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Abstract—A global system for mobile communication its resistance to multipath fading, and other advantages such as
(GSM)/enhanced data rates for GSM evolution (EDGE)/wide- increased capacity. This technology has a wider bandwidth and
band code division multiple access (WCDMA) modulator with a different modulation format from GSM or EDGE.

14-bit on-chip digital-to-analog (D/A) converter is presented. The . . .

modulator cgnsigts of severeﬂ (digitltl signal proczssing building The first generation of the 3G base station modulator §hould
blocks, including a programmable pulse shaping filter, inter- include support for GSM, EDGE and WCDMA. The digital
polation filters, resampler, cordinate rotation digital computer IF modulator is designed using specifications related to those
(CORDIC) rotator, programmable output power level controller  standards [1]-[3]. The main requirements of the modulator are
and ramping unit, and x/sinx filter. The precompensation filter, shown in Table I. By programming the GSM/EDGE/WCDMA

which compensates the sinc droop above the Nyquist frequency, dulat diff ¢ . . dulati h
makes it possible to use WCDMA signal images for up-conversion. modulator, diterent carrier spacings, modulation scheémes,

The new programmable up/down unit allows power ramping on Power ramping, frequency hopping and symbol rates can be
a time-slot basis as specified for GSM, EDGE and time division achieved. By combining the outputs of multiple modulators,
duplex (TDD)-WCDMA. The multistandard modulator meets  muylticarrier signals can be formed, or the modulator chips can
e e s be used fr tcering a phased artay antenna. The formation of
technology. Power consumption is 1.7 W at 3.3 V with 110 MHz. multlcgrner S|gnaI§ in t.he_ modulator increases the base station
capacity. The major limiting factor of digital IF modulator
current steering digital-to-analog (D/A) converter, multicarrier, performance at base station applications is the digital-to-analog
multistandard modulator, power control, power ramping, resam- (D/A) converter, because the development of D/A converters
pler. does not keep up with the capabilities of digital signal pro-
cessing with faster technologies [4].
The paper is organized as follows. Section Il provides a de-
scription of the multistandard modulator. The new ramp gener-
HE global system for mobile communication (GSM) is ator and output power level controller is described in Section I11.
second generation (2G) system that has rapidly gained d¢e up-conversion by using the images of the D/A converter is
ceptance and a worldwide market share. As the mobile comnulescribed in Section IV. The on-chip D/A converter is described
nications market develops, interest is building up in data appiit Section V. Finally, experimental results obtained from the
cations and higher data rate operations. Short message servitgs are presented in Section VI; these are followed by a few
(SMS) were first added to the GSM system followed by higreoncluding comments.
speed circuit switched data (HSCSD) and the general packet
radio service (GPRS). All of these services use the same modu-
lation format as the original GSM network [0.3 Gaussian min-
imum shift keying (GMSK)], and change the allocation of the The block diagram of the modulator chip is shown in
bits and/or packets to improve the basic GSM datarate. Asaskg. 1. The use of different modulation formats requires
toward 3G, enhanced data rates for GSM evolution (EDGE) perogrammable pulse shaping filter coefficients. The recon-
vides a higher data-rate enhancement of GSM. It uses the G8firation of new modulation formats can be done between
infrastructure with upgraded radio equipment to deliver signibursts (e.g., GSM/EDGE). The two half-band filters increase
icantly higher data rates. The primary objective of the EDGRreoversampling ratios, which reduce the complexity of the
signal is to triple the on-air data rate while taking up essentiallgsampler (the order of the polynomial interpolator). The
the same bandwidth as the original 0.3 GMSK signal. The wideesampler circuit allows the sampling rate of the on-chip D/A
band code division multiple access (WCDMA) was selected lmpnverter to have a variable noninteger relationship with the
the European Telecommunications Standards Institute (ET8Iput symbol rates [5]. This block is needed, because the
for wideband wireless access to support 3G services becausspacified D/A converter sampling rates and input symbol rates
shown in Table | do not have integer frequency relationship.
Manuscript received April 4, 2002; revised November 2, 2002. This papdf'€ coordinate rotation digital computer (CORDIC) rotator
was recommended by Associate Editor A. Petraglia. translates the baseband-centered spectrum to a programmable
The authors are with the Electronic Circuit Design Laboratongarrier center frequency [6]. The IF signal is filtered by an
Helsinki University of Technology, Helsinki FIN-02015, Finland (e-mail:_, . . h
x/sinx filter for compensating the sample and hold response of

