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Outline RUAG

e Examples & Lessons Learned of SET Testing of Linear
Devices

- Test Set-up
— Trigger Requirements
= High Flux

- Examples of Lessons Learned
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SET & Linear Devices RUAG

e Generally 2 Levels of Complexity

e Simple devices - no specific test design required
- effect of load and mitigation techniques can be calculated
e Complex devices - Specific test design preferable

- design critical, SET behaviour difficult to calculate
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SET Measuring Set-Up RUAG

e SET measurements of Linear Devices requires rather “simple”
test Set-Up

- QOscilloscope, Computer, Cables & Test boad
» One Osc. for each trigger requirement

* Increased complexity with many devices on the same test
board

UCL Advantage ;
Test set-up close
to the test chamber
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RUAG

e SET testing at JYKL need precautions for the long cables

Test

chamber

CAVE

Ethernet

2 meters of SEPARATE PANELS
cables IN THE CAVE
to CHAMBER to BA!RACK
3 x 40pin 1 x 40pin
2 x 25pin D-sub 2 x 25pin D-sub
2 x 9pin D-sub 2 x 9pin D-sub
3x BNC 3 x BNC

BARRACK

15-20 meters
of cables
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Pulse Shape & Cabling
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High SET Sensitivity

RUAG

e Some complex Linear devices can show very long induced transients

| errors
— Soft Start
e Latch-Up tests may be confusing
o LU; 1e+7, flux; 1e+4,

e Soft-Start typical up to 50 upsets/s

Many Soft-Start upsets require more
current for recovery of device
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Data taken with 2m flat-cable+100pF to ground
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Increase of supply current

RUAG

»LUth current limit@1.5x, device show LU

»Frequent SETs tend to increase the
required start-up current

»LT3480 up to 2,5x normal current needed

»Low flux give better results

UC1825 indicate same behaviour
LUth limit = 134 mA — No LU (1e+7)

Reset of LU unit required to restart /

RUAG Aerospace Sweden 8

=T389 Uth limit = 130mA

Supply Current [mA]

Soondillondend

1 24 47 70 93 116 139 162 185 208 231 254 277 300 323 346 369 392 415

N
o

NN W
o

—

ply Current [mA]

X

S

LUth limit = 86mA
35 fogap Yo P :
n W
4IRS ‘
5
0
5
0

uC1825

1 5 9 1317 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89

Radecs Thematic Workshop on SET 29 Jan 2009




High Flux & Confusing Data

RUAG

UC2845

Low flux data 1e+2 ions/cm?2

How flux data 1e+4 ions/cm?2

uC2843

Low flux data 1e+2 ions/cm2

...
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Trigger Requirements

RUAG

e Some devices can be tricky to define right trigger

requirements,

— Conflict in collecting “All SET’s” and good statistics of

“Critical SET’s”

Majority of all SET are Trivial,
Normal statistics ~ 100 SET/run,
Consider flux vs test set-up dead time

TPS2834, LET=60 MeV/mg/cm2

[y

LT3800, LET=32 MEV/mg/cm2

AANA Ll T
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——A_Out
——B_Out

. v ——A Out

e g i ey L P ——B_Out

Oscilloscope scale 10ps/div
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Hard and Soft Trigger Requirements RUAG

e Collecting "Good to have” data may mask critical data

Too Tight Trigger Requirements
-Overload of trivial errors

- 1 missing pulse normally acceptable
Risk to have

Very low statistics of the real events
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Hard and Soft Trigger Requirements RUAG

e Example of Critical Failure Mode  pwm with 2 complementary outputs, both
used to drive MOSFETSs,

Driving at the same time will result in shortage. ~ frequent type of transient, but not critical
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Design Knowledge Good to Have RUAG

In a large Tests Campaign
SET test of Voltage References showed transients down to zero volts

P [
Most important results was the
existence of positive pulses
Ch1 Min
1.10V
P Because, 0.5V positive transient
| chi —wi _
] 20.00ns would trigger over-voltage
Ow. . L]
| fesolution protection causing power shut
| down
2 large test campaign was out
concurred by some lab work
19 Apr 2001
W0.20% | 17:46:35
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Desigh Knowledge Important RUAG

Positive Transient Pulses, 252-Cf . .
Q2 g- J I—Kuﬂ
Voltage Ref LT1009, RH1009, 15pF .
20k %Em "m:
Q7/1 L “’:I‘
m"_LW
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ST S R SRS SRS . ,2j i ]
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T e { { —
Tk | s R +5V
: : : - : : . : 1 arisns
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%-If': hiis Forgram
2.2 kol . .
Worst case positive transient
, , occurs when the shunt-transistor
T T R 7 - RS TRV T 13.7 kot Q1_ is cut off, giving a transient
SERITS TR height of:
o | Vin— ((Igias* | Loap) X R) = 4V
2

