@ BROADCOM

1538 S fa it IR w28 BN
SlC/GaN SCINZ E 5INERYE

B3
Broadcom [8 5B =R 13ER

202654 H1H J




WIE — IXKENSICHI GaNIn = 254 A Broadcom . #5

- Broadcom #3811

- SiC ( BR4LEE ) F1GaN ( &R ) WEFX—4F ML
- SiC BEHRIKFNFF &R = Z1R1T

- GaN FETH i

- T IEIRRSEE (Slew Rate Control) B9 JHRIKENES

- RI5FE

—_

®



Broadcom }tig B2 : 50 F&iEIh N

..........................................................................................................................................................................................................................................................................................................................

@ Agilent Technologies AVaGo 9 BROADCOM

TECHNOLOGIES

® Commercialized ‘ * . ® Broadcom merged
GaAsP LEDs with Avago
FROST & SULLIVAN New Packades
Introduced Global Optocouplers g
Optocouplers Company of the Year More Functions
Better Performance
o 19.803 1933 19.97 o 2005 )\ 20.12 2014 201.6 ._25)17 2022 2024 . Beyond 2025
1968 1970 1999 2008 2016

Slew-Rate Control Gate Drive
Optocoupler, ACFJ-3405*

First Automotive Grade 10A Gate Drive Optocoupler

R2Coupler™ ACPL-355JC/ACFx-3161/3262
Isolation e ® 50mV Sigma Delta Modulator &
Products L-« ' Isolation Amplifier, ACPL-C799/C72x
Milestones ® 1st Gen. Smart Gate Drive ' .

Optocoupler HCPL-316J

[ J
11mm Wide Optocouplers

® Isolated Current Sensor ® ACNU
HCPL-7800 15mm Wide High Voltage '
® Flagship Gate Drive Optocoupler ACNT i
® [solated Voltage Sensor ‘ ~ _
HCPL-3120 ACPL-C87B GO with OPTO!
: BROADCOM® OPTOCOUPLERS

..........................................................................................................................................................................................................................................................................................................................

*ACFJ-3405: Advance information, subject to change. n
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Renewable Energy

Inverters
* Solar Inverters
- Micro Inverter

- String Inverter
- Central Inverter

* Wind Turbines

Energy Storage System

- Battery Management System

» Power Conversion System
-AC/DC, DC/AC conversion
- Could also be EV chargers (V2H), PV
inverters

EV Chargers
« DC Fast Chargers DC
J1Onboard| fast-charging
- AC Wall Boxes, herger st
In-Cable Control & Protection
Devices (IC-CPD)
J \ J
A °° [% cm""'“:"’"» AC c|1\:rging DC ch\c;'ging
A Control & S « Every vehicle has an on-board « Infrastructure investment is shared

charger. among hundreds of users.

¢ Limited power, slow charging. ¢ Large power rating, fast charging.

¢ Capable of infegration with renewable

resources.

Inverter

Electric Vehicles

DC/DC converter
Electric motor

incl. recuperation
. /

* Motor Inverters
- OBC/BMS

« DC-DC,
A/C, Heaters,
Other auxiliaries

Inverter

DCrAC charging socket

1 HV battery

HV switch box

—_

Electric motor
| incl, recuperation

Air-conditioning
L cnmeressm

—
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& A T SiC/GaNiy B itk IX shEs
T T E—HR<5A B4 10A B=R, BF
(20184 ) (2022) (202332 )
R EEe R Hae HAR
ACPL-P/W346 | ACPL-352) | ACFL-3161 (1-CH) | ACPL-355JC | ACFJ-332B (2-&&) |
ACPL-P/W349 ACFJ-3262 (2-CH)
IEERIHETT | B8R | ~4A ~7A 10A 10A 4A (BLFY) -
2/ | 2.5A 5A 6A 7.5A o
(SESTSIN 120ns (F&X) 150ns (& K) | 95ns (&X) 150ns R K) 65ns (BRX)
A/ T FERT(E] 8ns (BLHY) 37ns (2 H) 7ns (BAHY) 37ns (F2HY) 10ns (E23)
CMTI >100kV/us >100kV/us >100kV/us >100kV/us >150kV/ps

