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Abstract Heavy lon Testing on Microsemi Integrated Motor Controller LX7720 The first round of heavy ion b:ﬁ]utj:t?ng N EStiaateneta e

The heavy ion SEL/SEE testing resuits of the Power Driver with Rotation and Current Sensing event effects of the LX7720 has been performed. The design is SEL
Microsemi radiation hardened analog mixed- immune up to 87 MeV.cmZmg and 125°C (fluence of 1x107
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presented. Nadia Rezzak, Dorian Johnson Overall, the LX7720 shows strong performance under the beam for
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The LX7720 is a power driver with rotation and position sensing. Single Event Latchup
Features four half-bridge N-CH MOSFET drivers with four floating LX7720
differential current sensors (option to be ground referenced or floating). = SEL tests were performed at a temperature of up to 125°C on 2 DUTs.
Also available are: three differential ADC sense inputs, one pulse N 4
modulated resolver transformer driver and six bi-level logic inputs. " - Driv;\‘ Half b ey | i | s | cracie: IO Supplies currents (mA) Events Count
E 3 & : B .d un d lo Temperatur 2V.Cim ngle CIM-£.5- uence L Commenrs
Can be interfaced with an FPGA, microcontroller or other logic element. P il - B I L B B Mnd e | | omar [Mevaml T S| e (| e | ot | pre | poue | SELEvents
Manufactured as a dual die MCM solution in a custom 132_p|n CQFP 4 2_SEE_ |Au 36 125 87.10 0.00 [7.12E+04| 100406 | 87.10 |237.2| 1372 | 383 |383| 00 | 00 | 59 | 59 0
* 5 2 SEE  |Au 36 125 87.10 0.00 |[7.09E4+04| 3.00E406 8710 |J1372| 1373 383 |385] 00 0.0 59 6.0 0
paCkageT bOdy 24mm 24mm' 4 5] 2 SEE  JAu 36 125 87.10 0.00 |7.15E+04| 3.00E+06 8710 1373 1371 385 |385]| 00 0.0 6.0 6.0 0
= - = ) = - - ] 7 2 SEE  |Au 36 125 87.10 0.00 |[7.55E+04| 3.00E+06 8710 |J1371]| 1371 385 |385]| 00 0.0 6.0 6.0 0
The LXTTZO IS dESIg”Ed to aCh]eve the fO”OW]ng radlatlon hardenlng CCHI Current FIDating 9 3 5EE  |Au S50 125 89.00 0.00 |6 64E+04| 2 00EHIG 8900 (1410 1416 410 |415]| 00 0.0 6.3 5.4 0
gOE'S: l Current 10 3 SEE  |Au 50 125 87.10 0.00 |800E+04| 1.00E407 | 8710 |1416] 3418 | 415 |a17| oo | o0 | 64 | 65 1 LET threshold to be determined
E : Z 11 3CC_SEE |Ap S50 25 43.60 0.00 |7 95E+04| 2 32E406 4360 |1343| 237 417 |23.7] 00 0.0 6.5 6.9 1]
- Jotal dose objective: TID tolerance is greater than 100krad (S,0,) — >ense 12 | scc_see |ag|  s0 25 4360 | 0.00 |3.426+04) 2.40E+06 | 4360 |237| 237 | 237 |237| 00 | 00 | 69 | 69 0
results a|ready available. FPGA 13 | 3CC SEE |Ag 50 25 43.60 0.00 |8.38E+04| 2.40E+06 | 4360 |237| 237 | 237 [237| 00 | 00 | 69 | 62 g
14 3CC_SEE |Ag 50 25 43 60 40.00 [7.78E+04| 1.72E406 56.92 227 237 237 |23.7] 00 0.0 69 69 0
SEL/SEU objective: SEL immune at =80 Me\f_cmgfmg and 125°C, 15 | scc_sEE |ag| 50 25 43.60 | 40.00 [7.856+04| 1.72e406 | 5692 |237| 237 | 237 |237] 00 | 00 | 69 | 63 0
Strong SEE performance _ Testlng July 2018 _ presented here _ PDSitiDn —— Resﬂlver 16 SCC-SEE AE 50 25 43 60 40.00 [7 91E+04| 1.72E4+06 56.92 237 237 237 |23.7] 00 0.0 6.9 6.9 0
follow-up October 2018 F— Interface
ELDRS sensitivity Objective: tolerance greater than 50krad (S.0,) — = At 36V and 125°C, no SEL events were observed when tested to a fluence of 1x107 particles/cm?and a LET = 87 MeV.cm?/mg.
Testing scheduled for January 2019
Temperature range: -55°C to 125°C. High temperature warning flag and = At 50V and 125°C, no SEL events were observed when tested to a fluence of 2x106 particles/cm?and a LET = 89 MeV.cm?/mg,
thermal shutdown available. by but some degradation was observed at a fluence of 1x107 particles/cmZ.
Qualification under MIL-PRF-38535 for QML-Q and QML-V.
The LX7720 device is classified under EAR 9a515.e = At 50V and 25°C, no SEL events were observed when tested to a fluence of 5.2x106 particles/cm?and a LET = 57 MeV.cm%/mg
particles/cm?.

