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eGaN FETs for Lidar — Getting the Most Out of the EPC9126 Laser Driver

John S. Glaser, Director of Applications Engineering; Efficient Power Conversion Corporation

Lidar is a form of radar where the electro-
magnetic radiation happens to be in the
optical band [1, 2]. In the last few years,
one particular form of lidar, time-of-flight
(TOF) distance measurement, has become
popular. If a laser is used as the optical source,
one can measure the distance of a small spot
even at a long range. When combined with
steerable optics, one can sweep the spot
distance measurement and map objects in
3-D space.

EPC has developed the EPC9126 and
EPC9126HC laser drivers to demonstrate the
performance of eGaN FETs in lidar systems,
and to advance the lidar state of the art
[3, 4. The EPC9126 and EPC9126HC are both
provided with Quick Start Guides (QSG) that
provide basic information on getting up and
running along with schematics and bills of
materials. Layout files for the drivers are also
freely available.

However, while the basic principle of the
laser drivers seems simple, the high speeds,
voltages, and currents result in the dominance
of parasitic components that many engineers
are used to ignoring or designing away.
This document was written to answer com-
mon questions and to provide more depth on
laser driver design, so that the user can get the
most out of their driver.

Please note that this application note is
intended as a complement to the QSG, and
the user should have both handy when
learning about and applying the EPC9126 and
EPC9126HC.

=~

m Transmitted beam
- >
- - Reflected beam

Target

Laser
transmitter

! \ !

Signal processing —>

\ 4

Receiver

3-D point cloud
Figure 1. Basic lidar system

Lasers and pulse requirements

TOF lidar usually uses near-infrared (NIR) semiconductor laser diodes, -either
side-emitting epitaxial lasers or vertical cavity surface emitting lasers (VCSELs).
Some typical laser diodes are shown in Figure 2 [5, 6]. Electrically, the laser diode
behaves as a rectifier. When forward biased above a certain threshold current, it
emits laser radiation with the output optical power approximately proportional to
the forward current. Thus, if we drive it with a pulse of current, we get a pulse of laser
light [7]. The laser optical pulse has two main parameters: pulse width and energy.
These two factors have a large effect on the distance resolution and the range,
respectively.

SPLPL90_3 TPGAD1S09H
Figure 2. Some typical laser diodes used for TOF lidar.
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The pulse width of the transmitted optical
signal has a great influence on the distance
resolution of a lidar system [8, 9]. Figure 3 helps
show why this is the case. If we look at the top
case, we send narrow pulses of light out from
the lidar. Since the light pulse must travel to
the target, be reflected, and travel back, for a
target at distance d, the time t, between pulse
transmission and reception is:

t, = 2dic (1)

Where ¢ is the speed of light in air,
approximately 30 cm/ns (about 1 foot/ns for
the imperialists among us). By measuring
the time ty, we can compute the distance.
Now suppose that we send longer duration
pulses, as shown in the bottom case.
We see that if the pulse length becomes
long enough, the reflected pulses begin to
overlap, and it becomes harder to distinguish
features in the environment.

e
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For an idea of what pulse lengths are
desirable in practice, consider an electrical
current pulse width of 1 ns driving the laser
diode, which corresponds to an optical pulse
length of 30 cm. As features of the target
approach 15 cm, the received pulses begin
to overlap and become harder to distinguish.
While various signal processing techniques
can improve the resolution for a given pulse
width, it is clear that a shorter pulse gives
better inherent precision, and that pulses on
the order of a few nanoseconds or less are
desirable for human-scale resolution.

Pulse energy determines the range of the
lidar. As demand for better resolution drives
designs towards narrower pulses, the diode
current must increase in order to maintain
sufficient pulse energy. Typical pulse current
can range from a few amps to hundreds of
amps. A number of laser diodes are specified
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with nominal pulse currents in the range of
several tens of amps. Under typical data sheet
test conditions, e.g. Pulse repetition frequency
(PRF) = 1 kHz, pulse width t,, = 100 ns, peak
current Ip = 30 A, operating temp Top = 23-
25°C, the peak electrical input power can
approach 300 W for a triple junction edge
emitting laser. The average test duty cycle is
often < 0.1% to prevent overheating of the
laser die. It is possible to operate these laser
diodes at higher currents with shorter pulse
widths and obtain greater peak optical power.

