The ZEUS Micro-Vertex Detector Clock and Control System

Abstract:
The ZEUS micro-vertex detector is a silicon micro-strip detector incorporating a programmable readout system based on the Helix 128-2 analogue readout chip.(ref .1) This article describes the Clock and Control System, including the master and slave timing modules, and the Helix Drivers, which are designed to programme the Helix chips (in download mode), and to provide the necessary readout clocks, triggers and test pulses (in running mode). Special electronics situated in four patch-boxes near to the detector, developed to overcome the attenuating effect of the micro-cable connections to the detector, are described. The whole system comprises just over 200 separately programmable channels.
1. Introduction

The Micro-Vertex Detector replaces the Vertex Detector, one of the inner tracking detectors of ZEUS, and offers superior vertex measurement accuracy (down to 10 microns) compared to the earlier detector. The readout requirements of the individual micro-strip detectors are provided for by the Helix 128-2 integrated circuit, which is bonded to the detector and handles 128 detector channels per Helix chip. For programming and readout, five Helix chips are wired in series and treated as one channel of the readout system. There are 206 such channels in total. The Helix chips are clocked in parallel at 10MHz (the bunch crossing frequency)

The complete Clock and Control system for the ZEUS micro-vertex detector is shown schematically in fig. 1. The whole system may be divided into three parts:

1.1. The Master and Slave Timing and Readout Modules. 
These are situated in the ADC crates in the Veto Wall area of the detector. The Master Module receives the Global First Level Trigger Clock, and generates clocks for the ADC Modules and Helix Drivers, delayed by different amounts to compensate for transmission delays. The Master Module also decodes the trigger information from the GFLT. If an accept occurs, the information is sent to the Slave Modules via front panel connectors. There is one Slave Module for each ADC crate. The J2 back-plane of the ADC crate links the slaves to the ADC cards.

The Slave Modules pass on the information received from the Master to the ADC modules, and also send BUSY and ERROR information from the ADCs to the Master unit via the same cables. 
1.2. The Helix Drivers

The 16 Helix Driver Modules occupy a separate VME crate in the Veto Wall area. Each Helix Driver module generates the required signals for 15 Helix channels. Programming information for the Helix modules in the detector is sent along the VME back-plane 

to the Helix Drivers, then after some processing  to the Patchboxes and on to the detector.     Clock and Control signals from the Master Module arrive via the front panel, having been distributed by two fan-out units using identical cables to avoid timing skews. The four C&C signals are Clock, Trigger, Test Pulse and Not Reset.

Each Helix Driver board carries two Programmable Logic Devices (PLDs) , one of which contains the VME interface electronics, and the other, the on-board processing logic, status registers, etc. The incoming signals are treated as follows:

The Clock signal is expanded to 15 clocks, one for each channel, and each with its own programmable delay unit. The purpose of these is to remove timing skews at the detector. 

 The Trigger signal is counted, then ORed with the Serial Data line used for downloading. The combined signal is then sent to all 15 channels.

The Test Pulse is expanded to 15 channels, which are compared with a mask register, then the unmasked ones output to selected channels.

The Not Reset is ORed with an internally generated not-reset signal used during downloading. The combined signal is sent to all channels.

The Serial Load signals are produced by the Helix Drivers, and sent one at a time during downloading. They give the signal for previously downloaded data to be captured by the Helix chips at that channel address.

The Helix Driver module outputs to the 15 channels via front panel connectors. Each channel consists of a Clock signal, a Trigger signal (which doubles as the Serial Data line during downloading), and three control signals, i.e. Serial Load, Test Pulse, and Not Reset, i.e. five signals per channel.

Downloading is carried out by the VME controller, which accesses each board in turn and downloads status information to the Helix chips in the detector. The VME controller can check all data and status information present on the boards by reading it back.

During downloading, one 20-bit word is serially sent to each of the Helix chips. Each channel of the driver system accesses five Helix chips, distinguished by their chip addresses (the 6-bit address field of the 20-bit word).  Altogether there are 205 channels used (240 are provided for).

