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OUTLINE OF WORK DONE

« Radiation testing of Low voltage components.
Neutron Irradiation
* Damage Study

* Single Event upset analysis for control board
Gamma Irradiation
* TID tolrrence

« Fault tolrrence LV Board Design
* Hard On and Stable OFF
« Implementation of reliable Ethernet communication .

* UDP Implemented successfully
* TCP/IP Imlementation , yet to start

« GUI Development for handling huge number of channels
* 30 Channel control

*60 parameter monitored



RADIATION TESTING OF LOW VOLTAGE COMPONENTS
NEUTRON IRRADIATION

* DAMAGE STUDY
* SINGLE EVENT UPSET ANALYSIS FOR CONTROL
BOARD
GAMMA IRRADIATION
* TID TOLERANCE




CONDITIONS

No annealing , Continuous Radiation

Accelerated life test (Acceleration factor
1000)

No Cooling

With greater SEU cross section and
Damage factor



NEUTRON IRRADIATION TESTING OF LVDB
COMPONENTS

Neutron Generator at Purnima? BARC
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NIEL FACTOR VS PARTICLE TYPE, ENERGY

NIEL factor of Silicon

for comparison, normalized to
1 MeV neutron
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Reference https://rd50.web.cern.ch/rd50/NIEL/default.html

ENERGY

5.7 SOE-01
7. .030E-01
7. A00E-01
7. S00E-01
& Z0O0E-01
. 8500E-01
S 000E-01
9. 400E-01
& S00E-01
OS0E+D00
S S0E-O0
Z250E+00
SSO0E-O0
450E+00
SS0E+O0
S50E-+00
T S0E+00
SS0E-O0
S50E+00
2 .050E+00
2.150E+00

—

R T . O T T [ T L T . R T

DAMAGE

oS FOEE-01
5.019E-01
5.7 24E-01
O Z2059E-01
1. 4559E+00
5. 318E-01
O 434E-01
1. 17 ZE+00
1.1 74E+00
5. 020E-01
5.5 F8E-01
9 S30E-01
O 410E-01
1.0 7SE+00
1.1Z28E+00
1. FS5E+00
& IOEE-01
1.411E+00
1. 353E+00
1.02ZE+00
1.1559E+00

R T . TSI T . . TSI U T . TSI A L T - MU . T L. T I . T . T

ENERGY

SOSE+01
3 13E+01
S2SE+01
S3ISE+01
343E+01
SasE+01
ESE+01
STSE+O1
SE85E+01
SE5E+01
~403E+01
~413E+01
A4Z25E+01
435E+01
~445E+01
-455E+01
A485E+01
A4T3E+01

DAMAGE

S8Z2E+00
S28E+00
F93E+00
SOSE+00
SISE+00
SOZE+00
FSOE+00
S04E+00
S F0E+00

S03E+00

—t ek b ok ek ek ok b fl L S 2 e e e e e

FE&TFE+00
S1TE+00
S30E+00
S43E+00
S45E+00
91 E+00
85 E+00
. r4E+00




THRESHOLD ENERGY OF NEUTRON-INDUCED SINGLE EVENT UPSET AS A
CRITICAL FACTOR

Y. Yahagi (yahagi@perLhitachi.co.jp), E. Ibe, Production Engineering Research Laboratory, Hitachi Ltd.
Y. Takahashi, Y. Saito, A. Eto, M. Sato, Renesas Technology Corp.
H. Kameyama, Renesas Kodaira Semiconductor, Co.,Ltd.
M.Hidaka, Elpida Memory, Inc.
AND
K. Terunuma, T. Nunomiya, T. Nakamura, Dept. of Quantum Science and Energy Engineering, Tohoku Univ.
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NEUTRON IRRADIATION

Exactly same set up were used

14 Mev mono-energetic neutron generator which works on
D-T reaction with the threshold of 300kev.

Yield = 7.7 x 10°N, /s
Flux =€6-132% 160N, /em” /s
RZ

* Damage Factor = 2

Converter, multiplexer switch and NOT gate sustained dose
of 4.46 x 10'2Neg/cm”

Observations
Slight increment in peak to peak ripples.
No effect on dc value of devices.

