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Generation technology of synchronous trigger signals with
low time jitter and high delay resolution

Wang Shenzhen, = Wang Chao, SuDong, Dang Zhao, Zhang Xiongjun, Chen Wenqi,  Chen Ji
(Laser Fusion Research Center, CAEP, Mianyang 621900, China)

Abstract: Aiming at the requirement of the synchronous trigger signals of large-scale laser device with wide
spatial distribution and high-precision (one is that the long-term timing jitter is less than 5 ps, and the other is that the
time delay resolution is less than 15 ps), a synchronous timing generation scheme of “data stream codec optical
transmission,coarse delay by using transceiver, and fine delay by using broadband microstrip delay line” is designed.
The optical transmission architecture of the data stream codec realizes the timing alignment over a wide spatial range,
and the technology of the transceiver and microstrip delay line solves the problems of low time jitter and high delay
resolution. The design and development of the whole system were completed by simulating the timing logic of the
system and the key circuits board, and experimental test were carried out. The test results show that the system can
realize the generation of synchronous timing signals in a wide spatial range, and the time jitter accuracy is better than
3.76 ps (rms, 8 h ), 39.6ps (peak-to-peak, 8 h), and the time delay resolution is better than 8§ ps; If the system is applied
to a small spatial range, the time accuracy of the synchronous signal can be better than 1.27 ps (rms, 8 h ), 12.4 ps
(peak-to-peak, 8 h).
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1 S S AR R B[R] 20 P45 5 A R e e [

K 2% B P 7 A 2R S 2 A S AT RO T Y B 2. S I SR P I o I G )
B, PR AERNBRIE S, R A I SRR B R . B il R S 2 AR B, IR AE R B B3R BT, FR e B A 5 p
B K A5 BASR S dn i, T8 R B TS S o B I FLAE T 4 rOR A SO e R AR A 2 BB TR

) A5 45 A B A R A R | b & SR 20155 77 4E L OB RO 7 AR | R R AT IOR A | BGD R IR 4R
AR Jok T R0 HIE B AL B AR R VK B R A B R AR R R S8 UAHILAS B, BRI TBE [F] A0 B F AR 5 B A
S WIS DK SERRE B i AR A i o e A T ELRD, A ik RS B E T AR A e B E B 5N T RE 1 E
SRS HEAT XS, 25 B e, W= A fi % R a5 5 o OB EE 7 AR L 0 Th e S FE Wi B Y Tk S A R IR R A, O
AT HCE AL B, 72 A ELA K SE s ) 30 T 85000 R 40 FE I 5 TR I TR ok 2 8 shE B B, BRI BRI % & v i R AT I
KA, ik B HAE B B[R] 255 5 o P D R R 2 S AE B Y R 2t R A B BB Bl Y R P
PRS-

TEZ ARG, W FE LR8P 5 fil % 05 a5 515 BAIR A i, JF8 ok Y65 S48 21 28 [T AL &, AR 8 2o i

082002-2



FRINEE: o ST T 2 B30 B B i 75 5 7 AR R

T AR S 1 v I o I fih 5 05 A5 5, TR ) 4 (W) 3 L P A — o7 8 ) i I A 2 o — B0 ik e S A5 5 (HD A
R ) AFX T 5, DA T S5 BT 23 ) A BRI P — B A BBCHE M ) A K% ik 4 It S 155 i, SR P v o 4 e e s 552 B i
KR BORLAE IS | folorty 2 2 1 A0 It S BHL A0 S8 B A9 B0 AR S S ORAIE 1 ) 280 I 1 45 5 94 ey S2E 5 M B 8] 43 3

2 KRBT

HRAE 1 TR B9 1) A B A5 5 72 A 2R GoHE P T i, SGBEASE B B 3T 32 A4 ) 8 R A 5 77 28 R S8 2R M
Th BB = A B T R S AR R ST RN AE IS AR R T AR G A BT T AR R s T A ), U
Bt e A ORLAE IR RS A R S5 B 8 T T v R I 43 HEAIR B 20 [R) 2545 5 7 A 1l R
21 BEYREFESFERHREMIET

