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Tém tat - Phan tich d4c tinh cta té bao nhé qua mé phéng SPICE
la mét cong doan dac biét quan trong va kha ton thoi gian do phai
1&p lai quéa trinh mod phéng nhidu 14n dé tim céc thong s6 téi wu. Bai
bao nay trinh bay mét cong cu (MEAN) dwoc chiing toi phét trién
dé hé tro cho viéc thiét ké va phan tich té bao nhé SRAM mét cach
tw déng. Trong do, dd &n dinh cla té bao nhé trong hoat déng doc
va ghi dwoc danh gia dwa trén dwdng cong hinh buwdm (butterfly
curve) va ducmg cong N (N- curve) /Codng cu cling cho phép tinh
cong suét ro ri va 16i mém clia céc té bao nhé. Dac biét bang viéc
ap dung mé hinh worst-case thay cho phwo’ng phap théng ke
Monte Carlo, thoi gian phén tich anh hwdng cla sai so trong qua
trinh ché tao lén dé &n dinh cla té bao nhé dwoc rat ngan dang
ké&. Qua phan tich bang cong cu & cong nghé 90nm, kién tric té
bao nhé 8T cé d6 &n dinh cao hon 6T nhwng ciing tén cong suét
va dién tich hon.

T khéa - sram; phan tich théng ké; I& nhiéu tinh; 6T; 8T.

1. it van dé

Theo ITRS 2012 [1], bd nhd nhing SRAM chiém
khoang 86% tong sb lugng transistor trén vi xir 1y. Diéu
nay cho thay do 6n dinh ciia SRAM anh hudng rat 16n dén
d6 6n dinh cta hé thong.

V6i sy phat trién ciia cong nghé CMOS, mat do tich
hop cia bo nhd SRAM ngay cang cao, hoat dong nhanh
hon va cong suat tidu thu thap hon. Tuy nhién, d6 6n dinh
ctia té bao nhd SRAM bij suy giam do anh hudng cia viée
ha thép dién thé hoat dong ciing nhu bi tac dong nhiéu hon
boi cac bién thién trong qua trinh ché tao (process
variations). Diéu d6 lam cho bo nhé d& gap 16i trong qua
trinh hoat dong hon. Ngoai ra khi giam dién thé cung cap,
18 nhidu cta té bao nhé s& giam. Tir d6 lam giam d6 6n dinh
ctia b nhd. Mot van dé khac 1a kha nang bi 16i mém (soft
error) cling tang 1én. Bén canh d0, sai 1éch trong qua trinh
ché tao nhu thay dbi chiéu dai kénh, do rong kénh, thé
ngudng, ndng do pha tap v.v ciing gay ra cac 1i trong hoat
dong ctuia bd nhd. Vi vay, viéc chon kich thude cho cac
transistor dé t& bao nhé dat duoc sy t6i uu vé& cong suat,
dién tich va do 6n dinh 14 cuc ky quan trong.

Thoéng thudng dé danh gia do on dinh cia té bao nhd,
nguoi thiét ké s& sir dung cac cong cy v€ so dd mach, trich
xudt file nestlist, thiét 1ap cac ché 46 mo phong tuong tmg
cho timg loai thong s va tién hanh md phong dung SPICE.
Cong viée nay tiéu t6n nhiéu thoi gian trong qua trinh thiét
ké, va d& gap cac 16i khong mong mudn trong qua trinh mo
phong khi phai 13p lai cic budce trén cho céc transistor co
kich thuéce khac nhau. Mac du phuong phap Monte Carlo
thuong dugc sur dung dé danh gia anh huong cua sai s6
trong qua trinh ché tao do ¢6 wu diém vé& do chinh xac,
nhung thoi gian m6 phong dung phuong phap nay sé rat
16n néu muédn bao quat tat ca cac géc (corner) khéac nhau
[2]. Do 6 viéc phat trién mot cong cu phan tich ty dong

Abstract - Analysing specifications of memory cells using SPICE is
an important and time - consuming step in the SRAM design flow. This
is because the simulation must be repeated time after time to find
optimized paramaters. In this paper, we present a tool (called MEAN,
Memory Cell Analysis Tool) used for analysing and designing SRAM
cells automatically. The reading and writing stabilities of the SRAM cell
are evaluated by using both the butterfly curve and the
N-curve. In addition, leakage power, soft errors, and the effects of
process variations are also automatically evaluated by the tool.
Particularly,by utilizing the worst—case analyzing model instead of
Monte Carlo simulation, the time needed for analyzing the effects of
process variations on the stability of SRAM cells is reduced
dramatically. 6T and 8T cells are evaluated and compared by this tool
in 90nm CMOS technology. The results shows that the stability of 8T
is higher than that of 6T but it also consumes more power and area.
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cho té bao nh¢ 14 hét sirc can thiét.

