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Voltage —

Sampling Scope display of two TDR waveforms

Time —»

serial paths to be measured.

Two TDR sampling channels allow the differential impedance between the DATA+ and DATA-

KEITHLEY

A Tektronix Company

Tektron/ix"’



I TDR#ER 2 R ——TDREAL: RhoBArL; Z (FELR )

MAFHT p THER p MAF ) Z
" reflected p:ZL_Zref p=0at =1, 7 _7 1+p
P = V L+ p=-1 for a Short M-
incident
- p=1 for an Open
e
tlp|l=- === === === === Open (Z =x)
Reflected
Op|--- - (Z =50Q)
Incident
___________ Short (Z2=0
-1p | | \ﬁ
Iy U B[]
KEITHLEY Tektronix-
A Tektronix Company rd




I TDRH ZEBR AT EE R I

= Hrhpr kit &%, Z,2ZF Ml (—KA500hm, HIMX RS TGE)
ZARREMIBAST. RS n] DATE SRS AR 2k A S BE T, AT
DITEAC SR B B 3 L RoR — A TDRANZR, i fE— i AR s 2k -1
B — U RS REEURAE PP

Z 4
100
50
0
=
fi [a]

KEITHLEY Tektron/iw

A Tektronix Company



I THE B PTARA K I

n Hﬁﬁwﬁﬁﬁﬁﬁvm%ﬁﬁﬁ,ﬁﬂMHEMﬁﬁ
f, B R A AL

V*T  C*T
2 2z,

V = BAE SR T R E R

T = NRHESI RIESHERIH K S Z 0
C=x#
&= MrEEH

L =

KEITHLEY

Tektronix’
A Tektronix Company rd




b nin

Materials €
Air 1.0006
Teflon Coax Cable 2.06
Teflon 2.2
Polyethylene 2.25
Rubber (hard) 3
Silicon Dioxide 4
Modified Epoxy 4.2
R4 epoxy 4.4
Bakelite 4.8
Glass 5.5
Corning glass 5.75
Alumina 92% 9.2
Alumina 96% 9.4
Silicon 11.9
Ferrite 12
Gallium Arsenide 12.9
Diamond 16.5
Water distilled 81
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= AT BUANE SR A
X To resolve a, and a, as
separal separate discontinuities:

t >t [2

separate TDR_risetime

80E04 TDR |- JHfy i ] il ke 2 48 2k, v 45 R o i 446 0y 30-40ps
- 1/2t. 7% 15-20ps
- 0.17-0.12” in FR4

80E08,80E 104 {5 R 11 b+t 1], 5 w51 1 7 P %6

ch/ Step Incident / Acquisiti
Electrical Selectable Reflected Rise cquisttion : De-skew Remote
: Con- . Rise Time RMS Noise
Modules Bandwidth Time range Sampler
nector . (10%-90-%)
(Typical)
50 GHz 12 ps / 15 ps 7 ps Eggg\li\}yﬁ]'gj'
G2 21 370 pV typical ves,
40 GHz 1.85mm 8.8 ps <480 LV max +250ps 2 meter
V) = . cable
300 pV typical
30 GHz 11.7 ps < 418 uVyrpnax
30 GHz 2/ 18 ps / 20 ps 11.7 ps ?;ol?l%v 3’ ?T';‘(' Yes,
80EO08 2.92mm 580 \yt al +250ps 2 meter
Hz (K) 17.5 ps < 38%) u\yrr)r:ax cable
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Table 4-1 Resolution of TDR Systems

TDR
System
Risetime Resolution 4X Resolution
10 ps 5ps/ 1T mmJ[0.04 in] 4 mm [0.16 in]
20 ps 10 ps/ 2 mm [0.08 in] 8 mm [0.37 in]
30 ps 15 ps/ 3 mm [0.12 in] 12 mm [0.47 in]
100 ps 50 ps/ 10 mm [0.39 in] 40 mm [1.57 in]
200 ps 100 ps / 20 mm [0.79 in] 80 mm [3.15 in]
500 ps 250 ps / 50 mm [1.97in] 200 mm [7.87 in]
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Measurement)
W R K R A B AR v 1Y) VR ),

