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†ewkw`b Av‡Mi K_v bq, Avcwb hw` ej‡Zb
Avcbvi m¤ú~Y© wgDwRK Kv‡jKkb `y Av½y‡ji
g‡a¨ aiv hvq Ggb GKUv gvÎ wWfvB‡mi g‡a¨
AvuUv‡bv hv‡e Zvn‡j Avcbv‡K wb‡q nqZ
cwinvm Ki‡Z mevB| GKB NUbv NUZ hw`
Avcwb ej‡Zb Avcbvi Kw¤úDUv‡ii mg¯—
¸i“Z¡c~Y© dvBj‡K Pvwei wis AvK…wZi GKwU
†g‡gvwii g‡a¨ f‡i ivLv hv‡e, A_ev c‡KU-
mvBR GKUv K¨v‡givi g‡a¨ msi¶Y Kiv hv‡e
nvRvi nvRvi nvB †iRjy¨kb Qwe Zvn‡jI|
A_P gvSLv‡b Lye †ewk mgq AwZevwnZ nqwb,
GLb Gme K_v ej‡j †KD Avi Avcbv‡K
cwinvm Ki‡e e‡j g‡b nq bv|
d¬¨vk bv‡g GKwU †g‡gvwi
cÖhyw³‡Z Awek¦vm¨ DbœwZi
Kvi‡Y Aí RvqMvq wecyj
cwigvY DcvË msi¶Y m¤¢e
n‡q‡Q| Avi G Kvi‡YB gvbyl
GLb Av‡iv bZzb bZzb
Am¤¢e‡ei cv‡q m¤¢vebvi †kKj
civ‡bvi †Póv Ki‡Q| gvbyl
fve‡Q: Avgvi mg¯— Pjw”PÎ
msMÖn‡K GKUv gvÎ wP‡c f‡i
ivLvi gZ †mB gnv-wPcUv
†Kv_vq? A_ev Avwg Rxe‡b hZ
eB c‡owQ Zvi me¸‡jv?
d¬¨v‡ki c‡¶ G KvR Kiv m¤¢e
bq| Z‡e we‡k¦i bvbv cÖv‡š—
Kw¤úDUvi j¨ve¸‡jv‡Z †g‡gvwi
cÖhyw³i Ici Ggb wKQy M‡elYv
Pvjv‡bv n‡”Q †h¸‡jv AvR‡Ki AvcvZ
Am¤¢e‡KI m¤¢e K‡i Zzj‡Z cv‡i| Gme
Ômycvi‡g‡gvwiÕ AvR †_‡K 50 eQi Av‡M
†bv‡ej Rqx c`v_©we` wiPvW© dvBbg¨vb-Gi
Kiv GKwU fwel¨ØvYx‡K m‡Z¨ cÖgvwYZ Kivi
Rb¨ Av`vRj †L‡q †j‡M‡Q| Av‡gwiKvb
wdwRK¨vj †mvmvBwUi GKUv e³„Zv Abyôv‡b
Ô†`qvi BR †c­w›U Ae i“g A¨vU `¨ eUgÕ bv‡g
GKwU Awe¯§iYxq fvlY w`‡qwQ‡jb dvBbg¨vb,
†hLv‡b wZwb cÖkœ Zz‡jwQ‡jb, GbmvB‡K¬v‡cwWqv
weªUvwbKvi 24Uv LÊ‡K GKwU wc‡bi gv_vi
mgvb †QvU GKUv RvqMvq ivLv wK KL‡bv m¤¢e
n‡e? cÖwZ A¶i‡K †jLvi Rb¨ cÖwZwU we›`y‡K

