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Abstract 

The low lithium-ion conductivity is current the bottleneck in developing solid-state 

electrolytes (SSEs) that are expected to be a key component in the next generation of 

lithium batteries. Inspired by the high connectivity of the biological nerve network, we 

designed a mimic architecture inside a polymer electrolyte to provide fast lithium-ion 

pathways. Detailed experimental and simulation studies revealed that the mimic nerve 

network could efficiently form the bi-continuous structure at very low percolation 

threshold, and rendered an unprecedentedly non-linear increment by order of magnitudes 

in the lithium-ion conductivity, with a superior lithium-ion conductivity up to 0.12 
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mS·cm
-1

, transference number up to 0.974 and robust mechanical strength of 10.3 MPa. 

When applied in lithium metal batteries, good rate and cycling performance were 

achieved at both room and elevated temperatures. 

 

Keywords 

Solid polymer electrolytes; Single-ion conduction; Bio-mimic nerve network; Percolation 

theory; Microphase separation 

 

1. Introduction 

Developing the next‐ generation energy storage systems with high efficiency, high 

capacity, safety, eco-friendliness, and long life is pivotal to many fields.
1-4

 Solid-state 

electrolytes have attracted a lot of attention due to their prospects in many promising 

energy storage systems, including lithium batteries, fuel cells, and concentration cells. In 

the field of lithium battery, solid-state electrolytes can substantially suppress lithium 

dendrites to enable safe use of the aspirational metallic lithium anode that has the lowest 

redox potential (-3.040 V vs. SHE) and the highest theoretical capacity (3860 mAh g
-1

).
1, 

5-7
 Consequently, it has a great potential to realize the deployment of novel unlithiated 

cathodes to achieve a variety of gloriously powerful lithium chemistry‐ based battery 

systems, such as lithium‐ sulfur
8
 and lithium-oxygen.

9
 

 

Solid polymer electrolytes (SPEs) are one of the most important types of solid-state 

electrolytes. SPEs are preponderant in cost, processibility, stability, and structural 

diversity. 
4, 10-12

 In addition, by covalently connecting anions to the macromolecular 

backbones, the lithium-ion transport number (𝑡𝐿𝑖+) of SPEs can reach almost 1 and thus 

can achieve near single-ion lithium conduction. This is highly beneficial for lithium metal 
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batteries because it can retard the accumulation of the migrated anions at the 

electrode/electrolyte interface to avoid anion polarization, rendering a stable dendrite‐

free Li electrodeposition.
13

 However, compared to inorganic solid-state electrolytes, SPEs 

are plagued by the relatively lower lithium-ion conductivity. 

 

Studies for high-performance SPEs have been focused on constructing composite 

electrolytes with hierarchical structures in recent years.
5, 12, 14-19

 Weston and Steele were 

the first to report the fabrication of composite SPE with α-Al2O3 filler.
20

 It was found that 

the incorporation of fillers could reduce the crystallinity of the polymer and thus lead to 

decreased transport resistance and improved conduction of lithium ions at the 

filler/polymer interfaces. Since then, materials of varying shapes and dimensions, such as 

particles,
18

 
21

 rods,
5, 15

 and nanowires 
22, 23

 were used as fillers. Cui et al. investigated 

SPEs composited with nanoparticles, random nanorods, and aligned nanowires,
5, 15

 

implying that a bi-continuous structure is advantageous because in which it forms 

interconnected filler/polymer interfaces that serve as fast transport pathways for lithium 

ion to migrate across the entire electrolyte structure.  

 

The bi-continuous structure can be modeled by the percolation theory which is based on 

statistical physics and mathematics. It presents a model that describes the network 

behaviors when nodes or linkers are connected.
24, 25

 The percolation theory points out that 

anisotropic dendritic nanowires with high coordination numbers can form the fully-

connected bi-continuous networks more easily than regular nanowires, rods, and 

spheres.
26-30

 The biological nerve network, consisting of ramus neurons with anisotropic 

axons, is a type of bi-continuous structure, the characteristics of which can be explained 
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by the percolation theory as well.
31

 Although the volume fraction of the nerve structure is 

insignificant in a biological system, the electric signals can be rapidly transported through 

the nerve network to almost every part of the living system.
32

 We hypothesised that the 

highly efficient nerve network could be used to efficiently transport lithium ions if a 

mimic bi-continuous nerve structure can be constructed in SPEs. 

