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Abstract

In this work, wedive into the detailed @d&gn of a testoad or load slammer circuifior DC/DC
converters to ensure their correct functioning. This is accomplished throughvauigkons in
frequency, amplitude, and duty cycle of the current being drawn by the converter into the load.
Computer simulations of the design were perform&dg LTSpiceand the results shothat the

load current could be varied per design objectives. Hardware implementation of the design was
also conducted and thersted. Results were then compared withdésign requirements at lower
currents to evaluate the validity of the design. Although good results were obtained from the
current design,urther improvementsvould still be needed to improve tloeerall performance

and design of the load slammer circuit.



Chapter 1¢ Introduction

Since the establishing of Mooreds famous
components per integrated circuit would double every year, the rule has remained steadfastly
correct until now and wilseemingly keep its course for the near future as technology is
developed further [1]. However, the greater computing and processing capabilities due to the
more densely packed transistors comes with many drawbacks, one of which being an
increasingly higkpower consumption. For example, modern Intel Core processors df trel8

9" generations can consume current on the scale of nearly up to 200 amps [2].

Luckily, the field of power electronics has been steadily improving as well, leading to
vastly improved converters, inverters, and other such architectures. Of particular note are DC/DC
converters due to their high efficiency in changing an input voltage to a specific output voltage
[12]. A decrease from the input to output voltage with relatively urgihgrpower would
necessitate an increase in the input to output current. Following this logic, a DC/DC converter
would be able to source a significant amount of current with a high enough voltage differential
between the input and output. The ability totlis makes DC/DC converters prime candidates
for sourcing the current and voltage necessary for many modern devices to furatibigh

output current applications, a technique called multiphase is most commonly usgib]13]

However circuitry that will be offered on a commercial level needs to be tested for many
reasons, particularly regarding functionality, reliability, and safety. As such, circuitry for testing
DC/DC converters has been developed to ensure their proper workingadnalich there are

many different methods and architectures.



Chapter Z; Background

As DC/DC converters are crucial to many applications, they need to be extremely
accurate and reliable to ensure that whatever utilizes them can function as expentbet. to
verify their working order, there needs to exist certain methods to test them so that they can be
used without fear of failure and, in the case of fpglwer circuitry, dangerous faults that can
lead to injury. Many methods have been exploreduphout the lifetime of DC/DC converters,

many of which are still prominent today.

One such example is highly advanced software, which is becoming more and more
accessible as the simulation of circuitry becomes more advanced and therefore more accurate i
predicting the outcomes when tested with hardware. However, one of the main benefits of
software is that it can test for edge cases that could potentially damage real circuits without
having to run the risk. This can be accomplished using many advamggdms such as
MATLAB, Simulink, LabVIEW, and other coding languages, most of which are often used in
conjunction with each other to further elevate the level of simulation accuracy [3]. The downside
of such methods, however, is that higher order sinaratcan often take a very long time to run,
and may miss certain environmental constraints, such as temperature, if forgotten by the

programmer.

Another method is HALT, wherein the converter is put through a series obtiggs
tests involving things g as mechanical vibrations, temperature transitions, and electrical stress
[4]. This method can provide various statistics and test the hardware to a very high degree.

However, HALT testing necessitates a very specific test chamber and software. Thastraake



viable option for products that need to be extensively tested but can prove to be a hindrance for

equipment that needs to be tested, but not quite to such a high degree.

For hardware that doesndt need sheanbe ext ens
followed by simply using an electronic load. Such loads are capable of drawing different current
values from the circuit that theydre attached
Alternatively, they can be built with relative easeesglored in certain papers on the theory
behind and construction of modul ar el ectronic
necessarily test as extensively as methods such as HALT, they are much cheaper and are

sufficient f or mausedindigkstress entirenméntsat wonodt be

There exists a certain offshoot of electronic loads similar to those described above. These
|l oads, colloquially called Al oad sl ammers, o t
drawn current [7]. This allows th@wgverter to undergo a series of current tests in a very short
period of time, therein allowing the user to
testing is faulty to begin with or whether it can go on to more rigorous tests, if necesgary. Th
goal of such a design is to provide a quick and cheap test to the user so that mane time

resourcentensive tests can be bypassed.

For this project, a similar design philoso
sl ammer 0 i s i mpl lsarectmproeide a tesk ¢ireuit formd@/DCE coreverters that
can quickly and accurately pull varying currents at steps provided by the user. This allows for an
experience where the user can easily test a converter under customizable restraints at low cost

and with very little time delay.



