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R.U. Ud6ShU3UL

uhLLrnt +huulhy YUUUSULUL LCLSMNME3BUUR <hTN1 UUrenhyu
udJdsnuusus4yuo 4ruLsvuL wurqudnruul urusnie3uL
FUrarusuvuyu Ueren

DYhwnwpyytbp £ upuppnu nhuwdhy Ywdwjwlwu punpnygjudp hhonn uwppbipnid
(UT4LL) wnwugpwihu nbp nwbignn gpwugdwt Yupgwynpnwdp (F4): Unnbjwynpyb) b
swihyb) BU gpwugdwu dwlwpnwyubph Yupgquynpdwt pupwgwlwpgh Ywplinpuagnyu
wwpwdbwnptipp, hush wpryntupnud gnyg £ wipdb), np pupwgwywpgnid wnlw § wpryntuph
Guwynpdwu db6d dwdwuwy: Lodwd dwdwuwyh Ypbwndwu hwdwp wnwowpyyby & pu-
pwgwlwngh wignphedh thnihnfunieniu:

Unwugpuypti punbp. UYHLL, uhuppnwgnwowl, gpwugdwu dhong, ubpwugnt-
dwjhtu mnwninghuw:

Lbkpwoényeyniu: <honn uwppbipnud hwéwfu hwpy § |hund swihbip wgnuwupwu-
ubph dhol dwdwuwluwhu snnudubpp (UY.1)" wuuwhwu gpuugnud wwwhnybin
Uwwuwnwyny: dbpp updwd sbnnudubpp wynndwinwgywsd Yepwny quwhwunbine
hwdwp Yphpwntiph £ gdwjhtu npnudwt wignphedn [1] (Uy.2), npwntn d-u B wqnw-
Uowuhu wnpynn hwwwnnudu £

UYy. 1. Uqnwtpwbbbph dwdwbwlught UYy. 2. Féwyht npnbdwitr piny-upulidw
otinnid
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Ugnwtpwtutph wdpnnowlwunieyniuu wytih jwy wwwhnybint hwdwp DDR3
hponnnigjwt  dnnnyubpp  hwpdwpbgwd Gu  ubpwugnwwiht  winwninghwjht
(Uy.3) 2], npp jnipwpwusginip hhonn uwppnid wnwowgunud £ pnhsph dwdwuw-
Ywjhtu 2tinnuwd uhuppnwgnwupwuh (CK/CK#) L wnyjwiubpp punpnn wqnwuawup
(DQS/DQS#H) dhol: Lbwnbwpwn' dbpp upywd fuunppp wnlw £ uwl DDR3
UYL L-tpnud, npp ndynud £ gpwiugdwu Yupgwynpdwl (write leveling) hwwnynt-
Rjwdp [3, 4]:

DQS/DQS# U CK/CK# Ghoun hnfunwuwynpywdnipjut wwwhngdwtu hwdwp
hhannnipjwl nlwywnpnn pinp Yupnn £ oginwgnpdti hhonn uwpph® gpwugdwt
Yuwpgwynpdwt  hwunynipjwdp  ywjdwuwynpywd hGunwnuwpd Juwp: Loqwd
thnfunwuwynpywdniejwt wwwhnydwt hwdwp hhonnnigjwu nGywywpnn pin-
Ynuw wbwp £ jhup hwwywndwu Yupgquynpdwu hwugnyg: <honn uwppny DQ nnnh
dhongny hGunwnwpé Yuwwh wwywhnynwt hpwywuwgynud £ DQS/DQS#-h npw-
Ywu dwlwwnny CK/CK#-h punpnipjwdp (uy.4) [5]:

Lpuiduwit/<wiugh/ unrur<
Uhuppnquinwtpwt CK —
° ° /\/\/\_| CK# (— ]
¥ 4 v =
Pohg 1 Pohg2 |....] Pshgn
DQS —
' * DQS# [
QY ntidhd
v
<honnnipjwu - SYjwjutip D
nbywywnnn piny - < 2 Syjuwutip
LY. 3. Lapwugniduyhti uinnigdwép LY. 4. UMaL<-nid gpuiigdwti
Yuwpquynpdwl upuldwt

Fpwugdwt Ywpqwynpdwt pupwgwlwngh wignphedh 2unphhy Yuwnwp-
ynud £ DQS/DQS# wgnuwuowuubph hwwwnnid, nph wpnyntupnid DQS/DQS#-h
Swlwunubipp hwdwwwwnwufuwubtigynud Gu CK/CK#-h dwlwwunubphu: Spwlywunt-
pwu dbg hwyinuh dbGennp gdwihu npnunwdu k, npp hbwnwgnundwu wpryntupnud
wwnayby , np dbennu niup wpryniuph duwynpdwt utd dwdwtwl: Sowjhtu npnu-
dwu nbwpnwd gwulwih wpryniupht hwutbine pwjltph pwuwyp Jwwnwgnyu
ntwph hwdwp pepdws £ pwuwal (1)-nuw [1]°
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T =N, (1)

npwnbin N-p huwpwynp pwyGph pwuwyu E:

huunph npdwdpp b depnnhlwh hhduwynpnudp.

