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The Design Method of TR Module Based GaN for Satellite
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ABSTRACT

and mechanical
requirements compare to the one using in ground and aircraft system since not only the
environment level of vibration and shock during the launch stage but also the level of radiation,
vacuum and thermal variation from orbit environment are more severe than atmosphere
condition. This paper describes the environmental conditions of launch and the orbit and,
suggests design method of TR module applying GaN to satisfy the unique environmental
requirements of satellite systems by especially focusing on parts selection, derating design, RF
budget design, manufacturing process design, and thermal design of TR module.

TR module wusing in satellite must consider discriminative electrical
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Fig. 1. Design Flow Diagram
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FolA AAE GaN(Gallium Nitride) 7]%F]
TREES +F8A Aol & GaN £xb
HPA(High Power Amplifier)& #-8-3}1l, Outgassing
43 Wdol 43 LTCC(Low Temperature
Co-fired Ceramic) 7], &&Z< Wdo] 715
Packaging®] Hermetic sealings 2&3F FZo|th

olof we} EFoA= Fig. 13 Zo] TREES A4
6]

F% A48 DLA(Defense Logistics
Agency), QPL(Qualified Products List), ESA(Euro-
pean Space Agency), EPPL(European Preferrd Parts
List) 5o 52" ZFEF AES $AdT
Space Heritage® R 3 F3F AH8S AEdoh o
of 34 AS7IH BEF HZECd 5" FFol
ol i1, Heritage= {ITFH Up-screenings A Ak
€°] 7bsstth. TRE & F2 AR8-sh= RF MMIC
o] Ag &4 AF7Be] BEFLE THH HF|
7] W&o MIL-PRF-38534 %+ ECSS-Q-ST-60-12C
of e} 875+ Classoll &3¢ up-screenings 3}
o Abgo] 7Hs3tth Table 12 MIL- PRF-385349] A]
AT MMIC #3 Up-screening A@d &S ek
Wth Classoll weh 875 = Al &0 e=n,
Spacew® Class K&l 7+ Element visual, Internal
visualF-E] SEM(Scanning electronic microscope) A

T
=

Table 1. MIL-PRF-38534 MMIC up-screening test

Sub Class Test MIL-STD-883 Quantity Reference
group K H Method Condition (accept number) paragraph
1 X X Element electrical 100 percent C.3.3.1

2010
1/2069
2 X X Element visual 1/2070 100 percent C.332
1/2072
1/2073
2010
1/2069
3 X X internal visual 1/2070 10 (0) 53%3:132
1/2072 R
1/2073
X Temperature cycling 1010 C C.333
X Mechanical shock or 2002 2’5&01';,?'3?
Constant acceleration 2001 RN
direction
X Interim electrical C.3.343
4 240 hours 2/ 10 (0)
X Burn-in 1015 minumum  at
+125C
X Post burn-in electrical C.3.34383
X Steady-state life 1005
X Final electrical C.3.343
) ) 10 (0) wire or C.3.33
5 X X Wire bond evaluation 2011 20(1) wires C335
2018 see method 2018 of
6 X SEM 12077 MIL-STD-883 or method C.3.36
2077 of MIL-STD-750
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2EY AL GaN &2 EEL GaAsol H]3|

OlN PN

i—'i% Wlde Bandgap SA4<& 7HH, & A8 4=
E RF 3F¥°] 7bestal &4 2571 %7] #Zel
rigals %Okoﬂ*ﬂ— 1=y F54 2Edd WA AHEH

<]

3 Yk ®EZH NASA (National Aeronautics and
Space Administration)9} ESA9] GaN 2134 A7l
2w F BAA Ao 3 = AFE HY
EOH6,7]. wEbA & =&l A *474]5]' TREES +F
ANEPE 8 GaN &£A-E A&t

2.2 Derating & RF Budget

TREE Argsts FFo] AAHW, I e
B3¥ Deratings A &3foF gt} ECSS-Q-ST-30-11C
of @}=" Deratinge &9 AFHAEE Eo|7] AT
AA Z2 A 2~oln, FFo| wel Family$t Group
2 Y7o Derating A& W2lo] AT} Table 2
B =&dA ZAT TREEY F8 FFS
Family®} Group®l we} &/ 3Folth

