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1-Introduction

This document presents all other functional blocks implemented in the Ultimate sensor. Theses blocks have been already used in our previous sensor and therefore validated by the measurements.
For biasing the Ultimate chip, 18 DAC constituting the register BIAS_DAC are built with the same current mode 8 bits DAC which has a 1 µA resolution and one specific 4 bits DAC for setting the pixel clamping voltage. Specific interfaces as current mirrors for current sourcing or sinking, resistors or others blocks for voltage customize each bias output. These signals are adjusted during the calibration phase. The figure 1 presents the biasing bloc diagram of the chip.
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Figure 1: Bias synthetic bloc diagram
2-The 8 bit current DAC
The DAC works at low frequency (max. freq. 1 MHz). The DAC architecture is based on a current steering segmented architecture. It is divided into 2 parts: a 2 bit DAC with binary weighted current cells and a 6 bit DAC with an array of 26 unit current cell (see fig. 2-a). The conventional symmetrical switching scheme for the current sources can compensate partly the spatial error and static non-uniformity related to the technology tolerance. This DAC architecture is a trade-off between better DNL, less glitches but increased decoding complexity. The output current is the sum I2bit + I6bit :

[image: image2.wmf][

]

2

7

1

6

0

5

2

4

1

3

0

2

1

1

0

0

2

2

2

(

8

)

2

2

2

(

4

)

2

2

(

q

q

q

q

q

q

I

q

q

I

I

ref

ref

out

+

+

+

+

+

+

+

=


The Iref current is 1 µA. The output current Iout varies from 0 to 255 µA for full scale.

If we look at the current cell, the transistor of the source has a large gate area to reduce the mismatch. This transistor is also cascoded to improve the dynamic performance. The source transistor is then isolated from the switches and the cascode transistor with small size can settle faster during switching transition.
A shift register controlled by JTAG allows the loading of the digital input code.


[image: image3.emf]Iref

q

0

q

1

q

1

4.Iref 4.Iref 4.Iref 4.Iref 4.Iref 4.Iref 4.Iref 4.Iref

Iout 4.Iref

Array of 2

6

current cells 

R

o

w  

d

e

c

o

d

e

r

Column decoder

q

7

,q

6

,q

5

q

4

,q

3

,q

2


Figure 2-a: DAC principle and schematic of the current cell

This DAC has been already implemented and tested in many successive MAPS prototypes (as PHASE1 and MIMOSA-26). The figure 2-b and 2- c show an example of measured linearity of the voltage reference VRef2 and VRef1 made by the test team at LBNL.
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Figure 2-b: Linearity of the VRef2 DAC
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Figure 2-c: Linearity of the VRef1 DAC

3-The current reference

The current DAC need a reference fixing the smallest current unit (ILSB is 1 µA). The current reference architecture uses an op-amp with a NMOS transistor MN1 and a resistor R1 to convert the voltage to a current (see figure 3). The negative feedback loop ensures that the current IREF flowing through MN1 is always equal to the reference voltage VREF divided by R1. The current reference is given by: 
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The op-amp has always an offset voltage Vos and the current reference is:
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The small signal output resistance routref of the current reference is given by:
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Where ro1 is the output impedance of the transistor MN1, gm1 its transconductance, gmpmos the transconductance of the PMOS transistor mounted in diode and A, the open loop gain of the op-amp.
The op-amp gain has to be very large to minimize the offset. The reference voltage VREF is generated by a band-gap voltage circuit available in the AMS library (BG05A). A PMOS current mirror allows the copying of the reference current. The current mirror is sized to minimize the noise and improve the matching. The voltages V_REF and VCS_REF for the DAC current source are internally decoupled to the ground. The current reference IREF is equal to 10 µA not to have a too big resistor in poly2. The current is divided by 10 by the PMOS current mirror.
The current reference depends of the temperature because the band-gap voltage and the resistor depend of the temperature. The temperature coefficient is respectively 40 10-6 /K for the band-gap and 0.6 10-3/K for the resistor. The current reference depends also of the process variation due to the resistor.
	Phase margin
	68 °

	Gain margin
	15 dB

	Gain
	93 dB

	BW
	573Hz

	Load capacitor
	50 fF

	Current consumption
	235 µA


Amplifier characteristics (T=27°C, VDDA=3 V, tm)

[image: image11.emf] 

B

a

n

d

-

g

a

p

V

-

I

 

c

o

n

v

e

r

t

e

r

M

i

r

r

o

r

1

M

i

r

r

o

r

2

M

i

r

r

o

r

3

A

m

p

l

i

f

i

e

r

 

B

i

a

s

i

n

g

 

I

r

e

f

V

r

e

f

A

M

N

1

M

N

6

M

N

3

R

1

F

i

g

u

r

e

 

3

:

 

