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Calibrations . Sanilec s
Anatomy of the DUT
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e (Calibration traces consists of:

Ji1ot

— 2.4mm or 1.85mm connector

and mating interface PY 1 !@ _ ™
— PCB launch structure - e .
— Small section of single ended 0 ‘ ‘ NVAXJI04  6erto
Y:-6.091
traces L st
— Differential trace T RL | 1
* Higher BW calibration 20f e N
means: %-30 :
— Decreasing insertion loss =
(push up) s
— Decreasing return loss 0
(push down)
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TO po I Ogy We’'ll first study the
TOPO coaxial connector in
COm pOne nts - isolation
Measurements done in the time
(TDR) and frequency (VNA) domain
—
We'll then
Important to establish study
equivalence between time and the PCB launch
frequency domain measurements!! and traces
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DUT

Fig. 3.4: Optimized rear dimension

Removed threads by
drilling a bigger hole

A

/

Notched \

Fig. 3.4: Optimized rear dimension

Un-threaded

Milled the body
to create an small
notch
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2.4mm Connectors back-2 back ..|

. B2B connectors have low losses, but reflective IL

e TDR

e PNA-2-TDR

as compared to the golden standard (cal piece) o251 % g _
*  Very good correlation between measurement 52 ET % €

on TDR and VNA (equivalence) o é" o'%
*  Whole mating interface present in TDR o1 _::g E ; |

. Partial mating interface present in VNA 51 7
GS1_S1.s2p [1,2] db .
o _S1.s2p [1,2] , 50.5
-0.2 4 50 .
0.4 1495 i
o6k Connectors , , ,
__ | not properly 098 1 102 1.04 |1.06 108 1.1 112 114 1.16
S o8l tighten 1079
[®)]
©
= 1 F — — o i
412+ Golden
<
441 Standard
1.6 -
0 1 2 3 4 5 6

Freq (Hz) %1010
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ST A1-2P4mm

. 515 Al1-ECAL
Back-2-Back 2.4mm on different
mating interfaces (2 vendors)
* Measurements of 2.4mm back to back pair connected a9
to either 1.85mm or 2.4mm terminated cables 5|
* Blue case: DUT connects to a 2.4mm cable. 459 4595 46 T?n'f:fs> 461 4ot 462 -
* Red and case: DUT connects to a 1.85mm cable Py [ i

B1-2P4mm
B1-ECAL

* Vendor-Al a
— Small inductive peak when connected to 2.4mm mate
— Small capacitive dip when connected to 1.85mm mate

* Vendor-B1 .l

— Bigger inductive peak when connected to 2.4mm mate 51]
— Smaller inductive peak when connected to 1.85mm mate

53 -

50

49 -

4585 4.59 4.595 4.6 4.605 4.61 4 ﬁ]i 4 ﬁa 4'- ﬁai |
Samtec Confidential Time (s) Sa mtEu
I N
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1.85mmvs 2.4mm Insertion Loss

Wide .

Two version of 1.85mm found in my
lab: (Narrow and Wide pin)

-05

Both 1.85mm vendors looks similar
and with higher BW than 2.4mm as

expected Narrow

Mag (dB)

0———— Return Loss

e M1-1P85mm-CABLE
e A3-1P85mm-CABLE

1 L 1 1 |
4.595 46 4.605 461 4.615 TD

THe i 0 1 2 3 4 5 6 7
Freq (Hz) x101°
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PCB Launch &

* Architected to mimic as much as
possible a coax structure

|
|
|
|
|
|

* Two concentric rings of GND vias to . . . .
contain and direct the fields

* Dirill size adjustments . . L . .
* Pad and anti-pad sizes p%
o ¥=

adjustments per layer |

e Exit trace width dimension
adjustments

* Design dependent on stack-up
construction and exit layer

/
F
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PCB Launch Test Case

* Launch From TOP to SIG02
* Asymmetrical Impedance Profile — ~59 ohms SE max.

— P side launch vias have a higher impedance than the N side

57

e——
o . [=—————r] .
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NVAx-DVT Sl Evaluation Board Ve .\
55 ' )
samtRcom
>
547 . NovAaRray
wn
Esst ‘ > p
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52 - z s
. | > N ,
51 o L
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50 | B TS OReS|
49 . . . . \ . . . \
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Time (s) %108
|
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Layer Registration . 3.5mils (more than expected)

CT Scan of boards show
quite a bit of TOP to SIG2

registration

Registration
direction

ww 980
Wa)sAs 2)PUIPIOCD BUIDG
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Nominal

(O offset)

Connector Registration Trace Registration (L1-L2)

@===_Conn to the left
Trace sees more
reference plane on

the conn-body, lower Zc

Lower Z

q
] (——— L [ ————
trace to the right

=== Conn to the right
Trace sees less
reference plane,
Higher Zc

Higher Z

Samtec Confidential

Yy Samiec ‘
(—— (—— (— (—— t
trace to the left T Ty T
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Connector DR J103
Registration

