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Outline

® Introduction of SDHCAL prototype

® Motivation of using timing information
@ Prototype of Front End Electronics (FEE)
@® Design of data acquisition system

® Brief summary and future plan
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¥ Introduction of SDHCAL prototype
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® Semi-Digital Hadronic CALorimeter technological prototype (SDHCAL)
High granularity calorimeter based on Glass RPC (cell size 1cm x 1cm)

Hits associated to three thresholds:
® 15t threshold = 110fC
® 2" threshold = 5pC
® 379 threshold = 15pC

— Semi-digital readout (0, 1, 2)

48 layers with GRPC as sensitive medium |
— Dimensions: Im x 1m x 1.3m
@ 6 Interaction length (64,)
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Motivation using timing information

® Timing could be an important factor to identify delayed neutron and
better reconstruct their energy.
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Timing information

Time information can be very helpful to separate close by showers and

reduce the confusion for a better PFA application.
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® Time measurement

® Coarse time is from a counter ® 32chs input connected
® Fine time by interpolating 40MHz  with PAD (readout unit)
® Jitter ~18 ps RMS on trigger output ® Variable time shaper

Introduction of PETIROC

® Charge measurement

LR L HI'I‘H'lHIHi‘HHf|'|'|‘a‘"-‘.‘Hﬁ'.‘-‘n‘.‘:’-‘-‘-‘.’

Threshold

(4 photoelectrons injected) ® Digitized with a 10bit ADC |
Reseth
¥
Pre-Amp
Metastability 8-bit counter Coarse time (digital) —
correction Coarse tme To digital register 4
40MHz clock— »i - B
Time
Ramp stop I Trigger
figbN » //_ - ) 40 MHz it
Cr » Tf![nfr\':e[ne (analogue) 7DC Reforonce)
Ramp start | Ramp generator ~_
Channel N Time to Amplitude Converter (TAC) |H Fine Time
(TAC Ramp)
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@) How to achieve fast timing measurement

® Purpose: => Identify neutral and charged hadrons
® Position, Energy and Timing => 5D HCAL

& Adding MRPC layers in the SDHCAL
@ Front-end board for MRPC readout
® Charge and timing measurement v’ First step:

® High resolution timing measurement Design a front-end prototype board
with four PETIROC2B chips

Top steel plate
Electronics

» Second step:
Build the 1Im X 1m PETIROC2B FEE
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Bottom steel plate
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&) Prototype of timing electronics

The FEE prototype includes four PETIROC chips, 128 readout pads on the PCB
bottom side.

Detector Interface(DIF) card was designed to connect FEB and FPGA board
® Data transmission, power rail and clock source.

The DAQ system should be developed to transfer data between FPGA and PC.

PETIROC2A PETIROC2A Ve Y

ZCU102
FEE Interface <:::> Evaluation
Board
board

PETIROC2A PETIROC2A ~ /
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Hardware of prototype

cPRR

128 pads with the
cell size 1cm x 1cm
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&) Test system and setup

"1,

@ The test platform has been setup.
@ FEB, DIF card, DAQ based on ZCU102

@ Status of the platform:
® Configuration of PETIROC
® Data transmission between FEB, FPGA and PC

® Performance test of PETIROC chips, timing
measurement
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PETIROC chips configuration

® 648 bits data with SPI method is sent to Shift
Register inside PETIROC.

® PETIROC configuration works well.
® All bias voltage values are correct.

® Output data has been checked, after sending
trigger signals

8 petiroc2a_cfg_spi_inst/ila_cfg_rstry

8 petiroc2a_cfg_

8 petiroc2a_cfg_

& petiroc?

