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CnoXHOCTb coBpeMeHHbIX CBUC 1 BaXXHOCTb pellaeMbiX UMW 33434 NpeabaBasioT cTporve Tpe6oBaHus
K MX HafeXHOCTWU, oueHKa KOTOpOM SIBASIeTCS aKTya/lbHOW McC/iefoBaTeNbCckon 3apadver. B pabote
oLeHMBaeTCad HaAEeXHOCTb OAHOKPATHO MpOrpaMMuUpyeMbiX MOCTOSIHHO 3aMOMWMHAIOWMUX YCTPOUCTB
(Onn3y), peanusoBaHHbIX Ha TexHonorMm HCMOSSD c TOMo/sOrM4ecKUMM Hopmamu 180 HM,
paspaboTaHHbIX A8 UHTerpauuu B 6a30Bbid KpucTann cepum 5521TP. Ha ocHoBe 6a30Bbix C/0eB
TexHosormm HCMOS8D paspa6oTaHa CTPYKTypa WM KOHCTPYKUUSA MPOrpaMMMUpPYEMbIX C MOMOLLbIO
MeXaHu3Ma 3/IeKTpOMUrpauumn snemeHToB OMM3Y - nepembiyek (eFuse), BbINOJHEHHbIX HA OCHOBE
C/10eB N*-NoAMKpeMHUa U cunuumaa Hukens (NiSi,). NpuBeaeHbl pesy/ibTaTbl UCMbITAHWIA HA HAAEXHOCTD
paspaboTaHHbiX 3nemeHTOoB OIMM3Y. PaspabotaHa MeToAuKa, MO3BOJISAIOWAS OLEHUTb HAAEeXHOCTb
paspaboTaHHbIX eFuse Ana UCNONb30BAaHUA B siYerdKax namsaTM 6asoBOro kpucranna cepum 5521TP.
MeToauka BK/IOHAeT B ce6s KOM6MHALMIO 31eKTPOPU3NYEeCKUMX U3MEPEHUN eAUHUYHON eFuse-s4yenku
1 pyHKUMOHaNbHOro 6,10Kka Ha ee ocHoBe. MokasaHo, 4YTo eFuse rapaHTUpyeT COXpaHeHue OCTaTO4YHOro
COMpOTUB/NEHUSA B 33aaHHbIX Mpefesax B TeYEHMEe BCEro Cpoka C/yX6bl MUKPOCXeMbl, BK/HOYaoLLein
B Ce65 laHHbIN CNOXHbIN PYHKLNOHANbHbIN 6/10K.

The complexity of modern VLSI and the importance of the tasks they solve impose strict requirements on
their reliability, which assessment presents an urgent research task. In this work the reliability of the one-time
read-only memory devices (OPROM) implemented on the HCMOSS8D technology with topological standards
of 180 nm and designed to be integrated into the base crystal of the 5521TP series is evaluated. With the use of
the base layers of HCMOSS8D technology, the structure and design of the programmed by the electromigration
mechanism of the elements of the EEPROM - jumpers (eFuse), made on the basis of layers of n*-polysilicon
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and nickel silicide (NiSi,) were developed. Presented are the results of the reliability tests of the developed
OPPZU elements. A technique has been developed to assess the reliability of eFuse intended for use as a part
of memory cells in the 5521TP series base crystal. The technique includes a combination of electrophysical
measurements of a single eFuse cell and a functional block based on it. It is shown that eFuse guarantees
the preservation of residual resistance within specified limits throughout the life of the microcircuit, which

includes this complex functional unit.

BBEAEHUE

Hcrionb3oBaHuMe IepeMbluek eFuse Ha 0CHOBe CHTMIIHT
MeTaJIJIa-TIOTMKPeMHH M JaeT BO3MOKHOCTD PeajIi30BhI-
BaTb pPa3/MuHble BAPUAHTHI KOHCTPyKLuuK CBUC B cy6-
MHUKPOHHOH TexHonoruu KMOII. IIporpaMMupyeMble
C IIOMOIIBIO MeXaHM3Ma 3JIeKTPOMUIPALIMH eFuse SBig-
IOTCS IIPeAIOYTHUTEIbHBIM BAPHAHTOM IIPH ITPOEKTHPO-
BaHMH CIOKHBIX QYHKIIMOHANTBHBIX 6710k0B CBHC 110 cpaB-
HEHMIO C [IePeMBIYKaAMH C JIA3€PHOM KOPPEKIIHeH, TaK KaK
IIporpaMMUPOBAHMUeE B IIEPBOM C/Iydae MOXKET ObITh pea-
NH130BaHO 6e3 y4acTHs GUPMBI-TIPOK3BOAUTeNs. B paboTe
(1] paHee 6b1/1a IOKA3aHA IPUHITUIIHMAIBHAS BO3MOXKHOCTD
HCIIO/Ib30BAHUS CIOKHBIX QYHKIIMOHAIBHBIX OII0KOB
OIIIT3Y Ha 0CHOBE IJIABKKX IIePEeMBIYEK /I KX OMHOKPAT-
HOTO ITPOrPaMMHMPOBAHKS B COCTaBe MHKPOCXeM, paspa-
barpiBaeMBbIX Ha 6a30BbIX KpHUCcTa/UIax (BK) cepru 5521TP,

PaccmoTpeHHBIe B [2-4] eFuse UCIIONB3YIOT MeXaHU3M
3JIGKTPOMUTPALlMU [JIs YBeIUYeHHUS 3JIeKTPHUUEeCKOro
COIIPOTHB/IEHHSI [IePeMBIUKH. PU3HUYIeCKHH Pa3phIB Tela
[epeMbIYKHU IIPOUCXOAUT BCIeICTBHEe MUIPALIUH MOHOB
CJI0S CHJIMIIM/A OT aHOJa K KaTOAY IIOTOKOM 3JIEKTPO-
HOB, BBI3bIBas YBe/IMYEHHE COIIPOTUB/IEHHU S [IePEeMbIUKH
Ha HEeCKOJIBKO ITOPSIAKOB [2].

