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Figure -1 - External and Internal Photos
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V.2

Iv.2.1

DEVICE TEST PATTERN DEFINITION

PREPARATION OF TEST HARDWARE AND PROGRAM

Overall device emulation, SEU and Latch-up detection, data storage and processing
were implemented using an in-house test hardware and an application specific test
board. .

The generic in-house test equipment is driven by a PC computer through a RS232
line. All power supplies and input signals are delivered and monitored by the in-
house equipment which also stores in its memory the output data from the device
throughout the specific test board.

The application specific test board allowed to interface the standard test hardware
with the device under test, in order to correctly emulate the relevant part, to record
all the different type of errors during the irradiation and to set output signal for
processing and storage by the standard test equipment.

At the end of each test run, data are transferred to the PC computer through the
RS232 link for storage on hard disk or floppies.

GENERIC TEST SET-UP

The complete test equipment is constituted of:

e A PC computer (to configure and interface with the test system and store the
data),

e An electronic rack with the instrumentation functions provided by a set of
electronic modules,

e A mother board under vacuum which allows for the sequential test of up to 4
devices

« A digital oscilloscope to store analog upset waveform

Generic device test set-up is presented in Figure IV-1.

Mother board description ( ref. 1L110)

The motherboard acts as a standard interface between each DUT test board and the
control unit :
For each DUT board slot , the following signals can be considered:
- 8inputs signals
— 4 programmable power supplies
- 4 programmabie clocks
— 8 output signals
— 4 logic counting signals
— 2 fast analog signals
— 2 accurate analog signals

- Each device needs a dedicated plug-in test board compatible with 1L110 mother
board.

- IL110 board has been designed to comply with Louvain Test facilities .
- The number of slots is limited to four

Operation is multiplexed and only one slot is powered at one time.

Mother board synoptic is shown in Figure IV-2.
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Figure IV-1 - Generic Device Test Set-up
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Figure IV-2 - Mother board synoptic

IV.2.2 DUT Test board description

The device under test is mounted on a specific board support which is plugged onto
the motherboard.
Mechanical outlines : 141 mm x 50 mm, wrapping or printed circuit board with two 20 pins

connectors.

According to test set up and device operating conditions, the test board can accept the

mounting of :

—  The DUT package with beam positioning constraints ( unique for Louvain
facilities)

- The golden chip

—  The pattern generator

— any interface circuit such as buffer, latches ...

— astandalone micro controller if necessary...

Note

of others devices which might be sensitive.

- Beam focus diameter is limited to maximum 25 mm, to prevent the exposure
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iv.3

1v.3.1

TEST CONFIGURATIONS

Two test configurations have been used :

- First one is equivalent to a design implemented on XMM, called "Virgo Design”
in the present report, where the comparator is used in a latched command which
is triggered when the comparator input level exceeds a given threshold.
Command re-initialization requires a power off-power-on cycle of the equipment.

- Second configuration is the comparator function itself where the amplifier output
is always saturated, the output signal direction depending on the relative
magnitude of the two comparator inputs.

Virgo Design

Virgo Application :

—  This comparator is used to control a shunt over-current with voltage levels from
10 to 30mV.

— The latch section is designed using discrete components (2 transistors and one
diode).

—~ The only way to re-initialize the latch (when level comparison is over passed) is
to switch off power supply.

Test principle :
The comparator input levels are generated using two programmable sources.

Each input is connected to a resistor bridge (divider by 10) and de-coupling
capacitors that present an impedance equivalent to the one used in the application.

The latch is slightly modified (a resistor is added to the base of T02 (see Figure 1V-3)
which correspond to Q04 in Virgo drawing), in order to implement a RESET
command allowing continuous testing of the component without switching off power
supply after each UPSET.

A delay circuit is added for automatic reset of the latch, after a wait state of 1ms in
order to detect which SEU is a transient pulse only and which one induces a
permanent state.

Types of events detected :

-~ Transient upset limited to the comparator.
— Comparator or latch upset leading to a latch change.
Functional Check :

A 100ps @ 1Hz signal modifying the reference threshold and allowing activation of
counting function.

Design change to improve upset tolerance :

Adding a de-coupling capacitor of 1 nFon the base of TO2 allows introduction of a
wait state on the locking of the transistor latch : thus transients at the outputs of the
comparator would be filtered.

