
LCL HIGH POWER COMBINER 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] 	This application 	claims priority to 	U.S. 	Utility Application 	No. 

13/222,014, 	filed 	on 	August 	31, 	2011, 	and 	the 	benefit 	of 	U.S. 	Provisional 

5 	Application No. 61/380,496, filed on September 7, 2010. 	The disclosures of the 

above applications are incorporated herein by reference in their entirety. 

FIELD 

[0002] 	The 	present disclosure 	relates to 	power amplifiers 	and 	to 

10 	combiners of outputs of power amplifiers. 

BACKGROUND 

[0003] 	This section provides background information related to the 

present disclosure. 	This section is not necessarily prior art. 

15 [0004] 	Various industries use combiners to combine amplified signals 

to increase power supplied to a load. 	By way of a non-limiting example, a radio 

frequency (RF) generator may include multiple RF power amplifiers. 	Power from 

the RF power amplifiers may be combined by a combiner and provided to a load, 

such as a plasma chamber. The combined power drives the plasma chamber to 

20 	fabricate various components such as integrated circuits, solar panels, compact 

disks (CDs), digital versatile (or video) discs (DVDs), and the like. 

[0005] 	In 	high 	frequency 	(HF) 	and 	very 	high 	frequency 	(VHF) 

frequency environments, 	combiners 	may 	include 	lossy ferrite transformers, 

transmission lines, isolation devices, etc. 	The combiners may be isolated or 

25 	non-isolated, for example, 	a Wilkinson type combiner, 	may be an 	isolated 

combiner 	or 	non-isolated 	combiner. 	Another 	example 	of 	a 	non-isolated 

transformer is a lossy ferrite transformer operating in a balanced mode. 	An 

isolated combiner has inputs that are isolated from each other via, for example, 

one or more resistors and/or other isolation devices. 	A non-isolated combiner 

30 	has inputs that are not isolated from each other. 

[0006] 	Combiners have associated parameters, such as form factors, 

power 	density 	levels, 	heat 	generation 	levels, 	gain 	matching 	errors, 	phase 
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matching errors, etc. 	The term "form factor" refers to the volume (height, width 

and depth) and/or envelope of a combiner. 	The term "power density" refers to 

power (e.g. kilowatts) per unit area of a combiner. The gain and phase matching 

errors refer to matching errors between a combiner and a load when the load 

5 has a short circuit and/or an open circuit. 	A particular application of a combiner 

may have gain, phase and/or impedance matching requirements. 	Each of the 

gain, phase and/or impedance matching requirements may include associated 

matching error limits. 

[0007] 	Form 	factors, 	complexity 	and 	structures 	of 	conventional 

10 combiners limit (i) the applications and operating environments in which the 

combiners 	can 	be 	used 	and 	(ii) 	efficiencies, 	power 	outputs, 	etc. 	of 	the 

combiners. 	As an example, a power generator may have a power density 

requirement and/or dedicated 	maximum chassis volume requirements (e.g., 

maximum height, width and depth requirements). 	The power generator may 

15 include two or more PAs to meet a desired power output. 	A combiner may be 

used to combine outputs of the PAs to provide the required power output. 

However, the combiner may not be usable if the form factor of the combiner 

and/or of the PAs results in an overall volume of the power generator exceeding 

the maximum chassis volume. 

20 [0008] 	Also, 	structural 	limitations 	and 	operating 	characteristics 	of 

typical combiners can require that PAs be combined in even numbers. 	For 

example, a power output requirement of a power generator may necessitate the 

use of 3 PAs. 	Since an even number of PAs must be used, 4 PAs are 

incorporated. 	The 4 PAs are underpowered to meet the required power output. 

25 Use of additional PAs increases size, complexity, costs, heat generation, etc. 

and decreases efficiency and possible applications and operating environments 

of a power generator. 

