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Abstract

Abstract

The continuous improvement of lithography process supporting Moore's law
makes the feature size of the chip continue to decrease. But with the reduction of
feature size, Moore's law will face the uncertainty of electrons in quantum effects and
the fatal short circuit current defects. The use of SoC combined with SiP provides a
new way to solve this problem. At the same time, compared with the traditional
electronic products, higher integration, higher speed and performance requirements of
the system will bring more signal integrity issues. It is of great significance for the
analysis of the electrical simulation of the SiP structure. At the same time, compared
with the traditional electronic products, higher integration, higher speed and
performance requirements of the system will bring more signal integrity issues. It is of
great significance for the analysis of the electrical simulation of new various SiP
structures. Three-dimensional hybrid SiP adopts the mainstream packaging process,
wire bonding and flip chip in a stackable manner. It is lower than the interposer and
has more advantages in integration and performance than PoP.

This thesis is aimed at the highly integrated three-dimensional hybrid package
signal integrity problems caused by high-density substrate wire routing and high
stacked bonding wire characteristics. Firstly, the key high speed signal is extracted
from the substrate structure under the restriction of the lamination process.
Considering the dielectric frequency characteristics and the design constraints of
reference conductor, the influence of each parameter on the transmission performance
of the main transmission channel is analyzed by using the HFSS 3D full wave
electromagnetic field simulation software. Establish the objective function and modify
the design to meet the bandwidth requirement. A new simulation model is used to
simulate the unique high stacked bonding wire structure in this product, and the
optimization results are compared with those of previous models. At the same time,
the influence of each parameter on the single ended and differential signal is analyzed.
Establish the transmission impedance equation to explaim the conclusions obtained.
Predict the potential problems in power integrity and summarize system
interconnection strategy. Finally, the whole design is verified by system level
simulation. Finally, the system interconnection strategy is formulated according to the

analysis results and verified by system level SI/PI collaborative simulation, and the
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application process of the encapsulated form is summarized. All of the simulation
analysis process give full play to the advantages and application scope of different
algorithms, different dimensions of electromagnetic field software and circuit
software. From the perspective of time domain and frequency domain to verify the
assumptions and conclusions, give the direction of electrical performance

optimization for design and process and test the final results.

Key words: Signal Integrity, Three-dimensional hybrid SiP,, 3D full wave

electromagnetic field simulation, Power Integrity, Collaborative simulation
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Figure 2.2 Trapezoidal digital pulse approximation spectrum envelope
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Figure 2.3  Transmission line infinitesimal double conductor equivalent model
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Figure 2.4 Piecewise model of lossless transmission line
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Figure 2.5 Field diagram of effective dielectric constant of surface air microstrip lines & High

frequency electric field distribution diagram
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Figure 2.6 Penetration depth of a plane wave in the material region accompanied by attenuation

of current density amplitude & Skin depth frequency response of copper
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Figure 2.9 Piecewise model of transmission line that contains conductor loss and dielectric loss
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Figure 2.11 TDR simulation results of transmission line encounter impedance discontinuous

node
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Figure 2.14 Differential double transmission line coupling crosstalk inductance and capacitance
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Figure 2.14 Crosstalk analysis circuit of SiP surface embedded most tightly coupled microstrip
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Figure 2.15 Near end crosstalk results of SiP surface embedded most tightly coupled microstrip

lines
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Figure 2.16 Far end crosstalk results of SiP surface embedded most tightly coupled microstrip

lines
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Figure 2.18  Lossless transmission line termination 50 Ohm normalized impedance S11 and S21
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Figure 2.19 Basic structure of IBIS model
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Tolerance  Minimum b asimum

- : Substrate 1 Height H1 [“soo0o0 +- [ 0.0000 [ 30.0000 [ 300000 Caloulate |
Embedded Microstrip 1B2A _—
Substiate 1 Dielectric Erl ["38000 +- [ 00000 [ 39000 [ 35000 Caloulats |
Substrate 2 Height H2  [“aoooo0 +- [ 0.0000 [ 30.0000 [30.0000 Caleulate |
Substiate 2 Diglectric B2 ["33000 +- [ 00000 [ 39000 [ 35000 Caloulats |
Substiate 3 Height H3  [500.0000 +- [ 0.0000 [500.0000 [S00.0000 Caloulate |
Substiate 3 Dislectric B3 [“38000 +- [ 00000 [ 39000 [ 35000 Caloulats |
Lower Trace Width W1 | 200000 +- | 0.0000 | 20.0000 | 20.0000
Upper Trace width W2 [Z00000 +- [ 0.0000 [ 20.0000 [ 200000 Caloulate |
Trace Thickness T [15p000 +- [ 0.0000 [ 15.0000 [ 15.0000 Caloulate |
Motes Impedance Zn I F9.77 I 59.77 I 5977 Calculate I
Add your comments here E el alarmatiamn ﬂ More... I
<~ Range --»
e - = | w7 [t
Delay [ps/m] b BEB3.717 |6563.717 | 6583717
Inductance (nH/m) L [zasiz IEEEHEESE
Capacitance [pF/m) c 110150 [H1050 [ 110.950

B 2.20 Polar Si9000 PCB Transmission Line Field Solver — %R fig2e () B 45 R

Figure 2.20 Polar SI9000 Transmission PCB Two dimensional solver simulation results
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SR AR FE . AR FURR . HUR AR R BRI 5, & 2 ML 1 50R T
HATER AR VN R LR, il S S8R I LT R E S

IEAER, WA TSR S BUE AT T TV S AR RE R R, TR TR 2
PEREDUEL . TRIKSHE R S1orfr TR, SR BITHE 7% F 25 ki &% ( Method
of Moments, MOM) . HRJci% ( Finite Element Method, FEM) . B3f
BR2£73%  Finite Integration Theory, FIT) 24, HFSS(High Frequency Simulator
Structure) &R FH FEM BI040 =4k i tiddn 07 B AE, /2l A A A G
S M TAARE). Sigrity & 155 P EVEAR RIS, TRAME—HIEHA L
(26271 Ansoft Designer & &t fE Bk 5 RGBT B, BEFAMET. B
NG B FBL 1 e s 1 P DA B F 8 BB R % . SCRF SPICE AL, IBIS 57
M S SHGERERA , SRS s )1 T A Slwave. HFSS. Q3D Extractor it
AT E SR BRER:, DIULSEIURSE . R FAI e ORS i  4 B 28

SRR, A —OR AR AR T S T SERR R, G S R R AL
i, LB XS AN [R] B 45 AL B R B R 5 B B 1 2 R VR AT T SR 1R SR AT 4G
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AT R SR L, X SiP At SCBE AL 45 R 1 5T 11 23 A LA R 3 T M 45
SiP BRI B T . 3.1 WH8 T SiP " SoC i 400 4% )3 15 5 W 4 v i B
LR 2% () TR 2 4 S A A T 30, E P T DA Ko B A s 2 AR ) 4%l A 2 1 5
BOR ST RAFHO T, R 3.2 S A 2R (M FE A b0 BLAM AT ik Jl
WX AT RS R IR S I, $REE T RGEHIEDE ST RIF UL PL AT
R AR ) )

31 SoC ESERESEMMILTHT

SoC il F 75 Zhi i 6.25Gbps A & HZ % [Hl i 1= &= 04, &R 5
BTN 5 £ L B2 58 R LAR ak i B 2 EMI RS, JEEA 55 Py S11 G
F--15dB,S21 15 F-1dB.

