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Background

Heat dissipation issue when run at-speed MBIST all at once with all
clocks on, which is different from mission mode low power design.
dMemory count increasing dramatically.

Need to configure many control/observe registers to run MBIST.
Serialized hardware access interface to resolve routing congestion.
Need programmable mechanism to optimize Time/Power/Granule.
diIn [4] and [5], programmable MBIST proposed, but not accessed by
enumeration, neither details about end-to-end applications.
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Wafer Critical

Package \/ v Critical

Board v Critical Maybe
Pre-2-conner v v Critical Maybe
2-conner v v Critical Maybe
In-field v Critical Maybe
diagnostic v v Critical

End-to-end tests and their specific requirements

Presen tation_ID © 2010 Cisco and/or its affiliates. All rights reserved. Cisco Public 2



Memories count / control regs
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Hardware Diagram

Passfail reg

All BISTs are chained and assigned a software ID
All PASSFAILs are monitored by registers
Refer to [3], about BISTCNTL VMAC
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Test access / control flow chart
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lock, TDR control)

Enumeration (Assign an ID for
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Monitor BIST PassFalil
Monitor Memory PassFalil
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GUI for design structure
Information

Built inside IBM TheGuide Platform for process control

<methodology>
<process name="FULLCHIP_MABIST">
<task text="FULLCHIP_MABIST"
doc="FULLCHIP_MABIST.html|">
<tasklist type="sequential">
<task text="Import Design"
label="ImportDesign"
doc="fepmeth/FEP_DFT_import_design.html|"
command="FEP_DFT_design_import -overrides {KEY FEP_Partl_[gna::get_current_proto]}" >
</task>
<task text="Save BIST_enumeration.lis BIST_force.v BIST_release.v in work/nodel/out"
label="enumerate_bist"
command="BooleDozer_Command_Via_Socket -key {FEP_Partl_[gna::get_current_proto]} -overrides {save_command
at::itg_fep_checkpoint command {source $gna::design_setup(working_dir)/../tcl/FEP_ST_prn_enumerate_bist}}" >
</task>
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Extract enumeration ID process/code

CNTL/DONEIN

Report ID

set fanin [led::all_fanin -no_only_cell -to $net];

set inst [file dirname $fanin];

set rim [led::get_parent -port $fanin];
idm::set_active proto -def $rim -view TECH set rim_fanin
[led::all_fanin -no_only_cell -to [file tail $fanin]];

set bist [file dirname $rim_fanin];

Presen tation_ID © 2010 Cisco and/or its affiliates. All rights reserved. Cisco Public 8



Extracted design data
D __Type N

1 Sc12.Sec/SecCore/SecPartD/SecReplayWindow/GenericMem/gen_U1/mem_0_0/mem/BIST BIST1SPBHCH
2 Scl2.Sec/SecCore/SecParteE/SecEgrMem/GenericMem/gen_U1l/mem_0_0/mem/BIST BIST2SPBHCH

3 Scl2.Sec/SecCore/SecPartD/SecStatistics/SecStatistics/GenericMem/gen_U1/mem/BIST BISTISPBHCH

4 Scl2.Sec/SecCore/SecSaTable/SecSAEntryTable/GenericMem/gen_U1/mem/BIST BISTDRAMA

List enumeration ID

SYSFAIL[0] pin = ScO/Agm/AgmCpp/AgmCppVirtualBinTable/GenericMem/gen_U1/mem/BIST/SYSFAILO
SYSFAIL[1] pin = ScO/Agm/AgmCpp/AgmCppVirtualBinTable/GenericMem/gen_U1/mem/BIST/SYSFAIL1
SYSFAIL[2] pin = ScO/Agm/AgmCpp/AgmCppVirtualBinTable/GenericMem/gen_U1/mem/BIST/SYSFAIL2
SYSFAIL[3] pin = ScO/Agm/AgmCpp/AgmCppVirtualBinTable/GenericMem/gen_U1/mem/BIST/SYSFAIL3

List fail net connections

{
Scli

HshO/HshTableAd/GenericMem/gen_U1l/mem/WRAP3_DRAM #DRAMCO08X0256X8X1X146V10M2C1 MEMCLK=sysClk
Hsh1/HshTableAd/GenericMem/gen_Ul/mem/WRAP3_DRAM #DRAMC08X0256X8X1X146V10M2C1 MEMCLK=sysClk

