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ABSTRACT

ABSTRACT

High speed communications data systems are hotamdss with the
communication technology progress nowadays, fumbee, the research about the high
speed SERial and DESserial (SERDES) interface shi@ important part. SERDES
chip mainly converts low speed parallel signal lte tigh speed serial low voltage
differential signal (LVDS), meanwhile, it can reeeithe LVDS and convert that to the
TTL signal correctly.

While the high speed signal is transferred in Rdn€ircuit Board (PCB), any tiny
noise will deteriorate the signal and increaseiitter of the signal, which make the eye
diagram of the signal deteriorated and the recetegmot receive the data correctly.
Therefore, the jitter of the high speed system ne of the most pivotal fields; it
includes the jitter generation and the jitter rieftbn. There are two subjects about the
jitter of the SERDES chip; one is the simulationtimoelology of the SERDES system,
which is being focused recently. Although many aeskes are being reported, almost
all the works are done by modeling the functiontttd SERDES system with the
Verilog-A. The other is design of the receiver wihtigh jitter tolerance, which includes
a low jitter PLL, the high gain equalizer, and foes delay clock and data recovery
circuit (CDR).

Based on the background of the researches of tRDEE chip, the work focuses
on the design of the circuits to decrease the ptehip.

1. While power supply is low enough, the frequeroitage tuning range of the
conventional VCO is too narrow to be applied in #ygplications that need broad
voltage tuning. An improved fully-swing cross couagl VCO that adapts active
inductance load is designed in the work. Its vatagning range is large enough even
with low power supply, which provides a good phasese performance. The test
results of the chip show that the VCO can be worl vin low power supply
applications.

2. The conventional voted circuit is designed by NNDA logic. Once the voted
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signals are too much, the voted circuit needs nsan@l-MOS, which leads to the large
transmission-resistance and large transmissionsdekpecially it is used in the low
power supply application. A novel voted circuit idesigned to get low
transmission-resistance and small transmissionydetaile it is used in low power
supply application. The test results show thatjitter of the recovery clock that based
on the voted circuit is good enough for the appiices.

3. Because the load of the conventional equal&eractive resistance, the value of
the resistance must keep small to get broad bahathwlecreases the high-frequency
gain of the equalizer. A novel equalizer of the L¥YWith active inductance and two
bias-voltage control method, which improves thengatio between high frequency and
low frequency of the equalizer. Simulation ressh®w that the high frequency gain of
the improved equalizer is larger than that of theventional equalizer while the circuit
has equal capacitance load.

Finally, a receiver of the SERDES interfacepcisi fulfilled based on the circuits
mentioned above. It is designed with ABCMOS process and can transfer the data
ratio from 0.5Gb/s to 1.5Gb/s. While received tlaadratio is 1.5Gb/s, the recovery
clock is 750MHz and has good jitter performance.

Keywords:. clock and data recovery, PLL, LVDS, jitter, equaliz
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module clockJitter(clk_jitter,clk_ideal);
output clk_ideal;
output clk_jitter;
electrical clk_ideal,clk_jitter;
parameter real tp;  HE K
parameter real tj_sd: HizhJ5 7%
parameter real t_min;  #5)E/ME
parameter real tj_max; Wzl KMH
parameter real period; BT}
parameter real tr; A
parameter real tf; W
parameter real vh; A HL
real vout;
real randseed;
real tj;
real tx;
analog begin

@(initial_step) begin
vout=0;
randseed=1.0;
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end
$bound_step(tp);
tji=$dist_normal(randseed,0,tj_sd);
@(timer(0,period))begin
vout=!vout;
tx=tj*((abs(tj)>=tj_min)&&(abs(tj)<=ti_max))+tj_rm*(abs(tj)<tj_min)+tj_max*(abs(tj)>tj_max);
end
V(clk_jitter) <+ transition(vh*vout,tx,tr,tf);
V(clk_ideal) <+ transition(vh*vout,0,tr,tf);
end
endmodule

welk_ideal] wclk_jitter)

T

W

@DI - I@I1nl - I@I2nl - I@ISnI I I@Ihl @DI - I@Hnl - I@IZnI - I@ISnI I I@Ihll
Kl 2-16 PHAHI pHORIL sl I pHHR 14
MIANZ I PIE N SERDES (7 A BRI 1 25 N oh, Pk ahie b 2o
TBAH R B A AR L PR o i N AR e P ORI S R A BUHEA A SE et X
T BE BN IR L, R AN IS T A AL e A BAT e I, (A,
K GG 18l 5 22 (0 ] LR IR B A A S 5 I B 1 e s, ] 2-16 Frors,
A e N N R RS e RN S e M TN A NN I R EREF I ER R LIS

