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SST-1 sub systems — with Timing System interface
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SST-1 old Timing System

Based on VME Platform ( ~ 15Years).
Custom VME Timing System cards were in
house designed and developed.

Master — Slave configuration connected in
star configuration. Optical Network -
Multimode, 62.5/125 um.

Provide fast timing signals (clock &
triggers) to various sub systems during
plasma discharges

Master VME Node (Central Control Room)
- Broadcast experiment sequence @
minimum resolution of 1us
- Provide 20MHz Stable OCXO based
clock to slave
- Record events with 32bit time stamp

Slave VME Node (ECRH, Power Supply etc.)
- Recover & regenerate different clocks
(10MHz,1MHz etc.) from 20MHz clock
- Generate different channel outputs
- Provide optically isolated channel inputs

Reference:(1)
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New Timing System Requirement

y A
1. _Timing System power\ 3. Timing System —
with performance ECRH v Supply | provide single interface
parameters s THIE > PXle to heterogeneous
comparable platform systems
to old system
Ohmic |
Powerv I
Supply Central
Control
SST Room
ICRH DAQ
v Systems-2
. o 4. Easy integration
2. T|r_n|ng System v Systems-1 o with sub_ s_yst(_am .e.
which supports minimal modification on
existing optical fiber hardware as well as on
network and star software part at sub
topology system end




SST-1 Timing System
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Central module(Master ), Sub system module (Slave )




SST-1 New Timing System

+ Aplatform independent

 Standalone, 1U Rack mountable modules
*  Central module (Master)
*  Sub system module (Slave)

*  Master — Slave configuration connected in star
configuration. Optical Network -
Multimode, 62.5/125 um

* Provide real time event ( trigger) distribution
to various sub systems during plasma
discharges #

* Modules designed using Xilinx’s Artix-7
FPGA

#Version -1 development boards
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SST-1 New Timing Svstem v/s Old

Few Specifications

Old Timing System

New Timing System

Synchronous, Shutdown sequence generation 1 s 10 ps
resolution

Time Stamp resolution of events 50 ns 1 s
Event latency 3.8 us 4us

(100m optical fiber)

( 3m optical fiber)

Real time, Deterministic Yes Yes

No. of sub systems that can be connected 16 8

Sub system Asynchronous inputs 16 8

Sub system channel outputs ( as triggers) 4 (expandable) 8

Total number of events (reserve events, sync, 65535 255

shut down events ...)

Trigger output, Asynchronous input signal TTL TTL

interface

Synchronous Clock distribution 1kHz/10kHz/100kHz/1 | Not in present version®
MHz/10MHz

GPS — IRIG B Interface Yes Not in present version*

#Version -1 does not include clock synchronization




Timing System - Central & Sub system modules

Sub system module -1 S
Optical ) .
»|  Transmitter OFXII::;_IZZTSI;N
Xilinx HFBR-1414Z —>
Artix-7
FPGA Optical Receiver Optical
< AFBR-24187 Transmitter [C———
HFBR-14142
10-bit Serial o
Asynchronous )
6.25Mbps )
) Xilinx
© Artix-7
>OMBd 62.5/125 pum @ FPGA
TTL Compatible - )
P multimode fiber
Sub system module -8
Optical - .
»|  Transmitter OF::IZ:;_RZZClesI\ZIer >
Xilinx HFBR-1414Z
Artix-7
FPGA @  Optical Receiver Optical
AFBR-24187 Transmitter e
HFBR-1414Z

Reference:(2,3,4)




Complete Sub System module

Ethernet

Artix-7 FPGA

10/100Mbp
_

oY
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Configuration
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Transmit FIFO > Transmit
BAUD Section
T generator
.. . Y
Timing Logic UART
100MHz
Receive FIFO Receive
Section

v

1

Buffer (Output)

Opto — Coupler ( Input)

Input Output Interface

OrangePi (open-source single-

board computer) runs Linux

Orange Pi provides Ethernet
interface (10/100Mbps) to sub
system and central module ( for
non real time data communication)

OrangePi to FPGA communication
— UART 9600bps

Timing System configurations for
either sub system module or
central module are communicated
to FPGA through OrangePi

Reference:(5,6,7,8)
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10 bit data Transmit at 6.25Mbps (8 bit data, 1 start, 1 stop)

Note : Central module —

additional Multiple

Transmitter and receiver

sections are present.

