
HPMD-7904
FBAR Duplexer for US PCS Band

Data Sheet

General Description
The HPMD-7904 is a miniaturized duplexer designed
for US PCS handset, designed using Avago Technolo-
gies’ Film Bulk Acoustic Resonator (FBAR) Technol-
ogy. The HPMD-7904 features a very small size: it is
less than 2 mm thick and has a footprint of only 5.6 x
11.9 mm2.

The HPMD-7904 enhances the sensitivity and
dynamic range of CDMA receivers, providing more
than 50 dB attenuation of transmitted signal at the
receiver input, and more than 40 dB rejection of the
transmit-generated noise in the receive band. Typi-
cal insertion loss in the Tx channel is only 1.8 dB,
minimizing current drain from the power amplifier.
Typical insertion loss in the Rx channel is 2.2 dB,
improving receiver sensitivity.

Avago’s thin-Film Bulk Acoustic Resonator (FBAR)
technology makes possible high-Q filters at a fraction
their usual size. The excellent power handling of the
bulk-mode resonators supports the high output pow-
ers needed in PCS handsets, with virtually no added
distortion.

Features
• Miniature size: less than 2 mm high;

     5.6 x 11.9 footprint

• Rx Band: 1930-1990 MHz
Typical performance:
    Rx noise blocking: 42dB
    Insertion loss: 2.2 dB typical
      3.0 dB band edge

• Tx Band: 1850-1910 MHz
Typical performance:
    Tx interferer blocking: 54dB
    Insertion Loss: 1.8 dB typical
     2.5 dB band edge

• 30 dBm Tx power handling

Applications
• Handsets or data terminals operating in the US PCS

frequency band
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HPMD-7904 Electrical Specifications, ZO = 50Ω, TC
[1] as indicated

       +25°C[1,3]        +85°C[1,2,3]         –30°C[1,2,3]

Symbol Parameters Units Min Typ Max Min Typ Max Min Typ Max

fRX Receive Bandwidth MHz 1930.6 — 1989.4 1930.6 — 1989.4 1930.6 — 1989.4

S23 Rx Attenuation in Transmit Band dB 50 54 — 50 52 — 50 52 —
(1850.6 –1909.4 MHz)

S23 Rx Typical Insertion Loss in Receive Band dB — 2.2 3.5 — 2.2 3.8 — 2.2 3.8
(1935–1985MHz)

S23 Rx Insertion Loss at Edges of Receive dB — 3.0 3.5 — 3.0 3.8 — 3.0 4.5
 Band (1930.6-1935 MHz and
1985-1989.4 MHZ)

∆ S23 Ripple in Receive Band dB — 1.5 — — 1.5 — — 2.0 —

S22 Rx Return Loss in Receive Band dB 8.0 10 — 8.0 10 — 8.0 10 —

fTX Transmit Bandwidth MHz 1850.6 — 1909.4 1850.6 — 1909.4 1850.6 — 1909.4

S31 Tx Attenuation in Receive Band dB 40 42 — 40 42 — 37 42 —
(1930.6 –1935 MHz)

S31 Tx Attenuation in Receive Band dB 40 42 — 40 42 — 40 42 —
(1935–1989.4 MHz)

S31 Tx Insertion Loss in Transmit Band dB — 1.8 3.0 — 1.8 3.5 — 1.8 3.5
(1855–1905 MHz)

S31 Tx Insertion Loss at Edges of dB — 2.5 3.0 — 3.0 3.8 — 3.0 3.6
Transmit Band (1850.6-1855 MHz
and 1905-1909.4 MHz)

∆ S31 Ripple in Transmit Band dB — 2.0 — — 3.0 — — 2.0 —

S11 Tx Return Loss in Transmit Band dB 8.0 10 — 8.0 10 — 8.0 10 —

S33 Ant Return Loss, Tx and Rx bands dB 8.0 — — — — — — — —

S21 Tx-Rx Isolation, 1850.6 – 1909.4 MHz dB 50 54 — 50 54 — 50 54 —
(Transmit Band)

S21 Tx-Rx Isolation, 1930.6 – 1935 MHz dB 40 42 — 40 42 — 38 42 —
(Receive Band)

S21 Tx-Rx Isolation, 1935– 1989.4 MHz dB 40 42 — 40 42 — 40 42 —
(Receive Band)

Absolute Maximum Ratings[4]

Parameter Unit Value

Operating temperature[1] °C -30 to +85

Storage temperature[1] °C -30 to +100

Notes:
1. T

C
 is defined as case temperature, the temperature of the underside of the duplexer where it

makes contact with the circuit board.