CumuTaeTcsi, YTO MeTaJl/Ibl SIBJISIIOTCSL MeHee yCTOMYH-
BBIMH, HeKeIH CUIULMABI, K IIPOLIeCCY 3JIeKTPOMHUTPa-
LIMH [2], HO TOK IPOrpaMMHpOBaHHUS eFuse Ha OCHOBe
MeTas1a 6osee yeM B 20 pa3 IIpeBbIIIAeT TOK ITPOrPaMMHU-
poBaHMS eFuse Ha OCHOBe CHIMLIUA-TIOTHUKPeMHHUH [1].

Takske CHIIMIIUABL I POKO IIPUMEHSIIOTCS Kak [j1s op-
MU POBaHHMS HU3KOOMHBIX KOHTAKTOB K TUPPY3HMOHHEIM
06/1acTAM, Tak U 37IeMEHTOB MEXKCOeUHEeHUN. B pabo-
Tax (3, 4] IoKa3aHoO, YTO BO3MOKHO yCIIeIIHOe HCII0Nb30-
BaHHe IIpollecca 31eKTPOMUIPALIUU CJI0eB CHIHULIKAA
B OTZIeJIBHBIX 3/IeKTPUYECKH IIPOrPAMMHUPYEMBIX 37IeMeH-
TaX CXeMbl. B KadecTBe Cj1051 CUJIUIIU/IA B 3/IeMeHTax eFuse
B 3THX paboTax OBUIM HUCIIONB30BAHBI CJIOM CHITHILIHAA
Kobasera (CoSiy) u cunuiuaa Bonsppama (WSi,) Ha critb-
HOJIETIPOBAHHOM CJIO€ 3aTBOPHOIO ITIOJIMKPeMHHUS.

OlLleHKa HaJle>KHOCTH B pa60Tax (3, 4] npoBonu-
J1aCh B COOTBETCTBUHU CO cTaHAapTaMu JESD22-F104,
JESD22-F113, JESD22-F108, JESD22-F110, obecrie4ynBaro-
IIMMH MCIBITAHUA [IPU MOBBIIIEHHON TeMIlepaType,
JIeKTPUUYECKOM CMelleHHUH, TePMOLUK/IHPOBAHUH,
a TaK>Ke YCKOpPeHHBIe CTPecc-TeCTbl IIPH IIOBBIIIEHHON
TeMIIepaType U BJIa>KHOCTH.

B aTon paboTe oleHKa HaJeKHOCTH IIPOBOJHIIACH
Ha TeCTOBBIX CTPYKTYpax, BKIIOYAIOMIUX B cebs TOIBKO
eqUHUYHBIe eFuse, 111 MUHUMM3ALUK BIHUSHM S JTI00bIX
Mapa3sUTHBIX COCTAB/SIOMMUX 3JIeKTPUUYECKOM LIeIH.
B paboTe mpencTaBaeHbl: KOHCTPYKIKS K IIOCTOHHAS
CTPYKTYypa efUHUYHOM eFuse; aJITOPUTM IIPOrpaMMHU-
poBaHus eFuse c onipefieieHHeM KPUTEPH S ee IIPOorpaM-
MHUPOBaHM; MeTOAHKA UCC/IeoBaHU S eFuse Ha Haex-
HOCTb; BBIXOZHOM KPUTEPHUI, 06ecreuBaIOIINI HaIeX-
HOCTB eFuse B TeueHIe BCero cpoka cysk6sr CBHC.

KOHCTPYKLIMA U IIOC/IOKHAS CTPYKTypa eFuse.

INTRODUCTION

The use of eFuse jumpers based on
metal-polysilicon silicide makes
it possible to implement various
design options for VLSI in the sub-
micron CMOS technology. An eFuse
programmable with the use of the
electromigration mechanism is
the preferred option when design-
ing complex VLSI function blocks
in comparison with laser correction
jumpers since programming, in
the first case, can be implemented

without the participation of the
manufacturer. It was previously
shown in [1] that it is possible, in
principle, to use the complex func-
tional blocks of the OTPZU based on
fusible jumpers for their one-time
programming in the microcircuits
developed on the base crystals (BC) of
the 5521TP series.

The eFuse discussed in [2-4] uses
the electromigration mechanism
to increase the electrical resistance
of the jumper. Physical breakdown

of the bridge body occurs due to
migration of the silicide layer
ions from anode to cathode by the
electron flow, causing an increase
in the bridge resistance by several
orders of magnitude [2].

