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Abstract—In this paper, a transimpedance amplifier
based on a new DC offset cancellation (DCOC)
method is proposed for WCDMA/LTE applications.
The proposed method applies a sample and hold
mechanism to the conventional DCOC method with a
DC feedback loop. It prevents the removal of
information around the DC, so it avoids signal-to-
noise ratio degradation. It also reduces area and
power consumption. It was designed in a 0.13 pm
deep n-well CMOS technology and drew a maximum
current of 1.58 mA from a 1.2 V supply voltage. It
showed a transimpedance gain of 80 dB(2, an input-
referred noise current lower than 0.9 pA/\Hz, an out-
of-band input-referred 3rd-order intercept point
more than 9.5 dBm, and an output DC offset lower

than 10 mV. Its area is 0.46 mm x 0.48 mm.

Index Terms—DC offset, DC feedback loop, direct-
LTE, and hold,
transimpedance amplifier, WCDMA

conversion receiver, sample

I. INTRODUCTION

A direct-conversion receiver (DCR) is the most

competitive architecture for receiver applications,

providing high integration, few bill-of-materials, reduced
mixing spurs, low cost, and low power consumption.
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However, DC offset, which is mainly generated by the
local oscillator (LO) self-mixing and device mismatches,
is problematic in the DCR. The DC offset is amplified
along with the desired signal, and saturates the
subsequent baseband analog circuits, preventing signal
detection. Therefore, the DC offset should be eliminated.

Many DC offset cancellation (DCOC) methods have
been published in the literatures [1-5]. AC coupling [1], a
DC feedback loop (DCFL) [2-4], and a digital storage
system using digital-to-analog converters (DAC) [5] are
the most popular DCOC methods. The AC coupling
method requires extremely large capacitors and/or
resistors for the large time constant. The DCFL method
produces function of high-pass filter (HPF) and rejects
DC offset by utilizing an integrator or low-pass filter
(LPF) in the negative feedback loop. Both the AC
coupling and DCFL methods remove the desired signal
around the DC as well as DC offset, degrading the
signal-to-noise ratio (SNR) as a result or have large area
to reduce -3-dB frequency of the HPF [6]. The other
common approach for DCOC is a digital storage system
to compensate the offset current with the DAC. However,
this method cannot remove dynamic DC offset and
requires very high resolution to achieve excellent DCOC
performance.

In this paper, a new DCFL DCOC method employing
a sample and hold mechanism is proposed to avoid SNR
degradation and reduce area and power consumption. To
verify the proposed method, a transimpedance amplifier
(TIA) adopting the DCOC method was designed for
WCDMA/LTE applications. Section II describes the
mechanism of the proposed DCFL DCOC method.
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Fig. 1. (a) Block diagram, (b) frequency response of the
conventional DCFL DCOC method.
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Fig. 2. (a) Conceptual block diagram, (b) frequency response of
the proposed DCOC method.

Detailed circuit designs of the TIA are presented in
Section III. The post-layout simulation results are shown

in Section IV. Finally, Section V concludes this paper.

II. A NEW DC OFFSET CANCELLATION
METHOD

Fig. 1 shows a block diagram of the conventional
DCFL DCOC method. The integrator or the LPF in the
feedback path produces the HPF function in the closed-
loop transfer function. The closed-loop transfer function
of the amplifier with the conventional DCFL is given by

N
p 1+
H . S — FF FB ]
(,[osed—laop( ) 1+ AFFAFB 1+ s ( )
(1 + AFFAFB )a)FB

where H(s)=Apg/(1+s/wpg) and Ape are the transfer
function of the LPF in the feedback path and the voltage
gain of the amplifier in the feed-forward path,
respectively [4]. The DC gain of the closed loop transfer
-3dB frequency of the HPF are
approximately [/Apz and ApgAprwgp, respectively. The
-3 dB frequency of the HPF should be very small to

avoid rejection of the desired low-frequency signal

function and

around the DC, and to avoid SNR degradation. However,
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Fig. 3. (a) Detailed block diagram of the proposed DCFL
DCOC method, (b) transient response of V,,; and V,,,, (c) block
diagram when DCFL is formed, (d) block diagram when DCFL
is broken.

the large time constant degrades transient response and
increases the area.

