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Dr. Richard Zai is PacketMicro CTO and has more than 25 years of
experience in architecting and delivering technology solutions in the
areas of RF and signal integrity probing, wireless sensor networks, and
radio frequency identification (RFID). In 1987, he joined IBM Watson
Research Center as a research staff member and manager, where he
pioneered in the development of RFID and high-speed robotic
technologies. After leaving IBM in 1997, Richard co-founded start-up
companies in Silicon Valley. Most recently, he has been leading the
development of rugged 20-GHz test probes and patented probe
stations that have been used by many Fortune 100 companies.
Richard receives his Ph.D. degree from the University of Wisconsin-
Madison and holds 15 US patents.
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CHALLENGES IN HIGH SPEED PCB DESIGN
What were the HSD Challenges on Your Last Design?

Inherent
jitter/noise of test
equipment meant

wasted design .
margins y Sl issues or

lack of margin
visibility (eg.
Jitter, collapsed
"eyes")

2/3rds of last
designs

required 1 or
more respins

due to Sl issues
Source 2013 EMEA HSD seminars.

Data size: 411 respondents
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CHALLENGES IN PCB PROBING

= Diverse Form Factors:
= PCBs, unlike silicon wafers, have many different sizes
and shapes.

= Various Test Configurations:
= Single-sided, double-sided, daughter boards on
motherboard, boards on a backplane, etc.

» Different Test Pad Orientations:
= Ground pads are sometimes not in the convenient
locations.

= Robustness of Test Probes:
= Microprobes are good for probing wafers but too
fragile for probing PCBs.
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VARIOUS TEST CONFIGURATIONS
Large PCB Probing
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Mother/Daughter Board Probing
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DIFFERENT TEST PAD ORIENTATIONS

Differential signal pairs of DDR memoryj~ i
® GND |

GND ® -~ 0 @
® - ® -
0K ®
o o -

u ® ® -
»® ® -

o ®@ ® ® ®

Not all the differential signal pads have adjacent GND pads
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DDR MEMORY BOARD LAYOUT

Only 1 out of 5 differential pairs can be probed with GS & SG microprobes.
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DIFFERENTIAL SIGNAL-SIGNAL PROBE

= Robust:
» Signal-Signal only D-Probe and de-embedding tool
offer an easy, robust solution for PCB
characterization.

= Accurate:
= 18-GHz D-Probe and 40-GHz differential GGB40A
microprobe provide comparable measurement
accuracy up to 18 GHz.

= Versatile:
= D-Probe with 2 signal-signal tips can probe differential
pads without neighboring GND pads as required by
microprobes with 4 GSSG tips.
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DIFFERENTIAL TDR MEASUREMENT WITH D-PROBE
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»2  534.05 ps (BO.05% mm) . B5.202 Ju
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5 out of 5 differential pairs can be probed with signal-signal D-Probe.
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D-PROBE SDD21 & SDD11

0.000 0.000

2 500 -25.000

0. 5 dB/div
5 dB/div

-5.000 -50.000
0.300 20 GHz 0.300 20 GHz

D-Probe S4P extracted from probe-thru-probe by SFD de-embedding tool.
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PROBE PLANARIZATION WITH MYLAR TAPE

Quick and easy probe planarization procedure.
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PCB CHARACTERIZATION

= 2X-Thru De-embedding Method:
= Accurate: comparable accuracy to traditional TRL
technique
= Simple: only one 2x thru fixture is needed

= De-embedding Tools:

= EMStar Smart Fixture De-embedding (SFD) Tool m
= AtaiTec In-Situ De-embedding (ISD) Tool ]
= Keysight Automatic Fixture Removal (AFR) Tool Fit DUT “IEH!

IXture IXture

2x thru fixture
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PCB PROBING WITH R&S ZNB20 VNA

R&S ZNB20 VNA is ideal for S-parameter and TDR measurements.
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TEST SETUP FOR D-PROBE VERIFICATION

Probe launch allows D-Probes and microprobes to measure the same trace.
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TEST BOARD STACKUP

DIFF Top Probe Pads DIFF SE

7.90 M|I
22.73 Mil

7 90 Mil

N o
DIFF Bottom Probe Pads DIFF SE
Layer 3: Smgle-ended striplines, Layer 4: Differential striplines

_ Top Probing Bottom Probing

SE Striplines 39.97-mil Stub 16.54-mil stub
DIFF Striplines 16.54-mil stub 39.97-mil Stub
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D-Probe measurement of a 6” differential stripeline trace with a 40-mil stub
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Diagram
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L
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D-Probe measurement of a 3" differential stripeline trace with a 40-mil stub
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TDR MEASUREMENT, D-PROBE vs. MICROPROBE

115.00 TDD11

110.00 ﬂ
105.00 lp
AT, I ‘f\\’}f"k\‘\"‘“"‘“

90.00 v

3” differential stripline trace with 40-mil via stub

85.00 T I T T I I I I T 1
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00

—SMA ——DP-55-201510 ——— GGB40A-Diff

D-Probe and microprobe provide comparable TDR accuracy.

