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Technical Data

Features Plastic SO-16 Package

* 800-1000 MHz Output
Frequency Range

* +6 dBm Peak P, ;

e Unbalanced 50 Q Output

« Internal 90° Phase Shifter

« 5Volt, 36 mA Bias

e SO-16 Surface Mount Package

Applications Pin Configuration

* Direct Modulator for 900
MHz Cellular Telephone
Handsets, Including GSM,
JDC, and NADC

e Direct Modulator for
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HPMX-2003

Description

Hewlett Packard’s HPMX-2003 is a
Silicon RFIC direct conversion
vector modulator designed for use
at output frequencies between

800 MHz and 1 GHz. Housed in a
SO-16 surface mount plastic pack-
age, the IC contains two matched
Gilbert cell mixers, an RC phase
shifter, a summer, and an output
amplifier complete with 50 Q
impedance match and DC block.

This device is suitable for use in
direct and offset-loop modulated
portable and mobile telephone
handsets for cellular systems such
as GSM, North American Digital
Cellular and Japan Digital Cellu-
lar. It can also be used in digital
transmitters operating in the

900 MHz ISM (Industrial-Scien-
tific-Medical) band, including use
in Local Area Networks (LANS).

The HPMX-2003 is fabricated with
Hewlett-Packard’s 25 GHz
ISOSAT-II process, which
combines stepper lithography,
ion-implantation, self-alignment
techniques, and gold metallization
to produce RFICs with superior
performance, uniformity and
reliability.



HPMX-2003 Absolute Maximum Ratings, T, =25°C

Absolute
Symbol | Parameter Units | Maximumlil
Paiss Power Dissipation(2:3] mw 500
LG, LO Input Power dBm 15
Vee Supply Voltage \ 10
AVimods Swing of V04 about V4 Vop 5[]
AVomod Or Vgmod about Voet
Virer» Vorer | Reference Input Levelsll \Y 54
Tste Storage Temperature °C -65 to +150
T; Junction Temperature °C 150

Thermal Resistancel?!:
8j. =125°C/W

Notes:
Operation of this device above any one

1.

of these parameters may cause

permanent damage.

. Tec = 25°C (T, is defined to be the

temperature at the end of pin 3 where it

contacts the circuit board).

. Derate at 8 mW/°C for T > 88°C.

Do not exceed V¢ by more than 0.8 V.

HPMX-2003 Guaranteed Electrical Specifications, T, =25°C, Z, =50 Q

Vee =5V, LO=-12 dBm at 900 MHz (Unbalanced Input), Vit = Vgret = 2.5 V (Unless Otherwise Noted).

Symbol Parameters and Test Conditions Units | Min. | Typ. | Max.
Iy Device Current mA 36 44
Pout Output Power Vimod = Vomod = 3.75 V dBm +4.0 +6
LOjeax Pout - LO at Output Vimod = Vomod = 2.5V dBc +30 +37
Emod Average V' (Vimod - 255)2 + (Vomeg - 25)2 =125V % 4 7
Modulation
Error
HPMX-2003 Summary Characterization Information, T, =25°C,Z, =50 Q
Vee =5V, LO =-12 dBm at 900 MHz (Unbalanced Input), Viret = Vorer = 2.5 V (Unless Otherwise Noted).
Symbol Parameters and Test Conditions Units | Typ.
Rin Input Resistance (lyog tO lref OF Qmod 10 Qref) Q 10k
Ringnd Input Resistance to Ground (Any I, Q Pin to Ground) Q 10k
VSWR,o | LOVSWR (50 Q) GSM: 890-915 MHz Bandwidth 15:1
NADC: 824-850 MHz Bandwidth 15:1
JDC: 940-960 MHz Bandwidth 151
VSWRg | Output VSWR (50 Q) (Tuned by GSM: 890-915 MHz Bandwidth 1.2:1
Placement of V. Capacitor — NADC: 824-850 MHz Bandwidth 1.1:1
See Figures 22, 32, and 42) JDC: 940-960 MHz Bandwidth 1.2:1
Output Noise Floor
Vimod = Vomod=3.75V | dBm/Hz | -134
IM, DSB Third Order Intermodulation Products dBc +34
A RMS Amplitude Error dB 0.3
P; RMS Phase Error degrees 2




