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Design of Multi-port Configurable PUF Circuit Based on 65 nm Technology

LI Gang WANG Pengjun ZHANG Yuejun QIAN Haoyu
(Institute of Circuits and Systems, Ningbo University, Ningbo 315211, China)

Abstract: Physical Unclonable Functions (PUF) exploits process variation across the same structure circuits
during the manufacturing processes to generate numerous unique, random and unclonable security keys. In this
paper, a multi-port configurable PUF scheme is proposed, which is based on random deviation of current mirrors.
It consists of input register, deviation-voltage source, multiplexing-net, arbiter array and obfuscation circuit. After
configuring deviation-voltage source by applying different input challenges, the PUF circuit updates keys without
physically replacement, and it can generate multi-bit keys in a clock cycle. In SMIC 65 nm CMOS technology, the
layout of 36 ports configurable PUF occupies 24.8 pmx77.4 pm with custom designing. Experimental results show
that the PUF circuit possesses better statistical characteristic of uniqueness and randomness, and it has a high

reliability of 97.4% with respect to temperature variation from —40 °C to 125 °C, and supply voltage variation
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from 1.08 V to 1.32 V. It can be effectively used in information security field.
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1 3518

BB VT S L AR RN il L B ORI RO R
5 B2 4 5 R AR 2 BTG . P3A ] v
F% bR 44 (Physical Unclonable Function, PUF)H
2, SR BRI SO R R ) 7 2, BRI T b
BT B A IR AR o PP A B -t SCHR[3] 42 H
B R AT ) “DNA BRE R EAR 7. H Y

Wi H 38 : 2015-08-24; £/ml H 4: 2016-01-20; P45 Hifi: 2016-03-14
SEEEE: EIEE  wangpengjun@nbu.edu.cn

FEETH: HEK AREEFES (61474068, 61274132), WHTH HARE
¥ 342 (LQ14F040001), WHTA 275 H (Y201430798)
Foundation Items: The National Natural Science Foundation of
China (61474068, 61274132), The Natural Science Foundation of
Zhejiang Provice (LQ14F040001), The Project of Department of
Education of Zhejiang Provice (Y201430798)

fitdt PUF At 0 e 2 i — AN 1), FIH
25 R RV 2 HUAR () 1) HL % 2 ) A7 A R B/ T 2 22
(RIUAE SRR BV I SE . sy i 225%)
P EATME—PE L BENLIERIAN AT 5 B R e Y X
SERUN T EMZE R 0 PR 5 1 RO T E S 4
7, QIBIRIKE. SAZ B RS, &2
HITORARIES 25 B AR SV E S 8G. 28 2 0L
R 22, 1 ZEAHR AR S EAN K i 22, 2
HOCRIBOAR NG R YR 52 « PUF FHL B AT . P E—
Pey BENUPEFIANAT SO B IX 3 KRR AT A B AE B &
WIE B RCS AAET, TP R PILL & 248 By
TR R 2 A U AT R R
PISEAS T e R & PUF % 1 [ 17 J8 o, PRl
£ PUF HLEe vl F vy A 52% Rt i SV P



1542 BT 5

Pk BEBLEE DA AT RENE, T L g AN T
PUF LB I 2245 5 IR/ o AT, 3852 UL as R
FERIBR . ME450 PUF i, 3= 28 A rg
MOSFET )1 225 72 LA RORE A 22 5K e vt
ZE(s 5 P= A i, RO-PUF HLER T A TR
#54, SRAM-PUF HLEs o (1928 SRS & AR A LA
Arbiter-PUF HLI (R B I oG M4 o rL i e A
PR AN BT D B Sy, T S A N H R
Sl S, AR ER T N R LR TR ) RE AL T
CRZEM AR GE R, ALAS 5 2050 Sk E R
Ea ik AN NN NVREIA =X (T PP 31 P DS SR
(R REHL T 2 22 R Bt 2515 5 7 AL Wik, 4k
& PUF Wi w5 2ex) B T 2w 2264 T 73 AT,
PRI HE T F VR F VY 20 I 22 5 T 22 B 25 1K oK
%, Jfifit Monte Carlo 1 515 3 L Y5 L o 7 55
FA VA B R SO R, &S T ot
PUF FEE R 2205 5 7 AR L o AR5 45 & JEHE i
PEFN SR e A T U O 22 R R, R A 22
HR S HER, SEBLATHE PUF HL 7 — 41800 7~
N H M. B JE7E SMIC 65 nm
CMOS T2 P PUF HUESHHATIRE &, I
12 ] Spectre BEAT VNG ELIG UE HAA: BE
2 BB EREN

