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Figure 1: Aerial depiction of Large Hadron Collider and its experiment sites [CERN]
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Figure 1: Aerial depiction of Large Hadron Collider and its experiment sites [CERN]
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Figure 2: ATLAS detector [CERN]

Image Source



https://indico.cern.ch/event/806731/contributions/3503810/attachments/1926267/3188644/vertex_gaioni.pdf

Figure 2: ATLAS detector [CERN]

Image Source



https://indico.cern.ch/event/806731/contributions/3503810/attachments/1926267/3188644/vertex_gaioni.pdf

Figure 2: ATLAS detector [CERN]

Image Source



https://indico.cern.ch/event/806731/contributions/3503810/attachments/1926267/3188644/vertex_gaioni.pdf

Muon chambers

Solenoid magnet | Transition radiation fracker
Semiconductor fracker

End-cap disk layers

Figure 3: Pixel Detector [CERN]
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Figure 4: Outline of targ%qtrluminosity per year [CERN]
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RDS53B CHIP

RD353B is a pixel readout chip framework

The design framework is built upon the RD53A framework

RDS3A RDS3B

No of pixels 76800 153600
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EMULATOR

RD53B EMULATOR

Hardware or software that enables
one computer system to behave like
another computer system

Mapping of important features of the
RD53B ASIC design onto an FPGA
using Verilog HDL to allow
communications testing



PURPOSE OF RD33B EMULATOR

e A flexible model of the RD53B implemented on an FPGA
e Helps in testing/debugging of DAQ (Data Acquisition)
e Helps to debug the RD53B chip

e Produces more “realistic’ hit (collision) data



Before B there was A
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Figure 5: RD53A emulator architecture
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Figure 6: RD53B emulator architecture
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Figure 6: RD53B emulator architecture



DATA ENCODING

400 columns

384 rows

Pixel Matrix




DATA ENCODING

0t row

0" column

\

Pixel Matrix

PIXEL / HIT (4 bits)




RDS53A HIT DATA

Column address

Row address

6 bits 9 bits 1 bit 16 bits

Column address Row address Right/Left Data of 4 pixels

D 32 bits —




RDS3B HIT DATA

Oth Column
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13 row

6 bits

9 bits

64 bits
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Row address

Data of 16 pixels

78 bits
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RDS3B EMULATOR’S DATA ENCODER

INPUT DATA

!

l

'

Hit Map Compressor

Hit Data Compressor

l

Address Compressor

Vl*

Data Aligner

v

OUTPUT DATA




INPUT DATA
Generated by hit data generator
Size: 78 bits




Address Compressor
e Output is generated based on the previous, current
and future address values
e A variable length output is generated (2 to 16 bits)




Hit Map Compressor
Encodes the incoming data
Generates variable length output (5 to 30 bits)
Output tells the location of the hits




HIT MAP COMPRESSION
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HIT MAP COMPRESSION

Step1:
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HIT MAP COMPRESSION
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HIT MAP COMPRESSION

Step3:
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Step3:

-

11

10 01

01 10



HIT MAP COMPRESSION

Step4:
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HIT MAP COMPRESSION

Step4: ‘

RESULT: 11.1001.0110.1010

minmi




Hit Data Compressor
Keeps all the non-zero hit values
Generates variable length output (4 to 64 bits)
Output tells the data values for all the hits




INPUT DATA

l

y

Hit Map Compressor

Hit Data Compressor

l

Address Compressor

Data Aligner
Combines all the variable length inputs
Order: 1. Address 2. Hit map 3. Hit data

Y
OUTPUT DATA




INPUT DATA

l

Hit Map Compressor

Y

Hit Data Compressor

l

Address Compressor

¥

Output Data

Variable length output (11 to 110 bits)

Goes to the output data formatter




FINAL STREAM OF DATA

B EglEY ccoile] 1 0 Qrowl(g] Hmapl[5 to 30] Ccol2[6] 0 0 Qro
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.NS bit .Tag Ccol Qrow .islast isneighbor ]Hit map .ToT’s .Orphan bits



FINAL STREAM OF DATA

i Tagi[8) | ccole] 1 0 Qrowifg]

Hmap[5 to 30]

ToTs[4 to 64]

Ccol2[6] 0 O Qro

. wl[8] | Hmap[5 to 30]
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FINAL STREAM OF DATA

i Tagi8) | ccollle] 1 0 Qrowi[g] Hmap[5 to 30] ToTs[4 to 64]
BB wifs] | Hmap(5t030] | ToTs[4to64] |1 0 Qrow2[s] Hmap(5 to 30
.NS bit .Tag Ccol Qrow islast isneighbor DHit map

Ccol2[6] 0 O Qro

ToTsatoc] [N

ToT's .Orphan bits



READOUT SYSTEMS
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READOUT SYSTEMS

e YARR (Yet Another Rapid Readout)

Figure 7: YARR setup at UW



READOUT SYSTEMS

® YARR (Yet Another Rapid Readout)
e RCE (Reconfigurable Cluster
Element)

