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PKG Overview:

 Die size: 13.071x10994 (post shrink incl. seal ring/scribe lines)

 Die Bumps: 5231

 Bump pitch: 162.95x162.00um

 Package type: 8-layers flip chip BGA

 Package size: 25x25mm

 Ball count: 1086 with 0.65mm pitch

 Channelled ball pattern for ease of routability

 Decaps: 24 (core:14, DDR:4, VDDIO: 6, HDMI:3)



Ballout with Chnnels

25x25mm FC BGA

1086 Balls

0.65mm Pitch



Substrate Stackup



Substrate Layers



Substrate Layers (Cont.)



High Speed Nets Balancing

Skew Budget



System Level SI Analysis

 High Speed Interfaces

 DDR, HDMI, USB, etc.

 End-to-End Model

 I/O pads: Spice, IBIS

 RDL: RLC, SPEF, Spice

 Package: IBIS, S-Parameters, Spice

 PCB: IBIS, S-Parameters, Spice

 DDR (3rd Party): Spice, IBIS

 Tools

 Star-RC / RedHawk for RDL extraction

 XtractIM for PKG extraction

 Sigrity SI for PCB extraction and analysis



System Model

RDL PKG PCB Chip 2

Eye Diagram

Chip 1

Sigrity SIExtractIM



Signal Integrity Analysis Flow
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DDR Spice Simulation @400MHz



Power Integrity Analysis

 Analyses:

 IR-Drop (DIE, PKG, PCB)

 Electro migration

 Decoupling capacitors selection/ optimisation

 PKG Supplies

 Core Power Plane

 I/O Power Plane

 DDR Power Plane

 Special Power Nets

➢ PLL, USB, HDMI, MIPI, NAND

 Tools

 Voltus / RedHawk for IC power integrity (IR-Drop, EM and decap optimisation)

 RDL: Voltus / RedHawk / Star RC?

 PowerDC for PKG IR-Drop, impedance measurement, decaps

 Sigrity SI/PI for PCB power analysis



IR Drop

 Calculated IR drop for all supplies against a 2.5% voltage drop target
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ρ - Resistivity of Cu, 1.68e-8 Ωm
L - Length of Trace (um)
T - Trace thickness (15um)
W - Trace width  (um)
I - Current (A)

Violating suppliesNon violating supplies



Decoupling Capacitors

Sweeping frequency with various combinations of decaps 10nF ~ 220nF

Generate loop inductance for each decap

100nF
10nF & 22nF 33nF



Decoupling Capacitors (Cont.)
Core VDD/VSS (13 decaps)

Various schemes have 

different min 

impedance but show 

similar results at low 

and high frequencies



Decoupling Capacitors (Cont.)
 DDR1 VDDQ/VSS

Decaps values: 10nF~220nF



Decoupling Capacitors
 DDR0 VDDQ/VSS

Decaps values: 10nF~220nF



Summary

 Ballout and substrate stackup for flipchip BGA presented

 Delay/skew of DDR interface based on trace length and simulation 

compared

 System level SI analyses are required for high-speed interfaces

 IR Drop simulation is mandatory to ensure system power integrity

 Decoupling capacitors analysis have been done in OptimizePI tool

 Assign different decaps to each supply to avoid anti-resonance 

peaks



Thank You!

INFO@LITEC.CO.UK
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