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IDM Semiconductor
8 of the top 10

Freescale

IBM Microelectronics
Intel

Infineon

Micron

NEC Electronics
NXP

Samsung
STMicroelectronics

Fabless Semiconductor
8 of the top 10

Actel
Altera
Broadcom
IDT

LSI
Marvell
Micronas
nVidia
Xilinx

IC Packaging
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GAPT

Kyocera

Shinko
Signetics

STATS ChipPAC
UTAC
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Computer

Apple
DELL
IBM
HP
SUN
EMC
NEC

Virtually all use Sigrity

Communications

2 Wire

Cisco

Extreme Networks
Juniper Networks
Qualcomm
Siemens
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Consumer Digital

AVID

Canon

Eastman Kodak
LG Electronics
Matsushita
Philips
Samsung
Silicon Graphics
Sony
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Aerospace & Defense

Draper Laboratory

Hughes Network
Systems

NASA Goddard
Northrop Grumman
Raytheon
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The Effects of Chip and Board Behavior on Package-Centric,
System-Aware Power Delivery Design

-- %irendra Adsure, Long ¥Wang, Jiang Li - Intel Corporation
and Sigrity, Inc; DesignCon February 2009

A package Power Delivery Systern (PDS) iz exarmined to deterrnine the
effects of both chip and board electrical behavior, Package
petrforrnance is assessed assurming different levels of knowledge about
related chip and board structures. Optimization of decoupling capacitor
implermentations for perfarmance and cost addresses these situations.
The increased accuracy of package analysiz performed with both chip
and board data is confirrned. Sigrity products referenced: OptimizePI,

Paper (FOF Format) Fresentation (FOF Farmat)

Broadband Methodology for Power Distribution System
Analysis of Chip, Package and Board for High-Speed I0
Design

-- Hsing-Chou Hsu, Jack Lin - ¥ia Technologies, AzureWave
Technologies and Sigrity, Inc; DesignCon February 2009

Thiz paper cavers characterization utilizing frequency darmain
impedance inforrmation to azses: power delivery systern coupling and
the impact this has on simultaneous switching effects for adjacent IO
cells. A new method for integrated simulation is discussed along with
kay enabling technologies that enable the linking of broadband
network parameter (BNP) information for chips, packages and boards,
The resulting simulations identify frequency dependent issues and
support what-if assessment of decoupling strategies, Sigrity produds
referenced: PowerSI and HcitePl.

Paper (POF Format) Presentation (POF Format)
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Switching voltage Regulator Moise Coupling Analysis for
Printed Circuit Board Systems
-- amy Luch, Gene Garrison, John Powell - Intel

Corporation; DesignCon February 2009

Sysrtern reliability issues associated with switching voltage regulatar
noise are growing ... particularly for motherboard designers, This paper
describes a simulation methodology developed to predict and prevent
these problemns, The simulation flow discussed identifies coupling
between planes, shapes, transmission lines and wvias for entire boards,
Targeted dezign improvernents ware identified by the sirmulations and
there was good agreement between these simulated results and
rmeasured walues, Sigrity products referenced: SPEEDZO000.

/iy Paper (PDF Format) Presentation (PDF Format)

Time and Frequency Analysis of Signal Moise as a Function
of Power Moise and Yice ¥ersa of a Microcontroller Plus its
Packaging

-- Ekkehard Miersch, Mehmet Goekcen, Thomas Steinecke -
Infineon Technologies and EFM Consulting; DesignCon
February 2009

The paper covers strategies for the assessrent of zignal and power
integrity effects in cormplex systerns that include chip and system level
structures, Methods to determine current signatures are discussed
along with frequency and tirme domain co-simulation techniques.
Simulation results enable accurate assessment of distributed an-chip
and package level decoupling capacitor implementations, Simulation
results are correlated with measured data, Sigrity products referenced:
#citePI, SPEEC2000 and PowerSI,

/%y Paper (FDF Format) Presentation {(POF Format)

A novel methodology to handle the layout constraints for
designing an optimal Power Delivery Network

-- Praveen Pai, Parthasarathy Ramaswamy, Julius Delina C
Intel Corparation; DesignCon February 2009

Fower Delivery Hetwork (PDM) design flows focus on meeting in either
the frequency darnain or tirme dormain targets to control issues such as
noise ar jitker rmargin, Successful design requires adapting to many
constraints including keep out zones, narrow power shapes and mesh
like structures on the power planes., The paper provides a new
rethodology to addresz these challenges, Simulation and lab data are
provided for designing a good reference plane, Sigrity products
referenced: PowerS] and SPEECZ000,

/7ey Paper (PDF Format)
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Wt TR

PowerSI: SCHtRAME 4 T B, o FTIEE IC Hi%3 PCB 46 {55 F1 8= IR R 4mi i
e s =5, KIS LR 5 R e RS 4 ;

PowerDC: S3ETRRIER 41 TR, oTH T IC #4&3 PCB I ERE &t #
T syt fia LR Ardl . Bihish A B ARG E G DRC fu &

OptimizePI: #4511 PCB HiFETE S th R EREFN S+ TR, TTRT & EEERA
B T RISERETL, SEEFELEN T S EERT LS,

XtractIM: - E4EREMERIEE TR, AJ4ER] IBIS, SPICE B R H<FaE B,
Broadband Spice: TAlm S ERELFHm T A, dlLIT{ERHE N uy OpPlsgEdies
& RY, SPICE <83 B 185 ;

XeitePI: U ek B iR g S st TR, = 8T IC NEF BB S BIERES
CoDesign Studio: U FFlEEFHE ST LA, 7 LE— Sl it MEFRIEHFE
S F B LR

Unified Package Designer (UPD): %l FIICEEE 171t TR, S2#F-5FWirebond- Flip-chip-
LeadframefISiPSFEAE IR, FARRF pla BRI iih ek 77 20 LI (R 48RS T B B
A R0 AT AT M =

OrbitIO Planner: 0 F . #4E EPCBHRARIOEERMLIL T E,;

Channel Designer: =if &TIRIERF Al ath TE, ZHL A BTAMITER I E 2R 4578
R, eI {fE10Gbpskl ERFREIHE (BER) f51R
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B R 43 BT - SPEED2000
o A5 T ML B I T 53 B
o YR/ IR PR PRSI S0 A B A A 8] o AT o Hir 3 SIGNAL & POWER INTEGRITY SOF TWAREFOR
° *ﬁé&ﬁ‘]EMl/EMCﬁj\*ﬁ‘ IC PACKAGE & PCB

Pk #r - PowerSI
o HIESESHIMNESE (SIY/Z) BRI
o AT AL E LA

RTINS @& ) | KEY TO THE POWER & SIGNAL
o EIRBII T : INTEGRITY SOLUTION |

B R BRI %23 - BroadBand SPICE
o BINKSEL (SIYIZ) BRI RS ks P A DR S I SPICE. 45 5 HiL S AR 7Y

BERaM, #9Hr - PowerDC
o EHIMIERF, HE A LR
°  VRMEN 2L 1 B AL AL
o HHIES ST

Mentor Graphics Boardstation,

BB ATIEIE 3T - Channel Designer Expedition, PowerPCB, ICX
AR IR o AT Zuken CR5000, Visula, CADstar
o RIGEHT ’ ’
o EREEIAMIAE Y Altium Protel, P-CAD
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Unit. A/mil2
0.09

0.0838708

0.0774192

0.0709676

0.064516

0.0580644

0.0516128

0.0451612

0.0387096

0.032258

0.0258064

0.02
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HLDCn 1. IR Drop/ T it B 2 %

Blue curve — PDS voltage with no IR drop Red curve — Same PDS voltage with SOmV drop

Neck-down Swiss Cheese on solid plane Dynamic trace routing can cut off the PDS

Fig2 Fhistit oR FASFI R = Ad IR Drop ) e 23 i il
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fHEELE ST (5 ¥STHE AR ER)

_____ Reference b e — — 200mm long (L)

VRM r L Sink »  10mm wide (W)
\ / *  Sum thick (T)
+ * Vee »  conductivity is 5.8e7 S/m (G).

» FREHIA—NHIEKIVec B, VRMAISInk ) B WL 5335255 [F]
—/“Reference i & .

> 4. EAREPH, R = L/(ox WxT) = 0.068620hms

RBEVRMF LB B R A1V, Sinki) TAE R N1A, N IR Drop=
1*0.06862=0.06862 (V), [ :Sink Voltage=1-0.06862=0.9314 (V)
> RS RIWT, Sinkinfs 2| 5L bR & 150.9314V, S5EWRTHRE S RY)
A AR &

Shiow Results - = Sink Moltage (1 of 1 Failed)

5ink Yoltage |
Sink Mame Model Morminal Yolkage () Input Tolerance (%) gckual Woltage (W) Margin (W)
sink Equal voltage 1 0 0.931405 X -0.0685946
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SREELL T2 (5 LabszliAH EL)

|| SA load ||

Voltage drop (mV)

Location | Measurement | PowerDC
VO0-V1 35 36.1
V0-V2 12 11.0
V0-V3 9 9.3
- 4 Board size = 2.28" X 2.52" 4 layers board,
( VRM —‘ Model: 1 VRM, 1 load, 2 observation points
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(Flextronicsh A <24

R

4

DC Analysis for Power Integrity

Voltage Drop:

=)

Power DC helps us to track down
the voltage distribution along the
Power Delivery Path.

Power DC helps us to generate
clear table to judge the simulation

reSUIt Pass or Fa“ n Sk Name Mode Norra! Voltags= (V) [rput Toleranc= (%) Actual Voltage () Meargn V)

SINK_LILS_PY_YOOP_CPUD_GND  Enusl Crrant 1. 100000¢ +000 5.000000a+000 106621823000 & 2.123827e-002
I h i SINK_UI6_PY_VOOP_CPUL_GND  Equsl Current 1. 300000 +000 5.000000e +000 106892804000 o 2. 392785 002
e WhOIe procedure 's easy and SINK_UIS_PY_YTT_CPUD_GND  Egusl Current 1. $00000e )00 5,00000==200 104966124000 o 4 69075003

fast SINK U5 PY VIT OPUL GND  Equal Curvant 1. 100000 000 5.0002002 5000 1.04704203000 /'  2.04268200 003

FL E>{ Computing | Design. Build. Ship. Service. | 12
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N RH4: A PCBR LR 2 Ah

(Flextronicsh A <24

DC Analysis for Power Integrity

Current Density:

Power DC helps us to find out if
there’s any critical location where
exist a large amount of current.

By the capability of Power DC to
analyze the current density
distribution, we can find out if
there's any redundant moat on the
plane.

The whole procedure is easy and
fast.

