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Mechanical Stiffness and Eigenfrequencies,
Temperature Ranges (Table 1),
Gas Tightness, Gas Gain Performance

TRD Component Temperature Range

Item Experim. Quantity Temperature | Operative | Survival Comment
Setup tested Range [°C] (no damage)
DOR-Connector | LN (15 min) 8 =77 No Yes
T<-20 No Yes
DOR-Connector TVT AC 20 20<T<+40 Yes Yes
[Manifold 1 x 5 channels -20<T<+40 Yes Yes

FVs unswitched TVT AC potted, no Stycast

-25<T<-20 - Yes
. 0<T<+40 Yes Yes

FV Operation TVT AC 2x2FV -25<T<0 No Yes No switching

TRD Straw TVT AC 4 SQ-Modules -20<T<+45 Yes Yes With (Gas, HV, Power)

|[Module TVT MPE -45<T<+60 - Yes No (Gas, HV, Power)
-20<T<+50 Yes Yes

UFE TVT AC 82 FM( +19 FS) -35<T<-20 - Yes
+50<T<+80 - Yes

UHVD TVT AC 5 QM -45<T<+63 - Yes

TRD Requirements ICD 27.01.2006 TRD Component Space Qualification:

Non Operative (Survival) -20<T<40°C Non Operative (Survival) -25<T<40°C
Operative -10<T<40°C Operative -20<T<40°C
TRDTN 1 Aachen, 19th February 2009 RWTHAACHEN
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AMS-02 — TRD: Principle| &\ i watair {

3 LRP 375 BK (ATLAS)

p* rejection >102 1-300 GeV 0.5m?3sr

Choosen configuration for 60 cm height:
20 Layers each existing of:

e 22 mm fibre fleece
* ) 6 mm straw tubes (Xe/CO, 80%/20%)

1 R T S R S T T N
0 10 20 30
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AMS-02 — TRD: Straw Modules

*Straw tubes: 72 um multilayer aluminium kapton foil,
@ 6 mm, 0.8 + 2.0 m length

« Wire: tungsten anode wire, 30 um @, tension = 100 g

* Gas mixture: Xe / CO, (80% /20%)

* Operating HV ~ 1460 V — Gasgain of ~ 3000

* | Module — 16 Straws, 100 um mechanical accuracy

* 328 Modules — 5248 Straws

61um Carbon

0.2um Aluminum

25.m Kapton film

25um Kapton film

6lim Carbon

Film (15ggf80°

Film (150-180°C)

w3000 000000000
M!L.L‘JLLLJ&AJMAAJLAAJL

6 longitudinal stiffeners Strips across every 10 cm
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AMS-02 — TRD: Single Straw Test

P30-A
Sensitivity
0.45 mbar
N7

e,

e

Y External Volume Vi« 41 ml ST

Straw Volume Vg

\§§§

= \
eae Saesas \\\
po—s Glue 51 ml g:* Jé:é: \\
== = ZZZZ NN

% Ref. Vol. Vi

Th. Ssedenburg 1202

\\j
|
| S
I%H PO1-D
Sensitivit
Single-Straw Limit; SF=4 0.015 mbar
He gpy < 1-107° | mbar/s/m
i Entries 8058
800 I Mean 11.67
500 ] RMS 18.97
He Single Straw Test
400 F 1mg,, = 16 straws of 1m
200 | 1190 | 568
0 __,_r . - 10'5ilrr1ba|n’sf'rn(:.H
2
10 10 Queak
TRDTN 1 Aachen, 19th February 2009

The gastightness of each individual
straw tube was measured with the
single straw teststand.

5248 straws out of 6300 gastight
straws have been selected for the
328 flight straw modules after the
results of QM MODO04
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MOD04
Mechanical Stiffness and Eigenfrequencies,
Gas Gain & Gas Tightness

TRDTN 1 Aachen, 19th February 2009 RWTH
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Vibrationtest @ RWTH-Aachen: 4-Layer Test Jigg MOD 04

10 mm

Straw tubes produced with a winding ol l o=45° l
— angle of 45° resulting in a pitch of 10 mm

Vibration-Test-Cycle:

 Sine Sweep 0.5 g (10-2000 Hz)
* Random spectrum arms = 6.8 g
 Sine Sweep 0.5 g (10-2000 Hz)

Z-direction without Radiator Z-direction with Radiator

TRDTN 1
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Vibrationtest @ RWTH-Aachen: 4-Layer Test Jigg MOD 04

Z-direction without Radiator

L-V [mm/s] Laser : z--Direction

s00 | T ) — 7 1 x:128.457
e w.y.ss.soﬂ. T BEN . . after Randorm y: B1.7947
before Thermo Vac 2 x:145.705
200 |_no Radiator | y: 24.7261
3 x: 239.589
y:3.21344
100 4 x: 426,595
y:18.1728
5 x: 839.005
50 i y: 924383
20
10
5
2
1
0.5
0.2 1 ]
10 20 50 100 200 500 1000 2000
Hz (Log) 132,319
w
TCP
RSYS=0
OviK =1
SWN =-. 02182
il 02192
—
= 205173
= 31872
] 432267
= 545813
= . 65936
= /12007
. 886453
| 1

AMS TRO Madule
Length 460 mm
Support Dist. 450 mm

fo = 1323 Hz | %

6.0 mm

Z-direction with Radiator
L-V[mm/s] Laser: z--Direction

~ %10, y: 56.6985 - S . + " affer Randor

L | L1 i il i e "".“"_m. md_'“‘." Vic
200 with Radiator
100 |

(6o7) ©

10 20 50 100

200
Hz (Log)
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1 x: 105,283
y: 22.9907

| 2 x:242.787

y: 1.81081

3 x: 506.866
y: 10.0562

| 4 x: 827,952
| y:10.026
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Vibrationtest @ RWTH-Aachen: 4-Layer Test Jigg MOD 04
after Thermovacuum Test

