Chip, Package
Bo0ard Co- Simulation
or 3D/2.5D IC

Jesign




Trends and Challenges

* Quest for higher data rate * Designer’s Challenges
— Clock speed 4 ~ Pl (On-chip PDN, SSO noise, ...)
- Feature size — Sl (3D crosstalk, return current
- Power supply voltage 4 path, ...)
- Noise margin $ - EMC (In-system EMI, noise

immunity, ...)

- Package design (MCP, SiP, PoP,
SoC, ...)

— Modeling / simulation

- Packaging density 4

— Cost down, short time-to-market, ...



Why to Do Chip-Package-Board Co-
Simulation

* Quite often the power and ground noise on the chip are
computed under the condition that the voltage sources are
connected directly at chip bumps.

« Sometimes simplistic per-pin RLC models are used that do
not accurately represent the actual package and board
effect.

* The power and ground noise, especially the dynamic
voltage fluctuation, on the chip is dramatically different from
that with voltage sources connected directly at chip bumps,
and heavily depends on the package and board model
used.

» Adequate modeling of package and board effect is crucial
to obtain reliable solution of dynamic voltage fluctuation on
the chip.



Why does Chip-System Co-Design?
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On-chip circuit

Package
. o . Low impedance / Low-loss system
Highly resistive / High-loss system Results in global voltage noise effects to other IC
Results in localized voltage noise effects circuits

The low-loss power distribution system of the package
easily transfers voltage noise effects to other on-chip circuits



PDN Impedance Analysis

(At one observation port on metal1 layer)
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PDN Impedance Analysis
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Coupling Mechanism Among

Signal/Power/Ground
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* Vias coupling in free space is decreased and proportional to 1/r*2

» Via coupling between field domain (waveguide like) may be enhanced and
attenuated slowly.

* Field coupled is strong when field components are in parallel

« For TM/TE like field propagate between power/ground domain, signal via is strongly
coupled with field between power and ground due to field components are in paraliel.

« Chip level P/G grids are formed as domain and interact with signal (RDL)

* From system level perspective, current loops formed by signal to ground and power
to ground will interfere with others



Challenges for System Level SSO Simulation
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* The complex manual task for nodes linkages between circuits.
* No guaranteed for passivity and causality on each circuit block.

« Non-linearity of the whole system circuit network which include transistor
models of drivers and receivers

« Lost DC accuracy without low frequency data from EM solver, especially for Sl
analysis with power aware
» Long run time and non-convergence result are commonly happened.

Cadence solutions are adopted to overcome problems listed as above




Additional Chip-to-Chip Interconnect

* Flip-chips and routable package substrates
— C4 bumps, RDL routing, and package routing (including vias)

* Through silicon via interconnect
— TSVs, micro bumps, and silicon interposers
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High-Speed 10 System-Level SSN Simulation
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System Architecture-2.5D IC
/ Top Design \ -EILPTD%?H&

TC2
(LPDDR3)

3”’-party
LPDDR3 DRAM

N~ S~ ~

Control & Pwr/Gnd Pwr/Gnd

Testing pins pins pins

* There are 3 daughter dies placed
on interposer, TC2 and 2 memory
dieS. mem mem?2

* Only TC2 and Interposer GDS : : patkage |
layout are consider during the
analysis. . .

« 3 party LPDDR3 DRAM is used .
and physical gds layout is not ]

available. We just consider DDR T e
I/Os on interposer directly. )




System Architecture-Package

Stack Up | Fad Stack |
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Power-Aware Sl Analysis with Chip-Package
Co-Simulation
= [

LPDDR3

Power Rail
Ground Rail

Signal

« The power is supplied by voltage regulation module (VRM) on package

 Input impedance observed by TC2 or Memory that cause voltage droop
at driver end and leads to signal quality and timing degradation.

 Traditional chips only analyze that powers the chip at interposer or
driver end that will obtain over optimistic result and lead to wrong
judgment on design problem.

» To overcome the long run time and non-convergence result in TD
analysis, power-aware IBIS behavior model and passivity guaranteed
chip and package models are required.



/O Model Extraction with XcitePI-IOME

ports at bumps
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e W =i IR 1 - = 1= - EA A | = T .
~ L S~ N N\ \ i 7 /| B i

JoTts at devic
Connect to I/O cells through these ports

T

 All ports for 1/0O signal/power/ground at devices and bump side are set automatically.

« TSVs model and I/O P/G/S are extracted independently and then combined into one
SPICE netlist for interposer model generation.

