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Parallelling for high power rating trend e afineon.

— Low power rating — High power rating
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On-state / dynamic current sharing

Infineon CoolSiC™ MOSFET2000 V

Rdson vs Temperature
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Parameters effect the current sharing of paralleled SIC MOSFET
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Semiconductor parameter

Circuit parameter

ON-state current sharing

ON resistance Rdson

Power loop stray inductance
Lsp

Dynamic current sharing

Threshold voltage Vgs-th

Driver stray inductance Lsg

Device capacitance

Source stray inductance L

transconductance Oss

Internal gate resistance R,
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On-state current sharing &

ON resistance Rdson Power loop stray inductance Lsp

ids A
Lo
ngz

Vgon L vV, ngz b D
. T Rgon2 g i + gon Ls +

— _I\AX,__ j_l o000 —4 1| Vids2 LT on2 9 I l

J-Ll'l_ Driver + !E - TUL h— oriver _M_: TKM\_T' ﬁ% \{dSZ Vch_: ngz

— W C Casz — Cas2 Von Lsg +

1 Rgoffz L Vgsz Cgsz

—AVW— R
v 1 Rgoffz Vgsz . =1 VVQVDnZ EE Vis2
goff I o Vgoff H o Jn priver —\W\— * Cdsz i
1 Cgsz

a. 4 pin stray parameters b. 3 pin stray parameters
Fig. 1. Drain stray inductance L, source stray inductance L and driver stray Fig- 2. Schematic for power loop stray
inductance L in Circuit inductance impact
. dids(t) 2R t
Vas(t) = Rdson X lds(t) + Lsp T ids1 (t) — Cx e—ﬁ + LRdsonlo + LspZVCC + & r— Lspl + LspZ
2L X Rdson 2L ZRdson
Vee » Wh I Lsplvcc T Lspzvcc

- = ce ere, C=—+
sum(t) = 1, + L t 2 ALR gom

The more difference of Lg,, and Lgp,, there will be

higher current difference between i, (t) and i..,(t).
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Dynamic current sharing
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Internal gate resistance Rg-in
Transconductance gfs

Device capacitance

Threshold voltage Vgs-th
Power loop stray inductance Lsp
Driver Stray Inductance

Source Stray Inductance
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Dynamic current sharing

v Internal gate resistance Rg-in

v" Transconductance gfs

v' Device capacitance

v" Threshold voltage Vgs-th

+
VDDF__

v Power loop stray inductance Lsp
O Driver Stray Inductance

O Source Stray Inductance
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Lsg increases, current oscillation is getting worse and turn on delay time is

getting longer.
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Dynamic current sharing
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Internal gate resistance Rg-in
Transconductance gfs

Device capacitance

Threshold voltage Vgs-th
Power loop stray inductance Lsp

Driver Stray Inductance

Source Stray Inductance
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IUL Driver

Fig. 5. Source stray inductance effect during turn on process in 3pin device

di g (t) . digs(t)
Czlst Vgs(t) = I(gon - Rgon X lgs(t) — L dst

Vs (t) = Ly

Lsg increases, current oscillation is getting worse and turn on
delay time is getting longer.
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Infineon’s SPICE model

Infineon’s SPICE model can be divided into L1(level 1), L2(level 2) and L3(level 3).

€ L1 is the behavioral modelling approach
€ L2 is physics-based modelling approach

€ L3 is coupled electro-thermal modelling

700
|k ¥ taa L1 : faster computation speed and reasonable accuracy
o 400 ] . . .
g w0 \\ e Y ; within the calibrated range

10— —_— | — | . . . . .
< < ,/N L2 : more precise representation of the switching transi-ents
BNt jf over a wide range of operating points, but slower simulation

e “ speed and convergence instability
2 o ] J

J 03 04 05 06 07 08 09 11 ‘m,.usm B " " ' 200nSecs/dn L3 : ???

Vs 100myps/div Levwel 1: light colors
Level 2: dark colors & symbols
(a) Measurement (b) Simulation

Fig. 7. L1 and L2 SPICE model simulation results
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Tab. 2. Double pulse test parameters . =
value  unit 5, 1 . /”'\ —  a. Lg,=5nH
Voltage 800 \Y% ulsdr % L ° | | e B
Inductance 200 uH . i E— , Lspo=10nH
Vin== -
t1 6.5 us i 2 | ' -
t2 35 us S, - E 1| —\|/dsz-2
ds2
t3 2 us ufedt | i j 5 —— ] Ver,
Time/uSecs 2usecs/div Vgsz'z
oo AN A AN AWANL WA A A AN FAWa
o !/vvvvvvvvvvvv‘
A = /
S /
" >t Sy H /
1 100
ujedt g L%
V. P 1s
S; t t t3 n T - I B
> t I—spl |_Sp2 s \\ b. Lsgl_an
Ly Sl L : PPAAAAAAYY | —50nH
— —5 e g
> E — lgs21
) 2 — lgs22
4 V S]
. \lm | V;jsj-l
7.70 7.75 7.80 7.85 7.90 7.95 8.00 8.05 8.10 VgsZ-Z
Time/uSecs 50nSecs/div

