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Complementary metal-oxide-semiconductor (CMOS) technology is constantly being modernized as a
result of which the minimum size of transistors is being scaled. Year by year modernizing technology has led to
an increase in the number of transistors placed on the same surface. As a result the specifications on the
performance of the circuits have become more complex.

Due to the low cost and high performance, the CMOS receiver and transmitter circuits sequentially have
been widely used in modern applications. One of the main problems in the transmitter-receiver circuits is
correspondingly their output and input impedance calibration. The method of resistance calibration is proposed
which is based on the analog subtractor.

The use of the method allows to significantly reduce the calibration time by a small required increase of
surface area.

Key words: Coordination, external resistance, reflection coefficient, long lines, characteristic
impedance, logic module.

Introduction

The rapid development of the production of technologies of integrated circuits (IC) as well as its
combination with innovative architectural solutions have led to the engineering of highly efficient
digital systems [1]. Along with the growth of the high-speed industry, new problems have arisen that
cannot be solved by implementing previously applied solutions. One of these problems is the
phenomenon of distortion during the transmission of a high-frequency signal from one system to
another. Therefore, to transfer data without any loss, firstly it is necessary to ensure a stable
connection between several integrated circuits. For this very purpose, high-speed transmitter-receiver
circuits have been developed [2]. One of the main limiting factors of the high-speed performance is the
reflection of the signals transmitted at the input/output circuits which emerge due to the
incompatibility of the output line of the transmitter and the input impedances of receiver. The
transmitting data is either not obtained by the receiver on the transmission line or it reaches with a low
amplitude which often does not allow the transmitter to accurately recover the transmitted data [3]. In
order to avoid or minimize the reflections during the data transmission, it is necessary to adjust the
impedance of input/output circuit. However, in order to ensure high accuracy, the adjustment process
often becomes time-consuming and affects the high-speed performance of the system negatively [4].

This research aims at designing a circuit for calibrating the input and output impedances of the
transmitter the calibration time of which will be less than that of the current solutions.

Conflict setting

The technical requirements for the modern integrated circuits are strict. It is necessary to design
such circuits that will be able to work accurately in the changing conditions of £10% of power supply
voltage and -40..150°C of ambient temperature taking into consideration also the deviations of the
parameters of capacitors, resistors and transistors caused by the imperfection of the technical process.
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Keeping in mind the above mentioned fact, the system of impedance calibration must ensure high
stability for all these factors.
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Picture 1 The simplest circuit of the transmitter-receiver system

When the resistances zry, Z; and zgy are not coordinated, signal reflections occur and the only way
to avoid this is to minimize the speed of the transmitted data (pic. 2), which affects the high-speed
performance of the developed system negatively. In order to avoid reflections, the transmitter and
receiver reflection coefficients must be zero.
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Picture 2 The results of the ideal signal distortion caused by reflections

(1) implies that the reflection coefficients will be equal to zero when the zZ,, Z,.caiper U
Zeransmitter iIMpedances will be equal to each other.

After some time of the working mode of existing circuit the logic module generates 7 bit signals
which extends to the 7 switches in the replica block [5]. The I,,, current flows through an external
resistor with 200 Q creating V., voltage drop. The logic module changes the code going to the replica
block from 0 to 63. As the code grows, the number of resistors connected parallelly in the replica
block increases thus reducing the value of the settling impedance. The Iggz current flows through the
resistance of the replica block creating V.., voltage drop.
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Picture 3 The existing circuit of the calibration system

The positive input of the comparator is connected to V,,, and the negative one to V,.,. As the
code grows the drop of V.., voltage is decreasing. When V.., gains smaller value than V,,., the output
of the comparator is switched from “0” to “1"”and the logic module records the corresponding code in
the digital register. In this case of solution to ensure high accuracy, the bit value of the calibration
impedance circuit is increased as a result of which the time required for the calibration and the surface
occupied by the semiconductor crystal are increased.

In order to improve the efficiency of the calibration process, it is proposed to develop a new
method that will again provide high adjustment efficiency, but will require lower bit value, less

adjustment time and will be designed with the modern 14nm FinFet technology.

The method of impedance calibration with analog subtractor
In the considered method, the change in the voltage drop across the replica resistor from the
largest value to the smallest is carried out by 63 steps as a result of which 6 values are used for the

calibration.
Nstep =2"-1 ()

In order to increase the high-speed performance, it is suggested to reduce the bit value of the
generated code up to 4. As a result of applying the proposed method, a larger voltage shift over the
resistance in the replica block is expected at each step than in the existing system. The schematic
modeling shows (Pic. 4) that the mutual alignment between V,,, and V.., voltages has been changed.
At the 310-360ns time range V.., is still higher than the V,,,, but the voltage difference is about 1
mV. According to the current method, the code should be selected corresponding to the 360-410 time

domain, as in that case the output of the comparator is shifted from “0” to “1”.
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Picture 4. The results of Ve and V., modelling