FL E > Computing ||| » Design. Bulld. Ship. Service. | 13
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> BIREZAMAK, B
EREREEXR, MmN5IEEE

—_— A )
N F5: PCBHJIR DropjEtr &4
W HO: SEN
( l j I \
Pl ; ] E
L BRI |
: ToP
503
S0
\voT
so8
s
BOT
: @
(D
IR drop target
IS 66mMV
-/
criteria 66mV (2%)
Voltage refdes Breif description Max current (A) |IR drop (mV) .
+3.3VCS uscpr__ |P6 0.250 -160 D ﬂ }ZE 159%
U2_CPO P6 0.250 -115
J23_GX1 GX CARD 0.218 -113
J24_GX2 GX CARD 0.218 -111
J54_DASD DASD backplane 0.006 -29
J49_RAID RAID card 0.006 -13
U18 FSP1 FSP1 chip 0.51 -2.0
J25_ENETO ENET card 0.006 -1.4
U31_HMCO HMC chip 0.012 -1.2
U30_HMCO HMC chip 0.012 -1.0
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NH6: PCBH) i FLH i #» 25

- overlap shape
- Non-overlap shape

Hotspot identifier
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Layer V07 and V11

> NEF R FE AR AL 24
FELY B i B AL
PR L R 900 4 AR K 2
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Unit Afmil2
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0.0451612
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MO T BLR AE 28 1) B /)N B

Power line width calculator

i —Input:
Tools | Window  Help | ‘
IR Drop Target: 12 ! -
Check 4
Eal:kgfl:ll_ll'llj [ Max Current: | 2 ‘ 2 =
Power line width calculakor. .. ‘ Distanice: between YRM and SINK: | a0 ‘ mm |-
':ll:ltiI:II'IS F Material Thickness: | 0.034 ‘ rim -
Temperature Rise on Material: | ] ‘ C -
Temperature Coefficient per degree C: | 0.0065 ‘

Material Conductkivity at Room Temperatured 20ia) | 5.05a7

Default ‘

Calculate

—oukpuk:

Minirnurm Line Width: Z.47155

|I'ﬂIT| e

> 1258 T A e AT 26 H T R AR 2 ) i/ T
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N 10: 3DIAARE 7~ H A0 B IR A0 A

40 A/{mmA2)

Afmm’2)
(mmA2)

28 "\’( mm2 J
24 ,ﬂ\.,"( M }
20 Af{mm"2)
fmm”2)
fimmA~2)

, . 30 Result Display Conkrol o
Allmm”2)

‘ackage resulks
Signal$ToP
Signal$L1
Signal$Lz

2831 pAf{mmh2)
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CEETIESIE)

i JE AR 2 i/ 5 PCBELICHHEDC /) s

FA L RPCBE Z M AT 1 FE L A AN e L FE I A

A]{ff ELumped to Lumped, Lumped to Multiple, Multiple to LumpedlL
Multiple to Multiple %25 F 7 =¥ pin-to-pin . fH ;

AT A5 2 b VR BHPT I ZE, A2 S DCIE L A8 B Y S-param s 44 1
SPICESE R

Z T2 #3EHIR Drop 7y #rs

AT B, 55 PR ) 8 M R, 1 H A Al BUE R B &
R E [T Workflows

mE A R (FEMD B3k Jo i H P i0E Mesh R a] 453 21~ RS 4 1~ 118
PRE— N E B R R

A & [f]Constraint managementfii {5 5 3 ¥ & J4 51T I DRCEL 7 ;
FERTA RIS BIRE RER, IF5TiSe € i ConstraintsE LUK

¥ DRC Marker Jz#r[H]Allegro Layout 3 44,
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AL
A

-t

B TFEERMASR 4R ;
RAEREEAE - = _
B E‘J%Hﬁﬁ%@%ﬂﬁﬁ}g i

/

> 5

py

SR B RE 507 B 5 BBt A RS

THRKRITES,

PR T G RS .




-

»

EHIMBI3DER

P4 144

FEEARET 3D BERI AT
BRI

P

\/

/‘\SIGRITY




= _/\SIGRITY
17 58 SCHIAH R

m [RTEBERZIN, A—ARERSR, SRR FIEDie N ER
T IR RE 2R B FRIA 5] 2

m PowerDC-Thermal 5t F 27p4% 23\ 2:44 74
1. fEEIhEEEMAN, BERMSK, FHWSA T84 NE

2. FATHFEXF, BEESACHFERREMZESMHAER (LTH)D




A1 B Tk e SOCHF

| EAKAGE POWER

20

30,75 8641237

34.80 9.019732

3845 89376941

42.35 8787684

4517 10230422
49 98 10728415
53.88 11.276497
57.73 11.841193
61.75 12528715
65.85 13.243416
697 14.002816
7355 14.812501
7788 15755441
81.7 16.813701
86.03 17 873299

90.2 19.087921
94 .1 20361731

< EEMKXEITI#E, HDie W E I HI)
Fe5 A

%%*B%B‘Jiﬂﬁ H1Die P & A 3h A8 5

9842 21.740563

10238 232240389

106.35 24840948

FOWER MAF

22 24

0.07 0.07 0.07 0.043315217 0.043315217 0.043315217 0.043315217
0.043315217 0.043315217 0.043315217 0043315217 0.043315217 0.043315217
0.043315217 0.043315217 0.043315217 0043315217 0.043315217 0.043315217
0.043315217 0.043315217 0.043315217 0043315217 0.043315217

0.07 0.07 0.07 0.034118078 0.043315217 0.043315217 0.043315217
0.043315217 0.043315217 0.043315217 0.043315217 0.043315217 0.043315217
0.043315217 0.043315217 0.043315217 0.043315217 0.043315217 0.043315217
0.043315217 0.043315217 0 ] 0.043315217

0.07 0.07 0.07 0.034118078 0.034118073 0.034118073 0.034118078
0.034118078 0.043980476 0.043980476 0.043980476 0.043980476 0.043980476
0.054770054 0.054770054 0.054770054 0.054770054 0.035191907 0.035191907

SIGRITY



WRYE3DIEE, =M BIIFER
HHiHHE

68.69

\.—-"'

.
.

N
f g
K

- PowerDCf¥JThermaliZZ /R 55
4, S TILAER LM

n_‘\‘
S
Mgt

U
1) | L

j iy

il .
r“\lll Il l'|||;§|;i|>|:;lll ll}illllll':][|l; "

)

It 1

I'E;:

"'I|

iy liji

;"““.!];
| ||

|l ;
II‘

II | "
.',‘:\ 11y |

| |
Py 1y
ol

T FLHIERE

NASIGRITY
y \V//_ ,




/\SI_GRI'IY

AR R Y BSERISubstrateffi £

B THRAUNERBRD,
hdsh 2% ) A 12 EE AR




2 CADBHH XA

/PR ETE
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1. ﬁ%ﬁ@mﬁﬁv%ﬁ
. EATS 0JA, WIT, YJIB (JESD51-

Heat Sink
2A) |
o TREIXTTR 0JMA, WJT, WJB (JESD51- etk itk
6) Molding Compound

Wires
Die Attach

- 6JB (JESD51-8)
» 0JCtop, 6JCbottom (JESD51-12)

2. HEMEEHER (CTM)
o XUHFHAY KEBA (JESD15-3)
 DELPHI E#&#A! (JESD15-4)

Bottom Thermal Slug

Solder Joint

Heat Sink Heat Sink

Heat Sink Attach
Top Thermal Slug

Heat Sink Attach
Top Thermal Slug
Molding Compound
Wires
Die Attach

Molding Compound

Solder bumps

Solder balls Underfill Solder balls




Case Node

(JESD14-3)

eJ'Cti:)p

Junction
Node

e.JB

Board Node

/\SIGRITY
ESpEYing g ity it

Top Inner Top Outer
(JESD15-4)
Thermal
Resistors
Junction Leads
(heat source
Bottom Inner Bottom Outer

T lener Node Top Ouser Node
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10 C_10nF_0402_GRMISSRF1IC104KASS 0402 RLC 10 Q.5 0.47 Fi=] 00476 0,001 F5.32M
12 C_22nF_0402_GRMISSRF1ICZZ3KAD]L 0402 RLC 22 21.2 0.45 44 00448 0,001 51.53M
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Scheme 44 -0.2499 -0.0C
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Scheme 52 -0.23978 -0.01
' Scheme 53 -0.2395 -0.0z
. Scheme 54 -0.23662 -0.0z
, Scheme 55 -0.23416 -0.0z
Scheme 56 -0.23406 -0.0z
Schere 57 -0.23326 -0.0z
Schermne 55 -0.23078 -0.0z
Scherne 59 -0.23002 -0.02
Scherne 60 -0.2298 -0.02
Scherne 61 -0.22786 -0.02
Scherme 62 -0.22742 -0.02
Schere 63 -0.22486 -0.02
Scherne 64 -0.22464 -0.04
Scheme 65 -0.22458 -0.04
Schemme 66 -0.22434 -0.04
Scheme 67 0,04
Scheme 68 -0.21846 -0.08
Scherme 69 -0.21786 -0.08
Scherme 70 -0.21758 -0.08
Scherne 71 -0.21516 -0.08
Scherme 72 -0.2151 -0.0€
-0.21486

Scheme 73

Average Impedance Ratio

Performance vs Minimum Cost

SIGRITY

M TR

i N . 33% 925'[_5@.‘.(!@ e

E ; : ; Ongina . cheme

B IFY B - S Bt S SR S ]

04 e S [ b A P v
-0.3 -1.25 0.2 -01.15 -01 -0

Relathve Cost

Impedance vs Frequency

1 - - - - -
Y Onglnal | ] |
03 f- g0 AN P et S
5 Schemeé67 (33% cost saving) |
006 f-emmmoeeev e N b N AAL--E-
N —e e
Y I T T — Y b
Te-b Te5 1e- 1e-3 0.01 01 1
) Fraquency [(GHz) ]
voltage (mv) Time Domain Verification
10
I} ’H::r\‘\}!\\rf oy ey
__ ‘\ ]Iﬂllvu:llll_. o - \;\:”'_.-_ ‘: . :. F= %
wdl , M Original
1 ﬁ'q} Scheme67(33% cost saving)
20 F I"'|II||
-30 ] - T - U T v
a 20n 40n Ban 80n 100n

Time (g)
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Scheme ID  Cost Impedance C1_NC2 \C3 V\C4 YC5_\C6 \C7_\C8 \C9 \C10 C11 C12 C13 Cl4 C15 Cl16 C17 C18 C19 C20 C21 C22 C23.
Scheme 1 0.201 19.965131 X 4 X X X X 2 X 2 X X X X X 4 4 X X X X X 3 X
Scheme 2 0.202 19.918919 X X X X 4 X X 4 X X X X X X X X X X 4 3 X 3
Scheme 3 0.21 19.725069 4 X X X X X X 3 X X 2 4 X X X X 2 X X X 4 5 4
Scheme 4 0.227 19.676452 X X X 5 X X X 4 X 2 X X 2 X X X X X X X X 5 4
Scheme 5 0.229 19.667312 X X X 4 X X X X 2 2 4 X 3 X X X X X 2 X X 3 4
Scheme 6 0.236 19.539375 X X X 5 3 X X X 2 X X 4 X 5 4 X 4 4 X X X X X
Scheme 7 0.237 19.285003 3 X X X X X X 4 X X X 2 X X 2 X X X X 3 4 5 3
Scheme 8 0.246 19.259111 X X X 4 X X 2 X X X X X X X X X X X 2 X X 4 4
Scheme 9 0.256 19.194559 X 4 X X X X 2 X 4 X X X X X 4 X X X X X X 3 X
Scheme 10 0.269 18.857856 X X X X X 2 4 X X X X 3 X X X X X X X X X 1 X
Scheme 11 0.335 18.755864 X X X 5 2 X X 4 X X 3 X 5 2 X X X 2 X X X X X
Scheme 12 0.337 18.73206 X X X X 4 2 4 X X X X 3 3 X X X X X 3 3 X 1 X
Scheme 13 0.338 18.702451 X 2 X X X X 3 4 X X X X X X 4 X X X X 5 2 1 3
Scheme 14 0.35 18.689192 X X X 5 X X 5 X X X X X X X X X X X X 3 X 1 3
Scheme 15 0.379 18.624997 4 X 4 X X X X X X X 4 X X X X X 1 4 X X X 5 X
Scheme 16 0.38 18.620311 2 X X X X 4 3 X X X X 5 4 X X X 1 X X X 4 1 3
Scheme 17 0.382 18.543074 4 2 X X X X 3 X X X X 3 X X 3 X X 4 X X 2 5 X
Scheme 18 0.385 18.516154 X 1 X X 5 X X X 2 X X X X X 4 X X X 2 X 4 X 4
Scheme 19 0.388 18.477548 X X X X 4 4 5 4 4 X X X X X X X X X X 3 X 1 3
Scheme 20 0.393 18.427117 X X X 5 X X X 4 5 X X X 5 2 2 X X 4 X X 4 4 X
Scheme 21 0.43 18.411733 3 X X X X X X 3 X 2 X X X X X X X X 5 X 1 3 X
Scheme 22 0.439 18.296769 X X X X 2 2 5 4 2 X X X X X X X X X X 3 X 1 3
Scheme 23 0.46 18.268527 X X X 5 X X 5 X X X X X X X X 4 X X 2 3 X 1 1
Scheme 24 0.486 18.241662 X X 4 X X X 4 4 X X X X X X X X X 4 X 2 4 1 5
Scheme 25 0.504 18.20095 3 X 5 X X 2 X 3 X X X X X X X X 5 3 X X 1 1 2
Scheme 26 0.514 18.190489 X 5 X 5 X 5 4 X 2 X X X 4 X X 3 3 2 3 X 3 1 X