2.4.2 FiTNEREE SN

BN IFATEEE 8 RIS S, T P BB A A IR ORI 1 e AL
P, DR AT S A B (0 3 S BORAZ AR A 2, Uy ORI HAT 22
M PRFFAESLIN [ By i H, A28 R4+, SERDES (& I IFATHI ALK
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PR ZHCRWE T IR F, 1 FPGA, X 26t 380 Ty N S A7 (B4 LK
fital, BV B ERS 5, ST E 5 BRI AL B AN . I,
BN B FEAT HAR (R W (R B A 5 s LE SRR s LU i S 28R B IR Z . i EY,
IR AR AU B 5 B AR IR, B AR I ARG Ol o 7™ AR AT B A\ HHis 1
Verilog-A 17 A FEIAFE 7P
module dataJitter(data_jitter,data_ideal);
input data_ideal;
output data_jitter;
electrical data_ideal,data_jitter;
parameter real tp; K
parameter real ti_sd; W5l %
parameter real ti_min;  #zh#/ME
parameter real tj_max; sl KAl
real randseed;
real tj; IEZ 5 A 5)
real tx;
analog begin
@(initial_step) begin
randseed=1.0;
end
$bound_step(tp);
tj=$dist_normal(randseed,0,tj_sd);
@(cross(V(data_ideal)-0.75,0))begin
tx= tji*((abs(tj)>=tj_min)&&(abs(tj)<=tj_max))+tj_rm*(abs(tj)<tj_min)+tj_max*(abs(tj)>tj_max);
end
V(data_jitter) <+ transition(V(data_ideal),tx);
end
endmodule

B N s P T BE /NG 26 B A\ A A I BV R e e, T
T AL P A1 I (N NL AN ORFFINF 8], A A Bt 1) S SR 2 20 A 1) Ve
Z W K 2-18 35 o T AR B A £l A s IR, A LEBRAR R 2 b 4%
S B, ARBEAR B RS T s X BEALRE I R 1
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OLEIEE)

IR ATA, T R I A A, AR R O T R
R, LSRR S g R B, 5 o 4 A
FhL 0 24 KB I T L 2 F, =1/ (/LG ), Rtk BL0e ] L 2 149

Vooise (1) =V, sIN(277f t + @) (2-12)
Horp VR IR AL, @R RIS WS IAHAL, Rk, O R T AR IR A
VDD (t) :VDD +Vnoise(t) (2)13

Horp Vi J BEARGE s s, E At A TR A 0.13um bR CMOS T2, )
Vo 1.5/,
()L 5N

B 75 3 i B2 o A, i H, AN [RBTG5 5 LR 7 At ANAT
), AEAFBENLEL S AR L A o (HAEDT I, BENLEF S RATTOCR T %
BB i o3 A RS R T 4007, 80 2R Ty 25 (B R ARATL S B () BEA L A 5
(4) HFSEAELS) N

Verilog-A
SERDES#5 A SERDES5 A
HSPICE I ——l f2HIZEY) » HSPICE W%
#* (R ;’;g HIHA € ERY)

¥ 2-20 SERDESA 4 H 114 Al shili 2

TRE B, PR A5 g e NN OGRS R AT A S N S BB
P i SN e L8l R ARy L 2-20 s, SRS EBRAHS i T R g A
28> S W I VNGO S5 PR R DRGNS o HU bR I3 S IS INE S S Wi M S v

FRIEL AT A Verilog-A FEFE TR FIR:
[[FFRxFERI KKK ’ﬁ?iﬁﬁﬁ%ﬁé RC ﬁ*ﬁ**************
branch (sdatap_A, sdatap_B) resp;
branch (sdatap_B, 0) cp;
branch (sdatap_B,sdatap_line) Ip;
branch (sdatan_A, sdatan_B) resn;
branch (sdatan_B, 0) c¢n;