In summary, typical laser diode requirements
for commercial off-the-shelf laser diodes in
lidar systems suitable result in desired peak
pulse current ranges from a few amps to a few
hundred amps, with pulse widths from 1 ns to
10 ns. In the next section, we will see how to
obtain these extreme pulses.
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Figure 3. Effect of lidar pulse width on resolution. Top: narrow pulses allows reflections to be easily distinguished.
Bottom: wider pulses can overlap, making them harder to distinguish and reducing distance resolution.
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Laser drivers

A typical pulsed laser driver for lidar uses a
semiconductor switch in series with the laser
and an electrical energy source. Performance
is limited by stray inductance and the speed
of the semiconductor power switch. Within
the last decade, cost-effective gallium nitride
(GaN) power FETs have become commercially
available, with significantly lower inductance
and switching figures of merit (FOMs) up to
10x better than comparable silicon MOSFETs
[10]. Figure 4 shows the EPC2016C FET,a 100 V
eGaN FET capable of 75 A pulses [11].

The greatly improved performance of
eGaN FETs versus the older silicon MOSFET
technology translates to much faster switching
for a given peak current capability, enabling
currents >100 A and pulse widths <2 ns with
a laser load [13, 14], although these cannot be
met simultaneously (yet!).

Figure 4. EPC2016C 100V, 75 A, 16 mQ eGaN FET
measures 2.1 mm x 1.6 mm. The EPC2212is an
automotive qualified (AEC-Q101) part with same
footprint and similar ratings [12].
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Figure 5. Capacitive discharge resonant driver
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There are many kinds of laser driver topologies,
but for high power there are two primary
candidates: the leading edge controlled
resonant laser driver and the current limited
dual edge controlled driver. Since the resonant
laser driver is the most common for high
speed applications, most of the discussion will
be around this type of driver.

EPC9126 and EPC9126HC laser diode
drivers

The EPC9126 laser driver is a versatile platform
on which to test the performance of eGaN FETs
and laser diodes. The PCB for the EPC9126 and
EPC9126HC is identical. The two drivers have
a few component differences, with the result
being that the off-the-shelf EPC9126 will have a
lower peak current and a shorter pulse, whereas
the EPC9126HC will have a higher output
current with a longer duration pulse. The key
differences are summarized in Table 1. Aside

from these differences, the boards are identical
and unless otherwise specified, everything in
this note applies to both boards, which will be
collectively referred to as the EPC9126xx.

As shipped, these are both configured as
resonant laser drivers. The basic operation of
these drivers along with the corresponding
design equations are discussed in the
following section.

Resonant capacitive discharge laser
driver design

Figure 5 shows a simplified schematic of a
resonant capacitive discharge laser driver, and
Figure 6 shows the main waveforms.

Component ‘ EPC9126 ‘ EPC9126HC
FET EPC2016C/EPC2212 EPC2001C
FET pulse current rating 75A 150 A
Current shunt 102 mQ 94 mQ
Resonant capacitance 1.1 nF 2.8 nF
Table 1. Differences between EPC9126 and EPC9126HC
V
/ \ GS
/ \ > t
A 1, —>
> t

recharge

Figure 6. Key waveforms for capacitive discharge resonant driver of Figure 5.
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Assuming that Q is an ideal switch and D, an
ideal diode with a fixed forward voltage drop
Vpir The driver works as follows: Q; starts in
the off-state, so iy, = 0. The capacitor voltage
v, = V), having been charged through R;.
At t =ty Veommang triggers the gate drive,
turning Q, fully on at t = t, and discharges C,
through the laser D, and inductor L. C; and
L, form a resonant network, hence i, and v,
ring sinusoidally. The effective initial capacitor
voltage is Viq g = Viy = Vpif due to the laser
diode forward drop. Att=t,, iy, returns tozero
and v, =2 V- V). At this point D, prevents
the current from reversing and C; recharges
via R,. Switch Q, is turned off before V, crosses
zeroatt=t;.

