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THE TEMPERATURE DRIFT IMPACT COMPENSATION METHOD IN A
HIGH-SPEED RECEIVER

The temperature drift impact compensation method in high-speed SerDes
applications is proposed in this paper. The operating temperature range of modern VLSI
circuits is -40...125°C. During the normal operation modes of integrated circuits, the
ambient temperature may have big variations. Based on the SPICE simulation results, the
impedance of MOSFET transistor varies in the range of -20% to 13% affecting the
reference current generation circuits’ temperature stabilities. Based on the proposed
solution, an analog-to-digital conversion algorithm detects the variation of reference
currents during the operation period of integrated circuits due to the temperature drift
impact, and a digital algorithm compensates that impact.

The simulation results show that the variation of the total current due to the
temperature drift is reduced by 22%. The solution is essential for the high-speed receivers
in the sensitive applications such as UAV systems, automobiles. aircrafts where ambient
temperature may vary drastically and in wide ranges.

Keywords: analog, comparator, operational amplifier, integrated circuit, IC, VLSI,
reliability, degradation.

Introduction. High-speed (HS) interface IPs are widely used in modern
applications. An example of such IPs are USB, D-PHY, M-PHY, HDMI etc. The
most sensitive part of those interface IPs are the receiver (RX) parts. They should
detect the signal transferred from transmitter (TX) PHYs through the transmission
line. To minimize the signal reflection in (1) TX output stage, the transmission line
and the receiver input stage impedances should be equalized:

Zyx—Zp

Ly = 7t 2 (1)

where Z. represents the receiver input stage impedance, while Z, is the
transmission line or the transmitter output stage impedance.

Modern RX IPs are using multi-PHY protocols where several serial data
come from parallel TX IPs. For such applications, the RX input stage replicates in
one place while the calibration bits for all lanes are generating simultaneously. For
such an operation, external precision resistor outside the integrated circuit (IC) is
placed [1]. An example presenting the block-diagram of the replica calibration
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mechanism is presented in Fig.1. The PMOS transistor operating in the saturation
region injects current to the external resistor. The current value is always equal to
the reference voltage generated by the internal bandgap reference generator [2]
divided to the resistance value of the external resistor and controlled by the
operational amplifier [3] operating in a negative feedback mode. The current mirror
architecture implemented by the Iref-Irext pair generates another reference current
which flows through the replica circuit. The comparator and SAR logic digital
algorithm is searches for the digital word code which better equalizes the voltage
drops on the replica and external resistor circuits.
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Fig. 1. The HS RX replica calibration mechanism

The Ierlrext pair inside the calibration block operates as a stable current
source generator. For other parts of HS RX where the stable currents play key
roles, the design of current sources should be implemented by using the gate-
source voltage of the PMOS devices and applying the corresponding W/L ratios for
further references. For NMOS-based current sources, architecture redesign is
necessary as shown in Fig.2.

Rext Rrep

Fig. 2. Bias current generation
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The problem description. The calibration mechanism of replica block is

described in Fig.3.
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Fig. 3. The default mechanism of HS RX replica calibration

As presented above, the calibration algorithm realization is done once during
the power-up of the HS RX. That means the required impedance value and the
corresponding calibration code and Vgs voltage detections are done considering the
current ambient temperature value. To determine the impact of the temperature
drift on the calibrated impedance value, the following test has been implemented:
the calibration mechanism enabled in case of -40°C ambient temperature and after it
done temperature has been shifted to the 125°C. The maximum calibration code is
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equal to 15 due to the 4-bit digital calibration mechanism. At -40°C calibration
code, the replica is equal to 13 as shown in Fig. 4. Replica impedance to the

external resistor impedance ratio is 24 which results in 1.5 mA current flowing

through the external resistor with 300 m ) reference voltage applied on top of it.
The current flowing through the replica should always be equal to 62.5 uA4 based
on the impedance ratio value.

Grapha

A

)

() ey
Koo aTan vireplics)
10 !
2 i N L L 103 wivbg)
T — T T T
¥ 08000
(A} =
H:m1azany ifrepliss)
T — T V¥
1.0m 00014935
| iresxt
|/ 4
! Bz 4861
(W) tizy
XiB1ava (eal_cods)
=
¥:13.0
1 [ i [
oo 10 15 2o 280 30u

Fig. 4. Replica calibration at -40°C

To evaluate the impact of temperature on the calibration process, the simulation
with 125°C has been performed. As shown in Fig.5, the calibration word code has
been decreased to 9. The code difference is equal to 4.
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Fig. 5. Replica calibration at 125°C

To evaluate the impact of temperature on the calibrated impedance value,

simulation with a calibration code in the -40°C case has been implemented. As
shown in Fig.6 the impedance of the replica has been decreased from 4800 Q to
3831 Q which equals to more than 25% difference.
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Fig. 6. Temperature drift impact on the impedance of HS RX replica

Technical specifications for the calibrated impedance variations are within
the 10...10% range considering all the impact factors such as technology deviation,
supply voltage variation, reference voltage uncertainty, etc. Considering the
obtained results and the above-mentioned aggressors, the temperature drift impact
on the impedance value should not exceed 5%. More variation will result out of
specification terminated resistance values and will cause huge reflections of the
transmitted HS data. So, it is necessary to reduce the variation by at least 20%.

