SHARP

Spec No.

DG-145050

Issue

08-Aug-14

SPECIFICGCATIONS

Product Type ZENIGATA LED

Model No.

GWG6TGBJC50C

*These specifications contain _J&ges including the cover and appendix.
If you have any objections, please contact usreagsuing purchasing order.

CUSTOMERS ACCEPTANC

DATE:

BY: PRESENTEI
BY:
T. Uemur:

Dept. General Manac

REVIEWED BY: PREPARED BY

Development Departme I
Lighting Device Divisior

Electronic Components And Devices Gr

SHARP CORPORATIOI




SHARP Model No. GW6TGBJIC50C

@ Handle this document carefully for it contains enetl protected by international
copyright law. Any reproduction, full or in paof this material is prohibited
without the express written permission of thenpany.

@ When using the products covered herein, pleaseredshe conditions written herein
and the precautions outlined in the followinggmaphs. In no event shall the
company be liable for any damages resulting fiaifare to strictly adhere to these
conditions and precautions.

(1) Please do verify the validity of this pafter assembling it in customer’s products, whesta@mer
wants to make catalogue and instructionuabbased on the specification sheet of this part.

(2) The products covered herein are designddh@nufactured for the following
application areas. When using the pratlootered herein for the equipment
listed in paragraph (3), even for thedwling application areas, be sure
to observe the precautions given in Paagf3). Never use the products
for the equipment listed in Paragraph (4).

- Office electronics

-Instrumentation and measuring equipment
*Machine tools

- Audiovisual equipment

*Home appliances

- Communication equipment other than for trunk lines

(3) These contemplating using the producte herein for the following
equipment which demands high reliabilitigould first contact a sales
representative of the company and thee@aesponsibility for incorporating
into the design fail-safe operation, rethmcy, and other appropriate
measures for ensuring reliability and safé the equipment and the overall system.

- Control and safety devices for airplanes, traingpmobiles, and other
transportation equipment

-Mainframe computers

- traffic control systems

- Gas leak detectors and automatic cutoff devices

-Rescue and security equipment

- Other safety devices and safety equipment, etc.

(4) Do not use the products covered hereinHerfollowing equipment which
demands extremely high performance in sesfrfunctionality, reliability, or accuracy.
- Aerospace equipment
-Communications equipment for trunk lines
- Control equipment for the nuclear power industry
-Medical equipment related to life support, etc.

(5) please direct all queries and commentardigg the interpretation of the
above four Paragraphs to a sales repi@senof the company.

@ Please direct all queries regarding the produmtered herein to a sales
representative of the company.
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GW6TGBJC50C specifications

1. Application
These specifications apply to the light emittingd# module Model No. GW6TGBJC50C.

[ LED module (InGaN Blue LED chip + Phosphor) ]
Main application : Lighting

2. External dimensions and equivalent circuit

Refer to Page 2.
3. Ratings and characteristics
3-1. Absolute maximum ratings

3-2. Electro-optical characteristics
3-3. Derating curve

Refer to Page 3 -5

4. Reliability

4-1. Test items and test conditions
4-2. Failure criteria

Refer to Page 6.

5. Quality level Refer to Page 7.
5-1. Applied standard

5-2. Sampling inspection
5-3. Inspection items and defect criteria

6. Supplements Refer to Page 8 - 10
6-1. Chromaticity rank table
6-2. Packing
6-3. Label

6-4. Indication printed on product

7. Precautions

Refer to Page 11%3.
8. Characteristics diagram (TYP.)

Refer to Page 14.
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2. External dimensions and equivalent circuit
Unit = mm
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(Note) Values inside parentheses are referencevalu
External dimension of ceramic substrate is thecatitbn of maximum length at each side.
Equivalent circuit High CCT block
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Low CCT block Current control circuit
High CCT block 12 series x  &arallel: 96 pcs of LEDs
Low CCT block 10 series x  2arallel: 20 pcs of LEDs
Unit Material Drawing No.
mm Substrate : Alumina Ceramic 52605044
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3. Ratings and characteristics

3-1. Absolute maximum ratings

Item Symbol Rating Unit
Power Dissipation *1,4 P 41.6 W
Forward Current *1,4 12 1050 mA
Reverse Voltage *2,4 Vg -15 \%
Operating Temperature *3 Topr -30~ + 100 C
Storage Temperature T -40~ + 100 C
Junction Temperature Tj 145 C

*4 Tc=25C

*1 Power dissipation and forward current are thieeravhen the module temperature
is set lower than the rating by using an adégjheat sink.