& petiroc2 spi_da |

W petiroc2 31 I : ‘ ‘ 000|000 i

8 petiroc2 i |
| . . . . | . | . | . |

M petiroc2

® petiroc2a_cfg_

T ! ! ! ! ! ! ! ! ! ! !
W petiroc?a_cfg_ y_length[7: e c 0a 09 08 07 ) 08 05 04 03 02

Timing Diagram of configuration

24, 380
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Design Sources (3)

@ = zcu102(Behavioral) (zcu102.vhd) (9)

® petiroc2a_cfg_spi_inst : petiroc2a_cfg_spi(Behavioral) (petiroc2a_cfg_spi.v
ila_dout_chip_inst : ila_dout_chip (ila_dout_chip.xci)
® si5345_config_ctrl_inst : si5345_config_ctrl(Behavioral) (si5345_config_ctrl.
® i2c_inst : i2c_master_new(logic) (i2c_master_new.vhd)
clk_wiz_125_inst : clk_wiz_125 (clk_wiz_125.
@ heart_beat_inst : heart_beat(Behavioral) (heart_beat.vhd)

® i2cclkgen : i2c_clk_gen(Behavioral) (i2c_clk_gen.vhd)

vio_i2c_inst : vio_i2¢ (vio_i2c.xci)

ila_i2c (ila_iZc.xci)

Disabled Sources (1) Co nfigu ratio n

Constraints (1)

FPGA Logic

fl1 zcu102.xdc

xci)

Bias Voltage

Value(V)

vref inpdac
vref time
vref_charge
vref _tdc

vref adc

vref time pad

0.989
1.664
0.976
0.133
0.961
1.658
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&Y Data acquisition system design

DAQ system is based on Xilinx ZCU102(FPGA) that contains Processing
System(PS) and Programmable Logic(PL).
Embedded design (SDK) in ZCU102(PS) side
® The UART communication of FPGA and PC
® Ethernet communication between FPGA and PC used to transfer data
® Data transmission with AXI Bus between PS and PL, inside of ZCU102

f b ZCU102 Evaluation Board\
<= JTAG [«
Processing
Interface Prog[am_mable <:> System
Board <#> (gt_;l_l)c AX] (PS) < Ethemetl€
E— 1
> UART
\ FPGA
' 1gn Block Diagram
FPGA Logic Design Block Diagra Arne=a Ul
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DAQ system -- UART

® The embedded design in ZCU102(PS side) contains:

® Serial port communication (UART)
® Ethernet communication (TCP/IP)

UART test in PS side:

® Hardware only needs
Processing System part
on ZCU102.

® Run the C++ program on
the hardware platform.

® Information is printed on
the tool window through
UART port.

1 | #include <stdio.h>
#include <string.h>

“lwip/err.h"
“lwip/tcp.h”
"lwipopts.h"
"xil_cache.h"
"xil_printf.h"
"sleep.h"

#include
6 #include
#include
#include
9  #include

2
3
4 #include
5
7
8

PS code

11  #define TX_SIZE 102

13  static struct tcp_pcb*connected_pcbh = NULL;

14  unsigned client_connected = 0;

15 //Static Global Function, blind for external file
16 uint tcp_trans_done = 0;

//u_char data[TX_SIZE] - {0, 1, 2, 3, 4, 5, 6, 7, 8, 9}
19  u_char data[TX_SIZE] = "Hello World! Successfully Send Word From PS Client";

21= int send_data()

23 err_t err;

24 struct tcp_pcb *tpcb = connected_pch;

25

26 if (!ltpcb)

27 return -1;

28

29 /A RZREIRRKERET N T R EFRFRTHEE

30 if (TX_SIZE < tcp_sndbuf(tpeb)) {

31 //Write data for sending (but does not send it immediately).
32 err = tcp_write(tpcb, data, TX_SIZE, 1);

3 if (err l= ERR OK) {

34 xil_printf("txperf: Error on tcp_write: %d\r\n", err);
35 connected_pcb = NULL;

36 return -1;

37 }

38

39 //Find out what we can send and send it

40 err = tcp_output(tpchb);

41 if (err != ERR_OK) {

42 xil_printf("txperf: Error on tcp_output: %d\r\n",err);
43 return -1;

44 ¥

ac "

BeplIWC +— D&

FOER

W rffcoma
wetik (115200
st s
Bigef [None o]
gk
i e fone o
Hl R

® ASCII
M Fahir
Rk
M SR W]

