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Microwave baluns

To a test device

To a mixer
Signal
enerator
LNA Balun 9
Wireless receivers Experiment or measurement

B Baluns are used for single-ended/differential conversion
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Balun trade-offs

v" Gain deviation v’ Many Inductors
v’ Phase deviation v" Transmission lines

1. Gain and phase deviations increase at high frequencies

2. Inductors or transmission lines (T-lines) increase chip-areas

Tokyo University of Science, Umeda Laboratory
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Gain and phase deviations

b ® Gain deviation
-
Phase deviation

B Gain and phase deviations increase at high frequencies

B Due to the large immittance of parasitic elements

B Due to process variations
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M PCCT (Magnitude and Phase Concurrent Correction Technique[1])

iol i02

p— —oV . Vo) O—¢
ol Positive feedback 02

B; X B;
Correction %—'—/”:»m Ms:“«k—%
B

circuit Q | | @
Negative feedback

Mstl—++ ++—||:ims

- + =

= Balun-A =

L tnput Block diagram of the correction circuit

B Correction circuit reduces the deviations
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M PCCT (Magnitude and Phase Concurrent Correction Technique[1])

11/1
Vo1 = 5 [(Z + ﬁr?) lo1 — .Bp_ ioZ] (1)

Vo2 = _% [ﬁgiol o (% + ,8;1_) ioZ] (2)

X 6 Is a constant coefficient

B When G + ﬁn) = B, » deviations are perfectly corrected

B but the loop gain of the positive feedback becomes one,
which causes a stability problem&)

B This work clarifies the relation between CMRR and stability!
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CMRR of the MPCCT

BFromeq. (1) and (2)

1 _ : 1 ~\
Vo1 + Vo2 1 (Z‘l'.gn_.B[-)I_)lol-"(z-"ﬁr-ll__ﬁp)loz
VUcom = 5 =g' 5 ) (3)
l+ﬁ‘+ﬁ+ io1 — 1+ﬁ++ﬁ— i
_”01—”02_1 A n P ol A n P 02 (4)
Vait =5 = 5" 2 '

-> MPCCT makes v.,,, smaller compared with vg;.

1
71 bn Tt 1+ /A 2, _
B CMRR :111 Pn + Py — A1°°p, loop = (ii‘; ) is the loop gain
1—./ . Pn
A1 Bn—Fp loop of the positive feedback
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CMRR vs. Gain margin

N
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CMRR (dB)
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B Reducing the gain margin improves the CMRR
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CMRR vs. Gain margin

N
o
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CMRR (dB)
S =
o Ul
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B The CMRR is limited up to 15 dB for stability in practice
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Balun trade-offs

M

v’ Many Inductors
v" Transmission lines

1.

2. Inductors or transmission lines (T-lines) increase chip-areas
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Inductive peaking

Series peaking Shunt peaking T-coil peaking

:U
000‘—\NV‘—I

000

o, L °—Il_JlI

GBWSs x1.41 x1.83 x2.85

B Inductor or T-lines are used for bandwidth enhancement

B Inductive components occupy large chip-area
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Active peaking technique (APT)

S. Galal et al., J.SSC, 38(12), 2003.

é R, AGain

L.
\| ~ Negative feedback
IN 0_3 P sz oOO0OUT ---‘ ------ ~y
LS
~ 1
e .
-G, ¢ . ‘\
Positive feedback ¥,
Frequency

B Low freq. > No phase delay - Negative feedback

B High freq. = C; and C, delay the phase = Positive feedback
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Proposed APT

Positive feedback

";f—»”__.iM4 MG;:IIGX—" E > (W
N S g
Negative feedback

M:E|—» c, ‘TlELMS _/— Ga + 2Cys

11 J
Po = 9me " (4 G + 2Cns

+ —_—
Balun-A

1
(Gme + Ga) + 2Cys

Bn = 9msImse *

6| (dB)

By (dB)

> ()

W; Wp

& Input

B (Cy weaken S, and strengthen g, at high frequencies

B (Cy improves not only GBWSs but also CMRR!!
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Design example

R, 110 Q

R, R R 55Q
= L= M1 - M6 24 um/0.18 ym
M7 - M10 64 um/ 0.18 um

—OOUT— OouT+ o—¢ Cy 52 F

Voo 22V

>< A 1.0V

0—| I__;M4 M6;—_| |—0 Voo Voo
OUTP OUTN
MBH I—0 IC"I‘ "—l IjleIS (Port2) (Port3)

= = O— M7

- - OouT— —>[
|

M8r_
2 _l—E o

IN (Portl) =
(a) Proposed active balun (b) Output buffer

B Balun-A consists of a current mirror

B OQutput buffer improves the loop-gain R,
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Layout design

&=~ 76 pPMmX76 pm

B Core area = 0.0058 mm?* (Tiny!!)

B Symmetric layout using point symmetric cross-couples
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Pre-layout simulation

Loop-cut
Vb Voo

RL RL
ouT— ouT+

VDD

R,
%ggg;g, Port3

VDD
X
loop-cut I__;M4 MG;—_“%I)ip-CUt P0rt2 (ggl:{;)
T T oot e i,
M3 |— Cn —| M5 DC bias is fed ve o] 1. v
1 | 1 using voltage source n ol | I
M 1J;l F_I_{ EMZ (lj) Output buff:r

Por£1
B To clarify Cy effects, the balun was parametrically simulated

B Loop-cut circuit was also simulated to assess GBW enhancement
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Conversion gain S,,

4} ~——~ w/oactive peaking (loop-cut) S
— w/ active peaking (proposed) N

0 1 2 3 4 5 6 7 8 9 10
Frequency (GHz)

B Gain is decreased at Low freq. and increased at high freq.

