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Floating and Fixed potential Shielding method on Low
Impedance Power Modules

A case for Near Field Low Impedance Shielding Technique
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Novel Integrated Magnetic Field shielding in Power Module
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ANSYS MAXWELL Magnetostatic Simulation
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3D-Stacked Die Power Module _ « e
with enhanced EMI and Thermal Performance Single Switch Node

3-Level Converter

Low Parasitics 3D Stacked Die Packaging for: Q Q
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Magnetic and Electric Field Shielding for Sgl and Dbl Sw. Node Conv.

1 Combined Cu and Ferromagnetic materials provide
electrostatic and electromagnetic shielding
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Thermal Balancing with Layout

Fig.1(a):SSNC
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In double-sided power packaging it is
critical that die junction temperature be
limited to <125°C (or <150°C for WBG)

Placing dies diagonally that have the
highest duty cycle of operation balances
the thermal loading on the package and

helps in mechanically balancing large

stresses.
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Modifications to Minimize RMS and Peak CM Currents
Through Capacitance Optimization
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Known Layout Modifications for Capacitance Optimization

Both [1-2] suggest that Cp, & Cp-(DC+ & DC- power supply trace parasitic

capacitances) should havea higher value than Switching Node parasitic Cbc+
capacitance, Csy, to reduce CM current. DCt I
* This recirculates a portion of baseplate current back intothe module.
HOWEVER, this is valid when each ratio of Cp, : Csy and Cp_: Cqy >1
G1
The author (SSS) found that the increasing ratios do not show a __|__|C " I:
monotonically decreasing trend to minimize RMS and peak CM currents. g ;l; =
* A frequency domain approach to optimization of capacitance /4 %
distributionis used for advanced EMI improvement. Baseplate Csn o
ground = §
Voc: Silicone Gel \‘é °
DC+ Vbc J DC- G2 "i
Top Copper Cols %
Impedance ::TC Substrate Icml — Gy T Coc. =
to ground ot
ljl: — Bottom Copper (Baseplate) DC- : [
) — CDC-

1. H. Lee, “Design and demonstration of SiC 3D stacked power module with superior electrical parasitics and thermal performances,”in PhD Thesis, 2020.

2. A. Domurat-Linde and E. Hoene, “Analysis and Reduction of Radiated EMI of Power Modules,” in 2012 7th International Conference on Integrated Power Electronics Systems (CIPS), pp. 1-6, 2012.

3. N. Christensen, A. B. Jgrgensen, D. Dalal, S. D. Sonderskov, S. Beczkowski, C. Uhrenfeldt, and S. Munk-Nielsen, “Common mode current mitigation for medium voltage half bridge SiC modules,” in 2017 19th European
Conference on Power Electronics and Applications (EPE’17 ECCE Europe), pp. P.1-P.8, 2017.
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Optimized Capacitance Distribution: via Time Domain Waveforms

Simulations were performed varying C,., and C,._ for a fixed C, as listed in Table 1.

As the values of Cp., and Cp._ increase from 37pF to 800pF the peak-to-peak substrate current through Csy
decreases from 29.1A to 7.8A.

HOWEVER, after Cp, and Cp._ cross 800pF the peak-to-peak ] Coc./- = 800pF and Cgy =
substrate current increases to 8.8A. Hence, NOT A ™ 93pF
<
MONOTONIC change in current. 301 — lpkcpkmax 5 o T\ _L—_
§ I( k-pk)max
25 ﬁ 3] -Z 7p.8A
Table 1. Simulation Values and Resulting i(; gﬁ
Baseplate Currents 520 v e e e i he i e e
Coc Coc. 37 90 200 400 800 1200 1600
Con 93 10 -
ok (A) 29.127.023.018.0 7.8 8.8 11.4 | Cocs/- = 1200pF and Cgy = 93pF
5 T T T T T T ! 3 — =
0 200 400 600 800 1000 1200 1400 1600 1800 =
Cpc+- (PF) g * —_— L_-i
. . . . E,M_ l(pk—pk)max .
For square-wave switching it is more important to look atthe 3 =88A |
“ENERGY” contentof the loss. Hence, FDA is more insightful =

Sinha, Sourish S., Tzu-Hsuan Cheng, and Douglas C. Hopkins. 2023. “Double-Sided Integrated GaN Power Module with Double Pulse Test (DPT) Verification.”
Journal of Microelectronics and Electronic Packaging 20 (2): 71-81.
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Optimized Capacitance Distribution for Cqy = 93pF
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Test Evaluation Board with Module Mount and Fabrication of Module

0.56 0.64 mm
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Experimental Results

* Experiments were conducted with two different }:-Bridge Modules (HBM): optimized and nonoptimized.

