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Agenda

What is a wide-bandgap semiconductor?
Testing FETs

— Testing Wide-Bandgap Devices
RDSON

— Dynamic RDSON
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Measurement Challenges

— Switching Speeds
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Intrinsic Characteristics

Gate Driver
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What Is a Wide-Bandgap Semiconductor? Why
Should We Care?

« Band-Gaps in the 2-4eV range Output

Power(VA) High Power

(higher than Si) '

* Functionality at higher voltage,
higher current, higher

temperature, and higher
frequency

* Higher efficiency power
ConverSion P 1g:erat:nh:; fr;:rency(Hz)
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Before Using a FET, Can We Prove It Works?
Traditional RDSON
* Apply a voltage across
Gate-Source

* With a given current
source, |ID, measure the
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Can We Prove A Wide-Bandgap Device Works?

New processes come with new

problems

» Current collapse due to
dislocations from thermal
coefficient between epitaxy layers

-

= )]

Orain Curregt (a.L1)

o]

Gate Voltage [V]

@*
e Detected with Dynamic Rdson Normally OFF

From Keysight Pathwave case study, in conjunction with Panasonic, 2019, 5992-2752EN
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Adding the Cascode FET to Prevent Current
Collapse

Process improvements can

mitigate challenges

* High energy electrons trapped by
dislocations, interfering with
functionality (Measure 1)

« Cascode FET to inject holes to
recombine with electrons
(Measure 2)
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(a)

Source Gate

Measure 1 No

’Collapse
Measure 2 /

Dynamic Ron (a.u) <2

Buffer layer
500 600 700
Drain voltage (V)

Si-substrate

From Keysight Pathwave case study, in conjunction with Panasonic, 2019, 5992-2752EN
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Quality Challenge - GaN Dynamic Rdson

Tok PrevVu a

Testing Soft Switching

» Time between stress voltage and
Rdson measurement set by relay
switching

Trapped charge causes Rdson to

be high after stress N LBl i,
Charge can dissipate quickly, or |
can last until UV exposure
(current collapse effect)

DivdspuT

1uS/div :

@ soomve @ 5.00V ‘ ) TTT. 005 ][2,500525' ] ® s 3%V
-+v51.39119ms | | 1M points
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Quality Challenge - GaN Dynamic Rdson

Tok PrevVu a

Testing Hard Switching

» Time between stress voltage and
Rdson measurement as close to
stress transition as possible
(<1usec)

Temperature and correlating Soft
Switching and Hard Switching
Rdson

1d: 5A/div

DivdspuT

1uS/div :

@ soomve @ 5.00V ‘ ) TTT. 005 ][2,500525' ][ e s 3.9ov]

-+v51.39119ms | | 1M points
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Measurement Challenge - Switching Speed

Tok PreVu h ]Trl_rg?

v

Gate Control 3 : | : QIVIS Start to capture,\)ds&

 Limits switching S ——— | ldfrom here for 40us_

-6V

Parasitic Inductance Vgs

Managing overshoot |
Minimizing unstable Id period

L a W U

d: 5A/div |

10A settling time<1u$S

DivdsDuT - -

1uS/div :
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Increased switching speeds require a better

BLUE is ATE}

Red is 5 GSPS Scope

SiC FET

« Peak efficiency into ~200
KHz

GaN FET

« Peak efficiency beyond
SiC
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Limits Edges

V(vee_raw) V(vee_ouf)

o 85V 9788V

453“5 //Ame

|
Ji\\ l[: Red is 5 GSPS Scope

dv/dt = 49 1V/nS // dv/dt = 48 7V/nS
/ann

4
et

What happens if current sensor or divider path
to digitizer does not have as much bandwidth?

| V(ice_raw) | | | | V(ice_out) |

« di/dt and dv/dt will exhibit slow down compared to

\\ :

direct measure

'379.8A \\ ‘
; \\ 1ZUMHz 11508

 Leads to difference between ATE and Bench

» Influences device specifications

\\ 105MH1 . 7ns

Why not just use the scope?

112ns \\
N\

dl/dt = 27 3A/ﬂS AN

* Does this effect test time?

L/dth = 96.64/0S

* Does the wiring have a clean path to DUT?

§ 742A\\_\
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Every Path Is a Collection of Parasitics

DUT to digitizer can be a challenge to guarantee a high bandwidth
path since every via and layer overlap runs the risk of adding
inductance and capacitance

Even simple cabling down to a DUT can exhibit abnormally high
parasitics for an oscilloscope

Trace R
ubstrate "‘% e
[

Ground pul:anna"jIlr

EDN - High Speeds and Fine Precision Knock PCB Traces Off Pedestal, 2000
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Intrinsic Characteristics Can Also Pose a
Challenge

Pulse Gate Current
» Pulse can be significantly higher than average
« Some require some gate current for ‘on’ state

Gate Charge

* Narrow Cgd (Miller Plateau) in SiC and GaN vs Silicon
» Faster switching

» Gate has to be driven negative to turn off device

Leakage Currents
« Typically higher than expected
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The Gate Driver Gains Greater Importance

Gate Driver Requirements

 Isolated, but also span negative and
positive voltage relative to common
mode

Provide high pulse current and still be
able to provide several milliamps of on-
current

Drive low gate resistances

In a test environment, provide some
ramp control (Vth) or dedicated current
drive (Qg)
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PGND
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Note: Make single point connection
From SGND to PGND on PCB

/ VCH '
A4
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VEESET=V3V —+ -5V
VEESET=SVDD — -8V
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(a) Low Side Switching Gonfiguration
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AC Testing Requires the Fastest Possible Slew

V(vce_raw) V(vce_ouf)
‘ 9851V smv ‘ ‘

.~Red is 5 GSPS Scope

453“5 //4 62nS

dv/dt = 49 1V/nS // § dv/dt = 48 7V/nS L/ e
| | / ) ) |

: : : VEESET = 5GND - OFF H [:| F] IEI [;| E]
//// 3 3 3 3 3 3 VEESET - OPEN — -4V GL»j AE
J i d ! d ! : : VEESET s VBV — -5V I

VEESET = SVDD — -8V
ot Makos Single point connootion
From SGND to PGND on PCB.

| Vlice_raw) | | | | V(ice_out) | | -

() Low Side Swiching Conbguration

\k :

379.8A \\ ‘
1 \\ 120MH1 11.5n8

\\ 105MH1 . rns

112n5 \\
dl/dt = 27 34/nS \\

14, 2A\\\_\

l/dth = 26 6A/nS
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GaN Still Has Another Trick-Reverse Conduction

GaN E-HEMT
N O BOd y D I Od e Ne parasitic BJT and body diede

High dvidt ruggedness

* Not needed and can badly influence efficiency St o L O

for antl-parallel diode

Fit for half bridge hard & soft switching

Drain

Conduction in the 3 Quadrant E:;Lerse current
* Vgq = Vg is greater than Vy, (simplification)
* Vg, at0.0v

Important for efficiency, and gives a
measure for GaN resistance

Power Electronics Tips, Oct. 2017

2021
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New Processes Always Require New Effort

« Catching Process Problems
— Dynamic Rdson

« Higher speed switching in power
devices

— Requires better design and sensing
— Digitizer system

* Intrinsic differences

— Require adaptations of existing
techniques and designs
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We are excited to face the challenges of wide-bandgap
device testing with you!
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