Single event transient and upsets were observed
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Converters

Current sensing IC All the components were
SPI Digital POT(LATCH) closely packed so that
Multiplexers

maximum beam exposure



Converters
Current sensing 1C

SPI Digital POT(LATCH)
Multiplexer




FPGA at <1.5¢m
SPI FLASH < 2.5 cm
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PCB exposed to radiation environment.

ADCs digitized and fetch different voltage and current of devices under
test to Spartan 6 Lx9 FPGA boards.

FPGA send data to computer via UDP protocol

Online real time parameter monitoring and data logging were done in
Matlab.
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*10% data plotted

*2.23 X 10e12 N, /cm2 = 4.46 X 10e12 N; Mev /cm2
*No change in DC Value

*Ripple increases at the end
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RIPPLE VOLTAGE
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CONCLUSION

Various component from different companies were
1rradiated and after multiple failures we have some
components which can tolerate desire radiation
leve!

Converterl 600Gy 4.46 x10!2 Neq/cm?
Converter2 600Gy 4.46 x10!2 Neq/cm?
Mux 60Gy 4.46 x10!2 Neq/cm?
Digital Pot 300 Gy 4.46 x10!2 Neq/cm?
Current 260 Gy 3.73 X10'2 Neq/cm?
sensing IC

Switch >700Gy 4.46 x10!2 Neq/cm?
Not Gate >700Gy 4.46 x10!2 Neq/cm?

All



CONTROL BOARD

RS-232 via USB-UART Bridge
10/100 Ethernet PHY

24 GPIOS

128MB SPI FLASH

Spartan 6 1x9 board

eAutomatic rebooting of Bit- file in FPGA with
desirable Refresh rates

*SPI Flash refreshed with the help of Diligent
Software.

*Read-back of bit file can be done via impact.



SINGLE EVENT UPSETS(BIT-FILE)

Size = 2722512bits
Dimensions = 2cm X 2cm
Flux= 2.725 x 10 " Neq /cm2/s

Xilinx RSCII Bitst ¥ilinx BASCII Bitstream

[l »

¢ Created by Bitstr¢ 5 created by Bitstream P.20131013
= Design name: Et - Dpeszign name: Ethernet Module.necd;UserID=0xFFFFFFFF
4 Architecture: ®I 4 QArchitecture: spartané

5 Part: 6 5  parc: 6zlx%c=g324

& Type: T8 5§ Type: readback

7 Date: Tt -+ pate: Tue jan 9 15:38:46 2018
2 Bits: 2" = gita: 2722512

2 0000000000000000 5 0000000000000000
10 0000000000000000 145  0PPEOOOOOOOOODOOO
11 0000000000000000 15  PPEOOOOOOOODOOOD
+2 0000000000000000 45 gopoooo000000000
15 0000000000000000 45 gopoooo000000000
14 0000000000000000 14 PPEOOOOOOOOODOOOD
15 0000000000000000 45  popopOOOOODO000O
<6 0000000000000000 45  gQoooDOOOOODOO00O
17 0000000000000000 17  0pPEOOOOOOOODOOO
<8 0000000000000000 4=  gopoDOOOOO0O000O0
15 0000000000000000 44  gopoDOOOOODO000O
<0 0000000000000000 545  0PPEOOOOOOOOODOOOD
=1 0000000000000000 5, gopoooo000000000
<2 0000000000000000 55 §opopOOO0000000O0
<5 0000000000000000 55  0PPEOOOOOOOODOOOD
24 0000000000000000 54  gopopOOOOODO000O0
25 |pooooooo00000001 - 5000nE0000000000
=6 0000000000000000 3¢ nopooo0000000000
=7 0000000000000000 55 5opooo0000000000
28 0000000000000000 52  £0OO000000000000
28 0000000000000000 54  £oOO000000000000
30 0000000000000000 -5  £0OO000000000000
51 0000000000000000 — 5;  gopoooo000000000
52 0000000000000000 55 gopoooo000000000
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% ISE iIMPACT (P.68d) - [Boundary Sca
@ File Edit View Operations Output Debug Window Help

L8 scixszies nc 2o REFRESH RATE 1 HOUR

‘291 Boundary Scan

[=] SysternACE

|=] Create PROM File (PROM File Format...
[Z] WebTalk Data ™ —

xcBeld
ethernet_module. bit

TDO

IMPACT Processes e0F X

Available Operations are:

=$ Program

= Verify

=P Get Device ID

mp Get Device Signature/Usercode
= Read Device Status

=P One Step SVF

=P One Step XSVF

= Read Device DNA enif 1
ead Device ‘\61']_1'} Fal].ed

@ Boundary Scan |

05 =
E:Bitstream: 98 - Comparison of bitstreams found 13686 differences. -

:Bitstream: 98 - Comparison of bitstreams found 13935 differences.
{3 ERECR:Bitstream: 98 - Comparison of bitstreams found 13985 differences.

