

Presenter
Presentation Notes
Hello, and welcome to our webinar, GaN-based Solutions for Cost Effective Direct, and Indirect Time of Flight Lidar Transmitters. I'm Alex Lidow, CEO and co-founder of Efficient Power Conversion.


Overview

e Introduction to lidar and laser diode drivers
* Why GaN?

* Do picoHenries matter?

e State-of-the-art

e The future
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Today we're going to first introduce lidar and laser diode drivers, an integral part of the Lidar system that's becoming so common today on autonomous vehicles as well as robots and many other consumer products too.

We’ll tell you why gallium nitride is making such an impact on this lidar industry and we'll talk about one of the main features of a high performance lidar system - That is, it doesn't have many picoHenries, and we'll tell you why that matters.

We'll show you the state-of-the-art, and then we'll take into the future.


What is Lidar?
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So first off, what is lidar? Lidar stands for Light Detection and Ranging. And this is just a very simple block diagram of something called a spinning or scanning lidar system. There's a laser transmitter that sends a high intensity laser beam, two in this case, a spinning mirror that sends it to a target column A to B. The target reflects the light that comes back to a receiver. And depending on how long it's been out there, You can tell how far away it is, because you know exactly how fast is the speed of light.


Types of lidar

@;ﬁlight (ToF) for distance measuremeD
* Dopp

e Spectroscopic
 Multispectral
e Polarized
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There are various types of lidar systems. There's a time-of-flight lidar for distance measurement. We fire a pulse of light, and you measure how long it takes for it to reflect. There's also Doppler, spectroscopic, multi spectral and polarized systems, but today, we're going to exclusively talk about time-of-flight lidar for distance missions.


Where Is ToF Lidar Used Today?
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Where are these systems used today? Well, this is just an abbreviated list of all the applications today for lidar. We've also designated SR for short-range lidar and LR for long-range lidar. Most people are familiar with lidar being used on autonomous vehicles. That's in the lower right and it needs both very long range lidar to see 300 meters and also short range lidar for blind spot detection and to see if there's something closer that might be need to be navigated around.
In the lower left, you see drones. Drones are using lidar extensively for two functions. One is collision avoidance, and the other one is to detect with precision what's around them. For example, finding new archeological sites or inspecting offshore wind turbines and power lines for power companies. Those are two different types of lidar systems, and we'll describe each one in a few minutes. So, you can see there's a whole spectrum of lidar systems, from short range to long range, and they're starting to infiltrate almost every product that we have that moves or wants to see something and understand where it is.


Direct versus Indirect (DToF vs. IToF)

Direct (DToF)

Measure time difference
between TX and RX pulse
* Longrange

e single point/laser

e fancy optics

Indirect (IToF)

Measure phase difference
between TX and RX envelope
 “Flash” lidar

* Imaging chip detector
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So we're going to talk about two types of lidar, direct time of flight and indirect time of flight. Direct time of flight tends to be used for longer distances. And that's this image we're showing you. Here, you use a laser beam. And a laser beam has a very narrow beam of light, which then also gets focused through a lens. You shoot it out and it bounces off a target, comes back and you detect it. And the difference between when the pulse was emitted and when it's received, is proportional to the distance that the object is away from the source. That's just the speed of light, over two. It requires very specialized optics to collect the photons very carefully and to keep the beam as targeted as possible both to reduce the amount of light that's needed and to make sure that when you hit an object you know exactly where it is.

Then, there's indirect time of flight, and, instead of mentoring a single pulse of light and seeing when it comes back, it tends to burst out a train of pulses and measure the phase difference between the outgoing pulses and the incoming pulses. And this is an advantage if you're in shorter distance. As you might imagine, if you're measuring an object, which is one foot away, well, the light will come back within two nanoseconds. So, you'd have to have a very, very narrow pulse to be able to resolve those shortened images. So, they tend to use this indirect time of flight, where the phase difference between the outgoing and incoming is, what determines how far away an object is.