The capacitor charging time constant 7, and
the resonant period t ., are
Tehrg = R1Cy (2)

tres = 20(L,C) = 21, 3)

Typically, Tepg >> tes SO Ry has little effect
on the L-C, resonance. The resonant
characteristic impedance R and the full width
half maximum (FWHM) pulse width t,, are

L
Ro = é (4)

T — ZSInflfl tres (5)
WSt =3

This laser driver topology has the following
benefits

¢ The topology utilizes stray inductance.

e Stable pulse shape

* Pulse energy is set via the value of V,y

e The switch is ground-referenced for simple
drive

e Only gate turn-on needs precise control
(single edge control)

e Laser current pulse width can be shorter
than gate drive minimum pulse width
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Effect of stray inductance

We can calculate the peak laser diode current
Ipipk Using the following equation:

1 = Yin—Voe (6)
The inductance has a large effect on the
design. From (3), (4), (5), and (6), we solve for

V) tofind

27[L1
Vin= e IoLpk +VoLr )
W

Figure 7 shows the calculated voltage V
from (7) versus L, for a 30 A, 4 ns pulse with a
9V forward diode drop on the laser. It is clearly
seen that the required V) increases linearly
with L, for a given laser and pulse shape.

Driver switch properties

The analysis above assumes an ideal switch, but
practical semiconductor switches have non-
zero switching times and saturation current
limits. In addition, switches and their packages
can have significant inductance which not only
increases the required voltage for a given pulse
shape, but also slows switch turn-on.

In the past, the switch technology of choice
was a silicon power MOSFET. However, as
lidar system designers strive to get more
performance, silicon power MOSFETs have
become the major limiting factor for two
reasons. The first is the large gate charge due

175

to the large die size needed to meet the current
and voltage requirements. This greatly slows
the turn-on of the MOSFET [15]. Second, large
MOSFETs are vertical devices with connections
on both sides of the die. This forces the use of
an external package, which adds substantial
inductance in both the power loop and the
gate drive loop [16]. The former results in
a higher voltage requirement and an even
larger die, and the latter further slows the
device turn on.

In the last several years, new power FETs
based on GaN have become commercially
available. GaN FETs have several overwhelming
advantages for lidar applications compared
to silicon MOSFETS. First, they have up to 10x
lower input capacitance C,ss than MOSFETs of
comparable current rating [17], enabling the
GaN FET to turn on much faster. Second, GaN
FETs are a lateral device, which allows the use
of a wafer level chip scale package (WLCSP).
The WLCSP provides extremely low inductance,
excellent thermal performance, high reliability,
and minimal added cost. Finally, GaN FET die
are much smaller than silicon power MOSFETs
of comparable voltage and current rating,
further reducing inductance, and allowing tight
spacing of adjacent lasers for applications such
as multi-channel lidar [18].
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Figure 7. Bus voltage V, versus inductance L, for Ip; ;= 30A, t,, = 4 ns, and Vp ;=9 V.
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Basic design process

Now we can put the above information
together in order to do the design of a
resonant lidar driver. We start with some
specifications on the laser pulse, which will
generally result from the system design.
These requirements are:

* Pulse peak amplitude Ip

e Full width half maximum (FWHM) pulse
width t,,

e Pulse repetition frequency PRF
e Laser diode voltage drop Vp

Once the basic pulse requirements have been
chosen, the next factor needed to complete
the design is the power loop inductance L,.
The determination of L, is discussed in Section
34, but for now, assume we have a good
estimated value.