* Tests were performed with 400V DC bus with HBM mounted as shown.

* Both HBMs have two GaN Systems 650V/80A dies, three power decouplin
capacitors of 1uF.

apacitors of 4.7nF each, two gate drivers and two gate driver

* Board mounted power decoupling capacitors of 1.5uF in total were placed at theNdBM terminals to boost decoupling action as close as
possible to the device pads. The modules were run with 0Q gate resistance which aNowed the highest dv/dt operation of the GaN
switches, and consequently the worst-case CM current to be generated. Power Decoupling Cap

Both HBMs use two GaN
Systems 650V/80A dies,
three power decoupling
capacitors of 4.7nF each,
two gate drivers and two
gate driver capacitors of
1uF.

| Extended Baseplate
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GaN Syst IPM: 400V/21A, Baseplate Floating, Substrate Current

Fite | Eatt | vertical | Horiziacq | Trg | Dispiay | Cursors | Measure | Mask | Math | MyScope | analyze | utitities | Help Inl Tek MO =@
- —— T —

L S R e T T T T | —
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- Vpciysn: between PC+ and Switch node late Current -

\" : between DC+ and Switch node . . = -
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Vli"'-*fs' Idr‘lvt‘er I'"P“F N L = ) L R i ———— n—————————————— il ———————————— b ————
«® 3.0viaiw [Glf pa— ] 1opaidie Nomats 2 Omalpt &« 3.0vidiv [ﬂj:no\r ] 1.0us/div IgomSsis 2.0ns/pt
10.0VIdiv ma None Normal Single Seq i T 100v/div None Normal Single Seq
T 100V/div 1acqs RL:5.0k &T® 500mA/div ~a 1acas RL:5.0k
T 500mA/div mMo Auto  May 22, 2092 04:44:35 Auto  May 20, 28g2 04:56:39

value Mean Min Max StDev  Count Info I - 1 66A Valus Maan Wi oo $:Dev GCount Wnfo I —_ 1 50A

T Min [-840.0mA [840.0m 840.0m  |-840.0m 0.0 1.0 pk-pk " B min 520.0mA _[620.0m -820.0m  |ESEICESTINN 0.0 10 pk-pk .

Pk-Pk 1.66A —>[1.66 1.66 1.66 0.0 1.0 dv — 4OOV ﬂﬁ%; .8 iIE 0-0 10 dV p— 400V

R 18mA  |85.180501m |85.18m 85.18m 0.0 1.0 - mm R - 208200 N(77.37m E: 37w 0.0 1.0
Max 820.0mA  |820.0m 820.0m 820.0m 0.0 1.0 Max 000.0mA _ |5000m) 030.0m [T 0.0 1.0
& ac rms |65 16mA 65162957 o5.16mles.16m— 0.0 o dt — 11 4ns @I ACRMS [59.57mA [69.674716m [59.57m  [59.67m (0.0 10 d - 10 6 ns
@D Rise 55.8ns 55.799999n [55.6n [55.8n 0.0 1.0 - . WEW Riss 34.9ns [EEUBDDGENIIAL 990 (ST 0-0 10 ‘
- Fall* 11.74ns 11.735384n [11.74n [11.74n 0.0 1.0 \ EE» Fan* 10.69ns 10.685714n [10.69n 10.69n 0.0 1.0

(a) Non-Optimized Floating Baseplate (b) Optimized Floating Baseplat

A = 0.08A (7% reduction) A =0.16A (9.1% reduction)
dv/dt = 35V/ns dv/dt= 38V/ns

Sinha, Sourish S., Tzu-Hsuan Cheng, and Douglas C. Hopkins. 2023. “Double-Sided Integrated GaN Pow er Module w ith Double Pulse Test (DPT) Verification.” Journal of Microelectronics and Electronic Packaging 20 (2): 71-81.
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Full Bridge Converter Application under Zero Voltage Switching: 1kW
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Common Mode Large Signal Model (CM-LSM) of
Power Module with Gate Drives & GD Auxiliary
Supplies

