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Description

The SHF 19120 C is a 2.85 GSa/s, 14-bit Arbitrary Waveform Generator (AWG) with four NRZ bit pattern
outputs. Its high AWG bandwidth (>1.4 GHz), high output amplitude (1.2 V on DC output, +10 dBm on the
AC output) and large sample memory size (1 Giga Sample) make it a versatile arbitrary generator.

Three outputs (Direct, DC and AC) cover a wide range of test scenarios (jitter, glitched signal, modulation
and modulated signal generation, etc.)

Two markers with a 2-sample resolution can be used to trigger external equipment. Two edge/level trigger
inputs with adjustable thresholds start, pause or restart the signal generation.

Two or more SHF 19120 C instruments can be synchronized together via their 10 MHz references.

In addition to the three analog outputs, the SHF 19120 C can generate up to four 12.5 Gbps PRBS signals
with emphasis on the rear panel, driven by the DAC clock, or by an external clock.

The SHF Control Center software allows a complete control of the SHF 19120 C, including a waveform
editor with a waveform library and a Python equation editor.
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SHF 19120 C: actual waveform and GUI
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Features

Arbitrary Waveform Generator

e Sampling frequency foac up to 2.85 GHz

e 1 GSa - sample memory

e Three types of outputs: Direct, DC coupled (1.2 Vpp) and AC coupled (+10 dBm max, in 0.1 dB
steps)

e High output bandwidth: DC to 1.4 GHz for the direct and DC outputs, 20 MHz to 500 MHz for the AC
output

e Up-sampling: in Double Interpolation Mode, the signal spectrum is shifted to foac, doubling the
effective DAC update rate

¢ Two sample-synchronous marker outputs

e Two trigger (edge/level) inputs with adjustable thresholds

e Output skew control in combination with trigger and marker delays help the synchronization of
several SHF 19120 C AWGs

e Outputs and inputs for the DAC and BPG clock, and the 10 MHz reference

Bit Pattern Generator

e Four PRBS differential outputs with lane bitrates from 0.372 Gbps to 10.3125 Gbps using the internal
clock and to 12.5 Gbps using an external clock.

¢ Nine PRBS patterns (from PRBS 27-1 to PRBS 23!-1), plus two square wave patterns of half-line rate
(SQUAREZ2) and line rate + 32 (SQUARE32) and user-defined patterns (4 Gb per channel)

e Frame trigger output

e Bit skew adjustment

e Pre and post cursor emphasis
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Applications

Jitter modulation source

random noise with a Crest factor up to 17 dB
Sinusoidal

PRBS

Multi-frequency and multi-tone

Custom shapes

Telecommunication

Generation of real-world waveforms

Ultrawide band signals

Development of long-haul data transmission schemes
Compliance testing

Step response and bandwidth measurements
Wireless communications

Backplane characterization

High speed serial link testing

Clock source

Optics

e Shaped pulses
e Photonics research

Medicine

e Simulating complex ECG patterns
e Living cell stimulation

Radar / Lidar

e Chirp generation
e Shaped signal generation

Physics
o Reflectometry
¢ Nuclear magnetic resonance research
e Study of materials
e Mass spectrometry experiments

Miscellaneous

¢ Quantum Computing and guantum measurements
e Development of Test and Measure Equipment
e Radar signals
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Block Diagram
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Specifications

Absolute Maximum Ratings

Data Sheet SHF 19120 C
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Parameter Unit Symbol ‘ Min. ‘ Typ. Max. ‘ Comment
Power Supply Voltage Vv 13
Trigger Inputs \ 0 5 CMOS, DC coupled
Clock Input dBm 3 AC coupled
10 MHz Input V 3.3 Peak-to-Peak, AC coupled

General Characteristics

Parameter Comment
Power Supply Voltage v 11.6 12 12.4 | j32Vswiching power supplyis
Power Supply Current A 2 2.5 3
Power Consumption W 30
Operating Temperature °C 10 35

General Characteristics AWG

Parameter Unit Symbol Comment
. . Mark d t  d th
Resolution bits 14 resolution or memory iz
Sample Rate GSa/s foac 1.4 2.85
RF Connectors SMA
. Sample Clock
Output Adjustable Delay beriods 0 254
d. b| | Sample Clock
Output Adjustable Delay Step periods 2
General Characteristics BPG

