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!!! Extreme Danger !!! 

 

The energy levels, voltages, and/or currents used and generated by the power supply and pulser 

can be lethal. Supply and pulser should only be operated by qualified personnel. Do not attempt 

to operate the power supply and pulser unless the user has sufficient knowledge of the dangers 

and hazards of working with high voltage. Do not attempt to approach or touch any internal or 

external circuits or components that have been connected to the power supply and pulser until all 

energy has been discharged. Be certain to discharge any stored energy that may be present before 

and after using the power supply and pulser.  

 

If it is at all unclear how to operate this system safely, please contact EHT before operation. 

 

 

 

 

 

!!! Exposed High Voltage !!! 

 

Lethal voltages are present and exposed at the rear high voltage input and output connections. 

Operate supply and pulser such that there is guaranteed to be no contact between these 

connections and any human, equipment, and/or cable.  

 

 

If it is at all unclear how to operate this system safely, please contact EHT before operation. 
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Typical Performance ..................................................................................................................... 27 

 

Overview 
 

The Eagle Harbor Technologies, Inc. (EHT) Inductive Adder Nanosecond Pulser (NSP-IA) is a 

modular, high voltage, high peak power, low impedance driver designed to drive nonlinear 

transmission line loads in order to generate high power radio frequency (HPRF) waves. EHT offers 

several models of NSP-IA, each with their own operating specifications, including peak voltage, 

minimum drivable impedance, maximum pulse repetition frequency (PRF), etc. Consult the 

Specifications section in this manual for more details about your specific NSP-IA model. 

 

This manual will cover the setup and operation of the NSP-IA system, including its DC charging 

supply, all controls, safety features, and will make recommendations on proper connections and 

measurement practices. 
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Specifications 
 

Safe Operating Area 

 

The safe operating area (SOA) of the NSP-IA system is shown below in Figure 1. The system can 

be operated at any combination of frequency and pulsewidth on or below the red line up to the 

peak output voltage of 30 kV for up to 2 s of continuous operation. At full voltage this SOA defines 

a continuous power curve at approximately 12 kW out of the HVDC supply. Operation outside 

this area may cause damage to the NSP-IA. 

 

 
Figure 1. Safe operating area for the NSP-IA for all voltages up to the maximum (30 kV). 

  



 

P: 206.402.5241 E: info@eagleharbortech.com | 169 Western Ave West, Seattle, WA 98119 | www.eagleharbortech.com 

5 

 

Output Specifications 

 

See waveforms in the section Typical Performance for reference. 

 

Maximum Load Voltage: 30 kV (negative polarity) 

Maximum Frequency: 30 kHz (pulsewidth dependent) 

Minimum Pulsewidth: 30 ns (FWHM) 

Maximum Pulsewidth: 120 ns (FWHM) 

Rise Time: Approx. 10 ns into a well-matched load (10-90%) 

 

Load Specifications 

 

This NSP-IA is designed to drive a 50 Ω output cable which can then be connected to a well-

matched (i.e. also 50 Ω) user’s load. This load can be purely resistive or nonlinear, but its overall 

impedance should be 50 Ω. The output cable is a length of Heliax® HJ5-50 corrugated copper, 

air-dielectric coaxial cable which has been positively pressurized with sulfur hexafluoride (SF6) to 

prevent arcing and corona breakdown. 

 

Load Impedance: 50 Ω 

Output Cable Gauge Pressure: 45 psi 

Output Cable Length: 45 ft 

 

Charging/Power Specifications 

 

Maximum Power to be Delivered from DC Supply: 12 kW 

Maximum DC Charge Voltage: 640 V 

Maximum DC Supply Current: 18.75 A 

Operation: Continuous at all operating points on or below SOA curve, for 2 s bursts with 2 min 

cooldowns between bursts 

 

Interfacing Specifications 

 

Output Control: Gated via isolated 2 mm plastic fiber inputs to the three separate modules 

Interlocks: Status interlocks are provided via isolated fiber outputs on the three separated modules 

 

Safety Specifications 

 

This system is tolerant to shorts at the end of the output cable for the duration of a burst. However, 

if a short develops, the user should immediately cease operation and address the issue as the short 

will induce a higher thermal load on the NSP-IA than during normal operation. 

 

On-board pulse protection circuitry will limit the minimum and maximum pulsewidths, as well as 

the maximum PRF the inductive adder will output. However, the user should never intentionally 

exceed the specifications outlined above and rely on these safety features alone. 
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Critical Operational Warnings 
 

Failure to follow these warnings can result in immediate and catastrophic failure of the NSP-

IA. Such failure results in characteristic internal damage and is not covered by the EHT 

warranty. If you have any questions regarding safe operation, please contact EHT for 

guidance prior to such operation. 

