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MQOSAIX Architecture
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12-RSU MOSAIX (SVT IB)

The data encoding block is the IpGBT’'s TX core

160 Mbps x 144 = 22.5 Gbps

Full capacity: 8 HS serializers = 80 Gbps (10 Gbps each, only 3 used)
Fallback: 40 Gbps, 5 Gbps each (6 used)

4 serializer data outputs drive one VIRx+

SVT Ouvuter Barrel & Disks

6-RSU LAS
72 Tiles
1 HS serializer = 10 Gbps

5-RSU LAS
60 Tiles
1 HS serializer = 10 Gbps



Supplies and |I/Os

[Psus
GSVDD/GSVSS
POWER  |GAVDD/GAVSS

GDVDD/GDVSS 12x REPEATED SENSOR UNIT
[TXVDD/TXVSS - Tex

PSUB

— GSVDD/GSVSS POWER

GAVDD/GAVSS
GDVDD/GDVSS

ANALOG  |ADC_CALIB Txo10cH] TILE | TILE | TILE | | TILE | TILE | TILE

_.
g
=
g
=
[ 71LE Lk RECENERS ﬂ-u

HSDATA[0]
HSDATA[1]
HSDATA[2]

HSDATA[3] Figmc]| oam

@ 10024 ) ENCODIN G
TX@10G24

POWER PADS
RIGHT END CAP

RIVERS / RECEIVERS

10s | POWER PADS
DIFFERENTIAL

HS-LINKS

ol

TILE | TILE | TILE | | TILE | TILE | TILE

GDVDD/GDVSS
SRVWR — GAVDD/GAVSS

POWER
SRVRD ¢ ¢ > < GSVDD/GSVSS
GCLK 4.5 mm 21.666 mm 1.5 mm PSUB

v | TILE LINK RECEIVERS |_|-|J

GRSTB

CONTROL e All 1/Os are differential
;ETMT;’UT 8x 10.24 Gb/s data outputs
SCRD 1x at 160 MHz

2x at 5 Mbps
HSDATA[4] .
e 2x signals

HSDATAI6] (slow controls via IpGBT: 1 clk, 4 elink down, 2 elink up, 1 spare down)

L Global analog and digital supplies per segment

TXVDD/TXVSS On-chip supply segmentation and control

(GDVDD/GDVSS . .
rower  |oavDD/GAvSs Reverse biasing of substrate (PSUB)

l,fj::m‘;s"ss SVT LAS has power only from the LEC, no REC on LAS

HS-LINKS
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MOSAIX Slow Controls

SC_SRV_RD 2,
‘{ > w Fleld Name m
\2 SC_SRV_WR
<

Fixed 4bit (4'hA) value that indicates a start of fransaction

SC_CORE_RD 2/
e

B RW 2 2bit field to indicate transaction type: 0 — WRITE_posted transaction, 1 — WRITE_non-posted
.‘1.2 SC_CORE_WR transaction, 2 - READ fransaction
' (® EP_ADDR 8 Endpoint Address
MOSAIX
LpGBT D REG_ADDR 8 Register Address
."-2 GCLK E REG_DATA 16 Register write or read data
\ 320 or 150 MHz (TBD)
< \3 GRST F PARITY 1 Transaction parity bit (bit-wise xor of RW, EP_ADDR, REG_ADDR and REG_DATA fields
*\2 SYNC G STOP 1 Stop bit: 1'b0: Fixed 1bit (1'b0) value that indicates end of transaction
1
\2 RESERVE
\ (T80)
Transactionfype | Direction | HDR | RW | ADDR DATA PARITY stop
WRITE_posted Input to the ASIC 4'b1010 2’00 Any valid register address Data to write to the xor(HDR, 1'b0
register RW,ADDR,DATA)
. WRITE_non-posted Input to the ASIC 4’1010 2'b01 Any valid register address Data fo write fo the xor(HDR, 1'b0
Slow Controls Physical Layer: register RW,ADDR DATA)
. . WRITE-response Output of the 4'p1010 2'b01 Register address as specified in the Value of the register xor(HDR, 1'b0
- CERN Low Power Slg nollng (C LPS) ASIC corresponding WRITE_non-posted RW,ADDR,DATA)
- MSB first transaction
- nput to the ny valid register address or xor ,
Manchester encoded READ Inputto the ASIC~ 4'b1010  2'b10  Any valid register add 16'd0 (or 8'd0) (HDR 1'b0
RW,ADDR,DATA)
READ-response Output of the 4'pb1010  2'b10 Register address as specified in the Value of the register xor(HDR, 1'n0
ASIC corresponding READ transaction RW,ADDR,DATA)
¥ OAK RIDGE
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SVT Electronics — Simplified Overview