Dual1B/FM3 1200V

PELEM | 150V, SATTIKES PHEEEM | SICIRENESR
H2LSIC P L @ 650V/60A ; FF11MR12W1M1
- o) B GaN@{&E = ' FF23MR12W1M1
I % KIT8020-CRD- N
8FF1217P-1 X-GaN™ GAN039-650NBB gﬁ:g:;m:img
PIx =#BSiC 62mm 1200V/300A
R MtREREN R 1200V TO247 .
FF2MR12KM1
GaN E-HEMT Ty SiC MOSFET FF3MR12KM1
" FF6MR12KM1

G S66516T-EVBDB2
21 Gs66508T-EVBDB2

SCTWA70N120G2V4
C3M0021120K

o

WAB300M12BM3
WAB400M12BM3

E 4L, BE

ZERINFHER
https://www.broadcom.com/products/optocouplers/re
ference-designs

o



https://www.broadcom.com/products/optocouplers/reference-designs
https://www.broadcom.com/products/optocouplers/reference-designs
https://www.broadcom.com/products/optocouplers/reference-designs
https://www.broadcom.com/products/optocouplers/reference-designs
https://www.broadcom.com/products/optocouplers/reference-designs
https://www.broadcom.com/products/optocouplers/reference-designs
https://www.broadcom.com/products/optocouplers/reference-designs

ACFL-3161/ACFJ-3262 10A Ei@EiafXEEitkIXE 58

ACFJ-3262 — 10A GaN/Power MOSFET GD (Dual)

ACFL-3161 — 10A IGBT/SiC Gate Drive (Single)

Features

« 10A,, typ, 6A, min rail-to-rail output d‘
» Single channel in SO-12 package \ease -
*  Rpson 1.3Q max; Rpg o 1.20 max. Re

» Separate source and sink outputs

* 95 ns max. propagation delay

*  500kHz operation

« CMR >100 kV/ps min @V,=1000V
* 13.6V UVLO with hysteresis

* Wide Oper. Vyp Range: 15 to 30V

* Industrial temp. : -40 °C to 125°C

« CTI>600V ACFL-3161
» Safety Approval [1]NC vDD [12]
UL Recognized 5000 Vgys / 1min. ZING NG [A1]
CSA _ [3] AN VOUTP [A0]
IEC/EN 60747-5-5 V\ory = 1,230V 4] cA VOUTN [9]
[5]NC vs [ 8]
(61 NC Vss

Features

10A, typ, 6A, min rail-to-rail output
Dual Channel in SO-24 package
>2.8mm channel-to-channel
separation

Rpson 1-3Q max; Rpg o 1.2Q max.
Separate source and sink outputs
95 ns max. propagation delay
500kHz operation

CMR >100 kV/us min @V,=1000V
8.6V UVLO with hysteresis

Wide Oper. Vp Range: 10 to 25 V
Industrial temp. : -40 °C to 125° C
CTI>600V

Safety Approval Pending
UL Recognized 5000 Vgys for 1min.
CSA
IEC/EN 60747-5-5 V,ogy = 1,230V

\eased‘
ACFJ-3262
[1]NC VDD1 [24]
[2 | cA1 VOUTP1 [23]
[3 ] AN1 VOUTN1 [22]
[4]cA1 VSS1 [21]
[8 INC VDD2
[9]cA2 VSS2 [16]
[10] AN2 VOUTP2 [15]
[11] CA2 VOUTN2 [14]
[12] NC VSS2 [13]

@




ACPL-355JC — 10A {4 PR aRE5GEE

Features Pin-out & Functions
* 10A peak typical, peak output current
« CTI > 600V, material Group | package 'Z X . Ve 6] FAULT protection
* Vioru=2262Vpeai continuous working voltage FAULT [=]ove *, (ev,)Ng J55] & soft shutdown
« Over current FAULT protection & feedback feedback L [ foc B
- UVLO FAULT protection & feedback o :
- Adjustable soft shutdown during FAULT Lo e E
* Integrated active Miller clamp [=]ne VZI
 Noise immunity, CMR >100 kV/ps [ anooe Nafctamp L]
* 150 ns max. propagation delay : :
- WW Safety Approval Lo | Vo] 10A output &
+ UL/cUL Recognized 5000 Vgys for 1min. oo v.[1  active Miller clamp
« |EC/EN/DIN EN 60747-5-5 V,orm = 2262 Vpeak