 

1. Always use with loads within the range specified 

The system is designed to drive the load specified in the section Specifications. If a load with 

different characteristics is connected (such as one with a lower impedance, a capacitor, an arc, 

etc.), then the system may output unexpected waveforms and damage may result. If the load 

characteristics are unknown or operating with other loads is necessary, contact EHT for 

consultation.  

 

2. Do not operate outside of the provided operating curve 

Do not operate with a combination of output voltage and frequency outside the operation curve 

provided. Doing so may result in damage to the NSP-IA. If operation outside the above listed 

parameters becomes necessary, contact EHT. 

 

3. Do not operate with the load shorted or open 

The system is designed to drive the load specified in the section Specifications. Although the 

system is tolerant to shorts, if the load faults by becoming shorted or open, the components of the 

system will experience increased thermal loads. If a short develops during operation the user 

should immediately shut down the NSP-IA and address the issue. 

 

4. Only use the output cable and charging cable provided by EHT 

The NSP-IA is intended to be operated only with the included output cable and charging cable. 

These cables are designed to handle the delivered power while protecting the NSP-IA and charging 

supply from noise and erroneous load conditions. Do not use the NSP-IA with any other output or 

charging cable. If it is desired to change the output or charging cable, please contact EHT. 

 

5. Do not block airflow 

Both the NSP-IA and DC charging supply have air vents on the front, back, and sides. These must 

not be obstructed, or internal components will overheat. The internal fans of all units should 

operate whenever the system is running. If the user does not hear the fan spinning whenever power 

is provided cease operation immediately and contact EHT. 
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System Description 
 

System Overview 

 

The Inductive Adder Nanosecond Pulser (NSP-IA) System (“system”) consists of the following: 

• One EHT Inductive Adder Nanosecond Pulser (NSP-IA) 

• One EHT High-Voltage Output Cable, or “transmission line” 

• One Magna-Power High-Voltage DC Power Supply, or “charging supply” 

• One EHT High-Voltage Charging Cable 

• One Triggering Pulse Generator, or “signal generator” (not provided by EHT) 

• One Fiber Transmitter (FT-4x4), with 5 VDC power supply and 2.2 mm plastic fiber 

• The User’s Load 

 

The NSP-IA has a single-sided, negative polarity output by default. Ground is shared by the output 

cable and the NSP-IA chassis. The output cable is connected directly to the output of the NSP-IA 

and to the user’s load. The charging supply provides DC power to the NSP-IA via the charging 

cable. The FT-4x4 provides fiber optic isolation, allows the user to gate the operation of the NSP-

IA, and provides interlock support to automatically shut down operation of the system in the event 

of a board-level failure. A schematic of the overall system is shown in Figure 2. 

 

 
Figure 2. Basic system diagram for the NSP-IA system. 

 

The NSP-IA output voltage is directly proportional to the charge voltage provided by the charging 

supply. 625 VDC roughly corresponds to 30 kV output, as the system has a 1:48 step up ratio. If a 

precise output voltage is required, the user should measure it with an appropriate high voltage 

probe and adjust the charge voltage accordingly. See the section Measuring the Output 

Waveform for instruction. 

 

Operation of the NSP-IA is gated with three fiber inputs, meaning that the fiber inputs serve not 

only to trigger, set PRF, and burst length but also to control the duration of each pulse. All of these 

parameters may be adjusted on the fly. Only output voltage is set by another mechanism; the 

charging supply. Each of the fiber inputs must be triggered simultaneously which is why this unit 

comes with an EHT FT-4x4 system which includes a fiber fanout. 
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Front Panel 

 

An image of the front panel of the NSP-IA is shown in Figure 3. The switch and fiber inputs and 

outputs that operate the NSP-IA are located primarily on the front panel. All fiber inputs and 

outputs accept 2.2 mm plastic fiberoptic cable. Because the NSP-IA is a modular product, many 

of the controls seen on the front panel are repeated. A description of each NSP-IA control is listed 

below. Labels as seen on the front panel for each control are also listed. 

 

1. NSP-IA Power Switch (“AC Power”): Provides 120 VAC power to the NSP. 

 

2. Power LEDs (“Power”): Illuminate green when AC power switch (1) is on. 

 

3. Fiber Inputs (“Trigger In”): Used to gate the operation of the NSP-IA. 

 

4. Status Fiber Outputs and LEDs (“Status”): Serve as an interlock system which can 

alert the user in the event of a board failure. Both operate in an active-high 

configuration, the LEDs are illuminated green and the fiber output is high if no fault is 

detected. 

