Data Link Project

HREMARE LT RES R

Data LinkIRB4H
f£hiEXSF FhiE
diguo@mail.ccnu.edu.cn

202552H185




Data Link ProjectIil B2

* Data Link ProjectTl B 2

+ TaoTie®%&: FW/MHILETH

* ChiTuzRf: XUEEIFEZE DS
 KinWoolLDD & % BEUOEA KA
* KinWooTIA &S TIABSFHEREGE i

o Mgt




Data Link ProjectIi Bt =
* Data Link Projectdi B KR £ :

o TH R PACEPCHRFT KR AL F BE M) HE S2I60 1 & KRBk I 28 5 i E 8
EAEEER (BT%-> 55 Uplink 5 1))
o RERIERAFRBEN R, FEARKEES. BEXR.

o ANWIRMIZR R SREFEERFERE. MATigFERE 5R>
B %% Downlink 5 1))

« FERRNBTRAFTEAFRER . WEENNHES.

- WAU—ZEH. BAEREEERMENER ERE, 5% B
mERm KRG w&

 Data Link Projecti H KFIME &

- HWE—EMACEPCRMATR, N T KA R W LIGHT )G b2 H,
HTOCA BB RME . BB, WE. HEREERRS.




Elfr R RBIN E 9144

T4317318 2.56 Gbps

A SR =% LAV TR SR
ZIRE GBT | GBT

$

¥ |
Versatile Link

¢f> FPGA ) N _
DAQ
< |
>
J

Timing & Trigge

DAQ

GBTX

k’SIow Control

Slow Control

Custom ASICs

On-Detector
Radiation Hard Electronics

.

Off-Detector
10.24 GBps/chCO mercial Off-The-Shelf (COTS)

W @ HERE O F GBTx: At EE K BN A/ GBLD: B Sk KR B GBTIA:
SR LEfTAR: B, ¥, HE. FE BABERTES, Kb EWCR BB R EPDMMBERES,
SR TiTAE: RHekE. £, BD Mta&Laserk i BAEZESEHTCMLES

CERNT K HIGBT RSt SR I B M R 4
v GBTx: MA¥HEZE SR

v’ GBT-SCA: Slow control 2%t & AH <05

v’ GBLD: EOG#RIXFL ) (LD: Laser Driver)

v GBTIA: BRHBUKS R (TIA: Transimpedance Amplifier)

v' VTRJGHEIR :




fr _E R 2RB0 H 945

CERNH]Versatile Link#1GBT i H :

v AT 20074, HEENH THEPPUAEIR . S, XUn a8k kK ik R4,
FEHGBT R0 i A A R .

v FE—UGBTRYIASICEET130 nm L (2011%F) #4784 %5.12 Gbps

v B RGBT RA 3T 65 nm CMOS T2 (20194F) , i ATEIEZ10.24

— o

Gbps.
PA EGBTRFS i 5eEEx E AEkiE, B ATIEEX R Dy ReRE pAE 8 7 f
HERHEATHR .

1900um

<

1700um

i)

% —ARGBTxtx 1+ (IpGBTx) 2 “AXGBLD:t: [y (LDQ10) GBTIA:

* 65nm CMOS e  65nm CMOS * 130 nm CMOS
« Downlink: 2.56 Gbps 4 x 10 Gbps DU & [ 51 =X I' 5 Gbps Eﬁﬁ%%&ﬁiﬁfﬁ?}#
 Uplink: #% 510.24 Gbps VCSELTEOG #y SX 5]

« 0.5mm pitch BGAZ: %%, 289 Pins




Data Link ProjectIil B2

Front-end

K EHRIWmAE

BIREX
43.33Mbps/ch
86.66Mbps /ch
173.33Mbps /ch
346.66Mbps /ch
693.33Mbps /ch

A

Data

Data

o

TaoTie (EZ)

TaoTie (EZR)

214 TaoTielh 1B T,

BIERE EHL.39G

Data Link Project :

v TaoTieR% .

Back-end
ChiTu 2 Clock Phase | Downlink:

(#%) Control i 2.77 Gbps KinWooTIA
oimc— | | / & BIEIGE A
D-Link Downlink
D-Link w Decode Delseriali;e_r_CDR ‘f-\ \S_,—D‘/O “ O

TU Fiber
D-Link > [e]
D-Link Uplink Directign m % s
- :.'f;::, — E::;dee Serializer > .
D-Link ° " U X - O
KinWoolDD
: SRR
D-Link 12C Configuration .
KinWoojtiEHk
4Tx + 1Rx
bps/ch Uplink:
More ChiTu (F&) 11.09 Gbps/ch

E: BHEREBUE
43.333MHz R Stk 4
ANS%

HAR PO OFOR Al S R 28 200 23 2% AN A [R] AR 1) D

v ChiTuzff:  XAEEE IS (BdESm RIS . Serdes) Uplink: 11.1 G Downlink: 2.8G
v' KinWoolDD&ZIKZ . ket ika:es i (LD: Laser Driver) 11.1 Gbps/ch
v' KinWooTIA& Z#: 5 SO

v KinWoo& &bk,

(TIA: Transimpedance Amplifier) 2.8 Gbps/ch

KinWoolLDD-5KinWooTIA[] “Zki4”




Data Link ProjectIil B2

Front-end Back-end

CthU (j‘ﬁ%) Clock Phase | PLL

Control ¥

TaoTie (3%) Clock . | KinWooTIA (£ 3 #U)
D-Link
Dat ]
a a D-Link Downlink 7 O
Dati_. D-Link w Decode De-seriali;;_CDR < \jl_l—@ <
-— Fiber
|| p-tink > 0 >
- TaoTie (B{Z) ) N\ " . Uplink Directidn O ;
TaoTie (¥Z) . D-Link My | — SE:‘;ZTJTE Serializer > g >
_— D-Link = O
Data =
w KinWoolDD (£ 3 IKz))
A || ok 2 Configuration KinWoo Optical Module
4Tx + 4Rx
TaoTie (BZ) TaoTie o] & BX