Derivation of Large Signal Model
Comparison of results with a converter for direct use of values derived
from the model in the converter.
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Simple Large Signal Model for CM current flow
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Full Converter Circuit with Gate Drives and Auxiliary Power Supply

Cuys = 3.4pF
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Full Large Signal Model for CM current flow
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CM EMI SpeCtrum (IW|R|NG CU rrent) These peak magnitude and frequency will vary

3apF too much once Cy4 1455 Starts to dominate. e.g.,
3nH T SnH - " - :
vow—Iuow in case of magnetically isolated gate driver
C I WIRI I WIRING with_choke I_WIRING with chokel /
e
3.4pF 7.8ns 423MHz /
vo—l—ui = & 4a2MHZ*
Cis 180MHz , (No Cygnsis)
e
Luiring ~ Gate drive Auxilary Coc | Con The actual peak magnitude
5nH Paweeruppg' path — = . ZG HZ
(5DAPS) 230pF T 93pF " is much lower due to —— | 7
addition of Cy s/ s and Cpc,
. Ligarsini '
@) WIRING £ 100pF % 5nH O e~ A A AR
5nH
= AN <C 20
= 3
C S Almostthe same
HS GDAPS Path Ogg,*"lzs —a 115 isolated Gate .
AN L 3oe P ane | Driver Path A LARGER CM CHOKE is over
sy 3:4PF ¢ BLUE PLOT " des_lgned_ when gate drive coupling
- Chs @- 48V Lon & isolation capacitances are Not
LS GDAPS Path Y - 7.8ns a0 included,_e.g. A150uH with same The resonant point for HS/LS
sy O-5PF L J Cors Cy|capacitances. [1mH Choke in isolated gate driver path is
» VUi | 3pF 60 Green and 850uH in Blue I ——
% oo Cad,Ls dCoe 1Cc LS Cons . missing in simple CM LSM circuit
i '|'230pF -|-230pF T93p,:J: 3pF Circu |tS]
LS isolated Gate l 188k il 1aM 188M 16 186G
@)IWIRING_with_chokel Driver Path LS path coupling LeaTsINK Frequency (Hz) .
. capacitance HS path couping B 5oy *Note: The red plot represents the circuit without Cgyq s, and Cyg s
capacitance ) ’

= WA but W|th Cg,LS’ CDC+, CDC- and Cg,HS
P Laborator ssinha5@ncsu.edu, dchopkins@ncsu.edu . :._'\ nA
REES NC STATE UN|VEHS|T¥ ©2023 sourish s sinha Slide 21 F R E E =’ 1VI

PACKAGING RESEARCH IN ELECTRONIC ENERGY SYSTEMS SYSTEMS CENTER



Power Module Large Signal Model for CM current flow

Actual design values of CM Choke and gate
driver isolation capacitance, auxiliary power
supply (DC-DC) are available from LSM

dopA ———  »
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HS GDAPS Path Cﬂgg'l-::s HS isolated Gate
d 3nH 0P 1nH Driver Path
AL 3.4pF
Z c
UM e HS @ 48V 10nH
o LS GDAPS Path 3 dll_SF ~ Bns
Z oH 2 PF 5nH :
WV 3nH 0‘5| PP e J gg?
§ |_5“l"ilr|l'r|m ng LS p CDC! l::[ZIC C
' '|'23E'DF Ts00F -|-93pF
LS isolated Gate l
(ADIW]R[NG with_chokel Driver Path LS path coupling
o capacitance HS path coupling ¢ 5nH
5nH capacitance
AL

ssinhab@ncsu.edu, dchopkins@ncsu.edu
©2023 sourish s sinha

I_WIRING_with_chaoke I_WIRING_with_chokel

1ea
8e
68

a8

%W« "y
28
a
-28

1.5kQ CM Choke at 1OOMHz suppresses all HF\
1" resonance peak (PN:CMC-08) [850uH in Blue circuits]

108K i T 188M 16 106
Freguency (Hz)

*Note: The red plot represents the circuit without
ng,L81 and ng,HS but with Cg,LS: CDC+, Cpc. and Cg,HS
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Test for High Switching Transition Operation (Dr Cheng’s)

