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Abstract—This paper describes two integrated RF receivers TABLE |
with low noise and high linearity for GSM900 and DCS1800 base NF.,. AND lIP3 REQUIREMENTS FORGSMAND DCS BASE STATIONS
stations. The chips were fabricated using a 0.2#m BICMOS

process. This is the first silicon-integrated radio front-end that GSM 900 DCS 1800
can be used to meet global system for mobile communications Micro | Normal | Micro | Normal
normal and micro base-station specifications reported to date. Sref (dBm) -97 -104 -102 -104
Noise figure, gain, and output infrared third-order intercept point NFsys (dB) 15 8 10 8
are 2.1 dB, 25.8 dB, and 25.7 dBm for GSM900 and 3.3 dB, 21.3 Interferer -43 -43 -49 -49
dB, and 22.5 dBm for DCS1800, respectively. Pint (dBm)

Index Terms—Base station, BiICMOS integrated circuits, gP3 (dBm) 1(1) '183 ;3 ;Z
DCS1800, GSM900, receiver. ( d’l';'n‘;‘“d : ; : :

. INTRODUCTION “normal” and “micro” base stations, as defined in [1]. This is

HE design of a receiver front-end for cellular base stdllustrated by using an example receiver chain in each band.
tions is more challenging than for handsets due to the strihbe chips presented here achieve low noise figure (NF) and
gent requirements set by the global system for mobile commfiigh infrared third-order intercept point (IP3) simultaneously
nications (GSM) specifications [1] on receiver reference sengyithout any gain control. The chips were fabricated using a
tivity and intermodulation and blocking characteristics. Unlik8-257:m BICMOS process on a silicon substrate of resistivity
the handset that handles only one channel at a time, a base-¢42 - cm. All the inductors that the receiver chips require are
tion receiver handles multiple channels and cannot use gain citegrated on-chip. The NF, gain, and output IP3 for GSM900
trol to increase its dynamic range. While the radio front-end¥€ 2.1 dB, 25.8 dB, and 25.7 dBm, respectively. For DCS1800,
in handsets can be integrated in low-cost silicon technologiéde NF, gain, and output IP3 are 3.3 dB, 21.3 dB, and 22.5
the base-station radio front-end currently uses expensive cd#m, respectively. The chips are biased at 3 V with a current
ponents in GaAs technologies. Even a few reported efforts &nsumption of 182 mA for the GSM900 receiver and 167 mA
ward a higher integration level still use GaAs technologies [ZPr the DCS1800 receiver.
[3]. After a study of both system requirements [1] and inte-
grated-circuit (IC) technology constraints, we found that it is Il. GSM RECEIVER REQUIREMENTS
feasible to realize a base-station RF integrated circuit (RFIC)gystem requirements have been derived from GSM 05.05
front-gnd in Ipw—cos_,t silicon technolc.)gies. by chop_sing thg aRpecification [1], and are summarized in Table I.
propriate radio a_rchltecture and speC|f|_cat|on partitioning within The details given are for micro and normal category of base
the receiver chain. The low phase-noise voltage-controlled Ggations. The most stringent reference sensitivity levéls)
cillator (VCO) in [4] is an example. _ is required by the normal-type base station in each band. The
This paper presents base-station RFIC receivers for befficro pase station, i.e., type “M3,” has the most stringent
GSM900 and DCS1800 systems and demonstrates that bgtihand blocking requirementfu-,ana). In this case, the

receiver chips, with external image filtering, meet the sensisference sensitivity must be maintained in the presence of a
tivity and linearity requirements for GSM900 and DCS1800 11 dBm (GSM900) and-20 dBm (DCS1800) blocker at

an offset frequency of 800 kHz or more. Reference [1] also
M ot received May 1. 2001 specifies a co-channel interference (CI) ratio of 9 dB. Given
anuscript receive ay 1, . . .
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For the intermodulation requirements, the reference sensi- Mast LNA/ Diversity OUT O
tivity should be maintained when two tones of interference level Loop Test IN
P, at 800- and 1600-kHz offset, shown in Table I, and a signal

