CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

�TTCvx� Technical description and users

manual.

A VME-sized multiplexer, encoder and fiber-optics transmitter module for the Timing, Trigger and Control Systems of the LHC detectors.

Per G�lln� CERN/EP/ATE/dq per.gallno@cern.ch May 21, 1999

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

SPECIFICATIONS............................................................................................................... 3 GENERAL DESCRIPTION................................................................................................... 4 INTRODUCTION.................................................................................................... 4 BASIC OPERATION ............................................................................................... 4 TTC........................................................................................................... 4 TTCvx ....................................................................................................... 5 DESIGN DESCRIPTION .......................................................................................... 6 Input signal level converter and clock selection/generation ................................... 6 PLL frequency multiplier............................................................................... 6 Time division multiplexer and bi-phase mark encoder ......................................... 7 Encoder output drivers .................................................................................. 7 Clock output drivers...................................................................................... 7 Supply voltage regulators and backplane connections .......................................... 7 REFERENCE LITERATURE..................................................................................... 7 USER’S GUIDE................................................................................................................... 8 FRONT PANEL FUNCTIONS................................................................................... 8 Channel A/B In............................................................................................ 8 Clock In ..................................................................................................... 8 Clock Out ................................................................................................... 8 Encoder Out ................................................................................................ 8 Fiber Optics Out........................................................................................... 8 PLL Reset................................................................................................... 8 INSTALLATION PROCEDURE ................................................................................ 10 IMPORTANT WARNINGS ........................................................................... 10 PLL operation mode verification ..................................................................... 10 Clock selection ............................................................................................ 10 TTCvx/TTCvi interconnecting cables............................................................... 10 TEST PROCEDURES............................................................................................... 12 Setting up the test bench for static inputs........................................................... 12 TTCvx latency verification............................................................................. 14 HARDWARE MANUAL ...................................................................................................... 15 PARTS LIST........................................................................................................... 15 CIRCUIT DIAGRAMS ............................................................................................. 16 ANNEX A .......................................................................................................................... 26 COMPONENT DATA SHEETS ................................................................................. 26 AMP 269049-1 Optronic Data Transmitter ....................................................... 26 Motorola MPC991FA ................................................................................... 28

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

SPECIFICATIONS

• Mechanical Standard Europe chassis 6U / 4TE with two 96 pin connectors (DIN 41612) connecting to the backplane • VME Capabilities None. Only the power supply busses of the backplane are used

• Signal levels (coaxial 50 W connectors) Inputs and outputs are ECL levels. A/B channel inputs are DCcoupled, whereas clock in/outputs and encoder output are ACcoupled. Internal 50 W terminations on all inputs.

• Signal levels (differential outputs) LVDS (Low Voltage Differential Signaling standard) • Fiber-Optics Connectors ST style • Optical output wavelenght 1330 nm • Internal clock generator frequency 40.00 MHz, 100 ppm • External clock generator frequency range 25 - 50 MHz • Power consumption 1.6 A @ +5V 75 mA @ -12V

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

GENERAL DESCRIPTION

INTRODUCTION

The Trigger, Timing and Control System (TTC) of the LHC experiments comprises the following components:

• The VMEbus interface, TTCvi • The Laser Transmitter Crate or the Mini-Crate • The timing receiver ASIC, TTCrx • System specific modules carrying the TTCrx chip

A VME-size module, TTCvx, featuring the main functions of the Mini-Crate have been designed. The TTCvx is foreseen to be an alternative to be used in TTC test and evaluation systems, where a compact and economical solution is desired.

BASIC OPERATION TTC The TTC system distributes the timing signal (BC) from the LHC machine together with trigger and control information (L1A, BCR, ECR etc.) from the Central Trigger Processor to the sub-detector Read-Out Buffers and Front End systems.

The two communications channels: A, carrying the L1A trigger, and B, carrying the control address/data or command packets, are generated by the TTCvi module.

The A and B channels are time division multiplexed (TDM) and bi-phase mark encoded before fed to the optical transmitter, which in turn drives the fiber distribution network. These functions are performed by either the Laser Transmitter Crate, the Mini-Crate or the TTCvx module.

The TTCrx ASIC converts the signal from the photo-detector into user information (address/data/strobes, Clock signals, L1A, BCR,...) available on the output busses of the chip. The TTCrx have other functions as: clock recovery, de-skewing, bunch/event counting, generating resets etc.

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

Figure 1. The TTC System

TTCvx The TTCvx module function is, as described above, to multiplex and encode the A and B channels generated by the TTCvi. The TTCvx has an internal clock, as well as an input for an external one. The switching between the two clock sources is automatic by the means of an external clock detection circuit. The, for the encoding, necessary clock multiplication is handled by a phase locked loop (PLL) frequency synthesizer circuit. The basic clock frequency from the PLL is available on the module front panel in both LVDS and ECL levels and is used for synchronization with the TTCvi. Up to four light emitting devices can be fitted to drive fiber optic cables. The encoded signal is also available on the front panel in both ECL and LVDS levels.