SUMMARY 

30 [0009] 	A combiner includes 	N 	coaxial 	cables 	each 	configured to 

connect to a respective output of N radio frequency power amplifiers, where N is 

an integer greater than one. 	Each of the N coaxial cables is configured to 
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receive an amplified radio frequency signal from a respective one of the N radio 

frequency power amplifiers. 	A board includes capacitances and is configured to 

connect to each of the N coaxial cables and combine the radio frequency 

signals. 	The N coaxial cables and the capacitances provide N inductance and 

5 capacitance combinations. A connector is configured to connect an output of the 

board to a load. 

[0010] 	In other features, a combiner is provided and includes a first 

coaxial cable configured to connect to a first output of a first radio frequency 

power amplifier. 	The first coaxial cable includes a first non-shielded section with 

10 a first inductance. 	A second coaxial cable is configured to connect to a second 

output of a second radio frequency power amplifier. 	The second coaxial cable 

includes a second non-shielded section with a second inductance. 	A board 

includes a first capacitance and a second capacitance. 	The first capacitance is 

connected to the first non-shielded section to provide a first inductance and 

15 capacitance combination. 	The second capacitance is connected to the second 

non-shielded 	section 	to 	provide 	a 	second 	inductance 	and 	capacitance 

combination. 	The second inductance and capacitance combination is equal to 

the first inductance and capacitance combination. 

[0011] 	Further 	areas 	of 	applicability 	of 	the 	present 	disclosure 	will 

20 become apparent from the detailed description, the claims and the drawings. 

The detailed description and specific examples are intended for purposes of 

illustration only and are not intended to limit the scope of the disclosure. 

BRIEF DESCRIPTION OF DRAWINGS 

[0012] 	The drawings described herein are for illustrative purposes only 

25 of selected embodiments and not all possible implementations, and are not 

intended to limit the scope of the present disclosure. 

[0013] 	FIG. 	1 	is 	a 	block diagram 	of a 	power generator 	system 

incorporating a combiner in accordance with the present disclosure; 

[0014] 	FIG. 2 is a top view of a combiner in accordance with the 

30 present disclosure; 

[0015] 	FIG. 	3 	is 	a cross-sectional 	view of a coaxial 	cable of the 

combiner of FIG. 2 through a section line A-A; 
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[0016] 	FIG. 4 is a circuit diagram of a portion of the combiner of FIG. 2; 

and 

[0017] 	FIG. 5 is an example multi-way combiner parameter table in 

accordance with the present disclosure. 

5 [0018] 	Corresponding reference numerals indicate corresponding parts 

throughout the several views of the drawings. 

DETAILED DESCRIPTION 

[0019] 	Example embodiments will now be described more fully with 

10 reference to the accompanying drawings. 

[0020] 	Example embodiments are provided so that this disclosure will 

be thorough, and will fully convey the scope to those who are skilled in the art. 

Numerous 	specific 	details 	are 	set 	forth 	such 	as 	examples 	of 	specific 

components, devices, and methods, to provide a thorough understanding of 

15 embodiments of the present disclosure. 	It will be apparent to those skilled in the 

art that specific details need not be employed, that example embodiments may 

be embodied in many different forms and that neither should be construed to 

limit the scope of the disclosure. 	In some example embodiments, well-known 

processes, well-known device structures, and well-known technologies are not 

20 described in detail. 

[0021] 	The terminology used herein is for the purpose of describing 

particular example embodiments only and is not intended to be limiting. As used 

herein, the singular forms "a," "an," and "the" may be intended to include the 

plural forms as well, unless the context clearly indicates otherwise. 	The terms 

25 "comprises," "comprising," "including," and "having," are inclusive and therefore 

specify the presence of stated features, integers, steps, operations, elements, 

and/or components, but do not preclude the presence or addition of one or more 

other features, integers, steps, operations, elements, components, and/or groups 

thereof. The method steps, processes, and operations described herein are not 

30 to be construed as necessarily requiring their performance in the particular order 

discussed or illustrated, unless specifically identified as an order of performance. 

