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DK Board - Simplified Block Diagram

PMT
Returned Zero Delay 1B6x PMT Flash Muon = SPI HV TDC
Reference Clock Analog Signals Piezo Now _Sx Bus UART Stop Power

e ¢ b

ADC Clk o -
/* Agc BBAS‘Ed'O Interface to the Interposers
TD0C Sys
Stop . Ref Data Data Lej
Timing .
Generator Ref. Clocks /r\ lash_Now 5V0
3V3
Ref. Clock 100 ‘ v8
with Phase Hz 4 GByte FPGA
Markers 125 Memor Fabric : : .
MH 2 y Configuration >
Memory TDC Stop
Local —
Tx Rx Clocks
Timing Timing \ Configuration o
-0 S 4 GByte CPU (MSS) Memory SVO —> Comnector
Cable M & Perioheral Control —> to the
Down emory eripherals | SPI Bus Barnacle
- UART Interface
TOMcat | TOMcat | L
F.O. Mezzanine SGMII Ethernet UART
Cable
Down UsSB USB [=— Camera_A Up
ENet Ethernet SGMII Ethernet Phy Hub [<— Camera_B RS-485
Cable 5V0. 3V3. 2V5. V8. 1V2 CTRL FPGA/CPU_SANE, PMT_ADC, Recovery Down
Down 1VO,5 1VC,) DDR; VT;-:RM, Power Timing_Gen, USB Phy,
DDR’VRE’F CN%T 3\/3’ Buses BB_Audio _ADC, Barnacle
100V _DC 12 Power Supplies All Power Resets & Power Control [—+—> Resets
X Input Power Good 7 DK Drw. 46
Down Rev. 28-Feb-2024



DK with a Bump-0Out for its SFPs

DK Board Size:

340 mm Dia.

. . Interposer 235 mm Square
Size Limit \ / i Connectors with 34 mm Bump-Out

L Vertical Space

Available: 30 mm

Main Cable 4.0 mm Under PCB
Connector 2.5 mm PCB Thickness

22.5 mm Max Comp Height
1 mm Air Gap Above Max Comp

J2, J4, J15 - "A" Hemisphere
) J3, J5, J16 - "B" Hemisphere
Disco-Kraken

_ > , , PMT 8
© CII’OCUIJ[ PMT Signal
Board Connectors
PMT 9 I
I
ﬂ 43 : : 171 Slots in the
PMT 16 || : : Mounting Plate
USB - for the
Connectors - Cable Pass
J15 & J16 J15 . . I_1 Throughs
J7
L@ © M3 Mounting Screws
Corner :-:]:I:E ENet SFP | |3 ©  Set Back 6.0 mm
Air Gap J S Time SFP | © ﬁ from the Edge
3.8 mm Optical =
Connectors 34 mm "Bump-Out" to

to the South to hold
the DK's dual SFP Cage
shown without TOMCat.

Barnacle

DK Drw. 75 Connector

l=— 100 mm —>

Rev. 18-Mar-2024



Bumped Out DK with a TOMCat Installed

340 mm Dia.
Size Limit

Main Cable
Connector

USB
Connectors

J15 & J16

Corner
Air Gap ——————/ﬂ

3.8 mm

Barnacle
DK Drw. 76 Connector

N

v

Interposer

J2

Disco-Kraken
Circuit

Board

PMT 8

PMT 9

PMT 16

©) ©

Tom's SFP

=7 —
— [

J10

T0[000)(777
NN
C

'/’z
/FPGA/E
9 .0

|

Optical

Connectors

Connectors

DK Board Size:
235 mm Square
with 34 mm Bump-Out

Vertical Space
Available: 30 mm

4.0 mm Under PCB
2.5 mm PCB Thickness
22.5 mm Max Comp Height
1 mm Air Gap Above Max Comp

J2, J4, J15 - "A" Hemisphere
J3, J5, J16 - "B" Hemisphere

PMT Signa
Connectors

171 Slots in the
1 Mounting Plate
- for the

- Cable Pass
11 Throughs

M3 Mounting Screws

Current Size © Set Back 6.0 mm
TOMCat on a from the Edge
\ Bumped Out DK

View looking through «— 100 mm —>

the TOMCat to see its
SFP Cage, FPGA, and
Mezzanine Connector. Rev. 18-Mar-2024



Disco-Kraken - PCB Floor Plan

Interposer DK Board Size:
Connectors 235 mm Square
J5 Ja plus 34 mm Bump-Out
on the South Edge
UsE @_? b ] ol ) [f.sen]O
Camera "B" P DC/DC DC/DC DC/DC Audio Ve.rticol Space
2v3 V5 V8 ADC Available: 30 mm
4.0 mm Under PCB
) rescuel | BOOT Interposer I/F| [ | [ 2.5 mm PCB Thlcknes§ max
Main Cable 22.5 mm Max Comp Height
Connector uProc. | |PROMs FPGA J2 T mm Air Gap Above Max Comp
> Startup CPUs PMT .
© Supervisor PMT Andlog ® PMT Signal
X CPU | |FPGA| | ADCs Input Connectors
ne
Power 4GB 4GB Circuits | |
Filter Mem. | | Mem. U3 The shown locations
& and areas are only
100 VOC | \pespe||ocsoe| [T the current estimates.
to 5 VDC me _
Converter w2 V05 Gen. DC/DC Many functions and
USB Jis Mem. || Core O connectors are not
° © shown.
Camera "A" % ADC
© USB 5] © 5
S ENet SFP | |3
J7 = S
= Time SFP .
Barnacle © Mounting
Connector Screws

DK Drw. 63 Rev. 28-Feb-2024



Disco-Kraken - Mounting Hole & Corner [ocations

Board Corner Locations

Relative to the Center

Carner X Y
A 17,5 17,5
C -117.,5 17,5
E -17,5 -17,5
1 20,5 -17.,5
J 20,5 -151,5
K 68,5 -151,5
G 17,5 -17,5

Mounting Hole Locations
Relative to the Center

Hole X Y
A 11,5 n1,5
B 0,0 11,5
C -1M1,5 n1,5
D -111,5 0,0
E -1M1,5 -11,5
F 0,0 -1M1,5
G 11,5 -1M1,5
H 1,5 0,0
DK Board Size: M3 Mounting Screws
235 mm Square plus a © Set Back 6.0 mm

DK Drw. 65
Rev. 18-Mor-2024 34 mm Bump-Out on the South Edge from the Edge



Disco-Kraken - Tallest Component [Location

X W
S
22 mm Tall Components
Fill Most of the Area
within this Rectangle.

Y

£ Z
s R

DK Board Size:

DK Drw. 9f 235 mm Square plus a
Rev. 17-July-2024 34 mm Bump-Out on the South Edge

Board Corner Locations
Relative to the Center

Corner X Y
A 17,5 17,5
C -17.,5 17,5
E -n7,5 -17,5
I 20,5 -17,5
J 20,5 -151,5
K 68,5 -151,5
G ns,5 -17,5

22 mm Tall Component Location
Relative to the Board's Center

Location

Corner X Y
W -52,2 -10,5
X -85,8 -10,5
Y -85,8 -101.0
VA -52,2  -101,0

M3 Mounting Screws
©  Set Back 6.0 mm
from the Edge
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DK Board Power Supplies
100 Volt TEN 20-721WIR
Input Power Input 100V to 5V BULK_5VO0
== Power Converter _L
Filter 4 Amp _rl: to non-DK Loads
\L DCDC6
CNST_3V3 5V to 3.3V BULK_3V3
and the —>| Converter _L
DDR4 3 Amp to 3V3 Loads
Terminator —rl:
and
SI'\’efle_ren'cAe \I/ DCDC5 ﬁ DIGITAL_2V5
upplies Are *
not Str;pwn 5V to 2.5V BULK_2V5 J L104 % to DDR4 Mem.
In this Converter t
L105 —I_I_I_ Analog 2V5 Loads
W\ FPGA_1V8
Startup
Voltage \I/ DCDC4 L103 % FPGA 1VB Loads
Ramp
Track Bus 5CV to 1t-8V BULK_1V8 2% ADC_ANALOG_1V8
from the onverter _L
L602
Startup 3 Amp —L —rl‘l_ PMT ADC Loads
Supervisor —,-I-T
"N . ADC_DIGITAL_1v8
L604 _L
J/ DCDC3 —"I"_
5V to 1.2V BULK_1V2
Converter _L
6 Amp _rl: to HSIO Banks & DDR4 Mem.
Additional
LC Filters \I/ DCDC2 N CORE_1V05
Are Used
between the 5V to 1.05V BULK_1VO5 J Lior L FPGA-CPU Core
Outputs Converter _T_ —,-I-,_
Shown on 6 Amp ‘ ~ A XCVR_1V05
this Page —rl: A _T_
and some L102 to High-Speed
of the —rl-u_ Transceivers
Analog
Loads. | oooct 2% ADC _ANALOG_1VO
Lot L
SV to 100V 1 BULK_1VO ‘ PMT ADC Loads
—| Converter _L —,-I-,_
3 Amp —I_l: ‘ 2% ADC_DIGITAL_1VO
ox o 1 603 %

Rev. 29-Dec-2023



DK Board  Input Power to o Volt Converter

GDT1 TVST

To the Power Supply
Monitor Connector

_ _ R4 220 Ohm
GTCS28-231M-R10 PV95K o5 1uFd
2 1
©.Y oD 1 TRACO I
Power
| t L2 TEN20-721MWIR
npu 560 UM Power Bus
+ 50 €1, €2 L 300 mA mox BULK_5V0
Volts 0.47 uFd 27 mH 3 )
o Y'Y 1 100 Volt +VOUT
1 WA 2 2 1 +VIN to R2
J1-3 5 Volt 4
J1-6 T T T T T Isolated TRIM T C9:C12
o D 4 1YYy —VIN Converter § R3
D1 | TVS3 2 DCDC20 5
Power C3 C4 Céb C7 _VOUT ’_L
Return C5 C8
- 50 @ % 6 J( Optional 10 uFd
Volts |l| REMOTE Output 25 Volt
GDT2 TVS2 P ON/OFF Voltage Ceramic
GTCS28-231M-R10 PV95K ;J)M_cl This Converter Is Trim Resistors
@f) FL Always Enabled
Power Input & Return to Operate

M3 Mounting Screw

Voltages are with Sea Water Reference

respect to Sea Water.

Noise
Isolation

In the Input Filter Section the 2 Capacitor Symbols Imply: Plane

L L Ix 10 uFd 250 Volt Polypropylene )
Signal Ground
T T 2x  0.47 uFd 250 V Ceramic X7R in this Module

Ground Vias for the
Converter's Metal Case

I

Actual Reference Designators
Are Larger by 16350.

DK Drw. 2 Rev. 13-June-2024



DK Board DC-DC Con

°

verter Design

To the Power Supply

RS Monitor Connector
NN c21
Track Bus from the 37.4k Ohm IJ‘I R8
Start-Up Supervisor UVLO = 3.8V i
R4 ;l:‘ To the Al Power
INH AN Good Supervisor
TRACK UVvLO —_——
9 10 8| TT
Power
Input g 5 +SENSE
Bulk _5V0 - DCDCx
R1 DN P B XYZ
o MA——YY_ L VN 2 PTHO4T230W |4 VOUT L ower Bus . Bus
10 uH + or + XYz
1 Amp max PTHO4T260W |6 —SENSE S Lo
Ll 5= 1l L
150 uFd 10 uFd SYNC GND 22 uFd 330 uFd DZ1
Tantalum  Ceramic Ceramic  Tantolum Additional
C1:C4 C5:C8 f C9:C12 C13:C16 Capacitors
R2 are Located
R3 at the Load.
Output
C20 Voltage c17
A A A ~ Voltage Proportional Reducing the value of trim pot R3
_L to the Concerter’s increases the converter's output voltage.

C19

A —L

S A

R1 is 5 to 30 mOhm
depending on
the DCDC Converter.

Input Current to Pins
on the Power Supply
Monitor Connector

All 6 DCDC Converters are similar in design.
Actual reference designators are larger by 1700.
Reference designators increment by 30

from one converter to the next.

The Low Noise Power Buses include an
LC Filter between the Converter's Output and
the Load. Sense is taken at the Filter's Input.

The RC Filters for the
Power Supply Monitors:
220 Ohm Resistors
1uFd Capacitors DK Drw. 3
220 usec 723 Hz Rev. 2-Jan-2024



DDR4 Reference and Terminator Supp

°

€S

U1

TPS31200

|

The wall of Bypass Capacitors
on the DDR4_VTERM Bus at the
Terminator Resistors is not shown.