HPMX-2003 Pin
Description

Vee (pins 1,2)

These two pins provide DC power
to the mixers in the RFIC, and are
connected together internal to the
package. They should be con-
nected to a 5 V supply, with appro-
priate AC bypassing (1000 pF typ.)
used near the pins, as shown in
figures 1 and 2. The voltage on
these pins should always be
kept at least 0.8 V more posi-
tive than the DC level on any
of pins 5, 6, 11, or 12. Failure to
do so may result in the modulator
drawing sufficient current
through the data or reference
inputs to damage the IC.

Ground (pins 3, 4, 10, 13 & 14)
These pins should connect with
minimal inductance to a solid
ground plane (usually the back-
side of the PC board). Recom-
mended assembly employs
multiple plated through via holes
where these leads contact the PC
board.

Irer (PIN 12) and Q rer (PiN 5),

I (pin 11) and Q (pin 6) Inputs
The | and Q inputs are designed
for unbalanced operation but can
be driven differentially with simi-
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Figure 1. HPMX-2003 Connections Showing Unbalanced LO

and I, Q Inputs.

lar performance. The recom-
mended level of unbalanced | and
Q signals is 2.5 V,,, with an aver-
age level of 2.5 V above ground.
The reference pins should be DC
biased to this average data signal
level (Voc/2 or 2.5V typ.). For
single ended drive, pins 5 and 12
can be tied together. For balanced
operation, 2.5V, signals may be
applied across the I,4/l,es and the
Qmod/Qres pairs. The average level
of all four signals should be about
2.5V above ground. The imped-
ance between any | or Q and
ground is typically 10 K Q and the
impedance between |,,,qand I or
Qmog @nd Qs is typically 10 KQ.
The input bandwidth typically
exceeds 40 MHz. It is possible to
reduce LO leakage through the IC
by applying slight DC imbalances
between I,,,q @and l,; and/or Q4
and Qs (see section entitled
“HPMX-2003 Using Offsets to Im-
prove Lo Leakage”). All perfor-
mance data shown on this data
sheet was taken with unbalanced
1/Q inputs.

LO Input (pins 7 and 8)

The LO input of the HPMX-2003 is
balanced and matched to 50 For
drive from an unbalanced LO, pin
7 should be AC coupled to the LO

using a 50 Q transmission line and
a blocking capacitor (1000 pF
typ.), and pin 8 should be AC
grounded (1000 pF capacitor
typ.), as shown in figure 1. For
drive from a balanced LO source,
50 Q transmission lines and block-
ing capacitors (1000 pF typ.) are
used on both pins 7 and 8, as
shown in figure 2. The internal
phase shifter allows operation
from 800 - 1000 MHz. The recom-
mended LO input level is -12 dBm.
All performance data shown on
this data sheet was taken with un-
balanced LO operation.

RF Output (pinl5)

The RF output of the HPMX-2003
is configured for unbalanced
operation. The output is internally
DC blocked and matched to 50 Q,
so a simple 50 Q microstrip line is
all that is required to connect the
modulator to other circuits.

VeeL (pin 16)

Pin 16 is the V¢ input for the out-
put stage of the IC. It is not inter-
nally connected to the other V¢
pins. The external connection al-
lows the addition of a small induc-
tor (0 - 6 nH) to tune the output
for minimum VSWR, depending
upon the operating frequency.

Figure 2. HPMX-2003 Connections Showing Balanced LO
and I, Q Inputs.



HPMX-2003 Typical Data
Measurement

Direct measurement of the ampli-
tude and phase error at the output
is an accurate way to evaluate
modulator performance. By mea-
suring the error directly, all the
harmonics, LO leakage, etc. that
show up in the output signal are
accounted for. Figure 3, below,
shows the test setup that was used
to create the amplitude and phase
error plots (figures 12 and 13).

