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1 GHz Quadrature Modulator

Features Description

% 0 dBm output into 50 2 load (single ended) The W2010 1 GHz Quadrature Modulator is a
. . monolithic integrated circuit that provides direct
]
Direct modulation of RF over 1 GHz single-sideband modulation of RF carriers by | and Q
®@ Accurate 90° phase shifter for local oscillator (LO) baseband inputs. The W2010 is particularly suited

® Double-balanced mixers minimize carrier for use in mobile and hand-held celiular telephones

designed to North American (1S54), European
feedthrough (GSM), Japanese, and other digital personal-
® Digital enable control selects between active communications standards.

mode and low-current sieep mode The phase-shifter provides two LO signais with 90°

phase separation and equal amplitude (see Figure
: : 1). The LO signals are fed to the in-phase (I) and
Appllcatlons quadrature (Q) double-balanced mixers. The doubie-

® GSM, Japan Digital Cellular, and North American  Sideband, suppressed-carrier products of the two

Cellular Radio Mobile mixers are summed and amplified to provide 0 dBm
at a 50 Q single-ended output.
B Central cellular radio stations A CMO L co tible logic input allows the
® Digital satellite communications device to be put into a powerdown mode, in which
® Muttisymbol signaling transmitters less than 10 pA of supply current is consumed.
| Wireless LANs
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Figure 1. Block Diagram Figure 2. Pin Diagram
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w2010
1 GHz Quadrature Modulator

Absolute Maximum Ratings

Stresses in excess of the Absolute Maximum Ratings can cause permanent damage to the device. These are
absolute stress ratings only. Functional operation of the device is not implied at these or any other conditions in
excess of those given in the operations sections of the data sheet. Exposure to Absolute Maximum Ratings for

extended periods can adversely affect device reliability.

Parameter Symbol Min Max Unit
Ambient Operating Temperature Ta =30 85 °C
Storage Temperature Tstg -65 150 °C
Lead Temperature (soldering, 10 s) T — 300 °C
Positive Supply Voltage Vce — 6.0 Vdc
Power Dissipation Pp —_ 750 mwW
Output Current (continuous) lout - 160 mA
ac Peak-to-Peak Input Voltage —_— —_ Vcec Vp-p
Enable Input Voltage VENB — Vce Vdc
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w2010
1 GHz Quadrature Modulator

Electrical Characteristics
Ta=-30°Cto+85°C; Vcc=3.7V105.5V; RL=50Q; PLo=-13dBm to -7 dBm.

Parameter Min Typ Max Unit
Supply Current:
Active Mode:
Vec =5.5 Vde - — 47 mA
Vcc = 5.0 Vde — 40 — mA
Sleep Mode — - 10 pA
| and Q Signal Path Bandwidth (1 and Q dc coupled) 2 4 —_ MHz
| and Q Baseband Input Impedance 150 300 —_ kQ
| and Q Input Bias Current _ 8 40 HA
| and Q Input Common Mode Range 1.75 — 3.25 \'4
I and Q Differential Input Signal for Maximum Output — 25 — Vpp
LO Input impedance @ 900 MHz — 14 -j120 — Q
LO VSWR (terminated) _— — 2.0
Output Impedance — 50 +j2.5 —_ Q
LO Suppression 35 40 —_ dB
(@ 2.5 Vpp (differential) baseband input level)
Suppression of Spurious In-band Frequency —_ 50 —_ dB
Components
LO Suppression (powerdown mode) 40 —_ — dB
LO Frequency 500 — 1100 MHz
Transmitted | and Q Amplitude Imbalance -0.25 — 0.25 dB
Transmitted | and Q Phase imbalance -2 —_ 2 °
Unwanted Sideband Suppression 36 44 — dB
Output VSWR (to 50 Q) — — 1.5
Output Power Variation vs. Supply Voltage -28@40| o@4.8 1.2@55 |[|dB @ Vce
Output Power Variation vs. Temperature -1 @85 0@25 1@ -30 dB @ °C
Output Power Variation vs. Supply Voltage (+5%) and -3 — 2 dB
Temperature
Powerdown Mode:
VIHMIN 2.8 —_ —_ Vv
VILMAX —_ —_ 0.7 \
lILMAX — — 10 HA
IIHMAX —_ — 750 pHA
Powerup/down Time — 10 -— us
3
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w2010
1 GHz Quadrature Modulator

Using the W2010 Quadrature Modula-
tor Evaluation Board (Issues 2 and 3)

Note: The following information is for revised versions
(Issues 2 and 3) of the W2010 Modulator
Evaiuation Board with greatly improved board-
level performance. Issue 3 corrects labeling
errors for | and Q baseband inputs on Issue 2.
These instructions do not apply to the original
board, which is superseded by Issues 2 and 3.

