini)

{

int ms; Srnunber of milliseconds to waii
int comp: SAinput from comparktor
long t0O;

Float -wolt:

brdIniti()

while (1)
{
AdigOut (3,1)»
for (CO=M3_ TIHMER: M3 TIMER<tO+1l=20000;) ;
digout (3,0 ;
for (t0=M3 TIMER; M3 TIMER<tO+=200:) :

H

Figure 7. Dynamic C program used in BL200 microcontroller

The output of the microprocessor alone can’t turn on the IGBT, so a small
amplifier circuit is needed. A HEXFET IRF 2805 in the common source mode is used to
amplify the signal as shown in Figure 6. When the BL2000 outputs 0V, the output of the
amplifier is 12V, and when the output of the BL2000 is 5V, the amplifier outputs OV.
Thus, the pulse is inverted. The program of the BL2000 was adjusted to compensate for
this. The output going into the gate of the IGBT is a 12V pulse for 200ms followed by
0V for two minutes. The final program is shown in Figure 7.

To turn the zapper on at the desired depth, the Measurement Specialties MSP 600-
100-P-3-D-4 pressure sensor was chosen to provide a voltage signal which could be fed

to the microcontroller to control the charging process. The pressure sensor requires 5V
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for power, so a 7805 5V voltage regulator is used to draw down the 12V from the battery
to 5V. Tests of the pressure sensor revealed that it read 0.53V at ambient pressure and
increased at a rate of approximately 0.01V per 10cm in fresh water. To turn the zapper
on at a depth of about half a meter, therefore, would require the microcontroller to
activate the charging process with an input signal of 0.6V. To accomplish this with the
microcontroller, the pressure sensor output was connected to one of the inputs of the
microcontroller, and the program was adjusted to output the pulse when the input is
greater than 0.6V. If the voltage falls below 0.6V, the microcontroller stops. Using

Dynamic C, this was accomplished by using an "IF..ELSE" statement and is shown in

Figure 8.
AR apperpulse. c ———creates pulse for =Iapping
wroid maini)
i
int ms: S number of mailliseconds to waii
int comp: Alinput from compIarator
dong tO:
Eloat ~woltr
brdIniti)
while (1)
1
wolt = AnaInWolt (7)) :
if (wolt > 0.8)
i
Adigout (3, 1)
Ffor (t0O=HN3 TIMER: M5 TIMER<tO+1l1z0O0007)
Adigout (3,00
For [(tO=HN3 TIMER: M5 TIMER<tO+=00:) ;
wolt = AnaInWolt (7] 2
¥
elsel
AigDut (3,11
¥
AnaInWolt (7)) ;
¥
H
Figure 8.  Dynamic C program incorporating pressure sensor
3. Pressure Vessel

In order to protect electronics at depth, a pressure vessel is required. Commercial
pressure vessels require long lead times and are quite expensive. As an alternative, a

pressure vessel manufactured by the Oceanography Department at NPS was chosen. This
15



pressure vessel was cheaper than commercial pressure vessels. In addition, the short lead
time of one week allowed for sufficient time to determine the exact size specifications

needed to accommodate the electronic components that were to be housed inside.

Once all the parts were in hand, the size of the pressure vessel was determined to
be 3ft long and 8in in diameter (inner). A 5in wide aluminum tray was fitted inside the
pressure vessel to mount the electronics. A sheet of 1/4 inch thick PVC was placed over
the aluminum tray to provide a insulated base for the zapper. The pressure vessel has 3
openings to the water. Two are on one end of the vessel to accommodate the conducting
cables carrying the discharge current. The third opening is on the other end of the

pressure vessel where the pressure sensor fits.

4. Conducting Channel

The conducting channel consists of two conducting plates 6¢cm in diameter and set
20cm apart. The plates are made of copper since it was readily available and is an
excellent conductor. Testing was done to ensure that corrosion would not affect the
results during the duration of the experiments, and the result of these tests are detailed in
the "Testing" section. To prevent possible fringing of the discharge current, the design
called for insulation around the conducting path between the plates. Towed array tubing
was chosen because it is designed to match the impedance of seawater. The largest
towed array tubing available, however, had an 8cm diameter. The support structure
within the tube (required to hold and space the copper plates) reduced the space available
for the plates even further. Therefore, the plates which were originally intended to be
10cm ended up as 6¢cm in diameter. The support structure consists of two plastic wheels
with three rods connecting them. The copper plates are attached to the inside of the 8cm
diameter wheels. The towed array tubing slides over this assembly. A sketch of the

complete assembly of the conducting path is shown in Figure 9.
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Figure 9.  Sketch of conduction path
The conducting path is rigidly fixed to the pressure vessel so that it remains
vertical as the pressure vessel is lowered into the water. This is accomplished by using a
semi-circular plastic piece attached to a 1.75cm (3/4 inch) PVC pipe that attaches to the
conducting path. The PVC pipe is 45cm long so as to minimize the scattering and
reflection of the acoustic pulse off of the pressure vessel. The cables from the pressure
vessel are affixed to opposite sides of the conducting path as shown on Figure 10.

Figure 10. Conducting path with cables attached
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IV. FABRICATION

A. ELECTRICAL COMPONENTS

The manufacturing of the pressure vessel took approximately 14 days. The delay
in the expected time was due to a wait for cable connectors. When the pressure vessel
was ready, the electrical components were mounted on the aluminum tray. The
aluminum tray was five inches across and nearly three feet long, almost as long as the
pressure vessel itself. To mount the electrical components, a sheet of PVC 1/4 inch thick
was mounted on top of the aluminum tray to give the zapper an insulated surface. The
PVC sheet was thick enough so the mounting screws of the components did not penetrate
the PVC and contact the aluminum below.

The primary consideration for where to place the electrical components was the
desire to minimize any Electromagnetic Interference (EMI) which might result from the
large current occurring during discharge. EMI can adversely affect logic components
such as the BL2000, 5V voltage regulator, and amplifier circuit. So, the capacitor was
placed at the end of the vessel near the feedthroughs, and the logic components were
located at the other end. Most of the components were four-five inches in dimension, so
the components were mounted in a line. Another goal in the placement of the

components was to make the wiring between everything as short as possible.

Starting from the end opposite the feedthrough cables, the 12V battery was
mounted first. The battery was mounted using a metal bracket that nearly encased the
battery, leaving the terminals exposed. Figure 11 shows a picture of the mounted battery.
The battery was placed here, because the BL2000 and logic circuits also needed to be
placed at this end and required the 12V source. The next component mounted was the
BL2000. The BL2000 had holes for mounting, so the BL2000 was screwed into place.
The amplifier circuit, voltage regulator circuit and 650Q resistor for the DC-DC voltage
regulator were soldered onto a prototype board. The power from the battery was also
inserted into the prototype board to provide a central place for power for the zapper. The
magnetic switch was placed in series between the 12V power and the power lead for the

DC-DC voltage converter on the prototype board. The prototype board was then
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mounted onto plastic supports that were screwed into the BL2000. Figure 12 shows the
prototype board mounted onto the BL2000 with the protective cover. The pressure
sensor was screwed into the pressure vessel's end cap on the battery's side. The photo of

this is shown in Figure 13.

Figure 12. PC board and BL2000 with protective cover
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Figure 13.  Pressure sensor and end cap

The next part mounted was the IGBT since the inputs for the IGBT come from the
prototype board. The DC-DC voltage converter was mounted next to the IGBT with a
bracket. The IGBT and DC-DC voltage converter are shown mounted in Figure 14.
Finally the capacitor was mounted at the far end of the device as close as possible to the
feedthrough cables. The feedthrough cables on the inside of the zapper were too long,
and these were cut and spliced with a smaller gauge wire to be connected to the capacitor.
The capacitor was first put in a cradle, and then a bracket was placed around the capacitor
and cradle. The mounted capacitor and the spliced inside cables are shown in Figure 15.

