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Objectives and motivations

Many bipolar linear parts exhibit Enhanced Low Dose Rate Sensitivity (ELDRS)
effect

The standard and guidelines does not appropriately describe an ELDRS test
method (standard dose rate)

» defining an appropriate test approach for highlighting ELDRS effects on bipolar
based technologies

» comparing 36rad(Si)/h (LDR) with 360rad(Si)/h (HDR) in terms of component
degradation

» isthe component degradation exacerbated at extremely low dose rates
(<36rad(Si)/h, ELDR)?
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ELDRS: preliminary

e Degradation <« Qot, Nit

Qot annealing (long) // degradation
e Low Dose Rate — {

Qot, Nit : higher yield

e Bias effect (bipolar)
v Active zones: frindging fields, OFF WC for degradation
v/ Passive zones: can be opposite
v" Mostly low E field in oxides => ELDRS / Qot-Nit
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Experimental details

\/
0’0

Set of 9 device types

/
0’0

10 parts irradiated per dose rate, 5 biased / 5 unbiased (1 ref)

J/
0‘0

irradiation steps: 5, 10, 15, 20, 30, 50, 70, 100krad
annealing : 1 week/25°, 1 week/100°
Help for interprating results

J
0.0

4

% ESTEC gamma facility

. 360rad(Si)/h: May 2010 (HDR)

. 36rad(Si)/h: June-October 2010 (LDR)

»  Comparison of LDR with HDR in terms of component degradation

/

%  ONERA bunker (ELDR) : planned for 2nd term 2011 (<10 rad(Si)/h)
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Samples (1)

2x Operational amplifiers and 1x comparator

OP15AZ AD | Precision J-FET input QMLV DIL8
Op. Amp.

LM111 Tl Precision voltage 883B DIL8
comparator

RH1013MJ8 | LTC | Dual precision Op. Amp. | Radhard | DIL8

B - ADS74ATD '
i 8838 Q

' 0851 B

5962—9457
UCC1806J/8838
THA Q ‘

1x A/D converter and 1x PWM

AD574ATD | AD

12-b A/D converter 883B DIL28
UCC1806J Tl Low-power dual- 883B DIL16
(BICMOS) output current-mode | (one single
PWM controller diffusion lot)
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Samples (2)

2x Precision references and 2x regulators

AD584SH AD Pin programmable 883B Can8
precision voltage ref.

RH1021CMH | LTC | Precision 5V ref. Radhard TO5
uC1834J TI High efficiency linear | 883B DIL16 g
regulator (one single w%&i&;%}{ﬁ&%ﬁ#fa
HA -

diffusion lot)

JL117BXA NSC | Voltage regulator 883B TO39
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UC1834 results
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UC1834 results

°OI'® Average of parts (each group)
0,5 %3
LDR enhancement factor not significant... L 2 A 2
(=
but spec. exceeded for LDR (not HDR) s 15 A g g o  eon hr
and ELDR expected WC 5 2‘2 AOFF_har
:3 A 2 < ON_Idr
"Annealing": 0 at ambiant, partial at 100°C 35 A sorer
-4
f 0 20 40 60 80 100
Dose (krad(Si))
Input Bias Current (Vcm=1.5V)
0,'— J ke = Tt \_7_ 0__7_ B P \7 0 | e L L L e T T2 =
“ﬂh\“ﬁn\ e B osE -~ _ ﬁgﬁié
SIS N - HDR — -1 A A _ 4—A Part 19
L T 4 L 2= Part 20
=15 E‘S\ \\H&&;’:?—aﬁ:&:},; o Tl % gl i -1.5 _— __' iy gﬁ T"
2 - — JZQ 2@ - B : +—+ Part 21
z i v T 7L 4 z -2 B =l 5 P— giﬁ ig
% 25 B “* ] 2.5 B ‘I% i 225 —2.5 A4 Part ]E!EF,.I'efemeuce
= s f vvvvvvvvvv ; 3 ; J‘ . e = F —'—'-';- *%— ------- Specification
35 OFF PI3F—v _3‘5__ a5k ]/_
41 141 » .
s T 1 ask 4, ]
_50‘1‘0‘2‘0‘3‘0‘4‘0‘5‘0‘6‘0‘7‘0‘8‘0‘9‘0I1[‘iﬂ_50II;OIB‘OO Y ISR S U U SN U BN U MU () MY R
o ey 0 D B B A T IS W W Wo' meam
ONERA

‘gesentation ) 202 —o

S



(nA)

Deltalb_A

RH1013 and RH1021 results

Bias effect: ON = wc Bias effect : OFF = wc
Ib out of spec. at 50krad hdr, 70krad Idr LineReg & Vout out of spec. at 10-30krad
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AD574 results
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OP15 results
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LM111 results
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LM111 results
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JL117 results
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Summary of results

DR effect | Complex DR effect (LDR or HDR) Bias effect: param. LM111
(LDR wc) | enhancement factor: WC for Ib /LDR dependant (ON WC)
Enhanc.
factor | Complex DR effect bias effect: OP15
+ enhancement : param. depend. (Vos wc) param.dependant
A HDR WC for Is, los (ON/OFF)
Rebound ELDR
,,,,,,,, <1.6 | Complex DR (LDR or HDR) & bias effect | required AD574
(param. dependant). Pass 100krad
OFF WC AD584
Bias predominant, LDR enhancement UC1834
not significant ON WC RH1013
- OFF WC RH1021
CMOS-like | HDR WC ON WC UCC1806
(end of ir. at 30krad) ELDR not | Partial/complete annealing
. (par. dep.)
required
HDR WC OFF WC JL117

(out of spec. at 10krad)

Complete annealing
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Conclusions

O Comparison of 36rad(Si)/h (LDR) with 360rad(Si)/h (HDR) in terms of component
degradation

O Set of 9 Bipolar / BiICMOS devices

O All device types exhibit DR effects with varying enhancement factor

O 3x more sensitive with LDR + 4x not significant => ELDR required for investigating WC
degradation

Rem: 360rad/h too low (comp. to 36rad/h) as HDR to determine ELDRS
O 2x « CMOS-like »: ELDR not required
 bias effect : device and parameter —dependant

R/

s Importance of performing xDR testing with #bias to approach an upper bound, or
worst case, for device parameter performance

** ELDR testing (2nd term 2011, <10 rad(Si)/h)) : DR for bounding degradation (device
dependent)? .... the lowest possible with a reduced total dose....
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