Readout Electronics

Flexible Printed Circuit

Outer Barrel/Disks

C-side A-side

Flexible
Printed
Circuit

Inner Barrel
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ePIC DAQ
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Backend: ATLAS FELIX Development for Phase-2

_ FELIX - 182

*+ FPGA: AMD Versal Prime VM1802
* PCle Gen4x16 interface (240 Gb/s)
* 4 FireFly transceivers with 3 possible configurations
* 24 links up to 25 Gh/s
» 24 links up to 10 Gb/s (CERN-B FireFly)
* One duplex FireFly transceiver with 2 possible configurations with 14 or 25 Gb/s

FELIX - 155

 FPGA: AMD Versal Premium VP1552 FPGA,
+ PCle Gen5x16 interface (482 Gb/s)
* up to 48 bidirectional links
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IB Readout Scheme

Data
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Detector
Power Board
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IB Readout Architecture

Control fiber

Segment Interface Board (SIB) #1

Segment Control Board (SCB) #1

(1IRX + 1TX)

Detector Power Board (DPB)

Bulk
Pwr

Control fiber
(1IRX + 1TX)

Rescue
12C

(@)

Control fiber

PCB to wires connector (TBD)
Supplies to segment |

Segment Interface Board (SIB) #N

Segment Control Board (SCB) #N

(1IRX + 1TX)

. fewm \\\;

/!

N

Segment Service Module (SSM) #N
- 1x SCB
- 1x SIB (including SIB to SCB flex)

PSUB

#(,OAK RIDGE

National Laboratory
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Readout Segment Architecture
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Bulk Pwr (from DPB)

Copper 12C (from DPB)

Control fiber
(1RX + 1TX)

- master 12C to VTRX+ modules
- slave 12C from rescue link
- Supplies activation

- voltages & currents A/D

- 160MHz Clock

- Trigger

- Control IN/OUT

PCB to wires connector (TBD)
Supplies to segment

PSUB

| ~30cm

~25cm LEC)
~70cm (REC)

Y

- VTRX+ supplies
- Clock

- Trigger

- Control IN/OUT

from DPB

Wires soldered to FPC

|

ZIF connector (FH34SRJ-50S-0.5SH)

~
LEC
HS data - HS data links >Se§S‘£‘ i
Copper to fiber - Clock assembl
(4 TX each) - Trigger Y
- Control INJOUT
REC
> Segment
FPC




Detector Electronics — Power Tree ITS3 Half Barrel

Power Tree (updated) KPSC:

GRENOBLE | MODANE

Starting hypothesis :

48V > 2.5V Segments VTRX+ supply

- 24 VTRX+ with 3TX links

« Segment VTRX+ supply
¢ @1.2V:24x(3x10+5)=2840mA
* @25V :24% 3 X 15 1080mA

- 1.2V

J\

- 2.5V Control supply
~ 5 VTRX+ with 1TX/1RX links
- 1.2V 5IpGBT

@1.2V:5x15+5x 416 = 2155mA
@2.5V : 5 x 55 = 275mA max
LpGBT (5GBPS) < 500mW

- 2 5V

¥

- 2.5V
> Segment supply

> 25V (x12)

s @25V :1700mA?
* @biasV:-ImA?