To determine the value of resonant capacitor
C1, we use (4) and (6) to get

Ik 2
@=h (VIN -VoLe (®)

The value of recharge resistor R, is determined
from (2), so that

__Tchrg

Ri= C,

9)

Since Tgpg >> teq We simply need to pick a
large enough value of T, 4. Because of thermal
limitations forcing the pulse duty cycle to be
typically less than 1% or so, the value of R,
does not usually need precise determination.
This is discussed further in Section 6.4 for
those needing to operate at higher duty cycle
values.

Finally, the required bus voltage V, is
determined from (7), which together with Iy, ,,
is used to select the appropriate part number
for FET Q,. Together, (7), (8) and (9) determine
the remaining values to complete the design.
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Determination of power loop inductance

We have already seen that the required
input voltage increases nearly linearly with
the laser inductance, and input voltage
determines the rating of the FET and the
capacitors. Furthermore, the laser driver bus
voltage has to come from somewhere, most
likely another boost converter in the circuit.
The more that L, is reduced, the simpler and
lower cost the rest of the design will be. The
core principles of minimizing PCB inductance
are explained in depth in [19], which covers
a variety of useful techniques for reducing
layout inductance. The article shows that with
the eGaN FET's chip-scale package, the power
loop inductance contribution of the FET, PCB,
bus capacitance, and current sensing shunt
(if desired) can be kept well below 1 nH, and
can approach values below 500 pH. The stray
inductance of the EPC9126xx is on the order of
1 nH, depending on the FET and the mounting
position of the load. The value is higher than
the best achievable value since this was a
tradeoff taken to increase the versatility of the
design, especially the ability to accommodate
different laser packages.

Now, we turn to other sources of inductance,
and the main one is the laser. As seen earlier,
a through-hole laser can be expected to
contribute about 5 nH in the best case, and
often much higher. A surface mount laser will
contribute something closerto 1to 3 nH, which
makes the laser the dominant inductance.
Note that most of the laser inductance comes
from the laser package, including wire bonds.
Laser manufacturers have become aware that

the laser package inductance can dominate
performance, so one should expect progress
in this area in the near future.

Unfortunately, the value for L, is difficult to
know exactly at the beginning of the design.
This means that it is likely that some iteration
will be necessary. For an initial design, consider
giving yourself some additional voltage
margin on the FET, which will allow one to
overcome a certain amount of unanticipated
inductance.

EPC9126xx Hardware Driver Design

A typical connection diagram for the
EPC9126xx laser driver is shown in Figure 8.
A complete description of connection and
operation is given in the Quick Start Guides
[20, 21], but is it useful to review the diagram
here.

All signal I/O uses SMA connectors. The design
includes voltage test points comprising
embedded transmission line probes with the
output taken at J3, J7, J9, and J10. The output
of a current measurement shunt is available
from J6. Details of the design can be found
in [3, 4], including Gerber layout files and a
full schematic. The layout was designed to
minimize the total inductance in keeping with
the principles in [19].

EPC — POWER CONVERSION TECHNOLOGY LEADER | EPC-CO.COM | ©2022 |



https://epc-co.com

APPLICATION NOTE: AN027 eGaN FETs for Lidar — Getting the Most Out of the EPC9126 Laser Driver

A photograph of the driver, along with an expanded view of the key section of the design is shown in Figure 8. To minimize inductance L, both the
energy storage capacitor C, (C;;, 5, C;3, G4y Cy5 0N the PCB) and the current measurement shunt (R;,, Rq3, R4 Rys, Ry) are comprised of five 0402 size

surface mount packages connected in parallel. The spacing between the top plan and the ground plane is 250 um (10 mil) minimize inductance.
To minimize cost, no blind, buried, or microvias are used.

V7in VBUS
Note Polarity
Laser .
— ~4— Diode Oscilloscope
(50 Qinputs)
Signal Generator
I
Figure 8.
/z//// |~ Rshunt
/,///’ “;/ C'I
~—— Laser
mounting
e [ EPC2016C FET

Gate drive

Figure 9. EPC9126 laser driver with GaN FET for experimental validation.