D504 37344, MYS2163903 Wed Sep 131816032017
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New Timing System — What’s difference ?

1. No use of
dedicated discrete
hardware resources

2. No use of dedicated
discrete hardware
resources for optical data
transmission interface

for memory
E.g. RAM, DPRAM

E.g. Serializer ,

Deserializer

Artix-7 FPGA

Ethernet

RAM Transmit FIFO

v

Transmit

10/100Mppk Orange

T

BAUD

generator

y I
< Board |g==p I———[ Timing Logic ]47*

Section

A

Configuration
logic Receive FIFO [«

100MHz

UART

Receive

Section

Optical Transmitter
HFBR-1414z

— Optical Receiver P

AFBR-2418Z

L

3.

Buffer (Output)

Opto — Coupler ( Input)

Input Output Interface

No specific
platform based

development

E.g. VME
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Central & Sub svstem modules

Optical T, Rx Interface -8 s e « Maximum Slave modules that can be connected = 8
‘L * Synchronous & Shut down sequence event generation time
Bt ) l | resolut'ion =10 uS .
33 3383 3030 2393 8388 U8 £° & o * Event time stamp resolution = 1us
g'g&:‘g g2t | r * Maximum number of synchronous & shut down
‘ 27, Defupe N sequence events = 255
’ ] * Maximum event time stamp duration = 4294.96s (~ 71.58 min)

uuuuuu

Central Module board o b e Etherne 1U Rack mountable central module
iy S * TTL Channel Outputs = 8 ( Low to High)

Trigger Input & Output

* TTL Channel Inputs = 8 ( Rising edge i.e. low to high logic)
*  Minimum pulse width for channel outputs = 1uS

* Maximum pulse width for channel output = 429.49 sec

*  Minimum pulse width at channel input = 500ns (as event)
* Channel outputs for multiple events or same event

B erepyrire win sTarus FISER
TIMING SYSTEM opTICS

) 9 W, 28

Sub system Module ( slave ) board

. 1U Rack mountable sub system module




Timing System Client application

(=2

TIMING SYSTEM (TS) CLIENT

Asynchronous Module 1D Channel Pulse Definition

= CENTRAL CONTROL SYSTEM (CCS) CONNECTIVITY

Previous Loy Files

Connect to CCS | |

:

Current Shot No =

Shot No:

8081807

X - X
TIMING SYSTEM (TS) : CHANNEL PULSE DEFINITION

Shot No: VCB_IN_TME: [0 EVENT DEF

Synchronousw Shutdown [Ground Floorl First Flooq APPS} SST-PSW ECRH} ICRH} LHCDW

NBI

Timing System Client

Linux based application
Client-Server architecture

Connects & Configures all Timing System modules
Issues commands to generate experiment sequences

