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Overview In a physics experiment
— Why standardization is a must

Signal standard in instrumentation
— Levels
— Level shifting

BUS Standard in instrumentation
— Old NIM,CAMAC,VME

— Present and future standard
¢ VPX
« XTCA for Physics: AMC, ATCA, MTCA

— Some examples
Summary
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* Physics Experiment/Instrumentation
— Detector: for signal detection
— Electronics: |gnal processmg

Compton Scattering Setup in NTLab VNU-HCMUS, School on RT System 2016
2022.11.14 Dakar IEEE/NPSS School 3



Signal Processing and Control

» Analog/Digital sighal processing

Analog

—— Trigger/Fast
\ \r Control
v

Digital

/

Weak Elec. Signals :
Detectors FE EIECUN Digitizer &7

/

Processing
Onl. ReadO}t/ and
Display

Amp. + Shaping

Slow Control

/

Pre-Amplifier: amplify weak signal
Main Amplifier: amplify small signal
Digitizer: convert analog to digital
Readout: collect data

Processor: data analysis and display
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Digital signal
standardization




Trend direction 1: Instrumentations minimization:
L ower signal level and Faster data link

* Full system into small box

Trigger/Fast
‘ Control 1
v

Weak Eleg. Signals Processing
, FE Electronics PO Onl. Readout |4 and
Detectors > Digitizer— "1 Bisplay
Amp. + Shaping T
Phys. Process L Slow Control >

PMT (left), TOF( middle, right) exercise setup for RT School 2016
2022.11.14 Dakar IEEE/NPSS School .




* Or even handy meters
— ASICs: Application Specific Integrate Circuits
— FPGA:Field Programmable Gate Array
— System on Chip Medipix1 block
— Experiment on Chip

HV power supply
LV power supply

Mother board
A

pixel detector
% electronics
‘ ]
Chip board

semiconductor
sensor chip

2022.11.14 Dakar IEEE/NPSS School 6



Question

« Can you connect your Mobile Phone to
your notebook or desktop computer?

Yhus .
D+ o / D+

D

N \\;_QN

Figure 4.1. USB Full-speed/low-speed Signal Levels

_____________________________________________________________
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The Answer is YES! As
we have USB cable to
connect them with
compatible Levels and
form factor.

Thanks to standards!



notebook?

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

USB standard

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

Vhus .
D+ o
D- o
SN o

[
&=

__________________

...........................................
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..............................................
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Do you still see a
problem with USB?
- USB
* Mini-USB
* Micro-USB
* Apple lightning
« Type C-USB



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

 Huge amount of different instruments

Trigger/Fast
Control

-

Weak Elec. Signals

Detectors

FE Electronics

Amp. + Shaping

v

Digitizer—

Phys. Process T<

Slow Control

1

Onl. Readout

A 4

Accelerators Power/Control

Detectors

Accelerators |
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(=
Storage

Offline
Analysis

88 Electronics

Control and Data Readout
«Standardized Signal levels
«Standardized Crates
«Standardized Modules
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Questions

* In digital world, what is the logic 1? And
Logic 0?

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

* You know USB line already, what else?
— Can-BUS, one-wire BUS
— Boundary Scan/JTAG

2022.11.14 Dakar IEEE/NPSS School 10



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 ) +Tm [
% l—’ —L vy
Q0 ! v I,
; ) J g_L- -
GND i

2022.11.14 Dakar IEEE/NPSS School
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http://en.wikipedia.org/wiki/TRW_Inc.

CMOS Logic

CMOS ( Complementary metal— Rt
oxide—semiconductor ) is a

technology for A—ci B—Ci

constructing integrated circuits.

Frank Wanlass patented CMOS in Oout
1963
s

high noise immunity and low
static power consumption

Vpp = supply voltage . j B—l

VSS=Ground
Al }Q Vss

\/ss —1

2022.11.14 Dakar IEEE/NPSS School 12
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http://en.wikipedia.org/wiki/Frank_Wanlass

ECL/PECL/LVPECL Logic

« ECL (emitter-coupled logic) is a

high-speed integrated circuit bipolar ~ coe

transistor logic family =
« ECL was invented in August 1956 =3 3 3 ]

at IBM by Hannon S. Yourke .

 PECL.: Positive powered.
 LVPECL: 3.3V PECL

Type Vee Viw  Vhigh \% \Y

CcC cm

PECL GND 34V 42V 50V

LVPECL GND 16V 24V 33V 20V

2022.11.14 Dakar IEEE/NPSS School 13



Examples of binary logic levels

Technology L voltage H voltage Notes

Vpp = supply voltage,
CMOS 0V to Vyp/2-a Vpp/2+ato Vpp 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 0V t00.8V 2V t0 Ve

ECL -1.175 V t0 Vg 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

2022.11.14 Dakar IEEE/NPSS School 14


http://en.wikipedia.org/wiki/CMOS
http://en.wikipedia.org/wiki/IC_power_supply_pin
http://en.wikipedia.org/wiki/Transistor-transistor_logic
http://en.wikipedia.org/wiki/Emitter_coupled_logic

Signal Integration
* Termination

 Twix Pair lines
» Shielding

> - > P>
I ..... Overshoot

ax. \/ AV
Radiation
Reflections Ringing Noise
Ringing

N Time
WITHOUT WITH n. \V;
IMPEDANCE IMPEDANCE \ \/ / I Undershoot

incident wave m
- through wave
reflected wave _ .

