The characterization of a low-power, low-latency, dual-channel
serializer ASIC for detector front-end readout
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Introduction
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 The ATLAS Liquid Argon calorimeter (LAr) Phase-| trigger upgrade calls for
a data transmission rate of 204.8 Gbps for each front-end board (LTDB) [1].

 ASIC serializers are needed for the front-end optical readout due to the
demand on data bandwidth, high channel density, low power consumption,

oA

v

Optical receiver

FPGA

deserializer

=ﬂ Decoder

low transmission latency and radiation tolerance.
« Based on a commercial 130-nm CMOS process, we have designed a

serializer ASIC LOCx2-130 to meet these demands as a pin-to-pin
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compatible backup of LOCX2.
« LOCxX2-130 is a two-channal transmitter ASIC. Each channel receives data
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LOCx2-130 payload, 112 bits, calibration mode

LOCx2-130 Frame, 120 bits @ 4.80 Gbps = 25 ns

CRC

from the upstream ADCs [2], encodes the data, and outputs them in serial at
a speed of 4.8 Gbps.

 The PLL and the serializer are adapted from a design that originates from
the CERN’s GBTX ASIC, named as TDS.

* The latency budget of the optical link is 150 ns.
* The power consumption budget of the transmitter ASIC is 1 W.

Locx2 frame, 128 bits @ 5.12 Gbps = 25 ns

The frame definition of the ASIC LOCx2-130

« The ASIC uses a custom line code called LOCic.

« Each LOCx2-130 data frame has 120 bits, including 8-bit .
frame header, 96-bit payload and 16-bit frame trailer in data

mode or 112-bit payload in calibration mode.

 The payload is scrambled before transmitted, whereas the .

frame header and the frame trailer are not scrambled.

The test system and

12-bit BCID information is embedded in the frame header.

The block diagram of LOCx2-130 ASIC

one ADS5294.

two drivers, a shared PLL, and an 12C slave.

« The latency of the LOCx2-130 is power on independence.
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Each serializer channel of LOCx2-130 takes the digitized data
of eight analog signals from two ASIC ADCs or one ADS5272 or

LOCx2-130 is composed of two encoders, two 30:1 serializers, .
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FIFO, a PRBS generator, a CRC generator, a scrambler, and a
frame builder.
* The Verilog code of LOCic-130 is triplicated. Modules that have
pipeline structure without internal feedback like FIFO and Frame
Builder or modules that do have the internal feedback but are
reset periodically like the CRC and the Frame Header are
simply instantiated by three times as triple redundancy.
The Scrambler however, has feedback and no reset
mechanism, is triplicated internally with the voter added at the
input of every D flip-flop to eliminate errors, therefore, the error
will not be latched in the D flip-flop and cause permanent

measurement results
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Conclusion and outlook

* An serializer ASIC, LOCx2-130, is designed and tested for the
ATLAS LAr Calorimeter trigger upgrade.

« LOCx2-130 consists of two channels and each channel encodes
ADC data and transmits serial data at 4.8 Gbps with a latency of
less than ns. The power consumption is 440 mW.

« The dies of LOCx2-130 will be fabricated in an engineering run
this autumn.

Layout of the LOCx2-130 ASIC QFN packaged LOCx2-130 ASIC

LOCx2-130 measurment
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