Chapter 3: Design Requirements

Before diving into the design of the load slammer, design requirements need to be
defined. Because this is a sponsored project by Monolithic Power Systems, many constraints and
requirements were given. The load slammer must be able to supp8r89.&ndsink 0-100A
peak from the DC/DC converter. The current must be translated to a sense voltage ralige of O
and must be a pulse with adjustable slew rates1d@f0iA/us and an adjustable frequency of 0.1
1kHz. The load on pulse duration should be adjusfatme 10usims, though there is some
leeway in this spec. The load on pulse duration will be limited by the thermals primarily on the
power MOSFET, fortunately there is no limit on the size of the load slammer, so we are free to
increase the size of the alammer to improve thermals. The given specifications are best

summarized byigure 31.

Pulse Width:
10us-1ms
| = 100A pk

Slew Rate:
Up to 100A/us

Period:
1-10ms

Figure 3 1: Current Design Requirements

To begin the design process of the load slammer, a functional block diagram is prefariged ove

system block diagram. It is important to note a system block diagram details specific



implementations, while the functional block diagrams shown in this chapter will feature black

boxes detailing required inputs and outputs.

Load Slammer

Voltage

A 4

Current

A

Current Setting

Y

Figure 32: Level 0 Block Diagram for Load Slammer

Figure 32 shows how the load slammer will work from a very Hig\el point of view.
At its core, all one has to do is select a current setting within the specs shown in-flgame 3
then observeie current that is actually drawn from the attached DUT. The voltage shown in

figure 32 is the external voltage needed to power the system on.

Load Slammer System

________________________ SubSystem1 __________________

I i

I I

'L Sub System 2 :

Voltage ) i e e i
| DCPower Supply . r T: * Current

l : "

: ! 1

] N

: : I-to-V Sensor i "

i I

Current Setting : : t 1 Output :i

: Function Generator ! 1

M . Current !

; ! Display *

| ' g

1 'l

[ memm e bty

L L

DuUT

Figure 33: Level 1 Block Diagram for Load Slammer
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Figure 33 starts tdoreak down the load slammer into different subsystems. The blocks in
subsystem 1 are blocks that are required for the project, but we will not be designing. The design

detailed in this paper corresponds to what will go in subsystem 2.

As seen irfigure 33, the current setting is determined by a function generator. This will
allow us to vary the input waveform such that it matches the desired waveform seen on figure 3
1. The current setting will then go to a current to voltage sensor, which is power&iby a
power supply. The actual current drawn will be the output of the load slammer, and there is a
black box that is needed to display the output current so it can be measured and compared to the

desired input.

Load Slammer System

Sub System 1

' Sub System 2

Voltage ! R e NSRS ey
i_»| DCPower Supply i
1
! : MOSFET
| i
1 \ A ) N
' i T Sensing !i
' ! Resistor ::
! : » Driver | 1
: i
1
1

1
Current Settin . e e i ....... h
g Function Generator _

1
1
Oscilloscope !
1

DC/DC Converter
under test

Figure 34: Leel 2 Block Diagram for Load Slammer

In the most detailed functional block diagram, it is noted that the DUT that will be used

for this project is a DC/DC Converter. The current to voltage sensor black box got expanded to a
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MOSFET and driver, which will&in charge of precisely controlling how much current is drawn
from the DC/DC converter. The current drawn is then passed through a precise, sensing resistor
to create a voltage that can be measured. This voltage will be displayed in an oscilloscope and

will be how we measure the accuracy of our load slammer. The measured voltage should look

similar to figure 35.

Pulse Width:
10us-1ms
V=1V pk

Slew Rate:
Up to 1V/us

Period:
1-10ms

Figure 35: Measurable Project Specs
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Chapter 4. Design and Simulation Results

Subsystem 2 of the Log&lammer, as seen on figure3is the part that will be designed.
In the simplest words, subsystem 2 must be a controllable current sink. According to both Tl and
Maxim, the easiest way to make a precise current sink is by using a transistor, OpAmp, and

resistor 8] [9]. This basic topology is shown in figurel4

@ Vece

I =Vx/R

Vx

Figure 4 1: Precise Voltage Controlled Current Sink

By using an OpAmp in an error amplifier configuration, we can control how much
voltage shows up acrofi®e resistor, this voltage being Vx. When a control voltage signal gets
sent to the noninverting input of an OpAmp, the OpAmp will output a signal to the gate of the
MOSFET that will drive it to saturation. When the MOSFTET is on, current will rise urtil V

matches the input signal, Vcont. Current will sink from Vcc down to ground because the non
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inverting input of the OpAmp has a high input impedance, so current will not want to flow into

that node. In summary, this ideal case gives us:
o @
Y
W
To tie this back to Subsystem 2, Figur@ #as created. The control signall be
generated from a Function Generator and the supply voltage from which we will be sinking

current is a DC/DC Converter DUT. To measure how much current is being drawn from the