C

u

r

r

e

n

t

 

r

e

f

e

r

e

n

c

e


3-1- Temperature and voltage supply dependency
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Figure 3-1-a: IREF versus temperature for 3 VDDA values, 2.7, 3 and 3.3V

The temperature variation for the IREF current is 7.3 nA/°C. One can say that the reference current is few sensitive to the temperature.
Models: tm (typical), Temp = 27 °C

	
	Vdda = 2.7 V
	Vdda = 3 V
	Vdda = 3.3 V

	I(MN1)
	10.06 µA
	10.06 µA
	10.06 µA

	I(MN6)
	1.011 µA
	1.012 µA
	1.013 µA

	I(MN3)
	1.010 µA
	1.011 µA
	1.012 µA


This table shows that the variations of the reference currents with the voltage supply are not significatives. 
3-2- Start time
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Figure 3-2-a: Start time of the current reference

Models: tm (typical), Vdda = 3 V

	
	27 °C

	Start time
	150 µs


3-3- Power dissipation as a function of the temperature
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Figure 3-3-a: Current consumption versus temperature
Models: tm (typical), Vdda = 3 V

	
	-10 °C
	27 °C
	40 °C

	Power dissipation
	263 µA
	295 µA
	306 µA


3-4- Noise simulation

Models: tm, Temp = 27 °C, Vdda = 3 V, Frequency range: 1 – 100e6 Hz

Small signal noise analysis:

	
	Typical current
	Output Noise at 1 Hz
	Output Noise at 1kHz
	Integrated Noise

	I(MN1)
	10.06 µA
	25 pA/√Hz
	2.3 pA/√Hz
	7.0 nA

	I(MN6)
	1.012 µA
	4.2 pA/√Hz
	0.4 pA/√Hz
	3.7 nA

	I(MN3)
	1.011 µA
	4.2 pA/√Hz
	0.4 pA/√Hz
	2.6 nA


Noise power supply dependency

The noise power supply dependency is simulated by applying an ac source on the power supply and ground. The PSRR values are then extracted: PSRRVDDA = ∆Vsig / ∆Vdda =1 V (ac) and PSRRGNDA = ∆Vsig / ∆Gnda =1 V (ac). 
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Figure 3-4-a: PSRRVDDA and PSRRGNDA of the band-gap circuit
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Figure 3-4-b: PSRRVDDA at the voltage references output
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Figure 3-4-c: PSRRGNDA at the voltage references output
3-5- Matching and process variation
Vdda= 3 V, Monte-Carlo matching only, T= 27 °C
	
	Mean value
	Sigma

	V(BG)
	1.20 V
	8.09 mV

	I(MN1)
	10.00 µA
	72 nA

	I(MN6)
	1.00 µA
	12 nA

	I(MN3)
	1.00 µA
	14  nA
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Figure 3-5-a: IREF versus process variation (tm, ws and wp models)
The reference current is dependent of the process variation due to the resistance R1.
4- The reference voltages generation for the discriminator

The VRef1 voltage is applied at the input of the discriminator during the READ phase of the pixel row readout and the VRef2 voltage is applied at the same input during the CALIB phase. The difference VRef1 – VRef2 is the discriminator threshold. 
The VRef2 voltage adjustment is done by a global DAC common to all discriminators.VRef2 is defined by the common mode at the pixel output. The common mode at the input of discriminator is related to the pixel clamping voltage Vclp. This value can vary in the range of 1.9 V to 2.2 V. 
The source follower offset has been measured to ± 30 mV peak to peak and the first gain stage input offset has been estimated to ± 20 mV peak to peak. Therefore, at the input of discriminator, the maximum offset is estimated to ± 50 mV peak to peak.
For the VRef2 DAC, the voltage range can vary in the range of 0.75 V- 1.15 V in typical process. The DAC step has been defined to 10 mV.
The VRef1 voltage has to be very precise relatively to VRef2 voltage and will be adjustable for each group of 240 discriminators. A DAC step of 250 µV has been chosen, it represents a 1/4 of the discriminator resolution (1 mV rms).
4-1-Principle
The figure 4-1-a shows the block diagram of the circuit which generates the reference voltages VRef1 and VRef2 for each group of discriminators.
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Figure 4-1-a: Block diagram of the reference voltages generation circuit
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Figure 4-1-b: Principle of the reference voltage generation