*2 Voltage resistible at initial connection error
(Not dealing with the possibility of always-ceverse voltage.)

*3 Case temperature Tc (Refer to measuring pointdse temperature in the next page.)
Refer to "Derating curve" in the next pagdamsoperating current.
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3-2. Electro-optical characteristics

(T, = 25°C)
CCT Item Symbol Condition MIN. TYP. MAX. | Unit
Forward Voltage *5 VE 258 (30.4) 334 A%
Luminous Flux *6 o 120 (155) - Im
2000K X Ir= 80 mA - - .
Chromaticity Coordinates *7 0:5251)
y - (0.4120) - -
General Color Rendering Index *§ Ra 90 (94) - -
Forward Voltage *5 Ve 30.5 (35.8) 39.6 A%
Luminous Flux *6 [ 2430 (2860) - Im
3000K X Ir= 950 mA - - -
Chromaticity Coordinates *7 (0.4370)
y - (0.4030) - -
General Color Rendering Index *§ Ra 90 (92) - -

(Note) Values inside parentheses are shown foraeée purpose only.

*5 (After 5 ms drive, Measurement tolerance: = 3 %)
*6 Monitored by Sharp's 1m integrating sphere and Katglectronics SR-2000A

(After 5 ms drive, Measurement tolerance: + 10 %)
*7 Monitored by Sharp's 1m integrating sphere amsLid electronics SR-2000A

(After 5 ms drive, Measurement tolerance: + 0.005)
*8 Monitored by Sharp's 1m integrating sphere and Katslectronics SR-2000A

(After 5 ms drive, Measurement tolerance: + 2)
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3-3. Derating curve

Forward Current Derating Curve

1100
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900 \C
800 AN
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100
0

Forward Currentd[mA]

-30 -20 -10 O 10 20 30 40 50 60 70 80 90 100 110
Case Temperature,TC]

(Note) To keep the case temperature lower tharattiey, enough heat-radiation performance needs to
be secured by using an adequate hdat si

For soldering connection, please evaluate in yoaumstance to make sure soldering reliability.
( Above derating curve is specified tdLBevice, not for soldering connection )

And please consider to avoid physicasstibetween wire and substrate,

and some protection like silicon bondtom of soldered wire is recommended.

Please ensure the maintenance of heati@unot to exceed case temperature over thegati
in operation.

(Measuring point for case temperature

Please take note of the following, when measurasgdemperatuie.
1 The LED device mounting surface should be flaifparface.
2 The substrate surface temperature should be omifor

measuring point

Thermal Resistanc 1.3 “C/W(Typical value)
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4. Reliability
The reliability of products shall be satisfied withms listed below.

4-1. Test items and test conditions Confidence level: 90 %
No. Test item Test conditions Samples Defegtive LTIPD
n C (%)
1 |Temperature Cycle |-40°C(30 min)~ + 100°C(30 min), 100 cycles
11 0 20
2 |Temperature HumidityTgy= + 60°C, RH = 90 %, Time = 1000 h
Storage 11 0 20
3 |High Temperature Tsg= + 100C, Time = 1000 h
Storage 11 0 20
4 |Low Temperature Tsg= - 40°C, Time = 1000 h
Storage 11 0 20
5 [Steady State Operating, = 90°C, Iz= 950 mA, Time = 1000 h
Life 11 0 20
6 |Shock Acceleration: 15000 s Pulse width: 0.5 ms
Direction: 3 directions (X, Y and Z)
3 trials in each direction 5 0 50
7 |Vibration Frequency: 100 to 2000 Hz for 4 minutes per trigl
Acceleration: 200 mfs
Direction: 3 directions (X, Y and Z)
4 trials in each direction 5 0 50
4-2. Failure criteria
No. Parameter Symbol Failure criteria
1 Forward Voltage Ve Ve > Initial value x 1.1
2 Luminous Flux D O < Initial value x 0.7
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5. Quality level

5-1. Applied standard
1ISO2859-1

5-2. Sampling inspection
A single normal sampling plan, level S-4.