Figure 14. IGBT and DC-DC voltage converter
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Figure 15. 4 u F capacitor

B. PRESSURE VESSEL AND EXTERNAL COMPONENTS

The conducting path was originally constructed with the three % inch plastic
supports shown in Figure 9. However, to minimize interference with the acoustic pulse,
the plastic supports were decreased to 1/4". The conducting path without the towed array
tubing attached is shown in Figure 16. The towed array cable was then slid over the
conducting path. The towed array tubing arrived flattened and was therefore hard to put
around the conducting path without damaging it. Heating the tubing made it more
pliable. After fitting it on the conducting path, the tubing was slightly loose. A plastic
screw was used to keep it in place. Figure 17 shows the conducting path with the towed

array tubing on.

K rE

Figure 16. Conducting path
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Figure 7. ondctin path with towe aray tubing

The current carrying cables running through the feedthroughs were 0 gauge and
had a voltage rating of 30kV Since these cables were extremely stiff and the voltage
rating was higher than necessary for such a short pulse, the cables were reduced to a more
manageable gauge (8). A 3M splice kit for underwater use was used to splice smaller
cable to both ends. A molding was placed around the joint, and resin was poured into the
molding and left to cure for 24 hours. Figure 18 shows the entire conducting path

mounted and connected to the zapper.

Figure 18.  Zapper in pressure vessel with conducting path attached
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V. TESTING

A. NPS TESTS

1. Initial Test

The initial test for the zapper was at NPS on January 17, 2006, in a polypropylene
tank approximately 36cm x 72cm x 60cm (width, length, depth). The tank was filled to
55cm with fresh water from the sink in the laboratory. True seawater was not readily
available in the quantity needed, so seawater was simulated by using sodium chloride
water softener salt to approximate the salinity of seawater, 35ppt. Based on the volume
of water in the tank, the amount of water softener salt needed was 80Ibs. This was added
to the tank and allowed to dissolve for 24 hours.

The purpose of this test was to test the zapper to see if the device was working as
intended and to observe the nature of the acoustic pulse emitted to see if the pulse was as
expected. For this test, the electronics portion of the zapper was positioned outside the
polypropylene tank with the conducting path hanging in the water. Two four-by-four
wooden planks were laid over the tank, and the zapper was suspended on them. The
conducting path was held vertical in the center of the tank, and the midpoint was lowered
to 28cm in depth. A Bruel and Kjer 8103 type hydrophone was initially 27cm away
from the conducting path and held vertical with ring stands. Figure 19 shows a photo of

this layout.

Figure 19. NPS tank test
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The battery to the zapper was connected and a magnet was applied to the
magnetic switch to close the circuit between the DC-DC converter and the 12V battery to
charge the capacitor. The capacitor was monitored using a DC probe rated at 6kV which
lowered the voltage by a ratio of 1,000:1. This allowed the voltage across the capacitor to

be read by a voltmeter. The circuitry of the zapper worked as designed.

An acoustic pulse was measured by the hydrophone and an example of this
waveform can be seen in Figure 20. The sensitivity of the hydrophone was 26

1V [ Paover the frequency range of the pulse. As expected, the waveform was observed

to be bipolar; however, it appeared to go negative first. The hydrophone's position was
varied 20-60cm in distance from the conducting path and was raised up to 10cm
vertically from the midpoint of the conducting path. 22 waveforms were recorded during
the testing. A table with the raw numerical data from the pulses which agreed with the

expected bipolar pulse shape is shown on Table 1.

[TEST#  |Voltage (V)  |Pressure (Pa) [Height {m) |Distance (m)|Pressure at 1m (Pa)| Pulse Length {us)

Test 7 0.083 f.38leven 0.2 1.28 130
Test 3 0126 9 62leven 0.2 2.40 108
Test 15 0.082 G.31|even 0.3 1.89 95
Test 16 0.087] G .B9even 0.3 201 95
Test 17 0.0885 G.77|even 0.3 203 110
Test 18 0123 9 46|even 0.7 1.59 105
Test 19 0125 9 62leven 0.2 1.92 106

Table 1. Jan 17 Test Results
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Figure 20. Jan 17 NPS tank test zapper pulse

2. Follow on tests

The zapper was tested in the tank again on January 25, 2006. The purpose of this
test was to observe the acoustic pulse as well as the current levels using a Pearson
Current Monitor Model 4997 which converted the current into voltage at a ratio of 100:1.
The peak value of the current allowed a calculation of the resistance of the conducting
path. This was used to calculate the effective resistivity of the saltwater tank assuming
that the resistance of the cables could be neglected. The same experimental setup as the
previous test was used. This time the hydrophone was kept at a constant distance of
27cm and the height maintained at the midpoint of the conducting path. The towed array
tubing around the conducting path was removed for some of the data points. A
representative waveform with both the current and the acoustic pulse is shown in Figure

21. Nine data points were taken, and these are shown in Table 2.
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[TEST#  |Voltage (V) |Pressure (Pa)|Distance (m) |Pressure at 1m (Pa)| Pulse Length (us) |Current Amplitude (A) [Current pulse length (us)
Test 3 0.245 18.92 0.27) 5.11 160 191 110
Test 4 0.226 17.39 0.27) 4.69 180 191 120
Test 5 0.223 17.15 0.27) 4.63 180 189 120
Test 5 0.219 16.77] 0.27) 4.53 180 190 120
Test 7 0.19 14.62 0.27) 3.95 130 194) 110
Test B 0.205 15.77] 0.27) 4.28 140 195 100
Testd 0.269 2223 0.27) 6.00 140 nat recorded nat recorded
Test 10 0.204) 15.69 0.27) 4.24) 130 197 100
Table 2. Jan 25 Test Results
Current and Pressure Ys Time - Sheathed
EI:II:I T T T T
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Tirme () 10
Figure 21. Jan 25 NPS tank test zapper pulse with current waveform
B. KEYPORT TEST

as expected and consistent with the NPS tests.

The testing of the zapper in seawater was done at Keyport, WA on January 20,
2006 at the Naval Undersea Warfare Center (NUWC) Acoustic Test Facility. The

purpose of this test was to test the zapper underwater and to see if the acoustic pulse was

The zapper was deployed vertically

underwater with a mechanical hoist and lowered several meters below the surface of the
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water. An ITC 5600 type hydrophone was lowered to depth of the midpoint of the
conducting path which was 4m. The hydrophone was initially placed 2m away. The
conducting path was rotated in 90 degree increments to determine the waveform’s
directionality. The setup of the experiment is shown on Figure 22. The conducting path
was raised and lowered 10cm above and below the level of the hydrophone and again,
four samples were taken at 90 degree increments for each height. For these
measurements, the hydrophone was moved to a distance of 1m from the conducting path.
The zapper was then taken out of the water, the towed array tubing around the conducting
path removed, and three measurements were taken at a distance of 2m. The hydrophone
was again positioned at the midpoint of the conducting path. The sensitivity of the
hydrophone was —-166dB V/pPa. The temperature of the seawater was recorded as 9
degrees Celsius with a salinity of 29ppt. A waveform from this test is shown in Figure

23. Atotal of 15 pulses were recorded and the data is shown on Table 3.
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Data from MNUWC Keyport Calibration Facility

