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Outline

Overview in a physics experiment

— Standardization is a must

Standard in signal levels

— Only those in instrumentation(not those in FPGA)

BUS Standards in instrumentation

— NIM,CAMAC,VME

— New standard
« XTCA for Physics, AMC, ATCA, MTCA

— Some examples
Summary
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Instrumentation
» Detector: for signal detection

* Elegtronics: signal processing

Compton Scattering Setup in NTLab VNU-HCMUS, School on RT System 2016
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Signal Processing and Control

* Analog/Digital signal processing

S — Trigger/Fast
\ \F Control /
| v / .
Weak Eleg. Signals . / Processmg
FE EIGC'[I'% Dlgltlzer /| Onl. Ready*/ gnd
Display

Amp. + Shaping /
%& Process L Slow Control >

— Pre-Amplifier: amplify weak signal

— Main Amplifier: amplify small signal Digital signal
e _ standardization

— Digitizer: convert analog to digital

— Readout: collect data

— Processor: data analysis and display
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Trend direction 1: Instrumentations minimization:
L ower signal level and Faster data link

* Full system into small box

Trigger/Fast
Control

-

Weak Eleg. Signals

Detectors

FE Electronics

Amp. + Shaping

v

-

Digitizer—

.

Phys. Process

Slow Control

1

Onl. Readout

Processing
and
Display

PMT(left), TOF( middle, right) exercise setup for RT School 2016
Z.A.LIU Intl. School on RT System 2018
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Question

« What can be used as Digitizer?

« Why you can borrow a USB line to
connect your Mobile Phone to your

notebook? o /" /E Vs

D+ o

D-
D- . \
GMN o D
Figure 4.1. USB Full-speed/low-speed Sign: \_
v i i
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USB standard

* Why you can borrow a USB line to
connect your Mobile Phone to your

Vhus . Whus
D+ o / D+
D-
D- . \ |
GMN n D
Figure 4.1. USB Full-speed/low-speed Sig
36V -----------------»i -----------------------------------------------
Von E
28V mmmmmmmm——— - -1- --------------------------------------------
3-2.0\ e N
03V mmmmmmemmeeee _’E --------------------------------------------
VoL E
0.0 ----'--"-"--'--T -----------------------------------------------
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Trend direction 1: Compact Instrumentations:
Lower signal level and Faster data link

* Or even handy meters
— ASICs: Application Specific Integrate Circuits
— FPGA:Field Programmable Gate Array

— System on Chip Medipix1 block
— Experiment on Chip .
o s > st

)
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Trend direction 2: Experiment needs Instrumentations
for Signal Processing and Control in Larger scale

 Huge amount of different instruments

Trigger/Fast
‘ Control 1
v
Detectors FE Electronics > Digitizer— Onl. Readout |- Data >

Amp. + Shaping I Storage
Phys. Process T(

N fey <> Power/Control

Weak Eleg. Signals

Slow Control >

Offline
Analysis

88 Electronics

Control and Data Readout
. o -Standardized Signal levels
Detectors Standardized Crates

Accelerators -Standardized Modules
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Questions

* In digital world, what is the logic 1? And
Logic 07?

* What are the names representing different
digital levels? Their voltages of level 1?
And level 07?

* You know USB line already, what else?
— Mini-USB, Micro-USB
— Boundary Scan/JTAG
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TTL Logic

 TTL: Transistor-Transistor Logic

—invented in 1961 by James L. Buie of TRW
Company

— Logic 1(high): >2V
— Logic O(low): < 0.8V !

+5V
R, R | IR
4k 1ke | 130
V. Vi
cc
% v |t

) -
__’ 4 I"—{ Vs ,‘:7

& >

]
) J
'

GND
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CMOS Logic

CMOS ( Complementary metal
—oxide—semiconductor ) is a
technology for

constructing integrated circuits.

Frank Wanlass patented CMOS in
1963

high noise immunity and low
static power consumption

Vpp = supply voltage Vdd
VSS=Ground i

Vss

Jul 7-17 2018,iThemba Z.A.LIU Intl. School on RT System 2018
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ECL/PECL/LVPECL Logic

 ECL (emitter-coupled logic) is a
high-speed integrated circuit
bipolar transistor logic family

« ECL was invented in August 1956
at IBM by Hannon S. Yourke

 PECL.: Positive powered.
 LVPECL: 3.3V PECL

Type |V Viw Vign |V Vv

ee low

PECL GND 34V 42V 50V

LVPECL GND 16V 24V 33V 20V _@j | :.7

CC cm
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Examples of binary logic levels

Technology L voltage H voltage Notes

Vpp = supply voltage,
CMOS 0 Vto Vpp/2-a Vpp/2+ato Vo, | a@=1,2,3.5V for
VDD=5,10,15V

Ve is 4.75 V to
5.25 V

Ve is about -5.2 V.
Vc=Ground

Ve is about -5.2 V.
Vc=Ground

TTL 0Vto 0.8V 2V to Ve
ECL 1,175 V to Vee 0.75Vto 0V

NIM -0.8V oV

NIM logic: levels are defined by current ranges on 50 ohm input/out impedances,
correspond to voltages of 0 V and -0.8 V for logic 0 and 1 respectively
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Signal Integration
* Termination
 Twix Pair lines
« Shielding
/7

> P > P>

L M’ Max. V' \/ X/
Radiation
Reflections w Ringing Noise
Ringing

Overshoot

. Time
WITHOUT WITH Min. V /\\/
IMPEDANCE IMPEDANCE \/ / I Undershoot
MISMATCH MISMATCH

incident wave m
through wave
reflected wave _ '

