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Safety and Preperation of Use IX

Safety and Preparation for Use

Line Voltage

Theinstruments operatieom a 90 to 132 Wc or 175 to 264 Y power source having a

line frequency between 47 and 63 Hz. Power consumption is les®AhdA total. In
standby mode, power is turned off to the main board. However, power is maintained at
all times tothe installedtimebase Units with the standardovenized quartz oscillatar

the optionalrubidiumtimebasewill consume less thatb VA and25 VA, respectively,

in standby mode.

Power Entry Module

A power entry module, labeled AC POWEon the back panel of thiastrument
provides connection to the wer source and to a protective ground.

Power Cord
Theunit is shipped witta detachable, thresire power cord for connection to the power
source and protective ground.

The exposed metal parts of the box are connected to the power ground to protett agains
electrical shock. Always use an outlet which has a properly connected protective ground.
Consult with an electrician if necessary.

Grounding

BNC shields are connected to the chassis ground and the AC power source ground via
the power cord. Do not appany voltage to the shield.

Line Fuse
The line fuse is internal to the instrument and may not be serviced by the user.

Operate Only with Covers in Place

To avoid personal injury, do not remove the product covers or panels. Do not operate the
product withoti all covers and panels in place.

Serviceable Parts
There are naiser serviceable partRefer service to a qualified technician.
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Safety and Preperation of Use X

Symbols You May Find on SRS Products

Symbol | Description

Alternating Current

Caution 1 risk of electrical shock

Frame or Chassis terminal

Caution i refer to accompanying document

Earth (ground) terminal

Battery

Fuse

Power On

Power Off

Power Standby

CO=-2c =Py 2
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Specifications Xi

Specifications

Frequency Setting (fc)

Frequency ranges
BNC output
Type Noutput

SG392
SG394
SG396

Frequency resolution

Switching speed

Frequency error

Frequency stability

DC to 62.5 MHz

950 kHz t02.025GHz

950 kHz to 4.08 GHz

950 kHz t06.075GHz

1 pHz at anyfrequency

<8 ms (to within 1 ppm)

<(10*® + timebase error) xf
<1:10" (1 second Allan variance)

Front-Panel Type N Output (50 q load)

Frequency range
SG392
SG394
SG396

Output power
SG392
SG394
SG396

Power resolution

Poweraccuracy

Output coupling
User load

VSWR

Reverse protection

Front-Panel BNC Output (50 q load)

Frequency range
Amplitude
Full specs
Derated specs
Offset
Maximum excursion
Amplitude resolution
Amplitude accuracy
Offset resolution
Harmonics
Spurious
Outputcoupling
User load
Reverse protection

950 kHz to 2.02%5Hz
950 kHz to 4.08 GHz
950 kHz t06.075GHz

+16.5dBm toi 110 dBm(lSVRMS to O-7U~VRMS)
+16.5dBm (1 3.50dB/GHz above $&Hz)toi 110 dBm
+16.5dBm (f 3.25dB/GHz above 4 GHz) t6110dBm
0.01 dBm

°1dB (+2 dB above 45Hz and

above+5 dBm or below-100 dBm)

50 Y AC
50 Y
<1.6

30 Vpc, +25 dBm RF

DC to 62.5 MHz

1.00 to 0.001 Wus(+13 dBm toi 47 dBm)
1.00to 1.25 Vgrus(+14.96dBm)

°1.50 Vpc

°1.817V (amplitude + offset)

<1%

°5 %

5mv

<140 dBc

<i75dBc

DC,
50 Y
°5 Vic

S3D% Y
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Xii

Spectral Purity of the RF Output Refer

Sub harmonics
Harmonics
Spurious
Within 10kHz of carrier
More than 10 kHzfrom carrier
Phase noise

Offset from carrier PhaseNoise(typical)
10 Hz 7180 dBc/Hz
1 kHz 71102 dBc/Hz
20 kHz
SG392& SG394 71116 dBc/Hz
SG396 1114 dBc/Hz
1 MHz
SG392& SG394 1130 dBc/Hz
SG396 1124 dBc/Hz
Residual FM 1 Hz rmstypical, over300 Hzto 3 kHz bandwidth
Residual AM 0.006 % rmstypical, over300 Hzto 3 kHz bandwidth

enced to 1 GHz @

None(No doublers are used

<125 dBc with<+7 dBm onType Noutput

<765 dBc
<775 dBc

@ Spurs, phase noise and residual FM scale ¢/6ctave to other carrier frequencies

Phase Setting of Front-Panel Outputs

Phase range

Phase resolution
DC to 100 MHz
100 MHz to 1 GHz
1 GHz to 8.1 GHz

Internal Analog Modulation Source

Waveforms
Sine THD
Ramp linearity
Rate
SG392& SG394
fc O 62.5
fc> 62.5 MHz
SG396
fc O 93.75MHz
fc> 93.75MHz
Rate resolution
Rate error
Noise function
Noise bandwidth
Pulse generator period
Pulse generator width
Pulse timing resolution
Pulse noise function

MH z

°360 °

0.01°
0.1°
1.0°

Sine, ramp, saw, square, pulse, noise

180 dBc (typical at 20 kHz)
<0.05 % (1 kHz)

1 pHz to 500 kHz
1 pHz to 50 kHz

1 pHz to 500 kHz

1 pHz to 50 kHz

1 puHz

<1:2*! + timebase error

White Gaussiamoise, RMS = DEV /5

1 pHz< ENBW < 50 kHz
lpsto10s

100 ns to 9999.9999 ms
5ns

PRBSlength 2Vi 1 wi t h
Bit period,
100ns to 10s in 5ns steps

5

(100

O N O
+ nA5b5

)
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Specifications  xiii

Analog Modulation Waveform Output

Output impedance 50 Y (for rev

er terminatio
User load Unterminated 50

s e
Y coax

AM, FM, aM °1V for° full deviation
Pulse/Blank AiLowo = 0 V,pciHigho = 3.3 V
Connector Rearpanel BNC
External Analog Modulation Input
Modes AM, FM, aM, Pul se and Bl ank
Unmodulated level 0 V input for unmodulated carrier
AM, FM, 0 M °1 Vinput for® full deviation
Modulation bandwidth >100 kHz
Modulation distortion <i60 dB
Input impedance 100 kY

Input Coupling

Input offset <500 pv
Pulse/Blank threshold +1 Vpc
Connector Rear-panel BNC

Analog Frequency

Modulation

Frequency deviation

Minimum

0.1 Hz

Maximum
SG392& SG394

fc ¢ 625 MHz:

62.5MHz < fc ¢ 126.5625 MHz
126.5625 MH= fc ¢ 253.1250 MHz
253.1250 MH=x fc ¢ 506.25 MHz
506.25 MHz< fc ¢ 1.0125 GHz
1.0125 GH= fc ¢ 2.025 GHz

2.025 GHz fc ¢ 4.050 GHZ(SG399

SG396

fc ¢ 93.75MHz:

93.75MHz < fc ¢ 189.84379VIHz
189.84378VIHz < f ¢ 379.6875VIHz
379.6879VIHz < fc ¢ 759.375MHz
759.375MHz < fc ¢ 1.51875GHz
1.51875GHz < fc ¢ 3.0375GHz
3.0375GHz< fc ¢ 6.075GHz

AC (4 Hzhigh pasyor DC

Smaller offc or (64 MHz T f¢)
1 MHz

2 MHz

4 MHz

8 MHz

16 MHz

32 MHz

Smaller offc or (96 MHz i f¢)
1 MHz

2 MHz

4 MHz

8 MHz

16 MHz

32 MHz

MSRS Stanford Research Systems
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Analog Frequency Modulation (continued)

Deviationresolution
Deviation accuracy
SG392& SG394
fc ¢ 62.5 MHz
fc>62.5 MHz
SG396
fc ¢ 93.75MHz
fc >93.75MHz
Modulation source
Modulation distortion
Ext FM carrier offset
Modulation bandwidth
SG392& SG394

fcO 62.5
fc>62.5 MHZ
SG396

fc 093.75MHz
fc > 93.75MHZ

MH z

0.1 Hz

<0.1%
<3 %

<0.1%

<3%

Internal orexternal

<i160dB (fc= 100MHz, fy=1kHz, f; =1 kHz)
<1:1000 of deviation

500 kHz
100 kHz

500 kHz
100 kHz

Phase Continuous Frequency Sweeps

Frequency span
Sweep ranges
SG392& SG394

SG396

Deviation resolution
Sweep source
Sweep distortion
Sweep offset
Sweep function

0.1 Hz to entire sweep range

DC to 61 MHz

59.375 to 128.125 MHz
118.75 to 256.25 MHz
237.5 to 512.5 MHz
475 to 1025 MHz
950 to 2050 MHz
1900 b 4100 MHz (SG39%
DC to 96 MHz

89.0625t0 192.1875VIHz
178.125t0 384.375MHz
356.25t0 768.75MHz

712.5to 1537.5MHz

1425 to 3075MHz

2850 to 6150MHz

0.1 Hz

Internal or external

<0.1 Hz + (deviation / 1000)
<1:1000 of deviation

Triangle, ramps, or sine up to 1P@

MSRS Stanford Research Systems
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Analog Phase Modulation

Deviation
Deviation resolution
DC < fc 0100 MHz
100 MHz< fc O1 GHz
fc>1GHz
Deviation accuracy
SG392& SG394
fcO 62.5
fc>62.5 MHZ
SG396
fc 093.75MHz
fc>93.75MHZ
Modulation source
Modulation distortion
Modulation bandwidth
SG392& SG394
fcO 62.5
fc>62.5 MHz
SG396
fc 093.75MHz
fc>93.75MHz

MH z

MH z

Analog Amplitude Modulation

Range
Resolution

0 to 360°

0.01°
0.1°
1.0°

<0.1%

<3%

<0.1 %
<3%

Internal or external

<760 dB (fC: 100 M"Z, fM: 1k Hz Ik 5@0)

500 kHz
100 kHz

500 kHz
100 kHz

0 to 100 % (Decreases above +7 dBm output)

0.1%

Modulation source

Internal or external

Modulation distortion (= 1 kHz Depth = 50%

fc ¢ 62.5 MHz, BNC output

<1%

fc> 62.5 MHz, Type Noutput <3 %typical

Modulation bandwidth

Pulse/Blank Modulation

Puse mode
Blank mode
On/Off ratio
BNC output
Type Noutput
fc <1 GHz
1 G Hfg<4QBHz
fcO 4 GHz
Pulse feeghrough
Turn on/off delay
RF rise/fall time
Modulation source

>100 kHz

Logic
Logic

hi gho

70 dB

57 dB
40 dB
35dB

10 % of carrier for 20 ns at twon (ypical)

60 ns
20 ns
Internal or external pulse

tomr ns

fi
fi h BNG lar RFoffi r n s

BNC

SRS Stanford Research Systems
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Symbol source

Dual Baseband Generator for Vector I/Q Modulation

User symbol data, PRBSr 16-bit settable pattern

PRBS length MNi1, wiNOh 352 O 31 t osyaloBut .3 1
Usersymbols Up to 16 Mbits
Symbol rate 1 Hz to 6 MHz (12 MHz for VSB)
Symbol length 1 to 9 bits (maps to constellation) or two-Hif values
forl & Q
Symbol mapping Default or user defined constellation
Digital filters Nyquist, root Nyquis Gaussian, rectangular, triangle,
sinc, linearized Gaussian, C4FM, user FIR
Filter length 24 symbols
DAC data source Computed in real time from symbols, constellation &
filter
DAC data format Dual 14bit at 125 Msps
Reconstruction filter 10MHz, 3% orde , Bessel, low pass filter
Vector modulation PSK, QAM, FSK, CPM, MSK, ASK, VSB
PSK derivatives BPSK, QPSK, OQPSK, DQPSK, "/ 4DQ
16 PSK, 3°/8 8 PSK

QAM derivatives
FSK derivatives
ASK derivatives
CPM derivatives
VSB derivatives
Preset Modes

4, 16, 32, 64and256

1-bit to 4-bit, with deviations from @ 6 MHz

1-bit to 4-bit

1-bit to 4-bit, with modulation indices from 0 to 1.0

8 and 16 (at rates up to M&sps)

GSM, GSMEDGE, WCDMA, APCO25, DECT,
NADC, PDC, TETRA, ATSGEDTV, and audicclip for
analog AM & FM

Symbol clock, data frame, TDMA, and usafined
White, Gaussiani 70 dBc toi 10 dBc, bandlimited by
selectedligital filter

Rear event markers
Additive noise

Typical EVM or FSK Errors (rms at 0 dBm output)

TETRA (°/ 4 ORQEP42WIHZ) 1 8 0.76%
NADC (" / 4 DQPSKMHzR 4. 3 ks pB833%875
APCO-25 (FSK4C4FM, 4.8 ksps, 850MHz) 0.46 %
DECT (FSK2, 1.152 Mbps, 1.925Hz) 1.5%

GSM (GMSK, 270.833 ksps, 935 MHz) 0.30 %
GSM (GMSK, 270.833 ksps, 1.932 GHz) 0.60 %
EDGE (3  / 8838 I3%K35MHZ)0 . 0.30 %
EDGE (3°/8 8PSK, 270.833 @%fps, 1.932 GHz)
W-CDMA (QPSK, 3.840 Mcps, 1.850 GHz) 1.7%
QAM256 (6 Msps, 2.450 GHz) 1.1%
QAM32 (6 Msps 5.800 GHz) 1.6%
ATSC-DTV (8VSB, 10.762 Msps, 695 MHz) 2.2%
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Typical Operating Performance

Power Level Accuracy

SG392 Output Power Error vs. Frequency
1
0.8 +10 dBm
— +5 dBm
= 06
S 04 0dBm
5 02 -5 dBm
—1E-16 MM e eaeaSse | ——-10 dBm
5 0.2 ——-15dBm
% 0.4 ——-20dBm
o 06 ——25dBm
038 -30 dBm
-1
0 500 1000 1500 2000
Frequency (MHz)
SG394 Output Power Error vs. Frequency
1
0.8 +10 dBm
0.6 +5 dBm
m 04 0 dBm
Z 2 — ——-5dBm
) | posA P ARt A e A ’
O 0 Finerurnenreanatniodon et s b N s i P OIS -10 dBm
w 0.2 -15 dBm
GEJ -0.4 -20 dBm
o -0.6 -
o 25 dBm
-0.8 -30 dBm
-1
0 500 1000 1500 2000 2500 3000 3500 4000
Frequency (MHz)
SG396 Output Power Error vs. Frequency
1
0.8 +10 dBm
0.6 +5 dBm
m
S 0.4 0 dBm
— 0.2 -5 dBm
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R e ¥ ——-10dBm
'-': 0.2 ——-15dBm
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-1
0 1000 2000 3000 4000 5000 6000
Frequency (MHz)

Figure 1. Typical power level accuracy for SG392, SG394, and SG396
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Typical Operating Performance  Xix

Single Sideband Phase Noise

SG394 Singlsideband Phase Noise vs Offset Frequency

-60
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Z 110
NG
T -120 M ——-----.‘——- -----
-130 Ol'v'li-iZ\\ \
-140 "'\ \
-150 :
10 100 1,000 10,000 100,000 1,000,00010,000,000
Frequency Offset (Hz)
SG396ingle Sideband”hase Noise vs Offset Frequency
-60
-70 -h\
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7] Vi
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> iz \
(2]
< 120 - ’\-‘-\
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-140
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Frequency Offset (Hz)

Figure 2: Typical single sideband phase noise performance for SG394 and SG396
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Single Sideband Phase Noise vs RF PLL Mode

SG394 Phase Noise at 1 GHz vs RF PLL Mode
-90

-100

-110

-120

-130

-140

-150

Single Sideband Phase Noise (dBc/Hz)

-160
1,000 10,000 100,000 1,000,000

Frequency Offset from Carrier (Hz)

SG396 Phase Noise at 1 GHz vs RF PLL Mode

-90
-100

-110
== RF PLL 1

-120

-130 \

-140 | ||

-150

Single Sideband Phase Noise (dBc/Hz)

-160
1,000 10,000 100,000 1,000,000

Frequency Offset from Carrier (Hz)

Figure 3: Phase noise vs RF PLL mode for SG394 and SG3%_.L 1 is the default. Mode is
selected via the front panel CAL menu (see pag®).
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Spectral Purity

Ret 8,00 dBm Spectrum

18,60
dB/

Trig '1“.
Free

CF 1.00808 GHz Span 200,008 kHz
Fes BH 100,008 Hz Points 8741

Figure 4: Typical spectra of the SG394 for a @Bm signal at 1 GHz. The spectrum analyzer
is configured with a 200kHz span and a 10MHz resolution bandwidth. The noise floor of the
spectrum analyzer dominates over most of the 2(Hz span.

Analog AM Modulation
) o ELEd~ Ou D o ELEl— O w

B, |

¥ PV ¥

&Y =l=] ﬂlﬂlﬂusfdiv mm|7|240.4ozonnus <|u|>| ﬂmﬁ

Figure 5: Scope traces for the rear panelmodulation output (top) and the front panel BNC
output (bottom). The SG394 was configured for sine wave AM modulation of a 2Hz,
1V, carrier at a modulation rate of 1kHz and 100% AM depth.
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Typical Operating Performance  xxii

1/0 Polar
138,68
mid/
1] [ Origin
@.ea \
I
[ Origin @ @8 Y

Figure 6: 1/Q demodulation of al GHz, 0dBm carrier configured with 100% sine wave

analog AM modulation at 5 kHz. The pattern shown above occurs when the center

frequency of the spectrum analyzer is offset by RHz. The modulation rate is five times the
offsetfrequency, thus creating five lobes in the demodulated I/Q plane. The symmetry of

the | obes indicates that there is no residual

amplitude modulator. The narrow line of the trajectory is indicative of low phaseand
amplitude noise.

Analog FM Modulation
0 ERED— O ©.EZN Ou

ph

L NS S S P

N R
ey iy

LHEIINA (N AP TRIRA P
Pl R AT R AT

) wl= ] ] | Bz | e R 1 i | =

Figure 7: Scope traces for the rear panemodulation output (top), the front panel BNC
output (middle), and the front panel Type N output (bottom) The SG394 was configured
for analog,square wave, frequency modulation (FSK) of a 2 MHz carrier at a modulation
rate of 100kHz and a frequency deviation of IMHz. The amplitude was configured to be
1V, for the BNC output and 2V, for the Type N output.
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Typical Operating Performance xxiii

Ref 6.88 dBm Spectrum Mkr #1: 56 BREEEAMHz
10, B -88.85dBm
dB/

1
s L««mw*‘“’mlwm”\mm

CF 56.0688 MHz Span 208,008 kHz
Res BW GAG.808 Hz Foints 2187

Figure 8: Spectra for a 50MHz, 0 dBm carrier configured for sine wave analog FM
modulation at 10kHz and a frequency deviation of 24.047RHz. This corresponds to a
modul at i on=2i40dd7éor FMriodutation, the carrier amplitude is proportional
to the Bessel functionlo( bwhich has its first zero at 2.40477, thus the suppressed carrier.

Pulse Modulation
D) R 0 R ) o = D) i
r"‘ n

LA LA
A

e | e o M (T 010 i | =

Figure 9: Scope traces for the rear panel modulation output (top), the front panel BNC

output (middle), and the front panel Type N output (bottom). The SG394 was configured

for 300 ns pulse modulation of a 50MHz carrieratl MHz(le s peri od). The BNC
Type N outputs were both configured for 2V, signals There are delays of 5(s in the

gating circuitry as shown.
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External I/Q Bandwidth

External I/Q Bandwidth
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Figure 10: External I/Q modulation bandwidth characteristic. For low frequency carriers,
such as 85(MHz, the modulation characteristics are very flat and symmetric, with & 1 dB
RF bandwidth of over 300MHz. The internal baseband generator has only a 1MHz
bandwidth and so there is no need to compensate for these characteristics. For high
bandwidth external 1/Q modulation, however, compensatory digital filters (predistortion)
should be usd to optimize EVMs at high carrier frequencies.

GSM
Constellation

Figure 11: I/Q demodulation of the GSM waveform generated bythe SG396 using the GSM
modulation preset at 935.2MHzGSM is a constant envelope modulatioasindicated by the
circular path of the demodulated 1/Q. The nearest neighbor intersymbol interference (1SI)

of the waveform is also evident with the presence of the two symbol dots on either side of
the main symbol dot for each allowed phase.
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Eye Diagram

JANEIVAN
WAV AVANAVE

Figure 12: | eye diagram for thedemodulated GSM waveform as generated byhe SG396
using the GSM modulation preset at 935.2MHz. The nearest neighbor intersymbol
interference (I1SI) of the Gaussian filter is evident with 3 separatecrossovers at each symbol
boundary location.

Power Mask

Ref 160,06 RF Envelope Ref 10.0@

19, 6@ 19,99
dB/ dB/

MaxP
-8.3
ExtAt
@.@
Sync
TS5en
Trig
Burst

-LA . BEa ps DAL AAA ps 492 88 ps 0492 .80 ps
Fes BH 5AA.08A kHz  Samples 42081 points @ 208,00 ns

Figure 13: RF Power vs time for the demodulated GSM waveform as generated by the
SG396 using the GSM modulation preset at 935.2MHz. GSM uses a TDMA access protocol
with a 4.62 msframe divided into eight TDMA slots lasting 577¢s. Within a TDMA time

slot, 148 symbols are transmitted at a rate of 270.8¥8z. Shown above, is the RF power vs
time at the beginning and end of the TDMA time slot.
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GSM EDGE
Constellation
RMS EVH:
Max Hva I/0 Measured Polar Vector
0.30 4 B.30 %
Pk EVM:
LB Aug o %o
.74 £ .74 % s o
95%tile EVM: 0.54 % o o
Mag Error: m.18 ¥
Fhas Error: M, 34 % @ ki ?
Freg Error: -7.39 Hz £ L
[0 Offset: -39.98 dB [ o)
Amplitude Droop €142 symsi: Sy 0
-0.81 dB
TS B
AMPM Offset: ——— I
TA Dffset: 278,855 ps

Figure 14: 1/Q demodulation and performance statistics of GSM EDGE waveform as
generated by SG396 using the GSM EDGE modulation preset at 933/z.

Power Mask
Ref @.00 dBm RF Envelope
18,68
dB/ \ il
MaxP
-3.5
ExtHt
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Fes BH 500 . G060 kHz Samples 4281 points @ 200 .08 ns

Figure 15: RF Power vs time for the demodulatedsSM EDGE waveform as generated by
the SG396 using the GSM EDGE modulation preset at 935.2MHz. GSM EDGE uses a
TDMA access protocol with a 4.62ns frame divided into eight TDMA slots lasting 57% s .
Within a TDMA time slot, 148 symbols are transmitted at arate of 270.83%Hz. Shown
above, is the RF power vs time for the RF burst during the TDMA time slot.
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TETRA
Constellation

Figure 16: 1/Q demodulation of the TETRA waveform as generated bythe SG396 using the
TETRA modulation presetat420MHz . TETRA uses ~/ 4 DQPSK with
18kspsand a r oot Nyqui st p=wl3sThe Xbihsymbolsage nfappédt er wi

into a 4 symbol constellation that is rotated
constellation apgears to contain 8 symbols.
Eye Diagram

Figure 17: 1/Q demodulation of the TETRA waveform as generated by the SG396 using the
TETRA modulation preset at 420MHz. The measuredrms EVM was 0.7%.
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APCO 25
Constellation

Figure 18 Demodulation of the APCO 25 waveform as generated by the SG396 using the
APCO 25 modulation preset at 85MHz. APCO 25 uses a special form of 4 FSK
modulation named C4FM with a symbol rate of 4808z and a frequency deviation 6
1800Hz. The special pulse shaping filter required by C4FM is included as part of the
preset.

Eye Diagram

Figure 19: Demodulation of the APCO 25 waveform as generated by the SG396 using the
APCO 25 modulation preset at 85MHz. The measured rms FSK frequency error was
0.5%.
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QAM 16
Constellation

Figure 20: Demodulation of QAM 16 as generated by the SG396 at 2.&3Hz. The
waveform consisted of PRBS 32 symbols modulated aMisps with a root Nyquist puse
shaping 42 ter of U

Eye Diagram

S el

—

Figure 21: Demodulation of the | channel of QAM 16 as generated by the SG396 at
2.45GHz. The waveform consisted of PRBS 32 symbols modulated aM&ps with a root
Nyquist pulse shapingf i | t e 0.2. ®He méhsured rms EVM was 1.%6.
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QAM 256
Constellation

4w B L. R o g
o e | - "' L e - L + T > ™ e
| R S F £ - T 1.

i L ey ] ] I
- T - - B e e
LT ¥ B R T e e s ' 4
CER— I E—-— L oo - L "
[ L S E ] o4 A A&
. n » r L £ a 3 g - w
N = r [ El u L] - 1 " o o
L 3 o —r X
T 5
i3 Loiog # . Ny
CRT L X a2 ] L ¥

T N L L S S 1 1 | B
— 3 (Y W L — = I

Figure 22 Demodulation of QAM 256 as generated by the SG396 at 2.@z. The
waveform consisted of PRBS 32 symbols modulated aMisps with a root Nyquig pulse
shapi ng £0.2 Tthemeasaréd rriis EVM was 1.8

ATSC-DTV (8 VSB)
Spectrum

TEACE A: Chl Spectrun
Mo ke Gaz 31z Dol |z —15.5049 dOn

100
dbr

LogMag o

iadoas] -

=g P .
dEm Fouzr: S.Tﬁ dErl
Center: 695 IMHZ Span: 12 MHEZ

Figure 23: Spectrum for ATSC-DTV waveform as generated by the SG396 using the ATSC
DTV modulation preset at 695MHz (channel 51). Thesignal is shown with a 1&kHz RBW.

It clearly shows the 6MHz bandwidth of the signal with the pilot tone at 692.3IMHz. The
noise floor outside the 6MHz signal is that of the spectrum analyzer.
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Figure 24: Demodulation of the ATSGDTV waveform as generated by the SG396 using the
ATSC-DTV modulation preset at 695MHz (channel 51). The modulation is 8 VSB with

PRBS 32 symbolsat 10.76ls ps and a r oot Nyqui s0.l11fmbBokr se shaj
8 VSB, onlythe | channel is well defined at the symbol clock boundary. The Q channel

spreads vertically as required to cancel the lower sideband. The measured rms EVM for the
modulation was 2.3%.

Event Markers and TDMA

2.00vy 2 500V 3 &00%/ 4 500%/ 20.80% 74008/

terere T = o e e e e e =r=r B e ey o e e e

il flalslilalsalalalalalilalalalila

Figure 25: Oscillosmpe trace of the rear panel outputs of the SG396 including frame sync
marker (chn 1), symbol clock (chn 2), | output (chr8), and Q output (chn4) for the GSM
waveform as generated by the SG3sing GSM modulation preset. The frame sync

marker identifies the start of the GSM frame.Not shown, is the TDMA framemarker

which goes high 2 symbols before the frame sync causing the RF power to ramp Njpte

that the phase of the 1/Q outputs are well defined, crossing the cursors, at the rising edges of
the symbd clock.
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Figure 26: Oscilloscope trace of the rear panel outputs of the SG396 includittige TDMA
frame marker (chn 1), symbol clock (chn 2), frame synmarker (chn 3), and | output

(chn 4) for the DECT waveform as generated by tb SG396using theDECT modulation
preset. The RF power ramps up over 8 symbol periods after the TDMA frame marker goes
high. The frame sync identifies the start of thdDECT frame. The fir st 16 bits are a fixed
preamble, which isfollowed by a random data pattern.
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Quick Start Instructions

This is intended to help the first time users get started with the RF Signal Generator and
to help verify its functionality.

Connect the rear panalC power to the AC mains (90 to 284, 47 to 63Hz). Then:

1. Push the power button Aind to turn o
a. The model number will be briefly displayed
b. Then the firmware version and unit serial number
c. The unit will recall the its last operating state &egin operation

It is important to realize that the S@0 series signal generators resume operating with

the same settings which were active when the unit was last turned off. There is a simple
way to preset the instrument to a default state without chgray of the stored settings

or the communications configuration: Not i
each key in the NUMERIC ENTRY portion of the key pad. To initialize the unit to its
default settings, in the NUMERIC ENTRY section:

2. Pressth [SHIFT] key
a. The SHIFT LED will turn fAono

3. Press the number [O0] (whose shifted
a. The di s plind pressédnt@ws 0

4., Press the AENTERO key (|l owest, right
a. The instrument will be set to its default state

The default stting displays the frequency (10 MHz) and sets the AMPL of the BNC and
Type Noutputs to @Bm (ImW into 50Y o r V@&). T&dgreen LEDs indicate that

both the BNC and th@ype N outputs are active, and another LED shows that the
modul ati onhe sAi@EK®. LEAD in the REF/ SYNTH
(as should the AEXTOO LED i f MHhreferencei)t i s ¢

Connect the front panel outputs to an oscilloscope. The oscilloscope timebase should be
set for 50ns/div and verticasensitivity 200mV/div with DC coupling and 5¢ i np ut
impedance. The displayed cycle period should bent0@ divisions) and the displayed
amplitude should be 630Vpr (The displayed amplitude will be twice that if the
oscilloscope input is not setrf60Y . )

Here are some things to try:

Change the frequency toMiHz by pressing [5] then [MHz M

Press the SELECTW[] key six times to select the 1 MHz digit

Press the ADJUSTr ] key to increase the frequency

Press the [AMPL] key to display the poweltla Type Noutput

Press the ADJUSTr ] key to increase the power bydB

Press the [AMPL] key again to display the power at the BNC output
Press the [MHz ¥ key to change the units from dBm teg/

Press the ADJUSTIF ] key to increase amplitude by 0.100

NGO~ WNE
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The SG390 series generators also include a number of modulation presets which will
automatically configure the generator to produce modulation waveforms for a number of
different communications protocols, such as GSM, DECT, and TETRA. To access these
presets, try the following:

Press [FREQ] [9] [3] [5] [.] [2] [MHZz] to set the frequency to 935.2 MHz

Press [SHIFT] [FREQ] to access the modulation preset options.

Pressthe ADJUST[] key successively wuntil the dis
Press the ENTER key, [Hzo configure the modulation.

Press [ON/OFF] to enable the modulation.

arwnpE

The SG390 will generate a GSM frame consisting of one TDMA slot of random data.

Connect the rear panel, 1/Q outputs, symbol clock, and event marker #1 to a scope.
Trigger the scopero event mar ker #1 and set the ti mel
should look similar to that shown kKigure27.

oooys 2 a00%f 3 5.00v/ 4 a00v/ 0.0s 10.00&/ Stop

Y

VIl
\ /

[ WA W AW
(VALVIRV 4V

ALY
: .

Figure 27: Example GSM scope trace

The scope traces show that before the TDMA slot begins the | and Q outputs are at
ground, indicating that the RF power is offv@ symbols before the beginning of the
time slot, the power is ramped up to full power. The beginning of data transmission for
the time slot is indicated by event marker #1, which is trace 4 in the figure. The symbol
clock shows the timing of symbol transsion relative to the 1/Q outputs.
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Introduction

Feature Overview

The SG32, SG394, and SG396 are a new series ofvBftor signal generators that
build upon theperformance of the SG38@rsesof analog signal generatoiBoth series
feature a new frequency synthesis technique that proJ@esphase noise, agile
modulation, fast settlingand virtualy infinite frequency resolution. The SG390 series
augments this performance, however,hwiihe inclusion of a dual baseband arbitrary
waveform generator and buitt support for digital vector modulation.

Each of the generators has two front panel outputs with overlapping frequency ranges.
The front panel BNC outpyirovides sine waveignalsfrom DC to 62.9VIHz with an
adjustable DC offseand amplitudes ranging frolimVgys to 1Vrus. The front panel

Type N connector outpyprovides AC coupled, sine wave signfilem 950kHz to
2.025GHz (SG392), 4.05@HZ (SG394), and 6.06Hz (SG396) withpower levels
rangingfrom i 110dBm to +16.5dBm.

Like the SG380 series the SG390 generators have extensive analog modulation
capabilities available at all carrier frequencies. The front panel outputs can be amplitude,
frequency, phase or pulse modulateditternally generated waveforms (sines, ramps,
triangles, pulse and noise) or by external sources.

The S@90 seriesbuilds uponthis performance by addinfyll support for vector signal
modulationon RF carriers between 404Hz and 6.0755Hz. It featuresa dual, arbitrary
waveform generatasperating at 125MHz fdpaseband signal generatidrhe generator

has built-in support for the most common vector modulation schemes: ASK, QPSK,
DQPSK, '~/ 4 DQPSK, 8PSK, FSK, CPM.ItaBdM ( 4
includes built-in support for all the standard pulse shaping filters used in digital
communicationsraised cosine, roghised cosine, Gaussian, teaogular, triangular, and

more. Lastly, it provides direct supportfor the controlledinjection of additie white
Gaussian noisBAWGN) into the signal path.

The baseband generator supptte playbaclof pure digital datalt automatically maps
digital symbols intoa selectedQ constellation at symbol rates of up tdV6iz and

passes the result through the selected pulse shaping filter to genBnaewaveform

updated in real time at 128Hz. This baseband signal then modusatiee RF carrier

using standard IQ modulatioadhniques.

This architecture leads to a greatly simplified and productive user experfeRBS
data and simple patterns can be played back directly from the front Peaoffs in
filter bandwidthversis power efficiencycan be explored from the froptanel in real
time without the need to downloadmplexnew waveforns eachtime. Likewise the
degradation of a signal by AWGN can d&a&silymanipulated from the front panel.

Although not directly configurable from the front panel, the SG390 series ¢@nsera
also support the generation tihe domain, multiple acce4§DMA) signalsand event
markers. Event markers enable the user to mark events during the playback of a
waveform, such as the start of a frame, or a slot within a frahree reaipanel BNC
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outputs tied to these events may be programmed to pulseohilghv for an arbitrary
number ofsymbolsin order to synchronize other instrumentation with the event. Any
one of these event markers may be selected to control the RF power of the output,
therdoy creating an RF bursiseful for implementing TDMA signals. The RF burst
follows a raised cosine profile with a ramp rate that caodndigured to bd, 2, 4, or 8
symbols wide.

Naturally, the SG390 series instruments can be extended by the userréf degi
downloadingand storing up tden custom constellationdilters, and waveformseach
Complex constellations involving rotating coordinate systems, or differential encoding
are supported directhFilters with up to 24 symbols of memory are suppr@VB of

flash is available for waveform storage and playback. Due to the fact that the SG390
performs the symbol mapping and pulse shaping in real time, this is espagé to

store 2 MSym of QAM 256 data or 16 MSym of 1 bit FSK dita.a 3bit GSM-EDGE
waveform running at 270.833 kSym/s this is enostdragefor over 20seconds of
playback datavhich isupdated at 12MHz. Playing back such a waveform using raw
16-bit values for | and Q at 129Hz would require more than 9 GB of storage.

The SG390 sdes generators come with a number of modulation presets for
demonstrating the various modulation capabilities of the instrument. Sample modulation
waveforms and setups are included for communications standards such as NADC, PDC,
DECT,APCO Project 25TETRA, GSM, GSMEDGE, WCDMA and ATSC DTV

The rear panel of the SG390 series instrumbattwo BNC outputs which provide a
replica of the baseband signal being applied to the 1Q modulator. Two more BNC inputs
are available to the user for external IQdukation support with ove200 MHz of RF
modulationbandwidth.

The user interface provides singdey access to the most commonly adjusted
synthesizer parameters (frequency, amplitude, phase, modulateomnd modulation
deviation.) In addition, therera three standard communication interfaces (GPIB, RS
232 and LAN) which allow for all instrument parameters to be remotely controlled.

The accuracy, stabilityand low phase noise of the S@ series is supported by two
high quality timebases. The standatiinebaseusesa 3° overtone, S&ut ovenized

10 MHz resonator. In addition to its remarkable stability (<0.p21 0° to 45°C), and
low aging (<0.05pml/yr), this oscillator is responsible for the low phase noise close to
carrier (180dBc/Hz at 10Hz offset from a XGHz carrier) and its short term stability
(1:10! 1sroot Allan variance).

An optional rubidium timebase reduces the frequency aging to <pm@yr. This
timebase (@ SRS PRS10 rubidium frequency standard) also improves the frequency
stabilty to <0.0001ppm over 0° to 45°C.

The 10MHz output from the internal timebase is made available on a rear panel BNC
connector. The user can also provide aMHr timebase via a rear panel external
timebase input.
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Front-Panel Overview
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Figure 28 The SG3% front panel

The front panel operation of each 3B series RF Signal Generator is virtually the
same, with the only substantial difference being the model number and the maximum
operating frequency.

The front panel is dided into seven sectionsParameter Display, Units Display,
Outputs Modulation Select/Adjust Numeric Entry andStatus as shown irigure28.

The power switch idocated in the lower right corner of the front panel. Pushing the
switch enables power to the instrument. Pushing the switch again places the instrument
in standby mode, where power is enabled only to the internal timebase.

Parameter and Units Display

The front panelhas a sixteen digit display showing the value of the currently displayed
parameter. The LEDs below the display indicate which parameter is being viEweed.
units associated with a paramedee highlighted at the righfomeparametes may rave
multiple views The RF output amplitudefor examplemay be viewed in units of dBm,
VRrums, OF Vep.
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Main Outputs

These are the y n t h ensain gignal dutputs.Two types of connectors are provided
due to the bandwidths covered by the instrument.

OUTPUTS I
DCto 625 MHz

P _. BNC

500
950 kHz to 6.075 GHz

AV

AC O Type N

50Q

ADDITIVENOISE —@ Noise Indicator
Output Status LEDs
Figure 29: The SG396 front panel outputs.

BNC Output

Signals on this connector are active for frequency settings between DC and 62.5 MHz.
The amplitude may be set independently for levels framVius to 1 Vrus (147 dBm

to 13 dBm) Increasd amplitude setting of 1.25 Vrus (14.96dBm) are allowed with
relaxed signal specificationddditionally, the BNCoutputmay beoffset by+ 1.5 Vpc,
however noreero offsets will reduce the maximum amplitude settifige BNC output

is protectedagainstexternally applied voltages of up1®b V.

Type N Output

Signals on this connector are active for frequency settings betWwBe@nkHz
and2.025GHz, 4.050GHz, or 6.0785Hz (for the SG392 SG394 and SG396
respectively. Theoutput powemay be setrbm1110dBm to 6.5dBm (0.7 Vrus to
1.5 Vgums). The maximum output power is reduced bg@BIB/GHz above3 GHz for the
SG394 or by 325dB/GHzaboved4 GHz for the SG396 The Type Noutputis protected
againstexternally applied voltages of up to 3gdandRF powers up to +25 dBm.

Indicators

Two LEDs are used to indicatehich of the outputs are activBNC and/orType N A
third LED indicates if a modulated waveform has been degraded by additive white
Gaussian noise (AWGN).
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Modulation Modes
g MODULATION

® on ON/
Oorr Enable

O anaoc @vector | Mode
Amplitude ® Av/ASK @ QAM QAM

Frequency OFrviFsk @ CPM Continuous Phase
Phase @ OM/PSK @ VsSB Vestigial Sideband
Sweep | @SWEEP (QINT Internal
Pulse/Blank @PUSE @EXT® | External (Overload)

Y

MOD MOD
tvee P Eoy »J Waveform

Figure 30: The SG396 front panel modulation section.

Type

The Modulationsectiondisplays the present modulation staad enables the user to
control both the type and function thfe modulation.

The [ON/OFFJkey enablesnodulation.

The [MOD TYPE]key allows selection of the type of modulatiodse theADJUST
[r Jand[s ] keysto select the preferred type of modulation: AM, FMM etc. Use the
SELECT [v ] and [w] keys to select the subtype of modulation: analog, veeiud,
constellaton (bits/Symbol).

The [MOD FCN] key allows the selection ofhe modulation waveformUse the
ADJUST [r ] and[s ] keys to select the desired waveform: sine, ramp, triangle, user,
etc.Use the SELECTV ] and w] keys to modify the selected waveformaipropriate.
The PRBS length and symbol pattern are modified this way.

The SG390 series generators support two different modes of modulation: analog and
vector. The front panel LEDs for ANALOG and VECTOR highlight which type of
modulation is active. Whennalog modulation is selected, modulation waveforms are
replicated on the rear panel ANALOG MOD output. Similarly, when vector modulation

is selected, modulation waveforms are replicated on the VEQWOR | andQ
outputs.

Modulation waveforms may be intetlyaor externally generated. The INT and EXT
LEDs indicate which source is activinternally generated waveforms include sine,
ramp, triangle, square, noise, and user drberearpanelexternal modulatiomputcan

also be usedn A M, FM, 0 M magulatioRPsuNheneexternalmodulation is
selected, apply an external signal source to the rear panel ANALOG MOD input for
analog modulation. Apply it to the rear panel VECTOR MOD | and Q inputs for vector
modulation.

For all types of modulation, the instremt will monitor the input for overload#. the
source exceeds operational limits or was digitally clippleel,réd overload LEDn the
right side of the EXT labedill flash.
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Parameter Selection and Adjustment

SELECT/ADJUST
Select_[ E E E }_ Adjust
Keys ¥ Keys
MOD TDMA
PRESETS ADD. NOISE EVENTS -
H Secondar
Mam FREQ PHASE AVPL B Functionsy
Parameter SYMBOL " FILTER QOrBT_
MOD MOD DC
KeyS RATE ‘| DEV —| OFFS

PERIOD or ENBW PULSEWIDTHor DUTY
Figure 31: The SG396 front panel parameter selection and adjustment section.

Display Navigation

The SELECT/ADJUST section determines which main parameter is shown on the front
paneldisplay. The six basic displays for viewing and modifying instrument settings are
shown inTablel. Each display is activated by pressing the correspondingly lakeyed

Table 1: Main Parameter Keys

Label Value Shown in Main Display When Pressed

FREQ Carrier fequencyf()

PHASE Phase

AMPL Amplitudeor powed Type N or BNC output

DC OFFS DC dffsetd BNC output

MOD RATE Modulationor symbol rate pulseperiod or noise bandwidth
MOD DEV Modulation akviation pulsewidth orduty cycle)

For parameter menus with multiple items, repeated pses$a key will cycle through
all available itemsFor examplein the default configuratiomultiple key presses dhe
[AMPL] key will cycle through the various available outpBNC, andType N

Someof the parameterswill have ablinking digit (the cursor). The cursor indicates
which digit will be modified when the ADJUS[IF ] and[s ] keys arepressedThe
SELECT[v ] and[w] keys allow adjusting the cursor forettdesired resolutionThe
step size may alssetvia the STEP SIZE seconddiynctionand anumeric entry(to set
channel spacing, for example.)
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Numeric Entry and Secondary Parameters

f © SHIFT I NUMERIC ENTRY )
CANCEL ns
BACK GHz
— CAL REL 0=0 RFON/OFF  STEPSIZE us
Secondary L1 L L
Functions —— NET GPIB RS-232 DATA ms
kHz
4 5 6 | [
e INIT TIMEBASE STATUS LOCAL ENTER
Hz %
\ / \ /
| |
Numeric Unit
Keypad Keys

Figure 32 The SG396 front panel numeric entry section.

This sectionis used for changing the currently displayaanericparametedirectly. A
parameter is entered numerically and completedpi®ssingany of the unit keys.
Corrections an be made using tHBACK SPACH key, or the entire entrymay be
aborted by pressingHIFT (CANCEL)].

For example,to set the frequency to 1.0001 GHz, press the [FREQ] key followed by the
key sequence of [1J9[][O][O][O0][1][GHz].

This section also allows access to secondary ghmifted functions. The secondary
functions are listed above the key in light blue texseondanfunction is accessed by
first pressing thgSHIFT] key (indicated by theSsHIFT LED being on) followed by
pressing thelesired secondary function key.

For example, to force the instrument to default settings, sequentially press the keys
[SHIFT] [0 (INIT)] [ENTER].

Stepping Up and Down

Most instrument settings can be stepped ugl@vn by a programmed amount. The
blinking digit identifies the curr@ncursor position and step siZzEhe cursor shows the
digit that will change if the parameter is incremented or decremented via the ADJUST
keys. Pressing the ADJUST ] or [s ] keys cau® the displayed pangeter to increment

or decrement, respectively, by the current step size.

Step Size

Pressing the ADJUSTr ] and[s ] keys increments or decrements the value of the
selected digit on the numeric displdyse theSELECT|[v ] and[w] keysto move the
cursor to the desired digit

The step size can be changedan arbitrary value via the secondary function STEP

SIZE and thenumeric keypadPress[SHIFT] [9 (STEP SIZE) and enter the desired

step size followed by the appropriate unittype.i- exampl e, to change
step size to 1.25 MHz, first pressH&T] [9] followed by [] [s] [2] [5] [MHZz].
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Subsequent use of tIBELECT[v ] or [w] keyswill return the step size tthe nearest
factor of ten

Store and Recall Settings

The [STO] and [RCL] keys are for storing and recalling instrument settings,
respectivg). Instrument settings include modulation configurataond all associated

step sizes. Up tainedifferent instrument settings may be stored in the locations 1 to 9.
To save thecurrent settings to location e user should sequentialhyess the keys
[STO] [5] [ENTER] To laterrecall instrument settings from locationtBe user should
sequentiallypress the keys [RCL] [5] [ENTERNote that location O is reserved for
recalling default instrument settings. Default instrument settings can also be recalled via
the INIT secondary functiorfzor additional details,ee Factory Default Settingm the
BasicOperationchapterstarting on pagas.

Secondary Functions

Many of the keys in thtNUMERIC ENTRY and SELECT/ADJUSTsectiors have
secondaryor SHIFT)functions associated with them. Téecondarfunctions ardisted
above the key The [5] key, for example, has 32 above it.

The secondary functions can only be accessed @h#RT mode isactive, which is
indicated by SHIFTLED in the main displayThe SHIFT mode can be toggled on and
off by pressing thdSHIFT] key. For example to access the R332 communications
configuration menupress [SHIFT]5].

For menuitems with multiparametersetting, the SELECT [v ] and [w] keys allow
selection of thevariousmenu items. Th&DJUST [r ] and[s ] keysmay be used to
modify a parameterFor example, lte first optionin the RS-232 menu is RS232
Enable/DisableUse theADJUST [r ] and[s ] keys to change the setting as desired.
Then pressSELECT [w] to move to the next option which lsaud rate.Continue
pressinghe SELECT[w] until all settings have been configured as desired.

A detailed description of all the secondary functions can be found iBebendary
Functionssection of théBasicOperationchapter starting on pade.

Cancel

The[SHIFT] key also functions as a general pu@@ANCEL key. Any numeric entry,
which has not been completechn be canceled by pressing [8&lIFT] key. Because of
the dual role played by the SHIFT key, the user may have to [8edET] twice to
reactivate SHIFT mode. The first key press cancelstigent action, and the second
key presse-activates SHIFT mode
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Power and Status

The Power and Statgectionencompass thpower svitch and displays the status of the
timebase andemoteinterface(s):

Status Indicators

REF / SYNTH

M STATUS m On the farright portion of the frontpanel are two groups of LED
REFISYNTH indicators. The upper group is labeled REF / SYNddl indicates the

szgk status of the internatimebase The EXT LED indicates that the
INTERFACE instrumenthas detected an external 10 MHz reference at the timebase
® ReM input BNC on the reapanel If detected, lte instrumentwill attempt to

@ AcT lock its internal clock to thexternal reference.

® ERR

m POWERM® The LOCK LED indicates thaunit has locked its internal frequency
= onstey & synthesizer at the requested frequency. Normally this LED will only
O extinguish momentarily when the frequency changes or an external
timebase is first applied to the rear input. If the LED stays off, it indicates
—/ that thesignal generatomay be unable to loclotthe external timebase.
This is most commonly caused biye externalfrequencybeing offsetby more than
2 ppmfrom 10MHz.

INTERFACE

The lower group of LED indicators is labeled INTERFACE. These LEDs indicate the
current status adinyactive remote progmming interfaceKthernet RS232, or GPIB)

The REM(remote)LED turns on when thanitis placed in remote mode by one of the
remote interfaces. In this mode, all the frpanelkeys are disabled and the instrument
can only be controlled via the remointerface. The user can return to normal, local
mode by pressing th&] key (also labeled [LOCAL]) The ACT (activity) LED flashes

when a character is received or sent over one of the interfaces. This is helpful when
troubleshooting communication probis. If a command received over the remote
interface fails to execute due to either a parsing error or an execution error, the ERR
(error) LED will turn on. Information about the error is available in the STATUS
secondary displaySee page4 for more detailed information on how to access this
display.

POWER
The power switch has two positions: STANDBMuftonout) and ON ljuttonin).
In STANDBY mode, power is onlgupplied to the internal timebase and the power

consumption will not exceed 2&atts.In ON mode, power is supplied to all circuitry
and the instrumensn.
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Rear-Panel Overview

Symbol
AC Power Input Clock Event Markers
1 1 |
CRONETOI0 B VAL GBS 2 B DANGERQUS VOLTAGES INSIDE. NO USER SERVICEABLE PARTS
INSIDE. SEE MANUAL FOR ADDITIONAL SAFETY NOTICES
SG390 SERIES DATA SYNC OUTPUTS
RF SIGNAL SYMBOL EVENT EVENT EVENT
GENERATOR CLOCK #1 #2 #3
ALL
SRS SIG GEN S8V
VIA c
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—
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IN I VECTOR MOD Bl OUT © 3
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Remote Interfaces Timebase  Analog Modulation
GPIB, RS-232, 10/100 Base-T Input / Output Input / Output

Figure 33 The SG3% Rear Panel

The reampanelprovides connectors for AC power, remote computer interfaces, external
frequency referencesjodulation, and data symonization

AC Power

Connect the unito a power source through the power cord provided with the instrument.
The center pin is connected to the chassis so that the entire éathgrounded.The

unit will operate with an AC input fro@0 to 264 V, and with a frequency of 47 to 63
Hz. Theinstrumentequires 90W and implements power factor correcf@amnectonly

to a properly grounded outlet. Consult an electrician if necessary.

Remote Interfaces

Theinstruments supporemote controlia GPIB, RS232, or EthernetA computer can
perform ay operation that is accessible from the frguanel Programming the
instruments discussed in the Remote Programming chaptease refer to thiaterface
Configurationsectionstarting on pag®&7, before attempting to communicate with the
signal generators via any compuitgerface.

GPIB

The signal generatorshave a GPIB (IEEE488) communications port for
communications over a GPIB bus. Thestruments supporthe IEEE488.1 (1978)
interface standard. It also supports the required common commands of thd8BRE
(1987) standard.

RS-232

The RS232 port uses a standar® pin, female subminiatureD connector It is
configured as ®CE andsupportsbaud rate from 4.8 ks to 115 klis. The remaining
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communicatiomparameters arixed at 8 Data bits, 1 Stop bit, No Parityith RTS/CTS
configured to supporntardware Flow Control.

Ethernet

The Ethernet uses standard R3l5 connectoto connect ta local area network (LAN)
using standard CategeBy or Category6 cable. It supportdoth 10 and 100 BaseT
Ethernet connection and a variety &H/IP configuration methods

Timebase

10 MHz IN

This input acceptsan external 10MHz reference. The external reference sholokd
accurate to at least 2 ppm, gmabvidea signal of no lesthan 0.5 \4p while driving a
50q i mpedance. autoreaticallyh detest thempresdnce of an external
reference, asserting the fraqpanelEXT LED, and locking to it if possible. If thenit is
unable to lock to the reference, the LOCED is turned off.

10 MHz OUT

The instrumenalso provides a 10 MHz quit for referencingother instrumentation to
theinternalhigh stability OCXO or optionaubidiumtimebase

Analog Modulation

IN

Externalanalogmodulationis applied tathis input The inputimpedanceid 0 0 kq wi t !
aselectableénput coupling ofeitherDC or AC (4 Hz roll off).

For analog modulations (AM, FM; M), a signal of£1 V will produce afull scale
modulation of theoutput (depth forAM or deviation for FM andFM). It supports
bandwidtls of 100 kHzandintroduces distortions of less thas0 dB.

For Pulse/Blank modulation typehis input is used as a discriminatitrat has a fixed
thresholdof +1 V.

ouT

This output replicates theanalog modulation waveformand has a50q r ever se
termination When using the internal sourcerfAM, FM, and FM, it provides a
waveformdetermined byhe functionandrate settingsvith anamplitude oft 1 Vppinto

a high impedance During external analog modulatiorthis output mirrors the
modulation input.

For Pulse modulatigrthe output is 8.3V logic waveformthat coincides with the gate
signal.
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Vector Modulation

Vector modulation on the front panelype N RF output is supported for carrier
frequencies above 400Hz. The modulation source may laa externalsignal or the
internal baseband generatofFhe deBed sourcemay be selectedlia the [MOD FCN|
key and the ADJUSTI[ ] and [ ] keys on the fronpanel.

IN

These BNC inputs enable external 1/Q modulation. Theceptsignalsof +0.5V,
corresponding to full scale modulation, and havey5@put impedancesBoth inputs
support signal bandwidths from DC to 18z providing an RF modulation bandwidth
of up to 200MHz

OouT

These BNC outputsreplicatethe baseband/Q modulation waveformscurrently being
used to modulate the RBoth outputs have a source impada of 500 and when
terminated into5@, wi |l |l generatee0®. full scale output

Data Sync Outputs

The SG390 series generators include a {miiiaseband generator which can play back
pure digital data at symbol rates of up tdMBlz and pass theesult through a pulse
shaping filter which is updated at 1R84z. To enable synchronization of external
instrumentation with the modulation, the symbol clock and three event markers are
available on the rear panel.

Symbol Clock

This BNC output provides @quare wave synchronized to the symbol closkd in the
modulation The rising edge of this clock triggers the programmed event markers
associated with the arbitrary waveform.

Events

Three BNC outputslabeled #1, #2, and #3 are available for synchronigrgrnal
instrumentation to programmable evenithin a generatearbitrary waveform. These

may be programmed, for instance, to mark the start of a frame, or a slot within a frame,
or the start of a synchronizing pattern in the waveform. One of the magkérs may be
further programmed to control the RF power of the front panel output for the generation
TDMA signals. Events are triggered on the rising edge of the symbol clock.
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Basic Operation

Introduction

The previousc hapt er provided an ofeamresThiechapterf t he
describes thesetting of the frequency, phasend amplitudeas well asthe details of
storing and recalling setupgendexecuting secondary functians

Power-On

At power on, theunit will briefly display the model numbeiollowed by the firmware
version and the unit serial number. When power on initialization has compiie¢ed,
instrumenwill recall the lasbperationakettings from nonvolatile memory

The instrumentcontinuously monitors fronpanelkey presses and will save the current
instrument settings to nonvolatile memory after approximatedyseconds of inactivity.

To prevent the nonvatile memory from wearing outhe unit will not automatically

save instrument settings that change due to commands executed over the remote
interface. The remote commands *SAV (*RQijpy be used to explicitly save (recall)
instrument settings over the remote interface, if des{®sk theRemote Programming
sectionfor more information about these commands.

The signal generatorcan be forced torevert to factory default settings. This is
accomplished by power cycling the unit with the [BAGRACE] depressed. All
instrument settings, except for the remote interface cordigpns, will be seback to

their default values. Warning: this will also delete all downloaded user waveforms,
constellations, and filterSeeFactory Default Settingstarting on pag@5 for a list of
default settings.

Setting Parameters

The SELECT/ADJUST section determines which parameter is shown in the main front
paneldisplay. The six keys for selectitige displayof the main instrument settings are
shown inTable2. Each display is activated by pressing the corresponding labeled key.
Use theSELECT J ] and w], and ADJUST [ ] and [ ] keys to modify a displayed
parameter.

Table 2: Main Display Parameters

SELECT Key | Displayed Value
FREQ Carrier frequency {J
PHASE Phase
AMPL Amplitude or powerd Type Nor BNC output
DC OFFS Offsetd BNC output or internal I/Q offset
MOD RATE Modulationor symbol ate,pulseperiod, or noise bandwidth
MOD DEV Modulationdeviation,pulsewidth, or duty factor
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Frequency

FREQI

Presing [FREQ)] displays thearrierfrequencyof the front panel output® frequency
may be entered in any of tii@lowing units: GHz, MHz, kHz, or Hz For example,d
set the frequency toMHz, pressthe keydFREQ)] [5] [MHz]. The frequency resolution
is 1 uHz at all frequencieg.he wits for thedisplayed frequencynay bechangedby
pressing the desired unit kdyor example, tahange the display from units of MHz to
Hz simply press the [Hzkey.