PAGE 12
ISSUE 1 Rev.
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Different test set-up conditions :

Two different set-up conditions have been used and corresponding bias figures are
given in the here below table :

Test board Signal Signal state Set-up Set-up
definition Cond. 1 Cond. 2
DC source PVIi [DUT supply |10V 1.6mA |5mA limit
threshold
DC source VIt | Reference 300mV 300mV
voltage input
DC source VI2 |Line voltage 290mV 250mV
input
Scopechan1 | FO1 |Latch output |10V to OV 5V / Div
Scopechan2 | FO2 |Comparator |10V to 0V 5V / Div
output
Counter 1 FO1 |Latch output |10V to OV Trig @ 5V |
Counter 2 FO2 |Comparator |10V to OV Trig @ 8V |
output
Counter 3 LO1 |Latched SEU | Logic level Trig @2.5V 1

Note : Actual differential input level is computed as follow :
(Reference) — (line) + (50mV external hysteresis effect with R1 resistor).

Table IV-1 - Virgo Design Test Conditions
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IV.3.2 Comparator Application

Test principle :
The comparator input levels are generated using two programmable sources.

Types of events detected :

Comparator output is at +10 Volts in absence of event.
Transients are detected and counted into two different bins :

~ Large errors, corresponding to the 2 Volts threshold : Comparator output
transients with an amplitude higher than 8 volts are counted.

— Small errors, corresponding to the 8 Volts threshold : Comparator output
transients with an amplitude higher than 2 volts (thus, inciude the large
errors) are counted.

Functional Check :

A 100ps @ 1Hz signal modifying the reference threshold and allowing activation of
counting function.

Different test set-up conditions :

Two different set-up conditions have been used and corresponding bias figures are
given in the here below table :

Test board Signal Signal state Set-up Set-up
definition Cond. 1 Cond. 2
Close to GND | Half supply
CMV
DC source PVI DUT supply |10V, 1.6mA | 5mA limit
threshold
DC source VI + input 100mV 7.08V
DC source VI2 - input 50mV 7.02V
Scope chan 1 FO1 | Comparator |10Vto OV 5V / Div
output
Counter 1 FO1 [small 10V to OV Trig@ 8V |
Counter 2 FO2 |large 10V to OV Trig@ 2V |

Note : Actual differential input leve! ic calculated as follow : (+input) — (-input)

Table IV-2 - LM139 Comparator Test Conditions




ENGINgeR©

HEAVY IONS TEST REPORT

HRX798.3867

PAGE 16
ISSUE 1 Rev.
October 29, 1998

PUI

UI'1

VI 2

LIz

LM13S

DUT pouer supply with SEL control

compar ator test

set up

I

positive 1nput set up R14 R17

2onF

™
o

i

Negative input set up R20 RIS
i . r—
1K J. 1K
W
[
IS}
N =
[ =
ST

UPSET simulation R1G
. —

100K

Ril

12K

RSB
s

1m

e

Figure IV-4 - LM139 Comparator Test Synoptic

C_Toe805

4. 7K

U+
Rt |/ compar ator output
AeSLhyas R7 rot
U265, I ;
= i gl 36K
|
7 ol |y
- LS
T




