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INDUSTRY TRENDS AND TECHNICAL CHALLENGES
EVOLUTION OF KEY TECHNOLOGIES FOR DATA CENTERS

PCle: Processing, Storage

PCle 4.0: 16.0 GBd

for 16.0 GT/s

PCle 5.0
for 32.0 GT/s

PCle 6.0
for 64 GT/s

PCle 7.0
for 128 GT/s

16.0 Gbps NRZ
32.0 Gbps NRZ 32.0GBd

64.0 Gbps PAM4 32.0 GBd

used cable formats: x1, x2, x4, x8, x16

IEEE 802.3: Datacom

PCle Spec. Raw BW Modulation Symbol Rate IEEE Spec. Raw BW Modulation Symbol Rate
(per lane) NRZ /| PAM (per lane) (per lane) NRZ /| PAM (per lane)

802.3bj/by 25.78125 Gb/s NRZ 25.78125 GBd
802.3cd 53.125 Gb/s PAM4 26.5625 GBd
802.3ck 106.25 Gb/s PAM4 53.125 GBd
802.3dj

used cable formats: CR1, CR2, CR4, CR8, CR16
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GENERAL SIGNAL INTEGRITY CHALLENGES:
CROSSTALK IN SYSTEMS WITH PAM 4 VS NRZ

PAM4

0001141001 00/i0i000 @
eye height for PAM4 is 1/3 of eye height for NRZ: 20 log (1/3) = -9.5 dB

—> higher sensitivity to noise and crosstalk
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TRANSMISSION CHANNEL AND VALIDATION CHALLENGES
ELECTRICAL INTERFACES

Tx

Rx

Channel

Jitter
Performance

Power Design

e e

urement Path to DUT o Transmission Channel

o Frontend Performance

Transmission
Channel EQ (CTLE, DFE)

(Tx Package, PCBs, ADC + DSP
Connectors, Rx Package) i

EQ (FFE)
DSP + DAC

TX
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TRANSMISSION CHANNEL AND VALIDATION CHALLENGES
OPTICAL INTERFACES

Tx DSP + Driver

Transmission Coherent

Coherent

Optical Channel Optical

Transmitter (FOL) Receiver
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Silicon Package under Test

| m NN W bumps |

lead-in T iy e e e @ s

Measurent Plane: ssa=s
» Oscilloscope (Tx)

+ BERT/AWG (Rx) ,
+ VNA (RL) ‘

CHALLENGE 1: CHARACTERIZING AND DE-EMBEDDING

THE MEASUREMENT PATH TO THE SOC




CHALLENGE 1: CHARACTERIZING AND
DE-EMBEDDING THE MEASUREMENT PATH TO THE SOC

Challenge:

» measurement parameters required at BGA interface

» measurememt path to DUT needs to be characterized for de-embedding in
- Oscilloscope: Tx validation
- BERT /AWG: Rx validation
- VNA: RL measurement

Solution:

» test fixture characterization and de-embedding

» DC extrapolation (for scopes, BERTs / AWGS)

Silicon Package under Test

g'f-;__aaa“

Measurent Plane: = - | m bUMDS |
Oscilloscope (Tx) S °
 BERT/AWG (Rx) lead-in T D a@ @ @ W s
« VNA (RL) r

| |
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CHALLENGE 1: CHARACTERIZING AND
DE-EMBEDDING THE MEASUREMENT PATH TO THE SOC

Method 1: Measurement with SOC
» step 1: 4-port measurement of reference structure (i.e. 2x-Thru)

=\

» step 2: 2-port measurement of total structure

Silicon Package under Test

| “ TN OO S bumps |

lead-in T d» e e @ @ s
I
|

» step 3: S-parameter model of lead-in incl. DC extrapolation
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CHALLENGE 1: CHARACTERIZING AND
DE-EMBEDDING THE MEASUREMENT PATH TO THE SOC

Method 2: Measurement without SOC
» step 1: 2-port measurement of reference structure (i.e. 1x-Open & 1x-Short)

1x-Open & 1x-Short
or :
1x-Short only

» step 2: 4-port measurement of total structure

» step 3: S-parameter model of lead-in incl. DC extrapolation
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ACCURATE TEST FIXTURE MODELING AND DE-EMBEDDING:
HOW IT WORKS - IMPEDANCE CORRECTED DE-EMBEDDING

_ 2x-Thru C_OuPcm Fixture 1 Model:
Total Structure Replica of Leald-ln / Lead-out Lead-in traces

Fixture — DUT — Fixture

Reference I \ , I
1 1
! Planes !

i Reference |
, \  Planes |
I | |
J with -
DuT " : Fixture 2 Model: DUT
Traditional 2x-Thru de-embedding: Lead-out traces
fixture models were only derived from
2x-Thru Coupon (replicas) : :
| |
] ! ! But:
Lead-in: Lead-out: replicas typically have different
Fixture 1 Model Fixture 2 Model impedance profiles than actual lead-

ins / lead-outs!