Z-direction without Radiator

~uz 40y 5&5055

aﬂer Randqm 1 x: 127.608

_ L V[mm/s] Laser: z-Dlrectlon Centre Mod 1

y: 76,0068
| 2x: 151619
— ¥121.133
3 X: 234.869
y: 4.79291
e 4 %z 432.291
]y 18.1845
-~ 5 x: 839.005
Ty 4.26722
6 x:1153.45
"] y: 6.62205

e
=

05 |

0.2

TRDTN 1

100

200
Hz (Log)

500

1000 2000

(Bo7) 9

Z-direction with Radiator

w L-V[mm/s} Laser : z-D:rect:on Centre Radiator 1

0.5

| 1x:257.718
| y: 1.85947

T 2x:429.434
| y:4.55317

3 x: 548.848
y: 2.27156

— ~—| 4 x: 806.279
..... 1 y:1.67404

10y 5&93?5

0.2

10 20 50 100 200 500 1000 2000
Hz (Log)
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Vibrationtest @ RWTH-Aachen: 4-Layer Test Jigg MOD 04

Vibration-Test-Cycle:

* Sine Sweep 0.5 g (10-2000 Hz)
* Random spectrum arMs = 6.8 g
* Sine Sweep 0.5 g (10-2000 Hz)

Y -direction without Radiator Y -direction with Radiator

TRDTN 1 Aachen, 19th February 2009 RWTH 10
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Vibrationtest @ RWTH-Aachen: 4-Layer Test Jigg MOD 04
after Thermovacuum Test

Y -direction without Radiator Y -direction with Radiator
L- V[mm/s] Laser : y-Direction Centre Module 1 _ Lv [mm/s] Laser : y- -Direction Centre Module 1
%10, y1- 355394 =i 53 o ) e __.__before Random | 1 x: 268.179 500 =10,y ?5,1214 —t Pt e E e S I ik Wi ] 1 %2 477.501
. e Ran y: 263,61 ! ! y: 217864
) | 2x:827.952 | | | 2x:850.207
| y:20.3201 P2 1 NS IS DU D A | y:2.60152
3 x:1208.25 3 x:1216.29
y: 131739 y: 9.36095
100 — i
s |
20 |
(n] 10 I-
g s
2
1
05
0.2
10 20 50 100 200 500 1000 2000 10 20 50 100 200 500 1000 2000
Hz (Log) Hz (Log)
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Vibrationtest @ RWTH-Aachen: 4-Layer Test Jigg MOD 04

Vibration-Test-Cycle:

* Sine Sweep 0.5 g (10-2000 Hz)
* Random spectrum arMs = 6.8 g
* Sine Sweep 0.5 g (10-2000 Hz)

X-direction without Radiator
L-V [mm/s] Laser : x-Direction UFE
' I TT1] 1 x: 371.141

50O | yr40;y: 743618 -ttt} =T~ afier Rapdam y: 15.2121
| ! T ! | before Thermo Vac
200 | - no Radiator

o
0.2 |
10 20 50 100 200 500 1000 2000
Hz (Log)
Aachen, 19th February 2009 RW[':' CIN 12
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Thermovacuum Test @ MPE 4-Layer Test Jigg MOD 04

Temperature 1“Cp

Thermovacuwm- Test Stact 1502 2002 10:37:11.5

Module Produktion Vibration | Thermo- Vibration 1l
Vakuum £
Straw Leckrate Leckrate Leckrate Leckrate g
Lange L d (He) q (He) d (He) a (He) <
[mm] | [-107" mber) | [.107* mber] | [.10~" mber] | [.10~" mbar]
448 2.2 2.7 39.6 20.0
424 1.8 3.1 3.8 3.8
400 1.9 2.8 2.4 2.6
376 1.7 12.1 2.0 11.9
Due to this measured gas untightness, development
of single straw teststand and gas tightness test of
each individual straw before straw module

production!

TRDTN 1

Aachen, 19th February 2009

25000

20000

30000

25000

20000

Ch 376-02
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5 10 15
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MOD1282
Mechanical Stiffness and Eigenfrequencies

TRDTN 1 Aachen, 19th February 2009 RWTH
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Vibrationtest @ RWTH-Aachen: 2-Layer Test Jigg MOD 1282

Vibration-Test-Cycle:

* Sine Sweep 0.5 g (10-2000 Hz)
* Random spectrum arMs = 6.8 g
* Sine Sweep 0.5 g (10-2000 Hz)

Z-direction without Radiator

TRDTN 1 Aachen, 19th February 2009 RWTH
Physics AC-I
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Vibrationtest @ RWTH-Aachen: 2-Layer Test Jigg MOD 1282

Lvmms] Laser: zpirection  Z-d1rection without Radiato

600 [ reomely-sstbas I T T tliche Rl 17:940559 . [snec o] L-V[mm/s] Laser : z-Direction
1t . before 'Ihm'nowu: 2 x: 126,004 | : 10, y: 56,4706 % wher Randora
200 | FENE L |0 Radiator | | y: 30,6077 [ ! ey T 1 I before Thermo Vac
3 x:147.65 200 1 Euce] L i .. no Radiator
y: 5.346T1
4 x: 212632
y: 3.86143 100 bt
5 x: 506.866 T
y:17.7119 11
6 x:556.175 T T
& y: 28,3326 I i
7 x: 678,591 T
y: 7.8421 ‘E?B
8 x:1130.73 [
10 o i ! o i o y: 3.94241
ek e i FR—— VT B x:45634.00 P 1
SO S Y 5 I | | LE T :2.93215 [
Eisiad 1 {ih ]l . Ll § 5 |
2 |
2
! |
1|
0.5
05 |
10 20 50 100 200 500 1000 2000 0.2 |
Hz (Log)
10 20 50 100 200 500 1000 2000
; BeE b oat
ENQINEERING 0518045
fo=101Hz
RN e
13t Nat. Freg.s 1st Bending Freg.s 101.1 Hz, Vertical Displ.. A4S
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1 x: 94,0593
y: 397.357
2x:121.015
y: 13.8546
3 x:147.65
y:6.32181

4 x:211.228
y: 3.14466
5 x: 496.882
y: 12,348

6 x: 552.499
y: 26.962

7 x: 678.591
y: 10.0628
8 x:1130.73
y: 4.01725
9 x:1523.89
y: 3.18301
10x:10

y: 56.4706
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MOD06 & MODO07
Mechanical Stiffness and Eigenfrequencies,
Temperature Ranges (Thermovacuum Test),
Gas Tightness, Gas Gain Performance

TRDTN 1 Aachen, 19th February 2009 RWTH EN 17
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4-Layer Test Jiggs MOD06 & MODO07

