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3 Step Decoupling Capacitor Optimization

Design Methodology for DeCap Optimization

1. Calculate 15t order approximations using simple resistor, inductor,
capacitor R-L-C models

# 2. Use Target Z to optimize the decoupling capacitor selection using high
fidelity EM models (ADS PIPro)

3. Validate with full Power Integrity Eco-System simulation in ADS
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PDN Impedance Mask Maximum Frequency

Package/Die S-parameter Estimates Max L: Max Lppy = Cppg * Z %arget
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Package/Die S-parameter Blocks High Frequencies

Noise transfer to the die is 1 to 1 at low frequencies but is attenuated
at high frequencies.

10mV Noise Transfer to Die

AC Sweep |

Die Voltage with 10mV @ Package Pin —

1E-2

g3 LUl

Voltage at Die, V

B4 Ll

1E3 1E4 1ES 1E6 1E7 1E8 1E9 3E9
Frequency, Hz
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Optimize Decoupling for Max Performance/Cost Ratio

Target Z Decoupling Capacitor Optimization
40% Reduction

in Part Count
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Net Based EM Tools Make it Easy

Designed for Usability
PathWave ADS PIPRO

] panda-es-b-allegro_allfeb19_adfi [panda-es-b-allegro_allfeb19_ib;panda-es-b-allegro_allfeb19_adfiSIPro PIPra Setup] (SIPro/PIPro Setup) —— - —
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ways Start with DC IR Drop!

SINKs
Name Source Current VRM Voltage Input Voltage Tolerance Margin Pass/Fail
WCC1v2_FPGA UGOD 0.5 A bty 1.14755 V 5% 0.00755 V pass M
[VCC1V2_FPGAJ: Voltage (V) PathWave ADS Pl PRO VCC1V2_FPGA_UGL 0.3 A 12V 114745V 5% 0.00749 V pass &
— WCC1IV2 _FPGA_UGB2 0.3 A 1.2v 1.14745 W 5% 0.00745 V pass M
1.14 1.15 1.16 1.16 1.17 1.18 1.19 1.19 12 VCC1V2 FPGA Ul 0.8 A 12v 1.1463 V 5% 0.0063V pass &
WCC1IV2_FPGA_U24 0.4 A 1.2v 1.14084 vV 5% 0.00094 V pass M
Sink : U63 WCC1V2 FPGA U41 0.5 A lria Ty 1.14687 V 5% 0.00687 V pass M
WCC1V2_FPGA_U42 0.3 A 1.2v 1.14715 WV 5% 0.00715 V pass M
Vdrop= 53 mV
VRMs
HMame Source Voltage Output Voltage Output Current Tolerance Margin Pass/Fail
WCC1v2 FET SWITCH U4 1.2V bl r T -2.99999 A 5% 0.06%Y pass fi
Sink : U62
Vdrop= 52 mV Voltage and current reported per Via, Sink, VRM
and more! IVCCIVZ_FPGAF: Current Density IA/mm®*2}
0 0275 0549 0824 11 137

Power Dissipation
and Current Density
visualization

(I EX RS SR YN Y

sl S0 s &9 e e

Sink : U61

Vdrop= 52 mV

Sink : U60

Vdrope 52 mV Xilinx KCU105 - VCC1V2 PDN
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PCB PDN Model

Simulation vs. Measurement
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Capacitor Models without Mounting Inductance
PCB EM Model
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PathWave ADS PIPro EM Simulation of the PCB PDN

Easy setup for high port count simulations

1) IMPORT THE PCB

« Select VRM, Sink, Nets, Components
. Run EM AC Frequency Sweep 2) OPTIMIZE DECOUPLING
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-inix * Auto generate schematic

o MGTAVCC_LS_SPY_P
& MGTAVCC_L_BUS
- o MGTAVCC_L_CS_N E

e , .
e e e — with PCB PDN EM model
Show Detais | | Create.
7 — = o Shon Detae | | Crese A
- | # Vendors 0.0 0.0 # Dec # . P ook nok d t d t
I = oo L o, | pvergers [ oo | oo 1 and optimized capacitors.
€_0_22uf 0402 (H... [ Price 0.0 0.0 7 10 1 3 0
€_100uf b (HW_UL. - = T = = ﬁvtt uc1262_revb_PI-AC_Ckt_VTT_AC_full [HW_U1_UC1262_REVB_FINAL_lib:vit_uci262_revh_PI-AC_Chkt VIT_AC fulschematic] * (Schema P [ 3
8 Reoui 230 desaps 3 o, 1 vendors amdprceorap S lgisi| T Bt Sokit Vew i Gphors| ook Loy Smise oo D 'P;namifm st s o1 o
o | et | CINER&IN X9 [ eE R -[te v | 0| 5 o
-
el — | & = HEX
- e r
s - -A)Z(1,1)] for selected analysis - Original setup edance
icini Target Impedance
A—a—4|Z(1,1)| for chosen result
1 LumpedMoc / . e —
2 Lumpedioc E 10 //_; umped-Companent T
= LumpedMoc | £ i St = "? ? “?
3 4 A R R_Model
o g 1 Target Z : =
S| Lumpedwor 3 et — = & — —— —
5| umvoc| 5 01 - ] el A e = = =
2 e =
T /i;_ﬁ,r«*’a -+ | B b =1 P =0 P
e S e - — = = — —
N = i — p— e
0.001 0.01 gt 10 100 oGexd E; - = — Ll
Frequency (MHz) [ | :i
Instra SHORT HUTIND —
[ i 2 —=i—
[ o =
PRL PRLG g
=]