5-3. Inspection items and defect criteria

No. ltem Defect criteria Classification] AQL
1 |No radiation [No light emitting Major
defect 0.1

2 |Electro-optical |Not conforming to the specification
characteristics [(Forward voltage, Luminous flux and Chromaticity)

3 |External Not conforming to the specified dimensions
dimensions (External dimensions ofD and@ shown in Page 2)
4 |Appearance [Nonconformity observed in product appearance isrdened Minor
as defective only when electro-optical charactesss affected by. defect 0.4

<If any question arises regardless of above meadi@niterion>

W Foreign material, scratch, or bubble at emittinegpaf.8 mmp

B Fiber generation at emitting area: 0.2 mm in wiltld 2.5 mm in length
HForeign material at connection terminal: 0.8 mm

H Substrate burr on edge: Over dimension tolerance

(Note) Products with removable foreign materishelted on is not determined to be defective.
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6. Supplements
6-1. Chromaticity rank table (Tolerance: x,y = 0.005
(T; =25%C)
Svp . Chrorgaticity Dia_grain _
Pointl Point2| Point3 Point #
2000K X 0.5097| 0.5311 0.5404 0.5190
1 (1=80mA) y 0.4060 0.4060 0.4180 0.418p
3000K X 0.4287 | 0.4404 0.4454 0.4334
(1=950mA) y 0.3980 0.3980 0.4080 0.408p
----- . Black Body curve
Chromaticity Diagram
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6-2. Packing
B One tray composed of 40 pieces
B 5 trays (200 piecies) and one upper lid-tray ia omisture-proof bag
B 2 bags (400 pieces) in one carton
B Dimensions of outer carton: 235 x 220 x 90 mm éRaice value)
(Note 1) There are cases of one carton composedeobag. (200 pieces)
(Note 2) State of packing is subject to change.

< Quter carton> <Onebag> <Onetray>
200 pieces x 2 bags = 400 pieces 40 pieces x 5 trays = 200 pieces 5 =810 pieces

\
:

= 0D
/7 I b @™

/7 \-
silica gel (210mm)

\\\\\l
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6-3. Label
1)Outer carton

SHIPMENT TABLE

PART No. GW6TGBJGSOC
(GW6TEBJCSOCH)

QUANTITY : 800

LOT No.  XX11B25

RANK 1

L

SHARP
WADE IN xxxf)?:f)?f:: "

2)Moisture-Proof bag

SHIPMENT TABLE

PART No. GW6TGBJC50C
(GHBTEBJCS0CH)
QUANTITY : 400  RANK 1

LOT No.  5020G2064A
I
SHARP

GORPORATION
NADE IN scoucooooo R.C.

SHARP LABEL

1) Model No. & Rank:

2nd line:Rank:

2) Control No.
Indicated as follows;
12 B 11
© @ ®

Following label is attached on outer carton.
(Note 3) Label format is subjected to change.

—Model number
«—(Model number+suffix code)
“—Quantity

Lot No.

«<—Rank

“~—Production country
~MADE IN INDONESIA

Following label is attached on moisture-proof bags
(Note 3) Label format is subjected to change.

«—Model number

«—(M odel number+suffix code)
“—Quantity and rank
—Lot No.

“—Production country
-MADE IN INDONESIA

6-4. Indication printed on product
Model No. and control No. are indicated on sultstsarface.

1st line:Abbreviated Model No 'GBJCC ' is indicated

@ Year of production (the last two figures of the)e
@ Month of production

(to be indicated alphabetically with January cqroggling to A)
(® Date of production (0+31)

1) Lot No. indication

XX 11 B 25

®© @ @ ®
(D Production plant code
@ Shipping year(Year last 2 digits)
@ Shipping month

(from January to December in ABC order)

@ Shipping date (01~31)
*Notation may be different

1) Lot No. indication

XX 1 9 G 11 123 A
O 90® ® ©®© O

(D Production plant code

@ Shipping year (Year last digit)

@ Shipping month (1~9 or O, N, D)

@ Fixed code G

® Shipping date (01~31)

® Serial No.

