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Cross reference tool

- Powered by DiscoverEE database: &= e e e e e
20,000 MOSFETSs from 28 T T BT ) B
manufacturers

» Compares the most cost-effective
EPC products that beat Si MOSFET v

performance, in most cases at a |

lower cost 0 L WL Rl
* Detailed datasheet comparison, o

including calculation of parameters -

|n Same Condltlons Digikey Inventory & Price alculated Switching Times
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Sync buck tool

* Formula based loss analysis for synchronous buck converter
» Calculations for all EPC products

Calculations for both
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Electrical models: PLECS

2] EPC sync buck *
File Edit View Simulation Format Coder Window Help

Wih Model inftialization code @n be accessed with Cirl+E,
Synchronous buck converter wds) or fromthe Sirmulation > Srmlatm parameters... menu

test model for EPC Gal FETs . :
fz—
Torun a Steady-State Analysis go to the iy

* Custom thermal mod_el based on eI - "___t
formula loss calculations (for T _R;wi \J Q
symmetrical half-bridge) " ou ™

i ) := QZEectrGI
= E i T [Joee =
« Dual port models support dual

sided cooling Towew e S

\ I inthe FEI' |;'T- — PERE RigsS pthermPloss1
 Custom models have internal :
measurement capabilities 2
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0.176|| PcGon (W) 0.5248 | Pc.Gon (W)

0.000)| Pc.Goff I - 0.0684 | Pc.Goff

0.176 Pc.tot > " 0.5932)| pc.tot
0.265| Pon LS |

ol 0.0000 | Pon

| e 0.110)| Poff I LLI 0.0000)| Poff
. . : : 0.375|| Psw.tot 0.0000)| Pswetot
Prob
 Example circuit ote - | Eowa | o
HS Losses = - s .
= 1.1446
’-I o+ Losses(\.'\.’) )
LS Losses L I L r —'_—:l ': 186.91] Input Power (W)
— " = | [ 99.39)| Effidency (%)
= L
Source Power Saturation 1-PswPin
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Electrical models: Spice

» Spice models: LTSpice, Pspice, Tspice, Spectre, SIMetrix/SIMPLIS

» Continuous model for GaN FETs and circuit
« Gate driver model

« PCB parasitics, especially CSI

« Passive components parasitics

PWM ge.ner.ator based onsimple  gimplified  Circuit model with first Loss analysis via .meas
application inputs gate driver level parasitic components
(fsws duty cycle, Vy/Vour, loyn L) model (CSI, PCB resistance)
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Thermal calculator

 Parametrized tool based on FEA e |
modeling: calculates temperature and - fw
thermal model parameters in steady L
State Input Parameters vr“ ¥ P P — g} ﬂ’l:': EET...A
. . . . “*,-;ﬁ‘+ n::T P, =M*'::'.hﬂ..-.- P
* No detailed design required: suitable for = = 2
initial device selection, iterative process = nput Parameters
with loss calculation 2
« PCB only cooling: vias, layers and e [
airfIOW 39.7 DC {]_9_?"‘_"{:] EPC2II8 - 5.00 -~ 4  Mumherof

» Heatsink cooling: TIM, heat-spreader,
heatsink calculator, airflow
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Demo boards

« EPC90xx: half-bridge boards for quick
prototyping, available for all EPC GaN
FETs

« EPC91xx: application specific design

* Technology partner reference designs

2ENESAS DEVICES
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Example




Simple buck converter

* Current design
» 48/12V 300kHz
¢ P=260W (lo,;=22A)
« FDMS2D5N08C 80V, 2.2mQ

* Goal: increase switching frequency and understand the value of GaN

 500kHz
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Cross reference

FET Operating Conditions

Part Number

\mus[w:-, RgTotal:-, IE.[A]:-, DC:-_, mclz-, fsw[kHz]:-, FtthCM*‘CJW]:-

Hard-switch w

EPC2204 P4

Update with same paris

Update with new recommendations:

EPC2059 B

EPC2619 B4

E—— = =
Modify EPC Part {ON Semi) » o
EVpss [V] 20.0 100.0 80.0 80.0 170.0 100.0
Roggon ImQ] [Typ] 220 440 440 2.70 6.80 330
Rirnuc [KW] 0.90 1.00 1.00 0.50 0.90 1.00
Qg Typ [nC] 60.0 570 570 9.40 570 850
Gate Drive [V] 10,0 5.00 5.00 5.00 5.00 5.00
Gate Drive Loss [W] 0.18 0.0086 0.0086 0.014 0.0086 0.013

Package Area [mm?]

alculated Total Power Loss [W]

W=5.00mm, L=6.00mm
Area=30.0 mm?

