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Abstract: With the continuous evolution of advanced semiconductor processes, chip integration and complexity have
significantly increased. System clock design is gradually shifting from off-chip crystal oscillators to on-chip clock systems.
frequency-locked loop (FLL) clock reference generation circuits based on Inductor-Capacitor voltage-controlled oscillators
(LCVCOs) have become a key technology for high-reliability electronic systems due to their excellent noise suppression
characteristics and strong radiation resistance capabilities. However, existing LCVCO architectures are highly sensitive to
single-event effects in capacitor arrays and tail current sources, which can easily cause system failures in space radiation en-
vironments, severely limiting their application prospects in aerospace.To address these issues, this paper proposes a novel
LCVCO architecture aimed at enhancing the robustness of reliable on-chip clock systems. This architecture introduces dy-
namic self-bias feedback technology, dynamically adjusting the bias voltage of the tail current source through real-time os-
cillation signals to effectively suppress 1/f noise and achieve self-stabilization control of output amplitude. The phase noise
and single-event sensitivity of oscillators are evaluated and compared based on the impulse sensitivity function (ISF). Simu-

lation results show that the ISF curve of the LCVCO designed in this paper has lower amplitude and better symmetry at criti-
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cal nodes, significantly improving noise performance and single event transient (SET) tolerance. Additionally, the resonant

tank uses an NMOS-type capacitor array unit with low-impedance discharge paths, which can quickly discharge single-

event transient currents, reducing frequency fluctuations caused by them. The design is implemented using fin field-effect

transistor (FinFET) technology, occupying an area of 0.06 mm? and consuming 9.6 mW of power. At a 26 MHz output clock,
the phase noise is optimized to —136 dBc/Hz@ 1MHz, with a figure of merit (FoM) value of 154.5 dBc/Hz@ 1MHz, and the
root mean square (RMS) value of cycle jitter is 5.93 ps. Laser experiments show that the laser triggering threshold of the

LCVCO designed in this paper has been increased to 1.5 nJ, an improvement of 114.3% compared to traditional structures,

greatly reducing the impact of single-event effects. Heavy-ion irradiation experiments were conducted at a linear energy

transfer (LET) value of 86.1 MeV-cm?*mg, showing that the maximum frequency deviation is less than 4.5%. The simula-

tion and experimental results fully validate the high reliability of this circuit in the space radiation environment, which pro-

vides a more robust clocking solution for spaceborne electronic equipment.

Key words: oscillator; phase-locked loop; clock; phase noise; single event transient; impulse sensitivity function
Foundation ltem(s): National Natural Science Foundation of China (N0.62174180)

1 518

TER S RIAT 55 5 AR R R T 52, T
FH A PR 1) TR AR TR0 T IRy 2 ik 280007 2R G RETRUASR
RN S s N S R SR e e WP U R i o
Aib B AR 0 P BB B AN W R T, SR T A2 R T B H
iz (Printed Circuit Board , PCB)#F JR1 2 0, Hi, %% 22 G2 19 1k
RIAEHEREME AT 2 46/ 0s . AR GEmb B AR T S8 v, b FRAS
il 2 A R B HE MHz S % i B, T2 A A
(Phase-Locked Loop, PLL) {545 2 GHz 2 R G i B . i
I 08 5 1 AASASL Ay ke i 2 T AR 9 384 0, G A/ P e 4o i A2
) 2 B BUM 5 e R R I O LR A o A 5 A%
TR ATREPE RS . DR, R i A B A b A
PO TE A il D i B AL 55 mT S 1 ) LAY 2 B 5T
Jr it

B, FH H 25 38 7 %% (Resistor-Capacitor Oscillator,
RCO ) 3d 1 v BH 5 A 2 9 52 0 Pl AR A R S A 1) 2% 2 it
HFRBUR B 55, al VR A AR A7 48 . 8
B (Frequency-Locked Loop , FLL) A RCO 7 ££ ik F Y5
HL TR A5 B RS E PR TSR T, T S 3 v AR AR 1Y
R {5 5 DR T B AR Dy e P RE AL B RO R
HESTL A 1 (@) 2 FLL IS ARG, Horp H 5 4R 0
(Voltage-Controlled Oscillator, VCO) ¥ K FH #F B 1 37 7%
BER LA o U AR SRR N G T Y L (A
BAOAH A M P R PR 22 5 AR A St A5 5 B 3h e, 1
SRy 5 W i B 1) SC BRI . RS AL AR SR R BT b BB
P77 %% (Ring Oscillator, RO) % % i 57 w1 Ag kL 1 2% 51
% Yok F B2 (Single-Event Transient, SET) , 2[5 1(b)
Bz, SET S B 95 5 K Az Jl U e gy, ™ FE g 225
RANARLE G A PLL RS . SCHR[ 8 IR SCHRL 9 192 1,
1 T HL B HL 25 R #52 9IR ¥ 4% (Inductor-Capacitor Voltage-
Controlled Oscillator, LCVCO ) IR I W G U 25 14 o
T RS TEAR, LCVCO b RO FLAT B 4F 1 BRE 1 52