Parameter Unit ‘ Symbol Min. Typ. Max. Comment
Channels 4
Bit Rate Minimum Gbps 0.500
Bit Rate Maximum (int. clock) Gbps 10.3125 See Ranges for the Bit Rate, p 15
Bit Rate Maximum (ext. clock) Gpbs 12.5 See Ranges for the Bit Rate, p 15
RF Connectors SMA Differential
External Clock |nput The BPG bitrate will be the external

o 1 8 clock frequency multiplied by this
Multiplier Factor factor
Adjustable Delay Length bit L::;: n T:;;Ln With a 1 bit step
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Direct Output AWG
Parameter Unit ‘ Symbol Min. Typ. Max Comment
Impedance Ohm 50
Voltage Window Minimum mV 205 215 | e e
Voltage Window Maximum mv 740 790 | e "
ﬁdjulst.:ta IZIe Il\:/lull-Scale mV 210 Single-ended, Peak-to-Peak
mplitude Minimum
ﬁdjulsia t(;le 'I\:/Iu”__scale mV 750 Single-ended, Peak-to-Peak
mplitude Maximum
Full-Scale Amplitude Step mV 5
_ +(50mV
Full-Scale Amplitude Accuracy
+10%)
Random Jitter RMS pS JRMS 4 :\;lre:rsil;;ee(:'with PRBS 7, sample clock
Rise/Fall Time ps te/ts 110 97 ¥, Lag> Gtz square signal, from
3 dB Bandwidth MHz 1400 Il:le(:tpz(;r:e;fensated for the sin(x)/x DAC
Calculated Bandwidth MHz 2000 O'ffS
SFDR 32 Samples sine wave (89.0625 MHz),
dBc -81 0.63 Vpp signal. Harmonics excluded;
Spurious Free Dynamic Range 40 dB interpolation filter enabled.
Two-Tone IMD dBe 56 f1= 19.9 MHz f,= 20.1 MHz; 630 mVpy;
Inter Modulation Distortion 20
Harmonic Distortion % 0.7 1017857 Wiz Output, 630 mVri
: S first harmonics.

Direct output: Differential or Single-ended output (Unused output must be terminated with a 50 Q load), DC-coupled.

All the SHF 19120 C AWG outputs are unfiltered, to give the user the most versatile bandwidth. Depending on the application, an external low or
high pass filter is recommended.
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DC Output AWG
Parameter Unit ‘ Symbol Min. Typ. Max. Comment
Impedance Ohm 50
Voltage Window Minimum mV -200 xﬁ:;i"j,'"‘:ﬂ!xe BT
Voltage Window Maximum mv 1200 | jhianel il oo cliped outside the
ﬁiiglslizzlee :\:/IL: :;f:]:j::' mV 330 Single-ended, Peak-to-Peak
ﬁflrjllsf;izlee :Auali(_lsr;zlren mV 1300 Single-ended, Peak-to-Peak
Full-Scale Amplitude Step mV 5
) +(50mV
Full-Scale Amplitude Accuracy
+10%)
Adjustable Offset mV 150 650 Limited by the output voltage window
Offset Step mV 5
Offset Accuracy mV 150
Random litter RMS ps JRms 6 e o s 0 Voo
Rise/Fall Time ps te/ts 120 ook for rager, oM 20% 0 80%
3 dB Bandwidth (from DC) MHz 1400 ot compensated for the s/ DAC
Calculated Bandwidth MHz 1850 0%
Bandwidth Ripple
dB 1
(0—1400 MHz)
325 | i (89.0625 MHz);
SFDR dB 71 1 Vpa;)nqwﬁtistilgilvg?f\;:t signal; ’
. . c - harmonics and foac excluded, 40 dB
Spurlous Free Dynamlc Range interpolation filter enabled.
TWO'TOne IM D dBC '56 fi=19.9 MHz f,= 20.1 MHz; 700 mV,,;
Inter Modulation Distortion 20
Harmonic Distortion % 0.2 1017857 Wiz Outpit, 630 mi

5 first harmonics.

