EV12DS130AZP

EV12DS130BZP

Low Power 12-bit 3 Gsps Digital to Analog
Converter with 4/2:1 Multiplexer

Datasheet

Main Features
* 12-bit Resolution
* 3 Gsps Guaranteed Conversion Rate
¢ 7 GHz Analog Output Bandwidth
* 4:1 or 2:1 integrated Parallel MUX (Selectable)
¢ Selectable Output Modes for performance optimization:
Return to Zero, Non Return to Zero, Narrow Return to Zero, RF
* Low Latency Time: 3.5 Clock Cycles
* 1.4 Watt Power Dissipation in MUX 4:1 Mode
* Functions
— Selectable MUX Ratio 4:1 (Full Speed), 2:1 (Half Speed)
— Triple Majority Voting
— User-friendly Functions:
- Gain Adjustment
- Input Data Check Bit (FPGA Timing Check)
- Setup Time and Hold Time Violation Flags (STVF, HTVF)
- Clock Phase Shift Select for Synchronization with DSP (PSS[2:0])
- Output Clock Division Selection (Possibility to Change the Division Ratio of the DSP Clock)
- Input Under Clocking Mode
- Diode for Die junction Temperature Monitoring
¢ LVDS Differential Data input and DSP Clock Output
* Analog Output Swing: 1V, Differential (10002 Differential Impedance)
¢ External Reset for Synchronization of Multiple MuxDACs
* Power Supplies: 3.3 V (Digital), 3.3V & 5.0V (Analog)
* FpBGA Package (15 x 15 mm Body Size, 1 mm Pitch)

Performances

Broadband: NPR at —14 dB Loading Factor, (See Section 7.2.7 "NPR Performance” on page 57)
¢ 1st Nyquist (NRTZ): NPR =51.3dB 10.0 Bit Equivalent at Fs = 3 Gsps

¢ 1st Nyquist (NRTZ): NPR = 55.7 dB 10.8 Bit Equivalent at Fs = 1.5 Gsps

* 2nd Nyquist (NRTZ or RTZ): NPR =44.6 dB 8.9 Bit Equivalent at Fs = 3 Gsps

¢ 3rd Nyquist (RF): NPR =425 dB 8.6 Bit Equivalent at Fs = 3 Gsps

Single Tone: (see Section 5. "Functional Description” on page 16)

* Performances Characterized for Fout from 100 MHz to 4500 MHz and from 2 Gsps to 3.2 Gsps
¢ Performance Industrially Screened Over 3 Nyquist Zones at 3 Gsps for Selected Fout.

Step Response

¢ Full Scale Rise /Fall Time 50 ps

Visit our website: www.e2v.com
for the latest version of the datasheet
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Applications

* Direct Digital Synthesis for Broadband Applications (L-S and Lower C Band)
¢ Automatic Test Equipment (ATE)

¢ Arbitrary Waveform Generators

* Radar Waveform Signal Synthesis

¢ DOCSIS V3.0 Systems

1. Block Diagram

Figure 1-1.  Simplified Block Diagram
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2. Description

The EV12DS130A/B is a 12-bit 3 Gsps DAC with an integrated 4:1 or 2:1 multiplexer, allowing easy
interface with standard LVDS FPGAs thanks to user friendly features as OCDS, PSS.

It embeds different output modes (RTZ, NRZ, narrow RTZ, RF) that allow performance optimizations
depending on the working Nyquist zone.

The Noise Power Ratio (NPR) performance, over more than 900 MHz instantaneous bandwidth, and the
high linearity (SFDR, IMD) over full 15t Nyquist zone at 3 Gsps (NRZ feature), make this product well
suited for high-end applications such as arbitrary waveform generators and broadband DDS systems.
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3. Electrical Characteristics

3.1  Absolute Maximum Ratings

Table 3-1. Absolute Maximum Ratings

EV12DS130AZP
EV12DS130BZP

Parameter Symbol Value Unit
Positive Analog supply voltage Vecas 6.0 \Y
Positive Analog supply voltage Veeas 4.0 \
Positive Digital supply voltage Veep 4.0 \'
Digital inputs (on each single-ended input) and IDC, SYNC, signal
PortP=A,B,C,D [PO..P11],
[PON.. P11N]
Vi IDC_P. IDC_N GND-0.3 \
VIH VCCAS \
SYNC, SYNCN
Digital Input maximum Differential mode swing 2.0 Voo
Master clock input (on each single-ended input)
Vi 1.5 \
CLK, CLKN
Master Clock Maximum Differential mode swing 2.5 Vop
Control functions inputs MUX,
Vv MODE[0..1], _0.4V Vv
vIL PSS[0..2], Voo 404 v
H OCDS[0..1] cep ™
Gain Adjustment function GA —0.3V, Vgeaz + 0.3 \'
Maximum Junction Temperature Tj 170 °C
Storage Temperature Tstg —65 to 150 °C
Electrostatic discharge immunity ESD HBM 1000 \
ESD Classification Class 1B

Notes: 1. Absolute maximum ratings are limiting values (referenced to GND = 0V), to be applied individually, while other parameters

are within specified operating conditions. Long exposure to maximum rating may affect device reliability.

2. Allintegrated circuits have to be handled with appropriate care to avoid damages due to ESD. Damage caused by
inappropriate handling or storage could range from performance degradation to complete failure.

3. Maximum ratings enable active inputs with DAC powered off.
4. Maximum ratings enable floating inputs with DAC powered on.
5. DSP clock and STVF, HTVF output buffers must not be shorted to ground nor positive power supply.
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3.2 Recommended Conditions of Use

Table 3-2. Recommended Conditions of Use
Parameter Symbol Comments Recommended Value Unit Note
Positive analog supply voltage Veeas 5.0 Y @@
Positive analog supply voltage Veeas 3.3 Y RIS
Positive digital supply voltage Veep 3.3 % @)
Digital inputs (on each single-ended input)
and IDC, SYNC, signal [PO..P11],
PortP=A,B,C,D [PON.. P11N] )
Vi IDC_P, IDC_N 1.075 \Y
Viy SYNC, SYNCN 1.425 Vv
Differential mode swing 700 mV,,
Master clock input power level
P 3 dB @

(Differential mode) CLK m
Control functions inputs MUX, OCDS, Vi 0 v

P PSS, MODE, PSS Vi Veeo v
Gain Adjustment function GA Range 0 \

Veeas
Commercial “C”
T,>0°C/T <90°C
Operating Temperature Range T T grade e i< °C
: L T,>-40°C/ T, < 110°C
Industrial “V” grade ¢ )

Notes: 1. For low temperature it is recommended to operate at maximum analog supplies (Vgcas) level.

2. The rise time of any power supplies (Vcoep, Vecass Vecas) shall be <10ms.
For EV12DS130A, in order to obtain the guaranteed performances and functionality, the following rules shall be followed
when powering the devices (See Section 8.9 "Power Up Sequencing” on page 70)
For EV12DS130B, no specific power up sequence nor power supplies relationships are required.

3. Analog output is in differential. Single-ended operation is not recommended. Guaranteed performance is only in differential
configuration.

4. No power-down sequencing is required.
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3.3 Electrical Characteristics

EV12DS130AZP
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Values in the tables below are based on our conditions of measurement in room temperature for typical
power supply (Vgcas = 5.0V, Vegas = 3.3V, Vop = 3.3V), typical swing and in MUX4:1 otherwise

specified.
Table 3-3. Electrical Characteristics
Test

Parameter Symbol Min Typ Max Unit Note | Level®
RESOLUTION 12 bit
POWER REQUIREMENTS
Power Supply voltage
- Analog Veons 4.75 5 5.25 v i
- Analog Vecas 3.15 3.3 3.45 v ") 1
- Digital Veen 3.15 3.3 3.45
Power Supply current (4:1 MUX)
- Analog lccas 84 90 mA
- Analog lccas 106 122 mA 1
- Digital lcco 187 205 mA
Power Supply current (2:1 MUX)
- Analog lccas 84 90 mA
- Analog lccas 106 122 mA 1
- Digital lcep 160 177 mA
Power dissipation (4:1 MUX) Pp 14 1.6 w 1
Power dissipation (2:1 DMUX) Pp 1.3 15 w 1
DIGITAL DATA INPUTS, SYNC and IDC INPUTS
Logic compatibility LVDS
Digital input voltages:
- Differential input voltage Vip 100 350 500 mV, 1
- Common mode Viem 1.25 \" 1
Input capacitance from each single input to ground 2 pF 5
Differential Input resistance 80 100 120 Q 1
CLOCK INPUTS
Input voltages (Differential operation swing) 0.56 1 2.24 Voo 4
Power level (Differential operation) —4 1 8 dBm M 4
Common mode 2.4 25 2.6 \
Input capacitance from each single input to ground

. 2 pF 5
(at die level)
Differential Input resistance: 80 100 120 Q 1
DSP CLOCK OUTPUT
Logic compatibility LVDS
Digital output voltages:
- Differential output voltage Vob 240 350 450 mv, 1
- Common mode Vocwm 1.3 \

5
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Table 3-3. Electrical Characteristics (Continued)
Test
Parameter Symbol Min Typ Max Unit Note | Level®
ANALOG OUTPUT
Full-scale Differential output voltage
(100Q differentially terminated) 0.92 1 1.08 Vor 1
Full-scale output power (differential output) 0.25 1 1.64 dBm 1
Single-ended mid-scale output voltage (509 terminated) Vocas — 0.43 v @
Output capacitance 1.5 pF 5
Output internal differential resistance 90 100 110 Q 1
Output VSWR (using e2v evaluation board)
1.5 GHz 1.17 4
3 GHz 1.54
4.5 GHz 1.64
Output bandwidth 7 GHz 4
FUNCTIONS
Digital functions: MODE, OCDS, PSS, MUX
- Logic 0 Vi 0 0.8 \Y
- Logic 1 Viu 1.6 Veep \ 1
In 150 uA ®
. . . 0
Gain Adjustment function GA 1
Veoas
Digital output function (HTVF, STVF)
Logic 0 VoL - - 0.8 v ®
Logic 1 VoH 2.3 - \ 1
lo 80 pA ®
DC ACCURACY
Differential Non-Linearity DNL+ 0.5 0.95 LSB 1
Differential Non-Linearity DNL- -0.95 -0.5 LSB 1
Integral Non-Linearity INL+ 1 3 LSB 1
Integral Non-Linearity INL- -3 -0.8 LSB 1
DC gain:
- Initial gain error -8 0 +8 % 1
- DC gain adjustment +11 % @ 1
- DC gain sensitivity to power supplies +6 % 1
- DC gain drift over temperature +2 % 4

Notes: 1. For use in higher Nyquist zone, it is recommended to use higher power clock within the limit.
2. See Section 3.6 on page 13 for explanation of test levels.

3. Initial gain error corresponds to the deviation of the DC gain center value from unity gain. The DC gain adjustment (GA
function) ensures that the initial gain deviation can be cancelled.
The DC gain sensitivity to power supplies is given according the rule:
GainSensVsSupply = IGain@VccMin — Gain@VccMax! / Gain@Vecnom

4. Single-ended operation is not recommended, this line is given for better understanding of what is output by the DAC.
5. In order to modify the V /Vgy value, potential divider could be used.
6. Sink or source.
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7. Only for EV12DS130A dependency between power supplies:
Within the applicable power supplies range, the following relationship shall always be satisfied Vcag = Vep, taking into
account AGND and DGND planes are merged and power supplies accuracy.

8. Please refer Section 8.9 "Power Up Sequencing” on page 70.

3.4 AC Electrical Characteristics
Values in the tables below are based on our conditions of measurement in room temperature for typical
power supply (Vecas = 5.0V, Vegas = 3.3V, Vep = 3.3V), typical swing and in MUX4:1 otherwise
specified.

Table 3-4. AC Electrical Characteristics NRZ Mode (First Nyquist Zone)

Parameter Symbol Min Typ Max Unit Note Test level"

Single-tone Spurious Free Dynamic Range
First Nyquist MUX 4:1

Fs =3 Gsps @ Fout =100 MHz 0 dBFS ISFDRI 59 68 dBc 1
Fs =3 Gsps @ Fout =400 MHz 0 dBFS 63 4
Fs =3 Gsps @ Fout = 100 MHz -3 dBFS 70 4

Highest spur level
First Nyquist MUX 4:1

Fs =3 Gsps @ Fout = 100 MHz 0 dBFS -68 -58 1
Fs =3 Gsps @ Fout =400 MHz 0 dBFS -59 dBm 4
Fs =3 Gsps @ Fout = 100 MHz -3 dBFS -72 4
SFDR sensitivity & high spur level variation over temperature +2 dB 4
SFDR sensitivity & high spur level variation over power supplies +2 dB 4

Signal independent Spur (clock-related spur)
Fc/2 -82 dBm 4
Fc/4 -85 dBm 4

Noise Power Ratio

—14 dBFS peak to rms loading factor
Fs = 3 Gsps NPR 46 dB @ 4
20 MHz to 900 MHz broadband pattern
25 MHz notch centered on 450 MHz

Equivalent ENOB

ENOB 9.2 Bit 4
Computed from NPR figure at 3 GSps
ignal to Noise Rati
Signal to Noise Ratio . SNR 57 4B 4
Computed from NPR figure at 3 GSps
DAC self noise density at constant code 0 or 4095 -163 dBm/Hz 4

Notes: 1. See Section 3.6 on page 13 for explanation of test levels.