Console F X

Boundary-scan chain wvalidated successfully. -
dp'1': Verifying device...INFO:iMPACT:2495 - Readback Size is 2722512,
QR ERRCR:Bitstream: 98 - Comparison of bitstreams found 13985 differences.
dp INFO: IMPACT : 395 - The number of difference is 13985

'1': Verification terminated.

done.

LCE _cycle = HoWait.

LCE cycle: HoWait

FROGRESS END - End Operation.

Elap=ed time = 3 =ec,




{5 ISE IMPACT (P.68d) - [Boundary Scan]

. s

e —

I@Fill& Edit View Operations Output Debug Window Help

DPE XPExuw: 2a=alrN

[IMPACT Flows

aa=l-E4

‘&a Boundary Scan
[=] SystemACE

|=] WebTalk Data

E Create PROM File (FROM File Format...

|iMPACT Processes

+0&F X

Available Operations are:
=) Program

= Verify

=) Get DeviceID

md Read Device Status
=) One Step SVF

=) One Step XSVF

=) Read Device DNA

=) Get Device Signature/Usercode

{EFTJBET
T —
xcBsbd
ethernet_medule. bit
TDO

REFRESH RATE

10 MINUTES

Vernfy Failed

£

BEE

2

Boundary Scan

~0& >
:Bitstream: 98 Comparison of bitstreams found 111 differences. 4
tBitstream: 93 Comparison of b:i.tsh‘.reams found 85 differences.
:Bitstream: 98 Comparison of bitstreams found 353 differences.
:Bitstream: 93 Comparison of bitstreams found 523 differences.
:Bitstream: 98 Comparizon of bitstreams found 589 differences.
:Bitstream: 98 Comparison of bitstreams found 910 differences.
:Bitstream: 93 Comparison of bitstreams found 8595 differences.
:Bitstream: 98 Comparison of bitstreams found 947 differences.
tBitstream: 93 Comparison of bitstreams found 1042 differences.
Cansole & X

done.

Elapsed time =

LCK_cycle = NoWait.
LCE cycle: NoWait
PROGRESS END - End Operation.
3 sec.

Boundary-scan chain walidated successfully.
Jdp'1': Verifying device...INFO:iMPACT:2495 - Readback Size is 2722512,
@ EERCOR:Bitstream: 98 - Comparison of bitstreams found 1042 differences.
Jp INFO: iMPACT: 395 - The number of difference is 1042

'1': Verification terminated.



{33 ISE iMPACT (P.68d) - [Boundary Scan]

_II:I 23

%
DPEH| $BE X

- R =

- - »v REFRESH RATE

10 MINUTES

&

MPACT Flows e0f x p srrrr m e o o ommm v R o= rowr omor o
‘&a Boundary Scan TETIERD I I I I I I g
=
[=] SystemACE bood--
ECm&NMﬂMWWMWﬁmmm
=] WebTalk Data T — 45~ -
syl UPSETS -
ethernet_moc
e IN
i BIT FILE |
g J_ i
iMPACT Processes 08 x LL|
Available Operations are: : FLS -
=) Program G’
= Verify LI
=) Get Device ID 2t
=) Get Device Signature/Usercode I:E
=) Read Device Status T8
=) One Step SVF 5
= One Step XSVF 13-
=) Read Device DNA
1
5 s
Errors
3 ERRCR:Bitstream: 98 - Comparison of bitstreams | Jl I
[x] :Bitstream: 98 - Comparison of b:i.ts#r.r:eams ]
] :Bitstream:98 - Comparison of bitstreams 0 ) 0 500 §00 m 800
a :Bitstream: 98 - Comparison of bitstreams NUMBER DF UPSETS
QD :Bitstream: 398 - Comparison of bitstreams IounQ sScoY QlITIErences,
a 188 - Comparison of bitstreams found 910 differences.
] 198 - Comparison of bitstreams found 859 differences.
[x} 198 - Comparison of bitstreams found 947 differences.
[x] 198 - Comparison of bitstreams found 1042 differences.
Cansole & X

Boundary-scan chain walidated successfully.

