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Vishay Opto History

Lucent Technologies

Bell Labs Innowvations

ATsl

SIEMENS

TELEFUNKEN

1969 - 1977 1994 1998 2001 2007
1969 Litronix starts shipping Optocouplers 1998 Vishay acquires Telefunken
1977 Litronix acquired by Siemens 2000 Siemens spins of Infineon
1994 Siemens acquires AT&T's SSR 2001 Vishay acquires Infineon’s Optocoupler 2

Vishay Optoelectronics



I T AN ——dra P

Why Use Optocouplers?#

1. Safety %4

a) Currently the largest applicationZ B A& ZH

b) Vishay meets all major agency requirements
Vishay 6RRF & A FER ZHER

« UL

« VDE

e BSI

e FIMCO

. |EC - 70747
2. Performance ##t

a) Noise decoupling EEF#%
b) Ground Loop elimination yHBE»t s

c) RFldecoupling & B#TFI; 3
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Optocouplers for Safet T

Low Supply [ | H|gh Supply
Voltage Voltage
Circuit A M [CII’CUIt B
| Galvanic | =l
Ground A | Isolation | Ground B

Possible Solutions

390% TI%’U
| T S = o
I l
Isolation Design compromisesfEE®R T AR 0

1. Isolation Voltage H/EREE
PCB Footprint PCBEIJHIBE
Frequency response #izRmEK
Power Handling Ih&¥EH]

Optoisolators — best provide optimum trade-off .
JERE R - Rt R A TR Vishay Optoelectronics
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Electrical Safety Basicsis#4ZR
Fundamental rule of electrical Safety #5424 KEAHN: =L

A sXstem shall not be designed such that a ‘single’ point failure will not create a safety hazard.
—NREGHRITAEE-FBR=ERAMEEBEN RN Z2M

Types of Insulation #iZKH

1.Basic Insulation FA4s%:

a) One layer of insulation that provides isolation from a hazardous voltage
X6 K L R SR A B R A AR A

b) Provides “single point failure” protection
AL A URBURY

2.Double Insulation XE4:%:

a) Two layers of insulation that provide an additional layer of insulation protection
R E LG R

b) Provides “single point failure” protection
AL A URBURY

3.Reinforced Insulation 3% /4%

a) Single layer of insulation functionally equivalent to double insulation
B R GRY IR REE R R R I E R

b) Provides “single point failure” protection
AL A URBURY

c) All Vishay couplers are considered reinforced insulation systems
BT Vishay tREHR W R IR N 4% RERIER

d) Two ways to achieve Reinforced insulation F#p 7 Xl SEEE ST 4% ERK:
1. Minimum of 0.4 mm internal insulation distance Bg{&0.4mm 454 H & c
2. Testing as per IEC60950 #:H8IEC60950F7 MR Vishay Optoelectronics
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reepage

Clearance

Creepage: Distance along an insulating surface between conductors
JEHFER: MG EAGEZ FRER

Clearance: Distance across air between conductors
HERR T Sk E =SS EES

6
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What Creepage Distance is Required?

ST e B A T 2R ?

Table 2L — Minimum creepage distances

FEae——a " Al |

Ea

T i

e N

! & ; .".

G A A
s . VISHAY.

CREEPAGE DISTANCES in millimetres

FUNCTIONAL, BASIC AND SUPPLEMENTARY INSULATION
: ‘:g:,s:g S:g:';i:? Pollution Degree 2 Pollution Degree 3
v Material Group Material Group Material Group
r.m.s or d.c L, 11, llla or Hib I 1 llla or lllb | ] llla or llib
<50 0,6 0,9 1,2 1,5 1,7 1,9
100 Use the 0,7 1,0 1,4 1,8 2,0 2,2
125 FLEARANCE 0,8 1,1 1,5 1,9 2,1 2,4
150 appropriate 0.8 1.1 1,6 2.0 2,2 2,5
200 table 1,0 1,4 2,0 2,5 2,8 3,2
250 1,3 1,8 2,5 3,2 3,6 4,0
300 1,6 2,2 3,2 4.0 4.5 5,0
400 2,0 2,8 4,0 5,0 5,6 6,3
600 3,2 4,5 6,3 8,0 9.6 10,0
800 4.0 5,6 8,0 10,0 11,0 12,5
1000 5,0 7.1 10,0 12,5 14,0 16,0
Linear interpolation is permitted between the nearest two points, the calculated spacing being
rounded to the next higher 0,1 mm increment.

