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Overview and Modes of Operation

VMML1 is the first prototype of a 64-channel front-end ASIC designed to operate with micropattern gas detectors. The
ASIC provides charge amplification, analog filtering, discrimination , extraction of amplitude and timing (with neighbor
channels), multiplexing. It also provides real time address of the first hit and direct timing output for a selected number
of channels. The design, currently implementing an analog/digital interface, is expected to evolve into a version which
includes ADCs and a fully-digital interface. Modes of operation are:

e Acquisition: events are detected and processed (amplitude and timing)
o charge amplification, filtering, discrimination, peak- and time-detection
o address in real time (ART) of the first event
o direct timing (over-threshold or to peak) available for channels 0-7 and 56-63
e Readout: events are read out in sparse mode with smart token passing (amplitude, timing, address)
e Configuration: global and channel registers are accessible for configuration
e Operation controlled with pins ena, wen, ck, di, do, tki, tko, stp as described in section Pinout and Controls.
e All digital 10s are custom LVDS at 600mV +/- 150mV
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Fig. 1 - ASIC block diagram

Technology, Specifications, Functionalities

o Technology: CMOS 130nm 1.2V from IBM (8RF)

e Layout size, device count: : 5.934 x 8.433 = 50.033 mm?, 500k MOSFETs, 80k capacitors, 200k resistors
e Power dissipation: 1.2 V x 300 mA =~ 360 mW (~5.5 mW/channel)

e Analog front-end

o acceptable sensor capacitance: optimized for 200pF, can operate from sub pF to 400pF, optimization for
>30pF with channel register bit sc.
o input MOSFET: 10mm, 1.65mA, 18pF

o acceptable input charge polarity: positive and negative, controlled with channel register bit sp.
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shaper: 3" order with complex conjugate poles in Delayed Dissipative Feedback (DDF) configuration
output baseline stabilizer

peaking time adjustable: 25, 50, 100, 200 ns, controlled with global register bits st0,st1.

gain adjustable: 0.5, 1, 3, 9 mV/fC (maximum charge 2, 1, 0.33, 0.11 pC), controlled with global register
bits sg0,sg1.

simulated charge resolution: ~ 5000e” (1800e’) at 25ns (100ns), 200pF

simulated timing resolution: ~ 1ns at 1V signal amplitude.

channel mask, enabled with channel register bit sm.

test capacitor ~ 1.2pF, enabled with channel register bit st.

input leakage generator (required for continuous reset), enabled with channel register bit s/.

pulse generator, common to all channels, 10-bit adjustable, ~1mV steps, with global bit registers sdp0-
sdp9, strobe with di input when in acquisition mode.

e Signal processing

O

amplitude discriminator capable of processing sub-hysteresis signals, sub-hysteresis enabled with global
register bit ssh.

discrimination threshold adjustable with 10-bit global DAC, ~1mV steps, global register bits sdt0-sdt9
and 4-bit channel DAC, ~1mV steps, channel register bits sd0-sd3.

option of disabling discrimination once the first peak is detected, enabled with global register bits sdp.
force-neighbor signal processing for above-threshold events: when an event exceeds the threshold, the
neighbor channels (in neighbor chips if required) are forced to peak-detect mode; enabled with global
register bit sng; first and last channels communicate with associated channels in neighbor chips through
bi-directional pins sett, setb.

peak detector with peak-found signal for accurate timing (multi-phase: track, peak-detect, hold&buffer).
time detector at peak-found with time-to-amplitude conversion implementing voltage ramp with
adjustable duration: 0.125, 0.25, 0.5, 1 us, controlled with global register bits stcO,stc1; ramp starts at
peak-found from peak detector and stops either at falling edge of ena input or at falling edge of stp
input, depending on setting of global register bit sstp.

first-event address (Address in Real Time, ART) available at outputs fa0-fa5 either at threshold crossing
or at peak found with flag indicator at output fflag and self-resetting in 40ns, enabled and controlled
with global register bits sfa, sfam.

time-over-threshold or time-to-peak direct timing outputs available for channels 0-7 and 56-67 at
dedicated outputs ttpO-ttp7 and ttp56-ttp63, (7 and 56 become neighbors) enabled and controlled with
global register bits sttt,stot,s16.

e Readout

O

O O O O O

peak amplitude (from peak detector), peak timing (from time detector) and address stored in
analog/digital memories, are multiplexed, buffered (buffers enabled with global register bits sbfp,sbft),
and read out in sparse mode by using a smart token-passing logic where the token stops only at
channels with events to readout (either above threshold or neighbors).

multiplexed analog outputs available at analog outputs pdo, tdo.

multiplexed addresses available at digital outputs a0-a5 .

a flag is released when the first peak is found.

optional self-reset after 40ns from the flag signal.

smart resets allow resetting either the acquisition chain or the full ASIC (including the configuration
registers) by a combining pulses and levels at ena and wen inputs.

e Analog Monitors

O

buffered (buffers enabled with global register bit sbfm) analog output mo to selectively monitor channel
analog output, channel trimmed threshold, coarse threshold, pulse generator (after pulser switch),
temperature sensor output, and band-gap reference output; controlled with global register bits scmx,
smO0-sm5 and channel register bit smx.