Bin Size =5 :

Jdp'1': Verifying device...INFO:iMPACT:2495 - Readback Size is 2722512,

[x] Bitstream:98 - Comparison of bitstreams found 1042 differences. o .

dp INFO:iMPACT:395 - The number of difference is 1042 Total entltles = 140
'1': Verification terminated.
done.

Max Occurrence = 398

LCK_cycle = NoWait.
LCE cycle: NoWait
PROGRESS END - End Operation.

Elapsed time = 3 sec.




E ISE IMPACT (P.68d) - [Boundary Scand e e .~

E—% File Edit VWiew Operations Output Debug Window Help == =
Noag wooxzm: e == »0o REFRESH RATE 2 MINUTES
iMPACT Flows 08 x
‘&a Boundary Scan TEFIBED 8 T T T
[=] SystemACE PRt
E Create PROM File (FROM File Format...
=] WebTalk Data oI —
i -
xcisbd
ethernet_mod
TDO
6 -

=) Get Device Signature/Usercode

5 -
iMPACT Processes 08 x z
Available Operations are: LLI
=) Program :) 4 1
= Verify
=) Get DeviceID 8

IR

mp Read Device Status 3 -
=) One Step SVF
m) One Step X5VF
=) Read Device DNA
2._ —
5
1 -
Errors
[x} Bitstream: 98 - Comparison of bitstreams
[x] Bitstream:98 - Comparison of bitstreams
] Bitstream: 98 - Comparison of bitstreams 0
a Bitstream: 38 - Comparison of bitstreams 0 10 20 0 40 50 60 70
@ Bitstream: 98 - Comparison of bitstreams
a Bitstream: 98 - Comparison of bitstreams NUMBER OF UPSETS
] Bitstream:98 - Comparison of bitstreams found 20 differences.
[x} Bitstream: 98 - Comparison of bitstreams found 14 differences.
[x] Bitstream:98 - Comparison of bitstreams found 40 differences.
@ Bitstream: 98 - Comparison of bitstream=s found 60 differences.
Cansole & X
Boundary-scan chain walidated successfully. Bin Size — 1 -
Jdp'1': Verifying device...INFO:iMPACT:2495 - Readback Size is 2722512,

[x] :Bitstream:98 - Comparison of bitstreams found 60 differences. o .

4y INFO:iMPACT:395 - The number of difference is &0 Total entltles = 240
'1': Verification terminated.
Max O = 42

LCK_cycle = NoWait. aX Ccurrence

LCE cycle: NoWait

PROGRESS END - End Operation.

Elapsed time = 3 sec.




UPSETS IN FLASH MEMORY

*128Mb
eSize 10 X 7.10 mm2
FLUX= 107 Neq/cm2/s
*Read-back by Diglent software
*File format .mcs (Hex-File)
tvUzerssSuzanta PalwDezktopssuper_goldens1w?_flazh_programming_optionlssfutil

util —d obhp —m N25Q128 —w C:sdullysudp-mcs —fh
Data format or syntax error in input file

tsnlzerssSusanta Pal“Dezsktophsuper_goldens1x?_flash_programming_optionlssfutil?
wutil —d obp —m H25Q128 —» Cindully~udp-hex —fi

eading flash memory and writing to file: Czhdullysudp.hex

Bytes written to file: 16V77216

tnlzerssSusanta Pal“Dezsktophsuper_goldens1x?_flaszsh_programming_optionlssfutil?
util —d obhp —m N25Q128 —w C:sdullysudp-hex —fi

Doing partial ewrase of flazh memory device
driting file: C:isdullysudp.hex to flazh memory device
Bytes written to flash: 16777216

tnlzerssSusanta Pal“Dezsktophsuper_goldens1x?_flaszsh_programming_optionlssfutil?
util —d obhp —m N25Q128 —w C:sdullysudp-hex —fi

Do ing partial erase of flash memory device

driting file: C:isdullysudp.hex to flazh memory device

Byutes written to flash: 16777216

tnlzerssSusanta Pal“Dezsktophsuper_goldens1x?_flaszsh_programming_optionlssfutil?




