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Highly configurable RRAM IP testing and repairing

circuits development environment: EZ-NBIST

1. Testing methodologies of RRAM IP

The testing methodologies of RRAM IP covers full wafer sort, and final test for UMC’s
22nm process and customized embedded RRAM IP.

ISTART-TEK develops EZ-NBIST GUI tool to save BIST coding time of RRAM IP.
EZ-NBIST follows RRAM vendor’s testing methodologies to implement all test items’
timing diagrams and save parallel long testing time in ATE.

2. Why RRAM IP needs to use BIST and BISR?

RRAM IP has complicated testing functions to cover each disturbing condition in 22nm
process.

The memory BIST adds logic to an IC which allows the SoC to test its own memory
operation.

MBIST tests the RRAM macro through an effective test algorithm to detect possibly all
the faults. MBIST generates test patterns from RRAM vendor requirement to the RRAM
macro and reads them to find any RRAM defects.

BISR adds repair circuit to backup memory to increase the RRAM IC yield.

3. How iSTART-TEK accomplish BIST and BISR of RRAM IP?

ISTART-TEK develops EZ-NBIST GUI tool to generate BIST and BISR of RRAM IP.
iISTART-TEK BIST implements all RRAM test items to cover wafer soft and final test.
BIST interface is a flexible serial interface to reduce IC test pins. Increase BIST test
flexibility, all test items can be enabled and disabled individually. Provide diagnhosis
mode to debug defect address.

iISTART-TEK BISR records RRAM faulty memory address and use redundancy to
increase RRAM IC yield. Provide auto repair function.

Figure 1 shows RRAM test and repair solutions.
# Timing parameters can be adjusted

# Provide repair mode to increase yield

# Provide diagnosis mode o o
# Interface )
W ITAG, IEEE 1149.7, SPI # Security code protection

Figure 1

# Implement all recommendation test
items for high test coverage

# All test item can be enabled
and disable
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Figure 2 shows RRAM test and repair features.

# System testing max clock: 16MHZ Up
4+ JTAG clock: 10MHz~50MHz

+ Read BIST result to get pass/fail

# Support configurable to
64Kx32, and 512Kx32size

# Provide diagnosis information H

Figure 3 shows RRAM diagnosis simulation output.

# Support generating ATE STIL/WGL format

Figure 2

tem cnt: 3274
ddr: 1
ault bit:00000000000000000000010000000000

tem cnt: 374
ddr: 255
ault bit:00000000000000000000010000000000

tem cnt: 374
ddr: 511
ault bit:00000000000000000000010000000000

tem cnt: 374
ddr: 521
ault bit:00000000000000000000010000000000

tem cnt: 374
ddr: 541
ault_bit:EBEBBBBEBBBBBEEBEBBBB13999399399

Figure 3

Figure 4 shows BISR circuit block.

L J

Figure 4
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4. What is EZ-NBIST?

EZ-NBIST is an RRAM GUI tool to generate BIST and BISR of RRAM IP.

Figure 5 shows the perspective of EZ-NBIST GUI. Click “EZ-NBIST Config” from
“Config” drop-down menu.

Figure 5

Users click “Run...” from “Run” drop-down menu to execute EZ-NBIST in Figure 6.

TP L1 01 AT AR AT - WAl - A sah B O RNy & W i S

Figure 6
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5. How many RRAM IP are included in EZ-NBIST?

EZ-NBIST GUI supports following RRAM IP for UMC 512Kx32, 64Kx32 IP sizes and
customized IP sizes.

Users can choose customized RRAM macro types, vendor types and specific RRAM
macro sizes as shown in Figure 7 and Figure 8.

Vel =T
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Figure 7

Figure 8
6. What kinds of interface are included in EZ-NBIST?

EZ-NBIST GUI supports 3 flexible serial interfaces JTAG, IEEE1149.7, and SPI as
shown in Figure 9.
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Figure 9

Figure 10 shows RRAM test and repair block with IEEE1149.7 interface.
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Figure 10

7. How flexibility of EZ-NBIST?

EZ-NBIST supports configurable BIST and BISR IP for different RRAM macro sizes. All
RRAM timing parameters can be adjusted. Figure 11 shows all test items can be enabled
and disabled individually.

