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i-v lab , evolution: 1980-2018+
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1i-v lab ' transistors’ state-of-the-art
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§' Terminology:

InP = indium phosphide, GaN = gallium nitride, SiGe = silicon germanium, ABCS = antimonide-based compound semiconductor
HBT = hetercjunction bipolar transistor, HEMT = high electron mobility transistor, L, = gate length, Wg = emitter width

InP DHBT technologies show among the highest speed x breakdown voltage trade-off
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Source : V. Nodjiadjim et al. “0.7-um InP DHBT technology with 400-GHz f; and fyax and 4.5-V BV for high speed and high frequency integrated
circuits”. IEEE journal of the Electron Devices Society, pages 748—-752, July 2019.
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Source : V. Nodjiadjim et al. “0.7-um InP DHBT technology with 400-GHz f; and fyax and 4.5-V BVgo for high speed and high frequency integrated
circuits”. IEEE journal of the Electron Devices Society, pages 748—752, July 2019.

llI-V Lab technology shows the best performances for uvltra-high-symbol-rate and high output swing circuit design
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...To system in
package
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materials band diagram ultra high speed
In: Indium engineering through  bipolar transistor Analog-digital integrated Wafer processing High frequency
P: Phosphide epitaxy circuits module
fr/fuax > 400 GHz up to 250 DHBT 3-inch wafer
BVigo 0f 4.5V per IC 4500 unitary chips

V. Nodjiadjim et al. “0.7-um InP DHBT technology with 400-GHz-f; and fy,»x and 4.5-V BVCEO for high speed and high frequency integrated circuits”, IEEE
journal of the Electron Devices Society, pp. 748—-752, July 2019

llI-V Lab has the complete set of skills to develop InP based disruptive technologies
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'Selector operation principle

D, Q

Clk ——— 2:1 MUX _2:1 MUX Is time .|nterleaV|ng t.wc.) Input
) ' Qs signals — by reducing by half their time slots

D2

1"
L
1 ]
> X
|

X s X
X s X

Copyright © 2021 1II-V Lab. All rights reserved

) Y
amenonie =oz1 (RIS
ESSDERC "
ESsSSCIRC

Page 15




Hni-v lab Al :1 selector circuit details

DC supplies and controls

diff output amplitude
= CPW RFinputs and outputs

1.2x1.5 mm?

D, ——»{ DB
[
clk —| cB8 3] Gc (3 0B ;:8 D, 1% & 2™ input data
[7 b Clk: Clock
D, »| DB Q: output
- Q,,: complementary output
:
2 Main characteristics clkjf |
B = 48 transistors DB: Data Buffer
= CB: Clock Buffer
g = Power consumption GC: Gilbert cell
z 0.5/0.8 W for 240/730 mV OB: Output Buffer
©

DC supplies and controls

High integrability InP-DHBT multiplexing selector architecture
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i-v lab DIEXIng selector - measurements

180 Gb/s

Long accumulatio

Measurement F. Jorge (NBL) Measurement A. Adamiecki (NBL)

% World speed record World speed record
g up-to 212-Gb/s up-to 180-Gb/s
” signaling on-wafer signaling in-package

InP-DHBT technology enables the highest baudrate operation
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111\ | SE——— __= ystem_eExperiments and publications

s+ Electronics Letters, Jan 2019

212-Gbit/s 2:1 multiplexing selector
realised in InP DHBT

A. Konczykowska™, F. Jorge, M. Riet, V. Nodjiadjim,

B. Duval, H. Mardoyan, J.M. Estaran, A. Adamiecki,
G. Raybon and J.-Y. Dupuy

* Post-deadline Paper ECOC 2019
222-GBAUD ON-OFF KEYING TRANSMITTER USING

Two different applications

ULTRA-HIGH-SPEED 2:1-SELECTOR AND « Data center short range OOK with direct
PLASMONIC MODULATOR ON SILICON PHOTONICS . .
Haik Mardoyan!, Filipe Jorge?, Benedikt Baeuerle’*, Jose Manuel Estaran’, Wolfgang d ete Ct I 0 n ( D D) _ Cap aC I ty 2 2 2 G b/ S