Amplitude and phase error are
measured by using the four chan-
nel power supply to simulate | and
Q input signals. Real 2.5V, I and
Q signals would swing 1.25 volts
above and below an average 2.5V
level, therefore, a “high” level in-
put is simulated by applying
3.75V, and a “low” level by apply-
ing 1.25V to the | and/or Q inputs.

Amplitude and phase are
measured by setting the network
analyzer for an S,; measurement
at frequency of choice. Set the
port 1 stimulus level to the LO
level you intend to use in your cir-
cuit (-12 dBm for the data sheet).
A 6-10 dB attenuator can be
placed in the line to port 2 to pre-
vent network analyzer overload,
depending upon the network ana-
lyzer you are using.

By adjusting the V|moq and Vomog
settings you can step around the
I, Q vector circle, reading mag-
nitude and phase at each point.
The relative values of phase and
amplitude at the various points
will indicate the accuracy of the
modulator. Note: you must use
very low ripple power supplies
for the reference, Vimod, and Vgmod
supplies. Ripple or noise of only a
few millivolts will appear as wob-
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Figure 3. Test Setup for Measuring Amplitude and Phase Error, Input and Output
VSWR, Power Output and LO Leakage of the Modulator.

bling phase readings on the net-
work analyzer.

The same test setup shown below
is used to measure input and out-
put VSWR, reverse isolation, and
power vs. frequency. Vimoq and
Vomod are set to 3.75 V and the
appropriate frequency ranges are
swept. S;; provides input VSWR
data, S,, provides output VSWR
data. S,; provides power output
(add source power to S, derived

gain).

LO leakage data shown in figures
18, and 19 is generated by setting
Vimod = Vomod = Viret = Voref = 2.5V
then performing an S,; sweep.
Since phase is not important for
these measurements, a scalar net-
work analyzer or a signal genera-
tor and spectrum analyzer could
be used.



HPMX-2003 Typical Performance

45

42

39 /

36

DEVICE CURRENT (mA)

33 ///
v

-5 -35 -15 5 25 45 65 85

30

TEMPERATURE (°C)

Figure 4. HPMX-2003 Device Current
vs. Temperature, Voc =5 V.
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Figure 6. HPMX-2003 Power Output
vs. Temperature at 900 MHz,
LO =-12dBm, Vimed = Vgmod = 3-75 V|
Vlref = VQref =25 V, VCC =5V.
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Figure 9. HPMX-2003 LO Input VSWR
vs. Frequency and Temperature,
VCC =5V.
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Figure 5. HPMX-2003 Device Current
VS. Vcc, TA = 25°C.
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Figure 7. HPMX-2003 Power Output
vs. Vecand I, Q Level at 900 MHz,
LO =-12 dBM, Vimod = Vomod: Ta = 25°C.
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Figure 10. HPMX-2003 Output VSWR
vs. Frequency and Temperature.
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vs. LO Level at 900 MHz, Ve =5V,
Vimod = Vomod = 3-75 V, Ty = 25°C.
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Figure 11. HPMX-2003 Output VSWR
vs. V¢ at 900 MHz, T, = 25°C.



HPMX-2003 Modulation Accuracy (Sample Part)
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Figure 12. HPMX-2003 Amplitude Error vs. Input Phase at 900 MHz,

Ve =5 Vs VVimod -2.5)2+ (Vomod - 2.5)2 = 1.25 V, LO = -12 dBm.
25°C Curve Deleted for Clarity.
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Figure 13. HPMX-2003 Output Phase Error vs. Input Phase at 900 MHz,
Vee =5V, V(Vimog -2.5)2 + (Vamod -2.5)2=1.25V,LO =-12 dBm.
25°C Curve Deleted for Clarity.
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Figure 14. Modulation Error vs. Input Phase at 900 MHz, V=5V,
VVimod -2.5)2 + (Vomog -2.5)2 = 1.25V, LO = -12 dBm. Percent Modulation
Error is Calculated from the Values of Amplitude and Phase Error.