PE SR, A VR e RN 2 BB 5 TS AE T X — 1
SR 10 138 1 OB S 6 & B, ST RO R AG H 2
M1 2 LCVCO H e s ) B IR . e Ak, LCVCO 11
JFE P AL VB A A AT U e L S R X — Bt R i
T B S5 HL R ) SET URA

R
e L
Tl >

Bisras - HERIED A

HE ML
Hgy L1

E[Sndi=diNR e Daga st

(a) RCHRG: Y EAE 1

iy s
%}#L ~ #3 W_ - #3 W
e P

BT HRGE

(b) SETHIELSIXT AL RGN
P R b e B A

ARSCBEE T —FhidE T TR R B R SR
SET ) LCVCO. % LCVCO R T —Ff SET AU R L
BT, IR S A B BB AR A R T SET
VRIZRE ST, TR AER T AR MR A e e ok nfr 2 A5 o
(Impulse Sensitivity Function, ISF) 43 #7 LA K A)5 B & B,
12 H B9 LCVCO 52 SET 52 Wi J& B AT 3R AY i (E MDA 35
g . BT 8 2 35 800 4 (Fin Field-Effect Transistor,
FinFET) T 258 280, Mk 45 R R B, A SCi ity
LCVCO B AT RLAF i AR A2 e 7 At sh PR R A e AL e 2
P R AR i 1O ik BAE () B S g ik — 2P
F W BORL T AN URAE



3204 H, T

EE 2025 4F

2 HEEEIT

2(a) JB/R T ARSCETTHY LCVCO 025, H
R o BRI L R BB AR . R A\
WEUHE S5 K, 6 A R PR A9 TR A S B T /N B
TR, B, 2 B 370 DU, 55 70 8 A A RO S L 24 . g
PRIBHR I 1 R R T 4 4R 7 , v B8 2ok M M ) 1
1) NMOS 28 SURE A X i O 1B 4R s I e O . 8 vl i U
B MR T KRS AR IR RS A2 A6 it 2 PR 3T, HCARE AR Pl
JE V38 1k L 3 65 i 5 R I X A R 3 7 (BandGap, BG)
P LA L IAC 1, EA TG A5 A B, DT A PR O 8 1) TR R
PE . IEAN , LCVCO Byl B R V28B40 2% v 28 42 il Jf:
R, S BT IR B AR 7, DN TS MR AR 2 AR Y
LA, B 28 SRRV 00 R RS A o
2.1 HBEFEREFAR

LCVCO 3 H 75 ZAe 2 AY HL IAL I B 9 8 1 A iR A
s W R 7 R AL, 5 5 W U B O 8 8 et B 42 2 o
BG LI [, E R, (A T 2 WS BRE R
AFAE o H R A ] 4 LA R e e R SR AR JRIBIR L 51)
m, T2SHEsh T G S EUR R 1, I TR B, 5k
PR AR 52 A0 A 0 91 355 s 5 L o 0 3 T R R 22
BRSNS kN O =Ky 1 L R ot e e R
SRR S PR RE

ANTF) T 58 B i e i -, P 2 (o) 42 10 B 3025 A
P T U S 1 S S S 3 N 9 T
TR I A i LR S S R A 3 M, A M, B, T RS iR
Gl S A TR B 1 A T, P T R i 2
VA B M TR, LRt 1 e R AR G
R+ = T MO OGE R ¢ FE L
B MBI R R TR W R 1= =12, R
RALIRI, L+ <12, 23 BRI <1 J2<I}s,
B2 RN ST i AR E C, P
V. FEL R 3 1 B 05 B I R ) ) R A7 B R, BV ZE ) 46
KA BB, L M M R, R T, B
K, M M RE B ) 28 SURR A48 ) A5 s B BT R, iR
LCIsPRIE YR . 2 LIRS EIRIG .V, FV,, 7T LUF
VEAE BLI HLF 5 5 RO AL BN SS AR 5 . 120 42
mESRI M, Z AR,V SRR LLVCHEL 1,
1, 250 I i R, v 2T R sh &
D 48 ) S — A B I B, S (i th AR R AR E L T
FEZ WS B AR MK R R

