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A HIGH SPEED SERIAL - TO - PARALLEL CONVERTOR WITH OUTPUT
WORD LENGTH CONTROL

Serial data transmission in high-speed transceivers is widely used to minimize the
number of input/output pins of integrated circuits. In modern serializer-deserializer (SerDes)
applications different types of data encoding mechanisms are used.

A serial — to - parallel converter with controll data packet length is presented in this
paper. This converter is applicable in solutions where data can be transferred with or
without encoding. HSPICE verification in 4.5 sigma Monte Carlo range have confirmed the
usability of the proposed solution in modern SerDes systems.

Keywords: SERDES, transmitter, receiver, serial - to - parallel conversion.

Introduction. CMOS technology is developing at high speed. With
improvement of modern Integral circuits various problems appear during the
design process. The operating frequency and power consumption are the main
concerns for nowadays ICs. The usage of high speed SERDES systems are very
common now. With advancement this SERDES systems are getting more
complicated and functional. The main building blocks of these systems as its name
suggests are the serializer and the deserializer.

To have a robust link between the transmitter and the receiver, the careful
design of these blocks is mandatory. Input parallel data is serialized with the
serializer block. To have good transmission without reflections TX/RX termination
calibration process should be performed [1]. The final stage is deserilization which
is performed via the deserializer block. In this paper, the deserilizer circuit is
presented which has a function to change the output word length. This feature is
very handy in protocols where both raw data transmission and transmission after
encoding is available. If the SERDES system is source synchronous it can transmit
raw data but if the clock is transmitted with data, encoding usage is preferable.
That brings to the main idea of this paper. The system must have functionality to
work properly in both scenarios.

Available architectures. Various structures have been used to design
deserializer circuits. More commonly used architectures are based on shift registers
and the tree structure. One of the benefits of using a shift register architecture is the
small number of the required circuitry. The main used component is D flip-flop. In
Fig. 1, a 1:4 deserializer with a shift register architecture is presented [2]. In this
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architecture, the clock is not divided, and the same clock signal is used for all flip-
flops.
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Fig. 1. A deserializer with a shift register architecture
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Downside of this architecture is the usage of a high frequency clock. Power
consumption is higher compared with the architecture when a divided clock is
used. Also, with increasing the frequency the design of flip-flops with the required
setup and hold time margins become challenging. It is also not convenient when
the output word length is 8 or more. Parallel data will be available after 4 clock
cycles for 1 to 4 deserializers. With bigger output word length, the waiting time
rises correspondingly.
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Fig. 2. A deserializer with a tree architecture

The tree structure is designed using several 1:2 demultiplexers. In Fig.2, a 1:8
deserializer with a tree structure is presented [3]. For selecting signal generation, a
frequency divider must be used. Three frequency dividers are required for this case.
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Problem description. Modern SERDES systems work with protocols where
both raw data transmission and transmission after encoding is available. In Fig. 3,
SERDES system components with an option to transmit encoded data are presented.

— Line Driver Receiver —
Encoding . - Decoding Parallel data
Parallel data logic ! P25 ’ : \ 2P . logic :>
—| —>l
—| —>l

CDR

Reference Clock PLL T

Recovered Clock

Fig. 3. A SERDES system with encoding

Different encoding algorithms can be used. In systems with Clock and Data
Recovery 8b10b, encoding is very convenient. It provides enough state changes to
allow reasonable clock recovery. Encoding for these systems is optional, so the
parallel data length could vary, depending on application. A serial-to-parallel

converter should have an option to work with both cases.

The method explanation. To have a serial-to-parallel converter with an
option to change the output word length, a divider should be designed with a variable
division ratio. In Fig. 4, the block diagram of the proposed divider is presented.

Divided by 4 clock signals Divided by 5 clock signals
are generated are generated

Fig. 4. The block diagram of the divider

There are special constraints on the frequency divider for this architecture. It
should be able to generate a divided by 4 clock signals with a 90° phase shift. It
should also have a function to divide by 5 when bigger word length mode is activated.
A divider circuit is constructed using D latches, D flip-flops, NAND logic cells. In
Fig. 5, D flip-flop is presented which is constructed using D latches.
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Fig. 5. A D Flip-Flop

A divider can operate in 2 modes - divided by 4 and divided by 5. When
div5 en signal is 0 divider, it is divided by 4 modes. It generates divided by 4
clock signals with 25% duty cycle. These signals are shifted by 90 degree. clk div
signal is divided a clock signal for the output stage flip flops with 50% duty cycle.
When div5_en signal is logic 1, sig<4:0> signals are generated for latches and
divided by a 5 clock signal for the output flip flops. The structural block diagram
of the divider is presented in Fig. 6.
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Fig. 6. The structural block diagram of the divider

The divided and shifted sig<4:0> signals are available on the output of latches
as presented in Fig. 7.
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The clk_div signal is generated using SR latch. If the corresponding sig<4:0>
signals are used for set and reset operations, the frequency divided by 4 or 5 with a
50% duty cycle can be obtained. In this simulation 1.25 G#hz clock is used. One of
the difficulties during the design of a divider is the clock skew. With variation of
the process, voltage and temperature skew between the clk p and clk_m signals
can vary and cause a divided clock duty cycle distortion. To bypass this problem,
one solution is the design of latches and flip-flops with big setup and hold margins.

