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High Speed Loopback Testing

* Using external high-speed instruments opens new
possibilities beyond BIST Loopback Testing

 However, Test Engineers using BIST Loopback
testing for High Speed (HS) serial port testing may
not be familiar with external instrument setups
testing at 112Gbps PAM4
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« Common external instrument reference for testing
all devices

 Better visibility into the parameters that make up
your physical I/0

— Eye shapes, Frequency response, Margin stressing
» Flexible add/subtract/change test flow

* Debug, Validation and Production Test on same
platform

« Some devices cannot do Loopback testing
— Especially with higher integration (example, Silicon Photonics)
— PCle Gen5 32Gbps, USB4 40Gbps, HDMI 2.1 42Gbps

TestConX
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Outline For This Presentation

* Test Engineering challenges at higher speeds

* Instruments and components available for high-
speed external testing

« Examples of high-speed external testing
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Test Engineering challenges at higher speeds

Meet the performance needs of the device under test

Seamless integration of high-speed instruments into the
production tester platform

Minimize test times

Minimize test program development
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Performance Criteria

112 Gbps PAM4 Nyquist Frequency is 28 GHz
Signals will attenuate at these frequencies
Choose materials and devices to limit attenuation
Choose instruments to correct attenuation effects
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Performance Criteria

* Minimize path distances from high speed Source/Measure
instruments to DUT

» Reasonable test times for production wafer probe and final test

« At a minimum, use materials and devices with >40 GHz capability
when Nyquist is 28 GHz

» Use high speed loadboard materials in the path

» Use high speed components — Source/Measure Instruments, Bias
Tees, Splitters, Switches

« Source & Measure Instruments compensate for high speed path
channel losses
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Performance Criteria

Short Distance
Standard Hardware

Test head
High Speed Instruments

Wafer Direct Docking
Prober

High-Speed Serial Testing Goes Beyond Loopback 2 0 2 0
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Performance Criteria

Short isolated cables

HS Instruments close

' \‘;‘\‘ V3K resources

Direct Doc
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High Speed Signal Path Minimizes Signal Loss

| >
>

1. Direct Docking maintained |

2. Bias-tees in the signal path allow DC and 3. Wide band splitters and switches can be used
low-frequency testing using 93K resources to rogte DUT output signals to multiple resources

— N DUT .
. |- R :
h—/ﬂ\ DUT ,
| e ___ Loadboard 4

& 4. Short cables protected
L inside base frame

Instruments

|
Cassetle
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Maintain reasonable test times

« Multisite capabilities

— 32 high speed channels can
accommodate quad site TIA device
testing with four Tx/Rx per device

 Parallel measuring

— Sampling scopes can sample all 32
differential channels in parallel

 Divide and conquer sampling and

r 18
processing steps
TestConX ' . 2020
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BERT Throughput

* 424 ms 1X setup time
* 1 sec settling time
80 ms measurement time

TestConX

China

[site 1]: Bert Configure TX Line Rate = 0K

[site 1]: _ Bert Configure TX Line Rate = 389.563 ms

[site 1]: Bert Configure RX Line Rate = 0K
[site 1]: _ Bert Configure RX Line Rate = 8.19 ms
[site 1]: set TX Pattern = 0K

[site 1]: set RX Pattern = 0K

[site 1]: set RX Invert = OK

[site 1]: _ Bert set Pattern = 33.752 ms
[site 1]: set Outputlevel 0K

[site 1]: _ Bert set OutputlLevel = 13.715ms
[site 1]: tapslLearned: ©

[site 1]: TM 7Taps: No

[site 1]: TM_LearnedTaps: No

[site 1]: set MainTapVal: 1

[site 1]: _ Bert setMainTap = 15.192ms

[site 1]: set PreEmphasis : 0K |
[site 1]: _ Bert set PreEmphasis = 25.823 ms
[site 1]: set PostEmphasis : OK

[site 1]: _ Bert set PostEmphasis = 25.579 ms

[site 1][ __Bert Configure OVERALL = 424.271 ms

[all sites]: Enable Real Time BER and Check Lock Status: 0K

[all sites]: _ Enable BER = 1858.621 ms

[c-1+n | oin DEIBRY1al: Bood lock S+t
T Ll |

. sleeping BER measuring time: 1 sec

all sites|: Read Real Time BER : OK
site 1, pin PCIRX1p]: BitError : 8
site 1, pin PCIRX1p]: Spent Time : laee

all sites]: Read BER = 18.181 ms

[

[

[

[site 1, pin PCIRX1p]: BER : B.00600086000000002+00
[ _

[all sites]: Disable Real Time BER on all channels :

