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LHC 7Y T I L—F

* LHC parameter

I v o m-

B R energy  [TeV] 13~14
Luminosity [cm2s1] 0.77 x 1034 1.5~2.0 x 1034 2.0~3.0 x 1034
I\ FE bR [ns] 50 25 25

ATLAS Levell Muon Trigger

| RUN1(2011~12) oo m

p; threshold [GeV] 15 (20)
Trigger rate [kHz] 9 (6) E> 34 (RUN1DEH) 60 (RUN1D &)

Levell Muon Trigger EB{K T ATLAS £{A D Level 1 Trigger Rate (100kHz) Z[F1HT 5

YIIRFEMT D EKRIZKY . p, threshold 20GeV Z#FL TR H—L—FZHEIET %
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SL (Sector Logic)
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Precision Detector
< 100pm i
¢-information

Level-1 Trigger i
resolution of
inzidence angle
<1 mrad
BCID, LVL1 latency

3/4 coin.
track position and
deviation

2/3 coin.
hit position

'\‘ H-pT Board

Rol, dR, d¢ -%QSGﬁbS

Sector Logic
R-¢ coin. track fitting
Rol position matching

(crossing angle:f3)
pT calculation

See

\
~
.......

track fitting
track position (R, ¢)
db : deviation of

other muon inner detectors

$J30Gbps

incidence angle from
infinite pT muons
Coarse d6 -cut

hit information (R, ¢) , d©

#930Gbps
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HSLIZCBITAWER

® ANDIE=
e D AN :101x2=202bit ($98Gbps)
« REAIDRBIFMNSODIEMA A:
128bit/fiberx6fiber=768bit ($930Gbps) —FJ4{ED A B

Fx K12fiber G1536bit ($360Gbps) —HISEDO AN

® FHLOGEAHELDIESE
o  HITTIISLRDEEHAH Lbuffer (BT 2 —ILDASICE TR B
« ASICOHAIZEHLETREBMED 2—ILIZEHLETIVS
—buffera@FPGARIZ/ERLL . L LR REFMEILT S

|E Sector Logic Ny %ﬁ $TSector Logi: A
Sector Logic SSW $rSector Logicl GbE
—7| —K 7 .
Sector Logic (:/E\:/If ):lt/)7 $TSector Logic Switch
>
wp| [T ASIC 7 3 FPGA | C
8Gbps TGC ROD 60Gbps / New TGC
(IN—Fx7
ED2—1L) ROD (PC)
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\\\ SITCP [,/ —> \\Ernwfmndﬁng 1
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5 SL IZWAE L FR AT

A J:GTX Transceiver
— Xilinx(tDIKILYS R Kintex™-7X0/\A T KI5 X Virtex®-7DFPGAIZ1&
BHnf-FTHEYRZ U —N
— 1lane THx X 12.5Gbps
— 5 T IFICIEL THEHSLD A W EZ (T AN A EE
« HF:SITCP
— KEK Open-ith\ 12t 9" AFPGAIZ K A TCPAL IR F T
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HSLDEMRIAEAEY 2—JL : PT7

(R

Xilinx FPGA Kintex-7 XCK325T-2ffg900
SiTCP FH PHY DP83865

GTX 4 lane A Infiniband 4x ¥&#tZ& 2 D \4i I
Timing Trigger Control (TTC) S2{E {4t
LHC clock 40 MHz %> L1 FUA—{E& L1IA £ 218

G-link, LVDS A =2 h—KiEkx
DDR3-1333 SDRAM MT41J64M16
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GTX Transceiver M FfEZE1

HHBY: GTX Transceiver ZAWNTT—3 0 1% =

o FISLBTRIEAEY 2—IL:PT7ZHLS

e GTX Transceiver Wizard CTTH AU Z{ERLT 5
o EET—ARIEINSW T—EHK

* 61aneTPT7 M BDPT7 ~NE(E

T—AZERITILAZ AL TIREE: RR—2

« LA [XITAG BEHTHEMEET N RENSY—IL

* Linerate: 6.4 Gbps/lane
 Data: 16 bit x 320 MHz =5.12 Gbps

Im
>
PT7 TX H RX PT7

(NSW)

=

AVA]RE DR ELE

Infiniband4x

6 lane

° Com ma: BCBC once in 8 ﬁmes Data Format from NSW trigger electronics to Sector Logic