Metals are considered to be
less resistant than silicides to the
electromigration process [2], but the
metal-based eFuse programming
current is more than 20 times greater
than the eFuse programming current
based on silicide-polysilicon [1].
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Puc.1. M306pakeHus:: a — ppazmeHm mukpocxembl cepu 5521TP, b — koHcmpyKuus edUHUYHOU eFuse, ¢ — nocaoliHas cmpykmypa eFuse
Fig.1. Images: a - fragment of the 5521TP series chip, b - unit eFuse design, c - eFuse layered structure

OnTHYeckoe n3o06paskeHHe pparMeHTa MUKPOCXEeMBI
cepuu 5521TP, BK/IIo4atomelt B cebst pa3paboTaHHBbIe efU-
HU4YHBIe eFuse, UX 3CKHU3HYI0 KOHCTPYKIIHIO K II0C/IOM-
HBII pa3pes, IIpefCTaBleHo Ha puc.l. Pa3paboTaHHEIe
37eMeHTHI eFuse 65T BCTPOEHBI B 6a30BYI0 TEXHOJIOTHIO
HCMOSS8D ¢ npoeKTHEIMU HOpMaMH 180 HM Ha OCHOBe
6a30BBIX C10eB 6e3 HCII0/b30BAHUS NOIIOTHHUTETbHBIX
TeXHOJIOTMYeCKUX LIMKJIOB. IlepeMbIuKky eFuse IipeJicTaB-
JISIIOT CODOY CJION CHJIBHOJIETPOBAHHOTO N*-3aTBOPHOIO
MOJIMKPEMHUS Ha U30/IUPYIOIIEeM OKCH/JIe, ITOJTHOCTBIO
IIOKPBITOTO CTI0eM CHIMIHAA HuKes NiSi,. Pacmirpenue
37eMeHTHO¥ 6a3sl B TexHomoruyr HCMOS8D pa3paboTas-
HBIMH HaMH eFuse 1mo3Bo/inao co3gath Kak OIIII3Y, Tak
Y CXeMBbI ITO/ICTPOKIKH aHAJIOTOBBIX 67I0KOB.

JJIs. OLleHKH HaJeXHOCTH MCII0JIb30BaUCh TPHU
BapHaHTA UCIIONHeHH s eFuse € pa3/IMYHBIM OTHOILIEHHEM

WI/L (tab1.1). KonuuecTBo HCCIeiyeMbIX 06pas3LioB KaskI0H
MOOUPHKALIMH eFuse cOCTaBJIsIIO 0 20 IIIT.

ANrOPUTM NPOrPAMMUPOBAHMSA eFUSE

C OMPEAENEHUEM KPUTEPUA EE NPOrPAMMUPOBAHMA
ANTOpUTM IporpaMMHupoBaHHUs eFuse pa3pabo-
TaH Ha OCHOBE OrPAHHYHBAMIIKX ITapaMeTPOB
TY AEHB.431260.412TVY. [lngd nporpaMMUHPOBaHU A
M 3KCIIJIyaTaluu eFuse orpaHUYMBAIONIMM I1apa-
MeTPOM ABJISETCS HallpssKeHHe NUTaHus. Ilo Tpe-
00BaHUIO K 3/IeKTPUUECKUM [TapaMeTpaM U PexXH-
MaM 3Kcrnyatanuu TY AEHB.431260.412TY Ha 6a3o0-
BBIM KpPUCTasI 5521TP nuana3oH mpejenbHO JOIy-
CTUMBIX HallpsisKeHUH NUTaHUA BK 5521TP cocTas-
JaseT oT 2,7 mo 3,63 B, a ero mpejgesbHoe 3Haye-
Hue - 4 B.

Silicides are also widely used both
for the formation of low-resistance
contacts to diffusion regions,
and for interconnect elements.
In works [3, 4] it was shown that
it is possible to successfully use
the process of electromigration
of silicide layers in individual
electrically programmed circuit
elements. In these studies,
layers of cobalt silicide (CoSi,)
and tungsten silicide (WSi,) on
a heavily doped gate polysilicon
layer were used as a silicide layer
in eFuse elements.

Reliability assessment in works
(3, 4] was carried out in accordance
with the standards JESD22-F104,

JESD22-F113, JESD22-F108,
JESD22-F110 providing tests at
elevated temperature, electric
displacement, thermal cycling,
as well as accelerated stress tests
at elevated temperature and
humidity.

In this work, the reliability
assessment was carried out on test
structures that included only single
eFuses to minimize the influence
of any stray components of the
electric circuit. The paper presents:
the design and layered structure of
a single eFuse; eFuse programming
algorithm with the definition
of its programming criteria;
eFuse research methodology for

HAHO MHOYCTPHA Tom 13 Ne 2 (95) 2020

reliability; and the output criterion
ensuring eFuse reliability over the
entire VLSI service lifetime.

eFUSE DESIGN AND LAYERING

The optical image of a fragment
of the 5521TP series microcircuit,
which includes the developed sin-
gle eFuse, their outline design and
layered section, is shown in Fig.1.
The developed eFuse elements were
integrated into the HCMOS8D basic
technology with 180 nm design
standards based on the base lay-
ers without the use of additional
technological cycles. The eFuse
jumpers present a layer of heav-
ily doped n* gate polysilicon on an



EQUIPMENT FOR NANOINDUSTRY

Tabauua 1. feomempuyeckue pasmepbl eFuse
Table1. eFuse dimensions

AnuHa L, MKM
LengthL, p

Moaudukaums LivpuHa W, MKM

Width W, p

eFuse
eFuse variant

1 0,5 0,18
2 1,0 0,18
3 1,7 0,18

[lyis oripezenieHus cOCTOSIHU S eFuse 6p1a pazpaboTaHa
CxeMa JIooIpesieieH sl KoTopasi paboTaer B [Halla30He
0T 10 KOM U BhIIIIe.