*Positive Transients Very Short (100 ns)
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RUAG

Lesson Learn on the importance of
Critical Analysis

Unforeseen results taken as extra ordinary findings
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Background RH1014 RUAG

e In previous study on SET in Op Amps LM124 /Tl, LM124A
/INS and RH1014I /LT was tested.

e All device types have 4 Op Amps in one package,
LM124’s, one chip in each package
RH1014, 2 dies of RH1013 in each package.

e One of the four Op Amps in each package was tested

e Results for LM124A°’s T

SET = 30-40pus

LM124A NS

30 Jan 2003
16:12:50
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Background RH1014

RUAG

e RH1014 SET > 300us
o All types same bias set-up
ePlaced on the same test board

ePerformed in the same test

eS. Bruchner/NASA Tested RH1013
with laser,

eRH1013 and LM124A similar SET

ePROBLEM WITH THE TEST BOARD?

Tek stap . T . .]

m

________ RH1014 _____

. muu pmunmjmmm

M|4u uyq| A I:h] 175V

TEEII N

49 Jan 2003
19:08:52

LM124 TI
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Test Board Verification RUAG

e Verification tests with original test board
1) RH1014 original position - check of old results
2) LM124 in original position — check of old results
3) RH1014 in LM124 position — long pulses maintained?

4) RH1013 in RH1014 position — same behaviour as RH10147?
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Test Board Verification

RUAG

Tek stop | ] ]

1 Ch1 -width

| 4.460ps

Chl Low

1.30 v

500mvVe | ' M[40.0us A Chi1 % 1.74V

8 Oct 2008

S AN e 11:31:11

RH1014 in the normal position
Old results confirmed

Test Board - OK

TekStop | (=)

e

Ch1 —-width
1 41.66us
Low signal

amplitude
Ch1 Low
990my

&l soomv e | M10.0s| A Ch1 \ 1.74 V)
g Oct 2008

W(10.00 % 11:51:08

RH1014 in LM124 position, 300us

Tek Stop |
-
ch1 —width
18.45ps
Ch1 Low
“30.0mv
il soomve ] M[10.04s A Chl L 1.74V,
8 Oct 2008

Maans 1 am.anas

LM124 in RH1014 position, 30us
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RH1014 & RH1013 Identical RUAG

RH1014 - 2 dies of RH1013

The 2 dies have the same power pin

RH1013 die

RH1014 die

Deferens between RH1013 & RH1014, bonding of 1 power pin
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RH1013 resultat RUAG

Tek Stop | ] ] _ _

RH1013 in RH1014 positon |
Pulses very similar to LM124 VTR S SO S

= Ch1 -width
13.31ps

Chi Low
300my

?

Is this a test induced effect ?

Ch1 —width
) 41.66Ms

1 Low signal
1 amplitude
Ch1 Low
990mv

®l soomve | M10.0us| A Chl % 1.74V

RH1014

8§ Oct 2008

10.00 % 11:51:08
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NASA Laser Results RUAG

RH1014 (NO light)

S. Bruchner /INASA tested RH1014 with laser,

. . . 0,2
Transients similar to RH1013, 0 :
NO LONG PULSES S 02
o -0,4
E 0,6 1 /
‘_El 08
However, B 1';:
RH1014 was found to be light sensitive in 4 ‘ ‘ | | |
a smaII area Of the Chip, -2,0E-05 -1,0E-05 0,0E+00 1,0E-05 2,0E-05 3,0E-05 4,0E-05
Time (s)
Transients generated from other areas were RH1014 (Little Ambient Light)
not light sensitive 05
0
S -0,5
RH1013 was not light sensitive at all g ~
E - ,’
r) < -25
: 3
-3,5 T T T T T T T - -
. . . . . . -2,0E- -1,0E- 0,0E+0 1,0E-04 2,0E-04 3,0E-04 4,0E-04 5,0E-04 6,0E-04 7,0E-04 8,0E-04
Only visible difference is the bonding of one pin o o o ’ !
Time (s)
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Conclusion RUAG

e Summary ( for beginners)
== Plan for 2 trips (particularly for complex devices)
— Application Like Test boards an advantage
- \erify Unforeseen Data at Different Flux

- Data diverging from standard “dull” SET behaviour - Ask
for more money to perform further analysis

RUAG Aerospace Sweden 23

Radecs Thematic Workshop on SET 29 Jan 2009



RUAG

Thank You
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