Applications

« Mid-Voltage Motor Drives (IEC 61800-5-1)

« 1500V PV Inverter (IEC 62109-1)

- Static Var Generator (SVG) / High Voltage Converter (HVC)
(IEC 61439-2)

* Driving IGBT and SiC power switches

®
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@ o -L—l,-;';,;- k. £ oy S
va @ ~~~~~~~~~ \_,5_:} i w jaLFPicK
Dual 1B Modul *  ACPL-355JC FM3 Module
FF23MR12W1M1 B 10A Gate Drive Optocouplers CABO11M12FM3
FE11MR12W1 M1_B1 / o with Short Circuit Protection . CAB016M12FM3
Half-Bridge SiC Module Half-Bridge SiC Module
1200V 50-100A | 1200V 78-105A

62mm Module 62mm Module

FF2MR12KM1 Uy VWAB300M12BM3
FF3MR12KM1 Q3 AB400M12BM3
FF6MR12KM1 " Half-Bridge SiC Module

Half-Bridge SiC Module 1200V 300-400A
1200V 250-500A N
-

11
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SiC DUAL EHRIXENHR

ACPL-C87B

Isolated Voltage Sensor for IGBT thermistor
sensing and BUS voltage sensing

ACPL-355JC
—  10A Gate Drive Optocouplers

with Short Circuit Protection

ACPL-736J

+50mV external clocked
Isolated Sigma-Delta Modulator
for current sensing

FF23MR12W1M1_B11

FF11MR12W1M1_B11

Module
1200V 50-100A

®




SiC IRzIHR —

Features

10A peak output current
Viorm=2262V ok Working voltage

CTIl > 600V, Material Group | Package
Short Circuit Protection with Feedback
Noise Immunity, dv/dt > 100kV/us

ACPL-355JC&&E

6.7
ANODE o

8
CATHODE o

Vozs 0

UVLO o
—3
FAULTe—H

Vg1 0

Confrol Logic —|

WLO

12
Vom

Voursl

Drive Logic [ o
»| & Overlap [ La"_lp —
Protection | [-29

11 CLAMP

Vonito

i

Vs

SHEELD

—
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AN EeNIES

G'ND G.\D G\'D GN'D G'ND

- . e e e Em e e = =
| High cide driver circuits [
| R |
| B9 R0 o o s
l ] 33% g ﬁgﬁ o1 ’H HV_OCD H Iﬁ)C— l
hoe  frok [ STTH3 108 STTH310S |
| R B, 108, 8l yreone 13 |
| mo di'm oo vourmcrangL [
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T o |
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| L RERE —TRE |
B30cF [30pF [luF  [luF - < ¢ luF [IuF [ =
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! !

Luw side driver circuits
=V
R17

SV ey

10

Ris
J RIS, 3308, 6
hok  frok ]

IEFDIN L R2], ., 110

UVLO [

wilra

ANODE

T} svop=
& ¥ carrone

TVLO

FAULIT

-3

FAULT

NC
NC

VDDI
V551

G'ND G.\D G\'D GN'D G'ND

e

%\C’ﬁt 355JC

D12 |
= *‘I"P‘ R, 1k P8 mvon 1Bl emase
g =l 11 11
[ [ BET52C3VO-71-F STTH310S STTH3105 I
13 R53,, 1SR
Ral IR |
R TOR Tﬂ:w
— 1 { D24 MB TG,  ~)  GATEL
VOUTP/CLAMH [ [ [ [ { Do M [
N 10 [FR TR
vouT i 30 P N Rs2 [C18 D29 |
36 2 | g _ ¢ ESID
e 55, 1 - I
I Ea bok [47aF 1
vl e for [ 2 [ 3 —SOURCE L I
] = = i3 5]
= I =
g |
E
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SiC IXzJiR — SiC3

