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Agenda

« High Power device Test challenge

» Solution:
— Strong & Flexibility capability to fulfill test demands
— Static performance: Accuracy
— Dynamic performance: Cutting-edge speeds & Good Regulations
— Protections on Test Cell & Fixtures
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Challenge: voltage/current trends
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Challenge: high power push known limitations

» Massive power requirement
— Server designs thermally limited to 150W-400W in systems

— Scan test engage high toggle rates, consuming 2-4X power
than Function in short term

— Need perfect regulation to minimize Vdroop
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* Integrated Power Regulation ') g
— Reduce pin count
— Better transient loop BW
— Need more accurate Power
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Challenge: high power push known limitations cont.

+ Advance ASIC own complex power rail
— Need multiple phase of voltage supply 1254567
— Power up seq with soft start Scaiable
— Also Capability to provide high power at same time 2= — .00V 9 1002004 VOGINT

+ Test fixture & interface is getting more complex

H . . 0.85v@ 12A VCCBRM, VCCINT_IO
— Site parallel Large Power approach tester limit Reg“'a‘” e ot o v
. . 18V@ 7A Y,
— Power Envelope need Test cell integration - B
. . . R I 09v@ 7A
— Expensive fixture need robust test solution —'

1.8V@ 06A MGTYAVCCAUX
MGTYAVTT
Regulator 1.2V@ 16A

Processor probe card complexity

2010 2014 2019 2020-> ST 113v@aa  VCCOI.JHOIO.HAO
PADs 2000 3000 6000 >7000
VDD Requlator B VDD2@3A _, ppRVIT
Power rail 12 16 24 30 Optional eguiator B8 » DDR_VTTREF
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So what should be in an ATE Tester to test it?

Digital Instrument

» Hundreds of pins

» Gb of pattern memory

* Precise timing and frequency
 High speed pin electronics

* Fail capture memory
 Protocol Aware capability

A _: DC Power Supply
' ° MakesaDC Voltage This one is way more important here!

f Vdd
ov
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Flexible power supply in test concept phase

» Voltage Source Granularity & unlimited merge make test strategy more flexible
» Also allows “Extra” channels to be used to improved performance

» Customized & repeatable power sequence
Power Supply Card

Minimum ii 20 Amp
Looping w/ Persistence More Supplies = Faster number of | i Vdd
Settling and Less Droop channels i |

_________________

|
Vol “ T . ......... S
V S

________________

e N || scceeeeemeeeee, 30 Amp

- Minimum -
channels.
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Excellent force voltage accuracy
v Pass more good parts
STABLE & ACCURATE Supplies

Stable under any load across the voltage range
Wide margins to the guaranteed instrument spec ...,

0.003 - FV error full load

0.002 00005

0.001

0.000 -

-0.001

-0.002 00005

-0.003 ~

No.Load Full.Load -1mV

-0.001
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DC accuracy = better yield + better device specs

Optimum Device Power
Supply min Spec

example 0.65V

Problem: | spec my device as a function of Vdd and vdd
performance... but no tester is perfect

Freq
Tester Error
The supply be programmed to higher / ___________  programmed value
—) than nominal to ensure highest yield... 9
...My customer isn’t happy because Vdd must be spec’d higher deal value
...also, test time is longer because | have to slow down patterns
to keep the part from getting too hot.
‘ ...or it must be programmed lower T
than nominal to get optimum quality
...| could be throwing away good devices, so yield will be |deal value

reduced, and the people you work for will be unhappy.
Millivolts Matter!

~JestConX . 2020
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they tend to move around

When you start a scan pattern,

a lot of transistors all start toggling m

The result is an Idd increase of
possibly HUNDREDS of amps

If the power supply droops enough,
the device will fail.

Same problem as static accuracy,

Power supplies are not static...