Online event information to operator

Events Events Node Node |Mode | Mode | Node |Node|Mode |MNode
—MASTER HODE
—Event Selecti
Disconnect Master | Download Sync Events | Dovnload Shutdovmn Events | Test Code | frent Wldth[ms] Channel-1 | EXP ON j
Read Record RAM | Read Sync Event: | Read Shutdown Event | Machine Off | o | S GAS_PUFF
{4 ecol {4 ync Events & jown Events achine 5 SEND Software EVENT c
PCS_TRIGGER 1 p | Chammel2 | ggg—sﬂg—;
Clear Record RAM | Clear Sync Events | Clear Shutdown Events | | : - -
Channel - 2 (DAQ) . | gg:—sﬂg—:
e — -
= SLAVE NODES PCS_TRIGGER 01 I Channel-4 | GAS_PUFF 5
—GF HODE —FF HODE —APPS NODE— —S3ST PS NODEq —ECRH HODE— —ICRH NODE—] —LHCD NODE—] —HBI HODE—— . GAS_PUFF 6
Distennect | Distennect | Connect | Connect | Connect | Connect | Connect | Connert | Channel - 3 {GAS PUFF-1) e | Channel-5 | GAS_PUFF_7
1 GAS_PUFF_&
Load chamnelpuse | Load channelpuse | | | | | | | GAS_PUFF 6.3 € GAS_PUFF 9
c — =
neadchartpise ||| nesdcrametraise | | | | | | | T— t M GAS_PUFF_10
1 -
cosrrts | | e | | | | | | | ——— A | M
Connected Connected Event Code o
Channel - 6 Channel-8 | (Decimal)
Channel - 7
—Define Event ‘Load QM File
Channel - 8
—HNODE STATUS EVENT LOG! SYSTEM STATUS! Delete Event | Load |
Subsyatem Status |E_C(“BX) EC{Dec) Time(ms) Event Name Clear Record RAM: OK.
MASTER Reaty [0x05 005 10120010 EXP_OFF Connected with Master Module Submit | shat Ho: 19000
- o 0x38 056 6872.014 Il IOl
=) I0x04 004 0.000 EXP_ON
Ff Reaty || |ox02 002 0.000 MAC_ON | L.
e |Dmi]| [0 nom APPS DY Channel Pulse Definition
p— 0xed 237 0.000 FF_RDY
0xf6 246 0.000 GF_RDY H H
ps 2 el AL - Configures experiment sequence
ICRH 0x01 o 0.000 TEST_CODE - -
»  Configures sub system modules for trigger
pulse outputs

X -Ox
Hvent Code in hex Event Name Event Time in msec j
2 HE_oN 0. 000000 N
4 EXP_ON 0. 000000

6 GAS_PUFF 3.800000

d GhS PUFF 2 4.500000

e GRS _PUFF_3 9.200000

f GAS_PUFF 4 14.300000

10 GhS PUFF 5 19700000

5 EXP_OFF 2271. 821000

S s ZT T j

Dismiss

Event log




Timing System - Performance, Results & Validation

Central Module

Sub system -1
module

Sub system -2
module

DI0 - DI7 DIO - DI7
DOO0 - DOY

DOO0 - DO7

]Output
: Output
II Input

Set Up - Central Module ( Master) —and Two Sub system modules (Slave)
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Performance, Results & Validation

D04 30344, MYE2163303: Mon May 14 13:03:25 2015

1 . 3 4 20.00s 5.000s/ Stop
D D0 O O g N NN N 5
i U HU U U U T THUU L] Plj’ltSF;“t
i ULV UUT TV R
Dy UUTU U U U T T U T AU U]
Oy ANy N qu ooy Aoy pmpAq% QA uuqayay oy
Do UUTU U U U T T U T AU U]
D, ANy N qu ooy Aoy pmpAq% QA uuqayay oy
rigger
D=0-x 303448, RTYE2T1E3903: Tue MMany 15 17:33:33 2018
1 = =2 £l
S ! i
_ _ _ _ N Sub system 2 —
Sampling data bits (@ Receiver -16 x Bit rate) o 0 Output =
But, only single sampling point to decode received Dy Pulses B
' o [L_T1 [ ]
data bit ES appeared E
Dy
o TUUIUL UL
Dg I_l I_l I..l I_l I_l I_l I_l I_j_l_l_l —]
D, U U U U UAL — Subsystem1 —
Da [ LU +— Output ]
Dy UL == "pylses —
= [LLULTL . -
o, IO OO U0 jmissed ~
= [U LU I '
Trigger MMenu
« o Trigoger Twpe «¥ Source + =lop

Reference:(9)
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Performance, Results & Validation

Central Module (Master) — Experiment events (Synchronous) sequence at
resolution of 10 ps