 

5. Current Monitor Fiber Output and LED (“Current Monitor”): CURRENTLY 

DISABLED. 
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Figure 3. NSP-IA Front Panel. 
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Back Panel 

 

An image of the back panel of the NSP-IA is shown in Figure 4. The back panel of the NSP-IA 

has only one control relevant to its operation but also houses the High-Voltage DC Inputs. A 

description of each element on the Back Panel of the NSP-IA is described below, along with their 

label as seen on the back panel. 

 

 

1. NSP Master AC Power Receptacle: A three-prong AC power cord should be plugged 

into the back panel of the NSP-IA. This power cord should be plugged into a standard 

120 VAC/60 Hz outlet that has a proper ground connection. This receptacle also houses 

fuses which will protect the NSP-IA. 

 

2. NSP-IA Master AC Power Switch: Located on the AC Power Receptacle (1). 

Provides AC power to the NSP-IA. See Operating Instructions in the next section for 

a detailed discussion on how to turn the NSP-IA on and off properly. 

 

3. HV DC Input Connectors: The EHT high-voltage charging cable should be pugged 

in to these connectors to provide DC power to the NSP-IA from the charging supply. 

All three connectors should be used to ensure proper current sharing throughout the 

NSP-IA. 
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Figure 4. NSP-IA Back Panel. 
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Output Cable 

 

The NSP-IA requires a 50 Ω output cable in order to ensure safe operation. This output cable 

consists of a 45 ft length of Heliax® HJ5-50 pressurizable air-dielectric coaxial cable, pressurized 

with SF6 to 45 psi, with custom end connectors. This section discusses the cable’s construction 

and pressurization. See the following section, Operating Instructions for a detailed discussion on 

how to connect the output cable to the NSP-IA as well as some suggestions on how to connect it 

to the user’s load. 

 

If a short were to develop at the output of the NSP-IA, current would ramp up very quickly to a 

point that would cause an unsafe voltage spike across the solid-state switches upon their opening, 

which could damage the NSP-IA irreparably. Because the NSP-IA was designed to drive 

experimental loads which may experience a short or arcing, an output cable of a matched 

impedance was added to its output. This output cable ensures that any arcing that may take place 

at the user’s load will not affect the NSP-IA. 

 

However, due to the high power and voltage requirements, a simple solid-dielectric coaxial cable 

(such as RG-213) is not a viable output cable solution. Corona breakdown and power dissipation 

in the cable could lead to damage over time, endangering the NSP-IA. Instead, EHT has developed 

a system to pressurize Heliax® HJ5-50 coaxial cable which will ameliorate these issues, with the 

cost of some added complexity. 

 

Pressurizing the Cable 

 

The EHT output cable has a valve with a 3/8” barb fitting at one end, and a pressure gauge on the 

other. These two ends are labeled below in Figure 5. 

 

 
Figure 5. Left: the end of the output cable with the valve and 3/8” barb fitting. Right: the end of 

the output cable with the pressure gauge. 
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Figure 6, below, shows a diagram of the gas system for evacuating and filling the output cable. 

For best performance, the output cable should be evacuated before being filled with SF6. EHT 

recommends a roughing pump, for example the Fischer LAV-3, a two-stage rotary vane pump. 

This pump should be connected to the output cable and to the gas supply as shown in the diagram 

below. 

 

 
Figure 6. Gas system diagram for filling the EHT output cable with SF6 gas. 

 

First the cable should be evacuated by the vacuum pump. Turn the pump on and open Valves 1 

and 2. Allow the pump vacuum pump to fully evacuate the cable. EHT recommends pumping on 

the cable for ten minutes to one hour. After the cable has been evacuated, close Valve 1. Dial the 

regulator to 45 psi and open the regulator, then open Valve 2 and allow the tank to fill the cable to 

the desired pressure. The gauge on the opposite end of the output cable may not read the same 

value as that on the regulator gauge but we believe this is due to gauge error alone. The gauge is 

still useful as a relative measure of the pressure inside the cable. Close Valves 2 and 3 and 

disconnect the cable from the filling system. If desired, the barb fitting on Valve 3 may be replaced 

with a simple set screw which will prevent the gas from leaving the cable if the valve handle is 

bumped. Alternatively, the valve handle may be removed or locked to the side of the valve to 

prevent it from turning. 

 

It is likely that the cable will need to be repressurized periodically, but EHT has successfully held 

pressure in the cable for several weeks without any indication of leakage. 
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Fiber Transmitter 4x4 and Interlock Controller 

 

The EHT Fiber Transmitter 4x4 and Interlock Controller (FT-4x4-IC8, or simply FT-4x4) is a 

four-channel fiber isolation and fanout controller with 8 integrated interlock channels. Each 

channel of the FT-4x4 takes a BNC or fiber input and fans that signal out to four fiber outputs. The 

NSP-IA requires the use of just one channel of the FT-4x4. The interlock channels may be used to 

monitor the status out of the NSP-IA and safely prevent operation if an issue is detected. 