UPSETS IN FLASH MEMORY

*128Mb

*Size 10 X 7.10 mm2
FLUX= 107 Neq/cm2/s
*Read-back by Diglent softw
*File format .mcs (Hex-File)

tvUzerssSuzanta PalwDezktoprsu
util —d obhp —m N25Q128 —u G
Data format or syntax error in

tsnlzerssSusanta PalsDesktopsu
wutil —d obhp —m M25Q128 —» C:n
eading flash memory and writi
Bytes written to file: 16Y77216

G:\dullyhudpjhex
Bytes written to flash: 167772

= |

| = | = | =] | =

|= udp mcs X

Byutes written to flash: 16777216

:020000040000FA

t10000000FFFFFFFFFFFFFFFFFFFFFFFFEFFFFFFFFOO
:10001000AR99556630A1000T7200031RA10380314123
:100020003D0831610%EE31C20400109330E100CFEE
:1000300030C100812000200020002000200020008E
:1000400020002000200020002000200020002000B0
:1000500020002000200033813CCE8318108813421F8
:1000600000003201001F31EIFFFF33210005334161
:10007000000433010100326100003281000032A12E
:10008000000032C1000032E1000033811BE233C2049
:10009000000000002000200030220000000030A1FD
:1000A00000015060000298AD000000000000000058
:1000B0000000000000000000000000000000000040
:1000C0000000000000000000000000000000000030
:1000D0000000000000000000000000000000000020
:1000EQQODO00000000000000000000000000000010
:1000F0000000000000000000000000000000000000
:1001000000000000000000000000000000000000EF
:1001100000000000000000000000000000000000DF
:1001200000000000000000000000000000000000CF
:1001300000000000000000000000000000000000BF
:1001400000000000000000000000000000000000AF
:10015000000000000000000000000000000000009F
:10016000000000000000000000000000000000008F
:10017000000200000000000000000000000000007D
:10018000000000000000000000000000000000006F
:10019000000000000000000000000000000000005F
:10014000000000000000000000000000000000004F
:1001B000000000000000000000000000000000003F
:1001C000000000000000000000000000000000002F
:1001D000000000000000000000000000000000001F
:1001EQQODO00000000000000000000000000080007

IANT EAAOOAOAASAANONNAaNANNANaNANONAaaNANNES

tnlzerssSusanta Pal“Dezsktophsuper_goldens1x?_flaszsh_programming_optionlssfutil?




UPSETS IN FLASH MEMORY

*128Mb
eSize 10 X 7.10 mm2
FLUX= 107 Neq/cm2/s
*Read-back by Diglent software
*File format .mcs (Hex-File)
tvUzerssSuzanta PalwDezktopssuper_goldens1w?_flazh_programming_optionlssfutil

util —d obhp —m N25Q128 —w C:sdullysudp-mcs —fh
Data format or syntax error in input file

tsnlzerssSusanta Pal“Dezsktophsuper_goldens1x?_flash_programming_optionlssfutil?
wutil —d obp —m H25Q128 —» Cindully~udp-hex —fi

eading flash memory and writing to file: Czhdullysudp.hex

Bytes written to file: 16V77216

tnlzerssSusanta Pal“Dezsktophsuper_goldens1x?_flaszsh_programming_optionlssfutil?
util —d obhp —m N25Q128 —w C:sdullysudp-hex —fi

Doing partial ewrase of flazh memory device
driting file: C:isdullysudp.hex to flazh memory device
Bytes written to flash: 16777216

tnlzerssSusanta Pal“Dezsktophsuper_goldens1x?_flaszsh_programming_optionlssfutil?
util —d obhp —m N25Q128 —w C:sdullysudp-hex —fi

Do ing partial erase of flash memory device

driting file: C:isdullysudp.hex to flazh memory device

Byutes written to flash: 16777216

tnlzerssSusanta Pal“Dezsktophsuper_goldens1x?_flaszsh_programming_optionlssfutil?
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DIGITAL PoOT