LK 22 43 A A S TR0 B o 0 R I R
PO L THIE 5 R BV A S R T — 3, T AR
R BRAR AR 2 e 7 . AR Hajimiri 7Y, 3% 7% 2 10 M 7 4
P 2 IR L R AR | R A PR B A2 AS [R] i )
P AR 75 ) s A AE S 25 5. I 2(0) JBOR T Hi iy
5 T A ISE 2R 12 h 438 1 R AR (Pe-

riodic Steady-State, PSS) T 5 R AL T PR AT (Periodic
Transfer Function, PXF) 43 H7 #E 4T L4112, 4 45
FL VL B O 5 4 T Sl i 2 B i iR 9 BOE
FEA 3 {HISF fh 2k iy X R P 2 S T AR BE A A 1)
ISF {2 47 75 W1t 19 030 4 3, T 3 28 L O 465 4 7Y
ISF i £k 2 ML A X PR AR vE , LB A it is T . X —
FRPER B, 3h 25 A i 'S T7 5858 1 40 1) ISF AR R o
A RUBEAR T 1/ W P T A A5 M S R TR DA T
LCVCO %y H B 55 i d . ISF VA s Al Ak o
F, U 6T 4 7 e AH 57 D0 Sh BBV ) TR IR T4
R LCVCO 5 s 1 Bk F RS E20)h, 3h
A& B A B 25 5 5 S0 H T B 4 A A L ISF AR (TG, 3R
WITE R 221 0 T A B4 BT SET 434 .

i L2 L2
T Vi
__________________ H N, 0— Cuar Coar —O N
Veo—> Veo A 7 AT
[}%rras
e
v, M My
~nod [PSValina[ Y4 |
e MS-L | Vi | 3
M cmﬁ%ﬂjﬁ"]ib%&j N
s LI e ¢ | ERE L
(a) BH7S AW E LCVCO R4S
1.0
>
=
0.5 /
H
2 /
0
-6 Wk B
& G
K]
= 0
&
-3.6 L | |
0 b1 21 3n 4m
@/rad

(b) LCVCOHir 37 fi AL Gidm B 5 2h 7S AL IR B
i Hh IR 5 IE A TS i £k

K2 ASCET R3S B W E LCVCO

2.2 SETAEBBEFHET

LC VSR I A Ay it A0 B A% O 2l 7, AT AT ik
INPI Bl ¥A 2 A ok 3 R b A A %) g o . SCRRL 10 ]
W OGS EFE Y, LCVCO HY SET S5 358k X 3 5% 400 o7



&9 W %

TR P A P 2 DX, R AR A TR L AR, Y
VCO P47 538 25 15 152 TRy 58/ IMIE LA TG A2 v G 2 i +1 5
SR, AR 7248 32 SET 1152 W 5 25 0l 557 , 08K X 38 ) e B
BIFRHEEYL. AL R NMOS JF 5648 R HUkL T
2 7 A M O SRS B AL I, LC IR i 1 S5k
B RATEAR G 8 A AR R B By, R SET
) 52 ) B kg

K3 (a) s T HL R4 ST il 2 Fh s sl g 4
FEIX 2 RN R Y i f R VR IR T G M
Wit BLI LA C 5 M BB C Ik i T C it
INT G A TEIRIE RSB AT € 2V, N
S JFOCAE MUFIE L C R0 G BRI AL T C B
ERHEHRIE L AZ C, 52 . % 25 K438 1 M-S 38 T
D)4, LB ZS (N € ) ¢ B Ak, AT B R
LCVCO WARETE . SR, 24 M Ak SRS, =%
e S E C A E M TR, 7T RES] & U I
Bl AR MR TR R O S EARUE, TR S B
YRR A RS . AR I, 5 1 AR R
S AR 55 HLBH R (K M g H B B HL AL (HIX —
W FETEBRFE < 24 M8 37 POk 725 o 7= A (0 R S L O
BF BEOE 1 A X LR V S BEBERTHA T, 5 3om W T 5
KGRI ZU0E 8 . M2, 5 2 Bl 4 44 R
NMOS K M1 5 e 96 s B2 57 22 1l e 07, % A BE
U AR . 24 SET 5| & W 2 f 30 1 BRI, % % A% ]
TR A LT , B BRI T M Sl R A R DA
U AR Y SET HLdliaE

