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Abstract

Next generation 5G wireless mobile communications systems aim to address the
increased demands for high data rates by utilizing the large bandwidths available at
mmWave frequencies such as the 26 GHz band (24.25 — 27.5 GHz). Directive commu-
nications using highly directive beams will become proliferated at these frequencies
in order to overcome the increased path loss at mmWave frequencies. Beamform-
ing technology is poised to find widespread adoption for directive communications.
Beamforming transceivers require frequency translation from high frequencies to
baseband and vice-versa. The frequency translation is performed using mixers and
frequency synthesizers. In this thesis, the design of high linearity downconversion
mixers suitable for 5G (26 GHz) beamforming receivers is investigated. The design
of frequency synthesizers that provide the LO signal for mixers and are required
for frequency translation in transceivers is also investigated. The building blocks
for an integer-N 4th order type-II PLL is designed for 26 GHz 5G frequency syn-
thesis applications. The designs are realized using [HP’s 0.13 pm SiGe BiCMOS
technology.

The presented high linearity Gilbert-cell active downconversion mixer is fully
integrated with power combiners and baluns and hence is suitable for beamforming
applications. The mixer achieves an input 1-dB compression level of up to 2.6 dBm
while featuring a low conversion loss of 2.5 dB. The mixer consumes 19 mW dc power
and occupies an area of 3.18 mm?. The proposed bias decoupled cross coupled HBT
VCO for the PLL is simulated to have a phase noise of -116 dBc/Hz @ 1 MHz offset
from a 10.5 GHz carrier while achieving a tuning range of 19% from 9.4 GHz to 11.4
GHz. The PLL has a simulated phase noise of -98 dBc/Hz @ 1MHz offset from a
10.5 GHz carrier and an estimated RMS phase jitter of 301 fs.
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Anahtar Kelimeler: Hiizmeleyici. 5G, SiGe BiCMOS, Asagi Donitigiim Karigtiricr,
Voltaj Kontrollii Osilator, Faz Kilitlemeli Dongti, Entegre Devre

(")zet

Yeni nesil 5G kablosuz mobil iletisim sistemleri, 26 GHz bandi (24.25 - 27.5 GHz)
gibi milimetre-dalga frekanslarinda bulunan genis bantlarini kullanarak yiiksek veri
hizlar1 i¢in artan talepleri kargilamay1 amacglamaktadir. Milimetre-dalga frekanslar-
inda artan yol kaybinin tistesinden gelmek igin yiiksek diizeyde yonlendirici 1ginlar
kullanan yonlendirmeli iletisimler bu frekanslarda ¢ogalacaktir. Hiizmeleme teknolo-
jisi, yonlendirici iletigimler i¢in yaygin bir sekilde benimsenmeye hazirlaniyor. Hiiz-
meleyici alici-vericiler, ytiksek frekanslardan temel banda ve tersi yonde frekans
cevrimi gerektirir. Frekans cevirisi, frekans karigtirici ve sentezleyiciler kullanilarak
gergeklegtirilic. Bu tezde, 5G (26 GHz) hiizmeleyici ahcilar i¢in uygun yiiksek
dogrusallik agagi doniigsiim karigtiricilarin tasarimi incelenmistir. Karigtiriciler igin
LO sinyali saglayan ve alici-vericilerde frekans 6teleme i¢in gerekli olan frekans sente-
zleyicilerin tasarimi da incelenmigtir. Bir tam sayi-N 4. derece tip-1I Faz Kilitlemeli
Dongii igin yapi taglarl, 26 GHz 5G frekans sentezi uygulamalar igin tasarlanmistir.
Tasarimlar, IHP'nin 0,13 pm SiGe BiCMOS teknolojisi kullanilarak gerceklestirilir.

Sunulan yiiksek dogrusallik Gilbert- hiicreli aktif agagi doniistiirme karistirici,
gli¢ birlestiriciler ve balunlarla tamamen entegredir ve bu nedenle hiizmeleme uygu-
lamalari i¢cin uygundur. Karigtiricr 2,5 dB’lik diisiik bir doniigiim kaybina sahipken,
2,6 dBm’ye kadar 1 dB’lik girig sikigtirma seviyesine ulagir. Karigtirici 19 mW dc
giic tiiketir ve 3,18 mm?’lik bir alani kaplar. Faz Kilitlemeli Dongii icin énerilen
besleme ayrigtirilmig ¢apraz bagh HBT VKO, 9,4 GHz'den 11,4 GHz’e %19’luk bir
ayar araligi elde ederken, 10,5 GHz'lik bir tasiyicidan -116 dBc/Hz @ 1 MHz ofset

faz giiriiltiisiine sahip olacak sekilde simiile edilmigtir.
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