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D

1.0 I ntroducti on

The HBOGs -medolghti on phase and frequency offs
frequency of the outoput signals are adjustab
reference. The output phase/ Peadi ahsoonrofint K
time step resolution of 0.047 fs.'? ThRotohutphid:s
and frequency steps are phase continuous.

The instrument provides two sine wave output ¢
outputs are buffered to pr davpodret garnedatreea v etrhsaen
The outputs are at a | evel of +13 dBm. The p
outputs by dividing by a factor of 5. 0E6. T
external reference pulse to within 200 ns.

Al | i nstrument functions are displayed and c
screen. Remote control of t he -2i3s tcrounmeunnti ciag i

The HBOGomes i-aal anstaWbdrack mount encl osur e.

The LN (Il ow noi $e)hacptainow Im&Ri@se oscill ator th
noi se perfbrimancef ¢t t-t3bPedBoinebzi skehdant 10 Hz
to be | owdB OBahHz. The wideband PM n@ire pe
dBc/ Hz.

HROG Options:

Part Numbdrow No|li seAC DC
OptionOperatiji Operation
HROG a
HROG-DC a a
HROG-L N a a
HROGG-DCL N a a a
HROQA O a
HROQ@ ebC a a
HRO@G@ 6L N a a
HROQ@G@ eDCL N a a a
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2.0 Safety and Preparation for Use

The HBWG@Gs designed for indoor use only and is
or i n a wet environment . The i nstrumenth may
instrumentation rack or may be used on a | abor
|l nspect the instrument and power cords for dam
2.1 Electrical safety and preparation for wuse
Vol tages capable of causing injury or death a
caution whenever the instrument cover 1 S remov

Line Voltage
This i nstrument <can bel2s0etouwdpd 220 PGP eamd ea olni nMed 0

of 50 to 60 Hz. For conversion to a different
Fuse

A 2.0 Amper ébl|l 250 V usleow sl 2W0s eadn-Af4@r2 YIACCO oper ati on.
A 4.0 Amper ébl 250V usleows used for the DC power
Only replace fuse with the same type and speci

AC Power

The instrument has a detachable three wire po\
power source. The enclosure of the unit i's d
protect against electrical shock. Al ways use &

di sable this safety mechani sm.

DC Power Option

For wunits that have the DC power option insta
power supply areattAtpeoness33THWOCfoll owi ng s C |
used to ensure the optimum performance of t

DC Supply voltage +20 to +33 VDC, 2 Amps

Line reg-WOl. &Ot5i%orf o¥/ a 10% | ine change

Load regud.ad5%nfor/ a 50% | oad change

OQutput ripplet@geadaROmMV peak

pe
he
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2.0 Safety and Preparation for Use
The instrumentlebRsD@ &do@R2&ctor on the back pa
configuration:

Pin 1 +20 to +33VDC

Pin 2 +20 to +33VDC

Pin 3 VDC RETURN

Pin 4 VDC RETURN

Pin 5 Chassis GND /Earth GND

Pin 6 Chassis GND /Earth GND

Veri fyhe hBC cabl eremnyect oDC power supply has
menti oned above. Do not apply AC voltage to t
these directions may cause injury or death to
i nstrument and voids all warranti es. Pl ease n
connected to the instrument case ground interr
3, 4) and pin 5, 6) are available at the DC po
at this point.

2.2 Instrument safety and preparation for wuse
The HBOGs a freqguency and phase offset gener a
required for proper operation. Tdte & xftree qquaenca
5 MH2 .#4/Hz with a | evel of +7 to +15 dBm.

|l nput signals must be kept bel ow +20 dBm as g
and void all warranti es.

Absol ute Maxi mum Ratings

|l nput RF PoweRO dBm Maxi mum

Reverse RF Po@6rdBm Maxi mum

Vol tage at t h5e0 RW&F Manxpiuniu m

Vol tage at t h5e0 RWF Mauxtipnuutm
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3.0 Front Panel

1
|
|

@ FREQUENCY AND PHASE OFFSET GENERATOR HROG-5
SPECTRADYNAMICS —] REFERENCE INPUTS 2 OUTPUTS e,
ON DATA  STATUS Frequency Offset (Hz) ignal PLL Lock 5 MHz Out 1 Signal 5MHzOut2 |
0 l TR |
° o ‘ Phase Offset (deg) ‘ ‘ ‘ ¢ ° € ,
RS232 0 1PPS Out 1 1PPS 1PPS Out2 }
~ - U [ [ T o [ =] € ¢ ¢
ON
The LED is on when power is applied to unit.
DATA

The LED is on when data i s b23d2hgpaoretn.t or recei

STATUS
The LED is on, when an error has occurred. Vi e
The LED wil/l turn off once the error condition

status has been chkecikedur2d3d2r chhnt HROGawsmmarhde *
to determine the error condition and &ahd tQCLB
of f the STATUS LED.

