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A HIGH SPEED TRANSMITTER DYNAMIC EQUALIZATION METHOD
FOR SERIAL LINKS

A.A. Martirosyan
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A method for signal equalization of high speed serial links transmitter is presented in this
paper. To avoid signal losses and ISI effects besides receiver input signal equalization, trans-
mitter output signal pre-equalization is also needed right before transmission. One of the
known methods is pre/post emphases with constant gains, which provides pre-equalization
independent of frequency. The disadvantage of this method is frequency independency which
means that the signal will propagate through the channel with pre-equalized high frequency
regions but independent on the data rate. To validate the proposed architecture, experiments are
conducted for example, with various injected faults, for which the conventional approach of
examining the eye opening at the output of the equalizer results. When data signals in the in-
puts of receiver come with high frequencies without equalizer and with many low and high
frequency harmonics, the output system can lose the data, because high frequencies of the data
can be rejected by the channel. One of the main reasons of signal rejection by the channel is the
low pass filter and it can filter high frequency data signals. That’s why in high speed serial
links some data transferring and receiving process support blocks are used which provide sig-
nal reliable reading and help to avoid data errors and loss.

The proposed transmitter equalization mechanism can be used in the high speed in-
put/output standards such as Universal Serial Bus (USB) which provides pre-equalization de-
pending on a data rate.

Keywords: equalizer, receiver (RX), transmitter (TX), pre-emphases (P-MPH), analog
front end (AFE), continuous time linear equalizer (CTLE).

Introduction. In high rate data transfer systems (Fig. 1) and interfaces [1,2],
where the frequency of the signal going to GHz region and signal uncertainty becomes
bigger and bigger, the receiver part mission of the link becomes very challenging.
Many types of signal equalization methods came up to solve the problem with signal
rejection from low bandwidth channel. Especially it appears in serial links, where
signal transmitting with one serial channel and, as it is known, after parallel data
serialization, frequency or data rate goes up. This mainly makes the data transmission
process harder.

So, there are several equalization methods which could be applied either in
transmitter part after the signal transmission or in the receiver analog front end (AFE)
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(Fig. 2) stage right before the signal arrival. Transmitter equalization is calling
preemphases and is boosting high frequency regions right before the signal transmis-
sion. This compensates high frequency signal rejection by channel and equalizes the
signal at the input of the receiver side (far end).
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Fig.2. High Speed Serial link with P-MPH and AFE equalizer structure

Signal pre-emphases function is very important in high speed systems, where at
the far end of the link signal, the eye opening could not be enough to read the true data
with just receiver input equalization [3]. So, high speed parts should be pre-equalized
at the right output of the transmitter to avoid the signal rejection impact on the signal
eye opening at the link far end part.

As a solution, there are several methods which could implement this pre-
emphases part and somehow compensate the channel rejection effect. But all the
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known methods are supporting just static high speed part pre-emphases implementa-
tion which could not be enough in case of high frequency bands.

As a conclusion, there should be a new approach which will provide pre-
emphases equalization in the output of the transmitter, and the boosting of high speed
parts will dynamically depend on the frequency range of the data signal. This system
will improve the data signal eye vertical and horizontal openings and will help to
avoid wrong signal detection at the far end of the channel. This will decrease the bit
error rate (BER) of the receiver input stage and will provide high reliability of data
detection. Of course, it will make serial link performance better and will relax the re-
guirements of the RX input equalizer.