3 dB above the reference sensitivity are input into the receiver RF INE — :

[1]. In this case, to maintain a total/(I + N) = 9 dB, the ' el :

; o . — ’ ! Switch LNA2 | 3dB Divid
noise floor (V) and intermodulation level{ should have a car- : 1

rier-to-interference ratio of 12 dB. Therefore, the third-order in- ! Mixer

-

termodulation level (IMD3) is given by the following:

IMD3 = Py — (Sper — 12 dB) 2 Balun

IF Buffer
and the minimum input referred intercept point (11P3) is given
by the following:

1IP3 = Py + IMD3/2. ®) Fig. 1. Receiver chip block diagram.

The calculated values of minimum IIP3 are given in Table | . . . L.
for the GSM900 and DCS1800 base stations. Reference [, gpjnimized and does not degrade the receiver chain NF. Noise is

6.1] requires that sensitivity of the receiver be maintained up #nerated within the RF amplifier at the desired frequency and
aninput power level of- 15 dBm for GSM900 ané-23 dBm for the image frequency. An external image filter is used so that
DCS1800. To pass this test and the in-band blocker test inlgliﬂerent filter specifications, required for large and small IFs,
power into the receiver chain @.-1,.na, the gain of the re- could be accommodated. . o
ceiver chain must not be compressed. If the gain is compressed! "€ Mixer should preferably be passive, to assure high lin-
the channel CI ratio will degrade, reducing the sensitivity G211ty and low NF. The IF amplifier should follow the mixer
the receiver and increasing the NF. Therefore, a receiver chafffl have sufficient gain to limit the effect of high insertion loss,
with an in-band 1-dB compression point, referred to as the inpefi@nneél filters (surface acoustic wave (SAW) devices) on the
Pin(1 am), Of greater tharP-,aaa, Will meet the above tests. overall receiver chain NF. However, boosting the gain at the IF
To meet all base-station category specifications mentiong{tde has less effect on overall linearity than if provided in front
above, the receiver chain will have a target: NF of less than 8-@ the mixer. A high linearity and output power compression
in-band, 11P3 greater than8 dBm (GSM900) and-17 dBm '€Sponse is required of this amplifier, as this will degrade the

(DCS1800) and’,,(; 4p) greater than-11 dBm (GSM900) and linearity andF’;,(1 ar) Of the chain if it is too low. _
20 dBm (DCS1800). When designing the gain partitioning for the integrated

receiver, great effort was made to maintain a high linearity
for the chain, while minimizing NF and using parts with high
input compression performance to accommodate the stringent
A. Specification Partitioning blocking requirements given in [1].

To meet demanding requirements detailed above, gain, NFThe criterion discussed above dictate the radio architecture

and linearity partitioning of the integrated receiver has to ownin Fig. 1. After specification partitioning, it is determined
done with great care. The whole receiver chain was considetgat the NF for both LNA stages should be 1.5-2 dB, and output
in order to meet the GSM900 and DCS1800 targets given abolf83 of the second stage should be higher than 20 dBm. The com-
A single down-conversion receiver architecture was assum@ifed gain of the two LNAs should be above 20 dB. The mixer
for each GSM900 and DCS1800 receiver chain. Additional réP3 should be between 15-25 dBm, with the NF lower than
ceiver requirements were that: 1) a loop test switch be includébdB. Two channelization filters are required to achieve a rejec-
2) the chain could be used with an integrated low-noise ampfion of 70 dBc. This implies, with current commercial parts, that
fier (LNA) or with an external LNA; 3) an external 3-dB Sp|itterthe loss following the mixer will be in excess of 12 dB. The IF
is incorporated into the chain for a diversity channel; and 4) tinplifier will require greater than 15-dB gain and [IP3 of greater
chain could be used at various IFs, up to 300 MHz, and th&@n 15 dBm. The MDS level of any baseband or demodulation
channelization filters would be included to achieve a close €cuitry at the end of the receiver chain sets the lower limit on
channel rejection of greater than 70 dBc [2]. It was assuméal receiver-chain gain. Total receiver-chain gain is assumed
that the diversity output would occur before the mixer in the réo be greater than 26 dB.
ceiver chain. .

