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THE DATA TO CLOCK ALIGNMENT METHOD IN QUARTER-RATE
HIGH SPEED TRANSMITTERS

Modern hyperscale data centers are increasingly using DSP-based transceivers to
compensate for high channel loss. Transceivers operating at a speed equal to or greater than
56 Gbps, prove to be a viable alternative to analog transceivers in terms of power and area
requirements, delivering better overall performance. The design process of such transceivers
is very challenging. The most sensitive parts are the transmitter and receiver which are the
main building blocks for such systems. In addition, clocking architecture and data-to-clock
alignment is critical for achieving optimal performance. This article provides a data and
clock alignment method for high-speed quarter-rate transmitters.
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Introduction. In recent years, there has been a transition from 28 Gbps to 56 Gbps
and 112 Gbps serial links, which enable switches and networking ASICs to increase
throughput from 6.4 Thps to 12.8 Thps and 25.6 Thps, respectively. To keep up
with the exponential growth of data center servers, the throughput is forecasted to
reach 51.2 Thbps in the next few years. Higher SERDES speeds mean fewer server
ports, cables and beach-front congestion in the data center, which helps keep up
with the throughput growth. However, the power efficiency of SERDES needs to
be improved or at least remain the same. Advances in package, connectors, and
PCB technology are also necessary, but they have not been able to keep up with the
increase in bandwidth and speed. Consequently, the burden is placed on SERDES
designers and circuits innovation. For example, at a 112 Gbps speed, every channel is
a long reach channel, and a common WAN port switch channel has at least 20 dB loss,
compared to a 14 dB loss at a speed of 56 Gbps. Most of the 112 Gbps channels
have more than 35 dB channel loss.

The clocking architectures. The clock frequency and data serialization
scheme are the most critical design decisions in the TX architecture. To achieve an
output data rate of 112 Gb/s using PAM-4 modulation, one practical approach is to
use either a half-rate architecture with a 28 GHz differential clock or a quarter-rate
architecture with 14 GHz quadrature clocks [1]. The half-rate architecture eliminates
the need for quadrature clock spacing error calibration, but it has a high power

consumption in the clock distribution network due to the small fan-outs required to
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guarantee optimal jitter performance. Additionally, meeting timing requirements
across the process voltage temperature variations is challenging in the 1-Ul-window
data-serialization path. In contrast, the quarter-rate TX design mitigates clock
generation and distribution challenges by using half the clock frequency. Using
multi-phase clocks for the 4:1 data-serialization scheme, the serializer timing window
is also relaxed to 3 UL. However, the quarter-rate architecture presents challenges
in designing quadrature clock spacing error detection/correction circuits and a
high-bandwidth 4:1 serializer.

Performing the 4:1 serialization [2] before the final driver stage, as shown in
Fig.1a reduces the serializer power consumption, but increases the number of full-
rate signal nets and leads to extra power consumption in the pre-driving stage [3].
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Fig. 1. A 4:1 Serialization

To extend the bandwidth at the internal nets, passive or active inductive
compensation techniques can be used, but this comes at the penalty of increased
area or additional power consumption. Combining the serializer with the output
driver and performing data serialization directly at the pad significantly reduces
overall area (Fig. 1b). However, this approach requires an inductor only at the pad
to compensate for the large capacitance from the driver and ESD protection diodes.
The main challenge with this architecture is seamlessly combining the 4:1
serializer with the driver to provide a sufficiently large output swing and bandwidth

The problem description. Maintaining sufficient bandwidth to support the
full-rate output is crucial for the final 4-to-1 serializer, which is one of the most
essential components in a quarter-rate transmitter. Let’s consider current mode
driver with 4:1 mux shown in Fig. 2.
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Fig. 2. The current mode driver with 4x1 multiplexor

The data serialization process is as follows. With quarter rate different
phases the corresponding data signals are selected. With clk0 and clk90, data0 is
sampled. With clk90 and clk180 datal is sampled respectively. It is crucial to have
correct data-to-clock alignment in order to have setup hold margins for data
selection and omit data errors.

