ALICE

ITS Slow Control

ITS Readout Electronic — Slow Control — 11 Feb 2019 — CERN



ITS readout slow control
actual implementation

ALICE ITS UPGRADE




RU layout and connections
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Physical transfer layers overview — maximum theoretical payload and capacity

PCI GBT link Wishb DCtrl
FLP = S > CRU < il =: shoone < ACtr! < [ =
A

32’b word @=2.5 MHz BAR 80’b payload @ 40 MHz 1’br/w+ 15’b address + 16’b data ALPIDE

(single word RD and WR) 3.2 Gb/s capacity in r/w Running @ 160 MHz 1’b @ 40 MHz

80 Mb/s max capacity in r/w 9 clock cycles per RD operation 40 Mb/s capacity in r/w
10 clock cycles per WR operation

256 Mb/s max capacity in r/w
12C
e )

12C
1’b @ 100 kHz
0.1 Mbit/s max capacity

DA PEER-LIITEEN ) ; MERLIEUEEEN o

1 1
! Proprietary 8 Bit bus Proprietary 16 Bit bus !
! 8'b @ 40 MHz 16’'b @ 8 MHz |
1 480 Mbit/s max capacity 65 Mbit/s actual capacity, |
| |
1 1
1 1
1 1

A

BAR rate unaffected with 3 CRU on
the same FLP (Pippo & Kostas test)

Most recent benchmark (Bergen 25
Jun 2019 reached =1.45 MHz BAR)

including protocol and
addressing commands

12C

W

A
\ 4
H

12C
1’b payload @ 1 MHz
1.0 Mbit/s max data capacity
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SWT Protocol CURRENT implementation — theoretical maximum payload and rates for different basic operations

<
<
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SWT WR/RD REQ (3 BAR access)
WR SWT [31:0] 830 k/s
WR write FIFO

WR reset request

SWT poll (4 BAR access)

RD check status

WR read FIFO 625 k/s
WR reset request 20.0 Mb/s
RD SWT [31:0]

SWT RD (7 BAR access)

SWT RD REQ [31:0] 357 k/s
SWT poll [31:0] 11.4 Mb/s

SWT Protocol OPTIMAL

SWT WR/RD REQ (1 BAR access)

WR SWT [31:0] } 2.5M/s
80 Mb/s

SWT poll (2 BAR access)

RD check status 1.25 M/s

RD SWT [31:0] 40 Mb/s

SWT RD (3 BAR access)

SWT RD REQ [31:0] 0.83 M/s

SWT poll [31:0] 26.6 Mb/s

26.7 Mb/s

>

n <
<

GBT link

Downlink GBT (1 clock cycle)
[79:76] SWT id

[75:32] reserved

[31:0] WB WR/RD

Repetition rate: 40 M/s

Actual payload rate:= 1.28 Gb/s

Uplink GBT (1 clock cycle)
[79:76] SWTid

[75:32] reserved

[31:0] WB response
Repetition rate: 40 M/s
Actual payload rate: 1.28 Gb/s

1 <
» <«

Wishbone

WB WR (9 clock cycle)

[31:16] WBT (address + w/r)
[15:0] WABT (data, payload)
Repetition rate rate: 17.7 M/s
Actual payload rate: 284 Mb/s

WB RD (10 clock cycle)

[31:16] WBT (address + w/r)
[15:0] WBT (data, payload)
Repetition rate: 16 M/s
Actual payload rate: 256 Mb/s

WB bus IMPROVED

WB WR (3 clock cycle)

[31:16] WBT (address + w/r)
[15:0] WBT (data, payload)
Repetition rate rate: 53.3 M/s
Actual payload rate: 852.8 Mb/s

WB RD (4 clock cycle)

[31:16] WBT (address + w/r)
[15:0] WARBT (data, payload)
Repetition rate: 40 M/s
Actual payload rate: 640 Mb/s

»

DCtrl

<«

—

ALPIDE OPCODE

10 bit in total @ 40 MHz

WR opcode [7:0]+2

Repetition rate: 4 M/s
Actual payload rate: 32.0 Mb/s

ALPIDE WR

WR opcode [8:0]+2
WR chip ID [8:0]+2
WR reg. add. [15:8]+2
WR reg. add. [7:0]+2
WR reg. val. [15:8]+2
WR reg. val. [7:0]+2

ALPIDE RD

WR opcode [8:0]+2
WR chip ID [8:0]+2
WR reg. add. [15:8]+2
WR reg. add. [7:0]+2
IDL master [5 bit prd.]
Bus trnd. [5 bit prd.]
IDL slave [5 bit prd.]
RD chipid [7:0]+2

RD reg. val. [15:8]+2
RD reg. val. [7:0]+2
Extr. idle [5 bit prd.]
IDL slave [5 bit prd.]
Bus trnd. [5 bit prd.]
IDL master [5 bit prd.]

