
444 •  2005 IEEE International Solid-State Circuits Conference 0-7803-8904-2/05/$20.00 ©2005 IEEE.

ISSCC 2005 / SESSION 24 / BASEBAND PROCESSING / 24.2

24.2 A 480Mb/s LDPC-COFDM-Based UWB
Baseband Transceiver

Hsuan-Yu Liu, Chien-Ching Lin, Yu-Wei Lin, Ching-Che Chung, 
Kai-Li Lin, Wei-Che Chang, Lin-Hung Chen, Hsie-Chia Chang, 
Chen-Yi Lee

National Chiao Tung University, Hsin-Chu, Taiwan

Coded OFDM (COFDM)-based baseband solutions provide up to
480Mb/s data rates for 528MHz ultra wideband (UWB) systems
in the 3.1GHz to 10.6GHz RF band [1]. The design challenge for
the baseband transceiver is to extend the signal bandwidth to
26.4 times wider than a WLAN system with acceptable design
complexity and energy consumption. In this paper, a low-density
parity-check (LDPC)-COFDM-based baseband transceiver
achieving a 480Mb/s data rate and a 1.2nJ/bit energy use is pre-
sented. The circuit includes the LDPC codec, which has high par-
allelism for high-speed error correction. Figure 24.2.1 shows the
system block diagram of the half-duplex transceiver. The circuit
uses a 1.056GHz 5b I/Q DAC in the transmitter, a 528MHz 5b I/Q
ADC in the receiver, and a low-rate 7b DAC for automatic gain
control (AGC). It also achieves <6.0dB peak-to-average power
ratio (PAPR) and satisfies the power spectral mask defined in [1].
The semi-regular LDPC codec provides 480Mb/s error correction
with a partially-parallel architecture. A 128-point parallel
pipelined (I)FFT and division-free channel equalizer are exploit-
ed to achieve the high throughput requirement. A 1.056GS/s
transmitter throughput and 528MS/s receiver throughput are
achieved. 

Figure 24.2.2 shows the architecture of the LDPC decoder with
block length 600 and code rate 3/4. The semi-regular and non-
structured parity check matrix, which contains a fixed number of
1’s in each column (3) and a variable number of 1’s in each row
(11~14), provides better performance than regular or structured
LDPC codes. The decoder comprises 50 check-node units (CU)
and 150 message-node units (MU). Pipelined registers are insert-
ed to break down the combinational feedback into path 1 and
path 2, leading to less routing congestion and shorter critical
path delay. In the CUs, since each row of the parity-check check
matrix contains at most 14 1’s, the proposed algorithm finds the
minimum value and the second minimum value from the 14
inputs, and each output takes its value from any input. The CS14
block shown in Fig. 24.2.2 implements the simple sorting to
simultaneously update all edges connected to the same check
node. To simplify the circuit in the CU, we use sign-magnitude
notation to represent the metrics in memory. The MUs consist of
adders and converters between two kinds of notations, 2’s-com-
plement (TC) and sign-magnitude (SM). The summed values are
clipped with a slight loss of performance. The LDPC codec occu-
pies 53.7% of the gate count of the baseband transceiver.

Figure 24.2.3 shows the architecture of the proposed 128-point
(I)FFT design for UWB system. The throughput can be up to 528
MS/s with minimal hardware cost and low power consumption.
This performance was achieved by adopting a novel parallel
pipelined architecture. In the proposed (I)FFT, the mixed-radix
FFT algorithm is realized to save power consumption by reducing
the complex multiplications. A four-parallel architecture is adopt-
ed to implement the radix-2 FFT algorithm in stage 1. In order to
reduce the required memory size, as shown in Fig. 24.2.3, a radix-
8 FFT algorithm is implemented using two different structures in
stage 2 and stage 3. Note that the hardware cost of the complex
multiplier in stage 1 and stage 3 can be saved by rescheduling the
time of the complex multiplications. Based on the proposed
mixed-radix parallel pipelined architecture, the proposed FFT

requires only 36.4% as much memory and 47.2% as many com-
plex multipliers as a current high-throughput FFT design [2].
The FFT block uses 10.1% of the total gate count of the baseband
transceiver.

Since the proposed baseband transceiver applies QPSK modula-
tion, coded bits can be de-mapped without amplitude informa-
tion. Thus a division-free channel equalizer that corrects symbols
phases is developed to increase design throughput and reduce
hardware complexity. Figure 24.2.4 shows the architecture of the
division-free channel equalizer. In front of the proposed equaliz-
er, an arc-tangent design converts received symbol from I/Q to
phase. Hence the phase addition and subtraction can replace the
symbol multiplication and division in a conventional equalizer.
Moreover this arc-tangent design is improved by using a loga-
rithm-based architecture. The logarithm-based subtraction can
replace the division of the real and imaginary parts of input sym-
bols to reach a true division-free equalizer. The proposed equaliz-
er with a two-parallel architecture can achieve 528MS/s through-
put. Including the arc-tangent design, the channel equalizer only
uses 3.85% of the total gate count of the baseband transceiver.

Figure 24.2.5 shows the simulated maximum transmission dis-
tance for 8% packet error rate (PER) compared with the system
requirements defined in [1]. The transmission distance is derived
from sensitivities and 6.6dB noise figure [1]. Figure 24.2.6 and
Fig. 24.2.7 show the chip micro-photo and chip performance sum-
mary respectively. The receiver energy consumption is 1.2nJ/bit,
which is 60% of that used in a current WLAN approach [3]. By
integrating these new LDPC, FFT, and equalizer designs, the
proposed UWB baseband transceiver can achieve high data rates
with acceptable system performance and low energy consump-
tion.
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Figure 24.2.1: System block diagram. Figure 24.2.2: Architecture of the semi-regular LDPC decoder.

Figure 24.2.3: Architecture of the parallel pipelined (I)FFT design.

Figure 24.2.5: Maximum transmission distance for 8% PER. Figure 24.2.6: Chip micro-photo.

Figure 24.2.4: Architecture of the division-free channel equalizer.
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Figure 24.2.7: Chip summary.
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