In Fig. 3, we can see that because of PVT variation there is a data-to-clock
alignment issue for one of the 3 input NANDs which is part of 4:1 mux. As the
data selection takes place when the corresponding phases of the clock are both
logically high, the most desirable data-clock alignment will be to have the clock
overlap section in the middle of the data.

data

clk90
clko

Fig. 3. The Data-to-clock relation

The proposed method. The proposed method performs calibration before
starting the actual data transmission. The output of serializer has dedicated data
outputs which will go to calibration unit. data cal<0> and data cal<2> are shifted
from each other by 90 degrees. The purpose of this algorithm to have clk90 and
data cal<0> aligned so that from both sides of data signal there is a 1UI margin.
Calibration starts with a defined calibration code. Then it sweeps downwards. By
the code sweep phase the mixer changes the phase of the serializer clock (Fig. 4).
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Fig. 4. A block diagram for data-to-clock alignment

This results in a shift in the output serialized data. By decreasing the code,
the data is shifted left. out p and out m voltages are generated using the cell in
Fig. 6 which is inside the align block. The cells steer the current unit into the left
and right branches. When both signals are logic, high current will flow through the
unit and out_p/m will start to decrease. So, based on the time when the clock and
the data signals overlap, voltage will be generated. The calibration process ends
after out_p and out m signals are equal. This indicates that clk90 is in the middle
of the data cal p<0> signal. Fig. 5 shows how the calibrated clock and data signals
should look like.

data_cal_p<0> |

clk90

data_cal_p<2>
clk270

Fig. 5. The calibrated data-to-clock relation

The align cell is shown in Fig. 6. Eight identical units are used and input
signals are chosen in a way to have each unit operating during 1 clock period. Each
unit has 3 serially connected nmos devices. Let’s consider one scenario for the left
most unit. It has as an input clk270, data<0> and data<2>. The last 2 already have
90 degree phase shift from each other. All 3 transistors will be open when 3 of
these signals overlap and are logic high. This will steer the current to left most
branch and out p voltage will decrease. Similarly other units will start to conduct
each one after 1 UL
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Fig. 6. The schematic view of the align cell

The left 4 units are responsible for out p voltage generation and the right 4
is out_m voltage generation. If the clock is left from the center, this translates to
lower out p voltage as visible from the start process of calibration (Fig. 7).
Afterwards the calibration logic increases the code which results in the data shift
into the right. This reduces the overlap of data and clock between the right 4 units
and increases the left 4 units. This results in an increase in filtered out p voltage
and a decrease of out_m voltage because in 1 period the right branch is open more
than the left branch. Fig. 7 shows that for code 89, voltages are equal. At the end
several times code is increased and decreased to make sure that 89 is the most
optimal code.
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Fig. 7. The calibration process
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Simulation Results. After this the calibration process data transmission is
started with the obtained code. Eye diagrams before and after calibration are shown
in Fig. 8. Both vertical and horizontal openings are increased. The vertical opening
is increased from 401 mv to 865 mv and the horizontal one is improved from 10.8
ps to 16.6 ps. Simulation is done with Hspice [4] simulator using various PVT
variations. Eye diagrams shown in Fig. 8 are for typical process. The temperature
for this corner is 25°C. Also, the supply noise is included in simulation to calculate
the jitter impact because of supply variation.

Besides the code value, setup time between clk90 and data<0> is calculated.
For a typical a case, after calibration, it is 18 ps. Considering that ideal UI value is
17.6 ps the obtained results are acceptable for proper operation in 112 Gbps. In
case of SS corner with 125°C the calibrated setup time is 18.8 ps and for FF this
16.6 ps respectively. Most parts that are used for the calibration process are already
available in modern transceivers [5, 6]. The only added blocks are the align unit
and the cal logic. The calibration process is performed before data transmission and
consumes 0.62 mA. The verall calibration process takes 60ns to complete.

