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3D Interconnect density (mm-3) log scale
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> More than Moore
-SRI RRON BER R E

1970-2050 semiconductor packaging roadmap

TSMC:SolCin  TSMC:SolCin| Node scaling withy 25um
CoWoS inFO 2D/3D packaging |
LE+12 = e Kaging |
e EiEsEmsTas
20pm
LE+10
TSMC: inFO_oS TSMC: CoWoS Intel: EMIB ]
ASE:FOCOS  Intel: Foveros TSMC:LSI H_)'_l?r.ldbond'"g ] n
1.E+08 m ﬂ 30 o | ..... WS de scaling without] ISum §
.-.-.-.---- . 2D/3D packaging E ChIpletTﬂE,u\%fETEEﬂ_'\Hﬂ'fﬁE’\Jﬁﬁ
LE+06 FC CSP/BGA  Fandn WLP UHD FO ] Z.SD‘S'..mterposers | Embedded die E
e - ] 1opm ¥ Advanced Packaging Roadmap -10 pitch & RDL L/S®
- ~ 2
1.E+04 [ — £ 2019 2021 2023 2025 2027 2029
] . ; 3D
: 1 Sum L Qitch £h_'?1__, Stack
ip [WLCSP ] Chip2 * Pitch | : Ty : =
| E+02 - _— .. .
0,350um I ‘73 v W - « Bump /O
1970 1975 1978 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
Timeline * RDLL/S : | t— ’
Source: Yole Y ¥ ¥ ¥ >5/5 um b >2/2pm )
il I X 550 S
__E._x_!_ M . Pitch m
Schematic not drawn to scale Roadmap represents minimum values at HVM production.

Does not include R&D capability.

10 Bump I/0 pitch is scaling much faster than Ball I/O pitch which drives a finer RDL L/S at IC substrate package level.
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Chiplet DSPIIBE#L5%

DSP*4

1.204B x4*4 20Gbps

2.SRIO x4*4 20Gbps

o
—

48
- . . 3 005
3.Power Dissipation:30W Total :
; 05
PKG Type
PKG Size (mm) 40x40
Die Size (mm) 17*8.5 x4 0 R 7 i A i
Timing offset (Uf)
Die THK (um) 780
Layer / THK (mm) 10L / 1.26
Core THK (um) 820 :
o Eye Width (ps) after CTLE =~0.3UI=37.5
= PP THK (um) 30
or SR THK(um) 20 Eye Height (mV) after CTLE | =~10
o)
A Core Type MCL-E705G
PP Type GZ41
SR Type AUS703
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0.3755 nH

0.341 nH

0.3065 nH

0.272 nH

0.2375 nH

0.203 nH

0.1685 nH

0.134nH

0.0995 nH

0.065 nH




WCPU+FPGA

M FR4miEy : Server CPU

Rigger Micro Technologies

PKG Size (mm) 61x61
Die Size (mm) 16x16;13x11*2
Die THK (um) 780
Layer / THK (mm) 10L / 1.25
Core THK (um) 820
2 [PP THK (um) 30
% |SR THK(um) 25
§ Core Type MCL-E705G
PP Type Gz41
SR Type AUS703
FESEH Spec:

1.PCIE 3.0 8Gbps
2.DDR3 1066 Mbps
3.XAUI 6.25Gbps

4VDD CORE:0.9V 40A

4. Power Dissipation: 50W

RMT Confidential

FPGA: Eix 50+/-10%Q
EIRESESXIHBEHEZ100+/-10% B ER
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GDDRG6
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PKG Type FCBGA

PKG Size (mm) 37.5x37.5
Die Size (mm) 12.5x17.8
Die THK (um) 780
Layer / THK (mm) 12L /1.36
Core THK (um) 820
% PP THK (um) 30
N FASE : GPU E SR THK(um) 25
& | Core Type MCL-E705G
PP Type GL102
SR Type AUS703

17

RMT Confidential



ol g A=y
Z% 2 QQTE 1:/I Full channel s-parameter characteristics: Rigger Micro Technologies

e |L<-4dB upto 8GHz
e FEXT < -28dB up to 8GHz
e NEXT <-28dB up to 8GHz

1. GDDR6:16Gbps > D O D s o s S
2. PCle 4.0:16Gbps __ an oL

mm r.. e '
« TX-1TFFE - Stipine 20=450nm  + Stripine 20=40 chm  + GODR6 DRAM TR T Fe 2M4)
+ RX=-CTLE+1TDFE ~+ Bal pitch = 0.8mm + Discrete memory  package S-parameter ¢ TOFS IR 0.0ns+27.2
- RoN=48/40 ohm « Lengh <16mm + Lengh <3 « Ronm48/40 okm R 5o ol
2 H DM I6Gb S + ODT=400tm « 52.5 Stackup « Via Backerill if stub + ODT=600hm =36.2ps (0.579UI)
. . p length> 40mil

