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= More communications from more cores ITRS Maximum Chip Pin

= Cisco QuantumFlow (40), Intel Phi (72), Tilera Tile (72),
PicoChip (300) ... __ 6500 — 6500 — 7000

: : 5300
= Blade server, micro server, disaggregated server ... - ‘ ‘ ‘

—3600— 4000 |
= Tighter |/O bandwidth

2900 | |
|
= Maximum pin count of package grows slow 2012 2014 2016 2018 2020 2022 2024
= Higher packaging and PCB cost Year

= | arger latency

= Multiple clock cycles are required to cross a chip SerDes Power Estimation (mW)

550

= Higher energy consumption and loss /

= Dynamic and leakage power of drivers and buffers

350
= ~35dB/m @12.5G on high-quality PCB / ‘

200
= SerDes energy and performance bottleneck |

= ~5pJ/bit @ 100G

2016-03-15 Jiang Xu (OPTICS Lab)



= Photonic technologies have been successfully used

in WAN and LAN

= Showed strengths in multicomputer systems and Internet core
routers

= Benefit from more matured silicon-based
technologies

= Micron-scale devices working at picosecond-level are widely
demonstrated

» Commercialization efforts

= |BM, Intel (Omni-Path), HP (Machine), Oracle (UNIC), STMicro, NTT,
NEC, Fujitsu (PECST), Huawei ...

= Startups: Luxtera-STMicro, Lightwire/Cisco, Kotura/Mellanox,
Caliopa/Huawei, Aurrion, OneChip, Skorpios ...

= EDA: Cadence-PhoeniX-Lumerical, Mentor Graphics-Lumerical,
RSoft/Synopsys ...

= Questions remain: What? How? & Why?

2016-03-15 Jiang Xu (OPTICS Lab)

Integrated OE
Interfaces & Processor

| C.Sun et al., “Single-chip

microprocessor that communicates

: directly using light”, Nature 2015

Integrated OE
Interfaces

D.M. Gill, et al., “Demonstration
of Error Free Operation Up To 32
Gb/s From a CMOS Integrated
Monolithic Nano-Photonic
Transmitter”, CLEO 2015

Integrated Optical
Switches

R. Ji, J. Xu, L. Yang, “Five-Port
Optical Router Based on Microring
Switches for Photonic Networks-on-
Chip”, IEEE Photonics Technology
Letters, March, 2013
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= Optical interconnect OI(M,N)

include
= M electrical inputs
= M electrical outputs
= N optical wavelengths

M Electrical = ,-=qreeproprozmspommmogprnponospoons s qoncro s oo pe oo s oo
Intputs (TR RS N S JASPLmu s N i 0 TSP un s s e ASRRs Ae T P R
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. Ao A Ay At
N Optical =~ o-ccceeegremccccmmmenrecceegonceeemcncncceceedocceeencnccccnneccnncafecnens
Wavelengths “=----=egocemcmmmee e e e el
O-E O-E O-E O-E
Interface Interface Interface Interface

o -'.##I}IEZEZ’:Iiﬁjﬁﬁi-ﬁ{:

Z::l: o
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= Electrical interconnect EI(M,N)

include
= M electrical inputs
= M electrical outputs
= N electrical lanes

M Electrical
Intputs

Serializer

Serializer

Serializer

-'.'_'#ZIH:EE{Z'IZIHZ#IZ{I’IﬁﬁﬁlZIH’ZEZ-:TII::I}:’Ilﬁ}ﬁiﬁ.t}

N Electrical

Serializer

Lo L 1 L2 LN— 1
I anes LORUUINNY | FEPURURUURUUUNN | UUUUUARRRRRRORY | DUSURRIN RPN | R :

Deserializer

Desenalizer

Desenalizer

M Electrical ,-- ---’:--r-::-|-----

Outputs -

Ziﬁ:hii:’:::

IH’ZZZ{I

Deserializer

II’I‘I}EEI#B

* Zhehui Wang, Jiang Xu, et al, “A Holistic Modelling and Analysis of Optical-Electrical Interfaces for Inter/Intra-chip Interconnects,” IEEE TVLSI 2016
* Zhehui Wang, Jiang Xu, et al, “Improve Chip Pin Performance Using Optical Interconnects,” IEEE TVLSI 2015

2016-03-15 Jiang Xu (OPTICS Lab)