\ 4

60 bit

Time: 1.5 us
Payload rate:
667 k/s

10.7 Mb/s

105 bit

Time: 2.625 s
Payload rate:
378 k/s

6.0 Mb/s




Writing to RU register with CURRENT implementation
PCle GBT link

A

FLP < > CRU

Read request

SWT WR [31:0]

1x3=3BAR access

Repetition rate = 830 k/s
Actual payload rate: 26.7 Mb/s

1.2 pus

Downlink GBT (1 clock cycle)
GBT [79:32 + 31:0]

Repetition rate: 40 M/s
Actual payload rate: 1.28 Gb/s

.
B e e o e e e e e
E

DCtrl

L —

25ns

WABT (9 clock cycle)

WB WR [15:0] reg. val.
Repetition rate: 17.8 M/s
Actual payload rate: 284 Mb/s

o
D et T T TP

> ACtrl <

56.25ns
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Reading from RU register with CURRENT implementation

A
A
A

FLp ~ PCle R CRU ~ GBT link : Wishbone ‘m

Read request

SWT RD REQ [31:0] reg. add.
1x3=3BAR access
Repetition rate = 830 k/s

1.2 us

GBT [79:32 + 31:0] reg. add.
Repetition rate: 40 M/s

Uplink GBT (1 clock cycle)
GBT [79:16+ 15:0] reg. val.
Repetition rate: 40 M/s

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
:
C |
Y4 Downlink GBT (1 clock cycle)
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
:
1
' Actual payload rate: 640 Mb/s

Actual register READ repetition rate < 357 kHz
(2.8 ps), payload rate: 5.71 Mb/s

Read response

SWT poll [31:16 + 15:0] status
1 x4 =4BAR access
Repetition rate = 625 k/s
Actual payload rate: 10 Mb/s

1.6 s

25 ns

A\

----------
------
----------------------
----------
LT

WRT (10 clock cycle)
WBRD [31:16 + 15:0] add + reg. val.
Repetition rate: 16 M/s

B
------
------
------
------
-------
------
------
------
------
-------

DCtrl

A
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Actual writing to ALPIDE single register with CURRENT implementation

PCle

FLP

A
A

Write ALPIDE register

*SWT WR [31:5 +4:0] mask (opt.)
SWTWRO0 [31:16+15:0] reg. add.
SWTWR 1 [31:16+15:0] reg. val.

3 x 3 =9 BAR access
Repetition rate = 278 k/s
Actual payload rate: 4.44 Mb/s

SWT WR 2 [31:16+15:0] opCD + chID

3.6 us

60 bit in total @ 40 MHz
WR OPCODE [8:0]+2
WR chip ID [8:0]+2

WR reg. add. [15:8]+2
WR reg. add. [7:0]+2
WR reg. val. [15:8]+2
WR reg. val. [7:0]+2
Repetition rate: 667 k/s

GBT link Wishbone DCtrl
CRU < ﬁ,".-: :-I-Ii“-: :i
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
Al 1 1
".‘I 1 1
231 Downlink GBT (3 clock cycle) | |
"-_"1:‘-.'*GBT [79:5 + 4:0] mask (optional) | :
{_ GBT 0 [79:16 + 15:0] reg. add. " i i
& GBT 1 [79:16 + 15:0] reg. val. Sl !
'WGBT 2 [79:16 + 15:0] opCD + chiD ™ Ri! !
Repetition rate: 13.3 M/s v |
Actual payload rate: 213 Mb/s ,’ WBT (27 clock cycle) !
¢*WB WR [4:0] mask (optional) ol
t¥WB WR 0 [15:0] reg. add. a1
E;WB WR 1 [15:0] reg. val. o i
WB WR 2 [15:0] opcode + chip ID !
Repetition rate: 5.93 M/s !
Actual payload rate: 94.8 Mb/s e
> ALPIDE WRITE
1
1
1
1
1
1
1
1
1
|
1
1
1
1
1
1

Actual payload rate: 10.7 Mb/s

15upus
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Actual writing to ALPIDE OPCODE (TRIGGER, PULSE, BCRST, etc.)