* 40 GHz GGB dual microwave probe (Model 40 A) is used in the comparison.
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SDD21, D-PROBE vs. MICROPROBE (6” TRACE)

. - S T S SMA-ECal
%-m E GGB-Tip Cal (CS3) VAN NMAARA robe-ECal
% ] GGB —ECal
»
e
| T T T T T T T T T T T 1
0 5 10 15 20

Frequency (GHz)

D-Probe shows low insertion loss with a simple ECal.

* SMA with 16-mil via stub is used for the comparison.
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SDD21: D-PROBE vs. MICROPROBE (3” TRACE)

SMA-ECal
~ =] D-Probe-ECal
g-m —
g
=
-15 —
=20
I I I I 1
0 5 10 15 20
Frequency (GHz)

D-Probe shows low insertion loss with a simple ECal.

* SMA with 16-mil via stub is used for the comparison.
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EMSTAR SFD TOOL

» \Versatile:
= Multiport fixture de-embedding for single-
ended and differential devices with
support of fixture with some asymmetry
= S-parameters and T-parameters
conversion
» Mode transformation
=  Powerful plotting tool
= Accurate:
= Comparable to Keysight ADS accuracy
= Easy-to-use:
= User-friendly interface

= Fast:
» Fast runtime with simple installation

=2 Smart Fixture De-embeddng 2 () | | Mode Transformation [} | |2 PlotTool [

Next

Start | Load DUT with Fixtures | Load 2X Thru | Fixture Verification | Define De-embeddng | Resuts |

The fixture de-embedding wizard will extract DUT from the measured/simulated total structure with fixtures,

The tool requres the following nput data:

DUT

1

*Measured/simulated total structure with fixtures.
*Measured/simulated S-parameters for each fixtures / or "Fixture + fipped(Fixture)” symmetric structure,

Fixture j DUT [i Fixture 1

Choose structure type
DUT has two ports; fixtures have two ports
DUT has four ports; fixtures have two ports
© DUT has four ports; fixtures have four ports
DUT has eight ports; fixtures have two ports

"~} DUT has eight ports; fixtures have four ports
) DUT has twelve ports; fixtures have two ports

7' DUT has twelve ports; fixtures have four ports
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SDD21, D-PROBE vs. MICROPROBE (SFD)

SDD21 (3” DUT)

1 - . Microprobe — ECal
g2 | hAMS SMA-ECal
LEE D-Probe-ECal |
£ I
=4 1\
¥ |
& — |
| r— -~ - - - T1 - r T T T T T T T
0 5 10 15 20

Frequency (GHz)

* Probes and SMA have comparable de-embedded results
 D-Probe and GGB probes have similar accuracy up to 18 GHz
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SMART FIXTURE DE-EMBEDDING (SFD) TOOL

0 — H 10|
l\L E ——
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— = "’! I L * ' O -40 J‘
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= L] v ‘ 3
: v § 2 ol
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@ 1]
2 -0 2 150 $
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SNP1 . o gy I e "
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File="E:\PD5_F_SED1_MEA S2P" Pty = y — LEPY !
PortMapping Type=Standard PorthappingType=Standard 80 . i‘;";s?gz‘:ﬁ;“e ‘ hY ||\ ,!_‘ ﬁ 150 ‘ Smart Tool Suite | i
90 — | --=- Keysight ADS
A 3 rig !
— ) . ] 100 DY J M P P P T T T T PR
Total Structure o 2 4 6 8 10 12 14 16 18 20 o 2 4 6 B8 10 12 14 16 18 20
S_Parar Frequency (GHz) Frequency (GHz)
SP1
Start=300 kHz

== EMStar SFD and Keysight ADS have comparable accuracy.