Therefore:
use modern de-embedding with
impedance correction
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ACCURATELY MODELLING AND DE-EMBEDDING OF
DIFFERENTIAL PROBES: HOW FAR TO DE-EMBED?

How far do we need to de-embed?,

» discontinuity at the probe tips ,
is not part of the differential signal structure

» de-embedding has to be done past this ks N | 5, ;ﬂ L
discontinuity and slightly into the differential |04 - 1 ' =~y B P
signal structure [1,\,\ = _J {0 e (EE0T8 1] # ____________________________

LA AV Y 4 r -

» impedance corrected de-embedding to

correctly model the probe and contact point [FSA | ‘
discontinuity as it is on the board. | \

I flight time scaling
(8402 '

1800

Differential
Probe

Limitation of factory-made de-embedding files

» recommendation to characterize and de-embed on the actual structure

differential signal structure%
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ACCURATELY MODELLING AND DE-EMBEDDING OF

DIFFERENTIAL PROBES: CONCLUSION

Workflow of Impedance Corrected De-embedding:

| 2

|

calibration up to the coaxial interface

of the VNA setup

characterization and de-embedding

of the probe:
— total structure

- de-embedding reference structures:

- 2x-Thru or

- 1x-Open & 1x-Short or
1x-Short only
with flight time scaling
(move past discontinuity
of probe contact point)

- impedance correction required

to correctly model probe contact
discontinuity and shift reference plane

into actual signal structure
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Reference Structure
(Coupon)

2x-Thru

Differential
Probe

Differential
Probe

Symmetry Plane

1x-Open & i

1x-Short
or

1x-Short

Differential
Probe

Total Structure
Fixture — DUT — Fixture

Differential

Probe

flight time scalin
g pus g

Differential
Probe
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R&S DE-EMBEDDING ASSISTANT: ZNA, ZNB / ZNBT
WORKFLOW WITH IMPEDANCE CORRECTION

R&S De-embedding Assistant with Impedance Correction: Example ZNx-K220

Step 1.
select topology
-DUT

- lead-in
- lead-out

Step 2:

measurements
- coupon(s)
- total structure

Step 3:
apply
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Reference Planes

CHALLENGE 2: CHARACTERIZING A TRANSMISSION

CHANNEL BETWEEN 2 CHIPS / CHIPLETS




SIGNAL INTEGRITY CHALLENGES IN HIGH-SPEED CHANNELS
EXAMPLE: PCIE 5.0 AND 6.0

Short Longer
» impedance mismatches: Channel 1 __ Channel
discontinuities at packages, vias and connectors _ &QDDOQQDQ

Example: PCle 5.0 and 6.0 Add In Card

discontinuities on signal path
between Root Complex and End Point

End Point

| !O -
. io/f Retimer

Root Complex
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SIGNAL INTEGRITY CHALLENGES IN HIGH-SPEED CHANNELS

EXAMPLE: PCIE 5.0 AND 6.0

» losses and frequency response of PCB material

Example: PCle 5.0 and 6.0
total loss budget @ 16GHz

requires PCB loss of
<1.0dB/inch

trend:

PCle 5.0 PCle 6.0
Loss Parameters | Rev 1.0 (dB) | Rev 1.0 (dB)
Pad-to-Pad Loss at 16
GHz -36 -32
Root Complex (RC) -9.0 -8.0
Add-in-Card (AIC) -9.5 -8.5
System -17.5 -15.5

PCB signal traces getting by-passed by cables (lower loss)

Root Complex

Short
Channel

End Point
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SIGNAL INTEGRITY CHALLENGES IN HIGH-SPEED CHANNELS
EXAMPLE: PCIE 5.0 AND 6.0

» crosstalk:
— near end crosstalk: NEXT
— far end crosstalk: FEXT
» multiple aggressors: power sum

— power sum NEXT: PSNEXT or
multi-disturber NEXT: MDNEXT

— power sum FEXT: PSFEXT or Transmission
multi-disturber FEXT: MDFEXT

aggressor

victim

aggressor
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TEST PARAMETERS IN PCIE 5.0/ 6.0
EXAMPLE: PCle 5.0 / 6.0 INTERNAL AND EXTERNAL CABLES

Parameters according to PCle Specification:

>
>

>

>

>
>

Differential Insertion Loss (Sdd21): mask check against IL limit mask

Differential Return Loss (Sdd11 and Sdd22): mask check against RL limit mask
IRL metric: method of waiver, if RL violates limit mask

NEXT and PSNEXT (power sum of individual NEXT aggressors): mask check against PSNEXT limit
mask
CCICNyext metric: method of waiver, if PSNEXT violates limit mask

FEXT and PSFEXT (power sum of individual FEXT aggressors): mask check against PSFEXT limit mask
CCICNggyr metric: method of waiver, if PSFEXT violates limit mask

Intra-Pair Skew EIPS (Effective Intra-Pair Skew): limit check
Inter-Pair Skew (Lane-to-Lane Skew): limit check

Beyond Specification:

>

Differential Trace Impedance Profile

> ...
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REFERENCE PLANE DEFINITION IN PCle
EXAMPLE: PCle 5.0 / 6.0 INTERNAL AND EXTERNAL CABLES