Figure 4: Typical GDDR6 Reference Channel meeting 16Gb/s Requirements

3.VDD CORE:0.9V 80A/30A
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4. Power Dissipation: 1T00W T

-
&l MWL}
Return _B_' bhhbb\:
Loss (dB) ! A:25.50,8.0and 16 GT/s
10— AN B: 5.0,8.0and 16 GT/s

1 C:8.0 and 16.0 GT/s
D: 16 GT/s only

-18 1III'|IIII||'III'|'IIT|1II 'IIII'IIIII'II[II"[III

0 1 2 3 4 5 6 7 8 g

Freq (GHz)

Figure 8-19: Tx, Rx Differential Return Loss Mask
RMT Confidential
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PKG Type FCBGA

PKG Size (mm) 50x50
Die Size (mm) 17x16;14x19;11x10;3.6x6
Die THK (um) 780
Layer / THK (mm) 10L / 1.25
Core THK (um) 820
% PP THK (um) 30
E SR THK(um) 25
REFBOTHSE: T+ ETHVAGRSS  |core Type eLErose
PP Type Gz41
SR Type SR7300G

21
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1.PCle 3.0 8 Gbps

2. DDR3 2133Mbps
3.USB 2.0

4VDD CORE:1V 40A

5. Power Dissipation: 50W+30W

ﬁ,
o

£3320203220000 2020223020003 22232020 200220803252

Bassis RSB

—

julibebaiaaliune o

ﬂm_

¥

FHESI s
= -
= =

“Ssssssisisans NI

) e

i &
iy
i :

=

2 s
-OQ—EH: = S5
wobma sl BESEE
B buginonclill |« — -
“‘———gi bl =t
] sl
el s
5. =

== =1
mv.-,‘ﬁ'; = ﬂ
el e

RMT Confidential

igger Micro Technologies

22



A4S A VA
j:i q:‘_.]'/\\\ Rigger Micro Technologies

1 IRMHERC R SIPRIZENRIT
2EZGREIEES. BRERE. 2RI
3.2 R ARTHEAMES] (BlER: MNiRE<10%)

9900999 g. -

‘addoddas..
L

23



BB

S Amplitude (dB)

/\’
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Diff - Diff

4

Frequency (GHz)

&

4

Frequency {GHz)

]

0.152 nH

0.1427 nH

0.1334 nH

0.1241 nH

0.1148 nH

0.1055 nH

0.0962 nH

0.0868 nH

0.0776 nH

0.0683 nH

0.059 nH
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UCle D2D

3D View

1. 5+2+5 Structure

2. Die size 12*16.5mm

3. Die to die 25mm

4. Route layer:1, 3. 5, refer to layer:2, 4, 6

Routing@L1 Routing@L3 Routing@L5

Design Purpose:

1, UCle SP X16 sample substrate design SI/PI

analysis(Data rate:16Gbps); Data Rate 4-16Gb/s 24-32Gb/s

2, Compare IL and XTK with all options and meet Overall (Eye Closure due to Channel)

UCle standard requirement in 25mm. Eye Height 40mV 40mV
Eye Width 0.65 UI
(rectangular eye mask with with Equalization
specified eye height) 0.75 Ul Enabled

25
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Rigger Micro Technologies

b REIENES . ES AR, T FLIRITSRICICERHTRISIIN,

S11 (dB) $21(dB) FEXT XTALK(dB)
@8Ghz @8Ghz @8Ghz
HE— 10E 2, 4 25mm 40/18/40 um 40/13/40/18/40um 12/12um TX -8 24 -17
RX 85 24 19
hE— 102 2, 4 Smm 40/18/40 um 40/18/40/18/40um 12/12um TX -11 -12 -14.5
RX -10.5 -1.1 -16
HE= 122 ER 25mm 100/18/100 um 130/18/40/18/130um 12/12um TX 105 2 _15
RX 95 -22 -19
HEmM 122 R Smm 100/18/100 um 130/18/40/18/130um 12/12um TX 9.5 -09 21
RX -9 -14 -16
- 100/187/100 um
‘ﬁ%ﬁ 12= < B 25mm (ELASE, AalEvess | BYIS4018/130m 12/12um TX -10 2 23
RX -8 -24 -17.5
HES 122 R 25mm 1007187100 mgé;;ﬁw%mﬁj 130/18/40/18/130um 12/12 um TX 95 09 21
RX -9 -14 -16
hEL | 122 .3 25mm 100/18/100 um(:H 5 i1 FF3688) | 130/18/40/18/130um 12/12 um TX -10 = 23
RX -8 -24 -17.5
= 1 33/68 um 15um TX[0-15] -13 -1.5 -246
= 122 23 18/40um
LE 3.5 o 18/54um 12um RX[0-15] 14 15 227
RX13 -27
RX9 -23.5
RXE -13
= 1 33/68 um 1lum TX[0-15] -185 -1.7 -26.5
= 122 25 18/40um
e 3.5 - 18/54um 12um RX[0-15] -185 17 25
RX13 -29
RX9 -26
RXE -15
== 1 33/68 um 12um TX[0-15] -19.5 -1.78 -27
= 12E 25 18/40um
HET 3.5 - 18/54um 12um RX[0-15] 195 178 275
RX13 -30
RX9 -36
RX8 -30.6