12.5 mm
o=60°

Straw tubes produced with a winding angle of 45° resulting in a pitch of
10 mm, new straw material with a winding angle of 60° resulting in a pitch

; o Of 1 2 : \
10 mm
Old l _ 450 i ew

MOD 06 Air Vacuum

Length die Safety
mm 10~ Lmbar | Factor COq
587 5.7 4.1
611 7.0 4.2
635 4.5 5.6
659 3.8 5.9
> 20.9

Vibrationtest, Thermovacuumtest — eigenfrequencies, gas tightness, gas gain

TRDTN 1

MOD 07 Air Vacuum
Length GHe Safety
mim 10~ bmbar | Factor COq
587 2.6 5.1
611 2.7 5.8
635 8.3 3.5
659 4.0 5.0
> 17.6
RWTH 18
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Vibrationtest @ RWTH-Aachen: 4-Layer Test Jiggs MOD06 & MODO07

-

Vibration-Test-Cycle:
* Sine Sweep 0.5 g (10-2000 Hz)

* Random spectrum arMs = 6.8 g
* Sine Sweep 0.5 g (10-2000 Hz)

TRDTN 1 Aachen, 19th February 2009 R\NTH 19
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TRDTN 1

o
60 g 7 S O S O B S S S g
E |
2
o
§40 -
S I
=20
0.
20
40 "\,_': Nofri] "] ) S \) = ]
0 10 20 30 40 50 60 70
Time (hour)
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Amplitude [pm]

Vibrationtest @ RWTH-Aachen, MODO06 Eigenfrequencies

AMS-02 TRD MOD-06

1000,000 -+ I I I
e — 66 H>
= U HL —e—bef Ran-befl TVT
b
“ —=—aft.Ran-bef. TVT
100,000 J bef Ran-aft TVT
aft Ran-aft TVT
10,000
1,000
0,100
10,000 100,000 1000,000
Frequency [Hz]
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Amplitude [pm]

Vibrationtest @ RWTH-Aachen, MODO07 Eigenfrequencies

AMS-02 TRD MOD-07

1000,000 -
73 Hz
i ™ —e—bef Ran,bef TVT
\ ("
.Y
T '3 —=—aft Ran bef TVT
\_ ;
100,000 e N ; bef. Ran,aft TVT
aft Ranaft. TvT
10,000
1,000
0,100
10,000 100,000 1000,000
Frequency [Hz]
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TRDTN 1

Gas Tightness MOD06 & MODO07

He, Air
Mod. No. 107" Lmbar
before SQ | Vib [ | TVT | Vib Il
MODO06: Old Straw Material
587 5.7 5.2
611 7.0 6.1
635 4.5 3.7
659 3.8 3.5
Jigg06 21.5 199 | 224 | 194
MODO7: New Straw Material
587 2.6
611 2.7
635 8.3
659 4.0
JiggQ7 13.5 12.7 | 184 | 14.0

Gas Tightness of 4-Layer Jiggs MOD06 & MODO07 okay

Aachen, 19th February 2009
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Gas Gain Ar/CO,, HV=1350V

Gas Gain MOD06 & MODO07

7000 > 7000
o
u
e
Il
>
6500 == 6500
ON
¢ ¢ :
P
6000 ¥ 2 T 6000
- =
¥ 3 5
. ¢ S
&
Qo
5500 + 5500
5000 |- A Jigg 5000
V¥ After Vibration I
O After Thermo-Vacuum
4500 4500
@ After Vibration II
4000 L L : : 4000

L=587 L=611 L=635 L=659

Th. Kirn  24,/07,/2003

Module

MOD 07

O«

® O « D>

Jigg
After Vibration I
After Thermo-Vacuum

After Vibration II

L=587 L=611 L=635 L=659
Th. Kirn  31,/07,/2003

Module

Gas Gain of 4-Layer Jiggs MOD06 & MODO07 okay

MOD06 & MODO7 Result: No significant changes in gas tightness and gas gain
— straw modules + UTE + UHVD + UFE-board + gas tubing are space qualified

TRDTN 1

Aachen, 19th February 2009
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Longterm Vacuum Test
Gas Tightness, Gas Gain Performance

TRDTN 1 Aachen, 19th February 2009 RWTH
Physics AC-I

E AACHEN

25



TRDTN 1

1 Gasgroup — 8 Modules
Fe>> — Monitoring
Pressure-Drop Measurements

Mass-Spectrometer Measurements

Length Air Vacuum Gas Gain
[mm] qHe Safety- ArCO,
[10~° Lmbar] | Factor U = 1350V
C'Oo Mean | RMS
[7%]
LZT | 1534.61 6.0 7.40 6018.6 | 1.65
LZT Il 1534.61 5.7 7.8 59222 | 1.82
LZT [ 1534.61 5.2 7.2 5891.4 | 1.70
LZT IV 1534.61 5.8 7.5 5756.6 | 2.17
LZT V 1534.61 6.3 6.9 h902.3 | 1.64
LZT VI 1534.61 .1 7.7 7379 | 1.11
LZT VII 1534.61 4./ 7.9 5906.7 1.99
LZT VIl | 1534.61 5.5 7.7 h867.4 | 1.2
Aachen, 19th February 2009 RW[':' =\ 26
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Mass- Spectrometer

2 XN - Tl

Longterm Test

|Stab|e Operation for 1.75 year |

1 Gasgroup — 8 Modules
Fe>> — Monitoring

Pressure-Drop Measurements

Mass-Spectrometer Measurements

R T

|
fia

|I
T=2m

TRDTN 1 Aachen, 19th February 2009 R\NTH 27
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Longterm Test