- Lhnwgnunbp UNMHMLL-nud gpwiugdwt Yupguynpdwt pupwgwlywpgh géw-
Jhu npnudwu daennp' wndjwiubph Ypyuwyh hnuph hwdwp:

- Unwowplby unp dbenn’ hhdudwsd tpyniwlwu npnudwtu ypw, npp Ypwps-
pwguh wpryntuph hwjntwpbpdwt wpwagnteniup:

LEwnwgnunipjut wpyniupubpp: Féwyht npnudwdp wfuwwnnn gpug-
dwu Yuwpgqwynpdwtu ufubdwjh dnnbjwynpnudp: Verilog |Ggyny uywpwagnpyb b
VCS dpwgpwhu gnpdhph dhongny udwuwlyyt £ gpuwiugdwu jupgqwynpdw ufub-
dwu hpwgnpdnn ybpgwynp yhbwyubpng wywmndwwnp: 3dwjhu npnudwu nbwpnd
gpwugdwt Ywpqwynpdwu ufubdwt hwwwndwu wnwppbph wpdbpubpu wyb-
jwgunwd £ delwlwu pwyny' dhusk gwulwih wpryniupht hwuubp (ndywiubpp
nnnh ypw 0-hg 1 thnfuwugwinnud inbuubin) (Uy.5):
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Dol s
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LY. 5. Gpwbgdwt upgwynpnidp qéuyhli npnbdwt nGuypnid

huswbu nbuunw Gup uly.5-nwd, gpwugdwt Ywpgwynpdwt ufubdwu npn-
unwdp ulunid § hwwwndwtu wmwpph 0 wpdtiphg b gwulwih wpryntuphtu hwuund
E 51 wpdbiph nbiwpnw: Npnunwdu pungpynid £ upuppnwgnwuwuh 640 puy:

GpYynwlwu npnudwdp wfuwwnnn gpwugdiwtu upgquynpdwt ufubdwh
dnnbpwynpnudp: Unwownyynd & unp dbenn’ hhdudws Gpyniwlwlu npnudwu
Ypw, npp npnunwdp bu uyunid £ hwwwndwu wnwpph 0 wpdtiphg b wju wybjwg-
unud £ 32-wlwu pwjtpny: Wn gnpdnnnyeniup wpniuwyynd £ wjupwu dwdw-
uwy, dhusl nyjwiubph nnnh Ypw thnfuwtugwnnid inbiuubiip: Pnfuwuswndwu
hwjinuwpbpnudhg htinn hwwwndwu wwpph wpdtipp tquqtigynud t, 32 puwjinyg b
uluynud £ Gpyniwlwt npnunwdp (UY.6): huswbu nbuunwd Gup uy.6-nw, gpwug-
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dwu dhongubiph Ywpqwynpdwu ufubdwu npnunwdp ubunid £ hwwwndwu wwppp
0 wpdbiphg W gwulwih wpryniupht hwuunwd £ 51 wpdbiph nbwpnwd, npp hwd-
puyund £ qdwjhtu npnudwdp wluwwnnn ufubdwih wpryniuph htwn: Npnunwdu
pungnynud £ uhtuppnuwgrwupwuh 101 puwy), npp pwn wybih phs t, pwt qdwjhu
npnudwdp wofuwwnn mwppbpwyp: Cunhwunyp nbwph hwdwp Gpynuwlwu npnu-
dwu wnwyblugnyu pwytph pwuwyp npnaynid | pwuwdl (2)-nd [11°
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UYy. 6. Ypwbgdwtl Yupquynpmdp J&6 U thnpp puwyiGpny npnbdwt nGupnid

Upmyniupubpp hwdbdwwnipyniup: Hthunwpyyb) b npwdwpwiwlwu pupw-
gwlwngbiph pun wpnyniuph hwjnuwpbpdwt wpwgnieginiup: UYMCL-h uhuppn-
wgnwuowuh b ndyujubpp punpnn wgnwuswuh dhol dingyby Bu hwwwnnuiubp'
wwwnwhwlwunyjwu uygpniupny, b Yuwnwnyb| Gu wpryntupubiph hwjnuwptip-
dwl wpwgnigynuubipp swthnudubipp gdwjhu npnudwdp b Gpyniwlwu npnudwdp
w2tuwwnnn ufubdwubiph hwdwp: LY.7-9-nd pbipdwd Gu hwdbdwunnyeniuubiph

wnryntupubipp:
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Uqnwuuwuubkph dhol ulyqpuwlwt hwuwjwnnid (wyy)