HPMX-2003 Single and and DSB output spectrum graphs flect the performance of the
Double Sideband (figures 15 and 16). modulator IC.

Performance

Single sideband (SSB) and double The phase shift provided by the | The 1, Q signal generator must put
sideband (DSB) tests are some- and Q signal generators must be out low distortion signals or the
times used to evaluate modulator very close to 90 degrees and the output spectrum will show high
performance. Figure 17, below, amplitude of the two signals must harmonic levels that reflect the
shows the test equipment setup be matched within a few millivolts ~ performance of the signal genera-
that was used to create the SSB or results will not accurately re- tor, not the modulator.

HPMX-2003 Typical Sideband Performance Data
SSB: Viret = Voret = 2.5 V, Vimod = Vires +1.25 sin (21t t), Vomoa = Vorer + 1.25 cos (2mf t), f = 25 kHz
DSB: Virer = Varet = 2.5V, Vimog = Virer +1.25 c0s (2T 1), Vigmod = Vorer + 1.25 cos (21 f t), f = 25 kHz

Symbol Parameters and Test Conditions Units SSB DSB
Pss Lower Sideband Power Output dBm +3 0
LOjeak LO Suppression dBc 34 31
Puse Upper Sideband Power Output dBm -32 0
IM5 Third Order Intermodulation Products dBm NA -34
5 5

- | -
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-75

OUTPUT POWER (dBm)
OUTPUT POWER (dBm)

-75
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FREQUENCY (MHz) FREQUENCY (MHz)
Figure 15. Single Sideband Output Spectrum. Figure 16. Double Sideband Output Spectrum.
LO =-12 dBm at 900 MHz. The Test Setup is Shown LO =-12 dBm at 900 MHz. The Test Setup is Shown
in Figure 17. in Figure 17.
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Figure 17. HPMX-2003 Single/Double Sideband Test Setup.




HPMX-2003 Using Offsets
to Improve LO Leakage

It is possible to improve on the
excellent performance of the
HPMX-2003 for applications that
are particularly sensitive to LO
leakage. The nature of the
improvement is best understood
by examining figures 18 and 19,
below.

LO leakage results when normal
variations in the wafer fabrication
process cause small shifts in the
values of the modulator IC’s inter-
nal components. These random
variations create an effect equiva-
lent to slight DC imbalances at the
input of each (1 and Q) mixer. The
DC imbalances at the mixer in-
puts are multiplied by +1 at the
LO frequency and show up at the
output of the IC as LO leakage.
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Figure 18. LO Leakage vs. Frequency
Without DC Offsets (Upper Curve)
and LO Leakage vs. Frequency With
DC Offsets (Adjusted for Minimum LO
Leakage at 900 MHz). T, = 25°C, V¢ =
5V, Virer = Vorer = 2.5 V, LO = -12 dBm.

It is possible to externally apply
small DC signals to the 1 and Q in-
puts and exactly cancel the inter-
nally generated DC offsets. This
will result in sharply decreased
LO leakage at precisely the fre-
quency and temperature where
the offsets were applied (see fig-
ure 18).

This improvement is not very use-
ful if it doesn’t hold up over fre-
quency and temperature changes.
The lower curve in figure 18
shows how the offset-adjusted LO
leakage varies versus frequency.
Note that it remains below

-45 dBm over most of the fre-
qguency range shown. In the

20 MHz range centered at

900 MHz, the level is closer to

-55 dBm.
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Figure 19. LO Leakage With No DC
Offsets vs. Temperature (Upper
Curve) and LO Leakage With DC
Offsets (Adjusted for Minimum
Leakage at 25°C) vs. Temperature
(Lower Curve). Frequency = 900 MHz,
VCC =5V, Vlref = VQref =25V,

LO =-12 dBm.