jvankka@vipunen.hut.fi). ’ X )
Digital Object Identifier 10.1109/TCSI1.2002.807268 the on-chip 14 bit D/A converter [7]. The internal wordlengths
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TABLE |
GSM/EDGE/WCDMA MODULATOR SPECIFICATIONS
Symbol rates/Chip rate 270.833 ksym/s (GSM/EDGE) 3.84 Msym/s (WCDMA)
Modulations GMSK with BT = 0.3 (GSM), linearized Gaussian 37/8-
8PSK (EDGE), M-QAM (WCDMA)
Carrier Spacing 200 kHz (GSM/EDGE), 5 MHz (WCDMA)
Frequency error 2Hz
Spurious Free Dynamic Range -80 dBc
D/A converter sampling frequency 65 - 110 MHz
Power ramp duration 5-15us
Power ramp curve type Hanning, Hamming, Blackman
Power control range 0--32dB
Power control fine tuning step 0.25 dB
Fs=Fsym Fs=2xFsym Fs=4xFsym Fs=8xFsym Fs = 65 110 MHz Outputs of  Fs=65-110 MHz
/ Other Modulators
| 17 [Pulse Shap-|; glHalf Bandjg|Half Bandl;g| g 18 8 Summing| 14[ D/A
7+ ingFilter 14y Filter Lot Filter by sampler T | MUX (CORDIC|__¢ x/sinx & [#* Con- >
(37-tap) (23-tap) (11-tap) - ¥ Rotator ’ 14 saturation verter
Mode A‘¢ Mode
177|Pulse Shap-|8|Half Band | g|Half Band; g \1/8 / 5‘_ Phase Off Ramp Gen-
Qe P T DA e [ e [P MOX|/” P e o) eornd
(37-‘lap) (23-tap) (11-tap) . L N@ Controller
Mode A o
- oD
MUX D
L 1’32

Mc‘)de Carrier Frequency

Fig. 1. GSM/EDGE/WCDMA modulator chip. The symbol rates (Fsym) are shown in Table I.

of the modulator are shown in Fig. 1. The wordlengths weedficients of the half-band filters are implemented using CSD
chosen such that the 14-bit D/A converter quantization noisembers [14].
dominates the digital output noise.

B. Resampler

A. Pulse Shaping and Half-Band Filters The resampler consists of a resampling numerically con-

The input symbols are filtered using Gaussian (BT trolled oscillator (NCO) and a cubic Lagrange polynomial
0.3)/linearized Gaussian/square root raised cosine-(0.22) interpolator shown in Fig. 2. The resampling NCO supplies
pulse shaping filter in GSM/EDGE/WCDMA mode, respecsampling clocks for resampler (clkl), half-band and pulse
tively [8], [3]. The square root raised cosine filter (excesshaping filters (clkl, clk1/2, clk1/4) as well as the trigger signal
bandwidth ratiax = 0.22) was designed to maximize the raticfor the input data symbols (clk1/8). The frequency control
of the main channel power to the adjacent channels’ poweord (A¢) is calculated from the ratio of the input sampling
under the constraint that the error vector magnitude (EVMate of the resampler (clkl) to output sampling rate (clk).
is below 2% [9]. In the GSM/EDGE systems a quarter of &he trigger signals for different input symbol rates could be
guard bit is inserted after each burst, resulting a burst lengthasthieved by altering the frequency control word. The output of
156.25 symbols [10]. Therefore, the input symbols to the pultiee resampling NCOy{,) may be considered to represent the
shaping filter have to be oversampled by 4 in the GSM amhase offset between the input sampling rate of the resampler
EDGE modes. The pulse shaping filter is implemented usiriglk1) to the output sampling rate (clk). Since the phase offset
programmable canonic signed digit (CSD) coefficients [11]. changes on every output sample clock cycle, the interpolation

