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ELDRS Test Method
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Motivation

» Concern for bipolar technology
used in space

* Low dose rate testing is
time consuming !

* e.g. 100krad:
10 mrad/sec = 4 months

* 1 mrad/sec > ~3.5 years

» Accelerated switching dose rate
method proposed by UM2

* ELDRS project checks the
applicability of UM2 test method

ESA/ESTEC, 29 March 2011

Degradation (Excess | )
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Degradation of the base current, I, for NPN and PNP transistors
Total dose: 20 and 30 krad (SiO,)

A 20krad |
m 30 krad

...........................................

—
P |

10° 10% 10" 10° 10" 10® 10? 10" 10° 10" 107
Dose Rate (rad/s) Dose Rate (rad/s)

Reference: J. Boch, et.al., ,Physical model for low dose rate effect in bipolar devices*, IEEE-TNS, vol. 53,
p. 3655, December 2006
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The Accelerated Switching Test Method

Low Dose Rate Continuous (Reference)
4 LDR-C

Low Dose Rate Switch

High Dose Rate Switch
HDR - S

Degradation

Total Dose
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Input Bias Current (nA)
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Example: ELDRS Effect for LM139

Accelerated switching test for input bias current of LM139

900

900
[
! a/é_e ! o LM139
L A
600 f

T ‘6‘ -e-Low dose rate
600 O Switch at 10 krad | |
A Switch at 31 krad
o Switch at 84 krad
T - -&- High dose rate

&

LM139

-+ Low dose rate

7 -5 Switch at 10 krad| |
300 -

300 i
= -A- Switch at 31 krad
1 / -o- Switch at 84 krad 1 /
5 5

Input Bias Current (nA)

-&-High dose rate IR

0 | l 0

0 25 50 75 100 125 150 0 2 0 75 100 125 150
Total Dose (krad) Total Dose (krad)

Ref: .J. Boch, et.al., ,The Use of a Dose —Rate Switching Technique to CharacterizeBipolar Devices", IEEE-TNS, vol. 56 (6), p. 3347, December 2006
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Proposed Parts List
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Selection of parts for the experiments

= Basis: Approved component list by ESA CTB radiation working group
= Selection Parameter:

= E (0,1): ELDRS sensitivity (literature)?)

= 1(0,1): pnp Input stage?

= S (0,1): availability of 70 units from one wafer lot (SLDC)

= P(0,0.5,1): Price < 5000 Euro for 70 units

=  Selection Formula: S=Ee|eSeP

= Selection Criteria:
= S=>20.5

1) If ELDRS sensitivity is not known from literature information about “pnp stage” is considered
to be sufficient.

ESA/ESTEC, 29 March 2011 12
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Part Types used for 15t Measurement Campaign

Part Type Description Manufacturer Picture
LM324AN Operational Amplifier National
Semiconductor
LM158AJ Operational Amplifier National
Semiconductor
LM311N Comparator National
Semiconductor
LM339AN Comparator National

Semiconductor

HS9-OP470ARH

Radiation Hard
Operational Amplifier

Intersil

ESA/ESTEC, 29 March 2011
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Part Types used for 2" Measurement Campaign

Part Type Description Manufacturer Picture
HS9-139RH Radiation Hard Intersil
Comparator ;
OP470 Operational Amplifier Analog Devices .
OP177 Operational Amplifier Analog Devices .
LM336-2.5 Reference Diode National
Semiconductor .
LM317 Voltage Reference National

ESA/ESTEC, 29 March 2011
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Verification Test Plan
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Irradiation Plan

HDR-S LDR-S
4 switches
80 krad 20 krad
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LDR-S: 10 mradg; s*
LDR-C: 10 mrad g, s

5" exposure series at 80kraa

:> 5 units per exposure series biased
5 units per exposure series unbiased

-

5 exposure series

Total # of units tested per part type:
* 25 units unbiased

¢ 25 units biased

60 krad
AN aexnosuire.-series-at-60krad
a7 -cxXpousulte-setcs-at-o
40 krad
2Ald. avnoclLiro.caring At ADkrad
J CAMNUOUICT OTIICO AL =TUIN AU
N0 axpostLire.serles.at. 200krac
& APLSUIE-SCHES At-£UKIAU
2Q krad
1.5t . AN} ]
17 I-'Xll](]\llll-' Selres. dl. U Klial