- 2.5V

* TOTAL Power : 97W (~2A@48V)
« BPOLA48 control output power : 15W

« BPOL48 segments output power : 73W >V XV
> assuming BPOLA48 efficiency = 90% Y
> assuming BPOL12 efficiency = 70% Segment bias
> assuming BPOL2.5 efficiency = 80% XV > (x12)
EN i -XXV
(from IpGBT)

D. Tourres - LPSC/IN2P3/CNRS

#(,OAK RIDGE
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@EDPB Power & Thermal Estimation

e 1.2V supply (IpGBT & VTRX+) : 431mA/518mW
« BPOL12 consumption @10V : 740mW Detector Power Board (DPW
« BPOL12 onboard dissipation : ~222mW

¢ 2.5V supply (VTRX+) : 55mA/ 138mW
e linPOL12 consumption @10V : 550mwW
* |linPOL12 onboard dissipation : ~0.42W

* 10V supply : 0.74W + 0.55W + 12x 6.1W = ~74.5W /[ 7.5A
* BPOL48 consumption @48V : 83W
* BPOL48 onboard dissipation : ~8.5W

Assuming:
- BPOL12 efficiency 70%
DPB onboard - BPOLA48 efficiency 90%
thermal dissipation
8.5W

7/8
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@SCB Power & Thermal Estimation

« 1.2V Control supply (IpGBT & VTRX+) : 501mA/602mW
« BPOL12 consumption @10V : 860mW
« BPOL12 onboard dissipation : ~0.26W

« 2.5V Control supply (VTRX+) : 145mA / 363mW
« BPOL12 consumption @10V : 519mW
« BPOL12 onboard dissipation : ~0.16W

« GSVDD Segment supply : 50mA@1.32V - 66mW
* |inPOL12 consumption @10V : 500mW
* |inPOL12 onboard dissipation : ~0.44W

« GDVDD Segment supply : 1.43A@1.3V - 1.86W

« BPOL12 consumption @10V : 2.66W . i 1Cl 0% .
« BPOL12 onboard dissipation : ~0.8W Assumlng BPOL12 eﬂ‘lmency 70%
- GAVDD Segment supply : 0.54A@1.3V — 0.7W SCB onboard thermal dissipation:
« BPOL12 consumption @10V : 1W * One SCB: ~2.12W
« BPOL12 onboard dissipation : ~0.3W e Half-barrel (12X SCB)' ~25.5\W
* TXVDD Segment supply : 0.2A@1.8V - 0.36W _
« BPOL12 consumption @10V : 0.52W SCB power consumption:
« BPOL12 onboard dissipation : ~0.16W e One SCB: -6.1W

* Half-barrel (12x SCB): ~73.2W 6/8
%OAK RIDGE
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@ESIB Power & Thermal Estimation

one VTRX+ supplies (3 TX links enabled)
1.2V :3x 10mA + 5mA = 35mA [/ 42mW
25V :3x 15mA=45mA/ 113mW

1 3

one SIB supplies & dissipation
e 1.2V :70mA
« 25V :90mA
* Power : 310mW

HS data - HS data links
Copper to fiber - Clock
- Trigger

Half-barrel (12x SIB) - Control INJOUT
thermal dissipation
3.72W

5/8
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OB/Disc Readout Architecture (from James)

Fibres: e ¥ “ul”
(O Read Out Flexible Printed Circuit (FPC)
Cibres. SIC (FC): EOF
: AncASIC AncASIC AncASIC AncASIC

Slow Control: EOF

+ EIC-LAS + EIC-LAS + EIC-LAS + EIC-LAS

SIC (FC): FPC

Ext Voltage
Source

Fibres:
Slow Control: FPC
Ext Current
Source
Fibres:
O Read Out Flexible Printed Circuit (FPC)
(V) PWR: EOF AncASIC AncASIC AncASIC AncASIC
+ EIC-LAS + EIC-LAS + EIC-LAS + EIC-LAS
T T AT M OTmMLYAALD (l) PWRI FPC i JL J \‘; /"\ l l
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Prototyping Efforts
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MOSAIX Hardware Mockup