’ Z,=500hms - Z,=700hms
Driver ‘ Receiver
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What standard means

Forbidden
Range

Range
different for
iInput and
output for
noise
tolerance

* Limited noise
margin

Jul 7-17 2018,iThemba

Acceptable TTL gate

input signal levels
5V
T Vee=3YV
High
3 08V —
Low -
oV
Acceptable TTL gate
input signal levels
TS5V
High T  high-level noise margin

N\ X OOOOOOOOOOOOOOO

S0 00000000 0000090,

Z.A.LIU Intl. School on RT System 2018

X OOOOOOOOOOOOOOO
0 (OO OOOOOO 0.0 0.0.0.0.0.0.0.0.0.0.0 0.0‘0.0.0.00

low-level noise margin

Acceptable TTL gate
output signal levels

-5V
High{ +
427V

Low — T 8{,"

Acceptable TTL gate

output signal levels

—T—5V
High~|: -+
—+— 27V
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What standard means(2)

Acceptable Cllt;fOSlgate Acceptable CI\/IflOS glate
. input signal levels oulput signal levels
* Good noise High — —r 3
. High ~|: 1 V=5V 1
margin +ssv {} [
o ' —+ 15V 1
High power T il Lo
oV Low —==4Yy

comsumption

Acceptable CMOS gate Acceptable CMOS gate

Acceptable CMOS gate Acceptable CMOS gate input signal levels output signal levels
input signal levels output signal levels — 15V High — —p— 15V
T 10V H|gh — 10V | 1 1495V
995V .
. -4 +4 High = —+
High L 1
— 11V +
T 7 V Vdd = 10 V T = -4
T3V - = 1
+ - — 4V +
Low L 4
T i - Low - -+
1 005V
A How ov | 1 oosv
oV Low —==7V
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What standard means(3)

* No direct connection btw devices |  w[
of different standards T I, S
* Level shifting necessary = .
— By circuit between, or | I cmos
output | 1 inpu
— By commercial device N gy
ML cuputials within
+ Ve Rpuimps  Vad acce, A%)/Seimtts for
. T > Vee Y
TTL CMOS sy ; : ) "high" E>°_
— ) TTL  CMOS
SV - TS5V L=
T T 35V - YR T Y
TTL ] T T : _:_ 35V
output. - T ?,%?,ts ZT;:/ 1 { cmos
T T output + | et
ov ov ov —— —Lov
TTL "high” output voltage TTL output falls outside of
assisted by R, 1., acce, l\{fact))g/%)ngts for
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What standard means(4)

ce Vaa +

w= ] = =+ |n 10V CMOS case

L * No direct inter-usage

| +

o " o * Level shifting
°“tp“t§i;)§£§llll§l o necessary

The TTL "high" signal will
definitely not fall within the
CMOS gate’s acceptable limits

¥ VCC Rpullup Vdd +
5V — ] Q0 >o— - lov Rpullup
TTL CMOS v
+ (open-collector) ¥ dd Vcc +
= 0V == =====mmmnn- I 1oV v — {:>° —YV
=+ v ) CMOS TTL )
TTL T CMOS
output 1 input -
+ sv =
08% :::::::::::_"_OV

Now, both "low" and "high"
TTL signals are acceptable
to the CMOS gate input
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5.0V —

4.5V

4.0V —

35V _|

3.0V —

2.5V

2.0V —

1.5V _|

1.OV —

0.5V

0.0V —

Jul 7-17 2018,iThemba

Some of the Ievel ranges

Input High level Voltage

4.7V

Input Low level Voltage
Output High level Voltage
Output Low level Voltage
Threshold Voltage

47V

Typical values,
Averaged over
Families

................................

\

035V
CMOS TTL/CMOS TTL ETL LowV BTL GTL
AC-HC ACT-HCT F-S-AS LV-LVC
AHC-C AHCT-FCT LSALS ALYC

Z.A.LIU Intl. School on RT System 2018 20



LVDS

- LVDS(Low-voltage | Fon
differential signaling)/ TIA "I M

3.5 mA Fringing \ RX

Current

IEIA-644, a technical /@\

standard that specifies Cross Sectionof Diferetia Pai

electrical characteristics of a =

differential, serial .

communication protocol
* low power, very high speeds .. s o

with inexpensive twisted-pair s

copper cables i E’E
 was introduced in 1994 n:;g

 Point to point e E’E R ——
X DEDEDEDEDEDEDEDE
Vee Voo  Vou Ve Vemo | e L
GND 10V 14v 297 1oy D=

3.3V
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Multipoint LVDS/MLVDS/BLVDS

 Bus LVDS and LVDM (by T1) are de facto multipoint
LVDS standards

* Multipoint LVDS (MLVDS) is the TIA standard (TIA-899).
The AdvancedTCA standard specified MLVDS for clock

distribution across the backplane to each of the
computing module boards in the system

RT RT
Note — the receivers shown must not have internal terminations.
Output
_ Input
Common mode Amplitude
Min. 0.3V 0.480V -1.4V
Max. 21V 0.650 V 3.8V
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Termination, Reflection, Signal Integration
« Coupling

— DC coupled in low speed
— AC coupled in high speed

« ECL/LVPECL

VDD Chip
I boundry Shunt Bias Termination

LVPECL network .
Zo =500 ) \' °§’§'f
i 0 7o =500 } e
Zout ‘ 0c } ™1 i ¢
Pre- “.: :“
Driver s0Q 5°°
UT+ V=VDD-2V
YOUT-