’ Z,=500hms - Z,=70ohms
Driver ‘ Receiver

2022.11.14 Dakar IEEE/NPSS School 15



What standard means

« Forbidden

Range

 Range
different for
Input and
output for
noise
tolerance

* Limited noise
margin

2022.11.14

Acceptable TTL gate
input signal levels

5V

High —| |
1 2V
+ 08V

Low —|:

ov

Acceptable TTL gate
input signal levels

SV

V..=3V

cC

i

Acceptable TTL gate
output signal levels

—T—5V
High{ T
—+— 27V

1 05V
LOW_[——Dv

Acceptable TTL gate
output signal levels

High —

high-level noise margin

T35V
High{ +
27V

:¢‘4 ¢‘¢ a‘f a‘f (XX 4‘4‘4‘+‘¢‘+ 0% ¢‘¢ a‘f a‘f 4‘4 4‘4‘4‘+‘¢‘+ ¢‘4 &)
-.- -- -- ‘ iy

low-level noise margin

Dakar IEEE/NPSS School 16



What standard means(2)

Acceptable CMOS gate Acceptable CMOS gate
. input signal levels output signal levels
 Good noise e High — o5V
Hiah 493V
- 9 4 V=5V 4
marg|n I 35V 1
L1, h 1 1
« High power sy [_ i
. | i 1l ooV
consumption oV T o
Acceptable CMOS gate Acceptable CMOS gate A‘i?;f,ﬂ?aé’fgenac,%?ﬁg ate A‘fﬁgﬁf ;?gﬁg ?sﬁeg_-‘g e
input signal levels output signal levels __ High — —— 15V
T 10V High — lov L5V 9 14.95 V
993V . 1 1
. + =+ High 41 =
High { 1 1
—+ 11V +
17 Vdﬂ:lﬂv 1 1 V=15V 1
13V N T 1 1
-4 - —_— 4 V —
Low { 1 1
—— T Low . -
Lo — - 99 | I
T ov Low ———g%>
2022.11.14 Dakar IEEE/NPSS School 17



What standard means(3)

 No direct connection btw devices | w[ .
of different standards v L e
« Level shifting necessary = Y L
— By circuit between, or m | I cuos
outpu Inpu
— By commercial device N 2 Sl
- Y L output s witin
+ Vee R Iup% Vad acee ﬁ;agg Iﬁggf for
sv = 1 > -
TTL  CMOS v — high N
— TIL  CMOS
SV = e TS5V -
B Y T 35V - SV g T Y
TTL T § CMOS | _::_ 35V
output 5 _: input :--?r: + T ?::‘Eﬁts
output + -
oV — — 0V oV —— —— 0V
TTL "high" output voltage TTL output falls outside of
assisted by R, acceptable limits for
MOS input
2022.11.14 Dakar IEEE/NPSS School 18



What standard means(4)

| +

N

vdd

T —I>—

TTL CMQOS

5V — ----------- 1
TIL 57v £ ——————————— T3V
05V zzzzzzzzzzz L gy

A

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

T 1ov

CMOS [
input

| +

Ve R pullup vdd

0 So—
TIL  CMOS

[open-collector)

Level shifting

necessary

0V == =========== oV

T-7V
TTL
output

1 3v

0

——————————— —ov

Now, bath "low" and "high"
TTL signals are acceptable
to the CMOS gate input

AV S
ov —

2022.11.14

T CMOS

=« e« |In 10V CMOS case
* No direct inter-usage

Dakar IEEE/NPSS School



Some of the level ranges

5.0V — Input High level Voltage
Input Low level Voltage
45V SRR : - - {ogr Output High level Voltage
7 Chutput Low level Voltage
Ay — el | Threshold Voltage
N e

Tryrpical walues,
30V —— - L b - Soreraged over

2.5

2.0y —H . B N N Y[ SO I —_—

1.5V

1.0V — T SR DRI B O
0.5%

0.2y

0.0V —
CMOS  TTL/CMOS TTL ETL LowV BTL GTL
AC-HC ACT-HCT F-5-A8 LY-LVC
AHC-C AHCT-FCT LSALS ALVC

2022.11.14 Dakar IEEE/NPSS School 20



LVDS

« LVDS(Low-voltage Ft

differential signaling) "% (24
TIA/EIA-644, a technical ~ ""=— =~ ™ T@“‘
standard that specifies o Secton Dirotil P
electrical characteristics of a —
differential, serial .
communication protocol
° IOW power’ Very hlgh Speeds LVTTL FPD-Link | LVDS
with inexpensive twisted-pair sac
copper cables —— E’;

« was introduced in 1994 %
* Point to point

=

Vee VOL VOH Vcc VCMO
GND 10V 14V Lo 1.2V
' ' 3.3V

2022.11.14 Dakar IEEE/NPSS School 21



Multipoint LVDS/MLVDS/BLVDS

« Bus LVDS and LVDM (by TI) 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

AX X K

MNote — the receivers shown must not have internal terminations.

