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Trong d6 D 1a d¢ day cua 6 dién tro
nhd, p;(T) 1a tinh di chuyén phu thudc
nhi¢t d9, r1, 7, phu thudc vao R,¢¢, Ry va
thirc

Rputidown theo cong =

Roff/Ron 2 = Rpulldown/Ron-

Thoti gian 18p trinh thuong dugc xay
dung theo sy phan bb Gaussian [7,8] gidng
nhu cac tham sb vat ly khac dugc str dung
trong quy trinh san xuat chat ban dan.

PaVL VO C4 L 1 ZgVxQV Z
VP OQJ VOuT VOd 7/MEX 4VP
KI KKkxQV Z VP

Hinh 2a dién ta hai PUF la giéng
nhau khi s6 lugng cac 6 dugc lap trinh
gidng nhau. Véi trudng hop nay, chiing toi
chi xem xét s lugng cua cac 6 dugce 1ap
trinh, khong quan tam dén vi tri va thir tu
1ap trinh cua cac 6. Vi vay, két qua nhan
dang cac mau PUF gia khac v6i PUF that

Gf][ bU HV&>

6iVP+ K
WdHyb []b[ b
WL Ah [ ]WUWW

b[ WW

Gf][ TbU HV>

1a rat it. Vi truong hop hinh 2b, chiing t6i
xem xét vi tri cua cac 6 duogc lap trinh (bao
gdm ca viéc xem xét s6 lugng cua cac 6
d6). Ca PUF that va mau duogc xét khong
nhiing giéng nhau vé& s6 lwong ma vi tri
ctia cac 6 dugc 1ap trinh ciing giéng nhau.
Va trong trudng hop nay PUF gia van ¢
x4c suit dugc nhan dang khac PUF that
cao hon truong hop trudc nhung khong
dang ké. Chung ta c6 thé 1ay mot vi du nhu
sau dé thiy rd hon vé ban chit cua viéc
nhan dang sai d6. Vi du chung ta c6 4 6
duoc lap trinh tai vi tri 3, 4, 5 va 7, nhung
0 4 va 7 duogc lap trinh véi thi ty khac
nhau. O 4 cta PUF that duoc 18p trinh thir
4 va 6 7 duoc 1ap trinh thir 3, tuy nhién 6
4 ctia mau dugc xét lai duoc 1ap trinh thir
3 va 6 7l1atha 4. Tha ty 1ap trinh cac 6 cua
mau dugc xét khac véi mau that, do d6
mau duogc xét 1a gia.

Gf][ bU HV>

qWb U [JIUHM> h+hjr []"

U VN HxWW Wb []b[b U
WdHp []b[ b U
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i i
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®J VOP PEIKKkxQV Z VP Wxdifib ga b
6 b#Vh bl b r[] Un
0 VO K b WUWW  Wxdiib h¥eb ] h
Moc thoi | 5,6 | 1ons | 15ns xns | Nhigtdp
gian
5 11 10.000 | Trxe=300K
S 1 N 13 10.000 | Thxea=301K
olene o Iy 12 15 10.000 | Taxea=302K
duogc ghi
9 13 21 10.000 | Trxea=303K
10.000

Tuy nhién, d6 l1a trong moi trudng thuc
té. Trén thuc té, khi nhiéu méi truong xay
ra  (Tinge tai = Tnnigy +AT). AT anh
huong dén cic 6 ghi nhd va thay doi thoi
gian ghi ctia mdi 6 (Hinh 3). Tai Tz, =
300K, khoang thoi gian 5ns, s6 6 duoc lap

trinh phai 1a 5, nhung trén thuc té, s6 6 da
thay doi 1a 6 va bang s6 6 da thay doi tai
T = 301K (Tipye tai)- Trong truong hop
nay, diéu d6 c6 thé 1a mot chuat 1at nguoc
vé PUF that hoac PUF duoc st dung trong
thir nghiém la gia mao.



L; C@ ; F%+ ) %)+

(Thhigw)
T=301K —” 6 0 dugc lap trinh

A
Y —> 50 dugc lap trinh

T=300K
> (Tthuc tai)

7
A A

SO 6 duogc 14p trinh

5ns 10ns 15ns

6iVP NxX j g hln "JWUWW  WxdHb jyb ]i

H b[dgbsXb[HMWXUfwb Wb h]HdhW¥a luh]ifblg =z
]bi b aYaflgef VEYXHM> Vb[  Whi Wa hhcb[ WW ]qIf Hcb[ Wh-/
j HxjrhAh WUWW ]blf b g W Un bl LWY 'Fibz b[hi W
d W W]IW shbXbl ggXb]i[sm hyHVW zr[] a c%[ W ]W b[ h]
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b J]bHK b % ] ]JbHK b W v b b Hcb[ Wik Wa bl h b
L)) ' blh] tHlb U 1 1 b[W[ W 11 hhcb[ Tj |F JbK
Wwa i HM>X Uiwb b b j JWb[ b % Vlh 1jrc WUW[YjrF Vlh 1
hAW hb h ][] Wid Hyp WU fUJ YedcbgY Wh a ¥ W ]b
a ] JbHK Db STjrWwWhla g% ]b Hcb[ @b .'
0 VO';gWhla g jr bfg WUa b W 1i hST
Tham s6/ bién Gia tri M5 ta (don vi do)
a 0.15 Khoang cach nhay cac ion (nm)
Ey 0.18 Ning lugng hoat dong ion (eV
kg 8.6173303x10”° | Hang s Boltzmann (eVK™)
f 10 Tén s6 nhay ion (THz)
q; 2 Cuong do ion
Uy 10 Dién ap ghi (V)
T 300-400 Nhiét do (K)
D 10 b6 day dién tré nhé (nm)
Ron 100 Dién tro bat (Q)
Rosr 16000 Dién tro tit (Q)
Rputigown 1000 Dién tro kéo xudng ()
X0 0 Trang thai ban dau cta dién tré nhd
Xg 1 Trang thai cudi cling ciia dién tré nhé
N Dién trd nhé
YED — —
I by
Vi 0
T e
b
§ .

N bil dhu ra

6iVP F&ha Y flgc f&EYXHV>
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