. LX*§1&§43MbpS/Ch essses
ROt 2008 More ChiTu (FF%&)

il

TaoTie®%: FEIICE S HZREERTES




Data Link ProjectIil B2

* Data Link Project¥ii B £

» TaoTie#%: FWMWMLBOH

* ChiTuzRf: XUEEIFEZE DS
 KinWoolLDD & % BEUOEA KA
* KinWooTIA &S TIABSFHEREGE i

o Mgt




TaoTie BB : £1FEN

*  TaoTief K3 HFKE8/N Il IE 1) #d £ 4714
[ NINEIEIEIE . A BFE R AT E L

Output Stage

P )

Input Data0 Ab N :I: —1 Mz NV —1 » AT Mz
Ae, VISR AFEIESR. AN FEREEHR
(160MDby ps) . P
siotem  [— I3ii} EJQ o
(320M)
173.33Mbps
nput Data1 . (160Mbps) T

693.33M

- - 1.3866Gbps&E i HHIE
vz | IS 4 HH 3R ] 72 7£1.3866 Gbps

173.33Mbps To

e IR N A S AN EE I
. (D 173.33Mbps x 8Ch #ij A\
(125(?&54(;’1 Outp pate >

©
Y

= &
%3

o

£3
g=
&8

~ @

(2) 346.66Mbps x 4Chiai A\

bk 2R (3 693.33Mbps x 2ChfiI A\

93.33M
(640M) E—

et ELL EAE—FEIE N, AT A,
s | DL AR R A N EB . Bl

(160Mbps) 246.66M >

86.66Mbps (251 KAF)x 1ch +

173.33Mbps
Input Data? (160Mbps) .
173.33Mbps x 7Ch ﬂ!Z-
- L]
Output Clock173.33MHz B ] A
(160MHz) Divided Clock_173.33MHz | Divided Clock_346 66MHz
* ) (160MHz) (320MHz)
Output Clock346.66MHz Input Clock_693.33MHz 43 3 3 M b p S 4 I 7'|§ X 1 C h +
(320MHz) A (640MHzZ)

173.33Mbps x 7Ch




TaoTie BB : FFEER

Output Stage

TaoTiedr K SCHRFRF8/IH T 1 Hf & 1716
NI HEEIE. AR TR ED

(160Mbps)

Y

Input Datal
’ BE, PASCRFANEEEER . ARIEIER
86.66Mbps HEA’ [/ TJ‘ \H PN \H % é >
(80Mbps) To Er:‘r \
— =7 —a )
ooy =K
86.66Mbps
Input Data1 o (80Mbps) To
” 346.66M

niéglar:sf\s o 0 . 69 G b psiléigﬁ &ll ﬁﬁ
e | [ ] B 41 % 5 70,69 Gbps

=)
@
@
@
g
=3
o
@

Sy BN FT g AT A T -

e (1) 86.66Mbps x 8Ch i\
o ( (2) 173.33Mbps x 4Ch#ai A\

%

o

4

g

]
4

86.66Mbps
(80Mbps)

s | O 3) 346.66Mbps x 2Ch#iI A\

346.66M
(320M)

e VL PAE—FEE T, FIFESZ TR

Input Data6 A » S Y7, M
i o Sentope T * 5|é ’ [J\ jr% % E ﬁE @ % H/‘J iﬁ)\‘% ﬂé o
(160M)

86 66Mbps

e IR LA FERE R TAE, TaoTiek HEZR

Output Clock86 .66MHz ~
(80MHz) Divided Clock_86.66MHz | Divided Clock_173.33MHz N
< ) (80MHz) (160MHz) == é T T‘ )
Output Clock173.33MHz | Input Clock_346.66MHz . pS ’ a O Ie ’
€ O

— AP°N1.39Gbps/T, A A ChiTuilh A
10




TaoTieBBELH: 1/4F R

Output Stage

' TaoTiedr K SCHRFRF8/IH T 1 Hf & 1716
NI HEEIE. AR TR ED

(160Mbps)

Y

Input Datal
' BE, PASCREARIZEER . AFIEE R
86.66Mbps HEA’ [/ TJ‘ \H PN \H % é >
(80Mbps) To Er:‘p h)
— =7 —a )
oo ] Ko
86.66Mbps
Input Datal o (80Mbps) To
o 346.66M

= 0.34 Gbps 1/47F % AR

S ) LT e HH 33 %R [ 7€ 7£0.34 Gbps

Sy BT AT A T

86.66Mbps

=)
@
@
@
=
=3
o
@

v | e @ 43.33Mbps x 8Ch fii A
46 6 (640M) >

=
El

o

=

Iy

=
¥
—

2 86.66Mbps x 4Ch%Hi A\

P!

86.66Mbps
(80Mbps)

%

o

4

g

]
4

s | O 3 173.33Mbps x 2Ch#HiI A\

To
346.66M
(320M)
173.33Mbps
(160Mbps)
Input Data6 » Y » ° »
mers | MR LLEER T/E, TaoTiefy =R
(80Mbps) 173.33M  — R N
(160M) == H )
“A0.34Gbps, FE B TaoTie, WEHIE
Input Data7 N (80Mbps) . :
- .
A3 N1.39Gbps)5, A A IEZEChiTuilts
utput Clock oMz TDlvlced Clock_86.66MHz | Divided Clock_173.33MHz 1
< (80MHz) 'S (80MHz) (160MHz) )JI-A
Output Clock173.33MHz Input Clock_346.66MHz
_ (160MHz) | A (320MHz)

11



TaoTie B A RKIRA TR

173.33Mbps x 8Ch

43.33Mbps % 8Ch TaoTie TaoTie

86.66Mbps x 4Ch 034Gbp513‘(4i§§ﬁﬂ:‘| 0.34Gbps Slcf}h}_;::;&::rt:s X 4Ch} 1 38 GGG bpség |
= ’ (160MH2) EBER 1.3886Gbps x 1Ch

—

86.66Mbps x 8Ch .
173.33Mbps x 4Ch TaOTIe
e, TaoTie — > O 69(3bpséﬁiiﬁﬁﬂ:Il Clock346.66MHz
86.66Mbps x 4Ch 0. 34Gbp51 ‘(4i§§|ﬁ$ *Eit < (320MHz)
Clock173.33MHz
ﬁﬂ ) (160MHz)

* TaoTiet K SCHFPRF 8B IE MK tf AT (o1 M liE .. A EFEENRE
The, VISCRpAREEER. AREER K.