‘ ... measurements

= * * *

* —

Time (day)

HDR-S measurement

Entrance control LDR-S measurement
ESA/ESTEC, 29 March 2011
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Biased

Irradiation Board _
uUnits

RADFET
Dosemeter
Unbiased
Units
-
)
f Unbiased
- Units

17
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Biasing Conditions During Exposure

Operational Amplifier Comparator

I Vs

COM P Vout

V, = +15V; V.= -15V V, = +15V; V. = -15V
~0.5V; V,,, = ~ 5V V., =~0.5V; V,, = Vo,

Vin
R, = 1kQ; R, = 10kQ; f = 11 R = 15kQ
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Voltage Reference

) ° VOUf
o SR o Vs
0—2 ? ]
A
" > ADJ
V. = +5V
R=2.5kQ

Note: Unbiased configuration is achieved by mounting DUTs in antistatic IC Foam that is enwrapped in

Aluminium foil.

ESA/ESTEC, 29 March 2011
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Parameters for Investigation of Degradation
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Operational Amplifiers and

Comparators

Parameter Symbol
Offset Voltage Vos
Quiecent Current +g /[ -lg
Bias Currents Lo /1.
Open Loop Gain Avo
Common Mode Rejection Ratio CMRR
Slew Rate SR
Power Supply Rejection Ratio PSRR
Output Voltage Swing +V, /! -V,

Short Circuit Current

INSTITUTE
LOG
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Voltage Regulator
Parameter Symbol
Output Voltage V,
Line Regulation RegLine
Load Regulation ReglLoad
Quiescent Current lg
Drop Out Voltage Dov

Voltage Reference
Parameter Symbol
Output Voltage Vo,

ESA/ESTEC, 29 March 2011
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Example: Test Circuitry for Open-Loop-Gain, A, 4
R.

R o Ve C

] — R.
DUT ] +1 ——o \/,

] + Vou

R< SV

| R« v R TCL R« |1J

.Vcomp Wref

= DUT is operated in a feed back loop

= e.g. Measurement of Open Loop Gain
= Certain Output Voltage is forced = AV, is measured
= Ao Is determined

ESA/ESTEC, 29 March 2011 20



Test Circuitry for Test board - Part 1
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Test Ci

ESA/ESTEC, 29 March 2011
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Preliminary Test Results
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Offset Voltage, V
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[ o (mA)
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Negative Supply Current, I
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Vs (MV)

CMRR  (dB)

Offset Voltage, V¢
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LM339AN: Slew Rate SR

SR (V/usec)

SR (V/usec)
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LM324AN: Short Circuit Current Ig,

Current, I,
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LM158AJ: Offest Voltage, Vs, Slew Rate SR
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HS9-OP470ARH (radiation hard): Vg, I, Is., SR
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Isc- (MA)

CMRR (dB)

LM311N: Unbiased, l¢c, Iy, CMRR, Ayq
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e=p= ]St exposure series

—®— 2nd exposure series
3rd exposure series
4th exposure series
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Statistical Analysis with ANOVA
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Statistical Analysis of Results

(1)
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Statistical Analysis of Results

1,6 4

14 4

1,2 4

(1)

1,0 1

0,8 -

Measurand

0,6 -

04

-+ Switching Results
<> Interpolation
# Reference

p-switching
2 ptE
O switch i

Lo -
et . -
ozt - -
E;Js-; -7 F
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Fi -
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N3 I
o
Y "
>

A

s
2

g Mreference

&
.
-
-

2
o ref

ANOVA
HypOtheSiS Ho: Ureference = p-switching

*F-Test using level of significance a
*P value = 0,05 (95% significance level)