RT

RT

AKX AKX

Output
: Input
Common mode Amplitude
Min. 0.3V 0.480V -1.4V
Max. 2.1V 0.650 V 3.8V
Dakar IEEE/NPSS School 29
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http://en.wikipedia.org/wiki/Texas_Instruments
http://en.wikipedia.org/wiki/De_facto
http://en.wikipedia.org/wiki/Telecommunications_Industry_Association
http://en.wikipedia.org/wiki/Advanced_Telecommunications_Computing_Architecture

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 ) Y it
| Zour YA L | SR ol N
Pre- |: :|
Driver s00 500
uT+ VrVBD-2V
FOUT-

] ) VDD
-Bias Termination Thevenin-aguivalant

LVPECL network _‘-\ LA Termination network
] Zo =500 io. i LVPECL Ry Ril e
DpF i Za =500 i
/ {l 20 =50 ) t i : i n1uF
4 ] Zo =500 s g
1

L— S

vDD| R, R R; voo| R, Ra R:

33V 500 500 500 Ca Ra 33V 1270 | 8250
D.ipFl

25| SO0 | 500 | 180 25V]| 2500 | 6250

2022.11.14 Dakar IEEE/NPSS School 23



Termination 2

VDS
Zo =500 | ouTS
e LVDS o
- ) Zo = 500 } out
VDD
i Chip
;{f_,bnundary
35mA i
IN- : Zo = 500 N
; 100
7o =500 } OuT
< 1000
LVDS ipF
] Zo = 500 — | ouTs
! 100 0
---------------------------------------------------- - u } Zo =500 — | ou,
; 0.1pF
LVDS .
Zo =500 1 ours
'“:II:II:! 100 0 DipF 7o = 500 Y o
& Fo= 500 I.—.— ouT ¥ 5 0
2o =500 ouT,

2022.11.14 Dakar IEEE/NPSS School o



LVPECL-LVDS Level shift

LVPECL 510 VDS

3.
LVPECL G201 VDS
. o
& L 2 D
5002 i iﬁﬂﬂ
0. AuF— 2403
3
3.3V
LVPECL 1o BBk DS
—\{___Zo=500 |— D+
» | Zo=500 | b-
510
L 1200 i 12002 3.9k

25
2022.11.14 Dakar IEEE/NPSS School



LVCMOS-LVPECL/LVDS Level shift

2022.11.14

VDD
LvDsi
LVPECL
receiver
LVCMOS ] Za=500 o+
driver
O
WOD | Ry, | Rz | Ra
= VDS |33 1500 | sen 4700
LVDS
25 (910 | 510 (2. Tk lﬂ‘-ﬂ“IJF
LVPECL| 2.5v| 510 560 | 6800 L
33V
3.3
Cz
0.01pF | ypECL
2000 recaiver
Zo=50102 D+
680 -

Dakar IEEE/NPSS School
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BUS Standards for Nuclear Instrumentation

1960’s NIM

— Nuclear Electronics Standard in British
Rutherford Lab

— Same time also in CERN and Amerlcan 1
Labs '

— NIM: American Standard Bureau 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

e Still in use, BUT lIimited

2022.11.14 Dakar IEEE/NPSS School 27




¢ NIM(NUC|ear |nStrumentatiOn NIM standard module connector pin assignments
Module ) standard defines

— mechanical and electrical
specifications

— for electronics modules

NIM

(required by DOE/ER-0457T)

— used in experimental particle

and nuclear physics

Crate

— Power:
from 220/110V

— No data BUS
— 12 Modules

2022.11.14

+ 6/+12/+24V DC

Pin #

33

35
37
39

41

Dakar IEEE/NPSS School

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

117V AC
(neutral)

Gnd Guide Pin

Pin #

wwlo | h~N

10
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
+6 V
Reserved Bus
Spare
+12 'V
Spare Bus
Spare
Reserved
Reserved
Spare
+24 'V
Spare Bus
Spare

Power Return
Gnd

Gate
Coaxial
Coaxial

High Quality Gnd

28



CAI\/IAC

HAXMUM CURRENT LOADS

SUPPLY VOLTAGE IHTHE FLUGHH IHTHE
VOLTAGE TOLERAHCE (PERHTWDTH}*  CRATE**

« CAMAC: Computer g
Automated
Measurement And
Control

Mandalory

+24w DG =05% ia BN
+6° DG =25% 248 2640
-6 W DG =25% 248 260
24y G =05% ia EN

Addilinaal fas required)
+270G <05%
12 IG 05%

e Noks{and s
e NoE 2.

Tabie =

« ESONE Committee:
standard EUR 4100
In 1972

~WRIT! i3 LINES = w

TINING s RO BES = 51,52

oouucm con-rnons : e —z.1,c

CDMMAND LINES

Wl

Crate:

— Data bus:24b

— Power

— Control
— 24+1 station

NCRMAL STATION 3

DACFrraa-=Zoo (LB b o Kol

| [E7ATUS RESPONSE LINES

RE&D LINES

— Controller on 25th

2022.11.14
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| Block diagram and signal paths bsmm»smdemcowdm e




Pin assignments

Data

Way(W?24,R24)
Interrupt:
Station:N24+1
FA:5+4
Power:6

L24

STANDARD DATAWA Y US AGE

o
TITLE MEKIATIME THTZ BEE AT & BNBULE
Command
SN MU ber L] i Feect T Moo ndidnl
liree trom  condndl sladon).
Sbdddes A4,2,4,8 q Seeck 3 seetion of e moduk
Furetion F1,24.816 5 Detres T e 1on b
parrommn edin the modde,
Timing
Y0k | F1 i Condrols It phase of operston,
(ot 3y siralz may change )
S0k 2 F2 i Conroks fecond plase.,
{ Doty sigrals may ehange )
at
Wit te Wi-wed 2 BAnginfrmalon o femodde,
Rexd Ri-R24 | Take iraormaton Tom the
moduke,
SR
Lock-a% i L i ity PeQUes T S2riie
(iRl lire 1© conindl Stton).
By B 1 Pfeate Tata Detws
operlanis in pogress.
Resporce a i Indicates Stls of BEre
seleped by command.
Commard
Aeited X i Indicates fatmoduke izable ©
pertam aton requred by e
command.

o
TITLE FEKEATIN TS WSE ATR BNDULE
COMMon Conrals Opere onal SBons conneeted
o ttem , nocom mand reguired.
hitalize Z i etz o0k 03 RIned st
(% ¢ omparied by S2 and E).
Inhikit, | i Cizables ®aires hr duration
ot sigral.
Clar C 1 Chars regsers (wem panid
by 52 and B,
NoreStndrd Conrec s
Free bl F1,F2 2 Forspedlediuses.
PachContace P3PS 3 F o U s T iTen: NN clors,
Mo Cortwway lires.
Mandriony Poser Lines
2V OC 2 i
Ly o +H i
-BVOC - 1
-HNDC -4 i
aw a 2 Powser reirn.