A
A
A

FLp ~ PCle L CRU ~ GBT link : Wishbone :m: DCtrl

Write ALPIDE OPCODE

*SWT WR [31:5 + 4:0] mask (optional)
SWT WR [31:16+15:8+7:0] opCD+chID
1x 3 =3BAR access 9
Repetition rate = 830 k/s N
Actual payload rate: 26.7 Mb/s -

‘A ¢
Downlink GBT (1 clock cycle)
*GBT [79:5 + 4:0] mask (optional)
GBT [79:16+ 15:8+7:0] opCD+ chID
Repetition rate: 40 M/s
Actual payload rate: 320 Mb/s

25ns

<WBT (9 clock cycle)

*WB WR [4:0] mask (optional)
WB WR [15:8 +7:0] opCD + chID
Repetition rate: 17.8 M/s
Actual payload rate: 284 Mb/s

56.2 ns

|
ALPIDE OPCODE
10 bit in total @ 40 MHz
WR OPCODE [7:0]+2
Repetition rate: 4 M/s
Actual payload rate: 32.0 Mb/s

4
.
K
B e e e e e e e e e e e e e e e ——
o
K
B o o e e e e e e e e o
“1
.
“‘
g

' * Used mostly at the beginning of many transition bursts

250 ns
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Actual reading from ALPIDE single register with CURRENT implementation

PCle J GBT link Wishbone

CRU DCtrl

»

[
» - <«

\ 4

FLP

A
\ 4

A
|v

A

A

1 1 1 :
1 1 1 1
1 1 1 1
1 I I I
1 | | |
1 | | |
1 I I I
1 | | |
! Write read request for ALPIDE reg. 1 ! ! !
' *SWT WR [31:5 + 4:0] mask (opt.) ! ! !
' *SWT WR [31:3 + 2:0] cniD (opt). é’ ! ! !
' SWTWRO [31:16+15:0] reg. add. cm . 1! '
| ARV o~ % 1 1
. i -a Downlink GBT (4 clock cycle)
N | SWTWR 1 [31:16+15:0] 0pCD + chiD I GET 0 [79:32 + 31:0] reg, add ! 4 ALPIDE READ 4!
T | 2x3=6BAR access 'i‘— U o P T :
> ! Repetition rate: 417 k/s 4 1 GBT1[79:32+31:0] opCD +chiD £ g™, WBT (18 clock cycle) o | i 105 bit !
N i P ' ;ﬂGBTz [79:32 + 31:0] status req. § “q‘ WB WR 0 [15:0] reg. add. i ": WR opCD [8:0]+2 i
Va |1 1 GBT 3[79:32 +31:0] reg. val. req. ' WB WR 1 [15:0] opCD + chiD S [f1 WRchID [8:0]+2 |
5 || Write read request to RU ],‘R epetition rate: 10 M/s | Repetition rate: 8.89 M/s ¥ + WRreg. add. [15:8]+2 !
c - + SWTRDREQ?2 [31:16 + 15:0] status 9 o P ? + WRreg. add. [7:0]+2 I
1 | | | |
S g |' SWTRDREQ3[31:16 +15:0] reg. vaks [ 1 ! w | ! IDLmaster [5 bit prd.] ol
o O 1 2x3=6BAR access Nl ! =1 1 Busturnaround [5 bit prd.] =1
. 7o) .

@ -r'é E Repetition rate: 417 k/s i i Waits for ALPIDE read to complete (¥ i IDL slave [5 bit prd.] @ i
2% || ! ! ~ | ' RDchIDd [7:0]+2 o
é 3 E i i i RD reg. val.[[15]:8]+2 i
) ! ! I a1 . I
ga | | WBT (20 clock cycle) : ! E)?trrelglg?é gt'olr“j] :
= | : | WBRD 2 [15:0] status 215 2 e o b ) ;) :
= : : » | WBRD 3 [15:0] reg. val. iy | 3 [DLslave [5bit prd.] !
g E E Uplink GBT (2 clock cycle) -i Repetition rate: 8 M/s - ? Bus turnaround [> bit prd ] E
< : | GBT2[79:32+ 31:16+ 15:0] status , | 1y Actual payload rate: 256 Mb/s | 13/DLmaster [5 bit prd.] I
! Read actual RU response ¥ GBT 3 [79:32+ 31:16+ 15:0] reg. val. S| ! ! !
| SWT poll 2 [31:16+15:0] status ,; Repetition rate: 20 M/s : : :
! *. Actual payload rate: 640 Mb/s ! ! |
| SWTpoll3 [31:16+15:0] reg.val. ~ & 1 pay Lo i i
1 2x4=8BAR access i ! ! ! :
! Repetition rate = 312 k/s ! ! ! !