/ ’ i To the Power Supply
EN PGOOD c9 ;I: § Monitor Connector
10
Bulk_3V3 o l 3 l VIN R3
5
:I: :I: VOUT_SNS
22 uFd 100 nFd VOouT 5 ' , DDR4_VTERM
C1 c2 u l l -
2
BULK_1V2 o l l VLDO_IN :I: I
I I 100 nFd 22 uFd
C5 Cé6
22 uFd 100 nFd
6
C3 C4 VREF _OUT . DDR4_VREF
1 1
AN , REF_IN
10k Ohm l —rl: )
The total Capacitance
R I PGND GND  GND 100 nFd on VREF_OUT must be
4’_L 8,_L ,_\_‘11:18 C7 less than 0.47 ufFd.
100 nfFd 10k Ohm
C8 R2

DK Drw. 6
Rev. 20-June-2024

There are separate
TPS51200 DDR4 Terminator & Reference
Supplies for the Fabric and CPU memory arrays.

The Reference Designators Stort at:
1921 for the FPGA DDR4 Term Ref. Supply
1941 for the CPU DDR4 Term Ref. Supply



DK Boara CNST_5VS Supply

To the Power Supply

U197/1 R1973 Monitor Connector
LT3060 220 Onm
TS8 TSOT-23 cors T 2
1ufFd
L1971 Power Bus
~AN 5 CNST_3V3
YN . o 6
° VIN VOUT . .
Bulk_5VO0 l l
22 uFd 100 nfFd
C1971 C1972 100 nfFd 22 ufd
C1973 C1974
1
SHDON_B
§ 45 .3k Ohm
R1971
8 7
REF_BPY ADJ
10 nFd i
C1975 GND  GND  GND § 10k Ohm
R1972
2| cl ]
m

The 10 nFd REF-BPY
capacitor gives a startup
time of about 10 msec.

The LT3060's Internal
Reference is 600 mV.
. Maximum output current
The CNST_3V3 bus provides

is 100 mA with a typical
power whenever the BULK_5VO drop of 300 mV.
bus is above about 3.6 Volts.

DK Drw. 7 Rev. 3-Jan-2024



rPCA/CPU -

Power Bus Connections

Microchip
DK SUPPLY NAME FUNCTION
CORE_1VE@5 VDD Core Supply
FPGA_1V8 vDD18 Prgm & HSIO Aux
Analog_2V5 VDDZ5 PLLs and PNVM
XCVR_1V@5 VDDA XCVR Power
Analog_2V5 VDDAZH XCVR PLLs
Analog_2V5 XCVR_CLK  XCVR Clk Buffers
Bk Ohm  yCVR.REF  XCVR Clk Ref.
to Gnd

X When an FPGA GPIO Bank or a CPU IO Bank operates
from 2V5 or 3V3 power then that Bank's Auxiliary
supply must come from the same 2V5 or 3V3 bus.

X When an FPGA GPIO Bank or a CPU 10 Bank operates
from 1V8 or lower voltage power then that Bank's
Auxiliary supply must come from the 2V5 bus.

DK Drw. 45

Do not confuse VDD18 aond VDDIS8.

FUNCTION

Microchip
DK _SUPPLY NAME
BULK_1VZ2 vVDDI®

BULK_3V3 X vDbDI1
BULK_3V3 VDDAUXI

BULK_3V3 X VDDI2
BULK_3V3 VDDAUX2

BULK_3V3 vVDDI3

1Pk Ohm Gnd X VDDI4

1Pk Ohm Gnd VDDAUX4
BULK_3V3 vDDID
BULK_1VZ2 vDDI6

BULK_3V3 X VvDDI7
BULK_3V3 VDDAUX7

10k Ohm Gnd vDDI8

FPGA_IV8 X VDDIS
DIGITAL_2V5 VDDAUX9

[70 Bank @ FPGA HSIO
FPGA DDR4 Memory

[/0 Bank 1
DK’s 3V3 I/0

FPGA GPIO

[0 Bank 2 CPU 1/0
USB UPLI & QSPI

[/0 Bank 3 Controller
JTAG & Controller SPI

[/0 Bank 4 CPU 1I/0
Not Used No Power

[/0 Bank 5 CPU SGMII
Used only for CPU Clk

[7/0 Bank 6 CPU DDR
CPU DDR4 Memory

[/0 Bank 7 FPGA GPIO
[f Used It's 3V3

[/0 Bank 8 FPGA HSIO
Not Used No Power

[/0 Bank 9 FPGA GPIO
DK’s 1v8 1/0

Rev. 15-Jan-2024



DK Board PFower Supply Startup

100 Volt - +100 V
Input Power oV

- +5 V
BULK_5VO0
Y
Always On 33V
CNST_3V3 oV
- +5 V
TRACK_BUS
7Y
6x BULK_VDD —= T+
Supplies oy 1oV +1.8V +2.5V _gV
DELAYED / ~ HI
ALL POWER GOOD _ Low

--> Release the
FPGA/CPU Reset

~40 About About
msec 1 Second msec 1 Second

Rev. 5-Jon-2024 DK Drw. 9



DK Board Power Supply Startup Supervisor

CNST_3V3 o i
100 nfd
C1151
R1161 Track Bus
100k Ohm 6| VDD to the Track pins
5 1 on the 7 DC/DC
BULK_5VO AN ' '
SENSE TPS3808 RESET_B Converters --=>
G0O1DB OK to Ramp the
Converter QOutputs
3 4
:l: w 21 unsi
MR_B CAP_T 220 nFd
100 nFd 10k Ohm ZFLGND I C1162
C1161 R1162
The 10k Ohm and 100 nFd The Internal Reference of the The RESET_B pin is
provide about 1 msec of filtering. TPS3808 is 0.405 Volts. an Open Drain output.
R1161 and R1162 imply a threshold The RESET_B pin is Low
of about 4.455 Volts on BULK_5VO. until the Sense pin is

Above Threshold AND
the Delay Period has
The 220 nFd timing Capacitor has elapsed.
implies about 1.2 seconds of delay
between BULK_5VO reaching its threshold

and the Track Bus starting to ramp up. DK Drw. 4
w.

Rev. 2-Jan-2024



All Power Good Supervisor

CNST_3V3 o i
100 nfFd
C1152
R1163 6 | vDD
62.8k Ohm . :
BULK_3V3 AN : '
SENSE | TPS3808 | geseT_B
G01DB
3 4
:l: w | unsz
MR_B CAP_T 220 nFd
100 nFd 10k Ohm erGND I CN64
C11e3 R1164
The 10k Ohm and 100 nFd The Internal Reference of the
provide about 1 msec of filtering. TPS3808 is 0.405 Volts.

R1163 and R1164 imply a threshold
of about 2.950 Volts on BULK_3V3.

The 220 nFd timing Capacitor
implies about 1.2 seconds of delay
between BULK_3V3 reaching its threshold

and the Assertion of Delayed_All_Power _Good.

Delayed_All_Power _Good

The RESET_B pin is
an Open Drain output.

The RESET_B pin is Low
until the Sense pin is
Above Threshold AND
the Delay Period has

has elapsed.

DK Drw. 5
Rev. 23-Apr-2024



DK Board Reset Circuits Page |

BULK_3V3 BULK_3V3
R1171 uns7 R1172 )
: Ut Bank *3 Pin G9
DELAYED_ALL_POWER_GOOD . IOD . FPGA_CPU_RESET_B
2 See Drw. 12
CNST_3V3 5
U153} K_CPU_IS_SAN
R1174 unse — /6 DK_CPU_IS_SANE
2 1 4 To 2nd, 3rd, 4th, 5th Reset Circuit pages
DK_CPU_IS_AWAKE _B . 1 Doﬂ To the Interposer SPI Circuits Drw 51
@i To Emergency Rescue Drws 44,67
DK _CPU_IS_AWAKE ) 3
R173 BULK_1V8
.m unsz R1175
UNM53, U154, U155 ﬂ“ 3|OD T ADC. Reset B
un . _ _Rese
-V - ° 8 4 U601 Pin D5
U1156 See Drw. 16
74LVCO4A Inverter BULK_1V3
9 uns7z
uns7z, unis8 74LVCO7A m R1176
Open Drain Buffer ~ 5|
RUN_CLK_ G ; AN u1153 |OD * CLK_GEN_Reset_B
_ _Generator J
1159 enerato 3 M 6 U901 Pin 48
74LVCOOA NAND Gate See Drw. 23
BULK_1V8
All circuits are powered
by the CNST_3V3 bus. 1 uns7z R1177
™ 9 BB_Audio_ADC_Reset_B
DK Drw. 55 U154 |OD | udio . ese
Rev. 7-June-2024 RUN_BB_Audio_ADC ) = L7g uto1 Pin 14

See Also DK Drws. 51, 56, 84, 85, 86 2 See Drw. 37



Reset Circuits

"age 2 & Barnacle Control

BULK_3V3
4 [ Uns? R1178
RUN_USB_Interface \
nterta U154 IOD - USB_Reset_B
e 6 10 U1051-27, U1052-17, U1054
DK_CPU_IS. SANE See Drws. 17,77, 78,79
From Drw. 55
’_& 1 uns8
\ |
u1154 oD DK_Control_1_to_Barnacle
/N |
le_ [_1
Barnacle_Contro . _/ 8 2 Connector J7-9
See Drw. 43
"_& un58
|
U154 oD DK_Control_2_to_Barnacle
Barnacle_Control_2 N /1N | 4
13 Connector J7-1
30.1k 10.0k BULK_5VO0 Pull-Ups for these 3
R1165 R1166 Signals going to the Barnacle
M\ M\ |l| ,_|h_‘ are located on the Barnacle.
C1165 —H_Jj 6 | vDD
BULK_5VO 5 1 Barnacle _Master _Reset_B
TPS3808
R1179 SENSE GO1DB RESET_B Connector J7-3
S 3| umeo |4
Run_Barnacle oD —X
ey, MR_B CAP_T

DK Drw. 56
2,—LGND Rev. 25-Apr-2023
See Also DK Drw. 51, 55, 84, 85, 86



Timing & ENet SFP Tx Laser Control Page 5

SFP_Timi T Enabl U159 BULK_3V3
- Ming-Trons-tnobe ! JMP1172 U1158 High --> Disable Tx Laser
o o © 5 R1180
—— 3 | o5 . Timing SFP Pin 3
o 2 o O | 6 Tx_Disable
Tn’nmg SFP ,-L JMP1171 See also Drawing: 42
Tx Laser Control
Instal Jumper 1171 --> Tx Laser Always ON
Instal Jumper 1172 --> Before CPU is Sane - the Laser is Forced OFF
Once the CPU Is Sane - then the CPU Controls
DK_CPU_IS_SANE the Loser ON/OFF
BULK_3V3
From Drw. 55 R1181
JMP uns8 4.7k Ohm
Nn73 9
o 55 l ENet SFP Pin 3
Ethernet SFP "8 Tx_Disable  J14
Tx Laser Control o JMP i JMP High --> Disable Tx Laser
u1155 o 1174 175 See also Drawing: 66
1 ﬁ U156
BF e
2
JMP1174 --> SFP_ENet_Trans_Disable Instal Jumper 1173 --> Tx Laser Always ON

JMP1175 --> SFP_ENet_Trons_Enable Instal Jumper 1174 --> Before CPU is Sane - the Laser is Forced ON

Once the CPU Is Sane - then the CPU Controls
the Laser ON/OFF

Instal Jumper 1175 --> Before CPU is Sane - the Laser is Forced OFF
Once the CPU Is Sane - then the CPU Controls
DK Drw. 84
Rev. 25-Apr-2024 . o the Laser ON/OFF
See Also DK Drw. 51, 55, 56, 85, 86 These discrete logic circuits are powered by the CNST_3VJ3 bus.



RS-480 & [OMcat Power Control FPage 4

U1004 SN6507DGQRQ1

RS-485 Power Control
Isolated RS485 Power Supply
See DK Drawing 83
DK_CPU_IS_SANE UT59 °e "9 To Turn OFF the

4 R1021 4 Enable/UVLO Isolated RS-485 Power:

):: AN High —> DK_I;ZPALrJg;S_PSGne éANDl
6 Enable RS-485 Power Stop_RS485_Power _Supply
S must both be asserted High.