ADFHOrE Fovwer Lines

+H2VDOo
-{2uDc
CkanEaxh

Resemed ', Y2

+2
-2
E

2

Lires are resemred T e

oll owireg poweer sLpplies .

Lowy crrent o0 indeators, e
Re®en: 10 GrcUte reguiiing
chan arn,

Rezzmed for e 3l ocation.

Control:S1S2 ZICB |

QX

2022.11.14

Dakar IEE

_WRITE_LINES

w
TIMING STROBES 81,82
COMMON CONTROLS Z.1,¢
—— X —r 8 3
COMMAND LINES FA R
P s - A
T
N E
¢
)
: ! % N
V ; V v \/ \/ T
B
NORMAL STATION | NORMAL STATION 2 NCRMAL STATION 3 E
R L Q% R L oX R L Q% 'é
: : T .
STATUS RESPONSE LINES
READ LINES i
A-S90

Block diagram and signal paths for 3 CAMAG modusss and & Crate Contsoiler.

Syt



Pin assignment

PN ALLOCAT ON
AT NORMAL STATION
(i vom ol ol e
(ETRTHES +21]
B lire Free Bt line M B
B lire Free Bt line P FiE
iVl paehcontt P OFE
iVl pakhcontt MoOFd
iVl pakhcontt P OF2
Bk line command Awreped X FA
B line rhitit (I
Bk line e oM
rdvidnl e StocnMumber N a2
AV TR LOCK-athe LM
B lire ot 4 sz
B lire St 2 2 0
W2 WS
Wz w2
W2 WD
WG WAT
24 Wik B Lires WiE WIS
Wi LSE Wil WA
W SE: Wiz Wil
Wi Wa
wWa Wi
WE WS
Wi W3
w2 Wi
B2 RZE
R22 R
R20 Ri9
RiE  RAT
24 Read BLE Lines RIE RIS
RALSE R4 RS
12 S E: B2 RAd
R0 RS
RE  RT
RE RS
B4 RS
B2 Ri
zvoc Sz
MG
HC MG
Poweer Mrilary-Evsuey W E
BElins  -42v0C H2 4
Mrilary 9 200y Y246
OU[PK Rewmy O O

BEY Bt lire
Frcton  BUE line
Funclon B lire
Funclon B lire
Funclon B lire
Funlon B lire
Sbaddes BE line
Sbaddes FE line
Sbaddes BE line
SaoTes BE line
nitaiz B lie
Resporee B lire
-2 yDe

VDD

CleanEarti  Powear
2UDE BE lines
DG

D[ POMT Rem)

Tabile 30

20221114

Normal
Module
station

Control
Module
station

Dakar IEEE/NPSS School

PN ALLOCATION
AT CONTROL STATDN
(STRTNE S

Indvid bl palch conta:t M B By B lire
Indvid | patch conta:t P2 Fi6  Furedon Bt lire
Indvid bl palch conta:t Fi F& Furedon B lire
Indvid | patch conta:t M Fd Furedon Bt lire
Indvid| paich conts:t B F2 Furedon Bt lire
Bk lire  Command Aceped X Fi Furedon Bt lire
BE lire DRkt 1 &S Sbadres BElime
BE lire  Cled [ M Qbaddess BElire
Indvid | patch conta:t A2 Qbaddess B lire
Indvid| paich conts:t PT A Sbaddress B line
Bk lime  Strobe 4 s 2 rifaize Bt lire
BE line  Simobe 2 52 Respieze BLE lire

L4 N

L3 MZ3

L& N2

L24 M2

Lad Nzl

L1 Mi9

Li& Mis

Li7 HiT

Lig Mig

LIS MiS

Li4 Hi4

L3 Mi3
24 ndvidal Look-athdelines Li2 W12 24 hdvidkl Saton
L1 tom Station 4, et Li4 M1 Mumberlires

Li0 MA0 NiDSwhond et

L3 N3

L& ME

L? HNT

L& HN&

LS N3

L4 M4

L3 M3

L2 N2

L1 HMi

-{12V0G 2 - -2NDC

MG -6 -ENDC

NC  MNC
Piteer ALilary-sVauppy v E CleanEart  Powver
B limes -{2VDOC H2 o+ HAHNDC Eats lires

ATilary 64 A0y R 46
OY{Poter Rewmy 0

a

B0
04 Pow ReLm)

Tabie 3a

31



Timing and data rate

CATAASY TV

—_—_——_—_——_— e — - —

T THIAT Alk =] [ T =TT W TT- T |i|'|"|i"|£| il

a Dranaeeary aperdice.

