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Weeroc story W
* Founded by engineers (OMEGA) from IN2P3/CNRS

nuclear and particle physics institute, nat. french agency for research

 Officially established in 2012
. Weeroc & OMEGA are located at Ecole Polytechnique campus

Design of front-end m’regra’red circuits
to read-out particle physics detectors

Our expertise

Radiation tolerant design

Low noise, low power analog
microelectronics circuits




Technology and knowledge transfer

IN2P3 MEGA

Les deux infinis Microelectronics
weeroc



Expertise of Weeroc

W

Design and marketing

Analog & mixed-signal microelectronics ICs
for photodetectors read-out

and radhard application

Particle detection
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Low-noise, low power, analog and
mixed-signal design

C@) Radhard design
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Weeroc markets W

Medical Aerospace
imaging industry
Nuclear Homeland
industry security
Scientific o7 Analytical

QN
instrumentation a & instrumentation




TEST VEHICLE PRESENTATION



The test vehicle W

e 216b - DAC, differential

¢ SeT Of RF SWlTCheS Currentinverter
(for multyplying DAC purpose)
¢ _VDS >>Outpl > Outp2
DAC 1 >outn DAC 2 >Outn2
® ‘|V I_DMOS HVMOS E’-) S0ut Refl %-) > Out Refl
* Programmable register Compnd
* Programmable probe [ Switches >ou
Test Registers LVDS TX/RX
Transistors (Config & Monitoring) (foundry IP)
<€ 3.67 mm >

Focus on 16b-DAC in that talk

3.67 mm




DAC 16 bit : requirement specifications W

16 bits
4 MSPS min - 12MSPS typical speed

Differential current output

TmA min /10mA max current output — tunable

m
Maximum full-scale output current

Minimum output current - - 0 mA
Settling time to +1/2 LSB - - 50 ns
Analogue output loads - 50 -0
Output loads capacitances - - 10 pF
Output glitch amplitude - - 1/2  LSB
Output glitch surface - - 35 pV
Maximum admissible conversion rate 4 12 - MSps
Integral Non-Linearity (INL) -4 - +4  LSB
Differential Non-Linearity (DNL) -5 - +5 LSB

Spurious Free Dynamic Range (SFDR) @IMHz - 80 - dBc



State of the art

W

Parameter Min Typ Max Units
RESOLUTION 16 Bits
DC ACCURACY!
Linearity Error
Ty =+25°C -8 t4 +8 LSB
TNHN to TMAX -8 +8 LSB
Differential Nonlinearity
T, =+25°C -6 12 +6 LSB
TIVI[N to TMA.X -8 +8 LSB

Monotonicity (13-Bit)

GUARANTEED OVER RATED SPECIFICATION TEMPERATURE RANGE

ANALOG OUTPUT

Offset Error -0.2 +0.2 % of FSR
Gain Error -1.0 +1.0 % of FSR
Full-Scale Output Current 20 mA
Output Compliance Range -1.2 +5.0 \Y%
Output Resistance 0.8 1.0 1.2 kQ
Output Capacitance 3 pF
REFERENCE OUTPUT
Reference Voltage 2.475 2.5 2.525 \Y%
Reference Output Current® +5.0 +15 mA
REFERENCE INPUT
Reference Input Current | 5 7 mA
Reference Bandwidth*
Small Signal, IREF =5 mA % 0.1 mA 28 MHz
Large Signal, IREF =4 mA £ 2 mA 9 MHz




DAC 16 bit architecture

* Bibliography = see proceedings
* Current steering DAC
* 16 bit: 12 binary (LSBs)+ 4 thermometer (MSBs)

D0O0-D11 D12-D15
LLLLELLLL L L]
Com in
Reference Buffer Decoder+ Buffer _
(Tigrrer;t source <12 16
rim+Bypass out_P
St I | | Out N
Matrix /
DAC_ref_input X12 I X16 "L
Fmax=2MHz Binary-coded Thermpmeter-coded
BO IB11] U x16
Current
source
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Layout W

e Area:about 0.85mm/?

