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Design of CDR Based on Behavioral Model
Using Verilog-A and Matlab
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Abstract; In accordance with the demand of fast verification of system level and behavioral level about analog
integrated circuit, especially the 500 Mb/s clock and data recovery (CDR) circuit used in the receiver of UWB on-
body network . The traditional CDR based on Verilog-A has been used to analyze the loop parameters with big
random error in ideal condition. However,in this work, the non-ideal factors such as mismatch of magnitude and time
between charge up and down current is proposed ,which is also modeled by Verilog-A . Meanwhile, the total phase
noise of the loop is synthesized by Matlab script. The comparison of circuit level and behavioral level verify the
quickly and exactly characteristics of behavioral model , which means they have significant forward-looking directive
meaning to circuit design of CDR.
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real cpval, tval;

2.7347

parameter real ibase=100u;
parameter real iplus=10u;
parameter real thase=100p;
parameter real tplus=50p;
parameter real vth=0. 9;

Analog begin

(@ (initial_step) cpval=0;

H((V(up)>Vth)

& &(V(dn)<<Vth))

/ /8 & A ) CP SR

begin //AEHAR P AR T B P 56 B
cpval=—ibase; / /£ HUHL B IR K »

Bl cpval= —iref—iplus;
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begin

cpval=ibase; //Z5 FEHL LR K, ¥R // cpval=iref+iplus;
tval=tbase; //Zr I A1 , 2R // tval = thase+tplus;
end

else

begin

cpval=0; //BUIR R BB 5

tval=0; //JL B PR A E 5

end

I(out) <+ transition(cpval, tval, 100p, 100p) ;

end
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b 78 L TR FE ORI A3 i tval,
cpval 7. (1) 8 JCHL R /N F 8] — B tval =
thase, cpval=ibase; (2) Z [EJE FHAH K 2, Fo A K
IINAS 0 BRI TICH FL I R S % 7 S FEL S ) epval =-
ibase-iplus; #5  HL HL L K X1 78 HEL I Y cpval =
ibase-iplus; (3) AR HAE FI &K, 050 I a4 —
B BP 7 Al B[] 4, 6 B B tval = thase +
tplus; 77 78 LIRS, 6F 0 S8 HL B 1Y) tval = thase +
tplus.

5T PLL ) CDR 7ER B BIE I VK2 i (5
SBIEE S A 2.8 3 Fis. i (DPLL 8%
AL A 582. 621 ns; (2) B I SRAEHI A5 Bt %
—E, 32 500 MHz; (3) SRAF S A 808 o &
AT 2 ST B TA) R DR AR B [, T B R 52 8 s ()
T RAYA; B RLG JLFD.

A7 Ay 2 BT A ST R/ SRR (B AR DG JE 1) 47 B
RN A FELS Fros, w] F I B Ros iy sk R i
TAR/MAHZE 10 pA B B8 B TRAH FE R /N — 3t 2
7100 ns; SRR AIAHZE 50 ps B, Bl I (B AH G
(B —3 2t 33 ns B ], A O L B R s i m)
SR FH 22 43 HELAT A% LR B Wt 2 F0 T3CH L IR DR TEE 5 DA
D I ).

HL 6 T PLL %) CDR {5 545 1 W& 6 i



B AR 4 LT Verilog-A 5 Matlab 1047 H AR CDR #3 107

200 1] i 1] N 1
125 H 1 (LI 1\
0.50 I IIRERNNENS IR 1
0250
125

[T 1l 1y 10T LTI
g:;; I / (MI:582.62115960.0mV)
025
2,00

140%

-0.25
2.00

-0.25 4

e éllﬂl’ﬂﬂlﬂﬂ’uﬂ S Al
»

0.0 0.5 1.0 1.5 20
tlus

25

3.0

2 1374% CDR R SR ShiSIRIES

RV ki APRBERLEY datain, BUE I veo I HLIE vetrl,
PRI I Bl 5 5 retimeddata % 52 A9 50 15 5 re-

timedclk)