W=1.50mm, L=2_50mm
Area=3.8 mm?

W=1.50mm, L=2.50mm
Area=3.8 mm?2

W=1.95mm, L=3.5mm
Area=6.8 mm?

W=1.40mm, L=2_80mm
Area=3 9 mm2

W=1.50mm, L=2.50mm
Area=3.8 mm?2

EPC — POWER CONVERSION TECHNOLOGY LEADER

Auto Qualified No No Yes No No No
Status Promotion Preferred Preferred Preferred Preferred Preferred
FDMS2D5NOBC: EPC2204A° EPC2204A EPC2065 EFC2059: EPC2613ENGRT:
Quaniity Available at Digi-Key
2651 _ ___|____dmas____ 1 ____J7ms___ _|_ 3471 20814 0
P mmmEE =TT - FDMS2D5N8C: EPC2204A: EPC2204A! EPC2ie T =~ =|- = S e
’,—”‘ 1=§288 1=829 1=%29 EPCES: 1=53.32 "‘~~‘\
. . 10 = 52.417 10 = $2.405 10=1%2.405 1=8%3.21 10 = $2.787
Digi-Key Pricing
100 = $1.9556 100 = $1.9144 100=51.9144 10 = §2.697 100 = §2.2543
F~<_ - 500 = 5173834 500 = §1.61984 500 = §1.61984 100 = §2.1816 500 = $2.003 EPC2613ENGRT,. — = 7
TTe--o 1000 = $1.48845 1000 = §1.37441 1000 = §1.37441 500 = $1.9392 1000=s1.714 Sharefile_ - =534
———————————————————————————————————————————— - T No lead time information
Lead Weeks 24 weelk(s) 16 weeki(s) 16 week(s) 16 week(s) 16 week(s)

available

Default conditions

Expected 50%
reduction of losses
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Update your conditions

FET Operating Conditions

\mus[v]:-, RgTotal:-, I[.[A]:- :- T,;_[C]:-, fsw[kHz]:-, FtthA{"'C.I'W]:-

Hard-switch w Update with same paris Update with new recommendations
e [ B B B3 B
ify EPC Part (ON Semi)

BVpss [V] 80.0 100.0 100.0 80.0 100.0 80.0
Rpgion [m€Y] [Typ] 220 10.0 7.00 5.00 330 15.0
Rnuc [FKAW] 0.90 2.00 1.30 1.60 1.00 270

Qg Typ [nC] 60.0 3.50 430 3.50 850 1.80

Gate Drive [V] 10.0 5.00 5.00 5.00 5.00 5.00
Gate Drive Loss [W] 0.30 0.008% 0.011 0.0088 0.021 0.0045

Package Area [mm?]

Calculated Total Power Loss [W]

W=5.00mm, L=6.00mm
Area=30.0 mm?

W=1.50mm, L=1.50mm
Area=2.3 mm?

W=1.25mm, L=215mm
Area=2.7 mm?2

W=1.50mm, L=1.50mm
Area=2.3 mm?

W=1.50mm, L=2.50mm
Area=3.8 mmZ2

W=1.35mm, L=1.35mm
Area=1.8 mm?

