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[640Mbps] 16QAM

- 5% . 200MHz

© ADC : 400Msps (29> 7RIV ) 8~10bit  640MHz . o 5oonmr
+ DAC : 800Msps (43> 712K ) 10~12bit 4

[1G bps] 64QAM

-{E 518 : 200MHz
:ADC:400Msps (28> T LI 2iRIL) 10~ 12bit
:DAC:800Msps (45> T LI 2iRIL) 12Dbit

[2.4Gbps] QPSK

- F5%HE . 1.5GHz

- ADC : 3.0Gsps (2H 7 IR ) 5~6bit
- DAC :6.0Gsps (4H 712 >KRIIL ) 7~9bit

[10Gbps] 16QAM
E85#E : 3.0 MHz
- ADC : 6.0 Gsps (2> 7 I/ >R ) 8~ 10bit
- DAC :12.0Gsps (43> 722K I)L ) 10~12bit
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HEEIZFOMITHPIRRENER TH o=, RIEF50(IEVSHBRDIETFHIEAE
-EHER#M: Flash: 4GHz, Fold: 1.8GHz  FoM = — ﬁ%ﬁéﬁ ——
-FOM:  8pJ—400fJ—50f] (1GHz, 2mW) RARHBI X RANEIRAT > 7
-Em#E: 0.2mm2~0.02mm?2
No. |Res. | Fs (GS/s)| Pd (mW) | FoM (pJ) | Area (mm?) | Tech. (nm)| Architecture Feature Publish
1 6 4.0 990.0 1.73 440 130 |Flash VLSI 04
2 6 40 182.0 1.30 0.20 130 [Flash Ref CAL. ESSCIRC 03
3 6 3.5 98.0 0.90 0.15 90 |Flash Averaging VLSI 07
4 6 0.8 12.0 0.40 0.13 65 |Flash Ref CAL. VLSI 08
5 6 5.0 320.0 1.82 0.30 65 |Flash Averasing VLSI 08
6 6 10.3 1600.0 4.85 ? 90 |Pipeline 10x Interleaving |[VLSI 08
7 6 1.3 32.0 0.80 0.09 130 |2b—SAR 2b ISSCC 08
8 5] 1.8 1.6 0.15 0.03 90 [Flash R-CAL VLSI 08
9 5 1.8 2.2 0.05 0.02 90 |1b_Fold+Flash |R-CAL ISSCC 08
SEBENITHLD
M Matsuzawa
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Flash® (No.3)
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K. Deguchi, et al., “A 6-bit 3.5GS/s 0.9V 98mW Flash ADC in 90nm CMOS.’
VLSI circuits symposium, pp.64-65, June, 2007. Renesas
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HEBORXERNITALEN 9B0pIEREXREW

: IS4 Clock -
Encoder | | e 1GHZRE T28mWRRE
SR-Latch 'z
H hY P4
N SNDR=31dB l&5bit1f 24
Ladder & |
Decouple £ :
T/H | Amplifier Tablel. Performance summary (measurements)
Resolution / Sample Rate 6 bit / 3.5GS/s
: 450um SNDR @nyquist / SEDR @nyquist [31.18dB / 38.67dB
Fig.6 Layout of ADC DNL +0.50 / -0.48 LSB
550 T ShE a0 b INL ©0.96 /-0.39 LSB
D SFDR ' Power Consumption / Power Supply [98mW @3.5GS/s / 900mV
nn: 40 a Active Area 0.1485mm?2 (330um * 450um)
Tech M
L L A w echnology 90nm CMOS
e 30 |- - Table2. Power efficiency comparison
2 SNDR Papers 5(GS/s) Power(mWw) FOM (pJ)
“’20 A N, e A [4] 1.6 328 6.41
1 10 100 1000 10000 [5] a0 290 Ll
Input Frequency [MHz] [6] 1.0 ) 1.40
This work 3.3 98 0.95

Matsuzawa
2008.0916 A. Matsuzawa & Okada Lab.