2. Figures in tables are derived from industrial screening; for practical reasons (necessity to cover also 2nd and 3rd Nyquist
Zones) the balun used for industrial test is not optimum for first Nyquist performances, and results when Fout or folded low
order hamonics are between DC to 400 MHz are very pessimistic. For further details please refer to Section 7.2 on page 38
for effect of the balun on performances.
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Table 3-5. AC Electrical Characteristics NRTZ Mode (First & Second Nyquist Zone)
Parameter Symbol Min Typ Max Unit Note | Testlevel™
Single-tone Spurious Free Dynamic Range
MUX4:1
Fs =3 Gsps @ Fout =100 MHz 0 dBFS 68 4
Fs =3 Gsps @ Fout =700 MHz 0 dBFS 62 4
Fs =3 Gsps @ Fout = 1800 MHz 0 dBFS 54 61 1
P ! z ISFDRI dBc

Fs =3 Gsps @ Fout = 700 MHz -3 dBFS 66 4
MUX2:1
Fs = 1.5 Gsps @ Fout = 700 MHz 0 dBFS 53 65 1
Highest spur level
MUX4:1
Fs =3 Gsps @ Fout = 100 MHz 0 dBFS -70 4
Fs =3 Gsps @ Fout =700 MHz 0 dBFS —64 4
Fs =3 Gsps @ Fout = 1800 MHz 0 dBFS -67 -59 dBm 1
Fs =3 Gsps @ Fout = 700 MHz -3 dBFS -70 4
MUX2:1
Fs =1.5 Gsps @ Fout =700 MHz 0 dBFS -68 -55 1
SFDR sensitivity & high spur level variation over temperature +2 dB 4
SFDR sensitivity & high spur level variation over power supplies +2 dB 4
Signal independent Spur (clock-related spur)
Fc —29 dBm 4
Fc/2 -80 dBm 4
Fc/4 <-80 dBm 4
DAC self noise density at constant code 0 or 4095 -149 -144 dBm/Hz 1
Noise Power Ratio
—14 dBFS peak to rms loading factor
Fs = 3 Gsps NPR 46 50.2 dB @ 1
20 MHz to 900 MHz broadband pattern,
25 MHz notch centered on 450 MHz
Equivalent ENOB

quivaien _ ENOB 9.2 9.9 Bit @ 1
Computed from NPR figure at 3 GSps
Signal to Noise Ratio

N serate SNR 57 | 612 dB @ 1
Computed from NPR figure at 3 GSps
Noise Power Ratio
—14 dBFS peak to rms loading factor
Fs = 1.5 Gsps NPR 55.7 dB @ 4
10 MHz to 450 MHz broadband pattern,
12.5 MHz notch centered on 225 MHz
Equivalent ENOB

qurv , ENOB 10.8 Bit @ 4
Computed from NPR figure at 1.5 GSps
Signal to Noise Ratio

9 ' © SNR 66.7 dB @ 4
Computed from NPR figure at 1.5 GSps

1077H-BDC-12/14
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Notes: 1. See Section 3.6 on page 13 for explanation of test levels.

2. Figures in tables are derived from industrial screening; for practical reasons (necessity to cover also 2nd and 3rd Nyquist
Zones) the balun used for industrial test is not optimum for first Nyquist performances, and results when Fout or folded low
order hamonics are between DC to 400 MHz are very pessimistic. For further details please refer to Section 7.2 on page 38
for effect of the balun on performances.

Table 3-6. AC Electrical Characteristics RTZ Mode (Second Nyquist Zone)

Parameter Symbol Min Typ Max Unit Note Test level "

Single-tone Spurious Free Dynamic Range
MUX4:1

ISFDRI dBc
Fs =3 Gsps @ Fout = 1600 MHz 0 dBFS 50 60 1
Fs =3 Gsps @ Fout =2900 MHz 0 dBFS 57 4
Highest spur level
MUX4:1

dBm

Fs =3 Gsps @ Fout = 1600 MHz 0 dBFS -67 -58 1
Fs =3 Gsps @ Fout = 2900 MHz 0 dBFS -66 4
SFDR sensitivity & high spur level variation over D dB 4
temperature
SFDB sensitivity & high spur level variation over power 2 dB 4
supplies
Signal independent Spur (clock-related spur)
Fc -25 dBm 4
Fc/2 -80 dBm 4
Fc/4 <-80 dBm 4
DAC self noise density at constant code 0 or 4095 -143 dBm/Hz 4

Noise Power Ratio
—14 dBFS peak to rms loading factor
Fs = 3 Gsps NPR 40 44.0 dB @ 1

1520 MHz to 2200 MHz broadband pattern,
25 MHz notch centered on 1850 MHz

Equivalent ENOB

ENOB 8.2 8.8 Bit @ 1
Computed from NPR figure at 3 GSps

Signal to Noise Ratio

SNR 51 55.0 dB @ 1
Computed from NPR figure at 3 GSps

Notes: 1. See Section 3.6 on page 13 for explanation of test levels.
2. Please refer to Section 7.2 "AC Performances” on page 38 to have detailed characterization results.
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Table 3-7. AC Electrical Characteristics RF Mode (Second and Third Nyquist Zones)
Parameter Symbol Min Typ Max Unit Note | Testlevel

Single-tone Spurious Free Dynamic Range
2" Nyquist
Fs =3 Gsps @ Fout = 1600 MHz 0 dBFS

52 4

Fs =3 Gsps @ Fout =2900 MHz 0 dBFS

P ISFDRI 60 dBc 4
3 Nyquist
Fs =3 Gsps @ Fout = 3800 MHz 0 dBFS 53 @ 4
Fs =3 Gsps @ Fout = 4400 MHz 0 dBFS 47 54 1
Highest spur level
2" Nyquist
Fs =3 Gsps @ Fout =1600 MHz 0 dBFS -58 4
Fs =3 Gsps @ Fout =2900 MHz 0 dBFS -58 dBm 4
3 Nyquist
Fs =3 Gsps @ Fout = 4400 MHz 0 dBFS -62 -57 1
SFDR sensitivity & high spur level variation over 2 dB 4
temperature
SFDB sensitivity & high spur level variation over power 2 dB 4
supplies
Signal independent Spur (clock-related spur)
Fc —28 dBm 4
Fc/2 -80 dBm 4
Fc/4 <-80 dBm 4
DAC self noise density at constant code 0 or 4095 —-141 dBm/Hz 4

Noise Power Ratio (2" Nyquist)
—14 dBFS peak to rms loading factor
Fs = 3 Gsps NPR 42 dB @) 4

1520 MHz to 2200 MHz broadband pattern,
25 MHz notch centered on 1850 MHz

Equivalent ENOB

ENOB 8.5 Bit @) 4
Computed from NPR figure at 3 GSps I

Signal to Noise Ratio

_ SNR 53 dB @ 4
Computed from NPR figure at 3 GSps

Noise Power Ratio
—14 dBFS peak to rms loading factor
Fs = 3 Gsps NPR 42 dB @) 4

2200 MHz to 2880 MHz broadband pattern,
25 MHz notch centered on 2550 MHz

Equivalent ENOB

_ ENOB 8.5 Bit @ 4
Computed from NPR figure at 3 GSps

Signal to Noise Ratio

SNR 53 dB @ 4
Computed from NPR figure at 3 GSps

10
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Table 3-7. AC Electrical Characteristics RF Mode (Second and Third Nyquist Zones) (Continued)

Parameter Symbol Min Typ Max Unit Note | Testlevel”
Noise Power Ratio
—14 dBFS peak to rms loading factor
Fs = 3 Gsps NPR 39 40 dB @) 1
3050 MHz to 3700 MHz broadband pattern,
25 MHz notch centered on 3375 MHz
Equival ENOB

quivalent ENOB ENOB 8 8.2 Bit @ 1
Computed from NPR figure at 3 GSps
Signal to Noise Ratio

SNR 50 51 dB @ 1

Computed from NPR figure at 3 GSps

Notes: 1.

See Section 3.6 on page 13 for explanation of test levels.

2. Figures in tables are derived from industrial screening without any correction to take in account the balun effect, but for
practical reasons (necessity to cover also 2nd and 3rd Nyquist Zones) the balun used for industrial test is not optimum for
first Nyquist performances, and results when Fout or folded low order hamonics are between DC to 400 MHz are very

pessimistic.

3.5 Timing Characteristics and Switching Performances

Table 3-8. Timing Characteristics and Switching Performances
Test
Parameter Symbol Min Typ Max Unit Note | level”
SWITCHING PERFORMANCE AND CHARACTERISTICS
Operating clock frequency
4:1 MUX mode 300 3000 MHz 4
2:1 MUX mode 300 1500
TIMING CHARACTERISTICS
Analog output rise/fall time %FF‘ 60 ps @ 4
Data Tsetup (Fc = 3 Gsps) 250 ps ®) 4
Data Thold (Fc = 3 Gsps) 100 ps ®) 4
Max Input data rate (Mux 4:1) 75 750 MSps 4
Max Input data rate (Mux 2:1) 150 750 MSps 4
Master clock input jitter 100 fs rms “ 5
DSP clock phase tuning steps 0.5 Clock period 5
Master clock to DSP, DSPN delay TDSP 1.6 ns 4
SYNC forbidden area lower bound (Fc = 3 Gsps) T, 200 ps (®)®) 4
SYNC forbidden area upper bound (Fc = 3 Gsps) T, 180 ps (®)®) 4
11
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Table 3-8. Timing Characteristics and Switching Performances (Continued)

Test
Parameter Symbol Min Typ Max Unit Note | level)
SYNC to DSP, DSPN
MUX 2:1 880 ps 4
MUX4:1 1600
Data Pipeline Delay
MUX4:1 TPD 3.5 Clock period 4
MUX2:1 3.5
Data Output Delay TOD 160 ps 4

Notes: 1. See Section 3.6 on page 13 for explanation of the test level.
2. Analog output rise/fall time measured from 20% to 80% of a full scale jump, after probe de-embedding.

3. Exclusive of period (pp) jitter on Data. Setup and hold time for DATA at input relative to DSP clock at output of the
component, at PSS = 000; also applicable for IDC signal.

4. Master clock input jitter defined over 5 GHz bandwidth.
5. T¢ represents the master clock period. See Figure 3-3.
6. For EV12DS130A, please refer to erratasheet 1125

Figure 3-1.  Timing Diagram for 4:1 MUX Principle of Operation OCDS[00]

ExternaICLK|||||||||||||||||||||||||||||||||

Data input A xxx| N | N+1 | N+8 | N+12 |
Data input B 0] N+1 | N+5 | N+9 | N+13 |
Data input C xxx] N+2 | N+6 | N+10 T N+14 T
Data input D x| N+3 | N+/ [ N+11 T N+ 17 T

Internal CLK/4 is used to clock the Data input A, B, C, D into DAC

Internal CLK/4 ™| o | ] I ] | ] | ]

DSP clock is internal CLK/4 delay by the DAC (by step of 0,5 CLK via the PSS function) to be used as DDR clock for the FPGA

DSP with PSS[000] — |_¢¢ ‘ 1 I 1
DSP with PSS[001] — Lge | [ ] 1
< , Pipeline delay 35 CLK + TOD P Output delay TOD
ouT WX [N [ NL ] N2 | N3 [ Ne& [ N | N6 | N7 ] &6 ] N+ ] N+i0

Figure 3-2. Timing Diagram for 2:1 MUX Principle of Operation OCDS[00]

ExtemalCLK|||||||||||||||||||||||||||||||||

Data input A 3] XXX I N I N72 I N4 I N5 I NS | 710 I N717

Data input B %] XXX I NTT I T3 I N+5 I N7 I N+0 | N+ 11 I N+ 13

Internal CLK/2 is used to clock the Data input A, B into DAC

Internal CLK/2™—_ | | l | | | | | | | | l | | | L
DSP clock is internal CLK/2 delay by the DAC (by step of 0,5 CLK via the PSS function) to be used ds DDR clock for the FPGA
DSP with PSS[000] —/ " —I_I—I_I__I_I_
DSP with PSS[001] — L_c¢ - - 14— —
< » Pipeline delay 3,5 CLK+TOD & Output delay TOD
ouT K [T N [ NI ] N&2 | N3 [ N+ ] N+ ] N6 | N7 [ 8 ]
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Figure 3-3. SYNC Timing Diagram

’ o ’

Master Clk r r ’7
1
PRy

e,
SYNC NOK OK ] NOK OK

SYNC OK o

SYNC NOK

SYNC NOK

Please refer to Section 5.8 "Synchronization functions for multi-DAC operation” on page 26.

3.6 Explanation of Test Levels

100% production tested at +25°C("

—_

100% production tested at +25°C"), and sample tested at specified temperatures.

Sample tested only at specified temperatures

Parameter is guaranteed by design and/or characterization testing (thermal steady-state conditions at specified temperature)

a |~ | N

Parameter value is guaranteed by design

6 100% production tested over specified temperature range (for Space/Mil grade®)

Only MIN and MAX values are guaranteed.