2.0

2.00

0%

-025 L
2.00

<025 L

15
1.0 |
05
0.0
1.50
0.25
1.50
0.25 |

f L L s L
1.045 1.050 1.055 1.060 1.065
t/us

1
1.070

Il
1.075

3 1TH% CDR MR E R EIEE S HTE
(H_EE R KK A ABENLYS datain, 7k &
H RIS 5 retimeddata JKE H K RHEPE S

retimedclk)

125

050 -
/ M3:683.611ns 963 3mV

<025 &
125

VIV

0.50
M1:795.63ns 963.3mV
-025 L

125

050 /
M2:783.6n5 9633mV
025 L

0.0 0.5 1.0 15 2.0
tlus

25

3.0

4 ATARFEH R AFEE R HIE

Celp B 2 R ARYCON 8O IR R/ — B O R T e

HUIE 10 AL FEHUKFHOB LT 10 A

v
oy
&b
RS

/

2
S
g
S
g
S
R
&
B
&
g
S
g
<

0.50 M11:766.909ns 963.0mV
1 L L 1 1 '

0.0 0.5 1.0 1.5 20
tlus

2.

5

3.0

B 5 1TARFEHERRIFEEMHIE

Cly b 22 AR A MG H FEL IS 1] — 50 50 FRL I ]

B 50 ps FEHELIF I 50 ps)

718 » RIS B rL D 500 25 DAy 5l S 4 A7 ) SR
{55 ATE R ENREREE 0] LUE B RARIK S
Kot 5 1B G RS K B T R ] 5 PHAR
T8 BUA i 2251

15 F |
10 | S0
Ros[ | ‘

VN
o
o

s L s s s s '
2.93 2.94 2.95 2.96 297 2.98 2.99
tlus

E 6 LR CDR kS RHFIERIE S HTE
(i BB RGO YR S BB 85 S test] A DhE
Bl NRZ 7% PR H 855 retimeddata)

&l 2~6 AT o R L B 4 CDR {5 H
ZERATH. (1) X4 PLL 8UE R, 2T Verilog-A #9171
FPAFH VCO #= il EZYh 960 mV, H 97 1
VCO #2381 Ry 940. 816 mV, B 45RO 4 9E%
FEI0 W 1 RS Y 25 (0 T H B H I e )
J& VCO MM 3 55 Koo JEAS & 58 250 8 1 8
(2) HE B )5 TR B LA /N A RESE A A EL 2 T 3%
T Verilog-A W17 i F5 AL LR B AT, 45
BT KRR A PG IR R 5 I RE A S U L.

4 Matlab A& IR ER R R GLIE A=

FEF) FH Spectre #47 CDR H i 9 AH 3 e 75 {5
FLI B A 52 W 7S TG 0 AR e S B 1 B B R A T
PR BEE  HAGEI R4S, FUR B 22 /™ . Bt AT
A3 5475 LB A [RIASE R 1 R A7 Mt 7 R J ) P e
FE AL 3 PR 75 TR SE PR A S M JF il i Mat-
lab P77 AR A7 M 75 480G DA 4 J 0 5 B ) R0 AR
23],

W N Srami 7 s s A B T« 25 R R AT ]
W5 ATHE S IF IR R A () 1) Fis . — By
R BB R 2 28 A 25 F(S) Sy VCO 5l v s 55 Ha
S A LU an=X (10D FrR.

