Switching DC-DC converters’ TID
and SEE hardness investigation
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otal dose and SEE experimental data for switching DC-DC

converters and its basic parts (MOSFETSs, error amplifiers, PWMs,
optocouplers) is presented. The most total dose and SEE
sensitive parts are revealed.
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|.  INTRODUCTION
One of the important problems of designing space equipment is the creation of an effective
and radiation hard power supply system. The base power system element is switching DC-DC
converter. The sufficient information on DC-DC converter total dose and SEE behavior Is
essential for space applications [1-3]. %0
We conducted over 50 different total dose experiments on switching DC-DC converters and
found its hardness levels vary drastically from 1 to 360 krad depending on manufacturing
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process and electrical conditions (fig. 1). 20 = ' '
The aim of this work is to explain different hardness of DC-DC converters, base on analysis “ dusully u
. . . . . 0 4.8 84988 4dH8484008404UUduud8 o B 9 H 9898,
radlatlonbehaVIOrOfthelrmalnpartS. gg%%%%g%ﬁﬁﬁ%g%%%%ﬁ@%%%%@%%%%ﬁ%gﬁfﬁifﬁi%%%%%%fﬁ@%g%%ﬁﬁﬁaﬁ
Over 60 experiments were done for MOSFETSs, error amplifiers (operational amplifiers and 538827 ECCEECRESiREEEE S RsiiiiE s sspasabbEEEE
2 °3 ; EE 2352288 **F::553 ECEEEEEZEE 5 -

comparators), PWMs and optocouplers in order to find the most dose and SEE sensitive parts
of the DC-DC and to suggest the hardness improvements. Electrical mode inherent to
switching DC-DC converter was taken into account in every experiment.

Fig. 1. Experimentally obtained total dose hardness levels of DC-DC converters

Il.- TOTAL IONIZING DOSE The error amplifiers in the DC-DC converters are usually built on operational amplifiers or

Power MOSFETs are used in DC-DC converters as switching elements. It is well known that voltage comparators. More than 20 total dose experiments on operational amplifiers and voltage
threshold voltage decreases for n-channel and increases for p-channel MOSFETSs during total comparators with respect to the electrical mode in DC-DC converters demonstrated no
lonizing dose Irradiation. The total dose experiments for up-to-date powerful MOSFETs with degradation up to 80 krad which could affect the proper converter operation.

respect to the electrical mode in DC-DC converters exhibit similar degradation (fig. 2). Usage of

p-channel MOSFETS with additional gate-source voltage level pull-up unit (in order to equalize Over 20 experiments have found optocouplers (Avago Technologies, Agilent Technologies,
the threshold voltage degradation) can improve total dose hardness of the DC-DC converter. Fairchild, etc.) to be potentially total dose and SEE sensitive. In some cases employment of the

transformers instead of optocouplers can improve DC-DC converter total dose and SEE hardness.

1e+l 18+1
1a-1 A 1e+0 4
Te-2 A 11 -
13 - =2 9

le-d A 1B-3 A
1e-d -

Bipolar PWMs are experimentally proved to be less total dose sensitive regarding CMOS and
BICMOS devices. Therefore bipolar PWM employment can improve DC-DC converter total dose
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converters we can find critical parts to heavy ions impacts.
Fig. 2. Powerful MOSFETS total dose degradation
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lon irradiation experiments revealed that powerful MOSFETs and PWM controllers are the most
SEE sensitive parts of the DC-DC converters. In order to distinguish the response of each part,
separate irradiation experiments were conducted (fig. 5, 6).

PTHO3060WAH is hybrid switching DC-DC converter (Fig. 3). It consists of power MOSFETS
(1,2 on Fig. 4), operational amplifier (3 on Fig.4) and PWM-controller (4 on Fig.4).
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Fig.3. Foto of PTHO3060WAH: top view (a) and bottom (b) o 8
Fig.5. PTHO3060WAH supply current vs. time during Fig.6. PTHO3060WAH supply current vs. time during
Xe-ion irradiation (only MOSFET is irradiated) Xe-ion irradiation (only PWM is irradiated)

V. CONCLUSION
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Power MOSFETs and PWM controllers are experimentally proved to be the most total dose and
SEE sensitive parts of the DC-DC converters. Usage of the p-channel MOSFETS with additional
gate-source voltage level pull-up unit, transformers and bipolar PWM controllers can improve total
dose hardness of the DC-DC converters.

(b)
Fig.4. Decapsulated PTHO3060WAH: 1,2 — power MOSFETS, The work is supported by Russian Science and Education Ministry within "Complex-MEPHI"
3 — operational amplifier, 4 — PWM controller project under Russian Federation Government Regulation Ne 218.

\_ /




	radec_2012_3.vsd
	Page-1