= Electrical off-chip Interconnect

Out

JOZI[BLIdSA(]

1IP033p qO1/98

AIDA0DY
BIR(] pUB J00[)

toyidury
suniug

1az11enby

ul{ [eOLI

h

Trace

-

ﬁ

uld [edL93]

SEINAT|

Jydury-a1g

19pooUa qO1/98

IdZ1[RLIOS

BRI

—

= Optical off-chip Interconnect
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= Optical interconnects vs. electrical Interconnects
= Bandwidth
= Area and linear bandwidth density
Latency
Energy efficiency
Signal integrity
» Area

= OF interfaces

= SerDes designs

= Packaging options
= Different structures

2016-03-15

Jiang Xu (OPTICS Lab)



» Introduction

= Modelling off-chip interconnects and interfaces

» Electrical Interconnects
= Optical Interconnects
» SerDes and O-E interface

= A new O-E interface
= Quantitative analysis and comparisons

= Conclusions

2016-03-15 Jiang Xu (OPTICS Lab) 8
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* Mentioned but without an exact model

Jiang Xu (OPTICS Lab)

1 Energy Efficiency v v 1.1.2 Receiver Power * v 4 v
1.1 Power Consumption 4 v 4 v 1.1.2.1 TIA Power * v v v
1.1.1 Transmitter Power v * v v 1.1.2.1.1 Photodetector Capacitance X v v
1.1.1.1 Crosstalk Noise v 1.1.2.1.2 Signal Frequency * v
1.1.1.1.1 Number of Wavelengths v 1.1.2.1.3 TIA Supply Voltage v v v
1.1.1.1.2 Wavelength Spacing v 1.1.2.2 LA Power * v v v
1.1.1.1.3 MR Characteristics v 1.1.2.2.1 LA Supply Current v v v
1.1.1.2 Optical Power Loss v v 1.1.2.2.2 LA Supply Voltage v v v
1.1.1.2.1 Coupler Loss v 1.2 Data Rate * v
1.1.1.2.2 Waveguide Attenuation v 2 Bandwidth Density * v
1.1.1.2.3 Interconnect Length v 2.1 Data Rate per Wavelength * v
1.1.1.2.4 MR Characteristics v v 2.2 Number of Wavelengths X v
1.1.1.3 Receiver Sensitivity v v 2.2.1 MR Characteristics v
1.1.1.3.1 Photodetector Responsively * v 2.2.2 Wavelength Spacing v
1.1.1.3.2 Signal to Noise Ratio X v 2.3 Optical Pin Pitch v
1.1.1.3.3 Modulation Frequency * v 2.4 Waveguide Pitch v v
1.1.1.3.4 TIA Transimpedance v 3 Latency v v
1.1.1.3.5 Limiting Amplifier Sensitivity v 3.1 RC Delay v v
1.1.1.4 Laser & Modulator Parameters v * * v 3.2 Propagation Delay * 4
1.1.1.4.1 Threshold Current * v 3.2.1 Interconnect Length v
1.1.1.4.2 Slope Efficiency v v v 3.2.2 Signal Propagation Speed X v
1.1.1.4.3 Power Extinction Ratio v * v 4




= H height between two panels

= Top/bottom layer for power/ground and inner layer for signal

= The differential traces on PCB board has the following parameters:

e

= w width of a trace

lew |

1
= /1 height of a trace If |

|« w | le—— pe

—

l
h
T

[ | [ |
Differential Pair

= P, pitch of differential traces:

d

= ((d)is the crosstalk noise coefficient of two traces with distance d

c(d) = H*/(4d* + H?)

2016-03-15 Jiang Xu (OPTICS Lab)




= V(1) is the crosstalk noise coefficient between two differential pair n
and pair rH/

Na(i) = c([ilpe —2w) = 2¢([ilpe) + c(]i|pe + 2w)

» The total crosstalk noise coefficient is the summation of coefficients
from neighboring pairs

2016-03-15

Ee = ... —|—Nd(—1)+Nd(1)+Nd(2)—|—...

n+1

I
|
5 |
I
|
)

Jiang Xu (OPTICS Lab)

Victim

Aggressor

11



» The attenuation factor of PCB trace has two terms, which are skin

effect loss and dielectric loss

= R, direct current resistance . — Rac(w +h) (05 4 fCotandp Zo
= Z, characteristic impedance 2Zow [