Al = Bu® F(;) R (9
_ 1
F(») = —— (10)
71 +C; %
E+ Cxs

H1 T BEA T HE AN BR B AR A2 1 A 405 I L LR
PRI 32 PR DR LM RO B 42 3 o B9 S DA B 4% 128



108 P 2R SR

2016 4F

BREL H(s) 3D, % & H 5 A\ S 2% W75 ) 5
ANFRER IS0 HE iR 25 15 1 A ECo) =l (12)
IR

N A(s)
HG) = 129 (an
E(s) — 1 — HG) (12)

1+NxAGs) Al

TR0 TT Ry 27 BERE o0 FIH
AN[FEEH 30 YA LA P34 08, 15 B i 4 g5 R an &l 7
iR, Ho PN_outref 2 52 Briik 2 (1) i A 2% 1
7 s PN_outpel Sy B XTS5 AH 25 » oL Ao 25 RN U8 U 28 17
ELAG 3 B AR 7 M 7S £ A PN_outveo iy BT 4R
Gres 1 B B A A7 M 7, PN_out 5 4804 B A A7
MRS RIS 2 A PR B AH 7 M R ZEAT i 10 MHz By
fi >y —118. 736 2 dBe. | H Matlab #4734~ 3 [t
AHA A 4005 RE AR K4 v PR B PR RE TR . i T
AN (7368 7 i % 1 i A\ 2 25 W P A [ R I T A R
TG b ) P W8 75 A 28 R BB B R A BE 8 S B A AL
M

Output Phase Noise

Phase Noise/dB
I~}
W

Phase noise at 10 MHz=-118.736 2 dBc

1 2 3 4 5 6 7 8 9
f/Hz

7 Matlab B A& IREEAR IR S
5 #EFRIE

RICHHSE T # T Verilog-A F1 Matlab 9 CDR
TR Ty 1 o J T X8 B A % 70 55 HL AN DR FE A
FRRVRRPE A R EH N 75 A% 3 R R ST I8 2 0
IS UEAS B 5 AL TPAG 45 2. 5 11 7RI Verilog-A i
FIAT R AR o RO 0L L B FL A5 SR e
ANVCE 4 A P AR P 2 3t B B ) RE K, G 3
Matlab #0554 2 AH A7 B2 75 AT AR 90 i A 2 25 W 75 ()
FLH SEBRIR EE AR M 75 T8 bR DT Oy 25 58 X Tty

ST NL AT o CDR HEL B 31 f It B 22 1) B
4.

S 30k

[1] FEF. SerDes R KATHRIUELD]. BLHR: B
TR K ,2012,17-50.

(2] ®EE. 4. FT VerilogA () USB2. 0 )3l Z 4K
RUWE T 5Bk LI 1 U1 R 24l CH AR E /O
2014,51(2) :299-305.

(3] REEWSRFEN A &, 5. FE T Verilog-A MR A
PEAT BT R i ELT 1. A F 4% 1, 2003, 26 (4):
396-399.

(4] AL 2K, R/ R 48 SR TROBOR G 0 5 PLL
RGBT ] il 722 535AIL, 2006, 23(8) : 73-79.

[5] SJ Ahmed. T A Kwasniewski. A mulitiple-rotating-
phase architecture for digital data recovery circuits in
verilog-A[ C] //1EEE Behavioral Modeling and Simula-
tion Workshop, BMASO5. San Jose, CA: IEEE, 2005
112-117.

[6] SJ Ahmed,D Orthner, T A Kwasniewski. Behaviovral
test benches for digital clock and data recovery chir-
cuits using verilog-A[ C] // CICC 2005, San Jose, CA;
IEEE, 2005 : 297-300.

[7] M A Kossel, M L Schmatz. Jitter measurements of
high-speed serial links[ J]. IEEE Design and Test of
Computers, 2004,21(6) :536 - 543.

(8] BRIB . BREE. i H T s i P s i 7 ik 0.
T#$4,2012,35(5) :535-539.

(9] Feid BEAE, |k, 5. IR BUHER R Bf 2R 5 0
HJT A AL, 2012,33(3) 1 11-16.

EERAN:
BRI 5. A9760) L WFFEAE R BS54
SR TR

R BOEWRESE) B.A9900) WG E. BTN
BOBEIR & B U U B BT 45

E-mail : zmnwdustb007@163. com.

FEE F.AQ978) I WA TN WER T 0] 5 HGE
RS BT 45