DI:Iz T T T T T
0.015 &
0.01F g
= 0005 .
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=2l
z
E or '\MA/\ 7
-0.005 - .
-0.01F .
_DD‘]S 1 1 1 1 1
-2 1] p 4 = g 10
Time(s) & 1D'4
Figure 23.  NUWC Keyport zapper pulse
[TEST# |Voltage (V) |Pressure (Pa)Distance (m)|Pressure at 1m (Pa){Pulse Length (us)
Test 1 1.27E-02 271EHI0 2 542E+H0 50
Test 2 1.72E-02 J.658EHI0 2 7.35EHI0 45
Test 3 1.38E-02 2.95E+10 2 5.90E+H10 54
Test 4 1.66E-02 3.55E+I0 2 7.09E+HI0 43
Test 5 9.93E-03 21ZE+HI0 1 2.12EHI0 40
Testb 8.74E-03 1.87E+0 1 1.87E+10 51
Test 7 9.00E-03 1.92E+00 1 1.92E+10 52
Test § g.54E-03 1.52E+10 1 1.82E+10 55
Testd 4.70E-03 1.00E-+00 1 1.00E-+10 45
Test 10 3.B1E-03 5.14E-M1 1 3. 14E-01 50
Test 11 5.06E-03 1.28E+00 1 1.28E+00 52
Test 12 5.09E-03 1.30E-+00 1 1.30E-+0 40
Test 13 5.09E-03 1.73E+00 2 346EHI0 55
Test 14 7.BOE-03 1.62E+00 2 3.25E+HI0 42
Test 15 7.25E-03 1.55E+00 2 3. 10E+10 50

Table 3.

Keyport Test Results
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VI. RESULTS

A. NPS TANK RESULTS

1. Jan 17 Test Results

As noted in Chapter V, the zapper produced an acoustic pulse that closely
resembled the bipolar pulse that was expected but went negative first. In this initial test,
the cause of this was not attributed to the pre-amplifier, as the inverter button was
inactive. A series of tests were conducted to determine the polarity of the hydrophone.
These tests revealed that the hydrophone was poled to produce a negative voltage for a
positive pressure. As shown in Table 1, the peak pressure backed out to one meter varied
widely and averaged 1.9 +/- 0.3 Pa. These pressures are about 100 times lower than the
theoretical value of 308 Pa calculated using Eq 3. The gain of the pre-amplifier was set
at 500. The reason for this large discrepancy is not yet known and is still being
investigated. The pulse lengths were very close to the expected values as shown in Table
1. The average pulse lengths were 110 +/- 10us, which is consistent with the theoretical
value of 112ps.

2. Jan 25 Test Results

The second test at the NPS tank was done with a Pearson current monitor. When
the current waveform and the acoustic pulse waveform are shown on the same graph as in
Figure 22, an EMI spike is seen in the acoustic waveform at the same time as the current
signal. As shown in Table 2, the average peak pressure was 4.7 +/- 0.6Pa. This value is
also about two orders of magnitude below the theoretical value of 308 Pa. It is also
inconsistent with the previous NPS tank pressure amplitude of 0.8Pa. Although the gain
of the preamp was also recorded as 500 for this test, an error in the gain setting cannot be
ruled out as a cause of this inconsistency. Other possibilities for this inconsistency
include temperature and salinity variations between the two tests conducted at NPS.
Unfortunately the temperature for these two tests was not recorded. Furthermore, not all
of the salt added had a chance to dissolve in time for the tests on the 17". Therefore the
salinity was higher on the 25™. The average pulse lengths were considerably higher at

160 +/- 20ps, which is higher than the theoretical value of 112us. The pressure
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amplitude and pulse length did not change perceptibly when the conducting path

insulation was removed.

The peak current measured with the conducting path insulation on averaged
191A. Using Ohm's law, V=IR, the resistance of the conducting path was calculated to
be 12.5Q. Applying Eq 4 the resistivity was calculated to be 0.17Q—m, using the
diameter of the copper conducting plates of 6cm. This resistivity of the tank was close to
the accepted average resistivity of seawater, 0.2Q—m. When the conducting path
insulation was removed, the current increased to 198A. This corresponds to a resistance
of 14Q. Using Eq 4 and the resistivity of the tank, 0.17 Q—m, the effective diameter of
the conducting path increased to 8cm. This effect is undoubtedly due to the fringing of
the electric field and indicates that having insulation around the conducting path is

valuable for concentrating the heat energy.

B. KEYPORT TEST RESULTS

The four pulses that were that were recorded with the hydrophone in line with the
midpoint of the conducting path are shown in Table 3. The average pressure of these are
6.4 +/- 0.9Pa. The pulse length did not appear to change with angle and averaged 49 +/-
6us. These pulse amplitudes are the same order of magnitude as the NPS tests, but the
average pulse length was about half the value measured at NPS. At this time it is not
known whether the discrepancy is due to experimental procedure or experimental
conditions. It is possible that during the NPS tests, the hydrophone was not positioned

exactly on the acoustic axis of the zapper.

When the conducting path was raised and lowered 10cm, the average peak
pressure lowered considerably to 1.5Pa. The angle between the hydrophone and the
acoustic axis of the hydrophone was approximately 6 degrees. Based on Eq 3, the peak
pulse amplitude at 6 degrees is expected to be about 2% of the on-axis amplitude.
However, the measured peak pressures were approximately 20% of the on-axis values.
This discrepancy cannot be attributed to near-field effects since the far-field should start

at about 20cm based on the far-field equation:
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L2

Eq7 r :E’
where L is the length of the conducting path and A is the wavelength of the pulse.

Three pulses were recorded with the towed array tubing removed. The average of
the peak pressure amplitudes was 3.3Pa which was approximately 3Pa lower than the
average value when the conducting path insulation was on. Thus, the insulation appears
to maximize the pressure amplitudes. A graph showing the peak pressure all of the
waveforms recorded during both the NPS and Keyport tests as a function of range is
shown in Figure 24. The curve on Figure 24 is the 1/r prediction based on the mean of

the Keyport data.
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Figure 24. Summary of Results - Peak Pressure vs. Range
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VIl. CONCLUSION

A. DISCUSSION OF RESULTS

The zapper successfully produced a bipolar acoustic pulse. Qualitatively, this
result validates the theory which predicts that a bipolar acoustic pulse is generated by the
near instantaneous heating of a fluid. The pulse lengths measured in the NPS tank were
reasonably consistent with the quantitative predictions of theory. They had an average
value of 110us and 160us which is reasonably close to the theoretical value of 112ps.
The pulse lengths recorded at Keyport were not consistent with theory. The average
value of the pulse lengths was 49us. The difference between the Keyport values and the
theoretical value is being investigated. The simplest explanation for this discrepancy is a
mistake in the recording of the sampling frequency. The pressure amplitudes for all the
tests were fairly consistent and much lower than the predicted value of 308Pa.

The pressure amplitudes did not change significantly when the towed array tubing
was removed from the conducting path in the NPS tank tests. However, when the same
tests were done at Keyport, the differences in pressure were approximately 3Pa. This
indicates that the towed array tubing does enhance the performance of the zapper, though

perhaps not as dramatically as expected.

B. AREAS FOR FURTHER STUDY

While the zapper was successful in proving that the acoustic pulse created by an
electric discharge in seawater is consistent with theoretical predictions for a neutrino
interaction, there are still a number of unresolved questions. One of the more puzzling
questions is the large difference between the measured pressure amplitude and the
theoretical value. Another subject for further study is the difference that was seen
between the NPS data and the Keyport data. More testing needs to be done to confirm

that there is an actual difference in pulse length and amplitude rather than an incorrect
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gain setting, calibration, or sampling rate. In addition, further work is necessary to
determine the sensitivity of the pulse length and amplitude to temperature, depth, and

salinity.