The RF amplification is done in two stages to allow for th&: RFIC Implementation
use of an external LNA. The gain of the first-stage LNA should The block diagram of GSM900/DCS1800 radio receivers [5]
be as low as possible while still maintaining good overall Nks shown in Fig. 1. Simplified schematics of the receiver chip
The second-stage LNA should exhibit high linearity, while itare shown in Fig. 2.
NF is slightly less critical. The combined gain of the two LNAs The LNA before mixer is partitioned into LNA1 and LNAZ2.
should be limited so that the input compression requirementsTdie input to LNA1 is connected to a duplexer. The switch be-
the mixer are not stressed. Image filtering should be done beftneen LNAL and LNA2 is needed for loop test once the chip is
the mixer and after RF amplification so that image noise at IFiisounted in the system. The second port of the switch can

I1l. RECEIVER ARCHITECTURE
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— |J —o the signal path and degrade Weof integrated spiral inductors.
} J El
- o IV. RECEIVER FUNCTIONAL BLOCKS
T T This section describes the detailed measured performance of

L L the individual functional blocks in the receiver. These circuits
LoIN veld 2 {I_" were tested on-wafer, while integrated receivers were tested in
IF+ IF- packages on custom-design boards. In the integrated receivers,
Fig. 2. Circuit schematic showing: (a) LNA1, switch, and LNA2 and (b) LOprOIar transistors are_ used for LNAL LNAZ.’ and I.'O buffer,
buffer amplifier, mixer, and IF buffer amplifier. whereas CMOS transistors are used for switch, mixer, and IF
buffer. The bipolar transistor is chosen for its low-noise behavior
(both 502 NF and1/f noise), whereas a CMOS transistor is
also be used as the input to the chip from an external mast-i@feded for linearity, switching properties, and good isolation.
LNA. The output of LNA2 is connected to a 3-dB power di|l circuit blocks were designed to operate with a supply voltage
vider of which one output is used for diversity, while the othesf 3 v, where biasing is required.
is connected back on-chip after a dielectric. The dielectric filter
is used to reject image band noise and other out-of-band intar- LNAs

ference. The on-chip balun converts a single-ended input to

i o i . by single-stage common-emitter configuration was chosen
differential signal for the balanced mixer. The on-chip local 9%5r both LNAS in each band, in order to achieve high linearity

cillator (LO) buffer amplifier converts a single-ended LO inpu{tjmd low NE [6]. Emitter sizes of 76.8m? at 900 MHz and
to a differential output and amplifies its power level to drive thﬁ9 92,m? at 1500 MHz were choseﬁ to yield good NF, gain
double-balanced mixer. The IF port of the .mixer is connectgd 5?1d input voltage standing-wave ratio (VSWR) at the ,desig,n
the IF buffer bgforg channel-s.elect SAWfilters or IF. Sampllnqrequency. On-chip impedance matching with inductors at the

_T_he_ IF amplifier is placed d|rectly afFer the mixer in order t(?nputwas avoided since any extraloss atthe inputwould increase
minimize the effect of the channelization filters on the systefle NE Degeneration inductance was used in the emitter to
NF. . . . improve input and output return losses and to increase [IP3.