E 3(b) %) b T NMOS 7 55 e BH 7 T 3¢ L 25 PR T AE
FEOEAT 25 XAk ) ISF 48 K& tH I 0% , mT LA H rLBE 7Y
PATCHE KA ISF WA B =y, EL P Hh BEE X PRI AR
T Y5 T P LAY 2544 v H BHL S 2 1Y B 2 0 v AR
AN GRS S 3 -

3 SET{HE&R

AR S 3 WUHE B bk R A VRS SET & A= B H
WIEA IR H B LOVCO it B 4 705 1, 05
EFETT T2 0,25 CAMF N IbAT. Bk, i ik 4%
5 A2 5 SET M J5 |, #5945 LUK [ R i 28 B0 i Hh 1
AL RS AR Ak, 1 — 25 B AR B | R Ik
HUAIR 55 i 1 A L 2(a) 1V, 1k R BT A
ST X A B S S5 A 5 A Ge A5 A 6 SET 1) 2 2
JE B SET fik b 23505 1AL T 2 Fh i ' 4540 1O 4R 3% 0 1Y
By s L YR, % IE S SET 5 VCO By I [ AH ek, H
fish 2 st [ TAE 7 R 599.92 ms, Xt 1 ] 2(a) 14 ¢, B 220 . &1 4(a)
FEI4() 53 7R T SET KA TE i B 15 i AL 5w &
FIT 4 Hh P S i B 5 4 1 i 1 I35 TR D RO I 1
SIRARA 2 B SRR G G S FE SET T T4

WEAE : —FP R R AR R G O T AN SRR U 3205
C
2C, P 2Cy
[V X N
5 f o
Vo | Ms
Re = =R
SET %2 @
(a) FEBHTRUHINMOS Y E 2220 BT R 254
1.0
153
> f
1 4]
2 05
=
ﬁ
el FOwl
0 |INMOSZY Hi 75 41 BT FHBH 2 e 2R 25
1.0
= 0.5
K
H 0
&
T-05
-1.0 L ! L
0 T 2m 31 41
@/rad

(b) R FH NMOS 75 F11 Hi BH 250 ¥ 5C H 25 B T8 60 Bz 14 B HH IR0 LA B
P FF 15 4 X AR A4 ISF |l £k

€3 HUSET HL 2820 S ICE 4 Y L

R B W P 2 38 O, T B A L O 25 R ) AR B
BN ABYRE BRI R s K] 4 (c) FE 4(d) 57
WIER T SET % AR 78 L 28 28 N 3B I, 14 55 I ' F0 452 1
) 25 A e 235 R 0 R IR 95 D TR RXT 7 1 A1 e A
k. P E45 R, 24 SET #E51 A TF 5 i 2820 9k 4y
ST 3(a) B X, sh3S H D B 2554 0 B8 2 15 T /N
WA By, AL B e

g7 B UE L T R BELAY A NMOS BT 56 B A BT Y
PR 2 XT SET B2 201k , K5 SET Jik b 433 51 A 2 B ep 4%
Zikgeh C B L 3 (a) B XL T 4 (o) FITEL 4(f)
RN T SET & A= E NMOS BT 56 8, 25 BT P F it
D % H, BEL TR 56 H, 25 PN TS IS, o 7 ) e 1 I8 R 72 Ak A
WRARAE . 7 FLAE BRI AE R R R S R UL L 45
PR, NMOS B F 56 H 25 500 J 1 LR B /N () D TR W A2
TR RS 24 by HELBHL R T O FL 2R BT Y 172, A v
BBl , A T MU A B RS

4 KWERSHH

ARSCBE T Bk T AR LCVCO T — 3k T ¢
R BB il 5 (a) s, EEH R B E AP
INECR PLL A Y . Horh i S5 w8 5 1% 48 FLL 7
RCO A [A], JE BA K I #% (Period Detector, PD) 2% FH Hi i