GaN (EPC-2218) N, 60V/25A/1.9ns

Decoupling capaci

Fae | Ear | verea | onmeq | Tag | ovspuay | Gursors | messars | s | wan | sayscope | anaiyze | unines | He T [0 W
Viie | sy Spike during
: turnon

at higher current|

24A

Vsn.ne-ave shc;.!"‘_'.,.e 1V,
50V ",

“~—inductor Current_#

Non-Optimized CM choke and High Aux Pow er Supply C;s,

Power loop inductance
1
= > >
44 X fringing X Cpss
1

A% X (526MHz)? X 562pF
0.163 nH

Lp

FH'E«'W-M'T-;'MM'W'W'Mmmtmmmg Tek --
— SRR e —
Power inductor current=25A ﬂ 9
! 1k bty t
o - |+ 526 MHz
_ Switchingnode, 7™~/ | | ", 60V

voltage
Fall time = 2.6ns

t
PWM input gate voltage

I

Optimized CM choke and Low Aux Pow er Supply Cis,

No gate voltage spike at higher DC bus voltage for optimized
layout-based module than in non-optimized module

Laboratory

‘ REE NC STATE UNIVERSITY
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I o S — B 3.0videe 1,00 T 100 S0ns SiBus 523 | [ﬂn;u.uu ] Lopsidiv S.008h IT  100paipt
2 e e o e o o o e o e 0 Tok S 15,8 01,00 OIFs 50A  S0na Sibus 53 Mgng brrrmal Singia Sag 1
| Vinis | 1 sv TH 5.0 0 zom 0 acgs RL 100k
! No spike W 0¥ S0ns S.0Bus S33us Auto  Oclober 26, 2022 01:17:07
[ v p id]
preenwesimens [oosennmtsi—— atrcsensn Value Mean Min Max £iBev  Sount  inke [ o
| 28 D Ampl  [s2EV 528 518 Bas oo L L JreTe
............ Inductor Current -~ Vswoc, oversnoor = 68V | m.- el = CENE T jro 150
7 - g [y 5.728na  [STI03249m |5.7T0n 5.7e ] 1.0 L] T 2 1 1Ny
e /-—-—‘...——— $ 60V @ Fan 2 BT nAa 7 E5 109 FETLE 28%1m oo .0 o
/ } W R 1.208ns (1. 304313Tm [1.204n 1.304m (00 1.0 []
i Faii TH.1 1 TEA A 1.
< : Vi S 87308 - [@T81ps  BTRANITIp PTREAp  ATRIR |00 e []
Vswoc. : between Switchnode (SN) and DC- | Vou = 2.85ns
Vip.s : PWM input to Low Side (LS) switch
- 3oviaw 1,06 ‘n-/‘nw 1.0psidiv 5.0GS/s 1T 100pwipt
- . 4106 ‘ None _Notmal || proview Single Seq 1
@ sovew o e s20m Pl o
|Asto Cctober 20,2022 012280
St0ev  Count tato |
i
\ = .+ = ( + ) =
sl Coss Coss,devlce CSN,basepIate 210+5 pF 215pF
°
[ |
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DPT: 400V/61A GaN Systems Die Double Sided Module (80A/650V die: Large

surface area)

File | Ed | Vertical | HorizlAcq | Trg | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Usilties | Hdp'n

File| Edit | Vertical | Horiz.‘Acq| Trig ‘ Display| Cursors | Measure | Mask| Math | MyScope| Analyze| Uﬁlih’e5| Help |n‘

o @ R

T v | T | T Y

0 T L L T R L | T | L T 1

VDC+/SN overshoot — 455V l'l‘iﬂc.tor Current 615 - -
T4 40A ]
ey SermtaeT v . - gl
Vbci/sn 400V
Vbci/pe- 400V ]

Vpcissn : between DC+ and switchnode

dV/dt,,, = 41.25V/ns
dVv/dt,.. = 24.4V/ns

V,ie= 12.12ns
V= 8.3ns E

Lo L L L L

Vpci/pc. : between DC+ and DC-

L | Ll Ll | - "

100V/div 1M m|354v .;.|5.954,,, H e / 300mv 2.0psidiv  500MS/s 2.0ns/pt
@D 100v/div amiszov @ 5.951ps None Normal Single Seq |
@D 20.0A/div Ma A|| @D 312v @™ |12.80s 1acqs RL:10.0k
TT™24.3756V/s | €7D |78.125MHz Auto February 23,2022 06:35:48
Value Mean Min Max St Dev Count Info
@D Rise'  [1212ns  [12.115909n [1212n  [1242n  [0.0 1.0
@ Fall  [8.208ns  [8.2082137n [8.298n  8.298n (0.0 1.0