= f. frequency of half skin depth 1 1

= C, the capacitance per unit length Skin effect loss Dielectric loss

= tand, loss tangent in dielectric material

= The total attenuation of electrical interconnects
= n, coupling loss of electrical pin
. A = 2e—aeL
= f working frequency e = e

= [ interconnect length / \
Coupling loss Propagation loss

2016-03-15 Jiang Xu (OPTICS Lab) 12



= Only when this voltage difference v,

Is grater than |V,,| of the limiting V,+Noise T 2

amplifier signals can be detected vthI A,
= A, attenuation (0~1) Offest T .
= g, crosstalk noise coefficient 0 1 ;
= &, receiver offset coefficient: _Offest i .

: Vv A.

= The supply current of driver V. 1 Noise thI

= ), threshold voltage v, l T €c

= Z, differential impendence

2Vin

Iy =
0 (Ae_ee_EO)‘Zd

Ratio= A — ¢, — e, = A >0

2016-03-15 Jiang Xu (OPTICS Lab) 13



» |n electrical interconnect,
power consumption

iIncludes the power of

driver, receiver and SerDes
= P, power of SerDes
= /. supply voltage

= /., supply current of limiting
amplifier

Pe — Psd + (2IO ‘|‘Ila)‘/c

2016-03-15 Jiang Xu (OPTICS Lab)

VOI.IT +

LA Vou‘r -

14



= |f the signal frequency or the
Interconnect length is increased,
trace attenuation is increased. The
ratio Ae of the receiver amplitude
over transmitter amplitude, will be
decreased

A—eg,

— e, = Ae¢

» The maximum bandwidth of
electrical interconnect

B In(ge 4+ . + Ae)

B, =247} 7 )

2016-03-15

Jiang Xu (OPTICS Lab)

Vi
V ,+Noise

Offest
0
-Offest

Vot+Noise
Vo

15



= Power of driver P,: each time the voltage level of the PN junction is

reversed, it is charged or discharged by the driver
= C, input capacitance
= |/ supply voltage

= Power of microresonator P_.: when the voltage level of the PN junction

Is high, it is forward biased
= /. static current

Driver

Pi=f-C,- V2

Py, =1, -Vn

2016-03-15 Jiang Xu (OPTICS Lab) 16



= At the receiver side, there are Input Through
multiple optical signals in different -

wavelengths @
Drop Add

" }\O ,}\1 ,}\2.... )\n

= Part of the signal power in .
wavelength A, , A, and A5 will also 3

1.0

appear on the drop port J\ JLUM
(Te)min

- 0 T 21 3n

2016-03-15 Jiang Xu (OPTICS Lab) 17



= [n micro-resonator with working wavelength A,, the drop port transfer

function is
= cos# () function of working frequency A

= r power splitting ratio
= g2 round trip attenuation

(1 —7r%)%a
1 —2r2acos O(\) + rta?

Ta(N) =

= The optical crosstalk noise coefficient is the summation of unwanted
signals whose wavelength is not A,
Lmo /2]

= m, number of wavelengths in optical interconnect =2 3 TV +iAN)
= AJ wavelength spacing i=1

2016-03-15 Jiang Xu (OPTICS Lab) 18



= Before A, reaches the filter, it will Input Through

pass by other micro-resonators -

with working wavelength
Drop Add

= A LA A,
= The attenuation of optical path is o e
the product of: N B
= Coupler efficiency ' — (o)
= Propagation attenuation 0.5 4\/ Y_
= Passing-by loss of MR . | (T
= |nsertion loss of MR ” (|)<— o _>2|" i

2016-03-15 Jiang Xu (OPTICS Lab) 19



= [n microresonator with working frequency A, the through port
transfer function is

Tn(N)

B r?a® — 2rfacosl + r*
1 —2r2acos@(N) + r*a?

