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Abstract
Radiation tolerant, high speed armnl power serializer IIl. DESIGN
ASIC is critical for optical link systems irparticle physics The serializerincludes a 16:1 multiplexer, a PLhased

experiments Based on a ¢ ommeanc ichdk geferatbénd seQNIL dsiveras showm in figure .1IThe
sapphire CMOS technology, wedlgna 16:1 serializer with multiplexer receies 16 bit LVDS signas and outpus CMOS

5 Gbps serial data rat&his ASIC has been submitted for level serial datat 5Gbps. Theclock generator mvides clock
fabrication. The postlayout simulation indicates the signals whose phases are locked to input LVDS clock signal
deterministicjitter is 54 ps (pkpk) and random jittersi3 ps to the multiplexer.The CML driver is used to drive high
(rms). The power consuption of the serializer i 500 mW. speed differential signalsghough transmission lines to
The design details and post layout simulati@sults are radiation tolerant optical laser drivet7]. To achieve good
presentedn this paper immunity of the singleevent effect (SEE), we use large

transistor size and static-fp -flop in the whole design.

I. INTRODUCTION Multiplexer

The large volume data production in the recéigh
energy physics experimenteequires a high speed data
transmission ASICfor digital optical link between the en
detector and offletector electronicsystems The raliation
tolerance of the ASIC becomes mandtical along with the
increasing of the lumipsity of the beam in the experimant
There are two serializer chipssed in theLarge Hadron
Collider (LHC) experiments,GOL and Glink [1][2]. The
GOL with a serial data rate at 1.6 Ghgpbvased ora0.25¢ m

bulk silicon CMOS technology with radiationatdening

layout. Witha builtin laser driver, itgpower consumption is , T

about 400mW at 1.6 Gbps. The Gnk has been identified to L g I L=
be radiaibn tolerant for the present ATLAS Liquid Argon -] | > o
Calorimeter (LAr)readoutsystem This chipconsumes about

2.0 watts at 1.6 Gbps The upgradeof LAr readout system Figure 1: The architecture of the serializer

from LHC to suppeiHC requiresoptical data link to provide

100 Gbps data raté0 times higher than the present, with .

same power consumption budger each frontend board A. LVDS receiver

(FEB)[16]. Neither GOL nor Glink can meet the power An LVDS receiver is used to convert differential data and
consumption bdget and data rate requiremenThe reference clock signals to CMOS signals for consequential
development of digher speedand lower power serializer is process. The LVDS receiver is a differential amplifier

necessaryor the LAr upgrade followed by a differential pair with active loawith 100 mV

: L minimum differential model level requiremenhet receiver
tech’?\]oﬁggnyn:ﬁarg |atI)Oe e'n 2i dsenté?d rrtl())n ggpgsg&ce(sfo?ngé can work above 40MHz with common mode level from 0.8

development in the radiation environment in the particlt&0 1.7 V and consumes about 2.8 mW in the typical comner

physics experimentg]. This technology has f& of 90 GHz postlayout simulation.

which is much faster than that of the bulk silicon CMOS with .

the same feature sifd]. In this papemwe presenia design of B. 16:1 Multiplexer

a 16:1 serializer working at 8bps based on this technology  The 16:1 multiplexer ha sage multiplexer uniti serial
with 500mW power consumptiarThis serializer an be used in which he first 3 stages are cascade of same basiOEM
as a key component imigh geed transmiér for LAr  |ogic 2:1 multiplexer unit andhe last stage is special
upgrading datapticallink. designed 2:1 multiplest unit to operateabove 2.55Hz.


dtgong@physics.smu.edu

The basic 2:1 multiplexer unit is driven by a clock not fast Thephase frequency detectd?KD) is dead zone free and
than 2GHz andconverts two input data bits into sarbutput maximum operating frequency of thiBFD is above 400
as shown in figure 2Two bits data are latched into-flilp- MHz. The charge pump requiresmplementary up and down
flop at the rising edge of clock signaln®of the two latched signals to operate. Thasymmetric complementary signals
data bit § delayed half clock period kg latch to assure the add extra noise on the control nod€o minimize the
clock signal select data biin following passive multiplexer asymmetry of the complementawp and down sgjnals two
with correct timing The serial outputlata bit width depends inverter arrays are used to generate complementary clock
on the duty cycle of clock whichequires the clock signal signals as shown in figure .4 After optimization of the
with 50% duty cycle. transistor sizes, thecomgementary clock signals match
within 5ps in all process cornefs].
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Figure 4: Singleended taccomplematary signal converter

