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small valve opening settings in the throttle mode in order to get the required throttled gas 

flow effect to maintain a desired chamber pressure. Such small throttle valve openings are 

particularly susceptible to powder interference and clogging, and the accelerated gas flow 

through such very small valve openings creates significant turbulence and dramatic gas 

cooling effects. The combined effects of such gas flow turbulence and cooling often leads to 

even more severe accumulation of powder in and around the throttle valve 10, especially 

downstream of the throttle valve. For the example GaN MOCVD, the condensable liquid 

gallium by-products in the effluent will bind solid carbon powder particles together, making 

them more sticky to each other and causing them to accumulate on the throttle valve surfaces 

as well as in the vacuum pumping line 104, especially immediately after the throttle valve 10, 

where gas temperature is lower and severe turbulence enhances the probability of particle 

collision and adhesion. 

[0025] As mentioned above, it is typical to provide a filter 128 in the vacuum pumping line 

104 upstream from the throttle valve 10 to trap powder particles before they reach the 

throttle valve 10 in order to prevent the throttle valve from clogging. However, because of 

the relatively high gas temperature (high process temperatures), high gas flow rates, and 

small sizes of powder particles generated in such example MOCVD processes, significant 

amounts of powder still get through such filters, even with filter media pore sizes as small as 

1-4 microns. 

[0026] The example throttle valve 10 is shown diagrammatically in Figures 2 - 7 is 

equipped with powder control features, including, but not limited to annular nozzles 52, 152 

(best seen in Figures 5 and 6) adjacent to the inside wall surface 31 that forms the fluid flow 

channel 30 in the valve 10. The components, functional features, and operation of the 

example throttle valve 10 with the powder control features will be described in more detail 

below, particularly in reference to the cross-section views in Figures 5 and 6, but with the 
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CLAIMS 

1.  Valve apparatus, comprising: 

a valve body that has a flow channel with a closure member positioned between an 

inlet end and an outlet end of the flow channel in the valve body; 

a nozzle insert in the flow channel that forms an annular orifice in the flow channel;  

an annular plenum around the nozzle insert in fluid flow communication with the 

annular orifice; and 

an auxiliary port connected in fluid flow relation to the annular plenum. 

 

2.  The valve apparatus of claim 1, wherein the annular plenum comprises an annular 

channel extending into the inlet end of the valve body, and wherein the annular channel is 

enclosed by the nozzle insert to form the annular plenum. 

 

3.  The valve apparatus of claim 2, wherein the nozzle insert has a flared inlet end 

section that converges to a cylindrical extension which is smaller in diameter than the inside 

wall of the valve body that forms the flow channel. 

 

 4.  The valve apparatus of claim 3, wherein the cylindrical extension extends into the 

flow channel farther than the annular channel to form an annular nozzle between the inside 

wall surface and the cylindrical extension such that said annular nozzle extends from the 

annular plenum to the annular orifice. 

 

 5.  The valve apparatus of claim 4, including a rim flange around the periphery of the 

flared inlet end section that abuts the valve body adjacent to the annular channel. 
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 6.  The valve apparatus of statement 5, including a circular seal mounted on the rim 

flange. 

 

 7.  The valve apparatus of claim 1, wherein the annular plenum comprises an annular 

channel extending into the outlet end of the valve body, and wherein the annular channel is 

enclosed by the nozzle insert to form the annular plenum. 

 

 8.  Throttle valve apparatus for throttling a flow of effluent gas in a vacuum pumping 

line of a CVD system that produces powder particles in the effluent gas, comprising: 

 a valve body with a flow channel that is defined by an inside wall surface of the valve 

body and that extends along a longitudinal axis from an inlet port to an outlet port; 

 a throttling closure member positioned in the flow channel between the inlet port and 

the outlet port; 

 an annular orifice adjacent to the inside wall surface facing toward the throttling 

closure member;  

 an annular plenum in the valve body connected in fluid flow relation to the annular 

orifice by an annular nozzle which is oriented to inject an annular flow of cleaning gas 

through the annular orifice and into the flow channel along the inside wall surface of the 

valve body parallel to and concentric with longitudinal axis and toward the throttling closure 

member; 

 an auxiliary duct in the valve body in fluid flow relation to the annular plenum and 

adapted for connection to a source of cleaning gas. 
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 9.  The throttle valve apparatus of claim 8, including a cleaning gas supply valve 

connected in fluid flow relation to the auxiliary port for controlling a flow of cleaning gas 

into the auxiliary port. 

 

 10.  A method of controlling powder and solid deposition in a throttle valve that has a 

valve body with a flow channel defined by an inside wall surface of the valve body and that 

extends along a longitudinal axis between an inlet port and an outlet port of the valve body, 

and a closure member in the flow channel, comprising: 

 directing two annular flows of cleaning gas toward each other in opposite directions 

from opposite sides of the closure member along the inside wall surface parallel to and 

concentric with the longitudinal axis. 

  

 11.  A method of controlling powder and solid deposition in a throttle valve that has a 

valve body with a flow channel defined by an inside wall surface of the valve body between 

an inlet port and an outlet port of the valve body, and a closure member in the flow channel, 

comprising: 

 flowing a first portion of a cleaning gas through an upstream annular nozzle positioned 

adjacent to the inside wall surface upstream from the closure member and directed along the 

inside wall surface toward the closure member; and  

 flowing a second portion of the cleaning gas through a downstream annular nozzle 

positioned adjacent to the inside wall surface downstream from the closure member and 

directed along the inside wall surface toward the closure member. 