Stable Operation for 1.75 year

= 5500 =10
= C density correction = longterm test of 8 straw modules
o i P -
© 5000 ® correction with AV =29.3 V (80:20) 2 .$ May 2_004 January 2006
o - O correction with AV(t), p,(t) =10* P.HE ora s M‘ 5
- 0 AG  -ggy| = F o B Al
B { G 1000 L - d .
4500— < [ pressure drop:
| longtermtest, 8 chambers 3] 5
- flow=11h 210°F Xe/CO,:q _ =(8.2+0.8) x10” | mbar/s
4000 - g M A s skt 4
: 10°F
3500 . mass spectrometer:
& =% f +CO,:q  =(8.48+0.07) x10° I mbaris
30000 1078 . Xerq _=(2.640.02) x10° | mbarls
- AG =(3.8+3.5% -
i : 2 3 G @g CO,-SF: 6.7
2500 i 1 |Q_| 1‘ I z| |l 1 ? ‘I{ [ I| I R R 10-8 1 1 1 I 1 1 1 ] 1 1 1 ] 1
0 200 400 600 800 1000 0 200 400 ~ 600
time [h] time [days]
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Longterm Test — Gas Refreshment

| gasflow:11lih |

| gasflow:11h |

gain

4500 —

4000

3500

3000

2500 —

2000

! internal volume: 6.2 1

| O-g0g-O0--06

Gas: Xe/CO, (80:20) at 850 mbar (T = 296 K)
ty: GO, added, p = 870 mbar

@ chamber inlet, straw 1

() chamber outlet, straw 16

-100

0 100

| gasflow:21/h |

200 300 400 500
time [min]

4500

gain

4000

3500

3000

2500

2000

1500 —

XelCO, (80:20) at 840 mbar (T = 295 K)
ty: CO, added, p = 870 mbar

& chamber inlet, straw 8

O chamber outlet, straw 9

-100

Jan Hatlanbach, 0172004

TRDTN 1

200 300 400 500
time [min]

Aachen, 19th February 2009

gain

4500

4000

3500

3000

2500

2000

— G‘\e,_/a"'—é} ””””””””””””””””””””””””””””” e\\@
[
N PO g e — . e o
- o - TTTTTmTTIITeees .. g
S jniet: 0.853
G,
outlet: 0.867
I T L . . L I P . . . L L L
1400 1600 1800 2000 2200 2400 2600 2800 3000 3200
time [min]
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TRDTN 1

ElectroMagnetic Interference Test

Aachen, 19th February 2009 R\NTH
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FE & DAQ EMI-Test

T ST

Octagon-Like Housing EMI Test @KMW Co. Munchen

— 2 straw modules + UFE-Readout

. r.= ; § -
AW 2
== < r 4
i / f

According to
“Space Station Electromagnetic Emission and
Susceptibility Requirements for the Electromagnetic
Compatibility”

SSP30237 paragraphs RS02, RS03, and RE02

Wave : Horizontal / Vertical Polar.
Frequency range : 10 kHz ~1 GHz
Electric Field : 5 ~100 [V/ m]

-,

= -';-‘\\_ _
: VA A,
ST e

TRDTN 1 Aachen, 19th February 2009 R\NTH 31
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Noise [ADC] Noise [ADC] Noise [ADC] Noise [ADC]

Noise [ADC]

2.6 | EMI Test : f = 10 kHz ~ 200 MHz, V.P., E =5 V/m X"/ ndf 1.309/30

24 - o0 1762+ 0.01589 ( Freq. =10 kHz ~ 200MHz

1_: ;_ e _g |E|rms =5[V/m] w. V.P.

:j %: :% L Noise =1.782 +- 0.0159[ADC]
2= 1I°2 i \ 1I0' Fralajen:v[kﬁz_]

::i Ei = 200 MHz ~ 1 GHz, V.P. & H.P., E = 70 V/m - 750" ndf 1.8082-5222‘;;‘ 200MHz ~ 1GHz, 70 [V /m]
e _— ‘ﬂa Noise '” = 1.808 +- 0.0279[ADC]
I% —at e e, e Noise = 1.781 +- 0.0333[ADC]
14 po 1.791 +0.03334

1 2‘I(:lO 260 3Eﬂ 460 5&.] SCIDU 700 800 900 Frgcol?e?ncv rMH1z}m

:.i f =14 kHz ~ 20 MHz, V.P., E = 50 ~ 100 V/m ?;;f‘ ndf ‘a2 ;6?03:3"1 g

S = [ 14kHz~20MHz, 50~100[V/m]
:.2 — & —s fee | Noise V" =1.82 +- 0.0332[ADC]
y] =

= 1I02 1'l]3 10‘Fm“n=,[w;

2:: E.‘.Meeplngfzﬂ kHz ~ 30 MHz, V.P., E = 20 ~ 100 V/m :;Dl ndf 1,33%035?:;522 ( Sweeping Freq_ :14 kHZ _ 3OMHZ
2': E:A N A_E |E|mlS =20~ 100[V/m] w. V.P.

oE - = L Noise " = 1.839 +- 0.0554[ADC]
:: E_ 4 ] + 3 y 4 _E

10 10 10 Frequency [kHz]

2.6 | Sweeping f =30 MHz ~ 1 GHz, V.P. & H.P., E = 20 ~ 100 Vir [ ndf 0.112/2

AR e e e ( Sweeping Freq. =30MHz ~ 1GHz
b = = 5 - |E|rms =20~ 100[V/m] w. V(H).P.
3‘3E - 5 Noise — 1.804 +- 0.0613[ADC]
2 I g 1°;mquen=vrMHzl
TRDTN 1 Aachen, 19th February 2009 RWTH 32

EMC Test : Susceptibility

HULE ANCHEN

ISCH-WESTFALISCHE TECHNISCHE HOCHSC
Physics AC-I



EMC Test : Emission from one TRD UFE board

, _ Hes .Bw 10 kHz[mpJ T4: PK+ T3
Date 09.Jan."'02 Time 10: 08: 12 16.Lv] T2 T4:
Hef.Lvl Scan.Stp 7.000 kHz AF.Att d?
P 100.00 dB* Unlt [I:IB_qu
ikt . S o
5 M 1 O
N e B e S B S e H————- —
80.0 If:r lL—rl—'HI—— SN S - +— 1r ; ' ! ~—t S
P01 GO S 1 8 & U W
60.0 ——— | | L
ﬁn.n | i__f.____ __.: E r___‘i_; I
1 | |
40.0 b}e Lﬂ i tL&n&fepeﬁ UBE L HH - -
0.0 —— [ T ¢ﬁ) e“shlaafﬁg”"‘"““:* Ry . g
EG.U e | ; . = ——— | ' —
= D At: hi ld fca l_ | | _'l__lé"i T 123
"H’leP altjs ek mg\" CamReS i 1 kg by -
10M [FI]
Start S an Center Meas.Time Stop
250 kHz 29.75 MHz 2.73861 MHz 25 ms 30 MHz
Messnorm: SSP 30237 Rvision D+E EUT: Detektor AMS 02-TRD Pruefer: Roehrl
Antenne:  HFHZ2-Z1 RE 02 r=1m Polarisation: Vert Heal Mode
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TRDTN 1

Corona (Local Discharge) Test
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Layout of TRD HV components

High*‘/ﬂltage

i
|

(

Filter Capacitor

| Bias Resistor

)

Straw Tube (16 Ch.)

