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/ Abstract \

This presentation proposes a high frequency tunable oscillator (TO). It
first employs sub-harmonic injection-locked digitally controlled ring
oscillator (SILDRO) to obtain low phase noise high frequency fixed
reference. Delta-sigma modulator (AXM) is then applied to obtain phase
interpolation between the multi-phase outputs of the SILDRO to achieve
fine frequency tuning. This method enables the creation of low phase
noise tunable high frequency reference. Cascade the designed TO with
subsequent integer-N PLL can form a high performance fractional-N
synthesizer.
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Circuit Implementation

: Current DAC_N

[Marker 2 A 0.000000000 Hz

Carrier Freq: 599.990009 MHz

—— T1rig: FreeRun

Measurement Results

GND

Noise Cancellation: Off

ai w #Atten: 6 dB Signal Tracking: On

CKro
]

. 3

[Center Freq 547.822375 MHz

arrier Freq: 547.822375 MHz

—»— Trig: FreeRun

,T; T _J SILDRO
Pulse Gen.
1= AN >\ £ 16:1 | CKro
T ) +/ > - 2 ) - 3 3< 16 MUX
X0 | /
Ref. Vv Wy Wv AL |
Buffer > To —>) T<7:0>
1= 1 ) E':l
- - 16 1
N
High Speed AZM Phase Rotator
1st order 1st order 2nd order . - _
ZAM TAM N HEEE A -® g
=47 =@ Eg
o _ 44 ©
FCWirac ‘ = 4
|
I
FCWint
'CumentbACP " wop .
i H | frser[0] 4
. Doo—
|,,<o>-||:|x2 E |,,<1>-||:lx2 <2>[ x4 oo 1,<105 x1024iVDD-|I: injpA [ 014
A At —— I —
H GND-II: GND-Il: foseL[1] 4
A ®10—
INC |_I OgT fnsel[1] 4 /
b 2Y —
[ € 4 .
IN |_| oUT+ : s
vo[ voo4] B
__________________________ feseL[15]4
: | D150
n<0>[x1 ! <t>H[Lx1 <> x2 eee n<t0>-{[] x512 | N[ GND{ fiseu15H
i | R
|

matching

oscillator
applied

multiplexer

ellation: Oft  [Center Freq 547.821890 MHz |
PNO: Close (50 111g: F n

Fully phase re-alignment
achieved in SILDRO

15t order noise shaping
with 2nd order AXM

Phase rotator provides
iInherent dynamic element

Additional delay to prove
correct interpolation

Digitally controlled ring
Mismatch filter resistor

Tri-state inverter based

<

arrier Power 6.99 dBm

-15.68dB

2A1

P SILPRO]

 fme=50MHz

SPTRRIHWRTEm b L LU S N 1
) M %."f'f‘“ur' e jJ‘% AL : ! 621 f‘<,> | | 1 | | O I
T g, T f 6B | M
v ‘I“”-M]%%kﬁ"{wﬂ AP T

. 100MHz XO

Phase noise (dBc/Hz)

.

-115

-118

121

-124

127

-130

Phase noise of XO and SILDRO

A

375 425 475 525 575 625

Output Frequency (MHz)

Signal Tracking: On
Mkr3 1.00 MHZ
-125.86dBc/Hz

| fF20MHz |

[y

o L A
AL

ol | el

ei" Néisre S‘hapln
100 M
UNCTION FUNCTION WIDTH FUNCTION VALUE

;

1%gBldiv Ref 4.05 dBm

Mkr3 547.821 66 MHz
-6.53 dBm

A \ﬂﬁf
‘.\ [; ‘;

i

\\]NFJW 75;3":"
vl MRV
ve ol

| fusi=~0.23kHz

A Wil A N
N L S ALTAN L
b { (Y AR :1'."‘.
i

==100kHz
~*=1MHz

675

Phase noise Versus Output frequency

@ different offsets

Phase noise (dBc/Hz) @ 100kHz

Phase noise of TO @ 547.8 MHz

-105

-110

-115

-120

-125

-130

-135

375

I I

425

475 525 575

625

Output Frequency (MHz)

Phase noise @ 100kHz Versus
Output frequency for 7 chips

Hz Center 547.821890 MHz
Res BW 91 Hz

VBW 91 Hz

Span 10.00 kHz

Frequehcy resolution @ 547.8 MHz

1.25 mm

Sweep (FFT) ~21.67 ms (1001 pts)

675

SPI
+

AEM

Phase Rotator
Die Photo

SILDRO

ww /60

MUX+
Decoder

/

EST, University of Science and Technology of China

390-640MHz Tunable Oscillator Based on Phase Interpolation with -120dBc/Hz In-Band Noise
Xu Meng’ 2, Lianhong Zhou', Fujiang Lin?, Chun-Huat Heng’
2D

/

Benchmarking

References

.

D. Jee Blank P. Park
JSSC ESSCIRC ISSCC This work
Nov. 2013 2012 2012
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ILO Interpolation
Reference Frequency _
(MH2) 32 32~40 32 100
Output Frfgﬁg‘cy Range | e6~1.26 | 0.133~0.96 | 0.58 0.39~0.64
Frequency Resolution ~0.12kHz 30Hz 1MHz ~0.2kHz
Oscillator Type Ring LC Ring Ring
In-band Ph?_lsze) Noise (dBc/ <-100 100 100 <-120
Area (mm?) 0.31 2.08 0.1575 0.257
Power (mW) 16.8 15 10.5 6.3
FOM, (dB) 147.8 169 159.1 172.6
FOM, (dB) -220.70 -226 -217.3 -234.2*
*Integrate till 1MHz assuming phase noise suppression beyond 1MHz by subsequent PLL
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