Size 8 bit

Dimensions =1.63mm x 2.9mm =

- CONTROL POT —_—

Flux = 3.62 x 10" N, /em? /s

1500

ADC COUNT
g

g

REAL-TIME D

-

DOSE




REFRESH BEFORE | NUMBER | AFTER

RATE / VALUE OF VALUE
DURATION UPSETS
OMINS (2)Hrs 00000111  Nil 00000111
10 MINS(2Hrs) 00000111  Nil 00000111
25MINS (2Hrs) 00000111 Nil 00000111
60 MINS(2Hrs) 00000111 14 00001010
120 MINS(2Hrs) 00000111 31 10010110

240 MINS(6Hrs) 00000111 33 11011011




LVDB BLOCK DIAGRAM

| Vee
12V Non Isolated
. DCto DC -G
Commercial converter 1 e —
DC 12V ERROR DI | S
CSRESILENT SPI Rsense m—_‘_
Power + CONTROL 1
Suppl
Non Isolated | 4373 |_
DCto DC b | S
converter 2 FEE?2

ERROR
CSRESILENT SPI

Non Isolated

-1 DCto DC
converter 15

0811% ERROR
Mt :
“““““““ Analog |
Analog MUX Multiplexer [—
[
Controller :
: 3

Selection Line



(GAMMA IRRADIATION TEST

Converter, Multiplexer, Switches , NOT gate were tested
Gamma Irradiation with cobalt 60 source(1.17Mev)

Dose rate 240Krad/hr

Resolution of ADC 0.8mV

Sampling rate 5Msps

Fan cooling

On line data acquisition, data logging .

Offline data segregation , data merging.

Analysis of segregated data on mat-lab.



Irradiation test set ups

 Device under test exposed to radiation environment

o ADCs digitized and fetch different voltage and current of device under
test to Spartan 6 Lx9 FPGA boards

 Online real time parameter monitoring(Chip-scope pro)and data logging
of device under test .

* Analysis of stored data for understanding the effect of accumulated dose

Current &
Voltage

Device

under test

Radiation
Zone

12bit ADCs for
data acquisition

Spartan 6 Lx9 board




Experimental Set Up continue

Gamma

Chamber

Converter

Online data
monitoring and
logging
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TEST RESULTS WITHOUT RADIATION
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DC RESPONSE OF CONVERTER1
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FFT WITHOUT RADIATION
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FI'T WITH RADIATION
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RIPPLE WOLTAGE
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OBSERVATIONS

Average peak to peak value of ripple 1s more or less
same before and after irradiation.

Converter start failing after 26.25krad.

Upto 26.25krad Dc gain is more less same before and
after irradiation so is the efficiency.

Due to gamma radiation 1on hole pair are generated in
subtract which alter the number of charge particle in
current thus shot noise is introduced.

FFT spectrum(without radiation) shows peaks other
with switching frequency and folded version of high
frequency noise.



Ch#0 ---
Ch#1 ---
Ch#2 ---
Ch#3 ---
Ch#4 ---
Ch#5 ---
Ch#6 ---
Ch#7 ---

Irradiation set up for multiplexers

Gnd

1.4V
Gnd

1.4V  Expected Output,
Gnd
1.4V
Gnd
1.4V

of Multiplexer

Digital pot

1.4V Input

g
|
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Error Resilient
control system




LVDB BLOCK DIAGRAM
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Single CMOS output

If single CMOS logic is used then control system will be very
unreliable.

+V

Neutron 0\

PMOS

OUTPUT Head on collision with potential
*® O neutron can upset the stored output
with very high probability

INPUT

Oe :AzLN MOS




Reliable approach

*SPI control resistor based control system with Hard ON

and Stable OFF
*100Kohm resistance had been divided into 256 division

\J
100KQ— "NAN—— 0KQ

CONTORL REGISTER
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e
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'r'-1SE
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'.SB

BINARY COUNT RESISTANCE

00000000
00000001

1111111310
11111111

99.61
99.22

0.78Kohms
0.31Kohms



continue

*Base current of npn transistor is controlled by SPI control resistor such
that on binary count of 00000000 converter is OFF and 11111111 make it
ON

*Incoming neutron should change status ot all exght bit then only output ot
controller is effected Over

Current IC

—

[ oo L TTI |
12V : | E
_ | I

SP1 CONTROL

SPI CONTROL

BINARY COUNT RESISTANCE

ON m====) 00000000 99.61 —

00000001 99.22 - . Deeply buried Ig
| | Inside Cut off
| | region
| |
| |

11111110 0.78Kohms

OFF ) 11111111 0.31Kohms




Reliable approach

*Neutron Flux upsetting all six or seven bit simultaneously
*Chances are one in million