 

2. Results and discussion 

2.1. Development of the mimic neuron and NN-SPE 

To better illustrate the idea, we first show the real nerve network structure of rats in 

Figure 1a, which consists of neuron cells and neuroglia. Neuroglia provides mechanical 

support to the nerve system. Neuron cells are dispersed in the neuroglia and 

interconnected with each other to conduct nerve signals. The neuron cell consists of a 

core node and multiple dendritic axons. The dendritic axons are sheathed by myelin 

sheaths, which possess queued ions inside to provide a fast and stable nerve signal 

transport pathway. Inspired by the biologic nerve networks, we designed a similar 

structure consisting of mimic neurons and mimic neuroglia (Figure 1b) for lithium 

transport. 

In our previous study, we exhibited our effort on constructing a bi-continuous structure 

by a linear polymer.
4
 However, the linear polymer chains tend to form a broom-shaped 

aggregation, instead of branched network. To form the mimic nerve network, we 

designed a branched polymer with multiple chains anchored on a centra point, similar 

with the natural neurons. The mimic neuron was synthesised following the atom transfer 

radical polymerization (ATRP) technique. As illustrated in Figure 1c, octa(γ-

chloropropyl)POSS (Mw = 1032) was used as the core node and excipient to provide a 
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branched structure, which played a supporting role. Despite POSS was employed in a 

number of previous papers, most of them played a primary role, as particle dopants, 
18, 33

 

crystallization disturber
34-37

 or crosslinker. Lithium 1-[3-(methacryloyloxy)-

propylsulfonyl]-1-(trifluoromethylsulfonyl)-imide (Li-MPTI) was first anchored and then 

polymerized into eight chains that functioned as the mimic axons. The chemical structure 

of the mimic neuron was confirmed using the 
1
H, 

13
C, and 

7
Li NMR spectroscopy 

techniques (Figure S1a–1c). The number-average molecular weight of the mimic neuron, 

Mn, was determined to be 574,900 Da using the gel permeation chromatography (GPC, 

Figure S1d) technique. Thus, each arm of the mimic neuron contained ~211 repetitive 

units of the Li-MPTI salt. The topology of the mimic neuron was viewed using the high-

resolution transmission electron microscopy (HRTEM) technique. In order to view the 

structure more clearly, the sample was stained by substituting the light Li
+
 by the heavy 

Ag
+
 using the ion-exchange method.

4
 It can be seen in Figure 1d that each mimic neuron 

consisted of eight 50 nm-long arms. The observed structure agreed well with what was 

expected from its molecular structure. Each arm can potentially function as a high-speed 

road for lithium-ion transport.  

 

NN-SPE was formed by dispersing the mimic neurons into a liquid oligomer solution of 

ethylene-glycol-methyl-ether-methacrylate (EGMA, Mw = 500). The oligomers were 

polymerised in situ by exposing the solution under the ultraviolet with a wavelength of 

365 nm
-1

. The formed polymer matrix, named as PEGMA, was served as the mimic 

neuroglia. Analysis of the optical image of the NN-SPE film (Figure S2) revealed that it 

was homogeneous, transparent, and flexible. The scanning electron microscopy (SEM) 

images (Figure S3) exhibited that the NN-SPE film was uniform and dense without any 
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defects. Using the same staining method as previous described,
4
 the distribution of the 

mimic neurons in the mimic neuroglia was observed using the dark-field scanning 

transmission electron microscopy (DF-STEM) technique (Figure 1e). It showed that the 

mimic neurons were fully stretched in the polymer matrix and connected to form an 

interconnected network at the percolation threshold. The structure is similar to the 

biological neural network. 
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Figure 1. Structure of NN-SPE. (a) and (b) Illustration of the conceptual NN-SPE 

structure. (c) Illustration and synthetic steps for the preparation of the mimic neurons and 

mimic neuroglia. (d) HRTEM image of the mimic neuron. The black regions indicated 

the location of lithium salt groups in the mimic neurons. (e) DF-STEM image of the NN-

SPE film. The bright region shows the mimic neuron. 

