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ABSTRACT

A single chip, base-band to RF, BiCMOS
transmitter RFIC (RFT3100) for dual-band
CDMA/AMPS wireless handsets is presented.
The RFIC contains base-band I/Q modulator,
UHF VCO Buffer, IF PLL, VCO, IF and RF
VGA'’s, image rejection RF upconverter, dual
driver amplifiers for cellular and PCS bands,
and a three wire serial interface to control the
chip. The chip operates from a 2.7 to 3.3V
supply, a temperature range of —30 to 85° C,
and is packaged in a 32 lead 5x5mm bump chip
carrier (BCC) package. The chip is fabricated
using a 18 GHz (analog NPN ft), 0.5 um
BiCMOS process.

INTRODUCTION

The proliferation and coexistence of CDMA
cellular and personal communication services
(PCS) in the US creates a need for dual-band
mobile phones. High levels of integration are
required to reduce handset cost and size while
providing adequate system performance under
all operating conditions. Previously base-band
and IF functions were integrated into a single
chip while the RF portions were implemented
as individual building blocks or partially
integrated solutions [1-4]. This paper describes
the design of a single chip base-band to RF
transmitter RFIC for dual band CDMA/AMPS
handsets. A block diagram of the chip is shown
in fig. 1.

TRANSMITTER ARCHITECTURE

CDMA transmitter design requires special
considerations. The CDMA signal is not
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constant envelope, thus requiring linear
amplification to meet spectral requirements for
adjacent channel emissions. In addition,
implementation of open and closed loop
transmitter power control [5] requires a
variable gain amplifier with 90 dB of gain
control range. Further, the CDMA system is
full duplex, thus transmitter output noise
generated in the receive band must be low
enough to not desensitize the receiver while
transmitting at maximum output power thus
requiring high dynamic range circuits or use of
external filters.

A double conversion transmitter architecture
was chosen to satisfy design constraints
resulting from wide gain control range, limited
isolation on silicon IC [6], and low noise.
This architecture reduces VGA isolation
requirements by dividing the total gain range
amongst two VGA’s: one operating at RF and
the other at the IF. The design constraints for
FM analog operation wusing quadrature
modulation requires an accurate base band to
IF converter that provides substantial image
and carrier suppression.

The ability to add filtering is an advantage
of a double conversion transmitter; however,
for handsets, the addition of external ceramic,
SAW, or L-C filters is costly and consumes
considerable board area. Typical designs
require IF filtering before the RF upconverter
and RF filtering before the driver amplifier to
reduce receive band noise and the unwanted
RF image. The presented architecture requires
only a single IF LC tank filter to reduce receive
band noise and IF spurious products. The RF
unconverter is an image rejection mixer
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providing better than 20dB of image
suppression thus eliminating the need for an
RF image filter.

The signal path can be thought of as a
cascade of two image reject mixers. The analog
I, Q info signals are applied to the mixer. The
IF quadrature LO signals are derived from a
divide by two circuit driven by an on chip
VCO that is phase locked by an on chip PLL.
The dividers are programmable through the
serial interface allowing for a wide range of IF
frequencies to be chosen. The quadrature RF
LO is generated from a broadband single ended
RF input with two internal phase shifters each
providing 90° phase difference around the
cellular and PCS bands respectively. Frequency
band and RF mixer side-band selection are
controlled through the serial interface. The
circuit operates with a RF LO input power
range between —15 to 0 dBm. The input can be
matched with a resistor for dual-band
applications or with LC matches for single
band applications.

The RF output drivers are class AB open
collector amplifiers. The open collector outputs
are matched externally to allow optimum
impedance matching for specific applications.
The amplifier circuit provides reduced current
consumption at lower output power ranges to
improve efficiency. Two outputs are provided
for each band to accommodate the use of split
band filters or allow power combining of the
outputs for high power applications. The
outputs can operate either as selectable single
ended outputs or as a single differential output.
Output selection is controlled by an external
pin to provide fast switching between outputs.
Band selection between cellular and PCS path
is controlled by the serial interface.

The chip is packaged in a 32 pin, Smm by
5mm bump chip carrier (BCC) package with an
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exposed die paddle for improved electrical
grounding and thermal dissipation. The BCC
lead frame contains only the paddle and the
lead bumps, this effectively reduces the
inductive wiring parasitics to just the bond wire
inductance from the die to the bump. The
backside of the die paddle is exposed and
serves as RF ground and a thermal heat sink
when soldered to a printed circuit board. The
exposed paddle reduces ground inductance by
allowing short down bonds from the chip to the
paddle. Also, using the paddle as ground
reduces the number of required package pins.
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Figure 1: Dual-band RFIC block diagram.
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MEASURED PERFORMANCE

The device is mounted on an application
board with an external interface card for
providing serial bus control and analog base-
band I/Q input signal stimulus. Typical RFIC
performance at room temperature and a supply
voltage of 2.85V is summarized in Table 1. A
photograph of the dual-band application circuit
is shown in fig. 2. The only components on the
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backside of the board are power supply by-pass
capacitors.

CONCLUSIONS

A single chip BICMOS transmitter RFIC for
CDMA/AMPS dual-band handsets has been
presented. The RFIC reduces the amount of
board area needed for single and dual-band
transmitter applications by using compact
packaging and elimination of bulky IF and RF
filters. The chip contains a 3-wire serial bus
interface for controlling PLL, RF, and bias
functions. Dual driver amps for each band
provide flexibility to trade off output power,
current consumption, and linearity
requirements for specific applications.
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Figure 2: Photograph of RFIC dual-band application
circuit,



Table 1: Measured typical RFIC performance at 25°C and 2.85V supply voltage.

Measurement Parameter Measurement | Comments

Maximum CDMA Output Power at 836 MHz +12 dBm

ACPR at 885kHz offset, Channel power in a <-52 dBc Pout =8 dBm
1.23MHz bandwidth and ACP in a 30kHz

Maximum FM Output Power at 836 MHz +14 dBm

Max CDMA Output Power at 1.88 GHz +14 dBm Outputs power combined

ACPR at 1.25MHz offset, Channel power in <£-52dBc Pout =8 dBm
a 1.23MHz bandwidth and ACP in a 30kHz

Minimum CDMA Output Power -77 dBm

Rx Band Noise at 45 MHz Offset (cellular) -135 dBm/Hz | FM Pout = 10 dBm
Rx Band Noise at 80 MHz Offset (PCS) -137 dBm/Hz | CDMA Pout =8 dBm
In-band Carrier Suppression -45dBc <

IF Image Suppression -34dBc <

RF Image Suppression -26 dBc <

RF LO Leakage ' -17dBm <

VCO Frequency range 100 to550MHz

VCO Phase Noise -70dBc/Hz £ | 1 kHz offset

-80dBc/Hz < | 3 kHz offset
-90dBc/Hz < | 10 kHz offset

-100dBe/Hz < | 30 kHz offset
-110dBc/Hz < | 100 kHz offset

Total supply current: Power Down <60 uA
Cellular Max Pout 113 mA Pout =8 dBm
Cellular Min Pout 67 mA
PCS Max Pout 107 mA Pout =8 dBm
PCS Min Pout 68 mA
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