1 1 1 38 70 305 1

Figure 11
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EZ-NBIST can help users to generate the complete synthesis RTL, the verification
environment, the testing patterns, the behavior model, and the customized RRAM

database as shown in Figure 12.
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Figure 12

To execute simulation with RRAM model, users can select a test pattern to generate

simulation dump files. For example, execute “2” in
Figure 1 to start “ws1” testing item’s simulation flow.

8.Conclusion

EZ-NBIST provides RRAM BIST/BISR with professional testing items. EZ-NBIST saves
RRAM tuning parameter timing time in ATE. The RRAM BIST and BISR area overhead of

SoC is acceptable.

EZ-NBIST is also easy to set for accomplishing RRAM [P’s testing circuit.

iSTART iReport

Copyright © 2024 iSTART-TEK INC. All Rights Reserved


https://www.istart-tek.com/2023/11/15/5139/

January 2024

SEEBHMERIMPIGEE ChatGPT 2RI - ChatGPT B AINEM - AINEERE
M CPUS GPURMER  SLE AIBHNEEERANSEAIAENCIERE - 2iF
T REEREERENF £ SoOCHBAEMRELRKEMBRZEE BIST R - 42
BREBEMNC R o LA BISR 2RHEE -

BRI AINRZEHSRATERERRIEN - TERBER SoC R 7 SREBRFEIRME
Sh - IEEBEBERIRMANELE - FTER BIST BEBA S ZERRET - EEBENEFEER
It~ BYARIRAEAROR 2K - (BZ BIST ReEi@ Rl 1R - MREBFBRNEEE ol IR
Chip MBEEEBEEFSE  ZBBISRUERKENTRENNKS - EmMEREHN
Redundancy sCiEfeE R B o] IKE EE EF -

SRZEH%M BIST & BISREDA TEHKER - AiFiT 40 RAZEFFE BIST & BISR - ZE# 3
M8y EDA TE o] LUZER T MFTEERY APA RUBLR - APA mi@ Algorithm -~ Performance &
Area BRERMZTANITERETNEHRKSENTEERIES LS TEEREFNRNITHE -
E LM BIST & BISREBEEHT SR/ -

SRZEAEMNESZEIEM BIST &BISRH EDA TEHEEIE IP/AS - EDA TEBERANER
SHBEMNICEE BRIEFE2A Al B/ FK  #K BrSSWER -
FEEPEANEE  THANTEEIHEMNSER - 350 EDA THEODIREEROES
BIST& BISR & - EEF@AHTERNIRIE  AYNNRERAZEFRANRERERVER

K o

=

Copyright © 2024 iSTART-TEK INC. All Rights Reserved


https://www.istart-tek.com/2023/08/07/4443/

January 2024

"TRRERKRM L M TEBERAN ) BRBREPHNMERER - BERGR  FRAMANBEIUNE
RIERMELHBENAS XM - FRAUS —RBEEREF IMERRKIBNNIE - 5B E
—ERERER  SRMBCREETRAER BmEdR  mBR—ERBARERE—
% - 2EF 7 NMREECBEETKEREHD "0, MAANE  EME—EFE

e

MEBRRMANBEZREFETEWER - ENBE EELEEMNEE  FEHERREN
BRIERERIR - 24I2K5R - REGCERETYUEERRBENE R - AINEBZ RERERFE
& TEEERE: -

BERS  FEAVEFERYEIZRAERNEZRNAN - FRAUSHBEBERIREF
TEESRIR -  MBRBAMABERERT THNSREFETZRE - BET—RENE - FERN
OpEEFRBEEPLIR  MBBRXVBATESHERPTISEEHR - BSHZERZHIALDS
ENEREZRE  SEUSRMEEF TN —EEZ -