†M‡Q †h †mwU‡K nwU‡q bZzb †g‡gvwii Rbg‡b
RvqMv K‡i †bqvI Lye mnR n‡e bv| ZvB e‡j
AMÖMwZ I D™¢ve‡bi MwZI‡Zv †_‡g †bB ev
_vK‡e bv| eZ©gv‡b †g‡gvwi wPcm-Gi
evRv‡ii Avw_©K g~j¨ 20 †_‡K 30 wewjqb
Wjvi| Kv‡RB G Lv‡Z bZzb bZzb AvBwWqv
wb‡q Avmvi gZ gvbyl ev cÖwZôv‡bi Afve n‡e
bv| Avmyb, Avgiv eis g‡bv‡hvM wbe× Kwi
AvMvgx w`‡b †g‡gvwii fyb‡K D‡ë cv‡ë w`‡Z
cv‡i GiKg wKQy gnv-†g‡gvwi cÖhyw³i m‡½,
hviv d¬¨v‡ki DËivwaKvix n‡q gvZv‡e AvMvgx
wek¦‡K|
Ggi¨vg (MRAM)
d¬¨vk †g‡gvwii AMÖhvÎvi c‡_ eûw`b a‡iB eo
ai‡bi GKwU P¨v‡jÄ n‡q `uvwo‡q Av‡Q
Ôg¨vM‡b‡Uv‡iwRw÷f i¨vbWg A¨vK‡mm
†g‡gvwiÕ ev MRAM| 1990-Gi `kK †_‡K
†ek A‡bK¸‡jv cÖwZôvb Ggi¨vg cÖhyw³i
weKv‡k KvR K‡i P‡j‡Q| Ggi¨vg wPc †PŠ¤^K
Dcv`v‡bi `ywU cvZjv ¯—i ev †jqv‡ii g‡a¨

Z_¨‡K msi¶Y K‡i| cÖwZwU †jqviB
A‡bK¸‡jv †mj (cell)-G wef³| Gi g‡a¨
GKUv †jqvi n‡”Q ¯’vqxfv‡e †PŠ¤^KvwqZ, hvi
†PŠ¤^Kvq‡bi MwZc_ KL‡bvB cwiewZ©Z nq
bv| Avi Ab¨wU n‡”Q GKwU mvgwqK Pz¤^K hvi
†PŠ¤^Kvq‡bi gvÎv‡K †QvU GKwU †PŠ¤^K †¶Î
ev ˆe`y¨wZK mvwK©U e¨envi K‡i 180 wWwMÖ
ch©š— cvëv‡bv †h‡Z cv‡i| GB `yB †jqv‡ii
†PŠ¤^Kvq‡bi Av‡cw¶K Ae¯’vB wVK K‡i †`q
GKUv weU 1 bvwK 0-†Z †mU Kiv Av‡Q|
†PŠ¤^Kvq‡bi GB e¨enviB GKB m‡½
Ggi¨v‡gi kw³ I `ye©jZv| kw³, KviY
†PŠ¤^Kvqb LyeB `ª“ZMwZi Ges GwU‡K wbqš¿Y
KivI mnR| Gi d‡j gvÎ GK
b¨v‡bv‡m‡K‡Ûi gZ mg‡q †g‡gvwi‡Z WvUv‡K
wiW/ivBU Kiv hvq| Avi GUv GKUv `ye©jZvI,
KviY GKUv †m‡j †PŠ¤^Kvqb‡K cwiewZ©Z Kiv
n‡j †mwU Av‡kcv‡ki Ab¨ †m‡jI
cÖfve †d‡j| Ggi¨vg cÖhyw³ wb‡q
M‡elYv `ª“ZMwZ‡Z GwM‡q P‡j‡Q e‡U, Z‡e 

1000wU cigvYyi mgvb AvKv‡i bvwg‡q Avb‡Z
cvi‡j GUv m¤¢e e‡j gZ w`‡qwQ‡jb wZwb| G
AvKviUv Ggb GKUv PZz‡¯‹v‡Yi mgvb hvi
cÖwZ cv‡ki AvqZb gvÎ 9 b¨v‡bvwgUvi|
Avgv‡`i wPš—viI evB‡i ¶z`ª GKUv AvqZb
GwU, hvi m‡½ Zzjbv Ki‡j GKwU Pz‡ji
cÖ¯’‡KI †ewk g‡b n‡e| dvBbg¨vb g‡b
Ki‡Zb 2000 mv‡ji gvbyl †cQb wd‡i
ZvwK‡q AevK we¯§‡q fve‡e: b¨v‡bv AvK…wZi
K_v Rvb‡Z Rvb‡Z gvbyl‡K 1960 mvj ch©š—
A‡c¶v Ki‡Z n‡qwQj †Kb? Avgiv †Lqvj
Kwi ev bv-B Kwi, dvBbg¨v‡bi †mB