! Actual payload rate: 6.66 Mb/s ! !

o
) 4

* Used mostly at the beginning of many transition bursts
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ITS readout slow control
FIRMWARE download
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Firmware download through GBT-XCKUO60-PA3 (fast, non rad-hard)

About 10 commands to prepare the PA3

(7]
S
Ln' wv)
| Command for preparing the PA3 = Downlink GBT + WB transaction & ©
I ... :
x SWT WR [31:0] command : g 10 SWT @ 4 M/s Q... SCA-PA3 12C WR transaction E
o ~ 2 112CWR @ 4 k/s 3
...................................................... S
PRI E R
2 Loop over 100 memory blocks to clear them
~
I Command for clearing FLASH block 3 D link - 3 n
... ownlink GBT + WB transaction .
x SWT WR [31:0] command Nt 100 SWT @ 0.4 M/s o R SCA-PA3 12C WR transaction LE
e ~ 100 12CWR @ 4 k/s g
................................... Vs
PR EEE
Loop over 12M 2 bytes blocks to download the images
w
a
2 24 Mbytes of image files » ; : »
o < ¢...  Downlink GBT + WB transaction .
£ | 12MSWTWR(31:0]2bytesdata = [ ™% 19 \WBWR @ 17.8 M/s S .., XCKUOGO-PA3 bus transaction o o
v o 24MB @ o |
a
>
(@]
—

3s

ALICE ITS UPGRADE
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ITS readout slow control
ALPIDE operations
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Masking pixels, without check (no read, 20 pixel per sensor)

1RU

IB: 65.6 us
MB: 16.1 ms
OB: 28.2ms

Set connector mask (broadcast, OB)
SWT WR 0 [31:5+4:0] mask.

BROADCAST set the px mask enable
SWTWR 0 [31:16+15:0] reg. add.

1.2 us

8 RU in series
IB: 312.0 us

MB: 128.8 ms
OB: 225.6 ms

3.6 us

SWTWR 1 [31:16+15:0] reg. val.
SWTWR 2 [31:16+15:0] opCD + chID - >

NOTE: Max 1024 SWT downlink in a burst if four>fer

(%]
c
Loop over Ny, HS "\‘ Downlink GBT + WB transaction (§{ . . .
1WBWR @ 17.8 M/s ] ALPIDE WR
60 bit in total @ 40 MHz

1.5pus

Set connector mask (HS, OB) ]
SWTWR 0 [31:5+4:0] mask. :
Loop over N, sensors (per HS)
Loop over N, pixels (per chip)

Write ALPIDE register for COLUMN
SWTWRO0 [31:16+15:0] reg. add.
SWTWR 1 [31:16+15:0] reg. val.
SWTWR 2 [31:16+15:0] opCD + chID

EACIDE r-egister.for ROW Downlink GBT + WB transaction
SWTWR 0 [31:16+15:0] reg. add. 1WBWR @ 17.8 M/s

SWTWR 1 [31:16+15:0] reg. val.
SWT WR 2 [31:16+15:0] opCD + chID

7.2 s X Npjers X Npyip + 1.2 s
7.2 ps X Npixels x Nchip

7.2 HS x Npixels

3.6 us

Groereees > Downlink GBT + WB transaction
1WBWR @ 17.8 M/s > ALPIDE WR

60 bit in total @ 40 MHz

Set connector mask (broadcast, OB)
SWT WR 0 [31:5+4:0] mask.