 

2.2. Rate of lithium transport in NN-SPE 

Figure 2a shows the lithium-ion conductivities in NN-SPE at different loading rates of 

the mimic neurons (represented by the O/Li ratios). For comparison, a random mixture of 

the Li-MPTI salt in the PEGMA matrix was prepared and denoted as RC-SPE. Four 

inflection points (marked by Roman numbers) were observed in the ionic conductivity 

curve recorded for the NN-SPE. Before point I, where the O/Li ratio was  33.3, the ionic 

conductivity was very low (< 0.01 mS·cm
-1

), and the reason was attributed to the isolated 

distribution of the mimic neurons in the polymer matrix at low content. The ionic 

conductivity rose sharply at point II and was maximum at point III, where the O/Li ratio 

was 9.52. It indicated that the mimic neurons began to connect when the concentration 

increased. Eventually, the bi-continuous structure was formed. The maximum lithium-ion 

conductivity at point III was ~0.12 mS·cm
-1

. As a comprehensive comparison shown in 

Figure S4 and Table S1, this maximum value was one of the highest among the reported 

SPEs thus far. After point III, the ionic conductivity decreased when the O/Li ratio was 

further reduced. In contrast, the ionic conductivity of the RC-SPE increased almost 

linearly with the O/Li ratio (till the ratio reached ~ 15.0), and then decreased. The 

maximum ionic conductivity recorded was ~0.01 mS cm
-1

, which was an order of 

magnitude lower than the value recorded for NN-SPE. 
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Figure 2. (a) Experimental and the simulated lithium-ion conductivities of NN-SPE and 

RC-SPE under various O/Li values. The O/Li value was converted from the mass content 

of the Li-MPTI group (ω, %) using the equation "O Li⁄ = (1 − 𝜔) (0.236𝜔)⁄ ". (b) 

Lithium-ion conductivities of NN-SPE and RC-SPE at the optimum O/Li ratio for NN-

SPE (9.52) under different temperatures. (c) DSC curves of Mimic neuron, PEGMA, NN-

SPE and RC-SPE; the inserted figure shows the structure of PEGMA and one of the arms 

of mimic neuron. (d) Mechanical strength curve of NN-SPE. 

 

The following percolation equation was used to fit the experimental data (details are 

shown in Section 2 of the supplementary information):
38-41

 

𝜎 = 𝐷𝑖
𝐹2

𝑅𝑇
𝐶𝑖(𝜙 − 𝜙0)

𝑡 (1) 
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where σ is the ionic conductivity; Di is the diffusion coefficient determined using the 

pulsed field gradient nuclear magnetic resonance (PFG-NMR) technique (Figure S5); Ci 

is the ion-group concentration density; T is the temperature; F is the Faraday constant; 𝜙 

is the volume fraction of filler in SPE; 𝜙0 is the percolation threshold; and t is a spatial 

dimension constant that has a typical value of ~1.6±0.1.
38, 39, 42

 As shown in Figure 2a, 

the experimental data of NN-SPE can well fit the percolation model with the following 

model parameters: 𝜙0 = 0.041 and t = 1.60. Notably, the fitted 𝜙0 value is significantly 

smaller than the typical values (0.099–0.19) reported for other nanocomposite 

structures.
40-42

 It indicates that the mimic neuron structure is very efficient in forming the 

bi-continuous ion conductive network. However, the RC-SPE structure failed to fit the 

percolation model. This was attributed to the fact that it formed a homogeneous mixture 

and not a bi-continuous structure. It also implies that the bi-continuous structure is the 

key to achieve increased (by one order of magnitude) ionic conductivity. 

 

The effect of temperature on the ion conductivity was studied in Figure 2b under the 

optimum O/Li ratio for NN-SPE (i.e., 9.52). The ion conductivities of NN-SPE and RC-

SPE increased exponentially in the temperature range of 25–100 
o
C. The calculated 

activation energy (Ea) was 29.15 kJ/mol (0.302 eV) for NN-SPE, and 49.99 kJ/mol 

(0.518 eV) for RC-SPE (Figure S6). The significantly lower Ea value for NN-SPE 

indicated the low resistance of ionic transfer in the mimic nerve network. We used the 

PFG-NMR spectroscopy technique to investigate the diffusion coefficient of the lithium-

ions, as shown in Figure S5. The diffusion coefficient in NN-SPE was in the range of 

1.66×10
-12

 – 1.04×10
-11

 m
2
 s

-1
. The values were an order of magnitude higher than the 

values recorded for RC-SPE (range: 2.99×10
-13

 – 2.68×10
-12

 m
2
 s

-1
). In addition, 

                  



Page 10 of 25 

 

compared to the 
7
Li chemical shift of -1.11 ppm in RC-SPE, the downfield 

7
Li chemical 

shift in NN-SPE (-0.63 ppm) implies the weaker interaction between the Li
+
 and oxygen 

atoms, which is another evidence indicating the more facilitated ion transfer in NN-

SPE.
43, 44

  

 

The lithium-ion transference number (tLi
+
) plays an important role in battery performance. 