= At 50V and 25°C, no SEL events were observed when tested to a fluence of 3.3x107 particles/cm?and a LET = 43 MeV.cm?/mg

. LX7720 BLOCK DIAGRAM particlesfom’
o— = Further tests will be required to determine SEL threshold at 125°C and 50V.
CP_CLK oyl E e I
§ Ll sShift [3 : :
- MGND Boost Circuitr .
Charge Pump E;“E: y Scan Chain
P se— X VEO0ST = All 156 flip-flops in the registers and digital busses are included in the scan chain.
o mrer with current sense
S‘;’M'?EEST I3[ BOOTSTRAP circuitry = A1 MHz clock and 250kHz input pattern are used to test the flip-flop chain.
2 G = The scan chain test shows good SEU performance from the TMR flip-flops similar to the LX7730 Telemetry Controller device which
b T j High-Side 50V N-CH driver uses the same FF with the same LET threshold. WEIBULL
UD_IN_A e - _ _ _ . .
] e — L :ﬂi H = Weibullcurve shown below using OMERE software version 5.0. |
, 00— AT _Q3 - ' _ _
scp i j Low-Side N-CH driver 4X = Resulting upset rate: 1.49x10-'%FF/day for GEO environement. He b
LILEF, — . > i Floating differential current |
= FﬁULTD@ VRTINS — CSPS p""u"FLT " SenSDrWIth Z& deL”atEd initial LET | Tilt Effecti Effective Events Count Events X-section Lme_ma? /’;HH '
B 2 - ! Flux e LET n Chain vents vents otal Dose J
16 our 4 o jtﬁ LK processed outputs e forfeven?| oo o s wevensy| S| ST 5™ o ol | o | | ol
L} : £ mg e e
MOD CLK A 20 'y oA 11 | 3cc_SEE |Ag| 43.60 000 |7.95E+04| 2.32F+06 43 60 5 0.00E+00 | 0.00E+00 | 1.296-08 | 1.62E+00 1.00e-009 |-
CLK OUT 1 ax SW Pin Current Sense 12 | 3cC SEE |Ag| 43.60 | 0.00 |8.42E+04| 2.40E+06 43.60 4 0.00E+00 | 0.00E+D0 | 9.98E-09 | 1.67E+00
COND 13 3CC_SEE |Ag 43.60 0.00 [ 8.38E+04 2 40EHIE 43 60 1 0.00E+00 | O.00E+30 | 2.50E-09 | 1.67E+00
S VDMOD — DMODOUT P 14 | 3CC SEE |Ag| 4360 | 40.00 |7.78E+04 | 1.72E+06 56.92 4 0.00E+00 | 0.00E+00 | 1.39E-08 | 1.57E400
e {1 Level \:I. —1 ™ x 15 3CC_SEE |Ag 43.60 40.00 | 7.85E+04 1.7 2EHI6 56.92 8 0.00E+00 | O00E+0 | 2.79E-08 | 1.57E+00 1.00e-010 -
DEMOD IN N i Shiﬂj? 4 “E ?ﬁ%_ PL’”SE denSIty mOdU|atEd 16 | 3CC SEE |Ag| 4360 | 40.00 | 7.91E+04 | 1.72E+06 56.92 12 0.00E+00 | 0.00E+00 | 4.18E-08 | 1.57E+00 |
—0 " LE@' % DDMDD—D ";“'r| resc:’lver exclter 30 3CC _SEE [Kr 28.80 000 |[6.72E+04 2 Q0EHIE 28.80 1 0.00E+00 | O.00E+00 | 299E-09 | 940E-01 .
FPGA g BWD JT: Shift ?7 31 SCC-SEE Kr 28.80 000 | 7.05E+04 2 O0E+HD6 28.80 1 0.00E+00 | O.00E+00 | 299E-09 | 9 40E-01 I . 1
ADC3 Migg : 0 zln dln Elu slln 100
Mod fo _t | | LET (MeV cm? / mg)
— Miﬁg: Ifferential resolver
Mod v sensorwith A modulated | 3X | | | . |
ADC2r M“”“ 2 processed outputs = The LX7720 is essentially an analog power solution, where the FFs have minimal functional use:
BLOL {—DB“I = 90 of these FF are used for internal setting prior to zener programming -> no impact on the function of the device.
BLOZ @:ﬁ“ii = 35 are for fault filter setting -> minimal functional impact, fault signals may show a transient but will recover.
BLO3 — .-‘""i_\.J_D 5 2 i a " 3
I S e Bilevel inputs — threshold 6 X = 27 FFs are for enable signals for the demodulator and the ADCs-> will only cause transients in enable for demodulator and ADC
aL05, %_.,,_DBLE e configurable data. No Latched-behavior.
BLOG @J—DE“E = 4 FFs are used to set the charge pump clock-> an upset could create a temporary frequency change on the VBOOST and VEE
Y20 " signals with no or nominal functional impact.
vee O—— 2s50v | VDMOD —LIDMOD _P5S
Ref e_rEn ce MGND_VEE
VREF_OUT [0 - - et
VREF_IN C— VREF Charge Pump VGS_VEE
PR_FAULT _ [ Power CF_CLKE Lsi‘:': = f eGP
Fault ==
OTW_FAULT _ [ OT ‘ <~ % RERUR UD and LD ngh-VOltage Drivers
Detect \VEE
MEN 5 e Lt = The LX7720 can drive 4 half-bridges:
RESET H Mode rﬂj