SGbps
duplex

Ethernet

6x5Gbps
3x10Gbps

VTIRx+ connected to FMC HPC (8
MGT available), emulate typical
packets

#QOAK RIDGE

National Laboratory J. Schambach




™I EEEUT
RX |—2———
SCLEMSOSCL
SDA LMS0SDA
RSTN
DIS
VIRt
VIRX+ 0
X 1.4 |—2RL0:3]
RX
4 Y Neit
sDA |—L4S1SDA
RSTN I-GPIO[0]
bis I-GPIOI1]
VIRt
VIRX+ 1
TX1-Tx4 2B
RX
scL kMs2scL
SpA |—24S25DA
RSTN |-ERIQL2
Dis -GPIOI3]
VIR
VTRx+ 2
¥ OAK RIDGE
National Laboratory

LEDs and SDA |—HBC SDA
Test Points scL |-HPC SCL
FMC EEPROM
“SC_CORE_WR” —EROUT
4SC_SRV_WR" —EDOUIO3
EDOUTI
_HSOUT | MmsoscL " "
HHIN S HSOUT MOSCL |—MSOSCL SYNC
HSIN MOSDA |-MSOSDA “GRST" EDOUTI
MIsCL MSISCL
RESETB | RESETR MI1SDALMSISDA
MoscL | —MS25CL
M2SDA | MS2SDA
) i PIO[O:1
EDIN2[0:3] EDIN2[0:3] GPIO[0:15]
_EDIN3[O:3] | . _PSCIK O
EDIN3[0:3] EDOUTO[0:3] }—ERQUT! PSCLK 1
EDOUTI1[0:3] | —EROUT1[0:3 ECLK
RASPBERRY PICONTROL
. ADC[0:7] ECLK_O ECLK
RSSI[0:2 -
PSCKL O |BSCIKOQ
BD V & [ Mon n3
PSCKL 1 LPSCLK 1 S s
- 8
MODEX g
SLSCL o 5
SLSCL T i
, SLSDAJ-SLSDA — :
Dipswitches / —| MODE[0:3] e vors CERN ranslotor bosd
Jumpers — ADDRESS[0:3] =  cowwagbenl
fesy
IpGBT

DPO - DP3

DP4 — DP7
LA[O]
LA[1]
LA[2]
LA[3]

LA[4]

LA[S]

LA[6]

LA[7]

GBTCLKO_M2C
GBTCLK1_M2C

CLKO_M2C

SCL
SDA

FMC HPC

DP[0:3]
DP[4:7

EDIN2[0

EDIN3[O
SLSCL

SLSDA

HPC SCL
HPC SDA




S4
s
. .In

VCOBYPASS n3
PORDIS  ma
STATEOVRD ma
LOCKMODE =x
SC_I2C  mx

[ W 1§
AEERAR
24 O 69
MEREET

L EAFNT FIANT
0N

pREEE EmEE

24

BEER AARA

P EINE EIED
O N

-
] m o

1aan

universITY oF pesreceEN 3. OAK RIDGE
FACULTY OF INFORMATICS . National Laborator}'

MOSA I X mockup board
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Aggregator Board Prototyping

5Gbps
duplex
IpGBT
GPIO Ethernet
dacout
6x5Gbps
3x10Gbps

Multiplexing
Firmware

12x RX

#(,OAK RIDGE
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TIE Measurement with ZCU102 and Tektronix Scope

S_QOAK RIDGE
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TIE Std Dev ~800ps

File Edit  Applications  Utility  Help Tektronix

Measurement Results Add New...

a1 Period Period

LSZ

Math 1 25.381ns 25379ns 25.383ns 1.0760ps 15 25.381ns 25.377ns 25.386ns 932.00fs 1.07573e+06
TIE TIE Math 1 79.459ys -1.4575ps 1.3433ps 767.39fs 16 -0.0000s -3.9023 ps 3.7890 ps 794.94fs 1.14744e+06 e Search

