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(57) ABSTRACT 

The invention provides methods, systems and apparatus for 
the metered transport of ?ne powders into receptacles. 
According to one exemplary embodiment, an apparatus is 
provided which comprises a hopper having an opening. The 
hopper is adapted to receive a bed of ?ne powder. At least one 
chamber, which is moveable to allow the chamber to be 
placed in close proximity to the opening, is also provided. An 
element having a proximal end and a distal end is positioned 
within the hopper such that the distal end is near the opening. 
A vibrator motor is provided to vibrate the element when 
within the ?ne powder. 
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POWDER FILLING APPARATUS AND 
METHODS FOR THEIR USE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part application of 
and claims the bene?t of US. Provisional Patent Application 
Ser. No. 60/ 1 00,437, ?led Jul. 2], 1997, which was converted 
from US. patent application Ser. No. 08/949,047, ?led Oct. 
10, 1997, the complete disclosures of which are herein incor 
porated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to the ?eld of ?ne 

powder processing, and particularly to the metered transport 
of ?ne powders. More particularly, the present invention 
relates to systems, apparatus and methods for ?lling recep 
tacles with unit dosages of non-?owable but dispersible ?ne 
powdered medicaments, particularly for subsequent inhala 
tion by a patient. 

Effective delivery to a patient is a critical aspect of any 
successful drug therapy. Various routes of delivery exist, and 
each has its own advantages and disadvantages. Oral drug 
delivery of tablets, capsules, elixirs, and the like, is perhaps 
the most convenient method, but many drugs have disagree 
able ?avors, and the siZe of the tablets makes them di?icult to 
swallow. Moreover, such medicaments are often degraded in 
the digestive tract before they can be absorbed. Such degra 
dation is a particular problem with modern protein drugs 
which are rapidly degraded by proteolytic enzymes in the 
digestive tract. Subcutaneous injection is frequently an effec 
tive route for systemic drug delivery, including the delivery of 
proteins, but has a low patient acceptance and produces sharp 
waste items, eg needles, which are di?icult to dispose. Since 
the need to inject drugs on a frequent schedule such as insulin 
one or more times a day, can be a source of poor patient 
compliance, a variety of alternative routes of administration 
have been developed, including transderrnal, intranasal, 
intrarectal, intravaginal, and pulmonary delivery. 
Of particular interest to the present invention are pulmo 

nary drug delivery procedures which rely on inhalation of a 
drug dispersion or aerosol by the patient so that the active 
drug within the dispersion can reach the distal (alveolar) 
regions of the lung. It has been found that certain drugs are 
readily absorbed through the alveolar region directly into 
blood circulation. Pulmonary delivery is particularly promis 
ing for the delivery of proteins and polypeptides which are 
dif?cult to deliver by other routes of administration. Such 
pulmonary delivery can be effective both for systemic deliv 
ery and for localized delivery to treat diseases of the lungs. 

Pulmonary drug delivery (including both systemic and 
local) can itself be achieved by different approaches, includ 
ing liquid nebuliZers, metered dose inhalers (MDI’s) and dry 
powder dispersion devices. Dry powder dispersion devices 
are particularly promising for delivering protein and polypep 
tide drugs which may be readily formulated as dry powders. 
Many otherwise labile proteins and polypeptides may be 
stably stored as lyophiliZed or spray-dried powders by them 
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2 
selves or in combination with suitable powder carriers. A 
further advantage is that dry powders have a much higher 
concentration than medicaments in liquid form. 
The ability to deliver proteins and polypeptides as dry 

powders, however, is problematic in certain respects. The 
dosage of many protein and polypeptide drugs is often critical 
so it is necessary that any dry powder delivery system be able 
to accurately, precisely and repeatably deliver the intended 
amount of drug. Moreover, many proteins and polypeptides 
are quite expensive, typically being many times more costly 
than conventional drugs on a per-dose basis. Thus, the ability 
to ef?ciently deliver the dry powders to the target region of the 
lung with a minimal loss of drug is critical. 

