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1 ACRONYMS

TID Total Irradiation Dose

2 REFERENCES

REF1 ESA/SCC 22900 “Total Dose Steady-State Irradiation Test Method”, issue 3

3 PURPOSE

The purpose of this test report is to describe the TID test performed according to REF1 on
the devices below specified.

4 SCOPE

This documents reports the test results obtained on silicon Field Effect Transistor, P-
Channel, based on part type 2N2515, Part Number JANTXV2N5115 and Date Code 0746 to
be used in the frame of MeteoSat 2nd Generation, ESA Project MSG-03 (MSG-UGS).

5 TEST DESCRIPTION

5.1  Facility and Dosimetry

The ESTEC Co-60 facility comprises of a Nordion Gammabeam 150C irradiator containing
a nominal 84 TBq (2200 Ci) Co-60 source at the last reload date in October 2011. The
irradiation room is monitored for temperature, relative humidity and pressure.

The dosimetry system is based on Farmer type 2571A 0.6 cc air ionisation chambers linked
to Farmer 2670 electrometers. The dosimetry system is compensated against temperature
and pressure environmental fluctuation.

All irradiations and measurements were performed at room temperature (22.5 + 3 °C).

5.2 Devices Under Test

A total of ten serialised devices were received from the Project.
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Part description:

Component Designation 2N5115

Manufacturer Solitron

Family Field Effect Transistor
Group Silicon

Package TO-18

Component Specification
Part Identification Number
Lot date code

Device serial numbers

The devices from s/n 27

MIL-PRF-19500/476E
JV2N5115 F0o7-83 1 0746
0746

from s/n 27 to s/n 36.

to s/n 30 were irradiated 30V 10 KO 6V
with bias applied - AN PN —
according to the
schematic in Figure 1. " o

3. h¥d
The devices from s/n 31 s T =
to 34 were irradiated with

all the pins grounded
(un-biased).

Table 1 summarize the
sample usage.

Table 1 received samples and their usage.

Figure 1 Biasing circuit

S/n’s

Description

27, 28, 29, 30

Biased during ¢°Co irradiation

31, 32, 33, 34

Unbiased during ¢°Co irradiation

Reference devices (not irradiated) - Electrically tested before and after each

6 . . e .
35,3 intermediate measurement run at irradiation step completion
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5.3 Radiation Test Plan

The actual radiation test steps are reported in Table 2.

Table 2 Irradiation Test Plan

Step Total Dose Dose Rate
(Si) krad (S)rad/min

(Pre irradiation) o == ==
Irradiation step # 1 2.00 0.61
Irradiation step # 2 7.00 0.59
Irradiation step # 3 15.00 0.60

At the completion of each irradiation step, intermediate electrical measurements were

carried out according to the next paragraph.

At the end of the final irradiation run, all devices were electrically measured and annealed
for 24 hours at room temperature and subsequently aged at 100°C (for 286 hrs in total),
maintaining the same bias conditions applied during the TID test.

Table 3 reports the annealing/aging sequence detail.

Table 3 Anneal/aging sequence

Step Temperature Duration
Anneal | Room temperature 24 hours
Aging 100 °C 286 hours

At the completion of each anneal/aging step, all devices were electrically tested.
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5.4 Measurement Set-up

No in-situ measurements were performed during irradiation. The measured parameters
and the adopted min-max limits (pass/fail criteria) are listed in Table 4.

Table 4 Measured Parameters, Min-Max Limits

nr. TG Parameter description Test conditions Limits Unit
ID Min. Max.