All of the building blocks are mtegrat-ed using Aggre SySAlthough LNA1 and LNA2 were designed to have similar
tems’ (formerly Lucent’s Microelectronics) 0.2&m silicon ain, in link budget partition, LNA1 was optimized for low
BiCMOS process, except the 3-dB power divider and dielect L';md LNA2 for high 11P3 ’[7] The gain and NF response
filter. The silicon substrate has a resistivity of ID- cm. ver,sus frequency for the two LNAs, in each band, is shown
The circuits were designed using Agilent ADS simulatiogh Fig. 3 ' '

softwarel All of the RF inductors required in the circuits In the GSMQ00 receiver, LNA1 has 1.4-dB NF, 13-dB gain
are integrated on-chip and have(avalue of approximately ..y g 3 4m 11P3, while LNA2 has 2.5-dB NF, 9.6-dB gain,
ten and inductance values ranging from 2.5 to 11 nH. Highgy, 17 4gm 11P3. In the DCS1800 receiver, LNAL has 1.9-dB
integrated inductor) values can be achieved; however, the F, 11.3-dB gain, and 3.7-dBm IIP3 While'LNAZ has 2 1-dB
would employ a fabrication process_with a thic_k_er top met F: 12.2-dB gain,, and 10.7-dB lIP3. A collector bias current of
(e.g., 5um), a copper top metal, or a higher resistivity substrath—:_-3 and 11 mA was used for LNAL in GSM900 and DCS1800
These additional process features add cost to the fabrica{)%%ds respectively: 33 and 22 mA was used for LNA2 in

chips and were not required in our design. .
: . . GSM DCS1 , ly.
Athick top-level metal is used in the RF path through the ch%S 900 and DCS1800 bands, respectively

to minimize series resistive losses and reduce capacitanceBtoSPDT Switch

This analog RF switch has a broad-band performance cov-
ICircuit design simulation software, ADS ver. 1.3, Palo Alto, CA 94303. ering both GSM900 and DCS1800 bands and has no current
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Fig. 4. NMOS switch isolation and insertion loss response with out deig 5. Reflection coefficients at RF and IF ports for the 900-MHz mixer.
blocking capacitors.

ipple, caused by reflection from impedance mismatch with

a total gatewidth of 172.@m. The single-pole double-throw ! igxternalémagedreject fiIterI?nd IF l;i]ltgrs, itis i(;nportant to
(SPDT) design has a similar topology to that shown in the G leve good impedance matching at the inputand output ports.

MESFET switch design [8] and is matched to &0at each The 1800-MHz mixer achieves an RF reflection coefficient

switch port. It exhibits 48-dB isolation at 900 MHz and 52-d f _13 dB atd1800 MHz and an tI)F rzflggt:]on ;]:oefﬁciené of
isolation at 1800 MHz. The insertion loss of the switch is 1.4 di§SS than-16 dB over a 500-MHz bandwidth. The RF and IF

at 900 MHz and 2 dB at 1800 MHz, without dc blocking caPort reflection coefficients of the 900-MHz mixer are shown in

pacitors. The frequency response of isolation and insertion 1649 °- . . . . -
response is shown in Fig. 4. In order to minimize parasitic series resistance within the

In order to isolate LNAL drain bias from LNA2 gate biasd€Vice and to enable it to handle large ac signals, the gate,

a 30-pF dc blocking capacitor is included at each port of tfflkain, and source fingers are all individually connected to thick

switch. High isolation is achieved by using series inductors %ide metal feeds. This is particularly critical at the gate since

achieve a good RF match to 5Dat each port and an NMOS !t is driven by a large LO signal. The balanced RF port input

device layout with very low parasitic capacitance. The insefiPedance is matched to 180 with shunt spiral inductors,

tion loss of the switch is dominated by the series resistive Io‘é@'Ch also act as high-pass filter elements, increasing the IF to

of the inductors and substrate parasitic shunt capacitanceRé:f isolation. The RF-IF isolation is 40 dB for the 900-MHz

dc blocking capacitors. With this parasitic capacitance, the ifuxer a_nd 5‘_1 dB for the 1800-MHz mixer. High LO—RF_and
sertion loss increases by 0.8 dB at 900 MHz and 1.3 dB la(l)_”: isolation of better than 54 and 50 dB, respectively,

