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Executive Summary
This document describes the result of the desigimitycbased on the functional specification of

a generic Dual Die Communication Module exploitiagplasmonics-based PHY as physical
layer (deliverable D5.4).

Change Records

Version Date Change Author
0.1 (draft) 2013-11-05 Start Alberto Scandurra, Valentina Cernuto
1 (submission) 2014-01-31Final version Alberto Scandurra, Valentina Cernuto

Confidential document — page 2



FP7-1CT-2011-7 Milestone Report
Project-N0.288869 Last update 01/31/2014
NAVOLCHI — MS34 Version 1
1. Contents
L CON T EIN T Sttt e e e e e e eeeeeeeeeeeeeeeeeeaeeaeaeaaaeeaaaeaaaaeaeaaaaeesaeaeaeaeaeaeaaeaaaeas 3
pZ 1 I I {15 1 L @ I 1 S 4
3. AR CHITECTURE ... e e e e e e e e e e e e e e eeeeeeaaeaaaaaaaaeaaaaaaaeaaaeaaaeaeeas 5
4. DDCM PHY ADAPTER . ...ttt e b s e e s e seaeseeseeeeeeeeeees 8
Transmitter 8
Receiver 9

Confidential document — page 3



FP7-1CT-2011-7 Milestone Report
Project-N0.288869 Last update 01/31/2014

NAVOLCHI — MS34 Version 1

2. Introduction

The Dual Die Communication Module (abbreviatedDCM) is the building-block responsible
for the interconnection of different dice withinso called Network in Package (NiP), the
communication system enabling inter dice data trassion in the context of Systems in
Package (SiP) technology.

According to a widely used approach, the DDCM issidered composed of two main building
blocks:

+ the DDCM controller, responsible for managing incoming/outgoing STNo&ific and IDN
segments, generating them through STNoC flits esxdafion and preparing them to be sent to
the PHY transmitter, as well as collecting thermfrihe PHY receiver;

» the DDCM PHY, responsible for transmitting output phyts acrdiss physical link and
collecting inputs phyts from the physical link.

The next figure shows the DDCM structure in terrhtop level building-blocks.

DDCM

Figure 1-1: DDCM top level structure

Compared to the DDCM module with electrical PHY sciébed in deliverable D5.2 (DDCM
specification document), this module exploits asplanics-based PHY, composed of plasmonic
emitters and detectors, managed by a proper PHYtadaa dedicated DDCM building-block
converting the digital (CMOS) signals into analagnsls able to interact with the plasmonic
components.

A detailed description of the DDCM parameters, riistges and registers can be found in
deliverable D5.4 (Generic DDCM compatible with pramics-based PHY specification
document).
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3. Architecture

As shown in figure 2.1, the DDCM top level in eatdie consists of a transmitter (DDCM Tx)
and a receiver (DDCM RXx).

In such a figure it's possible to see the two infation flows supported by a complete DDCM
architecture, i.e.

* requests from STNoC/STBus/AMBA-AXI initiators in iphl to STNoC/STBus/AMBA-AXI
targets in chip 2, responses from STNoC/STBus/AMBW- targets in chip 2 to
STNoC/STBus/AMBA-AXI initiators in chip 1, virtualires from chip 1 to chip 2 (continuous
lines);

* requests from STNoC/STBus/AMBA-AXI initiators in iph2 to STNoC/STBus/AMBA-AXI
targets in chip 1, responses from STNoC/STBus/AMBW- targets in chip 1 to
STNoC/STBus/AMBA-AXI initiators in chip 2, virtuakires from chip 2 to chip 1 (dotted lines).

STNoC/STBus/ | |STNoC/STBus/ | | Virtual
AXI initiator AXI target wires
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Figure 2-1: DDCM top leve architecture and information flow

The DDCM transmitter (DDCM TXx) is responsible for
* receiving requests from STNoC/STBus/AMBA-AXI initits in the same die and sending them
to STNoC/STBus/AMBA-AXI targets in the other die;
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* receiving responses from STNoC/STBus/AMBA-AXI tagya the same die and sending them
to STNoC/STBus/AMBA-AXI initiators in the other die

« sampling ancillary signals (virtual wires) genedai@ the same die at a specified rate and
sending samples to the other die.

