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Method to Improve the Linearity of Active.l
Commutating Mixers Using Dynamic Current Injection
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Ot LR S L () diilBa 9 pasia 3 Slas J g2

units  This Work (1] [2)** (3] (4] (5] (7] [9] [10]
RF Frequency GHz 0.5-6.5 0.3-12 2.1 2-10 1-55 077 1 5.2 1-10
[F bandwidth GHz 0.3 0.1-1
LO power dBm i - 6 - 0 -5 - -5 0
Conversion gain ~ dB 10 8.8 15 24-9 17.5 17 7 12 3-8
[nput Py dBm 24 -13.2--88 - 4--19  -105 - -15 7 -16--122
[1P3 dBm 9.52 42-08 15  35--12 084 49 4 7- 4
DSB NF dB 13 <48 14 8-23 39 19 14 10.6 8.3-12
RF-IF 1solaton  dB 64 55
LO-TF isolation  dB 59.76 - - - - - - 54 >40)
DC power mW 4.5 24 8 24-18 34.5 56 144 46 8.4
Chip area mm? 0.015* 0.56* - 0.19* 0.315* 089 072 0545 (.28°*
FOM dB 15.22 10.39 1696 1044 1489  15.66 15.77 9.45

* Measured results taken at 2 GHz.
** Simulation results,

* Core area.

samaneh mahmoudian

22



Inductorless Linearization of Low-Power Active.2
Mixers
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TABLE II. PERFORMANCE COMPARISON

Reference (8]* [9]* [10]* [11}# (1§ This Work# J&";‘G:’:‘:ﬂ
Voo [V] 1.2 0.8 1.8 0.8 0.6 0.6 0.6
Bandwidth [GHz] 3.1~106 02~13 22~26 - - - 3.1~10.6
RF [GHz] - - 24 24 24 24 -
IF [MHz] 264 264 30 10 10 10 264
P o [dBm] -3 5 -2 -1 -11 -5 -5
Conversion Gain [dB] 9.8~ 14 9.9 £y 18.7 8.6 9.3 >7.6
NFssp [dB] 17.5~22.6 11.7+3 8.5+3 115 19.2 19.6 <187
P4s [dBm] 24 ~-19 -19 - 21 -13.2 -11.9 >-109
[IP3 [dBm] -11 -10 -14.5 -14.9 6.7 142 >1.0
Power [mW] 1.85 0.88 1.00 0.33 0.423 0.373 0.373
Layout Area [mm’] 0342 0360 02 0.745 0.745 0.0323* 0.0323°
Technology [um] 0.13 0.18 0.18 0.13 0.11 0.13 0.13
FOM™ [dB] 6.33 10.80 2225 20.21 17.19 21.44 14.88

* Measurement results, * post-layout simulation results, * mixer core, * FOM = (Gaingg) + 1IP3(gne = 10 = 2-NFyay)2 - 10-log(Poweryy) from [12]
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Active and Passive Combined Mixer for Low.3
Flicker Noise and Low dc Offset
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esign and Analysis of a Highly Efficient Linearized CMOS .4
Subharmonic Mixer for Zero and Low-IF Applications
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INATIPI VN S M| [ VO PR SR VOR PR U Y-
Ot SRS L O detllia 9 i 4
Parameter Proposed SHM (This Work) Conventional SHM JSSC | ICCSN | TMTT | TCAS-I | TMTT | ISCAS | VLSI
2007 2011 2012 2012 2013 2014 2015
'With Lg 'WithLs | *W/OLs | WithLs | W/OLg 28] (18] [27] [32] [31] [33] [34]
Technology 0.18um 0.18um 0.18um 0.18um 0.18um | 0.18um | 0.25um [ 0.13um 90nm 0.13um | 0.18um | 90nm
RF (GHz) 24 24 24 24 24 5.2 24 8.65 32 1.2 24 24
IF (MHz) 10 10 10 10 10 20 N/A 20 10 N/A N/A 10
[1P2 (dBm) +88 t78 t77 60 £55.5 +45.9 N/A +27.5 48 N/A N/A t74.2
IIP3 (dBm) -0.1 +3.1 +9 0.1 4.8 +2.8 +8 -8 +4 0 +9 +15.7
Ge (dB) 8.5 8.5 6.7 13 6.7 13.5 10 6 12 8.8 5 9.8
Pro (dBm) 24 24 24 24 24 N/A N/A -33 -5 N/A N/A 5
Ppc (mW) 4.6 4.6 4.6 3.85 3.85 13.6 8 0.6 4.6 24 17 58
Vo (V) 1.6 1.6 1.6 1.6 1.6 1 2.5 0.6 1 0.9 1.8 1.2
NF (dB) 13.8 143 17 12.2 15.5 17 6.2 159 10.6 4.8 27 15
FOM 21.5 17.6 16 11.35 03 N/A N/A 24 144 N/A N/A 17.5
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Freq. 11P3 P2 cG NF Pow. Tech.