CESe
RA R FHIEZ [ERES
B DEE DNEEEE 2 B EEEN eEEam E e

Nz
e e e

Bl 3.1 SoC i 2270 4k R = T AR A 4 A i s i &

Figure 3.1 SoC high speed differential junction surface primary transmission structure section
diagram
ROTREHEST B E ST 2500, @i A NS H R asE, B RHELER
PE S . ARAES N ) 51 BAUS T e ELZk i R JC neck JB/b A, HEI A Y I B
BATIEAUR P RE SRIEIBIE AT, Bt LA 3.1, SR Ui 2k 4544
Nt S (CBCPW, Conductor Backed Coplanar Waveguide)
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3.1.1 EEREIH AR S

R31 RAVLINAFMBBRAEER

Table 3.1 Final design dielectric material electrical information sheet

CES PR WEME RN B AL
IMHz g, /tan|d - - 4.210.02
100MHz e,/ tanf3) 3.9/0.02 - 4/0.023
1GHz g,/ tan|3| - 4/0.006 3.9/0.03

5GHz e,/ tanl3) - 3.9/0.007 3.4/0.027

10GHz g,/ tan|{| - 3.9/0.008 3.2/0.027

R AHRARIENHHEAEER. 4iG% ~FEodr, witariiie e
B TR BEAN, AU A AR AR T LASEARG, AR A B UL AT g — Bus b A
7 A Ao PR A S 70 B DA A S AR B R I A5 5 T R 0, e die /MR I B
A5 P54 e B 4 [ B LR e

R 3.2 B BT FEVE S R M R R B R AE B R

Table 3.2 Minimum medium thickness information sheet based on the reliability of warping

stress

B=IRE JEJE (um)

¥4+ k18 (MoldingCompound) 250-300
1 HA4k DDR O H 150
O ARG G 44 KH(Die attach) 20
2 {81% SoC A 150
JEE IR (Underfill) 35
FH45 2 (Soldermask) 15
3 155 J2(Signal) 15
15 JZ (Prepreg) 30
4 112 (Ground) 12
A Z Core 60
5 LY JZ (Power) 12
7 JZ (Prepreg) 30
6 {55 2 (Signal) 15

R 32 2E T FEMHE KRN R EREERR, 558 35 000 Fr i
BERENITE O, N ORAERAR SR B 1 i, Core A fc /N R AEFH 21 60pm, X )
/) pp BRI 30um, HI & 2.20 AT RIFE /NG T T SRS R £k B U X A
Ko
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Differential Impedance Zdiff I 63.99 Goal Seaker

Delay [Ddd Mode] [ps/m] D [e587 360 Coplanar Ground Separation cannot be found using the current
Odd Mode Impedance Zodd I 1.99 constraints

Even Mode Impedance Zeven I 50,95
Carnmon Mode Impedance Zcommonl amag (110 3 200 0.00 0.00)

B 3.2 4 H A Al SR SR R A

Figure 3.2 Prediction and model algorithmic restriction of two dimensional simulation tool
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WA S AE R, {3 HFSS $RECOCHES 5 45 3t 4T UL BC 704 ] UR B HINE % 2
HAEIZ T 22 T XL R A2, 7T LALR] N 2% 58 % 2 AR B IAL RN 5
SKEBR AT S AR B AR I [l 1) IR 3O F BLEGEE S S0 S0 IF A AT REE B it ik

+
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312 SIPREERfmRES TSIl

S BAMNT |

& 3.3 Slwave ZwfEV)E| 5 HFSS 5 H $2 U A

Figure 3.3 Slwave editing, cutting and HFSS export extraction model
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Solderball BGA JEBREEHEAT Hid, IINETAMEIIFHINE & 3N HFSS, (i LB
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FIPRAUE— RE AR R A PSR, AR 45 AR T2 RM el R 3.1 5 2.2
PR 20 M7 1K) Debye 7Y,

Single&Multi Net S11 HFSSModel1 & Single&Multi Net S21 HFSSModel1 &

0.00 0.00
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%000 080 A3 Rt
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w w i
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B 3.4 =FhEAIEEL

Figure 3.4 Comparison of three models
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Figure 3.5 S11, TDR, different terminal comparison of single network
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313 EHEWMGHIITSEHUEERET
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B 3.6 schrRam R K

Figure 3.6  Actual model cross section diagram
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Figure 3.7 Simplified model cross section diagram
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Figure 3.8 Equivalent model of terminal main transmission structure diagram
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(R FER2 3 i S dg K B BELTG 7, A 60 BRI, I AL AR AE SO BT R AR
B Atr A EA -

1.41£TD, s
C=——"" "7 <6.07x102pF

Dantipad_ pad ... (3.

L =5.08hin(21)] ~ 0.085nH
d ... (3.2)
_22z,C

Atr 4.7ps
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B 3.9 A SRR A 58 v 1 fi] A R RS 35 23 f5 00

Figure 3.9 Mesh model of the lumped port and the simplified model of the wave port

Pazz Mumber | Tatal Tetrahedra | Max Mag. Delta 5 | Fasz Mumber | Total Tetrahedra | Max Mag. Delta 5 |
1 102768 N4 1 5110 M
2 119709 0.22358 2 £ 0.4348
3 124585 0044505 3 B346 057048

4 7754 0.10943
4 129854 0.040803 . oo o 074429
5 135610 0.012154 . . A
5 152797 0.012115 . 19147 e
7 176601 0.0050443 8 15926 0.011359
5 205425 0.0039005 3 19151 0.0058347
g 231854 0.0092033 10 24287 00064787

B 3.10 WSk S W > EOH XL

Figure 3.10 Comparison of mesh number between convergence times and mesh generation
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Figure 3.11 Comparison of actual and simplified model S11 parameters and TDR
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K33 ZHWERFRE (um)

Table 3.3 Parameter setting information (pum)

ZH Zriw  REH(SEEE GS Z a5 AlEE SS fEHZ A FUE R h
R 5 20 20 30
AZRIS 5 10 10 10
2SR [EN 40 100 100 50
DIF w S11 Different Analysis A o DIF w S21 Different Analysis 4
625 -0.80—
M‘- -1.00{
-8.75 -1.20
EM_: $-1.40
1125 .1.50—:
1250 -1.80
M5.~oo 1000 1500 2000 : ]25.‘00 P T I B T T} 1000 1500 zo.‘oo‘w‘[um]‘zsfod 3000 3500  40.00
B 3.12 SREESRAE w S ET S SE RN
Figure 3.12 Influence of w parameter at frequency on S parameter
W RSN ASE A5 AL B 25 M R AR BEL BT/, AR s T BE BT BC R S, (55 )R

EFFRHBSBIREVE, A Mot #G2 @ AE 15GHz RFMEMHFL T, %
J& B /N 2R T8 BT RN RS 20pm, - gk SRi0/NE e AR AK TG 12258 30 o

100.00

DIF GS 821 Different Analysis A
DIF GS 811 Different Analysis 4 -0.85
800~
8254 0.90
230 -0.95 |
N ?
-1.00|
9.00 = ]
& [} 4
925 -1.05]
2 .10
=Bk 1
-1.15
-10.00
2025 ‘ .20 ‘ : ‘
— -20.00 40.00 60.00 80.00 100.00 20.00 40.00 60.00 80.00
GS {um] o
B 3.13 SRMSIFEAL GS BHxt S SR
Figure 3.13 Influence of GS parameter at frequency on S parameter
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T GSH BTk FEWAT &AL s p BT, 8/ 5 0 2 18] iR .
2 GS H#THF 80 A4 pum I, ALEr i RE VA B I NGE

