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w2012

1.9 GHz Quadrature Modulator

Features

= Wide supply range: 2.7 Vto 55 V
m 2 GHz operation

= More than —20 dBm output into 50 Q load
(single-ended)

= Internal 90° phase shifter is accurate over an IF
range from 130 MHz to over 350 MHz

= Double-balanced active mixers minimize carrier
feedthrough, require low local-oscillator (LO)
power

= Automatic power control (APC) capability

= Low current sleep mode

Applications

= Japanese digital cordless (PHP/RCR-28)
= Digital satellite communications
= Multisymbol signaling transmitters

m Personal communications systems

Description

The W2012 is a monolithic integrated circuit that
provides indirect, quadrature modulation of an RF
carrier by | & Q baseband inputs. The function per-
formed by the W2012 is particularly suited for hand-
held digital cordless telephones that operate at

1.9 GHz.

The circuit block diagram is shown in Figure 1. From
a single local-oscillator input (LO1), the phase shifter
produces two LO signals with 90° phase separation
and equal amplitude. The LO signals are fed to the
in-phase (l) and quadrature (Q) double-balanced
mixers. The resulting IF signals are summed and fed
into a second mixer where the frequency can be
translated to over 2 GHz. Finally, the signal is ampli-
fied and fed to a single-ended output which can drive
a 50 Q load.

The ENB/APC input with a logic low allows the
device to be put into a powerdown mode, which con-
sumes less than 10 pA of supply current. Above the
logic-low threshold of about 0.8 V, the device enters
a power control mode which provides a range of out-
put power levels. Full output power is achieved when
ENB/APC is about 2 V.

The Pwr Trim input provides an optional means to
attenuate the output power. The output power
decreases as the resistance between Pwr Trim and
ground decreases. A resistance greater than

100 kQ provides minimum attenuation.
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Figure 1. Circuit Block Diagram
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Pin Information

/

vec []1 14| vee

T P 13[7] RFout

s 12[7] GND

a}4 1] Pwr Tom

Qs 10[7] ENB/APC
Lo1[]s6 9] Loz
GND[]7 8] ] LO2REF 12-2208 (C)

Figure 2. Pin Diagram

Table 1. Pin Description

Pin Symbol Name
1,14 Vce Positive Supply Voltage.
2,3 LT Differential Baseband Inputs.
4,5 Q,Q Differential Baseband Inputs.
6 LO1 Local Oscillator.
7,12 GND dc Ground.
8,9 LO2REF, LO2 Second Local Oscillator Input.
10 ENB/APC Enable/Automatic Power Control.
1 Pwr Trim Power Trim.
13 RFour RF Output.
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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 —40 100 °C
Storage Temperature Tstg -85 150 °C
Lead Temperature (soldering, 10 seconds) T — 300 °C
Positive Supply Voltage Vce - 6.0 Vdc
Power Dissipation Po — 750 mwW
Output Current Continuous lout — 160 mA
Maximum ac Input Voltage Level — — Vce —
Minimum ac Input Voltage Leve! — Ground — —
Enable Input Voltage VEnB 0 Vece Vdc

Electrostatic Discharge Caution

This device may be damaged by electrostatic discharge (ESD) over 500 V. Protective measures should be taken

during handling.

Operating Ranges

The W2012 provides substantial useful functionality over a wide range of operéting conditions. Performance over
these ranges may vary for one or more of the parameters specified in the Electrical Characteristics section. Typical
performance over a range of conditions is shown in the Characteristic Curves section.