« TC2 extracted I/0O model will cascade with interposer part later in SystemSl|
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SSO/SSN Analysis with Cadence Solutions

Transistgrs model LEFIDEF GDS MCM

r IBIS model IO Model

Conversion with | Extraction with
T2B 6“69 XcitePl
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BBS model conversion
with passivity guaranteed
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XcitePl — 10O Model Extraction




/O Model Extraction with XcitePI-IOME

Manage Design
MNew Design >
Open Design
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XcitePI - IOME

File Edit View Feature Window Help cadence
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XcitePl — IOME
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\Result is saved into file: C:\SPB-CoSim_3DIC\lab_xcitepiiInterposer!result.

Output X
Flease Input Save History

number of Snet on start componet is 0, no Zs(f) calculation
SPICE model generation is completed at 07/03/13 14:37:25. Memory: 121 M, CPU: 127.18 sec



XcitePl — IOME
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File Window Help cadence
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Save Result
Load Result
Customize Workflow
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number of Snet on start componet is il,_no Zs(f) calculation

SPICE model generation is completed at 07/03/13 14:37:25. Memory: 121 M, CPU: 127.18 sec

Result is saved into file: C:\SPB-CoSim_3DIC\lab_xcitepi\Interposeriresult.



XcitePl — IOME

Model extraction
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Published TSV Circuit Modeling

A single TSV Multiple TSV extracted together

Leveal 0

DC cireuit, only Bxia
contained Bvia nsed for i I
IE. drop analvsis or

connection testin B2

Level 1: Simple BEIC

model Txia Bvia

Have PG loop
inductancs, capacitance
to the substrate. no wia-
wvia coupling

AR .

Cvia om 1_'

Fig. 12 The loop inductance of TSVs

About TSV modeling:
* We didn’t calculate each via’s partial inductance and mut_

IV‘\AI r\l-nnr\ I'F VAT Af\ o N ‘I'kf\‘l' \AIIII 'Ff\lFm

inaguciance. it we ao oU, LUlidl Will 1VIll11

can’t be simulated in HSPICE

Level 2: Pin based

RkE i Lvla Bﬁ
circuit modsl. .  Ta'a's
Have the L martrix and C J_ J_ i X
matrix based on each
TSV branches. ﬁ
Lvia —|_ =
Bvia
*—J_er'(_ﬁ I: Jl_ J_ ‘.
ok L
L
:.L..“."la Ruia ) ==
ol Ta'e 1=
Level 5 user detined
o] O—— Black box model O
Ve Val f\IFf\I l:+ mf\+F V4 +kf\+
I1CUliIt i1iatl tlial

* We adopt loop calculation. For example, we have n vias, then
we have (n-1) loop, then we calculate (n-1) loop and consider
coupling between loops. But loop coupling will decay very fast,

then final circuit matrix will be smaill.




Published TSV Circuit Modeling
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XcitePI - IOME

File Edit View Feature Window Help cadence
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SSO/SSN Analysis with Cadence Solutions

Transistorsmodel LEF/DEF GDS

1
2%
IBIS model 10 Model
Conversion with Extraction with
T2B XcitePI
BBS model conversion

with passivity guaranteed
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IBIS v5.0 model m —




ransistor to IBIS v5.0 Conversion with T2B

! Pwr Pin ®i.. w-o  Signal waveformwith 500hm load
1 Pwr !%;min:bu s . TPEFECT [CREFET ECATE [ Ereane = e e e e e e MR SUMRNSUNNL SN -
A clamp GRS N R R T | O O R | I
re Final Sig Pin - | b
Buffer| |Buffer . - =2 LdeoBZ L L |
y |
clamp o ; i ; ! 3 : : : Q : ; ‘
¢ Gnd Pin | s o |
Transistors Model o R L i

Pwr Pin l’
[ ]

| Current waveform measured at voltage source-
O | | i { I
o || Pull |4{ISSO| - Pwr cead
'§ up ‘ PU clamp !
% Sig Pin |
g
3 || Pull [§[!SSO| L-Gnd L
5, down ‘ PD xclamp C comp

Gnd Pin |BIS V5.0

* Voltage and current are good correlated between IBIS and HSPICE



S Amplitucie

Package S-Parameter Extraction with
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Broadband Model Conversion with BBS
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A et S0 SN T

0.000275

3 W W W W W W W W W W W X

0.000242

5 Amplitude

0

06
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02 f-f---

package_routed_12051_012713 171521 bnp

ImportSparameter from...F.?.o.werSI ......... __________ ___________

200 400 500 800 1000

1200 1400 1600

Frequency (MHz)

1800 2000 2200 2400 2600 2600 3000

5 Fhas

e (deq)

