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OVERVIEW

EV12AD500A is a duab&nd capable 12bit ADC
intended for various applications that is built
using a true single core architecture providing
high spectral purity.

With a 3dB input bandwidth of 5.2GHz it allows
for digitization in Sband without frequency
conversion Wideband communication andadar
systems will also bebte to operate this ADC
with reduced dynamic range at frequencies
beyond 5GHz without frequency down
conversion.

This device outpwtdata either in LVD®rmat
with low latency or highspeed serial link using
the ESlstream (Efficient Serial Interface)
protocol.

It proposes a multiple ADC chained
synchronization featureAlong with the serial
interface, it helps designing large arrayof
synchronous ADC in active antenna array or
MIMO systems.

Dual channetrosstalkisolation exhibits figure in
excess of 80dB and Noise Power Ratio
performance beyond 50dB in the first Nyquist
zone.

This device comes in gdflchip CBGA255 package
in HITC® substrate with High Temperature
Coefficient of Expansion.

APPLICATIONS

Wideband communication system
Phaseéarray/MIMO communication system
Phaseédarray/MIMO radar system
Instrumentation
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EV12AD500A
Dual 12bits 1.5GSps AD

FEATURES

Dual channel 12 bits 1.5GSps ADC
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Single core architecture ADC
Differentialanaloginput voltage: 1Vppd

Full Powelnput bandwidth {3dB): 5.%5Hz
Differential clock input

Powerconsumption: 2.8V / channel

Power supplies: Single Rail 3.4V or Dual rail
3.4V/[2.5V

Output interface: LVDS DEMUX 1:1 or serial
ESlIstream

PackageCBGA2584x14mm / 0.81m pitch
SPI configuration

Multiple ADCchainedsynchronization

Test mode: ramp, flasikRBS

Controlbit: parity, inrange, trigger
timestamp

Clock inpuup to 3GHz

PERFORMAN@ 1.5GSps

5.2GHz analog input bandwidth3dB)

50 dB NPR over'Nyquist
48 dB NPR ovef®Nyquist
46 dB NPR ovef®\yquist

70 dBFS SFDR at 100MHA4BFS
70dBFS SFDR at 1900MHdBFS
60dBFS SFDR at 3730MH2dBFS
54 dBFSFDR at 5300MHA,2dBFS

Latency < 7.5ns in LVDS output
Latency < 17ns in serial output

Whilste2vtechnologies has taken care to ensure the accuracy ofrtfemation contained herein it accepts no responsibility for the consequences of any
thereof and also reserves the right to change the specification of goods without ne@eetechnologiesiccepts no liability beyond the set out in its standa
conditions of ale in respect of infringement of third party patents arising from the use of tubes or other devices in accordance wittafitforcontained

herein.

e2v technologies (uk) limited, Waterhouse Lane, Chelmsford, Essex CM1 2QU United Kingdom Cétuolalimy: e2v technologies plc

Telephone: +44 (0)1245 493493 Facsimile: +44 (0)1245 492492

Contact e2v by-enail: enquiries@e2v.coror visitwww.e2v.confor global sales and operations centres.
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EV12AD500A Dual channel 12 bits 1.5GSps ADC

1 Bloc Diagrams
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Figure2: Bloc diagram iserial ESlstreamutput mode
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EV12AD500A Dual channel 12 bits 1.5GSps ADC

2 Description

The EY2AD5@A is a dual 12 bit 1.5GSADdeaturing low latency LVDB1 paralleloutput and ahigh speedserial output
option based on the ESlstream (Efficient Serial Interface) pratocol

The two channels can operate in phase oppposition thus allowing synchronous or interleaved sampling. Each channel is
composed ofa true single core AD§ampling at up to 1.5GSps. Based on an innovative architecture without interleaving, it
provides high spectral purity. It offers an anglmput bandwidh up to 5.Z5Hz with 2 selectableonfigurationsto optimize

SNR performance when working lower Nyquist zons or linearity performance in higher Nyquist zon#salso features a
novel synchronization method to ease the synchronization of a large nuwib&DCsThis device is clocked at twice the
sampling rate of each channel, thus at 3GHz at full speed where the channels sample at 1.5&8pstrtlled through an

SPI interfaceAll sensitive areas of the device have bgeatectedto increase robumess. This includebut is not limited tg

clock circuitry and SPI registefssupplementary feature is also provided to increase this robustness of the ADC and prevent
potential external influence.

The EV12AOWA is available in HiITCE25packageusing flipchip assembland operates over the temperaturange-40°C
<Tc; Tj<HO°C
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EV12AD500A

Dual channel 12 bits 1.5GSps ADC

3 Specifications

3.1 Absolute maximum ratings

Absolute maximum ratings are limiting values (referenced to GND = 0V), to be applied individually, while other
parametersare within specified operating conditions. Exposure to maximum ratimgay affect device reliability.

Tablel: Absolute maximum ratings

Value
Parameter Symbol Unit
Min Max
VCCA analog supply voltage Veea AGND-0.3 3.8
VCCIOxautput supply voltage GNDIG-0.3 3.8
VCCD digital supply voltage Veep DGND-0.3 3.8
. . |AIN - AINN],
Analog input swing IBIN - BINN| 4.8 Vppd
Analog input voltage AIN, AINN, BIN, AGND-0.3 3.6 \Y
BINN
Clock input swing [CLK CLKN] 4 Vppd
Clock input voltage CLK, CLKN AGND- 0.3 3.75 \%
SYNC input voltage SYNC, SYNCN AGND 0.3 VCCA+03| V
SYNC input swing |[SYNG SYNCN]| 4 Vppd
q
SPI input voltage RSTN, SCLK, C3 DGND 0.3 VCCD+0.3| V
MOSI
VDIODEA input voltage DIODEA -0.9 0.3 \Y,
Notes: | nputs have been designed to allow for “cold spari ng

signal while VCCA and VCCD are either floating or to GND, as long as they are below the maximum ratings specifie
above(considering typical value for VCCA, VCCD and VCCIOxx)

Table2: Absolute maximum ratingESD and temperature)

Parameter Symbol Value Unit

Electrostatic discharge (HBM) 1000 \%
In serial interface output mode

ES[xlassification Class 1C

ESD HBM

Electrostatic discharge (HBM) 750 \%
In LVDS DMUX 1:1 output mode

ESD classification Class 1B
Storage temperature range Tstg -65 to +150 °C

Notes: All integrated circuits have to be handled witppopriate care to avoidlamagedue to
inappropriate handling or storage could range from performadegradation to complete failure

ESD. Damage caused by
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EV12AD500A

Dual channel 12 bits 1.5GSps ADC

3.2 Recommended conditions of use

Table3: Recommended conditions of use

Parameter Symbol Value Unit

VCCA analog supply voltage Veea 34 \%
VCCIOS1 output supply voltage Vecios 25 \%
VCCIOHL1 output supply voltage Veeion 3.40r25 \%
VCCIOXoutput supply voltage Veciox? 34 \%
VCCD digital supply voltage Veep 340r25 \%
External clock frequency Fc < 3 GHz
Differential analog input full scale swing llglll\l\i- glll\l\tlf 1.0 Vppd
Differential analog input full scale power Pa B 1 dBm
Differential clock input power Poik 1 dBm

ViL 0 \%
SPI input voltage

Vin VCCD v

Notes: Vcciol= 2.5V andVcp =2.5Vcan be sed to reduce power consumptiorRefer to Tablel8 in sectionOutput

selectionfor more information

Table4: Recommendedemperatureconditions of use

Parameter Symbol Value Unit
Operating temperature rang@or performances) Tc; Tj -40 <TG Tj < +110 °C
Operating temperature rangi®r long term reliability Tc; Tj TBD °C

Notes: Tj refers to the hot spojunction temperature on the die
Qualification pending

3.3 Explanation oftest levek

Table5: Explanation of test levels

Test

Comments
level

1 100% production tested atamb =+25°Q(1)

100% production tested atamb =+25°C, and sample tested at specified temperatiigs

Sample tested only apecified temperatures

Parameter is guaranteed by characterization testing (thermal stasalg conditions at specified temperature).

Parameter value is guaranteed by design

Ol WIN

100% tested over specified temperature range

Notes: Only MIN and MA&lues are guaranteed.
1. Unless otherwise specified
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EV12AD500A Dual channel 12 bits 1.5GSps ADC

3.4 Electrical characteristics for supplies, inputs and outputs

Unless otherwise specified:

- Typical values are given for typical supplieslualrail configuration(Refer to Table 18 in sectidButput selectionfor
more informatior) at Tamb = +25°C

- Minimum and maximum values are given oeerrespondingemperaturerangefor typical power supplies

- Values are given with SDA disabled

Table6: Electrical characteristics for supplies, inputs and outputs

Test Value :
Parameter level Symbol i v . Unit | Note
Resolution 12 bit
POWER REQUIREMENTS
Power supply voltage
1 Analog Veea 3.25 34 355 \%
1  Output Vecios 2.35 2.5 2.65 \%
Vecion 3.4V 3.25 34 355 v
Vecion 2.5V 2.35 25 2.65 vV | Q)
Vecioxz 33 3.4 355 \%
1 Digital Veep3.4V 3.3 34 355 v
Veen2.5V 2.35 25 2.65 v
Power supply current in DMUX 1:1
1  Analog VCCA = 3.4V lcca 1090 mA
T Output2
Full swing VCCIOHZ2 3.4V lcca 62 mA
Reduced swingvCCIOH2 = 3.4V lcca 62 mA
1  Outputl 2
Full swing VCCIOHz 3.4V leca 145 mA
Fullswing VCCIOH1 = 2.5V lcor 100 mA
Reduced swingCCIOH1 = 3.4V leca 103 mA
T Digital
VCCE: 3.4V lcco 93 mA
VCCD: 2.5V lcco 88 mA
Power supply current iserial ESlstream
1  Analog VCCA = 3.4V lcca 1118 mA
1  Outputl, VCCIOS1 = 2.5V lco1 71 mA 2)
f  Output2, VCCIOS?2 = 3.4V leca 85 mA
1  Digital, VCCD = 2.5V leco 235 mA
Power suply current in standby mode
1  Analog lcca 348 mA
f  Output (DMUX 1:1) lcco 164 mA | (2
1  Output (Serial ESIstregm lcco 34 mA
1 Digital lceo 156 mA
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EV12AD500A Dual channel 12 bits 1.5GSps ADC