MCB Fixture
(Module Compliance Board) MCB Fixture

fixtures need to

be removed

from test results
- de-embedding

HCB Fixture
(Host Compliance Board)

Source: PCI-SIG Electrical Work Group (EWG): PCle 5.0/6.0 External Cable Specification (in progress)
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TEST PARAMETERS IN IEEE 802.3ck
EXAMPLE: 802.3ck COPPER CABLE ASSEMBLIES (CR)

Parameters according to IEEE Specification:
» Differential Insertion Loss (Sdd21): mask check against ILdd limit mask
» Differential-Mode to Common-Mode Return Loss (Scd1l and Scd22): mask check against RLcd limit mask

» Differential-Mode to Common-Mode Insertion Loss (Scd21) minus Differential Insertion Loss (Sdd21): mask
check against ILcd-ILdd limit mask

Common-Mode to Common-Mode Return Loss (Sccll and Scc22): mask check against RLcc limit mask
» Metrices:
— Channel Operating Margin (COM)

— for cable assemblies with COM < 4dB:
Effective Return Loss (ERL)

Beyond Specification:
» Differential Trace Impedance Profile
> ...

\4
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REFERENCE PLANE DEFINITION IN IEEE 802.3
EXAMPLE: 802.3ck COPPER CABLE ASSEMBLIES (CR)

MD
' ' plu ! '
% receptacle | PHg plug receptacle
! N gy g i
1 Cabl | | Cable i
’ able
Test  § assembly test | | assembly test! Test
Interface] fixture | Cable assembly | fixture interface
! excluding excluding !
! connector | | connector |
| | !
i 1,1 —C i
! ! | ! fixture are included
e BT 2 -
fo et T beatt T in test results
Ref Plane Ref Plane - no de-embedding

Source: IEEE Std 802.3bj-2014
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VERIFICATION OF PCIE 5.0 / 6.0 CABLES AND CONNECTORS:
GENERAL CONSIDERATIONS

_ PCle x4 PCle x8 PCle x16

Measurements:

automation with switch matrix:

example for PCle x8

27

1
6

Rohde & Schwarz

number of lanes (Tx + Rx)

number of ports for full testing
(all lanes and all crosstalk combinations)

number of 4-port measurements for full
testing
(all lanes and all crosstalk combinations)

= X0

W

RxO0

y

total = 64 ports

32

8 x THRU

4x4=16 x NEXT_L
4 x4 =16 x NEXT_R
3x4=12xFEXT_L
3x4=12xFEXT_R

total: 64 4-port meas.

64

16 x THRU

8x8 =64 x NEXT_L
8x8=64xNEXT_R
7x8=56xFEXT_L
7x8 =56 x FEXT_R

total: 256 4-port meas.

NEXT_Rx,0_Tx,0

THRU_Rx,0_Txg0

FEXT_Rx,0_Txgl
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128

32 x THRU

16 x 16 = 256 x NEXT_L
16 x 16 = 256 x NEXT_R
15 x 16 =240 x FEXT_L
15 x 16 = 240 x FEXT_R
total: 1024 4-port meas.

Tx0
Tx1 S



VERIFICATION OF PCIE 5.0 / 6.0 CABLES AND CONNECTORS:
GENERAL CONSIDERATIONS

Calibration:
automation of calibration
example for PCle x4 w. R&S ZNrun

Al

(Y
N
1

Calibrate (1/31)

Message Log

T
< 1. |B >
||
Matrix001 Matrix002

A1

_ PCle x4 PCle x8 PCle x16

number of lanes (Tx + Rx)

number of ports for full testing 32 64 128

(all lanes and all crosstalk combinations)

number of 4-port measurements for full testing 64 4-port groups: 256 4-port groups: 1024 4-port groups:
(all lanes and all crosstalk combinations)

standard calibration (3 connections per 4-port) 64 x 3 =192 256 x 3 =768 1024 x 3 = 3072
optimized calibration '}: 31 63 127

—
x
o

NEXT_Rx,0_Tx,0

THRU_Rx,0_Txz0
Tx0

Tx1

FEXT_Rx,0_Txgl

it
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VERIFICATION OF PCIE 5.0 / 6.0 CABLES AND CONNECTORS:
TEST AUTOMATION W. ZNRUN-K440