The frequencysettingdetermines which output®ay beactive at any given timéelhe
green LED next to the front panel outputs indicate which outputs are enblbleel.of
the outputs operate amss the entire frequency rangkable 3 shows the frequency
rangesover which each front panel output is actiseeachmodel in the series.

Table 3: Frequencies of Operation

Model SG392 SG394 SG396
Front BNC DC-62.5MHz DC-62.5MHz DC-62.5MHz
Type N 950kHz to 2.025GHz | 950kHz to 4.050GHz | 950kHz to 6.075GHz

Phase

PHASEI

Pressing [PHASE] displays the u t p nelatibesphase The phase is displayed in
degreesnd isadjustable ovet 360°.If the phase adjustment exceeds 360°, the phase is
displayed modub 36(°. The displayed phase ieset to 0° whenever thearrier
frequency is changed.

The phase resolution depends upon the current setting of the freqienfrgquencies
up to 100MHz the phase resolutiois 0.01°, wth reducedresolution for higher
frequenciesTable4 shows the phase resolution verses frequency:

Table 4: Phase Resolution

Frequency Range | Phase Resolution
DC to 100 MHz 0.01°
100 MHz to 1 GHz 0.1°
1 GHz t06.075GHz 1.0°

Changing the phase changes the phase of all outputs from the synthesizer. This
sometimes makes it difficult to see that you hdeee anything at all. Phase adjustments

are usually only made when there are more than one signal source in a measurement
situation. For example, if you have two RF synthesizers, each connected to the same
external 10MHz timebaseand set to the same fregncy, you will be able to see their
relative phase by viewing them simultaneously on an oscilloscope or by applying them
both to a mixer and measuring the mixerds

You can also see phase changes (for frequencies which are a multiplbizl®y
viewing the signal on an oscilloscope while triggering the oscilloscope from the rear
panel 10MHz timebase output.
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Finally, you can see the phase adjustment by viewing the RF sigaglolar display of
a vector signal analyzer. it importantto ensire that the vector signal analyzer and the
RF syntlesizer share the same timebase in this setup.

Rel Phase

- In many situations it is useful to be abledifinethe present phase settiag
SHIFT|| 0°. TheREL (secdndaryunctionenables this feature. Pressing the keys

[SHIFT] [7] will REL the phasddisplayto zero withoutmodifying current

j phase of theither front paneRF output
7

Amplitude and Power

Repeated press of [AMPL] sequences througthe available RF outputs: Type N and
BNC. Note, however, that only outputs that are active for the current frequency setting
will be accessibldf an output is set below its minimum value iilvibe disabled. This is
indicated on the display @®ffo and by extinguishing theLED which is next to the
output

j Pressing [AMPL] displays theutput amplitude or power of the displayed output.
AMPL

All amplitudesmay be displayed in units of dBmg\s, or Vep All stated values assume
a load termination of 5 . Output amplitudes will(@approximately) double if not
terminated.

The units used for the displayed power or amplitude may be changed with a single key
press. For example, if thEype Noutput power is displayed as 0.8Bm, pressing the
[Vrus] key will display 0.224Vrus and presing the [\bdg key will display 0.632/pp.

Table5 liststhe rangdor the variousunits of the outputs

Table 5: Output Power Ranges

Output Power Amplitude (Vrws) Amplitude (Vep)
Front Type N@ [ 7110 dBmY +16.5 dBm | 0.707 kY 1.50 Veus | 2 UY 4.24 \bp
Front BNC © i47 dBmY +13dBm 0.001Y 1.000 Vkws | .0028Y 2.82 Vep

(1) For theSG394the maximum power is reduced byp@dB/GHz above IHz (The
maximum power available at@Hz is 13dBm.)

(2) For theSG396the maximum power is reduced by 3dB/GHz above 45Hz. (The
maximum power available atGHz is 10dBm.)

(3) The amplitudeof the BNC may be set as high as 1\2&s (+14.96dBm), with
reducedistortion specificationgrovided thathe BNC DC offset is set to\0.
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RF ON/OFF

RF ON/OFF Presghe keyqSHIFT] [8] and then use the ADJUST [| and
[s ] keys to toggle the power on and off. When the RF is off, the LEDs

j associated with each output will be off. SEgure 29 on page6. The

j Thefront panel outputs may be turned on and off via the secondary function
SHIFT

amplitude display for each output will also indicate that is off.

DC Offset

[ bc
OFFS

Pressing [DC OFFS] displaymitput ofset voltagesOn the front panel,rdy the BNC
output has aettable DC offset. The Type N RF output is AC coupled and so has no DC
offset setting. The DC offset for the front panel BNCalgays accessibland active
(independent of the frequency settiniable 6 gives the DC offset range for thieont
paneloutputs:

Table 6: Offset Range

Output DC Offset Range
Type N N/A
BNC +1.5V

The BNC output will support offsetgp to 1.5V. The output is verylinear over 1.9V
while driving a 50Y | .0Fardaintain low distortiomf AC signalsin the presence of a
DC offset it is necessary to reduce the amplitude of thesi§@@al The output provides
13dBm (2.828 \¢p at no offset, and is reduced linearly tdBm (0.632 \4p for offsets
of °1.5V. Table7 shows the allowed amplitude (or power settings) for th€ BMtput
for various DC offsets:

Table 7: BNC Output vs. DC Offset

BNC DC Offset| Max Output (\p) | Max Output(Vrus) | Max Output (dBm)
0.00V 2.83 Vbp 1.00 Vkwms 13.01 dBm
+0.25V 2.46 Vep 0.871 \kwis 11.81 dBm

+0.50 V 2.10 Vep 0.741 \kws 10.41 dBm
+0.75V 1.73 Vep 0.612 \kuis 8.75 dBm

+1.00 V 1.37 \Vkp 0.483 \kuis 6.69 dBm

+1.25V 0.998 \kp 0.353 \kuis 3.97 dBm

+1.50V 0.634 \bp 0.224 \kys 0.02 dBm

IQ Modulation Offsets

The [DC OFFS] button also allows one to adjust the 1Q offset for internally generated
vector modulations. Each channel, | and Q, may be offset by up to 5% of the carrier
amplitude. For exampleto set the | channel offset to 1.5%, press [DC OFFS]

successively wuntil the display reads dl
the offset.
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Secondary Functions

SHIFTI

Many of the keys in the SELECT/ADJUST and NUMERIC ENTRY sections of the
front panel have secondary functions associated with tAdm.text above the key
identifies the secondary function associated with-itr example, the [4] key has the
label R$232 inblue text above itTable 8 summarizes the keys and their secondary

functions
Table 8: Shifted Key Functions
Label Primary Key Function Desciption
MOD FREQ Configure the instrument to perform one o
PRESETS number of preset modulation waveforms.
ADD. NOISE PHASE Add noise to a modulation waveform
TDMA AMPL View the TDMA configuration for the currer
EVENTS modulation waveform
Select the pulse shaping filter for the curr
FILTER MOD DEV modulation waveform.
- Adjust the bandwidth of nyquist, root nyqu
U or B DC OFFS and Gaussian filters.
CAL +/- S_elects the P_LL f!lter mode and adjust
timebase calibration
REL G v Defines thecurrent phase to be 0 degrees ¢
displays phasparameter (of 0)
RE ON/OEE 8 '(I)':Jg;fRF power to the front panel outputs
Set the incremental value used by t
STEP SIZE 9 ADJUSTKeys
NET 0 Configure ¢hernet interface
GPIB 4 Configure GPIBinterface
RS232 5 Configure R&232 interface
DATA 6 Display the_ most recent data received 0O
any remote interface
INIT 0 Load default instrument settings
TIMEBASE 1 Displays the timebase configuration
STATUS > View TCP/IP (Etherne_t), error, onstrument
status, as well as running S@kst
LOCAL 3 Go to local. Enables frorpanel keys if the

unit is in remote mode.
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MOD PRESETS

The modulation preset menu, [SHIFT] [FREQ)], enables one to configure the instrument
to perform one of a number of preset modulation waveforms as summarizabl&®.

Use the ADJUSTI ] and [ ] keys to select the desired modulation waveform and
press [ENTER] to update instrumesgttings.

Table 9: Modulation presets

Label Modulation Description

AM Audio Analog AM modulation of an audio clip.

FM Audio Analog FM modulation of an audio clip.

NADC Vector modulation parameters used in North American Digital

Cellular(NADC) communications.

Vector modulation parameters used in Personal Digital Cellular
(PDC)communications.

One TDMA slot within one frame of random data using the vectc
modulation parameterd Digital Enhanced Cordless
Telecommunications (DECTJhe waveform transmits a P32 pack
which includes the Z field and is 424 symbols long.

Vector modulatiorparameters used in the APCO Project 25
communications system.

One TDMA slot within one frame of random data using the vectg
modulation parameters used in Terrestrial Trunked Radio (TETH
communicationsThe waveform transmits a normal-lipk burg,
231 symbols long, using normal training sequence 1.

One TDMA slot within one frame of random data using the vectg
modulation parameters the Global System for Mobile
communicationgGSM). Thepacket is 148 symbols long and the
midamble is filledwith training sequence 0.

One TDMA slot within one frame of random data using the vectg
modulation parameters the GSM with Enhanced Data rate for
GSM Evolution (GSMEDGE)communicationsThe packet is 148
symbols long and the mid#le is filed with training sequence 0.
One frame with one control channel and six data chaohetsidom
datausing the vector modulation parameters of Wideband Code
Division Multiple Access (WCDMA) communicationgor an uplink
Wide-CDMA channein afrequency divisiorduplex (FDD)installation The
control channel uses a spreading factor of 256 while the data
channels use a spreading factor of 4. The control and data chan
are scrambled with long scrambling code 0.

Vector modulation paraeters used in the Advanced Television
ATSC DTV Systems Committee, Inc (ATSC) Digital Television Standard for
overthe-air broadcast of digital television.

PDC

DECT

APCO 25

TETRA

GSM

GSM EDGE

The presets configure the instrument to perform the selected modulation, but the
modulation is turned offThe user will need to enable the modulation by pressing the
front panel [ON/OFF] key in the MODULATION section of front pan®on
modulation parameters, such as frequency and amplitude, are not modified by the
presets. The one exception is that the fraquewill be set to 1 GHz if the current
frequency is below 40MHz andthe selection isa vector modulation format, which
requires the frequency to be above 400z.
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ADD. NOISE

The additive noise menu, [SHIFT] [PHASE], enables one to degrade a vector
modulktion waveform with additive white Gaussian noise (AWGN). The noise menu
options are summarize Table10.

Table 10: Additive Noise Menu

Parameter Description
Added Noise| Configure added noise off, on, or only.
Noise Power | Noise power relative to full scale carrier power.

Noise may be added to vector modulation waveforms and to arbitrary user waveforms
for analog modulation. Use th®DJUST [r ] and [ ] keys to select between noise
options: off, on, and onlyT h e o ifis1e optianlenaldles one to turn off the signal and
pass only the added noidédesired Use the SELECTW] to view and adjusthe noise
power. Enter the desired noise powea the numeric key pad. Noise powers from
-10dB to-70dB relative to full scale carrier power may be entefigds gives one the
ability to create typical error vector magnitudes (EVM) ranging fron%3® 0.32%,
respectively

TDMA EVENTS

The TDMA evaits menu, [SHIFT] [AMPL], allows one to view the current TDMA
configuration. TDMA events may only be programmed via the remote interface.
However, this menu enables one to view the current TDMA configuratiuoh is
summarized inTable 11. Use the SELECTV[] and W] keys to switch between
parameters. TDMA events may only be programmed for vector medwateforms.

Table 11: TDMA configuration parameters

Parameter Description
TDMA on/off | Indicates if TDMA is on or off.
Indicates the number of symbols over which the RF power ramp

TDMA ramp - )
from minimum to maximum power.
TDMA event Indicates which rear panel event marker output (1, 2 ort@dgo
the RF power to implement the TDMA power burst.
FILTER

The filter menu, [SHIFT] [MOD DEV], allows one to select the pulse shaping filter to
use for waveform playbacK.he available options are summarizeTiable 12. Use the
ADJUST [r ] and [s ] keys to select the desired filteFhe first three filters listed
actually represent three families of filters for which the bandwidth of the filter may be
adjusted. See he secondar y describedbelan adjistithecoandvidiho
of the selected filter.
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Table 12: Pulse shaping filters

Filter Description

Nyquist Rai_sed c'osine filter. Use t hg
bandwidth of the filter.

Root Nyquist Rootrais_ed co_sine filter. Use
set the bandwidth of the filter.

Gaussian Gaussian filter. Use the AU
bandwidth of the filter.

Rect Rectangular filter.

: Triangular filter. This is equivalent to linear interpolation betweel
Triangle d .
ata points.

Win. Sinc Sinc(x) filterwindowed bya Kai ser functi on

Lin Gauss Linearized Gaussian filter described in the modulasipecification
for GSM-EDGE.

CAFM Raised cosine fiIter_with__l“J'
filter. This filter is described in the APCO Project 25 specificatiol

User RAM Custom user filter stored in SRAM

User1to9 Up to 9 custom user filtertored in nonvolatile memory.

U or BT

This menu, [SHIFT] [DC OFFS], enables one to control the bandwidth of the raised
cosine, roofaised cosine, and Gaussian filters. The parameters are summarized in
Tablel3. Use the numeric keypad to enter the desired filter factor.

Table 13: Filter bandwidth control parameters.

Filter Parameter Description
Nyquist U Excess bandwidthattor for the ifter. May
range from 0.1 to 1.0.
Rootnyquist U Excess bandwidtfactor forthe filter. May
range from 0.1 to 1.0.
BT Bandwidth symbol time product. May range

Gaussian

from 0.1 to 1.0.

CAL

The cal menu, [SHIFT] [+], allows access to the RFLL NoiseMode setting and the
internal timebase calibration. The RF PLL Mode has two settings RF PLL 1 and 2. RF
PLL 1 optimizes the noise floor of the output within 100 kHz of the carrier. This is the
default setting. RF PLL 2 optimizes the noise floor of thewutor offsets greater than

100 kHz from carrier. Se®ingle Sideban&hase Noise vs RF PLL Moa& pagexx of

the Specifications for spectra showing the different characteristics of the two PLL
modes.

The timebase calibration parameter allows adjustment of the timebase over a range of
°2ppm (10 MHz® 20Hz). See the sectiohimebase Calibratioon pagel43for details
on how to calibrate the internal timebase.
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REL 0=0
[SHIFT] [7] sets the phase display to 0°. The phase of the output is not changed.
RF ON/OFF

[SHIFT] [8] enables the useo ttoggle the RF power of the front panel outputs on and
off using the ADJUSTI| ] and [ ] keys. When the RF is off, the LEDs associated with
each output will be offseeFigure29 on pages). The amplitude display for each output
will also indicate that is off.

STEP SIZE

The step size men{§HIFT] [9], allowsone tosetan arlitrary step sizdéor the ADJUST

[r ] and[s ] keysof a displayed parametesuch as frequency, phase, amplitude, etc.
The default step size is +1 at the blinking digdse the numeric keypad followed by a

units key to enter a specific step size. For exampa set the frequency step size to
25kHz, press [FREQ] [SHIFT] [9] followed by [2] [5] [kHZz].

NET

The NET menu, [SHIFT]s], enables the user to configure the TCP/IP based remote
interfaces (the IP address, subnet mask, and default router). To sesréme TCP/IP
parameters use the STATUS menu. Before connecting the instrument to your LAN,
check with your network administrator for the proper configuration of devices on your
network.

This menu is discussed in detail in theerface Configuratiorsection of theRemote
Programmingchapter starting on pa@?.

GPIB

The GPIB menu, [SHIFT] [4], enables the user to configure the GPIB remote interface.
This menu is discussed in detail in titerface Configuratiorsection of theRemote
Programmingchapter starting on pa?.

RS-232

The RS232 menuy [SHIFT] [5], enables the user to configure the-BR¥® remote
interface.This menu is discussed in detail in timterface Configuratiorsection of the
Remote Programminghapter starting on pa@s.

DATA

The DATA function [SHIFT] [6], enables the user to see the hexadecimal ASCII
characters received by the instrent from the most recently used remote interface. This
functionality is useful when trying to debug communication problems. Use the ADJUST
[r ] and [s ] keys to scroll through the data. The decimal point indicates the last
character received.
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INIT

Executing the INIT function, [SHIFT] [0] [ENTER], forces the instrument to default

settings. This is equivalent to a Recall 0 or executing the *RST remote command. See

Factory Default Settingsn page25f or a |

TIMEBASE

i st

of

t he

unit oés

The timebase menu, [$HT] [1] shows the intlled timebase. This can be the standard

ovenized crystal oscillator (OCXO) or an optional rubidium oscillator. These parameters

are summarized imable14

Table 14: Timebase Status Menu

Parameter Example Display Description
Oscillator 6 Os ¢c. o0 v e]Indicates which type of timebase is installg
Rb lock 60 Rb st abl |Ifarubidium timebase is installed, this itg
indicates if the rubidium has stabilized.
STATUS

The status menu, [SHIFT] [2], enables the user to view status information. The
instrument has four status menus: TCP/IP status, error status, instrument status, and self

test. Use the ADJUSTr ] and|[s ] keys to select the desired status. Then press the

SELECT[v ] and[w] keys to view each item of status.

TCP/IP Status

TCP/IP status contains status informationthe current IP configuration, summarized in

Tablel5.
Table 15: TCP/IP Status Menu
Parameter Example Display Description
Ethernetmac |6 Phy 00. 19 . b{This is the Ethernet mac addre
address assigned to this unit at tii@ctory.
Link status 6Connectedbd Indicates if the Ethernet hardwa
has established a link to ti
network.
IP address 61l P 192. 16 8. (Thecurrent|P address.
Subnetmask |6 net 255 . 255 | The current subnet mask.
Defaultrouter | atr1 92 . 16 8. 0. 1| The current default gateway ¢
router.

Error Status

The error status menu enables the user to view the number and cause of execution and
parsing errorsTable 16 summarizes the error status items. See seéioor Codeson
pagel26for a complee list of error codes.
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Table 16: Error Status Menu

Parameter Example Display Description

Error count OErr or c njlIndicates the number of errors detected.

Error code 6111 Par s|Provides the error number and descript
of the error.

When an error is generated the front panel error LED is turned on. The ERR LED
remains on until the status is interrogated, the unitisitialized using INIT, or the unit
receives the remote commar@LS.

Instrument Status

The instrumat status menu enables the user to view the instrument configuration
including reports rear panel options.

Table 17: Instrument Status Menu

Parameter Example Display Description

Serial Numberf 6 Ser i al 00 1 0 ] Unitserial number

Version 6Versi on 1. 0(Firmware version

Options 6 Op t4inaddn Indicates which options, if any, a
installed.

Self Test

The instrument self test runs a series of tests to check the operation of the unit. It tests
communication to various peripherals on the motherboard including the GPIB chip, the
PLL chips, the DDS chips, the octal DACs, the FPGA, and the serial EEPR®©Nbri$

are encountered, they will be reported on the fpartel display when detected. The
errors detected are stored in the instrument error buffer and may be accessed via the
error status menu after the self test completes. See sectmmCode®on pagel26for a
complete list of error codes.

LOCAL

When the unit is in remote mode, tiREM LED is highlighted and frorpanel
instrument control is disabled. Pressing the [ 3 ] (LOCAL) kegrables local front
panel controlNote that this is technically not a secondary function in that one does not
need to press [SHIFT] to activate it.

Factory Default Settings

The factory default settings are listed Tiable 18. Factory default settingsnay be
restoredoy power cycling the unit with the [BACKPACE] k¢ depressed. This forces

all instrument settings except for communication parameters to the factory defaults. It is
similar to the INIT secondary function and the *RST remote command, which also reset
the unit to factory default setting$lowever the Facty Resetalso performs these
additional actions:
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Resets *PSC to 1

Forces nonvolatile copies of *SRE and *ESE to 0.

Resets all stored settings from 1 to 9 back to default settings
Resets all stored filters to the default filter, a windowed sinc filter.

Resés all stored constellations to the default constellation, the QPSK
constellation.

6. Erases all downloadagserwaveforms and event marker files

a s wbdhe

Table 18: Factory Default Settings

Parameter Value Step Size

Display Frequency

Frequency 10 MHz 1Hz

Phase 0 Degrees 1 Degree

Amplitude (BNC, NTYPE) 0dBm 1dBm
0.224 \kys 0.1 Vrus
0.632 \bp 0.1 Vpp

Offset (BNC) oV 0.1V

Offset (I and Q) 0% 0.1%

RF PLL Filter Mode 1

Modulation On/Off Off

Modulation Type FM

ModulationFunction (AM/FM/PM) | Sine

Modulation Function (Sweep) Triangle

Modulation Function (Pulse/Blank) | Square

Modulation Function (1/Q) PRBS

Modulation Rate (AM/FM/PM) 1 kHz 1 kHz

Modulation Rate (Sweep) 100 Hz 10 Hz

Modulation Input Coupling DC

AM Depth 50 % 10 %

FM Deviation 1 kHz 1 kHz

PM Deviation 10 Degrees 10 Degrees

Sweep Deviation 1 MHz 1 MHz

AM RMS Noise Depth 10 % 10 %

FM RMS Noise Deviation 1 kHz 1 kHz

PM RMS Noise Deviation 10 Degrees 10 Degrees

Pulse/Blank Period 1000 €| 100 ¢s

Pulse/Blank Width 1 €5 0.1 e¢s

PRBS Length 9

PRBS Period 1 ¢s 0.1 e¢s

Symbol Rate (User waveforms) 100 kHz 1kHz
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The factory default settings of the various communications interfaces are listed in
Table19. The unit may be forced to assume its factory default communication settings
by power cycling the unit with the [NETJ)] key depressed.

Table 19: Factory Default Settings for Communications Parameters

Parameter Setting
RS-232 Enabled
RS-232 Baud Rate 115200
GPIB Enabled
GPIB Address 27
TCP/IP Enabled
DHCP Enabled
Auto-IP Enabled
Static IP Enabled
IP 0.0.0.0
Subnet Mask 0.0.0.0
Default Gateway 0.0.0.0
Bare(Raw) Socket Interface at TCP/| Enabled
port 5025

Telnet Interface at TCP/IP port 5024 | Enabled
VXI-11 Net Instrument Interface Enabled
Ethernet Speed 100 BaseTl
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Analog Modulation and Sweeps

Introduction

The SG390 series generators support two types of modulation: analog modulation and
vector modulation. Analog modulation refers to the modulation of a scalar parameter of
the carrier signal, such as amplitude, frequency, or phasgor modulation refers to

the modulation of the vector characteristics (amplitude and phase) of the carrier signal.
Vector modulation is implemented using I/Q modulation techniques.

This chapter describes the analog modulation abilities ofSItB890 seriegenegators.

The instruments areapableof AM, FM, G M frequencysweepsand pulsenodulation

The modulation waveform may be an internally generatedine wave squarewave
pulse,ramp,triangle,noise, oy maybe externally sourceda a rear panel BN@hput A

rear panel BNC connector outputs the modulation waveform with a full scale range of
+1.00V. The user may also download an arbitrary waveform and play it back through a
user selectable filter. Finally, unlike vector modulation, analog modulation e

at all carrier frequencies.

Configuring Analog Modulation

Five keys in the MODULATION and SELECT/ADJUST sections of the front panel are
used to configure signal modulatiofON/OFF], [MOD TYPE], [MOD FCN], [MOD
RATE], and [MOD DEV]. Sed-igure34.

g MODULATION mmy

Enable | gox

Mode O ANALOG @ VECTOR
Amplitude ® Av/ask @ QAM
Frequency QOFWFSK @ CPM
Phase ® OM/PSK @ vsB
Sweep @®sweer  QINT
Pulse/Blank @PUSE @EXT®

- -~

4 MOD b4 MOD b MOD MOD
TYPE FCN RATE —| DEV —|
b - J PERIODOrENBW  PULSEWIDTHor DUTY
\ /
' .
Modulation
Control

Figure 34: Front panel analogmodulation control

Signal modulation isgenerally configured from left to right in the following order:
modulation type, modulation function, modulation rate, and modulation deviatigs. Th
order of configuration is usually necessary, because the available options for
configuration often depend upon previaedections.
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Selecting Analog Modulation

Analog modilation is indicated when the ANALOG LED in the MODULATION
section ofthe front panel is highlighteddsFigure34). To configure analog modulation
press [MOD TYPE] ad the ADJUST{ ] and s ] keys to select the desired type of
modulation: AM, FM, PM, etc. Finally, press the SELEGT] [key, successively, until
the ANALOG LED is highlighted.

vop Il Modulation Type

TYPEI The [MOD TYPE] keyallows the selection afhich type of modulatiorwill be applied

to the synthesizéxr output The ADJUST | ] and [ ] keys are used to select the
desired modulation type artle current selection imdicated with an LEDAs noted
above, the SELECTV[] key must be pressed, successiyelytil the ANALOG LED is
highlighted to ensure that analog modulation is seledtee types ofinalogmodulation
availablear e A M, Swhkp, adPdise

s

vop I Modulation Function

FNC The [MOD FCN] keyselectsone of thevarious functionsused as themodulation
waveform The ADJUST][r ] and [ ] keys are used to select the desired modulation
function The current selectiowill be displayed irthe 7 segment display. The INT and
EXT LEDs indicate whether the signal source is internal or external exi@nnal signal
source is selected, it should be applied to the rear panel analog modulation input BNC.

s

Not all modulation types support all modulation functioiable 20 shows which
modulation types supporthich functions:

Table 20: Modulation Type vs. Function

. m [ =

Function | o 2| 5| 5 215 o

Type UE) % 3 = ) 8 g
= zZ =

AM / FM / V \ V V V V \
Sweep \ \ \ \Y \Y
Pulse Vv Vv V Vv
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voo I Modulation Rate

RATE|l The [MOD RATE] and [MOD DEV] keys are paired in operation and their parameters
depend upon the current modulation type and function settings.

i

Pressing [MOD RATE] displays the modulation rate associated with the current
modulation type For the standard (AM/FMVM) and sweep modulation types, this
parameter is the frequency of the applied modulation waveform. The allowable range
depends on both the type of modulation and the frequency selected.

For pulse modulation, thisskects the period of the putsehich modulate the carrier
The pulse periots settable in 5ns increments fronpd to 10 s.

[vop | Modulation Deviation
| PEV Il Pressing [MOD DEV] displays the deviationf the current modulation function

Depending on the madkation type, eitherte MOD DEV, AM DEPTH, WIDTH, or
DUTY FACTORIs displayed.

For AM modulation, theAM depthis displayed This indicateshe peak percentagef
the outputenvelopedeviation For example, if the amplitude is set to 3-¥nd theAM
DEPTHis set for 50%the amplitudeenvelopewnould sparfrom 0.5 Vto 1.5V.

For FM and sweepmodulations the deviationindicatesthe peak frequency excursion
applied to the carrier. For example, if the carrier is set tdViHt and the deviation is
set b 0.1 MHz, the carrier wilspanbetween MHz and 1.2MHz.

For G M modulation the deviationindicatesthe peak phase excursi@pplied to the
carrier.For example,fithe deviation s s et to 10A, t henwilt he ca
spant 10°.

For pulse/blankmodulation the deviationindicatesthe pulse widthor duty factorto be
changedThis parametemay be either a timefX ond for pulse orfit_offo for blank) or a

duty factor.For example, for a 1 us pulse period, a width of 500 ns or a duty factor of
50% would be equivalent, and result in the output being on for 50% ofjthpelriod.

[on )| Modulation On/Off
| OFF §l Finally, the [ON/OFF] key toggles the modulation and off. The current statés

indicated by theON/OFF LEDs.Make sure that modulation @&ff if you want a CW
(unmodulated) output &m the signal generator. If the signal generator ever manifests
i unex p eéahdavierdcheck the modulation statusvModulation may hee been
unintentionallyenabled.
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Modulation Sources

Thei n st r umodulgion@apabilities includédoth internal and externahodulation
sources. The modulating waveform is replicated on tharrmeanel Analog Modulation
OQutput BNC

Linear Modulation

For AM / FM |/ Swebp the anodllation sourcean be either the internal
generator or the reganelexternal modulation input.

The internal modulation source is capable of generating samaps, triangularor
square wavesat frequenciesf up to D0 kHz.The instrument limits the modulatioate
to 50 kHz for carriefrequencies above 62MHz (93.75MHz for theSG39§.

The rearpanel external modulation input supports bandwidths of 500 kHz, but the
modulation bandwidth is limited to 100 kHz faf greater than 62.5 MH®3.75MHz

for the SG39§. The sensitivity is sesuch that a 1 V signal results in a full scale
deviation (depthy n t he output. F the dewatiom mspsét éor 109, n 0 M,
applying 1V produces 4 10° shift; applying 0/ produces no shift; and applying ¥1

produces &10° shift.

When modulations enabled using an internal sourtiee rar panelmodulation output
will provide a waveform of the selected function witlfull scale range of V. When
external modulation iselectediie modulation outputacksthe applied signal

Pulse Modulation

There argwo modes of pulse modulation: pulse andnk. The mode is shown in the
main display and is selected with tABJUST[r ] and [ ] keysafter [MOD TYPE] is

pressed.
In pulsemo d e , the RF signal is turned Aono by t|
applied signal. Irblank mo d e , the RF signal is turned nAoff

or externally applied signal.

Theinternalpulse modulatiorsource isadigital wavefomwh os e peri od and fAon
is settable from Jus to 10s with 5ns of adjustability. The period of the digital

waveformis set via thdMOD RATE]k ey . The Apulsenod & meon( fdof f o ti
(for blank mode) is set via theMOD DEV] keys.

When anexternal input is selectetie rear panel external modulation input is set for a
threshold of 1V. The resulting signal is used in place of the internal source.

In pulse andblank modes the modulatioroutput is &.3 V logic signalwhich tracks the
pulsewaveform.
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Linear Noise Modulation

For AM, FM andU M the noise source is pseudo randmditive white Gaussiamoise
(AWGN). The bandwidth of the noise is set llye [MOD RATE] and the RMS
deviationis set by the [MOD DEV]

The peak deviation will be about five times the set RMS devialfibis. forces limits on
the maximum allowed dviation corresponding to one fifth ofhe nonnoise
counterparts. For example, atcarrier frequency of 500 MHz the maximum FM
deviation for a me wave function is limited to 4 MHzand so the maximumdeviation
for noise modulatiots limited to 800 kHz.

For linear modulation, the rear panel output will provide 200:g\that will be band
limited to the selectethodulationrate Again, the peak eviation will be five times this,
or £1Vpp

Pulse Noise Modulation

For pulse modulation, the noise source is a PseRandom Bnary SequencéPRBS)
The bit period is set by th&lOD RATE]. The PRBS supports bit lengths 3t for
50n 032 which correspond t@ noise periodicity from31to 4,294967,295 periods
The bit length n isdjusted by pressing the SELEGT][and w] keys.

During pulse PRBS modulation, the rear panel output will B & pp waveform with a
duty factorequal to 22/ 2** (approximately 50 %).

User Arbitrary Waveform Modulation

User arbitrary waveforms may be downloaded to the instrument over the remote
interfaces into on board SRAM. Once downloaded the waveform may be saved into on
board FLASH if desired. Waveformstored in SRAM or FLASH may be selected as
possible modulation sources from the front panel interface. Press [MOD FCN] and use
the ADJUST [r ] and g ] keys to select the desired wavefor§ee chapteArbitrary
Waveform Generatiostarting on pagé5 for details on creating user waveforms.

Modulation Output

A rear panel BNC provides a copy of the modulation function with/#ull scale
range. This output will be a sine, ramp, triangleuare wave, pulse or noise depending
on the selected internal modulation function.

When an external source is applied to the modulation input it will be bandwidth limited,
digitized, and reproduced at the modulation output. The transfer function has a
bandwidth of about MHz and a latency of about 958.

The modulation output is a useful source even when the RF capabilities of the
instrument are not required. The sine output is exceptionally clean, with drespur
dynamic range typically better thaBOdBc. It can be used as a pulse getoeravith

5ns timing resolutionor a PRBS generatolt is a very convenient noise source, with
adjustable ENBW from luHz to 500kHz.

The modulation output has a 0 sour c e i mpedance (ttoms reve
from the usero6s | oad) but th¥. output shou
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Amplitude Modulation

The amplitude modulaton can use eithethe internal modulation generatoror an
externalsource Theinternalmodulabr cangenerat sine, ramp, triangle, squamgise
or usewaveforms

Setting up Analog Amplitude Modulation:

[ MOD
TYPE

[ MOD
FNC
[ MoD
RATE

[ MoD
DEV

[ on/
OFF

Modulation Type

Presstie [MOD TYPE] keyand useéhe ADJUST[r ]and [ ] keysto selectAM. Press
the SELECT ¥ ] key, successively, until the ANALOGED in the MODULATION
section of the front panel is highlighted.

Modulation Function

Pressite [MOD FCN] keyand use th&DJUST|[r ] and [s ] keys to select the desired
modulation functionsine ramp, triangle, square, noise, userexterna.

Modulation Rate

For internally generated modulation functionsegsing [MOD RATE] displays the
modulation rate and turns dhe MOD RATE LED. The value may be set using the
SELECT/ADJUST arrow keys or via anumeric entryand one of the [MHz] [kHz] or
[Hz] unit keys

Internal modulatiorsupportsratesof 50 kHz for f;>62.5MHz (93.75MHz for the
SG396)or 500 kHzfor f, O62.5MHz (93.75MHz for the SG396)with 1 pHz of
resolution

External modulation supports bandwidtisl60 kHz.

Modulation Depth

PresgMOD DEV] to displayandsetthe AM modulationdepth The depthmay be set
using the numeric keypadand the [%] unit key, or via the SELECT/ADJUST arrow
keys.The depth mayangefrom zero t0100% with 0.1 % resolution

A modulation depth oK percent will modulate the amplitudes kyX percent. As an
example, if the amplitude is set for 224 g (0 dBm), with a modulation depth of
50%, the resulting envelope would travetd®to 336 mVgys.

NOTE: The outputsare limited to 1Vgys (+13 dBm). If the modulation is increased
such that the peak envelope would exceed this limit, the amplitude vallitbenatically
reduced, and the screen will momentarily displaytput reducedl

Modulation On/Off
Presghe [ON/OFF] keyto turn the modulatioon.
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Amplitude Modulation Example

Figure 35 shown below is a 20kHz carrier, withan amplitude of IVepi Nt o0 50 Y,
amplitude mdulated by an internally generated sine wave. The modulation ratéHiz 1
and the modulation depth is 100%.

Two traces are showlpelow. Theupper trace is th& kHz modulation waveform from
the rear panehnalog Modulation OutpuBNC, offset up two diviens. The lower trace
is the modulated carrier (from the front panel BNC output), offset down one division.
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Figure 35: Amplitude modulation of a 20kHz carrier

Frequency Modulation

The internal modulation generatoror an externalsourcemay be usedo modulate the
frequency outputs from the front panel Bl@dType Noutpus. Theinternalmodulator
cangeneratesine, ramp, triangle, squamiseor usemwaveforms

During FM, the output frequency traversekst MOD DEV at the specifiedOD
RATE. For example, if the frequency is set for 1000 MHz (1 GHz), and the modulation
rate and deviation are set for Bdz and 1 MHz, respectively, then the output will
traverse from 1000 MHz, up to 1001 MHz, down to 999 MHz, and @m&k®0 MHz at

a rate of 1kHz (a period of 10@s).

The FM modulation parameters are dependent upon the frequency SebireR1 and
Table 22 list the FM parameters as a function of frequerdy frequency bands span
octaves except for the first banthe internal FM rates correspond to the upper range
that the internal funabh generator supports. The external bandwidttiefined aghe

1 3B response referenced to the external modulation source. For theZo@an@lsthe
rates and bandwidths are similatowever, he deviatbn increasedy a factor of two
from 1 to 64 MHzfor octaves2 through8.
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The first bandhas unique FM capabilities in that it allows setting the deviation of the
carrier frequency to the nearest band edf¢he carrier is set on the upper edge of
62.5MHz, the deviation is allowed to be set to 1.5 M{z% of fc). This range also
supports a wider internal rate and bandwidth of 500 kHz.

For example, if the frequency is set for 100 kHz, the deviation may be set from zero
to 100kHz.

Table 21: FM Modulation vs. Frequency for SG392and SG394

Frequency Range Internal FM _ External FM Bandwidth EM Deviation
Rate. 1uHz to: | DC (or 4 Hz for AC) to:
DC U 62.5MHz 500kHz 500kHz Smaller of ¢
or 64MHz-f
62.5MHz U 126.5625 MHz|  50kHz 100kHz 1 MHz
126.5625 MHzU 253.125 MHz 50 kHz 100kHz 2 MHz
253.125 MHzU 506.25 MHz 50 kHz 100kHz 4 MHz
506.25 MHzU 1.0125 GHz 50 kHz 100kHz 8 MHz
1.0125 GHzU 2.025 GHz 50 kHz 100kHz 16 MHz
2.025 GHZU 4.050 GHZSG399 50 kHz 100kHz 32 MHz
Table 22: FM Modulation vs. Frequency for SG396
Frequency Range Internal FM _ External FM Bandwidth EM Deviation
Rate. 1uHz to: | DC (or 4 Hz for AC) to:
DC U 93.75MHz 500kHz 500kHz Smaller of ¢
or 96 MHz-f,
93.75MHz U 189.84375VHz 50kHz 100kHz 1 MHz
189.84378VIHz U 379.6875MHz 50kHz 100kHz 2 MHz
379.6875MHz U 759.375MHz 50kHz 100kHz 4 MHz
759.375MHz U 1.51875GHz 50kHz 100kHz 8 MHz
1.51875GHz U 3.0375GHz 50kHz 100kHz 16 MHz
3.0375GHz U 6.075GHz 50kHz 100kHz 32MHz
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Setting up Frequency Modulation:

MOD i Modulation Type

TYPE
Presstie [MOD TYPE] keyand usehe ADJUST[r ]and f ] keys to select M. Press
the SELECT ¥ ] key, successively, until the ANALOG LED in the MODULATION
section of the front panel is highlighted.

s

vop Il Modulation Function

FNC Pressthie [MOD FCN] keyand use thé&DJUST[r ] and [ ] keys to select the desired
modulation functionsine, ramp, triangle, square, noise, user, or external.

vop I Modulation Rate
RATE

Pressf]MOD RATE] to displaythe modulation rate.The value may be set using the
SELECT/ADJUST arrow keys or viaraumeric entryandone of the [MHz] [kHz] or
[Hz] unit keys

H

Internal modulatiorsuppors ratesof 50 kHz for f;>62.5MHz (93.75MHz for the
SG39§ or 500 kHzfor f. 062.5 MHz (93.75MHz for the SG39¢, with 1 puHz of
resolution

External modulation supports bandwidths of 100 kHz.

[mop [l Modulation Deviation
, CEY PressfMOD DEV] to display and setthe FM deviation The deviation may be set by

using the numeric keypad followed by one of the unit kéyB1z], [kHz], or [Hz].
Alternatively,the SELECT/ADJUSTarrow keysmay be used

The deviation haa rangethat is dependent orarrier frequency band.here are seven
octaves above thewestfrequencyrangeof DC to 62.5 MHz The firstoctave(62.5to

125 MHz) supports deviation of 1 MHz, with each succeeding octave doubling the
deviation, thus achieving32 MHz of deviationat the2 to 4 GHz octave

NOTE: If the frequency ishangedthe deviatiormay beadjusted as necessary to
maintain limisimposed by the new frequency setting.

[on/ I Modulation On/Off
. Ol Presshie [ON/OFF] keyto turn the modulatioon.
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Frequency Modulation Example

Figure 36 shown below isa 2MHz carrier being frequency modulated by a k6l
square wave with a MHz deviation.In this example of Frequency Shift Keying (FSK)
thecarrier frequency is being rapidly switched betweénHz and 3MHz.

The top trace is from the rear pandbdulation OutpuBNC which shows the 10kHz
modulating waveform. The middle trace is the front panel BNC output, whose amplitude
was set to ¥pp The bottom trace is from the front parnEype N output, whose
amplitude was set to\2pp.

)il BN s e v
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Figure 36: FSK Modulation

Phase Modulation

The phasanodulation can use eithéne internal modulationgeneratoror an external
source The internalmodulator cargeneratesine, triangle ramp square noise or user
waveforms

The phase of the output travergbs specifieddeviation at the modulationrate For

examplewith afrequencyof 1000 MHz (1 GHz)andmodulation rate andeviation set
to 10kHz and 45 degrees, respectivetiie output will be a fixed frequency wiits

phase traversing 45 degrees at a 10 kHate
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Setting up Phase Modulation:

MOD i Modulation Type

TYPE
Presstie [MOD TYPE] keyandusethe ADJUST[r Jand] keys MoPressel ect
the SELECT ¥ ] key, successively, until the ANALOG LED in the MODULATION
section of the front panel is highlighted.

s

vop Il Modulation Function

FNC Pressthie [MOD FCN] keyand use thé&DJUST[r ] and [ ] keys to select the desired
modulation functionsine, ramp, triangle, square, noise, user, or external.

vop Il Modulation Rate

RATE Pressf]MOD RATE] to display the modulation rat&he value may be set using the
SELECT/ADJUSTarrow keysor via the numerickeypadandone of thgMHz], [kHz],
or [Hz] unit keys

vop Il Modulation Deviation
DEV

E R F

PressfMOD DEV] to display and setthe FM deviation The deviationmay be setby
usingthe numerickeypadandthe [DEG]unit key, or via the SELECT/ADJUST arrow
keys.

The phasaleviationresolution depersion the frequency setting. For frequencies below
100MHz, the phaseéeviationresolution is 0.01°For frequencies between 18Hz and
1 GHz theresolution is reduced to 0.1&ndis 1° for frequencies aboveG@Hz.

For f. 062.5 MHz (93.75MHz for the SG39§ the accuracy ofhe phase deviation is
0.1%. For f.> 62.5MHz (93.75MHz for theSG39§ the accuracy is reduced t&a

on/ I Modulation On/Off
OFF Presshie [ON/OFF] keyto turn the modulatioon.

[z

Phase Modulation Example

Figure 37 shown below is the frequency spectrumao® dBm, 50 MHz carrie, being
phase modulated by a 10kHz sine with a deviation of 137.78° Here, the
modul at i orphase dewiatior 1B7.78 x2 /360° =2.40477radians For
phase modulation by a sindetcarrier amplitué is proportiona to the Bessé function
Jo(Bb), which hasits first zero at 2.40477 which suppresses the carri@r below
-88dB.
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Ref 0.08 dBm Spectrum Mkr #1: 50, B00000MHz
10, B -88.85dBm
dB/

Trig MW”JWJMS&'MWM

W1
Free

CF 58,0006 MHz Span 200,008 kHz
Fes BH S060. 888 Hz Foints 2187

Figure 37: Spectrum of PhaseModulated 50 MHz Carrier

Pulse and Blank Modulation

Pulse modulation includes boplulseandblank modulationof the front panel BNC and
Type Noutputs Pulse and blank modulaticane logical complements of each otber

pulse modulation enables the output when the pulsefaan is fitrued, while blank

modulation disables the output The functions supported amguare noise (Pseudo
Random Binary Sequenée PRBS) user,andexternal

For internalsquarewave function thénstrumenthas a 32bit timing generator clocked
by a 200 MHz source. This allows the periodh® setfrom 1 pusto 10 s with 5ns
resolution The pulse duration can then be set from 100 ns up téulhperiod (less
100ng). The internal generated pulseaveform is available at the rear panel
Modulation Output BNC

For pulse (blank) modulation, the output is turned on (off) when the source lisgat
high.

Setting up Pulse Modulation:

MOD
TYPE

MOD
FNC

EH

Modulation Type

Presshe [MOD TYPE] keyand usehe ADJUST [r ] and [s ] keys to select pulse or
blank modulation.

Modulation Function

Pressthie [MOD FCN] keyand use thé&DJUST[r ] and [ ] keys to select the desired
modulation functionpulse, noise, user, external.lf external, then CMOS logic levels
applied to the rear panel modulation input control the pulse or blanking of the outputs
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vop Il Pulse Period

RATEll pres§MOD RATE] to displaythe pulse modulation periofbr the internal sourcélhe
period may be setby usingthe numerickeypad followed by one of the unit keys: [ns],
[us], or [ms]. Alternatively,the SELECT/ADJUST arrow keysmay be used. The
period may be set with s resolution.

.

vop || Pulse Width or Duty Factor

DEV Press[MOD DEV] to display and set the pulse width or duty factorof the internal
source The value may be setusing numerickeypad followed by one of the unit keys:
[ns], [us], or [ms] (for pulse width)or [%] (for duty factor)

on/ | Modulation On/Off
OFF Presshie [ON/OFF] keyto turn the modulatioon.

g [z

Pulse Modulation Example

Figure 38 shows the front panel BNC andlype Noutputs for a pulse modulated carrier
frequency of 50MHz. The internal pulse modulator was set f@slperiod, with a 30@s
pulse width(or a 30% duty ycle).

The output amplitudes were set td/g- into 50V . The top trace is
Modulation Outpussignal. The middle trace is the BNC output. The bottom trace is the
Type N output. Both traces show about 5§ latency in their response to theiggat

signal. TheType Noutput also shows some gate feébdugh at the leading edge if the

signal.

DI R D) - T e | - BT~ ) o
— .

ML LU
Y]

E0 == G | e S e 0 e | =

Figure 38 Pulse modulated 50MHz carrier
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Phase Continuous Frequency Sweeps

Frequency sweeps allow the traving of an entirefrequency band The sweep
modulationfunctionmay be sing triangle ramp user oran externakource Swesprates

of up to 120 Hz and sweep rangesm 10 Hz up to an entire frequency band are
supported with resolutiaof 1 pHz.

Frequency sweeps canteg r e t he instrumentés RF VCO to
octave. For the sweep to be phase continuous
during the sweep. This is why the maximum sweep rate is limited téi22Md why the

frequency slew rate is intermallimited for the ramp function. The slew rate of external

modulation sources should also be limited if a phase continuous sweep is required.

TheRF Synthesizerbaveeight frequency bands as showriliables below:

Table 23. SweepFrequency Bandsfor the SG392and SG394

Band Frequency

1 DCt 64 MHz

2 59.375t 128.125MHz

3 118.75t 256.25MHz

4 237.5t 512.5MHz

5 475+ 1025MHz

6 950+ 2050MHz
7(SG399 1900+ 4100MHz

Table 24: Sweep Frequency Bands for th&6G396

Band Frequency
1 DCt+ 96 MHz

89.0625

192.1879MHz

178.125

384.375MHz

356.25t

768.75MHz

712.5

1537.5MHz

14254

3075MHz

~N (OO WI(N

28504

6150MHz
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Setting up Frequency Sweeps:

MOD

rveell Modulation Type

Press hte [MOD TYPE] keyand usethe ADJUST [r ] and [s ] keys to select sweep
modulation.

0 Modulation Function

FNC Pressthie [MOD FCN] keyand use thé&DJUST[r ] and [ ] keys to select the desired
modulation functionsine, ramptriangle, user, or external.

Py Sweep Rate

RATE|l Press[MOD RATE] to display the modulationrate. This value may be set using the
SELECT/ADJUST arrow keys or viaumerickeypadfollowed bya unit key. Therate
may besetfrom 1 yHzto 120 Hzwith aresolutionof 1 uHz

vobll Sweep Deviation

DEV Pres§MOD DEV] to displayandsetto the sweepdeviation The valuemay besetusing
numerickeypad followed by a unkey, or via the SELECT/ADJUSTarrow keys.The
deviation may be set to sweap entire band or any pattiereof Refer toTable23 and
Table24 for details @ frequency band limits.

] [ [ [

onv/ || Modulation On/Off
OFF Presstie [ON/OFF] keyto turn the modulatioon.

5
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Vector Modulation

Introduction

The SG390 series generators support two types of modulatahog modulation and
vector modulation. Analog modulation refers to the modulation of a scalar parameter of
the carrier signal, such as amplitude, frequency, or phase. Vector modulation refers to
the modulation of the vector characteristics (amplituderase) of the carrier signal.
Vector modulation is implemented usingr-phaséQuadrature (1/Q) modulation
techniques.

This chapter describes the vector modulation abilities of the SG390 series generators.
The SG390 series includes standard support formé@ulationon RF carriers between
400MHz and 6.07535Hz. In addition, they feature a dual, arbitrary waveform generator
operating at 125MHz for baseband signal generation. The generator has bujport

for the most common vector modulation schemeS:KA, QPSK, DQPSK,
8PSK, FSK, CPM. QAM (4 to 256), 8VSB, and 16VSB. It also includes-tvugitipport

for all the standard pulse shaping filters used in digital communications: raised cosine,
root-raised cosine, Gaussian, rectangular, triangated, more. Lastly, it provides direct
support for the controlled injection of additive white Gaussian noise (AWGN) into the
signal path.

The baseband generator supports the playback of pure digital data. It automatically maps
digital symbols into a selectd constellation at symbol rates of up taviéiz and

passes the result through the selected pulse shaping filter to generate a final waveform
updated in real time at 128Hz. This baseband signal is then modulated onto an RF
carrier using standard 1Q modiibn techniques.

This architecture leads to a greatly simplified and productive user experience. PRBS
data and simple patterns can be played back directly from the front panekoffaae

filter bandwidth versus power efficiency can be explored froenftbnt panel in real

time without the need to download complex new waveforms each time. Likewise, the
degradation of a signal bgdditive white Gaussian nois@WGN) can be easily
manipulated from the front panel.

Although not directly configurable fromhé front panel, the SG390 series generators
also support the generation of time domain, multiple access (TDMA) signals and event
markers. Event markers enable the user to mark events during the playback of a
waveform, such as the start of a frame, or &wlithin a frame. Three regranel BNC
outputs tied to these events may be programmed to pulse high or low for an arbitrary
number of symbols in order to synchronize other instrumentation with the event. Any
one of these event markers may be selected mtralothe RF power of the output,
thereby creating an RF burst useful for implementing TDMA signals. The RF burst
follows a raised cosine profile with a ramp rate that can be configured to be 1, 2, 4, or 8
symbols wide.

Naturally, the SG390 series instruments can be extended by the user if desired by
downloading and storing up to ten custom constellations, filters, and waveforms each.
Complex constellations involving rotating coordinate systems, or differential encoding
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are supported directly. Filters with up to 24 symbols of memory are supported. 2MB of
flash is available for waveform storage and playback. Due to the fact that the SG390
performs the symbol mapping and pulse shaping in real time, this is enough space to
store 2 MSym of QAM 256 data or 16 MSym of 1 bit FSK data. Foib# @SM-EDGE
waveform running at 270.833 kSym/s this is enough storage for oveec?dds of
playback data which is updated at MBlz. Playing back such a waveform using raw
16-bit values br | and Q at 1281Hz would require more than 9 GB of storage.

SG390 series generators come with a number of modulation presets for demonstrating
the various modulation capabilities of the instrument. Sample modulation waveforms
and setups are includedrfaommunications standards such as NADC, PDC, DECT,
APCO Project 25, TETRA, GSM, GSHEDGE, and WCDMA.

Finally, the ear panel BNC-Q modulation inputs and outpuesiable arbitrary vector
modulation via an external source. Texternal signal path suppsr300MHz of RF
bandwidthwith a full scale range af0.5V anda50Y inputimpedance.

A Primer on Digital Communications

Communications refers to the transmission of information from one entity to another.

The information may be a pefomwwopespleinthece, a p
same room, communication is very natural. They can speak directly to eactpother,

to a printed picture, or exchange books for reading. In many cases, however, it is
desirable to communicate Wwitpeople who are very far away, for which direct
communication is impossibldn this case, one needs a different medium to enable
communcation.

In the preindustrialized world, people learned to communicate ovederate distances

usingflagsors moke signal s. I n todayés worl d, howe v
accomplished by encoding information onto an electrical sigmddich can be

transmitted over very long distances at close to the speed of lightlddtdcal signal is

usually an RF carrier and the information is encoded by modulating or altering the

carrier in some way. The modulations are usually one of three types: waplit

frequency, or phase.

In most cases, the information being transmitted is an analog signal. The acoustic
vi brati ons f r ¢forinstangeegan lseacondeged wto ancelkectrical signal
with the use of a microphone. The resulting electrigial is an analog signalvhich

may be easily converted back into voice with an amplifier and a speaker. In traditional
analog communications, the analog sigtegIf is used to modulate the RF directlg.

FM radio, for example, the amplified analog e®isignal from the microphone is used to
modulate the frequency of the RF carrier directly. The primary advantage of such a
scheme is its simplicity and affordability. Receivers were fairly easy to design and cheap
to produce.The disadvantage of analognemunication is that it is wastefalf power

and bandwidth, and susceptible to degradation by noise.

Digital communications refers to the transmission of digital data or nuphbstsad of

analog signalsAnalog signals can be converted into digital datdh whe use of an
analog to digital converter (ADC). The ADC measures the analog signal at an instant
time and assigns a number to it. Big signals are assigned big numbers and small signals
are assigned small numbers. The AB&nples the size of the do@ signaleveryfew
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microseconds and assigns a numreportional to the size of the signal at each instant.
In this way, an analog signal is ultimately converted intequencef numbers.

Digital data maythenbe converted back into analog signalshwilie use of a digital to
analog converter (DAC). A DAC takes a number and converts it into a voltage
proportional to the numbé&rsmall numbers produce small voltages, and large numbers
produce large voltages. By updating the number in the DAC degrymicroseconds

with the sequence of numbers produced by the ADC, the original analog signal may be
reproduced.

Constellations

One important characteristic of digital signals that distinguishesn from analog
signals is thathey arequantizedand boundedNormally, digital signals are represented
as binary sequences of finiength A 1-bit (binary) signal has only two states: 0 or 1. A
2-bit signal is represented with two binafigits in sequence and, thus, has 4 states: 00,
01, 10, and 11. A-Bit signd will have 8 states. An Mit signal will have Y states.

The transmission of digital data is straight forward. Like analog communication,
information is encoded in a modulation of the amplitude, frequency, or phaseRF
carrier. However, unlike analocommunications, only a finite humber of modulated
states are allowed. In binaphase shift key (BPSKnodulation, for example, only two
phasesre allowedThese are usually chosen to be 0 and 18@&phaserepresents a 0
and the other represents a Similarly, in quadrature phase shift key (QPSK)
modulation, only 4 phases are allowed. These are usually chober46° and +135°.
Each of the four phases is associated with a uniepietdnary sequence: 00, 01, ©©

11.

The set of allowed phasesdatheir mapping to binary sequences constitutes a digital
constellation.The constellation may be succinctly represented in a polar diagjréme
I/Q planeidentifying the allowed states and their mappiggeFigure 39.

BPSK Constellation QPSK Constellation

01 00

11 10

Figure 39: Example modulation constellations for BPSK and QPSK.

A vector signal generator can modulate both the amplitude and the phase of an RF
carrier, simultaneously. T&i enables many more options for defining symbol
constellations. In quadrature amplitude modulation (QAM), both the amplitude and
phase of the allowed states are defined, usually in a rectangular array as shown in
Figure4O0.

MSRS Stanford Research Systems SG390 Series RF Signal Generato



Vector Modulation 48

QAM 16 Constellation

0011 0010 0001 0000
[ ] L] L J L]

0111 0110 0101 0100
L] . L] .

1011 1010 1001 1000
L] [ ] L] L]

1111 1110 1101 1100
L] [ ] L J L]

Figure 40: Example QAM constellation.

Gray Code

It is important to recognize that the mapping from symbol to constellation point is
completely arbitrary and at thdiscretion of the communications protocol designer.
Usually, some form of Gray coding is utilized in order to minimize the possible
transmission of mukbit errors. A Gray code mapping has the property that all nearest
neighbor constellation points diffén code by at most 1 bitThe example QPSK
constellation inFigure 39 satisfies this property, but the example QAM 16 constellation
in Figure40 does not. For the QPSK constellation, the nearest neighbors to 00 are 01
and 10. Both of these transitions involve a single bit transition. This property holds true
for all the QPSK constlation points.In contrast, point 000lin the QAM 16
constellationof Figure40 includes the nearest neighbor point 00dMich involves two
simultaneous bit trantgons, violating the basic property of Gray codes

Gray code helps to reduce the accidental transmission of-lpituléirrors, thereby
increasing the effectiveness of any error correction measures included in the
communications protocolJnfortunately, Grg code mappings are not unigudor is

there anyagreement on a standard mapping. Each protochidesits own unigqueGray

code mapping. As such the SG390 series generators use the simple mapping scheme
shown in the examples and leave it to the usentmde their data to match the mapping
scheme of the protocol they are using.