H-4b6
T Hb

800 ; — ; ; ; 240
700 VDS _ TU m-On 1210
o=, Transient

Y, N
Moo S w . ath Ja
500 - R . ; et 150
el

= [ 3

2 400 T DS '3

g B g

S 300f 190

= C
200 | - 160
100 RO =130

0 p RPN g v O
-100 : : : : : : : -30
240 260 280 300 320 340 360 380 400
Time [ns]
vy ] ] v
700 F I ‘]il‘(ml"f ﬁ ) 1140

600 | DS f A mﬁ' *

500 ==~

J.-‘i'/

= 400 | 2
z T
2 g
Turn-Off
200 | ~ . g -,II‘ . 1 40
- Transient
100 | g 120
0 U oA~ e A B AR A
W RN g S R
-100 : : ' -20
250 300 350 400 450
Time [ns]

E [mJ]

Board Measurements

SiC Datasheet

switching losses MOSFET (typical)

Eon & Eoff
Rg_on off = 50Q,

@600Vdc, 25°C

m— g = pff

3,000
2.500
200 Eon=1. Z
A
1500 :
1,000 :
|
S t Eoff=0.6mJ
0.000 '
0 50 100 150 200
Ic [A]

Eon = (In), Eor =1 (In)
Ves=-5V/15V, Reon= 3,9 Q. Reoi =3,9 €, Vos =600V

3!0 1 1 1 1 1
—— Eon, Ty = 125°C
— — Eer, Ty = 125°C; Eor, Ty = 150°C
——— Een, Ty = 150°C
25
-'/l‘
ey
-
20 o v A
== |/
L /
Eon=1 J
2 //
15 v
A /
//, /j
/’// /
1,0 7
7 .
. |
/7 Eoff=0.6mJ
/| ey
05 2
/ //
7 |
|~
.-—/I I
0,0 I
0 25 50 75 100 125 150 175 200
Io [A]

FF11MR12W1M1_B11
Datasheet 1200V/100A

o




SiC IXENHR — SiC 5= 25 M3

T00A

V OC=9V \"/ bs ~ 3V "~‘ 125&53:?:35[0%5&?;
. ‘/,«r'" P T —— B " // " \\‘ﬁ S
y |y=4x100A<400A |~ Y es=Soft Shut Down

e praiin

;E,E,; 4;/ l Vps=700V, minimum Overshoot!

|
~ 1"

100 Ar ki [ ....7\‘} U Ay £
(e Y *
= T > 1 200A0N
00 a Blanking Time ~ 2uS
-500ns 0hs 500 ns 1us 15 s 2ys 25 s 3ys 35 s 4ps 45 s
Std Ver P1:pkpk{C2) P2:ampl(C2) P3:max(C2) P4:min(g2) P5sdev(C2) PEa:n)
value 468 A 468 A 441 A -28A 1497 A T[ D4 D5 D6
status v A v 14 —ITP5 R12,, 1k LA ~L HV OCD H —] DO+
oo & L P6|
BZT52C3V9-7-F STTH310S STTH310S
ss—12 3 > ) > RIGM LR
RI1G,, 10R T
1L s S L | D8q -1 MBRA34QTIG, — GATE H
7 10 [ R34 "20R R22 [C17
VOUTN > m 5% W b . D10
Jc_zs Tl = 2 T Yesip
FF11MR12W1M1 B11 "N 2 e A e
= &
- I —1:0 F < = 5 r riDURCE H
m —
Ves — D VI 19V, NRgeg — 9,90 L Ty = 0T U, 665 J(_i
KurzschluRverhalten Vas=-5V/15V, Ve =800V te<2pg T,;=25°C 840 A
SC data Vbsmax = Vpss -Lsos -di/dt tp <2 pg, Ty =150°C Isc 820 A Luk JluF
Re=10,0Q 4 ov kov L L +V_QH
i e e D3 ) 2
I 1L I - L1I [‘I"\ P -
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FM34 R R 51

ACPL-C87B
T ICB TR S R
e

ACPL-355JC
10ATT R E R RN IR EN S48

CAB011M12FM3 CAB016M12FM3
> 1200v 78-105A sic ik
SFFETETE,
KIT-CRD-CIL12N-FMA
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FM33Xz128tR-ACPL-355JCE settiikIXaN=S

IS
- 10AIE{EIHHETR S
* Viorm = 2,262V TAFEEE — Sl [

Hs DCDC

« CTI > 600V, Material Group | 3% oo || e
VIN{12V) LDo 5C Detection

yi’

. o IEHVE IR 14 "
o LM, dv/dt> 100kV/ps e _}F‘Eﬂ:

D ACPL-355JC
.

