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Abstract

In order to calibrate the ATLAS LAr calorimeters to an accuracy better than 1%, over 16 bits dynamic range, 10 boards with 128 pulse generators have been designed with COTS components and used in test beams for the last 2 years. 

The final version requires radiation hard components (low offset amplifiers, DAC, control logic), which have been realized in DMILL technology.

The performance of these chips as well as the measurements of uniformity, linearity, radiation tolerance on a first prototype smaller board are presented.  

Summary

In order to calibrate the ATLAS LAr calorimeters to an accuracy better than 1%, over 16 bits dynamic range, precise pulse generators have been designed using COTS components. These 128 channels calibration boards have been used on test beams for the last 2 years. But as the final version requires radiation hard components, both the analog and digital parts have been redesigned in DMILL technology. 

A 16bit DAC is necessary to cover the full dynamic range. Therefore, a 16 bit R/2R ladder DAC has been made with 16 switched identical current mirrors. As there is only one DAC per board, external precision resistors (0.1%) can be accommodated. This ladder DAC has been first developed and tested successfully in AMS 0.8 (m BiCMOS and then submitted to DMILL through 2 iterations. The design of the second iteration is identical to the first one except for the reference current source which is now built around a Bandgap reference and thus should exhibits better stability with temperature and with irradiation. 127 DACs have been received in May 02. Linearity measurements before (0.01% integral non linearity over the 3 gains of the shaper)  and after irradiation as well as the temperature stability (0.01 %/K) will be shown.

This DAC voltage is distributed throughout the board to 128 channels in order to produce the 2 (A – 200 mA precision current. The voltage to current conversion  is based upon a low-offset opamp and a 0.1% 5( resistor. The opamp offset should not be larger than the DAC LSB=16 (V. Again COTS did not provide adequate radiation tolerance and a DMILL static opamp was designed, first in AMS 0.8 (m BiCMOS, then in DMILL technology. A low offset value of ±150 uV is achieved by using a bipolar centroid structure input and it is further trimmed down  to ±10 (V with a five bits fuse compensation. Offset measurements before and after irradiation will be shown. 

HF switches which transform the DC current into fast pulses with a 1 ns rise time are now integrated in the opamp thanks to the dielectric isolation of the technology. Their parasitic injected charge and the resulting linearity of the current source over the 3 gains of the shaper will be shown.
The calibration boards are controlled through a digital part which was also redesigned in DMILL technology. The run parameters (DAC value, delays, pulsing patterns) are loaded through a custom LarG serial bus (SPAC). These parameters are decoded from I2C local bus and stored in registers integrated in the CALOGIC chips whose irradiation tests will be briefly described.

A first 8 channels prototype with these analog and digital chips has been realised. The printed board has required a special care to keep the uniformity between channels better than 1 per mil at the outputs of the board. Moreover, the HF switches need a fast TTL command pulse, the distribution of which is crucial, especially for small currents. The final 128 channels board will be designed by duplicating 16 times this 8 channels module. Exhaustive measurements have been performed on this small block to fully understand the small HF effects and will be presented in detail. 
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Abstract

A new version of the circuit for the readout of the ATLAS straw tube detector (TRT) has been developed in a deep-submicron process. The DTMROC-S is designed in a standard 0.25m CMOS with a library hardened by layout techniques. Compared to the previous version of the chip done in a 0.8m radiation-hard CMOS, the much larger number of gates available per unit area in the 0.25um technology enables the inclusion of many more elements intended to improve the robustness and testability of the design. These include: SEU- resistant triple vote logic registers with auto correction; parity bits; clock phase recovery; built-in self tests; JTAG; and internal voltage measurement. The functionality of the chip and the characteristics of newly developed analogue elements such as 8-bit linear DAC, 0.5ns resolution DLL, and ternary current receiver, will be presented.

Summary

DTMROC-S description

The DTMROC-S is the binary readout chip associated to the ASDBLR front-end. The DTMROC-S processes the signal outputs of two eight-channel ASDBLR chips. The ASDBLR provides fast amplification, pulse shaping and amplitude discrimination for straw tubes electrical signals. High threshold discrimination is applied to detect transition radiation signals. Low threshold discrimination is used to detect tracking signals. The signals are ternary encoded as differential currents and transmitted to the DTMROC-S chip. The low threshold signal is time digitized in 3.12 ns bins. For each of the 16 channels, the time digitizer outputs (8-bits) together with the one-bit high threshold are stored in two memory banks of 128 locations. The Level-1 Trigger is used as an input tag to read the relevant bits and send the serialized data to the off-detector Read Out Driver (ROD) module. The chip can store data for more than 4 microseconds prior to a Level 1 Accept and then store up to 15 pending triggers while transmitting data.

The digital inputs (clock, reset, commands) are received in LVDS differential format. The digital outputs are differential open-drain drivers. One differential output pair (data-out) transmits the event data, according to a serial protocol. Another differential output pair (cmd-out), which is normally off (no current drive), is only enabled when reading internal registers contents (like DAC setting registers, configuration register).

Additional features in deep-submicron technology

The large gate density available in the 0.25m CMOS technology used to develop this new version has enabled the implementation of new functionality relative to the first DTMROC chip built with the 0.8m CMOS DMILL technology. A complete JTAG scheme has been implemented. The JTAG allows easy test coverage of all of the chip I/O (except power supplies and analog outputs), and of all internal registers. Because register elements are sensitive to SEU phenomena in a radiation environment, the registers, which contain circuit control bits, have been designed with self-correcting triple vote logic.

The low threshold hit information is encoded in time bins of 3.12 ns, by using a DLL circuit which provides 8 clocks edges synchronized to the external 25ns clock period. An internal 25ns period clock is generated out of the DLL and can be selected to clock the chip, instead of the external clock. An automatic lock circuit, as well as a phase error detection are features added to the DLL circuit.

A “fast trigger” function has been added. When this mode is enabled, the “cmd-out” differential outputs are used to transmit immediately the “wired-OR” of all channel hits received from the ASDBLR. This feature allows triggering of the TRT independent of the rest of ATLAS and is expected to be useful for initial detector commissioning with cosmic rays.

Two Digital-To-Analog Converters (DAC) have been added to serve for external or internal voltage or temperature measurements.

Other features, satisfying the key issues of fast design time cycle together with the requirement of first silicon functionality, were part of the physical design and of the design procedure. 

Performance

The chip has been tested and shows a full functionality. JTAG is used as a first test sequence. The additional functional features have been validated. The linearity of the DAC is better than +/- 0.5 LSB, the DLL differential linearity is better +/- 0.5 ns. The newly developed analog elements (ternary receiver, test pulse generator, output drivers) all satisfy the requirements.