2. Specifications are given at operating temperature limits and room temperature. To estimate
performance at some intermediate temperature, use linear interpolation.

3. Specifications are guaranteed over the given temperature range, with the input power to the Tx
port equal to +30 dBm (or lower) over all Tx frequencies. The application of input power levels in
excess of +30 dBm will not destroy the duplexer, but its performance may exceed the specification
limits given above.

4. Operation in excess of any one of these conditions may result in permanent damage to the device.
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Figure 1.  Tx and Rx Port Insertion Loss (typical).
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Figure 2.  Insertion Loss Detail (typical).
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Figure 3.  Tx and Rx Port Return Loss (typical).
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Figure 4.  Ant Port Return Loss (typical).

freq (1.850 GHz to 1.910 GHz)

Figure 5.  S11, Tx Port Impedance (typical).

The plots below provide typical performance obtained
from samples of the HPMD-7904 duplexer.

In order to obtain the best performance from the
HPMD-7904 duplexer, refer to Design Note D007,
which is available from your Avago Technologies tech-
nical support or sales departments.

freq (1.930 GHz to 1.990 GHz)

Figure 6.  S22, Rx Port Impedance (typical).
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A: freq (1.850 GHz to 1.910 GHz)
B: freq (1.930 GHz to 1.990 GHz)

Figure 7.  S33, Ant Port Impedance.
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Figure 8.  S21, Isolation (typical).
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Figure 9.  Wideband Insertion Loss (typical).
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Figure 10.  Wideband Isolation (typical).
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Note that the specifications given on page 2 are guar-
anteed when the duplexer is mounted on a ground
surface with a hole pattern like that one shown in
Figure 11. See Design Note D007, which is available
from your Avago Technologies technical support or
sales departments.

Figure 11.  Mounting (grounding) Pattern.

0.4 mm diameter plated through holes 
typical spacing is 0.77 to 0.9 mm

Rx output

Ant input/output

Duplexer outline shown in dashed line

Tx input

Figure 12.  Outline Drawing.

Note that it is important that proper heat sinking be
provided in order to remove the heat generated in
the Tx filter by the handset’s power amplifier. Fail-
ure to do so may result in excessive losses, especially
at the top end of the Tx band.
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Using the HPMD-series CDMA Duplexers
Avago’s FBAR (Film Bulk Acoustic Resonator) du-
plexers provide high RF performance in a very small
package. However, in order to achieve all the perfor-
mance available from the duplexer, care must be taken
in the design of the board onto which it is mounted.
The purpose of this Design Tip is to provide Avago’s
recommendations on the design of that board (called
the motherboard in this note).

Areas where care in design must be observed are ther-
mal ground, RF ground, in/out connection design,
and solder mask/solder stencil design. These four
design areas, which are sometimes interrelated, will
be considered one at a time below (along with com-
ments on demo boards and S3P S-parameter files).

Thermal Ground
FBAR resonators have a negative temperature
coefficient of frequency—as temperature goes up, the
frequency response of the filter shifts down in
frequency. See Figure 13. Typical coefficients are
57 KHz/°C for the Tx filter and 40 KHz/°C for the Rx
filter. In Figure 14, the same data are presented with
the scale narrowed down to the upper end of the Tx
band. Note that all these data are taken at low input
power levels (+10 dBm).
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Figure 13.  Tx Filter Response with Temperature.
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Figure 14.  Tx Filter Response with Temperature (expanded).

When input power is +29 or +30 dBm, heating in the
Tx filter due to RF losses causes the filter membranes
to heat up beyond 85°C. This, in turn, causes the filter
response to shift further left (down in frequency),
resulting in increased insertion loss at the high end
of the Tx band (1910 MHz). The only place where a
problem may develop is at the top end of the Tx band.
Avago Technologies takes this into account in the
manufacture and final test of the duplexer—all speci-
fications for insertion loss (and other parameters)
will be met at the specified input power level and
motherboard temperature. Note that high power/high
temperature testing done at Avago is performed with
the duplexer soldered down to a test board having a
very good heat sink.

The motherboard must be designed to remove heat
from the duplexer with the lowest possible thermal
resistance. Mount the duplexer on a large surface of
_ ounce copper (as shown in Figure 15), to enable
the heat to be removed in all directions. Via holes,
necessary for RF grounding, should be filled with
copper plating to further remove heat from the
duplexer’s Tx filter and dump it into a second ground
plane located in a lower layer of the motherboard.

       

Figure 15.  Thermal and Electrical Ground Plane.

Figure 16.  Thermal Via Holes.