Test Value ,
Parameter level Symbol i Typ . Unit | Note
Power dissipation
(VCCA = VCCD = VCgHx4V)
1 DEMUX1:1  -Full swing 4.77 w 2
- Reduced swing o 4.62 w
Power dissipation (VCCA = VCCIOx2 = 3.
VCCDBVCCIOx1 = 2.5V)
1 DEMUX1:1Reduced swing 4.41 W )
1 Serial ESIstream o 4.85 w
ANALOG INBTS
Analog input coupling AC or DC (©)
Analog input common mode voltage Vinewm 2.4 \Y, 4)
Analog differential input full scale voltage Il'gl:'\\l'i; glll\l\tlf 1 Vppd
Analog differeqtial inppt fgll scale power Py 1 dBm
(1 Odifferential termination)
Analog input leakage current In 40 A
Analog input resistance
1 Without trimming Rn 80 100 120 Q (5)
T Wwith trimming 95 100 105 Q
Crosstalk between analog inputs Xtalk 80 dB | (6)
CLOCKNPUTS
Clock common mode voltage Vaecm 2.40 2.57 2.75 \%
o 1 a1 | s | 1 e
(ncucing die and package) e 1 p
Clock differential inputesistance Reik 80 100 120 Q
Clock slew rate SRk 8 12 GVI/s
Itegrated from TOMH? to 10GHz Jier 100 | fsme
Intrinsic clock jitter - SDA off o 135
Intrinsic jitter fSims
-SDA on 200 ©)
Clock duty cycle Duty cycle 45 50 55 %
SYNCTRIG INPUTS
SYNCTRIG common mode voltage Viem 1.125 1.25 1.8 \%
SYNCTRIG differential swing Vin-ViL 100 350 450 mVp
SYNCTRIG input capacitance Csyne 1 pf
SYNCTRIG input resistance Rsyne 80 100 120 Q
SYNCTRIG slew rate SRvyne 500 MV/s
SPI INPUTS (RSTN, SCLK, CSN, MOSI)
CMOS Schmitt trigger low level threshold Vi 0.35\cp \Y
CMOSSchmitt trigger high level threshold Vi 0.65\cp \%
CMOS Schmitt trigger hysteresis ViH 0.1Veep \%
CMOS low level input current I 300 nA
CMOS high level input current I 1000 nA
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EV12AD500A

Dual channel 12 bits 1.5GSps ADC

Parameter Test Symbol Value Unit | Note
level Min Typ Max
SPI OUTPUT (MISO)
CMOSow level output voltage VoL 0.2Veep \%
CMOS high level output voltage Vo 0.8\ecp \%
LVDS OUTPUT
Full swing - Common mode voltage VQeoy 1.125 1.3 1.45 \%
- Swing Von- VoL 250 350 450 mVp
- Logic low VoL 1.125 \
- Logic high VoHr 1.375 \
Reduced swing - Common mode voltage VQem 11 1.35 1.4 \%
- Swing Vou- VoL 165 290 300 mVp
- Logic low VoL 1.125 \Y
- Logic high Von 1.5 \Y
CMLOUTPUTSerial ESlstream)
Full swing - Common mode voltage VQem Veaost0,2 \%
- Swing Vor- Vor 400 mVp
- Logic low VoL Veoost \
- Logic high VoH Veaost0,4 \%
Reducedswing - Common mode voltage VQem Veaost0,1 \%
- Swing Vor- Vor 200 mVp
- Logic low VoL Vecaost \
- Logic high Vo Veaosr0,1 \%

Notes: 1Refer to Table 18 sectionOutput selectiorfor more informaton on power supplies management

2. Enabling SDA increases power consumpbip@0mA (23mA on VCQA

3. The DC analogommon mode voltage is provided by the CMIREF output of the ADC
4. See sectionput common mode trimmindpor more inbormation on the range available

5. For optimal performance, in terms of VSWR, the input impedance thu b e

50Q £ 5%

impedance must be digitally trimmed to cope with process deviati®efer to sectiorinput impedance trimmindor
more information

6. The crosstallspecified isneasured by inputting a 2400MHz tone-8BFS on one core and checking the spur level

on the other core at this frequency
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EV12AD500A

Dual channel 12 bits 1.5GSps ADC

3.5 Converter characteristics

Unless otherwise specified:

- Typical values are given for typical supplies in da@lconfiguration(Rekr to Table 18 in sectio®utput selectionfor
more information)at Tamb = +25®obth cores comply with the below specificatimhen the OTP hae been loaded

- Minimum and maximum values are given oeerrespondingemperaturerangefor typical power supplies

- Values are specified &s =1.5GSps for the serial mode and Fs = 1.3GSps forDMDX%1:1mode

- Values are given with SDA disabled

Table7: Staticcharacteristics

Parameter l-le-s: Symbol i value Unit | Note
in Typ Max
DC accuracy / Fs = 1.5GSps, Fin = 100MIH#BFS
Gainvariation Go -1.5 15 dB Q)
Gain variation versus temperature G(T) -0.5 0.5 dB
DC offset -0.25 0.25 LSB| (2)
Differential Non Linearity DNL TBD TBD LSB
DNL rms DNLrms TBD TBD LSB
Integral Non Linearity INL TBD TBD LSB
INL rms INLrms 0.6 TBD LSB
Notes: 1. This value corresponds to the maximum deviation from part to part
2. After DC offset calibration
Table8: Dynamic characteristics
Parameter Eﬁj Symbol " value Unit | Note
in Typ Max

ANALOG INPUT
Full power input bandwidth

T Nominal bandwidt{NBW) 3.7 GHz Q)

1 Extended andwidth (EBW) 5.2 GHz
Gain flatness (+/0.5dB)

1 Nominal bandwidth (NBW) 850 MHz

1 Extended bandwidth (EBW) 900 MHz
Input voltage standing wave ratio

T Upto2.4GHz VSWR 1:1.35

T Upto5GHz 1:1.6
DYNAMIC PERFORMANCE
Noise Power Ratio at
(600MHz noise bandwidth, 5MHz notch

1 1°Nyquist zone 50 dB

1 2" Nyquist zone NPR 48 B |

1 3“Nyquist zone 46 dB

1 4™ Nyquist zone TBD dB
Spurious Free Dynamic Range
Fin = 100MHz, NBW

T -1dBFS 74 dBc

T -3dBFS 71 dBc
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EV12AD500A Dual channel 12 bits 1.5GSps ADC
Parameter Test Symbol Value Unit | Note
level Min Typ Max
1 -8dBFS 66 dBc
1 -12dBFS 66 dBc
Fin = 1480MHz, NBW
1 -1dBFS 61 dBc
1 -3dBFS 63 dBc
1 -8dBFS 64 dBc
1 -12dBFS 68 dBc
Fin = 1900MHz, NBW SFDR (3)
1 -8dBFS 62 dBc
1 -12dBFS 67 dBc
Fin = 2980MHz, EBW
1 -8dBFS 50 dBc
1 -12dBFS 55 dBc
Fin = 3730MHz, EBW
1 -8dBFS 45 dBc
1 -12dBFS 49 dBc
Fin = 5300MHz, owtf-band
1 -8dBFS TBD dBc
1 -12dBFS TBD dBc
Fin = 1480MHz /1dBFS, NBW
1 Over 50MHz band TBD dBc
1  Over 200MHz band TBD dBc
3rd order ntermodulation products
Fin = 125MHz+/- 5SMHz /-7dBFS MD TBD dBc 3
Total harmonic distortion
Output level-1dBFS
1 Fin =100MHz, NBW 68 dBFS
1 Fin=1480MHz, NBW 60 dBFS
Output level-8dBFS
1 Fin=100MHz, NBW THD 69 dBFS | (3)
1 Fin=1480MHz, NBW 67 dBFS
1  Fin=1900MHz, NBW 65 dBFS
1 Fin=2980MHz, EBW 58 dBFS
1 Fin=3730MHz, EBW 52 dBFS
1  Fin =5300MHz out-of-band TBD dBFS
Signal to Noise Ratio
Output level-1dBFS
1 Fin=100MHz, NBW 59 dBFS
1 Fin=1480MHz, NBW 55 dBFS
Output level-8dBFS
1 Fin=100MHz, NBW 60 dBFS
1 Fin=1480MHz, NBW SNR 59 dBFS
1 Fin=1900MHz, NBW 57 dBFS
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EV12AD500A Dual channel 12 bits 1.5GSps ADC

Test Value .
Parameter level Symbol i Tvp . Unit | Note
1 Fin=2980MHz, EBW 55 dBFS
1 Fin=3730MHz, EBW 54 dBFS
 Fin =5300MHmut-of-band TBD dBFS
Signal to Noise And Distortion
Output level-1dBFS
1 Fin=100MHz, NBW 58 dBFS
1 Fin=1480MHz, NBW 54 dBFS
Output level-8dBFS
1 Fin=100MHz, NBW SINAD 59 dBFS
1 Fin=1480MHz, NBW 58 dBFS
1 Fin=1900MHz, NBW 57 dBFS
1 Fin=2980MHz, EBW 53 dBFS
1 Fin=3730MHz, EBW 50 dBFS
1  Fin = 5300MH=ut-of-band TBD dBFS
EffectiveNumber Of Bits
Output level1dBFS
1 Fin=100MHz, NBW 9.2 bit
1  Fin=1480MHz, NBW 8.5 bit
Output level-8dBFS
1 Fin=100MHz, NBW 9.5 bit
1 Fin=1480MHz, NBW ENOB 9.3 bit
1  Fin=1900MHz, NBW 9.1 bit
1 Fin=2980MHz, EBW 8.6 bit
1 Fin=3730MHz, EBW 8.0 bit
1 Fin =5300MHaut-of-band TBD bit
Noise Spectral density atdBFS
f 1°'Nyquist zone, NBW -147 dBm/Hz
1 2" Nyquist zone, NBW -144 dBm/Hz
1 3“Nyquist zone, EBW -142 dBm/Hz
1 4" Nyquist zone, EBW NSD -138 dBm/Hz
Noise Spectral density 88dBFS
1 1°'Nyquist zone, NBW -148 dBm/Hz
1 2" Nyquist zone, NBW -147 dBm/Hz
1 3“Nyquist zone, EBW -146 dBm/Hz
T 4™ Nyquist zone, EBW -144 dBm/Hz

Notes: 1. Optimal bandwidth selection depends on signal characteristic; the bandwidth selection allows optimizing noise and
linearity tradeoff. For signal below 2.0GHz, the bandwidth selection must be setndnad, for large signal beyond
2GHz the bandwidth seleion must be set to extended. The extended bandwidth degrades noise floor up to 1dB, but
brings lower signal atteration with high frequency input
2. Due to the high bandwidth of the ADC, generating lpghformance and high loading factor to input to the ADC is
a challenge. The values indicated in this table indicate the NPR value obtained at optimum loading factor value
3. Linearity at high frequency is dominated by low order odd harmog@specially HBand H2 Phase difference on
the differential inputs should be reduced as much as possible to optimize”’fmaﬂnonic level Stepping back 3 or 6
dB on input signal gives significant improvement on SFDR figures

© e2v technologies (uk) limited 261 Document subject to disclaimer on page 1 DS1174AX,August2016 pagell



EV12AD500A Dual channel 12 bits 1.5GSps ADC

3.6 Transient and switching characteristics

Unless otherwise specified:

- Typical values are given for typical supplies in da@lconfiguration(Refer to Table 18 in sectidDutput selectionfor
more information)at Tamb = +25°®bth cores comply with the below specification whee OTP have been loaded

- Minimum and maximum values are given oeerrespondingemperaturerange for typical power supplies

