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ABSTRACT
The integration of silicon photonics (SiPh) and phase change mate-
rials (PCMs) has created a unique opportunity to realize adaptable
and reconfigurable photonic systems. In particular, the nonvolatile
programmability in PCMs has made them a promising candidate for
implementing optical memory systems. In this paper, we describe
the design of an optical memory cell based on PCMs while explor-
ing the design space of the cell in terms of PCMmaterial choice (e.g.,
GST, GSST, Sb2Se3), cell bit capacity, latency, and power consump-
tion. Leveraging this design-space exploration for the design of
efficient optical memory cells, we present the design and implemen-
tation of an optical memory array and explore its scalability and
power consumption when using different optical memory cells. We
also identify performance bottlenecks that need to be alleviated to
further scale optical memory arrays with competitive latency and
energy consumption, compared to their electronic counterparts.
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1 INTRODUCTION
With the increased complexity and growth in computationally ex-
pensive and data-driven applications, conventional CMOS-integrated
circuits fail to meet the performance demands of emerging com-
puting and communication systems [3]. To address such demands,
silicon photonics (SiPh) has emerged with a promise of ultra-fast
communication and high-performance computation with enhanced
energy efficiency [4, 5]. More recently, silicon photonic devices
have been integrated with PCMs to enable reconfigurable photonic
systems. The phase state of PCMs can change from amorphous to
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crystalline, and vice versa, upon a change in the material tempera-
ture when heated. This leads to a drastic nonvolatile change in the
material’s optical and electrical properties, making them promising
candidates to realize photonic memory cells [6, 7].

Conventional CMOS-based volatile memories, such as SRAMs
and DRAMs, are reaching their limits in terms of energy efficiency,
volume, and speed. This has motivated the need for new mem-
ory technologies, such as PCM-based photonic memories, to be
used as the main memory or storage-class memory in future com-
puting systems. Compared to other nonvolatile memories such
as ReRAMs, PCM-based photonic memories can achieve higher
scalability, energy-efficiency, stability, and bandwidth [8–10].

A PCM-based photonic memory cell can be obtained by deposit-
ing a PCM on top of a silicon-on-insulator (SOI) waveguide [11].
Once the PCM is heated, its state can change from amorphous to
crystalline, and vice versa. Overall, PCMs in the crystalline state
show a higher refractive index than in the amorphous state [6]. The
refractive-index contrast between the crystalline and amorphous
states will affect the optical transmission of the cell, which in turn
can be used to store single or multiple bits per cell. Different optical
transmission levels can be realized in PCM-based photonic memory
cells by controlling the heat source, and hence the crystallization
and amorphization dynamics of the cells (PCMs can be partially
crystallized—i.e., intermediate state). This helps to store multiple
bits per cell. Nevertheless, as the number of bits per cell increases,
due to the need for a larger change in the optical transmission of
the cell, a higher portion of the PCM must be crystallized, leading
to higher set energies per cell [6, 7, 12–14].

The novel contribution of this paper is in presenting a detailed
design-space exploration for PCM-based photonic memories, from
material to system level while using three well-known PCMs: GST,
GSST, and Sb2Se3. Such an exploration helps realize the optimal cell
design to meet specific energy-efficiency, footprint, and maximum-
tolerable-loss requirements in PCM-based photonic memory cells.
By modeling optical properties of the three PCMs, we perform
multi-physics simulations (FDE, FDTD, and HEAT) for PCM-based
photonic memory cells, to understand the impact of changing the
PCM and waveguide geometries on cell-level performance (e.g.,
optical loss and power required for a PCM state change). In addition,
we consider a memory array design from [15] to show how the
power consumption and scalability of a memory array changes
when using different cells explored in this paper.

2 BACKGROUND
In this section, we present an overview of the fundamentals of
PCMs and how PCM-based photonic memory cells work.
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Figure 1: Optical refractive index (𝑛) and extinction coefficient (^) for different PCM materials and wavelengths [1, 2].
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Figure 2: Unit cell of a PCM-based photonic memory [15].