UYy. 7. bpynt dGpnnubpny wofuwypinn upubidwbbph wpnniuph hwyipbiwpbpdwt

wnwagnyynitibpp
~ 800 Upubduwjh dwybpbu
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UY. 8. bpynt dbpnnbbpny woliwwpnn ufubdwbibph Jwlbpbubbpp' jufudwé
hwéwfunipnitihg
= Lqnpnipjut Swjuu
[N
g£525
£ 2z == Q3wjhu npnuntd
S = 5pYyniwywu npnuntd
Vo

1066 1333 1600 1866 2133
Cwlwfunipiniu

UY. 9. bpynt dapnnbbnnyg wopuwwpnn ufubdwibiph hgnpnuypywt Swiuubpp' jupidwé

hwéwfunipnitihg

213




Qéwyhtu b Gpynuwlwy npnudwt hwdbdwunnyeyniup pbpdwd £ wnnww-

Ynud:
Unyniuwly
Upnynitph
hwjunuwpbpdwu Utubdwjh Lqnpnipjwu dwfuup
Npnudwt wnbuwy 5
wpwgntpjnLunp dwytipbup (Uyu®) (dyHwn)
(nwyn)
Qdwyhu 724 547.4262 22.11
Gpyniwlwu 103 687.4595 26.591
Swppbpnigintu (%) 86 20 17

Gqpwlwgnip)ntu.

1. <Gwnwgnunyt| F UHMMLLnwd wyinndwnwgywsd gpuwugdwt Ywpgwynp-
dwt géwjhtu npnudwu dbennp: Snyg Lt wnpybi, np pupwgwlwpgql nwuh wpryniu-
phu hwuubiint gwdp wpwgniejnLu:

2. Unwowpyybi t wpwgniyejwu pupdpwgdwu unp dbpnn, npp hhdujws L
Gpyniwywu npnudw Yypw:
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3.M. ABETUCSH

METOJA YBEJIMYEHUA CKOPOCTU ABTOMATHU3NPOBAHHOI'O
BBIPABHUBAHUA 3ATIMCU CUHXPOHHO-TAHAMHWYECKOM
HHAMATH C TPOU3BOJIBHBIM JOCTYIIOM

PaccmoTpena nponeypa BelpaBHUBaHUS 3allMCH, UMEIOILAs KIIIOYEBYIO pOJIb B CHHX-
POHHO-JIMHAMHUYECKON MaMATH ¢ npou3BoyibHBIM noctynoMm (CHTIIII). [imonenupoBaHsl u
M3MEpPEHBl BaKHENIINKE apaMeTpbl B MPOLELYPE, B PE3y/bTaTE YETO BBISBIEHO, YTO MPHU
JIOCTHYKEHUH Pe3yJIbTara Moleaypa UMeeT OOJIBIIYIO 3aAePKKYy. [1Ji yBeIHMUCHHS CKOPOCTH
MIpeAIaraeTcsi U3AMEHEHUE AJITOPUTMBbI IPOLEAYPBI.

Knrouesvie cnosa: CAII], cuaxpocuraan, HaCTpOiKa 3anKCH, TIOJIETHAS! TOTIOJIOTHSI.

ZM. AVETISYAN

A SPEED INCREASING METHOD IN AUTOMATED WRITE LEVELING
OF SYNCHRONOUS DYNAMIC RANDOM ACCESS MEMORY

The procedure of write leveling which has a key role in the synchronous dynamic
random access memory (SDRAM) is investigated. The mentioned procedure was modeled
and some key parameters were measured. During the investigation, it was found that the
procedure has a long delay. For the speed increase, some change is proposed in the write
leveling algorithm.

Keywords: SDRAM, clock signal, write leveling, fly-by topology.

UDC 004.08:621.382.3

A.V. AVETISYAN

READ AND WRITE CYCLE SPEEDUP METHOD FOR PSEUDO
TWO-PORT SRAM WITH A 6T BIT CELL

Two-port 6T SRAM with improved read/write path is presented. The conventional
two-port SRAM (2P-SRAM) with an 8T bit cell deliver has the best speed performance, but
on the other hand, in some cases, speed can be degraded. To overcome the speed issue and
improve the area, a two-port 6T SRAM is proposed, which can speed up the write/read
cycle time by 60% and reduce the area by 14%. The disadvantage of this method is the
output delay increase.

Keywords: SRAM: performance; speed: decoder; word line; two-port.

Introduction: Nowadays, high-speed SRAM is broadly used in many areas
and intended for the cache memory of server systems and networking or mobile
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