Description

The W2010 is a 1 GHz quadrature modulator for digital -

and analog communication transmitters. The silicon,
monolithic IC is available in a 14-pin, small-outline,
narrow-body (SONB gull wing) package. The circuit
produces a nominal 0 dBm peak output from a 5 Vdc
supply with 40 mA typical consumption, reduced to

less than 50 pA in powerdown mode. The output is
controlled through a compatible logic input.

The evaluation board for the W2010 offers easy
connection to the device for convenient characteriza-
tion of ac performance at UHF with minimal degrada-
tion of performance by parasitics (see Figure 3). The
following features are present on the evaluation board:

® | ow-profile, surface-mount chip capacitors for
coupling ac inputs and outputs and bypassing the
power supply close to the IC.

® 50 Q microstrip transmission line for RF inputs and
output with SMA-type edge connectors for connect-
ing coaxial cable from signal generators or mea-
surement instruments.
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Figure 3. Evaluation Board Schematic
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w2010
1 GHz Quadrature Modulator

Using the W2010 Quadrature Modula-
tor Evaluation Board (Issues 2 and 3)
(continued)

8 50 Q termination resistors for all ac inputs and high-
frequency, bypass capacitors at the baseband
inputs to provide a return path for the on-chip, low-
pass network in the event of single-ended, base-
band feed.

8 Dual BNC connectors for each baseband input (two
for 1, two for Q) to allow either single-ended or
differential drive.

® Power supply filtering on board, with multiple-
ground post-type pins for connecting test and power
supply leads.

® An external bias network to provide bias current for
the baseband inputs during measurements with
modulating signals. The bias would not hormally be
used in a direct-coupled system, in which the
baseband output of a codec IC wouid typically
establish the dc bias.

® Post-type pins for connecting a power supply to the
IC separate from the power supply to the extemnal
bias network.

B On-board rocker-type switches to enable/power-
down the IC. The enable switch is in a dual-switch
unit, in which the other switch is unused.

8 A screw-down, plastic, clamp retainer to hold the
surface-mount IC package (14SONB) securely in
place on a contact pattern without soldering. This
allows changing devices and placing network
analyzer calibration terminations without soldering
and unsoldering the IC.

8 Extensive ground-plane on the top and bottom of
the board with numerous vias to equalize ground
potentials to the greatest extent possible.

Instructions for Demonstrating Basic
Performance of the W2010 Modulator

1. Connect a 5 Vdc (+5%) power supply to both the

board Vcc (IC supply) and V+ (bias network supply)
post-pins. Ground the supply to any GND pin. To
measure supply current to the IC, the same power
supply may be used for both board supply connec-
tions: connect the supply directly to V+ and aiso,
through an ammeter, to Vcc. However, make sure
the voltmeter or power supply sense lead measuring
the supply voltage is connected to the output side of
the ammeter since there is a small supply-voltage
drop across the ammeter and W2010 specifications
are based on voltage applied to the IC. To vary the
bias voltage (V+) independently, use two power
supplies, one for the board bias network and one for
the IC.

. Connect an RF signal generator set to the fre-

quency of interest (for example, 900 MHz) at about
—10 dBm to the LO input SMA on the board.

. Connect baseband signal sources to the | and Q

inputs. Several notes are in order on this connec-

tion:

A.The baseband input bias resistors are 2 kQ.
Approximate baseband input impedance is set by
50 Q Il 220 pF Il (2.5 kQ in series with 10 uF) on
the board.

B. The baseband inputs are connected to the IC
through 10 pF ceramic coupling capacitors.

C.The baseband inputs of the IC have high input
impedance (input bias current < 5 pA, input
resistance > 200 kQ2) and accordingly afford very
low-frequency response with the 10 uF capaci-
tors. However, the capacitors may be removed
and the baseband direct-coupled if the source
provides a dc reference level (normally the case
with codecs designed to directly drive such an
input).