Trong cac nam gan ddy da c6 mot s cong trinh hudéng
t6i viée tu dong hoa cho thiét ké mach tuong tu [3], TASE
[4], nhung céac cong cu nay khong duoc tdi wu cho viée mo
phong té bao nhé SRAM. Chling tap trung vao viéc hd trg
nguoi thiét ké tw dong hoa qua trinh mé phong bang cach
thiét 1ap macro hodc template. Do d6 van doi hoi ngudi sir
dung ton nhiéu thoi gian cho viéc nghién ctru cac phuong
phap danh gia SRAM va ty thiét 1ap ché d6 mo6 phong
Monte Carlo.

2. Gii quyét van dé

Trong bai bao nay, ching toi s& trinh bay mot cong cu
(MEAN-Memory Cell Analysis Tool) dugc chling tdi phat
trién nham giai quyét cac van dé dugc néu o phan trén. Nho
dugc téi wu cho viée phan tich té bao nhd SRAM, nén tat
ca ché d6 mo phong déu duoc ty dong hoa va duoc lién két
tryc tiép v6i bd mo phong HSpice. Dya trén céc bdo cdo
clia cong cu (gdm cac file text, bleu dd, v.v) nguoi thiét ké
s€ danh gia dugc do 6 6n dinh cua té bao nhd. Cong cu duogc
phat trién trén Matlab.

a Memory_Cell Analysis_Tool - oEN

Hinh 1. Giao dién cua cong cu dugc thiét ké
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Nguoi ding chon can
triic té bao nha (6T hodc
8T)

Thiét 1ap céc thong sb
vé linh kién va didu kién
hoat dong.

Netlist & Run
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nh¢ khong bi dao tri cia nguon dong worst vector va HSPICE dé
dir ligu tai thoi diém nay. V& Vg curves.

Hinh 2. Quy trinh ddnh gid théng sé té bao nhé dimg cong cu

Cac phuong phap phéan tich hién dang dugc dung trong
cong nghiép ciing nhu cac phuong phap méi duge dé nghi
gan day dugc chung toi tich hop vao cong cu MEAN.
Trong do, phuong phap phén tich worst-case [2] dugc su
dung thay cho phuong phap Monte Carlo nham rat ngin
thdi gian mé phong nhung van cho do chinh xéac tuong
duong. Dua trén phuong phap nay, ching toi cling tién
hanh d4anh gia d6 on dinh ciia 2 loai té bao nhé pho bién
nhat hién nay 1a 6T va 8T [5].

Hai trong nhirg déng gop chinh cia bai bao 1a két hop
tu dong Matlab va bd mo phong Hspice va trich xut cac
tham s6 cho phuong phép wosrt-case tir file mo hinh ctia
linh kién khi cac tham s6 nay khong tuong minh.

Noi dung cua bai bao gdm cac phan sau: Giao dién cia
cong cu MEAN dugc chung toi gidi thiéu trong Muc 3;
Muc 4 sé trinh bay cac phuong phap phan tich dugc cong
cu hd trg; Muc 5 trinh bay sy khac biét giira cong cu duoc
thiét ké so vi TASE, do hién day 1a phin mém duy nhét
¢6 hd tro thiét ké SRAM; Muc 6 trinh bay cac két qua phan
tich thu duoc sau khi thuc thi chwong trinh véi cong nghé
90nm; Muc 7 1a cac két luan chinh cta bai bao.

3. Giao dién

Hinh 1 mo ta giao dién cta cong cu vai cac chlrc nang
chinh nhu sau:

- Cho phép thiét 14p céc diéu kién md phong nhu nhiét
d9, theé cung cap, goc, kich thude linh kién, ngudn dong v.v.