Notes: 1. Unless otherwise specified.
2. If applicable, please refer to “Ordering Information”

13
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3.7 Digital Input Coding Table
Table 3-9. Coding Table (Theorical values)

Digital output Differential
msb........... Isb analog output
000000000000 -500 mV
010000000000 —-250 mV
011000000000 -125 mV
011111111111 -0.122 mV
100000000000 0.122 mV
101000000000 +125 mV
110000000000 +250 mV
111111111111 +500 mV

14
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Abbreviation

Term

Definition

S max laximum conversion Frequency aximum conversion frequency
F Maxi ion Fi Maxi ion f
(Fs min) Minimum conversion frequency Minimum conversion Frequency
Ratio expressed in dB of the RMS signal amplitude, set at Full Scale, to the RMS value of the
. . highest spectral component (peak spurious spectral component). The peak spurious
(SFDR) Spurious free dynamic range component may or may not be a harmonic. It may be reported in dB (i.e., related to converter
0 dB Full Scale), or in dBc (i.e, related to input signal level).
(HSL) High Spur Level Power of highest spurious spectral component expressed in dBm.
ENOB is determinated from NPR measurement with the formula:
(ENOB) Effective Number Of Bits ENOB = (NPRygg) + ILFiggl —3—1.76) / 6.02
Where LF “Loading factor” is the ratio between the Gaussian noise standard deviation versus
amplitude full scale.
SNR is determinated from NPR measurement with the formula:
(SNR) Signal to noise ratio SNPRige) = NPRigg) + ILFgg)] — 3
Where LF “Loading factor” is the ratio between the Gaussian noise standard deviation versus
amplitude full scale.
The Differential Non Linearity for an given code i is the difference between the measured step
(DNL) Differential non linearit size of code i and the ideal LSB step size. DNL (i) is expressed in LSBs. DNL is the maximum
y value of all DNL (i). DNL error specification of less than 1 LSB guarantees that there are no
missing point and that the transfer function is monotonic.
The Integral Non Linearity for a given code i is the difference between the measured voltage at
(INL) Integral non linearity which the transition occurs and the ideal value of this transition.
INL (i) is expressed in LSBs, and is the maximum value of all [INL (i)l
The analog output propagation delay measured between the rising edge of the differential CLK,
CLKN clock input (zero crossing point) and the zero crossing point of a full-scale analog output
(TPD/TOD) Output delay voltage step. TPD corresponds to the pipeline delay plus an internal propagation delay (TOD)
including package access propagation delay and internal (on-chip) delays such as clock input
buffers and DAC conversion time.
The NPR is measured to characterize the DAC performance in response to broad bandwidth
. . signals. When applying a notch-filtered broadband white-noise pattern at the input to the DAC
(NPR) Noise Power Ratio under test, the Noise Power Ratio is defined as the ratio of the average noise measured on the
shoulder of the notch and inside the notch on the same integration bandwidth.
. . The VSWR corresponds to the insertion loss linked to power reflection. For example a VSWR
(VSWR) Voltage Standing Wave Ratio of 1:2 corresponds to a 20dB return loss (ie. 99% power transmitted and 1% reflected).
. The IUCM principle is to apply a selectable division ratio between DAC section clock and the
(lUCM) Input under clocking mode MUX section clock.
(PSS) Phase Shift Select The Phase Shift Select function allow to tune the phase of the DSPclock.
(OCDS) Output Clock Division Selectt It allows to divide the DSPclock frequency by the OCDS coded value factor
(NRZ) Non Return to Zero mode Non Return to Zero mode on analog output
(RF) Radio Frequency mode RF mode on analog output
(RTZ) Return to zero Return to zero mode on analog output
(NRTZ2) Narrow return to zero Narrow return to zero mode on analog output
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5. Functional Description

Figure 5-1. DAC Functional Diagram
Veens Veeas Veep
A0..A11 22Xl | |
Bo. 511 242 ) — ST
BON...B11N
Co...C11 2x1 —> HTVF
0. 511 2 —f— oo
DON...D11N -
CLK, CLKN 44» DAC 12-bit 24+ OUT, OUTN
OCDS +’
MUX — ﬂ2L> DSP_CK,
MODE — L DSP_CKN
GA E—
PSS 4» l«——— DIODE
sYNe = —34
1 1
DGND AGND
Table 5-1. Functions Description
Name Function Name Function
Veep 3.3V Digital Power Supply CLK In-phase Master clock
Veens 5.0V Analog Power Supply CLKN Inverted phase Master clock
Veeas 3.3V Analog Power Supply DSP_CK In-phase Output clock
DGND Digital Ground DSP_CKN Inverted phase Output clock
AGND Analog ground (for analog supply reference) | PSS[0..2] Phase shift select
A[11...0] In-phase digital input Port A GA Gain Adjust
A[11..0]N Inverted phase digital input Port A MUX Multiplexer Selection
B[11...0] In-phase digital input Port B MODEI0..1] DAC Mode: NRZ, RTZ, NRTZ, RF
B[11..0]N Inverted phase digital input Port B STVF Setup time Violation flag
C[11...0] In-phase digital input Port C HTVF Hold time Violation flag
C[11..0]N Inverted phase digital input Port C IDC_P, IDC_N Input data check
D[11...0] In-phase digital input Port D 0CDS[0..1] g‘;tzugrcg;”k Division factor Selection
D[11..0]N Inverted phase digital input Port D Diode Diode for temperature monitoring
ouT In-phase analog output SYNC/SYNCN Synchronization signal (Active High)
OUTN Inverted phase analog output
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5.1  DSP Output Clock

The DSP output clock DSP, DSPN is an LVDS signal which is used to synchronize the FPGA generating
the digital patterns with the DAC sampling clock.

The DSP clock frequency is a fraction of the sampling clock frequency. The division factor depends on
OCDS settings. The DSP clock frequency is equal to (sampling frequency / [2N*X]) where N is the MUX
ratio and X is the output clock division factor, determined by OCDS[0..1] bits.

For example, in a 4:1 MUX ratio application with a sampling clock of 3 GHz and OCDS set to “00” (ie.
Factor of 1), the input data rate is 750 MSps and the DSP clock frequency is 375 MHz.

This DSP clock is used in the FPGA to control the digital data sequencing. Its phase can be adjusted
using the PSS[2:0] bits (refer to Section 5.4 on page 22) in order to ensure a proper synchronization
between the data coming to the DAC and the sampling clock.

The HTVF and STVF bits should be used to check whether the timing between the FPGA and the DAC
is correct. HTVF and STVF bits will indicate whether the DAC and FPGA are aligned or not. PSS bits
should then be used to shift the DSP clock and thus the input data of the DAC, so that a correct timing is
achieved between the FPGA and the DAC.

Important note: Maximum supported sampling frequency when using DSP to clock digital data is
2.1 Gsps on EV12DS130B. Please refer to application note AN1141 to use EV12DS130B at
sampling frequency beyond 2.1 GHz.

5.2 Multiplexer

Two multiplexer ratio are allowed:

* 4:1 which allows operation at full sampling rate (ie. 3 GHz)
¢ 2:1 which can only be used up to 1.5 GHz sampling rate

Label Value Description
0 4:1 mode
MUX
1 2:1 mode

In 2:1 MUX ratio, the unused data ports (ports C and D) can be left open.

5.3 MODE Function

Label Value Description Default Setting (Not Connected)
00 NRZ mode
01 Narrow RTZ (a.k.a. NRTZ) mode 11
MODE[1:0]
10 RTZ Mode (50%) RF mode
11 RF mode

The MODE function allows choosing between NRZ, NRTZ, RTZ and RF functions. NRZ and narrow RTZ
should be chosen for use in 1%t Nyquist zone while RTZ should be chosen for use in 2" and RF for 3"
Nyquist zones.

Theory of operation: see following subsections for time domain waveform of the different modes.
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Ideal equations describing max available Pout for frequency domain in the four modes are given
hereafter, with X = normalized output frequency (that is Fout/Fclock, edges of Nyquist zones are then at
X=01/213/22...). Due to limited bandwidth, an extra term must be added to take in account a first
order low pass filter.

NRZ mode:

Pout(X) = 20 - log, O[M}

0.893
where sinc(x) = sin(x)/x, and k = 1

NRTZ mode:

« - Tk Tz
Telk

Pout(X) = 20-log,,- [lk_s'Mr_Xﬂ}

0.893
where Tz is width of reshaping pulse, Tt is about 75ps.
RTZ mode:

_on. Tlk - sinc(k - m - X)|
Pout(X) = 20-log, [———0_893 }
where k is the duty cycle of the clock presented at the DAC input, please note that due to phase
mismatch in balun used to convert single ended clock to differential clock the first zero may move around

the limit of the 4™ and the 5" Nyquist zones. Ideally k = 1/2.

RF mode:
‘k-sinc(k'g'x) . sin(k'g ﬂ‘

0.893

Pout(X) = 20 - Iog10 .

where K is as per in NRTZ mode.
As a consequence:

* NRZ mode offers max power for 15t Nyquist operation
 RTZ mode offers slow roll off for 2" Nyquist or 3" Nyquist operation
* RF mode offers maximum power over 2" and 3" Nyquist operation

» NRTZ mode offers optimum power over full 15t and first half of 2"¢ Nyquist zones. This is the most
relevant in term of performance for operation over 15! and beginning of 2" Nyquist zone. Depending
on the sampling rate the zero of transmission moves in the 3™ Nyquist zone from begin to end when
sampling rate increases.

Note in the two following figures: Pink line is ideal equation’s result, and green line includes a first order
6 GHz cut-off low pass filter to take into account finite bandwidth effect due to die and package.
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Figure 5-2.

Max Available Pout[dBm] at Nominal Gain vs Fout{GHz] in the Four Output Modes at 3 Gsps, over four
Nyquist Zones, Computed for Tt = 75 ps.

NRZ mode: Max Pout [dBm] vs Fout [GHz] at3.0Gsps

EV12DS130AZP
EV12DS130BZP

RTZ mode: Max Pout [dBm] vs Fout [GHz] at3.0Gsps
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Figure 5-3.
Nyquist Zones, Computed for Tt =75 p

NRZ mode: Max Pout [dBm] vs Fout [GHz] at2 0Gsps

— NRZ mode ideal
—— NRZ mode BW Limited 6.0GHz

Max available Pout[dBm] at Nominal Gain vs Fout{GHz] in the Four Output Modes at 2 Gsps, over four

S

RTZ mode: Max Pout [dBm] vs Fout [GHz] at2 .0Gsps
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5.3.1 NRZ Output Mode
This mode does not allow for operation in the 2" Nyquist zone because of the Sinx/x notch.
The advantage is that it gives good results at the beginning of the 15t Nyquist zone (less attenuation than
in RTZ architecture), it removes the parasitic spur at the clock frequency (in differential).
Figure 5-4. NRZ Timing Diagram
Mux OUT, XXX | N | N+1 | N+2 | N+3 | N+4 |
External CLK_] L1 L1 ] [ ] | ] [ l
< T=TOD
E T=Tek . i , '
— — ;
I 1 i |—i
N LN+ i N+2 ! N+3 !
Analog Output signal i : : ; E ov
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5.3.2 Narrow RTZ Mode (NRTZ Mode)
This mode has the following advantages:
* Optimized power in 1! Nyquist zone
* Extended dynamic through elimination of noise on transition edges
* Improved spectral purity (see Section 7.2.3 on page 45)
* Trade off between NRZ and RTZ

Figure 5-5. Narrow RTZ Timing Diagram

Mux OUT XXX | | N | N+1 | N-+2 | N+3 | N+4 ]

External CLK _] | l | | | | | | I | | I

<> T=TOD+T1/2

T=Tclk-Tt

»

<&
<

N+1 N+2 N+3

N+4

e

Analog Output signal |

<> > <> > >
Tt Tt Tt Tt Tt

ov

Note: Tt is independent of Fclock.

5.3.3 RTZ Mode

The advantage of the RTZ mode is to enable the operation in the 2" zone but the drawback is clearly to
attenuate more the signal in the first Nyquist zone.

Advantages:

» Extended roll off of sinc
» Extended dynamic through elimination of hazardous transitions
Weakness:

* By construction clock spur at Fs.

Figure 5-6. RTZ Timing Diagram

Mux OUT XXX 1 N | N+1 | N+2 1 N+3 | N+4 |
External CLK]™ | [ | [ l I | [ | [ L
s T=TOD :

i T=0,5xTclk | ' E i

> ! !

N N+ 1 N+2 N+3 ]

Analog Output si nal—l N+4
g Output sig oV
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5.3.4 RF Mode
RF mode is optimal for operation at high output frequency, since the decay with frequency occurs at
higher frequency than for RTZ. Unlike NRZ or RTZ modes, RF mode presents a notch at DC and 2N*Fs,
and minimum attenuation for Fout = Fs.

Advantages:

* Optimized for 2" and 3™ Nyquist operation
* Extended dynamic range through elimination of hazardous transitions.
¢ Clock spur pushed to 2.Fs

Figure 5-7. RF Timing Diagram

Mux OUT XXX N | N+1 | N+2 | N+3 | N+4 |
External CLK_[— | [ I | l | I | l | L
lep| T=TOD+TT/2
vl T=Tek-To ! | |
! N : N+l ] N2 : N+3 !
e | s E e 1Y
Analog Output signal i i ! ! ! ov
> - - - -
Tt T Tt T Tt |

Note:  The central transition is not hazardous but its elimination allows to push clock spur to 2.Fs
Tz is independent of Fclock.

5.4 PSS (Phase Shift Select Function)
It is possible to adjust the timings between the sampling clock and the DSP output clock (which
frequency is given by the following formula: Sampling clock / 2NX where N is the MUX ratio, X the output
clock division factor).