Ref. (GHz) (dBm) (dBm) (dB) (dB) (mW) (nm) KoM
Prop. 2.4 +15.7 +742 98 15 5.8 90 -15.6
Conv. 2.4 +1.6 +57.8 98 15 3.8 90 -20.9
[10] 2.1 +15 +93 15 14 8 180 -15.6
[13] 2.4 +17.1 +46  22.1 13.2 4 90 4.6
[19] 2.1 +6 +80 12 17.5 6 65 -21.3
2 1.9 -10.5 +51 31.5 3.5 11.2 90 -7.26
271 2.4 +1 N/A 15.7 129 8.1 180 212
281 2.1 +9 +78 16 18.5 7.2 180 -21.6
[29] 2.14 -5.5 +51.5 26.5 3.1 5.4 180 -5.71
[30] 2.4 -16.3 +46.7 92 623 297 90 -19.5
1147 0.9 +11.8 +17.6 15 10.1 19.6 160 -15.9
By %L o+ o wna 22 %% 104 180 o195
1327 5.2 -16 N/A 14.5 8 2:1 180 -14.7
337 5.2 -5 +52 16.2 9.8 7 180 -20.2
34 2.4 +4.4 N/A 11.4 11.2 9 130 -19.6
351 5.2 -6 N/A 4.5 16 3.2 180 -26.8

"Measurement result "LNA+Mixer By considering Max. of conversion-
gain and Min. of NF  Measurement result + receiver
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A Flicker Noise/IM3 Cancellation Technique for .6
Active Mixer Using Negative Impedance
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P RS

G 99 ) Ab al W el b J g

L 4

(MixerNF s MixerD) 433 4< s

Chipname | W/L [um] | WL {um] | W/L[um] [ WL{pm] | R | C | Vi

(M/My) | (My) (M) (M) 0 | [pF] | (V]
MixerD | 10000.16 | 800.16 | 800.16 | 1040.16 | 250 | 12 | 18
MixerNF | 108016 | 720.16 | 680.18 | 680.18 | 250 | 08 | 12
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~

Darabi[1] Yoon[2] Park[4] Pullela[3] This
work
CMOS 0.13pum 0.13um 0.18um 0.13pum 0.16pm
Vb [V] 1.2 1.5 1.8 27 1.8
Freq [GHZz] 2 2.4 5.2 1.96 0.9
Inductor Number 0 1 2 0 0
Flicker NF reduction [dB] 7@10kHz 7.5@10kHz 7@ 10kHz 9.5@10kHz 9@ 1kH
7.
Flicker NF w/0o cancelling 21.8 37 27 18 20
@10kHz w/ cancelling 14 29 20 8.5 13
[dB]
Gain Improvement 0.5 1.3 6 2 5
dB]
Gain |dB] w/o cancelling 0] 10.1 9.3 5 12.3
w/ cancelling 0.5 11.4 16.2 7 17.6
Thermal NF changes* [dB] 0O O 0 -2 +0.1
Thermal NF w/0o cancelling 12 7.57 10 8.5 10
@10MHz [dB] 7 cancelling 12 T 10 6.5 10.1
ITP3 improvement [dB] 0 1.6 0 1 10
11P3 [dBm] w/o cancelling 10.5 3.8 -4 1 1.8
w/ cancelling 10.5 4.4 -5 2 11.8
Bias current increases 0% 0% 0% N/A 16%
Bias current w/0o cancelling 2 6 3.9 3 9.2
[A] w/ cancelling 2 6 3.9 3 10.9

* “+” for NF increases and “—” for NF decreases.
# This NF is measured at 100MHz
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dB Improvement in the IIP3 of a CMOS Active 14+ .7
Mixer Through Distortion Cancellation
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bl J g

Metric/parameter value units
RF frequency 1.0 GHz
LO frequency 0.8 GHz
Chip core area 0.1 mm?=
CMOS node 130 nm
11Ps -9 dBm baseline mixer
5 dBm dist. cancelling mixer
+14 dB change
Conversion gain s B By g dB baseline mixer
11 dB dist. cancelling mixer
-0.7 dB change
DC power consumption 18 mW baseline mixer
20.4 mW dist. cancelling mixer

+2.4 mW change
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Exploiting A Wideband Merged CMOS Active Mixer .8
Noise Cancellation and Linearity Enhancement
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A Broadband Low-Power Millimeter-Wave CMOS .9
Down-conversion Mixer With Improved Linearity
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An Improved High Linearity Active CMOS .10
Mixer: Design and Volterra Series Analysis
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Ot SRS L () Al 9 puiSia gl (J g2

REF This [7] [9] [15] [21]
Work
Process 0.18um 65nm 0.18um 0.18um = 0.18um

Frequency(GHz) 2.1 2.1 2.1 24 2.4

IIP2 (dBm) +93 +90 +82 N/A N/A
IIP3 (dBm) +15 +6 +10 +15 +9
Power (mW) 8 6 7.2 14.8 5.4
Gain (dB) 15 12 16 11 16.5
NF (dB) 14 17.5 18.5 13.8 14.2
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