fwel¨ØvYxi ci MZ K‡qK
`k‡K b¨v‡bv cÖhyw³i M‡elYvq
Awek¦vm¨ me DbœwZ mvwaZ
n‡q‡Q| eZ©gv‡b evwYwR¨Kfv‡e
cÖPwjZ d¬¨vk WªvB‡f GK weU
cwigvY Z_¨ msi¶Y ivL‡Z
ˆ`‡N¨© 40 b¨v‡bvwgUvi cwigvY
RvqMvi cwigvY nq| 64
wMMvweU cwigvY DcvË msi¶Y
Ki‡Z cv‡i Ggb d¬¨vk wPcI
evRv‡i G‡m †M‡Q| Z‡e
dvBbg¨vb †h ai‡bi WvUv
†÷v‡i‡Ri K_v e‡jwQ‡jb †mwU
GKwU gvÎ wP‡ci g‡a¨ †UivevBU
cwigvY WvUv msi¶Y Ki‡Z
cvi‡e| GB AvcvZ Am¤¢e‡K
m¤¢e Ki‡Z n‡j d¬¨v‡ki
PvB‡ZI fvj †g‡gvwi ¯’vcZ¨

cÖ‡qvRb n‡e| Avevi G ai‡bi †÷v‡iR
wWfvB‡m msiw¶Z WvUv‡K co‡Z Ges wjL‡Z
n‡j wbf©i‡hvM¨ wjLb-cVb gva¨‡giI `iKvi
n‡e, Ges †jLv-covi KvRwU Ki‡Z n‡e
AZ¨š— `ª“Z - b¨v‡bv‡m‡KÛ mg‡qi g‡a¨|
Avevi GB †g‡gvwi‡K GKB m‡½ n‡Z n‡e
avivevwnKfv‡e wbf©i‡hvM¨, WvUv‡K GKevi
†jLv n‡j Aš—Z eQi `‡kK †hb †mwU †n‡m
†L‡j wU‡K _v‡K †mUvI wbwðZ Ki‡Z n‡e|
†evSvB hv‡”Q, P¨v‡jÄUv †gv‡UB †QvU bq|
Dc‡ii me¸‡jv KvRB Ki‡Z cvi‡e Ggb
cÖhyw³ Avi hvB †nvK, d¬¨vk bq| Avi d¬¨vk
†g‡gvwi GLb GZUvB fvjfv‡e cÖwZwôZ n‡q
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Avgv‡`i c„w_exi
250 wgwjqb eQ‡i
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Ggi¨vg ÔwiWÕ Kivi cÖwµqv: we‡Ui g‡a¨ w`‡q
we ÿ̀ r‡K cÖevwnZ Kiv n‡q‡Q Ges we‡Ui
†iwR÷¨vÝ †evSvi †Póv Kiv n‡”Q
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†i‡Ä †h‡Z cvi‡e bv e‡j g‡b K‡ib A‡bK
M‡elK| Z‡e Kg kw³ e¨q K‡i e‡j
†di¨v‡gi GK ai‡bi MÖnY‡hvM¨Zv Av‡Q,
we‡kl K‡i †hLv‡b mvg‡_¨©i PvB‡Z Avw_©K
w`KUvB eo n‡q `uvovq †mLv‡b Gi cÖ‡qvM
mn‡RB Kiv hvq| Avi G Kvi‡Y †Zvwkevi gZ
cÖwZôvb †di¨vg M‡elYvq h‡_ó kªg I A_© e¨q
K‡i P‡j‡Q| 2009-G †deª“qvwi‡Z Zviv
†di¨vg-Gi GKwU †cÖv‡UvUvBc D™¢veb K‡i
hvi aviY¶gZv wQj 128 †gMvevBU|
wcwmi¨vg (PCRAM)
AZ¨š— ¶z`ª RvqMvi g‡a¨ †ewk cwigvY
DcvË‡K msi¶Y Kivi K_v hLbB Av‡m ZLb
wMiwMwUi gZ wb‡Ri †fvj cv‡ë †dj‡Z m¶g