[

all sites]: _ Disable BER = 12.691 ms

High-Speed Serial Testing Goes Beyond Loopback
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DSO Throughput

« 2.2 sec 1X setup time

* 638 ms @ 32K samples

— DSP portion run in
background while next
measurement is taken

Sample Set 1 Sample Set 2

~ TestConX ' .

China

1, pin
site 1, pin
1, pin

"PCIRX2D50"]:
"PCIRX2DS0"]:
"PCIRX2D50"]:
"PCIRX2DS0"]:

DSO Temp [degC] :
DSO Firmware rev :
DS0 Board Id
DsSO SN

site 1]: timer get SN of DSO = 8.843 ms
site 1]: Configure DSO :

[
[
[
[site 1, pin
[
[

0K

35
1.6

1 4744
: 198380138531

[site 11: [ Confieure DSO = 2274.897 ms

]

[site 1, pin 'PCIRX2DSO']: Get LOL| Silab status from Co
[site 1, pin 'PCIRX2DSO']: Get LOL_Silab status After C
[all sites]: DSO averaging factor: ©

[all sites]:

Get Data:

oK

[all sites]:

__Get Data

= 638.134 ms

Analyze Set1 Sample Set 2

High-Speed Serial Testing Goes Beyond Loopback
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peed Data

* High-speed instruments are
programmed by Advantest
Smartest GUI

« Fast Single-site to Multi-site
conversion

« Smartest data logging and

« Remote software/hardware
control

TestConX

Chinaw

Minimizing Test Program Development ,
Leveraging industry recognized production' tester
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communication with other test
flow tools — handlers, probers

High-Speed Serial Testing Goes Beyond Loopback
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Minimizing Test Program Development

with Graphical and Textual Measurement Feedback
56 GBd PAM4 56 GBd NRZ

waveform Graphs waveform Graphs

Quick Viewer = Quick Wiewer o &

Quick

Apply Mormalizing : 32768

site 1, pin: 'PCIRX1DSO . . R ) L.

site 1, pin: 'PCIRKIDSO']: _ Apply Normalizing: = 14,258 ms [site 1, pin: 'PCIRX1DSO']: Apply Mormalizing : 32768

site 1, pin: 'PCIRXIDSO']: _ Set Target BER = 0.00L ms [site 1, pin: 'PCIRX1DSO']: Apply Mormalizing: = 14.066 ms

S I BN orhanse ] M TEi. %S0.014 ms [site 1, pin: 'PCIRXIDSO'|: _ Set Target BER = 0.001 ms

site 1 pin: 'PCIRXIDSO']: get Eye Data, Samples — 65536 [site 1, pin: :PCIPXIDSO:]: Init Data: 0K

site 1, pin: 'PCIRX1DSO' get Pattern Data, Samples = 32768 [site 1, pin: 'PCIRXIDSO']: _ Init Data = 482.824 ms

54$e i: pin ng%;ﬁiggg: teve{é}igi %MS} : 3?‘2322 [site 1, pin: 'PCIRK1DSO']: get Eye Data, Samples = 65536

site 1, pin evel3(11) Im : . ] im0 . Z

Site 1. pin: 'PCIRMIDSO']: Lewell(ol) [mv . T26. 2062 [site 1, pin: IPCIRXlDSO‘]: get Pattern Data, Samples = 32?68

site 1, pin: 'PCIRXIDSO0']: Level®(00) [mv] . -83.0296 [site 1, pin: 'PCIRX1DSO']: APIGetTopMeasurement [mV] 1 97,6971

site 1, pin: 'PCIRXLDSO' Max {mv} ¢ 107.31 [site 1, pin: 'PCIR¥1DSO0']: APIGetBaseMeasurement [mV] ¢ -95,8105
site 1. opdn: TpeImepsolls win mv Pogr.2les [site 1, pin: 'PCIRXIDSO'l: APIGetOneLevel [mv] i 88,1957