1 Ip(otnl Drain cut off current Vps=-15V, Vgs= 7V -500 pA

2 Ipss Zero gate voltage Drain current | Vps=-15V, Vgs= 0V -60 -15 | mA

3 V(BR)GSS Gate to Source breakdown Vps= 0V, lgs= 1.0uA 30 \'")

4 IGss Gate reverse current Vigs= 20V 500 | pA

5 Tds(on)1 Drain to Source on resistance Vgs= 0V, Ip= -1.0mA 100 | Ohm
6 'VDS(on) Drain to Source ON voltage Ips=-TmA, Vgs= 0V -0.8 \"/

7 VGs(ofn Gate to Source cut off voltage Vps=-15V, Ip= -1nA 3 6|V

All the above parameters have been measured by using the following equipment:

Test Equipment: AGILENT model 4156C  s/n JP10J00469
Test Fixture: AGILENT model 16442A s/n JP10A02054

Last valid calibration date: Dec 2011

The electrical parameters were tested according to MIL-PRF-19500/467E, Table I,
Subgroup 2.
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6 TEST RESULTS

All measurement results are reported from Table 5 to Table 11. Test ended with a registered
Total Dose of 15 krad(Si).

At the end of the last irradiation step, electrical measurements were performed. The
devices were tested again after 24 hours annealing at room temperature.

After the annealing, the samples went through 286 hours at 100°C accelerated ageing and
were measured afterward to verify parameter drift time dependency.

During the entire annealing/aging, the irradiated devices were biased employing the same
test board.

Electrical Measurement uncertainty values, reported in the relevant table header, were
estimated by combining the instrument uncertainty for the measured parameter according
to the specification of the Test Equipment and the variations of the same parameter in the
reference device (s/n), observed during the entire test campaign.

Significant data from tables have also been plotted from Figure 2 to Figure 8.
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: : : . | Anneal | | Ageing ;| |
Okrad : 20krad : 7.0krad : 150krad @ : @RT. : | @100°C | : Table 5: Inotn1 - Drain cut off current [pA]
E 5 5 . 2an | 286h

27 5.2 -11.6 -10.8 : 661 I 464 66 Limits: 1 min i  max : :
E 28 : 71 -12.8 124 7351 1 495 i 96 : : -500 :  pA :
=2 29 52 -10.6 : 93 695 | -496 : 85 :
30 ! 49 -10.8 -9.6 ! -60.6 1 1 447 i 57 _
° 31 92 116 ¢ 94 262 ¢ 1831 i 138 Expanded uncertainty (k=2): : 7 pA
8 32 46 9.3 73 2491 1 751 1 119
g 33 : 47 8.7 6.7 236 i -160: i -116: Note: All values were within the limits. Biased devices
34 ; 5.1 8.7 -6.6 256 i 159 ¢ i 118} showed slightly higher radiation sensitivity.
w 35 : 48 93 42 44 1 720 6.7
i 36 : 40 : -86 -36 133 : ¢ 65 i 6.2 |
——>o7 00
—m— 28 i I = i i |
—+— 29 -10.0 4 — .
30 ) ] - ! y
—e 3 2004 R R - ; :
—a— 32 | | 1 | o -
——33 30,0 f---mee oo
—_ i i . ! i
——35% 400
—— 36 ! ! ! | !
et SUR——. e B Ao i N |
-60.0 - e SR | s
700 - e fommmmoe oo oo S
-30.0 : : : : : - - - -
0.0 25 50 75 100 125 150 0.0 120 240 0o 1200 240.0
Figure 2 TID [krad](Si) Annealing Time [hrs] Aging Time [hrs]
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Anneal Ageing :
0 krad 2.0 krad 7.0 krad 15.0 krad @R.T. @100°C Table 6: Ipss - Zero gate voltage Drain current [mA]
g . ‘ i 24n ¢ 286h @
27 -30.0 -31.0 -31.0 -30.7 -31.0 -30.9 Limits: 1 min i  max :
° 28 295 : -30.4 -30.4 | -30.0 ! -30.3 -30.3 : -60 _ 15 mA
=2 29 265 : 273 273 266 | 274 274
30 ! 251 258 -25.9 ! -25.5 | 259 ! 257 _
° 31 239 ! 247 ¢ 247 243 246 247 ¢ Expanded uncertainty (k=2): ;| 0.5 mA
8 32 -34.8 ¢ -35.8 ! -35.8 ! -34.9 -35.7 -35.7
g 33 335 | 345 345 -34.1 345 -346 . Note: All values were within the limits.
34 239 : 24.6 -24.6 -24.3 245 246 ;
w 35 241 ¢ 248 249 i 245 249 | 249 i
- 36 : -34.6 | -35.7 -35.8 -35.2 | 356 | -35.8 |
a7 -200
—a— 28
=, 220
30 240
— 31
—a—12 -260
—_33
oy 280
——35% 300
—— 36
320
-34.0
-36.0
-38.0
-40.0
1200 240.0
Figure 3 TID [krad](Si) Annealing Time [hrs] Aging Time [hrs]