1. Setup

-] L]
PV o [ e T
Master Project | Cable Test Deembedding of Logical Ports via Touchstone File Cable Test
@ v Browse... Tt Cases Logical Port T Usage T Touchstone file T Interchange Mode ¥ ——
) PETOL Deembedding Cileft DUTs4p x Standard
GenS-GenZ1C_Samtec_Fixture-ZNB43-0SP320-64port ¥ De-fEmbedding L DorfEmbedding
PETOR Deembedding Ciright_DUTs4p Standard
Supported Communication Standard
PETIL Deembedding Cileft DUTsdp Standard
Link Speed Symbol Rate .
Specification (Gbfs) (Gbaud/s] Medium Type T Laress PETIR Deembedding Civight DUTsdp Standard
Gen-Z SFF 8201 2.5-Inch with Gen-Z Scalable Connector Specification 128 32 Cable 4 PET2L Deembedding Cleft DUT.sdp Standard
| Test Station PET2R Deembedding Cright DUTs4p Standard
PET3L D beddi CAleft_DUT 54, Standard
Device Type Test Parts Communication Channel Resource eembedding hOUTste fandar
o o a i PP 191681 1 PET3R Deembedding Cright_DUTs4p Standard
Matrix 05P320-1-16nc 16 VNA_CONTROLLED VIA LAN 192.168.1.100 Lzml D Cleft DUT.sdp Standard
Matrix 05P320-1-16nc 16 VNA_CONTROLLED_VIA_LAN 192.168.1.101 IR e Cright DUTs4p Standard
Matrix 0OSP320-1-16nc 16 WNA_CONTROLLED_VIA_LAN 192.168.1.102 PERTL Deembedding Cleft DUT.sdp Standard
Matrix 05P320-1-16nc 16 VNA_CONTROLLED_VIA_LAN 192.168.1.103 Lzl [san it Caright_DUTs4p Standard
CAleft_DUT. ndard
Calibrationtnt s G T T S any PER2L Deembedding Cileft DUT.sdp Standard
PERZR Deembedding Chright DUTs4p Standard
PER3L Deembedding CAleft_DUT sdp Standard
PER3R Deembedding Cyright_DUTsap Standard
Message Log Message Log
Type T Message T Type T Message T
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VERIFICATION OF PCIE 5.0 / 6.0 CABLES AND CONNECTORS:
TEST AUTOMATION W. ZNRUN-K440

2. Calibration

lient - Gen5-GenZ1C_Samtec_Fixture-ZNB43-05P320-64port
| Setup _

Calibrate | Measure |
q N
||

Matrix001 Matrix002
A1

Calibrate

I &
=
E—
N
L
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VERIFICATION OF PCIE 5.0 / 6.0 CABLES AND CONNECTORS:
TEST AUTOMATION W. ZNRUN-K440

3. Measurement incl. Workbench Editor

© ZNrun Cable Test Client - GenS-GenZ1C_Samtec_Fixture-ZNB43-05P320-64port
‘ Setup ‘ | Calibrate
Measurement Evaluation
W ODIL / DDRL RX Port State Result
|l TESTO_THRU_L1_TXOL L2 TXOR 5]
I TESTI_THRU_L1_TX1L L2 TX1R 5]
I TEST2_THRU_L1_DX2L 2 TX2R ]
1l TEST3_THRU_L1_TX3L L2 TX3R 5]
|l TEST4_THRU_L1_RXOR_L2_RXOL 5]
I TESTS_THRU_L1_RX1R L2 RX1L 5]
1l TESTE_THRU_L1_RX2R_L2_RX2L B
1 TESTZ_THRU_L1_RGR L2 RX3L 5]
Il DONEXT L
1 TESTB_NEXT_L1_TXOL L2_RXOL
1 TESTO_NEXT_L1_TXOL L2 RX1L
1 TESTI0_NEXT_L1_TX1L_L2_RXOL B
1 TESTI_NEXT_L1TXTL L2 RXIL B
1 TEST12_NEXT_L1_TX1L_L2_RX2L 5]
1 TESTI3_NEXT_L1_TX2L L2 RX1L ]
Message Log
Type T Message

Duration
View Connection Plan
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VERIFICATION OF PCIE 5.0 / 6.0 CABLES AND CONNECTORS:
TEST AUTOMATION W. ZNRUN-K440

4. Test Report

ROHDE&SCHWARZ

ROHDE&SCHWARZ ®
! deas

ZNrun Cable Test Chart 1: Differential-Mode Insertion Loss
Measurement Results Evaluation Results
(S-Parameters) (IRL, ccICNNEXT, ccICNFEXT) Overall Result
PASS PASS PASS

Supported Communication Standard
Link Speed Symbol Rate

Specification [Gbis] [GTis] Medium Type  TX Lanes
Gen-Z SFF 8201 2.5-Inch with

Gen-Z Scalable Connector 128 32 Cable 4
Specification

2G 6G 106 14G 18G 226
Frequency
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FURTHER METHODS:
EXAMPLE FOR PCIE 6.0 - CHANNEL SIMULATION W. SEASIM

Routing Models:
Stripline 1.0dB\in 16GHz
5y Pair Separation et g up1_uposa, s s ney o
UI=31.25ps PAM4 v1.09_rc3

Q
PCle 6.0 ;\'Z‘ \3 9 85 ohm 10 8:&:309&3 E:;i] 3'§:2:
Root Complex 0 s "_"~To::!:pl=d>259ds 1frj (-):les