LHC Clock

(BC)

VMEbus

LHC Orbit

LVL1Acc

Test Trig

Sync. (BGo)

Clock

A Ch.

B Ch.

Fiber-Optics Cable

Fiber-Optics Distribution Network

TTCvi Multiplexer, Encoder and Fiber-Optics Transmitter

Fiber-Optics Receiver and TTCrx

Sub-Detector Specific Electronics

Clock

LVL1Acc

B/E-Cnt

B/E- Cntres SubAddr

Data

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

DESIGN DESCRIPTION

Figure 2. The TTCvx Block Diagram

The TTCvx design can be divided into blocks namely:

• Input signal level converter and clock selection/generation • PLL frequency multiplier • Time division multiplexer and bi-phase mark encoder • Encoder output drivers • Clock output drivers • Supply voltage regulators

The function of each block will be described briefly:

Input signal level converter and clock selection/generation The A and B inputs are DC-coupled and terminated by Thevenin networks, having a resulting impedance of 50 W. The External Clock input is AC-coupled and then terminated by 50 W. All inputs are biased to ECL "0" level when no input signal is applied. The ECL input signals are in this block shifted to PECL levels as all the remaining logic is designed using PECL technology.

An 80.00 MHz quartz ECL oscillator, which output is divided by two, acts as the internal clock generator. A simple diode detector circuit senses when an external frequency source is connected and causes the clock selector to switch over to external clock. A LED is lit when an external clock signal is present.

PLL frequency multiplier A PLL Clock synthesizer circuit is used to generate the different clock multiples (*1, *2 and *4) required by the TDM and encoder circuits. The PLL operation range can be selected and is, in the TTCvx, preset to operate in the 25 - 50 MHz range. A reset button is implemented in the case the PLL circuit should fails to lock to the input frequency.

Input Level Convert er

PLL Frequen cy Multiplier

Time Division MUX + Bi-phase

Encoder Output Drivers + F/O Transmitter

Clock Output Drivers 2

2

4 A B Ext F/O Tx

Encoder ECL Encoder LVDS

Clock ECL

Clock LVDS

A B

160MHz

80MHz 40MHz

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

Time division multiplexer and bi-phase mark encoder

A 2:1 multiplexer selects the A and B channels in turn at the rate of the basic clock frequency. The resulting time division multiplexed signal feeds the bi-phase mark encoder, which in turn produces an output according to Figure 3.

Channel A Channel B

A = "0" B = "0"

A = "1" B = "0"

A = "0" B = "1"

A = "1" B = "1"

Basic Clock

Figure 3. Encoder Output Wave forms

Encoder output drivers

The encoded signal is available on the module front panel as one AC-coupled ECL output, two LVDS outputs and four fiber optics transmitter outputs.

Clock output drivers

The PLL basic frequency (40 MHz) is available on the module front panel as two AC-coupled ECL outputs and two LVDS outputs.

Supply voltage regulators and backplane connections

All ECL integrated circuits are referenced to the +5 V (VCC) rail (PECL). The PLL circuit has a maximum supply voltage of 3.3 V between VCC and GND, hence a 1.7 V current sinking regulator is implemented. Another voltage regulator is used to supply the -5 V for the ECL/PECL level shifter chip from the -12 V rail.

No VMEbus protocol related signals are used by the TTCvx module. Daisy-chained signals as IACK in/out and BGO in/out are bypassed in the module.

REFERENCE LITERATURE

• All relevant TTC information may be found at the URL:

http://www.cern.ch/TTC/intro.html • Motorola Application Note: Designing with PECL (AN1406) • National Application Note: An Overview of LVDS Technology (AN971)

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

USER’S GUIDE

FRONT PANEL FUNCTIONS

The front panel lay-out can be seen in Figure 4

Channel A/B In

ECL level inputs to connect the A and B channel from the TTCvi module. These inputs are DC-coupled and internally terminated with 50 W. Both inputs are biased to an ECL "0" level when not connected.

Clock In

Input for connecting an external ECL level clock source. The commutation is automatic and the indicator lights up when an external clock signal is present. This input is AC-coupled and internally terminated with 50 W. The practical input frequency range corresponds well with the selected PLL locking range, actually set to 25 - 50 MHz.

Clock Out

Two AC-coupled ECL level outputs and two LVDS clock outputs used for synchronization of external equipment, i.e. the TTCvi (ECL). These outputs carry the basic frequency of the PLL circuit.

Encoder Out

One AC-coupled ECL level output and two LVDS outputs carrying the signal generated by the encoder. The LVDS signal can be used for connecting to the TTCrx end in systems without optical transmission.

