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e VCO-based ADC

~ - — N-stage ring VCO . -,
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— Digital-rich structure

Digital filter

Sampler (Differentiator)

o 12" D, [n]

— High-speed sampling ( ~“GHz )

— High-pass noise shaping (as 15*-order DSM ADC)
Dout[n] — 5_1(1 - Z_l)KVCOVin + (1 ™ Z_l)Qn

zﬁ,_l

VCO: Voltage Controlled Oscillator, ADC: Analog to Digital Converter,
DSM: Delta Sigma Modulation

High-pass response I
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1 Output signal

X— N-stage ring VCO / Sense amp.
I\ B o [P
DJ—

= Sampler
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* Low power

VCO consumes 44% current in the ADC. -
Ref. J.Kim, S.H.Cho et.al. ISSCC 2011.

e Large control (input) range and more VCO stages
SQNR = 6.02log, (V,,KycoNTs) + 2.61 + 30 log OSR [dB]
* Rail-to-rail (GND to VDD) output signals .

Can eliminate sense amplifiers and low power consumption. l
= A7 =/ By
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* Supply voltage controls the delay: t,

VDD;,,,
—tq = LI o VD Dy, —I;
b in <« I, out
* Control voltage: VDD, i TG
— Single-ended 1 | _

— Narrow range due to saturation conditions.

* Output amplitude: V;
— Vo = VDD /2 I

— Small and not constant
e L e W T o= \IVA
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* Objectives
— Low supply voltage ( 0.55 V)
— Differential control: V. 4;¢
— 30 stages
— Oscillation frequency < 600 MHz
— Rail-to-rail (GND to VDD) output signals
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* Back-gate controlled 0.55V
M, v M, M, % M,
— Vo Vb | 4Eﬂﬂ}><_¢|§ﬂﬂ|_ |
IN N
e Differential control =~ = o
out, out,
V. gir =Vyo, =V, a -
c,dif b,p bn M, Vb,n M,
— Wide range ( 2 x VDD ) Ll L -
* No tail current source width | Length
pm nm
— Low-voltage operation: 0.55V [ MuM, | 1x12 | 65
M,,M, 1x8 65 .
— Rail-to-rail (GND-VDD) outputs

e

M,M, | 0.5x20 65
* Unit width x fingers l

N =" _—
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VDD —T1

* Inverter delay t, v
CLVDD IE =
—ty = III | X |ID|_1 ing | <« Ip out,
. C,
Vb
* Inverter current I Vas,n\__ o
_B 2 n w =
— ID — 771 (VGS,n o Vth,n) »,Bn — ﬂnCoxT

— Vth,n — Vth,nO Ty <\/|2¢f =+ Vs,n — Vb,nl — |2cbf|)

— Controlling V5, and V,, ,, differentially I

leads to wider range of I. l
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* VCO has rail-to-rail output signals
— Can be sampled by digital latch in VCO-based ADC.
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* VCO is fabricated in SOTB 65nm CMOS
— VCO core: 43 x 200 pm?
— Supply voltage: 0.55 V

 CML buffers are used only for measurements

Chip photo

SOTB: Silicon-On-Thin-Box
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e Spectrum and phase noise
— Control voltage: Vi 4ir =V — Vpn = —0.55 [V]
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-36.070 dBm
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e Oscillation frequency and current vs. control voltages

Single-ended control Differential control
— 550 ©-Vpi=  0OmV|; — 550 A 4-Freq. [|" & g
T =V, ,= 550 mV T =%-Current —
> i = c
— 500 — 500 g
o o 180 MHz| &
& T 450 =
c c L o
= 2 400 S
%’, § = 1.3 mE 115 €
O O | 1 5
. i 1 O
0 275 550 -550 0 550
Vi,p, Vob,n [MV] Ve, dit [mV] .

Differential control doubles the tuning range l
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Ref. CMOS | P, Control Tuning range | Rail-to-rail FoM
tech. | [mW] range [V] [MHZz] output [dBc/Hz]

Vtg'rsk 0.55~0.55* 376~556 1158.0
[1] 90nm 116 0.0~05 160~ 2500 no 1153.4
[5] 90nm 0.087 0.0~0.6 40~ 771 no 1157.4
6] 65nm 100 0.0~0.8 500~ 1000 yes 1157.0

* Differentially controlled -

w
FoM = L{Aw} + 101og,,(Ppc) — 20 logy, (ﬁ)

L{Aw}: Phase noise at Aw [Hz] offset, Pp.: Power consumption,
wg: Oscillation frequency

VCO type: [1] PMOS back-gate controlled VCO I

[5] Supply-voltage controlled DCO
[6] Current-bias controlled VCO




Differentially back-gate VCO for ADCs

Low supply voltage operation (0.55 V)
Rail-to-rail ( GND to VDD ) output signals
Larger control voltage range ( 2 x VDD )

Best FoM among low-voltage ring VCOs. ( -
158.0 dBc/Hz")




MIC/SCOPE # 165107001

Yazaki Memorial Foundation for Science and
Technology

JSPS KAKENHI

VLS| Design and Education Center (VDEC)
Cadence Design Systems, Inc.

Keysight Technologies Japan, Ltd.




2017 Asia Pacific
Microwave Conference

KIKUSUI ELECTRONICS CORP.

DC source
KDS6-0.2TR
Keysight Technologies
GND VDD Spectrum Analyzer
on-chip} Balur NIOOOA |
! CXA
233 Keysight Technologies
| DC blocker
I
i VCO CML buffer 1 = N9399C
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e Schematic cross section of SOTB CMQOS
Vb
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.|

n well

p well

deep n well
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Ultrathin BOX (10 nm)

Ref. S. Kamohara et al., 2014 VLSI Tech. l

NSl NEsS  Eegmmea

Ultrathin SOI (12 nm)