DUT, we can measure voltage across the resistor, which should showefanvasimilar to

figure 35.

@ DUT

0.5-3.3V 1= VxR
Vx:0-1V

Figure 4 2: Precise Voltage to Current Sink Version 2
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There are two problems with the design in Figu %he first problem is caused by the
required sink current range given. The L&dmmer must be able to pull 100A in pulses, with a
worst case scenario of 100A DC, as seen on figureR3gure 35 shows that the output voltage

sense current range must b&\), so the value of the resistor should be:

Y © T O
0
Y pw o T T
o T pom

If this is the value of the resistor, then at the worst case the plisggratedhrougd it will be:

o 0zY T U
0 PTAT Z pAM p TGN T
Equation4-6 shows that the resistor will be dissipating 100W! This is far too large of a
loss, not only does this destroy efficiency, but it also makes the design more expensive. A
resistor with a higher power tolerance and a heat sink would have to be purchaa&d thim

design, furthermore, the PCB size will have to increase¢ommodatéhe heatsink and

resistor.

Another problem is caused by the required DUT voltage range given. By applying KVL

in the current sink loop the following problem is revealed:

Assuming the MOSFET has a wamall Rds,on we can estimate:

0w T
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Equationd-9 shows that Vx is limited byo . This means that if an input of 1V is sent
to the OpAmp, the inverting teinal will only be able to rise t@ , and the desired current

sunk will not appear. For the given specifications, this limits the design to Vx<0.5V.

To solve the problem seen through equatidi a smaller R must be chosen. If the value
of R decrases, the voltage Vx will decrease frori\d, which would also solve the problem

seen through equati@ho.

Y T pTI

ol

The resistor should not be consuming more than 1W, so the largest value possible is:

pPwW
p Tt

p TU W) T pp

With this new R value, the largest value for Vx becomes:
w TOv T pg

W PTMAZP M PAW® T poO

This fits ourconstraintof Vx < 0.5V, unfortunatelyit sacrifices another requirement. As seen on
figure 35, the design should have a sense voltage rangd\éf But this design will only be

able to go up to 10m\Additionally, if Vx can only go up to 10mV, then the wayd00A is

pulled would be by adjtisig the output of a Function Generator frora@mV. This is a very

small signal and is more prone to noise, causing the current sunk to be less accurate. To fix this,

an attenuation and amplification stage should be added, as shown on fgjure 4
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DUT

Vfg 0.5-3.3V 1= Wx/R
0-1v

Attenuate by 100 >
N

Vx: 0-10mV o.
Amplify by 100 Scope

Vsense:
0-1v

Figue 4 3: Precise Voltage to Current Sink Version 3

An additional point of concern is having one MOSFET handling-abD@ Amps. This is

too stressing on the MOSFET, so we will add another MOSFET in parallel. MOSFETSs have

inheritthermalrunawayprotection, meaning they will evenly balance how much current and heat

they experience when in parallBlaralleed MOSFETSs also allow us to reduce the Rdson seen

by the circuit, making it more favorable to parallel MOSFETS.

The MOSFET chosen for this project is the IRF2903Z$fipeonTechnologies. This
MOSFET is able to handlecantinuouscurrent of 75A and a dirasource voltage of 30V, it has
a small Rdson of 2 .-220m@ckageinhds atthbrmal lessstaric@of i t s
0.51°C/W. The larger a MOSFET is, the lower the Rdson can be, however it also leads to a
larger parasitic capacitance. This parasifipacitance is important because it determines how

much current needs to be pumped into the MOSFET for it to turn on.