2.1 Fundamentals and Properties of PCMs
The state of a PCM can change from the amorphous to crystalline
state, and vice versa, in a nonvolatile manner, leading to different
optical and electrical properties. One important material param-
eter of PCMs is the melting temperature (𝑇𝑙 ). The regions of the
material after absorbing the energy from a heat source that have a
temperature above 𝑇𝑙 will be melted and quenched. The quenched
region will have an amorphous structure regardless of the initial
state of the material. This process is called reset. Another important
material parameter is the crystallization temperature (𝑇𝑔). When a
PCM in the intermediate state (or amorphous state) absorbs energy
from a heat source, the regions of the material with temperatures
larger than𝑇𝑔 and lower than𝑇𝑙 will recapture the crystalline struc-
ture. This process is called set. Note that 𝑇𝑙 > 𝑇𝑔 , making the reset
the most power-hungry procedure, compared to set.

A PCM is in an intermediate state when a portion of the ma-
terial has an amorphous state and the rest has a crystalline state.
The crystallized area of the PCMs can be estimated by analyzing
the temperature distribution of the cell when being heated [16].
Temperature distribution in a PCM can be calculated by solving
the unsteady-transient heat flow equation in the cell upon the heat
transfer in the material [13]. The required energy to trigger the
phase transition of a PCM can be provided electrically, thermally,
or optically [8]. For electrically (thermally) controlled PCMs, a PN
junction (microheater) can be used to apply heat and initiate the
phase transition [12]. When triggered optically, a laser pulse with
specific power and duration will be used to set or reset the cells.

To implement PCM-based photonic memory cells, understand-
ing the optical properties of PCMs is important. Upon a phase
(state) transition, the optical refractive index of the PCM, and hence
the optical transmission of the cell, will change drastically. This
can be used to store data on the cell’s optical transmission levels.
The optical refractive index profile of three PCMs (GST, GSST, and
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Figure 3: Designed PCM-based photonicmemory cell. Set and
reset are carried out using a microheater on top of the cell.
Sb2Se3) is shown in Fig. 1. Observe the drastic contrast between the
crystalline and amorphous state of the PCMs. Note that for C-band
(1530–1565 nm), GST shows the highest contrast in refractive index
when shifting from amorphous to the crystalline state, and vice
versa. This makes GST the most suitable candidate to implement
PCM-based photonic memory cells. In addition, observe that the
PCMs in the crystalline state have a much higher extinction co-
efficient compared to their amorphous state. This leads to higher
absorption of the optical power in the crystalline state compared to
the amorphous state. The absorbed optical power will be converted
to heat, and can be used to trigger the phase transition in PCMs.
To estimate the optical refractive index profile of the PCMs in any
intermediate state, one can use the Lorenz model in [7, 17].

2.2 PCM-based Photonic Memory
A PCM-based photonic memory cell can be realized by depositing
a PCM on top of an SOI waveguide. The schematic of a PCM-based
photonic memory cell is shown in Fig. 2 [15]. In this design, the light
in the input waveguide couples to the lower ring, and then passes
through the waveguide with the PCM on top of it (i.e., memory cell).
The heaters on the rings are responsible for tuning the resonant
wavelength in the rings Note that in this design, both rings should
have the same resonant wavelength to ensure correct operation
with the same wavelength [15].

Because of the higher refractive index and extinction coefficient
of PCMs in the crystalline state (see Fig. 1), as the PCM in the
unit cell starts to crystallize, the optical transmission of the cell
decreases due to the absorption of optical power in the PCM. The
optical transmission contrast due to the absorption of light in the
PCM helps realize multiple, distinct optical transmission levels
between the initial and final state of the material, to store single
or multiple bits per cell [6, 7]. As the optical transmission contrast
between the initial and final state of the PCM increases, the cell is
able to store a larger number of bits. However, this comes at a cost

534



Design Space Exploration for PCM-based Photonic Memory GLSVLSI ’23, June 5–7, 2023, Knoxville, TN, USA

(a) (b)

0.
2

0.
6

1

0.2
0.6

1

0
0.05

0.15PCM/WG Width (𝜇𝑚) PCM Thickness (𝜇𝑚
)

Lo
ss

 in
 th

e A
m

or
ph

ou
s s

ta
te

 (d
B

) GST

0.
2

0.
6

1

0.2

0.6

1

0
0.05

0.15PCM/WG Width (𝜇𝑚) PCM Thickness (𝜇𝑚
)

Lo
ss

 in
 th

e A
m

or
ph

ou
s s

ta
te

 (d
B

)

GSST

0.
2

0.
6

1

0.2
0.6

1

0
0.05

0.15PCM/WG Width (𝜇𝑚) PCM Thickness (𝜇𝑚
)