- HO tro hai kién trtc té bao nhd SRAM 6T va 8T.

- Hb trg mo phong bang phuong phap butterfly curve
hodc N-curve cho 1& nhiéu doc.

- Péanh gi4 kha ning ghi cua té bao nhé.

- HJ trg mo phong kha ning chdng 16i mém va cong
suat ro ri.

- Hd tro thuét toan tim worst-case vector dé danh gia
anh hudng cua sai so trong qua trinh ché tao 1én t€ bao nhd.

Luu d6 thyc thi ciia cong cu duge trinh bay nhu & Hinh
2. Khi chon chirc nang “Netlist & Run”, cong cu s€ tu dong
chuyén cac thiét 1ap trén giao dién thanh file netlist theo
céu trac cua HSPICE va yéu cau thuc hién mo phong. Sau
khi phin mém mé phong hoan tit cong viéce, cong cu s& tu
dong tién hanh phan tich cac dac tinh dong va thé dé tinh
toan cac thong so nhu 1& nhidu doc, ghi, cong suat ro ri, 15i
mém v.v. Ngoai ra, muc chon “Vry Curves”, s& ho tro viéc
danh gia sai s6 ctia qua trinh ché tao bfing phuong phap
worst-case [2].

4. Cac loai phan tich dwgc hd tro
VDD

BL BLB
WL
WL
e TL il e

TT,

1

Hinh 3. So @ mach ciia mét té bao nhg 6T.

Hinh 3 1a so @6 mach ciia mot té bao nhé 6T gdm hai
mach inverter. Hai cong NMOS c¢6 cuc méang ndi véi hai
duong dit lidu (BL va BLB) dé diéu khién ba ché do hoat
dong cua té bao nhd: giit dir liéu, doc, va ghi. L& nhidu gitr
va 1& nhiéu doc 1 cac thong sb ding dé danh gi kha nang



80

Lé Binh Son, V6 Thanh Tri, Bui Trong Tu

bao toan dif ligu ciia mot t€ bao nhé. Thong thudng, 18
nhicu doc s€ nh6 hon va quan trong hon so vdi 1€ nhicu git.
L& nhicu ghi (hay kha nang ghi) la thong s6 danh gia muc
d6 dé/khd khi ghi dir liéu 1én mot t€ bao nhd.

4.1. Phan tich 1é nhiéu div va doc

C6 hai cach dé thyc hién mo phong 1& nhidu doc (ciing
nhu 1& nhiéu giit), d6 1a phwong phap butterfly curve [7] va
N-curve [8]. Mac du mach thyc hién mé phong theo
phuong phép N-curve don gian va c6 thé d& dang duoc dua
Va0 qué trinh kiém tra ty dong, hién nay, phwong phép
butterfly curve van dugc sir dung rong rdi trong cong
nghiép. Do d6, ca hai phuong phéap trén déu dugc cong cu
nay ho trg.

4.2. Phén tich 1é nhiéu ghi

C6 nhiéu cach khac nhau dé danh gia kha nang ghi cta
té bao nhd. Trong d6 phuwong phap mo phong lai qua trinh
ghi bang cach dua mot dudng bitline xuong muec logic thap,
mot dudng 16n muc logic cao, va tién hanh ting dién thé
trén duong WL tir GND 1én dén VDD duoc dé nghi trong
[6] (Hinh 4), 1a chinh xé&c va thich hop nhit cho cac cong
nghé CMOS dudi micron nhu hién nay. Do vay, phuong
phap nay dugc ap dung trong cong cu. Cach tién hanh mo
phong ciing tuong tu nhu trong ché do doc.

4.3. Phén tich 16i mém

Dé danh gia kha ning chéng lai 16i mém cta mot té bao
nho, ta thuong dung thong s6 Qcrit [9] dédc trung cho luong
dién tich ti thiéu, sinh ra do hat alpha hodc neutron, can
dé 1at gia tri dugc luu trong té bao nhd. Thong sb nay co
thé phan tich duoc bang cach dat mot ngudn dong theo ham
mii e vao mot trong cac nut luu trit va tién hanh thay déi
gia tri dinh ciia ngudn dong cho dén khi dit liéu dugc luu
bi thay dbi.

