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AnalysisTSMC “Ads”
HB pitch

TSV Pitch?

Node(s)

Max Die Stack 

EEP ? Power/bit

Die 1 to Die 2 Resistance (~Length)

Die 1 to Die 2 Capacitance

Die X to (substrate) Resistance

Thermal resistance (TRJC) adder vs monolithic 

Pitch-2 x Interconnect length -1

??

Recommended C/A Metrics

GVH+MPH Length
GVH+MPH eq Dia
GVH+MPH Pad dia
GVH+MPH Oxide Thx
GVH+MPH  Passivn DE Material
HB Void %-Cu
FB Void %-DE
RE Flow Process Cost est.

TSV Cu Dia
Liner Thx
TSV Length
TSV Pitch 
TSV KOZ
HBP Dia
HBP Thx
Tub Fill Thx
Tub Fill and HBP DE Material

Underlying C/A or Paper RE measurable factors:
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AnalysisTSMC “Ads”
HB pitch

TSV Pitch?

Node(s)

Max Die Stack

EEP  or? Power/bit

Die 1 to Die 2 Resistance (~Length)

Die 1 to Die 2 Capacitance

Die X to (substrate) Resistance

Thermal resistance (TRJC) adder vs monolithic 

Recommended C/A Metrics

GVH+MPH Length
GVH+MPH eq Dia
GVH+MPH Pad dia
GVH+MPH Oxide Thx
GVH+MPH  Passivn DE Material
HB Void %-Cu
FB Void %-DE
RE Flow Process Cost est.

TSV Cu Dia
Liner Thx
TSV Length
TSV Pitch 
TSV KOZ
HBP Dia
HBP Thx
Tub Fill Thx
Tub Fill and HBP DE Material

Underlying C/A or Paper RE measurable factors:

TCV
HB Pad dia etc 

Tub fill, HB Layer, FB Oxides 
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Analysis2020 TSMC HB stats - Interconnect Length

Lakefield (3D-IC F2F)  

50um

V-Cache (SoIC F2B)  

13.6um

TSMC @ECTC 2020

3.7x

FtF  SoIC: 
4.2um interconnect length
>3um dia “Fat” PD TSV (TSV-Mid)
no Al Pad Metal on face of either die

Al Pad Metal

Interconnect 
length -1

11.9x
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Zen 3 Zen 4

Die 1 – Die 2 
Interconnect Length

16 um 12.5um

Bond DE Thx (Tub) 1.8um 
/2.5

1.8um
/2.5
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VLSI ‘22 Photo Clue: SoIC Gen 2 will offer TDV on APM capabilityVLSI ‘22 Photo Clue: SoIC Gen 2 will offer TDV on APM capability

Zen 3 CCD: 
TDV on M13
9um min HB p 

15um18um

VLSI22 TV: 
TDV on APM 
6um min HB, smaller pads
TSV min pitch unknown  

APM APM



Intel ConfidentialATTD CA Assessment 8

ATTD 
Competitive

Analysis

TSMC: Thermally 

friendly 3DSoIC

3um FtF SoIC

STEM
No pad on TSV
Thinner interfaces
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AnalysisC2rW w/TDV – TDF HBI Flow
Top die fab, sort, Flat pass w/2 CD TDV

Top die: fusion bond on CW1

SiN, Island Grind, Ox Gap fill , CMP

TMS Attach, CW1 removal

GVH/MPH + 2 CD Reset via

Bottom die: C2W

SiN, 1um SiOx, SiN, Island Gr 1, Ox fill, Isl Gr 2, Ox Fill, CMP

TSV Reveal, tub etch/fill

PSM1 (Damascene)

TDV (etch seed plate CMP)

PSM 2 (Dual Damascene)

PSB

Analysis based on circa 2020 images

TDV dia. = 4um scaled to Chip 1 silicon @ 6um (Zen 4 FtB POR)
TDV dia. = 3.5um scaled to 0.078 x 44um CoWoS-S SIB bump diameter
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2.4um pitch hybrid bonds