RX

(FSL)

ILA

i Words (16-bi
e Cable: Infniband 1 m ords (16-bit)

first byte

second byte

Word—-0

comma

comma

Word-1

track—0

Word-2

Word-3

track—1

Word—4

track—2

Word-5

Word-6

track—3

Word-7 ID (4-bit) |

BCID (12-bit)
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GTX Transceiver MFREE1 (F558)

B

I W

bche Qooo 3 0011 1111 3 2222 2233 3333 abdt 4 bcbc 0000
2lane B bcbe 0000 £ 0011 1111 3 2222 2233 3333 abdt 1 bcbc 0000
3lane B bcbe 0000 0011 1111 2227 2233 3333 abd4t 1 bcbc 0000
4dlane B X A 2222 X 2233 X 3333 X | X
SlaneH bcbe 0000 0011 2221 2233 3333 abdf 1 bcbe 0000
6lane B bcbe 0ooo £ 0011 2222 29349 9331 abdt % bcbe 0000
ILA THT-T—4

1lane B

128bit sample data
Words (16-bit) first byte second byte

Word™0 Al bl NSWH, R DT —2HYGTX Transceiver
) ° Z2X —

Word-1 ’(track-O) glitiee , [2&U6.4 Gbps/lane TIELGE{ESN
Word-2 8'h00 8hil ZIEHETNLEA DM

Word-3 (track-1) 16’h1111
Word—4 (track-2) 16’h2222 o EFFICNSW ISalL—42%{Ep95E
Word-5 8’h22 8’h33 AN B 3

Word-6 (track-3) 16’h3333

Word-7 (ID) 4’hA. (BCID) Count up




GTX Transceiver®D &2

HEY: GTX Transceiver Mlatency MEK{E
75ns LA T&H HMMREL

GTX Transceiver Wizard CTH A& ERLT S
o FE{ET—AIF256E]IZ1[EIBCBC., FND1iI%00B3
BEDTHALE, Latency FR/INNDEIEIZT 54
[Z. GTX Transceiver D7 K/\ ABERED . AEBDbuffer
EINAINRT BT AL D253 THERT S
3lane AL TPT7 TIL—T/1\vH

O 9754 —%&A Tlatency DBITE : RR—

PCie e )
™ ™ Beacon
™™ QOB | Pra/
ver

Post |- PISO

A ) Tx Buffer [J|[= 1 TxI/F

b
BBMOB FPGATX
Encoder Interface
X Ph
Clock - Adiju -
Dividers

FIF,

i serializer / ]

TX Phase
ase It
Interpolator

lerpolator
Contro ller (GTH)

_— encoder

deserializer

Rx I/F

Comma

EHE
SIPO A

o1

FPGA RX
Interface

Statu:
niro
y ]
X,
I
r RX
Goearbox _’D—

decoder | Rx Buffer —




GTX Transceiver MF&REE2 (F53R)

[ vIMark1V|toIMark2V|=82ns 62 ns
!, _ 2 (Ma‘k1jafk2] ]
| Waveform |ns 106ns 206ns 306ns 406ns 506ns 606ns | 70Gns 806ns Q06ns 1.006us 1.106us 1.206us 1.306us 1.406us 1.506us 1.606us 1.70
| 'L . . 1.9, 1.9.,., 9. .9g9.J.9..,.9..9..,.9..9.,1.9.1.9.1.9 1.1 |

. LI
1.761,0

[La1: Sample | [RIINGE

RIETF—4

BEF—4 . =
OUwh 7 +54F—Tahi=TFhri6bit (buffer/S4/SR) 735 ns

faR

CBETHAY

TX+RX+Cable D Latency:92 ns
TX+RXMLatency [£#987ns > 75ns

‘N EBbuffer /INAINATH A2 Vﬂ‘&ﬂbuﬁer Z/\1/\RXF HET, Latency
TX+RX+Cable MLatency:62 ns MEIFEELIS7ns T, BERIETH S