The figure 4-1-b, c presents the principle and the schematic of the reference voltages circuit. The VREF2 voltage corresponding to the pixel baseline voltage is described by the equation:
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The VREF1 voltage, build from the VREF2 voltage that allows eliminating of the dispersion between them, is given by:
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where A is the gain of the amplifier.
4-2- Simulation results
4-2-1- Transient simulation
The figure 4-2-1-a, b and c shows the transient simulation of the reference voltages VRef1 and VRef2 as a function of the process (tm, ws and wp). In the typical conditions, the VRef2 DAC input code is 100 (1.012 V). When the VRef1 DAC code sweeps from 0 to 255, each 1 us, the voltage (VRef1_VRef2) varies in the range of – 32 mV to + 32 mV around the VRef2 voltage. One can see that the range of threshold values is independent of the process.
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Figure 4-2-1-a: transient simulation of VRef2 and VRef1 DAC (T= 27°C, VDDA =3 V, tm)
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Figure 4-2-1-b: transient simulation of VRef2 and VRef1 DAC (T= 27°C, VDDA =3 V, ws)
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Figure 4-2-1-c: transient simulation of VRef2 and VRef1 DAC (T= 27°C, VDDA =3 V, wp)


The table 4-2-1-b shows the evolution of the common-mode of the pixel with the process. The VRef2 DAC range can vary in the range of 0.7-1.36 V.
	Vclp
	tm 
	ws
	wp

	1.9
	0.84
	0.71
	1.09

	2.0
	0.92
	0.79
	1.18

	2.1
	1.01
	0.87
	1.27

	2.2
	1.10
	0.95
	1.36


Table 4-2-1-b
4-2-2- Monte Carlo simulation

A Monte-Carlo simulation has been done to estimate the circuit dispersion (see Figure 4-2-2-a). The standard deviation of the discriminator threshold (VRef2-VRef1) is σ = 4 mV rms. As the VRef1 and VRef2 voltages are then buffered before to be applied to the input of the discriminator, the total standard deviation is around 7 mV. Therefore, near 100 % of the chips could be adjustable by the DAC.
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Figure 4-2-2-a: MC results: histogram of VRef1-VRef2

4-2-3- Amplifier characteristic

The characteristics of the amplifier are summarized in the table 4-2-3, the nominal conditions are used in the simulation: T = 27 °C, VDDA = 3 V and tm process.

	Phase margin
	72 °

	Gain margin
	20 dB

	Gain
	80 dB

	BW
	2.2 kHz

	Load capacitor
	3 pF

	Current consumption
	280 µA


Table 4-2-3
4-3- Summary

The table 4-3 summarizes the circuit characteristic at T=27 °C, VDDA = 3 V and tm process.

	
	VRef2 DAC
	VRef1 DAC

	Typical value 
	1.012V
	1.012 V

	Typical DAC code
	100
	125

	Dynamic range
	0.5 V - 1.5 V
	-32 mV / +32 mV

	DAC input code
	50 - 150
	0 - 255

	1 LSB 
	10 mV
	250 µV

	Integrated Noise (1-100 MHz)
	200 µV
	230 µV

	Noise at 1 Hz
	17 µV/√Hz
	17 µV/√Hz

	Noise at 1 kHz
	0.8 µV/√Hz
	0.8 µV/√Hz

	Typical current consumption
	420 µA
	865 µA (with amplifier)


Table 4-3
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5- The clamping voltage

In Ultimate, the clamping voltage will be provided by a on chip voltage regulator. The performance requirements of this regulator are:

- Adjustable output voltage in the range of 1.9-2.2 V


- High power supply rejection ratio


- Low output noise


- No external compensation scheme


- Low power dissipation

The load capacitor is the parasitic capacitance of the line Vclp and can be estimated to around 5 nF. There is no load current flowing into the regulator.
Clamping Voltage Regulator Design Report

                                                                        --------For Ultimate             WANG Jia
1. Introduction

 In the update of STAR, high resolution means more sensors, which will dramatically increase the amount of cables. Larger space will be required by increasing the number of cables. In the other hand, the cable worsens the material budget and degrades the radiation length. To resolve these problems, the reference voltages provided by external cables are necessarily generated on chip by integrated regulators. The on-chip regulators also bring other benefits such as eliminating the interaction between cables and decreasing the power consumption dissipated on the cables.  

In the MAPS design, a regulator is required to provide the clamping voltage for the coupled-double-sampling (CDS) operation. Since the clamping voltage is connected to each pixel, the load capacitance will be extremely large for the large pixel array. For example, the value of the load capacitance is up to 5 nF for Ultimate. With such a load condition, the stability of the regulator becomes a big challenge. Moreover, no external passive components can be approved for frequency compensation in the particle tracking applications of STAR experiments. Consequently, a full-custom application-specific regulator should be developed.

2. Schematic and analysis
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    The compensation circuit is composed of a serial RC network and a buffer. The buffer pushes the pole locating the gate of Mpw and output of EA to the high frequency. The pole-zero expressions are shown as below:
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where, Cz is the on resistance of Mz. Rout is the output resistance seen at the drain of Mpw and Rout= (RA+RB)//rds,Mpw. Cpixpar is the total parasitic capacitor. ro1 is the output resistor of error amplifier. Cbuf is the gate capacitor of Msf1, rbuf is the output resistor of the buffer and CpMOS is the gate capacitor of the power transistor.