Parameter Min Max Units

Operating Temperature -30 85 °C
Vce 2.7 5.5 \'
fLo1 (see Figures 5 and 10) 130 >350 MHz
Pro1 —23 5 dBm/50 &
fLoz 100 1800 MHz
PLo2 -23 5 dBm/50 Q
fRF <800 >2000 MHz
Maximum Output Power (dependence on frr and -15 -5 dBm

fLo1; see Figure 10)
External dc Bias Voltage for | & Q Input Pins with 1.25 Vce —1.05 Vde

1 Vpp Differential ac Input (see Figure 12)

AT&T Wireless Products Data
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Electrical Characteristics

Conditions (unless otherwise specified): Ta= 25 °C + 3 °C, Vcc = 3.0 V £ 10%, R = 50 Q, frFout = 1900 MHz,
200 MHz < fLo1 < 250 MHz, Loz = frrouT — fLo1, PLot = PLoz = =20 + 3 dBm, Vbias(l) = Vbas(l) = Voas(Q) = Vbias(Q) =
1.5 Vdc, | - 1= 0.50 cos(2nt 80 kHz + ©/2), Q — Q = 0.5 cos(2xnt 80 kHz), RFout matched to 50  (VSWR < 2:1).
See W2012 ac Test Circuit, Figure 3.

Table 2. Electrical Specifications

Parameter Min Typ Max Unit
Vce Supply Current:
Active Mode — 29 35 mA
Sleep Mode — — 10 nA
& Q:
| and Q Signal Path Bandwidth — 14 — MHz
I and Q Baseband input Resistance (I(Q) to 1(Q)) —_ 200 — kQ
| and Q Baseband input Capacitance (1(Q) to I(Q)) — 15 — pF
t and Q Input Bias Current — 25 — pA
1 and Q Differental Input Signal for Maximum Output — 1.0 — Vp-p
LO1
LO1 Suppression (relative to LO1 input) — 40 — dB
LO2
LO2 Suppression (relative to LO2 input) — 25 — dB
Modulation Accuracy: (Pout = —17 + 2 dBm)
Carrier Suppression (relative to wanted sideband) 32 45 — dB
Lower Sideband Suppression 35 45 —_ dB
Transmitted | and Q Amplitude Error — 0.1 - — dB
Transmitted | and Q Phase Error —_ +1.0 — °
Error Vector Magnitude (See page 5.) — 25 5 %
RF Output: .
Qutput Impedance at 1.9 GHz — 30 + j50 — Q
VSWR Variation (after matching to 1.0:1) — 1.2 — —
Output Power Variation over Supply and Temperature — +1, -2 — dB
(after adjusting Pout using Pwr Trim)
Noise Floor @ 1.9 GHz, APC = Vcc, Averaging —_ —144 - dBm/Hz
Measurement
Noise Floor @ 1.9 GHz, APC = 1.0 Vdc, Averaging — —138 — dBm/Hz
Measurement
ENB/APC:
VIHMIN (higher voltage turns device on) — 0.9 1.0 \
VILMAX (lower voltage turns device off) 0.4 0.6 — A
IILMAX (Vens = 0.4 V) — — 15 HA
IIHMAX (VeEns = 3.0 V) — — 200 uA
Powerup/down Time — 1.0 —_ us
APC Bandwidth — 7.0 — MHz
Output Power APC Control Range (from APC = 1.0 Vdc, 25 35 — dB
to APC = 2.0 Vdc; Pwr Trim = no connection)
Pwr Trim:
Bandwidth — 1.5 —_ MHz
Output Voltage (with 200 ke to ground) — 0.77 — \
Output Impedance (open emitter + 3 kQ in series) — 3k + 0.026/ — Q
Temperature Coefficient of Voltage on Pwr Trim Lead —_ 3000 — ppm/°C
Output Power Dynamic Range using Pwr Trim 35 45 — dB
External Resistor Value to Trim —17 dBm Output Power - 14 — kQ

16-4 Radio Products AT&T Wireless Products Data

BN 0050026 001?72k &T7 WM

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



w2012

Electrical Characteristics (continued)

Test Diagram
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Figure 3. W2012 ac Test Circuit

Error Vector Magnitude (EVM) Testing

Error vector magnitude (EVM) is estimated by feeding
signals to the W2012 as described in the Electrical
Specifications table (see Table 2). A typical narrow-
band, sine wave modulation output spectrum appears
in Figure 4.
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Note: fB = 80 kHz; fLO1 = 250 MHz; fLO2 = 1650 MHz.