Lo
ss

 in
 th

e A
m

or
ph

ou
s s

ta
te

 (d
B

)

Sb2Se3

(c)
Figure 4: Insertion loss of PCM-based photonic memory cells with different materials and geometries. WG: Waveguide.

of higher power consumption or latency because a larger portion
of the PCM needs to be crystallized. The light-PCM interaction
reduces when using silicon (e.g., instead of silicon nitride [6]) in
PCM-based photonic memories [11]. This makes the PCM-based
photonic memories with SiPh more power-hungry with higher
latency. However, PCM-based photonic memories with SiPh offer a
more compact footprint, lower propagation loss, and compatibility
with CMOS fabrication foundries [11].

Phase transitions in PCMs can be triggered electrically, thermally,
or optically. In this paper, the set and reset procedures are carried
out thermally and using a microheater on top of the cell, due to the
decreased light-matter interaction between silicon and PCM and,
consequently, lower optical absorption in the PCM (on top of silicon
waveguide) in amorphous and intermediate states. The schematic
design of the cell with a microheater is shown in Fig. 3. Using this
design, a low-power electrical signal with a long duration can be
used to set (crystallize) the cell. A short-duration pulse with higher
power (compared to the set pulse) can be used to reset (switching
to the amorphous state) the cell, regardless of the initial state.

3 PCM-BASED PHOTONIC MEMORY CELLS
In this section, we present a detailed design-space exploration of
PCM-based photonic memory cells for the design demonstrated in
Fig. 3, using GST, GSST, and Sb2Se3 PCMs.

3.1 Cell Insertion Loss
The insertion loss can be defined as the attenuation of the input
optical signal when the cell is in an amorphous state. When a PCM
is in the amorphous state (i.e., contains 0), it should not attenuate
the input optical signal. The insertion loss originates from the
extinction coefficient in the amorphous state (see Fig. 1). Note that
as the cell starts to crystallize, the loss of the cell is in fact originating
from the optical power absorption in the cell, which determines
the optical transmission contrast being used to store data.

Considering the cell in Fig. 3, Fig.4 shows the optical insertion
loss for different PCMs of different geometries (width and thick-
ness) at 1550 nm. Results are based on simulations in Lumerical
MODE solver [18]. Note that we consider the PCM’s width and
waveguide’s width to be the same. Out of the three PCMs under test,
GST shows the highest optical insertion loss in the amorphous state
due to its higher extinction coefficient in the C-band (see Fig. 1(a)),
where its loss can be as high as ≈0.6 dB/`m (see Fig. 4(a)). Moreover,
note that the loss in the amorphous state for GST increases with its

thickness, while the effect of PCM or waveguide width is insignifi-
cant. Despite GST’s high insertion loss in the amorphous state, it
has the highest contrast in the refractive index switching from the
amorphous to crystalline state, making it the best candidate for
photonic memories. Next are GSST and Sb2Se3 that are lossless in
the amorphous state (see Figs. 4(b) and 4(c)), but compared to GST,
have lower contrast in the refractive index between the two states.
Note that to realize PCM-based photonic memory cells, having
low loss in the amorphous state and high refractive index contrast
between crystalline and amorphous state is ideal.

3.2 Cell Capacity
Cell capacity in PCM-based photonic memories is a parameter that
can be determined by capturing the optical transmission contrast
between the amorphous and partially or fully crystallized state of
the PCM [13]. As the crystallization fraction increases, the optical-
transmission changes increase due to increased attenuation of the
input optical signal. This leads to a higher number of separable
signal levels to store data, and hence storing a larger number of bits.
For example, for a 2-bit PCM-based photonic memory cell, only 4
signal levels are needed to store data (00, 10, 01, 11).

The optical transmission contrast (Δ𝑇 ) and optical absorption
contrast (Δ𝑃 ) between fully crystalline and fully amorphous state
for 2-`m-long PCM-based photonic memory cells of different ge-
ometries and materials are shown in Fig. 5. Note that Δ𝑇 is not only
a function of Δ𝑃 in the cells. Δ𝑇 partially originates from the optical-
refractive-index mismatch between the PCM and SOI waveguide.
The effect of the refractive-index contrast is more observable in
Sb2Se3. We can see from Figs. 5(c) and 5(f) that for Sb2Se3, although
Δ𝑃 is zero, the material unexpectedly shows some Δ𝑇 between
the two states, which stems from the optical-refractive-index mis-
match. Note that such a Δ𝑇 in Sb2Se3 cannot be controlled actively
as it is independent of the material absorption (or phase change
of the material). In addition, Sb2Se3 shows lower refractive index
contrast, and hence significantly lower Δ𝑇 compared to GST and
GSST (see Fig. 1). These make Sb2Se3 not an ideal candidate to
implement PCM-based photonic memories with SOI waveguides,
necessitating some additional design optimization to address the
optical-refractive-index mismatch.