Importance of pulse shape (DToF)
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It is very important to understand pulse shape and its impact on lidar. As you can see in this image, we have a pulse, a very narrow pulse that sent down, and it's reflecting off of two objects, and therefore you'll get two pulses that come back. And they need to be separated for you to distinguish that there are two separate objects. Distance is, of course, the speed of light, times how long it took to get the light back or the time delay, divided by two, since it's going out and coming back. So, these two pulses you can tell are different distances away. 

Now, if you have a Y pulse as shown in this image. It is difficult to distinguish between those two objects out there. You really don't know what are you looking at, are you looking at one or are you looking at two? So, your resolution is very dependent on how short your pulse is.

In this case, for every nanosecond of pulse width, you can resolve 15 centimeters of objects. So, if you have a pulse width that’s five nanoseconds, then your minimum, your best case is 75 centimeters of resolution. The conclusion is, it's always true that the shorter pulse gives you the better resolution.


Importance of pulse shape (IToF)

Fast transition

e Linear phase and time
response

e Low-cost CMOS detector

e Direct TOF readout

Slow transition

 Nonlinear response
e Extra computation required
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The pulse shape is more important in indirect time of flight lidar. As you can see here, you have a relatively perfect square wave, like up at the top. When the reflection comes back, it becomes fairly clear the phase difference between the in-going, the outgoing, and the incoming pulse train. However, if you have a triangular shaped or rounded pulses, then the phase difference becomes non-linear and therefore you get a fuzziness that requires understanding of image on review and it requires extra computation to try to sort out that fuzziness.


Amplitude (DToF and IToF)

* Higher pulse amplitude = increased range

e Pulse energy limits:

e Laser thermal limitations

* Eye safety limits

 Narrower pulse affords higher amplitude
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Let's talk about the importance of amplitude in direct time of flight and indirect time of flight. Higher pulse amplitudes in both cases increases the range; you get more photons, the chance of them reflecting back is better so you can therefore see farther. However, there are pulse energy limits. First of all, the laser has limits and typically the laser is thermally limited in lidar systems. It's an expensive component. So, it is pumped as hard as pumped. But you also have eye safety limits. If you have too much energy in a pulse, you will potentially burn somebody's cornea and that's forbidden. So, there are laser eye safety limitations, and they depend also on the spectral output of the laser. But, as you can see, if you have a narrower pulse, you can get a higher amplitude with lower energy. So, a narrow pulse affords a better lidar system. You get a higher amplitude, you have more resolution, and you can see farther.


Laser Diodes

e Laser diodes are most
common light source
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Laser diodes are the most common light source, and there are two types.  Edge emitting lasers, which you can see in the top, on the upper right-hand side, that’s an Osram edge emitting laser. And the VCSEL which you can see in the bottom, the VCSELs are a semiconductor-based laser, where the light comes out perpendicular to the substrate. And it stands for vertical cavity surface emitting laser. VSCELs tend to be less efficient than side emitting lasers. But they also tend to be lower cost per laser. So, with these you can get a very fast response; 100 picoseconds, very much depends on the packaging. You can get optical power, out of these, from one watt to one kilowatt and even more than that if you put many of them in parallel. They're very cost effective. They're being built in volume today, so the costs are coming down. And you can get them in various wavelengths, 850 nanometers, all the way up to 1550 nanometers.  The most popular today in lidar is 905 nanometers. Although there is certainly some work being done at 1550 nanometers, because it has a higher eye safety limit.


DToF Pulse Width and Amplitude

Target: Up to 200 m to 300 m
Pulse: 5 ns to 50ns
Higher power:50 A to 500 A

Target: Up to 10 m
Pulse: 0.5 ns to 5ns
Lower power: 5Ato 50 A
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So, let's look at direct time of flight and the impact of pulse width and amplitude on the electrical characteristics. There is a car, it fires its laser beam with a direct time of flight lidar system. And if the target is up to 200 to 300 meters, you need a pulse width that's better than 50 nanoseconds but more preferably, close to the five nanosecond range. But in order to get enough photons out to get enough photons in, you need between 50 amps and 500 amps of current to deliver to that laser in each pulse. If, that same direct time of flight is used for a close in target, say up to 10 meters, you need an extremely narrow pulse, really around half a nanosecond wide. And your laser power is much less, 5 amperes will probably get you enough to see up to 5 meters, 10 amperes for 10 meters.