Figure 4. Sine Wave Modulation Output Spectrum

Data from this spectrum is used to estimate EVM by
the formula:

EVM(%) = 100[(10PL5120 4 10PLa120 4 1QPLa120 4
10F(L2)/20 + 1OP(LSB)120 + 10P(U2l/20 + 10P(U3)/20 +
1 0P(U4)/20 + 1 OP(US)/ZO)/1 OP(USB)IZU]

The hypothetical data presented in Figure 4 would
yield:

EVM = 100[(79¢75) + (56e7°) + (794e%) + (100e75) +
(1259e75) + (79e7%) + (199e7) + (100e7°) +
(251e79)]/ (141e73)

=21%

This approximates worst-case digital modulation
results because the sine wave modulation estimate
assumes all spurious outputs are in phase, adding their
magnitudes as scalars. In addition, this estimate
includes full-amplitude measurements of spurious
peaks which would appear in adjacent and altemate
channels, where a receiver would otherwise provide
attenuation. The L3 third-order intermodulation peak
and LSB (lower sideband) are normally the unwanted
output frequencies which dominate the EVM estimate.
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Characteristic Curves

Unless otherwise noted, the following standard conditions apply: standard evaluation board used, Vcc = 3.0 Vdc,
room temperature, baseband = 10 kHz at 1.0 Vpp single-ended ¢(I) = $(Q) + n/2, LO1 = 250 MHz at —20 dBm/50 &,

LO2 = 1650 MHz at —20 dBm/50 &, RF = 1.90001 GHz, Vbias (|, I, Q, Q) = 1.75 Vdc, R (Pwr Trim) = 200 K,

Varc = 3.0 Vdc.
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Figure 5. Unwanted Sideband Suppression vs. LO1
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Figure 10. EVM vs. f(LO1)
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Characteristic Curves (continued)
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Figure 12. EVM vs. I/Q Bias Voltage
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Figure 15. RF Output Impedance (600 MHz—3.0 GHz)

Figure 13. LO1 Input Impedance (50 MHz—500 MHz)
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Characteristic Curves (continued)
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Output Spectrum
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Figure 17. Typical Sine Wave Output Spectrum
(USB Set at ~15.7 dBm)
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Figure 18. Typical Sine Modulation Output (USB Set
at Maximum)
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Application Circuits

Optimum performance of the W2012 is achieved with a
circuit as shown in Figure 19. In this case, the LO2
uses a balun to balance the LO2 signal equally
between the LO2 and LO2REF inputs. Doing so
reduces the amount of LO2 that couples to the output
and also reduces the amount of 1.9 GHz signal that
gets remixed by feeding into the LO2 input.

+3V

L 001 pF
I L -
1 14 F20 1pF

siGgNALs / 518 12{h

FROM 6—E 4 wh ENB/APC

CODEC

(61 @so Mz o : ‘g ;l" LO2 (1.65 GHz)
-,

BALUN

soo g 8[H— L%" TRANS-

= = s FORMER
= 2503 $25Q

Figure 19. Typical Application with Balun
Transformer

If board space permits, a half-wave delay line may be
used in place of the balun transformer as in Figure 20.

L ool wF
L i
1
| L] 141 200 1pF RFouT
T—E 2 13
—s 12[h
SIGNALS { q ENB/APC
FROM |=—1{]4 13
cobEC (2 _________ M
LO1 (250 MHz) 5 1ol LO2 (1.65 GHz)
6 o[ H
500 _E_E 7 8l H
= HALF-WAVELENGTH 700 @ 1000

DELAY LINE

Figure 20. Typical Application with Half-Wavelength
Delay Line

Although the performance is not as good (LO2 feed-
through is higher), a simpler LO2 input such as that in
Figure 21 has also been used.
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Figure 21. Typical Applications Circuit

Using the W2012
ENB/APC Function

The ENB/APC lead is used to turn the device on and to
control the output power. If the voltage on this lead is
below 0.6 V, then the device is in a low-current mode.
Between 0.95 V and about 2 V, the device draws full
supply current and is in a power-control mode. In this
region, the output power will vary with the voltage on
the ENB/APC lead as shown in Figure 22. Above about
2 V, the device will transmit at full power. For Figure 22,
the voltage between | and T is 0.5 V and the voltage
between Qand Qis O V.