FEL VAL 656 P 22 Dl R R N S L ) e i A2
Ty S b, B 1 RPN [RISE T ) R B A
L(a) HIEAHTEE, K 1(b) I ILH i s .
1(a) iRl — B TR R AR M, KA
TN NS IRV, XS R R AR
T M, Bk B, i sm sl T M, -
Yot AR AR, AT S B N - S T LR B
Binsh. ZMGIEEKEEIRN, TAEEMFIX
AR MM, 1) EV 5 FER RN N

Iy = %Mnlcoxl(W/L)l (Vm

1
= Eknl (va - ‘/thl )2

Vi)

(a) AT E

(b) S v

1 PR LB A

B M %38 &
1 2
IdsZ = EunZCO)Q (W/L)2 (I/ln - V;hZ)
1
= gan (Vvin - I/vth2 )2 (2>

Hrp, ki = 111 Cos W/ L)y M kyy = p1,5C 0 (W/ L)y 77
EETR My A M,y SRS KT gy AT g, 20 0o
M, Fl M, IHFIERBE, C Ml C, 7l M,
M, B R AL 28, (W/L), F(W/ L), 5
MR M, AL M, BISECEE, Vi 1 Vi, 23 501380R
M, A M, B BIE R . 75 M, M, RS 58 4 A1 A H
RSN E LT, AR 20 (1) A (2) AT 4, A
M, M, BTHLR L Lo NZ5EAHIR] . HSESE F T
T EMZERIREmT, M, A1 M, (1) RS EBOFAHIA,
13 Lo Lo P2 AR 22, 3511 38 R PR U055 B N -0
HLIR ™ AR 2

B 2 (1) A2 (2) w) BASRAS i B R U Y 2
ZWE TZSHMEN KR HEHE MM, BI{H
Wk Vi, s8], (HSHT &, b, FAAE T 2
ZEWIIG O, IS FLUA BT FL R R 2 A

e ‘Ak — IdsQ — Idsl — (I/in _ I/th[)2 (kn2 — knl)
" (Id52+1dsl)/2 (Vin - Vth )2 (kn2+knl)/2
Ak
= n 3
A )

n_avg
Ak, =k, —kyy Al kniavg:(kn2+knl)/2 gl ES¥N My,
M, G 2 PR i 22 R 2 DR 5~V 3848 . ARG 1B
M, M, 3435 k, 5 M E, EHBIEEE Vi,
Vine FAAE T EAMZERING B, I v VB P VAT 223 i

c | — Ids? — ]dsl
S (Lo +1ag )/2
_ kn ((Vvin - I/th2 )2 - (I/ln - I/;hl )2>
kn ((I/in - I/th2 )2 + (‘/in - I/thl )2 )/2
O — (4)

(Vo = Vin_ave) /2

AV = Vi = Vi M Vin_avg = (Vino + Vi) /2 73114

1% MMy F B F I (R A B P LR PP S04 B

JE 2% HE ) ML ML 3882 PR T (i R0 B 4 R 2 FLAS
AT, U FbL SR L R 2 22 T el
Ak, AV,

= + = B ’
g €|Akn 5:|A Vin k (I/m - ‘/thiavg )/2 ( )

LAE 7 7 3 S A G T A R TR 1 280 R R A
s FEg Bl T AR S - SRR T AN TS Aannd
Fr, F3MOS B (M, Al M,) (s i B R AR, A
CEEE N b C RN A K VA A R L
ZBREN g HIE, BT ARG RE, WEd e




%61 A W

H:F 65 nm L2125 H A& PUF R Bvl 1543

SRR S CA S . B 1(b) s LA
BE, JEAEHEAHL B IR LRI A AR M,
M FH T4 v r g i B, ATl VA K
YT .