Heni %, Agnieszka Konczykowska®, Muriel Rie?, Bernadette Duval’, Virginie Nodjiadjim?,
Michel Goix? Jean-Yves Dupuy?, Marcel Destraz®*, Clandia Hoessbacher >, Yuriy
Fedoryshyn?, Hugjun X, Delwin Elder’, Larry Dalton®, Juerg Leuthold’, Sébastien Bigo!

% Post-deadline Paper ECOC 2019 .
: * Long-haul with QPSK format and
180-GBaud AII-ETDM Single-Carrier Polarization

Multiplexed QPSK Transmission over 4480 km COheren_t receiver
G. Raybon'™, A, Adamiecki'™, J. Cho'", F. Jorge', A, Konczykowska™, M. Riet®, - CapaCIty 4X180:720 G b/S

B. Duval, J.-Y. Dupuy'®, N. Fontaine'", P. J. Winzer'", 8. Chandrasekhar!", X. Chen'"

Copyright © 2021 1II-V Lab. All rights reserved

High-rank publications of this InP DHBT 2:1 digital selector
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i-v lab

% DAC + linear driver (classical approach)

Copyright © 2021 1II-V Lab. All rights reserved

Principle

DAC

E/O modulator

Adds noise & distortions

% Power-DAC (new concept)

Principle

Power-DAC } E/O modulator

— Harge swing multilevel signals —

Concept

Motivation

Multilevel formats to increase

=  transmission capacity and
=  spectral efficiency

Power-DAC combines DAC and driver functionalities

ESSDERC
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i-v lab * “—3-bit Selector-Power-DAC

ﬁ\

6 NRZ input data signals are multiplexed to obtain 3 double bitrate signals
% 3 multiplexed signals are combined and ampilified to obtain PAM-8 high swing

J
0’0

L0

output
SE DIFFERENTIAL
T wn
g o+~ D1 N | .
: 5 2 o =§| 91 sEL = DCcontrols Power consumption
2 Q C 1 2.9 W max
® T - D3
< cC ®
f:' q') .E; CL Clock i > PDAC
3 %)o g o gﬁ 2:1 SEL =; (t))utf;f)ut —> Complexity
= - - uffer .
s |5 © 2 150 transistors
HEEE i
£ % D6 2] 21 SEL | Dpccontrols
Compact realisation of 2 functionalities

=sseese QF NOKIA THALES Page 2
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s Circuit measurements in PAM-2, PAM-4 and PAM-8 mode

PDAC3B measurements

P -

100GBd % 100 GBd 84GBd /64 GBd 50 GBd
(100 Gb/s) (200 Gb/s) (168Gb/s) || (192 Gby/s) (150 Gb/s)

2.1 Vppdiff 3.7 Vppdiff

s

Copyright © 2021 1lI-V Lab. All rights reserved

1biton:NRZ =~ /7 2 bits on: PAM-4 3 bits on: PAM-8

Up to 192 Gb/s signal with a 4.3-V 4 output swing

L B
L oA Y

EsSSOERC ' NOKIA

ESsScCiRC

THALES Page 21




-v 18b o e — - 5lications and experiments
ﬁ\ '

/7

++ Electronics Letters

84 GBd (168 Gbit/s) PAM-4 3.7 V,,, 'H TTITE
Th

DAC in InP DHBT for short reach a and Inng
haul optical networks e Institution of
Ergineering and Technology

PREMIUM AWARD éf?