Susceptibility to Noise

As mentioned earlier, digital constellations havéniée number of allowed states. A
BPSK constellation for instance,has only two allowed states: 0° and 180°. This
property greatly enhances the robustness of digital communications in the face of noise.
Since a BPSK constellation contains only two allowed states, any transmission which
includes a deviation from these tvatates must be the result of noise. If the noise
deviations are smallthe receiver can recover the actual transmission with%d00
accuracy by assuming theearest Bowed constellation pointwas the intended
transmissionThis is in stark contrast to dnpg communications, where any noisethe
bandwidth of the channetill degrade the fidelity of the transmitted signal. Digital
transmissions suffer no degradation until tredse becomesso great that the nearest
neighborprinciple is not always true. En then,errors can often be corrected by the
receiver if the protocol makes use of Gray code and sufficient redundancy has been built
into the transmission.

Pulse Shaping Filters

Up to now, we have emphasized the fact that digital constellations havieeanfimber
of allowed states, but we have not discussed how the signal transitions from one allowed
state to the next. The simplest method would be to jump as quickly as possible from
state tostate Although simple, this method turns out lbe undesirald in most cases
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because it creates spurious energy at large offsets from c@higis important because

the RF spectrum is a limited resource that has to be shared by many people
cooperatively at the same time. Lots of people are trying to transtaisuaultaneously.
Without cooperation, all these transmissions would interfere with one another and
nobody would be able mommunicate.

One of the most common means of sharing the RF spectrum is with frequency division
multiple access (FDMA). In this seime the RF spectrum is divided into many small
frequencybands Each user is assigned one band and may transmit at will as long as
their transmission is confined to their assigned bdhdhis basic rule is obeyed,
everyone can communicatesimultaneously without interference. Unfortunately
transmissions whicjump from symbol to symbol as quickly as possible invariably
violate this rule. Thus, almost all communication protocols stipulate pulse shaping filters
to overcome this problem

Pulse shaping filteréimit the bandwidth of a digital transmission lepnverting the
sharp transitions into gradual transitions with much lower bandwidth. They are
essentially low pass filters, which filter out all the high frequency components of the
sharp transitions.

Intersymbol Interference

Pulse shaping filters fix the frequency domain problems by filtering out the high
frequency components that would interfere with neighboring usefertunately,they
introduce anew problemin the time domain intersymbol interferenc€lSI). The
problem can be understood by observing the impulse mespaf the pulse shaping filter
as a function of timeGenerally speaking, pulse shaping filters with low bandwidth have
long response times. Conversely, filters with relatively himdwidth have short
response times. Low bandwidth is good, but long response times create a problem.

A digital communications receiver must make a decision abguth symbol was
transmittedafter every symbol period. The decision is usually made whenmelse
response for that symbol is at its pedktersymbol interference occurs when the
response of adjacent symbols interferes with the response of the current ayitmol
moment thedecision is made.

Impulse Responses for Adjacent Symbols
1 -

1 2 3 4
Time in Symbol Periods

Figure 41: Impulse regponses showing intersymbol interference

_ 1¢SRS Stanford Research Systems SG390 Series RF Signal Generato



Vector Modulation 50

Figure41 shows the impulse responses of three symbols superimposed on each other. At
time t=0, the receiver must decide ish symbol was transmitted. Notice that the
responses from both the previous symbol and succeeding symbols are nonzero. The full
response at time=0 is the superposition of all three respon3dg residual responses

of the adjacent symbolwill add or subtract to thesymbol under question, thus,
interfering with the decision about what was transmitted.

Common Filters

Threedifferent pulse shapinfilters are commonly used in digital communications: the
raised cosine filter, the roofised cosine filterand the Gaussian filter. Each addresses
the problem of ISI differently.

Raised Cosine Filter

The first strategy for dealing with ISI is to remove it with a cleverly designed filter that
has zero intersymbol interference. The raised cosine filter mestriterion. It is
defined by the following frequency response:

. oL . p |

1y Y\ o

.y, . vy | $Q| Y |

v~ oo oo Y P ~ P . p

iic P - 88 v °

Iy R p |
wher e f is the frequency, T is the symbol p
controling thee x cess bandwi dt h =df thetfillkereapprokirhates a . Wh e n

bri ck wa £1.0theWterdhas 1086 excess bandwidth over the brick wall filter,
i.e. it is twice as wide.

The impulse response of the raised cosine filter is given by
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Qo IQOO,,——Y‘
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wher e si nc( x Figured2shows(the impuls€ respgnse of the raised cosine
filtexl.f00.®), =88.8btlice that as U is reduced
lasts longer and extends over many symbols. Normally, this behavior would cause
intersymbol interferencedowever, the sinc(x) function in the impulse response of the

raised cosine filter has the importanoperty that it goes to zero at all integer values of

x except O where it is 1.0. This is what leads to zero intersymbol interfer&nuet

showing the impulse response of adjacent symbols should make this clear.
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Raised Cosine Impulse Response
1

4 3 2%= ) 152 3 4

. -0.5- )
Time in Symbol Periods

Figure 42. Raised cosine impulse response

Figure43 shows the impulse responses of adjacent symbols for a raised cosine filter with
U= 0.3.Notice that the impulse responsafsall adjacent symbols goes to zero atQt

when the receiver makes its decision. Thus, even though the full response lasts for about
8 symbol periods, the response of neighboring symbols is always zero at the moment a

decision is being made.

Adjacent Raised Cosine Impulse Responses

. -05- )
Time in Symbol Periods

Figure43 Rai sed c o s i pubseré¢gdnses shdwirl) yeroilSh

Root-Raised Cosine Filter

The rootraised cosine filter is perhaps the most common pulse shaping fiker. It
frequency response is given by the square root of theda@iosine filter.

0 Q $0°Qs

The impulse response of the rgatsed cosine filter is given by
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oL U
v P v

where all parameters have the same definitioriis teeraised cosine filter.

Root Raised Cosine Impulse Response
15

. 05 - .
Time in Symbol Periods

Figure 44: Root-raised cosine impulse response.

Figure 44 shows the impulse response of thema i sed cosih.e0=D50ter for
a n d=08. The response is qualitatively similar to the raised cosine response, but it

does not generally have zero ISI. Howewascadingwo such filtergogethercreaes a

raised cosine filter which does have zero ISI. Thus, many communication protocols

stipulate that both the transmitter and the receiver userasad cosine filters. The
transmitterdéds filter | imits toprevenadjacemtwi dt h of
channel interference T h e r e c enprevesrsignal recavdryt bg further filtering

out noise in the communicatié channel. Finally, the two filters in combination

produce a raised cosine response which does have zero ISI.

Gaussian Filter

The last strategy for dealing with intersymbol interference is to accept it, but limit its
reach to just the nearest neighboring symbols in tifhe. Gaussian filter is a common
choice here because it has no ringiray short durationand relatively compact
bandwidth.lt is created by convolving a rectangular filter with a Gaussian.

(T TR ks

where T is the symbol peripd(t) is a Gaussiamandrect(t/T) is defined by
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The Gaussian(t) is givenby
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BT is the 3dB bandwidths y mb o | time product, a di mensi

raised cosine filters that controls the bandwidth of the filter.

Gaussian Impulse Response

e BT = 1.0
=== BT=05
BT=0.3

.

1 2 3 4
Symbol Periods

Figure 45: Gaussianimpulse response.

Figure45 shows the impulse response of the Gaussian filter for BD, BT=0.5, and
BT =0.3. Intersymbol interference is limited to the nearaesighbor symbols which
simplifies receiver design.

Error Vector Magnitude

As noted above, digital communication protocols often stipulate both a symbol
constellation and a pulse shaping filter. Given a constellation, a pulse shaping filter, and
a set ofsymbols to transmit, one can map out the expected trajectory of the modulated
RF carrier as a function of time as each symbol is transmitted. The trajectory can be
characterized by a vector quantity which identifies the amplitude and phase of the RF at
a gven moment in time. One can then evaluate the quality of a digital transmission by
comparing the received trajectory with the expected reference trajectory. The deviation
between the two is a vector quantity indicating the error of the received signgivan
moment in timeThe magnitude of the error is called the error vector magnitude (EVM).
Figure46 diagrams the relationship on the IQ plane. The measured ggianpared to

the reference signal and the difference is given by the error vector. The length of the
error vector is the error vector magnitude.
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Error
Measured Vector
Signal

Reference
Signal

Figure 46: Error vector magnitude is the length of the error vector.

The error ector magnitude is often reported as a percentage relative to some standard
signal, such as the magnitude of a constellation point.

Error vectos are helpful in characterizing the quality of a transmitted sigrtedy are a
natural measure of the noise @ communications channel, but they can also help
identify defects of a transmitter, such as amplifier compression or an 1Q gain imbalance.

Vector Modulation Configuration

The SG390 series generatorsyéndoroad support for all the standard types of vector
modulation used in digital communications. However, the architecture of the instruments
differs from those of many otheggenerators on the market. An understanding of this
architecture, therefore, is hélihin configuring them.

Architecture

The SG390 series generators include baseband dual arbitrary waveform generators for
use with a builin 1/Q modulator in the creation of digital communication waveforms
The basic architecture of the baseband geneisathagrammed ifrigure47.

Baseband Dual Arbitrary Waveform Generator for IQ Modulation

Symbol
Bits/Symbol Sets Gaussian 125 MHz
PRBS E Noise
& Set
|| Pulse Shaping 10 MHz low
N 1 "
SRAM Symbol Constellation Filter @ m Bessel LPF
Reader Mapper
Pulse Shaping 10 MHz Qo
FLASH a Filter X m Bessel LPF
Symbol Rate #1 125 MHz
Address Event #2
Generator Generator —>1  Ganerator 3 I TDMA Ramp
0 to 6 MHz Profile
ON

Figure 47: The SG396 arbitrary waveform generator

Symbols are read out of memooy generated by a PRBS engiat rates of up to

6 MHz. They are then optionally mapped into constellation pantf desired, he
constellation poirgmay bedegraded by additive white Gaussian noise (AWGN) before
being passed througtual pulse shaping filted one for | and one for QFhe outputs of

the filters are gated by a TDMA ramp profile controlled by the event generator. The
results are sent to bit, high-speed DACs running at 128Hz. The final result is

passed through an analog Bessel filter before being combined with the tR& front
panel.
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The important point to realize is that the symbol constellation mapping, the noise
generation, and the pulse shaping filters are integrated blocks within the generators that
are distinguishable fronthe waveform itself and can hiedependently configured.
Changing the pulse shaping filters does not involve a new waveform download because
they are independent blocks within the generator. The same waveform can be played
back with different pulse shaping filters by merely selectirdifferent filter from the

front panel.

Thebuilt-in symbolconstellation maping is very flexible. It can easily suppatatic as
well asrotating constellations with differential encoding. THaaturegreatly reduces the
storage requirements for waveius, because puretit or 2-bit digital symbols may be
stored rather thari6-bit | and Q constellation points, leading to a factor of 32 in
potential storage savings.

Furthermore, Wwen the storage savings from the symbol mapping are combined with the
savirgs from on the fly pulse shape filtering the savings can be dramatic. For the GSM
EDGE example mentioned in the introduction, the difference is almost a factor of 5,000.

Front Panel Configuration

Five keys in the MODULATION and SELECT/ADJUST sections af ffont panel are
used to configure vector signal modulation: [ON/OFF], [MOD TYPE], [MOD FCN],
[MOD RATE], and [MOD DEV]. Sed-igure48.

il MODULATION

@ OoN ON/
Oorr Enable

® analoc Qvector | Mode
ASK @ Amiask @ QAM QAM

FSK OFMIFSK @ CPM Continuous Phase
PSK ® OM/PSK @ VsB Vestigial Sideband
@ sSweep  QINT Internal
®ruse @ExT® | External (Overload)
- -
q MOD b4 MOD ) MOD MOD
TYPE FCN RATE DEV
- A J
\ /
' .
Modulation
Control

Figure 48 Front panel vector modulation control.

Signal modulation is generally configured from left to right in the following order:
modulation type, modulation function, modulation rate, modulation devjadich pulse
shaping filter This order of configation is usually necessary, because the available
options for configuration often depend upon previous selections.

Selecting Vector Modulation

Vector modulation is indicated when the VECTOR LED in the MODULATION section
of the front panel is highlighted€eFigure 48). To configurevector modulation press
[MOD TYPE] and the ADJUST[] and [ ] keys to select the desired type of
modulation: /SK, FSK, PSK, etc. Finally, press th®@ELECT J ] and jw] keys untilthe
VECTOR LED is highlighted with the desired type of modulation.
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vooll Modulation Type

TYPE|| The [MOD TYPE] keyallows the selection aofhich type of modulatiorwill be applied

to the synthesizé&r output The ADJUST [ ] and [s ] keys are used to select the
desired modulation typeASK, FSK, PSK, QAM, CPM, or VSBThe current selection
is indicated with an LED

s

Modulation Subtype

With modulation type displayed,rgss the SELECTV[] and W] keys until the
VECTOR LED is highlighted with the desired subtype of modulation: vector function,
1-bit, 2-bit, etc. The modulation subtype determines the bits per symbolttand
constellation pattern used in the modulatidine function subtype indicagethat the
constellation mapping mechanism is bypassed and that symbols read from memory are
passed directly to the pulse shaping filters. All other vector subtypes are associated with
a constellation into which symbols of the defined width get mapped.

[mop|l Modulation Function
| FNC | The [MOD FCN] keyselectsone of thevarious functions used as the modulation

waveform The ADJUST[r ] and [ ] keys are used to select the desired modulation
function The current selection will be displayed in the 7 segment display. The INT and
EXT LEDs indicate whether the signal source is internal or external. If an external signal
source is selected, it should be applied to the rear pantrmodulation input BICs.

The modulation functions available for the vector function subtype are similar to those
offered for analog modulation: sine, ramp, triangle, square, noise, user, and external. For
the digital modulation subtypes, the available waveforms include: PRES plattern

data, and user data.

Simple Waveforms

For the vector function subtype, the SG390 series generators offer several simple
waveforms similar to those available for analog modulation: sine, ramp, triangle, square,
and noise.

PRBS Data

The SG390 gi#es generatorsan generate pseudo random binaiyusece (PRBS) for

use with digital modulation subtypes. To select a PRBS waveform press FODID

and therthe ADJUST[r Jand g Jkeysuntii Func PRBSO0 is selected i
display. The length of the PRBS waveform may be adjusted from 5 to 32 with the
SELECT )V ] and W] keys. The default PRBS length is 9. The PRBS patterns are
generated with linear feedback shift registe&able25 shows the generating

polynomials for each PRBS pattefirhe output of the PRBS generator is inverted so that

the allones state is excluded, rather than thealbsstate. All PRBS waveforms start

in the altzeros state.
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MOD
RATE

MOD
DEV

] ]

Table 25: PRBS generating polynomials

Length Polynomial Length Polynomial
5 X+ 3+ 1 19 | xP+xB+ x4+ +1
6 xC+x°+1 20 | x®+x+1
7 X +x8+1 21 | X +x®+1
8 XE+ X+ X+ +1 22 | x®P+x+1
9 X+ + 1 23 | xB+x®+1
10 x4+ x +1 24 | X+ X+ B+ xM+1
11 XM+ +1 25 | x®°+xP+1
12 x4+ + 3+ X0 +1 26 | X®+xP+xC+ X +1
13 B+ 2+ 8+ P +1 27 X+ X+ X+ P41
14 XM+ B+ 3+ X8 +1 28 | x®B+x®+1
15 xB+xM+ 1 20 | x®+x¥'+1
16 X+ + 0+ X8 +1 30 | xXF+xP+x+ x4l
17 x4+ x4+ 1 31 | X+ x®+1
18 xB+xt+ 1 32 X+ x4 x1041

Pattern Data

Digital modulation subtypes may also bedulated withl6-bit patterns.To select a
pattern waveform from the front panel, press [MBON] and therthe ADJUST [r ]

and ] keysunt i |
pattern § shown is the 7 segment display as hexadecimal digits. Once selected, the

AFunc

Patterno

i s s el

ected

pattern may be edited from the front panel by pressing the SELECard w] keys
and ADJUST [ ] and [ ] keys to modify each hexadecimal digit. Press [ENTER] to

update settings wit the new pattern. The default pattern is the binary sequence
01010101 01010101, which corresponds to the hexadecimal value 0x5555.

User Data

User data may be downloaded into dmoard SRAM and subsequently saved into
FLASH. If user waveforms are availalfier the selected modulation subtype, they may

be selected as a modulation function. With modulation function displayed, and an

appropriate digital modulation format selected, pressAh8UST [r ] and s ] keys
until the desired user waveform is selected.

Modulation Rate

Pressing [MOD RATE] displays the modulation rate associated with the current

modulation typeFor digital modulationsubtypesthis is the symbol rate, otherwise, it is
the frequency or bandwidth of the selected waveform.

Modulation Deviation (Scale Factor)

Pressing [MOD DEV] displays the deviatioor modulation indexof the current
modulation functionFor FSK or CPM modulationthe meaning is straight forward. It
identifies either the peak deviation or the modulatiodex of the modulation as
indicated. For all other types of vector modulation, the power of the modulated

waveform is defined by the constellation, the filtering, and the carrier power. However,

in order to preventlipping when waveforms are passed tlylouhe pulse shaping
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filters, the constellations are reduced by a factor of 7/16. The resulting scale is defined to
have a scale factor of 1.0. Output power calibration assumes a scale factor of 1.0.
Normally, this scale factor need not be changed, bed¢hasgarrier power is set via the
[AMPL] key. However the user may altethis scale factor if desired Larger scale
factors will use more of thavailabledigital phase spce and reduce the quantization
noise of the final waveform. This might also beiddde if the amplitude is already at

max power and you still need a bit more power. The risk is that the pulse shaping filters
will occasionally clip the waveform to the rail during large excursions.

‘SHIFT Pulse Shaping Filter
| Pressing [SHIF] [MOD DEV] enables one to select an appropriate pulse shaping filter

for the modulation. Use th&DJUST [r ] and [ ] keysto make the desired selection.
j The first three filter options, Yjuist, Root-Nyquist, and Gaussiain, actually represent a
'\[/)'g\? family of filters which can be customized with a bandwidth control factor. The
bandwi dth factor i sNyquist @aradRobtNyquise filtars aaddby b y
BT for Gaussian filters. The bandwidth contfattor for these filters is modified via the
i or BTO nstienc[8HIFA]dDCYOFRAS The bandwidth control parameters
may vary from 0.1 to 1.0.

[on | Modulation On/Off
| OFF | Finally, the [ON/OFF] key toggles the modulation and off. The current statis

indicated by the ONDFF LEDs.

Amplitude Shift Keying

Amplitude shift keying (ASK)is a modulation technique in which digital symbols are
encoded in the amplitude of the RF. The phase is ignored. In the SG390 series
generatos ASK is implemented by only modulating the | channel and forcing the Q
channel to zero.

Selecting ASK Modulation
Use the following steps to select ASK Modulation:
1. Press [MOD TYPE]
2. Press thDJUST[r ]and [ ] keysuntil the AM/ASK LED is highlighted.

3. Press the SELECTV[] and w] keys until the VECTOR LED is highlighted
with the desired modulation.

Simple Waveforms

As with analog modulation, the RF may bector amplitude modulated with simple
waveforms: sine, ramp, triangle, square, noise, and useafevens. To select this type
of modulation use the following steps:

1. Select ASK modulation using the steps outlined above.

2. Pressthe SELECWV[] and w] keys wuntil the display
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3. Press [MOD FCN]

4. Press th\DJUST([r ]and [s ] keysto selecthe desired waveform.

Digital Constellations

The SG390 series generators provide four default constellations for use bifitt2-bit,
3-bit, and 4bit digital modulation. Custom user constellations may also be downloaded
if desired. The default constations are summarized Figure49.

ASK Constellations

-
o

1-Bit

2-Bit

w
N
e O

3Bt 7 6 5 4 3 2 1 0

4Bt FEDCBA9876543210
.—.—.—.—.—Q—C—.—'—.—Q—C—.—.—.—.—.

Figure 49: Default ASK symbol constellations.

To select a digital ASK modulation, follow the stepbove for selecting ASK
modulation and use the SELECTV[] and W] keys to select the desired digital
modulation.Waveforms for digital modulations include PRBS data, simple patterns and

user data. Press [MOD FCN] and thBJUST [r ] and [ ] keysto select he desired
waveform.

Frequency Shift Keying

Frequency shift keying (FSKi¥ a modulation technique in which digital symbols are
encoded in the frequency of the Rie amplitude of the carrier is held constdntthe
SG390 series generators FSK is implated using an internal rate generator followed
by cosine/sine tables to convagphase intats respective | and Q components.

Selecting FSK Modulation
Use the following steps to selde$K Modulation:
1. Press [MOD TYPE]
2. Press thDJUST([r ] and [ ] keysuntil the FM/FSK LED is highlighted.

3. Press the SELECTV[] and w] keys until the VECTOR LED is highlighted
with the desired modulation.
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Simple Waveforms

As with analog modulation, the RF may ector modulatedin frequencywith simple
waveforms: sine, ramptiangle, square, noise, and user waveforms. To select this type
of modulation use the following steps:

1. SelectFSK modulation using the steps outlined above.
2. Pressthe SELECWV[] and w] keys wuntil t héM dRr wssmpd .ady
3. Press [MOD FCN]

4. Press théDJUST][r ]and [ ] keysto select the desired waveform.

Digital Constellations

The SG390 series generators provide four default constellations for use bifitt2-bit,
3-bit, and 4bit digital modulation. Custom user constellations may alsddvenloaded
if desired. The default constellations are summarizédguare50.

FSK Constellations

-
o

1-Bit

2_Bit 3 2 1 0

3Bt 7 6 5 4 3 2 1 0

4-Bit FEDCBA9876543210
.—.—.—.—.—H—.—'—.—H—H—H—.

Figure 50: Default FSK symbol constellations.

To select a digal FSK modulation, follow the steps above for selecting FSK modulation
and use the SELECTv[] and W] keys to select the desired digital modulation.
Waveforms for digital modulations include PRBS data, simple patterns and user data.
Press [MOD FCN] anche ADJUST[r ] and [ ] keysto select the desired waveform.

Frequency deviations of up toMHz are supportedlhe configureddeviation applies to
symbol 0 in each of the constellations.

Phase Shift Keying

Phase shift keyingRSK) is a modulation technique in which digital symbols are
encoded in the phase of the Rihe amplitude of each constellation point is the sdme.
spite of this the modulation is not constant amplitude as it is for FBt€. pulse shaping
filters create amjtude variations as the modulation traverses from symbol to symbol,
creating waveforms very similar to QAM. In fact, vector PSK modulation may be
considered a subset of QAM modulation.
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Selecting PSK Modulation

Use the following steps to select PSK Modwati
1. Press [MOD TYPE]
2. PressthDJUST[r Jand Jkeysunt i | the 0O0M/ PSK LED

3. Press the SELECTv[] and w] keys until the VECTOR LED is highlighted
with the desired modulation.

Simple Waveforms

The SG390 series generators support vector phasgulation with some simple
waveforms. The supported waveforms are summarizédlte 26.

Table 26: Vector Phase Modulation Waveforms

Waveform Description
Sin cos Channel | is a sine wave and channel Q is a cosine wave. Th
combination moves the RF carrier down in frequency by the
modulation rate.
Cos sin Channel | is a cosine wave and channel Q is a sine wave. Th
combination moves the Rtarrier up in frequency by the
modulation rate.
Phase noise Degrades the RF output with pure phase noise. The amplitud
held constanfThe bandwidth and RMS deviation of the noise
may be configured.
IQ noise Degrades the RF output with 1Q noigée bandwidth of the
noise may be configured. The noise power is equal to the RH
carrier powewhen modulation is off.

To select this type of modulation use the following steps:
1. SelectPSK modulation using the steps outlined above.
2. Pressthe SELECWV[Jandw] keys wuntil thé&MdRwsmpd.ay
3. Press [MOD FCN]
4. Press théDJUST][r ]and [ ] keysto select the desired waveform.

Digital Constellations

The SG390 series generators provide fbasic constellationsand four specialized
constellations.Custom user constellations may also be downloaded if desired. The
constellations are summarizedTiable27.
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Table 27: Phase Shift Key Constehtions

Display Standard Bits/ Comments
Acronym Symbol

PM Binary BPSK 1 Normal hnary shift keying
PM Quadrature | QPSK 2 Normal quadratureshift keying
PM Quad Offset | OQPSK 2 Offset quadraturshift keying
PM Diff Quad DQPSK 2 Differential quadraturshift keying
PMPi4DiffQuad| " / 4 DQ 2 DQPSK with /4 r
PM 3Pi8 3 bit 3° /8 8 3 8 PSK with 3°/8
PM 3 bit 8 PSK 3 Normal 8 PSK
PM 4 bit 16 PSK 4 Normal 16 PSK

To select a digital PSK modulation, follow the steps abovedtacting PSK modulation

and use the SELECTv[] and [w] keys to select the desired digital modulation.
Waveforms for digital modulations include PRBS data, simple patterns and user data.

Press [MOD FCN] and th&aDJUST([r ] and s ] keysto select the desirasaveform.

Basic PSK Constellations

The four basic PSK constellations are summarizédgare51. Be aware that the QPSK

constellation follove a different mapping pattern than the 8 PSK and 16 PSK

constellations. Since iconstellationis identicalto the QAM contellation of the same
size,it usesthe same mapping as well.

BPSK (1-Bit)

8 PSK (3-Bit)

QPSK (2-Bit)
1 0
3 2

16 PSK (4-Bit)
5 4 3

B & D

Figure 51: Basic PSK symbol constellations. Note that BPSK and QPSK follow the symbol
mapping pattern used for QAM constellations.
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Figure52 showsan example deodulation of QPSKor an SG394with the following
setup:

Frequency 1.00 GHz

Amplitude 0.00 dBm

Waveform: PRBS 7

Modulation: QPSK

Rate: 100 kHz

Filter: Root NyquistU =

Figure 52 Agilent 89441A VSA demodulation of QPSK.

Note the small dark dots identifying the constellation poiAtsootraised cosine filter
combined with a roetaised cosine filter in the VSA produces a fim@modulated
waveform with virtually no intersymbol interference.

Specialized PSK Constellations

The SG390 series generators provide Hailtsupport for four specialized PSK
constellationdisted inTable27: OQPSK, DMPRBEXK , ~d8@8K.All of/ 8
these constellations are variations of the basic PSK constellations intended to address
specific problems in receiver design.

Differential Encoding of Symbols

One of the difficulties in receiving and decoding the basic PSK constellations is that the
demodulation requires a coherelgtector The receiver must lock onto and track phase

of the RF carrier for the entire transmission in order tocesgfully decode the
transmitted messagdifferential encoding of digital symbols enables the use of
noncoherent receivers which are simpler and more cost effective to produce.

In differential encoding the information is encoded in the difference in ghameone

symbol to the next, rather than in the phase itself. Receiver design is simplified because
the receive can use the phase of the last symbol as a reference for decoding the next
symbol. It does not need to lock onto a stable reference over tiire éransmission.
Rather it only needs a reference that is stable from one symbol to the next, a much easier
goal to meetin fact, for DQPSK, the reference may simply be a delayed version of the
signal itself.
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The DQPSK constellation looks identical tdiet QPSK constellation but the
interpretation is different. Data is differentially encoded, and so what matters is how the
phase changes from one symbol to the next, not the current phase. Rejered3

DQPSK Constellation

Symbol | Encoding

0 [ No change in phase

1 | +90° change in phase
2 | -90° change in phase
3 | 180° change in phase

Figure 53 Decoding DQPSK transmissions.

Offset or Staggered Modulation

Offset modulation, also called staggered modulation, addresses a different problem in
the communicatiomlesign this time with the transmitteRF amplifiers can be made to
operate much more efficiently if the signals they are amplifying are nearly constant in
amplitude.This is especially important for satellites deployed in sp&hedifficulty is

that the ampliers have a nonlinear response in this regime. The nonlinearities are often
not problematic as long as the amplitude variations are contained wisimralaband.
Unfortunately, normal QPSK modulation does not meet this criteRemember that
even thoughthe constellation points are defined with constant amplitude, the RF
amplitude varies as it transitions from one point to the next. For transitions of 180°, the
signal powemwill momentarilygo all the way down to zero. Nonlinear amplifiers forced

to makesuch a transition will createut-of-band interference, thus, defeating tieole
purpose of the pulse shaping filters.

Offset modulation addresses this problem by modifying the modulation to prevent a
transition through the origirseeFigure54.

QPSK Offset QPSK
1 0 1 0
3 2 3 2

Figure 54: Offset modulation prevents transitionsthrough the origin.

In normal QPSK modulation, and Q dataare shifted into the pulse shapingtdirs
simultaneously. With offset or staggered modulation, the shifting of data for the two
channels is offset by half a symbol period. First | is shifted in. One half a symbol period
later, Q is shifted in. One half a symbol period later, the next liftegdlin, and so on.

On the 1Q plane, | transitions are strictly horizontal, and Q transitions are strictly
vertical. However, since both transitions cannot happen simultaneously, the trajectory
must follow the outside edges between constellation pdintsn never go through the
origin, thus, solving the problem.
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Figure55 shows an example demodulation of Offset QPSK for an SG394 with the
following setup:

Frequency: 1.00 GHz

Amplitude: 0.00 dBm

Waveform: PRBS 7

Modulation: Offset QPSK

Rate: 100 kHz

Filter: Root Nyqui ¢

an awd
o o e

Figure 55: Agilent 89441A VSA demodulation of Offset QPSK.

First, rote that the dark constellation pointslire figure alline up on a rectangular grid.

This is a consequence of the offset timing. When the | component of the RF is sampled,
the Q component is half way through its next transition and completely undefined. The
two allowed states for the | comparieare thus mapped into two horizontal lines. In a
similar fashion, the two allowed states for the Q components are mapped into two
vertical lines.

Second, note the lack of transitions passing through the origin. Compare this with the
constellation preseatl in Figure52 for QPSK. Offset timingis quite effective in
preventingtransitions through the origin, thus easing the linearity requirements of the
transmitter.

Rotating Constellations

Offset modulation is not the only method of preventing transitions through the origin.

The second commonly employed technique is to rotate the constellation after each
symbol . Thi s strategy DQPSKexamdl| i8P8ke d 3 "bly
constellations.

m/4 DQPSK Constellation
o

Symbol | Encoding

+45° change in phase
+135° change in phase
-45° change in phase
-135° change in phase

WM =0

Figure 56: DQRISK uses differential encoding and a rotating constellation.
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Li ke DQPDRRSK emplogs differential encoding, which means information is
encoded in the change in phase, rather thamplhase itself. However, the constellation
for DQP8K r ot at es radiaps afted Aachosymbol traismission. See
Figure56. Unprimed constellation points mapnly transition to primed constellation
points and vice versdhe allowed transitionare indicated in the figuréNotice that
none of the transitions pass through the origin, thus, solving the problem.

Figure57 s hows an exampl e DRPIKofdruah $G3P40with thef "l 4
following setup:

Frequency: 1.00 GHz
Amplitude: 0.00 dBm
Waveform: PRBS 7

Modulation: " | DRPSK
Rate: 100 kHz
Filter: Root Nyqui ¢

Figure572 Agi l ent 89441A VIRYPSKemodul ati on of

First, rote the small dark dots identifying the constellation points. There are a total of 8
constellation points, but only 4 of them are allowed at any given time dagtatmn of
the constellation after each symbol

Second, note the low density of transitigrassing through the origin. Although not as
effective as offset timing, this modulation still compares favorably to the constellation
presented inFigure52 for QPSK. Rotating constellations is reasonably effective at
preventing transitions through the origin.

The 3PSK&onstllationissimila&rn de s i g DQPSK In this ease, datd is

not differentially encoded, but the constellation rotates to prevamgitions through the
origin. In this case, the basic constellation is that of 8 PSK, except that the constellation
rotates by ra@lians &ftkr each syrBbol/ t@nsmissién.version of this
constellation with a Gray code mapping is used in the GEBIGE mobile
communication protocoSeeFigure58.

MSRS Stanford Research Systems SG390 Series RF Signal Generato



Vector Modulation 67

3nm/8 8 PSK Constellation

Figure58 38P/S&K f ol |l ows standard 8 PSK, buwt the
each symbol

Due to the rotation of the constellationppmimed constellation points may only
transition to primed constellation points and vice versa. The allowed transitions are
indicated in the figure. Notice that none of the transitions pass thitbegbrigin, again
solving the problem. The exclusion from the origin is smaller foan h e DQPSK
constellation, howevelThis constellation therefore places more stringent demands on
the linearity of the transmitter

Quadrature Amplitude Modulation

In quadrature amplitude modulation (QAM), both the amplitude and phase of the
constellation points are varied, usually in a rectangular array. In all other respects, it is
identical to phase shift keying.

Selecting QAM Modulation
Use the following step®tselect QAM Modulation:
1. Press [MOD TYPE]
2. Press thDJUST[r ]and g ] keysuntil the QAM LED is highlighted.
3. Pressthe SELECW[] and w] keys until the desired modulation is selected.

Waveforms for the modulation include PRBS data, simple patterns andlats. Press
[MOD FCN] andthe ADJUST[r ]and [ ] keysto select the desired waveform.

QAM Constellations

The SG390 series generators provide default constellations for QA®IM 16,

QAM 32, QAM64, and QAM256. The constellations are all arranged astangular
arrays with a simple right to left and top to bottom naming patternFigeee59. The

front panel displayed power corresponds to the constellation poitiie corners of the
array. For QAM 32 it indicates the power
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Figure 59: Constellations for QAM 4 through QAM 256.

Figure60 shows an example demodulation of QAM 16 for an SG394 with the following
setup:

Frequency: 1.00 GHz

Amplitude: 0.00 dBm

Waveform: PRBS 7

Modulation: QAM 16

Rate: 100 kHz

Filter: RootNy qui st ,

Figure 60: Agilent 89441A VSA demodulation of QAM 16.
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Note the small dark dots identifying the 16 constellation points. A-raiséd cosine
filter combined with a roetaised cosine filter in the VSA producadinal demodulated
waveform with virtually no intersymbol interference.

Continuous Phase Modulation

Continuous phase modulatiofCPM) is a form of FSK modulation. Like FSK
modulation, the RF carrier maintains a constant amplitude at all times. Onlyabe igh
modulated However, he general definition of FSkKhodulation allows for the phase to

hop when the frequency is shifted. Such an allowance enables the creation of simple
FSK modulators consisting of two independent oscillators and a multiptirkezn by

the data switching between the two frequencies. When the multiplexer switches
between the oscillators, both the frequency and the phase of the output change.

Continuous phase modulation, in contrast, guararttessthe phase will not suffer a
discatinuous jump when switching to a new frequenty.the name implies, the phase

will be continuous. The implementation of FSK in the SG390 series generators happens
to be continuous phase, so in this respéhe two modulations are almost the same.
Interrally, however, the implementationsave one distinct differencethe FSK
implementation tracks frequency while the CPM implementation tracks phase. The FSK
implementation allows arbitrary frequency deviations, but will, in general, slip phase
relative to afixed carrier. The CPM implementation, on the other hand, requires a
rational modulation index, but will never slip phasiside from this the two
modulations are identical.

The following equation describes the correspondence between an FSK peakcfyequen
deviation, ke, and a CPM modulation index, h:

R
¢ P

where T is the symbol periahd N denotes the number of bits per symbol

Phase Trellis Diagram

As mentioned above, CPM modulation is a form of continuous phase FSK. However, it

can alsdbe viewed as a special form of offset phase shift keydRSK with sinusoidal

symbol weighting Ultimately, this means that CPM transmissions may be decoded by
demodulating the frequency or, alternatively, the phsebinary CPM the phase will

traves e h”’ for every symbol t r #ellis didgiamof . Th u
allowed transitions and phases over tieeFigure61.
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CPM Trellis Diagram

3hm

2ht

ht

Phase
(]

-ht

=2ht

=3hm

0 T o1 a1
Time
Figure 61: Phasetrellis diagram for binary CPM with a rectangular filter.

Note that if h is a simple rational fraction, thibowed phases will map onto a finite
number of allowed phases. Forli/2, for instance, there are only 4 allowed phases: 0,
"/ 2nd 3°d2. Only 2 of the 4 phases are all ow

MSK and GMSK Modulation

Minimum shift keying (MSK) and Gaussian minimum shift keying (GMSK) are perhaps
the two most well knowrexamples ofCPM modulation. MSK is binary CPM with a
modulation index, k= 1/2, and a rectangular filter. It derives its name from the fact that
thetwo frequencies of themnodulationhave theminimum frequency separatiaillowed

for orthogonal detection. The frequency separation is just % of the symbolmate.ifl

is one of the most bandwidth efficient types of modulation.

GMSK further improves the bandwidth efficiency of MSK, by replacing the rectangular
filter with a Gaussian filter. GMSK with a bandwidth symbol time product of=BI3

is used in the GSNWhobile communications protocol.
Selecting CPM Modulation
Use the following steps to select CPM modulation:
1. Press [MOD TYPE]
2. Press thDJUST[r ]and [ ] keysuntil the CPM LED is highlighted.
3. Pressthe SELECW][] and w] keys until the desired modulatigselected.

Waveformsfor the modulation include PRBS data, simple patterns and user data. Press
[MOD FCN] and theADJUST[r ]and [ ] keysto select the desired waveform.

Modulation Index

Modulation indices for CPM modulation may be specified tae®ima digits, but
internally the value is rounded to the nearest rational fauttet2 where n is an integer.
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Thus, if one wishes to obtain a modulation index of 7/16 = 0.4375, one should enter
0.438. Internally, the instrument will round the result to 224/ 7/16.

CPM Constellations

The SG390 series generators provide four default constellations for use ifitt2-bit,
3-bit, and 4bit digital modulation. Unlike the other modulation modes, these
constellations are fixed and cannot be changed. Thedllatisins are summarized in
Figure62.

CPM Constellations

1-Bit 1 , 0
2-Bit 3 2 1 0
3Bt 7 6 5 4 3 2 1 0

4Bt FEDCBA9876543210
L e e e e e e

Figure 62 Default CPM symbol constellations.

Figure63 shows an example demodulation of GSM for an SG394 with the following
setup:

Frequency: 1.00 GHz
Amplitude: 0.00 dBm
Waveform: PRBS 7
Modulation: CPM 1-bit

Rate: 270.833 kHz

Filter: Gaussian, BT =0.3

Figure 63 Agilent 89441A VSA demodulation of GSM.

GSM uses Gaussian minimum shift keying (GMSK), which is a Gaussian filtered
version of MSK. This is a binary CPM modulation witl+ 1/2. Although there are only

2 allowed statestaach transition, there are a total of 4 allowed phases in the phase tree.
Notice that each constellation point in the figure is actually made up of a set of 3 points.
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This is due to the fact that Gaussian filters do not eliminate intersymbol interference

(ISl). The extra 2 dots are due to the interference of the nearest neighboring symbols.
Also notice that the transitions between symbols fall on a circle, showing that the

modulation is of constant amplitude.

Vestigial Sideband Modulation

Vestigial sidebad modulation(VSB) is a form of amplitude modulation used in the
overtheair transmission of digital televisioDTV) in the United States. Amplitude
modulation normally creates two sidebands: an upper sideband and a lower sideband.
However, the inform&n content in the upper sideband is identical to that of the lower
sideband. Thus, one can increase the bandwidth efficiency of the modulation by nearly a
factor of twq without loss of information by filtering out the lower sideband. This is
referred toas single sideband amplitude modulation (SSB AM). In pradiiceever,it

is very difficult to completely filter out the lower sideband. A vestigial portion of the
lower sideband isftenstill present, hence the namestigial sideband modulation

Receiwers required to demodulate VSB need to lock onto a clean reference frequency.
To facilitate this, theATSC digital televisionstandard stipulates the addition of a pilot
tone to the modulation at the carrier frequency. The pilot tone is located at tire lowe
edge of the VSB spectrurithe standard describes 2 versions of the modulation to be
used for ovetheair transmissions: 8 VSB, and 16 VSB. Both modulation types are
supported by the SG390 series generators at modulation rates of upMtdzlThe
transnission rate required by the DTV standard.isx 684/ 286 @10.7& MHz.

Selecting VSB Modulation

Use the following steps to select VSB modulation:
1. Press [MOD TYPE]
2. Press thDJUST[r ]and [ ] keysuntil the VSB LED is highlighted.
3. Pressthe SELECW][] and [w] keys until the desired modulation is selected.

Waveformsfor the modulation include PRBS data, simple patterns and user data. Press
[MOD FCN] and theADJUST[r ]and [ ] keysto select the desired waveform.

VSB Constellations

The SG390 series generators provide two constellations for use with 8 VSB WSB 16
modulation.. Unlike the other modulation modes, these constellations are fixed and
cannot be changed. The constellations are summarizgdune64.

VSB Constellations
8 VSB 0 1 2 3 4 5 6 7

16vSB 0123456789 ABCDEF
e S o S e e e e e o e e e ]

Figure 64: VSB symbol constellations.
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Notice that the constellations are not symmetric about the origin. They have been shifted
to the right. This bias in the netellation is what creates the pilot tone required by the
standard.

Figure65 shows an example demodulation of 8 VSB for an SG394 with the following
setup:

Frequency 1.00 GHz
Amplitude: 0.00 dBm
Waveform: PRBS 9
Modulation: 8 VSB

Rate: 10.762 MHz

Filter: RootNy qui st |,
‘5{
éiqz':l‘s.
b
R R
friitti-
A
R P 5 iod
LN
i..;?a,"-'ﬁ
DN eET A0
=TT g

Figure 65: Agilent 89441A VSA demodulation of 8 VSB.

As mentioned above, 8 VSB modulation is a formanfplitude modulation. There are

only 8 allowed states for the | component of the RF. However, due to the filtering of the
lower sideband, the Q component is completely undefined. Thus, the constellation on the
IQ plane is represented by 8 vertical lines.

Additive White Gaussian Noise

All digital modulations may be optionally degraded by additive white Gaussian noise
(AWGN). The noise is inserted just before the pulse shaping filterd-i§eme47. The
noise may range in power froml0dB toi70dB relative to thenaximumpower ofa
constellation.

Selecting AWGN

AWGN is configured via the Psessaendary
SHIFT || keys [SHIFT] [PHASE] and then use the ADJUST ][and [ ] keys to
. toggle the noise power on and d®fess SELECTW] to view and adjust the
, noise power. Enter the desired noise power via the numeric key pad. Noise
powers from-10dB to-70dB may be entered. This gives one the ability to
create typical error vector magnitudes (EVM) ranging fron¥3® 0.32%,
' respectively.

PHAS
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Figure66 shows an example demddtion of QAM 16 constellation which has been
degraded by AWGN. Th8G394hadthe following setup:

Frequency: 1.00 GHz
Amplitude: 0.00 dBm
Waveform: PRBS 7
Modulation: QAM 16

Rate: 100 kHz
Filter: Root Nyqui ¢
AWGN 125 dB

Figure 66: Agilent 89441A VSA demodulation of QAM 16 withi 25dB of AWGN.

125dB of AWGN is enough noise to create an error vector magnitude (EVM) of about
5.6%. Compare the sharp constellation pointd-igfure60 to those ofFigure66. The
noise degradation is quite visible in the figure.

External 1Q Modulation

The SG390 series generators may be modulated via an external source with bandwidths
above 100MHz if desired Rear panel BNC inputs are available as | and Q signal inputs.
The inputs are ter mcaleanpiueaf®@ o 50 Y with

Selecting External IQ Modulation
Use the following steps to select external IQ Modulation:
1. Press [MOD TYPE]
2. Press th&DJUST[r ]and g ] keysuntil the QAM LED is highlighted.
3. Press [MOD FCN]

4. Press theADJUST [r ] and 5 ] keys wuntil the fFnont

u l

pane

Rear | Q I nputdo and the EXT LED is highlig

Note that an external vector modulation option is available for ASK, PSK, and QAM
modulation modes. The options are identical in all modes and are available merely as a
convenience to the user.
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Arbitrary Waveform Generation

Introduction

The SG390 series generators provide a broad array ofitwslipport for the most
common digital modulation formats, constellations, and filters. However, the user may
chooseto download custom waveforms, constellations, and filrer the remote
interfaceif the builtin support does not match his neetisis chapter describes the file
formats expected by thmstrumentwhen downloading user generated dddetails

about how to communicate with the instrument over a remote interface are given in the
Remote Programminghapter starting on pags.

Downloading Binary Data

User waveforms, constellations, and filters can contain a considerable amount of data. In
order to improve the efficiency of transfer, the data is sent in binary fofimattemote
commands that accept binary data follow the syntax for an IEEE 488.2telddingth
<ARBITRARY BLOCK PROGRAM DATA>.This message element has the following
format:

<arb data = #[ASCII digit 1 to 9][ASCII digit O to 9]+[Binary Data]
The message element has 4 parts to it:
1. The ASCII| character O0#6.

2. An ASCI | di gi t isfdigipidentified the nunsber,dM) 6f ASCT h
digits that follow.

3 M bytes containing ASCII digits from
binary bytes that follow.

4. N bytes of binary data.
An example should make this cledhe following block transnts the26 ASCII bytes
froM Gdo 6Z26:
#3@6ABCDEFGHIJKLMNOPQRBSTUVWXYZ
The first two characters indicate that an arbitrary block of data follows and that the
l ength of the block is gi weenigitingicatethatthé ol | o
binary message is 26 bytes long. The actual data follows. For clarity, only printable

characters were used in this example, but arbitrdsif Binary data may be transmitted
as part of an arbdata> block.
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Big-Endian Byte Order

In many cases, 1Bit or 32bit numbers must be encoded in a binary transmission. The
native encoding for numbers in computers follows one of tammonformats: little
endian and bigendian. The SG390 series generators expect data ineathign format.
Most Intel based computers nadly store numbers in a litdendian formatFor these
machines, all binary numbers will have to be converted into -@rmgan format before
being transmitted.

As anexample, the decimal number 43,891 is represented by the hexadecimal value
OxXABCD. Storge of this number within the memory attomputer, however, depends

on the native storage formaft the bigendian format the number is stored as the bytes
AB CD. In the littleendian format, however, the number is stored as the byte&BZD

i.e. the byts are swappedNumbers stored in this format will need to be swapped back
into big-endian format before being transmitted over the remote interface.

SRAM vs Flash Storage

The SG390 series generators include 2 MB of SRAM and Flash for storage of arbitrary
waveforms, constellations, and filters. SRAM is volatile memory that is lost when power
is removed from the instrument. Flash is nonvolatile memory that is retained even when
power is cycled. User data is always downloaded into SRifdél Once downloaded,

the user may optionally copy the data into flash if desivétd one of the commands
SAVW, SAVC, or SAVE Waveforms may be played directly out of SRAM or flash.

Arbitrary User Waveforms

The SG390 supports two different formats for arbitrary user wavef@sa stream of
digital bits, or asa series of 1éit I/Q values.The former is much more efficient than

the latter and is the preferred choice, if possible. In both cases, data is transmitted in 16
bit chunks with the following command:

WRTW i, j, <arbdata>

Parameter i is a 3Bit value indicating the configuration format of the user date
configuration bits are describedTiable28.
Table 28: Arbitrary waveform configuration word

Bit 31-9 8 7-6 5-0
Meaning reserved| analog | reserved | bits/symbol

Bits/symbol may be one of the values 1 to 9, 16, orlB 32 for vector waveforms
consising of 16-bit, IQ value pairsthat bypasses the symbol reader and constellation
mapping Use 16 for analog and vector waveforms that bypass the symbol reader and
constellation magpg. Bit 8 should be set if the waveform is intended for analog
modulation. All other bits should be cled.

Parameter j is a 3Rit value indicating the total number of bits in the waveform.

<arb data> contains the binary data representing the dath it must contain an even
integer number of byte®Waveforms have a minimum size of 16 bits and @eyed
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back from MSB to LSBIf a waveform does not end on a-li boundary, the least
significant bits of the last word in the waveform will be ignor&lde following example
should clarify the issues:

WRTW 4, 28, #14XXXX

The first parameter indicates that thvaveform consists oé-bit symbolsfor vector
modulation The second parameter indieatthat there are 28 bits in the total waveform.
The third parameter indicates that 4 bytes, obiB2 of binary data are transmitted.
Since the full waveform consistd 28 bits, the 4 least significant bits of the lasthlis

of transmitteddata will be ignored4 bytes are transmitted because this is the minimum
even integer of bytes which fully contains the waveform.

Packing Symbols into a Waveform

As mentioned aba; when a waveform is played back, symbols are read out of memory
from the most significant bit to the least significant bit. Suppose we wanted to transmit
the followingten, 2-bit symbols:

2,0,2,1,3,1,0,2,1,3
When translated to binary, these symbols bextme following:
10, 00, 10, 01, 11, 01, 00, 10, 01, 11

The symbols need to be packed intbiBbytes. This is accomplished by concatenating
the binary symbols togeth&to an even number of bytes:

10001001, 11010010, 010000, OOO00000

The last 2 symbsl dd not contain enough data pvoduce a complete byte. Therefore,
binary zeros were added to complete the byte. An additional byte of binary zeros was
added to ensure the waveform was packed into an even number of bytes. In hexadecimal
format, thewaveform contains the following bytes:

89D2 70 00

Having this the final waveform download command can be synthesized as the
following:

WRTW 2, 20, #14<89 D2 70 00=NL>

The first parameter indicates we have 2 bit symbols. The second parameter indétates t
the full waveform is 20 bits long. The last parameter indicates we are transmitting
4 bytes of data. The portion inside the brackets indicates the 4 bytes transmitted. The
brackets are not part of the transmissiginally, all commandsnust be terminad with

a semicolon, a carriage return <CR>, or a 4e& <NL>. This command is no
exception. Thus, a <NL>, which has the hexadecimal value 0Ox0A, follows the 4 binary
bytes.

Packing 16-bit 1Q Data into a Waveform

Instead of playing back pure digital dathe SG390 series generators can optionally
accept raw 1Q values, and bypass the symbol readercandtellation mapping
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functions This mode is active when the modulation subtype is sétetwtor functiod
rather than identifying a specific constellatid-bit, 2-bit, etc.

The instruments accept 461 t |, 26s compl ement binary dat a
range fromi 32768 to +32767. If both | and Q are being specified, then for each point, |
is specified first, followed by Q.

Suppose we wanted to transmfie following 4, 1Q data pairs:

(32767, 16384), (81928192), { 16384, 4096),i(32768,i 4096)

In hexadecimal format the data pairs have the following values:

(OX7FFF, 064000, (0x2000, 0XE000), (0xC000, 0x1000), (0x8000, 0xFO00)

The data pairs are packénto a binary stream of bytes with the-4if value for |
presented first followed by the 48t value for Q. Thel6-bit valuesmust bepacked in

the bigendian format. We have 4, IQ data pairs, with 16 bits of data each, giving a total
waveform of 4x 2 x 2 = 16 bytes. The hexadecimal bytes for the waveform follow:

7F FF 40 00 20 00 EO 00 C0O 00 10 00 80 00 FO 00

Having this, the final waveform download command can be synthesized as the
following:

WRTW 32, 128, #216< FF 40 00 20 00 EO 00 CO 00 10 O0O@DFO 00> <NL>

The first parameter indicates we havel82symbols 16 bits for | and 16 bits for Q. The
second parameter indicates the total waveform is 128 bits Iomg.last parameter
indicates we are transmitting b§tes of data. The portion insidee brackets indicates

the 16bytes transmitted. The brackets are not part of the transmission. Finally, all
commands must be terminated with a semicolon, a carriage return <CR>, ofliaegnew
<NL>. This command is no exception. Thus, a <NL>, which hasiéxadecimal value
0xO0A, follows the 16 binary bytes.

Saving Waveforms to Nonvolatile Memory

Once a waveform has been downloaded to internal SRAM, it may be saved into
nonvolatile memorySpace permitting, up to 9 waveforms may be stored in nonvolatile
memory. All waveforms have an event marker file associated with them. Waveforms are
stored in nonvolatile memory together with their associated event marker file. Once
stored in nonvolatile memory, a waveform must be deleted before the memory occupied
by the waveform is available for new waveforms.

A waveform downloaded into SRAM may be saved into nonvolatile memory with the
following command:

SAVW? i

The parameter i identifies the location for the saved waveforsholild be an integer in
the range from 10 9. Upon completion, the command returns an error code followed by
the current available space in nonvolatile memory6rbit words If successful, the
error code will be 0. The most common errors include:
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Table 29: Save wavefom errors

Error Code Name Description
0 SUCCESS Waveform saved successfully
80 FSERR NO MEMORY | Not enough space to save waveform
81 FSERR_NO FILE No source waveform in SRAM

Refer to the sectioBrror Coden pagel26for a complete listing of error codes.

Deleting Waveforms

A waveform stored in nonvolatile memy may be deleted with the following command:

DELW? i

The parameter i indicates the location of the waveform to delete. It may rangé toom

9. Location 0 refers to any waveform stored in SRAM. Locations 1 to 9 identify
waveforms stored in nonvolatileamory. Upon completion, the command returns an
error code followed by the current available space in nonvolatile memory-bit 16
words. If successful, the error code will be 0. This command succeeds even if no
waveform exists at the given location.

All waveforms stored in nonvolatile memory may be deleted with the following
command:

ERAS?

This command frees all availalieemory for waveform storage. Upon completion, the
command returns an error code followed by the current available space in nonvolatile
memory in 16bit words. If successful, the error code will be 0.

Listing Waveforms

A catalog lising of all available waveforns may be retrieved with the following
command:

CATL?

The returned listing consists of a comma separated list of location followed by
waveform size in 1bit words. Location 0 refers to any waveform downloaded to
SRAM. Locations 1 to 9 refer to user saved waveforms. Locations 10 and above refer to
readonly waveforms preloaded at the factory. When all waveforms and sizes have been
listed, the total available space ferwaveform storage in 1B6it words is appended.

User Constellations

The SG390 series generators have the ability to process pure digitay dtaamically
mapping digital symbols into 1Q constellation points in real tififee symbol mapping

is quite versatile and can easily accommodate differential encoding and rotating
coordinate systems. The mapping is performed with the data from tws &ibled in
RAM: a symbol table, and a symbol set talllbe basic architecture is diagrammed in
Figure67.
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Figure 67: Architecture for mapping digital symbols into 1Q constellation points.

The constellation RAM is 1kW in size which provides space to define up to 5Ht, 32

IQ constellation points with each point allocating 16 bits for | and 16 bits for Q.

Associated with each symbol i@ symbol set. Thysthe constellation RAM is
accompanied by 512 bytes of symbol set RAM which defines the symbol set to associate
with the following symbol.

The constellation RAM is accessed with ®i©address that is the concatenation of a
(97 N)-bit symbol set and an it symbol. The address is computedifn the current
symbol and set via the equation

constellation address = (symbol + sety hod 512

where N is the number of bits per symb&é an example, suppose the symbol reader is
reading in 2bit symbols and that the current symbol is 3 and that the current symbol set

is 5. The symbol will be mapped tde constellation point stored at address
3+ 5 x 22 =23, At startup the first symbol set is initialized to zero.

For simple constellations, symal set RAM is cleared and the symbol maps directly to a

constellation pointF o r

have 8 different

a constellation

constell

at i

t hat
ons

rotates

before

bit symbols, the rotion is accomplished by filing symbol set RAM wit?' 1s,
followed by 2" 2s, followed by2" 3s, etc until we reacB" 7s, followed by2" Os. For

differential encoding, the encoding of the next symbol is determined by the previous
symbol. In this case, elacsymbol gets mapped to a different constellation, and so we

have 2 different constell

ations.

For each user constellation, two parameters must be declaregyroltel and whether
the | and Q points in the constellation are to be staggered or not. Mss¢lttions do
not operate in staggered mode; both | and Q points enter their respective pulse shaping

filters simultaneously. Staggered mode is required for offset modulation in which the Q

values shift into their filter half a symbol after the | valbase shifted.

User constellations are downloaded into SRAM with the following command:

WRTC |, j, <arbdate>

Parameter i indicates the number of bits/symbol, Milltnormally range from 1 to 9A

value of 16 or 32 is accepted to enable staggered modulation when constellation
mapping is bypasse®arameter j indicates whether staggered operation is desired. Set

j =1 for staggered operation, otherwise setO} <arb date> should be a definite
arhitrary block with 2560 bytes of binary data. Tharkdate> block is organized as 512
32-bit 1Q pairs followed by 512 bytes of symbol set data. EachiBR) pair consists of

a 16bit | value followed by a 1bit Q value in a bigendian format.
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Example Constellation

As an example leus compute the constellation for QPS$Hth the symbol mapping
definedin Figure68.