12



TaoTie BB ZERSIKRIT

H i TaoTie &% .0 i I Be g it i Ab THI2B P B, #AEA DA T A @it — 20
%f; 5K}
NS “ﬁ%ﬂ’]” % Y SerializerJf HE F e, ANAEAEFIFOL R %6, dmbdiad .
ZH i S5 21 41 Dy g

e RESEEEE CRERAET (BEURERD Bl BRI HORME L
o AL N EE, RRERBUEANUREEER

o ZHIEFA3.3M, 86.6M, ... ZIHIE. ZHEFRWIAHAL N G LD, ChiTuith
Al B ij]?l‘ﬁﬁﬁ?"f%ﬁ% @X’E DLIE AR £ 43.3MbpsEE %,

o LI IETEAENK 07 K 17 HE,

o AR T: 5K ZE43.3Mbps ~ 1.39 Gbps FdE RS R ook PR R IE,
#8732 25 Data Link Project— 218 FH 1 H5 1% % R Se il 1
« Z#CERNGBTIHIH, H HJIpGBTW#T%LI&&i}E 160Mbps, 320Mbps,

640Mbps, 1.28 Gbps PUFhiE X 1 %458

13



Data Link Project

e Data Link Projecti B i 2
* TaoTie#Z: BHEMIL

o ChiTuiRf: XUA%:

EReEEN

 KinWoolLDD &5 ¥ k250t

¢ KinWooTIA £5TIA

o Mgt

ek

RS Fr

14



ChiTudR®R i B 4Gy

=:;?;wlck 1.39 GHz clk
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e ?ﬁ?‘éﬁ;’r} eserializer CDR
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R § Yo E
Rx —_—
" i Uplink F R
TaoTie R ﬁﬁ]:g* Hrma Serializer
BRCH Rx _—
6 x 1.39Gbps/ch Uplink 75
ChiTu < o
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Capability of Channel Data/Clock Notes
ChiTu ASIC Number Rate
ChiTu can receive and transmit
maximum 7 channels of data
Payload from TaoTie and front-end.
Data Maximum The data rate is fixed to 1.39
1.39 Gbps/ch
Channels | 6 channels Gbps/ch.
(input) Maximum uplink payload
. transmission capability is 8.32
Uplink .
Gbps per ChiTu ASIC.
ChiTu can transmit one
External -
specific channel of 86.67
Control ,
Mbps. This channel has
Channel | 1 channel 86.67 Mbps o ,
(input) specific input pins. The data of
P this channel is embedded as 2
bits in the uplink frame.

ChiTuits /i Uplink B %> J5 ¥ 77 [F) I BRI 5E 77 -
o TJERWCKR HTaoTie B % BELE SR B BT A 6 x 1.3867 Gbps/ch#i#E, HP
A ChiTuts Fr 7EUplink 7 [ ] A& % 2 11 8.32 Gbps##EiEE (Payload)

o SR, w5 (FECETMAES) « Al FHPHER)E, L1109
GbpsHEE BT ERH . PayloadfE8IRE: 75%
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PayloadfH A&
2bits  2bits  2bits 10 bits m 48 bits
H[1:0] | I1C[1:0] | EC[1:0] {8'bO,DownIC[1:O]}( Data[191:0] FEC[47:0]
\/

Uplink 77 H) Z(#E 256bit k%=, (InterleaveZ Bif)

6x1.39 Gbps/chBI AZIEZR T chiTud: 5 BT, RS, 45, Hhi
J&, FERL 256 bitEIMmikg e X (HHpayload 5192 bit) , MiHER
43.33M

o BEITHIER 256bit x 43.33M = 11.09 Gbps

« ChiTuits i Uplink 475 A1 3RHS (Scramble) « FECHTRIZI4E4mAS. Mg
AE N Interleavet’ 4 CERN IpGBTH: B 1 Uplink 4T HHE WL .

« ¥E: IpGBTt: H7EUplink LAT H MIB WHER. WFFECHRIE T %, RXHAE)RE
FEHafFUplinkikE RE X . ChiTuFfAidts B BTGB IpGBTE ERBE T
FEC124m 55 5 3\ T Hikg =R o
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ChiTu can output maximum 16
) channels of data to the
Maximum i
Payload front-end with the data rate of
346.67Mbps/ch
Data . 86.6666 Mbps/ch. The output
Maximum ,
Channels o data rate can be configured to
16 channels | Minimum
(output) 86.6666M, 173.3333M or
86.67 Mbps/ch .
346.6666Mbps/ch with the
Down- channel number of 16, 8 or 4,
respectively.
link ChiTu can output one specific
channle of 86.6666 Mbps. This
External channel has specific output
Control pins. The data of this channel
1 channel 86.67 Mbps , o
Channel is embedded as 2 bits in the
(outpurt) downlink frame. This data
channel is mainly for slow
control from back-end.