(o)
(o]
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Z Amplitude (Ohm)
. Simulation
Measurement

Log-Log Scéle

1e-3 00 01 1
Frequency (GHz)
What-il

\
J A\// Linear-Linear Scale
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SIGRITY

[ show Mo Capacitor

Show Relative Yalues to Original Scheme

[ Craw Flacement an Layaut Yiew

Expoart Placement

Scheme ID Relative Cost
Scheme 9 -0.27975
Scheme 10 -0.2593
Scheme 11 -0.25895
Scheme 12 -0.2581
Scheme 13 -0.23815
Scheme 14 -0.2373
Scheme 15 -0.23645
Scheme 16 -0.2165
Scheme 17 -0.21565
Scheme 18 -0.2148
Scheme 19 -0.19485
Scheme 20 -0.194
Scheme 21 -0.19315
Scheme 22 -0.17927
Scheme 23 -0.1732
Scheme 24 -0.17235
Scheme 25 -0.1715
Scheme 26 -0.15762
Scheme 27 -0.15155
Scheme 28 -0.1507
Scheme 29 -0.14985
Scheme 30 -0.13597
Scheme 31 -0.1299
Scheme 32 -0.12905
Scheme 33 -0.1282
Scheme 34 -0.11432
Scheme 35 -0.10825
Scheme 36 -0.1074
Scheme 37 -0.10655
Scheme 38 -0.09267
Scheme 39 -0.08575
Scheme 40 -0.0849
Scheme 41 -0.07102
Scheme 42 -0.0641
Scheme 43 -0.06408
Scheme 44 -0.06406
Scheme 45 -0.06325

Srherne dA -n NRT?3

ReIaI@
70,82

65,51

59,00

56,7

52.00

46,17
43,4
41.00
35,5
34.0¢
33,02
273
25,90
25,90
24,87
20,08
158.1¢
18.0¢
17,74~
12,64
10,98
10,8
10,29
5.3
4, 26‘

Awerage Impedance Ratio

100

&0

Performance vs. Minimum Cost

Felative Cost

Impedance (Ohm)

10

Impedance vs. Frequency

Uil
MImIt

200 400 Gao
Frequency (tHz)

300

100
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(Altera / Sigrity&1EH H )
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Original Design 33% cheaper Design

50mY

°
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-

> RALEEH HATE B
YT USRI, i
JUT-ARR A |

10mV / div
10nS / div
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OPI v2. 1} 4K #T 3 68 g{%}

m Pre-layout BifiE

W FHAHEAT AR AL
T Layout 3 f4:
BB A A AT T R
H A
= StackupA1-F- [ ]~
= RAEFIVRM AL E
* DecapifJ[X1#, [#zMVRM 5Devicelfidecap
= \VRM/Device/Decaptimountings 4
= HixfHPT
MH P B E B 352 B RILIC FEAY
A
Target Impedance & 4% 1 BH T _F R
Threshold impedance & JE ™ #& 1 FE T PR

ﬁ

—
-

|



R E

Pre-Layout4;#7t

....................................

....................................

OptimizeP! :
Pre-Layout |

.....................................

C(F) Rioh
10u
1u
100n

Sm
10m
S0m

0.4n
0.4n

.........................................................................

10mins - 2hours

it [y e—
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d AN Pre-layout g Hrig BEHR, BE?

Lmount_VRM Lmount_device

Lmount_cap

*Every structure is auto created by
the tool from user given input.
*Every structure is mgdeled and

Fast Setup ol

High Accurae . .
. Y y extracted by EM simalation tool
Ldevice
Lvrm (PowerSl).
T
J——
Cplane

Lmount_VRM Lmount_device

Lmount_Tap | | |

Note:
*Resistance is always in series with Inductance but it is not shown in the picture to

simplify the diagram
*VRM, Device,decaps may have more than one iower and ground pin.
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_/\SIGRITY
Pre-Layout3#r S & RE

Q] Generate mounting ‘Q

Decap Mounting

VRM Mounting
Device Mounting

J /4

VRM/Device Location
Stackup

Target Impedance |:>

Decap Regions
Min/Max # of decaps




H SIGRITY
- 100

Pre-Layout4-#7 B EfE&Workflow

Pre-Layout Analysis BB Specify Stackup parameters
Manage Workspace »)

Load Project Decap Library. All decap models in the

v Setup stackup / library will be used as candidates in optimization.
Load/Edit Capacitor Library -—

Setup Component -

Create VRM and Device

Identify which circuit is VRM

Identify which circuit is Device,

Define Component

Setup for Simulati

' VYRM Specify Component Clearance
«/ Device Specify Target Impedance
j :fepqaj::cr: EZZ”; Specify Footprint_ and Fanout for_ each
: g —. decap and Specify Bulk decaps if any
Select Simulation Type &) -
v Optimization Parameters < Salact Decap Obtimization Objective
View Results '~ | Specify Fixed decaps if any
View Optimization Results Specify area constraint and max # of decaps for each decap type
Specify Min and Max # of total decaps
Load Optimization Results Optimization Frequency Range
Specify Impedance Constraint if any




Footprint Library

rFl:u:nl:print MName
FookPrint0z01
FookPrint0306
| FootPrint0402
FookPrint0503
o FookPrint0&03

Urit:  |mentzo17

Fanout library

F o r

Fanout

S\SIGRITY
Lasin

Footprint 1 Fanout FE

Pin Marme Fin Type #imm}) Yimm;) Padstack Mame | Pad Rotation
1 Power 0,000 0.000 pad040z 0
z Ground 0,500 0.000 pad040z2 1]

3 «Available Footprints:

0201,0306,0402,0508,0603,0612,0805,1005,1206,
1210,1411,1812,2220,2412,2917,2924, and pin
arrays.

\pply K Zancel

FoatPrintdz01

FoatPrint0E06

FootPrint0306::
FootPrint0306::
’ FootPrint040:
FootPrint0402::
FootPrint0402::

FootPrint0402

FootPrint0S03

Lnik: T

tvpes

nbvpel
FootPrint0306::
FootPrint0306::

tvpe2

kypeld
typed
tvpes

tvpez
tvpeld

sibyped
FootPrint0402::
FootPrint0S0E:

tvpes
tvpel

sbvpe2

L4 For
IE Fin Mame

L r r r r
Trace length{mm) = Direction — “Width{mm) = Via Transition = Via Pad

1.012

270

0.508

Signal02

viapad

1
E| z il

i

i
i
I
I
]
]

L
'+ 5 types are ready to be used.

i *Customized Fanout can be created by user.

Cancel

apply (a4

default footprint and
fanout for decaps are

from industrial standard.
type5




Min # of decaps = 12

] show Mo Capacitor

Scheme ID

Scheme 1

Scheme 2

Scheme 3

Scheme 4

Scheme 5

Scheme &

Scheme 7

Scheme 8

Scheme 9

Schemne 10
Scheme 11
Scheme 12
Scheme 13
Scheme 14
Scheme 15
Scheme 16
Scheme 17
Scheme 18
Scheme 19
Scheme 20
Scheme 21
Scheme 22
Scheme 23
Scheme 24
Scheme 25
Scheme 26
Scheme 27
Scheme 28
Scheme 29
Scheme 30
Scheme 31
Scheme 32
Scheme 33
Scheme 34
Scheme 35
Scheme 36
Scheme 37
Scheme 38
Scheme 39
Scheme 40
Scheme 41
Scheme 42
Scheme 43
Scheme 44
Scheme 45

Srheme 48
-

Zost

Area

9600

13600
11200
15200
16000
16500
17600
21600
22400
23200
24000
24500
25600
26400
27200
ZH000
29500
31600
32400
32200
33000
34800
35600
36400
37200
38000
38600
39600
40400
41200
42000
42600
41400
42200
43000
43500
44600
45400
46200
47000
47E00
45600
49400
50200
51000
S1800

~

2% Difference to Target

LA,
= S IR ﬁ:.‘:—:ﬁ:i-:#"”'-’-:l"

SIGRITY

fifess R

Perormance vs. Number of Capacitors

At

i el
e I i o S e

20 30 40 50 &0 70 40 90 100
MNurmber of Capacitors

Impedance (Ohm)

0.3

0.2

2e-3

1e-3

N LN\ v hresholdiimpedance

1 2 3

]
1
I
!
4 5 B 7890 200 30 40 50 10
Freguency (MHz)

1] 200 300




a NASIGRITY

Target ImpedancefIThreshold Impedance

Impedance (Ohm)  Impedance vs. Frequency Impedance (Ohm)  Impedance vs. Frequency
03 0.3
02z 0.2
0.1 01 f—-————d-d-biii = ——— bbbl o
0.03 0.03
0.02 0.02

0.01 - .07 Py ——— = — = -

I
|
Je-3 | Je-3 | |
I I I
2e-3 ek 2e-3 | :
i Threshold Impedance | |
I 1 I I
I I I I
1e-3 f t 1e-3 f f
1 2 3 4856 10 20 30 100 200 1 2 3 456 10 20 30 100 200
Freguency (MHz) Frequency (MHz)

*Target Impedancef= il i 5 7 Z I HPTA EAK T
*Threshold Impedancef& il i A I T R Em T2, XN ES & ffats, BrbA7ER:
=N e =R =< SE RTINS VR N BN [

100



(LEE e

PWR

GND

o

o ~NO 01w

11
12
13
15

Decap Report

Generated by:

Enabled Power Nets:

Enabled Ground Nets

Optimized Capacitors Summary

Part No.