1800 MHz. The IIP3 of the switch is 30 dBm at 900 MHz and'€'e achieved by minimizing the parasitic capacitance in each
27 dBm at.1800 MHz NMOS device to below 25 fF by employing grounded guard

rings and by utilizing a strongly symmetrical mixer layout.

consumption. It consists of six NMOS transistors, each havi

C. Mixer

To achieve the best receiver NF and linearity simultaneousR/; LO Buffer Amplifier
a resistive CMOS mixer is used. This type of mixer has very Since the resistive mixer requires a high LO drive, a linear
high IIP3 compared with other mixer types [9]. Traditionallypuffer amplifier at the LO port is integrated on-chip. The LO
such a mixer has been implemented using GaAs FET devicbsffer also functions as an active balun that converts a single-
However, a resistive mixer using a silicon MOSFET can achieemded LO signal to a differential LO signal. High-outfut g
similar performance at a much lower cost. Both the 900- amslrequired to drive the resistive mixer in order for it to achieve
1800-MHz mixers are passive devices and, therefore, requirehigh IIP3. This criterion is met by the buffer amplifier, which has
dc bias. These resistive CMOS mixers have a double-balanesdoutpu’; 45 of greater than 13 dBm. A narrow-band gain re-
ring structure and maintain their conversion loss level oversponse is also a desired feature for the LO buffer amplifier. This
wide range of an LO input power level [10]. The conversion lossill reduce the level of LO harmonics entering the mixer and
of the 900- and 1800-MHz mixer is 6.3 and 6.4 dB, respectivelthereby reduce the level of higher order intermodulation prod-
The conversion loss varies by less than 0.5 dB for an LO inputts, which may block the wanted signal. At the outButyg
power ranging from 8 to 18 dBm. This feature enables overgbwer level, this amplifier exhibits 25- and 43-dBc suppression
receive path gain to be insensitive to LO buffer output powesf the second and third harmonics, respectively. To maintain
A very high 1IP3 of 19.7 and 21.9 dBm is achieved at 900 arttie LO signal purity and meet the GSM blocking test require-
1800 MHz, respectively, with a LO input power of 13 dBm. ment, the LO buffer should have low residual phase-noise per-

The NMOS device size used for both circuits was chosen farmance. This type of noise adds to the oscillator phase noise
yield high IIP3 (requiring large size) and a balanced IF outpentering the mixer and, therefore, should be as low as possible.
impedance of 100. This impedance requirement removes th& measured residual phase noise of less thab5 dBc/Hz at
need to integrate large-value IF impedance matching compdfset frequencies of 100 kHz was achieved [11]. This measure-
nents on-chip. In order to reduce conversion loss and in-bame&nt was made at a frequency of 1.6 GHz.
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Fig. 6. Gain and NF variation with drain—source current for a single NMOS
IF amplifier biased at 3 V. For the receiver chain, each IF amplifier is biased at
45 mA.

The amplifier gain is greater than 8 dB from 800 MHz to
1.6 GHz. The amplitude balance error is better than 1 dB apg| ;  pcs1800 receiver RFIC.
the phase balance error is less thariThe circuit is operated at

45 mA, with a single supply voltage of 3 V. ) ) B o
tively. As a comparison, the IF amplifier employed within [2]

E. IF Buffer Amplifier Block referred to as the “inter-SAW amplifier” was fabricated on a
high-speed silicon bipolar process and used a bias of 80 mA

An IF buffer amplifier is connected after the mixer to comz o e\, supply. This amplifier has a gain of 15 dB, NF of

pensate for the conversion loss of the mixer, image filter, a

. = 0 U5dB, and outpuPy g5 is 17 dBm.
3-dB splitter and to reduce the effect of the channelization filter : :
. : . _ Th t port tched to bal d 190mped d
loss on the receiver NF. A very high IP3 is required for the IF © INPLE port Is mached fo barance Fipedance an

buff that this st q tlimit the I i he output port is matched to balanced 20@ynpedance. Mea-
utierso thatthis stage does not imit the finearity or cause 9alf) e ments at each port showed a reflection coefficient of better
compression of the receiver chain.