DSA8300Sampling Oscilloscope

_Sampler Extender Cable

Unused lines
terminated with 50
Ohms to Ground

Test Fixture Test Fixture
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DSA8300Sampling Oscilloscope

___ Sampler Extender Cable
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terminated with 50
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DSA8300Sampling Oscilloscope
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Reflection (Jx &)

TDR Module

|.1r 1| H 1

Voltage —

Time ——»

Transition points involve combinations of solder joints, circuit board vias, and connectors
these all can have substantial effect on the total link performance.

= TDR also is capable of producing S-parameters
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Frequency Dependent S-parameters
|Connect® S-parameters

=55 MRS B S AN
= ESEHIZE . A, Bl

= —FHMHEINR TR : PCI-Xpress, Serial ATA, Infiniband,

Gigabit Ethernet and other standards
= AR B 5 [ e i R B
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= A HITDRIX 4 IEE 2 5wt v] 7+ 2% £ 1Connect
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Compute: |S-Parameter v |

TD Source YW avetorm Yiewer;
| TD “Waveform Yiewer 1 j

FO' T arget W aveform iewer:
| M e W aveform Wieweer j

W aveforms
DUT: | 0. wim |

Ref. |5tep.wfm j

Frequency content
[v Set manually

kaw Af: | B Hz

Fram: Iﬁ Hz
Compute

[V Usze 50 Ohms calibration
Fef type: \Open/Shart |

DUT Type: |Insertinn |DSS.-":-j
Load 50 Ohms ' aveform:

|Lu:ua|:|.wfm j

Calibration
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= —HUENAE AT E m ST
— About —10 dB for insertion loss
— -25to —-35 dB for return loss
— Higher for frequency domain crosstalk
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I Interconnect Loss New Testing items

= 1. Intel/l SE2IL
= 2. IBM/ SPP

= 3.IPC/EBW

(== Tektron/iqu
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Intel SSEMIABAFSET2DIL

= SET2DIL: Method to Derive Differential Insertion Loss from Single
Ended TDR/TDT Measurement

= Intel T4, ZE={CAFEZERomley/Grantley - &, A T 110G LK M
6G SASZE, MAPCB 1)S=#——SDD21

SDD21 = 0.5 * (S21 - S41 + S43 - S23)
port 1 :1_ " 8inch —’: (A) port 2
521 - (A) Transmissive Loss (TDT)
S23 - (B) Far end cross talk (FEXT)

Stimulus

S41 - (A) Far end cross talk (FEXT)
543 - (B) Transmissive Loss (TDT)

port 3 I I (B) port 4

K 753% B Intel, SET2DIL, A Simplified 2-port Loss Measurement Technique

KEITHLEY Tektron/iw
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Now, loop back the DUT to itself at the far end
(SET2DIL Structure)

TDR + FEXT

—izmo: e DT * -
TNEXT NEXT “NEXT+TDT

@ Note: “NEXT" = Near End Cross Talk @ @

“FEXT" = Far End Cross Talk

- (D
KEITHLEY Tektronix
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I Short Pulse Propagation (SPP)

Manual Laboratory process developed by IBM Research
in early 90’s

Time domain measurements provide frequency
dependent differential interconnect loss:

Attenuation (alpha)
Phase constant (beta)

KEITHLEY

A Tektronix Company
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SPP Description

o
Signal Processing i
Propagation Constant
Calculation

Alpha (dB/cm)
=
.

=B
]

r(f)=a(f)+ip(f)=

b (Al ¢I(f")—¢z(f)
z'.—!a Az(f)} li—1>

=
]

o
=

=
PR R NN N R RN N S

2 4 & &8 10 12 14 16 18 2
Frequency (GHZ)
r(f) is the propagation constant.

8

a(f) is the attenuation. B(f) is the phase constant.