site 1., pin: 'PCIRX1DSO']: Peak To Peak [mW] : 204,53 T A o :

site 1, pin: 'PCIRXIDSO']: Lower Eye Amplitude [AVliow)[mv] : S6.8235 [site 1, pin: 'PCIRX1DSO']: APIGetZeroLevel [mV] 1 -B6.4354
site 1. pin: 'PCIRM1DSO']: Middle Eye Amplitude (AVmic)[mV]: 48,1021 [site 1, pin: 'PCIRX1DSO']: APIGetMaxMeasurment [mW] ¢ 108.313

siie ia pin: ‘igi;ﬁiggg' : EPDEF Eye QMPI?EUdiiiAV“?DLEMV] : gg-ggig [site 1, pin: 'PCIRX1DSO0']: APIGetMinMeasurment [mV] : -103,181
site 1, pin: ' '1: Lower Eye Height i(Wlow) [m : . o EE .

Ssite 1, pin: 'PCIRX1DSO']: Middle Eye height (Vmid) [mv] : 15,3562 Isite 1, Pl”: IPCIPX1DSO‘]: APIGetPeakToPeak [mV] : 211.495

site 1, pin: 'PCIRKIDSO']: Upper Eys Height (Vupp) [mv] : 36,3173 Isite 1, pin: 'PCIRXIDSO'|: APIGetEyeAmplitude [mV] 1 174,629

Slie i, pin: ‘igi;ﬁiggg' : hngs{ Eée WidECILHLDvg [?51] : ;-géégg [site 1, pin: 'PCIR¥1DSO']: APIGetEyeHeight [mV] 1 131, 446

site 1, pin: ' 10 ML e Eye Width (Hmid) [ps D 7. ; E— . i .

site 1, pin: 'PCIRX1DSO']: Upper Eye Width (Hupp) [ps] : 8.58628 [s}te 1. p}n: ,PCIRXIDSO‘]'.APIGetEyE“ldth Lps] 17,4173

site 1, pin: 'PCIRX1DSO'] : _ DSO Fetch APIs = 24,778 ms [site 1, pin: 'PCIRMIDSO']| : _ DSO Fetch APIs = 23.726 ms

TestConX 2020
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TestConX

Materials and Products

—50 GHz DSO

—58 GBd PAM4 BERT

—50 GHz Megtron6 laminates
—44 GHz Bias Tees

—40 GHz Splitters

—60 GHz Switches

« Used to test 112 Gbps devices with 26 GHz Nyquist

. = High-Speed Serial Testing Goes Beyond Loopback
China 1gn-Spi [ ing Yy p
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Features needed for ATE success ==

ATE Firmware 10x faster than benchtop \

Bit Error Rate Tester (BERT) Digital Storage Oscilloscope (DSO)

Pulse Pattern Generator (PPG) * Fast acquisition, FPGA-based

« PRBS7-31, PRBS13Q/31Q, SSPRQ » Sensitivity: 10 mVpp to 1200 mVpp

* Tx equalization (pre- and post-emphasis) * Intrinsic Jitter: 200 fs rms

* Error insertion * Full Eye and Mask measurements

» Gray coding, polarity inversion + SSPRQ & up to PRBS16 pattern lock

Error Detector (ED) + Jitter Decomposition (TJ, RJ, DJ)

* Feed Forward Equalizer (FFE) » Continuous Time Linear Equalizer (CTLE),

« Decision Feedback Equalizer (DFE) S2P De-embedding, FFE, DFE, etc.

« BER counters * NRZ and PAM measurement Libraries
(APIs)

* FFE Equalizers with reflection cancellation
and DFE « Memory depth: 26 Pattern Length

* Fast sampling rate > 100 MHz
TestConX o 2020

. = High-Speed Serial Testing Goes Beyond Loopback
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e

Load Board 1.5” trace from DUT to HS connector

e V.
r ;
-

SR A UF R
i -,

o .
........