The pulse shaping and the half-band filters are implementgiter coefficients are time-varying. The time-varying filter
using a polyphase structure [12]. Taking advantage of the fadtefficients with long period can be easily implemented by
that in the modulator data streams in theand Q paths are polynomial-based interpolation filters using so called Farrow
processed with the same functional blocks, a further hardwasteucture [15]. The cubic Lagrange polynomial interpolator was
reduction can be achieved by pipeline interleaving techniquiesind suitable for our application, because it fulfills spectral
[13]. The pulse shaping and the half-band filters are modified émd time domain (phase error and EVM) specifications [1]-[3].
handle two channels by doubling the sampling rate and delay €ke cubic Lagrange polynomial interpolator is implemented
ements between taps. This results in a more efficient layout witlith Farrow structure [5], where the number of unit delay
a penalty in terms of increased power dissipation. The fixed celements is minimized as in Fig. 2. Furthermore, the frequency
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Fig. 2. Resampler.

error term generated by the external digital phase locked lomputs of the CORDIC rotator are set constaht) is 1 and
(DPLL) locking to an external symbol rate could be added #Q(n) is 0] as in Fig. 1, then the output is from (1)
the frequency control wor¢iA¢).
Iout(n) = cos(wncon + 0(n)) 4
C. CORDIC Rotator
. . wherefn is the information-bearing component of the phase.
The in-phase output of the CORDIC rotator is In the EDGE/WCDMA mode (quadrature amplitude modula-
1) tion [8], [3]), the input to the adder before the NCO is set zero
andl/Q samples are filtered by the pulse shaping filter and in-

wherel(n), Q(n) are pulse shaped and interpolated quadratufi¢sPolated prior to the CORDIC rotator.

TIout(n) = I(n)cos(wncon) + Q(n) sin(wncon)

data symbols. The carrier frequency is The phase offset adds an offset to the NCO. This allows mul-
tiple modulators to be synchronized in order to produce carriers
frco = Rl B frco < Fs (2) Withaknown phase relationship. The phase offset allows intelli-

’ 2072 77 gent management of the relative phase of independent carriers.

whereF:. is thej-bit carrier frequency control word which can NS capab_ility supports the requirements of phased array an-
range between 211 < F, < 271, j is the NCO word length, t€nna architectures [16].
andF is the sampling frequency. The carrier frequency resolu-

tion is found by setting”,. = 1 lll. RAMP GENERATOR AND OUTPUT POWER LEVEL
CONTROLLER
Afnco = 2—;’ ) Summing the IF outputs from other devices allows the forma-

tion of a multicarrier signal in Fig. 1. This necessitates power

The carrier frequency tuning resolution will be 0.0256 Hz bgontrol to be implemented in the digital domain. Otherwise, it
(3), whenF, is 110 MHz, andj is 32. The frequency resolutionwould not be possible to adjust the relative power of a single
is better than the target frequency error specification in Tableckrrier with respect to the others. Therefore, a digital ramp gen-
The sign in (1) is controlled by the frequency control worderator and output power level controller is used as in Fig. 1. The
The spectral inversion (modulation spectrum is reversed) in thewer control is realized by scaling the ramp curve [17].
other up-conversion stages could be compensated by changinghe programmable up/down unit allows power ramping on a
the sign of the carrier frequency control word (the direction dime-slot basis as specified for GSM, EDGE and time division
the vector rotation) in (1). duplex WCDMA (TDD-WCDMA) [1], [2]. The ramp generator

In the frequency modulation mode (GMSK modulation ifs based on a recursive digital sine wave oscillator [17]. In pre-
GSM [8]), the pulse shaped and interpolafeftequency sam- vious work [17], the ramp duration was fixed and the ramp gen-
ples are added to the carrier frequency control word, and tetor could only generate cosine windows that have only one
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Fig. 3. Ramp generator and output power level controller.

cosine term (e.g., a Hanning window). In Fig. 3, two digital osvhere z(0) andz(1) are the initial values of state variables.
cillators are used; these allow the Blackman window generati@moosing the initial values of the state variables tocbe) =
(two cosine terms). The Blackman window gives more attenud-cos 6, andz(0) = A, we obtain from (8) a discrete-time si-
tion to the switching transients than the Hanning window.  nusoidal function as the output signal