Figure 19 shows the performance
of the offset adjusted LO leakage
over temperature. Note that the
adjusted curve is at a level below
-50 dBm over most of the tem-
perature range.

The net result of using
externally applied offsets with
the HPMX-2003 is that an LO
leakage level below -40 dBm
can typically be achieved over
both frequency and
temperature.

The magnitude of the required ex-
ternal offset varies randomly from
part to part and between the | and
Q mixers on any given IC. Offsets
can range from -56 mV to +56 mV.
External offsets may be applied
either by varying the average level
of the I and Q modulating signals,
or by varying the voltages at the
lref @and Qs pins of the modulator.



HPMX-2003 Modulation
Spectrum Diagrams

Figure 20, below, shows the test
setup that was used to generate
the modulation spectrum dia-
grams that appear on the GSM,
JDC and NADC applications pages
of this data sheet. The major dif-
ferences between the tests are
summarized in the table below.

The modulation spectra are cre-
ated by setting the function gen-
erator to the appropriate bit-clock
frequency. The pattern generator
is set to produce a pseudorandom
serial bit stream (n = 20) that is
NRZ coded. The pseudorandom
bit stream which simulates the
serial data in a digital phone is fed
to the base-band processor that
splits it into a two bit parallel

stream (I and Q) and then filters
each according to the require-
ments of the digital telephone sys-
tem being simulated. The | and Q
signals from the baseband filter
are then DC offset by 2.5 V using
the op-amp circuit. The output of
the modulator is monitored using
a spectrum analyzer.

System Bit Clock Frequency Baseband Filter Channel (LO) Frequency
GSM 270 kHz 0.3 GMSK (HP 8657B) 900 MHz
JDC 42 kHz o =0.5 14 DQPSK (HP 8657D) 950 MHz

NADC 48.6 kHz o =0.35 174 DQPSK (HP 8657D) 835 MHz
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+
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BASEBAND (SEE ABOVE) Q+25VTO

PROCESSOR 25V TO Qe

Figure 20. Test Equipment Setup for Modulation Spectrum Diagrams.




HPMX-2003 GSM
Applications

The GSM System

GSM (Group Speciale Mobile)
commonly refers to the European
digital cellular telephone system
standard. Digital cellular phones
for the European market must
conform to this standard. The
GSM system is characterized by
200 kHz channel spacing and mo-
bile to base transmit frequencies
of 890 - 915 MHz. The primary
modulation characteristics in-
clude 0.3 GMSK filtering of the |
and Q signals and 270 kbps trans-
mission rate.

Critical Performance
Parameters

GSM standards require that the
telephone exhibit RMS phase er-

ror <5° and peak phase error <20°.

The modulated output spectrum
of the phone must lie within a
“spectral mask” which defines
maximum allowable radiation lev-
els into adjacent and alternate

channels. Specifically, 200 kHz
from the channel center frequency
(fy), the output of the phone must
be at least 30 dB below the peak
output at f,. 400 kHz from f; the
output must be 50-60 dB below
the peak output at f, depending
upon the class of radio. Refer to
the GSM900 specifi-cations for
more detailed information.

HPMX-2003 Performance
Typical RMS phase error level of
2° and typical peak levels of 8°
makes the HPMX-2003 an excel-
lent choice for GSM applications.
The output spectrum falls easily
within the GSM spectral mask,
and the high power and simple
output configuration mean lower
components count, reduced size
and higher system efficiency.

Particulars of Use

Many of the GSM application
performance graphs shown in this
data sheet were created using the
test board shown in figure 21,
below.
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O O = 00
00
o 0 0
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Figure 21. HPMX-2003 GSM Test Board.

10

The only external components re-
quired by this IC are four chip
capacitors. One capacitor is used
as a DC block on the input trans-
mission line. The second capaci-
tor (at pin 8) provides an AC
ground to one side of the differen-
tial LO input. The third and fourth
capacitors (at pins 1 and 16) are
for \¢c bypass.

