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TGC L1 trigger electronics scheme for Phase- |l

PS-Board on TGC ATCA crate at USA15
ASD 2 LVLO seed
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LVL1 Trigger

v ASIC’s for PS-Board

= LVDS, variable delay, BCID, test pulse generator

= Zero-suppress and encoding logic of hit signals and interface to GB
transfer

v module with FPGAs for trigger/readout at USATb
= output LVLO seeds for MDT level-0O trigger logic
= receive LVL1 trigger signals for readout
= [ong L1-buffer memory to cope with L1 latency(60 us)
= optimize the trigger logic
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The rapid increase in FPGA complexity
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Fig. 1. Xilinx FPGA attributes relative to 1988. Capacity is logic cell
count. Speed is same-function performance in programmable fabric.
Priceis per logic cell. Power is per logic cell. Price and power are scaled
up by 10 000 <. Data: Xilinx published data.
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Software-Hardware Co-design

e Start algorithm design using C/C++ on conventional
PC

* Port the C/C++ algorithm to Zynq

e Convert the algorithm into HDL
(Manually/Automatic)

* Validate the hardware implementation
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Table 1: Zynq-7000 All Programmable SoC (Cont'd) 7ed Board ZC706
Zyng-7000 All Programmable SoC
Device Name Z-7010 Z-7015 Z-7020 Z-7030 Z-7035 Z-7045 Z-7100
Part Number XC7Z010 XC72015 XC72020 XC7Z030 XC7Z035 XC7Z045 XC7Z100
Xilinx 7 Series Programmable ; - - ; — —— N
Logic Equivalent Artix®-7 FPGA Artix-7 FPGA Artix-7 FPGA | Kintex®-7 FPGA | Kintex-7 FPGA | Kintex-7 FPGA | Kintex-7 FPGA
Programmable Logic Gells 28K Logic Cells | 74K Logic Cells | 85K Logic Cells 125K Logic 275K Logic 350K Logic 444K Logic
(Approximate ASIC Gales) (~430K) (~1.1M) (~1.3M) Cells (~1.9M) Cells (~4.1M) Cells (~5.2M) Cells (~6.6M)
Look-Up Tables (LUTs) 17,600 46,200 53,200 78,600 171,900 218,600 277,400
© | Flip-Flops 35,200 92,400 106,400 157,200 343,800 437,200 554,800
[ =]
Q .
- 5"?&&'3'3&?{5 RAM 240 KB (60) 380 KB (95) 560 KB (140) | 1,060 KB (265) | 2,000 KB (500) | 2,180 KB (545) | 3,020 KB (755)
o
[1n]
E | Programmable DSP Slices
E (18x25 MACCs) 80 160 220 400 900 900 2,020
g Peak DSP Peri
o eal erformance
@ | (Symmetric FIR) 100 GMACs 200 GMACs 276 GMACs 593 GMACs 1,334 GMACs 1,334 GMACs 2,622 GMACs
ESAE:EIE‘E?@) (Root Complex or Gen2 x4 — Gen2 x4 Gen2 x8 Gen2 x8 Gen2 x8
Kintex-7 FPGA Feature Su mmary
Table 5: Kintex-7 FPGA Feature Summary by Device
Configurable Logic 3
L Blocks (CLBs) S Block RAM Blocks(3) waoc | Tottio | Max
: ogic 4 5 ota
Device Cells Max Slices(@ CMTs(® PCle®) GTXs | Blocks | Banks®) Hgﬁrﬂ
Slices() Distributed 18 Kb | 36 Kb | Max (Kb)
RAM (Kb)
XC7K70T 65,600 10,250 838 240 270 135 4,860 6 1 8 1 6 300
XC7K160T 162,240 25,350 2,188 600 650 325 11,700 8 1 8 1 8 400
XC7K325T 326,080 50,950 4,000 840 890 445 16,020 10 1 16 1 10 500
XC7K355T 356,160 55,650 5,088 1,440 1,430 715 25,740 6 1 24 1 6 300
XC7K410T 406,720 63,550 5,663 1,540 1,590 795 28,620 10 1 16 1 10 500
XC7K420T 416 96 65,150 5,938 1,680 1,670 83 30,060 32 1 8 400
%#T % VN o= Z\y/nm)’ f/ﬁﬁ 12 z7~LI inuxl— 2 1= ?\ N E,T |17 !\ 11— 77 %\J%‘bﬂ 12
XCTK480T 477 760 74,650 6,788 1,920 1,910 955 34,380 8 1 32 1 8 400