ESA/ESTEC, 29 March 2011
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Example: Offset Voltage, V55 for LM339AN
4 -
ANOVA: 12.2 krad
1 Mrer = 0.19; Mswitch = 0.33
3 = HO: “ref = “switch .g
1  F-Test- P-Value: 0.22 > H, V' A
2 - IR s L ANOVA:77.1 krad
.;-A,... ,::;-.'-.:_.: ........... [ ) B . B
T &..-i& srgaettt Href = 2.08; Mswitch = 2.28
1 - : é"..ﬂ., % Ho: Mrer = Mswitch
°,°.°&'.:::::::::. A;s“é..:.- . /
’; i Coen a3 ? RVAY F-Test - P-Value: 0.25 - H,
E 04 4 83 :::%:: -------- ANOVA: 55.6 krad
N = .
- {@k AN?\(/)A8'33_4'2 kraci 0.89 “ref: 1.36 : p'switch =1.77
0 \\." “reT_ ©2 5 Hsuiteh = - Ho! Hret = Hswitch
O -1- . Ho: Hrer = Hsuitch
> ' F-Test - P-Value: 0.21 > H, ¥
F-Test - P-Value: 0.76 > H, ¥
-2 4
ANOVA: 0 krad
’ Hyef = -1.34 » Mswitch = -1.31 ReSU“:.
-3 Ho' Krer = Howiten 1.) H, valid for all investigated dose (95%)
1 F-Test- P-value: 0.744 > H, v 2.) Accelerated test method is working properly!
'4 T T T T T T T T T T T |
0 20 40 60 80 100 120

Dose (krad,)
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4 -
ANOVA: 12.2 krad
1 Mrer = 0.36; Mswitch = 0.27
3 ] Ho: Hret = Hswitch ﬁ
1 F-Test- P-Value: 0.59 < H, v ,.;"ﬁﬂ;g«:”" ..... ............ A
2 ....:,:%':’4“""'&.&; ,,,,, e = ANOVA:77.1 krad
] . Aﬁ.ﬁ."' .......... Hrer= 2.22 ; Pgyiten = 2-21
1 _ . ﬁ AA HO: Hyer = Mswitch
] .gﬁﬁ.é e F-Test - P-Value: 0.95 > H, ¥/
.:3;, s A
0 gl ANOVA: 55.6 krad
- "'4}. AROVA 44.2 Il Uref: 1.78 ; p'switch =1.07
’s" Mret = 0.88; Mswitch = 0.64 H: =
;! ) . 0- |J-ref - uswitch
-1 _i::° |_|O' “ref - p'switch
| F-Test - P-Value: 0.16 > H, v/
F-Test - P-Value: 0.454 > H, V'
-2
ANOVA: 0 krad _
1 Mer=-1.258; pgyien = -1.257 Conclusion:
-3 Ho' Hrer = Howiten 1.) H, valid for all investigated doses (95%)
1 F-Test - P-Value: 0.886 > H, V' 2.) Accelerated test method still working!
'4 T T T T T T T T T T T |
0 20 40 60 80 100 120

Dose (krad,)
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Conclusion and Outlook

= 10 different part types selected for tests with operational amplifiers, comparators,
voltage regulator and voltage reference

= 700 units investigated on ELDRS for a wide range of parameters

= In general the accelerated switching test method worked very well for all
degraded parameters for all part types

= The variance of a parameter might be a limiting quantity for the method

= Preliminary results for LM324AN, LM339N, LM158AJ indicate good comparison of
accelerated switching test method with the reference exposure

= For LM311N the variance of the CMRR is larger than the degradation (weak-
degraded)

= HS9-OP470ARH (radiation hard) show weak-degraded and degraded parameters
= For weak-degraded parameters further analysis is needed

= Statistical analysis with ANOVA looks promising

=  ANOVA will be used to investigate reduction of sample size

= Continue and complete irradiation measurements and data analysis

= Project will be finished in Summer 2011
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ELDRS Project
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Dl D, Poter Bock

AIT Austrian Insifiute of Technolgy GmibH
Bonau-City-Sirasse 1 | 1220 vienns | Ausiria
T +43(0) S0550-4305
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D Dr. Michael Wind

AT Austrian Institute of Technology GmibH
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T +43(0) 50550-4310

Traditionally, Total lonising Dose (TID) charactenisation of bipolar based EEE components
iz performed a1 high dose rales reducing test ime al iradiation facilities and hence cosls
The dosa ratas employad are usually significantly higher than those sxperienced by
compaonents in-fight. Cver the |ast decade Enhanced Low Dose Rate Sensifivity (ELDRS)
has been observed and repored in the literature and considered o be of serous concern,
demaonstrating the need for radistion testing performed at low dose rate. The ELDRS effect
is manifested as increased component degradation with decreasing TID dose rate. ELDRS
affecis bipolar technologies