C100nF0402
C220nF0402
C2p2uF0402
C470nF0402
C4p7uF0603
C10uF0603
C22nF0402
C22uF0805
C47nF0402

Total ----

*

OptimizeP12.1.b1.02031

Optimized Capacitors Placement

Refdes

CapacitorsOnSamelLaye
CapacitorsOnSameLaye;l— TOp Layer
CapacitorsOnOppositeLaye
CapacitorsOnOppositeLaye
CapacitorsOnOppositeLaye
CapacitorsOnOppositeLaye
CapacitorsOnOppositeLaye
CapacitorsOnOppositeLaye
CapacitorsOnOppositeLay:
CapacitorsUnderneathDevi
CapacitorsUnderneathDevic
CapacitorsUnderneathDevic
CapacitorsUnderneathDevic
CapacitorsUnderneathDevi

Bottom Layer

Underneath

c

P O~NOTWE W
w

[Decap Count

o

ool—\.booov&ooommwmn—w—\m

PartNo.
C100nF0402
C22uF0805
C100nF0402
C220nF0402
C470nF0402
C4p7uF0603
C10uF0603
C22nF0402
C47nF0402
C100nF0402
C220nF0402
C2p2uF0402
C22nF0402
C47nF0402
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/\SIGRITY

10RMAIRHHF

Decap Cost Saving [ASIA,USA, EUROPE]
Determine decaps to meet a target impedance [USA,ASIA,EUROPE]
Determine decaps for the best power plane impedance in high-end products [USA,EUROPE]

Optimize Decaps with limited decap candidates for cheaper cost while maintains same or better
performance. [ASIA]

Decap BOM simplification (Reducing decap part numbers) [ASIA,USA]

Multi-vender decap sensitivity study [USA,ASIA]

Determine which decaps can be removed and have the least impact to the impedance profile. [ASIA]
Reducing high frequency anti-resonance [USA]

Optimize multiple devices on the same plane simultaneously with considering mutual impedance [USA]

10. Review Decap Mounting in a flash [USA,EUROPE, ASIA]

102



NASIGRITY
ZH1: PRUEVEREIF 19 A

CPU core FPGA VDD
Power plane noise comparison

Warkah w Log

-
- -
! -
- - .
6% cost saving OrignaiDesign 33% cheaper Design
o : . _
! acrose. 3370 COSt saving

" .
in il 25 s ' o
- ' margin
Ieridone (e Inpadmice vi. Fraguency |
0ok
e

Smy. B0my
e \
- _
Ean \ T
-:‘:w)/
'
[ ‘e

Memory DIMM Module ASIC dewces

s Odgmal Design Yoo e cormmce 1 Mumer o Casacter

:»;:_- § ,:-:_ Removing 16 decaps
"+ > = 6 decaps removed

= s( 30% decap removed)

gl wi| Optimized Decaps /

o 10mohm ! Vi
[ \\"-__— %3 | - A7 AVadbs /
e, - D0 P

103



HE SIGRITY
- 100

ZH2: e LR S T R UARUE B FRFHPL

Decap Location

] show Mo Capacitor

b

i - ] show Relative Yalues to Criginal Scheme
- 01 7 Sc.h._erne o] lfost rI:lurnber Imieiance Measure Zivedholdintog Pedormance vs. Cost
s f ISchemel 0.06 9 0.458039 | 05 Aiddd
o Scheme 3 0.062 a 0.305836 aanl
Scheme 4 0.063 9 0.252599 03 3
- Scheme 5 0.064 9 0.269991 5 T
Scheme & 0.065 9 0.2697 0.2 e
e ol 2 Scheme 7 0.066 9 0.257976 01 >0 VO :
= Scheme & 0.067 10 0.196668 g !
Scheme 9 0.068 10 0.131697 0t saemy -
Scheme 10 0.069 10 0.10945 0.06 0,065 0.0? 007s 0.08
i 31 : Scheme 11 0.07 10 0.103956 Cozt
Scheme 12 0.072 10 0.0979035
H Scheme 13 0.073 11 0.073095
Schemel =>Cheapest decap solution that Zmii oo 0 oo mpadenca(chm)  ImPedance vs. Frequency
h h . Scheme 15 0.075 11 0,0450194 1 - - r -
d d Scheme 16 0.076 11 0.0396243 :
meets t e a‘r target Impe ance Scheme 17 0.077 11 0.039707 NO decaps except
Scheme 18 0.078 11 0,0382537
Scheme 19 0.08 12 0.0379627 1 : 1 Cap for VRM
Scheme 20 0.081 11 0,0143741 :
Scheme 21 0.082 11 0,0102942
L g A .
I Scheme 23 0.084 11 0 I
y LI SOOIl allU] TialU tadilUel HTTHCEUAl 10K

om

008 f-== iy """""" * _______ ! }i\\i_ ] / A

Hard Target Impedance = Target Impedance (OptimizePl)
Soft Target Impedance = Threshold Imped (OptimizePl)

ie-3

Froquency (MHz)




2 Amplisde (Ohm)

Backplane Server

LoRa it 28 S5 L

New decaps

)
Froquency (MH)

§ O frmmcwn

Original decaps

- - -

1] 0

Home Router

OwOCE N mwa

[ a—

O Pemtukern

- Perdormance vs. Minimum Cost

0 Come Pt et Ve

Original decaps /
New decaps

-

NASIGRITY

177 R LR s s LI e

—

Impedance (Ohm) C P U Core

Peak: Reductlon 26%

~—~ =

............... Time domain

50 100 150
Frequency (MHz)

Original Design I\/Iemory DIMM Module

\

> — - ' 9% cost
Scheme45 (6cents saving) ,,.,f, saving
E |

Bt

105
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AVAN
qI

YA
——
L&

|

—a
|
Lo j—

AR

A

!
|
J

e

=154

ihrarvi

jeckt L

Pro

Component Cask

Rim..

L {nH

Cack ...

A, ..

Model Type

Size
naos
naos

IInit of Size
English

Part Mo,
Z_10uF_0305

I
1
2

0.010

10000
22000

SPICE Model

C_Z2uF_0505

0.016

SPICE Model

English

ORIGINAYW DES

IIIIIIIIII [

et
R b o i s B i . B o o o ot o ot o e o '’
T e o o o o ot o ot o e o
A R AR Y X
e e e R R R R e R R E
Al T ! o

A S o o o ' o
L L L L L L L L L L L L e

o e e o
e e e
e e e
o
o e et e et
e e
A
o e e o

o i e e e
o e e
o e e |
o
o e et et

o e

e e

e e ot e o ot ot
o e 8 o o At o o8

e
e
R R R
e
)

B i i R P R e P E PR,
e e o e e e

Frequency

BOTTOM

TOP

B 10uF

B oouF




] N, »
=z B 2> BB o Rih 2K
® 1] ] ﬁ
I . g AN
Project Lihrary‘i
I.” | PartMo., | Unitof Size | Size Model Type Znom (nF)  Component Cost | Additional Mounting Cost
1 10nF English 0402 SPICE Model 10 le-6 1
2 47nF English 0402 SPICE Model 47 le-& 1
3 100nF English 0402 SPICE Model 100 le-b 1
4 220nF English 0402 SPICE Model 220 le-& 1
5 470nF English 0402 SPICE Model 470 le-& 1
Impedance (Ohrm)
=3 ] - 4 """""" E """""" E T
s 1
» - 10 nF
. = —AY 02
— BN 100 nF 0.0E
= 220 nF
= 470 nF 001
= B3 [==13
0.01 1 100
Frequency (MHZ)
Impedance (Ohm) Irmpedance (Ohm) Impedance (Ohm) Impedance (Ohm)
4 f---mmme- N -~ | 4 q
ul . ;
1 p--mmmmm--- ' """"""" 1 1 1
I e e e B Y 0.2 02
0.06 f---o-o-ociofoeedl g 0.06 0.0
0o p---------- T ity --- 0.0 0.m 0.01
0.m 1 100 0.01 100 0.m 1 100 0.01 1 100
Fregquency (MHz) Fregquency (MHz) Fraquency (MHz] Fregquency (MHz)



a /\SIGHITY_

OptimizeP| it {k.4k5 &

Showe Mo Capacitor = e ot ' o=
h lati I iginal Sch 10nF
Show Relative Yalues to Criginal Scheme - w47 nF
Scherne I Cosk Area Mumber : B 100 nF
Criginal Scheme 5.00003 22400 28 ; B )0 nE
scheme 1 1 a0 1
schere 2 1 1600 2 470 nF
Scheme 3 1 2400 3
Scheme 4 1 3200 4 i b  &n
Scheme 5 1.00001 4000 5
Scheme & 1.00001 4300 6 P :
scheme 7 1.00001  S&00 7 | O”glnal DeSlgn
scheme & 1.00001  &400 8 .
Scheme 9 1.00001 7200 9 Impedance (Ohm) Impedance (Chm) Impedance (Ohm)
Scheme 10 1.00001 2000 10 1 : : : : . .
Scheme 11 1.00001 5300 11 ulz | 4t P P . Uz T
Scheme 12 1.00001 9600 12 0.2 p-----me- B E E " o i
Scheme 13 1.00001 10400 13 : T ey o : |
Scheme 14 1.00001 11200 14 0.06 f---memeee pTTTTT , : : ; i
Scheme 15 1.00002 12000 15 : ! 0.2 fp-mmmmmmee- R LE CEEE R A
Scheme 16 1.00002 12300 16 001 p---------- o R 006 booeomoeo Y . 00F F-mmmmmmme- Lo beee
scheme 17 1.00002 13800 17 : : : y v :
Scheme 18 1.00002 14400 18 de-3 beooeo----o besoooooo- o ¥ A Lo 0ot L e L
scheme 19 1.00002 15200 19 - - : --
Scheme 20 1.00002 16000 20 Impedance (Ohm) Impedance (Ohm) 0.01 1 100
Scheme 21 1.00002 16300 21 ! Frequency (MHz)
acheme 22 2.00002 17600 22
scheme 23 2.00002 13400 23 1
scheme 24 2.00002 19200 24 o
scheme 25 2.00002 20000 25 0.7 Original Decaps
scheme 26 2.00003 20300 26 '
Scheme 27 Z2.00003 21600 27 0.06 Opt|m|zed Decaps
scheme 23 2.00003 22400 28
0.01

Fregquency (MHz

—

Freguency (MHz

—
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| HKAAAG DL B

IC' | Part Mo, Uit of Size | Size Model T.... Cn... Uppe...| Lowe... 3Sef-Re... TCC Manufacturer | MFAg, Park Mo,
1 grm155r71h103kass English 402 SPIC... 10 10 -10 79.43M  XFR Murata grm155r71h103kass
2 UMEK10SEZ103EY English 0402 SPIC... 10 10 -10 7943 XFR TaiYuYoDen  UMKI10SE7103EY
6  Cl00SxX7R1E1OSK English 0402 SPIC... 10 10 -10 79.43M XTR TDK C1005%7R1E103E
9 grmlSSre0jl0amed? English 0603 SPIC... 10000 20 =20 J.16M  X5R Murata arlddraljl0omed?
4  C1a08X5R0I106M English 0603 SPIC... 10000 20 =20 2.51M X5R TDK C1e08x5R01106M
3 IMK107B1106MA English 0e0s SPIC... 10000 20 -20 2.51M X5R TaiYuYoDen IMK107EILO0EMA
Select Simulation Type - = What-if Analysis Parameters - = Decoupling Capacitors
Decoupling Capacitors
Circuit Mame Circuit Model Criginal Design Modified Scheme Group I
C26 CAP_10UF_De0s 5 5 2
27 CAP_10UF_De03 5 5 2
C2a8 CAP_10UF_D603 5 5 2
C29 CAP_10UF_0603 5 5 2
C30 CAP_10UF_0&0s 5 = 2
31 CAP_10nF_0402 1 1 1
32 CAP_10nF_0402 1 1 1
B o >
rTuning ]
—Edit Candidate —iGEroupl FaLp
Group n Parthlo. | armi55e71k| [Partho. [ armigareni
Candidate Filker n 1D 1 1o 3
D Parthio, Swieep Sweep
1 grm155r71h103kass
z UMK 105B7 103KY (-
& C1005%7R1E103K
' [vl Real Time - C e |
& Izl Sider Bar Sort ] Precomputed Result = m