1fddj 0.94ps
[s) 3.77ps @le-04
Tx SNDR 34.0dB

YrAllEq=8 5dB

Ref Pkg PCle 6.0 Non- N E

Root Complex Ref o anes s
= aggr align  center
30 nui
000000 s W
o precursors 3
Vixp2p [0.80,0.80,0.80,1.00,1.00,1.00]
5o cursor block 5
preCompTxEQ False
0 vbin 6.102nv
00 0s 10 15 20 25 30 tbin 0.156ps
Hz e T . O Adapt FOM  area
= Sem e, i) TXFIR h1/ho  [6.55,0.50,0.45]
——eqsstep gr2ac  ——-sum_aggr R TXFIR quant 24
==yictoadip e g lhene T Tx coeff  [0.042,-0.208,0.768,-0.042]
DFE coeff [
005 I oh-30.8mv -22.0, -8.3, -5.3, -4.6, -3.1, -1.5,
@h-2-0.4mV. 1.5, 0.7, -1.5 1.5, -0.7, .0,
I eh-103mv 3, 0.0, 0.0, 0.0]
004 1 ©h048.4mV v ea
‘ i 11mWV\0.15UiI
A JEa . ) ess
0.03 , 1 eh352mvV 0.85
| hd 4.6mv cursor delay -0.150UT
1 h5 3.0mv 025 05 075 1 i e
002 ] ? ®h6 L7mV le-04 le-06 le-12 Te id
\ oh7 1.3mV pole_idx ]
| \ Ty eh top  16.15mV 11.330V 1.15mv
ooy - eh9 12mv eh mid | 16.01nV 11.56mV 2.06nV
PhasSul Seomo o4s | |ew top 0.215U1 0.150UT 0.030UT
BRI Vs ) ew mid | 0.248UT 0.175U1 0.045U1
Aco 0gony \l pkeh off |-0.016UI  -0.016UI  |-0.010UI
1li01155 57 snnnnns  |vref fop BLaav 30.90v 30.6nv
ul

Source: PCI-SIG DevCon 2023
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or with balun

SOC: Phase Noise / Jitter
! >
’ e single-ended

CHALLENGE 3: MEASURING TRUE PHASE NOISE AND

JITTER IN HIGH-SPEED DIGITAL DESIGNS




RJ MEASUREMENT IN TIME DOMAIN:
OSCILLOSCOPE e Gl

>

TIE Jitter Measurement: —= ——= —— = / —— =
- Track
- Historgram jrie@) = (t, = tger, ) B
- Spectrum .
- o
Tref; Trefy Trefy Trefy

Sampled Measurement (e.g. rising edge)
- sampling with clock frequency
- TIE jitter spectrum shows aliasing products (Nyquist frequency)

Reference: tpee
-> calculation based on ideal signal or selected CDR
- TIE result includes effect of CDR Transfer Function (HP Filter)

Pattern Types: all, but RJ best extracted with clock-like 1010 signal l

Limitation by Scope Jitter Measurement Floor /(Noise / SlewRate)2+(Intrinsic Jitter)2— -
High Sensitivity on Signal Slew Rate /
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RJ MEASUREMENT IN FREQUENCY DOMAIN:
PHASE NOISE ANALYZER

>

V(t) = Agsinwgt V() = (Ao + E@®) sin(wot + (1))
i Where: Where:
Phase Noise Measurement: A, = nominal amplitude E(t) = random amplitude changes
- Phase NOlse wo = nominal frequency ®(t) = random phase changes
- Phase J|tter - Time domain
- integrate phase noise in offset-range VL AN
- divide by clock-frequency wy VYUY { i AN

. Py 8 Py
Continuous Measurement ‘ 2 A

-> phase noise spectrum shows no aliasing products N
- for comparability with TIE jitter measurement: R Erequency;domain R
measurement to high offsets + folding into Nyquist

Woffset

Reference: Ideal Signal E®
- result does not include effect of CDR Transfer Function (HP Filter)
- for comparability with TIE jitter measurement:

apply CDR weighting

Pattern Types: requiring alternating 1010 signal, results for RJ and PJ

Made for Phase Noise Testing:
- Outstanding Phase Noise / Jitter Performance
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RJ MEASUREMENT IN FREQUENCY DOMAIN:
PHASE NOISE ANALYZER

FSWP Architecture FSWP Signal Processing
» Signal Path » Digital Demodulation

Ref ADC |11 )
Chan. 1 Q1> 10 @ Il
Ly fancl A Ao——
Pl R Tl 101 1wt % .
Chan. 1 ADC | Q1
1.Q Q) #m% L 1H+HQ() drdt(...)
A A

L» 01

} @ fancl FPGA PC F N / ™ q q fo

RF In ATTEN t t #mb >t
® > ADC | 12 ] -7

Chiif. 2 A 2 Phase Wraps

15 e > LO2  fac2 _

Syt @] D> » Cross-Correlation

Chan. 2
L» 02 A

vy

vy

&

XCOR —» Average —» >

XCOR —» Average —»|

uonoale( Jnds
Buiyroows

XCOR —» Average —» >
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PHASE NOISE AND JITTER MEASUREMENT:
SETUP FOR ULTRA-LOW JITTER REFCLKs