DS0X 30344, MYF2163303 Wed Aug 08 124335 2018
2 3 4 4000 1000y [Trgd? |

O I Event Code 1n hex Event Nams Event Time 1n
Oy | . msec
it | i 2 MC_ON 0.000000
0 i 4 EXP_ON 0.000000
Dy | c GAS_PUFF 1 0.010000
Dy | 4 < GAS PUFF 2 0020000
D I e GAS PUFF 3 0.030000
D, | £ GAS PUFF 4 0.040000
D, I 10 GAS PUFF 5 0.050000
D I E 11 GAS_PUFF 6 0.060000
D, I 12 GAS PUFF 7 0.070000
D, i 13 GAS PUFF 8 0.080000
D, I 14 GAS_PUFF 9 0090000
; 0 15 GAS_PUFF 10 0.100000
N I 5 X2 0FF 2440.020000
! S b b
D, | |

Pulse outputs corresponding to Synchronous Events on Two sub Event Log file

systems

DO0-D7 : Sub systeml outputs
D8-D15: Sub system 2 outputs




Performance, Results & Validation

Central Module (Master) — Experiment events (Synchronous) sequence test

DSO0- 30344, MYS2163903 Wed Aug 01 14:40:01 2018
1 i 3 4 4.000s 1.000s¢ [ Trigd? | £ O, TTL
D I UL s Agilent
0y UL UL T
Dy —I_I_I_I_I_I_I_—I_I_I_I_' |_|_|—|_|_|_|_|_|_|_|—|_|_| Marmal
Dy U] UL 25.DkSals
o[ JUIUHUL L] —
Do UL UL S
D, Uyl DC 1.00:1
D UL (LT OC 1.00:1
o JUUULUOL oo oc 100
i Measurements &
DB —|_|_|_|_|_|_|_—|_|_|_|_| |_|_|—|_|_|_|_|_|_|_|—|_|_| HlSE EdgE“]
Dg —I_I_I_I_I_I_I_—I_I_I_I_' |_|_|—|_|_|_|_|_|_|_|—|_|_| Mo signal
Dy UL %UUI_H_%
D, UL UL
D, UL UL
0, | NN — [T
save to file =[R2
SEE Recall Default/Eraze Press to
- - - Save
Synchronous events at slaves- Generate pulse outputs on receiving synchronous events (7x8) and
shutdown events (7x8) on all eight outputs of two different slave modules
D0-D7 : Sub systeml outputs
D8-D15: Sub system 2 outputs

17



Performance, Results & Validation

Central Module ( Master) board — Event log resolution of 1us

Event Code in hex Event Name Event Time in
msec
2 MC ON 0.000000
: mXP_oN Pl Event time stamp at Master — Two asynchronous
ee LHCD LOOPBACK 0.003000 events generated simultaneously by two slaves
6 GAS PUFF 1.000000 e
: EXPOFF 1320042000 (* Note — Sub system1l — Async event Oxf7
Sub system 2 — Async event Oxee)
Event Code in hex Event Name Event Time in
msec
2 MC ON 0.000000
£ ? 4447,268000
f0 ? 4447.268000
f9 ? 4447.276000
ee LHCD LOOPBACK 4447 .276000
f8 ? 4447,284000
ef ? 4447.284000
fa ? 4447.292000
f1 ? 4447 .292000
tb ? 4447,300000
f2 ? 4447.300000
fc ? 4447.308000
Event time stamp at Master — 16 asynchronous f3 ? 4447.308000
events generated simultaneously by two slaves t ! 1447.316000
9 y by f4 ? 4447.317000
(* Note — fe ? £447.324000
Sub system1 — Async events from 0xf7 to Oxfe £5 ? 4447.325000
TExEkrEEE L
Sub system2 - Async events from Oxee to 0xf5) 18