[l 25 5 745 5 7 26 2R G0 A B AR SRR S TR 2555 T 25 TR) 4 AT o JE R 2039 | I [ ) 20y 7= 2 0 G A, A S PR
JH A 2 < 5 e B b 5 ol s Bh A5 5 TR S GRS | GRS (5 5 B G A5 A L A AR AR VR RS 4 R Rk A T R AR A
WE PR, FEARGA T, SRR B0 5 il K 5 sh 155 TR A a5 S dn i A5 5 1A i kS 25 s 7 7 2 A 56 1, A A
PR M R BE A b B ik A5 S A R 45 5 & AR A8 e

FE BBl 5 fioh % JE S5 S 1 dn S B AN R 2 B, [ 2(a) R dm bt A, B 2(b) RSt FE . AR dn b AR
o e RO R S E S MR B, TE(E BT R B R — RS B 5 TE AL B R R ]
WL E 0 8 1 IR R AR E R SR MG BMZ M EAZR, HESMEEEDL 200, 72K 2(a)H, LI 6 bit
YE R ITTI A 55, 66011001 A & SLAE B, 6°010101 76 25 Ay I 4 fitd s vk 76 I Bh 9 3K 3 R, R I5 1Y
B R Y% RO AT A5 B i 15 5, BVEHE AE 5 o A0 I o G RO R S BT, S8 BB S B )2 TR) 43
SR I TE ) 25 6 e % A 245 Pl 2 ' o B 5 A5 BB B M5 5, R LA R v, Ry PR E S5 i DA 85 B 7 A 4 A 3 T
A I e e A i v R A i, 6 LR AR 2 1) F ol F A A R L i 3 o A A AR AR R o e e S o
B, G 2(0) fr, MECHE 3 k52 H i AE SRR B, A5 o0 A 2 aE 1 B8 67 1 AN T R U 3 4 s B 1Y
6 o FRATHLE

information code clock code 01 10010T10T1O0T1O0
(m. 01010 P datastream
code | | u Cl e ] ‘
| | | | |
ook wa” JUUUUUUTUUUUUL
e __code
lor1l1roro 1ol 1 o110l _1 0 0 L1001 0101 010>
| T | recovery “f=}--f~F clement
datastream | | | data
(a) encode (b) decode

Fig.2 Encoding and decoding of the reference clock and delayed start signal
& 2 AR 5 % R S0 155 09 G Ak ) o A2 R

P SZ M B 5 R TR S, F R B AR 7 AR A A ik R R AR o AR S A B R I PR 1Y
WA B, TR AR AR 18 5 A T B AS Tl FE X, B ) A 8 — 2 A SE RS A o P TR A BT B
Az 20 1 v AR S A% 0 2 SN T A v DR O S s R R e BRI R R B, I S B A S )
WA S
2.2 FAERERIZIT

FHAE B 2 3 2o 17 380 FR AT ISR 7% (Transceiver) SC3 . Transceiver W& #i B ) BB I3 A5 ic )22 (PMA) ) 24 25 B -
JZ (PCS) W& 43 20 1L, 43Ry 2 3% i A2 WO, JHG v PCS A S A B n A B8, (46 92 b | 2 S 45, PMA TR
SR H /R O 455 i 3 Transceiver IRk i 523 R] 2015 5 AR ZE 6] ) J5 25 L A0 141 3 s, 3l 2ok 35 R [ 00 947
Fo, 8 B AT I B S, BT SRR A A S R E R

H i 7 = 9 FPGA it i T 4L & Transceiver 38 18, 738 i Bic & 1P % (1) S80S AT Transceiver 945 i, 3 1 1%
& Transceiver (1) 174098 SCIMLAE B o 7EPC & 1P AZ 0 S 80T 75 B2 2% 8 Transceiver 1 TAEAR S K 2 # 4 8] 19 &5
K RE R A TRl B, 24 fd B Transceiver % ) [5] 45 9% JE BF, Transceiver B % A B8 A 18] 215 5 10 R Bl , IR BE X
iy A KA AT S b, TR] I AR S, R A7 2 2 A5 (] 20 6] 45 5 H s I P A [, 185 I ) 84 3y, PR bt TG vk A 1, i LA
T AR 2 138 45X (Basic( Direct PMA) ), 145 50 F FPGA P IF47 8045 BL#E 5 PMA M, EaEdh . A oh R