= The attenuation of optical path is the product of four terms
= n, coupling efficiency of optical pin

— 2oL _ 2
= a, attenuation of waveguide Ao = 1€ Lyp(mo — 1)1 (An)

Coupler loss Passing loss
Propagation loss Insertion loss

2016-03-15 Jiang Xu (OPTICS Lab) 20



= |n optical interconnect, the sensitivity
OMA is the difference between two
optical power levels P; and P,

= BER bit error rate

= SNR signal to noise ratio

= /. input referred RMS noise density
= Z,, transimpedance of TIA

= p responsivity of photodetector

FOP - SNR + 2V, Z,;,
P

OMA = 2

2016-03-15 Jiang Xu (OPTICS Lab)

Probaility

Probaility

21



= Only when this voltage difference IS p 1 Noise
grater than OMA, signals can be P,
detected by the limiting amplifier T

= g, crosstalk noise coefficient

incti i OMA

= r, extinction ratio P,/P,
= n, slope efficiency of laser i 1
= /y, threshold current of laser P,+Noise

P % Fo

0
T

Imod + Ipias = OMA + It 0 e

B Ao(l —&o — Te)ns
Ratio= 1 — Eo—Te >0

2016-03-15 Jiang Xu (OPTICS Lab) 22



= SR is the spacing between two A
successive resonance peaks in ' N E— .
spectrum 05
= n, MR effective refractive index ‘Ijkl k T
= R MR radius of ring 00 ] : - - o
FSR = QW):QR - h -

= A\ is the wavelength spacing
between two neighboring

wavelengths

FSR
el

2016-03-15 Jiang Xu (OPTICS Lab) 23
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= |[n optical interconnect, power Vi Vi

consumption includes the R Laserl:
power of laser sources, | I
receiver, SerDes and - r
modulator vi:—_' —

= V, laser supply voltage c JORC IR

= /., TIA supply current
= Direct modulation

Po — P3d+ (Im0d+1bias)‘/l + (Itia+1la)‘/c
= |ndirect modulation
Po — Psd—" (Imod+-[bias)w + (Itia+Ila)%+Pm+Pd

2016-03-15 Jiang Xu (OPTICS Lab)

Ve Ve Ve
: N PD % Itia Vout +
+ RF LA V out
AN —C
| d
¢ I[
_:Iz_ de (I) Vb (l) Ila

24



= The power consumptions of the electrical funneling interface and
optical weaving interface

1 1 P, 1 P,
Pfeo:5l092RPe+Pc+ZPd+§ m—I—Pt—I—L— Pweo :Pe+Pc+§Pd+RPm+RPt+LR

?

= The areas of the electrical funneling interface and optical weaving
interface

M

Steo =dloga RS, +S. + S,,, + S e =——
f 0g2 + OS¢ + + 95 S N

M
Se+SC+NSm+Sl

2016-03-15 Jiang Xu (OPTICS Lab) 25



= Area bandwidth density 00000
= Bandwidth in a unit area O OO QSO
» Important to package pin, socket etc. O OO OO
Area Density = Barf:;’;d? B O O O O O

O O O O O Ppn

= Linear bandwidth density

= Bandwidth in a unit width ‘ :
= I[mportant to PCB, substrate, interposer etc.

Bandwidth B
Pitch p

Linear Density =

Interconnect
o

2016-03-15 Jiang Xu (OPTICS Lab) 26



= Propagation delay is proportional
to the interconnect length, and
iInverse proportional to the
propagation speed
= |/, speed in electrical interconnect
= € relative dielectric constant

C
Ver
= |/ speed in optical interconnect

= N, group reflection index

C
UO:_
Mg

Ve

2016-03-15

/

l_\ [ \
A Latency
“‘—'"1 0 | 0 1
Vs A A

Jiang Xu (OPTICS Lab)
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= SerDes consist of multiple stages of multiplexers or demultiplexers
= With a large number of latches

= A bottleneck in inter-chip interconnect
= Large power consumption, large area, additional latency

=] (=] [=] =]

1
1
1
1

(8] L] (] (8]

_—

In0 Inl In2 In3
Q Q o Q

2:1 Mux }—‘| 2:1 Mux }”i

wo[oJoJ1J1J2]2] ——

w0 o1 ]1[2]2]

(12 Dwider |

3, —[oJoJofo]1]11]1]2]2]2]2] —————

2016-03-15

Driver —— Clock

\ 2:1 Mux }j«

Generator

Out0 Outl Out2 Out3

o o o e}
Lo [ v [ 2 |———
w,—— 0 [ 1 [ 2 ] —1+—
w0 2
o, ——[ 0 [ 1 | 2 ]
‘1:2Demux} ‘ 1:2 Demux }11’4“’
([ofof1[rf22] > [
1/2 Divider
o Jo 1 [1]2a]2]
| 1:2 Demux }&
[o[o]ofo[1]1]1]1]2]2]2]2]
—_—