Folding Flash ADC, (No.9) 12
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clk G " 5 (12 MUXHE s Kuijk, P. Wambacq, G, Van der Plas,
eneration [ 1 | i 5 “A 2.2 mW 5b, 1.75GS/s Folding
& [2muxKE S Flash ADC in 90nm Digital CMOS,”
serial clk = %‘ — | % Dig. of Tech. papers, pp. 252-253,
: ' e ISSCC 2008. IMEC R JL¥—
serial data—:— =~ 12/mox | mIE
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HEBREFT (T /BB TERBSh ., ERERSBNGNEIICTEIIENTES,
VDD
cge Nfl Dynamic comparators use the fast voltage fall
”\&_"fl ::"__Ign depended on input voltage difference

Ollﬁ'p

_I SN| |sP |_
=, -
L

2008.0916

V. Giannini, P. Nuzzo, V. Chironi, A.
Baschirotto, G. van der Plas, and J. Craninckx,
“An 820uW 9b 40MS/s Noise Tolerant
Dynamic-SAR ADC in 90nm Digital CMOS,”
IEEE ISSCC 2008, Dig. of Tech. Papers,
pp.238-239, Feb. 2008.

M. van Elzakker, Ed van Tujil, P. Geraedts, D.
Schinkel, E. Klumperink, B.Nauta, “A 1.9uW
4.41J/Conversion-step 10b 1MS/s Charge-
Redistribution ADC,” IEEE ISSCC 2008, Dig.
of Tech. Papers, pp.244-245, Feb. 2008.

A. Matsuzawa
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FoM=50fJ/conv. SteplIZBENIEE N, FeEBFHERE,

ERE/NSVD, ECETEOTLSHFH,

Technology 1V 90nm digital CMOS
-~ 1INL/DNL 0.28 /0.29LSB
10" 107 10° 10° ENOB 4.7b
Input frequency [MHz] ERBW 878MHz
Fs 1.75GS/s
1.3e-3 @ 1.75GS/s
BER
4.7e-6 @ 1.15GS/s
Power 2.2mW
Area 0.017mm?
FoM 50fJ/conversion step
M Matsuzawa 7'_'
2008.0916 A. Matsuzawa & Okada Lab. ;.
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TOKyd TI=CFF
-EREIRE: 1GHZRRE X AT EIC
-FoM: 1.2 pJ—300fJ (10bit 1GHz 150mW3EEE)
-HfE: 3.5 mMm2~0.12mm?2
10bit 1GHz 5S0mMWIREEF TOELGHEBENELABE
No. |Res. | Fs (GS/s)| Pd (mW) | FoM (pJ) | Area (mm?)|Tech. (nm)| Architecture Feature Publish
1 11 1.0 250.0 0.77 3.50 130 |Pipeline 4x Interleaving |ISSCC 06
2 11 0.8 350.0 1.20 1.40 90 |Pipeline 4x Interleaving |ISSCC 07
3 10 14 175.0 0.62 1.60 130 [SAR 16x Interleaving |VLSI 07
4 8 0.3 34.0 0.68 0.29 90 |Two—step ISSCC 08
5 8 0.8 30.0 0.28 0.12 65 |Pipeline 2x Interleaving |VLSI 08

Matsuzawa & i
2008.0916 A. Matsuzawa SR
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11bit, 800MHz ADC, (No.2)
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PursuingExcellence

1ch#1=Y200MHz CENMEL TLVS,
SHETBAIIKELA, 11bit (BE(X9.5bit) X B #F

C.C. Hsu, F. C. Huang, C. Y. Shih, C. C. Huang, Y. H.
Lin, C. C. Lee, B. Razavi, “ An 11b 800MS/s Time-
Interleaved ADC with Digital Background Calibration,”
Dig. of Tech. Papers, pp.464-466, ISSCC 2007.

Real Tech. Taiwan

Technology 90nm CMOS
Resolution 11b
Conversion Rate 800MS/s

Supply Voltage

1.3V (1.5V for T/H)

Input Range

1Vpp differential

Dynamic Range

66dB

DNL/INL <0.5LSB /+1.6LSB
ENOB 9.33b (F,,= 15MHz)
SNR 59.1dB (F,,=15MHz)
SNDR 57.9dB (F,,=15MHz)
Jitter <0.43ps

Active Area 1.4mm?2

Power (Analog / Digital + I/0) | 350mW

A. Matsuzawa

Matsuzawa  , _[&
& Okada Lab. ;3id
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8bit 8B00MHz ADC (No.5) 21
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2.8bit/stage D/ \A1FS5A4 %2k +4bit Flash ADCZ2xA > 3—1)—7
INTS5A4BIADCE800MHz (400MHz) TR EfESE 1=,

W. H. Tu and T. H. Kang, “ A 1.2V 30mW 8b 800MS/s
Time-Interleaved ADC in 65nm CMOS,” Dig. of Tech.
Papers, pp.72-73, VLSI Ckt. Symp. 2008.