Derating 27+ RF budget AAE 3#3EA 2
sYsoF gttt 1 o]+ Derating AANl whekA TR
2Eo AEEHe FF '_IA-]O] HHE = 9l7] wEolth
Table 2] U&= FF % LNA CHA2110-98F& o=
E°] Deratings 83| Rttt A|ZAHE CHA2110-
98F2] Drain supply voltageE 5VE FF3=E A
Zsta ot shAIRE 948 TREE AHE38H7] ¢
3] 4= ECSS-Q-ST-30-11Col weh 3ld Family &
Group> Drain supply voltage®] Maximum Rating
oM 75% 2 HAM AHESIES E7]H .

mekA CHA2110-98F] Maximum Rating2 5V©]
™, Derating 2 -€% Drain supply voltage= 3.75V

Vd=4v

Fig. 2. CHA2110-98F Noise figure
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Fig. 3. CHA2110-98F Noise Gain

7b F. 9148 TREE] AH8-3h= CHA2110-98F=
Drain supply voltageE 3.75V ©|3}9] gtollAl AAE

zgafoF @t} Fig. 29 Fig. 32> CHA2110-98F2
Drain supply voltage®l ™-E Noise figure, Gain2
SA4< Ul 2= eon.
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- X-bandolA HZF EAo] =A
SUA T WEA] HE7F Fasit

Table 33} Table 4+

TREE %/
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HRE WAe] 28T

A, Derating

A, RF budget AA 37A gL A

StA] Derating

HAAE A&
4l RF budgetg Ho &) 7HeF Derat-
3¢ RF budgetol SEHA &=
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Table 3. TR module TX RF budget

. Gain/ | Out- o
Table 2. ECSS-Q-ST-30-11C Family, Group of Input | P1dB Dissipated
PART | (@Bm) | (Bm) | 1055 | Put W)
TR Module parts m ™ @) | @em) | POV
Earmil a Part Connector 0.00 - -0.10 | -0.10 -
ami rou arts
4 P wire bond | -0.10 010 | -020 -
IC MMICs Corechip Corechip | -0.20 | 11.00 | 6.00 5.80 0.36
Transistors Microwave DRA wire bond 5.80 - -0.20 5.60 -
pOWEr_GaAS (Drive Ampllfler) S“lrg)s!lsne 5.60 _ -200 3.60 _
Transistors Microwave o HPA L DRA 360 | 2890 | 2550 | 2890 06
power-GaN (High Power Amplifier) -
wire bond | 28.90 - -0.20 | 28.70 -
Transistors M|crpwiave'AIow L .LNAA . HPA 28.70 | 4385 | 24.00 | 43.85 16.5
noise-GaAs (Low Noise Amplifier) wire bond | 43.85 - -0.20 | 43.65 -
RF passive _ . Circulator | 43.65 - -0.65 | 43.00 -
devices Isolator /circulator Circulator wire bord | 43.00 ~ 010 | 22.90
Connector RF Rectangular RF connector Coupler 42.90 _ ~1.00 | 4190 _
Connector | 41.90 - -0.10 | 41.80 -
IC MMICs RF detector 5t _ _ 50.95 | 41.80 17.46