For some applications, ?ne powder medicaments are sup 
plied to dry powder dispersion devices in small unit dose 
receptacles, often having a puncturable lid or other access 
surface (commonly referred to as blister packs). For example, 
the dispersion devices described in US. Pat. Nos. 5,785,049 
and 5,740,794, the disclosures of which are herein incorpo 
rated by reference, are constructed to receive such a recep 
tacle. Upon placement of the receptacle in the device, a multi 
?ow ejector assembly having a feed tube is penetrated 
through the lid of the receptacle to provide access to the 
powdered medicament therein. The multi-?ow ejector assem 
bly also creates vent holes in the lid to allow the ?ow of air 
through the receptacle to entrain and evacuate the medica 
ment. Driving this process is a high velocity air stream which 
is ?owed past a portion of the tube, such as an outlet end, to 
draw powder from the receptacle, through the tube, and into 
the ?owing air stream to form an aerosol for inhalation by the 
patient. The high velocity air stream transports the powder 
from the receptacle in a partially de-agglomerated form, and 
the ?nal complete de-agglomeration takes place in the mixing 
volume just downstream of the high velocity air inlets. 
Of particular interest to the present invention are the physi 

cal characteristics of poorly ?owing powders. Poorly ?owing 
powders are those powders having physical characteristics, 
such as ?owability, which are dominated by cohesive forces 
between the individual units or particles (hereinafter “indi 
vidual particles”) which constitute the powder. In such cases, 
the powder does not ?ow well because the individual particles 
cannot easily move independently with respect to each other, 
but instead move as clumps of many particles. When such 
powders are subjected to low forces, the powders will tend not 
to ?ow at all. However, as the forces acting upon the powder 
are increased to exceed the forces of cohesion, the powder 
will move in large agglomerated “chunks” of the individual 
particles. When the powder comes to rest, the large agglom 
erations remain, resulting in a non-uniform powder density 
due to voids and low density areas between the large agglom 
erations and areas of local compression. 

This type of behavior tends to increase as the siZe of the 
individual particles becomes smaller. This is most likely 
because, as the particles become smaller, the cohesive forces, 
such as Van Der Waals, electrostatic, friction, and other 
forces, become large with respect to the gravitational and 
inertial forces which may be applied to the individual par 
ticles due to their small mass. This is relevant to the present 
invention since gravity and inertial forces produced by accel 
eration, as well as other effected motivators, are commonly 
used to process, move and meter powders. 

For example, when metering the ?ne powders prior to 
placement in the unit dose receptacle, the powders often 
agglomerates inconsistently, creating voids and excessive 
density variation, thereby reducing the accuracy of the volu 
metric metering processes which are commonly used to meter 
in high throughput production. Such inconsistent agglomera 
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tion is further undesirable in that the powder agglomerates 
need to be broken doWn to the individual particles, i.e. made 
to be dispersible, for pulmonary delivery. Such de-agglom 
eration often occurs in dispersion devices by shear forces 
created by the air stream used to extract the medicament from 
the unit dose receptacle or other containment, or by other 
mechanical energy transfer mechanisms (e. g., ultrasonic, fan/ 
impeller, and the like). HoWever, if the small poWder agglom 
erates are too compacted, the shear forces provided by the air 
stream or other dispersing mechanisms Will be insu?icient to 
effectively disperse the medicament to the individual par 
ticles. 
Some attempts to prevent agglomeration of the individual 

particles are to create blends of multi-phase poWders (typi 
cally a carrier or diluent) Where larger particles (sometimes of 
multiple siZe ranges), e.g. approximately 50 um, are com 
bined With smaller drug particles, eg 1 pm to 5 pm. In this 
case, the smaller particles attach to the larger particles so that 
under processing and ?lling the poWder Will have the charac 
teristics of a 50 um poWder. Such a poWder is able to more 
easily How and meter. One disadvantage of such a poWder, 
hoWever, is that removal of the smaller particles from the 
larger particles is dif?cult, and the resulting poWder formu 
lation is made up largely of the bulky ?oWing agent compo 
nent Which can end up in the device, or the patient’s throat. 

Current methods for ?lling unit dose receptacles With poW 
dered medicaments include a direct pouring method Where a 
granular poWder is directly poured via gravity (sometimes in 
combination With stirring or “bulk” agitation) into a metering 
chamber. When the chamber is ?lled to the desired level, the 
medicament is then expelled from the chamber and into the 
receptacle. In such a direct pouring process, variations in 
density can occur in the metering chamber, thereby reducing 
the effectiveness of the metering chamber in accurately mea 
suring a unit dose amount of the medicament. Moreover, the 
poWder is in a granular state Which can be undesirable for 
many applications. 
Some attempts have been made to minimiZe density varia 

tions by compacting the poWder Within, or prior to depositing 
it in the metering chamber. HoWever, such compaction is 
undesirable, especially for poWders made up of only ?ne 
particles, in that it decreases the dispersibility of the poWder, 
i.e. reduces the chance for the compacted poWder to be broken 
doWn to the individual particles during pulmonary delivery 
With a dispersion device. 