PRINTED COPIES ARE UNCONTROLLED. USE ONLY THE APPROVED DOCUMENT ON THE ELECTRONIC DATABASE.

Page 10/19

RA567 - 60CO TID TEST RESULTS ON PART TYPE 2N5115

Date 20 April 2012 Issue 1 Rev o

ESA UNCLASSIFIED - For Official Use

European Space Agency
Agence spatiale européenne



ESA UNCLASSIFIED - For Official Use

./
=
=
—
=
n\'r

-
®
2
Q

Anneal Ageing :
0 krad 2.0 krad 7.0 krad 15.0 krad i @RT. | :@100C : : Table7: VriGss - Gate to Source breakdown [V]
g . ‘ ‘! 24n P ¢ 286h P
27 68.78 : 69.62 : 70.96 : 71.89 : 7175 71.26 Limits: {  min i  max :
8 28 : 36.75 36.76 : 36.76 36.75 36.76 36.60 : : 30 LV
=2 29 69.17 | 7012 ¢ 71.35 | 72.25 | 72.14 71.65 |
30 ! 68.86 69.67 : 70.96 : 71.93 | 7169 7117 _
° 31 69.03 ! 69.97 : 71.05 : 72.40 72.16 71.50 ¢ Expanded uncertainty (k=2): | 0.2V
8 32 67.12 : 69.29 : 70.37 71.53 7133 : 70.65 |
g 33 68.45 69.23 70.34 : 71.49 ¢ 71.30 | 70.57 | Note: All values were within the limits. Data have been
34 : 69.04 : 69.79 | 70.91 | 7212 71.87 71.15 ¢ plotted as relative % change respect to the initial
w 35 69.30 69.18 69.04 69.16 69.05 : 69.04 | value since device s/n 28 exhibits, on average, lower
= 36 68.66 68.53 68.40 6850 | | 6844 68.40 values with respect to the other parts.
o7 T.0%
—=—28
— 29 B.0% - e e T T e
30 !
——231 50% 4 e L e L R .
——22 :
——33 4.0% .
— 34 ;
——235 o, !
38 30% e B B e e I e I
2.0% | o s 1 e e e e
1.0% : e S et I NV S| R I B -
0.0% ; i 5
! 5 — —a
-1.0% : : : -
0.0 25 50 75 100 125 150 0.0 120 240 1200 240.0
Figure 4 TID [krad](Si) Annealing Time [hrs] Aging Time [hrs]
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Anneal Ageing
0 krad 2.0 krad 7.0 krad 15.0 krad @R.T. @100°’C Table 8: Igss - Gate reverse current [pA]
! . ‘ P 1 24n i i 286h i
27 18.2 42.2 784 199.4 : 174.3 726 Limits: 1 min i  max :
E 28 : 241 ¢ 44.9 : 746 | 196.4 : 149.2 73.6 ¢ : 500 : pA
=2 29 171} 411 83.9 | 266.2 | 2109 i 705 :
30 ! 15.1 404 ! 766 : 2175 160.6 : 709 ! _
° 31 420 57.2 ¢ 93.9 | 2359 : 205.2 131.0 : Expanded uncertainty (k=2): ;| 9 pA
8 32 17.7 437 85.7 ! 247.3 2015 : 120.2 :
g 33 16.5 423 86.5 | 2444 2011 121.2 i Note: All values were within the limits.
34 : 156 : 385 : 78.6 | 232.6 1946 1141
5 35 : 193 203 i 17.9 | 35.7 239 i 223
36 17.4 275 16.5 | 342 ¢ 226 216