}

10.0V/div 1Ma T 100V 100ns  1.46us  2.46ps J300my 500ns/div 500MS/s 2.0ns/pt
T 100v/div FT6OA  100ns  1.46us 2.46ps None Normal | preview Single Seq l
6.0A/div Lo RE 1200 0 acgs RL:2.5k
100V 100ns 1.46ys 2.46us Auto  May 19, 2022 06:26:42

Value Mean Min Max StDev  Count Info 402v T |2.044ps
D Rise  [5473ns  [s4732142n [54.73n  [5473n  [o0 1.0 308V T 2.088ps
7 Fall'  [10.86ns  [10.864102n [10.86n  [10.86n  [0.0 10 o laov 248

T |-165.289Mis | FTT 41.322MHz

No spikes at 400V DC bus for confirming the compact layout for

Coss = Coss,device + CSN,basepIate = (650+93)DF = 743pF

the non-optimized module does not lead to voltage isolation
Laboratory

issues.
‘ REE NC STATE UNIVERSITY
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Transition speed effect due to proposed integrated Auxiliary Power (PS)

Supply (through simulation)
Non integrated integrated integrated integrated
RS

L/ //

*CM Choke has been removed and L_w iring has been
reduced to see the effect of just the effect of parasitic

Presentcommercially
available isolated
Auxiliary PS

4

ath inductance due to the auxiliary pow er supply

Not needed for an LDO

spectrum for

ground current in

L_wiring

=

Integrated au

12V_Ext w S o
m o ” WW,“ @ , gw Path inductance 25nH from 12V_Ext 3nH from 3nH from 3nH from
e rin @‘# for Switch Node to DC-DC & 12V_Ext to DC- 12V_Ext to DC- 12V_Ext to DC-
e ”'E"/ @"°—“g3 1 dv/dt of 8nH from DC-DC to DC& DC& DC &
s : . : 48V/[7.7ns SN 5nH from DC-DC  2.5nH from DC- 0.5nH from DC-
- (Ciso = 3.4pF) Large Auxiliary to SN DCto SN DCto SN
Bl el o Power Supply Loop Integrated Integrated Integrated
T Auxiliary Power  Auxiliary Power  Auxiliary Power
ﬂ Supply Supply Supply
e Peak resonant
o frequency in EMI 340MHz 433MHz 458MHz 473MHz

J

s

ffiary power supply

Need for

Peak resonant point is shifted almost by 133MHz improving the
common mode transient immunity of the gate drive power supply path

substantially
FREEZW

SYSTEMS CENTER

SMD high power density 3DHI power modules
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Sourish Sankar Sinha, ssinha5@ncsu.edu

~ep

Laboratory for Packaging Research in Electronic Energy Systems (PREES)
FREEDM Systems Center, North Carolina State University

1791 Varsity Drive, Suite 100; Raleigh, NC 27606-7571
Tele: 919-513-5929, Fax: 919-513-0405
WWW.prees.org
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3D Heterogeneous Integration of Power Electronic
MicroSystems: used as Auxiliary Power Supply

e Ultra low power and gate loop inductance
* High current density through multilayer interconnects

PREES Laboratory ssinha5@ncsu.edu, dchopkins@ncsu.edu Slide 27 F R E =Rk A
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3D Heterogeneous Integration of Power Electronic MicroSystems
3DHI Power (3DHIP) MicroSystem

IPGMIGPU, ...

Eg\?vrgr oun DIS-AGGREGATE / iVM Z
RE-AGGREGATE 24

Under-chip power
competes for /O space

Landside
Power

FASTER FASTEST

Large arrays of small, thinseparately-manufactured 3DHIPs
How do we integrate power with the load?