When div5 en=0, sig<4> is pulled up to 0.8V. In Fig. 8, the division to 4

case is presented.
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Simulation Results. In Fig 9, a 1:4 deserializer is presented, which has a
capability to change output word length from 4 to 5. A deserilizer is constructed
with latches and flip-flops. With sig<4:0> signals, serial data is latched and with
the rising edge of div_clk ,it is latched to output.
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Fig. 9. A 1:4 deserializer

The timing of clock signals is crucial. It must be ensured that the rising edge
of clk div signal will occur after the serial data have been latched. Otherwise it can
result in data errors. For the sig<4:0>, signal generation frequency divider is used.
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Below are presented the HSPICE [4] simulation results of serial - to -
parallel converter designed by SAED14nm FinFet technology [5].
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Fig. 10. Serial-to-parallel input and output plots

The top plot of Fig. 10 is the input serial data. After a 1 clock cycle,
deserilized data is available. To be sure that the designed circuit is operating
without data errors, Monte Carlo simulation was also performed. In Fig. 11, the
plot showing the data error spread considering 4.5 sigma variation and 0.95
confidence interval is presented.
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Fig. 11. Monte Carlo simulation results
421



In the table below, information about area and power consumption is
presented. The results are for typical PVT conditions.
Table

Power consumption and area

Block Power consumption Area
Deserializer 220uAd 50.7um?
Divider 65uA(div 5 mode) 42 4um?

Conclusion. A serial-to-parallel converter with a variable output word length
is designed. It can be used in modern SERDES systems. For simulations, SAED
14nm FinFet technology is used. The block is functional up to 2.5Ghz frequency.
For higher frequencies, division and data errors occur. Several of these devices can
be used to obtain 8bit, 10bit or a bigger output word length.
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RUN2C UrveuanNronkesuuR 2020 MUuUL-20NhAULER:
YCMNURNRY” GLLP UTULGULE GraulrNkre8uL TUNUY UM TUUUR

SYjwih hwonpnwljwt hnpiwbgnidt wmpuquqnps pungnithy-hwnnpnhs hwignyguk-
poud uyiinpkt Yhpunynd b hinkgpuy upebdwibpmu’ dnunp-tip hwbgnygubph pubwlp
ujuqbtgubint hwdwp: Lipjuynidu fhpundnd ko wfjuh Ynpqudnpdwt wwpptp dbuw-
uhqutbp:

Uphnunwipnid abpljuyugdus E hwonppuljwi-qmquihtin thnpowlbpuhs nljugh
thwuplph tpiupnipjut junwdupdwt htwpwynpoipjudp: Uju thojuwlbpuyhsp Yhpuntkh
E wyuwhuh pusnidubpnid, npunkn wdyjup Jupnn b hnpuwtgyt) hsybu Yngudnpdws, wyi-
whu b wpwlg Ynyudnpuut: Unink Ywnn idwiwlmudubpp HSPICE Spugpuyghtt gnpshph
Uhongny, hwuwnwwnnd ki wnwgwplynn jmsdwb Jhpwnkjhnipniip dudwbwlwlhg hw-
onppuljut juwny hwdwlupgbpnid:

Unwhgpuyplr prunkp. SERDES, huinnpnhs hwtignyg, punnihy hwtiqnyg, hwgnpnw-
Jul qniquhtn thnpuwlpynud:

A.T.TPUT'OPSAH, M.T. 'PUI'OPSIH, B./I. OTAHHUCSH

BbICOKOYACTOTHBIMN MOCJIEJOBATEJBHO-ITAPAJLIEJBHBINA
KOHBEPTEP C KOHTPOJIEM JIJIMHBI BBIXOJHOI'O CUT'HAJIA

[TocnenoBarenpHas nepegada JaHHBIX B y3JIaX BBICOKOYACTOTHBIX IpHEMOIIEpeaar-
YHKOB LIMPOKO HCIIOJIB3YETCS IS YMEHBILIECHUSI KOJMYECTBA Y3JI0B BBOJA-BBIBOJA B MHTET-
palbHBIX cXeMax. B COBpeMEHHBIX NPUIIOKEHUIX Cepualii3aTopa-ieceprain3aropa IpH-
MCHAIOTC pa3JIMYHbIC TUIIBI MCXaHU3MOB KOJAUPOBAaHUA TaHHBIX.

B pabote npezcraBieHa BO3SMOXHOCTD YIPaBJICHHs [UIMHOW TAKETa JAHHBIX TPH €ro
napajjieIbHOM MPpeoOpa3oBaHuK. DTOT MPeoOpa3oBaTelb NPUMEHSETCS B PEIICHHSX, TIe
JTaHHBIE MOTYT NIEPEIABaThCs M C KOIUPOBKOH, U 0€3 KOXUPOBKU. MoENTpOBaHHE METOIOM
Mownte-Kapno ¢ ncrionp3oBanreM nporpammaoro nacrpymerTa HSPICE moarepskmaer mpu-
MEHHMOCTb MPEJIOKEHHOTO PEIICHNSI B COBPEMEHHBIX CHCTEMax MOCIJIEI0BATEILHOTO COe-
JMHEHMUS.

Kniouesvie cnosa: SEDRES, y3en nepenaruvka, y3en NpUEMHHKA, NOCIEI0BATEIBHO-
napaJuienbHoe peoOpa3oBaHue.
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