Hsh4/HshTableAd/GenericMem/gen_U1l/mem/WRAP3_DRAM #DRAMC08X0256X8X1X146V10M2C1 MEMCLK=sysClk

List clock source
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GUI: Test Configuration Generation

Enumeration data

Control registers

fim/\feFlICore/VfeFIPipeBus/\VfeFIFifoBus/RAM_ROCE/SRAM
[ fim/vfeFICore/\feFIPipeBus/VfeFIFifoBus/RAM_ROCT/SRAM

v bN2cig.acl #2 \ -ox
N\
Ife CordvfeCore_u0/WFINi_ud fim\feFlICareVfeFlOwProc/vie FlAdiMem/RAM_ROCO/BIST Set Same Type BM Parameters | Seta BIST Parameters
Ife Core g Core_u0/VFINIi_ul fim/vfeFICore/VieFlOutProc/vfeFIHitfwdHitRAM_ROCO/BIST
Ife Core ffeXgore_u0/VFINI_u0 fim/vfeFICoreveFlOutProc/vieFIRpfvlanTable/RAM_ROCO/BIST BIST Mask |l'bl
Ife Core fvfeChre_u0/WFINIi_ul fim/\vfeFICore/VieFIPipe Bus/VfeFIFifoBus/RAM_ROCO/BIST "
Ife CorefvfeCore_u0/VFINIi_ul fim/vfeFIFwdMem 1ifvieFIFwdMem1lWrapperivfeFwdMem1_ud/RAM_RD VLI |S bl111_1110
Ife CorefvfeCore _u0/NVFINIi_u0 fim\feFIFwdMem 1ifAfe FIFwdMem 1Wrapper/VfeFwdMem1_u4/RAM_RO ADDRESS Mask #5 |l4'bll_llll_0001_lloo
Ife CorefvfeCore_u0/VFINIi_ul.nimMvfeNiCore_ud/NiFifo_u0fram256x510/RAM_ROCOBIST
Ife CoreffeCore_udVFINI_u0.nimMNfeNiCore_ud/OutP|_ul/profileMap_ul/RAM_ROCO/BIST PATTERN Mask #4 |lS'bllll_llll_llll_llﬂﬂ
Diag Rotate #2 450000
|IfeCoreMeCore_uU,NFINi_ut:.ﬂmeeFICore,n'\.'feFIF‘ipeBus,NfeFIFifoBus,FF{AM_F{GCG,FBIET Margin Adjust #3 |1o'bou_unnn_nuuu
|ID =3 Type=BIST2SPEHCH Sharing=8 Syspf=159 160 161 162 163 164 165 166 BFM #6& |2'b00
fim/VfeFlC aradwiePIPTBeB Us,Vie FIFifoBus/RAM_ROCO/SRAM
m/\feFlICore/VfeFIPipeBus/\feFIFifoBus/RAM_ROC1/SRAM k
fim/\feFlICore/VfeFIPipeBus/\VfeFIFifoBus/RAM_ROC2 /SRAM
fim/M\feFlICore/VfeFIPipeBus/\VfeFIFifoBus/RAM_ROC3/SRAM
fim/\feFlICore/VfeFIPipeBus/\VfeFIFifoBus/RAM_ROC4/SRAM
fim/\feFlICore/VfeFIPipeBus/\VfeFIFifoBus/RAM_ROCS/SRAM Generate Cfg

Passfail connctions
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Choose which BISTs to run