A new DCOC method to resolve the critical drawback
of the conventional DCFL method is proposed and
shown in Fig. 2. The main idea of the proposed DCOC
method is to form the DCFL and eliminate the DC offset
for a short period, and break the DCFL to avoid SNR
degradation, while the integrator or LPF in the feedback
path holds the compensated voltage of Vy; and keeps
cancelling the DC offset. That is, the proposed method
adopts a sample and hold mechanism. The DCOC
sequence is as follows. The receiver is powered-up, the
proposed DCOC method is performed, and the desired
signal is applied to baseband circuits. As a result, the
amplifier with the proposed DCOC method has the
frequency response shown in Fig. 2(b). For most of the
time, the amplifier can avoid SNR degradation.
Therefore, the proposed method does not need to have
large time constant to avoid removal of the desired low-
frequency signal around the DC.

Fig. 3 shows a detailed block diagram of the proposed
method. The DCFL is formed by the control signal of
V.w- As shown in Fig. 3(b), the DCFL is formed in 7;
period. In DC, V3 is given by

A..A.
FB _# VDCo/’fset,in 2)

FF*7FB
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Table 1. Performance comparison of the proposed method with
conventional DCOC methods

Digital
Parameters AC. DCFL storage Proposed
coupling method
system
Removal of static DC Yes Yes Yes Yes
offset
Removal of dynamic
DC offset Yes Yes No Yes
Removal of.low- Yes Yes No No
frequency signal
Power consumption None Moderate Small Small
Integration level Low Moderate High Moderate
(Area) (Large) |(Moderate)| (Small) |(Moderate)

where Vpcopierim 19 the input DC offset. C,,, is charged by
ir5=VpcofserinArr/Rine for T}, s0 Ve grows to the following
value,

AV
_ FF " DCoffset,in _
VC - 71 - AFFVDCo/ﬁ%et,ina)FBﬂ . (3)
Rintcint ‘

Because Vip=-V, T, should be given by

A, 1
T+ 44 ~ A : “)
( + FF FB)wFB FFw

FB

1

The compensated output DC offset is expressed by

—L ~M 5)

VDCoffﬁvet,out - 1+ A A =

VDCa_[ff?el,in - A
FF*7FB FB

After T, the DCFL is disconnected. Even though the
DCFL is broken, C,, holds the charge and Vg to
compensate the input DC offset, while the output DC
offset of Vpcypieron T€mMains cancelled. The transient
response of the control signal of V,,, and output voltage
of V,, are shown in Fig. 3(b). Table 1 compares the
proposed DCOC method with conventional DCOC
methods. The proposed DCOC method has lower power
consumption than the conventional DCFL methods
because the loop is only formed for 7, and the loop is
broken and the OPAMP in the loop is off for the rest of
the time. In addition, the proposed method can remove
static and dynamic DC offset without SNR degradation.
It does not need to have low -3 dB frequency of the HPF
and results in reducing the area.

If the proposed DCOC method is employed in the
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Fig. 4. (a) Schematic of the TIA with the proposed DCOC
method, (b) switch networks.
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baseband circuits in the receiver, the DCOC process
should be performed whenever the LO frequency is
changed. This is because the DC offset at the mixer
output is randomly changed whenever the LO frequency

is changed.

II1. A TRANSIMPEDANCE AMPLIFIER
ADOPTING THE PROPOSED DCOC METHOD

To verify the proposed DCFL DCOC method, a TTIA
was designed for WCDMA/LTE applications. The TIA
performs current-to-voltage conversion and attenuates
undesired out-of-band blockers as the first stage of
baseband analog circuits. The TIA is the most important
stage for determining the DC offset of the baseband
analog circuits because the preceding stage is the mixer
which generates the dominant DC offset caused by LO
self-mixing. In this section, a detailed circuit design of
the TIA is presented, along with the proposed DCOC
method shown in Fig. 4. The proposed DCOC loop is
designed based on the block diagram in Fig. 3. V.,
controls the connection and disconnection of the loop.
C,y 1s 30 pF and R,, is tunable from 400 Kohm to 1
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Fig. 5. Schematic of the Miller-compensated two-stage
operational amplifier with common-mode feedback loop.