Amplifer

Jiang Xu (OPTICS Lab)

Clock
Source
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0 cm 254 cm 50.8 cm 76.2 cm 101.6 cm 127.0 cm
60

T T
1 1

Experir'nent Xk An:':llysis —

[40]

Bandwidth (Gbps)

0 inch 10 inch 20 inch 30 inch 40 inch 50 inch

Interconnect Length
= Our analytical models match experiment results well

2016-03-15 Jiang Xu (OPTICS Lab)
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s Electrical Ser

Des

In0 Inl In2
O @] @]

In3
@]

Lo | v [ 2 |
o | v [ 2 |
Lo [ | 2 |
o [ [ 2 |

0l 0 o] 1] 1]2]2]

20 o111 ]2]2]

2:1 Mux }—‘ ‘ 2:1 Mux }ﬂ

3, ——[ofofofof1[1]1]1]2]2]2]

—_—
1/2 Divider
2:1 Mux }ﬂﬂ
2]
Driver —— :7 Clock

Generator

Wavegudie

J/ @ Output

Laser

2016-03-15

>

blus O-E conversion

Out 2
e}

Out0 Outl
0 o)
L e [ v [ 2 |
44— 0 | 1 | |
2, >0 1 | 2
o, — 0 | 1 2|

Out 3
@)

[ofof1fr]2af2]

‘ 1:2 Demux }T ‘ 1:2 Demux }7

w2 0o [1]1]2]2]

1/4t,

[ofolofof1[1]1]1]2]2]2]2]

Input

Jiang Xu (OPTICS Lab)

1/2 Divider

| 1:2

Demux

4
Amplifer

PD|

12, |

Clock
Source

Wavegudie

l
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= Optical-electrical SerDes

2016-03-15

In0 Inl In2 In3

o o o o

Lo [ v [ 2 |——
Lo [ v [ 2 |
Lo [ v [ 2 |
Lo [ v [ 2 |
I —
g T T

] 1 L 1/8t,

[

ANDGate ——— | & || & || & || &

[0 —
wfo] [ Bl ———

N

w o [0 [

pver > N/ NNV

Clock Generator

[oefefo[t]1]1]1]2[2]2]2]

Wavegudie

l Output

—

Laser

Out0  Outl Out2 Out3

o} o} o} o
Lo [ v 2 |J——
w0 [ 1 I
w0 2]
w— 0 | 1 | 2

wfo] ]  [2]

o I

woofo] [l [2)

Driver ——> v K7

o]ofofo] 1]1]1]1]2]2]2]2] T
Input

Clock Source

1/8t,

TAY Amplifer
m| ) w0 ]
CHCOEC S

—_—

Jiang Xu (OPTICS Lab)
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» Introduction

= Modelling of off-chip interconnects and interfaces

» Electrical Interconnects
= Optical Interconnects
» SerDes and O-E interface

= A new O-E interface
= Quantitative analysis and comparisons

= Conclusions

2016-03-15 Jiang Xu (OPTICS Lab) 32



Energy Consumption (pJ/bit)

Electrical Interconnect

Energy Consumption (pJ/bit)

100

40

Frequency (GHz) Interconnect Length (cm)

= Electrical interconnect has an energy cliff

= Optical interconnect favorite high data rate

2016-03-15

Jiang Xu (OPTICS Lab)

Frequency (GHz)

Optical Interconnect

40

Interconnect Length (cm)

100

33



20 = 8:1 SerDes

Electrical Interconnect-20cm
Optical Interconnect-20cm
15 Electrical Interconnect-50cm

= Electrical funneling

Optical Interconnect-50cm

Energy Consumption (pJ/bit)

10 | .
5 & =
0 ] ] ] ] ]

5 10 20 30 40 50 60

Data Rate(Gbps)

2016-03-15 Jiang Xu (OPTICS Lab) 34



= Two orders of magnitude

10° 1 ;

higher than micro-FBGA 4 E: Micro FineLine BGA —v— 0: WDM egtinfated e
aCka e g E: IizlneLlne BGA —l— O: Hoiley Optochlp-II?M® ——
p g é 104$ .................... * .................... * .................... * .................... * .................... .:‘
= Three orders of < | '

magnitude higher than 2 10°¢ . . . . ’
FBGA package c '