What-ift& 45

SF
255

NASIGRITY

Impedance (Ohrm)

.04

0.z

B L LT SR R

cap venders

o T s e
' |
' |
' |
Pl f three Multiple de
ots of tk >
'
o — -
|
2e-3 d [uning
H :
0.4 2 10 50 300
Frequency (kMHz)
-
Tuning - 0O x
—Edit Candidate —GEroupl——————————— | farupE——————————————— TR "
Grou| Partho, Partkio, i . - -
p [Group 2 [~] armis5r71h1 grmiB8re0ile|| 5 ve Gp_(a1, G201, 104
. » . . [w]U17_WCC_GMD_(G1,G20I01,ID03
|Same Size | - | [F]U17_¥CC_GMD_{G1,G2)ID2, 103
- [F]U17_¥CC_GND_{G1,G2)ID2, 104
j(a PartMa, [l Sweep Swieep [#]U17_vCC_GND_(G1,G2)102,105
3 JMK107BI106MA Murata- Murata [F]U17_¥CC_GMD_{G1,G2)ID6,1DS
4 C1608X5R0I106M ] [F]U17_VCC_GMD_{G1,G2)ID6, ID4
5 grm186r60j106me47 | A VO Yuden - /0 Yuden V| U17_ YOO GND_{G1,G2I06, 103
TDK L ‘ Aadd ‘ | Remave |
Real Time
Slider Bar Sort |ID | - | Update Scheme
3 11 [>] Precomputed Result
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H SIGRITY
H

N7 oy AT WIS 25 2K R S Y SR e /)

| Setup For Simulation - = Impedance Ohservations - = Target Impedance

Target Impedance |

Circuit Mame Circuit Model Link. to Qriginal | Target Impedance Tal’get Im ped ance = Ol’iginal Im pedanc e
Ul7_¥CC_GND

Optimization Manager

Group Marme Opkimization Objective Impedance Measure
OptimumDef aulk East Parformance vs. Mumber of Capacitors * | Averaoge Imoedance Percentane Difference ko Taraet -
I Best Performance vws. Cost Average Impedance Ratio to Threshold-lag
Best Performance vs, Area Average Impedance Ratio to Threshold-linear
Best Performance vws, Mumnber of Capacitors Average Impedance Percentage Difference ko Target

Best Performance Schemes Owerall

Optimize decaps based on Target Impedance.

Decoupling Capacitors

Circuik Mame | Criginal Model Candidate Filter o - D I t
c? g Same Component | — ) wn €cap locations
Cc3 g Same Component _ -
c4 5 Same Component == = o b Decap on Top |ayer
CS = Same Component
CH o Same Component e om
o7 . same Component Decap on Bottom layer
8 5 Same Component - - =
c9 g Same Component
C10 5 Same Component
C13 5 Same Component
Cl8 5 Same Component . .. . . .
c24 1 Same Component — During optimization, all decaps will be either
c2s i LI ErIr el stayed or removed, no changing decap ID.
29 11 Same Component
C30 11 Same Component
C31 g Same Component
Cc3z 5 Same Component | |




OptimizePI it 45 %

Performance vs. Number of Capacitors

1 show Mo Capacitar

1 show Relative Yalues ko Criginal Scheme

¥ Difference to Target

Scheme ID Cosk Mumber Impedance Measui
criginal Scherme 129 17 u]
Scheme 1 o84 i 15,9051

-089

o o000 cLEEE

Impedance (Ohm)

1

0.2

0.06

0.0t ¢

Je-3

6 decap removed
7.9% Z difference

___________________________________

____________________________________

01 1 10 100
Frequency (hMHz)

16
14
12
10

NASIGRITY

112

Murmber of Capacitors



—

ESY]

‘ﬁbgﬁnfa/ﬁ?

b E

/\SIGRITY

PUIER &
WES LY

Impedance vs. Frequency

Impedtance (hm)

L - fa i
e —
e j
[ ——

I ot . \

) 01 1 1l 100

Frequency (MHz)
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OptimizeP! At 5 H

e 32 B [E D opmateox

o _ovecs_oae =

S DVCCI_GND_Optimiz stienRtesull $0904§2201 dat

[ Show Ko Crpacitor
[ Fom Rudakivon Vedums to Crignd Schemm
] Dvaww Placenmank on Layout View
Seherre 1D Cont. Inpedani |
Schera 158 0.65036 30,5550
Schere 189 0.65959  30.5953
Scharme 190 0.66519 20,5542
Scheme 193 0.66706 30,502
| Schame 152 0.66009 20,531
| Sceme 193 0.680S5 20,5901
Schame 194 0,600%9 3059
Scharee 195 0.68979 305531
Scharme 196 0.69442 20,507
Sctara 197 0.69923 0,588
Schame 158 0,70206 30,5047
Schane 199 0.70563 30,583
Scherse 200 0.71006 30,5818
Schatee 201 0.71049 305811
Scheme 202 0.71073 305798
Schae 203 0.72036 30,5764
Schame 204 0.72903 305744
Schares 205 0,74273 05723
Schere 205 0.74726 205715
Stharee 207 0,75536 0.5
Scheme 208 0.77463 20,5673
Schatre 209 0,77846 305666
Scheme 210 D.78713  30.5636

arage impedance o

na4
N3
nz
EIR)

n
308
08
07
e
308

Performance vs. Minimum Cost

———, H
oy A it s o 2L S thisrdiivestiit |

63 o4 03 0% 07 08 02
Mirsrmum Cost

+oss (Optmum Schemes) 4 (Onigna Schems)

Impedance (Ohm)

0z

015

Impedance vs. Frequency

Orlglnal decaps

——

001 o 1 0 100

Freguency (MHz)
(Ul _DACC3 _DGND_Schene226)

(U1 _DVCC3 DD _Ovignal Scheme)

SIGRITY
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VAR

OptimizePIl /it 45 5

NASIGRITY

H FAK50%, FFHRAR Bk 7

Average Impedance Ratio Performance vs. Minimum Cost

[ Show No Capacror

Show Redative Yahues to Orignal Schaens

[ Oraw Placement on Layout View
Scheme 1O Relative Cost  Relal A
Scheme 9 -0.27975 70.8
Scheene 10 -0.2598 65.5¢
Scheme 11 -0.25895 9.0
Scheene 12 -0.2581 6.7
Schame 13 -0.23815 s2.00
Scheme 14 -0.2373 6.1~
Schemne 15 -0.23645 43.4¢
Scheme 16 -0.2165 41.01
Scheme 17 -0.21565 35.5]
Schaee 18 -0.2148 34,
Scheme 19 -0.19485 33.5
Scheme 20 -0.194 272
Schetne 21 -0.19315 5.9
Schaeme 22 -0.17927 5.9
Scheme 23 -0.1732 24.81
Scheeme 24 -0.17235 20.06
Schetne 25 -0.1715 18.14
Scheme 26 -0.15762 1a.o=i :
Scheeme 27 -0.15155 17.74
Scheme 28 -0.1507 12.64
Schame 29 -0.14985 10.9¢
Scheme 30 -0.13597 10.8¢
Scheene 31 -0.1299 10.24
Scheme 32 -0.12905 5.3%
Scheme 33 -0.1282 4@1
Scheene 34 -0.11432 4.17]
Scheme 35 -0.10825 3.924
Schaene 36 -0.1074 -1.01
Scheme 37 -0.10655 -2.13
Scheme 38 0.09267 2.
Schame 39 -0.08575 6,17
Scheme 40 -0.0849 -7.82
Scheme 41 -0.07102 -7.91
Schaene 42 -0.0641 -10.4
Scheme 43 -0.06408 -10.4
Scheme 44 -0.06406 -10,4
Scheme 45 -0.06325 “12:F
Srhaone 44 -0 NRA2T 124

S N s So—
i ST :
50 """"""""""" ‘t'".'.'-:.'"“."""'_zi""‘."""""""""""""""""'"""""""""% """"""""""""""
""" R S0 : :
8 B T S e
03 -0.25 02 -0.15 01 -0.05 -0
Relatve Cost
Impedance (Ohm) Impedance vs. Frequency
10 fececsccestencnccanecnscctoncsssrnccansersnncancscreqsscascnnce
Ull
*I'Original Design
B b s e o e A e L R L L A L L A S S S LS mds s i
Scheme45(6cents savmg)
4 .......................................................................................
9B cnr e iR e A e A2 i S A P N Lm B 5 2 B o A oA e
L
200 400 600 800 1000
Frequency (MHz)
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' Bl

o [Blc4n
o [B] 49
o [B]se
W [Alct

o [Blcis
W [Blcis
W [Blcio
W [Blcz1
o [Blczs
o [B]czs
o [B]cz7
o [Blcza
o [Bl 3t
W [Blca4
o [Blcae
o [Blcs7
o [Blc4z
W [Blcar
W [Blcas
W [Blcs

W [Blcs7
W [Blcss
W [Blc7

W [Blco

W [Blciz
W [Blci4
o [Blca4
W [Blcso
W [Blcs1
W [Blcs4
W [Blcss

Decaplib_&
DecapLib_g
Decaplib_14
Decaplib_14
DecapLib_g
DecapLib_g
Decaplib_&
Decaplib_&
Decaplib_&
DecapLib_g
DecapLib_g
DecapLib_g
DecapLib_g
DecapLib_g
Decaplib_&
Decaplib_&
Decaplib_&
DecapLib_g
DecapLib_g
DecapLib_g
DecapLib_g
DecapLib_g
Decaplib_&
Decaplib_&
Decaplib_&
DecapLib_g
DecapLib_g
DecapLib_g
DecapLib_g
DecapLib_g
Decaplib_&
Decaplib_&

)

Py ]

Original Decaps

DecapLib_13 = 220pF 0402
DecapLib_14=2.2uF 0603
DecapLib_6=100nF 0402
DecapLib_ @OPEN@ = no-pop

remove

&=l

' Blcs

W [B]c40
o [B]lcan
o [B]cse
v Blct

W [Blcis
o [Blcis
o [Blcio
o [Blcz1
o [Blcz3
o [B]czs
o [B]cz7
W [Blczo
W [Blcs1
o [B]ca4
o [Blcas
o [B]cs7
o [Blc4z
o [B] a4
o [Blca7
W [Blc4s
v Blcs

o [Blcso
o [Blcs1
o [B]ss
o [B]cs7
o [Blcss
W [Blc7

v Blcs

W [Blciz
o [Blci4
o [B]cs4

e

Decaplib_13
Decaplib_13
Decaplib_14
Decaplib_14
Decaplib_&
Decaplib_&
Decaplib_&
DecapLib_g
DecapLib_g
DecapLib_g
DecapLib_g
DecapLib_g
Decaplib_&
Decaplib_&
Decaplib_&
DecapLib_g
DecapLib_g
DecapLib_g
DecapLib_g
DecapLib_g
Decaplib_&
Decaplib_&
Decaplib_&
DecapLib_g
DecapLib_g
DecapLib_g
DecapLib_g
DecapLib_g
Decaplib_&
Decaplib_@Open@
DecapLib_@Open@
DecapLib_@Openi@

/\SIGRITY

Scheme45



Woltage (V)

Py 2k FEL R R 7 435

Original Design

NASIGRITY

° 18% noise

votage o IMProved

Time {ns)

Scheme45 (6cents saving)

Time {ns)
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TOP BOTTOM

Total of 394 decap locations for review



HE NASIGRITY
L N
|

o RBIPAREE HUR ORI LA B

Removed Decaps

SignalfBOTTOM -
all Zize A4
Color Map
Maone

Capacitance

* Loop Inductance

v| Shork All Observa Lions

TOP BOTTOM

Total of 394 decap l@eations for review
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ICH 2 5PCBik it

NASIGRITY

= L FELRZ [ et

B SORERRE (JRED

D FHPIAVTEL . 433, AL, F5 DUSHA EEA RS R

m P

2 MHAME SR M RS, SR RS

m I R R

2 IR VI, JUHGR KBRS 5 R Y1 ok I SSN

m |CHE5PCBYH KBRS BES
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a NASIGRITY
R ST R T ERIA L

= FEHESARRIE: £anSHLHE T B R T 2DR) £ g

WIHHAT O B, 18 IR P T 2 B AR AT b EE
= ZBE T IR EERISIKIRUN.