M:25.39 ns
m:2538 ns
N: 1075725
Meas 2
: TIE

| W' 7946 ys
o | ] 0':7674fs
Ols 40 i 9 2 oS 5 M: 3.789 ps

m:-3.902 ps
h 4
g

Plot 2 - Histogram (Meas 2, Plot 1 - Histogram (Meas 1) Waveform View
e e i AT

N: 1147440

[ 4ps, 3 L, 1ps, 05 4 1p5 || 2Bomg, 3 A 5 5 5 95, 25.386 20 ns s 20'ns 40ns 1 60ns 80ns 100ns 120ns 140ns

Ch 5 Math 1 ) Horizontal Trigge Acquisit

50 mv/div | 50 mv/div - [ 100 mv/div 5 L C e 40 ns/div 400 ns Auto, Analyze
500 500 Ch5 - Che 4 . ‘ SR:12.5GS/s 80 psipt High Res: 12 bits 27 Sep 2024
5GHz B J5GHz ™ RL: 5 kpts W 10% 71.715 kAcqs 6:38:55 AM

Triggered




Phase Std Dev ~2.2ps

Skew and Delay Measurements

File  Edit  Applications  Utility  Help Tektronix
b4 Add New...

Measurement Results

Cursors | Callout
Skew Skew Math 1, Math 2 -5.2063 ns -5.2076 ns -5.2050 ns 1.0623 ps 4 -5.2090 ns -5.2194 ns -5.1973 ns 2.1406 ps 2.48068e+0
belay Delay Math 1, Math 2 -5.2060 ns -5.2060 ns -5.2060 ns 0.0000 s 1 -5.2090 ns -5.2193 ns -5.1973 ns 2.1400 ps  6.2017e+06 IRV EELN CIRET-FTd ]
Frequency Frequency Math 1 40.001 MHz 40.000 MHz 40.001 MHz 650.11Hz 3 40.000 MHz 39.991 MHz 40.009 MHz 1.5587 kHz 1.86051e+0 Results
Frequency Frequency Math 2 40.000 MHz 39.997 MHz 40.002 MHz 2.7669 kHz 3 40.000 MHz 39.985 MHz 40.014 MHz 2.7452 kHz 1.86051e+0 Table Plot
Period Period Math 1 25.000 ns 24.999 ns 25.000 ns 406.31fs 3 25.000 ns 24.995ns 25.005 ns 974.22 fs 1.86051e+0
Period Period Math 2 25.000 ns 24.999 ns 25.002 ns 1.7294ps 3 25.000 ns 24.991 ns 25.009 ns 1.7158 ps 1.86051e+0 BerE..
Meas 1 (w1 /w2 ]

Skew
U -5.206 ns

VLD

Delay
U -5.206 ns
Meas 3

Frequency
g 40.00 MHz

Meas 4

-y : Frequency

570505 ™ 5 y' 40.00 MHz
Meas 5

Period

':25.00 ns

Meas 6
Period
P 25.00ns

Fast Frame
Unloading Frames
100 of 0

27 Nov 2024
5:51:52 AM

90 ns

Acquisition

Auto, Analyze
Sample: 8 bits
Single: 62 k215G

Math 1 Viath 2 Horizontal Trigger
100 mvidiv [ 105.6406. - 10 ns/div 100 ns 132 mv

Ch5 -Chsé Ch1-Ch2 SR: 25 GS/s 40 psipt
RL: 2.5 kpts 7%

&OAK RIDGE
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NKF7 Serializer Test Steps

« Characterize NKF7 with fixed 16-bit pattern R | Scope /
5 INKE7 FPGA

- Scope eye-pattern @

~ FPGA BER test Qo{\

- Radiation test with Prague 32 MeV protons

: : . FMC

« Characterize NKF7 with variable pattern FPGA | INKE7 . SFclggeA/
 Characterize NKF7 + Flex (design by Antoine)

— Scope eye-pattern FPGA FMC Scope /

_ FPGA BER test & statistical eye NKF7——1 FLEX " EPGA

Characterize NKF7 + Flex + VIRx+ Transceiver

- Scope eye-pattern (optical probe or after minipods on CRU)
- Receiver (minipod / FPGA / CRU) BER test