2025 4F

(=
S

ffirth RV
o
3

0
e Bl
BERAR Y, N AR AR
/):2%49% % """""""" ; =1.11%
©5.90] prarcin
sz il ® 3 M
=19ns = =7.1ns
53
604 610 598 604 510
fl/ns i) /ns

a) fLEME SETBALEETA () AU E SET & A 7EH T 21

At L/ V
S —
S W =
= o
it _gg!i/v__

0
6.12
S 5 BN
. 6.02 i
g .o T
S, 582
. 5.72 -

604
1} 8]/ns
) A B SET S AR AE L 41N

604
i [A]/ns
¢) TBGME SET KRR AN (d

________ 0 i
54 54
A - 5 bo S L
5 4 =8.32% ‘o flicd -l [N N e, 2 =4.72%
Y50 © 50
YT B = 48 *
46 4.6
o 102 106 96 102 106
5 1] /ns I 11/ns

(e) SETRAFENMOSBIFLZAIPN () SET &4 7E i BH I 2541 N
B4 FEAST s ARG Bk i L AT SET 190 BL45

Xof FiL 2 JE 0T 7 i L ARG T 5% 2 F P, PR Bh 7S
BeRE LCVCO Mk A5 5 8 2 HARAIR . %k i
HL % AT DA 5 26 MHz (9 = BE B b, HfR 5 E 28
LCVCO i th N 43R /INEURY PLL R 255 Jq 3R A . A
SCHE A R b B L B AT LCVCO £ FinFET T.25 F 5K
W, EZH e AR BT R 29 0.182 mm?, H
LCVCO (545 0.06 mm® A IR, & 5(b) J@ R 17 It i
) TR
4.1 BRUKER

AL LCVCO TAEEH N 3.9~7.6 GHz, # >
TAENCR L) 6 GHz, TIFEN 9.6 mW. FL 42 I3 % ] 3
28 R ™M B 5 S 80 5 19 %A D e R
SR LS H R I IRE ST LCVCO i i N 44
(N=250) J5 Bk . 1K 6(a) R T a3 055 43 A 5
U A A DA 5 0 R 62 8 75 35, A%k 26 MHz B, L AE
1 MHz 4 {4k i AR 7 4136 dBe/Hz.

ﬁE{E(Figure of Merit, FoM ) S&TEM P 77 i 18— T 25
G, HERR A

hk
I

(b) W3

5

—110.9 dBc/Hz@1 OOKHZx

SRR
S LR AR SR S

—136 dBc/Hz@1MH i
;\\Kkg"\\uzj Lf'\,“,lq\ﬁn

(a) ARDZIEF IS,

PJ=5.93 ps

QR TEEEmIBHIIEREE S

6 LCVCO AR e Fl shill it gt

FoM——PN+201g(f°) 101 (fo )

Af

(1)



&9 W %

Horp PN IR 3 45 0 AH A W 7 f 2 TAESIR , Af A
Xt T TAEBUR R AS 2, Py & DLW S B A D AR
18 . A SCIIAYYR 7 28 7E 26 MHz TAEHE T FoM (-
154.5 dBe/Hz@1MHz. i#E—25Hb , B1 3l V5 S HH 37 B 75 7
Af 3 A R A, R M REAL BR AR B b B % RS 6
RN . B 6(b) 25 T I B0 R I A R A A B S )
SR, 20 1004 RG-S 0 g it o i, JR L sh i
Y07 HRAE R 5.93 ps, T /2 BRAR Ab BE 45 [R] 26 s X6t 1 58
PERBI BT R
4.2 HHLE

SR X PR B IE 4R H B LCVCO X} SET i & ZLRE 77,
AR R g0 S A PR TP AR S A . %
5 P 3 AT O Bk AR RO R R TR O, VA 4R
ﬁi%%*ﬁﬁ*ﬁ¥§ﬁ@(5ingle Event Effect, SEE ) YA 15
BT BT R IR R R R, L 3 T Ak
F WYX (Single-Photon Absorption, SPA ) Ll , 1 FH I &
1 064 nm JEBRER ST 2 m (9SO S BEXTE A IE HIBRER 1Y
REATRCHEA T4 B . ARG o 8 o7 fRURR X3, SEB0 % VCO X
B ) 5 e O 1) Ay A EA T =0 3R ST A
i, e A2 ) BRI B A — 4R AR bR A TR T kS
BTN I e S i W SET fish 2 5 18] () 9 25 4k, , Hofi
J2 ML R FH DK 5 fih 2 45X« 7 S 6: PR 8 v T DK 9 e/
i & BEAEL, M4IOEER IS & 19 SET T 240k 6 48 Ak i 11
HI, 258 A shfih &0 SRS . /7 B SE 5645
FA AR AY LCVCO BY SET 0L & BIE R 1.5 n], 35
TS0k 101 R SR FHBL SET N &35 & S 454 , 36