Follow on work also needs to be conducted to determine whether the amplitude of

the zapper signal is strong enough to be used to calibrate the AHRP arrays.
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APPENDIX

Serial No.:2241680

Calibration Chart for Hydroghone Type 8103
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MEASUREMENT

MSP 600 Series Transducer Instruction Sheet

i Pressure Range

=l b

Model Description Code

Pressure Units

EXAMPLE. MSP-600-500-P-3-N-1

[

Output
Type - 3

Output
Type - 4

a=ll

WARNING: READ BEFORE NSTA

. ps
" ]
l :

Supply 10-30 Vde  Qufput
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MSP 600 Series Transducer Instruction Sheet

MEASUREMENT

Performance Specifications

max (per

nbess steed, (316 s

2x roted pre

Sx full scale or 20,000 psi, whichaver is less

Storage termperature n

Shock

A, 28

July

39



Y

“

Powerex, Inc., 200 Hillis Street, Youngwood, Pennsylvania 15697-1800 (724) 925-7272

CM400HB-90H

Single IGBTMOD ™
HVIGBT
400 Amperes/4500 Volts

~5

VHNUTS
{4 TYR)

—(

_( 'y
REIRE
G O—L l ]
E O 1
® ®
Outline Drawing and Circuit Diagram
Dimensions Inches Millimeters Inches Milli
A 512 1300 N 242 615
B 551 e 059 15.0
c 150 a 157 400
D 448 R 020 52
T E 4.88:0,01 5 116 205
F IR T 110 80
6 om U M4 Metric M4
H o4 V. M8Metic e
4 04 w 028D Dat0
K 192 X 020 50
"L 2za:001 57.0:025 v on 18.0
Mo 7 435
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Description:

Powerex IGBTMOD™ Modules
are designed for use in switching
applications. Each module consists
of one IGBT Transistor with a
reverse-connected super-fast
recovery free-wheel diode.

All components and interconnects
are isolated from the heat sinking
baseplate, offering simplified
system assembly and thermal
management,

Features:

[ Low Drive Power

[ Low Veg(saty

] Super-Fast Recovery
Free-Wheel Diode

[] Isolated Baseplate for Easy
Heat Sinking

Applications:

"] Traction

] Medium Voltage Drive

(7] High Voltage Power Supplies

Ordering Information:

Example: Select the complete

part module number you desire
from the table below -i.e.
CM400HB-90H is a 4500V (Vees),
400 Ampere Single IGBTMOD™
Power Module.

Type Currenl Rating Vees
Amperes Vaolts (x 50}
cM 400 a0




7OWEREX

Powerex, Inc., 200 Hillis Street, Youngwood, Pennsylvania 15697-1800 (724) $25-7272

CM400HB-90H

Single IGBTMOD ™ HVIGBT

400 Amperes/ 4500 Volts

Absolute Maximum Ratings, Tj= 25 “C unless otherwise specilied

Ratings Symbal CMA00HB-90H Units

Junction Temperature T =40 10 150 “C

Storage Temperature Tatg ‘-w 10125 G

Collector-Emitter Voltage (Vgg = 0V) Voes 4500 Volts

Gate-Emitter Voltage (Vo = OV) Vees - +20 Volts

Collector Current (T, = 25°C) Ie 400 Amperes

Peak Collector Cument (Pulse) . e 800* Amperes

Diede Forward Current™ (T, = 25°C) IE. 400 Amperes

Dicde Forward Surge Current®* (Pulse) 3] 800" Amperes

Maximum Collector Dissipation (T, = 25°C, IGBT Part, Ty=125°C) Pc 4300 Watts

Man. P:Tuunting Torque M8 Terminal Scrows ) - 115 in-ib

HMaunling Torgue Mé Mounting Screws - 53 in-li:_

Max, Méunu'ng Torque M4 Auxiliary Terminal Screws - 17 in-lt

Module Weight (Typical) - 15 kg

Isolation Voltage (Charged Part to Baseplate, AC 60Hz 1 min.) Viea 6000 Vols

* Puise wdth ang recst=on (te showd b such thal deice uncton lempemtura (T,) does not excoed Tima) rating.

“Remvesents of tne: syl Becton [

Static Electrical Characteristics, Tj= 25 °C unless otherwise specified

Characteristics Symbal Test Conditions Min. Typ. Max. Units

Collector-Cutoff Current Ices Ve =Vegs Vge = 0V = - 8.0 ma

Gafe Leakage Current Iaes Vee = Vees, Veg = OV - - 05 1,

Gate-Emitter Threshold Voltage VEE(h) Ig = 40mA Vg = 10V 45 6.0 75 Volts

Collector-Emitter Saturation Vohiage VeEisay ' = 400A Vg = 15V, 1,2 25C - 30 39 vons
- Ic = 400A, Ve = 15V, T; = 125°C - 33 - Vaits

Tolal Gate Charge Qg Vg = 2250V, I = 400A, Vge = 15V - 36 - i

Emitter-Collector Voltage™ Ve e = 400A, Vgg = OV - 10 52 vabs

= Pulss wadih and repelition rale shouid be sisch hat Sowon junctien beegpurst.s rts is reghgblo.

“*Regresents of o . hp—— 1
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7OWEREX

Powerex, Inc., 200 Hillis Street, Youngwood, Pennsylvania 15697-1800 (724) 925-7272

CM400HE-90H
Single IGBTMOD ™ HVIGBT
400 Amperes/4500 Volts

Dynamic Electrical Characteristics, Tj= 25 °C unless otherwise specified

Characleristics Symbol Test C Min. Tym. Max. Units
Input Capacitance Cigg - s - nF
Output Capacitance Coos Vigg = OV, Vgg = 10V _ 53 o
Ravarse Transfer Capacilance Cras ) ] T o
Resistive _TumonDelay Time  taon) Vg = 2250V, Ig = 4004, - - 24 s
Load Rise Time te Vige1 = Vigez = 15V, - 24 s
Switching “Tumoff Delay Time__tggom Rg = 2250 - T
Times Fall Time t Resistive Load Switchi 'L Operation - - 12  ps
Dicde Reverse R‘eccwe:v'r:me“ ey I = 4004, digidt = -ﬂOEW:rs‘ - - 18 s
Diode Reverse Recovary Charge™ o & = 400A. dig/dt = -800A/gs - 1800 -

* Puitsas wichih i repsstion rale shoukd be such that device uncion lnmpasatues mes & regighte

“Represen actenstcs of Mo ank-parliel omitteris-colecton freewhee! dods (FWDN)

Thermal and Mechanical Characteristics, Tj = 25 °C unless otherwise specified

Characlerislics Symbal Test Min. Typ. Max. Units
Thermal Resistance. Junction to_Caae Ranij-c) @ Por IGBT_ - - 0.023 kW i
Thermai Resistance, Junction to Case Rinj-c) O Per FWDi = = 0.045 KW
Contact Thermal Resistance, Case ta Fin Rehje.f) Per Module, Thermal Grease Applied - 0.015 - AW

42



[/

“J
L

CM400HB-90H
Single IGBTMOD ™ HVIGBT
400 Amperes/4500 Volls

—
Powerex, Inc., 200 Hillis Street, Youngwood, Pennsylvania 15697-1800 (724) 925-7272