(@ Backup code A

*Notation may be different

|
|
| Control No. | | Model No. & |
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7. Precautions

O Storage conditions

Please follow the conditions below.

- Before opened: Temperature~530°C, Relative humidity less than 60 %.
(Before opened LED should be used within a year)

- After opened: Temperature-s 30°C, Relative humidity less than 60 %.

(Please apply soldering within 1 week)

« After opened LED should be kept in an aluminum tuoes proof bag with a moisture
absorbent material (silica gel).

+ Avoid exposing to air with corrosive gas.

If exposed, electrode surface would be damaghitivmay affect soldering.

@ Usage conditions
This product is not designed for the use underdditiye following conditions.
Please carefully check the performance and rétiakiell enough in case of using under any of the
following conditions;
+In a place with a lot of moisture, dew condensatimmy air, and corrosive gas.
(Cl, H2S, NH3, SO2, NOX, etc.)
+Under the direct sunlight, outdoor exposure, ana dlusty place.
«In water, oil, medical fluid, and organic solvent.
Please do not use component parts like rubber whaghcontain sulfur (gasket packing, adhesive ri@ter
etc.).
Please note that any strong acidic or alcoholimetds could effect the silicon resin used in th®ldevice.
The heat and light released from the LED device|dgenerate halogen gas from the surrounding mdger
which may have adverse impact on the module. Befsirgy please consider carefully about this issue.

@ Heat radiation and Installation
If forward current (IF) is applied to single-stat®dule at any current, there is a risk of damagisp
or emitting smoke, due to increase in temperature.
Equip with specified heat radiator(heat sink), amdid heat being stuffed inside the module.
Material of substrate is alumina ceramic. If inst@linappropriately, trouble of insufficient heatlration may
occur , which may result in board cracks or lightdefects due to overheat. Please take partinotare for
installation.
Refer to the following cautions while installingethED device on heat sink.
+Apply thermolysis adhesive, adhesive sheet or jacabnnector when mounted on heat radiator.
In case of applying adhesive or adhesive shdgt dmeck the effectiveness and reliability beftixeng.
If LED comes off from heat radiator, unusual temgiure rise entails hazardous phenomena including
device deterioration, coming off of solder atdeagand emitting smoke, along with LED device daffe
*When LED device is mechanically fixed or lockeded®e take into consideration regarding the method o
attachment due to fail from stress.
-Please apply appropriate stress and design carefdien fixing the LED device using holder. Any
excessive or uneven stress could break LED dswcistrate.
+Avoid convexly uneven boards.
Convex board is subject to substrate crackindetwiasement of heat release.
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«It is recommended to apply adhesive or adhesivetshi¢h high thermal conductivity

for radiation of heat effectively.

Please take care about the influence of color ahahgdhesive or adhesive sheet in initial and kengn
period, which may affect light output or coloredio change of reflectance from backside.

+Any excessive or uneven stress on the ceramicrstibstould break the substrate. Please designtisath
proper/uniform stress is applied on the substrahen fixing the LED device using a holder.

*When fixing the LED device with a holder, pleasketaote if any excessive or uneven stress is applie
when pressing the substrate with holder. Dugif) the gap may arise between LED device and
adhesive material, which may affect the heatipiaion of the device.

Do not touch resin part including white resin partthe surface of LED.

No light emission may occur due to damage afirescutting wire of LEDs by outer force.

When using tweezers, please handle by ceramicratdgtart and avoid touching resin part.

For mounting, please handle by side part of ceramtbe specified area shown below.

The current control circuit on the substrate haseru controlling function.

Therefore, do not touch or damage this area whedling the LED at the time of mounting or after mtng.

S +
Current control circuit \"i

~

Handling area

+The outer edges of the substrate may be unevemia sases. Please avoid choosing these areagas fix
points, while designing for installation.

+In case of using heat radiation sheet or heattiadiadhesive, light reflection or absorption cédh
materials may influence the output of LED devigspecially, the color change that occur due to |
ong-term use has direct impact on output of LERicks, and hence careful consideration is required
while choosing the radiation sheet ro adhesive.