AW062 ndui ebeyjoa au FAT 08 Ja Ly g0l 200!
AWO0E Indui abeyjon sousieey LIA : | UoIIpuoD 910N I 14 91¢ M-8 €001
Gy 68‘s 8. 8N-02 5001
¢1£60Q J010Npuodiwss feuoiieN cLi6 reeLN oH §00s oy Lyl 0GtH Jy-0p ¥00!
804600 1010NpUdIWSS [euolEN 9046 reSLNT L# +00S wri 2W0/BW/AsN ASIN
sjuswwog spop aleqg | edAj ued NS al e|duwes abuey 131 JYJIETE foads Qi uoj
0 0 0 - 90+3 00t €0+3 £¥'¢| v0+3 L2'L - 6. L't 0 |86/60/22| L00I | S00S | 6001 | 682004
0 0 0 - G0+3 00 c0+3 0v'ef  €0+32L'9 - 514 v'e 09 |86/60/42| LOOI | GO0S | 600L | 882004
0 0 0 - S0+3 00'E €0+3 €¥'e| €0+3 009 - 0S ¥'e 09 |86/60/42| 2001 | ¥00S | 600L | L8200Y
0 Vel )41 - S0+3 00 £0+399°2| £0+392'S - LS € 0 |86/60/L2] €001 | ¥00S | 6001 | ¢.200d
0 0t 124" - G0+3 00 €0+3 6¥'2| £0+3 G0V - 174 808t Sy |86/60/42| €001 | ¥00S | 600L | +L200d
0 0Lt €l - G0+3 00°c €0+3 922 €0+3€9'C - 147 89 09 |86/60/£2| £00i | YOOS | 600L | 0L2004
0 801 Gol - S0+3 00' €0+3 €92 €0+3 ¥SC - 8L 89 09 |86/60/£2] €001 | S00S | 600L | 692004
0 911 gel - S0+3 00 €0+3 18°2] €0+3 19'¢ - €8 80'8t Gv |86/60/22] 001 | S00S | 600L | 892004
0 Gel 191 - G0+3 00'S €0+3 L0'2] €0+3 80'S - 8S 123 0 |86/60/L2; €001 | S00S | 600L | 492004
0 g0} 01 - G0+300'S €0+3 ¥6'L| €0+3 12'¢ - 9t L 09 |86/60/92; S001 | ¥00S | 600L | 621004
0 96 L6 - G0+300'S €0+3 ¥8'L| €0+3 68V - vit L2'8 Sy |86/60/92{ SO0 | ¥00S | 600L | 82L00Y
0 141 514 - G0+3 00'G €0+38L'L| Vv0+36L'L - 8¢ 68's 0 |86/60/92| G001 | v00S | 600L | Z2L00H
0 6S 6S - S0+3 00°s €0+3 ¥S'L| £0+32€S - v6 L1 09 |86/60/92| GO0l | S00S | 6001 j 2100
0 sel Gel - S0+3 00°S €0+3 G¥'L| €043 0L - 1L .2'8 Sy |86/60/92| SO0t | S00S | 6001 | 22i00Y
0 1541 A1 - S0+3 00'S €0+3 8€'t| €0+3 086 - 1S G8's 0 |86/60/92) S00I | S00S | 600L | L2HOCH
0 $8 a8 - G0+3 20°S e0+3 ¥EL| €0+39G°C - 961 2'8e 09 |86/60/52| ¥001 | S00S | 6001 | 880004
0 261 g6l - S0+3 00'S €0+3 LL'L] €0+3 61T - 8¢¢ 661 St |86/60/52| YOOI | S00S | 6001 | Z8000d
0 161 861 - S0+3 00'S c0+36v's] €0+3 12'C - 91 Pyl 0 (86/60/52| ¥00I | S00S | 6001 | 98000Y
0 gct 1514 - S0+3 00'S €0+3€0°L| €0+36EY - PLE 2'8e 09 |(86/60/#2| ¥00I | ¥0OS | 6001 | ¥1000YH
0 AN €ce - 80+3 00°t 20+300'8| €0+362'S - 681 ¥6'61 Sv {86/60/#2| ¥00I | ¥00S | 600L | €1L000Y
0 8ve 8v¢ - 90+3 00°t 20+3 18| €0+3G2'9 - 091 L'yl 0 {86/60/t2| ¥00I | ¥00S | 600L | 21000H
N3S payoleT| yoleT| Jojeiedwor) zWd/d 2W9/d (1S) spey 28S/;W0/d 08s 08S 2Wo/Bw/As o ONQl| ONdl [ONQl{ ONQl
sion3 aouen|4 ‘u3 | souen|d | eidweg ssd Q|L XNj4 swi] ‘¥ |eswipung | 1371°H3 |ebuy | 8keqg uoj | eidwes | 1s8]1 uny

uoneinbyuod oBA Buisn g¢LINT J03ONPUODWSS [BUOIIEN UO S}Nsal }sa ] — £-|A djqeL

Joyoedes Bupeyty Juy snid | uonipuo obiiA 600L 3S6L

8661 ‘G2 18q01°0
‘ASY | anssl
i 3Ovd

L¥0d3Y LS3L SNOI AAVIH

£98€°86/XuH

ansvmmZRv?W

XIUIH

RUTIR L




AWQS indut - clA 08 L1 87 g-0t 2001

AWQOOL indul + LA I | uolIpuon 910N ov 1) 1€ M-8 €001

S G8's 8. 8N-02 G0o!