Wakzl




34 G5 - olfd - AW - HAY - A= Sl a s 2Fe3 K|
Table 4. TR module RX RF budget 23 1= MAA
PART Input Gain/Loss | OQutput | NF A4 E TREEH AN == FqFoA ALgsts=
(dBm) (dB) (dBm) | (@B) TREES] & e 5 g F< 14T 7=
connector | -50.00 010 | -50.10 | 0.10 AV Fasites ot ¢F AE AHdAE
Coupler -50.10 -1.00 -51.10 | 1.00 TR=E AA == B Auel BAId sA0Ed, 7t
: : i : T, UW]E’JXV} =2 F AL, olHF EZE0
wire bond -51.10 -0.10 -51.20 0.10 o Aol A xLu]o &AL Gas 4 Qlt) o]9)
Circulator -51.20 -0.65 -51.85 | 0.65 et YA E TREES AGdA 7ty /& 1
S HAF B
wire bond -51.85 -020 | -5205 | 020 3] A7kl Hermetic sealinge #-8-3to] U/ <72
'T'Ei TRJ—EE E-EOH o]: ULQ—
Lange Coupler -52.05 -0.50 -52.55 0.50 wapa B = A AA S H’H% TREES Out
wire bond -52.55 -0.20 -52.75 0.20 gassing ﬂ_{:?ﬂ-, Hermetic 7+%2 93 Kovar A&
Limiter 5275 ~0.10 -5285 | 0.10 3h-9-74, LTCC(Low Temperature Co-fired Ceramic)
: 71, Kovar A& =2 A3t LTCC= Al
wire bond -52.85 -0.20 -5305 | 0.20 adlo] Zebs BY BAS B Fabs Aoy
Lange Coupler | -53.05 -0.50 -53.55 | 0.50 713-& o] &3l 900% ©]3t AL A2AE o TE
wire bond | -5355 020 | -5375 | 020 7130 24 Outgassing 574°] ¢-dt] 9148 TR
nE =2 Aew
Limiter -53.75 -0.10 -5385 | 0.10 & T% e ‘;E}' ‘_
Table 5= TREEC FE ZLHE Ao IAd#
wire bond -53.85 -0.20 -54.05 0.20 Aot dATMHLS vlwsty Q 1;]. Tz AAdA &4
LNA ~54.05 19.00 3505 | 120 BAATE aHMoF st olfre ARNAY 2=
= h=] O =7 ]_O H E_
wire bond -35.05 -0.20 -35.25 | 0.20 i ‘fﬂ et E;‘g—f FEI AL WE] Uﬂfoﬂ
AAATE WMASA &s Aeol JFH == HE
LNA -35.25 19.00 -1625 | 1.20 o] &40l A7 2= 9tk Table 5004 LTCCQ} Kovar
wire bond -16.25 -0.20 -1645 | 020 o] ARAAFE FAZGE AL Y 4 Y, o=
hi -16.4 7. -9.4 -7. . .
Corechip 645 00 945 00 Table 5. CTE, TC applying TR module materials
wire bond -9.45 -0.10 -9.55 0.10
GaN | GaAs | LTCC | Cuw Al Kovar
connector -9.55 -0.10 -9.65 0.10 CTE
3t - 40.35 -965 | 527 (Coefficient 6.5~
Thermal 53 | 573 | 55 | oo 23 6
5 ngdoz ZAze 21 F5E Fse o) | PO
F8alth daHog B =g A% TREER o
Fig. 4%} Z©] Corechip¥ Circulator® /54 73t (Thermal 180~
& A/ M, HPA, DRA, LNAS 2 &dto] T Conductivity | 6743 O | 3 | op0 | 10| T8
A8k (W/mK))
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Fig. 4. TR module TX/RX block diagram
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Fig. 5. TR module packaging (without lid)

do W Wy fFYttn E 4 Idot =3, ER
AT FAReE AFL Laser welding®]t} seam
sealing® #-& Hermetic sealing= 913 4 2dS &
uf 2 eksttt.

Yk, Table 5914 Kovare EXEAo] Fiizd &
7] W&ol TREE Tad4A Tz e dFstA
Rt A B =& TREES 93540 52HA
GaN 42} HPA®} EAAT7 FAME CuWEsE #
FAHow ALg shAE AT thal CuW 2=
1345 g/em®, Kovar % 83 g/em’o|B2 FA HA
35 fa Hdol e AFT CuWs H &I

Figure 5% Kovar®t CuWe| o|FHIS &3
TREE 94 Fdoln, Wit w22 FAIZ CuW
floll TIaarE fAet] 282 A= 2 5
UEE FZAHAAE oAtk o]THFES AuSn Soldering

Tl o] FoAH, HFHFES HermeticityZ} A2

AEZ2 Folsfok gl TREES 23 <lEH o]~
212 TREE 3943 AP Leg pind}t SMP 7
HE o] &3tk TREE 94 dZFoll glass sealing

S S Leg pinEd A2 dAE Fx7F HH,
Hermet1c1tya FrASHEA R2RE A B A
AE H o] 2~E AFar) = Leg pine 474 04 mm
3} 127 mm pitch FHo2 HAS EFF 127
mm Header AYEHE AZE 4 AEF stFTh RFQ
HHlo]l~E 9% SMP 79ElE LTCC 7] vl
Zzr=o] LTCC 71 Microstrip@ stripline®ll A stub
matching< %53l Transition AAE &3l h.