DC output: Differential or Single-ended output (Unused output must be terminated with a 50 Q load), DC-coupled

All the SHF 19120 C AWG outputs are unfiltered, to give the user the most versatile bandwidth. Depending on the application, an external low or
high pass filter is recommended.
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AC Output AWG
Parameter Unit ‘ Symbol Min. Typ. Max. Comment
Impedance Ohm 50
Adj le Full Scal
dJus.tab e u .Sca e dBm 27
Amplitude Minimum
Adj le Full |
djus_tabe u §ca e dBm 10 14
Amplitude Maximum
Adjustable Amplitude Step dB 0.1
Accuracy dBm 0.2 0.4
Adjustable Bias \Y 0 4.5 Integrated bias tee
Adjustable Bias Step mV 50
Offset Accuracy mV 150 +100
Bias Output Current mA 150
3 dB B.andWidth MHz 500 Il'\:;astpzc:]r:epensated for the sin(x)/x DAC
(Starting at 20 MHz) :
6 dB Bandwidth .
' MHz 1400 Il'\lec;tp(;(;r:e;?ensated for the sin(x)/x DAC
(Starting at 20 MHz)
SFOR ; o e i "
. . BC _71 excluded, 40 dB interpolation filter
Spurious Free Dynamic Range enabled. DC to forc
TWO'Tone IM D dBC _55 1= 99.45 MHz f,= 100.45 MHz; 0 dBm
Inter Modulation Distortion output; foac= 2.12 GHz; 2f-fy
Harmonic distortion % 0.4 :i;s:;::;iuw O domoutpt
Double Interpolation mode
SFDR d BC _55 30 Sample sine wave, -10 dBm Output,
SpUI’iOUS Free Dynamic Range harmonics excluded DC to fpac.
Two-Tone IMD dBc 5o f1= 2.28001 GHz f,= 2.2857 GHz; 0 dBm
Inter Modulation Distortion output; foac= 2.85 GHz; 2f-f:

AC output: Single-ended output, AC coupled, with adjustable offset.

All the SHF 19120 C AWG outputs are unfiltered, to give the user the most versatile bandwidth. Depending on the application, an external low or
high pass filter is recommended.
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Markers — Two Marker Outputs- Front Panel

Parameter Unit ‘ Symbol Min. Typ. Max. Comment
Amplitude \Y 2 2.5 3 LVCMOS25, DC coupled
|mpedance Ohm 50 Match to 50 Ohms for best signal.

Resolution Samp'e 2% Sample synchronous.

A single marker will be automatically

Width Sample 1 1G extended to a width of 1 ns by the
SHF Control Center.

. .1 Each marker must have a dead time
Maximum Repeatablllty Sa 3 of 3 samples before the next marker.
Maximum Frequency MHz 700 With foac =2.85 GSa/s.

Direct output, 32-sample Dirac signal
Jitter pea k-peak ps 100 for trigger. 3-sample marker, output
1.
. Sample Clock
Adjustable Delay periods 0 254
q Sample Clock
Adjustable Delay Step periods 2

*2 samples position uncertainty when generating a repeating signal with an odd sample count period and a marker on each period. The SHF Control
Center will issue a warning when this situation happens.

Triggers — Two Trigger Inputs — Front Panel

Parameter Unit ‘ Symbol Min. Typ. Max. Comment
Type Rising edge, falling edge, gated high, gated low.
Adjustable Threshold Low Vv ViL 1.2 Measured on a 50 Q system.
Adjustable Threshold High Y ViH 4 Measured on a 50 Q system.
Adjustable Threshold Step mV 100 Measured on a 50 Q system.
Adjustable Threshold mv 100 Messured on a 50 0 systern.
Accuracy

250 + From Trigger in to Signal present on

— e 200%sa SN
Pulse Width ns 250
ChrtfFauie Mode e 2
Dwell time in Restart Mode us 4 5
Trigger Jitter peak-peak ns 15+10*Sa X ns + Y*Sample Period
Adjustable Delay e 0 510
Adjustable Delay Step e 2
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Parameter Unit ‘ Symbol Min. Typ. Max. Comment
Frequency MHz 10
ACCUI’acy ppm -1 1 Over the operational range.
Stablllty ppb 280 Over the operational range.
OUtpUt Level \Y 0.5 0.6 1 External, back panel.
Output Impedance Ohms 50
External Reference Input
Parameter Unit ‘ Symbol Min. Typ. Max. Comment
Frequency MHz 10
Level Vv 0.5 33 Peak-to-Peak.
Impedance Ohms 50
Sample Clock
Parameter Unit ‘ Symbol Min. Typ. Max. Comment
Frequency GHz 1.4 2.85
Output Level dBm 0 Rear panel, Peak-to-Peak.
Output Impedance Ohms 50
Sample Sequencer
Parameter Unit ‘ Symbol Min. Typ. Max. Comment
Sample Granularity Sample 1024 1G
Sample Length 1024 1G
Segments 1
Loops 1
Sample Memory GSa 1 1 Sample = 14 bits + 2 Markers.
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Plots of Phase Noise

Nominal Frequency 1.400000361 GHz = Measured Level ] Measured Freq
Ref Level & Att -9.20 dBm, Att 0 dB Initial Delta -0.72 dB Initial Delta 360.60 Hz / 0.26 ppm
Measurement 1 kHz to 10 MHz __ Drift 0.01 dB i pm

Drift 269.33 mHz / 0 p

1 Phase Noise
10 kHz . Do 100 kHz 1 MHz

Frequency Offset

DAC Clock SMA Output, foac=1.4 GHz, 10 dB attenuator.

