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An Active-Balun-Based Single-In Differential-Out
K-Band LNA with High Gain and Low DC Power
Consumption
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Abstract—This paper presents an active-balun-based
single-in differential-out K-band low-noise amplifier (LNA).
The proposed active balun adopts separated dc-current paths
for lowering the supply voltage and dc power, leading to the
active balun with 0.6-V low supply voltage and 1.36-mW low dc
power. Based on the proposed circuit architecture, the K-band
LNA has been designed in 0.18-C'm RF CMOS process.
Simulated results confirm the LNA combining the proposed
low-voltage low-power active balun can effectively achieve
superior overall performance in terms of gain and dc power
consumption. The presented LNA combing the proposed active
balun exhibits a high gain of 22.1 dB and a low dc power of 5.87
mW at 24 GHz.

Index Terms—active balun, low noise amplifier (LNA),
single-in differential-out.

I. INTRODUCTION

Due to the high-data-rate wireless transmission in K band,
the low noise amplifiers with operation frequencies around
24 GHz were reported [1]-[9]. In [1], a 24-GHz
transformer-based  single-in  differential-out CMOS
low-noise amplifier was presented. A trifilar transformer
was utilized between the first and second stages of the LNA.
It exhibits a differential gain of 14.7 dB, a noise figure of 4.3
dB, and a power consumption of 20.2 mW. To achieve a
low-power low-noise amplifier in K-band, a transformer
feedback was utilized [7]. By adopting a current-reused
technique between amplifier’s two stages, the 0.18-um LNA
exhibited 10.1 dB maximum power gain at 1.8-V supply
voltage, and the dc power consumption is 7.2 mW. The
noise figure is 4.3 dB.

In order to reduce the supply voltage and dc power
dissipation of a K-band CMOS LNA, dc current paths were
split [8]. This technology resulted in a reduction of a half of
the supply voltage and minimized dc power. The 0.18-pum
CMOS LNA achieved a peak gain of 13.2 dB at 20.5 GHz, a
supply voltage of 0.6 V, and a dc power consumption of 7.1
mW. In [9], the quality factor improvement of the
micromachined suspended inductors and their usage in a
fully integrated 0.18-um CMOS microwave amplifier was
presented. At a supply voltage of 0.85 V, the peak gain of the
microwave amplifier was significantly increased from 12.3
dB to 13.7 dB because of the high Q-factor suspended
inductors.
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Fig. 1. Functional blocks of single-in differential-out amplifier
circuits. (a) passive balun cascaded with differential LNA, (b)
active balun cascaded with differential LNA, (c) single-ended LNA
cascaded with active balun.

Moreover, the noise figure of the 24-GHz amplifier is
improved from 5.8 dB to 5.0 dB.

Il. PROPOSED SINGLE-IN DIFFERENTIAL-OUT LNA

Fig. 1 shows the functional blocks of single-in
differential-out amplifier circuits. These amplifier circuits
shown in Fig. 1(a), Fig. 1(b), and Fig. 1(c) consist of two
stages. For the amplifier in Fig. 1(a), the overall small signal
gain (G;) can be written as

G, = Ay + A, =Ly + Ay, (dB) (1)

where Ap;; and Apy, are the gain of the first and second stage,
respectively. The Ap;; can be represented by the loss (-L1;) of
the passive balun. Moreover, the noise figure (NF,) of the
amplifier in Fig. 1(a) can be driven as

NF, = NF, +M =L+ L11(NF12 _1) (dB) (@
11
where NF;; and NF;, are the noise figure of the first stage
and second stage, respectively. The NF; can be represented
by the loss (L) of the passive balun in the first stage. From
(2), it is observed that the noise figure for the amplifier in
Fig. 1(a) is increased due to the passive balun. Furthermore,
the overall dc power dissipation (Ppc;) of the amplifier

circuit in Fig. 1(a) is
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Proposed Low-Voltage Low-Power Active Balun
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Let

PDCl = PDCll + PDC12 =0+ PDClZ = Fpci2 (mW) 3)

where Ppcy; and Ppero are the de power dissipation of the
first stage and second stage, respectively.

In order to improve the overall gain and noise figure of the
amplifier circuit in Fig. 1(a), the passive balun can be

replaced by an active balun, as shown in Fig. 1(b). Therefore,

the overall gain of the amplifier is

G, = Ay + Ay (dB). 4
Assume the differential LNAs in Fig. 1(a) and Fig. 1(b) are
identical. Compare (1) and (4), it is indicated that the
overall signal gain of the single-in differential-out amplifier
can be improved by

G,-G =Ay, +L, (dB). ©)
In addition, the noise figure of the amplifier circuit in Fig.
1(b) is
NF,, -1

NF, = NF,, +

(6)
Compare (2) and (6), it is observed that the circuit in Fig.
1(b) can achieve lower noise figure (NF,) than that of the
circuit in Fig. 1(a) due to the positive gain stage (i.e. active
balun). The overall noise figure of the single-in
differential-out amplifier can be improved by