—20 /

€ //
g @ AT = o0~ »
-
§ —40 1//< :
/ / Ram = 16 kQ
-50 ; o i
—60 L
1.0 1.2 14 16 18 20

V(ENB/APC)

Figure 22. Pour vs. V(ENB/APC)
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Using the W2012 (continued)

The relationship between the ENB/APC lead and the
supply current and output power is shown in Figure 23.

3V
2V ENB/APC VOLTAGE
tVE-———
:
somal ]
- " SUPPLY CURRENT \
0mA
—20dBm |-
- QUTPUT POWER AT 1.9 GHz
-40dBm |-
—GOdBm“'/'Jl""""""'
0 5 10 15 20
TIME (ps)

Figure 23. Operation of ENB/APC

It should be noted that the APC function is meant to be
used as part of a closed-loop, feedback system. That
is, the absolute accuracy of the APC control function
has large variation among units. There is additional
variation due to temperature; however, when used as
part of a closed loop, the APC function allows for accu-
rate setting of the W2012 output power. This is illus-
trated in Figure 24, where the output power is sampled
and converted to a dc voltage proportional to the
power. A difference amplifier compares this voltage to
a control voltage from a digital-to-analog converter
(DAC). The DAC output voltage can be programmed to
represent system standard power levels which may be
assigned by a base station as part of control protocol.

BANDPASS
FILTER (IF
REQUIRED)

BANDPASS

FILTER (F
POWER REQUIRED)
SENSE

POWER
NETWORK = AMPLIFIER = ANTENNA
(IF REQUIRED}

I/Q Input Signal Levels

Figure 25 shows the I/Q inputs biased with 1.7 Vdc and
a differential signal of 1 Vp-p on both the | and Q inputs
(only the connections for pins 2—5 are shown).

0.25 COS(nt) -/

A mp 18]
el . -
-0.25 COS(at) M3 1219
A)—24* 10

0.25 SIN(wt) U@ s 10

L s P

7 Vi —025SIN(t) L7 8{]

Figure 25. | and Q with Differential Input Signals

Alternatively, the | and Q signals may be single-ended
as in Figure 26. Care must be taken not to exceed the
input voltage range with low supply voltages.

0.5 COS(at) (g
) O 147
Y Lid- 1373
L 1s 12[]
A)—r24* 10
05 SNy =7 |—Ez 12%
1.7v§ d- NS

Figure 26. | and Q Single-Ended Input Signals

If only a carrier signal is desired at the output with no
modulation, a dc signal may be placed at the input as
in Figure 27. (Note that the common-mode level has
been changed to keep the pin voltages within the oper-
ating range.)

b= L
05V O 147
_____ i1} 12 1317
s 129
Q—
POWER CONTROL VOLTAGE = = |4 117
(69, FROMDAC) RECTIFIER, LOW-PASS FILTER, Q s 10{]
— AND dc AMPLIFIER
N L C}e o]
. . 1.55V=—
Note: Using external output power detection and analog feadback [: 7 8 j
components. -
Figure 24. Simplified Transmit Power Control Figure 27. 1 and Q dc Biased
Concept
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Power-Trim Function

The Pwr Trim lead provides a way to trim the output
power using an extermnal resistor. The intended use is
for those applications where a fixed output is desired.
Under these conditions, the resistor Rtrim would be set
at production time. If the APC lead is used to ramp up
and control the output power, then Pwr Trim may be
left unconnected or tied to Vcc.

As shown in Figure 28, a voltage is established on this
lead by an emitter output. This voltage has a strong
temperature coefficient in order to maintain a constant
output power over temperature. The external resistor is
expected to have a zero or small temperature coeffi-
cient. An internal 3 kQ resistor is included for short-cir-
cuit protection.

/
[: 1 14:]
[ 137
s 12[]
E 4 11] Pwr Trim
Os 10[7] +
Cls 9] RTaM & VTRm
Oz 8l ] -

Figure 28. Fixed RF Output Power Using RTrim

The max power curve in Figure 29 shows how the
output power varies as a function of RTrim with
ENB/APC = 3 V. The min power curve in Figure 29
shows how the output power varies as a function of
RTriM with ENB/APC = 1 V.