RS2 32

DB9 connector for serial communi c2t3i2ompo.rt . THHI
modem adapter i s not required.

DI SPLAY

The LCD touch screen is-5usedl|lwobcatocomnolr of henoldR

5 MHz I n

SMA input for the external 5 MHz reference. Th
The external reference prolideldz swiotulh da bkeewae]l
d Bm.

Signal LED

The 5 MHz signal LED wi | | turn on when a 5 MH:
+15 dBm.
PLL LED
The PLL |l ock LED will-5tusnpbasehéoncklked HBOGn e
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3.0 Front Panel

|
|
‘
@ FREQUENCY AND PHASE OFFSET GENERATOR HROG-5 [
|
SPECTRADYNAMICS —] REFERENCE INPUTS (mgn ouTPUTS . p—
ON DATA.  STATUS Frequency Offset (Hz) igna PLL Lock 5 MHz Out 1 Signal 5MHzOut2 |
4 ‘
GO : @ 0 0 ¢ 0 |
Phase Offset (deg) e |
RS-232 0 1PPS Out 1 1PPS 1PPS Out 2 1
1
3 S N 5 |
& & [ = [ e me ] o | o] € ¢ ¢
)

1 PPS 1In

SMA input for an external one pul se per secon:
i nput port has anq.iTmMmpeedand®PeSofsi §0al shoul d ¢
speci fications and must not exceed +5.5 VDC.
negative or the synthesizer will be damaged an

1 PPS LED
The 1 PPS indicator LED wi | | fl ash when an ext

5 MHz 10ut

SMA output number one providing the frequency
out put signal has a | evel of +13 dBm.
Signal ThED5 MHz signal LED will turn on when t

5 MHz Out 2
SMA output number two providing the frequency
out put signal has a | evel of +13 dBm

1 PPS Out 1
SMA output number one providing the frequency
out put signal conforms to TTL | evel s.

1 PPS LED
The 1 PPS LED will blink when the 1 PPS output

1 PPS Out 2
SMA output number two providing the frequency
out put signal conforms to TTL | evel s.
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4. 0 Back Panel

AC Power
The HBOG configured #4@00NWAICado&0 @2A0A.001 f t he wun
DC power option, a green LED | abeled AC will t

DC Power

I f the instrument was ordered with the DC opt
+20 to +33 VDC as the main powes satpply.t Whenp
both AC and DC power sources at the same ti me,
in case of AC power outages. The regul ated DC
rectified AC voltage are internally monitored
Screen oPWRRS23R2heommand.
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5.0 I nstall ati on

1. Unpack -Bbhan#R@Gt a-mbunthieng alckndl es. The har

attached even | f the unit i s not i nstalled in
handl e and mo v e around. Once t he rack mount i
i nstrument in the instrumentation rack or mo v e
2. Connect the power cord to the |1 EC socket

settings on the AC power entry module are corr

3. Plug in the power cord to an AC power sourc
4 . Turn the power switch | ocated on the rear
The front screen wild/l show the model i nfor mat. i

5. The 5SHRRM®ul d be all owed to warm up for about

6 . Connect bt he HMRO®G equency or time reference
the diagram bel ow.

1 PPS Out to distribution. SMA Cable

5 MHz Out to distribution. SMA Cable

m%mn ]
coe 6 o of/|]d o
g 3 © o/bo o o

1 PPS signal from clock, TTL
levels, SMA Cable

5 MHz signal from clock, level +7dBm
to +15dBm, SMA Cable
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5.0 I nstall ati on
]

The HBOGs a frequency and phase offset gener a
required for proper operation. Connect the 5 N
| abeled 5 MHz I n. The Signal LED on the front
5 MHz reference is present analnd asld Bsm.gn@n c el
instrument has warmed up, the PLL LED iwi Illoclkieg
to the 5 MHz external reference.

Two buffered 5 MHz sine wave outputs are avai
OuT 1 and 5 MHz OUT 2 | ocated on the front f
Second) TTL outputs are also available at the
1PPS OUT 2.

The front panel touch screen can now be wused
out put signals. AlIl functions -2n2d¥% @morsto bec atce e
front panel. A standaQ dcsrenmrdatliorcaddmre bva tihs ead Dtl
HROG . The wuser can input commands wusing a s
remote computer or more sophisticated contro
LabVi ew.