Bl 3.14  GS 20pm I 1 4 J= 3 i T L 47 55 7 T R 2 ey 2% T P 3% 20 A1

Figure 3.14 Field distribution diagram of coplanar waveguide field and back bottom microstrip

reference surface in GS 20 pm

B 3.15 GS 70um 1L R = LB T 5 1 = et 2 25 1 i3 0 Ai 1B

Figure 3.15 Field distribution diagram of coplanar waveguide field and back bottom microstrip

reference surface in GS 70 pm
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DIF SS 811 Different Analysis 4 DIF SS 821 Different Analysis 4
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Figure 3.16 Influence of SS parameter at frequency on S parameter
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Figure 3.17 Influence of h parameter at frequency on S parameter
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Figure 3.18 Single line scan parameters and microstrip line results
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Figure 3.19 Optimize the program to achieve the preliminary research process
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Figure 3.20 Actual maximum design margin (pum)
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Figure 3.21 Optimal solution of convergence equation
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Figure 3.24 Comparison of actual model optimization (TDR is 50ps)
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Figure 3.26 Comparison of single network and three networks by 20ps rising edge excitation

source before and after optimization
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Figure 3.27 DQS3 difference line system level interconnection cross docking layout
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Table 3.6 3GHz transmission impedance (ohms) varying with line width and height of

GSSGSSGSSG model

0.8mil 50pum 100pum 150pm 200pm
F v A R PH AT 98.9 99.1 104.6 108.6
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ZE o HAEBH AT 116.5 116.5 123.2 127.9
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FA v A TR BH AT 95.0 91.3 87.8 84.7
AL i T AR BEL 7 95.1 91.5 88.0 84.9
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=4y BRAR FH BT 109.8 103.4 97.7 92.5
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Table 3.7 3GHz transmission impedance (ohms) varying with line width and height of
GSGSGSG model
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FA A B BH AT 82.9 83.0 87.6 90.3
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P iy P AR PH 47T 78.5 74.6 71.0 67.7
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Table 3.8 Single end insertion and reflection loss of each transmission structures

s11 s11 s21 s21
A L b S T
fefiisit R (0.01GHz)  (3GHz) (0.01GHz2) (3GH2)
GSSGSSGSSG HAH i £17 15.2--13.39 0.025 0.4~-0.48
4 4 K3 % 50-200um ' S | o
4 2k st
32 SR R 520 11.0--0.0 002 0.75--0.81
(DQO-DQ7)
ARG HIEA
2y i 475 -7.5~-9.8 -0.05 -0.85~-1.49
(DQO-DQ7)

FE1Z SIP W, & mME S & LBt X B T R R B E AL G
HALILE, R s TREL)  PONME S 28Rt LiE, A7 24 SoC
B L 1 v T O i FIAE K . OSBRI T -10dB, il A5 i T-3dB R
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A, SRR RGN (A5 S R A ARV A, SR R IR AR A 2k
DAL HEME BEAT LT RTAT Y

: 401
40 35
30-E 30_;
o 0291
Q 1 Q 1
E20- 520
2 E 3 ]
101 107
] 9
-80.00 -50.00 -40.00 -30.00 -80.00 -40.00 -20.00
DIF S11 DIF S11

Bl 3.60 ZE7r[mlpcdndt 3GHz £k 2k 78 10% L 2 EZ Rl A geit 45 2R

Figure 3.60 3GHz differential signal return loss Gauss distribution statistical results in 10%

process tolerance of bonding wire height and width

DA b5 5 4 A5 5 58 B 0 W 4 0 S SLAE bR e OB B il b, SR PR T 209
ZEXT B A U BE BRI o A% G0l O A AR B i RO OK, B 1
AT A KA R Rrh . R T2, (RIEEE B HE RS BR
W, ERESHRE. BN SE R g, EaRps Rt &
A R B ATORE B Ak Bl i 28 s 42 S v 0 VA — A6 BT AT AR i 7ty 9 4b B 1
b A H v AR ROAS B & 2R FORBEAT Vit

R 39 MBS A 3000um B (mOhm)

Table 3.9 Copper bonding wire longitudinal distance 3000 um DC resistance (mOhm)

55 (miD
o 0.8 0.9 1.0 11 1.2
1 B (pm

50 1945 153.3 124.0 102.2 85.8
100 198.6 156.6 126.7 104.4 87.6
150 202.7 160.0 129.3 106.7 89.5
200 206.7 163.1 132.0 108.9 91.3

ST e 2 e A PR AR L 25 T LA 3 3% SiP B & it
SEE B IE T B S R O R . 0 R P S A2, LA i e A4 e
54 SR . & o, HSE N 41x10" Sm > TR SE e, K

copper

5.8x107 S/m o 7 Bl i E A 2 i B AR FE B FE VRN 800mA, DDR £k R 3t F
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= SiP AR AL A

28 > VDDQ /24, #7 N Jy 28, NIl G4 & 2o fE e 2 i i R AR SR 00 T U L
TR FE -

R o
Viraop = loc NDC x —— ~ 8.25mV
©gord ... (3.25)

F3.10 HEEALLH R I 3000um GSSPSSG 100MHz [A] & Hi/& (nH)

Table 3.10 100MHz copper bonding wire longitudinal distance 3000um loop inductance of
GSSPSSG model(nH)

%E(:i)ﬁ cmil) 0.8 0.9 1.0 11 1.2
50 3.16 3.08 3.00 2.93 2.87
100 3.23 3.14 3.06 2.99 2.92
150 3.30 3.20 3.13 3.05 2.98
200 3.36 3.27 3.19 3.11 3.04

5 100MHz i BAR 2RI 5 200pm 2858 0.8mil (¥4 & LR R T 7 -

Z, =2nfL,, g~ 2.11Q
... (3.26)
DDR 2k I s34 28 4~ VDDQ 424, N A 28:

Z;

Z, oy = MR 75 AmQ
N

total —
... (32D
N 1.2V, R EH | N 800mA, T &

HiEW N AEH A 100MHz i h—2, T 100MHz i A] G877 A= 1 TR & N -
z

5fr DDR i K v,

supply supply

x| x50% ~ 30.1mV > V.

total supply supply

x2.5%
.. (328)
S B R FH SR A B0 O FCHRAT B 2 i EE A2 1Y 5 5 2 % [ i () 1) LUK A

I/ 1] LR o R R 2 17 L < A N B 3 2 A /NS 6 o EU A A s ey
FEBF A LR B KT DL, SR A B A B AR X BOR . e A1 S A%
BN LT BRAE SR, SEEEEEY0, TSR T ZIRE, FIiHR
EHE T Bo& A HITE I, S i &2 fE T2 LR A T, &
A28 98 AT BALE B /N RS R 6 T ml B ey

HT SR BT AT A @B B S S IR T A, SRS A PR B G R
N BT A B K 1 AT RE_E I ME R BTN DR N T iR m S SR, EE RN T
oA HLYRRFE
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B 3.61 {335 SoC it VDDQ K AH AR b 4 A 5

Figure 3.61 Flip chip SoC chip VDDQ and adjacent ground bump model

DL SR A e A B EJEHES DDR U, BT B BOG L N 2R A
[ FJ5 VD DQ ik i R A [ 5 1) SoC o5 s AR AL S HY hymp SR A 3.1 5 3.2,
Bl bump 74k B 22 R SE r 4 11.50m, 55 Npower 34 A HLJR bump 55 Nground 52
AMHAR ¥ bump, 47 ELRTAS [ % B R HLFEL A 0.117mOhm,  [a]#% HU# K 0.76pH,
PN T AR T S

R DCSoC —

h
o x( R JzO.llmOhm
r°c N

copper power ground

... (3.29
A (3.29) & SoC HiFEEm MM A, 45630 (3.25) 5 (3.26) #EH Hal

#1255 bump A=A R BRUE A S 100MHz B 22 3 B BHPT 20508 0.09mV 5
0.477mOhm, T T 2 M S d A 28 45 0 H S 5 S BV 7 TH A 5210 5¢ 4= 1] DL 22
W