< 300ns— |

'O cydes‘(défault) o

but more severe and less predictable
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Shmoo plots tell the story

Goal: Lower Test Time by increasing shift rate

All device supplies will have some e e .w.w#-n;_z Conflict. Can’'t have fast test time & good quality (?)
momentary “droop” when scan : : : *
patterns are started. _ E SIS SUUUE SUUE-JUUU SO Problem: Faster Shift Rate = bigger Power Supply
SO SO DU T S TSP P “droop” and poor device quality
Too large a “droop” will cause 3 : C i : | i
good parts to fail, reducing yield == foooh Highest Performance at lowest voltage = better
200 e rags oo device specs
DUT power supply e
stability is key 3 30
> bl A A
a.) A A A
B L
J i _
4 I N N Device Fails &
3 8 [ 8 | 8 [ 8 | & [ A | & | n [ a T AT aTlaTJa
5 3
Te St Co nX Higher Digital Frequency 2 0 2 0
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Shmoo comparison: Which one looks better?

« Recent 7nm ASIC device
Tester #1 Tester #2

¥
1

Test condition
VDD =0.83 V.
Period = 55ns

J

("21]
o £

Period (ns)

3 M
Period vs VDD .
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How much power does
your ATE have?

» “Tester can support 1,000A” doesn’t
mean anything
— Lots of tester can have a large number of power supplies in it

» “Tester can support a current step of O to 7,000A
system wide and still meet spec” is the right answer

 Static accuracy is nice, but dynamic performance matters most
(100A + 200A + 300A) * 4 sites = a LOT of current to turn on all at once

TestConX
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The AC problem of DC supplies

Probe Card Pl Challenges: Cap Performance

Probe card Power Supply Stability Example

Space translator

_MLCMLO %m,\] - nWWWWW"’“WW'WW

S e el -l
= — . p— ; S
DC 10kHz mMHz 100MHz This is an AC signal 7 4

Power Supply . '

I
Bulk Caps (10 kHz — 1 MHz) ! :
1

Mid Tier (500 kHz — 10 MHz) 4—_

l
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Bandwidth limited

HF Caps (1 MHz — 25 MHz) 4—3 I “" due to vias and web

SW Test Works hop | June 3-6,2018
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This is why having a fast, stable DUT supply matters

Traditional Solution Better Solution

Probe Card PI Challenges: Cap Performance

DC to 100KHz Typical ATE power supply A really good ATE power supply
10KHz to 1IMHz  Bulk capacitance on DIB A really good ATE power supply

Impedance of paralleled capacitors [ohms]
500KHz to More Ceramic caps on DIB  Ceramic caps to solve ESR/ESL spike € ™| i 10m .
1Mz R

-*"LE*DD

1E01 . \/\ ///
1MHz to 30MHz  More Caps in DUT package  Get lowest ESL caps available and 1_54210‘43“1{ / ﬂ //

or probe hardware use as many as will fit V
1.E03

1.E+00 1E+01 1.E+02
Frequency [MHz]

2 IESUUVULIA | 2020
China 16
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All that power has to go somewhere...

VDD and Idd
How to test the part without having it burst into flames Wz' monitor
Heat —
« Remove heat from the DUT ed % et
+ Keep die temperature as stable as possible | Temperature
Die

* Automatic Temperature Control (ATC) equipment does
this one of three ways

1. DUT Power Monitor :

» Pros: Always available if the tester supports it natively
» Cons: Correlation to die temperature is not exact

Temperature

Package

2. Die Temperature monitor _ TR PERE
Die
* Pros: Tells you exactly what you need to know Temperature —
» Cons: No standardized implementation
Device inpu[ /
3. Package Temperature Monitor eurrent
* Pros: Handler can just do it by itself
» Cons: Long propagation time

China

TestConX " " 2020
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with critical issue.

> TEST ESCAPE!

TestConX

If no real time alarm, Results in:
If an issue with device, VI measurement could still pass

If an issue with DIB/Probe Card in production, testing will
continue with instrument sourcing the incorrect voltage.

- INCORRECT VI MEASUREMENTS
- DAMAGE TO DUT/SHORTENED LIFE SPAN

Realtime hardware based alarms is needed,
to provide true background monitoring of all power pins

Chinaw

Alarms mechanism better your shipped quality

Identify Fake-pass devices show flaws with No addition effort

Situation: Fixture Unexpected High Resistance
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Test Tooling Solutions Group

Innovate. Collaborate. Deliver.

TTS Group is dedicated to bring the best possible testing
solutions to our customers and to help solve some of the
most challenging issues in test and tooling today.

Total production area of 400,000 sqft.

Total i tment of USD 75 Milli
for Probe Pin and Socket operations e ent O ilion

Total headcount of 400 specialists
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