- Values are specified &s =1.5GSps for the serial mode and Fs = 1.3GSp3AdHMUX1:1mode

- Values are given with SDA disabled

Table9: Transient characteristics

Test Value .
Parameter level Symbol - Unit | Note
eve Min Typ Max
ADC Coderor Rate at 1.5GSp&GHz CLK) CER 10% (1)
ADC Code Erroke at 125GSp§2.5GHz CLK CER 10" 2
OvervoltageRecoveryTime ORT 666 ps

Notes: 1. Output error amplitude 228 LSB (3% of the figitale). AFs = 1.5 GfS,ambient temperature
2. Output error amplitude > 64 LSB @ Bf thefull-scale). At Fs =25 GSpsambient temperature

Table10: Switching characteristics

Test Value :
Parameter level Symbol i - = Unit | Note

External clock frequency Foik 400 3200 MHz | (1)
Sampling frequency fgrerformance

f DEMUX 1:1 Fs11 200(TBC) 1300 (TBC) | MSps| (1)

9  Serial ESlstream Fssi 200 (TBC) 1500 MSps
Sampling frequency for operation

1 DEMUX 1:1 Fs1:1 200 1500 MSps| (1)

1  Serial ESlstream Fssi 200 1600 MSps
Aperture delay (SDA disabled) Ta TBD
Aperture delay tuning range (SDA enable Ta TBD ps
SPI clock frequency FscLk 30 MHz
SPI reset duration TrsTn 10 Us
Settling time at poweup Tru TBD us
LVDS OUTPUT
Rise time for data (280%) Tr TBD ps [(1) (2
Fall time for data (2@0%) Te TBD ps |(1), (2)|
Rise time for dataeady (2680%) T TBD ps | @]
Fall time for data ready (280%) Te TBD ps | (1), (2)|

Output data pipeline delay (latency)

1 Port high TepH 22 Tek | ()

1 Portlow TepL 20 Teik
Output data propagation delay Top TBD ns 3
Output data to data ready delay Tp1 TBD Toak | (B
Output data ready to data delay Toz TBD Tek | (3)
Output data ready A to data ready B skew Tork TBD ps
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EV12AD500A Dual channel 12 bits 1.5GSps ADC

Test Value .
Parameter level Symbol i Tvp . Unit | Note

SYNC to data ready pipeline delay

T DEMUX1:1 Tror 26 Tex | (4

f  DEMUX 1:2 Tror 27 Terk
SYNC pulse width Tsyne 16 Telk
SYNC to SYNCO pipeline delay Tps TBD Tek
SYNC to SYNCO propagation delay Tobs TBD ps
SYNC signal valid timing % 128 Sz ®)
Trigger data pipeline delay

1 Porthigh TeoH TBD Telk

1 Portlow TepL TBD Teolk
TRIG propagation delay Topt TBD ns
CMLOUTPUTSerial ESlstream)
Data rate DRyssL 3.2 2XFk 6 Gbps
Rise time for data (280%) Tr TBD ps 2)
Fall time for data (2@0%) Te TBD ps 2)
Output data pipeline delay (latency) Tes 48 52 Tek | (6)
Output data propagation delay Toms TBD ps (6)
SYNC to synchronization sequence Tss TBD ps ©)

Notes: 1. Performances ordyiaranteedat 1.5GSps max serial ESIstreammode and 1.3GSps max in DEMUX 1:1 mode
2Si mul at e dineswmiodeledbyp206€H in parallel with 1pF
3. Refer to timingdiagransin Figure 3
4. Refer to timing diagram iRigure 5
5. Refer to timing diagrarm Figure 7 T, and T correspondto setup and hold times of the SYNCTRIG input seen at
the package input.
6. Refer to timing diagram iRigure 4
7. Refer to timing diagram iRigure 6

c I S N O SO B (N S N O S N R

SAMPLING CLOCK X

1
X ANALOG INPUT !

v

-
<

Samplingsample N TPDH +TOD

DATA READY X |

DATA X PORT HIGH ‘ N-2

Figure3: Timing diagram in DEMUX 1:1
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EV12AD500A Dual channel 12 bits 1.5GSps ADC
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Figure4: Timing diagram igerial ESIstream

For both figure3 and4, X represergeither channel A or B. If channel A and B are interleaved, the internal sampling clocks of

channel A and B are in opposition and their output data and data ready are delayeekbgrial CLK cycle.
For Figure 4, the output data X$are encoded through ESlstregsee sectiorSerial ESlstreafor more information)
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Figure5: SYNC timing diagram in DEMUX 1:1
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Figure6: SYNC timing diagram in serial ESIstream
XSLN corresponds to any serial outp<it=Aor B and N =[0..3])
CLK | | |
1l I 1< I
AR : A ER :
1 S e : L ——
I o | i Ry
SYNC EDGES oK [ ko | OK | ko | OK
Figure7: SYN@dgesforbidden zone
Notes: The timing diagram assumes thbit ESEL imegister SYNC control is at 0 ' ESEl# f © 1 , T1 and

referenced to the falling edge of Cl3€e sectiolBYNCTRIG inpfar more information.
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Dual channel 12 bits 1.5GSps ADC

Table11: SPI switchingharacteristics

Test Value .
Parameter level Symbol i Tvo . Unit | Note

RSTN pulse length TrsTn 10 us
SCLK frequency Fscik 30 MHz
CSN to SCLK delay TesnscLk 0.5 Tsck| (1)
MISO setup time Tsetup ns Q)
MISO holdime Thold ns Q)
MOSI output delay Taelay TBD ns Q)

Notes: 1. Refer to timindiagram inFigure 8

SN |

|
1€ >
I TCSN-5CLK 1
SCLK ! I
I I I !
1 E 1 a| I
Tsetup | Thold |
' I . '
| 1 I '
MOsI
Ie—>,
: Tdelay 1
I |
MISO |
Figure8: SPI timing diagram
3.7 Digital output coding
Tablel2: ADC digital outputoding table
Differential analog Voltage level Binary
input 9 MSB6 6 A (i MMO XX XHfarge 6 g
> +500.125 mV >Top end of full scale + % LSB 111111111111 0
+500.125 mV Top end of full scale + % LSB 111111111111 1
+ 500 mV Top end of fulscale- %2 LSB 111111111110 1
+0.125 mV Mid-scale+ ¥ LSB 100000000000 1
-0.125 mv Mid-scale- %2 LSB 011111111111 1
-500 mV Bottomend of full scale + ¥ LSB 000000000001 1
-500.125 mV Bottom end of full scale¥z LSB 000000000000O0 1
<-500.125 mV < Bottom end of full scale’z LSB 000000000000O0 0
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3.8 Definition of terms

Tablel3: Definition of terms

Abbreviation | Term Definition
Probability to exceed a specified error threshold for a sample at maximum specified sa]
CER Code Error Rate
rate.
The Differential Non Linearity for an output cotlei is’ the difference between the measur
DNL Differential nolineari step size of codeé iafid the ideal LSB step size. DNL (i) is expressed in LSBs. DNL is the
v value of all DNL (i). DNL error specificatiogher than-1 L8 guarantees that there are n
missing output codes and that the transfer function is monotonic.
SINAD - 1.76 + 20 log (A / FS/2) ; i i q
ENOB Effective Number Of Bitl ENOB = Y235 s Y 1 1 Ya Ys Ya Yo Yo Yo Vs Yo U Where A is the input amplitude and F§
6.02 the full scale range of the ADC under tes
Full Powerrout Analog input frequency at which the fundamental component in the digitally reconstr
FPBW Bandwidth P output waveform has fallen by 3 dB with respect to its low frequency value (determin&é 1
naw! analysis) for input atldBFS (Full scaleldB).
. The two tones intermodulation distortion (IMD) rejection is the ratio of either input tone to
Intermodulation ) . . . )
IMD ) ) worst third order intermodulation products. It may be reported inF#i.e., related to converte)
Distortion . ) L
full scale), or in dBc (i.e., related tarriersignal level).
The Integral Non Linearity foranoutpatod® i $ t he di fference
INL Integral nonlinearity voltage at which the transition occursand the ideal value of this transitio
INL (i) is expressed in LSBs, and is the maximum value of all [INL (i)|.
. Sample to sample variation in aperture delay. The voltage error due to jitter depends
JITTER Aperture uncertainty . . .
slew rate of thesignal at the sampling point.
The loading factor is 20log(1/k), where k is the rms value of the broadband signa
LF Loading Factor parameter relates to the NPR measurement. The optimum loading factor for a 12bits co
is k = 5 corresponding ®loading factor of14dBFS.
The NPR is measured to characterize the ADC performance in response to broad baj
signals. When applying a notfiltered broadband whitenoise signal as the input to the A
NPR Noise Power Ratio under test, the Noise Reer Ratio is defined as the ratio of the average-ofihotch to the]
average imotch power spectral density magnitudes for the FFT spectrum of the ADC
sample test.
NSD Noise Spectral Density | The NSD is the power spectral density magnitude oABE expressed in dBm/Hz
ORT Overvoltage Bcovery | Time to recover 0.2 % accuracy at the output, after a 150 % full scale step applied on the
Time reduced to midscale.
OTP One Time Programmabl| OTP are fuses used to set circuit default configaraand calibrations.
Ratio expressed in dB of the RMS signal amplitude, to the RMS value of the highest
SFDR Spurious feeDynamic | component (peak spurious spectral component). The peak spurious component may or n
Range be a harmonic. Imay be reported in dBS(i.e., related to convertefull scale), or in dBc (i.g
related tocarriersignal level).
. Ratio expressed in dB of the RMS signal amplitude to the RMS sum of all other
Spnal toNoise Ad . . . . .
SINAD ) ) ) components, including the harmonics except MQOmay be reported in dBS(i.e., related tg
Distortion ratio ; ) _
converterfull scale), or in dBc (i.e., related tarriersignal level).
Ratio expressed in dB of the RMS signal amplitude to the RMS sum of all other
SNR Signal to Noisedio components excluding th@5" first harmonics.It may be reported in dBS(i.e., related tg
converterfull scale), or in dBc (i.e., related tarriersignal level).
. T1 and T2 represents setup and hold time on the SYNC input brought back to the inpu
T1, T2 SYNC forbidden zone
package.
Delay between the rising edge of the differential clock inputs (CLK, CLKN) (zero crossin|
TA Aperture delay ) . .
and the timeat which (XAI, XAIN where X = A, B) is sampled.
TF Fall time Time delay for the output DATA signals to fall from 20% to 80% of delta betvglelevel and
low level.
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Abbreviation | Term Definition

Total Harmonic Ratio expressed in dB of the RMS sum upgbharmonic components, to the RMS input sig
THD Distorti amplitude. It may be reported in dE5(i.e., related to convertefull scale), or in dBc (i.e., relatq
stortion to carriersignal level).

Delay from the rising edge of the different@bck inputs (CLK, CLKN) (zero crossing point) {

TOD Digital data output dela ) . . . . . o
9 P Y next point of change in the differential output data (zero crossing) with specified load.