HE TAS B HE 304 F R E -5 NMOS TG R ARSI 7T
FRETERE LAYERTT

R TASCHRL T A BURIR G g PR RE , OF S
FEl B B R SR B OC TARREAT RS L . A SCBEHE AR IR
HLAUPERE RGOS DL, 7 Hh BB 5 AN SO 5 T
FROEA AL

WA — BT R BB R G SR AU R A 3207
(a) WOGSIH S
1.5x107F SCRRTOI B i AR R
0.7n1 1 150 I /
: (1 800, 1.4x107)
| |
1.0x107} | |
o I I
g 1 1
£ ! |
I X
5010 ! (1.700,3x10 )\
« i 1l 600,3><10’x)'\A A
JESETHL S : a 506, 0)
00F :LA:AAAAAAAAJA:
1 1 II 1 :
0 500 1000 1500 2000
WokheRt/pl

(b) WOLSEERAY SET #m e
F7 B SRR

4.3 EBEFIH

KRG K2R F 5| & B SET , AR AIHE
F PR R T RE R 2R IS B 5 0 R T 25 (R FR 58 45 40 ot
FleE BT BERE AT T B TR RS SER BB i &
SR MFE 2 PR, K st g5 R BoR  E (AD B 3%
& F, K51 % SET, ol fE [ H LET 84K, R AEA RiAUL
EheE . A (CHE T BK(TH E F M (Ta) T
SET fih & Y S 34 0

R1RHRMRERTLL

. AHALIGE = PR TR0, .
X He SRk Tz 45t B #%/GHz, kW | i EY/mm? WOCEE/m)
/(dBe/Hz@1MHz) o
SCHik[10] 28 nm CMOS LCVCO 5.0~6.3 -108.3 @6GHz — 0.018 E e 0.70
Hik[14] 28 nm CMOS Ring VCO 0.9~6.6 -96.7 @2.5GHz 2.2 0.060 Jin 1 0.60
CHk[19] 40 nm CMOS Ring VCO 1.5~3.5 -106.3 @2GHz" <96.37 <1.150% il 0.75
SCHR[20] | Sub-20 nm FinFET LCVCO 8.9~16.8 -90.58 @16GHZ? | <35.07 <0.090" Jinf# 1.20
‘ -108 @6GHz?
KNS Sub-20 nm FinFET LCVCO 3.9~7.6 9.6 0.06 i 1.50
—136 @26MHz

1 DFETZ VCO Y PLL 2550 ; @107 B8 .

8(b)E— BN T SET H A Hh iR w2 5 IR 18
AR A3 A e, SRIR 4 IR fE Ta B TG F L i

KA A% 15 4.5% , e KARME LN 10.7%. (EAFTERE
BRI A I SET A i i 78 Al 1 2 T 4514 A



3208 220 I % Eire 2025 4F

k2 EBRFSHIIMEER

BRI BT RER/MeV LET/(MeV * cm¥mg) TEA A Gons/em?) SET fiih % Y 5k SET#1f1 "/em
Al 110 8.92 107 0 0
cl 150 13.40 107 103 1.03x107°
Ti 169 34.70 107 146 1.46x107°
Ta 500 86.10 10’ 27 2.70x10°°

1D SET B Hi=SET fil & B0/ E A& .

BN X VR TR e 0T S X e S O B AR g B F 5.93 ps, il R R BEAL BRI E b i B Sh EOR L gE—
P, BE T 5 T BRI ISF 89 SET 234 5 2 A 30tk . 48 D IBON, | Lk i R R L R MU | N KT o
KZHBSET A0 R w2 /N T 1%, FRAA KT I BOC Al A& BB R 1.5 n], ZEFH B T35 T, I KR

LCVCO PR SHEBE F HA B3 I #% N 4.5%, i 90% LA I By SET Z 14451 R A # 1% T
1%, 7850 1E B T A B 178 5T Bk 7 2500 TG $ AR
P
Bk

[1] JUNG K, CHO K, LEE S H, et al. A temperature compen-
sated RF LC clock generator with+50-ppm frequency accu-
racy from —40 °C to 80 °C[J]. IEEE Transactions on Micro-
wave Theory and Techniques, 2019, 67(11): 4441-4449.