QPSK (2-Bit)

Figure 68 Default QPSK constellation.

The points lie ora circle of constant amplitudeThe radius of the circle is 32767hus
we can compute the 1Q coordinates as showiraisie 30.

Table 30: QPSK constellation point computations

Symbol Formula Value Hex Values
0 32767 (cos (| (23170,23170) | (5A82, 5A82)
1 32767 (cos (3 (123170,23170) | (A57E, 5A82)
2 32767 (cos (7] (23170i23170) | (5A82, A57E)
3 32767 (cos (5] (123170123170) | (A57E, A57E)

Note that we need only define 4 constellation poiaAtsothers may be set to zero, since
they will not occur for Zoit waveforms. Furthermore, sintlee constellabn does not
change from symbol to symbaele should zero out all symbol set RAM as well.

Combining all this information together we can synthesize the following commeand
download the constellation

WRTC 2,0, #42560<5A 82 5A 82 A5 TE5A825A82A57B6A 7E A5 7Eé><NL

The first parameter indicates this is-di2 constellation. The second parameter indicates
that the 1Q values are not staggered. The third parameter indicates that we are
transmitting 2560 binary bytes. The portion inside the bracketssstine first 16bytes

of the transmission. These bytes represent our 4 constellation points. The following 2544
bytes are all zero. The brackets are not part of the transmission. Finally, all commands
must be terminated with a semicolon, a carriage ret@R>, or a newine <NL>. This
command is no exception. Thus, a <NL>, which has the hexadecimal value 0xO0A,
follows the2560binary bytes.

Saving Constellations to Nonvolatile Memory

Once a constellation has been downloaded to internal SRAM, it maave into
nonvolatile memoryif desired A constellation is saved into nonvolatile memory with
the following command:

SAVC? i
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The parameter i refers to the location into which the constellation is stored. It may range
from 1 to 9. Upon completion, the monand returns an error code. If successful, the
error code will be 0.

Note that this command will overwrite any previous constellation stored in that location.

User Filters

The SG390 series provides bdiiit support for several commonly used digital fiter

The user also has the option to download custom filters, if dediredfilters have 24
symbols of memory and are defined with an oversampling ratio of 128, which means
they are composed of 24128=3072 coefficients. The large oversampling ratiais
consequence of the fact that the filtafso playan integral parin the resamplingof
waveforns being playedback at anarbitrary rate Large oversampling ratios enable
accuratee-samplingwith simple, linear interpolation ia Farrowfilter structure

Internally, filter coefficients are stored with 17 bits of precision, but transmitted with 16
bits of precision along with a glob&6-bit offset. This helps facilitate the binary transfer
without compromising overall precisio@oefficientsshauld bescaledsothat the 17bit
value+32768 is equivalent to 1.000.

User filters are downloaded to SRAM using the following command:
WRTF i, <arbdate>

Parameter i defines a 46t global offset. This 1#bit value is added to each -b&
coefficient trasmitted in arb data> to produce the final XBit filter coefficient stored

in the instrument. &b data should be a definite arbitrary block with 6144 bytes of
binary data. The arb data block contains the 3072, 4%t filter coefficients for the
filter. Each of these coefficients is combined with thebit6global offset to produce
3072 17-bit filter coefficients which are stored in the instrument.

Most filters are symmetric and peak at the center, but these are not requirements.
However, the event migers and TDMA control engine within the FPGA assume a 12
symbol latency for the filter. Filters shorter than 24 symbols are easily accommodated by
padding the filter with zeros at the beginning and the end.

Creating User Filters

As an example, we can creat windowed sinc filter using the following psewdale

# Number of coefficients

N = 3072

# Over sampling ratio

OSR =128

# Kaiser filter param eter

ALPHA =25

BETA = Pl * ALPHA

# Create floating point array filled with integers from 0 to 3071
s= arange ( float (N))

# Rescale and offset array to cover range from -12.0to +12.0
s=(s - N/2)JOSR

# Replace with the normalized sinc function

s= sinc ( s )

# Get desired Kaiser window
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w = get window ( ("kaiser", BETA, N)

# Window the sinc to create the filter

fiter=s*w

# Scale filter to 32768 and truncate

filter = round ( 32768 * filter )

# Create 16 bit offset

offset = 16384

# Subtract offset so that all coefficients are 16 bits
filter = filter - offset

In the above codé¢he sinc() function is the normalized versidefined by

. ox OET®
i "Qavw

ltisl0atx=0 gnd zero at egl nonzeitteger values of XThe window is a Kaiser
wi ndow wJd tahr@®5. &k

The very last statement in the code subtracts an offset from all the coefficients. This
offset is only necessary to ensure that all coefficients are 16 bits during the binary
transmissiorto the instrument. Thisffset will be added back tihe coefficiens by the
instrument during the filter downloadlhus, the coefficients values stored in the
instrument equal the coefficients stored in filter before the offset is subtracted.

After the last statement of codég filter variableshould contain an array 8072, 16
bit coefficients. The coefficients should be written into ¢aeb data>block in the big
endian format for transmission to the instrument.

Thus, we can synthesize the following command to download the filter to the
instrument:

WRTF 16384, #4614filter coefficients in bigendian format><NL>

The first parameter indicates the offset that should be added to each coefficient before
storage into the instrument. The second parameter indicates that we are transmitting
6144 bytes of binary data. The gort inside the brackets represents the 6144 bytes of
binary filter coefficient data. The brackets are not part of the transmission. Finally, all
commands must be terminated with a semicolon, a carriage return <CR>, ofliaenew
<NL>. This command is no erption. Thus, a <NL>, which has the hexadecimal value
OxO0A, follows the6144binary bytes.

Saving Filters to Nonvolatile Memory

Once a filter has been downloaded to internal SRAM, it may be saved into nonvolatile
memory, if desired. A filter is saved intoonvolatile memory with the following
command:

SAVF? i

The parameter i refers to the location into which the filter is stored. It may range from 1
to 9. Upon completion, the command returns an error code. If successful, the error code
will be 0.

Note thatthis command will overwrite any previous filter stored in that location.

MSRS Stanford Research Systems SG390 Series RF Signal Generato



Arbitrary Waveform Generation 84

Event Markers and TDMA

Event markers provide a means for synchronizing external equipment with a modulation
waveform. A symbol clock and three event marker signals are availableeomatk

pané of the instrument. The symbol clock output produces a square wave clock signal at
the symbol rate. The rising edge of the clock aligns with thak psponse of the symbol

in the pulse shaping filter. At each rising edge of the symbol ctbekevent markers

may be programmed to pulse high or low.

Event markers are programmed via a sequenc® o6 512 32-bit configurationwords
Each word has the fallving meaning:

Table 31: Event marker configuration word

Bit

31

30

290

Meaning

Repeat

Action

Offset

Bits 29 to 0 define a symbol offset. Durinigitialization, asymbol counter is initialized

to zero. At each rising edge of the symbol clock, the symbol counter is incremented.
When the symbol count equalse dfset given in the configuration word, the action in

bit 30 is performedif Action = 1, the event marker is forced high, othenitise forced

low. If the symbol count does not eqtila¢ dfset, no action is taken and the state of the
marker is left uncAnged.After each successful symbol count comparison, the next
configuration word is loaded, until the repeat bit is set, at which point the symbol
counter is reset and the first configuration word reloaath event marker has space
for 512 event configration words. For proper initialization,however, the first
configuration wordnmusthaveOffset = 0.

This simple system provides the flexibility ppogram markers that pulse high and low

on every other symbol, or just once every million symbols. The eymdwunters for

each marker are independent, so we can have marker 1 pulsing high and low on every
other symbol, but marker 2 independently pulsing high and low on evBrsyitbol.

TDMA

The SG390 series generators support Time Domain Multiple Access AJDM
waveforms by associating an event marker with the RF power of output. When the
marker is high, RF power is slowly ramped up to full power. When the marker is low,
RF power is slowly ramped down angtried off. In the transition region the amplitude

of the RF follows a raised cosine profile with a configurable period of 1, 2, 4, or 8
symbols.Once initiated, a ramp must complete before it may reversed, regardless of
what the event marker it is associated with requests.

TDMA support is configuredvhen theevent marker fileare downloaded via its own
configuration word defingin Table32:

Table 322 TDMA configuration word

Bit

31-18

17-16

1512

11-8

7-1

0

Meaning

reserved

Mux

reserved

Ramp

reserved

Enable
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Set bit O to enable TDMA functionality. SBamp to 1, 2, 4, or 8 for RF power ramp
profiles that last the given number of symbol periods. Finaky Mux to 1, 2, or 3 to
associate the given marker with TDMA functionalitiFor simplicity the entire
configuration word may be set to zero if TDMArist used.

Default Marker Configuration

Marker configurations are always associated with a user waveform. When a user
waveform is downloaded, a default marker configuration is automatically created for it.
The newly created configuration replaces any otwrfiguration that may have been
active. The default marker configuration for a user waveform pulses Marker fohigh
one symbol period ahe start of the aweform. Markers 2 and 3 are configured to stay
low. TDMA is turned off.This default marker coigiuration is also used for PRBS and
pattern waveforms, but in that case the configuration is fixed and cannot be modified.

Downloading Event Marker Configurations

Event marker configurations are downloaded with the following command:
WRTE i, <arb data

Parameter i indicates the desired TDMA configuration wdadined in Table32
<arbdata> should be aefinite arbitraryblock with 6144 bytes of binary data. The
binary data consists of three sequences of 512 event configuration worddgirsthe
sequence is for Brker 1, the next sequence is Marker 2, and the last sequence is for
Marker 3. The individual event configuration words are definethine31. Each 32bit
configuration word must be formatted as-bigdian for the transmission.

Example Event Marker Configuration

Suppose we wish to create a marker configuration theepuMarker 1 high for 1
symbol period at the beginning of a waveform and that our waveform is 1500 symbols
long. We create our event configuration words for Marker 1 as showhabiie33

Table 33: Example marker configuration sequence

Word Repeat | Action Offset | Configuration
0 0 1 0 0x40000000

1 0 0 1 0x00000001

2 1 0 1499 0x800005DB
3to 51 0 0 0 0x00000000

Markers 2 and 3 consist of afleros. We may now synthesize the event marker
configuration command as follows:

WRTE O, #46144<40 00 00 OO OO OO OO O1 8O0

The first parameter indicates that TDMA is not used. The last parameter indicates we are
transmitting 6144ytes of binary data. The portion inside the brackets indicates the first
16 bytes of the transmission. The subsequent 6128 bytes are all zero. The brackets are
not part of the transmission. Finally, all commands must be terminated with a semicolon,
a carfage return <CR>, or a neline <NL>. This command is no exception. Thus, a
<NL>, which has the hexadecimal value 0x0A, follows the 6144 binary bytes.
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Saving Event Markers to Nonvolatile Memory

Event markers are always associated with a waveform. Thus, avlbser waveform is
saved to nonvolatile memory, the event marker associated with it is also saved. No extra
procedures are required. Saving a user waveform to nonvolatile memory was discussed

aboveon pager8.
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Remote Programming

Introduction

Theinstrumentmay be remotely programmed via the GPIB interface, th@ 32Sserial
interface, or the LAN Ethernet interface. Any host computer interfaced tnstiement
can easily control and monitds operation.

Interface Configuration

All of the interface configration parameters can be accessed via the farlthrough
shifted functions dedicated to the interfatable 34 identifies the shifted functions that
are used taonfigure each interface.

Table 34: Interface Configuration

Shifted Function Interface Configuration
NET [5] LAN, TCP/IP interface
GPIB[4] GPIB 488.2 interface
RS232[5] RS232 serial interface
Each interfacebs conf i SHHIE] folloowad by oge ofithec e s s e

interface keys ([NET], [GPIB], or [R232]). Once a given interface configuration is
activated, parameters for the interface are selected by successive SENE&EY
presses. For example, pressing [SHIFT], {B2] activates the R332 configuration.
The first menu item is R832 Enable/Disable. Pressing SELEQW] moves the
selection to R232 baud rate.

Once a parameter is selected, it is modified by pressing@I&ST[r ] and[s ] keys.

The only exception to this is for selections that require an internet address, such as static
IP address, network mask, and default gateway address. In this case the address is
modified by entering the new address with the numexjs and pressing [ENTER].

All interfaces are enabled by default, but each interface may be disabled individually if
desired. Any modifications made to an interface do not take effect until the interface is
reset or the unit is power cycled.
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GPIB

A GPIB (IEEE-488) communications port is included on the rear panel of the
instrument. The instruments support the IEEB.1 (1978) interface standard. They
also support the required common commands of the 4HEE2 (1987) standard.

The GPIB menu, [SHIFT] [4]enables the user to configure the GPIB remote interface.
The GPIB menu has several optiowhkich are summarized ifable 35. Press the
SELECTv andw keys to cycle thwugh the options. Use the ADJUST ands keys

to change an optioMNote that changes to the GPIB configuration do not take effect until
the interface is reser the instrument is power cycled.

Table 35: GPIB Menu Options

Parameter Example Display Description

GPIB 6 GPI B enabl|Enableordisable all GPIB access

Address 6 Addr ess 2 7 GPIB address

Reset O0Reset nod [Select Oreset yes
to reset the GPIB interface.

GPIB Address

In order to communicate properly on ti&&PIB bus, the signal generator must be
configured with a wunique address. Use the
address. Then reset the interface to make sure the new address is active.

Reset the GPIB Interface

Note that changes to the GPIBnéiguration do not take effect until the GPIB interface

is either reset or the instrument is power cycled. To reset the GPIB interface, navigate

t hrough the GPI B menu options wuntin keyiireset
to displ ay pess&NTER. yes o and

RS-232

An RS232 communications pois$ includedon the reapanelof the unit. The RS232
interface connector is a standard 9 pin, type D, female connector configured as a DCE
(transmit on pirR, receive on pir8). In order to communicate pperly over R&232, the
instrument and the host computer both must be configured to use the same configuration.
The following baud rates are supported: 115200 (default), 57600, 38400, 19200, 9600,
and 4800. The rest of the communication parameters aredtx@dlata bits, 1 stop bit,

no parity, and RTS/CTS hardware flow control.
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The RS232 menu, [SHIFT] [5], has several optipmghich are summarized ifable 36.
Pres the SELECT andw keys to cycle through the options. Use the ADJUS&nd
s keys to change an option. Note that changes to thig¢3dRSonfiguration do not take
effect until the interface is reset or the instrument is power cycled.

Table 36: RS-232 Menu Options

Parameter Example Display Description

RS232 O6RB32 enabl | Enableordisable all R332 access

Baud rate 6Baud 1150 0] The baud rate to use for 32
connections

Reset 60Reset nod Select 6yesd and

resetthe RS232 interface.

RS-232 Configuration

Use the baud rate menu option to set the
make sure the new baud rate is active.

Reset the RS-232 Interface

Note that changes to the R32 configuration do not takeffect until the R&32

interface is either reset or the instrument is power cycled. To reset tB8ZR6terface,

navigate through the R832 menu options until Areset
ADJUSTr key di splay fireset yeso and press EN

LAN

A rear panel R35 connectormay be used toonnect the instrumemd a 10/100 Bas&
Ethernet LAN. Before connecting tiestrumentto your LAN, check with your network
administrator for the proper method of configuration of networked instruments on your
nework.

The Ethernet LAN remote interface is configured viaktel meny which has several
optionssummarized iMable37. Press the SELECT andw keys to cycle throgh the
options. Use the ADJUSIT ands keys to change an option. Use the numeric keypad

to enter an IP address when appropriate. Note that changes to the TCP/IP configuration
do not take effect until the interface is reset or power is cycled.
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Table 37: NET Menu Options for TCP/IP Configuration

Parameter | Example Display Description

TCP/IP O TCPI P e n alEnableordisable all TCP/IP access

DHCP 6 DHCP e nab | Enable ordisable the DHCP client to
automatically obtain an appropriak€P/IP
configuration from a DHCP server

Auto IP 0Aut o | P el Enableordisable automatic network
configuration in the 169.254.x.x internet
address space if DHCP fails or is disablec

Static IP 0St ati c e n {Enableordisable a static IP configtion.

IP 0l P 192. 16 {IPaddress to use if static IP is enabled.

Subnet 6net 255 . 2! Subnetmask to use if static IP is enabled

Default Gtrl1 9 2. 1 6 8. 0| Default gateway or router to use for routin

gateway packets not on the local networlksiftic 1P
is enabled

Baresocket 6 Bar e e n ab | Enable ordisable raw socket access on

interface TCP/IP port 5025.

Telnet 6Tel net e n{Enableordisable telnet access on TCP/II

interface port 5024.

VXI-11 O6Neti nst e | Enableodisable the VXi11l net instrumen

Interface remote interface.

Linkspeed |6 Speed -T OO0 | Setthe Ethernet link speed.

Reset OReset nod|Sel Raesety e6s 6 and pr es
reset the TCP/IP interface to use the lateg
TCP/IP configuration settings.

TCP/IP Configuration Methods

In order to function properly on an Ethernet based local area network (LAN), the unit
needs to obtain a valid IP address, a subnet mask, and a default gateway or router
address. There are three methods for obtaining these paramet&@B;, BHtcIP, and

Static IP. Check with your network administrator for the proper method of configuration

of instruments on your network.

If the DHCP client is enabled, the unit will try to obtain its TCP/IP configuration from a
DHCP server located somewhepn the local network. If the Au® protocol is
enabled, the unit will try to obtain a valid liécal IP configuration in the 169.254.x.x
address space. If the static IP configuration is enabled, the unit will use the given TCP/IP
configuration. Wherall three methods are enabled, the TCP/IP configuration will be
determined in the following order of preference: DHCP, Altpand static IP. Given

that AutolP is virtually guaranteed to succeed, it should be disabled if a static IP
configuration is desed.

Please see the Status details on p2gjdor details on viewing the TCP/IP address
obtained via DHCP or AuttP methods.

TCP/IP Based Remote Interfaces

Three TCP/IP based remote interfaces are supported: raw socket, telnet, ahd Wetl
instrument. Raw socket access is available on port 5025. Telnet access is available on
port 5024. The VXi11 interface enables IEEE 488.2 GHilg access to the unit over
TCP/IP. It enables controlled reads and writes and the ability to generate service
requests. Most recent VISA instrument software libraries support this protocol.
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Link Speed

The physical Ethernet layer supports 10 Basend 100 Bas& link speeds. Thdefault
link speed is set to 100 Ba3ebut it can be set to 10 Base

Reset the TCP/IP Interface

Note that changes to the TCP/IP configuration do not take effect until the TCP/IP
interface is either reset or the instrument is power cycled. To resEC®P#P interface,
navigate through the NET menu options unt
rrkey to display fAreset yeso and then pre
aborted. The TCP/IP stack will be -irgtialized and configured usinghe latest
configuration options.

Network Security

Network security is an important consideration for all TCP/IP networks. Please bear in
mind that theunit does NOT provide security controls, such as passwords or encryption,
for controlling accesdf sudch controls are needed, you must provide it at a higher level
on your network. This might be achieved, for example, by setting up a firewall and
operating thénstrumentoehind it.

Front-Panel Indicators

To assist in programminghere arethree frontpanel indicators located under the
INTERFACE section: REM, ACT, and ERR. The REM LED is on wheninsgument

is in remote lock out. In this mode, the frgpanelinterface is locked out and the
instrumentcan only be controlled via the remote interface. Tdack to local mode, the

user must press the LOCAL key, [3]. The ACT LED serves as an activity indicator that
flashes every time a character is received or transmitted over one of the remote
interfaces.

The ERR LED will be highlighted when a remote commdaits to execute due to
illegal syntax or invalid parameters. The user may view the cause of errors from the
front panelby pressing the keys [SHIFT], [STATUS], sequentially. Next press ADJUST
[r ] until the display read&Error Statué. Finally, press SELECTw] successively, to

view the total error count followed by the individual errors. The error codes are
described in sectioBrror Coden pagel26.

Command Syntax

All commands use ASCII characterme 4characters longand are casmsensitive.
Standard IEEE# 8 8. 2 defi ned commands begin with
letters.Instrumentspecific commands are composed of 4 letters.

The fourletter mnemonic (shown icapital lettersin each command sequence specifies
the command. The rest of the sequence consists of parameters.

Commands may take eithsetor queryf or m, depending on wheth
follows the mnemonic.Set onlycomma n d s ar e | i st guery aniyt hou't
commands show the 07? guerg dptioealcommands aramarked ni c ,
with a 6(7?)6.
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Parameters shown in { } and [ ] are not always required. Parameters in { } are required
to set a value, and are dted for queries. Parameters in [ ] are optional in both set and
query commands. Parameters listed without any surrounding characters are always
required.

Do NOT send () or {} or [] or spaces as part of the command.

The command buffer is limited to 768 bgt with 25 byte buffers allocated to each of up

to 3 parameters per command. If the command buffer overflows, both the input and
output buffers will be flushed and reset. If a parameter buffer overflows, a command
error will be generated and the offendoc@mmand discarded.

Commands are terminated by a semicolon, a <CR> (ASCII 13), or a <LF> (ASCII 10).
If the communications interface is GPIB, then the terminating character may optionally
be accompanied by an EOI signal. If the EOl accompanies a chao#togerthan a
<LF>, a <LF> will be appended to the command to terminate it. Execution of the
command does not begin until a command terminator is received.

Aside from communication errors, commands may fail due to either syntax or execution
errors. Syntax errors can be detected by looking at bit 5 (CME) of the event status
register (*ESR?). Execution errors can be detected by looking at bit 4 (EXE) of tite eve
status register. In both cases, an error code, indicating the specific cause of the error, is
appended to the error queue. The error queue may be queried with the LERR? command.
Descriptions of all error codes can be found in the se&foor Codesstrting on page

126.

Parameter Conventions

The command descriptions use parameters, such as i, f, and v. These parameters
represent integers or floating point values expé by the command. The parameters
follow the conventions summarizedTiable38.

Table 38 Command Parameter Conventions

Parameter | Meaning

i, j, K An integer value

A floating point value

A floating point value representing a frequency in H
A floating point value representing a phase in degre
A floating point value representing time in seconds.
A floating point valuaepresenting voltage in volts.
An identifier of units. Allowed units depend on t
type as identified below:

Type Allowed Units

Amplitude (|6 dBm6é, &ér msd,
Frequency |6 GHz 6, O MHz 6
Time 6ns o0, 6us 06,

ci<|To | >

ol
3

”m|O\O
o|Ix <

Numeric Conventions

FIl oating point values may be deci mal (6123.
values may be deci mal (6123456) or hexadecim
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Abridged Index of Commands

Common IEEE-488.2 Commands

*CAL? Paged6 Run auto calibration routine
*CLS Page96 Clear Status

*ESE(?){i} Paged6 Standard Event Status Enable
*ESR? Paged6 Standard Event Status Register
*IDN? Paged6 Identification String

*OPC(?) Page96 Operation Complete
*PSC(?){i} Page9d7 Poweron Status Clear

*RCL i Paged7 Recall Instrument Settings
*RST Paged7 Reset the Instrument

*SAV | Paged7 Save Instrument Settings
*SRE(?){i} Page9d7 Service Request Enable
*STB? Paged8 Status Byte

*TRG Paged8 Trigger a delay

*TST? Paged8 Self Test

*WAI Paged8 Wait for Command Execution

Status and Display Commands

DISP(?){i} Paged9 Display

INSE(?){i} Paged9 Instrument Status Enable
INSR? Paged9 Instrument Status Register
LERR? Pagel00 Last Error

OPTN?I Pagel00 Installed Options

ORNG? [i] Pagel00 Output Over Range
TEMP? Pagel00 Temperaturef the RF block
TIMB? Pagel00 Timebase

Signal Synthesis Commands

AMPL(?){v}{u] Pagel01 | Amplitude of LF (BNC Output)
AMPR(?){v}{u] PagelO01 | Amplitude of RF Type NOutput)
ENBL(?){i} PagelOl Enable LF (BNC Output)
ENBR(?){i} Pagel01 Enable RF Type NOutput)
FREQ(?){f}u] Pagel02 Frequency

NOIS(?Xi} Pagel02 Noise Mode of RF PLL Loop Filter
OFSL(?){v} Pagel02 Offset of LF (BNC Output)
PHAS(?){p} Pagel02 Phase

RPHS Pagel02 Rel Phase
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Modulation Commands

ADEP(?){d} Pagel05 AM Modulation Depth

ALPH(?){d} Pagelo5 |U f or Ny q uNyguist Filiensd
ANDP(?){d} Pagel05 AM Noise Modulation Depth
AWGN(?){i} Pagel05 | Additive White Gaussian Noise

BITS? Pagel05 Bits/Symbol for Constellation
BTEE(?){d} Pagel05 BT for Gaussian Filter

CATL? Pagel05 Catalog Listing of User Waveforms
CNST(?){i} Pagel06 User Constellation

COUP(?Xi} Pagel06 Modulation Coupling

DELW? i Pagel06 Delete User Waveform

ERAS? Pagel06 Erase All User Waveforms
FDEV(?){f}u] Pagel06 FM Deviation

FLTR(?){i} PagelQ7 Pulse Shaping Filter

ENDV (?){f}{u] Pagel07 FM Noise Deviation

MFNC(?){i} Pagel07 Modul ati on Functi g
MODI(?){d} Pagel08 Modulation Index for CPM

MODL(?){i} Pagel08 Modulation Enable

MPRE i Pagel08 Modulation Preset

NPWR(?){d} Pagel08 Noise Power

OFSI(?){d} Pagel09 Offset for | in 1Q Modulation
OFSQ(?){d} Pagel09 Offset for Q in 1Q Modulation
PDEV(?){p} Pagel09 UM Deviati on
PDTY(?){d} Pagel09 Pulse/Blank Duty Factor

PENC(?){i} Pagel09 Pulse Modulation Function
PNDV(?){p} Pagell0 0M Noise Deviati on
PPER(?){t}{u] Pagell0 Pulse/Blank Period

PRBS(?Xi} Pagell0 PRBS Length for Pulse/Blank Modulatig
PTRN(?){i} Pagell0 Pattern Data

PWID(?){t}u] Pagell0 Pulse/Blank Width

QFNC(?){i} Pagell0 IQ Modulation Function

RATE(?){f}u] Pagelll ModulationRée f or AM/ FM
RPER(?){t}[u] Pagelll PRBS Period for Pulse/Blank Modulatio
SAVC?i Pagelll Save User Constellation

SAVF? i Pagelll Save User Filter

SAVW? i Pagell2 Save User Waveform

SCAL(?){d} Pagell2 Digital Scaling Factor for Modulation
SDEV(?){f}{u] Pagell2 Sweep Deviation

SENC(?){i} Pagell2 Sweep Modulation Function
SRAT(?){f}u] Pagell3 Modulation Sweep Rate

STAG? Pagell3 Staggered Constellation

STYP(?)i} Pagell3 Modulation Subtype

SYMR(?)X{f}u] Pagell4 Symbol Rate for User Waveforms
TDMA? Pagell4 Current TDMA Configuration
TYPE(?){i} Pagell4d Modulation Type

WAVF(?){i} Pagell4 User Waveform

WRTC |, j, <arb> | Pagell5 | Write User Constellation

WRTE i, <arb> Pagell5 Write Event Marker Configuration
WRTF i, <arb> Pagell5 Write User Filter

WRTW |, j, <arb> | Pagell5 Write User Waveform
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List Commands

LSTC?i Pagell6 List Create
LSTD Pagell16 List Delete
LSTE(?){i} Pagell6 List Enable
LSTI(?){i} Pagell6 List Index
LSTP(?) i {,<st>} | Pagell6 List Point
LSTR Pagell7 List Reset
LSTS? Pagell7 List Size

Interface Commands

EMAC? Pagell8 Ethernet MAC Address

EPHY (?){i} Pagell8 Ethernet Physical Layer Configuration
IFCF(?)i{,j} Pagell8 Interface Configuration

IFRS i Pagell9 Interface Reset

IPCF?I Pagel19 Active TCP/IP Configuration

LCAL Pagel19 Go to Local

LOCK? Pagel19 Request Lock

REMT Pagell9 Go to Remote

UNLK? Pagel19 Release Lock

XTRM i{,j,k} Pagel19 Interface Terminator
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Detalled Command List
Common IEEE-488.2 Commands

*CAL? Auto calibration
This command currently does nothing and returns 0.

*CLS Clear Status

Clear Status immediately clears the ESR and INSR registers as well as the
LERR error buffer.

*ESE(?){i} Standard Event Status Enable

Set (query) the Standard Event StdEngble register {to i}. Bits set in this
register cause ESB (in STB) to be set when the corresponding bit is set in the
ESR register.

*ESR? Standard Event Status Register

Query the Standard Event Status Register. Upon executing a *ESR? query, the
returnedbits of the *ESR register are cleared. The bits in the ESR register have
the following meaning:
Bit Meaning
OPCi operation complete
Reserved
QYE T query error
DDE device dependent error
EXET execution error
CMET command error
Reserved
PONi poweron

~No o h~WNEFEO

Example
*ESR? A return of 617606 would indicate
are set.

*IDN? Identification String
Query the instrument identification string.

Example
*IDN? Returns a string similar to 06Stan
Systems5G394s/n004025,verD. 0 . 0 B

*OPC(?) Operation Complete

The set form sets the OPC flag in the ESR register when all prior commands
have completed. The query form returns 061
completed, but does not affect the ESR register.
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*PSC(?){i}

Power-on Status Clear

Set (query) the Powam Status Clear flag {to i}. The Powen Status Clear
flag is stored in nonvolatile memory in thait, and thus, maintains its value
through powercycle events.

If the value of the flag is 0, then the Service Reqkesible and Standard Event
Status Enable Registers (*SRE, *ESE) are stored irvotatile memory, and
retain their values through poweycle events. If the value of the flag is 1, then
these two registers are cleared upon pesyete.

Example

*PSC 1 Set he Powerton Status Clear to 1.

*PSC? Returns the current value of Powar Status Clear.

*RCL i

Recall Instrument Settings
Recall instrument settings from location i. The parameter i may range from
0 to 9. Locations 1 to 9 are for arbitrary ulsecation 0 is reserved for the recall
of default instrument settings.

Example
*RCL 3 Recall instruments settings from location 3.

*RST

Reset the Instrument

Reset the instrument to default settings. This is equivalent to *RCL 0. It is also
equivalent to presing the keys [SHIFT], [INIT], [ENTER on the fropanel

See Factory Default Settings on p&jdor a list of default settings.

Example

*RST Resets the instrument to default settings

*SAV i

Save Instrument Settings
Save instrument settings to location i. The parameter i maggeriaom 0 to 9.
However, location 0 is reserved for current instrument settings. It will be
overwritten after each fromanelkey press.

Example
*SAV 3 Save current settings to location 3.

*SRE(?){i}

Service Request Enable

Set (query) the Service Requéstable register {to i}. Bits set in this register
cause th&G394to generate a service request when the corresponding bit is set
in the STB register.
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*STB? Status Byte

Query the standard IEEE 488.2 serial poll status byte. The bits in the STB
register lave the following meaning:

Bit Meaning
INSB 1 INSR summary bit
Reserved
Reserved
Reserved
MAV T message available
ESBT ESR summary bit
MSSi master summary bit
Reserved

~NoO Ok~ WNEFO

Example
*STB? A return of 0611306 woul dandndi cat e
MSS are set. INSB indicates that an enabled bit in INSR is
set. MAV indicates that a message is available in the output
gueue. ESB indicates that an enabled bit in ESR is set. MSS
reflects the fact that at least one of the summary enable bits
is set ad the instrument is requesting service.

*TRG Trigger

When theinstrumenis configured for list operation, this command initiates a
trigger. Instrument settings at the current list index are written to the instrument
and the index is incremented to the tlest entry.

*TST? Self Test

Runs the instrument self test and returns 0 if successful. Otherwise it returns
error code 17 to indicate that the self test failed. Use the LERR? command to
determine the cause of the failure.

*WAI Wait for Command Execution

The instrument will not process further commands until all prior commands
including this one have completed.

Example
*WAI Wait for all prior commands to execute before continuing.
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Status and Display Commands

DISP(?){i} Display
Set (query) the currentsfilay value {to i}. The parameter i selects the display
type.

Display

Modulation Type

Modulation Function

Frequency

Phase

Modulation Rate or Period

Modulation Deviation or Duty Cycle

RF Type NAmplitude

BNC Amplitude

10 BNC Offset

13 | Offset

14 Q Offset

Example
DISP 2 Show carrier frequency

~N~No b~ wWNRE O

INSE(?){i} Instrument Status Enable

Set (query) the Instrument Status Enable register {to i}. Bits set in this register
cause INSB (in STB) to be set when the corresponding bit is set in the INSR
register.

INSR? Instrument Status Register

Query the Instrument Status Register. Upon executing a INSR? query, the
returned bits of the INSR register are cleared. The bits in the INSR register have
the following meaning:
Bit Meaning

20MHZ_UNLK 7 20 MHz PLLunlocked.

100MHZ_UNLKT 100 MHz PLL unlocked.

19MHZ_UNLK i 19 MHz PLL unlocked.

1GHZ _UNLKYT 1 GHz PLL unlocked.

4GHZ_UNLK' 4 GHz PLL unlocked.

NO_TIMEBASE!T installed timebase is not oscillating.

RB_UNLOCKI the installed Rbidium oscillatoris unlocked.

Reserved

MOD_OVLD i modulation overloaded.

IQ_OVLD 1 IQ modulation overloaded.
0-15 Reserved

POoo~NoOuh,wWNEFEO

Example
INSR? A return of 62576 would indica
was detected and the RHz PLL came unlocked.
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LERR? Last Error

Query the last error in the error buffer. Upon executing a LERR? query, the
returned error is removed from the error buffer. See the section Error Codes later
in this chapter for a description of the possible error codes returned by LERR?.
The error buffehas space to store up to 20 errors. If more than 19 errors occur
without being queried, the 2@rror will be 254 (Too Many Errors), indicating

that errors were dropped.

OPTN? i Installed Options

Query whether option i is installed. Returns 1 if it istidled, otherwise 0. The
parameter i identifies the option.

Option

i
1 Rear clock outputénever installed)
2 RF doubler and DC outpuaever installed)
3 IQ modulation inputs and outputalways installed)
4 Rubidium timebase
ORNG? [i] Output Over Range

Query whether atput i is over its specified range. The instrument returns one if
the given output is over range, otherwis& e parameter i identifies theitput

as follows:
i Output
0 BNC output
1 Type Noutputs

If omitted,i defaults to 1.

TEMP? Temperature
Query the currenemperature of the RF output block in degrees C

TIMB? Timebase
Query the current timebase. The returned value identifies the timebase.

Value Meaning

0 Crystaltimebase

1 OCXO timebase

2 Rubidium timebase
3 External timebase
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Signal Synthesis Commands

Signal synthesis commands enable the user to set the frequency, amplitude, and phase of
the outputs. Basic configuration can be achieved by following the stepstlined

in Table39.
Table 39: Basic Signal Configuration
Action Relevant Commands
Set frequency FREQ
Set amplitude AMPL, AMPR
Set offset OFSL
Adjust phase PHAS, RPHS

All of these commands adescribed in detail below.

AMPL(?){v}[u] Amplitude of LF (BNC Output)

Set (query) the amplitude of the low frequency BNC output {to v}. If omitted,
units default to dBm.

Example

AMPL -1.0 Set the BNC output amplitude td.0dBm.

AMPL 0.1 RMS Set the BNGutput amplitude to 0.V s

AMPL? Query the BNC output amplitude in dBm.
AMPR(?){v}[u] Amplitude of RF (Type N Output)

Set (query) the amplitude of tigpe NRF output {to v}. If omitted, units
default to dBm.

Example

AMPR -3.0 Set theType NRF outputamplitude ta' 3.0dBm.

AMPR 0.1 RMS Set theType NRF output amplitude to 0N s

AMPR? Query theType NRF output amplitude in dBm.
ENBL(?){i} Enable LF (BNC Output)

Set (query) the enable state of the low frequency BNC output {to i}. If i is O, the
output is disabled and turned off. If i is 1, thaputis enabled and operating at

the programmed amplitude for the output. Note that the query returns the current
stateof the output. It may return 0 even if a 1 was sent if the output is not active
at the current frequency (i.€eafer> 62.5 MH2z).

ENBR(?){i} Enable RF (Type N Output)

Set (query) the enable state of Thge NRF output {to i}. If i is O, the output is
disabled and turned off. If i is 1, the output is enabled and operating at the
programmed amplitude for the output. Note that the query returns the current
state of the output. It may return 0 even if a 1 was sent if the output is not active
at the currenfrequency (i.e. Brier< 950 kHZz).
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FREQ(?){f}[u]

Frequency
Set (query) the carrier frequency {to f}. If omitted, units default to Hz.

Example
FREQ 100e6 Set the frequency to 100 MHz.

FREQ 100 MHz Also sets the frequency to 100 MHz.
FREQ ? Returns theurrent frequency in Hz.
FREQ? MHz Returns the current frequency in MHz

NOIS(?){i}

Noise Mode of RF PLL Loop Filter
Set (query) th&®F PLL loop filter mode for the instrument.
i REPLL Mode
0 Mode 18 minimize noise at small offsets from carrier.
1 Mode 26 minimize noise at large offsets from carrier.

This command is identical to changing the PLL mode from the front panel via
the shifted CAL function.

OFSL(?){v}

Offset of LF (BNC Output)
Set (query) the offset voltage of the low frequency BNC output {tim wolts.

PHAS(?){p}

Phase

Set (query) the phase of the carrier{to p}. The phase will track3@0°, but it

may only be stepped by 360° in one step. Thus, if the phase is currently 360°,
setting the phase 1®0° will fail because the phase stegaigyer than 360°. On

the other hand, setting the phase to 370° will succeed but the reported phase will
then be 10°.

Example
PHAS 90.0 Set the phase to 90 degrees.

PHAS-10.0 Set the phase 1dl0 degrees.

RPHS

Rel Phase
Make the current phase of the car@é.
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Modulation Commands

Modulation commands enable the user to configure differens tyfpmodulation of the
carrier. Basic configuratiofior analog modulatiorcan be achieved by following the
steps outlined ifable40.

Table 40: BasicAnalog Modulation Configuration

Modulation Configuration Relevant Commands
On/Off Enable modulation MODL
External AC/DC input coupling COUP
AM Select AMmodulation TYPE QO STYPO
Modulation function MFNC
Mod. rate / Noise bandwidth| RATE
Deviation ADEP, ANDP
FM Select FM modulation TYPE 1, STYP O
Modulation function MFNC
Mod. rate / Noise bandwidth| RATE
Deviation FDEV, FNDV
aM S e | e cmoduiatidn TYPE 2 STYP O
Modulation function MFNC
Mod. rate / Noise bandwidth| RATE
Deviation PDEV, PNDV
Sweep Select frequency sweep TYPE 3
Modulation function SFNC
Modulation rate SRAT
Deviation SDEV
Pulse/Blank Select pulse/blank mod. TYPE4/TYPE 5
Modulation function PFNC
Pulse period PPER
Pulse width PWID or PDTY
PRBS period RPER
PRBS length PRBS

The remote interface commands associated with each setting are shown in the table.
Analog modulation is indicated by setting tlsebtype to zero (STYP command).
Modulation type is selected via the TYPE commaAt&though not shown, analog
modulation also supports user waveforms downloaded by the user. This is achieved by
setting the modulation function (MFNC, SFNC, or PFNC) to useweform and
selecting the desired user waveform via the WAVF command. All of these commands
are described in detail below.
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Basic configuratiorfor digital vector modulatiortan be achieved by following the steps

outlined inTable41.

Table 41: BasicVector Modulation Configuration

Modulation Configuration Relevant Commands

On/Off Enable modulation MODL

ASK Select AM modulation TYPE O
Select constellation STYP, CNST
Modulation function QFNC, WAVF
Pulse shaping filter FLTR, ALPH, BTEE
Symbolrate SYMR

FSK Select FM modulation TYPE 1
Select constellation STYP, CNST
Modulation function QFNC, WAVF
Pulse shaping filter FLTR, ALPH, BTEE
Symbolrate SYMR
Deviation FDEV

aM Select O0M mod TYPE2
Select constellation STYP, CNST
Modulation function QFNC, WAVF
Pulse shaping filter FLTR, ALPH, BTEE
Symbol rate SYMR

QAM Select QAM modulation TYPE 7
Selectconstellation STYP, CNST
Modulation function QFNC, WAVF
Pulse shaping filter FLTR, ALPH, BTEE
Symbolrate SYMR

CPM Select CPM modulation TYPE 8
Select constellation STYP
Modulation function QFNC, WAVF
Pulse shaping filter FLTR, ALPH, BTEE
Symbol rate SYMR
Modulation index MODI

VSB Select VSB modulation TYPE 9
Select constellation STYP
Modulation function QFNC, WAVF
Pulse shaping filter FLTR, ALPH, BTEE
Symbol rate SYMR

The remote interface commands associated with each setting are shown in the table. In
contrast tcanalog modulation, digital vector modulation involves the mapping of digital
symbols onto a vector constellation. Thus, instead of a waveform frequencyiaat, per

we have a symbol ra{&YMR command)The digital symbols are also typically played

back through pulse shaping filter characterized via the FLTR command. All of these
commands are described in detail below.
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ADEP(?){d} AM Modulation Depth
Set (querythe AM modulation depth {to d} in percent.
Note: see ANDP command if noise is the selected modulation function.

Example

ADEP 90.0 Set the depth to 90 %.

ADEP? Query the current depth in percent.
ALPH(?){d} U for Nygqui 4yquistFidlersRo ot

Set(querythee x cess bandwi dt h f ac-Nyguistfiteds, f or
{to d}. It may range from 0.1 to 1.0.

Example 5

ALPH 0.2 SetU to 0. 2 3

ALPH? Querythecurrent al ue f or U
ANDP(?){d} AM Noise Modulation Depth

Set (query) the AM noise modulation deftih d} in percent. The value controls
the rms depth of the modulation, not the peak deviation as the ADEP command

does.

Note: see ADEP command for all modulation functions other than noise.

Example

ANDP 10.0 Set the rms noise depth to 10 %.

ANDP? Query thecurrent rms noise depth in percent.
AWGN(?){i} Additive White Gaussian Noise

Set (query) theurrent configuration for AWGN {to i} The parameter i may be
set to one of the following values:

i Configuration

0 Noise Off

1 Noise Added

2 Noise Only

Note:see NPWR to configure the noise power.

BITS? Bits/Symbol for Constellation

Query thecurrent bits/symbol for the current constellation. Bits/symbol is set by
the selected constellation. If constellations are not used it will be 16 or 32. The
latter value $ for IQ waveforms that contain 4%t IQ value pairs.

BTEE(?){d} BT for Gaussian Filters

Set (aery) thecurrent bandwidth, symbol time product, BT, for Gaussian filters
to {d}. It may range from 0.1 to 1.0.

Example

BTEE 0.3 SetBT to 0.3 5

BTEE? Querythecurrent al ue for U
CATL? Catalog Listing of User Waveforms

Query thecurrent catalog listing of available user waveforms. The commands
returns a comma separated G§tocation and waveform size in Zt words.
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When all waveforms have beenntized, the current free space inliéwords
for new waveforms is appended to the list.

Example
CATL? Query the current catalog listing. An example response

might be the following:

0,512,1,0,2,128,3,0,4,0,5,0,6,0,7,0,8,0,9,0,10,173696,11,720,12,128,13,79,14,235,15,76800,1044480

In this example, SRAM has a waveform 512 words long. Location 2 has a
waveform 128 words long. All other user waveforms are empty. Locations 10 to
14 indicae the presence of factory loaded readly waveforms (see WAVF for
details). Finally the last number indicates we have 1,044,480 words of free space
still available for storage of new waveforms in nonvolatile memory.

CNST(?){i} User Constellation

Set (aqely) thecurrent user constellation {to i}. The parameter i may range from
0 to 9. The value, 0, identifies the constellation stored in SRAM. Values 1 to 9
identify user constellations stored in nonvolatile memory via the SAVC
command. Note that user con&i@bns are only active when the modulation
subtype is user (see STYP command).

COUP(?){i} Modulation Coupling

Set (query) the coupling of the external modulation input {to i}. If i is O, the
input is AC coupled. Ifiis 1, the input is DC coupled. Thigisg has no affect
on the input if pulse modulation is active. In that case the coupling is always
DC.

DELW? i Delete User Waveform

Delete the user waveform at location i and return an error code followed by the
current free space in nonvolatile memory.gbit words The parameter i may
range from 0 to 9. The value, 0, identifaasy waveform stored iBRAM.

Values 1 to 9 identifyvaveformsstored in nonvolatile memory via the SV
commandIf successful,tte error code will be Wote that factory loadk read

only waveforms cannot be deleted with this command.

WARNING: once deleted, a user waveform cannot be recovered.

ERAS? Erase All User Waveforms

Erase all user waveforms and return an error code followed by the current free
space in nonvolatile mempin 16-bit words. If successful, the error code will

be 0. Note that factory loaded, reanly waveforms cannot be deleted by this
command.

WARNING: once deleted, user waveforms cannot be recovered.

FDEV(?){f}[u] FM Deviation
Set (query) the FM deviatidto f}. If omitted, units default to Hz.
Note: see FNDV command if noise is the selected modulation function.

Example
FDEV 10e3 Set the FM deviation to 10 kHz.
FDEV? Query the current FM deviation in Hz.

FDEV 1 kHz Set the FM deviation to 1 kHz.
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FLTR(?){i} Pulse Shaping Filter
Set (query) the current pulse shaping filter {to i}. The parameter i identifies the
pulse shaping filter. It may be set to one of the following values:

i Filter
0 User filterstored in SRAM

1i9 User filters stored in nonvolatile menyor

10 Nyquist (raised cosine) filter

11 RootNyquist (rootraised cosine) filter

12 Gaussian filter

13 Rectangular filter

14 Triangular filter (simple, linear interpolation)

15 Kaiser windowed sinc filter.

16 Linearized Gaussian filter (used in GSM EDGE miation)

17 C4FM (used in APCO 25 modulation)

For Nyquist and Roelyquist filters, see the ALPH command to set the excess

bandwi dth factor, uU. For the Gaussi an

bandwidth, symbol time product, BT.

Example

FLTR 10 Setpulse shaping filter to raised cosine.

ALPH 0.3 Set U for raised cosine filter
FNDV(?){f}[u] FM Noise Deviation

Set (query) the FM noise deviation {to f}. If omitted, units default to Hz. The
value controls the rms deviation of the modulatian,the peak deviation as the
FDEV command does.

Note: see FDEV command for all modulation functions other then noise.

Example
FNDV 10e3 Set the rms FM noise deviation to 10 kHz.
FNDV? Query the current rms FM noise deviation in Hz.

FNDV 1 kHz Set the rms M noise deviation to 1 kHz.

MENC(?){i} Modulation Function for Analog AM/ FM/ 0 M

Set (query) the modulation function or
be set to one of the following values:

Modulation Function
Sine wave

Ramp

Triangle

Square

Noise

External

User waveform

PO WONRER O™

=

Note: see SFNC, PFNC, and QFNC commands for sweeps, pulse/blank, and 1Q
modulations respectively.
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MODI(?){d} Modulation Index for CPM

Set (query) thenodulation index for CPMto d}. The modulation index may
range from0.0 to 1.0. The modulation index is stored as a 3 digit floating point
decimal. However, when applied to the modulation, it will be rounded to the
nearest rational factor, n/512, where n is an integer.

Example

MODI 0.5 Setmodulation index to 1/2.

MODI 0.438 Setmodulation index to 7/16.

MODI? Query the current modulation index
MODL(?){i} Modulation Enable

Set (query) the enable state of modulation {to i}. If i is 0, modulation is
disabled. If i is 1, modulation is enabled. This command may fail if thremur
modulation type is not allowed at current settings. For example, pulse
modulation is not allowed at frequencies where the RF doubler is active.

MPRE i Modulation Preset

Configure the instrument according to the given modulation prélset
parameter identifies the modulation preset, which may be one of the following
values:

Modulation Preset
AM audio clip

FM audio clip

NADC modulation
PDC modulation
DECT frame

APCO 25 modulation
TETRA modulation
GSM frame

GSM EDGE frame
W-CDMA frame
ATSC DTV modulation

POO~NOUODMWNEOT

o

This command is identical to executing the front panel shifted funftifon
modulation preset$§SHIFT] [FREQ)].

Example
MPRE 8 Setup the instrument to modulate a frame of GSM EDGE
MODL 1 Enable the modulation

NPWR(?){d} Noise Power

Set (query) the current AWGN power {to d} in dB. The noise power may range
from-10.0 to-70dB.

Note: see command AWGN for configuring whether noise is to be added to a

modulation.

Example

NPWR130.0 Set noise power tH30.0 dB
AWGN 1 Add noise to arrent modulation
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OFSI(?){d} Offset for I in 1Q Modulation
Set (query) the current offset for | in IQ modulation to {to d} in percent. The
offset may range frorm5.0 to +5.0%. Note that 1Q offsets only apply to
internally generated I1Q waveforms.
Example
OFSI 0.5 Set the offset for | to 0.5%
OFSIi 1.5 Set the offset for | td1.5%
OFSQ(?){d} Offset for Q in IQ Modulation
Set (query) the current offset for Q in IQ modulation to {to d} in percent. The
offset may range frorm>5.0 to +5.0%.Note that 1Q offsedsmly apply to
internally generated IQ waveforms.
Example
OFSQ 0.5 Set the offset for Q to 0.5%
OFSQi 1.5 Set the offset for Q 101.5%
PDEV(?){p} 0 M Deviation
Set (query) the O0M deviation {to p} in
Note: see PNDV command if noise is the selectedutation function.
Example
PDEV 45.0 Set the O0OM deviation to 45.0 d
PDEV? Query the current OM deviation
PDTY(?){d} Pulse/Blank Duty Factor
Set (query) theuty factor for pulse/blank modulation {to d} in percehhis
value controls pulssodulation when the selected waveform is square
(seePFNC). Use PWID? to determine the actual pulse width in time.
Example
PDTY 10 Set theduty factor to 10 %.
PDTY? Query the current duty factor.
PENC(?){i} Pulse Modulation Function

Set (query) thenodulation function for pulse/blank modulation {to i}. The
parameter i may be set to one of the following values:

Modulation Function
Square
Noise (PRBS)
External

1 User waveform

A S

Not e: see MFNC, SFNC, and QFNC command
IQ modulations respectively.
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PNDV(?){p} 0 M Noise Deviation

Set (query) the O0OM noise deviation {to p}
deviation of the modulation, not the peak deviation as the PDEV command does.

Note: see PDEV command for all modida functions other than noise.

Example

PNDV 10.0 Set the rms O0OM noise deviation to

PNDV? Query the current rms OM noise de
PPER(?){t}[u] Pulse/Blank Period

Set (query) the pulse/blank modulation period {to t}. If omitted, whitfault to
seconds. This value controls pulse modulation when the selected waveform is
square (see PFNC).

Example

PPER 1€e3 Set the pulse period to 1 ms.

PPER? Query the current pulse period in seconds.
PRBS(?){i} PRBS Length for Pulse/Blank Modulation

Set(query) the PRBS length for pulse/blank modulation {tolfhe parameter i
may range from %o 32. It defines the number of bits in the PRBS generator. A
value of 8, for example, means the generator is 8 bits wide. It will generate a
sequence of pseudon@om bits which repeats ever§i21 bits. This value
controls pulse modulation when the selected waveform is noise (see PFNC).

Example
PRBS 10 Set the PRBS length to 10.
PRBS? Query the current PRBS length.
PTRN(?){i} Pattern Data
Set (query) thd 6-bit data word for pattern waveforni® i}.
Example
PTRNOX1E1E  Set thecurrent 16bit data word to OXx1EL1E in hex
PTRN? Query the current6-bit data word
PWID(?){t}[u] Pulse/Blank Width

Set (query) the pulse/blank modulation width (duty cycle) {to t}.nhitbed,
units default to seconds. This value controls pulse modulation when the selected
waveform is square (see PFNC).

Example
PWID le6 Set the pulse width to 1 e¢s.
PWID? Query the current pulse width in seconds.

QFNC(?)Xi} IQ Modulation Function

Set (qeery) the modulation function for IQ modulation {to i}. The parameter i
may be set to one of the following values:

Modulation Function

i

0 Sine

1 Ramp

2 Triangle

3 Square

4 Phase aise
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External

Sine/Cosine

Cosine/Sine

IQ Noise

PRBS symbols
0 Pattern (16 bits)
1 User waveform

P P2 OO0~ O

Not all values are valid in all modulation modes.

Note: see MFNC, SFNC, and PFNC command
pulse/blank modulations respectively.

RATE(?){f}[u] ModulationRat e f or AM/ FM/ oM

Set (query) the modiation rate {to f}. If omitted, units default to Hz. This
command also controls the noise bandwidth if a noise function is selected for the
given type of modulation.

Note: use the SRAT camand to control sweep rataad SYMR to control the
symbol rate ofiser waveforms.

Example

RATE 400 Set the modulation rate to 400 Hz.

RATE 10 kHz Set the rate to 10 kHz.

RATE? Query the current rate in Hz.

RATE? kHz Query the current rate in kHz.
RPER(?){t}[u] PRBS Period for Pulse/Blank Modulation

Set (query) the PRBgeriod for pulse/blank modulation{to t}. If omitted, units
default to seconds. This value controls pulse modulation when the selected
waveform is noise (see PFNC).

Example

RPER 1e3 Set the bit period to 1 ms.

RPER? Query the current bit period in seconds.
SAVC? i Save User Constellation

Save the user constellation stored in SRAM to location i in nonvolatile memory
and return an error code when complete. If successful, the error code will be 0.
The location may be an integer from 1 to 9.

Example
SAVC? 3 Sawe the current constellation in SRAM to location 3 in
nonvolatile memory.
SAVF? i Save User Filter

Save the user filter stored in SRAM to location i in nonvolatile memory and
return an error code when complete. If successful, the error code will be 0. The
location may be an integer from 1 to 9.

Example
SAVE? 2 Save the current filter in SRAM to location 2 in nonvolatile

memory.
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SAVW? i Save User Waveform

Save the user waveform stored in SRAM to location i in nonvolatile memory
When complete, ratn an erra code, followed by the current free space in
nonvolatile memory in 1®it words.If successful, the error codelibe 0.

Refer to the sectiokrror Codeon pagel26for all other error codes.

Example

SAVW? 1 Save the current filter in SRAM to locatidrnin nonvolatile
memory.An example response might be

0,1044480

In this example, t returned error code was 0 indicating success. Furthermore,
after the waveform was saved, there were 1,044,480 words of free space
available in nonvolatile memory for new waveforms.

SCAL(?){d} Scale Waveform

Set (query) the digital scale factor for modulation waveforms {to d}. The scale
factor may range from 0.2 to 3.0. The digital scale factor enables the user to
adjust the amplitude of the modulation waveform digitallyis factor applies to
IQ modulation waveforms that vary the amplitude, such as ASK, PSK, and
QAM, but not to constant amplitude waveforms, such as FM and @Blthe
scale factor is increased, tamplitude of thevaveformis increased, buhe
likelihood that the waveform will be clipped is also increaskslthe scale

factor is decreasethe amplitude of the waveform will be decreased jthwil
alsobe more susceptible to quantization noise. This pararsieoed normally

be left at 1.0.

SDEV(?){f}u] Sweep Deviation
Set (query) the deviation for sweeps {to f}. If omitted, units default to Hz. The
limits for sweep deviations are controlled by the edges of the band within which
the synthesizer is operating. Sweep deviations may be as large as 1t6¢12 in
to 4GHz band.

Example
SDEV 100e6 Set the sweep deviation to 100 MHz.
SDEV? Query the current sweep deviation in Hz.

SDEV 1 MHz Set the sweep deviation to 1 MHz.

SFNC(?){i} Sweep Modulation Function

Set (query) the modulation function for sweepsijtdhe parameter i may be
set to one of the following values:

Modulation Function

i

0 Sine wave

1 Ramp

2 Triangle

5 External

11 User waveform

Note: see MFNC, PFNC, and QFNC commands f
and IQ modulations respectively.
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SRAT(?){f}[u] Modulation Sweep Rate
Set (query) the modulation rate for sweeps {to f}. If omitted, units default to Hz.
Not e: use the RATE command to contr ol
Example
SRAT 10 Set the sweep rate to 10 Hz.
SRAT? Query the current rate iHz.