VDD

Y-Bias Termination . .
P \ Thevenin-equivalent —y

LVPECL Termination network
Zo = 500 LVPECL Ry Ri o1
& Zo =500 o1
é Zo = 500 = ST :
VDD R1 Rz Rg

vob| R, | R, Rz Rz
3.3V s00 500 500 3.3V] 1270 | 8250 = =
25v| soa | s00 | 180

25V]| 2500 | 6250
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Termination 2

LVDS
Zo =500 ouT?
¢ LV D S -
)] Zo = 500 ) out
LVDS
IN- ) Zo =500 out?
} 1000 1000
3 . Zo =500 3 ouT,
< 1000
LVDS 0.1pF
) Zo =500 — ouTs
1000
) Zo =500 — ouT,
0.1pF
LVDS 0.1pF
‘°° o 2o 000 o L/oS el
1 0.14F 1t Zo =500 }
= ouT# 17 0 ) ouTs
v Sosie i By $’°°0 0.14F 100 0
ouT, 1 —f) Zo =500 out
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LVPECL-LVDS Level shift

LVDS

3.3V

LVPECL VDS

50Q 500

0.1uF—+ 240

3.3V
3.3V
LVPECL 6.8k02
sm s
Zo=500 | | D+
Zo 500 i} D-
sm
e 1200i 120Q

Jul 7-17 2018,iThemba Z.A.LIU Intl. School on RT System 2018
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LVCMOS-LVPECL/LVDS Level shift

Jul 7-17 2018,iThemba

VDD

LVCMOS
driver

VDD

33V

25V

LVPECL

25V

LVDS/

3.3V

Zo =500

680

Cz

0.01uF LvpPECL
receiver

Z.A.LIU Intl. School on RT System 2018
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BUS Standards for Nuclear Instrumentation

e 1960’s
— Nuclear Electronics Standard in British
Rutherford Lab

— Same time also in CERN and American [}
Labs

— NIM: American Standard Beurea and
NIM Module Committee

« 70-80’s CAMAC, FASTBUS, widely
used

— Nuclear Spectrum Measurement,
Particle Physics, Medical Physics,
Accelerator Instrument, Accelerator
Control, Aerospace, Industrial control.

* 90’s VME from Industry
« 2000 CPCI

o Still in use, BUT limited

Jul 7-17 2018,iThemba Z.A.LIU Intl. School on RT System 2018 27




NIM

° NIM(NUCIGar InStrU mentation NIM standard module connector pin assignments

Module ) standard defines

— mechanical and electrical
specifications

— for electronics modules

(required by DOE/ER-0457T)

— used in experimental particle

and nuclear physics
* Crate

— Power: * 6/+x12/£24V DC from

220/110V
— No data BUS
— 12 Modules

Jul 7-17 2018,iThemba

Pin #

1
3
5
7
9
11
13
15
17
19
21
23
25
27
29
31

33

35
37
39

Function
Reserved [+3 V]
Spare Bus
Coaxial
Coaxial
Spare
-6V
Spare
Reserved
-12V
Reserved Bus
Spare
Reserved
Reserved
Spare
-24V
Spare

117 V AC (hot)

Reset (scaler)
Reset (aux)
Coaxial

41| 117 V AC (neutral)

G

Gnd Guide Pin

Z.A.LIU Intl. School on RT System 2018

Pin #

AN

12
14
16
18
20
22
24
26
28
30
32

34

36
38
40

42

Function
Reserved [-3 V]
Reserved Bus
Coaxial
200V DC
6V
Reserved Bus
Spare
+12V
Spare Bus
Spare
Reserved
Reserved
Spare
+24'V
Spare Bus
Spare

Power Return
Gnd

Gate
Coaxial
Coaxial

High Quality Gnd

28



CAI\/IAC

« CAMAC: Computer
Automated
Measurement And
Control e
- ESONE Committee: [ ==
standard EUR 4100
in 1972

Crate:

— Data bus:24b
— Power

— Control

— 24+1 station
— Controller on 25th

Jul 7-17 2018,iThemba Z.A.LIU Intl. School on RT System 2018 29

MAXMUM CURRENT LOADS

SUPPLY  VOLTAGE INTHEPLUGIH  IHTHE
VOLTAGE  TOLERAMCE (PER UNITWIDTH)*  CRATE**
Masdalery

+24V DG 205% 14 64
6 G 225% 28 250
-6V DG 225% 28 250

-24Y OC 205% 14 64

Ad@lisnal fas required)

+12VDC 205%
-12v 0c 205%

* Sex Noes {and 3.

“* See Noe 2,

Tabiez




STANDARD DATAWAY USAGE

Pin assignments | = == | = w5 co

: Common Contals Opere onal sttors connected
SttionNumber N 1 Sdect te modde (ndviosl
Jine froen contrl stton. 0 them , N0 com Mmand required.
ritalize z 1 Setmoduk ©a Rindste.
SuAdXess 41,24, 4 Sdect 3 setion of te moduk. {meompankdby S2andB).
Funetion Fi,2,4,3,16 § Deins teinetonobe e
perfomn edin the modde., rhibit 1 1 Cisables Ratres ke draton
. a a e
. Char [ 1 Clears regsters (acompanied
Timing ty S2andB).
Stobe 4 S1 1 Controks Irstpras: ofoperaton.
(Dt sigralsmay chang: )
Stobe2 s2 i Contok sexond pha: e " Slers
S 52 . .
a (Dotwey sigralsmay o 3 Free bus-lines P4, P2 2 Forspedteduses.
, PachContaics P3PS 3 Forungedtedinerconnectons.
[at NoDatavay lines.
wiite Wiwed 2 BAnginkematon © himodde.
) Mandatey Poser Lines
- Read Ri-R | ma;;zuma\mwn e v oe o n
. ! H©V0C 1 i
- -6VDC -6 i
-2NDC - i
SuaE ov 0 2 powerreun,
Lock-athe L 1 dcates requestie service

