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Introduction

1.1 Pixel Overview

Two pixel architectures for charged particle detection are implemented: The 50 micron pixels contain four N-well diodes for charge-collection; analog front-end circuits for signal pulse shaping; comparator for threshold discrimination; digital logic for threshold trim adjustment and pixel masking.  Block diagrams are shown below.
The “preShape” pixel contains single-ended charge preamplifier, shaper, differential comparator and hit-logic.  The comparator takes the input and output of the charge preamplifier as the pseudo-differential signal level.  During a hit event the hit-logic will generate a one-time “hit-flag” output to the logic.  The CR-RC shaper output will decay according to input signal magnitude, after which the pixel can accept another event.

The “preSample” pixel contains single-ended voltage preamplifier, charge amplifier, sampling capacitor, differential comparator and self-reset logic.  The charge amplifier output is sampled after reset; the comparator takes the reset sample and the real-time output from the charge amplifier as the pseudo-differential real-time signal level.  After a hit event the pixel generates a “hit-flag” output to the logic, and implements a self-reset sequence after which the pixel can accept another event.
[image: image21.bmp]
1.2 Pixel Variants

Two variants of each pixel design were implemented to explore the N-Well capacitor technology that was used in the analog front end.  The N-Well accumulation capacitor is reviewed below for reference:

[image: image1]
Where a small capacitance is required, the pixel designs implement two of these unit 1x1 um capacitors in series.  Where a large capacitance is required, the pixel designs implement many of these unit 1x1um capacitors in parallel.  Simulations were run for each of the possible permutations of capacitor orientations in the analog front end of both pixel architectures:  The two best-performing circuits in each architecture were selected as pixel variants for manufacture.

[image: image22.bmp]
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The variants are numbered (((( are correspond to the four quadrants of the sensor as illustrated below:


[image: image4]
1.3 Digital System Overview

A row of 42 pixels is served by a block of control logic, which takes the 42 hit inputs and stores locations of hits in its available SRAM registers.  During the readout phase, the SRAM registers that contain hit data are read out through sense amplifiers at the base of the column.


[image: image5]
The full “column” contains 168 active rows, each comprising 42 pixels, logic and SRAM (equivalent to another 5 “dead” pixels).  The column is 2350 microns wide.  Four of these are placed adjacent to make the full sensing area in ASIC1.  
1.4 Row Logic Overview

The internal row logic comprises latch-hold circuits which sample the current state of the 42 “hit” input signals.  These are arranged into banks of 6, each of which generates a hit flag.  A multiplexer sequences through 7 address codes, interrogating each of the 7 hit flags.  If a hit flag is set, the 6-bit hit pattern is written to the next available SRAM memory, along with a bank code and the global timestamp.  SRAM locations available are controlled by a bi-directional shift register, which is clocked once for each hit pattern that is stored.  This register is then clocked in reverse during readout, so activate the memory cells which have valid data.  There are 19 SRAM registers in each row controller.  Block diagram representation of the row logic is shown below.


1.5 Data Format

The parallel data output is summarised in the diagram below to illustrate bit assignments and inversions so hit data can be reconstructed off-chip.

1.6 Hit location look-up table


[image: image6]
1.7 Pixel Identification

The diagram below may be useful when reconstructing physical location of hit data.   Quadrant, pixel, row and column numbers are indicated to create a unique address space.

Sensor viewed from above:









1.8 Shift registers

The ASIC1 sensor implements the same standard three-clock-phase shift register cell in a number of locations.  The basic cell is illustrated here:


[image: image7]
The table below summarises the different application of this basic cell in the sensor, and the polarity (at the pins) for each of the clocks and reset signals.

	Application of SR Cell
	Control Signals

	
	
	
	
	

	Fast Config (top)
	Phi1
	Phi2
	Phi3
	RstB

	Slow Config
	Phi1
	Phi2
	Phi3
	Rst

	Fast Config (bottom)
	Phi1
	Phi2
	Phi3
	RstB

	Logic SRAM controller
	Phi1
	Phi2
	Phi3
	

RstB


The table below summarises the functional stable states for the shift register cell:  

	
	Phi1
	Phi2
	Phi3
	Rst

	Reset 
	0
	1
	0
	1

	Stable (data held)
	1
	0
	1
	0

	Transfer (dynamic storage)
	0
	1
	0
	0


The conditions defined below should be observed during power-up & operation to prevent possible internal conflict:

	
	Phi1
	Phi2
	Phi3
	Rst

	Invalid state
	X
	X
	1
	1

	Power-up (recommended)
	1
	1
	0
	1


Clock diagrams for correct operation are illustrated below:


[image: image8]
(t1) For zero-to-one transitions, phi3 must lead phi1 
(t1) For one-to-zero transitions, phi1 must lead phi3 
(t2) Phi2 and phi3 must be non overlapping (also with phi1 ensured by statements above).