ChiTu:t> /i Downlink J5 Y@= 5 %5 5 0] I B3R AL R BE /7
o BUCRE JEWRE 2.77 Gbps B ATHIE
o ZIENE. BIHERE, ATEH-:
16 ch x 86.67Mbps EY,
8 ch x 173.33Mbps 5§
4 ch x 346.67Mbps 1] i & I EIE R Z BT
o it A HF EAL86.6MbpsEIIE T TR E Ridn R4 (120
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Payload & X K HE

8 bits 32 bits 24 bits

{H(3),1C(1),H(2),1C(0),H(1),EC(1),H(0),EC(0)} kDataBl:O]/ FEC[23:0]

Downlink 75 [a]EtHE 64 bitli g =,

* DownlinkJ5 [F]Ii#& NAL64 bit, MWEEZEA43.33M, BIX]NT2.77 Gbps
BT T B BATEER

 ChiTuit> F'Downlink 5 [ #LHS (Scramble) . FECET M ZU4E4mMYS. Wikk
HGE X InterleaveXy£F4 CERN IpGBTtx F F Downlink F4TE#E 1L .

'E:

IpGBT%: Jy FEDownlink 5 Ja]_E R —FpEZE ., —MFECZIT (FEC12) BFE.
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ChiTu can provide maximum
16 channels of clock

43.33 MHz or (differential) to the front-end
86.67 MHz or with configurable frequency

Provide 173.33 MHz or | from 43.3 MHz to 1.39 GHz.
(Output) | 16 channels
Clock 346.67 MHz or | 2 Channels out of these 16
693.33 MHz or | channels can provide phase
1.39 GHz adjustment function with a

46.15 ps resolution for all

frequencies.

ChiTuits F I 8P4 B8 /7
o ATHTH BT 16HE R B I Bh
o HiHBTAPZRTEE 43.33 MHz ~ 1.39 GHz
o HA2BKE 8P ] SEIR 46.15 psP K HIAHAL AT A TRE  (CPCBEHR)
. g?&ﬁgﬁ 3k H chiTuits i A EEPLL 8% DownlinkZ3E Tk & H

B PIRVE E . ARALAT P KIS IFPRCERN IpGBT:E: 1 4517 -
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| 39GHzck | 1.39GHzclk
693.3M YO
i L£933M | mraafr 693.3M | B¢
A B B J povmn 3 R
23301 cpC 43:3M ClkMan
Himse BE Downlink 1T
FRYG LS 12C Master .
— Tx | 40
R B
BE oownink | SRS | tiw
HFED CDR
1 Tx
153 VEE
Rx E——
. BEtah Uplink ¥ EEi
TaoTie Iz BRXIF BerEa Serializer
RBEEH Rx -
Uplink £ 47
ChiTu :
12CEEE

RO A

BELAE
B

2.77 Gbps
=R ITHIR

A—

11.09 Gbps
B fTER
—-

KinWoo
HEAEBR

o ChiTuRBRGHTE “BT” RS (B{uplinkiA ) TAE, W
UplinkJ5 [A] Fr B BB I B 8 . 36 22 Bil v AR B 80 3 SRYE T A PLL
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I(15;)339 3finln-lz dk | _1.39GHzdk
- <2220 piepdEfL | 693.3M | BYEhE
ihE Tx ..;-&T g?fcq ';;'5 - LR PLL ﬁg‘é—[é
“a33m | “23.3M ClkMan W@Pﬁi
Has eE Downlink {7 |
?%Efﬁ T ] 12C Master l
Tx 4 a4 2.77 Gbps
&ﬁ Downlink $#$.ﬂ% hRE SR EGRE
RS Deserializer CDR —
1 Tx
‘ - KinWoo
3= | SE TRk
Rx » s 11.09 Gbps
. AR Uplink =R B TR
TaoTie B E‘gfg* BFiEs Serializer m—»
Uplink 47
ChiTu I S
RREA

o ChiTuFFRTGHE “WL” IRELIE, Nuplink. DownlinkJ5 7] Fit
BAERE B X2 AT BB 813K B Downlink33E 1B $h 1k &
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. CDREER: A }\ {7

BUFs

DATA-5.55GHz->C-MUX->SERCK ‘*’fT

-+ 2->DESCK v N b
DATA/RDATA->D-MUX->TODES ||
A TR IR B L _ T EEy
5.55/2.77GHz->fbDIV+CK-MUX->CTCK<0:15% " > {igio] et} +-{ifi] L e

PLLIER: T P (| R L= g Ve
creKeoits>

RCLK->5.55GHz->C-MUX->SERCK _— -

>+ 2->DESCK —

S0 56 T AR B B
5.55/2.77GHz->fbDIV+CK-MUX->CTCK<0:15>

EXCKAR R e CK-MUXJiHH:
EXCK—=>C-MUX->SERCK o AyHRE A CMOSFICML, ZE4r%iH, 16iEiE
->+2-5DESCK o Hrp2i@EIEAHAI AT IE (CPCREER)

A28 T AR B B
5.55/2.77GHz->fbDIV+CK-MUX->CTCK<0:15>
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/ \
\W 1.39 GHz cik
693.3M rHehdEfr | 693.3M | BfhEE
= e TR R PLL
CcPC 86.6M clkMan
43.3M
A& Downlink 47
FEE 12C Master -
< Tx A
iz Downlink f#ﬁgfﬁ wE
. &$§Bﬁ eserializer CDR
Tx
Rx -
. At Uplink F itk
TaoTie 58 ’g]'fg?f P ERS Serializer
BRECH Rx/
\/ Uplink E 7
ChiTu 2CERE
FROSR

» ChiTuzR 50 Fr THI [ By Y 2048 T/ Rk LI AR ER

2.77 Gbps
SERITEHE
—e

11.09 Gbps
SR fTRR
—
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Input Signal
Specification

Notes

Type

Differential

Signal Amplitude

Minimum 140 mV
differential peak-to peak
(@100 ohm differential)

Common Mode
Voltage (Fi9#5Ih
8)

ov~12V

All input data channels in ChiTu
ASIC provide rail-to-rail
common mode voltage receiving
ability.