Interface
FMC Board
FPGA R | Scope /
NKF7 FLEX VTRX+ EPGA

S_QOAK RIDGE
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e — — —

NKF7FMC Concept S SA— o

clk
h SMAeE——
: 4*10Gbps v
 NKF7 16bit data controlled by FPGA <640 MHz clk = ZIF
_ Allows for PRBS or (80/10b encoded) data e :
 Data input rate 640Mbps TR NKF7 2 10Gbps || b jj
—  Are NKF7 inputs fast enough? 3*10Gbps 5/ 0| Flex
- Use fcn.s’r interface (e.g. FMC) | 1*clk »| N| CERN |
- No switches, jumpers & capacitors on data lines NKF7EMC d
- Measurements showed CMOS 1.2V not feasible S
=> Use differential signals. :

 NKF7 10 Gbps data output:
- to SMA connectors (scope or loopback to FPGA transceiver input)

-~ CERNITS3 designed Flex cable

« 3 adjacent high-speed lines (+ clock line) connected to FPGA fransceivers
- Allows for fransmission & xtalk fests

« CERN flex cable either goes to
- SMA breakout board (to scope)
- Loop back to the NKF7FMC ZIF connector

* Minimize bond wire length & power decoupling capacitors closer to NKF7 to reduce PS network inductance
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/CU Firmware with variable (parallel data) bit delays

 Firmware can send either fixed patterns or PRBS patterns at 640 MHz via HSSIO

 Enabled the firmware to set a variable bit sequence for fixed patterns in time.
— Created 4 fime slots (640 MHz fits 4 times into 160 MHZ)
- One can set a sequence for each time slof. T .1 V1L

« For example one can set the sequences as: 5; . . g
— FOOF: 11110000000 1111 0 v T T e
- FOOF: 11710000000 T111 | A N N N S N
- FOOF:]]]]OOOOOOO]]]] 7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777
— FI1OF: 1111 0001 000 1111 B R N | N D A EE R S

« Adjust bit delays until all bits appearin | R W I 5 B YN B
same frame
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Oscilloscope Eyes with PRBS @ 5Gbps
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FPGA Transceiver Statistical Eyes

Conclusion: - .,:‘;:\
. - S
At 5.12 Gbps NKF7 operation seems stable e = “‘:’f“““

(within certain parameters)

»emMB-®n0 = ivOEMBu®n = O @NEm®Dn iv@MBE®n m HONBLO®D m

PRBS7, DFE off: 1.35V, 0 error in 20 hrs => BER< 3*101>

1.1V, 0 err 20 hrs =>3*101> <1.06V BER explodes
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PRBS7 Pattern @ 10.24 Gbps
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Backup
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ePIC SVT: “Large Area Sensor” (LAS)

* Inner Barrel (Layers 0,1,2) will reuse [TS3-like sensors as is
* Layer 0: 4 sensors in r-phi, 3 segments of 12 RSU
* Layer 1: 4 sensors in r-phi, 4 segments of 12 RSU
* Layer 2: 8 sensors in r-phi, 5 segments of 12 RSU
» EIC variant for the Outer Barrel ( Layers 3,4) and Endcap Disks
« “Large Area Sensor” (LAS)
» Wil be stitched, but not to wafer scale
« Likely 1 Segment of 5 or 6 RSU (no need for right endcap)
« The intention is to multiplex Tile data lines to 1 High-Speed output

* More conventional carbon composite mechanical support with
integrated cooling
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VTRx+ Front-end Module

e Versatile VTRx = PCB + ASICs + Opto-Die + Coupling-Block + Pigtail
e Upto4 Tx +1RYX, configurable by masking channels
e Miniaturised
e 20x10x2.5mm
e Pluggable

e Electrical connector
e Data-rate

e Tx: upto 4x10 Gb/s, Rx: 2.5 Gb/s
e Environment

-
==
"
==
==
—
==
==
—
==
==
=
—a
—=

]
g |
3
P |

e Temperature: -35 to + 60 °C

o Total Dose: 100 Mrad

« Total Fluence: 1x10" n/em? and 1x10"® hadrons/cm?
e Status

Versatile Link Plus Transceiver

Multi-mode MT ferrule

e Pre-production ongoing

e Solving problems with module assembly

Alignment of optical components

zh M

e Ramping up to 2k modules/month in 2023

’-710.004-‘
EEE L EE L)