On the front pa-@8P abowmectbe RBere are three

| abel ed DATA will l ight wup only when23datpaorits.
This LED can be used to verify that the wunit
status and is a hardware representation of t hi
whenever an error has occurred. The user must
error and then clear the error flag. When the

Page 8



5.0 I nstall ati on

Port Settings
On powert h23 RSport settings are:
Baudra®608 Bilt StBog No Parity.

Har dware handshaking9ieonnéecueedpi ndbe D8 desc

Function
NC

Data out
Data i n

NC

GND

NC

NC

NC

NC

5

© 0o ~NOoO Ol h WN PFI|T
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6 .

O Operation: Main Screen

The

main screen displays the currents.f rTehceu esrocfy

keys at the bottom of the screen display the f

DI SPLAYS:

FREQUENCY OFFSET

The frequency offset may be displayed i n |
number that i s normalized to the reference
units may be changed by the following key s

SET, UNI TS, FREQ.

PHASE OFFSET

The phase offset may be displayed in units
units of nanoseconds (ns). The phase units
sequence:

SET, UNITS, PHASE.

STATUS
The status indicator i's |l ocated in the wup
i ndi cates nor mal operation and red indicate

On units with the DC Power option, t he AC
| ocated in the wupper |l eft corner of t he
corresponding status wil |l change to red.

SOFT KEYS

FREQ

Change frequency command. The FREQ key wil/l
PHASE

Change phase command. The PHASE key wi |l br
TI1 ME

Change time and date command. The TI ME key
SET

Change instrument settings. The SET key wil
HELP

Di splays the Help Screen.
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6.1 Operation: Number Entry Screen

The number entry screen i s used to make numer.

DI SPLAYS

The current setting wild.l be di splayed acr oc¢
di splayed in a number entry box.
SPECI AL KEYS
Hz Enter number i n Hertz.
uHz Enter number in microHertz.
deg Enter number in degrees.
mdeg Enter number in millidegrees.
ns Enter number in nanoseconds.
ps Enter number i n picoseconds.
B K Backspace.

ENTER Enter new number and exit number me n u

ESC Exit number menu discarding changes.
0-9 Numbers zero through nine.
Deci mal poi nt .

- Negative sign
+ Positive sign.

EXP Exponenti al
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6.2 Operation: Frequency Screen
|

The frequency screen displays theS5.cuThensofftr ek
at the bottom of the screen are used to set a

DI SPLAYS
FREQUENCY OFFSET

The frequency offset may be displayed i n |
number that i s normalized to the reference
units may be changed by the following key s

SET, UNI TS, FREQ.

ME N U
SET
Enter new frequency offset. The SET key w
The maxi mum fr equ-eln.cly Hzf fa/et TihseOH/requency
resoluti-oB®.is 5. 0E

STEP
Enter a frequency step size. The STEP key \
The maxi mum stéap Firzgquiency. GEed 9r.esol uti on

UP
l ncrease the freqguency offset by the freque

D OWN
Decrease the frequency offset by the freque

EXIT
Exit to previous menu.
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6. 3 Operation: Phase Screen

The phase screen displays the -5culhe eqnaf tphlases o0:
bottom of the screen are used to set a new pha

DI SPLAYS
PHASE OFFSET
The phase offset may be displayed in units
units of nanoseconds (ns). The phase units
sequence:
SET, UNI TS, PHASE.

MENU
SET
Enter new phase offset. The SET key wil/l
di fference between the new phase offset anc
than 3600 degrees or 2000 ns. The phase s
second. The phase8redesgpl e@aes onr i . @4 4 Ef s.

STEP

Enter a phase step si ze. The STEP key wil!/
phase offset step size is |imted to 3600
resoluti-Bndegr8edEor 0.047 f s

UpP
l ncrease the phase offset by the phase step

D OWN
Decrease the phase offset by the phase step

EXIT
Exit to previous menu.
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6. 4 Operation: Settings Screen

|
The settings menu is used to access, Vview, and
MENU

UNI TS
Change phase or frequency units.

PHASE
Press the PHASE key to toggle phase unit
Phase units in degrees
Time units in nanoseconds
FREQ
Press the FREQ key to toggle frequency u
Frequency units in Hertz
Fractional frequency with reference to 5
COMM
RS232 options and control . The COMM key wi
Screen.
PPS
1 Pulse per second output options and contr
Screen.
| NST
|l nstrument setup and informati on. The | NS
Screen.
EXI T

Exit to previous menu.
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6.5 Operation: Communications Scr e

The communications scree##3@i splrayd tplhhetcwsretean
keys at the bottom of the 2A8r2eemretdrneag®33€d ni o i

contr ol of the instrument, or L£8%2t ptolme searisalt L
controlled by a dumb terminal. A null modem a
used. Hardware handshaking -0t nionf awrsrmeat. i dcrorplad

the RS232 port section on page 9 of this manua

DI SPLAYS
Current baudrate and MODE settings.