To get good shunt performance for current measurement, it was necessary to mount the shunt resistors upside down, which yielded a reduction in
shunt equivalent series inductance from 200 pH to 40 pH, and a corresponding fourfold increase in shunt bandwidth [13]. This is discussed further in
the section Current Sensing (page 9).
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Experimental Results

The EPC9126 and EPC9126HC have both been
tested with the Excelitas TPGAD1S09H surface
mount laser, which at the time of writing is the
lowest inductance surface mount high power
pulse laser that is readily available. In each
case, the circuit test results are given with an
input voltage of 75 V.

EPC9126

The power loop inductance L, is estimated
to be 2.3 nH. If we design for Iy, =35 A and
a 3.5 ns pulse width, this gives a C; = 1.2 nF
and V,y = 60 V. The capacitor value used was
C, = 1.1 nF since this was the closest that
could be achieved with standard component
values. NP0O/COG ceramic capacitors were used
due to their stable capacitance and low loss.
Test results for V,y =75 V are shown in Figure 10.
A peak current, I, = 35 A, is reached with
t,,= 3.4 ns. This amounts to a peak electrical

eGaN FETs for Lidar — Getting the Most Out of the EPC9126 Laser Driver

power input to the laser Py, > 300 W.
The discrepancy in the results and calculations
results from the different capacitance value,
inductance estimation error, extra voltage
drop on the shunt, and the fact that the laser
diode voltage drop is not really a fixed value.

EPC9126HC

The power loop inductance L, is estimated
to be 2.0 nH, with the reduction due to the
wider footprint of the EPC2001C compared
to the EPC2016C. If we design for Iy, = 70 A
and a 5 ns pulse width, this gives a C; =2.85 nF
and V, = 78 V. The capacitor value used was
C, = 2.8 nF since this was the closest that
could be achieved with standard component
values. NP0O/COG ceramic capacitors were used
due to their stable capacitance and low loss.
Test results for V,y =75 V are shown in Figure 10.
A peak current, Ip, ,, = 63 A, is reached with
t,, = 5.0 ns. This amounts to a peak electrical

power input to the laser Py, > 1300 W.
The discrepancy in the results and calculations
results from the slightly different capacitance
value, inductance estimation error, extra
voltage drop on the shunt, and the fact that
the laser diode voltage drop is not really a
fixed value.

Tips and tricks for the 9126

The EPC9126xx has a great deal of flexibility
and can be used as a base from which to try
out new ideas or gain deeper understanding
of real component behavior for fast, high
current pulses. This section provides some
further detail on the design along with
suggestions on different directions to pursue
further. Figure 12 is a block diagram of the
EPC9126x and provides a useful reference for
this sections.

I aserr S A/di"‘/ 30A

3.8ns

Vps 10 V/div

Vopticalr 2 mV/div

Vps, 10 V/div

2 ns/div

50ns <+

63 A

i aserr 10 A/div

Voptical» 4 mV/div

Figure 10. Experimental results for EPC9126 laser driver fitted with an EPC2016C GaN
FETwith V=75 V. A peak current Iy, = 35 A is reached with t,, = 3.4 ns.

Figure 11. Experimental

results for EPC9126HC laser driver fitted with an EPC2001C

GaN FET with Vjy=75 V. A peak current Iy, = 63 A is reached with t, = 5.0 ns.
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Figure 12. Block diagram of the EPC9126xx.
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Inputs and outputs

The high speeds involved in laser pulse drivers
dictate the use of RF techniques, in particular
the use of controlled impedances and the
use of a 50 Q standard impedance for cables
and measurements. If you are not sure what
this means, there are some good references
to get started, as a full explanation is beyond
the scope of this article. A good reference for
those new to the topic is [22].

The input is terminated with a low inductance
50 Qresistance (two 100 Q resistors in parallel),
and feeds directly into a comparator with a
2.5 V threshold. When connected to a pulse
generator with a 50 Q cable, there will be
a minimum of ringing and reflection. If it is
desired to drive the board with a logic gate
directly, please keep in mind that the output
impedance of many logic gates can be a
few hundred ohms, meaning that they will
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not drive the input to high enough voltage.
In this case, the input terminating resistors can
be removed, but the connection to the logic
gate must be made in a manner to minimize
any ringing or pulse reflections. If this sounds
unfamiliar, please review the reference above.