« Data Cycle: 1us

e Data

=3B

width:24b
» Rate:24bps=3Bps

32
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Fastbus/CPCI/PCI-E

* | skip these standards due time limit but
you could note them for later reference

2022.11.14 Dakar IEEE/NPSS School
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VMEDbus was commonly used
VMEbus(Versa Module Europa bus)

— a computer bus standard, originally forz=
the Motorola 68000 CPUs,

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

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

 Modules | Mg
-3U6Uand9u | \\ 2
- Power: &
— VME32: +5volt,and +/-1§\/o|t supply; © ESE L
VMEG64a 3.3volt supply =
2022.11.14 Dakar IEEE/NPSS School


http://en.wikipedia.org/wiki/International_Electrotechnical_Commission
http://en.wikipedia.org/wiki/American_National_Standards_Institute
http://en.wikipedia.org/wiki/Institute_of_Electrical_and_Electronics_Engineers

Module types

Controller Master Slave
o Controller Contols aces e s
Handles nierrupis Reads or Wriles data Generaies Inierrupis
° |\/| aster = fromiio Shtes‘ :
Lo FTITT oo |
 Slave — !
Fius ¥
¥_Addvess Bus ¥

Evolution of VME

Topology Year Bus Cycle = Maximum Speed (Mbyte / Sec)
\F\/)I;/IVEAbUSBZ Parallel Bus 1981 BLT 40
VMEDbus IEEE-1014 1987 BLT 40
VMEG64 1994 MBLT 80
VMEG4x 1997 2eVME 160
VME320 1997 2eSST 320

2022.11.14 Dakar IEEE/NPSS School 35


http://en.wikipedia.org/wiki/BLT_(disambiguation)
http://en.wikipedia.org/wiki/BLT_(disambiguation)
http://en.wikipedia.org/w/index.php?title=VME64&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=MBLT&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=VME64x&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=2eVME&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=VME320&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=2eSST&action=edit&redlink=1

* Types
— 3U
. 160X 100mm
. P1
— 6U
. 160X 233mm

. 340X 233mm
+ P1+ P2

ot

—_ 9 U Srze b

. 340X 366mm
« 400X 366mm
+ P1+P2+P3

« Data/Addr space:

— 8/16/32/64b

2022.11.14
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VMEDbus 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 .
WE WE{S 4X 3 D02 ACFAIL* D10 VIIEGdx Pl Connector
i . . 4 D03 BGOIN* D11 Pin SignalName SignalName SignalName SignalName Signal Name
5 D04 BGOOUT* D12 Row z Row & Row B Row C Row d
i S o] oo & Ol 6 D05 BG1IN* D13 1 MFR ooo EESY * D08 VEC
o000 0o O ol 7 D06 BG1OUT* D14 2 GND Dol ECLE" Do GND
ooo gjo o ol " 3 MCLE Dz ACFAIL* D10 +1V
* +
o oo0 0o © Ol 9 GND BG20UT* GND 4 GND Do3 Boom - bu i
000 ila o ol ) NEE MED Do4 BGOOUT D1z Rl
- 10 SYSCLK BG3IN SYSFAIL
2.54 o0 o lo ool 3 GND D03 EGLIN® D13 71
o oo ole o ol 11 GND BG30OUT* BERR* 7 MDD DOé EGIOUT* D14 2
{HHH} oo O olo o olo 12 DS1* BRO* SYSRESET*| 2 GND o7 BOZIN* D15 Red]
s N Ne] oo o olo 13 DS0* BR1* LWORD* | © MCTL GND BGZOUT* GHND GAP*
[ ] ol O |0 14 WRITE* BR2* AMS5 10 GHD S3YSCLK BG3IN#* SYIFAIL* GaA0
oo 0 oo o o|0 11 RE3P* GND ECHEOUT* EERR* Al
15 GND BR3* A23
oo 0 Oojo o o|0 16 DTACK* AMO A22 12 aND Dat* ERO* SV IREIT* +33v
p— i (2 o o0 13 | ReBus D™ BRI* LWORD* Gaz*
Q4.0 ooo oo oo E 17 GND AM1 A21 14 GND WRITE* ERZ* A5 +3.37
: {m} oo oo oo 18 AS* AM2 A20 15 RsBus GHD BR3* A23 FAT*
oo0 oo o oo _
{mm} 000 dooof 1 eo e we Ll OB TS BF A1 o8
200 Oooolm 2 IACK* GND A18 =
18 GND e AN 220 3.3V
D00 oo oo 21 IACKIN* SERCLK A7
OO0 olo o olo 19 Fsvbus GHND AL A9 RsvEus
T8 74 Qoo oo oolo 22 IACKOUT* SERDAT* A16 0 GHD TACK® GND IXES B
oo o Olo o ol 23 AM4 GND A15 71 FavEus TACKIN* SERCLE Al7 RsvBus
{I[II[I} o000 0o o o0 24 AO7 IRQ7* Al4 22 GOND IACKOUT* | SERDAT* 416 3y
o0 o oo o g 25 06 IRQG* Al3 23 | Rebus ALT4 GND ALS Esvus
o o0 0jooo 2 A0S IRQS5* Al 24 GND 07 TRQT* &4 B
oo oo Of0 o7 04 Rou* A1 25 RevBus &06 IRQ6* &13 RevBus
200 goool Q 26 OND A5 IRO5* A2 ]
oo O Doo ol o A03 IRQ3* A10
o00 lloooln Q 27 FsvEus 04 IRO4* All LII*
oo o olaaalo 29 A02 IRQ2* A09 FE] GND 403 RO 410 3.3V
o0 0 oloo oo 30 A01 IRQ1* A08 20 RsvEus A2 IROZ* AND LI+
31 -12v +5v Standby +12v 30 GHD A01 [RQL* A0E +3.3V
31 RsEus 12 +5V Standhy +zv GHND
32 +5v +5v +5v
3z GND 57 57 57 VEC

wuwaw.interfacebus.com

fd
¥

fwd
(]
Lh
»d

fsd
(]

]
.
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VMEDbus and VME®64 P2 Connectors

