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Introduction: Current mode logic (CML) circuits are widely used in digital, analog, and analog/mixed circuits due to their high-speed operation which makes them suitable for RF applications [START_REF] Sayed | A 1.5to-3.0GHz Tunable RF Sigma-Delta ADC With a Fixed Set of Coefficients and a Programmable Loop Delay[END_REF] and wireline transceivers [START_REF] Kim | A 112Gb/s PAM-4 transmitter with 3-Tap FFE in 10nm CMOS[END_REF]. CML amplifier shown in Fig. 1(a) has an output common-mode (VoCM) of

𝑉𝑜 𝐶𝑀 = 𝑉𝐷𝐷 -𝐼𝑅 (1) 
Where VDD is the supply voltage, I is the bias current and R is the load resistance. Supply voltage and load resistance in (1) are sensitive to PVT variations causing the common-mode voltage to change which may cause the preceding blocks to fail if they do not have a wide input common-mode range. One of the techniques to control the common mode is to apply current trimming by using multiple current mirrors, but this technique suffers from discrete control of each chip during testing. Another approach is to use a poly current reference generator [START_REF] Chen | 1 V CMOS current reference with 50 ppm/°C temperature coefficient[END_REF] but this approach will require an extra blockreference generatorto be added as in [START_REF] Lin | A Self-Adaptive and PVT Insensitive Clock Distribution Network Design for High-Speed Memory Interfaces[END_REF] which uses not only a bandgap reference but also an adjust network to select the suitable bias for the CML blocks. Also in [START_REF] Almada | Design and physical implementation of an analog receiver for a 2.5Gbps SerDes[END_REF] instead of using any of the mentioned techniques, a CML to CMOS circuit is used to avoid the change in the output common mode voltage of the CML, but this circuit adds extra delay and power which can cause problems in some systems as in [START_REF] Sayed | A 1.5to-3.0GHz Tunable RF Sigma-Delta ADC With a Fixed Set of Coefficients and a Programmable Loop Delay[END_REF].

Proposed design: the proposed design shown in Fig. 1 

Where 𝑉 𝑇0 is the threshold voltage when 𝑉 𝐵 =0 V. Other parameters and their values can be found in [START_REF] Shopov | A 3 x 60Gb/s Transmitter/Repeater Front-End With 4.3Vpp Single-Ended Output Swing in a 28nm UTBB FD-SOI Technology[END_REF] which uses the same technology used in this design. Fig. 3 shows the variation of current with VB for fixed length and multiple widths. Assuming a 10% variation in supply and 20% variation in load resistance, we can determine the minimum and maximum currents needed to keep the output common-mode fixed, and then by using results in Fig. 3 we can choose suitable current tail width to cover the required current range.

Design example: to verify the concept, 2 CML amplifiers are designed, a conventional one and one with the proposed feedback using the error amplifier shown in Fig. 4 . The VoCM is selected to be 0.5 V (VDD/2) and load resistance of 500 is selected. From (1) a current of 1 mA is needed in each input pair, and by assuming 10% variation in VDD and 20% variation in load resistance, maximum and minimum currents can be calculated to be 1.5 mA and 0.67 mA respectively, then by using results in Fig. 3 the current tail width can be selected to be 4 μm.

Simulation Results: Fig. 5 shows the layout of the proposed amplifier, it occupies an area of 16 μm x 9 μm with only 9 μm x 5.5 μm for the error amplifier which proves lower area overhead compared to the reference generator. Fig. 6 shows the PVT result for the 2 systems, it can be clearly seen that the conventional CML amplifier exhibits large variation in the output common-mode voltage when compared to the proposed system. Table 1 shows the minimum and maximum output common-mode voltages for both systems across PVT variations of 10% supply voltage, temperature range from -40 C to 125 C, and process variations for resistances and MOSFETs.

The results show that without the feedback loop the common-mode voltage varies by more than 80% while the loop decreases the variation to only 6%. Also comparing the power consumption of the 2 systems, it can be seen that the proposed approach provides better results in terms of output common-mode variation with nearly the same power consumption. Conclusion: a simple feedback loop can be added to the conventional CML amplifier to allow fixed output common-mode voltage across PVT variation using the body bias advantage of the FD-SOI technology, this proposed method allows automatic control of output common-mode without using a current reference generator or discrete current trimming. 
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Table 1 :

 1 Output common-mode voltage across PVT variations

		Maximum	Minimum	Nominal	Power
		𝑉𝑜 𝐶𝑀	𝑉𝑜 𝐶𝑀	𝑉𝑜 𝐶𝑀	consumption
		(mV)	(mV)	(mV)	(mW)
	Conventional CML	649	131	500	2
	Proposed CML	533	502	500	2.1