TRANSIENT THERMAL

COLLECTOR-EMITTER FREE-WHEEL DIODE
VELTAGE FORWARD CHARACTERISTICS: IMPEDANCE CHARACTERISTICS
{TYPICAL) (TYPICAL] AGHT)
[3 i
- g sk - ¥
de
g R 4 — 1
g i E
1 _— 53 g I:
i g i
B - %2 ey E
: g
- 23 O B I I T
H S
a L L i L a L L s L ]
0 200 460 60 800 1000 0 200 400 600 800 1600
ULEET % CURRENT. Iy, (ANFERES) EMTIER CURRENT. iy, (AWPERE 5] e, 4y
TRANSIENT THERMAL HALF -BRIDGE TURN.ON SWITCHING HALF-BRIDGE TURN-OF F SWITCHING
INPEDANCE CHARACTERISTICS EMERGY CHARACTERISTICS ENERGY CHARACTERISTICS
(FWDi) (TYPICAL) (TYPACAL)Y
T T 5 T T 30 - T T
Sgle Pulse 2250v I
To:25G ! o 1 & vee=sisv |
[ Per Uit Base = Ry, o = 0.085 KW, A pRgezesr oo i | o S 25 FRgrzzse T ——
Ly = 180nH | | | o Lg= tB0AH oo e
neuse b —t—1—7 T Wik - S
Al trow Loa! Intngrated | I £ eduttive Lioat Integrated
Chvee Rngo of 10 e Range of 10% T peet
P $ 15k .
2 b 1 . 4 !
Lol 2ok 1
ir [ :
i oosp -
o I L o 1 1 | ' o ' I 1
103 102 10 100 ¢ 400 600 B0 o 200 400 00 800
Tt i) 166 CURRENT. 1y, AN COULECTOR CURSIENT. | (AMPERES)
FREE-WHEEL DIODE TURM-OM SWITCHING DICDE REVIRSE RECOVERY
REVERSE RECOVERY CHARACTERISTICS SAFE OPERATING AREA (RESOA) SAFE OPERATING AREA
TYPICAL [TYPICAL) [TYPIGAL)
0.30 . - 1000 T T T T _ 1500 T ; T
L i I | £ 1250 [ for d—t. 4
1 E
4 Zawoo b+ b1 -
i
§ ¥
4 3 .
| inductive Load Integrated - B
Over Bange of 10% ¥
o ¢
o 800 0 1000 2000 3000 4000 5000 1000
COLLEE WTTER VOLTAGE, Ve, (VELTS; COULECTOA EnTTE o1s
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Compact, Low Cost High Voltage Converter

1.5kV to 25kV (Positive or Negative) @ 1.5 Watts

DX Series

www.emcohighvoltage.com

!lgh Voltage Corporation

FEATURES

Resistance Controllable

Low EMI/RFI Sinewave Oscillator
Small Size

Short Circuit Protection

Low Cost/High Performance

OPTIONS

24V Input

Input/Output Connectors
Input/Output Isolation
Voltage Monitor

APPLICATIONS

Air cleaners

Igriters

Dielectric Testers
lomizers

Electrostatic Generators
CRT Anodes

Image Intensifiers
Capacitor Charging

PHYSICAL CHARACTERISTICS

SIZE 375x1.5x1(953x381x254)

WEIGHT: 7 Qunces (198 grams)
PACKAGING: Fully Encapsulated
CASE MATERIAL: Glass-filled Epoxy

HY OUTPUT LEAD. #22 AWG, 30kV, Silicone

ELECTRICAL SPECIFICATIONS
INPUT VOLTAGE: 12 Volts (-5%, +10%)

INFUT CURRENT, FULL LOAD: <400 mA

QUTPUT VOLTAGE: See Table
OUTPUT CURRENT: See Table
RIPPLE: 2% P-P

VOLTAGE CONTROL: Connect 5k Potentiometer
with wiper arm to orange wire. Connect remaining

potentiometer lead to black wire.
OPERATING TEMP: -10° 10 +50° C

e-mail salestemcohighvoltage.com
Web site www.emeohighvol

The DX series is a line of compact
power supplies providing up to

25,000 VDC for
igniters,

dielectric

air cleaners,
testers,

electrostatic field generators and

other

applications

requiring a

compact source of clean, reliable,

low cost high voltage,

This unit

exhibits low noise and EMI/RFI by
quasi-sinewave

utilizing

DX100MN
Ox120

DX120N

DX150
DX150N

Dxz200

DX200M

Ox250
DXZ50N

DX250M-247

“Note

Couter |
VOLTAGE |

15KV to 10KV

=1.5kV to - 10kV

18KV to 12KV

-1.BkV to -12kV

2.5kV to 15kV

2 5KV 1o 15KV
T kv to 20k

~3kV to -20kV

4kV to 25KV
AV b 28RV

-10kV 1o -25kV

1. At Maximum Rated Cuiput Voltage.
2. 24V Input Power Oplion

Cvmensions ane in Inchas.
Dvmensonal Tolerances ¢+ 03 { 76 mm)
(Mene Equwaients in Parentheses) 15

44

WPUT LEADS.

oscillator and a fully enclosed
ferrite pot core transformer.  The
output voltage is controlled by an
external potentiometer or resistor.
Both positive and negative outputs
are available. The high voltage
connection is made through a
30kV silicone wire. Call, fax, or e-
mail your requirements for
immediate attention.

wire coLoR | awg | Funcrion

Red 2 (+) Input
[ erax |22 | Grouna topun Outpens |
Orange . 2 1 Veltage Control

| B0k Silicone. 22| WV Output

TP: LEAVE ORANGE WIRE ISCONNECTED
AND VARY THE INPUT VOLTAGE FOR
PROPORTIONAL DPERATICN

| SUTPUT LEAD
AW
- - A0V, SLICONE

1200 (304 8) MIN
TYPICAL

} DUTPUT LEAD REF

EFRRCTCL
TIRICAL

Phone (209) 267-1630  Fax (200) 267-0282
70 Forest Products Road, Sutter Creck CA 95685

We EBTVE I 1N 10 M SRAAGES wERIE At




International
IGR Rectifier  automomive mosrer

PD-94428

IRF2805

HEXFET® Power MOSFET

Typical Applications
« Climate Control, ABS, Electranic Braking,

Windshield Wipers i_

Features 'y
« Advanced Process Technology G
« Ultra Low On-Resistance

« 175°C Operating Temperature
« Fast Switching

=]

w

Vpss = 55V
RDSton) =4.7mQ

Ip=75A

« Repetitive Avalanche Allowed up to Tjmax

Description

Specifically designed for Autormotive applications, this HEXFET® Power
MOSFET utilizes the latest processing technigues to achieve extremely
low on-resislance per silicon area. Additional features of this design are
a 175°C junction operating temperature, fast switching speed and im-
proved repetitive avalanche rating . These features combine to make this
design an extremely efficient and reliable device for use in Automotive

applications and a wide variety of other applications. TO-220A8
Absolute Maximum Ratings
| Parameter I Max. Units
lp @ Tc = 25°C | Confinuous Dran Current, Vg @ 10V (Silicon limited) s - T
Iz @ T = 100°C.__ Continuous Orain Current, Vigs @ 10V (Sce Fig 8) 120 S
Ih@T, Continugus Drain Current, V. 10V {Package limiled) 75 B !
lowe Pulsed Drain Current & 700 |
By @Tg = 25°C | Power Dissipation 330 W
) Linear Derating Factor - 2.2 - | WIrC
Ves Gale-lo-Source Vollage +20 v
Eas [ Single Pulse Avalanche Energy® 450 mi |
Eas (6 sigma) Single Pulse Avalanche Energy Tested Value® | 1220 |
™ ~ | Avalanche Current® ) "7 SeeFig.12a, 120, 15, 16 A |
= Repelitive Avalanche Energy® mJ |
Ty o Operating Junction and -55 to+ 175 1
Tsrs Slorage Temperature Range e
) 'Solcenn'g"fémpcr;_\mre. for 10 seconds 300 tf.smm from case ]
_' Mounling Torque, 6-32 or M3 screw . 11000 [Nem (it}
Thermal Resistance
[ 1 Parameter | Typ. Max. | Units |
R Junction-to-Case | — 0.45 |
Rucs Case-to-Sink, Flal, Greased Surface 1 oS0 — CW
(R [ dunclion-io-Ambient = 72
HEXFET(R)is a registered trademark of International Rectifier.
www.irf.com 1
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IRF2805 Internationcl