(t3) Reset must be applied (active low) during phi2 phase
Typical values used in 50Mhz simulations are shown in the table below:

	t1
	Phi1 (( Phi3
	2ns

	t2
	Phi3 (( Phi2
	2ns

	t3
	Phi2 ( ( RstB
	2ns

	Data Update
	
	6ns

	Data Latched
	
	6ns


1.9 Latch Hold Circuit
A circuit diagram of a single channel latch hold circuit is shown below.
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The table below summarises the functional stable states for the latch-hold cell (control signals are referred to by their name and correct polarity for the ASIC1 pin):  
	Circuit behaviour
	HOLDB
	LATCHSAFE

	Hit Latched
	1
	0

	Hit Latched
	0
	0

	Inactive: Safe State
	0
	1


1.10 Summary of Required Signals during Power-Up

For the various shift register cells

	Application of SR Cell
	Control Pins: Power-up requirement

	
	Phi1
	Phi2
	Phi3
	Rst (/RstB)

	Fast Config (top)
	1
	1
	0
	0

	Slow Config
	1
	1
	0
	1

	Fast Config (bottom)
	1
	1
	0
	0

	Logic SRAM controller
	1
	1
	0
	0


For the latch-hold circuit

	Pin Name
	Power-up requirement

	LATCHSAFE
	1

	HOLDB
	0


For the monostable power-on reset:
	Pin Name
	Power-up requirement

	MONOPOR
	1


For the sense amplifiers

	Pin Name
	Power-up requirement

	SENSE_Enb
	1


To disable the analog pixel circuits

	Pin Name
	Corresponding circuits
	Power-up requirement

	ENABLE12
	PreShape pixels
	0

	ENABLE34
	PreSample pixels
	0


1.11 Comparator Operation

[image: image10]
	
	preSample pixel
	preShape pixel

	Typical “Hit” signal
	
[image: image11]
SIG = (IN-) – (IN+)
	
[image: image12]
SIG = (IN-) – (IN+)

	Threshold Voltage
	
[image: image13]
THR = (VTH+) - (VTH-)
	
[image: image14]
THR = (VTH+) - (VTH-)

	HIT goes high when
	SIG > THR
	SIG > THR

	Preferred power-up state
	VTH+ >> VTH-
	VTH+ >> VTH-


1.12 Bias Currents
The table below summarises all the bias currents that are required for ASIC1 operation.

	Pin
	Name
	Direction
	Circuit
	Typical Value

	157
	debugsfbias
	Input
	Test Structures (all)
	200uA into pad

	277
	I12_IOUTBIAS
	Output
	PreShape pixels: Front end
	125uA out of pad

	274
	I12_MSOBIAS1
	Output
	PreShape pixels: Monostable
	90uA out of pad

	258
	I12_PREBIAS
	Output
	PreShape pixels: Front end
	150uA out of pad

	272
	I12_COMP1BIAS
	Input
	PreShape pixels: Low gain comp
	65uA into pad

	273
	I12_COMP2BIAS
	Output
	PreShape pixels: High gain comp
	83uA out of pad

	256
	I12_COMPBIASTRIM
	Input
	PreShape pixels: Comp trim
	85uA into pad

	257
	I12_SHAPERBIAS
	Output
	PreShape pixels: Front end
	150uA out of pad

	107
	I34_COMPBIAS1
	Input
	PreSample pixels: Low gain comp
	40uA into pad

	106
	I34_COMPBIAS2
	Output
	PreSample pixels: High gain comp
	100uA out of pad

	124
	I34_COMPBIASTRIM
	Input
	PreSample pixels: Comp trim
	85uA into pad

	101
	I34_IOUTBIAS
	Output
	PreSample pixels: Front end
	125uA out of pad

	105
	I34_MSOBIAS1
	Output
	PreSample pixels: Monostable 1
	90uA out of pad

	104
	I34_MSOBIAS2
	Output
	PreSample pixels: Monostable 2
	90uA out of pad

	123
	I34_OUTSFBIAS
	Output
	PreSample pixels: Front end
	120uA out of pad

	122
	I34_PREBIAS
	Output
	PreSample pixels: Front end
	130uA out of pad

	121
	I34_SFBIAS
	Input
	PreSample pixels: Front end
	90uA into pad

	232
	ISENSE_COLREF
	Input
	Sense amplifier column bias
	50uA into pad

	295
	ISENSE_ICOMPBIAS
	Output
	Sense amplifier bias: Comparator
	83uA out of pad

	296
	ISENSE_IOUTBIAS
	Output
	Sense amplifier bias: Output
	125uA out of pad

	294
	ISENSEBIAS
	Input
	Sense amplifier bias
	65uA into pad


1.13 Reference Voltages

The table below summarises all the reference voltages that are required for ASIC1 operation.

