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B QPSK = 3.52Gbps/ch

B 16QAM = 7.04Gbps/ch

B 640AM = 10.56Gbps/ch (not reported yet)

B 5 R iRARDERERE
ILE18 : 58.32-64.80 GHz
{BEGIEHE S :-96dBc/Hz@1MHz for 64QAM

. 2.16 GHz |

240 1.76 GH 120
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62 63 65 66
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from IEEE802.11ad/WiGig
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TOKyO TIEECH
60 Y
\
50 \
switched capacitor“
40

g 30
20
10

Frequency [GHz]

® 60GHzZHETIEERENRICKYQIEMHIE
(Qc < 10 @ 60GHz)
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60GHz = Rl F iR as 4

TOKyO TIECH

*K. Okada, et al., ISSCC 2011
36/40MHz ref. 20GHz PLL 60GH7 OIL O

SO
58,59,60 : 59.40GHz

60.48GHz
61.56GHz

. 62.64GHz
20GHz PLL: 64mW o3 720y

60GHz QILO: 18mW(TX)&15mW(RX)  64.80GHz
QILO frequency range: 58-66GHz
Phase noise improvement by injection locking*
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TOKyO TIECH
Ref SEC‘F Frequency |Phase Noise Features Power
' (MHz.) (GH2z2) @1MHz (mW)

(1] 100 | 57.0-66.0 | -75dBc/Hz Direct 60GHz QPLL 78
2] | 203.2 | 59.6-64.0 | -92dBc/Hz 30GHz PLL + hybrid 76
3] 100 | 56.4-63.4 | -90dBc/Hz 60GHz AD-PLL 48

Sub-harmonic Injection

This[4] 36 | 58.1-65.0 | -96dBC/HZ | soarm o1 460t N0 | 72
- Sub-harmonic Injection

This[5] 36/40 | 58-66 | -97dBC/HZ | soarm ot 4 60cks i 0| 79
This | 36/40 | 58.3-65.4 | -95dBc/Hz | oacarmome injection | a3

20GHz PLL + 60GHz QILO

{5 #):60GHZ B £ F v R IL6AQAMEEF RIS

[1] K. Scheir, et al., ISSCC 2009 [2] C. Marcu, et al., JISSC 2009 [3] W. Wu, et al., ISSCC 2013
[4] W. Deng, et al., JSSC 2013 [5] K. Okada, et al., ISSCC 2014
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20GHz VCO /7

Tail Feedback

f ﬂl(/ﬂ =L I'I—

ing Excellen

VDD

s
S

Output Voltage

Impulse
Sensitivity
Function

A

ﬂﬂﬂﬂ
-JUUUL

—J
Tail Current

@ # EII_.\I

— Tail Feedback

Conventional

REDOEWRAULTERESES

RsE-

107dBc/Hz@1MHz EEEJZ\

*K. Okada, et al., JSSC 2011
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TOKyO TIECH

— WI/O Tail FB
W. Tail FB

Phase Noise (dBc/Hz)

1K 10K 100K 1M 10M
Frequency (Hz)

*A. Musa, et al., IEICE Trans. Electron. 2013

Matsuzawa i
& Okada Lab. ¥ :: =




20GHz-to-5GHz ILFD (/4) /9

f ﬂl(/ﬂ '/I.-'E F—

PursuingExcellence

Progressive-mixing ILFD*™

+OUT-

~ s’
-------

*A. Musa, et al., A-SSCC 2011 **T. Siriburanon, et al., ESSCIRC 2013
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Locked State of Divide-by-4 operation
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TaKyg
PursuingExcellence

Locking Range | Power | Area

Features

(GHz) (MW) | (mm?2)

[1] Direct mixing 22.6-28 (21%) 8.3 0.140

[2] Direct mixing 31.0-41.0 (27%) 3.3 0.002

3] | LeDirect 1 ges709 2200 | 22 | 0.032
mixing

[4] |CML + LCILFD| 13.5-30.5 (77%) 7.3 0.33
This | Progressive

13.4-21.3 (31%) | 3.9 | 0.003

[5] mixing
This Progressive )
[6] mixing 15.2-20.4 (24%) 3.1 0.002

(1] A-SSCC 2007 [2] ISSCC 2006 [3] CICC 2012 [4] T-MTT 2011
(5] A. Musa, et al., A-SSCC 2011 [6] T. Siriburanon, et al., ESSCIRC 2013
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R TOK7O TI=CFf
e EEEE(Fr—IRUTPLL)