Figure 4 -- thermal via holes
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An additional set of nine thermal holes (copper filled)
may be added to remove heat from the Tx filter as
shown in Figure 16.

FBAR duplexers have extremely low thermal mass
and must be properly heat sunk, as well as isolated
from external sources of heat (such as a nearby power
amplifier). Failure to provide an adequate thermal
design to cool the duplexer may result in degrada-
tion of insertion loss at the high end of the Tx band,
or other performance problems.

RF Ground
Many of the same considerations which apply to the
thermal ground plane also apply to the RF ground
plane. A large area, as shown in Figure 3, provides
data sheet performance for the duplexer. In addition,
a series of 36 (or more) plated and plugged via holes
to a lower ground plane (0.35 to 0.40 mm in diam-
eter) should be provided around the perimeter of the
duplexer, as shown in Figure 16.

If a continuous ground plane cannot be provided on
the top surface of the motherboard, a ground patch
which extends 0.5 mm (or more) out from each side
of  the duplexer can be used. However, in this case
the 36 (or more) plugged via holes connecting to a
lower level ground are essential for good performance.

In/out Connection Design
High isolation between ports is a characteristic of
Avago FBAR duplexers, and values often exceed
50 dB. In order for this performance to not be de-
graded by coupling within the user’s motherboard
will require 60dB or more of isolation between each
pair of the three input/output lines of that
motherboard. This is measured as shown in Figure
17, using copper pins to short out all three of the lines
to ground. Isolation is then measured between the
Tx, Rx and Ant lines, with 60 dB as a minimum
acceptable level.

       

shorting pin, soldered to input/output pad
and to ground on both sides (3 places)

Figure 17.  Motherboard Isolation Test Method.

In order to achieve 60 dB of isolation in the
motherboard itself using microstrip transmission
lines, extreme care must be taken in the design due
to the poorly contained field lines in microstrip.
Ground areas between the lines and other good tech-
niques will have to be used. The use of coplanar
waveguide over a groundplane (CPWG) provides for
higher line-to-line isolation.

       

Design guidelines for CPWG transmission lines can
be found in AppCAD, the design/analysis software
found on the Web at http://www.semicon-
duc tor.avagotech .com/cg i -b in/morpheus/
wirelessDesignTool/utility.jsp?flag=App. Figure 18
provides the recommended dimensions for a CPWG
realization. Shown in the figure is a solder mask
(green)— this will be dealt with in detail below.

Better performance can be obtained using stripline,
where a buried conductor has aground plane on lay-
ers above and below.  Such transmission lines have
excellent shielding, and line-to-line values in excess
of 80 dB can easily be achieved using this transmis-
sion line. The details of this transmission line real-
ization are shown in Figures 19 and 20.  Small in/out
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Figure 18.  Recommended mounting for CPWG realization.
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pads are provided on the top surface, extending be-
yond the edges of the duplexer (Figure 19). These are
connected to the buried stripline conductors by
means of two plated and plugged via holes (each).

       

In this buried layer, the three lines are isolated by
large ground areas, connected to the ground plane
above and below.  This provides for the best contain-
ment of transmission line fields.
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Solder Mask and Solder Stencil
Solder mask is used on all motherboards, to prevent
solder from adhering to places where it is not desired.
In mounting the duplexer, it serves as an aid to align-
ment during wave soldering.

The motherboard solder mask (shown in green in
Figures 18 and 19) should correspond to the edges of
the duplexer. This will contain the solder during
reflow, and prevent the duplexer from rotating or slip-
ping out of alignment.

A solder stencil is used to print a pattern of solder
paste onto the motherboard, with the duplexer placed
upon this paste before the reflow process begins. The
design of the solder stencil is critical to obtaining good
yields in reflow soldering.

Figure 19.  Top layer for stripline realization.

Metallization - 
buried ground
plane (silver)

Exposed
dielectric
(brown)

36 plated and plugged via holes to ground plane on top6 via holes to input/output pad on top

buried stripline transmission lines

Optional filled holes for heat transfer
from the top layer ground plane All dimensions in mm

View looking down onto the duplexer mounting surface

Figure 20.  Buried layer for stripline realization.
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It is the nature of PBC (printed circuit board) prod-
ucts that there is some warp in them, especially in
the long dimension.  The FBAR duplexer will exhibit
a small amount of lifting on the two narrow faces
(where the Tx and Rx pads are located) when it is
placed upon a flat surface. See the illustration above.
In order to achieve data sheet performance, the Tx
pad and two ground connections on each side, as well
as the Rx pad with two ground connections on each

Figure 21.  Duplexer solder paste pattern.