Table 2: Device-Package Combinations: Maximum I/Os and GTP and GTX Transceivers

°
Package!!) €LG225 CLG400 CLG484 CLG485 $BGA85 : pen It
Size 13 x 13 mm 17 x 17 mm 19 x 19 mm 19 x 19 mm 19 x 19 mm
Ball Pitch 0.8 mm 0.8 mm 0.8 mm 0.8 mm 0.8 mm
e van) 6.25 Gbls 6.6 Gbls
SelectlO SelectlO SelectlO SelectlO SelectlO
Device PsS /O PsSl/O PsSl/O - PSI/O |GTP - PSI/O | GTX
HR(3) | HP() HR(3) | HP4) HR(3) | HP4) HR(3) | HP(4) HR(3) | HP()
XCT7Z010 86 54 - 130 100 -
XCTZ015 130 4 150 -
ACTZ2020 130 125 - 130 200 -
XC7Z030 Zed|Board 130 | 4 | 50 | 100
XCTZ035
XCTZ045
XCTZ100
FBoi Faoen = = o
Size 23 x 23 mm 27 x 27 mm 27 x 27 mm 31 x 31 mm 35 x 35 mm
Ball Pitch 1.0 mm 1.0 mm 1.0 mm 1.0 mm 1.0 mm
Trngceiver Speed 6.6 Gb/s 6.6 Gbis 12.5 Gbl's 12.5 Gbls 10.3 Gbls
SelectlO SelectlO SelectlO SelectlO SelectlO
Device PS /0| GTX e PS /O|GTX e PS /0| GTX e PS /O | GTX T PS /0| GTX o Tap®
XCTZ010
XCT7Z015
XCT7Z020
XCT7Z030 130 4 100 | 63 130 4 100 | 150 | 130 4 100 | 150
XCT7Z035 130 8 100 | 150 | 130 8 100 | 150 | 130 | 16 | 212 | 150
XCTZ045 130 8 | 100 | 150 | 130 8 100 | 150 | 130 | 16 | 212 | 150
XCT7Z100 130 ZC?GE' 150 | 130 | 16 | 250 | 150
Notes:

22 Fiah Rande O Wil supportfr KO NGIRaBTOMARY 0 BBV, - - 2 7 01 o T e ED PR ) 2 13

3. HP = High Performance /O with support for /O voltage from 1.2V 10 1.8V. Zyng-7000 All Programmable SoC Overview, DS190 (v1.8) May 27, 2015, Xilinx Inc.
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Zyng-7000 All Programmable SoC

Processing System

1

o
Peripherals icati i
p . ClOCk. Reset SWDT Application Processor Unit
/ use | | LGeneration FPU and NEON Engine FPU and NEON Engine
USB 2x USB re ARM Cortex-A9 ARM Cortex-A9
" MMU CPU MMU CPU
Gige | |2xGigE System-
GigE Level 32 KB 32 KB 32 KB 32 KB
SD Control -Cache D-Cache I-Cache D-Cache
SDIO Regs
SD > GIC Snoop Controller, AWDT, Timer
SDIO YvYy 1
GPIO el PMASB 512 KB L2 Cache & Controller
O | UART Channel
= UART A
gm OCM 256K
50 - Interconnect | SRAM Y
12C A Memory
SPI Central Interfaces
SPI Interconnect _ - DDR2/3.
CoreSight DDR3L
- Memory —— Com i :
Interfaces ponents LPDDR2
\ SRAM/ - Controller
NOR
- DAP
ONFI 1.0 ' 4 ‘
NAND - DevC Programmable Logic to
Q-SPI Memory Interconnect
CTRL
: 71 11 M-
EMIO General-Purpose DMA IRQ | Config High-Performance Ports ACP
XADC
12-Bit ADC Ports Sync AES/ ]
SHA Programmable Logic
. SelectlO
Notes: o Resources|
1) Arrow direction shows control (master to slave)
2) %L%@”ﬁ in %}% dlr;%:tlons. A);IVEE 9%64 1E!\lt(;z:l"ilxl)r(]ll S-’-I Bit, A}(I 32 Bn AHB 32 B|t A 3: %}J
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T AXI)IL7 AT 7T L~GPIO

. 3E1 ZEA235ns

L : A X —1KA241ns
XGpio_DiscreteWrite(&CounterControlOutput,
COUNTER_CONTROL_CHANNEL, COUNTER_ENABLE_BIT );

cvalue = XGpio_DiscreteRead(&CounterDatalnput,
COUNTER_DATA CHANNEL);

« 7752

unsigned char * timer_control = Ox4lzmgg{%mﬁxW;gq}]" ——
* timer_control = 0x02; ... " _
unsigned long * timer_value = 0x41230000; AXIGPIO
Unsigned long lap = * timer_value; '
{ > sws 8bits
A 2 X —fXA226ns AT GPIG
axigpio
[ leds 8bits

AXI GPIO
BAZt K = Zynq & AR FLinux|C LB 7 Ay e b Lo Lo = o 2 4




I’M' Al I@ssEPPt*) m_virtual_base + ( m_physical_address — m_address_offset ); °
7% s’pen |t

The University of Tokyo

Linux ./ A2 7 Ls~GPIO

unsigned int m_physical_address;