Mohm.

The switch networks of SW1 and SW2 utilize
transmission gates and dummy switches for clock-
feedthrough cancellation as shown in Fig. 4(b) [7].

The TIA adopts an operational amplifier (OPAMP)-
based architecture with negative feedback for high
linearity [8]. In fact, the OPAMP of the TIA is the most
critical block because it chiefly determines overall TIA
performance such as input impedance, thermal/flicker
linearity. The Miller-
compensated two-stage OPAMP is used for the TIA, as
shown in Fig. 5 [9]. To achieve low flicker noise
OPAMP has
transistors of M, and M, and load transistors of M; and
M, in the first stage of the OPAMP. The output common
mode voltage level of the OPAMP has to be maintained

noise and conventional

performance, the large sized input

constantly. The common mode feedback (CMFB) loop of
the OPAMP performs this function. The TIA has a
bandwidth (BW) of 1.92 MHz for WCDMA, and
0.7 MHz, 1.5 MHz, 2.5 MHz, 5 MHz, 7.5 MHz, and 10
MHz for the LTE application, respectively. The TIA has
a 5-bit capacitor array, which can be switched by a
digitally controlled signal. This capacitor array will
compensate variations in the process, supply voltage and
temperature.

Fig. 6 presents the transconductor (Gm)-stage utilized
in the DCFL [9]. It converts the output voltage of the
integrator into the current to compensate the input DC
offset. The Gm-stage employs the CMFB loop to set the

constant output voltage.
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[Capacitors/Resistors] C;=0.35pF, Rgy=50KQ

Fig. 6. Schematic of the transconductor.

0.48mm

Fig. 7. Layout of the TIA with the proposed DCOC method.

IV. SIMULATION RESULTS

The TIA with the proposed DCFL DCOC was
designed for WCDMA/LTE applications in a 0.13 um
deep n-well CMOS process. Fig. 7 shows the layout of
the proposed TIA, with an area of 0.22 mm?. It draws a
current of 1.58 mA for TIA BW of 5 MHz, 7.5 MHz and
10 MHz and 0.55 mA for the other TIA BWs from a
1.2 V supply voltage, respectively.

The Cadence Spectre-RF is used for circuit simulation.
The simulated frequency response of the TIA with the
proposed DCOC method is shown in Fig. 8 according to
TIA BWs. When the DCFL is formed with V_,~1, the
HPF removes the DC offset and the desired signals
around the DC. When the DCFL is broken with V=0,
the HPF function disappears, but the output DC offset
remains a compensated value. Fig. 9 presents the
transient response of the TIA. When the proposed DCOC
is not performed, the output DC offset is more than
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Fig. 8. Simulated frequency response of the TIA with respect to
TIA BWs.
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Fig. 9. Simulated transient response of the TIA with the
proposed DCOC method.

-
o

—a— BW=10MHz
' |—e— BW=7.5MHz p
8+—a— BW=5MHz

| |—— BW=2.5MHz [l
—e— BW=1.92VHz f
64— BW=1.5MHz
| —>— BW=0.7MHz

£

Input noise current (pA/sqrt(Hz))

0 | P P P |
100 1000 10000 1000001000000 1E7 1E8
Frequency (Hz)

Fig. 10. Simulated input-referred noise current of the TIA.

200 mV with an input DC offset of 10 mV with the
mixer output impedance of 500 ohm. When the proposed
DCOC starts, the output DC offset is compensated and
remains lower than 10 mV.

The simulated input-referred noise currents of the TTA
with respect to TIA BWs are illustrated in Fig. 10. The
minimum noise current in passband is 0.9 pA/NHz.