I[lepBas u BTOpast Moguéuranuu (cM. tabn.l) eFuse
OBLIM 3aIIPOrpaMMHPOBAHBI ITPU CJIEAYIOIIHX YCIOBHIX:
Ha O H BbIBOZ, eFuse IoaBajioch HaIIpsikeHue 3,63 B mu-
TeJIbHOCThI0 100 MC ¢ oTpaHHYeHHEeM 10 MaKCHMMaJlb-
HOMY 3HaueHHUIO TOKa yepe3 eFuse B 100 MA, Ha BTOPOH
BBIBOJ, HaIllPsIKeHHe He I04aBaioch. TpeTss MogUdU-
Kanus eFuse IIpy IporpaMMUMPOBaHUM Ha HaIpsiKe-
HUHU 3,63 B He yIoBIeTBOPs/IA ITapaMeTPy MUHUMAaIbHOIO
OCTaTOYHOI'0 COITPOTHBIIEHU S, [IJIs IIOTyYeHU I CTaTUCTH-
YeCKUX JAHHBIX I10 BeJIMYKHe OCTaTOYHOI0 COIIPOTUBIIE-
HUS TPeThs MOGUGUKAIIS Obla 3aIIporpaMMUpPOBaHa
[IpU [Ipefie/IbHOM HaIIPSUKeHUHU IIUTaHUA 4 B. YcioBUs
I10 BpeMeHH 1 TOKY OCTaBaJIKCh IIPeSKHUMH.

OCHOBHBIM BBIXOJHBIM 3/IeKTPOPU3UYECKUM IIapa-
METPOM, XapaKTepHU3YIOLUIMM BBLIIIOJIHeHHE IIpolecca
IIpOrpaMMHUPOBaHUS eFuse, 6bLI0 U3MeHeHHe Hadyallb-
HOTO COIIPOTHUBJIEHHS Tejla IIepeMBIYKM He MeHee
4yeM Ha [iBa ropsigka. Pa3bpoc 3HAaUeHHUN OCTATOYHOIO

Ucc o—

[ - ] 2 1 -
/ / /|

1-yCTpOMCTBO KOMMYTaLIMK;
1 - switching device;

2 —nposepsieMas MMKpocxema c eFuse;
2 —tested chip with eFuse;

HactoTa KOMMyTaUUW HAMPAXKEHNA NNTAHKA —f{=0,05Tu+60ru;
The frequency of switching the supply voltage —f=0.05 Hz + 60 Hz;

CKBaXHOCTb—Q =1,1+3;
On-linetimeratio-Q=1.1+3;

Ucc=3,63B+5%
Ucc=3,63V+5%

Puc.2. baok-cxema 0ns uccnedosarus eFuse
Fig.2. Block diagram for eFuse research

COIIPOTHBJICHHU S UCCIelyeMBIX TpeX MogHuHKaLui eFuse
JI0 Y TI0C/Ie TIpoLiecca IIPOrpaMMHUPOBAHMS IIPUBE/IeHEL
BTabm.2.

I[TonyyeHHble JaHHBIE [10Ka3bIBAIOT, UTO eFuse Mofu-
duxanyu I iMeeT HAaU6OBIIUH K3 TPeX MOAUPUKAIIUIL
TOK IIPOTPaMMHUPOBaHHUS, /1S KOTOPOIO B a/IbHEHIIeM
MOHa106KTCsI 60/IBINION TPAH3UCTOP TPOrPAMMHPOBAHHUS,
YTO BIIOC/Ie[,CTBUH CKaSKETCS Ha TUIOMA/IHA 3AaHUMAaeMOK
SUeMKOM MaMSITH, OCHOBAaHHOM Ha 3TOM BapHaHTe eFuse.
Mopudukaliys | mporpaMMHUpPYeTcs IpeJe/IbHO JOIYCTH-
MBIM HaIlpsiKeHHeM NUTaHHuA. JaHHasg MOAHUPHUKALIMA

insulating oxide completely coated
with a layer of nickel silicide NiSi,.
Expansion of the elemental base in
the HCMOSS8D technology with the
developed by us eFuses allowed us
to develop both the core memory
and analog circuit tuning circuits.
To assess reliability, three eFuse
designs were applied with different
W/L ratios (Table 1). The number
of test samples of each eFuse
modification was 20 pieces.

THE eFUSE PROGRAMMING
ALGORITHM WITH THE DEFINITION OF
ITS PROGRAMMING CRITERION

The eFuse programming algo-
rithm has been developed based

on the limiting parameters of TU
AENV.431260.412TU. For program-
ming and operation of eFuse,
the supply voltage is the limit-
ing parameter. According to the
requirement for electrical parame-
ters and operating modes of the TU
AENV.431260.412TU for the 5521TR
base crystal, the range of maxi-
mum permissible supply voltages
of the BK 5521TR varies from 2.7 to
3.63V, its limit value being 4 V.

To determine the state of eFuse,
an extension circuit has been
developed that operates in the
range of 10 kQ and higher.

The first and second
modifications (see Table 1) of

eFuse were programmed under
the following conditions: a
voltage of 3.63 V for a duration of
100 ms was applied to one eFuse
pin with a limit of the maximum
current value through eFuse that
equals 100 mA, no voltage was
applied to the second pin. The
third modification of eFuse, when
programming at a voltage of 3.63V,
did not satisfy the minimum
residual resistance parameter. To
obtain statistics on the residual
resistance value, the third
modification was programmed at
a maximum supply voltage of 4 V.
The time and current conditions
remained the same.