It is also to be understood that additional or alternative steps may be employed. 
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[0022] 	When an element or layer is referred to as being "on," "engaged 

to," "connected to," or "coupled to" another element or layer, it may be directly 

on, engaged, connected or coupled to the other element or layer, or intervening 

elements or layers may be present. 	In contrast, when an element is referred to 

5 as being "directly on," "directly engaged to," "directly connected to," or "directly 

coupled to" another element or layer, there may be no intervening elements or 

layers present. Other words used to describe the relationship between elements 

should be interpreted in a like fashion (e.g., "between" versus "directly between," 

"adjacent" versus "directly adjacent," etc.). 	As used herein, the term "and/or" 

10 includes any and all combinations of one or more of the associated listed items. 

[0023] 	Although the terms first, second, third, etc. may be used herein 

to describe various elements, 	components, 	regions, 	layers and/or sections, 

these elements, components, regions, layers and/or sections should not be 

limited by these terms. 	These terms may be only used to distinguish one 

15 

20 

element, component, region, layer or section from another element, component, 

region, layer or section. 	Terms such as "first," "second," and other numerical 

terms when used herein do not imply a sequence or order unless clearly 

indicated by the context. 	Thus, a first element, component, region, layer or 

section discussed below could be termed a second element, component, region, 

layer 	or 	section 	without 	departing 	from 	the 	teachings 	of 	the 	example 

embodiments. 

[0024] 	Spatially 	relative 	terms, 	such 	as 	"inner," 	"outer," 	"beneath," 

"below," "lower," "above," "upper," and the like, may be used herein for ease of 

description 	to 	describe 	one 	element 	or 	feature's 	relationship 	to 	another 

25 element(s) or feature(s) as illustrated in the figures. 	Spatially relative terms may 

be intended to encompass different orientations of the device in use or operation 

in addition to the orientation depicted in the figures. 	For example, if the device in 

the figures is turned over, elements described as "below" or "beneath" other 

elements or features would then be oriented "above" the other elements or 

30 features. Thus, the example term "below" can encompass both an orientation of 

above and below. The device may be otherwise oriented (rotated 90 degrees or 

5 



at 	other 	orientations) 	and 	the 	spatially 	relative 	descriptors 	used 	herein 

interpreted accordingly. 

[0025] 	In FIG. 1, a block diagram of a power generator system 10 

incorporating a combiner 12. 	The power generator system 10 includes an input 

5 amplifier 14, a splitter 16, first and second radio frequency (RF) power amplifiers 

(PAs) 18, 20, the combiner 12 and a load 22 (e.g., a plasma chamber). 	The 

input amplifier 	14 	receives 	and 	conditions 	a 	RF signal 	24 to 	generate a 

conditioned signal 26. 	The input amplifier 14 may include, for example, a pre- 

amplifier, a driver, etc. 	The splitter 16 provides the conditioned signal 26 to each 

10 of the RF PAs 18, 20. Outputs of the splitter 16 may be isolated from each other 

via an isolator 28. 	The isolator 28 may include one or more resistors and/or 

other isolating devices. 

[0026] 	The RF PAs 18, 20 may be high-power amplifiers. By way of a 

non-limiting example, the RF PAs 18, 20 may each provide power outputs of 

15 greater than or equal to 2.5 kilowatts (kW). 	The RF PAs 18, 20 generate 

amplified output signals 30, 32 that are in-phase with each other (e.g., each may 

have a phase of 0°). Although two RF PAs are shown and number of RF PAs 

may be incorporated. The number of RF PAs may be odd or even. 

[0027] 	Although the combiner 12 is described primarily with respect to 

20 combine output signals of RF PAs, the combiner 12 may be used to combine 

output signals of other circuit components. 	The combiner 12 combines the 

amplified output signals 30 and 32 of the RF PAs 18, 20 to provide a power 

generator output signal 34, which is provided to the load 22. 	The combiner 12 

does not provide isolation between output terminals 38, 40 of the RF PAs 18, 20. 

25 Inputs 42, 44 of the combiner 12 may impedance match outputs of the RF PAs 

18, 20. 	For example only, output impedance of each of the RF PAs 18, 20 and 

input impedances of the combiner 12 may each be 50 Ohms (0). 	In addition, 

output impedance of the combiner 12 may match an input impedance of the load 

22. 	As another example, the output impedance of the combiner 12 and input 

30 impedance of the load 22 may each be 500. 