1. Transmitter Dynamic Equalization Circuit Architecture. The structure of the
proposed transmitter dynamic equalization for high speed serial AC links is presented
in Fig.3.
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Fig.3. The proposed transmitter dynamic equalization circuit structure

In this architecture, input serial data signal come to the control unit block which
controls the sample-hold part switch. Beside that, Din signal is appled to the high pass
filter (HPF) and its output sampling by sample/hold block (S/H). Each sampled
voltage includes information about input frequency (Fig. 4).
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Fig.4. High pass filter response of signal different frequency
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After sampling, ADC converts the sampled voltage to digital code. This code
controls the transmitter output driver's active part numbers. Pre-emphases boosting
coefficient depends on the active numbers of the TX driver matrix. As a result, the
system (Fig. 5) detects the input signal frequency and dynamically controls the ena-
bled amount of output drivers and changes the pre-emphasis portion of signal swing,
so because of that, the signal is transmited through the channel. This technique is
called transmitter dynamic equalization method which provides good channel equali-
zation at the near end of the link and pre-equalizing signal for far end.
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Fig.5. The proposed transmitter control method
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In high speed serial AC links, combinational solutions of receiver and transmit-
ter equalization should be applied to make RX input eye opening detectable.

2. Operation Principle and Equalization. The proposed method block diagram is
presented in Fig.6. It shows the transmitter data path from the serializing stage to the
channel. At first, the transmitter output serial data is appled to the control unit which
controlls the frequency detection sampling part. The transmitter output serial data also
goes to the final drivers’ stage. The frequency detection part at first apples data signal
to the high pass filter to make intermediate signal with different slops. After that sam-
ple/hold stage samples this intermediate signal with correct data signal phase. Sampled
voltage will be proportional to the initial data rate. It will give information about data
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frequency for making a true decision about how much final data should be pre-
emphased right after final transmission [4].

The proposed method will dynamically change the boost of high speed segments
of data signal and will well equalize the data signal propagation at the far end of the
link. Before data reading, it should be equalized with different gain in a large frequen-
cy spectrum and for this range, the channel and equalizer overall frequency response
should be settled. If it is not close to constant, it should be calibrated from the equaliz-
er part of overall system frequency response.

All these processes should be done to improve the receiver input signal eye hori-
zontal and vertical openings, and also reduce as much as possible the received signal
BER.
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Fig.6. The block diagram of the equalization method

As it was mentioned above, the data signal coming from the channel and equaliz-
er is needed for compensating the channel low pass frequency response through lines
that can bring data errors over PVT and poor signal eye opening.

The equalization process starts from the far end of the channel (Fig.7). Control
has a 3-bit output digital signal which is controlled by equalized RX equalizer output
and is changing for overall frequency response calibration. After several iterations,
when the loop is already locked, control generates an output final code to provide op-
timal overall frequency response for further processing of the signal.

3. Simulation Results. Simulations have been performed, using circuit level sim-
ulator Hspice [5] for 20 PVT corners, including SS (slow-slow), TT (typical-typical),
FF (fast-fast), SF (slow-fast), FS (fast-slow) with supply voltage and temperature varia-
tions to estimate the bit error rate (BER), and the channel far end RX input eye vertical
and horizontal openings.

Fig. 7 shows the transmitter output equalization definitions.
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The table shows the simulation results accordingly for FF (-40°) and SS (125°)
main PVT corners for BER and the eye horizontal and vertical openings for the

10Ghbit/s data rate.
Table
Simulation results of the three main corners 10 Gbhit/s
Corner Horizontal opening Vertical opening BER
Unit ps mV #
TT (55) 85 120 5
FF (-40) 87 150 7
SS (125) 73 95 12
de-emphasis  preshoot

Conclusions. A high speed transmitter dynamic equalization method has been de-
signed to compensate the frequency response of the channel. A high-speed equalizer
will open the far end eye, and will reduce the received data BER up to 40% in respect
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Fig.7. TX dynamic equalization plots

to static equalization.
The method can be implemented for input/output protocols such as USB, PCI and
other modern special 1/O interfaces.
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U.U. Uwpwnhpnujwi