: SN S N S S
I : LD 5 10 15 20 25 | 30 35
Frequency / GHz .
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Bias-Tee to 40Ghz

File View Channel Sweep Calbration Trace Scale Marker Spstem Window Help

DUT e« HIGH SPEED .-
BIAS INSTRUMENT

TEE
L

TO TESTER
DC PARAMETRICS

H10.00

H20.00

+30.00

000

Fa0.00

0oa

Stop [ 40.000000000 GH= [

Stark

-1.8053 dB
TNRS 4R

6053 6]

: [20.00500
© o [40.00000

2 -]25014dE
A0a6 dE

%4

=Ch1: Stare 1000000 MHz ——

Stop 400000 GHz

Cont. CH1:

CH1:1:PNAT 2[TS52 3[PNaZ 4TS 4

E31 C 4-Part

LCL

Insertion Loss
Return Loss

~ TestConX '
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40 GHz Knowles Splitter

Insertion loss [Magnitude in dB]

PPPPP

cccc

Chinam

Frequency / GHz

High-Speed Serial Testing Goes Beyond Loopback

TestConX China Workshop

TestConX.org October 27-29, 2020
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60GHz RF 1:2 Switch IL & RL Response

521 SWITCH [Magnitude n dB] S-Parameters [Magnitude n dB)

Insertion Loss | Return Loss

~ TestConX

. 2 High-Speed Serial Testing Goes Beyond Loopback
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Possible Testing Configurations

DUT Tx =

To Scope
2 ()

:

PMU

w
~ N

88
I~
v

I —N
7 < g
7 > 1
I
:
Ny,

F v 3

DUT RXx g
PMU

ML SI
32 milp| |nstrument
‘: Z
A
4
NS

Sampled Loopback 32 high speed
channels available

@
@

—— To BERT

Simple Loopback

U

DUT Tx o
gPM

@

——— From BERT

DUTRxé —0
PMU
TestConXChina
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112G PAM4 SerDes
DUT Socket

112G Loadboard

Demo Block Diagram

SPLITTER

Do

—

20CM COAX

High-Speed Serial Testing Goes Beyond Loopback

112 Gbps PAM4 Demo Loadboard

50 GHz Sampling Scope 4-Lane
56 GBd PAM4 BERT 4-Lane

1x8 Cable Assembly 65 GHz

50 GHz IBW

4CH Scope
De-embedding
56 GBd PAM4
112 Gbps 4CH BERT

S| correction

2020

TestConX China Workshop

TestConX.org

October 27-29, 2020
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Example of De-embedding using a Scope

D SO Splitter
<€
Blind-Mate i&vﬂ/\“—
Connector

DUT signal after
Compensating for
Devices & trace losses

T — o]
IR | =]
|0 =]

DSO measures and de-embeds l - P
the channel in frequency domain

~ TestConX '

. High-Speed Serial Testing Goes Beyond Loopback
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Simultaneous Eye Diagram & BER using Broadband Splitters

IT MLBert-GUN w00 [MUBert API w2 20 o x
- v - FWRer:18  BoardiD:£344 BowdSM: ATOFE0ON 1002
[l I CH2 O3 Che
multiLane e B OB e
RELOCE @ & & @ e
“ fguration
® arae, 10830 Disconnect & "
Clock Configation 1 [T Partor bt Pre fup | T | ot ) WwserioeiOuto ) Ervor e | Pattoen]
e o0t [rmses | 80+ | 202+ | 000 | 123 | 1000 | 2000+ | Disabled -| Pasas
n2 [meses | 80+ | aza- | oo+ | 131- | 1008+ - | Dbuatied - | v -
Rate 53025 - GBe 2] I | I | 3000~ | | g
Merke Settings = o) [ raan | 90+ | 20K+ | 000 | 18- | 1000 | 2000~ | Disabied ~| Faar-
Aol Rt 13835 MHE oed [masnas| 100 | tee | 1000+ | 75 | 500~ | 2000+ | Dissbied - masas
| muin | - - - . - = | Ohatieas| rmsna-
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pr E] multilane.. N n Operating
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ML-DSO-M Autoscale
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3
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Conclusions

« Keep simple loopback, but add performance with external
high-speed instruments for 112Gbps 56GBd PAM4 test
coverage

« Leverage industry standard hardware, software and
mechanical production package/probe testers

* Place high-speed instruments close to DUT that can
compensate for high frequency attenuation

» Use high-speed Loadboard Materials, Bias Tees,
Wideband Splitters, RF Switches

TestConX 2020

: High-Speed Serial Testing Goes Beyond Loopback
China gh-oSp g Yy p

TestConX China Workshop TestConX.org October 27-29, 2020
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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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