WINNER 201

A. Konczykowska™, F. Jorge, J-Y. Dupuy, M. Riet,
V. Nodjiadjim, H. Aubry and A. Adamiecki

% |EEE Photonic Conference (IPC), 2015

< Single Carrier All-ETDM 1.08 Terabit/s Line Rate PDM-64-QAM Transmitter Using a High-Speed
Multiplexing DAC

<+ ECOC 2016

Artificial Neural Networks for Linear and Non-Linear Impairment
Mitigation in High-Baudrate IM/DD Systems

J. Estaran'”, R. Rios-Muller', M. A. Mestre'", F. Jorge'?), H. Mardoyan'", A. Konczykowska'”,
J.-Y. Dupuy'®, and S. Bigo'"

Copyright © 2021 1II-V Lab. All rights reserved

Many world-first experiments enabled with Power-DAC circuits
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ni-v lab St 1 Terabit system experiment
ﬂ

< WORLD 1st

Single-Carrier AII-ETDM 1.08-Terabit/s Line Rate
PDM-64-QAM Transmitter Using a High-Speed

3-Bit Multiplexing DAC IEEE Photonic Conference
(IPC), Virginia, USA, 2015

G. Raybon', A. Adamiecki', J. Cho', P. Winzer', A. Konczykowska®, F. Jorge?, J-Y. Dupuy’, M. Riet’, B.
Duval®, K. Kim', S. Randel', D. Pilori', B. Guan’, N. Fontaine', E. C. Burrows'

" Alcatel-Lucent, Bell Labs, 791 Holmdel Road, Holmdel, NJ, USA; gr(@alcatel-lucent.com
2=V Labs, Route de Nozay, Marcoussis, France; 3Um'versity of Califomia, Davis CA USA

Copyright © 2021 1II-V Lab. All rights reserved

First demonstration of single carrier all-ETDM 1-Terabit fransmitter
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12 x 45 Gb/s

data signals

split
PRBS Gen DFF
45 Gb/s |, Flo
515.1 N DFF
: 5 DFF
5 ECL
2 | DFF
Z Q
s DFF
g ®
g \ DFF

In-Phase

PDM L

90- Gbaud

-erabit‘QO‘-‘Gb‘aTﬁ'PD’lVl’M-QAM experiment

—&— 1.08 Th/s Polarization Multiplexed intradyne 3-symbol MLSE
—=— 540Gh/s Slngle Polarization intradyne 3-symbol MLSE

X (dB)

Z!wnuas Joum. Lightw. Technol R,p 199, (2014)
al,1EEE Transac. ko Theary, vl 47, p. 2711, (2001)

jmad Proc. of SPAWC, Stockhdm, p. 280, 2015)

&Eé
=<r
6*

BER measurements
and constellations
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Hni-v lab M-4-DA'C='d'r'jver with large output swing
ﬂ

K/

% Circvit from Power-DAC family

X/

> DAC architecture -~

Clockless architecture; NRZ input data must be retimed X:Dxl:x >¢
B1 block — SE to diff conversion :
B2 block — preamplificaton

DAC-driver core provides DA conversion and amplification ’ D,Z ’ %%

__________________________________

DAC-driver
CORE

% Design objective
Realize the highest combination of PAM-4 symbol-rate and output swing

Particularity : Circuit fabricated at 11I-V Lab

Copyright © 2021 1II-V Lab. All rights reserved

using InP/GaAsSb epitaxy grown at ETH-Z

Large-swing high-symbol-rate DAC-driver with InP/GaAsSb DHBTs
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ni-v lab , aw===""PAM-4 with 5.5 V

opdiff OUtput

+ 90 Gbd (180 Gb/s)

Time

Eye amplitude/height
D1 362/185 mV
D2 380/227 mV Footprint 1.2x1.5 mm?
Circuit core  0.52x0.47 mm?
37 transistors

Copyright © 2021 1II-V Lab. All rights reserved

High quality and 5.5-V 4 90 GBd PAM-4 signal generation
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DS PAM-4 symbol-rate
Vs ccaifis Output swing at Dg