Vor.13 No. 2 (95) 2020 NANO INDUSTRY
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Tabauua 2. M3meHeHue conpomusAeHus eFuse 8 npouecce Npozpammuposanust

Table 2. Change of eFuse resistance when programming

Moaudukauusa Tok, MA HanpsixeHune HavyanbHoe ConpoTuB/ieHue nocne
eFuse Current, NporpaMmMupoBaHus, B conpoTusneHue, OM nporpaMMupoBaHus, MOm
eFuse variant mA Programming voltage, V Initial resistance, Resistance after programming,
Ohm MOhm
1 17 3,63 ~60 Ot (from) 0,538 fo (to) 423
2 14 3,63 ~70 OT (from) 304 go (to) 446
3 10 4,0 ~84 OT (from) 0,012 go (to) 0,020

eFuse nMeeT HaubOMBLINI, U3 BCX IIPe/CTaBIeHHBbIX,
pa3bpoc COnpoTHBIEHHUS [OC/Ie IPOrPpaMMHUPOBaHMUS,
a Tak’Ke Haubosnpllee M3MeHeHHe OCTAaTOYHOIO COIIPOTHB-
JIeHH S BO BpeMS$ UCIBITAHUU. Pe3ynbTaTel H3MeHeHHU s
COIIPOTHBJIEHHUSI BO BpeMsi paboTsl eFuse ITpesCTaBIeHb
HIKe, Ha PUC.3.

HamnpsskeHue NMporpaMMHPOBAHUA MOAHUPUKA-
nuu 2 eFuse coBIiajiaeT ¢ HaIpsi>KeHHEM IIPOrPaMMHU-
POBaHMS IIepBOM MOOUPHUKALIMH, HO IIpU 3ToM eFuse
MOIMPHUKALMH 2 MMeeT MeHBIIHH TOK IPOrpaMMHUPO-
BaHMSI, MEHBIIN pPa3bpoc COITPOTHUBIEHUH I10C/Ie IIPO-
IPAMMUPOBAHUS U MEHBUIMH Pa3bpoc 0CTATOUHOIO
COITPOTHBJIEHUSI BO BpeMs paboThl. Pe3y/IbTaThl H3MeHe-
HHSI COITPOTHB/IEHHSI BO BpeMsi paboTsl eFuse mpesicTaB-
JIeHBI HHKe, Ha PUC.4.

Moguduranus 3 obecriedriBaeT MUHHMaJIBHBIN TOK
[IPOrpaMMHPOBAHM S U3 UCC/IeIOBAHHBIX MOTUHUKALIMH,
HO TpebyIoleecs 115 IPOrPaMMUPOBAHUS HaIpsKeHHe
He [0I1a/IaeT B [Tpefle/IbHO JOIYCTHMBIE 1HAIIa30H HaIlps-
SKeHUH NUTaHud g1 BK 5521TP.

Hcxoms W3 MOJIyUeHHBIX JAaHHBIX MOXKHO CHesaTh
BBIBOJI, YTO HAM/IyYIllel 13 Ipe/iCTaBIeHHbIX MOOHUPHKa-
LIUH SIBIsSeTCS MomudHKalus 2 eFuse.

METOANKA NCC/IEAOBAHNA eFUSE HA HALLEXXHOCTb
MuxpocxeMbl cepuu 5521TP monKHBL 6BITH CTOK-
KHUMH K BO3JeHCTBHUIO CIellHMaJbHBIX GaKTOPOB
C XxapakTepucTukamu 7.1, 7.C u 7.K B COOTBETCTBUH
¢ TOCT PB 20.39.414.2. ODHUM K3 OCHOBHBIX KPHUTe-
pHeB KaueCcTBa MHUKPOCXEMBI SBJISIeTCS ee Ha[e>KHOCTh
B TeUeHHe BCero Cpoka CaysKObl. [l OATBEPKAeHUS
HaJIe>KHOCTH pa3paboTaHHOM suelKU eFuse 6bl1a pas-
paboTaHa MeTOAMKA OLIEHKHU HaJle>KHOCTH JTAHHOIO
6110Kka B cooTBeTCcTBUHU ¢ TOCT PB 20.39.414.2.
MeTonMKa OLleHKH HaJeXHoCTH eFuse 6nlia
HaITpaBJeHa Ha UCCIeJ0BAaHHe TePMHUYeCKON CTabUIb-
HOCTH COIIPOTHUBJIEHH S eFuse, BKIOYas CTpecc, pelak-
CaIlHIO ¥ CBSA3aHHbBIE C 3TUM H3MEHEHHM I OCTATOYHOI0
COIIPOTHUBJIEHHSI. MHUKpOCXeMa IoABepraaach BO3-
IeNCTBUIO IIOBHIIIeHHON TeMIepaTypsl (125 °C) npu

The main output electrophysical
parameter characterizing the
implementation of the eFuse
programming process was a
change in the initial resistance
of the jumper body by at least 2
orders of magnitude. The scatter
of the residual resistance values
of the three eFuse modifications
under study before and after the
programming process is shown in
Table 2.

