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Abstract

A MB-OFDM UWB baseband transceiver with I/Q-mismatch
(IQM) calibration and dynamic sampling (DS) is presented. It
calibrates IQM by 2dB gain and 20 degree phase errors, releasing
IQM tolerance to 10x of existing designs. The DS reduces ADC
sampling rate to 1/9 ~ 1/2 of existing designs, resulting in at least
43% ADC power saving. Measured power consumes 31.2mW at
480Mb/s data rate.
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Introduction

In ultra wideband (UWB) system, I/Q mismatch (IQM) from RF
circuits degrades system packet error rate (PER) performance, and
ADC circuit consumes about 50% analog front-end power
(ADCx2+RF) [1][2]. For high IQM tolerance and ADC power
saving, a Multi-Band OFDM (MB-OFDM) UWB baseband
transceiver with digital IQM calibration and dynamic sampling
timing controller (DSTC) is proposed here, comprising high
performance and low power dissipation of wireless UWB
applications.

For IQM calibration, we propose a signal-process-based design,
which takes channel frequency response (CFR) and pilot signals for
IQM estimation. It can compensate IQM under 2dB gain and 20
degree phase errors resulting in 3.1dB SNR saving for a typical 8%
system PER. The proposed all-digital IQM calibration makes it
possible to reduce RF power since the acceptable error
range is enlarged to 10x of existing design [1] with 0.38mW power
overhead by digital circuit. In existing wireless transceivers, ADC
sampling frequency is over-sampled by a factor of 2x ~ 9x signal
bandwidth [3], consuming at least 160mWx2 ADC power (I+Q).
By the proposed DSTC and phase-tunable clock generator (PTCG),
the sampling frequency is reduced to Baud rate, i.e. 1x signal
bandwidth, resulting in 70mWx2 ADC power saving [2]. So,
signals are sampled at their optimum timing, and system PER is
improved by 2.3dB SNR. Therefore, the DSTC reduces ADC
sampling rate and improves system performance with 1.9mW
power consumption.

Proposed Architecture

Fig. 1 shows the proposed baseband transceiver. The transceiver
achieves 53.3Mb/s ~ 480Mb/s data (de)modulation, including a
mixed-radix 128-point FFT and divider-free channel equalizer for
power saving [4-5]. This design also comprises synchronizer, IQM
calibration, DSTC, and PTCG to solve the signal distortion caused
by RF and channel effects. The all-digital PLL (ADPLL) generates
528MHz clock from 33MHz crystal, and PTCG generates 8-phase
528MHz clock for ADC and 1056MHz clock for DAC. It also
generates 132MHz clock for baseband modules which achieve
528MS/s ~ 1056MS/s throughput with 4 ~ 8 parallel data paths. In
the receiver path, the IQM calibration first bypasses received
signals to the synchronizer. After packet detections, DSTC
calculates preambles and gives Forward or Backward commands to
PTCG. Each command results in 236.7ps ADC clock phase shift

to reach better signal sampling. After channel estimation in OFDM
RX, IQM calibration extracts gain and phase errors from the
estimated CFR and pilot values, and then compensates the IQM in
the received signals.
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Fig. 1. System block diagram

Fig. 2 shows the architecture of IQM calibration circuit. With
IQM effects, each OFDM subcarrier is interfered by the one from
the symmetric index in spectrum, and the gain and phase values are
thus distorted, resulting in non-square QPSK constellation. By this
digital ~ signal-process-based  calibration, the transceiver
automatically separates subcarrier interference and compensates
signal distortion. To extract gain and phase errors, distorted pilots
from two spectrum symmetric indices are subtracted from clean
pilot values as shown in Fig. 2. Then the differences are
compensated by estimated CFR, which is also IQM distorted.
Therefore, a complex reciprocal is applied to eliminate this non-
ideal channel estimation effect, and extracts the error parameters.
For lower hardware cost, this reciprocal is also shared with IQM
compensation circuit. The solvable IQM range with signals clipped
by the 6-b I/Q ADC can be up to 2dB gain and 20 degree phase.
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Fig. 3 shows the architecture of proposed DSTC. ADC sampling
timing will lead or lag 236.7ps respectively according to DSTC and
PTCG, and every Forward or Backward command is sent during
band transitions. This guarantees each OFDM symbol is sampled
from the same clock phase. To limit less than 0.3dB SNR
differences in PER performance due to different sampling timing,
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each clock period is divided into 8 sampling phases. After packet
detection, DSTC takes 9 OFDM symbols in preamble to determine
whether a signal is sampled at eye-open positions. For each OFDM
symbol, signals are correlated and accumulated by their differences.
This correlation results in complexity reduction due to only
calculate real numbers. As long as overflow or underflow flag
occurs, a forced-decision is made to PTCG. This effectively
reduces half hardware cost and computation time, resulting in less
power consumption.