The circuit board includes an in-
ductive trace that can optionally
be used to minimize output VSWR
by placing a bypass capacitor at
various points along the inductive
line. Minimum VSWR for GSM
applications is achieved by plac-
ing the capacitor as shown in the
circle (inductance =2 nH).

The IC has an internal blocking
capacitor so the output is a simple
50 Q transmission line. An
enlarged scale layout of the test
board can be found on the last
page of this data sheet.
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HPMX-2003 Typical Performance Data GSM Applications
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Figure 22. HPMX-2003 GSM Figure 23. HPMX-2003 GSM Figure 24. HPMX-2003 GSM
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Figure 25. HPMX-2003 Output VSWR Figure 26. HPMX-2003 LO Leakage vs. Figure 27. LO leakage vs. Frequency
and Power vs. Frequency, Vec =5V, Frequency and Temperature (Without and Temperature (With 25°C Offset
LO =-12 dBM, Vimod = Vomod = 3.75 V. Offset Adjustment), Vcc = 5V, Adjustment), Voc =5V, LO = -12 dBm,
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5V, Vimod = Vomoa = 3.75 V, Unbalanced, Temperature at 900 MHz, Vec =5V, Temperature at 900 MHz, Voc =5V,
Viret = Voref = 2.5 V, Tp = 25°C. LO =-12 dBm, Vjer = Vgrer = 2.5 V. LO =-12 dBm, Unbalanced, Virer = Varer

=25V
Note: Modulation spectrum test conditions as follows: Voc =5V, LO =-12 dBm at 900 MHz, Vo4 = Vgmod = 25V,

p-pr Unbalanced, average
level = 2.5V, Vet = Virer = 2.5 V, bit clock rate: 270 kHz, baseband filter: a = 0.3 GMSK.



HPMX-2003 NADC
Applications

The NADC System

NADC (North American Digital
Cellular) commonly refers to the
digital sections of the 1S-55
cellular telephone system stan-
dard. Dual mode (FM/TDMA)
cellular phones for the North
American market must conform
to this standard. The NADC
system is characterized by 30 kHz
channel spacing and mobile to
base transmit frequencies of 824 -
849 MHz. The primary modulation
characteristics include 4 DQPSK
filtering of the | and Q signals and
48.6 kbps transmission rate.

Critical Performance
Parameters

System specifications require that
the telephone exhibit RMS modu-
lation error under 12% in the digi-
tal mode. The modulated output
spectrum of the phone must lie
within a “spectral mask” which
defines maximum allowable radia-
tion levels into adjacent and alter-
nate channels. Specifically, total

power radiated into the either ad-
jacent channel must be at least

26 dB below the mean output
power. Total power radiated into
either alternate channel must be
at least 45 dB below the mean out-
put power. Refer to the 1S-55
specifications for more detailed
information.

HPMX-2003 Performance

The typical RMS modulation error
level of 4% makes the HPMX-2003
an excellent choice for NADC
applications. The output falls
easily within the NADC spectral
requirements, and the high power
and simple output configuration
mean lower components count,
reduced size and higher system
efficiency.

Particulars of Use

Many of the NADC application
performance graphs shown in this
data sheet were created using the
test board shown in figure 31,
below.
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Figure 31. HPMX-2003 NADC Test Board.
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The only external components re-
quired by this IC are four chip
capacitors. One capacitor is used
as a DC block on the input trans-
mission line. The second capaci-
tor (at pin 8) provides an AC
ground to one side of the differen-
tial LO input. The third and fourth
capacitors (at pins 1 and 16) are
for V¢ bypass.

The circuit board includes an in-
ductive trace that can optionally
be used to minimize output VSWR
by placing a bypass capacitor at
various points along the inductive
line. Minimum VSWR for NADC
applications is achieved by plac-
ing the capacitor as shown in the
circle (inductance = 6 nH).

The IC has an internal blocking
capacitor so the output is a simple
50 Q transmission line. An en-
larged scale layout of the test
board can be found on the last
page of this data sheet.



