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INTRODUCTION

Increasing luminosities of particle colliders result i ever
higher it rates of the innermost vertex detectors [1], thus
increasing their occupancies. The TVD [2] sensor
architecture relies on using an asynchronous digital pixel
matrix along with the transmision line and a readout
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DELAY LOCKED LOOP

The best compromise between added jitter and power consumption has been achieved with a two-level (4 x 16) topology. At the top of the

first level delay line (L1DL) the input clock is divided by 4 using two fully differential D flip-flops (DDFEC).

The resulting divided clock drives another DDFFC and a fully differential logic and gate. This circuit decreases the duty cycle to 25%. This
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The pixel position 1s encoded in the time of flight of
voltage pulses on a micro-strip line. The arnival times of
the pulses are measured by a waveform samphng ASIC
called the RFpix, the architecture of which 1s based on
differential switched capacitor (SCA) arrays.

signal 1s then fed mto the L1DL., which 1s composed of four delay elements, each with a delay of 800ps, thus totaling an overall delay of 3.2ns.
The mnput and output taps of each L1DL delay element are used to drive a second-level delay line (L2DL) that contains sixteen delay elements.
Each L2 delay element (starved inverters) has a delay of 50ps, with an overall delay of the L2DL equal to the delay of a single L1DL element.

Development of a Waveform Sampling ASIC

for a Low Occupancy Vertex Detector

RFpix BASELINE SPECIFICATIONS

Parameter

Value
Sampling speed 20GS/s
Analog bandwidth 3GHz
Input referred noise <0.5mVp, .
Added jitter per channel =40fs
Number of bits 12
ENOB 10
Number of channels 126
Buffer depth 32
Power consumption per channel TBD
LVDS date rate =128Mbits/s/ch.
Technology node TSMC 130nm

Each channel has two umity gamn amplifier buffers to
decouple the capacitive loading of the SCA arrays from
the inputs, thus providing the necessary analog bandwidth
of 3GHz in a wire bonded package The differential
configuration of the SCA helps in terms of crosstalk
mitigation and noise coupling. At the same time, it turns
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% ANALOG TO DIGITAL CONVERSION
= The slope ADC 1s designed to be a distributed circuit. The comparator 1s integrated mn the storage array, with every storage cell having its own
; comparator. The ramp used to trigger the comparators 1s sourced from the ramp generator which i1s composed of an input/output rail-to-rail [ d
2 operational amplifier (OPAMP) configured as an integrator. That is, a DAC is used to create a voltage difference between the OPAMP inputs.  from Comparators o Sl
g This voltage difference 1s then integrated in time creating the ramp. The speed and slope polarity depend on the magnitude and polanty of the o
3 voltage difference. This way the ramp 1s highly adjustable. In our case ramps from 0.5ps to 2ps are generated. Every channel has 1ts own ramp
§ generator.
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By observing the differential output, the sampling error

becomes almost symmetric. By considenng the onginal
signal amplitude versus the reconstructed sampled signal

The digitizing logic triggers the ramp generation at the same time as 1t triggers a 12-bit gray code counter. The counter outputs are fed into 64
latches (one for each storage cell in the window). This latches are tniggered by the comparators, thus latching the counter value.

The OPAMP has a complementary NMOS and PMOS differential pairs to acheve input rail-to-rail operation with a circuit for transconductance
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