Bias settings:
The biasing of the ASIC is designed to allow a great degree of versatility: this is achieved by a number of on-chip Digital-to-Analogue Converters (DACs), either 4 or 8 bit resolution, which set many of the bias voltages used in the chip.
All the DACs are implemented with a binary-weighted current-switched architecture: the control bits set the ratio for mirroring a reference current into a resistor, which converts this current into voltage.
The DACs differs in:

· Resolution: 4 or 8 bit
· Polarity:  pMOS are used as current mirrors when the desired output is in the upper voltage range (up to vdd); nMOS when the ouput is closer to gnd (fig.1)
· Range: the values of the reference current and of the integrated resistor are designed to match the desired output range
· Offset: some of the bias voltages are offset, in order to centre the output range on the most suitable value. For these voltages is not possible to reach vdd or gnd, as a non-zero current is always sunk or sourced into the resistor.
· Cascode architecture: the most sensitive bias references (e.g. the comparators’ threshold) are generated by wide-swing cascode current mirrors, which allow enhanced performances without limiting the signal swing available (fig2)
· Output buffer: to provide drive strength or to minimize crosstalk, some of the DACs’ output voltages are buffered (either locally or within each channel)
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Fig 1a: 4bits pmos-type DAC; output voltage across the resistor to gnd
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Fig 1b: 4bit nmos-type DAC; output current to be mirrored to the following stage. In this case besides the 4 bit-controlled branches, there is an additional one to generate an output offset
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Fig2: 8bit nmos-type DAC with cascode architecture 
DAC description table:
	
	control bits
	output
	bits
	Type
	Iref, mirror factor, R*
	Offset
	Range
	Cascode

	1
	<45:48>
	clamp_thresh
	4
	p
	Iref=25μA

Iout=[0:15/16Iref]

R*=96kΩ
	3/16 Iref
	Vout=[0.45÷2.7V]
	no

	2
	<49:56>
	vin_compThresh

vin_casc_CompThresh
	8
	n
	Iref=25μA

Iout=[0:255/64Iref]
	0
	Iout=[0÷99.6μA]
	yes

	3
	<57:64>
	ref_x10/refSh
	8
	p
	Iref=60μA

Iout=[0:255/16Iref]

R*=2400Ω
	53/16Iref
	Vout=[477mV÷2.77V]
	no

	4
	<65:72>
	vin_fastCompThresh_HEC

vin_casc_fastCompThresh_HEC
	8
	n
	Iref=25μA

Iout=[0:255/64Iref]
	0
	Iout=[0÷99.6μA]
	yes

	5
	<73:80>
	vin_fastCompThresh

vin_casc_fastCompThresh
	8
	n
	Iref=25μA

Iout=[0:255/64Iref]
	0
	Iout=[0÷99.6μA]
	yes

	6
	<81:88>
	vcasc_n
	8
	n
	Iref=60 μA

Iout=[0:255/16Iref]

R*=2560Ω
	0
	Vout=[0÷2.45V] **
	no

	7
	<89:96>
	vcasc_p
	8
	n
	Iref=60 μA

Iout=[0:255/16Iref]

R*=2560Ω
	0
	Vout=[0÷2.45V] **
	no

	8
	<97:104>
	ref
	8
	p
	Iref=60μA

Iout=[0:255/16Iref]

R*=2400Ω
	0
	Vout=[0÷2.45V]***
	no

	9
	<105:112>
	biasRC_preAmp_HEC
	8
	p
	Iref=60μA

Iout=[0:255/16Iref]

R*=2400Ω
	0
	Vout=[0÷2.295V]**
	no

	10
	<113:120>
	vcasc_preAmp_HEC
	8
	p
	Iref=60μA

Iout=[0:255/16Iref]

R*=2400Ω
	0
	Vout=[0÷2.295V]**
	no

	11
	<121:124>
	Ibias_LFfdbk
	4
	n
	Iref=160uA

Iout=[0:15/16Iref]
	1/16 Iref
	Iout=[10μA÷160μA]
	no

	12
	<125:132>
	biasRC_preAmp
	8
	p
	Iref=60μA

Iout=[0:255/16Iref]

R*=2400Ω
	0
	Vout=[0÷2.295V]**
	no

	13
	<133:136>
	Ibias_preAmp_SF
	4
	n
	Iref=25 μA

Iout=[0:15/16Iref]
	8/16 Iref
	Iout=[2.5mA÷7.5mA]
	no

	14
	<137:144>
	vcasc_preAmp
	8
	p
	Iref=60μA

Iout=[0:255/16Iref]

R*=2400Ω
	0
	Vout=[0÷2.295V]**
	no

	15
	<145:148>
	Ibias_preAmp
	4
	n
	Iref=25 μA

Iout=[0:15/16Iref]
	8/16 Iref
	Iout=[556μA÷1.6mA]
	no

	16
	<149:156>
	threshold_link
	8
	
	Iref=60μA

Iout=[0:255/16Iref]

R*=2400Ω
	0
	Vout=[0÷2.295V]
	no


* nominal value; real value in the range [nominal value±30%]