3.3 AENG

AR B AE BV I F 07 B 1% SIP W R RS R 1 SI AR AG S
Hry PL UG SEEEAT 1 PR IEE . EEAFF M HFSS a0 Hai# ki) SoC
e 7 o 2 DL RE AL A 10 8 DL b vy HE 5 B & 2R AR A Pk BE 0 Ao X BRLIE S 0 1%
SiP LZZMIRE T & K TR ae 1 kS ot die sl R giEy+ Pl
By SIP BRI vt T DT S AR BL & 4t Ja 1 FARALE .
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EMNFE SiP R FEREE SIS RGRTRREIE

ARFELEE W =X SiP H ORBRAE 5 A M R U7 o I AL Z5 R X SiP B A 4h
ERIAWT LR AT it fE 4.1 505 JBrBCR A HARBHITR 70 #r 24> 32 R
PREAZ BRI, XS EE SoC HLl a3 4 R W SiP HLUE R 2% Bt i AT AT, [
IS R Y B 5 2B ) DDR B Fr AR K (B3 LK) SoC HiJ VDDQ, 4k
32 PR EHE SR A LNIRSMELSE R, 42 PGSO PRFHIENNTE,
HRE AT NBRT R G0 50 BRI AT B IR B i =, 1718 AL T 2R MRS
SRR, G55 SUPL R Lk — DXt b2 S 5 2 41t i i YR X B A B
(IR SR 1 36 0E i 05 O — Bk, AR RS0 I i 2 Al b s th 2R B
W5

4.1 SiP RRYEIRTTE M 2T

TRV, RIS RAE T e B R 3, A5 S S BT R T AR e BT
PIETUCHED, FEIR R 4 5 7E T LA AN T 7 AR B AL S BE LR AT RENER, 2
I/ 2 X 2% TR) AN 0 BE RS B A T 55 S Rl dE o BT i i R IR 70 BE X 2% C Powver
Distribution Network,PDN) J& R4t i e 2% K HLE S5 1, AT 140 B F s A %
HOEB B IEN A [, X EE PL RO R G A E BN R, Tl
UL . LA ) PDN fA7E & & ESHHGIA N 0, (E1F9EhR
Uity H I AR BEARE 2 B B SR B, SR AL A AR Bt 4e PDN i pk
—EMERER (IR-Drop) A#ALER (AC Noise) o AC MR IR i BFAS IR
AR J [P FRPT U E , 24580 CMOS 1O F1 2% [R] B A F I 22 72 AR R0 I G e 75
(Simultaneous Swith Noise, SSN) , 1/O £ H N 2 ocs e, BI_bFHmf

FIE, U RIS BB R SSN. % Btes FIBS R L, SSN I
A IR 5 Y LR R R
di
Vnoise = VDC +VAC = If:ORDCIoop +N- Lloop_ = |(f)Z(f)
dt .o (4D

FL YR 7 AR S A I Sl 2 IR EAE IR sk PO %, 88 FE 0L % 381 11 e KM s
I P2 ELE ELRAR 201 IR-drop (/) FIAZURER S (4 dil b TH I 18] 7 AR (R A2 A e

73



SR G ARG RI BB 5T 5 B 07 7T

Voo HUTUECLSRIBUR S8 o A AR RFAE %6 PDN A A e v R P ) T3 %
LWL BT Z(F) AT R =5 520 7 f 1, i FH IR LA 70 92 9 U H A
FH¥T Zz

target *

V. x rippleYo V. x 5%
Ztarg ot pey b = upely 2 Z(f) = le
Itransient Imax X (30%0r50%) (4 2)
R 41 FERIEMN L H DT
Table 4.1 Main power network target impedance
VRM fH H F VDDCPU VDDGPU VDDMAIN VDDQ
TAEHIE Vaypply 1.1V 1.1V 0.9V 1.2V
Bk TAE 37 Lo 2.3A 1.5A 1.5A 800mA
$78 H AR ST 79.7mohm 122.2mohm 100mohm 250mohm
R B ARBET 47.8mohm 73.3mohm 60mohm 150mohm

z, B P, WP E AU AART HARBE ST, 7 b A £ H A T A T AR R
(Voltage Regulator Module, VRM) SNEi-E i (DC-DC) 4 fiitk, X1z
P PG R R 7 S R, AN REXS T 28 2 SR (AR P % . % 100kHz /T 75
TR R LA SR A, I B T8 b B S A 0 [ i R AN 5 (B /N
7%, TEm AR GHz UL BB R LK BAPT. 18 S0 1) SiP PDN FHATL B 75
B fig e AR Y B Ay ) 25 2 501 ) 100kHZz~100MHz, i SoC B85 Fi Al SiP = %5
B A AR IR, SZHE ST BT RE 100kHz F S48 )y R e fit 1 R 4F
AT BELIE 5
K42 SiPHPETEBIE T

Table 4.2 SiP power integrity analysis process

PADIWIRrS I3 HTE A YL

P oM AL AT R I i A 2 Ko A B BT
BT L o A% LR R0 48 B4 T

I 35734 PR 75 L T AGHATHA GRS T SSN 5L
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£ 42 JEi% SiP IR SERME S HTIRRE . JF IS H AN _E T R R A B AR
1M, PDN BETHAZ O T4 i) e ¢ R adt i 1) [l B LT o FLRE B 40 40 30l 5 5 7
GRS BIEASRAT S BIRER, BASERERGVIH, FHRPFEG IR
SSN 55,

411 IRMBINSH

AT BRI 7 SHO T, X TR U5 BAS R SRR T LLE I S S8 AL .
TF 5 Jaf 2 W PR 8 M) A B B AR AR AL B Rt SR e 5, R SI 43 BT T v 2848,
K ZE BT o

O Z11(discrete)
Z11 O Sip VRM
(lumped) Z11(discrete) PR short
O Z11(discrete)
B 41 ZZHiHmRER
Figure 4.1 Z parameter simulation port diagram
Cdie | R(loop)Package L(loop) package [Co Package < ":Co Package « h:VRM
711 —p > >

L 3

-
-

B 42 zZZHAGE SIP HEEREK

&

Figure 4.2  Z parameter simulation SiP circuit diagram
41 R Z S¥OTEI IR EE, 9B VRM (B 7 4.2 BRI
0.1mohm H A I, ©, 4t M R B /1 R et T LR 4
Z,,- #: VDDCPU. VDDGPU. VDDMAIN #4034 SoC fitH, VDDQ HI vt
5 DDR O A LRI O SoC B Fr fH At o X BAE 4 A 3 A AR B AT 48 2 B 1
B, VDDQ HiJE[X 7 SoC £ M 1 5 DDR 0 Hu, 7 E IR H fm k.
/AR TE B B B T Dy T AT RE L 2 YA AR IR A o AT B S B M ) )
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BE R T ARG v C il 2 A

OPackage

HE R B R R L
B T A0 47 ARG T H AL

2Amginde (00w 711 e Tt
B e e

X ¥ ' 15

= SINLATION - 201,11 - 20 Portl_DAEVDOCPL, 1Por] DIESO0CAD ]

e SIMULATION - 201, - 2otz XEDOHU, 2900tz ENDOGA) - [ ~SIMULATION - Z01,1] - Z0#ort] DIEVDOCPU, 190rt1 DIENDOCPU)

| = *SINULATION - 20011 - Z0o) UESDOMKN, Hert) DIEVDONAN) .8 2| [ SIVULATION - Z0(22] - 2290012 DIENDOGR, 2Por2 DIEAVDOGA)

1 < SINULATION - 2004.4] - ZPond DIEADDQ, 4Pt DIESDOQ deom 7 B SIMULATION - 20(33] - 2(390rt3 DIEVDOMAIN, 3203 DIEVDOMAN) | | &