To avoid optical-refractive-index mismatch when designing GST-
and GSST-based photonic memory cells, one should pick a design
where both Δ𝑇 and Δ𝑃 are maximum. Doing so ensures that the
Δ𝑇 is stemming from the optical power absorption. Accordingly,
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Figure 5: (a)–(c) Optical transmission contrast (Δ𝑇 ) and (d)–(f) total absorption contrast (Δ𝑃 ) between crystalline and amorphous
state for PCM-based photonic memory cells with GST, GSST, and Sb2Se3. Simulations are based on Lumerical FDTD.
considering Figs. 5(a) and 5(d), for a 2-`m-long GST cell, Δ𝑇 and Δ𝑃
are at 95% when the thickness of the cell is about 20 nm with the
width of 470 nm. Note that the impact of waveguide/PCM width on
Δ𝑇 and Δ𝑃 is negligible. This cell can store up to 6 bits (up to 64 sep-
arable signal levels), considering a ≈1% (0.96/64) margin between
each state of the cell. However, this cell suffers from 0.2 dB/`m
insertion loss in the amorphous state (see Fig. 4(a)). Using the same
approach, we can design a 2-`m-long, 40-nm thick GSST-based cell
with a width of 470 nm to store 6 bits per cell, but with no insertion
loss in the amorphous state.

The bit capacity of a cell is determined by adjusting the crystal-
lized fraction of the cell. As mentioned in Section 2, the refractive
index of a PCM in an intermediate state can be estimated using
the Lorenz model from [7, 17], and assuming a uniform phase tran-
sition in the PCM’s volume from amorphous to crystalline state.
Using the Lorenz model and FDTD simulations, and assuming ≈1%
margin to separate transmission levels [13], to store a maximum
of 2 (4) bits per cell, we found that up to 20% (40%) of the PCM
needs to be crystallized when using GST and GSST. To store 6 bits
per cell, these cells should be fully crystallized. Note that the afore-
mentioned values are the required crystallization fraction for the
extreme cases for writing "2𝑛−1" (𝑛 is the bit capacity of the cell)
to the cells. The crystalline fraction can be controlled by tuning
the power and duration of the heat source being used to set the
cells, and, as it was mentioned, it can be estimated by solving the
unsteady-transient heat transfer equation in the PCM’s volume
[17]. The reset procedure will be the same regardless of the maxi-
mum number of bits stored, as the PCM should return to its initial
amorphous state. Storing multiple bits per a PCM-based photonic

memory cell can be challenging due to the essential need for more
complex programming and detection policies at the architectural
level, when scaling the cells to implement memory arrays.

3.3 Latency and Power Consumption
The latency and power consumption of a PCM-based photonic
memory cell are a function of the cell’s maximum bit capacity. As
the cell’s bit capacity increases, due to the need for a higher trans-
mission contrast, more energy is required to reach higher levels of
crystallization. Using the design in Fig. 3, a microheater is designed
to set and reset PCM-based photonic memory cells. The heater
material is Ti/TiN with 𝜌 = 60 `.Ω.cm and a sheet resistance of
5.5 Ω/sq. The melting temperature of the heater material (Ti/TiN)
is 1941 K, considered to avoid melting the heater upon heating the
PCM. The thickness of the heater is 110 nm with the width and
length of 2 `m, placed 600 nm above the waveguide to reduce metal-
lic absorption due to metal-light interaction. Lumerical HEAT [18]
is used to carry out unsteady-transient heat transfer simulations to
capture the temperature distribution in the PCMs (only GST and
GSST; see Section 3.2), as a function of exposure time for a given
electric power applied to the heater.