u)y

2KeE - BE—EESAW "MarchC,- B2 —ERARBELBIEFTFERUNTT X -
March C BB —Z3MNBERIEF  BLBEETETARNKEE(E  WESREFRRERE

ZRINMEZEEE  NREEESRLEIRER RS AFBREANEE - NS
March C ZBHBENRIERS - REMFH MK LBLEERBIERERIRWCIREEE -
BA—EESERIM " March 33N .- EZ2RRSHENRKRUA A - March 33N & EH
HRE BB 2IEBEBBRMFUREENTR  FEXRBETESREFEELEL &S
RIFEE  BEIEWTEIEF BEEALRTOURININKE - IREFERFELE
RRLIRER  METBBRRYEFE -

B4 - R T AZBARNESE A2 - WA - WA AERREGE - fld
"Checkerboard ; BJAIF 5% - Checkerboard MWt R R ELEBE T ZEAREREA "0,
ML RBEETENRF MEEELRER - BESZAPRBEAREFTEZSRIEFES
EWBEROBERIYER -

Copyright © 2024 iSTART-TEK INC. All Rights Reserved

10


https://www.istart-tek.com/2023/09/12/4789/

January 2024

Sl ESE =4 EZ-Debug

EZ-Debug WEZINAHETFHER?

EZ-Debug mi2 E#EE#EERM PCIHIR IC 52 FPGA In R0 —EE R - FME PCIwoI UL
BEMNAMHEELIER ¥ FPGARZ ICIKHEAG  HREBRPIEEEA —LHERBEE - i

TEERSHRMERBZENMUE - 172 " Architecture

—MR ICHFHATEEE ATE AR dETEEIE - MRATARKNCEEZEHTE
EZ-Debug - AMEMELS - B TEMERR - IR EZ IEEE1I500 AYRE - &RoILIEE]

30MHz - s 2 &% 5E o] L% 3000 & {E R 55 & =05 -

oAl VB SENEE: ISTART-TEK Technical Service

SAIRRIEHNEFRBEIER ?

RMEFRBENEEEIRLMET KLEFTERLWNEN  TARNERER LMERIN
TEIEU  BERREMXE XG4 MEMEMHRELME workshop - BRI XERMER
FEREERLENERRERNEMKES EREME - 20860 0@ 815 K
B, XHTEEEAREMIENERAFMEER XY - RiftwEHEMER workshop F& -
R FEE LR EEE workshop HEP T HW - It FEEAS —ENEMEMEESZE
tool BFEME - BEFMH function RIERE  UREFEFSHANEABCEZEEE -
58 - H M E B R Webinar BECR/VNEZWE R - R Webinar & ¢ ¥ A B FE M
A TANNBERZESEEAR - REKRW mbist f9HEESRIE -

MTRARER LMWEMZIE—RNITEL « email UREES RD &R - E3Z RD
B#M onsitesupport EEFIqhZE  ZERNBSEUREREEPLPNEERXRTENF 22X
Bll#BEEFEEEATE - S4RKMLMEIE iISTART-TEK Design Workshop - #E
BEPRERERMERSEZAME a2 THEEUERANEMERSN - HZAU RD EHR/E
UBREEREESES -

iSTART iReport Copyright © 2024 iSTART-TEK INC. All Rights Reserved

11


https://www.istart-tek.com/2023/10/24/4979/
https://www.istart-tek.com/2023/11/07/5046/

January 2024

BHNEBLETFrZNERR  EPESmtREFELEcBERAIMEABEEZERN EDATE
- START - START & SoC’s memory Test And Repair Technology fI#EE - Test 5l 2E " &
1S A2 RIFLINRE 1 ; T Repair IEME i BB EE R L - 813 Hard-Repair A Soft-Repair
mig S M RN EREERIM - SME Repair ASEAMMEARRRE -

BELNTA—ELL®RE IR START —#24182/r0 EDA TH -EZ-BIST - HttERtTEEZE
LERAXNA - WEHET | EZ-BIST IR START & AR ZERIER EZ-BIST ER H A2 AR
X