(indvidmlline  contral staton).
Addtiond PowerLines

.
" - y ! gcnz:?n?;\aungeg Liresare resernved ke te
¢ a I O ’ H2v oo H2 1 wollowing powver supplies .
I I -12v0e 42 Low arrent e ndates, et
- Resperse a 1 et suhL of Rilre ChanExh E 1 Rekrene 1 crout fequfing

sdeced by command. chana@rt,
Command Reseved ¥, V2 2 Reserved Yor YUure dlocation.
Actepted x i Pdcats tatmoduk isabie ©
perfomn atenrequiedty T
® - 5 + conmand.
L
; _ 7
i 5t
; WRITE_LINES w
i

TIMING STROBES si,82

e Power:6 |

- Control:S1S2 ZICB | A

bl L ¥ : ‘ :
X AN NER NG NANENZ AN 4 N e\
; NORMAL STATION | NORMAL STATION 2 NCRMAL STATION 3

R L Q,% R L oX R L Q%

DMFFQIAZOO0 MARIO

STATUS RESPONSE LINES

‘ VHE.QDLIN.EVS — >
Jul 7-17 2018,iThemba Z.A.LIU Intl. Schi:eesesss s smassms oo moes e oot i T
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Pin assignment

PN ALLOCATION
ATNORMAL STATION
(view wom boalolcRbe)
(STRTHES +-24)
B lime Free Buslire M B BEY B line
B lime Free Buslire P2 Fi6 Fuwton B line
navidRl path contact 3 F8 Fuvton  Busline
ndvios| path contat M F4 Funton  Busline
ndvidsl pathcontst S F2  Fuvdon B line
B line Command Actepled X Fi  Fuvton B line
B lime rhibit | &3 Sad¥es BElie
B lire Cleyr c M Stad¥es Brlie
ndvidal ine Staton Number N A2 Stad¥es B like
ndvidnal ine Lock-aths L A Suad¥es Bl
s line Strobe 1 S 2 nitaie Bs line
B line Strobe 2 2 0 Repose  Bslie
W Wz
wz w2
Wan Wis
Wis W17
29 Wik B Lines W16 WisS
Widise Wid Wis
W6 Wiz Wi
Wio wa
wWs W7
We WS
W4 W3
w2 W
kM RZ3
Rz k24
R20 Ri9
R Ri7
2 Read Bs Lires RiE RIS
R14SE Rid RIS
RSB Ri2 RU4
Ri0 RS
RS R7
RE RS
R4 R3
R2  Ri
-2voc -2 - -MVDe
NC -6 -BVDC
NC  NC
Poaver Agilary-6Nsupoy ¥ E CenEart  Powver
B lires -12voc H2 2 RVDC BElins
Ailary €V apply Y2 6 46VIC
OV{Powss Reum) 0 0 OV{Povas Reum)
Table 30

Jul 7-17 zu 1o, nenva

Normal
Module
station

Control
Module
station

Z.A.LIU Intl. School on RT System 2018

PN ALLOCATION
AT CONTROL STATDN
(STTRE )
PavidAl path contast M B By B line
ndviosl path contst P2 Fi6 Furton B lire
NavidAal path contact 3 F  Fueton B lime
ndvidsl path contact M F4  Furton B lire
NavidAl path contact 5 F2  Funton B lime
Brline CommandAceped X Fi Funton  Busline
B line  Phibit | A3 Staddess BElie
B line  Clex C M Staddess BElie
ndvidsl path contact B A2 Staddes BElie
navidAl path contact P7 A Saddess B like
B lire  Stobe { S 2 nitai B lire
B line  Stobe 2 £ aQ Resporse B lie
LM NN
L2 N3
Lz Nz
L2 N2
L20 N&0
Li8 Nig
Li& Nig
Li7 Ni7
Li6 Ni6
LIS NiS
L4 Nid
L3 Ni3
2 ndvidal Lock-athelines  L12 Ni2 24 hdvidsl Seton
L1 tom Station 1,6t L1 Ni1 Numberlines
Li0 N0 NioSttiond,et.
L9 N9
L3 N3
L7 N7
L& N&
LS NS
4 N4
L3 N3
L2 N2
[RI T
-2voe -2 - -MvDe
NC -6 -6VDC
NC NC
Powe  MKilary-6Vsupol Y E ClenEarh  Powe
B lires -12V0C H2 & &2VDC BElins
Amilary €Y apply Y2 46 VDG
OV({Powns Reumjy 0 0 OV (Povws Retum)
Tabie 3a
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Timing and data rate

« Data Cycle: 1us T |
» Data width S RN

:24b=3B —
 Rate:24bps=3Bps g'

TIM/R PR A0k MAImL M fAaieEs A nsac limiang ol
a Dwaweav aperJion.
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Fastbus

* You should know this even | skip this as
rarely seen nowadays

Jul 7-17 2018,iThemba Z.A.LIU Intl. School on RT System 2018
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VMEDbus
VMEbus(Versa Module Europa bus)