.
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Installation Category #3355

Rt

INSTALLATION CATEGORY

[ & &
oo JR ot
momar 1 PR OTEENER e ey
BAETER | ..Fm“m Lais) pmm“::l
1.1 IDearwriosas:
CAT IV AT I CAT I CATI
Devicas Ficoed Pilug Man-Flug

oconneacbaa

directhy Lo
Loty
Fowear

oconneacted
dewices

Connached
Dawvicas

apphancas
nol bed o
vl curbhel

ELE YT Yy F

FrErY YL PP T T Y L
T

e e . -

Working Voltage
Vrms oder DC

50

Installation Category
I

800

1500
2500

4000
510]0]0)

8000 _ 8
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Vishay's Reinforce Insulation Couplers
Vishay 58 /482 & Yt 5%

R Transparent
Epoxy Inner Mold

put Leadframe Detector Chip Output Leadframe

Insulation Thickness

9
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Wide Variety of Packag es Availap] g
B Pl B2 A A

SMD-4 ﬁ ' DIP-4

Long mini-flat

SOP-4 / half-pitch
(1.27 mm) BIP-6
SOP-4
(2.54 mm) I
- DIP-8
SOIC-8 i
e DIP-16
SOP-16 ’n

e T R 1 P

(4-channel)

10
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Presenter
Presentation Notes
Half Pitch Mini-Flat Package: SOP-4, SOP-16
SOP-4: H 1.9 mm x W 2.5 mm x L 7 mm


Noise Coupling Reduction B&{&3

e Cain e L e e
! T— T ™
. 3 - 1 =, L b
I 4 :
| 3
~ A :

1.

2.

3.

Isolating sensitive microcontrollers from noisy power stages

I B Zh S Tn A X il 2 7 A T3

Greatly simplify the task of isolating “analog” from digital in PCB design

BB 15 S xRS SR T

Isolate sensitive circuits from ground bounce

R 5 ot i BRI o 0K B B T A R )
vy

IGBiI‘ Driver

5]

- 2
I

IGIJT Driver

};f[tg—w <

H

Current

Veloeity I

[ MCU/DSP ] | Isolhtor

3-phase motor control

11
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Quantifying Noise Isolation BB g B i

1. C input-output ﬁi]\/ﬁﬁtﬂzmﬂﬁﬁg
1. Typically <<lpF #&/{E< 1pF
2. Difficult to measure &N E

2. CMR (common mode rejection) stk
1. Easier to measure g 5M&E
2. Given as dv/dt value in KV/us @ test voltage
3. Typical 25KV/us @ 1.5KV ##&fE 25kV/ius @1.5kV

HHV (600V /50A)
| g I.iL A
_ } E|:|:g_‘vw_| |:} | | ld"u" | |vd"'-'" Vi
M . ]I L I T-"
] ime
[ MCU/DSP J\/L 1 v, at dt
Vim 1.__;_“_ CMy|
4 - —]
} E|:|E v ICM,|
M o _ ¥
— J\/L 1 JT— Half-bridge

12
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Reduce Ground Loops & Redu'ce
B%ﬁ%ﬁﬂﬁ%%%ﬂ TR

. Optocouplers provide small footprint, economical solutions to diminishing
the Areas of Gnd Loops. Jti#iRft T wilxt#uaEt, mE/NRFEIKZSH TR

2. Loops make effective Antennae, more loop area - more effective antenna
BRI ST MR AL, B MR ST R

3. Reduce loop area WwW/IHEHER

1. Reduce potentlally harmful ground currents FEIBAEKIHHBERKGE

2. Reduce RF emissions from system and RF susceptibility of system
BEAR 2R G H S I R 5 B PRI S AR 2R St 2 el

yARAY
/ |
/
< / .
Ground A GND noise Ground B

0

0
$ E GND ngg_i\—
Ground A Ground B

13
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Optocoupler Portfolio (by function)

Function Input Output # of Channels Key Parameters
Photodiode / % 1 CTR
Linear
Phototransistor } |< 1,2, 4 CTR
Phototransistor }I} < 1,2, 4 CTR
|
Photodarlington } E ! 1,2,4 CTR
Photodarlington E \_K_di 1,2,4 CTR
Phototriac } !E 1 ZC/NZC, dV/dt, Vprm
=
High Speed } ik 1,2 CMR, tPHL, tPLH
IGBT Driver } 1 CMR, tPHL, tPLH
_ - - Form A, Form B