D.Full peak RF output is developed with 2.5 Vp-p
differential or 1.25 Vp single-ended baseband
input. This can be achieved by setting a function
generator such as the Hewlett-Packard HP8304
to 2.5 V, which is the peak output, into a high-
impedance load. Since the HP8904 is a 50 Q
source, the output is 1.25 V peak across a 50 Q2
load.
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w2010

1 GHz Quadrature Modulator

Using the W2010 Quadrature Modula-
tor Evaluation Board (Issues 2 and 3)

(continued)
fe+Fb
V+=VCC FREQUENCY SPECTRUM
2000 Q ;. -
Ab SIN (2 1 FbT)
Ab = 1.25 Vp //// Ab COS (2 x FbT)
4 MHz>Fb 220 Hz VCC Ab = 1.25 Vp
ENABLE 4 MHz 2 Fb 2 20 Hz
OFF
o | [
ON
—0_ ) llUL
50Q —
-} 10 pFj— N
50 Q - AP
s | 10 pF
V+/ @ D \ ¥ *
(bias network) /5 L ]
" = N——
10 pF o\ oor 500
—> 10 b d )
QIN
50 Q
nd A
\ (RESISTORS ON BOTTOM
OF EVALUATION BOARD)
RF SIGNAL GENERATOR (; Accos(2rdct)
400 MHz < fc <1 GHz
50Q

Figure 4. Using the W2010 Evaluation Board for Sine Wave Characterization of the Modulator
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W2010
1 GHz Quadrature Modulator

Using the W2010 Quadrature Modula-
tor Evaluation Board (Issues 2 and 3)
(continued)

E. When using a high-impedance, baseband signal
source, the 50 Q terminating resistors on top of
the board at the end of the baseband input
microstrip lines may be removed. If the resistors
are removed, the baseband voltage applied to the
inputs should be measured to be sure it is not
excessive since overdrive increases spurious
distortion products at the output.

F. To use the W2010 for an application involving
high data-rate/wideband baseband, one or more
of the following may be done:

a. Recognize that the IC, as presently designed,
has a 4 MHz low-pass network at the baseband
inputs. Higher drive levels and/or appropriate
pre-emphasis may be required to get accept-
able modulation results.

b. Remove the 220 pF bypass capacitors on top
of the board from the inputs to which signal
sources are connected.

c. Replace the 220 pF bypass capacitors with
smaller value ones appropriate for the base-
band and RF frequencies being used.

d. if series inductance in the capacitor is a
concern, replace the baseband 10 uF coupling
capacitors with smaller values.

4. Connect a 50 Q terminated test instrument such as

a spectrum analyzer or vector modulation analyzer
to the RFoutr SMA.

. Remove the hex nuts and plastic retainer clamp
from the board and place an IC on the contact
pattern with pins 7/8 (14SONB package) on the pin-
pads farthest from the board switches. Replace the
plastic retainer clamp by gently sliding over the
screw studs, and tighten the retainer nuts firmly—a
good technique is to place the IC, slide down the
plastic retainer clamp, turn on the power supply,
turn on the enable switch, and tighten the hex nuts
while watching an ac test display or a milliammeter
monitoring current to Vcc (about 40 mA indicates
proper contact). In case of difficulty, check the
connections, IC position on the contact pattern,
power supply, and enable switch setting. If the
positioning of the IC under the plastic retainer is
questionable, remove the retainer and apply pres-

sure with the eraser end of a pencil directly on the
center of the IC on the contact pattern.

The device should now be ready for testing.

. Power Test. With a spectrum analyzer on the

RFour SMA, apply equal amplitude, equal frequency
(e.g. 80 kHz) sine-wave baseband signals from a
waveform generator with accurate phase and
amplitude control to the baseband inputs, such that
the signal at | is offset 90° from that at Q. The
baseband can be fed differentially (| input between |
and |, and Q input between Q and Q) or single-
ended (to | and Q or to | and Q). Observe in the
output spectrum that one sideband is near 0 dBm.