Pink: S of BBS circuit

D

*Generated from:
¥

:\COWOS{F1na1,57I,S1P\51P,deswgn,f7na1\package,routed,lZOSl.spd

Blue: Original of S

Broadband model generatlon

-100

*Portl_INTERPOSER:
*Port2_INTERPOSER:
*Port3_INTERPOSER:
*Port4.BGA: :VDD

*PST Engine

*User Comments:
¥

ki

1200

1000

ki

:VDD
:VDDIO_PHASE
:VDDQ

Ishatygaearanteed

This is the subcircuit netlist generated by Sigrity Broadband SPICE v12.0.7.11261
1* Port Number: 6.
A\ * HSPICE compatible Enhanced [Passivity Mode]
- .subckt package_routed_12051_012713_171521_BBSckt 1 2 3 4 5 6 ref

Rdl 1 7 ref 1.000000
RS%_E ? ;efo 0.500000
[ \Y
S-parameter (amplitude FL el 8 va 1o )
d oh f BBS circuit B2 L Jo " L0
and phase) o circui RG22 10 ref 0.
is almost the same as G o B e
Rd3_1 11 ref 1.000000
. . | S 53% 2 %2 lief(] 0.500000
original S- parameter L
G3 ref 12 3 ref 1
Rd4_1 13 ref 1.000000
Rd4_2 14 ref 0.500000|




SSO/SSN Analysis with SystemSl

Chip spice sub-circuits from XcitePlI

C
Logic_CTL logic_die Interposer
Power aware IBIS model
| Converted by T2B
_ev
P pkg
VRM
Power apply at BGA
of the package Package spice sub-

circuit from BBS

» Blocked based topology editor with SPICE sub-circuits
modeling approach

* /O modeling flexibility for power-aware IBIS and transistor level

circuits PiConference



Simulation Result-ldeal

Woltage (V)

1IE ZID 2|2 Tine S)Elél EIE EIB SID . ; , X i

- ltis obviously that rise/fall slew rate = |

categorizes to 3 groups. W - %
- Slower charge and dis-charge on . S

load that make signal can’t reach to

full high and low state. |
- Will large RC of signals impact jitter -y S

and eye opening a lots? u e~ ——




Simulation Result-Ideal PDN for DQ[16:30]

- The signal route from TC2 to Jo =
mem?2 has more worse signal - \\
quality than TC2 to mem1 oSS P S %



Simulation Result-RLC Extraction For

DQI0:15]

Bump name
bump293_PP_DQ _DDR[6]
bump281_PP_DQ_DDR[2Z]
bump241_PP_DQ _DDR[11]
bump245_PP_DQ_DDR[13]
bump249_PP_DQ_DDRJ[15]
bump236_PP_DQ_DDR[0]
bump289_PP_DQ_DDR[4]
bump299_PP_DQ _DDR[9]
bump295_PP_DQ_DDR[7]
bump259_PP_DQ DDR[1]
bump297_PP_DQ_DDR[8]
bump243_PP_DQ _DDR[12]
bump247_PP_DQ_DDR[14]
bump287_PP_DQ_DDR[3]
bump239_PP_DQ_DDR[10]
bump291_PP_DQ DDR[5]

Resistance of each net reflects the lengt

Net

PP_DQ _DDRI6]
PP_DQ_DDRI[2]
PP_DQ _DDR[11]
PP_DQ _DDR[13]
PP_DQ _DDR[15]
PP_DQ_DDRI[0]
PP_DQ _DDRI[4]
PP_DQ_DDRI[9]
PP_DQ_DDRI[7]
PP_DQ _DDRI[1]
PP_DQ _DDRI[8]
PP_DQ DDR[12]
PP_DQ_DDR[14]
PP_DQ _DDRI[3]
PP_DQ_DDR[10]
PP_DQ _DDRI[5]

ndal avtrartinn hv
UV UANALLAU LIV

R(Ohm) L(nH) C(pF)
484694 3.2797 0561401
49.959 3.31472 0.589096
55.7621 2.30635 0.373289
57.4191 1.29754 0.186612

\___ 833328 163575 0.185425 ___J

| 105.21 3.66265 0.558155
116.763 443087 0.684715
124,84 316693 0.500917
279.983 6.35549 0.917687
293,068 6.12851 0.775298
307.619 5.75101 0.685041
315273 419995 0.418102
315385 481455 0.572413
317473 6.46446 0.821224
328795 5.68991 0.651809

\ 346292 7.07532 0.878386 /

i Uy /\

SN0
Q
>
Q
=

Improper placement of TC2 and mem dies that cause RDL length discrepancy
significantly and lead to large discrepancy in RL value.