From the datasheet we know:

TO
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0 ctad T pu
From the requirements illustrated on figure$ &nd 35 we know:
Yo p 1io ai T pO
So the current thBIOSFET requires is:
O U o0 dR B O T pX
Figure 44 shows the Safe Operating Area (SOA) of this MOSFET. As seen on figures 3
1 and 35, the LoadSlammer will havepaulseof 10us1ms, with a wrst case scenario of DC
when pulse width is 1ms and period is 1ms. The LoadSlammer also calls for a drain voltage of
0.5V-3.3V as seen on figure3 The SOA assures us that for the required drain voltage and

current support needed, this MOSFET will béeab handle the waveforms going through it.

10000 ———rr——r
OPERATION II‘I\IHTHIS AREA
_ LIMITED BY R|}s(on)
< 1000 E\ .
c 7 '1=
o b e 1msec .
3 100psec]
O » 3 > -
% 100 o L/ .
E o 7 =
S L4 L L] i=
& 10 |LUMITED BY PACKAGE n 1 Omsec
'g //‘/ “ l..
" L ———
2 s DC,
o 1 |1c=25C o
Tj= 175°C
Single Pulse o
0.1 %
0.1 1.0 10.0 100.0

Vpg . Drain-toSource Voltage (V)

Figure 44: SOA of the IRF29038]
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Because we plan on having two MOSFETSs in parallel, each MOSFET should only bear
the burden of 50A, making a max of 75 at worst case scenario acceptabltunately having
two MOSFETSs in parallel also means they will demand more current. Instead aigita@424
mA as predicted in equatiadhl16, the MOSFETs will draw 0.488mA for pulse widths of 1nis

10us.

As seen on figures-B and 35, this design must be able to handle a high slew rate of up
to 100A/us. Two OpAmps toonsiderto meet these requiremts are the LT1351s and LT1468s.
The LT1468advertises slew rate of 22v/us and a GBW of 90MHz while the LT1351 offers
200V/us and 3MHz. The Galandwidthfor both is acceptable since the maximum frequency
we plan on operating our load slammer withkslZ. What makes the LT1351 speciaitts
ability to drive capacitive loads, an important thing to have consideringptiasiticcapacitance
of MOSFETSs, making it our choice for our input and control OpAmps. The control OpAmp,
LT1351, is able to supply 12A with supply voltages of 15V, this means the design will have a
hard time powering the MOSFETSs during the smaller pulse width cases. The LT1468 is
classified as a precisionstrumentwith high accuracy, making it our choice for the output stage

amplifier to allow us to have an accurate reading from the sense resistor.

As derived earlier with equatiegh10, the maximum sense resistance we can ysatsm). This

|l et s us us ep Wmseisargsstsr, the WM, P3931.
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Figure 45: LTSPICE LoadSlammer Version 1

V(vgate)

5.0V

4.6V |

4.2V

3.8V

3.4V
13mv V{vx)

N %

. —_ —_
1:’:", V(vsense)

1.2V

1.0V

0.8V

0.6V

0.4V i !
0.2v4

0.0V L ;
'10:5,'. I(Rsense)
120A—

80A— 1
40A— L

0A-]

-40A 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0.8ms 09ms 1.0ms 1.1ms 1.2ms 1.3ms 1.4ms 1.5ms 1.6ms 1.7ms 1.8ms 1.9ms 2.0ms 2.1ms 2.2ms 2.3ms 2.4ms

Figure 46: LTSPICE LoadSlammer Version-1008 Cases

Figure 45 shows the LoadSlammer design produces waveforms similar to what is
required by figures-3 and3-5. The LT1351 prevents ringing on the square wave because of its

ability to drive capacitive loads, but there is a short overshoot that needs to be taken dsse off.
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required, a current rise ofID0A leads to a sense voltage froft\D. The voltage othe gate of

the MOSFET does not go down to zero, which could be a sign that the switch will never turn off
and keep conducting. This might result in both MOSFETSs experiencing 50A DC, which is safe
as seen by figure-4. The waveforms for the lower currartses show little overshoot, but take

longer to rise up to their correct values, meaning the Slew Rate has been reduced.

OpAmps can source current, but cannot sink it. This means there is a voltage stored by the
parasiticcapacitance of the MOSFET, leagito the V(vgate) waveform seen on figuré.4To

solve this, a small resistor can be placed from Gate to Source of the MOSFET.