It Would therefore be desirable to provide systems and 
methods for the processing of ?ne poWders Which Would 
overcome or greatly reduce these and other problems. Such 
systems and methods should alloW for accurate and precise 
metering of the ?ne poWder When divided into unit doses for 
placement in unit dose receptacles, particularly for loW mass 
?lls. The systems and methods should further ensure that the 
?ne poWder remains suf?ciently dispersible during process 
ing so that the ?ne poWder may be used With existing inhala 
tion devices Which require the poWder to be broken doWn to 
the individual particles before pulmonary delivery. Further, 
the systems and methods should provide for the rapid pro 
cessing of the ?ne poWders so that large numbers of unit dose 
receptacles can rapidly be ?lled With unit dosages of ?ne 
poWder medicaments in order to reduce cost. 

2. Description of the Background Art 
US. Pat. No. 5,765,607 describes a machine to meter prod 

ucts into containers and includes a metering unit to supply the 
product into containers. 
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4 
US. Pat. No. 4,640,322 describes a machine Which applies 

sub-atmospheric pressure through a ?lter to pull material 
directly from a hopper and laterally into a non-rotatable 
chamber. 
US. Pat. No. 4,509,560 describes a granular material pro 

cessing apparatus employing a rotating paddle to stir the 
granular material. 
US. Pat. No. 2,540,059 describes a poWder ?lling appara 

tus having a rotating Wire loop stirrer for stirring poWder in a 
hopper before directly pouring the poWder into a metering 
chamber by gravity. 
German patent DE 3607187 describes a mechanism for the 

metered transport of ?ne particles. 
Product brochure, “E-1300 PoWder Filler” describes a 

poWder ?ller available from Perry Industries, Corona, Calif. 
US. Pat. No. 3,874,431 describes a machine for ?lling 

capsules With poWder. The machine employs coring tubes that 
are held on a rotatable turret. 

British Patent No. 1,420,364 describes a membrane assem 
bly for use in a metering cavity employed to measure quan 
tities of dry poWders. 

British Patent No. 1,309,424 describes a poWder ?lling 
apparatus having a measuring chamber With a piston head 
used to create a negative pressure in the chamber. 

Canadian Patent No. 949,786 describes a poWder ?lling 
machine having measuring chambers that are lipped into the 
poWder. A vacuum is then employed to ?ll the chamber With 
poWder. 

SUMMARY OF THE INVENTION 

The invention provides systems, apparatus and methods for 
the metered transport of ?ne poWders into unit dose recep 
tacles. In one exemplary method, such ?ne poWders are trans 
ported by ?rst agitating the ?ne poWders With a vibrating 
element, and then capturing at least a portion of the ?ne 
poWder. The captured ?ne poWder is then transferred to a 
receptacle, With the transferred poWder being suf?ciently 
uncompacted so that it can be substantially dispersed upon 
removal from the receptacle. Usually, the ?ne poWder Will 
comprise a medicament With the individual particles having a 
mean siZe that is less than about 100 um, usually less than 
about 10 um, and more usually in the range from about 1 pm 
to 5 pm. 
The ?ne poWder Will preferably be placed into a hopper 

having an opening at a bottom end. The element is vibrated to 
agitate the ?ne poWder. Vibration of the poWder in the vicinity 
of the opening assists in the transfer of a portion of the ?ne 
poWder through the opening Where it may be captured into a 
chamber. Vibration of the element also assists in de-agglom 
erating poWder Within the metering chamber so that the 
metering chamber may more uniformly be ?lled. 
The vibratable element is preferably vibrated in an up and 

doWn, i.e. vertical, motion relative to the poWder in the hop 
per. In one aspect, an ultrasonic horn is employed to vertically 
vibrate the element. Alternatively, the element may comprise 
a rod that is vibrated back and forth, i.e. laterally, Within the 
poWder. In another alternative, the vibratable element is 
vibrated in an orbital manner. In one aspect, the rod is oper 
ably attached to a pieZoelectric motor Which vibrates the rod. 
Preferably, the element is vertically vibrated at a frequency in 
the range from about 1,000 HZ to about 180,000 HZ, and more 
preferably from about 10,000 HZ to about 40,000 HZ, and 
most preferably from about 15,000 HZ to about 25,000 HZ. 
The rod is preferably vibrated laterally at a frequency in the 
range from about 50 HZ to about 50,000 HZ, and more pref 
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erably in the range from about 50 HZ to about 5,000 HZ, and 
most preferably in the range from about 50 HZ to about 1,000 
HZ. 