EERFEERKNIER - BER—RENE A /ZFEZ-BISTERRLEIBNMERZWEZ B

<& GUI BT - EEHRESBRAATNERSE  JUZEBERENEEZEI EEHSKAE
fE - B MRHFEFEAAABAZABEREZELAMEES AR - EZ-BIST Bsc2E &

REMEEZENER  ETEEREELNER  ABARENHEE EZ!

bRy EEREEAFBEEERMN EHAL 40 IRRERIS - START 1 EZ-BIST £ A L E 21
HZEBENEE - 88  LEEE YA Auto-Identify ~ ERBERIKEN Clock Tracing &
BSB89 8 Grouping EI08E - BE) Grouping ol PUEEZEFERATFERW A ET - thall)
KBEAENEKR  EARNEGT - —XEMEIBEE Grouping - ELEEBREHNEETZ
FEETARRKTHELNERD  FEABEABEERRRENRE - 39 RACHREHR
22 INEE - EZ-Debug UK ATE REMNBER I FEE  ERAFRABAEEDNELBEREE
M BRI ENZE O TREER - AEWL - THRKHN EDA TENHEEREFHES
NEEEBSHERARR  REHTZIERIERMW Feature - BREE D - BERMEEHM
BEMEFAN A -

SRR B8 {ERY EDA T B - START f1 EZ-BIST R 28491780 IC RRET AT - BRIEFARA
MRE . ZEODEBZIENGE  HACEEBIAEEEEBRBENKE -

12
Copyright © 2024 iSTART-TEK INC. All Rights Reserved


https://www.istart-tek.com/2023/11/30/5294/

January 2024

AlNEEE /S EE: Customer Testimonial - iTE

)
A5

BEECANRRAMURNGHERH  ERSCINERASBER R FRTBEROUEEE
B ?

EETIMASHEXFNRER YERERREF NI TENEZEEMEZEUERE - 0F
BME-RBf £ SNAARBENTREBENENEAYE  RIBEREELN 90% - SRAM
50%7% Repair &2 &T - fail MEIHKZE 97% - BERXESE 94.3% - EIEIEM 0.3% - UE5 -
SRR EZIHRAERAGE A E - £ ITE JREmFTKEE JTAG 5L Basic I/0 /TH - HME

tool L ESH - oJRERE S ITE Design Flow - [21€ DPPM BERBIE - AN EZEE
HRE-

HOBERAARSEREFBERNAKEm ?

HAl ITE & KWEEAIZ2HE PC/NB HEMNEmR - BT ITEMENER © IS - ITELAR

& HEM Video Bridge & SoC EmEEHZIAEN SRAM - ALt gk &St Z £ H

R mEmMmL -

AR A BT E Bt ERFH > WIREETZ=RE - FEEBREZH ICRKRFTAE - &

TRARR MAEaRBEEREERANA  EHLEHEEEIGEEESRE - 2R M
BB RMASEHEEENEBCTERIAEBERRAAERERKR -

13

iSTART iReport Copyright © 2024 iSTART-TEK INC. All Rights Reserved


https://www.istart-tek.com/2023/12/01/5356/

January 2024

oAl NE e g £ Customer Testimonial -
Rafael Micro

SHMNERACZHRMNE R FROIBROUZEAER ?

EREZENBED Bt ZERSIAZKA Memory defect - R P/NE |C
design house K& - BfTR B EEEBNAERE  BEE—ZEFCIHNEAEE  BXNAE
A - HIEEBETAINER  FR8ME ICKRTHREL BENELEEEINERBNR
AR -

AR BIST BB &1#% IC memory defect EEERIG R - STTEMETE LK ; MARM BISR
B 1S Defect memory BINEE - WE > 30%E Memory defect EHHW AR m - FERE
MARRETERE SICHRERAFAAE LNZEEES -

REMMNRR  AZSEAERLELIRER?

