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DHPO1 Overview

» Technology
IBM 90nm — 9 metal layer
1.2 core/ 1.8 10 voltage

» Interface
32 (4x8) 400 MHz inputs from DCD (HSTL18)
LVDS control signals (clock, trigger, sync)
CMOS JTAG
Hi-speed CML output

» Internal Blocks
Common mode correction
Pedestal subtraction (static and dynamic*)
Zero suppression (threshold)
Channel framing and serialization
DCD offset correction
Raw data storage up to (2048 rows)
Sequencer for switcher
Configurable delays
Clock generation (PLL)
Configurable trigger latency (up to 1024 rows)
Slow control (JTAG)
ADC & DAC
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Slow control - JTAG

Boundary-scan cells

T ———e—a— ID register

TMS
TCK

Logic to be tested

Results data register |

#— Insfruction register

- FF

Bypass register

TAP contreller

TRET
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» Boundary scan

EXTEST
SAMPLE
PRELOAD
INTEST

» Configuration

BYPASS

IDCODE
USERCODE

ADC

BG
CORE_READBACK
CORE_REG

DAC

DACENC
GLOBAL_REG
MEM_ADDRESS
MEM_DATA
OFFSET_MEM_ADDR
OFFSET_MEM_DATA
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DHP — Signal Rates & Data Flow

(80 ns ADC conversion time)

ts per DCD_<— 102.4 Gbps
400 Mbps output data x 256 lines

receiver

de-serializer ||
. memory
common mode & pedesta
correction pedestal
memory

Zero suppression

de-randomizing buffer

data link

<— 5 Gbps (1.25 Gbps link per DHP)
JTAG clock, sync  gne data out per DHP trigger
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DHP Overview
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DHP Processing

JL

\ DESERIALIZER
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Deserializer (1 to 4)
Common mode correction
Buffering for latency
Pedestal correction

Hit Pairing

Readout

Output framing

Processing algorithms are very simple in current
version and need to be adjusted
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Operating modes
» MEMORY ACCESS

Allows to access memory block through JTAG interface for
pedestal and offset correction.

» RAW DATA RECORD
Storing raw data to memory (support for trigger).

» RAW DATA SEND
Sending through fast output link all memory contents.

» AQUSITION

Normal operation mode where data are going through all
processing stages. Support for trigger and latency buffering.

» TEST
Like AQUSITION but new data are not being recorded.
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Common mode

8bit 8bit + ...+ 8hit = 7bit+8bit
0 1 127 \ ¥ ]

sbit - =

0 0]

8bit - Sbit =

1 1
_8bit - oy -

127 127

{

store to memory

» Pedestal subtraction

. = [8bit | === tooutput
n n

n
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Hit Pairing
» Parallel pair search (2 rows at a time)

suppressed data

~ =

5
4 —_—
L

1
&

pairs are send out

» Output data format (24 bits)

column row orientation val 0 val 1
5 bit 10 bit 1 bit 8 bit 8 hit
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DHPO1 - Layout universitétbonnl
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DHPO1 — Bump bonding
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DHPO1 + DCDB
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Test Setup
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PLL_PROC_REF
PLL_OUT_REF
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PLL_OUT_AUXS 2 co't 4

13

GPIO

Ethernet
TCP/IP
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Xilinx XUPV5-LX110T

B

Ethernet
UDP/IP

MicroBlaze or PowerPC® | oesus [ Tioce

Mutti Part

[--., Memory
dbrm_:_:lllrl DA

Virtex™ or Spartan™ FPGA
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FPGA System Overview

3 » Microprocessor
f h responsible for
S receiving commands
pP (TCP/IP) and
TCP/IP i :
controlling chips
. / .
L » Independent high-
r—§ E speed (UDP/IP - close
Ef o g to 1Gbit/s) for data
ﬁ; UDP/IP tﬁ'
— 7
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Simple Application

A o) DHPBetaTest [—Ta ] =]
Close | HostName 19216803 Port 2001 UDP Port 6000 Close
CMD DHPUTAG DATA 0x11112222 32 Send command | B1818181B181818181818181B 88| T