F SMIC 65 nm CMOS TZ~, XA HT ok
5 pAL S RECN 1 IR 70 BT 50 K5
R RIg O, FVRCRWME 2 s, & 2(a)
HEEARBGN Vi OCR, V,, I Nt i
Hos B 2(b) BRI RS FV R R,
2Vt Vo W /N i k. B 2 aT4n, S
LS (V) R T o7V H F AR IRE, - R P 0 65 1) i
L (L) 8 Bl G850 AN FBL UK/ (L, =5 pA) =42 T Bl
Bl 22, AHACL Y5 b P 5 P A i A i i
FHL P PR KT 02 o R ke R FH SR Fe A B 1 o
255 PR, I9R PUF FLUS IR Al SE 1
3 PUF BEKIRIT

5 B R VT PSS/ BN 2 B v NEE Y
B AT SRR B BT, nT A A v 3 R R R )
RN o BRI, e R L U5 v i B (R BE AL T 200
2%l PUF HUES, 4518 3 Jizs. 1% PUF HLE%
AN AT A Ze . R RS ., J ks i
G S ARFUALEAG 1o SN AT AR o m A D il 4544
e, H AR UES A (S 5 R0, AN R 8 (1)
WS 5 X e S 4 22 YR o A4S
o) F 2 B0 58 4 A B ) i 22 2 5 T (Deviation-
voltage Unit, DU)KI, FT /=4 n 412 M
(Vbo ~ V-1 Veo - ‘/C(n—lﬁ) s RS EEHES
(177 2N AN AN TR O 22 H R P AT e B 2 A 22
HE(CY), AENAIREEEESI NG S P as B
Y 202 A EL 4% (Voltage Comparator, VO)
Ry R, FERR i 52 FH 9 28 2 (4t 1) i 22 | RS DR/ 7 A2 1
Yt s PLELABE O A e TG T HEEL A
TRt e A TRD R DG 1, DT 84 5 o7 A B e
Maets, ENA R, = R, @ R,;, HH R, R,
TR B T MERES ¢ AN FIRES AP, R A

s| Vo
6 '
<
- I
9 | L, =5 pA |
W=5 pm
L=0.25 pm
0 0.4 0.8 1.2

Vour(V)
(a) A L B

PUF FLER SR & /N i PR an e o B

DU A1 VC J& PUF HLER BT )R8, AR E
B 4 o 7 P E— PRI BEALPEIE 520 PUF U )R]
M. DU HEEHEHRE (R, P, - P, N, -N,), £
LY LM PR VR B (R B N TR ), I R B A
(S, - S, ) A FLBHL( Ry, R, ) K4 1 o FEHE L IR T
7 A AN B S R RS AR A () PRt (drer=1 pA)»
FLYF LA HAL 0B UK S M PR A 5T 3 & S
by LA SR B R YR SRR S O [
(W/L=120 n/60 n), WP FH igpe=1,(k=0,1,---,
m—1), R TESHMER N i, SHESE drpe
PEAEBEN UG 2 o S2URNAT T 5 T TR A5 S O 22
R FIZEHPE Ry Al R, Br=AEs4y IR, AN e 26 f
= B Vi="Vop _szkm;oliksk A Ve=Vpp
—RCZ:;%@ . Sk RIS, BRI . VC H1AE X
A RAHAS (N5 -Ng, Py-Py) « TR A (P,Pg) s &5
F R R I A (N, Ng) BA KA fig 45 (N,) 4 i, e
en_ prefllen sa N HE(S T en pre fllen sa
AR VO A TR R B, Iei P, Al Py &
. N, #ub, WA abed BIEHEFEHET. K
en_pre flen_sa AHERAR Ay iy Hi P J5 VO b TR AE R
B, R P A Po#ul. N, T, VC RS v,
RV, KA HERA S IR A 4 V> VI R
s S, 2 R A
4 FREREGHA

K H SMIC LP 65 nm mc L. 2%, FJH Spectre
S E A 9 bit HAT 36 AN i 1 (m=n=9) X
PUF HEEEAT VHSEA L0 B, 43 )6 ik Lyt e
IR RE— 1 o BEALPERTRTSEME . 8] 4 451 T 41 SMIC
65 nm CMOS L& R 4 il 77 Bt i &l .
WNAAEASAL TR 2 i 2E s B
26 S PRI VA AL TR Bl vh ] s PRELBEERAT TR &
Ao i v - G F i FH L U5 A b DAY T AR
BARE IR 4 EE)E, 1 EHTRITH