— a computer bus standard, originally for s
the Motorola 68000 CPUs, 4N

— standardized by the IEC as ANSI %
[IEEE 1014-1987

e Crate:
— 1-21 stations
— Controller on 1st

 Modules

— 3U,6U and 9U ez

* Power: RN
— VMES2: +5volt.and +-12volt supply; < i 5. K

Jul 7-17 2018,iThemba Z.A.LIU Intl. School on RT System 2018 34



Module types

Controller Master Slave
e Controller Controls aces I orne e

Handles nierrupis Reads or Wriles data Generaies Inierrupis
 Master , e

Itmmm T . |
 Slave o !
¥
¥_iddvess Bus ¥

Evolution of VME

Topology Year Bus Cycle = Maximum Speed (Mbyte / Sec)
\él(\e/IVEKUSBZ Parallel Bus 1981 BLT 40
VMEbus IEEE-1014 1987 BLT 40
VMEG64 1994 MBLT 80
VMEG64x 1997 2eVME 160
VME320 1997 2eSST 320
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Module types
* Types
- 3U ek
* 160x100mm
. P1

- 6U
e 160%x233mm

o o ;
S0rncn

180 - | 5t 7
3

= 3Emm e -
& ',I T

'I X

233mun &

10001
» s
/+/ :

i S
f./
233 nun

« 340%x233mm 25
« P1+P2 . |
—9ouU oL 6U ay ¢

- 340x366mm
* 400x366mm
. P1+P2+P3
« Data/Addr space:
— 8/16/32/64b
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VMEbus and VME®64 P1 Connectors

Pin # Signal Name Signal Name Signal Name
Row A Row B Row C
1 D00 BBSY* D08
2 DO1 BCLR* D09 "
VME VIVIE64X 3 D02 ACFAIL* D10 VMEG64x P1 Connector
ry . . 4 D03 BGOIN* D11 Pin Signal Name SignalName SignalName Signal Name Signal Name
5 D04 BGOOUT* D12 Row z Row A Row B Row C Row d
A OO0 ojo O O|0 6 D05 BG1IN* D13 1 MPR D00 BBSY * D08 VEC
000 0o oojn 4 D06 BG10OUT* D14 2 GND Dol ECLR* Do GND
000 0o ool 8 Do7 BG2IN* D15 3 MCLE D02 ACFAIL* D10 Y
- o ool 4 GND D03 BGOIN* D11 2
O 00 0jo © o0 9 GND BG20UT* GND
000 ilo o ol . N MSD D04 BGOOUT* D12 Rsvl
2.54 — 10 SYSCLK BG3IN SYSFAIL* — D S . e T
- —| O O O 0jo O ©|0 " N _
o000 olooolp M GND BG30OUT BERR 7 MND D06 BGIOUT* D14 V2
{II]III} OO0 olo o olo 12 DS1* BRO* SYSRESET'| 2 GND D07 BG2IN* D15 RsvlJ
000 oo oolp 13 DSO0* BR1* LWORD* | 9 MCTL GND BG20UT* GND G AP
000 ojo ool 4 WRITE* BR2* AMS5 10 GND SYSCLK BG3IN* SYSFAIL* GAD
000 0o oo[m g GND BR3* A23 11 RESP* GND BG30UT* BERR* GAl
000 0o o oo 6 DTACK® AMO Ao 12 GND DS1* BRO* STSREST* +33v
—|00O0 0joo o0 13 | ReBus R BRI* LWORD* Gag
94.9 00O 0o oo '[]] 17 GND AM1 A21 12 GND WRITE* BRZ* A5 a3
. {m} 000 oo oo . 13 RsvBus GND BR3* 23 Ga3*
o000 olo oolp 8 AS AM2 A20
{mm} 0co|  moool . ew  aw  as [l 9P [PROCL AT LB Lo
e gio ool o IACK® GND A18 13 GN];S S AN2 220 3.3
000 gooom IACKIN® SERCLK A17 '
00O olooolo - 19 RsvBus GND AN3 A9 RsvBus
78.74 000 0o ool *2 IACKOUT* SERDAT* A16 20 GND TACK* GND IXE 3
OO0 Ojo o o|0 3 AM4 GND A15 21 RsvBus IACKIN* SERCLK 417 RsvBus
{mm} 00O Djooold u AO7 IRQ7* A4 22 GND TACKOUT* | SERDAT* Al6 3.3
00 0joo o g 5 AO6 IRQG* A13 23 RsvBus AN4 GND ALS RsvBus
oo 8 g o0 8 Do A0S IRQS5* A2 24 GND 207 RQ7* ald BV
oo oo : 25 RevBus 206 IRQ6* IXE] RevBus
) *
©0O0 ofooo I[]] 77 AO4 IRG4 Al 26 GND 205 IRQ5* A12 337
- e fleo o 8 AD3 IRQ3* A10 77 | RebBus 204 TRQ4* Al L™
000 ojlooold |, "
000 0looolo 9 A02 IRQ2 A09 28 GND A3 IRQ3* ALD 3.3V
000 olooolp AO1 IRQ1* A08 29 RsvBus 202 IRQZ* A09 LIO*
3 -12v +5v Standby +12v 30 GND AD1 IRQ1* AN8 3.3V
4 Q@ ()] 2 +5v 5y +5y | 31 | Redus 20 | 5V Standby | +13V GND
32 GND v e = VEC
3 X 32 5x 32 www.interfacebus.com L. Davis

]
.
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VMEbus and VME®64 P2 Connectors