STOP_RS485_Power _Supply

Ul981 MIC2544-1YM
TOMcat Power Switch

TOMcat Power Control
See DK Drawing 19
AYED_ALL _POWER_ U155
DELAYED_ALL_POWER_GOOD 10 R1983
A Power Enable
j—_J8 1 High --> Power the TOMcat
9
l JMP JMP
K_CPU_IS_SAN
DK-CPU-IS_SANE unss 176 nss With JMP1176 installed: Delayed_ALL_POWER_GOOD
4 ﬂ 5 6 AND DK_CPU_IS_SANE AND TOMCat_Power_Run
) ¢ <>0 must all be Aasserted High for the TOMCat
5 6 U1156 to receiver +5 Volt power.
JMP1176 --> TOMCat_Power _Run With JMP1177  installed, TOMCat receives +5 Volt power
JMP1177 --> TOMCat_Power_Stop as soon as DELAYED_ALL_POWER_GOOD is asserted.
Assertion High of CPU_IS_SANE AND TOMCat_Power_Stop
) . L is required to Turn Off the TOMCat power.
DK Drw. 85 These discrete logic circuits are
' powered by the CNST_3V3 bus. Rev. 25-Apr-2024

See Also DK Drw. 51, 55, 56, 84, 86



Crystal Osc

3

lator Enable Control

age O

DK_CPU_IS_SANE

From Drw. 55

High --> Enable the Oscillator

Disable _125Mz_Xtal_Osc

XTAL Oscillator
Enable Control

Disable _Spare_Xtal _Osc

HI Active Disable signals
from the DK's CPU GPIO

13

Spare Gates in the Startup Supervisor

and Reset/Enable Section

1 Spare AND in U1155

Notes: 2 Inverters in U1156 are used
by the ER circuits in Drw. 44
1 Inverter in U1156 is used by
Interposer SPI circuits in Drw. 51
DK Drw. 86

This discrete logic is powered by CNST_3V3.

Instal the Jumper to Allow
Disabling of the Oscillator.

Jumper Not Installed -->

Oscillator Always Runs.

3V3 )
See DK Drawing 14
R1501
u1159
uT158 10k Ohm
BN Y1501 Pin 1
s 0 0 : Enable _125Mz_Xtal
JMP1501
3V3
R1502
u1159
2 - uns8 10k Ohm
>O 5 o o | Y1502 Pin 1
" | 12 IMP1502 Enable _Spare_Xtal

Rev. 14-May-2024

See Also DK Drw. 51, 55, 56, 84, 85



DK Board's

[12C Buses

Timing Generator
CPU 1I2C Control Registers
Controller *0 1v8 12C 1V8 AD9546
170 Bank *9 [2C Adrs: Ox48 typ
See Drawing 23
Environment Monitoring Sensors
CPU I2C and the BB Audio ADC
o 1v8 12C .
Controller #1 See Drawings 36 and 37
I/0 Bank *9
Accelerometer ST™
[SM303DAC
Base Address
Magnetometer Ox1D & OxIE
The Required
[2C Pull-UP Resistors ~
are not shown. Temperature
Bosch
BME280
Pressure
The 7 bit [2C Addresses B°7se Addre;i
are shown as the 3 MS bits and . 0x76 or Ox
the 4 LS bits expressed in hex. Humidity _
______| BB Audio ADC TLV320ADC6140
4 Channel Ox4C to Ox4F
CPU 12C DK'BoordS
Controller #2S V3  1eC Timing SFP
In Fabric [2C Adr810550 typ
See Drawing 42
CPU 12cC DK Board's
3V3 12C

Controller *3S

In Fabric

DK Drw. 49

Ethernet SFP
[2C Adrs: Ox50 typ
See Drawing 66

Rev. 6-Mar-2024



/
UK Board’s 5Pl Buses
CPU CPU BOOT
Quad-SPI 6 Wire 3V3 Quad-SPI SPI Flash Memory
Controller 3V3 MT25QL256
Bank *#2 U202 See Drw. 59
Tri-State
CPU Buffers Interposer *1
SPI  *Q 4 Wire SPI <)‘ 4 Wire SPI plus Hemisphere "A"
Controller 3V3 3 Address Lines 3V3
‘> and Controller _Reset J4 See Drw. 51
See Drw. 51
Tri-State
cPU Buiffers Interposer *2
Spl 4 Wire SPI <}‘ 4 Wire SPI plus Hemisphere "B"
Controller 3V3 3 Address Lines 3V3
‘{> and Controller _Reset J5 See Drw. 51
PCPLi PMT ADC
5Pl 25 3 Wire 1V8 SPI Control Registers
Controll-er V8 AD9O83
In Fabric U601 See Drw. 16
Bank *9
Mux Control
Emergency Rescue
uProcessor U1001 { ’
See Drawing 44
4w QUAD Mux.
SPI : FPGA BOOT
FPGA Bank 3 o SPI Flash Memory
System e 4w | 3V3 MT25QL01GBBB
Controller’s 4 Wire SPI SPI U1251  See Drw. 12
SPI Controller U1252 Drw. 12
DK Drw. 48

Rev. 7-Mar-2024




LrU USPl Port & LPU Boot Memory

BULK_3V3 BULK_3V3 BULK_3V3
U1201
Ul FPGA/CPU 2Hh6 Mbit
CPU 10 Bank 2 N o QSPI Flash Memory
100 nFd "_|h_‘
22 ks | U8 | voorz —t— ,
V5 Bank 2 vee H_Jj
rﬁ_“ vDDI2 p 0" R1:R3 3
100 nFd Power 10K § § § RESET.B M \WW\—
| W12
rﬁ_{' VDDI2
100 nfd C1 22 uFd
SPI_SS@ W12 SS \ 7 | SELECT_B c2 100 nFd
RI0 4.7K
aspI_paTas Y10 an | bQ3/HOLD_B
V11 9 .
QSPI_DATAZ DQ2/W_B No Connection
to Pins 4:6 or
asP1_paTal 212 MISO 8 | pq1 to Pins 11:14
15
ospi_paTag U MOSL DQO 0
GND
QSPI_CLK(B) |14 SCK ® | cLock
MPFS25@T-1FCG1152I Micron

MT250L256ABABESF-BSIT

The U1pin numbers for the QSPI Controller This section's actual reference

represent routing it out via Bank *2. designators start at 1201

DK Drw. 59 Rev. 19-June-2024



[0

Rank *3

FPGA Boot Memory & Multiplexer

Emergencg Rescue SPI

Bus U1252 74LVC241

ER Take Over Control QUAD Multiplexer C4 100 nfFd C1 22 uFd
\ See Drawing Number 44 / BULK_3V3 C2,C3 100 nFd
BULK_3V3 19 1 BULK_3V3
—_—T — _ER Control | U1251 — T
Ul FPGA/CPU Y [ I | Gbit
H
AH 10 Bank *3 ss 17 s - SPI Flosh Memory i
|4 G8 MISO 5 15 4:6 2 |
rﬁ_{' VODI3 | gonk #3 < N x——= DNU | Do  VCC '}_Jj
| J12 Power 1:14 Not
rﬁl VDDI3 MOSI 13 | 7 4 5NU | Use
SCK 1 N | 9 R10 ]
~ 4.7K DQ3/HOLD_B —A\WW\—¢
L13
— \MA———— FF_EXIT_N |
- SS H11 SS 2 18 N SS 7 SELECT._B
—A\M———— I0_CFG_INTF 3
K12 MISO 16 ﬁ 4 1 MISO g RESET_B —=A\\—¢
SDI DQ1
—W— SPIEN E 15 DQ2/W_B 2
SDO G7 MOSI 6 14—~ MOSI DQO -
( R7 4.7K
FPGA/CPY sck |17 SCK 8 12 SCK 16 | o ock R8 4.7K
RESET_B R9 4 7K
>——— DEVRST_N GND’_L']O 10k Ohm GND
H9
Install R1 or | R12 ’_Lm
MPFS250@T-1FCG11521
BULK_3V3
Bank *3 Micron
PU”‘UBS ER Control: LOW --> Normal BOOt, H --> Emergency Rescue MT25QL 21GRBRBSESF-@SIT
R1331 4.7K Normally the FPGA/CPU System Controller is the SPI Master.
R1352 4.7K FF_EXIT_N is a Reserved Input to the System Controller. Reference Designators
R1353 4.7K IO_CFG_INTF set to O for SPI Slave, 1 for SPI Master. Start at 1251
DK Drw. 12 SPI_EN set to O for SPI tri-stated, 1 for SPI Enabled. Rev. 19-June-2024



- PGA

Bank 3 JIALC Connection

=18

I fers

JTAG R1: R4, R9 u1401, U1402 Reference Designators
First 10 Pins 4.7K Ohm 74LVC14A Start at 1401 Ul FPGA/CPU
in the Access [0 Bank 3
Connector J12 MPFS25@T-1FCG11521
R1 U1
R5
TCLK > : 1 Do s Do A S0 Teik
2 4
3V3
R2 U1
R6
5 13 i J9
T™MS Do DO TMS
12 10 Wy
3V3
R3 U1
R7
9 9 DO 5 DO J1
TDI + 101
3 5 MN
RS u2
o <3 w <} < ]2 H8 | Tpo
6 4
3V3
RO u2
TRST_B >0 - n Do 2 Dc 19 | TRsT_8B
10 8
RS :R8 22 Ohm
R4
, F1401 : Uz
VJTAG >——o\ o0— BULK_3V3 rL_ 2
GND Z No_Conn >4H< 2 Amp U2 Spares
GND Ejj No_ Conn >7H< See "Packaging and Pin Descriptions" 13

page 16 for default signal details.

37

o

DK Drw. 13
Rev. 20-June-2024



UARTs - DK's rPGA/CPU and ER's [PCE405

DK's FPGA/CPU UARTSs ER's LPC845 UARTs
MMUART_@ <—> Header 3V3 UART_@ <—> RS-485 Transceiver 3V3
MMUART.] <—> Emergency Rescue 3V3 UART.l <—> Header 3V3
MMUART_2 <—> Barnacle Connector 3V3 UART.2 <—> DK's FPGA/CPU 3V3
MMUART_3 <—> Interposer *1 1V8 UART_3 <=—> TOMcat via 3V3 <-> LVDS
MMUART_4 <—> Interposer *2 1V8 UART_4 <—> Not Used 3V3

DK Drw. 60 Rev. 12-June-2024



Quartz Osc

°

lator Clocks on the DK Board

BULK_3V3 Both Oscillators are: Ul FPGA/CPU
LVDS Output MPF S250T-1FCG11521
Low Phase Noise
L1501 H Accurate Frequency .
Low Power Bank #*H 3V3 SGMII
. V3
R1501 23 urg 1 125 MH Ylgm 1ot T | s CPU Clock
u ’_E—{ b z Oscillator Prefered Input
10k Ohm W3 MSS_ REF_CLK_IN_N refered Inpu
C1501 rﬁ_{ 6| vee
JMP1501 100 nFd out L4
oo L ; LVDS
Out_B mM=2— Terminate
Enable _125Mz _ Xtal
ﬁ GND Bank #*7 3v3 1/0 Only One
DM cikin_w_o_pP Prefered
The Oscillators have a High Active N14 LVDS Clock Input to
BULK_3V3 Enable Pin. The two Default High CLKIN_W_O_N FPGA Fabric
signals to the oscillator Enable Pins and CCC_SW
come from the Reset Circuits Drw. 84.
L1502 H
10k Ohm 22 uFd ’_E—“—' 50 MHz ? Oscillator Barnk #1 3V3 [/0 Spare Clock
C1502 6 | vee Oscillator Input
wpisoz | 100 oFa ] out L4 J13 | GPIO9PB
o6 1 Enb CLKIN_S_8 7/ CCC_SE_CLKIN_S_8
Out_B 5 H13
Enable_Spare_Xtal - GPIO9NB1
3 1 6ND
[ LVDS

DK Drw. 14

Rev. 20-June-2024



Clocks Type Signals on

the DK

Soard

Tx_Laser_Enable Return Signal PMT ADC U601
for Round Trip Timing
100 Hz _} apc Sys Ref
Tx 125 MHz
A Timing SFP 0uT.@C ADC Clock
> REF_B
J13 Connector — AD9546 OUT _2B
Timing QuT._2A FPGA/CPU Ul
Generator
RE‘F_A & REF_B or.e the oUT 1A 125 MHz JESD Clock
primary reference inputs REF-A | uoo1 XCVR_3A_REF_CLK_IN
to the AD9546. OUT_1B
o & e o of th L 125 MHZ | ¢ kiN_w.1  Bonk®7  LVDS
are two o e
auxiliary reference inputs M@ \l/ M4 100 Hz “
or an auxiliary outputs 100 Hz : CLKIN-S_13 Bank®9 1ve
on the AD9546. 90 Hz | ¢LKIN_S.12/SE_PLL@_OUT®
125 MHz 125 MHz
SE_PLL1_QUT® LVDS
48,46 %\ 27
Access Connector J12 A TOMcat 36,34 125 MHz A25, B25 } Bank*#9
Differential Pin Pairs <
shown here as outputs. J10° Conn. 2 00 e B26, C26 HVDS Inputs
J12 Pins 33, 34 xyz Differential 1/0
J12 Pins 37, 38 xyz Differential 1/0
Al Clk Signols shown Y1501 155 MH +{: MSS_REF _CLK_IN Bank*®#5
here are Differential z
except for the Aux 1/0s Crystal CLKIN-W-2 Bonk®7  LVDS
Oscillators CLKIN.S.8 Bank*]
DK Drw. 64 Y ->- en
Rov. 26-Jne-2024 1562 Spere CCC.SE_CLKIN.S.8  LVDS