The DSP clock output phase can be tuned over a range of 3.5 input clock cycles (7 steps of half a clock
cycle) in addition to the intrinsic propagation delay between the DSP clock (DSP, DSPN) and the
sampling clock (CLK, CLKN).

Three bits are provided for the phase shift function: PSS[2:0].

By setting these 3 bits to 0 or 1, one can add a delay on the DSP clock in order to properly synchronize
the input data of the DAC and the sampling clock (the DSP clock should be applied to the FPGA and
should be used to clock the DAC digital input data).
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Table 5-2. PSS Coding Table

Label Value Description
000 No additional delay on DSP clock
001 0.5 input clock cycle delay on DSP clock
010 1 input clock cycle delay on DSP clock
PSS[2:0] 011 1.5 input clock cycle delay on DSP clock
100 2 input clock cycle delay on DSP clock
101 2.5 input clock cycle delay on DSP clock
110 3 input clock cycle delay on DSP clock
111 3.5 input clock cycle delay on DSP clock

In order to determine how much delay needs to be added on the DSP clock to ensure the
synchronization between the input data and the sampling clock within the DAC, the HTVF and STVF bits
should be monitored. Refer to Section 5.6 on page 25.

Note:  In MUX 4:1 mode the 8 settings are relevant, in MUX 2:1 only the four first settings are relevant since the
four last ones will yield exactly the same results.

Figure 5-8. PSS Timing Diagram for 4:1 MUX, OCDSJ[00]
BeemalClk LI LI LI LI LT LIl Il ririririririr

Internal CLK/4 is used to clock the Data input A, B, C, D into DAC

Internal CLK/4 | | | | | | | | |

DSP clock is a ratio of internal clock delayed by step of 0.5 Tclk via the PSS function and outputed in DDR mode.

DSP with PSS[000] 1 I 1
| T=05xTck
DSP with PSS[001] 1 I 1
DSP with PSS[010] I 1 I 1
DSP with PSS[011] I 1 I L
DSP with F;ssmo]_l | ] I
DSPwith PSS[111] | | ] -

Figure 5-9. PSS Timing Diagram for 2:1 MUX, OCDSJ[00]
Bxemalclk I~ L L1 ML 1L 1L ririririririrriririrrer

Internal CLK/2 is used to clock the Data input A, B into DAC

Internal CLK/2 1 |

1 | 1 | 1 | 1 | | | 1 | 1 | |

DSP clock is a ratio of internal clock delayed by step of 0.5 Tclk via the PSS function and outputed in DDR mode.

psPwithpPsspoo) — L. [ L~ - L L

DSP with PSS[001] 1

« T=0.5xTclk

DSP with PSS[010] 1 I 1 I 1 I 1 I
DSPwith PSS[011] 1 1 1 1 | —

DSP with PSS[110] 1 1 1 1
DSP with PSS[111]] T 1 1 1 1
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5.5 Output Clock Division Select Function

It is possible to change the DSP clock internal division factor from 1 to 2 with respect to the sampling
clock/2N where N is the MUX ratio. This is possible via the OCDS "Output Clock Division Select" bits.

OCDS is used to obtain a synchronization clock for the FPGA slow enough to allow the FPGA to operate
with no further internal division of this clock, thus its internal phase is determined by the DSP clock
phase. This is useful in a system with multiple DACs and multiple FPGAs to guarantee deterministic
phase relationship between the FPGAs after a synchronization of all the DACs.

Table 5-3. OCDSJ1:0] Coding Table

Label Value Description
00 DSP clock frequency is equal to the sampling clock divided by 2N
01 DSP clock frequency is equal to the sampling clock divided by 2N*2
OCDS [1:0]
10 Not allowed
11 Not allowed

Figure 5-10. OCDS Timing Diagram for 4:1 MUX

Internal CLK/4 is used to clock the Data input A, B, C, D into DAC

Internal CLK/4 | | | | | | | |

DSP clock is internal CLK/4 divided by OCDS selection. This clock could be used as DDR clock for the FPGA

DSP wih 0CDS[00]_| [ | | | B
DSPwith OCDS[0L] _] | |

Figure 5-11. OCDS Timing Diagram for 2:1 MUX
21U Sy 6 0 A B
Internal CLK/2 is used to clock the Data input A, B into DAC

memcke 1 T —T — T I 7 7 I I 7 I 1T
DSP clock is internal CLK/2 diviced by OCDS selection. This clock could be used as DDR clock for the FPGA

D3P ith 0CDS[00] ] I -+ - 1 1 1T
ospwinocoset _— ... L0—ooown - - - T
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5.6  Synchronization FPGA-DAC: IDC_P, IDC_N, HTVF and STVF Functions
IDC_P, IDC_N: Input Data check function (LVDS signal).

HTVF: Hold Time Violation Flag. (cmos3.3V signal)

STVF: Setup Time Violation Flag. (cmos3.3V signal)

IDC signal is toggling at each cycle synchronously with other data bits. It should be considered as a DAC
input data that toggles at each cycle.

This signal should be generated by the FPGA in order for the DAC to check in real-time if the timings
between the FPGA and the DAC are correct.

Figure 5-12. IDC Timing vs Data Input
Data '
i, XiN >< X X X X X

IDC_N

The information on the timings is then given by HTVF, STVF signals (flags).
Table 5-4. HTVF, STVF Coding Table

Label Value Description
0 SYNCHRO OK
HTVF
1 Data Hold time violation detected
0 SYNCHRO OK
STVF
1 Data Setup time violation detected

During monitoring STVF indicates setup time of data violation (Low -> OK, High -> Violation), HTVF
indicates hold time of data violation (Low -> OK, High -> Violation).

Figure 5-13. FPGA to DAC Synoptic

FPGA DAC
24 Port A
» I
24 Port B
> 2
24 Port C » OuT
>
24 Port D
> L
IDC 2 ;
HTVF, STVF 2
'y DSP 2 2
T DIV < CLK
PSS 3 'y y
2
OCDS
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Principle of Operation:

The Input Data Check pair (IDC_P, IDC_N) will be sampled three times with half a master clock period
shift (the second sample being synchronous with all the data sampling instant), these three samples will
be compared, and depending on the results of the comparison a violation may be signalled.

* Violation of setup time -> STVF is high level

¢ Violation of hold time -> HTVF is high level
In case of violation of timing (setup or hold) the user has two solutions:

* Shift phase in the FPGA PLL (if this functionality is available in FPGA) for changing the internal timing

of DATA and Data Check signal inside FPGA.

* Shift the DSP clock timing (Output clock of the DAC which can be used for FPGA synchronization —
refer to Section 5.4 on page 22), in this case this shift also shift the internal timing of FPGA clock.

Note: ~ When used, it should be routed as the data signals (same layout rules and same length). if not used, it
should be driven to an LVDS low or high level.

For further details, refer to application note AN1087.

5.7 OCDS, MUX Combinations Summary

Table 5-5. OCDS, MUX, PSS Combinations Summary

MUX oCDSs PSS Range Data Rate Comments

0 00 DSP clock division factor 8

0 01 DSP clock division factor 16 Refer to
4:1 0 to 7/(2Fs) by 1/(2Fs) steps Fs/4 Secti

0 10 Not allowed ection 5.5

0 1 Not allowed

1 00 DSP clock division factor 4

1 01 DSP clock division factor 8 Refer to
2:1 0 to 7/(2Fs) by 1/(2Fs) steps Fs/2 Secti

1 10 Not allowed ection 5.5

1 11 Not allowed

Note:  Behaviour according to MUX, OCDS and PSS combination is independent of output mode (MODE).

5.8 Synchronization functions for multi-DAC operation
In order to synchronize the timings, a SYNC operation can be generated.

After the application of the SYNC signal the DSP clock from the DAC will stop for a period and after a
constant and known time the DSP clock will start up again.

There are two SYNC functions integrated in this DAC:

¢ a power up reset, which is triggered by the power supplies if the dedicated power up sequence is
applied Veop => Vecas => Veeas:
e External SYNC pulse applied on (SYNC, SYNCN).

The external SYNC is LVDS compatible (same buffer as for the digital input data). It is active high.
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Depending on the settings for OCDS, PSS and also the MUX ratio the width of the SYNC pulse must be
greater than a certain number of external clock pulses. It is also necessary that the sync pulse be
synchronized with the system clock and is an integer number of clock pulses. See application note
(ref 1087) for further details.

Figure 5-14. Reset Timing Diagram (4:1 MUX)

3 GHz
>
1 1
CLKN \ |
] ]
] ]
1
SYNC, P » !
SYNCN — 1 3clock '
i cycles min | Pipeline +
. ' TDSP
! :
DSP,
DSPN
Figure 5-15. Reset Timing Diagram (2:1 MUX)
1.5 GHz
>
1 1
w U UUU UL
CLKN "
1 ]
]
1
SYNC, . o
SYNCN _ 3 clock
| cyclesmin |
' ' Pipeline +
! ! TDSP
| >
| ]
] T —
DSP, ! :
DSPN —_— 1 !
1

Important note:

For EV12DS130A:
e See erratasheet (ref 1125) for SYNC condition of use.
* SYNC, SYNCN pins have to be driven.

For EV12DS130B:

* SYNC, SYNCN pins can be left floating if unused.
* No specific timing constraints (other than T1 and T2) are required.

5.9 Gain Adjust GA Function
This function allows to adjust the internal gain of the DAC to cancel the initial gain deviation.
The gain of the DAC can be adjusted by +11% by tuning the voltage applied on GA by varying GA
potential from 0 to Vgas.
GA max is given for GA = 0 and GA min for GA =V ccas
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5.10 Diode Function

A diode is available to monitor the die junction temperature of the DAC.
For the measurement of die junction temperature, you may use a temperature sensor.

Figure 5-16. Temperature DIODE Implementation

DAC Temperature sensor
Diode D+
DGND D-

In characterization measurement a current of 1 mA is applied on the DIODE pin. The voltage across the
DIODE pin and the DGND pin gives the junction temperature using the intrinsic diode characteristics
below Figure 5-17.

Figure 5-17. Diode Characteristics for Die Junction Monitoring

Junction Temperature Versus Diode voltage for I=1mA
970

950 \ y=-1.13x + 915}

930

910

890 S

870 ~—
850 ~
830 ~~
810 ~
790 SN

Diode voltage (mV)

770

750

-35 -15 5 25 45 65 85 105 125
Junction temperature (°C)
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6. PIN Description
Figure 6-1. Pinout View fpBGA196 (Top View)
1 2 3 4 5 6 7 8 9 10 1 12 13 14
A |DGND| BS BE BEM B9 BSM B11 c11 COM ] CEM CE C5 | DGHMD
B B3 B4 BsH | B7 BS B10 | B1IW | CTIN | C10 cB c7 i c4 C3
. Bin | B3MW | BaM [ BFW | B3N | B1ON | DGND | DGMND | C10M [ CBMN | CFM | CAN | C3M | C1N
D B1 = B2 | DGMD | DGMD | WCCD | WCCD [ WeCD | WCCD | DGMD | DGMD| C2H (e 1
E Al0M | B0 BOM | DGND | DGMD | %CCD | WCCD [ WECD | WCCD | DGND | DGMD | CON co | D10N
. Al0 A1 | ANN [ WCCD [ WCCD | AGND | AGND | AGHND | AGHND | WCCD | WCCD | DTN | D11 D10
G AT ABN | AD AN | DGHD | AGND | AGND | AGHD | AGHD | DGMD | DOW | D9 O8N | DB
7 AR ABN AT AFN | DGMD | AGND | AGND | AGND | AGMD [ DGND | DFM D7 DBEM DB
1 A3 AEN [WCCAINVCCAT AGND | AGND | AGND | AGMD [WCCAINWVCCAT| DEN | D& L3k
K AT Adhl | DGHD | DGMND [ AGND |WCCAR\WCCAR| AGMD | DGEND | DGRD | D4 o4 03
1 AT A2 AN [ DGMD | Diode [WCCASWCCASWCCASWCCASl DGMND | ML | D2N D2 D1
. Al ADM | GA | HTWF | STVF [WCCAR|WCCAS| AGND | AGMD MODEOMODET| PSE2 | DOM | D1
n AQ [DSPN [IDC_P [SYMCM CLKM | AGMND | AGMD | AGND | AGMD | AGND | AGND (OCDS1|QCDS0[ DO
B DGMD| DSP | IDC_M| SYNC | CLK | AGND | AGND | AGND | OUT | OUTH | AGND | PS50 | PS51 | DGND
1 2 3 4 5 [ i 8 9 10 1 12 13 14
Table 6-1. Pinout Table fpBGA196
Signal name | Pin number Description Direction | Equivalent Simplified schematics
Power Supplies
v K7,K8, L6, L7, L8, L9, M6, 5V analogue power supplies N/A
ceAs M7 Referenced to AGND
3.3V analogue power suppl
Voons J4, J5, J10, J11 gue p PPy N/A
Referenced to AGND
v D6, D7, D8, D9, ES6, E7, 3.3V digital power supply N/A
cep E8, E9, F4, F5, F10, F11 Referenced to DGND
Feé, F7, F8, F9, G6, G7,
G8, G9, H6, H7, H8, H9,
AGND J6, J7, J8, J9, K6, K9, M8, | Analog Ground N/A
M9, N6, N7, N8, N9, N10,
N11, P6, P7, P8, P11
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Table 6-1. Pinout Table fpBGA196 (Continued)
Signal name | Pin number Description Direction | Equivalent Simplified schematics
A1, A14, C7, C8, D4, D5,
D10, D11, E4, E5, E10,
DGND E11, G5, G10, H5, H10, Digital Ground N/A
K4, K5, K10, K11, L4, L10,
P1, P14
Clock Signals
g
! CLKN
]
Master sampling clock input (differential) ' T
with internal common mode ! 50Q
1
1
CLK, CLKN P5, N5 It should be driven in AC coupling. | | I_o_,
1
! 2.5V
Equivalent internal differential 100Q ' S0E2 -1
input resistor. 1 CLK 3.75 pF
] 1
1 RN
| AGND
L e e e
3.3V
DSP, DSPN P2 N2 Output clock (in-phase and inverted o DSP,
phase DSPN
145Q
DGND
Analog Output Signal
VCCAS
50Q
In phase and Inverted phase analogue
OUT, OUTN P9, P10 output signal (differential termination (0] . OUT
required) v
o—p OUTN
Current
Switches and
sources
1
AGND
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Table 6-1. Pinout Table fpBGA196 (Continued)

Signal name | Pin number ‘ Description Direction | Equivalent Simplified schematics

Digital Input Signals

A0, AON N1, M2

A1, AIN M1, L1 R

A2, A2N 12,13 e . s

A3, A3N K1, J1 . L

A4, AN K2, K3 In-phase Digital input E 500

A5, ASN J2,J3 Port A | !