Pin # Signal Name Signal Name Signal Name
Row A Row B Row C
1 +5v
2 GND
3 RETRY
WE WEﬁ‘q'X 4 A24 VIES4x P2 Connector
r . . z 222 Pin Signal Name SignalName Signal Name SignalName Signal Name
) Row z Row A Row B Row C Row d
7 A27
oo 0 oj< O Ol 8 A28 1 UstDef U stDlef +57 UstDef UstDef
& oo 0 oj< O ofl 2 GND UstDref GHD UstD ef UatD ef
00D 0jo o oo ° A29 3 UstDef UsDef RETRY UstDef UsDef
oo 0j< © <010 A30 i GND UsDef 224 UsiDef UsDef
g 8 g E g g g g 11 A3l 3 UstDef UstDref 425 UstDef UsDef
254 12 GND 6 GND UsDlef 236 UsDof UsDef
g g 2 E g g |0 7 UatDef UatDef A2T TaDef TatDef
{II]II]} oo0 ola o oln i D16 % GHD UstDef AT U sl ef sl ef
OO O olo o olo 15 D17 a UatDef UsatDef A29 TatDef TatDef
sRaNs olo o oln 10 GHND UaDef A30 UatDef TaDef
16 D18
oo 0 oo o o0 User Defined User Defined | 1! Dl ef UstDef 451 Ul ef UarDef
OO0 oo o aln 7 D19 12 GND U stDef GHD UstD ef UstDef
e 0l < O|0 18 D20 13 UstD ef UstDref +57 UstD ef UstDef
Q4.9 oo Oja O 20 19 D21 14 GHD U srDef D16 UstDef UerDef
{II]III} [sN el ol o o0 15 UstD ef UstDef D17 U sl ef sl ef
20 D22
{II]III} oo 0 Oj<o o o0 5 03 16 GND U sl ef DI UstD ef UstDef
o0 ojooon2t b 17 UsDef UsDef DLo UsDef UsDef
o000 Ojo © o022 GND 15 GND UaDef D0 TeDof TaDef
gg g g g g g g 23 D24 19 UatD ef UstDef Dzl UatD ef UetDef
78 74 oo o oloo oo D25 20 GHND UsDef D2z U atD ef UaDef
- oo O o 00O O 25 D26 21 UatDef UatDef jnkek} TatDef TatDef
{II]III} a0 o oo o old s D27 22 GHND UaDef GHND UaD ef UaDef
oo o o oo o ] 27 D2 23 UatDef UaDef D24 UatDef TaDef
O o0 Olo o o0 8 24 GHD UatDef D25 TatDef TaDef
oo O oo e olo?® D29 75 | UsDef UsiDef D26 UsD ef UsD ef
O o0 olooolo 2 D30 26 GND UsiDef Dz7 UstD ef UsiDef
oo 0 0o o o|0so D31 27 UstDef WaDef D38 UstDef UaDef
(S ] 0o o o0 s GND 28 GHND UsDef Dz UstD ef UsDef
[ 0o o o0 12 ey 20 UsD ef UsDef D30 U sl ef sl ef
OO0 0o o o0 a0 GHD UstDef D3l U sl ef sl ef
ET UatD ef UsDef GHND UatD ef GND
Y . . 32 GHND UaDef v UatD ef VEC

www.interfacebus.com
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Very convenient Data Width and Adr. Width

Data Bus Width Selection

* Data Width:
— 8-64bits

» Addr Width
— 8-64bits

a02

D51
D50+
401

LRI e Y R R R | LWORD*

0 = O = 0O 0O O = 0 O O
T = I e I e e o Y Y e )
D 0O = O =0 0009
PR RO R R R M M M S

A otive
Trused

Address Bus Width Selection A ddress Modifier
Caodes
AGZ-A32 A31-A24 A23-AlG AlS-AD4 AMO to AN
oo - o7
0% - 0OF
38 - 3F
282D
Internmgat Acknowledse
Active [
Umsed [
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Asynchronous Timing makes compatibility

JEnS,
— t—

DS+ ——\ Data Valid /_—
Data Bus —\

. Strobe " XXXX

* AS Data Transfer 5... n§ ,,, IACK _xm IACK )(m

° DT ACK addnessﬂum:( Address m

AM Codes _m AWM AMS Xm

 Block T Ve

Tinwes are mindnmt

— '
Seen fromy Masier IEnl -

—= In§ -

JEnS,

D&+ C N Daavad
P - ; ; MeK  XXXX
Data Busm Drata Xm Address X X XK

AM code XXX
DTACK* ™ Data dccepted | J/ AS* ‘
mw.i.ntelfal:ehus.mmirq— S — : Data m KK XX XX ><><:

Data Transfer ‘« In% - D&* —\_/_\_/_\_/_\_/_
DTACK* SN N NS

Block Cycle

—= IS

XXX
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New Standard again?
« Upgrade of Beljing Electron Positron Collider
(BEPC 1) in China Beijing in 2002

— From single ring to double Rings
— L~10%3cm2S-1

— New Detectors
— New Electronics
— New Trigger

— New DAQ

2022.11.14 Dakar IEEE/NPSS School
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We did meet BUS Problems!

VME (2003/4) NOt LVPECL 3
satisfactory p— o -
. Long Track LYDS PRO

— Higher samples/s it ) I \ -
- POWEI‘fU| FPGA LVDS ‘ﬁﬁﬁ” v _Ela;l;
— >3Gbps transmission .
— reconfiguration e +
Problem |
— Elus ba_mIJIW|dth too low |} ;‘
— No seria

iInterconnection

— No Intelligence

New standard Is
needed

BESIIl Module  private BUS  205Gb/s synch

2022.11.14 Dakar IEEE/NPSS School trans. In BESH



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 — 15t ATCA workshop, IEEE RT2007 Fermilab

— 2008 — 2"d ATCA workshop, IEEE NSS-MIC
Dresden

2022.11.14 Dakar IEEE/NPSS School 43



Problem with BUSed crate?