[0028] 	In FIG. 2, an example of the combiner 12 of FIG. 1 is shown. 

The combiner 12 includes two or more coaxial cables 50, 52 (2 are shown). The 
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coaxial cables 50, 52 include coaxial connectors 54, 56, grounding sections 58, 

59, a capacitance board 60, and an output connector 62. The coaxial cables 50, 

52 have coaxial connector (first) ends 64, 66 and capacitor (second) ends 68, 

70. The coaxial connectors 54, 56 (e.g., c-type connectors) are connected to the 

5 first ends 64, 66 and to output terminals of RF PAs (e.g., the output terminals 38, 

40 of the RF PAs 18, 20). 	The grounding sections 58, 59 are held by a clamp 

72, which is connected to ground 74 (e.g., circuit and/or chassis ground). 	The 

clamp 72 may be referred to as a grounding clamp. 	The clamp 72 may be, for 

example, connected and/or screwed to a RF deck, which is grounded or 

10 connected to a voltage reference. 	The clamp 72 may be a screw down clamp. 

The second ends 68, 70 are connected to the capacitance board 60. 	The 

capacitance board 60 is connected to the output connector 62, which in turn may 

be connected to a load (e.g., load 22). 

[0029] 	Referring now also to FIG. 3, a cross-sectional view of the first 

15 coaxial cable 50 is shown. 	The second coaxial cable 52 may have the same 

cross-sectional make up as the first coaxial cable 50. The first coaxial cables 50 

may have a core 80 (e.g., a wire), a dielectric insulator 82, a shield 84, and a 

sheath 86 (designated 80', 82', 84', and 86' respectively for the second coaxial 

cable 52). The core 80 may be connected to and receive an output signal of one 

20 of the RF PAs 18, 20, which may be combined to provide the power output 

signal 34 at the output connector 22. The dielectric insulator 82 isolates the core 

80 from the shield 84. 	The shield 84 may be, for example, a wire mesh that is 

exposed and connected to a voltage reference 90 (e.g., a ground reference). 

The core 80 and the shield 84 may be formed of copper or other conductive 

25 materials. 	The dielectric insulator 82 and the sheath 86 are non-conductive and 

may be formed of plastic and/or other dielectric materials. 

[0030] 	Each 	of the 	coaxial 	cables 	50, 	52 	includes four sections; 

sheathed sections 100, shielded sections 102, non-shielded sections 104, and 

core 	sections 	106. 	The 	sheathed 	sections 	100 	extend 	from 	the 	coaxial 

30 connectors 54, 56 to the clamp 72. 

[0031] 	The 	shielded 	sections 	102 	extend 	between 	the 	sheathed 

sections 100 and the non-shielded sections 104, are held by the clamp 72 and 
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are connected to the voltage reference 90. 	In the shielded sections 102, the 

sheaths 86, 86' of the coaxial cables 50, 52 are removed to expose the shields 

84, 84'. The shields 84, 84' are exposed to contact the clamp 72, which couples 

the shields 84, 84' to the voltage reference 90. 

5 [0032] 	The non-shielded sections 104 extend from the clamp 72 to the 

core sections 106. 	The sheaths 86, 86' and the shields 84, 84' are removed 

from the non-shielded sections 104 to expose the dielectric insulators 82, 82'. 

Each of the non-shielded sections 104 performs as a linear inductor in series 

with a respective one of the connectors 54, 56. 	Inductance of each of the non- 

10 shielded sections 104 is based on a length D of the non-shielded sections 104. 

The length D may be selected based on the application. 

[0033] 	The core sections 106 do not include the sheaths 86, 86', the 

shields 84, 84' and the dielectric insulators 82, 82'. 	The core sections 106 

extend from the non-shielded sections 104 and are connected to the capacitance 

15 board 60. The capacitance board 60 provides a shunt capacitance at the output 

connector 62 to provide a desired impedance transformation. 