IToF Pulse Width and Amplitude

Target: 10 m to ??? (50+ m)
Higher power
10 A to ??? (hundreds)

Target: Up to 10 m
Lower power
1Ato10A
50 MHz to 200 MHz
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Now, for indirect time of flight, you're going to use a VSCEL and you're going to use it like a flashbulb. It's not a columnated beam of light, but rather a spreading beam of light like a flashlight. That means you need a whole lot more photons to be able to see farther distances. For example, if you're looking for something that's up to 10 meters, like a flashbulb in a camera, it's not that hard. You need somewhere around 10 amperes of current. Now, because it's so close, you're going to need a relatively high frequency to be able to resolve small phase differences. You need to be 50 to 200 Megahertz to see in these up to 10-meter distances. However, if you're trying to see a long distance with a flash lidar using indirect time of flight, you need a lot of current. Because you need to get a lot of photons out, to be able to see longer distances, in the range of 10’s to 50’s of meters. But you don't need to be as high frequency, tens of Megahertz is sufficient to be able to resolve the rather large phase differences.


Laser Driver Circult
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So now let's look at how the laser driver circuit works. It's relatively small. The middle of the page you see a bus capacitor (C sub BUS). And it is charged up through an input signal VIN. And you'll notice at the bottom of the page, there's a Q1, that's a gallium nitride transistor that is in series with D sub L, and that is your laser diode. When you turn on the GaN transistor, you discharge the capacitor and it emits light through the laser. That's pretty straightforward. The amount of light that comes out depends on how much energy was stored in the capacitor.


Why GaN?

Parameter EPC2212 Best in class eGaN EET
| Technology eGaN FET Si MOSFET | -
A1
Rpson) [MQ] 14 21
>_|pulse,max [A] (@ 4.5V) 75 80 <
Qaiot [NC] 3.2 7.6
Ryate [C] 0.4 1.0 Si MOSFET
Ryate*Qator [€22NC] 1.3 7.6
Leource [NH] < 0.05 0.3
L grain [NH] <0.05 1.0
Package [mm x mm LGA 2.1 X 1.6 DEN 3.3x3.3
AEC Q101 YES NO
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So why is gallium nitride used in all of these driver circuits? Well, this is just showing you some of the advantages of gallium nitride, compared with best-in-class silicon MOSFETs. I'll show you a little later why you need a 100-volt device to do most of this. Sometimes you need a little more than that and sometimes a little less.  But we're going to compare in this case two 100-volt devices; a gallium nitride device and a silicon MOSFET.  Both have about the same current rating, the Gan device, a bit lower on resistance. But if you look at the amount of charge it takes to turn on and off the gate, that’s Qgate, you’ll see that the GaN device is actually less than half of the requirement of the MOSFET. Look at the resistance of the gate (Rgate) which determines how quickly the gate can be charged and discharged. And you can see that it's only 40%. So, the product of Rgate times Qgate is about five X less and that means that you can discharge the capacitor through the diode about five times faster. But that's only part of the equation. I'll show you in a few minutes how the Inductances of the system also play a critical role. Just keep in mind this fact that if you have a packaged MOSFET, that the inductance in the gate, the inductance in source, and the inductance in the drain are each 20 or 30 times higher then they are in the chip scale eGaN FET. Another added bonus, since these go on to cars and they need to have AEC Q101 qualification, and these eGaN devices are AEC Q101 qualified.


Not so simple...
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So, we started off with this simple gate circuit. But, it's really not so simple.  It's not so simple because there are inductors everywhere you look in this circuit. Now, let's look at what's the impact of those inductors on this system. 