Pin # Signal Name Signal Name Signal Name
Row A Row B Row C
1 +5v
2 GND
3 RETRY
4 A24 N
VME VME64x A25 VME64x P2 Connector
Y . . 3 A26 Pin SignalName Signal Name SignalName Signal Name Signal Name
A27 Row z Row A Row B Row C Row d
o000 0o O O A28 1 UstDef UstDef +5Y UstDef UstDef
£ OO0 0o O 0Oy A29 2 GND UstDef GND UstDef UstDef
o000 0o OO (g A30 3 UstDef UsDef RETRY UstDef UsDef
©o0o ofe © o 31 7 GND TsDef 224 UsDef UsDef
8 8 8 [ﬂ] 8 8 8 B 5 UstDef UstDef A25 UstDef UstDef
2.54 -4~ e e e GND 6 GND UsDef 226 UstDef UsDef
o600 olo o 01 +5v 7 UstDef UstDef A27 UstDef UstDef
{mm} 000 olo o o D16 3 GND UsDef A28 UstDef UsDef
000 oo o ol D17 9 UstDef UstDef A29 UstDef UstDef
000 ojo © 018 D18 10 GND UstDef A30 UstDef UstDef
000 ojo oo User Defined D19 User Defined 11 UstDef UstDef A31 UstDef UstDef
000 oo oo E 12 GND UstDef GND UstDef UstDef
——|ooo 0jo oo D20 13 | UsDer UsDef v UsDef UsDef
04.9 OO0 0o © ola D21 14 GND UsDef D16 UsDef UsDef
. {IIlIIl} 00O 0jo O o208 D22 15 UsDef UsDef D17 UsDef UsDef
o000 0jo © O, 16 GND UsDef Dig UstDef UstDef
{mm } 000 o ooo‘g p23
4 17 UstDef UstDef D19 UstDef UstDef
GND
000 oo o Of D24 13 | GND UsiDef D20 UsiDef UsDof
8 8 8 g 8 8 8j 19 UstDef UstDef D21 UstDef UstDef
=8.74 -4 oo oo D25 20 GND UsDef Dz UsDef UsDef
. 000 oo o OEE D26 21 UstDef UstDef D23 UstDef UstDef
{mm} 00O 0o o ol D27 22 GND UstDef GND UsDef UsDef
000 olo o o4n D28 23 UstDef UstDef D24 UstDef UstDef
OO0 0 olo o 025 D29 24 GND UstDef D25 UstDef UstDef
o000 oo o O D30 25 UstDef UstDef D26 UstDef UstDef
000 oo o o‘g 26 GND UstDef D27 UstDef UstDef
00O oo o oif D31 27 | UsDef UsDef D8 UsDef UaDef
00 0o © O30 GND 23 GND UstDef D29 UstDef UstDef
00 0jo O 038 +5V 29 UstDef UstDef D30 UsDef UsDef
00 0joo o|0 30 GND UstDef D3l UstDef UstDef
31 UstDef UstDef GND UstDef GND
v . . 32 GND UstDef v UsDef VEFC
www.interfacebus.com L. Davis
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Data Width and Adr. Width

« Data Width:
— 8-64bits

« Addr Width
— 8-64Dbits

Jul 7-17 2018,iThemba

=
Data Bus Width Selection a

+ +

D63-D32 D31-24 D23-D16 D15-D08 D07-D00 |Z | & | 5 § =)
[= Iy = 3 & | 3
0 (o|o0|0 |0
0 (0|00 (X
0 (1|00 (X
1 (0|00 (X
0 (0 |1]|0 (X
0 (0|11 (X
0 (0|01 (X
1 (0|11 (X
0 (1|11 X
1 (0|01 (X
0 (1|01 (X

Active

Address Bus Width Selection Address Modifier
Codes
A63-A32 A31-A24 A23-Al6 AlS-A04 AMO to AMS
oo -07
08 - OF
38 - 3F
29 - 2D
Intermmpt Acknowledge
Active [
Unused [
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Timing

3505, —p=: nS w—

- e I

DS* N\ DaaVaid ./
D . S——.
DTACK* N\___ Databceepted || i/

: : ) P Address Transfer, = 40§ — ™

® www.interfacebus.com—— 0n§ —p ! | p— :
Data Transfer ‘w— 005 — A ]

 DTACK —
aM Codes_JOOK_ amn—ams Y OOOXX
¢ BIOCk AS* Address Valid 74

Times are mininmum

— = .
Seen from Masier 3505 -

3505,
>

TN peww T
DS P = § ek XXX
5 \/Z Addmssm
v XXX ———\8 M code XXX

— o — s T
DTACK* Data Accepted ! P .
wmv.mtmfacebus.tomi-q— O0nS ——m : Data XZX}( XX XX XX ><>C

Data Transfer ‘w—— 0n§ —w DS* —L/_\_/_\_/_\_/_

DTACK* \_/ \_/ \_/ \_/_

Block Cycle

—= InS -t

XXX
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New Standard

Z.A.LIU Intl. School on RT System 2018
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Problem with BUSed crate?

Traffic. The Rings(BUSs) make problem!

Beijing
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Good solution like Cape Town Routes

» Point to point direct or via limited routing

SHTTOTTCanT
MILNERTON INDUSTRIAL
Sonstraal . . ELSENBURG
Kraaifontein South Africa - W Cave - Case T
Table Bay > outh Africa estern Cape - Cape Town (
Milnerton
PANORAMA PROTEA KOELENHOF
Blomtuin VILLAGE (
PNIEL
RUGBY
WELTEVREDE
, Parow
Maitland
IR Bellville (

C a p e TOW n FERTEeEEST Stellenbosch

Onder-Papegaaiberg

Camps Bay Table Mountain oo/ tg
1086 m (3563 ft) MONTANA "Siraai pd &
A ATHLONE Gaylee &
PONGH Silver Sands Jamestown
Nyanga Kleinvlei
Penhill
indudno SEERRIERINE Wyiber PHILIPPI EAST
; QUETERT WELTEVREDEN AR SECTON RAITHBY:
Constantia VALLEY
Hout Bay
Grassy Park
Dennendal o) Eirgrove