[0034] 	The 	capacitance 	board 	60 	may 	include 	any 	number 	of 

capacitors (e.g., capacitors C1, C2), which may be connected in parallel and/or 

in series. 	First ends 122 of the capacitors may be connected to the cores 80, 80' 

20 in the core sections 106. 	Second ends 124 of the capacitors may be connected 

to the voltage reference 90. 	Output of the capacitance board 60 is provided to 

the output connector 62. 

25 

[0035] 	The coaxial cables 50, 52 may have approximately the same 

dimensions, section lengths, and be formed of the same materials. 	For example, 

lengths (and other dimensions) of the sheathed sections 100 may be the same, 

lengths (and other dimensions) of the shielded sections 102 may be the same, 

lengths (and other dimensions) of the non-shielded sections 104 may be the 

same, and lengths (and other dimensions) of the core sections 106 may be the 

same. 	This assures that the impedances and inductances of the coaxial cables 

30 50, 52 are approximately the same. 	As an example, the lengths of the non- 

shielded sections 104 may be approximately the same (e.g., equal in length, 

which difference between the lengths not greater than ±1-3 millimeters (mm)), 
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which may match impedances of the non-shielded sections 104 to within, for 

example, 10. 

[0036] 	The coaxial cables 50, 52 are effectively connected in parallel 

relative to the second ends 68, 70. 	As a result, the output impedance of the 

5 	combiner 	12 	(e.g., 	500) 	is 	equal 	to 	impedance 	of 	each 	inductance 	and 

capacitance 	(LC) 	combination 	(e.g., 	500) 	of 	the 	combiner 	12. 	An 	LC 

combination 	is 	provided 	by 	each 	one 	of 	the 	coaxial 	cables 	50, 	52 	and 

corresponding capacitances (e.g., C1, C2). 	For example, a first LC combination 

is provided by a first non-shielded section of the first coaxial cable 50 and the 

10 	first capacitance C1. 	A second LC combination is provided by a second non- 

shielded section of the second coaxial cable 52 and a second capacitance C2. 

Although a single capacitor is shown for each of the capacitances C1 and C2, 

each of the capacitances C1 and C2 may include any number of capacitors. 

[0037] 	Each of the LC combinations increases and/or doubles an 

15 	output impedance of one of the RF PAs 18, 20 (e.g., from 500 to 1000). As the 

LC combinations are connected in parallel at the capacitance board 60 and/or at 

the output connector 62, the output impedance (e.g., 500) of the combiner 12 

may be approximately equal to (i.e. match) the output impedance of one of the 

RF PAs 18, 20. 	In other words, output impedance of each cable is greater than 

20 	(or double) the output impedance of each of the RF PAs 18, 20. 	However, a 

total output impedance of the combiner 12 may be approximately equal to the 

output impedance of each of the RF PAs 18, 20. The term "approximately equal" 

to refers to two values being within a predetermined range of each other and/or 

equal to each other. 	As an example, the above-stated impedance values may 

25 	be within ±1-30 of each other. 

[0038] 	Referring now also to FIG. 4, a circuit diagram of a portion of 

the combiner 12 is shown. 	The combiner 12 is an inductor-capacitor-inductor 

(LCL) 	type 	combiner. 	Inductances 	of 	the 	non-shielded 	sections 	104 	are 

represented by inductors L1 and L2. 	Total capacitance of the capacitors (e.g., 

30 	C1 and C2) of the capacitance board 60 is represented by capacitor &rota'. 	The 

inductors L1 and L2 have input ends 150, 152 and output ends 154, 156. 	The 

capacitor &rota' has an input end 158 and an output end 160. 
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[0039] 	The input ends 150, 152 may be connected to the coaxial 

connectors 54, 56 via the sheathed sections 100. The output ends 154, 156 are 

connected to the first end 158 of the capacitor C-rotai. The second end 160 of the 

capacitor &rota' is connected to the voltage reference 90. The second end 160 is 

5 also connected to the output connector 62. 