082002-3



weOoW s 5 Ol TR

low-speed |— ‘
parallel CLK J | | | | 1 MHz J | | | | |_
| 1
| | | | |
low-speed | | I ‘ |
parallgl data :X 0000 X 0011 1100 ){ ) :X 0000 >< 0001 1110 K
' \
I | |

high-speed
seral CLK _JlJlJlfHTJIJITLHJTJlJLfL i

| | | |
high-speed ()0()0|011‘1100| 0000|p0011110|
serial data JI_L ':(> \ |

delay: 1.5 ps delay: 1.75 ps
Fig.3 Principle of coarse delay by using transceiver
(€13 o R AT SO i RELAEE I Y 3
TE 22 [ 1 1] e oG B [ 26, SR ﬁ# AT I BK B £ B PMA BIH, [A AT 36 # Non-Bond £ 2(, iZ A F
CMUO PLL }y %> Transceiver $2 /i & $ THIB . Transceiver fit & 7 Non-Bonded Basic (PMA Direct) £ 3T ) J5 3
FanE 4 Jis

transmitter transmitter channel PMA
Tx in1[19:0] channel PCS — Tx out1[0] |
» serializer
low speed
. parallel clock high speed
FPGA input serial clock
fabric reference—|{ CMUO_PLL
clock
ST transmitter channel PMA
Tx in2[19:0] channel PCS . |Txout2[0] —
»( serializer
7Y 7Y
é-

Fig. 4 Transceiver configured in Basic (PMA Direct)
P 4 g R AT ISR A A AR A 1A

T3 ANE TE RE B AL Basic BT, K 0 FHKIE 1 20153 RGETCE AR B P98, B RUZAECT w3 Bh A7 i
B PR AR . A Alltera Stratix IV % ﬁlJ &5 7 B9 Transceiver 7547 P BSOS 3T i 3 &3 47 1 b m] 15 51 8.5 GHz,
IMii Basic(PMA Direct) #52{ T / 3 A8 47 A4 H BB 15 3] 3.2 Gbit/s,

2.3 HIERHERRIG T

40 0B PR 3 P ) D325 A S P R AR 80 B ) 1B AR, HG v S AR R RSB 10 ps LT A SE I 23 B, (HIZ 07 584
T S I A o i 0 L 355 114 i) R0 5 250 v B 10 ) A28 1 5 R B FPGA =5 1R BE 1O F1 A I LT B 7T 52 B 78 ps B 42 10 43 ¢,
SE Iy BERTEEA R

A 28 5 o 201 S B 84 TR A AR £ I R RF relay

2 54 SRR 2 1 I 0 B 5B N, / 0

) K E B AR B £ A 30 A 3R 4 ) 160 320
V1S BT 1% , SR A 4 2 R [ JE 19 4 Y 2 4L f\\\\wTw/jﬂ/*w
W SRR 6 RAER M TR, i 124 6 Gz stipline

ﬁﬂ'ﬁjﬁlﬁ Eﬁ,%gﬂl 17 48 ﬁﬁ%% , /ﬁ‘: ':P % 2 /I\g% Eﬁ%ﬁﬂ] 2 *Eﬁ/( Fig. 5 Principle of fine delay by using stripline delay line

2 4 A R BT, T 3 4K F PR [ 1 1 4 B REI LS
ARIFI 12 5 L e A, T S BRAS 5 R TR 3R o 3 3 18 3 R B A 8 R B IC 1 A8 3R e 52 (5 5K I, 2., 20, 4¢. 8¢
16t 32¢, M1 SEERAE (0] B A 4L 3R, B RAEIR o0 63¢, HoHb ¢ BTG AEIR &
24 HEREESEER

P S AL I RS DK S RUER T, AT LA WO R TG . T I 2B 1 R 3 5 e
ER AT S0 Y, 7 BRI R f, Wi R R AT B0 55 B S N, UL B3 47 I ) 05 0 R N, 5 0045 5008 42 S 0 U 36 77