W=5pm |
L=0.25 pm

0 0.4 0.8 1.2

(b) JEUES LA s T

2 WEE -V i ¢ & #) Monte Carlo fjj £t



1544 BT E5fFE ¥R 538 %
BN S AT i 7 HoL P 905 2 F DA
I_ BN AT i 2 H P 5 5 H M YA BE 5 —l
| P |
| Dy S B Vio Vit i |
—P » | DU, > >
| 11 v & Vio o |
I Vb1 > ® . > I
| D, 5, § 'b) > |
| D » | DU, R : |
| *H Vi(n-1) - Von-2) | | |
| CLK D, 5, Yoy | Ro |
RSET D DU, Ly, FiN
| pata - F T |
c0 N
: Veo N Vel 4 |_> Ry :
I D, - Sm-2 N ® Veo ‘ I
“1| bU,.- Va | E »
I all ’ 1 EE Veo » I
| ! : : : |
Dy S| v : XOR N=n(n—1)/2
I R HEed | oo, || e — ) e I
| 1 » Ve(n-1) Ve |
l_ |
| Vbp
|
| R, R R,
| l RER
: Py Py P, Py Vi A L l
| ]F | "’ |E |E| So Slo} Sm--u} Sm—‘l}
l ||J IlJ |
I |— ’_1— | 1 |
I ] ] E 0 l 1 l e =2 l Im-1 l
I N, N, No l l |
| II_-| Il_]l 1
T N Bt uietetetutt Rntututets ettt Sl -
| LA % B S
| e ______X
3 PUF HiL#g4h#
4 2.9 pm o N — N
77.4 pm AR 20, REP=2EME—FRid 3 S T
g FRRE ) SR G0 [ —28 8 PUF ANFAMA

I iy 1] e
et T2 65 nm CMOS
R 1.08~1.32 V
IiFE 148~157 pW
RIE —40~125C
AR 1920 pm?
AlEEE 97.4%
A K 36 bit

24.8 pm

4 BA7 36 Mgt 11 PUF FLES iR B

PN E e 2 BT S RIcHK L
Wfe SR, B8 3 2R 4 R R M. {fifig
55 A N-H AR S g NN 248 R 8 2 1)
(RN A5 B, ARAR & Jm 2R T AT L
/N GET, R 24.8 pmx77.4 pm, L
o s B AR B TR 2.9 pmx 3.1 pme.
4.1 ME—1%

ME—PERAE R — KA PUF HLEK AT A

f HH g 7 ] 75 B B 28 (Hamming Distance, HD)[#1 7
A, HAUGO T HAEN 50%. k> PUF HLES
Fr )W EE 28 1D, 1] B (6) 11419
2 ki & HD(R,R))

M= 2w ©
o, R R, 0 IR 5E 4 AR j A PUF HLEK ™A
] N bit &t WIZE w AR, k4> PUF
FHL I (1)1 38 T PR BE 2 E(HDy) 1] i X(7) 1 H &

E(HDy) = %ZHDpIXlOO% (7)
=1

FE[R— 418 R4 PUF HE HEAT 10000
X Monte Carlo {}j ¥ (k=10000), k{33 10000
AMKJEN 36 bit(N=36)4H . . 4 TSI 45
MR, EH 9 4 (w=9) I W] E & (Hamming
Weight, HW)Z 0 1 U EE DL B8, dsk
Bl A X (7) 7 E(HDy) by 48.6% .



61 2= W% BT 65 nm L2 20 D id ' PUF LS 1545
4.2 HEHLE WSV AR JE Al rE B TAEAEAS R R AR, 76

BEHLPERAE PUF 5 255 0 FZss 1 145y
it . BEARNESLS, PUF L 24 0 fZ4E
1 HIRERAHSS, BENLYE N 100%. PUF H B4 H Eds
FBEALIE Al L 2 (8) P51

BEHLYE = (1—[2P (R = 1) — 1) x 100% (8)
Hrp, P(R = 1) FoR i AUE 2P 1R
HERIARITHE PUF H 4 S w3 IR B AT 12X
9 41 HW B0 1 e, fefe—241806h F AT
10000 X Monte Carlo 1/ ¥, Zvl#5%mH v 110w By
OB 1 MR, R () THEREN L, &
fey E W) 1 PR Bt ML B S ERW 84 o p el i 2 2
5 fis. K 5 Al 50T PUF FRL 2% din 11 4 H 08
FIBEALIER KT 97%.