NE—NBzﬂm—NBJ+[ngi }N5[4)mm(n

21
However, the total dc power consumption of the amplifier
circuit in Fig. 1(b) is higher than that of the amplifier circuit
in Fig. 1(a) due to the active balun.
To reduce the total dc power consumption, the differential
LNA in Fig. 1(b) can be replaced by a single-ended LNA, as
shown in Fig. 1(c). Assume the active baluns in Fig. 1(b)
and Fig. 1(c) are identical. The reduced dc power
consumption can be formulated as

(dB)

21
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Fig. 3. Chip layout of the proposed single-in differential-out
LNA with the chip size of 0.865 x 1.12 mm?.
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Fig. 2 shows the circuit schematic of the proposed single-in
differential-out LNA. This LNA is designed in 0.18-um RF
CMOS process, which has six metal layers and one poly
layer. To deliver high signal gain with low dc power
consumption, a single-ended LNA cascaded with an active
balun is adopted in this work. Moreover, the current paths of
the cascode stages for the active balun in Fig. 2 are separated,
leading to the reduced supply  voltages
(Vbp3=Vpps=Vpps=0.6 V). This can provide design
flexibilities for different dc-current requirements of
MOSFETSs (M4-My).

(mW).

I1l. SIMULATION RESULTS

The proposed single-in differential-out LNA has been
designed in 0.18-um RF CMOS process. Fig. 3 shows the
chip layout of the proposed LNA. The chip size is 0.865 x
1.12 mm? including the testing pads. The supply voltages of
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Fig. 4. (a) Simulated S parameters (gain: S21 and S31) of the
proposed LNA. (b) Simulated S parameters (input return
loss: S11, S22, and S33).
this LNA are Vbp1=Vpp2=1.2 V and Vpp3=Vpps=Vpps=0.6
V. The total dc power consumption of the proposed LNA is
only 5.87 mW. The simulation is performed by using circuit
simulator Agilent’s Advanced Design System (ADS)
software.
Fig. 4(a) shows the simulated S parameters of the proposed
single-in differential-out LNA. From this figure, it is
indicated that the peak gains of S21 and S31 are 22 dB. Fig.
4(b) shows the simulated input return loss of the proposed
LNA. From this figure, it is observed that the S11, S22, and
S33 are below -10 dB around 24 GHz, leading to the well
matched circuits. Moreover, the simulated phases of S21
and S31 are illustrated in Fig. 5(a). It is known that the
required phase can be achieved around 24 GHz. To gain
more insight to the reality, the simulated phase difference
between S2land S31 is depicted in Fig. 5(b). A phase
difference of 183.2° at 24 GHz is exhibited. In addition, the
simulated noise figure of the proposed single-in
differential-out LNA is shown in Fig. 6. From this figure, it
is observed that the noise figure at 24 GHz is 4.5 dB.
Table | summarizes the performance of this work and
compared with the recently published 24-GHz 0.13-um and
0.18-um CMOS LNAs. It is indicated that the proposed
single-in differential-out LNA exhibits high gain of 22.1 dB,
low dc power consumption of 5.87 mW, and comparable
noise figure of 4.5 dB.
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Fig. 5. (@ Simulated phase of the proposed single-in
differential-out LNA. (b) Simulated phase difference of the
proposed single-in differential-out LNA.
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Fig. 6. Simulated noise figure of the proposed single-in
differential-out LNA.
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IV. CONCLUSION

A 24-GHz single-in differential-out LNA using
dc-current-path separated active balun for low dc power
and high gain is proposed. By cascading the
single-ended amplifier and the low-voltage low-power
active balun, the overall small-signal gain can be
significantly increased. Moreover, the total dc power

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication Pvt. Ltd.




An Active-Balun-Based Single-In Differential-Out K-Band LNA with High Gain and Low DC Power Consumption

Table I. Performance summary and comparison to the recently published 24-GHz LNAs

