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For 5G/Al and HPC applications, 2.5D-IC chiplets integration with high bandwidth
memory (HBM) has been a critical demand in recent years. To achieve this
demand, HBM3 was emerged in 2016. Its total data t rou§hput can be up to
922GB/s with 7.2GT/s per data transmission lane, than that of HBM2E by 512GB/s

with 4.0GT/s.

This work Eresents an silicon proven HBM3 PHY [P chiplets integrated solution at
CoWoS platforms. Its de51gn-oEzt1mlzatlon consists of signal mtengrlty at high speed
silicon interposer interconnections (insertion loss less than 4.7dB) and power
integrity at chip/interposer/package/board whole PDNs.

This work is implemented by silicon technology of HBM3 IP PHY in 7nm, and
CoWoS interposer in 65nm, where it can achieve HBM3-7.2Gbps with eyewidth
to 0.52-0.68Ul at CoWoS-S and 0.68-0.79Ul at CoWoS-R, as well as maximum
voltage drop (DC+AC) SLéPBressed to less than 5% from supply voltages (both
power domains, 0.4V and 0.75V).
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SI/PIl Design-Optimization at CoWoS-S/-R

_Chiplets Floorplan of HBM3 CoWos- 5"R'"te"°°sef Silicon-interposer Fan-outs & High speed interconnects

To HBM3 PHY IP
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HBM3 Interconnects Name | X | ¥
3 InsertionLoss < 4.7 dB @ mt0.0000/-2.4719

m2_|3.6000|4.703
3.6 GHz m3_|7.2000 66242

EDA'by Ani'sys HFSS / RaptorX =
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S1/PI Design-Optimization and Design Flow

SI/PI design-optimization at chip/interposer/package/board is demonstrated
through this work, as well as electromagnetic simulation (Ansys HFSS, RaptorX,
Slwave, Q2D) are employed at the design-optimization.
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Decoupling Technology on APT

CoWoS-S

Icap (eDTC)
Si Interposer
IPD Capacitor

Current HBM Application

Organic Interposer



Power Integrity Co-design

B Power Integrity Co-simulation topology ® Simulation conditions

PHY Core power; PHY IO power + HBM Core/IO power + CPM model : SOC_CPM + HBM_CPM
HBM IC HBM + PDN model : Interposer, PKG, PCB

DRAM PHY + Simulation conditions including
HBM VDDP Probing €= _J= =2 VDDPL Probing IDD4W (SOC_CPM+ HBM_CPM)

IDD4R (SOC_CPM+ HBM_CPM)

VDD Probing
[ Interposer PDNs

PKG . - ) : : .
[ (PDNs in 5-Haram.) (on-PKG deCap Power Integrity Co-sim., IDD4W- Zigzag @ CoWoS-S
PCB . (on-PCB deCap) ] J— IDD4W P! resuits ansYs
[ (PDNs in S-flaram.) Trace Crar —— UKDT144 Core VDD EDA by Ansys SIwave / DesignerSI| e
HBM_VDDP (1.1V) SOC_VDDPL (0.4V) SOC_VDD (0.75V) = o
= = A - = A - et o SOC_VDD 690.00
e HBM3 PHY Core & Write Operation AVmin Read Operation AVmin — gt
Types 1/0 Power Noises DC-drop AC-drop DC-drop AC-drop avg 3956346 -
min 3823942 HE
Y oo |729.2mV (2.8%)| 719mV (4.1%) (729.6mV (2.7%)|722.9mV (3.6%) i m— Vmin (<5% drop fromVnom)
CoWoS-S ower | = ) Tiace Char —HEM 0 VDDGL o
HBM3 PHY 1/0 = o
Power (VDDPL=0.4V) 395.7mV (1.1%)|382.4mV (4.4%)(396.8mV (0.8%)| 391mV (2.3%) m: e o 3
HBM3 PHY Core ° o ° o st e HBM_VDDPL e
Power (VDD=0.75V) 731.8mV (2.4%)|719.8mV (4.0%)|731.8mV (2.4%)|721.4mV (3.8%) o
CoWoS-R HBM3 PHY 1/0 Tiace Char —HBM Core VDOP
0, {7 0, 0, avg 10930 110
Power (VDDPL=0.4V) 398.2mV (0.5%)(382.1mV (4.5%)(398.4mV (0.4%)|391.7mV (2.1%) - s » s
Design Target for Power Integrity . o . o . o . o — — HBM VDIDP . | .
CO-sim.ISign-off AVmin < 5% AVmin < 5% AVmin < 5% AVmin < 5% 7500 19500 21500 3500 25200 27500
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Write Operation Measurement Data and
Simulation Correlation

Interconnects co-simulated eyewidth at write pattern is et tbumn e
0.64-0.69Ul at CoWoS-S, and 0.68-0.76Ul at CoWoS-R,
where measured eye-width is correlated with 0.46-0.56UlI

with around 20%(27ps) realistic circuit loss(Timing Interposer
Skew/ Jitter) in measurement.
o Good correlation between simulation and measurement Circuit Loss
Measurement Avg. Eyewidth Simulation Eyewidth
0.800 0.8
0.700 0.7
0.600 0503 2262 0.553 0.555 55T 0.6
0.500 B s 0.5
0.400 0.4
0.300 0.3
0.200 0.2
0.100 0.1
0.000 0
M2(CHO~3) M3(CH4~7) M4(CH8~11) M5(Ch12~15) M2(CHO~3) M3(CH4~7) M4(CH8~11) M5(Ch12~15)
HCoWoS-S mCoWoS-R B CoWoS-S mCoWoS-R




This work presents an HBM3-7.2Gbps 2.5D-IC integration with si&inal and power
integrity designs and silicon proven, which can provide up to 922 GB/s data
bandwidth, implemented both at CoWoS-S and CoWoS-R.

Maximum voltage fluctuation can be suppressedby eDTC, IPD and on-PKG/PCB deCap to less
than 5%, both at 0.4V & 0.75V power domains.

Interconnects co-simulated eyewidth at write patternis 0.64-0.69Ul at CoWoS-S, and 0.68-

O,76U% fit CoWoS-R, where méasured eyewidthis correlated with 0.46-0.56U1 with around 20%
circuit loss.

Good correlation between simulation and measurement

SI/PI desiﬁn-optimization at chip/interposer/ pag:ka?e[ board is demonstrated
through this work, as well as electromagnetic simulation (Ansys HFSS, RaptorX,
Slwave, Q3D/Q2D) are employed at the design-optimization.

Signal Integrity designs at high speed interconnects for transmission performance.
Power Integrity designs at whole PDNs parasitics and decoupling capacitors deployment.
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Recent Update

The most recent update for HBM3 is with HBM3 IP PHY in 5nm, and CoWoS-S
interposer in 65nm, it can achieve HBM3-8.4Gbps with silicon proven.
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