> EELYERI S T 1) R R B

> (B FIREIEAE A ES:

> B 5HRERGIIMEEAEH

> ZIRE SSO KM E

> LA F A S

> PCB/Z &7 HIiE R

> R A

> MOILHE ST
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HE SIGRITY

2 F A A EE IR b ST i ) s L

bbb

G ETR f f | |
(AR LML ) 1\ /“:, F—%
= il \ \ |

|

. | | f |
Risk | \ | \
-' |
il [T |
Simulation assuming ideal power delivery netwok
Speed 2000

(JEZRAR B YR )

Risk Avoided

I— Simulation with all power delivery effects —

SPEED2000 used for each mode 125
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PRt B
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—
Dirver
Interconnection E
: model
Package
=TI ———— e Gnd Power supply
| I Load

PC board
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Sigrity [\ EMIfE 5

dBuV¥im
60.0
50.0
40.0
30.0
20.0
10.0
0.0 J
100.0 3000 500.0 700.0 900.0 1000.0MHz
B Ew

PCBIEF{i E PCBiZ i E
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SSNy A iR 3

m SSO/SSN FERI:
* PDN noise
* Crosstalk

—«f- Power/ground noise

VCC plane

Decap| VRM

Pre-buffers

Transmission line

> + Victim line

VSS plane

129



S NASIGRITY

|
G D) e A (SSND 520~ B2 Ik 2 1
(R IBESHEERN, BERBBEE, Speed20009455H)

woltage W

a |l D 8ERfEE L

ot S

2 mmm———— -

e . i P A 2 R SI4 AT HOT

FERM, IERHE A S

/ : : SRR B XTI RS B R R

a o R A S ' .

O = < 5 =

Tirme (nsl
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I..I NASIGRITY
G R (SSN) S0 N R 1 T2

(%ﬁ%%ﬁﬁﬁ%ﬁﬁﬁ?&%, 15 %—%fcﬁjas%, Speed2000f145 )

woltage W

Al REREE
44~ HL 7% (080 E E
=Y AR S VD NG s
. . HAEER: TEE
5 5 2, %ﬁ@%ﬁ$
3 Eahant TP A AR S S e SRCRCEEEEE
= 2/“'%»&(0603) ’ i
: 17l]4/‘|%ﬁ(0805) -G uR ]
L e i i e FEAEHLE: 772 mV
£ ; : 4 DHIZ: 260 mV
5 36 MHZE: 49 mV
; FARGESL: 39 mV
I:I ___i___________:' _________________
(N = S § 5 =

Tirme (nsl




Local Power /
Ground Noise
at Die-Pad

One of the
Active SSO
Signals at

Receiver End

Digital Trigger
with Certain
Bit Pattern

N\SIGRITY

/0 SSN)

HfE5 i 5

pulsy
N

Victim Signal
Stuck High at
Receiver End

Victim Signal
Stuck Low at

10 Receiver End
Time (ns)
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SPEED2000 s&#1 1 ee St A -




= /\}'_E RITY

AR B IR P E T RIS E

‘i‘ﬁ'
[
o

Package_board R4 2 H K KB & 746

Package B4 fi

> SPEED2000F] LA [ AEPRAR A MY . HO~P I S AR R S & T B T 2D %
RS HAT OB, HYR. HOPTH A 2R H AR R AL B A

> SPEED20007% &) — e EH E SN AL 4. BRI~ i B R 8), 15 5 R A1 2%
7 EAES:, ESE5HRIERSGNMEEIER, 293 SSO Wi H, i fLE R G
, PCB/EEZRHHENR, Zo#l 2SI RN UL R i e S 55
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H SIGRITY
H

52, ZIREIMerge

I

MEMORY
DIMMS

Setup  Tools  Window  Help

Close E Lo e »iw
L5 Open... Crl+0 | * = =W K
il save Cirl+5 N N O L

Save As,.,

&% Open by SPOSIM

> SPEED2000 5 R4y 2, FIFiFile > Retss D

Merge Fackage

MergeZfe il J7 {8 FIE 2 > AR PR 2] — AN s i) it .
[H] I:FI /ﬁ; 'Tﬁ E Frint.. culP Pseudo PCB

0g SC
[lananflcmnal

Print Preview
> [A]I] Sigrity A S IIMCPIZEREY, Wb ek Sl ik PrInt Setuip... il;su:iz manualy
%EI’JEDAFFENSE?Z%O CTERITY
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Yoltage (V)

AW

DDR2_s2k_800MHz_DQSDQ.SPD

3

SIGRITY

. BH3ERReport {"3?3}

Eye Diagram

|
|
|
|
|
:
05 4-q----- -—f -
|
|

L]

20 Time (09 30 40 Time (ns)
Curve Natme Full Curve Natne Vmax(V) | Tine Vmaz(ng) | Vin(V) Time Vininins)
KL U17.G8:DDE_MDQ=17= ~ UI7T H2:GND (V4 ) 207554 F7.3534 -0.240612 14.1012
Eye Opening Parameters
Curve Name | Full Curve Name Vachigh(V) | Vaclow(V) | Vdchigh(V) | Vdclow(V) | Period{ps) | Offset(ps) | Eye Measurement(ps)
V4 U17.G8:DDR_MDQ=17> ~ U1THZ:GND (V4) | 11 0.7 1.05 0.75 1250 0 1199116

> SPEED2000 Ver10.001i B H MW FE A 2 1 #8 KHHt &

> {ESpdSimH s diFile>Report, AT LUAE RGN 07 B4k, HPaHE 7 EAN R ERE
B, CLEAT BRI WG A BEEE B, fnOvershoot, Undershoot, Eye Opening%:
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s

AW .

—odel File

Type:

File Marme :

8315 _ok.ibs

Component Mame:

io_top

f4: BHE)KIBISEA

IBIS - LD Buffer Information Specification

SIGRITY

> SPEED2000R] DA B &%} 4
i B IR _EIBISKEERY, FFAFASE )
B IR 2 el N B e

Edit IBIS Delete IBIS
(8315 _ck.bs |... | Compenent i _tp > TX
Pir Linkage Pulldcwn Pullup Signal na... Modlel Polarity 4 Stimulus
4 aHD BlaHy <==> Nodel2720014H3::DDR_MDQ<17> WSS GVDD MEMZ_MDO17  ddr2_typdry_io @ Mon-Inwverting  DDRZ_DO
4o AD11 Blapil <==> Node12611!4D11::0D0R_MDQ<19> 4SS GYOD MEMZ_MDQ19  ddr2_typdry_io : Mon-Inverting  CORZ_DO I EX
4 aD1D Bapi0 «==> Node126100AD10::00R_MDQ<23> Y55 GVDD MEMZ_MDOJ23  ddr2_typdry_io @ Mon-Inverting  DDRZ_DO)
4 aF7  Bar7 <==> Nodel266311AF7: DOR_MDQSE VS5 GWDD MEMC_MDQS3  ddr2_typdry_io @ Mon-Inverting  DDR2_DQS
4 aF17 FaF17 <==> Mode12673!14F17::00R_MDQSO WSS GVDD MEMZ_MDS0  ddr2_typdry_io : Mon-Inverting  DORZ_DOS
I:%_ acz1 Maczi <==» Mode 127051 4521 DDR_MDOS1 Y55 GYDD MEMZ_MDOS1  ddr2_typdry_io @ Mon-Inwverting  DDRZ_DOS
hSps 1g63efr_consumer.ibs ([ Component:|spsiGezErR v
Pin Linkage Pulldown Pullup GMD Clamp Power Cla...| # Signal ... Maode| Polarity Enable
4 G2 MGz <==> Node11928!1G2::DOR_MDQ<22>  GMD YOD1ps GND YOD1ps D1 DO _CDT_73 LD Mon-Inwverting & Input
4 H7 EH7 Mode1193a!!H7 1 .DOR_MDQ <23 GMD YOD1ps GND YOD1ps D2 DO _CDT_73 LD Mon-Inwverting §f  Input —
4 H3 MH3 <==> Node11935!!"H3::D0R_MDQ<18> GMD YOD1ps GND YOD1ps [Blec] DO _CDT_73 LD Mon-Inverting @ Input
4oHL FH1 <==> Node11933!!"H1::DOR_MDQ<21> GMD YOD1ps GND YOD1ps D4 DO _CDT_73 LD Mon-Inwverting | Input
4 HI MH <==> Node11938!!"H9::DOR_MDQ<19>  GMD YOD1ps GND YOD1ps [Bl] DO _CDT_73 LD Mon-Inverting  \§ Input
4-F1 BFF1 <==> Node11921!F1::0DR_MDQ=20>  GMD YOD1ps GND YOD1pS (B8] DO _CDT_73 . LD Mon-Inverting Lt

N
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Mews Circuit Model Definition

|transisb:nrm0de|

HSFICE File

|D NWSpeed2kiBSIMEG Test Case'd 61\one-shot.sp

Definition :

M3 Lnot 0 wdd vdd P1 W=1.8u L=3.6u rgeomod=1
M9 Lnot Bnot 2 0 M1 W=1.8u L=0.2u rgeomod=1
M102 &4 00 N1 W=1.8uL=0.2u

W11 out O %dd Wdd P1 Wy=3.6u L=3.6u rgeomod=1
W12 out AorBnot 3 0 M1 W=18u L=0.2u rgeomod=1
M13 3 Lnot 00 M1 WW=1.8uL=0.2u

Voo wdd 0 1.8
win in 0 pulse (0 1.8 1ns .1ns . 1ns .Bns 5ns)

iﬁ'
B
g
it

Yoltage (V)

one-shot_4.61_myfile.spd

NASIGRITY

------------------------------------------

____________________________

___________

.........................................

..........................................