Performance, Results & Validation

Sub system Module — Event Latency Test on two different sub system modules

(3m optical fiber)
DS0-¥ 30344, MYS2163903: Thu May 17 17:23:00 2018
200/ 2 20080 3 4 2 980% 1.000%/ Trig'd? £ 1.68Y
I =E Agilent
i Acquisition
1 Mormal
*..- T T P e 2 00GSals
T . r
| Channels
wﬁlﬂ
- AC 10.0:1
DL 1.00:1
DL 1.00:1
I ¢ Measurements
E_L:Pmmm_ o p———— e e e e = Rise Edge[ 1]:
1 1
Measure Current Mean Min Ml std|Dey Count Rise Edge(2):
Fise cdoge| T 1 1 oo 11 1 [N T o0k 1
Fise Edoe[Z): 1 1.0000 11 1 0.1 1.000k |50 (15224
Delay| 1412 £] 3.7060us  3.68204dus 3R6365ws| I.F7E0us 30|046ns | 1000k Y '
T 3. 70s0us
1000 Pulses at 1 sec interval on any one of input of slave module 1, which then generates an event to
Master module. Generate a channel pulse output for this event on other slave module 2.

Ch1: Pulse input also observed on oscilloscope ( as an input to sub system module 1)

Ch2: Output generated on sub system module 2 by the corresponding event generated due to above
pulse input

#Note- Voltage level of Ch1 on oscilloscope is less, as it is measured across opto-coupler input.

19



Performance, Results & Validation

Sub system Module — Simultaneous Asynchronous events (3m optical fiber)

DS0-4 30348, MYE2163903 Wed Sug 01 14:51:52 2018
2 3 i) 4.000s 1.000s ¢ Trig'd £ 0 TTL
Die I it Agilent
X —I'I_I‘I_I'I_I‘—I'I_I'I_' Brquisition
Oy —|_|_|_|_|_|_|_—|_|_|_|_| Mormal
i LN 25 DkSals
X Channels
Do LU
D, ULUULULT DC 1.001
D, UL o 1,001
D, o ' Oc 1.00:1
s Measurements =

DE —|_|_|_|_|_|_|_—|_|_|_|_| HiSE Edgﬁ[ ]:
Dg —I_I_I_I_I_I_I_—I_I_I_I_' Mo signal
Oy |_| |_| |_| |_ |_| |_|
D, LU
D, L
D, UL
I::Il:l %
Save to file =R 3

Save Recall Default/Erase Press to

- - - Saie

Asynchronous events - Generate asynchronous events by simultaneously applying 7 consecutive
pulses on all eight inputs of two different slave modules. Configure pulse outputs for the
generated asynchronous events.

DO0-D7 : Sub systemloutputs

D8-D15: Sub system 2 outputs



Field Testing — Similar to actual plasma shot scenario

D50 30344, My52163903: Wed Jan 02 12:24:25 2019

200y 2 200V 3 4 1.600 400.02/ Trig'd? £ 2.00%
TIMING SYSTEM (TS) : CHANNEL PULSE DEFINITION > 9 — -
L . - Agilent
Shot No: 9000 VCB_IN_TIME: (2451 EVENT DEF ’ IR i iRNR AR AAR R AR TR 23l STk
orre - - X Mormal
100k=als
Synchronous | Shutdown | Ground Floor | First Floor] APPS | SST-PS| ECRH| ICRH | LHCD| NEI
Events Events Node Node |Node | Node | Node |Node|Mode | Node Tl
I Event Ref Time(ms)  Time(ma) || [T—crent Selecti — s r gyl = s =
EXP_ON E| oc 1.00:1
I MASTER_TRIGGER | [2as0 || 1 PCS_TRIGGER o { . L ‘ B N [ 1001
DIAG_RDY o 1.00:1
| APC_DCCT_ACQ | |-750 [| 1o | MASTER_TRIGGER 2 Cursors
ECRH_LAUNCH
[ 4 T T T A TP T T B T P T A T TS s Ty |
| GAS_PUFF | | 550 | | 1801 | AT e po{ TRG . ﬂiﬁu —
| DIAG_RDY | [-450 [| 200 ||| Laune ' TiA B
- GAS_PUFF o0 oooH
[ GAS_PUFF_1 : C
| LANG_PROBE | [-350 [| 200 | givic AT
| LHCD_LAUNCH | |-250 [| ze; ||| |GAs_PurF3 -8.00000v
GAS_PUFF 4
| ECRH_LAUNCH | [100 [| 2351 ||||cas_pures -
Save to file =[ecl
| PC3_TRIGGER | |D | | 2431 | E:[‘)a:ttinﬁoa# add | Delete I Setup Info Irvert Grat Palette Prass to
| APC_REF_START ||150 || 2601 | L (=] Lolor Save
Define Event Load Old Fil H - H -
| e |fw  |[aw JI[T™ | —— | Real time event sequence generation (ECRH Launch trigger in
Delete Event Load .
[ oesrurr oo [z ] reference to actual plasma shot scenario)
Subimit | Shot No: (9000
[ [+ X 5
PULSE STATUS - _
Event Code in hex Event Hame Event Time in msec B
Synchronous Shutdown Ground Floor First Floor APPS o MC 0N 0. 000000
Events Events Node MNode Node 4 EKE_EIN 0 000000
ST ECRi cri LHCD Nl 13 0. DCET AL 1701 000000
Node Node Node Node Node = = i
B GRS PUFF 1801. 000000
T DIAG_ROY 2001. 000000
1d LENG_PROEE 2101. 000000
b LHCD LAUNCH 2201000000
Generate g ECRH_LAUNCH 2351000000
H B BCS TRIGGER 2451 000000
eXpe“ment 117 APC_REF START 2601. 000000
1mi e GAS PUFF 2 2701. 000000
séquence similar to d GAS_PUFF_1 2851, 000000
I . . EXP OFF T176. 071000
actual scenario Log file — registers  |[sesssssss - i
all events with time =