VDD

e

BL(VDD)
(0)e1d

!

Hinh 4. Mach md phong kha ndng ghi ciia mét té bao nh.

4.4. Phén tich anh hwéng ciia sai sé trong qud trinh ché tao

béi véi té bao nhg 6T, ti 18 gilta cac transistor kéo
xudng trong mach inverter va cong NMOS s& anh huéng
dén 1& nhiéu doc va ghi. Pong thoi, cac kich thudc
transistor khac nhau ciing s& co cong suét ro ri va kha nang
chéng 16i mém khac nhau. Do d6, dé chon kich thudc linh
kién sao cho dat dugc hi¢u nang ti uu gitia dién tich, cong
sudt, toc do va do 6n dinh doi hoi nguoi thiét ké phai lap
lai cc loai mo phong trén nhiéu lan.

Thuat toan worst-case gdm cac budc nhu mé ta & Hinh
5. Pau tién, thé ngudng cia toan bo cac NMOS hoic
PMOS s& duoc thiét 1ap nhu nhau dwa trén s6 diém can v&
va cac goc ma nguoi sir dung da cung cép. Sau do phan
mém mé phong s& dugc thyc thi dua trén cac thong s6 nay.
Tir két qua md phong cong cu s& rat ra gia tri 1& nhidu doc

hoic ghi. Dya trén két qua vira tim dugc, worst-case vector
dugc tinh toan va 4p vao thé ngudng cua NMOS va PMOS
nhim mb phong anh huéng cua sai s trong qua trinh ché
tao 1én 18 nhidu doc hodc ghi. Néu gia tri moi bang 0 thi ta
da tim duoc mot diém trong dudng gidi han doc hodc ghi.
Nguoc lai, thé ngudng ciia PMOS s& dugc thay d6i sao cho
cac 1an mo phong sau s& tién gan hon t6i dudng gidi han
doc hodc ghi. Néu cong cu da tim duoc toan b cac diém
can v& nhu ngudi st dung yéu cau thi qua trinh md phong
da hoan thanh. Trai lai, gia tri ctia toan b NMOS s€ duoc
thay doi dé tim thém cac diém khéc trong duong gi6i han
doc hoac ghi.

Thiét 1ap thé ngudng
cua toan by NMOS

.

Thiét lap thé nguong
cho PMOS

A

Tim 1& nhiéu (khong
tinh su sai khac vé thé
ngudng)

- Néu 1é nhiéu > 0: Tang
thé ngudng

- Néu 1é nhiéu < 0: giam
thé ngurdng

%

Tim céc vector tmg vl
truomg hop xau nhéat
(%p ¥y .2, 1)

Tim 1& nhiéu tmg véi
cac vector trén

Lénhiéu =0

b

Pi tim duoc mot diém
trong dudmg gidi han
doc (hoac ghi)

Hoan thanh

b

Két thuc thuat toan

Hinh 5. So @ thudt toan tim worst-case vector
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lén té bao nhé 6T
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Hinh 7. Két quad mé phong sai $6 trong qud trinh
che tao lén té bao nho 8T

Két qua phan tich worst-case cua 6T va 8T & cong nghé
90nm dugc trinh bay ¢ Hinh 6 va Hinh 7. Trong d0, 4 géc
FF, FS, SF, va SS hinh thanh mét hinh thoi nhdm mé ta
ving gia tri thé ngudng c6 thé c6 cia NMOS va PMOS g
v6i cong nghé duge sir dung. Puong cong bén trai mo ta
duong gidi han 1& nhiéu doc, gobm tap hop cac gia tri thé
ngudng ciia NMOS va PMOS khién cho 1é nhiéu doc bang
0. Tuong tu, dudng cong bén phai 1a duong gisi han 18
nhiéu ghi. Viing dién tich giita hai duong cong trén 1a tap
hop céc gia tri thé ngudng cia NMOS va PMOS, ma tai d6
té bao SRAM van c6 thé hoat dong binh thudng. Nhu vy,
néu hinh thoi cic goc hoan toan nim trong ving dién tich
giita duong cong gidi han doc va ghi nhu Hinh 7, thi té bao
nh¢ van c6 thé hoat dong dudi anh huong cua sai s trong
qua trinh ché tao va dat duoc san luong yéu cau. Nguoc lai,
néu chi c6 mot phan ndm ngoai mot trong hai duong cong
nay nhu ¢ Hinh 6 thi san luong cua té bao nhé s& thap hon
gia tri nguoi thiét ké mong mubn. Két qua phan tich cho
thiy 8T c¢6 d6 6n dinh cao hon 6T.