. On-Chip Phase Shifter Performance. Connect the

device to the evaluation board as in the preceding
power test and note that the unwanted sideband is
strongly reduced, respectively due to reinforcement
and cancellation at the summing junction at the
outputs of the two quadrature mixers. The exact
phase and amplitude ermrors can either be deter-
mined by varying the phase of the baseband signal
until maximum cancellation is obtained or estimated
by caiculation. When using the baseband cancella-
tion technique, more accurate results may be
obtained by measuring in advance the ac signal at
the IC contact pattern baseband input pads without
an IC present and adjusting the baseband input
amplitude so the | and Q levels on the board are
exactly equal. This compensates for tolerance-
variations in the values of the resistors and capaci-
tors on the board (1% and 10% respectively).

Note also with respect to linearity of the mixers and
output stage that spurious output peaks at the LO
frequency and multiples of the baseband above and
below the LO are strongly reduced.

. Enable/Powerdown. With ac signals, power

supplies, and bias applied, and a spectrum analyzer
on the RFour SMA, toggle the enable switch on and
off. Notice that when the enable switch is off, the
supply current reduces to a very low level and the
output spectrum reduces to a low leakage level at
the LO frequency. When turmned on, the full mixing
and output power performance appear within
approximately 10 pus.
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1 GHz Quadrature Modulator

Using the W2010 Quadrature Modula-
tor Evaluation Board (Issues 2 and 3)
(continued)

Modifying the W2010 Evaluation Board for
Use with a Digital Baseband Source (Di-
rect Coupled)

Figure 5 shows the evaluation board modified by
shorting the baseband coupling capacitors, removing
the 50 Q baseband termination resistors, and remov-
ing the four 2 kQ bias resistors. This allows a differen-
tial codec or other baseband source to be direct-
coupled, thereby setting a low-offset bias level on the
four | and Q inputs and supplying the 10 gA nominal
input bias current at each pin.

If the digital baseband source is single-ended, it may
still be direct coupled if baseband output bias voltage
is available separately to connect as a reference

voltage for the unused baseband input pins. This
ensures low dc input offset at the W2010. Increased
input offset voltage causes excessive carrier (LO)
feedthrough. Also, the reference voltage should be
filtered with a 4.7 uF capacitor and should be con-
nected to the unused input pins through 1% tolerance
resistors of about 2 kQ to avoid cross talk between |
and Q.

If a low-offset reference voltage cannot be provided to
the unused input pins, the signal source should be
capacitively coupled to the modulator and an external
bias network connected to all four | and Q input pins.
The evaluation board provides these, and in this case
the only decision is whether or not the 50 Q termina-
tion resistors should remain on the board as loads for
the signal source.
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Figure 5. W2010 Evaluation Board Layout Modified for Use with a Digital Baseband Source (Direct Coupled)
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Outline Diagram

Dimensions are in inches and (millimeters).
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Ordering Information

Device Code Description Package Comcode
W2010AAF 1 GHz Quadrature Modulator 14-pin SONB 106645088
EVB2010A Evaluation Board — 106891385

For additional information, contact your AT&T Account Manager or the following:
U.S.A.: AT&T Microelectronics, Dept. AL-500404200, 555 Union Boulevard, Allentown, PA 18103
1-800-372-2447, FAX 215-778-4106 (In CANADA: 1-800-553-2448, FAX 215-778-4106)
ASIA PACIFIC: AT&T Microelectronics Asia/Pacific, 14 Science Park Drive, #03-02A/04 The Maxwell, Singapore 0511
Tel. (65) 778-8833, FAX (65) 777-7495, Tolex RS 42898 ATTM
JAPAN: AT&T Microelectronics, AT&T Japan Lid., 7-18, Higashi-Gotanda 2-chome, Shinagawa-ku, Tokyo 141, Japan
Tel. (81) 3-5421-1600, FAX (81) 3-5421-1700
For data requests in Europe:
AT&T DATALINE: Tel. (44) 732 742 999, FAX (44) 732 741 221
For technical inquiries in Europe:
HIGH PERFORMANCE CIRCUITS MARKETING: (44) 344 487111 (Bracknell UK)

ATAT reserves the right to make changes to the product(s) or inf C ined herein without notice. No liabillty is assumed as a result of their use or application. No rights under any
patent accompany the sale of any such product(s) of information.
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