BROADCAST reset the px mask enable
SWTWRO0 [31:16+15:0] reg. add.
SWTWR 1 [31:16+15:0] reg. val.
SWTWR 2 [31:16+15:0] opCD+chID :

4.8 ps + Npg (1.2 us+ 7.2 us X Njjyers X Neyj) + 4.8 ps + 1.562 s
1.2 us

3.6 us

R4 2 b 4
““““ Downlink GBT + WB transaction § 1 ..~ ALPIDE WR
: 1WBWR @ 17.8 M/s Q8 & 60 bit in total @ 40 MHz

ALICE ITS UPGRADE
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Reading back registers

Loop over Nm connectors
[72]
Set which connector (0 to 4) I~
SWTWR [31:3 +2:0] cnID — g
@rrrnnnnst S ::....;

Neonn X (1.2 s + Nchipx Nreg x 8.46 ps)

8.46 % Nyyip X N o US

ALICE ITS UPGRADE

Loop over N, chip

8.46 x N, Us

Loop over N.__ registers

reg.
Teg:

Write read request for ALPIDE reg.
SWTWR 1 [31:16+15:0] reg. add.
SWT WR 2 [31:16+15:0] opCD + chID

Write RD REQ
SWTWR 3 [31:16 + 15:0] status
SWTWR 4 [31:16 + 15:0] reg. val.

Read actual RU response
SWT poll 2 [79:16+15:0] status
SWT poll 3 [79:16+15:0] reg. val.

Downlink GBT + WB transaction
1 WBT words @ 17.8 M/s

56.3ns

4 " Downlink GBT + WB transaction

4 " 1 WBT words @ 17.8 M/s
< |
~
ST, >
Downlink GBT + WB transaction
) 1 WBT words @ 17.8 M/s
<
~
Uplink GBT + WB transaction
2 WBT words @ 16.0 M/s
SRR E R
(%]
3
(o]
™

1RU 8 RU in series
1 reg/chip 1 reg/chip
IB: 76.2 us IB: 609.3 ps
MB: 952.6 ps MB: 7.6 ms
OB: 1.7 ms OB:13.3ms
60 reg/chip 60 reg/chip
IB: 4.6 ms IB: 37 ms
MB: 56.9 ms MB: 455 ms
OB:99.5ms OB: 796 ms

%]

)

A Y

o |

cw

M

O @rreees >

o ALPIDE RD 3

105 bit @ 40 MHz 3
Starts with opCD+chlID ~
S SRR s

2

[Fp)

(o]

i

.......... W@t nrasrrasrassrasrassEssssasEssEsEEssEEssEssEEEEEsEEEEsssEsEEEEEEEEEsTEnnEe

NOTE: Max 1024 SWT downlink in a burst if fou>fwar
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In RU ALPIDE register reading in synch with abort gap

Abort gap summary (Simon’s data)

e LHC orbit: 11.2455 kHz, 2 abort gap per orbit
* Abort gap frequency: = 22.5 kHz
» Abort gap availability: 66.91 ms/s (6.7%)

WBT (18 clock cycle)

WB WR 0 [15:0] reg. add.
WB WR 1 [15:0] opCD + chID
Repetition rate: 8.89 M/s

Waits for ALPIDE read to complete

WABT (20 clock cycle)

WBRD 2 [15:0] status

WBRD 3 [15:0] reg. val.
Repetition rate: 8 M/s

Actual payload rate: 256 Mb/s

2.8625 ps

Two registers per orbit (Simon’s data)
* 22.5kReg/s
- -« Payload (reg. value + status):
32 bit x 22.5 kHz =0.72 Mb/s

ALICE ITS UPGRADE
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Backup / old
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<
<

PCle

»

GBT

< n
< »

SWT Protocol CURRENT implementation — theoretical maximum

-

P

.~ Wishbone

.
>

ayload rates

| Physical

)
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Single SWT write downlink (5 BAR access)
WR SWT [75:64]
WR SWT [63:32]
WR SWT [31:0]
WR send request
WR reset request

16 Mb/s

Single SWT read uplink (11 BAR access)

Write read request (1 SWT write, 5 BAR)
WR SWT [75:64]
WR SWT [63:32]
WR SWT [31:0]
WR send request
WR reset request

Poll the data back (b BAR access)
RD check status
WR read request
WR reset request
RD SWT [79:64]
RD SWT [63:32]
RD SWT [31:0]

Payload rate:
0.23 MSWT/s
7.3 Mb/s

Payload rate:
0.5 MSWT/s

Downlink (1 clock cycle)

GBT word with 32 bit SWT payload
[79:76] SWT id

[75:32] unused

[31:0] WBT

Payload rate: 40 MSWT/s = 1.28 Gb/s

Uplink (1 clock cycle)

GBT word with 32 bit SWT payload
[79:76] SWT id

[75:32] unused

[31:0] WBT

Payload rate: 40 MSWT/s = 1.28 Gb/s

Downlink (2 clock cycle)