GKwU cÖhyw³i K_v e‡jb A‡b‡KB| GwUi bvg
Ô†dR †PÄ i¨vbWg A¨vK‡mm †g‡gvwiÕ ev
wcwmi¨vg| wiivB‡Uej wmwW Ges wWwfwW‡Z †h
cÖhyw³ e¨eüZ nq wcwmi¨v‡gI e¨eüZ nq
A‡bKUv †m cÖhyw³B| wcwmi¨vg Z_¨‡K
msi¶Y K‡i Dcv`v‡bi cvigvYweK
KvVv‡gv‡Z, `y‡Uv wfbœ ch©vq ev phase-G|
GKwU n‡”Q wbw`©ó AvKviwenxb ev AwbqZvKvi
†dR, †hLv‡b cigvYy¸‡jv‡K wbw`©ó †Kv‡bv
ai‡b web¨¯— Kiv nq bv, Avi wØZxqwU n‡”Q
GKwU k„•Ljve×, ùwUKvwqZ †dR| ùwUKvwqZ
Ae¯’vwU n‡”Q we`y¨r cwievnx, Avi AwbqZvKvi
Ae¯’vwU n‡”Q g~jZ GKwU Aš—iK
(insulator)| wcwmi¨v‡g GB Dcv`vbwU‡K
`y‡Uv B‡jKUªW-Gi g‡a¨ ivLv nq| B‡jKUªW-
Gi Ici †jRvi iwk¥ ev we`y¨r cÖevn cÖevwnZ
Kivi gva¨‡g `yB †d‡Ri Ae¯’v‡K cvëv‡bv
nq| we`y¨‡Zi cvj&mwU hw` `xN© nq Zvn‡j
Dcv`vbwU wb‡R‡K ùwUKvwqZ Ae¯’vq wb‡q
hvq, Avi cvj&m ¶z`ª n‡j Dcv`vbwU m‡½ m‡½
kxZj n‡q AwbqZvKvi Ae¯’vq P‡j hvq|
wcwmi¨vgI mgm¨vgy³ bq| †g‡gvwi Dcv`vb‡K
K‡qKk wWwMÖ †mjwmqv‡m DËß Kivi Rb¨ cÖPzi
cwigv‡Y kw³ cÖ‡qvRb nq, Z‡e wWfvBmwU
AvKv‡i hZ †QvU n‡e cÖ‡qvRbxq kw³i
cwigvYI ZZ Kg‡Z _vK‡e| wcwmi¨v‡gi
†¶‡Î dvBbg¨v‡bi K_vUv me‡P‡q mwZ¨, A_©vr