Figure 22.  Duplexer solder stencil dimensions.

side, must be soldered to mating lands on the
motherboard. Thus it is necessary to screen down a
pattern of solder paste that will allow the center of
the duplexer to be closer to the motherboard, bring-
ing the Tx and Rx contacts down to their solder paste
pads.  See Figures 21, 22 and 23. These stripes pro-
vide approximately 50% coverage—that is, 50% of the
ground pad is covered with solder paste. This is
equivalent to laying down a continuous layer of sol-
der paste at half the thickness of the in/out pads and
their ground pads.

Solder Materials
The recommended solder profile for the FBAR
duplexer is shown in Figure 24. Guidelines are given
in red, and a typical profile is shown in blue. This

typical profile was tested on ten
samples of the duplexer, each of
which was subjected to the profile
six times without effect upon the
mechanical or electrical characteris-
tics of the device. Solder tempera-
tures and times in excess of those
given in the guidelines of Table 1 may
result in damage to the duplexer or
changes in its characteristics.

Color code:
  Bright green: solder mask over conductor
  Dark green: solder mask over dielectric
  Light brown: exposed dielectric
  Silver: exposed conductor
  Dark gray: solder paste

In/out pad solder patch, with
ground solder patches

on either side

Solder stripes on ground plane

All dimensions in mm

View looking down onto the duplexer mounting surface
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Figure 23.  Solder stencil details.

Pattern A                                                                            Pattern B

Paste Length           0.8     1.7     2.8     4.0      5.5     4.1     1.7      0.8 Paste Length           1.7    2.8     4.0      5.5     4.0     2.8      1.7

Paste Center
Line Spacing

0.63

Paste Width
0.25

Paste Distance
From Reference

Y-Reference Line
Position Reference “X”

-2.3     -1.9
-1.3

-0.7 0.7

2.3

2.8

Paste Center
Line Spacing

0.63

Paste Width
0.25

Paste Distance
From Reference

Y-Reference Line
Position Reference “X”

-1.9     -1.3
-0.7

1.2

1.9

0.7

All dimensions in mm

Alloy type Melting temp. Recommended working Comments
(oC) temperature (oC)

Sn42Bi58 138 160 – 180 Lead free

Sn43Pb43Bi14 144 – 163 165 – 185 Contains lead – some customers prohibit it.

Sn63Pb37 183 200 – 240 Contains lead – some customers prohibit it.

Sn60Pb40 186 200 – 240 Contains lead – some customers prohibit it.

Sn91/Zn9 199 200 – 240 May have oxidation problems

Sn96.2Ag2.5Cu0.8Sb0.5 216 235 – 255 Popular lead free composition

Sn95.8Ag3.5Cu0.7 217 235 – 255 Other alloy ratios are available

Sn96.5Ag3.5 221 240 – 260 Used in the assembly of duplexers

Sn100 232 260 – 280 Too hot – will melt the duplexer

Sn95Sb5 235 260 – 280 Too hot – will melt the duplexer

Sn97Cu3 240 260 – 300 Too hot – will melt the duplexer

Table 1.  Solder Compositions.

Solder Recommendations
The HPMD-7904 FBAR duplexer (and its variants) is
an assembly consisting of two LCC ceramic packages,
containing the Tx and Rx filters, mounted to a small
circuit board. Both packages on the circuit board are
mounted in place using Sn96.5/Ag3.5 solder (shaded
in Table 1).

The recommended solder profile for the FBAR
duplexer is shown in Figure 16. Guidelines and a
typical profile are both shown. This typical profile
was tested on ten samples of the duplexer, each of
which was subjected to the profile six times without
effect upon the mechanical or electrical characteris-
tics of the device. Solder temperatures and times in
excess of those given in the guidelines of Table 1 may
result in damage to the duplexer or changes in its
characteristics.
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Duplexer Demo Board
The RW074A duplexer demo board (Figure 25) uti-
lizes a CPWG transmission lines for high isolation
between the three ports.  Ground plane spacing is
0.032" (0.81 mm). It is designed for use with E.F.
Johnson 142-0701-881 end launch SMA connectors
(see Figure 26).

This demo board illustrates the design concepts
described earlier in this note. It uses via holes (two
per connection) to connect the CPWG transmission
line on the underside of the board to the duplexer
mounting pads on top, with ground planes separat-
ing all lines and pads.

The board also has a 50Ω reference line, which can
be used to calibrate out the insertion loss of the board,
and which will provide the user with information on
the quality of connector mounting.  The return loss
of that reference line should be higher than 20 dB

over the 1.5 to 2.5 GHz range.  If it is not, the connec-
tors were improperly mounted.