AyH o2 TREES Vertical AZ0] 753 7]
A QE#eolx 725 7HHlom, Kovar AEo ¢
AT = Seam sealing?] 7H5d &8 F2E
%3l Hermetic sealed 7}53t=% ST}

24 & HA

AE TREES 94 A= SA4AT 2x W3
A 8] 7Hed F AEF & HAVE das)
o TREES 44 &&3% W HPA, DRA, LNA,
Corechip? #2 WHALAE AHESH7] WiEo &8
QA wd Fx7F T a3t ECSS-Q-ST-60-05C2} ECSS-
Q-ST-30-11C #Al°l WE2W Hybrid circuitel] AH8-H
© &2 deratinge #-83 Junction temperatureE
Fg8lloF gt} Table 62 ECSS-Q-ST-30-11C &4] o
e TREE T8 P4E FEEY Derated junction
temperatureE E o Fo}.

ftlo S 05 % ﬂllo

Table 6. ECSS-Q-ST-30-11C Derated junction

temperature
Max Junction derated Junction
Group PART temperature (°C)| temperature (°C)
Microwave |y 175 125
power-GaAs
Microwave | o ) 230 160
power-GaN
Mlcrpwave low LNA 175 195
noise-GaAs

Table 7. Dissipated power of TR module parts

PART Contact Material | Dissipated power (W)
Circulator Kovar 0.892
HPA Cuw 10.086
LNA LTCC 0.163
LNA LTCC 0.163
Corechip LTCC 0.356
DRA LTCC 0.183
weld TREE F8 HEFL Table 60 E7]®

derated junction temperature ©|3}2] Fe FAF=
2 d AAo wdlor st B =& 9488 TRE
2 23, F& AANA dFgdxo], EEA] =
CuWs o] g3te] TREES 49& A&3o= 1

=2

&

=3l= FLRE Z*JQ-QEE]- Table 72 Duty 30%% &
LS wjo TREE AL3I Fo I wgaks
Al4bst gholtt, ] “Lﬁa*} uet HEH Ao ¢
AEALE o]83std 4 34& sNE}T

Figure 72 CuW #& 283 394 & i 2
FolH, Fig. 6 Fig. 73 448 ¥luE 913 Kovar
29 TAHRE 949 4 814 Aotk Fig 6°]
vl Fig. 7614 @9 4A HPA F9 do] e 7
< A F ATk

A A48 TREE & 4SS fsliAe 484
o] dF A% Aol wmet & M-S sioF HH, 3l

<80
Temperoture [C], Time = 0 s

Steacy State. Loopct=5/1000

Fig. 6. TR module Thermal Analysis (Kovar housing)



36

o2
foh
AN

ke

2%

rok

IR BTN

<60
Temperature [C1, Time = O

s, Steady State, Loopct=5/1000

Fig. 7. TR module Thermal Analysis (CuW housing)

A A3}E B3 Qualification temperatureE F=
o 948 TREELS ©] Qualification temperatures
o g3t & AAd wkgsloF ). olo wet B =
£ AAlME A Al A8 E Qualification
temperatureE ©]83 31, Table 87 Table 9= TRE
g &4 Z23dE el A7IM = o]FHE o
¢33 Kovar=®t 748 sh¢+A<S #4244 43t
o 2% & vl BgkTh
Table 83} Table 92| Z3E %3 Kovar, CuW ©]
TAY 39S A 83 TREES Wgo] ddo=
O 433 e & ¢ Aok Fol U= Magin® @&
ECSS-Q-ST-30-11C Aol A +4e FFE derated
Junction temperature$} & s4 Ao L Jun-

Table 8. TR module Thermal Analysis (CuW, Kovar)

Qualification| Junction Margin+ Case Margin++
PART |temperature | temperature Q) temperature Q)
(¢0) (°0) (°C)

HPA 110.64 49.36 93.09 41.91

DRA 112.09 12.91 77.89 17.11

LNA 103.79 21.21 77.54 17.46

LNA % 104.22 20.58 78.17 16.83
Corechip - - 70.02 14.98
Circulator - - 61.7 23.3

% Margin™2 Table 62| Derated Junction temperature zt=te| Xto|

Table 9. TR module Thermal Analysis (only Kovar)