3. Simulation results

The load current capability:

     Corner: typical. Temp= 27°. Vbg=1.2V
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The maximum current this regulator can afford is about 0.1899 mA.
The stability simulated:  (sweep the digital signal of DAC b3b2b1b0:11110-0000 & corner & Cload=5 nF)
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The phase margin is around 50. In the corner wz, the regulator doesn’t work at right operation point. Thus the phase margin is too large.

The noise performance:

The integrated noise (10 kHz – 30 MHz), Corner & b3b2b1b0 & Cload=5 nF
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The equivalent output noise:
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The detail:
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PSRR:
Corner & b3b2b1b0 & Cload=5 nF
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The DAC affects the value of the PSRR but the PSRR is lower than -40 dB.
4. Conclusion

    This regulator is suit to the large capacitive load by a relatively small capacitor. But this regulator can’t afford large load current. 

6- The temperature sensor


The schematic of the sensor temperature is presented on the figure 6-a. The current in the bipolar transistor can be expressed by:
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Assuming that the current is dependant of the temperature (Ic ~ Tm), then the base emitter voltage VBE can be written as:
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We can see that the VBE voltage depends linearly of the temperature at the first order (typically ~ -2 mV/°C).
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Figure 6-a: schematic of the temperature sensor

This temperature sensor has been implemented in MIMOSA26 chip. The figure 6-b and c show an example of temperature measurement.
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Figure 6 b: Measure of the diode voltage (VBE) as a function of the current Ic
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Figure 6-c: Measure of the diode voltage (VBE) as a function of the temperature
7- The LVDS pads
7-1- The LVDS transmitter

Differential serial data transmission provides scalable bandwidth, noise rejection, delay and skew immunity. It represents an efficient solution to carry data at high-speed on long-distance connection. In Phase1, 4 LVDS transmitters have been implemented. This design has been reused and in addition, we will have the possibility in the Ultimate sensor to disable the transmitter (high impedance state).
The LVDS transmitter design is based on the article of Andrea Boni et al. referenced below:

LVDS I/O Interface for Gb/s-per-Pin Operation in 0.35 µm CMOS published in the IEEE Journal State Circuits, Vol. 36, N ° 4, April 2001

7-1-1 Principle
The LVDS transmitter uses balanced signals to provide very high speed interconnection using a low voltage swing (400 mV maximum). The LVDS is an IEEE standard (ANSI/TIA/EIA-644) whose the main electrical specifications for the transmitter are summarized below:

- The line termination resistor at the receiver is 100 Ω. 

- The maximum differential swing is +/- 400 mV, the minimum swing is +/- 125 mV.  

- The common mode range has to be comprised between 1.125 V and 1.375 V.

The LVDS transmitter works in a current mode configuration. A constant current is sent between the two single ended outputs terminated with a 100 Ω load resistor (see figure 7-1-1-a). The transistor MP5 operates as a current source and the transistor MN6 as current sink. A switching scheme allowing the polarity change of the output current consists in 4 transistors MN1 to MN4 which are on or off by pair, depending on the data to be transmitted.

An input system allows generating two signals in opposite phase IN+ and IN- necessary to control the switching transistors gates. In order to stabilize the output common mode level, a differential amplifier senses the common mode voltage through two resistors of 8 kΩ and compares this value to the reference voltage provided by a bandgap circuit (VBG). A fraction of the bias current flowing across the load transistors of the amplifier is mirrored to MP5 and MN6 to force the common mode voltage at the reference voltage. An ac analysis has been performed at the feedback node VCM and reported on the figure 7-1-1-b.
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Figure 7-1-1-a: Generation of balanced signals
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Figure 7-1-1-b: ac analysis at the feedback node VCM for the schematic of the transmitter shown figure 7-1-1-d.

The test bench used for the simulation is presented Figure 7-1-1-c. It includes the transmitter with the pad capacitors, the inductance of the bond wires estimated to 5nH and loaded by a capacitance at each ended output (Cload). The termination resistor of 100 Ω is inserted between the outputs. The current to bias the transmitter, noted ilvds, can be adjusted by an internal DAC. The common-mode voltage is given by a bandgap circuit. The transmitter schematic is presented Figure 7-1-1-d.
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Figure 7-1-1-c: Test bench of the transmitter simulation
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7-1-2- Simulation results
7-1-2-1-Nominal condition