Lbnpyuwjwgyws £ hwonpnwpwnp ndjuiutip thnfuwugnn wpwquagnpd  hwnnpnsh wqnw-
upwuh hwdwhwppbtgdwu dbennp: Ugnuwuwuwiht Ynpnwuntbphg W dhowgnutowlwht
fuwuqupnuiubphg funwwthtint twwwnwynyg punniuhsh dnunpnud, wgnwuwuh hwdwhwp-
ptignuihg pwgh, wuhpwdbon b Jwuwwpb] wgnwiowuh twutwlwu  hwdwhwppbgnid
wudhowwbiu hwnnpngh Gpnul: <wjnup  dbpnnubiphg dGlyp wgnwuwuh twfutwlwu /
hGnwgw pungdnuit £ hwunwwnit nidbnugdwdp, npu wwwhnynwd £ wgnwtipwuh
Uwptwwt  hwdwhwppbgnuWp'  wulwfu  hwlwfunyeiniuhg:  Ubpnnh  phpnygyniut
wulwfunieiniuu § hwdwfunyeiniuhg. nw tpwuwynd b twfuwwbu hwdwhwppbgynd bu
hnupnuny nwpwdynn wgnwuswuh dhwju pwpdp hwbwhiwwuwiht wbnwdwubpp' wulwfu
wnyjuubiph wpwgnyeiniuhg: Unwownplynn dwpnwpwwbnnyegniup quybpwgubine hwdwnp
hwjwpyb) U thnpduwlwu ophuwlubp' wwppbp upuwwupubipny, wwppbp dnnbignuiubiph
ophuwlubtip b hwdwhwppbgnigsh Gpnwd Yuwunwnyb) Gu wspwswih pwgywdph swihnuwutip:
Gpp punniuhsh dnunp £ quihu pwpép hwbwhuwlwuwiht, shwdwhwpptigwd W pwpap, L
gwdéphwbwhuwlywuwiht  hwpdnuplubp  wwpniwwynn  wgnwuowt, www huwpwynp L
wnywiubiph  Ynpnww, pwuph np hnupninht Ywpnn £ Gugkp  pwpdphwéwluwywuwihu
whpnypubipp:  SYjwijubph  pwpdphwiwfuwwuwht  whpnypubpp  tugynd  Gu  Yuuwih
dphongny, pwuh np wju ubpYwjugund £ pwpdphwbwuwlwuwihu  $hiwp: W huy
wwwbwnny hwonpnuwpwnp nyjwiubp hnfuwugnn wpwguwgnpd hwdwywngbipnd wyjwiutiph
hwnnpnidwt W punniudwt pupwgpnd wofuwwnnud U gnpdpupwght wowlgnn pinyubn,
npnup  wwwhnynwd  Gu hnwwih pupbnubh wdjwubp b bywuwnd BU' funwwitbnt
ufuwjwupubiphg, husybiu bwl wnydjwiubph Ynpuwnhg:

Lwnnpnsh  hwdwhwppbgdwtu  wnwowpyynn  dbfuwuhqdp Ywpnn £ ogquwgnpdyti
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nnnp  (USB), npu wwwhnynd | twptwywu  hwdwhwppbgnd®  Ywiujwd  wdjwiubph
wpwgntpniuhg:

Unwugpuypti puntip. hwdwhwpebignwd, punniuhs, hwnnpnhy, Gwtwlwu pungdnud,
wuwnqwhu hunbipdbju, swpnitwwlwt dwdwuwlwihu gdwihu hwdwhwpebignud:

