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Parasitic Inductance Reduction Design Method of Vertical Lattice Loop
Structure for Stable Driving of GaN HEMT

Si-Seok Yang!, Jae-Hwan Soh!, Sung-Soo Min!, and Rae-Young KimT

Abstract
This paper presents a parasitic inductance reduction design method for the stable driving of GaN HEMT. To
g
3L GaN 2Ape] 7

reduce the parasitic inductance, we propose a vertical lattice loop structure with multiple loops that is not
arkel T AL AT i Ak S ke 7

affected by the GaN HEMT package. The proposed vertical lattice loop structure selects the reference loop and
designs the same loop as the reference loop by layering. The design reverses the current direction of adjacent
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current paths, increasing magnetic flux cancellation to reduce parasitic inductance. In this study, we validate the
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sich. % WAl elAke
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effectiveness of the parasitic inductance reduction method of the proposed vertical lattice loop structure.
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Fig. 1. Conventional method (black line: current loop). (a)

Lateral structure, (b) Vertical structure 1, (c) Vertical
structure.
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Fig. 2. Multiple loop method (black line: current loop).
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Fig. 3. Two conductors with same direction. (a) Conceptual
diagram, (b) Equivalent circuit.
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Fig. 4. Two conductors with different current direction. (a)
Conceptual diagram, (b) Equivalent circuit.
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Fig. 5. Conceptual configuration of vertical lattice loop
structure where arrow line depict current loop.
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Fig. 8 Reference loop design. (a) Side of PCB, (b) Cross
section of PCB.
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TABLE I
GATE LOOP AND POWER LOOP INDUCTANCE WITH
OR WITHOUT VERTICAL LATTICE LOOP

STRUCTURE
Without With
gate loop inductance(on) | 6.43(nH) 344(nH)
gate loop inductance(off) | 835(nH) 408(nH)
power loop inductance 1213(nH) | 584(nH)

Fig. 10. PCB. (a) Top of PCB, (b) Bottom of PCB.
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SYSTEM PARAMETER
Parameter Value
Drain Current 20 (A)
Vs (Gate — Source voltage (on)) 6 (V)
Vos(Gate — Source voltage (of f)) 3 (V)
Vpc 200 (V)
Ligaa 200 (uH)
Rg,, (On Gate resistance) 10 (2)
R, (Of f Gate resistance) 2(02)
TABLE IV
PARASITIC INDUCTANCE WITH LATTICE
Parameter Value
Lp. 155 (nH)
L. 0.02 (nH)
Lp.q 176 (nH)
Lss,q 05 (nH)
Lyg.q 201 (nH)
Lgon.a 344 (nH)
Leossa 408 (nH)
TABLE V

PARASITIC INDUCTANCE WITHOUT LATTICE

Parameter Value

Lp.,, 141(nH)

Ls., 0.02(n.H)

Lp.q 345(nH)

Lss.q 1.00(n.H)

Lg.q 6.25(n H)

Lgon.a 6.43(n.H)

Laosy.a 8.35(n.H)
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TFig. 12. Simulation drain-source voltage waveform (Red
line: without vertical lattice loop structure, Green line: with
vertical lattice loop structure). (a) Turn-on, (b) Turn-off.
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Fig. 13. Simulation drain current waveform (Red line:
without vertical lattice loop structure, Green line: with
vertical lattice loop structure). (a) Turn-on, (b) Turn-off.
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Fig. 14. Simulation gate-source voltage waveform (Red
line : without vertical lattice loop structure, Green line :
with vertical lattice loop structure). (a) turmn-on, (b)
turn—off.
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Fig. 15. Experimental configuration.
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Fig. 16. Gate-source voltage and drain-source voltage
waveform during turn-on. (a) Without vertical lattice loop
structure, (b) With vertical lattice loop structure.
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during turn-on. (a) Without vertical lattice loop structure,
(b) With vertical lattice loop structure.

Az Fx G2 AL A gate-source Y ringing®] =
7l 1VelAd 85VE 3FAsklal drain-source %t
ringing®] 7]+ 210VollA 140VE AR S & 4 Atk

2% 172 turn-on A| gate-source ?ﬂh)r drain-
source A& HER ety 7 17(a)= 54 A4

Az 72 Pz N Q9"EA A7 AA 7Y
60  uWithout = With 528
50 46.1 &8
1.5
40
=
% 30
D
Ky 20
10
0
16 18 20
ID[A]
(a)
60  mWithout = With
50
40
28.1
K30 24.3 24
215 20.7
_E 18.5 75
20 14.5 13.8 i
m‘ 11.3 0.3
-
0
8 10 12 16 18 20
IplA]

(b)
Fig. 19. GaN switching energy analysis. (a) Turn-on, (b)
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