The figures 7-1-2-1a and 7-1-2-1b show the simulation of the transmitter in nominal condition (process tm, ilvds_tx= 40 µA, T= 30°C, VDD= 3 V, Freq= 160 MHz) for a load capacitance respectively of 1pF and 10 pF.
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Figure 7-1-2-1a: Output waveforms of the transmitter in nominal conditions (process tm, ilvds_tx= 40 µA, T= 30°C, VDD=3 V, Freq= 160 MHz), the load capacitance is 1 pF. At the top of the figure, the voltage at the input of transmitter is presented. In the middle, the single ended output signals OUTN and OUTP and the differential signal v (OUTP)-v (OUTN) are shown. At the bottom of the figure, the common-mode voltage (v (OUTP) +v (OUTN))/2 is presented.
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Figure 7-1-2-1b: Same output waveforms in nominal conditions (process tm, ilvds_tx= 40 µA, T= 30°C, VDD=3 V, Freq= 160 MHz), the load capacitance is 10 pF.

The next simulations show the output characteristics and waveforms in function of the ilvds_tx current, the temperature, the supply voltage and process. The transmitter characteristics are defined Figure 7-1-2-1c.
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Figure 7-1-2-1c: Vin is the signal applied at the input of the transmitter, Vdiff the output differential signal and Vcm the output common-mode signal.

Transmitter characteristics: delay, duty-cycle, estimation of differential and common-mode variation in the different states between 0 and 1. Note that theses variations are over-evaluated because the peaks during the transition are taken into account in the calculation.

7-1-2-2- Influence of the ilvds_tx current
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Figure 7-1-2-2a: Ouput characteristics and waveforms versus the ilvds_tx current

The simulation parameters are: tm process, T= 27 °C, VDD= 3 V, Cload= 1 pF.
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Figure 7-1-2-2b: Ouput characteristics and waveforms versus the ilvds_tx current

The simulation parameters are: tm process, T= 27 °C, VDD= 3 V, Cload= 10 pF.

7-1-2-3- Influence of the temperature
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Figure 7-1-2-3a: Output characteristics and waveforms versus temperature

The simulation parameters are: tm process, ilvds_tx= 40 µA, VDD = 3 V, Cload= 1 pF.
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Figure 7-1-2-3b: Output characteristics and waveforms versus temperature

The simulation parameters are: tm process, ilvds_tx= 40 µA, VDD = 3 V, Cload= 10 pF.

7-1-2-4- Influence of the supply voltage
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Figure 7-1-2-4a: Output characteristics and waveforms versus supply voltage

The simulation parameters are: tm process, ilvds_tx= 40 µA, T= 27°C, Cload= 1 pF.
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Figure 7-1-2-4b: Output characteristics and waveforms versus supply voltage

The simulation parameters are: tm process, ilvds_tx= 40 µA, T= 27°C, Cload= 10 pF.

7-1-2-5- Influence of the process
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Figure 7-1-2-5a: Output characteristics and waveforms versus ilvds_tx current for ws process.
The simulation parameters are: T=30°C, VDD=3 V, Cload= 1 pF.
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Figure7-1-2-5b: Output characteristics and waveforms versus ilvds_tx current for ws process.
The simulation parameters are: T=30°C, VDD=3 V, Cload= 10 pF.
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Figure 7-1-2-5c: Output characteristics and waveforms versus ilvds_tx current for wp process.
The simulation parameters are: T=30°C, VDD=3 V, Cload= 1 pF.
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Figure 7-1-2-5d: Output characteristics and waveforms versus ilvds_tx current for wp process.
The simulation parameters are: T=30°C, VDD=3 V, Cload= 10 pF.

7-1-3 Summary
In nominal condition (i.e. T= 30°C, VDD= 3 V, ilvds_tx= 40 µA (#UDAC) and Cload= 10 pF), the table 7-1-3 summarizes the transmitter parameters versus process.

	Process
	tm
	ws
	wp

	Delay (ns)
	1.45
	1.87
	1.10

	Duty cycle (%)
	49.8/50.2
	49.5/50.5
	49.9/50.1

	Current consumption (mA)
	4.6
	4
	5.9

	Common-mode voltage(V)
	1.184
	1.182
	1.1715

	Differential swing (mV)
	+/- 300
	+/- 265
	+/- 400


Table 7-1-3

Note that the LVDS transmitter can be set at high impedance by JTAG access. The current ilvs can be adjusted by an internal DAC. Therefore, the differential amplitude of the output signal can be controlled and possibly reduced in order to save consumption. 
7-2- The LVDS receiver

7-2-1 Principle

The LVDS receiver architecture is based on a complementary folded-cascode amplifier in open-loop configuration. The input stage consists of two complementary differential input pair connected in parallel to ensure the rail-to-rail operation. One of the two pairs is always active for any input common mode level. With this approach, the small signal (Gm) and the large signal (SR) behaviour can show large variation when the input common mode voltage sweeps from 0 to the supply voltage and therefore different time response are obtained. A high gain-bandwidth product GBW is necessary to work at high speed over the input common mode range. A NMOS pair connected in parallel to the main input NMOS pair has been added to ensure the 25 mV hysteresis. An output stage composed of cascaded inverters allows reducing the rise time of the signal, restoring the full CMOS levels and driving a capacitor of 1 pF.