Large RC values that maps to worse signal quality and timing margin.



Simulation Result-RLC Extraction For
DQ[16:30]

Bump name

bump283_PP_DQ_DDR[30]
bump277_PP_DQ_DDR[28]
bump273_PP_DQ _DDR[26]
bump263_PP_DQ_DDR[21]
bump269_PP_DQ DDR[24]
bump257_PP_DQ _DDR[19]
bump267_PP_DQ_DDR[23]
bump253_PP_DQ _DDR[17]
bump285_PP_DQ _DDR[31]
bump271_PP_DQ DDR[25]
bump279_PP_DQ_DDR[29]
bump251_PP_DQ DDR[16]
bump255_PP_DQ DDR[18]
bump265_PP_DQ_DDR[22]
bump261_PP_DQ DDR[20]
bump275_PP_DQ_DDR[27]

MNet

PP_DQ DDR[30]
PP_DQ _DDR[28]
PP_DQ _DDR[26]
PP_DQ _DDR[21]
PP_DQ _DDR[24]
PP_DQ DDR[19]
PP_DQ _DDR[23]
PP_DQ DDR[17]
PP_DQ _DDR[31]
PP_DQ DDR[25]
PP_DQ _DDR[29]
PP_DQ DDR[16]
PP_DQ DDR[18]
PP_DQ _DDR[22]
PP_DQ DDR[20]
PP_DQ _DDR[27]

R(Ohm) L(nH) C(pF)

f 34.3671 142753 0247769 )
58.0473 1.36851 0.196704
70.1409 2.32963 0.396866
79.503 3.91352 0.827598
80.3488 3.00485 0.495025
80.6993 3.36821 0.599283
106.942 424413 0.678631

\ 122.531 407635 0.61541 /
221.814 3.28349 0.438711
253.277 4,68389 0.50802
282.102 401578 0.343756
296.592 5.92323 0.80677
330.227 6.67474 0.857893
333.358 6.71043 0.831939
366.846 6.87882 0.975814
469,645 5.39636 0.44823

* Comparing with TC2 to mem1 route, TC2 to mem2 is more worse in RLC
 This also leads to more worse signal and timing quality than TC2 to mem1

data group.



Simulation Result-Non-ldeal Power

vvvvvvv

* The trend of signal and

timing quality are similaras [ y N\
ideal power case . oo AN S— &y
- Non-ideal power case that = s s S O

cause lower signal W 4 R
amplitude and induce more & '
jitter as expected

______________




Simulation Result--Non-ldeal Power
Comparison DQ[0:15]

‘oltage () Eye Diagram




What If Analysis

- DQ5 has longer RDL length than
DQG.

« On metal4, both signals have the
same metal width.

« The width of DQ5 on metal3 is
just 1/10 of DQ5/DQ6 on metal4

« Change width of DQ5 to get lower
resistance

BBox Property

« Capacitance of DQ5 is
higher than original

Net |PP_DQ_DDR[5] |

Left 2059200

Right 7099600

Bump name MNet
bump291_PP_DQ DDR[5] PP_DQ _DDR[5]
bump293_PP_DQ DDR[6] PP_DQ _DDR[6&]

DQ5
mem?1 / mem?2
package
DQ6
¥| unit M
Top [9013800
Bottom 2010800
Cancel
R{Ohm) L{nH) C{pF)
99.808 2.97765 116981
48.46094 3.2797 0.735876




What If AnaIyS|s

- After changing width for DQ[1,3,5,7,8,12,14 10] we can see
that the eye opening has great |mproved |




Cadence Sigrity Products

: Package & board SI /Pl / EMC
XciteP! Frequency domain analysis

Ch|p Analysis Board level S-Parameter extraction

Package & board SI /Pl / EMC
Time domain analysis
Comprehensive single-tool environment

OrbitlO UPD XtractiM PowerDC | OptimizeP!

|0 Planning Pkg Layout Pkg Analysis DC & Thermal AC PDS Analysis
———————— — : Pad Ring | |FI|p Chip Autorouter' Broadband Extraction _
IR drop Target impedance
Extraction Remote sense Pre & post layout
Assessment Current density Decap optimization
Leadframe BGA or SiP Thermal co-sim
WB or FC WB or FC Multi-board
eDriven flow Leadframes Package & PCB
Assessment

Model Utilities

[] Chip Analysis B Vodel uilities

[ System Level B Generalpce & I customized PCB & .Package
Die-to-Die Package Analysis Package Analysis Physical Design