—»—o7 3000
—a— 28
—— 20

30
— 1
—e— 32
- 2000
— 4

——35 1500
—— 236

2500

100.0

Figure 5

1 QI 5
TID [krad](Si)

15.0

0.0 120 240

Annealing Time [hrs]
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Anneal Ageing
0 krad 2.0 krad 7.0 krad 15.0 krad @R.T. @100°’C Table 9: rascon): - Drain to Source on resistance [Ohm]
! : ‘ i 24n i 286h i

27 827 : 815 : 82.1 83.2 : 816 : 823 : Limits: 1 min i  max :
° 28 818 : 808 : 79.7 81.3 80.2 806 : : 100  Ohm__:
=2 29 85.7 : 84.8 : 83.9 85.3 | 83.9 : 84.6

30 ! 914 ! 89.9 ! 88.3 ! 89.9 88.5 895 ! _
© 3N 89.9 i 88.3 : 86.9 88.5 | 86.9 | 87.0 Expanded uncertainty (k=2): | 2 Ohm
8 32 776 76.6 : 75.6 : 76.8 : 75.6 : 754
g 33 80.7 : 791 i 775 791 777 77.7 i Note: All values were within the limits.

34 904 : 88.5 87.3 88.9 ! 87.7 87.2 ;
“ 35 : 904 : 88.1 | 86.7 89.0 86.9 | 86.5 |
i 36 78.0 | 764 75.2 77.6 75.0 751
—— 27 |
—=— 28 !
—a— 29 !

30 /
— 31 :
—a— 32 :
—_33 |
—_ 1
—— 1F "
——36
50.0 . i | : ; : . . . ;
0.0 25 50 75 10.0 125 150 12.0 240 00 1200 2400

Figure 6 TID [krad](Si) Annealing Time [hrs] Aging Time [hrs]
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Anneal Ageing
0 krad 2.0 krad 7.0 krad 15.0 krad { @RT. | [ @100°C : : Table 10: Vps(on) - Drain to Source ON voltage [V]
g . ‘ i 24n ¢ 286h @ :
27 -0.62 -0.61 -0.61 : -0.63 : -0.61 -0.62 Limits: 1 min i  max :
° 28 -0.62 : -0.60 -0.60 ! -0.61 -0.60 : -0.61 -0.8 v :
=2 29 -0.66 : -0.63 : -0.63 | -0.65 | -0.64 : -0.64 :
30 ! -0.70 -0.67 -0.67 -0.69 ! -0.67 -0.68 _
© 31 -0.69 : -0.66 : -0.66 -0.68 -0.67 -0.67 : Expanded uncertainty (k=2): : 0.03 V
8 32 -0.58 -0.56 : -0.56 : -0.57 : -0.56 : -0.56 :
g 33 -0.60 : -0.58 | -0.57 -0.59 -0.58 -0.58 i  Note: All values were within the limits.
34 -0.70 : -0.67 -0.66 -0.68 -0.67 -0.67 ;
“ 35 -0.70 | -0.66 -0.66 -0.68 -0.66 -0.66
= 36 -0.59 | -0.56 | -0.56 | -0.57 | -0.56 | -0.56 :
—a—97 -D50
—a— 28
— 20
20 U5
— 31
—a— 32
55 D60
—_
——35 D5
——36
-0.70
-0.75
-0.80 : :
125 15.0 0.0 12.0 240 00 1200 2400
Figure 77 TID [krad](Si) Annealing Time [hrs] Aging Time [hrs]
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Anneal Ageing

Okrad : 20krad : 7.0krad : 150krad @ : @RT. : | @100°C | : Table 11: VGscotp - Gate to Source cut off voltage [V]