K e N & (¢] SPANISH FARM EXT 1
&

009 WAVECREST Baden powel @

[}

r Q
Lakeside . or
a 3 powel Somerset West
Noordhoek Muizenberg
Strand
Imhoff’s Gift FIRLANDS SH

= S oA
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We did meet BUS Problems! New

VME (2003/4) Not
satisfactory

— Higher samples/s
Powerful FPGA
>3Gbps transmission
reconfiguration

Problem

— Bus bandwidth too low

— No serial
interconnection

— No Intelligence
New standard is needed

Jul 7-17 2018,iThemba
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Pre-xTCA workshops

* At same time, ongoing International Linear
Collider, XFEL workshops
— 2004 - ATCA, MTCA intro paper NSS-MIC, Rome

— 2005 — ILC Snowmass Conference + Availability
Workshop @ Gromitz on ATCA for high availability

— 2007 — 18t ATCA workshop, IEEE RT2007 Fermilab

— 2008 — 2nd ATCA workshop, IEEE NSS-MIC
Dresden
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What is the new standard?

Jul 7-17 2018,iThemba

« ATCA

— Advantages

\

» High speedlO and 10Gb/

interconnections
e HA ~99.999%
* |IP management

 MicroTCA (MTCA)
— Advantages of ATCA

— Half height, compact
system

« AdvancedMC (AMC)

— Modular design

S

Should we adopt
> Industrial standard
again as VME?

) Good idea!

Z.A.LIU Intl. School on RT System 2018
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« ATCA shortages

— Height 8U, not suitable for
machine control

— No rear transition board yet
— No control signals ><

— No rear transition board
yet (HA)

— No control sysnals ...

 AMC shortages
— Inter connection?
— Control signals?
— pin signal difinition

B Compute Node designed by IHEP
m—=> New standard: xTCA for Physics
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It Is possible to have a direct link!

* YES! That ATCA/XTCA

— 2009 —xTCA for Physics subcommittees
formed under PICMG open source telecom
standards ~200 vendors

« 2009 — First xTCA Workshops at Beijing
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XTCA for Physics CCTS

G NOUSTHAL COMPUTER WANLFACTURING aou?  Founded Mar. 10 2009
B under PICMG
T — IHEP,SLAC,FNAL,DESY
— >40 companies

I — Officers

e Chair: SLAC Ray Larsen

» Secretory: TriCircle
Augustus Lowell

* Doc Editor: IHEP Z.A.Liu

Daocuments Edior

ECH MMITTE
PHYSICS STANDARDS
WORKING GROUPWGTSS)
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X TCA features

« ATCA & MicroTCA Unique Features

— ATCA board, shelf is first modular computer architecture
with completely serial multi-Gbps backplane

— Serial ports are bidirectional pairs in star or mesh topology

— Serial bit rate of one port at 2.5 Gbps exceeds data rate of
parallel bus backplanes, e.g. VME 32/64 bit word at 10
MHz => 320/640 Mbps (now 2.5G=>10G=> 40 G)

— Architecture based on FPGAs with imbedded SERDES
Tx-Rx, LVDS balanced logic

— High processing power of single ATCA card (Blade)

— MCH enables module to any other module communication
— Special low jitter switches for clocks

— Dual redundancy MCH, Processor, Power Units - optional

Jul 7-17 2018,iThemba Z.A.LIU Intl. School on RT System 2018 50



XTCA Standards — Hardware Extensions

« Rear Transition Modules
— ATCA Card => PICMG 3.8

« Zone 3 area defined but interface left to discretion of vendors
« Severely limits interoperability of vendor modules

* Physics developed ATCA Standard RTM Interface

« Fabric, power, JTAG, IPMI, managed from ATCA

— MicroTCA Double-Wide Card => MTCA .4

e MTCA.O defined double-wide AMC but not Zone 3 or RTM
mechanics

« MTCA .4 developed new crate, RTM, interface, cooling

 Fabric, power, JTAG, IPMI, managed from AMC
 RTM hot-swappable

Jul 7-17 2018,iThemba Z.A.LIU Intl. School on RT System 2018

51



XTCA Physics Extensions to PICMG Standards

Advanced TCA®

PICMG* 3.8
Draft RC1.0 for Revision 1.0

AdvancedTCA Rear Transition Module
Zone 3A

2¢ July 2011

5 N\
PICMG
-

Open Modular
Computing Specifications

MicreTCA™

PICMG® Specification MTCA.4
R 1.0 Draft 0.9xi

MicroTCA Enh@ncements for Rear IO
and

Precision Timing

18 July 2011

"'“““/ uIoaA®

Open Modular
Computing Specifications
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XTCA Extn:
Physics Design Guide ATCA

Physics Design Guide
for
Clocks, Gates & Triggers
in
Instrumentation

PDG.O R0.8
19 March 2013

/N
PICMG;

A .

NOTE: This Design Guide s mota spadficadon. Itis imanded wald & wsing
FICMG spaciictons wlaplendar oo uied o PRydc neara
pparates and madhine mertral.
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X TCA further Extension:
MTCA.4.1 for RTM backplane

MicroTCA™.