Click on a BIST to set its parameter; It will turn red when Mask=0

b d gui_Doppler_bist2cfg.tcl

DopplerTop/DopplerCore/Scll.Hsh0HshTableAd/GenericMem/gen_U1l/mem/BIST Set Same Type BISTs Parameters || Seta BIST Parameters ‘ 1
DopplerTop/DopplerCore/Scll.Hshl/HshTableAd/GenericMem/gen_Uljmem/BIST E :
DopplerTop/DopplerCore/Scl1.Hshl/HshTableLefyGenericMem/gen_U1l/mem/BIST BIST Mask #0 1'b0
DopplerTop/DopplerCore/Scll.Hshl/HshTableRight/GenericMem/gen_U1/mem/BIST ’—
DopplerTop/DopplerCore/Scll.Hsh2/HshTableAd/GenericMem/gen_Uljmem/BIST B G ==t Bbll11_1110
DopplerTop/DopplerCore/Scll.Hsh3/HshTableAd/GenericMem/gen_Ul/mem/BIST ADDRESS Mask #5 ’m
DopplerTop/DopplerCore/Scll.Hsh3/HshTableLeft/GenericMem/gen_Ul/mem/BIST

DopplerTop/DopplerCore/Scll.Hshd4/HshTableAd/GenericMem/gen_Uljmem/BIST PATTERN Mask #4 11'b111_1111_1100
DopplerTop/DopplerCore/Scll.OftfOftLowTcam/GenericMem/gen_Uljicam/BIST . -
DopplerTop/DopplerCore/Scll.0ffOffTcamAd/GenericMem/aen_U1l/mem/BIST e (i 4'b0000
|Dopp\erTop,fDoppIerCorefSclJ..Hshl,FH5hTab\eR|ghUGenencMem,fgen_Ulfmem,fBlST Margin Adjust #3 7'b000_0000

|ID = 8 Type=BISTLSPEHCH Sharing=3 Syspf=140 141 142 BFM #6 2'b00
Hshl/HshTableRight/GenericMem/gen_Ul/mem/SRAM AbortMode #14

HshO/HshTableleftfGenericMem/gen_U1l/mem/SRAM

Hsho/HshTableRight/GenericMem/gen_Ul/mem/SRAM SROM #15

MNA
NA
MNA

Set parameters for All BISTs with the same type.

b4 bistZcfg.tcl #2

Seta BIST parameters for DopplerTop/DopplerCore/Scll.Hshl/HshTableRight/GenericMem/gen_U1l/mem BIST (red for unmasked BIST)

EES

IfeCorefvfeCore_u/ i_ug. e eFlAdjMem/RAM_ROCO/EIST Set Samy, Type BISTs Parameters i Seta BIST Parameters ‘
IfeCorefvfeCore_ul/WFIMi_ud ﬂm,u'erFICoreNfeFIDutProcNfeFIHn.rdeHm'F{AM ROCOBIST i
Ife Corefvfe Core_ud/VFINi_u0 fim/NfeFlCore/vfe FIOutProc/\fe FIRpfWlanTable/RAM_ROCO/BIST BIST Mask #0

IfeCorefvfeCore_u0/NVFINi_u fimvfeFlCore/vfeFIPipeBus/VfeFIFifoBus/RAM_ROCO/BIST

IfeCorefvfe Care_uB/FINI_u0 fim/Vfe FIFwdMem LIfVieFIFwdMem1Wrappe rvfeFwdMem1_u0/RAM_RO MR e

IfeCorefvfeCore_u0/VFINi_ud fim/\VfeFIFwdMemlifvieFIFwdMem 1lWrappervieFwdMeml_ud/RAM_ROD ADDRESS Mask #5 |15'b111_1111_0001_1100
Ife Corefvfe Core_u0/WFINi_u0.nim/MNfeMiCore_u0/MiFifo_u0fram256x5 10/RAM_ROCOBIST
IfeCorefvfeCore_u0/NWFINi_ul.nim/VieNiCore_u0/OutPl_ul/profileMap_u0/RAM_ROCO/BIST FATTERN Mask #4 |ll'blll_llll_llOO

Diag Rotate #2

|IfeC0re,l'l.rFeC0re_uUNFINi_uU.ﬂm,l'erFICc:reNfe FlOutProc/VieFlAdjMem/RAM_ROCO/BIST Margin Adjust #3

|ID =1 Type=BIST1SPBHCH Sharing=2 Syspf=154 155 BFM #6

m/VfeFICore/VfeFlOutProg/VieFlAdiMem/RAM_ROCO/SRAM Set Same Type BISTs Parameters for all BISTISPBHCH (red for unmask BISTs)
m/\feFlCore/VfeFlOutProc/VfeFlAdjMem/RAM_R1CO/SRAM