Qualification|  Junction Margin® Case Margin«+
PART |temperature |temperature Q) temperature Q)
(°0) (°C) (°C)

HPA 129.95 30.05 1124 22.6

DRA 114.13 10.87 79.93 15.07

LNA 103.88 21.12 77.63 17.37

LNA %0 104.62 20.38 78.37 16.63
Corechip - - 70.19 14.81
Circulator - - 62.87 22.13

¥ Margin™2 Table 62 Derated Junction temperature #t=te| Xtol

ction temperature®| z}olE 7]A T Margin 2
E5 49 #E JMAEE Derating 1AS TS
e & T Utk

25 38 44

TREE 34 A= ¥F A4, RF budget A4,
TZ *2741, % Al v At 2 ue A=
& TREES FA3= H FEEe £HsE HA
oltt. Y& TREE 34 AA dANAME 414
©® ECSS-QST-70 A oﬂ w2} DML(Declared

Material List)® DPL(Declared Process List)S %}/ 3l
of gttt webx TREE F4o| -85+ Materials
9} Processell thall TAI A< A¥Eo] g7HT 1A
v AH = Materials®} Process’} DML¥} DPLe)| =
e A FS A= ECSS-Q-ST-702] Evaluation and
Validatlon phases Hxjo| we} HEZ Fgsith B
ol AAE A48 TREES MY z27] dA=

*1]3}—% A FH AA FHE FAeH, e &
Alell Material control, Process control ZZA|~E
Agste] F7F HES AdFE Bl 9IE oA oh
Fig. 82 £ =&ddA AAS TREE THEFS B
=T} OFalﬁi—rEi AYE], TREE 3%, LTCC 7]
o, BE Ay, gEE A"

oldg FAHEFES Y3 8 TAE %7801
dasiy, FAF A 2 25 5EA4E 1Este =
et Hz s A galof gt Table 10 TR‘:’
EF EHES AT 34 oA 2 HEF s BT

Table 1014 2+ %Eé HEE 1‘/‘17]' —ﬁi a5
F 257} golAE =3 A
Zl"ﬁ—e— oo, HEZ]
TAE AAA

A WA= LTCC 71 $lol RF SMP AYEE H
25 gAlolY, 12 SAC305E ©] &3l =&

2504 Solderings &oh oW fod H2 LTCC
7ol TRH & 71 Aol JIF u/ g dd

'T'O

ol
& =

oot —D‘
o so
o

& s
CIES %<$%1 %

H
]

of &4 #F3stry] wWEel HotplateE ©] 83+
LTCC 713 A 4< 7t HZ 2gjo] Fas)
t} Fig. 95 AAE TREE AF&317]) Y3 A3

LTCC 7]¥& HoETh

Fig. 8. TR module components
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Table 10. TR module process sequence 7F g2 wgbA HZeke A A el 93]
E9o] A4 & 7 o X AZ o = FAE
Adhesive method Working - ] jé %é_] i I AT Azl &7
No. Component (Applied P/N or | Temperature e’k AATE St}
Material) (°0) Al A= TREE 3H9A CuW FE HPA, Kovar
' B0 Circul LT 713S A= dAlo
1 LTCC | Connector soldering 225 ¥l Cireu e;torﬂ- - cc ]_ - ° 7:"‘_]
(SAC305) H, Ag pasteE ©]&3t AT 7|E HPAE
> | Ltec | sub parts SMT solder o5 AuSn Preform< ©]-83}4] Eutectic bonding< A7+
(SAC305) A Void& #H&88t7] 18 HPA 2 F3ko] *
S N il Ag paste ’o ot 14 5 A A FAEAH Void &
¢ Ciroulator (Ag) do] F& Ag paste*E* Adestgeh B =EedA AA
3 TREES A% LTCC 71#e] dR7t ¢ 3o

4 | LTCC | Main parts | =POXY Altach 120 2z 5o]9ly] Mo H g exE 2 gEs
(H20E) = X T ermeticity’} X2 T+ UESF
- - FoJdlok sk, o]& s void H4A3S) F 8381

5 | LTcC | Parts Wire bonding 120~220 .
(thermo-sonic) Y WA= 9 Main partsE H&3te HgolH,
6 | Ltee Wall Epoxy Attach 120 H20E H&ZAE ©] 83l Epoxy H&sth. I Th&
(H20E) 2 Leg pin, Die type®] MMIC #-Fo AdZ4E 93]
7 | Housing Lid Seam sealing - Wire bonding #& &t AH-2 Wire bonding

