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 Material characterization at THz
* High-performance electronics

 Ultra-low phase noise :
10° @ 4 THz - lJitter 7 fs

e Ultra-wideband: > 30 %
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onimMSsS Phase-Locked Loop
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* Phase-Locked Loop (PLL) combines advantages of XO and VCO
* Phase-Frequency Detector (PFD) compares signals

* PFD requirements:
— High input frequency

Low phase noise X0y, f Vot V, VCO
()= HPFD = LF =~ VpLL
— High linearity W r
IN
N
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o2 IMS Outline
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* Motivation

* Architecture
* Circuit Design
* Realization

* Results

* Conclusion
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* Fy/, divide-by-2 = unambiguously range: O < Ap < 2m
» XOR based phase detector (PD) = high linearity

* F5,, frequency detector (FD) -> force V,, to high/low
R6 QF4
Vief>— ﬂ‘_*—>F—| —+F3
9D Q -D_Qrt
pulse 1 —1 bPl >1 V
shaper I ~ & - out
9D Q D Q= output
Vi »— ﬂ— ~Fo ~Fy stage
1 2o
[ | *F3 core
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o IMS Realization
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* Implemented in
Infineon B11HFC

* SiGe:C HBTs with
f/T o = 250/370 GHz
* Power supply
Ve =3.3V
—lec =43 MA
* Occupied area: 150 x 430 pm=2
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—fef=0.1 GHZ — frof=2 GHz —f-of =6 GHz —fof = 10 GHz

* Operation range A¢ ~fof= 1GHz —figf=4 GHz —frof = 8 GHz
decreases with f S 0al ~ o
~ 0.6 < 7
Ed To,xnor & 25 ps § 0.4 S 6 K
. o 0.2 O 2 1 0
* Operation range g 0 o 0f/ iRy
5 02 2 -2 %
0.5m<Ap <1.5m - -g.g- 5 -g- ﬂr |
g U070 N s a
fref,max = 10 GHZ g _O_'? f :’f,.' | freff | — _'8' ™ freff |
0 05 1 15 2 0 05 1 15 2
Phase diff. Ap (11 rad) Phase diff. Ap (11 rad)
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o IMS RMS Linearity Error
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. ‘© 2400 ——
 Measured (solid)and s 54go/[ Pin=-10dBm
: = —Pj,= 0dB
simulated (dashed) 218001 i
(@]
* Marginal influence 5
. ]
of input power c 600~
—> proper shapers S Tl anERanil IR
4 8 9 10
i 10 10 10
* RMS error (xrmS' Input frequency f.qf (Hz)
— <600 ppm for f < 2 GHz

— Moderate increase up to 8 GHz
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. N -120 e
- Measured (solid)and I 130 ety =1 GHz — frey =4 Gz |
simulated (dashed) S a0 T N
)
* Noise floor 4 -150}
L ~-163 dBc/Hz 138 <\
for f.e¢y = 1 GHz @ 10 AT
= 107 10° 104 10° 10° 10’

* Flicker noise corner
f1 s~ 13 kHz

e Spurs due to baseband measurement

Offset frequency f,5 (HZ)
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* Phase-Frequency Detector for high performance PLL
 Maximum input frequency 10 GHz for 0.5 < A¢p < 1.51
* Low linearity error < 600 ppm for input < 2 GHz

* Low additive phase noise -163 dBc/Hz at 1 GHz input

T 2400 : : T 1201 e
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