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一、中文摘要 
 

一個包含正交調變器、可變增益放大器

與晶片上之輸出變壓器的 5.8GHz 發射機前
端以 CMOS 0.18-um製程在本計畫中實現。
該正交調變器採用交差耦合式微混波器架

構，在輸入 250mVpp 的信號下可達成 32dB 
的第三次項非線性抑制。利用 4-bit的控制單
位所設計出的 16 階-對數線性-增益變化，可
達成總共 27dB的輸出動態範圍。單端型式輸
出則藉由一個晶片上之 3:1 變壓器來完成，
而輸出匹配電路也因此被簡化。 

 
關鍵詞: 射頻，發射機，可變增益放大器，
數位控制，對數線性 
 
Abstract 
 
A 5.8 GHz transmitter front-end comprising a 
quadrature modulator, a variable gain amplifier 
and an on-chip output balun in CMOS 0.18-um 
technology is presented. The quadrature 
modulator adopts cross-coupled type 
micro-mixer, and the measured 3rd-oder 
rejection is 32 dB under input voltage swing of 
250 mVpp. With four-bit control words, a 
16-step linear-in-dB output power is realized to 
achieve a dynamic range of 27 dB. A 
single-ended type output is accomplished by an 
on-chip 3:1 transformer and the output 
matching network is therefore simplified.  
 
Key Words: RF, transmitter, VGA, digital 
control, linear-in-dB 
 
 

二、緣由與目的 
 
Recently, the IEEE has come up with a new 
standard, 802.16e, also known as WiMAX, 
which is a short name for World 
Interoperability for Micro-wave Access. 
WiMAX is a broadband wireless technology 
which promises not only high data-rates but 
also long connection distances. Standards and 
applications based on this attractive technology 
are scheduled for initial deployment in 
mid-to-late 2005. Since WiMAX adopts OFDM 
modulation scheme for high data-rates, the 
modulated signals will display a high 
Peak-to-Average Power Ratio (PAPR) and a 
strict linearity requirement in transmitter can be 
expected. Besides, 802.16e support a roam 
mode which provides each user a connection 
with cell phone quality, therefore, a wide output 
power range is necessary. In this paper, the 
design issues such as the linearity, the output 
power range, and the linear-in-dB gain control 
are considered and discussed. To facilitate the 
integration with off-chip power amplifiers in 
general purposes, an on-chip transformer of 3:1 
turn-ratio is used to convert the differential 
output signal of the variable gain amplifier 
(VGA) to a single-ended signal.  

 

三、研究內容 
 
CIRCUIT BLOCK 
The architecture of the transmitter front-end is 
shown in Fig. 1. A quadrature modulator is 
followed by a VGA which contains an on-chip 
transformer of 3:1 turn-ratio. The base-band 
signal is up-converted by the modulator and 
then amplified by the two-stage VGA. Four 
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digital bits are manipulated to control the gain 
of the VGA in a linear-in-dB fashion. The LO 
signal is applied externally through a rat-race 
hybrid, and converted into quadrature signals 
by a poly-phase filter. 
 

 
Fig. 1 Transmitter Front-end Architecture 
 
The schematic of the modulator is shown in Fig. 
2. The modulator is based on the asymmetry 
class-AB topology of the MicroMixer [1] and 
the transconductance stage is cross-coupled to 
maintain the symmetry in base-band signals. 
With the class-AB structure, the modulator can 
handle larger base-band signals and provide a 
wider input dynamic range. With proper device 
selection, the nonlinear phenomenon 
respectively occurs in the common-gate and the 
common-source MOSFETs can be cancelled by 
each other under a particular bias condition [1].   
 

  
Fig. 2 Modulator schematic 

 
The gain control is realized with a current 
steering structure in the first stage of the VGA 
as shown in Fig.3.  
 

 
Fig. 3 VGA schematic. 

 
The on-chip transformer offers its primary coil 
as the load inductors of VGA’s second stage, 
thus accomplishes a differential-to-single-ended 
conversion. The transformer was simulated by 
momentum with its physical layout shown in 
Fig.4 [2]. The supply voltage can be applied via 
the center tap of the primary coil. A turn-ratio 
of 3:1 is selected to simplify the impedance 
matching between the output stage and the 
50-ohm. 
 

 

 
Fig. 4 Physical layout and schematic symbol of 
the transformer 
 
16 gain steps are achieved by the digital-control 
block shown in Fig. 5. The decoder first 
translates the four digital bits into 18 control 
words fed to the digital-to-analog-converter 
(DAC), which is composed of seven binary 
weighted current sources with 
source-coupled-logic switches. The DAC can 
create an output current by which the control 
voltage VCTRL is adjusted. Degeneration 
resistors are used to reduce the mismatches 
between the current sources and an irregular 
coding is also utilized to minimize the gain step 
error.  
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Fig. 5 The digital control block and the 
schematic of DAC. 
 
SIMULATION AND MEASUREMENT RESULTS  
The transmitter front-end draws 53.3mA from a 
2.8V supply. The quadrature base-band signals 
are applied by R&S AMIQ signal generator. 
The measured output spectrum of the modulator 
is shown in Fig. 6.  
 

 
Fig. 6 Measured output spectrum of the 
modulator. 
 

The LO rejection is 28.0 dB, the sideband 
rejection is 13.7 dB, and the third order 
rejection is 31.9dB. The OIP3 of the VGA is 
about 15 dBm as shown in Fig. 7. 
 

 
Fig. 7 OIP3 measurement result. 

 

Fig. 8 shows the simulated dB-linear gain at 
each step. The linear-in-dB gain control 
characteristic is   achieved with a 2.13-dB 
step and a ±0.8 dB gain error. The digital 
controllable range is over 33 dB. The measured 
dynamic range is about 27 dB as shown in Fig. 
8. Although the gain range is smaller than the 
simulation result, it is wide enough for general 
applications.  
 

 
Fig. 8 Simulated Gain versus input control 
words. 
 
The die photograph and evaluation board of the 
transmitter front-end are shown in Fig. 9 and 
Fig. 10, respectively. The total die area is 
2.4mmx1.1mm. The Evaluation board is shown 
in the Fig. 11. 
 

  

 
Fig. 9 Dynamic range of VGA. 
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Fig. 10 Die photograph of the transmitter 
front-end. 
 

 
Fig. 11 Evaluation board. 

 

CONCLUSIONS 
A 5.8GHz CMOS transmitter front-end with 
digital linear-in-dB gain control is presented in 
this paper. The output signal demonstrates good 
performances in unwanted spur rejection and an 
OIP3 of about 15 dBm. This transmitter also 
has an output dynamic range of 27 dB. 
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