A higher tLi
+

 (close to 1.0) implies a more suppressed migration of the couple anions, 

sequentially avoiding the anion polarisation on the electrode and prolonging the battery’s 

lifetime. The tLi
+
 value in NN-SPE at the optimised O/Li ratio was detected to be 0.974, 

0.941, and 0.910 at 25, 60, and 90 
o
C (Figure S7 and Table S2), respectively, using the 

classical Vincent–Bruce method.
45, 46

 The reduced tLi
+
 may cause by the enhanced 

flexibility and movability of polymer chains at the elevated temperature.
47-49

 These values 

are also among the highest reported ones in the literature (Table S1). The high tLi
+
 values 

can be attributed to the fact that the MPTI anions are covalently bonded to the bulky 

mimic neuron (molecular weight of 574900 Da).  

Figure 2c shows the results of differential scanning calorimetry (DSC) test. The arms of 

Mimic Neuron molecules consist of polymethacrylate (PMA) main chains, without 

polyethylene glycol (PEG) chains. The glass transition temperature (Tg) of 38.14 
o
C and 

melting temperature (Tm) of 166.73 
o
C were detected. PEGMA polymer consists of PMA 

main chains (22.12 wt.%) and PEG oligomer side chains (77.88 wt.%, 7 ~ 9 chain units, 

Mn = 308 ~ 396). The Tg of PEGMA polymer was -64.24 
o
C, which is related to the PEG 

oligomer side chains. A peak corresponding to the cold crystallization process of PEG 

oligomer was detected at -43.88 
o
C, and Tm of PEG oligomer side chains was detected at 

2.01 
o
C. A broad and weak peak was detected at 53.17 – 116.90 

o
C, which was related to 
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the reduced Tm of PMA main chains due to the plasticization of melted PEG oligomer 

side chains. By coupling mimic neuron and PEGMA polymer matrix, the obtained NN-

SPE, consisting of 53.91 wt.% PMA chains and 46.09 wt% PEG chains, exhibited one Tg 

of -63.66 
o
C, a cold crystallization peak at -39.42 

o
C and a sharp melting peak (Tm1) at -

6.21 
o
C. The degree of crystallinity of PEG phase was 1.01% (Table S3). These results 

indicated the PEG oligomer side chains of PEGMA polymer was in “Quasi-liquid” state 

at ambient condition, and thus facilitated lithium-ion transfer. New peaks appearing at 

93.07 
o
C and 139.97 

o
C were attributed to the cold crystallization process and melting 

(Tm2) of the PMA main chains. The degree of crystallinity was determined to be 80.60% 

(Table S3). The high degree of crystallinity can provide a high mechanical property. 

These results also indicated the multiple-phase structure of NN-SPE. By contrast, 

although the RC-SPE also consisted of two polymer chains, only one Tg of - 41.68 
o
C and 

one Tm of 130.70 
o
C were detected, which indicated a homogeneous structure with fully 

mixed polymer chains in RC-SPE. The melting peak and cold crystallization peak of PEG 

oligomer side chains in RC-SPE fully disappeared, which was ascribed to that the strong 

interaction between lithium ion, oxygen atom and MPTI groups constraint the PEG 

oligomer side chains, as described by MD simulation below. The degree of crystallinity 

of RC-SPE was 40.8%. The rigid and dense structure is not good for lithium transfer. 

 

The mechanical property of the solid electrolytes is important as it is associated to the 

battery safety. Figure 2d shows that the NN-SPE has a tensile strength of 10.34 MPa and 

a ductility of 22%. The good mechanical property was attributed to high crystallinity of 
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80.60% of NN-SPE. The inserted figure in Figure 2d shows the RC-SPE were highly 

flexible with a ductility of 485 %. However, its tensile strength was just 1.20 MPa.  