A6, A6N H1, H2 Data A0, AON is the LSB ' IT'

A7, A7N H3, H4 Data A11, A11N is the LSB :

A8, ABN G1, G2 . 500 %}3'75 PF

A9, AN G3, G4 L In T

A10, A10ON F1, E1 E.] >

A11,A1IN | F2,F3 L

BO, BON E2, E3

B1, BIN D1, C1 FoTTTTTToTToTTomoomoomooees

B2, B2N D2, D3 Iij . .

B3, B3N B1, C2 : T

B4, B4N B2, C3 Inverted phase Digital input ' 50Q

B5, B5N A2, B3 Port B | !

B6, B6N A3, A4 Data BO, BON is the LSB ' IT’

B7, B7N B4, C4 Data B11, B11N is the LSB ! I3'75 oF

B8, B8N B5, C5 500

B9, BON A5, A6 " in - DGND

B10,B1ON | B6, C6 [ >

B11, B11N A7, B7 U

€0, CON E13, E12

C1, C1IN D14, C14 G TTTTTTTTTTrmm T

C2, C2N D13, D12 [] InN 1 .

€3, C3N B14, C13 !

C4, C4N B13, C12 | 50Q

C5, C5N A13,B12 In-phase Digital input | E T

C6, C6N A12, A1 Port B Data 1 ; T _T_ >

C7, C7N B11, C11 ! Ig_75 oF

C8, C8N B10, C10 i 500 e

C9, CON A10, A9 In T X

€10, C10N B9, C9 ',j >

C11, C11IN A8, B8 L e e .
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Table 6-1. Pinout Table fpBGA196 (Continued)

Signal name | Pin number Description Direction | Equivalent Simplified schematics

DO, DON N14, M13

D1, D1N M14, L14 Voot

D2, D2N L13,L12 e . R

D3, D3N K14, J14 ; L

D4, D4N K13, K12 | 500

D5, D5N J13, J12 Inverted phase Digital input | E

D6, D6N H14, H13 Port B Data 1 ! IT'

57, D7N H12, H11 i I3-75 DF
8, D8N G14, G13 | 500Q

D9, DN G12, G11 L In 8 DGND

D10,D10N | F14,E14 E] >

D11, D11N F13, F12 b

Control Signals

HTVF M4 Setup time violation flag O
HTVF
STVF M5 Hold time violation flag O
STVF
32
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Table 6-1. Pinout Table fpBGA196 (Continued)
Signal name | Pin number Description Direction | Equivalent Simplified schematics
o e e e mmmmmmmoo
1
|:Il InN
. A i
|
| 50Q
]
IDC_P, '
IDC_N N3, P3 Input data check !
|
1
! 3.75 pF
1
. 1
' n DGND
] A
]
1
M N MM
PSSO P12
PSS1 P13 Phase Shift Select (PSS2 is the MSB) |
PSS2 M12
MODEO M10 ) )
DAC Mode selection bits |
MODEH1 M11
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Table 6-1. Pinout Table fpBGA196 (Continued)
Signal name | Pin number Description Direction | Equivalent Simplified schematics
VCCD
13 kQ
MUX L11 MUX selection |
DGND
0CDS0 N13 QOutput Clock Division Selggt = these bits
0CDS1 N12 allow to select the clock division factor |
applied on the DSP, DSPN signal.
34
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Table 6-1. Pinout Table fpBGA196 (Continued)
Signal name | Pin number Description Direction | Equivalent Simplified schematics
o o o o e e eemmmmm——
L InN
L t g
|
| 500
]
SYNC, . '
SYNCN P4, N4 In phase and Inverted phase reset signal | E
1
! 3.75 pF
1
. 1
' n T DGND
1
M N MM
GA M3 Gain adjust |
GA 1kQ
SuB
DGND_DIODE
Diode L5 Diod.e f(?r die junction temperature |
monitoring
Diode
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7. Characterization Results

Unless otherwise specified results are given at room temperature (Tj ~ 60°C), nominal power supply, in
4:1 MUX mode, gain at nominal setting.

7.1 Static Performances
711 DC Gain Characterization

Figure 7-1. DAC DC Gain vs Gain Adjust (Measured in NRZ Mode)

‘DAC 12 bit 3 Gsps : Gain DC versus Gain AdjustI

14 7

13

12

—

11
s \\
£ 1
©
5 \
0.8
—O—part 2
0.7 7 ——part4
—r—part 5
0.6 T T T T T T T 1
05 0 05 1 15 2 25 3 35

Gain Adjust (V)

Figure 7-2. DAC DC Gain Drift from Unity Gain vs Temperature (Measured in NRZ Mode)

DAC 12 bit 3 Gsps : DC gain sensitivity to temperaturel

1.01
—0—part 2
1.00 1 | —*—partd
—+—part5
0.99 1
g
£ 098
©
(U]
0.97 1
0.96 1
<4— Tamb =66.5°C
0.95 B R B B T T — — —
-40 -30 -20 -10 0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140
Ga:1.64V

Temperature junction(°C)

Figure 7-3. DC Gain Sensitivity to Power Supply (Measured in NRZ Output Mode)

‘DAC 12 bit 3 Gsps : DC gain sensitivity to power supplies I

1.20

1.15 A

1.10 1 .

Ga:ov 67—D/A e

1.05 1 { Conditions: room temperature, supply levels:
1001 - Min: Vgoa: 4.75V // Vooas = Voep = 3.15V
E— 0.5 4 Ga:1.64v - Typ: Voea: 5V // Vocoas = Veoep = 3.3V
& 0'907 R ; - Max: Voca: 5.25V // Vooas = Voo = 3.45V

0.85 { Ga:33v {é;;,;;::: —

0.80 ——part4

0.75 A —~—part5

0.70 Min Typ Max

Power supplies
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7.1.2 Static Linearity

Figure 7-4. INL/DNL Measurement at Fout = 100 kHz and 3 Gsps

e Wave Display dir: fuserna23/calais/Programmes_load/TEODEN/ACQUISITIONS
Waveform trace #1: | [NL_OM_2995M_AlimTyp.way
File-v )

Y—axis ©

Wiew + ) Sample freq:
Zoom 7 | Exp v | DATA: —0.B2E9 to 0.7301 DISPLAY: —0.E2ES to 07301

230mT 100.00% -

S00m i
Soam

qoom i

3oom
200m
100m 1§

———

|
o i
—=100mi
—200m;
—300m
=400 m; T bl
—S00m

e

—B27m ¥
o So0 1000 1500 2000 2500 jeielale] 3500
Samples

gl
4093

Reading waveform fram file

i wave Display dir: fuserna23/calais/Programmes_load/ TEODENZACQUISITIONS

Waveform trace #i1: 5| DNL_OM_2938M_aAlimTyp.way
File'v ) Wiew v
Y¥—axis v |  Zoom ¥

- 100.00% -

sSample freq:

Exp © ) DATA: —04362 to 04654 DISPLAY: —0.4362 to 046549

4E5m
400m

300m t | i

[ Lo [ L [ L fisy

200m | T Ll

100m |-k & 4|

am

—100m:

—200m e ||‘||” || e T fich

—200m:

T
|

—3Em
o] S00 1000 1500 2000 2500 3000 3500
Samples

4093

, Reading wawveform from file

INL reflects a true 12 bit DAC.

Low DNL values reflect a strictly monotonous 12 bit DAC.
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7.2 AC Performances

7.21 Available Output Power vs Fout.

The following plots summarize characterization results, for a Fout sweep from 98 MHz to 4498 MHz
(step 100 MHz).

Figure 7-5.  Available Pout vs Fout from 98 MHz to 4498 MHz in the 4 Output Modes at 3 Gsps

10

NRZ mode offers max power for 1st Nyquist operation.

20 RTZ mode offer slow roll off for 2nd Nyquist operation.
% RF mode offers maximum power over 2nd
S and 3rd Nyquits operation.
‘g -30
o NRTZ mode offers optimum power over full 1st and first half
1st Nyquist 2nd Nyquist 3rd Nyquis of 2nd Nyquist zones.
-40 ~J = ~ = =
This is the most relevant in term of performance for operation
over 1st and beginning of 2nd Nyquist zone.
-50

——Mux4:1_Mode_NRZ
—=—Mux4:1_Mode_NRTZ
—*—Mux4:1_Mode_RTZ
—=—Mux4:1_Mode_RF

—1 |
1

-60 7

-70

Output frequency (MHz)

Figure 7-6.  Available Pout vs Fout from 98 MHz to 4498 MHz and from 2 Gsps to 3.2 Gsps in NRZ Mode

Pout_dBm
8

:40 \ /\ /\ /‘\ “w\ (\ /\ I W f \s r Socond ntehat Pk
] |

—4—0-2000 - Mux4:1_Mode_NRZ | ‘\‘
—#—0-2199 - Mux4:1_Mode_NRZ |
60 —{—*—0-2399 - Mux4:1_Mode_NRZ

- Il =
~%—0-2599 - Mux4:1_Mode_NRZ |
—%—0-2799 - Mux4:1_Mode_NRZ

— |
—

70 7| —#—0-2999 - Mux4:1_Mode_NRZ
—+—0-3200 - Mux4:1_Mode_NRZ

Output frequency (MHz)
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Available Pout vs Fout from 98 MHz to 4498 MHz and from 2 Gsps to 3.2 Gsps in NRTZ Mode

Pout_dBm

-40 —4—2000 - Mux4:1_Mode_NRTZ
—#—2199 - Mux4:1_Mode_NRTZ
—4—2399 - Mux4:1_Mode_NRTZ
2599 - Mux4:1_Mode_NRTZ
-50 —¥—2799 - Mux4:1_Mode_NRTZ

VIN |
7y

|
[

—8—2099 - Mux4:1_Mode_NRTZ
——3200 - Mux4:1_Mode_NRTZ

-60

Output frequency (MHz)

Available Pout vs Fout from 98 MHz

First notch at F=1/((1/Fclock) - 75ps),
second notch at 2xF

to 4498 MHz and from 2 Gsps to 3.2 Gsps in RTZ Mode

0 % 0 00 0 O WV DWW W WD D DD WD D
PPPRNNRPDPIPPRIRDDIRD R DD
FliBYLORBISrABINBORNDS D S

-20

-25

Pout_dBm

-30

First notch at F = 2 x Fclock

—4—2000 -
35 T —m—2199 -
—A—2399 -
40 +— %2599 -
—%—2799 -
—-2999 -

45 ——3200-

Mux4:1_Mode_RTZ
Mux4:1_Mode_RTZ
Mux4:1_Mode_RTZ
Mux4:1_Mode_RTZ
Mux4:1_Mode_RTZ
Mux4:1_Mode_RTZ
Mux4:1_Mode_RTZ

—

-50

Output frequency (MHz)

Available Pout vs Fout from 98 MHz to 4498 MHz and from 2 Gsps to 3.2 Gsps in RF Mode

0

&

Pout_dBm

First notch at DC

-20

—4—2000

—4—2399
2599
—*—2799
——2099
—+—3200

-80 +——

- Mux4:1_Mode_RF
- Mux4:1_Mode_RF
- Mux4:1_Mode_RF
- Mux4:1_Mode_RF
- Mux4:1_Mode_RF
- Mux4:1_Mode_RF
- Mux4:1_Mode_RF

-35

Output frequency (MHz)
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7.2.2 Single Tone Measurements
The following plots summarize characterization results in MUX4:1 mode, for an Fout sweep from 98 MHz
to 4498 MHz (step 100 MHz).
The left side of the plot gives SFDR expressed in dBc and the right side gives HSL (Highest Spur Level
excluding Fclock spur) expressed in dBm.

Figure 7 10 SFDR and HSL in NRZ mode at —3 dBFS for Sampling Rate from 2000 MSps to 3200 MSps

0 Spurious Free Dynamic Range (excl. Fclock) [dBc] . Highest Spur Lvel (ex

(R

AT AN

A LN

40 ’! ) ‘ 1 % ‘ —4—-3-2000 - Mux4:1_NRZ

ey S see Mwean e

50 IRV —*—-3-2599 - Mux4:1_NRZ
W W —*—-3-2799 - Mux4:1_NRZ

-55 —®—-3-2999 - Mux4:1_NRZ

—+—-3-3200 - Mux4:1_NRZ

-60 1 -

65 1 f

-70 ;!