[ = *SINULATION - 25] - 3525 UZDOR, $Port L2000 9 [—SINULATION - 2014 4| - Z&ortd DIENDDQ, ¢F0rsd DIEHDOQ)
i = = ~SIMULATION - Z0(5,5] - Z(5$0rt5 U2/DDQ, 59015 U2VDOQ)
4 [H

i NDDCPU_

on

00193952 (Ohem)
4 00131255 Obm)
_ 0.00218539 (Obm) j'

L ¥ 00379081 (Ohe) [ 7777
: 0147034 (Ohe)
pe “}/—j
24 Lwri !
I e T T8 e M I ORISR T A AR LAY (VT T L ey S
et 2ed el ) wm o 0 02 0304 1 E | Ted  Zed el 23 o0 00 01 02 0304 1 2y
Frequency (GHg) Frequency (GHz)

B 43 AE Cdie 584 Cdie B8R 211 45

Figure 4.3 lumped port Z11 results with and without Cdie

PWR Impedance(Z11) of VDDQ
PWR Impedance_VDDQ -

10000

3 Hane T T !
3/100MHz_Max 01000 1.1279 | | VDDQ_Die pad 219 |
|| 100MHz_Min 01000 0.3213 | =y
1 1GHz_Max 11,0000 256578 a6k
1GHz_Min 1.0010 0.1586 |
1000 —|

1 lllllll[

0

001

20

Y
Freq oKy

B 4.4 HUE ) SoC FCBGA #if i 7 Cdie Y] VDDQ 43 ¥ 1 Z11 255

Figure 4.4 Single chip SoC FCBGA design with Cdie VDDQ discrete port Z11 results
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£ 4.3 100MHz 5% B AR HPT

Table 4.3 100MHz power lumped AC impedance

G VDDQ VDDQ
- VDDCPU VDDGPU VDDMAIN
T (SoC)  (DDR)
Cdie Z¥{H (pF) 1740pF 766pF 783pF 2046pF  500pF
|, & Cdie(=£KK) 19 13 2 38 147
7, & Cdie (WO 20 13 2 36 139
£ R B IR R (GHz) 0.7 1.4 3+ 0.5 0.5

FCBGA(S0C) ; Cdie 43 3r.
Uity 1 2 W3R % (GHZ)

H vty 11 FYRAZ R BEBLAE L00MHz B3l 2 S5 O 1 H BRBEATL, 75585 1y oty 1 B
Cdie /&, £ 100MHz LLAXSBEHTLF-BEA S0, AH 2 AT LAROR B AIG i A L 23
=Y FE ST, VDDQ HIAZ i B i K, JoH M DDR & id 2, k1 4< & VDDQ
FEORE T3 = R A N R A 4 DX B, o L R R R B S AR AT
AR RO B TS g SR BRI SR FH BSR4 2 1 R Cdie 12
IR 211, [FISRH SiP B HYTEIRWIGESURIT — 80 AR ETAF & I DK@
A

SN AN 11O 55 3 0 A FEAS R P B () A, 4G 24— 11O FEL YU
1 SR At R PR ] B B T A DA S Sl 1z, K, et SR BRE TR — A
W37 i 11 1 v (] SRR B /N R R 58 R AR L% ] PR e R . R T4 A T
T A EHEGE  E] R T AR O # 2 i BH AT R R

0.4 0.8 0.8 0.2

F 4.4 100MHz 43735 11 [E P304 A6 76

Table 4.4 100MHz discrete port self impedance distribution range

sip VDDCPU VDDGPU VDDMAIN VDDQ(SoC) VDDQ(DDR)
7, 0.05 0.05 0.05 0.13 224
7. 0.44 0.33 2.08 0.71 427
FCBGA(SoC) VDDCPU VDDGPU VDDMAIN VDDQ
L1y min 0.12 0.09 0.09 0.32
211 nax 0.54 0.67 2.33 113
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PN TN \ j-j-j-j-j-j.-::....
Bl 45 SoC ¥l /f DDR H.i%E(5 5 BGA J&4

Figure 4.5 SoC single chip DDR interconnect single BGA pad

% 44 FIH T SAD IO 2, BEOGTE, I RO BG4
BOER (IR SoC 85 - FCBGA BPE{FEIZ R, SoC #idh K 5] i
DDR 75 F I 20 s 2 S BGA 0 5 1 7 e T, o8 5 M ] 1751 O
@ SiP IR, A% 41, 42 MBS TRALTNNIESREE
VDDQ (DDR) ) 7, 445, % HCBE T BELL 45 S R T4 e 15 2 2 IR )
S T Al AU £ P

4.1.2 |Rdrop EREMEER

O A BB YR AR 77 17

31 il

B 4.6 i IRdrop JEFEE

BGAEE 53
51 i

Figure 4.6 DC IRdrop schematic diagram

Kl 4.8 5 LI B 0 FUIR B, 5 B ELIU BT AR AR R R /N7 T LS AR FE
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(R 51 B I AR A EEL R 51 BT LA AR — B8, 7E 2 BT H IR N AR S A H IR B AR
&35 354 DLRE St /N A BB, 76 AT RE MR R B AN g2k A4 e Y A% B [5] 97 Y
R F YR 1 VRM 7E BGA Ui [ BGA M LIt E v, fiti e

supply

TNy PEE R R I W R PRI R oy B
LI B FEL L R g,
V,
IRdrOp =R DCloop = Supey =R DCpower +R DCground
supply .. (43)

BRI I HIEL L PRSI A E, v TR EE AR AT
Hrerp BE A 75 0B AN E 2R 43 9 AR 22 07 B s B R RAE , i i v 5 A AR 1R R
7 PRt 1 1) P BEL K AR SR B R 45 31 S5 44 FLRELAEL, o T [ J5E R B PR /N o3 TE T
HA S PIBAAE o SEBRF= it B vt FAELE VR 2 AR 2 23 X i i 7y B BEL T 22
HAREER 8, W SCEA E IRdrop B f# ] PowerDC, AT PP T H &M
A% Kl o SR T BT T FELBHL LA 73 B B RUE % . PowerDC /2 — K0l 4156 1 B I e
Bp TR, R DGR K FL s 2R 7 o A i 4 THT A LR AT

e Hy
4 i
% -

B 47 JRJZEIIN VRM {850 R & R R BRI

Figure 4.7 Layout and principle diagram of bottom layer with VRM power device

K 4.7 4 IRdrop 15 B\ EHR 2K, BONEH SHE SR S hn i A,
HEX AR BGA iy H 5] il VRM it #2544,
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&45 WEER DS

Table 4.5 Power DC analysis result

ZEN/ Veippty (V) Loupprymax (A IRdrop(mV) R pe160p(MONM)
VDDCPU 11 2.3 0.8 0.348
VDDMAIN 0.9 15 0.3 0.2
VDDGPU 11 15 0.5 0.333
VDDQ(SoC) 1.2 0.8 1.0 1.25
VDDQ(DDR) 1.2 0.8 14.7 18.375
f A " VR “'I'M . 3 . ST R G AT “lt-«ff//u
Ly
Ly
Ly
!
I8 o
LIy e
Ly
1w A1 AN

B 4.8 DDR HJ§SHEEA 20k

Figure 4.8 DDR power and ground bonding wire pressure

MK 4.8 HHRTE BIEEA 2R IRdrop JEF% 14.7mV, HIESHE S LN EFE
8.3mv A, M GLNERE 6.4mV, 58 =STMAA . R 2 K R
RN 1% H A5 DDR i 1 B RS i sk o a4 HARBEST Z, FObs iS22 00

targ et

AN EHEVE, ERA5E0 211 ERF VDDQ(DDR) UL 4R ~F Wil H FxFHPT .
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4.2 IR[E) LSRG EE S HIIE