214600 1010NpUOIILS {BUOIEN cLiB MBELNT c# S00S 474 L'yl oSt -0¥ Y001

90£60Q 1010NpuodiWweg (euolieN 9046 FEEENT M ¥00S wr 2WO/DUW/ASIN |

AETHTHeTg) apo) aleq adAj ved NS ql aidweg abuey 131 ABisuz Aoadg Qi uoj
€0t 2ct - S0+3 00°C €0+3 L¥'E] €0+392'C - 26 v'e 09 |86/60//2| LOOI | ¥00S | 0LOL | ¥82004
(KA 921 - §0+3 00 €0+3 0¥’} €0+3 259 - 14 ¥'e Sy |86/60//2] L00t | ¥Y00S | OLOL | £82004
601 Lt - S0+3 00'¢ €0+3 6€'c] €0+360'6 - o8 L 0 |86/60/i2| L00! | ¥00S | OLOL | 282004
€01 901 - S0+3 00t £0+3 6€°¢| €0+328'8 - 123 L 0 |86/60//2| LOOI | SO0S | OLOL | +8200Y
gel 348 - S0+3 00'¢ £0+388°¢| €0+325'9 - 14 2 St |86/60/.2| L00I | S00S | OLOL | 082004
get P91 - S0+3 00 €0+3 LE'C] €0+3 29V - S9 ¥'e 09 |86/60//2} LOOI | S00S | 0101 | 622004
8¢€c 60S - G0+3 00'¢ £0+3 Sg'¢  ©£0+399'G - €S ¥€ 0 |86/60/22} €001 | S00S | OLOL | 8Z200Y
oce 662 - G0+3 00'¢ €0+3 61°¢} £0+3 G6'C - 9. 80°8Y St |86/60/22| €001 | S00S | OLOL | £/200Y
122 062 - S0+3 00'¢ €0+3 962 €0+3 /16T - [Xo]3 89 09 |86/60/.2| €001 { S00S | O1OL | 922004
122 G6c - S0+3 00°€ £0+38¢'€, €0+308C - L0 89 09 |86/60//2| €001 | v00S | 0LOL | S/200H
822 182 - G0+3 00°¢ £0+3 60 £0+3 68 - 8L 80'st Sy 186/60/.¢] €001 | Y0OS | 0101 | ¥22004
9ie 68¢ - G0+3 00'¢ €0+328'2| €0+32L'9 - 6v 12> 0 |86/60/L2] €001 | ¥00S | 0LOL | £42004
b2 €82 - S0+3 00'G €0+3 6L} €0+3 V6L - €9 G8's 0 |86/60/92] G001 | SO0S | OLOL | BELOOY
92 Sle - S0+3 00'S €0+3 04k} €0+3 019 - <8 2'8 Sv |86/60/92| SO0 | S00S | 0LOL | 8E100Y
FAVA 0ce - S0+3 00°S €0+3 v9°L| €0+388'C - 621 L' 09 |86/60/92| SO0l | S00S | 0LOL | LE100Y
162 c9e - G0+3 00°S €0+3 €L} €0+36L'E - 124 L1 09 |86/60/92| S00I | ¥00S | 0LOL | 02100Y
182 ove - S0+3 00'G €0+3 ¥9°L| €0+3S8'Y - €01 .2'8 Gy (86/60/92| SO0l | ¥00S | OLOL | 64100H
vee vET - S0+3 00'S €0+3 LS'H  $0+3 00} - 0s G8's 0 [86/60/9¢| S00I | ¥00S | OlOL | 81100Y
608 ere - S0+3 00'S €0+3 2S°H| €0+3 85t - FARS 2'se 09 |86/60/2| ¥00I | ¥00S | 010L | S80004
9lg 92¢e - G0+3 00'G €0+3 08°L| €0+3¢8'C - Sic $6'61 Sy |86/60/62| ¥00I | +00S | 010l | ¥80004
Gee gee - S0+3 00'S £0+3 ¥1°L| €0+3 LY'E - 124" Lyl 0 |86/60/5¢| ¥001 | +¥00S | OLOL | £8000Y
Sce 1444 - §0+3 00'S 20+3 86y, €0+3 16C - el g'se 09 (86/60/vc| +00I | S00S | OLOL | F2000d
882 862 - S0+3 00'S 20+33L'g| €0+3ve'y - 8il v6'614 Sy [86/60/42| ¥00I | SO00S | 0LOL | 020004
Sl¢ e8¢ - S0+3 00'S c0+3 €1°L| €0+301'9 - c8 L'yl 0 |86/60/v2| ¥00I | SO0S | OLOL | 61000Y

abeq lewg eWo/d Wo/d (IS) spey 088/;W9/d o988 o8s JWO/DW/ASN | 6 ONQi| ONQl jONQal| ONal
S10113 aousni4 '3 | souen|4 | edwes tad gjL xn|4 swll 43 |swipung | 13783 |8buy| sleg uo| | oidwes | 1581 uny