All the outputs are designed to operate
properly into a 50 Q load. This is best
accomplished with the use of a 50 Q cable
connecting to an oscilloscope with a 50 Q
internal input. Please note that the use of
external 50 Q terminations at the scope input,
with a scope input set to 1 MQ, will work, but
will be bandwidth limited by the typical input
capacitance of the 1 MQinput connection. This
capacitance will often limit the measurement
bandwidth to < 200 MHz, giving a minimum
measurement rise time on the order of 1 ns,
which make things look a lot slower than they
actually are.

Laser mounting

The EPC9126xx was designed for flexibility
in the package and mounting of the laser or
other load. It has 100 mil spaced through holes
for mounting of leaded laser diode packages.
In addition, it has a footprint for an Excelitas
surface mount laser diode. Finally, it has bare
pads that allow flexible mounting of different
packages, or even bare laser die. Figure 13
shows some of the possible ways of mounting
lasers.

Resonant capacitors

Once the inductance has been minimized,
the main parameters under the designer’s
control are voltage and resonant capacitance.
Resonant capacitors should be NPO/COG
ceramic dielectric or some other cap with
low loss and linear, stable dielectric, such as
porcelain, glass, or mica.

Figure 13. Different ways of mounting lasers or other loads to the EPC9126xx. Upper left: conventional through-hole mounting. Upper right: laser anode lead on top and
cathode lead on bottom of PCB. Lower left: both leads of laser on top side. Lower right: surface mount laser.
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Charging resistors

The resonant capacitor is charged through the
charging resistor R, (formed by the parallel
combination of Ry, Rs, R, Rg on the EPC9126xx),
with a time constant Ty, given by (1)
Since it takes t = 5T, , to charge the resonant
cap to > 99% of the final value, we can
set the max pulse repetition frequency to
PRF = 1/5 « 1y,. If @ designer wants a higher
value of PRF, they can either accept some
droop in the laser output, or they can
reduce the value of R,. Reducing R, will allow
additional current to flow in Q,; when on, but

this is likely to be acceptable for 5t 4 >> t,,.

For an ideal resonant system like that shown
in Figure 5 and the associated waveforms in
Figure 6, we can see that except for the very
first time the capacitor C, is charged, the initial
state of the capacitor is V,(t2) = Viy - 2Vpg.
It is a good approximation that during
recharge, all power dissipation occurs in R,
and the energy dissipated in R, will be

Erichrg=2C1(Vaus—VorL)?  (10)

Note that this is independent of R,. The power
dissipation will be

PRlchrg =PRF- ERlchrg (1

At high PRF, this power dissipation can be
substantial and is in addition to the power
dissipation in the laser itself. If the power
dissipation is too large, different recharge
methods such as boost converters should be
considered. These are beyond the scope of
this article.

Transmission line probes

All sense measurement SMAs, except for the
shunt measurement, use the transmission
line voltage probe principle to obtain
waveform fidelity at sub-ns time scales.
Such probe typically have a relatively low
probing impedance, on the order of 500 to 5k,
but the impedance is nearly purely resistive
and the bandwidth can be very high, i.e.
multiple GHz. These probes are built into the
PCB to allow near ideal connection to the node
of interest, thus improving waveform fidelity
and repeatability. They also won't slip off the
measurement points, which is an important
consideration when measuring the high
voltages in the circuit! The basic principles of
such probes are discussed in [23].
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In order to get useful measurements with the
built-in probes, one has to take into account
the following three properties. First, they
must be connected to an oscilloscope with
the scope input set to 50 Q. The use of a
1 MQinput with a 50 Q terminator will severely
limit the bandwidth for almost all scopes and
is not recommended. Second, each built-in
probe has its own attenuation factor that
must be considered. Third, the low impedance
of the probe means that for points with a
large average DC voltage, e.g. drain voltage,
substantial power dissipation can occur.
To prevent this dissipation, the test points
for high voltage measurements include a DC
blocking capacitor. This forms a high pass filter
that has little effect for typical waveforms
of interest. However, if long pulse widths are
used, these test points may yield erroneous
results, and an external probe should be used.
The built-in transmission line probes have
been verified to produce near-identical results
to a Tektronix P9158 3 GHz transmission line
probe [24], so their estimated bandwidth is at
least 3 GHz.

