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Extending Power Device Testing to Wafer Level

Probing Challenges for Power Devices:

* Wafer-to-chuck contact resistance for Rds(on)
measurements

* High-current probing for DC and pulsed
measurements

* Low-leakage probing at high voltage

* Thin-wafer chuck mounting

* Wafer-level safety



Situation: Vertical Devices

* Lower and lower resistance between the source
and the drain

* Power device engineers want to measure the
Rds(on) of the device

PowerMOS device  Source

Low Vds High Vds
<100V ~600V

<10ma | ~03-10 " Drain




Probing Challenge: Measuring

Rds(on) for Vertical Devices

High

* Need high-current pulse on Curront
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Solution: Tesla On-wafer Probe Station

* High-current capability
* Probe - 10A DC / 60A pulsed
* Vacuchannel Chuck 10A DC

* Sense capability
* Chuck - Kelvin connection
* Two Probes - Kelvin connection

e Minimal contact resistance

between chuck and wafer
* Highly polished gold surface
® Superior vacuum hold-down for thin
wafers
* High voltage
* HCP Probe - 500V
* Chuck = 1100V triax / 3000V coax

Average contact resistance between
the wafer and chuck is about 20 uQ



Situation:

Devices Require High Current

* Need high-current pulse for accurate

high-current region characterization
* Rds(on)
®* Reverse recovery current

* Device characteristics fluctuate from

heat
* High current measurements typically use a pulsed
current drive to minimize the isothermal condition



Probing Challenge:

High-Current Probe Burnout

* Catastrophic damage on
both the probe and

device
* Device heating at the tip due
to probe contact resistance
and high-current measurement

Id2 x (Rds + Rc) = Total Device Heating

Thermal runaway
Heat at Tip temp RcC Heat energy

probe tip increase increase increase D
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Solution:

HCP High-Current Parametric Probe

* Minimal contact resistance
* Distribution of current over
multiple fingers simulates
multiple bonding wires

* Thermal absorption
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Situation: High Voltage

* Need to know more of A
. Tesla Coaxial
the device leakage tooma — Measuremen
behavior at high voltage ma

Tesla Triaxial
Measurement

10pA —|
3 Coverage

* | eakage requires a low-
current measurement,
especially below nA order

* Need one measurement
setup for entire voltage
range
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Probing Challenge:

Insulation at High Voltage

* Dielectric breakdown (arcing) between layers

Coax measurement Triax measurement

Sh|eld ¢ Shleld

Voltage increase==» |eakage current increase ==m¢lielectric breakdown



Solution:

HVP High Voltage Parametric Probe

e Prevent breakdowns

at high voltage
* 1100V triax
* 3000V coax

* Increased isolation
resistance and
dielectric strength

* Cabling and
connectors




Situation: Thin wafers

* 100 um and thinner
* Desirable for heat dissipation and packaging

Emerging technologies roadmap
for power device production

Wafer Thickness

1980

Ultra thin
Thin wafer wafer
technology t?g\snsm)gy Ultra thin
(300 pm) wafer
] technology
Thin wafer (65 pm)
technology
(200 pm)
1990 2000 2010 2020

Source: Yole Development, Power D06, www.yole.fr



Probing Challenge:

Thin-Wafer Chuck Mounting

* Mounting: Curl at the edges, “potato chipping”

* Poke through: Vacuum holes can create
potential danger spots for probing

* Inaccurate data: Poor vacuum leads to increase
in contact resistance between the wafer and the
chuck



Solution:
Vacuchannel™ Chuck Technology

Vacuum OFF — Vacuum ON
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Situation: Wafer Level Safety

* Increasing blocking voltage upwards of 1000V

* JEC 61010: Voltage over 40V is considered
hazardous to operators

* In-house-developed device characterization lacks
know-how to include all required safety protocols




Probing Challenge:

Wafer Level Safety

* Operator: Shock
* Instrument: Damage/short
* Device: Arc/short



Solution: Tesla Interlock System

» Safety for operator,

device and instrument
* Infrared safety light curtain
* Probes, cables, chuck,
system: all rated to 3000V

For questions, contact Cascade Microtech
Phone: +44-1295-812828 Email: CME_Sales@cmicro.com
Phone: +49- 811- 600050 Email: CMG_Sales@cmicro.com
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