[
L—a 00—
{400

10.80
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VN A s N

Rema rk on t|m|ng Discriminator time window (MOSS, nominal bias

for low power)

Projections for timing resolution

Targeting figures similar to ALPIDE
Continuous mode readout

Integration period: 5/ 10/ 20 us
Frame rate: 200 / / 50 kHz

Low power constrains response speed Discriminator time window
MOSS pulse duration @ 1 ke
MOSS time walk ~3.3 us
Reviewing timing specs for next design

UAK KI1DGE
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DIGITAL PIXEL ——
REGISTER
156 columns “‘I“‘Aﬁ
Double column 1 Double Column 78 wreomron || mesoour |- romry | | G088
1 _A — T— i — o REGISTER REGISTER = ENCODER
STATE| STATH STATE| STATE an o
444 i E ‘4"’0'4 444 - g ‘444 FRAME
o |Resen] S RESENa| w |ReseT] S RESE]| 0 —
§ g‘iaa 'L; 1144% g‘tm ':'3". 4144%
o g s
< = e
3
v E— e — B A — .
i:—{“ﬂg iﬁfa In pixel:
|| | 2 Zl| | 8
d < d P oo .
| Feroher | Amplification
1 1 | Discrimination
Clock Framing Sync Dat H H H
Loz (100500 bt oo b Hit integration register and
readout register
Continuously active front-end (40 nW typ.) Digital pulsin
Global shutter 8 ) P 8
Zero-suppressed matrix readout Masking
Continuous readout mode
Integration time: 2us to 216*25ns = 1.6384ms Digital pixel designed with low-leakage,
(*) Baseline: 20.8 um * 22.8 um high reliability std cells
Abs. Max: 22.5 um * 25 um
%OAK RIDGE
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On-chip Readout Scheme in the Periphery

TILE
1 i - i Pixel matrix Region
Framing time base re-generated in each TILE g
perlphery :r_ _____ CoTTTTTTTTTTTTTTTTIT 7 I ion Register  Readout Register | ! :
; : : - i O ] [ o P H O
FRAME local signal synchronizes pixels, Region ol g oo | | 5
Readout and Top Readout L O o L
[ ; ixel pitch: —
Global SYNC input signal aligns in time the e
integration intervals across tiles L i :
P O~ O D——D;:S::%E:S::%EED——DE
Four parallel readout processes in each file Hitreadoutrate | + 7 === 7 U M E R
P ) P 40 (or 20) MHz ! < 38 columnsD_—_D S%ml;nms | | 40 columns ! ! 4%'::1111;95
Regions have 38 or 40 columns L - D HTTTTT T N T ST
. . . 15 bits_| 15 bits_| 15 bits/
Double columns in one region are sequentially
ead oot R MEHEIEGRREESEHEEEY ] eeeedbn d i d

Region data packet is stored in FIFOs
Double columns and full regions can be masked

Matrix
control

\4

sync FIFO FIFO FIFO FIFO

Serial transmission of file packet to LEC

Top readout aggregates region data packets for the same ? @ @ @ @

frame interval 40 MHz—>| Top Readout <;>\ MUX /

Tile transmits one data packet for each frame interval, in 16 bits @

order
2@(]@ Serializer |«—160 MHz
160 (or 80) Mb/s }/

144 links/segment
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Tile Data Output

