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Abstract 
A novel system-level model describing hybrid 
optical/electrical clock distribution networks in future 
gigascale architectures is presented. Technological and 
architectural properties for a high performance 
microprocessor implemented in 50nm technology are 
projected for the microelectronic environment. A printed 
circuit board-level, high-fanout, curved aperture optical 
waveguide H-tree network globally distributes an 
intensity-modulated optical signal to monolithic CMOS-
based receivers  to provide local clock distribution.  
Approximately 1W of optical input power will be 
required to propagate globally a local clock frequency of 
10GHz to ~1024 individual nodes and thus eliminate the 
need for local frequency multiplication circuitry.  
 
Introduction 
One proposed alternative to avoid the global electrical 
interconnection limitations that inhibit multi-GHz 
microprocessor clock frequency distribution [1] is the 
use of global optical clock distribution networks 
(OCDNs) [2,3]. Architectural projections for gigascale 
microprocessors implemented in 50nm technology call 
for single-chip multiprocessors to overcome 
conventional single core throughput [4]. There is a need 
for local frequency multiplication circuitry within each 
node of a multiprocessor operating at 10GHz due to the 
inherent bandwidth limitations of global 
interconnections [5]. To avoid the need for frequency 
multiplication circuitry within each processing node, a 
performance requirement for an optimized OCDN is the 
capability to propagate the local clock frequency 
globally across chip.  
 
Optical Clock Distribution Network 
Figure 1 illustrates the structure under consideration, 
which exhibits the following key features: a) no on-chip 
photonic sources; b) monolithic silicon-based detection; 
c) global optical signal propagation through a board-
level guided-wave H-tree distribution ; and d) the use of 
surface relief focusing grating couplers to provide 
tolerance relative to horizontal and vertical 
misalignment of the flip-chip assembly (Fig. 2,Table 1). 
 
Key Components of Distribution 
To estimate accurately the performance of a  hybrid 
optical/electrical clock distribution network, three key 

properties must be evaluated based on the parameters of 
Table 2: a) the amount of optical power available for 
chip-level detection at each output of the H-tree 
distribution (Fig. 3); b) the incident optical power 
required by the monolithic receiver within each node for 
operation at a specific bit error rate (BER) and bit-rate 
(Fig. 3)[6]; and c) the minimum required fanout of the 
optical distribution, determined by the maximum 
number of gates confinable within each processing node 
given a local clock frequency of 10GHz and maximum 
chip power density of 50 W/cm2 (Table 3) [7]. 
Estimations of gain-bandwidth properties for a simple 
three-transistor single-ended CMOS transimpedence 
amplifier [8] (Figs. 4 and 5) are based on small signal 
values predicted by the physically-based transregional 
drain current model [9]. 
  
Conclusions 
Global propagation of the 10GHz local clock frequency 
projected for 50nm CMOS technology generations will 
require ~1W of system-level optical input power.  Input 
power requirements may be eased by higher-efficiency 
Y-junctions and grating couplers, as well as receiver 
topologies exhibiting lower input-noise.  
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Fig. 1: Proposed structure of OCDN (not to scale) 

Fig. 2: Ray trace of grating coupler output 

Fig. 3: Optical output power vs. m-level H-tree 

Fig 4: Assumed transimpedence topology of monolithic receivers 

Fig. 5: Gain, stability estimations for transimpedence receiver 
 

Cover index, nc 1 
Substrate index, ns 1.4 

Waveguide index, nw 1.5 
Effective index, N 1.41 

Grating thickness, tg (µm) 0.27 
Waveguide thickness, tw (µm) 0.35 
Max grating period, Λ (µm) 0.84 
Min grating period, Λ (µm) 0.47 

Coupler Length, L (µm) 150 
Focal Point (µm) (x =0,z =215) 

Grating Efficiency (%) 42.4 
Table 1: Grating Design Summary 

 
Lateral placement variations ± 5µm 

Horizontal placement variations ± 10µm 
Min detector diameter (µm) 13 ± 5=23µm 

Cdetector (fF) 100 
Detector efficiency, η (%) 25 

Responsivity, R (A/W) 0.17 
Inoise (dark + substrate) (nA) 3 

Wavelength, λ(µm) 0.85 
Extinction coefficient, rex (%) 25 

Bit rate, B (Gb/s) 10 
Bit error rate (BER) 10-15 

Laser-to-Waveguide Coupling Loss -3dB 
Loss per Y-junction -1dB 

Air/Dielectric Reflection Loss -0.2dB 
#Nodes/mth level,  H-tree 22m 

Level H-tree 5 
# Nodes, H-tree 1024 

Table 2: Optical System Summary 
 

F (nm) 50 
Vt (V) 0.26 
Vdd (V) 0.55 

tox, effective (A°) 8 
Chip size (cm2) 13 
Gate delays/CP* 5 
CP gate fan-in 2 
CP gate fan-out 3 
Ngatesx106 (total) 177.5 
Ngatesx103 (node) 106.3 
Activity factor, a .094 
# Nodes, Total 1024 

*CP= critical path 
Table 3: 50nm Technology Node Summary 

 