OUTPUT POWER (dBm)

MIN POWER

4

60 L
10 20 20 60 100

RTAIM (k)

Figure 29. Output Power vs. RTrim

The output power can also be controlled by the current
in the Pwr Trim lead. However, the current will need a
strong (about 3000 ppm/°C) positive temperature coeffi-
cient to maintain a constant output power over tempera-
ture. The graph of output power vs. Irrim shown in
Figure 30 is for a typical device at room temperature.

E
8 20 N
g MAX POWER —)\
3 -s0
a
=
2 —40
5 \
S obb i L MIN POWER 4
—_— H j
-60 1 L
0 10 2 30 4 50 60 70 80

ram (pA)

Figure 30. Output Power vs. lhrim

Third-Order Intermodulation
Distortion

An example of third-order intermodulation distortion
(IM3) is shown in Figure 31. Two signal tones are at

f1 = 1899.9 MHz and f2 = 1900.1 MHz. In addition, carrier
feedthrough is shown at 1900 MHz, and two distortion
components are shown at 1899.7 MHz and 1900.3 MHz.
When two tones at frequencies f1 and f2 are transmitted,
two IM3 distortion tones at f1 — (f2 — f1) = 1899.7 MHz and
f2 + (f2 — f1) = 1900.3 MHz are introduced by the modula-
tor with | —T=0.50 cos(2nt x 100 kHz) and Q-Q=0V. In
Figure 31, the RMS output power is the logarithmic sum
of =23 dBm + -23 dBm = =20 dBm. The M3 distortion is
—63 dBm + 23 dBm = —40 dB.

-10
P71 S ~23dBm..—23dBm_________..___......]

QUTPUT POWER (dBm)
&
=]

—80 —63 dBm —63 dBm
70 A i
80 T T
90 1 L 1 1
1899.5 1899.7 1899.9 1900.1 1900.3 1900.5

FREQUENCY (MHz)

Figure 31. Example of Third-Order Intermodulation
Distortion
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Third-Order Intermodulation
Distortion (continued)

The data for Figure 33 is shown in Table 3.

Table 3. Values for Output Spectrum

In Figure 32, it is shown how the output power and IM3 Frequency (GHz) Power (dBm)
vary with the ENB/APC voltage for a typical device. 0.65 -79
The conditions are the same as in Figure 31. 0.75 -84
0.90 —49
10 p—— 1.00 —75
20 1.05 ~79
§ e 110 =79
5 /&RMS OUTPUT POWER (dBm) 1.15 —-62
g™ - 125 72
£ % g 1.40 —23
E Bt 3RD-ORDER 1.50 =79
© - DISTORTION (dBm) - 1.55 -69
_801 3 1.4 15 16 1%7 1?8 1?9 2.0 1 22 :;g
ENB/APC VOLTAGE (V) 175 67
Note: | = 0.5 cos(at); Q = 0 Vac; Rfrm = open. 1.90 -20
2.00 —78
Figure 32. Example of RMS Output Power and 2.05 —69
Third-Order Intermodulation Distortion 510 80
as a Function of ENB/APC 515 59
2.25 -75
Typical Output Spectrum 2.30 -80
2.40 -46
Figure 33 shows the broadband output spectrum of a 2.55 -81
typical device. The LO1 frequency was 250 MHz and 2.65 77

the LO2 frequency was 1.65 GHz. A differential LO2
signal was used. | - T= 0.5 Vdc, Q—Q = 0 Vdc. The
output power level was adjusted with the ENB/APC
lead.
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Figure 33. Broadband Output Spectrum of a Typical
Device
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Evaluation Board Note

The ATTW2012 Evaluation Board is available for customer demonstration (see Ordering Information) of device
performance characteristics. The board allows full characterization with RF laboratory bench equipment. Various
applications of the device can be demonstrated on the evaluation board.

Outline Diagram
14-Pin SONB

Dimensions are in inches.
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