[2] LIY X, PAL N, WANG T Y, et al. A 20 ps turn-on time,
24 kHz resolution, 1.5~100 MHz digitally programmable

() HES T IR temperature-compensated clock generator[J]. IEEE Journal
7 of Solid-State Circuits, 2023, 58(3): 785-795.
ols __§<0/-03’0-15]: - 21 [3] MCCORQUODALE M S, CARICHNER G A, O'DAY J
10.7% ! O Ta D, et al. A 25 MHz self-referenced solid-state frequency
> i source suitable for XO-replacement[J]. IEEE Transactions
E—; 010 b | on Circuits and Systems I: Regular Papers, 2009, 56(5):
£ ° i 943-956.
e 5125006 (4] ETH TR, F4, 5. —FE TR B E A
005 | g° ?3 i . \‘:’ F) R B AR % R 0], HL T2, 2024, 52(4): 1182-
Bo % e | | s 1188.
0.0 02 04 0.6 08 10 12 14 WANGZ X, WANG S H, WANG X, et al. A fast startup crys-
BREAAG/MH 2 tal oscillator based on phase-error correction technique[J]. Ac-
(b) TE 15| A58 AR A R {8 2% £k ta Electronica Sinica, 2024, 52(4): 1182-1188. (in Chinese)
8 T [5] LEIK M, MAK P I, MARTINS R P. A 0.35 V 5, 200 pm’
2.1 MHz temperature-resilient relaxation oscillator with
5 gl:!l:i/l’-\' 667 fl/cycle energy efficiency using an asymmetric swing-
ST FE AL AL B2 %] = T &R b A e R A TR, boosted RC network and a dual-path comparator[J]. IEEE
AP T —FPSET Y LCVCO. @3 3] AF: T Journal of Solid-State Circuits, 2021, 56(9): 2701-2710.
NMOS Y 3, 25 B4 41 B oG R ARG BELT i i s A, A skl 1 [6] GURLEYUK C, PAN S N, MAKINWA K A A. A 16
ek T E G KBS R kb B EEE s A MHz CMOS RC frequency reference with £90 ppm inac-
M B R AR, FI IR E S R BRI, curacy from—-45 °C to 85 °C[J]. IEEE Journal of Solid-
SEELT i R R B S N ARE IR T AR I R State Circuits, 2022, 57(8): 2429-2437.
fie. LG4 R EN]IZ LCVCO 7E 26 MHz i %R T, ) [7] KHASHABA A, ZHU I H, PAL N, et al. A 32 MHz, 34 pW
FEN 9.6 mW, 1 MHz S ffi Ak 1) #H 437 1% 75 15— 136 dBc/Hz, temperature-compensated RC oscillator using pulse densi-

FoM {8 5 154 dBce/Hz@1MHz, J& # 8l 30 ¥ 57 MR (EH R ty modulated resistors[J]. IEEE Journal of Solid-State Cir-



9 1 x

T3 — T R i R e Bk 1 A BEURR v A

3209

[10]

(11]

[12]

[13]

[14]

[15]