DIS-AGGREGATE & RE-AGGREGATE

Electrical Circuit Topologies: Physical Circuit Topologies:
1. Sw!tched Capacitor (Hybrid Topologies) 1. St_andalone converters
2. Switched Inductor 2. Disaggregated components per converter
3. Self-Resonant Converters 3. Clustered converters
4. (Linear Topologies)
PREES .3 e S FREESW,
SYSTEMS CENTER
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EE Topology Approach

Key Challenges:

1. High currents (10A-20A/mm?)
2. High bandwidth (ultralow inductances)
3. High Efficiency

Single Phase Buck Converter

oF

PREES

270° s,
1-D

Laboratory
NC STATE UNIVERSITY

Multi-Phase Buck Converter

PACKAGING RESEARCH IN ELECTRONIC ENERGY SYSTEMS

B Three-Level Buck Converter
o 4 sy
1-D
Sz - hz - gl_| Ql
— l___p_rwm_
oT
- oo . .
1-D <+) Ci=‘= =C,, V_SW_IYYYY\’
= . NEY)
Sa L3 —
oT I Co== RoSVo 93_|E Qs
1800_“:5 Co==
1-D
- - - 94 _|E Q.4
s, Jpa 4
LI >
DT - -

Electrical IN

(EE Thinking) @ ws

5x5.5x1mm
Cross-Section

HIPS
Photos

e B B
- GaAs FET Die

; Passive D ]
Components ! =5
Driver Die

Front Side

Back Side

Source: Sarda Technologies (March, 2018 APEC)

Each allows increased switching speed.
* Interleaved divides current through each

Electrical OUT

die, L and associated interconnects per &.

« Efficiency is increased and thermal stresses
reduced

» The 3-Level provides a 2X frequency

increase in the inductors, but not current
« The 3-Levelis often used to divide voltage across

the semiconductor switches and might be
considered for 340V:48V

ssinhab@ncsu.edu, dchopkins@ncsu.edu
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Exemplar: Topology Selection In Light Of Packaging

Re-evaluating the electrical topology Exemplar Design Requirements

. : Values
. 2. sv
- — 1v
S OTT F™™ 17 > 90%
1 - o Interleaved Sync Buck
ke T 3 4
e o 0.21
TR T T et w3y 1 32A (8A per phase)
I?i == 6.4A (20% of 1,)
e DC Bus Caps, Cy Current (per @
1T BT [Bypass Caps, C,, G, | \ — 0.1V (10% of V,)
2770 sy | Bootstrap Cap, Cgoor | Ik ||H \

Key Challenges:
1. High currents (10A-20A/mm?)
2. High bandwidth (ultralow inductances)
3. High Efficiency

IR / N
[ fiaer oo™

: LS
de""‘“ ot

’ , Labors ssinhab@ncsu.edu, dchopkins@ncsu.edu . F R E E:._'\ nnAn
REES NC STATE UNIVERSITY ©2023 sourish s sinha Slide 30 - 1 V1
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Exemplar Design Values for 5:1V/32A 4-Ph Interleaved Sync Buck

A. Component Values
» Decoupling Cap: Cjy =100 x C,ss = 220pF (Cpes = 2.2pF)

) » Bootstrap Cap Selection: [1] Cgoor 2 10 X Ciss = 100pF (Ciss
) (3.6V ~5.4v) Vin = Cos + Cga = 7.6/ .F)
| - i = T  * Bypass Cap Selection: Cgc =2 10 X Cppr = InF
e 3 REDUCED = CwT * Phase Inductor: 12nH @ 10MHz and 6.4A Inductor ripple
2 | MPLEXITY
I Co[r)nr?::ricl)gSi TN Ve on Vioor| Vil COMPONENT SELECTION
S BT | [ ActiveBootstap ) DRV N Value Voltage SRF Thick  LXW
—_— 4, = fbﬂkﬂﬁLHt: My © mF) (V) (GHp (mm)  (mm?)
Losr o ot C MAASL063SB7
J‘"‘T;)_ﬂl (Q8V ~18V) s : | wlw | B8C 102MECAOL 1 10 >0.13 0.33 0.6X0.3
Cor  ZRuonh = e 7§ Ceoor ggilZAlolJA' 0.1 10 02 0.33 0.6X0.3
Wolory 2T s ‘
94.2% Peak X | "™, | |7 s ;
| Effciency at \ e 19 Vel pw | M2A2A5L0g3§'3 022 10 1 033 06X03
* 32MHz Py 7221MFCA01
*\““E"L“”‘ ey ] INDUCTORSELECTION
- Companion Si Driver IC \/va Power GaN Die
Part No Value Current SRF Thickness L XW
" (nH) (A) (GH2) (mm) (mm?)
B Inductor 12 >8 TBD TBD TBD
1. Application Report SLUA887, “Bootstrap Circuitry Selection for Half-Bridge Configurations”, Texas Instruments.
P Laborator ssinha5@ncsu.edu, dchopkins@ncsu.edu . :._'\ nAn
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Exemplar — 4-Phase Interleaved Buck 3DHIP Converter

| DC Bus Caps, Cyy |
| Bypass Caps, Cy, G, |

| Bootstrap Cap, Cgoor |

Half symmetry layout of 1-ph of a 4-ph
interleaved Buck converter showing
position of passives and power terminals

20
20
20
20

20
20
10
200
9.5
V1B-2B V2B-3B V3B-4B 50-500nm
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3DHIP Layout in Multiple Layers

 Glass interposer has 15um vias on
30um pitch (with proven reliable
40um diameter and 80um pitch).