[0040] 	In FIG. 5, an example multi-way combiner parameter table is 

shown. The multi-way combiner parameter table provides combiner parameters 

including total capacitance Total C, non-shielded section inductance L, and non-

shielded section length D for various N-way combiners, where N is an integer 

10 greater than 1. 	In the table, F1-F4 are RF frequencies, TC1-TC10 are total 

capacitance values for capacitance C-rotai, 11-110 are inductance values for each 

of inductors L1 and L2, and D1-D10 are length values for length D. 	Selected 

total capacitance, inductance and/or length values may decrease relative to an 

increase in the RF frequency received by the N-way combiners. 

15 [0041] 	The multi-way combiner parameter table provides example 

parameter values for 2-way, 3-way and 4-way combiners operating at different 

frequencies. A 2-way combiner refers to a combiner that receives and combines 

two power outputs from two RF PAs. 	A 2-way combiner is shown in FIGs. 1, 2 

and 4. A 3-way combiner refers to a combiner that receives and combines three 

20 power outputs from three RF PAs. 	A 4-way combiner refers to a combiner that 

receives and combines four power outputs from four RF PAs. 	An N-way 

combiner that receives 3 or more outputs from 3 or more RF PAs may include an 

additional coaxial cable and corresponding capacitance for each additional RF 

PA output received. 	For example, a 3-way combiner may be constructed as the 

25 combiner 12 of FIGs. 2 and 4, but include three LC combinations with three 

coaxial cables instead of two LC combinations with two coaxial cables. 	The 

three coaxial cables may be connected effectively in parallel relative to the 

output connector 62. Any number of coaxial cables and/or LC combinations may 

be connected to provide a desired power output. 

30 [0042] 	The 	total 	capacitance 	Total 	C 	is 	the 	capacitance 	of 	the 

capacitance board or the resulting capacitance of the capacitors (e.g., C-rotai) of 

the LC combinations. 	The non-shielded section inductance L refers to the 
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inductance of each of the non-shielded sections 104 of the combiner 12. 	The 

inductances of each of the non-shielded sections 104 are based on the lengths 

of the non-shielded sections (e.g., length 	D). 	The lengths may be adjusted 

based on RF frequencies of amplified RF signals received from RF PAs. 

5 [0043] 	Referring again to FIGs. 2 and 4, the inductances (e.g., L1 and 

L2) of the combiner 12 are provided via the cores 80, 80' of the non-shielded 

sections 104. 	The inductances are provided without incorporation of additional 

connectors, printed circuit boards and additional high power inductors. 

[0044] 	In one example implementation, the combiner 12 is used to 

10 provide, for example, input and output impedance matching of 500. 	The input 

and output impedance matching may be provided such that impedances of each 

of the inputs and the combined output of the combiner 12 are 500 within, for 

example, ±10. 	As a result, each output of the RF PAs 18, 20 is connected to a 

15 

500 load or input impedance of the combiner 12. 	Also, due to the dimensional, 

structural and 	material 	matching of each of the coaxial cables 50, 	52, 	the 

combiner 12 provides accurate gain and phase matching (e.g., gain within ±0.1 

decibel (dB) and phase within ±3°) between the coaxial cables 50, 52. 	The 

phases of the coaxial cables 50, 52 are matched to be combined without signal 

cancellation. 

20 [0045] 	The matching of each of the coaxial cables 50, 52 of the 

combiner 12 allows for balanced sharing of power from the RF PAs 18, 20. As a 

result, gain matching and phase matching errors of the combiner 12 are less 

than conventional gain and phase matching errors. 	For example, conventional 

gain and phase matching errors can be respectively 0.5dB and 10°, which may 

25 be magnified by a load of the combiner 12 when the load has a short or open 

circuit. 

[0046] 	The above-described combiners combine 	RF power, 	have 

minimal sizes and form factors and allow for increased power densities. 	As the 

combiners are formed of coaxial cables, coaxial connectors, and a capacitance 

30 board the form factor of the combiner is minimized, without use of a mechanical 

box, 	ferrites, 	transformer 	windings, 	etc. 	This 	allows 	the 	combiners 	and 
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corresponding RF PAs to be incorporated in a smaller space or footprint than 

conventional RF PA/combiner systems. 