P, 0 D

\jo\A Digital Error Correction (Channel A) >

% %‘IDA(H 2.8 bit/stage ‘T;:'IDACZ 2.8 bit/stage 4-b
6

Media Tech. Taiwan

| L |
§ I
| | i || Auto-Zero
[ Latch | MDAC1A | I Latch | MDAC2A | P Flash ADC
[ é | | # | | | Channel A
v, ! _ | | [ Dout
—»{ TH 9 Preamp | —¢ Preamp | —¢ —9 MUX -{»
| L |
l | | I 4-b
s Lo | 5 | || Auto-Zero
: Latch L & 5 MDAC1B | : Latch L & 5 MDAC2B | ™| Flash AbC
current 3 | L | Channel B
Reused I - *
Reference

Buffer Digital Error Correction (Channel B) -

Fig.1. Block diagram of the ADC

Matsuzawa 7'_'
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ShitiRELSIE, NATSABADCTHB00MS/s{SWLMEILMFEH EERLT=,
(10bit/ch D& ZEIE200MHZzIEETHS)

FoM=0.28pJ/conv. [8bitéL TR/ NILTH S,
65nm, 1.2V TCH8bit/INA TSA 2V FHOP7 U T HREHRAIRETH 5.

Ref Buffer

Clock generator

Fig.5. Die photograph
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TABLE 1 : Performance Summary
Resolution 8 bits
Conversion Rate 800MS/s
Process 65nm 1P 6M digital CMOS
Supply 1.2V
Input Range 0.8Vpp differential
DNL/INL 0.16/0.23 LSB
SNDR @ Fin=1MHz 47.8dB
(@ Fin=60MHz 46.9dB
(@ Fin=400MHz 44.2dB
Power Dissipation 30mW

FOM!1 (Power/2"V°P x Fs)

0.28 pJ/Conversion-step

FOM?2 (Power/2"""" x 2ERBW)

0.25 pJ/Conversion-step

Active Die Area

0.12mm’

A. Matsuzawa

Matsuzawa _
& Okada Lab. iz
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TOKYD TECH
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Binary search algorithm

Binary weighted Capacitor array Comparator A
1 1
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? o Voac - Lo __] bt CE e T
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1 1 1
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clclclclclc k) 2" 2 g
2 4 8 16 16 _
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SA ADCIIXEHREENSBEETT RTHMELTHESEHSIATLD,
FOMIZ3EMT1/200€TE T L=,

{HEFET)

FoM = — = 5
IRHAJEI G B x SHRN AR T > 7

Courtesy Y. Kuramochi
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10bit, 1.35GHz ADC (No.3)

SARIZIFR/NENTENMET HD T, ChETILFIZALY,
A 3—) =T EES B A ETEREEFIR> It DN ELAEoT=,

- 6
/
rats 7 >
Vin SA |6 Am@ 2
» £ =~ . '\’Z.W T 5
—r] TH ADC1 [7+] DAC a5 g2
[ |_. '6 o]
i -
1 SA 6
Do 41O apc2 [7
L ;

KELIFEICENTSARADCZ A\
B 5| BADCE 16FIEF A 1=

Th¥hEseMHzTEIMEL TW D,

S. M. Louwsma, et al., “A 1.35GS/s, 10b, 175mW Time-Interleaved AD

Converter in 0.13um CMOS,”
VLSI circuits symposium, pp.62-63, June, 2007. Twente X, NXP

Matsuzawa
2008.0916 A. Matsuzawa & Okada Lab
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SHEE D : 175 mW, FoM=0.6 pJ IR K&E L
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BHF P D8 = E6bit , 8bit ADC
roKyd Ti=CH—
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HEBN BREEICHEOLELNHY ., RP/NN—Da o TIEEEBNZBET,

6bit, 4GS/s, 60mW, ~ . -
FoM=400fJ/conv. FRERICOE, SFHITEBERBULNV-LET,
2
0.2mm 90nm CMOS
450 um
5_ 8bit, 1GS/s, 150mW,
4 FoM=830fJ/conv.
0.9 mm? 90nm CMOS
1500um

w 77 0SY
wnoQo9
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RERICOE, FHIXERELET,
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