Currently input data rate (uplink)
of ChiTuis fixed to 1.2867
Ghbps/ch.

Data Rate Maximum 1.3867 Gbps »
For the specific "External Control
Channel", the data rate is fixed to
86.6666 Mbps.
When using AC coupling, a
) Support both AC or DC default 600 mV comman voltage
Coupling

coupling

can be configured to be
provided within the ChiTu ASIC.

Termination

100 ohm differential
resistor

ChiTu ASIC can be configured to
provide or not to provide
internal 100 ohm termination for
signal receiving.

ChiTuziR 58 F T [+ i 3 B Ry B
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ChiTusR&R A RITx/RxFEE O

Output Signal/Clock
Specification

Notes

Type

Differential

Signal Amplitude

200 mV ~ 800 mV
differential peak-to peak
(@100 ohm differential)

All output data and clock
channels in ChiTu provide
programmable signal amplitude.

Common Mode

Minimum 86.6666Mbps

Voltage (FHFUINERE | 600 mV

)
ChiTu outputs data (downlink)
with three configurable data
rates : 86.6666M/ch,

: 173.3333M/ch or
Maximum 346.6666Mbps
Data Rate 346.6666Mbps/ch.

For the specific "External Control
Channel" (slow control), the
output data rate is 86.6666
Mbps.

Clock Frequency

Maximum 1.3863 GHz
Minimum 43.3 MHz

ChiTu can provide clock signals
with configurable frequency:
43.3 MHz, 86.6 MHz, 173.3 MHz,
346.6 MHz, 693.3 MHz or 1.3863
GHz.

Coupling

Support both AC or DC
coupling

This depends on front-end
requirement after considering
the signal common voltage and
amplitude.

Termination

100 ohm differential
resistor

The receiver of these signals
needs to provide differential 100
ohm termination.

ChiTuziR 5.8 T [+ i 3 B T AR Bk
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IC
-
. i SCRDWN 2.7733 Gbps
4—“—0 e-Scrambler [ mm— _ FRMDWN | | JFRMDOWN Serial data
Header
- fRAG FRAZ
c 11.0933/
R
§ SCRIP 5.54.66 Gbps
—£EC | scrambler B ermue | 3 IFRMUP Serial data
DA Encoder (—ip- 3 Interleaver |ess——l»-| Serializer -
= )
oQ
Header
=

P o Hi+ 3R B e e

ChiTuils i 4 RS & 307 HR 2 T REAE B
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G

==

RS BRPCB A S
o« XU B A O JRALE
« A EBRSMIC55nm, 3 x4mm, 166 pins
e 5.12GPLL V 2.56 GHz CDR Vv
10.24 Gbps Serializer v 2.56 Gbps Deserializer v
$1.21%/1.1.28 Gbps Rx V
« RAE Uplink/DownlinkZ 4 fit b2 58 43+
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o ChiTuth i IR AR IAZ DR CAR 2R A SeiE, ST 2O B SR RE, #

LR 15 &
e PLL. CDRZEREFAEEL SI0IE, [H 7 BLIR B4 A T AU T
e Serializer. Deserializerf& 8t 75 B IR BEALAL AR AN T 58

» HFHr (Uplink/Downlinké i) TAEREK. AWM. 7 FIIE,
PLEGE i 7 1 AR D Re il

o KGHHZHEYEEN, SHEPUEREIH . Bbla O 07 55 fRIE.
o BRRJE RS TR . RS A RS SRR .
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Data Link Project

* Data Link ProjectIi HME
- TaoTieR%&E: FIEFILBOH

* ChiTuzff: M
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* KinWoolLDDELAS IR e
o AF: BUBOFHK11.09 GhpsHIFEESMES (CMUES) ,
BB HoNTE2 ~ omATR SR AFI BT, FHIXB150 ohm A E
(BOLA B R R A1 E R T — A 3250 ohm F12)

- SCHLZIEIERESIN. BIMSIEIRCBR4%% 11.09 GbpsHfE 5,
BRI B4 IEI L B RE D) B Rt F s PASEEA T EIE.
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KinWooL DDt RS 3R BN 185

parameter

Design indicators

power supply voltage

12Vand33V

Power consumption

typical 50 mW/ch
200 mW when working at 4 ch x11.1 Gbps/ch

Bit rate

11.1 Gbps/ch

Differential input signal amplitude

Minimum differential peak-to-peak 200 mV

differential input impedance 10012
Maximum equalizer equilibrium strength >7dB
Limiting amplification stage gain >12dB@typical
Limiting amplification level bandwidth >3 8GHZ @typical
Qutput current amplitude SmA@typical
Maximum pre emphasis strength >2.5dB
Simulate IS jitter <15ps
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KinWooL DDA 2R IR A

PSR ZE — e IR

vdd12 vdd12 vdd25 NN .
T TT FREH ERES
VERE: 2mA~9 mA
INN =
_ Inn Svoon
208V A > Output
INP < driver
> Inp]
Two-stage pre-driver

Pre-driver

! Vb_pmos
bias Output driver Vb nmos ¥ :
bias -

" gy

12C
slave

I Common cathode VCSEL Array

HAFI4EIE RS ABOER B BB

«  KinWoolDD¥JtaS It -
o PRIBBOKZELimiting Amplifier(LA)
H i N 1 5 T 22 905 5 TIUBOR 22 F 7 e B
I ANVFAE T E I —F I g3 Equalizeriit, PAFhEHINAG 57 %

«  Output driverfi i 2%
BLATURCR G s 2 e s (BEES) , Hiaifm. SEERES, B
IR As Kt
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KinWooLDDR{ 2 IR BN 7 B B &4l