Dé thuat toan danh gia chinh xac do 6n dinh cua té bao
nhd, ngudi thiét ké can c6 duoc thong s6 Aave, dic trung
cho anh hudng cua qua trinh ché tao & nha may 1én NMOS
va PMOS. Tuy nhién, thong s nay dugc ma ‘hoa trong thu
vién va chi ¢ thé dugc giai ma boi mot s6 cong cu md
phéng nhu HSPICE hodc SPECTRE khi mo6 phéng Monte
Carlo, nhdm béo dam bi mét cho diy chuyén san xuét ctia
nha may. Do d6, ngudi thiét ké chi co thé wdc lugng cac
thong s nay. Phuong phap wéc luong cua ching t6i dia
trén cong thirc quan hé giita Aavt va phuong sai cia thé
ngudng nhu trinh bay & (1).

o%avt = AZav/WL (1)

Trong d6, W 1a d6 rong kénh va L 1a chiéu dai kénh cta
MOSFET. Pé ude luong Aavi cho NMOS hoac PMOS,
chung t6i s& tién hanh mé phong Monte Carlo mét mach
don gian v6i mot MOSFET duy nhét, véi nhiéu cap gia tri
W va L & nhiéu nhiét do khac nhau. Dya trén két qua mdi
lan md phong ta s& d& dang tinh duoc gia tri phuong sai
(oavt) twong tmg theo phuong phap thong ké. Cubi cing,
chung t6i s€ sir dung phuong phap ndi suy binh phuong
nho nhat (Least Square) ddi v6i phuong trinh bac mot dé
udc lugng Aave. Trong do6, dit y = o?aw, X = L/WL, a =
A%, va b = 0. Luu y rang ¢ day ta bat budc phai ding mo
phong Monte Carlo, nhung s6 1dn mé phong va thoi gian
md phong khong dang ké so vai khi thiét ké t& bao nho.
Dic biét, ta chi can tim Aav mot 1an cho mot g06i cong
nghé, nén van tiét kiém dugc thoi gian thiét ké.

Bang 1 so sanh s lan thyc hién mo phong cua phuong
phép worst-case v6i cac phuong phap khac doi v6i phuong
sai la 6. C6 thé thay phuong phap worst-case c6 tbc do mo
phong nhanh nhét, do ta chi thyuc hién mé phong & cac diém
gan cac duong gidi han, con phwong phap Monte Carlo
thuc hién mo phong véi toan b cac diém trong va ngoai
hai dudng gidi han, nén c6 thoi gian mo phong rat 16n. Cudi
cung, phuong phap IS (Important Sampling) [10], mac du
da loai bo b6t cac diém nam xa hai duong giéi han, nhung
van phai dya trén mé phong Monte Carlo, nén sb 1an mé
phong con tuong dbi 16n.

Bing 1. So sanh s6 lan mé phong
cua phuong phap worst - Case so voi cac phwong phap khac

Phuong sai | DB tin cdy | Monte Carlo[10] [ 1S[10] | Worst-case

6 99% 6,60E+13 25000 4778

5. So sanh véi cong cu TASE

Bang 2 trinh bay diém giéng va khac nhau gitra cong cu
TASE va cong cu dugc thiét ké. Cong cu TASE nhim téi
viéc cho phép nguoi dung tu dong hoa qua trinh mo phong
bang cach yéu ciu nguoi st dung thiét 1ap cac cu triic
mach md phong va viét thém cac file script dé rit trich cac
thong s6 mudn do dac. Trai lai, cong cu trong bai bio nay
s& ty dong hoa toan bo qua trinh trén, nhung van cho phép
ngudi ding co thé thiét 1ap thém cac ciu traic SRAM khac
dé moé phong. Do d6, ngudi sir dung c6 thé tap trung vao
viée t6i wu kich thudc cua cac transistors, ma khong can
tiéu t6n thém thoi gian 1lam quen véi cong cu. Ngoai ra,
diém khac biét 1on nhét giira 2 cong cu 1a cach thuc hién
mo phong sai sO trong qua trinh ché tao. Nhu d trinh bay
& phan 4.4, thoi gian m6 phong bang phuong phap worst
case ngin hon nhleu so voi viée st dung md phong Monte
Carlo, nhung van cho d6 chinh x4c cao.