. i . than—10 dB from near dc to 300 MHz. The output impedance
The amplifier block consists of two separate smgle—end% 2000 was chosen to impedance match the input of subse-
common-source amplifiers, one for each IF output from t

. e ent IF channelization filters.
mixer. The two IF amplifier outputs are connected to an extern
balanced SAW filter.

A very large NMOS device is used within this amplifier
to provide low NF and high 1IP3. The total gatewidth of this The chip layout is designed to fit into a TQFP-48 package
device is 312Q:m and is arranged in a simple common-souro&ith a 7 mmx 7 mm body size. Both chips have a similar size of
resistive feedback configuration. This stabilizes the deviedout 3.5 mmx 3.5 mm. To reduce the ground inductance and
while reducing lower frequency gain and achieving low-poitprove the performance, the ExposedPad TQFP-48 package
reflection loss. A 4.6-nH spiral inductor between source arnslused [12]. The package has a backside ground pad that pro-
ground is used to increase linearity and optimize input amiles a very good RF ground to the chip. With a number of
output impedance. Gain greater than 13 dB and NF of less thgnound bond wires directly bonded to the common ground pad,
1.6 dB was obtained from near dc to 300 MHz. Fig. 6 showhe total ground inductance is reduced to below 0.5 nH. Since
the gain and NF variation of the NMOS IF amplifier with arthe chip size is limited in this package, the CMOS IF buffer am-
1,5 level at a mid-band IF. plifier block is packaged separately. This also allows the reuse

It is important for the IF amplifier to have a design that hasf IF amplifiers after channel-selection SAW filters to optimize
some tolerance to changes in device bias current. This is mokerall system gain and sensitivity.
important with very large NMOS devices because small changesThe die photo of a DCS1800 integrated chip including LNA1,
in the fabrication process could lead to large changes in gaswitch, LNA2, mixer, RF balun, and LO buffer is shown in
This could result in a reduction in the amplifier and receivdfig. 7. The GSM900 integrated chip is similar in layout.
chain linearity. Fig. 6 illustrates that the amplifier gain is insen- Chips were tested on the custom circuit boards, built on a
sitive to bias above afy, level of 40 mA. Within the receiver Rogers RO-4003 substrate with a dielectric constant of 3.38 and
chain, the two IF amplifiers are each biased at 45 mA fromaathickness of 0.5 mm. SMA connectors were used for RF, LO,
3-V supply. This bias current was chosen in order to minimiznd IF ports (Fig. 8). The signals were routed to the SMA con-
the receiver power dissipation while retaining some degree méctors via 502 lines, which were 1.1-mm wide on this mate-
bias stability. rial. The board dimensions were 50 mm50 mm.

The IF buffer amplifier block achieves 1.2-dB NF, 16.3-dB The LNAL, switch, and LNA2 chain NF, gain, and linearity
gain, and 18.5-dBm 1IP3 with bias of 90 mA and 3 V. With avere evaluated over the whole GSM900 and DCS1800 bands.
reduced bias current of 40 mA, the IF buffer amplifier blocklP3 was measured using two continuous wave (CW) signals at
achieves 1.3-dB NF, 15.8-dB gain, and 13.1-dBm IIP3. Thhke input of LNAL, at 800 and 1600 kHz away from the car-
outputP; 4p for 40 and 90 mA is 17.8 and 23.8 dBm, respedaier, and an HP8563E spectrum analyzer was used at the LNA2

V. INTEGRATED RECEIVER
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TABLE 1l
INTEGRATED GSM900 RECEIVER PERFORMANCE