STAG? Staggered Constellation

Querywhether the current constellation operates in staggered mode. The
command returns 1 if staggered mode is enabled, otherwise, it returns O.

STYP(?){i} Modulation Subtype

Set (query) the modulatisubtypefto i}. The parameter i may be set to one of
the following values:

Modulation Subtype

Analog (no constellation mapping)
Vector (no constellation mapping)
Default 2bit constellation

Default 2bit constellation

Default 3bit constellation

Default 4bit constellation

Default 5bit constellation

Default 6bit constellation

Default %bit constellation

Default 8bit constellation

10 Default 9bit constellation

11 User constellation

12 Factory OQPSK constellation

13 Factory DQPSK constellation

OCoO~NOOOUODMWNEO™

14 Fctory “~/ 4 DQPSK constellation
15 Factory 3/ 8 8PSK constellation
Example
STYP 3 Sdectdefault2-bit vector modulation
STYP? Query the current modulation subtype

Note that not all modulation subtypes are valid for each modulation type.
Allowed subtypes for each type of modulation are summarizédlte42.

Table 42: Allowed subtypes for each type of modulation

Modulation Type | Allowed Subtypes
AM/ASK 0-5, 11

FM/FSK 0-5, 11

PM/PSK 0-5, 12:15

Sweep 0

Pulse/Blank 0

QAM 3,57,9,11

CPM 2-5

VSB 4-5
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SYMR(?){f}{u] Symbol Rate for Digital Waveforms
Set (query) theymbolratefor digital waveforms{to f}. | f omitted, units default
to Hz.
Note: use the RAE and SRATcommands to control modulation rates for
functionawavef orms in AM/ FM/ 0OM and sweeps.
Example
SYMR 270.833e3Set thesymbolrate t0270.833 kz.
SYMR 10 kHz  Set thesymbolrate to 10 kHz.
SYMR? Query the current rate in Hz.
SYMR? kHz Query the current rate in kHz.
TDMA? Current TDMA Configuration
Query thecurrent TDMA configuration word. The TDMA configuration word is
described in the sectioFfDMA, starting on pag84
Example
TDMA? Query the current TDMA configuration. An example
response might be
197121
In hexadecimal format this number is 0x@0Q01 Referring to the definition of
the TDMA configuration wordbit O indicates thaT DMA is enableglbits 118
indicate aramp period of 2 symbalandbits 1716 indicate that the RF power
is controlled by event marke43.
TYPE(?){i} Modulation Type
Set (query) the current modulation type {to i}. The parameter i may be set to one
of thefollowing values:
i Modulation Type
0 AM/ASK
1 FM/FSK
2 0 MPSK
3 Sweep
4 Pulse
5 Blank
7 QAM
8 CPM
9 VSB
Example
TYPE 2 Set the modulation type to phase modulation.
Note that the modulation subtype, STYP, must also be specified to fully
configure thanodulation.
WAVF(?){i} User Waveform

Set (aery) thecurrent user waveform {to i}. The parameter i identifies the
desired user waveform. It may be one of the following values:
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i UserWaveform
0 User waveform stored in SRAM

1i9 User waveforms stored ironvolatile memory
10 Audio clip

11 DECT frame of random data

12 TETRA frame of random data

13 GSM frame of random data

14 GSM EDGE frame of random data

15 W-CDMA mobile station frame of random data

Note that the user waveform is only active when the modulation functsan is
to user waveform (11). See MFNC, SFNC, PFNC, and QFAME.valuei 1 is
returnedf the current waveform is invalid. This might happen, for instance, if
the waveform has been d&td. Values 10 and above refer to reaty
waveforms loaded at the factory. These are typically configurad as
consequencef modulation preset execution (MPRE command).

Example
WAVF 2 Select user waveform 2 for modulation
WRTCI, |, <arb data> Write User Constellation

Write the given user constellation to SRAM. The parameter i identifies the
bits/symbol for the constellation. It may be 1 to 9, 16, or 32. Parameter |
indicates whether the constellation uses staggered IQ mode or not. Staggered
mode is indicated if j = 1. Otherwise j = 0. The <arb data> is a definite arbitrary
block of binary data defining the constellation. See setigsrConstellations
starting on pag&9 for details on how to construct the <arb data> block.

WRTE i, <arb data>

Write Event Marker Configuration

Write thegiven event marker configuration to SRAM. The parameter i identifies
the TDMA configuration word to apply to the constellation. The TDMA
configuration word is described in the sectiddMA, starting on pag84. The

<arb data> is a definite arbitrary block of binary data defining the event marker
configuration. See sectidevent Markers and TDMAtarting on pagé4 for

details on how to construct therkadata> block.

WRTF i, <arb data>

Write User Filter

Write thegiven filter to SRAM. The parameter i identifies the offset to apply to
each coefficient of the filter. The <arb data> is a definite arbitrary block of
binary data defining the filter coeffigies. See sectiodserFiltersstarting on
page82for details on how to construct the <arb data> block.

WRTW i, j, <arb data> Write User Waveform

Write thegiven user waveform to SRAM. The parameter i identifies the
bits/symbol and whetherig an analog or vector waveform. The parameter j
indicates the number of bits in the waveform. The <arb data> is a definite
arbitrary block of binary data defining the waveform. See seétibitrary User
Waveformsstarting on page6 for details on how to construct the <arb data>
block.
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List Commands

For detailednformation on creating and defining lists, see the section List Mode later in
this chapter. Basic steps for using lists are summarizédhe43.

Table 43: Basic List Configuration

Action Relevant Commands
Create list LSTC

Set instrument state for each list entry| LSTP

Enable list LSTE

Trigger list *TRG or GPIB bus trigger
Delete list LSTD

All of these commands are described in ddtaibw.

LSTC? i List Create

Create a list of size i. If successful, 1 is returned, otherwise 0 is returned. The list
is initialized to the no change state.

Example

LSTC? 20 Create a list of size 20. Returns 1 if successful, otherwise 0.
LSTD List Delete

Delete the current list and free any memory dedicated to it.

Example

LSTD Destroy a previously created list.
LSTE(?){i} List Enable

Set (query) the list enable state {to i}. If i is 1, the list is enabled. If iis O it is
disabled. A list must be enabled bed it can be triggered.

Example

LSTE 1 Enable a previously created list.

LSTE? Query the current enable state of the list.
LSTI(?){i} List Index

Set (query) the current list index pointer {to i}.The list index identifies the entry
whose state will be loadl into the instrument upon the next valid trigger.

Example

LSTI 10 Set the list index to 10.

LSTI? Query the current list index.
LSTP(?) i {,<st>} List Point

Set (query) the instrument state stored in entry i of the list {to <st>}. Details on
the format ad meaning of instrument states <st> are discussed above in the
section List Instrument States.

Example

LSTP 5, 100e6,N,N,N,N,N,N,N,N,N,N,N,N,N,N
Set list entry 5 in the list to change the frequency to 100
MHz but leave all other settings unchanged.

LSTP?5 Query instrument state stored in list entry 5.

MSRS Stanford Research Systems SG390 Series RF Signal Generato



Remote Programming 117

LSTR List Reset
Reset the list index to zero

LSTS? List Size

Query the current list size. This is the size requested when the list was created
with the LSTC? command.
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Interface Commands

EMAC? Ethernet MAC Address
Query theEthernet MAC address.

EPHY(?){i} Ethernet Physical Layer Configuration
Set (query) the Ethernet link speed {to i}. The parameter i may be one of the
following:
i Link Speed
0 10 Base T
1 100 Base T
Example
EPHYS 1 Configure link forl00 Base T operation.
IFCF(?)i{,j} Interface Configuration

Set (query) interface configuration parameter i {to j}. The parameter i may be
one of the following:

Configuration Parameter
RS-232 Enable/Disable
RS232 Baud Rate

GPIB Enable/Disable

GPIB Address

LAN TCP/IP Enable/Disable.
DHCP Enable/Disable
Auto-IP Enable/Disable
Static IP Enable/Disable
Bare Socket Enable/Disable
Telnet Enable/Disable

10 VXI-11 Net Instrument Enable/Disable
11 Static IP Address

12 Subnet Address/Netwodask
13 Default Gateway

©CoOoO~NOOOUWNEO™

Set jto 0 to disable a setting and 1 to enable it. Vali2BSbaud rates include
4800, 9600, 19200, 38400, 57600, and 115200. Valid GPIB addresses are in the

range 030. Parameters10 2 require an | P @ddédwéadesein th
each letter is a decimal integer in the rang255.

Example

IFCF 6,0 Disable AutelP

IFCF 1,19200 Set R$232 baud rate to 19200

IFCF 3,16 Set primary GPIB address to 16

IFCF 11,192.168.10.5 Set IP address to 192.168.10.5

IFCF 12,255.255.2%0 Set network mask to 255.255.255.0

IFCF 13,192.168.10.1 Set default gateway to 192.168.10.1
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IFRS i

Interface Reset
Reset interface i. The parameter i identifies the interface to reset:

i Interface

0 RS232

1 GPIB

2 LAN TCP/IP
When an interface i®set all connections on that interface are reset to the
poweron state.

IPCF? i

Active TCP/IP Configuration

Query active TCP/IP configuration parameter i. The parameter i may be one of
the following:

i Configuration

0 Link

1 IP Address

2 Subnet Address/Neork Mask

3 Default Gateway
The link parameter indicates whether thmt is physically connected to the
LAN/Ethernet network. A value of 1 indicates tingit is connected. The rest of
the parameters indicate the current TCP/IP configuration that waseskhy
the appropriate configuration process: DHCP, Altpor Static IP.

LCAL

Go to Local

Go back to local control of the instrument. This enables the framtlkey pad

for instrument control. This command is only active on raw socket, telnet and
RS-232 connections. The other interfaces have built in functionality for
implementing this functionality.

LOCK?

Request Lock

Request the instrument lock. Theit returns 1 if the lock is granted and 0
otherwise. When the lock is granted, no other instrunmeetface, including the
front panelinterface, may alter instrument settings until the lock is released via
the UNLK command.

REMT

Go to Remote

Enable remote control of the instrument. In this mode, the pamélkey pad is
disabled, so that control di¢ instrument can only occur via the remote
interface. This command is only active on raw socket, telnet ar2BRS
connections. The other interfaces have built in functionality for implementing
this functionality.

UNLK?

Release Lock

Release the instrumelatck previously acquired by the LOCK? command.
Returns 1 if the lock was released, otherwise 0.

XTRM i{,j,k}

Interface Terminator

Set the interface terminator that is appended to each response to i, j, k.
The default terminator is 13, 10, which isariage return followed by a line
feed.
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Status Byte Definitions

Theinstrumentreports on its status by means of the serial poll status byte and two event
status registers: the standard event status (*ESR) and the instrument event status (INSR).
These reaanly registers record the occurrence of defined events insidenthdf the

event occurs, the corresponding bit is set to one. Bits in the status registers are latched.
Once an event bit is set, subsequent state changes do not clearAhd ltit.are cleared

when the registers are queried, with a *ESR?, for example. Tharbitdso cleared with

the clear status command, *CLS. The bits are not cleared, however, with an instrument
reset (*RST) or a device clear.

Each of theunitb s event status registers has an assi/
registers control the repiorg of events in the serial poll status byte (*STB). If a bit in

the event status register is set and its corresponding bit in the enable register is set, then

the summary bit in the serial poll status byte (*STB) will be set. The enable registers are

readable and writable. Reading the enable registers or clearing the status registers does

not clear the enable registers. Bits in the enable registers must be set or cleared
explicitly. To set bits in the enable registers, write an integer value equal bantrg

weighted sum of the bits you wish to set.

The serial poll status byte (*STB) also has an associated enable register called the
service request enable register (*SRE). This register functions in a similar manner to the
other enable registers, excéipat it controls the setting of the master summary bit (bit 6)

of the serial poll status byte. It also controls whetheruthie will issue a request for
service on the GPIB bus.

Serial Poll Status Byte

Bit Name Meaning

0 INSB An unmasked bit in the instment status register (INSR) has be
set.

1 Reserved

2 Reserved

3 Reserved

4 MAV The interface output buffer is nampty

5 ESB An unmasked bit in the standard event status register (*ESR
been set.

6 MSS Master summary bit. Indicates that tiwstrumentis requesting

service because an unmasked bit in this register has been set.
7 Reserved

The serial poll status byte may be queried with the *STB? command. The service
request enable register (*SRE) may be used to control wheindinementasserts the
requestfor-service line on the GPIB bus.
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Standard Event Status Register

Bit Name Meaning

0 OPC Operation complete. All previous commands have completed.
command *OPC.

1 Reserved

2 QYE Query error occurred.

3 DDE Device dependent error occurred.

4 EXE Execution error. A command failed to execute correctly becat
parameter wasmvalid.

5 CME Command error. The parser detected a syntax error.

6 Reserved

7 PON Power on. Thenit has been power cycled.

The standard event status register may be queried with the *ESR? command. The
standard event status enable register (*E®BY be used to control the setting of the
ESB summary bit in the serial poll status byte.

Instrument Status Register

Bit Name Meaning

0 20MHZ_UNLK  The 20 MHz PLL has come unlocked.

1 100MHZ_UNLK The100 MHz PLL has come unlocked.

2 19MHZ_UNLK  The 19 MHZzPLL has come unlocked.

3 1GHZ_ UNLK The 1 GHz PLL has come unlocked.

4 4GHZ_UNLK The 4 GHz PLL has come unlocked.

5 NO_TIMEBASE An installed optional timebase is not oscillating.

6 RB_UNLK An installed Ribidium timebase is unlocked.

7 Reserved

8 MOD_OVLD An internalexternal modulation overload was detected.
9 IQ_OVLD An internalexternal IQ modulation overload was detected
10-15 Reserved

The instrument status register may be queried with the INSR? command. The instrument
status enableegister (INSE) may be used to control the setting of the INSB summary bit
in the serial poll status byte.
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List Mode

The instrumentsupports a powerful list mode, only available via the remote interface,
which enables the user to store a list of instninstates in memory and quickly switch
between states by sending GPIB bus triggers or the *TRG command.

WARNING: list mode occupies the same memory space as the internal baseband
generator. Therefore, list mode cannot be used with the internal basebarat@eifhe
two modes are mutually exclusive.

List Instrument States

At the heart of the list configuration is the instrument state which should be loaded upon
the reception of each valid trigger. The instrument state is downloadeduoithia the
command: LSTP i {, <st>}. The parameter i is the index identifying the list entry to
which the instrument state, <st>, should be stored. The instrument state, <st>, consists of
an ordered, commseparated list of 15 values. The order and description of eholh va

is summarized ifTable44.

Note that references to the clock option or the RF doubler do not apply to the SG390
series generators. They aoely includedto maintaincompatibility with the SG380
series generators.

Also listed in the table are related, At, commands that also change the given
instrument state. For example, frequency is the first parameter. Entering a value here
would change the carriérequency to the given value just as the FREQ command would
do.

The parameter for each state is set with a floating point value or integer in the default
units as specified by the related commands. For example, entering a 100e6 in the first
position wouldset the frequency to 100 MHz.

Although, all parameters in <st> must be specified, each parameter may be specified as
ONO to |l eave the parameter unchanged. Thus,
state as follows:

<All unchanged> = N,N,N,N,N,N,N,N,N,N,N,N,N,N

This is the default for all entries when a list is created. To change just one item, simply
specify that one item and leave all others unchanged. For example, to only change the
BNC output amplitude use the following state:

<BNC ampl:i 2 dBm>= N,N,-2.00,N,N,N,N,N,N,N,N,N,N,N,N

Performing scans of frequency or amplitude consists of storing successive instrument list
states in which only the frequency is changed, or only the amplitude is changed,
respectively. To scan frequency and amplitudautaneously, simply specify both
frequency and amplitude for each state. For examp change the frequency to

10 MHz and the BNC output tb2 dBm use the following state:

<Freq. and BNC ampl> =0&6,N;2.00,N,N,N,N,N,N,N,N,N,N,N,N
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If a given setting h@apens to be invalid when the triggered state occurs, the parameter
will be ignored. This might happen, for instance, if one tries to enable pulse modulation
with the frequency set toGHz.

Table 44: List State Definitions

Position | Instrument State Related Commands
1 Frequency FREQ
2 Phase PHAS
3 Amplitude of LF (BNC output) AMPL
4 Offset of LF (BNC output) OFSL
5 Amplitude of RF Type Noutput) AMPR
6 Frontpaneldisplay DISP
7 Enables/Disables
Bit 0: Enable modulation MODL
Bit 1: Disable LF (BNC output) ENBL
Bit 2: Disable RF Type Noutput) ENBR
Bit 3: Disable Clock output (not applicable)
Bit 4: Disable HF (RF doubler output) | (not applicable)
8 Modulation type TYPE
9 Modulation function
AM/ F M/ uM MFNC
Sweep SENC
Pulse/Blank PFNC
1Q QFNC
10 Modulation rate
AM/ FM/ 0 M modul at i qRATE
Sweep rate SRAT
Pulse/Blank period PPER, RPER
11 Modulation deviation
AM ADEP, ANDP
FM FDEV, FNDV
aM PDEV, PNDV
Sweep SDEV
Pulse/Blank PWID
12 Amplitude of clock output (not applicable)
13 Offset of clock output (not applicable)
14 Amplitude of HF (RF doubler output) (not applicable)
15 Offset of rear DC (not applicable)

Enables/Disables

The enables/disables setting at position 7 in the state list is different from the others in
that multiple commands are aggregated into one value and the polarities of the disables
are opposite to that of their corresponding commands. Modulation enasigigeed to

bit 0. The output disables are assigned to bits 1 to 4. The enable/disables value is then
calculated as the binary weighted sum of all the bits.

For example, to enable modulation and disablBIKE output we need to set bits 0 and
1. The birary weighted sum is given a8£2' =1 +2=3
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Thus, a value oB in position 7 would enable the modulation and disableBN&
output.

Modulation List States

Virtually all modulation parameters may be specified as part of a list state, but not
simultan@usly. In order to compress the size of the list, many parameters share the same
position as indicated in Tabl. Thus, in order to untangle which parameters are being
specified, the modulation type must be specified. Furthermore, if modulation rate or
deviation is specified, then both the modulation type and modulation function must also
be specified.

For example, to set AM sine wave modulation depth to 25 %, specify the list state as
follows:

<Mod AM: 25%> = N,N,N,N,N,N,N,0,0,N,25.0,N,N,N,N

Similarly, to set FM sine wave modulation deviation to 100 kHz, specify the list state as
follows:

<Mod FM: 100kHz> = N,N,N,N,N,N,N,1,0,N,100e3,N,N,N,N

Specify a frequency sweep of 100 MHz at a 10 Hz rate with a 750 MHz carrier and
modulation enabled as follows:

<Sweep: 100 MHz at 10 Hz> = 750e6,N,N,N,N,N,1,3,1,10.0,100e6,N,N,N,N

Specify pulse modulation with a 1 ms period
<Mod pul se: 1 ms period, 103,16e,NNMNHt h> = N, N,
Note that although the modulation type ambdulation function must usually be

specified together, the modulation itself need not necessarily be enabled. Thus, one
could configure the modulation in one list entry and enable it in another entry.
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Examples
Example 1: Scan frequency from 100 MHz tGHz in 100 MHz steps.

LSTC? 10

LSTP 0,100e6,N,N,N,N,N,N,N,N,N,N,N,N,N,N
LSTP 1,200e6,N,N,N,N,N,N,N,N,N,N,N,N,N,N
LSTP 2,300e6,N,N,N,N,N,N,N,N,N,N,N,N,N,N
LSTP 3,400e6,N,N,N,N,N,N,N,N,N,N,N,N,N,N
LSTP 4,500e6,N,N,N,N,N,N,N,N,N,N,N,N,N,N
LSTP 5,600e6,N,N,NN,N,N,N,N,N,N,N,N,N,N
LSTP 6,700e6,N,N,N,N,N,N,N,N,N,N,N,N,N,N
LSTP 7,800e6,N,N,N,N,N,N,N,N,N,N,N,N,N,N
LSTP 8,900e6,N,N,N,N,N,N,N,N,N,N,N,N,N,N
LSTP 9,1000e6,N,N,N,N,N,N,N,N,N,N,N,N,N,N
LSTE 1

Example 2: Scan RFype Noutput from 10 dBm te10 dBm in 5dBm steps.

LSTC? 5

LSTP O,N,N,N,N,10.0,N,N,N,N,N,N,N,N,N,N
LSTP 1,N,N,N,N,5.0,N,N,N,N,N,N,N,N,N,N
LSTP 2,N,N,N,N,0.0,N,N,N,N,N,N,N,N,N,N
LSTP 3,N,N,N,N;5.0,N,N,N,N,N,N,N,N,N,N
LSTP 4,N,N,N,N;10.0,N,N,N,N,N,N,N,N,N,N
LSTE 1

Example 3: Configure pulse molation with 1 ms period and scan the width from
100e s to©s9DOs1ODeps.

LSTC? 9

LSTP O,N,N,N,N,N;N,1,4,3,18,100e6,N,N,N,N
LSTP 1,N,N,N,N,N,N,N,4,3,N,2006,N,N,N,N
LSTP 2,N,N,N,N,N,N,N,4,3,N,3006,N,N,N,N
LSTP3,N,N,N,N,N,N,N,4,3,N,4006,N,N,N,N
LSTP 4,N,N,N,N,N,N,N,4,3,N,5006,N,N,N,N
LSTP 5,N,N,N,N,N,N,N,4,3,N,6006,N,N,N,N
LSTP 6,N,N,N,N,N,N,N,4,3,N,7006,N,N,N,N
LSTP 7,N,N,N,N,N,N,N,4,3,N,8006,N,N,N,N
LSTP 8,N,N,N,N,N,N,N,4,3,N,900&,N,N,N,N
LSTE 1

Example 4: Configure AM modulation atl kHz rate and scan the depth from 25 % to
100% in 25% steps.

LSTC? 4

LSTP O,N,N,N,N,N,N,1,0,0,1e3,25,N,N,N,N
LSTP 1,N,N,N,N,N,N,N,0,0,N,50,N,N,N,N
LSTP 2,N,N,N,N,N,N,N,0,0,N,75,N,N,N,N
LSTP 3,N,N,N,N,N,N,N,0,0,N,100,N,N,N
LSTE 1
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Error Codes

The instrumentcontains an error buffer that may store up to 20 error codes associated
with errors encountered during powan self tests, command parsing, or command
execution. The ERR LED will be highlighted when a remote command fails for any
reason. The errors inghouffer may be read one by one by executing successive LERR?
commands. The user may also view the errors from the iamlby pressing the keys

[SHIFT], 06STATUSG, sequent i ad luti thefdieplay eade d by Al
OError St at u sSSELECTRI suadsdivgly to ywiewethe serror count and
individual errors. The errors are displayed in the order in which they occurred. The ERR
LED will go off when all errors have been retrieved.
The meaning of each of the error codes is described below.

Execution Errors

0 No Error
No more errors left in the queue.

10 lllegal Value
A parameter was out of range.

11 Illegal Mode
The action is illegal in the current mode. This might happen, for instance, if the user tries
to turn on 1 Q modula@atcommandhamndtdet 6MOBDULrren
below 400MHz.

12 Not Allowed
The requested action is not allowed because the instrument is locked by another
interface.

13 Recall Failed
The recall of instrument settings from nonvolatile storage failed. The irstitusettings
were invalid.

14 No Clock Option
The requested action failed because the rear clock option is not installed.

15 No RF Doubler Option
The requested action failed because the rear RF doubler option is not installed.

16 No IQ Option
The requestedction failed because the rear 1Q option is not installed.

17 Failed Self Test

This value is returned by the *TST? command when the self test fails
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Query Errors

30

32

Lost Data

Data in the output buffer was lost. This occurs if the output buffer ovesflowif a
communications error occurs and data in output buffer is discarded.

No Listener

This is a communications error that occurs if timit is addressed to talk on the GPIB
bus, but there are no listeners. Timét discards any pending output.

Device Dependent Errors

40

42

43

44

45

46

47

48

49

50

51

Failed ROM Check
The ROM checksum failed. The firmware code is likely corrupted.

Failed EEPROM Check
The test of EEPROM failed.

Failed FPGA Check
The test of the FPGA failed.

Failed SRAM Check
The test of the SRANMRiled.

Failed GPIB Check
The test of GPIB communications failed.

Failed LF DDS Check
The test of the LF DDS communications failed.

Failed RF DDS Check
The test of the RF DDS communications failed.

Failed 20 MHz PLL
The test of the 20 MHz PLlafled.

Failed 100 MHz PLL
The test of the 100 MHz PLL failed.

Failed 19 MHz PLL
The test of thd9 MHz PLL failed.

Failed 1 GHz PLL
The test of the 1 GHz PLL failed.
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52 Failed 4 GHz PLL
The test of theop octavePLL failed.

53 Failed DAC
The tesbf the internal DACs failed.

File System Errors

80 Out of Memory
Not enough memory to store the waveform

81 File Does Not Exist
File does not exist

82 File Not Open
Camat access a file that is not open

83 File Not Writable
File cannot be written

84 File Already Exists
Camat create a file that already exists

85 File Corrupt
File has been corrupted

86 End of File
Cannot read passed the end of the file.

87 File Locked
Cannot access a file because it is locked by another user.

Parsing Errors

110 lllegal Command
The command syntax used was illegal. A command is normally a sequence of four
|l etters, or a 6*6 followed by three |l etters.

111  Undefined Command
The specified command does not exist.

112  lllegal Query
The specified command does not permquieries

113 lllegal Set
The specified command can only be queried.
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114 Null Parameter
The parser detected an empty parameter.

115  Extra Parameters
The parser detected more parameters than allowed by the command.

116  Missing Parameters
The parser detectedissing parameters required by the command.

117 Parameter Overflow

The buffer for storing parameter values overflowed. This probably indicates a syntax
error.

118 Invalid Floating Point Number
The parser expected a floating point number, but was unabéede .

120 Invalid Integer
The parser expected an integer, but was unable to parse it.

121 Integer Overflow
A parsed integer was too large to store correctly.

122  Invalid Hexadecimal
The parser expected hexadecimal characters but was unable to parse them

126  Syntax Error
The parser detected a syntax error in the command.

127  lllegal Units
The units supplied with the command are not allowed.

128  Missing Units
The units required to execute the command were missing.

Communication Errors

170 Communication Error

A communication error was detected. This is reported if the hardware detects a framing,
or parity error in the data stream.

171 Over run

The input buffer of the remote interface overflowed. All data in both the input and
output buffers will be fluskok
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Other Errors

254  Too Many Errors
The error buffer is full. Subsequent errors have been dropped.
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Example Programming Code

The following program can be used as sample code for communicating with the
instrumentover TCP/IP. The program is written e C++ language and should

compile correctly on a Windows based computer. It could be made to work on other
platforms with minor modifications. In order to use the program, you will need to
connect thaunit to your LAN and configure it with an appropridte address. Contact

your network administrator for details on how to do this. To identifutii® s cur r ent
address from the froqtane] press[SHIFT], [STATUS],thenpresgr Junt i | t he 0Ot
statusé menu appehwdosegeincal Ity prhes Hitplde ald

Copy the programsgichlcpp . a Tbi las’ ohdmaed ping |
manually, download the electronic version of this manual from the SRS website
(www.thinksrs.com Select theprogram text and copy/paste it into the text editor of

your choice. Compild he pr ogr am i nggoctrltelxee 0e x eAd u ttahbel ec
line type something like the following:

sg_ctrl 192.168.0.5

where you wil/| repl ace fA1l9a@nit Ydu8howd.séedhe wi t h
something like the following:

Connection Succeeded
Stanford Research Systems, SG394,s/n001013,ver1.00.10A
Closed connection

The program connects to tieit at the suplied IP address sets several parameters and
then closes. If successful, tfrequency should be set to 50 MHz and the amplitudes of
Type Nand BNC outputs will be set 1d.0 andi 5 dBm, respectively.

MSRS Stanford Research Systems SG390 Series RF Signal Generato


http://www.thinksrs.com/

Remote Programming 132

/* sg_ctrl.c : Sample program for controlling the

#include
#include

"Winsock2.h"
<stdio.h>

/* prototypes */

SG394 via TCP/IP */

void init_tcpip( void );
int sg_connect( unsigned long ip);
int  sg_close( void );
int sg_write( char *str);
int  sg_write_bytes( const void *data, unsigned num);
int sg_read( char *buffer, unsigned  num);
SOCKET sSG394; /¥ SG394 tcpip socket */
unsigned  sg_timeout = 6000; /* Read timeout in milliseconds */
int  main( int argc, char *argv[])
{
char buffer[1024];

}

/* Make sure ip address is supplied on the command
if (argc<2){
printf(  "Usage: sg_ctrl IP_ADDRESS
exit(1);
}

/* Initialize the sockets library */
init_tcpip();

\n");

/* Connect to the SG394 */
if  ('sg_connect( inet_addr(argv[1]))) {
printf(  "Connection Succeeded \n");
/* Get identification string */
sg_write(  "™*idn? \n");
if ('sg_read(buffer,
printf(buffer);
else
printf( "Timeout \n");
/* Reset instrument */
sg_write( ™rst \n");
/* Set frequency to 50 MHz */
sg_write( “freq 50e6 \n");
/* Set amplitude of Type N output to
sg_write(  "ampr -10.0 \n");
/* Set amplitude of BNC output to
sg_write(  "ampl -5.0\n");
/* Make sure all commands have executed before closing
sg_write(  "*opc? \n");
if (!sg_read(buffer,
printf(  "Timeout \n");
/* Close the connection */

sizeof (buffer)))

-10dBm */

-5dBm*/

sizeof (buffer)))

if  (sg_close())
printf(  "Closed connection \n");
else
printf(  "Unable to close connection” );
else
printf( "Connection Failed \n");
return  0;

line */

connection */
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void init_tcpip( void )
WSADATA wsadata;

if (WSAStartup(2, &wsadata) I=0) {

printf(  "Unable to load windows socket library
exit(1);
}
}
int sg_connect( unsigned long ip)
{
[* Connect to the SG394 */

struct
int

sockaddr_in intrAddr;
status;

sSG394 = socket(AF_INET,SOCK_STREAM,0);
if (s SG394 == INVALID_SOCKET)
return  O;

/* Bind to a local port */

memset(&intrAddr,0, sizeof (intrAddr));
intrAddr.sin_family = AF_INET;
intrAddr.sin_port = htons(0);

\n");

intrAddr.sin_addr.S_un.S_addr = htonl/(INADDR_ANY);

if (SOCKET_ERROR ==hind(s SG394,( const
closesocket(s  SG394);
sSG394 = INVALID_SOCKET;

return 0;
}
/* Setup address for the connection to s
memset(&intrAddr,0, sizeof (intrAddr));

intrAddr.sin_family = AF_INET;
intrAddr.sin_port = htons(5025);
intrAddr.sin_addr.S_un.S_addr = ip;
status = connect(s SG394,( const
if (status) {

closesocket(s  SG394);

sSG394 = INVALID_SOCKET;

return 0;

}

return 1;

}

int

struct

sg_close( void )

if  (closesocket(s

return 1;
else
return  O;
}
int  sg_write( char *str)

/* Write string to connection */
int  result;

result = send(s SG394,str,(

if (SOCKET_ERROR ==result)
result = 0;

return  result;

}

int )strlen(str),0);

sockaddr *)&intrAddr,

struct  sockaddr *)&intrAddr, sizeof (intrAddr))) {

g on port 5025 */

sizeof (intrAddr));

SG394) 1= SOCKET_ERROR)
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int  sg_write_bytes( const void *data,
/* Write string to connection */
int  result;
result = send(s SG394,( const char
if (SOCKET_ERROR ==result)

result = 0;
return  result;

}

int sg_read( char *buffer, unsigned
/*Read up to num bytes from connection */
int  count;

fd_set setRead, setWrite, setExcept;

TIMEVAL tm;

/* Use select() so we can timeout gracefully */
tm.tv_sec = sg_timeout/1000;
tm.tv_usec = (sg_timeout % 1000) * 1000;

FD_ZERO(&setRead);
FD_ZERO(&setWrite);
FD_ZERO(&setExcept);
FD_SET(s SG394,&setRead);

*)data, (

unsigned  num)

int )num,0);

num)

count = select(0,&setRead,&setWrite,&setExcept,&tm);

if (count== SOCKET_ERROR) {
printf(  "select failed: connection aborted
closesocket(s  SG394);
exit(1);

count = 0;
if (FD_ISSET(s SG394,&setRead) ) {
/* We've received something */
count=( int )recv(s
if (SOCKET_ERROR == count) {
printf(
closesocket(s
exit(1);

SG394);

}

else if (count){

buffer[count] = "\0';
else {
printf(
closesocket(s
exit(1);

SG394);

}
}

return

}

count;

SG394,buffer,num

"Receive failed: connection aborted

"Connection closed by remote host

\n");

-1,0);

\n");
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SG390 Series Operation Verification

Overview

The operation of &G390series RF signal generator may be evaluated by running a
series of tests designed to measure the accuracy of its inputs and outputs and comparing
the results with their associated specifications. While the verification tests presented here
are not as extsive as the tests performed at the factory, one can nevertheless have
confidence that a unit that passes these tests is functioning properly and within
specification.

The verification tests can be divided into three broad categories: output driver tests,
frequency synthesis tests, and timebase calibration tests. The output driver tests are
designed to test the integrity and accuracy of the front panel outputs by measuring the
output power of the BNC an@iype Noutputs. The frequency synthesis tests vetify

overall frequency generation at various points in the spectrum from DC to 6 GHz.
Lastly, the timebase calibration tests evaluate the accuracy and stability of the installed
timebase.

Please allow the instrument under test to warm up for 1 hour befstiag it to a
specification.

Equipment Required

In addition to theSG390series RF signal generator under test, the following equipment
will be required to carry out the performance tests:

Agilent U2004A power meter: 9 kHz to 6 GHz
Agilent E4440A PSA Sprrum Analyzer
Agilent DSOX-2014A oscilloscope

Agilent 34410A DVM

SRS DS345 function generator

SRS FS725 rubidium frequency standard
SRS SR620 time interval counter

=8 =4 =8 =8 =8 =81

Equivalent equipment may be substituted as desired as long as they have similar or
superor specifications. Standard BNC and shielded SMA &ype N cables will be

required to connect the test equipment to 8@&390series generators. Additionally
accessories required include 50 Y termina
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SG390 Series Self Test

The SG390series RF signal generators include a self test that checks the functional
operation of many important internal components. If any of the tests fail, the unit will
briefly display fAFailedd after the test.

The SG390series self test may be executedni the front panel by performing the
following steps:

1. Press the keys [SHIFT], [0], and [HZz] to reset the instrument to default settings.
2. Press the keys [SHIFT], [2], ADJUST [}, and [HZz] to run the self test.

The self test may also be run by sending tbermmands*RST;*TST? over a remote

interface. If the unit passes it will return O over the remote interface. If it fails, it will

return 17. Further information about the specific tests that failed may be accessed from

the front panel by pressing the key#H|5T], [2] and pressing ADJUSTr [] until the

di splay reads fAErr ow]susdessively $0.vibw eRah ersoiscod8.EL ECT |
The error codes are detailed in the Remote Programming section of the operation

manual.

Output Power Tests

The output power t#s are intended to test the integrity of ®@&390series output
blocks. They test the output power of the front panel BNCTampe Noutputs at various
frequencies.

BNC Output Power Test

The BNC output power test requires the setup show#iginre69. The power meter plus
adapter should be connected directly to the BNC output with no intervening cable.

BNC to Type N
Adapt
Agilent U2004A @t @BNC SG39X
Power Meter ® Type N

Figure 69: BNC output power test setup
To verify the integrity of the BNC output, perform the following procedures:
1. Before ataching the power meter to ti86390series unit under test, calibrate
and zero the power meter.
2. Attach the power meter to ti85390series unit under test.

3. Set the calibration frequency for the power meter to the test frequency given in
Table45.

4. On theSG390series generator, press the keys [SHIFT], [0], and [Hz] to reset
the instrument to default settings.
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5. Press [FREQ] to select frequency. Then enter the test frequency given in

Table45.

6. Press [ AMPL] unt i | the display shows i
in Table45.

7. Record the power reported by the power meter. Verify that it is within the stated
limits.

8. Repeat step 3 followed by steps 5 through 7 for each frequencywed p
setting inTable45.

Table 45; Power level requirements for the BNC output

Frequency | Power Setting (dBm) Measured Power (dBm) | Limits (dB)
10 MHz 10.0 12
5.0 12
0.0 12
-5.0 12
-10.0 12
50 MHz 10.0 12
5.0 12
0.0 12
-5.0 12
-10.0 12

Type N Output Power Test

The Type Noutput power test requires the setup showRigure70. The power meter
should be attached directly to tiigpe Noutput of theSG390series unit under test with
no intervening cable

Agilent U2004A @——l— ® BNC SG39X
Power Meter —® Type N

Figure 70: Type N output power test setup
To verify the integrity of th&ype Noutput perform the following procedures:
1. Before attaching the power meter to 8@8390series unit under test, calibrate
and zero the power meter.
Attach the power meter to tI865390series unit under test.

Set the calibration frequency for the power meter to the test frequency given in
Table46.

4. On theSG390series generator, press the keys [SHIFT], [0], and [Hz] to reset
the instrument to default settings.

5. Press [FREQ] to select frequency. Then enter the test frequency given in
Table46.
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6. Press [ AMPL]
given inTable46.

until the display

shows

7. Record the power reported by the power meter. Verify that it is within the stated

limits.

8. Repeat step 3, followed by steps 5 through 7 for each frequency and power
setting inTable46.

Table 46: Power level requirements for theType N output

Frequency | Power Setting (dBm) Measured Power (dBm) Limits (dB)
50 MHz 10.0 +2
5.0 +2
0.0 +2
-5.0 +2
-10.0 +2
100 MHz 10.0 +2
5.0 +2
0.0 +2
-5.0 +2
-10.0 +2
250 MHz 10.0 +2
5.0 +2
0.0 +2
-5.0 +2
-10.0 +2
500 MHz 10.0 +2
5.0 +2
0.0 +2
-5.0 +2
-10.0 +2
1000 MHz 10.0 +2
5.0 +2
0.0 +2
-5.0 +2
-10.0 +2
2000 MHz 10.0 +2
5.0 +2
0.0 +2
-5.0 +2
-10.0 +2
4000 MHz 10.0 +2
5.0 +2
0.0 +2
-5.0 +2
-10.0 +2
6000 MHz 10.0 +2
5.0 +2
0.0 +2
-5.0 +2
-10.0 +2

The measurements at 4000 MHz only apply to #&394andSG396 The measurements

at 6000 MHz only apply to th8G396
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Frequency Synthesis Tests

Basic functionality of th&sG390series generators is verified by testing the generation of
several specific frequencies from DC to 6 GHz.

Frequency Generation Tests

Frequency generation tests verify that basic frequency synthesis of the device under test
is operating correctly. This is accomplished by measuring the output frequency of the
SG390series generator at several specific frequencies from DC to 6 GHz. The specific
frequencies selected in the test guarantee that all crystals within the device under test are
functioning properly and that all phase locked loops are locked and stable. The Agilent
E4440A PSA spectrum analyzer is used to verify frequency synthesise$higquires

the setup shown iRigure71.

Ext Ref IN 10 MHz OUT

Agilent E4440A ®— ®BNC SG39X
Spectrum Analyzer —I— @® Type N

Figure 71: Setup for frequency generation tests.
To verify the frequency generation of the device under test perform the following
procedures:
Connect the equipment akown inFigure71

2. Verify that the spectrum analyzer is locked to the 10 MHz external reference
frequency.

3. Align the spectrum analyzer by pressing the keys [Sys{@dignment], [Align
All Now].

4. On theSG390series generator, press the keys [SHIFT], [0], and [Hz] to reset
the instrument to default settings.

5. Press [ AMPL] wuntil the display shows i
amplitude to 0 dBm.

6. Press [FREQJo select frequency. Then enter the test frequency givEabte
47.

7. Verify that the measured frequency is within the limits givehahle47.
8. Repeat steps 6 and 7 for all the frequencies givaialihe47

Note that frequencies above 2025 MHz do not apply to S&892 Similarly,
frequencies above 4050 MHz do not apply to #&394 All test frequencies apply to
the SG396
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Table 47: Test frequencies for frequency synthesis

Test Freq. (MHz) | Measured Freq. (MHz) | Limit (Hz)
50 2
99 2
177 2
250 +2
333 +2
498 +2
723 +2
1000 +2
1522 +2
2013 +2
2845 +2
3350 +2
3999 +2
4650 +2
5319 +2
6000 +2

Modulation Output Test

This is test verifies the operation of the modulation engine and the modulation output. It
does not test to any specifications. This test requires the setup sheigarie?2

Modulation Out

Agilent DSOX-2014A & ®BNC SG39X
Oscilloscope @® Type N

Figure 72 Setup for modulation output test.

To verify the operation of the modulation output, use the following procedure:

Connect the equipment as showrFigure72.
Set the scope to trigger on Ch 1, rising edge
Set the vertical scale to 500 mV/div

Set the timebase to 500 us/div

On theSG390series generator, press the keys [SHIFT], [0], and [HZz] to reset
the instrument to default settings.

6. Press [MOD FCN] and then press ADJUST][two times. The display should
read Afunc triangle. 0

7. Press [ON/OFF] to turn the modulation on.

The waveform on the scope should look similar to that shoviaigare 73. It should be
a 1 kHz triangle wave centered about 0 V with a peak to peak deviation of 2 V. Verify
that the waveform has no discontinuities.

o M w D PRE
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oooys 2 3 4 0.0s a00.08/ Auto
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Figure 73: Modulation output waveform.

Modulation Input Test

This is test verifies the operation of the modulation engine and modulation input. It does
not test to any specifications. This test requires the setup shdviguire 74

DS345 ® Function
Function Generator
Mod Qut Mod In
©BNC SG39X
® Type N

Agilent DSOX-2014A &
Oscilloscope

Figure 74: Setup for modulation input test.

To verify the operation of the modulation input, use the following procedure:

Connect the equipment as showrFigure74.

Set the scope to trigger on Ch 1, rising edge

Set the vertical scale to 500 mV/div

Set the timebase to 500 us/div

Reset the DS345 to default settings by pressing [SHIFT], [RCL]

Set the DS345 for triangle waves by pressing FUNCTI®N tvice.

Set the DS345 for & Vpp output by pressing the keys [AMPL], [1], [Vpp].

On theSG390series generator, press the keys [SHIFT], [0], and [Hz] to reset
the instrument to default settings.

© N o A~ DR
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9. Select external modulation by pressing [MOD FCN] and then pressing
ADJUST([s JuntiltheA EX T 0

firearinputa

c

dc o

LED

10. Press [ON/OFF] to turn the modulation on.

The waveform on the scope should look similar to that shovigiare 75. 1t should be
a 1 kHz triangle wave centered abOuV with a peak to peak deviation of 2 V. Verify
that the waveform has no discontinuities.

008, 2

3

4

0.0s

i s

hi ghlighted.

a00.08/

Auto

A

A

A

A

A

Y

V

/
V

V

V

Figure 75: Modulation input test waveform.

IQ Modulation Test

This test verifies the operation of the IQ modulator. This test requires the setup shown in
Error! Reference source not found.

Ext Ref IN

Agilent E4440A ©®

Spectrum Analyzer

Figure 76: Option 3 IQ modulator test.

[ ] !Input 10 MHz OUT
(®BNC SG39X
® Type N

To verify the operation of the IQ modulator use the following procedure:

1. Connect the equipment as showrkimo r! Reference source not found.

2. Verify that the spectrum analyzer is locked to the 10 MHz external reference

frequency.

3. Align the spectrum analyzer by pressing the keys [System], [Alignment], [Align

All Now].

4. On the SG390 series generator, press the keys [SHIFT], [0], antb[Hdet

the instrument to default settings.

5. Press [FREQ], [1], [GHZ] to set the frequency to 1 GHz
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6. Press [MOD TYPE] and then pressADJUBST] unti | the GaM/ PSK
highlighted. Press SELECfiv] . The di spl ay should reai

7. Press [MOD FCNhnd then press ADJUSS ] until the EXT LED is
highlighted. The display should read @

Press [ DC OFFS] successively wuntil the
Press [0], [.], [5], [Vpp] to set the DC offsetto 0.5 V.

10. Measure the amplitude of the 1 Gkignal on the Agilent spectrum analyzer.

11. Press [ON/OFF] to enable external IQ modulation.

12. Measure the amplitude of the 1 GHz signal on the Agilent spectrum analyzer.

13. Disconnect the BNC cable from the rear panel | input.

14. Measure the amplitude of the 1 GHgrgl on the Agilent spectrum analyzer.

The difference between the values recorded in step 10 and step 12 should be less than
1dB. The difference between the values recorded in step 12 and step 14 should be
greater than 40B.

Timebase Calibration

The accaracy of the internal timebase may be tested against a house reference if it is
known that the house reference has a superior stability and accuracy than the timebase
installed in theSG390series generator. Use the setup showFkigure 77 to test the
accuracy of the timebase.

10 MHz
Reference

10 MHz IN 10 MHz OUT

SR620 (®BNC SG39X
EXT A B REF ©TypeN

Figure 77: Setup for timebase calibration
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The accuracy and stability of ti86390series timebase depends on the type of timebase
installed. An optional timebase, if installed, can befdied on the rear panel &G390

series

generator under the serial number

If the standard OCXO timebase is installed, an FS725 Rb frequency standard may be

used as the 10 MHz reference. If a rubidium timebase is mdtal cesium based

reference will be required as a reference.

SR620 Configuration
Use the following procedure to set up the SR620:

1.

1
1

1

With the power off hold down the [CLR] button in the DISPLAY section and

turn the power on. This resets the SR620 to desadiings.
Press [ SEL]
Press [ SET]

Press SCALE[{] i n
is displayed

in the CONFI G section
in the CONFI G section

t he SCOPE AND CHART secti

Press MODES4 ] button until the selged mode is FREQ.
Press [ SEL]
Press [ SET]
Press SCALH| ] in the SCOPE AND CHART section until 100 is displayed.
Press the DISPLAYT[ ] to return to the normalisplay

in the CONFI G section
in the CONFI G section

0. Press the GATE/ARMIr[ ] button once to set the gate to 10 s

1. If a rubidium timebase is installed in tB&390series generator, press the
GATE/ARM [r ] button once more to set the gate to 100 s

2. Press the SAMPLE SIZEs[] button three times to set tsample size to 1.

3. Turn the trigger level knob above the channel A input counter clockwise until

AUTO is highlighted.
4.Press the channel A [I NPUT] button

Timebase Calibration Test

It is critical that the timebase be fuvarmed up before measurements are taken. Allow
at least 1 hour of warrap for installed timebase to stabilize.

unt i

unt i

unt i

unt i

Wi

on

once

Record the timebase frequency reported by the SR620. Compare it to the statedrone
accuracy shown iable48 for the installed timebase.

Table 48: Timebase calibration test

Timebase Freq. (MHz) | Measured Freq. (MHz) Limit (Hz)
Standard 10 +0.5
Opt 4: Rubidium 10 +0.01
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Calibration

The SG390series internal timebase may be calibrated from the front panel using the
measurements taken above. The process is iterative. Use the following procedure to
calibrate the internal timebase:

1. Press [SHIFT], [4/] to activate the CAlsecondary function. Then press Press
the SELECT W] unt il the display shows fitcal

2. Pressthe ADJUST[] and [ ] keys to adjust the timebase frequency up or
down respectively.

3. Measure the new frequency with the SR620.

4. Repeat steps 2 and 3 until the desfreduency accuracy is achieved.

Conclusions

The tests described in this document are designed to test the basic functionality of the
unit. They are not intended to be a substitute for the complete performance test which is
performed at the factory. Nevkdless, one can have reasonable confidence that
instruments that pass the tests described in this document are operating correctly. As
always, if an instrument fails to pass a test, verify that the setup has been duplicated
correctly, and that the individli procedures have been followed as specified.
Instruments that have failed to meet specifications may be returned to SRS for repair.
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Circuit Description

Overview

There are three RF Signal Generators in 8390 Series The SG392 (DC to
2.025GHz), theSG394(DC to 4.050GHz) and thesG396(DC to 6.075GHz).

Eachsignal generatanasextensive modulation capabilitiéscluding analog AM, FM,

a M, Swe e pasd,vectBriQlmsdelation. The uniblow phase noise{16dBc/Hz

at 20kHz offset at IGHz) and high resolution {1Hz at all frequencies) are provided by

a unique synthesis technique that allows essentiallipite frequency resolution
together with a lgh phase comparison frequency without the noise or spurs associated
with conventional fractionalN synthesis.

The Sig Gens have a versatile dual baseband generattigdndandwidth rear panel
I/Q modulation inputs.

The standard timebase is an ovenj&tovertone, S&ut oscillator Option 4 improves
the timebase accuraty addinga rubidium oscillator.

The three modelsS(G392 SG394and SG39§ share a common design approach. All
units use the same power supply and motherboard (which includesasieneind
frequency references, DDS synthesizers, VCXO filters, modulation generator, and
computer interfaces).

The RF Block for thesG392and SG394is identical, using a 1900Hz to 4100MHz
VCO and digital dividers to synthesize RF frequencies. The top octave is not used (or
calibrated) in th&G392 whose maximum frequency is 2.0851z.

The RF Block for thesG396is different from that used in th&G392and SG394 The
VCO in the SG396 covers from 35Hz to 6GHz, and the output amplifier uses a
pHEMT gain block instead of the InGaRig block which is used in th§G392and
SG39%4

For brevity, the circuit description which follows will refer to t86&394. Differences
between the units will be detailed as required.

Block Diagram
(Schematid: Block Diagram)

Important sections of the instrument, atite interconnections between them, are
illustrated in the block diagram. We will follow the RF signal path first, and then we will
discuss the various support functions.

The RF path starts in the upper left corner with the Timebase and ends in thadbwer r
corner with the Output Amplifiers and Attenuators. Timeebase consists of a R(Hz
VCXO that is phase locked to an internal OCXO, to an internal rubidiomebase
(Option 4), or to an external MHz reference. A 100MHz VCXO is phase locked to
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the 20 MHz timebase. The 108IHz is divided by four to provide 28IHz to the CPU

and FPGA. The 10MHz is also the sample clock for a-68 DDS (here after referred

to as the LF DDS). The frequency resolution of the LF DDS is extended to 64 bits via

the FSK jin of the LF DDS. The output frequency of the instrument is proportional to

the frequency output of this LF DDS and so t
resolution.

The output of the LF DDS cannot serve directly as the reference for the RF synthesizer
because spurs on the LF DDS output would appear on the RF output, increased in
magnitude by 8 B per octave between the LF DDS out
output. Here, one of three VCXOs is used to filter the LF DDS output to remove the

spurs. Two of the VCXOs can be tuned #yl00Oppm (around 19.554MHz or

19.6617MHz), while the third VCXO can be tuned by 10ppm around

19.607843VIHz (collectively referred to herétar as 19+ MHz VCXO). These

frequencies were chosen to maximize the phase comparison frequency in the RF
synthesizerd6s PLL, as wel/l as optimizing per
DDS is programmed to operate in one of these three ranges armbriesponding

VCXO is phase locked to the LF DDS. The output of the phase locked VCXO, whose
frequency can now be set with 64 bits of resolution, becomes the timebase for the RF
synthesizer.

The selected 19MHz VCXO is multiplied up by x51 to a frequeynnear 1GHz by the

PLL synthesizer in the RF Reference / Baseband DDS section of the block diagram. The
1 GHz output serves as the sample clock to ®i8DDS (hereafter referred to as the
RFDDS). The output of the RFDDS becomes the reference freqdenche RF
synthesizer. The RFDDS is programmed to divide by an integer when it is used as a
reference for an unmodulated RF output. Dividing by an integer eliminates DDS spurs,
as the DDS repeats the exact same sequence for every cycle of its dividedandtpo
Aspursod coll ect toget her as har moni cs whi ch
frequency outputs. When generating frequency or phase modulated outputs the RFDDS
provides agile modulation of the RF reference frequency via tHst Mords fromthe

FPGA modulation processor, which are updated at\MIz3.

The output of the 1 GHz, 32it, RFDDS s filtered and passed differentially to the RF
synthesizer in the RF Block to serve as the PLL frequency refergncel fivideband

VCO (19004100 MHzfor theSG392andSG394 or 3GHz to 6GHz for theSG39§ is
divided by N and phase locked to the reference divided by R, to produce andautput
frequency of £ x N / R. The output of this synthesizer clocks binary dividers to provide
square wave outpuia the 5 ocaves below the RF VCO frequencihe square waves

are lowpass filtered to provide sine wave outputs over the same frequency range. An
RF multiplexer selects one of the sine waves, or the original reference sin¢invenge

case that the RButput is less than 62MHz (less thar83.75MHz for theSG39§, as

the source to the RF output stages.

The selected RF sine wave is passed to the RF Oitpptifiers andAttenuators block.

An 1/Q modulator is inserted into the signal path when I/Q rfaiiun is being used,
otherwise the RF output is passed directly to a series of RF attenuators and amplifiers
which provide an output amplitude range frarh07dBm to +16.5dBm. A voltage
variable attenuator is used to provide amplitude modulation. Thédifi@ehpand
attenuated RF sine wave, in the frequency range of 950 kRlz4®r 6GHz, is output

via the frontpanelType Nconnector.
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There is another signal path for output signalsvben dc and 62.BIHz. The 32bit

RFDDS on the mother boanrovidessignals in this range directly. The differential
signals are passed to the output block and can be amplified or attenuated to a range from
1mVims to 1Vims and offset with a dc voltage. The amplified and offset output is passed
out the frontpanelBNC connetor via 50Y .

There are several modulation paths. As previously described, frequency and phase
modul ation is provided by the FPGA via th
modulation waveform can be a table in the FPGA, data stored in a largesrynem
external to the FPGA, or egampled and digitally filtered data streaming from an ADC

which digitizes the reapanel modulation input. An analog copy of the modulation
waveform is output via a repanelBNC.

Analog signals to provide 1/Q modulationncariginate froma table in the FPGA, or
data stored in a larger memory external to the FPG/Asamppled to 128MHz, digitally
filtered, and output via dual 4it DACs. I/Q modulation can also be provided directly
via rearpanelBNC inputs (Option 3). Caps of the 1&Q modulation waveforms can be
output via reapanelBNCs (Option 3).

Amplitude modulation can originate from a table in the FPGA, data stored in a larger
memory external to the FPGA, or -spmpled data streaming from an ADC which
digitizes therear panelmodulation input. RF outputs above 6®15lz are amplitude
modulated via a voltage variable attenuator in the RF output stages. Outputs below
62.5MHz are amplitude modulated via thé-hit parallel port on the RFDDSANn
analogcopy of the modulation waveform is output via a rpanelBNC.

A ColdfireE microcontroller is used to co
and to interface to external computers via the Ethernet, GPIB 623RS The
microcontroller also respond® front panel key presses and updates frquenel

displays.

The frontpaneldisplay is fully static (there is one latched bit per display segment or
indicator lamp.) This approach eliminates the possibility of a display refresh spur in the
RF output. Thdront paneldisplay is written to and read from serially when a change is
made or a key is pressed.

The system power supply is enclosed in a separate enclosure within the instrument for
safety and shielding. A universal input power supply converts thevialage to

+24Vpc Which is always present to provide power to the OCXO or optional rubidium
timebase. An inverter operates to provitld5, £5, and +3.3/ when the unit is
switched fAondo to power the rest of the in
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Detailed Circuit Description

Several sulassemblies will be described:

The frontpaneldisplay

The frontpanel dsplay EMI filter

The mother board

The RF synthesizer

The RF output amplifiers and attenuators
The power supply

I/Q modulation inputs & outputs

Option 4 (Rubidium Timebase)

©NOOAWNPRE

Front-Panel Display

(Schemati@: Front Panel Display

The front panel consists of 16 sevesegment displays, 47 LED lamps, and 33 key
conductive rubber keypads. The frgraneldisplay is fully static in that there is one
latched bit for each ED segment or lamp. Data is written to the display serially via the
SPI (Serial Peripheral Interface Bus). When a key is pressed, the input to the
corresponding latch is pulled high, and a KEYPRESS interrupt is sent to the CPU. Key
press data is latched @ the CPU responds withi€S_ FRONT. As data is being
written to the display, latched key press data is also read back over the SPI.