The Helix Driver outputs are LVDS with the usual 1.2 volts common-mode. The Helix chips require zero common-mode offset voltage, hence a level-shift of –1.2 volts on each signal is necessary. The Helix Driver Module is described more fully in ref. 2.    

1.3. The Patch-box Electronics.

The third part of the C&C system is situated in the four patch-boxes near to the detector. These are connected to the Veto Wall electronics by cabling of about 20 metres in length.

The Patch-boxes serve a dual purpose:

a) To redistribute the signals, power lines, etc. so that all the input lines for one channel can be combined in a single cable. This cable carries the five Helix Driver signals, also the power supplies, high voltage supply, etc., for each channel. The analogue outputs, however, are carried in separate cables.

b) To re-generate the clock and trigger signals before sending on to the Helix modules, and to convert the three control signals to CMOS levels to suit the +/- 2 volts Helix CMOS inputs.

The patch-boxes are essentially crates containing 15 boards, grouped as 3 sets of five. Each set has a board for each type of signal, i.e.
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The redistribution is achieved by special horizontal connectors spanning the five boards, one connector per channel, attached via a single cable connection to each Helix input. These cables, known as combo-cables, are specially made to contain the necessary co-axial, twisted pair, and single wire components, plus a screen, inside an overall sheath. All these components are of ultra-low cross section because of the need to minimise the loss of detector coverage due to the presence of the cabling (there are over 200 combo-cables). Each combo-cable has a diameter of ……..

 The combo-cables are around 5 metres in length. 

The Clock and Control boards in the patch-boxes both have active components. The five signals per channel arriving from the Helix Drivers are somewhat degraded at the end of the 20 metre cables, and in the case of the Clock boards, the signals are re-generated by a receiver-transmitter combination (LVDS to 3.3volt CMOS to LVDS) before being sent down the micro-cable twisted pairs to the Helix Modules. This precaution is necessary due to the relatively high attenuation factor of the micro-cables.

The Control signals have additionally to be transformed to CMOS levels suitable for the Control inputs to the Helix chips. The Helix CMOS is a non-standard +/- 2 volts system, requiring input signals spanning 4 volts. The micro-coax used to transmit these signals has 60 ohms characteristic impedance, hence a terminating resistor is used at the receiving end. To avoid heat dissipation in the resistors when signals are not present, the resistors are returned to –2 volts (+2 volts in the case of Not Reset) i.e. the quiescent signal levels. The resulting signals are of 4 volts amplitude at 67mA (-4volts in the case of Not Reset).  At the sending end, about an extra 0.7 volts are needed to compensate for the ohmic resistance of the micro-coax.

To cater for the above unusual requirement, a 3.3 volt CMOS receiver was used, followed by an analogue current-feedback operational amplifier, the latter providing both the required gain and level shift (a slightly different configuration was used for Not Reset). Both amplifier configurations are shown in fig. ?. The rise time in each case is about 3 nanoseconds, compatible with the Helix driving requirements (see fig. ??).

Power Supplies

The power supplies for the Patch-boxes are situated in the Veto Wall area and connected to the Patch-boxes by 20 metre cables. The Helix Driver outputs are electronically offset by –1.2 volts with respect to ground potential (see 1.2 above), and a similar offset is applied to the Patch-boxes, i.e. the 3.3 volt LVDS supply becomes –1.2 volts and +2.1 volts dual supplies. In practice, a single 3.3 volt supply is offset by –1.2 volts. There are three such offset supplies, one for the Helix Drivers (situated at the back of the crate) and one each for the Clock and Control boards in the Patch-boxes (see ref. ?). In addition, there are two 5 volt supplies (+ and -) for the operational amplifiers on the control boards, and a –5 volt supply for the Helix Drivers at the back of the crate. 

 The power supplies are described in detail in ref. $$$.

. Monitoring is provided for each of the above power supplies. In the event of failure the monitoring unit situated in each power supply crate can turn off the whole crate. In addition, a front panel input signal allows each crate to be turned off remotely from a central controller. See Section ???.

Test Results

Opamp ops

Calibration

(timing)