[0047] 	Since the structures of the combiners disclosed herein have 

fewer components and are smaller than conventional high power combiners, the 

5 structures 	are 	less 	complex 	and 	cost 	less 	than 	conventional 	high 	power 

combiners. 	By being smaller and less complex, the combiners can be easier to 

manufacture than conventional combiners. The above-disclosed combiners also 

minimize RF power loss and increases in temperature during operation, as the 

combiners do 	not include ferrite 	materials and/or ferrite transformers. 	The 

10 above-disclosed combiners also provide increased reliability due to the inclusion 

of a minimal number of components and structural complexity. 

[0048] 	The 	foregoing 	description 	of 	the 	embodiments 	has 	been 

provided for purposes of illustration and description. 	It is not intended to be 

exhaustive or to 	limit the disclosure. 	Individual 	elements 	or features 	of a 

15 particular embodiment are generally not limited to that particular embodiment, 

but, where applicable, are interchangeable and can be used in a selected 

embodiment, even if not specifically shown or described. The same may also be 

varied in many ways. Such variations are not to be regarded as a departure from 

the disclosure, and all such modifications are intended to be included within the 

20 scope of the disclosure. 
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CLAIMS 

What is claimed is: 

1. A combiner comprising: 

N coaxial cables each configured to connect to a respective output of N radio 

frequency power amplifiers, where N is an integer greater than one, and wherein each 

of the N coaxial cables is configured to receive an amplified radio frequency signal 

from a respective one of the N radio frequency power amplifiers; 

a board comprising a plurality of capacitances and configured to connect to 

each of the N coaxial cables at respective first, unconnected ends of the N coaxial 

cables and combine the amplified radio frequency signals, wherein the N coaxial 

cables and the plurality of capacitances provide N inductance and capacitance 

combinations, wherein the N coaxial cables connect at positive ends from the first 

ends; and 

a connector configured to connect an output of the board to a load. 

2. The combiner of claim 1, wherein the N coaxial cables comprise: 

a first coaxial cable configured to connect to a first output of a first one of the N 

radio frequency power amplifiers; and 

a second coaxial cable configured to connect to a second output of a second 

one of the N radio frequency power amplifiers. 

3. The combiner of claim 2, wherein the N coaxial cables further comprise a third 

coaxial cable configured to connect to a third output of a third one of the N radio 

frequency power amplifiers. 

4. The combiner of claim 1, wherein 

each of the N coaxial cables is connected to a respective one of the plurality of 

capacitances to provide one of the N inductance and capacitance combinations; and 

each of the plurality of capacitances is connected between the N coaxial cables 

and a voltage reference. 
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5. The combiner of claim 1, wherein input impedance of each of the N coaxial cables 

matches output impedance of one of the N radio frequency power amplifiers. 

6. The combiner of claim 1, wherein output impedance of the combiner at the 

connector matches an input impedance of the load. 

7. The combiner of claim 	1, wherein the 	N 	inductance and 	capacitance 

combinations are connected in parallel relative to each other. 

8. The combiner of claim 7, wherein: 

an output impedance of each the N radio frequency power amplifiers is greater 

than an output impedance of each of the N inductance and capacitance combinations; 

and 

the output impedance of each the N radio frequency power amplifiers is equal 

to a total output impedance of the combiner. 

9. The combiner of claim 1, wherein the N coaxial cables are gain and phase 

matched to each other and equally share in power supplied to the load. 

10. A combiner comprising: 

N coaxial cables each configured to connect to a respective output of N radio 

frequency power amplifiers, where N is an integer greater than one, and wherein each 

of the N coaxial cables is configured to receive an amplified radio frequency signal 

from a respective one of the N radio frequency power amplifiers; 

a board comprising a plurality of capacitances and configured to connect to 

each of the N coaxial cables and combine the amplified radio frequency signals, 

wherein the N coaxial cables and the plurality of capacitances provide N inductance 

and capacitance combinations; 

a connector configured to connect an output of the board to a load; 

a sheathed section connected to a coaxial connector, wherein the coaxial 

connector is configured to connect to one of the N radio frequency power amplifiers; 

a shielded section configured to connect to a voltage reference 

a non-shielded section having an inductance; and 

a core section connected to the board. 
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11. The combiner of claim 10, wherein: 

the sheathed section comprises a sheath; 

the shielded section comprises a shield and does not include the sheath, 

wherein the shield is configured to connect to the voltage reference via a clamp; 

the non-shielded section comprises a dielectric insulator and does not include 

the sheath and the shield; and 

the core section comprises a wire and does not include the sheath, the shield 

and the dielectric insulator. 