ELoend g

D Data Output to core

Bus

[—4[— Clock

KATBTRIRIF e —3 IS A

~  Strobe

Strobr Input

from core
I ] Bus
ll’)clay | t Clock

| DLL IEATESf¥

Data Input
from core

B 4.9 JEFEE ARG REE

Figure 4.9 Source synchronous clock system diagram

B AL RN B AR GEAAAE — IR R, AT BTt 1 — B IR R D i
FPR Gt ATLLRRIRTE B EOR S, FERLIS B AS 5 BRI AT DLAS 52 IR T 6 i e
B AEiR . JRIFD B AR G ORAE R R B 15 5 5 L 25 I BRE 5 RAT I ) — 2L,
it AE CRAE L [F P AR S R VE RGN P I IERAYE, JRAT(E 5 RGUE i e AR 4k
I T PR A

R 46 WL RGIFATHRN P REL R KR LMRA B RAZEE

Table 4.6  Source synchronous clock system Parallel link timing, length constraint relation and

final design maximum difference

- RERKKEZEME]
JS¥2 Tyt il A WAy 27 RN RS i
AN il =a F WIS FATES e B A 5]
ByndEls 1 DQSON/P  LJF K FREXIL DQO-7 DMO 100um/15-16ps

HymaEg 2 DQSIN/P  EJFA TR DQ8-15 DM1 176um/18-19ps

RIZRAKEZAAL
R AT I )Y

ey 3 DQS2N/P AKX TR DQ16-23 DM2 100pum/26-27ps

BAFM MFBE OALRER RS

HAEeErE 4 DQS3N/P AKX TR DQ24-31DM3 100pm/34ps

H - CKN/P Espi L iSv] CA0-9, CKE &  1823um/182-195ps
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SR G ARG RI BB 5T 5 B 07 7T

B 5k % DDR finger 154547 B 3K HE B SoC A4 IR B 15 4% 47 B A % b 1%
RIEIT, IX A FE BB ORI R i — 515 1T DDR R AL S HEE Sl 4%
Wiy — M R 25 R o AR B OR 2208 | E 1823um, 4545 3 3.1 i e 3 TR AR AE i

e GE KA R R B e, N4 MR T SRR R IR R M -

T = o = e <12.2ps

max Vv C
pmin / . (4.4
/Srmax

Huh-£E 1 B TR KT 300ps, KRR IER AN 24 5, dia8s
2% J TDR 23R /041, AEXS T45 50 PCB RGUEHEFE B4, EiR ZE{H T LAJRKF
FEARBFHVa A, EHR B 23 A b b 4 DR AT — 5 B s e H B B R o B B iy
T PCB %%i. DDR N i @ WAFAH L A ZE /N T 3000pum, Hog ™ s it 4E
X F1i% DDR [HIELE2Z M E 248 14000um, Intel 25— 38 K505 ) 5% DDR i
B AH B A IR LR AE + 25mil , HBBEBERRAH XS BEAA TR LE mil N BN 2=
1 £ SEBLE PN E28BR (timing margin) %% E L ZE AR | 58 40 2
FEAR A

421 REEEGRZHFRERSHITRK
SiP i HI 3 AR A0 AT BtS F SoC FCBGA HHIAIY 4 JZ2 3 e i
b AR TR BT ATZ T T B, AR A S 2% L € R ) S B R AT RE T A2 T
1T BRI A BE LA R VL B 2R, RIS 5 )2 R IR JZ Dy F T B — s i Ui
A Fr 3.1 miEZEME 5 HRH SoC B A5 5 2 Rl feli 2 FHftULEC, I
A B 2 R /N BETE RN SR N 5 I s 2 B e L YRR SR DR AL ) R
] RER T f3 /) A i i A2 A ERFR A5 5 e B

X L) R EGIESAPS iNEZAPS

l \ 4 \ 4

EE7) TRIFER/INRTE, BRI e B
E%%%{: B 56 0 [ P 5 i P 5 R 3
- LB AT e YR 8] 5 A i
FItghie ZE 57 LR ] e R A [ % e B /N o 22

A 4

Y

B 4.10 ARG HETRMIA

Figure 4.10 System interconnection scheme summary
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Ao M

SoC‘%@%é}éﬁ G

HOESEIAL

PR ZR I ME

B 411 FeAEn SRR vt &

Figure 4.11 Final partial groups surface design layout

gh B B R aE I S SRR T 4R T AR IR D SN R BE R HORR A K T DD R
4, B LR M 254 2R T S IR BT 90, Ao A PRSI LR 1F R 2 52 IR S 2% L%
N, AR DQS3 ZE4rk A FREd MRS, HRRAR HIELSE
HRTERRZ e, AL A A0 S B B S o A b A b T, HoAy SoC {5 5
J LS ELEE DDR HUJRTE R ZHR TR HRATILE B ZE SR ZE 52 EL. K
SR K A 3O o 2 ) A ) DA e R P BELUARR T, A iy S e [ R T DLk B
RLAF 20 SR 98 AT R AE BT b ] % - 22 it L A 51 SRR B, kb R
JEAT A5 IR S SEOEIRERIMER . BIFRGTS m i, WS
SI A1 PR
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B 412 HREERK 2 5 4 LR, HEANHMLE, BN VDDQ

Figure 4.12 Data group 2 and 4 layout, purple is ground network, orange is VDDQ power

Kl 4.12 7R 3.2 LS IR B & J 0 R e n gkt 2 A0 4, 454 3.1 7
BT e i s R LR AL A R L SE SR i T I RE ) B SR 2 0 SR AR S LT . e
DQS3 Z 73 L KM L Z AT ALGe 2 3, RATRECRIFAE/N 5 IRl 52 2, A 4%
I o

Notsdun o) TDR

NOSO-D
- U2
i 3 I \
\
" \4/
\
] \
o i
\
/ \
o \
\
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Figure 4.13 Low frequency substrate single ended impedance and DQS0-3 20ps TDR results
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Figure 4.14 Clock long differential signal equal length control design optimization

B 4.15 Z L&k GS [a] izl itk

Figure 4.15 Difference & single signal GS spacing control optimization

KHIE 4.14 WA Z A 1 T3 30RT DR s/ 22 97 e 1 4 45 18] 0 R A S5
JEAE R L AR S AR A T, R SR A 4.15 1705 2UR AT RE TR T4k
] 2 5 6T 2 P = /DA% i 128 B

'SdB e I
—— /V‘- -t
1 e =108 ]
4 ' DQS0-2
| .554B 0-10GHz u-2.4d3 0-10GHz |

& 4.16 DQS0-3 #:% 10GHz 5% S11 5 S21

Figure 4.16 Final DQS0-3 10GHz bandwidth S11 and S21
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Figure 4.17 System level simulation circuit and module diagram

Kl 417 s R EoR—XE 110 WK K& R G 5y ME/R &, SystemSl
/& Cadence Allegro [—K RAJAG 50BN B TR, £ 1 Sigrity 58 KHTH
BEAR 34 H IR N r IR 2 AT X 2% AR Y R R I D) B o SystemSI JFAT S 2k
(Parallel Bus Analysis) SC#F IBIS. fEHZRBIAL. S ST L K AR 35 AR L Y5
i b, ARKMIRE . F5ME. (55 TR E DR R e 74
ReJT. B Z WAL RGE L IEM S S SHUEAL S N B SystemSI| F Gk HL 177 B
FREATHR B A BT IE. S2br S S8R/ 60x 60 ERE, LA T H M 45 H &
S ARFRAR BYF AT 1S R

DDR
Aperture Width
VIL (dc) Read

VIH (ac) Tx Rx
. VIH (dc) Write
A 5
/ B
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&l 4.18 DDR BfH HL P A BR 58 L2 5 135 AR AR A sh s i s 18