§ uoypuoy Jojesedwod — OLOL 3SOL
uonesnBiuod Jojesedwod Buisn g1 N7 1039NPUOIIWAG [BUOIJRN UO S} NSOy - #-|A O|qeL

8661 ‘62 4800190
‘ASY | 3NSSI
¢¢ 39Vd

£988'86/XdH

L¥0d3Y 1S31 SNOI AAVIH

Oabzmmvtuzw

XIUIH

I8y ¥3ax3 LA




A2O'L induy - ZIA 08 L't Ly g-0t £00l
ASOZ indur + LA 1 g UolipuoD 9JON (%74 12 9ig M-v8 €00t
S g8's 8L 8N-02 SO0l
21.60Q 1010npuodiwes euoliieN cLl6 FeCENT c# S008 (44 L'yl 051 I-0v 00!
90260 101oNpuodiLBS [BUOHEN 90.6 PeCLNT L# 008 wrl 2WO/DW/ASIN NN
sjuswwo) 8pon 8eq adA| ued NS ql eidwes obuey 1T ABisuz Aoadg Qi uo|
LLE gLl - S0+3 00°S 20+39g'8| €0+309'C - 261 282 09 186/60/v2| YOOI S00S 1101 | £2000Y
902 02 - 60+3 00°S c0+3 L1'9] €0+320'9 - €8 L'yl 0 |86/60/F2] ¥00I | G00S | HiOL | €2000d
abie] llews zWo/d sWo/d (IS) spey 085/5W0/d 08s 088 2UWIo/BW/ABIN ° ONQI| ONGI {ONQI| ONQI
$101/3 aousn|4 43| sousan|4 | sdweg Jad gil Xnj4 awil ‘u3 {ewrpung | 13743 |eibuy| sleg uo| |ejdwes | 1591 uny

uoneinByuod Jojereduios Buisn gg LN 10}9NPUOIILBS [BUOIJEN UO S} NS3Y - G-]A 8lqel

Z uoRIpuoY Jojesedwog — LL0L ISOL

8661 ‘62 48Q0100
‘A%d | ANSSI
£€¢ 30vd

18043y LS3L SNOI AAVIH

£98€°86/XHH

el

T




WEL EXPERTyg, PAGE 24

HEAVY IONS TEST REPORT

L HRX/98.3867 October 29, 1998

s h2 v 71omy

(5Vidiv 2us)
In this case, the change of the latch state can be observed

Figure VI-2 — Typical Waveform, Virgo configuration without filter capacitor

Tek MGH 250MS /s 53 Acgs (53 0.77
e ~ Latch output

Comparator

s <h2 . 710mvy

(5Vidiv 2ps)
This scope record shows that the latch output change
does not latch thanks to the filtering capacitor

Figure VI-3 — Typical Waveform, Virgo configuration with 1nF capacitor fiiter
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This scope record shows the envelop of SEU
pulses of different transient duration

s90my

Figure VI-4 — Typical Waveform, Comparator configuration

VIL. CONCLUSION

SEU test have been conducted on LM139J Quad Voltage Comparator from National
Semiconductor, using the heavy ions available at the University of Louvain facility.

SEU susceptibility was obtained through the error cross section versus LET curve for
two different test configurations.

The effect of a capacitor filter applied in the Virgo equivalent configuration has been
assessed and drastic improvement has been obtained.