Rev. 16-June-2024

Timing Generator - Control, Power, & Gnd

U901 Pins: 16, 21, 44

BULK_1V8 Usg1 BULK_1V8
Ul CPU 12C Tming G ¢
Controller *@ R923 R924 'ming enerator L901
V8 120 AD9546-BCPZ 10 uH H
170 Bank #9 5 440 mA max
d :[2[: SCLK VDD_1V8 6, 9, 20 _ .
T.GC. Powers Up L L L
4 | 12c DATA 28, 31
at I2C Adrs VvDD_1V8 , —’_I: :I: —’_I:
0x48 No EEPROM 40, 41, 45
R902:R904 , vDD_1V8 — C905: C902: C901
Ul FPGA/CPU M 37 | M4 High for Reset C916 C904 330
1v8 GPIO 1 — 10 L%M 100 22 uFd
must be set M SDO/M5  Low for Reset n| VDD_1V8 7 nFd uFd
'FOF‘ T.G. Reset 5 q>) |_905
1/0 Bank #9 AN CSB/M6 Low for Reset S VDD_1v8 13 L/7
5
C931 C932 o g 1906
220 nFd 3.9 nfd S| vDbD_1v8 i
Lo 1l 8 S
L_h 1 LF_0 2 ,5 L907
[ 7 S| VvDD_1v8 i
LDO_@ o
p L908 — BULK_1V8
C933 C934 S| ypp_1vs |24 v
220 nFd 3.9 nFd ~ L902
——| 29| LF.1 3 5
[ Mx 0:4 VDDIOB 2 ™
30 LDO_1 . . max
Mx 5,6 VDDIOA 3_j L L
CLK_GEN_Reset_B 48 | reseT g Croun & 12C I I
from Drawing 55 v
0 | viss Cozs  Cozs
DK Drw. 23 No Connection to
100 nFd 22 uFd



Timing

Generator - Input/Qutput Signals - Simp

ified

A Timing SFP

TOMcat - J10

Inputs

R
—> Reference Clock | Rx
See DK Drw. 42

125 MHz

|1
11
LVDS I

100 Hz

1v8 CMOS

Interposer "A"

SASTA)N

Timing Generator
AD9546-BCPZ

Flash Seen TDC W
Interposer "B"
Flash Seen TDC Wy
FLASH_NOW
from FPGA W
|
s
52 MHz ?
[
s
DK Drw. 70

oka Drw. 50 Simplified

REF_B
Input

REF_A
Input

M@

M1 Auxiliary

”MX“
1/0 Pinms
M2 V8
M3
X0A
System
Clock
xoB | Input

OUT_OA_DIR
OUT_OA_CMP

OUT_OB_DIR
OUT_0B_CMP

OUT_OC_DIR
OUT_OC_CMP

OUT_1A_DIR

OUT_1A_CMP

OUT_1B_DIR
OUT_1B_CMP

Outputs

ADC Clock

Us01
PMT ADC

PMT ADC

Il
8 h
1

Clock

Internal
100 Ohm
Terminators

ADC SysRef
o0—0 PMT ADC
w2 System
o—o
Reference
Return Timing Signal
- A
V8 Tx Timing SFP

i

Return Signal

XCVR_1A_REFCLK
JESD Transceiver Clock

Ut FPGA

XCVR 1A

1v8

REF CLK IN

i

Spare Clock to FPGA

JESD Clock

Internal
100 Ohm
Terminators

Il
8 h
11

CLKIN_W_1

i

Rev. 17-June-2024



Timing Generator - Timing Signals  Input/Output
Inputs uapl Timing Generator Outputs UBO]
AD9546-BCPZ PMT ADC
C1621 R921 38 1 ADC Clock
X Timing SFP 13 REFB OUT_0A_DR I KS | pMT ADC
—1 Reference Clock | Rx AC LVDS Mode 12 e I Clock
—] 39 | rerBB OUT_OA_CMP Il 3
See DK Drw. 42 12 ) C9o41, C942 Internal
C1622 R91, R912 100 Ohm
TOMcat - J10 R922 ADC SysRef ferminotors
48 | C955 47 | ReFA OUT_0B_DIR |4 oo K2 | pMT ADC
125 MHz y AC LVDS Mode 5 2 System
LVDS I 46 | neean OUT_OB_CMP ; o—o 75| Reference
46 C956 . R925, R926
R913, R914
100 Hz 27 Ret Timi Si I
W8 CMOS _ eturn Timing Signa
32 | mg OUT_0C_DIR |~ 18| Timing SFP | A
18 8 Tx | Return Signal —=
non R1483 Auxiliary OUT_OC_CMP . 19| See Drw. 42
Interposer "A A 33 M1 o
Flash Seen TDC Mx R915, R916
R1492 170 Pins
Interposer "B" A 35 M2 V8 XCVR_1A_REFCLK Ul FPGA
Flash Seen TDC 5 JESD Transceiver Clock XCVR 3A
T F29
FLASH_NOW R1490 36 M3 must OUT_1A_DIR I REF CLK IN
AN M3 | be Low at 26 wv8 I
from FPGA ~  power up OUT_1A_CMP { Il F30 JESD Clock
C947, C948 Internal
ur R917, R918 100 Ohm
€951 6.2 pfd | X0A Spare Clock to FPGA Terminators
System 22 N13
Y901 52 MHz ? — Clock OUT_1B_DIR I
T a3 3 V8 ' CLKIN_W_1
C952 6.2 pFd ﬁ} . xoB | Input OUT_1B_CMP ; I N2
C949, C950
R919, R920
Use: Quartz Crystal Path,
Rev. 17-June-2024 Freq Doubler ON, Comp Method 3 All 5 Outputs Are Set for Differential 7.5 mA Sink DK Drw. 50



FPGA/CPU Clocks to External Consumers

V8
RI067 U1051
20k Ohm USB3440-EZK
Ut FPGA/CPU C1078
| REFCLK
251 vo USB Phy
R1068
24 MHz | FPGA_Ref_Clk_to_USB 20k Ohm
8 U1052
UsB2412-DZK
RI075 2 2;103; %23 XTAL_OUT
m
ke Ohm USB Hub
| CLK_IN
125 MHz FPGA
System >—— ccc —=< R1076 § C1079
2k Ohm R1078
Reference PLL
4 10k Ohm
u1101
TLV320ADC6140
24 MHz | FPGA_BB_ADC_CLK_OUT 20
AW\ GPI01
V8 BB Audi
R1101 udio ADC
22 Ohm

MPFS250@T-1FCG11521

DK Drw. 54 Rev. 20-June-2024



PMT_ADC -

Power and Ground

BULK_1VO UeB1
L5601 PMT ADC
%H o o ADSE83-BBCZ
471 mA max
_I_ _I_ D6.E6.E7 | Apc_ANALOG_1VO ADC_DIGITAL_1VO
71: 71: F6,F7, G6 | Apc_ANALOG_1VO ADC_DIGITAL _1VO
m
C601 C602: CB05: FS | ADC_ANALOG_1VO Clock ADC_DIGITAL_1VO
330 C604 C6l4 Driver
UFd 22 100 nFd 94 | xnc ANALOG_1VO  PLL
uFd 470 nfFd
1 ufFd
BULK_1V8
L602
§H 10 uH
102 mA max )
Driver
_I_ _L_ IC8'D8’G8 ADC_ANALOG_1V8 ADC_DIGITAL_1V8
T ']: 'J: H6, H8 | ADC_ANALOG_1v8 ADC_DIGITAL _1V8
m /0 SPI
C618 C619: (622
330 C621 C633
UFd 22 100 nFd Link
uFd 470 nfFd Analog  Ref. for Ref. for  Digital Driver
1 ufFd Ground AVDD AVDD Ground Ground
AGND AGND AGND DGND DGND
C6,C7,D7,i1 E5 i1 K4 i1 i1D4, i1AL
8. F8, G7, E4 1,
H5, H7, K10 F4a, G4 C2, H2
DK Drw. 22

BULK_1VO
L6033
4.7 uH Hg;
971 mA max
D3, E3 , .
F3, G3 71: 71:
m
| B3, C3,H3 ) ~g33: 635 €634
C648 CbB37 330
100 nFd 22 uFd
470 nFd uFd
1 ufd
BULK_1V8
L6004
10 uH Hg
48 mA max
B1

- )

1
I

C659:
C668
100 nFd

470 nFd

1 uFd

1
I

C656:
C658
22
uFd

m

C655
330
uFd

Rev. 18-July-2024



PMIT

ADC -

Clocks, Contro

, & Output

Links

Uedl]

PMT ADC

U1
FPGA/CPU ADSV83-BBCZ C671 U1
100 nFd FPGA/CPU
3-Wire SPI | 27 B4
: SCLK D2 C31
Controller *25 | 22 c4 | eop SEROUT_O_DIR I XCVR_3_RXO_CMP
Wé” F;brl'f#g 22 M | oo g serOUT_0_cmp 21 g €32 | ycvR_3_RX0_DR
an -
. o SEROUT_1_DIR |-£2 1 E3T I ycvR_3_Rx1_cMP
LT/FE)GSAO 1tV8t n 2 SYNC_IN_B_DIR SEROUT_1_cMmp |1 ES2 | yeyR_3_RX1_DIR
utpu 272
ek ag Z SYNC_IN_B_CMP o 32
SEROUT_2_DIR I XCVR_3_RX2_DIR
o5 ) 1| rre ok SEROUT_2_cMP |1 q—C31 | vcvR_3_Rx2_CMP
J1 -
R604 VO F—/WW\ TRIG_CMP SEROUT_3_DIR |82 1932 | ycyR_3_RX3_DIR
SEROUT_3_cMP |81 q I3 | ycvR_3_RX3_CMP
U901 C941
OUT_0_A n I} K3 ADC_CLK_DIR contain an inversion
12 I J3 | Apc_cLk_cmP
AD9546
Al H4 C689 C690 1 uFd eq
Timing Gen. |44 ko | oo oo REG_VCO I Cggo 470 nFd
OUT_O0_B | 15 J2 - -
oo SYS_REF _CMP os 709
VCOARSE_VCO 4"?1 33 nEd
PMT_ADC _Reset_B DS | ReseT_B RBIAS LAH R60T
from Drawing 55 PD/STBY  TEMP_DIODE 4.99k Ohm
CSFL B10|L
No Connection PAD DK Drw. 16
to Pins: A10, K1 TP601 Rev. 10-July-2024



PMT to ADC Analog Input Circuit

Disco-Kraken's | AD9083 ADC Chip
PMT Signal Input Circuit Analog Input Section

Single-Ended to Differential

Voltage Step Up Is 1:2. ADC Rin
PMT Signal Coaxial 'e 381 Ohms e‘ AVDD1V8
Input Connector

5
Center | _+Vin M R %
Conductor
L °2 ! ADC! To th
ADC's 27 | tS g_Ae
. Input npu
s 4 ‘ Buffer Modulator
Shield FL 6 M ) M i
A
) I—Vin
*3
Connection TVS 1211 DC Bias AC Signal
to the DK's Diode Toroidal Network Terminator One Pole
Signal Ground Transformer 500 Ohm 2x 422 Ohm Low-Pass Filter
Planes T-622-KK81 10k Ohm with Optional Set to 125 MHz
CMM Term. See the
. . ADC' | t AD9083 Datasheet
DC Bias Set to 80Z of Negative Full Scale. T S| ’1pu Page 5 note 6
— erminator _
Overall Parallel AC Termination Is 200 Ohms. Set to Open Circuit Pages: 350 and 31

For the ADC's Input to Swing from Its Static 807 of Neqg.FS to
1007 of Pos. FS Requires a 0.81V Pulse Across the Primary

of the Input Transformer aka 16.2 mA through 50 Ohms. The ADC's Nominal The ADC
Vmax is 1.8 Vpp Actively Holds
The Caopacitor Symbol The Recommended ---> Pos. Full Scale Is: the Inputs of Its
Represents Parallel Common Mode at +Vin 115V —Vin 0.25V Input Buffer at a
DK Drw. 10 TuFd and 47 nfFd the ADC's Input ---> Neg. Full Scale Is: Common Mode

Rev. 7-Mar-2024 Ceramic Capacitors is 0.7 Volts +Vin 0.25V  —Vin 115V of 1.1 Volts



Photo-Diode to ADC Andlog Input Circuit

Disco-Kraken's |

ADS083 ADC Chip

Photo-Diode Input Circuit

Photo-Diode
Signal Coaxial
Input Connector

Center rﬁ—~NVN T

1 +Vin

Analog Input Section

ADC Rin
381 Ohms

§

Conductor A

ADC's
Input

Shield

I

Connection DC Bias

to the DK's Network

Signal Ground 500 Ohm
Planes 10k Ohm

DC Bias Set to 807 of Negative Full Scale.