Fig. 11 plots the simulated in-band (IB) and out-of-
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Fig. 11. Simulated IB-IIP3 and OB-IIP3 with respect to LTE
CHBW.

band (OB) input-referred 3rd-order intercept point (IIP3)
with respect to the LTE channel bandwidth (CHBW).
The IB-IIP3 test conditions in the receiver are f; = f;, +
CHBW/2 + 7.5 MHz, f, = f;o + CHBW/2 + 14 MHz and
p; = p, = -46 dBm, respectively. If it is assumed that the
voltage gain of the LNA and mixer is 20 dB, the test
conditions for IB-IIP3 in the TIA with a mixer output
impedance of 500 ohm are f; = CHBW/2 + 7.5 MHz, 1, =
CHBW/2 + 14 MHz and p; = p, = -26 dBm. The TIA has
an IB-IIP3 of more than 13.45 dBm over all of the BWs
with a mixer output impedance of 500 ohm. As shown in
Fig. 11, as the LTE CHBW increases, the IB-IIP3
decreases, because the OPAMP performance is degraded
at high frequency. The reason the IB-IIP3 at the LTE
CHBW of 5MHz is lower than that of 10 MHz is
because the current consumption of the TIA is reduced
from 1.58 mA to 0.55 mA to save power consumption.
The test conditions for OB-IIP3 in the receiver are f; =
Jro 'fRX-TXveperaziomﬁ = fro - 2fRX-TX€epemtinn +1MHz, p, =
-25 dBm, and p, = -60 dBm, respectively. If it is assumed
that the voltage gain of the LNA and mixer is 20 dB, the
test conditions for OB-IIP3 in the TIA with a mixer
output impedance of 500 ohm are f;= fry.rxseperations f2 =
2frx-rxseperaion + 1 MHz, p; = -5 dBm, and p, = -40 dBm,
respectively. B8 and B2 have the worst test condition in
commercial LTE low band and mid-band, respectively,
since TX-RX separation is the closest in each band. Fig.
11 shows that the OB-IIP3 of the TIA has more than 9.5
dBm over all of the BWs. The TIA has the minimum
OB-IIP3 performance in the maximum TIA BW since
the filtering effect for two input tones decreases as the
TIA BW increases.

Table 2 summarizes the simulated performance of the
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Table 2. Post-layout simulated performance summaries of the
proposed TIA for WCDMA/LTE applications

Process 0.13 pm deep n-well
CMOS technology

TIA BW [MHz]
WCDMA 1.92
LTE 0.7,1.5,2.5,5,7.5, 10
Transimpedance [dBQ] 80
Input-referred noise current[pA/vHz] 0.9
Output DC offset [mV] <10
IB-1IP3/0OB-11P3 [dBm] >13.45/>9.5
Supply voltage [V] 1.2
Power consumption [mW]
TIABW5M, 7.5 M, 10 MHz 1.896
TIABW0.7M, 1.5M, 1.92 M, 2.5 MHz 0.66
Area [mm?] 0.22

TIA with the proposed DCOC method.

V. CONCLUSIONS

A new DCFL DCOC method using a sample and hold
mechanism was proposed. The main idea is verified by
designing the TIA for WCDMA/LTE applications in a
0.13 um deep n-well CMOS technology. The TIA
achieved an output DC offset of lower than 10 mV
without SNR degradation. It drew a maximum current of
1.58 mA from a 1.2 V supply voltage and showed a
transimpedance gain of 80 dBQ, an input-referred noise
current of lower than 0.9 pA/NHz, and an OB-IIP3 of 9.5
dBm in LTE 20MHz CHBW. Therefore, the proposed
technique is expected to be suitable and effective for the
DCOC method of baseband analog circuits.

ACKNOWLEDGEMENTS

This research was supported by Basic Science
Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of
Science, ICT & Future Planning (2015R1C1A1A020
36348). This study is supported by 2015 Research Grant
from Kangwon National University (No. 520150445).