1.7 mm 1.7 mm

i -

2 Optlcal receiver

VLAD/lpVLAD die

VCSEL array die

Optical board in the
allgnment flxture

4ﬁﬁ&%%ﬁﬁ§%%@ﬁ%%@

D. Guo et al., Developments of two 4 X 10-Gbps VCSEL
array drivers in 65 nm CMQOS, Journal of Instrumentation,

10 Gbpst:HE & | 10 GbpsGHR | February 2017, Vol.12, C02065

FFTSMC 65 nm CMOS T2
* VLAD 7l IpVLADPi3K10 Gbps/ch ¥t 82 IRh & A3t
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e

EEEFE

Sl @
3
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»
3

A

Lﬁ

s - .

i E: {2 !
i 1 F .|

:
vl 6541w
v2  1649mW
S oAy 994w

zs

zﬂzzjjfi: o+ VCSEL‘J%ﬁ(%‘%

AT TSN 200

VLAD14 1OGbps7‘ﬁHE l VLAD14 14Gbps;‘tHE l

4%%%&%%%%%%%'—37"&&

Q. Chen, D. Guo* et al., A 14-Gbps VCSEL Driver in 65 nm
CMOS with a Power-Efficient Driving Structure for Particle
Physics Experiments, in IEEE Transactions on Nuclear
Science, doi: 10.1109/TNS.2023.3236780.

F-TSMIC 55 nm CMOS T2
—#X14 Gbps/ch BRI F ik, SEIIRIE
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Data Link Project

* Data Link Project¥ii B £

+ TaoTie®%&: FW/MHILETH
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M
q
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-+

-end Back-end
EE— . - ChiTu (?ﬁ%) Clock Phase4__ oL Downlink:
——— |TaoTie (g%) Clock Control 2.77 GbpS KinWooTIA
— o | | & BB R
Data ... || D-Link Downlink v O
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|| p-tink o
0
_ . = iy Phase Uplink Directian
., TaoTie (ég) D-Link Al:lgner — SE::;CLTE Serializer > g
- || D-Link = @
— Data = KinWooLDD
Data — -
: AL Ry
_— | 12C Configuration .
Sm— KinWoo )t &k
4Tx + 1Rx
Uplink:
11.09 Gbps/ch

More ChiTu (%)

*  KinWooTIAESH BUREWCE: i B ICR B JE 4%, PDOELH —HRERE H )
RIE R UBHERES (2.77 Gbps) , BATBONIHSHH ZChiTuth F,
SR PRI BMRE . FISEDownlinkP IR .




KinWooT | ABSPEIEWL S/

--------------------------

225.0 —— S . .
152.5 g 1 i iﬂ_l_l_l_l_l_l_
16| ® TG

! ~200mV

~100pA |

55.0—% —? C .
10.0— bt e 5 5 ML
o mun o o JUUUL =====mmmmm e f5%

PDY FE — ARt PDJ#] H AR Y
PR ES A AER KinWooTIAES BHIZEWE K

* KinWooTIAEE FHEEBGE e
o . BWIHEK2.77 GbpsEEAFIFMBHERES (BE
BumER) , BEBRFEHEN200mV EREEEZESHE

&5 (Flwmcmzs)
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KinWooT | ARG /8 %R

Parameter Design indicators
Bit rate 2.7733 Gbps

Photodiode capacitance 200fF to 2pF

High cut-off frequency 2 GHz

Low cut-off frequency <1 MHz

Sensitivity for BER =10-12

20 uA p-p (-17dBm)

Transimpedance gain 20 kQ
Output differential voltage 40 mV (50Q)
PD bias supply voltage 25V /3.3V
Circuit supply voltage 1.2V

Power consumption <100 mW/ch

Total jitter

0.085 Ul (< 34ps@2.7733Gbps)

e KinWooTIAME FHEWE: B % O 8 FR S X H5 CERN IpGBTIAL:
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Data Link Project

* Data Link ProjectIi HME
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Data Link Project Work Package

v  WP1: TaoTie (%) LMK

i%(%ﬁ>\%%@(@1ﬁ>\é%@(%%%>\Eﬁﬁ(¢ﬂ
)

o THI R A 5 PRI 4% 2 I8 TE B0 R TAL . (T ED SRR . &
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o (I | RS GRRel)  EdEa ORI L B (BT
P ORI = PR ST D RN < S QT Wi G EAWNED

o ME PR S A, RIPOR B e 1) 2 8 EEE, SEREIEDUY . gkt

ZHiwi (GBT Protocol)  FfER#E#, DPLiE N J5%EKinWoolDD4 2 BX5)8s F s

« FEPUK BKinWooTIA% B Gt s 4T85, e Bk = . &

e, fRAYAN 2 B EHHE T K.
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MR PR LA A AT R AP, (PRI AT . AR T AT
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Data Link Project Work Package
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Data Link Project Work Package
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2.56 Gbps CDREEHR M,

| Math | My | Analyze | Utilities | Help n

File | Edit | Vertical | HorizfAcq | Trig | Display | Cursors | Measure | Mask

DPOJET Plots

as aqas Jitter Anal

Y Woltage TJi@BER1: Eye Diagram

S0m
EOm

A0m'

Bit Rate : 5.1200Gb/s

Fattern Length : 201 View Details

Min p-p Population Max-cc

905.211s 820.491s 84.7191s a5 0.0000s  0.0000s
. 13.500ps 10.605ps 2.8948ps 95 0.0000s  0.0000s
[# PJ1, Math1 11.345ps 581.501s 13.251ps 10.365ps 2.8857ps 95 0.0000s  0.0000s =
[ DDJ1, Math1 0.0000s 0.0000s 0.0000s 0.0000s D.0000s 95 0.0000s  0.0000
[# TIE1, Math1 0.0000s 2.3212ps  10.965ps -8.0932ps 19.058ps  1.2159M 7.0126ps -8.1765
L Dar 397.64ps 382.45ps 15.189ps  1.2158M 11.191ps -11.078
2.6147GHz 2.5148GHz 99.876MHz 1.2158M 72.504M... -74.333..
£1.100mvV 63.460mV 17.640mV  1.2159M 9.6600mV -10.500.. 4




2.56 Gbps CDREE 3 Mz

Agilent Phase Noise - Log Plot

Center Freq 2.559979951 GHz req: 2.

