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Abstract = 0.5um and Vp = -0.9V for the rest of the circuits. All
hi Iv developed sinale-chi circuits use a regulated supply of 3V except for the PA
This paper presents a newly developed single-chip ich uses a -3.6V supply for gate bias and a raw 3.6 V

transceiver MMIC for 1.9 GHz PHS wireless AR
communications using a GaAs MESFET technology. ThSUp)lxrfﬁé ngk;;r]eeiglg iggrls'l'(zggli m'ger:g i(nokr 9.28

MMIC features a complete RF transceiver which includes
an SPDT switch, a 2-stage LNA, a down-mixer, a double
balanced up-mixer, an AGC amplifier and a 2-stage PA
with an automatic gate-bias control circuit. The transceiver Transceiver Circuits
also features on-chip 89 impedance matching, with a chip

size of 9.3 mfand packaged in a 48pin TQFP with heat The 2-stage LNA is designed in common source

Switch Control
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Since the introduction of the PHS, chip-set and single- x| SPDT L. L0
chip solutions of the transceiver MMIC have been &5, | Switeh (167 Gz, -3dBm)
g I —:—>T0 LO PLL

Balun Driver

[1]-[4]. This paper reports an RF transceiver that has been
successfully integrated onto a single chip fabricated in a
GaAs MESFET process. Compared with the previous

developed for reducing the size and the cost of handsets BF’F]

Balun

solutions, this chip has a higher integration level and UGf'f;TX”e,Bu'an | 2s0mHs 2008m)
features a complete RF transceiver developed for low cost -—- .f- S I A I !
1.9 GHz PHS applications. Vbias  TX ventrl

Transceiver Architecture Fig. 1. The block diagram of 1.9 GHz RF transceiver

The block diagram of the transceiver chip is shown in FigMMIC for PHS applications.
1. The receive chain of the transceiver includes a 2-stage
LNA, a dual gate down-mixer, an LO buffer. The transmitf=TTTTIT
chain includes LO and IF 1-to-2 baluns, LO buffers, a E
double balanced Gilbert up-mixer, a 2-to-1 balun, AGC
circuits with active attenuation and a 2-stage PA with ap
automatic gate-bias control circuit. In addition, an SPDT|
switch to antenna and an LO driver to external LO PLL arg|
also integrated onto the same chip. Careful partitioning @
the transceiver MMIC makes it easy to test and accessib
to each of the building blocks independently. Therefore th
chip is flexible in configuration for either handset or base
station application. The chip photo is shown in Fig. 2.

A low cost GaAs MESFET technology without substrate
via holes is used. The process provides two types Qfig 2. The microphotos of the single-chip 1.9 GHz PHS
DFETSs: the deeper FETs with gate length ={in®and Vp  transceiver MMIC.
=-2.1V for the PA and the shallower FETs with gate lengonfiguration. A complete on-chip input noise matching
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gives a VSWR of 2.0. The overall receiver chain achievedThe measured parameters of each building block is

a 3.4 dB noise figure, 22 dB conversion gain, 16 dB imagaimmarised in Table 1. Fig. 3 through Fig. 8 show the

attenuation and consumed 17.0 mA current. performance of each individual block. Fig. 9 tigb Fig.
The LO is splitted into 3 ways, one to the LO buffer foll2 show the performance of the whole transmitter excluding

the down-mixing, one to the LO balun for up-mixing, andhe 1.9 GHz BPF: its image level484 dBc, LO level is-

one to the driver for the external LO PLL. The driver useg0 dBc, spurious and harmonic levels are less th&0

an active load, delivering a fundamental level of -6 dBgc ACP is less than 60 dBc at all controlledR levels

and the second harmonic level of less t2@ dBc. within 21 dB range.
The transmit chain consists of the upconverter, the PA
and the SPDT switch. Conclusions