Nominal Frequency Z.850000603 GHz | Measured Level Measured Freq 5

Ref Level & Att -9.40 dBm, Att 0 dB I -0. Initial Delta 6.30 Hz / 0 ppm

Measurement 1 kHz to 10 MHz X Drift 0 ppm
1l

1 Phase Noise rw LIn Smth 1%

Frequency Offset

DAC Clock SMA Output, foac=2.85 GHz, 10 dB attenuator.
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Nominal Frequency 101785739276 MHz | Measured Level Measured Freq

Ref Level & Att -9.60 dBm, At 0 dB | Initial Delta 0.42dB | Initial Delta -121.77 mHz / o ppm SGL
Measurement 100 Hz to 10 MHz | Drift 0.01dB__ Drift -61.85 mHz

T 100 kHz T T LMz
1105 df
)

(i h
'!H r1

llEdE
”i"'

“120 dbc/

“125 dbc/

-130d

-135 ditcHz

-140

148

n'

150 dic/z

Nominal Frequency 101785738549 MHz | Measured Level 1 Measured Freq
Ref Level & Att -9.60 dBm, AlL 0 dB | Initial Delta 0.1 d6 | Initial Delta 92.21 mHz / 0 pom
Measurement 100 Hz to 10 MHz | _Drift 0.00 dB__Drift 187,99 mHz

T 100 kHz P 0 iiiiMa

Frequency Off:

DC non inverting output. 28—sample sine wave (101.79 MHz), 0 dB output, 10 dB attenuator.

Nominal Frequency 101.785740918 MHz = Measured Level Measured Freq 4 E
Ref Level & Att -9.20 dBm, Att 0 dB Initial Delta Initial Delta 3.51 MHz / 35757.57 ppm
Measurement 100 Hz to 10 MHz Drift i 6 mHz / 0 ppm

LkHz 10 kHz 100 kHz L iz

115 da 4 1 T ‘?U\r
B S N 1111121 I A w

-135 dBcs T

-140 dic/

145

-150 dicy

155

Frequency Offset

AC output. 28—sample sine wave (101.79 MHz), 0 dB output, 10 dB attenuator.
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Bit Pattern Generator Outputs

Parameter Unit ‘ Symbol Min. Typ. Max. Comment
Impedance Q 50 AC coupled
Output Amplitude Minimum mV 270 Single Ended, Peak-to-Peak, at 5 Gbps
Output Amplitude Maximum mV 500 580 750 Single Ended, Peak-to-Peak, at 5 Gbps
Output Level Steps 15
Pre-emphasis: Precursor dB 0 6.02 20 steps
Pre-emphasis: Postcursor dB 0 12.96 31 steps
Jitter RMS ps 3 a | s e passs soumnes
Rise/Fall Time ps 55 e
Crossing % 45 50 55 At 10.3125 Gbps.
Duty Cycle % 50 At 10.3125 Gbps.
Inter-Channel Skew ps 40 At 10.3125 Gbps.

ITU-T (CCITT) conform PRBS patterns at a length of:

27-1, 251, 2101, 2111, 2131, 215-1, 2201, 2%3-1, 2311
Output pattern
Additional SQUARE2 and SQUARE32 0-1 patterns: line rate divided by 2 and

32. 4 Gb of user pattern per channel.

Bit Rate Ra nges Gbps See Ranges for the Bit Rate, p 15

Bitrate resolution Kbps 100

Of internal clock cycles. 32 means 32
Wordframe Trigger Division 32 2311 | x(pattern length).
Uses the AWG Marker output.

Wordframe Trigger Level \Y 2.1 2.5 LVCMOS25, DC coupled
Wordframe lJitter ps 500 Peak-to-Peak
PRBS Ext. Clock Input Level dBm -5 10 50 Q, AC coupled

PRBS Ext. Clock Input

MHz 60 2800 Using the internal multiplier
Frequency

BPG User Pattern

Parameter in. . . Comment

Bit Rate Maximum Gbps 10.3125 11

a q Per channel. The channels must have
GranUIarlty bItS 64 the same pattern length.