—s. Ttig:FreeRu
T #Atten: 6 dB

Phase Noise Analysis

Carrier Power -17.04 dBm

=

Signal Tracking: On
vikr1 1.00 MHz
-110.82dBc/Hz

Fre(

Bl Vi

Pha

;IB@L;H- -

e

Frequency Offset

Freq Offzet Tracel Trace2

10.0 MHz

Trace3

10 Hz -28.84 dBciHz -28.41 dBciHz
100 Hz -79.72 dBciHz 81.15 dBciHz
1.00 kHz -88.56 dBciHz -89.91 dBciHz
10.0 kHz 96.56 dBciHz 97.96 dBciHz
100 kHz 9587 dBciHz 94.28 dBciHz
1.00 MHz -108.87 dBciHz -110.82 dBciHz
10.0 MHz -117.36 dBciHz -121.81 dBciHz




RBE R HEY2.56 Gbps DeserializerfRiR

- e e e e e e e e e e =

__________________ ™ e
640Mbe' 1:4 | LVDS _:ggg :
. o = > Dri >
Deserializer Structure | | 5~ —} !
| = I o —
r==7 640Mbpi‘ﬁ :; LVDS _: : : ‘/ iﬁ)\ E—%: 256 GbpS%"/fT;&?E
1 | T | Driver > . _
2,56 Gbps | RXDATA | _2.56 Gbps : 14 : : ‘J\ ! 160Mbpsx16: v %%‘&Hﬂ‘!ﬁ*: 2.56 GHZHTJ‘%EIJ
cmos , = | | = ' O .
N rabe| wos = 1 (LA REGdE/N &Pk B CDOREREHL
l:_ L _J |64 Mbp:s " [T Driver i—> |
| ) >% ' v Hith: 16 x 160 Mbps/Ch
: 640Mbps: il !f LVDS — : N2 p
=4/ 640 MHz :‘ 1:4 >| Driver > OUT16 : 16&%%134;&%
— I
: I_Iﬂ?_mb’MHz :
256 GHz | RXCLK | 256 Ghz_ F[ock 640 MHz ! clock : o
cmos Divider By 4 Diyider By 4 1 v Deserializer core “K7)h: 1135um x
______________ F e e m e e e m e e ——— —
v \4

First Stage Second Stage

First Stage: 1—4
Second Stage: 4—16

1135um

o4



CDR + Deserializer JiiX &5 5R

I Connect to oscilloscope

X S
Jorr 4 B
3 seeeee O
v'r;‘- Teeeeeeew 0
. tiii i

16 Pairs

BDTIC TestBoord BullEye_20230713

v’ 2.56 Gbps 1:16 Deserializer 5 Jf- % #u#5itk + CDREEREL & T1E
v i 16E AT EE (16 x 160Mbps/ch) AR IEfA, HR P I oKk T
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BDTICH: B $aY5.12GHz PLL{ERR

—— oy,

Y

\ 4

Y

— > — _P‘L\ FEPESR S
IReference I
1
-~ g
40MHz D_J\ % . R, LC-VCO 5.12GHz
1

Charge Pump

o e w— e - — - - — -

Feedback Clock | 1/128 |
Divider
| l /

— o e e M M e M mmm M e Mmm Mmm M e Mmm Mmm M M Mmm Mmm M R Mmm Mmm S e Mmm Mmm e M Mmm Mmm e M Mmm M M e Mmm M e M M e e e

PLLZ ) HE &

o o —— —

C. Zhao and D. Guo*, A low noise 5.12 GHz PLL ASIC in 55 nm
for NICA Multi Purpose Detector Project, Journal of
Instrumentation, 2022 _JINST 17 C09003

v IZPLLF R T20214F 15 11, 20224F 3 Fr S0 UE Al 2]
v #E— A E {3 T-BDTICHE: H o ’

825um
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5.12GHz PLLIRIR MR 25

I ceciet Pt

CEICYS F ETLOBER dede

B et s

Agilent Phase Noise - Log Plat
&

01:36:03 AM S 21, 2023
MNoise Cancellation: Off

Center Freq 5.120393405 GHz Carrier Freq; 5120333408 GHz

IFGain:Low Signal Tracking: On

Ref 36 dBcHz

View Dolais MATH1

Descripton Mean ean wax win Population Max cc

R, Mathi 474701 ATRTTIS

) U, Madhi 26833ps 20237ps
P, Mathi 24389ps 28302ps
001, Maii 000005 000005
TEY, Main? 000005 2808395 564Taps 76821
Poriod 1, Matil 1952505 1WITps  1918Tps  GADSEps  TER1E
Frog1, Madh1 A166H S21MBGHE  SOAVIGH  ITOTAMMI TEE1R

= DEDY, Matnt ATosTps  S1aTSEs 1gsmps M0 3

3857505
ar2820s

3 4 R, Mam1 i aToTe 4TzeMm
3

et 3
3

4 D41, Mam1
4 1, Mam1

000008 000008

30237 235089 000008 000008
2030s 215510 000008 000008
60000s 000008 ! 000008 000008
2800%s  28410ps 1 311679 330200
190370 191.070s 4 55011ps 8.4y
SIM8GHE  S04TIGH 164010, 14658

L7000ps  SL37H  LMS0ps  1650ps BB 3 00000s 0000053

000005

Imn sTaTUS: ]