Current sensing

Ahh, current sensing... the bane of power
electronics!

There are both pros and cons to current
sensing in pulse laser drivers. The pros include
verification of operation, timing determination
of the laser pulse, control of optical power for
maximizing range while remaining eye safety.
However, current sensing has a long list of
cons, including added inductance, increased
power dissipation, poor waveform accuracy,
cost, and reduced laser drive voltage to
overcome inductance.

Current measurement capability is included
in the EPC9126xx in the form of a resistive
current shunt formed from five 0402 resistors
to minimize added power loop inductance.
The low duty cycle of laser drivers allows the
use of such small resistors even at very high
currents. In order to include affordable current
sensing while still minimizing the negative

impact on performance, some compromises
on the current shunt were made. These
compromises can result in considerable
distortion of the current waveform.

Normally, it is desired to have a very small
resistance value for the shunt to minimize
voltage drop due to the high peak current.
Unfortunately, even the very small inductance
of five parallel 0402 size resistors can have a
large effect on shuntimpedance and hence the
measurement itself. A conservative estimate
of the effect can be made by assuming a
rectangular pulse with edge transition times
t,= 2 ns. The maximum 3 dB bandwidth of the
pulse can be approximated by

fwzot'—t35=175 MHz (12)
The partial inductance contribution of the
shunt, denoted by Ly, Was estimated by
replacing the laser diode with a copper foil
mounted flat on the PCB, and looking at the
frequency of oscillation when switching Q,
on. This yielded L e = 1.21 nH. Then the
inductance was estimated with the shunt
resistors mounted upside down, and finally it
was measured with the shunt resistors replaced
with copper foil. The results are shown in
Table 2.

From Table 2, we can estimate that
Lghunt,a = 200 pH for shunt resistors mounted
right-side up and Ly, = 40 pH for shunts
mounted upside down, compared to no shunt.
At f,, = 175 MHz, the inductive reactance for

I-shunt,A 1S

|Zshunta | = 2rfulshunt,a=0.176 2 (13)

The resistive value of the shunt should be
at least 5x the inductive reactance, which
would imply Ry, e 4 2 1.1 Q. This would result
in a voltage drop of 39 V at the peak current,
which is 40% of the transistor voltage rating.
By mounting the shunt resistors upside down,
we can reduce this by a factor of five to get
Rihunt 2 0.22 Q. Afinal value of Ry, = 0.20 Q
was chosen based on component availability.

Test condition Ringing frequency (MHz) | Estimated L, value (nH)
A Shunts mounted normally 138 1.21
B Shunts mounted upside down 148 1.05
C Shunts replaced with foil 151 1.01

Table 2. Shunt inductance measurements
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In order to see the effect of this on the
waveform, Figure 14 shows the schematic for
a simple simulation of a shunt with the three
cases above, for t,, = 3.3 ns, and Figure 15 shows
the results. It can be seen that even the small
value of 200 pH (for 5 parallel 0402 resistors on
the PCB) is enough to cause substantial error
for short pulses. The effect of the inductance
is to differentiate part of the current signal,
exaggerating the initial part and peak of the
waveform. The error becomes worse as the
pulse gets shorter.

Unfortunately, it is difficult to mount resistors
upside-down in a cost-effective manner, so
boards as shipped that are represented by Case
A. It may be possible to find a vendor willing
to do this if there is a sufficient commercial
incentive to do so. One manufacture already
does this, but unfortunately the maximum value
available is too small for good measurements at
the time of writing [27]. If more accurate current
measurements are desired, one may remount
the resistors upside-down, use a larger value,
or both. If the oscilloscope has a lowpass filter
function with programmable frequency and a
single-pole cutoff, one may attempt to cancel
the zero in the response of the current shunt
with a pole at the same frequency for more
accurate results.