	Pin
	Name
	Circuit
	Typical Value

	125
	VPREAMPCASC34
	PreSample pixels
	1.1v

	255
	VPRECASC12
	PreShape pixels
	0.8v

	100 128 246 297
	VRST
	PreSample pixels
	Optional connect to VDD1V8pix or ext

	254
	VSHAPECASC12
	PreShape pixels
	1.5v


2. Sensor operation
The general cycle of operation is summarised in the diagram below.  Each of these sections is considered in more detail in the pages that follow.
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2.1 Configuration Programming

The diagram below illustrates the configuration structure.


[image: image16]
The configuration shift register inside each pixel is arranged as follows:


[image: image17]
	
	Reset Value
	Action when 0
	Action when 1

	MASK
	0
	Pixel active
	Pixel hits are suppressed

	TRIM[#]
	0
	Weighted current source is inactive
	Weighted current source is active.  LSB switches the smallest current; MSB switches the largest (binary weighted) current.


2.1.1 Total configuration memory

The total configuration memory space comprises 5 bits per pixel;  for the full ASIC1 sensor this requires 141,120 bits.
2.1.2 Cold start

The configuration routine may be omitted, provided the “slow” configuration shift register is reset according to the diagram in section # : [shift registers].  The pixel trim and mask bits’ reset value are included in the table above: the default operation is for the pixel to be active (unmasked) with no comparator trim adjustment.
2.1.3 Detailed flow diagram

The configuration routine comprises alternating between” fast” programming the top serial shift register; and slow clocking the in-pixel shift registers in parallel.   “Readback” from the top and/or bottom shift register is possible to verify the data that was programmed.


[image: image18]
2.2 preShape Pixel Reset
The analog front end in the preShape pixel has a single reset switch around the diode preamplifier.  During bunch-train operation, the reset switch remains open:  The diode node voltage drops as signal charge is collected (eventually saturating).  In the typical case, the pixel is expected to be reset immediately before each bunch train commences, and then powered down during readout.

A total of 3 microseconds should be allowed from powering/enabling the preShape pixel before it is ready for normal operation.   The initial power-up and reset sequence allows time for the amplifier outputs to settle in reset, and then again once the reset has been released due to charge injection.  A shorter “in-service” reset pulse may be used if the pixel has not been disabled.  Both reset timings are illustrated in the diagram below:

2.3 preSample Pixel Reset

The analog front end in the preSample pixel has several reset circuits:  The diode, shaper and sampling capacitor have independent reset circuits.  During bunch-train operation, the diode reset switch remains open:  The diode node voltage drops as signal charge is collected (eventually saturating).  Signals that exceed the threshold will trigger a self-reset sequence that applies internal shaper and sample resets.  In the typical case, the pixel is expected to be (externally) reset immediately before each bunch train commences, and automatically per local hit event during the bunch train. 

A minimum of 1.2 microseconds should be allowed from powering-up / enabling the preSample pixel before it is ready for normal operation.   The initial power-up and reset sequence allows time for the amplifier outputs to settle in reset, and then again once the reset has been released due to some small charge injection.  A shorter “in-service” reset pulse (as generated internally) may be used if the pixel has not been disabled.  Both reset timings are illustrated in the diagram below:
An error in the reset sample occurs if the shaper output is given insufficient time to settle following a reset.  Before the bunch train commences this period may be longer, but during bunch train operation this time represents dead time when the pixel would not “see” a hit; therefore the timing has been optimised.

The self-generated Shaper Reset must be set to the bunch crossing rate (and corresponding logic clocking rate) since the Hit Output must be synchronsised to the logic.  All other timings may be adjusted for optimisation:  External signal timings may be controlled from FPGA/sequencer, while internal pixel timings by bias reference currents (see section # [bias currents]).


The table below gives minimum and recommended timings for the diagram above. 
	Parameter
	Description
	Minimum 

(target 150ns bunch crossing rate)
	Min (Preferred)
(target 150ns bunch crossing rate)
	Typical
(target 300ns bunch crossing rate

	t0
	Diode reset transistor connected to Vrst
	150ns
	150ns
	150ns

	t1
	Shaper reset duration
	150ns
	150ns
	300ns

	t2
	Extension of sample reset pulse beyond release of shaper reset to allow output settling.
	300ns
	450ns
	600ns

	
	Total dead time after hit
	450ns
	600ns
	900ns


The preferred timings for 150ns bunch crossing rate should yield reduced error in the reset sample, at the cost of the pixel being “blind” for one extra bunch crossing.
2.4 Bunch train operation (Hit Capture)
During bunch trains, the column logic operates in a “free-running” mode synchronised to the bunch crossing rate.  For each bunch crossing, the sequence illustrated below is executed.  Logic whose pixels have registered a hit will use these “free-running” signals to record the hit data and administer their SRAM memory banks accordingly.
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