24h | i 286h

27 4.28 ' 4.27 4.27 427 1 427 1 426 Limits: 1 min i  max :
° 28 4.23 4.22 4.22 422 1 420 421 : 3 6:V
=2 29 3.84 : 3.83 : 3.83 | 3841 i 383 i 383
30 ! 3.76 375 3.75 375 | 375: i 375} _
© 31 3.58 : 357 357 358 | 357 i | 357 Expanded uncertainty (k=2): : 0.03 V
8 32 472 471 4.71 4720 1 471t i 4T
g 33 462 462 461 | 462 i 481 i 461 Note: All values were within the limits.
34 3.58 3.58 3.58 358 i 358 i 358
“ 35 3.59 | 3.59 | 3.58 | 3581 | 358 i 358!
- 36 4.80 : 480 479 i 479 1 479 1 479
——27 60 . .
—=—28 E E
—a— 29 !
i e e | I B S| I i At
—_— 31 i i
——232 a0 S Y ASSU ORI | N N SUNURURUY | N R S A
—_33 50 ! | ! ‘
—_—d - 4
——— 13k 45 | | e S | N A [ I
——36 : ;
—h— & : ; a2
B .- tiinoto5iasip'n'ninonis’itrb il E—————— O —— ommeee
A + 4 , 4 : 4
G Mem—— "‘ -------------------------- o e L e -------------- ' T .............................. e
3 O T T T T T T I T T I T T
0.0 25 50 75 100 125 150 0.0 12.0 24.0 00 1200 2400
Figure 8 TID [krad](Si) Annealing Time [hrs] Aging Time [hrs]
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7 SUMMARY OF RESULT AND CONCLUSION

No catastrophic failures nor parametric out of specs were observed during the entire test
up to 15krad(Si) TID. The irradiation test results are summarized in Table 12.

Table 12 Summary of TID test results

Worst Case
nr. Parameter | Remarks Bias Data in
Condition

TID induced degradation .
1 In(off)l Evidence of Bias condition dependence. Biased Table 5 Figure 2
All devices still within the limits.

No evidence of TID dependent degradation.

2 Ipss All devices still within the limits. none Table 6 Figure 3

TID induced degradation showing an
increase up to +7%.

No evidence of Bias condition dependence.
3 V®BRr)GSS Device s/n 28 exhibits, an average values none Table 7 Figure 4
that are about half of the remaining parts
(36V against 69V).

All devices still within the limits.

TID induced degradation.

No evidence of Bias condition dependence.
4 Igss All devices still within the limits. none Table 8 Figure 5
Degradation trends suggest this as the most
sensitive parameter.

No evidence of TID dependent degradation.

5 Tasomi | All devices still within the limits. none Table g Figure 6
No evidence of TID dependent degradation. .

6 Voseom | All devices still within the limits. none Table1o | Figure7
No evidence of TID dependent degradation. .

7 Veson All devices still within the limits. none Table 11 Figure 8

Parameter Igss data, see Table 13 , have been used for the statistical worst case estimation.
The TID sensitivity was not significantly dependent on BIAS therefore data from all
irradiated devices were used for the statistical analysis.

The resulting estimation is graphically reported in Figure 9.

The horizontal error bars represent the dosimetry uncertainty as stated in the relevant
radiation summary (Appendix A)

The statistical part to part uncertainty (vertical bars) is calculated from Table 13 by
applying the coverage factor k=2.37 as applicable to the 7 degrees of freedom (8
observations-1) for the 95% confidence level.
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Table 13: Igss - Gate reverse current [pA].