The lamp currents (which set brightness) are equal to the #8upply, minus the-2 V

LED voltage, divided by resistanaé the current limiting network (109 ) . The LED
display segment current (which sets segment brightness) is equal t& s8ly,

minus the 4.5V LED voltage, minus the 0.V baseemitter voltage of Q1A (for

example), divided by resistance of the cotrémiting network (680Y ) . The i ntensit
a digit can be increased by turning on the other transistor in the pair (Q1B, for example)

by setting Q7 of U43 low and assertintNTENSIFY, which will cause the voltage on

the common anode of U16 to incredseabout 0.6/.

Front-Panel Display EMI Filter

(Schematic3: Display EMI Filte))

The Frontpanel Display is shitded from the main box via a metal pan&éhe SPI
interface and power connectioaee filtered by a separate PCBhese help to eliminate
EMI and reduce thdisplayinterference in the main system's sensitive electsonic
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Motherboard

The motherboard is the large PCB nearest to apmtoximately the same size as the
bottom cover of the instrument. There are eight pages of schematics for the
motherboard. Circuits include MHz & 20 MHz timebases, three 1dHz VCXOs,
Coldfire CPU with Ethernet, GPIB, and 232 interfaces, FPGA modtlon processor,
modulation DACs and external modulation ADCGHz VCO, an RF reference DDS,
and interfaces to the RF Block and the igameloptions.

Timebases
(Schematiet: Mother Board 1, Frequency Rgfs

The timebase reference is alBiz VCXO consisting of the 3overtone crystal, Y100,

and the Colpitts oscillator, Q100. The crystal is designed to operate witipk |2ad

which is the series cabination of C110, the tank L103/C111, and the varactor D100. To
provide gain, both C110 and the parallel combination of L103 & C111 must have a
capacitive reactance. The L103/C111 tank has an inductive reactance beldWz3.9

which prevents the oscillatérom operating at the fundamental frequency of the crystal.

The crystal is operated just above its series resonance, and so has an inductive reactance
that resonates with the load capacitance. The operating frequency is controlled by the dc
voltage applid to the varactor.

The oscillatords <circulating current i s cC
collector, which is held at dc ground by L105 and amplitude limited by the dual
Schottky, U105. The output is amplified and buffered by the lowenamplifier, U107,

which provides a (nearly) square wave output with amplitude of abouypp.4at

20 MHz. This signal is ac coupled and converted to &/3CVOS level square wave by

U114, which is powered by a low noise source, U112.

The 20MHz squarewvave can be phase locked to an external timebase reference or to an
internal OCXO or optional rubidium oscillator by the PLL synthesizer, U106. The
10MHz RF input to the PLL synthesizer is selected by the multiplexer U109. Another
multiplexer, U103, imprees isolation between the internal OCXO or rubidium reference
and the external timebase reference.

The presence of an internal reference is detected by the diodes U100 and the
corresponding peak detection circuit. The presence of an external refereletecied

by the diodes U104 and the corresponding peak detection circuit. The CPU operates the
multiplexers to select the external reference whenever it is available, the internal OCXO
or rubidium next, or a fixed programming voltage to adjust thmMBa VCXO as a last

resort.

The PLL synthesizerb6s charge pump output
loop filter has a bandwidth of about 14@. The multiplexer U108 selects between the
charge pump output (when the PLL is active) or a fixed progriag voltage,
CAL_VCO (when no better reference is available). A lock detect signal is provided to
the CPU.

The 20MHz is divided by two by U115, which drives transformer T100 differentially.
The output of the transformer is low pass filtered (with a&ma@t 30MHz) to provide
the 10MHz sine wave timebase output on a neanelBNC.
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A 100 MHz VCXO, U119, is phase locked to theMBlz reference by U116, a CMOS
PLL frequency synthesizer. The differential outputs from the VCXO are used to clock a
48-bit DDS, and converted to CMOS logic levels and divided by 4 to generai#i25
clocks for the CPU and FPGA sections.

LF DDS and 19 MHz Reference
(Schematid: Mother Board 2, 19 MHz Rf

The singular purpose of this page of schematics is to produce a low noise
"n19MHZ_ _REFO square wave which serves as the
RF synthesizer chain. A DDS (hereafter referred to as the LF BDSged to provide a

frequency reference of M@Hz and a resolution df:10'®. Spurs and noise outside of the

PLL loop bandwidth are rejected from the DDS output by phase locking a narrowband

VCXO to the LF DDS. Spurs at all frequencies are reduced by applying a PRBS
(pseuderandom binary sequence) to the FSK (frequestuft key)input of the LF DDS

with a repetition rate of about %1z.

There are three nearly identical VCXOs. Each uses a crystal resonator in a Colpitts
oscillator. The middle VCXO (19.607848Hz) uses a '8 overtone crystal and so has
less phase noise and a nareo tuning range than the other VCXOs. The configuration

of the middle VCXO is identical to the MHz timebase described above. The
circulating oscillator current is cascoded into the emitter of Q204. The collector load
(L204 and backo-back Schottky dides U204) shape the signal current into a nearly
square wave with no dc offset.

One of the three VCXOs is selected to be phase locked to the LF DDS. The selected
VCXO has its output amplifier (U209, U210 or U211) enabled. An output multiplexer
(U206, U2070r U208) connects the selected VCXO output to the input of U213, which
shapes the selected signal into a CMOS level square wave.

The 100MHz timebase serves as the clock to a LF DDS (U215) which is programmed to
generate frequencies over three ranges:55WMHz+ 100ppm, 19.60784BI1Hz
+10ppm and 19.661KHz + 100ppm. The frequency resolution of the-d8 LF DDS

is extended to 64%its by toggling between two frequency tuning words with a duty cycle
that has 16 bits of resolution. The differential outpfithe LF DDS is transformer
coupled to a low pass filter (L24222 and C25254) that has a cutoff frequency of

24 MHz.

Spurs and broadband noise are rejected from the output of the LF DDS by phase locking
one of three VCXOs to the LF DDS output. Theestdd VCXO is phase locked by a
CMOS PLL synthesizer, U217. One of two loop filters is used: U216A, a loop filter wi
400Hz bandwidth, is used when the selected VCXO is one of the fundamental mode
oscillatos. U216B, a loop filter with 20Biz bandwidth,is used when the'Bovertone
oscillator is selected.

Microcontroller and Interface
(Schematid: Mother Board 3, CPY

A ColdfireE MCF52235 microcontroller IS us
interface to external computers via Ethernet, GPIB 0i2B& The microcontroller uses

MSRS Stanford Research Systems SG390 Series RF Signal Generato



Circuit Description 153

a 32bit data path, hassBk of program flash ROM, 32k of RAM, an octal-bi2 ADC,
and operates at 8@Hz from a 25MHz clock input.

The microcontrollerés ADCs are useMHzto de
references, measure the control voltages applied to vario@sV€ense RF block
temperature, measure the detected RF output, and measure miscellaneous systems
voltages.

One of the microcontr ol 23 ledels byUJBIR Brsd made t r &
available on the reapanel for control by remote computers. Thei cr ocontr ol |
Ethernet controller is connected directly to a48Jconnector, U302, which is accessible

on the rearpanel to connect the instrument to a local area network. Alnit 8
bidirectional port is used to interface the microcontroller to a Géelroller, U316,
whose connector i s apamlo on the instrument

a

The microcontrollerés SPI (seri al periphe
decoders U308 and U309. The eight devices which are selected by U309 (PLL
synthesizers;s R and Option control) are designate
and clock signals are only presented to these devices when one in the group is being
addressed. Doing so reduces crosstalk disturbances which can add spurs to RF outputs.
The ANDgaes i n U312 gate Aoffo the QSCK and
decoder is enabled.

SPI devices include:

0) Idle, 1) spare, 2) FPGA modulation processor, 3MtHz DDS, 4) RF DDS, 5) cal
ROM flash, 6) frontpaneldisplay, 7) miscellaneous control bi&) 20MHz PLL, 9)
100MHz PLL, 10) 19MHz PLL, 11) 1GHz PLL, 12) 4GHz PLL, 13) RF block
control, 14) Option 1&2 control, 15) system DAC.

Modulation Processor
(SchematicZ: Mother Board 4, Modulation Processor

A Xilinx XC3S400A in a 326pin BGA is used as a modulation processor inSE894

The FPGA is attached to two large memories via abil6data bus. The
E28F320J3D75A, U402, is a Numonyx BBit flash memorywhich is used to store
FPGA configurations and user arbitrary waveforms. The CY62167DV30, U400, is a
Cypress 18MBit, 55 ns static RAM used to store and play modulation waveforms.

Several FPGA configurations are stored in the flagimory Each configuration allows

the FPGA to perform a variety of modulation tasks depending on the instrument
configuration. For example, when EXT FM is selected, the FPGA reads digitized data
from the ADC (U502) which digitizes the repanel modulation input then offsets,
scales,andupampl es t hat dat a, and applies the
i nput to frequency modul ate the RF synthe
When the instrument is set to provide a wide span frequency(@wgep, triangle, with

a set modulation rate and modulation deviation) the FPGA is configured as a DDS to
provide addresses that wathkrougha ramp of frequency values at a precise rate and
provides interpolated frequency values to the parallel inpthieoRF DDS (U605). The

FPGA will also control the values on the data bus LVL_DACIO0..13] which controls the
analog signals RF_ATTN so as to level the amplitude of the RF output during the
frequency sweep. A final example (this is a hardware provision fisiuge product): A
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user provided I/Q modulation pattern can be loaded into the static RAM. Data pairs are
read from the RAM at a precise symbol rate, interpolated arshogpled to about
125MSPS, digitally filtered (by a roetaised cosine filter, for emple), and the result
applied to the dual 8it DAC (U513). The analog outputs from the dual DAC are
filtered and applied differentially to the 1/Q modulator in the RF block.

The FPGA hagwo clock sources whose use depends on the FPGA configuratien. Th
PDCLK (which originates at RF DSS, U605, operating at the RF DDS frequency/4 or

about 25(MH z ) is used whenever the FPGA provides
port. Timing is very critical in this case. The parallel data to the FPGA must arrive
withinazlns window with respect to the PDCLK. On

Clock Managers) is used to adjust the phase of the parallel output data to meet this
timing requirement. The FPGA is able to measure the timing relationship between the
PDCLK and the_SB of the parallel data (MDO) via IP_L32N and IP_L32P (at the upper
right-hand corner of U401 on sheet 4 of 8.

The +25MHZ_FPGA source is used as the FPGA clock for pulse and blanking
modulation. A DCM is used to multiply the 28Hz clock to 200MHz to provide 5ns
resolution for the pulse or blanking period and width. The FPGA can blank the RF and
baseband outputs via the differential LVDS sigraRF~ BLANK and+ BB_BLANK.

The FPGA is initially programmed via the SPI from the CPU. Configurations are up
loaded to the FPGA and stored in the flash ROM during system programming at the
factory. A 6pin JTAG connector, J400, allows direct access to the FPGA for
development purposes.

Modulation ADC and DACs
(Schemati@: Mother Board 5, Modulation ADC / DAGs

There is a regpanelmodulation input BNC, J500, which allows user supplied signals to
modulate amplitude, frequency, or phase ofSB894outputs. The same input can also
be used for pulse and blank modulation.

In EXT PULSE or EXT BLANK modulation modes, the rganelmodulation input is

discriminated by U501 to provide a digital input, EXT_TRIG, to the FPGA. Depending

on the operating nae and frequency, the FPGA will use EXT_TRIG to control

+RF BLANKand/otBB_BLANK t o pul se or blank the sigl

For EXT AM, FM orF M, the reampanelmodulation input is limited by D501 & D502,
buffered by U500A, ac or dc coupled thghuU503, and lowpass filtered by a MHz,

5™ order, Bessel filter (L503/L504/C54@514). The filtered signal is buffered by U504
and digitized by U502, a 18it ADC operating at about 31.28SPS. The data from the
DAC is provided to the FPGA on the -b& parallel data bus, ADC[0..11]. The data is
offset, scaled (and linearized in the case of amplitude modulation of RF outputs)}and up
sampled to modulate the amplitude, frequency or phase of the signal generator outputs.

There are four high speed (1RESPS), high resolution (1-4it) DACs that are controlled
by the FPGA. The DACs have several purposes:

1. To mimic the modulation waveform on the reanelmodulation output BNC. 2. To
level the RF amplitude during sweeps. 3. To level the baseband outmg gweeps,
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or, to provide the-tomponent for 1/Q modulation. 4. To level the doubler output during
sweeps, or, to provide the-€@mponent for I/Q modulation.

All of the DACs have a similar configuration. The clock to each DAC is resynchronized
to the PICLK (from U605) to minimize sample jitter. The data to the DACs is loaded in
parallel from the FPGA. The differential outputs are filtered by a Bessepéms filter

(fc = 1 MHz for two of the DACs and fe 10 MHz for the 1/Q DACS). The filter outputs

are buffered by differential line driverwith a fixed gain of x2 and 49.9Y sour c e
impedance.

RF DDS
(Schemati®: Mother Board 6, RReferencg

The RFDDS has two functions: To provide a reference frequency to the RF synthesizer
(located in the RF block), or, in the case that the output is belowMi2z; to
synthesize the output directly. The RF DDS is an AD9910 (U605), which integrates a

1 GSPS NCO wh a 14bit DAC. The SFDR of the part is better tHadb dBc for output
frequencies below 100Hz. This is quite adequate for direct outputs (below 82:%)

but would be unsatisfactory when multiplied up to higher frequencies. (For example, a
spur would ncrease in magnitude by 0B when a reference is T
40 MHz to 4GHz.)

There is a neat trick to eliminate DDS spurs: If the DDS is programmed to divide by an
integer, then the output will sample the exact same DAC levels on each oytlsg a

each cycle will be the same as the others. Fourier tells us that a repetitive waveform can
be represented by a fundamental sine and its harmonics; hespetiivewaveform has

only a fundamental and harmonics but no spurs. This is easily seenob$erving a

DDS output on a spectrum analyzer. As the FTW (Frequency Tuning Word) approaches
a value that corresponds to division by an integer all of the spurs gatteefitupeneath

either the fundamental or its harmonics.

The requirement to dividey an integer requires further thought. For ab8DDS, one

cycle or 360° corresponds t3°2 4,294,967,296 in the phase accumulator. Division by
an integer is simple if the integer is a power of 2. For example, to divide by 16 the FTW
would be 4,294,96296/16 = 268,435,456. However, to divide by 10, the FTW would
be 4,294,967,29.6. Since the FTW must be an integer, there will be a truncation error of
0.6 bits per sample, a corresponding frequency error, and spurs in the output.

To fix this (in the cas of division by 10) the DDS would be programmed to use a FTW

of 429,496,729 for 9 sample clocks and 429,496,735 for 1 sample clock. Doing so
accumulates exactly’2in the phase accumulator after 10 sample clocks and so provides
exact division by 10 witmo spurs. This trick allows the RF DDS to generate a reference
frequency for the RF synthesizer that has
by the RF synthesizer without adding spurs to the RF output.

The clock to the RF DDS comes from &Hz VCO which is phase locked to x51 the
selected 19MHz reference to provide precision clock rates in the ranges of
997.259MHz +100ppm, 1,000.000/AHz £10ppm, or 1002.746KIHz + 100ppm.

The charge pump output from the PLL synthesizer, U604, is filteyed603, a low
noise, high bandwidth eamp. The loop bandwidth is aboukiz.
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The RF DDS is programmed to divide by an integer between 10 and 50 to provide
output frequencies between BIHz and 100MHz. The differential outputs are filtered

and bufferedbefore being sent to the RF Block to serve as the reference frequency input
to the RF synthesizer.

The RF DS has a 1bit parallel port to allow for agile amplitude, frequency and phase
modulation. The data is passed to the RF DDS from the FPGA madufatcessor.

The data on the parallel input, which is synchronized to the PDCLK, can directly
modulate the amplitude or phase, or may be scaled and added to the FTW for FM. The
DDS may also be rapidly modulated via the profile input ports, in which basgata is
synchronized to the SYNC_CLK.

The data presented to the parallel port can only be used to modulate one parameter. In
the case of frequency sweeps below 62t5z, the parallel data provides frequency
tuning data to the RF DS. A separate path issed to amplitude level low frequency
sweeps: The differentiat BB_LEVEL signal converted to a singended signal by

U600 and used to level the amplitude of the RF_DDS synthesizer as seen at the front
panel BNC output.

RF Block and Rear-Panel Interface
(Schematicl0: Mother Board 7, Interfage

The common mode voltage on the differential output from the RF DDS is eliminated by

U700, which integrates the difference between the common mode output voltage and

ground. The integrated voltage is applied to theM00t er mi nati ons so as to
common mode voltage.

The differential DAC output is then filtered by a Chsbgvlow-pass (L700, 701, 706,

707, etc) with a cutoff frequency of 18Hz. The output of the filter is terminated and
buffered by the differential amplifier, U702. A multiplex&f701, passes the filtered RF
DDS output to the RF block as eitheRF_REF (when theset frequency is above

62.5MHz or 93.75MHz for theSG39§ or + BB_ OUT (when theset frequency is below

62.5MHz or 93.75MHz for theSG396.

The connector, J701, is ubto pass signals between the motherboardwadearpanel

PCBs The top rear PCBrovides reapanelanalog inputs that can be used to directly
modulate the I/Q modulator. The multiplexers U705 and U708 select between the
internal 1/Q modulation sources theexternal 1/Q modulation sources. The rear panel
PCBalso provides regranelanalog outputs which are copies of the I/Q modulation.

Power Conditioning
(Schematicd 1: Mother Board 8, Power Supplijes

An enclosed power supply is used to provide regulated pmwbke motherboard via the

large header, J800. Whenever the unit is plugged into the line, theitohed +24/

will be present. Thisupply is used to maintain power to the timebase (an OCXO or an
optional rubidium oscillator) even when the
uni t i's switched 4ilb mn% +3t3¥)decane hctve. Tleunpeptdr i e s (
that generates tse other supply voltages is operated at exactlykHX) synchronized

by the 10ns wide, 20kHz PS_SYNC pulses sourced from the CPU, U300.
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The grounds and power supplies are all filtered and bypassed as they come onto the
motherboard. In addition, theege several regulators which provide other voltages used

in the system: +20, +8.5, +3.00 (which is used as a voltage reference throughout the
system), +2.5, +1.8, +1.2, an@.5V.

An interrupt signalj PWR_IRQ, is generated if the +X4supply falls belav +22V or

if the power switch is turned to fioffd.
particular to not start new writes to memory) as the power supplies are about to turn
Aoff o.

Motherboard to RF Block Jumper

(Schematid2: Mother Board to RF Jumper

This PCB provides the interface as well as filtering the signals to minimize any
interference that could impair the signal quality. Singléeehcontrol signals implement

a single order RC filter; differential signals implement a common mode choke; finally,
power lines implement an LC filter.

RF Output Block

The RF Output Block refers to the milled aluminum block (and its covers) which house
the Type N and BNC connectors which present the main front panel outputs of the
instrument. This block establishes solid RF grounds, shields the enclosed circuitry from
magnetic flux generated by the power supply and from RF signals generated by the
motherbard, as well as reducing the EMI from and the susceptibility of the enclosed
circuitry.

There are two circuit boards inside the RF block. Facing the front of the instrument, the
PCB on the right holds the RF synthesizer and provides connections to therboatd

via a 34pin jumper board. The PCB on the left connects to the RF synthesizer and
amplifies or attenuates the signal from the RF synthesizer. Signals ofhyplee N
connector cover an amplitude range frérh07dBm to +13dBm for signals from
950kHz to 2.025, 4.050, or 6.076Hz. The output board also provides outputs on the
BNC with an amplitude range frommV,msto 1V msfrom dc to 62.5MHz.

RF Synthesizer

(Schematid 3: SG394Synthesizer 1,-2 GHz and Contrdl
(Schematid 5. SG396Synthesizer 13-6 GHz and Contrgl

Control signals, requency references, and power supplies are passed from the
motherboard via a small jumper board to the RF synthesizer on J101. Many of the
control signals flow through to the output amplifier/attenuator board via J100. The
+8.5V power supplies are negulated to+5 SYN supplies by U100 and U111.
Differential blanking signalst RF_BLANK and+ BB_BLANK are converted to CMOS
levels by U117 and U118. Serial SPI data is clocked into the shift registers U112 and
U113 to provide various control signals.

For output frequencies below 62MHz the RF DDS direct output, BB_OUT, is used
as the source frequency output. The differential signals are passed to the output board for
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conditioning before being applied to the output BNC connector. The differential signals
are also buffered by U119 to provided sine wave outputEyipe N

The RF synthesizer consists of a 190M0MHz VCO (3GHz to 6GHz for the

SG39§, U105, which is phase locked by U107 to the RF refereaéd( REF) from

the motherboard. The differentiBF reference is transformer coupled into the Wb

Butterworth lowpass filter (L102, C125 & C126) which is terminated by R116. The

3Vepr ef erence is ac coupled into the PLL synt
The charge pump output of the PLL synthesizer is conditioned by the loop filter, U104.

The loop bandwidth is about 1881z for the typical phase comparison frequency of

25MHz. The bandwidth of the loop filter, which is set to be roughly proportional to the

phase comparison frequency, is adjustable by the switches LIROSA

The output of thdRF VCO is ac coupled into a high speed PECL fanout, U106. There
are two sets of outpsi from U106. The first output, TOP_OCT, is the differential top
octave output for the frequency synthesizer. The other output is used as feedback to the
PLL synthesizer and to control the 50/50 symmetry of the top octave output.

The symmetry control immaintained by the differential integrator, U109. If +TOP_OCT
spends more time high th&TOP_OCT, the inverting input to the integrator will ramp

up, causing the neimverting output of the integrator to ramp down, reducing the dc
voltage at the noimverting input of the fanout buffer, causing +TOP_OCT to ramp
down, returning the symmetry afTOP_OCT to 50/50.

RF Dividers and Selectors

(Schematid4: SG394Synthesizer 2, Dividers and LIPF
(Schematid 6: SG396Synthesizer 2, Dividers and LPF

The+ TOP_OCT PECL signals are fanned out by U200. Botpuwiatof the fanout are

sourceterminated with 5/ - 'and can be made active by grou
series50/ resistors on the open emitter outputs.
turns fAoff o t hemiteoautput)s pondi ng open

For outptis between ZBHz and 4GHz (3 GHz and 6GHz for theSG39§, T EN_RFO is

set low, enabling the tepalf of the fanout U200. One of the differential outputs is
selected by the RF multiplexer, U216, to drive the pearelOption 1 & Option 2 via

J201 (the SMAconnector in the side of the RF Block). The other differential output of
the fanout is used for th®p octaveoutput. This signal is given some high frequency
pre-emphasis by the stubbed attenuator (R208), amplified by U201, then loywass
filtered by U202 (to remove the harmonics of the square wave) to provid&ldz2

4 GHz sine wave for RF multiplexer, U211, which passes the sine wave to the output
amplifier/attenuator board via the RF febdu, J200.

For outpus in the five octaves below the RF VCitBe control lind EN_1ST_DIV is set

low, enabling the bottom half of the fanout, U200. (The top half is disabled by detting

EN_RFO high.) This also enables the digital divider, U206, which will provide outputs

via the gate U205 for outputs betweeHiz and 2GHz (1.5GHz and 3GHz for the

SG39§. Other dividers (U209, 212, 215, 218) are enabled for lower octaves. As before,

each differential square wave source has ¥50s our c e i mp ehdlhofitbee, wi t h
differential pair being passed directly teetRF multiplexer, U216, while the other half

is low-pass filtered to provide a sine to the other RF multiplex, U211. Unused dividers

are disabled to eliminate sttarmonic distortion.
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The RF multiplexers (U211 & U216) are nogflective multiplexers andosunselected
i nputs are terminated via 50 Y to ground.
15 Vpc and so it is necessary to translate the control signals to swing between ground
andi 5 Vpc. A triple 1:2 analog switch, U213, is used to translate GwOntrol signals

to the O V/i5V levels.

RF 1/Q Modulator, Amplifiers and Attenuators

(Schematicd7: SG3940utput 1, Attenation& Controls)
(Schemati0: SG3960utput 1, Attenation& Controls)

The PCB on the left side of the RF Block I/Q modulates, amplitude modulates,
amplifies, and attenuatebe selected RF signal before passing it out the front panel
connectors. This PCB receives power, control and differential modulation signals from
the RF synthesizer PCB via J101. The selected RF signal is passed from the RF
synthesizer to this PCB via tiF feedthru, J100.

The signal path toward thEype Nconnector begins at J100. If the carrier frequency is
between 400/Hz and 4.05GHz (6 GHz for the SG396, the signal at J100 may be
multiplexed to the 1/Q modulator, U110. If the signal is outside of this range, or if I/Q
modulation is not enabled, the SPDT switches, U103 and U104, bypass the 1/Q
modulator.

The carrier signal is ac coupled into the I/Q mlathr via C116. The modulator
converts the input signal into two phestgfted square waves, | & Q. The each square
wave can be amplitude modulated the corresponding differential modulation inputs,
+1_MOD and+Q_MOD. The amplitude modulated components aremmed together

and appear at the RF output. The RF output is attenuated (to match its input carrier
level), given high frequency pmmphasis (via the stubs in thegttenuator legs) and

low pass filtered (to remove harmonics) and directed back intRREhgignal path by the
SPDT switch, U104.

Two RF voltage variable attenuators (VVA), U111 & U112, are used to amplitude level
or amplitude modulate the RF signal. The attenuation is controlled by a dc voltage
applied to the V1 input of each VVA. The attation increases as V1 becomes more
negative. The attenuation characteristic is not linear, which requires compensation to the
control voltage, especially for deep amplitude modulation.

The attenuator control voltage is sourced fraRF_ATTN, which is conerted to a
singleended voltage by U114 and lgwass filtered (for noise reduction) by L106 and
C128. These attenuators are used to provide attenuation between the digital attenuator
steps and to correct for the differential Aorearity of the digital denuators. They are

also used to amplitude level sweeps and for amplitude modulation.

The first of three RF gain blocks is U109. The gain of this amplifier isdBL3t is an ac
amplifier which requires a dc current bias be applied to its output. Ifpigrtant that the

dc bias network be high impedance over the operating rarngélzlto 6 GHz) and that

it not have any significant resonances. This is achieved with three series inductors, with
staggered self resonant frequencies, and with parallel damgsisgors. This method is
used on all the gain blocks in the signal chain.

The output from the first gain block is ac coupled into the first of five digital attenuators,
U107. The digital attenuators are controlled indB5steps from @B to 31.5dB. They
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are powered from +¥ and are controlled by the SPI interface. The power supplies and
SPI signals are filtered from stagestage to reduce signal and noise fgadugh.

RF Output Attenuators

(Schematid 8 SG3940utput 2, RF Stage
(Schemati@1: SG3960utput 2, RF Stage

To achieve an amplile dynamic range of 121B (from1107dBm to +13dBm) over

6 GHz requires extraordinary care in the design, layout and grounding of the circuit. In
particul ar, it is important that there be nc
signal path. Forxample, ifi 100dB of a signal can go around the attenuator chain via a

control line or power line, then the effective attenuation range will be limited.

RF grounding is reestablished in each of the four stages shown on Sheet 2 of 3, with
both the power supplies and serial control lines being filtered at each stage before being

passed to the next. Physically, ,vithgoodci rcui t
ground connections, and shielded from other parts of the circuit by the milled aluminum
block.

The RF signal chain continues with the output of the attenuator on the previous page
being applied to the first attenuator, U201, on the next pegge signal chain continues

with an amplifier, two attenuators, another amplifier, and a final output attenuator. The
final amplifier, U206, has higher gain and can provide more output power than the other
gain blocks. It also requires more bias current.

BNC Output

(Schematicd9: SG3940utput 3,BNC)
(Schemati2: SG3960utput 3,BNC)

The differential outputst BB_OUT, are passed from the RF DDS on the motherboard
to the output board via the RF synthesizer board. These differential signals can be
blanked by the dual differential switches U301 & U332BB BLANK CTL.

+BB_OUT are converted to a singdéeded signal by U303, whose output is dpass
filtered (to reduce noise bandwidth and reduce high frequency spurs) by L303, C305 &
C306. The signal is then attenuated by the digitally controlled attemui®04, which

can provide 0 to 3B of attenuation in #iB steps. (Finer steps are provided by the RF
DDS, whose amplitude can be set with-ti6 of resolution.) A fixed 3@B of
attenuation is provided by R302/306/307 under the control of the swit@h. JBe high
bandwidth switches, U301, U302 and U305, are operated #8\, and so their
control lines are level shifted by U100 and U10: ®V.

An output amplifier, U300B, buffers the attenuator output and provides a gain of x3. A

final output driver,U300A, sums in an offset voltage, BB_OFFSET, and drives the
output BNC via a 49.9Y resistor. The BNC outf
CPU via the filtered signal BB_MON.

Power Supply

(Schemati@23: Power Supply
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The power supply for the unit is contained in a separate shielded enclosure. The unit
accommodates universal input voltages-28@ Vac, 47-63 Hz) and provides a variety

of dc voltages to thenotherboard+24, +15, +5, +3.3;5,115V.) The unit will lock its

dc-dc converter to a 20kHz sync signal provided by the motherboard. The unit also has

a thermostatically controlled fan whose speed increases with increasing temperature.

An OEM power supply (CUI Inc VSB{120-24) provides up to 5 A at +24 from the

line voltage input. This power supply is
supplying +24V to the motherboard to power the timebase (either the standard ovenized
crystal or optional rubidium oscillator.) The +24 supplied to the motherboard is

filtered by L1 & C1 to remove ripples from the OEM power supply. The OEM supply

also provides +2¥% for a dedc converter to generate the other regulated voltages used

in the systemThededc converter and f an panedpow@ono o
button is pressed fAinod.

The dedc converter is disabled when th®ISABLE (pin 8 on the motherboard
interface) is held low. When DISABLE is released the switching power supply
controler, U7, generates congohentary square waves at about kBl to drive the
MOSFETs (Q2 & Q3) into conduction during alternate {tsifles. The MOSFETSs drive

the primary of a transformer. The secondary voltages are rectified, filtered, and regulated
to provide the +15, +5, +3.35, & i 15V system voltages.

The regulated outputs have Schottky diodes on their outputs which prevent the power
supplies from being pulled to the wrong polarity by loads which are connected to other
supplies with opposite polads. This is most important during stag and to avoid

SCR action in CMOS ICs in the case that one of the supplies should fail.

A thermostatic fan speed control helps to regulate the operating temperature of the entire
instrument. This circuit uses an 144 (10mV/degC) as a temperature sensor. The
output from the temperature sensor is offset, multiplied, and limited t@5/Orange.

This voltage is drives a 12 medium speed fan via the emitter follower, Q1.

Rear-Panel Boards

Thereare two rear panel@Bs whichinterface to the mother board via the Jumper PCB
(Schemati@4: Rear Panel Option Jumper

I/Q Modulator
(Schemati@5: 1/Q Modulato)

The rear panell/Q modulation inputs abiw the user to modulate the amplitudes of the
in-phase and quadrature components of RF carriers betweavH@nd 6.075GHz
with analog signals.

The | & Q channels use the same circuit configuration. The quadrature component,
+0.5V or 1Vpp, is appliedio the reampanelBNC connector, J2. The input signal is
terminated into 5 by t he parall el Ycointbpguwtatt @emmiornfa
parallel with the 112% i npu't i mpedance to the diff
differential outputs drive a diffential transmission line returning to the motherboard via

499Y resistors and J4.
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Overloads are detected at the output of the differential amplifier by the fast window
comparator, U2A&B. If an overload is detected at either the | or Q inputs, the
differential signakt OVLD _1/Q will be asserted and passed to the motherboard via J4 for
detection by the CPU.

This option also provides reganel [/Q modulation outputs. The modulation signals
may originate from the regranelmodulation inpubor from the intenal, dual, arbitrary
modulation @nerator The modulation signals from the motherboatd, OUT and
+Q_OUT are received by Ul and U5 and converted to siglied signals which drive
the BNC outputs via49¥% r esi stors. These 050Y pluadasdsarteo i n
0.5V or 1V,

Symbol Clock and Event Output
(Schemati@6: Symbol Clock and Event Markgrs

This rear panel PCB provides a Symbol Clock and three Event Outputs. The symbol
clock, whose rising edge is synchronous with the optimum sampling time for 1/Q
modulation symbols, is also uk& resynchronize the event outputs.

The rear panel Sync & Event PCB has two connections to the motherboard: the vertical
jumper PCB (for power suppliesd the differential analog signal, DBL_LEVEL, which

is repurposed to provide a sample rate clockrfodulation by an audio waveform), and,
four LVDS signal via a short CAD cable.

Eight control bits,transmitted via the SPhre latched into U2The symbol clock is
sourced from either the comparator (U3) or from the LDVS receiver, U8, under control

of the bit -SEL_AUDIO_CLK. Other control bits are used to set or clear the event
outputs. The output drivers provide fast pulses witY50s our ce i mpedance.

Timebase Options

(Schemati@7: Timebase Adaptor Interfage

The standard timebase is an OCXO (SRS p/fl824-1-JJJJ). A rubidium frequency
standard (SRS p/n PRS10) may be ordered as Option 4. Both timebases are held by the
same mechanical brackatd connected to the system using the same adapter PCB.

The adapter PCB schematic is quite simple: J1 is the connector to the OCXO option, J2
is the connector to the rubidium option, and J3 is the connector to the main PCB. The op
amp Ul is used to scathe 34.095 b frequency calibration voltage (CAL_OPT) to

0-10 Vpc for the OCXO or €6 Vpc for the rubidium. The logic inverter, U2, is used to
invert the logic levels for the R&32 communication between the microcontroller on the
main PCB and the PRS10 rubidium frequency standard.
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Appendix A : Rational Approximation Synthesis

The SG390Series RF synthesizers use a new approach to synthesizer design that provides low phase
noise outputs with virtually infinite frequency resolution and agile modulation characteristics. The
technique is called RatiahApproximation Frequency Synthesis. Some details of the technique will help
users to understand the performance capabilities of the instruments.

Phase Lock Loop Frequency Synthesizers

Phase lock loop (PLL) frequency synthesizers are a cornerstone laphnsed in every modern
communication device and signal generator. The classical PLL block diagram is sHoagram1.

PHASE LOOP
frer DETECTOR  FILTER VCO
) R \ fOUT

fCOMP . N

/N

Diagraml: Cl assi eNo FilllntFergeeguency Synt hesi zer

The purpose of the PLL synthesizer is to generate precise output frequencies that are locked to a
reference frequency. As shown in Fig 1, the reference frequengy,i$ divided by the integer R and

the voltage controlled oscillator (VCO) outpuguf, is divided by the integer N. A phase detector
compares the phase of the divided frequencies. The phase detector outpypasddiltered and used

to control the frequency of the VCO so thaif/ N is equal to der/ R, hencedyr = N x frer/ R.

A numerical example will help to illustrate the operation and design-bHsl@f the PLL. Supposerkr

= 10MHz and R=1000. If N = 10,000 then the output frequengy;r= N X fregr/ R = 100MHz. As N

is changed from 10,000 to 10,001 to 10,008rwill change from 100.00AHz to 100.0IMHz to
100.02MHz. This PLL synthesizer has a phase comparison frequency, and a channel spagipgRof f

= 10kHz.

Phase Noise

Diagram2 shows a typical phase noise plot for a M8z PLL synthesizer. The phase noise plot shows

the noise power in a Hz sideband as a function of frequency offset from the carrier. There are three
dominate sources of phase noise: The refereree,phase detector, and the VCO. The frequency
reference dominates the noise close to the carrier but falls off quickly at large offsets. The phase detector
noise floor is relatively flat vs. frequency but decreases with increasing phase comparison yrdquenc

fact, the phase detector noise decreases by abalB® A@ecade, hence is about @B lower for phase
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comparisons at 1MHz vs. 10kHz. Finally, the VCO phase noise will dominate at offset frequencies
beyond the loop bandwidth. A high phase comparisequency, hence low R & N divisors, is required

for a low phase noise design.

In a properly designed PLL the output noise tracks the reference at low offsets, matches the phase
detector noise at intermediate offsets, and is equal to the VCO noifiseds ®eyond the PLL loop
bandwidth. Careful attention to the loop filter design is also required to achieve the total noise
characteristic shown iDiagram2.

In addition to broadband noise there will be discrete spurious frequencies in the phase noise spectrum. A
dominant spur is often seen at the phase comparison frequency. It is easier to reduce this spur in a filter
when the phase comparison frequency is high.

TYPICAL PHASE NOISE PLOTS
FOR A 100MHZ PLL SYNTHESIZER
L(f) [dBc/Hz]

REF PHASE NOISE
50 — VCO PHASE NOISE

TOTAL NOISE
(fc = 10kHz)

TOTAL NOISE
(fc = 10MHz)

AN

— PHASE DET NOISE (fc = 10kHz)

~— PHASE DET NOISE (fc = 10MHz)

-150

10 FREQUENCY ™
OFFSET FROM CARRIER

Diagram 2: Typical Phase Noise Spectrum for a 100 MHz PLL Frequency Synthesizer
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Increasing Frequency Resolution

A frequency resolution of 1KHz, or channel spacing of KMz, is adequate in many
communications applications bathigher resolution is desired in test and measurement
applications. The simplest way to increase the frequency resolution is to increase the
value of the R divider. In the above example, if R were increased from 1000 to 10,000
the frequency resolution jannel spacing) would be increased fromkiH2 to 1kHz.
However, there are several serious drawbacks to this strategy. As the R divider is
increased the phase comparison frequency is decreased leading to higher phase detector
noise, a reduction in the Ipdoandwidth, and increased settling timesreasing R will

achieve high frequency resolution at the cost of a noisy output that takes a long time to
settle.

A Note on Fractional-N Synthesis

Another strategy to increase resolution without decreasingpttese comparison
frequency is to use a Fractiosidlsynthesizer. In these synthesizers the value of N is
modulated so that its average value can be amteger. If N averages to 10,000.1 then

the output frequencyofir= N X frer/ R = 100.00IMHz. The fequency resolution has

been improved to kHz. However, modulating the N value creates spurs in the VCO
output. Dithering techniques are able to spread most of the spur energy into broadband
noise, but the remaining noise and spurs is problematic in apptieations.

About YIG Oscillators

One workaround to the tradeff between high resolution and reduced phase
comparison frequency (and so higher phase noise) is to use a YIG oscillator. YIGs are
extremely good VCOs due to the extremely high Q of thewmator which consists of a
submillimeter yttriumiron-garnet sphere tuned by a magnetic field. However, YIGs
have their drawbacks including high power, slow tuning, susceptibility to environmental
magnetic fields, and high cost. TI®5390 Series of RF sythesizers achieve YIG

performance from electrically tuned VCOs by arranging a very high phase comparison
frequency.
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A New Approach

A new approach to synthesizer design provides high frequency resolution, fast settling,
and low phase noise. This new amgeh is calledRational Approximation Frequency
Synthesis(A rational number is a humber which is equal to the ratio of two integers.)
The approach has been overlooked as it relies on some surprising results of rather quirky
arithmetic which abandons neahannel spacing in exchange for a much better
performing PLL synthesizer.

Once again, a numerical example will be useful. Suppose we want to use our PLL
synthesizer to generate 132M6iz. We could do that by setting R 1000 and

N =13,286. With fer= 10 MHz we have dyr= N X frer/ R = 132.86MIHz. The phase
comparison frequency is MHz and so the PLL loop bandwidth, which is typically

1/ 20" of the phase comparison frequency, would be only about 500Hz.

Therebs anot her wahlz (drat leastyvery dosedoiitd Suppbse e 8 6
set R=7 and N= 93. Then §ur= N x frege / R = 132.85714R1Hz, which is only
21.5ppm below the target frequendyHe nce the term AREOEiI onal A
course, increasing the reference frequency by Zip® will produce the target
frequency exactly, as will be described.) Momentarily suspending the question of the
general applicability of this approach, the positive benefit is clear: The phase
comparison frequency is now MHz /7 =1.42MHz which is 142times higher than

that provided by the classical PLL with a K8z channel spacing. This allows a PLL
bandwidthwhichis also 14Zimeswider. The higher comparison frequency of this PLL

will provide faster settling, lower phase noise, and an easily rem@fecence spur

which is 1.42VIHz away from the carrier.

Several questions arise.

1. Is this approach generally applicable, that is, ©mall values for R & N always be
found to produce an output close to any desired frequency?

2. Isthere a method to find tisenallest values for R & N?

3. Can the output frequency be made exact (not
The answer to alll three questionsworlds AYeso.
example.
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An Example

Diagram3 shows a PLL synthesizer that can generate outputs anywhere in the octave
between Z5Hz and 4GHz. Lower frequencies are easily generated by binary division of
this output. This example uses an Analog Devices emadulus PLL frequency
synthesizer, the ADF4108. A dual modulus N counter is a-siged divider which
divides by a prescaler value, P, or by P+1 under the control of two registers named A &
B. The dual modulus Mivider adds a bit of numerological quirkiness as there are
restrictions on the allowed values for A & B as detailedDiagram3. The ADF4108

also requires that the phase comparison frequency be less thefHt0Z he reference
frequency input in this example is 2BMHz.

PHASE LOOP 2GHzTO 4 GHz
f rer = 200 MHZ DETECTOR  FILTER VCO
- R \ fOUT
fCOMP < 104 MHZ . N - B X P + A
Dual Modulus: 3 O B,
P=16 FOR fOUT? 2400 MHz
P=8 FORfOUTO 2400

Diagram 3: A Rational Approximation Frequency Synthesizer

One curious aspect of Rational Approximation Frequency Synthesis is that it is not
obvious how to choose the values for R & N. Thereraaghematical techniques for
rational fraction approximation however brute enumeration of the possibilities may also
be used. For example, R & N can be found by starting with the lowest allowed value for
R and testing to see if there is an allowed value No which gives a result,
four =N x free/ R, which is within some error band (say100ppm) of the desired
frequency. Luckily, these computational requirements are modest. The required
calculations can be performed on a typical microcontroller in umdatisecond.

The largest phase comparison frequencies are achieved when there are many numeric
choices available to improve the chance that a particular ratio of integers can be found
which will be within the error band of the desired result. This isediiree ways. First,

allow a large error band. (An error band+af00ppm is typical because a fundamental
mode crystal oscillator, which is used to clegmthe reference source, can be tuned over
+100ppm.) Second, use a high frequency reference dseill@hird, provide a second
reference, detuned slightly from the first, to provide additional numeric choices.

To ascertain how well Rational Approximation Frequency Synthesis works for the
example inDiagram3, a computer program was written to compute the R &alues
for 10,000 random frequencies in the octave band betw&ddz2and 4GHz. Using a
single reference source at 20z, and an allowed error band af100ppm, the
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average phase comparison frequency was MH2 and the worst case phase
comparisontequency was 40kHz.

When a second reference frequency was available (at RIHz6as determined by trial
and error while searching for the highest waate phase comparison frequency) the
average phase comparison frequency increased to WH94andthe worse case phase
comparison frequency increased to 283z (a sixfold increase.)

Elimination of Error

Rational Approximation Frequency Synthesis provides a fast settling, low phase noise,

and spif r ee out put , but wi t h ypmallytzd@ppm| Tlong fAer r C
eliminate this error it will be necessary to provide a low noise reference that is tunable

over £100ppm with very high resolution. A VCXO phase locked with narrow

bandwidth to a DDS source may be used for this reference.-l#it 48DS providesa

frequency resolutiomf 1:2x10** and the VCXO effectively removes all of the DDS

spurs.

A tunable reference source is showrDiagram4. A 10 MHz timebase isnultiplied in

the DDS to 100MHz. The DDS is programmed to generate an output witHiG0ppm

of 18.1818MHz. The VCXO is phase locked to the DDS output with a 100Hz
bandwidth. The clean 18.18MHz VCXO output is used as a sourcer fan 11x
multiplier to produce a 20BHz reference tunable ovet100ppm witha frequency
resolutionof 1:2x10*. This tunable frequency reference is used as the reference for the
Rational Approximation Frequency Synthesizer, eliminating the error baedeimthin

the technique.

REFERENCE PHASE LOOP  18.181 MHz PHASE LOOP 200 MHz
DETECTOR  FILTER VCO DETECTOR  FILTER VCO
48-bit DDS
®+ WITH CLOCK @ Ix 9_@_1 @ |\ frer
MULTIPLIER
BW = 100 Hz BW = 1 MHz
11

Diagram 4: Tunable (+100 ppm) 200 MHz Reference

Conclusion

A new method for the operation of classical inteiyelPLL frequency synthesizers has

been described. The method, Rational Approxinmioequency Synthesis, allows for
operation at much higher phase comparison rates than the classical approach. The higher
phase comparison rates allow wider PLL bandwidth to profager settling, lower

phase noise, and spiiee outputs with virtuallyrifinite frequency resolution
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Front Display
(Assemblie820 &321)

Ref Value

Cl  4.7U-16V X5R
C2 100000P

C3 100000P

C4  100000P

C5 100000P

C6 100000P

C7 100000P

C8 100000P

C9  100000P

C10 100000P
C11 100000P

D1 GREEN
D2 GREEN
D3 GREEN
D4 GREEN
D5 GREEN
D6 GREEN
D7 GREEN
D8 GREEN
D9 RED

D10 GREEN
D11 GREEN
D12 GREEN
D13 GREEN
D14 GREEN
D15 GREEN
D16 GREEN
D17 GREEN
D18 GREEN
D19 GREEN
D20 GREEN
D21 GREEN
D22 GREEN
D23 GREEN
D24 GREEN
D25 GREEN
D26 GREEN
D27 GREEN
D28 GREEN
D29 GREEN
D30 GREEN
D31 GREEN
D32 GREEN
D33 GREEN
D34 GREEN
D35 GREEN
D36 GREEN
D37 GREEN
D38 GREEN
D39 GREEN
D40 GREEN
D41 GREEN
D42 GREEN
D43 GREEN
D44 GREEN
D45 GREEN
D46 GREEN
D47 RED

Pl 9PIN

PC1 SG385F/P
Q1 MBT3906DW1

Description

Ceramic, 16V, 1206, X5R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 083, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, 13/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

LED, B/4

Connector
Fabricated component
Dual PNP Transistor

SRS P/N

5-00611
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00425
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00424
3-00425
1-01308
7-02099
3-01419

uUl6

MBT3906DW1
MBT3906DW1
MBT3906DW1
MBT3906DW1
MBT3906DW1
MBT3906DW1
MBT3906DW1
MBT3906DW1
MBT3906DW1
MBT3906DW1
MBT3906DW1
MBT3906DW1
MBT3906DW1
MBT3906DW1
MBT3906DW1
49.9K

20.0K

499

499

100

100

8 X 680

8 X 680

8 X 680

8 X 680

8 X 680

8 X 680

8 X 680

8 X 680

8 X 680

8 X 680

8 X 680

8 X 680

8 X 680

8 X 680

8 X 680

8 X 680
8X100

8X100

8X100

8X100

8X100

8X100

8 X 680

8 X 680
10KX4D
10KX4D
10KX4D
10KX4D
10KX4D
10KX4D
10KX4D
10KX4D
10KX4D
HDSPA101
HDSFA101
HDSPA101
HDSPA101
HDSPA101
HDSPA101
HDSFA101
HDSPA101
HDSPA101
HDSPA101
HDSPA101
HDSPA101
HDSPA101
HDSPA101
HDSPA101
HDSPA101

Dual PNP Transistor
Dual PNP Transistor
Dual PNP Transistor
DualPNP Transistor
Dual PNP Transistor
Dual PNP Transistor
Dual PNP Transistor
Dual PNP Transistor
Dual PNP Transistor
DualPNP Transistor
Dual PNP Transistor
Dual PNP Transistor
Dual PNP Transistor
Dual PNP Transistor
Dual PNP Transistor
Resistorp603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor nawork
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistometwork
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network

Seven Segment Display
Seven Segment Display
Seven Segment Display
Seven Segment Display
Seven Segment Display
Seven Segment Display
Seven Segment Display
Seven Segment Display
Seven Segment Display
Seven Segment Display
Seven Segment Display
Seven Segment Display
Seven Segment Display
Seven Segmemisplay
Seven Segment Display
Seven Segment Display

3-01419
3-01419
3-01419
3-01419
3-01419
3-01419
3-01419
3-01419
3-01419
3-01419
3-01419
3-01419
3-01419
3-01419
3-01419
4-02320
4-02282
4-02128
4-02128
4-02061
4-02061
4-02531
4-02531
4-02531
4-02531
4-02531
4-02531
4-02531
4-02531
4-02531
4-02531
4-02531
4-02531
4-02531
4-02531
4-02531
4-02531
4-02497
4-02497
4-02497
4-02497
4-02497
4-02497
4-02531
4-02531
4-00912
4-00912
4-00912
4-00912
4-00912
4-00912
4-00912
4-00912
4-00912
3-00290
3-00290
3-00290
3-00290
3-00290
3-00290
3-00290
3-00290
3-00290
3-00290
3-00290
3-00290
3-00290
3-00290
3-00290
3-00290
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Ul7  74HCS595ADT
Ul8 74HCS595ADT
U19 74HC595ADT
U20 74HC595ADT
U21  74HCS595ADT
U22  74HC595ADT
U23  74HCS595ADT
U24  74HC595ADT
U25 74HCS595ADT
U26 74HCS595AT

U27  74HC595ADT
U28 74HCS595ADT
U29 74HC595ADT
U30 74HCS595ADT
U31 74HCS595ADT
U32 74HC595ADT

U33 74LVC3G34DCTR Triple noninverting buffer

U34 74LVC2G08DCT
U35 74LVC2G04
U36 74HCS595ADT
U37  74HC595ADT
U38 74HCS595ADT
U39 74HC595ADT
U40 74HCS595ADT
U4l  74HCS595ADT
U42  74HCS595ADT
U43  74HCS595AD

U44  74LVC1G125DBV

U45  74HC165
U46  74HC165
U47 74HC165
U48 74HC165
U49 74HC165
U50 ADCMP371
Z0 PS30&40

Z1 SG386,FP LEXAN

z2 SG382 LEXAN
Z3 4-40X1/4PP
z4 SIMPCB S/N

Shift Register/Latch
Shift Register/Latch
Shift Register/Latch
ShiftRegister/Latch
Shift Register/Latch
Shift Register/Latch
Shift Register/Latch
Shift Register/Latch
Shift Register/Latch
Shift Register/Latch
Shift Register/Latch
Shift Register/Latch
Shift Register/Latch
Shift Register/Latch
Shift Register/Latch
Shift Register/Latch

Single Znput AND gate
Dual inverting buffer
Shift Register/Latch
ShiftRegister/Latch
Shift Register/Latch
Shift Register/Latch
Shift Register/Latch
Shift Register/Latch
Shift Register/Latch
Shift Register/Latch
Single tristate buffer
Shift register, PI/SO
Shift register, PI/SO
Shift register, PI/SO
Shift register, PI/SO
Shift register, PI/SO
Comparator
Fabricated component
Fabricated component
Fabricated component
Hardware

Label

Z5 SG385,FR CHASSI Fabricated component

Z6 SG385 KEYPAD
z7 SG384 LEXAN
Z8 4-40X1/4PF

Fabricated component
Fabricated component
Hardware

3-00672
3-00672
3-00672
3-00672
3-00672
3-00672
3-00672
3-00672
3-00672
3-00672
3-00672
3-00672
3-00672
3-00672
3-00672
3-00672
3-01852
3-01656
3-01968
3-00672
3-00672
3-00672
3-00672
3-00672
3-00672
3-00672
3-00672
3-01886
3-01969
3-01969
3-01969
3-01969
3-01969
3-01970
7-00217
7-02330
7-02228
0-00187
9-01570
7-02106
7-02115
7-02116
0-00150

2506031517Y0
SG385 F/P FLTER
49.9

49.9

49.9

49.9

49.9

49.9

49.9

49.9

49.9

49.9

49.9

49.9

49.9

49.9

SIMPCB SIN

Inductor BEAD 0603

Fabricated component

Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film

Label

6-00759
7-02208
4-02032
4-02032
4-02032
4-02032
4-02032
4-02032
4-02032
4-02032
4-02032
4-02032
4-02032
4-02032
4-02032
4-02032
9-01570
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FrontDisplayEMIFilter
(Assembly 324

Ref Value

C1 1000P

Cc2 1000P

C3 1000P

C4 22P

C5 22P

C6 22P

c7 22P

Cc8 22P

Cc9 22P

Cci0 22p

Ci1 22P

c12 22p

C13 22P

C14 22P

Ci5 22p

Cl6 22P

Ci17 22p

J2 9 PINR/AH
J3 9P FEM/TH

L1 2506031517Y0
L2 2506031517Y0
L3 2506031517Y0
L4 2506031517Y0

Description

Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capaior, 0603, NPO

Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capaitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Connector

Connector

Inductor BEAD 0603

Inductor BEAD 0603

Inductor BEAD 0603

Inductor BEAD 0603

SRS P/N

5-00740
5-00740
5-00740
5-00700
5-00700
5-00700
5-00700
5-00700
5-00700
5-00700
5-00700
5-00700
5-00700
5-00700
5-00700
5-00700
5-00700
1-01302
1-01303
6-00759
6-00759
6-00759
6-00759

Motherboard
(Assemblieg22& 323

Ref

C100
C101
C102
C103
C104
C105
C106
c1o07
Cc108
C109
C110
Ci11
C112
C113
Cl14
C115
C116
C117
C118
C119
C120
Cci21
C122
C123
C124
C125
C126
C127
C128
C129
C130
Ci31
C132
C133
C134
C135
C136
C137
C138
C139
C140
Cl141
C142
C143
C144
C200
C201
C202
C203
C204

Value

1000P
100000P
100000P
10P
100000P
47U/ 16V
1000P
47U/ 16V
1000P
10000P
47P

470P
10000P
100000P
10P

.01U
1000P
100P
100000P
1.0U
1000P
100000P
.22V
100000P
.047U
100000P
100000P
10000P
100000P
47U/ 16V
47U/ 16V
47U/ 16V
39P
1000P
47U/ 16V
100000P
1000P
330P
330P
100P
330P
.047U
100000P
100000P
1000P
100000P
100000P
100000P
100000P
10000P

Description

Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 1206, X7R
Capacitor, 0603, NPO
Capacitor, 1206, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 068, NPO

Capacitor, Metal Film
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, Mylar/Poly,
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, Metal Film
Capacitor, 0603, X7R
Capacitor, Metal Film
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 1206, X7R
Capacitor, 1206, X7R
Capacitor, 1206, X7R
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 1206, X7R
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, Metal Film
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor 0603, X7R

Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R

SRS P/N

5-00740
5-00764
5-00764
5-00692
5-00764
5-00527
5-00740
5-00527
5-00752
5-00752
5-00708
5-00732
5-00752
5-00764
5-00692
5-00052
5-00740
5-00716
5-00764
60V, 5% 5-00245
5-00740
5-00764
5-00057
5-00764
5-00054
5-00764
5-00764
5-00752
5-00764
5-00527
5-00527
5-00527
5-0070
5-00740
5-00527
5-00764
5-00740
5-00728
5-00728
5-00716
5-00728
5-00054
5-00764
5-00764
5-00740
5-00764
5-00764
5-00764
5-00764
5-00752
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C205
C206
C207
C208
C209
C210
c211
C212
C213
C214
C215
C216
Cc217
C218
Cc219
C220
Cc221
C222
C223
C224
C225
C226
Cc227
C228
C229
C230
C231
C232
C233
C234
C235
C236
C237
C238
C239
C240
C241
C242
C243
C244
C245
C246
C247
C248
C249
C250
C251
C252
C253
C254
C255
C256
C258
C259
C260
C261
C300
C301
C302
C303
C304
C305
C306
C307
C308
C309
C310
C311
C312
C313
C314
C315
C316
C317
C318
C319
C320
C321

100000P
10000P
100000P
10000P
10000P
10000P
10000P
47P

47P

47P
10000P
22000P
10000P
220P
470P
220P
100000P
100000P
100000P
100000P
100000P
100000P
1000P
1000P
1000P
100000P
100000P
100000P
100000P
47U/ 16V
47U [ 16V
100000P
.01U
10UF / 6.3V
100000P
100000P
100000P
100000P
100000P
100000P
100000P
10UF / 6.3V
.39U- PP
100P
.01U

56P

.01u
220P
220P
120P

56P

.39U- PP
.047U
.047U
100000P
100000P
22U/ 16V
100000P
100000P
22U/ 16V
22U/ 16V
22U/ 16V
22U/ 16V
22U/ 16V
4.7UF / 50V X5R
100000P
22U/ 16V
100000P
22U/ 16V
100P
100000P
100000P
100000P
4.7UF / 50V X5R
100000P
100000P
100000P
100000P