Fig. 8. Eye diagrams for transmitter NRZ mode

Conclusion. The proposed method performs data-clock alignment by which
eye vertical and horizontal openings are improved. It can be used in high speed
SERDES transceivers. For simulations, SAED 14 nm FinFet [7] technology is used.
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2.8. &rpaNrsuy

uroqeuanro fUNUCNRL SUUSUINCUTUUL 20NN YR
20ueNk38LErNkhU SY3ULP B9 SUUSUSPL ULTULTULE
20UU2u3uLE8U UL UteNL

dudwbwlulhg hhybpdwupnwpuyhtt njukph YEunpnuutpt ogunugnpénid Eu
wqnuipwih plught pwljuwh Jpu hhd]ws hunnpyhs-phgnihs hwbgnygikp’ Jubugh
Ubs Ynpniunbtipp hnjuhwnnigknt hwdwp: Udbh pwt 56 @404 wpugnipjudp wouw-
wnn wju hwbqnygubipp YEiuntbwl wyptinpuip Eu whwnquyhtt muppbpuljubpht tubp-
ghuygh b qpuntgpws dwljbpbuh wuwhwbetubph wrmuny, hyybu twb wywhnymu o wykh
1wy pughwinip wpnwngpnpujuinipenit: Ujuyhuh hwdwlwpgbph twpwgsdwt gnpépli-
pugp owwn pupg b Unwyl) qquynit dwubpp mmwtng hwtgnygu ni pungnithst B, npntp
tlwb hudwlwpgbph hhdbwlub jupmg]uspuyhtl vwubpt ki b hwbmd wyn wdbh'
wnuljunught wqpuipwith fupunupuytnnipmniap b gpu hudwdwytbignidp njuh htn pwun
Juplnp towbwlnipnit nith owywhuw wpnwunpnpujwinipnitt wywhnybnt hwdwn:
Lhkpuyugynd £ ndjujutph b mujunughtt wqquowth hudwdwjikgdwt dbpnnp ghipupug
pwnwthnt] nujunwynpiudp hwunnpnhy hwignygutph hwdwn:

Unwhgpuyplr puunkp. SERDES, hunnpnhs hwtignyg, hnuwtiph nkdhdng wpudwpw-
unipinil, mwlunuwhtt wmqpuipwl, pungniths hwignyg, wqpuowh punwdwlwpyuy Un-
nnijjughu:
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A.T.TPUTI'OPSIH

METOJ COI'TACOBAHUSA JAHHbBIX C TAKTOBBIM CUT'HAJIOM B
BBICOKOCKOPOCTHBIX HETBEPTBYACTOTHBIX IEPEJATYUKAX

CoBpeMeHHbIe TUTIepMacITabHbIe TIEHTPEI 00paOOTKH JaHHBIX BCE YAIlle UCIIOIB3YIOT
MpreMoTIepeTaTINKN Ha OCHOBE IMHU(POBOI 00pabOTKU CUTHANA AT KOMIICHCAIINH OOJIb-
IIMX TIOTEeph B KaHaje. DTH TpaHCUBEPHI, paboTaromue Ha ckopocTsax 56 u 112 I'oum/c,
MIPEACTABISIOT cOOOH KU3HECTIOCOOHYIO alIbTEPHATHBY aHAJIOTOBBIM TPAHCHUBEPAM C TOUKH
3peHust TpeOOBaHUI K MOIHOCTH W 3aHMMAaeMOH IUIOIIa/IM, a TAKkXKe 00ECIIeUNBAIOT JTyUIYIO
00IIyI0 TPOU3BOJUTENHLHOCTE. [Ipoliecc NMpOEKTUPOBaHHS TAaKUX IPUEMOIEPEAaTINKOB
o4eHb cioxeH. K Hanbosiee 4yBCTBUTENIBHBIM YacTSIM OTHOCSTCS JpaiiBep U NPHUEMHHK, KO-
TOpBIE SIBJISIIOTCS OCHOBHBIMH CTPOMTENIBHBIMU OJIOKaMH Takux cucTteM. B nomonHeHme k
3TOMY apXHUTEKTypa TAaKTHPOBAHUS U B IIEJIOM COIVIACOBAHUE JAHHBIX C TAKTOBON 4aCTOTOM
HMEIOT pellaroliee 3Ha4eHNe IS TOCTHKEHHS ONTUMAIIbHOM TIPOM3BOAUTENBHOCTH. B cTaThe
TIPEACTAaBICH METO/ BEIPDABHUBAHUS JTAaHHBIX M TAKTOBOTO CUTHAJIA JUI BEICOKOCKOPOCTHBIX
YEeTBEPTHUACTOTHBIX IIEPEJATINKOB.

Knroueswie cnosa: SERDES, nepenaTyuuk, JIOTHKa TOKa, TAKTOBBIA CUTHAJL, IPUEMHHUK,
PAM4.
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