METOJ AUHAMMWYECKOI'O BBIPABHUBAHUA
BBICOKOCKOPOCTHOI'O HEPEJATUYUKA C IIOCJIIEJOBATEJIBHBIM
KAHAJIOM JJAHHBIX

A.A. MaprupocsiH

IIpencraBnen  MeETOJ  9KBaJW3allMM  CUTHAJIOB  IpeoOpa3oBaTeNii  CKOPOCTHBIX
MOCJIeIOBATENBHBIX CBsA3el. Bo n3bekaHue MoTeph CUTHANA M MEKCUTHAIBHBIX TIOMEX, KPOME
JKBaJM3AlMM BXOJHOTO CHTHAJlAa NPHUEMHHKA, HEOOXOAMMO TPOBECTH IMPEIBAPUTEIHHYIO
SKBAJIM3AIIMIO BBIXOJJHOTO CHUTHAJA MepeiaTyruka HemoCpeICTBEHHO nepen nepeaadeit. OaHumM
U3 M3BECTHBIX METOJIOB SIBIISICTCS MpEIBapUTENbHOS/ NabHellee aKIIeHTUPOBAHHE CUTHAJIA C
MOCTOSHHBIM ~ KO3(p(PHUIIMEHTOM yCHIICHHS, KOTOPBI oOOeclednBaeT IpeIBapUTEIbHYIO
SKBAIM3AIMIO HE3aBUCHMO OT 4YacTOTHL. HemocTaTkoM MeToma SBISICTCS HE3aBHCHMOCTH OT
4acTOTHI. DTO O3HAYAET, YTO CHTHAN OYAET PacIpOCTPAHATHCSA MO KaHAITY C MPeIBapUTEIEHO
SKBaJM3UPOBAHHBIMU BBICOKOYACTOTHBIMH OOJIACTSIMH, HO HE 3aBHCSIIUMH OT CKOPOCTH
nepenayn JNaHHbIX. I TeCTUpOBaHUs TMpeajiaraeModl apXUTEKTyphl ObUIM COOpaHBI
SKCIIEPUMEHTAIbHBIE TIPUMEPHI C PA3IMIHBIMU OIIMOKAMU, MPUMEPHI PA3TUYHBIX TOIX0JI0B U
W3MEPEHUI OTKPBITHS Ijla3a Ha BBIXOJE 3KBasai3epa. B ciyuae, korja cUrHaigbl JaHHBIX Ha
BXOJIaX MPUEMHHUKA TOCTYMAIOT C BBICOKUMHU 4YacTOTaMH O€3 dKBalai3epa M CO MHOTUMHU
rapMOHUKAaMU HH3KUX M BBICOKMX YacTOT, BBIXOJHAs CHUCTEMa MOXET IOTEPATh JaHHBIE,
MOCKOJIbKY BBICOKHME YacCTOTHI JaThl MOTYT OTKJIOHATHCSA MO KaHalny. OIHOM M3 OCHOBHBIX
NPUYAH OTKa3a CHTHAJOB 1O KaHaiy uepe3 PVT sBrseTcs BBICOKOYACTOTHBIN (BT,
KOTOPBIA MOXeT (HIBTPOBATh BBHICOKOYACTOTHBIH CHUTHAN JOaHHBIX. Mcxoms w3
BBIIIECKA3aHHOIO, B BBICOKOCKOPOCTHBIX IOCJEJOBATEIbHBIX KaHaJlaX HCIOJIb3YIOTCA
HEKOTOpBIe OJIOKM TepeJadyd NaHHBIX W MpHeMa, O0OeCTeUMBAIONINE HAJIEKHOE CUMUTHIBAHHE
CUTHaJa BO n30exaHue OMMOOK U MOTEPh JaHHBIX.

Ilpennaraemplii MeXaHU3M OSKBaJM3allMM MEpeAaTihMKa MOXKET HCIOJIb30BAThCS B
BBICOKOCKOPOCTHBIX CTaHAApTaX BBOJA/BBIBOJA, TAKUX KaK YHUBEPCAIbHAS TOCIIEI0BATEIbHAS
mmHa (USB), xoTopas oOecneyuBaeT NHpeIBapUTEIBHYIO SKBAIHM3ANWIO, B 3aBUCHMOCTH OT
CKOpOCTH I€pelaul JaHHBIX.

Kniouesvlte cnosea: dSkBanuzauus, NOPUEMHUK, MEPENATUUK, MPEABAPUTEIHBHO

HaIpsKEHHBIH, aHAIOTOBBIM MHTEp(elic, HenmpepbIBHOE JIMHEHHOE BRIPABHUBAHUE.
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