Page 1The Elefant Digitizer ICElectronics for Amplitude and Timing Measurement of DriftChamber ReadoutsScott Dow, Henrik von der Lippe, Michael Levi,Alan Chau, Derek DeBusschere, Jeremy Flasck, Carl Grace, Richard Jared,Fred Kirsten, Dinis Santos and Edwin SuErnest Orlando Lawrence Berkeley National LaboratorySeptember 30, 19971.0 IntroductionThis report describes the design of the Elefant (ELEectronics For Amplitude ’N’ Timing) DigitizerIC; the "Elefant chip." This IC is designed to process the signals developed by the Amplifier IC chips thatare directly connected to the wires of the BaBar drift chamber. The Elefant chip is designed to bereplicated in large quantities at a low cost per channel, and is therefore suitable for general application ininstrumenting large drift chambers in large-scale physics detectors.This report describes the functional design, implementation and operation of the Elefant chip. TheAmplifier IC chips that directly connect to the BaBar chamber wires are described in another report1.Other portions of the BaBar system are described only in sufficient detail to provide the operating contextof the Elefant chip.Each chip processes the signals from two Amplifier ICs which service eight wire-chamber channels.In response to triggers, the chip saves packets of event data. On command of a readout controller, thesaved packets are output to downstream parts of the system.The Elefant digitizer IC is designed to measure both the charge and the single electron time of arrivalfor eight channels of the BaBar drift chamber. By combining an FADC (Flash Analog-to-Digital Converter)and an TDC (Time-to-Digital Converter) for each channel, each converter can be optimized, and simplified,to achieve the physics goals required of the drift chamber while reducing the per channel costs of theelectronics. The Elefant IC also implements portions of the BaBar Fast Control and Trigger protocols tosimplify the connection of the chip to the rest of the BaBar detector.1.1 NomenclatureThe timing reference for the Elefant IC is a System Clock whose frequency is 59.5 MHz. A SampleClock of 14.875 MHz is derived from the System Clock within each chip. For convenience, the Systemand Sample clock frequencies are indicated as 60 and 15 MHz, respectively.

1 "Specification of the Amplifier IC for the BABAR Drift Chamber," D. Coupal, et al, University ofCalifornia at Santa Cruz and Stanford Linear Accelerator Center. June, 1996.

Page 2Names in bold-face type, such as dout, refer to signal names as shown on the included blockdiagrams. Names in italics, such as control_logic, refer to blocks in the block diagrams. The circuit blocknames correspond to the names in the Elefant IC schematics. The Elefant IC schematics should beconsidered supplementary documentation.A signal name like out(7:0) carries the meaning that the signal is 8 bits wide, and the bits arenumbered 7 through 0. Bit 0 is the least significant bit; bit 7 the most significant.1.2 Interface to the Amplifier ICsSets of several Elefant chips will be mounted on printed-circuit (PC) boards along with a local boardcontroller in the form of a Field-Programmable Gate Array (FPGA). The Amplifier IC will be connected tothe Elefant chips by short low signal level differential wire lines. The FPGA controls the initialization ofthe Elefant chips, organizes the readout of data, and provides an interface to the serialized control signals ofthe output fiber optic link, the C-link.As shown in Fig. 1, the preamplifier within the Amplifier IC is directly connected to a wire of thedrift chamber and amplifies the wire signals. The peaking time of the shaping amplifier will be in the range20 to 100 ns. The discriminator is used to measure the times-of-arrival of the leading edges of the outputpulses from the preamplifier.

Preamp Shaper Discriminator LineDrivers LineReceivers

FADCIn TDCIn

Amplifier IC

Threshold

Data Bus

Chamber

Wire 1 of 8 channels

Elefant Digitizer IC

Fig. 1.Simplified block diagram of the front-end electronics for a single wire of the BaBar drift chamber.The time relationship of the outputs of the preamplifier, shaper and discriminator shown in Fig.

The outputs both the shaping amplifier and the discriminator are individually transmitted viabalanced transmission lines to receivers the Elefant The discriminator signals are to theTDCs in the chip; the shaping amplifier signals to the FADCs.1.3 Overview of the Elefant ChipFigure 3 shows a simplified block diagram of a Elefant chip, suitable for a description of its basicfunctions. This figure is mainly a pictorial view of the Elefant IC and is not strictly accurate. Each channelhas its own time-to-digital converter (TDC), flash analog-digital converter (FADC) and multiplexor(MUX). The MUX merges the streams of data from the TDC and FADC. A single channel’s worth ofTDC, FADC and MUX functions are shown. All eight input channels are then physically combined intoone datastream in the Latency Buffer SRAM (LB_SRAM) and following functions.

