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Fig. S1. (a) Schematics of the CVD reactor used to synthesize CNx tubes indicating the main components. The exhaust zone marked by a red rectangle (right side) encloses the bubbler filled with acetone; (b) Image of the inner part of the Thermoline Minimite furnace shows the gas flows, the quartz tube and position of substrates 1, 2 and 3; (c) Temperature profile of the furnace, and (d) Schematic of the exit zone modification carried out in this work. At the exit, the first trap was kept empty (free of acetone). The bubbler was made with a flask filled with 1L of ethanol. The pipe remained touching the surface of ethanol.  
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Fig. S2. Optical images of pristine CNxMWNTs forests grown on Si/SiO2 substrates. On the left side of the images, it is possible to observe “half-moon-like” shapes with darker zones on the left side of each substrate (white dotted lines are plotted in the figures as help to distinguish this zone); a smaller right dark-zone is also observable (light blue dotted lines are plotted in the figures as help to distinguish this zone). Substrate 2 (see Fig. S2) exhibits CNxMWNT pinetree-like structures. The pine-like structures appears in two zones of the substrate. The first region is formed after the dark lunular zone (left side of substrate 2), whereas the second zone appears before the dark line, at the edge of the substrate (right side of substrate 2)
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Fig. S2: (a) Schematic drawing of the quartz tube region containing substrates 1, 2 and 3, indicating flow direction with arrows. The flow is entering a confined space and F1, F2, F3 represent the flows experienced underneath each substrate, where F1 > F2 > F3; (b) Cross-section of the quartz tube with radius r = 1.27 cm. The rectangle encloses the substrate location, with larger magnification on the right hand side. The substrate possess widths of L = 1 cm. As can be seen, the cross-section of the confined space is limited by the substrate and the quartz tube, with a maximum separation of 0.1 cm. A1 corresponds to the cross-sectional area inside the quartz tube minus A2, which is the area underneath the substrate. 

[image: image3.png]



Fig. S3. (a) General view of the deposited products at the backside of substrate 1. (b) Schematic distribution of products in the backside of substrate 1. The colors indicate three types of zones comprising the observed product morphologies: zone 1 (Z1) in yellow color, zone 2 (Z2) in red color and zone 3 (Z1) in green color. (c) SEM image of the substrate edge marked with a red box in the picture in a). (d) The morphology in Z1 has holes randomly distributed. (e) The morphology in Z2 presents by protuberances covered with cracking crust. (f) The morphology in Z3 contains volcano type structures with empty or full cap and are randomly arranged. 
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Fig. S4. (a) General view of the products deposited at the backside of substrate 3. (b) Schematic representation of product distributions at the backside of substrate 3. The colors indicate three types of zones representing the observed morphologies: zone 1 (Z1) in yellow color, zone 2 (Z2) in red color and zone 3 (Z1) in green color. (c) SEM image of the substrate edge marked with a red box in the picture in a). (d) The morphology in Z1 is a thin layer of CNx deposited in the substrate. (e) The morphology in Z2 presents the top of CNx with irregular lengths forming a roughness carpet. (f) The Z3 contains small pinetree-like deposits, but not grown enough
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Fig. S5: Thermo gravimetric analysis (TGA) curves for CNxMWCNT from powder and pines. Both samples were resulting material of the synthesis of pines obtained by modified CVD: Powder is the resulting material scrapped from the quartz tube and pines correspond to the sample that grew underside the substrate.  The black plot corresponds to the sample powder while the red one is for pines sample from substrate 2. As can be seen both plots show some differences. The degradation curves are completely different; degradation temperature for pines (559.06) is smaller than for powder scrapped from quartz tube (565.24). 
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Fig. S6:  Raman spectra of CNx (blue) and undoped MWCNT (red) fabricated with 2.5 at % of ferrocene and using benzylamine and toluene for CNx and undoped MWCNT respectively. The ID/IG for CNx and undoped MWCNT were 0.777 and 0.306, respectively.  
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Fig. S7. Time dependence of the current stability for pines measured approximately for four days.
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Fig. S8. Drawing representing the substrate 2 after CVD process. The small blue circles represent the regions where the cylindrical bundles grow; the big blue circles with a black point in the center correspond to small columns with an almost complete pinetree-like morphology. Next to these structures there is a red zone in which the pinetrees with different diameters are formed (green circles with a dark green in the center). The red regions correspond to aligned CNTs with similar size. Next to the “pinetrees”, polygonal structures were formed. In the center of these polygonal objects, there is a small bundle emerging as seen in the image (yellow point)
Table S1. Method of fabrication, type of CNT, turn-on field, threshold field, beta factor, percentage of graphitic nitrogen defects (gN), ID/IG ratio; and conclusions obtained by other methods and this work. 
	Method of fabrication
	Type of CNT
	Turn on Field  (V/µm)
	Threshold Field  (V/µm)
	Factor beta
	gN
	ID/IG
	Reference
	Conclusions

	Laser and electric arc techniques using graphite
	Arc-discharge SW;  arc-discharge MW; and catalytically grown; MWCNT (films)
	Arc MW (2.6); Arc SW (2.7); Opened MW (4.5); Catalytic MW (5.6);

Close MW (1.1); SW (1.5)
	Arc MW (4.6) Arc SW (5.2); Opened MW (30); Catalityc MW (14); Close MW (2.2); SW (3.9)
	SWNT films (3400);

closed MWNT films (1600);

opened MWNT films (1100

catalytic MWNT films (830)
	No information


	No information
	[13]
	Long emitter lifetimes with closed MWCNT; good emission characteristics because small radius of curvature of the nanotube tip

	Floating catalyst CVD process using ferrocene,

toluene and ethanol
	MWCNT pillar  ∼200μm diameter;

1 mm and 2 mm long samples. 
	2 mm pillars (0.17) 

1 mm pillars

(0.38)
	2 mm pillars (0.25); 1 mm pillars (0.46)
	2 mm pillars (∼3.2 × 104); 1 mm pillars (∼1.8 × 104).
	No nitrogen contet
	No information
	 [14]
	Good emission properties due to: 1) large aspect ratio; 2) high degree of crystallinity.