RMT Confidential
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e

S Amplitude (dB)
0
1 TN
\
=2 7 TS
o \_’_\—’_\
-3 [
®
4 2 VUILAD: -2.0328 dB@8Ghz ~
5 ~_
-5 : | ‘
0 5 15 20

10
Frequency (GHz)

lllustration note:

Selected one of the key signals and display the
comparison of S11 and S21 parameter curves before and
after, as well as the comparison of crosstalk with adjacent
lines.
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» Temperature contours of Result (3D view)
INERE2S5 °C
NESSHRINEE: 3 m/s

® XFiLpDDR5HMY A D2DEIREEX 35bit x 8Gbps
® ~LRR~T80x80mm, EINEEHXA8+2+851, &

[EZ1.62mm;
® [I5—FC+EUNGEFHELEN, A RY
22.3x25.3mm,;

FTE(ES%E2/4/6/8F, LMIAFMEBEIE,
® PCle5.0, LpDDRSE=®RE
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e ﬁz_ljﬂ:/ . PRBSB 1 o Mask: ] DZD_RX_AMl\a
+  HRFMEEITNERS e ks_d2dp_io_Rtx
 Ideal power X feom _ami.ibs
D2D_TX_AMI\a o
ks _d2dp_io_tx_ Vohage (1
ami.ibs

-0.1 _\ /
0.1 0.2 0.3 1

D.S
riod (UI)
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Rigger Micro Technologies

PKG Type FCBGA

PKG Size (mm) 45x45
Die Size (mm) 10*15
Die THK (um) 780
Layer / THK (mm) 10L / 1.26
Core THK (um) 820
% PP THK (um) 30
% | SR THK(um) 20
® |Core Type MCL-E705G
PP Type GZ41
SR Type SR7300

30
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Category ltem Targets
Impedance |TX / RX / CLK 72.95~97.50hm, suggest 850hm

1 PCIE 40 X1 6 1 6Gbp5 Skew within differential pair <1ps

Differential insertion loss -1.5dB<8GHz
2.DDR4 x16 3200Mbps —

Differential return loss -15dB<8GHz, -10dB<16GHz
3. ETH x4 1 OGbpS Common mode return loss -6dB<16GHz

PKG Common mode to differential mode conversion loss -20dB<16GHz

4.Power DiSSipatiOHZ 40W Differential to common mode conversion loss -20dB<16GHz

Differential crosstalk coupling (Near-end crosstalk

between TX and RX at die side, all attackers) -50dB<8GHz
Differential crosstalk coupling (Far-end crosstalk
between TX and TX, or RX and RX, all attackers) ~40dB<8GHz
DC: 1%
o AC: 3%
Power
i DC: 1%
Vp/VptxX/Vpdig o
Eye width / height 0.3Ul / 15mV

31
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1.PKG Dimension:50*50_12L—45*45_10L: B4 |
2.Dimensionig/> % ER); BIREHUR/
3. FEESRIIEIFEMAE:

a) Core LHRFHEHIERZEES,

b) MR SEIRREE,;

C) XIFREEIRIFT, RIEPIREEXK.