Capacitor, 0603, X7R 5-00764
CapacitorP603, X7R 5-00752
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00752
Capacitor, 0603, X7R 5-00752
Capacitor, 0603, X7R 5-00752
Capacitor, 0603, X7R 5-00752
Capacitor, 0603, NPO 5-00708
Capacitor, 0603, NPO 5-00708
Capacitor, 0603, NPO 5-00708
Capacitor, 0603, X7R 5-00752
Capacitor, 0603, X7R 5-00756
Capacitor, 0603, X7R 5-00752
Capacitor, 0603, NPO 5-00724
Caacitor, 0603, NPO 5-00732
Capacitor, 0603, NPO 5-00724
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, NPO 5-00740
Capacitor, 0603, NPO 5-00740
Capacitor, 0603, NPO 5-00740
Capacitor, 0603, X7R 5-00764
Capacitor, 0603<7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 1206, X7R 5-00527
Capacitor, 1206, X7R 5-00527
Capacitor, 0603, X7R 5-00764

Capacitor, Metal ifm 5-00052
Ceramic, 16V, X5R 5-00657
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764

Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Ceramic, 16V, X5R 5-00657
Capacitor, Polypropylene, Radial 5-00837
Capacitor, 0603, NPO 5-00716
Capacitor, MetaFilm 5-00052
Capacitor, 0603, NPO 5-00710
Capacitor, Metal Film 5-00052
Capacitor, 0603, NPO 5-00724
Capacitor, 0603, NPO 5-00724
Capacitor, 0603, NPO 5-00718
Capacitor, 0603, NPO 5-00710
Capacitor, Polypropylene, Radial 5-00837
Capacitor, Metal Film 5-00054

Capacitor, Metal Film 5-00054
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor 5-00836

Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764

Capacitor 5-00836
Capacitor 5-00836
Capacitor 5-00836
Capacitor 5-00836
Capacitor 5-00836
Ceramic, 16V, X5R 5-00807
Capacitor, 0603, X7R 5-00764
Capacitor 5-00836
Capacitor, 0603, X7R 5-00764
Capacitor 5-00836
Capacitor, 0603, NPO 5-00716
Capacitor, 603, X7R 5-00764

Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Ceramic, 16V, X5R 5-00807
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitorf603, X7R 5-00764
Capacitor, 0603, X7R 5-00764

C323
C324
C325
C326
C327
C328
C329
C330
C331
C332
C333
C334
C335
C336
C337
C400
C401
C402
C403
C404
C406
C407
C409
C410
C412
C413
C414
C415
C416
C417
C419
C420
C421
C422
C424
Cc427
C429
C430
C431
C432
C433
C434
C437
C438
C439
C440
C500
C501
C502
C503
C504
C505
C506
C507
C508
C509
C510
C511
C512
C513
C514
C515
C516
C517
C518
C519
C520
C521
C522
C523
C524
C525
C526
C527
C528
C529
C530
C531

100000P
100000P
100000P
100000P
100000P
100000P
100000P
100000P
100000P
10000P
100000P
100000P
100000P
100P
100P
100000P
100000P
10000P
10000P
10000P
10000P
10000P
10000P
10000P
10000P
10000P
10000P
100000P
100000P
10000P
10000P
10000P
10000P
10000P
10000P
10000P
10000P
10000P
10000P
10000P
10000P
10000P
100000P
100000P
100000P
100000P
100000P
100000P
100000P
100000P
100000P
2.2UF 16V /0603
100000P
2.7P
100000P
18P
.39U- PP
100P
330P
1000P
330P
2.2UF 16V /0603
100000P
1UF 16V /0603
1UF 16V /0603
100000P
100000P
100000P
100000P
100P
680P
100000P
100000P
100000P
100000P
100P
680P
100000P

Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitorp603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitorp603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Ceramic, 16V, X5R
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 0603, NPO

Capacitor, Polypropylene, Radial 5-00837

Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Ceramic, 16V, X5R

Capacitor, 0603, X7R

Ceramic, 16V, 0603, X5R
Ceramic, 16V, 0603, X5R

Capacitor, 803, X7R

Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, X7R

5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00752
5-00764
5-00764
5-00764
5-00716
5-00716
5-00764
5-00764
5-00752
5-00752
5-00752
5-00752
5-00752
5-00752
5-00752
5-00752
5-00752
5-00752
5-00764
5-00764
5-00752
5-00752
5-00752
5-00752
5-00752
5-00752
5-00752
5-00752
5-00752
5-00752
5-00752
5-00752
5-00752
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00656
5-00764
5-00677
5-00764
5-00698

5-00716
5-00728
5-00740
5-00728
5-00656
5-00764
5-00661
5-00661
5-00764
5-00764
5-00764
5-00764
5-00716
5-00736
5-00764
5-00764
5-00764
5-00764
5-00716
5-00736
5-00764
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C52

C533
C534
C535
C536
C537
C538
C539
C540
C541
C542
C543
C544
C545
C546
C547
C548
C549
C550
C551
C552
C553
C554
C555
C556
C557
C558
C559
C560
C600
C601
C602
C603
C604
C605
C606
C607
C608
C609
C610
C611
C612
C613
C614
C615
C616
C617
C619
C620
C621
C622
C623
C624
C625
C626
C627
C628
C629
C630
C631
C632
C633
C634
C635
C636
C637
C638
C639
C640
C641
C700
C701
C702
C703
C704
C705
C706
C707

100P
680P
100000P
100000P
100P
680P
100000P
100000P
100P
680P
100000P
100000P
100000P
100P
680P
100000P
100000P
100000P
100000P
100P
680P
100000P
100000P
100P
680P
100000P
100000P
100000P
100000P
100000P
100000P
1000P
4.7UF / 50V X5R
4.7UF / 50V X5R
10000P
10000P
100000P
10UF 6.3V
100000P
100000P
100000P
100000P
100000P
100000P
100000P
10UF/ 6.3V
100000P
.047U
4.7UF / 50V X5R
10UF /6.3V
100000P
100000P
100000P
100000P
100000P
100000P
100000P
10UF / 6.3V
100000P
100P
100000P
.39U- PP
.01U

.01u

10P
.0033U
10P

100P
100P
4.7UF / 50V X5R
100000P
100000P
100000P
100000P
100000P
100000P
100000P
2.7P

Capacitor, 0603, NPO 5-00716
Capacitor, 0603, NPO 5-00736
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, NPO 5-00716
Capacitor, 0603, NPO 5-00736
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, NPO 5-00716
Capacitor, 0603, NPO 5-00736
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitorp603, X7R 5-00764
Capacitor, 0603, NPO 5-00716
Capacitor, 0603, NPO 5-00736
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, NPO 5-00716
Capacitor, 0603, NPO 5-00736
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, NPO 5-00716
Capacitor, 0603, NPO 5-00736
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, NPO 5-00740
Ceramic, 16V, X5R 5-00807
Ceramic, 16V, X5R 5-00807
Capacitor, 0603, X7R 5-00752
Capacitor, 0603, X7R 5-00752
Capacitor, 0603, X7R 5-00764
Ceramic, 16V, X5R 5-00657
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Ceramic, 16V, X5R 5-00657
Capacitor, 0603, X7R 5-00764
Capacitor, Metal Film 5-00054
Ceramic, 16V, X5R 5-00807
Ceramic, 16V, X5R 5-00657
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Ceramic, 16V, X5R 5-00657
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, NPO 5-00716
Capacitor, 0603, X7R 5-00764

Capacitor, Polypropylene, Radial 5-00837

Capacitor, Metal Film 5-00052
Capacitor, Metal Film 5-00052
Capacitor, 0603, NPO 5-00692
Capacitor, Polyester Film 5-00050
Capacitor, 0603, NPO 5-00692
Cagacitor, 0603, NPO 5-00716
Capacitor, 0603, NPO 5-00716
Ceramic, 16V, X5R 5-00807
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capaitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, X7R 5-00764
Capacitor, 0603, NPO 5-00677

C708
C709
C710
C711
C712
C713
C714
C715
C716
Cc717
C718
C719
C720
C721
C722
C723
C724
C725
C726
Ccr27
C800
C801
C802
C803
C804
C805
C806
C807
C808
C809
C810
c811
Cc812
C813
C814
C815
C816
Cc817
C818
Cc819
C820
Cc821
C822
C823
C824
C825
C826
Cc827
C828
C829
C830
C831
C832
C833
D100
D101
D200
D201
D202
D500
D501
D502
D503
D504
D800
J100

Jio1

J102

J300

J301

J302

J303

J400

J500

J501

J700

J701

J702

18P

7.5P

100000P

2.7P

18P

7.5P

100000P

100P

100000P
100000P
100000P
100000P
100000P
100000P
100000P
100000P
100000P
100000P
100000P
100000P

4.7UF /50V X5R
1000P

4.7UF / 50V X5R
100000P

4.7UF / 50V X5R
100000P

4.7UF / 50V X5R
10000P

4.7UF / 50V X5R
100000P

4.7UF / 50V X5R
100000P

4.7UF / 50V X5R
100000P

10UF / 6.3V
100000P

4.7UF / 50V X5R
100000P

1000P

100000P

10UF/ 6.3V
100000P

2200P

100000P
100000P

10UF/ 6.3V
100000P

4.7UF / 50V X5R
100000P
10000P
100000P
10U/T16
100000P

4.7UF / 50V X5R
MMBV609
BAV99
MMBV609
MMBV609
MMBV609
MMBZ5222BLT1G
BAV99

BAV99
MMBZ5222BLT1G
BAV99

RED

26-48-1101
731000195
731000195

26 PIN
DEKIOSATE

9 PIN
IEEE488/STAND.
TSW106-08-G-S
731000195
731000195

34 PIN

25 PIN
438600001

Capacitor, 0603, NPO
Capacitor, 0603, NP
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Ceramic, 16V, X5R
Capacitor, 0603, NPO
Ceramic, 16V, X5R
Capacitor, 0603, X7R
Ceramic, 16V, X5R
Capacitor, 0603, X7R
Ceramic, 16V, X5R
Capacitor, 0603, X7R
Ceramic, 16V, X5R
Capacitor, 0603, X7R
Ceramic, 16V, X5R
Capacitor, 0603, X7R
Ceramic, 16V, X5R
Capacitor, 0603, X7R
Ceramic, 16V, X5R
Capacitor, 0603, X7R
Ceramic, 16V, X5R
Capacitor, 06037R
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Ceramic, 16V, X5R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Ceramic, 16V, X5R
Capacitor, 0603, X7R
Ceramic, 16V, X5R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
SMD TANTALUM;Case
Capacitor, 0603, X7R
Ceramic, 16V, X5R
DUAL VARACTOR
Dual Series Diode
DUAL VARACTOR
DUAL VARACTOR
DUAL VARACTOR
2.5V Zener

Dual Series Diode
Dual Series Diode
2.5V Zener

Dual Series Diode
LED, T1 Package
Connector

Panel Mount BNC
Panel Mount BNC
Connector

Connector

Qonnector

Connector

Connector

Panel Mount BNC
Panel Mount BNC
Connector

Connector

Connecor

5-00698
5-00689
5-00764
5-00677
5-00698
5-00689
5-00764
5-00716
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00807
5-00740
5-00807
5-00764
5-00807
5-00764
5-00807
5-00752
5-00807
5-00764
5-00807
5-00764
5-00807
5-00764
5-00657
5-00764
5-00807
5-00764
5-00740
5-00764
5-00657
5-00764
5-00744
5-00764
5-00764
5-00657
5-00764
5-00807
5-00764
5-00752
5-00764
5-00471
5-00764
5-00807
3-00803
3-00896
3-00803
3-00803
3-00803
3-02013
3-00896
3-00896
3-02013
3-00896
3-00011
1-01057
1-01158
1-01158
1-01178
1-01031
1-01247
1-00160
1-01146
1-01158
1-01158
1-01256
1-01255
1-01380
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J8oo
L100
L101
L102
L103
L104
L105
L106
L107
L108
L109
L110
L111
L112
L200
L201
L202
L203
L204
L205
L206
L207
L208
L209
L210
L211
L212
L213
L214
L215
L216
L217
L218
L219
L220
L221
L222
L300
L301
L302
L303
L304
L305
L307
L308
L309
L310
L400
L402
L403
L404
L405
L406
L407
L408
L409
L500
L501
L502
L503
L504
L505
L506
L507
L508
L509
L510
L511
L512
L513
L514
L515
L516
L517
L518
L519
L520
L521

10M156(LONG)
22UH-SMT
2506031517Y0
2A /1806
.68UH
2506031517Y0
6.8UH- 1210
2506031517Y0
6.8UH- 1210
2506031517Y0
2506031517Y0
2506031517Y0
68UH
2506031517Y0
22UH-SMT
22UH-SMT
22UH-SMT
6.8UH- 1210
6.8UH- 1210
6.8UH- 1210
22UH-SMT
.68UH
22UH-SMT
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
0.33uH
0.33uH
0.33uH
0.33uH
0.33uH
0.33uH
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
47NH
2506031517Y0
2506031517Y0
2506031517Y0
10UH
22UH-SMT
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
68UH

.68UH
2506031517Y0
2506031517Y0
.68UH

68UH
2506031517Y0
2506031517Y0
25060318.7Y0
2506031517Y0
.68UH

68UH
2506031517Y0

Connector

Fixed inductor
Inductor BEAD 0603
BEAD SMD 1806
Fixed inductor
Inductor BEAD 0603
Fixed inductor
Inductor BEAD 0603
Fixed inductor
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Fixed inductor
Inductor BEAD 0603
Fixed inductor

Fixed inductor

Fixed inductor

Fixed inductor

Fixed imuctor

Fixed inductor

Fixed inductor

Fixed inductor

Fixed inductor
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD603
Fixed inductor

Fixed inductor

Fixed inductor

Fixed inductor

Fixed inductor

Fixed inductor
Inductor BEADG603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0&0
Fixed inductor
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Fixed inductor

Fixed inductor
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Fixed inductor

Fixed inductor
Inductor BEAD 0603
Inductor BEAD 0603
Fixed inductor

Fixed inductor
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Fixed inductor

Fixed inductor
Inductor BEAD 0603

1-00555
6-00659
6-00759
6-00744
6-00988
6-00759
6-00667
6-00759
6-00667
6-00759
6-00759
6-00759
6-00988
6-00759
6-00659
6-00659
6-00659
6-00667
6-00667
6-00667
6-00659
6-00988
6-00659
6-00759
6-00759
6-00759
6-00759
6-00759
6-00759
6-00759
6-00759
6-01011
6-01011
6-01011
6-01011
6-01011
6-01011
6-00759
6-00759
6-00759
6-00759
6-00759
6-00759
6-00759
6-00759
6-00759
6-00759
6-00759
6-00759
6-00759
6-00759
6-00759
6-00759
6-00759
6-00759
6-01000
6-00759
6-00759
6-00759
6-00684
6-00659
6-00759
6-00759
6-00759
6-00759
6-00988
6-00988
6-00759
6-00759
6-00988
6-00988
6-00759
6-00759
6-00759
6-00759
6-00988
6-00988
6-00759

L522
L523
L524
L525
L600
L601
L602
L604
L605
L606
L607
L608
L700
L701
L702
L703
L704
L705
L706
L707
L708
L709
L710
L711
L712
L800
L801
L802
L803
L804
L805
L806
L807
L808
PC1

Q100
Q101
Q200
Q201
Q202
Q203
Q204
Q205
Q500
Q800
R100
R101
R102
R103
R104
R105
R106
R107
R108
R109
R110
R111
R112
R113
R114
R115
R116
R117
R118
R119
R120
R121
R122
R123
R124
R125
R126
R127
R128
R129
R130
R131
R132

2506031517Y0
.68UH

.68UH
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
150NH

150NH

150NH

150NH
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
150NH

150NH
25060318.7Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2A /1806

2A/ 1806

2A /1806

2A /1806

2A /1806

2A /1806

2A /1806

2A /1806
2506031517Y0
SG385 M/B
MMBT5179
MMBTHS81LT1
MMBT5179
MMBT5179
MMBT5179
MMBTHS81LT1
MMBTHS81LT1
MMBTHS81LT1
MMBT3904LT1
MMBT5179
1.00K

4.99K

1.00K

1.00K

10.0K

1.00K

100

30.1

100K

1.00K

10

100K

10.0K

10

24.9

1.00K

10.0K

1.00K

10.0K

1.00K

10.0K

200

249

499

30.1

4.99K

10.0K

10.0K

49.9K

49.9K

100

49.9K

10.0K

Inductor BEAD 0603
Fixed indetor

Fixed inductor
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BRAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Fixed inductor

Fixed inductor

Fixed inductor

Fixed inductor
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Fixed inductor

Fixed inductor
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
BEAD SMD 1806
BEAD SMD 1806
BEAD SMD 1806
BEAD SMD 1806
BEAD SMD 1806
BEAD SMD 1806
BEAD SMD 1806
BEAD SMD 1806
Inductor BEAD 0603
Fabricated compone
NPN Transistor
UHF PNP Transistor
NPN Transistor
NPN Transistor
NPNTransistor

UHF PNP Transistor
UHF PNP Transistor
UHF PNP Transistor
NPN Transistor
NPN Transistor

Resistor, 0603, Thiilm

Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin

Resistoy 0603, Thin Film

Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin

Resistor, 068, Thin Film

Resistor, 0603, Thin
Resistor, 0603, Thin
Resistor, 0603, Thin

6-00759
6-00988
6-00988
6-00759
6-00759
6-00759
6-00759
6-00759
6-00759
6-00759
6-00989
6-00989
6-00989
6-00989
6-00759
6-00759
6-00759
6-00759
6-00989
6-00989
6-00759
6-00759
6-00759
6-00759
6-00759
6-00744
6-00744
6-00744
6-00744
6-00744
6-00744
6-00744
6-00744
6-00759
nt 7-02098
3-00808
3-00809
3-00808
3-00808
3-00808
3-00809
3-00809
3-00809
3-00601
3-00808
4-02157
Film 4-02224
Film 4-02157
Film  4-02157
Film 4-02253
Film 4-02157
4-02061
Film 4-02011
Film  4-02349
Film 4-02157
Film 4-01965
Film 4-02349
Film 4-02253
Film  4-01965
Film 4-02003
Film 4-02157
Film 4-02253
Film 4-02157
Film  4-02253
Film 4-02157
Film  4-02253
Film 4-02090
Film  4-02099
Film 4-02128
Film 4-02011
Film 4-02224
Film 4-02253
Film 4-02253
Film  4-02320
4-02320
Film  4-02061
Film  4-02320
Film  4-02253
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R133
R134
R135
R136
R137
R138
R139
R140
R141
R142
R143
R144
R145
R146
R147
R148
R149
R150
R200
R201
R202
R203
R204
R205
R206
R207
R208
R209
R210
R211
R212
R213
R214
R215
R216
R217
R218
R219
R220
R221
R222
R223
R224
R225
R226
R227
R228
R229
R230
R231
R232
R233
R234
R235
R236
R237
R238
R239
R240
R241
R242
R243
R244
R245
R246
R247
R28
R249
R250
R251
R252
R253
R254
R255
R256
R257
R258
R259

10.0K
10.0K
100

100

10.0K
100

1.00K
10.0K
4.99K
10.0K

453
45.3
45.3
249
499
249
499
249
499
10.0K
100K
20.0K
10.0K
2.80K
1.00K
200
49.9K
200

Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resstor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thifilm
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resisbr, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thilm
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603,Ain Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistorp603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603Thin Film

4-02253
4-02253
4-02061
4-02061
4-02253
4-02061
4-02157
4-02253
4-02224
4-02253
4-02011
4-02011
4-02061
4-02061
4-02032
4-02032
4-02003
4-02003
4-02224
4-02157
4-02186
4-02157
4-02224
4-02157
4-02253
4-02253
4-02253
4-02061
4-02061
4-02061
4-02157
4-02157
4-02157
4-02253
4-02253
4-02253
4-02349
4-02157
4-02349
4-02157
4-02349
4-02157
4-01965
4-01965
4-01965
4-02349
4-02349
4-02349
4-02003
4-01965
4-02003
4-02003
4-02003
4-02003
4-02253
4-02253
4-02253
4-02157
4-02157
4-02157
4-02028
4-02028
4-02028
4-02099
4-02128
4-02099
4-02128
4-02099
4-02128
4-02253
4-02349
4-02282
4-02253
4-02200
4-02157
4-02090
4-02320
4-02090

R260
R261
R262
R263
R264
R265
R266
R267
R268
R269
R270
R271
R272
R273
R300
R301
R302
R303
R304
R305
R306
R307
R308
R309
R310
R311
R312
R313
R314
R400
R500
R501
R502
R503
R504
R505
R506
R507
R508
R509
R510
R511
R512
R513
R514
R515
R516
R517
R518
R519
R520
R521
R522
R523
R524
R525
R526
R527
R528
R529
R530
R531
R532
R533
R534
R535
R536
R537
R538
R539
R540
R541
R542
R543
R544
R545
R546
R547

10.0K
100
200
4.99K
4.99K
200
4.02K
100K
49.9K
10.0K
20.0K
10.0K
49.9
49.9
12.1K
100
100
1.00K
100
100K
10.0K
10.0K
10.0K
49.9
49.9
10.0K
100
100
100
49.9
10.0K
1.00K
49.9K
10.0K
100
49.9K
49.9
49.9K
200
49.9
100K
249
100
100
49.9
49.9
49.9
53.6
49.9
499
402
49.9
53.6
49.9
49.9
2.00K
49.9
49.9
53.6
49.9
10KX4D
49.9
53.6
49.9
53.6
10.0K
45.3
45.3
49.9
53.6
2.00K
49.9
53.6
45.3
45.3
49.9
53.6
2.00K

Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistoy 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, ThiRilm
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resstor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, TiiFilm
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor network
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Tin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistorp603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film

4-02253
4-02061
4-02090
4-02224
4-02224
4-02090
4-02215
4-02349
4-02320
4-02253
4-02282
4-02253
4-02032
4-02032
4-02261
4-02061
4-0206L
4-02157
4-02061
4-02349
4-02253
4-02253
4-02253
4-02032
4-02032
4-02253
4-02061
4-02061
4-02061
4-02032
4-02253
4-02157
4-02320
4-02253
4-02061
4-02320
4-02032
4-02320
4-02090
4-02032
4-02349
4-02099
4-02061
4-02061
4-02032
4-02032
4-02032
4-02035
4-02032
4-02128
4-02119
4-02032
4-02035
4-02032
4-02032
4-02186
4-02032
4-02032
4-02035
4-02032
4-00912
4-02032
4-02035
4-02032
4-02035
4-02253
4-02028
4-02028
4-02032
4-02035
4-02186
4-02032
4-02035
4-02028
4-02028
4-02032
4-02035
4-02186
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R548
R549
R550
R551
R552
R553
R600
R601
R602
R603
R604
R605
R606
R607
R608
R609
R610
R611
R612
R613
R614
R615
R616
R617
R618
R619
R620
R621
R700
R701
R702
R703
R704
R705
R706
R707
R708
R709
R710
R713
R714
R715
R716
R717
R718
R719
R720
R721
R722
R723
R724
R725
R726
R727
R728
R729
R730
R800
R801
R802
R803
R804
R805
R806
R807
R808
R809
R810
R811
R812
R813
R814
R815
R816
R817
R818

RN10010KX4D
RN10110KX4D

2.00K
1.00K
499
100
2.00K
4.99K
49.9
49.9
1.00K
1.00K
10.0K
1.00K
100
10.0K
30.1
10.0K
100
1.00K
100
357
20.0K
1.00K
100
4.99K
100
49.9K
20.0K
10.0K
100
357
4.99K
100
45.3
100
4.99K
45.3
715
100
357
10.0K
49.9
49.9
10.0K
49.9
49.9
20.0K
10.0K
150K
49.9K
249
249
249
249
249
249
249
249
10.0K
100K
1.00K
15.8K
100K
150K
49.9K
10.0K
10.0K
1.50K
124
1.00K
715
825
1.00K
200
124
1.00K
715

Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin fil
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 068, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resisor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, ThiRilm
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor network
Resistor network

4-02186
4-02157
4-02128
4-02061
4-02186
4-02224
4-02032
4-02032
4-02157
4-02157
4-02253
4-02157
4-02061
4-02253
4-02011
4-02253
4-02061
4-02157
4-02061
4-02114
4-02282
4-02157
4-02061
4-02224
4-02061
4-02320
4-02282
4-02253
4-02061
4-02114
4-02224
4-02061
4-02028
4-02061
4-02224
4-02028
4-02143
4-02061
4-02114
4-02253
4-02032
4-02032
4-02253
4-02032
4-02032
4-02282
4-02253
4-02366
4-02320
4-02099
4-02099
4-02099
4-02099
4-02099
4-02099
4-02099
4-02099
4-02253
4-02349
4-02157
4-02272
4-02349
4-02366
4-02320
4-02253
4-02253
4-02174
4-02070
4-02157
4-02143
4-02149
4-02157
4-02090
4-02070
4-02157
4-02143
4-00912
4-00912

RN1038x150 OHM
RN1044x47 OHM
RN300100Kx4D 5%
RN301100Kx4D 5%
RN3024x47 OHM
RN30310KX4D
RN30410KX4D
RN4004x100 ohm
RN5001.0KX4D
RN70010KX4D
SWS800DPDT

T100 TC41T

T200 TC41T

U100 MMBD352EROHS
U101 LM321MF/NOPB
U102 LP5900S3.3

Resistometwork
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Resistor network
Switch
Transformer
Transformer

4-02506
4-02505
4-01704
4-01704
4-02505
4-00912
4-00912
4-02503
4-00910
4-00912
2-00023
6-00767
6-00767

DUAL SCHOTTKY DIODE 3-00538

Single Op amp
Low noise regulator

U103 74LVC1G3157DBVRSPDT Analog Switch
U104 MMBD352EROHS DUAL SCHOTTKY DIODE 3-00538
U105 MMBD352EROHS DUAL SCHOTTKY DIODE 3-00538

U106 ADF4002BRUZ
U107 ADA4866LYRJIZ

RF PLL syreBizer
Current FB Opmp

U108 74LVC1G3157DBVRSPDT Analog Switch
U109 74LVC1G3157DBVFSPDT Analog Switch

U110 ADTL082ARMZ

Dual Op amp

3-02010
3-01784
3-02015

3-01755
3-02003
3-02015
3-02015
3-02006

U111l MMBD352EROHS DUAL SCHOTTKY DIODE 3-00538

U112 LP5900S3.3
U113 LP5900S3.3

Low noise regulator
Low noise regulator

U114 74LVC1GX04DCKRCrystal Driver

U115 74LVC2G74DCTR
U116 ADF4002BRUZ
U118 TLV2371IDBVR
U119 100.000MHZ
U120 74LVC2G74DCTR
U121 74LVC2G74DCTR
U122 65LVDS2DBV
U200 LM321MF/NOPB
U201 LM321MF/NOPB
U202 LM321MF/NOPB
U203 MMBD352EROHS
U204 MMBD352EROHS
U205 MMBD352EROHS

U209 ADA48661YRJIZ
U210 ADA48661YRJIZ
U211 ADA4866LYRJIZ
U212 74HCT4053PW

Single Etype flip flop
RF PLL synthesizer
Single R OpAmp
VCXO

Single Exype flip flop
Single Etype flip flop
LVDS Receiver
Single Op amp
Single Op amp
Single Op amp

3-01784
3-01784
3-01998
3-01867
3-01755
3-02016
6-00760
3-01867
3-01867
3-01770
3-02010
3-02010
3-02010

DUAL SCHOTTKY DIODE 3-00538
DUAL SCHOTTKY DIODE 3-00538
DUAL SCHOTTKY DIODE 3-00538
U206 74LVC1G3157DBVRSPDT Analog Switch
U207 74LVC1G3157DBVRSPDT Analog Switch
U208 74LVC1G3157DBVRSPDT Analog Switch

Current FB Opmp
Current FB Opmp
Current FB Opmp
Triple 2:1 Analog MPX

U213 74LVC1GX04DCKRCrystal Driver

U214 LP5900S83.3
U215 AD9852AST

U216 ADTLO82ARMZ
U217 ADF4002BRUZ
U218 TS5A623157DGS
U300 MCF52235CAL60
U301 74HCT4051PW
U302 J1011F21PNL
U303 74HCT4051PW
U304 74HCT4051PW
U305 74LVC3GO04DCTR
U306 65LVI32DBV
U307 TLV2371IDBVR
U308 74LVC138APWT
U309 74LVCI138APWT
U310 M25PESOVMNGTP
U311 ADM3202ARUZ
U312 74LVC2&EDCT
U313 65LVDS2DBV
U314 74LVC1G125DBV
U315 74LVC3GO04DCTR
U316 TNT488BQ

U317 74HC595ADT
U318 74LVC24APWR
U319 74HC595ADT
U320 LTC2620CGN
U321 74LVC2G08DCT
U322 74HC595ADT
U323 74LVC3GO04DCTR

Low noise regulator
200 MSPS DDS

Dual Op amp

RF PLL synthesizer
Dual SPDT Analog switch
Coldfire CPU

8:1 Analog MPX
Connector

8:1 Analog MPX

8:1 Analog MPX

Triple inverter

LVDS Receiver

Single R Op Amp

1:8 Decoder

1:8 Decoder

8MBit serial flash
RS232 Interface Driver
Single Znput AND gate
LVDS Receiver

Single tristate buffer
Triple inverter

GPIB

Shift Register/Latch
Octal transceiver

Shift Register/Latch
Octal 12bit DAC
Single Znput AND gate
Shift Register/Latch
Triple inverter

3-02015
3-02015
3-02015
3-02003
3-02003
3-02003
3-01997
3-01998
3-01784
3-01122
3-02006
3-01755
3-02017
3-01676
3-01996
1-01292
3-01996
3-01996
3-01999
3-01770
3-02016
3-01779
3-01779
3-02313
3-01757
3-01656
3-01770
3-01886
3-01999
3-01019
3-00672
3-01777
3-00672
3-01185
3-01656
3-00672
3-01999
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U324 DS1816R0 3.3V Reset, Open Drain  3-02084 .
U400 CY62167DV30E 16 Mbit SRAM 3-02007 RF Synth&EerfOI’ SG39bnd
U401 XC3S400AFG320 Xilinx FPGA 3-02018
U402 TE28F320J3D75A 32 Mbit Flash 3-02009
U403 74LVC1G3157DBVRSPDT Analog Switch ~ 3-02015 SG394ASSGmb|y 32)7
U404 74LVC1G3157DBVFSPDT Analog Suh 3-02015
U405 74LVC1G3157DBVRSPDT Analog Switch ~ 3-02015
U406 74LVC1G125DBV Single tristate buffer 3-01886 Ref Value Description SRS P/N
U407 74LVC1G3157DBVFSPDT Analog Switch 302015
U408 74LVC1G125DBV Single tristate buffer 3-01886 C100 10000P Capacitor, 0603, X7R 5.00752
US00 OPA2354AIDGKR 100 MHz R Op Amp  3-02014 C101 4.7U-16VXSR  Ceramic, 16V, 1206, X5R 500611
US01 TLV3501AIDBVT Fast RR Comparator 3-01782 102 1000P Gapacitor, 0603 NFO . 5.00740
US02 LTC2227CUH#TRPB2-bit 40 MSPSADC 302012 G103 47UE 16V /0603  Comris 16V X5R = 00659
US03 74LVC1G3157DBVRSPDT Analog Switch 302015 104 10UF 163V Coramic’ 16V’ YoR > 00657
U504 AD8131ARMZ Differential Amplifier 3-02001 C105 10UF/ 6.3V Ceramic. 16V X5R 5.00657
U505 74AUC1G74DCUR Single Bype flip flop 3-01774 C106 10UE/6.3V Ceranic '16V 'X5R 5.00657
US06 74LVC1G3TDBVR SPDT Analog Switch 302015 107 1000p Capacitor, 0603.NPO 5.00740
U507 AD8130ARM Differential Amplifier 3-02000 C108 100000P Capacitory 0603. X7R 5.00764
U508 AD8131ARMZ Differential Amplifier 3-02001 C109 47UF 16V /0603  Ceramic. 16V. X5R 5.00659
US09 DAC5672AIPFB  Dual 14bit DACS 302008 110 100000P Gapacitor, 0603, XTR  5.00764
U510 AD8131ARMZ Differential Amplifier 3-02001 C111 100000P Capacitor‘ 0603, X7R 5.00764
U511 74AUCIG74DCUR Single Etype flip fop 301774 Cl12 .47UF 16V /0603 Ceramic, 16V, X5R 500659
US12 74HCT4053PW  Triple 2:1 Analog MPX 301997 113 100000P Caphoitor, 0603, XTR  5.00764
US13 DACS672AIPFB  Dual 14bit DACS 3-02008 114 100000P Capacltor, 0603 XTR  5.00764
U514 TS5A623157DGS Dual SPDT Analog switch 3-02017 C115 4.7U-16V X5R Ceramic 2I.6V 1'206 X5R 5-00611
U515 AD8131ARMZ Differential Amplifier 3-02001 C116 100000P Capacit(;r 0603. X7R 5.00764
US16 TS5A623157DGS Dual SPDT Analog switch 3-02017 C117 100p Capacitor, 0603 NPO  5.00716
U517 AD8131ARMZ Differential Amplifier 3-02001 C118 100000P Q:lpacitorY0603'X7R 5.00764
U518 74AUC1G74DCUR Single Bype flip flop 3-01774 C119 100000P Capacitor’ 0603" X7R 5.00764
U519 TLV3501AIDBVT  Fast RR Comparator 3-01782 C120 470P Capacitor: 0603: NPO 5.00732
U600 AD8130ARM Differential Amplifier 3-02000 C121 100P Capacitor, 0603, NPO 5.00716
U601 TPS7A4901DGN  LDO Adj Regulator 3-02179 199 100P Capacitor, 0603 NPO  5.00716
U603 AD797AR Low distortion op amp 3-01426 C123 1000P Capacitory 0603' NPO 5.00740
U604 ADF4108BCPZ  RF PLL synthesizer 3-02004 C124 100000P Capacitor: 0603):(7R 5.00764
U605 AD9910BSVZ 1 GSPS DDS 302002 Cl125 470P Capacitor, 0603, NPO 500732
Ug06  DSCO10002 VEXo 6-00990 C126 15P Capacitor, 0603, NPO ~ 5-00696
U700 ADA486GLYRIZ  Current FB Opmp 3-02003 c1o7 1op Capacitor, 0603 NFO  5.00696
U701 TS5A623157DGS Dual SPDT Analog switch 3-02017 G198 0.1UE PPS Copagitor = 00845
U702 LMH6552MAX/NOPB GHz Diff Am 3-02011 C199 100p Gapachior, 0603, NP0 5.00716
U703 LM32IMF/NOPB  Single Op amp 302010 130 29p Gapacitor, 0603 NPO  5.00700
U704 LM321IMF/NOPB  Single Op amp 3-02010 C131 100p Copadbr 0808, NPO 5.00716
U705 TS5A623157DGS Dual SPDT Analog switch 3-02017 G130 1UF 16V /0603  Goramin 16V 0603, X5R 500661
U706 AD8131ARMZ Differential Amplifier 3-02001 C133 1UF 16V /0603 Ceramic. 16V, 0603 X5R 5-00661
U707 LM32IMF/NOPB  Single Op amp . C134 10000P Capacitor, 0603, X7TR 500752
U708 TS5A623157DGS Dual SPDAnalog switch ~ 3-02017 C135 1UF 16V /0603  Coramic 16V 0603 X5R 500661
U709 AD8131ARMZ Differential Amplifier 3-02001 €136 1UF 16V /0603 Ceramic. 16V 060i5R 5-00661
U710 TLV2371IDBVR  Single RR Op Amp 302016 C137 1000P Capacitor, 0603, NPO  5-00740
U711 6SLVDSIDBV. LVDS Driver 301769 C138 100000P Capacitor, 0603, X7TR  5-00764
U712 65LVDSIDBV. LVDS Driver 301769 C139 100000P Capacitor, 0603, X7TR  5-00764
U713 6SLVDSIDBV. LVDS Driver 301769 C140 100000P Capacitor, 0603, X7TR  5-00764
U714 6SLVDSIDBV  LVDS Driver 30178 C141 100000P Capacitor, 0603, X7TR  5-00764
U800 LM393 Dual Comparator, S®  3-00728 C142 100000P Capacitor, 0603, X7TR 500764
U801 LP2951CMM ADJ Regulator 301415 C143 100000P Capacitor, 0603, X7TR 500764
U802 LP3878SiADJ ADJ Positive Regulator ~ 3-01764 C144 100000P Capacitor, 0603, X7R 500764
U803 LM317D2T Adjustable Positive Regulat8r01473 c145 22p Capacitor’ 0603' NPO 5.00700
USO4 LP3878SADJ  ADJ Positive Regulator 301764 148 100000P Capacitor, 0603 XTR 500764
U805 ADR443ARMZ 3V VoltageReference 3-02005 c147 1p Capacitor‘ 0603. NPO 5.00668
U806 LP3878SIADJ ADJ Positive Regulator ~ 3-01764 C150 100P Capacitory 0603' NPO 5.00716
U807 LM337D2T Adjustable Negative Regulator ~ 3-01481 C151 100P Capacitor‘ 0603‘ NPO 5.00716
U808 LD1086D2T33TR REG POSLDO3.3V 302086 200 100000P Capacitor, 0603 XTR  5.00764
Y100 20,000,000z~ Crystal 6-00643 C201 1000P Capacitor, 0603, NPO  5-00740
Y200 19.5541 MHZ Crystal 6-00822 C202 100000P Capacitor, 0603, X7TR 500764
z;g; 13'22134&2"2“2 g;’:gl g:ggg;i C203 100P Capacitor, 0603, NPO 500716
C204 100P Capacitor, 0603, NPO  5-00716
20 1/2"CUSTOM _  Hardware 001259 C205 100P Capacitor, 0603\PO 500716
Z1 SG385 BRACKET Fabricated component 7-02113 C206 100P Capacitor, 0603, NPO 5.00716
pacitor, :
Z2  SIMPCBSIN Label 901570 C207 100P Capacitor, 0603, NPO 500716
23 4-40X14PP Hardware 0-00187 C208 1000P Capacitor, 0603, NPO 500740
24 BUMPER Hardware 0-00271 €209 100000P Capacitor, 0603, X7R 500764
Z5 15" WIRE Hardware 0-00772 €210 100000P Capacitor, 0603, X7R  5-00764
Z6 SG385 BOT.EMI S Fabricated component 7-02212 C211 100000P Capacitor, 0603, X7R 5.00764
Z7 SHEET Hardware 0-00140 C212 100000P Capacitor, 0603, X7R 5-00764
Z8 SG385 TOP EMI S Fabricated component 7-02211 C213 100000P Capacitor, 0603, X7R 5.00764
2300 CEM1203(42) Buzzer 600730 C214 1000P Capacitor, 0603, NPO  5-00740
C215 100P Capacitor, 0603, NPO  5-00716
C216 100P Capacitor, 0603, NPO ~ 5-00716
C217 100P Capacitor, 0603, PO~ 5-00716
C218 1000P Capacitor, 0603, NPO  5-00740
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C219
C220
Cc221
C222
C223
C224
C225
C226
Cc227
C228
C229
C230
C231
C232
C233
C234
C235
C236
C237
C238
C239
C240
C241
C242
D100
D101
D102
J100
Jio1
J200
J201
L100
L101
L102
L103
L104
L105
L106
L107
L109
L110
L200
L201
L202
L203
L204
L205
L206
L207
L208
L209
L210
PC1

R100
R101
R102
R103
R104
R105
R106
R107
R108
R109
R110
R111
R112
R113
R114
R115
R116
R117
R118
R119
R120
R121
R122
R123
R124

100P

1000P
100000P
100000P
100000P
10000P

1000P

10000P
100000P
100000P
10000P
10000P
10000P
100000P
100000P
100000P
10000P
10000P
100000P
100000P
10000P
10000P
100000P
10000P
BAVOOWT1
BAVOOWT1
BAVOOWT1

24 PIN

34 PIN

1PIN

1 PIN RECEPT
2506031517Y0
2506031517Y0
270NH
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
22NH
2506031517Y0
22NH
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
SG385 RF SYNTH
4.02K

2.32K

100

1.00K

1.00K

49.9K

10.0K

10.0K

100

10.0K

1.00K

1.00K

499

200

100

49.9

100

4.99K

249

1.00K

1.00K

1.00K

1.00K

499

1.00K

Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 803, X7R
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Diode Dual Series

Diode Dual Series

Diode Dual Series
Connector

Connector

Connector

Connector

Inductor BEAD 0603
Inductor BEAD 0603
Fixed inductor

Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor SMD 22nH
Inductor BEAD 0603
Inductor SMD 22nH
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Fabricated component
Resistor, 0603, Thin Film
Resistor, 083, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603,hin Film

5-00716
5-00740
5-00764
5-00764
5-00764
5-00752
5-00740
5-00752
5-00764
5-00764
5-00752
5-00752
5-00752
5-00764
5-00764
5-00764
5-00752
5-00752
5-00764
5-00764
5-00752
5-00752
5-00764
5-00752
3-02099
3-02099
3-02099
1-01269
1-01272
1-01268
1-01326
6-00759
6-00759
6-00784
6-00759
6-00759
6-00759
6-00759
6-00759
6-00759
6-00759
6-00999
6-00759
6-00999
6-00759
6-00759
6-00759
6-00759
6-00759
6-00759
6-00759
6-00759
7-02100
4-02215
4-02192
4-02061
4-02157
4-02157
4-02320
4-02253
4-02253
4-02061
4-02253
4-02157
4-02157
4-02128
4-02090
4-02061
4-02032
4-02061
4-02224
4-02099
4-02157
4-02157
4-02157
4-02157
4-02128
4-02157

R125
R126
R127
R128
R129
R130
R131
R132
R133
R134
R135
R136
R137
R138
R139
R140
R141
R142
R143
R144
R200
R201
R202
R203
R204
R205
R206
R207
R208
R209
R210
R211
R212
R213
R214
R215
R216
R217
R218
R219
R220
R221
R222
R223
R224
R225
R226
R227
R228
R229
R230
R231
R232
R233
R234
R235
R236
R237
R238
R239
R240
R241
R242
R243
R244
R245
R246

249
100
49.9
100
100
604
124
100
604
590
499
10.0K
200
301
200
604
75
750
750
4.99K
221
49.9
150
150
49.9
10
24.9
24.9
49.9
1.00K
49.9
2.00K
49.9
150
150
150
150
49.9
49.9
1.00K
1.00K
2.00K
2.00K
49.9
100
750
49.9
49.9
100
49.9
49.9
100
200
100
2.00K
49.9
49.9
49.9
100
100
49.9
200
49.9
150
150
49.9
49.9

RN10027x4

T100
U100
U101
U102
U103
U104
U105
U106
U107
U108

TCIAT SMT
LP3878SiADJ
LP5900S13.3
LP3878SiADJ
LP5900S13.3
AD797AR
DCMO019041%
ADCLK925BCPZ
ADF4108BCPZ
DG411DvA

Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistorp603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, Thin Film, MELF
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resstor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603,Hin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 083, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resisor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor network
Transformer

ADJ Positive Regulator
Low noise regulator

ADJ Positive Regulator
Low noise regulator

Low distortion op amp
VCO 24 GHz

2:1 PECL Buffer

RF PLL synthesizer

4-02099
4-02061
4-02032
4-02061
4-02061
4-02136
4-02070
4-02061
4-02136
4-02135
4-02128
4-02253
4-02090
4-02107
4-02090
4-02136
4-02049
4-02145
4-02145
4-02224
4-00958
4-02032
4-02078
4-02078
4-02032
4-01965
4-02003
4-02003
4-02032
4-02157
4-02032
4-02186
4-02032
4-02078
4-02078
4-02078
4-02078
4-02032
4-02032
4-02157
4-02157
4-02186
4-02186
4-02032
4-02061
4-02145
4-02032
4-02032
4-02061
4-02032
4-02032
4-02061
4-02090
4-02061
4-02186
4-02032
4-02032
4-02032
4-02061
4-02061
4-02032
4-02090
4-02032
4-02078
4-02078
4-02032
4-02032
4-02508
6-00671
3-01764
3-01784
3-01764
3-01784
3-01426
6-01002
3-02026
3-02004

Quad SPST Analog Switch 3-02035
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U109
U110
U111
U112
U113
U114
U115
ulie
U117
U118
U119
U120
U200
U201
U202
U203
U204
U205
U206
U207
U208
u20
U210
U211
U212
U213
U214
U215
U216
U217
U218
Z0

TLV271DBVR Single RR Op Amp 3-02048
MC7805CDTG 5V Voltage regulator 3-02041
MC79M05CDTG 5V Voltage regulator 3-02042
74HC595ADT Shift Register/Latch 3-00672
74HC595ADT Shift Register/Latch 3-00672
74LVC2G08DCT  Single Znput AND gate 3-01656
LM45CIM3 Centigrade Temp Sensor 3-00775
74LVC2G04 Dual inverting buffer 3-01968
65LVDS2DBV LVDS Receiver 3-01770
65LVDS2DBV LVDS Retver 3-01770
AD8131ARMZ Differential Amplifier 3-02001
TLV3501AIDBVT Fast RR Comparator 3-01782
ADCLK925BCPZ  2:1 PECL Buffer 3-02026
HMC311SC70E RF Gain Block 3-02098
LFCNB800 FILTER LP 3.8GHz 6-00996
74LVC3G34DCTR Triplenor-inverting buffer  3-01852
LFCN2000 FILTER LP 2GHz 6-00995
MC100EPO5 2-input PECL AND gate ~ 3-02039
HMC361S8G DG10 GHz Divide by two  3-02033
74LVC3G34DCTR Triple noninverting buffer  3-01852
LFCNBO0 FILTER LP 900MHz 6-00998
MC100EP32DTR2GPECL 4 GHz Divide by two 3-02085
LFCMN00 FILTER LP 400MHz 6-00997
HMC322LP4 SP8T Nomeflective MPX  3-02031
MC100EP32DTR2GPECL 4 GHz Divide by two 3-02085
74HCT4053PW Triple 2:1 Analog MPX 3-01997
LFCNL80 FILTERP 180MHz 6-00994
MC100EP32DTR2GPECL 4 GHz Divide by two 3-02085
HMC322LP4 SP8T Nomeflective MPX  3-02031
LFCMNBO FILTER LP 80MHz SMD  6-01010
MC100EP32DTR2GPECL 4 GHz Divide by two 3-02085

SIMPCB S/N

Label

9-01570

RF Synthesizer f{8G396
(Assembly 338

Ref

C100
C101
C102
C103
C104
C105
C106
c107
C108
C109
C110
Cil11
C112
C113
Cl14
C115
C116
C117
C118
C119
C120
ci121
C122
C123
C124
C125
C126
c127
C128
C129
C130
C131
C132
C133

Value

10000P

4.7U- 16V X5R
1000P

.47UF 16V /0603
10UF / 6.3V
10UF / 6.3V
10UF/ 6.3V
1000P
100000P
A47UF 16V /068
100000P
100000P
A47UF 16V /0603
100000P
100000P
4.7U- 16V X5R
100000P

100P

100000P
100000P

330P

220P

100P

1000P
100000P

100P

15P

15P

.047U

100P

22P

100P

1UF 16V /0603
1UF 16V /0603

Description

Capacitor, 0603, X7R

Ceramic, 16V, 1206, X5R

Capacitor, 0603, NPO
Ceramic, 16V, X5R
Ceramic, 16V, X5R
Ceramic, 16V, X5R
Ceramic, 16V, X5R
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Ceramic, 16V, X5R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Ceramic, 16V, X5R
Capacitor, 0603, X7R
Capacitor, 0603, X7R

Ceramic, 16V, 1206, X5R

Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
SMD PPS Film

Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO

SRS P/N

5-00752
5-00611
5-00740
5-00659
5-00657
5-00657
5-00657
5-00740
5-00764
5-00659
5-00764
5-00764
5-00659
5-00764
5-00764
5-00611
5-00764
5-00716
5-00764
5-00764
5-00728
5-00724
5-00716
5-00740
5-00764
5-00716
5-00696
5-00696
5-00462
5-00716
5-00700
5-00716

Ceramic, 16V, 0603, X5R 5-00661
Ceramic, 16V, 0603, X5R  5-00661

C134
C135
C136
C137
C138
C139
C140
Cl41
C142
C143
Cl144
C145
Cl146
C147
C148
C149
C150
C151
C203
C205
C206
C208
C210
C211
C212
C214
C215
C216
C217
C218
C219
C22

C221
C222
C223
C224
C226
Cc227
C228
C229
C230
C231
C232
C233
C234
C235
C236
Cc237
C238
C239
C240
C241
C242
C243
C244
C245
C246
c247
C248
C249
C251
C252
C253
C254
C255
C257
C259
C260
D100
D101
D102
J100

J101

J200

J201

L100

L101

L102

10000P
1UF 16V /0603
1UF 16V /0603
1000P
100000P
100000P
100000P
100000P
100000P
100000P
100000P
22P
100000P
1P

10P

10P

100P

100P

100P

100P

100P
1000P
100000P
100000P
100000P
1000P
100P

100P

100P
1000P
100P
1000P
100000P
100000P
100000P
10000P
10000P
100000
100000P
10000P
10000P
10000P
100000P
100000P
100000P
10000P
10000P
100000P
100000P
10000P
10000P
100000P
10000P
100P
100000P
1000P
1000P
1000P
1000P
1000P
100P
100000P
100000P
1000P
100000P
1P

100P

100P
BAVIOWT1
BAVOOWT1
BAVI9WT1
24 PIN

34 PIN
1PIN

1 PIN RECEPT
2506031517Y0
2506031517Y0
270NH

Capacitor, 0603, X7R

Ceramic, 16V, 0603, X5R
Ceramic, 16V, 0603, X5R

Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 0603X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 803, X7R
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacior, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 0603, RO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Diode val Series
Diode Dual Series
Diode Dual Series
Connector

Connector

Connector

Connector

Inductor BEADG03
Inductor BEAD 0603
Fixed inductor

5-00752
5-00661
5-00661
5-00740
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00700
5-00764
5-00668
5-00692
5-00692
5-00716
5-00716
5-00716
5-00716
5-00716
5-00740
5-00764
5-00764
5-00764
5-00740
5-00716
5-00716
5-00716
5-00740
5-00716
5-00740
5-00764
5-00764
5-00764
5-00752
5-00752
5-00764
5-00764
5-00752
5-00752
5-00752
5-00764
5-00764
5-00764
5-00752
5-00752
5-00764
5-00764
5-00752
5-00752
5-00764
5-00752
5-00716
5-00764
5-00740
5-00740
5-00740
5-00740
5-00740
5-00716
5-00764
5-00764
5-00740
5-00764
5-00668
5-00716
5-00716
3-02099
3-02099
3-02099
1-01269
1-01272
1-01268
1-01326
6-00759
6-00759
6-00784
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L103 2506031517Y0 Inductor BEAD 0603 6-00759 R232 200 Resistor, 0603, Thin Film  4-02090
L104 2506031517Y0 Inductor BEAD 0603 6-00759 R233 100 Resistor, 0603, Thin Film  4-02061
L105 2506031517Y0 Inductor BEAD 0603 6-00759 R234 2.00K Resistor, 0603, TiiFilm 4-02186
L106 2506031517Y0 Inductor BRD 0603 6-00759 R235 49.9 Resistor, 0603, Thin Film  4-02032
L107 2506031517Y0 Inductor BEAD 0603 6-00759 R236 49.9 Resistor, 0603, Thin Film  4-02032
L109 2506031517Y0 Inductor BEAD 0603 6-00759 R237 49.9 Resistor, 0603, Thin Film 4-02032
L110 2506031517Y0 Inductor BEAD 0603 6-00759 R238 100 Resistor, 0603, Thin Film  4-02061
L204 2506031517Y0 Inductor BEAD 0603 6-00759 R239 100 Resistor, 0603, Thin Film 4-02061
L205 2506031517Y0 Inductor BEAD 0603 6-00759 R240 49.9 Resistor, 068, Thin Film  4-02032
L206 250603151¥0 Inductor BEAD 0603 6-00759 R241 200 Resistor, 0603, Thin Film  4-02090
L207 2506031517Y0 Inductor BEAD 0603 6-00759 R242 49.9 Resistor, 0603, Thin Film  4-02032
L208 2506031517Y0 Inductor BEAD 0603 6-00759 R243 150 Resistor, 0603, Thin Film  4-02078
L209 2506031517Y0 Inductor BEAD 0603 6-00759 R244 150 Resistor, 0603, Thin Film 4-02078
L210 2506031517Y0 Inductor BEAD 0603 6-00759 R245 49.9 Resistor, 0603, Thin Film  4-02032
L211 2506031517Y0 Inductor BEAD 0603 6-00759 R246 49.9 Resistoy 0603, Thin Film  4-02032
1212 10NH Fixed inductor 6-00681 R250 24.9 Resistor, 0603, Thin Film 4-02003
L213 3.3nH Fixed inductor 6-01071 R251 24.9 Resistor, 0603, Thin Film  4-02003
M1 2-56X3/16 HEX Hardware 0-00764 R252 49.9 Resistor, 0603, Thin Film 4-02032
M2  2-56X3/16 HEX Hardware 0-00764 R253 49.9 Resistor, 0603, Thin Film  4-02032
M3 2-56X3/16 HEX Hardware 0-00764 R254 49.9 Resistor, 0603, Thin Film 4-02032
M4 2-56X3/16 HEX Hardware 0-00764 R255 24.9 Resistor, 0603, Thin Film 4-02003
M5  2-56X3/16 HEX Hardware 0-00764 R256 24.9 Resistor, 0603, Thin Film  4-02003
PC1 SG386 RF Synthe Fabricated component 7-02292 R257 24.9 Resistor, 0603, Thin Film 4-02003
Q100 MMBT3906LT1 PNP Transistor 3-00580 R258 1.00K Resistor, 0603, Thin Film 4-02157
R100 4.02K Resistor, 0603, Thin Film 4-02215 R259 1.00K Resistor, 0603, Thin Film 4-02157
R101 2.32K Resistor, 0603, Thin Film 4-02192 R260 249 Resistor, 0603, Thin Film  4-02099
R102 100 Resistor, 0603, Thin Film 4-02061 R261 10 Resistor, 0603, Thin Film  4-01965
R103 1.00K Resistor, 0603, Thin Film 4-02157 R262 17.8 Resistor, 0603, Thin Film 4-01989
R104 1.00K Resistor, 0603, Thin Film 4-02157 R263 301 Resistor, 0603, Thin Film 4-02107
R105 49.9K Resistor, 0603, Thin Film 4-02320 R264 301 Resistor, 0603, Thin Film 4-02107
R106 10.0K Resistor, 0603, Thin Film 4-02253 RN10027x4 Resistor network 4-02508
R107 10.0K Resistor, 0603, Thin Film 4-02253 RN2008x50 Resistor network 4-02513
R108 100 Resistor, 0603, Thin Film 4-02061 RN2018x50 Resistor network 4-02513
R109 10.0K Resistor, 0603, Thin Film 4-02253 RN2028x50 Resistor network 4-02513
R110 1.00K Resistor, 0603, Thin Film 4-02157 T100 TC2IAT SMT Transformer 6-00671
R111 1.00K Resistor, 0603, Thin Film 4-02157 U100 LP3878SiADJ ADJ Positive Regulator 3-01764
R112 499 Resistor, 0603, Thin Film 4-02128 U101 LP5900S8.3 Low noise regulator 3-01784
R113 200 Resistor, 0603, Thin Film  4-02090 U102 LP3878SADJ ADJ Positive Regulator 3-01764
R114 100 Resistor, 0603, Thin Film 4-02061 U103 LP5900S3.3 Low noise regulator 3-01784
R115 49.9 Resistor, 0603, Thinlfi 4-02032 U104 AD797AR Low distortion op amp 3-01426
R116 100 Resistor, 0603, Thin Film 4-02061 U105 DCYS30066H Voltage Controlled Crystal Oscilla6s01018
R117 2.00K Resistor, 0603, Thin Film 4-02186 U107 ADF4108BCPZ RF PLL synthesizer 3-02004
R118 249 Resistor, 0603, Thin Film  4-02099 U108 DG411DvA Quad SPST Analog Switch 3-02035
R119 2.00K Resistor, 0603, Thin Film 4-02186 U109 TLV271DBVR Single RROp Amp 3-02048
R120 1.00K Resistor, 0603, Thin Film 4-02157 U110 MC7805CDTG 5V Voltage regulator 3-02041
R121 1.00K Resistor, 068, Thin Film 4-02157 U111 MC79MO5CDTG 5V Voltage regulator 3-02042
R122 1.00K Resistor, 0603, Thin Film 4-02157 U112 74HC595ADT Shift Register/Latch 3-00672
R123 1.00K Resistor, 0603, Thin Film 4-02157 U113 74HC595ADT Shift Register/Latch 3-00672
R124 1.00K Resistor, 0603, Thin Film 4-02157 U114 74LVC2GO08DCT  Single Znput AND gate 3-01656
R125 499 Resistor, 0603, Thin Film 4-02128 U115 LM45CIM3 Centigrade Temp Sensor  3-00775
R126 249 Resistor, 0603, Thin Film  4-02099 U116 74LVC2G04 Dual inverting buffer 3-01968
R127 49.9 Resistor, 0603, Thin Film 4-02032 U117 65LVDS2DBV LVDS Receiver 3-01770
R128 100 Resistor, 0603, Thin Film 4-02061 U118 65LVDS2DBV LVDS Receiver 3-01770
R129 100 Resistor, 0603, Thin Film 4-02061 U119 AD8131ARMZ Differential Amplifier 3-02001
R130 604 Resistor, 0603, Thin Film 4-02136 U120 TLV3501AIDBVT Fast RR Comparator 3-01782
R131 124 Resistor, 0603, Thin Film 4-02070 U121 ADCLK944BCPZ Quad PECL Fanout 3-02182
R132 100 Resistor, 0603, Thin Film 4-02061 U201 SKY650182LF RF Gain Block 3-02043
R133 604 Resistor, 0603, Thin Film 4-02136 U202 LFCMNs000 FILTER LP 6GHz 6-01026
R134 590 Resistor, 0603, Thin Film 4-02135 U203 74LVC3G34DCTR Triple noninverting buffer 3-01852
R135 499 Resistor, 0603, Thin Film 4-02128 U204 LFCN2850 RF LOW PASS FILTER  6-01050
R136 10.0K Resistor, 0603, Thin Film 4-02253 U206 HMC361S8G DG10 GHz Divide by two  3-02033
R137 200 Resistor, 0603, Thin Film  4-02090 U207 74LVC3G34DCTR Triple noninverting buffer  3-01852
R138 301 Resistor, 0603, Thin Film 4-02107 U208 LFCNL400 RF LOW PASS FILTER 6-01049
R1® 200 Resistor, 0603, Thin Film  4-02090 U209 MC100EP32DTR2GPECL 4 GHz Divide by two 3-02085
R140 604 Resistor, 0603, Thin Film 4-02136 U210 LFCMN630 RF LOW PASS FILTER  6-01048
R141 75 Resistor, 0603, Thin Film  4-02049 U211 HMC322LP4 SP8T Nomeflective MPX  3-02031
R142 750 Resistor, 0603, Thin Film 4-02145 U212 MC1M®EP32DTR2G PECL 4 GHz Divide by two 3-02085
R143 750 Resistor, 0603, Thin Film 4-02145 U213 74HCT4053PW Triple 2:1 Analog MPX 3-01997
R144 4.99K Resistor, 0603, Thin Film 4-02224 U214 LFCNB320 RF LOW PASS FILTER 6-01047
R145 68.1K Resistor, 0603, Thin Film 4-02333 U215 MC100EP32DTR2GPECL 4 GHz Divide by two 3-02085
R219 1.00K Resistor, 0603, Thin Film 4-02157 U216 HMC322LP4 SP8T Nomeflective MPX  3-02031
R220 1.00K Resistor, 0603, Thin Film 4-02157 U217 LFCNL20 RF LOW PSFILTER 6-01046
R223 49.9 Resistor, 0603, Thin Film 4-02032 U218 MC100EP32DTR2GPECL 4 GHz Divide by two 3-02085
R224 100 Resistor, 0603, Thin Film 4-02061 U219 74LVC3G34DCTR Triple noninverting buffer 3-01852
R228 100 Resistor, 0603, Thin Film 4-02061 U221 SKY650182LF RF Gain Block 3-02043
R229 49.9 Resistor, 0603, Thin Film  4-02032 U222 ADCLK925BCPZ  2:1 PECL Buffer 3-02026
R230 49.9 Resistor, 0603, Thin Film  4-02032 Z0 SIMPCB S/N Label 9-01570
R231 100 Resistor, 0603, Thin Film 4-02061
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Parts List