: : : i i Anneal | : Ageing

Okrad : 20krad : 7.0krad : 150krad : : @RT. : : @100°C :

5 ? E i i 24n ! | 286h

35 19.3 | 29.3 : 179 ; 357 i 239 i 223

-
= 36 : 174 275 165 | 342 1 226 i 216

27 18.2 : 422 784 : 1994 i 1743 | 726
4 28 : 241 449 : 74.6 : 196.4 1 1492 73.6
% 29 : 171 411 83.9 i 26620 i 2109 | 705
i 30 : 151 : 404 : 76.6 : 2175 ¢ 1606 : 709 :
e 31 42,0} 57.2 | 93.9 ! 23590 I 20527 i 1310
K 32 17.7 | 43.7 ¢ 85.7 : 24737 1 2015 | 1202
= 33 16.5 | 423 86.5 : 2444 1 20111 1 1212

34 156 ! 385 : 78.6 : 2326 1 1946 : I 11441

Min : 15.1 | 385 : 746 1964 : | 1492 i 705
Max 420 57.2 | 93.9 i 266.2 0 i 2109 | 1310
Average : 20.8 : 43.8 : 82.3 ! 2299 i 18721 i = 968
Std.Dev. : 9.0 : 5.8 64 2411 0 2281 1 270
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Figure 9
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APPENDIX A RADIATION SUMMARY NR 20161

ESTEC *'Co Facility

Kepleraan, 1 Z200AG Noordwijk ZH (ML)

RADIATION TEST SUMMARY

20161 Date .

Irradiation Test Report Number ©

18 April 2011

Test Requester - Name
Address
Personnel present ©

Project/Cost Code :
Devices/Components irmadiated -

Device/Component details -
[conditions and identificstion)

ESA ESTEC TEC-QEC

Kepleriaan, 1 2200AG Moordwijk ZH (ML)

Cesar Boatella Polo

MSG 2

JAMNSINZ424 sin's: BB1, D82, 001, 1000, 1001, 1004, 1013, 1026
JANTXVZMG115 s/n's: 27, 28, 28, 30, 31, 32, 33, 34

See radiation test report nr RADS9E (for the 2N2484) and
RADSIT (for the 2N5115)

Dosimefry Chain used :
Daszimefer :

Gas lonization Chamber :
Measured Dosimetry -

Dosimetry Procedure :

(With the exception of the above

A

Famer model 2680 - s/n 390

ME Type 2571 —s/n 2915

Total lonising Dose in [Gy] (water)
ESCC 22900 section 4.1.1

TEC-QEC/PROO1 - Appendix D

equipment, ESTEC ®Co Facility does not assume any liabiiity for the

calbration sizius of any other equipment lent fo the requester |

Irradiation Tes§¥ Campaign Details

Source Activity : 75.46 TBg on dafe . 03/04/2012
Tirne- = 7= B
e Min. Max e Dicsimeter position relative to oo
Average source
Temperafure [ °C 24.8 249 24.89 X cm -15
Pressure | mbar | 1000.0 | 1078.1 1007.54 A cm 230
Relative Humidity | % 20.4 326 31.60 Z cm 20
Run Start End Total lonising Dose Dose Rate
Date & Time (CET) Date & Time (CET) [Gy] (water] [Gy'h] (water)
1| 03 Apr2011 18:09:35 | 03 Apr 2011 19:58:58 227 3.98
2| 03 Apr201113:25:53 | 04 Apr 2011 11:04:12 55.68 3.94
3| 04Apr201113:15:30 | 0S5 Apr 2011 10:31:41 89.09 3.92

MNaote: The uncertainty budpets {according to TEC-QEC/PRD01 saction 12) are: 4.2 % (k=2) for absorbed dose to water and
4.4% (k=2) for absorbad dose rate to water,

Michele Muschitiello

A oz

C Section Head)

(TEG-QEC Radiation Tbﬂ%ngvnecr,l

DISCLAIMER. This test summary provided as 3 courtesy o the receiver, shall neither imply, nor be construed as
constituting, any kind of legal contractual relationship between the European Space Agency and the receiver. The receiver
may reproduce the summary report only in its entirety. Reproduction of parts of the test surmmary is subject to the receiver
uhl:unlng prior approwval by the laboratory. The European Space Agency does not assume any liability, including but not
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