With these results, upset predictions on XMM orbit, can be performed for each error
type and the risk associated with the present Virgo design can be assessed.
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Iv. DEVICE TEST PATTERN DEFINITION
VA1 PREPARATION OF TEST HARDWARE AND PROGRAM
Overall device emulation, SEU and Latch-up detection, data storage and processing
were implemented using an in-house test hardware and an application specific test
board. '
The generic in-house test equipment is driven by a PC computer through a R8232
line. All power supplies and input signals are delivered and monitored by the in-
house equipment which also stores in its memory the output data from the device
throughout the specific test board.
The application specific test board allowed to interface the standard test hardware
with the device under test, in order to correctly emulate the relevant part, to record
all the different type of errors during the irradiation and to set output signal for
processing and storage by the standard test equipment.
At the end of each test run, data are transferred to the PC computer through the
RS232 link for storage on hard disk or floppies.
V.2  GENERIC TEST SET-UP
The complete test equipment is constituted of:
e A PC computer (to configure and interface with the test system and store the
data),
¢ An electronic rack with the instrumentation functions provided by a set of
electronic modules,
e A mother board under vacuum which allows for the sequential test of up to 4
devices
¢ A digital oscilloscope to store analog upset waveform
Generic device test set-up is presented in Figure IV-1.
iV.2.1  Mother board description ( ref. IL110)

The motherboard acts as a standard interface between each DUT test board and the
control unit :

For each DUT board siot , the following signals can be considered:
— 8 inputs signals
~ 4 programmable power supplies
— 4 programmable clocks
—~ 8 output signals
— 4 iogic counting signals
— 2 fast analog signals
-~ 2 accurate analog signals

- Each device needs a dedicated plug-in test board compatible with IL110 mother
board.

- IL110 board has been designed to comply with Louvain Test facilities .
- The number of slots is limited to four

Operation is multiplexed and only one slot is powered at one time.

Mother board synoptic is shown in Figure 1V-2.
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DUT puUr DUT DUT

Slot 1 Slot 2 Slot 3 Slot 4

IL110
Generic test board

A
e

ﬁ‘e&}‘k‘%ﬁ&

i Supplies, clocks,

switches commands Count pulses

24 modular instruments
Control unit

50 Q lines

Modular DC sources

N

y

Clock generators cﬁﬁﬁglz l;% g;gf ST .
Fast trigger counters # @ @
0000
000 o0

Figure IV-1 - Generic Device Test Set-up
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IV.2.2 DUT Test board description

IL110 Generic test board

Figure IV-2 - Mother board synoptic

The device under test is mounted on a specific board support which is plugged onto
the motherboard.
Mechanical outlines : 141 mm x 50 mm, wrapping or printed circuit board with two 20 pins
connectors.
According to test set up and device operating conditions, the test board can accept the

mounting of :

—  The DUT package with beam positioning constraints ( unique for Louvain

Note

facilities)
The golden chip

The pattern generator
any interface circuit such as buffer, latches ...
a standalone micro controller if necessary...

: Beam focus diameter is limited to maximum 25 mm, to prevent the exposure
of others devices which might be sensitive.
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V.3 TEST CONFIGURATIONS

V.31

Two test configurations have been used :

—  First one is equivalent to a design implemented on XMM, cailed "Virgo Design”
in the present report, where the comparator is used in a latched command which
is triggered when the comparator input level exceeds a given threshold.
Command re-initialization requires a power off-power-on cycle of the equipment.

- Second configuration is the comparator function itself where the amplifier output
is always saturated, the output signal direction depending on the relative
magnitude of the two comparator inputs.

Virgo Design

Virgo Application :

—  This comparator is used to control a shunt over-current with voltage levels from
10 to 30mV.

—  The latch section is designed using discrete components (2 transistors and one
diode).

— The only way to re-initialize the latch (when level comparison is over passed) is
to switch off power supply.

Test principle :
The comparator input levels are generated using two programmable sources.

Each input is connected to a resistor bridge (divider by 10) and de-coupling
capacitors that present an impedance equivalent to the one used in the application.

The latch is slightly modified (a resistor is added to the base of T02 (see Figure 1V-3)
which correspond to Q04 in Virgo drawing), in order to implement a RESET
command allowing continuous testing of the component without switching off power
supply after each UPSET.

A delay circuit is added for automatic reset of the latch, after a wait state of 1ms in
order to detect which SEU is a transient pulse only and which one induces a
permanent state.

Types of events detected :

— Transient upset limited to the comparator.

— Comparator or latch upset leading to a latch change.
Functional Check :

A 100ps @ 1Hz signal modifying the reference threshold and allowing activation of
counting function.