12 ! !
v SC Detection

Lo ) E{ LS-PWM-P —] .
57 ﬂ!_'_’q Irwarlar—| > Vivy
ANODE o} Vourd verts m. | L‘ VA
8 Drive Logic [~ = 17 cLaMP r Lo
CATHODE o > & Overiap (—w{ P —— Miller Clamp
. Protecion | 1091 FAULT 4—@ ACPL-366JC
1
9
1
H Vs SC & UVLO o
| i FAULT {EMBREN =S
H at(le
_——— - onito 5\!"
SHELD | .
_1[? Vourn g }” E: 18V LDO
-4V
\ > LS Dc-bc
1
Voo °__| :LED 16 Vees Cd
Voo o T 4 o ACPL-cs?
R §’ 1
FAULTe-H E JI‘.: vy —l | A | Z i
g ?: UL <—| DESAT |:—||__'i | B JB1A
: 13 3 =k =k
o ! —oss iRERNF 2B E
851 iy
SHEELD

FM33Xahes iR TDEEEE]
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SiC XN — SICFHFXIERE

Double Pulse Test s ol N Turn-On
° | Transient

IDS'I o s s

Veg: 15/-4V

&
o Fimebzeo 404 el Troger _EBRE

e
Transient

50.0 Aldiv 20.0 Vidiv 200 Vidiv “Bdys/div Mormal 50V
-150 A offset 50.0V offset -201 V offset S~tdge  Positive

®
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SiC Kzt — SiC3

v

0 Aldiv
0 A offset

Pl:area(F1)
1.28607 ml

200 Vidiv, 20.0 kWidiv
0V offset 20.0 ns/div

Pl:area(F2)
701.44 W
o

oc | 3 abs(F1)
200 Vidiv 20.0 KW/div
0V offset 20.0 nsidiv

Thase -5.0000 ps| Triager DC,
200 ns/div Normal 300V
8008 4GS/s Edge Negative

Eoff =0.7mJ

Thase -4.0072 ps| Trigger  (COES
20.0 ns/div Normal 300V
8005 4GS/s Edge MNegalive

SiC Datasheet

4.0
Conditions:

35 ||T1,=25C Eorr + Eon
Vpp =600V

3.0 Rgjexy = 4-0Q
Vgs = -4/+15V

25 |{L=13.6pH

Switching Energy (m)J)
= r
[ (=

=
(=]

o
n

Eoff=0.

o
[

SmdJ

0 50 100 150
Source Current, I (A)

200

Figure 11. Switching Energy vs. Drain Current
(Vs =600V)

CABO016M12FM3
Datasheet 1200V/78A

®




SiC IXENHR — SiC 48 &I,

ACPL-355JC

12
Vooz
' UWLO
67 : D >_|
ANODE o ! R Vel
éz Drive Logic [~ [ 11 CLAMP
8 MY ! > Clamp
CATHODE o] WAy P & Overlap 1=, i —
LED1 ! E Protection [
1
9
! R Vs
H ¥ ?
i [ate
-y Monitol
SHIELD
—o Vo,
10 ™
4 | Ll: )

Veos 1] h 16 Ve
— 2 'LED,
WooH o ' | 14
—3 g L oc
FAUTof = g e —l |

:E 1
3 }: DESAT
i 13
1 ' o35
Vss1 0 —-——-
SHIELD
Measure ‘top(C (C 34 :base( top(C N { P7:top(C4) P8:base(C4) A

451.00 A 1040 A
S L

Tbase 2.0 ps
5.00 V/div 200 V/div i 500 ns/div Normal 7.00V
0.0 mV ofst -600.00 V | 12.5k3 2.5GS/s Edge Positive

®
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SiC Power MOSFET -3

At

ACFL-3161
10A Single Channel
Gate Drive Optocouplers

SCTWA70N120G2V4
1200V, 90A, 21mQ SiC MOSFET

®




SiC MOSFET i¥&#k
ACFL-3161E AR IXEEE

IS

- 10AIE{ETHBIR

) Ij\a:gsnsE’JfE%Lb [ EB-1200TO247-3161 : :
- i, dv/dt>100kV/ps ———i

.........