Figure 2: The basic 2:1 multiplexer unit

A conventional charge pump with active amplifier is

The statictraditional transmission gate-fiip-flop used implemented. The unitary gain voltage amplifier equalizes
in the multiplexer unitis fast andhas good SEE immunity the voltage of the mirror nodand control voltage node of
comparing to othetype oneg6][7]. In the regular Bflip-flip, VCO, which eliminates the charge sharing problem appearing
the interrl complementary clock signal of the pass gate at the instances of switching. Dummy gaates are added at
generated by inverters andot very symmetric. The the mirror nodeand control voltage node to reduce the charge
asymmetric complementary clock signals siguaifity ~injection problem. The current source of the charge pump is
increasethe delay of the passatesswitchingin the Dflip- ~ Programmable from 20 uA to 80 uA match nonlinear VCO

flop. This static D flipflop can not work more than@Hz. gain. The change pump linear working range is from 0.5 to

. : . . 2.0V.
A high speed Hlip-flop is required to operate above 3 0

GHz in the last stage of multiplexanit and first dividerby-2
circuit following the VCO.A D-flip-flop with symmetrical b
complementary clock signahputs meets this requirement as

shown in figure 3We use two identical differentidb-single

ended circuits withcrosscouple inputfrom the differential

VCO delay stag¢o generatsymmetriccomplementarglock . "m
signalsfor this unit
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Figure 3: The static Bflip-flop with symmetrical complementary Figure 5: Charge pump with active amplifier

clock signals

Multiple-pass looparchitecture isused in the differential

ring oscillatorto boostthe voltage controlled oscillatoMCO)

C. Clock generator operating frequencyThe extra auxiliary feed forward loop
The clock generatoromprises @PLL and a clock divide reduces the delay of the stages in a conventional main loop

The clock signals distributefidom the divider are 312.%Hz,  [9][10]. The five stages o#lator is depicted in figure 5This
625 MHz, 1.25 GHz and 2 GHz for four stages of architecture is also called as leakead ring oscillatdi. 1].
multiplexers respectively.The 2.5 GHz clock signal s
complementary signalrequired by the high speed 2:1
multiplexer unit.
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Figure 6: multiple-pass loop 5 stage differential oscillator.
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Because of the two loop path structure, two pairs of inpu
are needed in the delay stage as depidtedigure 7
Transistors M5 and M6 make the main loop, while M7 an
M8 make the secondary loop. Comparing to commo i
differential delay stage, the tail current source is removeu, . . .
which reduced the phase noise due to the upconversion of the  Figure 8: Bandwidth programmable low pass filter
tail transistor lowfrequency noise near the ditation
frequency. Te oscillating amplitude of this delay stage is
rail-to-rail, which also reduce the jittdd.3][14].

There are 3 control bits CQ,1 and C2 in which only one
bit can be set to turn on NMOS transistors switcheard
enable the resistors and capacitorshe RC filter. The PLL

— loop bandwidthand phase margin also depeiasthe charge
pump current. To keep the PLL operatingstablestatus its
. 5525 phase margin is larger than 45 degree in all the combination
of charge pmp current and LPF configuratioas shown in
table 1.
vo— {f—=
Table 1:Loop bandwdth in MHz and phase margin in degreéh
differentCP current and the LRfonfigurations
CP C0,C1,C2=001| Co0,C1,C2=010| CO0,C1,C2=100
. current BW | margin| BW | margin| BW | margin
" .wga%géms LY g 200A | 125| 60 | 25 | 60 | 50 | 60
¥ 40uA 2,28 56 4.6 56 9.1 56
j; ’ 60uA 3.14 50 6.3 50 12.5 50
Figure 7: Differential delay stage 8OUA 3.88 45 7.8 45 155 45