Design change to improve upset tolerance :

Adding a de-coupling capacitor of 1 nFon the base of T02 allows introduction of a
wait state on the locking of the transistor latch : thus transients at the outputs of the
comparator would be filtered.
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Different test set-up conditions :

Two different set-up conditions have been used and corresponding bias figures are
given in the here below table :

Test board Signal Signal state Set-up Set-up
definition Cond. 1 Cond. 2
DC source PVI |{DUTsupply |10V 1.6mA |5maA limit
threshold
DC source VIt | Reference 300mV 300mV
voltage input
DC source VI2 |Line voltage 290mV 250mV
input
Scopechan1 | FO1 |Latchoutput |10V to OV 5V /Div
Scopechan2 | FO2 |Comparator |10V to 0V 5V / Div
output
Counter 1 FO1 |Latchoutput |10V to OV Trig @ 5V |
Counter 2 FO2 |Comparator |10V to OV Trig@ 8V |
output
Counter 3 LO1 | Latched SEU | Logic level Trig @2.5V 1

Note : Actual differential input level is computed as follow :

(Reference) — (line) + (50mV external hysteresis effect with R1 resistor).

Table IV-1 - Virgo Design Test Conditions
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IV.3.2 Comparator Application

Test principle :
The comparator input levels are generated using two programmable sources.

Types of events detected :

Comparator output is at +10 Volts in absence of event.
Transients are detected and counted into two different bins :

- Large errors, corresponding to the 2 Volts threshold : Comparator output
transients with an amplitude higher than 8 volts are counted.

- Small errors, corresponding to the 8 Volts threshold : Comparator output
transients with an amplitude higher than 2 volts (thus, include the large
errors) are counted.

Functional Check :

A 100ps @ 1Hz signal modifying the reference threshold and allowing activation of
counting function.

Different test set-up conditions :

Two different set-up conditions have been used and corresponding bias figures are
given in the here below table :

Test board Signal Signal state Set-up Set-up
definition Cond. 1 Cond. 2
Close to GND | Half supply
CMV
DC source PVI DUT supply |10V, 1.6mA | 5mA limit
threshold
DC source VI + input 100mV 7.08V
DC source VI2 | -input 50mV 7.02V
Scope chan 1 FO1 |Comparator |10V to OV 5V / Div
output
Counter 1 FO1 small 10V to OV Trig @ 8V |
Counter 2 FO2 |large 10V to OV Trig@ 2V |

Note : Actual differential input level is calculated as follow : (+input) — (-input)

Table IV-2 - PM139 Comparator Test Conditions
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LM133 comparator test set up
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Figure IV-4 - PM139 Comparator Test Synoptic
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V. TEST FACILITIES
Test at the cyclotron accelerator was performed at Université de Louvain (UCL) in
Louvain la neuve (Belgium) under HIREX Engineering responsibility.
2 delidded samples were irradiated, while #971 was kept as reference.

V.1 BEAM SOURCE
In collaboration with the European Space Agency (ESA), the needed equipment for
single events studies using heavy ions has been built and installed on the HIF beam
line in the experimental hall of Louvain-la-Neuve cyclotron.
CYCLONE is a multi particle, variable energy, cyclotron capable of accelerating
protons (up to 75 MeV), alpha particles and heavy ions. For the heavy ions, the
covered energy range is between 0.6 MeV/AMU and 27.5 MeV/AMU. For these ions,
the maximal energy can be determined by the formulia :

110 Q°/M

where Q is the ion charge state, and M is the mass in Atomic Mass Units.
The heavy ions are produced in a double stage Electron Cyclotron Resonance (ECR)
source. Such a source allows to produce highly charged ions and ion "cocktails".
These are composed of ions with the same or very close M/Q ratios. The cocktail ions
are injected in the cyclotron, accelerated at the same time and extracted separately by
a fine tuning of the magnetic field or a slight changing of the RF frequency. This
method is very convenient for a quick change of ion (in a few minutes) which is
equivalent to a LET variation.

V.2 BEAM SET-UP

V.2.1 lon Beam Selection
The LET range was obtained by changing the ion species and incident energy and
changing the angle of incidence between the beam and the chip, Table VI-2,
Table VI-3, Table VI-4, and Table VI-5 provide the ions which were used to determine
the LET threshold and the asymptotic cross section within the LET range for this heavy
ion characterization. In addition ion energy, LET, range and tilt angle are also provided
for each test run.

V.2.2 Flux Range
Particle flux could be varied from few hundred ions/cm#/sec up to a ten thousand
ions/cm?/sec under normal operations (tilt 0°).

