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» Tradeoffs
o Cost
o Leadtime
o Performance
* Reliability
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Shorting Resistor PEC Plane RLC Model
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SDD11 B & SDD21 = - TDR (12ps Risetime)
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MLCC SEM Measurements
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A. Side View B. Top View C. Cross-Section D. Line Scan

E. 220nF Front View F. 150nF Front View G. 47nF Front View H. 22nF Front View
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B. Top View C. Side View

C

d A. Isometric View

'

. Name Value | Unt | Evalusted Value|
1 a |$capw 300um 2" $shell_thk " 280um |
C = capacitance b |scsh 0 ZSshel Ik 280um
o — / ‘ g c z?p;\ - ‘EI-EUum-; $shel_thk ?{;Uum
EO = vacuum perm1tt1v1ty i /_,,./' = i g s;ht-n:depm 120 :m 120um
E: = relative dielectric constant k = J h ; ;wa,'.h': T T
%\ | ‘ h Sp\a!e:seo 14 um 1.4um
n = number of layers (n + 1 electrodes) | - | i [solote_cesr 80 un  8um
* L j o |sshel g » un  35um
A = area of electrode overlap K [wP T &
d = dielectric thickness between layers D. Front View & Deslan Variables
. Capacitor Estimated
Case Size MFG, P/N n Plates Er ) Tolerance (%)
Value (nF) Capacitance (nF)
201 220 TDK, CO603X750J224K030BC 90 5000 214.48 -2.51%
201 150| TDK, CO0603X7S0J154K030BC 64 5000 151.82 1.21%
201 47| TDK, CO603x750J473M030BB 40 2500 46.99 -0.02%
201 22| TDK, CO603X7S01223K030BB 20 2500 22.89 4.06%
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z Shunt &

10000 3 Gurve Info

—— 220nF_shunt
Imported

—— 150nF_shunt
Imported

47nF_shunt
Imported

22nF_shunt
Imported

10.00 —

C = 100 4

010 /

Name X i
mi [0.0020]0.3282
m2 0002004451
m3 |0.0020]14920
m4 000203 3543

0.01

C ——— 000001 000010 000100 001000 0.10000 100000 10,0000
0 05 1 (mmy} Freq[GHz]
Simulated Simulated Capacitance Difference from
Reactance X (Q) Capacitance C (nF) Target C (nF) Nominal (%)
0.3282 242.47 220 9.3%
0.4451 178.79 150 16.1%
1.4920 53.34 47 11.9%
3.3543 23.72 22 7.3%
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Name | X : ¥ Terminal S Parameter Plot 3_1 fixture_complexGAP_220nF A Curve Info
: e —— o [P
0201 PKG Fam | Iy et Ngrmm—
o e ) ™~
‘mx . ‘ ,,_\_//* -8.00
= Using the test vehicle with 4 different T TT— . o [
. \ﬂgﬁ/ —ﬁ\\—_______k . Imported
capacitor values and 2 structures BN
(VOID & SOLID) we compare the Ny A
insertion loss of each N .,
o 220nF, 150nF, 47nF, 22nF ﬁ““\\m/_, — | -
\\ —-6.00
\\//——Bnn
——, [ o R
W \\\V‘m ) o Imported
\\ £ -6.00
PCB-108389-SIG-34 REV - N
ﬁmte—c Dc BLOCKING CAP STUDY 1000 2000 3000 S 1000 5000 50000 Namemuu _ :
—— 0.0ZZUF m1 32.9000 | -3.8930
m Lo I O | o= ) m2 |21.4000|-2.8488
2X CAL: , i, d8 L 1VOD ms 211000 35685
[ m P ) |_| 063 H m4 | 17.0000 | -2 7032
IX CAL 3. -f i: BB I:isSOLID e il
e o ®e gl °o ® m8 | 21.6000 | -3.4508
u w CG4 e m7 21.2000 | -4.1063
mg 171000 | -3.1205
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Simulated
Measured
Both

Capacitor Models

Complex | Complex | Shorted Simple
N Value VOID SOLID VOID
>220nF [ X ) X
1 150nF
47nF
22nF

Compare Capacitor Models

1. SIM 220nF - All

Model Types

2. SIM 220nF/MEAS All Values Complex Model (VOID)
3. SIM 220nF/MEAS All Values Complex Model (SOLID)

Channel Exploration
4.  SIM & MEAS 220nF, Chip to Module Host TX Pkg Only (high loss pkg)
5. SIM & MEAS 220nF, Chip to Module Optimistic TX/RX (low loss pkg)
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How do simulation results vary between modeling structures?