Fiber Optics Out

Four fiber optics transmitters of LED type (1330 nm). The standard TTCvx version is delivered with two transmitters. On special request (and to a higher price) all four transmitters can be fitted.

PLL Reset

Push button to reset the PLL circuit if phase locking is lost.

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

CHANNEL IN

A/ecl

B/ecl

CLOCKOUT ecl ecl

EP 680-1128 -300

CLOCK IN ecl

ENCODER OUT

lvds a lvds b

RST PLL

FIBER OPTICS OUT 1

2

3

4

ecl

ATLAS TTCvx

lvds a lvds b

Figure 4. TTCvx Front Panel

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

INSTALLATION PROCEDURE

IMPORTANT WARNINGS

1. The VME crate must be powered down before inserting or extracting the TTCvx module.

2. The module must be thoroughly pushed into the VME crate and secured with the top and bottom fixing screws, in order to assure proper operation.

3. Optical fiber and emitter connectors should be handled and cleaned according to prescribed procedures.

4. Some components on the TTCvx board are sensitive to electro-static discharges. To avoid damage, minimize handling and take appropriate precautions against static discharges.

5. Any modification to the pre-set adjustments of the module must only be carried out by a specialist in a laboratory environment.

PLL operation mode verification

The solder straps ST2 to ST9 should be bridged according to following table in order to insure stable operation in the 25 - 50 MHz range. The lay-out of the TTCvx board can be seen in Figure 5.

FS0 FS1 FS2 VCO FE0 FE1 FE2 FE3 fselFB-0 fselFB-1 fselFB-2 VCO-sel fsel-0 fsel-1 fsel-2 fsel-3 done done open done open done done open

Clock selection

An external clock source with ECL levels should be connected to the Clock In input if a different frequency is desired as the one generated by the internal oscillator (40.00 MHz).

TTCvx/TTCvi interconnecting cables

The following cables need to be connected in order to operate the TTCvi/TTCvx module pair:

• A 0.5 ns cable between the TTCvi: CHANNEL OUT A/ecl and the TTCvx: CHANNEL IN A/ecl • A 0.5 ns cable between the TTCvi: CHANNEL OUT B/ecl and the TTCvx: CHANNEL IN B/ecl • A 0.5 ns cable between the TTCvi: CLOCK IN bc/ecl and the TTCvx: CLOCK OUT ecl (top)

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

Figure 5. TTCvx Board Lay-Out

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

TEST PROCEDURES

In order to test the basic functions of the TTCvx one needs the following additional equipment:

• A relatively fast oscilloscope (BW ‡ 500 MHz) • A TTCvi module

Setting up the test bench for static inputs

The A and B channel inputs of the TTCvx may be connected in different ways to the inactive A and B channel outputs of the TTCvi. The A output carries an ECL "0" and the B output a "1". The TTVx channel A/B inputs take the value of "0" when not connected. The ECL Encoder Out of the TTCvx should show the following waveforms in relation to the TTXvx Clock Out. The oscilloscope should be set to trigger on the rising edge of the clock signal.

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

Figure 6. Encoder Output Wave forms

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

TTCvx latency verification

The L1A latency may be verified by having the TTCvi running in the random trigger mode and then measure the time between the TTCvi/TRIGGER OUT/nim/0 and the TTCvx/ENCODER- OUT/ecl. The oscilloscope should be set to trigger on the falling edge of the trigger pulse. N.B. The Trigger/nim output is active low, whereas the A channel output is active high.