Pixel Configuration . data(?nﬂ) N
tatches DOMAIN pulse_gated ;. ! -
row_sel_all pulse_cmd CROSSING| * latch
— aman) [ apulse_gated_b P pulse_cmd
)3 CONFIG <
e LATCHES
< ] : dpulse_gated_b pulse E dataZn) —_—
data[1] o b latch
En o | . lmask
) > sat ||
Integration Register Readout Register < clrjix{n) GLOBAL CONFIG
" disc_out_b | INTEGRATION | i_reg_g b | READOUT SIGNALS SHIFT
Nl @—u d— @J; FRONT-END * CcoisTER » REGISTER PE REGISTER
> a—
‘E’[ A b, [y T
9 clr_ro
disc_out_b | ~ disc_out_trig_b . Mux clr_int
frame
o e T o e S S S SO ) (S S SO SO0 A S SO S S S S S S S S
FRAMING INTERVAL 2/ N-1 X N N+1 X N+2 X New X N+M
FRAME @INTEGRATION REGISTER 7 N-1 X N+1 X N+2 JX N1 X N+M
FRAME @READOUT REGISTER % N-2 X N-1 N ) N+1 /X N+M X N+M
DISC OUTG) | . L ? 7 o
INTEGRATION REGISTER(j) 5 : : : : : : : : : : : e
READOUT REGISTER(j) | ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  Erer— ! ! ! ! ! ! ! ! ! ! ! NE
CLR_PIX(j)i ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ I
PEVALD | T
PE_ADDRESS 7 77777777 77777777 POS(j 277777 7 00
PEOWPN oo ey
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Pixel Array Readout Waveforms

Hits from one collision can be recorded in consecutive frame packets (time walk and spread of FRAME signals)

CLK_40 /8 I S O
FRAVE [ ] [ I 1 I | O S S
FRAMNG INTERVAL 272 NA N [ N+2 /I STV N+M
FRAVE @NTEGRATION REGISTER 72 N N N+ N2 X nemt X N+M
FRAME @READOUT REGISTER N-2 N-1 N N+ X N+M X N+M
DISC_OUT() Vi h
INTEGRATION REGISTER(j) I
READOUT REGISTER() ¥ I
CLR_PIX() [ I
DISC_OUT(K) / i A S S
INTEGRATION REGISTER (k) / I
READOUT REGISTER(K) \ L
CLR_PIX(K) 1 I
DISC_OUT() / )
INTEGRATION REGISTER() / i
READOUT REGISTER() i
CLR_PIX() 1 I
PE_VALID
PE_ADDRESS 2 7 7777
PE_CLR_PIX_i

Region frame readout time can exceed the framing interval (from drop mode with priority to earliest frames)

INTEGRATION_WINDOW (Readout register)

INTG_WINDOW_0

INTG_WINDOW_1

CLK_40
FRAVE T\ i £\ S
oo [ ] @ A : R I : R R
INTEGRATION_WINDOW (front end) INTG WINDOW_0 INTG_ WINDOW_1 v INTG WINDOW 2 X INTG WINDPW 3 X INTG_WINDOW 4 X INTG_ WINDOW 5 \INTG_WINDOW 6
DISC_ouT 724, / S e U S S S A A | ‘ R 3 S o
INTEGRATION_WINDOW (integration register) 20, : INTG_ WINDOW 0 I INTG WINDOW 1 : /[ INTG_WINDOW 6 _
NT REG OO0 Y e L — : T
\

RO_REG 2275

PX RST 70000,

.
H

-
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Slow Conftrol Transactions

Posted Write Operation

X HEADER RW Parity | STOP
IN: 1010 00 REG_ADDR WDATA wor 0
OouT:
Non-Posted Write Operation
HEADER RwW Parity |STOP
IN: 1010 01 REG_ADDR WDATA wor 0
3 HEADER RW Parity |STOP
OuUT: 1010 01 REG_ADDR WDATA wor 0
Read Operation
X HEADER RW Parity | STOP
IN: 1010 1 REG_ADDR WDATA or 0
HEADER RW Parity | STOP
OUT. 1010 1 REG_ADDR WDATA vor 0
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NKF7FMC Test Setup e >
/ EWV

A ‘ " S i
— g n'-(',,.—“
o P SO
= 7’;’]’ % &

(or loopback to FMC
to receive with FPGA)

Differential signal
10GB/S
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Oscilloscope Eyes with PRBS @ 10 Gbps
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