The data obtained show that
eFuse of modification 1 has the
largest programming current out
of three modifications for which
a large programming transistor
will be needed in future, which

will subsequently affect the
area occupied by the memory
cell based on this eFuse variant.
Modification 1 is programmed
with the maximum permissible
supply voltage. After programming,
this eFuse modification has the
largest resistance spread out of all
presented, as well as the largest
change in residual resistance during
testing. The results of resistance
changes during eFuse operation are
presented below in Fig.3.

The programming voltage of the
second modification eFuse is the
same as the programming voltage
of the first modification, but the
eFuse of the second modification
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has a lower programming current,
a smaller spread of resistances
after programming and a smaller
spread of residual resistance
during operation. The results of
resistance changes during eFuse
operation are presented below in
Fig.4.

Modification 3 provides for the
minimum programming current
from the studied modifications
but the voltage required for
programming does not fall within
the maximum permissible supply
voltage range for the 5521TP base
crystal.

Based on the obtained data,
we can conclude that the second
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Puc.3. luana3oH usmeHeHUss 0CMAMO4H020 CONPOMUBAEHUS
80 8pemeHU eFuse c pasmepamu L/W = 0,5/0,18 mkm
Fig.3. The range of changes in residual resistance over time eFuse

with dimensionsL/W=0.5/0.18 y

9aCTOTE KOMMYTAallMK HAIIPSIP)KEHH S ITMTAHH S OT 0,05

0o 60 I'.
Brok cxeMa, pa3paboTaHHas AJ1sl UCIIBITAHUS eFuse,

IIpe/iCTaB/IeHa Ha pHC.2.

HJist UCIIBITAHKMSA Ha HAJEKHOCTh MHKPOCXEMY C
eFuse yCTaHaB/IMBA/IA B COOTBETCTBUH CO CX@MOM, IIPH-
BeJIeHHOM Ha pUC.2. MCIBITAaHUS IPOBOLUIKCH IPU
TeMIiepaTtype 125°C, Ipu Hanps>KeHUH ITUTAHUA 3,6 B

+5%.

Puc.4. luana3oH usmeHeHus ocmamo4H020 CONPOMuU8BAeHus
80 8pemeHU eFuse ¢ pazmepamu L/W = 1,0/0,18 mKkm
Fig.4. The range of changes in residual resistance over time eFuse

with dimensions L/W=1.0/0.18 p

ANTOPUTM HCClaemoBaHUsA eFuse mociepoBa-
TeJIPHO BKJIIOYAJ B cebst M3MepeHHe CONIPOTHBIIE-
Hus eFuse J0 IPpOorpaMMUPOBAHUSA, IPOTPAMMU-
poBaHue eFuse, H3MepeHUe COIPOTHUBIIEHUS I10CTIe
NporpaMMHUPOBaHUS, IPOBefeHHe HUCIBITAHUU
B COCTaBe MHKPOCXeMbI B TedueHue 3000 u ¢ mmpo-
Me>XKyTOUYHBIM KOHTPOJIEM OCTaTOYHOI'O COIIPOTHB-
neHusd eFuse gyepes 48, 500, 1000, 1500, 2000, 2500,

3000 u.

The eFuse research algorithm

modification of eFuse is the best one
out of the presented modifications.

METHODS OF RESEARCH ON

RELIABILITY
Chips of the 5521TP series must

be resistant to special fac-
tors with characteristics 7.1,
7.C and 7.K in accordance with
GOST RV 20.39.414.2. One of the
main criteria for the quality of a
microcircuit is its reliability over
the entire service life. To confirm
the reliability of the developed
eFuse cell, a methodology was
developed for assessing the reli-
ability of this unit in accordance
with GOST RV 20.39.414.2.

The eFuse reliability assessment
methodology was aimed at
studying the thermal stability
of eFuse resistance, including
stress, relaxation, and related
changes in residual resistance.
The microcircuit was exposed to
elevated temperature (125 °C) at a
switching frequency of the supply
voltage from 0.05 Hz to 60 Hz.

The block diagram developed for
the eFuse test is shown in Fig.2.

For reliability testing, the
chip with eFuse was installed in
accordance with the circuit shown
in Fig.2. The tests were carried
out at a temperature of 125 °C ata
supply voltage of 3.6 V + 5%.

consistently included the
measurement of eFuse resistance
before programming, the eFuse
programming, the measurement
of resistance after programming,
and testing of the chip for 3,000
hours with an intermediate
monitoring of the eFuse residual
resistance through 48, 500, 1,000,
1,500, 2,000, 2,500 and 3,000

hours.

AN OUTPUT CRITERION THAT
ENSURES eFUSE RELIABILITY OVER
THE ENTIRE VLSI SERVICE LIFETIME
The main performance criteria
for a single eFuse are the residual
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OBOPYAOBAHMUE A19 HAHOUHAYCTPUM