 

 12.  The method of claim 11, including:  
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 flowing the first portion of the cleaning gas into an upstream annular plenum for 

distribution to the upstream annular nozzle; and 

 flowing the second portion of the cleaning gas into a downstream annular plenum for 

distribution to the downstream annular nozzle. 

 

 13.  The method of claim 12, including: 

 flowing the first portion of the cleaning gas from the upstream annular plenum through 

an upstream annular nozzle to the upstream annular orifice; and 

 flowing the second portion of the cleaning gas from the downstream annular plenum 

through a downstream annular nozzle to the downstream annular orifice. 

 

 14.  The method of claim 13, including:  

 producing a choked flow condition in the upstream annular nozzle; and  

 producing a choked flow condition in the downstream annular nozzle. 

 

 15.  The method of claim 11, including directing the two annular flows of cleaning gas 

intermittently in opposite directions from opposite sides of the closure member toward each 

other along the inside wall surface. 

 

 16.  The method of claim 11, including directing the two annular flows of cleaning gas 

in pulsed flows in opposite directions from opposite sides of the closure member toward each 

other along the inside wall surface. 
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 17.  The method of claim 11, including directing the two annular flows of cleaning gas 

in steady-state flows in opposite directions from opposite sides of the closure member toward 

each other along the inside wall surface. 

 

 18.  The method of claim 11, wherein the cleaning gas is a non-reactive gas. 

 

 19.  The method of claim 11, wherein the cleaning gas is a reactive gas. 

  

 20.  The method of claim 11, including moving the closure member back and forth 

between the opened and closed positions in the flow channel while directing the two annular 

flows of cleaning gas in opposite directions from opposite sides of the closure member 

toward each other along the inside wall surface. 

 

 21.  A method of controlling powder and solid deposition in a valve that has a valve 

body and that extends along a longitudinal axis with a flow channel defined by an inside wall 

surface of the valve body between an inlet port and an outlet port of the valve body, and a 

closure member in the flow channel, comprising: 

 directing at least one annular flow of cleaning gas into the flow chamber along the 

inside wall surface toward the closure member parallel to and concentric with the 

longitudinal axis. 

  

 22.  The method of claim 21, including directing the annular flow of cleaning gas into 

the flow chamber by flowing the cleaning gas through at least one annular nozzle positioned 

adjacent to the inside wall surface of the valve body and oriented to inject the cleaning gas 
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along the inside wall surface toward the closure member in an annular jet flow that is parallel 

to and concentric with a longitudinal axis of the flow chamber. 

. 

 23.  The method of claim 22, including flowing the cleaning gas into an annular 

plenum for distribution to the annular nozzle. 

. 

 24.  The method of claim 23, including flowing the cleaning gas through the annular 

nozzle and out of an annular orifice positioned upstream of the closure member. 

 

 25.  The method of claim 23, including flowing the cleaning gas through the annular 

nozzle and out of an annular orifice positioned downstream of the closure member. 

 

 26.  The method of claim 23, including producing a choked flow condition in the 

annular nozzle.   

 

 27.  The method of claim 21, including directing two annular flows of cleaning gas in 

opposite directions from opposite sides of the closure member toward each other along the 

inside wall surface. 

 

 28.  The method of claim 21, wherein the cleaning gas is a non-reactive gas. 

 

 29.  The method of claim 21, wherein the cleaning gas is a reactive gas. 

 

 30.  The method of claim 21, including moving the closure member back and forth 

between the opened and closed positions in the flow channel while directing the at least one 
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annular flow of cleaning gas into the flow chamber along the inside wall surface toward the 

closure member. 

 

 31.  Valve apparatus that has a valve body with a flow channel defined by an inside 

wall surface of the valve body and that extends along a longitudinal axis between an inlet port 

and an outlet port of the valve body, and a closure member in the flow channel, characterized 

by means for directing two annular flows of cleaning gas toward each other in opposite 

directions from opposite sides of the closure member along the inside wall surface parallel to 

and concentric with the longitudinal axis. 

 

 32.  Valve apparatus that has a valve body with a flow channel defined by an inside 

wall surface of the valve body between an inlet port and an outlet port of the valve body, and 

a closure member in the flow channel, comprising:   

 an upstream annular nozzle positioned adjacent to the inside wall surface upstream 

from the closure member and directed along the inside wall surface toward the closure 

member; and  

 a downstream annular nozzle positioned adjacent to the inside wall surface 

downstream from the closure member and directed along the inside wall surface toward the 

closure member. 

 

 33.  The valve apparatus of claim 32, including:  

 an upstream annular plenum for distributing a first portion of the cleaning gas to the 

upstream annular nozzle; and 

 a downstream annular plenum for distributing a second portion of the cleaning gas to 

the downstream annular nozzle. 
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 34.  The valve apparatus of claim 33, including: 

 an upstream annular nozzle extending between the upstream annular plenum to the 

upstream annular orifice for flowing the first portion of the cleaning gas from the upstream 

annular plenum to the upstream annular orifice; and 

 a downstream annular nozzle extending between the downstream annular plenum to 

the downstream annular nozzle for flowing the second portion of the cleaning gas from the 

downstream annular plenum to the downstream annular orifice. 

 

 35.  The valve apparatus of claim 34, wherein:  

 the upstream annular nozzle has a cross-sectional area that is sized to produce a choked 

flow condition in the upstream annular nozzle in vacuum parameters in which the valve is 

operated and pressure parameters in which the cleaning gas is supplied; and  

 the downstream annular nozzle has a cross-sectional area that is sized to produce a 

choked flow condition in the downstream annular nozzle in the vacuum parameters in which 

the valve is operated and the pressure parameters in which the cleaning gas is supplied. 

 

  
