The up-mixer and the AGC in the transmit chain form the ) ) )
upconverter which was originally designed for PHS chip- A new GaAs single-chip RF transceiver MMIC for 1.9
set solution [5], and then re-designed as a building block f§tHz PHS application is presented. The MMIC features a
the single-chip transceiver [6]. The circuits hav€omplete RF transceiver with a .h|gher integration level.
incorporated on-chip 5@ input/output matching. The LO The Measurement shows the chip meets very well PHS
and IF 1-to-2 baluns are designed in common gate apgecificationand design target.
common source configuration while the 2-to-1 balun is
designed in a common drain and common source Acknowledgment
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TABLE 1. MEASURED PARAMETERS OF THE PHS TRANSCEIVBRMVIC
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Receive Chain (LNA + Down-mixer ) Up-mixer + AGC
@PLO(1667 MHZz)=-3dBm, BF1908 MHz)=-40dBm, @PLO (1677 MHz) =-3dBm, [ (230 MHz) =-20dBm,
Vvdd=3V Vdd=3V
PARAMETERS VALUES UNIT PARAMETERS VALUES UNIT
RX Conversion Gain 22.5 dB TX Conversion Gain 245 dB
Noise Figure 3.4 dB P1dB 2.0 dBm
P1dB -9 dBm LO leakage to TX -35 dBc
IP3 (input) -21 dBm Image band attenuation -28 dBc
LO leakage to RX -37 dBm Spurious <-37 dBc
Idd (Vdd=3 V) 17.0 mA Harmonics <-40 dBc
VSWR LO-input (1.66GHz) 1.9 Idd 41.0 mA
VSWR RX-input (1.9GHz) 2.0 TX level flathes$&§95~1918 MHz) <0.27 dB
VSWR IF-output (240MHz) 1.4 Gain Control Range 25 dB
Image band (1.44 GHz) attenuation 16 dB Control Voltage 0~3 \%
VSWR TX-out (1.9GHz) 1.6
LO Driver to PLL VSWR LO-in (1.67GHz) 2.1
LO driver output level -6.0 dBm VSWR IF-in (230MH2z) 1.4
LO output harmonics <-20 dBc -/+ ACP (output level 2dBm) -68 / -68 dBg
Idd (Vdd =3 V) 4.0 mA -/+ ACP (output level -21dBm) -69 / -69 dBc
SPDT Switch Power Amplifier
PARAMETERS VALUES UNIT PARAMETERS VALUES UNIT
Series FET Width 1400 um Drive stage FET width 1440 um
Shunt FET width 600 um Final stage FET width 6120 um
Insertion Loss TXo ATN @ 21dBm 0.9 dB Total operating current 180 mA
Isolation TX- ANT @22dBm 23 dB Power Added Efficiency 22 %
Insertion Loss ANT, RX 0.54 dB Gain 20.0 dB
Isolation ANT- RX 22 dB P1dB 21.6 dBm
VSWR ANT - RX 1.7 ACP @ 21.5 dBm -68 dBc
VSWR TX 5 ANT 1.9 Harmonics <-40 dBc
P1dB TX- ANT 26 dBm VSWR input 1.3
ACP @21dBm -70 dBc VSWR output 2.4
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Fig. 3. Measured reflection coefficient of LO (1.66 Fig. 4. Measured IF output powe: Rnd conversion
GHz) and RX input (1.9 GHz). Gain of the receiver versus RX input powex.P
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Fig. 5. Measured conversion gain and noise figure of the RFFig. 6. Measured conversion gain and ACP versus IF input
receiver versus band frequency. power R for the upconverter.
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Fig. 7. Measured conversion gain and ACP versus AGCFig. 8. Measured insertion Loss, Isolation and ACP versus
control voltage Vcentrl for the upconverter. input power R for the SPDT switch.
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Fig. 9. Measured spectrum of output carrier power after Fig. 10. Measured ACP of the whole transmitter (including
SPDT switch without the 1.9 GHz band pass filter. the upconverter, the PA and the switch).
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Fig. 11. Measured output carrier powek Rnd ACP of the  Fig. 12. Measured Gain, output carrier powgx &d ACP
whole transmitter versus LO input powepsP versus input power@for the whole transmitter.
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