TRD

Tube End (UTE)

> -

High Voltage Distribution (UHVD)

Front End Board (UFE)

- — +

Preamplifier & Shaper ADC(12bit)

Potting : Dexter(EE4?15 and HD3561) compoun
and Hysol-934

Conformal Coating
@ 1V plugs/receptacles : Reynold P/N 167-3306

TRDTN 1

4 UTEs

HYV cables : Reynold P/N 178-5139

29.03.2008 by Chanhaon Chung

Aachen, 19th February 2009 R“TH 35
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Straw Module UTE-board HYV-Distribution (UHVD) board

T __I.‘_]

Epoxy Potting

UFE-Ground

V Cables ‘ : . UFEFer_rT_ou;ecf

[ o - S

HV—Supplf.from UHVD y — e o %
| e/ hele — H\/ plufcu;_/_receptac e
; 9
E HV-Supply for UTE : ’ :’ 4
="  HVSupply .
TRDTN 1 Aachen, 19th February 2009 RWTH EN 36
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Straw Module UTE-board Straw Module UTE-board

with Kapton screen

Epoxy Potting |

L

Hv-s-..pprg from UHVD — Conformal Coating
TRDTN 1 Aachen, 19th February 2009 RWTH EN 37
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Space Qualification Jig MODO07 s l

0= T
- -
e [LLLE)

=))

g =
| |I S’ 7 |. - W - EEE L L)
[ 3997

.---'-- .

Lasasa

lllllllllllll

aaaaaaaaaaaaaa

Octagonl-Like Al. Panel

-------------
SRS _-‘\39-5".

Complete SingleV & Réadout nt
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WHV I;lug/Receptacle
HV Cables
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Space Qualification Jig MODO07 @ TVT Teststand RWTH Aachen

| AMS-nz TRD corona TESt | Thermal Vacuum Test @RWTH-AC

TRD inside Gas pressure

— 10 T T T T T T T TRD outside pressure
g v E : : : ; ;
= | 5 | ; |
S w | g f
7w ArCO W | I/h
0 : : 2 : :
g z z ; : ;
&
h | | | |
10* i i i i i . . i i
S owef— e e
% 1420 [— : _i
g = 3
E 1400 ;— ——:_
K = L : ]
N —
T = 5
1360 — —
; ' ' : : ' ' : Therrlnal \acuum Tlest @RWTH—:C
— 22 — : Current (UHVG)
n — R —
b [— . —
< 20 — __
T sl i
e = -
5 el —
&) — .
14 — —:
- I]1:iIJI] |J1:i2I] ﬂ1:i4[I I]Z:illlﬂ I]2:i2I] U2:i4I] 03:il][l I]3:i2£l I]3:i4I] 04;0
Elapsed Time [HH:MM]
With Kapton Screening of UTE-boards no Corona discharges observed!
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Controlled Module-Shimming Test
Comparison of Gasgain Measurement
and X-Ray Tomography

TRDTN 1 Aachen, 19th February 2009 RWTH
Physics AC-I
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Fe> — Gasgain-Measurement for wire
displacement detection

AGain/Gain in %

Controlled Modul-Shimming

TRDTN 1

Aachen, 19th February 2009

Ch. 160, straw 8

AGIG, [%]

5 —

« I ndf 56.13 / 23
Prob 0.0001356

p0 0.0124 + 0.0005952

pl1  2.861e-05 +1.533e-06

¥

[ 1
- ”:IL“ o
i % |
.27I 1 | | 1 1 1 | 1 1 1 ‘%: 1 1 | 1 1 | 1 1 1 |
-800 -600 -400 -200 0 200 400
o ) mech. Drahtablage A [pum]
total wire displacement x = A+ & in um
0 200 400
[ T T
Wire: :30um W/AU : M., .=100g
10 Lo Tube:iL=2m  :d=6mm
L Gas: : Xe/CO, 80/20
AV: z2v
g Lo Uwire:; 1460V
Ggain: 3000
6 -
L -
2 -
0 [ __a-v-'/ L L L
0 100 200 300 400
mech. wire displacement A in pm

RHEIN

ISCH-WESTFALISCHE TECHNISCHE HOCHSC
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Computer Tomography X-ray for wire
displacement detection

CoC TG DC TG00 ] ) D S S S S S

Dicom Image File

— i
Luisenhospital Aachen (GE 16-Channel CT) Wire- and Tube-xy-Fit (a210um)
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Computer Tomography X-Ray for wire displacement detection

Controlled Shimming of +200um y-direction in middle of module

Mean — -67.50
—RMS 69.60
| 1 | ﬂ ITII_‘ 11 1 | L1
-250 0 250

AX [ um
Mean 20.00
| RMS [W 28.28
L1 | L1 1 1 | L‘ L1 1 | L1
-250 0 250

AY [ um

GAS-SIDE

TRDTN 1

Mean -82.50
—RMS H 44 .65
0 11 | | 11 L‘ 11 11 | 11
-250 0 250
AX /[ um
| Mean 207.5
RMS 41.76
11 | | | I | L1
-250 0 250
AY / um
CENTER

Aachen, 19th February 2009

RHE

INISCH-WESTFALISCHE TECHNISCHE HOCHSCI
Physics AC-I

| Mean
RMS

2.500
H 44,65

L on

-250 0 250

AX / um
Mean 32.50
| RMS H 30.72
L1 | L1 1 ’J L|_‘ L | L
-250 0 250

AY / um

READOUT-SIDE
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Operation of 4 TRD Modules (MODO07) in TVT

* Experimental Setup

* Gain (Temperature)

* Temperature Cycles for functional tests
* Characteristics of pedestal and noise

* Gastightness Measurements
* Gain (HV)

TRDTN 1 Aachen, 19th February 2009 RWTH ACHEN 45
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Space Qualification Jig MODO07 mounted on CFC
@ TVT Teststand RWTH Aachen

TRD 4 layers straw modules

WwHV Plug/Receptacle
HV Cables

TRDTN 1 Aachen, 19th February 2009 R\NTH 46
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Space Qualification Jig MODO07 mounted on CFC
@ TVT Teststand RWTH Aachen