Another method for implementing the ramp generator is to )
use a look-up table LUT. Because the sampling frequency is X(z) = A(z* — cosbyz) . 9)
high, the size of the LUT becomes large. The size of the LUT 22 —2cosfpz+ 1
increases even more because of the high oversampling ratio_te- . . .
quired by the variable ramp duration (see Table I). Alternativelgﬁg :gl:r?]t[l)(;rllsga;gggnnzlgx-conjugate polep &t exp(jfh),
interpolation between the samples in the LUT can be used at the
expense of increased complexity. Furthermore, the multiplier is
needed to set the output power level. Therefore, the choice was
made in favor of the recursive digital oscillators.

x(n) = Acos(nby), n > 0. (10)

The impulse response of the second-order system with complex-
conjugate poles on the unit circle is a sinusoidal waveform. An
initial phase offsety, can be realized [18], namely

The ramp generator shown in Fig. 3 has two recursive digital
sine wave oscillators. Their difference equation comprises one z(n) = Acos(fon + ¢o) (11)
multiplication operation and one subtraction

A. Ramp Generator

by choosing the initial values

3(n+2) = as(n+1) —aln) ) (1) = Acos(f + o) (12)
where 2(0) = A cos(yo). (13)
a = 2cos(f). (6) The amplitude and phase is determined by the initial valé}s

) ... andz(1). The output frequency of the digital oscillatdp| can
The anglef, represented by the oscillator coefficient is giveg gjtered by changing the coefficientin (5) and the initial
by value in (12). The details and finite wordlength effects of the

digital ramp generator and output power level controller are de-
bo = 21 fo/ Fs (M scribed in [17].

wheref is the desired frequency. Solving the one-sidéns- B. Initial Values of the Ramp Generator
form of (5) leads to
The rising ramp of the Blackman window is given by
2% — az)z(0) + zz(1)
P ——— () 0.424 + 0.5A cos(nt/T, + 1) + 0.08A4 cos(2nt/T,) (14)

X(z) = (
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Fig. 4. Parallel structure.

Precompen-
sation Filter
in FPGA |+
[ |Pulse Shap-| [Half Band| [Half BandJ { Re-
—»| ingFilter | 4] Filter || Filter sampler —>
(37-tap) (23-tap) (11-tap) To
CORDIC
Q [Pulseshap-| [Half Band| [Haif Band Re. Rotator
—»! ing Filter |—»] Filter |- Filter [— —* campler —
(37-tap) 23-tap) | | (11-tap) P
Fig. 5. Off-chip precompensation filter at baseband.
whereTr is the ramp duratio'nt is [0; T,.], and A is the am- i_..c()mplex Quadrature Complex]
plitude of the ramp. The falling ramp of the Blackman ramp Q | Multi- _|Pre-Compen- Multi-
window is ’ plier sation Filter plier [—»
0.42A4 4+ 0.5A cos(wt/T,.) + 0.08A cos(2nt/T,).  (15) J,m eI""’Z

The cosine terms are implemented with the digital sine wa¥gy. 6. Precompensation filter structure.
oscillators and the term 0.42 is added to their output. The
initial values for the falling Blackman ramp are initial values are the same as in the Blackman case for the first
oscillator, the values for the second oscillator are zero and the
A=4, (16) constant4; is 0.54. The ramp duration(.) can be altered by
5Acos(nT,/T,) = Ay cos(fy) (17) changing the output frequencies of the digital oscillators. The
value (A) controls the amplitude of the ramp (output power
for the first oscillator. The initial values of the second oscillatdevel). During the ramp period the signsélis low in Fig. 3
are and the multiplexer conducts the ramp signal to the multiplier
(Fig. 1). After the ramp duratioril{) the signalsel becomes
22(0) =0.084 = A, (18)  high; the output of the multiplexer is connected to the input of

22(1) = 0.084 cos(2rTs /T;) = Ay cos(fy). (19) the multiplexer; and the output power level is constant.

x1(0)

(2]

0.
0.

z1(1)

The constantds is 0.424. The initial values of the rising € Parallel Structure
Blackman ramp for the first oscillator are the negatives of the The recursive digital oscillator shown in Fig. 3 suffers from
falling ramp values. In the case of the Hanning window, thievo major drawbacks: the quantization noise accumulates in the
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Fig. 7. Measured second image of the WCDMA signal.