-75 soit

-80
Output frequency (MHz)

NRZ mode is only relevant for Fout below 400 MHz.
The spikes in the SFDR are caused by normalization artefacts due to the Sinc(x) null.

Figure 7-11. SFDR and HSL in NRTZ mode at -3 dBFS for Sampling Rate from 2000 MSps to 3200 MSps

-10

1
-15 7

Spurious Free Dynamic Range (excl. Fclock) [dBc] Highest Spur Level (excl. Fclock)[dBm]

. 1 /\\ /\\
. N 75 e e

40 T Y E/ > —A—-3-2399 - Mux4:1_NRTZ
45 X o, ——-3-2599 - Mux4:1_NRTZ

y\ 3 —%—-3-2799 - Muxd:1_NRTZ
.50 —€—-3-2999 - Mux4:1_NRTZ

—+—-3-3200 - Mux4:1_NRTZ

-55 7 K

-60 1

-65 A

-70

-75

-80
Qutput frequency (MHz)

NRTZ mode brings significant improvement regarding NRZ mode. This mode concentrates the benefits
of both NRZ mode (high power available) and RTZ mode (extended available dynamic range).
The spikes in the SFDR are caused by normalization artefacts due to the Sinc(x) null.
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Figure 7-12. SFDR and HSL in RTZ Mode at —3 dBFS for Sampling Rate from 2000 MSps to 3200 MSps

0 \ \
a5 P P RPRIOO oo R ERIOd RO RO D NN P D RO MR 00
Spurious Free Dynamic Range (excl. Fclock) [dBc] Highest Spur Level (excl. Fclock) [dBm]
-20 o
.25 /’\ /]E
Al
-35 ——-3-2000 - Mux4:1_RTZ
/ /‘ —8—-3-2199 - Mux4:1_RTZ
-40 —4—-3-2399 - Muxd:1_RTZ
/ —%—-3-2599 - Mux4:1_RTZ
=45 —%—-3-2799 - Mux4:1_RTZ
50 —0—-3-2999 - Mux4:1_RTZ
—+—-3-3200 - Mux4:1_RTZ
-55 —
-60
_65 m k"3
-70
-75 ol ¥
-80

Output frequency (MHz)

RTZ mode allows for operation over the 3 first Nyquist zones.
In first and beginning of second Nyquist zone NRTZ mode is mode relevant. The spikes in the SFDR are
caused by normalization artefacts due to the Sinc(x) null.

Figure 7-13. SFDR and HSL in RF Mode at -3 dBFS for Sampling Rate from 2000 MSps to 3200 MSps

10 T L L] s ] ERRRRNRRN
PR O IR RO e S A O PR A ot RS [P K R0 o (IR oo S E e GO S e oo R
-15
Spurious Free Dynamic Range (excl. Fclock) [dBc] Highest spur level (excl. Fclock) [dBm]
-20
-25
-30
all
35 —e—.3-2000- Mux4:1_RF
40 —#—.3-2199 - Mux4:1_RF
) —A—-3-2399 - Mux4:1_RF
Y —>¢—.3-2599 - Mux4:1_RF

-45
5 u —¥—.3-2799 - Mux4:1_RF
——.3-2999 - Mux4:1_RF

-50 T
—+—-3-3200 - Mux4:1_RF

-55 7

-60

Output Frequency (MHz)

RF mode allows for operation over 3" Nyquist zones. Performances are not sensitive to output level.
Performance roll off occurs beyond 3000 MSps.

41

1077H-BDC-12/14
e2v semiconductors SAS 2014



EV12DS130AZP
EV12DS130BZP

Figure 7-14. Comparison of the 4 Output Modes at 2999 MSps and at -3 dBFS: SFDR and HSL

-10 L bbb hohohohohohohorokokobat L b ohokchcbon bbb bbb
15 | RPN ARG R i R SNERSmELszes
Spurious Free Dynamic Range (excl. Fclock) [dBc] Highest Spur Level (excl. Fclock) [dBm]
-20 I
-25 \
K V\

50| " " ist
-35 tst Nyquibi/\?nd Nyquiled Nyquibt/

r*‘?k \ ——-3-2999 - Mux4:1_NRZ
40 \ k \/ —8—-3-2999 - Mux4:1_RTZ

_ I
.45 \ //\! V‘j\“\)\ q —A—-3-2999 - Mux4:1_RF

J * ¥ —*—-3-2999 - Mux4:1_NRTZ

_50 4
60 X ol N e N

Yool XX VAV AV Wy
N 7/ 2, a4
70 -4 *‘y

-80

Output frequency (MHz)
NRZ is interesting only at the very beginning of the first Nyquist zone.
NRTZ is relevant over 15t 2" and 4" Nyquist zones.
RTZ is relevant over 2" and 3" Nyquist zones.
RF mode displays a good behavior over 2" and 3™ Nyquist Zones.
The spikes in the SFDR are caused by normalization artefacts due to the Sinc(x) null

Figure 7-15. Comparison of the 4 Output Modes at 2000 MSps and —3 dBFS: SFDR and HSL

-10

LT D chob bbb bbbl bbbl bobebbob bbbl bbb bbb cbehcbobchebol

" ; St SERSN R e e

- L)

Spurious Free Dynamic Range (excl. Fclock) [dBc] Highest Spur Level (excl. Fclock) [dBm]

-20 T N/t N ) f 1
1st Nyquis><2nd Nyquist]{ 3rd Nyquis%th Nyquist

-25 N F—N Y } f }

v N v

R M S M

-30

-35

l —e—-3-2000 - Mux4:1_NRZ
—#—-3-2000 - Mux4:1_RTZ

—&—-3-2000 - Mux4:1_RF

——-3 - 2000 - Mux4:1_NRTZ

-40

-45

-50

-55

-60

-65

-70 14

-75

-80

Output frequency (MHz)
NRTZ is the most relevant over 15t Nyquist zone, 1! half of 2" Nyquits zone and 4th Nyquist zone.
RF mode is the best choice for 2" half of 2" Nyquist Zone and 3" Nyquist zone.
RTZ gives relevant performances over the three first Nyquist zones.
The spikes in the SFDR are caused by normalization artefacts due to the Sinc(x) null
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Figure 7-16. Comparison of NRZ and NRTZ Modes at Full Scale and —3 dBFS at 2999 MSps: SFDR and HSL (Excluding
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NRTZ gives better performances over 1% and 2" Nyquist zone, and is much less sensitive to output

level.

Figure 7-17. Comparison of NRTZ and RTZ Modes at Full Scale and —3 dBFS at 2999 MSps: SFDR and HSL
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NRTZ is more relevant for 15! Nyquist zone and 1! half of 2" Nyquist zone. Beyond middle of second
Nyquist zone RTZ mode is more relevant.
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Figure 7-18. Comparison of RTZ and RF Modes at Full Scale and —3 dBFS at 2999 MSps: SFDR and HSL
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RF mode gives better performance over 3" Nyquist zone.

Figure 7-19. Comparison of NRZ and NRTZ Modes at Full Scale and —3 dBFS at 2000 MSps: SFDR and HSL (Excluding
Fclock)
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NRTZ linearity is slightly improved reducing the sampling rate to 2000 MSps, possibility of operation over
the 4™ Nyquist zone is demonstrated.

44

1077H-BDC-12/14
e2v semiconductors SAS 2014



EV12DS130AZP
EV12DS130BZP

Figure 7-20. Comparison of NTRZ and RTZ Modes at Full Scale and —3 dBFS at 2000 MSps: SFDR and HSL
(Excluding Fclock)
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NRTZ mode is relevant in 1%t, 2" Nyquist zones and is still usable over 4™ Nyquist zone with SFDR in
excess of 50 dBc.
7.2.3 Single tone measurements: typical spectra at 3Gsps

The following figures show typical SFDR spectra obtained for the four DAC modes on an
EV12DS130A/B device.

Conditions: typical power supplies, ambient temperature, MUX4:1, Fs = 3 Gsps.
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Figure 7-21. Typical SFDR spectrum in NRZ mode. Fout = 100MHz (1st Nyquist), MUX4:1, Fs = 3Gsps. SFDR = 67dBc
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Figure 7-22. Typical SFDR spectrum in NRTZ mode. Fout = 1800MHz (2nd Nyquist), MUX4:1, Fs = 3Gsps.
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Figure 7-23. Typical SFDR spectrum in RTZ mode. Fout = 2900MHz (2nd Nyquist), MUX4:1, Fs = 3Gsps.
SFDR = 59dBc.
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Figure 7-24. Typical SFDR spectrum in RF mode. Fout = 4400MHz (3rd Nyquist), MUX4:1, Fs = 3Gsps. SFDR = 56 dBc

b
‘ L jaay |~ |
n ] | r MOET.
S -
- | | | 13 peoasdach cuc
e

47

1077H-BDC-12/14
e2v semiconductors SAS 2014



EV12DS130AZP
EV12DS130BZP

724 Multi Tone Measurements
A five tones pattern (400 MHz, 500 MHz, 600 MHz, 700 MHz and 800 MHz) is applied to the DAC
operating at 3 Gsps and results are observed in the 2", 39, 41" and 5™ Nyquist zones.

Results are given in the most relevant mode considering the Nyquist zone observed.

Figure 7-25. Observation of the 2"¥ Nyquist Zone (Tones are pushed from 2.2 GHz to 2.6 GHz): NRTZ, RF and RTZ

Modes
NRTZ mode: RF mode:
&® o . @
m [ ~]
- o
B E=D

RTZ mode:
=
! ! ! — f TS tapanres mamns | Fout (MHz) Pout (dBm) SFDR (freq) SFDR (dBc)
: NRTZ 2200 239 1800 -51,28
RTZ 2200 -2453 1800 -55,97
RF 2200 21,76 2700 -57,25
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Figure 7-26. Observation of the 3" Nyquist Zone (Tones are pushed from 3.4GHz to 3.8GHz): RF and RTZ Modes
RF mode:

®

RTZ mode:

Fout (MHz) Pout (dBm) SFDR (freq) SFDR (dBc)
NRTZ 3400 -39.43 4000 —44.48
RTzZ 3400 -28.77 3100 -55.14
RF 3400 —23.03 3100 -58.33

NRTZ performances are degraded because of the sinc attenuation (first notch in the first half of the 3™

Nyquist zone).

Figure 7-27. Observation of the 4" Nyquist Zone (Tones are pushed from 5.2 GHz to 5.6 GHz): NRTZ and RF Modes

NRTZ mode RF mode
| 2] | 2]
[ s S
==

i (sl ikl o AL b b kL

Fout (MHz) Pout (dBm) SFDR (freq) SFDR (dBc)
NRTZ 5200 -34.72 5000 -50.34
RTZ 5200 —40.37 4700 —45
RF 5200 -31.87 4700 —49.49
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RTZ mode is degraded because of the sinc attenuation (first notch at the end of the 4" Nyquist zone).
RF mode offers significantly more power than RTZ mode, this is why we still have acceptable
performances.

NRTZ operation is possible because the 4™ Nyquist zone is fully included in the secondary spectral lobe.

Figure 7-28. Observation of the 5" Nyquist Zone (Tones are pushed from 6.4 GHz to 6.8 GHz): NRTZ Mode

|Fout(MHz) Pout (dBm) SFDR (freq) SFDR (dBc)

6400 -38,64 7000 -46,92
6800 -46,69 7000 -39,25
6400 -46,89 7000 -38,01

NRTZ mode is still usable in the 5™ Nyquist zone (SFDR in excess of 46 dB).
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centered on 800 MHz.

Results are observed in 29, 3™ 4™ and 5" Nyquist zones and are given only for the most relevant

modes (that is RF and/or NRTZ modes).

Figure 7-29. NRTZ Mode, 2" Nyquist: Center Frequency is pushed to 3 G

Direct Microwave Synthesis Capability Measurements: ACPR
Measurements given hereafter are performed on the DAC at 3 Gsps with a 10 MHz wide QPSK pattern

EV12DS130AZP
EV12DS130BZP

Hz — 800 MHz = 2.2 GHz
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b--50
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—&0 : ]
=70
I | 1
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| | |
i 15 L1 1 !I_ LI LAl
Center 2.2 GHz 12.,7090293 MHz/ Span 127.0890293 MHz FRN
Lowear Uppexr
dB dB
Tx Channel Adjacent -62.38 -62.09
Bandwidth 14 MHz Alternate -63.54 -63.25
Znd Alt -63.05 -64.27
3rd Alt -63.23 =-62.75
Power -13.71 dBm

ACPR is in excess of 62 dB. DMWS capability is proven for second Nyquist in NRTZ mode.

Figure 7-30. RF Mode, 2" Nyquist: Center Frequency is pushed to 3 GHz

®

* RBW
*VEW 1 MH=z

300 kHz

— 800 MHz = 2.2 GHz

Ref 13.2 dBm * ALt 5 dB * SWT 15 ms
--20
L ., rN“\ =
r-40 H \ sEL
I
| \
-l
I |J ll
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T I |
i
Center 2.2 GHz 12,70902%3 MHz/ Span 127.080293 MHz PRN
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dB dB
Tx Channel Adjacent -61.03 =-60.90
Bandwidth 14 MHz Alternate -61.97 -62.08
Znd Alt -61.39 -61.78
Power -11.40 dBRm 3xd Alt -61.67 -61.21

ACPR is in excess of 60 dB. DMWS capability is proven for the second Nyquist zone in RF mode with
slightly reduced dynamic range regarding NRTZ mode but with increased output power.
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Figure 7-31. RF Mode, 3™ Nyquist Zone: Center Frequency is pushed to 3 GHz+ 800 MHz = 3.8 GHz
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ACPR is in excess of 59 dB. DMWS capability is proven for the third Nyquist zone in RF mode.