Overall Parallel AC Termination Is 200 Ohms.

For the ADC's Input to Swing from Its Static 80%Z of Neg. FS
to 100/ of Pos. FS Requires a 1.62 V Positive Input Pulse.
A 1.62 V Pulse across the 200 Ohm load requires 8.1 mA.

The Recommended
Common Mode at
the ADC's Input
is 0.7 Volts

The Capacitor Symbol
Represents Paralle
10 uFd and 47 nfFd
Ceramic Capacitors

DK Drw. 62
Rev. 7-Mar-2023

OV I =

Y A
yh—y ph—a

One Pole
Low-Pass Filter
Set to 125 MHz

L ADC's Input
Terminator
Set to Open Circuit

The ADC's Nominal
Vmax is 1.8 Vpp
---> Pos. Full Scale Is:

+Vin 115V —Vin 0.25V
---> Neg. Full Scale Is:
+Vin 0.25V  —=Vin 115V

a‘ AVDD1V8

ADC's
Input
Buffer

To the
>-A
Modulator

See the

AD908
Pages
30

3 Datasheet
: 5 note 6,
, and 3.

The ADC

Actively Holds

the

Inputs of Its

Input Buffer at a
Common Mode

of

1.1 Volts



Two Port USB Interface Simplified USB Type "A"
' Connectors
CPGA/CPU J15 Camera "A
3V3 170 Bank 2 U1051 L4 S oo
USB ULPI Bus USB334@-EZK U1052 3 D
ULPI - USB2412-DZK 2 o-
USB Bus _ USB Bus TS vBUS
Controller ULPL Physical Up_T 2 Port Down_1
Layer
y USB
Clock Clock USB Buses
Hub J16 Camera "B"
Clock Reset_B Reset B Down_ 2
FPGA/CPU PWR OCS - OND
™
PORT __B M S > D
24 MHz J 2 1 1 2 ™ 2 D-
Clock 1
PLL Output > VBUS
USB_Reset_B U1053
from Drw. 56 MIC2026-1YM
Flag_A
™ \ Enb_A =
Us J Dual USB |-flo9-B
Power_A_Camera MN—] 5V0 —> Power
. Out_A
- | N Enb.B Switch o
Power _B_Camera _J = DK Drw. 77

Rev. 28-Mar-2024



[0 Bank <2 USB ULFPI Bus to USB PHY

BULK_3V3 BULK_3V3
Ul Uigsbi
FPGA/CPU USB PHY Chip L1051
I0 Bank 2 USB ULPI USB3340-E 7K §H 1.6 uH
37 mA max
Bank 2 "_|h_‘ C1051
22 uFd
_Power USB_CLK W6 1| cLkouT 3
| U8 Ve 31 vDDIO }}7% C1052
22 uFd rﬁ_%' vDDI2 USB_DIR DIR 100 nFd
w8 2
100 nFd 4T{} VS | vopi2 USB_NXT NXT
BULK_5V0
| W12 usB_sTp |-¥8 29 | s1p =
100 nFd 47%' vDDI2 va 3 C1053
USB_DATA_O DATA_O ”_*FT% 5o ord
Us 4
USB_DATA_1 DATA_1 aar |21 | 1054
USB_DATA_2 |9 S | DATA_2 b 100 nFd
USB_DATA_3 |-¥7 6 | DATA_3
20 C1055
USB_DATA_4 |- 7| DATA_4 voo33 T
USB_DATA_5 |7 9 | DATA_S 08 1056
vDD18 |28 |
USB_DATA_6 Y2 10 | pATA_B 1 1uFd
U9 13
USB_DATA_7 DATA_7 “aias |24 21064
J, 8.06K
27 | RESET_B
USB_Reset_B - PAD
GROUND
from the VIAS

Power ON
Reset Circuits USB_Reset_B

DK Drw. 17 Drw 56 to the USB Hub Rev. 7-June-2024



UsB PHY to  USB Hub

BULK_3V3 ulgsl BULK_5V0
- USB PHY Chip
1051 USB3340-EZK BULK_ 3V3

1 32 5 JMP1056 R1065 § — T

8 | REF_SEL_0 VBUS |22 o JMP1857

ID
M| REF_SEL_1 D |23 M Select
S Jumpers
2 4 6 REF_SEL_2
i l i R10G6 § jz JMP1258
m m
Reference Select Jumpers
DP 18 DIR
25 DM 12 CMP
X—— XO
24 MHz C|OC|< 15 TO the USB Hub's
from FPGA PLL 261 REF_CLK SPK_L | > Upstreom Port
See Drw 54 SPK_R 16
NC NC  CPEN
12 30 17
PAD
TP1051

DK Drw. 18 Rev. 24-June-2024



USB Hub 2 Port Controller
1067 U1052
C1068 C1061 : C1066 USB2412-D7ZK
22 ufFd 100 nfFd
BULK_3V3 } ’ » Tvsiosl
- ! TVS1052
Upstream _L _L ) ) )
58 5us TTLmnnn PGEI0I0503 Do
from the Stream
o o P s it e
Drw 18 4 10 14 18| 20| 27 % % Buses
VDD VDD VDD VBUS VDD VDD 415
22 CORE DET PLL 3
Up_1 o1 DIR DRI /a2 = D+
CMP cMP 28 Down_1 2 o
USB_RESET_B 17 | reseT g 2 Port
Drw 56 B USB PORT_POWER_ENB_1 |-/— = o e
(o] rom
24 | CLOCK_IN OVER_CURRENT_1_B -2 <
Hub N the Port Power
24 MHz Clk %23 | xTAL_OUT — PORT_POWER_ENB_2 "= [ Control Circuits
from FPGA PLL OVER_CURRENT_2_B 12— Drw 79
Drw 54 19 | NON_REMOVABLE _0 J16
3
m| o« 13 | NON_REMOVABLE _1 DR |2 D+
’C\) ’5 16 2 DOWn_2 2
Sl 2 UP_STRM_HS_IND CMP D—
CORE PLL BIAS
s GND TEST TEST! NC FLTR FLTR RES %
FL 6rL 15FL 5J< 9L 25L 26
m
10k RI072 :l: :l: ™
Ohm 100k \F/’l’zg TVS1053
Ohm 1069 N PTvsm54
1070 1071 GB1010603
Jumpered Both 100 nFd 12.0 k
DK Drw. 78 Ports Removable OHM Rev. 19-June-2024



USB Hub

2 Port Power Control

Standard Type "A"
USB Connectors

J15  Camera "A"

Mounting Pins 3

GND
I—ﬁ 4

3

GND
D+

— >
2 o-
1

to U1052
usB2412
L1852 C1075 USB Hub
F1051 1.6 uH C1076
2 Amp 700 mA max 10 ufd
— a A
BULK_5VO | o\ o Y'Y N 7 i{
S| 5
IS a9
<
Power_Port_1 '1_ g qt’
from U1052 USB2412 I—_I_T <_>I 8
USB Hub 5 qL)I
7 3 3
Power_A_Camera
5 2 Flag_A
from CPU GPIO ~ 2, . \  Enb_A
/ B
374 " | Dual uUsB |-2-Flea-8
USB_Reset_B ! Sower
from Drw. 56
" \ Enb_B
Power_B_Camera 12 /8 4 5 Out_B
from CPU GPIO °
r‘L6
Power _Port_2
from U1052 USB2412 U1053

USB Hub MIC2026-1YM
U1054 Switches will current limit
OK Drw. 79 74LVCO8A at 600 mA per channel typical

Rev. 1-May-2024 BULK_3V3 powered Cameras require 340 mA each

VBUS/

C1072 L L C1071
10 ufd —rl: —rl: 1

00 nFd

JI6 Camera "B"

Mounting Pins GND

GND
— D+

2 5

VBUS/

C1074 L L C1073
10 uFd —rl: —rl: 1

00 nFd



UK's Interposer Lonnectors & Pin [ ayout

This Hemisphere's
Connector with
Normal Pin Numbering
to Interposer "A"

Looking at the
North Edge of
the DK Board

Cable UP to
Interposer
IIAII

39 37 3 1

40 38

Other Hemisphere's

Connector with
Rotated Pin Numbering

to Interposer "B"

l

38 40

2 4

Jo

1.3

37 39
{%

This view is looking

at the male pins of the
DK's Interposer Connectors.

Component
Side of the

DK Board

/

| Mounting Plate Cable DOWN | Mounting Plate
through the
Slot in the Mounting

The mapping of Pin Number to Mounting Plate Plate to DK's Interposer Connectors
to Function is the same for both for the | Intelrlp?lser | are Molex 87833-4020
of the DK's Interposer Connectors. Down Cable : B : 40 pin 2 mm Right-Angle
Pin Pin Pin Pin
Num Function Num Function Num Function Num Function

1 V8 2 v8 21 Gnd 22 SPI_MOSI

3 3V3 4 3V3 23 Al 24 SPI_CS

3 Gnd 6 Gnd 25 Gnd 26 Gnd

7 Flash_Pulse_P 8 Flash_Pulse_N 27 A2 28 Al

9 Gnd 10 Gnd 29 Gnd 30 Gnd

n Piezo_P 12 Piezo_N 31 uBase_UART _Tx 32 uBase_UART _Rx
13 Gnd 14 Gnd 33 Muon_S1 34 Gnd

15 FLASH_TDC 16 Gnd 35 Muon_S2 36 Muon_S3

17 Gnd 18 SPI_CLK DK Drw. 69 37 Muon_S4 38 Gnd

19 Ctrl_Reset 20 SPI_MISO Rev. 26-July-2024 39 5Vv0 40 5V



Interposer Connector [ ocks

The connector is ) .
Molex: 87833-4020 View looking down onto the

top surface of the DK board

Screw Blocks:
6.35 mm wide
5.00 mm deep

Connector's through 9.75 mm  tall
hole array center with a M3
to the pcb edge —fJ{— S:AhTr;ZSAZC;h_?—)lET

DK B 70 mm = dimensions
oard
Edqge

The connector The Screw block
overhangs the is flush with
the pcb edge the pcb edge
51.4 mm
by 0.40 mm
Hole Center to Hole Center
Screw hole
center above
the DK board's
7.0 mm top surface
DK Board N N
Edge T 7770002020220 T 0 2 2 0 2 0 a2 2 7 2 d L T T T 700200 2 vz 7777277777722
) i ) 7.0 mm - 315 mm = 3.85 mm
The center of the View looking into the
connector's 40 pin array Interposer Connector on the DK board

is 3.15 mm above the

DK board's top surface. The screw blocks are electrically connected DK Drw. 87

to the DK board's ground planes. Rev. 16-Apr-2023



oFPl Connection to Interposer "A

The SPI connection to Interposer "B" is

Ul similar but uses the CPU's SPI Controller #1
FPGA/CPU and uses a separate GPIO Port.
SPI Ja
Controller #*0 Pin Numbers
3.3 Volt 1/0 U1451
2 18 U1451 18 - ~
SCLK AN SCLK
4 j 16 u1452 22 " o
MOSI AN MQOSI 2 5
g 0 o (e | %
MISO Ly g MISO & 0
L :
24
cs.B 8 N\02 cs.8 | T
ﬂ x
Enb_B 1 o
c
5]
GPIO Port > G
3V3 Outputs
23 0 3
v AL 2h LH AR g o
O (D n — ﬂ.)
25 g J 28 3|
Q O ¢ Al g 13 ’ At < Q
L - DO -+ L
2o 2 15 ﬂ 5 27 & 2
S5 A2 ah A2 5 =
] «
AN
19
Controller an 17 3 CTRL Reset B
Reset_B /‘ —
Enb_B 19
74LVC244
3.3 Volt
DK_CPU_IS_SANE 13 DC‘Q Tri-State Buffers
from Drawing 55 U1156