**Effective output voltage limited by the following buffer stage in the range [0.5÷2.3V]

***Effective output voltage limited by the following buffer stage in the range [0.1÷3.1V]
Biasing voltages:

1. clamp_thresh
This is the reference voltage for the comparator which clamps the x10 gain stage to a unity gain configuration. The aim of the clamping is to avoid saturation of the amplifier in the x10 gain stage, therefore the clamp_thresh must be set just above or below the linear region of the amplifier (according to the polarity selected):

	x10 reference
	clamp_thresh

	1 V (positive polarity)
	>2.4 V

	2.4 V (negative polarity)
	<1 V


N.B.: if the x10 reference is changed then the clamp_thresh value must track it as stated above

Because a fine tuning of this value is not necessary, as long as saturation is avoided, a 4 bit DAC is adequate:
	control bits
	clamp_thresh

	x  [0÷15]
	((x+3)/16)*25μA*96KΩ

	0000
	0.45V

	0001
	150mV

	…
	…

	1111
	2.7V


	Default value
	

	positive polarity:    1101
	2.4V

	negative polarity:   0100
	1.05V


2. vin_compThresh / vin_casc_compThresh
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These two voltages set the threshold for the “slow” (low noise) comparator which follows the x10 gain stage. Because the baseline of this comparator is derived from the x10 gain stage’s output, it would not be possible to set it to an absolute value without introducing an offset error
The baseline of the comparator is derived from the x10 stage’s output, therefore to avoid introducing an offset the threshold value must be derived from the same baseline too. This is achieved by sinking or sourcing a selectable current across a resistor between the two comparator’s inputs:
The value of the resistor is R=17.5KΩ, the selectable current Iout=[0÷99.6μA]; this current is sourced or sunk into the resistor according to the selected polarity (this is controlled by the control bit…). The threshold voltage is therefore in the range |Vth|=[0÷1.750V]
	control bits
	Iout
	|Vth|

	x  [0÷255]
	(x/64)*25μA
	(x/64)*25μA *17.5KΩ

	00000000
	0 A
	0 V

	00000001
	0.39 μA
	6.825mV

	…
	…
	…

	11111111
	99.6 μA
	1.750V
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vin_compThresh and  vin_casc_compThresh are connected to two output PADs each (top and bottom of the ASIC).
	Default value
	

	positive polarity:    00001111
	0.102V

	negative polarity:   00001111
	0.102V


3. ref_x10  - refSh
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The input references of both shaper and x10 gain stage are the buffered output of a common 8bit DAC’s output:
	control bits
	refSh – ref_x10

	x  [0÷255]
	((x+53)/16)*60μA*2.4KΩ

	00000000
	477mV

	00000001
	486mV

	…
	…

	11111111
	2.772V

	Default value
	

	positive polarity:    00110100
	0.945 V

	negative polarity:   11010011
	2.376 V


ref_x10 and refSh are connected to two PADs each (top and bottom of the ASIC).

It is recommended to load these two nets with external capacitors, for improved stability and noise performance:

	
	external capacitance
	ESR (equivalence series resistance)

	refSh
	C≥1μF
	ESR≤1Ω (possibly less)

	ref_x10
	C≥1μF
	ESR≤1Ω


4. vin_fastCompThresh_HEC – vin_casc_fastCompThresh_HEC
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These two voltages set the threshold for the fast (high noise) comparator that follows the HEC preamplifier. The technique is the same as the one described in point2.
Again, the value of the resistor is R=17.5KΩ, the selectable current Iout=[0÷99.6μA]; this current is sourced or sunk into the resistor according to the selected polarity (this is controlled by the control bit…). The threshold voltage is therefore in the range |Vth|=[0÷1.750V]

	control bits
	Iout
	|Vth|

	x  [0÷255]
	(x/64)*25μA
	(x/64)*25μA *17.5KΩ

	00000000
	0 A
	0 V

	00000001
	0.39 μA
	6.825mV

	…
	…
	…

	11111111
	99.6 μA
	1.750V


	Default value
	

	positive polarity:    00001111
	102.5V

	negative polarity:   00001111
	102.5V


5. vin_fastCompThresh – vin_casc_fastCompThresh
As in point4, for Low Energy Channel.

vin_fastCompThresh and vin_casc_fastCompThresh are connected to two PADs each (top and bottom of the ASIC).

	Default value
	

	positive polarity:    00001111
	102.5V

	negative polarity:   00001111
	102.5V


6. vcasc_n (( vcasc_n_buff, vcasc_n_shap, vcasc_n_x10)
The output of an 8bit n-type DAC is buffered to generate the cascode voltage (nmos) for shaper’s, high speed buffer’s and x10 gain stage’s amplifiers:
	control bits
	vcasc_n

	x  [0÷255]
	Vdd - [(x/16)*60μA*2.56KΩ]

	00000000
	Vdd

	00000001
	Vdd – 9.6mV

	…
	…

	11111111
	Vdd – 2.448V



	Default value
	

	positive polarity:    11010010
	1.284V

	negative polarity:   11010010
	1.284V


7. vcasc_p (( vcasc_p_buff, vcasc_p_shap, vcasc_p_x10)

The same as vcasc_n (point6), but in this case the cascode is a pmos-type (so vcasc_p is set to a higher value than vcasc_n).