26



%5 % SERDESZR S M} 5 g

branch (sdatan_B,sdatan_line) In;
branch (sdatap_line,sdatan_line) res_maitch;
analog begin
@(initial_step) begin
randseed=1.0;
end
[ [rxkidorix ;@;ﬁ HSERL5), Erﬁl JE HAF] ok
vdc_jitter=VDC+AP*sin((M_TWO_PI*FP*$realtime());
s SNBSS0 S e
$bound_step(tp);
tji=$dist_normal(randseed,0,tj_sd);
@(cross(V(sdatap_line)-vdc_jitter,0))begin
txp= tj*((abs(tj)>=tj_min)&&(abs(tj)<=ti_max))+tj_rm*(abs(tj)<tj_min)+t_max*(abs(tj)>tj_max);
end
V(sdatap_jitter_p) <+ transition(V(sdatap_linep);
@(cross(V(sdatan_line)-vdc_jitter,0))begin
txn= tj*((abs(tj)>=tj_min)&&(abs(tj)<=t]_max))+tj_rm*(abs(tj)<tj_min)+t_max*(abs(tj)>tj_max);
end
V(sdatan_jitter_n) <+ transition(V(sdatan_liren);
[[FFRxFERI KK q}% IE ZZ;E'r( fl\ B )
V(resp) <+ R1*I(resp);
V(cp) <+ idt(l(cp))/C1;
V(Ip) <+ L1 * ddt(I(Ip));
V(resn) <+ R1*I(resn);
V(cn) <+ idt(I(cn))/C1;
V(In) <+ L1 * ddt(I(In));
[[FFRxFEII KKK EILE@BEEKEJ:F 951%‘% EEﬁ *kkkkkkkkk
/' V(res_match) <+ R_100*I(res_match);
V(sdatap_line) <+ vdc_jitter+ R_100*I(res_mat&h)/
V(sdatan_line) <+ vdc_jitter- R_100*I(res_mat&h)/

/ kkkkkkkhkkkkhkkkk %‘ % ﬁ jE*******************
if(V(delaycontrol)<0.2)
begin

V(sdatan_jitter) <+ delay(V(sdatan_jitter _n)aigime-delaytime);
V(sdatap_jitter) <+ delay(V(sdatap_jitter _p)aigime-delaytime);
end
else if(V(delaycontrol)<0.6)

begin
V(sdatan_jitter) <+ delay(V(sdatan_jitter_n)aigime);
V(sdatap_jitter) <+ delay(V(sdatap_jitter_p)aigime);

end
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else if(V(delaycontrol)<1)

begin

V(sdatan_jitter) <+ delay(V(sdatan_jitter _n)agime*2);
V(sdatap_jitter) <+ delay(V(sdatap_jitter_p)aigime*2);

end

else if(V(delaycontrol)<1.3)

begin

V(sdatan_jitter) <+ delay(V(sdatan_jitter_n)algime*3);
V(sdatap_jitter) <+ delay(V(sdatap_jitter _p)aigime*3);

end
else
begin

V(sdatan_jitter) <+ delay(V(sdatan_jitter_n)algime*4);
V(sdatap_jitter) <+ delay(V(sdatap_jitter_p)aigime*4);

end
end
endmodule

ideal LVDS V;p+/Vip- (V)

unideal LVDS Vip+/Vin- (V)

T T T T T T T
24.434u 24.435u 24.436u 24.437u 24.438u 24.439y 24.44u 24.441y 24.442y
Time (s)

 2-21 £ B EA L LR 11T
(H-~ BH - BH S

2-22 SERDESZ M5 5 Ik A
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TR 115 S eS8 hs R P ARG O, BeA RN TE(G SERDESE: v IR TEBE «

2.5 RE /I

AT EERNDAT SERDESREMA i H Tk, HAN9 T SERDES
P AR R, VRN HT T SERDES RS T & Rl 5 7 A 1) S 3N R 25
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Po(S),  AJ LAFS B3R i 1 P AH AL A% 34 o A0

Po(s) _ Ne[Ll+2+(s(S/w, )] (3-26)
Pi(s) 1+ 2(e(s/w, )+ Slw, )

FCrb w2 FAT 200 HH LU, R W IAER IR AR SR B B, CL N A FIE B HL 7
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ANFJE, AW T B R0E VCO Zilly, 5 R A I R S 345 4,
B ) L T v S 2 TR e, Wil 3-15

L l
— GND

K 3-15 ASCEE A IR 5 4 HE IR FL L4

JEIE LG IR AR R HL e 1) L (A L RE AT S LA, I HL, A T g
g ARUREL s, FERTCIN 1V 2 die by BATEANEAFE, B i b
I AR . JEIR FRIC I BN A28 ME SRR I 1] 3-16 i .

Vdd
Vctrl_ol M1 |0thrl RmE C ()+
V. 2| QV,
M3 V.Q -°
M2 Co |
i0

Kl 3-16 TR T S/ SR

£ CMOS .2/, MOS & M2 bl LR 7R Ky

_ Lp
,Up'Cox'Wp'(Vgs —Vth)

, Vs < 2(\/95 —Vth) (3'40)

Ron

48



KPS A BB B

HH Vg Vine Cocf o 20 WIS LT, BIE U, A5 250HIE R0 AR 2 TR
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