HPMX-2003 Typical Performance Data
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Figure 32. HPMX-2003 NADC Figure 33. HPMX-2003 NADC
Modulation Spectrum at -40°C. Modulation Spectrum at 25°C.
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Figure 36. HPMX-2003 LO Leakage vs.
and Power vs. Frequency, Vec =5V, Frequency and Temperature (Without
LO =-12 dBm, Vimod = Vomod = 3.75 V, Offset Adjustment), Voc =5V, LO

Unbalanced, Vit = Vgrer = 2.5 V, =-12 dBm, Vimod = Vomod = Viref = Voref =

Figure 35. HPMX-2003 Output VSWR
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Figure 39. HPMX-2003 Vector

LO INPUT POWER (dBm)
Figure 38. HPMX-2003 Power Output
vs. LO Input Power at 900 MHz, V¢ = Amplitude Error vs. Input Phase and
5V, LO =-12 dBm, Vimod = Vomod = 3.75 Temperature at 900 MHz, Voc =5V, LO
V, Unbalanced, Viyer = Voret = 2.5V, Ta = =-12 dBm, Virer = Vigrer = 2.5 V.
25°C.
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NADC Applications
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Figure 34. HPMX-2003 NADC
Modulation Spectrum at 85°C.
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Figure 37. LO Leakage vs. Frequency
and Temperature (With 25°C Offset
Adjustment), Voc =5V, LO =-12 dBm,
Viref = Vgrer = 2.5 V.
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Figure 40. HPMX-2003 Vector Phase
Error vs. Input Phase and
Temperature at 900 MHz, Vocc =5V, LO
=-12 dBm, Unbalanced, Vet = Vgret =
25V

Note: Modulation spectrum test conditions as follows: LO = -12 dBm at 835 MHz, V, = Vg = 2.5 V., unbalanced, average level = 2.5V, V¢

= Varet = 2.5V, bit clock rate: 48.6 kHz, baseband filter: a = 0.35, /4 DQPSK, V=5 V.



HPMX-2003 JDC
Applications

The JDC System

JDC (Japan Digital Cellular) com-
monly refers to the Japanese digi-
tal cellular telephone system
standard. Digital cellular phones
for the Japanese market must
conform to this standard. The JDC
system is characterized by 25 kHz
channel spacing and mobile to
base transmit frequencies of 940 —
960 MHz. The primary modulation
characteristics include 4 DQPSK
filtering of the | and Q signals and
42 kbps transmission rate.

Critical Performance
Parameters

JDC standards require that the
telephone exhibit RMS modula-
tion error £12.5%. The modulated
output spectrum of the phone
must lie within a “spectral mask”
which defines maximum allow-
able radiation levels into adjacent
and alternate channels. Specifi-

cally, 50 kHz from the channel
center frequency (fy), the output
of the phone must be at least

45 dB below the peak output at f,.
100 kHz from fj, the output must
be at least 60 dB below the peak
output at f,. Refer to the JDC
specifications for more detailed
information.

HPMX-2003 Performance

The typical RMS modulation error
level of 4% makes the HPMX-2003
an excellent choice for JDC appli-
cations. The output spectrum falls
easily within the JDC spectral
mask, and the high power and
simple output configuration mean
lower components count, reduced
size and higher system efficiency.

Particulars of Use

Many of the JDC application per-
formance graphs shown in this
data sheet were created using the
test board shown in figure 41,
below.

Vee

o}
5V
C [

o o
VER. 1 LO
o o ®

C

o &

8'\‘

N
© XS %

z el
o & o
o o 0
O /
o

Py

V

A

o

C

\_
OO0 O O O
oo 0 0o 0 O

Figure 41. HPMX-2003 JDC Test Board.
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The only external components
required by this IC are four chip
capacitors. One capacitor is used
as a DC block on the input trans-
mission line. The second capaci-
tor (at pin 8) provides an AC
ground to one side of the differen-
tial LO input. The third and fourth
capacitors (at pins 1 and 16) are
for V¢ bypass.