Fig.6(a) shows the maximum set energy for the GST- and GSST-
based photonic memory cells designed in Section 3.2, when a 6 mW
electrical pulse is applied to the heater with different pulses (𝐸 = 𝑃 .𝑡 ,
where 𝑡 is the pulse duration and 𝑃 is the electric power applied
to the heater). The 𝑇𝑔 for GST and GSST is considered to be 453 K
and 423 K, respectively. In addition, the melting temperature of
890 K and 900 K is considered for GST and GSST, respectively
[7, 13, 19, 20]. We can see from Fig.6(a) that, in general, as we
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(a) (b)
Figure 6: (a) Maximum set energy versus cell’s bit capacity
for two PCM-based photonic memory cells using GST and
GSST. A constant 6 mW electrical pulse with various pulse
widths is used. (b) Power-latency trade-off for the same cells
to achieve fully crystalline state to write "111111" to the cell.

increase the cell’s bit capacity, the maximum energy required to
set the cell (energy that is required to write "2𝑛−1", where 𝑛 is
the cell’s bit capacity) also increases. This is due to the essential
need for larger transmission and optical absorption contrast. For
example, in a 6-bit PCM-based photonic memory cell using GSST,
the maximum energy of 175 nJ is required to write "111111" to the
cell, while for GST, this energy can be as high as 248 nJ. An electric
pulse of 40 mW with a duration of 3.5 `s is used to reset the cells
by reaching the melting temperature of the PCMs, hence returning
to the amorphous state.

The power-latency trade-off for the 6-bit GST- and GSST-based
cells is shown in Fig. 6(b). As it can be seen, as we increase the max-
imum set power, the latency decreases and the trend is nonlinear.
In addition, note that for power values lower than 6 mW, phase
transition cannot be triggered, regardless of pulse duration. In other
words, the required energy to trigger a specific phase transition is
not always the same, and it depends on the electrical power used
to write on the cells. This effect stems from the physical mecha-
nism of the heat transfer from the heater to the PCMs given the
sample’s thermal properties, such as thermal conductivity, specific
heat capacity, and density.

4 PCM-BASED MEMORY ARRAYS
Leveraging the cell introduced in Section 2 (see Fig. 2), one can
realize a PCM-based photonic memory array by cascading 𝑀 cells
per row, and for the total number of 𝑁 rows with the configuration
depicted in Fig. 7. Here, we consider the design presented in [15].
Note that the original design in [15] used different ring radii to
induce different resonant wavelength shifts in a row, while in our
work microheaters on the rings are used to realize the required
resonant shift to read and write data with the PCM-based photonic
memory cells. The reason for using heaters instead of different radii
is to actively control the resonant shift in the rings and the spacing
between the resonant peaks, which creates an additional degree of
freedom when designing a memory array. Due to using heaters for
tuning the rings in this design, there is no need for fine-tuning the
input, drop, and output gaps in the rings associated with each PCM
cell. The resonant wavelength of the rings in each row is slightly
different (Δ_ = 850 pm [15]), which is controlled by the heaters
in our design. The readout of each cell in the memory depicted in
Fig. 7 can be done in two steps. First, we can select the row to be

…

…

…

…

…

Input (𝝀𝟏 − 𝝀𝑴)
SN S1 S2

Row 1

Row N

Row 2

Cell 1N Cell MN

Cell 12 Cell M2

Cell 11 Cell M1

LaserPD PD PD

PCM PCM PCM

PCM PCM PCM

PCM PCM PCM

Figure 7: PCM-based photonic memory array based on the
design presented in [15]. PD: Photodetector.

read using output ports S1 to S𝑁 . Then, the cell to be read from
within each row can be selected via the input wavelength, due to
the slight difference between the resonant wavelengths of all rings
in a row [15]. Finally, the optical signal transmission from each cell
can be converted to an electrical signal via photodetectors (PDs) at
the end of each output port, to retrieve the stored data.

Employing the two cells designed in Section 3, we explore the
scalability of the memory array in Fig. 7. The required laser output
optical power (𝑃𝑙𝑠𝑟 ) for reading from the last cell in each row in
this memory array can be defined as [21]:

𝑃𝑙𝑠𝑟 ≥ 𝑆𝑃𝐷 +[(𝑁 ×𝑀)−1+(𝑀−1)]×𝐿𝑝+2𝐿𝑑 +𝐿𝑎𝑚𝑜𝑟𝑝ℎ𝑜𝑢𝑠 (_). (1)