[image: image61.wmf]
Figure 7-2-1-a: Test bench for the simulation of the receiver
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7-2-2- Simulation results
7-2-2-1 The current in the receiver ilvds_rx versus UDAC
The figures 7-2-2-1a,b,c present the current at the input of the receiver, ilvds_rx as a function of time (knowing that 1 us equal 1 UDAC) and for various temperature, supply voltage and process.
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Figure 7-2-2-1a: Current at the input of the receiver (ilvds_rx) versus temperature

1UDAC = 1 us; VDD = 3V; tm process
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Figure 7-2-2-1b: Current at the input of the receiver (ilvds_rx) versus VDD

<0>: vdd = 3V; <1>: vdd = 3.3; <2>: vdd = 2.7 V; T = 27 °C; tm
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Figure 7-2-2-1c: Current at the input of the receiver (ilvds_rx) versus process

<0> : tm ; <1> : wp ; <2> : ws 


T = 27 °C ; VDD = 3V

7-2-2-2- Receiver characteristics
The receiver characteristics are presented in the figure 7-2-2-2a. Two single ended voltages of low amplitude vip and vin are applied at the inputs of receiver. The differential signal is defined by the amplitude vdiff= vip-vin and the common mode vcm=(vip+vin)/2. The output voltages are single-ended voltages: the output of the OTA named outA and the receiver output after the bufferisation.
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Figure 7-2-2-2a: the difference voltage at the receiver inputs is a low amplitude voltage (vdiffpp), the output signal of the receiver is a single-ended voltage.
Receiver characteristics: rise time, fall time, delay, duty cycle and frequency of the receiver output vout.

7-2-2-3- Influence of the input current lvds_rx


The figure 7-2-2-3 presents the receiver characteristics versus the input current lvds_rx.
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Figure 7-2-2-3: Output characteristics versus the current ilvds_rx (# UDAC)

The simulation parameters are: T = 27°C; VDD = 3V; tm process; Cload = 1 pF ; vdiffpp = 100 mV ; vcm = 1.2V.

7-2-2-4- Influence of the temperature

The figure 7-2-2-4 presents the receiver characteristics versus temperature.
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Figure 7-2-2-4: output characteristics versus temperature

The simulation parameters are: Ilvds_rx= 32 uA; VDD = 3V; tm; Cload = 1 pF; vdiffpp = 100 mV; vcm = 1.2V.

7-2-2-5- Influence of the power supply

The figure 7-2-2-5 presents the receiver characteristics versus power supply.
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Figure 7-2-2-5: Output characteristics for VDD = 2.7V; 3V and 3.3V

The simulation parameters are: Ilvds_rx= 32 uA; T=27°C; tm; Cload = 1 pF; vdiffpp = 100 mV; vcm = 1.2V.

7-2-2-6- Receiver hysteresis

The figure 7-2-2-6a, b, c present the receiver hysteresis voltage versus the input current ilvds_rx, the temperature and the common-mode respectively.
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Figure 7-2-2-6a: Receiver hysteresis Vhyst as a function of the input current ilvds_rx

The simulation parameters are: T=27°C; VDD=3V; tm; Cload = 1 pF; vcm = 1.2V.
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Figure 7-2-2-6b: Receiver hysteresis Vhyst as a function of temperature

The simulation parameters are: ilvds_rx= 32 µA; VDD=3V; tm; Cload = 1 pF; vcm = 1.2V.
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Figure 7-2-2-6c: Receiver hysteresis Vhyst as a function of common mode vcm

The simulation parameters are: ilvds_rx= 32 µA; T=27 °C; VDD=3V; tm; Cload = 1 pF.

The table 7-2-2-6 summarizes the receiver characteristics versus process. The figures 7-2-2-6d,e,f present the output waveforms at the output of the OTA and at the receiver output after bufferisation versus process for 3 common-mode voltages 0, 1.2V and 3V. The figure 7-2-2-6g describes the evolution of the receiver hysteresis versus common mode and process.