* Include bandgap reference, 4 LDOs for intermediate voltage

& Encorr

out_p I
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Current reference and current source array

* Current reference can be trimmed by
programmation

* Current source array follow a Q2 random
walk ( see bibliography)

Vref
| | Size-compensated
| | current mirror
Current
Reference Iref
Trimming

W

o m

G. Van Der Plas et al. « A 14-bit Intrinsic

Accuracy Q2 Random Walk CMOS DAC » IEEE —
Journal of Solid State Circuits, vol. 34, no. 12, j‘
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Switch array architecture

SW
—

SWB
s

(from decoder)

Clock tree

-]

Dummy Structure

1
T

Load balancing

iout
sw—": :"— swb

% Current Source Array

All cells designed placed and routed on full custom



Switches timing

* Load balance for every switch unit

* Rise/fall time trade-off
* Reducing charge injection feedthrough to output
* Avoid simultaneous switch OFF state

* Rise/fell ~ 650ps +/- 50ps

M41: 2.2524934us
1.6254677V

SW[15] rise

'K dx: 683.70969ps
\ dy: 1.44378V

SWI[0:14] fall

st 2.1116923GV/s,
N

T -
2.251 2.252 . 2.253

M44: 2.25205889us 1.62V AN

2085us

SW[0:14] rise
SWI15] fall

M45: 2.25273804us
180.0mY

T
2.251

T
2.252

T
2.253




Current output W

* Load balancing between switch array

— Trade off between rise/fall tfime

-l T_IOUT @

M36: 2.06353%us
282.399pA

TIOUTE @ | 49 866

19.865

A)

T 19.864

A (

19.863:

19.862

M37: 2.053752291us

19.86562806mA

M38: 4.890718948us
19.8620238mA

r
1.8



haracterization board

o A characterization board and a firmware/software have been
designed to measure the 16b DAC

Www.weeroc.com 16b DAC User Interface v0.9

DAC1

DAC1
Connect

IEl voD A VDD_A

Slow Control Bandgap Bandgap
IEN voo_r0 VDD_AO

Data Acquisition il = [RYslsHb) ) IEJ voo D )
Resistance Resistance
I oo I oo
3 Bandgap Bandgap
- Multiple n Multiple
B3 our_oma I3 our_oma
IEl ouT_RsD Bl ouT_RsSD

save SC load SC send SC

Welcome to the 16b DAC User Interface v0.9

weeroc
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Offset and Gain Error W

* The requirement on the gain erroris = 1% on the full scale
range. The error on this measurement is -0.0455 %. The offset
error is -0.09 % FSR with a requirement of £ 0.2 % FSR.

-0,002
-0,004

Differential gain error (%
(@]
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0 8192 16384 24576 32768 40960 49152 57344 65536
DAC code



INL and DNL

* Thermometer to binary mismatch

* Need fine tuning
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DUT
Slow Control
& Sine Wave - q y
Generation NKC/ /16

Numerically
Controlled Oscillator

DAC

DAC
OUTP /\/

DAC
OUTN

VA

AC MEASUREMENT

Probes O

HI res osccilloscope
Spectrum Analy zer



Frequency domain analysis W

e Numerically controlled oscillator build sine @1k, 10k, ..., TM
* DAC sampling rate is swept from 1M, 4M, 10M
* DAC output is analyzed with 12b HiRes scope

Peaks Frequency Amplitude |

: il A A S A VAN A VA AVEAYA VAVAVENAWESRVES | \viin iy
2. 10757k 77848808V VARVALVARVARVARVELVAR VALY AR VAL VAN VALVAR VAR VAR VARVAR VALY o WL TRL T IS Y
S G SN G G S (H G (5 G S S S SN S S I SR XX

ANVANE VAN AN A VYA A WA YA UIVA WA WEANYANY AP AN A\ AW AW VAN ANY AN ANV A
M NS NSNS N NS NS NSNS NN N NS NSNS N NS NSNS NSNS NS

S&1

-C1-CZ Timebase 0.0 Trigger C4 DC \
20.0 dB/div|
50.0 kHz/div|

813 #
-—  -31dBV
------ -94.1 dBV|
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SFDR

* Almostin spec for low frequencies

* Digital picking noise issue to be corrected = padring

SFDR vs Output Frequency
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Conclusion & next step W

* Al6bit DAC TOMSPS has been designed in ATMXT50RHA
* Technology shows very good analogue performances

* 2 actions to get in specification

— Fine tuning Thermometer to binary

— Floorplanning modification & pinout optimization

* Test vehicle to be tested in irradiation (@TRAD)
— CNES funding

 New iteration : as soon as S
* Thanks to Airbus and CNES for their trust and support

'\
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Architecture W

DAC segmentation : 12-bit binary & 4-bit unary

OUT_P
<0:11> A A
>

Data<0:15>

Buffer &

Delays G]
<12:15% Thermo Reduced
4->16 > Latches 3 swing

Drivers

CLK > ____|

Current Reference

Bandgap
e
ol |
B o =

v v v

G2 Switch array
& Drivers

(i

Current Source Array

e Options via Slow Control register:
* Current ref trimming
* Regulator off

* Pads access for bias adjustment