Page

Shaper Output

Discriminator Output

Discriminator Threshold

Preamp Output

Fig. 2.Time relationship between the preamp output and the output of the discriminator. The output of the shaper is fed tothe FADC. The output of the discriminator goes to the TDC.The basic tasks of the chip are:1) To continuously digitize, at a 15 MHz rate and 6- to 8-bit dynamic range, the shaped analogsignals from eight channels of Amplifier ICs;2) To record the time-of-arrival, using 1.05 ns bins, of each significant pulse in the digital signalsfrom eight channels;

To continuously output byte-wide streams trigger at Sample Clock conveying thehistory of "hits" in each channel;4) To save all information in 1) and 2) for a length of time equal to the Level 1 trigger latency time,which is assumed to be 11.5

0.5

¥

¥˚¥˚¥˚¥˚¥˚¥˚¥

8

8

8 8 8

8

RO_RAM

1 of 8 channels

OUTPUT

DATA

SELECT

SRAM2

LB_SRAM

1 of 8 channels

FADC

MUX

TDC

Ancillary Data

Trigger In

Data

Data Hit

A

B

Words

Event Buffers

A

B

Output Select

8

EXTERNAL DATA BUS

24 C

D

Trigger Data Out

Amplifier IC

Shaper Outputs

Amplifier IC

Disriminator Outputs

8

Fig. 3.A very simplified block diagram of the Elefant digitizer IC.

Page

5) For each Level 1 trigger, to create packets of 32 bytes for each channel, each packet containingthe history of 1) and 2). These histories cover a period of 2.15

sec - a period thatencompasses the time of the event associated with the trigger. Simultaneously, ancillarydata is stored in a second memory;6) On command from the FPGA, output the data packets and ancillary data. The chip supportseither complete or sparse readout of event data.Each of the above tasks is accomplished within different sub-circuits the Elefant The analogsignals are digitized with an 6-bit magnitude, 8-bit dynamic range, FADC that can be operated in piecewise linear mode to achieve the

8-bit dynamic range. The digital signals are binned with ns using an TDC based a 64-tap delay-locked loop. A trigger module derives triggerprimitives from either the FADC or the TDC and outputs an eight bit word which indicates hits in each the eight channels.

The output each channel physically combined into one word dual-portLatency Buffer SRAM (LB_SRAM). Upon receipt of a L1_accept a data packet is transferred into one four SRAM output buffers. In addition to the data packet, ancillary related to the stored inthe corresponding buffer in another memory; SRAM2.Within the chip, all of these operations may be proceeding simultaneously without interfering witheach other.2.0 Design and Operational DetailsIn this section, attention is primarily the design and details the various functionsof the Elefant chip. The reader should refer to the top level schematic diagram shown in Fig. 4.2.1 Analog ReceiverThe signals from the shaping amplifiers are transmitted to the chip over balanced two-wiretransmission lines. They are received on the chip by pins ap[7:0] and The analog_input_convblock in Fig.

line receivers that amplify and the signals to single-ended analog signalswhich are then applied to the FADC inputs, fadc_in[7:0].The outputs of the shaping amplifiers from the Amplifier IC are differential, low level analogsignals. The analog receiver amplifies the differential signal according to a programmable gain that can beset externally. The analog receiver also converts the differential signal to a single ended signal and providesbuffering between the sensitive input and the noisy FADC. A simplified schematic of the analog receiver isshown in Fig. 5.The input signals from the Amplifier IC are capacitively coupled to the analog receiver by 1 pFcapacitors. This gain is obtained using capacitor ratios which can be adjusted externally. The nominal gainis ten and is obtained by turning on the switches labeled "B." The DC bias point is input on vref

Fet_bias controls the slow reset by controlling the on resistance of the n-channel MOSFETs.The input to the FADC is extremely noisy due to capacitive switching effects. The unity-gainvoltage follower is used to isolate the sensitive gain nodes of the first amplifier from this switching noise.2.2 Flash ADCsEach FADC measures the amplitude of its analog input signal at the Sample Clock rate and, for eachmeasurement, generates a 6-bit binary number representing the instantaneous amplitude of the input signal.The chip contains eight FADCs, one for each of the eight signal channels. The FADCs are contained in thefadcX8 block in Fig. 4. The fadcX8 block also contains eight delta_gen blocks, one for each FADC, which

Page