In another aspect, the element has a distal end Which is 
placed near the opening. Further, the distal end has an end 
member Which is vibrated over the chamber to assist in trans 
fer of the ?ne poWder from the hopper to the chamber. The end 
member preferably projects laterally outWard from the ele 
ment. In one aspect, the end member comprises a cylinder 
When the element is vibrated vertically. In another aspect, the 
end member comprises a cross-member When the rod is lat 
erally vibrated. Preferably, the end-member is vertically 
spaced apart from the chamber by a distance in the range from 
about 0.01 mm to about 10 mm, and more preferably from 
about 0.5 mm to about 3.0 mm. Such a distance assists in 

keeping the poWder uncompacted When transferred to the 
chamber. 

In still another aspect, the element is preferably moved 
across the opening While being vibrated. For instance, the 
element may be translated along the opening at a rate that is 
preferably less than about 100 cm/ s. HoWever, the particular 
rate of translation Will typically depend on the vibrational 
frequency of the element. In this Way, the element is sWept 
across the chamber While being vibrated. 
Movement of the element along the opening is particularly 

preferable When multiple chambers are aligned With the 
opening. In this Way, the element may be employed to assist 
in the transfer of ?ne poWder from the hopper into each of the 
chambers. Optionally, a plurality of elements or rods may be 
vibrated Within the hopper in the vicinity of the openings. 
Preferably, the rods Will be aligned With each other and Will be 
translated along the opening While being vibrated, although in 
some cases the rods or elements may remain stationary over 
each chamber. 

To assist in the capture of the ?ne poWder in the chamber, 
air is preferably draWn through the chamber bottom to draW 
the ?ne poWder into the chamber. Following capture of the 
?ne poWder, the poWder is preferably transferred to a recep 
tacle. Transferring of the ?ne poWder is preferably accom 
plished by introducing a compressed gas into the chamber to 
expel the captured poWder into the receptacle. 

In another aspect of the method, the poWder in the hopper 
is periodically levelled. As one example, the poWder may be 
levelled by placing a projecting member above the distal end 
of the vibratable element. In this Way, the projecting member 
vibrates along With the vibratable element. As the element is 
translated along the hopper, the projecting member tends to 
level the poWder in the hopper. In one aspect, transfer of the 
poWder is performed in a moisture controlled environment. 

In still another aspect, the poWder captured by the chamber 
is adjusted to be a unit dose amount. This may be accom 
plished by placing a thin plate (or doctor sheet) betWeen the 
hopper and the chamber. The plate has an aperture to alloW for 
the transfer of the poWder from the hopper and into the cham 
ber. The chamber is then moved relative to the plate, With the 
plate scraping any excess poWder from the chamber. Alterna 
tively, a doctor blade may be employed to scrape any excess 
poWder from the chamber as the chamber is rotated. 

In one particular aspect, the poWder is transferred to the 
hopper from a secondary hopper. Preferably, the secondary 
hopper is vibrated to transfer the poWder onto a chute Where 
it passes into the primary hopper. In still yet another aspect, 
the chamber is periodically removed and replaced With a 
chamber of a different siZe to adjust the volume of the cham 
ber. In this Way, different unit do sages may be produced by the 
invention. 
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6 
The invention further provides an exemplary apparatus for 

transporting a ?ne poWder. The apparatus comprises a hopper 
for holding the ?ne poWder. The apparatus further includes at 
least one chamber Which is moveable to alloW the chamber to 
be placed in close proximity to an opening in the hopper. A 
vibratable element is also provided having a proximal end and 
a distal end, With the element being placed Within the hopper 
such that the distal end is near the opening. A vibrator is 
provided to vibrate the element When Within the ?ne poWder. 
In this Way, the element may be vibrated to agitate the ?ne 
poWder to assist in its transfer from the hopper to the chamber. 
Preferably, the vibrator comprises an ultrasonic horn Which 
vibrates the element in an up and doWn or vertical motion. 
Alternatively, a pieZoelectric motor may be employed to lat 
erally vibrate the element. 

In one exemplary aspect, the apparatus further includes a 
mechanism for translating the vibratable element or rod over 
the chamber as the element is vibrated. Such a mechanism is 
particularly advantageous When a plurality of chambers are 
provided in a rotatable member Which is rotated to align the 
chambers With the opening. The translating mechanism may 
then be employed to translate the element over the rotatable 
member so that the vibrating element passes over each cham 
ber to assist in the ?lling of each With poWder. The translating 
mechanism preferably comprises a linear drive mechanism 
Which translates the rod along the opening at a rate that is less 
than about 100 cm/ s. 