Per channel. The channels must have

Length 64 4G the same pattern length.
Segments 1
Loops 1
Memory Gb 4 Per channel

*Enabling the BPG user pattern disables the AWG function.
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Ranges for the Bit Rate

0.371 Gbps 1 Gbps 1.225 Gbps 4 Gbps 4.9 Gbps

\ /) 8Gbps  98Gbps 125 Gbps
|
N N /

05Gbps 0613 Gbps 2 Gbps 245 Gbps 10.3125 Gbps

‘ From [Gbps] To [Gbps]

Range 1 0.372 0.5
Range 2 0.613 1
Range 3 1.225 2
Range 4 2.45 4
Range 5 4.9 8
Range 6 (internal clock) 9.8 10.3125
Range 6 (external clock)? 9.8 12.5

Pattern Types for the Pseudo Random Binary Sequence

Name ‘ Polynomial ‘ Length

PRBS27-1 1+ X6+ X 27 -1 bit
PRBS2°-1 1+X°+X° 2°—1bit
PRBS210-1 1+ X0+ X 20— 1 bit
PRBS2'!-1 1+ X1 +X° 21— 1 bit
PRBS2%3-1 1+ X2+ X2+ X183 213 -1 bit
PRBS2%5-1 1+ X144 X1 2% — 1 bit
PRBS2%°-1 1+ X174 x20 2% — 1 bit
PRBS2%-1 1+ X184 x23 2% — 1 bit
PRBS231-1 1+ X84+ X3 231 — 1 bit

1 Above 10.3125 Gbps user pattern will not be available
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Typical Output Waveforms (AWG)

5008/ 10.008/

2.85 GSa/s PAM-4 signal, DC Output Frequency and phase synchronization of three SHF 19120 C
(200 mV/div; 100 ps/div)

0 2000/ @ 200v/ B ] + 14318 62009/ [Trigd 5 @) 0 200/ @ 200v/ § ] £ 1438 62008/

Stop £ (] 6307

Edge-triggered signal generation. Level-gated trigger signal generation.

500/ 437.0% 100.08/

“SHF” writing Burst mode of three synchronized SHF 19120 C
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0 2000/ @ 5000/ @ 1.00v/ & 52278 10803/ Auo £ [@ 450v Output Preview
Time Domain | Frequency Domain

— Desired Waveform — Ideal DAC-Response

°

°

DAC Logical Scale
o Il |
°
>

(A) indyno popus-ajbuis

Kl o
time (ps)

Signal with markers: marker output 1 for each rising Screenshot from the SHF Control Center preview of the
part of signal, marker output 2 for the signal start. signal shown on the left.

T o i it ST TS ST 1117 TTNERRIT (ERENITEYAIN 1001 pis 10.0 M1z Span 1000 M1y
Multiple-Carrier Signal Noise-Power Ratio, AC Output, Multiple Carriers in Double Interpolation Mode, AC

0 dBm, 10 dB ext. att. Output, 0 dBm, 10 dB ext. att.
5.00v/ I 500w/ ¢ 19808 50008 Swop £ [ 575V

AX = 42.800000us | 17AX = 23 364kHz AY(1] = 14.25V
~  Mode ~  Source X Y Y1 O Y2
Normal ] 1 J v ” 0.0v 14.25V l v ]

Original (yellow) and AWG waveform (green) after
import. Inductor voltage of a Cuk converter.
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Typical Output Waveforms (BPG)

Triggered Tktronix | Triggered
| (B2 B o] | |BuniSieRa Trig | Clock/Prescale - Mode |Eye - PSync.. k| (B2 8 o] | |BuniSieR) Trig |Clock/Prescale - Mode |Eye - PSync.