Solid State Relay } n_}\*[if 1,2

I Vi Rons em tenes torn

14
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Transistor Optocouplers ==
Name Function Structure
Photo- Anal DC-Input AC-Input
. nalog
transistor / digtal }§< BE*:K‘:
General DC-Input AC-Tnput
Purpose Photo- Analog
Darlington | / digital ‘Q:I:E: N
Photo-diode-transistor | Photo-diode-Darhngton

1. TranS|stor Output Optocouplers Gake s e

DC Input

)
3)
4)

2. Terms ARIE

Il : LED input current (mA)

AC Input
Single Transistor Output
Darlington Output

2) CTR : Current Transfer Ratfion = lcel 1 (%)

3. Critical Parameters 5%

1) CTR

a) CTR(sat) & CTR (unsat)
b) Varies with If, temperature, component life

2) I

15
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Presenter
Presentation Notes
Input: DC or AC
Output (detector): Diode, transistor, Darlington, diode + transistor/Darlington, IC
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Transistor OUTPUT CTReao App1iCats

rn R YE R TR AN CTR S H 1 B

Digital I/0O: 1/0, High/Low, True/False, ON/OFF, Sat./OFF

Key Parameter:

Current Transfer Ratio (sat):

VDD 3.3V

VCC 5V

=
=

R1
390

]

:

output

input

____J'_‘-I____
w

Inverter

@
VDD 3.3V : VCC 5V
R1 | R2
390 , 1K
| | l_l
- |
Input } \\:I output
B I I
|
I

=Non-Inverter

|
|
|
I
I
I L : output
| 1
|
)

CTR=I./1.
VDD 3.3V VCC 5V

R1
390

input
@

VDD 3.3V VCC 5V

|

'—‘;U

h,:'{

I L
output
2
= Inverter

R1
390

input
i 13

= Non-Inverter 16
Vishay Optoelectronics
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Presenter
Presentation Notes
Logic: Inverter or non-inverter (buffer)
Input driver: in series or parallel with LED
Output: OC or common collector circuit
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Typical CTRm%m>Appllcatio!*Tﬂ
LR LRICTRE) H F1 2

Power Supplies

+85 to EMI
265 VAC FILTER

L]
|
|
R1 u1 | 2

56 SMPS CONTROLLER | 6.0V
| ’l\SUD ufF 2 {) A

VCC O

LINE

cz2 |

20 uF |

| AGND J

- |Q1
ower
GATE DRIVE =4 MOSFET
c3 VREF CURRENT |
01U, SENSE R3 & | R4 <
225 | 4305
FEEDBACK PGND |
~ - l* -~
. = |
Zz y ~ Y
. |
[ e l iAV4 l IF
|
\ T
. U1 .
~ = TCET1102 1P
~ . e . = TL43
CTR = Ic |'.|F

Key Parameter:

Current Transfer Ratio

CTR=IC/IF
Example:
CTR =4.8mA /5.6mA
= 0.86 = 86%

i 1) Temp TfEEE

Design Considerations:
1.Creepage requirement e e fE B pER
2.CTR drift JefesthriEs

2) If EmHER
3) Life time of product = &#d

17
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Linear Optocoupler

LT 1

BS O

Products [ I LSOO

= Linear output
= High stability gain
Benefits = Different K3 BIN

} IL300| g]
2 7

K1\ Kz

4F 1

1o/

220 AC{?C —  Switch Xformer
main | rectifier
Advantages s
1.Constant GainfEgr&kix &
a) Over Tem P ﬁﬁ Suich Control
b) Over life of component mode
wEA requlator
TDA4918