TDR_J103_CW
TDR_J103_000
TDR_J103_090

TDR_J103_180
i 51.5 e
Opened the mounting holes and offset TDR_J103_270

the connector as much as possible in TDR_J103_CCW
all directions. 51

52

50.5 -

50 '

49.5 f

49 variation

5.023 5.024 5.025 5.026 5.027 5.028
Time (s) %1078
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| ean  p—_ =m  Layer Registration
 difference \ e ———— 0

5016 5018 502 5.022 5024 5026 5028 503 5.032 5034 5038
Time (s) «1078

2 [ fir==n
i | | | e -
| o= )a
@ NVAx-DVT Sl Evaluation Board 7
J samtec.com

e towwar B — . .
@»», @ )@ @ =2t-/  *  Incases of misregistration perperydmular to the
283 7L, exit trace, we would expect relatively small
wa Vel impedance effects
@ Ea *  The main impact is from miss registration
1 v k : o along the axis of the launch trace exit
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Modeling to Measurement
Co rre I at i O n SIMULATION TO MEASUREMENT CORRELATION

* Feature sizes adjusted per KN = MEAS-104
CT Scan ; RS o3
* Layer registration offsets %
per CT Scan
ol
* Sim TDR rise time adjusted
to match measurement 5
rise time
52 -
* Impedance bimodality
confirmed 51
®
@ -
2 .o. % o Y ® 50 an
... \(p%?_;‘.; ...P/ph\ ®e , , , , , , , , , ,
® e — 0@ \ P 1.01 1.02 1.03 1.04 1.05 1.06 1.07 1.08 1.09 1.1
«®®, Qe 00 Time (s) 10°
e 02 %s
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Figure of Merit Definition

Application dependent

For our calibrations we’ll define a
figure of merit of 5dB
(IL-RL >= 5dB)

= (2:.4mm s Via exit and turn ———————
5 | Inzz:fzit:r ﬂ inductive kick ~ 2fromPNA (J104)] |
55 l
Coupled trace

[ T

51
521

51r

Single-Ended
trace

50

49 r

0 0.5 1 1.5 2 2.5 3
Time (s) 10710

Mag (dB)

NVAx J104

X: 6e+10 ———

Y: -6.091

-10

X: 6e+10

Y:-15.13 \\ |

-20
- l.—.‘ |
Lower frequency
40 resonances ]
9
o .‘\GS
A _
-50 \5\

-c,c,o(\«\ .
O 5dB SN, is at 45GHz.
At 60GHz -9dB

0 1 2 3 4 5 6 7
Freq (Hz) <100




2018

Electronic Design Innovation
Conference & Exhibition

g
0 . Simple Transmi{sion Iine‘
Launch Anatomy
Discontinuity Impact Frequency a0l
Domain ==  _ —i
2 —
 Mathematical model developed to =0
understand (gut feel!!) launch 50
discontinuity effects 0
* With a mathematical model we can: N,
. Freq (Hz) L1010
e Understand launch behaviors o
» Sensitivity analysis
* What if scenarios
Time .
Domain =
S
3
— :
Z2¢=50.50hms,99.7mm,
tand=0.004,dk=3.2,w=5.5mils
z o 2z 4 & & 10 1z u
- Time (s) 10710
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Launch Anatomy (2) |

Simple Transmission line

Simple Transmission line

0k % -10 1

20 F g o0k
m—meas L —
=) m— meas RL -30
§ e 5 RL T _ oy T é’
g . L = 115pH,C=32fF — ot
-40 — meas RL
50 m— gim RL
-50
Remarkable how very
simple models allows us 0 S R B
0 1 5 6 7

to match very closely 5
a complex physical

structure 56 1

55 -

sal

53

o se tline se N0 55 |
BEN

L =115pH,C=32fF

I 49
>

— P 0 5 4 5 8 10 12 14 18

Time (s) x1071° Time (s) %1010
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Simple Transmission line

Simple Transmission line
0 Launch Anatomy (2) . Simple Transmissionine
—
=10 o)
k3] 10+
(]
20 E
o
o 20t
=~ 3k . _ © .
% —::1‘BISLIL é _— a — eas L
A e s RL o3 =30 e 5im I
= -40 s s jm RL -CICJ o = — maas RL
o £ e i RL
50 -40
-60 -50
&
0 ‘ | | | | |
o -680 1
0 1 2 3 4 5 8 107 .o 0 1 2 3 4 5 6 7
Freq (Hz) %10 ~ - -
| | ©
56 S
n 56 L . —mEas | |
o | ~N Different Impedance
1] .
& }_ o5 | along the line
54 L ]
s b
53 r
et 53 -
52 F 8
L 52
51 r (@)
T 51 ¢
50 S
',\, 50 STEP 5: This step does not provide
49 r .
STEP 4 - ol much improvement from STEP 4 |
0 5 ol ., | STERS
Time — 0o 2 4 & 8 10 12 14 16
Time (s) «10710
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Connector Only * Even with a perfect launch we achieve only
Impact 6.22dB & only 1.22dB of margin