e Configuration

O

O

when in configuration mode, registers are accessible through ck and di inputs; the written configuration
is available at the do output.
global register: 48 bits (two not used), channel register: 16-bits (six not used)



Registers

e global bits (defaults are 0)
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sg1,sg0 [00 01 10 11]: gain (0.5, 1, 3, 9 mV/fC)(2, 1, 0.33, 0.11 pC)
st1,st0 [00 01 10 11]: peaktime (200, 100, 50, 25 ns)
sng: neighbor (channel and chip) triggering enable
stc1,stcO [00 01 10 11]: TAC slope adjustment (125, 250, 500, 1000 ns)
sdp: disable-at-peak
scmx, sm5-smO0: monitor multiplexing
= common monitor: scmx, sm5-sm0 [0 000001 to 000100], pulser DAC (after pulser switch),
threshold DAC, band-gap reference, temperature sensor
= channel monitor: scmx, sm5-sm0 [1 000000 to 111111], channels 0 to 63
sfa [0 1], sfam [0 1]: ART enable (sfa [1]) and mode (sfam [0] timing at threshold, [1] timing at peak)
sbfm [0 1],sbfp [0 1],sbft [0 1]: analog output buffers enable [1] (mo, pdo, tdo)
sstp [0 1]: TAC stop setting (ena-low [0] or stp-low [1])
ssh [0 1]: sub-hysteresis discrimination enable [1]
sttt [0 1],stot [0 1]: timing outputs enable (sttt [1]) and mode (stot [0] time-over-threshold, [1]
threshold-to-peak)
516 [0 1]: makes ch7 neighbor to ch56 [1]
srst [0 1]: acquisition self resets about 40 ns after flag [1]
sdt0-sdt9 [0:0 through 1:1]: coarse threshold DAC
sdp0-sdp9 [0:0 through 1:1]: test pulse DAC

e channel bits (defaults are 0)
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sp [0 1]: input charge polarity (/0] negative, [1] positive)

sc [0 1]: large sensor capacitance mode (/0] <~30pF, [1] >~30pF)

s/ [0 1]: leakage generator enable [1]

st [0 1]: 1.2pF test capacitor enable [1]

sm [0 1]: mask enable [1]

sd0-sd3 [0:0 through 1:1]: trim threshold DAC, 1mV step ([0:0] trim OV, [1:1] trim +15mV)
smx [0 1]: channel monitor mode ( [0] analog output, [1] trimmed threshold)

e bit order and configuration process

O
O
O
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enabled with wen high, data shifted at falling edge of ck, latched at wen low
single string, 48+16x64=1072 bit
global register:
= [sdp sstp srst sbft sbfp sbfm s16 sm5:sm0 scmx sfa sfam st1:0 sg1:0 sng stot sttt ssh stc1:0 sdt9:0
sdp9:0]
channel register (64x):
= [spscslstsmsd0:sd3smx0000QO0O0]
first bit to write: channel 63 last bit
last bit to write: sdp

Pinout and Controls

176 pins (44 each side)

Vdd,Vss: analog supplies 1.2V and grounds OV
Vddd, Vssd: digital supplies 1.2V and grounds OV
VddpO-Vddp3: charge amplifier supplies 1.2V
V600m: reference for LVDS 600mV

i0-i63: analog inputs, ESD protected

mo: monitor multiplexed analog output

pdo: peak detector multiplexed analog output
tdo: time detector multiplexed analog output
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flag: event indicator

a0-a5: multiplexed address output, tristated (driven with token)

ttpO-ttp7 and ttp56-ttp63: time-over-threshold or time-to-peak digital outputs
fflag: ART event indicator

faO-fa5: ART address output

sett: chO neighbor trigger

setb: ch63 neighbor trigger

ena: acquisition enable
= ena high, wen low: acquisition mode
e internally enabled after 40ns from ena high
=  ena low, wen low: readout mode
= ena pulse, wen high: global reset (acquisition and registers)
wen: configuration enable
= wen high: configuration mode
= wen pulse: acquisition reset
ck: clock
= in acquisition mode ck is timing counter clock (not used in this version)
= inreadout mode ck is readout clock
= in configuration mode ck is writein clock
di, do: data configuration input and output (1/2 clock shifted)
= in acquisition di becomes pulser clock
tki, tko: token input and output (3/2 clock wide)
stp: timing stop
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Bonding Diagram
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Timing Diagrams

Global reset (acquisition and registers) and acquisition reset

o ens m
o wen 1 1 1

Configuration

o wen __|] latch

o UL anmninnn
S = W i I < s

Acquisition (typical, direct timing outputs not shown)

o e ] TAC stop
o stp TAC stop (opt)
- pulser +QM-Q
analog the T~
o et neigh. enable PDO
peak detector 0
time detector(TAC)A?’ 3 TDO
o flog flag I
o fiog fflag (ART flag) 1 40ns
o ta0s fa0:5 (ART addr) ==

Readout (typical)

o tki I I

o ck I I I U I Iy Iy
PDO |_I—| |_l ____________ 3 cks after flag low

TDO I_I | | 1 )
o flag | flag

o a0:a5 aO:S I = = I