B GBW is enhanced by 39% (Series peaking comparable!)
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CMRR vs. Loop gain

CMRR (dB)
Loop gain (dB)

0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Frequency (GHz) Frequency (GHz)

B Larger Cy improves the CMRR at high frequencies

B Larger Cy worsens the gain margin of the positive feedback
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Post-layout simulation

MOSFETs |, B
Roc  Cos | Cos R Wt g3 Lo 2 0nm
Go—W—HK—'\T@— B S LR
wiF SResiom CF| | ROHMLIB PAD_GSG
_W_I |_»W\,_ ) { Frequency range : DC - 67GHz
[ RF-pads
The internal wiring ..
was extracted with EMX bl T-lines: RLGC table

B Proposed balun was carefully simulated to predict losses

B Simulation includes almost all the parasitic elements
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Simulated S-parameters

5
O_
% =5t g —Szl_J
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B Gain = -0.4 dB, bandwidth = 8.9 GHz

B Return losses are better than 9 dB across the bandwidth
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Simulated deviations

0.02 180.6
_ 0.01F -180.53
A 0.00} >
et 118042
£ -0.01f g
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o 00 18025
5 —0.04} Q
© {180.1 £

0.05 >

B R B e S T

Frequency (GHz)
B Gain deviation = 0.04 dB, Phase deviation = 0.5°

B These results do not include process variations
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Comparison table

This work [2] MWCL [1] A-SSCC [3] MWCL [5] MOTL
(Simulated) 2009 2012 2016 2018
Technology 180 nm CMOS | 130 nm CMOS 65 nm CMOS | 180 nm BiCMOS | 65 nm CMOS
Inductors or T-lines Un-used Used Used Used Un-used
Core area (mm?) 0.0058 0.37% 0.26 0.11% 0.0091
Bandwidth (GHz) DC-8.9 2-40 53-65 DC-50 1-1.12
Gain deviation (dB) 0.04 0.5 0.36 1 1.4
Phase deviation 0.5° 10° 2.2° 10° 3.5°
Gain (dB) -0.4 1 6.1 -0.8 4
IP1dB (dBm) 0.2 -5 N/A -0.5 N/A
[1P3 (dBm) 12 N/A N/A 7 N/A
Power (mW) 63.8 40 11.6 14.4 2.6

B Low deviations and broad bandwidth with a small core area !
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Conclusion

BTrade-offs: accuracy © speed ¢ area

B This work:
v'Clarify the relation between CMRR and stability in the MPCCT
v'Feedback loops in the MPCCT are available for the APT
v'Additional capacitor improves not only GBWs but also CMRR

BResults:

v'Low deviations, broad bandwidth, and tiny core area
CMRR > 45 dB DC - 8.9 GHz 0.0058 mm?

-> The proposed balun resolves the trade-offs.
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Why did you use a current mirror?

Voo Voo ®)DC currents of the M1 to M6
rRL R, are biased at same value,
and it reduce the deviations
©Output DC voltage is 2Vge —> [°°T ouT* o1
;Which ensure that all MOSFETs >< e
operate in the saturation region ) I:M4 MG:“—. Voo Voo
VGS R Ri>
1 e B N ey PR )
E 0—| I—o Il UTO_ M7 M8 _O?JT
Vs G\ | [ *

er__l |—4 I'_fLMZ Ve 11 Ly, v
T / T BalnA | wm™o9 \/ M0 —T
= = DS _E—

IN (Portl) = =
A) Proposed ﬁve balun (b) Output buffer

& DC supply is not required ,which enable
the balun to operate with a single power supply ® Impedance matching is realized

without using a resistor
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Why not a differential pair?

e % &) DC currents of the M5 and M6
=R, RL;, are not the same value
$—o0UT— out+ o— (The same holds for the M3 and M4)
& Inconsistent of Vpc may causes y X

the linear region operation ' GS| v M6:||£. Voo
\ y ; .
Mgij |—:' CI NI ':—l Q’IS (Port2) M
5

7 M —O

Balun-A - = ouT ouT+

IN I;MlTVDS M2‘j|—| yls__ —IMQ MlOL JVB_
®&A resistor is required ___, 1 1V _L_

for impedance matching b TVDS )

:M11‘

o1 bi rod & A Tail current source wastes supply voltage
00 many biases are require
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Why not a 2-stage CS amplifier?

& A resistor is required
for impedance matching

_I??

&) DC bias is required
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Balun-A

Ilez

——
s Ij |—_|C|_—||Il

&) DC currents of the M5 and M6
are not the same value
(The same holds for the M3 and M4)

<

DD

R R,

OUTP OUTN
M5 (Port2) (Port3)
o—] 7 M —o0
ouT— OUT+

aeNmeln

VB VB

M10

L T s

.||—$

&) A coupling capacitor is required
for same bias current of the M1 and M2




