JUNE 2018

il Zp :\ :
DR’&LAM .
LITE TEC Y LTC

!



Sy v v Vv

.A‘ -

COﬂTeﬂTg; _. 28

Bt
-

PKG Overview
PKG
High Sp -
EXTqu l '~

SUmm



PKG Overview:

Die size: 13.071x10994 (post shrink incl. searing/scribe lines)
. | W

Die Bumps: 5231 \\

Bump pitch: 162x162um \Qg

Package type: 8-layers fliq\(h% BGA

Package size: 25x25

Ball count: 1086\ %%gmm pitch
Channelled béﬁ'po’r’rem for ease of routability
Decaps: 24 (core:14, DDR:4, VDDIO: 6, HDMI:3)
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CLI-1
DRILL1-2
cU-2
DRILL2-3
-3
DRILL3-4
CLI-4
DEILL4-5
cU-3
DRILLS5-6
CLT-&6
DRILLS-7
cuU-7
DRILL7-8
CLI-8

Substrate Stackup

Type
SURFACE
DIELECTEIC
CONDLUCTOR
DIELECTRIC
CONDUCTOR
DIELECTRIC
CONDUCTOR
DIELECTRIC
CONDLUCTOR
DIELECTRIC
CONDUCTOR
DIELECTRIC
CONDUCTOR
DIELECTRIC
CONDUCTOR
DIELECTRIC
CONDLUCTOR
DIELECTRIC
SURFACE

Marerial

AlR

COFPFPER
ABF-GX13
COPPER
ABF-GX13
COPPER
ABF-GX13
COPPER
E&79FGR
COFFPER
ABF-GX13
COPPER
ABF-GX13
COFFER
ABF-GX13
COPPER

AR

Thickness
(UAD)

18 000000
S00.000000
18000000
35000000

Conductivity
(mho/cm)

J@3900

1}

505000

0

595900

Dielectric
Constant

Loss
Tangent

Freq MNegative
Dep File [Artwork

Shield

Width
(LN

Etch Factor
(Degrees)

Unused Pin Pad
Suppression

Unused Via Pad
Suppression







Substrate Layers (Cont.)
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High Speed Nets Balancing

Skew Budget

Package Design Requirement: Please specify by group

Interface/Net | DDR | wipicsi | wmieisi | HiSPi | NAND |SDHOST|
Single End Impedance 50 Q

Differential Impedance

Time Skew in Pair | sps | t0ps | aps |  seps [ - | - |
| sops | sops | - | 100ps [ 19205 [ 10ps | 100ps | 00ps ]

Time Skew in Group (Lane to Lane) - data lines | wps | - | - [ aops [ ] ] | - [ - |
- |

Time Skew in Group (Lane to Lane) - CMD/ADDR/CTRL lines

Return Loss @ Frequency

Insertion Loss @ Frequency
Resistance/Inductance/Capacitance

Cross Talk noise Coefficient to Adjacent Signal

' HDMI-TX
| so0 [ - |
100 Q
| 7ps [ - | osps ]

100ps

LR ADC

—
(=]
[=]




Delay/Skew Results

» Generated net delay based on RDL + %@tro’re trace lengths
» Inaccurate due to Z-direction and cquphing
» Extracted delay using Caden tIM tool
» Includes Z-direction (vias) @pcoupling effect
»Simulation: Used ex’rroc&@ Is & Spice models
»Suitable for small %}Ji ; doesn’t include RDL
N

»Used for cross c’éc

g to validate extracted data
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Delay/Skew Results (Cont.

Net Name

DDR_0_DQ5[1]

DDR_0_DQ5[2]

DDR_0_DQS[3]
DDR_0_DQS_N[0]

Cond Sub Trace Total L h Total Length rance
otal Len
Skew -f+ ps | Length_080320 length ok et Extracted

16 (mm) ) &P {mm}) {mmj)

Tolerance Extracted

ARG G|

pa [ pa]pa I pafpa
FlR|G|R[R|GR

75623576
11503 10945087

8424149 9214391

7.514067 7.773056

7.977357 951 85604373

8676195 10.21 ] 47 9472245

9.201461

9.412962

9.863657

9666925
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Total Delay
(ps)

B0.06
BLE7
52.85
49.83
5241
54.48
66.82
47.96
48.19
49.33
55.79
48.03
68.95
63.38
5805
4897

Xtracted
Del

Total Delay
Extracted (ps)
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net length
improvement

00000000 E 00000 Wwaeoe-Newnoeeablfoo

== ===

data-strobe

Differential
Addresses/Curl

-ddrD
-ddrD
-ddrD
-ddrD

signal to bytelane
ce signal to bytelane 1
ce signal to bytelane 3
ce signal to bytelane




Delay/Skew Results (Cont.)