Impact of Power Loop Inductance
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Let's look at the impact of just one of those components of inductance, the power loop inductance. In this case, what we're going to look at is how much voltage do you have to apply to be able to get 40 amperes through this power loop in three nanoseconds. You want to generate a three nanosecond pulse. You want it to be 40 amperes high and you have a power loop with inductance of say five nanohenries. What this is saying is it takes 150 volts as your Bus voltage in order to squeeze that amount of current through in that amount of time if you have five nanoseconds.  It is the inductance that limits the performance. 


Low Inductance Starts With FETs
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As I showed you earlier, the inductance in Power Mosfet package is three nanhenries in the gate, three nanohenries in the source and drain and you have to add to that all the other loop inductances that might be in the PC Board because these are bigger devices. Now eGaN FETs are chip scale. They have almost zero internal inductance, less than a few picohenries, inside and therefore you can eliminate all of the power loop inductance that’s related just to the chip, which is far more than half. 


Practical Power Loop Inductance
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So, here now becomes the practical power loop inductance.  Again, for the same 40 ampere signal in three nanoseconds. With no laser and eGaN FETs, this is the range that you’re working in; well under a nanohenry, so you can get the power loop without the laser in the half nanohenry, to even a 10th of a nanohnery range, depending on the size of the FET, and the precision of your layout. Now if you have a surface mount laser and you include that in your loop, you're now looking at somewhere in between 500 picohenries for a very well-designed laser in a very good package all the way up to about two nanohenries. Again, these are surface mounted lasers. However, if you use a through-hole laser, you’re way up there in the 2 to 5 nanohenry range so let's forget about that. And we'll look at and surface Mount laser in our system. 


Question: Does 50 pH Matter?

Answer: Yes, If It's common source inductance (CSl)
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So, how about the gate loop? Does 50 picohenries matter in the gate loop? 50 picohenries isn’t very much. You remember you have a nanohenry in that loop in the power MOSFET. But the answer is yes, if it's common source inductance and I've circled there the component of inductance that is common to both the source and to the gate. Therefore, the voltage developed across that inductance fights the voltage that you've applied to the gate driver. Let's look at that for a moment. In a typical system, you’re going to want to have 100 amps per nanosecond current di/dt, sometimes higher than that. So, your di/dt is 100 amps per nanosecond.  Let's say you have 50 picohenries of common source inductance. That's not very much inductance. But, that’s 5 volts that you'll develop across that and that will fight the gate of your FET and it will slow it down. So that's not an acceptable amount. 50 picohenries is way too much, and it's not a lot.
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So here's a real-world example using the EPC2034C. We showed this device earlier, it was the largest device among all those chips, It's 200 volt rated, eGaN FET and it can conduct about 250 amperes in a pulse. But it's only 12 square mm in size, so it's pretty tiny.  You have a 221 ampere laser pulse peak. And it's only 2.9 nanoseconds wide. So, it's under that three nanoseconds that we're talking about. And of course, you can look at the optical power, we're measuring the return signal. And it's also under three nanoseconds. This is state-of-the-art today. And as you can see, it is hard to achieve because you need very low power loop inductance and very, very low common source. 


What's New?

Even 10-20 pH CSI has noticeable
effect on performance

Integration
* Reduce CSI to a few pH
 Replace several parts with a
single part
 Enhanced reliability
 Reduced driver area
 Reduced cost

EPC21601 Laser Driver IC

« 40V, 10 A FET with integrated gate driver
» 3.3V logic level input

Voo GND GND

In D D

1.0mmx 1.5 mm
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We saw that 50 picohenries is too much in common source inductance, so what do we do? Well, EPC has just announced a laser driver IC that includes both the driver and the integrated circuit in the same chip. It's an integrated circuit that takes those two components and combines it into one eliminating virtually all of the inductance in the gate loop. The common source inductance is reduced to just a few picohenries. You could replace several parts with a single part. Of course, it's enhanced in reliability because it’s just one chip instead of many. You have much smaller area and this chip it's selling for less than $1 in quantities of half a million or more. It is a 3.3 volt logic level input and is capable of outputting 10 amperes in teeny tiny 1 mm by 1.5 milliliter format.
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And here's what it looks like. In this case, we have a 10 ampere load. And look at that, the on time is 400 picoseconds. And the off time is just 320 picoseconds, despite delivering 10 amperes in a 9.3 nanosecond wide pulse.
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Now let's spin this up to high frequency. So here we're still delivering ten ampere pulses. But in this case, the pulse width is down to 1.4 nanoseconds. Still delivering 10 amperes but it’s a five-nanosecond repetition which is 200 megahertz, so this will give you a high resolution in short distances, better than anything out there today.