IGR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
i ; Min.' Typ. |Max. |Units [
Vigripss | Drain-to-Scurce Breakdown Voltage 55 | —|— | V | Vos = 250pA
Wi oss/ T Voltage Temp, Coeflicent | — | 0.08| — | VI'C 1o 25°C, Ip = 1mA
Riston Stalic Orain-lo-Source On-Resistance| — | 38 | 4.7 | mil | Vgs = 10V, Ip = 1048 &
Vs Gate Threshold Vollage ' 20 | — |40 | W )
9 Forward T 91 [—|— | s
. — | — |2
foss Drain-to-Sore Leskage Gument 20| M [Vos 65V, Ves T VLT, R 1256
-!; Gate-lo-Source Fn_':r_wgm Leakage — | — 1 200 nA Vgg = 20V o
o Gate-lo-Source Reverse Leakage | — | — |-200 Vgs = 20V |
lQ, Total Gale Chargs — | 150 | 230 Io = 104A .
Qg Gate-lo-Source Charge — | 38 | 57 nC | Vg = 44V
Qg Gale-to-Drain ("Miller") Charge — |5z | 78 Vgs = 10VE
"™ Tum-On Delay Time — |14 | — Voo = 28V
1, Rise Time — 20| — I = 104A
[ Tum-0ff Delay Time 68 | — | ™ |Re=250
[ Fall Time L — (e Vgs =10V @
. Between lead, u
ko e Drain Inductance il o | 6m 02500 ( Y
Ls Intemal Soures Induciance —| 78|— from package L
s ) and center of die contact i
Crre " | Input Capac — 5110 — Vg = OV
[ Coss Oulput_Capacitance — [1190] — | pF | Vps =25V
' Cras Reverse Transfer Capacitance — | 210 | — f = 1.0MHz, See Fig, §
Coss Cutput_Capacitance —_— 5470 — = Vps = 1.0V, [ =10MHz
Coss Output Capaci [ —Tes0 | — V., Vs = 44V, f = 1.0MHz
Cows el | Effective Ouipul C ® — [1s00] — Ve Vs = 0V to 44V
Source-Drain Ratings and Characteristics
] ) Min. | Typ. Max. | Units [
" Contnuous Source Current I B MOSFET symbal
) | (Body Diode) ) | a |showing the
[ | Pulsed Source Curment | —1 700 ntegral reverse
_| {Body Diede) ® p-n junciion diode.
Vsn Diode Forward Vollage — [ —[1a] v [T=25Cle=10aA Vgs =¥ @
1 Reverse Recovery Tims — 80 [ 120 | ns | T,=25°C. ks = 104A ]
Q. Reverse Recovery Charge — [ 290 430 | nC | dildt = 100Mps @
L Forward Tum-On Time ) | Inirinsic tum-n time is negligible (tum-on is inated by Ls*Lph
Notes: @ Cous off is a fixed capacitance that gives the same charging time

I Repetitive rating,  pulse width limited by
manx. junction temperature, (See fig. 11}
@ Starting T, = 25°C, L = 0.08mH

a8 Cogg while Vg is rising frem O to 80% Vpss .
@  Limited by T ma. . see Fig.12a, 12b, 15, 16 for typical repetitive

R = 2641, Ine = 104A. (See Figure 12), avalanche performarice.
T lgn < 104, dudt < 24080ps, Vo < Vieross, @ This value determined from sample failure population. 100%
T, 175°C ’ lested to this value in production

E Pulse width < 400ps; duty cycle < 2%,

2 www.irf.com
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International |RF2805

IGR Fectifier

LIl 100 luc.s“
A 1oe 18V
! vy — I 10| -—
- bt - S — amrt g 1
g =il 2 Sl | AT
g < ssv T L —_
3 g 3 aoTiou 15v] Lt B
g : 8
- g ™F B
2 2 — |
£ EOR iy . |
g [ 1111 1T
a =] i 1
= : =] 1H | -
- 29145 PULSE WIDY [ | [Ops PULSE WIDTH
) mzzse | {1l N’ 4 | mzizsel [11]]
01 1 10 100 o 1 10 00
Vpg. Drain-to-Source Voltage (V) Vpsg. Drain-lo-Source Voltage (V)
Fig 1. Typical Output Characteristics Fig 2. Typical Output Characteristics
1000 200
z @
= g 160 |-
= g Ty=175°C
g 2 /
s E
G g 120 -
g 2
5 10 [ / / T, =25°C
4 £ a0 / /. |
1 | |
g H
o
1 g /
=) . IR oy
£ & =
Vpg =25V | a Vps =25V
" 20ps PULSE WIDTH | 20us F'“I"-SE b i
]
40 50 (1] 70 BO a0 ‘0o 0 an B0 120 160 200
Vg Gate-to-Saurce Voltage (V) Ipy, Drain-to-Scurce Current (4)
Fig 3. Typical Transfer Characteristics Fig 4. Typical Forward Transconductance
Vs. Drain Current
www.irf.com 3
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|RF2805 Internationel

IR Rectiffer
10000 1 20 T x T
: Ip= 1044 Vpg= A4V
T VDS= 28
o . —
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g 6000 8 12
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2 i
2 w0 2 8
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18] =] I
@ 4 Vd S—
2000 (L]
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._I__ S
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Vpg. Drin-to-Source Voltage (V) Qg Total Gate Charge nC)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs,
Drain-to-Source Voltage Gate-to-Source Voltage
1000.0 T E 10000 —
- 1 = ERATION IN THIS AREA
T — ITED BY Rpyglon) *
z 1J=‘?5'C/7/ &3 R EL
= 1000 b n £ 1000
g 3
3 1= E]
£ / 8
E w0 p— —f—- 3 0
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L e i el s — o [T = 25°CF
| S | i |
ot | i Vgg =0V 1 Single Pulse | '
02 04 06 08 10 12 14 16 18 1 10 100 1000
Vgp. Source-toDrin Veltage (V) Vs . Drain-doScurce Vaoltage V)
Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area

Forward Voltage

www.irf.com
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International IRF2805

TR Rectifier

. T T a0 Ig = 1754
-t~ —HummEo ey FackaGE 11 —t— o -+
T T .
150 T 5
e T S N O B
| > I EoL Z
=" L 1] i P
= } ™ i3 1 L
% \ ! 2] L
5§ = - > G F s
3 \| | ¢ 3 -
i | RN 5 = |
8 o & " =
£ | H — -
i B R N g — L
. - 0%
" | g L _
| | { | ‘rg . V ogg= 10V
Da £ ] 00 125 150 s £ 40 90 0 ;M 40 B0 & 100 130 MO MG 180
Te. Camse Temporature {'C) T, Jurction Temperatur [+
Fig 9. Maximum Drain Current Vs. Fig 10. Normalized On-Resistance
Case Temperature Vs. Temperature

!
B
2o
2
g
:
x
5 o
E
£
* Dhty tactoe 0w oy
TP T By n F e T
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000001 om0 com aot ot
ty. Rectangular Pulse Duraton {Sec)
Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
www.irf.com 5
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IRF2805

DRIVER

)
Rg | ﬂ_x_ul)u\‘ .