[, and |, are the lengths of the long and short lines respectively.

A,(f) and A,(f) are the magnitude of the Fourier Transforms for the
long and short lines respectively.

@,(f) and @,(f) are the phase of the Fourier Transforms for the
long and short lines respectively.

Beta (radfcm)
- (%] [ = tn @ ~

=
[

02 4 6 & 1w 2 1w 1w B 2
Frequency (GHz)

KEITHLEY
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I Equivalent Bandwidth (EBW)

Measured same time as impedance and delay

Provide certification data for alternate laminate use

Understand material loss variation over production lots

Approved by IPC TM-650 2.5.5.12

KEITHLEY Tektron/ix*’
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SPP Production Test System for loss
(SPP/SET2DIL/EBW)

U Uil

-
E 2
-
;. ”
-
-
Séw

® s
PR A
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Summary of Production Loss Test Method

EBW SET2DIL SPP SET2SEIL TVNA VNA
Developed by IBX Intel IBM Intel IBX Agilent
PWB Production Test Yes Yes Yes Yes Yes No
Coupon Not Required Yes Yes Yes Not Required Not Required
SE or DIFF Both Diff Both SE Both Both
# of Measurement Ports 1,2 2 2,4 2 2,4 2,4
Insertion Loss Values Gvolts/sec dB/inch vs. Freq dB/cm vs Freq dB/in vs Freq dB vs Freq dB vs Freq
Impedance Yes Yes Yes Yes No Calculated
Return Loss No No No No Yes Yes
Effective Dk(f) No To be Announced Yes No No No
Effective Df{f) No To be Announced | To be Announced No No No
Via Loss Included Yes Yes No Yes Yes Yes, unless TRL
Probe Probe Independent Micro-probe SMA or Micro-Probe Micro-probe Probe Independent | Probe Independent
Test time 4sec 12sec 4-10mins bsec 6-12sec 10sec
Typical Test Frequency 15GHz 4 & 8GHz 20GHz 4 & 8GHz 20GHz 20GHz
Maximun Test Frequency 30GHz 30GHz 50GHz 30GHz 50GHz 65GHz
IBX Equipment ACCU-Prober ACCU-Prober with | ACCU-Prober with | ACCU-Prober with | ACCU-Prober with
Standard, C11000 SET2DIL SPP SET2DIL TVNA, CI1000 NA
Calibration Impedance/Pulse
Simple-TDR Risetime | Thru/Offset Deskew Sync (Diff) Thru Thru & Load TRL or SOLT
Long & Short traces
Measurement Assumptions Relative have the same cross Total Loss (Via & Total Loss (Via &
measurement Via loss =0 section Via Loss =0 Trace) Trace)
IPC TM-650 2.5.5.12 Yes Yes Yes Yes Yes Yes
Special Measurement Golden Symmmetry in Diff | TDR Impedance Pre- High Operator Skill
Requirements measurements Pair screen process None None Level
Backdrill Required on
thicker boards No Yes Yes Yes No No

KEITHLEY
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I Z= 552 5 TDRMA 5 R-P8018/P6150

>9GHZzH 5

1X, 10X ZEJRHREr
20 GHz Probe Tip Bandwidth AT PR R B R R AR
50 Q Impedance TDR Passive Probe <38.8ps_LFHHT 8]

<0.15pF ¥y A\ B
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I%m S TDRIMNR 7 R-P80318- W A —TE — 1
18GHz Z4 TDRE:L

= P80318 — 18GHz 100 Q F#H R TDRHEFLNE
w3k
— 0.5mm to 4.2mmE] E [E FEERL R
— FRAMFEPCB&H/M2.5mm (0.1in.) [AIFES %
— 580A02#5—eff FIRHRHLEOS/ESD R ThRk
= EIRAATZESTORTDTIMIE (A S LA
H 3 )
— HyRIEiF M P8018 !

