CarrlCool: Interposer supporting optical signaling, liquid
cooling, and power conversion for 3D chip stacks
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AV CarrICool project objectives

Functional interposer CarrlCool target demonstrator Development phases

Sub-component tests
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1) Heat removal 2) Power delivery 3) Optical signalling

e Power conversion

Fluid connection

Heterogeneous chip stack:
. . . - CMOS, beyond-CMOS
* Optical signaling - logic, cache
11O layer:

- Si-photonics
- electrical /O
- power FET
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Single Mode

* Liquid cooling v Ribhon

— Modular interposer:
- fluid cavity

- passives

- alignment features
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Land Grid Array
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Power converter (iVRM) TSV inductors 1IVRM demonstrator
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Deep submicron technology ioo | Discrete ¢
e L and C on interposer 'v i o H
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wwvvs  Power management IC - 3Z2nm vs 14nm SOI CMOS

Converter specifications Optimization procedure Without inductor losses
Specifications for 14nm implementation n [%] Fixed inductor Q' variable Wandfsw

Vin @ 1.7V Specifications 100-
Vour” e D Y : 14 nm SVT
Efficiency ¢ 90% Power Circuit P Changing of fow, Air 08 L /
PMIC power density © 30W/mm?2 Hlogd AT I | | R
swy KAAUL, 11, rms i
Interposer power density © 4W/mm? ' ‘ . —b L / 14 nm RV'T
Viout riople (Steady state) 10mV ljc’rms fow, D2, Is,mm l 96/ | v =
Moout npple Y i
Vout droon (transient) 10mV Capacitor Switches Inductor //
Optimization Optimization Optimization 94
* 2Nominal output voltage Is V ,0,,=890mV. Nominal V,, Is twice V, nom- | — Treaaes 5o | T m—
= b Variable output voltage to support DVFS Silicon Areal Silicon Areal Silicon Areal | 39 nm SVT
» ¢ Maximum efficiency to be optimized for full load assuming high CPU utilization application Summation of Components Area and Losses 92 B | & | -
d Corresponding to <1% CPU area + /r |
= ¢ CPU power density is assumed to be 2W/mm?. Allowing 50% interposer area to passives Design Selection r e Ind [nH]
gives 4W/mm? interposer power density. 5 1 0 1 5 20 2 5 3 O 3 5 40

= "Transient load conditions are 50% -> 100% I, ,..x l0ad step in 5ns

Buck converter Adaptive deadtime With inductor losses
Fixed inductor Q, variable Wand f_,

nrel [%]
100¢
Va1V Vi 4 Phase
— T ‘ Delay AT -y _ 9 \{/
eve T+ AT .
Shifter F I Tt 20T | M Vowwy, ol <
-, U )
v Vin/2 J [le Ly B, /"/ YO - | X Z 2 Phase
cdkd | O 0\ — : s Ton 5 Tont+nAT I |
B —L= O—=<— Delay AT *Delay AT [#—<=- A 70 | |
Uelk,1 CO_ l: R r \
Digital ReH " Dead Time |4, ; { Phase \.
De}ay _u:[:>—% Selector Ceil(Log )] 60_ | . ,

" Ind [nH]
5 10 15 20 25 30 35 40
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AV VY TSV inductor structures and modeling
arrICool

Helical inductor structure Modeling results - inductance

Comparison of analytical model and FEA simulation at 50 MHz
(2 um thick flat core)

Toriodal inductor structure

Toriodal with core material

TOROIDAL INDUCTOR
Air core Magnetic flat core
Turn number | Calculation Maxwell Calculation Maxwell
(nH) (nH) (nH) (nH)
12 6.571 6.607 26.249 26.095
8 3.707 3.787 14.289 14.27
HELICAL INDUCTOR
Air core Magnetic flat core
Turn number | Calculation Maxwell Calculation Maxwell
(nH) (nH) (nH) (nH)
12 9.167 9.078 25.674 26.58
10 7.508 7.509 20.175 20.831
8 5.886 5.901 14.943 15.318
6 4.294 4.324 10.067 10.255

Modeling results - resistance

Comparison of analytical model and FEA simulation

TSV diameter: 75 um (ha

f filled vias)

TSV spacing: 50 um
TSV depth: 200 pum
Cu thickness: 3 um

TOROIDAL INDUCTOR HELICAL INDUCTOR
Rdc Rdc
Turn number| Calculation Maxwell Turn number | Calculation Maxwell
(MQ) (MQ) (MQ) (MQ)
12 381 385 12 817 805
12 (10um Cu) 133 138 10 695 693
8 226 218 8 573 572
8 (10um Cu) 80 84 6 451 452

Optimized inductance density for 1 mm? > 30 nH/mm?
L/DCR > 0.8 nH/mQ
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Deep trench capacitors Z vs Freq

Deep trench capacitors

521 vs Freq

-70

-80
1,00E+05

= | PDIA 0402 100nF
= |PDIA 0404 100nF

1,00E+06 1,00E+07

Freq (Hz)

1,00E+08

1,00E+09

IPDIA 0204 100nF
murata 100nF LESL

1,00E+10

l.Leq vs kFreq

» (Capacitor density up to 500nF/mm?
* Low leakage current < 1nA/uF, FIT << 1 1
* Excellent temperature and voltage linearity /v
e Low ESR & low ESL é 0,1 /
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