In order to get a more accurate resistance, it is necessary to choose the previous code according
to the results of the modeling. In order to implement the latter, a new method is proposed where the
analog subtractor circuit has been utilized. With the help of the analog subtractor, the system has the
opportunity to distinguish which of the following codes is preferable. The code at which the difference

between V., and V., voltages will be the minimal will be considered preferable and as a result a

more accurate resistance value will be gained.
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Picture 5 The proposed circuit of impedance calibration with analog subtractor

The reduction of the calibration time is conditioned by the demotion of the generated code range
and the improvement of the logic module. In the case of the proposed logic module there is no need to
increase the code to the maximum value. When the comparator output records ‘0’ — ‘1’ exchange, the
further growth of the code stops and instead several actions are implemented which are described in
the algorithm (Pic. 6).
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Picture 6 The proposed digital system designing of impedance calibration

Research results

The results of the research are summarized in Table 1. We see from the table that when applying
the proposed method, the calibration time has been reduced by approximately 3 times. Such a
significant reduction is possible due to the fact that the system no longer spends time on the further
growth of the code finding the required code. The simulation is implemented in more technological
deviation cases and in larger scale of temperature change.

The proposed circuit is simulated with the SAED14nm FinFet technology process. The
simulation has been carried out with the help of HSIPCE schematic modeling tool of Synopsys. The
results have been displayed with the CosmosScope software tool.

Table 1
The summary of results

Parameter Current circuit Proposed circuit
Maximum resistance deviation (%) 2.1 1.3
Calibration period (us) 3.2 1.05
Power consumption (m W) 12.4 8.2
Temperature conditions (OC) 55,125, -40 25, 150, -40
Technical process TT, SS, FF TT, SS, FF, SF, FS
Conclusion

The use of an analog subtractor in the calibration circuit as well as the improvement of the
digital system designing algorithm has provided an opportunity to increase the calibration accuracy by
more than 1,6 times. At the same time the calibration period has been reduced more than 3 times and
the power consumption has been decreased by 1,5 times. The circuit has been designed with the
modern 14nm FinFet technical process and can be utilized in the receiver-transmitter circuits currently
being designed.

Therefore, whenever it is necessary to have less calibration time and opportunity to increase the
design surface with a small amount, the proposed method is a good solution.
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METO/ PEI'YJIMPOBKH COITPOTUBJIEHUSA B Y3JIAX IPUEMA U IIEPEJIAYHN
HHTET'PAJIBHUX CXEM C ITIOMOIbIO AHAJIOT'OBOI'O BBIYUTATEJIA

A.I'. Aiipanersin’, A.B. Maprapsin’, K.A. Meauksn', C.C. AGazsin’
'Hayuonanenviii nonumexnuueckuii yHugepcumem Apmenuu
2Epeea;ttcmﬁ 20CY0apCcmeen blll yHUsepcumem

TexHONOTHS MPOM3BOACTBA KOMIIEMEHTAPHON MeTallI-OKCHI-ToNynpoBogHrkoBoi (KMOIT)
TEXHUKH IIOCTOSHHO COBEPILEHCTBYETCS B pe3yjibTaTe YEro IPOUCXOAUT MacluTaOupoBaHHE
HaVMEHBIIUX Pa3MEpPOB TPAH3UCTOPOB. 13 Tofia B O pa3BUTHE TEXHOJIOTHH IPUBOJUT K YBEIUYCHUIO
KOJIM4YeCTBA TPAaH3UCTOPOB HAa €QUHULE IUIoW@Aau. B pesynbrare 4ero Takke YKECTOYAOTCS
TpeOOBaHUSA K OBICTPOACHCTBHIO CXEM.

bnaronapsi HM3KOH ce0ECTOMMOCTH W BBICOKOM MPOITYCKHOH CIIOCOOHOCTH Y31bI NpHEMa U
nepeadyd c nocnenoBaTenbHbIM - coeauHeHneM KMOII HaxomdrT ImMHMpOKOE MNPUMEHEHUE B
COBpEeMEHHBIX ycTpoiicTBax. OmHON M3 BaKHEMIIMX 3a/1ad B y3/ax IpueMa U Iepefadd SBISeTCS
COIJIACOBAaHME BXOJHBIX COIMPOTUBJIEHUWW C BBIXOAHOW JIMHMEHN mepeaaud. B mpemmaraemom meroze
OCYIIECTBIAETCS PETYJIHPOBKA CONPOTHBICHUN Y3JI0B NpHEMa W Mepefadyd ¢ MPUMEHEHUEM
AHAJIOTOBOI'O BBIUUTATEIIS.

IIpuMeHeHne JaHHOTO METOAA TO3BOJISET 3HAYUTENIEHO COKPATUTh BPEMS PETYIIMPOBKH 34 CUET
HE3HAYUTEIBHOTO YBEITMYEHUS TUTOMAIMN.

KnawueBbie ciaoBa: KOOpAMHAIMSA, BHEIIHEE COMPOTHBICHHE, KOI(PQGHUIMEHT OTpPaKEHHUS,
JUTMHHBIC JIMHUH, BOJIHOBOE COTIPOTHBIICHUE, IOTHIECKUIH MOTYJIb.
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