Rz~ [ampliue -~ (2| 33| [E0 [k |2 (o | #5 ][ Q |[#v ][ ac] o v Az Az (M ez - [ampliude - [ERe| 34| [S50 [ X | 2 [we | # ][ Q |[sv|[ox] o v (AL AZ (A0

a| ~| woomvidv B> -000mv @ M| ~| 200000pseiv | 20000ns S| §B/| 809ame202017 a| -| wo0omvdiv @] -tcoomv @S (M| | 100000ps/div @@ 20000ns G [ BB)| 1097 Amoz0p017
=+ || PhaseRef (c:',cm\ Measurement Waveform (] =+ | PhaseRef rc7_ce:\ Measurement Waveform (1]
foff | [ Prek I B |4 Rise W B | 7 EyeH B | | af 1000mv/d foft | [ Prpi T |4Rise WE  7EypeH BB | |al 1000mv/div
= |a] ss25000mvl| 2| 6200000ps &) 557 e — |ml ssa0 v < 61.00000ps < .0637mV. ] v L El
2 PPl =& |[5Fall W [BEpew 2Pl WE |5 Fal HE 8Eew
5| 8.000000ps &Y 60.00000ps | &3 k| 14.00000ps & 61.00000ps &1 179.3115ps
3 RMS) = =l |66k 1T 3RMS) Bl |66k e
a 1338413ps ©| 1.001999Gbps a 3220856ps | 5.029766Gbps
1 Gbps PRBS 23-1 5 Gbps PRBS 231-1
p ps -
=1 Triggered Tktronix Triggered Tktronix
k| (B2 W o] | |BuniStep) Trig |Clock/Prescale < Mode |Eye - PSync- | (B2 8 o] | |BuniSieR) Trig |Clock/Prescale <) Mode |Eye - PSync-

NRZ | [ampliude  ~||ZRe|| 34} || XD

ez - [ampliude - [ZRe| 34| [SE1 [ LK | 22 [w | # ][ Q |[sv|[ ok o v (AL AC (A0

LC | 5E| 4 | & || Q |[rv][Ac][ne (70 AL AT |

- | 1000mvidiv @S -100omv  @f: [M| -| sooooopssiv @I : 20000ns I I|[ Eh)| 1222 Pm 0202007 - | 100omvidiv @ : -100omv  @f: [M| -| sooooops/div @I : 20000ns I/ BB)| 1009 AM9zoR017

=*| PhaseRef {C?_CG!\ Measurement Waveform @ =*| PhaseRef {C?_CG!\ Measurement Waveform (1]
fost ||,nkrnk TE | 4Rise BB | 7EyeH BB | [ al 1000mv/div ot | [z Prpkc EE |4 Rise WE | 7EyeH
— |al_ ss W = 5600000ps S  490.1049mV —|al__ se W & 55.00000ps G

al wimpa1 &

TE | 5Fal EERCET g

2P T E | 5Fall BB | 8Eypew T 2P

al 14.50000ps £ 54.50000ps O 81.67503ps al 16.50000ps ¢ 50.00000ps O 62.97163ps
3 RMS) E 68iR g 3 RMS) E 68iR g

o] pa12545ps @] 10.34753Gbps o] 2957165ps @] 12.44829Gbps

10.3125 Gbps PRBS 23%-1 12.5 Gbps PRBS 231-1

Triggered Tektronix g Triggered Tektronix
= ] 53 B [ ¥ Bunisiensy Trig [Clock/Prescale Mode |Eye - PSync. = ] 53 BB [ ¥ Bunisiensy Trig [Clock/Prescale - Mode |Eye -

NRZ - |amplitude ~||ZEa| 34| |EL | E | 3|44 | 95| Q | rvr|| A o 7o AL AT DD NRZ  ~ [ampliude  ~|[2Ra || 344 |[35L

PSync..
LC | 5E| 4 | & || Q |[rv][Ac][ne (70 AL AT |

a| -| wo0omvdiv @] -tcoomv @S (M| | sooooops/iv @@ 20000ns B | BB)| 1032 Am920p2017 a| -| wo0omvdiv @] -tcoomv @S (M| | sooooops/iv @@ 1| 20000ns B | G| 1034 Amo202017
=*| PhaseRef {C?_CG!\ Measurement Waveform @ =*| PhaseRef {C?_CG!\ Measurement Waveform (1]
ot ||,nkr~k  WE 7ged  WE [ al w000mviv ot |[prec wE agise B 7een R | [l 1000my/div
E— | 57 aj 75.60719mV T §| —|al__ =0 W & m | 42mV

al wimpa1 &

2pPii EERCET oy 2pPii TE | 5Fal B E | 8Eypew

al 2150000ps ¢ 51.00000ps 2 56. M ps al 15.50000ps £ w7 af 63.90
3 RMS) E 68iR g 3 RMS) E 68iR g

al 3.864960ps &  12.52860Gbps al 2625256ps &  12.51802Gbps

12.5 Gbps PRBS 2*'-1 with a 3 meter cable 12.5 Gbps PRBS 23!-1 with a 3 meter cable and

POST =0dB PRE =0dB .
cursor cursor emphasis enabled
POST cursor = 1.94 dB PRE cursor = 2.5 dB
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Triggered
o B3 i (o] ¥ BuniSien) Trig [Clock/Prescale
NRZ -

Toktronix __ |
Mode |Eye v PSynC.