In another aspect, the vibrator is con?gured to vibrate the 
element in an up and doWn motion at a frequency in the range 
from about 1,000 HZ to about 180,000 HZ, and more prefer 
ably in the range from about 10,000 HZ to about 40,000 HZ, 
and most preferably in the range from about 15,000 HZ to 
about 25,000 HZ. When vibrated up and doWn, the vibratable 
element preferably comprises a cylindrical shaft having a 
diameter in the range from about 1.0 mm to about 10 mm. 
When vibrated laterally, the element preferably comprises a 
rod or Wire having a diameter in the range from about 0.01 
inch to about 0.04 inch. 
An end-member is preferably operably attached to the 

distal end of the vibratable element to assist in agitation of the 
?ne poWder. The end-member is preferably vertically spaced 
apart from the chamber by a distance in the range from about 
0.01 mm to about 10 mm, and more preferably from about 0.5 
mm to about 3.0 mm. In one alternative, the apparatus is 
provided With a plurality of vibratable elements so that mul 
tiple elements may be vibrated Within the ?ne poWder. 

In still another aspect, the chamber is disposed Within a 
rotatable member Which is placed in a ?rst position having the 
chamber aligned With the opening in the hopper, and a second 
position having the chamber aligned With a receptacle. In this 
Way, the chamber may be ?lled With poWder When in the ?rst 
position. The rotatable member is then rotated to the second 
position to alloW the poWder to be expelled from the chamber 
and into the receptacle. The chamber preferably includes a 
port Which is in communication With a vacuum source to 
assist in draWing the ?ne poWder from the hopper and into the 
chamber. A ?lter is preferably disposed across the port to 
assist in capturing the poWder. A source of compressed gas is 
preferably also in communication With the port to eject the 
captured poWder from the chamber and into the receptacle. A 
controller may be provided for controlling actuation of the 
gas source, the vacuum source and operation of the vibrator. 
The apparatus may also include a mechanism for adjusting 

the amount of captured poWder in the chamber due to the 
chamber volume. In this Way, the captured amount Will be a 
unit dose amount. Such an adjustment mechanism may com 
prise an edge for removing ?ne poWder extending above the 
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chamber. In one embodiment, the adjustment mechanism 
comprises a thin plate having an aperture Which may be 
aligned With the chamber during ?lling. As the rotatable 
member is rotated, the edge of the aperture scrapes the excess 
poWder from the chamber. 

In one particular aspect, the vibratable element includes a 
projecting member Which is spaced above the distal end. The 
projecting member serves as a leveller to level poWder Within 
the hopper as the vibratable element is translated along the 
hopper. 

In another aspect, a secondary hopper is provided to store 
the poWder until delivered to the primary hopper. A shaking 
mechanism is provided to vibrate the secondary hopper When 
poWder is to be transferred to the primary hopper. Preferably, 
the poWder passes doWn a chute so that the poWder may be 
transferred Without interfering With the translation of the 
vibratable member along the primary hopper. 

In still another aspect, the chamber is formed in a change 
tool. In this Way, the siZe of the chamber may be varied simply 
by attaching a change tool With a different siZed chamber to 
the rotatable member. 

The invention further provides an exemplary system for 
transporting ?ne poWders. The system comprises a plurality 
of rotatable members Which each include a roW of chambers. 
A hopper is disposed above each rotatable member and has an 
opening to alloW poWder to be transferred to the chambers. A 
vibratable element is disposed in each hopper, and vibrators 
are provided to vibrate the elements in an up and doWn 
motion. A translation mechanism is further provided to trans 
late the vibratable members along the hoppers to assist in 
transferring the poWder from the hoppers and into the cham 
bers. Conveniently, a controller may be provided to control 
operation of the rotatable members, the vibrators, and the 
translation mechanism. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional side vieW of an exemplary appa 
ratus for transporting ?ne poWders according to the invention. 

FIG. 2 is an end vieW of the apparatus of FIG. 1. 
FIG. 3 is a more detailed vieW of a chamber of the appa 

ratus of FIG. 1 shoWing a vibrating rod being translated over 
the chamber according to the invention. 

FIG. 4 is a left front perspective vieW of an exemplary 
system for transporting poWder according to the invention. 