4.3 AIEEM

ALEEMEVE N PUF W S5 2 PERE4RAR, H Tl
W] PUF HUESAEA T TAEM S tERE. 78 M AR
[T, PUF @0 nf SEPE @t 2L (9) i &,

WEEYE = 1-E(HD, )

1 LHD(R,R))
:1—M;————— (9)

Horp, E(HD,) a2 )v WX BIE, R AR, 7
RS TAEAE AR LA T (1.2 V/25°C) FIZE ¢ Fioky
EEAAE TR N bit w15 5675 1.2V /25°C 5%
PR, XTELSE N 9 40 HW 20 1 s, il
1330 9 AKFEN 36 bit KN, CAA/E NS

x 100%

100

T —PPEREE N it 05 22 e AR A )R, Gt
H M SR ) T2 2 e IS AR R A, Rl (9) Tk
HarsErE. gt g wE 6 frox, HrhE 6(a)RE
6(b) 3 AR AT S B SR R AR B, AT
HIPTHE PUF HLE% T AEAEAN A3 5 (-40~ 125°C) AT HY
H(1.08~1.32 V) N A EEMES 73 il = T 97.8% A
97.4%.

Fris vl i) PUF HL% 5 AR PUF fa MR
XL an 1 FroR. MR 1 al &, Wil A (CM)
Z i A L' PUF HL % DREAR X 4 » (H B LURF T
R/ ATAEME S
5 ZEig

PUF HEEFIH 1C Hlid i FE R A AT K BEAL T
Sz e A B AT ME— . BRI AT 5 B A
A, RN T S w2, Rl —Fe i E
Z 3 1 PUF W& 7 58, I8 Bl (5 5 30 i
BESCERIITT O, A4S T S 4l A4 H B {8 ] ST
WAL, AT — AN R P = A 2 A B
W . #F SMIC 65 nm CMOS T2 F, RH4E
Wikt A 36 AN i LK PUF FLES RIAL,
AN 24.8 pmx77.4 pmo 545K IS5 i)
36 uig 1 PUF HLESAHLE, Wil PUF HL B w2
FEJET AR 428 m T 87.5%, A4 v it T BXUF) FH
e T 71.8%, AR H 2 23 bl 2= FL s LK
(P3G INE— 0Pt . S0 45 SR B BT v 1 22 i

100 100 ~

FEHLIE(%)

0 10 20 30 40 0 10 20
s 1

(a)BIHW A 1-3

30

(b) BJhHW Jy4-6

99 = =
98 = =
¥ a 2
97
o

) i
&

v ° ‘
40 0 10 20 30 40

Ui 114

(c)BhHW H37-9

P 5 % 1 it e 2 BE AL B 8l W 89 T 40 5 fh 2

100

EVE(%)

99 |

i

l

98 |

97

—40 ‘ 0 40 80 125
HE(C)
(a) AT EEE BB A fL

1.20 1.26 1.32
HLE (V)
() B Bt s T

K6 PUF HLE A RN LN (K] ek



1546 BT 516G 8 %R 938 %

£ 1 FFEZEE PUF B IEREXTEE

Tk e A T Boipsa itlﬁ*ﬁ;ﬁ oA /J‘?‘nf%ﬁim s 5 CIER S
(nm) W) (pm’) W) (%) (%)
TVLSI 2016 Arbiter-PUF Y 180 380.0 21750 —40~100 6.0 96.8
JSSC 200801 SRAM-PUF N 130 1.6 119 0~100 15.0 96.0
TCAD 2015 RO-PUF Y 65 32.3 250 -40~120 2.5 97.3
VLST 2011 CM-PUF Y 90 788.0 1110 -40~120 10.0 97.0
HOST 201317 CM-PUF Y 45 108.0 16000 -55~125 10.0 95.9
HOST 201419 CM-PUF Y 30 12.3 875 0~75 9.0 96.0
A CM-PUF Y 65 152.0 53 -40~125 10.0 97.4
PUF LIS AEANFFAC 224 Mgt arde M1y 7 nl fid Research of differential power analysis countermeasures|J].
Ejj]ﬁé‘, HEX@I{’E%%Tﬂ%’E@%@U 974%u Journal of Electronics 8/5 Information Technology, 2012, 34(11):
v N 5 N 2774-2784. doi: 10.3724/SP.J.1146.2012.00555.

