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Overview

e Introduction

e Need for SI/PI simulations for probe-cards

e SI/PI Analysis methods for probe-cards

e S-parameters Measurement, Simulation & Correlation
e Summary
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Anatomy of a Probe Card ( What does an Electrical Engineer see?)

Power supply

Decoupling capacitor on PCB

Plane layers
Plane vias

DUT (die)

“A complex electro-mechanical system with passive electrical components”
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Need for SI/PI Simulations

e Due to reducing design cycles it is essential to make sure cards
perform right out of the box =2 accurate simulations are a step
towards achieving this goal !!

e Automotive applications require high currents hence are more
susceptible to higher IR drop & increased power supply noise.

e Probe cards no longer just serve as DC connection interface but
are evolving according to industry needs hence SI/PI simulation
methodology also needs to evolve accordingly.
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SI/PI Analysis Items for Probe Cards

e DC Resistance estimation

e DC IR drop summary

e RLC extraction

e Decoupling capacitor placement distance estimation
e PDN analysis strategy

e S-parameter simulation, measurement & correlation
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DC IR Drop Analysis

e Tools used
— ANSYS Slwave or Keysight ADS SI/PI pro
e Information needed to do such an analysis

— Voltage of PWR Supply

— Peak DC current draw from a PWR Supply
— Allowed DC IR drop (most cases 0.5-5%)
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DC Path Resistance Estimation

= DC IR drop depends on full path
resistance

. Rprobe-card = RF’CB v RMLC s Rpn::vbes + Rﬁcres

A
1

Probe-card contribution  Water contribution

" Rocpath = Rpcs + Ruic + Rprobes
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DC IR Drop Analysis

Once DC resistance is determined using simulations, IR drop
can be calculated with Ohm’s law.

DC IR drop = Rdc .14,
An IR drop of 0.5%-5% of the nominal voltage is tolerated

depending on the total system-level margin allowed for proper
device functionality and sense line position.

‘Current tlow analysis
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DC IR Drop Analysis: PCB

PWR = VDDIPO

DC IR Drop

s aniesney Site 0 : 1.52 mV
Site 1 :2.34 mV
ety L Site 3 : 2.81 mV

«1.081E«DDV

+1.092E+D0W

+1.054E+D0W

+1.046E+00W

I= 0.4 mA

=1.039E«00W

1.0 E+0DW

«1.024E«00W

1. TE«DDW

«1.009E+DOW
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DC IR Drop Analysis : MLC (Space Transformer)

Pankaj Ahirwar

E«DDW

+3.9TE-01V

+8,942E- 01V

+8.993E- 01V

+0.884E- D1V

+9,855E- 01V

+8.827E-01W

+0.THEE- 01V

+3.TEIE- D1V

«9, THE- 01W

+9,T13E-01W

+9.684E- D1V

+3.65BE- D1V

«9,620E- 01

+9.60DE- D1V
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DC IR Drop Analysis : Probes

= Probe diameter = 3.0 mils
" Rpc prove =0.16414 Q
= Each site has 8 probes ; R ~ 0.02 Ohm = 20 mQ

x8 PWR probes

GND probes
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VDDIVD_GRP2

%% contribution

DC IR Drop Analysis

Total Probe-card
DC resistance
(m£2)

11.95 20
1757 20
10.94 20

12.40 20

Estimating % contribution
PCB/Total = % PCB

MLC/Total = % MLC
Probe/Total =% Probe
3337
40.45

30.36

3l.48
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Target DC Resistance

Achieving low DC path resistance and meeting target impedance 1s critical.

Analyze full path DC IR drop = Rdc .I ., and minimize Ry

max

Ry = Voltage rail * (% tolerance)/ Iy ax

Ryppipo(target) = 1.0V*0.05/(0.4mA) = 125 mQ

Target DC resistance
125 mQ

]
un

] * k1 4y ) .l 1 Sy o
For best results “Rp,rg + Cres < Ry garget
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DC IR Drop Summary

e Estimate contribution from PCB
e Estimate contribution from probes

e Estimate contribution of space-transformer

e Information needed
— PCB DC resistance ( either estimate or use Slwave)
— Number of probes for a PWR Supply
— Size of probes (diameter)
— Probe material and its resistance.
— Determine whether or not DC IR drop targets are met or not.
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DC IR Drop Summary Report