:off t m address offset; 0 .
- - - KA > X —fA250ns

unsigned int * m_virtual_base;

unsigned int * m_virtual_address;

int m_file_descriptor;

m_ physical _address = 0x41200000;
m_file_descriptor = open( "/dev/mem", O _RDWR | O_SYNC );
m_address_offset = m_physical _address & ~(getpagesize()-1);
m_virtual_base = (unsigned int*)mmap(NULL, 1, PROT_READ | PROT_WRITE,
MAP_SHARED, m_file_descriptor, m_address_offset );
m_virtual _address = (unsigned int*) m_virtual_base +
( m_physical_address - m_address_offset );

Int cvalue = * m_virtual_address;

BEAZt kKX & Zynq & MAAAKLnuxIC LB 7AY FTY RTL 2 bo= o ZEH 23
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RTPARILDEBES

unsigned int * uiDataArray = (unsigned int *) LSS

Read: 190ns
XPAR_AXI_BRAM_CTRL_0_S_AXI_BASEADDR;

Int uiLoop, uiData;

*(unsigned int *)(uiDataArray + uiLoop) = uiLoop;

uiData = *(unsigned int *)(uiDataArray + uiLoop);

LinuxDIHE Write: 112ns

enum { BRAM_PHYSICAL_ADDRESS = 0x40000000, Read: 207ns

BRAM_MEMORY_SIZE = 0x2000}; (Cf. DDR: 21ns)

m_file_descriptor = open( "/dev/mem", O_RDWR | O_SYNC);
m_virtual_base = (unsigned int*)mmap(NULL, 1, PROT_READ | PROT_WRITE,
MAP_SHARED, m_file_descriptor, BRAM_PHYSICAL_,AiDDRESS);

axi_bram_ctrl .0

blk_mem_gen 0

ii(-{‘,:S,AXI
s.axi aclk BRAM_PORTA ||} |||==BRAM PORTA
—{s_a xi_aresetn

Block Memory Generator

AXI BRAM Controller

BEAZt kKX & Zynq & MAAAKLnuxIC LB 7AY FTY RTL 2 bo= o ZEH 24



@ ICEPP Measured Access Speed for GPIO and BRAM %penit
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nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Bare Metal  GPIO Read *DDRPointer = XGpio_DiscreteRead(); = ZedBoard 241ns
GPIO Read *DDRPointer = XGpio_DiscreteRead(); ZC706%* 420ns
GPIO Read DDRData = XGpio_DiscreteRead(); ZedBoard 235ns
GPIO Read *DDRPointer = * DirectPointer; ZedBoard 226ns
BRAM Write * DirectPointer = * DDRPointer; ZedBoard 158ns
BRAM Read * DDRPointer = * DirectPointer; ZedBoard 190ns

Linux GPIO Read * DDRPointer = * MmapPointer; ZedBoard 250ns
BRAM Write * MMapPointer = * DDRPointer; ZedBoard 112ns
BRAM Read * DDRPointer = * MMapPointer; ZedBoard 207ns
DDR Read * DstDDRPointer = * SrcDDRPointer; ZedBoard 21ns

*) PL clock frequency of ZC706 was 50MHz which is the half of ZedBoard (100MHz)

Dhrystone benchmark: 1,108,060 ( = 630 DMIPS, 0.95 DMIPS/MHz ) for both boards.
BEAZt kKX & Zynq & AR K LinuxIC LB 7AY Py FTL 2 o= 244 25
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NT AT

status = XScuGic_Connect(&INTClInst, INTC_GPIO_INTERRUPT _ID,
(Xil_ExceptionHandler)BTN_Intr_Handler, (void *)GpiolnstancePtr);

XGpio_InterruptEnable(GpiolnstancePtr, 1);

XGpio_InterruptGlobalEnable(GpiolnstancePtr);

XScuGic_Enable(&INTCInst, INTC_GPIO_INTERRUPT_ID);

HAZT RAE

N

Z)ABRBERLEEL TH S
N BT — IR E TORFE

#)[E]  730ns

R[] LARsE

UL

axi_mem_intercon

LS00 AXI
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MOO_AXI ek fE
E

S00_ACLK E—N
S00_ARESETN[0:0] D%D

MOO_ACLK Ol |
MOO_ARESETN[0:0]
MO1_ACLK
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Linux >~ @ 7= L~ /sys/class/gpio

fd_export = open("/sys/class/gpio/export”, O_WRONLY);
write( fd_export, “901”, 3);

close( fd_export );

fd_switch_value= open("/sys/class/gpio/gpio901/value", O _RDONLY);
char switch_value[2];

read( fd_switch_value, &switch_value, 1);

close( fd_switch_value );

fd_unexport = open("/sys/class/gpio/unexport”, O WRONLY );

write( fd_unexport, “901”, 3);
F—/N—~y FHAmOTKRKEL, 1
close( fd_unexport ); By bDT U4 XI24,510nsH D >
TW3, ERNTIEA L,
/sys/classli T —H X R—ZAH BT
Ny JETHRT SH D,
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Dhrystone Benchmark
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