2.3. Analysis of sub-microstructure and mechanism of lithium transport 

Molecular dynamics (MD) simulations were conducted to understand the microstructures 

and the mechanism of lithium transport on the molecular level, as shown in Figure 3 for 

NN-SPE and Figure S8 for RC-SPE. Figure 3a exhibits that the mimic neurons were fully 

stretched inside the polymer matrix under a wide range of O/Li ratios and generated two 

distinct domains: the blank domain consisting of the polymer matrix and the red domain 

composed of the eight stretched axons of the mimic neurons. Figure 3b and Figure 3c 

show the radial distribution functions (RDFs) and the coordination numbers of atoms 

NMPTI, OEG, and OMPTI at the vicinity of lithium ions, where NMPTI represents the nitrogen 

atom of the imine group of the MPTI unit, OEG denotes the oxygen atom of the ethylene 

glycol (EG) group of the polymer matrix, and OMPTI is the oxygen atom of sulphone 

group of the MPTI group. The RDF of Li-NMPTI is broad and longer than 5.0 Å, and the 

coordination number is approximately 0. It tells that the lithium ions are almost fully 

dissociated from the imine groups. The distances between Li-OMPTI and Li-OEG are 

relatively fixed at 2.4 Å and 3.75 Å respectively, revealed from the single and sharp 

peaks in their RDF profiles. Each lithium was surrounded by ~two OMPTI and ~three OEG. 

It can be concluded that the lithium ions should be located at the interface between the 

mimic axons and the polymer matrix, as illustrated by a simulation snapshot in Figure 3d. 

This interface can be viewed as the mimic myelin that serves as a fast transport pathway 

for lithium ions. 
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Figure 3. Microstructure by molecular dynamics (MD) simulation. (a) Packing of the 

mimic neurons in one unit cell under various O/Li ratios (b) RDFs of lithium, NMPTI, 

OMPTI, and OEG in NN-SPE. (c) Coordination numbers of NMPTI, OMPTI, and OEG at the 

vicinity of lithium ions in NN-SPE. Insert illustrates the environment surrounding a 

lithium ion, where the green sticks represent the EG pendent groups of PEGMA, yellow 

sticks represent the MPTI groups, purple ball represents the lithium-ion, and pink and red 

balls represent the coordinated and uncoordinated oxygen atoms, respectively. (d) 
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Distribution of lithium-ion near a mimic axon of a mimic neuron. The green area 

represents EG, red zone represents the mimic axon, and purple balls represent the lithium 

ions. (e) Simulation of the connectivity of the mimic neurons in NN-SPE at different 

loading rates. The sizes of the simulation boxes were different due to the change in the 

total molar amount under conditions of varying O/Li ratios. The polymer matrix fills all 

blank spaces and is not displayed. (f) Number density profile of different atoms with the 

core of the mimic neuron as the origin point. 

 

In contrast, the simulation results of RC-SPE showed that the Li-MPTI salt was well 

dispersed into the polymer matrix either as isolated molecules at low concentration or 

agglomerated clusters when the concentration increased. The coordination numbers of 

NMPTI gradually increased to 1 when the O/Li ratio decreases to 4.65, and the distance 

between the lithium and NMPTI unit is ~2.5 Å, significantly shorter than that in NN-SPE. 

It indicates that the lithium ions cannot be fully dissociated at high concentration in RC-

SPE. The distance between lithium and OEG in RC-SPE (2.41 Å) is shorter that in NN-

SPE (3.75 Å), which is accordance with the result of PFG-NMR and indicates a high 

resistance to the lithium transfer in RC-SPE.
43, 50

  

 

Figure 3e and 3f studied the connectivity of the mimic neurons at different loading rates 

associated to the four reflecting points identified in Figure 2a. At point I, all the mimic 

neurons were located within the simulation box. Thus, they were isolated from each other. 

At point II, some axons of mimic neuron reached the box boundaries to interconnect with 

the neighbour neurons. At point III, all axons were able to reach the boundary to form a 

bi-continuous structure. When the O/Li ratio was further decreased to point IV, the 
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simulation box was crowded by the mimic neurons, and there was not enough polymer 

matrix to form the mimic myelin interface. The lithium-ion conductivities at different 

O/Li ratios were retrieved from the nonequilibrium MD simulations and the results are 

overlapped in Figure 2a for comparison. The simulated conductivities fitted well with the 

experimental data. Hence, the molecular dynamics simulation has well modelled the 

composite structure and the lithium-ion transport. 