» Multi layers of copper spread the
current particularly at the die-
Interconnect interface.

| DC Bus Caps, Cy, |

| Bypass Caps, Cy, G, | \

| Bootstrap Cap, Cgoor

dmm X 4mm

] . High Side Switches

(Black Box)

— Bootstrap Cap

> Signal Bypass
Cap
~ SOIC Driver

 (Gray region)

Low Side Switches

(Yellow Box)

i _—— GaN

One phase of
4-ph conv.
(Red Box)

Elec and Therm

" FEA (Green Box)

PREES 52052

PACKAGING RESEARCH IN ELECTRONIC ENERGY SYSTEMS

For auxiliary PS of power electronic converter gate drives, to carry 0.5A,., the total areacoverage will be merely 0.25 x

0.25 mm? Tas 1 HS switch and 1 LS switch will be required. Including isolations required by auxiliary PS and the secondary
side of the converter. The size estimation is approximately 1 x Imm?. Compared to MURATA (12mm x 0.5mm) auxiliary PS
of the same rating the size is almost 1/100t".

ssinhab@ncsu.edu, dchopkins@ncsu.edu
©2023 sourish s sinha
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Exemplar — Frequency of Operation — Limited by inductances

740

High-Side

Gate Driver, ( 4 Conor o=
£\ HO

Low-Side | « _pGND| ™

Gate Driver ]- —1—

H)

Gate Loop AC Parasitic Inductance

P

~— 720

700 | |
Gate loop inductance
from farthest high-side
GaN to driver SOIC

680

Gate Loop AC Parasitic Inductance

580 T T T T T T T T

0 20 40 60 80 100
Frequency (MHz)

PREES 52052
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PWM Controller Ve Vi

Assuming a 600pH path inductance at 20% duty cycle for the
Inverter, this implies a switching frequency of 83 MHz

frequency is 83.3 MHz (1/12ns), if GaN can respond.

ssinhab@ncsu.edu, dchopkins@ncsu.edu
©2023 sourish s sinha
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For a 5V/1A,..« GaN gate pulse with 600pH loop inductance with a 5% dt rise and fall,
implies an edge response of 120ps each, or a 2.4ns pulse. At 20% duty cycle the switching
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Thermal Profiling
* Primary GaN heat is into the PCB or Load and is an issue TBD by application
 Max Cu interconnect temperature (and GaN) is 106°C with 27°C ambient.
 The 200um glass interposer with dense TGVs provides ~0.0 AT from SOIC to GaN

e The 100um thick interposer performed the same

* Thermal conductivity of Glass without thermal via is 1.3 W/m.K
e Thermal conductivity of Glass with thermal via (40um diameter M- 20T
and 2D pitch) is 170 W/m K.

» 3.2W loss distributed across all 96 GaN |

* 26.7mW per device V12B:10um 10um thick,
« PCB manages the 106°C thick RSN
« New ERCD laminate at 20W/mK should be considered £ | 3
h coefficient 465 W/m?2.K (Top Surface) § o 5
h coefficient 5 W/m2.K (Bottom Surface) =
Ambient Temperature 27°C
PREES o203 e e 20s3 sourish st Slide 35 FREE=WN,
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Interconnect Current Density — A challenge for 3DHIP

Die are 160um X 280um X 10um with 5um D-S pads along the 280um side
12 dies for upper switch and 28 dies for the lower switch per phase
Each phase (of four phases ) carries 8A average (for 32A total)

Highest simulated current density was 830 A/mm?at the
V12B interconnect & 5um GaN pad
forcing GaN die redesign.

BDHP Of the fUtU re WI” M1: 10um thick
require GaN Semiconductors &:-. b Zé%linm §§N

to be part of the fad
Heterogeneous Design
EcoSystem
PREES: =22y swigmmiwiewda gk FREEBMW
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