2.High linearity Output ks h

iil300_01

OC output

———

18
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SSR — PhotoMOSFET

Load Voltage ACD ( ON/OFF time Vo ,Isolﬂtw“ Part
V) = Load Current (s, max) Voltage number
(mA) o (VRus) ?
60 100 0.5/0.5% 1500 VO1400
60 1000/2000 (.8/0.8%* 5300 V14642
1 Form A 200 200/350 2.0/2.0 5300 LH1510
350 150/250 2.0/2.0 5300 LH1500
400 120/250 1.0/1.5 5300 LHI1525
200 140 2.0/2.0 5300 LH1520
Dual 1 Form A 350 110 2.0/2.0*% 5300 LHI1522
400 100 1.0/1.5 5300 LH1526
1 Form B 200 200/300 3.0/3.0% 3750 LH1511
350 150/200 3.0/3.0 3750 LH1501
200 140 3.0/3.0 3750 LHI1523
Dual 1 Form B 350 110 3.03.0 3750 LH1521
*|F =10 mA, others 5 mA
(DC/AC)
e DC Only Configuration |¢ ACIDC Configuration
—>|:} .J_j — E} 'J_j
O \\ If‘j‘j bc O N j~:| Do not use AC or DC
O '_L]_ LOAD O '_l_: W
> (DC) LOAD
B
AC/DC)

19
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IF>
SSR moskeT)

5 DC S s DC &
fo Ts Ta fe 5 [«
iy W
si oA osr T T T
== a 7
520—0/11—052' i
ERn —— (L1 LE J;B u1 uE LE!
Form A Form B
Normally-open ~ Normally-close
Critical Parametersg&s%# T H 1Al
1) Ifen): LED input current required to achieve specified Ron (mA)
2) Ifof: LED input current required to achieve specified max leakage current (mA)
3) Maximum Output Voltage (V) — 60V — 600V
4)  Load current (mA) — 100mA — 2Amps
5)  Ton/Toff- 0.5usec

20
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AR SR ol Supply Veltags

EMR Advantages of SSRs vs Mechanical Relays
Feda gk e 28 5 LR 2k B B8 I LA
Mechanical Relay (Contact Bounce) -Higher Isolation Voltage Ff& %
c — A oMT -Higher Shock and Vibe Immunity JoBEE Bk
“77Ssr | .Smaller Size 2&f4/R~f

.Low Drive Current {&KIK3hEHR
.Long Operating Life K&y
.No Contact Arcing JoEfilH
.No Contact Wear FEfl#iiFs
|1 Ll _ _ «High Switching Speed & X®EEE

Time .No EMI Noise Generation Ar=4: BT
-No Contact Bounce Joizfhi

21
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Typical SSR Applications:

SSRHLAEI W

<OOoObh < OO

<O

-

HV Battery Charge Monitor & & i 72 5 I )

N x Li-lon Series

Batteries

+F4W
2l

N x Li-lon Series

Batteries

/
|

Input Multiplexerw ;U U) U) A Input Multiplexer

T%F

. PN
Battery Monitor I
Hibh
loSPl i —
AD Interface ] Spped
Isolator
| |
|
|
|
|
S
|
|
|
Battery Monitor |
Hibh
|| SPI —
AD Interface |\ Spped |
Isohator
|
~

Microcontroller

SPI

NOoO ko B

Communications/ Telephony switching
BWIFR

Process Control 2
Instrumentation {x2&{%

Industrial Controls Tk

High reliability EMR replacement
= A SRS T IR R B A

Test Equipment R #%%&

Chip Testers & H ¥R

22
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Circuit example

i .:.I-":,, il —| '!‘ -I i T 11 -
B | VISHAY.
High Speed Couplers
=t
Data Rate | CTR min | IFON max | tPLH typ | tPHL typ Part number
High speed 100 KBd/s | 300 % 2 s 2 s 6N138/0, SFH6138/0
(Analog) 1 MBd/'s 15 %% 0.2 ns 0.2 ns 6136, SFH6136, SFHG6343
High speed 5 MBd/'s 1.6mA | 120ns 90 ns SFHG7xx
(Digital) 10 MBd/'= 5 mA 50 ns 50 ns 6N137, VOx6xx, SFH675x
6N137
Vveel ¢ VOXBxx Vee2
(+5V) . SFHeTSx (+5V)
330
0
'Fl _* 3 Pt °
"_[:>°7 To.l uF
GND 1

23
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Presenter
Presentation Notes
Data rate depends on the Switching speed: propagation delay tpLH, tpHL