N DN

x|

ampirude | [XEe| |36 (31| £ | BE (b | (@5 ][ Q | /7w || k] [0t [0

al - | 1o0omvidiv @l

-1o0omv @5 [M| +| s50.0000ps/div

W@l :| zo000ns | B)| 1020 AM 9202017
= Phaseref (c7_c8)| Measurement Waveform @\
ot | [ Prpe & Bl |4Rise BB |7EyeH R | | af 1000mv/div
——|al__sssovomy @] af m = il
a| WfmDB 1 L

2 PPl mE sral oE 8 EyeW oE -

k| m =1 fiid =1 i

3RMS) B 6BitR me

o af

- | 1000mvrdiv @5 sssomv @M -] sooooonsidiv
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< 29.100ns

12.5 Gbps SQUARE 2 pattern

. nY
100omvsdiv @] -s3somv so0000ns/div (@] ze100ns  fB[  H T 2000mvdiv

Pre-emphasis: postcursor, max. val. (1 Gbps, PRBS 27-1)

B:| sasomv B 5.00000ns/div (B ©

3| © 29.100ns iz |8

1 bit pattern shift (1 Gbps, PRBS 27-1 ; ch1 and ch2)
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Software

The SHF 19120 C is operated via an Ethernet connection with the SHF Control Center software.

¥ SHr Control Center =181 %]
Program Hep S Local SCC Version: 2.8.30

| SHF 191208 X

Connection Desired Waveform: Output Preview
1 B T T
| P J\ o MM:nnn Parameter m\::m Markers 12 = - r— :
Comected o Appiy Phase 0°
omladle Sovan L Center-Position 50 % +] o
FWHM 25 % a
piing Functi eter Open Editor
Repetition Rate: Samples per Repetiton: "1
71.25MHz = 40Sa m B
»
Sample Rate: Sample Offset/Sampie Period: Bos
o 2.85GHz = 50 %) 3
s
9
Factor: Offset:
a2
2 -1
Adjust to Full-Scale
0 Meesessos
5 B ; 8 B ¢ = “
time (ns)
AWG | Trigger & Delay | BPG
Reference Clock full-Scale: Direa o
{ nce Clo off
IN (10 MHz) Sample Clock @ Sync 700 mV out
Offset:
o 2.85GHz LY
Replay: Mode: 450 mV
» Running v
Reference Clock
INTERNAL ak 0% of Memory used Full-Sale: oC ~
(10MHz) N 1200 mV our
—_— .
ion Filter: Offset:
Regne Interpolation Filter: %
40dB Filter v 600 mV
Interpolation Mode:
Clock Mo Interpolation v e ac
N ®on
vy -28.2dBm out
Bias-Voltage:
L
X omv

SHF Control Center Software
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" SHF Control Center
Progam el SHFLocal