REME—RBIRNEBERBAEAZN AT - E@MEE TV Tuners and loT product = TV
Tuner @ ERHZ Video BHIREFTZFE AT AREMW SRAM MF#EER ; M loT SoC th A4
AR A ZEDRRE SREFZHW SRAM HBEASARESERER EUESINERRRE
MEBEMNERBREFEERLY) -

14

iSTART iReport Copyright © 2024 ISTART-TEK INC. All Rights Reserved


https://www.istart-tek.com/2023/12/07/5406/

January 2024

oAl 2SS )\ £ Specific functions for

Automotive and HPC

SRR EDATEH - tHERHEFRARE HPC R A - IEHMLE Feature ?
HEEHEFHD  XE T POT  ECCHE TEC £8E - POT AZEBEAL N - 2 RAlERE
L BRI ROM o] LA SR 2 il R A 5 2 AR A RTL B2 s 7 — 1@ signal 2Rz - E2
o] B8 CPU RER - IRZEE CPU - B3 " BRAIEEZ . BFEREF&ER
EB® ouzETREREIG TRREAAREERNVCBRULIANETEE BHHEEBER
MEEIEETIRA - LIRREERNGLIBIERIEEERE - 34 - POT BEMA "EERUEE
BRBEFRA - THZ22Z8 " Error Injection s WA AREF BT A BB IEHE M E
BHRigA - M ECC ARERASKEETIERRF - BIBRLEREY | TEC 0BT
A B BUEBERRRENINESEE BEVERIZEERZZHNEAARE TER S
HEEHErERBLZHNRLE -

it HPC R IEMMEEHERERRAG R ?

BR 7Rt POT % - 2/%A Multi-Chain ~ PCA A1 MGD ; Multi-Chain #E AR Z /R SoC &%
STHERK  ZBRZREBEELNE  RLESHENEL  NMUZEFEEENEHRE -
BIRZKRIEM SoC &t ; PCATIRBEERINFEEN  EECREIHNINE  SxERED
HENINZEREES SoC WIIRLIRER -  mEEHRILBIEEN DA ; MGD NeERIZ T
I ERERBERABN layout ETRCERE D B HESE - EXIRINEE B LA E N 4ABR POT
B3 TEC - # 2RES0ET ¥ HPC RAKRBRANMBRFGE -

15

iSTART iReport Copyright © 2024 iSTART-TEK INC. All Rights Reserved


https://www.istart-tek.com/2023/12/12/5428/

January 2024

/B s &1 EZ-Safety & EZ-TEC

SRR R ENG LT ERN IPEMA ?

EF—E£FRE  TARKAREHREN EDA TEHHERHERE R REFZSEANRALEZHEN

Feature - EEBEHEFHRERL  LEMREBA/EE - Fill - iR 7 EDATEHBEMMK
A BORIRIER S EREIL IP Em - W0 EZ-Safety - EZ-Safety &t ¥ AR MBIST 2248
ETRE o PUBUBETRERN MBISTHZRE - R BRIEKEEFENERMNIRA

o BESEANRMETLRENGD - WEEBEMNHIEENLEEEMN - BFAUNRRRKAEE
# Test Mode PRYRIE - ELIZFIRSEEZEZMHRUR - HI - EZ-Safety BB E R A A
B LHHEEESEEH  ARYEETRENRNEBEMENSEEY R E r#@aEHAME
B8 RV BB B A AET RO IR SRR -

BR Y EZ-Safety Z5 - ZS—ERTERWNIPESR ?

S—EZEHELW IP EZmE EZ-TEC - BB ETRERN MBISTHRE - TEEE
SRBMAABSERERIP - EZ-TEC FAEIRA MBIST RIBAcs0E BB EL TR ES
K ZAA—SERMHBEESAUATRERGENE - M EZ-TECE@ IP - RTBEBR
BAMNEREE R  RETBEERRBEBFREHAEESZETHEZE Element WE
EE - ELEIRARARROER -

16

iSTART iReport Copyright © 2024 iSTART-TEK INC. All Rights Reserved


https://www.istart-tek.com/2023/12/22/5447/