In order to obtain the best performance from this demo
board, care must be taken to mount the connectors
and duplexer properly. The first step is to reflow solder
the duplexer into position on the demo board, using a
solder paste with a melting temperature of 190°C or
less. Reflow the solder using a preheated hotplate. As
soon as the solder paste flows, remove the board and
allow it to cool to room temperature.

Prepare the connectors by trimming the pins down
to 1.0 to 1.5 diameters (0.050" to 0.75") in length.
Mount the connectors with the board upside down
(duplexer down) and clamped in a small vise to assure
that the connector body is firmly pressed against the
edge of the board.  Solder the pin to the transmission
line, and then solder the two ground fingers to the
ground planes on either side of the line. See Detail A
in Figure 27.

Figure 25.  RW074A demo board.

Figure 26.  EF Johnson connector.
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Turn the board over and solder the connector fin-
gers to the board’s top ground plane, taking care to
flood the area with sufficient solder as to completely
cover the small crescent of exposed teflon. See Detail
B in Figure 27.

Figure 27.  Connector details.

To obtain a demo board, contact your Avago Tech-
nologies sales representative.

Figure 28.  Assembled demo board.

Duplexer S-parameter Files
Three port S-parameter files are available for the
Avago FBAR  duplexer, both in narrow band form
(1820 to 2020 MHz in 0.5 MHz steps) and wideband
form (1 to 6 GHz). These files are in Touchstone
format, compatible with ADS and other simulation
software. They are useful in performing simulations
of the duplexer under various conditions, with
external matching networks, parasitics, etc.

However, care must be exercised when considering
an external impedance matching network for the
duplexer. Consider the simple L-C network simulated
in ADS and shown in Figure 29. This network was
added to the Tx port in an attempt to increase the
return loss over the 1850 to 1880 MHz portion of the
Tx band.  Figure 30 shows the effect of this matching
network, with “before” given in red and “after” in blue.
The goal of return loss improvement is made. How-
ever, an examination of Figure 31 will show that a

small reduction in rejection over the upper half of
the Rx band resulted from the addition of this
impedance matching network. In Figure 32, it will be
seen that Tx to Rx port isolation was slightly improved
at the low end of the Rx band (1935 MHz) and reduced
over the high end of the Rx band, with no substantial
change over the Tx band.

Bear in mind that the addition of any external
impedance matching network, or parasitic reactance
(such as from poor quality connectors) will impact
the duplexer’s rejection and isolation performance.

       

Figure 29.  Network simulated.

       

Figure 30.  Tx port return loss.

       

Figure 31.  Tx to Antenna insertion loss.

       

Figure 32.  Tx to Rx isolation.
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Figure 34.  Reel Drawing.

R 5:49"
+1.00"
-0.50"

+1.00"
-0.50"R 6.26" 120.00° ± 0.50°

+0.40"
-0"13.00"

R 6.26"
+1.00"
-0.50"

Notes:
1.  All dimensions in mm, unless otherwise noted.
2.  Material: polystyrene
3.  Surface resistivity: 1x109 ohm-mm2

CONVEX = 0.5mm

φ21.00±0.80

2.00 ± 0.50

R 0.20"

0.22"

+1.00"
-0.50"R 2.00"

+1.00"
-0.50"R 2.00"

+0.50"
-0.20"φ13.00"

+2.00
-0100.00

+1.00"
-0.50"R 5.27"

2.20

φ1.50 ± 0.10

2.25 Note 5 6.60
Note 4

12.00 ± 0.10
φ1.50

Note 2
4.00 ± 0.10

Note 6
2.00 ± 0.10

 11.50 ± 0.10
Note 6

 24.00 ± 0.30
12.20 Note 4

 1.75 ± 0.1

0.030±0.05

Notes:
1.  All dimensions in mm.
2.  10 sprocket hole pitch accumulative tolerance ± 0.10 mm
3.  Camber not exceed 1 mm in 250 mm
4.  Pocket dimensions measured on a plane 0.3 mm above the bottom of the pocket.
5.  Pocket depth measured from a plane on the inside bottom of the pocket to the top surface of the carrier.
6.  Pocket position on relative to sprocket hole measure as true position of pocket, not the pocket hole.

Figure 33.  Tape Drawing.
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Figure 35.  Device Orientation.
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Ordering Information

Part Number No. of Devices Container

HPMD-7904-BLK 25 Anti-static bag

HPMD-7904-TR1 1000 13” Reel
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