________________________________________________

—y1_Jrput

—yZ_Cutplt

> SPEED20003 £ AE84r 1] Hspice HiEYE, w] B F2NZR Hspice 1/ BLiEH]

> T EMOSFET BSIM3v3 Level 49/53FIMOSFET BSIM4 Level 54
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/\SIGRITY

AW ]

S50 - Auto IBIS Simulation - bbbttt o SPEED2000 ;j\:ﬁ4/|\lj‘jﬁﬁgﬁﬁ

[l
3

2

Layout Setup "_},} =
Load Layout File 7
E:n:c:rz%:::p g_: | a. ! im% & ( SSO ) T{E
Simulatign Setup #) o Zg]j‘j %%bn 1B IS
Import Stimulus = ggg&ﬁ #%}féjé IE] %’ff}: m?} [I[']
Generate auto IBIS conneckion & =

Setup YRM E
Specify Simulation Time A
Specify Observations (Yoltage)
Specify Ohservation {Current) o
Mesh Setup =2
Errar Check and Warning ]

E Gro und Noise Simulation) ,

Simulation ';_‘) 5_ E‘WE Eﬁﬂﬁf@muﬁgg
Start Simulation

what If Analysis "_j 8__:
IEIS Corner Case Setup = | C. HH%%&@%E (Tr anSIStOY
Passive Compenent = Sl m ulatlon ) ﬁﬁ%ﬂ BB%

Stackup =

B E(]bufferﬁﬁ!

3k = d. EMC/EMEESHiE (EMC/EMI
d & Radiation Simulation) 7] 447
- BEAR 19353 AL 48 5
<]

> SPEEDZOOO S TN B A T B AEAs, e v DIAR PE sE PRl




NASIGRITY

ZM1: 2.5GbpsEHEEITEHE

diff_demo_PRBS.spd

T

RENHZ)
ILRERE AR

Tene o)

> SPEED20007] L4 N\ & B AL 51 (PRBS)E Ay il . M\ Ifii 4 1] iy Joft AR AT 38 T8 [ I

I I -

> BeAd & Fh Eye Mask, JfLIHistogramAllDensity i 5 20 R Jitter fl k)N
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ZH2: DDRARZLKIAE

ADD @LT clocking with 24bits 110 switching

]

| Diff: 0.410077V |

+<———SPEED20001/ B¢

héhhdu

] 20 40 G0 a0

Utiites  Help

File Edt Vertical Honz/Acq Trg Display  Cursors  Measwe

AN A A5 R

Data Read
"

ARt AR LR
‘ Wil
WL
N | , A “ “ I‘\ I. I‘ .t' fl
{ ! |’ v l z‘1 | i[ i

L

Cursor Type
| g H Bars Palred
(I 7
i
{ ! ‘ l

[setup [ ciose |
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ASIGRITY
ZH5: Cdie+tPKG+Test Load K845 &

: |

: EYE with

t- Coim =10 nF

. has wider and

Cdie=10nF
DDR2-667

.. as compared to
. Coim =1nF
., \-Ebg:-

Rc4 =0.15
shows improves
EYE opening

‘ > And jitter as
# to Rc4=0.25

Cdie=10nF
DDR3-800

Rc4=0.15Q s?logws improverﬁ%or'%t as;gpmparé%f%o Rc4 = 0.252 80
> SKiH: Study of Simultaneous Switching Noise Reduction for Microprocessor
Packages by Application of High-K MIM Decoupling Capacitors, Freescale, Feb2007.
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d Zpl6: PCBHVREAEMIEEMT

> K Switching Voltage Regulator Noise
Coupling Analysis for Printed Circuit Board
Systems, Intel, DesignCon Feb 20009.

above P5V

P
IRQ_CPU1_RDIMM_EVENT_N
1 SGIE 2.50G5/s 1 Acgs
[ ) ]
Pk-PkCh4 b .
290 mV i
] N mama b >
................... ..-.. T T T s pk_kaRQ —
a | “ 320 mV i
: f#ll - Wme— ;\“\ " 4 I . ,_._..___,h,,,,\ el
i) ‘ I
S B 1] [ A R : - = : "
®iE 200mv Treis

Figure 17: Fab2 IRQ Measurement (left) vs Simulation (right)
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RXp7: BIRFZEMCIHE

WEE  GHE

NASIGRITY

Remarks

-H-Field Distribution -H-Field Distribution

- Frequency: 30MHz~1.2GHz
- Bottom Layer -Frequency of Hot Spot -Frequency of Hot Spot
- Near H-Field i - :
. 7181dBuV ==
- Scanning :3 wi | = [ B
50 (SIRLFREEEREST | | 2 B T ___i_ = :
30 30 L
300 2640 4980 7z:20 9660 12000 300 2640 4580 13210 9660 12000
1Y e et 6985 dBuv
2 sumes | |3 sl |
S e I e | 2 feas !
= ol 3 o PR
a0 2640 4980 13240 9660 12000 300 2640 4580 7320 9660 12000

Palette
[~ Auto Distrioution

6800 »
£5.83
63,67
150 dBuY
5033
57.17
8500 *

Wilz (H-field) FIEVsAhiR — Bk
> KJE: How to reduce EMI usini CAE, LG, Mar2008.
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SPEED2000M &

m SPEED2000R—#X TN fi E TR, EA L TFEHREA:

BARFEZ —&, KRN S/EEEE KB NORAAE, FEERRIEEERNESRE
BEAR

BARGBZ &, ZFERHH IBISS.0A DL K& B K Touchstone2. OBl ,

ME— AT FEERE, FJUEBRBERAR ST EGE TR
FWHINEAGE LR, TETICHEZMPCBIREKSI, Pl fl EMI/EMCH; &
EH T AL MALER SIPHFE, S8 BIREEIR;

EH T2 BIATEERISSN/SSOH B, WHEATAS I B 37IBISBLST;

BT RERATEER BRI S S, AR EERES R B shE;
EHTE&REE (Transistor Level) MR KR4 E;

& A TG MR K EMC/IEMEE M5 B

BERTRUNRSGHEEERE. ERMELKBEESRERER;

BT ER RS T T RS S AL B /) B s B I e B 5

&R TPl E B EBEA RN R BIREBE S REREM;

MWK BREFIMEERRE, MR FRETHPERANEARKNRESE —.
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_/\SIGRITY
XtractIMZgiR

m XtractiIM &Sigrity A" Fr—RICE EFHEA R T A

m XtractIM ] HREUE-FhICHf 35 ) B AR R
o EERIBISHEEAY,

o FAZL B K ISPICEZE R i g AR Y
m XtractlM E’Jigﬁﬂwﬁ#}

o HEAE AR Eﬁiﬁﬁéﬂ%lB S/SP|CE1°;-J*'J ﬁf'a

o XHMEHILFIEFF A (BffiLeadframe, spwﬁﬁﬂﬁiﬂéﬁziﬁ) , DIREZRK
o CHAMARSEE T HEER— M ER L B, SREIER

o WA TEE, ST

* 5 Sigrity (1 A 2k T LUPD & R
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XtractIME] EE I e

XtractIM A PAF=AE

WS HFIRLCS 4, HTIBISKAY
SPICE RLGCH. g fEi 7

= ARXEFR A PIECT Y ) F0 Fh 2854 DLRA Ok B e RO vEE At 1

T X 24 B A A ) A AR
5 2 A LAY

XtractiIM 8] CL &7~

Spreadsheet & 2\ H Y
2DFI3DIRLCE: R w7
5T LayerfIRLC /1

XtractIM ®] A #r

e ey It S VA ERe

o RO ELET A R A B R, Hok

BT ST 1) o ALY

RPN

/\S1ERITY

= flipchip, wirebond, windowed BGA, stacked-die, package-on-package, multiple

side-by-side die; leadframe%

XtractiM B] PASZ {5 FHEDARI AT 48 TR

THZEAY. upd, mem, na2, dsn, spd

55 Sigrityt) 42k T E.UPD & & ik
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XtractIMA) 58 T Be & fE

v Ver2.1 B Ihee
o BETFES N pin A ERBEMMAEER, HEBEIE. HMNER TR

v' Ver3.0 HIhgE
o B ITEESMERERANRES, THhEE SRk
o XEELK Leadframe B, WMQFN, QFP%
*© XRREEBEHERNELMTE

v Ver3 1 FIhRe
Xt F 2 Dieff) B3R A, A RETETE RS
o ETEHMWHSPICESZRAMBEE K/ NE K&
s HEBTHEBNEFHMTHE, FEAERH
o BETIDHMBLEHKER, Al E~bump, Soldball, LeadRIPCBHIHIFEH
s KETIMHELENER, IREZHERTR

% Ver4.0 HIheg
* Pin-based ] % H A B R EX

o B AETr, IHHESHES M Net2 [BHEYE LSz &
* Per-Pin RL: % 8 B

© WTZdiedtds: MEFSCBZ AN LEMELA
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wirebond

flipchip

side-by-side die

AL 2
R

/\S1ERITY

o

2-sided die i

W-BGA

die-to-die bondwires

package-on-packagej

stacked-die
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FEMulti-Died:f

m AN
* System-in-Package (SiP)
* ZDie/Z2& [ IMemory it
m CRF
* wirebond, flipchip, 5i/2 P& KIH &
o FTE 5 Netitfi

Side-by-Side Die

e

tac ked e
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SR

Package Setup -= Package Type oy

+1 Single Die Stacked Die Side-by-side Die

Single BGA Stacked BGA

*! Wirebaond Flip-Chip Both

QK Cancel

DXF design file support

-

B e k% Vew  Setup  Select  Wasband  Houtw  Window  Meb -3 =
DEE n~p S RPe X- b o X v i 42 Wi == 1 4 e
O3 A Lome |-

Dooxv?b“x-‘VV

2y S e %
Re=ro |
» TRl

» e

B rINGR_PRO

L

¢l eadframeds} 25

Leads and
Wirebonds




Met

Met_7

Met_3

Met_4

Met_37
Met 62
Met 70
Met 63
Met 64
Met 65
Met_&66
Met 67
Met_ 68
Met 50
Met_71
Met_59
Met_72
Met_73
Met_74
Met_75
Met 76
Met 51
Met_S0
Met_ g2
Met_B3
et B4
Met_B5
Met 56
Met 57

Note:

1.

el

2n

Pk R P A .

Impedance (Ohm)

R

Single Ended: Impedance

PLVsK)

SIGRITY

————————————————————————————————

Ll _NL__JLi

erebond Layer | M1 Layer M4 Layer
il é 4 é é 1=EI 1=2

2. ML@TU%@%%&%‘U%&VI‘EPBﬁ%ﬁ%ﬂﬁfl\ﬁﬁ?%ﬁfﬁ
3. Highlighti#4r: HFWirebondIkE&AMHE, FELmrIMEHEA—F.
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Met

Met_26
Met_27
MNet_28
Met_49
Met_32
Met_35
Met_36
Net_33
Met_41
Net_50
Met_42
Met 43
Met_44
Met_45
Met_46
Met_47
Met 48
Met_59
Net_51
Met_&0
Met_52
Met_53
MNet 54
Met_55
Met_56
Met_57
Met_58
Net &9

v 24

[~

Coupling Coefficient

WireBonde? _wh Ul Met 53

0.183534

4,392 mm

Strongest Coupled: WireBond11 whb_ul:Met 51

HEREPPAL2: (S5 RRE REVsKE

<l

Note:

1.