Figure 4.18 DDR threshold level and eye width & write/read mode drive/receive diagram
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MR MERACIRIT (], AAGRAE S IEE, R R WHR A 52 B 0 2 HLE
S Fpatt. WERSITAESE, fERNCHEEE K H/NRE (eye height) HRTE
5 (eye width) J& PN ZREEVERE O SRHE4R PR o HR B0 S0 8 1) 58 LA S A 78448 OIS
() SR A2 e s G SE AR B0 26 A, JF H R W% v AR DR B 2% R G v - ek 2
VIL A1 VIH BZOR, Al U ds se g L i U 8ol IR B4R AT BL B R TR
BT i,

R 47 SSTL HLF BRI bR

Table 4.7 SSTL Level threshold standard

H- 2R Y VIH (ac) VIL(ac) VIH(dc) VIL(dc)
B 2 0.82 0.38 0.73 0.47
FE ek 0.44 -0.44 0.26 -0.26

SSTL(sub Series Terminated Logic)$% [ H°F- & JEDEC KA —MhriE, R
HE % ac BAP T A T de BERCIRAS A B IR FF,  RVFAMIKT VIH(de) MIAN =
T VIL(de) AR B, R B 5 Dy fe /N (R T 78 o 1) H Y- BB S5 R TR 1)

# 4.8 DDR & REEn F 25

Table 4.8 DDR chip critical sequence parameters

TSetup Thoid tDSQ tDQH tIS tiH
0.21ns 0.21ns 0.2ns 0.7129ns 0.22ns 0.22ns
write write read read address address
P i Ah R REmAR S RORuARAT  ERfobil Baliobik
ERERIR L My S¥ETiRE  TREET E9IEM E5IER
FFi/NEST M ] Btk HRWE  BiFsD  BFERD
I} (7] KA A% I 1] iRl LA ORIFIN ]

* 4.8 & DDR R XN FZSH, FEEMKTE—#, SoC ii Cdie N
2.046nf, DDR %4 Cdie A 0.5nf, %4 PCB {55 VRM H# N7t BGA pad % 1,
02 HEE SIP B A AR MERE . & M Bek IBIS BB @MLK R, BT
FERI N T &0 o D3 & 4E RLC, %k # % 1.066Gbps, i & JH i1
533MHz, JEI%) 1.88ns. KM 64 £ 32 NFEMIAINEEHLAS (Pseudo-Random
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Binary Sequence, PRBS) 15 Ei#ili.

vetagn ()

IR E 5 SSNH T

N ,w'.-..x,f.‘.'.:.“lw,,.\.m,‘..‘wlm,ﬂ}.‘h.,.\_mﬂma‘..,\w@_ﬂ.\...‘,.\,..MA‘W.w. B

1 B#{ESoCKAT6ARIPRBS T
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£
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i
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3

Troe o) : : T o)
oD e T Tyl o SO BN L e
e Ty b ot X \Cta Wk, T, T/ ety DR

Bl 4.19 DQO 4=l Ao Al AR i b e i i 55 e ic o BT

Figure 4.19 DQO transmitter and receiver waveforms of full coupling and non ideal power

supply
K] 4.19 2028708 SSN,  BRA vy FL Y i 75 5K LA T A DR b B PR A £ T
ALk, MINEER) SPICE #iH4 S HIK) IBIS 17 ARG & Fh ODT: 34 RRUIX
A A8 KK Al IK B, IEEUEHE BE S 1 5 TARRESIEA R VOB~ 347 1 EXT L .

Eye Disgram

--340hm

B 4.20 A[FEIIEFRDTT AR B 1S ERAER K
Figure 4.20 Different terminal impedance data group 1 write operation eye diagram

34 BRI RS SIRIE/E-0.4-1.6V 2N, FILLEH, 48 RRUGIXEN 1 IR iR (E
1£-0.2-1.4V, $£iBhtk 34 BEE/NMRZ, BRETE AR K, HPagEre, %
PR BT EOR, R Z R0 Ar— 2UR 80 M R A e 128 2
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PRS0 DQs1

B 4.21 4%4E DQSO-3 Hid ik i iR
Figure 4.21 Read operation DQSO0-3 data strobe eye diagram

ORBENUED R B0 % 2 (IR ERO VLR, 64 3 D 88 I YA SRt
B SN MBI R, AL A B TR B4 135 5 4%k 1 B R P
BOK RN . AT 269025 1 B IR MLHUR I, 5 3 DQSS R SEHIHIXHEE N

SN RV Bt FURESEE IR €, BT BB 2402

S8R LR EE NS RMEE . W E N TAERAEY, DDR it HfE sl

HA R SN I T B B A R FFROR T, g
Tsetup_valid = Tstrobe - Tdata = tDS - tDS_deIta
...(4.5)
Thold valid — (Ttngger_cycle data) strobe — “DH tDH_deItaL
...(4.6)
AT, ONEIE e 84S 5 Bk I a) 5 5 Bk ), T, e 2 I

strobe data trigger_cycle

BRI IR DI BR. t, v tous tos s ton su PO 0T FORE 12 i
S5 B0 B AN S AR 1)) B AEL . 00 5 B 1 5 R o 2 A

ST € AR R g, R
tDS_magin = Tsetup_valid - Tsetup
.47
tDH_rmgin = Thold_valid _Thold
...(4.8)

eI R4 B ReadSkew_margin & B R HU -5 52 B i U AR I 22 46, /&

89



SR G ARG RI BB 5T 5 B 07 7T

BEEL AR SoC 2o i B N P48 Fr
K49 RGEHEJHMN TR (ps)

Table 4.9 System interconnection simulation timing results(ps)

HENTI R PRAFI A]

% e e EEURE AR BEREIRY SRIEIRGE
e A==y
HimstEs 1 87.2374 153.753 435.783 841 851
Hustrk 2 90.8857 151.298 438.226 833 836
BneE 3 79.0894 154.774 426.441 825 828
B 4 88.1067 152.091 436.866 827 832
Hby - 559.706 572.133 N T{E{E5#AE 1749 857

RBEIN FPAR bR A2 P AR N R E 2 i, IR 2 255
FHCN I ERME . MXSTTE, DQS A #2302 T RECRORIE R 1 — 2 1 H
JEFEAR, KBRS RE IS 5 IR SR 08, I rh B K.

423 HBIELEWMOHN

Die pad

A i 5 B
TF % 2%

EE%E/\:H::[W]‘
RHGHFRZE

L
B 420 e F T A T O 3 o ) U o

Figure 4.22 Bonding surface treatment electroplating line diagram and data group 3 layout

before and after etching

Kl 4.22 Jefidn ki 3 A&, AE T 22 Jy 1 AL 2 DDR & 2R e AR
R R A R T ASE N2 5 AT T 2 B S R N T EE I, AR AR BTN 4
PG 1 finger X543y 42 22 B AR SME FF x0T finger MR AN A IR R o T 1 o i fp ik
MOE FE S I A FEBRE AR TR R 2 2 P e e e 3, i AE R B T O
BREBAE, Zaf5 SR PTRERIIE P, R eR. BHEhAE A

90



HUE  SIP P IR 5 R G 0 B AIE

Name= &t
/o /o)
/ T
& oLt =
_ . Name=#1ig
0 oy
= weema oV
| AN —
=1, % =
Reflection _openA ii6 - Receiving end

T
Time [ns]

AR I 4K R0, 10, 20, 50ps

Bl FL R 1) I K s iR K

125

e

Tobo o T o5 T

To2s 075
Time [ns]

|
000
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Figure 4.23 Electroplating line stub circuit and waveform result
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Figure 4.24
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Electroplating line stub single network circuit diagram
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BB RPR I S S EUBRAR B BRSO LA B M, 40 SoC
RS R R BB S 2R finger MR AL (V3R )2 TOUR 28 B AY , G4 2368 3R B A R 14
GSSGSSGSSG B B AR, AHXT SLhRBi A 200 | JE B AR L i kb S 3% R AL a4k 5
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Figure 4.25 Influence of data signal electroplating line under the excitation of ideal power

supply

K] 4.25 & DQ {5 T HLM 24 S XU 48 A Jo L 2R T B TR M AER 1 % 10ps FXT
LU, BEAE 15 5 E AN R i 45 400 1 ad VA% 1 0T 0 F B, A SR S NFIARERRAIS T
FECIE T, Tt e A B 3R (1 386 st BRSBTS 0 B