MENU

REM Enter rend2 ec ®RiStr ol mo d e .

MODE Toggle through boot up communicati on
Boot NORMAL EcNoroRhF start wup*
Boot NORMAL :E choor noaNl start up**
Boot -2BR2 Echio ®tF&rts up-2i3R coemodt el RBIo
Boot -2BR2 Echo SOMrts wup-2i3k coemotr el R&od
Boot Concurrent RB2H dp Oomé | control mo d
Boot ConcurrentREZhlraomw! contr ol mo d e

* Echo OFF: Does not echo-22B&c kpoadmmands t hro
** Echo ON: Sends back rec23 % egorctommands t hr
*** The instrument can be controll ed32by t he
port concurrently.

BAUD Toggle through avail able baudrates.
9600, 19200, 38400, 57600, 115200, 14

TEST Used to t-282 tbhen®B8&tion. Sends the fo
throughbet hal port:
fifesting ®%eri al Port
fHit Enter 0to Continue

LOCAL Return to | ocal contr 6213 2a ncdo ntterronhi nsaet se:
(This button appeaz32 ondrytnol rraonhbe )e. R

EXI T Exit to previous menu.
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6 .

The
bot

6 Operation: 1PPS Screen

1 PPS

tom

of

external

DI SPLAYS

PW
The

ME N U

RST

pu

Reset

SYNC

screen displays the current 1 PPS ¢
the screen are used to change the

1

| s

t h

Synchron
bet ween
successf
present.

SPW
Toggyg
Pul s
0. 8

EXI T
Exit

| e
e
us

t

t
Wi

0]

PPS source.

e width of the one pulse per second

e 1 PPS counter, used for diagnost.i

i ze the output 1 PPS to an externe
the output 1 PPS and external 1 PF
ul synchroni zati on. A timeout erroca

hrough the avail able pulse width se
dth options:
3.2 us, 12.8 us, 51. 2 wus, 102. 4 us,

previ ous menu.
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6.7 Operation: |l nstrument Screen
The instrument wiceweomr i charmsggec dinofei g innrsatriuanme nget |
MENU
REG
View center frequency and the frequency re
view reference frequency.
RPHS
Reset the phase offset counter to zero.
NVAL
View the frequency registers.
REF
(Factory setting) View the frequency th
The external reference frequency is not
changed.
DI SBhange the contrast of the LCD display.
UP
|l ncrease the value.
D OWN
Decrease the value.
PLL
Vi ew plhoatskeop contr ol vol tages and | evel s.
wi ndow.
EXIT
Exit to previous menu.
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6. 8 Operation: PLL

Screen

The PLL Screen is used to view the current PL
function to c¢clear the status register and tur
will turn off only if the error condition has
DI SPLAYS
OSC The power | evel of the internal osci/l
dBm N 2 dB.
REF The power | evel of the external refer
bet ween +7 dBm and +15 dBm for proper
LOCK The | ock indicator voltage. A voltage
t he HBROGs phase | ocked to the externa
PLL The tuning port v-bliageraonltbecHRD&t C
operation the tuning port voltage i s
within 0.5 V of these Ilimits the inte
mechanically tuned. Pl ease refer to t
page 44 of this manual for more infor
AC & DThe internal regul ated voltages of tf#F
only be displayed when the unit has t
The regul ated DC voltage must be grea
regul ated voltage must be greater tha
TEMP The internal i nstrument temperature i
STATUSThe statwus indicator is | ocated in tt
Green indicates nor mal operation and
I f the unit has the DC power option
supply indicators are | ocated in the
AC or DC is unplugged the correspondi
MENU
EXI T Exit to previous menu.
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7.0 ASCI|l Command Set

The HBO&Eommand set is used to control al | Sy
sent to tHhenuBRO®Ge upper case ASClII characters.
Command Summ®&egcription Page
BAUD [ baud] Change baudrate 20

BAUD? Query baud setting 20

DATE [mo/ day/ yrClhange dat e 21

DATE? Query date 21

FFOF ffrread Change fractional frequene@® offset
FFOF? Query fractional frequencyg2offset
FREQ [freq] Change frequency offset 23

