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Three Solutions

= TDR based Dk Measurement

o A simple structure with two distinct
discontinuities to extract the speed of a signal

using a TDR.
= | ow-Cost 2-Layer SMA Connector

o Using a $0.35 through hole connector as an

edge launched connector for GHz applications.

» 5 Gigabit for $5

o Low-cost USB devices as signal generators.
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* A property of any microstrip trace. += =

* Fields in air faster than fields in the dielectric.

* Approximation to obtain the “effective” value.

Fig. Field distribution for a microstrip line

e+l g —1/1+12H ‘1/22
Eeff =~ T W (2)
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= Analyze each artifact individually: B 46
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Fig 2. A TDR built in the virtual simulation environment
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* Finite time resolution creates error: Aess _ 5 % ARTD 3)
£ RTD
ef f
* For a measurement with a timestep of 10ps: 2%esr _ 5 % 0.0Znsec _ 396(4)
Eeff 1.33nsec

* In the Virtual Simulation Environment, with a timestep of 1ps: 0.3% accuracy
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== 70 mil long, 15 mil wide

~J
T

=100 mil long, 30 mil wide

* Anomalous dispersion results in the artifact of
== 200 mil long, 55 mil wide

frequency dependent dielectric constant.

»
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Impedance, Ohms
3
4]

. . . . 55+
* With no losses, expect no dispersion with 0.
frequency. 45
‘ITO 1.5 2{0 2.5
) . . . . . Time, nsec
e Simulation of uniform line shows no dispersion. L E 3554 - —
' g 1 : zgomr':ﬁllolgﬁglgomr:'u\l,‘,\:vlse
8 350 ““'H i = S
 Simulation of line with discontinuities has g ] " ‘ Hl
dispersion. 2 345 “” “l“ “l I
a {1 | |ll|||lli|'|' i
’HW”“\ L
* Three lines which look the same on a TDR g 235
S N R RN R RN R RN I

because of the same excess inductance at 50ps. 0 5 10 15 20 25 30 35 40
Frequency, GHz
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] = 70 mil long, 15 mil wide
70 — 100 mil long, 30 mil wide
] == 200 mil long, 55 mil wide

* TDR will time gate the reflections.

Impedance, Ohms
[=)]
T

. . . 55
e Comparison with frequency domain result and ]
. 50_
TDR shows correlation. ]
45 T T I T T T T T T I T T T
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. . Time, nsec
* The anomalous dispersion depends on the w355
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magnitude of the discontinuity. R — 100 millong, 30 mil wide
§ aso] = 20rheg fomiwde
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. . . . . ‘3 7 = TDR results
* Alonger discontinuity with a smaller magnitude S 345
: - T S ———
reduces anomalous dispersion. g 3.40]
E ]
LIJ3_35 \\II‘\I\\‘I\\\I\\\\‘\\\\l\l\llllll‘\\l\

0 5 10 15 20 25 30 35 40
Frequency, GHz
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* Losses introduce dispersion.

3.65 = tan 6=0.02

 Different frequencies travel at different speeds. — tan §=0.01

— tan 6= 0.005

* Virtual simulation environment has models with
dispersion built in.

Efective Dielectric Constant

* TDR method gives one number for the dielectric 390 |

\ [
constant, which frequency is it measured at? 1E7 1E8 1E9 1E10 4E10
Frequency, Hz
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* TDR result measured at the bandwidth of the

rising edge.

BW (Hertz) =

0.35

Rise Time (Seconds)

Impedance, Ohms

(5)

* The dispersion from optimized discontinuities is

negligible.

* The frequency at which the TDR measures the
Dk is the bandwidth of the edge.
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* Past a frequency limit, the static TEM e 48
approximation is not valid.

7 == [leasurement Data

4.6

4.4 = HFSS simulation

49 == Schneider’s Lossless model

* Hybrid mode propagation suggests the phase
velocity will decrease at microwave frequencies.