RF Output fo6G39and
SG394(Assembly 328

Ref

C100
c1o01
C102
C103
C104
C105
C106
c107
C108
C109
C110
Cli11
C112
C113
Cl14
C115
C116
C117
C118
C119
C120
Cci121
C122
C123
C124
C125
C126
c127
C128
C129
C130
C131
C132
C133
C200
C201
C202
C203
C204
C205
C206
C207
C208
C209
C210
C211
C212
C213
C214
C215
C216
Cc217
C218
C220
C224
C225
C226
Cc227
C228
C229
C300
C301
C302
C303
C304
C305
C306
C307
C308

Value

100000P
100000P

1UF 16V /0603
4.7U-16V X5R
4.7U- 16V X5R
1UF 16V /0603
100000P
100000P
100000P

10P

33P

100P

100P

10000P
10000P
100000P
2200P
100000P
10000P
10000P

2200P

1000P

1000P
100000P
1000P
100000P
100000P
100000P
10000P
100000P
100000P
100000P
100000P
100000P

1UF 16V /0603
1UF 16V /0603
1UF 16V /0603
1UF 16V /0603
1UF 16V /0603
1UF 16V /0603
1UF 16V /0603
1UF 16V /0603
100000P
100000P
100000P
100000P
10000P
10000P
10000P
10000P
10000P

100P

100P

1UF 16V /0603
390P

390P

390P

390P

1000P

1000P
100000P
100000P
100000P
100000P
100000P

33P

33P

100000P
100000P

Description

Capacitor, 0603, X7R
Capacitor, 0603, X7R
Ceramic, 16V, 0603, X5R
Ceramic, 16V, 1206, X5R
Ceramic, 16V, 1206, X5R
Ceramic, 16V, 0603, X5R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
SM0603, COG

SM0603, COG
Capacitor, 0603, X7R
Capacitor, 0603X7R
Capacitor, 0603, X7R
SM0603, COG

SM0603, COG
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capaitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
SM0603, COG
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Ceramic, 16V, 0603, X5R
Ceramic, 6V, 0603, X5R
Ceramic, 16V, 0603, X5R
Ceramic, 16V, 0603, X5R
Ceramic, 16V, 0603, X5R
Ceramic, 16V, 0603, X5R
Ceramic, 19, 0603, X5R
Ceramic, 16V, 0603, X5R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
SM0603, COG

SM0603, COG

SM0603, COG

SM0603, COG

SM0603, COG
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Ceramic, 19, 0603, X5R
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 0603, X7R

SRS P/N

5-00764
5-00764
5-00661
5-00611
5-00611
5-00661
5-00764
5-00764
5-00764
5-00692
5-00704
5-00716
5-00716
5-00869
5-00869
5-00764
5-00744
5-00764
5-00869
5-00869
5-00744
5-00740
5-00740
5-00764
5-00740
5-00764
5-00764
5-00764
5-00869
5-00764
5-00764
5-00764
5-00764
5-00764
5-00661
5-00661
5-00661
5-00661
5-00661
5-00661
5-00661
5-00661
5-00764
5-00764
5-00764
5-00764
5-00869
5-00869
5-00869
5-00869
5-00869
5-00716
5-00716
5-00661
5-00730
5-00730
5-00730
5-00730
5-00740
5-00740
5-00764
5-00764
5-00764
5-00764
5-00764
5-00704
5-00704
5-00764
5-00764

C309 100000P

C310 100P

C311 1000P

C312 100000P

C313 33P

C314 33P
CN1004X0.1uF
CN2004X0.1uF
CN2014X0.1uF
CN2024X0.1uF
CN2034X0.1uF
CN2044-100PF
CN2054-100PF
CN2064-100PF
CN2074-100PF

D100 BAV99WT1
D200 BAV99WT1
D201 BAVO9WT1
D202 BAV99WT1
D203 BAV99WT1
D204 FLZ5V6B

J100 1PIN

J101 24 PIN

L100 2506031517Y0
L101 2506031517Y0
L102 33UH-SMT
L103 .47UH-SMT
L104 82nH

L105 2506031517Y0
L106 1.8uH

L107 2506031517Y0
L108 2506031517Y0
L109 2506031517Y0
L110 2506031517Y0
L200 22NH

L201 2506031517Y0
L202 22NH

L203 2506031517Y0
L204 22NH

L205 2506031517Y0
L206 22NH

L207 2506031517Y0
L208 33UH-SMT
L209 33UH-SMT
L210 .47UH-SMT
L211 .47UH-SMT
L212 82nH

L213 82nH

L300 2506031517Y0
L301 2506031517Y0
L302 2506031517Y0
L303 150NH

L304 2506031517Y0
L305 150NH

Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, NPO
cap net 4 x 0.1uf

cap net 4 x 0.1uf

cap net 4 x 0.1uf

cap net 4 x 0.1uf

cap net 4 x 0.1uf

cap net 4 x 100pf

cap net 4 x 100pf

cap net 4 x 100pf

cap net 4 x 100pf
Diode Dual Series
Diode Dual Series
Diode Dual Series
Diode Dual Series
Diode Dual Series
DIODE ZENER 5.6V
Connector

Connector

Inductor BEAD 0603
Inductor BEAD 0603
Inductor, 1210, Ferrite
Inductor, 1210, Iron
INDUCTOR 82NH
Inductor BEAD 0603
Fixed inductor
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor SMD 22nH
Inductor BEAD 0603
Inductor SMD 22nH
Inductor BEAD 0603
Inductor SMD 22nH
Inductor BEAD 0603
Inductor SMD 22nH
Inductor BEAD 0603
Inductor, 1210, Ferrite
Inductor, 1210, Ferrite
Inductor, 1210, Iron
Inductor, 1210, Iron
INDUCTOR 82NH
INDUCTOR 82NH
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Fixed inductor
Inductor BEAD 0603
Fixed indictor

PC1 SG385 RF OUTPUTFabricated component

R100 1.00K
R102 100
R103 100
R104 649K
R105 49.9
R106 49.9
R107 499
R108 100
R109 100
R110 100
R111 100
R112 100
R113 100
R114 100
R115 100
R116 49.9
R1T7 499
R118 499
R119 499
R120 1.00K
R121 499
R122 1.00K
R124 499

Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film

5-00764
5-00716
5-00740
5-00764
5-00704
5-00704
5-00842
5-00842
5-00842
5-00842
5-00842
5-00843
5-00843
5-00843
5-00843
3-02099
3-02099
3-02099
3-02099
3-02099
3-02080
1-01267
1-01270
6-00759
6-00759
6-00654
6-00650
6-01009
6-00759
6-01004
6-00759
6-00759
6-00759
6-00759
6-00999
6-00759
6-00999
6-00759
6-00999
6-00759
6-00999
6-00759
6-00654
6-00654
6-00650
6-00650
6-01009
6-01009
6-00759
6-00759
6-00759
6-00989
6-00759
6-00989
7-02101
4-02157
4-02061
4-02061
4-02427
4-02032
4-02032
4-02128
4-02061
4-02061
4-02061
4-02061
4-02061
4-02061
4-02061
4-02061
4-02032
4-02128
4-02128
4-02128
4-02157
4-02128
4-02157
4-02128
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R125 20.0K
R126 10.0K
R127 17.8
R128 301
R129 301
R130 499
R131 499
R132 49.9
R133 49.9
R134 4.02K
R135 4.02K
R136 4.02K
R137 4.02K
R138 49.9
R139 49.9
R140 100
R141 49.9
R142 49.9
R143 24.9
R144 2.00K
R145 4.02K
R146 1.00K
R14 10.0K
R148 100
R149 100K
R150 100K
R151 100
R200 49.9
R201 49.9
R202 24.9
R203 24.9
R204 499
R205 499
R206 499
R207 499
R208 499
R209 499
R210 20.0K
R211 20.0K
R212 10.0K
R213 20.0K
R214 4.99K
R215 4.99K
R216 1.50K
R217 499
R218 499
R224 2.00K
R225 2.00K
R300 604
R301 49.9
R302 768
R303 301
R304 499
R305 49.9/1wW
R306 53.6
R307 24.9
R308 604
R309 49.9
R310 49.9
R311 100
R312 10.0K
R313 10.0K
R314 2.00K
R315 301
R316 1.00K
R317 10.0K
R318 10.0K
R319 10.0K
R320 1.00K
R321 100K
R322 100K
R323 750
R324 100
R325 100
RN100742C083151J
RN200742C083151J
RN201742C083151J
RN202742C083151J

Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, ThiRilm
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 068, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resstor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603,hin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resisto, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Surface mount, Power
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor array, 4x150
Resistor array, 4x150
Resistor array, 4x150
Resistor array, 4x150

4-02282
4-02253
4-01989
4-02107
4-02107
4-02128
4-02128
4-02032
4-02032
4-02215
4-02215
4-02215
4-02215
4-02032
4-02032
4-02061
4-02032
4-02032
4-02003
4-02186
4-02215
4-02157
4-02253
4-02061
4-02349
4-02349
4-02061
4-02032
4-02032
4-02003
4-02003
4-02128
4-02128
4-02128
4-02128
4-02128
4-02128
4-02282
4-02282
4-02253
4-02282
4-02224
4-02224
4-02174
4-02128
4-02128
4-02186
4-02186
4-02136
4-02032
4-02146
4-02107
4-02128
4-02510
4-02035
4-02003
4-02136
4-02032
4-02032
4-02061
4-02253
4-02253
4-02186
4-02107
4-02157
4-02253
4-02253
4-02253
4-02157
4-02349
4-02349
4-02145
4-02061
4-02061
4-02454
4-02454
4-02454
4-02454

Parts List 181
U100 74HCT4053PW Triple 2:1 Analog MPX 3-01997
U101 74HCT4053PW Triple 2:1 Analog MX 3-01997
U102 LT3080 LDO POS Adj regulator 3-02036
U103 HMC270MS8GE  SPDT Noreflect Switch 3-02030
U104 HMC270MS8GE  SPDT Noreflect Switch 3-02030
U105 HMC270MS8GE  SPDT Noreflect Switch 3-02030
U106 HMC270MS8GE  SPDT Noreflect Switch 3-02030
U107 HMCG624LP4 RF Atten dig 31.5dB 3-02082
U109 SKY6501-892LF RF Gain Block 3-02044
U110 ADLS537®5ACPZ 1-Q RF Modulator 3-02028
U111l HMC346MS8G VC RF atten 3-02032
U112 HMC346MS8G VC RF atten 3-02032
U113 TLV2372IDGK Dual RRIO CMOS-@mp  3-01434
U114 AD8130ARNI Differential Amplifier 3-02000
U115 74HC595ADT Shift Register/Latch 3-00672
U116 74LVC1G125DBV Single tristate buffer 3-01886
U117 TLV2372IDGK Dual RRIO CMOS-@mp  3-01434
U200 LT2630CSE8z8 DAC Serial-Bit 3-02083
U201 HMC624LP4 RF Atten dig 31.5dB 3-02082
U202 HMC624LP4 RF Atten dig 31.5dB 3-02082
U203 HMC624LP4 RF Atten dig 31.5dB 3-02082
U204 HMC624LP4 RF Atten dig 31.5dB 3-02082
U205 SKY650192LF RF Gain Block 3-02044
U206 SKY65017 RF Gain Block 3-02045
U300 OPA2695IDR 1 GHz CFB Op amp 3-02089
U301 TS5A623157DGS Dual SPDT Analog switch 3-02017
U302 TS5A623157DGS Dual SPDT Analog switch 3-02017
U303 AD8130ARM Differential Amplifier 3-02000
U304 DATF31 RF Step attenuator 3-02050
U305 74LVC1G3157 SPST Analog switch 3-02046
U306 TLV2371IDBVR Single R Op Amp 3-02016
Z0 SIMPCB S/IN Label 9-01570
RF Outptifor SG396
(Assembly 33}
Ref Value Description SRS P/N
C100 100000P Capacitor, 0603, X7R 5-00764
C101 100000P Capacitor, 0603, X7R 5-00764
C102 1UF 16V /0603 Ceramic16V, 0603, X5R  5-00661
C103 4.7U-16V X5R Ceramic, 16V, 1206, X5R 5-00611
C104 4.7U-16V X5R Ceramic, 16V, 1206, X5R 5-00611
C105 1UF 16V /0603 Ceramic, 16V, 0603, X5R 5-00661
C106 100000P Capacitor, 0603, X7R 5-00764
C107 100000P Capacitor, 0603, X7R 5-00764
C108 100000P Capacitor, 0603, X7R 5-00764
C109 10P Capacitor, 0603, NPO 5-00692
C110 33P Capacitor, 0603, NPO 5-00704
C111 100P Capacitor, 0603, NPO 5-00716
C112 100P Capacitor, 0603, NPO 5-00716
C113 100000P Capacitor, 0603, X7R 5-00764
C114 10000P SM0603, COG 5-00869
C115 100000P Capacitor, 0603, X7R 5-00764
C116 2200P Capacitor, 0603, X7R 5-00744
C117 100000P Capacitor, 0603, X7R 5-00764
C118 10000P SM0603, COG 5-00869
C119 10000P SM0603, COG 5-00869
C120 2200P Capacitor, 0603, X7R 5-00744
C121 1000P Capacitor, 0603, NPO 5-00740
C122 1000P Capacitor, 0603, NPO 5-00740
C123 100000P Capacitor, 0603, X7R 5-00764
C124 1000P Capacitor, 0603, NPO 5-00740
C125 100000P Capacitor, 0603, X7R 5-00764
C126 100000P Capacitor, 0603, X7R 5-00764
C127 100000P Capacitor, 0603, X7R 5-00764
C128 10000P SM0603, COG 5-00869
C129 100000P Capacitor, 0603, X7R 5-00764
C130 100000P Capacitor, 0603, X7R 5-00764
C131 100000P Capacitor, 0603, X7R 5-00764
C132 100000P Capacitor, 0603, X7R 5-00764
C133 100000P Capacitor, 0603X7R 5-00764
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Parts List

C200 1UF 16V /0603
C201 1UF 16V /0603
C202 1UF 16V /0603
C203 1UF 16V /0603
C204 1UF 16V /0603
C205 1UF 16V /0603
C206 1UF 16V /0603
C207 1UF 16V /0603
C208 100000P

C209 100000P

C210 100000P

C211 100000P

C212 10000P

C213 10000P

C214 10000P

C215 10000P

C216 10000P

C217 100P

C218 100P

C220 1UF 16V /0603
C224 390P

C225 390P

C226 390P

C227 390P

C228 1000P

C229 1000P

C250 10000P

C251 10000P

C252 10000P

C253 10000P

C254 10000P

C255 10000P

C300 100000P

C301 100000P

C302 100000P

C303 100000P

C304 100000P

C305 33P

C306 33P

C307 100000P

C308 100000P

C309 100000P

C310 100P

C311 1000P

C312 100000P

C313 33P

C314 33P
CN1004X0.1uF
CN2004X0.1uF
CN2014X0.1uF
CN202 4X0.1uF
CN2034X0.1uF
CN2044-100PF
CN2054-100PF
CN2064-100PF
CN2074-100PF

D100 BAV9OWT1
D200 BAV99WT1
D201 BAV99WT1
D202 BAV9OWT1
D203 BAV99WT1
D204 FLZ5V6B

J100 1PIN

J101 24PIN

J200 172117

J300 731000195
L100 2506031517Y0
L101 2506031517Y0
L102 33UH-SMT
L103 .47UH-SMT
L104 82nH

L105 2506031517Y0
L106 1.8uH

L107 2506031517Y0
L108 2506031517Y0
L109 2506031517Y0
L110 2506031517Y0
L200 22NH

Ceramic, 16V, 0603, X5R
Ceramic, 16V, 0603, X5R
Ceramic, 16V, 0603, X5R
Ceramic, 16V, 0603, X5R
Ceramic, 16V, 060X5R
Ceramic, 16V, 0603, X5R
Ceramic, 16V, 0603, X5R
Ceramic, 16V, 0603, X5R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
SM0603, COG

SM0603, COG

SM0603, COG

SM0603, COG

SM0603, COG

Capacior, 0603, NPO
Capacitor, 0603, NPO
Ceramic, 16V, 0603, X5R
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603PO
Capacitor, 0603, NPO
Capacitor, 0603, NPO
SM0603, COG

SM0603, COG

SM0603, COG

SM0603, COG

SM0603, COG

SM0603, COG
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, NPO
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 063, NPO
Capacitor, 0603, X7R
Capacitor, 0603, NPO
Capacitor, 0603, NPO
cap net 4 x 0.1uf

cap net 4 x 0.1uf

cap net 4 x 0.1uf

cap net 4 x 0.1uf

cap net 4 x 0.1uf

cap net 4 x 100pf

cap net 4 x 100pf

cap net 4 x 100pf

cap net 4 x 100pf

Diode Dual Series

Diode Dual Series

Diode Dual Series

Diode Dual Series

Diode Dual Series
DIODE ZENER 5.6V
Connector

Connector

Connector

Panel Mount BNC
Inductor BEAD 0603
Inductor BEAD 0603
Inductor, 1210, Ferrite
Inductor, 1210, Iron
INDUCTOR 82NH
Inductor BEAD 0603
Fixed inductor

Inductor BEAD 0603
Inductor BEAD 0603
InductorBEAD 0603
Inductor BEAD 0603
Inductor SMD 22nH

5-00661
5-00661
5-00661
5-00661
5-00661
5-00661
5-00661
5-00661
5-00764
5-00764
5-00764
5-00764
5-00869
5-00869
5-00869
5-00869
5-00869
5-00716
5-00716
5-00661
5-00730
5-00730
5-00730
5-00730
5-00740
5-00740
5-00869
5-00869
5-00869
5-00869
5-00869
5-00869
5-00764
5-00764
5-00764
5-00764
5-00764
5-00704
5-00704
5-00764
5-00764
5-00764
5-00716
5-00740
5-00764
5-00704
5-00704
5-00842
5-00842
5-00842
5-00842
5-00842
5-00843
5-00843
5-00843
5-00843
3-02099
3-02099
3-02099
3-02099
3-02099
3-02080
1-01267
1-01270
1-01265
1-01158
6-00759
6-00759
6-00654
6-00650
6-01009
6-00759
6-01004
6-00759
6-00759
6-00759
6-00759
6-00999

L201
L202
L203
L204
L205
L206
L207
L209
L211
L213
L250
L251
L300
L301
L302
L303
L304
L305
M100
M101
M102
M103
M200
M201
M202
M203
M204
M205
M206
M207
M208
M209
PC1
R100
R102
R103
R104
R105
R106
R107
R108
R109
R110
R111
R112
R113
R114
R115
R116
R117
R118
R119
R120
R121
R122
R124
R125
R126
R127
R128
R129
R130
R131
R132
R133
R134
R135
R136
R137
R138
R139
R140
R141
R142
R143
R144
R145
R146

2506031517Y0
22NH
2506031517Y0
22NH
2506031517Y0
22NH
2506031517Y0
33UH- SMT
47UH- SMT
82nH

33UH- SMT
33UH- SMT
2506031517Y0
2506031517Y0
2506031517Y0
150NH
2506031517Y0
150NH
2-56X3/16 HEX
2-56X3/16 HEX
2-56X3/16 HEX
2-56X3/16 HEX
2-56X3/16 HEX
2-56X3/16 HEX
2-56X3/16 HEX
2-56X3/16 HEX
2-56X3/16 HEX
2-56X3/16 HEX
2-56X3/16 HEX
2-56X3/16 HEX
2-56X3/16 HEX
2-56X3/16 HEX
SG386 RF AMPL
1.00K

100

100

649K

49.9

49.9

499

100

100

100

100

100

100

100

100

49.9

499

499

499

1.00K

499

1.00K

499

20.0K

10.0K

17.8

301

301

499

499

49.9

49.9

4.02K

4.02K

4.02K

4.02K

49.9

49.9

100

49.9

49.9

24.9

2.00K

4.02K

1.00K

Inductor BEAD 0603
Inductor SMD 22nH
Inductor BEAD 0603
Inductor SMD 22nH
Inductor BEAD 0603
Inductor SMD 22nH
Inductor BEAD 0603
Inductor, 1210, Ferrite
Inductor, 1210, Iron
INDUCTOR 82NH
Inductor, 1210, Ferrite
Inductor, 1210, Ferrite
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Fixedinductor

Inductor BEAD 0603
Fixed inductor

Hardware

Hardware

Hardware

Hardware

Hardware

Hardware

Hardware

Hardware

Hardware

Hardware

Hardware

Hardware

Hardware

Hardware

Fabricated component
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Fil
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603,Ain Film
Resistor, 0603, Thin Film

6-00759
6-00999
6-00759
6-00999
6-00759
6-00999
6-00759
6-00654
6-00650
6-010®
6-00654
6-00654
6-00759
6-00759
6-00759
6-00989
6-00759
6-00989
0-00764
0-00764
0-00764
0-00764
0-00764
0-00764
0-00764
0-00764
0-00764
0-00764
0-00764
0-00764
0-00764
0-00764
7-02293
4-02157
4-02061
4-02061
4-02427
4-02032
4-02032
4-02128
4-02061
4-02061
4-02061
4-02061
4-02061
4-02061
4-02061
4-02061
4-02032
4-02128
4-02128
4-02128
4-02157
4-02128
4-02157
4-02128
4-02282
4-02253
4-01989
4-02107
4-02107
4-02128
4-02128
4-02032
4-02032
4-02215
4-02215
4-02215
4-02215
4-02032
4-02032
4-02061
4-02032
4-02032
4-02003
4-02186
4-02215
4-02157
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R147 10.0K Resistor, 0603, Thin Film 4-02253 U250 SKY650192LF RF Gain Block 3-02044
R148 100 Resistor, 0603, Thin Film 4-02061 U251 SKY650192LF RF Gain Block 3-02044
R149 100K Resistor, 0603, Thin Film  4-02349 U252 HMC788LP2E RF Gain Block 3-02168
R150 100K Resistor, 0603, Thin Film  4-02349 U300 OPA2695IDR 1 GHz CFB Op amp 3-02089
R151 100 Resistorp603, Thin Film  4-02061 U301 TS5A623157DGS Dual SPDT Analog switch 3-02017
R202 24.9 Resistor, 0603, Thin Film 4-02003 U302 TS5A623157DGS Dual SPDT Analog switch 3-02017
R203 24.9 Resistor, 0603, Thin Film  4-02003 U303 AD8130ARM Differential Amplifier 3-02000
R205 499 Resistor, 0603, Thin Film 4-02128 U304 DATF31 RF Step attenuator 3-02050
R207 499 Resistor, 0603, Thin Film 4-02128 U305 74LVC1G3157 SPST Analog switch 3-02046
R209 499 Resistor, 0603, Thin Film 4-02128 U306 TLV2371IDBVR Single R Op Amp 3-02016
R210 20.0K Resstor, 0603, Thin Film  4-02282 Z0 SIMPCB S/N Label 9-01570
R211 20.0K Resistor, 0603, Thin Film 4-02282
R213 20.0K Resistor, 0603, Thin Film  4-02282
R214 4.99K Resistor, 0603, Thin Film 4-02224
R215 4.99K Resistor, 0603, Thin Film 4-02224
Motherboard to RF Block
R217 499 Resistor, 0603, Thin Film 4-02128
R218 499 Resistor, 0603, Thin Film  4-02128 J um per PC mése m b Iy 329
R224 2.00K Resistor, 0603, Thin Film 4-02186
R225 2.00K Resistor, 0603, Thin Film 4-02186
R250 12.4 Resistor, 0603, Thin Film 4-01974 L
R251 12.4 Resistor, 0603, Thin Film  4-01974 Ref Value Description SRS P/N
R252 12.4 Resistor, 0603, Thin Film 4-01974
R253 12.4 Resistor, 0603, Thin Film 4-01974 C1 2.2P Capacitor, 0603, NPO 5-00675
R254 20.0K Resistor, 0603, Thin Film  4-02282 c2 2.2P Capacitor, 0603, NPO 5-00675
R255 20.0K Resistor, 0603, Thin Film 4-02282 C3 2.2P Capacitor, 0603, NPO 5-00675
R300 604 Resistor, 0603, Thin Film 4-02136 Cc4 2.2P Capacitor, 0603, NPO 5-00675
R301 49.9 Resistor, 0603,hin Film 4-02032 C5 2.2P Capacitor, 0603, NPO 5-00675
R302 768 Resistor, 0603, Thin Film 4-02146 C6 2.2P Capacitor, 0603, NPO 5-00675
R303 301 Resistor, 0603, Thin Film  4-02107 Cc7 2.2P Capaitor, 0603, NPO 5-00675
R304 499 Resistor, 0603, Thin Film 4-02128 Cc8 2.2P Capacitor, 0603, NPO 5-00675
R305 49.9/1w Surface mount, Power 4-02510 Cc9 2.2P Capacitor, 0603, NPO 5-00675
R306 53.6 Resistor, 0603, Thin Film  4-02035 C10 2.2P Capacitor, 0603, NPO 5-00675
R307 24.9 Resistor, 063, Thin Film 4-02003 Cl1 2.2P Capacitor, 0603, NPO 5-00675
R308 604 Resistor, 0603, Thin Film  4-02136 Cl12 2.2P Capacitor, 0603, NPO 5-00675
R309 49.9 Resistor, 0603, Thin Film  4-02032 C13 2.2P Capacitor, 0603, NPO 5-00675
R310 49.9 Resistor, 0603, Thin Film 4-02032 Cci14 22P Capacitor, 0603, NPO 5-00675
R311 100 Resistor, 0603, Thin Film  4-02061 Cl15 2.2P Capacitor, 0603, NPO 5-00675
R312 10.0K Resistor, 0603, Thin Film 4-02253 Cl6 2.2P Capacitor, 0603, NPO 5-00675
R313 10.0K Resstor, 0603, Thin Film  4-02253 C17 2.2P Capacitor, 0603, NPO 5-00675
R314 2.00K Resistor, 0603, Thin Film 4-02186 C18 2.2P Capacitor, 0603, NPO 5-00675
R315 301 Resistor, 0603, Thin Film 4-02107 C19 2.2P Capacitor, 0603, NPO 5-00675
R316 1.00K Resistor, 0603, Thin Film 4-02157 C20 2.2P Capacitor, 0603, NPO 5-00675
R317 10.0K Resistor, 0603, Thin Film 4-02253 C21 2.2P Capacitor, 0603, NPO 5-00675
R318 10.0K Resistor, 0603, Thin Film  4-02253 Cc22 2.2P Capacitor, 0603, NPO 5-00675
R319 10.0K Resistor, 0603, Thin Film 4-02253 C23 2.2P Capacitor, 0603, NPO 5-00675
R320 1.00K Resistor, 0603, Thin Film 4-02157 c24 2.2P Capacitor, 0603, NPO 5-00675
R321 100K Resistor, 0603, Thin Film  4-02349 C25 2.2P Capacitor, 0603, NPO 5-00675
R322 100K Resistor, 0603, Thin Film  4-02349 C26 2.2P Capacitor, 0603, NPO 5-00675
R323 750 Resistor, 0603, Thin Film  4-02145 Cc27 2.2P Capacitorp603, NPO 5-00675
R324 100 Resistor, 0603, Thin Film 4-02061 c28 2.2P Capacitor, 0603, NPO 5-00675
R325 100 Resistor, 0603, Thin Film 4-02061 C29 2.2P Capacitor, 0603, NPO 5-00675
RN100742C083151J Resistor array, 4x150 4-02454 C30 2.2P Capacitor, 0603, NPO 5-00675
RN200742C083151J Resistor array, 4x150 4-02454 C31 2.2P Capacitor, 0603, NPO 5-00675
RN201742C083151J Resistor array, 4x150 4-02454 C32 2.2P Capacitor, 0603, NPO 5-00675
RN202742C083151J Resistor array, 4x150 4-02454 C33 2.2P Capacitor, 0603, NPO 5-00675
U100 74HCT403PW Triple 2:1 Analog MPX 3-01997 C34 2.2P Capacitor, 0603, NPO 5-00675
U101 74HCT4053PW Triple 2:1 Analog MPX 3-01997 C35 2.2P Capacitor, 0603, NPO 5-00675
U102 LT3080 LDO POS Adj regulator ~ 3-02036 C36 2.2P Capacitor, 0603, NPO 5-00675
U103 HMC270MS8GE  SPDT Noreflect Switch 3-02030 C37 2.2P Capacitor, 0603, NPO 5-00675
U104 HMC270MS8GE  SPDT Noreflect Switch 3-02030 C38 2.2P Capacitor, 0603, NPO 5-00675
U105 HMC270MS8GE  SPDT Noreflect Svitch 3-02030 C39 2.2P Capacitor, 0603, NPO 5-00675
U106 HMC270MS8GE  SPDT Noreflect Switch 3-02030 C40 2.2P Capacitor, 0603, NPO 5-00675
U107 HMC624LP4 RF Atten dig 31.5dB 3-02082 C41 2.2P Capacitor, 0603, NPO 5-00675
U109 SKY650192LF RF Gain Block 3-02044 C42 2.2P Capacitor, 0603, NPO 5-00675
U110 ADL537®5ACPZ [|-Q RF Modulator 3-02028 C43 2.2P Capacitor, 0603, NPO 5-00675
U111 HMC346MS8G VC RF atten 3-02032 C44 2.2P Capacitor, 0603, NPO 5-00675
U112 HMC346MS8G VC RF atten 3-02032 C45 2.2P Capacitor, 0603, NPO 5-00675
U113 TLV2372IDGK Dual RRIO CMOS-®mp  3-01434 C46 2.2P Capacitor, 0603, NPO 5-00675
U114 AD8130ARM Differential Amplifier 3-02000 C47 2.2P Capacitor, 0603\PO 5-00675
U115 74HC595ADT Shift Register/Latch 3-00672 C48 2.2P Capacitor, 0603, NPO 5-00675
U116 74LVC1G125DBV Single tristate buffer 3-01886 C49 2.2P Capacitor, 0603, NPO 5-00675
U117 TLV2372IDGK Dual RRIO CMOS-@&mp 3-01434 C50 2.2P Capacitor, 0603, NPO 5-00675
U200 LT2630CSa8z8 DAC Serial-Bit 3-02083 C51 2.2P Capacitor, 0603, NPO 5-00675
U201 HMC624LP4 RF Atten dig 31.5dB 3-02082 C52 2.2P Capacitor, 0603, NPO 5-00675
U202 HMC624LP4 RF Atten dig 31.5dB 3-02082 C53 10000P Capacitor, 0603, X7R 5-00752
U203 HMC624LP4 RF Atten dig 31.5dB 3-02082 C54 10000P Capmcitor, 0603, X7R 5-00752
U204 HMC624LP4 RF Atten dig 31.5dB 3-02082 C55 10000P Capacitor, 0603, X7R 5-00752
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C56 10000P Capacitor, 0603, X7R 5-00752
C57 10000P Capacitor, 0603, X7R 5-00752
C58 10000P Capacitor, 0603, X7R 5-00752
C59 10000P Capacitor, 0603, X7R 5-00752
C60 10000P Capacitor, 0603, XV 5-00752
J1 34 PIN Connector 1-01275
J2 34 PIN Connector 1-01275
L1 Choke, Common M Common Mode Choke 6-01019
L2 Choke, Common M Common Mode Choke 6-01019
L3 Choke, Common M Common Mode Choke 6-01019
L4 Choke, Common M Common Mode Choke 6-01019
L5 250603517Y0 Inductor BEAD 0603 6-00759
L6 Choke, Common M Common Mode Choke 6-01019
L7 Choke, Common M Common Mode Choke 6-01019
L8 Choke, Common M Common Mode Choke 6-01019
L9 2506031517Y0 Inductor BEAD 0603 6-00759
L10 2506031517Y0 Inductor BEAD 0603 6-00759
11 2506031517Y0 Inductor BEAD 0603 6-00759
L12  2506031517Y0 Inductor BEAD 0603 6-00759
L13  2506031517Y0 Inductor BEAD 0603 6-00759
PCB1 SG385 MB TO RF Fabricated component 7-02104
R1 100 Resistor, 0603, Thick Film 4-01845
R2 100 Resistor, 0603, Thick Film 4-01845
R3 100 Resistor, 0603, Thick Film 4-01845
R4 100 Resistor, 0603, Thick Film 4-01845
R5 100 Resistor, 0603, Thick Film 4-01845
R6 100 Resistor, 0603, Thick Film 4-01845
R7 100 Resistor, 0603, Thick Film 4-01845
R8 100 Resistor, 0603, Thick Film 4-01845
R9 100 Resistor, 0603, Thick Film 4-01845
R10 100 Resistor, 0603, Thick Film 4-01845
R11 100 Resistor, 0603, Thick Film 4-01845
Z0 SIMPCB S/N Label 9-01570
RearPanell/Q BNCs
(Assembl\835)

Ref Value Description SRS P/N
C1l 100000P Capacitor, 0603, X7R 5-00764
Cc2 100000P Capacitor, 0603, X7R 5-00764
C3 100000P Capacitor, 0603, X7R 5-00764
C4 100000P Capacitor, 0603, X7R 5-00764
C5 100000P Capacitor, 0603, X7R 5-00764
C6 100000P Capacitor, 0603, X7R 5-00764
Cc7 100000P Capaidor, 0603, X7R 5-00764
Cc8 100000P Capacitor, 0603, X7R 5-00764
Cc9 100000P Capacitor, 0603, X7R 5-00764
C10 100000P Capacitor, 0603, X7R 5-00764
C11 100000P Capacitor, 0603, X7R 5-00764
C12 100000P Capacitor, 0603, X7R 5-00764
C13 100000P Capacitor, 06037R 5-00764
Ji 731000195 Panel Mount BNC 1-01158
J2 7310060195 Panel Mount BNC 1-01158
J3 731000195 Panel Mount BNC 1-01158
J4 15 PIN Connector 1-01264
J5 731000195 Panel Mount BNC 1-01158
L1 2506031517Y0 Inductor BEAD 0603 6-00759
L2 2506031517Y0 Indudor BEAD 0603 6-00759
L3 2506031517Y0 Inductor BEAD 0603 6-00759
L4 2506031517Y0 Inductor BEAD 0603 6-00759
L5 2506031517Y0 Inductor BEAD 0603 6-00759
L6 2506031517Y0 Inductor BEAD 0603 6-00759
L7 2506031517Y0 Inductor BEAD 0603 6-00759
L8 2506031517Y0 Inductor BEAD 0603 6-00759
L9 2506031517Y0 Inductor BEAD 0603 6-00759
L10 2506031517Y0 Inductor BEAD 0603 6-00759
L11 2506031517Y0 Inductor BEAD 0603 6-00759
L12  2506031517Y0 Inductor BEAD 0603 6-00759
PCB1 SG385 OPT.3 Fabricated component 7-02103
R1 49.9 Resistor, 0603, Thin Film  4-02032
R2 2.00K Resistor, 0603, Thin Film 4-02186

2.00K

2.00K

2.00K

49.9

49.9

1.37K

1.00K

1.15K

2.00K

2.00K

1.15K

10.0K

49.9

49.9

52.3

24.9

49.9

1.15K

49.9

49.9

1.37K

1.00K

2.00K

2.00K

2.00K

2.00K

1.15K

2.00K

2.00K

1.15K

10.0K

49.9

49.9

52.3

24.9

1.15K

21.5K

21.5K

21.5K

21.5K
AD8130ARM
TLV3502AIDR
74LVC32AD
AD8131AR
AD8130ARM
65LVDS1DBV
TLV3502AIDR
AD8131AR
4-40X3/16PP
SIMPCB S/IN
1/2" CUSTOM

Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, Thin Film, MELF
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Tin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, T Film, MELF
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistr, 0603, Thin Film
Differential Amplifier

RR Comparator

Quad 2Input OR gate
Diff Amp

Differential Amplifier
LVDS Driver

RR Comparator

Diff Amp

Hardware

Label

Hardware

SG385 BRACKET Fabricated component

4-02186
4-02186
4-02186
4-02032
4-02032
4-02170
4-02157
4-02163
4-02186
4-02186
4-02163
4-02253
4-02032
4-02032
4-00994
4-02003
4-02032
4-02163
4-02032
4-02032
4-02170
4-02157
4-02186
4-02186
4-02186
4-02186
4-02163
4-02186
4-02186
4-02163
4-02253
4-02032
4-02032
4-00994
4-02003
4-02163
4-02285
4-02285
4-02285
4-02285
3-02000
3-02019
3-01087
3-01129
3-02000
3-01769
3-02019
3-01129
0-00241
9-01570
0-01259
7-02112

184

RearPanelSync Board
(Assembly846)

Ref

Value

100000P
100000P
100000P
100000P
100000P
100000P
100000P
100000P
100000P
100000P
100000P
100000P
100000P
100000P

Description

Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capacitor, 0603, X7R
Capador, 0603, X7R

Capacitor, 0603, X7R
Capacitor, 0603, X7R

SRS P/N

5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
5-00764
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15 PIN
438600001
731000195
731000195
7310060195
731000195
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
2506031517Y0
SG390 PCB R.P.
100

4.7

45.3

100

4.7

100

45.3

4.7

100

45.3

4.7

100

45.3
74LVC1G157GW
7T4HCT595PW
74LVC1G125DBV
TLV3501AIDBVT
74LVC1G157GW

Connector

Connector

Panel Mount BNC

Panel Mount BNC

Panel Mount BNC

Panel Mount BNC
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Inductor BEAD 0603
Fabricated component
Resistor, 0603, Thin Film
Resistor, Thick Film, Chip
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, ThicFilm, Chip
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, Thick Film, Chip
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Resistor, Thick IR, Chip
Resistor, 0603, Thin Film
Resistor, 0603, Thin Film
Single Znput MPX

Shift Register/Latch
Single tristate buffer
Fast RR Comparator
Single Znput MPX

SN74LVC1G08DBVRingle AND Gate

74LVC3G34DCTR
65LVDS2DBV
65LVDS2DBV
74LVC2G74DCTR
74LVC3G34DCTR
65LVDS2DBV
74LVC2G74DCTR
74LVC3G34DCTR
65LVDS2DBV
74LVC2G74DCTR
74LVC3G34DCTR
SIMPCB S/N

1/2" CUSTOM
SG385 BRACKET

Triple noninverting buffer
LVDS Receiver

LVDS Receiver

Single Btype flip flop
Triple noninverting buffer
LVDS Receiver

Single Btype flip flop
Triple noninverting buffer
LVDS Receiver

Single Btype flip flop
Triple noninverting buffer
Label

Hardware

Fabricated component

1-01264
1-01380
1-01158
1-01158
1-01158
1-01158
6-00759
6-00759
6-00759
6-00759
6-00759
7-02406
4-02061
4-01423
4-02028
4-02061
4-01423
4-02061
4-02028
4-01423
4-02061
4-02028
4-01423
4-02061
4-02028
3-01766
3-02169
3-01886
3-01782
3-01766
3-01203
3-01852
3-01770
3-01770
3-01867
3-01852
3-01770
3-01867
3-01852
3-01770
3-01867
3-01852
9-01570
0-01259
7-02112

Power Suppl
(AssemblieS37 & 338

Ref

Cc22

Value

820UF

10U/T35

330U HIGH RIPPL
10U/T35

1000P

10U/T35

330U HIGH RIPPL
10U/T35

1000P

AU

330U HIGH RIPPL
10U/T35

1000P

AU

330U HIGH RIPPL
10U/T35

.001U

820UF

1000P

.01u

330U HIGH RIPPL
10U/T35

Description

Electrolytic, 50V, T/H
SMD TANTALUM;@ase
Electrolytic, High Ripple
SMD TANTALUM;Case
CapacitorCeramic, 1kV
SMD TANTALUM;Case
Electrolytic, High Ripple
SMD TANTALUM;Case
Capacitor, Ceramic, 1kV
Capacitor, 1206, X7R
Eledrolytic, High Ripple
SMD TANTALUM;@ase
Capacitor, Ceramic, 1kV
Capacitor, 1206, X7R
Electrolytic, High Ripple
SMD TANTALUM;Case
SMID PPS Film
Electrolytic, 50V, T/H
Capacitor, Ceramic, 1kV
Capacitor, 1206, X7R
Electrolytic, High Ripple
SMD TANTALUM;@ase

SRS P/N

5-00844
5-00319
5-00516
5-00319
5-00143
5-00319
5-00516
5-00319
5-00143
5-00299
5-00516
5-00319
5-00143
5-00299
5-00516
5-00319
5-00442
5-00844
5-00143
5-00298
5-00516
5-00319

1000P

RED

ES2D
MBRS230LT3G
ES2D

ES2D
MBRS230LT3G
ES2D

ES2D
MBRS230LT3G
ES2D

ES2D
MBRS230LT3G
ES2D

ES2D
MBRS230LT3G
ES2D

4 PIN, WHITE
HEADER10

2 PIN, WHITE
10 UH/SMT

10 UH / SMT

10 UH/ SMT

10 UH/SMT

10 UH/ SMT

10 UH/SMT

10 UH / SMT
SG385 P/S PCB
PZT3904
IRF530/IRF532
IRF530/IRF532
7.50K

121

100K

2.00K

1.33K

49.9

1.00K

49.9

7.50K

49.9

0.15 OHM /2W
100Kx4D 5%
100Kx4D 5%
DG645/SG385
LM358
LM45CIM3
LM1085ITADJ/NO
LM2990715
UA78L12ACPK
LM1085175.0/NO
3525A
LM299075
LM1085173.3/NO
5 PIN, 18AWG/OR
1-32, #4 SHOULD
TO220
4-40X5/16"PF
10-32 KEP
4-40X3/8PF

CapacitorCeramic, 1kV
LED, T1 Package

Diode, SMB, Fast

Diode, Schottky

Diode, SMB, Fast

Diode, SMB, Fast

Diode, Schottky

Diode, SMB, Fast

Diode, SMB, Fast

Diode, Schottky

Diode, SMB, Fast

Diode, SMB, Fast

Diode, Schottky

Diode, SMB, Fast

Diode, SMB, Fast

Diode, Schottky

Diode, SMB, Fast
Connector

Connector

Connector

INDUCTOR 10U 2.5A
INDUCTOR 10U 2.5A
INDUCTOR 10U 2.5A
INDUCTOR 10U 2.5A
INDUCTOR 10U 2.5A
INDUCTOR 10U 2.5A
INDUCTOR 10U 2.5A
Fabricated component
NPN Transistor

N Channel MOSFET

N Channel MOSFET
Resistor, Thin Film, MELF
Resistor, Thin Film, MELF
Resistor, Thin Film, MELF
Resisor, Thin Film, MELF
Resistor, Thin Film, MELF
Resistor, Thin Film, MELF
Resistor, Thin Film, MELF
Resistor, Thin Film, MELF
Resistor, Thin Film, MELF
Resisor, Thin Film, MELF
Shunt, 3008 Size
Resistor network

Resistor network
Transformer

Dual op amp

Centigrade Temp Sensor

5-00143
3-00011
3-02090
3-02091
3-02090
3-02090
3-02091
3-02090
3-02090
3-02091
3-02090
3-02090
3-02091
3-02090
3-02090
3-02091
3-02090
1-00260
1-00554
1-00473
6-01016
6-01016
6-01016
6-01016
6-01016
6-01016
6-01016
7-02205
3-01664
3-00283
3-00283
4-01201
4-01029
4-01309
4-01146
4-01129
4-00992
4-01117
4-00992
4-01201
4-00992
4-02530
4-01704
4-01704
6-00765
3-00773
3-00775

POS ADJ voltage regulator 3-02111

LDO Negative regulator
REG LIN POS 12V
Positive +5V Regulator
IC Switcher

LDO Negative regulator
Positive +3.3V Regulator
Connector

Hardware

Hardware

Hardware

Hardware

Hardware

SG385 SPACER BLFabricated component

AFMO03
KDE1205PHV2

3" BLACK

3" RED

10" WHITE

10" BLACK

4-40 KEP
6-32X1/4PP

13 PIN, ORANGE
4"GREEN W/YELL
2-5201842

2 PIN, 24AWG/WH
6-32X1/2RP
4-40X1/4PP
10-32X1/2"PP

4 PIN, 18AWG/OR

Silicone Fan Mount
Fan

Wire

Wire

Wire

Wire
Hardware
Hardware
Connector
Wire
Hardware
Connector
Hardware
Hardware
Hardware
Connector

SG385 INSULATORFabricated component

3-01787
3-02092
3-02112
3-00919
3-01789
3-02093
1-00033
0-00231
0-00243
0-00589
0-00160
0-00208
7-02207
0-01335
0-01181
0-01191
0-01192
0-01231
0-01238
0-00043
0-00222
1-00601
0-01014
0-00634
1-00472
0-00167
0-00187
0-00493
1-00259
7-02200
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Parts List
724 36154 Hardware 0-00084 . . .
725 SG385 P/S COVER Fabricated component  7-02199 M aln C h assis Klt
726  FN9222R3-06 Power Entry Hardware 0-01333
Z27 SG385 P/S ENCLO Fabricated component 7-02198
Z28 120W- 24V OEM Power sugply, +24V 6-01017 (Assem bly 37)
Z29  SILICONE TUBING Hardware 0-01345
Ref Value Descriptin SRS P/N
O CXO T| me base Jl 25PIN Connector 1-01277
J2 15 PIN Connector 1-01276
(Asse m bl 605 J3 15 PIN Connector 1-01276
y Z0 141-14SM+ Connector 1-01335
Z1 FOOT PLUG Hardware 0-01352
Z2 4-40 x 1/8 UNDE  Hardware 0-01334
Ref Value Description SRS P/N Z3 SG385 LEXAN Fabricated component 7-02171
Z4 SG385 EMI SHIEL Fabricated component 7-02169
J1  SSWI0701-SS  Connector 1-01078 ;Z 3_3;32'?\160 ggzzzgg izgggg
J3 09523101 Connector 1-01058 77  SG385 CRYSTAL SFabricated component  7-02197
PC1  CG635 TIMEESE  Fabricated component  7-01586 78  SG385BAR RF BL Fabricated component  7-02170
R1 3.01K Res!stor, Metal F!Im 4-00176 79 10-32 x 3/8" Hardware 0-01331
R2  2.00K Resistor, Metal Film 4-00158 710 SG,OPT.COVR  Fabricated component  7-02134
R3 301K Resistor, Metal Film 4-00176 711  4-40X3/16PP Hardware 000241
R4 121K Resistor, Metal Film 400148 712 10-32X3/8TRUSSP Hardware 000248
Ul LM358 Dual OpAmp 300508 713 4-40X1/4PP Hardware 000187
Z0 26-48-1101 Connector 1-01057 714  FO104 Hardware 0-00189
Z1  4-40X1/4P Hardware 0-00187 715 RIGHTFOOT  Hardware 000179
Z2 832X1/aPF Hardware 0-00416 716 LEFT FOOT Hardware 0-00180
Z3 CG635, OPT Fabricated component 7-01614 717  6-32X1/2FP BLK  Hardware 0-00492
Z4 3403 Hardware 0-01090 718 5540431 Hardwae 0-00500
Z5  6-32KEP Hardware 0-00048 719  4-40X3/8PF UNDR Hardware 000835
76 SCleav-CG Oscillator 6-00079 720 6-32X1/4BLACK Hardware 001212
Z21 SG385MB TO RP Fabricated component 7-02105
Z22 SG385 S/N LABEL Label 9-01641
. . g . Z23  6-32X3/8PP Hardware 0-00185
O pt| on 4: Ru b I d ium Time baS @ 224 440X316MF  Hardware 000079
725 4-40X1/4PF Hardware 0-00150
(Asse m bl 60)7 726 DG53536 Fabricated component 7-00122
y Z27  8-32X1/4PF Hardware 0-00242
728 6-32X7/16 PP Hardware 0-00315
Z29 REAR FOOT Hardware 0-00204
Ref Value Description SRS P/N Z30 SG390, FRT BOOT Fabricated component 7-02382
Z31 SG390, REAR BOOTFabricated component 7-02383
. . Z32 SG390BOT. COVR Fabricated component 7-02393
c1 U Capacitor, Ceramic, 50V, Z500023 Z33 SG390 Top Cover Fabricated component 7-02394
J2 10 PIN STRAIGHT Connector 1-00342 734 SG396, LEXAN  Fabricated component  7-02390
J2A COAX CONTACT  Connector 1-00343 Z35 SG390 Keypad Fabricated component 7-02391
J3 09523101 Connector 1-01058 736 1FT_ETHERNET Connector 101394
;gl ggf&s TIMEBASE ;aets)i“sii:eill(;?glqlgci)lnmem Zgéigg Z37 SG390 Rear Pane Fabricated component 7-02405
R2 2.00K Resistor’ Metal Film 400158 Z38 SG390 RP LEXAN Fabr!cated component 7-02407
R3 3.01K Resistor' Metal Film 4-00176 739 SG396, BEZEL Fabricated component 7-02432
. S ) Z40 SG394 Lexan Fabricated component 7-02443
5‘11 if/l:lJ,gB gﬁz1sg>gAhr¢1§tal Film ggg;gg Z41  SG392 Lexan Fabricated component 7-02444
U2 Z4HC04 Hex Inverter 300155 Z42  SG396, SPACER BAHabricated component 7-02433
u3 78L05 +5V, Low Power Regulator 3-00116
Z0 4-40 KEP Hardware 0-00043
Z1 4-40X1/4PP Hardware 0-00187
Z2 8-32X1/4PF Hardware 0-00416
Z3 4-40X1/4 MIF Hardware 0-00781
Z4 26-48-1101 Connector 1-01057
Z5 SRS RB OSC. Oscillator 6-00159
76 CG635, OPT Fabricated component 7-01614
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Appendix C . Schematic Diagrams

Schematic 1: Block Diagram

Schematic 2: Front Panel Display

Schematic 3: Display EMI Filter

Schematic 4: Mother Board 1, Frequency Refs
Schematic 5: Mother Board 2, 19 MHz Ref
Schemati®: Mother Board 3, CPU

Schematic 7: Mother Board 4, Modulation Processor
Schematic 8: Mother Board 5, Modulation ADC / DACs
Schematic 9: Mother Board 6, Rfeference

Schematic 10:
Schematic 11:
Schematic 12:
Schematic 13:
Schematic 14:
Schematic 15:
Schematic 16:
Schematic 17:
Schematic 18:
Schematic 19:
Schematic 20:
Schematic 21:
Schematic 22:
Schematic 23:
Schematic 24:
Schematic 25:
Schematic 26:
Schematic 27:

Mother Board 7, Interface

Mother Board 8, Power Supplies
Mother Board to RF Jumper

SG394 Synthesizer 4 @Hz and Control
SG394 Synthesizer 2, Dividers and LPF
SG396 Synthesizer B @Hz and Contl
SG396 Synthesizer 2, Dividers and LPF
SG394 Output 1, Attenuation & Controls
SG394 Output 2, RF Stage

SG394 Output 3, BNC

SG396 Output 1, Attenuation & Controls
SG396 Output 2, RF Stage

SG396 Output 3, BNC

Power Supply

Rear Panel Option Jumper

I/Q Modulator

Symbol Clock and Event Markers
Timebase Adaptor Interface
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Schematic2: Front Panel Display
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Schematic3: Display EMI Filter
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Schematics

Mother Board 2, 19 MHz Ref
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Schematics

Mother Board 3, CPU

Schematic6
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Mother Board 4, Modulat

Schematic7
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Schematics

Schematic8: Mother Board 5, Modulation ADC / DACs
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Schematics

Mother Board 6, RF Reference

Schematic9
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Mother Board 7, Interface
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Schematics

Schematicll: Mother Board 8, Power Supplies
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Schematicl2: Mother Board to RF Jumper
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Schematics

Schematicl6: SG396Synthesizer 2, Dividers and LPF
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Schematicl9: SG3940utput 3, BNC
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Schematics

Schematic21: SG3960utput 2, RF Stage
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Schematic22: SG3960utput 3, BNC
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Power Supply

Schematic23:

SG390 Series RF Signal Generato
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Schematic24: Rear Panel Option Jumper
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1/Q Modulator

Schematic25

SG390 Series RF Signal Generato
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Schematic26: Symbol Clock and Event Markers
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Schematic27: Timebase Adaptor Interface
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