Excessive inductance Ly, causes V drops sharply when the switches are turned on. With the increase of Ly, mismatch, the ON-state current
sharing shows problem, unbalance current increases.
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Driver Circuit Design: Coupling from Stray Parameters

gL 8 L
Sl S2

v ngl ngZ
Jqon R on Lsg—c I—sgl H + I—sgz H +
I Byt 000 o001k Ve /555 l.-g&_-l-_-'- Vaso
J-L”_ Driver + = + -
— L AN— Cus1 Cas2
o Rgoff Cgsl Vst Cgsz Vgs2
V

B

It’'s recommended to optimize PCB layout and achieve symmetric driver loop

and power loop design.
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Driver Circuit Design: Coupling from Device Parameters

Two methods to improve the parallel performance:

Soq Sz
>y E S,. S,.
I ﬂi% — ﬂli% Rco Re1 V21 Rgz 22
Re; | Re, | A 8T
—T—W\r—' I—'VW—'

— —
4 method | € method II
é I—dl é Ldg
Take two 4pin SiIC MOSFETs as example, the
KS and S are connected separately and there Voon . Coar X . Coco .
T  Rgon: sgl . Rgon? 592 L
. J— [ AAA— 1 ¢ Vds1 - Vids2
will be a small source loop between Lg; and L. TUL ™ orier ]“ i '-}11 W\~ ¥ '-}} :
S S — —w~ Cot —W~ Casz
1 Rgoffl CQSl Vgs1 Rgoffz CgSZ Vgs2
goff _ -
_ digsy/2(t) + o At
vSl/Z (t) - LSl/z dt Vs1 LSl: v Vg Ls,
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Driver Circuit Design: Coupling from Device Parameters

— Method |
The high current in small source loop is under control.
é é Oscillation and EMI issue caused by the loop current can
L L : : :
" ” be avoided. Using method I, the gate resistor can be
c . separated into Rg and RE, the driver performance remains
gd1 gd2
Ve gy L B F R w2 b same.
J-L". Driver W J_{m\ + I"!E: 'dSl — W\ TI"!E: _dSZ
A Cot  — A Cas
L Rgom Cost = Vgs1 - Ryofrz Cos2 = Vgs2 2
Vgoft i _ Re1 Re2 I _
MW M
+ peccccccccccccccccccccccccccccan +
Vﬂ% Lt ?vszé L As a rule of thumb, the RE/Rg ratio is between 1/5 and

1/10. In order to achieve proper current limiting func-tion,

RE should be selected more than 0.5 Q.

Fig. 13. Rg; and Rg, add extra resistance in source loop
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Driver Circuit Design: Coupling from Device Parameters

ngl ngz
\S‘E_lon R Lsgl H + R ) Lsgz H + Vgon L ngl L ngz
‘vAvgonl | I"E Vst gon .‘E Vgs2 T 90 Rgon1 sgl l'; \7- Rgon2 S92 I'; \7
Driver | =F H C - | + H C - — MV MN— = H dsl = - ds2
— | MN— dsl —AMN\— ds2 Driver | C o | c _
— +— N\~ dsl ds2
\j/' Rgoffl CQSl Vos1 Rgoffz Cgsz Vgs2 M Rgoffl Cgsl Vgs1 Rgoffz CQSZ Vgs2
goff l - 1 - Vgoff l o l =

a. The traditional gate connection for paralleled device b. Gate loop connection for paralleled device using method I

. 7

_t
Vgs () = Vgon + (Vgorr — Vgon) x € CosRa Higher gate current builds a higher voltage on Ry,

ot which will slow down both S; and S,. Adding R, the
_ CosR
igs(t) = (Vgon = Vgors) X e 0o imbalance can get smaller.
R
g
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Conclusion

— Mismatch of device parameters and inequality of circuit parameters all have impact on the paralleling

performance.

— The theoretical analysis and SPICE simulation is presented to show the circuit parameters’ influence on

operation.

— From simulation result, Lsg difference would change the Vge waveform and Lsp difference causes the ON-

state current difference.

— Two circuit design point is shown for better paralleling performance.
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