BbIXOLHOW KPUTEPWIA, OBECMIEYUBAIOLLUIM HALEX-
HOCTb eFUSE B TEMEHUE BCEF'O CPOKA CJ/1YXXbbl CBUC
OCHOBHBIMH KPUTEPHSIMHU paboTOCIIOCOOHOCTH ellH-
HUYHOM eFuse SIBJISIIOTCS OCTATOUHOE COIIPOTHUBIIEHHE
U [UAIa30H U3MeHeHMUs OCTAaTOYHOTO COIIPOTHBIIe-
HUSsl. Mi3MeHeHHe 0CTAaTOYHOT0 COIIPOTHBIIEHH I BO Bpe-
MeHHU II0f BO3[IeMCTBHEM BHEIIHHUX GAKTOPOB MOXKET
[IOBJIMSITH Ha IIPABHJIBHY0 Pab0TOCIIOCOOHOCTh MUKPO-
cxeMBsl. [lJIsl IPOBEPKH OCTATOYHOTO CONIPOTHBIEHHUS
6BLTH TPOBE/IeHbI UCITBITAHU S, BEIOpaHbI eFuse c reoMe-
TpUUYecKUMHU pa3mepamu 0,5/0,18 MM u 1,0/0,18 MKM,
TaK Kak JaHHbIe eFuse IIporpaMMUPYIOTCS C UCII0NIb30-
BaHMEM IIpeJie/IbHO TOIIYCTHMOTr0 HAIIPSSKeHU S [TUTA-
HUS. B paboTe nmprBeeHBl pe3yn1bTaThl KCCIEL0BA-
HUSI U3MeHEeHHS OCTAaTOYHOIO COPOTHUBJIEHHUS pPa3-
pabotanHbIx eFuse. BbIgBIeH qUANA30H U3MEHEHUS
OCTATOYHOI'O COITPOTUBJIEHUS C TeYeHHeM BpeMeHH.
[lonyueHHBIe Pe3y/IbTaThI IIPeICTABIEHBI Ha PUC.3, 4.

Ha puc.3 moka3aHa 3aBUCHMOCTb OCTATOYHOTO
COIIPOTHUBJIEHU S TPeX OLUHAKOBBIX eFuse Moguduka-
LIUY | OT BpeMeHH. JlaHHBIH PHUCYHOK OTPaskaeT gHa-
[1a30H M3MeHeHMUS 0CTAaTOYHOIO COIIPOTHUBIIEHHUS BO
BpeMeHH.

Juarna3oH M3MeHEHHUS OCTATOYHOIO COIPO-
TUBJIeHHUs eFuse c reoMeTpUYeCKHMHU pa3Me-
pamu L/W = 0,5/0,18 mMKkM cocTaBiseT oT 10 KOM
n0ol1T'Om.

Ha puc.4 nmpencTaBiaeHa 3aBUCHMOCTD OCTATOY-
HOT'O COITPOTHUBJIEHU S TPeX OAUHAKOBEIX eFuse Mogu-
duKaL MK 2 OT BpeMeHU HCIBbITAaHUS. [JaHHBIH PUCY-
HOK II0Ka3bIBaeT JHalla30H U3MeHeHUs 0CTATOYHOI 0
COIIPOTHBIIEHU S BO BpEMEHHU.

Juamna3oH H3MeHeHHUS OCTATOYHOIO COIIPO-
TUBNeHHUS eFuse c reoMeTpUUYeCKHUMHU pa3me-
pamu L/W =1,0/0,18 MKkM cocTaBiaseT oT 10 MOm
1o 10 T'Om.

OBCY)XAEHUE PE3Y/IbTATOB
M3 npuBeNeHHBIX B paboTe JaHHBIX MOXKHO CIe-
JIaTh BBIBOJBL O TOM, UTO He BCe pa3paboTaHHBIe
reomMeTpuu eFuse MOXHO HCIIONIb30BaTh B S4ell-
Kkax OIIII3Y. Cxema suenku OIITI3Y Ha oCHOBe pas-
paboraHHBIX eFuse mpencTaBiaeHa Ha puc.5. eFuse
C TeOMeTpHUYeCKHMMH pa3mepamu 0,5/0,18 MKM
uMeeT 60bIION Pa3bpoc 0CTATOUHOIO COIIPOTHB-
JIeHHU s I0CJe mporpaMMmupoBaHus (oT 500 KOM
no 400 MOm), a TakXe 6onbImor pasbpoc ocTa-
TOYHOI'O COIIPOTHBJIEHHS BO BPeMs HCIBITAHUS
(oT 10 kxOM mo 100 MOM). [laHHAS MOTUPUKAL K
eFuse Hy>X[aeTcs B cxeMe JOOIpefeleHus, KOTO-
pas MOXKeT OTC/IeAHUTh H3MeHeHHe COIIPOTUBJICHU
B Aramna3oHe oT 10 KOM g0 10 MOM.
PaspaboranHas momsudukanus efFuse c reo-
MeTPHUYeCKHMH pa3Mepamu 1,0/0,18 MM obra-
naeT CTabHJIBHO OOJBIIUM OCTATOYHBIM COIIPO-
THUBJeHHEM IOC/Je NpPpOorpaMMUpPOBAHUSA
(ot 300 mo 500 MOM). OcTaTouHOe COIIPOTUBJIEHHE
BO BpeMs HCIIBITAHUS U3MeHsdeTCsd B JHalla3oHe
oT 45 MOM 1o 8 TOM, 4TO I103BOJISIeT 0CNabUTh Tpe-
boBaHMS K CXeMe JJ0ONIpe/ie/IeHU . Sluerika MaMsITH
Ha OCHOBe JJaHHOM eFuse HMeeT 60JIBIIYIO IIJIOMALh
U HyXJaeTcs B 60JbIleM TPAaH3UCTOPe [JIs IIPO-
rpaMMHUPOBAHHUS, CXeMa STUeNKHU MaMSITH IpeJ-
CTaBjIeHa Ha pUC.2.

resistance and the range of vari-
ation of the residual resistance.
Changing the residual resistance
over time under the influence of
external factors can affect the
correct performance of the chip.
To check the residual resistance,
tests were carried out, eFuses
with geometrical sizes of 0.5 /
0.18 pm and 1.0 / 0.18 pm were
selected, since the eFuse data is
programmed using the maxi-
mum allowable supply voltage.
The paper presents the results
of a study of changes in residual
resistance developed by eFuse.
The range of changes in resid-
ual resistance over time has been

identified. The results are pre-
sented in Figs.3, 4.