Number of clock cycles between the sampling edge of an input data and the asdomiaput

TPD Pipeline delay lat
Ipeline delay latency data being made available, (not taking into account TOD).
L Time delay for the output DATA signals to rise from 20% to 80% of delta between low le
TR Rise time .
high level.
Delay between the edge of the exterr@bck after reset (SYNC, SYNCN) and the reset to
TRDR Data ready reset delay . .
zero transition of the data ready output signal (XDR, where X ¥ A, B
o Time delay to achieve 0.2 % accuracy at the converter output when an 80% Full Sc
TS Settling time L . . . .
function is appliedd the differential analog input.
TSYNC SYNC duration External SYNC pulse width needed for SYNC function
. The VSWR corresponds to the ADC input insertion loss due to input power reflectid
Voltage Standing Wave . .
VSWR example a VSWR of 1cBrresponds to a 20dB return loss (i.e. 99% power transmitted an|

Ratio

reflected).

4 Package description

Ceramic Ball Grid ArrfgBGA255

Bodysize:14mmx14mm

Substratetype: HITC®High Temperature CoefficieBxpansion
Pitch:0.8mm

Pinscount 255
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EV12AD500A

4.1 PackageéDrawings
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Figure9: Package drawings
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Copper via and traces / Flip chip silicon die
/ Underfill material

\ Solder balls Glass-ceramic substrate

Figurel0O: Package crossection

4.2 Thermalcharacteristics

Table14: Package thermal characteristic

Value )
Parameter Symbol - — Unit
InLVDS interface| In serial interface
Thermal Resistance OunctionBotiom of balls 10.5 10 °C/Watt
Thermal Resistance Oyunciontop ofdie 3.3 3 °C/Watt
Thermal Resistance OunctionAmbient TBD TBD °C/Watt
Delta Temp Hot Spetvdiode +11,4 +11.4 °C

Notes: Thermal resistances are calculated from hot spot, frain average temperature
1. Infinite heat sink at top of die
2. Typical Assumptions:
» Convection according to JEDEC
e Still air
e Horizontal 2s2p board
e Board si zmn, 116InthRkness 76 . 2
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4.3 Pinout top view

1 2 3 4 13 14 15 16

A AGND AGND | AGND AGND | AGND [ AGND [ AGND (A

B| SYNCTRIGPSYNCTRIGN AGND | AGND AGND | AGND | DIODE_Q¢ DIODE_AB

d SsoP SSON AGND | AGND | CMIREFA AGND [ AGND [ AGND | AGND | AGND | AGND | CMIREFE AGND [ AGND | SYNCON SYNCORC

D[ AH11P AH11IN AFU1P | AFUIN | AGND AGND VCCA | AGND AGND VCCA | AGND AGND | BFUIN [ BFU1P | BH11N | BH11P |D

H AH8P AHBN AH10P [ AH1ON | GNDIO |[VCCIOHIA AGND VCCA VCCA | AGND |VCCIOH1B GNDIO | BH10N [ BH10P [ BH8N BH8P |E
F  AH6P AH6N AH7P AH7N GNDIO |VCCIOH2A VCCA | AGND [ AGND VCCA [VCCIOH2B GNDIO | BH7N BH7P BH6N BH6P |F
G| AH4P AH4N AHOP AHON GNDIO |VCCIOHIA VCCA | AGND [ AGND VCCA [VCCIOH1B GNDIO | BHSN BHOP BH4N BH4P |G
Hl  AH2P AH2N AH5P AHS5N GNDIO |VCCIOH2A VCCA | AGND [ AGND VCCA [VCCIOH2B GNDIO | BH5N BH5P BH2N BH2P |H

J  AHOP AHON AH3P AH3N GNDIO |VCCIOHIA VCCA VCCA [VCCIOH1B GNDIO | BH3N BH3P BHON BHOP |J

K| ADRP ADRN AH1P AHIN GNDIO |VCCIOS2 B/CCIOS2B GNDIO | BHIN BH1P BDRN BDRP |K

L GNDIO GNDIO AFU2P | AFU2N [ GNDIO B GNDIO | BFU2N [ BFU2P | GNDIO | GNDIO |L

GNDIO | GNDIO | GNDIO | GNDIO [ GNDIO | GNDIO [ GNDIO | GNDIO | GNDIO | GNDIO | GNDIO | GNDIO [=S{ReNI=is{Rei gy VI

N[ GNDIO GNDIO GNDIO | GNDIO [ GNDIO [ GNDIO | GNDIO | GNDIO MOSI GNDIO | GNDIO | GNDIO [ GNDIO [ GNDIO | GNDIO | GNDIO |N

GNDIO | GNDIO [ GNDIO | TESTA SCLK SCAN | GNDIO | GNDIO [ GNDIO | GNDIO

GNDIO GNDIO |VCCFUSEC CSN MISO RSTN | GNDIO GNDIO

GNDIO GNDIO | GNDIO | GNDIO |VCCFUSEBCCFUSEAGNDIO GNDIO

1 2 3 4
Figurell: Pinout top view

6 7 8 9 10 11 13
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4.4 Pinout table

Tablel5: Pinout table

Pin bbel Pin number Description I/O | Simplified electrical schematics
Power supplies
A2,A3,A4,A7,A8,A9,A10,A13,
Al4,A15,A16,B3,B4,B5,B6,B7,
B10,B11,B12,B13,B14,C3,C4,C6,
AGND C7,C8,C9,C10C11,C13C14 D5, | Analog ground
D6,D8,D09,D11,D12,E7,E10,F8,
F9,G8,G9,H8,H9
D7,D10,E8,E9,F7,F10,G7,G10,
VCCA H7.H10.37.J10 Analog power supply
GNDD J9,K8 Digital ground
VCCD J8,K9 Digital power supply
E5,E12F5,F12,G5,G12,H5,H12,
J5,J12 K5,K12,L1,L2,L5,L12,L15,
L16,M3, M4, M5, M6, M7, M8, M9,
M10,M11,M12,M13,M14,N1,N2,
N3,N4,N5,N6,N7,N8,N10,N11,
GNDIO N12,N13,N14,N15,N16,p3,p4, | /O ground
P5,P6,P10,P11,P12,P13,P14,R1,
R2,R4,R6,R11,R13 R15R16,T1,
T2 T4,7T6,T7,T8,T11,T13,T15,
T16
VCCIOH1 E6,E11,G6,G11,J6,J11 Cutput power supply for LVDS
port high
VCCIOH2 F6,F11,H6,H11,K7,K10 Output power supply for LVDS
port high
VCCIOS1 L6,L8,LO.L11 Output power supply foserial
ESlstream
VCCIOS?2 K6,K11,L7,L10 Output power supply foserial
ESlstream
Clock
|
1
! VCCA
l T
1
! 3.45KW
1
! CLKN
] P
! T
| 50W
1
1
CLKP !
CLKN B8,B9 Input clocksignal | ! I'
1 6pF
' 50W —
1
[.:] CLKP T
. )
! 1
1 GND
| 13.45 KW|
1
: L
| GND
|
e e e e e -
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Pin kbel

Pin number

Description

110

Simplified electrical schematics

Analog signals

AINP . |

AINN A6,A5 Analog input for ADC A

BINP .

BINN A11,A12 Analog input for ADC B |
Input signal common mode
reference for A and B cores.

In AC coupling operation this
output must be left floating (not
used)

CMIREFA C5.C12 In DC couplig operation, these O

CMIREFB ’ pins providean output voltage
which is the common mode
voltage for the analog input
signal and should be used to se|
the common mode voltage of
the input driving buffer.

Digital output (LVDSg Disabled in serial ESlstream

AHOP, AHON J1,J2

AH1P, AHIN K3,K4

AH2P, AH2N H1,H2

AH3P, AH3N J3,J4

AH4P, AH4AN G1,G2 High port channel A output data

AH5P, AH5N H3,H4 AHO is the LSB, AH11 is the M9 o

AH6P, AH6N F1,F2 (inDEMUX 1:1, this channel is

AH7P, AH7N F3,F4 enabled)

AH8P, AH8N E1,E2

AH9P, AHIN G3,G4

AH10P, AH1ON | E3,E4

AH11P, AH11N |D1,D2

AFU1P, AFUIN | D3,D4 Channel A control bit 1

AFU2P, AFU2N | L3,L4 Channel A control bit 2

ADRPADRN K1,K2 Channel A data ready

BHOP, BHON J16,J15

BH1P, BHIN K14,K13

BH2P, BH2N H16,H15

BH3P, BH3N J14,313

BH4P, BH4N G16,G15 High port channel B output datd

BH5PBH5N H14,H13 BHO is the LSB, BH11 is the M{ o

BH6P, BHEN F16,F15 (inDEMUX 1:1, this channel is

BH7P, BH7N F14,F13 enabled)

BH8P, BH8N E16,E15

BHIP, BHION G14,G13

BH10P, BH1ON |E14E13

BH11P, BH11IN |D16,D15

BFU1P, BFUIN | D14,D13 Channel B control bit 1

BFU2P, BFU2N |L14,13 Channel B control bit 2

BDRP, BDRN K16,K15 ChanneBdata ready

Digital output (CMLY;, Disabled in parallel LVDS

ASLOP, _—

ASLON T5,R5 Channel A serial lindutput 0 O

ASL1P, -

ASLIN T3,R3 Channel A serial link outpuat O

ASL2P, o

ASL2N P1,P2 Channel A serial link outp@t (0]
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EV12AD500A Dual channel 12 bits 1.5GSps ADC
Pin Bbel Pin number Description Simplified electrical schematics

ﬁg::gz M1, M2 Channel A serial link outp@t

gg::gz T12,R12 Channel Berial linkoutput 0

gg:jz T14,T14 Channel Berial link outputl

gg::;z P16,P15 Channel Berial link output2

gg::gz M16,M15 Channel Berial link output3

Digital output (LVDS)

SSOPSSON

C1,C2

Slow Synchronization Output
clock

SYNCORYNCON

C16,C15

Synchronization output signal

SPI digital 1/0 (CMOS)

Chip Select signal (active low)

CSN R8
Internal pultup
SCLK P8 SPI clock
Internal pultup
MOSI N9 SPI Master Out Slave In
Internal pultup
SPI asynchronous reset (active
RSTN R10 low)
Internal pultup
_______________________ !
VCCD :
1
1
1
1
— 1
1
- |
1
MISO R9 SPI Master In Slave Out !

ouT
80 ohms

L eE

DIGITAL INPUT (LVDS)
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Pin bbel Pin number Description I/O | Simplified electrical schematics
|
| VCCA
1
! T
! 12.932kW
[5] SYNCTRIGN L
. Tr
1
1
Differential input ' 6pF
o . . '
SYNCTRIGP 512 ?g\r}(lzjhsr;)mzanon or trigger signal | : {
SYNCTRIGN ’ !
Active high signal |
I:lJ SYNCTRIGP T
: r 1
| GND
! 7.5kW
| I
| GND
1
b o o o o e e e o e e e e e e e e e e e =
Miscellaneous
scan P9 RESERVED PIN
Mustbe pulledR2 gy & A (
RESERVED PIN
TESTA P7 Should be left unconnected
VCCFuseA, T10 RESERVED PIN
VCCFuseB, o Should be left unconnected
VCCFuseC R7
DiodeA, B16 Junction temperature monitorin |
DiodeC B15 diode anode and cathode
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5 Theory of operation