______

' Gas mIet&outIet == £ ¢ 64 Ch. FotenBard
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TRDTN 1

Space Qualification Jig MODO07 mounted on CFC
@ TVT Teststand RWTH Aachen

QOOOOOOOOOOOOOQO
4th Layer (Ch 49 64) 5

Oooo@o@oo@odoodo
3rd Layer (Ch 33 - 48) . 'y

a

QQQOOOOOQOOOOQOO
2“0' Layer (Ch 17 32) 5 _

OQQOOQOQQOQOOQOQ
1st Layer (Ch 01 — 16)

Aachen, 19th February 2009 an'l 48
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Space Qualification Jig MODO07 @ TVT Teststand RWTH Aachen DAQ

64 Ch. Front End Board (UFE)

TRD Complete Sile HV & Readout Unit o

TRDTN 1 Aachen, 19th February 2009 R\NTH 49
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Space Qualification Jig MODO07 @ TVT Teststand RWTH Aachen Cycles

AMS-02 Thermal Vacuum Test Profile

e FTI000 Nr = 1

== PTI0GOMF= 3

NS
o

FTI00O0 Nr= 3

o
=]

e PTI000 MF= 4

PTIOOO Nr = &

b1 S—

Wi RATA AR TANARUANAY

e PTI000 Nr = B

PTI0OO Mr= 7

FTIOOONr= B

== PTI000 Nr= &

'
—
o

UL T

X
S

FT1000 Nr = 0

FTI000 Mr =11

Temperature [ ° C]

|2 h- x 6 Temp.

! T T | T T T T | T T I T T I ' ' I'| —— Wvacuum Gauge Nr = 1
: : : : : : : Wacuum Gauge Nr= 2

== PTI000 Hr = 42

TRD StraWModules

- -
oo -
e A

—
=D —]
)

1
4]

TVT Chamioer

Pressure [mbar]

.7 A R S R S N SR SR
1001:00 07:00 13:00 19:00 01:00 07:00 13:00  19:00 01:00
Elapsed Time [HH:MM]
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Space Qualification Jig MODO07 @ TVT Teststand RWTH Aachen
Pedestal and Noise

.
SQJIG Pedestal & Noise
EUU’ — T T T T T T T T T T T T T T T T T T T T T ]
r— | Ch = 2B Ped.Max = 385.76 Ped.Min = 382.12 Ped.Delta= 3.64 @ Ch= 44 Pad.Max = 430.17 PedMin = 392.81 Ped.Delta = 37,37 ;| [=—SOUGCn=2a
o [—Ch = 28 Ped.Max = 387.62 Ped.Min = 374.89 Ped.Delta = 1273 | Ch = 45 Ped.Max = 339.41 Ped:Min = 282.35 Ped.Delta = 47.06 : —
T Ch = 30 Ped.Max = 413.12 Ped Min = 409.52 Ped.Delta = 3.61 | Ch= 46 Ped.Max = 390.31 Ped:Min = 350.15 Ped.Delta = 40,16 || [-=—S0ucCn=2
n 500 _Ch = 31 Pad.Max = 356.40 Ped Min = 350.95 Ped.Delta = 545 | GCh= 47 Pad.Max = 348.82 Ped;Min = 304.29 Ped.Delta = 44.53_; |
E —Ch = 32 PedMax = 443.86 Ped Min = 421.38 Ped.Delta = 2248 | Ch = 48 Ped.Max = 202.48 Ped:Min = 148.99 Ped.Delta = 53.48 | 504G Ch=30
[ — : _ —— SOIE Ch = 3
m 400 -—_ SOJIE Ch = 32
vhed [ ; ;
m | : ] |- sOUIECh =4
@ 300 — | —
’_ : : BSOS Ch=45
w : : SOJE Ch =46
Q. 200 -
’_ i —=— S0JIG Ch = 47
: : SONGECh =458
100 = - | i | i i | ——
[ T T | T | | T =
— — i
O 4 =
(] = = =
< 3.5 : -
R — i
o 3 -
.g 25 =
- i
01:00 07:00 13:00 19:00 01:00 07:00 13:00 19:00 01:00

Elapsed Time [HH:MM]
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Space Qualification Jig MODO07 @ TVT Teststand RWTH Aachen
Fe55 Signals

Events

10?

10

10°

Events

10?

10

T, =—25°C T,=—10°C T,=+10°C

tStraw_29 tStraw_29 tStraw_29
Straw Channel 29 L Entries 9384 Straw Channel 29 L Entries 10274 Straw Channel 29 L Entries 1412
— T T T T T Mean 1173 103 E T T T T T Mean 136 T T T T T Mean 169.3
103 = RMS 86.22 RMS 110 103 RMS 149
x21 ndf 75.68/34 #2 ndf 173.5179 x2 I ndf 1254149
const 170.5+ 31 const 69.02 £1.16 const 100.1+1.8
Fermi_const 0.08191+ 0.00562 102 Fermi_const (.06872 + 0.00443 Fermi_const 0.05066 + 0.00304
Fermi_value 295.2+1.4 Fermi_value 371.9+1.8 1 02 Fermi_value 501.9 £2.2
1 10 = ]
E ] 10 E
] 1 = ]
E ] 1
0 100 200 300 400 500 600 700 80O 900 1000 0 100 200 300 400 500 600 700 800 9001000 0 100 200 300 400 500 600 700 800 9001000
ADC counts ADC counts ADC counts
T.=+20° T.=+30°C T.=+45°C
S S S
tStraw_29 tStraw_29 tStraw_29
Straw Channel 29 | [entries 12089 Straw Channel 29 L Entrios 12648 Straw Channel 29 L Entries 13452
T T T T T Mean 193.9 5 T T T T T Mean 209.9 T T T T T Mean 236.6
RMS 175.2 10 RMS 197.6 10° RMS 230.9
¥ 1 ndf 686.05/53 #21 ndf 101.8 163 %21 ndf 1539177
const 81.84+1.84 const 73.54 £ 1.37 const 67.34£1.18
Fermi_const 0.0462 + 0.0034 Fermi_const 0.04052 + 0.00286 Fermi_const 0.02892 + 0.00208
Fermi_value 599.7 127 102 Fermi_value 675.6 +3.0 102 Fermi_value 785.8 £3.9