100 MHz for PCle

R&S FSWP

0 - phase noise and RJ measurement
50 - with and without SSC
- weighting with behavioral CDR

single-ended
or w. balun
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PHASE NOISE AND JITTER MEASUREMENT:
SETUPS FOR ULTRA-LOW JITTER SOCS

Setup 1: below 50 GHz
16 GHz for PCle 5.0/ 6.0
32 GHz for PCle 7.0

SOC: Phase Noise / Jitter 53 GHz for IEEE 802.3d]
56 GHz for OIF CEI-224

single-ended
or with balun R&S FSWP

- phase noise and RJ measurement
500 - with and without SSC

& - weighting with behavioral CDR
N _ N

. | R&S SMAL00B:
quasi-ideal PCle RefClk
to measure true SOC performance
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PHASE NOISE AND JITTER MEASUREMENT:
EXPERIMENT FOR PCIE 7.0

Signal level @ FSWP: -16 dBm
- 400 mVpp at die > -4 dBm
- 12 dB attenuation from

die via package to

test equipment - -16 dBm

R&S FSWP
- phase noise and RJ measurement

R&S SMA100B:

guasi-ideal PCle 7.0 signal source
- 32GHz

- ultra-low phase noise

- ultra-low wideband noise
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PHASE NOISE AND JITTER MEASUREMENT:
EXPERIMENT FOR PCIE 7.0

Measu rement: MultiView =8 Spectrum ! X Phase Noise X
Signal Frequency r Source Frequency 1. SGL
. Signal Level Source Level
— phase n0|se measurement to ® Att Meas Time ~2155 Level Setting High Meas Fhase Noise
LWL
®1Clrw PN Smth 1 r 6dB e 2CIrw PN

1 MNoise Spectrum

18 GHz offset

1.0 kHz
2 Integrated Measurements
Range Trace Start Offset Stop Offset W i Int Mois
1 1 1 ] F T 11,68

0 kHz 30,000 GHz PC 128G -4 B¢

e Jitter
E 8.16 m°/11.66 r 21 1 .. 58,000 f
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PHASE NOISE AND JITTER MEASUREMENT:
SETUPS FOR ULTRA-LOW JITTER SOCS

Setup 2: above 50 GHz

16 GHz for PCle 5.0/ 6.0

_ ] 32 GHz for PCle 7.0
SOC: Phase Noise / Jitter 53 GHz for IEEE 802.3d|

56 GHz for OIF CEI-224

Sy

single-ended — a1
or with balun R&S FSWP with 2 x FS-Z75
500 - phase noise and RJ measurement

- weighting with behavioral CDR

"—; IF1
L LO1
! R&S SMA100B: LO2
quasi-ideal PCle RefClk ;

.‘-; IF2
N

to measure true SOC performance
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PHASE NOISE AND JITTER MEASUREMENT:
ULTRA-LOW JITTER PLLS

Models Frequency range 1dB compression Conversion loss RF paort LO harmanic
number
FS-Z60 40 GHz - 80 0dBm 15dB WR18 a
GHz

Order number 1048.0171.02

F5-775 50 GHz - 76 5 aBm 20dB VRIS 8
GHz
Order number 3638.2240.02

—
FS5-290 80 GHz - 90 -8 aBm 1608 WR1Z 5

‘Ordsr numbsr 3838.2270.02

F5-Z110 75GHz - 110 -6 dBm 23dB WR10 8
GHz

Order number 36838.2292.02

F5-Z140 90 GHz - 140 -3dBm 28dB WWR08 10
GHz

Qrder number 3622 0708 .02

FS-Z170 110 GHz - 170 -3dBm 30dB VWROB 12
GHz

Order number 3622 071402

FS-7220 140 GHz - 220 -5 gBm 32dB 16
GHz

Order number 3682.3250.02

FS-Z325 220 GHz - 326 -5 dBm 40dB VR34 18
GHz

Order number 3523.3287.02
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PHASE NOISE AND JITTER MEASUREMENT:
EXPERIMENT FOR 224 GBPS SERDES

Slgnal level @ WG splitter input: -20 dBm
400 mVpp at die > -4 dBm

- 16 dB attenuation from
die via package to WG splitter
input 2> -20 dBm

R&S FSWP
- phase noise and RJ measurement
R&S SMA100B:

guasi-ideal OIF CEI-224G signal source
- 56 GHz

- ultra-low phase noise
- ultra-low wideband noise
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PHASE NOISE AND JITTER MEASUREMENT:

EXPERIMENT FOR 224 GBPS SERDES

Measurement:
— phase noise measurement to Sl Level 1555 . XCORR Factor

10 G H Z Oﬁ:set 1 r\;foisléwsll)éclrum

2000
1.0 kHz
2 Integrated Measurements

Range Trace StartOffset Stop Offset Weighting Int Noise
1 1 1 -

000 kHz 10.000 GHz

Source Frequency 1. SGL

Source Level

® 1Clrw PN Smth 1% Spur 6dB = 2Clrw PN Smth 1%
M1[1]-150
10.000 ¢
Spe t Noi
1.000 kHz
10.000 ki
100.000
1.000
10.000
100.000
1,000
10.0(