	PE hot filament

CVD using hydrogen, methane, and nitrogen gas mixtures (*) 
	Nitrogened carbon nanotips fabricated at different growth parameters
	Sample A (4.2); Sample B (3.1), and Sample C (5.2) 
	No specific information is given
	No specific information is given 
	No specific information is given 
	No specific information is given
	[23]
	the best electron field emission performance with NCNTPs using an intermediate flow rate ratio of hydrogen to nitrogen feature 

	CVD of camphor;  ferrocene catalyst; dimethylformamide as a nitrogen source (**)
	Close-packed vertically

aligned N-doped CNTs grown on silicon substrate; samples with different nitrogen content: D0 (0.0); D1 (0.8); D2 (2.10); D3 (3.5); D4 (5.2) 
	 D0(1.8);

D15(1.8);

D25(1.2); D35(0.8);

D45(0.6);
	D0(4.6); D15(4.2); D25(3.0); D35(2.6)

D45(2.0)
	D0(5363); D15(6968); D25(7936) D35(14,926) D45(30,952)
	D0 (0.0) [0%]; D15(8.44) [0.8%]; D25(13.09) [2.1] D35(15.92) [3.5]; D45(42.22) [5.2]
	D0 (0.82)

D25 (0.99)

D35(0.88)

D45(0.66)
	[28] 
	FE property of N-doped CNTs can be tailored by graphitic N-substituents to pyridinic N-substituents (gN/pN). A gN-dopant favors the field emission, whereas a pN-dopant behaves in the reverse manner.

	Thermal chemical vapour deposition (solution of ferrocene dissolved in xylene with different ferrocene concentration (***)
	multi-walled carbon nanotubes deposited on silicon nanoporous pillar array 

	Sample A (1.1), Sample B (0.56)
Sample C (1.1) 
	No specific information is given

	Sample A 21,000; Sample B 25,000, Sample C 7000. 
	No nitrogen content
	No information
	[17]
	The field evaporation technique  provides an alternative for controlling large-scale CNTs

morphology so as to solve the problem of disparity in field

emission of array samples


	Microwave–plasma enhanced

chemical-vapor deposition process on a silicon substrate using Fe

catalyst 
	Vertically oriented MW N-CNTs
	MW N-CNTs (1.0)

Chlorine treated MW N-CNTs (0.875) 

	No specific information is given
	No specific information is given
	No specific information is given
	No specific information is given
	[16] 
	In conclusion, we have successfully demonstrated that the chlorine

plasma treatment can be an effective process for enhancing the field emission characteristics of multi-wall nitrogen-based carbon nanotubes.

	PECVD on TiN-coated Si substrates using Co thin film as catalyst and CH4 and H2 and/or N2 as flowing gases (†)
	
	0N (2.2); 1N (2.1) 20N (1.6); 55N (2.9); 75N (3.0); 85N(3.0)
	0N (3.3); 1N (3.3) 20N (2.3); 55N (4.8); 75N (4.7); 85N(4.8)
	No specific information is given
	No specific information is given
	No specific information is given
	[15]
	sN-doping increases the FE performance by

providing sufficient channels around the Fermi level, whereas

the pN doping reduces the FE. Enhancement of FE would

be to maximize sN states by removing pN states.

	Modified CVD using ferrocene and bencylamine; three substrates were placed in different places (††) 
	CNT microstructures: CNX-P0; CNX-P1; CNX-P2; CNX-P3. 
	CNX-P0 (2.2); CNX-P1 (1.93); CNX-P2 (1.55); CNX-P3 (0.59).
	CNX-P0 (4.5)

CNX-P3 (1.6)
	CNx-P0 (3.66×103), CNx-P1 (4.64×103) and CNx-P2 (5.55 ×103); CNX-P3 (7.67×103)
	[2%]

CNX-P3 ~50
	CNx-P0 (0.7769), CNX-P3 (~0.83)
	This work
	Pinethree structures of N-MWCNTs present very good emission properties

	gN is referred to nitrogen substitution as pentagonal pyrrolic and hexagonal N-substituted graphitic

(*) Samples A, B and C were obtained by 80, 62 y 60 sccm of H2/N2 gas flow rates.

(**)  Samples D0, D15, D25, D35 and D45, corresponding to 0, 15, 25, 35 and 45 wt.% of N,N0-dimethylformamide in camphor, respectively.

(***) Samples A, B, and C are MWCNTs/Si-NPA fabricated for 5, 15, and 25 min respectively.

(†) Samples 0N, 1N, 20N, 55N, 75N, 85N correspond to different  N2 concentration of the flowing gases

(††)Samples CNX-P0, CNX-P1, CNX-P2, CN-XP3 correspond to different morphology of carpets fabricated in this work.