= P80318X — 18GHz 100 Q F-#:x=X\TDRZE/FHFL M =
B R Sk

- ﬁﬁ?iﬁ?ﬂt%

BRI
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I # 5~ E TDRAA T R—TDRFF R — N4

BRI o )
%%D%Hﬁﬁé)ﬁémﬁgﬁ (1 1.500V)

18 B 0 LA
R O i I ’<>—>

%9%?%[:%@70G DLJ:% \mplifier Sampling
T, TE LI T K Bridge
A T IRIBOR 2 R I B o \

Y g ATk ] B I A R SN R R I A A DL I8

i F=EOS (Electrical

Over Stress), Xl X} 0.0

A LT I SRR = (V) ’
. %gXﬂL%ﬁéE@ﬁ% 6 ’0__.' Amplifier I—b

S8OEQ4RL & L 1 THIP
Ff R EL80A02, 2% Sampling
COVANCIEr o AN 218 Bridge
A TH 1 B Ef AR T =

5,15 P8O18A! FEERBNE U RTRBNORIEE
P80318#% k.
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I Z A A TDORYPIRTT R——TDRFF LRI ——F R R

N (ZSTARES"S
- B P8018E— N\ w-ms-";»i:wg % 7180A02
gggi%mz) 5 P80318 G

- (ST Ee S

¥ (Z275.80A02) '

PRI (TN ZE e 80A02) 7L I & 7 X DUT EJ Il 28 4% T3 FR. .

80E04 TDREHIEE 141

iG] o

R PR T DUE S TTLS B 44, Bulit PCBH 3k
P8018/P80318[{j{= 5454l
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The new 80A09 ESD protector

Key specifications (typical)

Nominal Impedance: 50 Q
Operating input signal range: +1 VDC
Frequency Range: DC to 26.5 GHz
Insertion Loss:
o DC-15GHz:<0.3dB
o 15 GHz - 20 GHz: <0.5 dB
e Connectors: One male and one female K (2.92 mm): mates with SMA, 2.92 mm, and
precision 3.5 mm connectors

Sampling modules with dual electrical channels,
such as the 80E04 dual channel 20 GHz elec-
trical sampling module with TDR, require two
80AO09 devices.

Step generators within the 80E04 TDR modules
uses < 250 mV, which is less than the diode
threshold of the 80A09 device.

KEITHLEY Tektron/ixw
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What does these translate into for TDR users?

0w aveforms Telronix  _ | X|
§|‘5§| i |ﬂ|:l'|.|:|{?| Hun,.-'smp|,&-,cq tode |.ﬂ.verage ﬂ Trig|lnternal Clock, ﬂ |2EIEIkH2 J JJ TDR Of a Slngle
[Puise =] [Ampituds =] | nan| oo an | e =fnfi | g ended test

o coupon using a
& oo P8018 probe.
R 1 000y |

probe directly
input to 80OE04

Pink trace: 80A09 inserted
between the probe and
80E04

Nest slide shows how close
the measurements are after
timing delay compensation

Eﬂ : : : : ' ' '
Jcs o | [1.000c0iEf | B man G| & |5nnnnnszj|434E-Dn EjJ 10:19 &M 5/3/2014
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Timing corrected TDR traces with and without an
80A09

0w aveforms Tekronix  _ | X%|
§|5§| I |lﬂ|:|'l.l:| (_’?| Riun/Stop | Ao Mode |.ﬂ.verage ﬂ Trig|lnternal Clock ﬂ |2EIEIkH2 J JJ

|Pulse = ||&mplitude =] H.I'L||'LI'LI'I| .n.|J'LI'L|J'LI'L|'LI'I.I'

Only very minor

Off differences are seen
: between the two
[ cs o000 traces.

RE 1.000%2/div

Bandwidth of P8018
is good enough to
reveal subtle
impedance variations
along the coupon
trace

o SR oo
Jcs a | [1000caiE | B |Maln @M | & |5DDDDDszj|438‘IDn EjJ 10:22 &M 5/9/2014
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Tektron/ix®

Thank You For Attending!
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