Fieldbus:

o SPI

* |2C

« PROFIBUS
« CANBUS

Example: VO0631T, VOO661T
10 MBd, dual-channel,
SOIC-8 Package

A1 [4] : EVCC
c1 E}F%"‘DD—E Vo1
Q c2 E%J}D_E Voz

A2 [4] E1GND

MASTER

oy
= — — >

s

SS
- — ——p

SCK

[ (Master) ,}

g

SCK
| (Slave),

MISO
(Master)
-

[_i\r

f

MISO
(Slave)

MOSI
(Master)

s

MOSI

(Slave)
= —— —>

SDO

SDI

SPI Bus Adapter

24
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Presenter
Presentation Notes
Digital communication with isolation.
High data rate from 100 Kbps to 10 Mbps
Front D&A to microcontroller or host computers. E.g. SOC (Battery cell states, voltage, current, temperature)


HBE B IGBT/MOSFETIRS)

AC variable speed motor
controllers X Likizsl
Solar Inverters XKFHggwiAs5

DC servo—motor controllers
Hi A RS iEEH

Welding Equipment =sg#1
Induction Cooking Tops Hm&k

ADBD sSaroow E:T-N

N teviton ~ SIEMENS & M

25
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IGBT Drivers

k. VO3 -—
v Vishay Semicond :m VO3150 VISHAY.
iEEmEuEiaTE Vishay Semiconductors "
2.5 A Output Current IGET and MOSFET Driver
Optocoupler, i
FEATURES IGBT and MOSFET Driver
= 2m & il ek oupet coment il FEATURES [
- Euljﬁ”glkﬂr_ﬂlil;m@;‘,“mﬂ mooa rHaction e = 0.5 AminImUm peak oripa oumank ‘["_1
_ - » 15 Kdps minimuam oommen mode
:bcLhc;is A MR iU sy cumant . NE [ ol |L'.l.|=||1:'|'c.: 1500 W et @
frimrase t Rotts ik = « 1.0 e bow ksl Ltp waltas { Vo .
= Wicla. cpsarariing o rangec 18 Vin 22 W A [T HE'S dliminates resd for regaive Jabs oivee RaHS
= (L2 p mandimu pasisn wicih distorson a3 3 -I: = g =2 m& masd mam supply curmank ——
- Incestil tomperr mngs: - 40 °C i 10 T ¢ [ s OIS = Ureder voltag elock-out (VLY wih bystaresis
= L8 W e i kwsl olrpu VORage [V L - :
« Finforted Insuiion mind par DK EN B07ar-5-2 e B l_‘n . ::::;.:rﬁ:cpmgumn . 15;1:‘3"?
* Domplient n RukE: [NToie 20028e/ED e - « Indusial femperatns ranga: - 40°C k11010
APPLICATIONS i
. BADEFET AGEHCY APPROVALS
- :ﬁmmnﬁm DESCRIPTION = Isolated IGETVMOEFET gate drivar
= Incuction =AW op Tha WOF50 consiss of & LED opticaly coupled b an = AC and baushiss DS moker divas
T e o e T s v
memwm i ekt cemet Inverah agpbcaiens, Tha n cpaming * SWACN oSG FORGY pEeGs (SMES)
ol g & reng e of e DUtpUEStaga provkes tha dive vollages = Urini mupi e powss supplles (LFE)
= UL - 16 F. B4 Y36 0004 H, toubia protecson m:: E'gﬁ' W:Pﬁlﬂ:;“" o !'u'ﬂm APPLICATIONS
C L . e iy o diracly awng IGETS wih Ritngs up fo 1200 W50 A. For . UL-Fis
iy h @qubzlant buistn ¥SHT = Wi hipher ratings, tha WO 160:2an be used b e . CLL.- Fila

= DIK EN &0i747-5-3 [VOE (884) and meinforad reuation
rating avalatyio with opon 1

2.5 amp IGBT/MOSFET driver

o discds power slags which crives the IGET gk,

= DM EM S0747.5.2 [WDE 0254) avallabie wih option 1

0.5 amp IGBT/MOSFET driver

High output current E#iH H#R

High speed switching Bx#EE

26
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AC motor drive IGBT driver application T
T 1 GB TIREH R .

m.