Note:  due to the notch of available Pout near the middle of the third Nyquist zone, the NRTZ mode is not relevant
for DMWS in the third Nyquist zone.

Figure 7-32. NRTZ Mode, 4" Nyquist Zone: Center Frequency is pushed to 6 GHz — 800 MHz = 5.2 GHz
Ref 13.2 dBm * AL 5 dB * SWT 15 ms
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ACPR is in excess of 54 dB. DMWS capability is proven for the fourth Nyquist zone in NRTZ mode.
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Figure 7-33. RF Mode, 4™ Nyquist Zone: Center Frequency is pushed to 6 GHz — 800 MHz = 5.2 GHz
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ACPR is in excess of 53 dB. DMWS capability is proven for the fourth Nyquist zone in RF mode.

Note due to a notch of available Pout near the end of the 4™ Nyquist zone in RF output mode, for DMWS

beyond middle of 4" Nyquist zone it is recommended to use the NRTZ output mode instead of the RF
output mode.

Figure 7-34. NRTZ Mode, 5" Nyquist Zone: Center Frequency is pushed to 6 GHz + 800 MHz = 6.8 GHz
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ACPR is still in excess of 47 dB. DMWS capability if proven for the fifth Nyquist zone in NRTZ mode with
reduced available dynamic range.
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7.2.6 DOCSIS v3.0 Capability Measurements
Measurements hereafter have been carried out on a soldered device EV12DS130A/B, in NRTZ mode at
3 GSps.

Note:  Results illustrated hereafter (spectrum and zoom on notch) come from measurement on a EV12DS130A/B
device (CI-CGA255 package). Measurements have been carried out using the ACP treatment of the
spectrum analyzer Rhode & Schwarz FSU8, in RMS detection mode.

Figure 7-35. ACPR 1 Channel Centered on 300 MHz, Output Mode NRTZ
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Figure 7-36. ACPR 1 Channel Centered on 900 MHz, Output Mode NRTZ
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Figure 7-37. ACPR 1 channel centered on 300 MHz, Output Mode NRTZ
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Figure 7-38. ACPR 4 Channels Centered on 300 MHz, Output Mode NRTZ
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Figure 7-39. ACPR 1 Channel Centered on 900 MHz, Output Mode NRTZ
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Figure 7-40. ACPR 4 Channels Centered on 900 MHz, Output Mode NRT
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7.2.7 NPR Performance

NPR measurements have been carried out at optimum loading factor (LF) for a 12 bit DAC, that is
—14 dBFS, with the DAC operating at 3 Gsps.

SNR can be computed from SNR measurement with the formula: SNR 45, = NPRgg; + ILF 45| — 3.
ENOB can be computed with the formula: ENOB = (SNRgg — 1.76) / 6.02.

Note:  Results illustrated hereafter (spectrum and zoom on notch) come from measurement on a EV12DS130A/B
device (CI-CGA255 package). Measurements have been carried out using the ACP treatment of the
spectrum analyzer Rhode & Schwarz FSU8, in RMS detection mode.

Figure 7-41. NPR in First Nyquist Zone, 20 MHz to 900 MHz Noise Pattern with a 25 MHz Notch Centered on 450 MHz,
NRZ mode

g, e

i

Lower Uppar
dB dB
Tx Chanmal Adjacent 50.24 49.87
Alternate 50.02 49.53
2nd Alt 50.08 §0.21
L | IR 3rd Alt 50.42 49.73

Power -76.62 dBm

Measured average NPR: 50.02 dB, therefore SNR = 61.02 dB and ENOB = 9.84 bit

Effects at low frequency are due to balun and pattern.

Figure 7-42. NPR in First Nyquist Zone, 20 MHz to 900 MHz Noise Pattern with a 25 MHz Notch Centered on 450 MHz,
NRTZ Mode

Lowaer Upper
da dB
Tx Channel Adjacent 51.69 51.17
th ' Altarnate 51.35 50.96
Ind Mt 51.29 51.68
Power -80.02 dBm Mt e ik

Measured average NPR: 51.36 dB, therefore SNR = 62.36 dB and ENOB = 10.07 bit.

Effects at low frequency are due to balun and pattern.
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Figure 7-43. NPR in First Nyquist Zone, 10 MHz to 450 MHz Noise Pattern with a 12.5 MHz Notch centered on 225 MHz,
NRTZ Mode at Fs = 1.5 Gsps

i

'“Tf\

Lowar Uppar
an 4B

Tx Channel Adjacent 55.94 55.62

Alternate 55.70 55.37

Znd Alt 55.76 56.01

b = ird alt 56.05 55.64

Power -82.93 dBm

Measured average NPR: 55.7 dB, therefore SNR = 66.7 dB and ENOB = 10.8 bit.

Effects at low frequency are due to balun and pattern.

Figure 7-44. NPR in second Nyquist Zone, 1520 MHz to 2200 MHz Noise Pattern with a 25 MHz Notch centered on
1850 MHz, RTZ mode
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Power -78.88 dBm

(

Measured average NPR: 44.6 dB, therefore SNR = 55.6 dB and ENOB = 8.94 bit
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Figure 7-45. NPR in second Nyquist Zone, 1520 MHz to 2200 MHz noise pattern with a 25 MHz notch centered on

1850 MHz, RF Mode
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Power -75.79 dBm

Lowar Upper

de dB
Adjacent 42.13 43.15
Alternate 42.54 42.96
2nd Alt 42.39 42.76
ird Mt 42.39 42.92

Measured average NPR: 42.78 dB, therefore SNR = 53.78 dB and ENOB = 8.64 bit

Figure 7-46. NPR in second Nyquist Zone, 2200 MHz to 2880 MHz Noise Pattern with a 25 MHz Notch centered on

2550 MHz, RF Mode
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Adjacent 42.49 42.89
Alternate 42.30 42.80
2nd Alt 42.26 42.31
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Measured average NPR: 42.56 dB, therefore SNR = 53.56 dB and ENOB = 8.6 bit.
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Figure 7-47. NPR in Third Nyquist Zone, 3050 MHz to 3700 MHz Noise Pattern with a 25 MHz Notch Centered on
3375 MHz, RF Mode
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Measured average NPR: 40.08 dB, therefore SNR = 51.08 dB and ENOB = 8.19 bit

The following figures reflect the stability of NPR in first Nyquist in NRTZ mode (and therefore SNR and
ENOB) versus temperature.

Measurements have been carried out at nominal power supply on an EV12DS130A/B, at 3 Gsps, with
the FSU8 spectrum analyzer in RMS detection mode.

Figure 7-48. Dirift of NPR and Associated SNR and ENOB in First Nyquist in NRTZ Mode from Tj = -30°C to Tj = 125°C
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Optimum is at Tj = 40°C, degradation over temp is within 1 dB (or 0.15 effective bit).
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Measurements hereafter have been carried out on an EV12AS130AGS device at 3 Gsps, with the FSU8
spectrum analyzer in RMS detection mode.

Figure 7-49. Drift of NPR vs temperature in the 4 Output Modes at Nominal Supply

NPR vs. temperature
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Conclusion: performances are stable in the four output modes against temperature.

Figure 7-50. NPR vs Power Supply Level in the 4 Output Modes at Room Temperature

NPR vs. power supplies
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40 5(—_--%’_‘_?:'- ————— o span:25MHz notch centered :
o—_ = = 1850MHz
38 —o—RF @-14dB (2200MHz to 2880MHz)
. span:25MHz notch centered :
Min Typ Max 2550MHz
Power supplies —o— RF @-14dB (3050MHz to 3700MHz)
span:25MHz notch centered :
3375MHz

Conditions: Typical, excepted: power supplies

Min: Vga: 4.75V // Vogasz = Veep = 3.15V

Typ: Veea: 5.0V // Veeas = Veep = 3.3V

Max: Vgea: 5.25V // Veas = Veep = 3.45V.

Conclusion: performances are fairly stable against power supply.

Note: NPR performance at lower clock frequencies is affected by power up sequence. See application
note 1087 for further details.
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7.2.8 Spectrum over 4 Nyq ist Zones in the Four Output Modes
Ob vation of a 1GHz b adband pattern with a 25 MHz notch centered on 500 MHz spectrum over
4 Nyq ist z at 3 Gsps (that is from DC to 6 GHz), measurements performed on an EV12DS130A/B
device (CI-CGA 255 package, with an overall 6 GHz bandwidth limitation).

By periodisation of a sampled system each tone F; of the pattern in the 15' Nyquist zone is duplicated as
follows:

« 2"d Nyquist Zone: tone at Fclock - F;
« 3" Nyquist Zone: tone at Fclock + F;
* 4" Nyquist Zone: tone at 2*Fclock - F;

Figure 7-51. Spectrum over 4 Nyquist Zones at 3 Gsps in NRZ Output Mode
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Figure 7-52. Spectrum over 4 Nyquist Zones at 3 Gsps in NRTZ Output Mode

RBW 10 kH=z RFE Attt 0 dB
Ref Lwvl VB 50 kH=z
-40 dBm SWT 150 s Umit dBm
-40
|
-50
SGL
-B0
-70
1APRP
—-80
_ap |
_100 | ,
-110
I [
—-120
—-130
—-140
Start 0 H=z 500 MH=z.~ Stop B GH=z
Figure 7-53. Spectrum over 4 Nyquist Zones at 3 Gsps in RTZ Output Mode
RBW 10 kH=z RFE Att 0 dB
Ref Lvl VB 50 kH=z
-40 dBm SWT 150 s Umit dBm
—40
|
-50
SGL
—B0 1
-70
1APRP
—-80
-390
~100 |
—-110
—-120
—-130 v
—-140
Start 0O Hz 6500 MHz~ Stop B GH=z

First Zero of the sinc() function is slightly before 2*Fclock which indicates that the duty cycle of RTZ
function is a little bit more than 50%, this is due to the balun which introduced some phase error beyond
the 180 degrees between CLK and CLKN thus creating a duty cycle on the clock actually seen by the
DAC.
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Figure 7-54. Spectrum over 4 Nyquist Zones at 3 Gsps in RF Output Mode
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150 s
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dBm
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—-40 dBm
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Measurements are showing a pretty good fit with theory, see Section 5.3 on page 17.
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8. Application Information
For further details, please refer to application note 1087.

8.1 Analog Output (OUT/OUTN)

The analog output should be used in differential way as described in the figures below.

If the application requires a single-ended analog output, then a balun is necessary to generate a single-
ended signal from the differential output of the DAC.

Figure 8-1.  Analog Output Differential Termination

sources 50Q termination

1
VCCAS MUXDAC
1
|
50Q |
1
Y\ ! 100nF
ouT
R » OUT
' 50Q lines
OUTN |
! |-
; 1 >
1
: 100nF 50Q OUTN
1
Current ,
Switches and .
sources .
1
—l— ! AGND
AGND !
Figure 8-2.  Analog Output Using a 1/ 2 Balun
_____________________________ .
MUXDAC |
VCCAS5 !
1
|
50Q |
Y N\ !
|
1
| _ 100nF
ouT ! 50Q line 50Q line
: [::::::::::}_ﬁ ouT
1
|
: 1/sqrt2
I —
|
Current : 50Q line
Switches and E 100nF
1
1
1
1
1
1
1
1
1
1

AGND

Note:  The AC coupling capacitors should be chosen as broadband capacitors with a value depending on the
application.
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8.2 Clock Input (CLK/CLKN)

The DAC input clock (sampling clock) should be entered in differential mode as described in Figure 5-9.

Figure 8-3.  Clock Input Differential Termination

DAC Clock Input Buffer

_ C = 100pF _ FoTSSSmososossosoooosooooooos
50Q) line 50Q2 line :CLKN
. T
1
! 500
Differential i
sinewave 50Q 1 >
Source ' 25V
i 500 4
C = 100pF . 3.75 pF
' CLK T
—| |—»‘ }—l } ; ? 3 >
50Q line . !
50Q line ' AGND
1
1
1

________________________________

Note:  The buffer is internally pre-polarized to 2.5V (buffer between Vc5 and AGND).

Figure 8-4. Clock Input Differential with Balun

DAC Clock Input Buffer
C = 100pF ) ittt
50Q line

50Q line 50Q

1
1
1
]
]
|
Single :
sinewave 50Q] 1/sqrt2 X E .
Source ' Y
| 500 L
C = 100pF '
; CLK T
; &
]
1
1
1
1
1

v

A\

R I

50Q) line

Note:  The AC coupling capacitors should be chosen as broadband capacitors with a value depending on the
application.
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8.3 Digital Data, SYNC and IDC Inputs
LVDS buffers are used for the digital input data, the reset signal (active high) and IDC signal.

They are all internally terminated by 2 x 50Q2 to ground via a 3.75 pF capacitor.

Figure 8-5. Digital Data, Reset and IDC Input Differential Termination

DAC Data and Sync Input Buffer

P m o e e o e e oo
50Q line i InN

1
: T
: 500
1

LVDS Output !