E O E F (=} H | o kZ L I
MLC OC !:"EB F_"ruhe- Probe—card below
N resistance resistance Total IR drop
OuT Resistance - - _ Z0mYJ
{(Ohm] estimated{Oh estimated({Oh Resistance [Im]
m] m] [Ohm]
0.0505 0.01 0.0275 0.0ss 29.92 device des=ign limitation,
00501 0.0STE 29.754 not encough YOO pads, probes
0.0502 0.0377 29818
0.051 0.0325 30.039
0.0426 o.oe0d 27.234
0.0435 o.oE1 27574
0.0445 o.osz1 27.914
0.0451 0.0325 28054
0.075 . 01243 21131 limitation due to number of probe
0.0813 01206 22.202 lez= LGA pads=s
0.0835 [ beped:] Z2.593
0.0824 01317 Z22.389
0.09 013393 23681
0.11 01533 2703
0.104 01533 2E.0E1
0.103 (L L] 2E. 741
0.203 . 02555 .1
0.Z236 03835 TET
0.219 0.3EES T3
0.173 03205 E.41
0.205 03535 v.ov
0.222 026395 v.249
0.216 03635 T.27
017 03175 E.35
0. 193 . 02405 13.62
0.251 033585 15.94
0.277 04245 1693
0.Z231 03785 15.14
0.153 02405 13.62
0.255 04025 16.1
0.282 04295 17.13
0.2238 03765 15.02

Supply MLC LGA: HNo. of PWHR

C L3
voltage Pads probes omments
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RLC Extraction
e Tools used

— ANSYS Slwave

e Instructions
— Setup ports on PWR supply with impedance = 0.1 Ohm

— Extract S-parameters from DC to 1GHz
— Extract R,L,C values at 100 MHz

Output

Pankaj Ahirwar SW Test Workshop | June 4-7,2017 ==



rices

0-VDDA:LGA_LGA_0-VDDA

£ 10 SoUurce | erming

DC resistance can be estimated at 0 Hz
L,C can be estimated @ 100 MHz
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Decoupling Capacitor Distance Estimation

« Determine if location of decap mounting is close enough to DUT
« Determine loop-inductance of capacitors

1
res =
/ 2V (Ldecap * Cdecap)
e c
= fres = Ver

Lmnt = Ltrace + Lvia; Ldecap = Lmnt + Lpackage

Using mounting inductance and capacitor package inductance =» Resonant Frequency of a decap is determined

“To be effective decap needs to be placed within 1/40t" of resonant wavelength*”

*Become a Decoupling Capacitor Network Guru, Part 2 (www.eetimes.com)
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Decoupling Placement for Critical PWR Supplies

Decaps are placed on MLC

g

A 81020) Wafer side!

(A/40) (placement distance
to be less than A/40)

GRMO033C81C104KE14D 0.1 38.04 62 mm

Capacitor Capacitance Value (uLF) Resonant Frequency (MHz)

GRMO033C81A105MEO5D 1 11.81 202 mm
GRMO33R71E103ME15 115.67 20.71 mm
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Estimating Required Decoupling Capacitance

Capacitor Library Browser
o 12X 1210w = P IE R N

Impedance

VDDA target

[Z11] [ahm]

1ED
Frequency [MHz]

Wendor Part Name Walue (F) ElA Size Price L_mnrt {H) R_mnt {ohms) | SRF (Hz) S_min {dB) ESR {ohms) ESL {H)

Murata GRMO33C81C104KET4 1E-07 0201 1E-10 0.001 3.8BB457E+-07 -69.1628 0.0347517 1.69605E-10
Murata GRMO33R7IET03KET4 1E-08 0201 1E-10 0.001 5. 92644E+07 B2 TE37 0.0723518 257071E-10
Murata GRMO33C20J105MEDS 1E-06 0201 1E-10 0.001 1.10381E+07 -7 2572 0.0153814 2 07575E-10
Murata GRMO332CT1EZ71GADT 2. 7E-10 0201 1E-10 0.001 5. 75544E-08 -5B.1999 0.118707 2.83217E10
Murata GRMOI32CTEZ71JAD1 2. 7E-10 0201 1E-10 0.001 5. 75544E-08 -5B.1999 0.118707 2.83217E10
Murata GRMO332CT1E331GADT 3.3E10 0201 1E-10 0.001 B31Z21E-08 -5B.4202 0.114057 2. 72004E-10
Murata GRMO332CT1E331JAD01 3.3E10 0201 1E-10 0.001 B31Z21E-08 -5B.4202 0.114057 2. 72004E-10
Murata GRMO332CT1E3S1GADT 3.59E-10 0201 1E-10 0.001 4 36643E-08 -59.1541 0.106636 2.74255E-10

oDoooooooQ
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HFSS Analysis of Actual Probe Arrangement

Actual probe layout is simulated in HFSS.
This will show any weakness in PDN
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Building Full Channel for PDN (Including Die)

lerm
Term1

Num=1
Z=0.10hm

CPM model of
die

Start=0 GHz
Stop=1 GHz
Step=1 MHz
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Correlating Simulations with Measurements

e Simulations are prone to errors & can give wrong results.....

— Always know what will be the expected outcome from a simulation

e Measurements are only as accurate as tools/setup/user.......