E, "N s 158 A UE 2R A0,

o A2 LT A A B AR S [10] YING S, HOLLEMAN J, and OTIS B P. A digital 1.6 pJ/bit chip
72% % i ﬁﬁ identification circuit using process variations[J]. IEEE Journal of
Solid-State Circuits, 2008, 41(3): 69-77. doi: 10.1109/JSSC.2007.
[1]  POTKONJAK M and GOUDAR V. Public physical unclonable 910961
functions[J]. Proceedings of the IEEE, 2014, 102(8): 1142-1156. ’ . -
[11] BAI C, ZOU X, and DAI K. A novel thyristor-based silicon
doi: 10.1109/JPROC.2014.2331553. . . .
physical unclonable function[J]. IEEE Transactions on Very
[2]  HERDER C, YU M D, KOUSHANFA F, et al. Physical )
Large Scale Integration (VLSI) Systems, 2016, 24(1): 290-300.
unclonable functions and Applications: a tutorial[J]. Proceedings .
he IEEE, 2014, 102(8): 1126-1141. doi: 10.1109/JPROC.2014 doi: 10.1109/TVLSI. 20152398454,
of the , s : - . doi: 10. JPROC. . . NN N N
/ [12] VbORE. BRER B S RAE M), dbat: WA R, 2009:
2320516.
186-189.
[3]  PAPPU R, RECHT R, TAYLOR J, et al. Physical one-way o
CHI Baoyong. Analog Integrated Circuits and Systems[M].
function[J]. Science, 2002, 297(5589): 2026-2030. . L

4 SRR, BT, TKHIAZE, S5 R B P T B Beijing: Tsinghua University Press, 2009: 186-189.

i IERR, s S e 2 ‘ : [13] CAOY,ZHANG L, CHANG C H, ef al. A low-power hybrid RO
BT 5 {5 H 2R, 2012, 34(8): 2007-2012. doi: 10.3724/SP.J.1146. . . N . i
5011.01249 PUF with improved thermal stability for lightweight

11. .
applications[J]. IEEE Transactions on Computer-Aided Design of
XTANG Qunliang, ZHANG Peiyong, OUYANG Dongsheng, et al. oo .
Integrated Clircuits and Systems, 2015, 34(7): 1143-1147. doi:
Multiple frequency slots based physical unclonable functions|J].
10.1109/TCAD.2015.2424955.
Journal of Electronics & Information Technology, 2012, 34(8): .
[14 GANTA D, VIVEKRAJA V, PRIYA K, ef al. A highly stable
2007-2012. doi: 10.3724/SP.J.1146.2011.01249. . . X
leakage-based silicon physical unclonable functions[C]. IEEE

[5)  MATHEW S K, SATPATHY S K, ANDERS M A, et al. A . .

International Conference on VLSI Design, Madras, 2011:
0.19pJ /b PVT-variation-tolerant hybrid physically unclonable 135-140
function circuit for 100% stable secure key generation in 22 nm '

[15] KALYANARAMAN M and ORSHANSKY M. Novel strong PUF

CMOSIC]. IEEE International Solid-State Circuits Conference . . .

based on nonlinearity of MOSFET subthreshold operation[C].
Digest of Technical Papers (ISSCC), San Francisco, 2014: . . . .
978970 IEEE International Symposium on Hardware-Oriented Security

’ and Trust (HOST), Austin, 2013: 13-18.

[6] LAO Y J and PARHI K. Statistical analysis of MUX-based . .

[16) KUMAR R and BURLESON W. On design of a highly secure

physical unclonable functions[J]. IEEE Transactions on
Computer-Aided Design of Integrated Circuits and Systems, 2014,
33(5): 649-662. doi: 10.1109/TCAD.2013.2296525.

[7]  SUH G E and DEVADAS S. Physical unclonable functions for
device authentication and secret key generation[C]. Proceedings
of the Design Automation Conference, San Francisco, 2007: 9-14.

[8]  GUAJARDO J, KUMAR S S, and CHRIJEN G J. FPGA
intrinsic PUF and their use for IP protection[C]. Proceedings of
the Workshop on Cryptographic Hardware and Embedded
Systems, Vienna, 2007: 63-80.

(9] VEMEE, SKERZE, KB BiEZE S TR BTG BORIITI). W
TR, 2012, 34(11): 2774-2784. doi: 10.3724/SP.J.1146.
2012.00555.

WANG Pengjun, ZHANG Yuejun, and ZHANG Xuelong.

PUF based on non-linear current mirrors[C|. IEEE International
Symposium on Hardware-Oriented Security and Trust (HOST),
Washington, 2014: 38-43.

2 Wl 53, 1988 4E/E, AR, WU I S I A g A R

W M HVLST Sz

EMSE: 93, 1966 fEAE, R, WLASN, BTSU5ROARID. wfE

KN AR OB R PR AN BT BOR L R BT SR A AL BOR S
A BB IR RS

HKERZE: 55, 1982 AR, PRI, [, BESUTT IR bR A R e R B

e L ILVLST L. 2 H AR B R s B,

Batgt: 3, 1991 4EAR, WLAR, BFSUT 1) O R ek R A

W M HVLST Sz