All signals to the Interposer are held in a
quiescent state until the DK's CPU is awake and sane.
Not Shown Are the Pull-Up & Pull-Down Resistors:
SCLK & MOSI to the Interposer are Pulled Down: R1461, R1462

MISO to the SPI Controller is Pulled Down: R1463

CS_B to the Interposer is Pulled Up: R1464
Ax & CNTL_Reset_B to the Interposer are Pulled Down: R1465...R1468
DK Drw. 51 | Rev. 14-Mar-2024



Al

Other Connections

with the Interposers

Connections
From the
DK Board

MMUART _3_TX
1.8 Volt

FLASH_NOW
signal from the
DK's FPGA/CPU

1.8 Volt

Connections

J4, J5

Connections Connections

From an To the
Interposer DK Board
32 |
UART_RX | NN MMUART_3_RX
1.8 Volt 1.8 Volt

CPU MMUART_3 Services Interposer "A"
CPU MMUART_4 Services Interposer "B"

Pin Numbers

To an
Interposer
| 31
| AN\ UART_TX
1.8 Volt
| 7
FLASH_PULSE

3.3 Volt

Separate Power Filters for Interposers "A" & "B"

— 39,40
BULK_5V0 —1- Y T +5V 500 mA max
pr— 3,4
BULK_3V3 1 YV T +3.3V 250 mA max
pr— '],2
BULK-1V8 - 00 T FV8 500 mA max
22 uFd 16 uH T 100 nFd

DK Drw. 52

TDC_STOP to

Flash_Seen 19 | the Timing Gen.
DC | Wy Based TDC

3.3 Volt Inputs M1 & M2
1.8 Volt

Muon Scintillator Signals from Interposer "B" Only

MUON _Sx e P FPGA Input
3.3 Volt 33,35 4 4 1.8 Volt
1 See Drawing 37
PIEZO_P | ADC_IN_X_DIR
12 BB Audio ADC
PIEZO_N | ADC _IN_X_CMP

Rev. 16-May-2024



Interposer Lonnection Details Page |

—7

PMT microBase - UART Signals

FPGA/CPU Signals Interposer Signals
1.8 Volt 1.8 Volt
R1484
CPU_UART_3_Tx_to_A_Interp 3 DO 7 > DCG M\ J4-32 uBase_UART_Rx
U1453 Interposer "A"
R1485
CPU_UART _3_Rx_from_A_Interp AWV 80@ 9 = o@ L J4-31  uBase_UART_Tx
R1486
CPU_UART_4_Tx_to_B_Interp 3 Do Z S DCG M J5-32  uBase_UART_Rx
1454 Interposer "B"
R1487
CPU_UART _4 _Rx_from_B_Interp o SoQ 9 5 o@ n J5-31  uBase_UART_Tx

U1454 and U1455 are 1.8 Volt and have 2 unused sections each.

DK Drw. 72 Rev. 2-July-2024



Interposer Lonnection Uetails

“age o

DK FPGA/CPU and
Timing Generator Signals

u1455
TG_Aux_In_M3 R1490 VccA 3V3
to Timing Generator AN\ VeccB  1v8
1.8 Volt
| R1492
6
M\
L 3
Flash_Now R1491
from FPGA . AN B
1.8 Volt ‘ | 21493
7
M\
L 2
R1494
TG_Aux_In_Ml M - I 7
Flash Seen to
Timing Generator 1.8 Volt A B
R1495
TG_Aux_In_M2 M . I 6
u1456
U1455 & U1456 VeccA  1V8
74AVCH2T45 VeeB  3V3

DK Drw. 73

Interposer Signals

J4-7

J5-7

J4-15

J5-15

Flash_Pulse _P
to Interposer "A"

3.3 Volt

Flash_Pulse _P
to Interposer "B"

Flash_TDC
from Interposer "A"

3.3 Volt

Flash_TDC
from Interposer "B"

Rev. 17-June-2024



DK Drw. 88

Interposer Lonnection Detoills Page 3

Interposer "B"
Muon Scintillator
Signals 3.3 Volt

DK FPGA/CPU
Signals 1.8 Volt

Muon_S1_B_Hemisphere

Muon_S2_B_Hemisphere

Muon_S3_B_Hemisphere

R1496

Muon ST J5-33 7| ~ "y
B ul4s57/ A

R1497

Muon S2  J5-35 6| - M

R1498

Muon S3  J5-36 7| > e
B U1458 A

R1499

Muon S4  J5-37 6| - e

U1457 & U1458
VccA  1V8
VeeB  3V3

Muon_S4 _B_Hemisphere

U1457 & U1458
74AVCH2T45 Rev. 16-May-2024



°

page 38.

Fnvironmental Sensors
Ut FPGA/CPU
? [2C_SCLK_SENSOR_BB_ADC to the
CPU  I2C ) The 7 bit 12C Addresses
Controller 1 BB Audio ADC .
? M [2C_DATA_SENSOR_BB_ADC See Drw. 37 are shown as the 3 MS bits and
1.8 Volt ' the 4 LS bits expressed in hex.
1v8 1vV8
R8s 2.0k Ohm BULK_1v8
4 ugs2
STM ISM30B3DAC
- Accelerometer L852
U851 Magnetometer §H A 1'6AUH
Base Address mA max
BULK_1V8
Bosch BME280 —_— O><1D & OX1E
Tewperohng . L85
Pressure  Humidity §§H 1.6 uH C854
Base Address 4 mA max ‘*‘%F‘:k 22 uFd
Ox76 or Ox77 9 9
MODE _SEL VDD }hj C835
C851 , o 100 nFd
~H—Jﬂ 22 uFd 12C SCLK vDDIO H—% C856
100 nFd
2 8 | €852 4 3
CS_B VDD 12C DATA RSVD
'}_Jj 100 nFd Al
3 6 | €853 / S C857
[2C DATA VDDIO x—— INT_MAG CAP
'}_Jj 100 nFd h 220 nFd
4 1 1 6
[2C SCLK GND Note the CW x——1 INT2_XL GND ___:L
Pin Numberin
5 | spo GND |7 mbering 2 | INTI_XL oND |8
> see Bosch |
JMP851 datasheet DK Drw. 36

Rev. 21-June-2024



Ul FPGA/CPU

CPU 12C n
Controller 1 -
1.8 Volt ?

Interposer *1

J4 Pins 11, 12 {

Interposer *2
JS Pins 11, 12

\

Spare Inputs to
the BB Audio ADC
Routed to or near s

the Interposer

Connectors.

~

cnm:Cm4 1 ufFd

See Drw. 36 17
18

55 Audio ADC

L1101 L1102
1.6 uH 1.6 uH
24 mA max C1101 C103 1 mA max
BULK_3V3 — 1 H—% 22 UFd 22 uFd rﬁ_“ U— BULK_1v8
_ c1102 C1104 _
'_H_Jj 100 nFd 100 nFd FE_“_'
1 19
AVDD I0VDD 25 Onm
I2C SCLK R1101 24 MHz Clock
100 kHz max GPI101 =22 Ap from FPGA PLL
I2C DATA
1.8 Volt
R1102
—51 NPt SDOUT & ——
I 7] INM_1 5p  R103 ADC Output
U101 BCLK VW Data to FPGA
I 8 | inp 2 ,5  RI04 1.8 Volt
| - TLV320ADCB140 FSYNC AN
] INM_2 BB Audio ADC
101 NP3 SHONZ_B <% — BB_AUDIO_ADC_RESET_B
1 INM_3 See Drawing 55
16
12 ADDRO
INP_4 5 The 7 bit 12C
13 1 INM_4 Via ADDRI Address is typically
AVSS MIC_  Pads 0x50  shown
AREG VREF GND BIAS GNDs DREG as the 3 MS bits
5 24 and the 4 LS bits

Value Sets a Low
Frequency Cutoff

DK Drw. 37

m

C105
22 ufFd

1L

m

C1106
100 nFd

IR
. S

cno7 C1108
1uFd T uFd

C1109
100 nFd

C1mo
22 uFd

expressed in hex.

Rev. 19-June-2024



FPGCGA DDR4 Memory

- 4 (GByles

32 Bit Wide Datag

Data Bus 31:16

DQ23 :DQ16
DQS2: DIR & CMP
DM2_B
DQ31:DQ24
DQS3: DIR & CMP
DM3_B
22 Signals Total

Memory Setup

Data Bus 15:0

DQSO: DIR & CMP

DQ15 : DQ8
DQS”: DIR & CMP

DQ7 :DQO

DMO_B

DM1_B

22 Signals Total

Ul FPGA Fabric
MPFS25@T-FCVG784

FPGA HSIO Bank 0@
1.2 Volt 1/0 Bank

U301 16 Gbit SDRAM
1 Gig Address by
16 Bit Wide Data
Micron MT40A1G16
Data Bus Bits 15:0

This is a Rank 1
non-ECC Memory.

The FPGA Bank @
DDR Memory
Controller is used
in the Microchip

Option North NE-1.

Address & Control Bus

2%
1x
25x

1x

Pull-Downs
Pull-Up
Terminators

Differential-Terminator

U302 16 Gbit SDRAM
1 Gig Address by
16 Bit Wide Data
Micron MT40A1G16

Data Bus Bits 31:16

T

V2 0

L
]

—
Address & Control Bus
ADRS13 : ADRSO Term
ADRS14_WE_B Term
ADRS15_CAS_B Term
ADRS16_RAS_B Term
BA1, BAO Term
BGO Term
QDT Term
CLK: DIR & CMP  Diff-Term
CLK_ENB Term
CS_B Term
ALERT_B  Pull-Up
PARITY Term
ACT_B Term
RESET_B  Pull-Down
TEN Pull-Down
30 Signals Total

Memory Chip Power Supplies

Core Power V2

I70 Power V2

Word-Line Power 2V5

Reference Supply 0V6
ZQ Calibration 240 Ohm
to GND.

DK Drw. 38
Rev. 8-June-2023



cPU DDR4

Memory

- 4 (GBytes

52 Bit Wide Data

Data Bus 31:16

DQ23 :DQ16
DQS2: DIR & CMP
DM2_B
DQ31:DQ24
DQS3: DIR & CMP
DM3_B
22 Signals Total

Data Bus 15:0

DQ7 :DQO
DQSO: DIR & CMP
DMO_B
DQ15 : DQ8
DQS1: DIR & CMP
DM1_B
22 Signals Total

Ut CPU (MSS)
MPFS250T-FCVG784

CPU HSIO Bank b6
1.2 Volt 1/0 Bank

_—
Address & Control Bus

ADRS13 : ADRSO Term
ADRS14_WE_B Term
ADRS15_CAS_B Term
ADRS16_RAS_B Term
BA1, BAO Term

U401 16 Gbit SDRAM
1 Gig Address by
16 Bit Wide Data
Micron MT40A1G16
Data Bus Bits 15:0

Memory Setup
This is a Rank 1

Address & Control

U402 16 Gbit SDRAM
1 Gig Address by
16 Bit Wide Data
Micron MT40A1G16

Data Bus Bits 31:16

non-ECC Memory.

The CPU Bank 6
DDR Memory
Controller pins for
Rank 2 and for
ECC are not used.

2x Pull-Downs
Ix  Pull-Up
25x Terminators

1x Differential-Terminator

T

V2 0

L
]

BGO Term
QDT Term
CLK: DIR & CMP  Diff-Term
CLK_ENB Term
CS_B Term
ALERT_B  Pull-Up
PARITY Term
ACT_B Term
RESET_B  Pull-Down
TEN Pull-Down
30 Signals Total

Memory Chip Power Supplies

Core Power V2

I70 Power V2

Word-Line Power 2V5

Reference Supply 0V6
ZQ Calibration 240 Ohm
to GND.