ToF Laser Drivers

New IToF Driver

EPC9150 EPC9126 and EPC9126HC EPC9154
200V, >200A 100V, 70A and 135A (HC version) 40 V, 10 A, 200 MHz

Schematics, Gerbers, and App notes available at EPC’s website
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We also have demonstration boards.  The EPC9150 is the one that I showed you earlier with the 220-ampere pulse. It uses the EPC2034C, 200 V device. We also have the EPC9126 and 9126HC for high current, which can go up to 135 amperes. And our new board, the EPC9154, which uses the new eToF laser driver integrated circuit and it can run up to 200 Megahertz, delivering 10 amps and 40 volts. 
Of course, like all EPC products, schematics, gerbers, and app notes are available on our website.


What's Next?

EPC21603 Laser Driver IC
« 40V, 10 A FET with integrated gate driver
 LVDS (low voltage differential signal) input

Vob GND GND

March 16
Launch

IN+ IN- D

1.0mmx1.5mm
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So, what's coming next? Next we are going to be launching in the middle of March 2021, a similar laser driver IC.  It has the driver and the power FET. It’s a 40-volt, 10-amp device in the same 1 mm times 1.5 mm size, but it will have a low voltage differential signal input so it can be used for noise sensitive applications. We also developing higher current, higher voltage, as well as adding other control and logic features on board. 


Reliability

Test waveforms Pulse performance FET parameter stability

Stable after 13 Trillion Cycles
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How about reliability? Again, eGaN FETs in time-of-flight lidar applications have had a higher di/dt, dv/dt requirement than has ever been applied to a power device in the history of the planet. Even so, EPC has taken it upon ourselves to make sure that it doesn't induce any new, intrinsic failure mechanisms into our parts. We’ve been running now for more than 7000 hours, a 60 ampere, one nanosecond wide pulse into our AEC Q101 series of FETs, over and over again, cycle, after cycle, after cycle. This is showing you what it looks like, the peak current and the pulse width, after thirteen trillion cycles. This is showing you the electrical characteristics, perfectly stable up to thirteen trillion cycles. For reference, an autonomous vehicle will probably only have a lidar system working for four trillion cycles, during the vehicles entire lifetime.


Conclusion

* Time-of-flight lidar drivers are a pulsed power
application

 Pulse requirements differ with lidar range and purpose.

 When using GaN FETs, inductance dominates the
design

 eGaN FETs are best choice for high performance laser
drivers
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As we discussed, time of flight lidar is a pulsed power application. And pulsed power requirements differ depending on your range and your purpose. When using eGaN FETs, the inductance will dominate the design. eGaN FETs are certainly the best choice for any high-performance laser driver you can imagine.


	GaN-based Solutions for Cost Effective Direct and Indirect Time-of-Flight Lidar Transmitters�Alex Lidow, EPC
	Overview
	What is Lidar?
	Types of lidar
	Slide Number 5
	Direct versus Indirect (DToF vs. IToF)
	Importance of pulse shape (DToF)
	Importance of pulse shape (IToF)
	Amplitude (DToF and IToF)
	Laser Diodes
	DToF Pulse Width and Amplitude
	IToF Pulse Width and Amplitude
	Laser Driver Circuit
	Why GaN?
	Simple?
	Impact of Power Loop Inductance
	Low Inductance Starts With FETs
	Practical Power Loop Inductance
	Question: Does 50 pH Matter?
	EPC2034C 200 V eGaN FET
	What’s New?
	EPC21601
	EPC21601
	ToF Laser Drivers
	What’s Next?
	Reliability
	Conclusion