FREQ? Query frequency offset 23

HELP Basic help on ASCII commagd set

| D Query model and serial nutBer

LOCL Return to |l ocal control 25

MODE [ opti on] Change23RS start up mode 26

MODE? Quer y2RS start up mode 26

PHAS [ phase] Change phase offset 27

PHAS? Query phase offset 27

PPSW [ pwidt h] Change 1 PPS pulse width 28

PPSW? Query 1 PPS pul se width 28

PLL? Query phase | ock | oop sta®R@s

P WR Query AC & DC regul ated s@pply voltage
SAVF Frequency Offset saving of0ion
SEDG Sel ect Clock Edge 31

SFFOF [ffstep] Make fractional frequency38tep
SFFOF? Query |l ast fractional fre@@ency step
SFREQ [fstep] Make a frequency step 33

SFREQ? Query |l ast frequency step33

SPHAS [ pstep] Make a phase step 34

SPHAS? Query | ast phase step 34

STOFFS [tstep] Change phase by a time sté8p
STOFFS? [tstepl]Query |l ast time step 35

SYNC Synchronize to external 13BPS
SYNC? Query synchronization resgbt

TEMP? Query instrument temperat@ie

TI ME [ hr:min:sedchlange instrument time of 38ay

Tl ME? Query time of day 38

TOFFS [toffset]Change time offset 39

TOFFS? Query time offset 39

*RPHS Reset phase offset countenO

*SRE Get status byte 41

*CLS Cl ear status byte 41
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7.

1 BAUD, BAUD?

BAUDhanges the baudrate of the synthesizer.

BAUpPpbaud] <cr >

BAUDbDas one panmndmed eexecuted following the <c
baubbaudrate valid values are:

9600 19200 38400 57600 11520014400

28800

Exampl BAUD 9600<cr >

Sets the baudrate of the synthesizer to 960

BAUDQueries the synthesizer baudrate.

BAUD?<cr >

BAUD? is executed following the carriage re
The results of the query are in the foll owi
BAUD? [ baud] <cr><If>

Exampl BAUD?<cr >

Queries the baudrate setting of the synthes
The function wildl retur n:

BAUD? 9600<cr ><|f >
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/7.2 DATE, DATE?

DATEhanges the date setting of the instrument
DATEmont h/ day/ year] <cr >

DATE thlasee paamadeterexecuted foll owing the
mo month valid wvla2.ues are 1
day day valid v-&8llues are 1

year year valid wvail2ule0sO.are 1971
Exampl BATE 02/ 02/ 2015<cr >
Sets the date of the instrument to February

DATEQRPueri es the instrument date setting.
DATE?<cr >
DATE? i s executed following a carriage retu
The results of the query are in the foll owi
DATE? [mo/day/year] <cr><]|f>
Exampl PATE?<cr >
Queries the date setting of the instrument.
The function wildl retur n:
DATE? 02/ 02/ 2015<cr><|f >
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3 FFOF, FFOF?

Fs used to make a fraction&l outegqtuensyofffd
guency from the external reference by the a
set in units of (Hz) wuse the foll owing equa

Frequency Offset (Hz) = Frac_ Freq I Refe

FFOF [frac_freq] <cr >

FFOF has one parameter and is executed foll
frac _fraegge N (0) troes2alOFEt-16n is 5.0 E
Exampl EFOF 2.0KET >

The output &H&f wihé HROGTffset fr-@ah DheOr 60D&0E
Hz f or a 5 MHz reference. <cr> is a carria

FFOR?ueri es the instrument fractional frequen

FFOF?<cr >

FFOF? i s executed following a carriage retu
The results of the query are in the foll owi
FFOF? [frac_freq]<cr><l|Tf>

Exampl EFOF?<cr >

Queries the fractional frequency offset of
The function wild.l return:

FFOF? -ROLE&r><I|f>
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7.

4 FREQ, FREQ?

FREQs used to make a freHpuentcypuofisewnffTee HRO

t he

external reference by the amount (freq).
FREQ [freqg] <cr >
FRE®as one parameter and is executed folloc

fregqg range N (0 to 1.0 HIz2 Hz.solution is 2
Exampl EREQ 0. 001<cr >

The output &f wihé HROGffset from the refere
carriage return.

FREQ*ueri es the instrument frequency offset.

FREQ?<cr >

FREQ? i s executed following a carriage retu
The results of the query are in the foll owi
FREQ? [freqg] <cr><|f>

Exampl EREQ?<cr >

Queries the frequency offset of the instrunm
The function wildl retur n:

FREQ? 0.001 Hz<cr><| f>
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