How do capacitor values for a given case size (0201) affect inductance?

How does the transition geometry (SOLID vs VOID) impact channel performance?

What impact does loop inductance have on these geometries?
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Simulated
Measured Capacitor Models
Both

Complex | Complex | Shorted Simple
Value

VOID SOLID VOID VoID
220nF [ X X J X X
150nF

X X
47nF X X
22nF X X

[\

SHORT_VOID COMPLEX_VOID SIMPLE_VOID

DesiGnCon'Ezm

WHERE THE CHIP MEETS THE BOARD




Y1
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4 ——
-10.00 — \/
-20.00 —
-30.00 —
T Curve Info
B COMPLEX_SOLID
Imported
|_r§}gMPLEX_VOID
-40.00 meons
SHORT_WVOID
Imported
SIMPLE_VOID
Imported

I20.'00I T AO.'UOI T I60.00I

100.00
Freq [GHz]
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SDD21

/

Curve Info

COMPLEX_SOLID
Imported

COMPLEX_WOID
Imported

SHORT_WVOID
Imported

SIMPLE_VOID
Imported

o

40.'00 60.'00 80.'00

Freqg [GHz]

20ho
Moy [z

100.

Simulated
Measured Capacitor Models
Both
val Complex | Complex | Shorted Simple
alue
VOID SOLID VOID VOID
220nF [ X X J X X
150nF X X
47nF X X
22nF L X X
TDR (12ps Risetime)
120.00 —
115.00
110.00
105.00
100.00
9500 4
90.00
1 Curve Info
] COMPLEX_SOLID
85.00 — Imported
] —— COMPLEX_VOID
20.00 Imported
] SHORT_WOID
b Imported
7500 — SIMPLE_WOID
B Imported
70.00 T T T T T — T — T
0.0o 200 20l00 60,00 80.00 100.
Time [ps]
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DIFFERENTIAL RETURN LOSS [dB]

SIMULATION
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DIFFERENTIAL RETURN LOSS [dB]

Simulated
Measured
Both

Capacitor Models

| Complex | Complex | Shorted Simple
Value voiD | SoLD | VoD vOID

220nF [ X X ) X D)

150nF X X

47nF X X

220F | X X
MEASUREMENT

/)

30
Froquency [GHz]

-220nF
-150nF
-47nF




Simulated
Measured Capacitor Models
Both

Complex | Complex | Shorted Simple
VOID SOLID VOID VOID

220nF [ X X ) X X )

150nF X
X
“Iélrk

SIMULATION MEASUREMENT

Value

22nF

[\

10 /_/ I—I___“‘—J—J

DIFFERENTIAL RETURN LOSS [dB]
DIFFERENTIAL RETURN LOSS [dB]

-220nF
-150nF
-47nF

1 1 L L L
60
] 10 20 30 40 50 &0 0 80 90 100 10 20 3 40 50 &0

Froquency [GHz] Froquency [GHz]
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Simulated

Measured Capacitor Models
Both

Complex | Complex | Shorted Simple
Value

VOID SOLID VOID VOID
220nF [ X ) X X )
150nF X
47nF X
22nF X

X
X
X
L X

SIMULATION MEASUREMENT

DIFFERENTIAL INSERTION LOSS [dB]
&
DIFFERENTIAL INSERTION LOSS [dB]

-220nF -220nF
+i{ -150nF

-47nF

sl r 1 1 1 I I sl 1 1 1 1 1
o 10 20 a0 a0 50 & ) w0 % 100 o o 2 0 rr 0 @ )
Frequency [GHz] Frequency [GHz]
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Simulated