TX+RXMLatency [F#957ns < 75ns 75ns AR Z = LT=,




HSL FPGAG A HH LB ¥

12(BCID)+12(L1ID)+202(BW)
+768(NSW)+40(trig)=1034bit Deradomizer[Z A%

#hSL &AL
FE_BCID
BCR —* counter [
—_— | FE_L1ID
=R delay | counter =
T
202bit (BW) H L1 buffer -}
768bit (NSW)
(Max:1536bit)

andonuzer
| SiTCP
TSWA

Trigger data

I—. clock 4 Praa

40bit

= @ﬂEJ’JjZLt%ﬁSL FAHHELT YA

RCR  Clock

BELIBW T—2ENSW T—2%SL NEFTREL. LIAESZ%2(THY
3\ F 5% Derandomizer [CAN, TAY T L RAELT-% TSIiTCP TPCIZET
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HSLFPGAGE A H LR (#E)

Readout data format ({X)

* new zero suppress logic data format

16bit Tag _ .
Header OxOBOD 1111 (3bit] cell_address[9bit] cell_data[16bit]
DataSize Tag[3bit]-> 101:previous, 100:current, 110:next
00000000_00000000
g _ « SLNERT#f®L=1bunchm 7T—%
0000 5CID 12bit 000A 0000 0000 0000 0000 1991 ABCD 0126 0000 - - -
0000 SLID 12bit
o4 JLRENT: =
(BW-+NSW-+trig) 0B 0D 00 40 00 00 0 03 62 00 33
Footer OXOEOD FA 00 00 0OA FA 05 19 91 FA 06 AB CD FA 08 01 26 :1bunchH
78 00,00 0A F8 05 19 91 F8 06 AB CD F8 08 0126 2hunchE
FC 00,00 OAGEC 05 19 9DFC 06 AB CD FC 08 0126 :3bunch B
00 00 OE OD
OxFC051991--- 1111b, 110b, 0x5, 0x1991
BB DIA—TVhTHAHE 1 1o Cell_data
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* RUN3IZEITTESLOFEMRIEAE 2—ILPT7ZHINT
GTX Transceiver D EAERZ1THT=
— FIRHEEANSW T—RZIELGERIEH KT
— Latency [&RJA—0 BIEE75nsIZxt LEITE[ES57ns Z#REEEL 1=

* PT7 ZFLVTFPGA e+ H LEAFEZITLN. TTCABLLIAD KT
53/\>F 5 %Derandomizer AN, EAYTLRELE=E
—CSITCP —CPC 'thTEJJﬂE%EEWULT'

« §1%
5
— GTX Transceiver ZFAULNfzFPGASE A H LB F
— HISL. FTTTC readout. FITGCROD A S HE -SRI ER
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Latency

New Small Wheel (sTGC + MM)

Big Wheel TGC (measurement)

nsec|CLK |Total CLK nsec|CLK |Total CLK

TOF from interaction point to NSW (10m) 34| 15 1.5 TOF from interaction point to TGC 50 2 2

Propagation delay on wire/strip 0.2 2.2

Signal Processing on detector 12.5 14 TGC response 0.1 2.3

ASD 0.2 2.5

Optical Fibre (90m) 18 32 Cable to PS-Board 25 5

Variable Delay, Bunch ID, OR 1.5 6.5

Signal Processing at USA15 6 Variable Delay 1 7.5

(including sTGC and MM merge board ) 3/4 Coincidence Matrix or 2/3 Coin. 1 8.5

RO T LOMARI/L000] 1 9.5

Serializer + Optical Tx 38|€— 37 BCs (NSW TDR) x.) 3 125

CVDS RX (SNOOLV TZZ4RA] 2 14.5

Variable Delay 1 15.5

Optical Fibre (5m) 1 39 H-pT Matrix 2 17.5

Signal fanout 1 40 G-Link Tx (HDMP-1032A) + Optical Tx 15 19

Optical Fibre to Sector Logic (5m) 1 41 Optical Fibre to Sector Logic (90m) 18 37
appointment time : 41 BCs New Sector Logic

nsee{CLK [Total CLK

Receive signals from BW and NSW 41

New SL needs 5 BCs for de-serializer/ Optical Rx + De-serializer 3 44

serializer and 9 BCs for trigger processing. TGO R-phi coin. (LUT) S 47

. . . BW - NSW coin. (LUT) 3 50

Delivery time to the MUCTPI is 57 BCs, Track selection 2 52

which is an increase of 3.5 BCs from the pT encoding 1 53

cu rrent System (RU N 2) . Serializer (64-bit/clk,3.2Gbps) + Optical Tx 2 55

14 AQHFM fibre to MUCTPI (10m) 2 57
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