DK Drw. 39
Rev. 12-June-2023



liming SFP J15 L1601 L1602
=4 1.6 uH 1.6 uH
150 mA max C1605 C1608 150 mA max BULK
DK _CPU_IS_SANE See BULK_3V3 } UAJ C1606 C1607 U | 23
from Drawing 55 Drw. 84 — —
4.7k Ohm — ) 22 uFd g —
— R1605, R1602, R1601
. 3V3 3V3 3V3 - ), 100 nFd —
SFP_Time_ 5 6
Trans_Enable JMP1172
VCC_RX VCC_TX
O O .
JMP1171 N/ 3| TX_DISABLE HI --> Disable Laser
FPGA/CPU .
GPIOs < SFP_Time_Tx_Fault L M 2 1% _FAULT
3.3 Volt . ,
SFP_Time_Mod_Abs N 6 MOD_DEFO Module Present ﬂ_l
SFP_Time_Rx_Los 8
RX_LOS » | 10
. ©
SFP_Time_RS_0 7 Rate_Select_0 § q-,
8 SFP_Time_RS_1 9 | Rote_Select 1 : 1
; J_I
° | 14
CPU I2C Controller #2S SDA 120 i
3V3 Pull-Up Resistors 5 =
A N SCL Bus 17
re Not Shown a
%
C1621, C1622 20
. . 13 .
SFP_Time_RD_Dir 38 I RX_DATA_DIR
Ref_B Input ! ! I T|m|ng qw
SFP_Time_RD_Cmp 39 [ 12| RX_DATA_CMP SFP
Timing _Generator U901 l\/lodule
SFP_Time_TD_Dir 17 18 | TX_DATA_DR J13
Out_BC Output N~ =
SFP_Time_TD_Cmp 18 9 | TX_DATA_CMP
DK Drw. 42

Rev. 17-June-2024




tthernet SEFP J14 L1603 L1604
1.6 uH 1.6 uH
150 mA max C1609 C1812 150 mA max BULK
DK _CPU_IS _SANE See BULK_3V3 F—— 1/ C1610 C1611 UL 3y3
from Drawing 55 Drw. B4 -
! 4.7k Ohm iy 22 wre
— R1610, R1607, R1606
>— ) ) | b
: 3V3 3V3 3V3 ) 100 Fd
SFP_ENet_Trans 15 16
Enable or Disable
VCC_RX VCC_TX
e s
rL JMP1173, 4, 5 N/ 3| TX_DISABLE HI --> Disable Laser
FPGA/CPU
3.3 Volt !
SFP_ENet_Mod_Abs N 6 | MOD_DEFO Module Present ﬂ_l
SFP_ENet_Rx_L os 8 RX_LOS o | 10
©
SFP_ENet_RS_0 7 | Rate_Select_0 § q—.
L SFP_ENet_RS_1 E Rate_Select_1 i n
% Jj
v |14
CPU [2C Controller #3S SDA T 1ac K
3V3 Pull-Up Resistors 5 Bus =
Are Not Shown SCL a 17
n q‘l
C1623, C1624 20
ENet Data P30 [ 12 | RX_DATA_DIR FEthernet
XCVR_1_RX_3 to 12
DK CPU P29 | RX_DATA_CMP SFP
DK FPGA/CPU Module
ENet Data P34 '8 | TX_DATA_DIR J14
XCVR_1_TX3 from 19 -
DK CPU P33 TX_DATA_CMP
DK Drw. 66

Rev. 16-June-2024




High-Speed Serial Transce

°

Vers

DK Drw. 53

Serial Transceivers | SFP Ethernet
K34, K33 XCVR_1_TXO Not Used
M34, M33 XCVR_1_TX1 Not Used
N32, N31 XCVR_1_TX2 Not Used
P34, P33 XCVR_1_TX3 Ethernet SFP Transmit Data
K30, K29 XCVR_1_RXO Not Used
L32, L31 XCVR_1_RX1 Not Used
M30, M29 XCVR_1_RX2 Not Used
P30, P29 XCVR_1_RX3 Ethernet SFP Received Data
L27,L28 XCVR_1A_REFCLK Not Used
N27, N28 XCVR_I1B_REFCLK Not Used
H29, H30 XCVR_I1IC_REFCLK Not Used

Serial Transceivers 3 PMT ADC Data
B34, B33 XCVR_3_TX0 Not Used
D34,D33 XCVR_3_TX1 Not Used
F34,F33 XCVR_3_TX2 Not Used
H34, H33 XCVR_3_TX3 Not Used
C32, C31 XCVR_3_RXO0 ADC Data Lane O Inverted
E32, E31 XCVR_3_RX1 ADC Data Lane 1 Inverted
G32, G31 XCVR_3_RX2 ADC Data Lane 2
J32, J31 XCVR_3_RX3 ADC Data Lane 3
F29, F30 XCVR_3A_REFCLK JESD Ref Clk Timing Gen OUT_1A
D29, D30 XCVR_3C_REFCLK Not Used

Pin Numbers Listed:
Direct then Complement

XCVR_0O & XCVR_2
Are Not Used by DK

Rev. 10-July-2024



°

Connect

on to the Barnacle Board

C1551
10 uFd

2 Amp ﬁh“ 5OrSG>TA h_‘
o fo— YN :

F1551

L1551
10 uH

C1552
10 uFd

BULK_5VO Power 1, 15
Barnacle _Master _Reset_B 3
External
R1551
. 1 DC 3 DO ", 5 Board
Bluetooth 2 4 for the
Data - CPU RI552 Bornoc.le S
MMUART 2 By Ay OQ 5 7 Inductive
8 6 Power Supply
9 and
DK_Control_1_to_Barnacle Bluetooth
DK_Control_2_to_Barnacle 1 Links
All
’_L Even
Pins

Barnacle_Master _Reset_B,
DK_Control_1_to_Barnacle, and
DK_Control_2_to_Barnacle, are dll

Open-Drian signals that will be held Low
during Module Power Up. Pull-Up
resistors are on the Barnacle. Pull-Up
current should be held below 1.5 maA.

DK Drw. 43 Rev. 10-June-2024

Connector J7
14 Pin Header
on the
DK Board

|3
T

Inductive
Power
Coupling
Coill

Bluetooth
Antenna

UART data to/from Barnacle is 3.3 Volt.

Asserting Barnacle_Master _Reset_B

must Turn OFF most of the power

consumption by the Inductive Power
Supply and the Bluetooth Transceiver.



ifled

RS-485 Emergency Recovery - Simp

[so_BVD
OQ DK_CPU_IS_SANE
ER Take Over Control Signal From Drowing 55
HI --> Switch the Mux so that —
the ER's SPI Bus Connects
to FPGA Config/Boot Memory
o< }_ RS-485
< '{ Terminator
See Drawing 12 ER_IS_SANE Biased to the
HI State.
N U1002
o 92 1S01412DWR
ER SPI Bus to the FPGA/CPU ' o| &
Bank 3 SPI Bus Multiplexer ER SPI Bus "‘- 4 < | € [soloted
7 I =< ol e RS-485 Transceiver
3.3V 4 Wire SPI <;[ <;[ ,E 8
Rx_Enb_B Up
2 RS-485 UART_@_Rx A
eI Ceected & / | rs-aes
Recovery UART @ _Tx , Cable
uProcessor
UART_2 Connected to 2 NXP  LPC845 UART_@_RTS Tx_Enb
FPGA/CPU MMUART _1 ! aka "ER" Down
REQUEST
UART_3 Connected to 2 1001 ENABLE
TOMcat via 3V3/LVDS ' RS-485
TRANS
ER's JTAG Controller f'
Connects to TOMcat !
ER_IS_SANE

DK Drw. 67
See olsa Drws. 44, 47, 68, 82, 83 Rev. 17-June-2024



RS-480 tmergency Recovery Page |

R1004 Th . -
e discrete logic is
JMP1005 Requires the DK CPU to be NOT SANE 10k Ohm  3V3 powered by CNST_3V3.
in order for the Emergency Recovery uProcessor
to take over control of the FPGA's BOOT PROM. U1003 u1156
12 10 OQ 1 DK_CPU_IS_SANE
Oo—0
— . U1003 L From Drawing 55
ER Take Over Control Signal 10 JMP1005
HI --> Switch the Mux so that 8 [/~ 13 1
the ER's SPI Bus Connects Wy \
to FPGA Config/Boot Memory R1005 9 U1003 U156
k Ohm 4 8 9
6 [ OQ 4.7k Ohm
— See Drawing 12 . \
ER_IS_SANE 5 ] o| 3V3 ]
To Drawing 68 W | T
L X >| €
< < @) g
ER SPI Bus to the FPGA/CPU 4 St Z o €
Bork 3 SPI Bus Multiplexer ER SPI Bus / = ) 2|8
3.3V 4 Wire SPI -
- R1001 R1002 R1003
25, 26, 27,28 00
12 15 11
2 RS-485
UART_1 Connected to / 22, 23 Emergency
This page shows Access Header J12 ' Recovery
17 of the 1I/0 Pins uProcessor
that DK uses on
the ER UProcessor UART_2 Connected to ,2 29, 30 NXP LPC845
’ FPGA/CPU MMUART_1 ' aka "ER"
None are in
Fixed Locations. 1. 31 5 TDI
UART_3 Connected to ,2 ’ V1001 17 TCK
TOMcat via 3V3/LVDS ! 1B TMS
32 TDO
DK Drw. 44 ER's JTAG Controller 4

~

Rev. 17-June-2024
See olso Drws. 47, 67, 68, 82, 83 Connects to TOMcat



RS-4380 tEmergency Recovery Page 2
Power, Reset, ISP, SWD, and JTAG

L1001
BULK_3V3 | U BULK_3V3
U1001 F1001 J8
1001 LPCB45M301JHI33 PAmp oo
i 1
22 uFd rﬁ_“_ o
C1002 I vDD 19 RS-485 24 PI0O_@_.@ TDO 5
100 nFd
Emergency
C1003 | VREFP 21 Recovery 16 PIO_@_.1 TDI 5
100 nFd uProcessor
NXP  LPC845 7 PI0_@.2 TMS / SwDIO 5
VREFN 20 HVQFN33
6 PI0_@_.3 TCK / SWCLK
aka "ER uProc" 4
. GND 33
The 11 Pins on the 4 PI0.O.4 TRST
LPC845 shown on ’_L — 77
this Page are dll
in Fixed Locations. 10k Ohm 2 3 PI0_@_.5 RESET 2
R1009 PI0_@_12 RESET B
[SP_Mcde_B B
BULK_3V3 | MW\ GND
| 3,5, 9
I_L M\ o o § R10M rL
4.7k Ohm MO + ;
R1010  JMP1006 g\anB EOJ-F/(Z)((; MOC 10 f'n
onnector
Tk Ohm — BULK_3V3 Pin *7 is Key
JMP1006 is the ISP Mode Jumper Board Header: FTSH-105-01
Low during Reset starts the Pull-Ups on: TDI, TMS, TCK, TRST
DK Drw. 47 .
In System Programming command handler. R1016 : R1019 10k Ohm

Rev. 18-Apr-2024 .
See also Drws. 44, 67, 68, 82, 83 Open for normal startup & operation. See User's Guide Page 505



RS-480 Lmergency Recovery

~age

This page shows 3 of the I/0 Pins
that DK uses on the ER uProcessor.

RS-485

Terminator

. Up Cable
Pins 13 ond 14 are Fixed Location. Biased to the 1k Ohm RpS-485
HI State. .
1002 55 Ohm Crmp Dir
Bl 3V3 1S01412DWR Iso_5V@ R1012 Connector J1
CLLE [solated R1013 14 13
RS-485 Transceiver R1014
R1008 R1015
4.7k Ohm Rx_Enb_B q C1005
U1001 . < N =
S © o 8 o i i S}
14 UART_B_Rx | g o o & g %
RS-485 = = = =
Emergency
Recovery 13 UART_O.Tx 5 N—s
uProcessor
NXP LPC845
aka "ER™ 1@ UART_O_RTS >
Tx_Enb Up Cable
Connector J1
4.7k Ohm 15 16
R1006 REQUEST § R1007 leol 5 12 11
ENABLE solate
[ VVV ' RS-485 1k Ohm RS-485 Cc(’:nne(:tg,r Ji
TRANS 4 Y1003 Common mp Dir
RS-485
ER_IS_SANE 3 9 10

From Drawing 44

DK Drw. 68

See olsa Drws. 44,47, 67,82, 83

Connector J1
Down Cable

The Emergency Rescue uProcessor and its side
of the RS-485 Transceiver are powered by Bulk_3V3.
The Logic Gate is powered by CNST_3V3.