DQ&CA new dianduxian A
120

1.00
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0.80 b5 5 BOY
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B 4.26 BARREILTS DL N B A5 5 RS S AR LR RE R LE

Figure 4.26 Comparison of influence of data and address signal electroplating line under the

excitation of ideal power supply
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Figure 4.27 Comparison of data group 3 with and without electroplating line write and read

mode eye diagram
FHECA BRSO, B4, SATAEHREAT margin B 230,
tos. g JHINE] 190.834ps, ty, . 4] 233.269ps. B RS HHE B (T

fTelss . WIRP AR R, Bl b AT — e B R PRI o) R K i
HR AT P e AR 8K s, 1R 2 i #r— 2.
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B 4.28  Hbh-ak g 2R e R 2L A S Hhk A A AR 6 B

Figure 4.28 Comparison of address group with and without electroplating line write and read

mode eye diagram

L PELHT, HhEZR IR E BRI E-0.4-1.6V P, BFIARRRA, R
THEOR. KL )s, BENPIEA RN EIL, HBAMIEL margin
BAR tos pagn B INE] 676.384ps, t W NF) 638.961ps. 2 428 0 FL i
2Ry BN R o B b SRR 2 rE AR AR (KR THIRAE T AT A 1S, X TEZ
i FRL R 2 3R IR SRS T RE A5 22 AR R AR R A /DN, T AR S Bt L 3 24 B v 4
TR S 11350 KB B A AL e b S R R — B RAL R G215 5 T &

DH _ magin

424 RBEFXBEEERE

ZHT A X YRR A IR B PTEAT T ISR, 5 A RS R R
IR, SKH iR PRBS Bahis BRI E S TARIRAS, BEEES R SSN 1
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Figure 4.29 Write and read operation simulation results under drive side power supply

] 4.29 SR AT, B SSN 5 A TAEBEAI /KA i SoC ) H FR i
FGHE A 1.161 % 1.221V, A FI2560mV .o BB S BRI [FIDTF R Vg e -

VSSN _ write = VDC _ write + VAC_ write

...(4.10)
VSUPpIy _VDC_Write _VAC_Write =1.161V
..(410)
VSUpply _VDC_write +VAC_write =1.221V
...(4.12)
36 B F5 A 90 T LR A A R 07 21— B, P v
SoC ELILIEMEMIEN BMV, Vo e PSSR A5 BB IEIE R Sy 31mV . B ()

FL P 0 Bl AR B HE (V) + 3,506 » 1312 SoC A 1 AR 5F KAt T 5%. X B B &5
FELE A IBIS BAUN R ) TAEIRES 1 75 KRG HC B4 F R I 5 B S ES5ME
IFIEIN 2% Z () SRR BLIHDUAR He g i 30t SR, e a3 52 B IR S0 E Fi A o

FEEU 7F 3K 5 5 DDR KIHLE A 1.104 % 1.261V, £ 157mV. [FIFER &
TEIRIDTF RIS Vg o /3

VSSN _read = VDC_ read + VAC_ read

...(4.13)
VSUpply _VDC_read _VAC_read =1.104V
...(4.14)
VSUpply _VDC_read +VAC_read =1.261V
...(4.15)

HF Ve oy 9 SOC ELIRE B 17.5MV, Ve o, FACTME B

fifif3 8 78.5mV, DDR BN 14.7mV, mARHEER KT + 7% . FFTHH
TSRO LR e R A AT — 5. S HE S 4G 2 /545 DDR AHXT SoC {5I%e flh HAs 22,
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B A i R 2Ry fL IS 100 T A I . BT PL B2 st st 2 O 1T
REIRDN Z(F) DA 5 5 A0 AE PRI AT RE I Ll TR 2N GS. GP
(Ground & Power) [AJFE LA S I B, B KRER T8 . BUe ol e 544 iR w] LA BE 4
AR PR 5, SR T A AN 28K 05Tty R 18 T DA e KR R e A A e A
Rtk

43 KENG

ARFEX1Z SIP ¥ K 1 FIR SE BEVE 3 BT R G ELE BT R A BRI 4 AT
TVEAH R, DL A BT A BN S R R R A A ORST B VR T R 4
WA B XT 1% SiP 336 o S AR AE B BR B B F i B 1) SPICE A5 1 (1) 3 AR AL 1
gy o MRV, IR E U7 E A AT IR T SERR LA BEAUAT T 450 I — Bk, il
A HR ] & SSN Sk | L EvERE , 43 T — P W R TAETS DALY . S EE )2
WA A TR TR B ) RS 4G R L2 T T AR R,

Pi R Ead ATl
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Figure 5.1 Design and Simulation R & D process
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JEDEC #rifE T HIATse 8L, 2 W& 1.6 3t 2B UG UE T 2 il SEI i (R Bk 5 2%
SRR I A R A 207 2

HUGRC R = M EZ AR, BRI =48R & R G IE AR ik A 5 iy
R RS IR S BE S M IR RS PR 0 A SRE T B B s BOE R KR S i
2RO SRR R BEAT D AR AR 0 A, 4550 1BIS AR AU BAE it 4)3Y]
TRUE B & Ve S SR AE 1519 A2 75 5K o Ja 12 45 A BTS00 L0 A 518 & PR BT 8
BARMEAAR BT A, A0 BT BN AE 4.1 50 3 AR B AL LR TR 5 5%
FIFEEL S SoC Ty B i 5 S ZHH %, th T4k S 3.1 SoC miid b A5 5 1k
SR, A RA B EEBUR B 2o AR & E, e
LB I BTG5 R S AGE 2B AR 2 A d S BT B T T

B Jr A A A AT R SIUPL RS [R5 H o, [FIRE 2 A4
AR R, SRR T2 T ZRE R E i P ot 29 B B oL T
A DLAE AR BT LRI I &5 5 D0 A 4508 1 0 & B A 7 170 982D Jm 30 A9 48 XU 18] AT
INPRAEAR (T A AR » 240015 i (107 30 45 R A2 75 SR I AT DURR I 80 U1 i [ a2
W58 S 2

52 RNASMRE
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B 52 SoC:hHEZEETZRER

Figure 5.2 SoC chip flip chip process diagram

K 5.2 B S SoC & (R 3eHs T 2 e . weit Aok ezl
PIEI B T AMBRAAR B 2, FFIF AT THE A2k finger /R AL AR T AL 2,
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K 5.3 DDR &% 5l k4 T2 nm K

Figure 5.3 DDR chip attach and wire bonding process diagram

¥ 5.3 /& DDR:t" Frifiil DAF (Die attach film) 15 SoC 5 i & & 51 2kt &
LM BIRWE R BT 7 H R oAb 2, (2 A 2R B 4T 2R Ao
B, R DDR & AHX SoC & FBU, IREHINGAARN /N, BAER=
YLV G T BT A B G B INVEUK o 2 PRk I ) 2 o A v B3 i T 20w SE PR
VAR, [REAE 3.2 5 B A AR il 52 2 (10 07 EGIE 1w IR e, E A DY
iR T R B IEOL TS S SRR S B & T T R TR R
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Bl 5.4 WERAEER T 2R A

Figure 5.4 Molding and BGA planting process diagram
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Figure 5.5 Samples after printing and cutting(key product code information removed)
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Figure 5.6 3D Hybrid SiP production process
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