Fig. 4 shows the architecture of PTCG. This is an all-digital and
cell-based design, thus it can reduce both design time and circuit
complexity and ease the difficulty in system-level integration. The
ADPLL generates 528MHz clock signal (PLL528) as PTCG’s
reference clock, and the PTCG generates 528MHz 8-phase even-
spaced clock signals (P[0] to P[7]) for the phase rotator. Then the
phase rotator changes ADC sampling phase from P[n] to P[n+1] or
P[n] to P[n-1] with baseband DSTC’s Forward or Backward
commands respectively. To avoid extra transitions during phase
rotation, the phase rotator converts the Forward command into
seven times of Backward command. And the clock edge combiner
is used to perform 2x frequency multiplication of PLL528 to
generate 1056MHz clock for DAC. In the proposed PTCG, the
TDC measures period (T) of PLL528 then limits the total delay line
range into 2.5T to 3.5T, hence it avoids false-locked problem in
PVT variations. The output clock of ADPLL has rms jitter: 26ps
and Pg-Px jitter: 89ps. After the all-digital multi-phase clock
generator (ADMCG) and phase rotator in PTCG, the jitter
performance for ADC sampling clock is rms jitter: 30ps and Px-Px
jitter: 101ps. The PTCG consumes 10.9mW power.

Simulation and Measurement Results

The proposed MB-OFDM UWB baseband transceiver is
fabricated in 0.13um 1P8M CMOS process. Fig. 5 shows the
measured data constellation and simulated 480Mb/s PER
performances. With IQM calibration, data constellation becomes a
square QPSK distribution. With DSTC, data distribution becomes
more condensed. Fig. 6 shows the chip micro-photo and summary.
Measured results show that the proposed design achieves maximum
480Mb/s data rate with 31.2mW power consumption. The power
overhead is only 13.18mW with IQM calibration, DSTC, and
PTCQG, resulting in 5.4dB SNR improvement for typical 8% PER
and 43.75% ADC power saving [2].

Acknowledgement

The author wishes to acknowledge the support of UMC silicon
shuttle service and testing support from CIC.

References

[1] A.Ismail, A. Abidi, “A 3.1 to 8.2GHz Direct Conversion
Receiver for MB-OFDM UWB Communications,”
ISSCC Dig. Tech. Papers, pp. 208-209, Feb. 2005.

C. Sandner, et al., “A 6bit 1.2GSps Low-Power Flash-
ADC in 013um Digital CMOS,” in [EEE Journal of
Solid-State Circuits, Vol. 40, pp. 1499-1505, Jul. 2005

M. Bhardwaj, et al.,, “A 180MS/s, 162MS/s Wideband
Three-Channel Baseband and MAC Processor for
802.11a/b/g,” ISSCC Dig. Tech. Papers, pp. 454-455,
Feb. 2005.

Hsuan-Yu Liu, et al., ”’A 480Mb/s LDPC-COFDM-Based
UWB Baseband Transceiver,” ISSCC Dig. Tech. Papers,
pp. 444-445, Feb. 2005.

Yu-Wei Lin, et al., ”A 1-GS/s FFT/IFFT processor for
UWB applications,” in IEEE Journal of Solid-State
Circuits, Vol. 40, pp.1726-1735, Aug. 2005.

(2]

(3]

PER (480Mb/s)

Data OFDM
Symbols

Frame Sync Seq.
3 OFDM Symbols

Channel Est. Seq.

6 OFDM Symbols
Band Transition

Bandl Band { Bandi Band lBand

|

=[]

/ Packet Sync Seq:
/21 OFDM Symb. ™

Bandl

/ . . g 1
/ Dynamic Sampling- N ;o

§ / __ Timing Controller (DSTC) ™ :5:)

] Vector = i i

g Norm 5! [ ! [

34 - 3 i 4 .

g o 1 ) TR T '

> a] i . I N :

@ < ! e e ] !

] i HEET R ISR

S n= b I r e

g oI T NEN-ERTEY

e £ g .g :S =g
@ i i i@ ig i

£ g & Py & Q@ &

8 [ ADC sampling clock (528MHz)

o

3 Phase-Tunable | ¢ ke Integer

3 Clock Generator | ¢ T=1/528MHz

£ (PTCQ) o T-2367ps

Optimum Sampling Timing Search 8
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Phase-Tunable Clock Generator (PTCG)

Edge CLK1056
Combiner
CLK528
ADPLL {PH5Z8,[5 MUX CLKS528
- Phase |sel M»
[Delayline_control
ADMCG D=7 Phase
Controller Rotator
DOWN ‘
PD
—— Ref. Clock \—‘ | g ckand
I 33MHz ADPLL: All-Digital Phase-Locked Loop ‘ ackwart
L ADMCG: All-Digital Multi-phase Clock Generator Forward

TDC: Time-to-Digital Converter
Fig. 4. The proposed phase-tunable clock generator

3 Without DSTC and 1/Q-Mis. Calibration

ferformance Improvement with 1/Q Mis. Calibre. & DSTC
10 —
L] ‘{\ 5 1
o
\ \ 20
E
10" \ \ \ i
Y \
ht \ \\ -2
1! \ SNR=13dB
\ \ B2 4 o0 1 2 3
\ Real Part
10° \ 5, With DSTC and 1/Q-Mis. Calibration
\
—— wo DSTC; wo 1/Q Mis. Calibre. 2
—e— wo DSTC; wi /Q Mis. Calibre. .
—&— wi DSTC; wi 1/Q Mis. Calibre. 1 DR R
B — PER Target (0.08) x **
10 T T T T o b o503
6 8 10 12 14 18 18 929 s T~ 13
SNR (dB) = * *
3% Co-simulation with RF TX/RX filters 2
SNR=13dB
B2 4 o I(JP 12 3
. eal Part
Fig. 5. PER performance and data constellation at data rate
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Fig. 6. Chip micro-photo and chip summary