Effective Dielectric Constant

* Schneider provided an approximation for phase

velocity at high frequencies 17 18 1E9 1E10 3E10
& 1 JEerrfn +\/§ © Frequency, Hz
vy (f) =
Jegerr | fii +1 Where, fii, = 22
10
f _ __Co . 0.295(inches/nsec)
« Where, f, = (=) and fc = 77— ; ' i . h(inches) < 9
fn (fc) ¢~ dhe-1 To avoid the impact of higher order modes: ( ) flim(GHZ)X\/m ( )

To use a 50ps rise time (7GHz), the maximum height for a dielectric constant of 4 is 24 mils
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Low Cost 2-Layer SMA Launches

Using $0.35 SMA connectors at microwave frequencies.
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Impedance, Ohms
g a1 a1
o = N
e LTl Lol
X

* 50.35 through hole SMA used as Edge Launched 49—
48—
Connectors 47— N—
46; Without the SMA stubs , With the SMA stubs
. . 020 21I2|2I2‘3I24 2‘5I2|6‘2‘7I2‘8I2‘9I30
* Unused SMA legs need to be clipped off to avoid Time, nsec
resonance. s
54{ = 110 mil wide pad
» 53] ——
. . . . . . = 52; w120 mil wide pad
* Optimize pad side to reduce the discontinuity. 5 22
g 50
g 49
* 50.35 has a peak impedance variation less than £ :j_
2 Ohms at SOpS edge' 46—: Variation in pad size
45
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DES’GNCON EE w 7 APRIL 5 - 7, 2022 #DesignCon 15 @ informamarkets

WHERE THE CHIP MEETS THE BOARD




. 58
. Five nominally identical launches

Impedance, Chms

* Sample size of 5 connectors shows peak impedance
variation of 3 ohms.

45— T ] T

* Frequency domain S-parameters show consistency . T"f'i
with a S11 -10dB bandwidth of 11.5 GHz TR

* Wide traces, so non-TEM behavior begins at 3 GHz

S-parameters, dB

m
treq=11.56GHz
B(Z3_S11)=-10.013

l
0 5 10 15 20 25 30

Frequency, GHz
Fig. S-parameter data of the measurements shown above
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5 Gigabit for $5

Low-cost signal generator using a USB device

800 mV

L
= P - L

‘J’m 3

600 mV 5 68PS for S5
Differential Output p
A B

400 mV

200 mV

offR

-200 mV

-400 mvV

600 mV.
-800 mv
67ps o¥s 67 ps 1339 ps 2009 ps 2679 ps
000 <] Trigger
12Bits 200 sidiv Auto 185V

400kS  20GS/s Edge Negative
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3630576E.¥123-211013 Umiversity of Colorado, Boulder
3 3 o lgSDE Gr%up, Seg"nbor D?OZI A
Stackup: 7628

Self starting breakout board.
* Powered by 5V or external USB. e 7 =
* RX+ and RX- with SMA connectors

* Differential 1V pk-pk 5Gbps output.

* USB 3.2 Gen 1 memory stick.

* PRBS like 5 Gigabit differential source for S5 | " |

200psidiv Auto 185V
128 4o0ks ~ 20GSis Edge Negative

Fig. Eye diagram obtained from probing differential
signal from RX+ and RX-
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Early design

* Both lines need to be terminated for self starting.

* Adding a header switch to a resistor adds a big stub
when not in use.

Umiversity of Colorado, Boulder
HSDE Group, October 2021
Stackup: 7628

* Different breakout boards for single-ended and g m, m; R e Ter e
differential operation. = E” ”

RX -

c1 \I]D suer
g L 5 GBPS for $5
" | Single - Ended
——ePl " °

Fig. RX- terminated to 50-ohms to allow for single ended
measurements on RX+.
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University of Colorado, Boulder
HSOE Group, September 2021
Stackup: 7628

Differential measurement Differential measurement
with an open stub without a stub
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$5 USB device $30 USB device
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10GS/s Sample Rate 20GS/s Sample Rate
2 samples per Unit Interval 4 samples per Unit Interval
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Conclusions

* Always connect both channels to a 50-ohm load.

* Obtain single ended eye by looking at only one
channel.

» S5 5 Gigabit per second differential source.

Fig. Final Breakout board in use
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* We would like to acknowledge the following companies for their generous support:

—GE Healthcare.
—Keysight Technologies
—Ansys

—Teledyne LeCroy
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Thank you!
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