GSM900 NF Gain Py 1IP3  OIP3 Inc
receiver (dB) (dB) (dBm) (dBm) (dBm) (mA)

LNA1 1.4 13.0 -5.5 9.3 22.3 12.9
LNA2 2.5 9.6 3.0 170 260 329
Broad band 2.2 -2.2 17.5 30.0 27.8 0
switch

Mixer w/ 6.3 -6.3 10.3 19.7 126 458
LO buffer

IF buffer 1.2 16.3 7.5 185 348 90

Integrated 2.1 25.8 -7.8 -0.1 25.7 182
Receiver

TABLE Il
30 INTEGRATED DCS1800 RCEIVER PERFORMANCE
— L ean
25 T T DCS1800 NF  Gain Pyg I1IP3  OIP3  Inc
D [P S S S S e S receiver  (dB)  (dB) (dBm) (dBm) (dBm) (mA)
£ oo LNAI 1.9 113 90 37 150 107
@ 15 -
@ 10§ LNA2 21 122 30 107 229 221
5 "———T“—‘)‘———i———-i————:‘N‘F“Y-—‘*
—————— 4 Broadband 3.3  -3.3 185 270 237 O
o“47~T>__7_‘»_-77“‘"7;7_T"P37 switch
5 —_— Mixerw/ 6.4 64 113 219 155 446
880 885 890 895 900 905 910 915 LO buffer
GSM 900 Frequency (MHz) IF buffer 1.2 163 75 185 348 90
Integrated 33 21.3 -1.9 1.2 225 167
30 ; T Receiver
25 L---———-—- oo QIP3- - - - |
20 4--------- --------1GAIN----- i o _ _
Bl . R paths on the chip is better than 48 dB in both bands. The chips
:. ol o o are biased at 3 V with a current consumption of 182 mA for
A S o INFeo oo the GSM900 receiver and 167 mA for the DCS1800 receiver.
0 T While this power consumption might seem high compared to
P3 handset chips, it is actually significantly lower than for other
5 ' ' base-station RF front-end solutions. Reference [2] has GaAs
1710 1735 1760 1785 : ”
RXIC1 (mixer, LO buffer, IF amp) and an “inter-SAW amp
DCS1800 Frequency (MHz2)

consuming 290 mA from &5-V supply. The chips within this

Fig. 9. Frequency response of GSM900 and DCS1800 receiver RFICs fr&ﬁper_ can b_e used at a lower bias current _W'th the tradeOﬂ in
LNAZ1 input to IF amplifier block output. linearity, which would be adequate for applications with more
relaxed specifications, such as for handsets and an indoor local

output to determine intermodulation levels. NF and gain of th¥€a network (LAN). A summary of the integrated receivers
chain were measured using an HP8970B NF meter, with tperformance and individual function performance is shown in
NH8971C test set and HP346A noise source. The IF amplibles Il and II.

fier was tested in the same manner as the LNA chain. An LO

buffer/mixer was tested separately by applying a test signal\ét EMBEDDED GSM900/DCS1800 RCEIVER PERFORMANCE

LO and RF ports. Receiver NF, gain, and IIP3 were calculated|n order to demonstrate how the integrated receiver may be
in Syscad using measured data for the amplifier chain, mixep,sed within a GSM900 or DCS1800 base-station receiver chain,
balun, and IF amplifier, and assuming a loss of 4.7 dB for thg, example chain is proposed. This allows a more realistic view
cascaded 3-dB splitter and image reject filter. _ of the possible overall receiver characteristics to be reached.
The frequency responses of both receivers are shown in Fig. 9rig 10 shows the example receiver chain using the integrated
The integrated receivers achieve better than 2.1-dB Nfceiver and two additional IF amplifier blocks, as described in
25.8-dB gain,-0.1-dBm 1IP3 in the GSM900 band, andiis paper. The two IF filters could be used as channelization
better than 3.3-dB NF, 21.3-dB gain, and 1.21-dBm IIP3 ifiters or antialiasing filters. The insertion loss shown for the
the DCS1800 band. The isolation between the two RF inpgiplexer and filters is for in-channel performance. The demodu-