Fig.3 shows the time dependence
of the residual resistance of
three identical eFuse of the first
modification. This figure shows
the range of changes in residual
resistance over time.

The range of the residual
resistance variation in eFuse with
geometric dimensions L/ W = 0.5/
0.18 pm is from 10 kQ to 1 CQ.

Fig.4 shows the dependence of
the residual resistance of three
identical eFuse of the second
modification on the test time. This
figure shows the range of change
in residual resistance over time.
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The range of variation of the
residual resistance eFuse with
geometric dimensions L/ W =1.0/
0.18 pm is from 10 MQ to 10 CQ.

DISCUSSION

From the data presented in the
work we can conclude that not all
developed eFuse geometries can be
used in the cells of the RAM. The
cell layout of the RAM based on
the developed eFuse is presented
in Fig.5. eFuse with geometric
dimensions of 0.5/ 0.18 pm has a
large spread of residual resistance
after programming (from 500 kQ to
400 MQ), as well as a large spread of
residual resistance during the test
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MonudpuKaLusg C TeOMETPUYECKHMMH pasmMe-
pamu 1,7/0,18 MKM He MOAXOAUT AJIS AaJbHel-
IIero UCI0b30BaHMUS B Pa3pabaThlBaeMBbIX STUeHKaX
[IaMSTH, TaK KaK HaIlpssKeHHe IIPOorpaMMHUPOBaAHU A
IIpeBHIIIAeT IIpeJebHOe HAIIPsIKeHHe [ pa3pabo-
TaHHOI'0 KpUCTa/lIa cepuu 5521TP.

CxeMa BKJIIOYEHHM S 1)1 IPOrpaMMUPOBaHU A eFuse
B cocTaBe OIIII3Y mpexacTaBieHa Ha puc.5.

BbIBO/Lbl

B manHoOm paboTe OBIIM IpefCTaBIEHBl TPU MOIH-
dukanuu paspaboTaHHBEIX HAa OCHOBe 6a30BBIX C/I0EB
TexHosoruu HCMOSS8D mepeMbiuek eFuse, omu-
CaH pe>XHMM IIPOrPaMMMPOBAHHUS U BbIOpaH KpHUTe-
PHI OLIeHKH HaJeXXHOCTH. M3 Bcex Ipe/CTaBJIeH-
HBIX eFuse KpUTepHeM HaJIeKHOCTH yOOBIeTBOpseT
TOJIBKO MopuduKaiius 2. OHa uMeeT CTabuIbHO 60/
mroe (Beime 1 MOM) ocTaToOUHOe COIIPOTHUBJIEHHE II0CJIe
[IPOrpaMMHMPOBaHMs, a TAKKe BO BpeMs IIPOBefeHH
KUCIbITaHUsA. IIpoBefeHHbIe UCIIBITAHUS IIOATBEPIK-
JaI0T Ha/IeXKHOCTb Pa3paboTaHHOM KOHCTPYKIIMH B Teue-
HHe BCero Cpoka CIy>k65I MHKPOCXeMBI 3asBI€HHOIO
B TY AEHB.431260.412. Pa3paboTtaHHas MogUUKAIHS
eFuse B manbHeHIIeM MOXKET IPUMEHSThCS B COCTaBe
6/10Ka OJHOKPATHO IIPOrPaMMHUPYeMOro IIOCTOSSHHO
3aIIOMMHAIOIIEr0 YCTPOHCTBA B cocTaBe BK cepru 5521TP.
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described the programming mode
and selected a criterion for evalu-

definition circuit that can track
resistance changes in the range of
10 kQ to 10 MQ.

The developed eFuse modifica-
tion with geometric dimensions
0f 1.0 / 0.18 pm has a stable large
residual resistance after program-
ming (from 300 MQ to 500 MQ).
The residual resistance during the
test varies in the range from 45
MQ to 8 GQ, which makes it pos-
sible to weaken the requirements
for the additional determination
circuit. The memory cell based
on this eFuse has a large area
and needs a larger transistor for

The modification with geometric
dimensions of 1.7 / 0.18 microns is
not suitable for further use in the
developed memory cells since the
programming voltage exceeds the
maximum voltage for the developed
5521TP series crystal.

The wiring diagram for eFuse
programming as part of the
EEPROM is shown in Fig.5.

CONCLUSIONS

In this paper we presented three
modifications of the eFuse jumpers
developed on the basis of the base
layers of the HCMOS8D technology,

ating reliability. Of all those pre-
sented eFuses only the second mod-
ification satisfies the reliability cri-
terion. This modification has a sta-
ble large (above 1 MQ) residual resis-
tance after programming as well as
during the test. The carried out tests
confirm the reliability of the devel-
oped design during the entire ser-
vice life of the microcircuit declared
in TU AENV.431260.412. The devel-
oped eFuse modification can later
be used as a part of the unit of a
one-time programmable read-only
memory device as a part of the
base crystal of the 5521TP series.H
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