Figure 8: RCE setup at UW



READOUT SYSTEMS

e YARR (Yet Another Rapid Readout)
e RCE (Reconfigurable Cluster Element)
e FELIX (Front End Link eXchange)

Figure 9: FELIX setup at UW




CONCLUSION

e Development of RD53B emulator at UW
e (Communication between readout systems and RD53B emulator

e Stayed as close to the RD53B specifications as possible, while
developing the FPGA based design
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IF FURTHER EXPLANATION NEEDED



RDS3B EMULATOR FEATURES

e Input data is decoded properly using the custom RD53B protocol

e QOutput data is properly encoded using the aurora 64/66 protocol at
640MHz

e Reading and writing of global registers.
e Hit data is encoded as per the RD53B specifications

e Trigger commands cause the output of sets of encoded hit data



RD53B EMULATOR NON-FEATURES

e Since this 1s a digital design project any RD53B features that
involve analog circuitry such as the pixels have been greatly
simplified or removed entirely

e (Commands such as ‘Clear’ and ‘Cal’ are received by the FPGA but
have no effect

e The input clock is not derived from the input stream using clock
data recovery but needs to be provided to the system as a separate
signal



RD53A COMMAND AND THEIR FORMATTING

Command

Encoding

ID/(A)ddress/(D)ata 5-bit Fields

ECR 2x 0101_1010
BCR 2x 0101_1001
Glob. Pulse 2x 0101_1100 ID<3:0>,0 D<4:0>

Cal 2x 0110_0011 ID<3:0>,D15 | D<14:10> D<9:5> D<4:0>
WrReg 2x 0110 0110 ID<3:0>.0 A<8:4> || A<3:0>,D<15> | D<14:10> D<9:5> D<4:0>
WrReg 2x 0110 _0110 ID<3:0>,1 A<8:4> (| A<3:0>,D<15> | D<14:10> || 9x(D<9:5> | D<4:0>)
RdReg 2x 0110_0101 ID<3:0>,0 A<8:4> A<3:0>,0 00000

Noop 2x 0110_1001

Sync

1000_0001_0111_1110




RD53B COMMAND AND THEIR FORMATTING

Command Encoding (T)ag, (A)ddress or (D)ata 5-bit content

Sync 1000_0001 | O111_1110

PLLlock |1010_1010|1010_1010

Trigger teee_tttt Tag[0..53]

Read_trigger | 0110_1001 | ID<4:0> || 00,T<7:5>| T<4:0>

Clear 0101_1010| ID<4:0>

Global Pulse | 0101_1100| ID<4:0>

Cal 0110_0011 | ID<4:0> || D<19:15> | D<14:10> D<9:5> D<4:0>

WrReg(0) [0110_0110| ID<4:0> || 0,A<8:5> | A<4:0> D<15:11> | D<10:6> || D<5:1> | D<0>,0000

WrReg(1) [0110_0110| ID<4:0> ] xxxX XXXXX N x(D<9:5> | D<4:0>)

RdReg 0110_0101| ID<4:0> || 0,A<8:5> | A<4:0>




RDS3A OUTPUT DATA FORMATTING

1 register word 1 register word
- | N data words []] N data words [ N datawords ..

|8b Aurora |10b address | 16b value [10b address | 16b value |4b stat |

0-511 are global registers
512-895 are offset pixel row numbers

| 7bTag [16baddress | 16bToT | 9boffset | 16bToT |

OR
| 16baddress | 16bToT | 16baddress | 16bToT |
7 1's = header OR

| Idle Frame |




RDS3B OUTPUT DATA FORMATTING

1 register blocks 1 register blocks
- N data blocks | | N data blocks N data blocks |-

\

110f 2z | 201D |2b stat.|10b address| 16b value |10b address| 16b value |

0-511 are global registers
512-895 are offset pixel row numbers

01|NS 63b of stream data

[01]ns| |
OR

01|ns| D | 61b of stream data |
OR

|10| 0x78 |AURORAoode 48b unused ]




ADDRESSING - RD53A

48 Cores/ 384 Pixels

] Quarter Row

Core Column

Region = 4 Pixels

Pixel = 4 Sensors/bits

50 Cores/400 Pixels




ADDRESS COMPRESSOR

1 ; current column address != future column address

Islast bit =
0 ; current column address == future column address




ADDRESS COMPRESSOR

1 ; current column address != future column address
Islast bit =
0 ; current column address == future column address
1 ; current row address = previous row address + 1
Isneighbor bit =
0 ; otherwise




DATA ALIGNER

Address =11001000000000000 Address Length =5
HitMap =10011100000000000 HitMap Length =6
HitData = 11101000000000000 HitData Length =S5

Shifted HitMap = HitMap >> Address_Length
=000001001110000000

Shifted HitData = HitData >> (Address_Length + HitMap Length)
=00000000000111010

Result = Address + Shifted HitMap + Shifted HitData
=11001.100111.11101.0