- - Voo
lag
. Y 0010

Fig 12a. Unclamped Inductive Test Circuit
ViBRDSS

las
Fig 12b. |Unclamped Inductive Wavefarms
- Qg .

1oV
'!'OGS v Qgp -
|

\l'(;.

Cnarée -
Fig 13a. Basic Gate Charge Waveform

Currnnt Reguiaios

Fig 13b. Gate Charge Test Circuit
5

50

E s Single Pulse Avalanche Enargy (mJ)

Vg Gate threshokd Voliage (V)

International
IGR Rectifier
1000
o
TOR 434
ara
B0 BOTTOM 1044
- 5\\
N j
00 ] T
\R\\ <} L
o \Q}H\%\
S
'""‘."-\a-___
Dﬂ =0 L] 100 125 150 s
Starting T, Junction Terperature (=1

Fig 12¢c. Maximum Avalanche Energy
Vs. Drain Current

an
™ Ig = 250uA
30 \"“\\
™~
Y

\\
20 ~
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1.0

-75 50 -25 0 25 S0 TS 10D 125 150 175

T . Temperature ( °C )

Fig 14. Threshold Voltage Vs, Temperature

www.irf.com



Internationa |RF2 805

TR Rectifier

00 BRI Rt T i {.! T .
e EE SmeE) SR SR
I 1hH . — HE
“Duty Cycle = Single Pulse I 1) - 1 I . T
.t = == = - =11 1]] Allowed avalanche Curent vs
< s “HH avalanche pulsewdih, lav
H - 1| assuming ATj=25°C dueto [
£ || avalanche losses, Note: In no
[ e - case should Tj be allowed 1o o
—=|= {1 excesd Tymax ¥
‘g Rt E 1
-1 LT -+ I
= y
z ¥ | "t i
10 £ 5501 e e R T = T
, i ] | |
1.0E-D7 1.0E-05 1. 0B85 10E-M 10603 1.0E-02 1.0E-01
tav (sec)
Fig 15. Typical Avalanche Current Vs Pulsewidth
500 Notes on Repetitive Avalanche Curves , Figures 15, 16
TOP Single Pulse (For further info, see AN-1005 at www.irf.com)
| BOTTOM 10% Duty Cyele 1. Avalanche failures assumption
=~ w0 In = 1044 Purely a thermal phenomenan and failure ocours at o
E far in excess of Ty, This is validated for
= every part type,
2 2. Salfe operation in Avalanche is allowed as long 35T, 5
u% 30 not exceaded,
@ \ 3. Equation below based on circuil and waveforms shown in
§ Figures 12a, 12b.
B oy 4. Py [we) = Average power dissipation per single
£ avalanche pulse.
< 5. BV = Raled breakdown vollage (1.3 factor accounts for
-] voltage increase during avalanche)
w10 6. |5, = Allowable avalanche current
N 7. AT = Algwable fse in junction temperature, not to exceed
| N~ Timax (2ssumed as 25°C in Figure 15, 16)
o 13y = Average time in avalanche
F- 50 75 0o 15 150 175 D = Duty cycle in avalanche = t,, f
Staring T . Junction Temperature (*C) ZyeiD. 1) = Transient thermal resistarce, see figure 11)
Pojavey = 12 { 138V, ) = T Zy5e
Fig 16. Maximum Avalanche Energy Iy = 20T [1.3-BV- 2]
Vs, Temperature Ens iani = Po e tav
www.irf.com 7
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Fig 17. Peak Diode Recovery dv/di Test Circuit for N-Channel
HEXFET® Power MOSFETs
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Fig 18a. Switching Time Tesl- Circuit
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Fig 18b. Switching Time Waveforms
8 www.irf.com
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Internationa’

il IRF2805
TaR Rectifier

TO-220AB Package Outline

Cimensions are shown in milimeters (inches)
10.54 {415)

- L 3Ta(nam [-B-]
28T toasiaas) [T D aseia3m R T |
262103} [Ca- amiwn T sy
r i . : ’ 1.22{048)
b a7 (255)
I 610 {240} 1
15.24 { 800} = P I
14.84 { 584y
oy et 115 (45} LEAD ASSIGNMENTS
MIN . 1. GATE
| bz 01 L 2-DRAN
! 3 SOURCE
il . " 4- DRAN
14,09 555) B
13,47 (530} 4.06 (160}
3551140}
! ' H 9034037
. 1007} 055 (022)
a P gee 0z 3 546 (018)
ax totoss L1 .
105 | 045} | & 236 [014) T I
| T T 2o
IR T e
F
HOTES
1 DINENSIONING & TOLERANCING PER ANSI Y14 50, 1382 3 QUTLINE CONFORMS TO JEDEC OUTLINE TO-220A8
2 CONTROLLING DIMENSION | INCH

4 MEATSINK & LEAD MEASUREMENTS DO KOT NCLUDE BURRS

TO-220AB Part Marking Information

EXANPLE: THIS 1S AN IRF 1070

. PART KUMBE R
LT CODE 1769 INTERMATIONA. |
ASSEMBLED O WA 19, 1597 “f‘l-:_;ﬂi " |
T IOR R
IN THE ASSEMBLY LINE “C ! : I.__ R
- AT - 19
ASSEMBLY r] T _"F-'\R a7
101 CODE Wi WEEK 19
i LINE ©

Data and specifications subject to change without notice.
This product has been designed and qualified for the Automative [Q101] market.

Qualification Standards can be found on IR's Web site.
International

TR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 80245, USA Tel: (310} 252-7105

TAC Fax: (310) 252-7903
Visit us at www.irf com for sales contact information. 8/02
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L7800
SERIES

POSITIVE VOLTAGE REGULATORS

QUTPUT CURRENT UPTO1.5 A

OUTPUT VOLTAGESOF 5:5.2,6, 8,859,
12;15;18; 24V

THERMAL OVERLOAD PROTECTION
SHORT CIRCUIT PROTECTION

QUTPUT TRANSITION SOAPROTECTION

DESCRIPTION

The L7800 series of three-terminal positive
regulators is _available in TO-220 ISOWATT220
TO-3 and D°PAK packages and several fixed
output voltages, making it useful in a wide range
of applications. These regulators can provide local
on-card regulation, eliminating the distribution
problems associated with single point regulation.
Each type employs internal current limiting,
thermal shut-down and safe area protection,
making it essentially indestructible. If adequate
heat sinking is provided, they can deliver over 1A
output current. Although designed primarly as
fixed voltage regulators, these devices can be
used with external components to  oblain
adjustable voltages and currents.
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L7800