£ |

§ i

0 20 40

60 80

Interconnect Length (cm)

2016-03-15 Jiang Xu (OPTICS Lab)
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= Reduce >92% signal
pins with 25cm
Interconnects

= Reduce >97% signal
pins with 50cm
Interconnects

2016-03-15

6000

4500

3000

Pin Count

1500

mmmm Power and Ground
mwm Electrical Signal 1/0
Optical Signal I/O

45nm  32nm  24nm  19nm  15nm 12nm 10nm 8nm

Technology Node

Jiang Xu (OPTICS Lab) 36



10 ns

5Gbps

Corning SMF-28 optical

8 ns fiber

Rogers RO4003
6 ns

Electrical funneling

Latency

4 ns

Electrical-R=16 =——l—
Optical-R=16 =——@= _
Electrical-R=4 =g

Optical-R=4 =

0 nS | | | |

0 20 40 60 80 100

2 ns

Interconnect Length (cm)

2016-03-15 Jiang Xu (OPTICS Lab) 37



12.5

10.0

Electrical Funneling EO
Electrical Funneling EO
 Electrical Funneling EO
Optical Weaving EO

64 .N)
32.N)

)
16,N) m——
)

= 50cm long
= 2Gbp per input

64,N
N = |;=0.2mA/Gbps

P — — p— p—
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2016-03-15 Jiang Xu (OPTICS Lab) 38



4:1 E-O Interface 8:1 E-O Interface
10.0 15.0

Latency (ns)

2 10 20 30
Data Rate of Output Port (Gbps)

16:1 E-O Interface

Electrical Funneling L=100cm = Optical Weaving L=100cm &
Electrical Funneling L=50cm —o— Optical Weaving L=50cm —o—
Electrical Funneling L= 20cm  —— Optical Weaving L=20cm &

2016-03-15 Jiang Xu (OPTICS Lab)

= |[,=0.2mA/Gbps
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0.4

Electrical Funneling EO(64,N) mw—
Electrical Funneling EO(32,N) me—
[ —

Electrical Funneling EO(16,N)
0.3 - Optical Weaving EO(64,N)

|
Optical Weaving EO(32,N) mm—
|

______________________________________

= 50cm long
= 2Gbp per input

= 22nm node

~c Optical Weaving EO(16.N) e
£ o2k /_’_,_,,_':_’_’_': _______ RO | I i
© l
® | *
<C -0
0.1 ‘ """"""""" T """" o | e | ){ """" -
HH Hﬂ ------------ T PR | [ |
meczoo-- j ______ I
o LI, Il i | V'R TE
N=64 N=32 N=16 N=8 N=4 N=2  N=1

2016-03-15 Jiang Xu (OPTICS Lab)
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Energy Consumption (pJ/bit)

4:1 E-O Interface 8:1 E-O Interface 16:1 E-O Interface 1:4 O-E Interface 1:8 O-E Interface 1:16 O-E Interface

75 10.0 10.0

6_0'\_\H+H 8.0 8.0
6.0 6.0
40 4.0
2.0 P& 2.0 &

Data Rate of Output Port (Gbps)

Electrical Funneling 15=0.5mA/Gbps —=—- Optical Weaving 15=0.5mA/Gbps —=—
Electrical Funneling [5=0.2mA/Gbps —e— Optical Weaving 15=0.2mA/Gbps —o—
Electrical Funneling [5=0.1mA/Gbps —— Optical Weaving 15=0.1mA/Gbps —~—

= Differences in circuit design details, technology nodes, and foundry
processes are reflected by unit current |,
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= A comprehensive device library for
off-chip interconnects

= Publicly released and available at

www.ece.ust.hk /~eexu/OEIL.html
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Interconnect Design

OEIL

I
Il

Crosstalk Noise Coefficienct Aftenuation & Sensitivity
Energy Efficiency Area
Bandwidth Density Latency

The flow chart of OEIL simulator
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= Analytical models for optical and electrical interconnects and
interfaces

= Holistic comparisons in terms of bandwidth, bandwidth density,
atency, energy efficiency, signal integrity, and area

= Proposed a new O-E interface, optical weaving

= Publicly released a R&D tool, OEIL
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