5.1 Overview

Tablel6: Functionaldescription

Name Function
Veca Analog power supply _r_ _|°_ _°|; coes
Veen Digital power supply
AGND Analog ground ) 24 ADR
GNDD Digital ground AIN = 7 an
2
i . BIN —S4
Veciowz Output buffers power suppies 24 AFUL
VCCiOSl/Z VOCE
USE — 7
GNDIO Ground for output buffes 7+ AFU2
2
AINP, AINN Analog input for ADC core A CLKP, N % _%;. a5t
BINP, BINN Analog input for ADC core B SYNCTRIGP,N —34!
- . . SClK —] —+ CMIREF A
CLKP,CLKN Differential clock input CEN —s]
[AHOP:AH11P] High port channel A output datinactive in wo —  EV12ADS00 4 BOR
[AHON:AH11N] serial ESlstreajn MOSI +— | % gy
: SCAN —s
AFU1P, AFU1IN Channel A control bit 1
: 24 BFUIL
AFU2P, AFU2N Channel A control bit 2 DIODEA, 2,
DIODEC 124 BFU2
ADRPADRN Channel A data ready
[BHOP:BH11P] High port channel B output dat@nactive in —,,84 BSL
[BHON:BH11N] serial ESlstrean | CMIREFE
BFU1, BFUIN Channel B control bit 1
BFU2, BFU2N Channel B control bit 2 1 2., sso
BDRP, BDRN Channel B data ready 24 synco
[ASLOP:ASL3P] Channel A serial output dataéctive in 1 1 1
[ASLON:ASL3N] LVDS DEMUX }:1 AGND GNDD GNDIO
[BSLOP:BSL3P] Channel B serial output datmactive in
[BSLON:BSL3N] LVDS DEMUX 1:1)
CSN SPI chip select input (active low) SYNCTRIGP, Differential input synchronization or trigger
RSTN SPI asynchronous reset input (active low) SYNCTRIGN signal (LVDS)
SCLK SPI input clock SYNCOP, SYNCON Synchronization output signal
MOSI SPI Master Out Slave In SSOP, SSON Slow Synchronization Output clock
CMIRefA Output voltage for input common mode
MISO SPI Master In Slave Out CMIRefB reference of ADC A and B
DIODEA, DIODEC _D|0d¢ anode and cathode_put_s for die TESTA RESERVED PIN
junction temperature monitoring Should be left unconnected
RESERVED PIN RESERVED PIN
SCAN ) VCCfuse
Must be pulledd o wn wi t h 10 . Should be left unconnected
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5.2 Digital Reset and start up procedure

RSTN is an asynchronous active low global reset for the SPI and OTP (One Time Programmable Registers). It is mandaton
put RSTN at | ow | ev el podarupiofrthg dezicenttiseatsi ainm3Phregistérs td tBgir defaalttvalues.

The SPI interface can be used or not; if it is not used, the OTP value and &ftdnfigurations will be automatically
loaded (see sectiobsing the SPI interfa@end Without using the SPI interfader more information).

5.2.1 Using the SPI interface

Figurell presents the reset and synchronization to realize after pougmhen the SPI interface is usgkbe sectiorSerial
Peripheral Interfacéor more information on the SPI interface

RSTN I |

| I I
I I I
I I I
T T T
I I I
P I I | I I
CLK o| ! v v CLK MUST BE PROVIDED b !
w 1 1 1 1 ! 1 1
1 1 1 1 I 1
SYNC E } } } 1 : }
R 1 1 1 1 ! | |
1 1 1 1 ! | |
1 1 1 1 ! | |
1 1 1 1
CSN Pl1 1 ] I !
1 1 t {
| |
SCLK 0 1 I | |
1 1
1 1

]

FigurelZEtartup sequencevhen using the SPI interface

1. It is mandatory to reset the devic powerup through RSTNt is active low and the pulse must be at least 10ps.
During the RSTN pulse, CSN must be held high and SCLK hé&lddd@®.K must be provided before the RSTN pulse
The CLKan startbefore orafter the powerup;

2. The fuses needrs to wake up

3. The SPI instruction WRITE@E 0x0001 must be sent to the ADTheOTPare loadedinto the SPI registers at this
point. There must be at least 1ms between the RSTN pulse a&Hi instruction;

4. The ADC is configed through the SRhterface;

5. Apulse is applied onto the SYNCTRIG input to reset the internal (RNE signal in Figur®). At this stage the bit
7 of register chip contr ol —seeussctiorBNNCTR ihput' 0’ (trigger m

6. The ADC can be configured in trigger mode enalrld the EXTRA_SEEROTECHegister can be activated see

sectionExtra & protect
7. Normal operation of the ADC.
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5.2.2  Without using the SPI interface

The figure belowpresents the reset and synchronization to realize after powgiof the device when the SPI interface is not
used. In this case, the configuration of the ADC cannot be charagatl corresponds to the SPI default values (refer to
Regqister mapping and default configuratjoBue to the internal pulup of the SPI inputs, this is the default mode when the
SPI inputs are floating.

RSTN | |

1
1

1

T

1

P 1 1 1

CLK 0 ) | CLK MUST BE PROVIDED !
w 1 1 ! 1

SYNC el ! ' | !
R 1 1 ! 1

1 1 ! 1

1 1 ! 1

1 1 ! 1

CSN P11 1 ! 1
1 1 ! 1

1 1 1 I

SCLK 11 1 ! 1
1 1 ! 1

1 1 ! 1

. . 1 .

Figurel3: Startup sequence when the SPI interface is not used

1. Itis mandatory to reset the device at powep through RSTN. It is active low and the pulse must be at least 10us.
During the RSTN pulse, CSN must be held high and SClgheldhe CLK must be provided before the RSTN pulse
It can start either beforer after the powerup;

2. The fuses need 1ms to wake up;

3. Anpulse is applied onto the SYNCTRIG input to reset the internal (BXKE signal in Figur®) ;

4. Normal operation of the ADC.

Refer to sectiorRegister maping and default configuratiofor more information on the ADC configuration when the SPI
interface is not used.

5.3 Serial Peripheralrterface
5.3.1 SPICharacteristics

TheSPinterfaceusesthe 5 following input/output signal
- RSTN: asynchronous reset aclive;

- SCLK: SPI clock;

- CSN: chip select active low;

- MISO: Master In Slave Out;

- MOSI: Master Out Slave In.

And is a standard SPI with:
- 8 address bits from the MSB A[7] to A [0], with A[7] being the R/W bit;
- 16 data bits from the MSB D[15] to D[0]

TheMOS$ equence should start (A[7] bit) with *“0" for a reai

The following diagramgFigure B and 14) show a write and read procedure address and data sequencing. For more
information on the timing between signals refer Eogure 7.
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CSN [

SCLK

MOSI [ w (1)| Al6] | A5 | Al4] | A3] | Al2) | AL | AlO) p[15[p{141]pfa3]]pfa2][ppa]]ofo]] bf9] | pig] DUIEGIEEIRZIEEIEEIERIET |

MISO r [

Figurel4: SPI write procedure

CSN m! |

sk Ty UL

MOSI | R(0)[ Ale] [ A [ A4l [ As] [ AlZT T AL A[O]i |

MISO [\ \orzs] Joreaforsiforaiforzapizof ol [ ol || {71 [ oiél | ofs [ o] o1 [ oi2l [ ol | bio] ——

Figurel5: SPI read procedure

53.2

Tablel7: Register mapping

Register mapping and default configuration

Address Register Accesy Bit Default Description Refe'r to
value section
0x01 |CHIP_ID R | [15..0] Chip ID
0x02 S N R [15..0] Chip serial number
[15.10]| Ox00 |Reserved
Serial output swing adjust
9 Obl | 1:reduced swing
0: full swing
SSO and SYNCO swing adjust
8 0b0 | 1: full swing 5.9
0: reduced swing
Trigger enable )
7 0b0 |1:enabled 55i6]é
0: disabled =
0x04 |CHIP_CTRL WIR LVDS swing adjust
- 6 0b0 | 1: full swing 5.5.2
0: reduced swing
Bandwidth selection
5 Obl |1: nominal 5.7.2
0: extended
4 Obl |Reserved
Temperature calibratioselection
3 0b0 |1:Cold temperature 5.10
0: Hot temperature
2 0b0 |Reserved
1 0b0 |Reserved
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Address Register Accesy Bit Default Description Refe'r o
value section
Clock interleagd
0 Obl | 1:enabled 5.12.1
0: disabled
[15..5] | Ox000 |Reserved
Ox1E |A_CMIREF W/R ——
- [4..0] 0x10 | Input common mode trimming for channel A 5.7.3
[15..5] | Ox000 |Reserved
Ox1F |A_RIN W/R - ——
- [4..0] 0x10 | Input impedance trimming for channel A 5.7.1
[15..13]] OxO0 |Reserved
SDA control for channel A
12 Obl |O0: enabled 5.13
0x20 |A_SDA _CTRL W/R 1: disabled
[11..10]| ObOO |Reserved
[9..0] | Ox000 |SDA value for channel A 5.13
[15..10]|] Ox00 |Reserved
0x21 A _GAINCAL WIR - - - -
- - [9..0] | 0x0200 | Interleaving gain calibration for channel A 5.12.2
[15..8] | Ox00 |Reserved
0x22 |A_PHASECAL W/R ) o
[7..0] 0x80 | Interleaving phase calibration for channel A 5.12.2
[15.9] | Ox00 |Reserved
0x23 A_OFFSETAL WIR - - -
- - [8..0] | 0x0100 | Interleaving offset calibration for channel A 5.12.2
[15..5] | Ox000 |Reserved
0x3D |B_CMIREF W/R —
- [4..0] 0x10 | Input common mode trimming for channel B 5.7.3
[15..5] | Ox000 |Reserved
Ox3E B _RIN WIR - - -
- [4..0] 0x10 |Input impedance trimming for channel B 5.7.1
[15..13]| Ox00 |Reserved
SDA control for channel B
12 Obl |O0: enabled 5.13
Ox3F B_SDA_CTRL W/R 1: disabled
[11..10]| ObOO |Reserved
[9..0] 0x000 | SDA value for channel B 5.13
[15..10]| Ox00 |Reserved
0x40 B_GAINCAL W/R X ; o
- - [9..0] | 0x0200 | Interleaving gain calibration for channel B 5.12.2
[15..8] | Ox00 |Reserved
0x41 |B_PHASECAL W/R : ——
- - [7..0] 0x80 | Interleaving phase calibration for chanrigl 5.12.2
[15..9] | Ox00 |Reserved
0x42 B_OFFSETAL W/R - —
- - [8..0] | 0x0100 | Interleaving offset calibration for channel B 5.12.2
[15..14]| 0bOO |Reserved
Serial link 3 standby
13 Ob0 |1: enabled 5.14
0: disabled
Serial link 2 standby
12 Ob0 |1: enabled 5.14
0: disabled
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Address