 

This section will cover the operation and controls of the FT-4x4. 

 

Front Panel 

 

Figure 7 shows the front panel of the FT-4x4-IC8. All fiber inputs and outputs accept 2.2 mm 

plastic fiber. All BNC cables used should be 50 Ω. 

 

1. Drive Signal Input (Channels 1 – 4 “IN”): The drive signal for the NSP-IA can be 

transmitted to the FT-4x4 by BNC or by optical fiber. The signal will then be fanned 

out to each of the four outputs of each channel.  

 

2. Drive Signal Output (Channels 1 – 4 “OUT”): These outputs pass whatever input 

they receive out as four identical drive signals. The NSP-IA can use three outputs of 

any one of the four channels, but all fiber inputs on the NSP-IA should be serviced by 

the same channel on the FT-4x4. 

 

3. Interlock Fiber Inputs (“INTERLOCK IN” 1 – 8) and LEDs: These fiber receivers 

must have a continuously high signal to allow the drive signals to pass out of each 

channel to their fiber transmitters. If an interlock signal goes low for any amount of 

time the fault logic on-board the FT-4x4 will not allow any signals out until the 

interlock signals return to their high state, and the FT-4x4 has been reset. The LEDs 

associated with each channel simply report the status of each interlock. These interlocks 

may be bypassed via a dipswitch on the back of the enclosure, as covered in the next 

section. 

 

4. Interlock Status Fiber and LED (“INTERLOCK STATUS”): If the interlock of the 

FT-4x4 is satisfied (either by input fiber signals on the front panel or because the 

interlocks have been bypassed) the interlock status fiber will be held high and the LED 

will be illuminated. This can be used to shut down other parts of the user’s experiment 

if a fault is detected by the FT-4x4. 

 

5. Interlock Reset Fiber/Manual Pushbutton (“RESET”): After all of the interlock 

fibers have been restored to a high status and all fault issues have been fully understood, 

the interlock can be reset with a manual pushbutton or a momentary fiber signal in (of 

at least a few hundred nanoseconds). 

 

6. Power LED (“PWR”): This LED is illuminated when the FT-4x4 has on-board power. 
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Figure 7. Fiber Transmitter 4x4 and Interlock Controller (FT-4x4-IC8) front panel. 

 

Back Panel 

 

Located on the back panel are the interlock channel bypass switch, the board power switch, and 

the 5 VDC input power receptacle. These are explained below and are shown and labeled in Figure 

8. 

 

1. Interlock Bypass Switch (“Interlock Bypass”): As stated in the last section, if the 

user does not require eight channels of interlocks (the NSP-IA has only 3 status-out 

fibers), the unused channels can be bypassed using this switch. Interlock channels 

should not be bypassed if they are being actively used on the front panel. 

 

2. Power Switch (“ON/OFF”): This switch provides 5 VDC to the board, which powers 

the FT-4x4. 

 

3. Power Receptacle (“5 VDC”): Accepts 5 V, 3 A DC power from a barrel plug. 

 

 
Figure 8. Fiber Transmitter 4x4 and Interlock Controller (FT-4x4-IC8) back panel. 

 

Note: The fiber inputs/outputs use standard 2.2 mm plastic fiber. The fiber should be cut to 

length with a sharp razor, and it should have a smooth clean end. To connect a fiber, loosen 

the ferrule, insert the fiber all the way into the connector, and then tighten the ferrule. Make 

sure the fiber is fully inserted to avoid false/improper signaling. A clear stop will be felt as 

the fiber is fully inserted into the connector. 

 

The FT-4X4 BNC inputs require a 5 V input gate signal from a source capable of driving the 50 

Ω input load. The input gate signal must be a clean smooth transition, with no overshoots or 

oscillations, and have a rise/fall time less than 20 ns. Any noise, spikes, or oscillations on the input 

gate will cause unwanted output gate signals to be generated. 

 

The fiber optic outputs have rise and fall times of less than 5 ns, with a jitter of less than 2 ns. The 

input to output delay is ~30 ns, plus any delay due to the distance of the fiber optic cable. The FT-

4X4 can provide fiber gate outputs with pulsewidths from 4 ns to DC. 

  



 

P: 206.402.5241 E: info@eagleharbortech.com | 169 Western Ave West, Seattle, WA 98119 | www.eagleharbortech.com 

16 

 

Charging Supply 

 

The HVDC charging supply shipped with the NSP-IA is a 15 kW, 800 V Magna-Power TSA800-

18/208+HS power supply. This section will cover the basic operation of this supply. 