Eye Diagram Phase Noise Curve

Jitter analysis

v Frequency: 5.12 GHz
v' RMS litter: 474.70 fs

v" Phase noise: -113dB@1MHz

S



BDTICH:F®RY10.24 GHz Serializer

73 Low Speed Serializer Structure

v HiN: SKEPRBS15E ff = 4:
[¥]16% 640 Mbps/Ch 15
v TERN$h: 5.12 GHz
(Zi8p >k B 15.12 GHz PLLERER)
v s 10.24 GbpsEiE 4T HdE

—
- 2.56Gbps/Ch 10124Gbps

£ Low Speed

gL o 4:1 MUX

LT—I' ) High Speed . Data Out
. — 4:1 MUX

19 5 Low Speed ;

1
I
|
1. 5| Low Speed 1
|
|
|

N

o

r
vVVyy

2.56 GHz 5.12 GHz

|
! I
1 o I oy Clock In
PRBS15 i Divider by 4 Divider by 2
|

_ v
First Stage  Second Stage

v First Stage: 16—4 (B{RHE{FHCMOSiZ4H) 570um

v' Second Stage: 4—1 (EiEZE5CMLIEZH)

— o o e e e e e e e e e e e -

v S

v

o m o e e o e e = e
 ama 2 X 'i e == s
N
-
S
x

~

v PRBS15 [ fBid: P=4:168% 640Mbps/chilll \
R o85um
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PLL + Serializer R &5 R

File | Edit | Vertical | H Trig | Display | Cursor:

Ao L e T
D] Tl AR AR

utplit Data

Sources

MATH{ | v | Bithailsstsuis

No Pattern Detected
ShiDey  Max n 2]
25062p8 | {.1016ne) A08edns | 2d807ns JAIG1231
MBIV 22370V 00000V 22231y 4
65885s  1587ins  13232ps  1AS4Bns
3M097ps  75ATIPS  THLIOE 744505
18365ps  5205%3ps  12Mps  AOT2ps

4
4
4
38563ps  T7.126ps 00000 AZops 4

Vo i eiciofo)

0acas

Man  September 18,

TIET: Spectrum

00000000101000000000001111000000000016000100000000
elleellecceeeseleleleleeseeeelllilllleeeseeleceee
Belecepellopeneelleereleleseeeleleeelllleeeelllle
gleepleeeleeelelleelleelleellleleleleleleleel1lll
1111111161660000000000111000000000001001000000000
el1elleeapapen0lelle16000000011101110600000100116
gleegepellelelelleeeselelllllleleceellleseeellles
gleeleceeleeleellelleeellellelelieleelellellliell
lelllelleeelleelleelleleslelelele1011101111111111
leelleceoooe00010101000000000111111006000000100000
lesecepelloeealleceepeleleeeleleeeelllleelllleee
fleesleleceleselleelllleslleeleleleeelelnlellllll

((11111111111111100000000000000108000000@0000110000

0011111116600010160000010000111100000110001600160 |

TSI R 2E 3K
TR PR 0/

(1111111111111110000020000000012080000000000110000 |

6eeeec0eleleecoac000001111000600000001000100000000
gl11eell6ee00068161010100000001111111160606001060000
eeleeeealleseeealleseelaleesneleleeslllleeeslllle
81000100010001011001100110011161601010101010011111
1111111161660600000060111000000000001001000000000
g11e11eeeee0eeelelleleeeeeeeelllelllesoaee0100116
eleepeeellelelelleeeselelllllileleeeellleeeeelllee
eleeleeeelesleelielleeeliellelelleleelellellilell
lelllelleeelleelleelleleelele1e161011101111111111
leelleeeeeceeeeleloleeecseeealllllleeeesseeloeess
10900600811000011600000018100016016000001111680111160688
g160010160010001100111100110016101000101010111111

k89111111199EJPJ81919BEJPJPJ8199%1111@99%11@@91%8198J

—

PRBS15)% %
(151 AFRF)

v 3 A U I

v it 910.24 GbpshR &
v' Total Jitter = 42.19 ps
v" RMS Jitter = 1.13 ps

View Details

Std Dev i . Population Max-cc  Min-cc

& RJ1, Math1 11276ps  11.089fs  1.1354ps 1.1197ps 156825 2 0.0000s  0.0000s
= DJ1, Math1 35183ps 28065 35.381ps 34.984ps 396907 2 0.0000s  0.0000¢

@ (=) PJ1, Math1 21.952ps 28065 22.450ps 21.753ps 396.90fs 2 0.0000s  0.0000s —
 TIE1, Math1 0.0000s 53390ps  16.100ps -16.924ps 33.024ps 51215 20413ps 22349

& DCD1, Math1 3.3813ps  14813fs  33823ps 3.3802ps 200497s 2 0.0000s  0.0000:

= Period1, Math1 97.660ps  4.3425ps  118.07ps 81.844ps 36220ps 102387  31.981ps -35.004)

(=) DataRate1, Math1  10.240Gbps  1.8378kb.. 10.240Gbps  10.240Gbps  2.5090kb.. 2 0.0000b... 0.0000b
= High1, Math1 137.72mV  6.2738mV  158.65mV  11652mV  42128mV 51217 34.248mV -29.688.4.]
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Number of data ports:

Frame Function 1/0 Group « 28elinks @ 160 Mbps
FRMUP[9:0] FEC[9:0] * 14 elinks @ 320 Mbps
FRMUP[25:10]  |Data[15:0] 0 . )

FRMUP[41:26] Data[31:16] 1 7 elinks @ 640 Mbps
FRMUP[57:42]  |Data[47:32] 2

FRMUP([73:58) Data[63:48] 3

FRMUP[89:74]  |Data[79:64] 4

FRMUP[105:90] Data[95:80] 5

FRMUP[121:106] |Data[111:96] 6

FRMUP[123:122] |EC[1:0] EC

FRMUP[125:124] [IC[1:0]

FRMUP[127:126] |H[1:0] = 2'b10 HFH[1:0] = 2'b10
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