Assuming 𝑀 = 𝑁 , and that all the cells contain 0 (amorphous
state), PD’s sensitivity of 𝑆𝑃𝐷 = −11.7 dBm [22, 23], average ring
passing/drop loss of 𝐿𝑝 = 𝐿𝑑 = 0.1 dB [15], and average loss in the
amorphous state (for the wavelength range of _ = 1530–1565 nm) of
𝐿𝑎𝑚𝑜𝑟𝑝ℎ𝑜𝑢𝑠 = 0.35 dB for GST, and 0 dB for GSST, the required laser
power to read from the last cell in the last row of the memory array
(i.e., worst-case optical power consumption) is shown in Fig. 8(a).
The insertion loss in the amorphous state is considered constant due
to the small spectrum spacing between thewavelengths used to read
the data. Note that too much increase in the readout optical power
requirement can lead to an increased number of read errors due to
the change in the state of the PCM (especially for the case when the
cells in the first row of the memory array have a high crystallization
fraction). We can see from the results in Fig. 8(a) that the array size
plays an important role and as we increase the memory array size,
the optical power at the input increases dramatically and can be
as high as 30.4 dBm for a PCM-based photonic memory, regardless
of the maximum number of bits per cell. Note that the effect of
loss in the amorphous state is insignificant in the memory design
presented in Fig. 7. This is because of using different wavelengths
to read different cells in a row. Therefore, each read optical signal
experiences loss from a single PCM cell it is reading from, and
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(a) (b)

Figure 8: (a) Optical power consumption and (b) maximum
set energy (6-bits per cell) for the memory array in Fig. 7.

losses from other cells will not impact this signal. However, the
read signal suffers from higher optical losses as the memory array
scales up, due to the increase in the number of rings it passes (and
higher propagation loss, not discussed in this paper).

The maximum set energy is another parameter that changes with
scaling of the memory array capacity. The maximum set energy
for the memory array using 6-bit GST- and GSST-based cells to
write "111111" is shown in Fig. 8(b) for different memory array
capacities (i.e., total number of bits stored) with 𝑀 = 𝑁 . As can
be seen, as we increase the array capacity, the maximum write
energy of the entire memory increases linearly, and it can be as
high as 0.6 mJ for GST and 0.4 mJ for GSST. Note that a 6 mW
electrical pulse is used to write on the cells via heaters. Considering
the results in Fig. 8, we can see that scaling up a memory array
to increase its capacity is infeasible without further optimization
of the cell’s structure due to high input optical power required to
compensate for the losses. For example, to store 2400 bits (120-bits
per row and 6-bits per cell when𝑀 = 𝑁 =20), the input laser should
provide at least 30.4 dBm to compensate for the losses throughout
the memory array. Consequently, the 1% margin between optical
transmission levels considered in this paper may lead to unreliable
readouts due to the undesired change in the state of the cells due
to increased input optical power. This motivates the need for a
trade-off between the transmission level’s margin and the number
of levels, and therefore the cell’s bit capacity. Moreover, optical
transmission drift is another limitation that can lead to unreliable
readout of cells. Such drifts impose a higher set pulse duration and
lower bit capacity (to achieve a larger margin between the optical
transmission levels) to stabilize the cell’s state whenwriting the data
[7, 13]. Another limiting factor in scaling the design in Fig. 7 is the
free-spectral range (FSR) of the rings. We cannot arbitrarily increase
the number of rings to store more bits per array. Increasing the
number of rings per row necessitates a larger number of operating
wavelengths to store and read the data from the cells. This leads to
the essential need for rings with a large FSR, which requires smaller
rings (FSR is inversely proportional to ring radius) at the cost of
increased optical loss in the rings.

5 CONCLUSION
In this paper, we presented a design-space exploration of PCM-
based photonic memories with silicon photonics using three well-
known PCMs, namely GST, GSST, and Sb2Se3. Parameters such
as optical insertion loss of the cell in the amorphous state, optical
transmission contrast between amorphous and crystalline state,

cell’s bit capacity, and set and reset energies are explored to design
an optimized photonic memory cell. We showed that for thermally
controlled PCM-based photonic memory cells with GST or GSST,
as the bit capacity of the cells increases, the maximum set energy
also increases drastically. Finally, we presented an example of a
memory array using the optimized memory cells and explored the
scalability and maximum set energy in the array as the size of
the array changes. Our results show the promise of PCM-based
photonic memories and the critical need for cross-layer design
co-optimization (material to array level) to minimize energy and
latency costs in such memories.
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