recursive structure and the maximum sampling rate of the dighereF is the sampling rate of the D/A converter. The images
ital oscillator is determined by its recursive parts. The oscillatexhibit significantly poorer signal to noise and distortion ratio
produces only one cycle of sine wave in the Blackman ramp a(@8NDR) than the fundamental signal does, because of the sinc
after that new initial values are updated, so the problem of tatenuation. The amplitude of the image responses decreases
accumulated noise is alleviated. The parallel structure is useditzording tasinc(w f / F ); spurious responses due to the D/A-
reduce the sampling rate of the digital oscillators. Then the maenverter clock feed-through noise and dynamic nonlinearities
tipliers can be implemented with higher wordlengths but withgenerally roll off much more slowly with the frequency. Nev-
reasonable area, as the speed requirement is not so stringentiieless, the first and second image may still meet the system
The idea of the implemented parallel structure is to generate ®8DR requirements. If an odd-numbered image is used, any
desired sinusoidal oscillating signal with two oscillators, one ofiodulation spectrum is inverted with respect to the fundamental
which generates the odd samples, and the other the even sautput. The output spectrum in (1) can be inverted by changing
ples. This means that four oscillators are needed to genertie sign of the carrier frequency word.
Blackman ramps. The parallel structure is presented in Fig. 4,The inversesinc filter shown in Fig. 1 compensates for roll
where the sampling rate of the digital oscillator is halved. Thaf in the first lobe of the(sinc(z)) frequency domain distor-
odd and even oscillator outputs are alternately selected withi@n function of the D/A converter. The sinc effect introduces a
2-to-1 multiplexer (MUX), the select signal of which is the di-droop that is not acceptable when the bandwidth of the signal is
vided clock. In order for the oscillators to generate correct samide (e.g., WCDMA signal [3]). If the distortions of the images
ples to the multiplexer output, each oscillator must operate ae to be compensated, an additional precompensation filter is
a double output frequendy,). A phase offset must be addedcheeded. The precompensation filter could be before the D/A
to the odd oscillator so that the outputs are not duplicated. Tbenverter. Locating the off-chip precompensation filter prior to
initial values of the parallel ramp generator are calculated llye resampling operation allows the precompensation filter to
choosing first the same initial values as in the normal case amnoh at a lower computational rate, as shown in Fig. 5.
calculating the next two values using the difference equation (5)In our case, the output signal of the D/A converter is prec-
and choosing the odd samples for the odd oscillators and trapensated so that the droop in the second image is canceled.
even samples for the even oscillators. The D/A converter sampling frequency is 76.8 MHz, the signal
frequency is 19.2 MHz and the center frequency of the image
is located at 96 MHz (76.8 MHz 19.2 MHz). The peak error
target specification is0.045 dB over the frequency band from
—2.5 MHz through 2.5 MHz (WCDMA channel spacing). The

The output of the multistandard modulator can be hetersagnitude response of the precompensation filter is obtained
dyned up to the desired frequency by employing a mixer/lockibm inverse of (20), wheré’, is 76.8 MHz andf is 96 MHz+
oscillator/filter combination. An alternative method is to use im2.5 MHz. The precompensation of this frequency band is done
ages for up-conversion. To obtain frequencies above Nyguitbaseband (Fig. 5) and the inverse sinc filter in Fig. 1 is by-
frequencies, the output of the D/A converter is bandpass-filterpdssed. The complex precompensation filter requires five taps
by an ‘image-selecting’ bandpass filter, rather than by the low4th two CSD nonzero digits. These complex taps require a lot
pass filter. The output spectrum of the ideal D/A converter is of hardware. An alternative method is to up-convert the base-

band signal toF; /4. Then the up-converted and @ signals

oo are filtered by the two real filters and after that, down-converted

Z o(f —nF, £ forr) (20) from F, /4 to baseband. In this special case when the IF center
o frequency is equal to a quarter of the sample rate, considerable

IV. UP-CONVERSION BY USING IMAGES OF THED/A
CONVERTER

sin(w f/Fs)

Sl = =
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2 2000 4000 6000 8000 10000 12000 14000 16000
_INTEGRAL NONLINEARITY is 1.035 LSB_ device. The precompensation filters were implemented by
: 1 folded direct form structure [13]. Fig. 7 shows the second

image of the precompensated WCDMA signal. The adjacent
channel leakage power ratios are 50.43/55.09 dB, which meet
specifications (45/50 dB) [3].