000 300/
Frequency Offset 10.0 GHz

Jitter

-49.85 dBc
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— S

e - | rein —
R ey ——> | Analysis of outputdata |

(e.g. diff.) —_—

= —_—

—_;:J °CIk

Signal Generato
(e.g. for SFDR test)

Spectrum Analyzer
(e.g. for SFDR test)

CHALLENGE 4: MEASURING TRUE ADC AND DAC

PERFORMANCE AND FRONTEND DISTORTIONS




ADC VERIFICATION WITH SMA100B:
TESTING SPURIOUS FREE DYNAMIC RANGE (SFDR)

Setup la: below 67 GHz — 1 x SG + balun, 1-tone

R&S SMA100B:
guasi-ideal ADC stimulus
guasi-ideal RefClk
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ADC VERIFICATION WITH SMA100B:
TESTING SPURIOUS FREE DYNAMIC RANGE (SFDR)

Setup 1b: below 67 GHz; 2 x SG - 180° phase alignment at ref. plane, 1-tone

1 GHz reference
coupling wide

2 x R&S SMA100B:
quasi-ideal ADC stimulus
quasi-ideal RefCIlk
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ADC VERIFICATION WITH SMA100B:
TESTING SPURIOUS FREE DYNAMIC RANGE (SFDR)

Setup 1c: below 67 GHz; 2 x SG - 180° phase alignment at ref. plane, 2-tone

3 = ,—;;:' B
H e a.20 @ D
=1 - . gEEs.ous
B = IE-TT e ©
o | SOLOOOL |
1 GHz reference
coupling wide
Y/ -
3 ETR | aaa® i
o oL
B o ama ©
| P e

2 X R&S SMA100B:
quasi-ideal ADC stimulus
quasi-ideal RefCIlk
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PHASE ALIGNMENT OF DIFFERENTIAL SIGNAL
DESCRIPTION OF METHOD

1. Both instruments are set to desired frequency and level
2. Script performs level measurement to determine SG power levels P1 and P2.
3. Model is fitted to measured power levels to gain phase offset

modeled behaviour of added signals
found phase offset = -22°
T T T

KKk kK
K
e

—%_
sk *

level at power meter /dB

phase difference /pi

4. 180° phase offset can be achieved at reference plane
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CHALLENGE 5: ANALYZING AND DEBUGGING POWER
REFERENCE DESIGNS AND POWER INTEGRITY PROBLEMS




POWER MANAGEMENT / POWER INTEGRITY TEST
DEDICATED TOOLS FOR VALIDATION & DEBUG TEST

The Right Scope Specialized Probes Analysis Functions

*4 |/ 8 channels and more
 Fast update rate: 4.5 Mwfms / s

* High resolution: 12 bit ADC
(18 bit in HD mode)

*>45k FFT /s

*High internal DC offset for high

resolution on power rail ripple
(2v @ 0.5 mVv/div)

« Built-in AWG (

"'_geeeaee00
== E——J

* Power Rail Probe
- Bandwidths: 2 GHz / 4 GHz
- Low noise with 1:1 attenuation
- Extended offset range
- DC meter to find offset value

« Current probes

Typical measurements

Load step response, ripple
and drift measurements

* Power-up/down sequencing

*PSRR / PSNR testing

* EMI / crosstalk debugging
(frequency domain)

« Control bus analysis and
timing (
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POWER MANAGEMENT FOR SOCS AND RFSOCS:
INDUSTRY TRENDS AND CHALLENGES

» Growing demand of high-performance SoCs and RFSoCs for use in
- data centers
- fixed and wireless network infrastructure
- modern ADT applications
» Power delivery solutions need to provide a high number of low-voltage / high-current power rails with
- precisely controlled sequencing for power-up and power-down
- low voltage ripple and fast response on load steps
- high efficiency
» Power delivery designs use a combination of linear and switching regulator technologies
— power rails with high currents: increasing use of multi-phase buck converters (instead of single-phase buck converters)
- test of phase alignment / phase management requires oscilloscopes with >> 4 channels

— power rails with low currents and requirements for low noise and ripple: use of low-dropout linear regulators (LDOS)
- test of Power Supply Rejection Ratio (PSRR)

- test of power sequencing and power rail disturbances
-> requires oscilloscopes with > 4 channels, high resolution and power rail probes with DC offset and built-in DC meter

53 Rohde & Schwarz 06.02.2024 Signal Integrity and Power Integrity: Challenges and Test Solutions



MULTI-CHANNEL MEASUREMENTS ON POWER DESIGNS
WITH MULTI-PHASE BUCK CONVERTERS

V.

n

Multi-Channel Analysis:

Phase 1 l w

input voltage: V,,
output voltage: V,

PWM 1 V

: : C.
various switch node voltages —_

) ) SW Node 1
various inductor currents

control bus analysis, incl. decoding J—l |_| |—| Cout
power sequencing of SOC power rails _

vVvyvyvyyypy

Phase 2

Multi-Domain Analysis
» Time Domain PWM 2 =
» Frequency Domain

SW Node 2

.
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POWER SUPPLY REJECTION RATIO (PSRR) MEASUREMETS

ON LOW-DROPOUT LINEAR REGULATORS (LDOS)

Power Supply

& ROWDE&SCHWARZ _ninioso

32808V, 5|
16880V, 10,00

80HAV . AAABAM
SHBAV . 5408 A

!