15 um

Last

Click for pdf
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XMC WoW
2020

XMC WoW
2022

TSMC N7 WoW F2F DTC
2021

TSMC N7 CoW FtB
2022

TSMC N5 CoW FtB
(expected in ~2023q2)

Sample
Source

YMTC 3D NAND 
Teardown

iPollo V1 - AP Memory VFM
Teardown

Graphcore Bow IPU 
Press Release

AMD Zen 3 CCD V-Cache
Teardown

AMD Zen4 CCD Floorplan
 and VLSI PR Image

TDV Dia & Z ht 0.37  x 0.36um 0.9ɸ x 1.2um
1.5□ x 1.1 um

0.35ɸ x 0.5um 1.9ɸ x 5.8um 1.9ɸ x ~2um

Landing BEOL Cu ↔ BEOL Cu BEOL Al ↔ BEOL Cu
(TDV/HB pad by XMC)

BEOL Cu ↔ BEOL Cu BEOL Cu 
TDV passes by/between APM lines 
to often land on every 3rd TM2 line

APM
(Forecast based on VLSI PR photo)

HB pad dia 0.27-0.37 :0.44um 0.9ɸ : 1.5□ um 0.35 : 0.35um ɸ 2.4 : 3.5um ɸ 2.4 : 3.5um ɸ 

HB pitch 0.9-1.17um pitch 2.25um ~sq ~1um (BEOL M vias) 8.7x10-16um 6um (9um on Zen4 CCD)
(6um forecast based on VLSI PR photo)

HB Density/pattern
HB  interface

Full grid / ?? % active
SiCN-SiO : SiO-SiCN

Full grid / ~5% are active
SiCN-SiO : SiO-SiCN

M16 via pattern (estimated) Full grid / ~6% active
SiN : SiOx 

Full grid, low % active

TSV dia x depth @ pitch 0.36x2.86um (64L) 
0.4 x 1.9um (128L)

9.6 □ x 3um @ ~150um 
(TSV last, made by XMC) 
In SMIC 40nm logic die

2 ɸ x 8 um @ 3um pitch 
(TSV last) in DTC wafer

1.6 ɸ x7um (mid)  @ 10um
in N7 CCD

1.6 ɸ x7um (mid) @9.7um
in N5 Zen4 CCD

(VLSI photo: Cache may be @6um)

Landing Al Top Metal M1 Cu 
18x18um KOZ

BEOL Cu 
5.5x5um KOZ

First ‘Thick’ Cu 
5.9x5.1um KOZ

First ‘Thick’ Cu 
5.4x4.7um KOZ

TSV density description Data not collected ~1 TSV per C4 bump M17 via pattern
~2.5% of full fill

10 - 15um 
Stripes at ~low density

9 - 15um 
~low density stripes

3D Topology
TSVs & HB’s Q3’22

Image from 
VLSI’22 
TSMC paper

HB

TSV
Photo-
shopped 
WIF. Not 
actual 
image

AMD Zen 3 CCD TeardowniPollo AP Memory VHM TeardownYMTC 3D NAND Teardown
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2.25um pitch HB pads, ~3% active 
~150um pitch TSVs, ~1 per C4 bump
9x9um Si via, Aluminum fill   2.5um thick logic die Si

Some PD locations at 29um pitch

TSV
C4 bump
Al RDL

DRAM:     PSMC 30nm
Logic Si:  SMIC 40nm
HB/RSV:  XMC
C4, A/T:   ASE China
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AnalysisMay’22 SoIC Scaling Roadmap

ECTC’2022:

Lowered Contact Resistance

Bond Quality Monitors are healthy

Lowered processing temperatures

Rel data is passing

SoIC4
3um bp

2.25*0.89 4*0.85 9*0.67 20*0.58

BD*P calculated from bond pitch
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0.92 x 1.17um pitch active HBs
0.9 x 1.0um dummy pad pitch
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AnalysisAP Memory VHM in iPollo V1 / XMC 2.25um WoW