 

The Magna-Power TSA800-18/208+HS power supply is a rack-mountable, 15 kW DC power 

supply. It is used to provide the DC charge voltage for the RCC system. The user should follow 

the Magna-Power TS series instruction manual, which can be found here, in conjunction with this 

manual and the instructions below to ensure safe operation of the charging supply when in use 

with the NSP-IA system. 

 

An image of the front panel of the Magna-Power is shown below in Figure 9. A description of 

each control that is relevant to operating the NSP-IA is listed below. 

 

1. AC power switch: Provides AC power to the supply. 

 

2. Voltage control knob: Controls the DC output voltage. The maximum output voltage of 

the supply is 800 VDC. This sets the voltage to which the user’s load is charged, with a 

step-up ratio of about 1:48. See the section on Specifications for allowable combinations 

of voltage, frequency, and pulsewidth. 

 

3. Current control knob: Sets the output current limit. The maximum output current is 18.75 

A. 

 

4. V/I DIS button: Displays voltage/current settings. Press and hold this button down to view 

and set the current and voltage settings. 

 

5. Start button: Pressing this button will allow the supply to begin to apply the set voltage 

and current settings to the RCC system. 

 

NOTE: It is critical that output voltage begin at 0 V to prevent over-charging the NSP’s 

energy storage capacitors. After setting the current to the desired value, press the start 

button and then dial the supply up to the desired output voltage. 

 

6. Stop button: Turns the output of the DC supply OFF. 

 

 
Figure 9. Front panel of the Magna-Power TSA800-18/208+HS supply. 

https://magna-power.com/assets/files/manuals/manual_ts_1.0.pdf
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The controls not covered in this summary are not applicable to operating the charging supply in 

conjunction with the NSP-IA. However, the user is responsible for reading the relevant instruction 

manuals and understanding the functionality of the other buttons. Neglecting to do so and operating 

the charging supply incorrectly could result in failure of the system. 
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System Setup Instructions 
 

The following instructions must be followed to set up the system in a way that prevents damage. 

Please review the system diagram in Figure 2 before reading this section. Please contact EHT if 

you have any questions about how to set up and properly ground this system. 

 

Connecting the Output Cable to the NSP-IA 

 

The output connection to the NSP-IA is nonstandard and care will need to be taken when installing 

the cable to ensure it is not damaged. 

 

1. Remove the dust cover from the top of the NSP-IA. 

 

2. Insert the PVC insulator over the inner copper rod inside the NSP-IA. 

 

3. Insert the output cable end with the brass collet into the top of the NSP-IA until the 

brass collet has grabbed onto the end of the copper rod, and the brass flange is sitting 

flush on top of the NSP-IA top panel. Due to the weight and relative inflexibility of the 

cable it is important to strain relieve the cable. 

 

4. Screw down the brass flange onto the NSP-IA top panel using 10-32 x 0.5” screws and 

lock washers. Images of the cable properly connected are shown in Figure 10. 

 

 
Figure 10. Images of the SF6 properly connected to the top of the NSP-IA. 

 

Connecting a Load to the Output Cable 

 

The opposite cable end is identical to the end that connects to the NSP-IA, except for the brass 

collet. This allows for great flexibility for connecting the user’s load. Because of the great variety 

of possible load geometries, it is recommended that the user contact EHT to discuss making a 

connection to their load. 

 

However, a few pieces of advice hold true regardless of the geometry of the user’s load. First, due 

to the very fast rise times, it is important to keep any connections made to the cable as short as 

possible in order to prevent reflections caused by impedance mismatches. Second, the very high 

voltages present at the end of the output cable will require some careful consideration. If possible, 
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adding a dielectric material between the hot and ground electrodes will decrease the likelihood of 

an arc developing at the opposite end of the output cable. Again, please consult with EHT in order 

to develop a safe, robust connection to your load. 

 

Proper Grounding 

 

The DC charging supply must be grounded, and ground referenced. The user must connect a 

jumper from the negative (–) side of the charging supply’s output to the ground stud on the back 

of the supply. This ground-references the charging supply output, which is otherwise floating. 

Also, ensure that the ground connection on the back of the charging supply is connected to the 

ground of the 208 VAC 3-phase circuit. 

 

Always use three-conductor equipment cords for the 120 VAC input to the NSP and ROS. 

 

Setting Up for Operation 

 

1. Connect the output cable to the NSP-IA, as described above 

 

2. Connect the output cable to your load. 

a. Please contact EHT with any questions about how to best connect to the load. 