Attenuate by 100 53
Vvdut
M1 M2
]
= s . —Ng Vgate Vgate
i b l Ly diTiast IRF290375 | IRF29037S
Lr13s 11351 c2 B
2 @ 1 R11
’ 200
PULSE(0 {Vcont} 0 0 0 {PW} {Period})
.tran 10m Vx
step param To 10 100 10
Rsense
= 1 100p
vi Vel | .param Io=100 0-100 A |
v 15 15 vdd | .param Period=1m 1-10 ms |
} .param PW=0.2m 0011ms |
External Power Rails | -param Vcont=Io/100 : Control and Stability Current Flow
L _

Amplify by 100

Figure 47: LTSPICE LoadSlammer Version 2



V(vgate)

5.9v4
4.6V
4.1V
1.8V

34V

Vivx)
10mv— — —
EmV—
BmVv=—
4my—~ ! 1
- — —_
1.4V V({vsense)

0.6V

=t =

1204 I[Rsense)

100A-
B0A-
B0A-
40 A= !
20A-

T T T T T T T T
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Figure 48: LTSPICE LoadSlammer Version-2008\ Cases
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Figure 49: LTSPICE LoadSlammer VersiorAlPALCases
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As seen on figure-8, the new addition of the resistor has allowed the overshoot to be
compleely removed. The Gate voltage of the MOSFETS still follows a strange pattern where the

signal does not dive down to zero, instead it rises fré&a/4as current is drawn 1000A.

While the 10100A cases look amazing, figure94dshows this design is weaken it
comes to anything below 6A. The voltage at the Gate of the MOSFETSs fobthedses does
not follow the pattern the other cases show, and as a result the LoadSlammer is incapable of

pulling these currents.

Figure 410: LTSPICE LoadSlammer Version 2:-ligssteps of 110us Cases

Another specification that this design does not meet lies in the pulse width requirements.
The design should be able to have a pulse width within the range otdQuss. Figure 4.0
shows the 10us pulse width (green waveform) does not work, but pulses with 120us and onward

do work.
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s flvsense)
SHU0mv

100mV—~
300mVv4
200mV=—
100mV=

:I I'I .I\II

l[Rsense)

GOA—T

48 A~
364~
24~
124~

HEms 2.07ms £.16ms

Figure 4 11: LTSPICE LoadSlammer Version 2:-10Wss steps of 10us Cases

With figure 411 it can be seen the design owlgrks well for pulse widths of 40us (cyan

waveform) and over. This makes sense because by using 40us on equation (13) we see that 6mA
is demanded by the MOSFET. Having two MOSFETS in parallel means 12mA is needed, which

is the maximum amount of current th€1351 can supply. According to this design and its

corresponding simulations, tablel4vas able to be made.

Table 4 1: Simulation Results vs Requirements

Requirements

Simulated Results

Sink Current 0-100A 6-100A
Sense Voltage) 0-1v 0-1v
Pulse Width 10usims 40us1lms
Period 1-10ms 1-10ms
Slew Rate Up to 100A/us -Not Tested
Vout 0.53.3V 0.53.3V
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Chapter 5: Hardware Tests and Results

Figures 48 and 49 show a squarkke waveform that does not setdewn to O at the
gate voltage of the MOSFETSs. This is concerning because the lowest voltage the gate sees is
about 3.6V, this is within the turn on voltage range of our selected MOSFETS, meaning the
MOSFETSs might continue to conduct during times we don@ott them to conduct. Before
spending time and money on a PCB design, we decided it best to test the design using a
perfboard. A perfboard is more favorable than a breadboard in our case because of the required

high slewrates and high currents, and theklaf breadboard parasitic capacitancH.[1

Figure 51: Perfboard Design

To test our design, we used the test setup seen on figuralbthe OpAmp rails were
powered by the power supply, the control signal was manseliécted with a waveform
generator, and the output waveform was measured with an oscilloscope. The DC/DC converter
the Load Slammer is meant to test is simulated by the power supply, with it we can choose an
output voltage of 08.3V, however the poweupply model in the lab is only able to provide up

to 3A. As seen on figure-4, our design is not functional for such low currents.
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Rigol DG1062Z Rigol DP832 Instek GDS-2204
Waveform Generator DC Power Supply Oscilloscope
ojfele t
+/- 15
Vdut: 0.5-3.3V
Isink: 0-3A

| Control Current Sense ___|
Waveform > LoadSlammer  [——'iuace: 0-1V

Figure 52: Load Slammer Test Setup

Figure 5 3: Modified Loadslammer Design

Because we could not test out sinking high currents, we decided to change our Load
Slammer design. By implementing figureé85we could test if our design concept works. By
inputting a voltage of AV, we will be able to control the curresink of 31mA which we will
read in an oscilloscope as a voltage signalb¥0Because the sense resistor is higher than
before, a 1k resistor is added to the inverting node of the OpAmp, this ensures current does not

flow into the OpAmp.
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MASO-K 20228, MYEE140212: Sun Mar 08 075722 2042
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Figure 54: Overshoot 1V input, 50% D, 1kHz, 3.3V drain

Figure 54 shows the output sense voltage, which does follow the predidteédibe. It can also
be seen there is a quick overshoot of 0.19V on the peak and bottom of the sqearEhea

could be because of the lack of G&murce resistor in this design.