12. The combiner of claim 11, wherein: 

the dielectric insulator is disposed between the core and the shield in the 

sheathed section and the shielded section; and 

the shield is disposed between the dielectric insulator and the sheath in the 

sheathed section. 

13. The combiner of claim 10, wherein the inductance of each of the non-shielded 

sections is directly related to a length of the non-shielded sections. 

14. The combiner of claim 10, wherein the non-shield section comprises a first one 

and second one non-shield section, and a first inductance of the first one of the non-

shielded sections is equal to a second inductance of a second one of the non-shielded 

sections. 

15. A power generator system comprising: 

an input amplifier configured to receive a radio frequency signal and generate 

a conditioned signal; 

a splitter configured to split the conditioned signal into a plurality of radio 

frequency signals; 

the N radio frequency power amplifiers configured to amplify the plurality of 

radio frequency signals to generate the amplified radio frequency signals; and the 

combiner of claim 1. 

16. A combiner comprising: 
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a first coaxial cable configured to connect to a first output of a first radio 

frequency power amplifier, wherein the first coaxial cable comprises a first non-

shielded section with a first inductance; 

a second coaxial cable configured to connect to a second output of a second 

radio frequency power amplifier, wherein the second coaxial cable comprises a 

second non-shielded section with a second inductance; and 

a board comprising 

a first capacitance connected to the first non-shielded section to provide 

a first inductance and capacitance combination, and 

a second capacitance connected to the second non-shielded section to 

provide a second inductance and capacitance combination, wherein the second 

inductance and capacitance combination is equal to the first inductance and 

capacitance combination. 

17. The combiner of claim 16, wherein: 

the first coaxial cable comprises 

a first sheathed section connected to a first coaxial connector, wherein 

the first coaxial connector is configured to connect to the first radio frequency 

power amplifier, 

a first shielded section configured to connect to a voltage reference, and 

a first core section connected to the board; and 

the second coaxial cable comprises 

a second sheathed section connected to a second coaxial connector, 

wherein the second coaxial connector is configured to connect to the second 

radio frequency power amplifier, 

a second 	shielded section configured to connect to the voltage 

reference, and 

a second core section connected to the board. 

18. The combiner of claim 17, wherein: 

the first sheathed section comprises a first sheath; 

the second sheathed section comprises a second sheath; 

the first shielded section comprises a first shield and does not include the first 

sheath; 
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the second shielded section comprises a second shield and does not include 

the second sheath; 

the first shield and the second shield are configured to connect to the voltage 

reference via a clamp; 

the first non-shielded section comprises a first dielectric insulator and does not 

include the first sheath and the first shield; 

the second non-shielded section comprises a second dielectric insulator and 

does not include the second sheath and the second shield; 

the first core section comprises a first wire and does not include the first sheath, 

the first shield and the first dielectric insulator; and 

the second core section comprises a second wire and does not include the 

second sheath, the second shield and the second dielectric insulator. 

19. The combiner of claim 16, wherein: 

a first gain of the first coaxial cable matches a second gain of the second coaxial 

cable; and 

a first phase of the first coaxial cable matches a second phase of the second 

coaxial cable. 

20. The combiner of claim 16, wherein: 

a first impedance of the first coaxial cable matches an impedance of an output 

of the first radio frequency power amplifier; 

a second impedance of the second coaxial cable matches an impedance of an 

output of the second radio frequency power amplifier; and 

a third impedance of an output of the board matches an impedance of an input 

of a load, wherein the output of the board is configured to connect to the input of the 

load via a connector. 
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