Bdng 2. So sanh voi cong cu TASE

Théng sb TASE [4] MEAN
Ngbn ngit Matlab & Perl Matlab
Cong nghé Khong gigi han | Khong gidi han
e , K, 1A 6T va 8T
Kién truc Tu thiét lap ( B mé rong)
Thay d6i t}}ong sO md co co
phdéng
Lé& nhidu doc Céo Butterfly &
N - Curve
L& nhidu ghi Cé Cé
Ldi mém Ty thiét 1ap Co
Cong sudt ro ri Tu thiét 1ap Co
Mo pl,lon‘g Sat 59 trong Monte Carlo Worst-case
qua trinh ché tao

6. Céac két qua phan tich & cong nghé 90nm

Bang 3 trinh bay phan tich thiét ké t& bao nhé SRAM
6T va 8T tir cong cu v6i cong nghé CMOS 90nm.

C6 thé thay dbi v6i 6T, 1& nhidu doc ludn thap hon 8T
véi ca 2 phuong phap 1a Butterfly Curve va N — Curve. Do



82

Lé Binh Son, V6 Thanh Tri, Bui Trong Tu

d6, khi chju anh huong tir sai s6 trong qua trinh ché tao, 6T
mét 6n dinh & cac diém gan goc FF. Trong khi 8T ¢ hinh
thoi cac goc cach xa cac duong gidi han doc va ghi, cho
thdy loai kién tric nay c6 do 6n dinh cao.

Bing 3. Cic két qua phan tich véi cong nghé 90nm

Théng sb 6T 8T

Lé nhiéu doc — 0,185 0,463

Butterfly Curve (V)
Lé& nhiu doc — N - 0,398 0,536

Curve (V)
Lé nhidu ghi (V) 0,472 0,472
Cong suét ro ri (pW) 32,7 473
Qcrit (fC) 4,2 4,35
Do 6n dinh Mt 6n dinh & Thoéa
g6c FF

Tuy nhién, cong sudt ro ri va dién tich ctia 8T ciing cao
hon so véi 6T. Cac nhuge diém nay s& giéi han dung luong
cua bg nhd su dung 8T va co gia thanh cao hon. Do d6 8T
s€ thich hop cho cac ung dung doi hdi do chinh xac cao
nhu b nhé dém cho server clia cac ngan hang hoac trong
céc ung dung truyén thong.

Cubi cing, thong sd Qcrit ciia hai loai t& bao nhé nay
khong ¢6 nhiéu khéc biét va twong doi thap. Do d6 trong
cac ung dung dac biét, dé c6 kha nang chdng 16i mém cao,
can sir dung cac kién tric té bao nh¢ khac hay thém vao
c4c mach va k¥ thuat chong 16i mém.

7. Két lugn

Trong bai bao nay, chiing t6i da gi6i thiéu mot cong cu hd
tro cho viée thiét ké té bao nhd SRAM. Céng cu sir dung céc
phuong phap mé phong dé danh gia cac dic tinh cua t& bao
nhd. Déc biét, nho ap dung m6 hinh worst-case, téc do mo
phong sai sb trong qué trinh ché tao dwoc rat ngén dang ké.

Ngoai ra, hai loai kién triic pho bién nhét hién nay la §T
va 8T cling dugc so sanh ¢ cong ngh¢ 90nm. C6 thé thay,
tuy vao yéu cau cua ing dung can d chinh xac cao hay can

gi4 thanh ré ma nguoi thiét ké s& chon kién trac 8T hoic
6T. Dic biét, ca hai kién trac déu dé bi anh hudong béi 16i
mém. Do d6, cac bd nh dém hién nay can tng dung thém
mot s6 kién triic hodc k§ thuat dé han ché anh hudng tir cac
hat alpha va beta tir mdi truong ngoai.
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