Internal Function Generator (MXO5-B6) "
>| Injector I

(1 mHz to 100 MHz)

Power Rail (In)

DUT:
LDO

. B
" gee000
T

MXO5

Power Rail (Out)

Injection of ripple / noise on
DUT power rails

55 Rohde & Schwarz 06.02.2024  Signal Integrity and Power Integrity: Challenges and Test Solutions

Wg&:‘— g}-‘ g:_‘ g}_
R =

HMP4040

Ripple
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Ripple, .



POWER SUPPLY NOISE REJECTION (PSNR) MEASUREMENT
ON REFCLKSs, PLLs, etc.

|_& nowoeascuwanz rwmioso |

32088V, 5]
Power Supply b

“Bﬁ_sv

l ':!'z\

Internal Function Generator (MXO5-B6) "
>| Injector I

HMP4040
(2 mHz to 100 MHz)
Power Rall I
& DUT:
B . Z RefCIk, >
ml_ll_ eecaee . m PLL; Phase Noise / Jitter
MXO5
FSWP
injection of ripple / noise on testing of related degradations
DUT power rails of phase noise / jitter performance
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VERIFICATION OF POWER SEQUENCING IN
POWER DELIVERY DESIGNS WITH MULTIPLE POWER RAILS

vac _|
PS_ON#
12 VDG _/—
v VG
.!3\'00}
PWR_OK | —
CPU_VDD _/—
DDR_VDDO /
Digital bus ‘ !!

Sampling rate Capture Duration Capture Duration
(500 Mpoints) (1Gpoints)

» Multiple channels to see more events

» Deep record length for longer observations

» Flexible and intuitive waveform setup

» Configurable delay measurement setup

-

5 Gsample/s 100 ms 200 ms
500 Msample/s 1s 2s
5 Msample/s 100's 200s
8 Ksample/s 17h 21m 40s 1d 10h 43m 20s
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CROSSTALK ANALYSIS AND EMI DEBUGGING WITH
FAST FFT FUNCTIONALITY

n o~ O s 2 & S N N e R SN O AR S
e S dewar beie MMl Mear Dor 245 e s mrds vE . s ity e

““““

» Standard fast spectrum with 45k FFTs/second i/
: : 7
» Support log-log scale and dBuV display of unit \
) ) . . ) HZ-17 Near Field Probes support 30MHz to 3GHz \
» Peaklist, min/max-hold and intensity grading HZ-16 Amplified extend HZ-17 down to 9kHz
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RESPONSE TIME MEASUREMENT ON CONTROL MESSAGES:
TRIGGER & DECODE ON LOW-SPEED SERIAL BUSES

High Sample Rate _ Low Sample Rate

» Dual Path Protocol for correct decode even
when low in sample rate

» Support symbolic decode with additional detail
for complex protocols

MX05-K510 Low speed serial buses 12C, SPI, RS-232, UART
MX05-K520 Automotive buses LIN, CAN-/FD/XL

ind. seate

State i Identifi._. Mominal bit rate Data bit rate .
Walue

1ESh

1ESh

Undefined 7Fh
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POWER INTEGRITY MEASUREMENTS:
POWER RAIL NOISE, RIPPLE, etc.

» Low noise and high resolution for power ripple

/\/\/\

PARD
DE\H -/ kT/ » Deep capture to look into slow drifts and response
outpu
l — » Spectrum capability to identify crosstalk, noise, ...
Unul
NN v g WA mj}n.lﬁz\a r:ie ;\::[:c:w
Supply drift
é ESR effects
2 I ESL effects Capacitance effects
Slope, V/T = AI/C I Point at which regulator
takes control

Time —
Load response
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POWER DELIVERY / POWER INTEGRITY TEST WITH MXO 5

MORE channels to analyze multiphase buck

4 / 8 channels and more

converters and power-up / power-down sequencing

> 45 Million wfms / sec Instantly see MORE infrequent events

1 2 -bit  ADC 18-bit (HD-Mode) \MORE resolution on all sample rates

MORE resolution on power rail disturbance
DC meter functionality with power rail probes

2V offset @ 0.5 mv/div

Trigger with MORE sensitivity and
higher flexibility to define trigger conditions

Digital trigger

> 45 FFT / sec MORE FFTs with unmatched speed

500 Mpts  memory /ch Capture even MORE time
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SIGNAL AND POWER INTEGRITY:
CHALLENGES AND TEST SOLUTIONS

Signal Integrity: Interface Test Signal Integrity: PCB and Interconnect Test RefClk and SOC Test

e
AN

«”\ \
g N i

N

Ve

O
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