G‡Kev‡i wbgœ¯—‡i GLv‡b aviY¶gZv cÖPzi
(plenty of room at the bottom)|
AwbqZvKvi Ges ùwUKvwqZ Ae¯’vmg„× GKwU
†g‡gvwi BDwbU ˆZwi Ki‡Z Lye Kg cwigvY
A¨vU‡giB cÖ‡qvRb nq| A‡bK M‡elKB g‡b
K‡ib, wcwmi¨vg cÖhyw³‡Z gvÎ 5 b¨v‡bvwgUvi
cÖ‡¯’i †g‡gvwi BDwbU ˆZwi Kiv LyeB m¤¢e,
hw`I GwU d¬¨vk †g‡gvwii m‡e©v”P aviY¶gZvi
10 fv‡Mi 1 fvM| wcwmi¨v‡gi Av‡iKwU
kw³kvjx w`K n‡”Q, Gi Ae¯’v cwieZ©b Z_v
myBwPs MwZ Am¤¢e `ª“Z| wcwmi¨v‡g 1
b¨v‡bv‡m‡K‡Ûi myBwPs MwZ Avbv m¤¢e e‡j
g‡b K‡ib †ewki fvM M‡elK| A‡bK
cÖwZôvbB wcwmi¨v‡gi Dbœq‡b KvR Ki‡Q, hvi
g‡a¨ m¨vgmvs Ab¨Zg| m¤cÖwZ Zviv 512
†gMvevBU aviY¶gZvm¤úbœ wcwmi¨vg †g‡gvwi
wPc D™¢veb K‡i‡Q|
Avii¨vg (RRAM)
wcwmi¨v‡gi cvkvcvwk Ô†iwRw÷f i¨vbWg
A¨vK‡mm †g‡gvwiÕ ev Avii¨vg bv‡g Av‡iKwU
cÖhyw³I AZ¨š— ¶z`ª ch©v‡q wecyj cwigv‡Y
DcvË avi‡Yi m¤¢vebv RvwM‡q‡Q| wcwmi¨vg
†hLv‡b c`v‡_©i AvYweK KvVv‡gv‡Z DËvc
cÖevwnZ Kivi gva¨‡g Ae¯’vi cwieZ©b Av‡b,
Avii¨vg †mLv‡b wbf©i K‡i we`y¨rivmvqwbK
cÖwZwµqv (electrochemical reaction)-i
Ici, †h cÖwZwµqv wKQy wKQy ùwUKvwqZ e¯‘i
eÜb-KvVv‡gv (bond structure)-†K cv‡ë
†`q| Avii¨v‡gi g~j Dcv`vb n‡”Q GK ai‡bi
cÖvK…wZKfv‡e Aš—wiZ A·vBW| Dc‡iwj­wLZ
ùwU‡K †ewk cwigv‡Y we`y¨r cÖevwnZ Kiv n‡j
ùwU‡Ki m‡½ Aw·‡Rb cigvYy‡K AvU‡K iv‡L
†h B‡jKUªb eÜb, Zv †f‡O hvq| Avi ZLb
ùwUK †_‡K wew”Qbœ Aw·‡Rb ùwU‡Ki Mv‡q
†i‡L hvq AwZ ¶z`ª wQ`ª Ges evowZ wKQy
B‡jKUªb| Gme wQ`ª mvaviYZ mvwie× Ae¯’vq
_v‡K Ges wQ‡`ªi GB mvwi ùwU‡Ki Mv‡q m„wó
K‡i AZ¨š— msKxY©, we`y¨r cwievnx wKQy
P¨v‡b‡ji| †fv‡ëR‡K D‡ë w`‡j Aw·‡Rb
A¨vUg GB P¨v‡b‡ji ga¨ w`‡q Av¸wcQy Ki‡Z
_v‡K Ges ùwUK‡K evievi GKwU Aš—wiZ
Ae¯’vi g‡a¨ wb‡q hvq| GB reversible
transition mvgÄm¨c~Y© GKwU †g‡gvwi Ae¯’v
ˆZwi K‡i hv‡K †KejgvÎ mwVK
wecixZagx©Zv-mg„× (polarity) D”P
†fv‡ë‡Ri we`y¨r cÖev‡ni gva¨‡gB Ae¯’v
cwieZ©b Kiv‡bv hvq| GB Ae¯’v cwieZ©‡bi
gva¨‡gB KbWvKkb Ab Ges Ad Kivi
gva¨‡g KvR K‡i Avii¨vg| GBPwcmn we‡k¦i
L¨vZbvgv K‡qKwU cÖwZôvb Avii¨vg wb‡q
M‡elYv Pvwj‡q hv‡”Q| G‡Z kw³ A‡bK Kg
jv‡M e‡j GwU weÁvbx I cÖhyw³ ZvwË¡K‡`i
AvMÖn a‡i ivL‡Z m¶g n‡q‡Q| n