Auto Qualified No Mo Mo Yes Mo Yes
Status Promotion Preferred Prefemed Preferred Preferred Active
FOMSZDSNIEC EPC205Z. EFC2044; EFC2252 EFC2613ENGRT: EFC2H4;
Quantity Available at Digi-Key
2651 133145 6937 24384 0 20060
FDMS2D5SNOEC EPC2032: EPC2044: EPC2252.
1=8§2.88 1=51.52 1=5167 1=8§179 EPC2214.
- . 10 =§2.417 10 = $1.262 10=5$1.3386 10 = $1.485 1=51.19
Digi-Key Pricing
100 = §1.9556 100 = $1.0044 100 =%1.1029 100 = §1.1817 10 = $0.992
500 =351.73834 500 = $0.84992 500 = §0.93324 500 = 50.9999 EPC2613ENGR 100 = $0.7892
1000 = §1.48845 1000 = $0.72114 1000 = 50.79184 1000 = 508484 1=g348| ShareFile | 500=g07125

Lead Weeks

24 weelk(s)

16 weeki(s)

EPC — POWER CONVERSION TECHNOLOGY LEADER

16 week(s)

12 weelk(s)

Mo lead time information
available

16 week(s)

500kHz increases the
advantage of GaN:

Si MOSFET losses
increase much more
than GaN FETs
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Sync buck losses

) Reset Paramelers Parameter |I'IpL.|t ?  User Guide
Frequency: 500 kHz
ikl R L Inductance |.|H
Deadtime: I:l ns
YA 4 4 ) EE—"Y
Junction Temperature: 100 " C o
Vas)
Duty Cycle: 0.250 5y
——
FET Current I | Output
Top (Control) FET: 13.05 Anps put | SowceR [ g7 04]Sink R L _o7] — — [ 12v
. _ _ .m|\,r a o Source R
Botiom (Rectifier) FET: 2261 Agys | -1 vl -1
| e [
Inductor Current 5y I
Tum On: 2191 A
Tum OFff 30,09 A
Rippe Currenl BA18 App

) Resel Table  [B) Save Table Filers ¥ Download Table  Column toggle

R@100C Pn" ::‘";
(W)

Configuration ma) [ nc}

Qg
nc)

3508 |204|® [[100/© [34]8 (10O | [26]®

ml | |

Control FET
2.5 EPC2065, SRR
EPC2088, $1.50 o ERC2204, Y
2.0 $1.94 %, o N 51-09. L
= EPC2306, TT---"
Z 15 $2.77 ( ® EPC2619,
a $1.69
o 1.0
2
[s]
[«
0.5
0.0

0 1 2 3 4 5 6 7
RDS(ON) at TJ=100°C

EPC — POWER CONVERSION TECHNOLOGY LEADER

Top (Control) FET

Pgate  Qoss

(mW) | (nC)

100 @ [15]® |10 8

| |

W)

Power losses (
(%)
[w]

100 °

o | Package Gunnmy per
{mm) in Stock | 2.5Ku FETs
(usD) &ics

Sync FET
l
\
EPC2065,
$1.50
EPC2306, § EPC2619,
20
2277 £BCo0sd\_ $1-69
$1.94
2 3 4 5

RDS(ON) at TJ=100°C

-~

$1.09
®

—_——-

~
N

A few more input
parameters provides a
more detailed analysis

Different recommendations
for both control and sync FETs

Losses and price for all EPC
GaN FETs

EPC2619 latest generation
eGaN FET
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Detailled loss simulation

EFFICIEWT POWER CONYERSION |

Example model from EPC LTSPice library (CSI= 100pH)
e HS: 16 W - 2.7 W
¢« |LS:26 W —->22W

Control FET Sync FET
3.5 45
30 4.0
3.5
2.5
3.0
E 20 ® Buck tool E 25 m Buck tool
wv wv
2 B LTSpice (50pH) 290 B LTSpice (50pH)
2 15 g 2.
- B LTSpice (100pH) ~ s H LTSpice (100pH)
1.0
1.0
0.5 o
0.0 0.0
EPC2619 EPC2306 EPC2088 EPC2065 EPC2204 EPC2619 EPC2306 EPC2088 EPC2065 EPC2204

Impact of CSI: 50-100pH



Thermal verification - datasheet

PARAMETER

TYP

UNIT

REJC

Thermal Resistance, Junction-to-Case (Case TOP)

1

REJB

Thermal Resistance, Junction-to-Board (Case BOTTOM)