2.25um pitch HB pads 

~150um pitch TSVs, 1 per C4 bump

9x9um Si via, Aluminum fill 

Some PD locations at 29um pitch

TSV
C4 bump
Al RDL
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TSMC N7 WoW F2F DTC
2021

TSMC N7 CoW FtB
2022

TSMC N5 CoW FtB
(expected in ~2023q2)

Sample
Source

YMTC 3D NAND 
Teardown

iPollo V1 - AP Memory VFM
Teardown

Graphcore Bow IPU 
Press Release

AMD Zen 3 CCD V-Cache
Teardown

AMD Zen4 CCD Floorplan
 and VLSI PR Image

TDV Dia & Z ht 0.37  x 0.36um 0.9ɸ x 1.2um
1.5□ x 1.1 um

0.35ɸ x 0.5um 1.9ɸ x 5.8um 1.9ɸ x ~2um

Landing BEOL Cu ↔ BEOL Cu BEOL Al ↔ BEOL Cu
(TDV/HB pad by XMC)

BEOL Cu ↔ BEOL Cu BEOL Cu 
TDV passes by/between APM lines 
to often land on every 3rd TM2 line

APM
(Forecast based on VLSI PR photo)

HB pad dia 0.27-0.37 :0.44um 0.9ɸ : 1.5□ um 0.35 : 0.35um ɸ 2.4 : 3.5um ɸ 2.4 : 3.5um ɸ 

HB pitch 0.9-1.17um pitch 2.25um ~sq ~1um (BEOL M vias) 8.7x10-16um 6um (9um on Zen4 CCD)
(6um forecast based on VLSI PR photo)

HB Density/pattern
HB  interface

Full grid / ?? % active
SiCN-SiO : SiO-SiCN

Full grid / ~5% are active
SiCN-SiO : SiO-SiCN

M16 via pattern (estimated) Full grid / ~6% active
SiN : SiOx 

Full grid, low % active

TSV dia x depth @ pitch 0.36x2.86um (64L) 
0.4 x 1.9um (128L)

9.6 □ x 3um @ ~150um 
(TSV last, made by XMC) 
In SMIC 40nm logic die

2 ɸ x 8 um @ 3um pitch 
(TSV last) in DTC wafer

1.6 ɸ x7um (mid)  @ 10um
in N7 CCD

1.6 ɸ x7um (mid) @9.7um
in N5 Zen4 CCD

(VLSI photo: Cache may be @6um)

Landing Al Top Metal M1 Cu 
18x18um KOZ

BEOL Cu 
5.5x5um KOZ

First ‘Thick’ Cu 
5.9x5.1um KOZ

First ‘Thick’ Cu 
5.4x4.7um KOZ

TSV density description Data not collected ~1 TSV per C4 bump M17 via pattern
~2.5% of full fill

10 - 15um 
Stripes at ~low density

9 - 15um 
~low density stripes

3D Topology
TSVs & HB’s Q3’22

Image from 
VLSI’22 
TSMC paper

HB

TSV
Photo-
shopped 
WIF. Not 
actual 
image

AMD Zen 3 CCD TeardowniPollo AP Memory VHM TeardownYMTC 3D NAND Teardown
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AnalysisTSV & HB Interplay

TSV windows align with TDVs for multilevel cache
Active HB pads connect to TDVs
TDVs land on GM2, 6um pitch could be useful
TDVs pass thru anti-pads on APM: 3.0/0.9
GM2: 4.75um min pitch (3.5/1.25 L/S)

TSVs ~align with PSBs to connect chip with substrate, ~1/bump
TSV lands on logic die M1 Cu (3x3um via)
HB pads connect to TDVs on top metal @ 2.25um min pitch
TDVs land on DRAM-Aluminum and Logic-Cu
HB filler (dummy) pads at 3um pitch

AMD Zen3

TSMC image
(Zen 5?)

Image from 
VLSI’22 
TSMC paper

10um

TSMC SoIC: FtB, ready for multi-stack XMC FtF WoW

6um

AMD Zen3 Cache WIF

13

15.3
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