082002-4



FRINEE: o ST T 2 B30 B B i 75 5 7 AR R

I N'HO , #5402 1 WA N'HF | I8R5 15 58 14 Ik 58 F0 ZE B Rl 3580 o 0 o 30 7% £
Ly=[TNfo] (1)
L =[WNf] (2)

A Ly AR B, L, Sy AR, [ kT U S
Ao FIIR R SF-R E H S K B I, T A B R AT R AT e A, W) AT AR A 3

L
el
Lo=Lo—NLy (4)
{01,02"'01‘"’,11,12,"'1N_L'"} s CLrOJ"Ll >N
Dy, = (5)
{0',02'-~0L‘”,l',12,--~lL',O',OZ,--~0N’L‘“’L‘}, LoytLi <N
L, —(N—-Ly)
L, :[T] (6)
Lrl:LI_LplN_(N_LrO) (7)

(11,12, 15,0L,02 -0V L), cLotLy > N
Dy = (8)

{0',0%---0"}, LotL, <N
1 Lo 9 NALIFAT BAGAR A R, Lo A R N A2 4T B 5% o~ A9 B2, Doy S AR H 2 98 2] iy Hi P 5
$5, Loy B N AL IRATEOE 5 T MK, Ly AR NI4T 10 780 LT (K B, Dy S i FL T 358 8 S04 P T 0
(110 FHUERFS . i Transceiver W& i 52 UL [F] 25 (5 5 A A ZE B A9 95 OF [ 4n 141 6 BT o
g T I o RS BUOMLAE I, 0 7 5 O |

L~y iod —— LU L]
PEATASHERT . B A AE PRGBS 10, IS 2RI IO P VR N N
B FIHE P ] 30 ey 2 A I 5 4 X 111 l=-==11 11
_ wave 00—-——-—00 0 0| ~ —~ [u
L0f= [w] ( 9 ) —— — —— N'HF N'HF —
Ipd NHO NHO D, D,
. S Al Hs 2 — e = Ny a A \4 LPI
P Lo A BICHT 2R SE I AT R, [] 1) T HUBAT 5 . L,
S I A A O, AN W R DR AT RO R Ok A, A . - .
Fig. 6 Wave of the transceiver implementing the coarse delay
ﬁfifﬂlﬁl%ﬁﬂﬂ“? {%‘%F& . of the synchronization signal
3 5 H P€ 6 Transceiver W& i 52 BLIF] 2515 5 i HLAE I (1) B 141

3.1 HEESFENHE

FE 6 B A 5 P2 A G b, R 35 I I 72 A 4 52 B 5 48 B R A1 B O SR s S B i, R[5 5 B A e 5
G 4l 15 B A A B B A R ) A 5 S i R A R A e 5 R R A R0 g e A S LR AE B Y ) S
7o S FPGA 58 ALK, 7E#E4T FPGA & e 5 1A, vl 3 i i e 32 8 05 B 06 E R AR B IR df vk o = B AL 36 R
Gy PVES, 0 e st A 5 2 s A a7 1 S 100 i AP i R L AR s 114 ) 2615 5 D T i 1 7= A

B 15 40 B A o511 B %) 4 i A 5 7 3 SR LA 1B 7 iR, e R 7Ca) S A R L, B 7(b) A A A A AR
H FERTHE S E B E XN 16°61000_1100_1110_1010, &34 — B8P 155.52 MHz, 754 1& BB Z1, K 16 {37 A9 4E
B A B i 1, B R SR S B s T M T o e Al s 20 T LUK B E 9 EE SRR 1 Hz, 1 kHz %5, ] Lk Ak
ik A B 220 o 7 S T S A AR I, U R A L A L I o Dy Ak i e 22, D S B M R R B e
LA A I, B 22 Y 16 057 53040 5 4E IR A A 8 U E, e B 2 i i o B MR T o AR R A R S B
i —%k, B4E T FPGA 18 )% i IE# 7k .