Measured Capacitor Models
Both
Complex | Complex | Shorted Simple
Value
VOID SOLID VOID VOID
220nF [ X X ) X X )
150nF X
47nF X
2nF | X

X
X
é

SIMULATION MEASUREMENT

or T T

DIFFERENTIAL INSERTION LOSS [dB]
b
DIFFERENTIAL INSERTION LOSS [dB]

235} =35
-220nF -220nF
o} < -150nF
-47nF
451 -4,
5 1 1 I I 5 1 1
o 10 2 ) rl 50 & ) & % 100 o o 2 0 s 50 &0 )
Frequency [GHz] Frequency [GHz]
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Simulated

Measured Capacitor Models
Both
Complex | Complex | Shorted Simple
Value
VOID SOLID VOID VOID
220nF [ X ) X X )
150nF X
47nF X
22nF | X

X
X
X
X

SIMULATION MEASUREMENT

00

DIFFERENTIAL IMPEDANCE [Ohm]
‘ ‘ 7 .
DIFFERENTIAL IMPEDANCE [Ohm]

g
|

Wl -220nF . -220nF |
-150nF
-47nF

Time [ns]
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DIFFERENTIAL IMPEDANCE [Ohm]

SIMULATION
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Simulated
Measured Capacitor Models
Both
Complex | Complex | Shorted Simple
Value
VOID SOLID VOID VOID
220nF [ X X ) X X )
150nF X X
47nF X X
22nF | X X
T T
T
‘%‘1 t?-(——-h,‘
-220nF ||
-150nF
-47nF

Time [ns]




220nF DC Blocking cap with Host Board package only:

* 56G NRZ
° 1126 PAMA4 Simulated
Measured Capacitor Models
Both
e 112G PA|V|4, 3 TAP DFE Value Complex | Complex | Shorted Simple
N VOID SOLID VOID VOID
>220onF [ X X ) X X )
1 150nF X X
47nF X X
22nF | X X )
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4. Host Package Only Study
Includes TX Package & 220nF Cap

AcceleRate”Cable / /

34 AWG cap model
100 ohm —_——
150mm = J

FQSFP-DD
1in low-loss microstrip

1in low-loss stripline

ALL CHANNELS.

ALL CHANNELS. ALL CHANNELS.

INSERTION LOSS (8]

s |===1_VSR_ETx6_150mm_FQSFP_DD_COMPLEX_VOID
=4 _VSR_ETx6_150mm_FQSFP_DD_COMPLEX_SOLID
=== 1_Meas_220nF_VOID_C1_C2_VSR_ETx6_150mm_FQSFP_DD_COMPLE;

1_Meas_220nF_SOLID_C1_C2_VSR_ETx6_150mm_FQSFP_DD_COMPLE]

Froqusecy [GHi]

Froquancy [GHi]
b b

DIE __PIN ARx6 FQSFP
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Voltage Bathtub - All Cases Measured VOID

ALL CHANNELS . 1_Mass_220nF_VOII_VSR_ET6_150mm_FOSFP_DD_COMPLEX TXonly

o
10 o — T

1 1
20 a0 60 80 100

o
Valtage [mV]

w1 VSR_ETx6_150mm_FQSFP_DD_COMPLEX_VOID
w4 /SR _ETx6_150mm_FQSFP_DD_COMPLEX_SOLID
w1 Meas_220nF_VOID_C1_C2_VSR_ETx6_150mm_FQSFP_DD_COMPLEX

1_Meas_220nF_SOLID_C1_C2_VSR_ETx6_150mm_FQSFP_DD_COMPLEX

WHERE THE CHIP MEETS THE BOARD
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Voltage Bathtub - All Cases

ALL CHANNELS
T

o
Valtage [mV]

w1 VSR_ETx6_150mm_FQSFP_DD_COMPLEX_VOID
w4 /SR _ETx6_150mm_FQSFP_DD_COMPLEX_SOLID
w1 Meas_220nF_VOID_C1_C2_VSR_ETx6_150mm_FQSFP_DD_COMPLEX

1_Meas_220nF_SOLID_C1_C2_VSR_ETx6_150mm_FQSFP_DD_COMPLEX
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Voltage Bathtub - All Case