~ Hex

KRR
* ASCII ~ Hex

I~ |zhilik (1000 3: ms

Release 2019.2

[@9:00:03.129] Xilinx Zyng MP First Stage Boot Loader
Feb 23 20821
PMU-FW is not running, certain applications may not be supported.
[@9:00:85.247] TCP client connecting to 192.168.1.10@ on port 5001
On Host: Run $iperf -5 -i 5 -w 2M

Start PHY autonegotiation

[@9:88:85.253] Waiting for PHY to complete autonegotiation.
[@9:00:09.261] autonegotiation complete

link speed for phy address 12: 1000

- 16:51:14

UART Output

UART Debug Assistant

K%

|sad

COM4 OPENED, 115200, 8. NOME. 1. OFF | Rx: 449 Bvtes

UART communication test

T O Bvtes
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DAQ system -- Ethernet

Ethernet communication test: ~
e(1)pS program sent the data to PC.

(2) FMpiit
192.168. 1 . 2

(3) FMWOS

//u_char data[TX _SIZE] = {@, 1, 2, 3; 4; 5,6, 7, 8, 9}; T;&Bﬁﬂ
u_char data[TX_SIZE] = "Hello World! Successfully Send Word From PS Client"; W:g:g;:'

W a2

® UART used to print PS information e

RERRE

(IP, Sub netmask, Gateway) s

I RERBHET
I~ 7R

® 2 |Ethernet port connected with PC, i S

http: /fwww. omsoft. en
RN FREA R&

used to test the transmission and |+ e ——
print the transfer data. o sy o s s s s s 220 s S

AN @ 1IERBQesEFES S aaaE
NEAE RS ~ <Cul/y =3 -]+
. E l i ,t‘ I r‘ l ,E I ( E Ig‘ t‘ ,( , ( E l l l g rE I t ‘ No. Time Source Destination Protocel Length Info 2
365 124.045669 192.168.1.2 192.TCP 54 7 » 52432 [ACK] Seq=1 Ack=12751 Win=64356 Len=e@
. . . 366 125.001710 192.168.1.18 192.10 ECHO 156 Request
367 125.049194 192.168.1.2 192.168.1.10 TCP 54 7 » 52432 [ACK] Seq=1 Ack=12853 Win=64254 Len=@
° 368 126.001727 192.168.1.10 192.168.1.2 ECHO 156 Request
369 126.056491 192.168.1.2 192.168.1.16 TCP 547 » 52432 [ACK] Seq=1 Ack=12955 Win=64152 Len=0 v
< >

Frame 368: 156 bytes on wire (1248 bits), 156 bytes captured (1248 bits) on interface \Device\NPF_{2DF@4B9D-FF3B-4BAF-8EA7-909C994D8BEA}, id @
Ethernet II, Src: Xilinx_05:2c:fd (@0:0a:35:85:2c:fd), Dst: Dell_7e:30:d6 (e4:54:e8:7e:30:d6)

>

>

> Internet Protocol Version 4, Src: 192.168.1.10, Dst: 192.168.1.2

> Transmission contrel Protocol, Src Port: 52432, Dst Port: 7, Seq: 12853, Ack: 1, Len: 182 @
v

Echo
Z ‘ U 1 O 2 ( PS) a n d P‘ Ca n S u Cce szl l I |y Echo data: 48656c6c6T205761726c6421205375636365737366756C6C792053656e64205761726420..

000e  e4 54 e8 7e 30 d6 00 @a 35 @5 2c fd es8

oole 00 8e o0 be ee ee ff @6 37 5d ce as o1

communicate over ethernet. o o

1 20 63 E] 6C
6e 20 57 6f 20 6f

d! Succe ssfully

send wor d From P
s Client - oc

43 69 65 6e 00 =]

20 00 00 o0 00 00 =]

20 00 00 o0 00 00 00
00 00 00 00 00 00 00

Capture package tool

@ 7 Echo data (echo.data), 102 byte(s) |l 4348; =70 - \\75% 370 (oo %)+ BEF: o (ow), || BE: nefault

STa LoJ1t
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&’ Desi £n of DAQ system

® UART communication works well.