Output 5.5V
Output 3.35V

Z,. Load impedance

P - -

Time | ' Time

Poc: Total DC power consumptlon

Power consumption 1W Power consumption 0.6W
Over 12-dB gain control
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'IVIﬁX)Ta?fnciple of operation

Macro-DAC using a 2v1l
analog interleaver

N bits

N-bit digital

signals :
& i : i High-symbol-rate
. PAM-4 analog signals

Clock 1 Clock 2

AMUX : Analog Interleavers
2v1 : Two-to-one

Copyright © 2021 1II-V Lab. All rights reserved

Interleaving of 2 DACs to double the overall bandwidth
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-V 18D T E) eg—inteﬂEEV@'rEﬁ'rﬁEﬂEaving cell principle
ﬁ\ '

< Analog m’rerleqvmg cell operation
/’ T Interleavmg\ \
Cell

Data transistors

|
|
|
:
(T3 to T6) \\ :
Data inputsignals:V, and V; SN
|
|
|
|
|
|
|
|
|
|
|
|
|

{
Ic35
Sa Iz Iea :15 s
_ 4

1
1
1
1
1
1
1
1
1
1
T3 |
1
1
1
1
1
I :
CIkN

1 T2 |
1
1
1
1
1
1
I

core

= k=

[

j:IkP |

Switching Transistors ! _~

(TLand T2) ":' I
Clock signal:V; | ee

Copyright © 2021 1II-V Lab. All rights reserved
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-V 18D T E) eg—inteﬂEEV@'rEﬁ'rﬁEﬂEaving cell principle
ﬁ\ '

< Analog interleaving cell operation
- - Interleaving\ .
Cell
Data transistors IVO diff

|
|
|
:
(T3 to T6) \\ :
Data inputsignals:V, and V; SN
|
|
|
|
|
|
|
|
|
|
|
|
|

Operating
zone

CIKN

v | | :t:>'

High current
{ switching speed: f;

kP |

Copyright © 2021 1II-V Lab. All rights reserved

I
Switching Transistors ! _~ |
(T1and T2) *':' JI :
Clock signal: V, | ee |

\ !
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< Analog m’rerleqvmg cell operation

’ Y4 =

1
/ Interleaving "\ i Op:or:Eng . . .
| Cell : . High linearity
I I H 1
| | 1 IC 1
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< AMUX
InP DHBT AMUX 0.95 Vipqirr at 100 GBd (200 Gb/s) 15V . at 160 GBd (160 Gb/s)

i fle Convol Selp Measue Caltrate Uilies &ps tep 1) 3 3 4 | =) “Efe Conrol Setp Measre Caltrale Uiliies &ps teb 1) @) 3 4 | =)

( Acq Limit Test) VWavefoms: 30 ( Acq Limit Test) VWavefoms: 40

UXrunning up.to 160 GSa/s

024un 2020 11:10 16.Jun 2020 1454
Die size: 1.2x.1.5 mm? 2@ TS, | @Rn0w | 9Ty | Mesopdr, | terwnn) G J V@ STt | @Emv | gRaye | Measpuar, | ieowan) G )
Core size: 0.6x0.6 mm? Power consumption: 0.94 W

R. Hersent et al., “Analog-multiplexer (AMUX) circuit realized in InP DHBT for high order electrical modulation format (PAM-4, PAM-8)” 2020
IEEE MIKON Conference, 2020

Copyright © 2021 1lI-V Lab. All rights reserved

Up to 160 GSa/s sampling-rate operation with large output swing
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Output swing (Vppdiff)
® |[nP DHBT @ SiGe BiICMOS
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Linear equaliser-driver principle

| Avaitel as
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Ao /_ |

Frequency
fi f fog f3 P (log)

Copyright © 2021 1II-V Lab. All rights reserved
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Linear equaliser-driver principle
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Linear equaliser-driver principle Operating

zone

High linearity
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Conjugating large bandwidth and large linear output swing operation requires to find the sweet spot
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NIV -1 N AP B T hear-equatiser-ariver 80-GBd (160-Gb/s) PAM-4
ﬁ\ '