 

3. Connect the fiber inputs on the NSP-IA to the fiber outputs of one channel on the FT-4x4. 

a. Use the included fiber optic cable to go from 3 of the blue outputs of one channel 

on the FT-4x4 to the black Trigger In fiber optic inputs on the NSP-IA. This fiber 

can be cut to a shorter length, if desired. Use a razor blade to cleanly cut the fiber 

(do not use scissors or wire cutters), leaving a smooth, flat, perpendicular end.  

b. Ensure that the 3 optical fibers are all of equal length. This is critical for safety and 

to achieve the fastest possible rise time out of the NSP-IA. 

 

4. Connect the fiber outputs on the NSP-IA to the interlock fiber inputs on the FT-4x4. 

a. Use the included fiber optic cable to go from 3 of the blue outputs of one channel 

on the FT-4x4 to the black Trigger In fiber optic inputs on the NSP-IA. This fiber 

can be cut to a shorter length, if desired. Use a razor blade to cleanly cut the fiber 

(do not use scissors or wire cutters), leaving a smooth, flat, perpendicular end. 

b. Any unused interlock channels need to be bypassed on the back panel, see the Fiber 

Transmitter 4x4 and Interlock Controller section for more information. 

 

5. Finish setting up the FT-4x4. 

a. Plug in the 5 VDC adapter to a wall outlet and to the FT-4x4. 

b. Plug a BNC or an optical fiber into the input of the desired channel on the FT-4x4. 

 

6. Provide AC input power and charging power to the NSP-IA. 

a. Connect the HV charging cable (provided by EHT) to the output studs on the back 

of the charging supply; the charging cable wires are labeled red for the + side and 

black for the – side. Connect the grounding jumper to the back of the charging 
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supply as described in Proper Grounding above. Plug the HV charging cable into 

the receptacles on the back of the NSP-IA. 

b. Connect the 208 VAC power cable to the appropriate input studs on the back of the 

charging supply. EHT recommends using a NEMA 15-60p (3 hots and 1 ground) 

receptacle and creating an AC cable using a NEMA 15-60p plug and the desired 

length of 4 conductor, 4 AWG, 600 V cable. This cable needs ring terminals to 

connect to the 4 AC input studs (1/4”) on the back of the charging supply. The 

ground stud of the charging supply must be connected to the 208 VAC ground, as 

described in Proper Grounding above. 

c. Plug the 208 VAC power cable into the 208 VAC three-phase wall outlet.  

d. Plug in the NSP-IA using the provided power cords into a standard 120 VAC 

receptacle. 
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Operating Instructions 
 

The system is designed to be operated with the specific load discussed in Specifications. Always 

make sure the system is connected to the appropriate load prior to operation. 

 

Do not exceed the rated specifications or operate outside the allowable operating area. Do 

not exceed a load voltage of 30 kV (possible by increasing the voltage on the DC supply). 

Please contact EHT if the user would like to operate outside these requirements. 

 

As with any pulse power system, this system should be used first at the lowest possible charge 

voltages and power levels. At each step of increasing the output power and voltage, all relevant 

data that must be gathered at that operating regime should be collected, prior to increasing the 

voltage or power. This ensures that should any failure occur at higher voltage or power useful data 

has been collected first. If a failure occurs during operation, immediately shut down the RCC by 

following the steps outlined in the section To Turn Off the System. 

 

Any time any operating parameter is changed (charge voltage or pulse frequency), the user 

should initially run the system at 100 V charge and monitor the output waveform. The user 

should carefully inspect the waveform to see that it matches the expected timing parameters and 

that the pulse shape matches that in the Typical Performance section. When altering the pulse 

repetition frequency or the test setup it is easy to make an error. Operating the system at a high 

charge voltage with a programming or wiring error could result in failure of the unit. By first 

testing it at 100 V charge, the user can verify that no errors were made, and risk of damaging any 

system components is very low when charged to only 100 V. 

 

If the output waveforms do not appear as they do in the Typical Performance section at any time, 

please contact EHT. 

 

Step by step operating instructions for the system are provided below. This procedure must be 

followed each time the system is operated. 

 

Turning on and Operating the System 

 

1. Verify that the master switch for the NSP-IA is in the on (I) position. 

 

2. Turn on the NSP-IA by setting its power switch to the ON position. 

 

3. Verify that the status LEDs on the NSP-IA are illuminated and that the NSP-IA’s fans are 

running. 

 

4. Turn on the FT-4x4 by setting its power switch to the ON position, and ensure that the 

interlock status output LED is green. If it is not, try resetting it manually by pressing the 

pushbutton. If problems persist, consult the Fiber Transmitter 4x4 and Interlock 

Controller section of this manual, or contact EHT. 
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5. Turn on the charging supply (please read the manual included with the supply): 

a. Set the POWER Switch to the on (I) position. 

b. Check the output voltage and current set-points. If a different output voltage and/or 

current is desired, change the values using the VOLTAGE and CURRENT dials. 