REFERENCES

[11 J. F. Wilson, R. Youell, T. H. Richards, G. Luff, and
R. Pilaski, “A Single-Chip VHF and UHF Receiver
for Radio Paging,” IEEE Journal of Solid-State
Circuits, vol. 26, no. 12, pp. 1944-1950, Dec. 1991.

[2] C.D. Hull, J. L. Tham, and R. R. Chu, “A Direct-
Conversion Receiver for 900 MHz (ISM Band)
Spread-Spectrum Digital Cordless Telephone,”
IEEE Journal of Solid-State Circuits, vol. 31, no.
12, pp. 1955-1963, Dec. 1996.

[3] A. Parssinen, J. Jussila, J. Ryyndnen, L. Sumanen,
and K. A. 1. Halonen, "A 2-GHz Wide-Band Direct
Conversion Receiver for WCDMA  applications",
IEEE Journal of Solid-State Circuits, vol. 34, no.
12, pp.1893-1903, Dec. 1999.

[4] K. Kwon, H.-T. Kim, and K. Lee, "Design
methodology of baseband analog chain to
maximize a spurious free dynamic range for ATSC
terrestrial and cable digital TV tuner," IEEE
Transactions on Consumer Electronics, vol. 54, no.
2, pp- 300-306, May 2008.

[51 L. Perraud, M. Recouly, C. Pinatel, N. Sornin, J.
Bonnot, F. Benoist, M. Massei, and O. Gibrat, “A
Direct-Conversion CMOS Transceiver for the
802.11a/b/g WLAN Standard Utilizing a Cartesian
Feedback transmitter,” IEEE Journal of Solid-State
Circuits, vol. 39, no. 12, pp. 2226-2238, Dec. 2004.

[6] B. Razavi, “A 2.4-GHz CMOS Receiver for IEEE
802.11 Wireless LANSs,” IEEE Journal of Solid-State
Circuits, vol. 34, no. 10, pp. 1382-1385, Oct. 1999.

[7] D. A. Johns and K. W. Martin, Analog Integrated
Circuit Design, Wiley, New York, 1997.

[8] K. Kwon and J. Han, “A 2G/3G/4G SAW-Iless
receiver front-end adopting switchable front-end
architecture,” IEEE Transactions on Microwave
Theory and Techniques, vol.62, no. 8, pp. 1716-
1723, Aug. 2014.

[9] B. Razavi, Design of Analog CMOS Integrated
Circuits, McGraw-Hill, New York, 2001.

Cheongmin Lee received the B.S.
degree in Department of Electronics
Engineering, Kangwon National
University, Chuncheon, Korea, in
2015. He is currently working toward
the M.S. degree in Department of
Electronics Engineering, Kangwon
National University, Chuncheon, Korea. His research
interests include CMOS RF/analog integrated circuits

and RF system design for wireless communications.



JOURNAL OF SEMICONDUCTOR TECHNOLOGY AND SCIENCE, VOL.16, NO.6, DECEMBER, 2016

Kuduck Kwon received the B.S. and

Ph.D. degrees in Electrical Engi-

neering and Computer Science from

2 Korea Advanced Institute of Science

= and Technology (KAIST), in Daejeon,
ﬁh Korea, in 2004 and 2009, respec-
- tively. His doctoral research con-

cerned digital TV tuners and dedicated short-range
communication (DSRC) systems. From 2009 to 2010, he
was a Post-Doctoral Researcher with KAIST, where he
studied a surface acoustic wave (SAW)-less receiver and
developed RF transceivers for DSRC applications. From
2010 to 2014, he was a Senior Engineer with Samsung
Electronics Co. LTD., Suwon, Korea, where he was
involved in studying software-defined receiver and
developing silicon tuner and cellular RFICs. In 2014, he
joined the Department of Electronics Engineering,
Kangwon National University, Chuncheon, Korea, where
he is currently an Assistant Professor. His research
interests include CMOS RF/analog integrated circuits

and RF system design for wireless communications.

831