MNA
MA
MNA

A
NA Generate Cfg

MA
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Example test configuration file

(control)

#BSHCNTL WRITE BIST

INSTR BSHCNTL 111111111111110111111110
SHIFTDR 20 {

OPS WRITE 3 30110 # IREG[17-19]
TYPE 1 1'b0 # IREG[16]

ADDRESS 16 16'h080

}
RUNTEST 16

# BSHDATA wyj
INSTR BSHDATA 111111111111110111111101
SHIFTDR 32 {

BISTMASK 32 32'h80000000 # 1-bit BISTMASK
}

RUNTEST 16

el0

# BSHCNTL WRITE BIST 2 for MEMORYMASK

H === === ==

H# === === =

INSTR BSHCNTL 111111111111110111111110

SHIFTDR 20 {
OPS_WRITE 3 3'b110 #IREG[17-19]
TYPE 1 1'b0 # IREG[16]

ADDRESS

}
RUNTEST 16
# BSHDATA write MEMORYMASK 1
INSTR BSHDATA 111111111111110111111101
SHIFTDR 32 {

MEMORYMASK 32
01111111000000000000000000000000

#for b0 SRAM1 to SRAM7

}
RUNTEST 16

16 16'h8400 # IREG[0-15] reverse21

memorymask

Presentation_ID
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T
Example test configuration file

(status)

% BSHCNTL READ INSTR MABIST 111111111111110111111111

INSTR BSHCNTL 111111111111110111111110 RUNTEST 16
SHIFTDR 20 {
OPS_READ 3 3'b010 #IREG[17-19] SHIFTDR 842 {
TYPE 1 10 #IREG[16] sys_mabist_observe tdr.SYSPFO 11 (1)
ADDRESS 16 16'h2800 # IREG[0-15] reverse
14
}
RUNTEST 16

# BSHDATA read done result

INSTR BSHDATA 111111111111110111111101

SHIFTDR 160 {

# Total 4 BISTs => reverse of 12'h200
BISTFAIL_BISTCNTL 32 32'h0 (32'h20000003)

BISTFAILZ 32 32'h0 (32'h00000000) ys_mabist_observe_tdr.SYSPF81 1 (1)
BISTFAIL3 32 32'h0 (32'h00000000) " sys_mabist_observe_tdr.SYSPF9 11 (1)
BISTFAIL2 32.32'h0 (32'h00000000)

BISTFAIL1 32 32'h

}

RUNTEST 16

Embedded ID to help to

identify defected RAMs
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Sub-chip: manageable simulation

List all RLM

Instances for
the user to
choose

A much smaller net-list for simulation

- HEEE
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Simulation run time / log

fsdb size Run time

compile enum Run bist

fullchip Too big 4 hrs 14 days Too long
scl 15MB 20 mins 4 hrs 10 hrs
sc2 20MB 20 mins 4 hrs 10 hrs

Time 924840.00 NS : Simulating (current) JTAG Vector = 9250 ....

Time 926840.00 NS : Simulating (current) JTAG Vector = 9300 ....

Time 927880.00 NS : Failed vector# 9325 (@CYL= 1): Tdo= X" -- Expected ('0")

Time 929440.00 NS : Simulating ent) JTAG Vector = 9350....

log
9323 /1 [156] BISTFAIL1 [28].TDI => 0 BISTFAIL1 [29].TDO =>0
9324 /1 [157] BISTFAIL1 [29].TDI => 0 BISTFAIL1 [30].TDO => 0
9325 11000 // [158] BISTFAIL1 [30].TDI => 0 BISTFAIL1 [31].TDO =>0
9326 1110X // [159] BISTFAILL [3TRTDI => 0 ShiftDR => Exit1DR
9327 1111X /I Exit1DR => UpdateDR

Test vector BIST ID
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Conclusion

= TheGuide platform provides XML/TCL/TK for easy
script integration and methodology management.

= Automated scripts extract design structure
Information to help to generate test configuration.

= GUI help to target specific memories to run for
power, run time, or diagnostic need.

= Embed the memory ID in the test configuration file
and test vectors helps diagnostics.

= Much smaller sub-chip net-lists enable quick
simulation verification closure.
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