As shown in figure 7, transistors M1, M2, M5 akié are
constructed as a latch. V\/_hen_ Vctrl increases_,,_ the resistance ofp. CML driver
M3 and M4 reduces, which increastf®e positive feedback ) ]
gain of the latch. The stronger feedback gain makes the latch The last stage multiplexer outputMOS signas. A
harder to switch the output nodes. Thus the stage delfg/lowed CML driveris neecd to drive the high speed s#ri
increases anthe VCO oscillates at a lower frequency whendata through transmission linekhe CML driver is designed
control node voltage increaséEhe VCO oscillatesrom 1.5 {0 be4 stage CML buffer as shan in figure 9[12]. The
to 2.75GHz with the VCO gain varies from 0.& 1.1GHz/V foIIOV\_nng dlfferer_1t|al_ stage has t\Nlc_e the currgnt and the
in the charge pump working range. The pagbut simulation transistorsare twice in width ofthose in the previoustage.

indicates that the phase noise9® dBc/Hz at 1 MHz offset  1he last stage amplifer ~ has 20 mA ootur r e n
from the 2.5 GHz carrierfrequency resi stance t otrangnissienhlines duesideihe Y

chip.
The PLL lav pass filter reducethe low frequency noise P

for the reference clock, bittis ahigh pass filter for the VCO
generatecphase noiseChoosingloop band width is a trade T
off among different noise sourceShe low pasdilter is a

bandwidthprogrammablgassive 2 RC networkas shown in
figure 8 There is a reset bin to reset the control agdt to
Vdd at the initial stagevhich meanghe VCOstart to oscillate
at lowest frequency.

Figure 9: 4 stages CML driver

When the bonding wire with 2Bm diameter is Imm
long, its inductance isbout 1nH.The outputload assumed in



the testings 1 nH for the bonding wire and 0.2 pF for overall
capacitive load that includes the bonding pad and the input
capacitance of theptical laser drivemodule Resistive load

is 50Y at the end of an ideal 50 transmission line. The rise
and fall timesof the output waveform aré4 ps when we test

it with 2.5 GHz clock signal. The output signal amplitude at
the farend of the transmissioregendson the input frequency

as shown in figure 10As shown in this figure, the CML
driver output signal peak to peak amplitude larger than 400
mV at 5Gbps rate.
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Figure 11:The layout of the serializeaLC PLL and other test
components are includegh the same die

o
o

0 16 26 3G 4G 56 66 7G &G In the fiml postlayout simulation2’-1 PRBS data is
Frequency (Hz) feeded through thelata bus. The reference clock is 2
MHz without jitter. The outputload is same as depicted in
Figure 10:The magnitude of th€ ML outputsignalin voltage vs ~ CML driver testing.To simulate the noise on the power lines
input signal frequency in GHr different process corners. the inductance of bonding wires that connect the power and
ground lines izonsidered. Becauskis extremely slow to run
The bonding wire length may vary and cause the attachgdstlayout simulations with the actual decoupling capacitors
inductance variation. The pelstyout simulation manifest which are made of largeansistors and metatsulatormetal
that the inductance of bonding wire significandggenerate device theon chip decoupling capacitor is simulated wéth
the CML driverbandwidth The bandwidth of the CML driver 0.6 nF ideal capacitor.
attached with these hding wires is about 5.%8Hz. When
bonding wire isbmm, the 3db bandwidth drops to 33z.
This result suggests ugeep the high speed signal bonding
wire as short as possible.

[1l. PERFORMANCE

The 16:1 serializer is implemented on a 3 mmmi8 die
and occupies about half ofdtdie area as shown in figure.11
The gray blocks in the plots are decoupling capacitors on the
power linesA high frequency LEPLL is implemented on the
same die for next version of serializer [18ye separate the
multiplexer unit power and ground lines from the noise
sensitive PLL circuits to reduce the jitteand noisefrom the
power line. The power consumptions of threenain
components are shown in table 2. Considering the PLL
consumes about 35% power, it is possible to reduce g
transmission power by sharing one PLL clock generator with
multiple 16:1 multiplexers in the future.

ure 12:Postlayout simulation with 1nH inductor on each power
line and 600pF internal capacitor.

The simulated esrdiagram is shown in figures 1Zhe
transistor noise isiot turned on in the simulath thusthe

Table 2:Power consumption of serializer components jitter quoted in the figure doesot include the random jitter
Power (mW) We roughly estimate that thieterministic jitter iss4ps peak
CML Driver 96 to-peak Considering the phase noise in plastout
PLL 173 simulation, we estimate that the random jitter from the VCO
16:1 multiplexer 238 is less than 3 pgRMS) in all LPF and charge pump
Total 507 configurations