ZEPNyE S PDN(Ohm)@100Mhz
TS 3.62096E-02
2.2u x2/4.7u x3 2.58804E-02
10p/22n/2.2u x3 2.50259E-02
10p/22n/4.7u x3 2.45212E-02
10p/22n/2.2u/4.7u x2 2.36575E-02

RMT Confidential
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(hE%

- N

Diff - Diff

S Amplitude {dB)

-20

(ZHOMIL = ¥

ZHolg = X

1] 2 4 6 3 10 12 14 16
Frequency (GHz)

Diff - Diff

5 Amplitude (dB)

{(ZHOY 8 = X

2 4 3 & 10 12 14 16 18 20 22 24
Frequency {GHz)

0.601 nH

0.5474 nH

0.4938 nH

0.4402 nH

0.3866 nH

0333 nH

0.2784 nH

0.2258 nH

01722 nH

0.1186 nH

0.065 nH

Total Deformation
Type: Total Deformation
Unit: pm

Time:1s

157.67 Max
140.15
122.63
105.11
87.594
70075
52,556
35038
17.519
0 Min

Voltage(V) Current(A)

s Amplitude (dB) mual
1= 248
1
—— o | VDD_CORE CLUSTER2 , —
a WorstAW = T.0mV 0.892135
RwghV = 5.7mV
= Vout = 0.9W AW = 135.TmW -
1= 1,84
1
- ey 0.8 ¥ vDD_DDR | —
:‘/ E = 4 % WorstAV = 1.1mV 0.79798
-120 4 :E _ AvglAV = 0.8m\V
:g = Vout = 0LEW AW = 1.5mW -
iz
o 1 2 3 4 5

Frequency {GHz}

RMT Confidential
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Rigger Micro Technologies

IR Drop
Simulated

AVp = 7.0mV(0.8%)
AV = 0.9mV(<0.1%)
AV = 7.9mV(0.9%)

AVp = 1.1mV(0.1%)
AVg = 0.9mV(0.1%)
AV = 2.0mV(0.3%)

33
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R FESTLE: @S

PKG Type FCBGA(Trail 2)

PKG Type FCBGA(Trial 1)

PKG Size (mm) 31*31 PKG Size (mm) 31*31
Die Size (mm) 12x10 Die Size (mm) 12x10
Die THK (um) 780 Die THK (um) 780
Layer / THK (mm) 8L/ 1.18 Layer / THK (mm) 6L / 1.08&0.67
Core THK (um) 800 Core THK (um) 800(ABF)/400(BT)
% PP THK (um) 30 % PP THK (um) 30
g SR THK(um) 25 g SR THK(um) 25
c?) Core Type MCL-E705G u:) Core Type MCL-E705G/832NS
PP Type GZ41 PP Type GZ41/830NS
SR Type SR7300 SR Type SR7300/SR1
34
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1. 28.125Gbps Serdes*8
2. 12.5Gbps Serdes*24
2. DDR4 2400Mbps

3. Power Dissipation: 30W

Spec.: EW > 1.08ns (0.65Ul)
CA timing is 2T

Eye Mask for CA

Rigger Micro Technologies

25G
Serdes

Both TX and RX IL on pkg

<2dB@14 GHz;

TX & RX PKG + Die
Differential Return Loss

OIF_25G_VSR : -15.0 dB @ 14 GHz;

TX PKG + Die
Common-Mode Return Loss

OIF_25G_VSR: -2.2 dB @ 14 GHz;

RX PKG + Die
Reflected Differential to
Common Mode Conversion

OIF_25G_VSR : -10 dB @ 14 GHz

PKG Crosstalk

Tx to Tx -45 dB @ 14 GHz

Rx to Rx -45 dB @ 14 GHz

Tx to Rx-55dB @ 14 GHz

RefClk to Tx/Rx -65 dB @ 14GHz

PKG Differential Impedance

90 ohm +£10% @ Rising time=25 ps

PKG TX / RX Intra Skew

0.5 ps

--- VREF+0.1
- VREF+0.075

- VREF

--- VREF-0.075
-~ VREF-0.1

» At SS corner,
VREF=0.57V

RMT Confidential
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28Gbps Serdes

1.10 layers to 8 Layers

a) 28Gbps serdes@L2/L7

b) 12.5Gbps@L2/L7

c) DDR4@L1/L3

2.10 layers to 6 Layers (Delete 28Gbps Serdes)

a) 12.5Gbps@L2/L7

b) DDR4@L1/L3

3.Void design for impedance match(Raise 5-10 ohm)

12.5Gbps Serdes

36
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Rigger Micro Technologies
u46 u47 u4s
PCB
1.2V

PKG

Controller

ApertureWidth =1374.367042 (ps)

dc

f
i

VIL

37

Time (ns)

25 30

20

Diff

15
Frequency {GHz)

Diff

10

(dB)

72

7

fohEZER

S Amplitude {dEB)
Y =-12.81

H

—
Ky

10
20

%=1 16HD

X SERE2RT03 (B

¥ = 2471165 (MHz)
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Frequency (GHz)
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»Chiplet 2. 5D TZH5
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Si interposer size: 1.5x Reticle size

—_—
TUEJZEE/?]COW Die Bump pitch: 40um
Die Bump count: ~20000
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