® Ethernet transmission between ZCU102(PS) and PC is completed.
® The communication between FE Board, FIFO and ZCU102(PL) is ongoing.

@ The configuration of PETIROC chips over ethernet will be included.

l Communication Done

Ongoing ...... l
1 \
ZCU102 FPGA

e . R

Data from AXI S Ethernet

— i —> P

FEB/ADC FIFO BLSide } Interconnect (Arm) ¢
\_ J
\ Programmable Logic Data Flow . Processing Systejm
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&) Brief summary and future plan

Summary:
® The timing electronics have been designed and manufactured.
® Test platform and setup for PETIROC have been constructed.
® PETIROC chips can be successfully configured.
® Ethernet transmission between FPGA and PC has been realized.
® The design of DAQ system is still under the development.

Future Plan:
@ Continue the design of DAQ system based FPGA ZCU102 to achieve the data

transmission and slow control over the ethernet communication.

P

CALICE Collaboration Meeting

® Perform the signal injection test for PETIROC FE board (Timing and Charge)
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Thanks for your attention!
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&) Introduction of PETIROC chip

® Time measurement with 10bits TDC interpolating 40MHz coarse time
® Charge measurement ( Q>50fC ) with 10bits DAC
@ Voltage input amplifier, 2000hm matching

® High bandwidth preamp (GBWP> 1.2 GHz)

@ PETIROC parameters:

teeeeeeeeceiionl

® One chip with 32-channels and mixed analog/digital
® The 32chs input connected with PAD (detector unit) E.
® One channel split into two parts, respectively for charge and time measurement

® Internal DAC for each channel to adjust the amplitude of the input signal
® Lower power consumption (¥6mW/channel)

® Jitter ~18 ps RMS on trigger output (4 photoelectrons injected)
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Test System and Setup

Petiroc2 A Evaluation Board AN T m
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Sub-component Design and Testing

® Front-End readout Board Design with pads and four petiroc2b

Trigb 1~31
Trigb 0

Trigb MUX

Srin_read

Srout_read NOR32_time

Ck_read NOR32_charge

out_charge_mux Dout
Transmit_ON
out_charge_mux
vth_discri_charge

out_inpdac_probe
adc_ramp

analog_probe

vth_rf

digital_probe

FE Board )'
X unconnected
AT 0
)
(ﬁA
Dpin-2X30 ©

G

Connector e e ’

Test Point
on FE

Block diagram of front-end electronics

| Back |
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Sub-component Design and Testing

electronics(two headers) and ZCU102(two FMCs).

® Analog and digital power are separated.

Adapter
Board

Voltage Regulator

Jitter Cleaner
LDO LDO (Si5345)

(TPS79501) (TPS79501)

DCDC ADC x4
(LTM4644) (5 MSPS)

FMC HPCO FMC HPC1

e Ok s

® Detector Interface Card Design: mainly jitter cleaner and power system
@ DIF card will be in charge of the communication and data transfer with the FE

More Details

| 2th Version |

e N e E A S R NN S

U1l
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£’ Sub-component Design and Testing
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® Front-End readout Board Design
® Components: 4 Petiroc2B, clock buffer, 2 headers, SMA for signal injection .
® 128 pads at the bottom, induction unit size: 1cm X 1cm.

SRin SRin SRout SRout

Clock

Reset

/Tf\%ﬂﬁ
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Details on DIF Design and Testing

® Detector Interface Card Design: mainly jitter cleaner and power system

VCC_1P8
Crystal
TPS79501
DCQR SI15345 SMA ccnnector Oscillation
> 40MHz T 100MHz
VDDD_3P3 Y g
VDDD_3P3 } h
160MHz

VH_3P3 FE Board Jitter Cleaner 100MHz
ﬂ _ (Si5345)
LTMA4644 (4 petiroc2a) « 3
40MHz
4A/channel PETIROC
Total 4channels VDD_2P5 \
w OMHz 80MH

TPS79501 ADC x4
5V DCQR { (5 MSPS) } (SMA connector}
VDDA_3P3
NS /
Block diagram of Power Rail Block diagram of Clock

/T\*;@ﬂd—
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