Fig. 9. TR module LTCC substrate

2ol Aks = & 7] W&ol Wire bonding $
o] Epoxye ©]-&3t 2’1—,2 AEg), A g =
Hermetic sealed T7%& 3] TREE 337 =
seam seahng— A &3 th. seam sealing
E X324 Roller Electrodeg ©] &3}
el g =9 Ao s do] WA, o]
o] &3ty Roller electrode’} &3} F Ao
394 ZEE sealingdts WAo|Th
o] HAAA Fo]&¥ ML seam sealing 2 Zol

oo A ro M

= WAE LTCC 71% Yol A3, AsAE, FET "EAl vacuum oven chamberol|A] TREE uWjF-ol
Sol REFSE YA WAoln, SACHSE ol&st ¥ outgassing® AATE o) Fasteh @A <
o] SMT 4 ¢ %3 HHach AA2 2 goik  F& A R sk FAE A $F A= A
A Fad 72 AZFsIFT. olw] Yutow  F AH =EHW AW &S 2 F 7 o
ATE AleR AAey] Wi LTCCS IBAAS  Folth
Table 11. TR module approval part process according ECSS-Q-ST-60-05C
Test No. Inspection and screening Specification and test Test condition Sample size Testing level 1 Testing level 2
test method
) ) ) e R
Pre burn-in electrical Detail specification Table 4 . o R
14 measurements and Table 2 Ambient temperature 100 % Read and record n(();og;o
. ) _— Detail specification o R R
15 Burn-in Detail specification Table 5 See 1039 100 % 240 h 168 h
16 Parameter drift calculation | Detail specification Table 4 100 % R
Read and record
) R
17 Electrical measurement | oy oo ification Table 2 100 % R Go/
ambient temperature Read and record no go
Electrical measurements high R R
18 ¢ Detail specification Table 3 100 % Go/
and low temperature Read and record no go
19 Radiographic inspection MIL-STD-883 Method 2012 See 10.3.10 100 % R R
20 Fine leak MIL-STD-883 Method 1014 Condition A2 100 % R R
21 Gross leak MIL-STD-883 Method 1014 | Condition C1 or C2 100 % R R
22 External visual inspection MIL-STD-883 Method 2012 100 % R R
Key : R = Required O = Optional
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Fig. 10. Assembled TR module (without lid, wall)

o]e} o] seam sealing®] ¢S =M leak tests &
3l HermeticityS 8% % At ECSS-Q-ST-60-05C
A WEd A8 TREE UF 3ol leak test
7} 230 9o, Table 1104 &1 4 Ql%o]
20. Fine leak¥ 21. Gross leak test’} AT} test=
MIL-STD-883 Method 1014¢] wW=W, Packaging =
71ell w}ekA test condition®] ThEt}. Fig. 102 A&
7R HPE AAE Y HF TREE A4S B2
oF3 Ut

of A EE
A g3t} ol Fud F = TAEE ECSS, MIL

=
fu
—
=

d
il
2
N
ttlo
>
02:1('
ok
fd
A
o
=
t
@)
9]
o)
M
R

References

1) “European Cooperation Space Standardization
(ECSS-Q-ST-60-05C) Space product
(Generic procurement requirements for hybrids),”
March 2009.

2) “European Cooperation Space Standardization
(ECSS-Q-5T-30-11C) Space product assurance
(Derating - EEE components),” October 2011.

3) “European Cooperation Space Standardization
(ECSS-Q-ST-70C) : Space product assurance (Materials,
mechanical parts and process),” March 2009.

4) “Military Performance Specification (MIL-PRF-
38534]) : Hybrid Microcircuits, General Specification
for,” March 2010.

5) “Military Test Method Standard (MIL-STD-
883E),” December 1996.

6) Hirche, K., “GaN Reliability Enhancement and
Technology Transfer Initiative (GREAT2),” Abstract
of ESA/ESTEC Contract, No. 21.499/08/NL/PA, 2013.

7) “NASA Electronic Parts and Packaging(NEPP)
Program Office of Safety and Mission Assurance,”
November 2020.

assurance




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