10
10

0 100 200 300 400 500 600 700 800 9001000 0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 9001000
ADC counts ADC counts ADC counts

Fermi Function Used to Fit: rx) =a/[e?=9 +1]
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Space Qualification Jig MODO07 @ TVT Teststand RWTH Aachen
Gas Gain vs Temperature

—e— SQJIGCh=29
AMS-02 Thermal Vacuum Test : SQ-JIG —=— SQJIG Ch=30

1000I||||||||||||||||||||||||||| SQJIG Ch =45

- GasGainusingFe® LT _°o
900; ArCo,(82:18) @ 1 [bar],1 [Ilh] B
— HV 1350[V] ............. ....................... ....................... ........................ ........ P n

Gas Gain [ADC]

-3(')I | II-20I - I-10I - Il]'I - I10I - I20I - I30I - I40I - I50
Temperature [ °C]
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Space Qualification Jig MODO07 @ TVT Teststand RWTH Aachen
UFE: Gain Correction

¥2 I ndf 0.007299 / 1
AMS-02 Thermal Vacuum Test of UFE{FM) po 299+ 0.02629 22 ndf 13171
p1 -0.008789 + 0.0008138 AMS-02 Thermal Vacuum Test : UFE | p0 2.286 £ 0.0008808
2.8 L LI L LI T T T 7T T p2 1l232E-05i?.535e-05 2 6 — — — — — — p1 _0.0069?i2_654e_05
§) - p3 4.174e-08 + 1.375¢-06 - p2 2:451e-05:+ 2.526e-06
— = p3 -1.251e-07 + 4.532e-08
— == 25 = -
2.6 B SR -
o — n - .
aQ . O 24 -
<24 A £ 64 Ch Q 5 - 5
- G verage o . < 23°F ]
= L 2 — C 7
[ 2.2 S 22t =
O 2 © - -
- ’ O 24F =
o © = .
c 2¢ — o m
21 ; 5 2 |ch=29 -
- E:II — i 1 .9 - T .
I | -B— UFE(FM) 20M_O1 3 - 3
1-8 __ UDRCrlannal=l]a ; i m 1.83_0! 11 |20| 11 |1{:|l 111 U| 11 |10| 11 |20| 11 |30| 11 |40| 11 |50| L1 go
111 | 11 1 1 | 11 11 111 1 L1 1 | L1 1 | 11 11 11 1 1 11 1 1 - B -
-30 20 10 0 10 20 30 40 50 60 Tem perature [°C]
o
20.09.05 - 22.09.05 Temperature [ "C]
21 ndf 127711 2 I ndf 5.389/1 ¥ I ndf 217611
AMS-02 Thermal Vacuum Test : UFE | p0 2.276 £ 0.0008808 ‘ AMS-02 Thermal Vacuum Test : UFE | p0 2.266 +0.0008808 AMS-02 Thermal Vacuum Test : UFE | p0 2.254 +£0.0008808
p1 -0.00862 + 2.654e-05 p1 -0.008857 £ 2.654e-05 p1 -0.008767 + 2.654e-05
2.6 E' j p2 2.653e-05 £ 2.526e-06 2.6 E' j p2 2.844e-05 % 2.526e-06 26 E‘ ! p2 2.595e-05 £ 2.526e-06
— E p3 -1.687e 07 £4.532¢-08 — E p3 -1.539e-07 £ 4.532¢ 08 — E p3 -1.032e 07 £ 4.532e 08
) 25¢ " - ") 25— 2 o 25¢ .
G 24 - G 245t - g 24—t -
I 23 : S 23f : : 2 23f - :
£ 22° £ 22f E £ 22f 1
b E el F E = F E
O 24f O 24f - = O 24f =
2 F 2 F o E L F E
c 20 — - c 2 — e c 2H — e
2 £ Ch—30 ] e E h—4 . E e E Ch—46 E
oS 195 B 19¢ w1 B 19f S
w "3 20 40 o0 10 20 30 40 50 60 w "% 20 40 0 10 20 30 40 50 60 w "% 20 10 0 10 20 30 40 50 60

TRDTN 1

Temperature [ °C]

Temperature [°C]

Aachen, 19th February 2009
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Space Qualification Jig MODO07 @ TVT Teststand RWTH Aachen
Diethorn Formula

_ In2xV -
NG = bl xav " ( In(bla) x ax Ey, x (0 /o) )

: — en =P - T
Usmgp—poxprlT,. : pr—p—o,Tr— T_o
In G xIn(b/a) _|n 2 V In 2
= In In E
Vv AV ™ (In(b/a) a prIT,.) AV ( )
a . anode wire radius b : cathode inner radius T : temperature (T, = 273.15K)
V : applied voltage p :gas density p:gas pressure (p,=1.013x10°Pa)

AV : average potential required to produce one more electrons in the gas
E., : minimal field needed for electron to be multiplied
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Space Qualification Jig MODO07 @ TVT Teststand RWTH Aachen
Gas Gain vs Temperature

—e— SQJIGCh=29
AMS-02 Thermal Vacuum Test : SQ-JIG —®— SQJIG Ch =30

SQJIG Ch =45
—¥— SQJIG Ch =46

7 | I | | | | Iﬁé | | [ | | | L | | |

| Gas Gain using Fe

6.8 [-ArCO. (8218)@1[bar]1[|!h] ________________ ______________________________________________________________________________________________________________________ ]

" HV = 1350 [V]

6.2 - Gain Normalized to 20°C__.-° — 9
““I RMS/Mean = 1.56 [%] - ¥ -

6 e 2 L A e e SR _
i H P
H H P
g R

fFrom Diethcfrn Formula

_______________________ | . _______________________________ Log(G)=Const+A*Log(Tﬁ

5.8

Log (Gas Gain) [ADC]

8 R 8 g 8 g
— 5 LR g E 5 :
F R 5 E 5 E
5 6 L rocomomcrrerrerrmaooaooec e mrerrcerprmonaoecnsacesaooe] S - E S W ————— ——— —]
PR : E 5 E
— - : : :

54 - :J'.:,'_:,: o
5.5 5.55 5.6 5.65 5.7 5.75 5.8
Log (Temperature) [K]
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Space Qualification Jig MODO07 @ TVT Teststand RWTH Aachen
TVT 16 Cycles