Register

Access

Default

Bit Description

value

Refer to
section

0x62

STDBY

11 0b0 1: enabled

0: disabled

Serial link 1 standby

10 0b0 1: enabled

0: disabled

Serial link 0 standby

[9..6] | Ox0

Reserved

5 0b0 1: enabled

0: disabled

Channel B analogtandby

WIR

4 ObO 1: enabled

0: disabled

ChannelA analogstandby

[3.2] | ©0boO

Reserved

1 ObO 1: enabled

0: disabled

Channel Bull standby

0 0b0 1: enabled

0: disabled

Channel Aull standby

0x63

LVDS_PRBS_CTRI

0x0000 | Reserved

W/R

[1..0] | 0bOO

00: data only
01: data xor PRBS
11: PRBS only

PRBS on LVDS output

(2]
a1
w

0x64

CTRL_BIT_CFG

[15..4]

0x000 | Reserved

[3.2] | 0bOO

XRJ2 selection:
00: Inrange
01: Parity bit
10: Tigger

o1
=

W/R

[1..0] | ObOO |L ¥

XFU1 selection:
00: n-range

01: parity bit

10: trigger

0: timestamp
1:trigger

0: in-range
1: parity

LT h! ¢ ypE\Dp DEMU¥MID

h! ¢ew{ 9] WnQ

Bit 1 ¢ CB2 selection:

Bit 0- CB1 selection:

a1
(62}
=

6{ SN

(€2}
(e2}
N

0x66

TEST_MODE

[15..5]

0x000 |Reserved

W/R

Ramp
1: enabled
0: disabled

4 0b0

ol
N
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Address Register Accesy Bit Default Description Refe'r o
value section
Flash
3 0b0 |1: enabled 5.5.4
0: disabled
[2..1] 0b00 |Reserved
Test mode
0 0b0 | 1: enabled 554
0: disabled
[15..12]] Ox0 |Reserved
Ox67 FLASH RST LEN{ W/R | [11.6] | 0x10 Number of clock cycle when data ready is drive 558
low after a SYNC
[5..0] 0x18 | Flash pattern length 5.5.4
[15..1] | 0x0000 | Reserved
Outputselection
0x68 OUT_SEL WIR 1 0b0 0:LVDDEMUX 1:1
1: Serial interface
0 0Ob0 | Reserved 54
0x69 A _CALC_CRC R [15..0] CRC value for channel A 5.11.2
Ox6A B_CALC_CRC R [15..0] CRC value for channel B 5.11.2
[15.1] | 0x0000 | Reserved
OX74 SYNC CTRL W/R Edge selection for SYNC recovery
- 0 0b0 | 1: Clock falling edge 5.8
0: Clock rising edge
0x76 A _CAL_CRC2 R 16 CRC channel ot temperaturecalibration 5.11.2
ox77 A_CAL_CRC1 R 16 CRC channel &ld temperaturecalibration set 1 | 5.11.2
0x78 B_CAL_CRC2 R 16 CRC channelli®t temperaturecalibration set 2 5.11.2
0x79 B_CAL_CRC1 R 16 CRC channel@®ld temperaturecalibration set 1 5.11.2
[15..1] | 0x0000 | Reserved
OX7E LOAD_CAL W - - -
- 0 Loadcalibration when writtenl 5.10
[15..0] | 0x0000 | Reserved
Ox7F |EXTRA_SEBROTECT WIR SE protect
0 0 1: enabled 5.11.1
0: disabled
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5.4 Output selection

The outputof the ADC can be configured eitheraalsVDS BMUX 1:1 or serial interface using the ESlstream protocol through
the SPI registecOUT_SEat address 0x68:

OUT_SEL

SettingOUT_ S E L 0 "toofigufes the output in DEMUX 1:1, which isthe defaudi n f i gur at i oIn”. cSecer ftii ghu
the output inserial interface

When in DEMUX 1:1, the serial interface output should be grounded.
When in serial interface, the LVDS output should beigded.

Depending on th output mode of interest, thaupplies should be configured as follows:

Table18: Power supplies configuration

Single ralil Dual rail
DMUX 1:1| DMUX 1:1| Serial
VCCA 3.4V 3.4V
Analog supply
AGND GND GND
Digital supply veeb 3.4V 2.5V
DGND GND GND
VCCIOHl 3.4V 2.5v GND
VCCIOHZ 3.4V 3.4V GND
I/O Supplies | VCCIOS] GND GND 2.5V
VCCIOS4 GND GND 3.4V
GNDIO GND GND

Note: In dualrail configuration, he power consumption is reduced
Singlerail configuration is not available in serial interface

55 DEMUX1:1
5.5.1 Control bitXFU1 and XFU2

Three different control bi can be output on XFU1 andHn DEMUX 1:lin-range, parity or triggerThe configuration of
the control bits is done through the registeW¥DS_CF¢&lection at address 0x64:

LVDS CFG
Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bitl0 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
XFU2_SEL| XFU1l_SEL

XFU1 and XFUZ2 control bits are set for both chanAdlisontrol bits are output at the same time as the sample they control.

55.1.1 IN-RANGE
Theinr ange control bit out put C1v when t We setAXBWh as thepiange, i s
Xlh. SEL must be set to “00".

55.1.2 PARITY BIT
The parity bit is &KORbetween the 12 bits of the sampl&o set XFUn as the paritbbh. SEL must be set to
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55.1.3 TRIGGER
The trigger bit is a copy of the SYNCTRIG input with the same pipeline delaysamfiled data (refeto timing diagram in
Figure 19elow)To set XFUn asthetriggeEhk SEL must be set t oCHIPLOTRLta MOk OMAREBN ti T

CHIP_CTRL
Bitl5 | Bitl4 | Bit13 | Bit12 | Bit1l | Bitl0 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO
TREN
Note: When TREN is set to “1', the SYNCTRI G input tibms usSE€

SYNCTRIG inpfgr more information

TS I I O I O O O B A e
SAMPLING CLOCK X | | | | | | | | | | L 1L

X ANALOG INPUT

1
T
1
]
I Samplingsample N I

SYNCTRIG | |
paTAREADYX [ | [ g 1 T 1.
DATA X PORT HIGH | N1 N [ nan | w2 ]
XFU (trigger) | .

Figurel6: Trigger mode timing diagram
5.5.2 Swing adjust

By default the swing of the datautput is reduced to optimize power consumption. When working with long traces length
and/or limiting FPGA/ASIC a full swing option is available thndsigl to increase the output swing.

It is configured through registe2HIP_CTRit 0x04:

CHIP_CTRL

Bitl5 | Bit14 | Bit13 | Bit12 | Bit1l | Bitl0 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO
LSSA

When LSSA is at ‘' 0OvDSata ahdedata readypanetredwcediwhich isahie default configuration as well.
Wh e n s eL¥DStowotputlath and data ready are in full swing configuration.

5.5.3 PRBS on data output

A PRBS (Pseudo Random Bit Sequence) can be generated for the LVDS output. It can either be disabled, scrambling the d

or output alone. The implemented PRBS sequence is based on the sedq(ierck¥6 + IThe same sequence is output on all

bits of the LV ports (12 bits of data and the XFU1 and XFU2 bits).

It is configured through theVDS PRBS_CT&lister at address 0x63
LVDS_PRBS_CTRL

Bitl5 | Bit1l4 | Bit13 | Bit12 | Bit1l | Bit10 | Bit9 Bit0

PRBS_ctrl

PRBS ctrl = “00" by default and the PRBS is disabl ed;
Setting PRBS_ c tsthe LVD® outpu ih Scramting imbdg. nrtheat case, the output corresponds to the ADC
samples plus cdrol bit XORhe PRBS value. The PRBS value is the same on all output.

Setting PRBS_ c tsrthe LMDS output $o’thatcttee PRBSalorre és output. The PRBS value is the same on all
output.
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5.5.4 Test mode
The test modeare only available in LVDS DEMUX 1:1 output configuration.
5541 Enabling test mode

Two test modes on the ADC output are offered to help validate the interface with the ADC: flash and ramp patterns. The test
modes are enabled through tHEEST_MODiEgister at address 0x66:

TEST_MODE
Bit15 | Bit14 | Bitl3 | Bitl2 | Bitll | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO
RPEN FLEN TMEN
To enable any test mode, it is necessary toactivpteramppdt&N at
mo d e, RPEN must be set to *“1° and to activate a flash p
to *1°, the output i s i n nor sisadutpud. Refar @ the ? follovdngedtions fommeore o f  t

information on the test mods
5.5.4.2 Ramp test mode

In ramp test mode, the data output on the LVDS is a 12 bit ramipotimchannelsXH(and XL in DEMUX 1:2). The same value
is output on both ports in DEMUX 1:2. The 2 control bits XFU1 and XFU2 are tadugdingmp value is reset to 0x000 when
a pulse is sent on the SYNCTRIG input in SYNC SedeséctiorSYNCTRIG inpfdr more informatior). See the timing
diagram below for more informatio(X represents channel A 0}.B

CLK

oararenovx [ [ [ [
¥fufno] | oxeoo | oxeon | oxao2 | oxa03 | ox204 [ o205 [ ox208 | ox207 |
e [ e e e e
G N I e L e

Figurel7: Ramp test mode timing diagram

55.4.3 Flash test mode

The flash mode is useful to align the interfanetween FPGA and ADC. The flashing pattern consists of one dat&FiE O

followed by [flash_lengtH] data at 0x000. The control bit XFU1 and XFU2 follows the same sequence. The flash_length value

can be configured through theLASH_RST_LENG@ddister ataddress 0x67. Its default value is 24.
FLASH_RST_LENGTH

Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Flash_length

See below the timing diagram for the LVDS output when in flashing mode. It is thef@abwh channed and all pors used
(X represents channel A or B).

CLK
DATA READY X

xafif1.0]1 | oxo00 | oxoo0 | oxrrF | oxooo | oxoo0 | oxooo | oxere [ oxooo
|
I
XFU1 ]
XFU2 |

I flash_length-1 TCLK I !

Figurel8: Flashing test mode timing diagram

© e2v technologies (uk) limited 261 Document subject to disclaimer on page 1 DS1174AX,August2016 page34



EV12AD500A Dual channel 12 bits 1.5GSps ADC

5.6 High speed erial interface

The EV12AD50fffer ahigh speedserial interface to output the data; it has 8 higheed serial lanes (4 per core) running at
twice the external clock frequency (for example atE 3GHz, the serial links run at 6Gbps). It uses the protocol ESlstream to
optimize efficiency, simplicity and latency.