Peak Gain | Gain Poc Chip Size
Process Freq. (GHz) | (dB) NF (dB) (mW) Vo (V) (mm?) Topology Ref.
0.828 Single-In
0.13-pm 1.5 @1st stage - Differential-Out ,
CMOS 24 14.7 4.3 20.2 1.0 @ 2st stage (excluding Cascode+CS [1] RFIC'09
pads)
Transformer Based
0.13-um 23.6 9.2 3.7 2.78 1.0 0.448 2-stage CS [2] MWCL'10
CMOS ' ' ' ' ' : g
0.18-pm :
CMOS 25.7 8.9 6.93 54 1.8 0.735 3-Stage CS [3] MWCL'04
0.18-pm :
CMOS 23.7 1286 | 5.6 54 1.8 0.735 3-Stage CS [3] MWCL'04
0.18-pm '
CMOS 24 13.1 3.9 14 1.0 0.342 2-Stage CS [4] MWCL'05
0.18um | 5, 128 | 33 | 8 1.0 0.553 2-Stage CS [5] REIC'08
CMOS ' ' : ' g
0.392
0.18-pum - .
24 10.2 5.9 27 1.8 (excluding CS+Cascode [6] RWS'09
CMOS
pads)
0.18-pm 0.128 1-stage CS \
CMOS 22 101 4.3 12 18 (core size) &Transformer [7] MWCL'09
CS+Cascode
0.18-pum . .
CMOS 20.5 13.2 4.1 7.1 0.6 1.36 & Split [8] MWCL'10
DC-Current-Path
CS+Cascode
0.18-pum . .
CMOS 22.2 9.0 7.2 8.04 0.6 1.053 & Split [9] TED'13
DC-Current-Path
CS+Cascode
0.18-pum & Split ,
CMOS 23.1 10.33| 6.0 7.86 0.6 1.053 DC-Current-Path [9] TED'13
& MEMS inductor
0.18-um CS+Cascode
éMgS 23.0 12.3 5.8 18.4 0.85 1.053 & Split [9] TED'13
DC-Current-Path
CS+Cascode
0.18-pum & Split ,
CMOS 23.5 13.7 5.0 17.0 0.85 1.053 DC-Current-Path [9] TED'13
& MEMS inductor
Single-In
1.2 @1st-2nd . - .
0.18-um 24 291 45 587 stages 0.969 Differential-Out ThIS: Work
CMOS 0.6 @ 3rd stage CS+Cascode (Simu.)
' g & Active Balun
dissipation of the single-ended LNA and active balun can  NSC 102-2119-M-027-002, and NSC

be minimized. The proposed techniques have been designed
and verified by using 0.18-um RF CMOS process.
According to the simulation results, the gain and dc power
of the proposed single-in differential-out LNA are superior
to that of recently published 24-GHz 0.13-pum and 0.18-um
CMOS LNAs [1]-[9].

ACKNOWLEDGMENT

This work is supported in part by the National Science
Council of Taiwan, R.O.C., under Contract NSC
101-2119-M-027-003, NSC 102-2623-E-027-004-NU,

103-2623-E-027-001-NU. The authors would like to thank
the National Chip Implementation Center (CIC), Hsinchu,
Taiwan, and National Nano Device Laboratories (NDL),
Hsinchu, Taiwan, for technical supports.

REFERENCES

[1] J. F. Yeh, C. Y. Yang, H. C. Kuo, and H. R. Chuang, “A 24-GHz
transformer-based  single-in  differential-out CMOS low-noise
amplifier,” in Proc. IEEE RFIC Symp., 2009, pp. 299-302.

[2] W. H. Cho and S. H. Hsu, “An ultra-low-power 24 GHz low-noise
amplifier using 0.13 Tm CMOS technology,” IEEE Microw. and
Wireless Compon. Lett., vol. 20, no. 12, pp. 681-683, Dec. 2010.

[31 K. W.Yu,Y.L.Lu,D.C.Chang, V. Liang, and M. F. Chang, “K-band

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication Pvt. Ltd.




[4]

[5]

(6]

[71

(8]

[9]

International Journal of Advanced Engineering and Nano Technology (IJAENT)

low-noise amplifiers using 0.18-um CMOS technology,” IEEE Microw.
and Wireless Compon. Lett., vol. 14, no. 3, pp.106-108, Mar. 2004.

S. C. Shin, M. D. Tsai, R. C. Liu, K. Y. Lin, and H. Wang, “A 24-GHz
3.9-dB NF low-noise amplifier using 0.18-['m CMOS,” IEEE Microw.
and Wireless Compon. Lett., vol. 15, no. 7, pp. 448-450, Jul. 2005.

A. Sayag, S. Levin, D. Regev, D. Zfira, S. Shapira, D. Goren, and D.
Ritter, “A 25-GHz 3.3-dB NF low noise amplifier based upon slow wave
transmission lines and the 0.18-11/m CMOS,” in Proc. IEEE RFIC Symp.,
2008, pp.373-376.

C.C.Chen,H. Y. Yang,and Y. S. Lin, “A 21-27-GHz CMOS wideband
LNA with 9.3+/-1.3 dB gain and 103.9+/-8.1 ps group-delay using
standard 0.18-"Tm CMOS technology,” in Radio and Wireless (RWS)
Symp., 2009, pp.586-589.

Y. L. Wei, S. H. Hsu, and J. D. Jin, “A low-power low-noise amplifier
for K-band applications,” IEEE Microw. and Wireless Compon. Lett.,
vol. 19, no. 2, pp.116-118, Feb. 2009.

T. P. Wang, “A low-voltage low-power K-band CMOS LNA using
de-current-path  split technology,” IEEE Microw. and Wireless
Compon. Lett., vol. 20, no. 9, pp.519-521, Sep. 2010.

T.P.Wang, Z. W. Li, and H. Y. Tsai, “Performance Improvement of
0.18-um CMOS microwave amplifier using micromachined suspended
inductors: theory and experiment,” IEEE Transactions on Electron
Devices, vol. 60, no. 5, pp. 1738-1744, May 2013.

ISSN: 2347-6389, Volume-1, Issue-5, April 2014

N
{%\ ENT

i -

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication Pvt. Ltd.