The proposed solution. To solve the problem, we firstly need to have the
clear description of the root cause of the problem. The root cause is the temperature
impact on the calibrated impedance. Calibration process is time consuming and
during the data transmission and restarting it during data transmission may impact
on the reliability of the system. So the solution should be based not on the process
itself but the digital algorithm which should track the voltage on the replica after
the calibration ends and do the corresponding tuning when it exceeds the maximum
or minimum allowable value.

Regl register keeps the code corresponding to voltage on replica and is
periodically updated based on the sensed voltage on the replica (Fig. 7). Reg2
register keeps the LSB value calculated during the default calibration mechanism.
Reg3 register keeps the converted digital code which corresponds to the voltage on
top of replica during the default calibration mechanism. Reg4 register is used for
doing the subtraction of the Reg3 and Regl register values. Reg5 register is used to
keep the new calculated calibration word code. The digital algorithm realizes
subtraction between the Regl and Reg3. If the replica voltage difference exceeds
1LSB calculated after the default calibration mechanism, it updates the Reg5
register value. Reg5 register output is tied to the calibration block and the algorithm
can update the termination code without stopping the HS data transmission.
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The Schematic implementation of the proposed solution is presented in Fig.
7. ADC [4] has 2 modes: default during which it samples the Replica voltage value
and converts it into a digital code and tracking mode during which the system does
not change the replica calibration value in case there is no temperature drift impact
on the Replica voltage value. Data into the register can be written when the write
enable — ‘WE’ signal goes to the high state. Output data can be captured when the
read enable — ‘RE’ signal goes high.

—1 ADC
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- REG2
REPLICA 4 — :
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Fig. 7. The schematic implementation of the proposed solution

Results. Based on the proposed solution the new architecture is able to sense
the variation of the voltage on the replica. Hspice Simulation [5] results performed
by SAED14 nm [6] FinFet technology have shown great improvement. The
temperature drift impact on the calibrated impedance value decreased from 25% to
3%.The results are summarized in the Table. Due to the architectural updates the
total has been increased by 50% and the total power consumption has been
increased by 10%. While taking into account the fact that the HS RX areas are
around 20 times bigger compared to the calibration area, the overall impact on the
IC area will be less than 3%. Meanwhile the total power consumption is around 10
times bigger than the calibration power, so the total power, consumption increase
will be around 1%.
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Table

OBTAINED RESULTS
Without proposed solution | With proposed solution
T-drift impact 25% 3%
Occupied area 1000 um?’ 1500 um’
Power consumption 3.6 mW 3.96 mWw

Conclusion. A temperature drift impact reduction method in high-speed
receiver applications is proposed in this paper. The new architecture of impedance
calibration system has been designed. The obtained results have shown around
22% improvement of the temperature drift impact on the impedance calibration.
This will result in less reflection during high speed data transmission and better
impedance matching between the receiver and transmission line. This architecture
can be easily integrated in modern automotive designs.
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METO/]I KOMIIEHCAIIMA TEMIIEPATYPHOI'O JIPEM®A B
BBICOKOCKOPOCTHOM INTPUEMHUKE

[Mpemiaraercst MeTO/1 KOMIIEHCAIIMK BO3JICUCTBUSI TEMIIEPATYPHOTrO Apei(a B BEICOKO-
CKOPOCTHBIX Tpmiioxkenusx SerDes. J[nanazon pabounx Temrneparyp COBPEMEHHBIX CBEPX-
Gonbimmx unterpatbHbix cxem (CBUC) cocrarmser -40...125°C, B To BpeMs Kak B HOpMallb-
HBIX peXHMax pabdOThl MHTETPAbHBIX CXEM TEMIIepaTypa OKpY’Karomled Cpellbl MOXKET
criIbHO Konebarbes. Ha ocHoBe pesynbraToB Mmozaenuposanust SPICE nmnenanc MOSFET-
TpaH3HMCTOpa BapbupyeTcs B ananazone oT -20% no 13%, 4ro BiusieT Ha TeMIIEepaTypHYIO
CTaOMIBHOCTh CXEM TeHEpaIM{ 3TaJOHHOTO TOKa. Ha OCHOBE NPEUIOKEHHOTO peIeHHUS
ITOPUTM aHAJIOTO-IU(PPOBOTO Mpeodpa3oBaHusl 0OHAPYKUBACT M3MEHEHHE OIOPHBIX TO-
KOB B TE€UYECHHE IEpHOJia PAOOTHI MHTETPATIBHBIX CXEM U3-332 BO3ACHCTBHS TEMIIEPATYPHOTO
npeiida, a dpoBoi aIrOpUTM KOMIIEHCHPYET 3TO BIUSHHE.

Pe3ynbpraThl MOOETMPOBAaHMS MOKA3aIH, YTO W3MEHEHHE IOJHOTO TOKAa M3-332 TEM-
neparypHoro npeiida ymenbmmiocs Ha 22%. [IpeanoxkeHHoe perieHne HEOOXOIUMO LIS
BBICOKOCKOPOCTHBIX IIPHEMHHKOB B TAKUX IMPHJIOKEHHsIX, Kak cucteMbl BIIJIA, aBromoOuy,
CaMOJIETB, IJie TEMIIEpaTypa OKpYKarolleil cpeibl MOXKET Kone0aThes B OOMBIINX MIpeenax.

Knrouessle cnoga: ananor, KOMIapaTop, OIepalMoOHHbIA YCHIIUTENb, HHTETpalIbHAs

cxema, cBepxOonbinme unrerpainbusie cxemsl (CBHC), nerpananmsi.
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