2 2000 4000 6000 8000 10000 12000 14000 16000 V. D/A CONVERTER

Input Code As the multicarrier feature requires high dynamic range
Fig. 10. Typical INL and DNL. requirements for the D/A converter, the wordlength was chosen
to be 14 bit. The 14-bit on-chip D/A converter is based on a
simplification is achieved since the sine and cosine signals regggmented current steering architecture [20]. It consists of a
resenting the complex phasor degenerate into two simple 66-MSB matrix (2-b binary and 4-b thermometer coded), and
quenced---0 10 —1---]and[---1 0 —1 0---], thus elimi- an 8-b binary coded LSB matrix (Fig. 9). The static linearity
nating the need for high-speed digital multipliers and addersigachieved by sizing the current sources for intrinsic matching
implement the mixing functions. The block diagram of this prg20] and using layout techniques; this is a prerequisite for
compensation structure is shown in Fig. 6. The quadrature filigtaining a good dynamic linearity. The cascode structure
requires seven taps with two nonzero CSD digits. is used to increase the output impedance of the unit current
The precompensation filters were implemented with asource, which improves the linearity of the D/A-converter. The
Altera FLEK 10KA-1 series device [19]. The complex filterdynamic linearity is important in this IF modulator because
requires 456 (26% of the total) logic elements (LEs) in thef the strongly varying signal. Therefore, a well-designed and
EPF10K30A device. The precompensation filter shown icarefully laid out switch drivers and current switches are used.
Fig. 6 requires 416 (24% of the total) LEs in the EPF10K3A major function of the switch driver in Fig. 9 is to adjust the
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TABLE I
SPECTRUMDUE TO SWITCHING TRANSIENTS (PEAK—HOLD MEASUREMENT, 30 kHz RLTER BANDWIDTH, REFERENCE>300 kHz WITH ZERO OFFSET)
Offset Maximum Power Limit Measured Maximum Power Measured Maximum Power
(kHz) (dBc) (dBc) at Digital Output (dBc) at D/A converter Output
(GMSK) (8-PSK) (GMSK) (8-PSK) (GMSK) (8-PSK)
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Fig. 13. Power spectrum of GSM signal. Fig. 14. Power spectrum of EDGE signal.
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cross point of the control voltages, anq to limit their amplitude @Ref - arker _[44.]25 B w30k
at the gates of the current switches, in such a way that the  -22 dBm 19.98250000 MHz SWT 200ms _ Unit dBm
transistors are never simultaneously in the off state and that t 22 1|11 | -44.35 dBm
feedthrough is minimized. The crossing point of the contro -30 cH #wWR] 12404 dBm
signals is set by delaying the falling edge of the signal [21] ,, QEE EW :gg gg E
Dummy switch transistors are used to improve the synchre ™ |ALT1| Uy |-67.6] dB
nization of the switch transistors control signals. Disturbance -50 ALTT] |Ldw -67.8¢ dB
connected to the external bias current are filtered out on-ch
with a simple one pole low-pass filter. The D/A-convertet
is implemented with a differential design, which results ir -70
reduced even-order distortions and provides a common-mo .
rejection to disturbances.
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VI. MEASUREMENT RESULTS 100 e £
To evaluate the multistandard modulator, a test board wi | - - *1" AafiGO CF —
built and a computer program was developed to control the me = “7 qf']
surements. Fig. 8 illustrates the block diagram of the multi_jp, L
Center 20 MHz 3 MHz/ Span 30 MHz

standard modulator test system. The on-chip D/A converter wi..
used in measurements. Measurements are performed with &ig015. Power spectrum of WCDMA signal.

Q doubly terminated cable. The sampling rate of the D/A con-

verter was 76.8 MHz in the measurement. Fig. 10 shows tt&Q dBc at low synthesized frequencies, decreasing to 62 dBc
typical integral linearity (INL) and differential linearity (DNL) at high synthesized frequencies in the output frequency band
errors are 1.04/0.83 LSB, respectively. The spurious free digingle tone).

