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@ SiFive HBM2/2E overview

A HBM2/2E IP

o High bandwidth, low latency communications with higgnsity offchip memoryfor graphics, high
performance computing and higgnd networking

A HBM2/2E PHY Specifications

o0 Integrated HBM controller and HBM PHY subsystem solution supporting HBM2 and HBM2E JEDEC sj
a wide range of technology and foundry nodes.

o SiFive plays a key role in enabling industry applications that leverage HBtdck®d DRAM technology:
o Early advocate of 2.5D and 3D ASIC design technologies: develop& 8f A Y Rdza 0 NB Qa4 F3iMA U

A HBM2/2E Interface
o CMOS I/O with programmable drive strengths
3.2Gbps/1.6GHz DDR with light output loading
Up to 5mm interposer trace length support meeting 3.2Gbps per pin date rate
Electrically compatible with JEDEC HBM2/2E spec
Optional differential receiver
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@ 2.5 D IC Architecture

Core DRAM Die - HBM2 IP ASIC Die
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Package Substrate

A Multiple dice placed on interposer
A HBMZ2E Die from HBM vendor

Interposer top view
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& Interposer Fabrication Technology overview

A TechnologyTSMC 65nm CoWoS (Chip on Wafer on Substrate)
o CoWosS is a.5Dwafer-levelmulti-chip packaging technology
Incorporates multipledice side-by-side on asilicon interposer
Achieves better interconnect density and performance
Individual ICs are bonded througmcro-bumpson silicon interposer forming a chign-wafer (CoW)
A CoWoS package is completed through bonding to a package substrate

© O O O

A Metal stacks:
o 3 Metals + Fronside Al pad + Baedtde Metal for C4 bumgtack used for the current design)
0 2 Metals + Fronside Al pad + Baeltde Metal for C4 bump
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Interposer Design Flow
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EDA Tool

Bump Assignment and
placement
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Die to C4 Bump Route
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& Sl Analysis Flow
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/O model extraction with XcitePl
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/O model extraction with XcitePlI: Inputs
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& Analysis of Extraction Output

Signal
A Signal Trace R, L, C Values
0 Trace mismatch
A Signal Trace RC values
0 Indication of timing mismatch or timing problems

Power and Ground

A Power/Ground mesh resistance at each P/G Micro bump
A Indication of IR drop

A Hint on performance degradation/improvement
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&  Electrical performance assessment

Output Setun w | |1

e v Electrical Performance Assessment Options

Fon [¥] Parform Electrical Performance Assessment

FProbe o Lumped RLC Paramenters Mame Included in Report Starfing Component
ASIC v v

PernmmesTnent ®) [¥] Power Net Impedance MEMORY v,
Checklist [¥] Slgnal Net Retunvinsegdlon L oss INTERFOSER v
View/Export Result () Highest Frequency 1 7e+10
12 Path Selection
Power Met
RL Per Bumps/Cell
RL 2D Wiew
RL Histogram View
RL Distnbution
Capacitance (Grid Only)
Capacitance fw'On-Die Ckh

Faths betweean External Components

Freguancy Range

Cancel Apply

Frequency 12 GHz

A There are multiple external components in the design (interposer), user can set observation path in
the paths between external components table
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SIGNAL TRACE INFORMATION: Lumped RLC and RC values

| Net R(Ohm) L(rH] ClpF) | RClhs) 1
hbmm_wdgs_c_0[0] 824234 227509 116252 00358262 ] Indicates
hbmm_wdgs_c_2[0] 791593 259706 1.15016 0.0910459 1 1
Rl 781583 259708 RET 00910458 RC value sorted from high to low Timing
hbmm_wdgs_t_0[0] 801431 221916 1.08742 0.0871435
hbem_dq_0[13] 81,0833 2,23654 1.02642 0.0822319 Performance
hbmm_dq_0[14] 8116 223895 1.02168 0.0829158
hbmm_wdgs._t_2{0] 765146 253601 1.07424 00825174
hbmm_dq_2[13] 779176 2.55306 1.08879 0.0524984
hbmm_dq_2[12] 77.9162 255743 1.06817 0.08244385
hbmm_dg_0[9] 81,6258 227372 1.00932 0.0823867
hbrmrn_de_0[10] 811228 2.23309 1.01027 0.0813553 : :
hbmm_da_219] 78,3436 25937 104511 00818778 Resistance 2D view
hbmm_de_0[11] 815449 2,254 0,994704 0081113
hbmm_dq_0[5] 81.295 2.24516 0.934295 0.0808313
hbmm_da_0[6] 81125 22385 0.993276 00805796
hbmm_dq_0€] 81.4233 22516 198956 00805723
hbrmrm_da_2(10] 778351 255047 1.02726 0.073957
hbmm_dq_2[¢] 781213 257134 1.02305 0.0793224
hbmm_dq_2(5} 780127 256549 1.01607 00792665
hbmm_da_2[6] 778446 255987 1.00619 0.0763268
hbrm_dq_([4] B1.1598 222975 0.962362 00781052
hbemm_rd_0[0] 915444 225736 0.957636 0.0760838
hbmm_dq_212] 781456 257647 0.994201 0.0776925
hbmm_dq_2[4] 77.8709 255619 0,994705 0.0774585
hbmm_dq_012] 81 4211 2.75405 0.951064 0.0774367
hbmm_dq_2[1] 78,2588 255976 0.988277 00773414
hbmm_dq 0[] 81,4568 2.23805 0.943651 0.0768668
hbmm_da_2[11] 78.1558 257943 0977793 0.0764202
hbrmrn_dq_0[0] 816406 226632 0.920856 0.0751793
hbmm_dq_2[7] 785135 257501 03534 00748545
hbmm_dq_2[3] 778514 255342 0.941671 0.0733105
hbmm_dq_2[14] 77.9691 256338 0.935483 0.0729332
hbmm_dq_0[7] 81.7791 2.25465 0.erz2128 0.0713219
hbrmm_de_0[3] g1.1841 223615 0833829 0.0676937
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@ P/G Connection Analysis: lumped R, self L and total L values