B0 g o A
-H$ a<in<l

7 Current  Temperature
}1“' { Phototransistor
MCU/DSP
Al A

Linear

3 l{ optocoupler
=

a ~ High speed
optocoupler
5% o
Fieldbus Fieldbus
. 27
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Single Inductive Load Application

+IGBT_15 V IGBT +HY

|
+5V :
R1 | VO3120 220nF =— BASl6 22
320 : —H—"""“—

100 nF

|
| 1 Rg 15 3 100
| —+ A }
|

J L | T == 4°°F  LOAD
| ] 220 nF §47.5h:
|
|

IGBT 5V | GET REE | m_

s

28
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OPTO-TRIACs

ZC(zero crossing NZC(non Zero crossmg)

U= lIE| Sup=Sy R atn] k=g

Zero crossing Advantages: Critical parameters S#z%
1.Low RFIl emissions &5 & & . .
2.Low inrush current {&BEE B 7 1.1FT: Trlgger_Currentﬁﬁ{Zzl%ﬁE

2.VDRM: Maximum off-state voltage &5 & H.JE

3.Vtm: on-state Voltage Si& /& f&

Non-Zero crossing Advantages:  ;saic dvidt #zsdvide

1.Trigger phase angle flexibility fit/x#HALR¥E  5.Dynamic dv/dt ZhZsdv/dt
2.Lower Cost }3522&1&5 IF (ON)

| FioFR

{voltage)

Turn on
immediately

}\\A‘ !E doudcurruil - r\ /\ /

/\ ANVA
AVARVA

\V
N\

Turn off

’\ at zero current

A

at zero crossing

| i | /\ 14
Froop VA

29

Vishay Optoelectronics



il T AN e——dra P

dv/dt (V/us)

|

10,000

5,000

1,500
500

50
10

Best in Class

11410 &
IL420

100

300

1,000

= |y (MA) ”
Vishay Optoelectronics



= Light dimming Modules FBBHE:
» AC motor controls A Gik:

controller

Phototriac Applications

V03053

=

]

2 4]

R1 R2
180 39
e HOT
L c1
T 0.01 uF 220/240
VAC

Ul

q phototriac
Power
ﬁ phototriac
F7qe

.

FEL UK AR

31
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Ultra High
7ed 1o o 2 R, 7‘61%

HV SMD Version Optocoupler Fii

W e %

M
o gy

Major Features F:E4&

« Surface Mount Package 5 Jr & %&

* Repetitive Peak Voltage (V orm): 1450 Vpear
YRS WIS T Vopy

e Pure tin leads, RoHS, WEEE Compliant, Green

Benefits
- » Capable of undergoing Solder Reflow
| ] A2 BT A B L B R
a e  Suitable for high noise environment
& T s T
« Ultra High Isolation Voltage i /= & & . &
@ e Cat IV installation Category Applications

Cat IVZE#TT A FEE M H

Underwrite
s (1)
32
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Vishay’s HV Coupler Competitive Advantag
o = R R R R RS

VIORM: 1450 Vpeak (Best in class)
Capable of undergoing Solder Reflow ig [ T P& 18 25 it (matches competition)
Pure tin leads permit lead free soldering 4% matches competition)
Eco Friendly Green Package G X3} 2% (etter than competition)

i __.tll
s

|
=

<ol . Tu

=RILT

Application

Customers

Comment

Safety & Noise

Solar Inverter Manufacturers

Grid to Control Panel Isolation

Isolation K BH e A% 25 il 3 7 I o 425 i Al o

LA LR

Safety & Noise Welding Equipment

Isolation HLIR L A5

LA LR

Safety & Noise Smart Meters Grid to Control Panel Isolation
Isolation BHemE e DX 42 1 A o 9

LA MR

33
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Automotive Couplers % r# Hm\
Release of Automotive SSR — Q1 2012 =t

HV Battery
ECU System

Power Drive Electronics
' ,// Electric Motor
- 5
\ '-._“: //

~ Power Split Device

HV Batter;_f

A,

“+___ Generator

Gasoline Engine

34
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Vishay’s Optocoupler Portfolio

http://www.vishay.com/optocouplers/

A
VISHAY. Build Vishay into your Design
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OPTOCOUPLERS / ISOLATORS

“ishay's large portfolic of optocouplers includes devices with phototransistor, phototriac, or photodarlington cutputs in a range of through-
hole and surface-mount padkage types. Highlights include devices with maximum + 110 *C operating temperature, switching speeds up to
10 MBd, and devices designed to serve 85 IGBT and MOSFET drivers. Vishay optocouplers are certified by key internaticnal safety
regulatory agencies.
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