namic range (SFDR) is shown as a function of the output fre- Fig. 12 shows the measured ramp up and down profiles of the
guency in Fig. 11. The SFDR to Nyquist frequency is better tharansmitted burst, which satisfy the EDGE base station masks.
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CF 20 MHzMeas Signal
Ref Lvl SR 270.833 kHz Constellation
-9 dBm Demod 31/8-8PSK
1.5
MAG | (e
+ +
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Tl + +
+ +
+ +
+ 1 +
-15 -4.1666667 REAL 4.1666667
CF 20 MHz
Ref Lvl SR 270.833 kHz Symbol/Errors
-9 dBm Demod 37/8-8PSK

Symbol Table

0 10101011 00010111 00000111 10101011 01000001
40 11111110 01000110 00111000 01111001 11110010 B
80 00010101 01110010 00111101 01110011 00100110

Error Summary

Error Vector Mag 0.37 % rms 1.55 % Pk at sym 0
Magnitude Error 0.23 % rms -1.52 % Pk at sym 0
Phase Error 0.17 degrms -0.42 deg Pk at sym 2
Freq Error -64.57 mHz -64.57 mHz Pk

Amplitude Droop 0.18 dB/sym Rho Factor 1.0000
IQ Offset 0.06 % 1Q Imbalance 0.02 %

Fig. 16. Measured EVM errors in EDGE mode.
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Fig. 17. Power spectrum of multicarrier WCDMA signal.

The allowed power of spurious responses originating from thespectively. Fig. 16 shows the error vector magnitude (EVM)
power ramping before and after the bursts is specified by therformance in EDGE mode, where the measured rms EVM is
switching transient limits. Some margin (3 dB) has been le®t37% with a maximum peak deviation of 1.55%. The signal
between the values in [1] and the values specified for this imerformance is summarized in Table IIl. The phase error, EVM
plementation in Table Il to take care of the other transmittand spectral performance [3], measured at the digital output
stages that might degrade the spectral purity of the signal. Téwed the D/A converter output, meet the specifications shown
power levels measured at the digital output and the D/A com Table l1lI. In the multistandard IF modulator, most of the
verter output meet the limits shown in Table II. errors are generated less by quantization errors in the digital
The output signal in Fig. 13 meets the GSM spectrum madkmain and more by the D/A converter analog nonidealities, as
requirements [1]. The output signal in Fig. 14 meets the EDGHown in Table Ill. There is some margin in the D/A converter
spectrum mask requirements [1]. Fig. 15 shows the WCDMautput for taking care of the other transmitter stages that might
output with a crest factor of 11.43 dB, where the adjacedegrade the signal quality. Combining a number of parallel
channel leakage powers (ACLR1/2) are 65.84 and 67.Gvipdulator outputs allows the formation of multicarrier signal
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TABLE I
PERFORMANCE SUMMARY
Signal Quality

Measured at GSM Phase EDGE EVM (%) WCDMA EVM

Error (°) (%)

peak ms peak rms rms
Digital Data at 0.75 0.29 1.263 0.27 1.11
D/A Converter Input
Analog Signal at 1.71 0.74 1.55 0.37 1.18
D/A Converter
Output
Specifications at the 20 5 22 7.0 17.5
base station RF port
Spectral Properties
GSM EDGE WCDMA
600 kHz 600 kHz ACLR1 ACLR2

offset offset
Digital Data at -100 -90 72.9 73.3
D/A converter input
Analog Signal at -87.34 -84.58 65.84 67.67
D/A Converter From Fig. | From Fig.
Output 15 15
Specifications at the -70 -70 45 50
base station RF port

Fig. 18. Chip micrograph.

22.09 mnt in 0.35um CMOS technology. Power consumption
is 1.7 W at 3.3 V with 110 MHz (maximum clock frequency).
The IC is in a 160-pin CQFP package. Fig. 18 displays the chip
micrograph.
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in Fig. 1. Fig. 17 shows the multicarrier signal at the D/A 21
converter output. The first adjacent channel leakage power rat{o
is 57.19 dB, which meets the specification (45 dB) [3].

A GSM/EDGE/WCDMA modulator with a 14-bit on-chip
D/A converter was implemented. The precompensation filte
which compensates thimc droop above the Nyquist frequency,
makes it possible to use WCDMA signal images for up-coi
version. The new programmable up/down unit allows pow:
ramping on a time-slot basis as specified for GSM, EDGE ai
TDD-WCDMA. The multistandard modulator meets the spe«
tral, phase, and EVM specifications. The die area of the chip

VIl. CONCLUSION
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