IS0 20228, MYE5140212: Sun Mar 05 07:54:42 2022
500%/ 2 B00%/ 0.0s 200.0%/ Stop £ 469%
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1.0000kH=
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1,49y
Mezsurement Menu
4 source Type: Add Settings Clear Meas
2 Pk-Pk Weasuremant ~ ~

Figure 55: 1V input, 50% D, 1kHz, 3.3V drain case
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Figure 56: 1V input, 20% D, 1kHz, 3.3V drain case
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ooy 2 b00%/ 0.0s 200.0&/ Buto £ 470%

e — —————  ay—— — ————————————_ [ER T ITEA BT
Mormal
260MSals
Channels
[— [rm——
oc 1.00:1
B ¢ Measurements
h___ o] )
1.0000kHz
Freql2):
1.0000kHz
Pl-PE[1):
2 == e 109y
Pk-Pk{2):
1.51v
Measurement Menu
43 Source Type: Add Settings Clear Meas
2 Pk-Pk Measurement ~P- ~-

Figure 57: 1V input, 80% D, 1kHz, 3.3V drain case

Figures 55 through 57 demonstrate the ability of the Load Slammer to accurately follow

the input control signal. As the duty cycle of the input control waveform is changed, the output
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follows those changes and produces a waveform with the desired profile as shown onfigure 3

and 35.

MASO-K 20228, MYEE140212: Sun Mar 06 03:00:05 2022
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Figure 58: 1V input, 50% D, 500Hz, 3.3V drain case
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Figure 59: 1V input, 50% [,00Hz, 3.3V drain case
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Figures 58 and 59 show the output sense voltage can follow the input control voltage,
even as the input frequency changes. The lowest frequency required is tested on9jgure 5

the maximum frequency of 1kHz was shown with feg&-5.

hAS0-K 20228, MIYBE140212: Sun Mar 06 02:03:00 2022
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Figure 510: 1V input, 50% D, 1kHz, 0.5V drain case
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Figure 511 1V input, 50% D, 1kHz, 1V drain case
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With figures 410 and 411, the effects of the drain voltage are shown. As proyed b
equation 49, the drain voltage of the MOSFET will limit how much the control voltage can be.
In figure 510, we are sending aX input waveform as the control waveform, however the
output can only rise to about 0.5V. The oscilloscope reads apgasddvalue of 0.73V because it
is incorporating the overshoot values, without them the waveform should be no greater than the
drain voltage, which is 0.5V in figure . Figures 8.1 and 512 have no problem producing an
output that follows a-@V input wavebrm. This is because both figures have a drain voltage of

at least 1V.

TS0 20228, hYE5140212: Sun War 08 08:06:48 2022
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Figure 512 2V input, 50% D, 1kHz, 3.3V drain case
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IS0 20228, WY55140212: Sun Mar 05 08.08:35 2022

200%/ 2 200%/ 0.0s 200,08/ Buto £ 2484
\% % i« Acquisition
Marmal
2B0MSals
Channels
e ——. | 1.00:1
W w 3 Cursors
it
+2.000000000ms
14485
+500.00H:
A2
2%9 & ﬁ +500.000mY

Cursars Menu
Maode Saurce +3  Cursors Units #1:-1.000000000ms Y1 5.000mY
Manual 2 Y2 ~ %2 1.000000000ms

Figure 513: 0.5V input, 50% D, 1kHz, 3.3V drain, overshoot case

Figures 512 and 513 show a similar effect to figuresl® and 511. With figures 510 and 5

11, the drain voltage was changed while allowing the input control voltage to remain constant.
With figures 512 and 513, the input control voltage waveform is chadgand the output

voltage can follow these changes. Again, the output can match the input because for both figures

the input voltage does not exceed the drain voltage.

Figure 514: Gate Voltage for 1V input, 50%IxHz, 3.3V drain



















