SHF 191208 X

Data Sheet SHF 19120 C

SHF Communication Technologies AG

18] x]
SCC Version: 2.8.30

Connection Desired Waveform: Output Preview
4 T T
‘ . ’ _/L S Viovlom Peameter | Wavtorn ks 12 B~ S :
Connected 0 Phase 0°
= T REEVE R Center-Dositinn 50 % ad 1
o t 4 =
‘ — = Open Editor ol
Repetition
=
Sample ul DC Sine: Square | Triangle Exponential Gaussian | Dirac Bos -
i 1 ) 3
San WAy rres | fix) .
Noise  MultiTone ~ PRBS Function 04
| =~ Examples
Fador: oo
e PAM 4 A ‘
| QAM PAM 4 Overshooting SHF
| = Test Patterns G Y : T : , e
0 2 - 6 8 n 2 “
IEEE time (ns)
R S02.3
AWG | Trigger & Déay | BPG | | IEEE 802.3b
‘ - User
o a /U\ f \' ‘ | * Marker 1
v - .
l'!'I!l'le i Made: Trigger Mode: . Delay: —Ol"’
o Rising Edge ¥ Play/Pause v ¥ 0Sa
Level:
v Trigger —— BPG Wordframe —— AWG
< N Type: Delay: out
PRES7 v ¥ 0Sa
Delay: Length:
* 0Sa
Trigger 2 roder Software Trigger . =57 Marker 2
Rising Edge ¥ = x 05a our
N
(] 0 Erg Disabled v o
Level: G -
1v
SHF Control Center Software: Trigger Settings and Waveform Library pop-up
¥ SHF Control Center =l S}
Program  Help
SHF 19120 A | Waveform Editor |
‘ - Basics 1 A neme__ alue
Y XY ~ Noise
Name Noise
1 Start time 0s
DC Sine Square » Endtime 1.46667 ms
Operation Addition
_J » Frequency 1.5 kHz
» Cycles 22
Triangle |Exponential| Gaussian Phase 180 °
Factor 40m
Wik PRBS| ofser
Samples 3000
Dirac Noise PRES Distribution Normal
f( x) w0 Function definit..|  Open editor
Function Import b
‘ « Examples 1 h
m g 0
5
QAM PAM 4 4 v
oSS SNl SN
T | A |3
a
‘Overshooting Sq... SHF
‘ ~ User } 05
BW sin(x"2) H H
A T T T T T T 1
0 0.0002 0.0004 0.0006 0.0008 0.001 0.0012 0.0014
time (s)
4P ==EE
‘ Sine I
‘ Sine ‘
‘ Noise: ‘
] D

SHF Control Center Software: Waveform Editor
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%) SHF Function Editor 2l

Name | Sine | - time (ps)

0 100 300 400
L |

1| import numpy as np
2

3| Parameter.child("Factor").value=1
4| Parameter child("Offset") value=0
2 0.6
6| def evaluate(x): :
7'| return np_sin(2*np_pi*x)/(x)

8

9| Parameter child("Factor") sef("title","Amplitude") 0.4 ]
10
"
12

DAC Range: [-1;+1]

X Start 1 [z xEnd| 8 [2|| b Evaluate

I Console 1 2 3 4 5 6 7 8
X-Axis

+/ Accept| @ Cancel

SHF Control Center Software: Python Equation Editor

Channel 0 Channel 1 Channel 2 Channel 3

Bitrate 6.000 Gbps 6.000 Gbps 6.000 Gbps  6.000 Gbps
Type PRBS 27-1 PRBS 2%3-1 PRBS 2°1-1 SQUARE2

Polarity Non-Inverted Non-Inverted Non-Inverted Non-Inverted
{ Delay 0 Bits 16 Bits 0 Bits 0 Bits
Amplitude 720 mV 720 mV 720 mV 720 mV
Pre-emphasis: Precursor 0dB 0dB 0dB 0dB
Pre-emphasis: Postcursor 0dB 0dB 0dB 0dB
Output On'® On On On

SHF Control Center Software: Detail of the Bit Pattern Generator Controls
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Mechanical Drawing
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o
S o=
L_J
Pos Designation Connector
1 Trigger Input 1 SMA
2 Trigger Input 2 SMA
32.2 3 Marker Output 1 SMA
7x 15 24.7 Marker Output 2 /
15 172 4 Word Frame Out SMA
<_—‘ ‘C_>| y 5 Direct Output Out SMA
l 6 | Direct Output Out SMA
I ﬂ 7 |DCOuputDC Oul ___SMA
- 8  |DC Output DC Out SMA
[ 9 |AC Output AC Out SMA
10 PRBS 1 SMA
32898 1 PRBS 1 SMA
8%888 12 PRBS 2 SMA
8%888 13 PRBS 2 SMA
88g88 14 PRBS 3 SMA
~ 82888 15 PRBS 3 SMA
~ go3e3 16 PRBS 4 SMA
83588 17 PRBS 4 SMA
08888 18 Clock Out SMA
%8888 19 Clock In SMA
ggggg 20 10MHz In SMA
QRERS
30605 21 10MHz Out SMA
— =
TH W W T T T T
23.7 o 30.2 Pos Designation
— 1 GND
38.7 2 Service
58.7 3 HDMI
73.7 4 GND
5 Ethernet
93.7 6 UsB
113.7 7 Power In
133.7
153.7
173.7
1816 14 12 1
— 816 0
500000
o 29000 0/ "X

All dimensions are specified in millimeters (mm).
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SHF Communication Technologies AG
Wilhelm-von-Siemens-Str. 23 D | 12277 Berlin | Germany
+49307720510

sales@shf-communication.com

www.shf-communication.com
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