The DDCM receiver (DDCM RX) is responsible for

» receiving requests from STNoC/STBus/AMBA-AXI initits in the other die and sending them
to STNoC/STBus/AMBA-AXI targets in the same die;

* receiving responses from STNoC/STBus/AMBA-AXI tagya the other die and sending them
to STNoC/STBus/AMBA-AXI initiators in the same die;

» receiving ancillary signals samples generated endther die and sending them to the proper
destination in the same die.

Figure 2-2 shows a full architectural view of an O, highlighting the separation between an
DDCM transmitter and an DDCM receiver.

IDN Plug transmitter Dien IDN Plug receiver
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Dien+1 Dien+1

Figure 2-2: DDCM detailed architecture

Figure 2-3 shows the architecture of the DDCM hgjiting the connections with initiators and
targets across an STNoC interconnect. In this pdtis possible to see clearly how request and
response traffic streams flow.
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Transmitter

‘ Router

Figure 2-3: DDCM detailed ar chitecture highlighting traffic streams flows
Figure 2-4 shows the connection and the traffiesstrs flows between two dice, highlighting the
two DDCMs architectures and their crossing. Spealily, the orange line represents the request

traffic stream flowring from initiator 1 in die #bwards target 2 in die #2, while the yellow line
represents the response traffic stream flowing ftarget 2 in die #2 toward initiator 1 in die #1.

/ Die #1 \ Die #2 \

Transmitter

e

Figure 2-4 : Traffic streams flows between two dice

A detailed description of all the DDCM building-lcks can be found in deliverable D5.4
(Generic DDCM compatible with plasmonics-based Riggcification document).
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4. DDCM PHY adapter
This section describes the DDCM PHY adapter ablateryact with a plasmonics-based PHY.

The DDCM PHY adapter is responsible for adaptirey$lystem on Chip (SoC) traffic in such a
way to be transferred between the two chips objfstem across the physical channel.

Transmitter

The PHY adapter transmitter is responsible fordfaming digital data into a format used to

modulate the output of the plasmonic LASERs in otdetransmit the data across the physical
channel (plasmonic waveguide).

Figure 4-1 shows the microarchitecture of the DDEMIY adapter transmitter, highlighting the

digital blocks and the analog ones.
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Figure4-1: DDCM PHY adapter transmitter microar chitecture

The DDCM PHY adapter transmitter is composed offtflewing building-blocks:

» abi-synchronous FIFO, playing the twofold role of retiming stage andrage element;

» a data encoder for the minimization of the numbeflo to be transmitted within a data
word, in order to keep turned on the minimum numtfeplasmonic emittersQptical
Bus Inverter Encoder);

* aseializer to transmit the N-bits data as chunks of M-bitgleiting the M plasmonic
emitters; in the system used for the demonstrdtar, input and the output of the
serializer are 90 and 4 bits wide respectively.

» adataencoder for the minimization of the Hamming distance begwdwo back-to-back
data words, in order to minimize the switching atti of plasmonic emittersBus
Inverter Encoder);

* a set of Mmodulator drivers, each generating the proper control signals fasmlonic
LASER modulators;
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Receiver

The PHY adapter receiver is responsible for thesfi@mation of the plasmonic information got
from the physical channel (plasmonic waveguide) aformat suitable to be used by the digital
parts of the SoC.

Figure 4-2 shows the microarchitecture of the DDEMIY adapter receiver, always highlighting
the digital blocks and the analog ones.
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Figure 4-2: DDCM PHY adapter receiver microarchitecture

The DDCM PHY adapter receiver is composed of ttieviong building-blocks:

» a set of MTrans-Impedance Amplifiers (TIAs) responsible for translating the output
currents generated by the plasmonic photodetertirsoltage levels;

» aset of M voltageompar ator s responsible for associating the proper logic véi0eor
‘1) to the output of the TIAS;

» adata decoder for performing the inverse transformation applieddata words by the
Bus Inverter Encoder in PHY adapter transmitBargI nverter Decoder);

* a deserializer to merge the chunks of M-bits, coming from the Nhasmonic
photodetectors into a N-bits;

» adata decoder for performing the inverse transformation applieddata words by the
Optical Bus Inverter Encoder in PHY adapter tramt@ni(Optical Bus Inverter
Decoder);

» abi-synchronous FIFO, playing the twofold role of retiming stage andrage element.
A detailed description of the DDCM PHY adapter afslenanage a plasmonics-based PHY can

be found in milestone MS5 (Digital domain to plasieodomain interface specification and
VHDL modelling).
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