The high side external FET is driven by an internal upper driver referred as UD
driver — 4 total UD drivers.

The low side external FET is driven by an internal upper driver referred as LD
lll. LX7720 — RADIATION HARD BY DESIGN gammummmsmsssmssymesmey driver — 4 total LD drivers.

The Microsemi hardening solution involves a series of test chips and careful device = ESSZUD and LD driversiars identical;ine UD driver beng Tloating-witty e switch L
ARRERE Ill'l'lll' Frr f o = = -

characterization prior to being used in analog designs. In addition, some primitive devices : el SN g
on a given process or inadequate biasing of devices can yield poor total dose results. : NPT e
Microsemi has developed a series of block design IP and a components library to

overcome these issues.

The LX7720 controller is designed using two technology processes:

No state upsets were recorded, only transients.

SETs are recorded for:
= both UD and LD drivers when set high.
= both UD and LD drivers when set low.

« BI-CMOS process for analog precision circuitry,

LET threshold estimated from data of other similar drivers previously tested.

« Dielectric Isolated technology process capable of high voltage operation up to 350V, More testing to be performed to confirm threshold.

which is well beyond the absolute max rated operating voltage of the LX7720 of 50V.
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Beam front view

The design is partitioned to take advantage of both processes in terms of accuracy ZZ7SPFFRIFRIIINIIINININ AW NN
requirements and high voltage device ratings and radiation performance. = = Transients when drivers are set-high:
The device manufactured as a dual-die solution, co-packaged in a single package with ——
" WEIBULL
i i i - - Initial uence |Effective Events Count Events X-section T T
interconnect bonds between the two dice is shown here. | X7720 — dual-die solution e | T = Dk ol
Run # | Part # |lon R .I:l[;"l:? ([cm-2.5-1) | (cm-2) (MeV.cm SEL SET SE1) (krad) I
2/mg) g 2f/mg) | Events Events cm2 /devic | cm2/devic | cm2 /bit
3CC SE I e
IV Lx7720 SEE TEST PLAN TEST RESU LTS SUMMARY 24 E_|Ag| 43.60 | 0.00 | 7.53E+D4 |1.00E+06| 43.60 84 0.00E+00 | 8.40E-05 | 0.00E+00 | 6.00E-01 1.006-004 "
4 3CC_SE [ rd
25 E Ag| 4360 | 000 7.67E+04 |1.00E+06( 43.60 89 0.00E+00 | 8.90E-05 | 0.00E+30 | 7.10E-01 I ,’/
? - - 30C_SE ;
L S|ng|e Event Effect initial tests were performed on the _ 7 J - " = 28 E_|kr| 2880 | 0.00 | 56.97E+04 |1.00E+06] 28.80 112 0.00E+00 | 1.12E-04 | 0.00E+00 | 4.30E-01 “
: : A - - 4 - . : ; . : 1.00e-005 -
LX7720 at the Texas A&M University facility (TAMU) in s o Scale 10V/div and 1us/div. Typical transients observed <1us.
College Station, TX using a 15MeV/n cocktail beam on Jul - - mid : : : :
26 2318 ’ 9 y o Resulting transient rate: 1.9x10%/driver/day for GEO environment.
1 2 1.00e-006