	Default value
	

	positive polarity:    10000000
	2.071V

	negative polarity:   10000000
	2.071V


8. ref

ref is a global reference which is buffered locally (inside each channel) to generate the reference input voltages for the LEC’s and the HEC’s preamplifiers.
	control bits
	ref 

	x  [0÷255]
	(x/16)*60μA*2.4KΩ

	00000000
	0 V

	00000001
	9 mV

	…
	…

	11111111
	2.295 V


	Default value
	

	positive polarity:    10110010
	1.602V

	negative polarity:   00010110
	0.198V


ref is connected to two PADs (top and bottom of the ASIC).

9. biasRC_preAmp_HEC

This is the gate voltage of the active transistor active as a resistor in the preamplifier’s compensation circuit. An adjustment of this value may be necessary to ensure stability when operating with different values for the detector capacitance.

	control bits
	biasRC_preAmp_HEC

	x  [0÷255]
	(x/16)*60μA*2.4KΩ

	00000000
	0 V

	00000001
	9 mV

	…
	…

	11111111
	2.295 V


	Default value
	

	positive polarity:    01011100
	0.828V

	negative polarity:   01011100
	0.828V


This voltage is buffered globally, and connected to two output PADs (top and bottom of the ASIC).
10. vcasc_preAmp_HEC
cascode voltage (nmos cascode) for the HEC preamplifier. This voltage is buffered globally.

	control bits
	vcasc_preAmp_HEC

	x  [0÷255]
	(x/16)*60μA*2.4KΩ

	00000000
	0 V

	00000001
	9 mV

	…
	…

	11111111
	2.295 V


	Default value
	

	positive polarity:    01101000
	0.936V

	negative polarity:   01101000
	0.936V


11. Ibias_LFfdbk

Ibias_LFfdbk sets the bias current for the Low Frequency Feedback (LFfdbk) of the preamplifier. It is mirrored locally in each LFfdbk block and scaled down to 1/104 of the original value.
	control bits
	Ibias_LFfdbk

	x  [0÷15]
	((x+1)/16)*160μA

	0000
	10 μA

	0001
	20 μA

	…
	…

	1111
	160 μA


	Default value
	

	positive polarity:    0000
	10 μA

	negative polarity:   0000
	10 μA


12. biasRC_preAmp
like biasRC_preAmp_HEC (point 9), for LEC. This voltage is buffered globally.

biasRC_preAmp is connected to two output PADs (top and bottom of the ASIC).

	Default value
	

	positive polarity:    01011100
	0.828V

	negative polarity:   01011100
	0.828V


13. Ibias_preAmp_SF
bias current for the output stage of the preamplifier (Source Follower), for both LEC and HEC. 
	control bits
	Ibias_preAmp_SF
	I_SF (Source Follower’s current)

	x  [0÷15]
	((x+8)/16)*25μA
	200*((x+8)/16)*25μA

	0000
	12.5 μA
	2.5 mA

	0001
	14.06 μA
	2.81 mA

	…
	…
	…

	1111
	35.94 μA
	7.5 mA


	Default value
	I_SF

	positive polarity:    1000
	5mA

	negative polarity:   1000
	5mA


14. vcasc_preAmp
like vcasc_preAmp_HEC (point10), for LEC. This voltage is buffered globally.

vcasc_preAmp_HEC is connected to two output PADs (top and bottom of the ASIC).

Simulations have shown a crosstalk reduction when this net is loaded with an external capacitor C≥100nF. 

	Default value
	

	positive polarity:    01101000
	0.936V

	negative polarity:   01101000
	0.936V


15. Ibias_preAmp

bias current for the preamp (first two stages, not  Source Follower).

	control bits
	Ibias_preAmp
	Itail first stage
	Ibias second stage

	x  [0÷15]
	((x+8)/16)*25μA
	84*((x+8)/16)*25μA
	44.5*((x+8)/16)*25 μA

	0000
	12.5 μA
	1.05 mA
	556 μA

	0001
	14.06 μA
	1.181 mA
	626 μA

	…
	…
	…
	…

	1111
	35.94 μA
	3.019 mA
	1.6 mA


	Default value
	

	positive polarity:    1000
	1.112 mA

	negative polarity:   1000
	1.112 mA


16. threshold_link

This is the reference voltage for the comparator which controls the clamp switch across the link diodes. It must be set to a value above or below the preamplifier’s input reference voltage, according to the chosen polarity:

	input reference
	threshold_link

	0.2V (negative polarity)
	<0.2V

	1.6V (positive polarity)
	>1.6V


N.B.: if the input reference is changed then the threshold_link value must track it as stated above

	control bits
	threshold_link

	x  [0÷255]
	(x/16)*60μA*2.4KΩ

	00000000
	0V

	00000001
	9mV

	…
	…

	11111111
	2.295V


	Default value
	

	positive polarity:    10101010
	1.530V

	negative polarity:   00010100
	0.180 V


threshold_link is connected to two output PADs (top and bottom of the ASIC).
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