The current limit should be set just above what is required for operation, if possible. 

a. Turn on the HV output on the charging supply. 

 

6. Using an external pulse generator, send gate pulses to the NSP-IA through the FT-4x4. The 

trigger pulses should be in the pulsewidth range specified in Specifications, and must be 5 

V into 50 Ω if using a BNC input, should have clean on and off transitions with no 

overshoots or oscillations, and should have rise and fall times of less than 20 ns. 

 

To Turn Off the System 

 

1. Turn off the trigger signals into the NSP-IA. 

 

2. Turn off the HV output of the charging supply by pressing the OUT button. 

 

3. Turn off the charging supply by setting its POWER switch to the off (O) position. 

 

4. Turn off the NSP-IA by setting its power switch to the OFF position. 

 

5. Turn off the FT-4x4 by setting its power switch to the OFF position. 

 

6. Following standard HV safety protocols, use a grounding stick to ensure that no residual 

energy resides at the outputs of the charging supply, load, or on anything that was 

connected to the NSP-IA. 

 

7. If desired, turn off (O) the master AC switch on the back panel of the NSP-IA. This is not 

technically necessary but can be used as an added safety precaution. 
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System Operation Checklist 

 

EHT recommends following and filling out this checklist each time that the system is operated. 

This procedure reduces the chance of damaging the system or load. This is especially important if 

any changes have been made to the overall system or a significant amount time (several weeks) 

has passed since the last operation, or if the system is being operated by different personnel.   

 

______Ensure all cables are properly connected. This includes the 120 VAC cords, the 208 VAC 

3-phase cable, the HV charging cable, and the HV output cable to the load. Ensure that 

fibers are properly inserted into fiber barrels and that the FT-4x4 has its 5 V power supply 

plugged in.  Ensure that fiber ends are properly cut and have clean plastic for proper light 

transmission. 

 

______Ensure that the front panel switch of the NSP-IA and charging supply are in the OFF 

position. 

 

______Verify that the triggering pulse generator settings are correct.  

 

______Verify as necessary that the load is set up safely and correctly. 

 

______Turn the NSP-IA and FT-4x4 ON. 

 

______Turn on the charging supply. Press OUT on the charging supply to charge the NSP-IA. Set 

the charge voltage to no more than 100 V 

 

______Operate the system for a short period of time, cease operation, turn off the charging supply, 

and discharge the system. 

 

______Inspect the waveforms. Verify that the waveform shape for an individual pulse, the shape 

over multiple pulses, and the operating frequency are correct.  

 

______Increase the charge voltage setting of the charging supply to the desired value. Press OUT 

on the charging supply to charge the system. 

 

______Operate the system as long as desired.  

 

______Cease operation. 

 

______Turn the front panel switch of the NSP-IA and charging supply to the OFF position. Use a 

grounding stick to ensure all components of the system are not charged.  

 

 

Name: ____________________________________________ 

 

Date: ____________________________________________ 

  



 

P: 206.402.5241 E: info@eagleharbortech.com | 169 Western Ave West, Seattle, WA 98119 | www.eagleharbortech.com 

24 

 

Measuring the Output Waveform 
 

The user may wish to measure the NSP-IA output voltage, load voltage, and/or current waveforms. 

This can be useful to determine exactly how much energy or power is being delivered to the load, 

to tune in the system precisely, or to verify that the system and load are working as expected. 

These measurements have the potential to cause damage to the system and/or load if 

performed improperly. Also, due to the high voltage and high frequency nature of the output 

pulse, these measurements can be extremely challenging to make, and equipment that 

normally works well for making high voltage measurements will not necessarily be suitable 

to measure these nanosecond pulses. The methodology described below uses a specific set of 

equipment that is known to produce accurate measurements without damaging the system. 

 

The high voltage probes and current transformers used to measure output waveforms must be able 

to measure the desired pulse repetition frequency and must have a useable response time less than 

the rise time of the waveform. Chosen high voltage probes should have minimal input capacitance 

to avoid significantly distorting the waveform. Finally, high voltage probes and current 

transformers must be rated for the measured voltage and current. EHT used a Tektronix scope 

(either a DPO 2024 Digital Phosphor Oscilloscope, 200 MHz/1 GS/s or a MSO58 Mixed Signal 

Oscilloscope, 350 MHz/6.25 GS/s) to measure the output voltage waveforms. The user should use 

an oscilloscope of similar capabilities when measuring the waveform themselves.  