V.2.3 Particle Fluence Levels
Fluence level was comprised between 3 x10ES5 and 1 x10ES6 ions/cm?

V.2.4 Dosimetry
The current UCL Cyclotron dosimetry system and procedures were used.

V.25 Accumulated Total Dose
Table VI-2 to Table VI-5 provide for each run the equivalent total dose (rad(Si))
received by each device under test.
For each device, the total amount is below 5 x10E+03 rads.

V.26 Test Temperature Range

All the tests performed were conducted at ambient temperature.
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V1.

RESULTS

Virgo test configuration :

As mentioned in paragraph 1V.3.1, the effect of Single Event Upset was monitored and
counted at three different locations of the test circuit :
— At the output of the comparator, see F01 line in Figure IV-3, (which is the only
device irradiated on the board),
— At the output of the latch to see any transient propagated by the comparator,
see FO2 line in Figure IV-3.
— I the latch state has changed permanently, a third counter is incremented after
a time delay period of 100 ms, see L01 line in Figure 1V-3.

Table VI-2and Table VI-3 give the test results using the Virgo configuration without the
filtering capacitor for two different operating conditions.

The main result from all runs using the first test configuration is that nearly every
transient detected at the comparator output is also detected at the latch output and in
absence of the filtering capacitor, the latch state changes permanently.

Table VI-4 give the test results using the Virgo configuration with the filtering capacitor
added.

It can be seen that the add-on filter with a capacitor of 1nF is efficient as no latched
SEU errors could be detected anymore (No more permanent latch state change).

Comparator test configuration :

In this configuration and in absence of event, the output comparator is fixed to +10
volts and transients errors, which will switch the comparator output towards zero, will
be detected with two different threshold levels :

- Large error: transient signal amplitude higher than the 8 volts threshold,
-~ Small error : transient signal amplitude signal higher than the 2 volts
threshold

Table VI-5 give the test results using the comparator configuration.

The main result from all runs, is that most of the transients fall in the large error
category.

Test results comparison ;

Two samples have been tested in both test configurations and results are very
consistent.

Comparison between the two test configurations, i.e. Virgo (comparator errors) and the
stand-alone comparator (small errors), is provided in Figure VI-1 where the number of
errors have been averaged on the two samples. Table VI-1 provides the corresponding
figures.

It can be noted a strong effect of the tilt angle in the error cross-section

Lastly typical waveforms observed with the scope are provided in Figure VI-2, Figure
VI-3, Figure VI-4, in the following respective configurations, Virgo, Virgo with 1nF
filtering capacitor and lastly, comparator configuration.
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vk EXPERTy, PAGE 24
HE T REP
AVY IONS TES ORT ISSUE 1 Rev.
ENGigeR© - HRX/98.3869 October 29, 1998
Tek GE1GH 250Ms /5 97 Acgs (50 0.000 vpc

Latch output

(5Vidiv 2ps)
In this case, the change of the latch state can be observed

Figure VI-2 - Typical Waveform, Virgo configuration without filter capacitor

Tek GIUGE 250MS 75 53 Acgs (57 0.7

Latch output

Comparator

(5Vidiv 2ps)
This scope record shows that the latch output change
does not latch thanks to the filtering capacitor

Figure VI-3 — Typical Waveform, Virgo configuration with 1nF capacitor filter




WRELEXPERTyc, PAGE 25
m HEAVY IONS TEST REPORT ISSUE 1 Rev.
ENGinpern© HRX/98.3869 October 29, 1998
Tek ([IGB 250MS /s 41 Acgs (50 0.000 vpc

T T T Y T T T Y TV YT T T Y IBSAARRANAE EEEAE AR

. - . - 4
iaesria e iaseniog

s Chi™

(5Vidiv 1ps)

6a0mv

This scope record shows the envelop of SEU

pulses of different transient duration

Figure Vi-4 — Typical Waveform, Comparator configuration

VH. CONCLUSION

SEU test have been conducted on PM139 Quad Voltage Comparator from Analog
Devices, using the heavy ions available at the University of Louvain facility.

SEU susceptibility was obtained through the error cross section versus LET curve for
two different test configurations.

The effect of a capacitor filter applied in the Virgo equivalent configuration has been
assessed and drastic improvement has been obtained.

With these results, upset predictions on XMM orbit, can be performed for each error
type and the risk associated with the present Virgo design can be assessed.




	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