	Process
	Rise time (ps)
	Fall time (ps)
	Delay (ns)
	Duty cycle (%)
	Frequency (MHz)
	Vhyst (mV)

	tm
	884.9
	599.8
	3.19
	51.6 / 47.1
	158.3
	29.7

	wp
	647.5
	443.7
	2.27
	48.6 / 51.4
	160
	24.6

	ws
	1154
	777.3
	3.44
	40.2 / 57.4
	156.7
	34.4


Table 7-2-2-6: receiver characteristics in function of process

With the parameters: ilvds_rx= 32 uA; T=27°C; VDD = 3V; Cload = 1 pF; vdiffpp = 100 mV; vcm = 1.2V.
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Figure 7-2-2-6d: Output waveforms for common mode voltage vcm= 0, 1.2 and 3V

The simulation parameters are: ilvds_rx= 32 µA; VDD=3V; tm; Cload = 1 pF; vdiffpp = 200 mV.
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Figure 7-2-2-6e: Output waveforms for common mode voltage vcm= 0, 1.2 and 3V
The simulation parameters are: ilvds_rx= 32 µA; VDD=3V; wp; Cload = 1 pF; vdiffpp = 200 mV.
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Figure 7-2-2-6f: Output waveforms for common mode voltage vcm= 0, 1.2 and 3V
The simulation parameters are: ilvds_rx= 32 µA; VDD=3V; ws; Cload = 1 pF; vdiffpp = 200 mV.
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Figure 7-2-2-6g: Receiver hysteresis Vhyst as a function of common mode vcm and process

<0>: tm; <1>: wp; <2>: ws

The simulation parameters are: ilvds_rx= 32 µA; T=27 °C; VDD=3V; tm; Cload = 1 pF.

7-2-2-7- worst case: receiver characteristics at T=125°C, VDD=2.7 V


The figures 7-2-2-7a, c present the receiver characteristics in the worst case (high temperature and low supply voltage) for typical process, respectively versus the input current ilvds_rx and the common mode vcm. The figure 7-2-2-7b describes the receiver hysteresis versus ilvds_rx. The figures 7-2-2-7d, e, f and 7-2-2-7g, h, i show the same characteristics but for worst speed (ws) and worst power (wp) process.

For the figures 7-2-2-7c, f, i, the current ilvds_rx is adjusted to keep the duty cycle at 50-50%.
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Figure 7-2-2-7a: Output characteristics in function of the current ilvds_rx for tm process

The simulation parameters are: Cload = 1 pF; vdiffpp = 200 mV; vcm = 1.2 V.
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Figure 7-2-2-7b: Receiver hysteresis in function of the current ilvds_rx for tm process

The simulation parameters are: Cload = 1 pF; vcm = 1.2 V.
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Figure 7-2-2-7-c: Output characteristics versus the common mode voltage vcm for tm process

The simulation parameters are: Cload = 1 pF; vdiffpp = 200 mV; ilvds_rx= 22 µA.
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Figure 7-2-2-7d: Output characteristics in function of the current ilvds_rx for ws process

The simulation parameters are: Cload = 1 pF; vdiffpp = 200 mV; vcm = 1.2 V.
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Figure 7-2-2-7e: Receiver hysteresis in function of the current ilvds_rx for ws process
The simulation parameters are: Cload = 1 pF; vcm = 1.2 V.
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Figure 7-2-2-7f: Output characteristics versus the common mode voltage vcm for ws process

The simulation parameters are: Cload = 1 pF; vdiffpp = 200 mV; ilvds_rx = 21 µA.
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Figure 7-2-2-7g: Output characteristics in function of the current ilvds_rx for wp process

The simulation parameters are: Cload = 1 pF; vdiffpp = 200 mV; vcm = 1.2 V.
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Figure 7-2-2-7h: Receiver hysteresis in function of the current ilvds_rx for wp process

The simulation parameters are: Cload = 1 pF; vcm = 1.2 V.
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Figure 7-2-2-7i: Output characteristics versus the common mode voltage vcm for wp process

The simulation parameters are: Cload = 1 pF; vdiffpp = 200 mV; Ilvds_rx = 22 µA.

7-2-2-8- Variation of the input voltages level versus ilvds_rx

In the real operation, the input voltages in state 0 and 1 are not perfectly symmetric and the common mode voltage and the amplitude of the input differential signal may vary between the two states. The simulation for a variation in the common mode (∆vicm) and in the differential amplitude of the input voltages (∆|vid|) are reported in figure 7-2-2-8a, b.

The figures 7-2-2-8c, d, e, f present the receiver output characteristics as a function of the current lvds_rx for a variation of ∆|vid| = 25 mV at two temperature 30 and 125 °C and for VDD = 3 V.The figure 7-2-2-8g, h, i, j present the receiver output characteristics as a function of the current lvds_rx for a variation of ∆vicm= 25 mV.
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Figure 7-2-2-8a: Variation of the common mode voltage ∆vicm in the input voltages levels in state 0 and in state 1
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Figure 7-2-2-8b: Variation of the differential voltage ∆|vid| in the input voltages levels in state 0 and state 1
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Figure 7-2-2-8c: Output characteristics versus ilvds_rx for ∆|vid|=25 mV in state 0