The circuit board includes an in-
ductive trace that can optionally
be used to minimize output VSWR
by placing a bypass capacitor at
various points along the inductive
line. Minimum VSWR for JDC
applications is achieved by plac-
ing the capacitor as shown in the
circle (inductance = 0 nH).

The IC has an internal blocking
capacitor so the output is a simple
50 Q transmission line. An en-
larged scale layout of this board
can be found on the last page of
this data sheet.



HPMX-2003 Typical Performance Data
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Figure 42. HPMX-2003 JDC
Modulation Spectrum at -40°C.
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Figure 45. HPMX-2003 Output VSWR
and Power vs. Frequency, Vec =5V,
LO =-12 dBM, Vimod = Vomod = 3-75 V,
Unbalanced, Vs = Vorer = 2.5V,
Tpo=25°C.
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Figure 48. HPMX-2003 Power Output
vs. LO Input Power at 950 MHz, V¢ =
5V, Vimod = Vomod = 3.75 V, Unbalanced,
Viret = Vorer = 2.5V, To = 25°C.

Note: Modulation spectrum test conditions as follows: LO = -12 dBm at 950 MHz, V.64 = Vgmed = 25V,
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OUTPUT POWER (dBm)

0 T T T
RES BW = 3 kHz
VBW =30 Hz
SWP =7.50 SEC.

E I \
s
E 1
@
w
: [\
o 50 = T =
5 {0\
2
; /I \\
[T
2 = v ! \\
e —
-100 -
949.875 950.00 950.125
FREQUENCY (MHz)
Figure 43. HPMX-2003 JDC
Modulation Spectrum at 25°C.
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Figure 46. HPMX-2003 LO Leakage vs.
Frequency and Temperature (Without
Offset Adjustment), Vcc =5V,

LO =-12.dBm, Vjpoq = VQmod =Virer =
VQref =25V.
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Figure 49. HPMX-2003 Vector
Amplitude Error vs. Input Phase and
Temperature at 950 MHz, Vcc =5V, LO
=-12 dBm, Unbalanced, Ve = Vgrer =
25V

V, Viret = Varef = 2.5 V, bit clock rate: 42 kHz, baseband filter: o = 0.5, 174 DQPSK, V¢ =5 V.
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JDC Applications
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Figure 44. HPMX-2003 JDC
Modulation Spectrum at 85°C.
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Figure 47. LO Leakage vs. Frequency
and Temperature (With 25°C Offset
Adjustment), Voc =5V, LO =-12 dBm,
Vlref = VQref =25V
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Figure 50. HPMX-2003 Vector Phase
Error vs. Input Phase and
Temperature at 950 MHz, V¢ =5V, LO
=-12 dBm, Unbalanced, V¢t = Vorer =
25V

p-pr Unbalanced, average level = 2.5



HPMX-2003
Part Number Ordering Information
Part Number Option No. of Devices Reel Size
HPMX-2003 25 min. tube
HPMX-2003 T10 1000 7

Package Dimensions
SO-16 Package

9.80 (0.385)
10.00 (0.394)
DA A8 AAAA
16 15 14 13 12 11 10 9 f
4.60 (0.181) 3.80 (0.150) 5.80 (0.228
5.20(0.205) |pin: 4.00 (0.158) 6.20 (0.244)
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NOTE: DIMENSIONS ARE IN MILLIMETERS (INCHES).
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Finished board size: 1.5" x 1" x 1/32" Material: 1/32"
epoxy/fiberglass, 1 0z. copper, both sides, tin/lead

coating, both sides.

Note: white “+” marks indicate drilling locations for plated-through via
holes to the groundplane on the bottom side of the board.

For technical assistance or the location of
your nearest Hewlett-Packard sales office,
distributor or representative call:

Americas/Canada: 1-800-235-0312 or
408-654-8675

Far East/Australasia: Call your local HP
sales office.

Japan: (81 3) 3335-8152
Europe: Call your local HP sales office.
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