WBT word with 16 bit payload
[31:16] WBT (address + w/r)

[15:0] WBT (data, payload)

Payload rate: 80 MWBT/s = 1.28 Gb/s

Uplink (2 clock cycle)

WBT word with 16 bit payload
[31:16] WBT (address + w/r)

[15:0] WBT (data, payload)

Payload rate: 80 MSWT/s = 1.28 Gb/s

ALPIDE downlink (write to register)

WR opcode [8:0]+2
WR chip ID [8:0]+2
WR reg. add. [15:8]+2
WR reg. add. [7:0]+2
WRreg. val. [15:8]+2
WR reg. val. [7:0]+2

60 bit

Time: 1.5 ps
Payload rate:
667 k/s

10.7 Mb/s

ALPIDE uplink (read from register)

WR opcode [8:0]+2
WR chip ID [8:0]+2
WRreg. add. [15:8]+2
WR reg. add. [7:0]+2
IDL master [5 bit prd.]
Bus trnd. [5 bit prd.]
IDL slave [5 bit prd.]
RD chipid [7:0]+2

RD reg. val. [15:8]+2
RD reg. val. [7:0]+2
Extr. idle [5 bit prd.]
IDL slave [5 bit prd.]
Bus trnd. [5 bit prd.]
IDL master [5 bit prd.]

105 bit

Time: 2.625 u
Payload rate:
378k/s

6.0 Mb/s

2 R

:
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) PCle | ) |

GBT

~ Wishbone |

SWT Protocol SMART implementation — theoretical maximum payload rates

Single SWT write downlink (3 BAR access)

WR SWT [31:0] Max rate:
WR send request 0.83 MSWT/s
WR reset request 26.7 Mb/s

Single SWT read uplink (6 BAR access)
WR SWT [31:0]

WR send request Max rate:
WR reset request 0.42 MSWT/s
WR 13.3 Mb/s

RD check status
RD SWT [31:0]

Downlink (1 clock cycle)

GBT word with 32 bit SWT payload
[79:32] unused & [31:0] SWT

Max rate: 40 MSWT/s = 1.28 Gb/s

Uplink (1 clock cycle)

GBT word with 32 bit SWT payload
[79:32] unused & [31:0] SWT

Max rate: 40 MSWT/s = 1.28 Gb/s

Downlink (2 clock cycle)

WBT word with 16 bit payload

[15:0] WBT

Payload rate: 80 MWBT/s = 1.28 Gb/s

Uplink(2 clock cycle)

WBT word with 16 bit payload
[15:0] WBT

Max rate: 80 MWBT/s = 1.28 Gb/s

SWT Protocol OPTIMAL implemgntation (requires modification tHhe CRU FPGA design) — theoretica

ALPIDE downlink (write to register)
60 bit transaction, 1.5 us
Max rate: 667 kreg/s = 10.7 Mb/s

ALPIDE uplink (read from register)
105 bit transaction, 2.625 us
Max rate: 378 k/s = 6.0 Mb/s

maximum payload rates

Single SWT write downlink (1 BAR access)
WR SWT [31:0] b Max rate:

2.5 MSWT/s
80 Mb/s

Single SWT read uplink (Zhﬁé(Rr%%gess)

RD check status ] 1.25 MSWT/s
RD SWT [31:0] 4'0 Mb/s

ALICE ITS UPGRADE

Downlink (1 clock cycle)

GBT word with 32 bit SWT payload
[79:32] unused & [31:0] SWT

Max rate: 40 MSWT/s = 1.28 Gb/s

Uplink (1 clock cycle)

GBT word with 32 bit SWT payload
[79:32] unused & [31:0] SWT

Max rate: 40 MSWT/s = 1.28 Gb/s

Downlink (2 clock cycle)

WBT word with 16 bit payload

[15:0] WBT

Payload rate: 80 MWBT/s = 1.28 Gb/s

Uplink(2 clock cycle)

WBT word with 16 bit payload
[15:0] WBT

Max rate: 80 MWBT/s = 1.28 Gb/s

ALPIDE downlink (write to register)
60 bit transaction, 1.5 ps
Max rate: 667 kreg/s = 10.7 Mb/s

ALPIDE uplink (read from register)
105 bit transaction, 2.625 us
Max rate: 378 k/s = 6.0 Mb/s
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