More information on the ESlstream piacol can be found omww.esistream.com

The ESlstream protocol is a 14b/16b encoding based on 14 scrambled bits along with 2 overhead bits: clock bit and disparit
bit. Applied onto the EV12AD500, the 16 biiftames are as follows:

0 12 3 14 15
Sample [LSB..MSB] CB1 | CB2 Clk DB
) Data 2 Overhead "

Figurel9: ESlstream frame with EV12AD500

DB being the disparity bit, CLK the clock bit, CB1 and CB2 the control bit of tiR&BxGo sectiorControl bit CB1 and CB2
and bit 11 to O contains the ADC sample. Bit 13 tare scrambled using an LSFRnear Feedback Shift Register) that
generate the PRBS (Psed@andom Binary Sequenca@he frames are transmitted LSB first.

5.6.1 ESlstream protocol

5.6.1.1  Scrambling

Applyingscrambling ensures a statistical DC balanced transmission. It also statistically ensures that there are transitions in
the transmissionlt is necessary to comply with these constraints otherwise the CDR (Clock and Data Recovery) may lose it:
lock and thedata would be corrupted.

The scrambling technique used in ESlstream is an additive scrambling to avoid error propagation in case of a single bit erro
It is based on Fibonacci architecture using the following polynomial: X17+X3+1. It has a run |@hgth. ofhstead of using
a shift of one bit per operation, it uses shifts of 14 bits per operation to adapt to the size of the data being scrambled.
The equations to use to generate this PRBS are as follow:
DOYYn O00OYW¥T

0OYYp O pu

ODOYY¢g 0OYY o

00YYoc 0OYY @IOOYY
ODOYYtT 00OYP @iOOYY
0"0YYu 0OYY @ii00YY

0 OYYe@ 0OYY¥ @I00YY
0OYYyx 00OYY @I00YY
ODOYYY 0OYY @ii00YY

0 OYYw 00OYY @IO0YW
DOYYpmn 0OYY @IO0OYY n
DOYYpp 0OYYGIOOYYp
0 OYYpg 0OYWGIOOYY ¢
0OYYpo 0OYY n@lOOYY o
DOYYpt 0OYYpdlOOYY 1
0OYYpu 0OYYcDIOOYY L
0 OYYpge 0OYYodlOOYY @
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The PRBS is applied to the data as follthe 14 LSB of the PRBS are the bits used to scramble the data

A4 4 L L bitto-bitxor | 4 1,
Useful data

Figure20: LFSR operation

This particular LFSR was chosen because it reduces the number of necessary gates to be implemented.

5.6.1.2 Encoding

After scrambling, the 14 bits of data are encoded into a 16 bits frame. One of the added bits iskitipictkggles at every

frame. The last bit encoding these 15 bits is the disparity bit. Its objective is to ensure deterministically the advantages
brought statistically by the scrambling process.

0 13 14 15
Scrambled data Clk DB
X Data ™ Overhead

Figure21: Frame format afteencoding

Even with scrambling, large running disparity can still occur with very low probability and could produce excessiveseye shift
These eye shifts could be balanced by a more complicated equalization stage in the receiver if the running dispatilly wa
limited. However,a PRBS does not bind the running disparity deterministically, thus the data could be corrupted on the
reception end and it could eventually cause the CDR to lose its lock. To prevent this, the disparity bit is implemented.

Therunning disparity of the transmission is constantly monitored by the transmitteeach link
For each frame, its disparity is calculated, 2 cases can occur on the running disparity:
a. The running disparity of the transmissidoes notincrease above +/5 (+15 and15 included) In this case, the

di sparity bit is set to "0’ and the 15 bits of dat
b. The running disparity of the transmissidoesincrease above +15 (+15 and15 excluded)In this case, th 15
bits of data (scrambled data + clk bit) are invert

The running disparity is updated with the disparity of the frame.

This disparity bit ensures that the B bis@he dkbit educethis Vallee s e
effectively t032). It also ensures that the runnimfisparity does not exceed 15 (included)which satisfies the DC balance
condition.

In normal operating mode, the receiver will check the disparity bit first. If it is high then it will invert the receiedrttht
descramble them. Otherwise it wdirectly descramble them.

5.6.1.3  Synchronization

The link must be synchronized to align thenfies between the transmitter and the receiver and to synchronize the reception
scrambler with the transmission scrambldte synchronization is controlled through the SYNC signal sent by the receiver
(FPGA/ASI®) the transmitter(EV12AD500)

The synchraoization works in 2 steps and stamghen the ADC receives SYNCTRIG puiseSYNC mod@efer to section
SYNCTRIG input
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SYNCTRIG pulse

A

0x00FF | OxFFO00 0x00FF 0xFF00 PRBSn | PRBSn+1 PRBSn+30|PRBSn+31

.
>

<
<+

A\
A

32 Frames for frame alignment 32 Frames for PRBS initialization

Figure22: Synchronization sequence

When the ADC sees the SYNCTRIG pulse, it will send an alignment pattern which is 32 frames alternating between OxXFF0O &
OxO00FF. The sequence bypasses the scrambling and disparity processing (the sequence is DC balanced). This alignm
pattern should baused by the receiver to align its data on the transmitter output data.

After these 32 frames, the transmitter starts sending 32 additional frames containing the scrambling PRBS alone. These
frames contain 14 bits of the PRBS plus the clk bit and theritisiét. They go through the disparity processing, as the PRBS
value will start to impact the running disparity of the transmission.

0 13 14 15
PRBS only (0..13) Clk DB
" Overhead

Figure23: Frame sent for PRBS initialization

The receiver will detect the transition from ttedignment pattern to the PRBS alo(massive detection)it will determine the

initial value it has to start its PRBS with after receiving 2 frames of the PRBS. These 2 frames contain 28 bits of the PRI
sequence; the receiver needs 17 bits to determitsanitial value The transmitter (EV12AD500) PRBS sequence is reset upon
reception of a SYNCTRIG pulse in SYNC mode.

After these 2 steps, the synchronization of the link is complete.

During normal operation, the synchronization of the serial links lmamonitored through the clk bit. In case the receiver
does not detect that the clk bit is toggling properly, then it can state that the link is not synchronous or has lost its
synchronization and restart the synchronization processother option is to ge the timestamp control bit of the ADC to
monitor the interface synchronization (refer to secti@ontrol bit CB1 and CB2

5.6.2 Control bit CB1 and CB2

The control bis CB1 and CB2 are controlled through tHeRL_BIT_CIFégister at address 0x64

CTRL_BIT_CFG

Bit15 | Bitl4 | Bit13 | Bit12 | Bitl1] Bitl0 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl Bit0
CB2_SE| CB1_SE

CBlcaneitherbetheinange contr ol bit when CB1l_ SEbei paaityObiwhiwbek
CB2 can either be the timestamp bit when CB2_SEL is at
5.6.2.1 IN-RANGE

Theinr ange control bit output *1° when the ADC input is no

5.6.2.2 PARITBIT
The parity bit is &KORbetween the 12 bits of the sample.

5.6.2.3 TIMESTAMP

The timestamp control bit is a PRBS sequehe¢ is updated with every framdt is the same sequence for all links and is
reset upon receiving a SYNCTRIG pulse. The PRBS sequmamrd on an LFSR of Gallois architecture with the polynomial
X7+X6+1. It can be used to identify the samples order and/or check the synchronization of the serial interface.

5.6.2.4 TRIGGER
The trigger bit is a copy of the SYNCTRIG input with the same pigdeliay as the sampled data (ref® timing diagram in
Figure 2dbelow). Toset CB2 asthetrigg€@2 S EL mu st and EREN ia tegist&hlIP'CTRLt O0x 04 set to
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CHIP_CTRL
Bit15 | Bit1l4 | Bit13 | Bit12 | Bit11 | Bitl0 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO
TREN
Note: When TREN is set to “1', the SYNCTRI G input tibns use€

SYNCTRIG inpfigr more information

| | | | | L ] | | | | | | | [

SAMPLING CLOCK X

XANALOG INPUT

SYNCTRIG

<
Lo

Samplingsample N

X510

Sample N encoded / CB2=0

1
D
W

"
L

Sampling sample N+1

e
=~
Sampling sample N+2
Samplingsample N+3

XSL3 Sample N+3 encoded / CB2=0

L W | __N

XsL1 Sample N+1 encoded / CB2=1

]
—
v

L

XsL2 Sample N+2 encoded / CB2=1

Figure24: Trigger mode timing diagram serial interface

5.6.3 Swing adjust

Bydefault the swing of the seriautputsisreduced to optimize power consumption. When working with long traces length
and/or limiting FPGA/ASIC a full swing option is available through SPI to increase the outpuasavihgs the reception eye
diagram

It is configured through registeCHIP_CTRit 0x04:

CHIP_CTRL

Bitl5 | Bit14 | Bit13 | Bit12 | Bit1l | Bitl0 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO
SLSA

WhenSIS A i15 , aserialautputsswing are reduced which is the defaultcgnfir at i on as wel bkeniad Wh e n
outputsswings aren full swing configuration.

5.7 Input configuration

5.7.1 Input impedancetrimming

Impedance matching is important to maximize power transmission and avoid reflexion. The DC impedance of each channe
can be trimmed digitally and individually 00 0 Q t hr ough r e g iOglf éorchaknelRlamn] OxBE foralthdnel e s ¢
B:

X_RIN
Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
RIN_TRIM

The default value is 0x10. Trimming2t#A@ pnpotsimpedance
5.7.2  Input bandwidth selection

The ADC has a tunable bandwidth selectable through SPI with re@idtér_CTRit Ox04:
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CHIP_CTRL
Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bitl0 | Bit9 | Bit8 | Bit7 | Bit6 B|t5 Bit4 | Bit3 | Bit2 | Bitl | BitO
When selecting nominal bandwi dth (def aul t improvedas thenoisais i o n

cut earlier. On the other handyhen working with high input frequency, it is optimal tse theextended bandwidth mode
( BW = avoid loging input power due to the bandwidth.

5.7.3  Input common mode trimming
The ADC can work with DC couplemgglog inputs Its input common mode (CMIREF) for each channel can be trimmed

individually It can also be used to optimize linearity performanttas controlled through the registe_ CMIRE&t address
0x1E for channel A and 0x3D for channel B:

X_CMIREF
Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
CMIN_TRIM

The default value is 0x10. Edolerement of the value adds 11mV; each decrement redtice common modeby 11mV. The
32 possible steps thus allow 340mV range.

5.8 SYNCTRIG input

The SYNCTRIG input is an LVDS signal. The SYNCTRIG input can be used in 2 different modes controlled through bit7 o
registerCHIP_CTRit address 0x04

CHIP_CTRL
Bit15 | Bit14 | Bit13 | Bit12 | Bitll | Bitl0 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO
TREN
The defaul t mode when TREN = *0' i s he SYNC mode. Wh e n

sectionControl bit XFU1 and XFld@d Control bit CB1 and CB& more information)

The SYNC signal is mandatory in order to have deterministic timing for the  syorehronization and for multiple ABC
time alignment. Thus itis necessary to send a SYNC pulse after paweso that the AQ timing circuitry starts in a
deterministic way. This pulse resets the different dividen the clock path and ensures that all the timing circuitry restarts
deterministically.lt also starts the synchronization sequence of the serial interface (refee¢tionESIstream protocdbr
more information).It also resets the test moddo their initial value.