ABSOLUTE MAXIMUM RATINGS

Symbaol : Parameter Value Unit
V, | DClInputVeltage (for Vo = 5 1o 18V) 35 v
{forvg = 20, 24V) 40 \
I, | Dutput Current ' Intemnally limited
Pi | Power Dissipation Intemally limited
Top | Operating Junction Temperature Range (for L7800} -55 10 150 °c
i ) {for LT800C) 0to 150 °C
Ty | Storage Temperature Range -65 1o 150 “C
THERMAL DATA
Symbol Parameter D PAK TO-220 |ISOWATT220) TO-3 Unit
Rinj-case | Thermal Resistance Junction-case Max 3 3 4 4 “Ciw
Ribj-ame | Thermal Resistance Junction-ambient  Max 62.5 50 60 35 “CIw
CONNECTION DIAGRAM AND ORDERING NUMBERS (top view)
~ QUTPUT
== ouiprul
ChD m GND
[—=— INFUT
o - INPUT
reraae EFT]
TO-220 & ISOWATT 220 D'PAK TO-3
Type TD-220 D'PAK ) ISOWATT220 TO-3 Output Voltage
L7805 LTE0sT sV
LTBOSC L780SCV L780SCD2T LT80SCP LT805CT sy
Lreszc L78520V L7852C02T L7852CP L78s2CT 5.2v
L7806 LTE06T BY
L7806C L7BO&CY LT806C02T L78DECP LTR0GCT BV
L7808 LT&08T B
L7a0BC L7808CY L780BCD2T L720aCP L7806CT B
Lraasc L7B85CY L7885CD2T L73asCP L7885CT B.5V
L78090 L7B09CY L7809C02T L7809CP L7809CT 9V
L7812 L7812T 12v
Lra1ac L7120V L7812CD2T L7812CP Lig2cT 12v
L7815 L7B15T 15V
L7&15C L7T815CY L7815C02T L7815CP L7815CT 15V
L7818 L7B1ET 18v
L7818C L7&18CY L7B18CD2T L7B18CP L7B1SCT 18V
L7820 L7820T 20v
L7820C L7820CY L7820CD2T L7820CP L7820CT 20V
L7824 L7824T 24y
L7824C L7a2aCY L7B24CD2T L7B24CP L7a24CT 24y
(T AVAILABLE IN TAPE AND REEL WITH TR SUFFIX
2125 7
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L7800

APPLICATION CIRCUIT

L78XX
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L7800

TESTCIRCUITS
Figure 1 : DC Parameter Figure 2 : Load Regulation

Figure 3 : Ripple Rejection.
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L7800

ELECTRICAL CHARACTERISTICS FOR L7805C (refer to the test circuits, Ty = 010 125 °C,
Wi =10V, I, = 500 mA, Ci = 0.33 uF, Cy = 0.1 uF unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max, Unit
Wy | Oulput Vollage Tj=25°C 4.8 5 5.2 W
Ve Output Vollage l=5mAlo1A P,<i15W 475 5 5.25 v

Vi=7020V
V. | LineReguktion V,=Tt025V T,=25°C 3 00 | mv
V=812V T =25"C 1 50 miy
AV," | Load Reguiation Ip=5101500mA  T,=25°C 100 mv
1 lo= 25010 750mA T, =25°C 50 mi
Iy | Quieseent Curent Ti=25°C B mé
alg | Quiescent Curent Change s = 510 1000 mA 0.5 mé
Alg  |Quiescent Cument Change |V, = 71025V 0.8 mA
AV, | Oulput Voltage Drift ly=5mA 1.1 mvitC
AT | !
eN | Oulput Noise Voltage B = 10Hz o 100KHz T =25°C 40 uv
SVR | Supply Voltage Repcbon V,=81018Y = 120Hz 62 dB
Wa | Dropout Volage lb=1A T,=25"C 2 W
Ra Output Resistance = 17 mi
lsc | Shont Circuit Current V,=35V_ T=25°C 750 mA
lscp | Sho Circult Peak Curent [T = 25°C 2.2 A

ELECTRICAL CHARACTERISTICS FOR L7852C (refer to the test circutts, Tj = 010 125 °C, Vi = 10V,
lo = 500 mA, Ci = 0.33 uF, Co = 0.1 uF unless otherwise specified)

Symbol | Parameter Test Conditions Min. Typ. Max. Unit
Vo | OulputVoltage T =25"C 5.0 5.2 5.4 N
Va Qutput Veltage la=5mAto1A P,z 15W 4.85 5.2 5.45 v
! Vi=Bto20V
AV [ Line Regultion |V,=Tta25V T,=25°%C 3 105 my
| Vi=B8to12V T;=25°C 1 52 my
AVo* iLoad Reguiation ly=5t01500mA T =25°C 105 mi
| l,= 25010 750mA  T,=25°C 52 mi
l. | Quiescent Curent T,=25°C 8 mA
Aly | Quiescent Cument Change la = 5 to 1000 mA 0.5 ma,
Alg | Quiescent Current Change Vi=Tto25V 1.3 ma
aVe |OuputVollage Ot |la=5mA i 10 e
\T
eN | Output Noise Voltage B = 10Hzlo 100KHz T,=25°C 42 u
SVR | Supply Voltage Rejection Vi=8t018Y  f=120Hz 61 dB
Wy | Dropout Voltage lL=1A T;=25°C 2 v
| R. | OutputResistance = 1KHz S 17 mo
le | Short Cirat Current V=38V T,=25°C 750 | | ma
lice | Short Ciraut Peak Curent T,=25°C 2.2 A
* Load and line regulation ane £ at constand junction temperaure. Changas Vo due to heating effécts must be taken into account
separatety. Pulte tesling with low duly cycle is used
L’_f W2s
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L7800

ELECTRICAL CHARACTERISTICS FOR L78B06C (refer to the test circuits, T = 010 125 °C,
VM =11V, |5 = 500 mA, C, =0.33 yF, Cy = 0.1 uF unless otherwise specified)

Symbol | Parameter | Test Conditions Min. | Typ. | Max. | Unit
Va Quiput Voltage 'I‘_. =25°%C 575 [} 6.25 W
Va Oulput Vollage la=5mAto1 A P,s15W 57 [ 6.3 v

Viz8u21V
[ aVes |Line Regulaton V,=81025V T,=25°C 120 | mv |
Vi=8w13v T,=25°C 60 mv
AV."  |Load Regquation l,=5101500mA T =25°C 120 my
1= 25010 750mA T, =25"C &0 my
ls | Quiescent Curent Ty =25"C 8 mA
Alg | Quisscent Cument Change Iy = 510 1000 mA 0.5 mh,
Ala | Quiescent Cument Change V=825V 1.3 mA
A Vo_ Ouitput Valtage Drift I,=5mA -0.8 myirC
AT
eN | Oulput Moise Vollage B =10Hzic 100KHz T,=25°C 45 uV
SVR | Supply Vollage Rejection Vi=89t019V (= 120Hz 53 dB
Vg Dropout Velage Ha=1A T,=25°C 2 v
Ro Output Resistance =1KHz 19 mi
lse Short Circuit Current V=35V T, =25°C 550 ma
lscp | Short Gircuit Peak Curent T,=25°C 2.2 A

ELECTRICAL CHARACTERISTICS FOR L7808C (refer to the test circuits, T) = 010 125 °C, Vi = 14V,
lo = 500 mA, Ci = 0.33 uF, Co = 0.1 uF unless otherwise specified)

Symbol Parameter | Test Conditions Min. Typ. Max, Unit
Va | OulpulVollage |T,=25%C 77 8 8.3 v
Ve Output Veltage lL=GmAto1 A P.<15W 76 1 8.4 v
|Vi=10.510 25V
AV,* | Line Regulation V,=1051025V T =25°C 160 | mv
V=11t 17V T,=25"C &0 my
AV |Load Reguation I,=5101500mA T =25°C 160 my
| I, =25010750mA  T,=25°C a0 my
la fe’ Cument T, =28°C 8 mA
Quiescent Cument Change |1, = 5 to 1000 mA 0.5 ma
Quiescent Cument Change |V, = 10 50 26V 1 mA
OutputVolage Drt SmA - 1o myvire
1 Output Noise Valtage |B=10Hzto 100KHz T,=25°C 52 uy
| Suppiy Vollage Rejeclion Vi= 1150215V f=120Hz 56 dB
| Dropout Voltage T, =25°C 2 v
lOupulResitance S TR 1T ma
|Short Cireul Current i','=_2_s""c' R T as0 | wa
Shaort Circut Peak Current 2.2 A
° Lead and line requlation are specfied a1 constant juncton temperaure, Changes in Vs due to Bealing efecls mus: be laken into account
separalely. Puloe testing with low duty eycle is used,
10125 o7
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