Down Cable

Rev. 19-Apr-2024



Isolated RS5-485H

I ransceiver

U1002
U1001 BULK_3V3 [SO01412DWR 150_5Vv0@
RS-4835 C1004
Emergency 100 nFd 11 veer veeo |18 €1006
Recovery 1 L 100 nFd
uProcessor R1008 I—_I: I_L—z GND1 GND?2 %7 $ Isolated
RS-485
4 ART_0_R
1 = 0-Rx . 3 Received Data Rec_A 14 M _BUS
4 Rec_Enb_B Rec_B 13 MWV DIR
% . " +_/\ M. cMp
Driver _Enable Driver_Z AN
ART_B_T
13 = 0-Tx M\ 6 Driver Data Driver_Y Ll NN %
R1022
7 N.C. N.C. 10 R1025 \Y
UART_B_RTS 10 Ohm
AN, § R1007 8 9 TVS1002
10 GND1 GND2 TVS1003
rﬁ ;7 PGB101060@3
R1006 U1003 leolated
1 solate
MW -
i _} TVS1001 GDT1001 ES 485
2 3 PV95K GTCS28-231M-RO1 emmon
D\
> DK Board % @ Isolated
From Drawing 44 Ground Common '

See also Drws. 44, 47, 67, 68, 83



Isolated RS-48bH

"ower Supplu

L1002 1008
BULK_5VO —— 4 y |
UN '}_Jj 10 uFd
See DK Drawing 85
1.6 uH
DK_CPU_IS_SANE
R1021
)o A
High —
STOP_RS_485 Enable
T1001
Enable/UVLO Wurth D1001, D1002
R1026 750319691 MBR2H200SF DZ1001
22k Ohm 5 1
or Open rLu MW\ Duty Cycle SW1 1 6 -
R1020 . . - l .
o o 6 | Slew Rate 1S0_5V@
Open I‘LI 3 5 5
VCC
R1027 7 1 1 .
AN Clock
22k Ohm T T
B C101  5.6Vz
R1028 AMA—— 8 | Soft Start SW2 10 3 2 LT oo )
100k Ohm rﬁu i Current Limit u
C1010 C1009 25V
C1007 :I: GND GND GND 100 10
1uFd uFd

rLz rLg rLpod nFd
Vias
U1004

Power Supply Operation: SNeb@/DGARAL

518 kHz Switching Frequency
264 mA Current Limit
3.72 msec Soft Start

Isolated
$ RS-485

Common

DK Drw. 83
Rev. 18-Apr-2024
See also Drws. 44, 47, 67, 68, 82



Power Supply Monitor JI11 & FPGA Access J12

Power Supply Monitor Connector J11 FPGA/CPU Access Connector J12

Pin Pin Pin Pin
Num Function Num Function Num Function Num Function
1 VMon_Bulk _5V@ 2 Ground 1 JTAG_TCLK 2 Gnd
3 VMon_Bulk _1V00@ 4 Ground 3 JTAG_TDO 4 no-conn
5 IMon_Pos_Bulk_1V@0 6 IMon_Neg_Bulk_1V@0 ) JTAG_TMS 6 Power 3V3 5VO0
7 VMon_Bulk_1V50 8 Ground 7 no-conn 8 JTAG_TRST
9 IMon_Pos_Bulk_1V50 10 IMon_Neg_Bulk_1V50 9 JTAG_TDI 10 Gnd
11 VMon_Bulk_1V2 12 Ground 1 Gnd 12 Gnd
13 IMon_Pos_Bulk_1V2 14 IMon_Neg_Bulk_1V2 13 MMUART *0 Tx 14 MMUART #0 Rx
15 VMon_Bulk_1V8 16 Ground 15 Gnd 16 Gnd
17 IMon_Pos_Bulk_1V8 18 IMon_Neg_Bulk_1V8 17 ER UART =*1 Tx 18 ER UART *#1 Rx
19 VMon_Bulk_2V5 20 Ground 19 Gnd 20 Gnd
21 IMon_Pos_Bulk_2V5 22 IMon_Neg_Bulk_2V5 21 Access_Signal_1 22 Gnd
23 VMon_Bulk_3V3 24 Ground 23 Access_Signal_2 24 Gnd
25 IMon_Pos_Bulk _3V3 26 IMon_Neg_Bulk_3V3 25 Access_Signal_3 26 Gnd
27 VMon_Cnst_3V3 28 Ground 27 Access_Signal_4 28 Gnd
29 VMon_FPGA_DDR4_Term 30 Ground 29 Access_Signal_5 30 Gnd
31 VMon_CPU_DDR4_Term 32 Ground 31 Gnd 32 Gnd
33 N.C. 34 N.C. 33 Diff _Signal_1_Dir 34 Diff _Signal_1_Cmp
35 N.C. 36 N.C. 35 Gnd 36 Gnd
37 N.C. 38 N.C. 37 Diff _Signal_2_Dir 38 Dif f_Signal_2 _Cmp
39 N.C. 40 N.C. 39 Gnd 40 Gnd
Pins 1 through 10 of the FPGA/CPU Access Connector
DK Drw. 71 Rev. 15-Mar-2024 match the MicroSemi standard JTAG connector pinout.



DK Drw. 81

M@

N Cable

Connector J

Main  Cable Connector J1

Pin Pin
Num Function Num Function

1 Open - Guard 2 Open - Guard

3 +100 VDC Power Feed 4 Open - Guard

5 Open - Guard 6 100V Power Return
7 Open - Guard 8 Open - Guard

9 RS-485 Common Down 10 RS-485 Common Down
" RS-485_Down_Dir 12 RS-485_Down_Cmp
13 RS-485_Up_Dir 14 RS-485_Up_Cmp

15 RS-485 Common Up 16 RS-485 Common Up

There is Galvanic Isolation between these 3 DK circuit regions:

1.
2.

Power Feed/Return, Power Input Filter, 100 V Converter Input
Isolated RS-485 Differential Main Cable Bus and its Common

3. DK Board's Signal Ground that services all other DK Board circuits

Rev. 19-Apr-2024



TOMCat Mezzanine Connector J10

TOMCat Connector J10

Pin Pin
Function Num Num Function
Ground 1 2 3V3 for JTAG
JTAG < DO 3 4 TCK - JTAG
Controller Controller
on ER —= TMS 5 6 TDI - on ER
Ground 7 8 Ground
Ef’hGM”t — > Rx+ 9 10 +5V power
erne
from DK —= Rx- 1 12 +5V Power
Ground 13 14 Ground
EtShGM”t - Tx+ 15 16 +5V Power
erne
to DK =  Tx- 17 18 +5V Power
Ground 19 20 Ground
V8 CMOS ¥—  Spare 21 22 CFGI —> DK FPGA
x— 100 Hz 23 24 CFGO — 1v8 CMOS
Ground 25 26 Ground
¥— 100 Hz 27 28 100 Hz- ——> DK FPGA
913251%0“"8@ PPS 29 30 100 Hz+ —> LVDS
Ground 31 32 Ground
LVDS x— SPARE- 33 34 125 MHz- ——> DK FPGA
x— SPARE-+ 35 36 125 MHz+ ——> LVDS
Ground 37 38 Ground
UART ——= Rx UART- 39 40 PPS- —x LVDS
from ER ——= Rx UART+ 41 42 PPS+ —x
Ground 43 44 Ground
UART < Tx UART- 45 46 125 MHz- —> ARDEgF54A6
to ER =— Tx UART+ 47 48 125 MHz+ — .
LVDS
Ground 49 50 Ground

Spare TOMcat pins will
ER = Emergency Rescue be connected to DK
DK Drw. 80 uProcessor FPGA where possible. Rev. 10-July-2024



TOMCat Power Switch

U1981
R1981 High Ts(')cz/lcost itch
1981 100K Ohm 'gn >ide swite
L1981 5 5
2 Amp [—wvi FLAG  OUTI —— | 5V0 Power
BULK_5VO | 0N o YYYN R . 7 VN ouUT?2 '8 J i to TOMCat
1.6 uH L 4| ILIM NC 2 I J10 Pins:
600 mA max 1 3 10, 12, 16, 18
—— | ENB GND ﬂj 10 uFd
10 uFd R1982 Comaa 1 C1982
C1981 220 Ohm M
Sets [Lim
1.05 Amps

TOMcat_Power _Enable
High --> Apply Power to TOMcat

From the Reset/Enable Circuits
See DK Drawing 85

DK Drw. 19 Rev. 30-Apr-2024



TOMCat Connections to

DK Board

Pqg ]

TOMcat Rescue
UART uProcessor
41
Uu1621
RX 39 f | 31 TX
UART UART *3
47 U122 :
T>< 45 Rx
Rescue
TOMcat uProcessor
JTAG JTAG Controller
TDO =AW, > 1 1D
TCK |2 MA—1 TCK
™S |2 MA—2 1 TMS
6 32
TDI M TDO
V8 1vV8
TOMcat DK FPGA
Configuration Outputs V8 1/0  Bank *9
CFG.p 22 A28 1 GPIO
CFG.1 22 B28 | GPIO

DK Drw. 89

Rev. 14-June-2024



TOMCat Connections

to DK Board

g 7

J10-
48

TOMcat

125 MHz
LVDS Output 46

TOMcat J10-

100 Hz 29
1v8 CMOS Output

J10-
36

TOMcat

125 MHz
LVDS Output 34

J10-
30

TOMcat

100 Hz
LVDS Output 28

DK Drw. 90

R922 Ugo01-

47
46

Ugo1-
32

u1-
A25

B25

u1-
B26

C26

Timing Generator
Ref_A Input

Timing Generator
M@ Input

FPGA/CPU
GPIOS3P/NB9
Input

FPGA/CPU
GPI054P/NB9
Input

Rev. 10-July-2024



12 3 4 5 6 7 8 910 1 121314 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

I
0000DO00O0O0BO0O0OOOB®OOV0O0BOOO0O0O0OR®O0O0OOOOOGO

4I—,7

0000000 BGOO0O0OOO0OOO0BOOO0O0O0OB®OOOVOO0OOGOBGEOD

A

B

C 0000000001V 0000O0000P0Q00B00CB®OR®OO
D O©0000D0000B0000RPO0000BO00 0B ER®O® DD
E Q0000000000000 000000R®000OVPOR®O®
F Q000000000 D0000O0000@®0O000 0 0| E®®OEO DD
¢ 000 00|00 000 DORO©O0O000ODOR®O®
H O00O0®@00 0 00 0O POOOO®O®0 0GRV OE® DD
J 0OQ0000® Pl0 00O DOPOOOO®OOODORR®O®
K O00O000O0 0 0|® 0O OPOO®O®OOOOORR® OGO DD
L OOO®P®ODO 0|0l0 0 ® DOOODOPORRDOR®R®O®
M OO0O®00O0 O @ 0[0|©® ®OO®O@O0O®OERR®O® DD
N OO®®O000 000 0|® OROOORE®ORRDODDO O
P O0O®®A®O®® OOO®O ©00O0OBEO®ORR®OG®O DD
R O00Q0PO®® POQOO® ©O0OOOOOORRDOR®O®
T Q00000® OO0 ©0OOOBEO®ORR®OO®OD
U 0000000 0000POOOOOOOOE®ORRDODDO®
v ©©%©®©© 000®@0 O0O0OOBPO®ORR®OO DD
W 0®000|00 @000@ ©O00O0OOE®ORRDORR®O®
v @@@©?©© 0000 ©OO0BOBE®O®OR®®O®DD
A ©O000000000000RAOBIOAOOOMOOCOR®®DODDOO
AB 0®06®® @0 @ ®0®0OR®®OO DD
AC 0000 @ QORR®VORP®OO
AD 00000©®0R®O®DD
AE 000Q0000O®OIDDOO®
AF Q000000 RROO®®
AG 00000000VOO®R®O®®
AH 000Q000OPROVA®
Al @000000VOO®O®
AK 00000000R®OOO®®
AL OO®®OO

AM
AN
AP

@)@
(©)@)

_©

®0000B00000VOOOOEOO000D000000
0O0BGO0000®OOVOOEOMOOO0ODO0O00O0OBGOOOO

V00000000 OG®
O000®OO0O0OBVWOONOOOO0O0BOOOOODOO
|

©eLO®
OO®OO

©eO0O

12 3 4 5 6 7 8 9 10 1 121314 15 16 17 18 19 20 21 22 2324 2526 27 28 29 30 31 32 33 34

X~ =E<CHXVUVZZIMOrXcCcI@mMMoOOwWD>X

MPFSZ200 T -
IFCGIID2]

TOP VIEW

C --> CORE 105
L --> PLL & PNVM 2V5

HA --> PROG & HSIO Aux 1V8

--> XCVR Tx&Rx 1V05
--> XCVR PLL 2V5

--> XCVR Clk Buf 2V5

--> XCVR  Clk Input

\

=

B

F --> XCVR Clk Ref 10k
K

R --> XCVR Rx Input
T

--> XCVR Tx Output

N --> No Connection
/ --> Bank O VDD

1:9 --> Banks 1:9 VDD

x1, x2, x4, x7, x9 -->
Banks 1,2,4,7,9 AUX VDD

DK Drw. 101 Rev. 30-May-2024