+The current control circuit on the substrate getswhen the device is in use. Please confirm petdoice
and reliability of the materials that are usedrribis area, when choosing materials.

@ Connecting method
Use soldering for conncetions. Follow the condgiomentioned below, to preserve the connection gtinen

-Use soldering iron with thermo controller (tip teenature 380C), within 5 seconds per one place.

- Secure the solderwettability on whole solder padilaads.

+ During the soldering process, put the ceramic boarthaterials whose conductivity is poor enough
not to radiate heat of soldering.

+Warm up (with using a heated plate) the substeatedommended before soldering.
( preheat condition: 100 ~ 150°C, within 60 sec )

+Avoid touching any part of resin with solderingriro

+ This product is not designed for reflow and floidswsing.

+ Avoid such lead arrangement as applying stressltiesapplied area.

- Please do not detach solder and make re-solder.

+Please solder evenly on each electrode.

+Please prevent flux from touching to resin.

Do the soldering on stable stand. Avoid solderingrmving or vibrating objects.

+Please avoid touching the soldering unit to resin.
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® Static electricity
This product is subject to static electricity,take measures like wearing wrist band to cope ivith
Install circuit protection device to drive circuit necessary.

® Drive method
-+ Any reverse voltage cannot be applied to LEDs whewy are in operation or not.
Design a circuit so that any flow of reverseammfard voltage can not be applied to LEDs
when they are out of operation.
+Module is composed of LEDs connected in both senebsparallel.
Constant voltage power supply runs off more taecified current amount due to lowered VF
caused by temperature rise. Constant current psugply is recommended to drive.
+Be cautious while putting on/off the power supply,excess current, excess voltage or reverse eaitag ge
injucted to the device in some cases.

@ Cleaning
Avoid cleaning, since LED device may be effectedome cases by cleaning.

Color-tone variation
Chromaticity of this product is monitored by intating sphere right after the operation.
Chromaticity varies depending on measuring methght spread condition, or ambient temperature.
Please verify your actual conditions before use.

© Safety

-Looking directly at LEDs for a long time may reslthurting your eyes.

-In case that excess current (over ratings) is sghpd the device, hazardous phenomena including
abnormal heat generation, emitting smoke, orhiradcfire can be caused.
Take appropriate measures to excess currentatadje.

«In case of solder connecting method, there is aibitisy of fatigue failure by heat.
Please fix the leads in such case to protect ftwont €ircuit or leakage of electricity caused bytawt.

+Please confirm the safety standards or regulatibagplication devices.

+Please be careful with substrate edges, that naeigour hands.

Other cautions
Guarantee covers the compliance to the qualitydstals mentioned in the specifications,
however it does not cover the compatibility withpcation of the end-use, including assembly
and usage environment.
In case any quality problems occurred in the aptibn of end-use, details will be separately dised
and determined between the parties hereto.
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Forward Current vs. Forward Voltage T;=25C
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(Note) Characteristics data shown here are foreaf® purpose only. (Not guaranteed data)

3500.0

3000.0

2500.0

2000.0

1500.0

1000.0

Luminous Flux {Im)

500.0

0.0

3500

3500.00

3000.00

2500.00

2000.00

1500.00

Luminous Flux{Im)

1000.00

500.00

0.00

1.2

0.8

0.6

0.4

Normalized Intensity{arb.)

0.2

300

Model No. Page
GW6TGBJC50C | 14 of 14
Forward Current vs. Luminous Flux T;= 25C
500 1000 1500
IF(mA)
Forward cumrent If vs CCT .
T,=25C
100 200 300 400 500
IF(mA)
Case Temperature Tcvs Luminous Flux
(950mA)
(80mA)
20 40 60 80 100
Case Temperature Tc('C)
Spectrum at Tj=25°C
(950mA,
(80mA)
500 700 900
Wavelength(nm)




OCEAN CHIPS

OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHoBsaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).

TenedoH: 8 (812) 309-75-97 (MHOroKaHasbHbIN)

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/

Appec: 198099, r. CaHkT-leTepbypr, yn. KananHuHa, 4. 2, Kopn. 4, amT. A