Figure 7. TTCvx L1A latency measurement

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

HARDWARE MANUAL

PARTS LIST

PART TYPE, VALUE, TOLERANCE SCEM Qty REFERENCE Diode Silicon HP 5082-2900 08.51.11.760.3 1 D2 Diode LED Yellow MENTOR 8033 07.88.10.730.8 1 LD1 Fiber Optic Transmitter LED 1330 nm 200Mb/s AMP 269049 2 IC2-IC5 Integrated Circuit ECLinPS 100EL90 1 IC21 Integrated Circuit ECLinPS Lite 10E111 08.57.18.111.6 1 IC6 Integrated Circuit ECLinPS Lite 10EL04 08.57.21.004.1 1 IC17 Integrated Circuit ECLinPS Lite 10EL12 08.57.21.012.1 3 IC7,IC10,IC14 Integrated Circuit ECLinPS Lite 10EL31 08.57.21.031.8 3 IC1,IC18,IC22 Integrated Circuit ECLinPS Lite 10EL35 08.57.21.035.4 1 IC15 Integrated Circuit ECLinPS Lite 10EL58 08.57.21.058.7 2 IC19,IC20 Integrated Circuit ECLinPS Lite 10ELT21 3 IC9,IC12,IC13 Integrated Circuit DS90C401 (LVDS driver) 2 IC8,IC11 Integrated Circuit LM2991 TO220 Neg. Voltage Regulator 2 IC23,IC24 Integrated Circuit MPC991 PLL Clock Driver 1 IC16 Integrated Circuit Quartz Oscillator 80MHz ECL 1 QZ1 Capacitor Ceramic Class 2, SMD 1206 100nF/50V 10.03.04.500.2 85 Decoupling Capacitor Ceramic Class 2, SMD 1206 22nF/50V 10.03.04.422.9 1 C9 Capacitor Tantalum axial, 200uF/10V 10.81.01.240.1 1 C26 Capacitor Tantalum SMD, 15uF/25V 1 C24 Capacitor Tantalum SMD, 22uF/16V 10.82.01.380.4 4 C13,C22,C23,C25 Resistor Metal film 1/4W, SMD 1206, 10ohm, 1% 11.24.05.110.0 1 R20 Resistor Metal film 1/4W, SMD 1206, 56ohm, 1% 11.24.05.156.6 2 R70,R73 Resistor Metal film 1/4W, SMD 1206, 62ohm, 1% 11.24.05.162.8 1 R32 Resistor Metal film 1/4W, SMD 1206, 82ohm, 1% 11.24.05.182.4 41 Terminations Resistor Metal film 1/4W, SMD 1206, 120ohm, 1% 11.24.05.212.5 41 Terminations Resistor Metal film 1/4W, SMD 1206, 130ohm, 1% 11.24.05.213.4 1 R71 Resistor Metal film 1/4W, SMD 1206, 240ohm, 1% 11.24.05.224.1 4 R31,R69,R96,R98 Resistor Metal film 1/4W, SMD 1206, 390ohm, 1% 11.24.05.239.4 1 R72,R97 Resistor Metal film 1/4W, SMD 1206, 750ohm, 1% 11.24.05.275.0 1 R36,R99 Resistor Metal film 1/4W, SMD 1206, 2,2kohm, 1% 11.24.05.322.0 2 R14,R15 Resistor Metal film 1/4W, SMD 1206, 3,3kohm, 1% 11.24.05.333.7 2 R13,R35 Switch MENTOR 1840.6131 Push-Button 07.88.10.300.6 1 SW1 Jumper JUMPER-1016 (for scope probe GND clip) 07.88.24.516.1 2 ST1,ST10 Connector 2mm 2x2 male for LVDS 2 J3,J4 Connector Europa DIN41612 VME 3X32 male 09.61.33.315.7 2 J1,J2 Connector Coaxial LEMO #00 90 degr 09.46.11.180.6 6 LM1-LM6 Front Panel Hardware VME 6U/4TE 06.61.64.704.3 1 Screws M3x6 cheese head 47.62.32.306.6 2 Screws M2.5x10 cheese head 47.62.32.257.8 4 Nuts M3 47.44.77.330.8 2 Nuts M2.5 47.44.77.325.5 4

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

CIRCUIT DIAGRAMS

The circuit diagrams are presented in a hierarchical fashion, with an explanatory block diagram at the top level followed by the detailed design drawings or sub-blocks.

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

ANNEX A

COMPONENT DATA SHEETS

AMP 269049-1 Optronic Data Transmitter

Features

• Design utilizing advanced molded optical lens technology • ST style optical interface • 16 pin multi-sourced packages • Products compatible with Fast Ethernet, FDDI, ATM and fiber Channel chip sets • ECL compatible • Full optical power budget • Data rates of 125 Mb/s (FDDI), 156, 200 Mb/s (ATM), and 270 Mb/s (FC) • Single +5 volts power supply • Process compatible (i.e. wave soldering) • Robust zinc die-cast housing • Wide 25 to 75% duty cycle operation

Applications/ Equipment

• Fast Ethernet • FDDI • ATM • Fiber Channel • Channel Extenders • Backbone • Concentrators • Adapters • Workstations

Description

The AMP Molded-Optronic 16 Pin Data Links offer full functionality for FDDI and ATM applications. These technologically advanced products incorporate the AMP state-of-the-art designs for high quality data link products at a new low cost. Advancements in the resin circuit board technologies have made precision chip and wire processes a sourceable commodity. Also, optical polycarbonate molding technologies can now provide low cost, high quality camera lenses for 1300 nm fiber optics. Due to these technological breakthroughs, high cost subassemblies can now be eliminated from data link designs without a performance penalty. The AMP offering of 156 Mb/s and 200 Mb/s modules allows for use of 4B / 5B encoding or scrambled Sonet transmission formats.

Units are supplied with process caps which seal the connector interface during soldering and cleaning processes.

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

Motorola MPC991FA

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________

CERN/EP/ATE/DQ TTCvx _____________________________________________________________________________________

_____________________________________________________________________________________