Perfect Launch

0 T T T
56 - \ X: 6e+10
Y- 1034 wee "
55 -10 |
5 | 20 + X: 6e+10
Y: -16.56
53 | o -30k
=
52 | g
= -40
511
-50
The perfect PCB launch -60
49 1
1 1 1 1 1 1 1 1 1 1 _70 1 1 1 1 1 1
0 05 1 15 2 25 3 35 4 45 5 0 1 2 3 4 5 6 7

Time (s) x10710 Freq (Hz) <1010
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Launch Sweeps

SNR [dB]

0.6

0.8
L[Henry]

8

e |_=62-11,C=1 614, Z5=53.5

Zse [Ohms]

8 8 2 & & 9 8 8

g 9

&

| =1.2¢-10,C=32¢-14.Z5=53.5

— | =1.2¢-10,C=3.2¢-14 Zse=46.5

0.5 0 05
Time (s)

e

05 0 05

1 15 2 25 3
Time (s) x10710

15 2 25 3 35
x10710
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5dB Sensitivity .

or- — 20,020 Z50=46.5

e L 1611, G52 6667 15.286546.5

s | =2-11,0=5.3333- 15 Zse=46.§

— —Le3e-11,CoBe-15 Zse=455

e L= de-11,C=1.0667e-14.Z58=46 5
| =8e-11,C=1.3333e- 14, Zse=46.§
—L=6e-11.0=1 be-14.Z56=46.5
— =T0-11,C=1.86670-14.Z50=48.5
— | =8e-11,0=2.1333e-14.Z50=48.§
L=ge-11,0=2 4o-14 Zse=46.5
— L= 1010, C=2 6667e- 14256246 5
—=1.10-10,C=2.93330- 14 Zse=46.5
——L=1.26-10C=32¢-14. 2502465

* The best the launch, the higher the impedance sensitivity

* Higher % resonance, better margin why?

S2N Margin over 5dB

50
Trace Impedance [Ohms]

-10

-20
o
=2
o 30
1]
=

-40

54
| =2e-11,C=5.3333e-15,Z5e=46.5
-50 m— | =1.2e-10,C=3.2e-14,Zse=46.5
_60 I I I I I I » 10_10 0.6 08
. 1 46 Zse [Ohms]
0 1 2 3 4 5 6 7 L[Henry] 1.2

Freq (Hz) %1010
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Typical SMA Launch routing implementation

* One launch is 90 degrees rotated from the
other

* Layer misregistration and drill placement
tolerances are directional

* What affects the X-axis for P-launch is
impacting the Y-axis for the N-launch

* X/Y impacts are not the same!

* This is the key Sl issue for the L1->L2 SMA
launch

Samtec Confidential

Zamige
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Impact of fab tolerances
Return loss variation

Big difference when registration aligns with the trace exit

Single Ended Return Loss: isolated launch Single Ended Return Loss: isolated launch

Parallel registration Perpendicular registration

87 g%
i g

2

2

] 1 1 1 1 L 1
Frequency (GHz) ] 10 20 30 40 50 &0 70

—— v E—
Samtec Confidential
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Impact of fab tolerances

TDR Variations
TDR impacts broken out between the P and N launch
orientations
Single Ended TDR: isolated launch Single Ended TDR: isolated launch
Trise =13 ps [0 to 100%] Trise =13 ps [0 to 100%)]
isolated launch isolated launch

Perpendicular registration

Parallel registration *

Impedance (ohms)

8
T
\ Impedance (ohms)

(3
=y
T

o
S
)

Sam

= —l—-—l—- — |
10 20 30 40 50 60 70 80 10 20 30 40 50 60
Time (ps) Time (ps)
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PCB Launch Design Offset anti-pad,

exponential taper
Improvements o v - Reduces ~

/ﬁ registration

N
* |deas to improve . P%xl__ sensitivity
registration sensitivities

and asymmetries ® h | L P

* There are other
parameters that can (@) @)
be tweaked to

IMprove on Minimize launch

Layer
registration

direction

Samtec Confidential
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Comparison of the OLD AND NEW

* Put TDR and RL comparison between both
implementation (New and OLD)

Single Ended Return Loss: isolated launch Single Ended Return Loss: isolated launch

sf  Original Launch

e i | i i | i ' 1 1 I L
'@ﬁntecConﬂde{HIal 70 20 a0 Ei] &0 Fi] m[ﬁ__
Frequency (GHz) yyyaa
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Conclusions

Weak sensitivity to impedance, but high
sensitivity for discontinuities at the end,
(important to keep a clean launch)

2.4mm connectors produce resonances that
rises the S11, leaving only a few dB of
margin for the PCB launch,

1.85mm connectors would help

Connector movement with respectto TOP =™ .
landing pad has an small effect on the launch

High manufacturing layer registration have
a high impact above 40GHz

Look to design with registration in mind,
apply methods that minimize launch
sensitivity

Samtec Confidential
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