2.6

I:{B_I.\!x_JEI::IEC

Thermal Resistance, Junction-to-Ambient (using JEDEC 51-2 PCB)

66

Reja eve

Thermal Resistance, Junction-to-Ambient (EPC90153 EVB)

46

“C/W

* Ryyc: Used for double sided cooling, the best way to take advantage of the power

density of GaN

* Ry5: PCB cooling only path

* Rinya sepec: PCB cooling only path measured in a std condition (natural convection)

* Ryya evs: PCB cooling only path measured on a real board EPC90153 (natural

convection)

« Control FET: 2.7 W — AT = 124 °C
« Sync FET: 2.2 W — AT = 101 °C

 — Need different thermal concept

EPC — POWER CONVERSION TECHNOLOGY LEADER
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Device Parameters

Device Configuration ()

O Single Device
° Two Devices: Symmetiic
O Two Devices: Asymmejric

Ambient Temperature (°C)

25 = +

Vias in Pad

Spacing (mm) @

* Application conditions

EPC FETs and ICs

() Device2

Thermal verification — thermal tool

EPC2619

EPC2619 v

Rth,JC=1.0°C/W

Rth,JB=2.5°C/W

2.5mmx1.5mm=3.8mm?

Losses (W): Device#l

Rth,JC2=1.0 °C/W

Rth,JB2=2.5°C/W

2.5mmx1.5mm=3.8mm?2

Losses (W): Device#2

2.70 =

EFFICIEWT POWER CONYERSION



https://epc-co.com/epc/design-support/gan-power-bench/gan-fet-thermal-calculator

PCB parameters: concept design

» Customer PCB concept P ~

2.00 o + 5 : . .
Die Power Density= 43 W/cm? Die Power Density= 69 W/cm?
L}
Y H a If_ b rl d g e d e m O b Oa rd Number of vias, Device#1 MNumber of vias, Device#2
EI C90153 (EI C2619 . : + . : ‘
\ Via Density= 2.7 vias/mm? Via Density= 4.8 vias/mm? )
- ge . . 1
Insignificant PCB cooling/ No airflow to PCB
| Has Heatsink/ Case-side Cooling Solution
v
PCB Parameters -
Board Stack Report ﬁstackup (2)  PCB Conductor Area h
6 layers, 2 oz copper - 2.0inx2.0in -
1 Top Paste
2 Top Overlay PCB Thickness (%) Conductor Area= 2581 mm?, 4.0 in?
3 Top Solder Solder Resist 0.40mil 3.5
EEEEER
4 Top Layer Copper 2.76mil o Standard: 1.6mm
(—
5 Dielectric 1 FR370-HR 5.00mil 4.4
6 EEEEER Mid-Layer 1 Copper 2.76mil O Usareat
7 Dielectric 2 FR370-HR 9.70mil 4.4 Q Advanced PCB Stackup J
8 EEEEEN Mid-Layer 2 Copper 2.76mil
9 Dllelectnc 3 FR370-HR 15, OOm!I 4.4 B i mess =GILE rI'IIIS, JGh
10 B B EE NN Midlayer3 Copper 2.76mil
11 Dielectric 4 FR370-HR 9.70mil 4.4 -
12 EEEEEN Mid-layer 4 Copper 2.76mil rr Flow to PCB (LFM) ®
13 _Dielsctric 5 FR370-HR 5.00mil 4.4 400
14 Bottom Layer  Copper 2.76mil 9
15 EEEESESR Bottom Solder  Solder Resist 0.40mil 3.5 (L
16 Bottom Overlay g 1)
17 Bottom Paste
Height : 61.76mil

{PC2619 via pattern on EC90153 Layer stack-up for EPC90153

EPC — POWER CONVERSION TECHNOLOGY LEADER epc-co.com 18



Thermal verification results

Control FET
50

Analyze impact of: i

40
35

* PCB, heatsinking and airflow 530

* High side and low side differentiation :

10 ——RthJA

EPC2619 datasheet

RthJV_EVB

* Mutual heating s ——rth, mutu

0 200 400 600 800 1000 1200
Airflow (LFM)