CONTORL REGISTER

e
|

{7 | ¥ ¥ ¥
R

MSB T LB

BINARY COUNT RESISTANCE

LSID3Y THLNO

K
i

00000000 99.61
00000001 99.22

I I

I I

I I

I I
11111110 0.78Kohms

11111111 0.31Kohms



FAULT TOLERANT CONTROL WITH SPI POT

Vdd ——

LOGIC(HARD ON STABLE OFF)
T1, T2 Both in deep cut off------------- ON
Either one of them ON

Vce

R3

e TV WLV

Digital pot

R4

uld jqrquy o,




R5 T e e

T1

vdd | | .
Vee - > -
0

R1 + Xon } DEEP INTO CUT OFF REGION
R2 + 100- Xon

JUST ABOVE CUT OFF REGION
R2 +100- Xoff R1 + Xoff =R2 + 100- Xoff

Xoff = R2-R1 +100
2

uld yqyuy o,




I 4

L]
Ilf:" ‘mar/

Saturatlor"f

Rb:i=Rb:=R1 + Xoff =R2 + 100- Xoff

-—

Xon= U0guuguuuy
Xoff=11111000

Floating enable= ON
Disable voltage >0.8-8.

Enable voltage < 0.8 Rb.=R1 + Xon

Hard ON \ /
And - @

Stable off Rb:=R2 + 100 -Xon




Rb:i=Rb:=R1 + Xoff =R2 + 100- Xoff

Xon= 00000000
Xoff=11111000

Disable voltage >0.8-8.3
Enable voltage < 0.8 Rb.=R1 + Xon

Hard ON and Stable \ /

4
OFF Rb:=R2 + 100 -Xon

§ Floating enable= ON




First prototype of LVDB Board

4 l]ayer PCB

* Voltage and Current monitoring points
e On- Off control

e Radiation hard components



Current monitoring
MUX
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4:1 design

SPI control register is keep on refreshing with 1Khz rate via multiplexer

Current and voltage monitoring of each channel

Over
Current [C ]
gt TT1 T
| RIIMI
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| Current IC 1
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lController Scrubbing

r

SPI FLASH
Golden Copy

4

IError Resilient design of board




eMaximum four board can be interface with Spartan six 1x9 board
In our design we had connected two boards

*UART/ Ethernet
*GUI on mat lab

Current monitoring
MuUX
L3

o
=]

=
2
g
=
w

Voltage monitoring
Control MUX MUX

Current monitoring

SO [011U03

Voltage monitering
Control MUX MUX




Monitoring and control
GUI on mat-lab

Panels Off
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HEIP FROM COLLABORATION

KPICS 7777



Thank you

For more information regarding the radiation hard components, please
contact me at vnegi@uvecc,gov.in
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FAULT TOLERANT CONTROL WITH SPI POT

Vdd ——

LOGIC(HARD ON STABLE OFF)
T1, T2 Both in deep cut off------------- ON
Either one of them ON

Vce

R3

e TV WLV

Digital pot

R4

uld jqrquy o,




R5 T e e

T1

vdd | | .
Vee - > -
0

R1 + Xon } DEEP INTO CUT OFF REGION
R2 + 100- Xon

JUST ABOVE CUT OFF REGION
R2 +100- Xoff R1 + Xoff =R2 + 100- Xoff

Xoff = R2-R1 +100
2

uld yqyuy o,
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Rb:i=Rb:=R1 + Xoff =R2 + 100- Xoff

-—

Xon= U0guuguuuy
Xoff=11111000

Floating enable= ON
Disable voltage >0.8-8.

Enable voltage < 0.8 Rb.=R1 + Xon

Hard ON \ /
And - @

Stable off Rb:=R2 + 100 -Xon




Rb:i=Rb:=R1 + Xoff =R2 + 100- Xoff

Xon= 00000000
Xoff=11111000

Disable voltage >0.8-8.3
Enable voltage < 0.8 Rb.=R1 + Xon

Hard ON and Stable \ /

4
OFF Rb:=R2 + 100 -Xon

§ Floating enable= ON
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