 

When measuring an output waveform for the first time, operate at low charge voltage (100 V) and 

a single pulse, if possible. Before operating the system under continuous conditions, the user 

should verify that the output waveforms match those measured by EHT. If the output waveforms 

measured by the user do not match those measured by EHT, this indicates that either there is an 

issue with the system, that there are non-negligible probe effects that might be causing fictitious 

signals on the output, or that there is an issue with the load.  

 

This section covers measuring the voltage at the end of the output cable. 

 

Measuring Voltage with a High Voltage Probe 

 

EHT uses two types of probes to measure the voltage applied to the load, the Tektronix THDP0100 

100 MHz High Voltage Differential Probe (6 kVpk Max), or the Tektronix P6015A 75 MHz High 

Voltage Single Sided Probe (40 kVpk Max). 

 

Measurement with the P6015A is fairly simple, although there are some subtleties that should be 

noted. The very fast rise times of the NSP-IA may cause the P6015A to exhibit a “ringing” 

behavior on the leading edge of the pulse. We believe this to be a probe effect which can be 

mitigated by attached a series resistor in line with the probe’s hot lead. EHT recommends a 5-

resistor chain of 200 Ω HVR APC RT818D201K 2 W resistors. After attaching the resistor chain, 

simply attach the probe across the terminated output of the NSP-IA output cable. 

 

Measurement with the THDP0100 requires the use of a voltage dividing resistor across the 

termination of the output cable in order to prevent exposing the probe to voltages higher than 6 

kV. This resistive voltage divider should have a resistance of at least 500 Ω in order to prevent an 
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impedance mismatch at the termination. EHT recommends a 5-resistor chain of 100 Ω HVR APC 

RT818D101K 2 W resistors. Clip the probe across the resistor closest to the ground (outer 

conductor). Do not attempt this measurement for continuous operation. This method uses a 

resistive voltage divider that will dissipate too much power and overheat if used for continuous 

operation. Use this method for single pulse measurements, or bursts up to 0.25 s. If the voltage 

needs to be measured during continuous operation, please contact EHT. A diagram illustrating this 

setup is included in . 

 

 
Figure 11. HV differential robe connected to the resistor closest to ground potential to measure 

the voltage across the load. 

 

Selecting Resistors for Measurement 

 

It is also important to note that all resistors do not behave in a pulsed power circuit as they would 

in a standard DC circuit. Stray inductances and capacitances associated with resistors can become 

dominant on the timescales associated with nanosecond pulses, and resistance values may differ 

substantially from nominal stated values. Therefore, they will have unknown impacts on the output 

of the RCC. EHT has determined that the RT/RL Series of resistors from HVR Advanced Power 

Components, Inc. behave well under pulsed power condition and have minimal stray inductive and 

capacitive components. 

 

Measuring the Output with a Current Transformer 

 

To measure the output current through the load, EHT suggests using the Model 6585 Current 

Monitor by Pearson Electronics (i.e. “Pearson Probe”) or similar. This current transformer has a 

sensitivity of 1 V/A ±1%, with a rise time of 1.5 ns. Given its extremely fast rise time and non-

invasive method of measurement, in EHT’s experience, it is a dependable method of measuring 

the output current waveform. It is essential to use a current probe that has a response time 

significantly faster than the fastest signal that will occur. Otherwise, significant ringing/oscillations 

may appear on the output signal. 
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When using a Pearson probe, it should be placed in the part of the current path that is nearest to 

the local ground potential to avoid noise associated with capacitive coupling to ground, if possible. 

Also, to minimize capacitive coupling, the current carrying wires should be placed as far from the 

surface of the probe as possible, i.e. they should be centered in the middle of the probe. If current 

is carried by multiple wires in parallel, always measure the current through all the wires so that the 

impedance of the current transformer is presented to each wire. Finally, the body of the current 

transformer should be assumed to be at ground for the purpose of HV standoff. Keep the body at 

least a couple of inches away from components at HV. 
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Typical Performance 
 

Oscilloscope traces showing typical output waveforms of the system are shown below. These 

waveforms were measured when operating into a 50 Ω resistive load constructed by EHT to match 

well with the output cable’s impedance. These waveforms were taken with a Tektronix THDP0100 

6 kV differential voltage probe and are shown on a Tektronix DPO 2024 oscilloscope. 

 

The user should measure the load voltage and/or current on a single pulse or burst of pulses and 

compare them to the waveforms below to ensure their NSP-IA is in good working condition. 

 

 
Figure 12. Minimum pulsewidth to full voltage, 20 kV on load (1:8 resistive voltage divider) 

 

 
Figure 13. Nominal pulsewidth, 20 kV on load (1:8 resistive voltage divider) 
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Figure 14. Maximum pulsewidth, 20 kV on load (1:8 resistive voltage divider) 