DDRO_BLO \6

DDRO_BL]T

,&,\z By \‘:j

=¢—Toftal ath

=i—Total Length Extracted (mm)
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Extraction Vs. Simulation

ExtractiM Simulation results SpiceSimulation results - Separate Interface (DATA & ADDR) B
SignalNetName  Netlength(mm) Delay(pSs) SignalNetName NetLength{mm) Delay(pS) b re p resen TS p a rT Of Th e ne TS n D D R
DDR_0_A[0] 7.94593 58.5357 DDR_0_A[0] 7.94593 58.13 0.4057 e rfO C e
DDR_0_A[1] B8.89559 69.6253 DDR_0_A[1] B.89559 779 B8.2747
DDR_0_A[2] 9.23859 70.8286 DDR_0_A[2] 9.23859 72.8 1.9714
DDR_0_A[3] 9.19339 66.6323 DDR_0_A[3] 9.19339 73.83 7.1977 For the Nelagl=) lifelel=) |eng1‘h, the

DDR_0_A[4] 11.1509 86.5493 DDR_0_A[4] 11.1509 100.8 14.2507

DDR_0_A[5] 8.33975 67.7612 DDR_0_A[5] 8.33975 67.72 0.0412 pro pOgOﬁOh deloy shows some
DDR_0_A[6] 8.51743 69.1471 DDR_0_A[6] 8.51743 69.15 0.0029 discre pgncy befween exfrocﬁon Clnd

[l[JR_O_A[?] 8.13854 66.3938 DDR_O_A[?] 8.13854 58.15 8.2438 5 ¥ 3

S i T e = 21782 Spice simulation setups
DDR O_A[El] 8.38263 67.7613 DDR_O_A[Q] B8.38263 67.81 0.0487

DDR_0_A[10] 11.5031 89.1093 DDR_0_A[10] 11.5031 94.51 5.4007

DDR_0_A[11] 10.6109 81.501 DDR_0_A[11] 10.6109 83.8 2.299 HSpiCG simulation deIOy is consisTenTIy
DDR_0_A[12] 9,96062 76.0402 DDR_0_A[12] 9.96062 77.28 1.2398 greofer 'I'hOn 'I'hO'I' COlCUlOTed by XTrOCﬂM

DDR_0_A[13] 8.41097 66.8931 DDR_0_A[13] 8.41097 70.52 3.6269
DDR_0_A[14] 9.51397 73.9172 DDR_0_A[14] 9.51397 77.82 3.9028

DDR_0_A[15] 10.2128 B80.3645 DDR_0_A[15] 10.2128 B8l.6 1.2355 Finol SkeW COUld no-l- be defermined

DDR_0_A[16] 10.738 84,6467 DDR_0_A[16] 10.738 88.59 3.9433 - Tugh 3
DDR_0_A[17] 10.9479 86.1217 DDR_0_A[17] 10.9479 95.01 8.8883 because the RDL deloy IS MISSINg 1IN the
DDR_0_BA[0] 11.4001 88.3166 DDR_0_BA[0] 11.4001 92.76 4.4434 flow
DDR_0_BA[1] 11.2007 88.3575 DDR_0_BA[1] 11.2007 90.86 2.5025
DDR_0_BG[0] 12.7109 97.3009 DDR_0_BG[0] 12.7109 102.5 4,5991
DDR_0_BG[1] 14.7976 112.401 DDR_0_BG[1] 14.7976 122.1 9.699
DDR_0_CK 11.8864 92.4042 DDR_0_CK 11.8864 113.3 20.8957
12.9804 99.1017 DDR_0_CKE 12.9804 104.6 5.4983
11.9047 90.1875 X 11.9047 100.2 10.0125
DDR_0_CS_N 12.3002 93.3203 12.3002 104.6 11.2797
DDR_0_DMI[C] 9.68837 78.0277 DDR_0_DM[0] 9,68837 89.54 11.5123
DDR_0_DMI[1] 13.5391 103.784 DDR_0_DMI[1] 13.5391 115.2 11.416
DDR_0_DM[2] 14.3088 112.978 DDR_0_DM[2] 14.3088 127.5 14.522
DDR_0_DMI[3] 11.8931 95.1765 DDR_0_DM[2] 11.8931 107.2 12.0235
DDR_0_DQS|0 10.171 21.6469 DDR_0_DQS[0] 10.171 89.11 7.4631
DDR_0_DC 14.2763 109.595 DDR_0_DQSI[1] 14.2763 119.7 10.105
DDR_0_DQS 13.4012 105.098 DDR_0_DQS[2] 13.4012 115.8 10.702
DDR_0_DQS[3] 10.9313 85.9996 DDR_0_DQS[3] 10.9313 93.56 7.5604




Extraction Vs. Simulation (Cont.)

Delay vs Trace Len tm‘,\
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Summary

» Ballout and substrate stackup for flipchi aGA presented

» Delay/skew of DDR interface bosed{Nroce length and simulation
compared

» Net balancing based on ir \éng’rh matching is inaccurate

» Accurate deloy/skewé t IM tool) reasonably match Spice
simulation

» IBIS/Spice/S- P%@X\Q’models are available for the i/o pad, pkg, pcb
and memory; RDL model is missing.
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