B181818181816818181618181818181 || |
Send Reset ==#0HP 0.1 TEST SYSTEM Firmware : £18100000000000000000000000000
T 000000000000000000000000000000
CORE_REG v Send Instruction CMD DHPJTAG DATA 0O0000O0000000ODC0OaTTIDCOOTT
0x0020000000001 320000000000000000 00000Gfo00000+f000000ff000000f
~ | 00590 143 111222200000000000000000000000
Property Value —  Property Value — | sRET 011112222000000000000000000000
Output Delay Processing Core 0x00001 320000000000000000005901 00 000000000000000000000000000000
000000000000000000000000000000
SEND 02007
e SLARLLE £MD DHPJTAS RESET 00000005181 5181818181 818181818
511 False Chip 1D 2 —=RET 181818181815181818181818181818
Latency 4 £MD DHPJTAG INST Dxel & 168181818181 0000000000000000000
soo False T 200 ~=RET 0x01 000000000000000000000000000000
e REE WD DHPJTAG DATA 0000000000000001111 22220000000
Commpn loce. |9 e 0x0020000000001 320000000000000000 e LN
310 False o Mode ... 0 00590 143 |
— ormon e - | i | 000000000000000000000000000000
Chate &y = Bl Pedestal Subtr... False 0x0020000000001 320000000000000000 : e A aRogADcet AL
Pedestal Order |0 00dg0 a
Pl A ol AR | 181818181818151818181818181000
Dutput PLL Settings Ualiinizl= o Tx5020000000001 320000000000000000 | 000000000000000000000000000000
Row32Sync DC... |0 00590 143 | 000000000000000000000000000000
S11 False Frame SyncD... |0 BEfid | 011112222000000000000000000000
=00 ' True et | 0:0020000000001 320000000000000000 | 0001111 22220000000000000000000
- — Random Fifo Data False 00590 | 00D000000000000000000000000000
- —— 0x0020000000001 320000000000000000 | D0DDDO000B1 8181818181518181818
e | 1818181818181618181818168181818
Divide by 5 = e ==RET | 181818151818100000000000000000
- 0x5020000000001 320000000000000000 MG e sl sl
RefClk CMOS False o0sa0 | | | 000000000000000001111 222200000
Random Data False | | WD DHPJTAG DATA | 000000000000000000000000000000
— T 0x5020000000001320000000000000000 | © | 000000000000000000000000000000 | ¢
o - o Aniiee 400 | [— ~  000000000000000000000000081818 | o
Send GlobalConf Send CoreConf Clear Clear |
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Testing till now

Working:

LVDS Input

HSTL like Input (from DCD)

Slow control (JTAG)

Memories read/write

CML Hi-speed link (tested up to 1.555 GHz) data transition
Input readout

Patter generator

DAC

Bend Gap

vV Vv VvV VvV VvV V9V V9V Vv V9

To Do:

» Processing (different configurations)

» DCD communication and synchronization
» More High Speed testing
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Power

» Measurement conditions:
1.2 V, 400MHz (100MHz Core)

» Current consumption:
CMLTX-~25mA
2XPLL - ~5mA
digital core - ~60mA
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PLL and CML

1.5552 GHz — data transmission (random 8b10b)

WB + ~5 cm PCB + SMA +~40cm coaxial cable + SMA
100 ps/div

100 mV/div

v Vv Vv Vv
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Problems till now

» Looks like CMOS output pads can work till ~100MHz
(200MHz when bump bonded?) so unable to test
with DCD at 400 MHz

» Configuration of one PLL output (slow one) not fully
accusable (simple bug known from submission)
there is a workaround

» Wrong input data format
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» Finish test setup to be ready for hi-speed data accusation
» Prepare setup with DCDB
» Radiation tests

Timeline

» DHP 0.2:

still half size
add custom I/O and bias
Redesign serializer to final version

» Need to develop “final” processing algorithm
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Extra slides
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Performance

}'! themperek@faust0s:...~/Designs,/DHP /edk_test3

Total:

|

TCP:

une:
ICHP:
Other IP:
Moo 1P:

Total rates:

Incoming rates:

utgoing rates:

40074
3964H
0
3096H
21588
0
0
994675, 2 kbits/sec

85228.0 packets/sec

984620.5 khits/zec
85227 .0 packets/zec

4.7 kbhitz/zec
1.0 packetsSzec

Broadcast packets:
Broadcast bytes:

IP checkzim errors:

40
40
0
2
3B
0
0

" | Wireshark 10 Graphs: (Untitled)
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Graph 1 Color E Filter: | ip.addr==192.166.0.2 Style: | Line v~ | Tickinterval: 0.01 sec v
4 Graph 2 | Color | ) Filter. Style: | Line v | Pixels pertick G i

Graph 3 1| [ Fiiter; Style | Line = View as time of day

¥ Axis
Graph 4 | Color| [¥]Fjter Stle: Line v

Unit Bits/Tick b
Graph &5 [ Fitter Style: | Line

Scale Auto e
FHelp [ Copy @ close El save
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Embedded Development Kit

Dual Port Data-Side Local

Instruction-Side
Local Memory Bus | Block RAM | Memory Bus
EFEEFI'I ﬂ MicroBlaze
B

% Custom hiw
..Ii
I:

- accelerator
.JTAL: E

On-Chip Fanp_haral Bus - OFB

E |

Multi Channel
Memory
Controller
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Our system

1MB MICROBLAZE 256 MB DDR
SRAMIFLASH SDRAM
13 13 3
| PLB BUS |

3

g g g g '
UART DHP JTAG ETH PHY ETH FIFO ‘”‘gggg‘”‘
MUX [
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Transmition
EE
FromOHP
———1 AurcraRX |— CDCFifo }—» Fragmenter }— Frame Fifo
Local Link
¢ LL Framer |#4=— EthFramer }#4=—q IP Framer 4= UDP Framer
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