Today, ELDRS testing of cormponents s comprised atlow doge rates, representing 4
significant cost iterm and complicating project schedule depending on project TID
requirements, This is in particular rue for high TID [evel projects such as
telecommunication and navigation. To address some of these issues a number of
accelerated ELDRS fest methods have been proposed. One of them, the so-called
accelerated switching test method, is investigatad within the scope of this praject This test
method has been shown to reduce low dose rate testing time significantly for selected part
tpes and alectric p Its zeneral ona comprehensive setof electric
parameters will be imvestigated using a large set of different part types

tmerint Disnbim

ESA/ESTEC, 29 March 2011 38
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Irritated components

In total 10 different part types are tested to verify the switching
selection are ELDRS sensitivity, availability of 70 units from o)
types selected are:

Operational Amplifiers:

- LM324
. L1584
+ H5-OF470 ARH
. OP4T0

Voltage Comparators:

. L3
+ LM338
* H5-139RH
+ OF77

Voltage Regulator:
* LM31T

Voltage Reference:
+ LM336-25

LM324

The LM124 (LM324) series consist of four independent, high
compensated operational amplifiers which are designed to
supply over awide range ofvoltages. Operation from a split p
and the low power supply current drain is independent ofthe
woltage.

Pin out and electric confiauration used far the biased irradiati

14

e

;_@EZﬂ ,- N

ELDRS

Enhanced Low Dose Rate Sensitivity

Low Dose Rate Test Report
Diate: 140032011

Page : ikl
lssue: 1
Revislon: 0

Figure 1: The set-up of the low dose rate
exparimant. Radiography camera and irradiation
boxes hosing the irradiation boards are mounted
on an Aluminum frame that is positioned inside
the heavy shisided box.

6 Test Results

Figure 2 lrradistion box; tha PCB. the PMMA
bulld-up plste ard tha leads for posttive and
negative powsr supply 88 well wes as the lead
for ground potential sre all mounted inside the
box. Only one plug Is lead to the "outside”

The measurament results of tha LM324AN irradiations exposing the DUTs in biasad
configuration are presentad in the fallawing. Tha parameter degradation as a function of tetal
dosa is presanted in Figure 3 to Figure 11 for the biased canfiguration and in Figure 12 to
Figure 20 for the unbizsed configuration. The data paints presented in the figures are
calculatad a5 the mesn value of the measured data of five unite treated identically.
Uncertainty bars are included in the figures as well, they are calculated as the standard
daviation of the result of the five samoles. In casge the uncarainty bars cannat be gaen thay

ara smaller than tha data points.

Bigsed Results:

Doss fkrad,)

Figure 3: Degradation of the offset Violtaga Vag of
the LM324AN microcircuit exposed in blased
configuration; low does rata raspones.

[

@ é & m
Dose (wad |

Figure &: Degradation of the positive supply

current ls. of tha LM3244N microcircuit expoged

In biased configuration; low does rate respones.

w A
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Traditionally, Total lonising Dose (TID) charactenisation of bipolar based EEE components
iz performed a1 high dose rales reducing test ime al iradiation facilities and hence cosls
The dosa ratas employad are usually significantly higher than those sxperienced by
compaonents in-fight. Cver the |ast decade Enhanced Low Dose Rate Sensifivity (ELDRS)
has been observed and repored in the literature and considered o be of serous concern,
demaonstrating the need for radistion testing performed at low dose rate. The ELDRS effect
is manifested as increased component degradation with decreasing TID dose rate. ELDRS
affecis bipolar technologies

Today, ELDRS testing of cormponents s comprised atlow doge rates, representing 4
significant cost iterm and complicating project schedule depending on project TID
requirements, This is in particular rue for high TID [evel projects such as
telecommunication and navigation. To address some of these issues a number of
accelerated ELDRS fest methods have been proposed. One of them, the so-called
accelerated switching test method, is investigatad within the scope of this praject This test
method has been shown to reduce low dose rate testing time significantly for selected part
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