FIG. 5 is a right front perspective vieW of the system of 
FIG. 4. 

FIG. 6 is a cross-sectional vieW of the system of FIG. 4. 
FIG. 7 is a schematic vieW of an alternative apparatus for 

transporting ?ne poWders according to the invention. 
FIG. 8 is a schematic vieW of still another alternative appa 

ratus for transporting ?ne poWders according to the invention. 
FIG. 9 is a schematic vieW of still another alternative appa 

ratus for transporting ?ne poWders according to the invention. 
FIG. 10 is a perspective vieW of a further embodiment of an 

apparatus for transporting ?ne poWders according to the 
invention. 

FIG. 11 is a cross-sectional vieW of the apparatus of FIG. 
10 taken along lines 11-11. 

FIG. 12 is a cross-sectional vieW of the apparatus of FIG. 
10 taken along lines 12-12. 

FIG. 13 is an exploded vieW of a rotatable member of the 
apparatus ofFIG. 10. 

FIG. 14A is a schematic vieW of a scraping mechanism for 
scraping excess poWder from a chamber of a rotatable mem 
ber. 
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FIG. 14B is an end vieW ofthe scraping mechanism ofFIG. 

14A as mounted above the rotatable member. 
FIG. 14C is a perspective vieW of an alternative mechanism 

for scraping excess poWder from a chamber of a rotatable 
member according to the invention. 

FIG. 15 is a perspective vieW of a particularly preferable 
system for transporting poWders according to the invention. 

DETAILED DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

The invention provides methods, systems, and apparatus 
for the metered transport of ?ne poWders into receptacles. The 
?ne poWders are very ?ne, usually having a mean siZe in the 
range that is less than about 20 um, usually less than about 10 
um, and more usually from about 1 um to 5 pm, although the 
invention may in some cases be useful With larger particles, 
e.g., up to about 50 pm or more. The ?ne poWder may be 
composed of a variety of constituents and Will preferably 
comprise a medicament such as proteins, nucleic acids, car 
bohydrates, buffer salts, peptides, other small biomolecules, 
and the like. The receptacles intended to receive the ?ne 
poWder preferably comprise unit dose receptacles. The recep 
tacles are employed to store the unit dosage of the medica 
ment until needed for pulmonary delivery. To extract the 
medicament from the receptacles, an inhalation device, such 
as those described in US. Pat. Nos. 5,785,049 and 5,740,794, 
previously incorporated herein by reference, may be 
employed. HoWever, the methods of the invention are also 
useful in preparing poWders to be used With other inhalation 
devices Which rely on the dispersement of the ?ne poWder. 
The receptacles are preferably each ?lled With a precise 

amount of the ?ne poWder to ensure that a patient Will be 
given the correct dosage. When metering and transporting the 
?ne poWders, the ?ne poWders Will be delicately handled and 
not compressed, so that the unit dosage amount delivered to 
the receptacle is suf?ciently dispersible to be useful When 
used With existing inhalation devices. The ?ne poWders pre 
pared by the invention Will be especially useful With, although 
not limited to, “loW energy” inhalation devices Which rely on 
manual operation or solely upon inhalation to disperse the 
poWder. With such inhalation devices, the poWder Will pref 
erably be at least 20% (by Weight) dispersible or extractable 
into a ?oWing air stream, more preferably be at least 60% 
dispersible, and most preferably at least 90% dispersible as 
de?ned in US. Pat. No. 5,785,049, previously incorporated 
by reference. Since the cost of producing the ?ne poWder 
medicaments are usually quite expensive, the medicament 
Will preferably be metered and transported into the recep 
tacles With minimal Wastage. Preferably, the receptacles Will 
be rapidly ?lled With the unit dosage amounts so that large 
numbers of receptacles containing the metered medicament 
can economically be produced. 

According to the invention, the ?ne particles are captured 
in a metering chamber (Which is preferably siZed to de?ne a 
unit dosage volume). A preferable method of capturing is by 
draWing air through the chamber so that the drag force of the 
air Will act upon the small agglomerates or individual par 
ticles as described in US. Pat. No. 5,775,320, the complete 
disclosure of Which is herein incorporated by reference. In 
this Way, the ?uidized ?ne poWder ?lls the chamber Without 
substantial compaction and Without substantial formation of 
voids. Further, capturing in this manner alloWs the ?ne poW 
der to be accurately and repeatably metered Without unduly 
decreasing the dispersibility of the ?ne poWder. The How of 
air through the chamber may be varied in order to control the 
density of the captured poWder. 