stamp

Dismiss




New Timing System Cost (Estimations)

Central module ( Per unit) Rs. 41,698 /- approx. (600S)

Sub system module ( Per unit) Rs. 25,168 /- approx. (3605)

Timing System with 1 Central Rs. 2,43,042/- approx. (3475S)
module and 8 sub system
modules

#Versionl - Module Costs* (Indian Rupees Rs)(U.S $)

# Version 1 ( Without Clock Synchronization & GPS IRIGB interface)

* Excludes the cost of material available with Institute for Plasma Research Stores department, Workshop, Job hours etc.



Further Development

- Clock Svnchronization ( In Progress)

Module

Central ‘

Sub system -1
module

indino

4201) ‘

Input

DIO- || DOO -

DI7
PO Clock Outputs

(10MHz / 1MHz /
100kHz/10kHz/
1kHz)

Clock :_
Trigger

CTE over CTE for
60 second | 3600

CTE over
10 second

Clock source Stability
under test (ppm)
second

Local Artix-7 100MHz 20 ppm 200 ps 1.2 ms 72 ms
oscillator
SiT8008

OCXO0-2050 20 MHz 0.1ppm 1ps 6 us 360 us

(Old Timing
System)

Proposed 20 MHz 0.02 ppm 0.2 us 1.2 ps 12 ps

Clocks and their calculated Cumulative Time Errors (CTE)

D50-¥ 30344, MY52163303: FriFeb 08 11:47:37 2013

Clock |

owpurs [1[1[ 111NN

Reference:(10)

ToR0ovy 2200y 3 200y 4 -1.0008 50.008/ stop
MM Sttt i el iy

A
Ll Lt ek

Rise Edge[Z): 1 Rulolsly] 1 1 237

FP/RRINRIRRINY YREWY
BasUre urrent Min M stdd|Dev Count
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Further Development - GPS IRIG-B Interface, Event
prioritization, Exror handling (in progress)

 Propagation delay compensation
« Event prioritizing logic at Central sub system module
* Error handling features ( Parity, CRC ...)

* Develop GPS IRIG-B interface for the modules. (For GPS
synchronization and GPS time)



Summary

A Platform independent, stand alone, 1U rack mountable
timing system is designed, developed and tested.

The performance test results are comparable and acceptable.

The development cost Is observed to be optimized
considering the simple design adopted.

Design can be implemented with other FPGAs ( different
make).

New in-house design will be advantageous and it can be
easily adapted for time synchronization applications in small,
medium size tokamaks or experimental devices irrespective
of hardware/ software platforms.
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