cuits, 2022, 57(5): 1470-1479.
GUO S T, LI J X, GUI P, et al. Single-event transient ef-
fect on a self-biased ring-oscillator PLL. and an LC PLL
fabricated in SOS technology[J]. IEEE Transactions on Nu-
clear Science, 2013, 60(6): 4668-4672.
PRINZIE J, CHRISTIANSEN J, MOREIRA P, et al. Com-
parison of a 65 nm CMOS ring- and LC-oscillator based
PLL in terms of TID and SEU sensitivity[J]. IEEE Transac-
tions on Nuclear Science, 2017, 64(1): 245-252.
ZHANG Z C, DJAHANSHAHI H, GU C, et al. Single-
event effects characterization of LC-VCO PLLs in a 28 nm
CMOS technology[J]. IEEE Transactions on Nuclear Sci-
ence, 2020, 67(9): 2042-2050.
HU Y Z, SIRIBURANON T, STASZEWSKI R B. Oscil-
lator flicker phase noise: A tutorial[J]. IEEE Transactions
on Circuits and Systems II: Express Briefs, 2021, 68(2):
538-544.
FHP, F, XM, 55 . JET PSS+PXF i ISF fEhs 4
Drta A AT R ()], THE L TR S 27, 2024, 46(6):
951-958.
YUAN H Z, SANG H, LIU S, et al. A high-precision
oscillator noise analysis model of ISF based on PSS+
PXF[J]. Computer Engineering & Science, 2024, 46(6):
951-958. (in Chinese)
HAJIMIRI A, LEE T H. A general theory of phase noise
in electrical oscillators[J]. IEEE Journal of Solid-State
Circuits, 1998, 33(2): 179-194.
SANGH, YUANHZ,GUOY, et al. A wide-tuning PLL with
SET-tolerant quadrature ring VCO for serial rapid I/O[J].
IEEE Transactions on Nuclear Science, 2024, 71(11):
2409-2416.
PRINZIE J, DE SMEDT V. Time-dependent single-event
effects in CMOS LC-oscillators[J]. IEEE Transactions on

EEEN

£ E 19964 A T RBE BT
B p e R SN ¥ (R T 1A Rl O O S s B [ R G R
G AR

E-mail: sanghao@nudt.edu.cn

[16]

(18]

[20]

(21]

Nuclear Science, 2019, 66(9): 2048-2054.

PR, A, AR, % JET 45 nom CMOS SOL T2,
F18) 22 K B U B AR R M s 478 i 7 A ], A 724,
2024, 52(7): 2161-2169.

CHEN Z, WANG P Q, ZHOU P G, et al. Design of a milli-
meter-wave dual-band low phase noise VCO in 45 nm
CMOS SOI process[J]. Acta Electronica Sinica, 2024, 52(7):
2161-2169. (in Chinese)

YUAN H Z, CHEN J J, LIANG B, et al. An SEU/SET-
tolerant phase frequency detector with double-loop self-
sampling technology for clock data recovery[J]. IEEE
Transactions on Nuclear Science, 2019, 66(7): 1483-1490.
YUAN H Z, GUO Y, LIU Y, et al. A self-biased low-jit-
ter process-insensitive phase-locked loop for 1.25 Gb/s-
6.25 Gb/s SerDes[J]. Chinese Journal of Electronics,
2018, 27(5): 1009-1014.

YUAN H Z, LIANG B, SANG H, et al. A single-event-tran-
sient hardened phase locked loop for clock and data recov-
ery[J]. Chinese Journal of Electronics, 2024, 33(2): 353-361.
SUN H H, WU Z R, LUO D, et al. Single-event effect
characterization of 16 GHz phase-locked loop in sub-20
nm FinFET technology[J]. IEEE Transactions on Nuclear
Science, 2024, 71(9): 2077-2085.

R T R R A TAT 2 w28 TS e W B S, v I AR
PRUEACHIETERT . 00 > 5 A 25 7 R 8 1 BORL 1 300
IRIGTE T QF 10005A—2018[S]. db5t: FE % E P RHE T
Ak s, 2018.

CASC Fifth Institute, Materials Department & China Aero-
space Standardization Institute. Test Guidelines of Single
Event Effects Induced by Heavy Ions of Semiconductor
Devices for Space Applications: QJ 10005A—2018[S].
Beijing: State Administration of Science, Technology and

Industry for National Defense, 2018. (in Chinese)

RETM 53, 1989 4F Hi A T RE & T
[ B B K 22 B BRI 9 61 . ST 0 1) A A 4D 4
AR ST

E-mail: niesaitong@163.com



3210

BT

2025 4F

2B OBA B, 1971 AR AR T A P T
[ BB K 2B T b . EEST ) 16] A e i
AL R AR R 25K RIS 4 B H B 83

E-mail: guoyang@nudt.edu.cn

X B 519844 AR TR A R BH T
FEI B R R WE A B . BT 7 1] S A B
AR A RIS AP R S
E-mail: liusheng83@nudt.edu.cn

BRANST 53, 1982 4F 2L T U114 ik M i
FE R R R WER b . RS J5 ] i pL
R Wb R B B A S b
W25 S A7 B

E-mail: xwchen@nudt.edu.cn

BIEE 519744 A T AR
[ 5 BB R 2 0 . T ) i R AL
FE5H e PERE UL IR ST AT R

E-mail: xuweixia@nudt.edu.cn



