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A 340 GHz fully integrated transmitter for high-speed wireless communications
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Abstract: A 340 GHz 4-way fully integrated phased array transmitter using 0.13 um SiGe Bipolar
Complementary Metal Oxide Semiconductor(BiCMOS) technology is presented. The chip integrates a
21.25 GHz Phase-Locked Loop(PLL) synthesizer source, a quadrupler together with a 1:4 Wilkinson
network, power amplifiers, analog phase shifters, 20 Gbhps OOK modulators, and a 2x2 on-chip antenna
array in each channel. The phased array transmitter are measured and analyzed. The phase array beam
scanning capability, 3 dB lobe width, and system Effective Isotropic Radiated Power(EIRP) of + 12°,10°
and 12 dBm in FE-plane are obtained, respectively. The chip size of the fully integrated phased array
transmitter is 8§ mmx4.3 mm.

Key words: phased arrays; silicon substrates; terahertz; transmitters; on-chip antennas

K% (0.1 THz~10 THz) A 5 B4 2 8 1 1 JC 2638 1 R 40 b A S ge o 4. R 2105 % 8 13 300 GHz,

E A% AT R B AR S IR KA S, XK R R EE S R G R SEEk, AN e R R Yk Tk
(Complementary Metal Oxide Semiconductor, CMOS)Hl SiGe BiCMOS £ il Hi % (Integrated Circuit, 1C)T. 25 i T H:
o I R RN AR SR i O & R I E KRB 1, BFSE N G ) TR RE JE T2 R T B ARk R e B
(Monolithic Microwave Integrated Circuit, MMIC), HHiEFr T4 H Bl — 2o 2R . KOk 28 00 B 48 iAH 48 4 19
FIEARIE ), SCHR[71R 0 —Ff 0.13 pm SiGe BiCMOS T2 ¥ T W i Be A9 M4 M & ST ML A, 08 A 2%
KL 4 22 G A BB FORA SR 1 B2 22 W 43 AR RN [R) &, 76 SCHR[4) 1, fEE A CMOS T2 &1t 7 —Fh T/
TE 0.28 THz MR A A28, LM T RFR A TIHE. Yahya Tousi #1 Ehsan Afshari % AR A 60 nm CMOS T
ST T 338 GHz WY KB 25 M P B R 41 SR, [ 9 A0 5 T A ol 2% A0 BE M 458 4 2 4 14 SCR 1 38 B0 AR TH - 43
AR ASCHIZE 0.34 THz S fE RGN SEPRN H, RAEER T 28 7SR L VLRSS A

1 RGN

AT R E G R FILRGE S A WERLE 1, 0% N 21.25 GHz W 8iHA (PLL) R 48
WKisHHE: 2014-10-22; fEEIHHE: 2014-11-20




w2 IBINFR % :0.34 THz 5538 T 4815 & SHHLE F g it 199

AT 4 54 85 GHz M RIE, it el
Wilkinson 373 W 4% F= 4 4 815 5 .4 1% 85 GHz amplifier L

(CERE S EZPo I i N NI ERCE S
Pt ae A%, P30 I e o A% R 4 A% AT As 7 AR

0.34 THz JEHI(E5 . BULURS HH 28 9 AT 9 5 F + 1
KF 90°, LIfEREZ i 4 BB 25T mod.&x4
0.34 THz #RALF= A 360° YRS AHTL . h T 21.25 GHz ‘=

W G 4 22 B A A B e T R A R G 43 A ROV
0.34 THz JH§I{5 5 B ad B 380K 26 1 %5 1]
Lg e

on-chip synthesizer

v
mod.&x4 {ant.

2 HEIEIT

90° phase shifter

modulator
. B Fig.1 Architecture of the integrated terahertz phased array transmitter
% 4 BEARPERE R STHLE AR 0.13 pm P 1 Kb 2 AR I S LR EE )

SiGe BiCMOS T. 2., i T. 24t 7 2 &8 )2,
Hy B 2 RRE&EZ . Fifz T2 b 340 2 Fh 5 545 WU & /& 4 (Heterojunction Bipolar Transistor, HBT), 4
A s e AR 2 R4S (250 GHz f1/1.7 V BV ego); AR i i % H3 R 45 (45 GHz f7 /3.5 V BVgo) o

PLL Sl 454 7% 10 I BAE ] L 8] 2, f14% 21.25 GHz FE ¥ 4% 3% %% (Voltage Controlled Oscillator, VCO). 1/256
AR . KA Y A %% (Phase Frequency Detector, PFD) . Hi faj %% (Charge Pump, CP)LL M K18 3E I &% (Low Pass Filter,
LPF).

0
frer UP low pass filter
PFD | pN.| CP H4—1—MW——s VCO doubler
IR N
: C, 1 G : lfom
1 1 :
= G, - 1 i o]
: :I: f(iw‘ Jourx g -20
l\~ = /l i
©
’/ __________________________________ \\
. -30
| 32 diff to -8 !
| single H
| 1
\  5-stage TSPCs 3-stage CMLs j
N 7 — 1 1 1 1 1
- . 4% 20 40 60 80 100
frequency divider chain fIGHz
Fig.2 Schematic of the frequency synthesizer Fig.3 S-parameters of the W-band quadrupler
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Fig.4 S-parameters of the W-band amplifier
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Fig.6 Measured tuning range of the proposed phase shifter Fig.7 Measured input/output return losses of the modulator
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Fig.9 Return loss and gain of the proposed 2x2 antenna array
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Fig.10 Patterns in E-plane of the 4-way fully integrated
phased array transmitter
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