Parts | Layers i |

Copyright © 2020 Keysight Technologies, Picotest.com, and Xilinx ~— (eSSt —_ Bk s s s S )| 1 )




Simulated Pl Ecosystem Impedance is Easier than Measurement

Impedance measurements did not see the resonance at 30 MHz!
« Decoupling capacitors
dominate the impedance of

100 the VCCINT PDN.
Measured FPGA Bottom
1.00 S i rrEat ,»"',?.-J.g VRM - Measurements with
g at 30 MHz ' 'f, aRE i VCCINT are only
g s jJ Package Pins accessible on the bottom
5, 4 side of the FPGA and
“é.i e | include the via inductance.
= -1.00m4 [T = ' Die
b a = . PIPro PDN EM model with
100,11 | | Pl Elcosystlem M9d9| package/die (CPM) in ADS
100k 100k 100k 1.00M 10.0M 100.M 1.00G schematic accurately

freq, Hz predicts impedance peak
that measurement could
not see.
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3 Step Decoupling Capacitor Optimization

Design Methodology for DeCap Optimization

1. Calculate 15t order approximations using simple resistor, inductor,
capacitor R-L-C models

2. Use Target Z to optimize the decoupling capacitor selection using high
fidelity EM models (ADS PIPro)

‘ 3. Validate with full Power Integrity Eco-System simulation in ADS
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Modeling the Power Integrity Ecosystem

Three Separate Simulations in one Schematic

Simulation Controllers

W5 |ac

AC

AC1
Start=100 Hz
Stop=40 MHz
Step=

VRM

State Space Mo el

L5 -JZ=50 Oh,

VRM + PDN + Load = Pl Ecosystem

Temz

b | TemiG2
2 Mum=1

Small Signal

| TermG
L lrames
2 | Num=2
/=50 Ohm

AC Impedance
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Sl and Pl Co-EM Simulation

PWR eSS
L] L) ,_d--"'"'_
r—#“d (. ] |
CCcs n+ { E—NV&
T .
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é? GND R ] E |
3D Channel
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Vendor Specific IBIS Models to Improve Accurac

e Xilinx Kintex FPGA and Micron DDR4 IRIS models

- T ey =
=T Ek
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- et
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Simultaneous Switching Noise (SSN)

VCCO Pin Noise Voltage By SSON

* Shows SSN noise voltage at o0
VCCO pin, which is similar to the =t
measured data T P, P e
* Both eye width and height are Pt
reduced by SSO noise, as o
expected.
e 387.5p =2 375p, 510mV = 474mV respectively
DQ6
g r\llo PDN - Id|ea| vCceco i With SSON
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—

SSO Noise Measured Examplefe==

* Simultaneous Switching Output Noise (SSON) e

Keysight Infiniium : Monday, September 21, 2015 8:14:41 PM

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help
©100v [-300v |@[1.00V

SEOW |EDILSA | Seal awil ‘

oa_

SSON

-22.6 us -17.6 s -126 ps -7.61 ys
© (5.00 us/ |[2.39080000 ps| @) T 0
(%) Results
X1 200.0000000 s | -3.74000 V
X2 200.0000250 s -1.74000 V

AX 24.9751620 ps 2.00000 V
1/AX  40.039780 kHz 80.0796 V/ms
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» How parallel resonances lead to significant voltage
ringing on the power rail

» How to calculate decoupling C for a flat target Z
» The impact of Capacitor PCB mounting parasitics

» ADS with PIPro DeCap Optimization for reduced part
count and full Pl Ecosystem simulation
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PDN Disasters Do Exist — Always Look at the PDN Impedance!