The SYNC sigraflouldbe synchronous to the external clock, is active high and should be compliant withmting tspecified

in Table 100nesettingfor the SYNCTRIG input can be configured through SYNC_CTRL register at address 0x74:
SYNC_CTRL

Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bitl0 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO

ESEL

The ESHit is used to configure which edges of the input clock recovers the BRIiIGput. By default, the SYNRIG input
isrecovered omisingedges of the cl ock ( ESETIRIGinpuiOréecpveredwiekingedgeSdthe =’ 1
input clock.In any case, the reset of the timing circuitry of the ADC is donésorgedges of the input clock. This feature is
useful to avoid the metstability zone of the SYN®IGnput specified in Table 10.

When a SYNIRIG inpupulse is sent in SYNC moaled LVDS DEMUX 1:1 outptite timing circuitry is reset; thus the data
ready output will stop. The time before it restartan be configured through thELASH_RST_LENG@&¢ister at address
0x67.

FLASH_RST_LENGTH

Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
reset_length

By default, reset_length is at 16. Refer to timing diagram in Figure 5 to see an exaitipleeset length = 4For a
deterministic timing, reset_length value must be within 2 (Ob000010) and 64 (0b111111)
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5.9 SYNCO output and Slow Synchronization Output (SSO)

SYNCO output is a copy of the SYNCTRIG input resampled onto the CLK signal. It can be used to synchronize multiple dev
with a chained SYNCO to SYNCTRIG interface.

The SSO output signal is a clock signal that is a division by 16 of the master cliclt irgpneverstopped, reset ror
interrupted as long as the master clock is provided to the ADC. It can be used as a slow reference clock to synchronize thi
sampling of multiple devices or provide a synchronous clock source to other elgeinghée systen.

Both SYNCO and SSO are LVDS output ssigingil swing can be configured through the bit 8 of regist€HIP_CTRat
address 0x04

CHIP_CTRL
Bit15 | Bit1l4 | Bit13 | Bit12 | Bit11 | Bitl0 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO
SOSA
When SOSA is at ‘0', the LVDS output swing of SSO and S)

SSO and SYNCO are in full swing configuration.

5.10 Temperature calibration set selection

A factory calibration is performed on every paluring industrial test. During this process, two sets of factory calibration
(over temperatureare saved iron-chip One Time Programmable registers (OTB)optimize performance of the device, hot
temperature calibration should be chosen when workinighvdiode temperature over 65°C and cold temperature should be
chosen when working with diode temperature below 65°C.

To choose which factoryemperature calibration set to load, bit 3 of registe€HIP_CTR&t address 0x04 should be
considered:

CHIP_CTRL

Bit15 | Bit14 | Bitl3 | Bit12 | Bitll | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 Bit3 Bit2 | Bitl | BitO
CAL

By default,hot temperaturecalibration is selecteddAL S * 0' ) . Toid tempesaturg ealibtation, CALsBould be
written to ‘“1'. When eaibeationthhd sl cdbilte ilso ambedd fii retdg tthhee SPI r
of registerLOAD_CA&t address Ox7E:

LOAD_CAL
Bitl5 | Bitl4 | Bit13 | Bit12 | Bit1l | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO

L CAL

5.11 Single event protection
5.11.1 ExtraSHEprotect

All sensitive aresof the devicehavebeenprotectedto increase robustness. This includes isutot limited to clock circuitry
and SPI registers. To improve even more the robustnessx#ra protectionmode has been implemented. It can be
activated through the following regist&tXTRA_ SEE_PROT&E@tdidress Ox7.F

EXTRA_SEE_PROTECT
Bitl5 | Bit14 | Bit13 | Bitl2 | Bit11 | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO
SEP

Enabling register SHeBYNCYRIGumputwhen igp SYNC naodidthus prdvénts snwanted timing

reset of the AD(See sectiotsYNCTRIG inpfar more informatior). It prevents as well any modification on the SPI registers.

The SPI clock (SCLK) can be provided from time to time to refresh the SPI (and flush out any SE that would have impacted o
branch of the TMR)When it is necessary to modify the configucat of the device or synchronize the AD@is register
needs to be set back to ‘0’

Use of this register is not mandatoryut improves the robustness of the device aganmadiation effeds.
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5.11.2 CRC checking

An option to verify that thecalibration hasbeen successfully loaded is available through SPI registers. The CRC reference
value is stored in the OT@ne Time Programmable registed)ring industrial testing of the part respectively for each
channel and each calibration set at the following addesss

- 0x76 for channel A anfdot temperaturecalibration;

- 0x77 for channel A ancbldtemperature calibration

- 0x78 for channel B anabt temperaturecalibration;

- 0x79 for channel B antbld temperaturecalibration;

When thecalibrationisloaded into the SPI, the CRC of the loaded set is automatically calculated for each channel and can be
read in registers 0x69 for channel A and Ox@®@A channel B. If the calculated CRC value and the reference value
(corresponding to the loadedalibration) are equal, the load has been successful; if not,désired calibration sethould be
reloaded.Refer to sectiorTemperature calibration set selectidor more information.

5.12 Interleaving the cores

5.12.1 Interleaving or aligning the sampling clocks

The sampling clockd ehannel A and B can be interleal(default configuration) or aligned. This is controlled through bit O
of registerCHIP_CTRit address 0x04.

CHIP_CTRL

Bitl5 | Bit14 | Bit13 | Bit12 | Bitll | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl Bit0
é_*_ CLKINT

When CLKINBampliOhg ¢hecks of channel A and B are in ph
sampling clocks of channel A and B are in phase opposition to allow interleaving.

5.12.2 Interleaving calibration

To mprove interleaving performancgehe offset, gain and phase of each core can be corrected thanks to embedded DACs.
These settings are available througRI commandand are application dependent.

The offset calibration is available in regislerOFFSETALat address 0x23 for channaland 0x42 for channel B.

X_OFFSETAL

Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Offset_calibration

These offset calibration registers offer a tuning rangetbf27.4LSB by step of 0.11LSB. Teéult value is 0x100; the
minimum value 0x000 corresponds to +27.4LSB correction; and the maximum vdlEE @rrresponds te27.4LSB
correction.

The gain calibration is available in registetGAINCAlat address 0x21 for channel A and 0x40 for chaBnel

X_GAIN CAL

Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Gain_calibration

These gain calibration registers offer a tuning range of +2@8LSB by step of 0.47 LSB. The default value is 0x200.

The phase calibration is available in registePHASECAlat address 0x22 for channel A and 0x41 for channel B.

X_PHASECAL

Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
Phase_calibration

These phase calibration registers offer a tuning range/eD.9ps by step of 7fs. The default value is 0x80; the minimum
value 0x00 corresponds t800fs correction; and the maximum value OxFF corresponds to +900fs correction. For wider range
of phase carection, SDA could be used (refer to secti®ampling Delay Adjust (SDA)
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5.13 Sampling Delay Adjust (SDA)

The effective sampling instant of each ADC cores is adjustable independently thankst tio ffinié clock shiftersThey
provide 1023 steps of10fsdelay to achieve a total tuning range d®ps The delay is configured through the SPI register
X _SDA _CTRLaddress 0x20 for channel A and 0x3F for channel B.

X_SDA_CTRL

Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
L] ‘ ‘ SDA value

To enable the SDA, the ldit2 shoul d’' bease@tthe V&lue of delay addedd on 1
fs. The SDis disabled by defaulf D1 S. ItsshotldLbe hoted tha¢nabling the SDA has an impact on the jitter performance

of the ADC.

Enabling the SDA automatically adds 30ps delay on the sampling clock path, hence the absolute range accessed through tt
use of the SDA is 30ps delay. Moreover, the SDA must be eiteaabled on both channels or disabled on both channels

for the ADC to work. The SDA_value can be different between channels.

5.14 Standby modes

The staneby modes are controlled through tH&TDBYegister at address 0x62:
STDBY

Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bitl0 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO
SSL3| SSL2| SSL1| SSLO SAB | SAA SFB | SFA

Both channels can be put foll standbyindependently Wr i t i ng * 1FA(respactivelhBB) will pugtheschaanel S
A (respectively B) istand-by.

A standby of the analogic part of the ADC can al so be
channel A (respectively B). Its advantage is that it reduces the power consumption while keeping the output interface
running.

A standby of each serial links is also available.e n SSLn = ‘0’ , the serial l ane ASLTt
serial lane ASLn and BSLn are in standby.
5.15 Die junction temperature monitoring diode

Two pins are provided so that thertgerature diode can be probed using standard temperature sensors. Diode C must be
connected to GND.

DIODEC

[

F 3

] » DIODEA

Figure25: Temperature diode
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To characterize the temperature diode a current of 1 mA is applied on the DIODEA pin. Theamtiagehe DIODEA pin
and the GND pin gives the junction temperature using the intrinsic diode characteristics below
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Figure26: Diode temperature
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6 Application information

6.1 Power supplies recommendation and decoupling

The ADCan work with a single rail. It is recommended to use ferrite and decoupling capacitance to avoid power supply
pollution.

For VCCIOXn (OH=or $Sn =1 or 2), each supply should have 6x10nF decoupling capacitor.

_ EV12AD500A
Regh_3.4V

X194 — 10nF

RegC_3.4V

AGHND
VCCIOHL,/2
— ¥
— 10nF
[~ RegB_3.4V
OGHND
VCCD

X2 = 10nF

—

-

DGND

T

Figure27: Decoupling with separate supplias 3.4V (LVDS DEMUX 1:1 only)

Reg 3.4V
EV12AD5004
— Ferrite VCCA —_
x14 — J—mnF
AGND
VCCIOH1/2 Ferrite —
— %G
~— 10nF J_
DGND ﬁ
L Ferr'lteJ_ VCCD |
n2 — 10nF
OGND

Figure28: Decoupling with single supply at 3.4WDS DEMUX 1:1 only)
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Reg_ 2.5V
EV12ADS00A
— Regh 3.4V
x14 — 10nF
% AGND

VCCIOH,/51/2 J_Ferr'n:e —
10nF

DGMND %
— VCCD

Ferrite
10nF

DGMD

x2 —=

Figure29: Decoupling with dual supplies at 3.4V and 2.5V

Supplies settling time should be faster than 10ms. No specific power sequencing is required.

6.2 Analog inputs

The analog inputaINs, AIN; and BIN, BIN, can be DC coupled or AC coupled. The phase and amplitude imbalance on the
inputs (XINcompared to XIN) havean impact on the linearity performance of the device. The input driver should be chosen
to minimize these effectand the trace length should be matched betweenpdhid XIN.
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7 Orderinginformation

Table19: Orderinginformation

Part Number Package Temperature Range | Screening Level Comments
CBGA255 .

EVP12AD500SHM SAC305 Ambient Prototype
' CBGA255 o . o :

P/N to be defined SAC305 Tc-40°C, Tj +110°C Industrial

8 Revision history
Issue Date Comments
A August2016 Issuedfrom preliminary datasheet 1156C

B September 2016

Added serial interface data rate
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