Beljing
— 2" ring
— 3" ring
— 4% ring
— 5t ring
— 6™ ring
— 7% ring
Bottlenecks!

2022.11.14

wwuw.Beijing
Beijing Map
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University the Olumples
2008
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kg Busbuir

T

Traffic Rings(BUS like) do make problem!

et 9
International

Airport (PEK)

-
e
D' ‘Mﬂ
o
&
;
o

Interactive Map Key

Oy Line 1
O Line 2 {Loop Line)
o o Line 5
Oy Line 8 (2008)
GOm0 Line 10 (2008)
o o Airport Line (2008)
o o Line 8T (Batong Line)
o © Line 13 (City Rail)
[ 0 China Railway
Major Road
Minor Road

@ Intercity Bus Station
@ Intercity Rail Station

@ Airport
Tiananmen Sq  Points of Interest

g | akes

l}f Green areas/parks
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Good solution like Cape Town Routes

* Point to point direct or via limited routing Is

effective!

MILNERTON INDUSTRIAL

Sonstraal . .
Kraaifontein
Table Bay
Milnerton
PANORAMA PROTEA
Blomtuin VILLAGE
RUGBY
y Parow
Maitland
C T Cemetery Bellville
ape-~iown
Camps Bay Table Mountain "y
1086 m (3563 ft) MONTANA raai v
A ATHLONE Gaylee
ZRDINGH Silver Sands
Nyanga Kleinvlei
Penhill
indudno GLENEALRINE Wyriber PHILIPPI EAST
; OTTERY EAST e RR SECTION
Constantia VALLEY
Hout Bay
Grassy Park
gennoial % TYGERBERG
NS
o@ \Nel\o
& WAVECREST Baden RO
e &
Lakeside £ DX
T e
gaden POV
Noordhoek Muizenberg
Imhoff’s Gift

=i ol S
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SO

ELSENBURG

> ‘ South Africa - Western Cape - Cape Town

(
W
(

KOELENHOF

WELTEVREDE

Stellenbosch
Onder-Papegaaiberg

[

el
&
&

&
Jamestown

RAITHBY:

Firgrove SPANISH FARM EXT 1

©

Somerset West

Strand
FIRLANDS SH
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What Is the new standard?

« ATCA

— Advantages

« High speedlO and
10Gb/s interconnections

+ HA ~99.999% Should we adopt

* IP management > industrial standard
« MicroTCA (MTCA) again as VME?

— Advantages of ATCA

_ SHyi!Iehrﬁlght, compact ) Good ideal

« AdvancedMC (AMC)
— Modular design

2022.11.14 Dakar IEEE/NPSS School




 ATCA shortages

— Height 8U, not suitable for
machine control

— No rear transition board yet
— No control sighals™><

: I|IIIA-!: )

i

=
=
. =

 MTCA shortages <

— No rear transition board yet
(HA)

— No control sysnals ...

AMC shortages

— Inter connection?
— Control signals?

— pin signal difinition _
_ 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 IHEP Beljing
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XTCA for Physics CCTS

oA oo o  Founded Mar. 10 2009
B under PICMG
e — DESY/FNAL/IHEP/SLAC
e — >40 companies
— Officers
- Chair: SLAC Ray Larsen

« Secretory: TriCircle
Augustus Lowell

PHYEI P8 STANDARDS

. - Doc Editor: IHEP Z.-A. Liu
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New Standard

e Serial Point2Point transmission to
substitute BUS-ed data transmission!

* Present and Future

— Point to Point

* VPX, new generation from VME from Industry ( do
not talk this time)

« XTCA for Physics initiated from Physics
— High speed
« 1.6Gbps,3.2Gbps,6.4Gbps,10Gbps (present)

— Future: 16Gbps/25Gbps(100G) and System
on Chip?
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XTCA 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
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XTCA Standards — Hardware Extensions

« 3 Key specifications
— ATCA Card => PICMG 3.8
e 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

« 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

— Physics Design Guide

2022.11.14 Dakar IEEE/NPSS School
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XTCA Physics Extensions to PICMG Standards

Advanced TCA®

PICMGE 3.8
Draft RC1.0 for Revision 1.0

Zone 3A

26 Juby 2011

N
PICMG,

.

Open Modular
Computing S5pecifications

AdvancedTCA Rear Transition Module

MicroTCA™

2022.11.14

=~

Cﬂ-mpuﬂrlg ﬁrﬁﬁnﬁmu

FICMGE Specification MTCA.4
R 1.0 Draft 0.9xi

and
Precision Timing

18 July 2011

MicroTCA Enh@ncements for Rear /O

uITGA”

Dakar IEEE/NPSS School
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XTCA EXIn:
Physics Design Guide ATCA

Physics Design Guide
for
Clocks, Gates & Triggers
in
Instrumentation

PDG.O R0.2
19 March 2013

N\
PICMG;

.

NOTE: Thiz Desdgn Guide s nota spadficadon, Tris imanded mald ¥ wing
PICMGspecicdons v lnglesi ouuns uiod (o Pydc o
apparates avd madiine metrol
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XTCA further Extension:
MTCA.4.1 for RTM backplane

MicreTCA™.