* Comparison was performed by Jthink Technology

2016 JANUARY 19-21,2016




ATAITEC ISD TOOL

= Versatile:
=  Multiport fixture de-embedding for

single-ended and differential devices
2x Thru Test Coupon Optional

with support of asymmetrical fixture Celect Touchatone File Scaling for lead-in fiight time  [KINN
; : Scaling for lead-in attenuation n

( 7 RE oy Atalle . o
Sltools  PlotSparam Plot TDOR  Help

Version

In Situ De-Embedding 2015.09

configuration 0842 FllosDIFF: X
g 115-08-12-Files\DIFF-TDR\SDD\S S10-5DD-3IN-540.52p Flight time for DUT + lead-ins _ ps
Insertion loss behavior
= S-parameters and T-parameters _ _ Max. frequency to de-embed [N GH
. ® Linear @ Nonlinear  © Resonant Passivity and reciprocity for 2x thru (& fixture)
ConverS|on M Convert to differential signals

DUT with Fixture M Active DUT Plot figures for DUT

- M Ode tranSformatl O n Select Touchstone File Ports to skip

= Simple user interface: Siitsel  SIGAM - SIS
Port sequence @ specified : [N

" Data entry On One page © 1 to N on left; N+1 to 2N on right

Coupling among de-embedding traces
®1,3.5 ..onleft; 2,4, 6, ... onright n
@ All ports are on the left side ® None ® Weak © Strong
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SDD21, D-PROBE vs. MICROPROBE (ISD)

SDD21 (3” DUT)

¢ SMA-ECal

Microprobe — ECal - ﬁl}

l

Magnitude (dB)

F
il

-5
[ ¥ ' v ' T ¥ ' ¥ ' T '
0 g 10 15 20
Frequency (GHz)

Probes and SMA have comparable de-embedded results
D-Probe and GGB probes have similar accuracy up to 18 GHz
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RUGGED SINGLE-ENDED PROBE

= Robust:
= Strong Beryllium Copper (BeCu) probe
tip allows direct probing on uneven
surfaces, such as solder balls.

= Accurate:
= S-Probe and microprobe provide
comparable measurement accuracy up
to 20 GHz.
= FEasy-to-use:
= Mylar tape approach makes probe
planarization quick and easy.

S-Probe 560 cal Substrate
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S-PROBE S21 & S11

0 dB S11

0 dB: -10 dB |

-1dB€ -20 dB

-2dBé -30 dB

-3dB€ -40 dB

4 dB'; -50 dB

5dB"————————————————  -60dB ;. -_—

0.3 10 20 GHz 03 10 20 GHz

Rugged probe with 20 GHz performance
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PROBE-TIP CALIBRATION OF S-PROBE

511 512
10,00 dB # 0.50dB »
0.000 1.000
-50.000 1.500
100.000 -4.000
0300 20000000 0.300 20000 000
521 522
0.50dB / 10.00 dB ~

1.000 In ' 0.000

Calibrated at Tip

\/\N,\ 1500 _50.000
Calibrated

at SMA

-4.000 . J| -100.000
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Transmission Line

* 40 GHz Cascade ACP-40
GS/SG 550um microprobes
were used for comparison

Maximally Flat

Low-pass Filter

* Comparison was
performed by Jthink
Technology

Insertion Loss, S21 (dB)

Insertion Loss, S21 (dB)

RECEN-

.

— PacketMicro
---- Cascade

Frequency (GHz)

— PacketMicro

---- Cascade

----- S s B B B B
4 & & 0 1 14 16 1B 0

Frequency (GHz)

Return Loss, S11 (dB)

Return Loss, $11 (dB)

S-PROBE vs. MICROPROBE

40—
20—
30—

40—}

Frequency (GHz)

50—

60

— PacketMicro
---- Cascade

1T T T T T
& 10 12 14 18 18

Fraguency (GHz)

S-Probe and microprobe have comparable accuracy up to 20 GHz.
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SUMMARY

PCB Probing for Signal Integrity Measurements
Use 2x Thru method:

= Simple: one 2x thru fixture

= Accurate: comparable to TRL accuracy

= Choose theright probes:
= Rugged probes < 20 GHz
= Microprobes =20 GHz

= Select the good de-embedding tool
= Find the probe station meeting your current

and future needs
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MORE INFORMATION

ex Probe Sta |6ns& Positioners

« LabRental & Engineering Service

www.packetmicro.com

http://www.packetmicro.com/microwave-probes/d-probe.html
http://www.packetmicro.com/microwave-probes/s-probe.html
http://www.packetmicro.com/docs/RF_Probing_with_Rohde VNA.pdf
rzai@packetmicro.com
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Thank youl!

QUESTIONS?
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