With 400LFM:

Device 1: Device 2:

Junction Temperature (Temperature Rise): Junction Temperature (Temperature Rise): RLAD (W)= R_J12.b ("C/W)= R_I2Ab (*C/W)=
77.6°C (52.6°C) 75.0°C (50.0°C) 21.0 13.1 20.9
P1=2T7TW P2=22W
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Real measurements

EPC2619 on EPC90153 FDMS2D5N08C

B EPCO98020_REV-1
SN:2304-216

|_ 0 L—-"-
uouT| i \

=

2
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Performance comparison

Measurements confirm that EPC2619 has lower losses and can carry

more current
48 V - 12V, 500 kHz (Power stage only)

S % EPC2619 - 500 kH 0

< -5 z %

& 97 ['EPC2619- 1MHz A i~

o 9% 3 s 12 \(;

£ o5 | 4 10

N —F S 400 LFM {1000 LFM

o) - it .

B o3 | 400 LFMIim. | o EPC2619 (500 kHz) |22 A 24.5 A

2 | // Jio-eTT —— Efficency |4 g EPC2619 (1 MHz) [15A 17 A

T oo bl DT PN |, S FDMS2D5N08C ~ |18.5A 22 A
0 2 4 6 8 10 12 14 16 18 20 22 24 26 i

Output current (A)

+ Power Stage Efficiency and losses include FET
losses and inductor

« Maximum current displayed corresponds to a
maximum case temperature of ~105°C in thermal
steady state with 1000 LFM

Table with maximum output current for different
airflow and T, < 105°C -107°C
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Waveform 20A (48 Vin, 12 Vout)

Switch node Waveform Comparison: Rg tuning

EFFICIEWT POWER CONYERSION

»

EPC2619
FDMS2D5N08C

11010ris7divs 10.0GS/sps/pt 1000t
Run Sample Sample |
31 787 acqgs

10V/div

10ns/div:

Idiv.40:0GS/s 0.0G$100ps/p

Run  Sample Sample |

uto cAutory Rebruary 0312023 12 (BR)7:40

qs 76 acqs RL:1.0k RL:1.0|
uto |February 030202333, 18748:15))IR7:44




Thermal Equilibrium 48/12 V, 500 kHz

106.3 °C o( : 89.2 °CgoC
85.8 °C

sssecl) Vg

69956

EPC2619

FDMS2DS5N08C

No heatsink, 1000 LFM
EPC - POWER CONVERSION TECHNOLOGY LEADER



Thermal Equilibrium 48/12 V, 1 MHz

106.0 °C oC 106.2
67.5 °C/ .
60.1°C

EPC2619

[

vouT| s §

No heatsink, 1000 LFM
EPC — POWER CONVERSION TECHNOLOGY LEADER




Summary

In the example we used the web tools to compare a Si MOSFET to EPC
eGaN FETs, and confirmed via measurements that EPC2619 has lower
losses, can carry more current and is cheaper than the original Si

MOSFET

1. The cross reference provides the easiest way to compare Si
MOSFET to GaN, including pricing

2. The loss calculators and simulations provide mode detailed device
optimization and trade-off analysis

3. The thermal tool provides a fast and flexible way to assess thermal
concepts and trade-off analysis

4. Finally, the hardware boards help to validate the device selection

EPC — POWER CONVERSION TECHNOLOGY LEADER epc-co.com 25



	Slide Number 1
	GaN First Time Right
	Tools
	Cross reference tool
	Sync buck tool
	Electrical models: PLECS
	Electrical models: Spice
	Thermal calculator
	Demo boards
	Example
	Simple buck converter
	Cross reference
	Update your conditions
	Sync buck losses
	Detailed loss simulation
	Thermal verification - datasheet
	Thermal verification – thermal tool
	PCB parameters: concept design
	Thermal verification results
	Real measurements
	Performance comparison
	Waveform 20A (48 Vin, 12 Vout)
	Thermal Equilibrium 48/12 V, 500 kHz
	Thermal Equilibrium 48/12 V, 1 MHz
	Summary

