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Introduction

VLAD14 is a 4-channel, 4 x 14-Gbps VCSEL array driver ASIC, fabricated with a commercial 65nm
CMOS technology, aimed for the applications such as detector front-end readout in particle physics and

related fields.

Four channels of VLAD14 have two different designs. They feature power consumptions of 52 m\W/ch
(Design 1) and 44 mW/ch (Design 2) respectively when delivering a 2 mA ~7 mA output current to the

VCSEL. Both designs need 1.2V and 2.5V power supply.

VLAD14 die measures 2000 um x 1230 um

VLAD14 die was wire bonded to the VCSEL array, integrated within the array optical module and fully

4 x 14- Gbps/ch VCSEL Array Driver (VLAD14) )
tested.
The design of VLAD14
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1
Stage Limiting Amplifier (LA)

« Each channel in VLAD14 consists of a limiting Amplifier (LA)

driver. Two designs share the same LA design but adopts different output

drivers.

» Limiting amplifier (LA) is composed of three differential stages. Stage1

uses CTLE as the adjustable equalization, and a passive

included to optimize the peaking frequency. Stage2 and Stage3 both

 The output stage is AC coupled to the LA to
allow independent control of the DC point. M5
and M6 are stacked current source to also
increase the DC point of M1, M2 source. Thus,
M2 drain can be directly used as the output
node to be connected with the VCSEL anode,
which has a DC voltage of around 1.8V.

and an output

Inductance iIs

employ shared inductance structure, as shown in the picture.
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Integration with array optical modules and test results

File Edit View Setup Utilities Applications Help |Triggered | Tektronix _|_|

Tektronix | X|

Array Optical Module

S| R| || ni| & | Fizsies] scatode [sarde =] TiglEvemaibiest <] [woow B o 2| | B3R A ||| 2| WEER Acatode [Sanvie =] Tig[ExemaiDiect =] [ra00w BE | A2 o
l CLK m |F’| JIA pitude =] [nn cn | an | noc] | ] a7 e | o o | 14 0 |__|__|_ IF" 3|A pitude ] o] cn | an [ roc e | ] e 7= S| o | 4 0 |_£|:_|_ _
7 e i T e array optical
: V LA D 14 (. . . 520.2218mdB 755.0328mdBr]
PRBS 1 I il . tested optically.

Generator PRBS § g OSCIHOSCOpe 5003973dB '- ' . SEngB(?:g?E!;zdx;}
?., VCSEL Array §,, R
§ ® T ....... 4220878ps

CLK for trig 2 T PRy C2 LI .
2997129ps I I-VI 1 4G Serles:

o vl 540.0uW
§ w2 153w

L w2 1649mw
oot Ay 994 BUW

o : : :
c2 A| |200 OuW.’Jj|800 Opw ﬂj

E—wpn

.,

| el
e ': o™

S PRBS Source

I_M [15.0000ps B} [19.1655 ﬂj| 627 PM 9/8/2017
Design1_10Gbps optical eye

— v 1.097mW

DeS|gn1_1 4Gbps optlcal eye

-
~:

+ Testing board

iann

— D ] >
I g
A E W
o < G 7 S g " P et gy ey —_— J
et M ; ~ s A = o
Y s 4 A\ —
> 4 gt =
e 4 4 _»‘7 5 - 4
- o e . o - —— i
s G, R S - | g
~ Ry, o RS 5

: ' — ;77“*‘\ File Edit View Setup Utiities Applications Help |Triggered [ Tekonix | | X| File Edit ‘iew Setup Utiiies Applications Help [Triggered [ Tektronix | X|
A ,l ,\ S| £ || 2 | IRRISER] Aca Mode [Samvle =] Trig[EvtemaiDiect =] 1300wy BR[| K2 SR £ W[ 1d| & | FirEiEa] 4camods [sample =] Trg[Extemaibiect =] Frzoow B[40 | K2
= Optical module (VLAD14) . =
& = l_\Alm NE l_ﬂl_ _l_
Mea:

[Pulse =] [Ampitude J an | n|m|m|nu|m§|m|5‘|3z|¢|¢|ﬂ; [}
999.5p'W : : :

IPI jlﬁ pitude ] [ nnn| o | a | roc| e | | e | 57 e | e s 22 o

4350000ps
SRise C2 IZWA
39.90000ps
GPPJi G2 ZZWA
16.50000ps
7RMSJ €2 TXWA
2 B50774ps

four

R 1 2805
| y2 7453w

VLAD14 optical eye diagram testing set up

TWEPP 2017 - Topical WorkShop On Electronics for Particle Physics,
September 11 — 15, 2017, UC Santa Cruz SCIPP, Santa Cruz, USA
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VLAD14 is integrated in an

 VCSELArray used in the test:
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* 10-Gbps/ch and 14-Gbps/ch
optical eye diagrams of two
designs were captured and
shown in the left.

* The eye mask shown in all

pictures
(10Gbps Fiber Channel) eye
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Output Driver Design2

« The PMOS current source (M5) acts as the

average current in this output driver design.

- The output current |+ = lyss * lgsq — lgs And

lysa @Nd 1y, @are complementarily provided. |y, Is
mirrored from |y, by M3, so that the current of the
left brunch (ly1) also contributes to the final output
comparing to Design1, making it a more efficient
structure.

« The same AC coupling strategy is also used iIn

Design2, and CTLE(C3 and RS5) structure is used
to improve the bandwidth.

Conclusion

 A4-channel, 4 x 14-Gbps VCSEL
array driver (VLAD14) is designed
with two different output structures
and fully tested.

module and

Both designs show wide-open optical
eyes, and pass the eye mask test at
the date rate of 14-Gbps/ch.
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