2System simulation software, Syscalc ver. 4.06.00, Arden Technol. inf&tor/baseband circuitry is represented by a single passive block
Forest, VA 24551, with a NF of 30 dB and high IIP3.
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Ante?;@-— RXIC ﬁ:;"&’,gm [3] E.Delhaye, “GaAs MMIC's for cellular and wireless networks base sta-
IL -2dB IL-18dB IL-6dB tions,”J. Phys. IV vol. 9, no. 2, pp. 99-103, Mar. 1999.

é [4] J. Lin, “An integrated low-phase-noise voltage controlled oscillator for
base station applications,” IEEE Int. Solid-State Circuit Conf. Tech.
LO input Dig., Feb. 2000, pp. 432-433.

[5] J.Lin, O. Boric-Lubecke, P. Gould, C. Zelley, Y.-J. Chen, and Y. Ran-
Fig. 10. Example receiver chain using receiver RFIC (RXIC) and IF buffer Hong, “3V GSM base station receivers using 0/2% BICMOS,” in
amplifier block (IF AMP). |IEEE Int. Solid-State Circuit Conf. Tech. Djdgzeb. 2001, pp. 416-417.
[6] L.E.LarsonRF and Microwave Circuit Design for Wireless Communi-
cations Norwood, MA: Artech House, 1997, pp. 365-369.

TABLE IV [7] O. Boric-Lubecke, J. Lin, T. lvanov, and Y. Ran-Hong, “Si-MMIC
RECEIVER CHAIN PERFORMANCE BiCMOS low-noise, high linearity amplifiers for base station applica-
tions,” in Asia—Pacific Microwave Conf. DigDec. 2000, pp. 181-184.
NFsys 1IP3 Pin(1dB) Ssys [8] A.Gopinath and J. Rankin, “GaAs MESFET RF switchéEEE Trans.

Electron Devicesvol. ED-32, pp. 1272-1278, July 1985.
[9] S.A.MaasMicrowave Mixers2nd ed. Norwood, MA: Artech House,
1993, p. 338.
[10] P.Gould, C. Zelley, and J. Lin, “CMOS resistive ring mixer MMIC's for
GSM 900 and DCS 1800 base station applicationslEBE MTT-S Int.
The RF performance and system sensitivity, achieved Microwave Symp. Digvol. 1, June 2000, pp. 521-524. N
. h band of th . hai is sh in Table IV Théll] J. Lin, C. Zelley, O. Boric-Lubecke, P. Gould, and R. Yan, “A silicon
n ea_lc an : 0 e rece'Yer chains is s Own In table 1v. MMIC active balun/buffer amplifier with high linearity and low residual
receiver chains also achieved 32.4-dB gain at GSM900 and phase noise,” iHEEE MTT-S Int. Microwave Symp. Djgol. 3, June
27.9-dB gain at DCS1800. By comparing the system sensitivity 2000, pp. 1289-1292.
. . s . . . 112] “Amkor ExposedPad,” Amkor, West Chester, PA, TQFP Tech. Data
achieved with the reference sensitivity given in Table I, it™™ g, oo
can be seen that this chain meets this requirement in each
band. Comparisons of a system NF and linearity also show
compliance with the specifications. As the in-channel input
P1 4g is higher than that required for the adjacent channg!
blockers, across the whole GSM900 or DCS1800 band,
receiver chain will meet the blocker requirement on inp
compression. The performance of the example receiver ch
shows that the integrated receivers, presented in this paper,
be used to achieve GSM900 and DCS1800, normal and mitI

base-station performance.

GSM900 | 5.5dB | -1.7dBm | -10dBm | -107 dBm
DCS1800| 7.8dB | 1.1dBm | -8dBm | -105dBm
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