InP DHBT linear

106 GHz bandwidth

Frequency (GHz)

R. Hersent et al. “106-GHz bandwidth InP DHBT linear driver with a 3-Vppdiff swing at 80 GBd in PAM-4", Electronics Letters, pp. 1-2, April 2020.
doi: 10.1049/el.2020.0654

equaliser-driver 6 dB peaking gain 3-Vypaitr @t 80 GBd (160 Gb/s)
20 p= " " " " " " " " " "
16 T 1 1 1 1 1 1 T T I -I;x«suecmlwmrecaumwmwusb,').ay;lgl
12 ( Acq Limit Test) Wavetoms: 50
sk - E ER
4::|I| S21 sim 0 521 ren
- E"O'S 22 sim =0= S 27 rei1 i
o 2 on
: Lk}
g
.QCD Vewa
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o iz
> Measurements e ' mnﬁﬂl
- Co-simutation T T e
& Die size: 1.2x.1.5 mm? -40 e :
g Core size: 0.2x0.6 mm2 0 10 20 30 40 50 60 70 80 90 100110 Power Consumpnon: 0.74 W
8

e e e i NOKIA

ESsScCiRC

THALES Page 37




i-v lab

ﬁ\

24 KN WUniv.Toronto A T e 2 i
22 NN e N0 ! s cediff |
2 |\ Univ. Vancauver2019 < e B — :F o ;. .= DS' 87 P :
— [ N\ i | o, i i i
L8 N AN g A ] L 0" DC |
016 | @i i S— 1 T . ] e e e
<., | NTR2017 ; 1 1 ‘ I [ e r
s SLA N T T T < This work- 1 Ds: PAM-4 symbol-rate :
£oS12 [ e T e !
: 3 1b Thkeg. o TR%esgg, | 1V, e Output swing at D ;
2 0,8 |rfroer o S W e e | _ |
< . | | | | ; | f | 17, I
3 06 | .. NTT2013 e oo e NTT. 2019 | Zo- Load impedance I
ot 04 _Q\\""- ,,,,,,,,, . NTT 2016 S . “-- : 1
= 0’2 - ‘ | | 1 Ppc: Total DC power consumption :
o ) o o o o e e - -’
2 25 35 45 55 65 75 8 95 105 115
£ -3 dB bandwidth (GHz)
3

® SiGe BiCMOS ® Si CMOS ® InP HBT_DHBT

SRENOBLE 202

ESSDERGC NOKIA

ESsScCiRC

THALES Page 38




e Conclusions _
ﬁ\ ,

R/

% InP DHBT technologies provide ultra high performances to fill the gap towards
higher symbol-rate transmissions and optical capacity

s IlI-V Lab’s technology provides among the highest performances in the state-of-
the-art

% 1lI-V Lab InP-DHBT based digital and analog circuits show state-of-the-art and
beyond performances with conjugated large-output-swing with high
bandwidth/speed

Copyright © 2021 1lI-V Lab. All rights reserved
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Thank you !!!

Ultra-high speed digital Mux High symbol rate High symbol rate large swing
large swing DAC linear driver
84-GBd 3.7V 50-GBd 4.2V, g

PAM-4

R. Hersent et al. “106-GHz bandwidth InP

Mardoyan H. et al, 222-Gbaud on-off A. Konczykowska et al. “Extreme speed DHBT linear driver with a 3-V,,,qzswing at 80
keying transmitter using ultra-high- power-DAC leveraging InP DHBT for ultimate GBd in PAM-4”, IET Electronics Letters, 2020
speed 2:1 selector and plasmonic capacity single-carrier optical transmissions”,
modulator on silicon photonics, OFC Journal nflinhtwanve Tecrhnolams 2017
PDP 2019 -
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