%I REE T R

. Q*%EPETBQJ%%WI%ZIEH%jCW*EA?ﬁ
=  Highlight#43: EWirebond#$43, Net 535Net 51K HBEEERS .
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.l ASIGRITY
FEPEREPEAG3:  FEL I b Y 4% ) A g LK
Power Pins

Power Buy 7

Loop Inductance

Ground Bumps/ /ziround Pins

Fonwer [Net Ref Ground Met | Min LinH)

YO _1 W55 0.458915
YO _2 WSS 0.459036
YO _3 WSS 0.454683
Yoo _4 W55 0.453262

¥DDcore W35 0.20675
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| 7~

B BE VR E 4. HRYEHE 2% &N B B H

1 BEL K

<
[

et Fin Modeklame Self LinH) Total LinH) Ri{mChm)
YOOCore Modell18NU1-112: :%DDcore 1,99973 4,3085 RTS8
Yoo 1 Mode120M1-136 vDDcore 1.70344 3.81504 23,2951
VYoo 2 Mode1221U1-162: VODcoore 16711 3.80332 59611
Voo 3 MNode 124101-180: VODcore 1.EEETFT 3.75291 36274
Yoo 4 Mode12eNU1-204 WDDcore 1,97828 4, 24882 FF2378
Y55 ModeBENU1-217 vDDcore 1.99949 4, 28723 715914
ModeaoNU 1-241; WDDcore 1.703938 3.80892 £3.3351
MNodeSZ2NU1-267 WDDcore 15312 3.7974 59,4338

2.020
Inductance(nH) I
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y

N =
M RE It

IBIS/SPICE #& 7/ £2 57

m XtractiIMiz 47T _—4LCH) workstation
e 32-bit 3.0GHz Pentium-class CPU, 2GbH %

Package | Pin# | Net# Layer # Via# | Trace# Memory Simulation Time
(MB)

Wirebond 1 182 179 4 462 1,611 524 2min 52s
Wirebond 2 | 369 201 4 1,047 4,608 132 7min 27s
Wirebond 5 4384 351 4 1468 5238 715 13min 8s
Wirebond 3 665 400 6 1,565 7,831 500 13min 31s
Wirebond 4 703 545 8 4,273 7,820 385 24min 3s
Flip-Chip 1 140 48 6 1,130 698 488 3min 13s
Flip-Chip 2 269 178 4 4,139 3,325 606 15min 33s
Flip-Chip 3 523 310 8 11,163 6,033 603 30min 46s
Flip-Chip4 | 502 130 12 18,129 8,042 1,055 30 min44s
Flip-Chip5 | 931 610 8 15,563 15,647 1,158 1hr 27 min 50s
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N =
M RE It

IBIS/SPICE #& 7/ £2 57

m XtractiIMiz 17T 24 Hi BJworkstation
e 64-bit 3.2GHz X86/64 class CPU, 8GbH 1+

Package | Pin# | Net# Layer # Via# | Trace# Memory Simulation Time
(MB)

Flip-Chip7 | 885 519 12 20,206 | 15,318 1,590 1 hr 9 min 55s

Flip-Chip8 | 1760 1261 8 34,233 | 32,903 3,809 6 hr 42 min

m XfT-Flip-Chip 8, H §i i i b #9HAth T Rz R 75
ZAHE3NK
o XtractIMp)is & B3R T — /N & )
o X T BRI ICHE RS, HoE AT b HAR T BAR 20X,
AOXEHZEH %,

159



12

L (nH)

— Third Party
""" Sigrity
Aff
K1 [}
i T AR
A
' ‘ ::
i : l
|
\l
\
50 100 150 200
Net List

G NN

—HA
X

160

4.5

A‘\{MA

7

2004 net FILCIRELZ R : XtractiMVs B35 T E

ok
R R

—— Third Party
""" Sigrity
by
R ETY

A

0 50 100

Net List

150 200

NOTE: #3 7 1 .A.Zms JPCB-package 2L/ 224¢h7,  ijXtractiM
HIHNEGIHIEFE T X RN !



LR 1T BE5T: Channel Designer




NASIGRITY

IR B AT IR TE A
Channel Designer

m Channel Designer $efft | —ANFEWAVEE Ml 8547 LI IHIE
22 GRS LR O B, B AIPCB T Re e SEI e v H #x

" (3D Eye Density) (2D Eye Contour) '
Joace B -n"l‘!u:-.: J tow Cortow > .;.::-MI ..... Rerces
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M H 3% Model Connection

o BUEBRIEEDT (AMD) SZHRF

* MY ERHREE B mIE Y

o M HERMY (MCP) SR T AR
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HIERAE M Model Characterization
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Ja AP 5 MR 45 Post processing &
Reporting
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Sigrity =iE S ATIHIE T T
Key Advantages
m o) FH A 170 F1 2
m SPICE-FH % 2 ) A Y
* Native IBIS, HSPICE, Touchstone, BNP syntax
m M SRR, S S i I ROR
o B N 5SS B
o S 5508 18 R B B 8 A
* REBEHIREN M
* RbdE A3 HT
ot E IS E Bt EOR
Refi® =% & AR BEAR e Y 20 A
RIS H A ot
SIS B AMT R B 5 R 57 ¢
re i R AT AR B VAR U I T 4
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S HCiE
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HIF

1

»»»»» TH_UPFER S lics
So A PRMARY Pkg1 PC B Pkgz FX_PRBAARY
TH_LOWER RX_LOWER

* IR

* BB PUIEIE B R IR v v] AR AS R 284
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r

524 W HRIBIS AMIAR A

1 txpkg card! connt BackPlane conn2 cardz npkg Rx1

DSP blocks for signal conditioning and clock and data recovery

Cascaded AMI = Allows flexible Modeling and debug
Example: cascade equalizer model with stand alone CDR
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Sigrity T R 42 i AMIFR AY

m Amicdr2
* Stand alone CDR

m Amiffe
* Feed forward filter model; tap optimization

B Amictf
* Analog filter model

m Amidfe
* DFE with blind adaptation

m Amidfenl
* DFE with look ahead equalizer
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G [H HIPF0 / e FE

B Random jitter/noise
B TXx edge jitter/noise

Periodic jitter/noise
—requency offset

Duty Cycle Distortion (DCD)

Daka Rate:
v Perindic
Daka Patkern:
Frequency: &0 Hz
Leading Bits:
Annplitude: 0.5 LI
Delay:
Frequency Offset: ululj] 7] Data Coding:
Transikion: L Rise/Fall Time
Rise Time:
Dz Y
Fall Time:

AT

Ignare Time: 5000

Mumber of Bits: 100000
Bit Sampling Rate: | 52

BER. Floor:

Jitker
v| Randon (Ri): 1

Determiniskic (O
Toise
v F.andom (Rn: 1

Dekerministic (On):

10 5hbps
FRES w | Palyi| 23
64b66h -

Ps

ps

Jitter/Noise at Rx (post processing) and
at Tx input (time domain simulation)

ASIGRITY
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KRG ZHAA A

m Channel Designern] IF NP5, E151ERE 7
AT SE IR IR
e Jitter/Noise settings
* Equalization parameters
* Various channel component models: connectors,
cables, packages, boards, ...etc i —

Bit Sampling Rate 32
I I 1 Randaorm Jitter (Ri) (% 0.88

* Subcircuit parameters such as die cap, Fommoe . o
Random Moise (Rn) {m) 1
1 Detar ministic Moi L

and Tx drive level e
Delay (hs) o

[ amniffe Periodic Jitter Frequency {Hz)  1.0238e+008
f\(\fd Farameter Walue Circuit File Liry Periodic Jitter Amplitude (U1 0.043

(LWL 2) nrmas_imp 25 C:ASigrity_Fil... 1 Periodic Moise Frequency (Hz) 60
( offsetf o ) to_rt 50 C:ASigrity_Fil... 1 Periodic Noise Amplitude (mv) 5
Be_c_comp 1p C:ASigrity_Fil... 1 Transition Jitter (%) o

( pr—e 1 ti_scale 1 ChSigrity_Fil... 1 Transition Noise (my) 0.1

) DCD (%) 0.67
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AT A T ERYER B

Channel Setup @
Chonse a template
Edit channel models
Simulation Setup @
Choose compliance item
Run sirmulation
Simulation Results @

Feesults summary

Wiew S-parameber curves
Yiew enve mask

Export resulks

Hont Trawsmsttor Outpst Jirtor sad Eye Mask Specification =4 1) (tasde 12 In
SFP+ spec)

3
e ——— Check Compliance

| Reflecd Ooffireval 12 Comenen Make Cormvermes | sconi { i —
SFI Channet Transfor Recommendation (table 24 i SFP+ spec.) \
15|l Tramilie S (i b gt 1 o0 € |soeai | o




..l NSIGRITY
R

.
SFP+ Compliance Report _| arvs L
SDD22 - Host (B) SDD22 (dB)
SCC22 - Host (B)
Generated by Sigrity Channel Designer, 9.0.4.10211 SDD11 - Host {C) 0
th SCD11 - Host (C)
27" of October 2009 SDD21 - SFI (B)
SDD21 - SFI (C) -10 4 > R i way
SDD11 - SFI (B) |
SDD22 - SFI (B) 0 Y A . - S ]
SDD11 - SFI (C) Bl [ i B "
SDD22 - SFI (C) i i
Eye Mask | SRS | T VR o
: l |
T resnssnent =
........ | 1
C equivalent is located about 1 inch past the SFP4 connector on the host board Compare Curves : :
! - B 1 [ S . . [S——
! |
1 1
B pemmmE s e gy
Figure 1: Host Compliance Board 0 é 1'0
Frequency (GHz)
Summary of Results f D )
This report shows the results of the SFP+ compliance testing using Sigrity Channel Designer. =11 1By
The channel simulated violates one or more SFP+ compliance requirements.
Host Transmitter Output Electrical Specifications at B
Parameter - B Symbel Conditons* A\ Max Units Smm PassFal
Termination Mismatch at 1 MHz Az, See D. 16, Figure 55 5 " /
Single Ended Output Voltage > - ’
byt 03 40 v N/A / NA
me"c Common Mede See D15 15 mV (RMS) N ‘I NA
Differential s SDD22 i = - sm)l" Fail
RN A e 2to11.1 GHz see | 8 = -
Comemon Mode Output S- s 00110 2.5 GHz see2 a8 — Ead
parameter - 2510111 GHz 3 a8 — Frequency (GHz)
1. Reflection coefficient given by equation SDD22(dB) < -6.68 + 12.1* log10(£5.5), with  ; GHz.
2 Reflocion coefcint sven by equation SCCIGB) < 7+ 1 6 wib Gl SDD11 - SFI (B) S22 - SFL(E) -
* Refer to SFF-8431 Rewd specification
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FeET IR 1
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Block Sensitivity Result; Export... Show Result,.,
Tteration | Block Shorted hI MM Conkribution (%)
1 no block shorted 0.9450181412224392
2 PCB 0,5179835740583404 45,19
5 Pkol 0.93045699637 76610 1.54
4 Pkg2 0.9351545833%42119 0.72

G NN

REg
)X

b
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Block Sensitivity Analysis

50
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=
=
=
s 3
=
g 10
U

D ———

FCB Phg Phg2

Block Name




Channel Report

Thu Jul 30 17:35:10 2009
General:

Data Rate

Number of Bits

Meazurenent Delay

Channel Coding

Primary Driver

Data Pattern

No of Aggreszors
Characterization Data

Jitter Inputs:
Random Jitter
Noige Inputs:
Random Noise
Eye Mesasuremente:
Eye height
Eye Jitter
Eye Norm Jitter and Noise ([NJIN)

BER Measurements:

LEER ux

-16 0.69
-1s 0.70
-14 0.71
-13 0.71
-12 0.72
-11 0.73
-10 0.74
-9 0.75
-8 0.76
-7 0.77
-6 0.78
-5 0.79
-4 0.81
-3 0.83

Volt BER Measurements:

A
AT

2.5 Gbpe

500417

5000 nszec

Bb10b

Tx1

random

0

C:\Sigrity Files\D620\Channel_ Designer\Demo\singlel\result\l\channell_rx.cur

499 my
0.14 I
0.68
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