5] 8

iy S I 1B Power management — s e

- RERIME E abe > Adjstable LOO () : 8 o
+ ULIAJE5000 VRMS @134 I """""""" _— =

« CSA = ..o : ' R ) 18V -4V

IEC/EN/DIN EN 60747-5-5 V,grm = 1230 Vpgax

36! MIEENEE

MOSFET
in TO247

- I _ . . = 3 s s NC

E . ACFL-3M61 S .

o [ : : -
[1]NC VDD [12] 0 s :waﬁ ...... E gq 1 m—

[ - " oF er e — g ........
[2]NC NC [11] Pl — e A Haed
[3 ] AN VOUTP [10] 2 © ACFL3161 -~ s

....... el Pt 15 -} -
[4 ]cA VOUTN [9 ] - .

{EMIRENEE —

[ 5 INC vs [8]
[ 6 INC VSS

EEFEL!

(%) Output of the Adjustable LDO should be configured according to requested Gate-Source voltage levels

STMIFhRINEEIEE]

®
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S

99.0%
98.8%
98.6%

98.4%

%

98.2%

iency,

Effic

98.0%

97.8%

97.6%

97.4%

iC MOSFET #{fiR—3% -

T HE

Buck Configuration, V=600V, V,,;=400V, 50kHz
Efficiency vs Output Power

8.91%

98.26%

500 1,000 1,500 2,000 2,500 3,000 3,500
Output Power, W

98.7%

98.6%

98.5%

98.4%

98.3

x

98.2

xX

Efficiency, %

98.1%

98.0%

97.9%

97.8%

97.7%

500

Boost Configuration, V=400V, V,,;=600V, 50kHz
Efficiency vs Output Power

1,500

2,000
Output Power, W

2,500

3,000

98.64%

®
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GaN FET-=

ACFJ-3262
10ALEE
RN

GANO039-650NBB
650V 33mQ GaN FET

®
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GaN FETi¥{G#x — ACFJ-3262 I E BHItRIKEhILGE

Y51
- 10AIE{ETHBIR

+ 8.6V UVLO , & A T10-25VEE)RSEH

« INFO5NsHYEIBIEIR
- JILE, dv/dt>100kV/ps

[1 ]NC VDD1 [ 24]
[2 ] CA1 VOUTP1 [23]
[3 ] AN1 VOUTN1 [22]
[4] cA1 Vss1 [21]
[ 8 |NC VDD2
[9 ] cA2 VSS2 [16]
[10] AN2 VOUTP2 [15]
[11] CA2 VOUTN2 [14]
[12] NC VSS2 [13]

————————
P1 Iverte
12V . Lo
= MIRENES
High Side Anode ngl — : ,
PWM Signal >
AN_HICA_H =

Low Side
PWM Signal
AN_L/CA_L

A

Cathode Hi%—

C4

Ferrite
Bead

A

| * Bootstrap Diode

Q1
J GANO039-650NBB

MY Y

“2 | High Voitage

.
- Buck Input/
Boost Output

£ and Resistor

-

’ I J5 |
Inductor Load l
Q2 *
GAMN039-650NBB

High Voltage
Buck Output/
Boost Input

node Loy —}: : : z
thode Loy — 5=2
ACFJ-3262 P
[]
I 12v

I—e

=

ACFJ-3262 + GAN039-650NBB TR INEEHEE]

®
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GaN FET3?

/ L

BN N S
UK /AT
File | Edit | Vertical | Hori: q | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilitiess | Help ‘n

T LA AL

Curs1Y Pos (a) e

63.6A

Vgate=12V

Curs2 Y Pos ()

0.0A

20.0ps/div 500MS/s
Sample 1
RL:100.0k

(A L c1 NG 2.0ns/pt
|_Ready Normal

3 acgs
Auto  April 15, 2021

T 2.0V
&TH 70.0Vidiv
T 20.0A/div

St Dev Count Info
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* ACPL-C361/C362: Advance information, subject to change.
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