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BIST for FPGAS

4 reprogram FPGA to test itself
No area overhead or performance penalties

JApplicable to all levels of testing
Application independent testing
v'A generic test approach for a generic component
Good diagnostic resolution

J

Memory to store BIST configurations
v'Goal: minimize number of configurations

Download time to execute BIST configurations
v'Goal: minimize downloads and/or download time

4/06 ll Avsurn univers: rv 2
‘B SAMUEL GINN CCLLEGE OF ENGINEERING




BIST for FPGAS

dProgram some of the CLBs as Test
Pattern Generators (TPGS)

JProgram some of the CLBs as Output
Response Analyzers (ORAS)

dProgram resources to be tested

Logic BIST — configure logic blocks under test
(BUTS)

Routing BIST — configure wires under test
(WUTS)

Testing logic and routing resources typically
separated
v'But you need one to test the oth%
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FPGA BIST Configurations

FPGA Logic Routing Total
2C 9 (27(48)| 66
ORCA 2CA 14 48 76
Atmel AT94K/40K 4 56 64
Cypress 39K 20 419 459

4000E/Spartan 12 128 152

4000XL/XLA 12 206 | 230
Virtex-l/Spartan-Il| 12 283 | 307

Virtex-4 15 ? ?

Notes: Logic BIST configurations applied twice for total
Configurations for embedded cores not included
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BIST for Programmable Logic

TPG TPG BUT
ol ORA
} ! | l BUT
BUT| |BUT | ®°°° |[BUT | |[BUT ORA
BUT
* * * : ORA
ORA| |ORA | e°° [ORA| |ORA BUT
I 1 I TPG
BUT| |BUT| ®eee |BUT | |[BUT | 2
[Globa | rpg IR
QTwo test sessions gy PRI
- - (B el
Row or column orientation [ I=ORA
| . (PRl
1 Good balance of global & local routing PRI
 Algorithmic placement & routing Test Session 2

Good for dynamic partial reconfiguration
Easily scalable with XDL ﬁ
|
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Pathological Case
To escape detection all of the following must be true:

X & Y have same position In
both TPGs in row 1

dV & Z have same position in X[ [ ] ]

both TPGs In row 8

A
)
=

dX & Y have equivalent faults

dV & Z have equivalent faults

AX &Y cause TPGs inrow 1 to

skip patterns that detect V & Z
AV & Z cause TPGs in row 8 to M

0 N O O h WO DN B

skip patterns that detect X & Y

But rotating test sessions will detect these faults!!

[
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Diagnosis Based on BIST Results

Step 1: Record ORA results

Step 2: Mark BUTs good
between consecutive
ORAs with Os

Step 3: Mark BUTs good for
every two adjacent Os
followed by empty cell

Step 4: Mark BUTs bad for

N

)
)
A
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y d Note:
every consecutive 0 and 1 Row 4: BUTs 1 & 2 have equivalent faults
followed by empty cell Ambiauities:

Step S: _Inconsiste_ncies Mmean Row 2: BUT 6 may be faulty or fault-free
fault in ORA or In routing Row 6: BUT 6 may be faulty or fault-free

resources Row 3: BUT 5 and/or BUT 6 is faulty
Step 6: Unique diagnosis if all Row 5: BUTs 1 & 2 may be fault-free or

BUTs marked faulty or faulty (with equivalent faults)

fault-free rotate BIST 90 °to remove ambiguities
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ORA Designs

d ORAs have big impact on BIST architecture
Need to retrieve BIST results from ORAsS e N T
Both logic and routing BIST
Bigger impact than TPGs
4 Original design
Large comparators with output to 10 pins '
 Iterative ORA
All ORAs in row/column fed to 1 1O pin
Poor diagnostic resolution
4 Integrated ORA/scan chain
Higher diagnostic resolution
More logic for scan chain
Interface to Boundary Scan
 Configuration memory readback
No logic for scan chain

Partial configuration memory readback’ O Shift
Readback from embedded processor ﬁ Y
|

om BUTs

utputs fr
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Virtex-4 BIST (Circular Comparison)

dCircular comparison of BUTS
Better diagnostic resolution

Possibly better fault detection Treur
ONeed TPGs 3 0 —=ORA
Embedded processor FDTﬁ_D_D_D_ﬁ_D_Ij_D_ﬁ_D_&TDj
Other cores (OO0 -0 -0,
v'DSP OO0-0-0-0-0-0-0-0--0-H O
v'Embedded RAM (OO0 -0 -0
DSP counter reads TeSice SHeRiga #1

RAM (ROM) with test patterns
dNeed sufficient routing resources
For circular comparison
Avalilable in Virtex Il & 4
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Circular Comparison Diagnosis

Step 1: Record ORA results
Step 2: Mark all CUTs associated with two or more
consecutive ORAs with Os (O=fault-free)
Step 3: Recursively mark CUTs with 1 (1=faulty) for every
consecutive 0 and 1 followed by empty cell
Step 4: Inconsistencies mean fault in CUT-to-ORA routing
resources or in ORAs it they have not been tested and
known to be fault-free

Step 5: Unigque diagnosis if all CUTs marked faulty or fault-free

Notes:

No loss of diagnostic resolution at edge of array - there are no edges

C3 and C4 have equivalent faults
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CUT=Circuit Under Test (CLBs, DSPs, RAMs, etc.)
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Logic BIST for Large FPGAS
dLimiting TPG loading

Signals degradation after
many Programmable
Interconnect Points (PIPS)
v’ around 150-200 PIPs
Used quad BIST
structures In large
4000XL/XLAs

A Virtex-4
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Small number of rows with
BIST structure across all
columns

v 2 TPGs/BIST structure

Repeat to fill array
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On-line BIST, Diagnosis & FT

dRoving Self Testing AReas (STARS)

Test programmable logic & interconnect in FPGA

Horizontal STAR (roves up and down FPGA)
v'Tests horizontal routing resources

Vertical STAR (roves across FPGA)
v'Tests logic and vertical routing resources

Nooooooooo LI ool |amomon
OooooOo0ooOoOoO V-STAR g4 AL L SaL A
oooOoOoOoOoooo :-:'
oooooOooo
SEDDDDDDDD + + i re LT gg :;::gg
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SR System 32| 2Eags
OoOoOoOOOoOOO F t OO Oooo0oo0
UunNction ]
FPGA Self-Testing
H-STAR




On-Line BIST, Diagnosis, & FT

d Exploits dynamic
partial reconfiguration

U STARS rove across
FPGA performing BIST

[ Diagnosis when faults
are detected

d Reconfiguration of
system function to
avoid faults when
STAR moves to new
position
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XDL Example of an ORA

inst "ora_1 1""CLB", placed R1C1 CLB R1C1,

cfg "

G #HLUT.G=(GC1@G2)+(G3@G4) G3IMUX::G3l G2MUX::G2I
H::#LUT:H=F+G+H1 HO::G H1::C4 H2::F
CLKY:CLK DY:H YOMUX: QY SRY:RESET FFY: . #FF

SRX:RESET FREX:#FF " ;

net"ora 1.1 yq", 5
outpin "ora_ 1 1" YQ ,
inpin "Gral 1 SICY |

unrouted
netin XDL

. pip R1C1 CENTER GY® -> CENTER_GYQ_VERT | .
pip R1C1 CENTER_GYQ VERT -> CENTER_H2R, S netin
oip R1C1 CENTER H2R -> CENTER C4 | DL
' BLO1- X
BRO1
BLO2 - ;
= B i | P
2 YQ
BLO3 — :
BRO3 —+ 1] v o
BLO4
BRO4 — ﬁ AUBURN UNIVERSITY 14




Automated BIST Configurations

dC program generates
XDL file
J.XDL to .NCD
xld —xdl2ncd bist.ncd

A FPGA Editor

Design Rule Check
Route with “no pin swap”
option

J.NCD to .BIT
BitGen
Download into FPGA

J.NCD to .XDL

Modify for subsequent BIST

- configs in test session

BIST Programs

1L

XDL file

| FPGA Editor

O|0|0|0|0|0)0|0|0,0

XDL.exe S B EEEEEE

] ][] ] [ =] ] ] ] ]

j:[ ] ][] (] ] ][] [ ][] [

ololojololojoljolojo

o|o|o|o|o|o|jo|o|o|o

] ] [ ] ] ] [ [ ]

- ][] (] =] [=] [ (=] [=] [=] [=

NCD file K——> [2EBEEEEEEE

1l

BlTgen.exe

[m[=]{=][=]T=]]=]
[m] [i] [o] o] o] [ ]
=] [] [=] [] [w] [=]
[m] [=] [s] [i] ] [}
=] [=] =] =] =] [=]

] [=] =] [=] [w] [=] [=] []
[=] [=] [=] [=] [=] [=] [=] [=]

BIT file [download >
Ojojojojo|ojojo
B
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BIST Generatlon Programs

dUser specifies portion
of array to test

Start row & column
End row & column

JdTPGs generated &
located based on rows

A XDL Is not routed

FPGA Editor used for
routing with “no swap”

v PAR use to support “no
pin swap” option
d Additional program
modifies routed XDL
for subsequent BIST
configurations
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Reducing Test Time

dOrient BIST architecture to configuration memory
Keep routing constant between configuations

dDownloading BIST configurations

Partial reconfiguration

v"Reduce # frames written between configurations
Keep routing constant between configuations

Optimize ordering of BIST configurations é Dm

dRetrieving BIST results B -l
Partial configuration memory readback I e

v Eliminates ORA logic for scan chain Ll H Pl ]

Allows concurrent testing of more resources O el H P

v"Reduce # frames read ] Q-'D*D"D‘-D

I i}

Dynamic partial reconfiguration
v'Read BIST results after a series of BIST configurations

Slight loss of diagnostic resolution
4106 |
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Reducing Test Time

End Partial |
Mem RB I
- Partial |
Optimized Mem RB
Partial
Reconfig End | =)
Shift Reg | 3 sets of
— ]
| \ configs
, I > due to
Partial hitt Req | T ( ORA
Reconfig Shilt Reg |
! w/ scan
__ chain
Full ] )
Canfg Full m Memory Reduction
Mem RB @ Test Time Speed-up
Download ~ ORA 1 2 3 4 5 6
Technique Results

Retrieval Virtex | Logic BIST Test Time Speed-up/Memory Reduction

Technique
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