‘.J
PICMG® Specification MTCA Enhancements+

MTCA.4.1 D0.8 ¢
+

MTCA.4.1 Enhancements for
MicroTCA .4 ¢

< Auxiliary Backplane for Rear Transition
Modules (WRTMs & MCH RTM)# 1L

Rear Power Modules (RPMs) ¢

MCH Management Support & Extended
Rear Transition Module (MCH-RTM)« I

AMC & RTM Protective Covers+
Applications Classes of uRTMs +

2
*»*

®,
*o*

.
0.0

®,
°o

May8,2016¢ |

fos) 1 TCA®

Open
Computing

Jul 7-17 2018,iThemba Z.A.LIU Intl. School on RT System 2018



ATCA

ATCA Interfaces

Zone 2 Backplane Interfaces

Base Interface e ® O o
- 10/100/1000 BASE-T Ethernet e | ® @ redundant inks,
1 —a
- Always Dual Star topology it | switeh
O @]
. - O O Number of routed
Fabric Interface Link between traces remains lov
switches facilitates Two dedicated keeping backplan
- Star topo[ogy M:lvt.!'oﬂ. fail- ‘y‘m’::“m costs down
switching
- Mesh topology resources
Clock Interface — ﬁ%%
- i i ¢ i - nd mamt -~ ots. are
Three dedicated clock interfaces S @ O< Hl il
system slots o Q
1 R Data throu Fabric links
Update Channel nym ® S BRI A
- Direct connection between two slots "‘m“:" h;‘,’;‘:'v‘."‘l:“
large capacities e &8
possible
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AMC/ATCA/MTCA.O

« AMC: Advanced Mezzanine
Card

— Initially developed as function
extension for ATCA Boards

— Fully integrated into the ATCA IPMI §
management structure

* Plugged into a so called ATCA
Carrier

« Hot Swap capability

MTCA
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ATCA Carrier/MTCA.O

ATCA Carrier

Zone 3

Clock
distribution

Switching

Zone 2

ATCA Carrier MTCA Shelf Carrier
IPMC

E Power Zone 1

Redundancy added!
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M I ( :A O Terms and Acronyms
]

* MCH  MicroTCA Carrier Hub
* This is the complete module you can buy from a vendor

* MCMC MicroTCA Carrier Management Controller
* This is the physical IPMI controller on the MCH

* MMC Module Management Controller
* This is the physical IPMI controller on ap AMC

EMMC Enhanced MicroTCA Carrier Management Controller
* This is the physical IPMI controller on a Cooling Unit and on Power Module

IPMB-0 Intelligent Platform Management Bus 0
* Logical IPMB, physically divided into redundant IPMB-A and IPMB-B

MicroTCA block diagram * IPMB-L IPMB-Local
* IPMI link between MCH and AMCs
T T T
I MicroTCA Carrier Hub (MCH) #2 . ower Module #N
|Cooling Unit #2 MicroTCA Carrier Hub (MCH) #1 it o
Cooling Unit #1 Power Module #1
p— MCMC
Air
Mover Common|[ Fat | |[§
| Opllons Plpe o Power
EMMC| Fabric || Fabric | | & Control
Backplane Interconnect
|
All A A
M| M M
c| C C
#7 || #8 #10 || #11 ) #12
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Management extensions in MTCA.4

' =  IPMB-L
| — — Connects the MCMC on the MCH to the
5 /l \ s | | MMC on the AMC Modules
r F\—_\ — Radial architecture
e | | [ M ~ IPMB-0
[ [ cow | | . — Connects the MCMC on the MCH to the
- EMMC on the PM and CU
T T - Bused architecture
M — Connects the AMC to the pRTM
m,j‘x P —— ————— The JRTM is treated as managed
T [T = FRU of the AMC
mP (+3.3v)—— |
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MTCA.4 (XxTCA for Physics)
AMC and uRTM

thTM handle, is at
he top of the URTM
(uRTM front panel
appea)rs up side

Safety keying,

8 e (180.85 mm +/- 0.4) (Rugged uTCA Spec. Figure 2-7) >

A

3-pair ZD
connector (2 x

A
30 diff. pairs)
ol 1 g
gr 3 HRTM i AMC
A Side 1 Side 1
3 z Component B Component
- P
&= . con
= Space for mounting &5
o mezzanine boards =g
Could be used for clock and -
A A ’ trigger distributi .

Retention device
(defined in Rugged
MicroTCA spec.

v

MTCA backplane

188.15 +/-0.4
l(!:et?_nhon device ]
ined Rug?ed
MicroTCA spec
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A lot progress in hardware development
+ At DESY,SLAC,IHEP (see later)

MTCA.4 —
. AR

[eetistseaiia)

>12 Payload Slot
Crate
>Generic AMC
>Application
Specific RTM

.
mw — HINARIn e

Front AMCs
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MTCA.4 — Hardware Management

MCH

Jul 7-17 2018,iThemba Z.A.LIU Intl. School on RT System 2018
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MCH Functionality:Management

MicreTGA Carrier 1 MicroTCA Carrier 18
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Examples at TrigLab/IHEP
+ AMC/ATCA

vy s
"N n -
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Examples at TrigLab/IHEP
BeIIeII/BeIIeZImk HEH HEE ;

Bellell/
PXD/DAQ

9008UdD

0TOEHdD

FEENEE AN, '

Jul 7-17 2018,iThemba Z.A.LIU Intl. School on RT System 2018



Examples at TrigLab/IHEP
 CMS Trigger Upgrade

— Inputs:
« 10 Gbps/ch, 36 Chs

— Outputs:
* 10Gbps, 12 chs

— Concentration,PreProcessing
and Fanout

Jul 7-17 2018,iThemba Z.A.LIU Intl. School on RT System 2018
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Summary

» Signal Levels and BUS standards are
iIntroduced

 Please refer to PICMG 3.8, MTCA .4, PDG
.0 MTCA.4.1 and some more to be
developed.

« Standardization is not only in Physics
Experiment, but anywhere as you see.

 Start following the standard will save you a
lot.
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Backups
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