†PŠ¤^Kvq‡bi m‡½ m„ó mgm¨v¸‡jv weÁvbxiv
GLbI `~i Ki‡Z cv‡ibwb| G mgm¨vwU
eZ©gv‡b Ggi¨v‡gi AvKvi‡K 32 †gMvevB‡Ui
g‡a¨B mxgve× †i‡L‡Q, hv †miv d¬¨vk
wWfvB‡mi mvg‡_¨©i cÖvq GK nvRvi fv‡Mi GK
fvM| wnUvwP Ges †Zvwkevi gZ B‡jKUªwb·
†Kv¤úvwb¸‡jv Ggi¨vg cÖhyw³‡K Av‡iv DbœZ I
kw³kvjx Kivi Rb¨ cÖ‡Póv Pvwj‡q hv‡”Q| G
cÖ‡Póv KZUzKz djcÖmy nq Zv mgqB e‡j
†`‡e|
†di¨vg ev GdBi¨vg (FeRAM)
Ô†d‡ivB‡jKUªwbK i¨vbWg A¨vK‡mm †g‡gvwiÕ
ev †di¨vg‡K d¬¨v‡ki wbKUvZ¥xq ejv hvq|
d¬¨v‡ki gZ GwUI ˆe`y¨wZK B‡d± e¨envi K‡i
UªvbwR÷i-m`„k GKwU KvVv‡gv‡K wbqš¿Y
K‡i| Z‡e gy³ B‡jKUª‡bi cÖevn‡K wbqš¿Y
Kivi e`‡j GwU e¨envi K‡i GK we‡kl
ai‡bi wµ÷v‡j cÖvß B‡jKwUªK PvR©‡K, hv
†d‡ivB‡jKwUª· bv‡g cwiwPZ|
†d‡ivB‡jKwUª‡K †QvU, ewn¯’ B‡jKwUªK wdì
wµ÷v‡ji cwRwUf I †b‡MwUf PvR© Kiv
Avqb‡K cÖfvweZ Kivi gva¨‡g Zv‡`i ¯’vb
cwieZ©b Kiv‡Z cv‡i| Gi d‡j m„wó nq GK
ai‡bi avivevwnK, mvgÄm¨c~Y© †gi“Ki‡Yi

(polarization)| Da©gyLx I wbgœgyLx
†gi“KiYB n‡”Q †d‡ivB‡jKwUªK we‡Ui 1 Ges
0| wµ÷v‡j Aí GKUz †fv‡ëR cÖevwnZ Kivi
gva¨‡g G‡Z evowZ PvR© cÖ‡hvM Kiv hvq, d‡j
†gi“KiY cv‡ë hvq Ges cv‡ë hvq
weU¸‡jvI| G cÖwµqvI †ek `ª“Z, msNwUZ
n‡Z GK b¨v‡bv‡m‡K‡Ûi PvB‡ZI Kg mgq
jv‡M, kw³I jv‡M Lye Kg| Avi G `y‡UvB
n‡”Q †di¨v‡gi me‡P‡q BwZevPK w`K| wKš‘
Ggi¨v‡gi gZB, †di¨v‡giI kw³UvB Zvi
me‡P‡q eo `ye©jZv| †di¨vg PvR©wfwËK|
†d‡ivB‡jKwUª‡K h‡_ó cwigvY MwZ mÂvi
Ki‡Z n‡j KvQvKvwQ †Kv_vI evowZ PvR©
msi¶‡Yi e¨e¯’v Ki‡Z n‡e| Avi G Kvi‡Y
cÖwZwU †di¨vg †g‡gvwi †m‡ji m‡½ GKUv K‡i
K¨vcvwmUi mshy³ K‡i w`‡Z nq| d‡j Ab_©K
D‡j­L‡hvM¨ cwigvY RvqMv bó nq| Avi G
Kvi‡YB †di¨vg KLbI d¬¨v‡ki gZ wMMvweU

`ywU wcwm-i¨vg †g‡gvwi †mj| GKwU †mj ¯^í-
‡iwR÷v‡Ýi ùwUKvwqZ Ae¯’vq Av‡Q, Ab¨wU D”P
†iwR÷¨v‡Ýi AwbqZvKvi Ae¯’vq Av‡Q

†di¨vg †m‡ji KvVv‡gv