View/Export Result [
ViewExport Result G
|0 Path Selection
Comaesar ot | Bump name B[Dhm] ¥ Self LInH] Total LinH]
RL Per Bump/Cell bumpB38_9589395 9098149 VSS_COMMON_M 0569291 0.0770216 0.570336
R bumpB39_9644395_ 9095143 VSS_COMMON_M 0561896 0.0758865 0.565203
AL Histogram View bump?18_9712505_3098149_VS5_COMMON_M 0.54074 0.0726957 054813
AL Distribution pE37_9424995 9099149 VSS_COMMON_M 0530744 0.0714269 05295
: _ bump719_9754395_9098149_VSS_COMMON_M 0515669 0.0689341 0.519458
Capacitance (Grid Only) bumpb36_3369335 9095143 VSS_COMMON_M 0.502325 0.0672402 0.505033
Capacitance (w/0n-Die Ckt) bump?27_3314335_ 3098143 V55 _COMMON_M U.a6623 TUBTTT a2 UE LT 1)
Impedance (Grid Only) bump?2f_5259395_3099149_VS5_COMMOMN_M 0.422461 0.0554459 0.416468
Impedance (w/On-Die Ck) bump2826_9424995_9386149_V55_COMMON 0.403112 0.0590339 0.336634
Signal Net bump2825_9363995_9386149_VSS5_COMMO M 0394514 0.0575306 033388
RLC Per Bump/Cel bump2824_9314395_3386149_VSS_cOmMMON_M 0375462 0.0542349 0316506
ALe 2D View bump720_9319395_9098143 VSS_COMMON_M 0.353081 0.0453852 0.365669
ALe Hist . bump2823_9253995_9386149_vSS/C0MMON_M 0345657 0.0491468 0.284567
Istogram View bump2812_9602505_9373639_Y45_COMMON_M 0344395 0.0497173 0.294567
RLC Distribution bump2813_9644995_338614% vSS_COMMON_M 0.315571 0.0450885 0.275682
Return/insertion Loss | bump721_3974335 509843 VSS_COMMON_M 0297196 0.036302 0.310456
Rl i bump1001_1862495 4149 VSS5_COMMON_M UZeTed [LRRE Taeti=) SISl
Save Result " bump2814_969999% 9366149 V55_COMMON_M 0.26694 0.0370914 0.234777
Load Result bumpd68_1862445 8762143 VSS_COMMON_M 0.257063 0.0455685 0.313193
bump1582_ 2114335 _7370149_v55_COMMON_M 0.256944 0.0478236 0.1RES21
bumpB13/9232495_£746149_VSS_COMMON_M 0.251869 0.0439452 0.233299
bump#015_9232495_7034149_vSS_COMMON_M 0.245526 0.0433438 0.237137
p1540_9232495_7322149_VSS_COMMON_M 0.244954 00432099 0.2356
ump1574_1959995_7370149_VSS_COMMON_M 0.242756 0.0427097 0.2110582

High resistance per bump : hint to improve

, Less resistance per bump, implies good
routing P P P J

power supply connectivity
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@ P/G Connection Analysis: lumped R, self L and total L values

SiFive

ViewExport Result )

IO Fath Selection
Fower Net
R
BL 2D View
RL Histograrm Yiew
RL Distribution
Capacitance (Grid Only)
Capacitance {w/On-Die Ckt)
Impedance (Grd Only)
Impadance (w/On-Dig Ckt)
Signal Met
FLZ Per Bump/Cell
RLC 2D Wiew
RLC Histogram Wiew
RLC Distribution
Returndnsertion Loss
Rl
Save Result
Load Result

A High resistance: bad connectivity
A Check routing for these bumps and improve routing

2D Resistance layout of VSS bump
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A Low resistance value: good supply



& Extraction Summary

A XcitePI outputs P/G mesh resistance per bump, whaped in optimizing power

routing

A Helped to pinpoint bumps with noroptimal connectivity easily with RL 2D view
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&) SSO/SSN Analysis with SystemS|

ASIC IBIS Model

» Memory IBIS Model

ASIC Die
SPICE subircuit

Interposer SPICE stdircuit

Package SPICE saincuit

Power apply at
BGA of the package

A System topology editor with SPICE sirisuit modeling approach
A 1/0 modeling flexibility with poweaware IBIS model

= | SiFive

CONFIDENTIALCOPYRIGHT 2018 SIFIVE. ALL RIGHTS RESERVED.



SiFive

Various effects analyzed using Sl analysis

Trace delay and delay mismatch

Effect of IR drop

1O Buffer limitations (rise/fall mismatch)
1S

SSN

o To To Po o I»

Crosstalk
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Usage of SystemSlI in analysing various routing Configurations

A

To o

System Sl enabled quick routing analysis and helped arrive at optimal interposer routing
A good debug tool in identifying roetause of performance issues
0 SSN, crosstalk, delay mismatch across bits
o Easy to identify victim bit
Other effects analyzed
0 Resistance variation across metal stack
o Nonoptimal placement of P/G bumps, naptimal P/G routing
Setup and Hold margin analysis
All analysis results presented are based on timing analysis and eye diagrams



@ Analysis for Various Routing Configurations

Eye Diagram
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Analyze the routing for various effects like Cross Ta
Transition degradation, Skew etc.
Extract the best performance under given constrain
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