TR \\\ WL

At _m'n % TR TRV VY AT AN, \'\

B R Y \ \\ \ \\ \ i

‘_‘-Hm'.n e
h 1

E._,l‘h W T }'}”‘”}I* AR ‘

- Wi I i -!':'."I._' 1‘1 | l

\ \
1" 'l |1|"|I \#||II.1I
‘ .1'.'11. ) | _I‘- “||1 -15
MUERE R
3 & II.I- el 3 £
I3 "

- i e \ :1.,

. [ AT S SR i TP (1 v
oy - i i .i .,’|||||| || ,I'III" j[] l I, | " r|IF i --I T .. L i

“;,""fj ” ! [ |[ 3 ,I:_ :Ip ”J.. .: Eon

| i :
} ' | I[ :[H
! 0] ‘h_;i .r",: l.f
ok el o
{407 3

/ J'r;J ] L A
e ///////// iy ..--T-,.f/ Thi e L pE

E A -_/.f',--.:_f/ // AR A / Zop I
e '--“'. '--_F .‘___::’__:'_“ -.'z‘,'. / P ? 4 i i

ZERLLE R R R { 9 \
R

LRy
H D vl

HADRON CALORIMETER

BACK-END UPGRADE: DDR3
TO FPGA INTERFACE




Hadron Calorimeter (Hcal)

During experiments, a particle collision will produce many jets
whose energy will be measured by detector and digitized by a

QIE (Charge Integration and Encoder)

Hadron Calorimeter is a part of
Compact Muon Solenoid(CMS) inside the
Large Hadron Collider(LHC).

Hui Qing Li, University of British Columbia



HCal Electronics Upgrade

Detector electronics set up. Back-end allows constant monitoring of QIE and
stores control data such as temperature, voltage input, etc.

UXC55 detector cavern (FE)

Service Cavern (counting room, BE)
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Hcal requires a detector upgrade during the next phase of LHC shutdown. Back

End electronics system will upgrade from VMA to microTCA for faster and

simpler data buffering.

Hui Qing Li, University of British Columbia

U70 Incident: Anatoli Bugorski
was struck by a particle
beam. Particle accelerators
are dangerous.



Project Goals

UXC55 detector cavern (FE)

Service Cavern (counting room, BE)
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Hui Qing Li, University of British Columbia

3

KC 7 back

DDR3:

4Gb storage space
Dual Port

240 MHz system clock
Stores control data from
ngCCM via GigaBit
Transceiver(GBT)



DDR3- Double Data Rate Type 3

1SDRAM

1 Synchronous

1 Dynamic
1 Random Access Memory
1 Double Rate

-1 Found in your laptop!

%/ Hui Qing Li, University of British Columbia



VHDL vs Computer Programming

process (A, B)
begin
B o= ||'_||;
B <= B;
B o= ||-:||;

oW o =] oL

[

end process;

Synthesis

A has value of O

B has value of O

1dHA

Hui Qing Li, University of British Columbia

C++

int main ()
;

bool a, b ,'.l
l':l 5

a = b;

b

Compiler
Assembly
Program

Assembler

Machine Codes

|f: xinfo.exe Application

fa: xsetup.exe Application

A has value of 1
B has value of O




Writing Interface

DDR3

Reset » wrReq >
GBT dataln———®|  DDR3_Write addr »
cLoss » dataQut———*

LHC Clk IPB Clk

- Within VHDL:

- Writes control data from front-end to DDR3

- Connects ngCCM_GBT to DDR3_external_interface_wrapper
- ngCCM_GBT: fibres connected to front end detectors
- Continuous writing of front_end control data

Hui Qing Li, University of British Columbia




Writing Interface

Reset= 1 DDR3 Write FSM Diagram

o055 =1
Fill State 1

ifreset=1orcLoss =1 . "
dataReadySig = 0 wait for connection

writeSig=0

else
dataReadySig =1

cLoss =1 data not ready

writeSig=0

Fill State 2
dataFeadySig=0
clLoss =0

cLoss=0
dataReadySig =1

FillState 3
dataReadySig =1

data ready
writeSig =1

cLoss =1

40 MHz LHC 325 MHz IFB
Clock Clock

Hui Qing Li, University of British Columbia




Reading Interface

IPE_MIS

//7 Reset \

IPE_MOSI—|

DDR3

IF BUS DDR3_Read —Rd_Ctrl_Req—® SDRAM

—Rd_Ctrl_Addr—»]
LFB CLK
Rd_Valid

Software access to stored DDR3 data
Within VHDL: Connects IP Bus read and write bus structures to DDR3_external_interface_wrapper
IP Bus: Communication protocol with software connected through ethernet

Hui Qing Li, University of British Columbia




Reading Interface
o

DDR3 Read Finite State Diagram

ipb_strobe =0

ipb_strobe =1
Rd_valid =1 Reset ipb_write =0
Read Request Received

timeCutCounter =40 000
Wait for DDR.3

Response

Rd_valid=0

Hui Qing Li, University of British Columbia



Simulation Test: Writing Interface

Inputs
LHC Clock IPB Clock cLoss
40 MHz 32.125 MHz Loss of connection

300 ns
-H_.'..: reset
-”—.'n; closs
1 ek
1 datainfa3]
1 ipbalk

-”—.'n; wrTeq

1 dataout@3]
1 dataout[167]
1 dataout[251]

-
Data Incremental Write Request to
Output Address DDR3
Outputs

Hui Qing Li, University of British Columbia



Simulation Test: Reading Interface

Inputs
IPB Clock Reading Software
32.125 MHz | Request Specified Address

400 ns 500 ns

¢ ipb_mosiipb_strobe

¢ ipb_mosiipb_write

! ipb_mosi.ipb_addr

¢ ddr3_rd_valid
p B2 ipb_miso.ipb_rdata
B8 ddr3_rd_data[255:0]
B ddr3_rd_crl_addr[27:0]

» W DEBUG

[ [1110000000000000000000(

;@..E.."_i_.u

-”;- ipb_miso.ipb_ack
-”;- ddr3_rd_ctrl_req

Requested Handshaking
Data Procedure with DDR3

Outputs

Hui Qing Li, University of British Columbia



Further Work

EAY = 00000000 EEX = ZFFDEOOO

° ECX = 00000000 EDX = 00430DA0
D TeSTIng DDR3 ESI = 00000000 EDI = 0O012FF80
EIP = 00401062 ESP = 0012FF30
EEP = 0012FF280 EFL = 00000246 C5 = 00LE
DS = 0023 ES = 0023 55 = 0023 FS = 0038
° ° GS = 0000 OV=0 UP=0 EI=1 PL=0 ZR=1 AC=0
PE=1 C¥=0 STO = +0.00000000000000000e+0000
mcorporo’red firmware ST1 - +8.000000000000000005+ 6001
5T2 = +0.00000000000000000e+0000
ST3 = +0.00000000000000000=+0000
ST4 = +0.00000000000000000=+0000
° STS = +0.00000000000000000=+0000
on pnysical haraware STE - 10:0000000000000000021 0000
ST7 = +0.00000000000000000e+0000
CTRL = 027F STAT = 0000 TAGS = FFFF
EIF = 00000000 CS = 0000 DS = 0000
EDO = 00000000

1 Requirements:

Change test station to use test
board

Check clock registers for

correct frequencies

Read DDR3 memory via
software

Hui Qing Li, University of British Columbia
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