The simulation parameters are: tm, T=30°C, VDD = 3 V; Cload = 1 pF, vdiffpp = 200 mV.
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Figure 7-2-2-8d: Output characteristics versus ilvds_rx for ∆|vid|=25 mV in state 0
The simulation parameters are: tm, T=125°C,VDD = 3 V, Cload = 1 pF, vdiffpp = 200 mV.
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Figure 7-2-2-8e: Output characteristics versus ilvds_rx for ∆|vid|=25 mV in state 1
The simulation parameters are: tm, T=30°C, VDD = 3 V, Cload = 1 pF; vdiffpp = 200 mV.
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Figure 7-2-2-8f: Output characteristics versus ilvds_rx for ∆|vid|=25 mV in state 1

The simulation parameters are: tm, T=125°C, VDD = 3 V, Cload = 1 pF, vdiffpp = 200 mV
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Figure 7-2-2-8g: Output characteristics versus ilvds_rx for ∆vicm=25 mV in state 0

The simulation parameters are: tm, T=30°C, VDD = 3 V, Cload = 1 pF, vdiffpp = 200 mV.
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Figure 7-2-2-8h: Output characteristics versus ilvds_rx for ∆vicm=25 mV in state 0
The simulation parameters are: tm, T=125°C,VDD = 3 V, Cload = 1 pF, vdiffpp = 200 mV.
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Figure 7-2-2-8i: Output characteristics versus ilvds_rx for ∆vicm=25 mV in state 1

The simulation parameters are: tm, T=30°C, VDD = 3 V, Cload = 1 pF, vdiffpp = 200 mV.
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Figure 7-2-2-8j: Output characteristics versus ilvds_rx for ∆vicm=25 mV in state 1
The simulation parameters are: tm, T=125°C, vdd = 3 V, Cload = 1 pF, vdiffpp = 200 mV.

7-2-3 Summary
In the nominal conditions (T=30°C, VDD=3 V and tm process), the optimum current is around 32 µA. The input voltage levels in the simulation are: vdiffpp= 200 mV and vcm= 1.2 V. The table 7-2-3-a summarizes the receiver characteristics.
	Nominal condition
	30 °C, 3V, tm

	Ilvds_rx (#UDAC) (µA)
	32

	Rise time (ns)
	0.89

	Fall time (ns)
	0.60

	Delay (ns)
	2.5

	Duty-cycle (%)
	52-48

	Vhyst (mV)
	29.4


Table 7-2-3-a
In the worst case (T=125 °C, VDD=2.7 V and tm process), there is also an optimum point to obtain a duty-cycle in the range of 45-55. The value of current ilvds_rx needs to be reduced whatever the process (see table 7-2-3-b).
	process
	tm
	ws
	wp

	Ilvds_rx (#UDAC) (µA)
	22
	21
	22

	Vhyst (mV)
	32.8
	37
	29.2

	Duty-cycle (%)
	46-54
	49-51
	50-50

	Delay (ns)
	3.45
	4.32
	2.4

	Range of vcm (V)
	0.5-2.2
	0.85-1.9
	0.25-2.4


Table 7-2-3-b
In the real operation, the input voltage signals in state 0 and 1 are not perfectly symmetric and the common mode voltage and the input differential signal can vary between the two states 0 and 1. The simulation results for tm process are reported table 7-2-3-c. The differential input signal peak-peak is 200 mV and the common mode is fixed at 1.2V.

For a variation of the input differential amplitude ∆|vid|=25 mV in state 0, the current ilvds_rx can be adjusted to keep the 50-50 duty cycle but in state1, it is not possible to tune this current to retrieve the duty cycle.

	
	30 °C, state0
	30 °C, state1
	125 °C, state0
	125 °C, state1

	Ilvds_rx (#UDAC) (µA) 
	48
	25
	37
	30

	Duty-cycle (%)
	50-50
	44-56
	50-50
	40-60

	Delay (ns)
	2.2
	2.8
	2.8
	3.28


Table 7-2-3-c
For a variation of the input common mode ∆vicm=25 mV, the value of lvdx_rx is constant for the 50-50 duty cycle (see table 7-2-3-d).

	
	30 °C, state0
	30 °C, state1
	125 °C, state0
	125 °C, state1

	Ilvds_rx (#UDAC) (µA) 
	22
	20
	20
	20

	Duty-cycle (%)
	50-50
	50-50
	50-50
	50-50

	Delay (ns)
	2.76
	2.86
	3.32
	3.36


Table 7-2-3-d
Note that the lvds receiver can be disabled by JTAG access. The bias current ilvds can be adjustable by a internal DAC.
Figure 4-1-c: Schematic of the discriminator reference voltages circuit
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Figure 7-1-d: Schematic of the transmitter





Figure 7-1-1-d: schematic of the transmitter
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Figure 7-2-1-a: Schematic of the receiver
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