ALL CHANNELS
T

o
Voltage [mV]

w1 VSR_ETx6_150mm_FQSFP_DD_COMPLEX_VOID

w4 \/SR_ETx6_150mm_FQSFP_DD_COMPLEX_SOLID

w1 Meas_220nF_VOID_C1_C2_VSR_ETx6_150mm_FQSFP_DD_COMPLEX
1_Meas_220nF_SOLID_C1_C2_VSR_ETx6_150mm_FQSFP_DD_COMPLEX
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220nF DC Blocking cap with optimistic TX/RX package:

* 56G NRZ
° 1126 PAMA4 Simulated
Measured Capacitor Models
Both
e 112G PA|V|4, 3 TAP DFE Value Complex | Complex | Shorted Simple
N VOID SOLID VOID VOID
>220onF [ X X ) X X )
1 150nF X X
47nF X X
22nF | X X )
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5. Optimistic Host/Module Package Study
Includes TX/RX Package & 220nF Cap

AcceleRate”Cable o
34 AWG
100 ohm

LLLLLLLLLLL

11111111

DIE PIN ARx6 FQSFP PKG
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Voltage Bathtub - All Cases Measured VOID

ALL CHANNELS
T

100 200 300

300 200 100 o
Valtage [mV]

w1 \VSR_ETx6_150mm_FQSFP_DD_COMPLEX_VOID
w4 VSR _ETx6_150mm_FQSFP_DD_COMPLEX_SOLID
w1 Meas_220nF_VOID_C1_C2_VSR_ETx6_150mm_FQSFP_DD_COMPLEX

1_Meas_220nF_SOLID_C1_C2_VSR_ETx6_150mm_FQSFP_DD_COMPLEX
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Voltage Bathtub - All Cases Measured VOID

ALL CHANNELS . 1_Mass_220nF_VOI_C1_C2_WSR_ETxG_150mm_FOSFP_DD_COMPLEX
T "

20 20 4 60 80 100

[
Voltage [mV]

w1 \VSR_ETx6_150mm_FQSFP_DD_COMPLEX_VOID

w4 VSR _ETx6_150mm_FQSFP_DD_COMPLEX_SOLID

w1 Meas_220nF_VOID_C1_C2_VSR_ETx6_150mm_FQSFP_DD_COMPLEX
1_Meas_220nF_SOLID_C1_C2_VSR_ETx6_150mm_FQSFP_DD_COMPLEX

DEesicNCon‘EmT _

WHERE THE CHIP MEETS THE BOARD

JAN 30-FEB 1, 2018




Voltage Bathtub - All Cases Measured VOID

ALL CHANNELS s 22030, 1_C2 V1 i FSFP._00._COMPLEX

20 4 &0 B0 100

o
Voltage [mV]

w1 \VSR_ETx6_150mm_FQSFP_DD_COMPLEX_VOID
w4 \/SR_ETx6_150mm_FQSFP_DD_COMPLEX_SOLID
w1 Meas_220nF_VOID_C1_C2_VSR_ETx6_150mm_FQSFP_DD_COMPLEX

1_Meas_220nF_SOLID_C1_C2_VSR_ETx6_150mm_FQSFP_DD_COMPLEX
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Test Vehicle Correlation Work
VOID, SOLID, & CAL Layouts
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IL Circuit1

I L3P A B B e ey
0.00 10.00 20.00
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30700 40’00 '5000 ' ' 6000 70
F [GHZ]

A

00

RL

Circuit1

.00

T
10.00

L —
20.00

30000
E

" aolo0 " solo0 7 B0'oo
GHz]

T
70.

A

00



IL COMPLEX_CAP_220nF_VOID 4 RL -

0.00 0.00
-1.00 — ~ -10.00 —
=2.00 — o
= 4 d
D,
= . 2
=) 1 d
& 1 i
m-3.00 — —
- il e
-4 .00 — -40.00 —
-5.00 —— T T T :50.00 T T T T T T T
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00
Freq [GHz] Freq [GHZz]
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Thank you!
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