Pl 8 Sy [l 2545 5 Ul T8 B30 7= Ak 1 Bt I 38 0 LR . &3 B8 — Y IS R A 2 155.52 MHz, 5 3 £ A7 B 4h
(20x155.52) MHz, £ ¥ & %E I 2 12 ns, Bk 58 4 10 ns B, 3% 18 2.4 35 2 X PE 473157, L=37. Li=31, I8 4 Ly=1.
L=17 Fl Dp;=20°b000000000000000001 115 # 1fif 115545 2 L,)=1. L,,=8 Fl Dp;=20°b11111111000000000000, 7

082002-5



(a) simulation of code (b) simulation of encode

Fig. 7 Codec timing logic simulation of the reference clock and delayed start signal

Pl 7 e o i o 5 S P AR £ S5 1) 2 ) P 22 A £ 1]

N I I I
I
Fig. 8 Generation of the waveform data for synchronous signals with coarse delay
P8 EL 4 HLAE B 1 ) 25 £ 0 W 80 1 7 2

WA B A5, B I AT BRI AR YR % Y, 3 53 Transceiver 7= A= B4 MLIE B B R 6 B R 5 . 5 Has B 5 Mis{H—

B, B UE T FPGA 27 A IE#a 1 o
32 HERRXBLRKEITHIE

FERIG T AR5 77 42 R Ge v, v o AR AT IS K T 3000 3 et g 38 ER 47 B A B e A L R AEE i 4 )

AT o ZFEPAFE S0 LT 120 ps, X IAF 5 B4 9888 1 2.92 GHz, T LA Fa B AR Y, FPGA i 1 48 6 0 201 22

PEAT G SE T, WAL 2.92 GHz 7 % f& fi, I /R AT BB SC BUTE @541 58, PRIIEMS 5 7R 7% i rP s A AR 2%, ASE5 A0 38 in £l

. PR PCB G LR % Aol 38 o i 0 5 0 FLAROR AT 07 BLAG B i 1. 181 9(a) 23 il i) PCB HAL B 1] v — 2% G e

28, [ 9(b) ML i RENT B A R o BL 45 S 36 W S M 2R FEAR I 2 A1 B8 BEoR, i HLoCRE 4 P R I B AL RE T /.

insertion loss

-0.5
— blind VIA
—1L0r — standard VIA
_15 L
m
S
5 20¢f f:3.25GHz
“ S,=3.03 dB
-2.5
£:2.95 GHz
—3.0 S,,=3.03 dB
-3.5
1 2 3 4 5
fIGHz
(a) model of the critical line (b) simulation result of differential-differential return loss
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Fig. 10 Framework of experimental test system

10 SEH KR SEHE A

F1 EMHEERENRER
Table 1 Results of delay setting error

No. delay on the delay on the  delay between the two channels theoretical error between the theoretical
CHl1/ns CH2/ns in the oscilloscope/ns value/ns value and measured/ps
1 1 1 —-0.027 —0.027(intrinsic delay) 0
2 1 10 —9.031 —9.027 4
3 1 50 —49.036 —49.027 9
4 1 100 —99.034 —99.027 7
5 1 300 —299.035 —299.027 8
6 1 800 —=799.036 —799.027 9
7 1 1000 —990.033 —999.027 6
8 1 2000 —1999.039 —1999.027 12
9 1 5000 —4999.053 —4999.027 26
10 1 10000 —9999.063 —9999.027 36
11 1 20000 —19999.083 —4999.027 56
x2 ERSBENRER
Table 2 Results of delay resolution
No. delay on the delay on the delay between the two channels theoretical error between the theoretical
CHl1/ns CH2/ns in the oscilloscope/ps value/ps value and measured/ps
1 1 1.00 =27 —27(intrinsic delay) 0
2 1 1.01 —40 =37 3.0
3 1 1.02 —47 —47 0
4 1 1.03 =59 =57 2.0
5 1 1.04 —66.7 —67 —0.3
6 1 1.05 —-81.6 =77 4.6
7 1 1.08 -107.8 -107 0.8
8 1 1.10 -127.5 -127 0.5
9 1 1.15 -179.8 -177 2.8
10 1 1.20 —225.7 —227 -1.3
11 1 1.25 -279 =277 2.0
12 1 1.30 -331.5 —327 4.5
13 1 1.31 —341.7 —337 4.7
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