AMS-02 Thermal Vacuum Test Profile

According to TRD Thermal Model
T =

i
Q
ol

.. Worst Temperature :
[ +398-15°C

W
=

N
o

i T

-
(=)

~ 1000 days

Temperature [ ° C]

R
S

31| — 16 cycles

[
S

10*
— 10°
w 10°
10
1
10"
102
10°
10
10°
10° | | | _ |
1031:00 01:00 01:00 01:00 01:00 01:00 01:00 01:00 0T:00 'f
Elapsed Time [HH:MM] Summer Time Effect
30.10.200;7

40 -

30 B
20 B
10 E
0

géas preéssure = 9964 mbaér

-10
-20

-30 ] ]
01:00 07:00 13:00 19:00 01:00 _ 07: 13:00
Elapsed Time [HH:MM]

. T T T T T T T T et
T O OO T T R [T P
| Temperature [ °C] r

5 |
=
0
.
= 5
g g5
3 E
g 3
s )
E & @
5
3
&
o
S
)
h
VTR P T PR ALY
{ { i [

Pressure [mbar
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Space Qualification Jig MODO07 @ TVT Teststand RWTH Aachen

TRD Requirements : Extremely Stable Voltage Supplies
To prevent gain changes during operations : G « exp(V)

1400 _— High Voltage (UHVG)
01380 | — —
® ]
= L -
O 1360 | =
> L i
£ 1340 :_ High Voltage Distribution | histo_hv
.E’ - w"""’"_"""""""L"\"“ Entries 12893
- 1320 |— : | : | : Q@ Mean 1361
- : 5 : 5 : S~
. I R R S SR ST — S i RMS 0.06853
' T T T T T T 1 T T T =l ]
- L Wt |
— [~ : : : : : B 7
a8 2 R 1
e : 5 5 5 5 5 5 E ]
i 20 _— 2000 — H |
e — : : : : : u..\l\.\l\.\I.’i\..\\...I\.\I\.\I\..
: :__ : _ 1360 1360.2 1360.4 1360.6 1360.8 1361 1361.2 1361.4 13616 13618 1362
o 1oL I High Voltage [V]
e : 5 5 5 5 5 5 ]
S 16| —
&) - -
14 |— . —
- R I R R R R MR S
01:00 07:00 13:00 19:00 01:00 07:00 13:00 19:00 01:00

Elabsed Time THH:MMI
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Space Qualification Jig MODO07 @ TVT Teststand RWTH Aachen

Pedestal & Noise
SQJIG Pedestal & Noise
< PVRARARARAWARAR R RO AR
R I A R R S v e
TE s B 'R B B B TR ¥ I VTR VTIR VIR ST ¥
Q ~
© 40 [—
@ — ¥ v y ¥ : '
s S ) SR N G | | ?
- Re;latwe; lefprenqe w.r;.t 25 deg

-an — ]
Q 4§L
< 35
Rl
B 25
O
Z 2

1.5 W : | | | | 5 | EE

01:00 01:00 01:00 01:00 01:00 01:00 01:00 01:00 01:00

Elapsed Time [HH:MM]

TRDTN 1 Aachen, 19th February 2009

Total Time =
12874 min

Total Runs =
12874

Entries =

12874x64
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Space Qualification Jig MODO07 @ TVT Teststand RWTH Aachen
Pedestal & Noise

o —— Pedestal.Min
| ................... — e ﬁPEdEStal

SQJIG Pedestal in TVT - PedestalMax

600

A Ped. Max[Ch-ﬁB] = 85.26 [ADC A Ped. Mm[Ch-DE] = 6.14 [ADC]

500

400

IIII|llll_LllJJ_

300

Pedestal [ADC]

i
p—
L 11 1

g

—= :

e

= H

: i
==

: __.#-n-:

Hpaali = :

i

= :

_——— T :

N —— :

— T :

e
_—— =S

I

200

1 | L |
-

Fore

: L

.

W

4/

———

*

: e C——
: —
e =
E-________,_.-.
:-_‘_i—_
—— T ——

100

Readout Channel
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Space Qualification Jig MODO07 @ TVT Teststand RWTH Aachen

Noise vs Temperature

40

20
10

-10
-20
-30

Temperature [ °C]

Noise [ADC]

01:00

TRDTN 1

0

U

SQJIG Noise in TVT

LAY

Cu-Plate Temperature

Straw Tubes Temperature [1]

Straw Tubes Temperature [2]
—

| + 42 deg

AR

— 18 deg

| | I|III | |I III::|IIII EIII|IIII|IIII|II|I|I|'|II|IIII|EI

Mean = 1.77 [ADC]

Aachen, 19th February 2009

S A A U P R RN A R
01:00 01:00 01:00 01:00 01:00 01:00 01:00 01:00
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Space Qualification Jig MODO07 @ TVT Teststand RWTH Aachen
Gastightness before TVT

Temperature & Pressure vs Time | TRP SQJIGin vacuum environment
L i i I " " i I i i i I i i i I i i i I i ! ! | ! ! ! I ! ! ! | ! Ll—
300 B —
< 209.5 = Before Cycling =
o 299 - —=
= = =
E 2985 :Z_;;-:%:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:Z:ZZTT ............................................. _:
“E’_ 298 - —
297.5 —=
= = E
297 — —
296.5 - =

1500 = ————T 17T 3/ ndf 411.7 ] 4999

— p0 1480 + 0.03708

— 1490 | Arco, p1 -0.0004318 + 9.795e-07
1] [ -
£ = _
£ 1480 = s
© 1470 —
| = — -
- — -
ﬂ 1460 — =
] = (as leak rate = 3.469¢-04 [l mbar/s] =
o 1450 — —
1440 |- E

01:00 03:00 05:00 07:00 09:00 11:00 13:00 15:00 17:00
Elapsed Time [HH:MM]
TRDTN 1 Aachen, 19th February 2009 RWTHAACHEN

ISCH-WESTFALISCHE TECHNISCHE HOCHSC
Physics AC-I

62




Space Qualification Jig MODO07 @ TVT Teststand RWTH Aachen
Gastightness after TVT

Temperature & Pressure vs Time |TRD SQJIGin vacuum environment
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Space Qualification Jig MODO07 @ TVT Teststand RWTH Aachen
Gas Gain (HV)

Environments : +20 deg, +40 deg, -20 deg
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