= Functions: The LX7720 is a complex device and the plan is
exhaustive covering all mixed signal functions A
including/monitoring:
. . 0 20 40 &0 80 100
o Supply current consumptions on all supplies VCC, VGS, LET (MeV e/ mg)
VEE, VMPS.
o Upper and lower MOSFET drivers. = Transients when drivers are set-low:
o Flip-flop performance. —
Flux WEIBULL
i Initial Fluence |Effective Events Count Events X-section . :
o ADC not presented here. Tl LET Amtl o ; LET Scan Chain | SEL Events | SET Events| SEU #1 |Total Dose 1.00e-003 [
un a — (MeV.cm I[;-IEE‘T fom-2.5°1) fom-2} (MeV.cm SEL SET SEU (krad)
o Demodulator — not presented here. 2/mg) | (P& 2/mg) | Events | Events ey o pdenic| ez
o Bilevel telemetry — not presented here. 3cC_SE 000004 - ——
24 E Ag| 4360 | 000 | 7.BOE+04 |1.00E+06| 4360 24 0.00E+00 | 8. 40E-05 | 0.00E+00 | 6.00E-01 I ’ .
3CC_SE I v
25 E Ag| 4360 | 000 | 696E+04 |1.00E+06| 43.60 89 0.00E+20 | 8.90E-05 | 0.00E+00 | 7.10E-01 ,’/
a i . i . — - 3CC_SE
Conditions: Overall test conditions: VGS=135V, VEE=-15V L s e ) sree Jomel snaes |onsaa: 112 e o 1000005 -
External ( +/-18 for SEL), DMOD_PS=15V, VDD=3.3V, - J
MOD_CLK=24MHz, VMPS=50V nominal. . o Scale 10V/div and 100us/div.
— ’ LX7720 and SEU board facing beam _ o o
o Transient waveform on UD driver is shown, transient is also narrow <1us but i
. - agw - { - f B
= Results summary: The SEE results obtained demonstrate the = Availability of ions decay <100us willvary with RC load on UD and SW nodes. _
strong radiation performance of the device. ‘ : Cinitiar” o The set-up here has no load which should be a worst case for the decay. —
cotiated fean Chonge Tmes Tor (oA Moy Ber I Additional testing with different loading to be performed _
o The LX7720 is SEL immune at VMPS=36V at 125° C | he 55 |55 [s5 [ss[ssss[ss |70 [ 7070 Ot teium 9 9 P -
i 1.3 i . . = y
when tested to a fluence of 1x107 particles/cm?and a LET £ Sy IR S — — o Resulting transient rate: 1.17x10*/driver/day for GEO environment.
= 87 Mev.cmg!mg- % »| % 35 e BENNTN 45 | 45 | 45 B Argon D N N LET (MeV cm? / mg) X : "
Ce . S 50 | 40 35 35 35 | 35 | 45 | 45 | 45 18.7 Copper
o Gpod SEU performance of the TMRed scan chain in line £ = o B sl sl Bl oo
with the LX7730 performance. 5 50 | 40 30 | 35 | 15 15 | 30 | a5 | 45 | 45 | _493 Siver
o 50 | 40 30 | 35 | 25 30 | 45 | 45 | 45 49.3  ¥enon
O NO SEFI Waﬁ Obsewe{j. § ‘.I.Hpr 50 40 20* | 35 25 25 45 a5 45 56.0 PI‘ESEUd‘fI‘I‘iiUI"I‘i
o Low rate of upsets for the high voltage FET drivers. el AL 2B AR AR AR AR AR HE. R e
& tal 60 | 50 | 45 | 45 | 45 | 45 | 45 | 45 | 45 | 30 4.8 Tantalum
¥7au| 60 | 55 | 50 | 50 | 50 | 50 | 50 [ 50 | s0 | 30 82.8 Gold
. ) . He | N [ Ne | Ar | Cu | Kr | Ag | Xe | Pr | Ho
=  Additional testing will be performed to complete the plan and Initial 15 A MeV Beam Configuration

determine the SEL LET threshold for higher voltage VMPS.