Video #1
- How to Design for Power Integrity:

Finding Power Delivery Noise Problems .

m | Keysight EEsof EDA
E’: " = " g
i | "How to” Video

Frequency Domain Shows Resonances

Time Domain Excitation — Rogue Wave Failure

olo Analyz i : : 2 90
1 Active Ch/Trace 2 Respense 3 Stimulus 4 Mkr/Analysis 5 Instr State ) Resize ADS ]
’;;-,R rReal Top 6.000 *u / Bottom 1.344 m*u [RT Equ Smo] Trigger 285—
: =1 95,701045 kHz 754.32 mu
o 3 S R LA 2.80
3. 000 i 1 I | i B T 0
2.000 2.75-
2.70- '
506 o8 > 2 651 Max Supply Voltage Target ‘
600. Om L ——— s, NN — || ll
400.0m & 2.60+ |
300.0m 'n_: 2 55_
200.0m 2\ )
5 2.50 ) |
5
100. Om
80.00m m 2.45
60, 00m E 2 40
40.00m = | TSRO PSP S FIORSI ) i S PR —_— —_— —f———]
o x
T & 2-357 Min Supply Voltage Target
20.00m 2 30
10.00m 225
8.000m
6.000m 220
4.000m
3. 000m ! 215
2.000m Y ] 1 T T 2.10|||||||||||||||||||||||||||||||||||||||||||
_ Keysight E5061B 0 10 20 30 40 50 60 70 80 85
T Start 100 Hz B 30 He stop 20 vz IE0 .
T5000d8 [R50020dB Hold 2016-08-23 15:24 time, usec
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Hands-On Lab:
200128 ADS Pl Lab4 DeCap Optimize wrk.7zads

Basics — Instructor Led Demo
Flat Z Capacitor Selection — 15t Order Approximations

Explore -
Parallel Capacitor Lumped SPICE vs. Distributed EM Models

Advanced -
Advanced - PIPro Decoupling Capacitor Optimization DDR4 DIMM

Copyright © 2020 Keysight Technologies, Picotest.com, and Xilinx
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Power Integrity Workshop Summary

Step 1: Rules of Thumb for Flat Z Design starting with a Target Z
Step 2: EM Model of the PCB + Decap Optimization
Step 3: Eco-System with VRM model, PCB PDN, and Load

Step 4: Measure/V&C

Contact us with your questions: steve@picotest.com heidi barnes@keysight.com

jackc@xilinx.com

Copyright © 2020 Keysight Technologies, Picotest.com, and Xilinx
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PATH

PathWave ADS with PIPro

“....the only tool that can do end to end
Ssimulation of the power integrity ecosystem”
Steve Sandler, Picotest.com

KEYSIGHT
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PCB Decoupling Capacitor Optimization
Flat impedance vs frequency for best performance fewer capacitors

B8 PC4-RDIMM_Y¥090_RC_FO_20131106 [PC4_RDIMM_¥090_RC_FO_20131106_lib:PC4-RDIMM_Y¥090_RC_FO_20131106:sipiSetup] (SIPro, -|ol x|
File Edt WYew Tods Help
R e it i o ==
@@@ % 2 Yes C106
: 3 Vi 7
B Design = e sl
PC4_RDIMM_W000_RC_FO_20.. 4 s G5
JF Mets T 5 Yes C109
| Companents T 6 Yes C110
Substrate i 7 Ves Ciil
s . N
: i L R Parameters
. ~Oepins T aramets 8 Yes Cci16
= [ Definitions w ‘ 9 Yes Ci19
& : et
L Materials m PDN Impedance [¥DD_GND_AC _Flat] PO Impedance VDD DL Lﬁlﬁg 10 Yes C120
- - 1 Yes ci23
File  Wiew  Marker File  Miew  Marker 12 : =
z e LT 1 es (
. B LGP . o CLopots o[BI 2
) WRMs Open  ® YRMs Closed R _ YRMs Open @ YRMs Closed B s Ves =
Sirlks Sinks 14 Yes <33
¥ b ' = I i i~ 5 Yes c35
PREEBOX LART ¢ oo mber /| WA | R RBE O X LR TP o Hmbar ! I
Filter Filter Filter Filter |15 Yes | a7
PDN Impedance i o PDN Impedance — 17 Ves c42
: 11 Powe Powe 1§ Yes C44
; 12 Powe Pou 19 | Yes 46
M1z pow LS 20 ves 54
2 14 Powe e o Pa -
415 Pow Orlglnal Paws 21 Yes c95
Flat Z Ho1e pow Powe 22 Yes 9%
17 Pow P b 23 Yes co7
1 powe ety
T PDM Irmpedance i " - . - 24 o C100
= S-Parameters E 1] E 25 Ho c102
W Eectric Fisld g o 2 b 26 No 105
B magnetic Field = Matrx Selearer - ([EIX][ & e = =
2 e s P
fll Current Density =1 = T 2 Matris Selectar = = =
cnarata Tact Bar b o E o o
< | 2 1 b I ) == & e )
e 1 30 Ho C68
e e e - Z
—_— 3 z 3l No 70
Conduckors | Salid ‘Wireframe Hide: 4 3 E 32 No v 75
o = ol &k 33 No 76
Diglectrics Solid ‘Wireframe Hide : s i S e
Translucent view: D:. % 6 35 o c78
TR T T ST a ‘_ B/ ? -
FHBIGDES: 0.01 0.1 1 10 100 - E 0.01 01 1 10 100 - E — Zj E z;
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DDR4 DIMM Example — Ships with ADS

Decoupling capacitor optimization for Flat z
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