Dual edge control

As discussed, resonant capacitive discharge
laser drivers have some useful properties.
However, they do have a major limitation,
namely that for a given power loop inductance,
one has good control over the pulse height,
but not the pulse width. Pulse width may also
be used to control total pulse energy, and it
can be easier to control than pulse amplitude,
especially if such control is desired for individual
pulses. Furthermore, in some cases, the laser
diode or other load will need to be off the PCB.
This necessitates some kind of interconnect
which will add considerable inductance. In
order to work with some of these limitations,
one may use dual edge control, i.e. both turn-
on and turn-off of the drive FET are used to
control pulse shape.

In order to use the EPC9126xx with dual edge
control, one must first recognize the limitations
of the UCC27611 gate drive, which appears to
have a minimum pulse width of approximately

eGaN FETs for Lidar — Getting the Most Out of the EPC9126 Laser Driver

! ! ! VSense
y Ry lg Li{Lshunt} | ghunt

Sine(01100e60001) 10

.tran 5n

10p gquiyalent
R2 {RShunt} circuit

.param Rshunt = 0.2
step param Lshunt list 1 40p 160p

Figure 14. Simulation model of a typical shunt equivalent circuit.

6 ns, although this this not specified. This limits
how short the pulse can be.

For typical dual edge control applications, the
resonant capacitor and charging resistors will
likely need to be changed. In the case where
current must be limited, the charging resistor
maybe used for this purpose, since there is
additional bus capacitance at the bus voltage
input to the PCB.

Finally, one must consider that the current in
the power loop inductance will be interrupted
when the switch is turned off, and this will cause
ringing and overshoot on the drain terminal
of the FET and the laser diode or other load.
This ringing will depend on the inductance,
the current at the time of turn-off, and the
capacitance of the laser, FET,and PCB. There is a
provision for the addition of some clamp diodes
to control voltage overshoot.

Finding a suitable clamp diode is very
challenging. Most diodes have package
inductance on the same order as the power
loop inductance, and this limits response
speed. Furthermore, if the clamp current is high,
the larger diode to handle this will tend to have

substantial capacitance that will contribute
additional ringing, which in some cases can
result in repeated undesired laser pulses.
Unfortunately, the author cannot recommend
a suitable clamp diode at this time.

When using the EPC9126xx for dual edge
control applications, it is recommended that
both careful simulation and experimentation
is planned. The latter is especially important,
as the author's experience is that for diodes
selected to have the necessary voltage and
current ratings, the available models do not
accurately represent the behavior of the diodes
for the extremely short transitions found in lidar
applications.

Narrow pulse generator

A narrow pulse generator is also included
on the EPC9126xx, based on the classic Jim
Williams design [25]. By default, this circuit is
not activated and the pulse input goes straight
to the gate drive IC. However, by changing
0 Q jumpers, one may make use of the circuit
to generate very short pulses. The reader
who desired to use this circuit should refer to
Williams's application note.

V(vsense)

240 mV
210mv
180 mv
150 mV
120mV
90 mv
60 mV
30mV
OmV
-30mv
-60 mV
-90 mV
-120mv

Case A: Lyt = 160 pH

Case C: Lyt =0pH

Case B: Lyt =40 pH

0.0ns 05ns 1.0ns 15ns  20ns

25ns  30ns  35ns  40ns  45ns  5.0ns

Figure 15. Results of simulation model from Figure 14 for three values of shunt series inductance.
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Conclusions

The superior performance of GaN power transistors enable groundbreaking laser driver performance. The ability to generate single digit nanosecond,
high current pulses to deliver hundreds of watts from a few square millimeters is truly remarkable. It is one of the main factors in making affordable, high
performance lidar possible in a small form factor thus fueling the lidar revolution.
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