Buff

uffer ! T R
: 1 T
1
! 50Q —
| 75 pF
! In 1‘
—>—| . >
1 —_—
50Q line : DGND

L e e e e e e

Notes: 1. Inthe case when only two ports are used (2:1 MUX ratio), then the unused data should be left open
(no connect).

2. Data and IDC signals should be routed on board with the same layout rules and the same length than
the data.

3. Incase SYNC is not used, it is necessary to bias the SYNC to 1.1V and SYNCN to 1.4V on
EV12DS130A.

8.4 DSP Clock
The DSP, DSPN output clock signals are LVDS compatible.

They have to be terminated via a differential 100Q termination as described in Figure 5-11.

Figure 8-6. DSP Output Differential Termination
DAC Output DSP

Z0 = 50Q

DSP Q)

e

4/

Differential Output

100Q Termination To Load
buffers

Z0 = 50Q

--->

S/

DSPN E—e)
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8.5 Control Signal Settings
The MUX, MODE, PSS and OCDS control signals use the same static input buffer.

Logic “1” = 200 KQ to Ground, or tied to Vcp = 3.3V or left open
Logic “0” = 10Q2 to Ground or Grounded

Figure 8-7. Control Signal Settings

Not X—]
Control Control Connected Control
10Q Signal Pin 200 KQ Signal Pin Signal Pin
GND GND
Active Low Level (‘0) Inactive High Level (‘1)
The control signal can be driven by FPGA.
Figure 8-8. Control Signal Settings with FPGA
— ] Control
FPGA Signal Pin
LOgIC “1” > V|H or VCCD = 33V
Logic “0” < V,_or OV
8.6 HTVF and STVF Control Signal
The HTVF and STVF control signals is a 3.3V CMOS output buffer.
These signals could be acquired by FPGA.
Figure 8-9. Control Signal Settings with FPGA
FPGA [] HTVF STVF Control
Signal

In order to modify the V, /Vo,, value, pull up and pull down resistances could be used, or a potential
divider.

8.7 GA Function Signal
This function allows adjustment of the internal gain of the DAC.

The gain of the DAC can be tuned with applied analog voltage from 0 to Vcag

This analog input signal could be generated by a DAC controlled by FPGA or microcontroller.

Figure 8-10. Control Signal Settings with GA

FPGA - DAC16b (] GA
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8.8 Power Supplies Decoupling and Bypassing
The DAC requires 3 distinct power supplies:

Vceas = 5.0V (for the analog core)
Veeas = 3.3V (for the analog part)
Vcep = 3.3V (for the digital part)

It is recommended to decouple all power supplies to ground as close as possible to the device balls with
100 pF in parallel to 10nF capacitors. The minimum number of decoupling pairs of capacitors can be
calculated as the minimum number of groups of neighboring pins.

4 pairs of 100pF in parallel to 10 nF capacitors are required for the decoupling of Va5- 4 pairs for the
Vccas is the minimum required and finally, 10 pairs are necessary for Vqqp.

Figure 8-11. Power Supplies Decoupling Scheme

DAC 10-bit
\ Vceas
100 pF
X 4 (min) oop
10 nF
Vv /
I AGND cep
10 nF X 10 (min)
\ DGND
Veeas %7
100 pF
X 4 (min) oop
10 nF
| AGND

Each power supply has to be bypassed as close as possible to its source or access by 100 nF in parallel
to 22 pF capacitors (value depending of DC/DC regulators).

Analog and digital ground plane should be merged.
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8.9

70

Power Up Sequencing

For EV12DS130B there is no forbidden power-up sequence, nor power supplies dependency
requirement.

For EV12DS130A the following instructions must be implemented:

Power-up sequence:

It is necessary to raise Va5 power supply within the range 5.20V up to a recommended maximum of
5.60V during at least 1ms at power up. Then the supply voltage has to settle within 500 ms to a steady
nominal supply voltage within a range of 4.75V up to 5.25V.

A power-up sequence on Va5 that does not comply with the above recommendation will not
compromise the functional operation of the device. Only the noise floor will be affected.

Figure 8-12. Power-up Sequence

A 1 ms min _
© 500 ms max -~
"""""""""""""""""""""" ¢ 5.6V max 5.2V min
Vceas \ 4
; 5.25V max 4.75V min
- v
]
45V fo--qooomm oo Fososmsmesosooe-
10 ms max >;
)
)
; 4 3.45Vmax 3.15V min
! v
v Ak . - T ECETEEEE Vccas > Veeb
]
Vcep !
)
)
05V RFF--of-mmmmaamo e - R EEEE LT
]
]
; 3 Time

The rise time for any of the power supplies (Vgcas, Vocas @nd Vegp) shall be < 10 ms.

At power-up a SYNC pulse is internally and automatically generated when the following sequence is
satisfied: Vocp, Vecas @nd Vcas. TO cancel the SYNC pulse at power-up, it is necessary to apply the
sequence: Veeass Vecas Veep: (Vecas €an not reach 0.5V until Va5 is greater than 4.5V. Vp can not
reach 0.5V until Va3 is greater than 3.0V). Any other sequence may not have a deterministic SYNC
behaviour. See erratasheet (ref 1125) for specific condition of use relative to the SYNC operation.

Relationship between power supplies:
Within the applicable power supplies range, the following relationship shall always be satisfied
Veeas 2 Veep, taking into account AGND and DGND planes are merged and power supplies accuracy.
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8.10 Balun Influence
It is important to know that balun characteristic may influence significantly DAC output spectral
response. Especially harmonic distortion can dramatically be degraded when part of the band of interest
lies out of the specified domain of the balun.

As depicted in the following figure an inappropriate balun choice can result in a strong increase in
harmonic peaks amplitude, thus degrading performances. The balun used in this measurement covers
only the 500MHz to 7GHz band so that the DC to 500MHz region of the first nyquist zone is distorted.

Figure 8-13. Observation of the 1t and 2" nyquist zones in output mode RTZ with 0.5 GHz-7 GHz Balun

HL:1482MHz o | . | s cnsasds ==
| , ‘ \ Folded H1: 1518MHz
_ H2 degradation due
' to Balun out of band ' [ Folded H2
. . | | _ : .
/ H4 degradation due Folded H3 \
& to Balun out of band ' '
/ I i H3\ / | Folded HA
™ AT N
0 1.5 GHz 3 GHz

On the opposite, when appropriate balun is used the real device response is measured

Figure 8-14. Spectrum of the 15! Nyquist Zone, Output Mode RTZ with a 2 MHz to 2GHz Bandwidth Balun

Marker 1 [T11 RBW 3 kHz RF Att 10 dB
Ref Lvl -11.81 dBm VBKW 20 kHz
G dBm 1.4B196383 GHz SWT 420 s unit dBm
o
[T11 -11.81 aB
_m—l B || | 1 Fundamental : 1.48196393 [;.H“;I -
n: - 4
alu 1482MHz , - 3dFS fLil_| _ -84.95 <=p
—oppb—— — ! =
valrT1a —ad. n
a0 2M - 2G 1.453927B6 EH
- V4 [[T1] —-76(. 30 dBmn|
354 . 7094 1BB4 MHE|
_40 1aP
-ao——— H2 = - 82 dBm
-sol— residual impact of balun H3:| -89 dom
-70 / y | Images: —— Images: \
_an}= / | v“)/’ Felock/8 +- Fout Fclock/16 +- Fout \
_E,D|T.| - L Loy || Ilh \3

-100

—110|

—-12D

Start 0 Hz 150 MHz Stop 1.5 GHz
As a consequence, one must be aware that optimum performances can only be reached when using a
balun optimal for the band of interest of the application. We specifically recommend selecting a balun
which frequency domain covers the whole band of interest (for instance one whole Nyquist zone).
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Package Information

9.

fpBGA 196 Outline
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9.2 Land Pattern Recommendation
Figure 9-1. Land Pattern Recommendation
TOP VIEW BOTTOM VIEW LAND PATTERN
RECOMMENDATIONS

O g IIIII.IIII-:: AE I-IIII-IIIII: —

A E D Y| : ¢ : D

§ o -

«—— B —>» —>| «C [«——E —> «——E —>

15.00 | 15.00 | 1.21 | 13.00 | 13.00 | 1.00 | 0.45

10. Thermal Characteristics fpBGA196

10.1 Thermal Resistance
Assumptions:

Still air

Pure conduction

No radiation

Heating zone = 5% of die surface

Rth Junction — bottom of Balls = 13.3°C/W
Rth Junction — board (JEDEC JESD-51-8) = 17.8°C/W
Rth Junction — top of case = 14.5°C/W

Assumptions:

Heating zone = 5% of die surface
Still air, JEDEC condition
Rth Junction — ambient (JEDEC) = 32°C/W

11. Differences between EV12DS130A and EV12DS130B
EV12DS130A and EV12DS130B exhibit the same dynamic performances.

EV12DS130B requires no specific dependency between power supplies nor power up sequences while
the EV12DS130A does require specific power up sequences as described in Section 8.9 on page 70.

Maximum supported sampling frequency with DSP clock feature for EV12DS130B is 2.1GHz due to
internal jitter. It is however possible to benefit from the EV12DS130B DAC performances up to 3GHz if
specific system architecture is implemented. Please refer to application AN1141 for further information.

No SYNC timing constraints (other than T1 T2) are required on EV12DS130B.
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As a summary
When using EV12DS130A, please ensure your system fulfills those specific recommendations

¢ Power Up Sequence (See Section 8.9 on page 70)
¢ Power supplies dependency (see Section 8.9 on page 70)
¢ SYNC pin have to be driven in any case
* Please refer to errata sheet 1125
When using EV12DS130B, please ensure your system fulfills those specific recommendations
¢ In case sampling frequency is above 2.1 Gsps, please read the AN1141 “Using EV1xDS130B at
sampling rate higher than 2.1GSps”
Please refer to application note AN1140 "Replacing EV1xDS130A with EV1xDS130B” for further details

12. Ordering Information
Please refer to datasheet details and application notes before ordering.

Table 12-1.  Ordering Information
Part Number Package Lead Finish | Temperature Range Screening Level Comments
EV12DS130A
fpBGA196
EVX12DS130AZPY FSOH s SAC 305 Ambient Prototype
fpBGA196 ial « C »
EV12DS130ACZPY P SAC 305 0°C < Tc, Tj < 90°C Commercial « C
RoHS Grade
fpBGA196
EV12DS130AVZPY FfoH S SAC 305 —40°C < Tc, Tj < 110°C | Industrial « V » Grade
fpBGA196
EV12DS130AZPY-EB FSOH S NA Ambient Prototype Evaluation board
EVX12DS130AZP foBGA196 | SnPb 63/37 | Ambient Prototype Contact sales for
availability
EV12DS130AVZP foBGA196 | SnPb63/37 | —40°C < Tc, Tj < 110°C | Industrial « V » Grade g\f’;lt:git”f;'es for
EV12DS130B
fpBGA196
EVX12DS130BZPY FF{)OI-? S SAC 305 Ambient Prototype
fpBGA196 ial « C »
EV12DS130BCZPY PBG SAC 305 0°C < Tc, Tj < 90°C Commercial « C
RoHS Grade
fpBGA196
EV12DS130BVZPY F‘;’Oﬁ S SAC 305 ~40°C < Tc, Tj< 110°C | Industrial « V » Grade
fpBGA196
EV12DS130BZPY-EB FF{)OI-? S NA Ambient Prototype Evaluation board
EV12DS130BVZP foBGA196 | SnPb63/37 | —40°C < Tc, Tj< 110°C | Industrial « V » Grade S\f’;lt:git”f;'es for
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13. Revision History

Table 13-1.
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This table provides revision history for this document.

Revision History

Rev. No

Date

Substantive Change(s)

1077H

December 2014

Table 6-1 on page 28: V¢p pin F10 added
Section 5.5 on page 24: OCDS [10] not allowed

1077G

November 2014

Figure 1-1 on page 2: Typo error

1077F

October 2014

Introduction and description of EV12DS130B
New Section 11. "Differences between EV12DS130A and EV12DS130B” on page 73

Table 3-9, “Coding Table (Theorical values),” on page 14: typo error on lines (RTZ) and
(NRT2)

Section 5.1 "DSP Output Clock” on page 17 updated

Section 5.3 "MODE Function” on page 17: equations updated

Section 5.4 "PSS (Phase Shift Select Function)” on page 22 updated

Section 5.8 "Synchronization functions for multi-DAC operation” on page 26 updated
Figure 7-5 on page 38 updated

Figure 7-13 on page 41 updated

New Section 7.2.3 "Single tone measurements: typical spectra at 3Gsps” on page 45
New Section 8.10 "Balun Influence” on page 71

Table 12-1, “Ordering Information,” on page 74 added column Lead Finish and added part
number EV12DS130AVZP and all EV12DS130B part numbers

1077E

December 2013

Table 3-3, “Electrical Characteristics,” on page 5: typo error on note 7: Vocasz 2 Vecp

1077D

December 2013

Table 3-2, “Recommended Conditions of Use,” on page 4: typo error on note 2:
Veeas 2 Veen

1077C

November 2013

Typo errors corrections

OCDS restrictions to OCDS1 & 2

HTVF STVF flag application clarifications

Power sequencing modification, relative to SYNC operation

1077B

July 2012

Typo errors corrections

Absolute max rating clarifications

Addition of pin equivalent schematic description
Power up sequencing recommendation

1077A

February 2012

Initial revision
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