'J
PICMG® Specification MTCA Enhancements+
MTCA.4.1 D0.8 ¢
‘J
MTCA.4.1 Enhancements for
MicroTCA.4 ¢«

+» Auxiliary Backplane for Rear Transition
Modules (MRTMs & MCH RTM)+

+ Rear Power Modules (RPMs) ¢

++ MCH Management Support & Extended
Rear Transition Module (VICH-RTM)+

% AMC & RTM Protective Covers+
+ Applications Classes of yuRTMs +

May s,:zo1s.u
/N
vanc) 1 TOA®
e
;022. 1-1. 14—

Dakar IEEE/NPSS School
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ATCA

ATCA Interfaces

Zone 2 Backplane Interfaces

Base Interface . =T @ @ R
- 10/100/1000 BASE-T Ethernet avaltabiiy, ehminates - @ @ Eintius;
" single point of failure | | switch
- Always Dual Star topology e) '®)
‘ c . @ O Number of routed
Fabric Interface Link between traces remains lov
N switches facilitates Two dedicated keeping backplant
- Star topology coordination, fall- system slots for costs down
over switching
- Mesh topology resources
Clock Interface N
SRR AT e oy seryow @ @ Mubsiots. Allsiotsare
- Three dedicated clock interfaces P . O T 7 tiab cepible
system siots @ @
Update Channel Daia Wecaghpt ® ® Fabric ks are . .
- Direct connection between two slots by g ' e Point to Point

i g ¢ Link speed: 10Gbps
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AMC/ATCA/MTCA.O

« AMC: Advanced Mezzanine
MTCA
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

2022.11.14 Dakar IEEE/NPSS School
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ATCA Carrier/MTCA.O

ATCA Carrier

fone 3

Clock
distribution

Switching

fong 2

Carrier
IPMC

ATCA Carrier MTCA Shelf

Power Zane 1

Redundancy added!
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MTCA.O

Terms and Acronyms
e * MCH  MicroTCA Carrier Hub
e e + Thisis the complete maduleyou can buy from 2 vendor
— | MicroTCA Carrier Hub (MCH) #2 , PP°‘”°;AM:°’:"° ;'N
: ng Unit #2| i - ower Module #
————————— " {IMicroTCA Carrier Hub (MCH) #1 . i i
Cooling Unit #1] | | (MCH) Power Modkic 81 MCMC MicroTCA Carrier Management Controller
= MCMC Payload |[ Mgmt + Thisis the physical IPMI controller on the MCH
Air Power Power :
‘ i Converter || Convert :
wiliidl i|Common(| Fat || T CPTEE | L o MMC Module Management Controller
{ t [ Pow . : L )
i O‘:pab?,i? ' : EMMC|| | + This is the physical IPMI controller on ah AMC

* EMMC Enhanced MicroTCA Carrier Management Controller

+ Thisis 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

+ |PMB-L IPMB-Local
¢ [PMI link between MCH and AMCs
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Management extensions in MTCA .4

____________________________ = 1. IPMB-L
" — ~ — Connects the MCMC on the MCH to the
/I \ e | | MMC on the AMC Modules
(—} | — Radial architecture
OO | S I {4 . IPMB-0
— e L] — Connects the MCMC on the MCH to the
5 EMMC on the PM and CU
-0 . — Bused architecture
[P - 12C-Bus
e — Connects the AMC to the yRTM
o e — The yRTM s treated as managed
T w [T |- FRU of the AMC
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MTCA.4 (XTCA for Physics)
AMC and URTM

tlltTH handle, is at

he top of the pRTM
{(uRTM front panel
appears up side

{180.85 mm +/- 0.4) (Rugged uTCA Spec. Figure 2-7)

L

e - 3-pair ZD
connector (2 x
30 diff. pairs)

URTM i AMC
Side 1 X Side 1
Component Component

Mid Siza
(NN

Double wide

Space for mounting
mezzanine boards

Could be used for clock and
trigger distribution

'F
% fnn

188.15 +/-0.4

Retention device
{defined in Rugged
MicroTCA spec.

Retention device i
(defined in

MicroTCA spec.

MTCA backplane
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Summary

« Signal Levels and BUS standards are important in
Physics Instrumentation.

« XTCA introduction with PICMG 3.8, MTCA.4, PDG.0
MTCA.4.1 was introduced

« Standardization is not only in Physics Experiment, but
anywhere with importance.

Feel free to ask questions !
contact : Zhenan.liu@cern.ch|
or

Liuza@ihep.ac.cn
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A lot progress in hardware development
At DESY,SLAC,IHEP (see later)

MTCA4 o A
-~ d IRERARSAR RN
>12 Payload Slot ™~ Sl | NEEEE R
Crate . - ‘
>Generic AMC
>Application
Specific RTM

Front AMCs
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MTCA.4 — Hardware Management

MCH

‘ ‘ 12C

2022.11.14 Dakar IEEE/NPSS School
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MCH Functionality:Management

Fawsi

LT [T
(L up ke

MicraTE4 Carrier 1 MieraTCA Barrier 18

AMC -1

|
o

AMC .12

NCH 1 MEH2
2022.11.14
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Examples at TrigLab/IHEP
+ AMC/ATC

y S
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Examples at TrlgLab/IHEP

Bellell/
PXD/DAQ

[TOEHdO

S00EHdD
0TOCHID
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Examples at TrigLab/IHEP

« CMS Trigger Upgrade

— Inputs:
« 10 Gbps/ch, 36 Chs

— Outputs:
* 10Gbps, 12 chs

— Concentration,PreProcessing
and Fanout

= ml lm mew
L7 e —m . O " T -

l
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