 

2.4. Battery performance 

Lithium metal batteries were prepared using lithium iron phosphate (LFP) as cathode, 

metallic lithium as the anode, and NN-SPE or RC-SPE films with thickness of ~100 um 

as the solid electrolyte. Figure 4a and 4b shows the battery performances at ambient 

temperature (30 
o
C) and elevated temperature (60 

o
C), respectively. At ambient 

temperature, the NN-SPE battery showed a discharge capacity of approximately 152.1 

mAh g
-1

 at 0.1 C and ~ 101.9 mAh g
-1

 at 0.5 C with Coulombic efficiency of >99.5%. 

These performances were better than the reported state-of-art performances of all-solid-

state electrolytes (Table S1). The performance of the RC-SPE battery was not shown 

because it is very low at the ambient temperature. At 60 
o
C, the NN-SPE battery 

exhibited a competitive discharge capacity in the range 166.8–70.4 mAh g
-1

 at 0.1–2.0 C. 

An excellent capacity retention of 91.3% was achieved for over 240 cycles. The 

Coulombic efficiency was slightly low at the initial stage (91–95 %), but it gradually 

increased to >99.8% after ~10 cycles thereafter. Analysis of the specific charge–

discharge voltage profiles (Figure S9) revealed that the battery worked stably. In 

comparison, the discharge capacity of RC-SPE was in the range of 145.9–59.4 mAh g
-1

 at 

0.1–1.0 C, and collapsed at 2.0 C.  
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Figure 4. Lithium metal battery performance. (a) Rate and cycling performance of NN-

SPE at 30 
o
C. (b) Rate and cycling performance of NN-SPE at 60 

o
C. (c) Performance of 

symmetric lithium cells (NN-SPE) at 0.5 mA cm
-1

 and 60 
o
C. 

 

Cyclic lithium plating/stripping experiment was conducted to investigate the dendrite 

suppression property of NN-SPE, as showed in Figure 4c and Figure S10. The lithium 

plating/stripping in the Li/NN-SPE/Li symmetric battery performed stable with low 

overpotential of ~ 0.10 V and horizon voltage platforms for at least 1400 h under the 

studied conditions. Analysis of the SEM images of the lithium electrodes after the 
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plating/stripping experiments (Figure S11) showed a smooth surface of the lithium metal 

anode. These results confirmed the dendrite suppression feature of NN-SPE. 

 

3. Conclusions 

We developed a novel solid-state polymer electrolyte NN-SPE that has a mimic structure 

as a biological nerve network. The mimic neuron composed of a core node made of 

octa(γ-chloropropyl)POSS and eight mimic axons polymerized from Li-MPTI salt. The 

mimic neurons were dispersed into a PEGMA polymer matrix to form a bi-continuous 

network similar as the biological nerve network. The NN-SPE structure was confirmed 

by DF-STEM observations and the DSC measurements. The mimic nerve network 

resulted in an order-of-magnitude improvement in lithium-ion conductivity, with the 

maximum values of 0.12–1.27 mS cm
-1

 in the temperature range of 25–100 
o
C. The NN-

SPE also showed a high lithium transport number up to 0.974, a Young's modulus of 

211.7 MPa, and a tensile strength of 10.3 MPa. Each of above performances is better than 

the values in other reported all-solid-state polymer electrolytes thus far. Analysis based 

on the percolation theory fitting indicated that the mimic neuron structure could 

efficiently form the bi-continuous structure at very low threshold. Molecular dynamics 

simulations confirmed the formation of the bi-continuous structure. It further revealed 

that lithium ions were enriched at the interface between the mimic axons and the polymer 

matrix. The interface formed a mimic myelin and served as a fast transport pathway for 

lithium-ion conductivity. Lithium metal batteries using NN-SPE as solid electrolytes 

showed a competitive discharge capacity in the range of 166.8–70.4 mAh g
-1

 at 0.1–2.0 C 

and 60 C. The NN-SPE was shown to suppress the formation of lithium dendrite by a 
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1400 h symmetric battery test. Hence, the mimic nerve network provided a novel 

approach to prepare high performance SPEs. 
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