— VNA/TDR measurements can be tedious and time-consuming

e Correlating Simulation with Measurements is important

. b
— Saves time and resources pRiteasn

— Confidence in simulations and measurements
Garbageout
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S-parameters Measurements, Simulations & Correlation

* To measure electrical performance (3 dB bandwidth) of a differential pair on a Probe Card Assembly.
e The selected signals for measurement are (naming convention as per tester channel)

e 3.DIG_CHO007

e 3.DIG_CHO006
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Measurement Setup

e VNA (HP 8720D 50 MHz to 20 GHz)
e 1250 um Cascade Microtech probe
e 250 um Cascade Microtech probe

e Calibrationsubstrate @ ¥
e Cables & other accessories

e Lab measurements : 50 MHz to 10.5 GHz
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PCB Measurements

3.DIG_CHO007 3.DIG_CHO006

S dBS REF -—-18 dB 4z dE 1.8 9E GH=z CHA 541 S dB. REF —-1@ dE

ZB dB. REF —d@8 dB G4:i—-Z.BE5E dE 1.841 2321 @96 GH= =21 28 dEs REF —<d@ dE 1:—Z.6E5@ dE 1.844 184 168 GH=

Insertion_loss (dB) Insertion_loss (dB)

START .B5H BEA BEAA GH= STOF 18. 8560 BEEA BEAA GH= START .ASH HEA AEA GH= STOF 16.A50 BEA HEA GH=
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Cl2)

Insertion_loss

PCB S-parameter Correlation

Measurement Correlates well with Simulations

SE+09 1E+10 1.5E+10

—C0riesl

simn__frd

Blue: Measured
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PCB S-parameter Correlation

Return_loss Measured/Simulated for ERXP

2
o
O
N—"”
7))
0
12
I
=
I
© Blue: Measured
0g Red: Simulated
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START 056 ABE BAR GH= STOF 16,650 G666 GEE GHE

Pankaj Ahirwar

Space Transformer Measurements

27 Oct Z@lE
S dB~/ REF —1@ dB 1:-E.694@ dBE

3.DIG_CHO007 3.DIG_CHO006

S dBASREF —-168 dE

20 dBEs EEF —4@ dE 1:—-3. 60560 dBE 1.472 B54 452 GH= 2B 4dE~ FEF —d48 dE

Insertion_loss (dB)

START BSEH BE0E BEE GH=
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Ot ZA1E AE:SE=41
1i—E.E = 1.422 BE0E 191 GH=

Return_loss (dB)

1:-2.8830 dB  1.422 0686 191 GHz

Insertion_loss (dB)

STOFP 1686856 B0E BEE GH=
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Full Channel Measurements

3.DIG_CHOO7 or ERXN

2 Oct zZElc

3 dBESREEF -—-18 dEBE 1:—11.5549 dE

28 dBAS REF —4@ dB

START .B56 BEE BEE GHz
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Full Channel Simulations vs Measurements Correlation

~ Cascading S-parameters for Full Channel Simulations

- | Probes | [ Space Transformer? |

- Assembly ';-.;':::::::PCB:::::::::::::::::

efm

Term1 - -~ - -

Num=1 . . . . . .
Z=500hm ([~ . . |7 ™7

' Num=2
| Z=50 Ohm -~

R

A e .SnP . . . snP . . SP . . . . . 1 1 .,
Term3 - SnP2.  \SP3  SP1,  J | T} Term
Term4

Num=3. - . . . . . T
Num=4

_ z=500Mm. . . . . . . . . . . . . . JPOGOPIns - - - e o

il o
©SnP6 1 ND

.,.
Decoupling capadior on 8T — ————————g o o 4 ﬂ il 'ogo pins
Pl \ayi:rs i Space iransformer
Plane vias j:' “"— ‘——l]—' —Space transformel
\ (W (
b D] Y robes
UT (die)
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Full Channel Simulations/Measurement Correlation
Frequency (Hz)

G T T T
SO0000000 1E+09 1.5E+09
-5 —

(dB)

"MST+PCB (with-vias)"

measured_fullino-wvia)

full-sim

N
n
@
G
@
—
L S
QO
n
c

Excellent correlation is observed between simulated & measured lab data.
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Summary

e Early & accurate simulation is key to improve electrical performance of probe cards.
e Accurate simulation results are obtained for controlled impedance structures in probe cards.
e Simulations correlate well with laboratory measurements.

e PCB insertion losses are dominant loss factor (roughly 50% of losses can be attributed to PCB
routes); extra care should be taken during PCB routing.
+*»* Reduce route lengths for critical signals
¢ PCB stack-up should be optimized to reduce stub lengths on critical signals
¢ For higher 3dB bandwidths low loss dielectric should be chosen

+* SI/PI co-simulation is necessary for designing high performance probe cards.

*»* Accurate simulations help reduce probe-card design time & this simulation methodology can be
reused on various probe-cards.
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