Rt — PFD——{CP [—{LPF —»om
r PD:Phase Frequency Detector

= CP:Charge Pump
N [« LPF:Low Pass Filter

+ RERB(HSIFIITUYLIPLL)

Ref
®~|SSPD}{—|CP |—|LPF "OUt SSPD:Sub-Sampling

Phase Detector

PREBED /A X555
SRR EDIN—THERHEE DBIEIN LGS
)—SVARBIFTEDRRBEMNTINSE
SSPDAMUHZEZIELEH TEGL

Oy BEIZIZBIDfrequency locked loop AAIAE

*X.Gao, et al., JISSC 2009
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TOKYO TIECH

¢rcf n t?PD nl iCP,n ViFn ¢5Vco,n
D, —)®_)®_)®_’ Ky "é" F r(s) _)é‘)_’ Kvcols _)é'}_’[q)“"’ ]

>

IBCTP:Kd/N_> ﬁCP — Kd

SeY 1N e
k{;é{,,,.mT 0 Gg removed
For CP Noise; o TR
Cpout _ N G(S) N ¢Out _ 1 G(S)
icbn Kal+G(s) icpn Kaql+G(s)

(G(s) is loop transfer function)

© N—THEBRD/AXHBNEINLLLY
—>ﬁ4 =] ttb‘k%(&élﬁh =1 I&T‘iﬁ'ﬁﬁ*ﬂ

*X.Gao, et al., JISSC 2009
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Ref. |Phase Locked¢ VCO leads VCO lags
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TOKYD TECH
I

36MHz ref. 20GHz
40MHz ref. SSPD - @ >
Core loop
|
1
Frequency
lock loop

<+ (54,55,56, 57
58,59,60) 4 a5

» Frequency lock loopTRIREZO Y
e Ow4% (& Core looplZtIYEZ S

*V. Szortyka, et al., ISSCC 2014
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TOKYO TIECFF
62.64GHz
-20 @
_.- 60GHz (normal operation)
N - 1 el
¥ 40
8 . 60GHz (subsampling
T 07 < operation)
s :
g -80 \\
Z I
@
@ -100 | -
120 | ZOGHzt.(su)bsampImg 19548
operation |
_ p \“|
-140 | | |
10K 100K 1M 10M

Offset Frequency (Hz)
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TOK 7O TI=CH
Phase Noise [ Phase Noise
REF Freq.|[Frequency|integrated Power
Ref. (MH2z) (gHz) Jitter (ps) @)%foskeﬁlz @olf?SI\/EI)IEIz Features (mW)
[1] 100 57.0-66.0 1.5 -66 dBc/Hz | -108 dBc/Hz Direct 60GHz QPLL 78
[2] 203.2 |59.6-64.0 2.3 -65 dBc/Hz | -112dBc/Hz | 30GHz PLL + Coupler 76
[3] 100 56.0-62.0| 0.94 -71 dBc/Hz | -109 dBc/Hz 60GHz AD-PLL 48

This Sub-harmonic Injection
(normal)| 36/40 |58.3-65.4 12.0 -40 dBc/Hz | -115 dBc/Hz 20GHz PLL + 60GHz QILO 32.8

This Sub-harmonic Injection

(SS) 36 58.3-65.4 2.1 -69 dBc/Hz | -115dBc/Hz | 20GHz SS-PLL + 60GHz 34.2

QILO

[1] K. Scheir, et al., ISSCC 2009 [2] C. Marcu, et al., JSSC 2009 [3] W. Wu, et al., ISSCC 2013
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TOKyO TIECH

* 60GHzTFRTPH IR ZHFE
SAHRME-97dBc/Hz@1MHzZEZE AR

. R A

60GHzFRIZHITSH

EFvRILAOAMIBIEZFEI

— 20GF
— 20GF

— 20GF

z PLL + 60GHz QILO
z Tail Capacitive-Feedback VCO
z-10-5GHz Progressive-mixing ILFD

e PLLICH I Y2 T F5ERALNDIEIZEY
IW—THEBRNCAESENE
-40dBc/Hz—-69dBc/Hz@10kHz




